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FOREWORD

1. This standard is approved for use by all Departments and Agencies of the Department of Defense.

2. Comment, suggestions, or questions on this document should be addressed to: Commander, Defense Logistics Agency,
ATTN: DLA Land and Maritime - VA, P.O. Box 3990, Columbus, OH 43218-3990, or by email to STD883@dla.mil.
Since contact information can change, you may want to verify the currency of this address information using the
ASSIST Online database at: http://quicksearch.dla.mil/.

SUMMARY OF CHANGE 1 MODIFICATIONS

1. Method 1018, Internal gas analysis. This method has been completely rewritten.
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TEST METHODS

ENVIRONMENTAL TESTS

Barometric pressure, reduced (altitude operation)
Immersion

Insulation resistance

Moisture resistance

Steady state life

Intermittent life

Agree life

Stabilization bake

Salt atmosphere (corrosion)

Temperature cycling

Thermal shock

Thermal characteristics

Dew point

Seal

Burn-in test

Life/reliability characterization tests

Neutron irradiation

Internal gas analysis

lonizing radiation (total dose) test procedure
Dose rate induced latchup test procedure
Dose rate upset testing of digital microcircuits
Mosfet threshold voltage

Dose rate response of linear microcircuits
Preseal burn-in

Thin film corrosion test

Package induced soft error test procedure (due to alpha particles)
Endurance life test

Die penetrant test (for plastic devices)

MECHANICAL TESTS

Constant acceleration

Mechanical shock

Solderability

Lead integrity

Vibration fatigue

Vibration noise

Vibration, variable frequency

Visual and mechanical

External visual

Internal visual (monolithic)

Bond strength (destructive bond pull test)
Radiography

Internal visual inspection for DPA
Internal visual and mechanical
Resistance to solvents

Physical dimensions

Internal visual (hybrid)

Scanning electron microscope (SEM) inspection of metallization
Die shear strength

Particle impact noise detection test
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TEST METHODS
MECHANICAL TESTS

Glassivation layer integrity

Wetting balance solderability

Nondestructive bond pull

Lid torque for glass-frit-sealed packages

Adhesion of lead finish

Random vibration

Substrate attach strength

Pin grid package destructive lead pull test

Ceramic chip carrier bond strength

Ultrasonic inspection of die attach

Flip chip pull-off test

Visual inspection of passive elements

Ultrasonic inspection of TAB bonds

Resistance to soldering heat

X-Ray Fluorescence (XRF) Scan for Tin (Sn)-Lead (Pb) Content Analysis
Solder Column Package Destructive Lead Pull Test

ELECTRICAL TESTS (DIGITAL)

Drive source, dynamic

Load conditions

Delay measurements

Transition time measurements

Power supply current

High level output voltage

Low level output voltage

Breakdown voltage, input or output

Input current, low level

Input current, high level

Output short circuit current

Terminal capacitance

Noise margin measurements for digital microelectronic devices
Functional testing

Electrostatic discharge sensitivity classification

Activation time verification

Microelectronics package digital signal transmission

Crosstalk measurements for digital microelectronic device packages
Ground and power supply impedance measurements for digital microelectronics device packages
High impedance (off-state) low-level output leakage current

High impedance (off-state) high-level output leakage current

Input clamp voltage

Static latch-up measurements for digital CMOS microelectronic devices
Simultaneous switching noise measurements for digital microelectronic devices

ELECTRICAL TESTS (LINEAR)

Input offset voltage and current and bias current
Phase margin and slew rate measurements
Common mode input voltage range

Common mode rejection ratio

Supply voltage rejection ratio

Open loop performance

Output performance

Power gain and noise figure

Automatic gain control range
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TEST METHODS

METHOD NO. TEST PROCEDURES
5001 Parameter mean value control
5002.1 Parameter distribution control
5003 Failure analysis procedures for microcircuits
5004.13 Screening procedures
5005.17 Qualification and quality conformance procedures
5006 Limit testing
5007.8 Wafer lot acceptance
5008.9 Test procedures for hybrid and multichip microcircuits
5009.1 Destructive physical analysis
5010.4 Test procedures for custom monolithic microcircuits
5011.6 Evaluation and acceptance procedures for polymeric adhesives.
5012.1 Fault coverage measurement for digital microcircuits.
5013.1 Wafer fabrication control and wafer acceptance procedures for processed GaAs wafers
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1. SCOPE

1.1 Purpose. This standard establishes uniform methods, controls, and procedures for testing microelectronic devices
suitable for use within Military and Aerospace electronic systems including basic environmental tests to determine
resistance to deleterious effects of natural elements and conditions surrounding military and space operations; mechanical
and electrical tests; workmanship and training procedures; and such other controls and constraints as have been deemed
necessary to ensure a uniform level of quality and reliability suitable to the intended applications of those devices. For the
purpose of this standard, the term "devices" includes such items as monolithic, multichip, film and hybrid microcircuits,
microcircuit arrays, and the elements from which the circuits and arrays are formed. This standard is intended to apply only
to microelectronic devices. The test methods, controls, and procedures described herein have been prepared to serve
several purposes:

a. To specify suitable conditions obtainable in the laboratory and at the device level which give test results equivalent
to the actual service conditions existing in the field, and to obtain reproducibility of the results of tests. The tests
described herein are not to be interpreted as an exact and conclusive representation of actual service operation in
any one geographic or outer space location, since it is known that the only true test for operation in a specific
application and location is an actual service test under the same conditions.

b. To describe in one standard all of the test methods of a similar character which now appear in the various
joint-services and NASA microelectronic device specifications, so that these methods may be kept uniform and thus
result in conservation of equipment, manhours, and testing facilities. In achieving this objective, it is necessary to
make each of the general tests adaptable to a broad range of devices.

c. To provide for a level of uniformity of physical, electrical and environmental testing; manufacturing controls and
workmanship; and materials to ensure consistent quality and reliability among all devices screened in accordance
with this standard.

1.2 Intended use of or reference to MIL-STD-883. When this document is referenced or used in conjunction with the
processing and testing of JAN devices in conformance with the requirements of appendix A of
MIL-PRF-38535, QML devices in conformance with MIL-PRF-38535 or non-JAN devices in accordance with 1.2.1 or 1.2.2
herein, such processing and testing is required to be in full conformance with all the applicable general requirements and
those of the specifically referenced test methods and procedures.

For contracts negotiated prior to 31 December 1984, device types that have been classified as manufacturer's 883 (B or S)
product prior to 31 December 1984 are not required to meet 1.2.1 or 1.2.2.

Existing contracts as of the 31 December 1984, previously negotiated add-ons to these contracts, and future spares for
these contracts may continue to use device types which were classified as manufacturer's 883
(B or S) prior to 31 December 1984.

New contracts, and any device types classified as compliant to MIL-STD-883 after 31 December 1984 are required to
comply with 1.2.1. Any devices meeting only the provisions of 1.2.2 are noncompliant to MIL-STD-883.
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1.2.1 Provisions for the use of MIL-STD-883 in conjunction with compliant non-JAN devices. When any manufacturer,
contractor, subcontractor, or original equipment manufacturer requires or claims a non-JAN part compliant with
MIL-STD-883, all provisions of Appendix A of MIL-PRF-38535 are required to be met. In addition, manufacturers that have
produced or are producing products in accordance with 1.2.1a are subject to a Government compliance validation audit on a
drop-in basis with a minimum of notice. Such processing and testing are required to be in compliance with all of the
applicable general controls and requirements defined herein and those of the specifically referenced test methods and
procedures with no reinterpretations, deviations or omissions except as specifically allowed in the device specification or
standard microcircuit drawing covering the same generic device. Deviations specifically granted in the device specification
or standard microcircuit drawing may also be applied to devices manufactured in the same process, to the same design
criteria, and using elements of the same microcircuit group as those used for devices covered by the device specification or
standard microcircuit drawing. Such reference include the following:

Manufacturers who use MIL-STD-883 in device marking, or make statements in applicable certificates of
conformance that parts are compliant with MIL-STD-883, or make statements in advertisements or in published
brochures or other marketing documents that parts provided are compliant with MIL-STD-883.

Contractors, sub-contractors, or original equipment manufacturers who prepare vendor item drawings,
(previously called Specification Control drawings), or Selected Iltem drawings which require compliance with
MIL-STD-883, or invoke it in its entirety as the applicable standard (see 1.2.2 for noncompliant devices).

a. Custom monolithic, non-JAN multichip and all other non-JAN microcircuits except non-JAN hybrids described or
implied to be compliant with methods 5004 and 5005 or 5010 of MIL-STD-883 are required to meet all of the non-
JAN requirements of Appendix A of MIL-PRF-38535.

b.  Hybrid microcircuits described as compliant or multichip microcircuits described as compliant to MIL-PRF-38534
are required to meet all the requirements of MIL-PRF-38534 (or equivalent procedures/ requirements of reciprocal
listing provisions for product of other nations based on existing international agreements):

1.2.2 Provisions for the use of MIL-STD-883 in conjunction with non-compliant non -JAN devices. Any device that is
processed with deviations and which is not processed in compliance with the provisions of 1.2.1 defined herein cannot be
claimed to be compliant and cannot be marked "/883", "/883B", "/883S", or any variant thereof. All applicable documentation
(including device specifications or manufacturer's data sheets and responses to RFQ's invoking MIL-STD-883) are required
to clearly and specifically define any and all areas of nonconformance and identify them as deviations in language that is not
subject to misinterpretation by the acquiring authority.

If the contract or order specifically requires compliance with, equivalence to, or a product that is equal to or better than
MIL-STD-883 class B or class S, any exceptions taken to the requirements of the referenced quality level (i.e., 1.2.1 above)
prohibit the manufacturer from claiming or implying equivalence to that level.

Specific reference to one or more MIL-STD-883 method(s) on a stand-alone basis requires compliance to only the
specifically referenced method(s). Such devices are not considered compliant in accordance with 1.2.1 above. However,
compliance with only the test procedures contained in test methods 5004, 5005, and 5010 on a stand-alone basis (without
specifying compliance or noncompliance to 1.2.1) does not satisfy the requirement for form, fit, and function defined in MIL-
PRF-38535 for configuration items, and any reference to these methods on a stand alone basis requires compliance to all
the provisions of 1.2.1.
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2. APPLICABLE DOCUMENTS

2.1 General. The documents listed in this section are specified in sections 3, 4, and 5 of this standard. This section does
not include documents cited in other sections of this standard or recommended for additional information or as examples.
While every effort has been made to ensure the completeness of this list, document users are cautioned that they must meet
all specified requirements documents cited in sections 3, 4, and 5 of this standard, whether or not they are listed.

2.2 Government documents.

2.2.1 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 these documents are those cited in
the solicitation or contract.

DEPARTMENT OF DEFENSE SPECIFICATIONS

MIL-PRF-680 - Degreasing Solvent, Performance Specification For.

MIL-PRF-19500 - Semiconductor Devices, General Specification For.

MIL-PRF-38534 - Hybrid Microcircuits, General Specification For.

MIL-PRF-38535 - Integrated Circuits (Microcircuits) Manufacturing, General Specification For.

DEPARTMENT OF DEFENSE STANDARDS

MIL-STD-202 - Electronic and Electrical Component Parts.
MIL-STD-750 Test Methods for Semiconductor Devices.

MIL-STD-1686 - Electrostatic Discharge Control Program for Protection of Electrical and Electronic
Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices).

MIL-STD-1835 - Electronic Component Case Outlines.

MIL-STD-1916 - DOD Preferred Methods for Acceptance of Product.

DEPARTMENT OF DEFENSE HANDBOOKS

MIL-HDBK-217 - Reliability Prediction of Electronic Equipment.
MIL-HDBK-505 - Definitions of Item Levels, ltem Exchangeability, Models, and Related Terms.
MIL-HDBK-781 - Reliability Test Methods, Plans, and Environments for Engineering, Development
Qualification, and Production .
MIL-HDBK-1331 - Parameters to be Controlled for the Specification of Microcircuits.
FEDERAL STANDARDS
FED-STD-595/15102 - 15123 -  Blue, Gloss
FED-STD-595/25102 - 25109 -  Blue, Semi-gloss

OTHER GOVERNMENT DOCUMENTS, DRAWINGS, AND PUBLICATIONS
QPD-38535 - Qualified Products Database.
COMMERCIAL ITEM DESCRIPTIONS

A-A-58092 - Tape, Antiseize, Polytetrafluorethylene.

(Copies of these documents are available online at http://quicksearch.dla.mil or from the Standardization Documents
Order Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)
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2.3 Non-Government publications. The following documents form a part of this document to the extent specified herein.
Unless otherwise specified, the issues of these documents are those cited in the solicitation or contract.

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) STANDARDS

ISO 14644-1 - Cleanrooms and Associated Controlled Environments — Part 1: Classification of Air
Cleanliness.
ISO 14644-2 - Cleanrooms and Associated Controlled Environments — Part 2: Specifications for

Testing and Monitoring to Prove Continued Compliance with ISO 14644-1.
ISO/ASTM 51275 - Standard Practice for Use of a Radiochromic Film Dosimetry System.

(Copies of these documents are available online at http://www.iso.org or from International Organization for
Standardization (ISO), 1, ch. de la Voie-Creuse Case Postale 56, CH-1211 Geneva 20, Switzerland.)

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI/NCSL Zz540.3 - Requirements for the Calibration of Measuring and Test Equipment,
General Requirements.

(Copies of these documents are available online at http://ansi.org or from the American National Standards International,
25 West 43RP Street, 4™ Floor, New York, NY 10036.)

IPC - ASSOCIATION CONNECTING ELECTRONICS INDUSTRIES (IPC)

IPC J-STD-004 - Requirements for Soldering Fluxes.

IPC J-STD-005 - Requirements for Soldering Pastes.

IPC J-STD-006 - Requirements for Electronic Grade Solder Alloys and Fluxed and Non-fluxed Solid
Solders for Electronic Soldering Applications.

IPC J-STD-033 - Handling, Packing, Shipping and Use of Moisture/Reflow Sensitive Surface Mount
Devices.

IPC-T-50 - Terms and Definitions for Interconnecting and Packaging Electronic Circuits.

(Copies of these documents are available online at http://www.ipc.org or from the IPC-Association Connecting Electronic
Industries, 3000 Lakeside Drive, 105 N, Bannockburn, IL 60015.)

JEDEC SOLID STATE TECHNOLOGY ASSOCIATION (JEDEC).

JEDEC JESD22-B116 - Wire Bond Shear Test

JEDEC JESD78 - IC Latch-up Test.

JEDEC JESD213 - Common Test Method for Detection Component Surface Finish Material.
JEDEC Standard 12 - Standard for Gate Array Benchmark Set

JEDEC Standard 12-1 - Terms and Definitions for Gate Array Benchmark Set.

JEDEC Standard 12-2 - Standard for Cell-Based Integrated Circuit Benchmark Set.

JEDEC Standard 12-3 - CMOS Gate Array Macrocell Standard.

(Copies of these documents are available online at http://www.jedec.org or from JEDEC Solid State Technology
Association, 33103 North 10%" Street, Suite 240 S, Arlington, VA 22201.)
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NATIONAL COUNCIL ON RADIAATION PROTECTION AND MEASUREMENT

Protection Against Radiation from Brachytherapy Sources
Medical X-ray, Electron Beam and Gamma Ray Protection

Report Number 40 -
Report Number 102 -

(Copies of these documents are available online at http://www.NCRPPublications.org or from National Council on
Radiation Protection and Measurement, 7910 Woodmont Avenue, Suite 400, Bethesda, MD 20814-3095.)

TECHSTREET THOMPSON REUTERS
TechAmerica EIA-557 - Statistical Process Control Systems.

(Copies of these documents are available online at http://www.techstreet.com or from Techstreet Thompson Reuters,
3916 Ranchero Drive, Ann Arbor, Ml 48108.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM C 177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded Hot-Plate Apparatus.

ASTM C 518 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Heat Flow Meter Apparatus.

ASTM D 150 - Standard Test Methods for A-C Loss Characteristics and Permittivity (Dielectric
Constant) of Solid Electrical Insulating Materials.

ASTM D 257 - Standard Test Methods for D-C Resistance or Conductance of Insulating Materials.

ASTM D 877 - Standard Test Methods for Dielectric Breakdown Voltage of Insulating Liquids Using
Disk Electrodes.

ASTM D 971 - Interfacial Tension of Oil Against Water by the Ring Method.

ASTM D 1002 - Standard Test Method for Strength Properties of Adhesives in Shear by Tension Loading
(Metal-to-Metal).

ASTM D 1120 - Engine Coolant, Boiling Point of.

ASTM D 1331 - Standard Test Methods for Surface and Interfacial Tension of Solutions of Surface-
Active Agents.

ASTM D-2109 - Standard Test Methods for Nonvolatile Matter in Halogenated Organic Solvents and their
Admixtures.

ASTM D 3574 - Materials, Flexible Cellular-Slab, Bonded, and Molded Uretane Foam.

ASTM D 3850 - Rapid Thermal Degradation of Solid Electrical Insulating Materials by Thermogravimetric
Method, Test Method for.

ASTM E 263 - Standard Test Method for Measuring Fast-Neutron Reaction Rates by Radioactivation of
Iron.

ASTM E 264 - Standard Test Method for Measuring Fast-Neutron Reaction Rates by Radioactivation of
Nickel.

ASTM E 265 - Standard Test Method for Measuring Reaction Rates and Fast-Neutron Fluences by
Radioactivation of Sulfur-32.

ASTM E 666 - Standard Practice for Calculating Absorbed Dose from Gamma or X-Radiation.

ASTM E 668 - Standard Practice for Application of Thermoluminescence-Dosimetry (TLD) Systems for
Determining Absorbed Dose on Radiation Hardness Testing of Electronic Devices.

ASTM E 720 - Standard Guide for Selection and Use of Neutron Sensors for Determining Neutron
Spectra Employed in Radiation-Hardness Testing of Electronics.

ASTM E 721 - Standard Method for Determining Neutron Energy Spectra with Neutron-Activation Foils
for Radiation-Hardness Testing of Electronics.

ASTM E 722 - Standard Practice for Characterizing Neutron Energy Fluence Spectra in Terms of an
equivalent Monoenergetic Neutron Fluence for Radiation-Hardness Testing of
Electronics.

ASTM E 801 - Standard Practice for Controlling Quality of Radiological Examination of Electronic Devices.

ASTM E 831 - Standard Test Method for Linear Thermal Expansion of Solid Materials by
Thermomechanical Analysis

ASTM E 1249 - Minimizing Dosimetry Errors in Radiation Hardness Testing of Silicon Electronic Devices.

ASTM E 1250 - Standard Method for Application of lonization Chambers to Assess the Low Energy

Gamma Component of Cobalt 60 Irradiators Used in Radiation Hardness Testing of
Silicon Electronic Devices.

5



ASTM E 2450

ASTM F 458
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ASTM F 1892
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Standard Practice for Application of CaF2(Mn) Thermoluminescence Dosimeters in Mixed
Neutron-Photon Environments.

Standard Practice for Nondestructive Pull Testing of Wire Bonds.

Standard Test Methods for Measuring Pull Strength of Microelectronic Wire Bonds.
Standard Test Method for Measuring Dose for Use in Linear Accelerator Pulsed
Radiation Effects Tests.

Standard Guide for the Measurement of Single Event Phenomena (SEP).

Standard Guide for lonizing Radiation (Total Dose) Effects Testing of Semiconductor
Devices.

(Copies of these documents are available online at http://www.astm.org or from the American Society for Testing and
Materials, P O Box C700, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)

(Non-Government 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.)

2.4 Order of precedence. Unless otherwise noted herein or in the contract, in the event of a conflict between the text of

this document and the references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.
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3. ABBREVIATIONS, SYMBOLS, AND DEFINITIONS

3.1 Abbreviations, symbols, and definitions. For the purpose of this standard, the abbreviations, symbols, and definitions
specified in MIL-PRF-19500, MIL-PRF-38535, or MIL-HDBK-505 apply. The following definitions also apply:

3.1.1 Microelectronic device. A microcircuit, microcircuit module, or an element of a microcircuit as defined in appendix A
of MIL-PRF-38535. For the purposes of this document, each type of microelectronic device will be identified by a unique
type, or drawing number.

3.1.2 Mode of failure. The cause for rejection of any failed device or microcircuit as defined in terms of the specific
electrical or physical requirement which it failed to meet (i.e., no failure analysis is required to identify the mode of failure,
which should be obvious from the rejection criteria of the test method).

3.1.3 Mechanism of failure. The original defect which initiated the microcircuit or device failure or the physical process by
which the degradation proceeded to the point of failure, identifying quality defects, internal, structural, or electrical weakness
and, where applicable, the nature of externally applied stresses which led to failure.

3.1.4 Absolute maximum ratings. The values specified for ratings, maximum ratings, or absolute maximum ratings are
based on the "absolute system" and are not to be exceeded under any measurable or known service or conditions. In
testing microelectronic devices, limits may be exceeded in determining device performance or lot quality, provided the test
has been determined to be nondestructive and precautions are taken to limit device breakdown and avoid conditions that
could cause permanent degradation. These ratings are limiting values beyond which the serviceability of any individual
microelectronic integrated circuit may be impaired. It follows that a combination of all the absolute maximum ratings cannot
normally be attained simultaneously. Combinations of certain ratings are permissible only if no single maximum rating is
exceeded under any service condition. Unless otherwise specified, the voltage, current, and power ratings are based on
continuous dc power conditions at free air ambient temperature of 25°C +3°C. For pulsed or other conditions of operation of
a similar nature, the current, voltage, and power dissipation ratings are a function of time and duty cycle. In order not to
exceed absolute ratings, the equipment designer has the responsibility of determining an average design value, for each
rating, below the absolute value of that rating by a safety factor, so that the absolute values will never be exceeded under
any usual conditions of supply-voltage variations, load variations, or manufacturing variations in the equipment itself.

The values specified for "Testing Ratings" (methods 1005, 1008, 1015, 5004, and 5005) are intended to apply only to
short-term, stress-accelerated storage, burn-in, and life tests and should not be used as basis for equipment design.
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3.1.5 Worst case condition. Worst case condition(s) consists of the simultaneous application of the most adverse (in
terms of required function of the device) values (within the stated operating ranges) of bias(es), signal input(s), loading and
environment to the device under test. Worst cases for different parameters may be different. If all the applied test
conditions are not established at the most adverse values, the term "partial worst case condition" should be used to
differentiate and should be accompanied by identification of the departure from worst case. For example, the lowest values
of supply voltages, signal input levels, and ambient temperature and the highest value of loading may constitute "worst case
conditions" for measurement of the output voltage of a gate. Use of the most adverse values of applied electrical conditions,
at room temperature, would then constitute "partial worst case conditions" and should be so identified using a postscript "at
room temperature."

3.1.5.1 Accelerated test condition. Accelerated test conditions are defined as test conditions using one or more applied
stress levels which exceed the maximum rated operating or storage stress levels but are less than or equal to the "Testing
Rating" values.

3.1.6 Static parameters. Static parameters are defined as dc voltages, dc currents, or ratios of dc voltages or dc currents,
or both.

3.1.7 Dynamic parameters. Dynamic parameters are defined as those which are rms or time-varying values of voltages
or currents, or ratios of rms or time-varying values of voltages or currents, or both.

3.1.8 Switching parameters. Switching parameters are defined as those which are associated with the transition of the
output from one level to another or the response to a step input.

3.1.9 Functional tests. Functional tests are defined as those go, no-go tests which sequentially exercise a function (truth)
table or in which the device is operated as part of an external circuit and total circuit operation is tested.

3.1.10 Acaquiring activity. The acquiring activity is the organizational element of the Government which contracts for
articles, supplies, or services; or it may be a contractor or subcontractor when the organizational element of the Government
has given specific written authorization to such contractor or subcontractor to serve as agent of the acquiring activity. A
contractor or subcontractor serving as agent of the acquiring activity does not have the authority to grant waivers, deviations,
or exceptions unless specific written authorization to do so has also been given by the Government organization.

3.1.11 Accuracy. The quality of freedom from error. Accuracy is determined or assured by calibration, or reliance upon
calibrated items.

3.1.12 Calibration. Comparison of measurement standard or instrument of known accuracy with another standard,
instrument or device to detect, correlate, report or eliminate by adjustment, any variation in the accuracy of the item being
compared. Use of calibrated items provide the basis for value traceability of product technical specifications to national
standard values. Calibration is an activity related to measurement and test equipment performed in accordance with
ANSI/NCSL Z540.3 or equivalent.
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3.1.13 Precision. The degree to which an instrument, device, assemblage, test, measurement or process exhibits
repeatability. Expressed statistically or through various techniques of Statistical Process Control (SPC). Term is used
interchangeably with "repeatability”.

3.1.14 Resolution. The smallest unit of readability or indication of known value in an instrument, device or assemblage
thereof.

3.1.15 Standard reference material (SRM). A device or artifact recognized and listed by the National Institute of
Standards and Technology (NIST) as having known stability and characterization. SRM's used in product testing provide
traceability for technical specifications. SRM's do not require calibration when used and stored in accordance with NIST
accompanying instructions. They are used as "certified materials".

3.1.16 Tolerance. A documented range over which a specified value may vary.

3.1.17 Test accuracy ratio (TAR). A ratio of the tolerance of the device under test to the accuracy of the related
measuring or test instrument or to the accuracy of the correlation device/SRM.

3.1.18 Uncertainty. An expression of the combined errors in a test measurement process. Stated as a range within
which the subject quantity is expected to lie. Comprised of many components including: estimates of statistical distribution
and results of measurement or engineering analysis. Uncertainty established with a suitable degree of confidence, may be
used in assuring or determining product conformance and technical specifications.

3.1.19 Susceptibility. The point at which a device fails to meet the postirradiation end-point electrical parameter limits or
fails functionally during radiation exposure (e.g., neutron irradiation).

3.1.20 Class M. Class M is defined as 1.2.1 compliant product or product built in compliance to Appendix A of MIL-PRF-
38535 documented on a Standard Microcircuit Drawing where configuration control is provided by the Government
preparing activity. Class M devices are required to use the conditions specified in the test methods herein for class level B
product.

