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1.1 §tatement of scope. This specification covers the general rewirements and quality and relinbility

agsurance roq.nrements for buikwave quartz crystai osciiiators uestgneu for frequency control oF nmxeeplng
in military electronic equipment. Statistical process control (SPC) techniques are required in the

menufacturing process to mlnimize variation in production of crystal oscillators supplied to the
requirements of this specification.

1.2 (Clessification.

1.2.1 nilitery Part or ldentifying Nuwber (PIN}. The military PIN consists of the letter "M%, the basic
number of the specification sheet, the dash number, and alphanumeric designators. An example of & PIN is as
follows:

LN §5310/01- B o1 A 32K76800
I | I | | |
| | | | |
é i - 5 > e
Military Specification Product Dash Temperature Specified
designator sheet number assurance level nurber range frequency
{see 1.2.1.1) (see 1.2.0.2) {see 1.2.1.3) {see 1.2.1.%)

1.2.1.1 Product assurance level. The product assurance level is identified by a single letter B or §
designating the device ciess.

1.2.1.2 Dash number. The dash number uniquely identifies the crystal oscillator.

12117 YTamar
Takad L

Lai.a JETDETSU ange.

- -55°C to +125°C (except class $S)
- -55°C to +i105°C
c +70°C
- -55°C to +85°C
- -40°C to +85°C
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1.2.1.4 Specified nominal frequency. The specified nominal frequency expressed in hertz is identified by
s fixed field of eight characters consisting of seven digits and a letter (H, K, or M} representing,
simul taneously, the decimal point and the appropriate multiplier as follows:

a. Greater than or equai to .
the decimal point and multip

hertz, but iess than 1 megahertz, the letter *“K* is used to

b. Greater than or equai to 1,000
and multiplier.

'
represent the decimal point

€. Greater than or equal to 1 megahertz, the letter “M" is used to represent the decimal point and

All digits preceding and following the tetter (H, K, or M) of the group represent significant figures.

The following are examples of using the eight characters in constructing the specified frequency.

Designation f requency
K0100000 to H9999999 .01 to .9999999 hertz, inclusive
14000000 to 9PHP99999 1.0 to 9.999999 hertz, inciusive
10H00000 to Q9HI9999 10 to 99.999999 hertz, inclusive
10040000 to 99GHI999 100 to 999.9999 hertz, inclusive
1K000000 to 9K999999 1 to 9.999999 kilohertz, inclusive
10K00000 to 99K99099 10 to 99.99999 kilohertz, inclusive
100K0000 to 9999999 100 to 999.9999 kilohertz, inclusive
1M000000 to 9M999999 1 to 9.999999 megahertz, inclusive
10M00000 to 99H99999 10 to 99.99999 megahertz, inclusive
10080000 to 999M9999 100 to 999.9999 megahertz, inclusive
i.2.2 Iypes. The osciiiators types are identified by a singie number as foilows:
Type 1 - Crystal Oscillators (X0) (see 6.3.1).
Type 2 - Voltage Controlled Crystal Osciliators (VCX0) (see 6.3.2).
Type 3 - Temperature Compensated Crystal Oscillators (TCX0) (see 6.3.3).
Type & - Oven Controlled Crystal Oscillators (OCX0) (see 6.3.4).
Type 5 - Temperature Compensated/Voltage Controlled Crystal Oscitlators (TCVCX0) (see 6.3.5).
Type 6 - Oven Controlled/Voltage Controlled Crystal Oscillator (OCVCXO) (see 6.3.6).
Type 7 - Microcomputer Compensated Crystal Osci\lntor (MCX0) (see 6.3.7).
Type 8 - Rubidium-Crystal Oscillators (RbXO) (see 6.3.8).
2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and handbooks
form a part of this document to the extent specified herein. Unless otherwise specified, the issues of

atinne ardd
CIONS oG

these documents are those {(isted in the issue of the Department of Defense Index of Specifica

Standards (DODISS) and supplement thereto, cited in the solicitation (see 6.2).

SPECIFICATIONS
FEDERAL

PPP-8-566 - Boxes, Folding, Paperboard.
PPP-8-585 - Box, Wood, Wirebound.
PPP-B-601 - Boxes, Wood, Cleated-Plywood.
PPP-B-621 - Boxes, Wood, Nailed and Lock-Corner.
PPP-B-£636 Boxes, Shipping, Fiberboard.
PPP-B-676 - Boxes Setup.
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MILITARY

MIL-P-116 - Preservation, Methods of.

MIL-C-3098 - Crystal Units, Quartz, General Specification for.

MI1-S-19500 - Semiconductor Devices, General Specification for.

MiL-1-23011 - 1ron Nickel Alloys for Sealing to Glasses and Ceramics.

MIL-T-23648 - Thermistor (Thermally Sensitive Resistor), Insulated General Specification for.
MIL-H-38534 - Hybrid Microcircuits, General specification for.

MIL-N-46025 - Nickel Bar, Flat Wire (Ribbon) and Strip (For Electronic Use).
MIL-N-46026 - Nicket Rod and Wire (Round) (For Electronic Use).
arim G e PO . tion for.

MIL-C-49468 - Crystal Units, Quartz, Precision, General ;pectvl ation
MIL-P-S5110 - Printed Wiring Boards.

(See supplement 1 for list of associated specifications.)

STANDARDS

FED-STD-209 - Clean Room and Work Station Requirements, Controlled Environments.
FED-STD-123 - #Harking for Shipment (Civii Agencies).

MILITARY
MIL-STD-129 - Marking for Shipment and Storage.

MIL-STD-202 - Test Methods for Electronic and Electrical Component Parts.
MIL-STD-275 - Printed Wiring for Electronic Equipment.

MIL-STD-490 - Failure Rate Sampling Plans and Procedures.

MIL-STD-790 - Product Assurance Program for Electronic and Fiber Optic Parts Specifications.

MIL-STD-810 - Environmental Test Methods and Engineering Guidelines.

RIL-STD-883 - Test Methods and Procecures for Microelectronics.

MIL-STD-1285 - Marking of Electrical and Electronic Parts.

MIL-STD-1686 - Electrostatic Discharge Control Program for Protection of Electrical and
Electronic Arts, Assemblies and Equipment (Excluding Electrically Initiated

Explosive Devices) (Metric).

MIL-STD-1772 - Cernhcatlon Requirements for Hybrid Microcircuits Facilities and Lines
MIL-STD-2073-1- DQOD Material procedures for Development and Application of Packaging Requirements.

MIL-STD-L5842 - Calibration Systems Recquiremente

nan"ei v VEILIWT B IUT] e Ltine RUWWTT Strerise s

(Unless otherwise indicated, copies of the federal and military specifications, standards, and
handbooks are available from the Defense Printing Service Detachment Office, Building 4D (Customer Service),

700 Robbins Avenue, Philadelphia, PA 19111-509¢4.)

2 Other Government documents, drawings, and pubiications. The foliowing ot overnment documents,
and publications form a part of this document to the extent s ified herein. Unless otherwise
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spec Hed the issues are those cited in the solicitation.

Cataioging Handbook Hé - Commercial and Government Entity (CAGE).
(Copies of specifications, stsndards, and other Government documents required by contractors in connection
with specific ocquisition functions should be obtained from the contracting activity or as directed by the
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contract nvy activi Y. )
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2.2 Non-Government publications. The following document forms a part of this document to the extent
specified herein. Uniess otherwise specified, the issues of the documents which are DoD adopted are those
listed in the issue of the DODISS cited in the solicitation. Unless otherwise specified, the issues of
documents not listed in the DODISS are the issues of the documents cited in the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A-698 - Standard Method of Test for Magnetic Shield Efficiency in Attenuating Alternating Magnetic
Eialde
FITLWUD.

ASTM B-170 - Oxygen-Free Electrolytic Copper-Refinery Shapes, Specification for.

ASTM F-15 - lron-Nickel-Cobalt Sealing Alloy, Specification for.

arvu £_¥Nn VIS DU R S I [ PPN ¥ A S

ASiIM T-OV - Il_"Dn ul‘pKel )Eﬂll’lg I\llUY5 :pm.hu.u\lon 'U[.

(Application for copies should be addressed to the American Society for Testing Materials, 1916 Race

Street, Philadelphia, PA 19103).
ELECTRONIC INDUSTRIES ASSOCIATION (EIA)

RS-477 - Cultur
EIA-557 - Statistical Process Control Systems.

(Application for copies should be addressed to the Electronic Industries Association, 2001 Eye Street, NW,
Washington, DC 20005.)

(Non-Goverrment standards and other publications are normally available from the organizations that
prepare or distribute the documents. These documents also may be available in or through libraries or other
informational services.)

2.3 Order of precedence. In the event of a conflict between the text of this document and the references

cited herein (except for associated detail specifications or specification sheets), the text of this
documant shall take nrecedence Nothing in this document, however sunergsedes applicable laws and

T8XC precocante. NOY S QOCLUAMINL, owever ¢ SLPETECCES 1C22LE lBweE

regulations unless a specific exemption has been obnmed

3.1 Specification sheets. The individual item requirements shall be as specified herein and in
accordance with the applicabie specification sheet. in the event of sny confiict between the requirements
of this snecuhcnnnn and the sneclhcnnon sheet, the latter shall govern.

3.2 Quality (see 4.1.2).

3.2.1 Product assurance program (PAP).

JRP, ot WAL ol e C i oo Lo oo

3.2.1.1 Discrete construction. The product assurance program for oscillat
discrete construction furnished under this specification shall be established and main
with the procedures and requirements specified in MIL-STD-790.

X,2.1.2 Nvhrid construction, The nrndnrr assurance nroaram for oscillators

Foekeded NYODUIU NS WL Ot

(3

Ll M v ¥

construction furnished under this specnflcatmn shall be established and maintained

procemres and requirements spec1f\ed in MIL-STD-790, (NOTE: The q:alifymg activ
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Spe(:lY‘Cl(lOﬂ may use [T)re'exlsnng certification of the manufacturing uu.uny in ac

MIL-H-38534 and MIL-STD-1772 as an alternate.) In addition, the following requiremen

tured using a hybrid

cordance with the
this
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s shall be met.
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3.2.1.2.1 Design, processing, manufacturing equipment, and materials instructions. Oscillator design,
rocessing, manufacturing equipment, and materials shall be documented in drawings, standards,

pr OLCS SR oGV ey, 2T 22 LeQ SLaf cs,;

specifications, or other appropriate media which shall cover the requirements and tolerances for atl aspects
of design and manufacturing including equipment test and prove-in, materials acquisition and handling,
design verification testing and processing steps. As & minimum reguirement, detailed documentstion must
exist for the following items and must be adequate to assure that quantitative controls are exercised, that
tolerances or lLimits of control are sufficiently tight to assure a reproducible high quality product and

that process and inspection records reflect the resuits actually achieved:

J
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a. Incoming materials control.

b. Masking, photoresist, and mask registration.

c. Glassivation or passivation.

d. Metallization and film deposition.

e. Die, element, crystal, and substrate attachment.
f. Wirebonding.

g. Rework.

h. Sealing.

i. Crystal evaluation program.

3.2.1.2.2 Cleanliness and atmosphere control in work areas. The requirements for cleanliness and

atmosphere control in each work ares in which unsealed oscillators, or parts thereof, are processed or
assembled shatl be documented. Air particle counts shall be in accordance with Federal Standard 209. The
marufacturer shall establish action and absolute control limits (at which point work stops until corrective
action is completed) based on historical data and criticalness of the process in each particular area. Ffor
foreign material identification and control, see internal visual inspection requirements of MIL-STD-883,
method 2017.

3.2.1.2.3 Environment control. The following are minimm environmental control requirements. The air
particle counts for the classification indicated shall be as described in Federal Standard 209. All
fabrication, assembly, and testing of hybrid construction oscillators prior to preseal visual shall be in an
environment meeting class 100,000 particle count requirements. Devices awaiting preseal visual inspection,
devices accepted at preseal visual inspection and awaiting further processing and noncontinuous production
lots (Noncontinuous production shall occur when oscillators are held by the manufacturer, with no additional
assembly work performed, for more than 30 days.) accumulated after element attach end prior to preseal
visual shall be stored in a dry nitrogen environment. The preseal visual inspection and the preparation for
sealing envirorment shall be in accordance with MIL-STD-883, methods 2017 and 2032. In addition, for class
S devices, all photolithographic operations shall be performed in a class 100 envirorment.

3.2.1.2.4 Rework provisions. All rework permitted on oscillators shall be as specified herein. This
documentation shall reflect the processes, procedures, and materials to be used including verification or
test data, and be approved by the qualifying activity of this specification. Each process or procedure
shall be designated as rework. This documentation shall indicate that a decision to rework is made solely
by the manufacturer. A typical example of rework is the removal of a defective element and replacement with
8 new element.

3.2.1.2.4.1 Geners! rework provisions.

a. All temperature excursions during any rework shall not exceed the baselined rework limitations.
Time and temperature limits shall be specified.

b. The minimum distance between the glass to metal seals and the package sealing surface shall be at
least .040 inch (1.02 mm) (.050 inch (1.27 mm) for class S) after final seal to prevent damage to
lead seals by welding adjacent to them. (Applies to seam welding only.)

c. Any oscillator which is reworked after preseal visual inspection shall be subjected to full
screening or rescreening as applicable. If a oscillator has not been subjected to a given required
screen prior to rework, then that oscillator must be subjected to that screen after rework. For
class S oscillators, full rescreening beginning with preseal visual inspection is required after
any rework operation involving unlidded oscillators. For class B oscillators, if a oscillator has
been subjected to a given screen prior to rework, then rescreening applies as follows:
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(1) Preseal visual inspection. Inspection for general damage (low magnification in accordance
with MIL-STD- 881 methods 2017 and 2032) which might have been caused by the rework and

fese® ) gt <% W LVag, s bl sws

perform a co«plete methods 2017 or 2032 inspection of the reworked element or area (e.g.,
replaced die, wirebonds, etc.).

(2) Stabitization bake, temperature cycle or shock, mechanical shock or centrifuge, seal, and
external visual. Rescreen all rework oscitlators 100 percent.

(3) Burn-in. Oscillators which have had elements replaced or have been wirebonded or rewirebonded
require 100 percent burn-in rescreen.

pull (or preseal burn-in, when applicable) shall be subjected to full screening or rescreening as
spplicable. If an oscillator has not been subjected to a given required screen prior to rework,

than that gscillator must ba sthiectad to that screen after reuork Full er-r..rnnn ie recuired
NN INST CSCI1118T05 MUST D2 S jectield e Inal screen atlier reuor«. uly scr e

after any rework operation involving unlidded oscillators with clarification as follows

d. For class S oscillators, any oscillator which is reworked after 100 percent nondestructive bond

{1) Preseal burn-in {(when applicable) shall be repested if the rework involves any active element
replacement or wire bonding (or wire rebonding) of any active element.

(2) WNondestructive bond puli is oniy required on wires that were replaced or rebonded provided the
oscillator has already been subjected to the 100 percent bond pull screen.

e. Wwhen flux is required for rework, the specific fiux and detaiied procedures for its use and
special cleaning operations shall be documented and approved in accordance with

sequent special apf
3.2.1.2.1.
§. Replacement elemente chall not be bonded onto the chip element they are to replace,

3.2.1.2.4.2 Element wire rebonding. Wire rebonding of elements other than substrates shall be permitted
with the following limitations:

a. No scratched, voided, or discontinuous paths or conductor patterns on an element shall be repaired

UY Drlag:ng Hltn or addition of mll’\g wWire oF ribbon.

b. All rebonds shall be placed on at least 50 percent undisturbed metal (excluding probe marks that do
not expose underlying oxide). No more than one rebond attempt at any design bond location shall be
mmltru'l No rebonds shall touch an area of exposed oxide caused by lifted or bligtered metal. A

iiCC. wQo TOOONCS CxXposeC caeec 19— ]

bcnd shall be defined as a wire to post or wire to pad bond. Bond- offs required to clear the
bonder after an unsuccessful bond attempt need not be visible, shall not be cause for reject and
=t

s b e a mabeamd Cam alaaa ha tatal cmbon af mabemd atbomnts favaliwniva of
all not be counted as a rebond. For class a, e (OTaL MRARoET OF TSo0NG GUIGpLs (SRCwusive OF

5

total element replacement) shall be limited to & maximum of 10 percent of the total number of bonds
in the hybrid microcircuit. The 10 percent limit on rebond attempts may be interpreted to the
nearest whoie number to the i0 percent value.

3.2.1.2.4.3 Substrate wire rebonding. Wire rebonding on substrates shall be permitted with the following
limitations: No rebonds shall be made over intended bonding areas in which the top layer metallization has

lifted, peeled, or has been damaged such that underlying metallization or substrate is exposed at the

immediate bond site.

3.2.1.2.4.4 Compound bonding. Compound bonding for rework is permitted onily as foliows:

a. A gold ball bond on a substrate wire, & gold ball or a crescent bond.

b. Only monometallic compound bonds are permitted (i.e., the original bond wire and that used for
compound bonding must be the same material and wire size).

c. The new bond must cover at ieast 75 percent of the original bond or wire.

d. The maximum number of compound bonds shall not exceed 10 percent of the total number of wires.
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e. A corrective action system must be utilized in order to reduce the number of compound bonds.

f. All compound bonds shall be 100 percent nondestructive pull tested in accordance with MIL-STD-883,
method 2023,

g. A compound bond shall not be used to connect two wires.
h. All compound bonds shall meet the visual criteria in MIL-STD-883, methods 2017 and 2032.
3.2.1.2.4.5 Element replacement. Element replacement shall be permitted with the following limitations:

a. Any polymer attached element may be replaced two times at a given location (not more than one time
for class S) on any oscillator.

b. Any metallic attached element may be replaced one time at a given location.

c. Any metallic attach element onto a plated tab where the tab is attached to a substrate with a
higher temperature metallic attach process, may be replaced two times.

d. Substrates may be removed and put into a new package one time.

3.2.1.2.4.6 Seal rework. The use of polymers to effect, improve, or repair any package seal shall not be
permitted.

3.2.1.2.4.6.1 Lid seal rework. 1t shall be permissible to perform seal rework on oscillators that fail
fine leak testing one time, only if tracer gas is included during the original sealing operation and under
all of the following conditions:

a. Fine leak testing, without pressurization (bomb), must be performed immediately after sealing prior
to any other test.

b. Oscitlators shall be stored in a nitrogen envirorment for a maximum of 4 hours between initial seal
and reseal without replacing the cover.

c. Oscillators shall be submitted to a predetermined vacuum bake prior to reseal.
d. Solder sealed packages may not be reworked in accordance with this procedure.

NOTE: The above leak testing shall not be used as s substitute for the fine leak testing required in
4.8.2.

3.2.2 Statistical process control (SPC). The contractor shall implement and use statistical process
control techniques in the manufacturing process for parts covered by this specification. The SPC program
shall be developed and maintained in sccordance with EIA-557. The SPC program shall be documented and
maintained as part of the overall product assurance program as specified in MIL-STD-790. The implementation
of statistical process control shall be 12 months from the date of this specification. Processes for
application of SPC techniques may include but are not limited to:

a) Wirebonding.
b) Lid seal.
c) Lead trim.

d) Final lead finishing (solder dip, etc.).

In addition, the manufacturer shall control water vapor content, in sealing, as part of the process
control requirement.
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3.2.4 Electrostatic discharqe (ESD) control program. As part of the PAP, the manufacturer shall
establish and maintain an ESD control program in sccordance with MIL-STD- 1686 Evidence of such compliance
shall be verified by the qualifying activity of this specification as a prerequisite for qualificstion and

continued qualification. This program shall be documented by ESD control plan which must be under document
control. As a minimum, this pian mist address the identification of ESD sensitive (ESDS) sub-components and
end items, facilities, training, design protection, handling procedures, marking, cleaning, preservation,

packaging, and quality assurance.

3.3 gualification. Cr, tal oscillators furnished under this specification as class B or § shall be
products which are qualified for Listing on the applicable qualified products list (QPL) at the time set for
opening of bids (see 4.6 and 6.4).

3.4 Materials. The materials used in construction of crystal oscillators shall be nonnutrient to fungus
and shall not blister, outgas, soften, flow or show defects that adversely affect storage, operntion at
rated conditions, or environmental capabilities. When materials are not specified, materials shall be used
which enable the crystal oscillators to meet the performance requirements of this specification. Acceptance
or approval of any constituent material shall not be construed as a guarantee of the acceptance of the

finished product.

3.4.1 Quartz. If the type of quartz for the resonator is specified, it shall conform with the following
requirements.

3.4.1.1 Cultured quartz. 1f cultured quartz is specified (see 3.1), it shall have been cut from a bar

which met the requirements of EIA standard RS-477. The Q-grade shall be as specified (see 3.1) but not
wcrse than grade € for thickness-shear type resonstors. Ffor class §, the grower, sutoclave ID, date code,
and bar 1D shall be traceable to the production lot(s) and shall be submitted to the acquiring activity upon
request.

3.4.1.2 Swept cultured quartz. If swept cultured quartz is specified (see 3.1), the sweeper, sweep lot
number, electrode description (material and application technique, e.g., pressure, sputtered, or
evaporated), sweeping atmosphere, sweeping temperature, electric field, and current profiles shail be
traceable to the production lot(s) and shall be submitted to the acaquiring activity upon request.

natural quartz is specified (see 3.1), documentation substantiating the
ha -hnnrim artivity unon reqest
the acqunr activity upon request,

4.2 Polymeric materials. Polymeric materials may not exceed their cure temperature after final

3.4.2.1 polymeric adhesives. All adhesive polymeric materials used for hybrid construction shall meet

the requirements of MIL-STD-883, method 5011 and shatl be approved by the qualifying activity.

3.5 Design and construction. Crystal oscillator design and construction shall be in accordance with all
the requirements specified herein and in the specification sheet (see 3.1).

3.5.1 Package.

AAAAAAAAAAAAAAAAAAAA [ ¥ ons of the package s

3.5.1.1 Discrete construction. The outline dimensions of the package shall be as Sﬁu:lfi"“ (see 3.1).
Discrete construction crystal oscillators supplied under this specification shall be sealed in glass, metal

or ceramic (or combination of these) packages. O-ring seals, vhen applicable, shall be permitted st an
access hole in the package to allow frequency adjustment. Adhesive or polymeric material shall not be used

for package cover/lid sttachment seal or repair. Use of any other package material shall require

spproval from the qualifying authority.

3.5.1.2 Hybrid construction. Ail hybrid construction oscillators supplied to this specification shall be
hermetically sealed in glass, metal, or ceramic (or combinations of these) packages. No adhesive or
polymeric materials shall be used for package lid attach (or seal). Flux shall not be used in the final
sealing process. The minimum distance between the glass to metai seals and the package sealing surface for

seam velded packages after final seal shall be 040 inch (1.02 mm) minimum for clasc B oscillators and

ST WO L0 <ages <« seal -l LIRS EL 4 cLass oscriIialo

.050 inch (1.27 mm) minimum for class S oscillators.
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The internal water vapor content shall not exceed 5,000 ppm at +100°C for class S or class B oscillators,
when tested in accordance with 4.8.56. Polymer impregnations or secondary seal (backfill, coating, or other
uses of organic or polymeric materials to effect, improve the seal) of the oscillator package shall not be
permitted. Packages for class S oscillators shall have a metal body with hard glass or ceramic seals, a
hard glass body, or a ceramic body; and the lid shall be welded, brazed, soldered, or glass frit with s frit
sealing temperature greater than +385°C. Glass frit sealed packages shall pass the tid torque test of
MIL-STD-883, method 2024. Also for class §, the use of glass frit seal shall have glass on the mating
surface only and the inside surface of the cavity shall not be coated with the seal glass.

NOTE: Packages containing beryllia shall not be ground, sandblasted, maschined, or have other operations
performed on them which will produce beryllia or beryllium dust. Furthermore, beryliium oxide
packages shall not be placed in acids that will produce fumes containing beryllium.

3.5.2 Metals. Metal surfaces shall be corrosion resistant or shall be plated or treated to resist
corrosion and shall meet the requirements specified in 3.5.4.

3.5.3 Internal conductors (hybrid construction only). Internal thin film conductors on a substrate
(metallization stripes, contact sreas, bonding interfaces, etc.) shall be designed so that no properly
fabricated conductor shall experience in normal operation (at worst case specified operating conditions), a
current density in excess of the maximum allowable value shown below for the applicable conductor material:

Conductor material Maximum allowable
current density
Aluminum (99.99 percent pure or doped) 2 x 10% A/eml
without glassivation
Aluminum (99.99 percent pure or doped) S x 10° A/cm
glassivated
Gold 6 x 105 A/em?
ALl other (unless otherwise specified) 2 x 105 A/exd

The current density shall be calculated at the point of maximum current density (i.e., greatest current per
unit cross section; see 3.5.3a) for the specified oscillator and schematic or configuration.

a. Use a current value equal to the maximum continuous current (at full fanout for digitals or at
maximum load for linears) or equal to the simple time-averaged current obtained at maximusm rated
frequency and duty cycle with maximum load, whichever results in the greater current value at the
point of maximum current density. This current value shall be determined at the maximum
recommended supply voltage and with the current assumed to be uniform over the entire conductor
cross-sectional area.

b. Use the minimum allowed metal thickness in accordance with msnufacturing specifications and
controls including appropriate atlowance for thinning experienced in the metallization step (via).
The thinning factor over a metallization step is not required unless the point of maximum current
density is located st the step.

c. Use the minimum actual design conductor widths (not mask widths) including appropriate allowance
for narrowing or undercutting experienced in metal etching.

d. Areas of barrier metals and nonconducting material shall not be included in the calculation of
conductor cross section.

3.5.4 Package and lead materials and finishes.




3.5.4.1
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Lead or terminal material. Unless otherwise specified, the lead or terminal material shall

conform to one of the following compositions:

b.

Type A: Iron-nickel-cobalt alloy: MIL-1-23011, class 1, ASTM F-15.
Type B: Ilron-nickel alloy (41 percent Ni): MIL-1-23011, class 5, ASTM F-30.

Type C: Co-fired metallization such as nominally pure tungsten. The composition and application
processing of these materials shall be subject to qualifying activity approval.

Type D: Copper core-iron nickel ASTM F-30 alloy (50.5 percent Ni). The core material shall
consist of copper (oxygen-free) ASTM B-170, grade 2.

Type E: Copper core ASTM F-15 alloy. The core material shall consist of copper (oxygen-free) ASTM
B8-170, grade 2.

Type F: Copper (oxygen free) ASTM B-170, grade 2. This material shall not be used as an element
of any glass-to-metal seal structure.

Type G: Iron-nickel alloy (50.5 percent Ni): MIL-1-23011, class 2, ASTM F-30.

Type H: Nickel: MIL-N-46025 (for ribbon leads) and MIL-N-46026 (for round wire leads).

3.5.4.2 Lead finish. The finish system on all external leads or terminals shall conform to one of the
following (Pure tin finish shall not be used on any internal or external package surface or as a lead

finish.

In addition, tin plating shall not be used as an undercoat):

Mot solder dip. The hot solder dip shall be homogeneous with a minimum thickness of 60 microinches
(1.52 m) for round leads and, for other shapes, a minimum thickness st the crest of the major
flats of 200 microinches (5.08 ram) solder (SN6O or SN63). In all cases, the solder dip shall
extend up to and beyond the effective seating plane for packages with standoffs or within .030 inch
(0.76 mm) of the lead or package interface for leaded flush mounted oscillators. For leadless chip
carrier oscillators, the hot solder dip shall cover a minimum of 95 percent of the metallized side
castellation or notch and metallized areas above and below the notch except the index festure if
not connected to the castellation. Terminal area intended for oscillator mounting shall be
completely covered. The hot solder dip is applicable:

(1) Over a finish in accordance with entry 3.5.4.2b or ¢ below, or

(2) Over electroplated nickel or electroless nickel phosphorous in accordance with 3.5.4.4.1, or

(3) Over the basis metal. When applied over the basis metal, underplate that is nonconforming, or
other finishes that are nonconforming (e.g., fused tin less than 200 microinches (5.08 wm)),
hot solder dip shall cover the entire lead to the glass seal or point of emergence of the lead
or metallized contact through the package watl.