3.1.21 Class level B and class level S. 2 class levels are used in this document to define requirements for high reliability
military applications (Class level B) and space applications (Class level S). Class level B requirements contained in this
document are intended for use for Class Q, Class H, and Class M products, as well as Class B M38510 JAN slash sheet
product. Class level B requirements are also intended for use for product claimed as 883 compliant or 1.2.1 compliant for
high reliability military applications. Class level S requirements contained in this document are intended for use for Class V,
Class K, as well as M38510 Class S JAN slash sheet product. Class level S requirements are also intended for use for
product claimed as 883 compliant or 1.2.1 compliant for space level applications.

3.1.22 Acaquisition documents. Acquisition documents consist of the acquisition order or contract, device specification
(e.g. SMD’s, SCD'’s) or specifications as applicable.

4. GENERAL REQUIREMENTS
4.1 Numbering system. The test methods are designated by numbers assigned in accordance with the following system:

4.1.1 Classification of tests. The tests are divided into four classes:

1001 to 1999 Environmental tests
2001 to 2999 Mechanical tests
3001 to 4999 Electrical tests
5001 to 5999 Test procedures
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4.1.2 Revisions. Revisions are numbered consecutively using a period to separate the test method number and the
revision number. For example, 4001.1 is the first revision of test method 4001.

4.1.3 Method of reference. When applicable, test methods contained herein shall be referenced in the individual
specification by specifying this standard, the method number, and the details required in the summary paragraph of the
applicable method. To avoid the necessity for changing specifications which refer to this standard, the revision number
should not be used when referencing test methods. For example, use 4001, not 4001.1.

4.2 Testresults. The data resulting from application of any test method or procedure shall be reported in terms of the
actual test conditions and results. "Equivalent” results (e.g., equivalent 25°C device hours or failure rate derived from 125°C
test conditions) may be reported in addition to the actual results but shall not be acceptable as an alternative to actual
results. Results of any test method or procedure shall be accompanied by information on the total quantity of devices in
each lot being tested on a 100 percent or sampling basis, the associated quantity of devices in the sample for tests on a
sampling basis, and the number of failures or devices rejected by test method and observed mode of failure. In cases
where more than a single device type (part number) is involved in the makeup of a lot for inspection or delivery, the data
shall be reported as above but with a further breakdown by part number.

4.3 Test sample disposition. Test sample disposition shall be in accordance with A.4.3.2.1 of Appendix A of MIL-PRF-
38535.

4.4 Qrientation.

4.4.1 |dentification of orientation and direction of forces applied. For those test methods which involve observation or the
application of external forces which must be related to the orientation of the device, such orientation and direction of forces
applied shall be identified in accordance with figures 1 and 2.

4.4.2 Orientation for other case configurations. For case configurations other than those shown in figures 1 and 2, the
orientation of the device shall be as specified in the applicable acquisition document.

4.4.3 Orientation for packages with different size lateral dimensions. In flat packages where radial leads emanate from
three or more sides, the X-direction shall be assigned to the larger and the Z-direction to the smaller of the two lateral
dimensions.
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MAIN AXIS Y1
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X1

MAJOR
CROSS SECTION

MAJOR
CROSS SECTION

Z2
2
X2
PRINCIPAL BASE Y2
SUBSTRATE PLANE
LEADS OR MOUNTING
SURFACE
FIGURE 1a. Orientation of microelectronic device to FIGURE 1b. Radial lead flat packages.
direction of applied force.
Y1 Y1
X1
X1
MAJOR MAJOR

CROSS SECTION CROSS SECTION

2

X2
X2

Y2

FIGURE 1c. Dual-in-line package. FIGURE 1d. Flat package with radial leads
from one side only.

FIGURE 1. Orientation noncylindrical microelectronic devices to direction of applied forces.
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Y1

MAJOR
CROSS SECTION

X2

Y2

FIGURE 1e. Leadless chip carrier (top view).

NOTE: The Y1 force application is such that it will tend to lift the die off the substrate or
the wires off the die. The reference to applied force actually refers to the force which
operates on the device itself an may be the resultant of the primary forces applied in a
different manner or direction to achieve the desired stress at the device (e.g., constant
acceleration).

FIGURE 1. QOrientation of noncylindrical microelectronic devices to
direction of applied forces - Continued.

Y1

LEAD OR PIN MAIN AXIS

(IF APPLICABLE)

BASE
(IF APPLICABLE)

2 X2

LEADS
(IF APPLICABLE)

Y2

NOTE: The Y1 force application is such that it will tend to lift the die off the substrate or
the wires off the die. The reference to applied force actually refers to the force which
operates on the device itself and may be the resultant of the primary forces applied in a
different manner or direction to achieve the desired stress at the device (e.g., constant
acceleration).

FIGURE 2. Orientation of cylindrical microelectronic device to direction of applied forces.
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4.5 Test conditions. All newly designed device types shall meet the test conditions specified in 4.5.1 through 4.5.3.2.

4.5.1 Calibration requirements. Calibration shall be applied to those items of measuring and test equipment used to
assure product delivery specifications or critical manufacturing elements. Calibration shall be performed in accordance with
the requirements of ANSI/NCSL Z540.3 or equivalent. Calibrated items shall be controlled, used and stored in a manner
suitable to protect calibration integrity. Test equipment requiring calibration (single items or assemblages) shall be identified
and labeled in accordance with ANSI/NCSL Z540.3 or equivalent.

4.5.2 Electrical test equipment accuracy. Unless otherwise specified in the acquisition document, test conditions such as:
voltage, resistive loads, capacitive loads, input switching parameters, input static parameters, currents and others shall be
set to nominal values as defined in the acquisition document, with tolerances suitable for the test in which they are used.

4.5.3 Electrical test equipment capability. Using any or all of the following techniques, the manufacturer shall determine
that the test set/system is suitable to ensure product conformance with the acquisition document. Alternate suitable
techniques may be used when approved by the qualifying activity. The manufacturer shall define and document methods
used. The test equipment accuracy should be better than the allowable device tolerance in accordance with the following
ratios:

a. Greater than or equal to 10:1 for routine processes.
b. Greater than or equal to 4:1 for special processes (commercial equipment not readily available).

NOTE: State of the art requirements in which 4:1 can not be effectively achieved due to a lack of national standards
shall be justified and documented.

4.5.3.1 Control based on uncertainty. Test processes that have complex characteristics are best performed and
controlled by the application of uncertainty analysis. The overall uncertainty in a test or measurement process shall be
determined and the impact of said uncertainty on the product parameter tolerance shall be taken into account. The methods
used for determining uncertainty shall be defined and documented. The method selected may use any (or combinations) of
the following forms:

a. Arithmetic addition (linear), normally produces an overly conservative estimate and reflects a highly improbable
situation in which contributing errors are at their maximum limit at the same time and same direction.

b. Root Sum Square (RSS), normally applied where the errors tend to fit a normal distribution (gaussian) and are from
independent sources.

c. Partial Derivatives, used where complex relationships exist.
d. Monte Carlo Simulation, used in very complex situations where other methods are not easily applied or do not fit.
e. SRM (or controlled correlation device) testing providing observable data.

NOTE: Observable data, from a controlled device, may be relied upon to provide feedback that confirms process
performance is within statistical limits.

f. Analysis of systematic and random errors, applying corrections as applicable.

g. Any other recognized method of combining errors into an expression of uncertainty substantiated by an engineering
analysis.

4.5.3.2 Use and control of correlation devices/SRM's. When a manufacturer elects to use correlation devices or SRM's,
methods of use and control shall be in place and documented including parameters, type, quantity, description,
identification, storage, handling and periodic verification requirements.

13
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4.5.4 Electrical test frequency. Unless otherwise specified, the electrical test frequency shall be the specified operating
frequency. Where a frequency range is specified, major functional parameters shall be tested at the maximum and
minimum frequencies of the range in addition to those tests conducted at any specified frequency within the range.
Whenever electrical tests are conducted on microelectronic devices for which a range of frequencies or more than a single
operating frequency is specified, the frequency at which tests are conducted shall be recorded along with the parameters
measured at those frequencies.

4.5.5 Testing of multiple input/output devices. Where any input or output parameter is specified for devices having more
than a single input or output, the specified parameter shall be tested at all input or output terminations of the device.

4.5.6 Testing of complex devices. Where microelectronic devices being tested contain multiple circuits or functions,
whether independently connected to the external device leads or whether internally connected in some arrangement to
minimize the number of external leads, suitable test circuits and procedures shall be applied so as to test all circuits or
functions contained in the device with all the applicable test methods specified in the applicable acquisition document. For
example, if a device contains a pair of logic gates it shall not be acceptable to test only one of the gates for the specified
parameters. Furthermore, multiple circuit devices should be tested to assure that no significant interaction exists between
individual circuits (e.g., application of signal to one gate of a dual gate device should not cause a change in output of the
other gate). The intent of this requirement is to assure that all circuit elements in a microelectronic device are exercised to
the fullest extent allowed by their construction and connection provisions. For circuit arrays containing complex signal paths
which vary depending on the nature of incoming signals or internal functions performed on the incoming signals, this
requirement shall be met by programming the operation of the device to assure that all circuit elements are caused to
function and thus provide the opportunity to observe or measure the levels of their performance in accordance with the
specified test methods.

4.5.7 Test environment. Unless otherwise specified herein, or in the applicable acquisition documentation, all
measurements and tests shall be made at ambient temperature of 25°C +3°C, -5°C and at ambient atmospheric pressure
from 580 to 800 millimeters mercury.

4.5.8 Permissible temperature variation in environmental chambers. When chambers are used, specimens under test
shall be located only within the working area defined as follows:

a. Temperature variation within working area: The controls for the chamber shall be capable of maintaining the
temperature of any single reference point within the working area within £2°C or +4 percent, whichever is greater.

b. Space variation within working area: Chambers shall be so constructed that at any given time, the temperature of any
point within the working area shall not deviate more than +3°C or +3 percent, whichever is greater, from the reference
point, except for the immediate vicinity of specimens generating heat.

c. Chambers with specified minimum temperatures (e.g., burn-in, life test, etc.): When test requirements involve a
specified minimum test temperature, the controls and chamber construction shall be such that the temperature of any
point within the working area shall not deviate more than +8°C, -0°C; or +8, -0 percent, whichever is greater, from the
specified minimum temperature.

4.5.9 Control of test temperature during electrical measurements. Unless otherwise specified, the specified test
temperature, case (T¢), ambient (Ta), or junction (T,) shall be controlled by the applicable procedure(s) specified herein.
These are exclusively for the control of chambers, handlers, etc., used in electrical measurements of devices at specified
temperatures and the provisions of 4.5.8 do not apply. Testing shall be conducted using either power-off condition followed
by low duty cycle pulse testing or power stable temperature condition.

4.5.9.1 Temperature control during testing for T¢, Ta, or T, above 25°C. Unless otherwise specified, the device (including
its internal elements; e.g., die, capacitors, resistors, etc.) shall reach temperature and be stabilized in the power-off condition
to within £3 °C (or +6 °C -3 °C for hybrids) of the specified temperature. Note: Hybrids may exceed the positive tolerance of
+6 °C if their construction dictates and providing the manufacturer can assure that the devices under test are not degraded.
When an established temperature characterization profile is available for a device to be tested, this profile may be used in
lieu of temperature measurements to determine the proper heat soak conditions for meeting this requirement. When using a
temperature characterization profile, test apparatus monitoring will assure that the controls are providing the proper test
environment for that profile. After stabilization, testing shall be performed and the T¢, Ta, or T, controlled to not fall more
than 3 °C from the specified temperature. The temperature during test may exceed 3 °C of the specified Tc, Ta, or T,
provided the manufacturer assures that the devices under test are not being degraded. The electrical test parameters shall
be measured using low duty cycle pulse testing or, if specified, power stable conditions (see 4.5.9.4).

14
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4.5.9.2 Temperature control during testing for Tc, Ta, or T, below 25°C. Unless otherwise specified, the device (including
its internal elements; e.g., die, capacitors, resistors, etc.) shall reach temperature and be stabilized in the power-off condition
to within +3 °C (or —6 +3 °C for hybrids) of the specified temperature (see note below). Note: Hybrids may exceed the
negative tolerance of -6 °C if their construction dictates and providing the manufacturer can assure that the devices under
test are not degraded. When an established temperature characterization profile is available for a device to be tested, this
profile may be used in lieu of temperature measurements to determine the proper heat soak conditions for meeting this
requirement. When using a temperature characterization profile, test apparatus monitoring will assure that the controls are
providing the proper test environment for that profile. After stabilization, (this temperature shall be identified as the cold-start
temperature) testing shall be performed and the T¢, Ta, or T, controlled to not exceed +5 °C of the specified temperature
throughout the test duration. The electrical test parameters shall be measured using low duty cycle pulse testing or, if
specified, power stable conditions (see 4.5.9.4). When applicable, the detail specification shall specify those parameters or
sequence of tests most sensitive to the cold-start temperature. These parameters, when specified, shall be measured at the
start of the test sequence and shall be completed as soon as possible or within a specified time.

NOTE: Unless otherwise specified in the applicable detail specification, the set temperature shall be -55°C (T¢, Ta, or T,
as applicable) or colder if the device temperature (Tc, Ta, or Ty, as applicable) increases by more than +5°C during
the test duration.

4.5.9.3 Temperature control during testing for T¢, Ta, or T, at 25°C. Unless otherwise specified, the device (including its
internal elements; e.g., die, capacitors, resistors, etc.) shall be stabilized in the power-off condition until the temperature is
25°C +3°C, -5°C. The electrical test parameters shall be measured using low duty pulse testing or, if specified, power stable
conditions (see 4.5.9.4).

4.5.9.4 Power stable temperature condition. When specified, the device shall be stabilized in the specified steady-state
power-on condition at the specified test temperature, Ta, Tc, or T, as applicable, for temperatures at, above, or below 25°C
for a minimum time period of 5 minutes or a specified time. The electrical parameters measurements shall be completed as
soon as possible or within a specified period of time after temperature/power stabilization has occurred. Alternatively, when
specified, the device temperature T¢ or Ta may be stabilized within £3°C of the junction temperature typically predicted for
the specified steady-state power-on condition of 5 minutes or more and the testing conducted with low duty pulse
techniques.

4.6 General precautions. The following precautions shall be observed in the testing of devices:

4.6.1 Transients. Devices shall not be subjected to conditions in which voltage or current transients cause the ratings to
be exceeded.

4.6.2 Order of connection of leads. Care should be taken when connecting a microelectronic device to a power source.
For MOS devices or other microelectronic circuits or devices where the order of connection of leads may be important,
precautions cited in the applicable acquisition document shall be observed.

4.6.3 Soldering and welding. Adequate precautions shall be taken to avoid damage to the device during soldering or
welding required for tests.

4.6.4 Radiation precautions. Due precautions shall be used in storing or testing microelectronic devices in substantial
fields of x-rays, neutrons, or other energy particles.

4.6.5 Handling precautions for microelectronic devices.

a. Ground all equipment prior to insertion of the device for electrical test.

b. Where applicable, keep devices in metal shields until they are inserted in the equipment or until necessary to
remove for test.

c. Where applicable, keep devices in carriers or other protective packages during test.
4.7 Recycled, recovered, environmentally preferable, or biobased materials. Recycled, recovered, environmentally

preferable, or biobased materials should be used to the maximum extent possible, provided that the material meets or
exceeds the operational and maintenance requirements, and promotes economically advantageous life cycle costs.
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5. DETAILED REQUIREMENTS

This section is not applicable to this standard.
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6. NOTES
(This section contains information of a general or explanatory nature that may be helpful, but is not mandatory.)

6.1 The intended use of this standard is to establish appropriate conditions for testing microcircuit devices to give test
results that simulate the actual service conditions existing in the field. This standard has been prepared to provide uniform
methods, controls, and procedures for determining with predictability the suitability of such devices within Military,
Aerospace and special application equipment. This standard is applicable only to microelectronic devices, i.e. monolithic,
multi-chip, film and hybrid microcircuits, microcircuit arrays, and the elements from which the circuits and arrays are formed.

6.2 Chemical listing. The following is a listing of chemicals identified for use in MIL-STD-883 test methods:

Material CAS listing Test method
Acetic Acid 64-19-7 2021
3.5-Dimethyl-1-hexyn-3-01 4209-91-0 1002
Ethylbenzene 100-41-4 2015
Fluorescein 2321-07-5 1014
Freon-113 1/ 76-13-1 2015,1014
Hydrochloric Acid 7647-01-0 1009
Isopropyl Alcohol 67-63-0 2015,2003
Kerosene 8008-20-6 2015
Morpholine 110-91-8 1002
Methanol 67-56-1 1002
Methylene Chloride 1/ 75-09-2 2015
Mineral Spirits 8032-32-4 2015
Monoethanolamine 141-43-5 2015
Nitric Acid 7697-37-2 2021
Phosphoric Acid 7664-38-2 2021
Propylene Glycol Monomethyl Ether 107-98-2 2015
Rhodamine B 81-88-9 1014
Sodium Chloride 7647-14-5 1009,1002
Sodium Hydroxide 1310-73-2 1009
Stannous Chloride 7772-99-8 1002
1,1,1-Trichloroethane 1/ 71-55-6 2015
Zyglo Dye 8002-05-9 1014

In the event of a chemical emergency (example: spill, leak, fire, or exposure) obtain additional help or information by calling
the telephone number listed below and identify the chemical by the CAS number provided above.

Chem Trec: 1-800-424-9300

6.3 Subject term (key word) listing.

Abbreviations

Chemical listing

Classification of tests

Electrical test equipment accuracy
General precautions

Intended use

Orientation

Provisions for the use of MIL-STD-883
Test environment

1/ These chemicals are no longer required to be used in MIL-STD-883 test methods.
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6.4 Change notations. The margins of this standard are marked with asterisks to indicate modifications generated by this
change. This was done as a convenience only and the Government assumes no liability whatsoever for any inaccuracies in
these notations. Bidders and contractors are cautioned to evaluate the requirements of this document based on the entire
content irrespective of the marginal notations.
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METHOD 1005.46-11
STEADY-STATE LIFE

1. PURPOSE. The steady-state life test is performed for the purpose of demonstrating the quality or reliability of devices
subjected to the specified conditions over an extended time period. Life tests conducted within rated operating conditions
should be conducted for a sufficiently long test period to assure that results are not characteristic of early failures or "infant
mortality," and periodic observations of results should be made prior to the end of the life test to provide an indication of any
significant variation of failure rate with time. Valid results at shorter intervals or at lower stresses require accelerated test
conditions or a sufficiently large sample size to provide a reasonable probability of detection of failures in the sample
corresponding to the distribution of potential failures in the lot(s) from which the sample was drawn. The test conditions
provided in 3 below are intended to reflect these considerations.

When this test is employed for the purpose of assessing the general capability of a device or for device qualification tests in
support of future device applications requiring high reliability, the test conditions should be selected so as to represent the
maximum operating or testing (see test condition F) ratings of the device in terms of electrical input(s), load and bias and the
corresponding maximum operating or testing temperature or other specified environment.

2. APPARATUS. Suitable sockets or other mounting means shall be provided to make firm electrical contact to the
terminals of devices under test in the specified circuit configuration. Except as authorized by the acquiring or qualifying
activity, the mounting means shall be so designated that they will not remove internally-dissipated heat from the device by
conduction, other than that removed through the device terminals, the necessary electrical contacts and the gas or liquid
chamber medium. The apparatus shall provide for maintaining the specified biases at the terminals of the device under test
and, when specified, monitoring of the input excitation or output response. Power supplies and current-setting resistors shall
be capable of maintaining the specified operating conditions as minimal throughout the testing period, despite normal
variations in source voltages, ambient temperatures, etc. When test conditions result in significant power dissipation, the
test apparatus shall be arranged so as to result in the approximate average power dissipation for each device whether
devices are tested individually or in a group. The test circuits need not compensate for normal variations in individual device
characteristics, but shall be so arranged that the existence of failed or abnormal (i.e., open, short, etc.) devices in a group
does not negate the effect of the test for other devices in the group.

3. PROCEDURE. The microelectronic devices shall be subjected to the specified test condition (see 3.5) for the
specified duration at the specified test temperature, and the required measurements shall be made at the specified
intermediate points and end points. QML manufactures who are certified and qualified to MIL-PRF-38535 may modify the
time or the condition independently from the regression conditions contained in table | or the test condition/circuit specified
in the device specification or standard microcircuit drawing provided the modification is contained in the manufacturer's QM
plan and the "Q" certification identifier is marked on the devices. Lead-, stud-, or case-mounted devices shall be mounted
by the leads, stud, or case in their normal mounting configuration, and the point of connection shall be maintained at a
temperature not less than the specified ambient temperature. The test condition, duration, sample size, and temperature
selected prior to test shall be recorded and shall govern for the entire test. Test boards shall not employ load resistors which
are common to more than one device, or to more than one output pin on the same device.

3.1 Test duration.

3.1.1 Test duration - standard life. The life test duration shall be 1,000 hours minimum at 125°C , unless otherwise
specified or allowed (see 3.2.1). After the specified duration of the test, the device shall be removed from the test conditions
and allowed to reach standard test conditions. Where the purpose of this test is to demonstrate compliance with a specified
lambda (8), the test may be terminated at the specified duration or at the point of rejection if this occurs prior to the specified
test duration.
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3.1.2 Accelerated life test duration. For class level B, the life test duration, when accelerated, shall be the time equivalent
to 1,000 hours at 125°C for the ambient temperature selected or specified (see table I). Within 72 hours after the specified
duration of the test, the device shall be removed from the specified test conditions and allowed to reach standard test
conditions without removal of bias. The interruption of bias for up to one minute for the purpose of moving the devices to
cool-down positions separate from the chamber within which life testing was performed shall not be considered removal of
bias.

3.2 Test temperature. The specified test temperature is the minimum ambient temperature to which all devices in the
working area of the chamber shall be exposed. This shall be assured by making whatever adjustments are necessary in the
chamber profile, loading, location of control or monitoring instruments, and the flow of air or other suitable gas or liquid
chamber medium. Therefore, calibration shall be accomplished in the chamber in a fully loaded, (boards need not be
loaded with devices) unpowered configuration, and the indicator sensor located at, or adjusted to reflect, the coldest point in
the working area.

3.2.1 Test temperature - standard life. Unless otherwise specified, the ambient life test temperature shall be 125°C
minimum for test conditions A through E (see 3.5), except that for hybrid microcircuits, the conditions may be modified in
accordance with table I. At the supplier's option, the ambient temperature for conditions A through E may be increased and
the test duration reduced in accordance with table | using the specified test circuit and bias conditions. Since case and
junction temperature will, under normal circumstances, be significantly higher than ambient temperature, the circuit should
be so structured that maximum rated case or junction temperatures for test or operation shall not exceed 200°C for class
level B or 175°C for class level S (see 3.2.1.1).

3.2.1.1 Test temperature for high power devices. Regardless of power level, devices shall be able to be life-tested at
their maximum rated operating temperature.

a. For devices whose maximum operating temperature is stated in terms of ambient temperature, TA, table |
applies.
b. For devices whose maximum operating temperature is stated in terms of case temperature, T¢, and where the

ambient temperature would cause T, to exceed +200°C (+175°C for class level S), the ambient operating
temperature may be reduced during test from +125°C Tato a value that will demonstrate a T, between +175°C
and +200°C and T¢ equal to or greater than +125°C without changing the test duration. Data supporting this
reduction shall be available to the acquiring and qualifying activities upon request.

c. For devices whose maximum operating temperature is stated in terms of case T, or junction T, and whose
operation cannot exceed the maximum allowable junction temperature then the ambient life test operating
temperature may be reduced. The ambient temperature may be reduced from +125°C T or Tc, provided T,is
maintained within 10% of its maximum specified value. The life test duration shall be increased to match the
corresponding times in table I. The test conditions and data supporting this alternate method shall be approved
by the qualifying activity.

3.2.1.2 Test temperature for hybrid devices. The ambient or case life test temperature shall be as specified in table I,
except case temperature life test shall be performed, as a minimum, at the maximum operating case temperature (T¢)
specified for the device. Life test shall be for 1,000 hours minimum for class level S hybrid (class K). The device should be
life tested at the maximum specified operating temperature, voltage, and loading conditions as specified in the detail
specification. Since case and junction temperature will, under normal circumstances, be significantly higher than ambient
temperature, the circuit should be so structured that the maximum rated junction temperature as specified in the device
specification or drawing and the cure temperature of polymeric materials as specified in the baseline documentation shall
not be exceeded. If no maximum junction temperature is specified, a maximum of 175°C is assumed. Accelerated life test
(condition F) shall not be permitted. The specified test temperature shall be the minimum actual ambient or case
temperature that must be maintained for all devices in the chamber. This shall be assured by making whatever adjustments
are necessary in the chamber profile, loading, location of control or monitoring instruments and the flow of air or other
suitable gas or liquid chamber medium.

3.2.2 Test temperature - accelerated life. When condition F is specified or is utilized as an option (when allowed by the
applicable acquisition documents), the minimum ambient test temperature shall be +175°C , unless otherwise specified.
Since accelerated testing will normally be performed at temperatures higher than the maximum rated operating junction
temperature of the device(s) tested, care shall be taken to ensure that the device(s) does not go into thermal runaway.

3.2.3 Special considerations for devices with internal thermal limitation using test conditions A through E. For devices
with internal thermal shutdown, extended exposure at a temperature in excess of the shut-down temperature will not provide
a realistic indicator of long-term operating reliability. For devices equipped with thermal shutdown, operating life test shall
be performed at an ambient temperature where the worst case junction temperature is at least 5°C below the worst case
thermal shutdown threshold. Data supporting the defined thermal shutdown threshold shall be available to the preparing or
acquiring activity upon request.
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3.3 Measurements.

3.3.1 Measurements for test temperatures less than or equal to 150°C . Unless otherwise specified, all specified
intermediate and end-point measurements shall be completed within 96 hours after removal of the device from the specified
test conditions (i.e., either removal of temperature or bias). If these measurements cannot be completed within 96 hours,
the devices shall be subjected to the same test condition (see 3.5) and temperature previously used for a minimum of 24
additional hours before intermediate or end-point measurements are made. When specified (or at the manufacturer's
discretion, if not specified), intermediate measurements shall be made at 168 (+72, -0) hours and at 504 (+168, -0) hours.
For tests in excess of 1,000 hours duration, additional intermediate measurement points, when specified, shall be 1000
(+168, -24) hours, 2,000 (+168, -24) hours, and each succeeding 1,000 (+168, -24) hour interval. These intermediate
measurements shall consist of the parameters and conditions specified, including major functional characteristics of the
device under test, sufficient to reveal both catastrophic and degradation failures to specified limits. Devices shall be cooled
to less than 10°C of their power stable condition at room temperature prior to the removal of bias.

The interruption of bias for up to one minute for the purpose of moving the devices to cool-down positions separate from the
chamber within which life testing was performed shall not be considered removal of bias. Alternatively, except for linear, or
MOS (CMOS, NMOS, PMOS, etc.) devices and hybrid devices which containing linear or MOS devices components, or
unless otherwise specified, the bias may be removed during cooling provided the case temperature of devices under test is
reduced to a maximum of 35°C within 30 minutes after the removal of the test conditions and provided the devices under
test are removed from the heated chamber within 5 minutes following removal of bias. All specified 25°C electrical
measurements shall be completed prior to any reheating of the device(s).

3.3.2 Measurements for test temperatures greater than or equal to 175°C . Unless otherwise specified, all specified
intermediate and end-point measurements shall be completed within 24 hours after removal of the device from the specified
test conditions (i.e., either removal of temperature or bias). If these measurements cannot be completed within 24 hours,
the steady-state life test shall be repeated using the same test condition, temperature and time. Devices shall be cooled to
less than 10°C of their power stable condition at room temperature prior to the removal of bias, except that the interruption
of bias for up to one minute for the purpose of moving the devices to cool-down positions shall not be considered removal of
bias. All specified 25°C electrical measurements shall be completed prior to any reheating of the device(s).

3.3.3 Test setup monitoring. The test setup shall be monitored at the test temperature initially and at the conclusion of
the test to establish that all devices are being stressed to the specified requirements. The following is the minimum
acceptable monitoring procedure:

a.  Device sockets. Initially and at least each 6 months thereafter, (once every 6 months or just prior to use if not
used during the 6 month period) each test board or tray shall be checked to verify continuity to connector points
to assure that bias supplies and signal information will be applied to each socket. Board capacitance or
resistance required to ensure stability of devices under test shall be checked during these initial and periodic
verification tests to ensure they will perform their proper function (i.e., that they are not open or shorted). Except
for this initial and periodic verification, each device or device socket does not have to be checked; however,
random sampling techniques shall be applied prior to each time a board is used and shall be adequate to assure
that there are correct and continuous electrical connections to the devices under test.

b.  Connectors to test boards or trays. After the test boards are loaded with devices, inserted into the oven, and
brought up to at least 125°C or the specified test temperature, whichever is less, each required test voltage and
signal condition shall be verified in at least one location on each test board or tray so as to assure electrical
continuity and the correct application of specified electrical stresses for each connection or contact pair used in
the applicable test configuration. This may be performed by opening the oven for a maximum of 10 minutes.
When the test conditions are checked at a test socket, contact points on the instrument used to make this
continuity check shall be equal to or smaller dimensions than the leads (contacts) of the devices to be tested and
shall be constructed such that the socket contacts are not disfigured or damaged.

C. At the conclusion of the test period, prior to removal of devices from temperature and test conditions, the voltage
and signal condition verification of b. above shall be repeated.

d. Forclass level S devices, each test board or tray and each test socket shall be verified prior to test to assure that
the specified test conditions are applied to each device. This may be accomplished by verifying the device
functional response at each device output(s). An approved alternate procedure may be used.

Where failures or open contacts occur which result in removal of the required test stresses for any period of the required test
duration (see 3.1), the test time shall be extended to assure actual exposure for the total minimum specified test duration.
Any loss(es) or interruption(s) of bias in excess of 10 minutes total duration whether or not the chamber is at temperature
during the final 24 hours of life test shall require extension of the test duration for an uninterrupted 24 hours minimum, after
the last bias interruption.
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3.4 Test sample. The test sample shall be as specified (see 4). When this test method is employed as an add-on life test
for a series or family of device types, lesser quantities of any single device type may be introduced in any single addition to
the total sample quantity, but the results shall not be considered valid until the minimum sample size for each device has
been accumulated. Where all or part of the samples previously under test are extracted upon addition of new samples, the
minimum sample size for each type shall be maintained once that level is initially reached and no sample shall be extracted
until it has accumulated the specified minimum test hours (see 3.1).

3.5 Test conditions.

3.5.1 Test condition A, steady-state, reverse bias. This condition is illustrated on figure 1005-1 and is suitable for use on
all types of circuits, both linear and digital. In this test, as many junctions as possible will be reverse biased to the specified
voltage.

3.5.2 Test condition B, steady-state, forward bias. This test condition is illustrated on figure 1005-1 and can be used on
all digital type circuits and some linear types. In this test, as many junctions as possible will be forward biased as specified.

3.5.3 Test condition C, steady-state, power and reverse bias. This condition is illustrated on figure 1005-1 and can be
used on all digital type circuits and some linear types where the inputs can be reverse biased and the output can be biased
for maximum power dissipation or vice versa.

3.5.4 Test condition D, parallel excitation. This test condition is typically illustrated on figure 1005-2 and is suitable for
use on all circuit types. All circuits must be driven with an appropriate signal to simulate, as closely as possible, circuit
application and all circuits shall have maximum load applied. The excitation frequency shall not be less than 60 Hz.

3.5.5 Test condition E, ring oscillator. This test condition is illustrated on figure 1005-3, with the output of the last circuit
normally connected to the input of the first circuit. The series will be free running at a frequency established by the
propagation delay of each circuit and associated wiring and the frequency shall not be less than 60 Hz. In the case of
circuits which cause phase inversion, an odd number of circuits shall be used. Each circuit in the ring shall be loaded to its
rated maximum. While this condition affords the opportunity to continuously monitor the test for catastrophic failures (i.e.,
ring stoppage), this shall not be considered acceptable as a substitute for the intermediate measurements (see 3.3).

3.5.6 Test condition F, (class level B only) temperature-accelerated test. In this test condition, microcircuits are subjected
to bias(es) at an ambient test temperature (175°C to 300°C ) which considerably exceeds their maximum rated
temperature. At higher temperatures, it is generally found that microcircuits will not operate normally, and it is therefore
necessary that special attention be given to the choice of bias circuits and conditions to assure that important circuit areas
are adequately biased without damaging overstresses to other areas of the circuit. To properly select the actual biasing
conditions to be used, it is recommended that an adequate sample of devices be exposed to the intended high temperature
while measuring voltage(s) and current(s) at each device terminal to assure that the specified circuit and the applied
electrical stresses do not induce damaging overstresses.

At the manufacturer's option, alternate time and temperature values may be established from table I. Any time-temperature
combination which is contained in table | within the time limit of 30 to 1,000 hours may be used. The life test ground rules of
3.5 of method 1016 shall apply to life tests conducted using test condition F. The applied voltage at any or all terminals shall
be equal to the voltage specified for the 125°C operating life in the applicable acquisition document, unless otherwise
specified.

If necessary, with the specific approval of the qualifying activity, the applied voltage at any or all terminal(s) may be reduced
to not less than 50 percent of the specified value(s) when it is demonstrated that excessive current flow or power dissipation
would result from operation at the specified voltage(s). If the voltage(s) is so reduced, the life test duration shall be
determined by the following formula:

t, (100%)

100% - V%

Where T, is the adjusted total test duration in hours, t, is the original test duration in hours, and V percent is the largest
percentage of voltage reduction made in any specified voltage.
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3.5.6.1 Special considerations for devices with internal thermal limitation. For devices with internal thermal shutdown,
extended exposure at a temperature in excess of the shut-down temperature will not provide a realistic indicator of long-term
operating reliability. For such devices, measurement of the case temperature should be made at the specified bias voltages
at several different ambient temperatures. From these measurements, junction temperatures should be computed, and the
operating life shall be performed at that ambient temperature which, with the voltage biases specified, will result in a worst
case junction temperature at least 5°C but no more than 10°C below the minimum junction temperature at which the device
would go into thermal shutdown, and the test time shall be determined from table | for the applicable device class level.

4. SUMMARY. The following details shall be specified in the applicable acquisition document:
a.  Special preconditioning, when applicable.
b.  Test temperature, and whether ambient, junction, or case, if other than as specified in 3.2.
c.  Test duration, if other than as specified in 3.1.
d.  Test mounting, if other than normal (see 3).
e.  Test condition letter.
f. End-point measurements and intermediate measurements (see 3.3).

g.  Criteria for device failure for intermediate and end-point measurements (see 3.3), if other than device
specification limits, and criteria for lot acceptance.

h.  Test sample (see 3.4).
i Time to complete end-point measurements, if other than as specified (see 3.3).
j- Authorization for use of condition F and special maximum test rating for condition F, when applicable (see 4.b).

k.  Time temperature conditions for condition F, if other than as specified in 3.5.6.
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TABLE |. Steady-state time temperature regression. 1/ 2/ 3/ 4/
Minimum Minimum time (hours) Test
temperature condition
Ta (°C) (see 3.5)
Class level Class level Class level S
S B hybrids
(Class K)

100 7500 7500 Hybrid only
105 4500 4500 "

110 3000 3000 "

115 2000 2000 "

120 1500 1500 "

125 1000 1000 1000 A-E

130 900 704 - "

135 800 496 - "

140 700 352 - "

145 600 256 - "

150 500 184 - "

175 40 - F

180 32 o "

185 31 - "

190 30 o "

1/ The higher pressures temperatures indicated may only be used with the approval of the
part manufacturer. Manufacturers shall provide the qualifying activity with data to show
that the higher pressures temperatures indicated do not damage the part being tested

by compromising the package integrity, e.g. lid seal, feedthroughs, etc.

to ensure the device(s) does not go into thermal runaway.

devices (see 3.2.1.1).
4/ Test temperatures below 125°C may be used for hybrid circuits only.
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FIGURE 1005-1. Steady-state.
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FIGURE 1005-2. Typical parallel, series excitation.
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NOTE: For free running counter, N is an odd number and the output of N is connected to the input of 1.

FIGURE 1005-3. Ring oscillator.
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METHOD 1014.45 16
SEAL

1. PURPOSE. The purpose of this test is to determine the effectiveness (hermeticity) of the seal of microelectronic devices with
designed internal cavities.

1.1 Definitions.

a. Standard leak rate. That quantity of dry air at 25°C in atmosphere cubic centimeters flowing through a leak or multiple leak
paths per second when the high-pressure side is at 1 atmosphere (760 mm Hg absolute) and the low-pressure side is at
near total vacuum (see 1.1f below). Standard leak rate shall be expressed in units of atmosphere cubic centimeters per
second of air (atm cm?¥'s air).

b. Measured leak rate. The implied leak rate that is measured on the detector for a given package using the specified
conditions and employing a specified test medium (tracer gas) specific to that detector. Measured leak rate is expressed in
units of atmosphere cubic centimeters per second (atm cm?/s) for the medium used.

c. Leak-rate conversion factors for various test media.
atm cm?®/s (Kr85) X 1.71 = atm cm?®/s (air)
atm cm?®/s (Kr85) X 4.61 = atm cm?s (He)
atm cm?®s (He) X 0.37 = atm cm?¥/s (air)
atm cm?®/s (OLpe) X 0.37 = atm cm?/s (air) 1/, 2/
atm cm?3/s (OLyz) X 0.98 = atm cm?/s (air)

atm cmd/s (OLgi) X 1.00 = atm cm?¥/s (air)

1/ To use this conversion, the free internal volume must be filled with 100% helium at 1 atm.

2/ For test conditions A4, Az, As, CHy and CHa, to convert an atm cm?®/s (He) value to an atm cm3/s (Air) value, the
atm cm?®/s (He) value must be inserted into the Howl-Mann equation (2.1.2.3 Eq 1) to back calculate the
corresponding Air leak rate.

d. Equivalent standard leak rate. The leak rate that a given package would have under the standard conditions of 1.1a. The
equivalent standard leak rate is determined by converting the implied leakage measured (L., R, Q or OL) to those
conditions of 1.1c using appropriate calculations. For the purpose of comparison with rates determined by various media,
the equivalent standard leak rate (for the medium used in the test) must be converted to the equivalent standard leak rate
for the comparative medium (generally converted to air equivalents). The equivalent standard air leak rate shall be
expressed in units of atmosphere cubic centimeters per second of air (atm cm?®/s air).

(1) Lais the equivalent standard leak rate a package has expressed in term for air, or after converting to air from
another medium.

(2) L isthe maximum allowed equivalent standard leak rate L, permitted for a package based on Table VII limits. For
pass/fail criteria, L is compared to L.

(3) Ris the implied leak rate of the medium (such as helium) as measured (such as on a mass spectrometer).

(4) Rjis the maximum allowed leak rate for the medium used. It is based on L using calculations to adjust for the
specific test conditions used in the measurement (see paragraph 2.1.2.3). For pass/fail criteria, R is compared to
R;.

(5) Qis the implied leak rate of the medium (such as Krypton 85 (Kr85)) as measured on a radioisotope detector (see
paragraph 2.2.6.c).

(6) Qs is the maximum allowed leak rate for the medium used. It is based on L using calculations to adjust for the
specific test conditions used in the measurement (see paragraph 2.2.5.1). For pass/fail criteria, Q is compared to
Qs.

(7) OL is the implied leak rate as measured on an optical leak detector. The test gas is denoted as OL.jir, OLng, or OLpe.

e. Internal free-volume. The volume of the gas (or air) within a device package that could escape should the package leak. It
is the volume of the internal package minus the circuitry, elements, or other physical displacements within the package.

f. Near total vacuum. The reduction of atmospheric pressure to 2 mm Hg or less, absolute.
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g. Pounds per square inch absolute (psia) gas. The sum of gauge pressure in the tank and barometric pressure. A tank
showing zero gauge pressure is balancing the atmospheric conditions, hence has one atmosphere pressure (1 atm) inside.

Absolute pressure takes this into consideration and is a measure of true content including this initial content. Thus, psia is
the sum of the gauge pressure plus the barometric pressure.
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1.2 Test Conditions. The following procedures are covered by this method:

1.2.1 Trace Gas (He). 1/
A Fixed Fine Leak

A, Flexible Fine Leak
A4 Fine Leak, applicable to the unsealed package.
As Combined He/O2 dry gross leak, and, He fine leak (per A1 or A2) by mass spectrometry

1.2.2 Radioisotope (Kr85).
B4 Fine Leak
B, Gross Leak
Bz Wet Gross Leak

1.2.3 Perfluorocarbon Gross Leak.
C+ Fixed Method that uses a liquid bath.
C, has been replaced by C.
C; Fixed Method that uses a vapor detection system instead of an indicator bath.

1.2.4 Optical.
C4 Gross Leak

C4 and Cs Combined Gross and Fine Leak

1.2.5 Penetrant Dye Gross Leak.
D Penetrant dye gross leak

1.2.6 Weight Gain Gross Leak.
E Weight gain gross leak

1.2.7 Radioisotope (Kr85).
G, Thermal Leak Test for the evaluation of package hermetic integrity at elevated temperature.

1.2.8 Cumulative Helium Leak Detection (CHLD).
CH; Fixed Leak Detection for both Fine and Gross leak using the CHLD System.
CH, Flexible Leak Detection for both Fine and Gross leak using the CHLD System.
Z He Gross Leak Detection combined with one of several other tracer gases for Fine Leak Detection using the CHLD
System.

1/ As was intentionally omitted.
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1.3 Test Structure. Fine and gross leak tests shall be conducted in accordance with the requirements and procedures of the
specified test condition. Testing order shall be fine leak (condition A or B+) followed by gross leak (condition B, C4, C3, D, or E)
except when By is used together with A, B+. . C4 and Cs may be performed together. Condition As is a combination dry gross and
fine leak test and therefore gross leak may be used prior to fine leak tests. Condition B, is a dry gas gross leak test and may be
used prior to fine leak tests. When using the radioisotope tests, it is recommended practice to use B first to remove gross leakers
prior to the fine leak test B4, which minimizes the Kr85 entrapped in rejected devices. When specified (see 4), measurements
after test shall be conducted following the leak test procedures. Devices to be tested for thermal leakage shall first be subjected to
a radioisotope gross leak test (B.), a radioisotope fine leak test (B+), or a gross/fine combination leak test, (B2/B1). Where bomb
pressure specified exceeds the microcircuit package capability, alternate pressure, exposure time, and dwell time conditions may
be used provided they satisfy the leak rate, pressure, time relationships which apply, and provided a minimum of 30 psia (2
atmospheres absolute) bomb pressure is applied in any case or for condition C4, a minimum of 10 psi differential test pressure is
applied in any case. When test condition B, is used to test large surface devices, a bomb pressure of 20 psia minimum may be
used with the appropriate increase in bomb time (see paragraph 2.2.5.1). When test condition A4 is used, gross leak testing is not
required. However A4 shall not be used in lieu of the required seal testing of lidded packages. When batch testing (more than one
device in the leak detector at one time) is used in performing test condition A or B and a reject condition occurs it shall be noted as
a batch failure. Each device may then be tested individually one time for acceptance if all devices in the batch are retested within
one hour after removal from the tracer gas pressurization chamber. For condition B4, B, only, devices may be batch tested and/or
individually remeasured for acceptance providing all measuring is completed within one-half hour for B; and within 10 minutes for
B, or combination B,/B+, after removal from the tracer gas pressurization chamber. For condition C; only, devices that are batch
tested, and indicate a reject condition, may be retested individually one time using the procedure of 2.3.4.1 herein, except that re-
pressurization is not required if the devices are immersed in detector fluid within 20 seconds after completion of the first test, and
they remain in the bath until retest. For conditions C4 and Cs only, the package must meet construction requirements defined in
2.4.1. This includes devices that are conformal coated such as circuit board assemblies.

1.3.1 Retest. Devices which fail gross leak may be retested destructively. If the retest shows a device to pass, that was
originally thought to be a failure, then the device need not be counted as a failure in the accept number of sample size number
calculations. Devices which fail fine leak shall not be retested for acceptance unless specifically permitted by the applicable
acquisition document. The applicable acquisition document must also state that a failed device that passes retest needs not be
counted as a failure in the sample size accept number calculations, otherwise if will count. Where fine leak retest is permitted, the
entire leak test procedure for the specified test condition shall be repeated. That is, retest consisting of a second observation on
leak detection without a re-exposure to the tracer fluid or gas under the specified test condition shall not be permissible under any
circumstances. Preliminary measurement to detect residual tracer gas is advisable before any retest.

1.3.2 Failure criteria. The failure criteria for Fine Leak is provided in Table VII of paragraph 3. Failure criteria for other
conditions; i.e., Gross Leak and Thermal Leak, is provided following the procedure for each individual test.

1.4 Apparatus. The apparatus required for the seal test shall be as indicated in the procedure for the applicable test condition
being performed.
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2. TEST CONDITIONS.

2.1 Test Conditions A1, As, A4 and As fine leak tracer gas (He). 1/

2.1.1 Apparatus. Apparatus required shall consist of suitable pressure and vacuum chambers and a mass spectrometer-type
leak detector preset and properly calibrated for a helium leak rate sensitivity sufficient to read measured helium leak rates of 10
atm cm?®/s and greater. The volume of the chamber used for leak rate measurement should be held to the minimum practical, since
this chamber volume has an adverse effect on sensitivity limits. The leak detector indicator shall be calibrated using a
diffusion-type calibrated standard leak at least once during every working shift. In addition for test condition A4, the following
apparatus is required:

a. Fixture and fittings to mate the package to be tested to the leak detector.
b.  Surgical rubber gasket.
c. Apiezon grease (type M or N), perfluorocarbon fluid 2/, or equivalent, if required to obtain seal.

d. In addition for test condition A5, the following apparatus shall be required:

1. A mass spectrometer system capable of measuring the gas pressure in the sample test chamber and mass
spectrometer chamber during the entire test process, and, qualitative measurement of helium and oxygen as a gross
leak measurement during the evacuation process prior to quantitative measurement of the helium fine leak rate per
condition A,.

A computer data system capable of permanently recording the entire test process.

3. Metal filler blocks to reduce empty space in the sample test chamber, as needed, to achieve the required helium
detection levels.

4. Two (2) calibrated NIST traceable helium leak rate standards, one having a calibrated leak rate equal to or below the
measured helium leak rate acceptance level (R1) and the other having a calibrated helium leak rate at least one (1)
decade but not greater than three (3) decades above the measured helium leak rate acceptance level (R1).

5. Anitrogen or argon (99.9%) flow to flush room air from the sample test chamber before starting a test.

N

2.1.2 Procedures. Test condition A1 is a "fixed" method with specified conditions in accordance with Table | that will ensure the
test sensitivity necessary to detect the reject limit (R1). Test condition A; is a "flexible" method that allows the variance of test
conditions in accordance with the formula of 2.1.2.3 to detect the specified equivalent standard leak rate (L) at a predetermined
reject limit (R1). Test condition A4 is a method that measures the leak rate (R) of an unsealed package.

2.1.2.1 Test conditions A and A,, and As procedures applicable to "fixed" and "flexible” methods. Insert the completed device(s)
into the sealed pressure chamber. The air inside the chamber shall then be evacuated to near total vacuum and then pressurized
with 100 +0/-5 percent pure helium. Alternatively, a series of helium refills and vents may be performed until the minimum helium
content is obtained. Once the required helium concentration is obtained, the pressure chamber can be set to the required pressure
and time for the device(s). The pressure shall then be relieved and each specimen transferred, within the specified dwell time, to
another chamber or chambers which are connected to the evacuating system and a mass-spectrometer-type leak detector. When
the mass-spectrometer chamber(s) is evacuated, any tracer gas which was previously forced into the specimen will thus be drawn
out and indicated by the leak detector as a measured leak rate (R). (The number of devices removed from pressurization for leak
testing shall be limited such that the test of the last device can be completed within the dwell times listed in Table 1 for test
condition A1 or within the chosen value of dwell time t; for test condition Az.)
NOTE: The Flexible Method A, shall be used unless otherwise specified in the acquisition document, purchase order, or contract.

1/ As was intentionally omitted.
2/ Perfluorocarbons contain no chlorine or hydrogen.
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2.1.2.2 Test condition A4, fixed method. The devices(s) shall be tested using the appropriate conditions specified in Table | for
the internal free volume of the package under test. The time t; is the time under pressure and time t; is the maximum time allowed
after release of pressure before the device shall be read. The fixed method shall not be used if the maximum equivalent standard
leak rate limit given in the acquisition document is less than the limits specified herein for the flexible method.

2.1.2.3 Test condition A,, flexible method. Values for bomb pressure exposure time, and dwell time shall be chosen such that

actual measured tracer gas leak rate (R) readings obtained for the devices under test (if defective) will-be-greater-than-the-minimum
: itivi o — shall be one-half order of magnitude greater than the minimum detectable

leak rate of the mass spectrometer. The number of devices removed from pressurization for leak testing shall be limited such that
the test of the last device can be completed within the dwell time used in Eq (1). The devices shall be subjected to a minimum of 2
atmospheres absolute of helium atmosphere. The chosen values, in conjunction with the value of the internal free volume of the
device package to be tested and the maximum equivalent standard leak rate limit (L) (as shown below or as specified in the
applicable acquisition document), shall be used to calculate the reject limit (R1) using the following formula (see Eq (1)):

e N
1 1
Lt1 ( Ma)o Ltz ( Ma)2 Eq (1)
1 VPo\ M VPo\ M
LPe( Ma)o
Ri= 22 1-e e
Po \ M L J
Where
R = The actual leakage measurement of tracer gas (He) through the leak in atm cm?®/s He.
R1 = The calculated reject limit maximum allowable leakage measurement.
L = The maximum allowable equivalent standard leak rate limit (see Table VIl of paragraph 3) in atm cm?/s air.
Pe = The pressure of exposure in atmospheres absolute.
Po = The atmospheric pressure in atmospheres absolute. (1 atm)
Ma = The molecular weight of air in grams (28.96).
M = The molecular weight of the tracer gas (He) in grams. (4 amu’s)
t1 = The time of exposure to Pg in seconds.
t2 = The dwell time between release of pressure and leak detection, in seconds.
V = The internal free volume of the device package cavity in cubic centimeters.