Tin-lead plate. Tin-lead plating shall have in the plated deposit 3 percent to 50 percent by

weight lead (balance nominally tin) homogeneously co-deposited. As plated tin-lead shall be a

minimum of 300 microinches (7.62 um) thick. As plated tin-lead shall contain no more than 0.05
percent by weight co-deposited organic material measured as elemental carbon.

Tin-lead plate is applicable:

(1) Over electroplated nickel or electroless nickel phosphorous in accordance with 3.5.4.4.1,

(2) Over the basis metal.

Gold plate. Gold plating shall be a minimum of 99.7 percent gold, and only cobalt shall be used as
the hardener. Gold plating shall be a minimum of 50 microinches (1.27 pm) and a maximum of 225

microinches (5.72 tm) thick. Gold plating shall be permitted only over nickel plate or
undercoating in accordance with 3.5.4.4.1.

10
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3.5.4.3 Solder dip (retinning) leads. Only the manufacturer may solder dip/retin the leads of the
product supplied to this specification provided the solder dip/retin process has been approved by the

qualifying activity.

3.5.4.3.1 Qualifying activity approval. Approval of the solder dip process will be based on one of the
following options:

a. When the original lead finish qualified was hot solder dip in accordance with 3.5.4.2a. The
manufacturer shall use the same solder dip process for retinning es is used in the original

manufacture of the product.

b. When the lead originally qualified was not hot solder dip as prescribed in 3.5.4.3.1a, approval for
the process to be used for solder dip shall be based on the following test procedure:

(1) Six sampies of any osciliator of a individual specification sheet and specific iead finish
shall be subjected to the manufacturer’s solder dip process. Following the test, the

oscillators shall be subjected to the subgroups 1 and 2 tests of the group A inspection. No
defects are allowed.

(2) Two of the six samples shall be subjected to the solderability test. No defects are allowed.

(3) The remaining four sampies are subjected to the resistance to soider heat test and then to the
subgroups 1 and 2 tests of the group A inspection. No defects are allowed.

(4) In addition, the hot solder dip process must meet requirements of 3.5.4.2a.
3.5.4.3.2 Solder dip/retinning options. The manufacturer may solder dip/retin as follows:

a. After the screening tests specified in 4.5. Oscillators shall then be subjected to remeining group
A inspections.

b. As a corrective action, if the lot fails the group A solderability test.

c. After the group A inspection has been completed. Following the solder dip/retinning process, the
group A inspection tests shall be repeated on the tot.

3.5.4.4 Package body finish. External metallic package elements other than leads or terminals (e.g.,
lids, covers, bases, seal rings, etc.) shall meet the applicable corrosion resistance and envirormental
requirements or shail be finished so that they meet those requirements using finishes conforming to one or
more of the following as applicable (Pure tin finish shall not be used on eny internal or external package
surface or as & lead finish. In addition, tin plating shall not be used as an undercoat.):

8. Solder in accordsnce with 3.5.4.2a.

b. Tin-lead plate in accordance with 3.5.4.2b.

¢. Gold plate shall be a minimum of 99.7 percent gold and only cobalt shall be used as a hardener.
Gold plating shall be a minimum of 10 microinches (0.25 wm) and a8 maximum of 225 microinches
(5.72 pm) thick. The gold plate shall be applied over electroless or electroplated nickel or
undercoating in accordance with 3.5.4.4.1.
Multilayered finish structures are acceptable provided the outer gold Layer meets the minimum
thickness of 10 microinches (0.25 m) and each of the nickel undercoats meets the thickness
requirements of 3.5.4.4.1 with the total nickel thickness not to exceed 600 microinches (15.24 um).

d. Nickel plate in accordance with 3.5.4.4.1.

1"
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3.5.4.4.1 Nickel plate or undercoating. Electroplated nickel undercoating or finishes from a sulfamate
nickel bath is preferred and shall be 50 to 350 microinches (1.27 um to 8.89 um) thick measured on major
flats or dismeters. Electroless nickel undercoating or finishes, when allowed, shall be 50 to 350
micrainches (1.27 pm to 8.89 wm) thick measured on major flats or diameters., The addition of organic
“wetting agents" is prohibited for either sulfamate or phosphorous nickel baths. Electroplate or
electroless nickel plate (or combinations thereof) as well as nickel cladding may be used as the finish for
package elements other than flexible leads or terminals provided the corrosion resistance and environmentatl
requirements are met.

In all cases, electroplated nickel undercoating from a nickel sulfamate bath is preferred for lead finishes.
Electroless nickel shall not be used as the undercoating on flexible or semiflexible leads (see MIL-STD-883,
method 2004, test condition By, - bending stress, procedure for flexible and semi-flexible leads) and shall
be permitted only on rigid leads or package elements other than leads.

3.5.5 Weight (when specified, see 3.1). The weight of the crystal oscillator shall be as specified.

3.5.6 Construction technology. The crystal oscillator shall be constructed using the construction
technology specified (see 3.1) in accordance with the following.

3.5.6.1 Discrete construction. Construction consisting exclusively of discrete electronic parts
(including surface mount devices) assembled and interconnected on a printed circuit board, or an insulating
substrate.

3.5.6.2 MHybrid construction. Construction consisting of microelectronic circuit elements electrically
and mechanically interconnected on an insulating substrate upon which resistors, capacitors, or conductors
have been deposited, and used in a package that will be backfilled with an inert gas.

3.5.6.3 Mixed construction. Construction combining discrete and hybrid subassemblies.

3.5.7 Components. Components used in assembly of crystal oscillators shall be as specified below. Any
exception taken to selection of parts specified below shall fall into the category of nonstandard parts and
shall be submitted to the qualifying activity for approval.

3.5.7.1 Quartz crystal. Electrical connection shall be mede to the quartz resonator electrodes by an
electrically conductive adhesive, solder, thermocompression bond, ultrasonic bond, parallel-gap weld,
electroplated metal bond, or by another method proving intimate metal-to-metal continuity. Interference,
friction, crimped, or similar joining of parts unreinforced by solder, welding, etc. shall not be used.

3.5.7.1.1 Crystal unit. Crystal units using solder seal shall not be employed. If specified, crystal
units shall meet the requirements of MIL-C-3098 or MIL-C-49468, as specified (see 3.1).

3.5.7.1.2 Uncased quartz resonators. Interference, friction, crimped, or similar joining of parts
unreinforced by solder, welding, adhesive, etc., shall not be used to support or provide electrical contact
for the quartz resonator. Oscillators using uncased quartz resonators shall be hermetically sealed in
vacuum or in a dry backfill gas. The type of gas, purity, moisture, temperature, and pressure at sealing
shall be traceable to the production lot(s) and shall be submitted to the acquiring activity upon request.
Frequency adjustment of the resonator by abrasion of the electrode or exposure to a halogen vapor shall be
prohibited.

3.5.7.2 Ppackaged passive discrete parts. Packaged passive discrete parts shall be established
reliability (ER) parts with minimum failure rate (FR) level P for cless B and level R for class S in
accordance with MIL-STD-690. When parts of established reliability are not available, GPL parts shall be
used, When a QPL part is not available, parts shall be tested to the applicable military specification,
e.g., thermistors shall be tested to the applicable requirements of MIL-T-23648.

3.5.7.3 Packaged semiconductor devices. Packaged semiconductor devices shall be JANTX or JANTXV (when
specified, see 3.1.) for class B and JANS for class S oscillators. When not available, devices shall be
tested and screened in accordance with MIL-S-19500 to the equivalent JANTX, JANTXV, or JANS requirements for
similar types.

12
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3.5.7.4 Ppackaged integrated circuits. Packaged integrated circuits shall be class B or class S QPL parts
or in accordance with Standard Military Drawings when a OPL part is not available. All others shall be
compliant with the requirements of MIL-STD-883 applicable to non-JAN devices.

3.5.7.5 Hybrid microcircuit elements. Hybrid microcircuit elements used in the manufacture of hybrid
construction crystal oscillators shall be in accordance with the requirements of appendix A.

3.5.8 Printed wiring. Resin impregnated glass fiber reinforced printed wiring board design shall conform
to MIL-STD-275 and shall meet the requirements of MIL-P-55110.

3.5.9 Overall fr accuracy (see 6.3.9) (when cif see 3.1). The crystal oscillator shall be
designed to meet the overall frequency accuracy specified. Certification shall be provided to the
qualifying activity indicating that all contributing sources of frequency error have been considered in the
design, and that a worst case frequency error analysis was performed.

3.5.10 Calibration. The crystal osciltator shall be designed for the method of calibration specified
(see 3.1) in accordance with the following.

3.5.10.1 Manufacturer calibrated. There shall be no provision for frequency adjustment.

3.5.10.2 Manufacturer and user frequency offset caiibrated (see 6.3.10). Frequency adjustment to marked
frequency offset shall be at specified reference temperature and nominal supply voltage and load (see
3.7.2).

3.5.10.3 Manufacturer and user nominal frequency cslibrated. Frequency adjustable to nominal frequency
shall be at specified reference temperature and nominal supply voltage and load.

3.5.11 Load test circuit (when specified, see 3.1). The crystal oscillator shall be designed to operate
with the specified load test circuit under the conditions specified.

3.5.12 Dpesign for nuclear survivability (wh §m|f1ed, see 3,1). Parts, materials, processes, design

detaile, and operating principles shall be selected to insure nuclear survivability over the range of levels
specified (see 3.1). Annlys\s of the design shall be made and documented to md\cate the most probable
modes of degradatfon and malfunction, and to support its effectiveness in achieving radiation hardness.
Certification shall be provided to the qualifying activity that the oscillator has been designed for nuclear
survivability, and that an analysis has been performed which indicates that the oscillator has no anomelous
behavior and will not fail to function in its intended mode (see 3.6.47).

3.6 Performance.
3.6.1 Seal. When tested as specified in 4.8.2, the following requirements shall be met, as applicable.

3.6.1.1 0-ring-solder sesl (nonhermetic). Oscillators employing solder seal or combination O-ring-solder
seal shall be tested as specified in 4.8.2.1. Lleakers will be identified by a single bubble or » stream of
bubbles. Oscillators from which a single bubble is observed {s considered a reject.

3.6.1.2 Hermetic seal. Oscillators employing hermetic seal shall be tested as specified in 4.8.2.2 and
meet the requirements of 3.6.1.2.1 or 3.6.1.2.2.

3.6.1.2.1 Discrete or mixed construction. When oscillators are tested as specified in 4.8.2.2.1, they
shall meet the requirements as specified, see 3.1,

3.6.1.2.2 MHybrid construction. when oscillators are tested as specified in 4.8.2.2.2, they shall meet
the requirements as specified, see 3.1.

3.6.1.3 High vacuum sesl (types & and 6) (when specified, see 3.1) (see 6.3.11). Oscillators employing a
high vacuum seal shall have a leakage rate not to exceed the value specified. When specified (see 3.1), the
oscillator shall be final baked and sealed at a pressure not to exceed the value specified (see 4.8.2.3).
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3.6.2 Supply voltage.

3.6.2.1 Oscillator supply voltage. When measured as specified in 4.8.3.1, the oscillator supply voltage
magnitude, tolerance, polarity, peak- to peak ripple and ripple frequency, regulation, noise, and ramp rate

LY Sy I Y W PN rrvos

{turn-on) shall be as apccnlw {see 3.1).

3.6.2.2 Oven supply voltage (types & and 6). When measured as specified in 4.8.3.2, the oven supply
voitage magnitude, toierance, polarity, peak-to-peak ripple and ripple frequency, reguiation, and noise
shall be as specified (see 3.1),

3.6.2.3 Modulation-control input volitage (types 2, 5, and 6). When measured as specified in 4.8.3.3, the
oscitlator modulation voltage and magnitude, tc'.erance, polarity, frequency limits, dc reference level, dc
control voltage magnitude, polarity, range, slew rate, peak-to-peak ripple and rvpple frequency, regulation,

and noise shall be as specified (see 3.1).

3.6.3 Overvoltage survivability. When tested as specified in 4.8.4, the application of an overvoltage at
the supply terminals shall not impair performance of the oscillator.

3.6.4 1nput current-power.

3.6.4.1 Oscillator input cu rent~Quer. When measured as specified in 4.8.5.1, the osciilator input
current-power shall not exceed the value specified (see 3.1).

3.6.4.2 Oven input current-power (types & and 6). When measured as specified in 4.8.5.2, the oven peak
and steady-state (after stabilization) input current-pouer shall not exceed the value specified (see 3.1).

3.6.4.3 Syntonization enerqy (type 8) (see 6.3.12). When measured as specified in 4.8.5.3, the roy
required by the rubidium reference to syntonize the crystal oscillator to within the specified frequency
tolerance shall not exceed the value specified (see 3.1).

3.6.5 jinitiai accuracy st reference temperature {see &.3.13) {when specified, see 3,1). When tested at
the specified reference temperature, as specified in 4.8.6, the output frequency referenced to nominal

frequency shall not exceed the Limits specified. Nonfrequency-adjustable oscillators shall be ¢ le of

meeting this requirement within the specified period foiiowing shipment (see 3.1). Support data shaii be
provided to the qualifying activity showing that nonfreauency-adjustable oscillators are capable of me meeting

LY ILSe e a2ct SNow?t equUeENCY JUSLabtl oscititato

th{s requirement \nthln the spet:lfied period following shipment.

3.6.6.1 Mechanical-frequency-adjustment (when applicable) (see 6.3.14). when tested as specified in
8.7.1 -frequency-adjustment range, referenced to nominal frequency or marked frequency
______ , as apolicab see 3.5.10), and resolution shall be as specified. For an

external - frequency-adjustment oscillator (see 6.3.15) the external-frequency-adjustment element, e.g.,

potentiometer, shall be »s specified (see 3.1).

Electrlcal frequency-control (when applicable) (see 6.3.16). When tested as specified in
4. .2, the electrical-frequency-control range corresponding to the specified input control voltage shall
*'f

s

1 {see 3.1).

3.6.7 Frequency warmup (see 6.3.17) (when specified, see 3.1). when measured as specified in 4.8.8, the
time for the output frequency, referenced to final frequency as specified, to stabilize within the specified
nce chall not exceed the value gspecified.

oLl exceed vaiue spoc

3.6.8 Initial freguency aging (types 4 and 6) (see 6.3.18) (when specified, see 3.1) . Wwhen tested as
specified in 4.8.9, the initial frequency aging shall not excead the specified value.
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3.6.9 Initiastl frequency-temperature accuracy (see 6.3.19).

3.6.9.1 1nitial freguency-temperature accuracy (one-half temperature cycle) (when not specified by
3.6.9.2, 3.6.9.3 or 3.6.9.4). When measured as specified in 4.8.10.1, the frequency-temperature accuracy
shail not exceed the iimits specified. Nonfrequency-adjustabie osciiiators shaiil be capabie of meeting this
requirement within the specified period following shipment (see 3.1). Support data shall be provided to the

qualifying activity showing that nonfrequency- od)ustable oscillators are capable of meeting this requirement
within the specified period following shipment.

3.6.9.2 |nitial freguency-tempersture accuracy including hysteresis (see 6.3.20) (when specified, see
3.1). When measured as specified in 4.8.10.2, the frequency- tenperature accuracy including hysteresis shall

......... ema=i&3 (VPR PPy an ok anailladana all ha ronabhia A8 maatina thie

not exceed the limits specified. WNonfrequency- adjustable oscillators shall be capable of mecting this
requirement within the specified period following shipment (see 3.1). Support data shall be provided to the
qualifying activity showing that nonfrequency-adjustable oscillators are capable of meeting this requirement
within the specified period following shipment,

3.6.9.3 Initial fr rature accuracy includi trim effect (one-half t rature cycle
6.3.21) (when specified, see !-12 When measured as speclfled in 4.8.10.3, the frequency teupenture

uding trim effact for a cnacified tamneraty rangs and frequency-adjuctment range shall not

arrmirany torl
sccuracy including trim effec a specified temper re rang requer adjustmen
exceed the limits specified.
3.6.9.4 Initial freguency-temperature accuracy including hysteresis and trim effect (see 6.3.20 and
6.3.21) (vhen specified, see 3.1). When measured as specified in 4.8.10.4, the frequency temperature

accuracy including hysteresis and trim effect for a specified temperature range and frequency-adjustment
range shall not exceed the iimits specified.

3.6.10 Frequency-temperature stability (see 6.3.22) (when specified in lieu of 3.6.9, see 3.1).

3.6.10.1 Frequency- gﬁu‘-rgg&g stability (one-half temperature cycle) (when specified, gee 3f“’ When
measured as specified in 4.8.11.1, the frequency-teuperature stability shall not exceed the limits
specified. 1f specified, a freq:ency versus temperature curve of the oscillator shall be generated in the
format specified. This curve shall be supplied, annoteted by oscillator serial rumber, for each oscillator

produced.

3.6.10.2 Frequency-temperature stability including hysteresis (when specified, see 3.1). Wwhen measured
as specified in 4.8.11.2, the frequency-temperature stability including hysteresis shall not exceed the
limits specified. 1f specified, a frequency versus temperature curve of the oscillator shall be generated
in the format specified. This curve shaill be suppiied, annotated by osciiiator seriai number, for each
oacillator nrndr-d

3.6.10.3 Frequency-temperature stability including trim effect (one-half temperature cycle) (wh

gpecified, see 3.1). When seasured a5 specified in 4.8.11.3, the frequency temperature stabild

4
trim effect for a specified temperature range and frequency-adjustment range shall not exc the
specified. 1f specified, a frequency versus tempersture curve of the oscillator shall be generat

L &

formet specified. This curve shail be supplied, annotated by oscilistor serial number, for each osciitlator

3.6.10.4 Fr rature stability includ teresis and trim effect (when specified .1).
When measured 85 specif =ed in 4.8.11.4, the fr-ﬁw-":y t%ramre stability including hysteresis and t im

effect for a specified temperature range and frequency-adjustment range shall not exceed the Limits
specified. If specified, a frequency versus temperature curve of the oscillstor shall be generated in the
illat

format specified. This curve shall be supplied, annotated by oscillator serial number, for each oscillator
produced.

3.6.11 frequency-temperature slope at reference tmrature (see 6.3.23) (when specified, see 3.1). When
measured as specified in 4.8.12, the frequency temperature slope 2t the reference temperature s..el_L not

exceed the limits specified.

from a specified temperature change shall not exceed the [imits specified.

3.6.72 Freguency-thermai transient stability {(when specified, see 3.1). When measured as specifiﬁ in
4.8.13, the thermal response time and overshoot or undershoot of the transient frequency excursi resulting

15
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3.6.13 FfFrequency-voltage tolerance (see 6.3.24). When measured as specified in 4.8,14, the
frequency-voltage tolerance referenced to output frequency at nominal supply voltage shall not exceed the
limits specified (see 3.1).

3.6.14 Freguency-load tolerance (see 6.3.25) (when specified, see 3.1). When measured as specified in
4£.8.15, the frequency-load tolerance referenced to output frequency at nominal load shall not exceed the
timits specified.

3.6.15 Retrace (see 6.3.26) (when specified, see 3.1). When tested as specified in 4.8.16, the frequency
retrace, referenced to an initial output frequency, shall not exceed the limits specified.

3.6.16 Short-term stability (see 6.3.27, 6.3.29, and 6.3.30) (when specified, see 3.1).

3.6.16.1 Phase noise, steady-state (when specified, see 3.1). When measured &s specified in 4.8.17.1,
the phase noise, 3(f), under steady-state (quiescent) conditions shall not exceed the values bounded by

straight line segments drawn on log-log axis through specified points.

3.6.16.2 Phese noise, random vibration (when specified, see 3.1). When measured as specified in
4.8.17.2, the phase noise, 2(f), shall not exceed the values specified for the random vibration levels and
spectra specified.

3.6.16.3 Phase noise, acoustic (when specified, see 3.1). When measured as specified in 4.8.17.3, the
phase noise, 2(f), shall not exceed the values specified for the acoustic intensities and spectra specified.

3.6.16.4 Amplitude noise (when specified, see 3.1). When measured as specified in 4.8.17.4, the
amplitude noise, Sc(f), shall not exceed the values bounded by straight line segments drawn on log-log axes

through the specified points.
3.6.16.5 Allen variance (when specified, see 3.1). When measured as specified in 4.8.17.5, the Allan

variance shall not exceed the values bounded by straight {ine segments drawn on log-log axes through the
specified points.

3.6.17 Acceleration sensitivity (see 6.3.30) (when specified, see

3.6.17.1 Acceleration sensitivity, steady-state (when specified, see 3.1). When tested as specified in
4.8.18.1, the frequency change per unit of acceleration shall not exceed the value specified at any

acceleration level from 5 g to the maximum specified.

3.6.17.2 Acceleration sensitivity, 2 g tip-over (when specified, see 3,1). When tested as specified in
4.8.18.2, the acceleration sensitivity due to 2 g tip-over shall not exceed the value specified. If
specified, the maximum acceleration sensitivity shall be in the direction specified. 1f specified, the
direction of the scceleration sensitivity vector (expressed in terms of its three unit vectors) shall be
recorded and supplied with a serial number for each oscillator produced.

3.6.17.3 Acceleration sensitivity, vibration (when specified, see 3.1). When tested as specified in
4.8.18.3, the low level acceleration sensitivity shall not exceed the value specified for the maximum
acceleration specified. 1f specified, the maximum acceleration sensitivity shall be in the direction
specified. 1f specified, the direction of the acceleration sensitivity vector (expressed in terms of its
three unit vectors) shall be recorded and supplied with a serial number for each oscillator produced.

3.6.18 Magnetic field sensitivity (when specified, see 3.1) (see 6.3.31).

3.6.18.1 Magnetic field sensitivity, dc. When tested in accordance with 4.8.19.1, the oscillator’s dc
magnetic field sensitivity shall not exceed the value specified for the field strength specified. If
specified, the maximum magnetic field sensitivity shall be along the direction specified.

3.6.18.2 Magnetic field sensitivity, ac. When tested in accordance with 4.8.19.2, the oscillator'’s
alternating magnetic field sensitivity shall not exceed the value specified for the field strength and
frequencies specified. If specified, the maximum magnetic field sensitivity shall be along the axis
specified.

16
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3.6.19 Output waveform. When tested as specified in 4.8.20, the type of output waveform from the
oscillator shall be as specified (see 3.1).

3.6.20 Output voltage-power (see 4.8.21).

3.6.20.1 Output voltage. When measured as specified in 4.8.21.1, the output voltage shall not exceed the
limits specified (see 3.1).

b ] Lo i mmiiam Lo fmimmd Y Py am o -, L -
Cutput power {sinuscidsl WEVETOTM) 'pmen specified, see 3.1). VWhen messured as S%C!fh.u mn

E B 4 T2
2.0V LV
4.8.21.2, the output power shall not exceed the limits specified.

3.6.20.3 Output logic voltage levels (square wave output waveform). When measured as specified in

4.8.21.3, the output logic voltage tevels for TTL and CMOS compatible oscillators shall not exceed the
timits specified in table I, unless otherwise specified. For ECL end other logic families, output logic
voltage levels shall not exceed the limits specified (see 3.1).

TABLE J. Output logic voltage levels.

Compatible logic Minimm “1* level - Maximum “0* level
7L 2.40 volts 0.50 voltt
CMOS/HCMOS 0.9 vpp 0.1 vpp

3.6.21 Rise and fatl times (see 6.3.32 and 6.3.33) (square wave output waveform). When tested as
specified in 4.8.22, the rise and fall times shall not exceed the limits specified at the measurement levels

P ¥

specified (see 3.1j.

3.6.22 Duty cycle (see 6.3.34) (square wave output waveform). When tested as specified in 4.8.23, the

duty cycle of the output waveform shall not exceed the limits specified at the measurement levels specified
(see 3.1).

3.6. 23 Harmonic_and subharmonic distortion gsee 3.35) (when specified, see 3.1). when measured as

ified, s
. .
ortion shall not exceed the values specified uithin

m—manidl [ PR - Y
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the bandwidth as specified.

3.6.24 rious res e (see 6.3.36) (when specified, see 3.1). When measured as specified in 4.8.25,
the nonharmonically related spurious responses shall be at least the specified number of decibels below the
main response within the bandwidth as specified.

3.6.25 Output impedance (when specified, see 3.1). when tested as specified in 4.8.26, the output
impedance of the oscillator shall not exceed the limits specified.

3.6.26 Re-entrant jsolation (multi-output oscillators) (when §Egified, see 3.1). When measured as

-wtli.d fn 4.8,27, the re-entrant isclation between output port of the multi- -output oscillator at

AR R eVeimiy UiV L

specified signal frequency and level shall be as specified.

3.6.27 Output suppression (gated oscillator) (when specified, see 3.1). When measured as specified in
4.8.28, the reduction in output level when other output stages are cutoff by the specified gating signal
shall be as specified.

3.6.28 Startup time (when specified, see 3.1). When measured as specified in 4.8.29, the time interval

for the oscillator output to achieve continuous waveform at 90 percent of final amplitude following
application of power, unless otherwise specified, shall not exceed the value specified.

3.64.29 Modulation-control input impedance (tvpes 2, 5, and 6). When tested as specified in 4.8.30, the

modulation-control input impedance across the modulation-control input terminals shall not exceed the limits
specified for the range of input signal frequency specified (see 3.1).

17
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3.6.30 freguency deviation (types 2, S, and 6) (see 4.8.31).

3.6.30.1 Total deviation, dc control (see 6.3.37) (when not specified by 3.6.30.2). When measured as

specified in 4.8.31.1, the total frequency deviation of the output signal from center frequency for the
specified dc control voltage range shall exceed the limits specified (see 3.1).

3.6.30.2 JTotal deviation, modulation (when specified, see 3.1). When measured as specified in 4.8.31.2,
the total frequency deviation of the output stgnal from center frequency for the specified peak-to-peak

PP R P g memd mafomamaa Lmmee tammrs aball oo eha limioa
LD

el & . y H
WMOGULalTOoNn vultugc ang lc'el TIRT JTitTyutiny D"ﬂ\‘ CA‘-EE‘J ["C tim

-'h

3.6.30.3 Deviation (slope) sensitivity (when specified, see 3.1). When measured as specified in

4.8.31.3, the frequency deviation (siope) sensitivity defined by the siope of the output freguency-conirol
vol!age transfer characteristic shall not exceed the {imits specified.

3.6.30.4 peviation siope polarity. When tested as specified in 4.8.31.4, the frequency deviation siope
polarity corresponding to a positive increase of control voltage shall be as specified (see 3.1).

3.6.30.5 Deviation linearity (see 6.3.38) (when not specified 3.6.30.6). When tested as specified in
L A T1 & tha Adaviatian linaarity Af tha nuitrnit franiancry cantral valtana trancfer charartarictic chall nnat
4£.8.31.5, the deviation linearity of the ocutput frequency control voltage transfer characteristic shall not
exceed the value specified (see 3.1).

2 2 4% LMo o aniima cmanidd

3.6.30.6 s
4£.8.31.6, the modu dist
transfer characteristic shatl
frequency specified (see 3.1)

{ ified, see 3. 1) when measiured as apccll‘l:u
ion resulting from nonlmearlty of the output frequency-modulation vo
not exceed the value specified for the modulation voltage magnitude and

x
)
g
—
]
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3.6.30.7 Modulation frequency response (see 6.3.40) (when specified, see 3.1). When tested as specified
in 4.8.31.7, the modulation frequency response shaill be fiat within the iimits specified over the frequency

ranaos gmi‘\nd (cee 3.1),

-~ REST

3.6.31 Accumulated time error (when specified, see 3.1). When tested as specified in 4.8.32, the time
integr f fractions! frequency chenge for z specified time interval resulting from specifisd time veriant

conditions (temperature, acceleration, radiation, etc.) shall not exceed the values specified.

k &) o] [P Sy 2o PN S aao FA RY
3.6.32 Clock accuracy {type 7) (see 6.3.41).