2.1.2.4 Test condition As, Combined He/O, dry gross leak and He fine leak (per A; or Ay) by mass spectrometry.
The mass spectrometer with the appropriate metal filler block, if needed, shall be calibrated daily prior to use, and recalibrated after
every eight (8) hours of use or upon changing the metal filler block or upon service to the equipment. When calibrating the fine leak
rate of the system, the leak rates of the NIST traceable helium leak rate standards shall be corrected for use temperature and
helium depletion rate per the calibration certificate of each standard. The helium signal shall be measured from each of the two
corrected helium leak rate standards and used to create a linear calibration function that shall be used to convert the measured
helium spectrometer signal to the quantitative measured helium leak rate. The leak rate standards shall be recalibrated at least
yearly.
The minimum internal volume that may be tested using the gross leak portion of this condition shall be the minimum internal
volume where a gross leak can be detected on a device having a hole in the lid that is 0.005 inches or greater in diameter.
A reference measurement shall be recorded immediately prior to testing a batch of devices and used as a qualitative reference in
determining gross leak rejects. The reference shall include the time dependent chamber pressures, and, the helium and the oxygen
baseline signals during the gross leak portion of the test procedure using a known good hermetic sample or a metal block to
simulate the test sample external volume.
Prior to testing, test samples shall be placed in a sealed helium pressurization chamber per paragraph 2.1.1 Based on the
specified L value required for the fine leak rate testing of the device, (see Equation 1), the values for bomb pressure and exposure
time shall be chosen using a maximum dwell time of 72 hours, such that the maximum allowed leak rate (R1) of the tracer gas
reading obtained for the device shall be one-half order of magnitude greater than the minimum detectable leak rate of the mass
spectrometer (background reading) during the measurement process. A difference less than one order of magnitude may be used
if there are documented procedures to control a rising background from interfering with accurate results and that the mass
spectrometer can measure an R1 signal that is no less than 3 times the standard deviation of the background signal.
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Upon removal of the batch of devices from the helium pressure chamber, an initial gross and fine leak measurement of the batch
shall be completed within one (1) hour unless it can be demonstrated that a longer time, not greater than the dwell time used in the
calculation of Ry, is capable of discovering gross and mid-range fine leaks. Each device shall be inserted into the test chamber, the
test chamber purged with nitrogen or argon for an appropriate time to flush room air from the chamber as was done in the
reference acquisition, and the test chamber evacuated. Upon starting the evacuation, the chamber pressure data and the helium
and oxygen gross leak test data and helium fine leak rate data shall be acquired and permanently saved. The sample test data
shall be presented in a graph that compares the sample test data with the reference data that was acquired. Differences between
the test data and the references data shall determine acceptance per the gross leak criteria.
From the initial measurement of the devices, following the helium pressure bomb, the devices shall be evaluated in the following
order:

e  Gross leak failures shall be removed from the batch.

e Devices that pass the gross and the fine leak rate acceptance criteria shall be accepted.

e The remaining devices (devices not failing due to gross leak yet not passing due to sorption or possible mid-range leaks)
shall be set aside in room air and retested from time to time (without further helium re-pressurization) for fine leak
compliance. The maximum amount of time, defined as the Fine Leak Dwell Time (in hours), shall be determined by
calculation of the length of time that it will take for the helium inside the device to deplete 1% of its helium contents if the
measured leak rate was due to an actual leakage of helium through a leak path in the device seal, rather than a sorption
effect.

e The Fine Leak Dwell Time (FLDT) shall be calculated for each device using the equation below:

FLDT=K* P *V/LMLR, where

K =2.8 x 10*(hr/sec)

P =0.01 (1% loss of He)

V = Internal volume of the test device (cc)

LMLR = Lowest Measured Leak Rate recorded immediately following the initial leak test.”.
FLDT shall not exceed 72 hours and shall not be greater than the dwell time used in the calculation of R+

Devices failing to achieve the fine leak acceptance criteria within the calculated FLDT time shall be rejected. Devices
demonstrating excessive fine leak rate maximum signal during the initial test, as compared to the typical good devices, and passing
the fine leak rate criteria during the allowed dwell time, shall be subjected to a detailed visual inspection to rule out the potential to
be a gross leaker and removed from the batch only if determined to be a gross leaker.

The remaining devices shall be set aside in room air for sorption evaluation and retested from time to time (without further helium
re-pressurization) for fine leak compliance. Devices with an internal volume>0.1cm3 may be placed in a vacuum and/or baked at
100°C for no more than 20 minutes to assist with desorption of Helium from the surface only during this time. The maximum
amount of time, defined as the Fine Leak Dwell Time (in hours), shall be determined by calculation of the length of time that it will
take for the helium inside the device to deplete 1% of its helium contents if the measured leak rate was due to an actual leakage of
helium through a leak path in the device seal, rather than a sorption effect.

2.1.3 Failure Criteria.
Gross leak failure criteria shall be as follows:

1. Helium gross leak signal that is greater than 3 times the helium reference (excluding known helium sorption
effects), and/or,

2. Oxygen gross leak signal that is greater than 3 times the oxygen reference, and/or,

3. Pressure readings that are greater than 3 times the pressure reference in amplitude or extended time to achieve
adequate pressure levels to activate the spectrometer (unless shown to be a leak of the system rather than the
device).

The failure criteria for Fine Leak is provided in Table VII of section 3.

2.1.4 Test condition A4, procedure applicable to the unsealed package method. The fixture and fittings of 2.1.1.a. shall be
mounted to the evacuation port of the leak detector. Proof of fixturing integrity shall be verified by sealing a flat surfaced metal
plate utilizing the gasket of 2.1.1b (and grease or fluid of 2.1.1.c if required to obtain seal) and measuring the response of the leak
test system. Testing shall be performed by sealing the package(s) to the evacuation port and the package cavity evacuated to 0.1
torr or less. Care shall be taken to prevent contact of grease with package (seal ring not included) to avoid masking leaks. The
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external portion of the package shall be flooded with Helium gas either by the use of an envelope or a spray gun, at a pressure of
10 psig.

2.1.4.1 Failure criteria. Unless otherwise specified, devices shall be rejected if the measured leak rate (R) exceeds 1 X 10 atm
cmd/s He.

TABLE |. Fixed conditions for condition A;.

Bomb Condition
\% Bomb Condition
Internal Hybrid Class H _
Free Hybrid Class K
and Monolithic Classes B, Q, S and V
Volume of
package Psia 1 t2 R1 L Psia t1 t2 R1 L
(cm?) +2 Minimum Max Reject Limit | Equivalent +2 Minimum Max Reject Limit | Equivalent
exposure | Dwell (atm-cmd/s) Leak rate exposure | Dwell | (atm- cmd/s) Leak rate
1/ time time He (atm-cm¥/s) 1/ time time He (atm- cm¥/s)
(hrs) (hrs) air (hrs) (hrs) air
2/ 2/
<0.05 75 1.0 6.5 X 10° 75 4.0 1.1 X10"
75 5.0 3.2X10%8 75 19.0 5.0 X 10"
0.5 <5 X108 0.5 <1 X10°
90 0.5 3.9X10° 90 3.5 1.1 X 10" =
20 4.0 3.1 X108 0 16.0 5.0 X 10"
>0.05 <0.1 75 0.5 6.5 X 10° 75 0.5 1.6 X 10"
75 2.5 1 3.2X108 75 15 1 49X 10"
20 0.5 7.8 X10° 0 0.5 2.0X 10"
0 2.0 3.1 X108 0 15 5.9X10"
<1 X107 <5 X107
>0.1 <0.4 60 2.0 52X10° 60 2.0 1.3 X 10" -
60 12.0 1 3.1 X108 60 8.0 1 5.3 X 10"
75 2.0 6.6 X 10° 75 15 1.2X10"
75 9.5 3.1 X108 75 6.0 49X 10"
>0.4 <1.0 30 0.5 2.6 X108 30 2.0 1.1 X10"
30 1.0 1 52X 108 30 9.5 1 5.0 X 10"
45 0.5 3.9X10%8 45 15 1.2 X 10"
45 1.0 7.8 X108 45 6.5 5.1 X 10"
>1.0 <5.0 30 0.5 5.3X10° 30 9.5 1.0 X 10"
30 3.0 3.1X108 30 475 5.0 X 10
45 05 L 7.9X 109 45 6.5 1 1.0 X 101
45 2.0 3.1X10% | <1X10° 45 32.0 5.1 X 10" <1X10%
>5.0 <10 30 1.0 5.3 X10° 30 19.0 1.0X 10"
30 6.0 1 3.1 X108 30 95.0 1 5.0 X 10"
45 1.0 7.9X10° 45 13.0 1.0 X 10"
45 4.0 3.2X10%8 45 63.5 5.0 X 10
>10 <20 30 2.0 5.3 X10° 30 38.0 1.0X 10"
30 12.0 1 3.1 X 10® 30 190.0 1 5.0 X 107"
1/ The higher pressures indicated may only be used with the approval of the part manufacturer. Manufacturers shall provide

the qualifying activity with data to show that the higher pressures indicated do not damage the part being tested by
compromising the package integrity, e.g. lid seal, feedthroughs, etc.

2/ For packages with internal free volumes > 0.05 cm?, the maximum dwell time t, may be increased up to a maximum of 4
hours. Prior to increasing dwell times, the manufacturer or test facility shall qualify a procedure for each package type to ensure
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there are no gross leak escapes at the maximum dwell time proposed. If applicable, this procedure shall include mitigation of
surface sorption as stated in 2.8.3.3.
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2.2 Test Condition B, Radioisotope.

2.2.1 Radioisotope leak test apparatus. Apparatus for this test shall consist of:

a.

b.

Radioactive tracer gas pressurization console containing a Kr85/air mixture.

Counting equipment consisting of a scintillation crystal, photomultiplier tube, preamplifier, ratemeter, and Kr85 reference
standards. The counting station shall be of sufficient sensitivity to determine through the device wall the radiation level of
any Kr85 tracer gas present within the device.

(1) A “Flat Top Scintillation Crystal” counting station shall have a minimum sensitivity of 4,500 c¢/m/uCi Kr85 and a
minimum detectable count rate of 500 counts per minute above ambient background.

(2) A *“Well Crystal” counting station shall have a minimum sensitivity of 10,000 ¢/m/uCi Kr85 and a minimum
detectable count rate of 500 counts per minute above ambient background.

(38) A “Tunnel Crystal” counting station shall have a minimum sensitivity of 4,500 c¢/m/uCi Kr85 and a minimum
detectable count rate of 500 counts per minute above ambient background.

The counting station operator shall perform a functional check at least once every shift using Kr85 reference standards and
following the equipment manufacturer's instruction. The actual calibration reading shall be recorded for each scintillation
crystal detection system (Well, Tunnel, and Flat top) prior to performing testing.

c. Atracer gas that consists of a mixture of Kr85 and air. The concentration of the Kr85 in the Kr85/air mixture shall be no

d.

less than 100 micro-curies per atmospheric cubic centimeter. The determined values of each analytical sample shall be
recorded in accordance with the calibration requirements of this standard (see 4.5.1 of MIL-STD-883). The specific activity
may be measured automatically by the equipment during cycling of the equipment. If not, then an analytical sample of the
Kr85 shall be taken at least once each 30 days to determine when the concentration drops by 5 percent in concentration
and specific activity. If production use of the pressurization console averages 1000 or fewer bombings during the month,
analytical sampling may be annually. When the concentration drops by 5 percent, corrective action shall be taken to adjust
the concentration.

ESD Protective Tubes shall be utilized to ensure the system is ESD safe when using the Well Counting Station.

e. All calibration records (e.g. daily, monthly, voltage crystal plateau graphs, and C of C for Kr85 reference standard, specific

activity etc.) shall be maintained and made available to the qualifying activity.

f. The crystal voltage plateau graph shall be performed and documented semiannually. Examples of good plateau graphs

and bad plateau graphs shall be included in the internal procedure.

2.2.2 Test condition B, — radioisotope gross leak package qualification. This test shall be used to qualify all packages with less
than 0.1 cm? internal free volume that will undergo screening tests per the B, radioisotope gross leak, or the B,/B, gross/fine leak
combination test (see paragraph 2.2.6.b and c). The purpose is to assure that if such a packages has a leak, then that leak will be
detectable under test conditions B, and B,/B4. Packages having 0.1 cm? internal free volume or larger do not require package
qualification. Packages smaller than 0.1 cm?® internal free volume shall be subjected to the following requirements:

a. A 5 mil diameter hole shall be made in a representative sample of the devices to be tested.

b. The device shall be subjected to this test condition and removed from the pressurization tank. The device shall be

measured in the counting station immediately after the tank is vented to atmosphere. A “net” reading indication of 500
counts per minute or greater is considered a reject. The device must remain a reject with a minimum of 500 counts per
minute above ambient background for ten minutes after removal from the pressurization tank. If the device does not fail,
test conditions B, and B,/B+ shall not be used.
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2.2.3 Test condition B, and B, - radioisotope gross/fine combination leak. The apparatus for this test is that of paragraph 2.2.
This test may be applied as a combination of conditions B,/B4 and is used in accordance with the requirements of those conditions
for specified packages, as qualified under paragraph 2.2.2, with an atmosphere of Kr85/air mixture. Actual pressure and soak time
for B4 shall be determined in accordance with paragraph 2.2.5.1. When the soak time is completed, the Kr85/air mixture shall be
evacuated until 2.0 torr pressure exists in the pressurization chamber. The evacuation shall be completed within 3 minutes from
either the end of the pressurization cycle or the point at which the chamber pressure reaches 60 psia (if a higher pressure than 60
psia was used). The chamber shall then immediately be backfilled with air and the test devices removed from the chamber. The
devices shall be measured using a scintillation crystal equipped counting station as specified in paragraphs 2.2.4.1,2.2.4.2, or
2.2.5.2. Devices subjected to this gross/fine combination test must be measured within 10 minutes after removal from the
pressurization system. The R value shall not be less than 500 counts per minute above background. If all of the tested devices
cannot be measured within 10 minutes after removal from the pressurization cycle, the remaining devices at 10 minutes must be
re-tested as above in this paragraph.

2.2.4 Determination of counting efficiency (k). The counting efficiency (k), or k-factor, is the efficiency of measurement of
radioactive Kr85 tracer gas within a device using a scintillation crystal as a detector. The k-factor must be determined for the
combination of both the scintillation crystal detection system that is to be used for the measurement and for the specific geometry of
the device to be tested (see 2.2.4.1,2.2.4.2,2.2.4.3, or 2.2.5.2). This is done using a device ‘sample’ of the same geometric
configuration as the device to be tested. The geometric center of the cavity, or its internal void, is the point called the “center of
mass” of the radioactive gas being measured. The location of the center of mass is the point referred to for the k-factor of the
device as it is positioned in each of the scintillation crystal detection systems described in 2.2.4.1,2.2.4.2,2.2.4.3, or 2.2.5.2.

Once established, the k-factor for each package configuration shall be recorded. This record shall list the methodology and
procedure used to obtain the k-factor and shall be made available to the qualifying activity upon request.

2.2.4.1 Scintillation “Well-Crystal”.

a. A representative sample, consisting of a device with the same geometric configuration as the test sample device(s), shall
be used to determine the counting efficiency (k). This representative sample shall have an accurately known micro-curie
content of Kr85 placed within its internal void.

b. The counts per minute from the representative sample shall be measured in the well of the shielded scintillation crystal of
the counting station. The sample device should be in the exact position as test devices will be tested. If not, then the
sample device shall be located at a height not to be exceeded by any device tested (see note below). From this measured
value the counting efficiency, in counts per micro-curie, shall be calculated for that device/crystal system.

Note: The counting efficiency of the scintillation well crystal is reduced systematically at higher locations within the
crystal’'s well. The k-factor for the sample at the bottom of the well will be the greatest. If a device is placed on top
of other devices such as in testing multiple devices simultaneously, then the top device will have the least
measured k-factor effect. Thus, the measured k-factor, determination using the sample device located other than at
the bottom of the crystal’s well, determines the maximum height to be allowed for the actual test. This height shall

be established and shall not be exceeded by any actual test device, including any one of the multiple devices being
simultaneously tested.

2.2.4.2 Scintillation “Flat-Top Crystal”.

a. A representative sample consisting of a device with the same geometric configuration as the test sample device(s) shall be
used to determine the counting efficiency (k). This representative sample shall have an accurately known micro-curie
content of Kr85 placed within its internal void.

b. The counts per minute from the representative sample shall be measured on the shielded scintillation crystal of the
counting station. The sample must be in the exact position as the actual test devices will be tested. The k-factor for the
sample shall be measured with the sample placed flat in a position centered to the main body of the crystal. Some flat-top
crystals are solid cylinders of approximately 3 inches diameter, and the device sample is placed on the cylinder in the
same manner, as mentioned. From this measured value, the counting efficiency, in counts per minute per micro-curie shall
be calculated for that device/crystal system.
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2.2.4.3 Scintillation “Tunnel Crystal”.

a. A Tunnel Crystal is either a solid block scintillation crystal similar to a flat-top crystal with an open tunnel through the body
or can be a pair of solid scintillation crystals place one above the other in a parallel configuration. Devices pass through
the tunnel or between the parallel crystals, usually on a conveyer belt, allowing dynamic measurements. This configuration
is commonly used in high volume testing.

b. The k-factor must be determined for the Tunnel Crystal’'s dynamic condition which is usually less than in a static condition with
the device standing at the center of the tunnel. See paragraph 2.2.5.2 to establish the k-factor for the sample using such a
configuration. Alternately, this k-factor determination is commonly determined by the manufacturer upon request.

2.2.5 Test condition B+, radioisotope fine or B,/B1 gross/fine leak combination test.

2.2.5.1 Testing parameters. The bombing pressure and soak time shall be determined in accordance with the following formula
(see Eq (2)):

Q R Eq (2)

s = q
skTPt

Where:

Qs = The calculated maximum leak rate allowable, in atm cm?/s Kr, for the devices to be tested.

R =  Counts per minute above the ambient background after pressurization if the device leak rate were exactly equal to
Qs. This is the reject count above the background of both the counting equipment and the background reading of
the microcircuit, if it has been through prior radioactive leak tests.

5 = The specific activity, in micro-curies per atmosphere cubic centimeter of the Kr85 tracer gas in the pressurization
system.

k = The counting efficiency of the specific scintillation crystal used in the testing to measure Kr85 within the internal
cavity of the specific component being evaluated. This k-factor must be determined in accordance with 2.2.4 for
each device geometric configuration in combination with the specific scintillation crystal in which it will be
measured.

T = Soak time, in hours, that the devices are to be pressurized.

P = Pg2-P;?, where P, is the bombing pressure in atmospheres absolute and P; is the original internal pressure of the
devices in atmospheres absolute. The activation pressure (P.) may be established by specification or if a
convenient soak time (T) has been established, the activation pressure (P.) can be adjusted to satisfy equation (1).

t = Conversion of hours to seconds and is equal to 3,600 seconds per hour.

NOTE: The complete version of equation (1) contains a factor (Po 2 - ( AP)?) in the numerator which is a correction factor for
elevation above sea level. Po is sea level pressure in atmospheres absolute and AP is the difference in pressure, in
atmospheres between the actual pressure at the test station and sea level pressure. For the purpose of this test method,
this factor has been dropped.
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2.2.5.2 Dynamic Measurement of the k-factor with a Scintillation-Crystal.

a. A representative sample consisting of a device with the same geometric configuration as the test sample device(s) shall be
used to determine the counting efficiency (k). This representative sample shall have an accurately known micro-curie
content of Kr85 placed within its internal void.

b. A crystal, (or crystals), can be used for dynamic testing of devices passing over or through the crystal(s). This configuration
is commonly used in high volume testing. The k-factor must be determined in the ‘dynamic condition’, which will establish
a k-factor value, (usually less than in a static condition with the device standing at the center of the tunnel.) The
representative sample is measured dynamically, as it passes through the crystal. This establishes the maximum reading
achievable for the sample. From this measured value, the counting efficiency, in counts per minute per micro-curie shall
be calculated. This k-factor determination is most commonly determined by the equipment manufacturer.

2.2.5.3 Geometric configurations. The k-factor for each geometric configuration is determined and used for testing. As a
convenience, the same k-factor may apply to similar geometric configurations. This allows the same k-factor to be used for multiple
devices, as long as the same test procedure and equipment is used, and the devices are measured using the same measurement
system, (2.2.4.1,2.2.4.2, or 2.2.5.2).

Scintillation “well” crystals are capable of detecting (measuring) a maximum reading of 16,000 to 18,000 counts per minute from
the emission of one micro-curie of Kr85 contained within the cavity of a device. This maximum reading of Kr85 emission is
achieved with the DUT placed deep into the well-crystal and with no shielding from other devices or fixtures.

The counting efficiency (k-factor) for most device configurations and crystal combinations may be available from the equipment
manufacturer by providing the equipment manufacturer with representative samples of the same geometric configuration as the
device to be tested. Suitable facilities shall retain record of how the k-factor was established for each package configuration and
made available to the qualifying activity.

2.2.5.4 Evaluation of surface sorption and wait time. All device encapsulations consisting of glass, metal, and ceramic or
combinations thereof, that also include external coatings and external sealants or labels, shall be evaluated for surface sorption of
Kr85 before establishing the leak test parameters. Devices susceptible to surface sorption must “wait” for the surface sorption to
dissipate before being tested. This time lapse shall be noted and shall determine the "wait time" specified in 2.2.6.

Representative samples with the questionable surface material shall be subjected to the predetermined pressure and time
conditions established for the device configuration as specified by 2.2.5.1. The samples shall then be measured at the counting
station every 10 minutes, with count rates noted. The total time taken for the count rate to become asymptotic is the “wait time”.

Devices which are determined to have surface absorption should first be subjected to the radioisotope gross leak test procedure
(B2), and then to the fine leak test (B4). The gross leak procedure will remove all leaking devices with leak rates greater than 5 X
106 atm-cm?/sec.

2.2.5.4.1 Alternate B method. The surface sorption can also be determined by measuring the Beta () emission from any Kr85
absorbed into surface materials. The 8 particles will not penetrate the walls of the device; therefore, B emission detection means
Kr85 is on the outer surfaces of a device. The B readings are monitored until they dissipate confirming the surface is free of Kr85
gas. This time to dissipate is the “wait time”.

2.2.5.4.2 Removal of surface sorption. Devices with cavities > 0.1 cm?, with leak rates in the fine leak range, will not lose their
internal Kr85 gas in < 1 Hour. Therefore, such devices may be placed in a vacuum-oven at temperatures up to 100°C and near
total vacuum for 15-20 minutes following pressurization for B without the concern of losing internal Kr85. This vacuum-oven
procedure is capable of removing surface absorbed Kr85 from paints and labels. The removal of that surface Kr85 from the
surface materials is accurately confirmed by verifying that there is no Beta radiation from the surface.
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2.2.6 Test Procedure B4, Fine Leak; By, Gross Leak; or B,/B1 Gross/Fine combination test. The devices shall be placed in a
radioactive tracer gas pressurization chamber. The pressurization chamber may be partially filled with inert material (aluminum
filler blocks), to reduce the cycle time and increase the efficiency of the system. It is the equipment manufacturer’s
recommendation that all ‘small-cavity’ devices be measured within 10 minutes after removal from the pressurization tank.

a. B1-Fine Leak: The tank shall be evacuated to 0.5 torr. The devices shall be subjected to a minimum of 2 atmospheres
absolute pressure of Kr85/air mixture. Actual pressure and soak time for B4 shall be determined in accordance with
2.2.5.1. When the ‘soak time’ is completed, the Kr85/air mixture shall be transferred to storage until 0.5 torr pressure
exists in the pressurization chamber. The storage cycle shall be completed in 3 minutes maximum as measured from the
end of the pressurization cycle or from the time the tank pressure reaches 60 psia if a higher bombing pressure was used.
The tank shall then immediately be backfilled with air and the devices removed from the tank and measured within 1 hour
after removal using a scintillation crystal equipped counting station as in 2.2.4.1, 2.2.4.2, or 2.2.5.2. Device encapsulations
that come under the requirements of 2.2.5.4 shall be exposed to ambient air for a time not less than the ‘wait time’
determined by 2.2.5.4 (or following the bake cycle described in 2.2.5.4.2). Device encapsulations that do not come under
the requirements of 2.2.5.4 may be tested without a ‘wait time’. The R value of 2.2.5.1 shall not be less than 500 counts
per minute above background.

Note: If the devices are tested in the well crystal with the crystal wall shielded with a lead plug while measuring the device,
and a background of approximately 500 counts per minute is achievable when the Ratemeter is in the “slow-time-
constant” position, then reject values “R” of a minimum of 250 counts (net) above background may be measured for
rejection of devices in high sensitivity testing.

b. Bz - Gross Leak: Only product qualified under paragraph 2.2.2 shall be authorized to use this method. The devices shall
be placed in a pressure chamber. The chamber shall be filled with inert material (aluminum filler blocks) so that the free
volume is not greater than as qualified in 2.2.2. The tank shall be evacuated to 0.5 torr. The devices shall be subjected to
a minimum of 2 atmospheres absolute pressure of Kr85/air mixture and the bomb time no less than 2 minutes. When the
soak time is completed the Kr85/air mixture shall be transferred to storage until 2.0 torr pressure exists in the
pressurization tank. The storage cycle shall be completed in 3 minutes maximum as measured from the end of the
pressurization cycle. The tank shall then immediately be backfilled with air. The devices shall be removed from the tank
and measured within 10 minutes after removal using a scintillation crystal equipped counting station as in 2.2.4.1, 2.2.4.2,
2.2.4.3 or 2.2.5.2. Any device indicating 500 counts per minute, or greater, above the ambient background of the counting
station shall be considered a gross leak failure. If the devices are not all measured at the end of 10 minutes from removal
from the pressurization chamber, the remaining devices shall be returned to the pressurization chamber and re-
pressurized to a minimum of 30 psia for a minimum of 0.01 hrs, and then measured at the counting station within 10
minutes. The counting station shall be checked at least once every shift using a Kr85 reference standard following
manufacturer’s procedure, and a record of proper function shall be maintained.
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c. B,/B1 - Gross/fine combination: Only product qualified under paragraph 2.2.2 shall be authorized to use this method. The
devices shall be placed in a pressure chamber. The chamber shall be filled with inert material (aluminum filler blocks) so
that the free volume is not greater than as qualified in 2.2.2. The tank shall be evacuated to 0.5 torr. Actual pressure and
soak time shall be in accordance with B paragraph 2.2.5.1. The R value in counts per minute shall not be less than 500
above background. When the soak time is completed the Kr85/air mixture shall be transferred to storage until 2.0 torr
pressure is in the pressurization chamber. The storage cycle shall be completed in 3 minutes maximum as measured from
the end of the pressurization cycle, or from the time the tank pressure reaches 60 psia if a higher bombing pressure was
used. The tank shall then immediately be backfilled with air. The devices shall be removed from the tank and measured
within 10 minutes after removal using a scintillation crystal equipped counting station as in 2.2.4.1,2.2.4.2,2.2.4.3 or
2.2.5.2. Devices that require a “wait-time” per paragraph 2.2.5.4, which exceeds 10 minutes, cannot be subjected to this
combination test. If all devices cannot be measured within the 10 minute window, then the remaining devices shall be
returned to the pressurization chamber and re-pressurized to a minimum of 30 psia for a minimum of 0.01 hours, and then
measured at the counting station within 10 minutes. The counting station shall be checked at least once every shift using a
Kr85 reference standard following manufacture’s procedure, and a record of proper function shall be maintained.

The actual Kr85 leak rate of the device tested using the radioisotope fine leak test shall be calculated with the following formula
(see Eq 3)):

(ACTUAL READOUT IN NET COUNTS PER MINUTE) X Qs Eq (3)
Q —_—

R

Where:
Q = Actual Kr85 leak rate in atm cm?®s Kr85
Qs and R are defined in 2.2.5.1.
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2.2.7 Test condition B3, Radioisotope Wet Gross Leak Test.

2.2.7.1 Intended Use. This is designed for small packages with less than 0.1 cm? internal free volume and packages that have
not qualified to 2.2.2. This test may be used for larger than 0.1 cm? internal free volume packages. Packages up to 0.1 cm? internal
free volume suspected of very large leaks are commonly subjected to this test.

2.2.7.2 Apparatus. Apparatus for this test shall be as in 2.2.1 and as follows:

a. A container of sufficient volume to allow the devices to be covered with red dye penetrant solution, evacuated, and
subjected to air pressure in the same container.

b. Solutions:

(1) The red dye penetrant solution shall be kept clean and free of contaminants (including wash solvents). The
solutions shall be tested to verify the efficiency of the solution for both Kr85 gettering and visual detectability. The
most efficient red dye solution uses a mixture, by volume, of 95% light viscosity mineral oil and 5% oil-based red dye
indicator. The solution must be evaluated for Kr85 absorption and retention.

(2) The solvent for washing the devices after immersion shall be acetone.
2.2.7.3 Procedure. The following four steps shall be followed:

Step 1. The devices shall be immersed in the red dye penetrant solution and evacuated to a pressure of 100 torr (~ 24
inches Hg) or less for 10 minutes and then pressurized with air for 10 minutes minimum at 310 kPa (45 psia) minimum. The
devices shall be removed from the red dye penetrant solution and placed in a fine-screen basket and flushed with acetone by
applying a fine-spray of acetone to remove the surface film of the solution. It is recommended that the devices in the fine-screen
basket be held over funnel, with the funnel inserted into a large Erlenmeyer flask, (thus minimizing the acetone vapors released into
the room). Do not allow any acetone to contaminate the red dye penetrant solution. Immediately following the wash, the devices
shall be emptied onto a white surface and examined visually for red dye penetrant solution exiting from any leaking devices. Look
for evidence of red dye leakage that is apparent without using the aid of visual magnification. Any devices with red dye penetrant
solution leaking from them shall be rejected as gross leakers and removed.

Step 2. The remaining devices shall then be placed in the radioisotope pressurization chamber. The chamber shall be filled
with inert material (aluminum filler blocks) so that the free volume is not greater than as qualified in 2.2.2. The chamber is
evacuated to a pressure of 0.5 torr. The devices shall then be pressurized to a minimum of 45 psia of Kr85/air mixture for 0.2
hours minimum. The gas shall then be transferred to storage until a pressure of 2.0 torr maximum exists in the tank. This transfer
shall be completed in 2 minutes maximum. The chamber shall then be filled with air, and the devices immediately removed from
the tank and leak tested within 5 minutes after gas exposure, with a scintillation crystal equipped counting station. It is
recommended that batch sizes be kept small enough to allow all devices to be measured within 5 minutes. Any device indicating
500 c/m or greater above the ambient background of the counting station shall be considered a gross leak. If all of the devices
cannot be measured within 5 minutes, they shall be retested starting at the beginning of step 2.

Step 3. Failing devices may cross contaminate compliant devices with red dye penetrant solution. Devices which contain red
dye penetrant solution may effervesce after being pressurized with Kr85 and may lose the Kr85 trapped within them. The devices
shall be emptied onto a white surface and examined carefully for any red dye penetrant solution exiting from any leaking devices.
Any devices with red dye penetrant solution leaking from them shall be rejected as gross leakers. Gross leak failures with less than
0.1 cm? internal free volume shall be visually inspected at 30X to confirm that the red dye penetrant solution is actually leaking from
the device.

Step 4. If any devices are rejected by Steps 1 — 3, the procedure (starting with Step 2) shall be performed again until no more
gross leakers are found.
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2.3 Test condition C, Perfluorocarbon gross leak.

2.3.1 Apparatus. Apparatus for this test shall consist of:

a. A vacuum/pressure chamber for the evacuation and subsequent pressure bombing of devices up to 105 psia up to 23.5
hours.

b. A suitable observation container with provisions to maintain the indicator fluid at a temperature of 125°C and a filtration
system capable of removing particles greater than 1 micrometer in size from the fluid (condition C1 only).

c. A magnifier with a magnification in the range between 1.5X to 30X for observation of bubbles emanating from devices when
immersed in the indicator fluid (condition C only).

d. Sources of type | detector fluids, and type Il indicator fluids as specified in Table II.

e. A lighting source capable of producing at least 15 thousand foot candles in air at a distance equal to that which the most
distant device in the bath will be from the source. The lighting source shall not require calibration but the light level at the
point of observation (i.e., where the device under test is located during observation for bubbles), shall be verified (condition
Cq only).

f. Suitable calibrated instruments to indicate that test temperatures, pressures, and times are as specified.

g. Suitable fixtures to hold the device(s) in the indicator fluid (condition C+ only).

h. A perfluorocarbon vapor detection system capable of detecting vapor quantities equivalent to 0.167 or 1/6 microliter of type
| fluid (condition C3 only).

i. The vapor detector used for condition C3 shall be calibrated at least once each working shift using a type | fluid calibration
source, and following the manufacturer's instructions.

TABLE Il. Physical property requirements of perfluorocarbon fluids. 1/

Property Type | Type Il Type Il ASTM
test method

Boiling point (°C) 50-95 140-200 50-110 D-1120
Surface tension (Dynes/cm) <20 D-971

at 25°C D-1331
Density at 25°C (gm/ml) >1.6 >1.6 >1.6
Density at 125°C (gm/ml) >15
Dielectric strength > 300 > 300 > 300 877

(volts/mil)
Residue (ugm/gm) <50 <50 <50 D-2109
Appearance Clear colorless NA

1/ Perfluorocarbons contain no chlorine or hydrogen.

2.3.2 Test condition C4 or Cs, perfluorocarbon gross leak. Test condition C1 is a fixed method with specified conditions that will

ensure the test sensitivity necessary. Test condition C, has been replaced by C1. Test condition Cs is a fixed method that uses a
vapor detection system instead of an indicator bath.
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2.3.3 Procedure applicable to fixed (C1) method. The devices shall be placed in a vacuum/pressure chamber and the pressure
reduced to 5 torr or less and maintained for 30 minutes minimum. The vacuum cycle may be omitted for packages with an internal
volume > 0.1 cm®. A sufficient amount of type | detector fluid shall be admitted to cover the devices. When the vacuum cycle is
performed, the fluid will be admitted after the minimum 30 minute period but before breaking the vacuum. The devices shall then
be pressurized in accordance with Table lll. When the pressurization period is complete the pressure shall be released and the
devices removed from the chamber without being removed from a bath of detector fluid for greater than 20 seconds. A holding
bath may be another vessel or storage tank. When the devices are removed from the bath they shall be dried for 2 +1 minutes in
air prior to immersion in type Il indicator fluid, which shall be maintained at 125°C +5°C. The devices shall be immersed with the
uppermost portion at a minimum depth of 2 inches below the surface of the indicator fluid, one at a time or in such a configuration
that a single bubble from a single device out of a group under observation may be clearly observed as to its occurrence and
source. The device shall be observed against a dull, nonreflective black background though the magnifier, while illuminated by the
lighting source, from the instant of immersion until, expiration of a 30-second minimum observation period, unless rejected earlier.

For packages greater than 5 grams, the effects of package thermal mass shall be determined by evaluating each package family
with known leakers and measuring the time for bubbles to be observed. If the evaluation time exceeds the 30 seconds required for
the observation time, then the observation time shall be extended to take into account the package thermal mass effect. Alternate
methods may be used to meet this intent provided the method is documented and made available to the preparing or acquiring
activity upon request.

2.3.3.1 Test condition C4, fixed method. Allowable fixed method conditions shall be as shown in table lll, herein.

TABLE lll: Condition C pressurization conditions.

Pressure 1/ Minimum pressurization
psia (min) time (hour)
C4 Cs
30 235 12
45 8 4
60 4 2
75 2 1
90 1 0.5
105 0.5 N/A

1/ Do not exceed the capability or degrade the integrity of the device.

2.3.3.2 Failure criteria. A definite stream of bubbles or two or more large bubbles originating from the same point shall be cause
for rejection.

CAUTION: When the leak is large, the operator may notice a stream of liquid exiting the package without the release of bubbles.
This condition shall result in the package being rejected.
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2.3.4 Test condition C3, perfluorocarbon vapor detection.

2.3.4.1 Procedure. The devices shall be placed in a vacuum/pressure chamber and the pressure reduced to 5 torr or less and
maintained for 30 minutes minimum. A sufficient amount of type | detector fluid shall be admitted to the pressure chamber to cover
the devices. The fluid shall be admitted after the 30 minute minimum vacuum period but before breaking the vacuum. The devices
shall then be pressurized in accordance with Table Ill. Upon completion of the pressurization period, the pressure shall be
released, the devices removed from the pressure chamber without being removed from a bath of detector fluid for more than 20
seconds and then retained in a bath of perfluorocarbon fluid. When the devices are removed from the fluid they shall be air dried
for a minimum of 20 seconds and a maximum of 5 minutes prior to the test cycle. If the type | detector fluid has a boiling point of
less than 80°C, the maximum drying time shall be 3 minutes.

The devices shall then be tested with a perfluorocarbon vapor detector that is calibrated in accordance with 2.3.1h and 2.3.1i.
"Purge" time shall be in accordance with Table IV. Test time shall be a minimum of 3.5 seconds (unless the device is rejected
earlier) with the perfluorocarbon vapor detector purge and test chambers at a temperature of 125 +5°C, or 2.5 seconds minimum
with the purge and test chambers at a temperature of 150 +5°C.

NOTE: Airdry, purge and test limits for each device shall be complied with in all cases, including stick to stick handling.

NOTE: Test temperature shall be measured at the chamber surface that is in contact with the device(s) being tested. Device
orientation within the test cell should maximize heat transfer from the heated chamber surface to the cavity of the device
within the capability of the equipment.

2.3.4.2 Failure criteria. A device shall be rejected if the detector instrumentation indicates more than the equivalent of 0.167 or
1/6 microliter of type | detector fluid in accordance with Table II.

TABLE IV. Purge time for condition Cs.

Package with internal Purge time
free volume
(CM3) (seconds)
<0.01 <5
>0.01 <0.10 <9
>0.10 <13

NOTE: Maximum purge time can be determined by cycling a device with a 0.02 to 0.05 inch hole and measuring the maximum
purge time that can be used without permitting the device to escape detection during the test cycle.

2.3.5 Precautions. The following precautions shall be observed in conducting the perfluorocarbon gross leak test:

a. Perfluorocarbon fluids shall be filtered through a filter system capable of removing particles greater than 1 micrometer prior
to use. Bulk filtering and storage is permissible. Liquid which has accumulated observable quantities of particulate matter
during use shall be discarded or reclaimed by filtration for re-use. Precaution should be taken to prevent contamination.

b. Observation container shall be filled to assure coverage of the device to a minimum of 2 inches.

c. Devices to be tested should be free from foreign materials on the surface, including conformal coatings and any markings
which may contribute to erroneous test results.

d. Alighting source capable of producing at least 15 thousand foot candles in air at a distance equal to that which the most
distant device in the bath will be from the source. The lighting source shall not require calibration but the light level at the
point of observation (i.e., where the device under test is located during observation for bubbles) shall be verified.

e. Precaution should be taken to prevent operator injury due to package rupture or violent evolution of bomb fluid when testing
large packages.
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2.4 Test condition for optical leak test, (C4 . C4 and Cs).

2.4.1 Application. Optical Leak Test (OLT) applies to individual devices and to devices mounted on printed circuit boards or
higher level assemblies. The operation for the OLT system is based on the ability to deflect the lid or package. The candidate
package shall have a lid stiffness to deflect at least 0.005 microns/psi minimum. These test conditions are valid for lidded devices
constructed of metallic, ceramic or other materials which result in measurable deflection of the lid over time as a result of pressure
being applied. Generally, Helium is used as the pressure medium. Apparatus required shall consist of suitable pressure or
vacuum/pressure chamber with an integral interferometry leak detector. The optical leak detector shall be preset and properly
calibrated for an equivalent standard leak rate sensitivity sufficient to detect leakage to the required levels stated in Table VII of
paragraph 3. Leak rate is determined by the change in internal pressure of the package of a known internal free volume over a
known period of time. When this is normalized to one atmosphere pressure (He) then divided by the test duration and multiplied by
the internal free volume, OL (atm-cm®/sec)is determined. The leak rate would be denoted as OL,; for air or CDA (clean dry air),
OLn2 for Nitrogen, or OLy. for Helium. The conversion factors for these gases are listed in 1.1.c. If the test gas is air then no
conversion is necessary and the OLT output can be directly compared to the test limits listed in Table VII.

Note: Prior to performing optical gross/fine leak testing, the test designer will need to know the structural limits of the package.
Extreme pressure/vacuum may cause damage to some devices. The test designer will need to design the test conditions
around such limitations.

2.4.2 Apparatus. The apparatus required for test conditions C4, C4 and Cs optical leak test shall be as follows:
a. A laser interferometer to measure submicron lid deflection of one or more devices in response to a pressure change.
b. A chamber to provide a controlled pressure of up to 90 psia.

c. A means of measuring and inducing a small controlled pressure change and electronically calibrating the induced pressure
change to lid deflection for each device simultaneously in order to determine the lid stiffness in microns per psi or
equivalent units for each device.

d. A means of tracking the lid movement of each device simultaneously over time.

e. Processing electronics capable of using the measured lid position at the beginning and end of the test and the calibrated
stiffness (c) to determine the change in internal pressure of the device. This change in internal pressure along with
internal free volume and test duration is used to obtain leak rates OL.

f.  An absolute pressure sensor installed that automatically accounts for changes in barometric pressure.

g. A temperature sensor (thermocouple) that is used for temperature variations for the Temperature Compensation Factor
(TCF).

h. A heater that is used during the initial device profile set up only, for determining the Temperature Compensation Factor
(TCF).

2.4.3 Apparatus initial setup. The optical gross/fine leak test equipment requires unique test parameters for each device type. .
Package set up and calibration shall be performed using two or more devices with leak rates less than the test limits in Table VII.
These set up devices will be used prior to production testing to determine if the optical leak tester can be used to test this specific
package type and also to determine the specific parameters, P,, T, and nominal lid stiffness for production testing. P, and T are
fixed values such that the test sensitivity is less than the test limits. P, shall be the same pressure used during test and T is the
minimum time required to achieve passing leak rates. The measured lid stiffness for each device (unique serial number) will be
used to calculate the leak rate. This initial step can be skipped if the test set up information for this specific package type and
geometry has already been previously determined, documented, and maintained in the system.

Note: Do not test the packages within 30 minutes of seam sealing or baking. The packages should be at the same ambient
temperature as the leak tester.

2.4.4 Process monitoring. A group of system check deVIces shall be used for system operatlon verlflcatlon at the beglnnlng
and end of each work sh|ft v

There shaII be at Ieast one device that is a gross
leaker exhibiting no lid deflection, one fine leaker having a leak rates greater than the applicable test limit in Table VII, and at least
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one known good devrce having a leak rate Iess than the appllcable test limits in Table VII. Adeakrate-log-of-the-system-check

v- A leak rate log of the system check devices must be
malntalned for audltlng and to demonstrate that the Ieak rates contlnue to meet the criteria specified above. The leak rate log and
system check devices shall be made available to the qualifying activity. Checked devices shall be stored in a dry box or dry
nitrogen purge cabinet and handled with gloves to prevent leak path obstruction

2.4.5 Leak rate. The optical leak test shall be performed with a test pressure (P,) and time (T), which will provide the leak rate
sensitivity required. The leak rate is provided by the following equation (see Eq (4)):

Eq (4)
OL = (V/TPa) X —In (AP/AP;)
Where:

OL =The implied leak rate of the test (atm-cm®/sec He).

V = The internal free volume of the package cavity (cm?).

T = The test duration time (seconds).

AP; = The chamber test pressure (psig). Since the internal package pressure is assumed to be 0 psig at the start of the test,
the pressure difference is the test pressure.

AP; = The chamber test pressure — leakage (psig). Leakage is the change in pressure inside the package during the test.
Leakage = lid movement (um) / lid stiffness (um/psi).

P. = The chamber test pressure, psig converted to atmosphere as a function of altitude, e.g. 1 atm = 14.7 psia at sea level.

2.4.5.1 Controlling sensitivity by controlling test time, pressure, and temperature. As stated above, for a specific package lid
thickness, and volume V, the leak rate sensitivity OL is increased by increasing the test time T and chamber pressure P,. A
temperature increase of 2 °C or more during a test can cause the internal pressure of the device to mcrease and raise the I|d up as
if the device were leaking.
ﬂuetuatrens494earernetnepressure+srnt+plerrrented Therefore a means to compensate Ieak rate measurements for changes in
room temperature and fluctuations in barometric pressure over long test times (> 45 minutes) shall be implemented. The
Temperature Compensation Factor (TCF) will prevent a hermetic device from being falsely rejected. The TCF is determined by
running devices with leak rates less than the test limits in Table VII with the same test parameters used in production. To set up
the TCF for a new part type, a heater is used to raise the chamber temperature by 2 °C to 3 °C over the test time. The APD
(change in internal pressure of the device, also called leakage) will be measured which is the result of the device temperature
changing and thermal mismatch between the lid and base. The heater is not used in production, only for the one-time test profile

set-up run. The units for TCF are psi/ °C and allows the OLT system to adjust APD (leakage) for temperature prior to calculating
the leak rate.

2.4.6 Procedure for optical leak test, C4 C, and Cs. The completed device(s) shall be placed in the sealed test chamber. An
optical interferometer is set to observe the package lid(s). The sealed test chamber is then pressurized or evacuated (vacuum) to a
test pressure no higher than the maximum design pressure/vacuum as determined by the package manufacturer or the design limit
of the chamber. For the duration of the test, the chamber pressure/vacuum is modulated sufficiently to obtain lid stiffness
calibration for each device. The deflection of the lid(s) is measured with the optical interferometer. The deflection of the lid(s), is
measured for each package in the field of view simultaneously.

2.4.6.1Failure criteria.

pressure-was-changed:- The failure cntena for Gross Leak C4,is defmed when one of the foIIowmg two operatlonal test
characteristics is observed.

1. One instance is when the optical interferometer does not detect deflection of the lid as the chamber pressure was
changed.

2. The second is when the lid initially deflects under pressure but quickly returns towards its unpressurized state due to the
equalization of the internal device pressure caused by a gross leak.

b. The failure criteria for combined Gross and Fine Leak, C4 & Cs, is if the optical interferometer did not detect deflection of the
lid as the chamber pressure was changed or that provided in Table VIl of paragraph 3.

2.4.7 Test condition C4, C4 and Cs retest. The package may be retested due to equipment malfunction or operator error
causing the package to not be properly tested, or the test not being completed. If approved by the qualifying activity, retest may be
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performed due to other conditions and shall be documented accordingly. The proper wait time before performing a retest shall
ensure the internal package pressure has equalized with the outside pressure. This proper wait time shall be determined through
repeated testing of a fine leaking package and the data shall be available to the acquiring or qualifying activity upon request. The
retesting shall be documented and records shall be retained for traceability.

2.4.7.1 Method for retest without error code (manual fringing test). If the systems reports a device as “retest,” the device is most
likely a gross leaker. A “retest” response implies collective data is insufficient to distinguish a gross leaker from a non leaking
device. Therefore, manual fringing method must be performed in accordance with the equipment manufacturer’s defined
procedures. This additional testing shall be documented and records shall be retained for traceability.

2.4.7.2_ Method for retest with error code. If the system reports a device as “retest” with an error code, a retest may be performed
in accordance with the equipment manufacturer’s defined procedure. This procedure must address the proper wait time necessary
to ensure the internal package pressure has equalized with the outside pressure before the test is repeated. This proper wait time
shall be determined through repeated testing of a fine leaking package, and the data shall be available to the acquiring or qualifying
activity upon request. This additional testing shall be documented and records shall be retained for traceability.

2.5 Test condition D, penetrant dye gross leak.

Note: This is a destructive test for verification per the requirements of 1.3.1 Retest.

2.5.1 Apparatus. The following apparatus shall be used for this test:

a. Ultraviolet light source with peak radiation at approximately the frequency causing maximum reflection of the dye (3650 A
for Zyglo; 4935 A for Fluorescein; 5560 A for Rhodamine B, etc.).

b. Pressure chamber capable of maintaining 105 psia.

c. Solution of fluorescent dye (such as Rhodamine B, Fluorescein, Dye-check, Zyglo, FL- 50, or equivalent) mixed in
accordance with the manufacturer's specification.

d. A magnifier with a magnification in the range between 1.5X to 30X for dye observation.

2.5.2 Test condition D, penetrant dye gross leak. The pressure chamber shall be filled with the dye solution to a depth sufficient
to completely cover all the devices. The devices shall be placed in the solution and the chamber pressurized at 105 psia minimum
for 3 hours minimum. For device packages which will not withstand 105 psia, 60 psia minimum for 10 hours may be used. The
devices shall then be removed and carefully washed, using a suitable solvent for the dye used, followed by an air-jet dry. Remove
the lid from the device. The devices shall then be immediately examined under the magnifier using an ultraviolet light source of

appropriate frequency.

2.5.2.1 Failure criteria. Any evidence of dye penetration into the device cavity shall constitute a failure.

2.6 Test condition E, weight gain gross leak.

2.6.1 Apparatus. Apparatus for this test shall consist of:

a. A vacuum/pressure chamber for the evacuation and subsequent pressure bombing of devices up to 90 psia up to 10 hours.

b. An analytical balance capable of weighing the devices accurately to 0.1 milligram.

c. A source of type Ill detector fluid as specified in Table II.

d. Afiltration system capable of removing particles greater than 1 micrometer in size from the perfluorocarbon fluid.

e. Suitable calibrated instruments to measure test pressures and times.

2.6.2 Procedure. The devices shall be placed in an oven at 125°C for 1 hour minimum, after which they shall be allowed to cool

to room ambient temperature. Each device shall be weighed and the initial weight recorded or the devices may be categorized into
cells as follows. Devices having a volume of <0.01 cm? shall be categorized in cells of 0.5 milligram increments and devices with

volume >0.01 cm? shall be categorized in cells of 1.0 milligram increments. The devices shall be placed in a vacuum/pressure
chamber and the pressure reduced to 5 torr and maintained for 1 hour except that for devices with an internal free volume >0.1
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cm?, this vacuum cycle may be omitted. A sufficient amount of type Il detector fluid shall be admitted to the pressure chamber to
cover the devices. When the vacuum cycle is performed, the fluid shall be admitted after the 1-hour period but before breaking the
vacuum. The devices shall then be pressurized to 75 psia minimum except that 90 minimum psia shall be used when the vacuum
cycle has been omitted. The pressure shall be maintained for 2 hours minimum. If the devices will not withstand the 75 psia test
pressure, the pressure may be lowered to 45 psia minimum with the vacuum cycle and the pressure maintained for 10 hours
minimum.

Upon completion of the pressurization period, the pressure shall be released and the devices removed from the pressure
chamber and retained in a bath of the perfluorocarbon fluid. When the devices are removed from the fluid they shall be air dried for
2 11 minutes prior to weighing. Transfer the devices singly to the balance and determine the weight or weight category of each
device. All devices shall be tested within 4 minutes following removal from the fluid. The delta weight shall be calculated from the
record of the initial weight and the post weight of the device. Devices which were categorized shall be separated into two groups,
one group which shall be devices which shifted one cell or less and the other group which shall be devices which shifted more than
one cell.

2.6.3 Failure criteria. A device shall be rejected if it gains 1.0 milligram or more and has an internal volume of <0.01 cm?® or if it
gains 2.0 milligrams or more and has an internal volume of > 0.01 cm®. If the devices are categorized, any device which gains
enough weight to cause it to shift by more than one cell shall be considered a reject. A device which loses weight of an amount
which if gained would cause the device to be rejected may be retested after it is baked at 125°C for a period of 8 hours.
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2.7 Test condition G1, radioisotope thermal leak test.

2.7.1 Application. This test is for the evaluation of package hermetic integrity at elevated temperature. It is intended to verify
that the package structural design will maintain hermetic integrity at elevated temperatures. Devices to be evaluated in this thermal
leak test shall be packages that should not have been subjected to any prior liquid immersion testing (e.g. thermal shock, bubble
test). The devices to be tested for thermal leakage shall first be subjected to a fine and dry gross leak test, to at least the sensitivity
requirement for that package in the standard, and the hermeticity to that sensitivity, establishing the package is hermetic at ambient
temperature.

2.7.2 Apparatus. Apparatus for this test shall consist of the following:

a. Radioactive tracer gas pressurization console containing Kr85/air mixture. A Kr85 pressure/vacuum thermal test chamber
capable of evacuation and pressurization at temperatures, and thermal cycling from ambient temperature to maximum
temperature of the test desired while maintaining Kr85/air pressure.

b. Counting station as in paragraph 2.2.1b excluding Tunnel Scintillation Crystal.

c. Atracer gas as in paragraph 2.2.1c.

2.7.3 Testing parameters. Prior to the thermal-radioisotope test, the devices shall be pre-tested to the sensitivity requirement for
that package in the standard. The bombing pressure and soak time for the pre-test shall be established for the package following
2.2.5.1.