3.6.32.1 Clock accuracy (corrected pulse train output). When tested as specified in 4.8.33.1, the clock
accuracy of a microcomputer compenssted crystal osciiistor with a time-corrected puise train output,
onerating over the nnpriﬁod conditions (temperature, acceleration, radiation, etc.) for the snecxhed

Sr-r =SS © et N (ISPl aluleE; Sccorciationt tL:?

duration after syntomzanon and synchronization, shall not exceed the value spec1f1ed (see 3. 1)

3.6.32.2 Clock accurs , rAiad Sama.ndo an
2.0.96.€ LIOCK alcuraly (Gigs time-of-day output). When t

- - s

3 > L]
accurscy of a microcomputer compensated crystal oscillator with a digital clock time of day output,
operating over the specified conditions (tenperature acceleration, radiation, etc )
duration after syntonization and synchronization, shaii not exceed the vaiue ie

3.6.33 Built-in-test (BIT) (types & and 6) (when specified, see 3.1).

3.6.33.1 BIT, oven operating temperature (uvhen gpecified, see 3.1). Uhen tested as specified in
4.8.34.1, the BIT output voltage levels corresponding to either a “fault" or an "operational" oven operating
temperature condition shall not exceed the limits specified.

3.6.33.2 BIY, oven supply voltage (when specified. see 3.1). When tested as specified in 4.8.34.2, the
BIT output voltage levels corresponding to either a “fault" or an “operational® oven supply voltage
condition shall not exceed the Limits specified.

3.6.33.3 BIT, R-F output voltage (when specified, see 3.1). When tested as specified in 4.8.34.3, the
BIT output voltage levels correspondlng to either a "fault" or an “operational” r-f output voltage condition

at the threshoid level specified shall not exceed the limits specified.
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3.6.34 Frequency aging (see 6.3.42).

3.6.34.1 Frequency sging (types 1 and 2). When tested as specified in 4.8.35.1, the frequency aging at
specified temperature shall not exceed the specified limits as follows:

a. Maximum change over a 30 day period (see 3.1).

b. Projected maximum change over a 1 year period (unless otherwise specified, e.g., 5 years, etc.)
(see 3.1). Support data shall be provided to the qualifying activity showing that the projected
aging performance will be met.

3.6.34.2 Frequency aging (types 3, 4, S5, 6, 7, and 8). When tested as specified in 4.8.35.2, the
frequency sging at & specifisd temperature shall not exceed the specified limits as followus:

a. Total change from day 0 to day 30.

b. Projected total change for 1 year (unless otherwise specified, e.g., S years, etc.) (see 3.1).
c. Aging rate per day at day 30 (when specified, see 3.1).

d. Change between any successive time periods (when specified, see 3.1).

3.6.35 Input power aging (types & and 6) (see 6.3.43) (when specified, see 3.1). When tested as
specified in 4.8.36, the input power aging rate of a hermetic or high vacuum seal oven controlled crystatl

oscillator shall not exceed the value specified.

3.6.36 Conducted interference (when specified, see 3.1). When tested as specified in 4.8.37, the
conducted interference at the specified terminals of the oscillator shall not exceed the peak-to-peak ripple

specified within the bandwidth specified.

3.6.37 Frequency-environment tolerance (see 6.3.44). When tested as specified in 4.8.38, the frequency
deviation, referenced to an initial frequency, due to the specified envirormental condition shall not exceed

the limits specified (see 3.1).

3.6.38 Vvibration.

3.6.38.1 Vibration, sinusoidal (nonoperating). After undergoing the test specified in 4.8.39.1, the
oscillator shall be capable of operation. Unless otherwise specified (see 3.1), the requirements specified
in 3.6.4, 3.6.20, and 3.6.37 shall be met. The requirements of 3.6.10 shall be met when specified.

3.6.38.2 Vibration, sinusoidal (operating) (when specified, see 3.1). While undergoing the test as
specified in 4.8.39.2, the oscillator shall be capable of operation. Unless otherwise specified (see 3.1),
during the test, the requirements specified in 3.6.4 and 3.6.20 shalt be met., The requirements in 3.6.16.2
ond 3.6.17.3 shall be met when specified.

Unless otherwise specified (see 3.1), following the above tests, the requirements of 3.6.37 shall be met.

3.6.38.3 Vibration, random (nonoperating) (when specified, see 3.1). After undergoing the test as
specified in 4.8.39.3, the oscillator shall be capable of operation. Unless otherwise specified (see 3.1,
the requirements specified in 3.6.4, 3.6.20, and 3.6.37 shall be met.

3.6.38.4 Vibration, random (operating) (when specified, see 3.1). While undergoing the test as specified
in 4.8.39.4, the oscillator shall be capable of operation. Unless otherwise specified (see 3.1), during the
test, the requirements specified in 3.6.4 and 3.6.20 shall be met. The requirements in 3.6.16.2 shall be
met when specified.

Unless otherwise specified (see 3.1), following the above tests, the requirements of 3.6.37 shall be met.
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3.6.39 Acoustic noise (operating) (when specified, see 3.1). While undergoing the test as specified in
.8.40, this oscillator shall be capable of operation. Unless otherwise specified (see 3.1) during the

est, the requirements specified in 3.6.4 and 3.4.20 shall be met The requirements in 3.6.16.3 shall be
t

3.6.40 Shock (specified pulse) (see 4.8.41).

3.6.40.1 Shock (specified pulse) (nonoperating). After undergoing the test specified in 4.8.41.1, the
oscillator shall be capable of operation. Unless otherwise specified (see 3.1) the requirements specified
in 3.6.1, 3.6.4, 3.6.9 (frequency-adjustable oscitlators only), 3.6.13, 3.6.20, and 3.6.37 shall be met.
The raoulrements of 3.6.10 shall be met when specified.

spec

(specified pulse) (operating) (when specified, see 3.1). while undergoing the test
1.

the occillator cshall he canahle of oneration nlecs otheruice snecifiad (see 3.1)
escriialor shall Do Capabie of ation, ness H specifiec (see 2.1)

40.2 Sshock
cifie 8.4 un
during the test, the requirements specified in 3.6.31 shall be met over the interval specified.

l‘\i
-

- H

3.6.41 Acceleration (when specified, see 3.1).

41.1 Acceleration (nonoperating) (when specified. see 3.1). After undergoing the test specified in
.1, the oscillator shall be capable of operation. The requirements specified in 3.6.1, 3.6.4, 3.6.20,
and 3.6.37 shall be met.

1.2 Acceleration (operating) (when specified, see 3.1). While undergoing the test as specified in
.2, the oscillator shall be capable of operation at all acceleration levels to the I!Xillll specified
ctheruice egnnf\.d during the tect the requirements snecified in 3.6.4. 3. 6.17.1. and X .4.20 chall

LR A0 L] REST, NG TEQUITEMENIS SPLiITIitl TN 2.8.8, S.8.57.7, &K 2.

3.6.42 Explosion (operating) (when specified, see 3.1). When tested as specified in 4.8.43, the
expiosion mixture in the test chamber surrounding and external to the osciiiator shail not explode, whether
or not an explosion occurs within the oscillator. The oscillator shall be electrically operable after the
test.

3.6.43 Magnetic field (opersting) (when specified, see 3.1). While undergoing the test s specified in
4.8.44, the oscillator shall be capable of operation. Unless otherwise specified (see 3.1) during the test,
the requirements in 3.6.4 and 3.6.19 shall be met. The requirement of 3.6.18 shall be met when specified.

Unless otherwise specified (see 3.1), following the above tests, the requirements of 3.6.37 shall be met.

3.6.44 Thermal shock (nonoperating). When tested as specified in 4.8.45, the osciilator shall not show a
sign of mechanical damage. After the test, the requirements specified in ;'é'L, 3.6.20, and 3.6.37 shall be

met. Unless otherwise specified (see 3.1), the requirements in 3.6.10 shall be met when specified.

3.6.45 Ambient pressure.

3.6.45.1 Ambient pressure gnongggratmg) When tested at the specified storage temperature (see 3.1) as
specified in 4.8.46.1, the osciiiator shail be capable of storage at a reduced pressure. Uniess otherwise
specified (see 3.1), after the test, the requirements specified in 3.6.4, 3.6.20, and 3.6.37 shall be met.

while undergoing the test as specified

it
erirae from atmnenharis nracenira (101
sures from atmospheric pressure (101

ied (see 3.1), during the test, the

3.6.45.2 Ambient pressure (operating) (when specified, see 3.1

Sn L B LL 2 etha accillatar chall ha ranahla Aaf anaration at all
I R.0.%0.4, UIT OSLIL1aLUTN SMidgitl o (Gpauilc U LPkiatisnl at ace

kPa) to the pressure specified (see 3.1). Unless otherwise gpeci
requirements specified in 3.6.4 and 3.6.20 shall be met.

Unless otherwise specified (see 3.1), following the above test, the requirements of 3.6.37 shall be met.

(e iaadd = ; = b i
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3.6.46 Storage temperature. After undergoing the test at the specified storage temperatures (see 3.1) as
specified in 4.8.47, the requirements specified in 3.6.1, 3.6.4, 3.6.9 (frequency-adjustable oscillators
only), 3.6.13, 3.6.20, and 3.6.37 shall be met. The requirements in 3.6.10 shall be met when specified.

3.6.47 Radistion hardness (operating) (when specified, see 3.1). When tested as specified in 4.8.48, the
oscillator shall meet the requirements specified below. Unless otherwise specified (see 3.1), after the
radiation tests, the requirements specified in 3.6.4, 3.6.9 (frequency-adjustable oscillators only), 3.6.13,
and 3.6.20 shall be met. The requirements of 3.6.10 and 3.6.31 shall be met when specified.

3.6.47.1 Total dose (when specified, see 3.1). When tested as specified in 4.8.48.1, the
radiation-induced changes in output frequency shall not exceed the values specified.

3.6.47.2 Dose rate (when specified, see 3.1). When tested as specified in 4.8.48.2, the maximum
radiation-pulse-induced changes in output frequency shall not exceed the values specified. The
radiation-puise- induced changes in frequency after the specified time interval shall not exceed the vaiues
specified. 1f specified (see 3.1), the accumnulated time error (see 3.6.31) over the specified time interval
shall not exceed the value specified.

3.6.47.3 Neutrons (when specified, see 3.1). When tested as specified in 4.8.48.3, the neutron-induced
changes in output frequency shall not exceed the values specified.

3.6.48 Resistance to soldering heat. After undergoing the test specified in 4.8.49, the oscillator shall
be capable of operation. The requirements specified in 3.6.1, 3.6.4, 3.6.9 (frequency-adjustable
oscillators only), 3.6.13, 3.6.20, and 3.6.37 shall be met. The requirements in 3.6.10 shall be met when
specified.

3.6.49 Moisture resistance (when specified, see 3.1). When tested as specified in 4.8.50, there shall be

no resultant impairment or damage sufficient to cause failure of the oscillators. After the test, the
requirements specified in 3,6.4, 3.6.20, and 3.6.37 shall be met.

3.6.50 Salt atmosphere (corrosion). When tested as specified in 4.8.51, there shall be no warping,
cracking, peeling, excessive corrosion or in the case of plated metais, corrosion which has passed through
the plating and exposed the base metal. Unless otherwise specified (see 3.1), after the test, the
requirements specified in 3.6.1, 3.6.4, 3.6.20, and 3.6.37 shall be met.

3.6.51 Jerminal strength (iead integrity) (see 4.8.52).

3.6.51.1 Jlerminals. when tested as specified in 4.8.52.1, the external terminals shall be firmly
attached or embedded within the base or connector and shaii be capabie of withstanding the specified pull o
bends (see 3.1) without evidence of damage. After this test, the requirements in 3.6.1 shall be met.

=

3.6.51.2 Pins (when applicable). When tested as specified in 4.8.52.2, external pins shall be capable of
withstanding the specified force (see 3.1) without evidence of damage. After this test, the requirements in
3.6.1 shall be met.

3.6.51.3 Solder pads (when applicsble). When tested as specified in 4.8.52.3, the solder pads of
leadless chip carrier and similar devices shall be capable of withstanding the specified delamination (peel)
stress without any evidence of damage. After this test, the requirements in 3.6.1 shall be met.

3.6.52 Soiderabiltity. When tested as specifi

to the criteria specified in method 208 of MIL-STD-202.

-
"

3.6.53 Resistance to solvents. When tested as specified in 4.8.54, there shall be no evidence of
physical damage and the marking shall remain legible.

3.6.54 Fungus (when specified, see 3.1). All external materials shall be nonnutrient to fungus growth or
shall be suitably treated to retard fungus growth. The manufacturer shall certify that all external
materisls are fungus resistant or shall perform the test specified in 4.8.55. There shall be no evidence of
fungus growth on the external surfaces.

21
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3.7 Marking. Marking shall be in accordance with method 1 of MIL-STD-1285 and shall include the mlttary
PiN, source code, serial number (see 3.7.1), date code, the electrostatic discharge Sﬁ‘iilvuy identifier
(see 3.7.3), and the “JAN® brend (see 3.7.4).

Date and source code shai{ be in accordance with KiL-STD-1285. At the option of the manufacturer, the
military PIN may appear on two lines. In this event, the PIN shall be on successive lines and divided
between the temperature range and frequency. Unless otherwise specified (see 3.1), the marking shall not be
less than .035 inch (0.89 m) in height and shall be arranged as illustrated (see 3.1). The following is an

example of the complete marking:
12345 - CAGE code
92244 = Date code and JAN marking
M55310/701-B01A - First part of military PIN
32K76800 - Remainder of military PIN
XAXKXXK - Serial number

The date code shall be the date of the final seal of the oscillator,

X.7.1 Serial number. Prior to post burn-in electrical testing,
unique serial number assigned consecutwely

3.7.2 Frequency offset at reference temperature (see 3.5.10.2) (when applicable). Frequency
adjustable oscillators that are required to be calibrated to a frequency offset from nominal frequency,
unique to each oscillator, shall be marked as follows:

£X.X Hz at XX°C
The frequency offset shaii be rounded to the nearest tenth of a hertz uniess otherwise specified.

3.7.3 Electrostatic discharge sensitivity (ESD) identifier. Oscillators shall be marked with a sensitive
electronic device symbol as specified in MIL-STD-1285, or if room does not permit, the outline or solid form
of an equilateral triangle (i.e., 4 ) shall be used and may also be used as 8 pin 1 identifier. The
equilateral triangle will designate these oscillators as sensitive to ESD in the range of 0 - 1,999 volts
and shall be handled as such.

3.7.4 Electrostatic
“JAN® brand. The United States Goverrment has adopted, and is exercising legitimate control over the
certification marks ®JAN® and %j%, respectively to indicate that items so marked or identified are
manufactured to, and meet all the requirements of military specifications. Accordingly, items acquired to,
and meeting all of the criteria specified, herein and in applicable specifications shall besr the
certification mark “JAN" except that items toc small to bear the certification mark *JAN® shaii bear the
letter ®J%, The "JAN" or "J% gchall be placed on the first Line sbove or below the PIK or the "J* with the
date code (example: J9230). Items furnished under contracts or orders which either permit or require
deviation from the conditions or requirements specified herein or in applicable specifications shall not
bear RJANY or 2J%. In the event an item fails to meet the requirements of this specification and the
spplicable specification sheets or associated detail specifications, the manufacturer shall remove the “JAN"
or the *J* from the sample tested and also from all items represented by the sample. The "JAN" or %J¥
certification mark shall not be used on products acquired to contractor drawings or specifications. The
United States Government has obtained Certificate of Registration No. 504,860 for the certification mark

AR RS

“JAN®,

3.7.5 Beryllium oxide package identifier. If an oscillator package contains beryllium oxide, the
oscillator shall be marked with the designation ‘Be0’.

3.8 workmanship. Osciiiators, inciuding aii parts, shail be manufactured, processed, and tested in &
careful and workmanlike manner in accordance with good engineering practice, with the requirements of this
specification and with the production practices, workmanship instructions, inspection and test procedures,
and training aids prepared by the manufacturer in fulfillment of the product assurance program (see

2 4 2 4
Welalol)e
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4. QUALITY ASSURANCE PROVISIONS
L,1 Responsibility for inspection, Unless otheruise specified in the contract or purchase order, the

contractor is responsible for the performance of all inspection requirements (examinations and tests) as
specified herein, Except as otherwise specified in the contract or purchase order, the contractor may use
his own or any other facilities suitable for the performance of the inspection requirements herein, unless
disapproved by the Government. The Government reserves the right to perform any of the inspections set
forth in this specification where such inspections are deemed necessary to ensure supplies and service

conform to prescribed requirements.

4.1.1 Responsibility for compliance. All items shall meet all requirements of sections 3 and 5. The
inspection set forth in this specification shall become a part of the contractor’s overall inspection system
or quality program. The absence of any inspection requirements in the specification shall not relieve the
contractor of the responsibility of ensuring that all products or supplies submitted to the Government for
acceptance comply with all requirements of the contract. Sampling inspection, as part of manufscturing
operations, is an acceptable practice to ascertain conformance to requirements, however, this does not
authorize submission of known defective material, either indicated or actual, nor does it commit the
Government to accept defective material.

6.1.2

.

o
r

=

<

i .
4.1.2.1 Product assurance program (PAP). A PAP shall be established to meet the requirements of

MIL-STD-790 and as specified herein (see 3.2.1). Evidence of such compliance shall be verified by the

qualifying activity of this specification as a prerequisite for qualification and continued qualification.

4.1.2.2 Statistical process controi (SPC). An SPC program shail be estabiished and maintained in
accordance with EIA-557. Evidence of such coaplisnce shall be verified by the qualifying activity of this
specification as a prerequisite for qualification and continued qualification.

4.1.3 Yest equipment and inspection facilities. The manufacturer shall insure that test and measuring
equipment and inspection facilities of sufficient accuracy, quality, send quantity are established and
maintained to permit performance of required inspections. The establishment and maintenance of a
calibration system to control the accuracy of the measuring snd test equipment shall be in accordance with
MIL-STD-45662.

4.2 Clessification of inspections. The inspections specified herein are classified as follows:

8. Materials inspection (see 4.4).

b. Screening (see 4.5).

c. Qualification inspection (see 4.6).

d. Quality conformance inspection (see 4.7).

4.3 Inspection conditions.

4.3.1 Standard test conditions. Unless otherwise specified herein, inspections shall be performed in

accordsnce with the test conditions specified in the “GENERAL REQUIREMENTS" of the applicable mititary
standard, i.e., MIL-STD-202, MIL-STD-810, or MIL-STD-883. When a standard test method is not specified, the

standard test conditions of MIL-STD-202 shall apply.

4.3.2 Test fixture. Each test shall be performed with the oscillstor mounted in the appropriate test
fixture.

4.3.3 Special test methods. Special test procedures are applicable only to special purpose items. These
special procedures must be specified in any acquisition documents. However, all test procedures not

specified herein shall be verified and approved by the preparing activity prior to implementation. Prior
approval of such test methods shall not be construed as a guarantee of the acceptance of the finished

product.

~
W
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4.3.4 Eguilibrium conditions. Unless otherwise specified (see 3.1), all electrical tests shall be
conaucited under equilibrium conditions. When test conditions cause a significant change with time of the
characteristic being measured, means of compensation for such effects should be specified; for exampole, the
period of time that the oscillator shall be maintained at specified test conditions before making a
measurement of output frequency.

4.3.5 Standard environmental conditions. Unless otherwise specified (see 3.1), all measurements shall be
made at an anblent temperature of +25°C t3°C. Unless otherwise specified (see 3.1), the standard point

BUY challt be from IE ¢n AC marrant DU mra.caal ard £ TC T8 narrcant DU ;mact.caal
RAJ Bhniait TG JJ LU UOJ pPRilaiil Rn piE~scan, and from 35 to 7o PEriciit Ao poSL=STan .

4.3.6 Power s@lies. DC power sources used in the testing of crystal controlled oscillators should not
have a ripple content large enough to affect the desired accurscy of measurement; ac power sources should be
transient-free. When the ripple or transient content of the power sources is critical to the measurement
being performed, they must be fully defined in the specification sheet (see 3.6.2).

4&.3.7 BRasic test ggrdigigns= The basic test configuration for electrical nerformance measurement shall

be as depicted on figure 1. Unless otherwise specified (see 3.1), all measurements shall be performed at
specified nominal supply voltage and load impedance controlled to an accuracy of 1 percent.

4.3.8 Precautions. The measurement configurations and procedures for specific electrical tests (see 4.8)
are the preferred methods. Should measuring apparatus modify the characteristic being inspected, due

e et e - Ao amis loadicmn affa~ean

E ARIDL T muuc IUI arty wvauiid CIHITLLID.
4.3.9 Air flow conditions for Lqp;rature tests. When oscillators are to be measured at temperatures
other than #25°C 23° C, adequate air circulation shall be provided to insure good temperature controi.
Temperature chambers shall be employed which provide an air flow sufficient to insure a gradient no greater

than +2°C for the group of oscillators under test. Unless otherwise specified (see 3.1), in this preferred
configuration, the temperature sensor shail be piaced in the return fiow of the air stresm to measure
reference point temperature. 1If still air is specified (see 3.1), or if forced air circulation affects
oscillator performance, still air conditions may be simulated by enclosing the oscillator in a draft shield
consisting of a thermally conducting box with the internal dimensions such as to provide an even temperature

dietribution aroumd the oecillaror, In this rnnfnnnr.?|nn the referance noint temnerature ic ag meacured
L1 TErenCe poinl temperaiure measurec

at the draft shield, unless otherwise specified. l-men a draft shield is used, it must be retained for both
high and low temperature tests and sufficient air flow maintained in the chamber.

4.3.10 Precision of measurement. The limits stated in the specification sheet are absolute. Tolerances
on measurement instruments and methods shall be taken into account when determining actual experimental
timits. Unless otherwise specified (see 3.1), the precision and accuracy of test methods end equipment used
for the evaluation of oscillator performance shall be at least a factor of 10 better than the tolerances to
be determined. (For example, a voltmeter accuracy of 20.1 percent to determine level to a tolerance of 21
percent).

4.4 Materisls inspection. Materials inspection shall consist of certification supported by verifying
data that the materials used in fabricating the oscillators are in accordance with the applicable referenced

specnvculons or req.nrements DI"IOI' to smunen( of conpleteo oscillators.

4.5 Screening. Oscillators to be delivered in accordance with this specification shall have been
subjected to and passed all the screening tests of tabie 11 or tabie 111 for the appiicable osciilator class
and construction, in the order shoun, Uhere s hvbrid subassembly and a discrete subassembly are used in a
single type of oscillator, the hybrid portion is to be subjected to screening in accordance with table 111,
class B or S, as specified, except acceleration shall be 5,000 g’s. This shall be done prior to assembly
into the discrete component package. Electrical test parameters, values, limits, and conditions for the
hybrid portion of the oscillator only shall be established by the manufacturer and approved by the
qualifying activity. The complete oscillator shall then be subjected to the specified screening
requirements for the discrete oscitlator (see table 11). The electrical test parameters, vaiues, limits,

and conditions for the completed oscillator ghall be ag ch!flod in the specification sheet (see 3.1).
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Screening (100 percent) for oscillators of discrete component construction.

Test inspection

I

Class S
method-condition

Class B
method-condition

Random vibration

Thermai shock

Electrical test:
Input current-power
Output waveform
Output voltage-power
As specified

Burn-in (load)

Electrical test:

Input current-power
Output waveform
Gutpit voltage-power

As specified

Seal test

Radiographic 2/

MIL-STD-202, method 214,
condition 1-B8, durstion
S minutes per axis

Maximum specified oper-
ating temperature (see
2. 1), nominal suonly

srry Y bt g e 4

voltage and burn-in
load, 240 hours minimum

Maximum specified oper-
ating temperature (see
3.1), nominal supoly
voltage and burn-in
load, 160 hours minimum

4.8.5

4.8.20

4. 8.21

3.1
RiL-STD-202, method 112
(see 4.8.2)

N/A

i/ inciudes mixed construction {

2/ Unless otherwise specified (see 3.1)
with the x-ray penetrating in the Y
package surface) and a second vi

Dadianrankis~

Radiographic examination and acce

tec PN

ew
and accent
cept
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echnology (see 4.5).

. the unit shall have one view taken
direction (perpendicular to the largest

0° relative to the first view.

criteria shall be as specified (see 3.1).
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TABLE III.

MIL-0-55310C

Screening (100 percent) for oscillators of hybrid construction.

Clags B

method-condition

Particle impact noise
Adnbantinm IZDIUNY
UELTLLIVI \Frinvy

Electrical test:
input current-power
Output waveform
Output voltage-power
As specified

gurn-in (load)

Electrical test:

Innat currant -
dNpUl current

Output wavefor:
Output voltage-power
As specified

Radiogrephic 3/

(see 4.5.1)

MIL-STD-883, method 1008,

condition C (+150°C),
48 hours minimum

MIL-STD-883,
condition A

method 1011,

MIL-STD-883

L2, W

condition B

MIL-STD-883, method 2001,
condition A, Yq only
(5000 g’s)

+125°C, nominal supply
voltage and burn-in load,
240 hours minimum

Nominal and extreme supply
voltages, specified load,

420N acndd Cammanabiina
TEI L @ (Shpialure

extremes, record all test
parameters by serial number.

MIL-STD-883, method 2012

AIA
R/RA

(see 4.5.1)
MIL-STD-883, method 1008,
condition C (+150°C),

24 hours minimum

N/A

MIL-STD-883 method 1010,
condition B

HMIL-STD-883, method 2001,
condition A, Y4 ly
(5000 g’s)

3.1

+125°C, nominal supply
voltage and burn-in load,

asnm

160 hours minimum

Nominal supply voltage,
specified load, +23°C and
varifu framiancy ot Sha
Yer sry w9 w‘l-’ aLv LC
temperature extremes.

1/ Vacuum bake and maintain oscillators in dry nitrogen atmosphere until sealed.

Z/ For class S oscillators,

the seal test may be performed in any sequence between the final

eiectrical test and external visuai but it shail be performed after ail shearing and forming
For class B oscillators, the seal test shall be performed in
any sequence between the constant acceleration test and external visual except that they
shall be performed after all shearing and forming operations on the terminals.

operations on the terminals.

tha Anmtinm ~f
At the option of

(%]
~.

test to expedite screening test completion.

sequence.

tha contrartar
ANG vVl v v,
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radiographic inspection may be performed following
€

Recorded screening data shall indicat
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4.5.1 internal visual inspection for crystal oscitlators of hybrid constiruction. tes isual
inspection shall be in accordance with MIL-STD-883, methods 2017 and 2032, and stpplemented by the
manufacturer’s documentation for crystal attechment. During the time interval between final internal visual

inspect\on and preparnt!on for ceal!ng, hYbf‘ld nyslll osciiiators shall be Storeo ina OI‘Y, mtrogen
envirorment, or in a vacuum bake oven as specified in table 111. The following details shall apply:

a. The first internal visual inspection shall be performed prior to installation of the crystat
\

b. The final internal visual inspection shall occur after crystal resonator installation and prior to

4.5.2 Pre burn-in electrical testing.

Pre burn-in electrical testing is optional for class B crystal oscillators except where delta limit

a. Pre burn-in electrical testin
measurements are required. Houever, crystal oscillators may be tested to remove defects prior to
further screening end to form a basis for application of percent defective allowabie (PDA)
criteria,

b. Electrical characteristics to be measured shall be as specified in table 11, table [11, and the
applicable specification sheet (see 3.1).

4.5.3 Burn-in. Unless otherwise specified in the specification sheet, PDA shall be applicuble only to
+23°C and/or +25°C static tests, as specified, and the 100 percent nondestructive bond pull test (for class
ws" gscillators only). If not otherwise specified, the maximum POA for class 8 shall be 10 percent (or one
oscillator, whichever is greater). The maximum PDA for class S shall be 2 percent (or one oscillator,
whichever is greater). The period of faiiure accountabiiity shaii inciude burn-in through finai eiectricai
test, The nondestructive bond pull test, for class "S* oscillators only, shall have a separate PDA
requirement of 5 percent (or one oscillator, whichever is greater).

1 ata submitted for burn-in Burn-in ! may ha recidmittad ¢

L
-.5.4 ots resubmite UV WA T 0. oLt L BRIy W% ! COMRAW? e LW

*
Resubmitted lots shall be kept separate from new lots and shall be inspec fo i
characteristics using e tightened inspection PDA. For 10 percent PDA use tightened PDA of 7
use & ¢

o mmaa e mao—a

L

4.5.5 Faflures. Atl oscillators that fail any test criteria in the screening sequence shall be removed
from the (ot at the time of observation or immediately at the conciusion of the test in which failure was
observed, Once rejected and verified as a failure, acceptable rework may be performed in accordance with

...... e,ecteC e el

~N
~
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4.6 Qualification inspection. Qualification inspection shall be performed st a laboratory acceptable to
the government (see 6.4) on sample units produced with equipment and procedures normelly used in production.

4.6.1 Sample. The number of sample units comprising & sample of crystal oscillators to be subjected to
qualification inspection shall be as specified in appendix B. Sample units shall have previously passed all
the requirements of the screening tests of table 11 or table 111 for the class and type of construction for
which qualification is requested.

4.6.2 Jest routine. Qualification samples shall be subjected to the tests of table IV. All sample units
shall be subjected to the tests of group I and Il and subgroup 1 of group 111. The samples shall then be
divided into three groups and subjected to the tests of subgroups 2, 3, and 4 of group 111, in the order
shown. Subgroup 5 inspections, for hybrid construction oscillators only, shall be performed on three
samples (or five samples, see table 1V), and may either be selected from samples which have previously been
subjected to other qualification inspections or may be additional samples.

4£.6.3 Failures. Failures in excess of those allowed in table 1V shall be cause for refusal to grant
quatification.

4.6.4 Retention of qualification. To retain qualification, the contractor shall forward a report at
24-month intervals to the qualifying activity. The qualifying activity shall establish the initial
reporting date. The report shall consist of:

a. The results of the test performed for inspection of product for delivery (groups A and 8),
indicating, as a minimum, the number of lots that have passed, the number that have failed, and the
group which they failed. The results of tests of all reworked lots shall be identified and
accounted for.

b. The results of tests performed for periodic inspection (group C, see 4.7.2.1), including the number
and mode of failures. The test report shall include results of all periodic inspection tests
performed and completed during the 24-month period. 1f the test results indicate nonconformance
with specification requirements, and corrective action acceptable to the qualifying activity has
not been taken, action may be taken to remove the failing product from the qualified products list.

c. The results of a failure analysis conducted on all failed units establishing the cause of failure
and the corrective actions that would eliminate subsequent failures of a similar type.

Failure to submit the report within 60 days after the end of the 24-month period may result in loss of
qualification for the product. 1n addition to the periodic submission of inspection data, the contractor
shall immediately notify the qualifying activity at any time during the 24-month period that the
inspection data indicates failure of the qualified product to meet the requirements of this specification.

In the event that no production occurred during the reporting period, a report shall be submitted
certifying that the company still has the capabilities and facilities necessary to produce the item. I[f
during three consecutive reporting periods there has been no production, the manufscturer may be required,
at the discretion of the qualifying activity, to submit oscillators of the same type to testing in
accordance with groups A, B, and C tests.

4.7 Quality conformance inspection.

4.7.1 Inspection of product for delivery. Inspection of product for delivery shall consist of the
screening tests (see 4.5) and groups A and B inspections. Class S oscillators shall not be delivered until
they have successfully completed groups A and B inspections. Unless otherwise specified, class B
oscillators may be delivered after sample units have passed group A inspection and prior to sample units
completing group B inspection (see 4.7.1.3).

4.7.1.1 Production and_inspection lot.

4.7.1.1.1 Production lot. A production lot shall consist of all oscillators covered by a single
specification sheet and single PIN. Manufacture of all parts in the lot shall have been started, processed,
assembled, and tested as a group. Lot identity shall be maintained throughout the manufacturing cycle.
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TABLE IV. Qualification inspection.

Requirement Test Number of Number of
Inspection paragraph paragraph sample units failures
R
GROUP 1
visual and mechanical inspection 3.1, 3.4, 3.5,| 4.8.1 All sample units 0
3.7, 3.8
Seal 3.6.1 (.8.2
Electricals 3.6.2 through | 4.8.3
3.4.33.3, ac through
applicable 4.8.34.3
GROUP 11
Frequency aging 3.6.34 4.8.35 All sample units 0
Input power aging (types & and 6) 3.6.35 4.8.30
(when specified)
GROUP 111
Subarouo 1
Conducted interference (when specified) 3.6.36 4.8.37 All sample units 0
vibration 3.6.38 4£.8.39
Acoustic noise (when specified) 3.6.39 4£.8.40
Shock 3.6.40 4.8.41
Acceieration {when specified) 3.6.41 4.8.462
Explosion (when specified) 3.6.42 4£.8.43
Subgroup ¢
Magnetic field (operating)
(when specified) 3.6.45 4.8.44 one-half of sample units 0
Thermal shock 3.6.44 4.8.45
Ambient pressure 3.6.45 4£.8.46
Storage temperature 3.6.46 4£.8.47
Radiation hardness (operatingj
(when specified) 3.6.47 4.8.48
Subgroup 3
Resistance to soldering heat 3.6.48 4.8.49 One-fourth of sample units 0
Moisture resistance 3.6.49 4.8.50
Salt atmosphere 3.6.50 £.8.51
Subgroup 4
Terminai strengih (lead integrity? 1.6.51 4£.8.52 One- fourth of sample units 0
Solderability 3.6.52 4.8.53
Registance to solvents 3.6.53 4£.8.54
Fungus (when specified) 3.6.54 4.8.55
Subgroup 5
internai water vapor content 31.5.1.2 4.8.56 3 samole units 0
(applicable to hybrid construction or
only) S sample units 1
. { !

rn
~0
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4.7.1.1.2 |Inspection lot. A inspection lot shall consist of all oscillators of the same type produced

under essentially the same conditions, and offered for inspection at one time over a period not to exceed 13
weeks. For class S oscillators, an inspection lot shall consist of one production lot.

Dec

4.7.1.2 Group A inspection. Group A inspection shall consist of the inspections specified in table v, in
the order choun Manufacturer has option for sequence in which electrical tects are performed

e ST n8S 0Pl ION SIeCITICeY 1SS arc oreec.

4.7.1.2.1 Ssampling procedure (subgroup 1).

4.7.1.2.1.1 Class B oscillators. A sample of parts shall be randomly selected from each inspection lot
in accordance with table VI. 1f one or more defects are found, the lot shall be retested or re-examined for
that characteristic which contributed to the faiiure. After corrective action and removal of defects, & new
sample of parts shall be randomly selected in accordance with table VI. 1f one or more defects are found in
the second sample, the lot shall be rejected and shall not be supplied to this specification.

&.7.1.2.1.2 Class S oscillators. Class S oscilla g shatl be subjected to 100 percent inspection as

specified in table V. Rejects shall be removed from the lot. Lots having more than 5 percent or 1 unit
rejects, whichever is greater, shall not be furnished on the contract or purchase order.

4.7.1.2.2 Sampling procedure (subgroup 2).

e B = Y A samo ~L parts shall . - alomtad £fomm annk -

4.7.1.2.2.% Class 8 oscillators. A sample of parts shall be randomly selected from each inspection lot
in accordance with table VI. If one or more defects are found, the lot shall be rescreened and defects
removed. After screening and removal of defects, a new sample of parts shall be randomly selected in

accordance with tabie Vi. if one or more defects are found in the second sampie, the iot shaii be rejected
and shall not be supplied to this specification.

_____ ors. Class S oscillators shail be subjected to 100 percent inspection as
.hell be removed from the lot.

4.7.1.2.3 sampling procedure (subgroup 3). Five samples shall be selected randomly from each inspection
* H

lot end subjected to the subgroup 3 soldersbility test. The manufacturer may use electrical rejects from

the subgroup 1 tests and/or screening rejects that have been subjected to burn-in, as a minimum, for all or
part of the smples to be used for solderability testing. As an altermtlve, the manufacturer may use empty
test packages for the solderability test provided the empty packages have been subjected to the same
environmental conditions and processes as the completed oscillators. If there is one or more defects, the

lot shall be considered to have failed.

4.7.1.2.3.1 Rejected lots (subaroun 3). In the event of one or more defects, the inspection lot is
rejected. The manufacturer may use one of the following options to rework the lot:

une cad tn form ¢
®W8S USSC (¢ orm ¥

e all be
1.2.3. ots that

pass the solderability test are ava)lable for shipment. Production lots fai derability
n&4.7.1%

test can be reworked oniy if submitted to the soider dip procedure i

b. The manufacturer submits the failed lot to a 100 percent solder dip using an approved solder dip
process in accordance with 3.5.4.2a. Following the solder dip process, the subgroup 1 electrical
inspections and the subgroun 3 solderasbility test shall be repeated on the lot. If there are one

or more defects, the lot shall be considered rejected and shall not be furnished against the
requirements of this specification.

4.7.1.2.4 Disposition of sample units. Sample units which have been subjected to subgroups 1 and 2 of
the group A inspection may be delivered on the contract after successful completion of group B tests.
Oscillators subjected to subgroup 3 of the group A inspection shail not be deiivered on a contract or

nurchase order
purchase cer.
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TABLE V. Group A_inspection.

Inspection Requirement Test Sampling
paragraph method procedure
paragraph
Subgroup 1
Electricals 3.6.2 through 3.6.33.3 4.8.3 through 4.7.1.2.1
(as applicable) 4£.8.34.3
Subgroup 2
Visual and mechanical 3.1, 3.4, 3.5, 3.7, 4.8.1 4.7.1.2.2
and 3.8
Subgroup 3
Solderability 1/ 3.6.52 4.8.53 4.7.1.2.3

1/ This solderability test can be eliminated if the manufacturer has demonstrated process
control under the SPC program (see 3.2.2), and has been approved by the qualifying
sctivity. If the design, material, construction, or processing of the part is changed or,
if there are any quality problems, or failures, the qualifying activity may require
resumption of the specified testing. Deletion of testing does not relieve the manufacturer

from meeting the test requirement in case of dispute,

n mesLing |22 4 S~ Tt y C38¢C <.

TABLE VI. Groups A and B, zero defect sampling plan.

Sample Size

Gr A Group B

Lot Size . . -~ - P a

Subgroup 1 Subgroup 2 Class 8

Class B Class B
1to 13 100 percent 100 percent 100 percent

14 to 50 100 percent 13 13
51 to 150 50 i3 i3
151 to 280 50 20 20
281 to 500 50 29 29
501 to 1,200 e 34 34
1,201 to 3,200 116 42 42
3,201 to 10,000 116 S0 50
10,001 to 35,000 135 60 60
35,001 to 150,000 170 74 74
150,001 to 500,000 200 90 90
500,001 and over 244 102 102

)



Downloaded from https://www.everyspec.com

4.7.1.3 Group B inspection. Group B inspection shall consist of the frequency aging test and input power
sging test (when specified), (see 3.6,34, 3.6.35, 4.8.35, and 4.8.36).

4L.7.1.3.1 Class B oscillators. A sanple of parts shall be randomly selected from inspection lots that
have currently passed group A inspection in accordance with table Vi. [f one or more defects are found, the
sample has failed. Group B inspection for class B oscillators must be completed within 6 months of
shipment. If the manufacturer can demonstrate that the group B inspections have been performed five
consecutive times with zero failures, the frequency of these tests, with the approval of the quaiifying
activity can be performed on a 6- month basis. If the design, material, construction, or processing of the

part is changed or, if there are any quality problems or failures, the qualifying activity may require
resumption of the original test frequency.

4.7.1.3.1.1 Failed sample(s). 1f a sample fails to pass group B inspection, the cognizant inspection
activity and the qualifying activity shall be notified inmediately. The manufacturer shall take corrective
action on the materials or processes, or wu', as ‘-'arramw and on all units of pl"“‘wwt which can be
corrected and which were manufactured under essentially the same conditions, with essentially the same
materials, process, etc., and which are considered subject to the same failure. Delivery of class 8
osciiistors prior to completion of group & testing shail be discontinued untii corrective action, acceptabie
to the goverrnment, has been taken. As an alternative, if the inspection lots have not been shipped, the

inspection lots shall be subjected to 100 percent inspection and defectives removed.

4.7.1.3.2 Class S oscillators.

3.2 . Groun pectio pe
inspection.
£.7.1.3.2.1 Rejected lots. lots having more than S percent total rejects or 1 reject, vhichever is
greater, shall not be furnished on contracts.
oo i o — - PY de ok bhavva mecond mamiae B dmcmantiam mais ba
D WHICH NAVE pPasH>TtU gy B HTnpceLion may oo

4.7.1.3.3 Ulj)s!l!oﬂ of Sampie units. Sauv'\e uni
delivered on the contracts or purchase order if t

4.7.2 Periodic inspection. Periodic inspection shail consist of group T inspection. E&Exc these
inspections show noncompliance with the applicable requirements (see 4.7.2.1.4), delivery of prodxts which
have passed groups A and B shall not be delayed pending the results of these periodic inspecti

3

f the test specified in table VII. in the

sPec! 23, ' N

oup all ¢ s
order shown. Group C inspection shall be performed on sample units rendomly selected from inspection lots
which have currently passed the groups A and B inspections.

L.7,.2.1 Groun C insnection. Groun C ingpection shal

Baelelss LA St ! S INSpeciI M

a. If class S oscillators sre produced, class S oscillators shall be used in retaining qualification
for class S or class B oscillators. Class B oscillators will be used in retaining qualification

I
)
]
]
]
® n
]
]
-

b. Further performance of group C tests shall be required by the qualifying activity for any of the
following reasons:

(1) Repeated failures of the same group A tests (four or more lots).

(5) Change of processes.
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4.7.2.1.1 Sampling plan. A minimm of eight sample units shall be selected from lots produced during the

12-month period following qualification. To retain qualification for the frequency and temperature range
for wvhich qualification was originally granted, samples shall be gelected on the following basis:

cation wag originall ted, gelec
8. Four sample units from lots produced having the lowest frequency, widest operating temperature
range, and most stringent frequency-temperature accuracy over that range.

b. Four sample units having the lowest frequency, widest operning tenperature range, and most

stringent frequency-temperature accuracy over that range from each group of i{ots produced of the
intermediate frequencies. Groups are determined on the following basis:

(1) A crystal resonator change, for example, fundamental mode, third or fifth overtone, etc.

(2) A change in the printed wiring board for discrete component construction or the substrate for
hybrid construction.

(3) A change in the component configuration on the printed wiring board or substrate.

c. Four sample units from lots produced having the highest frequency, widest operating temperature

range, and most 5gr1nm-nt fru_-rl_ngqu temnerature accuracy over that range.
4.7.2.1.2 Failures. If one or more sample units fail to pass group C inspection, the sample lot shall be
considered to have failed. In that event, the qualifying activity shall be notified immediately (see
4.6.4).
4$.7.2.1.3 Disposition of sampie units. Sampie units which have been subjected to group T inspection
shall not be delivered on the contract or purchase order, unless otherwise specified.

4.7.2.1.4 Noncompliasnce. If a sample fails to pass group C inspection, the manufacturer shall notify the
qualifying activity of such failure and take corrective action on the materials or processes, or both, as
warranted, and on all units of product which can be corrected and which were manufactured using essentially
the same materials and processes, and which are considered subject to the same failure. Acceptance and
shipment of the product shall be discontinued until corrective action, acceptable to the qualifying sctivity
has been taken. After the corrective action has been taken, group C inspection shall be repeated on
additional sample units (all tests and inspections, or the test which the original sample failed, at the
option of the qualifying activity). Groups A and B inspections may be reinstituted; however, final
acceptance and shipment shall be withheld until the group C inspection has shown that the corrective action
was successful. In the event of failure after reinspection, information concerning the failure shall be
furnished to the gqualifying activity.

4.7.3 Inspection of packagir!g. The sampling and inspection of the preservation and interior packing, and
container marking shall be in accordance with the groups A and B quality conformance inspection requirements
of MIL-P-116. The sulpling and inspection of the packing and marking for shipment and storage shall be in

ion and the -r-lrim ru"l_prmtc of MIL-STD-129,

Wi @
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4.8 Methods of inspection.

4.8.1 Visual and mechanical inspection. Oscillators shall be inspected to verify that the material,
design, construction, physical dimensions mrking, and workmanship are in accordance with the applicable

requirements (see 3.1, 3.4, 3.5, 3.7, and 3.8).

4.8.2 Seal (see 3.6.1). Oscillators shall be tested in sccordance with 4.8.2.1, 4.8.2.2, or 4.8.2.3, es
applicable.

4.8,2.1 O-ring-solder seal (nonhermetic) (see 3.6.1.1). Oscillators employing O-ring seal or solder seal

or combinations of both, shall be tested in accordance with MIL-STD-202, method 112. The following details
shall apply:

Test condition D or E.

2.2 Hermetic seal (see 3.6.1.2). Hermetic seal oscillators shall be tested in accordance with
2.1

4.8,
4.8.2. or 4.8.2.2.2, as applicable. The fine leak test shall always precede the gross leak test.
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TABLE VII. Group C_inspection.

Inspection Requirement paragraph {Test paragraph
Subgroup 1 (all sample units)
Conducted interference (when specified) 3.6.36 4.8.37
Vibration 3.6.38 4£.8.39
Acoustic noise (when specified) 3.6.39 4.8.40
Shock 3.6.40 6.8.461
Acceleration (when specified) 3.6.41 4.8.42
Explosion (when specified) 3.6.42 4£.8.43
Subaroun 2 (one-half of sample units)
Magnetic field (operating) (when specified) 3.6.43 4.8.44
Thermal shock 3.6.4¢L 4.8.45
Ambient pressure 3.6.45 4.8.46
Storage temperature 3.6.46 4£.8.47
Radiation hardness (operating) {(when specified) 3.6.47 4.8.48
Subgroup 3 (one-fourth of sample units)
Resistance to soldering heat 3.6.48 4.8.49
Moisture resistance 3.6.49 4.8.50
Salt atmosphere 3.6.50 4.8.51
Subaroup & (one-fourth of sample units)
Terminal strength (lead integrity) 3.6.51 4.8.52
Resistance to solvents 3.6.53 4. 8.54
Fungus (when specified) 3.6.54 4£.8.55

4.8.2.2.1 Discrete or mixed construction. Hermetic seal oscillator using discrete or mixed construction
technology (see 3.5.6.1 and 3.5.6.3) shall be tested in accordance with MIL-STD-202, method 112. The
foliowing detaiis shaii apply:

a. Fine leak:

{1) TYest condition C.
(2) Procedure:
(a) 111 (without tracer gas as normally supplied).

(b) 1V (with tracer gas as normally supplied).

(3) Leakage rate sensitivity: 10 percent of specified leak rate.

Test condition D or E.
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4.8.2.2.2 Mybrid construction. Hermetic seal oscillators using hybrid construction (see 3.5.6.2) shall
be tested in accordance with MIL-STD-883, method 1014. The following details shall apply:

a. Fine leak: Test condition Ay, Ay, or B.
b. Gross leak: Test condition C.

NOTE: MIL-STD-202, method 112, test condition D or E may be substituted for the fine leak and
MIL-STD-202, method 112, test condition E for the gross leak tests, above.

4£.8.2.3 High vacuum seal (types & and 6) (when specified, see 3.1) (see 3.6.1.3). High vacuum seal
oscillators shall be tested in accordance with MIL-STD-883, method 1014. The test details of 4.8.2.2.2
shall apply except that the radioisotope fine leak counting station (test condition B) shall have a minimum
sensitivity corresponding to a leak rate of 1011 atm cc/s of kryptona .

NOTE: 1f a leakage rate lower than 1 x 10°10 atm ce/s is specified, the leak detection method to be
employed shall be approved by the qualifying activity.

4.8.3 Supply voltage.

4.8.3.1 Oscilistor suppiy voitage (see 3.6.2.1). Loaded as specified (see 3.1), the applicable voitage
magnitude, tolerance, polarity, regulation, peak-to-peak ripple and ripple frequency, noise, and ramp rate
(turn-on) shall be measured across the input terminals of the oscillator,

4.8.3.2 Oven supply voltage (types 4 and 6) (see 3.6.2.2). With the oscillator energized as in 4.8.3.1,
the applicable oven voltage magnitude, tolerance, polarity, regulation, peak-to-peak ripple and ripple

frequency, and noise shall be measured across the input terminals of the oven.

4.8.3.3 Modulstion-control input voltage (t S, and &) (see 3.6 . With the oscillator
enerpized as in &4.8.3.1, the applicable modulation magnitude, tolerance, polarity, frequency limits, dc
level (imits or dc control magnitude, polarity, range, pesk-to-peak ripple and ripple frequency, regulation,

and noise shall be measured scross the input terminals of the oscillator.

4.8.4 Overvoltage survivability (see 3.6.3). The oscillator shall be subjected to an overvoltage 20
percent above the maximum specified supply voltage, for a duration of 1 minute, unless otherwise specified.
The applied overvoltage for oscillators employing CMOS devices shall not exceed 16.5 volts.

4.8.5 Input current-power.
4.8.5.1 Oscillator input current-power (see 3.6.4.1). The input current shall be measured or power

calculated (P = E1) from measured values of voltage and current.

4.8.5.2 en_fnput current- r_(types 4 and 6) (see 3.6.4,2). The oven input current shall be measured
or oven input power calculated (P = El) from mesasured values of voltage and current. For peak current-power
measurement, it may be necessary to use a recording type instrument for the measurement of voitage and
current in order to determine transient values with adequate resolution. The following details shall apply:

a. Measurement temperature: Lowest specified ambient (unless otherwise specified, see 3.1).

b. Stabilization time: 60 $10 minutes (unless otherwise specified, see 3.1).

4.8.5.3 Syntonization energy (type 8) (see 3.6.4.3). The input current I(t) of the rubidium reference

shall be measured as a function of time during the syntonization period t, and the syntonization energy, Q,
shall be calculated from measured values of I(t) and the supply voltage E as follows:

I{t)de

tn
Qe

o-£f

which is approximated using the Trapezoidal Rule for n = 10 equally spaced intervals, unless otherwise
specified, see 3.1.
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The following detail shall apply:

Measurement temperature: Lowest specified

NOTE: The crystal oscillator portion of the RbXO shall have been fully stabilized and the rubidium
reference shall be temperature stabilized in the OFF state prior to the test, Termination of the
syntonization period shall be automatic.
2 - 2 P _2aal ommiimami: 20 wafacaman S o mad:ima o --A-:Jx-a ~aa foan T Tha o :-:-l
%4.0.0 intList HCLU a ’ D‘ 'C'E‘E’KE LE!_IEIG{UIU ‘-"ﬂl &lllw bCT J-IJ LdCT J-U.JJ- mne ar Tran

frequency asccuracy shall be tested immediately following stabilization at the reference temperature. Unless
otherwise specified (see 3.1), frequency-adjustable oscillators shall be adjusted (calibrated) to nominal
frequency or marked frequency offset, as applicable, in the intervai between compietion of stabilization and
the measurement of final outout freguency. The following details shall apply:

a. Measurement temperature: +25°C $1°C (unless otherwise specified, see 3.1).

b. Stsbilization time: Types  and 2, 8 5 minutes, types 3, 5, and 7, 20 15 minutes, types 4 and 6,
60 £10 minutes, type 8, immediately after syntonization to the rubidium reference (unless otherwise

neoamibiad oaa T 4%
apc\.uu:u, 88 J.4J.

Qualification data in st.pport of shouing the capabllny for meeting this requ

specified period {see 3.1) following smpwnt of nonfrequency-adjustable osci
the frequency changes measured in the group B frequency aging test.

—-.-

&.8.7 Fr adjustment (see 3.6.6).

4.8.7.1 Mechanical-frequency-adjustment (frequency-adjustable oscillators) (see 3.6.6.1). The mechanical
frequency-adjustment range and resolution shall be tested following stabilization. 1t shait be determined

by frequency measurement that the ocutput signal is capable of being set to either nominal frequency or

marked frequency offset, as applicable, with the specified resolution and adjusted over the specified
frequency adjustment range. For voltage controlled oscillators, the modulation/control voltage input

Carminal hall hau ~liad e ~ ad A~ - andi ¢ nn
terminal shall have spplied to it the specified dc reference level voltage conditions (see 3.6.2.3). Th

test detsils of 4.8.6 shall apply.

[

4.8.7.2 Electricai-frequency-control {when specified, see 3.1) {see
control range corresponding to the specified input control voltage (s
frequency measurement. The test details of 4.8.6 shall apply.

(™1y
.

.
N
.
W
~
(]
-3
o

£ .88 frequency warmum (when specified, see 3.1) (see 3.6.7). The time for an oscillator output to
stabilize within specified limits shall be measured. After energizing the oscillator, the frequency shall
be recorded at intervals not to exceed one-tenth of the specified warmup time. If the frequency crosses the
tolerance limits more than once, the longest crossover time shal! determine the warmup. Figure 2 shows a

i
typical plot of output frequency after “turn on®. The warmip time, te, is the time taken for the output
frequency to reach final frequency (defined to occur at time tg) within the tolerances specified. The
foilowing detaiis shaii appiy:

8. Measurement temperature: As specified (see 3.1).

(3] Ts
Ve L

[V}
-t
~r

(1) Types 1 and 2, 10 33 minutes.

(3) Types 4, 6, and 8 (OCXO only), 60 210 minutes,

36
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4.8.9 |Initisl fr agi types 4 and 6) (when specified, see 3.1) (see 3.6.8). Prior to the test,
the unenergized oscillator shall be subjected to the specified storage temperature for the storage period
specified. Within 24 hours of the end of the storage period, the oscillator shall be brought to thermal
equilibriun at the measurement temperature, and shall be energized. The oscillator’s frequency shall be
measured at specified intervals over the initial aging period(s). The maximum frequency change, or maximum
rate of frequency change (if specified, see 3.1), measured over this period shall not exceed the value(s)
specified. The following details shall apply:

a. Storage period and temperature: 24 hours at -40°C (unless otherwise specified, see 3.1).

b. Start of initial aging period: End of specified warmup time (unless otherwise specified, see 3.1).
c. Duration of initial aging period: 48 hours (unless otherwise specified, see 3.1).

d. Measurement temperature: +25°C $1°C (unless otherwise specified, see 3.1),

e. Measurement interval: 1 hour (unless otherwise specified, see 3.1).

NOTE: The initial frequency aging test may be performed as an extension of the frequency warmup test (see
4.8.8) provided the specified storage conditions are met.

4.8.10 Initial frequency-temperature accuracy (see 3.6.9).

4.8.10.1 lnitial frequency-temperature accuracy (one-half temperature cycle) (see 3.6.9.1). Prior to
this test, frequency-adjustable oscillators shall be stabilized at the specified reference temperature and
calibrated to nominal frequency (or marked frequency offset if applicable).

Initislly, the oscillator shall be stabilized at the Lowest specified temperature. After stabilization, the
first frequency and temperature are recorded. The temperature is then increased in steps, as specified,
sllowing stabilization after each step before data is taken, until the highest temperature is reached. The
initial frequency-temperature accuracy is determined by:

f-1 accuracy = ¢ MAX | &fpax, Ofmin |

where MAX [ ] is the maximum value among &f,,, and &fgin.
Sfmax 8nd 8fni. are computed as fol lows:

Sfmax = | (fmax - frnom)/ fnom!

Stpin = | (fmin - fm:m)/fncnnl

where fy,, is the maximum frequency measured during the temperature run, fni, is the minimum frequency
measured during the temperature run, and fpom 16 the nominal frequency. The following details shatll

apply:

a. Calibration (frequency-adjustment) temperature (when applicable): +25°C £1°C (unless otherwise
specified, see 3.1).

b. Temperature increment: As specified (see 3.1).

c. OC reference level (types 2, 5, end 6): As specified (see 3.6.2.3). If not specified, set to
center of control voltage range, e.g., if range is +2 volts to +6 volts, set to +4 volts.