2.7.3.1 Determination of counting efficiency (k). Shall be asin 2.2.4

2.7.3.2 Evaluation of surface sorption. Shall be as in 2.2.5.4

2.7.4 Procedures. The devices shall be placed in the radioactive tracer gas thermal-pressurization chamber. The tank shall be
evacuated to 0.5 torr. The devices shall be subjected to a pressure of Kr85/air mixture at a pressure of 60 psia, (typical), or a
minimum of 30 psia (dependent upon the structural compatibility of the package).

2.7.4.1 Thermal test. The devices are placed in the thermal/pressure chamber and pressurized with Kr85/air mixture to the
pressure established in 2.2.5. The chamber is then heated to a temperature in the range of 100°C to 125°C and maintained at the
elevated temperature for a minimum of 10 minutes. The heating rate should be 1°C per minute minimum or as specified. The
temperature is then returned to ambient, at which time the Kr85 is returned to storage and the devices are removed from the
thermal/pressure chamber and measured at the scintillation crystal detection station for any Kr85 gas trapped within the devices.
Device encapsulations that come under the requirements of 2.2.6 shall be exposed to ambient air for a time not less than the wait
time determined by 2.2.5.4. In no case will the time between removal from the pressurization chamber and measurement exceed
60 minutes. This test is frequently applied to devices that have indicated leakage at ambient temperature in order to establish if
they open to a larger leak rate at temperature.

2.7.5 Failure criteria. This test is a “Go-No-Go” test to detect packages that ‘open-up’, or become non-hermetic at elevated
temperature. The detection of a measurable amount of Kr85, (greater than 500 c/m above ambient background), within the part
after exposure to Kr85 pressure at temperature indicates a “thermal-reject”, (hermetic failure at elevated temperature).

Note: A thermal reject may be placed in a vacuum oven and the temperature increased for 10 minutes minimum, at 10°C intervals,
and the device removed to measure the Kr85 content after each 10°C increase, until the temperature is reached at which
the Kr85 reading begins to decrease, indicating the temperature at which the device opened during pressurization. This will
indicate the approximate temperature at which the device is leaking, (or increasing its leak rate).
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2.8 Test condition CH, cumulative helium leak test.

2.8.1 CH:and CH, combined fine/gross leak. Test Conditions CH, “fixed” method and CH; “flexible” method expand the range
of He fine leak to include the gross leak range and require the same test conditions using the Cumulative Helium Leak Detector
(CHLD) System. Test condition Z utilizes Helium to measure gross leaks and a selection of tracer gasses in addition to Helium for
the fine leak measurement.

2.8.2 Apparatus. The apparatus of the CHLD System.

2.8.2.1 Calibration Leak Standard. The apparatus for this procedure uses a mass spectrometer as in test condition A, except that
the optimum Calibration Leak Standard is 5 x 10"%° atm cm®/sec and, since the slope of the accumulated Helium is a linear function,
measurements beyond 10712 are achievable if the calibration slope ratio to the background slope is greater than 100. A Helium
Validation Standard of 5 x 10*2 shall be used to validate the sensitivity and linearity of the lower leak rate range and a 1 x 108
Helium leak standard used for the higher range. The leak rate standards shall be recalibrated at least every-five-years once per
year.

2.8.2.1.1 Pumping system. The leak detector indicator shall be calibrated using a diffusion-type calibrated standard leak at least
once every working shift. In addition, the test apparatus for CHy and CHy, utilizes a specialized pumping system that enables the
volume of Helium released to be measured as well as the rate of change or “slope” of the Helium. The leak rate is determined from
the slope measurement for fine leaks and from the volume for gross leaks:

2.8.2.1.2 Chamber volume. The volume of the test chamber used for leak rate measurement should be held to the minimum
size practical, since a ratio of the chamber dead volume (V) to the device internal volume (Vq) of greater than 100 will reduce the
sensitivity limits when detecting gross leaks. The maximum ratio of test chamber dead volume to device internal volume V¢/Vq4
must be established for individual part testing and batch testing to insure a gross leak amplitude will be detected with a signal to
background ratio of at least 3 to one. This ratio is a function of the Helium content of the purge gas as well as the internal volume
and number of devices to be batch tested.

2.8.2.1.3 Purge pump. A purge gas with a Helium content less than 1 ppm.
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2.8.3. Procedure applicable to CH; "fixed" and CH, "flexible” methods. The completed devices(s) shall be placed in a sealed
chamber per conditions A and Az as specified in 2.1.2.1. (The evacuation pressure if used shall be documented). The pressure
shall then be relieved (an optional air wash may be applied or other technique to reduce the effects of surface sorption as specified
in 2.8.3.2 can be used) and each specimen transferred to another chamber or chambers which are connected to the evacuating
system and a mass-spectrometer-type leak detector. When the chamber is evacuated, any tracer gas which was previously forced
into the specimen will thus be drawn out and indicated by the leak detector as a measured leak rate (R). The number of devices
removed from pressurization for leak testing shall be limited such that the test of the last device can be completed within the dwell
times listed in Table 1).

Note: The flexible method CH; shall be used unless otherwise specified in the acquisition document, purchase order, or contract.

2.8.3.1 Dwell Time. Dwell time for the CH; and CH; methods shall be 0.5 hour for packages having internal free volumes < 0.05
cm?® and 1 hour for packages having internal free volumes > 0.05 cm®. For packages with internal free volumes > 0.05 cm?3, the
maximum dwell time t, may be increased up to a maximum of 4 hours. Prior to increasing dwell times, the manufacturer or test
facility shall qualify a procedure for each package type to ensure there are no gross leak escapes at the maximum dwell time
proposed. This procedure shall address any technique used to mitigate surface sorption as stated in 2.8.3.3.

2.8.3.2. Evaluation of surface sorption and wait time. All device encapsulations consisting of glass, metal, and ceramic or
combinations thereof including coatings and external sealants, shall be evaluated for surface sorption of the leak test tracer gas
(such as Helium) before establishing the leak test procedures and parameters. Devices susceptible to surface sorption cannot be
tested until the surface sorption has dissipated to <0.5 R4. This is defined as the wait time.

The wait time is determined by testing lidded and, if possible, delidded representative samples at the proposed bombing
conditions. The R measurement and time duration for each lidded device shall be monitored until the R measurement falls to 0.5
R1. Sorption may vary with pressure and time of exposure so that some trial may be required before satisfactory exposure values
are obtained. If the wait time does not yield adequate time to test parts within the required dwell time as specified in 2.8.3.1, then
one or more of the following can be implemented: (1) use the mitigation of surface sorption strategy as described in 2.8.3.3; (2)
use the procedure described in 2.8.3.1 to increase the dwell time; or (3) use the flexible method CH; to increase R1 and to shorten
the wait time.

2.8.3.3 Mitigation of surface sorption. Three techniques (ventilation in ambient air, dry gas wash, and thermal bake out) can be
used to reduce the wait time as established in 2.8.3.2. The technique utilized depends on the tracer gas sorption characteristics of
the particular device to be leak tested and the sensitivity of the leak detector system. Typically, a shorter Helium bomb time results
in less Helium sorption and a shorter wait time; however; a shorter bomb time yields a much smaller R4 value, which may exceed
the sensitivity of the CHLD system. Prior to implementing a mitigation strategy, the proposed strategy shall be qualified for each
package type to establish the required sensitivity is not diminished.

2.8.3.3.1 Ventilation in ambient air. Many devices are leak tested without regard for surface effects, since the time it takes to
remove the devices from the Helium bomb and bring them to the leak detector is sufficient to reduce surface effects to levels below
the Helium (R4) test limit. In the past, devices were regularly allowed to sit in the open in a well ventilated area for 15 to 30 minutes
prior to conducting a leak test.

2.8.3.3.2 Dry gas wash. The practice of blowing a dry gas on the devices prior to leak testing to reduce the effects of surface
sorption is most effective on devices which are contaminated with surface moisture or other high vapor pressure solvents such as
IPA. Some ceramic devices with low porosity respond favorably to this blowing procedure. The CHLD test method provides leak
test measurements through the gross leak range. In the worst case, only atmospheric air is present in the device. If dry Nitrogen is
used to blow off surface adsorption, there is a potential to displace the room air in a gross leaker with Nitrogen (Note: most
commercial Nitrogen contains at least 1.0 ppm Helium where as room air contains at least 5.0 ppm Helium) which will reduce the
sensitivity to a gross leak. If a dry gas is used, dry atmospheric air is preferred for the CHLD test method.

v T Surface moisture, which is present
from exposure to h|gh humldlty Ievels found in ESD work areas, contrlbutes strongly in each case to desorptlon rates Marious

. Heatlng works weII for optical

deV|ces wh|ch have elther plastlc or glass Ienses attached to the outer surface of the device or |nc|ude flber optlc lnterfaces
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tracergas- Devices with an internal volume>0.1cm3 may be placed in a vacuum and/or baked at 100°C for no more than 20
minutes to assist with desorption of Helium from the surface only during this time.

2.8.4 Test condition CHs. Fixed method shall be as in 2.1.2.2 utilizing Table V.

2.8.4.1 Test condition CH; Table. The device(s) shall be tested using the appropriate conditions specified in Table V for the
internal free volume of the package under test. The t1 is the time under pressure and time t, is the maximum time allowed after the

release of pressure before the device shall be tested. The fixed method shall not be used if the maximum standard leak rate limit
given in the performance specification is less than the limits specified herein for the flexible method.

TABLE V. Sample Table of Fixed Conditions for test condition CHj.

Sample Helium Bombing Conditions
\ R, Equivalent “L” Value
Volume of = t 1 atm-cm®/sec Air equivalent leak rate in
Package in Pres:ure Minirlnum Maxiinum Helium leak atm-cm®/sec
3 .
(cm’) [kPa+15] (psia+2) Exposure dwell time detector reading
time in hours
(hrs +1-0) 1/
<0.05 [517] (75) 3.8 0.5 1x10™M 1x10°
[620] (90) 1.58 0.5 5x 1072 1x10°
>0.05<0.40 [517] (75) 1.22 1 1x10™ 5x10°
[620] (90) .51 1 5x 107 5x10°
>0.40<0.50 [517] (75) 1.52 1 1x10™" 5x10°%1x10%
[620] (90) .63 1 5x 107" 5x10°1x108
>0.50<0.70 [517] (75) .53 1 1x10™" 1x10%®
[517] (75) 27 1 5x 1072 1x10%®
>0.70<1.0 [413] (60) .95 1 1x10™M 1x10°®
[517] (75) .38 1 5x 1072 1x10%®
>1.0<1.5 [413] (60) 1.42 1 1x10™ 1x10®
[517] (75) .57 1 5x 107 1x10°®
>1.5<5.0 [413] (60) 4.75 1 1x10™ 1x10%®
[517] (75) 1.9 1 5x 107" 1x10®
>5.0<10.0 [310] (45) 12.7 1 1x10™" 1x10%®
[413] (60) 4.75 1 5x 1072 1x10%®
>10.0<20.0 [310] (45) 25.3 1 1x10™M 1x10°®
[310] (45) 12.66 1 5x 1072 1x10%®
1/ For packages with internal free volumes > 0.05 cm?, the maximum dwell time t, may be increased up to a

maximum of 4 hours as specified in 2.8.3.1.
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2.8.5 Test condition CH,. Flexible method shall be as in 2.1.2.3.

2.8.5.1 Package volume and leak rate limits for CHs and CH,. For test method CH4 and CH;, the minimum size package is
determined by the ability of the apparatus to effectively detect a gross leak within the dwell time after the device has been removed
from the tracer gas pressurization chamber with a signal to noise (background) ratio of at least 3 to one. It may be necessary to use
a shorter test interval if the test chamber has a high background level of Helium or the surface sorption, (as determined in 2.8.3.2),
of the device is high. The only limit on maximum size is the size of the test chamber to accommodate the device under test. A
gross leak for this test method is defined as a hole in the package at least 0.010 inches, (0.254), mm in diameter or smaller. With
an appropriate setup and technique, as defined by the equipment manufacturer, a device without a seal or completely missing a lid
can be detected as a gross leak. Prior to using this gross leak verification technique, the manufacturer or test facility shall qualify
the procedure, and create a profile for every part, for each package type/volume, and associated test method to ensure the system
setup is optimized to detect a gross leak. In the worst case, a device with a gross leak will only contain atmospheric air and the
instrument shall demonstrate adequate sensitivity, i.e., the ability to measure the 5.0 ppm Helium in ambient air contained in a
device as a gross leak. The demonstrated minimum detectable leak rate for this test method is < 4 x 10-14 atm-cm3/sec; however,
the design of the apparatus test chamber as well as the ambient laboratory environment can increase or decrease this limit.

2.8.6 Test condition Z. CHLD direct measurement of leak rates using either Hydrogen, Helium, Methane, Neon, Nitrogen,
Oxygen, Argon, Carbon Dioxide, Krypton, Xenon, or Fluorocarbons as a fill gas or bombing fluid.

2.8.6.1 CHLD direct measurement of Fill Gas fine/gross leak combination.

2.8.6.1.1 Apparatus. CHLD system as used in condition CH but with a mass spectrometer capable of measuring the Fill gases
such as Hydrogen, Helium, Methane, Neon, Nitrogen, Oxygen, Argon, Carbon Dioxide, Krypton, Xenon, or Fluorocarbons, (as an
example), and a calibration standard in addition to Helium for each of the other Fill gases to be tested, in the same order of
magnitude as the leak test limit for that respective gas. A signal to noise ratio of 5 to one or greater must be maintained during
calibration and testing. It is expected that in some cases a high tracer gas background will be present and some means such as
purging with a different gas should be employed to help remove the surface adsorbed tracer gas from the device under test. An
example would be to use Carbon Dioxide as a purge gas for a tracer gas of Argon on a device filled with a percentage of Argon or
bombed with Argon. Both fine and gross leak determinations are made with Helium as well as a fine leak determination using the
alternate fill gas. For example, a device filled with a 25% Helium 75% Argon mix would have a gross leak amplitude measurement
of Helium to test for a gross leak and two fine leak measurements conducted simultaneously for both Helium and Argon. If the
device was only filled with Argon, the same measurements are taken where the Helium information would represent gross or large
fine leaks and the tracer gas measurement would represent the fine leak rate.

2.8.6.1.2 Procedure. The device under test shall be placed in a test chamber (no sooner than 60 minutes from the time the
device is removed from its sealing environment and placed in ambient air) with a corresponding dead volume no greater than 10
times the internal volume of the test device. Procedures and requirements for operation are the same as procedure CH. Gross leak
testing requires the pump down of the test chamber be characterized and in the worst case, the Helium level from atmospheric air
contained in the device should be at least 3 times the background to be able to positively identify a gross leak. Fine leaks are
determined by measuring the amplitude of the leak test tracer gas and ratioing this value to the amplitude of the calibration leak
standard (except for Helium where the slope is measured), If the device is filled with 100% Helium, (as an example), the measured
leak rate divided by its ratio from the table below shall be considered the air equivalent leak rate. If only 10% Helium is contained in
the fill gas, then the previous value would be multiplied by 10 for the air equivalent leak rate. The following formula would be used
for the general case (see Eq (5)):

Eq (3)
L = (Ru/r)/C
Where:
L = Equivalent standard leak rate limit of table VII in atm-cm®/sec
R4 = Calculated leak rate of the tracer gas in atm-cm?®/sec
r = Ratio of the square root of the mass numbers for the tracer gas from Table VI
C = Concentration of the tracer gas in the device under test normalized to 1, i.e. 50% = 0.5
Solving the above equation (5) for R, yields:
Eq (6)

R1=rLC
The following example is provided for a 0.01 cm? device filled with 10% Helium:
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R1 = 2.68 x 1.0E° x 0.1 = 2.68 X 10-1° atm-cm3/sec Ea (7)

The following Table VI provides the relationship between Air Equivalent Leak Rate and the leak rate of various fill gasses:

TABLE VI. Ratio of Square Roots of Mass Numbers to Air.

Hydroge Helium Neon Nitrogen | Air Oxygen | Argon Krypton | Xenon Fluorocarbo
n n

Mass 2 4 20 28 28.7 32 40 84 136 269

% in air | 50ppb S5ppm 18ppm 78% 100% 21% 1% 1ppm 90ppb trace

Sq root 1.41 2 4.47 5.29 5.36 5.66 6.32 9.16 11.7 16.4

ratio 3.80 2.68 1.19 1.01 1.00 .947 .848 .585 458 .327

Since the Helium in ambient air is used to detect gross leaks and the Helium ingress from ambient air can be used to measure
large fine leaks, devices may be subjected to multiple leak tests during the first 60 days after seal without a requirement for re-
bombing the device with the fill gas. This time interval can be extended for particular devices where it can be demonstrated that the
fill gas used for the leak test measurement will not change its concentration by more than 10% during this interval at the leak rate
given in paragraph 3 for the respective device volume.

2.8.6.2 CHLD bombing with gasses other than Helium fine/gross leak combination.

2.8.6.2.1 Apparatus. CHLD system as in 2.8.2.

2.8.6.2.2. Procedure. As in CHy, 2.8.5 except that when using the Howl-Mann equation (2.1.2.3), the fixed value 2.69 (Ma/M
which is the ratio of the square roots for Helium) should be replaced with the appropriate ratio from Table VI for the tracer gas being
used to bomb the devices. The gross leak rate is determined by sensing the ingress of Helium from ambient air into the device and
therefore leak tests should not be conducted in less than 60 minutes from the time a device is removed from the bombing chamber.
This time interval is necessary to allow a sufficient gas exchange to occur within the device between the tracer gas (in this case not
Helium) and ambient air so that gross leaks can be detected. In some cases, surface desorption effects of the tracer gas will have
to be characterized and mitigated as in 2.8.3.1.1.

2.8.6.3 CHLD re-screening devices gross leak tested with Fluorocarbons. It has been demonstrated that a Helium fine leak
measurement can be skewed by as much as one order of magnitude if the leak path is plugged by a Fluorocarbon fluid typically
used for the bubble test or gross leak test. When re-screening legacy devices, it may be advantageous to bomb the devices with
Helium and then conduct a leak test as in 2.8.5 where the leak rate of Helium is measured simultaneously with the measurement of
Fluorocarbons left over from the previous bubble test.

2.8.6.3.1 Apparatus. CHLD system as in 2.8.6.1.1.

2.8.6.3.2 Procedure. Asin 2.8.6.2.2 where the Fluorocarbon leak rate is used on a relative basis to determine whether devices
are in “Family”. Previous tests have indicated a noticeable difference between devices which have plugged leak paths and fine
leaks. Since the fine leak rate can be expected to be skewed to a lower measured leak rate in an unpredictable manner, the
interpretation of the test results must be made on a case by case basis and validated by conducting IGA analysis on selected
devices. This measurement process has produced prediction results of 100% for “good” devices and 95% for “bad” devices
(devices which contain large concentrations of Fluorocarbons in addition to large amounts of water when subjected to the Test
Method 1018 for IGA). The 5% false “bad” prediction rate comes from the inability to determine whether the Fluorocarbons are
coming from a plugged leak path or from surface porosity or other mechanical defect which does not extend into the hermetic
cavity. It has also been demonstrated that if devices are subjected to a 100 °C bake out in a 1 X 10 Torr vacuum chamber for 72
hours prior to bombing and leak testing, the effects of Fluorocarbon plugging becomes a non-issue.

2.8.6.4 Package volume and leak rate limits for condition Z. Leak rate range limits are the same as condition CH, and are
dependent on the performance of an individual test system, but an expected typical range would be from the gross leak as defined
in condition CH, 2.8.5.1 to 1.0 X 10"° atm-cc/sec for tracer gasses other than Helium.

2.8.6.5 Failure criteria. The failure criteria for Fine Leak is provided in Table VII of paragraph 3.
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2.8.7 Summary. The following conditions shall be specified in the applicable performance specification:
a. Test condition letter when a specific test is to be applied (see 1.3.).

b.  Accept or reject leak rate for test conditions CH,, CH,, or Z when other than the accept or reject leak rate specified
herein applies (see Table VII of paragraph 3).

2.8.8 Notes.

1. Any device that has been subjected to Fluorocarbon leak testing will then interfere with subsequent dry gas leak
testing. This is most noticeable with helium leak testing as it is known to reduce the measured leak rate by at least
one order of magnitude. The devices may be tested per 2.8.6.2.or 2.8.6,3 using out of family criteria, however,
these tests must be validated on a case by case basis using IGA test Method 1018 on select devices provided that
the lot of devices is large enough to support the validation tests.

2. When retesting devices to test condition Hi, H, or CH, the history of device exposure to helium including dates,
backfilling performed, tracer gas concentrations, pressure, and time exposed, should be known in order to ensure
reliable results. The sum of the bombing times and the total dwell time from the first bombing interval to the
expected subsequent leak test can be used in the Howl-Mann equation to compute a new R value if no Helium was
sealed in the device. Whenever parts are sealed in helium or prior helium testing may have been performed on a
device, the internal helium content can be calculated from the following formula (see Eq (8)):

QHe-total = Qre + pi(e™ the V)

Eq (8)
Where:
Que-otai = the total Helium contained in the package at the time of test
pi = the atmospheres of Helium sealed within the device
Lue = the true Helium leak rate
t = the time between seal and test
V = the internal volume of the device in cm?.
Qre = the amount of Helium forced into the device during bombing
Qre = {Pe-[ pi(ethe ") )}(1 - e(the V) Eq (9)
Where:
Pe =bombing pressure in absolute atmospheres
T = the bombing time in seconds

Once Qpe-wotal iS known, the leak rate test limit (R4) can be determined from 2.8.6.1.2 Equation (6).

3. Any device detected as a marginal reject using test condition CH and no leak testing history is available can be
retested using a different dry gas medium as in 2.8.6.2.

4. If the history of the device indicates that it has been subjected to fluorocarbon fluid testing, or if there is no history
evidencing that it has not been, then the device must be assumed to have fluorocarbon contamination and the
recommendations of 2.8.8. Note 3 must be followed or the device tested per 2.8.6.2 or 2.8.6.3.
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3. FAILURE CRITERIA. Unless otherwise specified, any device tested for Fine Leak that exhibits a leakage rate equal to or
greater than the test limits of table VII shall be considered a failure.

TABLE VII. Test limits for all fine leak methods. 1/ 2/

Internal Free Volume of L Failure Criteria L Failure Criteria
package atm-cm3/sec (air) atm-cmd/sec (air)
(em®)
Hybrid Class H, and
Monolithic Classes B, S, Q and V Hybrid Class K only
<0.05 5 X108 1X10°
>0.05-<0.4 1X107 5X10°
>04 1X10% 1X108

1/ Leak rates for test conditions providing results in terms other than air must be converted to air equivalent leak rates using
the conversion factors of 1.1.c. for comparison with this table’s requirements.
2/ A purchase order may require space product failure criteria to be applied to non-space product for delivery.

3.1 Residual Krypton. Facilities with Laboratory Suitability from the qualifying activity for performing Kr85 testing shall have a
documented procedure that is used to verify that the residual Krypton in tested devices are at an acceptable level (each lot/devices)
as specified by applicable Nuclear Regulatory Agency requirements prior to shipping back to customers.

3.2. Failure of test equipment. Facilities with Laboratory Suitability from the qualifying activity shall inform the qualifying activity
immediately if there are any problems with the equipment that may affect the proper testing and/or test results, as reflected in this
test method.

4. SUMMARY. The following details shall be specified in the applicable acquisition document:
a. Test condition letter when a specific test is to be applied (see 1.3).

b. Accept or reject leak rate for test condition A or B or Cs when other than the accept or reject leak rate specified herein
applies (see paragraph 3).

c. Where applicable, measurements after test (see 1 3).

d. Retest acceptability.

e. Order of performance of fine and gross if other than fine followed by gross except when using C4/Cs (see 1.3).
f. Where applicable, the device package pressure rating shall be specified if that rating is less than 75 psia.

g. Leak testing with conditions C4 and Cs also includes package testing on completed assemblies (PC boards), packages with
external absorbing materials (connectors), or other special conditions.
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METHOD 1015.44 12
BURN-IN TEST

1. PURPOSE. The burn-in test is performed for the purpose of screening or eliminating marginal devices, those with
inherent defects or defects resulting from manufacturing aberrations which cause time and stress dependent failures. In the
absence of burn-in, these defective devices would be expected to result in infant mortality or early lifetime failures under use
conditions. Therefore, it is the intent of this screen to stress microcircuits at or above maximum rated operating conditions
or to apply equivalent screening conditions, which will reveal time and stress dependent failure modes with equal or greater
sensitivity.

2. APPARATUS. Details for the required apparatus shall be as described in method 1005.

3. PROCEDURE. The microelectronic device shall be subjected to the specified burn-in screen test condition (see 3.1)
for the time and temperature specified (see method 5004 for the appropriate device class level) or, unless otherwise
specified, for an equivalent time and temperature combination as determined from table | (see 3.1.1 and 3.1.2). QML
manufacturers who are certified and qualified to MIL-PRF-38535 may modify the time or the temperature condition
independently from the regression conditions contained in table | or the test condition/circuit specified in the device
specification or standard microcircuit drawing provided the modification is contained in the manufacturers Quality
Management Plan and the “Q" certification identifier is marked on the devices. Any time-temperature combination which is
contained in table | for the appropriate class level may be used for the applicable test condition. The test conditions
(duration and temperature) selected prior to test shall be recorded and shall govern for the entire test. Lead-, stud-, or
case-mounted devices shall be mounted by the leads, stud, or case in their normal mounting configuration, and the point of
connection shall be maintained at a temperature not less than the specified ambient temperature. Pre and post burn-in
measurements shall be made as specified. Burn-in boards shall not employ load resistors which are common to more than
one device, or to more than one output pin on the same device.

3.1 Test conditions. Basic test conditions are as shown below. Unless otherwise specified, test condition F shall not be
applied to class level S devices. Details of each of these conditions, except where noted, shall be as described in method
1005.

a. Test condition A: Steady-state, reverse bias.

b. Test condition B: Steady-state, forward bias.

c. Test condition C: Steady-state, power and reverse bias.
d. Test condition D: Parallel excitation.

e. Test condition E: Ring oscillator.

f.  Test condition F: Temperature-accelerated test.

3.1.1 Test temperature. The ambient burn-in test temperature shall be 125°C minimum for conditions A through E (except
for hybrids see table I). At the supplier's option, the test temperature for conditions A through E may be increased and the
test time reduced in accordance with table |. Since case and junction temperature will, under normal circumstances, be
significantly higher than ambient temperature, the circuit employed should be so structured that maximum rated junction
temperature for test or operation shall not exceed 200°C for class level B or 175°C for class level S (see 3.1.1.1). Devices
with internal thermal shut-down circuitry shall be handled in accordance with 3.2.3 of method 1005. The specified test
temperature is the minimum actual ambient temperature to which all devices in the working area of the chamber shall be
exposed. This shall be assured by making whatever adjustments are necessary in the chamber profile, loading, location of
control or monitoring instruments, and the flow of air or other suitable gas or liquid chamber medium. Therefore, calibration
shall be accomplished on the chamber in a fully loaded (boards need not be loaded with devices), unpowered configuration,
and the indicator sensor located at, or adjusted to reflect the coldest point in the working area.
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3.1.1.1 Test temperature for high power devices. Regardless of power level, devices shall be able to be burned in at
their maximum rated operating temperature.

a. For devices whose maximum operating temperature is stated in terms of ambient temperature, TA, table | applies.

b. For devices whose maximum operating temperature is stated in terms of case temperature, TC and where the ambient

temperature would cause TJ to exceed +200°C (+175°C for class level S), the ambient operating temperature may be

reduced during burn-in from +125°C to a value that will demonstrate a TJ between +175°C and +200°C and TC equal to

or greater than +125°C without changing the test duration. Data supporting this reduction shall be available to the

acquiring and qualifying activities upon request.

c. For devices whose maximum operating temperature is stated in terms of case TC , or junction TJ, and whose

operation cannot exceed the maximum allowable junction temperature then the ambient life test operating temperature

may be reduced. The ambient temperature may be reduced from +125°C TA or Tc, provided TJ is maintained within 10%

of its maximum specified value. The life test duration shall be increased to match the corresponding times in table I. The

test conditions and data supporting this alternate method shall be approved by the qualifying activity

3.1.1.2 Test temperature for hybrid devices. The ambient or case burn-in test temperature shall be as specified in table I,
except case temperature burn-in shall be performed, as a minimum, at the maximum operating case temperature (Tc)
specified for the device. Burn-in shall be 320 hours minimum for class level S hybrids (class K). The device should be
burned in at the maximum specified operating temperature, voltage, and loading conditions as specified in the device
specification or drawing. Since case and junction temperature will, under normal circumstances, be significantly higher than
ambient temperature, the circuit should be so structured that the maximum rated junction temperature as specified in the
device specification or drawing, and the cure temperature of polymeric materials as specified in the baseline documentation
shall not be exceeded. If no maximum junction temperature is specified, a maximum of 175°C is assumed. Accelerated
burn-in (condition F) shall not be permitted. The specified test temperature shall be the minimum actual ambient or case
temperature that must be maintained for all devices in the chamber. This shall be assured by making whatever adjustments
are necessary in the chamber profile, loading, location of control or monitoring instruments and the flow of air or other
suitable gas or liquid chamber medium.

3.1.2 Temperature accelerated test details. In test condition F, microcircuits are subjected to bias(es) at a temperature
(175°C to 250°C) which considerably exceeds the maximum rated junction temperature. At these elevated temperatures, it
is generally found that microcircuits will not operate normally as specified in their applicable acquisition documents, and it is
therefore necessary that special attention be given to the choice of bias circuits and conditions to assure that important
circuit areas are adequately biased without subjecting other areas of the circuit to damaging overstress(es). To properly
select the accelerated test conditions, it is recommended that an adequate sample of devices be exposed to the intended
high temperature while measuring voltage(s) and current(s) at each device terminal to assure that the applied electrical
stresses do not induce damaging overstress. Unless otherwise specified in the device specifications or drawings, the
minimum time-temperature combination shall be as delineated by table I. The minimum test time shall be 12 hours. The
applied voltage at any or all terminals shall be equal to the recommended operating voltage(s) at 125°C. When excessive
current flow or power dissipation would result from operation at the specified voltage(s), the applied voltage(s) at any or all
terminals may be reduced to a minimum of 50 percent of the specified voltage(s) and the testing time shall be determined in
accordance with the formula given in 3.5.6 of method 1005. Devices with internal thermal shut-down circuitry shall be
handled in accordance with 3.5.6.1 of method 1005. Thermal runaway conditions must be avoided at all times.

3.2 Measurements. Pre burn-in measurements, when specified, or at the manufacturer's discretion when not specified,
shall be conducted prior to applying burn-in test conditions. Post burn-in measurements shall be completed within 96 hours
after removal of the devices from the specified burn-in test condition (i.e., either removal of temperature or bias) and shall
consist of all 25°C dc parameter measurements) (subgroup A-1 of method 5005, or subgroups tested in lieu of A-1 as
allowed in the most similar military device specification or standard microcircuit drawing) and all parameters for which delta
limits have been specified as part of interim (post-burn-in) electrical measurements. Delta limit acceptance, when
applicable, shall be based upon these measurements. If these measurements cannot be completed within 96 hours, for
either the standard or accelerated burn-in, the devices shall be subjected to the same test condition (see 3.1) and
temperature previously used for a minimum additional reburn-in time as specified in table | before post burn-in
measurements are made.

3.2.1 Cooldown after standard burn-in. All devices shall be cooled to within 10°C of their power stable condition at room
temperature prior to the removal of bias. The interruption of bias for up to 1 minute for the purpose of moving the devices to
cooldown positions separate from the chamber within which burn-in testing was performed shall not be considered removal
of bias, (bias at cooldown position shall be same as that used during burn-in). Alternatively, except for linear, or MOS
(CMOS, NMOS, PMOS, etc.) devices and hybrid devices which containing linear or MOS devices components, or unless
otherwise specified, the bias may be removed during cooling provided the case temperature of devices under test is
reduced to a maximum of 35°C within 30 minutes after the removal of the test conditions and provided the devices under
test are removed from the heated chamber within 5 minutes following removal of bias. All 25°C dc measurements or
alternate subgroups (see 3.2) shall be completed prior to any reheating of the device(s).
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3.2.2 Cooldown after accelerated burn-in. All devices subjected to the accelerated testing of condition F shall be cooled
to within 10°C of power stable at room temperature prior to the removal of bias. Interruption of bias for a period of up to 1
minute for the purpose of moving devices to cooldown positions separate from the chamber within which burn-in was
conducted shall not be considered removal of bias, (bias at cooldown position shall be same as that used during burn-in).
All specified 25°C dc electrical measurements shall be completed prior to any reheating of the devices.

3.2.3 Test setup monitoring. The test setup shall be monitored at the test temperature initially and at the conclusion of
the test to establish that all devices are being stressed to the specified requirements. The following is the minimum
acceptable monitoring procedure:

a. Device sockets. Initially and at least each 6 months thereafter, (once every 6 months or just prior to use if not used
during the 6 month period) each test board or tray shall be checked to verify continuity to connector points to assure
that bias supplies and signal information will be applied to each socket. Board capacitance or resistance required to
ensure stability of devices under test shall be checked during these initial and periodic verification tests to ensure they
will perform their proper function (i.e., that they are not open or shorted). Except for this initial and periodic verification,
each device or device socket does not have to be checked; however, random sampling techniques shall be applied
prior to each time a board is used and shall be adequate to assure that there are correct and continuous electrical
connections to the devices under test.

b. Connectors to test boards or trays. After the test boards are loaded with devices, inserted into the oven, and brought
up to at least 125°C (or the specified test temperature, if less than 125°C) each required test voltage and signal
condition shall be verified in at least one location on each test board or tray so as to assure electrical continuity and
the correct application of specified electrical stresses for each connection or contact pair used in the applicable test
configuration. This shall be performed by opening the oven for a maximum of 10 minutes.

c. At the conclusion of the test period, prior to removal of devices from temperature and test conditions, the voltage and
signal condition verification of b above shall be repeated.

d. For class level S devices, each test board or tray and each test socket shall be verified prior to test to assure that the
specified test conditions are applied to each device. This may be accomplished by verifying the device functional
response at each device output(s). An approved alternate procedure may be used.

Where failures or open contacts occur which result in removal of the required test stresses for any period of the required test
duration (see 3.1), the test time shall be extended to assure actual exposure for the total minimum specified test duration.
Any loss(es) or interruption(s) of bias in excess of 10 minutes total duration while the chamber is at temperature during the
final 8 hours of burn-in shall require extension of the test duration for an uninterrupted 8 hours minimum, after the last bias
interruption.

4. SUMMARY. The following details shall be specified in the applicable acquisition document:

a. Test duration if other than as defined for the applicable class level in method 5004, or time-temperature combination
shown in table I.

b. Test condition letter.

c. Burn-in test temperature, and whether ambient, junction, or case (see 3), if other than as specified in 3.1.1.
d. Test mounting, if other than normal (see 3).

e. Pre and post burn-in measurements and drift limits, as applicable (see 3.2).

f. Authorization for use of condition F and special maximum test rating for condition F (see 3.1 and 3.1.2), when
applicable.

g. Time within which post burn-in measurements must be completed if other than specified (see 3.2).
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TABLE |. Burn-in time-temperature regression. 1/ 2/ 3/ 4/

Minimum Minimum time (hours) Test Minimum
temperature condition reburn-in
Ta (°C) (see 3.1) time (hours)
Class level S Class level B Class level S hybrids
(Class K)
100 - 352 700 Hybrids only 24
105 - 300 600 " 24
110 - 260 520 " 24
115 - 220 440 " 24
120 - 190 380 " 24
125 240 160 320 A-E 24
130 208 138 --- " 21
135 180 120 --- " 18
140 160 105 --- " 16
145 140 92 - " 14
150 120 80 --- " 12
175 - 48 --- F 12
200 - 28 --- " 12
225 - 16 --- " 12
250 - 12 --- " 12

1/ The higher pressures temperatures indicated may only be used with the approval of the part manufacturer.
Manufacturers shall provide the qualifying activity with data to show that the higher pressures temperatures
indicated do not damage the part being tested by compromising the package integrity, e.g. lid seal, feedthroughs,
etc.

2/ For condition F the maximum junction temperature is unlimited and care shall be taken to ensure the

device(s) does not go into thermal runaway.
/ The only allowed conditions are as stated in the table above except for high power devices (see 3.1.1.1)..
4/ Test temperatures below 125°C may be used for hybrid circuits only.
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METHOD 1018. 8 9 DRAFT

INTERNAL GAS ANALYSIS

1. PURPOSE. The purpose of this test method is to quantitatively measure the gas atmosphere inside a metal or ceramic
hermetically-sealed device using mass spectrometry methods. Gases inside hermetically sealed devices can impact device
long term reliability. Of particular interest is the measurement of the primary sealing gases (or lack thereof), the moisture
content, the presence of bombing gases that are indicative of non-hermeticity (e.g. helium), oxygen to argon ratio indicative of
room air ~ 20 to 1 (+ 10 percent), dissimilar concentration of internally sealed gases (e.g. nitrogen, helium) than originally
sealed in the device package, the presence of leak test fluid (i.e. fluorocarbon, helium, air), and all other gases to determine if
the device meets the specified moisture, hermeticity and other criteria. Also of interest is the measurement of all the other
gases since they reflect upon the quality of the sealing process and provide information about the long term chemical stability
of the atmosphere inside the device. This test is destructive. The presence of leak test fluorocarbon vapor in the IGA is an
indication of failure to meet leak test requirements of Test Method 1014 of this test method standard.

1.1

Definitions. The definitions for all terms used herein shall be as specified herein.

a)

Accuracy: A combination of the bias and precision of an analytical procedure, which reflects the closeness of a
measured value to the true value. For the purposes of laboratory suitability, accuracy means the closeness of a
measured value to its reference standard.

Adjusted volume: The volume equivalent to a device having one atmosphere of gas. (Physical internal volume
times the number of atmospheres in the device divided by one atmosphere.)

Air burst: A sample of room air used to determine the sensitivity (calibration factor) for oxygen, nitrogen and
argon using room air as a calibration source. An air burst reading shall be taken weekly (every week testing is
performed). The results of all air burst measurements shall be recorded, retained and made available to the
qualifying activity upon request.

Atomic mass unit (AMU): Has the same meaning as "mass-to-change-ratio". The term "mass" is sometimes
used to represent AMU or mass-to-charge ratio. (Example: Mass range has the same meaning as "AMU
range", which has the same meaning as "mass-to-charge-ratio range".)

Continuous scanning: Continuous scanning mode refers to acquiring spectra data in fractions of an AMU so as
to be able to display a peak shape. This procedure stores substantial amounts of data and may be limited in
speed due to the requirement to save much more data. It also requires a method to mathematically process the
peak shape data to establish the peak height or peak area and determine the fractional AMU value of the peak
centroid.

Device volume: All references to the device internal volume specified in this document shall be interpreted to
mean the adjusted volume of the device.

High mass resolution: Refers to mass spectrometers that can resolve peaks that are separated by tenths and
even hundredths of 1 AMU.

IGA Submission Application: All information supplied by the client to the Internal Gas Analysis (IGA) laboratory
in the form of PO instructions, IGA laboratory submission form, or other document(s) specifying some or all of
the following: military standard test method, package internal volume, lid thickness, puncture location, internal
clearance measurement, number of samples to be tested, package internal pressure, failure criteria, and other
related test instructions.

lonization source: The hardware and the process to ionize the gases and focusing the ions into the mass
spectrometer. Maintaining the ionization source in a clean condition is critical to good quantitative results.

Mass peak (or Peak): The rise and fall of the ion signal intensity over a finite mass range. The peak must be
processed to determine the amplitude of the peak and the AMU value of the peak centroid in order to perform
qualitative or quantitative analysis.

Mass range: The minimum and maximum AMU range over which the mass spectrometer is capable of
detecting ions and resolving peaks. Mass spectrometers types may have widely different detection sensitivity
and resolution over the mass range.
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Mass resolution: Mass resolution refers to the ability to separate a mass peak from an adjacent mass peak.

Mass spectrometer: A laboratory instrument that is capable of measuring the constituents of gas mixtures
through a process of ionizing the gas sample and then performing a spectrographic analysis that detects the
ion count versus the mass-to-charge ratio of ionized gases. The mass spectrometer is technically an individual
component of the mass spectrometer system which includes all of the supplemental components and
capabilities defined in apparatus.

Mass spectrometer tuning: The procedure for adjusting the operating voltages and sample injection gas
pressure conditions within the ionization source and detector of the mass spectrometer so as to optimize the
overall peak shape response of the mass spectrometer per the selected scanning conditions and data
acquisition parameters so as to produce consistent undistorted spectra. Calibration of the mass spectrometer is
only valid for the tuning conditions for which the system was calibrated. Deterioration of the tuning performance
invalidates the calibration.

Mass spectrometer types: There are several types of mass spectrometers such as Quardupole, Magnetic
Sector and Time-Of-Flight. These names only describe the method that is used to perform mass-to-charge
separation. These names do not describe the method of ionizing the sample, nor do they describe the method
of detecting the ion signal.

Mass-to-charge ratio: The atomic mass of a charged molecule (or a molecule fragment) divided by the charge
(in electron volts.)

Matrix: The general gaseous makeup of the primary gases of a particular sample.

Physical internal volume: The internal free space in the device (the internal volume of the package less the
volume of the die and die attach material).

Qualitative analysis: The ability to identify what gases are present and to some degree, an approximate
amount.

Quantitative analysis: The ability to identify the gas species that are present and the ability determine the
concentration of the species to some level of assurance. Mass spectrometer test results may be quantitative
only when:

i. The mass spectrometer has been precisely tuned to reproducibly create and detect ions at the level of
specified sensitivity for the analysis within the mass range and mass resolution of interest for the analysis,

ii. The AMU scale has been calibrated at the mass resolution, scanning mode and scanning speed used for
the analysis,

iii. The ion count detection response factors to the different gases has been calibrated,

iv. A methodology has been created to efficiently inject calibration and test sample gases into the ionization
region of the mass spectrometer without undo loss or alteration of the sample gas,

v. A methodology of collecting, storing, and retrieving data from the mass spectrometer has been developed,
and

vi. A method of quantization has been developed that accounts for interference from gases with overlapping
spectra.
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Scanning: Refers to acquisition of a mass spectra over an AMU range.

Scanning mode: Refers to different ways to acquire mass spectra data (see continuous scanning and step
scanning).

Scanning speed: Refers to the time/AMU (sec/AMU or ms/AMU) that the spectrometer scans the spectra. Scan
speed is often programmable but is often limited by electronic signal processing limitations and data storage
rate limits. Excessive speed may result is artificial distortion of small peaks that reside next to large peaks.

Signal to noise ratio (S/N): A dimensionless measure of the relative strength of an analytical signal (S) to the
average strength of the background instrumental noise (N) and is closely related to the detection level. The
ratio is useful for determining the effect of the noise on the relative error of a measurement. For this calculation,
the signal and noise used shall be for the same AMU. For the purposes of this test method, signal to noise ratio
shall be calculated as (the difference between the signal amplitude less the average of the background signal)
divided by (4 times the standard deviation of the background signal). This assumes a moisture sample in
nitrogen.

Step scanning: Step scanning refers to acquiring the ion signal value only at pre-defined AMU centroid
locations. The method requires precise and stable calibration of the AMU scale and assumes that the defined
AMU location is stable so as not to unintentionally measure at a shoulder of the peak rather than the maximum
of a peak. It also requires some assumptions when distinguishing trace level signals from background signal.

Unit mass resolution: Refers to mass spectrometers that can only resolve one whole mass from an adjacent
whole mass.

aa) Volume range suitability: The adjusted volume ranges that the qualifying activity has approved for a laboratory

to test.
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2. Apparatus. The mass spectrometer used to perform the internal gas analysis test shall meet the following
requirements:

a. Mass range. The mass spectrometer shall be capable of a minimum mass range of 1 to 140 AMU.
b. Detection limit:

(1) The mass spectrometer shall be capable of reproducibly detecting the specified moisture content for a given
volume package with signal to noise ratio of 20 to 1 or greater. (i.e., for a specified limit of 5,000 parts per
million volume (ppmv)).

(2) For all gases that are specified in the failure criteria, other than moisture, the mass spectrometer system shall
be capable of detecting that gas at the specified limit with a signal-to-noise ratio greater than 20 to 1.

(38) The mass spectrometer shall also be capable of detecting a 250 ppmv minimum detection limit to moisture.

(4) The mass spectrometer shall be capable of a 50 ppmv minimum detection limit to nitrogen, oxygen, argon,
carbon dioxide, hydrogen, helium and fluorocarbons. Fluorocarbons shall be identified by the presences of
masses 69 and 119.

c. A vacuum opening chamber which can contain the device and a vacuum transfer passage connecting the device to
the mass spectrometer. A vacuum transfer passage shall efficiently (without significant loss of moisture from
adsorption) transfer the gas from the device to the mass spectrometer ion source for measurement.

d. For initial certification of systems or extension of suitability, device temperature on systems using an external fixture
shall be characterized by placing a thermocouple into the cavity of a blank device of similar mass, internal volume,
construction, and size. This shall be a means for proving the device temperature that has been maintained at
100°C 5°C for the minimum 10 minutes. This also applies to devices prebaked in an external oven but tested with
the external fixture to adjust for any temperature drop during the transfer. These records shall be maintained by the
test laboratory.

e. A piercing arrangement functioning within the opening chamber or transfer passage, which can pierce the
specimen housing (without breaking the mass spectrometer chamber vacuum and without disturbing the package
sealing medium), thus allowing the specimen's internal gases to escape into the chamber and mass spectrometer.

NOTE: A sharp-pointed piercing tool, actuated from outside the chamber wall via a bellows to permit movement shall
be used to pierce both metal and ceramic packages. For ceramic packages, or devices with thick metal lids,
the package lid or cover should be locally thinned by abrasion to facilitate localized piercing.

f. A pressure sensing device to measure the pressure rise in the transfer passage during the test. This pressure
sensor is used to read a relative pressure change when the device is punctured. This relative pressure change
indicates the relative quantity of gas in the device when comparing the test results of one device to another device.
The pressure reading is not intended to be absolute. Although the pressure gauge reading is reported, the pressure
gauge is for indication only.

g. The IGA laboratory shall provide package simulators that have the capability of introducing calibration gas mixtures
into the mass spectrometer in a manner that reproduces the injection pressure dynamics, timing and location as that
used to test devices. Other injection locations are allowable, if it can be demonstrated that they are equivalent to
the actual device test location. The simulators shall be capable of generating a known volume of gas (+10 percent)
on a repetitive basis by means of a continuous gas flow from a calibrated gas source. A simulator shall be provided
having an internal volume of the lowest volume for which the lab is requesting laboratory suitability. Additional
simulators shall be provided to calibrate each decade of larger volume for which the lab is requesting laboratory
suitability.

METHOD 1018.8 9 DRAFT
20 July 2016



MIL-STD-883K
w/CHANGE 4 2 DRAFT DATED (21 October, 2016)

h. The calibration of moisture content shall be established by the standard generation techniques (i.e., two-pressure,

divided flow, or cryogenic method). The dew point hygrometer shall be recalibrated a minimum of once per year
using equipment traceable to NIST or by a suitable commercial calibration services laboratory using equipment
traceable to NIST standards. The dew point hygrometer shall be capable of measuring the dew point temperature
to an accuracy of £0.2°C. The system shall have a calibrated pressure sensor to measure the pressure in line with
the temperature dew point sensor to an accuracy of 0.1 inches of Hg (2.54 mm of Hg) for the range of pressure
being used. In addition, the test laboratory shall have a procedure to calculate the concentration of moisture, in
units of ppmv, from the dew point temperature measurement and the pressure measurement.

2.1 System_calibration requirements. The system calibration requirements for the internal gas analysis test shall be as
specified herein.

2.1.1 System_suitability qualification test for measuring moisture. For each package simulator, the laboratory shall
quarterly perform a system qualification test for moisture by performing the following sequence using moisture in a nitrogen

matrix:

a.

b.

Perform three injections using a known moisture value that is in the range of 5,000 £500 ppmv.

Calculate the best fit calibration factor for moisture and recalculate the results of the three injections.

. Perform the following sequence of injections to create a moisture calibration curve:

(1) 2 consecutive injections at a moisture concentration >7,000 ppmv, then
(2) 2 consecutive injections at a moisture concentration <2,500 ppmv, then
(3) 2 consecutive injections at a moisture concentration >7,000 ppmv, then
(4) 2 consecutive injections at a moisture concentration <2,500 ppmv, then

(5) 2 consecutive injections at a moisture concentration in the range of 5,000 +500 ppmv.

. Record the actual moisture standard readings and the test result for each test. Using the original three moisture

tests at 5,000 ppmv and the test results from the sequence above:
(1) Calculate the intercept, slope and R2 factors using the linear regression formula,

(2) Calculate the standard deviation of the difference between the standard moisture value and the measured
moisture value for each of the 13 tests,and

(3) Calculate the signal-to-noise ratio for moisture at 5,000 ppmv using the data from the 5,000 ppmv tests.

. The system suitability requirements for moisture for 0.01 cc and smaller:

(1) The calculated intercept of the moisture calibration curve shall be less than 500 ppmv and greater than —500
ppmv,

(2) The calculated slope of the moisture calibration curve shall be less than 1.2 and greater than 0.8,

(38) The standard deviation of the standard moisture values minus the measured moisture values, using all 13 test
samples, shall be less than 300 ppmv and there shall be no more than 2 samples having a difference greater
than 500 ppmv,

(4) R2 shall be greater than 0.97, and

(5) The signal-to-noise for moisture ratio shall be greater than 20 for each of the five 5,000 ppmv tests.
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2.1.2 Quarterly calibration for other gases. Calibration Quarterly calibration shall be required for all gases found in
concentrations greater than .01 percent by volume. As a minimum, this shall include all gases listed in 3.b. The applicable
gases shall be calibrated at approximately 1 percent concentrations with the exception of fluorocarbons, which may use a
concentration of approximately 200 ppmv of a fluorocarbon compound by identifying masses 69 and 119; NH3, which may
use a concentration of approximately 200 ppmv; hydrogen, which may use a concentration of approximately 200 ppmyv;
nitrogen, which may use a concentration of approximately 80 percent; helium, which may use a concentration of

approximately 10 percent; and oxygen, which may use a concentration of approximately 20 percent. A minimum detection
limit evaluation shall be performed for other gases.

NOTE: Itis recommended that the percentage of water vapor contained in a gas flowing through the gas humidifier be
compared to the dew point sensor reading for accuracy of the sensor. The following equation may be used to
calculate the percent of water vapor contained in a gas flowing through the gas humidifier.

100 (Pvmb )

% H 20 = 45 95 mbipsi Py +1.33 mb/mm Pa

Where:
Pv = vapor pressure of water in the GPH based on water temperature in degrees Celsius.
Pg = gauge pressure in psi.
Pa = atmospheric pressure in mm Hg.

2.1.3 Daily_calibration check. The system calibration shall be checked on the day of test prior to any testing. This shall
include checking the calibration by in-letting a sample with a moisture level in the 4,500 to 5,500 ppmv range at the required

volumes and comparing the result with the dew point hygrometer. The resulting moisture reading shall be within 250 ppmv
of the moisture level in the calibration sample.