Qualification data in support of showing the capability for meeting this requirement within the specified
period following shipment of nonfrequency-adjustable oscillators shall take into account the frequency
changes measured in the group B frequency aging test.
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4.8.10.2 ]nitial freguency-temperature accurac
3.6.9,2). The oscillastor shal!l be tested over s

frequency-adjusted (when applicable) and tested a
highest specified te«oerature the te«perature is

el o .l oab o ___a __ __2% o e __ _

Similar manner u\t‘l the lOHeS{ SWCIYIW tempera

y _including hysteresis (when specified, see 3.1) (see
complete temperature cycle. Initially it shall be

s specified in 4.8.10.1. After stabilization at the
decreased in steps, as specified, and data acquired

ns
ture is reached. The fr equUENCy - tempeirature accurac ha

1
- (3
snatt

~

be determined as in 4.8.10.1. Test detsils and qualification data of 4.8.10.1 apply.

Condition 1: Oscillator frequency adjusted to
spplicable) at the reference temperature.
[« -diuon 2: Oscillator freguency adjusted to

Condition 3: Osciiistor frequency adjusted to

The initial frequency-temperature accuracy shal

f-T accuracy = tMAX [ Oflpgay, &fip;

where MAX [ ] is the maximum ue among
The &6f’s are computed as follows:
Sflpax = | (Flpax - f1376Y

5”min = l(f1min - fl)/f1|

O
-
W
"
-~
-+
[
'
>
[
A
~
el
w

ions. The max and min refe

where f1, €2, f3 are the frequencies to whi
it

for the three cond

4.8.10.3 Initial frequency-sccuracy inciuding trim effect (one-haif temperature cycie) (when specified,
see 3.1) (see 3.6.9.3). The oscillator shall be sublecteq to a one-half temperature cycle, as in 4,8.10.1,
with each of three frequency adjusted conditions as follo

"~

ed frequency offset, if

nominal frequency (or mar equency of fset

positive limit of specified frequency-adjustment range at
negative Limit of specified frequency-adjustment range at

{ be determined by:

ne 5f2max.  8f2min,  5f3max,  5f3min |

imum value among &f’c in the bracket

ch the oscillator is adjusted at the reference temperature

r to the maxime and minimum frequencies measured during

the respective temperature runs. The test conditions of 4.8.10.1 apply.

P

ls’ »

switching in the appropriate frequency-adjus

{ternate test method: Wwhen appiicable, the test may be performed ina s

ngle f?equcnc‘_" y-temperature run
age,

i
t eiements (or control volta if spplicable) at each

te«perature. The swit ed frequency adjust elements or control voltages must adequately simulate actual

conditions at the trim

im teminals. When the alt
method yields the correct test results shall be
data.
4.8.10.4 Initial frequency-temperaturé sccuracy

3.1) (see 3.6.9.4). The oscillator shall be subj
4.8.10.2, with each of the three frequency adjust
shall be determined as in 4.8.10.3. The test det

ernate method is used, evidence that the aiternate test
nrnv;dod to the nulifvma activity along with the test

I IUN KOS T Yy =

including hysteresis snd tri
ected to a complete temperature cycle, as specified in
ed conditions. The initial frequency-temperature accuracy

ails of 4.8.70.1 shail appiy.

& fidha T63ad
t_{wnen speCitTied

4.8.11 Frequency-temperature stability (when specified, see 3.1) (see 3.6.10).
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4.8.11.1 Frequency-tempersture stability {one-hsif temperature cycle) {when specified, see 3.1} (see
3.6.10.1). The oscitlator shall be frequency-adjusted (when applicable) and then subjected to a one-half
temperature cycle as specified in 4.8.10.1 The frequency-temperature stability shall be determined as

follows:

f-1 stability =« ¢ (foay - fnind/(fmax * fmin?

where fy,, is the msximm frequency measured during the temperature run, and fnin is the minimm
frequency measured during the temperature run. 1f specified, a frequency versus temperature curve shall
be generated in the format specified. The test details of 4.8.10.1 shall apply.

4.8.11.2 Frequency-temperature stabHitj includim hysteresis (when specified, see 3.1) (see 3.6.10.2).

cycle as specified in 4.8.10.2. The frequency-temperature stability shall be determined as in 4.8.11.1.
specified, a frequency versus temperature curve shall be generated in the format specified. The test
details of 4.8.10.1 shatl apply.

4.8 11,3 Freguency-temnerature stab ility including trim effect (one-half temperature cycle) (when
specified, see 3.1) (see 3.6.10.3). The oscillator shall be frequency-adjusted and then subjected to a
one-hal f tenperature cycle, as specified in 4.8.10.1, with each of the three frequency-adjusted conditions
as defined in 4.8.10.3. The frequency-temperature stability shall be determined by:

-7 stability = ¢ MAX [ &f1, &f2, &f3 |

where MAX [ ] is the maximum value among &f1, &f2, and &f3.
&1, &t2, and &f3 are computed as follows:

81 = (f1,0 - Floin)/ (8 v figiy)

62 = (f2pay -~ f2min)/(f2nax  *+ f2nin)

63 = (f3pay - f3min)/(Bpax  * 3min)
where f1, 2, and f3 max are the maximum frequencies measured during the temperature run under conditions
1, 2, and 3, respectively, and f1, f2, and f3 min are the minimm frequencies neasured during the

tenperature runs under conditions 1, 2 and 3, respectively. If specified, a frequency versus temperature

2 2 = am a

curve shall be generated in the f‘or-nt specified. Test detaiis of 4.8.10.1 shail apply.

4.8.11.4 Fr -t rature stability including hysteresis and trim effect (when specified, see 3.1
(see 3.6. 10,42 The oscillator shall be frequency-adjusted and subjected to a complete temperature cycie as
specified in 4.8.10.2, with each of the three frequency-adjusted conditions. The frequency-temperature

stability shall be determined as in 4.8.11.3, If specified, a frequency-temperature curve shall be
generated in the format specified. The test details of 4.8.10.1 shall apply.

&.8.12 Frequency-temperature slope at reference temperature (when specified, see 3.1) (see 3.6. 11). The

oscillator shall be frequency adjusted and subjected to a one-half temperature cycle as specified in

4.8.10.1 with a tower temperature limit of Tref-2°C and upper temperature limit of Tref +2°C, uniess
otheruice cpecified The temnerature sten thall be less than +1°C. The slooe at the reference telloerature

Wit Speviiv. (Lo SIS oS sL0O

shall be the slope of the best straight Line through the set of data points, obtamed by using the method of
least squares. This test may be combined with 4.8.11.1, 4.8.11.2, 4.8.11.3, or 4.8.11.4 as applicable.

w
~



ed thermal excitation shall be measured in accordance with the fo

Downloaded from https://www.everyspec.com

MIL-0-55310C

Frequency-thermal transient stability (when specified, see 3.1) (see 3.6.12). The thermal

1
ime and overshoot (or undershoot) of the transient frequency excursion resulting from the
(

owing procedure:

~ ana OVOY 2O N\ C P el H S-SR Y

The unenergized oscillator shall be placed in the temperature chamber and allowed to reach
equilibrium at the specified initial temperature Ty. The oscillator shall then be energized and
allowed to stabilize for the specified time interval under normal operating conditions. At the end
of this period, the chamber temperature shail be changed at the specified rate to the finati
temperature Tp. The oscillator output frequency and the environmental temperature (as measured at
the reference point) should be continuously recorded during and after this operation, resulting in
8 plot of both frequency change and temperature similar to that on figure 3 from which the thermal
response time and the overshoot may be determined.

(1) The overshoot of the transient excursion may be specified either_in fractional parts of the
nominal frequency (i.e., the overshoot should not exceed 2 x 10'7), or as s percentage of the
steady-state frequency offset, i.e., according to the relation:

fmax - ftinat
avershoot (X) = x 100

feinal - finitial

(2) Unless otherwise specified, the thermal response time is the time interval between the instant
the frequency has changed 10 percent of the overall change, and the instant the frequency has
attained a value within 10 percent (of the change) of its final frequency. There are two
possibie cases, as shown by the sampie recordings on figure 3.

(a) when the overshoot is less than 10 percent, the thermal response time is equal to tp -
ty minutes.

(b) When the overshoot is equal to or greater than 10 percent, the thermal response time is
equal to t3 - tq minutes,

The following details shall apply:

(1) Initial and final reference point temperatures: As specified (see 3.1).

(2) Rate of change of reference point temperature: As specified (see 3.1).

(3) Precise location of temperature sensor reference point: As specified (see 3.1).

Precautions:

(1) The temperature sensor should be positioned so as to record the reference point temperature at
the specified location. Both sensor location and temperature ramp must be accurately defined

in order to obtain reproducible results.

(2) Response time of the frequency measuring system (whether snalogue or digital) must be short
compared with the maximum rate of change of frequency exhibited by the oscillator under test.
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4.8.14 fFr j-voltage tolerance {see 3.6.1% The frequency-voltage tolerance shal I
from measurement of output frequency when the osctllator supply voltage and oven supply voltage (when
applicable), is adjusted to its specified nominal value, to its minimm value and to its maximum value (see
6.2.1 and 3.6.2.2). Sufficient stabiiization time shaiil be aiiowed between adjustment of supply volitage
ng measurement of frequency. The frequency-voltage tolerance shall be determined by:

ha da
e ue

qnu

f-v tolerance = ¢ MAX [ O&fgax, Ofpin |

where MAX [ ] is the maximum value among &fpax and Sfgip.
6fpax 8nd  8fyi, are computed as follows:

Sfmax = |(fmax - fref)/fresl

1 22 z 1

.. e
OTmin * |U'min = Trefd/Trefl

where fo,, is the maximum frequency measured, fgin is the minimum frequency measured and f.o¢ is the
reference frequency at nominal supply voltage.

4.8.15 Frequency-load tolerance (when specified, see 3.1) (see 3.6.14). The frequency-load tolerance
shall be determined from measurement of output frequency at specified nominal load conditions, minimum load

conditions snd maximm losd conditions. Any impedance appearing across the output terminals which results

from connection to the measurement system must be included in the total electrlcal Lload value. The
frequency-load tolerance shall be determined as specified in 4.8.14 where f ¢ is the reference frequency

at nominal {oad.

4.8.16 Retrace (when specified, see 3.1) (see 3.6.15). The retrace shall be measured in accordance with
the procedure iliustrated on figure 4. The osciilator shaiil be operated at the specified test temperature
and when stabilized, the frequency, fq, shall be recorded. The oscillator shall then be turned off and

maintained at the specified test temperature for a specified time period (t3 - t3). At the end of this

period, power shall again be applied and the frequency recorded as a function of time. The retrace error is

the time of turn off lf- at fzi and the frecnencv at the
at

tg). The lneasurement temperature shall be as

the frequency difference betueen the frequency =

1 ¢
specified time after turn on (e.g., f3 at t  or fa &
specified (see 3.1).

4.8.17 Short-term stability (when specified, see 3.1) (see 3.6.16).

4.8.17.1 Phase noise, steady-state (when specified, see 3,1} {see 3.6,16.1). The phase noise shall be
asured in accordance with NIST Technical Note 1337 and the test configuration of figure 5. The single

side band nt(o of the power in a 1 Kz bandwidth to the power in the carrier shall be determined under
quiescent conditions.

Precautions: The presence of amplitude noise (AM noise) on the signal may affect phase noise measurements
depending upon the degree of AM noise suppression at the phase detecto or After passing through the phase

.
-~ am A‘.- ta allau vatid naiea

detector, the AN noise should be at least 10 dB below the phase noise in order to allow valid phase noise
test results.

4.8.17.2 Phase noise, random vibration (when specified, see 3.1) (see 3.6.16.2). The osciilator shall be
sublected to random vibration (operating) specified in ¢.8.39.3. The spectral density of phase

i Yechnical Note 133' 7 and the test
spectra specified. The phase noise, expressed

slues specifiad

fluctuations, Sy(f), shall be measured in accordance with NIS
configuration of figure S for the random vibration levels and s
in déc v

Eimad o L 3 2'7 not --l...‘A oha

iy - -Il
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4.8.17.3 Phase noise, acoustic guhen sgcified, see 3.1) (see 3.6.16.3). The oscillators shall be

a A el e

su))ecred to "acoustic noise (operanng)" specnlecl in 4.8.40. The spectrll uensn;y of phase fluctuations
S4(f), shalt be measured in sccordance with NIST Technical Note 1337 and the test configuration of figure §
for the acoustic noise intensities and spectra specified. The phase noise, expressed as 9(f), in dBc, as
defined in 6.3.27, shall not exceed the values specified.
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4.8.17.4 Amplitude noise (when specified, see 3.1) (see 3.6,16,4). The amplitude noise sha
in accordance with the configuration of figure & and the foliowing procedur
“pccuracy Model for Phase Noise Measurements ™ Proc. 21st PTTI Meeting 1989):

<v o.
~
)
o
0
-
.
-~
.
X
o
—
pam
n
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N —

Step 1 - Calibration of AM detector and amplifier gain.

The conversion sensitivity of the AM detector and the amplifier gain shall be determined at the
nominal frequency and pouer level of the oscillator under test using a8 calibration source that is
simusoidally modulated at frequency f.. Connect the calibration socurce so that the detected dec level

at the detector output (test point A on figure 6) is the same as for the oscillator under test. The
calibration signal is of the form,

V=V, [1+ A,cos 2rf_t] cos 2rv,t

s the relstive power at the modulation frequency

sured b hru the e"ne(-fr-:-n nmlvr.r at

{assuming Ay << 1 and the detector is linear).

frequency f., denoted by Po(v,, V4, fe), is given by

where 100 x A, is the percentage modulation and
T

. N . . PR s ms " . 2 s 2. m 2 o
where G‘(fc) is the square of the voltage gain of the amplifier frequency f. and kpu“(vy, Vo, fc) 1s the
conversion sensitivity of the detector. Therefore,

- y £
G (f,) kiylv,, V,, f) = Z-c_"of "of "¢

Step 2 - Oscillator AM measurement.

Connect the oscillator under test to the detector. Record the spectrum. Correct the measured
spectrum to Sy(f) using GZKMZ product measured in step 1, that is

P,(v,, V,, £)
G (£ kv, V,, £J)

S, (f) =

4.8.17.5 Allan variance (when specified, see 3.1) (see 3.6.16.5). The Aiian variance shail be determined
in sccordance with NIST Technical Note 1337 using 100 samples and the test configuration of figure 6.
Precautfons: Systematic effects, if significant and not removed, will bias results in Allan variance
measurements (see “Treatment of Systematic Variations,® NIST Technical Note 1337). Therefore, the
t

[} 1
N 1Y
contribution of frequency aging must be properly subtracted from the data for high aging rate oscillators or
lid

at long sample times (T's) in order for oY('r) to be a va measure of random frequency fluctuations.
L 8,18 Acceleration sensitivity (when specified, see 3.1) (see 3.6.17).
42
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4.8 Acceleration sensitivity, steady-state (when specified, see 3.1) (see 3.6.17.1). The oscillator

.18.1
shatl he subjected to "acceleration (onerating)® specified in 4. B.42.2. Measurements shall be made at least
five equally spaced acceleration levels between 20 percent of the maximum and the maximum specified. The
frequency change per unit g of acceleration shall be determined graphically for all acceleration levels to

the maximum specified. The following details shall apply:
a. Test configuration: See figure 5.
b. Acceleration level: As specified (see 3.1).
¢c. Orientation (direction): As specified (see 3.1).
4.8.18.2 Acceleration sensitivity, 2 g tip-over (when specified, see 3.1) (see 3.6.17.2). Three mutually

perpendicular axes shall be defined relative to the external oscillator package. For each of the three
axes, the following procedure shall be followed.

a. Position the oscillator with the ith axes vertical and the unit vector parallel to the positive ith
axis pointing upward.

b. Record the frequency and catl if f;*.

c. Position the oscillator with the ith axis vertical and the unit vector parallel to the negative ith
axis pointing upward.

d. Record the frequency and caii it f¢ .

A £
e. Calculate Y 2 — .
1o H

After all three axes are measured, calculate the magnitude and direction of the scceleration sensitivity
vector, I', as follows:

IPl=fy3+v3+v3

Fngf"YzJ"Y)E

where i, i, and k are the unit vectors parallel to the positive direction of axis 1, 2, and 3
respectively.

Precautions:

Care must be taken to ensure that the observed frequency changes are not due to

PN Yhic coamdioliom ia minmdad
TIID LUIRJITLIUTT 1D yuarucu

gravitation- induced-thermal -convection-current changes within the osciilator.
against by performing the position change and frequency measurement as rapidly as possibte. Verification
is obtained by repeatable measured frequency changes following repetitive position changes inasmuch as the

changes due to altered convection currents are generally not repeatable.

4.8.18.3 Acceleration sensitivity, vibration (when specified, see 3.1) (see 3.6.17.3).

43
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4.8.18.3.1 Acceleration sensitivity, sinusoidal vibration. The oscillator shall be subjected to
vibration, sinusoidal (operating) specified in 4.8.39.2. A sinusoidal excitation shall be applied to the
vibration machine st a level not to exceed 20 g’s or the value specified. The frequency of vibration, f,,
shall be varied over the frequency range specified in a logarithmic progression of not fewer than 7

frequencies per decade. At each vibration frequency the reiative sideband intensity, i.e., the ratio of the

power in the upper vibration induced sideband to the power at the unmodulated signal frequency, shall be
determined. The acceleration sensitivity at each vibration frequency shall be determined from the
following:
2fv-10 I8L o 728}
Y;
° a;v
where,

yi = Acceleration sensitivity along axis i (i =1, 2, or 3)

fy = Vibration frequency

8; = Acceleration frequency

vg = Carrier frequency

Lj(fy) = Relative sideband intensity (power ratio) in dBc (see 6.3.27) when the vibration at freguency
Iv is cluny the i axis.

The acceleration sensitivity for each axis is the maximum value measured for any vibration frequency in
the range specified. The above procedure is repeated for two other axes such that the three axes are
mutually perpendicular. The magnitude and direction of the acceleration sensitivity vector, ', shall be

calculated as specified in 4.8.18.2.

a. Test configuration: See figure 5.

b. Vibration level: As specified (see 3.1).

T 1y
el

cena
S<¢ el e

4.8.18.3.2 Acceleration sensitivity, random vibration. It is nccepuble to assume that the accelerati
sensitivity under random vibration is the same as under sinusoidal vibration. The sinusoidal vibration t
method detafled in 4.8.18.3.1 is preferred for measuring the acceleration sensitivity of s crystal

oscillator in a vibrating environment.

on
€s

'Y
L

4£.8.19 Magnetic field sensitivity (vhen specified, see 3.1) (see 3.6.18).
4.8.19.1 Magnetic field sensitivity, dc (see 3 6.18.1). The energized oscillator shall be subjected to
__________________________ L3 eus .A oda sald ahall bha

"ugr\er\c 'rleta, (operutlng)" SWCIIIW I" '0.0-"0- Hﬂﬂlﬂull QHB 'l
determined from measurement of output frequency as a function of dc
(i.e., worst case) direction.

(23
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4.8.19.2 Nagnetic field sensitivuz, gsee 3.6.18. 2). The oscillntor shall be subjected to the
“magnetic field, (operating)® specified in 4.8.44. Maximum sensitivity to an alternating magnetic field
shall be determined from measurement of the magnitude of the frequency modulation at the specified field
strength and frequencies in the most sensitive (i.e., worst case) direction. At each frequency the relative

sideband intensity, l(f“), shail be measured. The aiternating magnetic fieid sensitivity, Iy shall be
determinaed from: !

o £ 10815 /20)
L= ——

Hv,_

where:
rﬁ = Magnetic field sensitivity
fu= Alternatmg.mgr.\etlc field frmy
W = Peak magnetic field strength in amperes/meter
vo = Carrier frequency
1(f,) = Relative sideband intensity in dBc (see 6.3.31).
r
4.8.20 Output waveform {see 3.56.19). e type of output waveform shall be verified.

4.8.21 Output voltage-power (see 3.6.20).

4.8.21.1 Output voltage (see 3.6.20.1). The rms or peak-to-peak output voltage shall be measured across

the;p;cihe&‘lo;d (see 3.1). For voltage controlled crystsl oscillators, the modulation-control input
voltage shall be turned off for this measurement and the dc input reference level shall be as specified (see
7.1

se Ve

4.8.21.2 Output sinusoidal waveform) (see 3.6.20.2). The output power shall be measured across
the specified toad (u—e 3.1). The sutput power is c-'.c--'.a:% from the rms output voltage and 8 knouledge of
load impedance or, alternstely, it moy be read directly sn appropriate power meter. For voltage

controlled oscillstors, the modulation-control lrput volt ge shall be turned off for this measurement and

the dc ll'wt reference ievei shail be as specnleu (see 3.1).

4.8.21.3 oOutput logic voltage levels (square wave output waveform) (see 3.6.

voltage levels (see figure 8) shall be measured across the specified load (see i
csnacified tect loade for TTL and CMOS comnatible oscillators shall be as shown on fi

{22 "R R A P L=

[ |} gy e mobhant an st

UIireguru"q uverbnwn, t.nue(snwx, oFr T |ng|uu, i
oscillator as shown on figure 8.

Note: The measurements shall be referenced from ground (0 V dc) to the flat portion of each leve
o inducts X t

PR |

4.8.22 Rise and fall times (square wave output weveform) (see 3.6.21). The rise and fatl time
measurements shall be made between the specified voltage levels (see figure 8). Unless otherwise specified
(see 3.1), rise and fotl time measurement levels for TTIL and CMOS compatible oscillators shall be as

specified in table VIII. For ECL and other logic families, the measurement l(eveis shall be as specified
{seec 3. 1.
TABLE VI11. Rise and fall time measurement levels.
Comnatible logic Lower measurement level Upper measurement level
TTL 0.8 volt 2.0 volts
{ CMOS 10X of signal level 90X of signal level
45
T T T T T T = 1

an t - - - [ 1 1 e [-% - L et S
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4.8.23 Duty cycle (square wave output waveform) (see 3.6.22). The measurement of duty cycle expressed as
8 percent of one waveform period shall be made at the 50 percent voltage level (referenced to ground) (see
figure 8). Unless otherwise specified (see 3.1), the duty cycle measurement level for TTL and CMOS
compatible oscillators shall be as specified in table IX.

TABLE IX, Duty cycle measurement level,
Compatible logic Measurement level
TTL 7 - 1.4 voilt; -

4£.8.24 Harmonic and subharmonic distortion (when specified, see 3.1) (see 3.6.23). The harmonic and
subharmonic distortion within the bandwidth, as specified (see 3.1), shall be measured as follows:

The circuit is set up as shown on figure 1; the spectrum analyzer is set to display a frequency range

---- he ol i et 4

which will embrace the appropriate harmonics and subharmonics of the oscillator.

In an ideal cage, the spectrum of the oscillator will appear as on figure 9. The spectrum of an

81 case OsC L3O ' - Y Specitia,n

oscillator with severe harmmc distortion only, and one which has severe harmonic and subharmonic
distortion is shown on figure 10. The spectra may be measured (usually directly in decibels from the

eman® r - aluesa a navar ratia Uith racrna~¢ ¢ avnraccad in dacrihale ar

spectruam analyzer) as & power ratic with respect to th carrier power, expresseag 1n GeCioess Oof
alternatively with percentage distortion of, for example, the third harmonic may be quoted as follows:
~ 100
U =

3 1093/20

Where:
Dy = percentage of third harmonic distortion.

dy = difference in level of fundamental and third harmonic (in decibels) as measured on the
spectrum analyzer.

Precautions:

Care must be taken to ensure that the distortion is not proouced in the \l'wt mixer of the spectrum
nalyzer,

Nonlinear distortion (having the appearance of harmonic distortion) will be produced if the input mixer
is overloaded. This pﬁiﬁk may be checked b oy pun-lus an attenuator between the oscillator and the
spectrum analyzer and teking measurements at various power levels. The attenuator setting should not

effect the percentage of harmonic distortion.

0

ally

NOTE: The total harmonic distortion may be obtained from a summation of the individual harmoni
related responses as follows:

Do, = 100[10-d2/10‘10'd3/101 -1/2

§UT

[
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The mnharmomc related snur\ous

SPUPIOUs

L . B.25 Spurious resnonse (when gnecified

response within the bandwidth, as specified (see
4.8.2.

Precaution: In the event of high level signals in the environment in which the oscillator is being
tested, care should be taken to screen the measurement system to eliminate signal picked up from the

Operu(lng envu‘orlm:n(.

4.8.26 Output impedance (when specified, see 3.1) (see 3.6.25). The output impedance shall be measured
as follows:

a. Load the oscillator output with a precision (21 percent nonreactive) resistor. R = specified load

minus 10 percent.
b. Measure output voltage e .

scillator output with a precision (&1 percent nonreactive) resisto

3

.
C. LOoaaQ
plus

d. #Measure output voitage ey.

e. Calculate the output impedance.
. RR,(ey - &)
&Ry - eyRy

4.8.27 Re-entrant isolation (multi-output oscillators) (when specified, see
isoiation between output ports of en osciiiator having two or more outputs sha
with the test configuration on figure 11 and the folltowing procedure:

3.1) (see 3.6.26). The
{ be measured in accordance

{{ be measured in accordance

a. Connect the 20 dB pads on the output of the RF generator to the 20 d8 pad at the input of the
gpectrum analyzer (or selective voltmeter). Adjust the output of the RF generator to the specified

Spe=Li e =t ye 0TS volilme odrtput or Ihe Xt nherato

level and frequency. Note the level on the spectrum snalyzer.

b. The 20 dB pads at the output of the RF generator and input of the spectrum snslyzer (or selective
voltmeter) are connected to their appropriate ports. The level is measured on the analyzer as in
4£.8.27a.

c. The ratio of the two signals measured with and without the shorting link (usually expressed in
decibels) is the re-entrant isolation between the appropriate ports, at the re-entrant signal
frequency. The following details shall apply:

(1) Test configuration: See figure 11.

2
3
v

(3) Level of test gsignal: As specifi

o nant oaskastd i

vent overloading of the spectrum analyzer (or selective voltmeter) as this will
& apparent TeRXUION R Te i ti

1f isolation is to be measured at a frequency which is a harmonic of the oscillator, then a pessimistic
value of re-entrant isolation will be obtained. However, if the harmonic {evel is considerably tower than
the isolation to be measured, a usable result can still ho achieved. UWhere the harmonic content of the

output signal is high, it will be necessary to disable the oscillator (i.e., cause the oscillator to cease
oscillation while still remaining energized) before measurements can be made.

o
~
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4.8.28 output suppression (gated oscillator) (when specified, see 3.1) (see 3.6.27). The output
eirmemmanalam fon matad - ~a ol l bha et acmaiomod . e mciimmecat of Sha madimtiam tem Aciteust ool o
JSUPPITSd 10N 7 yaicyu UsLiIt T Ll U UCLTTAIINCU DY measul oiriil U7 LNIC TTWUR L IEUNS 111 UULpAdL LEYeLl wnicn

gati

g ]
the output stage is cutoff by

a. The specified signal necessary to gate the output of the osciiiator *“ON* shali be applied, and the
level of the output at its fundamental frequency, and at any harmonic freguency as specified,

h The cnarifiad cional nececcary tno nate tha mitrnuit of the ncrillatar WOFFY chall then he annliad

b. The specified signal necessary to gate the output of the oscillator "0 shall then be applied,
and the new output level noted.

t. The cutput suppression st s particular frequency is the ratic of the cutput levels in the "ON" and
“"OFF" states, usually expressed in decibels. The following details shall apply:
(1) Test configuration: See figure 12.

(2) Measurement frequency: As specified (see 3.1).

(3) Details of “ON" and “OFF" gating signals: As specified (see 3.1).

4.8.29 Startup time (when specified, see 3.1) (see 3.6.28). Unless otherwise specified, the startup time
shall be measured using an oscilloscope synchronized to the switched supply voltage. The following details
shall apply:

b. Ramp rate: Ffrom 0.0 V dc to nominal supply voltage in 100 microseconds or less, unless otherwise
specified, (see 3.1).

4.8.30 Modulation-control input impedance (types 2, 5, and 6) (see 3.6.29). The modulation-control input

impedance shall be determined as follows: The specified modulation-control input voltage (see 3.6.2.3)
shall be connected to the input terminals through a series resistance of known value "R, ", The voltage
across the series resistor “E,." and the voltage across the input terminals "E," shall be measured. The

magnitude of the input impedance may then be calculated as fotlows:

z gR.E.
i OE

1 4

4.8.31 Frequency deviation (types 2, 5, and 6) (see 3.6.30).

4.8.31.1 TYotal deviation, dc control (see 3.6.30.1). The total frequency deviation for the specified
static dc control input voltage (see 3.6.2.3) shall be determined as follows:

est equipment in accordance with figure 14, Connections shall be made at “B", "D, and

»
b &
[
“w
[, ]
lad

na Aaauar cinnlv ta ¢
ge power s Wy X8 <

c. Record frequencies at each voltage above.

d. The difference between freauencies in 4.8.31,1c above shall not exceed the deviation limits
specified (see 3.1). If the limits are not specified, the specification is considered a minimum.
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4£.8.31.2 Total devmnon, modulati (when specified, see 3.1) (see 3.6.30.2). The total frequency
devistion for the specified modulation control input voltages and frequency (see 3.6.2.3) shsll be
determined as follows:
a. Assembie test equipment in accordance with figure 14. Connections shall be made at *A*, *D* (or
“C* and “E" when the VCXO under test does not possess adequate deviation for reading on the

modulation meter), and *“f*,

c. Set the FM modulation meter to the scale and range specified. The FN modulation meter will
indicate the total frequency deviation of the VCXO for the modulation voltage end frequencies
specified.

a -Ls I S S P L b ak b ta_ o _ % A s __ P A 2L ab [ s ama mab omantldad

a. ine geviation snhatl NOU exceea tne lll'll(s SPCC CQ (See J.1). iT nN€® 1LIMiILtS are not Specivieq,

( ) (see 3.6.30.3). The deviation {siope)
$ H

iope) sensitivity (when specified, see 3.1
otal deviation range sh 1! be determined a

8. Assemble test equipment in accordance with figure 14. Connections are to be made at points “B%,
“nn and WCH
D%, and “G".

b. The control voltage range shall be divi into 10 equally spaced voltage steps or 0.5 volt
increments, whichever gives the grestest mumoer of voltage settings.

¢. Record frequencies at each of the voltage steps in 4.8.31.3b above. Deviation sensitivity is
determined as foiiows: Sequentialiy subtract each frequency reading from the next. This
difference, when divided by the voltage increment, will yield the sensitivity in eauivalent units
per volt. The results of each mathematical operation shall not exceed the limits specified (see

3.1,

4.8.31.4 Dpeviation slope polarity (see 3.6.30.4). The frequency deviation slope polarity of the
frequency-control voltage transfer characteristic shall be determined as follows:

a. Assemble the test equipment in accordance with figure 14. Connections are to be made at %%, "p%,
and “G%,

b. Set the variable voltage power supply to a voltage within the control range of the VCXO under test

c. Adjust the variable voltage pouer supply to a voltage more positive than that in 4.8.31.4b above
and record frequency.

d. Subtract frequency obtained in step 4.8.31.4b from step 4.8.31.4c. If the result is positive, the
VCXO has positive slope. [f the result is negative, the slope is negative.

e. The siope potarity shail be as specified (see 3.7).

4.8.31.5 Deviation tinearity (see 3.6.30.5). The frequency deviation linearity of the frequency-control
voltage transfer characteristic shall be determined by fitting a best straight line as follows:

a. Assemble test equipment in accordance with figure 14. Connections are to be made at points "B",
IIDM’ .M IIG”.

b. The control voltage range shal! be divided into 10 equally spaced voltage steps or 0.5 volt

2 voitage e LY pat ey

increments, whichever gives the greatest nuwer of voltage settings.

49
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c. Record frequencies at each of the voltage steps in 4.8.31.5b.

d. Apply the method of least squares to obtain a "best® straight line through the set of data points
obtsined in 4.8.31.5¢c above (see figure 15). The deviation linearity shall be determined from the

$atltauina:
TOLIOwWiIing .

. . F, X
$linearity = 3 ~2X

Where t Fpax is the maximum frequency difference existing between the actual and fitted F-V
characteristics and DY is the actual total freguency deviation.

e. The linearity shall not exceed the value specified.

1.6 Modulation distortion (when specified, see 3.1) (see 3.6.30.6). The frequency modulation
on resulting from the nonlinearity of the dynamic modulation transfer characteristic shall be as

“-n Q
-~
_—
o
3
.Il"u
0 -

a. Assemble test equipment in accordance with figure 14. Connections are to be made at point "A",
point #D¥#, points ®F# and ¥i®*,

b. Set the modulation signal generator to the voltage level and frequency specified.

d. Set the distortion analyzer to range and scale for each frequency to be measured.

e. The distortion analyzer will indicate the harmonic content of the demodulated waveform from the
VXCO under test. The value of harmonic content indicated shall not exceed the limits specified
{see 3.1).
Precautions: Any distortion introduced by the detector of the modulation meter must be low compared with
that of the oscillator under test.

4.8.31.7 Modulation frequency response (when specified, see 3.1) (see 3.6.30.7). The modulation
frequency response shall be determined as follows:

a. Assemble test equipment in accordance with figure 14. Connections are to be made at “"AY“, “D", and

WEu,

b. Determine an adequate number of modulation frequency settings evenly spaced between the modulation
reference and the cutoff frequency or at frequencies specified (see 3.1).

d. Record the readings obtained on the fM modulstion meter at each of the frequencies sbove, A table
or plot of the deviation versus modulation frequency will yield the frequency response
characteristic of the VCXO under test. The resulting characteristic shall be flat to within 3 d8,

uniess otherwise specified (see 3.%).

4.8.32 Accumulated time error (when specified, see 3.1) (see 3.6.31). The oscillator shall be subjected
to the specified time variant conditions. The time integral of the induced frequency offset, for the

specified time interval shsll be determined.

4.8.33 Clock accuracy (type 7) (see 3.6.32).

w
<
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4.8.33.1 Clock accurscy {corrected pulse train output) (see 3.6,32.1). The oscillator shall be subjected

to the specified operating conditions (temperature, supply voltage, acceleration, radiation, etc). The
clock accuracy shall be determined by measurement of time error (or time errors, if effects are tested for
separately) over the specified interval (or fraction thereof, if resulting frequency offset is constant}
under the worst case combination of operating conditions.

4.8.33.2 Clock accuracy (digital time-of-day output) (see 3.6.32.2). The clock accuracy shall be
determined as specified in 4.8.33.1.

4.8.346 Built-in-test (BIT) (types & and 6) (when specified, see 3.1) (see 3.6.33).

4.8.34.1 BIT, oven operating temperature (when specified, see 3.1) (see 3.6.33.1). The oven supply
current (or total OCXO current if a single supply) and BIT output voltage shall be continuously recorded
during warmup until the output frequency has stabilized within the specified tolerance. Unless otherwise
specified (see 3.1), the transition from “fault" to “operstional™ condition shall occur in the region where
the oven supply current has decreased to within 10 percent of its final quiescent value. The BIT output
voltage shall not exceed the limits specified. The following details shall apply:

a. BIT output load: As specified (see 3.1).
b. Measurement temperature: As specified (see 3.1).

NOTE: The above test provides only a verification of BIT capability for indicating operational-readiness
of a satisfactorily performing OCXO. The test does not guarantee BIT capability for indicating a fault
condition to result from subsequent oven component failure or degradation. This assurance can be provided
by a msnufacturing in-process-test simulating oven component failure or degrasdation, e.g., adjusting OCXO
oven temperature and measuring low and high trip temperature. If specified, a manufacturing in-process
test shall be performed for each oscillator produced and the measured trip-setpoint temperature
differential for the oven fault sensing circuit shall be as specified (see 3.1). The BIT manufacturing
in-process test method to be employed shall be approved by the qualifying activity.

4£.8.34.2 T, oven supply voltage (wh ifi see 3.1 3.6.33,2). The oven supply voltage
shall be removed from the energized OCXO to simulate the transition from an “operationai® to "fault"
condition. The BIT output voltage shall not exceed the limits specified. The test details of 4.8.34.1

shall apply.
4.8.34.3 BIT, R-F output voltage (when specified, see 3,1) (see 3.6,33.3). Transition from an

“operational® to “fault* condition shall be simulated by varying the R-f output circuit load such that the
output voltage is decreased through a threshold level as specified (see 3.1). It shall be determined by
voltage measurement that the transition occurs at the specified threshold level. The BIT output voltage
shall not exceed the limits specified. The test details of 4.8.34.1 shall apply.

4.8.35 Frequency aging (see 3.6.34).

4.8.35.1 frequency aging (types 1 and 2) (see 3.6.34.1). Measurement of frequency aging for
nonoven-nontemperature-compensated crystal oscillators shall be as follows:

The oscillator shall be maintained at the specified temperature, tolerance and stability for a continuous
period of 30 days. After insertion into the oven, the oscillator shall be allowed to equilibrate with
chamber air temperature. Then the oscillator shall be energized and stabilized for 1 hour prior to
beginning the dats acquisition cycle. The initial frequency of the oscillator shall be measured
immediately after the stabilization period (1 hour) and thereafter at intervals not to exceed 72 hours
(except one maximum interval of $6 hours per 30-day period is permitted) for a minimum of 30 days. The
frequency change between this initial frequency and all subsequent frequencies measured within the 30-day
period shall not exceed the maximum frequency change specified. The following details shall apply:

a. Aging temperature: +70°C or highest specified operating temperature, whichever is lowest.
b. Aging temperature tolerance: $3°C (unless otherwise specified, see 3.1).

¢c. Aging temperature measurement tolerance (stability): $0.2°C (unless otherwise specified, see 3.1).
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d. Qualification data in support of meeting the projected aging performance requirement shall consist
of either of the foliowing:

(1) Frequency aging measurements of at least five oscillators of the same or similar design and
frequency over the period specified.

(2) Total frequency change over the period specified determined on a controlled sample of at least
five oscillators, using the curve fitting procedure of 4.8.35. 2 where the turnover
ging rature

aeramatiina oo snalantad A maneaneaend s €3 ad termoer
temperature was selected to Cof TeSpona to the speCitien g (&peralure.

4.8.35.2 Frequency aging (types 3, 4, S, 6, 7, and 8) (see 3.6.34.2).

4.8.35.2.1 Ffrequency aging (types 3. 5. and 7). Measurement of frequency aging for temperature
compensated crystal oscillators shall be for 30 days (unless otherwise specified) as follows:

After insertion into the oven, the crystal oscillators shall be stabilized for 48 hours (unless otherwise

specified) at the aging teﬂpenture prior to beginning the data acquisition cycle. The frequency of each
unit shall be measured immediately after the stabilization period. The frequency of each unit shall be

measured s minimam of four times per usak for 28 A-vc {unless ctheruice epeln“-d\ at intervale of at

least 20 hours. The data obtained shall be fit using the method of least squares to the function:

where f(t) is the frequency of the crystal oscillator, t days af
origin for data anaiysis shail be the beginhing of the stabiliza
constants to be determined from the least square fit.

on period), and A, B, and f, are

If the aging trend is not monotonic, the measurement period shail be extended to 40 days after the
extremm (unless otheruwise gmciftpd\ in the aging trend. For the total aging nerlnd of n days, the data

for the last 28 days (unless othermse spectfled) shall be fit to the above ﬂnctton. The total frequency
change from day n-30 (unless otherwise specified) to day n and for 1 year (projected), unless otherwise

eper({i-d (see 3.1), shall be determined from the mmfnm ncu-uq', the above determined conctants, The

cified (see 3.1), shal determined
maximum frequency shift between any two successive time periods and aging rate at day 30, if specified,
shall be determined from the original data. The square root of the least-square-fit-variance of the data
from the function shall not exceed $ percent of the total u,llvy bllﬂ!”‘ sl lowed Gu‘.‘:ﬁg the test per riod.

The test details of 4.8.35.1 shall apply except the aging temperature measurement tolerance (stability) is
not specified.

4.8.35.2.2 Frequency aging (types 4, 6, and 8). Measurements of frequency aging for oven controlled
crystal oscillators shall be conducted as specified in 4.8.35.2.1, except for the following:
a. Unless otherwise specified, OCX0 shall be tested at room environment with temperature and tolerance
specified (see 3.1).

b. If specified, the aging rate per
equation,

4.8.36 Input power aging (types & and 6) (when specified, see 3.1) (see 3.6.35). The measurement of

inout pouer aging rate for harmetic or high vacuum cealed oven controlled rrvetn| oscilliators shall be

gy LR sa QSCINsS

nout
performed concurrent(y with the frequency aging test (see 4.8.35.2.2). The test details of 4.8.35.2.2 shatll
-pply.

4.8.37 Conducted interference (when specified, see 3.1) (see 3.6.36). Unless otherwise specified, the
conducted interference appearing on the dc lines shall be measured with adequate decoupling from the power
supply by insertion of a suitabie vaive inductor (minimm 10 ohm impedance at fpin ) in the positive power
supply line. 1f specified for voltage controlled oscillators, the conducted interference shall be measured

at the control terminals to ground with the control terminals terminated as specified.
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4.8.38 Freguency-environment tolerance (see 3.6.37). The frequency -environment tolerance shall be
determined from measurement of initial and final frequencies for each group T enviromments! test where

specified (see 4.8.39 through 4.8.42, 4.8.45 through 4.8.47, and 4.8.49 through 4.8.51). The
frequency-environment tolerance shall be determined by

5 1

where MAX [ ] is the maximum value among &fq, &8fy,... &f,. &8fy, &fp,... O&f, are computed as

5ty = (fy final - fy initial)/fy initial
5 = (f final - f5 initial)/f; initial

fn = (fn final - T, initial)/f, initial

[+

where fq, fz,...fn initial are the initial frequencies measured before each environmental test (1,2...n)
and 11, fz... final are the final frequencies measured after each environmental test (1,2,...n).

4£.8.39 vibration (see 3.6.38).

4£.8.3%.1 Vibrat-on sinusocidal {nonopersting) {see 3.6.38.1). The oscillstor shall be tested in
sccordance with MIL-STD-202, method 204. The following details shall apply:

a. Hethod of mounting: Uniess otherwise specified {see 3.1), the osciiia
to the platform of a vibration machine. There shall be no resonance i
within the renge of vibration frequency specified.

>

. Test condition letter: As specified (gee 3.1).
c. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.

{(2) After test: As specified in 4.

4.8.39.2 Vibration, sinusoidal (operating) (when specified, see 3.1) (see 3.6.38.2). The energized
osciiiator shail be subjected to a sinusoidai vibration test, as foiiows:

A sinusoidal excitation shall be applied to the vibration machine at the level specified. The frequency
of vibration shall be advanced over the frequency range specified in a logarithmic progression of no fewer

than 7 frequencies per decade. At each vibration fraquency the specified measurements shell be performed.

The following details shall apply:
8. #Wounting: As specified in 4.8.39.1a.
b. Peak vibration level: As specified (see 3.1).

ol Fracuancy ran
v Yy '

Hl
[

d. Direction of motion: Three mutually perpendicular directions (unless otherwise specified, see

e. Duration: 2 hours maximum (unless otherwise specified, see 3.1).
cified (see 3.1),

(1) Before test: As specified in 4.8.38.

(2) During test: As specified in 4.8.5, 4.8.18.3.1, and 4.8.21.

(3) After test: As specified in 4.8.38.
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4.8.39.3 Vibration, random (nonoperating) (when specified, see 3.1) (see 3.6.38.3). The oscillators
shall be tested in accordance with MIL-STD-202, method 214. The following details shall apply:

8. Mounting: As specified in 4.8.39.1.

b. Test condition: As specified (see 3.1),

c. Duration: As specified (see 3.1).

d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.38.

4.8.39.4 Vibration, random (operating) (when specified, see 3.1) (see 3.6.38.4). The energized
oscillator shall be subjected to a random vibration test, as follows:

The oscillator shall be rigidly mounted to the platform of a vibration machine. A random vibration shall be
spplied at the levels and frequencies of the vibration spectrum specified (see 3.1). The following details
shall apply:

a. Mounting: As specified in 4.8.39.1.

b. Power-spectral density curve: As specified (see 3.1).

c. Direction of motion: Three mutually perpendicular directions (unless otherwise specified, see
3.1,

d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.
(2) During test: As specified in 4.8.5, 4.8.18.2, and 4.8.21.
(3) After test: As specified in 4.8.38.

4.8.40 Acoustic noise (operating) (when specified, see 3.1) (see 3.6.39). The energized oscillator shall
be tested in accordance with MIL-STD-810, method 515, procedure 1. The following details shall apply:

8. Category: As specified (see 3.1).
b. Overall sound pressure: As specified (see 3.1).
c. Exposure time: As specified (see 3.1).
d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.
(2) During test: As specified in 4.8.5, 4.8.17.3, and 4.8.21.

(3) After test: As specified in 4.8.38.

4.8.41 Shock (specified pulse) (see 3.6.40).
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4.8.41.1 Shock (specified pulse) (nonoperating) (see 3.6.40.1). The oscillator shall be tested in
accordance with MIL-S10-202, method 213. The following details shall apply:

a. Method of mounting: The oscillator shall be attached to a rigid fixture.
b. Test condition: 1 (uniess otherwise specified, see 3.1).
c. Number of blows: Two blows in each of the three mutually perpendicular axes.
d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.2, 4.8.5, 4.8.10, 4.8.14, 4.8.21, and 4.8.38.

4.8.41.2 Shock (specified pulse) (operating) (when specified, see 3.1) (see 3.6.40.2). The energized

oscillator shalt be subjected to a shock puise test at the pulse shape, intensity and duration specified.
The following details shall apply:

a. Method of mounting: The oscillator shall be attached to a rigid fixture.
b. Shock pulse waveform: As specified (see 3.1).

c. Number and direction of shock pulses: One in each of the three mutually perpendicular axes (unless
otherwise specified, see 3.1).

d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.
(2) During test: As specified in 4.8.32.
(3) After test: As specified in 4.8.38.

4.8.42 Acceleration (see 3,6.41).

4.8.42.1 Acceleration (nonoperating) (when specified, see 3.1) (see 3.6.41.1). The oscillator shall be
tested in accordance with KIL-STD-202, method 212. The following details shall apply:

a. Test condition C (unless otherwise specified, see 3.1).
b. Acceleration level: As specified (see 3.1).
c. Measurements: Unless otherwise specified, see 3.1.

(1) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.2, 4.8.5, 4.8.21, and 4.8.38.
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4.8.42.2 Acceleration (operating) (when specified, see 3.1) (see 3.6.41.2). The energized oscillator
shail be subjected to an acceieration test as foilows:

The acceleration shall be produced using a centrifuge or similar machine. A steady-state acceleration
shall be applied at the specified level for the specified duration. Measurements shall be made at five

amiallv enarad arcealaration lavelc hatusan 20) narcant 0f the maximm and the mavisum cnacifiad Tha
SQUALLY SpaceC acceleration levels detyesn U percent ©F Inhe maximum anc tne maximum specitiec. Ine

following details shall apply:
a. Acceleration level: As specif
b. Acceleration duration: As specified (see 3.1).

. Measurements: Unless otherwise

c
(1) Before test: As specified in 4.8.38.

(2) During test: As specified in 4.8.5, 4.8.18.1, and 4.8.21.

4% Adearn tace. Ae ermarifiad in L R 9 a L /R N
\27 NV ATY VECO L e no 9 FHIIGT JI) oo @RI VNeVadJe
4.8.43 Explosion (operating) (when specified, see 3.1) (see 3.6.42). The energized oscillator shall be
A _ _.lak asws Scvea AN —_ak 4 ANN L J SRR Sy Sy | PRpSRps I G Py | | QP iy W i 1 | gy PrpuRpiapy 3V & quug |
NCe WiIth AMIL-JIVU~CUC, metnog VY. e mecnanical o Tieciricatl tosqg snali oe 85 3 CcitTieg

(see 3.1).

4.8.44 Magnetic fieid (operating) (when specified, see 3.i) (see 3.6.43). The energized osciiiator shali
be placed inside a Helmholtz coil pair and subjected to either a dc or alternating magnetic field, as
specified. The following details shall apply:

s, Helmholtz coil: In accordance with ASTM A-408, the coil should be located at least 10 feet from
any large metallic object.

[ Liald ralihratians At rantar af ~rail usthaiit davica 1ndar tact in fiald

=Y TIC\W L@V IWIaLs i Vtie Ny LvETILEd i NN WILITVIIL WSV IVE W Rl A AN LAk} TGV,

c. Magnetic field strength: 50 to 250 amperes/meter (0.6 to 3.2 Gauss) (unless otherwise specified,
see 3.1).

d. Alternating field frequencies: As specified (see 3.1).

e. Orientation: Worst case direction (unless otherwise specified, see 3.1). A search shall be made
in three dimensional space to determine the worst case direction.

£ Macn:imamamtas Il ane ntharmiica emanifiad feaa T 13

Ve nocao>utl KTILD . VIILEDD VWIITI Wi oW .’N\.ll TCWU \DIXT Jaol /e

(1) Before test: As specified in 4.8.38.
ed

(3) After test: As specified in 4.8.38.

4.8.45 Thermal shock (nonoperating) (see 3.6.44). Unless otherwise specified (see 3.1), the oscillator
shall be subjected to MIL-STD-202, method 107. The following details shall apply:

a. Test condition letter B, unless otherwise specified (see 3.1).
b. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.5, 4.8.11, 4.8.21, a

56



Downloaded from https://www.everyspec.com

MIL-0-55310C

s & 12 a_az_ . . cam T 2 2T+
&.0.640 AMOIENT pressu {See 5.0.42).

4.8.46.1 Ambient pressure gnowronr_vg} (see 3.6.45.1). Place the c.nenerglzed oscillator in a test

chamber and reduce the chamber lnterml absolute pressure to 1.6 X 10 4 Pascal maximum ()U (0,01} 'QQ()
(unless otherwise specified) (see 3.1) for 12 hours at -60°C 22°C. At the end of this time, the test

chamber shall be returned to standard atmospheric pressure and temperature. The following details shall
apply.

Measurements: Unless otherwise specified (see 3.1),

(1) Before test: As specified in 4.8.38.
(2) After test: As specified in 4.8.5, 4.8.21, and 4.8.38.

Ambient pressure (operating) (when specified, see 3.1) (see 3.6.45.2). The energized oscillator

ested in accordance with MIL-STD- 202 method 105. The following details apply:
VeV

?
!
I!
E
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b. Test condition letter: As specified (see 3.1).

c. Exposure time: As specified (see 3.1).

d. Heasurements: Uniess otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.

(2) During test: As specified in 4.8.5 and 4.8.21

(3) After test: As specified in 4.8.38.

4.8.47 Storage tempersture (see 3.6.46). The unenergized oscillator shall be placed in the test chamber
and subjected to the specified low storage temperature for & minimm of 24 hours. The oscillator shall be
removed from the chamber and stored at room ambient conditions for a period of 60 minutes maximum. The
unenergized oscillator shall then be placed in a test chamber and subjected to the specified high storage
temperature for a minimm of 26 hours. At the end of this time, the oscitlator shall be removed from the

chamber and stored at room ambient conditions for a period of i to 2 hours.

Measurements: Unless otherwise specified (see 3.1).

(2) After test: As specified in 4.8.2, 4.8.5, 4.8.10, 4.8.11, 4.8.14, 4.8.21, and 4.8.38.

6.8.48 Radiation hardness (operating) (when specified. see 3.1) (see 3.6.47). Frequency and gtz:ct_n,ylgtgd

;00 NDCI2T LSs LopeT ot

time error measurements shall be as specified in 4.8.48. ‘l 4.8, 1.8 2, and I. 8.48.3. Unless otherwis

specified (see 3.1), after the tests, measurements shall be as specified in 4.8.5, 4.8.10, 4.8.11, 6.8.74,
L R 24 Ll” ='n_dl4ﬂﬂ'l

SeUeli, P« BY 4 49 L rY 4

4.8.48.1 Total dose (when specified, see 3.1) (see 3.6.47.1). The total dose radiation testing shall be
performed in accordance with method 1019 of KIL-STD-883. ?ne energized oscillators shall be subjected to

the specified total dose. For total dose levels below 1 M Rad, the output frequency shall be measured
within four days following irradiation (unless otherwise specified).

e rate {uhen snacifiad cee X 1) fcae I 4 .47 2) The energized oscillators shall be

v 106 - PRI IEY 9D LAt ale oL 8 < L

subjected to the specified radiation pulse. The output frequency shall be measured during the irradiation
and for the specified time subsequent to irradiation. If specified, the accumulated time error shall be
measured in accordance with 4.8.32.

w
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4.8.48.3 Neutrons (when specified, see 3.1) (see 3.6.47.3). The energized oscillators shall be subjected
to the specified neutron fluence. The frequency shall be measured during irradiation and for the specified

time subsecquant to irradiation to allou for annealing of trancient neutron effects in semiconductors, The

frequency change due to sny incidental other-than-neutron irradiation shall be properly accounted for.

4£.8.49.1 Through-hole mounting packages (terminals or pins). Unless otherwise spectf)ed (see 3.1), each
wire-iead terminal of the osciitator shall be tested in accordance with RIL-S70-202, method 210. The
following details shall apply:

a. Test condition: E
b. Immersion: Leads shall be immersed to a point within .050 ¢£.005 inch (1.27 20.13 mm) of the case,

P T

wry

c. Cool
d. Measurements: Unless otherwise specified (see 3.1).
(1) Before test: As specified in 4.8.38.
(2) After test: As specified in 4.8.2, 4.8.5, 4.8.10, &.8.11, 4.8.14, 4.8.21, and 4.8.38.

§4.8.49.2 Lead-less chip carriers (LCC). Unless otherwise specified (see 3.1), each land or pad terminal

of the oscillator shall be tested in accordance with MIL-STD-202, method 210. The foilowing detaiis shail
anniwve
apoly:

a. Test condition: B8

b. Immersion: The oscillator shall be immersed to a point where sll the solder lands or pads are
fully submerged in the molten solder.

c. Cooling time prior to final measurements: 30 minutes.
d. Measurements: Uniess otherwise specified (see 3.1).

(1) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.2, 4.8.5, 4.8,10, 4.8.11, £.8.14, 4£.8.21, and 4.8.38,
4.8.50 Moisture resistance (see 3.6.49). Oscillators shall be tested in accordance with MIL-STD-202,
method 106. The following details shall apply:

a. Subcycle: Step 7b, the vibration subcycle, shall be omitted.

(1) Before test: As specified in 4.8.38.
(2) After test: As specified in 4.8.5, 4.8.11, and 4.8.38.

4.8.51 Sait atmosphere (corrosion) {(see
MIL-STD-883, method 1009, The following de

-l
-
b

3.6.50). The osciilator shail be tested in accordance w
etails shall apoly:

a. Test condition: B
b. Measurements: Unless otherwise specified (see 3.1).
(i) Before test: As specified in 4.8.38.

(2) After test: As specified in 4.8.2, 4.8.5, 4.8.21, and 4.8.38,

S8
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5.1.1.4.2 Nonhermetically sealed oscillators. Nonhermetically sealed oscillators shall be unit packed in
accordance with submethod IA-8 of MIL-P-116. Each unit pack shall be placed in a supplementary container
conforming to PPP-B-566 or PPP-B-676.

5.1.1.5 ]ntermediate packs. Oscillators, unit packed in bags or envelopes in accordance with 5.1.1.4.1,
shall be placed in intermediate containers conforming to veriety 2 of PPP-B-566, PPP-B-676, or PPP-B-636,
class weather resistant. Intermediate containers shall be uniform in size, shape, and quantities, shall be
of minimum tare and cube and shall contain multiples of five unit packs, not to exceed 100 unit packs. No
intermediate packs are required when the total quantity shipped to a single destination is less than 100
unit packs or when supplementary containers are used.

5.1.2 Level C. The level C preservation for oscillators shall conform to the MIL-STD-2073-1 requirements
for this level.

5.2 Packing. Packing shall be level A, B, or C, as specified (see 6.2).

5.2.1 Level A. The packaged oscillators shall be packed in wood boxes conforming to PPP-B-601, overseas
type; PPP-B-621, class 2 or PPP-B-585, class 3. Closure and strapping shall be in accordance with the
applicable container specification. The requirements for level B8 packing shall be used when the total
quantity of a stock-numbered oscillator for a single destination does not exceed a packed volume of 1 cubic
foot.

5.2.2 Level B. The packaged oscillators shall be packed in fiberboard containers conforming to
PPP-B-636, class weather resistant, style optional, special requirements. The requirements for box closure,
waterproofing, and reinforcing shall be in accordance with method V of the PPP-P-636 appendix.

5.2.3 Level C. The level C packing for oscillators shall conform to the MIL-STD-2073-1 requirements for
this level.

5.2.64 Unitized loads. Unitized loads, commensurate with the level of packing specified in the contract
or order, shall be used whenever total quantities for shipment to one destination equal 40 cubic feet
€(1.1328 cubic meters) or more. Quantities less than 40 cubic feet need not be unitized. Unitized loads
shall be uniform in size and quantities to the greatest extent practicesble.

5.2.4.1 jevel A, Oscillators, packed as specified in 5.2.1, shall be unitized on pallets in conformance
with MIL-STD-2073-1, load type 1, with a wood cap (storage aid 5) positioned over each load.

5.2.4.2 Level B. Oscillators, packed as specified in 5.2.2, shall be unitized as specified in 5.2.4.1
except that weather resistant fiberboard caps (storage aid &) shall be used in lieu of wood caps.

5.2.4.3 Level C. Oscillators, packed as specified in 5.2.3, shall be unitized as specified in
MIL-STD-2073-1.

5.3 Marking. The following marking is mandatory for shipments both to U.S. Goverrment and non-Goverrwment
activities.

5.3.1 Standard marking. In addition to any special or other identification marking required by the
contract (see 6.2), each unit, supplementary, intermediate, and exterior container, and unitized load shall
be marked in accordance with MIL-STD-129. The complete military or contractor's type or PIN (including the
CAGE), as applicable, shall be marked on all unit, supplementary, and intermediate packs in accordance with
the identification marking provisions of MIL-STD-129.

5.3.2 Civil agencies. When specified in the contract or order (see 6.2), the marking of domestic
shipments for civil agencies shall be in accordance with FED-STD-123.

5.4 General. The following general requirements apply, as applicable, to levels A, B, and C as well as
to shipments to non-Government activities,

5.4.1 Exterior containers. Exterior containers (see 5.2.1, 5.2.2, and 5.2.3) shall be of a minimum tare
and cube consistent with the protection required and shall contain equal quantities of identical stock
numbered items.
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5.4.2 Packaqing inspection. The inspection of these packaging requirements shall be in accordance with
4.7.3.

5.4.3 Quality conformance inspections. Quality conformance (visual and dimensional) inspections, rough
handling, and leakage tests shall conform to the inspections and tests outlined in MIL-P-116.

5.4.3.1 Functional requirements.

5.4.3.1.1 Rough handling test (when specified, see 6.2). When packs have been tested in accordance with
MIL-P-116, all material and compounds comprising each pack shall be free from damage or evidence of
dispiacement which might affect the use of the preservation method or pack. The devices and associated
accessories within the tested packs shall show no visible signs of damage. When specified in the contract
(see 6.2), functional tests in accordance with the group A inspection requirements of this specification
shall be conducted on those devices subjected to the rough handiing test to determine freedom from
operational malfunction., The examination of the devices tested under this grou A inspection shall be in
accordance with the visual and mechanical inspection requirements specified in this specification.

5.4.3.1.2 Lesksge test (when spplicable). When s barrier em'es& unit pack has been tested in
accordance with MIL-P-116, there shall be no evidence of moisture within the unit pack.

5.4.3.1.3 workmanship. The quality of workmanship shall sssure acceptance of the completed preservation,

packing, and marking requirements in accordance with the inspections specified in MIL-P-116.

6. NOTES

(This section contains information of a general or explanatory nature that may be helpful, but is not
mandatory.)

6.1 Intended use.

6.1.1 Oscillators covered by this specification are intended for use in military and space
systems such as communications, navigation, surveillance, identification-friend-or-foe, and electronic

fuses.

6.1.2 Packaging requirements. The preservation, packing, and marking herein are intended for direct
shipments to the Goverrment. Uniess otherwise designated, the marking requirements (see 5.3) and genersl
requirements (see 5.4) are applicable for the preparation of these oscillators for shipment from the parts

4 s o e ime
manufacturer to non-Government activities.

6.2 Acquisition requirements.

6.2.1 Acquisition requirements (crystal oscillators covered by specification sheets). Acquisition
documents must specify the following:

b. Issue of DODISS to be cited in the solicitation, and if required, the specific issue of individual
documents referenced (see 2.1).

¢c. Title, number, and date of the spplicable specification sheet, and the military PIN (see 1.2.1).

. Levels of preservation and packing required (see 5.1 and 5.2).

e. 1f special or other identification marking is required (see 5.3).

f. Data requirements.
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6.2.2 Acquisition requirements (crystal oscillators not covered by specification sheets). Acquisition
documents must specify the following:

a. Title, number, and date of the specification

ciia ~f NANTES to o ~load
SU€ OF UUISS 10 D Citled

i
uments referenced (see

-
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c. Item definition and frequency or frequencies required.

d. Applicable design and construction requirements (see 3.5).

f. Levels of preservation and packing required (see 5.1 and 5.2).

9. If special or other identification marking is required (see 5.3).

6.3.1 Crystal oscillators (X0). The simplest and most general-purpose-type of crystal oscillator where

the principal control eiement is the crystai unit. B8ecause the X0 empioys no means of temperature controi
or compensation, it exhibits a frequency-temperature characteristic determined mainly by the crystal unit
e«ployed

6.3.2 Voltage controlled crystal osciliators (VCX0). A crystal oscillator whose output frequency can be
offset or modulated by application of an external control voltage. Similar to the X0, the
frequency-temperature characteristic of a VCXO is determined mainly by the crystal unit employed.

6.3.3 Temperature compensated crystal oscillator (TCX0). A crystal oscillator whose
frequency-tenperature deviation is reduced from that of the crystnl unit by an electronic (anatog or
digital) means of compensation within the device, TCXO-type devices are crystal oscitlistors in which
conpensation is schieved by a temperature-dependent varistion of the crystal load reactance in a manner that

compensates for the crystal unit’s frequency-temperature characteristic.

6.3.4 Oven controlled crystal oscillator (OCX0). A crystal oscillator in which at least the crystal unit

is temperature controlled within a thermally jnsutated enclosure, i.e., an oven, so that the temperature of
the crystal is maintained substantially constant.

6.3.5 Jlemperature compensated/voltage controlled crystal oscillator (TCVCX0). A combinstion of TCXO and
vCXO0.

6.3.6 Oven controlled/voltage controlled crystal oscillator (OCVCX0). A combination of OCX0 and VCXO.
6.3.7 Microc ter ¢ sated crystal oscillator (MCXO A microcomputer based crystal oscillator
system employing external means of temperature compensation i.e., correction is performed external to the

crystal oscillator’s feedback loop using techniques such as pulse deletion, digital phase shifting, etc.
The HCXO output may provide either a clock driver signal, e.g., a time corrected pulse train or a spectrally
‘gt

___________ 2w el 2o e A f Shaaa

~£ =, 2
o7 ﬁny (i) oF comoinations of these.

6.3.8 Rubidiun-crystal oscillator (RbXD). A crystal oscillator combined with a rubidium (Rb) frequency
reference. The frequency of the crystail osciilator is controiied by a digitai tuning memory which is
continuously or intermittently syntonized by the high stability rubidium atomic reference.

WOoUS L iy syt r2eC =1ad i
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6.3.9 Overall frequency accuracy. The maximum permissible frequency deviation of the oscitlator
frequency from the assigned nominal value due to all combinations of specified operating and non-operating
parameters within s specified period of time. In the general case, overall accuracy of an oscillator is the
sum of the absolute vaiues assigned to the foiliowing:

a. The initisl frequency-temperature accuracy (see 6.3.19).

b. Frequency-tolerances due to supply voltage changes (see 6.3.24) and other environmental effects

(see 6.3.44).
c. Total frequency change from an initial value due to frequency aging (see 6.3.42) at a specified
temperature.
6.3.10 Frequency offset. The frequency difference, positive or negative, which should be added to the

specified nominal frequency when adjusting the gsg\llgggr frequency at specified reference temperature and

operltlng conditions. The purpose is to minimize the frequency deviation from nominal frequency over the
operating temperature range (also called setpoint).

6.3.11 Nigh vacuum seal. A package seal capsble of maintaining an internal pressure of 1 x 10°3 TORR or
lower.

6.3.12 Syntonization. The process of adjusting the frequency of & crystal oscillator to that of a
reference source, e.g., a rubidium reference standard.

6.3.13 Jnitial accuracy at reference temperature. The maximum permissible offset of the oscillator
frequency from the assigned nominal value at specified reference temperature and nominal supply voltage and
Load cond!tions, other conditions constant. For non-frequency- odjustablc (manufacturer caiibrated)
oscillators, the initial accuracy at reference temperature applies at the time of manufacture and for &
specified period following shipment, For frequency adjustment (manufacturer-user calibrated) oscillators,
the initial accuracy at reference temperature applies at the time immediately following calibration by the

manufacturer or user.

6.3.14 Mechsnical-frequency-adjustment. Frequency adjustment means requiring physical manipulation of an
oscillator variable circuit element, e.g., trimmer cspacitor, potentiometer, etc.

6.3.15 External-frequency-adjustment oscillator. An oscillator whose mechanical-frequency-adjustment

element is located external to the oscillator package and is usually not supplied by the oscillator
manufacturer,

6.3.16 Electrical-frequency-control. Frequency adjustment means requiring application of an externally
derived voltage to the circuit control terminals of the oscillator.

6.3.17 frequency warmup. The time, measured from the initial application of power, required for a
crystal oscillator to stabilize its mode of operatlon within specified limits of final frequency. Final

frequency is defined to occur at a specified period of time and is expressed in minutes or hours depending
on the oscillator type.

6.3.18 Initial frequency aging. The relationship between OCXO frequency and time for a specified period
following warmup. Initial frequency aging in crystal oscillators may be caused by various crystal and
oscillator-circuit-related mechanisms, e.g., contamination transfer and stress relief inside the resonator
enclosure, and changes in the thermistor. The initial frequency aging should be expressed as the maximum
frequency change or maximum rate of frequency change over the specified period(s).

6.3.19 Initial freguency-temperature accuracy. The initial maximum permissible deviation of the
oscillator frequency from the assigned nominal value due to operation over the specified temperature range
at nominal supply voltage and toad conditions, other conditions remaining constant. For
nonfrequency-adjustable (manufacturer calibrated) oscillators, the initial frequency-tempersature accuracy
applies at the time of manufacture and for s specified period following shipment. Ffor frequency adjustsble
(manufacturer-user calibrated) oscillators, the initial frequency-temperature accuracy applies at the time
immediately following calibration by the manufacturer or user. Initial frequency-temperature accuracy
considers the combination of frequency-temperature stability and calibration related errors, and is the
preferred general method for specifying the frequency-temperature performance of crystal oscillators.
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6.3.20 Hysteresis. When an oscillator is subjected to a complete quasistatic temperature cycle between
the specified temperature (imits, hysteresis is the difference between the up-cycie and the down-cycie
freauency-temperature characteristics. The measure of hysteresis is the maximum value of the difference,
expressed as 11/2 o; the maximum fractional frequency dv”erence. (For example, when the worst-case
difference is éX1077, the hysteresis is expressed as 23X10° '.) For purposes of MIL-0-55310, when hystersis
fe included in the requirements, it is included in the specification of either the initial frequency-
temperature accuracy (see 6.3.19) or the frequency-teaperature stability (see 6.3.22). "Quasistatic," means
that the te«perature is changed during frequency-temperature measurements in such a manner as to ensure that

the frequency offsets due to thermal gradients are much smaller than the specified frequency-temperatur

stability, including hysteresis, or the specified initial frequency-temperature accuracy.

9
L
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6.3.21 Trim effect. The degradation of crystal oscillator frequency-temperature stability and mark
frequency offset as a result of frequency adjustment which produces a rotation or distortion, or both, of

the initial frequency-temperature characteristic.

with no reference implied, due to operation over the specified temperature range at nominal supply and (oad
conditions, other conditions constant.

6.3.22 Frequency-temoerature stability. The maximum permissible deviation of the oscillator freguency,
i

6.3.23 Frequency-temperature slope at reference tempersture. The slope of an oscillator
frequency-temperature characteristic at the specified reference temperature. A maximum F-T slope (e.g., 21
Kk 10°5/°C) is usually specified in spplicstions where the difference between the specifiad reference
temperature and the actual temperature at which calibration is performed may result in significant frequency
error and degraded initial frequency-temperature accuracy (see 6.3.19).

6.3.24 Frequency-voltage tolerance. The maximum permissible deviation of the oscillator frequency from
the frequency at specified nominal supply voltage due to changes in supply voltage over the specified range,
other conditions remaining constant.

6.3.25 Frequency-load tolerance. The maximum permissible deviation of the oscillator frequency from the
frequency at specified nominal load impedance due to changes in load impedance over the specified range,

o ATed s
r conditions remaining constant

Ty CHStaiil,.

6.3.26 Retrace. When an oscillator operati in » stable condition at s specified test tenpereture, is
turned off for a specified time period, maintained at the specified test temperature, and again turned on,
retrace is the difference between the frequency a specified time after oscillator turn-on and the

at
frequency immediately prior to oscillator turn-off.
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nale modulation.

rr -l o -~

(£) =10 log{(1/2)S,(f)] (units dBc in a 1 Hz bandwidth)

46.3.27.2 bDhase angle modulation (deterministic process). Discrete ®“bright lines" induced by external
fnfluences such as sinusoidal vibration or by internal effects such as humomc generation are quantified by
the ratio of the power in the sideband being measured to the power at the frequency of the unmodulated
signal, v,. In terms of voltages, the relastive sideband intensity at offset frequency f, I(f), is given by:

I(£f) = 10 log(V3(f)/V?(v,)) (units dBc)
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6.3.28 Amplitude noise. The short term amplitude stability of an oscillator in the frequency domain,
characterized by the power spectral density of amplitude fluctuations, S,(f). S,(f) is defined by:

S, (f) =
a2 VgBW
where &zgf) is the mean-squared amnlitude fluctuation measured at a Fourier freguency seoaranon f, from
the carrier in a measurement bandwidth, 8W. The unit of measure of S (f) is Kz-1 (e.g., 1x10-) per Hz) or
when expressed as 10 log S,(f), the unit of measure is in dBc/Hz (e. 9., -110 dBc/Hz). (see F.L. Walls, et
sl., “Accuracy Model for Phase Noise Measurement,® Proc. 21st PTT] Meeting 1989.)

6.3.29 Allan variance. The preferred definition in the time domain of the oscillator short-term
stability is as fotlows:
[" M=1
o, (t) = | s L P -T2
\EEICEEVI G

where (¥,,, - ¥,) are the kth average fractional frequency fluctuation obtained

sequentially, with no systematic dead time between measurements; <t is the sample
time over which each moaenrpmnnt M is averaged; k is the number of fregquency

LoP9 KL35: a0 avela

samples, o,(t) is the sguare root of the Allan variance.

6.3.30 Acceleration sensitivity. A vector property of the frequency-acceleration relationship for a
crystal oscillator which is characterized by a single mgnitude and direction. The acceleration sensitivity
of 8 crystal osciilator is the magnitude of the acceieration sensitivity vector and is expressed as a
frequency change per unit acceleration (e.g., 1 x 10'9_/g). The magnitude of the acceleration sensitivity
vector | I' | , is obtained by, for example, measuring the acceleration sensitivity along three mutuatly

perpendicutar directions, e.g., Yx: Yy and Yz and taking the square root of the sum of the squares, i.e.,

IT| = (v« ¥ + ¥2)
) X y 4

6.3.31 Hagnetic field sensitivity. The frequency-magnetic field relationship for & preci
The magnetic field sensitivity is expressed as a frequency change per unit of field strength

(e.g., 1X10°11/m1),

6.3.32 Rise time. The time chserved for & logic “0" to logic 1" transition, when measured on the
leading edge of a rectangular waveform pulse, between two specified voltage levels (see figure 8).

6.3.33 fall time. The time observed for a logic "I to logic "O" transition, when measured on the
trailing edge of a rectangular waveform pulse, between two specified voltage levels (see figure 8).

6.3.34 Duty cycie. The percent of time sbove a specified reference level (referenced to ground) with
respect to the waveform period, as shown on figure 8 (also called symmetry).

6.3.35 !gmom‘c !nd subharmonic digtortion. Harmonic distortion is a nonlinear distortion characterized
by the generstion of undesired spectral components harmonically relsted toc the desired signal frequency, In
an oscillator whose output signal is derived by multiplying s lower frequency signal to the desired output
frequency, harmonics of the primary oscillator are the subharmonics of the output frequency. Each component
is usuaily expressed as a power ratio (in decibels) relative to the output power of the desired signal
(e.g., second harmonic is suppressed 30 dB, the subharmonics are all below - 40 dBc).

6.3.36 Sﬂrious resms . Discrete frequency spectral components, nonharmonically related to the desired
sutput frequency (except for subharmonics), sppearing st the ocutput terminal of an oscillator, These

components may appear as symmetrical sidebands, or as single spectral components, depending upon the mode of
generation. Spurious components in the output spectrum are usually expressed as a power ratio (in decibels)

with respect to the signal power.

o~
wh
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6.3.37 Jotal freguency deviation. Defines the minimum peak frequency deviation from center frequency for
a voltage controlied crystal osciliator under specified modulation or dc control volitage conditions. Total
deviation is usually expressed in ¢ parts per million; t percent or t hertz changes from center frequency

et ex238C L pereen 2

for specified control voltage ranges or modulatlon vol tage.

-
.

riry A

6.3.38 peviation linesrity. measure of the ocutpu equency- input contrs ge transfe
characteristic as compared to an ideal (straight line) function. It is expr essed as an allowable
nonlinearity in percent of specified full range deviation, This definition assumes that the actual transfer

characteristic need not pass through nominal frequency at reference voltage. It is further assumed that
monotonicity is present, e.g., no frequency reversals occur within the specified deviation range caused by
unidirectional input voltage changes.

6.3.39 Modulation distortion. A measure of the nonlinearity of the dynamic output freguency-modulation
voltage transfer characteristic of a voltage controlled crystal oscillator. It is expressed as an allowable
percentage distortion in the demodulated output signal when frequency modulated with signals of specified

umlifud- and frequency
SHESTY .

6.3.40 Modulation fregge_nc_y____ggg__. Defines the reletionship betuween peak frequency deviation and
modilation frequency ss the modulation frequency is veried. It is ususlly expressed in d8 down st 2

MOCRLBLICN TEQRETKY &S the moduls
{

specified modulation frequency relative to a specified modulation reference frequency.

& - el el
or 8 llm sunmaru.

P, L T PR S

6.3.4% Clock accuracy {type 7). The degree of conformity of a clock’s rate with that
Clock accuracy, expressed as the worst case time error that can accumulate over specified operating
conditions and over a specified duration following clock synchronization (e.g., 10 milliseconds per day) is
defined as foiiows:

T(t) =T, + [ER(EIDE +e(t) = T, + (Rot + 1/2 at2 + ...) + [EE(£)Dt + e(t)
where T, is the synchronization error at t = o; R(t) is the rate (fractional frequency) difference between
the two clocks under comparison which is equal to:
R, v At + ... [¢ E(e)DE;
Ry s R(t) at t = o; A is the linear aging rate; Ey(t) is the rate difference due to environmental effects

(temperature, radiation, acceleration, etc.); €(t) is the error due to random fluctuations (white noise,
flicker noise, etc. ) which can be estimated' statisticaiiy if the pouer taws of the noise processes sre

6.3.42 Frequency aging (long-term stability). The relationship between oscillator frequency and time
when the oscillator fraquency is measursd under constsnt environmental ca"‘..'iti This long-term frequency

oscullntor circuit, and
1.x 10°10/day after 30
0 "~/month) or both.

drift is caused by secular changes in the crystal unit and other elements of the
should be expressed as either a maximum rate after a specn‘led time penod (e.g.
ix

PR

days) or maximum total frequency change over a specified time period (e.g., i
Note: “prift® is sometimes used incorrectly to express frequency change over a period of time. In
previous usage, there had been a {ack of standardization in specifying the operating conditions,

including environment, under which “drift" is messured. "“Frequency aging" shall be the term for

specifying frequency change over a period of time under constant environment, load and supply
voltage. Other perameters e.g., frequency-temperature stebility, frequency- s«.pply voltage

tolerance, etc. should be used to separately iﬁéélvy a pervurmlnce as a function of a single
variasble, which lends itself to ease in measurement. Therefore, the term "drift" shall not be used

to specify oscillator performance.

§.3.43 Input power aging. The ! y input power and time for a high
oven-controlled crystal oscillator, (e.g., & high-vacuum-sealed OCXO) which is a measure of thermal
insulation degradation. It is usually expressed as a maximum percent increase in power consumption over a
specified period of time (e.g., 0.1 percent/month),

A& T LY Trmrnait nouar hetusen innut nower a time for a high- -“1#:.1\1-\,:
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6.3.44 frequency-environment tolerance. The maximum permissible deviation of the oscillator frequency
from an initial reference frequency due to any and all specified standard envirormental effects. In the
general case, the frequency-environment tolerance is specified as a single magnitude. In applications where
an unusual environmental condition may produce a significant permanent change in frequency, e.g., shock at a
10,000 G level, a frequency tolerance is assigned separately to the specified environmental effect.

6.3.45 Terms, definitions, methods, and symbols. For the purposes of this specification, the terms,
definitions, methods, and symbols of IEEE STD 1139, CCIR Recommendation No. 686, MIL-STD-883, MIL-STD-202,
and those contained herein apply and will be used in applicable acquisition documents wherever they are
pertinent. The Government qualifying activity should interpret the definitions of 6.3 for use wherever
pertinent.

Institute for Electrical and Electronic Engineers.

IEEE STD 1139 - 1EEE Standard Definition of Physical Quantities for Fundamental Frequency and Time
Metrology.

(Applications for copies should be addressed to the Institute of Electrical and Electronic Engineers,
Inc., 345 East 47th Street, New York, NY 10017)

International Radio Consultative Committee(CCIR).

Recommendation No. 686, Glossary. In: CCIR 17th Plenary Assembly, Vol. 7, Standard Frequencies and
Time Signals (Study Group 7), CCIR, Geneva, Switzerland, 1990.

(Applications for copies should be addressed to the International Telecommunications Union, General
Secretarist-Sales Section, Place des Nations, CH1211 Geneva, Switzerland.)

6.4 Qualification. With respect to products requiring qualification, awards will be made only for
products which are, at the time of award of contract, qualified for inclusion in the applicable Qualified
Products List whether or not such products have actually been so listed by that date. The attention of the
contractor is called to these requirements, and manufacturers sre urged to arrenge to have the products that
they propose to offer to the Federal Goverrment tested for qualification in order that they may be eligible
to be awarded contracts or purchase orders for the products covered by this specification. The activity
responsible for the Qualified Products List is U.S. Army Research Laboratory, ATTN: AMSRL-EP-RD, Fort
Monmouth, NJ 07703-5601; however, information pertaining to qualification of products may be obtained from
the Defense Electronics Supply Center (DESC-ELS), 1507 Wilmington Pike, Dayton, OH 45444.

6.5 Subject term (key word) listing.

Acceleration sensitivity

Allan variance

Ampl itude noise

Calibration

Crystal oscillator

Clock accuracy

Design for nuclear survivability
Duty cycle

Frequency adjustment

Frequency aging

Frequency offset

Frequency warmup
frequency-environment tolerance
Frequency-load tolerance
Frequency-temperature stability
Frequency-vol tage tolerance
Harmonic and subharmonic distortion
Hysteresis

Initial accuracy

Initial frequency aging

Initial frequency-temperature accuracy
Input power aging
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Magnetic field sensitivity
Osciilator

Output

Output
Output

Qutnut
LUtTUt

output

waveform
vol tage-power
voltage

nouer
roRet

logic voltage levels

Overall frequency accuracy

Retrace

Rise and fall time
Startup time
Short-term stability
Spurious response
Trim effect

6.6 Changes from previous issue.
respect to the previous issue due to the extensiveness of the changes.

Asterisks are not used in this revision to identify changes with
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FIGURE 2. Typical oscillator warmup characteristic.
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FIGURE 3. Typical oscillator thermal transient characteristic.

>
9 {
Z R L
D ¥ Yy f i
&« °y ° | f
gl gl VL
1 - | | |
| i i i
Ll tz t3 t4 ts
TIME

FIGURE 4. Typical oscillator retrace characteristic.
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FIGURE 6. Test confiquration for amplitude noise measurement.
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DUTY CYCLE (XT)
f\ _
1002 ,LJJ\ N LEVEL 1
UPPER TRANSITION LEVEL / \ /
4
PEAK 502
LOKER TRANSITION LEVEL / \ //
/ N\ P
oz N ] v
RISE - - —— FALL
TIME TIME
FIGURE 8. Rectangular output waveform.
SV dco
SEE NOTE 1 ———\I
R f
QUTPUT QUTPUT
uur _?———’—K_H uut ’ 1
i ]
aeolges ame agz LRy o gt
EQUIVALENT) l l f_ / | ] N
/ = / = = see noTE 3 —7 + L N\ see notE 4
SEE NOTE 1 —/ L see wore 2
m CHOS

NOTES:
1. For 16 mA sink (10 TTL), R, = 270Q 5 percent. (Rg = 6 K2).
For 9.6 mA sink (6 TTL), R[ = 4300 25 percent (Ro = 10 K).
2. C, (including probe and fixture capacitance) = 2 pf per specified TT
Example: C, (10 TTL) = 20 pF.
3. For CMOS: (including probe and fixture capacitance) = 20 pf $5 percent.
4. For CMOS: Rp = 100 K1 25 percent.
FIGURE 9. TTL and CMOS test loads.
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LEGEND
fr = basic frequency which is multiplied.
Nfg = subharmonics.
fo = output frequency.
Wi, = harmonics level difference.
ds, = level difference of fundamental and subharmonic.
" = level difference of fupdamental and harmonic.

FIGURE 10.

7

Harmonic and subharmonic distortion measurements.
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SPECTRUM ANALYZER
NOTE: The 20 dB pads must be of the proper terminating impedance for the oscillator ports. They can
consist of a matching network and attenuator with a total insertion loss of 20 £2 d8.
FIGURE %1. JTest configuration for determining isoistion between output ports.
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PUHCR SUPPLY OSCILLATOR LURAU
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FIGURE 12, Test configuration for determining suooression of gated oscillators.
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FIGURE 14. VCXO test configurations.
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FIGURE 15. Deviation linearity.
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APPENDIX A

REQUIREMENTS FOR HYBRID MICROCIRCUITS ELEMENTS

10. SCOPE
10.1 Statement of scope. This appendix establishes the procecures for the testing of the elements used
in hybrid construction Class B and Class S oscillators to assist in achieving a level of quality and

relisbility commensurate with the intended application. It shall be used in conjunction with other
documentation such as MIL-STD-883, the oscillator specification sheet (see 3.1) and an applicable element
detail specification to establish the design, material, performance, control, and documentation
requirements which are needed to achieve prescribed levels of quality and reliability. This appendix is a
mandatory part of the specification. The information contained herein is intended for compliance onty.
20. APPLICABLE DOCUMENTS
SPECIFICATIONS
MILITARY
MIL-M-38510 - Microcircuits, General Specification for.
MIL-R-55342 - Resistors, Fixed, Film, Chip, Established Reliability General Specification for.

NIL-C-55681 - Capacitor, Chip Multiple Layer, Fixed, Unencapsulated, Ceramic Dielectric,
Established Reliability, General Specification for.

STANDARDS
MILITARY
NIL-STD-750 - Test Methods for Semiconductor Devices.
MIL-STD-977 - Test Methods & Procedures for Microcircuit Line Certification.
30. PROCEDURE
30.1 Oscillator element evaluation requirements. Herein, “oscillator® refers to the hybrid or multichip

microcircuit and hybrid/integrated circuits. Six phases of oscillator element evaluation are required (see
table X).

TABLE X. Oscillstor element evaluation summary.

Requirement Reference Table
Paragraph

Microcircuit and semiconductor dice 30.2.2 X1
Passive elements 30.2.3 XI1
Adhesives 30.2.4 N/A
Ceramic substrate printed wiring 30.2.5 X1
Crystal element 30.2.6 N/A
Process control 30.3 XIv




Downloaded from https://www.everyspec.com

MIL-0-55310C

APPENDIX A

30.1.1 Precedence. Unless otherwise specified in the specification sheet, the test requirements and
conditions shall be as given herein.

30.1.2 Sequence of testing. Subgroups within a group (table) of tests may be performed in any sequence,
but individual testing within a subgroup shall be performed in the sequence indicated.

30.1.3 Protection from electrostatic discharge. For elements and oscillators that are sensitive to
electrostatic discharge, suitable handling precautions and grounding procedures shall be taken to protect
the eiements and osciiiators from accidentai damage.

30.2 Element evaluation.

30.2.1.1 Element. Herein, “element® refers to materials for oscillator assembly. Before oscillator
assambly, element Chifib!?!‘isfibb shall be evaluated to assure their compatibility with oscillator
requirements and assembly procedures (see table X).

30.2.1.2 Characteristics. Characteristics to be verified shali be those necessary for compatibility with

the element specification and assembly procedures, and at least those which cannot be verified after
assembly but could cause functional fatlure of the oscillator.

30.2.1.3 Location of element evaluation. Element evaluation may

supplier or oscillator manufacturing facility.

30.2.2 Evslustion of microcircuit and semiconductor dice.

30.2.2.1 Electrical test specifications. Electrical test parameter, values, limits (i udlng deltas),
amed smmdioloame abhal)l bha oan cocccidind im bhoe micacncacniccile an ftoamicmcnd i ctarn dima detail cmecndl:mntlam
G CORIILIUND dlialvt v a> ;pc‘.ulcu 1 wnc el 1mediIy Ui STMIVCUITRAAR LVI UILTE UT Lol L D IIIL.\I“!.

30.2.2.2 Evaluation of die. At the option of the manufacturer and with the approval of the qualifying

activity of this specification, the evaiuations of 30.2.2.2.1 and 30.2.2.2.2 can be waived provided the dice
used in the oscillator assembly are JANC discrete semiconductors which have been tested in accordance with

MIL-S-19500, Appendix H.

30.2.2.2.1 Electricsl testing of die. Each die shall be electrically tested, wvhich may be done at the
wafer level provided all failures are identified and removed from the lot when the dice are separated from
the wafer. The minimum requirements shatl include static testing at +25°C (see MIL-M-38510, group A,
subgroup | for microcircuits and MIL-S-19500, group A, subgroup 2, for semiconductors).

to assure conformance with the

-750, methods 2072 and 2073; and the

4

30.2.2.2.2 Visual inspection of die. Each die shall be visually inspe

applicable die related requirements of MIL-STD-883, method 2010; MIL-ST

die cnecification,

SpTliiicat

30.2.2.3 Evaluation of assembled die. From each wafer lot, a saﬂple shall be evaluated in sccordance

bl o amd TA D 9 ohmaismb mnmmen | o ol - oy ke Y . - -
with table XI and 30.2.2.3.1 through 30.2.2.3.4. Each sample shall be assemblad intoc suitable psckages th

simulate the assembly methods and functional conditions of the element within the intended application.

30.2.2.3.1 Subgroup i and subgroup 2.

30.2.2.3.1.1 Sample size. The class S sample requires 3 dice from each wafer, and a total of at least 10
dice from each wafer lot. The class B sample requires at least 10 dice from each wafer lot.

30.2.2.3.1.2 |Internal visual. Internal visual inspection shall be performed to assure conformance with

the applicable die related requirements of MIL-STD-883, method 2010; MiL-STD-750, methods 2072 and 2073; and
the element specification.

80
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30.2.2.3.1.3 Electrical testing. For interim, post burn-in, and final electrical testing, the minimum

requirements for microcircuits and for semiconductors shall include static tests at +25°C, at maximum rated
operating temperature, and at minimum rated operating temperature.

30.2.2.3.2 Subgroup 3.

30.2.2.3.2.1 Sample size. From each wafer lot, a sample of at least 5 dice requiring 10 bond wires
minimun chall be gselected.

30.2.2.3.2.2 MWire bond strength testing. For wire bond strength testing:
a. A minimum of 10 wires, consisting of chip to package bonds shall be destructively pull tested. An
equal number of bonds shall be tested on esch sample die.

b. For beam lead and flip-chips, five dice shall be tested.

c. The die metallization shall be acceptable if no failure occurs, [f only one wire bond fails,
another sample shall be selected in accordance with 30.2.2.3.2.1 and subjected to subgroup 3
evaluation. If the second sample contains no failures, the bonding test results asre acceptsbl

tha ml -
the bonding test results are acceptable
1f the second sample contains one or more failures, or if more than one failure occurs in the first
sample, the lot of dice shall be rejected.

d. The rejected wafer lot may be resubmitted to subgroup 3 evaluation if the failure was not due to
defective die metallization.

30.2.2.3.3 Subgroup 4.

30.2.2.3.3.1 Semple selection and reject criteria. Sample selection and reject criteria shall be in
accordance with method 2018 of MIL-STD-883.

30.2.2.3.4 Subgroup S.

30.2.2.3.4.1 Class S sample size. The class S sample requires 3 dice from each wafer, and a minimum of
10 dice from each wafer lot.

BO 2 2 X L D Badistism Sactimm mamiinaman a g ac o e macm:i
30.2.2.3.4.2 Radiation testing requirement. Radiation testing is required when spplicable to the
microcircuit device.

a. For dose rate and latchup, photo current and latchup effects are functions of circuit
configurations and thus should be simulated during tests.

b. The sample shall be equally divided between methods 1017 and 1019 of MIL-STD-883.

30.2.3 gvaluation of passive elements.

30.2.3.1 Electrical test specifications. Electrical test parameters, values, limits, and conditions
shall be as specified in the passive element specification.

30.2.3.2 Eveluation of passive element lots. At the option of the manufacturer and with the approval of
the qualifying activity of this specification, the evaluations of 30.2.3.2.1 and 30.2.3.2.2 can be waived
provided the passive elements used in the oscillator assembly sre procured from the established reliability
(ER) series of military specifications (e.g., MIL-R-55342, MIL-C-55681); however, the passive elements must
meet & minimum established failure rate level of P for class B oscillators and a minimum established failure

rate level of B for class S oscillators. These established relisbility elements must be JAN devices and

must be listed on the applicable QPL.

30.2.3.2.1 Electrical testing of passive element lots. Each passive element shall be 100 percent
electrically tested at +25°C, or as specified in the passive element specification.
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TABLE X1. Assembled dice evaluation reguirements.
Class MIL-STD-883 Quantity Reference
Subgroup Test (accept no.) paragraph
S 8 Method Condition
2010
i X X | internal visus! 2072 10 (0) 30.2.2.3.1.2
2073 v/
2 X Stabilization 1008 [% 10 (1)
bake
x Temperature 1010 <
cycling
X Mechanical shock 2002 c. M
or direction
Constant 2001 B, Y1
acceieration airection
X Interim
electrical 30.2.2.1
X Burn-in 1015 240 hours 30.2.2.1
min. at
+125°C
X Postburn-in 30.2.2.1
electrics!
X Steady-state life 1005 30.2.2.1
X X Final electrical 30.2.2.1
3 X X | wire bond 2011 10¢0) wires
evaluation or 30.2.2.3.2.2
20(1) wires
4 X Scanning electron 2018 See method 30.2.2.3.3
microscope (SENM) 2018
S X Radiation
X Dose rate and 1020 10 (0}
latchup
30.2.2.3.4
X Total dose 019 ERH
X Neutron 1017 5 (0)
irradiation

1/ MIL-STD-750 methods.

Y/ 9 /M Y/ A

771 (T2

YV 0 N
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30.2.3.2.2 Visual inspection of passive elements lots. Each class S element shall be visually inspected
to assure conformaence with the appiicabie eiement reiated requirements of HIL-STD-883, method 2032, and the
detail/acquisition specification. For class B, sample inspect using s sample of 22(0) to assure conformance
with the applicable element related requirements of MIL-STD-883, method 2032, and the detail/acquisition

specification.

30.2.3.3 fvaluation of assembled passive elements. From each inspection lot of passive elements, the
randomly selected sample shall be evaluated in accordance with table XII and 30.2.3.3.1 through 30.2.3.3.3.

a. Each sample shall be assembled into suitable packages when required to perform the applicable
testing that simulate the assembly methods and functional conditions of the element within the
intended appiication.

b. The sample shall contain at least 20 wire bonds (an equal number on each element) if the operation
is applicable.

30.2.3.3.1 Visual inspection (subgroup 1). Passive elements shall be visually inspected in accordance
with MIL-STD 883, method 2017, for evidence of corrosion or damage attributable to the test and conditioning

P

sequeEnce.

30.2.3.3.2 Electricatl tesnr_vg of passive elements (subgroup 1). Passive elements shall be electrically
tested, using a sample of 10, at +25°C #5°C for the following characteristics (minimm).

a. Resistors: DC resistance.

b. Capacitors: Ceramic type - Dielectric withstanding voltage, insulation resistance, capacitance,
and dissipation factor,
c. Capsciters: Tantalum type - OC leskasge current, capacitance, and dissipation factor.

e. Inductors: DC resistance, inductance, and Q.

30.2.3.3.3 VWire bond strength testing (subaroup 2). Wire bond strength testing applies to elements which

are wire bonded during the oscillator assembly operation. The sample shall include at least 5 elements and
10 bond wires minimum.

8. At least 10 wires, consisting of element to substrate and package bonds shall be destructively pull
tested. An equal number of bonds shall be tested on each sample element.

b. The element metallization shall be acceptable if no failure occurs. [f only one wire bond fails, a
second sample shall be selected from the remaining elements in the evaluation nnple, and s\bjected

to the test as specified in 30.2.3.3.3a. If the second sampie contains no faiiures the bonding test
results are scceptable, If the second samnle contains one or more failures, or if more than one

failure occurs in the first sample, the element lot shall be rejected.

c. The element inspection lot may be resubmitted to evalustion if the failure was not due to defective
element metallization.
30.2.4 Evalustion of sdhesives. The polymeric adhesives used in microelectronic appiications shali be
subjected to and pass the evaluation procedures detailed in method 5011 of MIL-STD- -883.

30.2.5 Evaluation of ceramic substrate printed wiring (substrates).

30.2.5.1 QDefinition. For the purpose of substrate evaluation, a substrate inspection lot shall consist
of homogeneous substrates having the same number of layers, manufactured using the same facilities,
processes, materials, and vacuum deposited, plated or printed as one lot.
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TABLE X1!. Assembled passive element evaluation requirements.
Class MIL-STD-883 Quantity Reference
Subgroup Test (accept no.) paragraph
s ] Method Condition
1 X X Visual inspection 2017 10 30.2.3.3.1
X Stabilization bake 1008 c 10 (1)
X Temperature cycling 1010 c
X Mechanical shock 2002 c, vi
or direction
X Constant acceleration 2001 8, v1
direction
X Voltage conditioning 30.2.3.1
or
X ageing (capacitors)
X Visual inspection 2017 30.2.3.3.1
X X Electrical 36.2.3.3.2
X Wire bond 2011 10{0) wires
2 evaluation or 30.2.3.3.3
. S 20(1) wires

30.2.5 Electrical test specifications. Electrical test parameters, values, limits, snd conditions
shall be as specified in the applicable substrate detail specification.

30.2.5.3 Evaiuation of substrate eiement iots.

30.2.5.3.1 Electrical testing. Each substrate shall be electrically tested at +25°C, as specified in the
applicable substrate detail specification.

30.2.5.3.2 Visual inspection. Each substrate shall be visually inspected to assure conformance with the
spplicable requirements of MIL-STD-883, method 2032, and the applicable substrate detail specification.

30.2.5.4 Evaluation of assembled substrate elements. From each inspection lot of substrates, a randomly
selected sample shall be evaluated in accordance with table XIIl! and 30.2.5.4.1 through 30.2.5.4.3. With
preparing activity approval, destructive tests may be performed on test coupons which provide the required

test dats. The test coupons must be made with the same materials that were used in the manufacturing of the

inspection Lot and processed at the same time as the inspection lot.

36.2.5.4.17 Subgroup i. A minimum of five samples shall be submitted to subgroup 1 testing.
30.2.5.4.1.1 Physical dimension. Inspect in accordance with MIL-STD-883, method 2016, and the applicable

substrate detail specification.

30.2.5.4.1.2 Visual inspection. Inspect in accordance with MIL-STD-883, method 2032, and the applicable

substrate detail specification.
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TABLE X111. Assembled substrate evaluation requirements.

Subgroup Test MIL-STD-883 Quantity Reference
(accept no.) | paragraph
Method |Condition
1 Physical 2016 5 (0) 30.2.5.4.1.1
dimension
visual 2032 30.2.5.4.1.2
inspection
Electrical 30.2.5.64.1.3
2 Conductor 3 (0 30.2.5.4.2.1
thickness or 30.2.5.4.2.2
conductor
resistivity
Film adhesion 30.2.5.4.2.3
Solderability 30.2.5.4.2.4
3 Temperature 2 (0) 30.2.5.4.3.1
. coefficlient of
resistance
Wire bond 2011 10 wires (0)]30.2.5.4.3.2
evaluation 30 wires (1)
Die shear 2019 2 (0) 30.2.5.4.3.3
evaluation

30.2.5.4.1.3 Electrical. Substrates shall be electrically tested at 25°C for the following
charscteristics (minimm). Requirements shall be as specified in the applicable substrate detail
specification.

a. Resistors: DC resistance.

b. Capacitors: Capacitance. If specified in the applicable substrate detail specification, test for
dielectric withstanding voltage, insulation resistance, and dissipation factor.

c. For multilayered substrates, continuity and isolation testing shall be performed to verify the
fnterconnection of conductors as specified in the applicable substrate detail specification.

30.2.5.4.2 Subgroup 2. A minimum of three samples that have been subjected to, and passed, subgroup 1
testing shall be submitted to subgroup 2 testing.

30.2.5.4.2.1 Conductor thickness. Measure conductor thickness in accordance with the applicable
substrate detail specification. Conductor thickness shall meet the requirements specified in the applicable
substrate detail specification.
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30.2.5.4.2.2 Conductor resistivity. Measure conductor resistivity in accordance with the applicable
substrate detail specification. Conductor resistivity shall meet the requirements specified in the
applicable substrate detail specificati

On
C3LLIC S elrealec ¢¢ sSpect cation,

30.2.5.4.2.3 Film adhesion. Perform film adhesion testing in accordance with MIL-STD-977, method 4500.
The substrate and tape shall show no evidence of peeling or flsking of metallization.

30.2.5.4.2.4 Solderability. Ffor solderable substrates ly, perform solderability testing if specified
in the applicable substrate detail specification in accordance with the applicable substrate detail
specification.

minimun of two samples that have been subjected to, and passed, subgroup 1
o subgroup 3 testing.

Al
(7]
-

e

he applicable detail

tore in accordance u
LCrS 1h scoorcance ¥
mon

e detail specification

3.1 Temperature coefficient of resistance (TCR): Wh

{on, oerform temnearature coefficient of resistance (7
i

it
1t

S, PRl ISTERTaiuwre COSTTitiTnt OF 78S iSarke

’
2, method 304. TCR shall meet the requirements spec
ilm type: Test as a minimun, two resistors from each r t
One from the smalliest and one from the largest area resistors at -55°C, and
reference reading at +25°C, or temperatures as specified in the substrate detail spec

b. Thin film type: Test as a minimum, the highest value resistor at +125°C using a reference reading
at +25°C or temperatures as specified in the substrate detail specification.

1f gpecified in the apolicable detail specification, TCR tracking testing shall be performed. TCR

trnckmg shall meet the requirements specufved in the applicable substrate detail spectfucatlon.

2.2 uire bond strength tecting, For uire bondable substrates
Dong stf test for wire poncable substrates,

per
accordance with MIL-STD-883, method 2011. The sample shall include at least 2 substrates and 10
res minimum.

rform uire bond strength

For gold metallized class S substrates that at the hybrid level are intended to contain aluminum wire bonds,
aluminum wires shall be placed 8s specified in the detail specification and these wire bond samples shall be

baked for i hour at +300°C in either an air or inert atmosphere prior to the performance of wire bond
strength testing.

a. At least 10 tnres, consisti

An avial
el SleG L TRalae

b. The substrate metallization shall be ac ptable if no failure occurs. If only 1 wire bond fails, a
gecond sample of a minimum of 20 wires shall be prepared using the same wire type/size and the same
type equipment as the failed bond. [f the second sample contains one or more failures, or if more
than one failure occurs in the first sample, then the substrate inspection lot shall be rejected.

c. The substrate inspection lot may be resubmitted to evaluation if the failure(s) was not due to
defective substrate metallization.

30.2.5.4.3.3 Die shear s'reﬁ-th testing. Perform shear strength testing in accordance with MIL-STD-883,
method 2019. At least two dice per substrate shall be attached and tested for each die attachment method,

as specified in the applicable stbstrate detail specification. If s failure occurs at less than the
specified force and is not due to defective substrate materials, the lot shall be resubmitted to die shear
evaluation and the failure mode documented
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30.2.6 Evalustion of crystals. The manufacturer shall document a crystal evaluation program plan as part
of the product assurance program as specified in 3.2.1.2.1. The plan shall define the acceptance criteria
used to evaluate crystals at the following stages as a minimum:

a. The crystal as a blank prior to metallization, or as part of receiving inspection.
b. At a post metallization and pre-mount stage.

30.3 Control of critical process and procedure (process control). The indicated process shall be
controlled in accordance with table XIV and 30.3.1.

TABLE X1V, Process control summary.
Operation MIL-STD-883 method Paragraph
Method] C ition
Wire bonding 2011 30.3.1
2023

30.3.1 VWire bonding.

1.1 General. A process machine/operator evaluation shall be performed:

8. When a machine is put into operation. In addition for cisss S, an evaiuation shail be performed
when the machine is taken out of operation, unless an evaluation was performed within the last
hour.

c. When the operator is changed.
d. When any machine part or an adjustment has been made.
e. Wwhen the spooi of wire is changed.

f. When 8 new oscillator device is started. (Unless the machine was evaluated using test samples that
also simulate the new oscillator device.)

30.3.1.2 lest samples. Test samples that simulate the production oscillator may be destructively
evaluated in lieu of the product.

30.3.1.3 Process machines. Process machines not meeting the evaluation requirements shall not be used.
30.3.9.4 Corrective action of process machine. A process machine may be returned to operation only after
appropriate corrective action has been implemented and the machine has been evaluated and passed testing in

accordance with table XIV as required.

30.3.1.5 Data record. A data record shall be maintained and identifiable to each machine, operator,
shift, and date of test.

Tn Y & « 102 e hmmad o et amm
30.3.1.6 Wire bonding. Wire bond strength testing shall be performed as follous.
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.6.1 Process machine/operator evaluation. A minimum sample of 10 wires total from 3 devices shall

be destructively puil tested in accordance with MIL-STD-883, method 2011, for ciass B.

a.

N 1

PVt T

shatl be nondestructively tested in accordance with MIL-STD-883, me

The sample shall consist of bonds to elements typical of oscillator assembly operation for class B.
For class S, a sample of 15 wires minimum from 3 devices shall be pulled on each sample and shall

inslisvia ae a minimen Ana uira aacrh fram a tuniral trancictar dHdinda rsanarnitan amd racictarn ~hi
INCIUGE 85 @ MINIMM ONe WiIre €aCn Trow & typical ransisior, GioGe, CapaCitor, and resisior onip

and 5 wires from a header to substraste, as applicable. 1f more than one wire size or type is
present at least & samples of each size and type shall be tested and pull strength data shall be

read BTK) IECOFUW

Evaluation results are acceptable if no failure occurs below the present value given in table 1 of

WIL-STD-883, method 20ii. If any of the sampie wires faii, the bonder shail be deactivated and
corrective nction taken. When a new sample has been prepared, tested, and passed this procedure,

act cparea, L1eslied, ald Dassed Inis oceau

the machine/operator has been certlfled or recert\fled, it can be returned to productlon.

7 1ot camnle hand ctranath From sarh uire handina Lot
eac oong [Red¢

v LUV Siglls aRNWS Sy Ciigiiie v LLEE AR

wire bonding rejects shall not be excluded from this sample,

b.

A wire bonding lot consist of oscillators that are consecutively bonded using the same set-up and
wire, by one machine/operator during the same period not to exceed & hours.

In each sample oscillator, at least 15 wires shall be tested including 1 wire from each type of
transistor, diode, capacitor, and resistor chips, 3 wires from each type of integrated circuit, and
S wires connecting package ieads, as appiicabie. if there are iess than i5 wires in the
oscillator, all wires shall be tested. Sm(e oscillators shatl be lnsngcted for lifted wires,

Lifted mres shall be counted ss nondestructwe pull test failures.

\

bonding lot shall be accentsbhle
< 141

SONCING 181 saall o 8¢ L3

e f ail
of two oscillators shatl be selected and 100
t i
£ 1

no §
ne T

sample contains no faitlures, the wire bonding lo
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N asl
CUOnita i l!lkul:\’l' Uy Wi T \Illl’l e -He/uunu Tar

machine/operator shall be removed from operation.

cceptable. If the second sample
L -
1

The faiiures shail be investigated and appropriate corrective action shaii be impiemented. The
machine/operator shall be recertified in accordance with 30.3.1.6.1 before being returned to
operation. All oscillators bonded since the previous certification (lot sample bond strength test)
shall be subjected to 100 percent nondestructive bond strength testing.
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PROCEDURE FOR QUALIFICATION INSPECTION

10. SCOPE

10.1 Statement of scope. This appendix contains the details of the quality assurance program which

serves as the basis for qualification. This appendix is a mandatory part of the specification. The
information contained herein is intended for compliance only.

20. APPLICABLE DOCUMENTS. This section is not applicable to this appendix.

30.1.1 Single-type submission. A sample consisting of eight sample units of the specific crystal
oscillator for which qualification is sought shall be submitted. For hybrid construction oscillators, an
additional three samples (or five samples, see table 1V) shall be submitted for qualification in order to
perform the internal water vapor content test. Alternatively, the msnufscturer may use samples which have

previously been subjected to other qualification inspections for internal water vapor content testing.

30.1.2 Combined-type submission. To obtain qualification for the frequency and temperature range for an
individual specification sheet for which qualification is sought, samptes for testing shall be selected on
the following basis:

a. Four sample units at the lowest frequency, widest operating temperature renge and most stringent
temperature stability over that temperature range for which qualification is sought shall be
submitted.

o

four sample units of the highest frequency, widest operating temperature range and most stringent
temperature stability over that temperature range for which qualification is sought shall be
submitted. For hybrid construction oscillators, an additional three samples (or five samples, see
table 1V) shatl be submitted for qualification in order to perform the internal water vapor content
test. Alternatively, the manufacturer may use samples which have previously been subjected to
other qualification inspections for internal water vapor content testing.

30.1.3 Information to be submitted to _the gualifying activity. The following information along with that
required by 6.4 shall be submitted to the qualifying activity.

a. A program outlining compliance with this appendix.
b. A list of all PINs for which qualification is desired.
c. brawings covering the design of these items, including the components and materials used.

d. A sample of the in-process inspections performed for each device type for which qualification is
requested.

e. Test results demonstrating that at least eight oscillators of the type for which qualification is
requested have met the requirements of the applicable screening tests of table 1! or table 11] and
the qualification inspection requirements of table 1V.

on the QPL shall be granted after approval of the information
z
-

1.4 Lis
tted by
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e
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40. EXTENSION OF QUALIFICATION

40.1 Extent of qualification. Extent of qualification shall be restricted to the individual
specification sheet unless otherwise specified herein. Qualification of one crystal oscillator may be the
basis for qualification of another crystal oscillator within the original frequency range and as indicated

in tables XV, XVI, and XVII.

TABLE XV. Extent of quslification of product assurance level
Qualification of Will qualify
product assurance level product assurance level
B 8
S _8,$

TABLE XVI. Extent of qualification for temperature range.

Qualification of Will qualify
temperature range 1/ temperature range
A A, B,C D, E
8 B, C, 0, ¢
[ c
D c, 0, E
E ¢, E

1/ S level qualification samples, which have been
final-frequency tested over both the A and B temperature
ranges, will qualify level 8 to the A temperature range.

TABLE XVIl. Extent of gualification by specification sheet.

Qualification of Witt qualify
specification sheet specification range
MIL-0-55310/11 MIL-0-55310/11, /15, and /18
MIL-0-55310/15 "
MIL-0-55310/18 "
MIL-0-55310/8 MIL-0-55310/8, /14, /16, and /17
MIL-0-55310/14 w
MIL-0-55310/16 "
MIL-0-55310/17 "
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4.8.12 39
6.3.23 64
frequency-temperature stabi 3.6.10 15
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4£.8.14 41
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Functional reguirements 5.64.3.1 61
Fungus 3.6.54 21
4.8.55 5¢
General 30.2.1 80
30.3.1.1 87
5.4 60
General rework provisions 3.2.1.2.4.1 S
Government documents 2.1 2
Group A inspection 4.7.1.2 30
TABLE V n
Groun B inspection 6.7.1.3 32
Group C inspection 4.7.2.1 32
TABLE VII 34
Groups A and B, zero defect sampling plan TABLE VI 3
Harmonic and subharmonic distortion 3.6.23 17
4£.8.24 46
6.3.35 65
Harmonic and subharmonic distortion measurements FIGURE 10 Ip]
Hermetic seal 3.6.1.2 13
4.8.2.2 33
Hermetically sealed oscill 5.1.1.6. 59
High vacuum seal 6.3.11 63
High vacuum seal (types 4 and 6) 3.6.1.3 13
4.8.2.3 35
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5.2.4.2 60
Level C 5.1.2 60
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Overvoltage survivability 3.6.3 14

4.8.4 35
Package 3.5.1 8
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Package body finish 3.5.4.4 1"
Packaged integrated circuits 3.5.7.4 13
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Packaged semiconductor devices 3.5.7.3 12
PACKAGING S. 59
Packaging inspection 5.4.2 61
Packaging requirements 6.1.2 41
Packing 5.2 60
Performance 3.6 13
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Phase angle modulation (deterministic process) 6.3.27.2 &
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4.8.17.3 41
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Precedence 30.1.1 80
Precision of measurement 4£.3.10 24
Preservation 5.1 59
Preservation application 5.1.1.3 59
Printed wiring 3.5.8 13
PROCEDURE 30. 79
Process control summary TABLE X1V 87
Process machine/operator evaluation 30.3.1.6.1 88
Process machines 30.3.1.3 87
Product assurance level 1.2.1.9 1
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