NOTE: Equipment error needs to be determined and subtracted from the allowed maximum deviation of 250 ppmv. The

calibration check shall be performed using the same conditions used for testing devices (e.g. background pressure,

background environment, time between sample inlets, package simulator volume, etc.). Calibration records shall be
kept on a daily basis.

a. Performed on the day of test prior to any testing may be substituted for this calibration check.
b. Precision tuning shall be performed following significant maintenance or repair of the ion source.

c. A procedure for monitoring the tuning performance of the mass spectrometer shall be established, performed and
documented on a daily basis.

d. A record of all changes made to the sensitivity factors shall be maintained in addition to a reason for the change.
e. All raw data, including test parameters used for the spectrometer, background spectra, test spectra, pressure
readings, and calibration factors, shall be recorded for each test sample. The IGA lab shall retain the ability to

review and recalculate the data in accordance with the archiving retention period requirements.

f. Mass resolution. The mass spectrometer shall be capable of resolving mass peaks to 1 AMU or less over the mass
range.
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3. PROCEDURE. All devices shall be prebaked for 16 to 24 hours at 100°C +5°C prior to test. Ovens shall have a
means to indicate if a power interruption occurs during the prebaking period and for how long the temperature drops below
100°C +5°C. Devices whose temperature drops below 100°C +5°C for more than 1 hour shall undergo another prebake to
begin a minimum of 12 hours later.

A maximum 5-minute transfer time from prebake to hot insertion into apparatus shall be allowed. If 5 minutes is exceeded,
device shall be returned to the prebake oven and prebake continued until device reaches 100°C £5°C.

The system shall be maintained at a stable temperature equal to or above the device temperature. The fixturing in the
vacuum opening chamber shall position the specimen as required by the piercing arrangement of 2.e, and maintain the
device at 100°C +5°C for a minimum of 10 minutes prior to piercing.

After device insertion, the device and chamber shall be pumped down and baked out at a temperature of 100°C +5°C until
the background pressure level will not prevent achieving the specified measurement accuracy and sensitivity. The
background vacuum spectra shall be acquired and shall later be subtracted from the sample spectra. After pump down, the
device case or lid shall be punctured and the following properties of the released gases shall be measured, using the mass
spectrometer:

a. The water-vapor content of the released gases, as a percent by unit volume or ppmv of the total gas content.

b. The proportions (by volume) of the other following gases: N, He, Mass 69 (fluorocarbons), O, Ar, Hz, CO2, CH,,
NHs;, and other solvents, if available. Calculations shall be made and reported on all gases present. Data
reduction shall be performed in a manner which will preclude the cracking pattern interference from other gas
specie(s) in the calculations of moisture content. Data shall be corrected for any system dependent matrix effects
such as the presence of hydrogen in the internal ambient.

c. The increase in chamber pressure as the gases are released by piercing the device package. A pressure change
of +25 percent from expected for that package volume and pressurization may indicate that (1) the puncture was
not fully accomplished, (2) the device package was not sealed hermetically, or (3) does not contain the normal
internal pressure.

d. The test laboratory should provide comments describing the spectra of unknowns or gases that are present but not
in sufficient concentration to be identified or quantified with reasonable certainty.

e. If the test laboratory has reason to believe that the test results may be invalid due to reasons such as improper
puncture of the device or equipment malfunction, the results shall be reported as “no test” with additional
comments provided. The device may be replaced with another.

NOTE: The device shall be hermetic in accordance with test method 1014 of this standard, and free from any surface
contaminants which may interfere with accurate water vapor content measurement. The internal gas analysis
laboratory (IGA) is not required to test for hermeticity in accordance with test method 1014 of this standard. It is
recommended that samples submitted for testing shall include information about the manufacturing process, including
sealing pressure, sealing gas, free internal cavity volume, lid thickness at puncture site, lid material, and the location of
the puncture site.

METHOD 1018.8 9 DRAFT
20 July 2016



MIL-STD-883K
w/CHANGE 4 2 DRAFT DATED (21 October, 2016)

3.1 Failure criteria.

a. The IGA laboratory shall classify devices as passed or failed in accordance with the failure criteria specified in the
IGA submission application, if any. In addition, any device exhibiting gas content or a pressure reading indicative
of a leak (see paragraph 1 herein) shall be identified as a leaker and shall fail this test even when the failure
criteria limits for an individual device: water vapor content (5,000 ppm or greater), oxygen content (10,000 ppm or
greater unless oxygen is an intended constituent gas in the sealing atmosphere), and fluorocarbon (leak test fluid)
content (50ppm or greater) have not been surpassed.

b. Sample size for IGA testing shall never allow any c = 1 criteria. Any failure requires investigative and corrective
action by the manufacturer of all affected lots to eliminate the root cause of the IGA failure. Manufacturers should
refer to their baseline IGA data for reference. Resubmittal procedures shall be per the applicable Military
Specification requirements.

c. Any device exhibiting a pressure difference greater than 15 percent shall be considered a failure.
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4. IMPLEMENTATION. Suitability for performing method 1018 analysis is granted by the qualifying activity for specific
limits and volumes. Method 1018 calibration procedures and the suitability survey are designed to guarantee +20 percent
lab-to-lab correlation in making a determination whether the sample passes or fails the specified limit. Water vapor contents
reported either above or below the range of suitability are not certified as correlatable values. This out of specification data
has meaning only in a relative sense and only when one laboratory's results are being compared. The specification limit of
5,000 ppmv shall apply to all package volumes (unless otherwise specified), with the following correction factors permitted,
to be used by the manufacturer provided they are documented and shown to be applicable:

a. For package volumes less than .01 cc internal free volume which are sealed while heated in a furnace:

T, + 273

C, =
T, + 273

Where:

C+ = correction factor (temperature)
T, = room temperature (°C)

Ts = sealing temperature (°C).

b. For package volumes of any size sealed under vacuum conditions:

Cp = correction factor (pressure)
Ps = sealing pressure
P, = atmospheric pressure
The correction factor, if used, shall be applied as follows:
Water vapor (corrected) = water vapor (measured) x Cx; where Cx is the applicable correction factor.
The range of suitability for each laboratory will be extended by the qualifying activity when the analytical laboratories
demonstrate an expanded capability. Information on current analytical laboratory suitability status can be obtained by
contacting DLA Land and Maritime, ATTN: DLA Land and Maritime-VQH, P.O. Box 3990, Columbus, OH 43218-3990 or
e-mail: vgh.chief@dla.mil.
5. SUMMARY. The following details shall be specified in the applicable Military specification or acquisition document:
a. The maximum allowable water vapor content if other than 5,000 ppmv.
b. The maximum allowable oxygen content, if other than 10,000 ppmv.

c. The maximum allowable fluorocarbon content, if other than 50 ppmv.

d. All other gas contents that represent a specific device failure.
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METHOD 2003.42 13 DRAFT
SOLDERABILITY

1. PURPOSE. The purpose of this test method is to provide a referee condition for the evaluation of the solderability of
terminations (including leads up to 0.125 inch in diameter) that will be assembled using tin lead eutectic solder. This evaluation is
made on the basis of the ability of these terminations to be wetted and to produce a suitable fillet when coated by tin lead eutectic
solder. These procedures will test whether the packaging materials and processes used during the manufacturing operations
produce a device that can be successfully soldered to the next level assembly using tin lead eutectic solder. A preconditioning test is
included in this test method, which degrades the termination finish to provide a guard band against marginal finishes.

1.1 Terms and definitions. The definition of terms shall be in accordance with the following:

1.1.1 Solderability. The property of a metal to be wetted by molten solder.

1.1.2 Wetting. The formation of a relatively uniform, smooth and unbroken film of solder, adherent to the surface of the base metal
tested.

1.1.3 Nonwetting. A condition whereby a surface has contacted molten solder, but the solder has not adhered to all of the surface,
leaving the surface base metal partially or totally exposed. See Figure 2003-1.

1.1.4 Pinholes. Holes occurring as imperfections that penetrate entirely through the solder layer. See Figure 2003-2.

1.1.5 Dewetting. A condition that results when molten solder has coated a surface and then receded leaving irregularly shaped
mounds of solder separated by areas covered with a thin solder film, and where the base metal is not exposed. See Figure 2003-3.

1.1.6 Foreign material. Particles of material located on, but different from, the lead material or coating.
1.1.7 DIP. Dual In-line Package.

1.1.8 TO. Transistor Outline.

1.1.9 PGA. Pin Grid Array.

1.1.10 QFP. Quad Flat Pack.

1.1.1 C. Leadless Chip Carrier.

LC
1.1.12 LGA. Land Grid Array.
F

1.1.13 N. Quad Flat No-lead.

2. APPARATUS.

2.1 Solder pot. A thermostatically controlled static solder vessel of sufficient size to contain at least two pounds of solder. The
solder shall be static during the dipping procedure. The apparatus shall be capable of maintaining the solder at the temperature
specified in 4.4.1.2

2.2 Dipping mechanism. A dipping mechanism capable of controlling the rates of immersion and emersion of the terminations and
providing a dwell time (total time at the required depth) in the solder bath as specified in 4.4.1.2. It is also capable of orienting and
dipping the device to meet the dipping requirements. The specimen holder shall be designed to minimize the trapping of flux.

2.3 Ceramic substrate. A thin unmetallized ceramic substrate with a thickness range of 0.025 inch to 0.035 inch (used for testing
of ball grid arrays).

2.4 Metallized substrate. A substrate made of glass-reinforced epoxy (e.g., FR-4) with metallized pads (e.g., Electroless Nickel
Immersion Gold). The pad diameter shall be at least 0.010 inch larger than the column diameter (used for testing of column grid
arrays).

2.5 Screen print stencil. A metal (or other acceptable material, such as plastic) stencil with pad geometry openings appropriate for
the device being tested. Alternative dispense systems may be used that do not use a stencil or squeegee (e.g., jet printing). Unless
otherwise agreed upon between vendor and user, the nominal stencil thickness shall be 0.004 inch (for lead pitch < 0.020 inch),
0.006 inch (for lead pitch > 0.020 inch and up to 0.025 inch), and 0.008 inch (for lead pitch > 0.025 inch).

2.6 Squeegee. A rubber, plastic, or metal tool used to print the solder paste. This is not applicable if alternative dispense systems
(e.g., jet printing) are used.
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2.7 Base fixture. A fixture designed to hold the substrate and aid in the alignment of the screen print stencil.

2.8 Reflow equipment. A forced-convection reflow oven or equivalent reflow system capable of achieving the recommended reflow
profile.

2.9 Cutting equipment. A system capable of cutting the columns without excessive burrs and without damaging the columns (e.g.,
diamond wire saw).

2.10 Optical equipment. A stereo optical system capable of providing a minimum magnification of 10x.

2.11 Lighting equipment. A lighting system that will provide a uniform, non-glare, non-directional illumination of the device.

2.12 Steamaging equipment. A non-corrodible container and cover of sufficient size to allow the placement of devices inside the
vessel. The devices shall be placed such that the lowest portion of the device is a minimum of 1.5 inches above the surface of the
water. A suitable method of supporting the devices shall be improvised using non-contaminating material. The apparatus shall be
capable of having the specified temperature verified.

2.12.1 Cleaning of the system. The apparatus shall be drained and cleaned at least once per month or prior to use. A more
frequent cleaning cycle may be necessary as indicated by resistivity, visual, or general cleanliness of the water. No contaminating
solvents shall be used.

2.13 High-temperature bake equipment. A bake oven of sufficient size and capable of continuously maintaining 150°C + 5°C
temperature control shall be used.

3. MATERIALS. All chemicals shall be of commercial grade or better. Fresh solvents shall be used as often as is necessary to
preclude contamination.

3.1 Flux. The flux shall be a standard activated rosin flux having a composition of 25% + 0.5% by weight of Colophony (rosin) and
0.15% + 0.01% by weight diethylammenium diethylamine hydrochloride (CAS 660-68-4), in 74.85% + 0.05% by weight of isopropyl
alcohol. Z. When specified by the procuring activity low activity fluxes labeled conforming to ROLO, ROL1, or RMA may be
substituted.

3.2 Solder. The solder shall conform to type Sn63Pb37, Sn60Pb40, or equivalent.

3.3 Solder paste. The solder paste shall be Sn60Pb40, Sn63Pb37, or equivalent, with mesh size of -325/+500, flux type ROL1.
The solder paste shall meet the storage and shelf life requirements of the manufacturer’s specification.

3.4 Cleaning solution. Solutions used for flux removal shall be compatible with the device and the metallized substrate.
3.5 Isopropyl alcohol. Commercial grade isopropyl alcohol or better shall be used.
3.6 Water. The water to be used for steamaging purposes shall be either distilled or deionized.

WARNING: These materials may involve substances that are flammable, toxic to eyes, skin, or respiratory tract, or present a serious
burn potential. Eye and skin protection should be used. Heat resistant gloves should be used when handling hot objects.

4. PROCEDURE. The test procedure shall be performed on the number of terminations specified in the acquisition document. If
no number is specified then the sample size shall be 22(0). The test may be performed just prior to packaging for storage or shipment,
immediately upon removal from the manufacturer's protective packaging, or as a qualification or quality conformance test. The
samples shall have the lead finish that is to be supplied to the customer. (e.g if gold and solder finish are supplied, both finishes shall
be tested). The sample shall be selected at random using at least 3 different devices. During handling, special care shall be
exercised to prevent the surfaces being tested from being abraded or contaminated by grease, perspiration, or abnormal
atmospheres. The test procedure shall consist of the following operations:

a. Proper preparation of the specimens (see 4.1), if applicable.

b. Preconditioning of all specimens (see 4.2).

c. Solderability test (see 4.4).

d. Examination and evaluation of the tested portions of the terminations upon completion of the solder dip process (see
4.5).

4.1 Preparation of terminations. No wiping, cleaning, scraping, or abrasive cleaning of the terminations shall be performed prior to
testing. Any special preparation of the terminations, such as bending or reorientation prior to the test, shall be specified in the
acquisition document.
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4.2. Preconditioning categories. The preconditioning categories shall be as follows:

a. Category A — All device finishes, which have no gold or tin content specified (Steamage for 1 hour = 5 min)
b. Category B — Column grid arrays (Steamage for 4 hours £ 10 min)

c. Category C — For all other device finishes, including gold (Steamage for 8 hours + 15 min)

d. Category D — For LGAs (Dry-bake for 4 hours £ 15 min)

4.2.1 Steamaging. (Catagories A, B,and C) Prior to the application of the flux and subsequent solder dips, specimens shall be
subjected to aging by exposure of the surfaces to be tested to water vapor (see 4.2) in the apparatus specified in 2.12. The water
vapor temperature at the device lead level shall be in accordance with table I. Aging may be interrupted once for 10 minutes
maximum. The devices shall be removed from the test apparatus upon completion of the specified test period.

4.2.1.1 Drying and storage procedures. Upon removal of test specimens from the steamaging apparatus following preconditioning,
the devices shall be dried (if applicable) using one of these two procedures:

a. Bake at 100°C maximum for no more than 1 hour in a dry atmosphere (dry nitrogen atmosphere is recommended).
b. Air dry at ambient temperature for a minimum of 15 minutes.

TABLE I. Altitude versus steam temperature (see 4.2.1).

Altitude Steam Temperature
(feet) (+/-3°C)

0-1,000 93
1,001 - 2,000 92
2,001 - 3,000 91
3,001 - 4,000 90
4,001 - 5,000 89
5,001 - 6,000 88
Greater than 6,000 87

4.2.2 Dry-bake. (Category D) Prior to the application of the flux and subsequent solder dips, specimens shall be subjected to
aging by exposure of the surfaces to be tested to high temperature (see 4.2) in the apparatus specified in 2.13. Aging may be
interrupted once for 10 minutes maximum. The devices shall be removed from the test apparatus upon completion of the specified
test period.

4.3 Post preconditioning requirements. If solderability test cannot be performed within 2 hours after preconditioning, then devices
shall be stored in a desiccant jar or dry nitrogen cabinet. Test must be performed within 72 hours after removal from the
preconditioning equipment.

4.4 Solderability test. The test i ion method shall

be as follows.

Test A — For Dip and Look Test
Test B — For Ball Grid Array (BGA) Surface Mount Simulation Test
Test C — For Column Grid Array (CGA) Surface Mount Simulation Test

4.4.1 Dip and look. Dip and look test shall be performed on the following devices:

a. Leaded through hole mount (e.g., DIP, TO can, PGA)
b. Leaded surface mount (e.g., J-lead, QFP)
c. Leadless surface mount (e.g., LCC, LGA, QFN)

4.4.1.1 Application of flux. The terminations to be tested shall be immersed in flux maintained at room ambient temperature. The
critical area of the terminations to be tested shall be immersed in the flux for 5 to 10 seconds, and shall be drained for 5 to 20 seconds
prior to dipping in the solder pot. The flux shall be covered when not in use and discarded a minimum of once a day. Any obvious
droplets of flux clinging to the termination may be removed by blotting.

4.4.1.1.1 Leaded and leadless surface mount devices. Perform the test on the terminations on one side of the device at a time.
The fluxing and solder dipping operations shall be performed sequentially on the terminations of the side under test.
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4.4.1.1.2 All other devices. The terminations shall be immersed to the seating plane or to within 0.050 inch of the body of the
device under test.

4.4.1.2 Solder dip. The dross and burned flux shall be skimmed from the surface of the molten solder prior to testing. A wave
solder pot may be used for this purpose, but the solder shall be static during the dipping procedure (skimming may not be required in
wave or flow pots). The molten solder shall be at a uniform temperature of 245°C + 5°C (473°F + 9°F). The device shall be attached
to a dipping mechanism (see 2.2) and the flux covered terminations immersed once (except for the possible duplicate immersion of
corner terminations on leadless surface mount devices) in the molten solder.

The test specimen shall not be suspended above the hot solder pot for longer than 7 seconds. The immersion and emersion rates
shall be 1.0 inch per second + 0.250 inch per second. The dwell time in the solder shall be 5 seconds + 0.5 second. The dwell time
for terminations greater than or equal to 0.040 inch in diameter shall be 7 seconds + 0.5 second. After the dipping process, the device
shall be allowed to cool in air. Residual flux shall be removed from the terminations by dipping the devices in isopropyl alcohol or
other suitable solvent. If necessary, a clean soft cloth, cotton swab, or equivalent, moistened with clean isopropyl alcohol or other
suitable solvent, may be used to remove all remaining flux.

4.4.1.2.1 Solder dipping of gold plated terminations. Gold plated terminations shall be cycled twice in flux and solder using one or
two solder pots. The first immersion is to scavenge the gold on the terminations. It is recommended that a separate solder pot be
used for gold plated devices. In any case, the user of this test should use two separate pots, a sufficiently large pot, or monitor closely
the contamination level of a single small pot to assure that the test is performed as intended.

4.4.1.2.2 Immersion angle. Unless otherwise specified, the terminations shall be immersed to the solder surface as follows:

a. Leaded through hole mount (e.g., DIP, TO can, PGA) 90°
b. Leaded surface mount (e.g., J-lead, QFP) 20° to 45° (or 90°)
c. Leadless surface mount (e.g., LCC, LGA, QFN) 20° to 45°

4.4.1.2.3 Solder bath contaminants. The manufacturer shall have a system to verify that the solder bath does not exceed the
contaminant levels specified in table II.

TABLE Il. Maximum limits of solder bath contaminant (see 4.4.1.2.3).

Contaminant Contaminant

percentage limit
Copper 0.300
Gold 0.200
Cadmium 0.005
Zinc 0.005
Aluminum 0.006
Antimony 0.500
Iron 0.020
Arsenic 0.030
Bismuth 0.250
Silver 0.100
Nickel 0.010

NOTE: The total copper, gold, cadmium, zinc, and aluminum
contaminants shall not exceed 0.4 percent.

4.4.2 BGA/CGA Surface mount simulation. Surface mount simulation test shall be performed on ball and column grid arrays only.

4.4.2.1 Ball grid arrays.

a. Place the ceramic substrate onto the base fixture. Place the screen print stencil on the substrate.

b. Apply the solder paste uniformly across the screen print stencil to fill the array pattern using the squeegee.

c. Slowly remove the stencil off the substrate to avoid smearing the paste print. Verify a paste print is equivalent in geometry
to the terminal of the device to be tested.
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Gently press the device down to allow the solder balls to make contact with the solder paste.

Place the substrate in the oven and reflow. The reflow profiles shall be per table Ill, based on the reflow method used.
After reflow, allow the ceramic substrate to cool before handling.

Slowly remove the device from the substrate. The solder balls may adhere slightly to the substrate due to flux residue.
After cooling, clean the device and substrate in the cleaning solution.
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4.4.2.2. Column grid arrays.

i. Place the metallized substrate and screen print stencil onto the base fixture.

ii. Place a sufficient amount of solder paste on the screen print stencil. Print the terminal pattern onto the substrate by wiping
paste over the stencil/screen in one smooth motion using the squeegee.

iii. Carefully remove the screen print stencil and verify complete coverage of the metallized pads.

iv. Carefully place the solder columns into the printed solder paste.

v. Carefully remove the device and substrate together from the base fixture.

vi. Verify proper alignment with a microscope, use 10x-30x magnification.

vii. Reflow the device and substrate. The reflow profile shall be per table Ill, based on the reflow method used.

viii. After cooling, clean the device and substrate in the cleaning solution.
ix. Using the cutting equipment, cut the device from the substrate using care to preserve the solder joints at the interface with the

substrate.
TABLE lll. Reflow parameter requirements.
Method Peak Temperature (°C) Time (above 183°C)
Vapor Phase Reflow 215-219 30 - 90 seconds
IR/Convection Reflow 200 - 230 60 - 120 seconds
Oven 215-230 2 - 5 minutes
(until reflow is assured)

Note: TABLE Il reflow parameter values are for solderability testing purposes only and are not
related to moisture sensitivity level reflow test parameters. These reflow parameters
refer to measurements taken on the device body.

4.5. Examination of terminations. All flux is to be removed prior to visual inspection of the terminal surface.

For devices that were dip and look tested, the dipped portion of the terminations shall be examined using a magnification of 10-15x.
Dipped portions of fine-pitch devices (pitch < 0.020 inch) shall be examined at 30x. Verification of failures may be accomplished with
higher magnifications up to 60x. The customer/equipment manufacturer of the device may establish a critical portion of the
termination within the dipped area. The customer/equipment manufacturer has the option to accept solderability defects outside their
established critical area. The customer/equipment manufacturer has the option of cleaning devices to remove carbonate/sulfate
deposits caused by exposure of the devices to the steamaging or cleaning process. The customer/equipment manufacturer shall
assure that the cleaning process does not adversely affect the physical, mechanical, electrical, or reliability performance of the
devices. This cleaning process shall be fully documented. For leaded devices only, the cut portions of the lead which expose lead
ends shall not be used for examination and evaluation of the solder coverage of the termination.

For column grid arrays, the number of columns specified in the procurement document shall be randomly selected for examination.
Columns which are not within the perimeter of the pad shall be excluded from the selection process. The solder fillets (on the
metallized substrate) shall be examined at 15x to 30x magnification. Verification of failures may be accomplished with higher
magnifications up to 60x.

4.5.1 Critical area for dip and look tested devices. Examples of critical areas for some devices are discussed below.

a. Dual-in line. From the termination tip to 0.020 inch above the seating plane, except, devices where the leads exit from the
bottom of the device, shall be from the termination tip to the seating plane. Unplated (trim) areas are excluded. See
figure 2003-4.

b. Gull wing. All surfaces of the termination at or below the top of the foot, excluding the top of the foot. Unplated (trim) areas
are excluded. See Figure 2003-5.

c. J-lead. The narrow portion of the termination below the transition from the termination shoulder. Only the three visible
surfaces are to be included. The termination tip is excluded. See Figure 2003-6.

d. L-lead. The bottom of the termination and one times the lead thickness up the side of the termination. Termination edges
are excluded. See Figure 2003-7.

e. Passive (rectangular). The bottom of the termination and side of the termination up to the top, excluding the top. See
Figure 2003-8.

f. Leadless chip carrier. The bottom of the termination and %/3 of the height of the connecting metallized surface. See Figure
2003-9.

g. QFN. The bottom of the termination and exposed pad. See Figure 2003-10.

h. Other devices. 0.050 inch from the body and extending away from the body to the end of the lead or for a distance of
1 inch, whichever is shorter.

If the seating plane is not defined, the critical area shall extend from the termination tip to within 0.040 inch of the lead/device
interface. For top brazed and bottom brazed flat pack devices, the critical area shall extend from the termination tip to within 0.070
inch of the lead/device interface.
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4.5.2 Criteria for acceptance. The criteria for acceptance solderability shall be as follows:

4.5.2.1 For all devices, except ball and column grid arrays:

a. The dipped portion of the terminations is at least 95% covered by a continuous new solder coating.

b. Pinholes, nonwetting, or dewetting do not exceed 5% of the total area.

c. For leadless terminations and elements having solder attachment terminations, there shall be no solder bridging between
any termination area and any other metallization not connected to it by design. In the event that the solder dipping causes
bridging, the test shall not be considered a failure provided that a local application of heat (e.g., gas, soldering iron, or re-
dipping) results in solder pullback and no wetting of the dielectric area as indicated by microscopic examination.

d. For devices with exposed pad (e.g., QFN), the exposed pad surfaces shall exhibit a continuous solder coating free from
defects for a minimum of 80% of the critical area of those surfaces.

e. Wetting angle shall be less than or equal to 90 degrees.

4.5.2.2 For ball grid arrays:
a. Each solder ball shall “take in” the solder paste deposit producing a uniform and smooth surface with no more than 5%

dewetting or non-wetting.
b. The solder balls shall be wetted in a consistent and unified manner.

4.5.2.3 For column grid arrays:
a. Each column fillet shall exhibit evidence of good wetting for at least 50% of the column circumference.

b. Wetting angles (8) shall be less than or equal to 90°, as shown in Figure 2003-11.

Exposed base metal

FIGURE 2003-1. Non-wetting.
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FIGURE 2003-2. Pinholes.

FIGURE 2003-3. Dewetting.
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FIGURE 2003-4. Critical area for dual-in line devices.
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A (Underside)

Seating Flane

FIGURE 2003-5. Critical area for gull wing devices. Critical area = “A” (up to 1x Lead Thickness) and edges “B”.
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FIGURE 2003-6. Critical area for J-lead devices. Critical area = “A” (equal to 2x Lead Thickness) and edges “B” within the 2xT zone.
Surface “C” is excluded.
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C

FIGURE 2003-7. Critical area for L-lead devices. Critical area = “A” (equal to 1x Lead Thickness).

Surfaces “B” and “C” are excluded.

‘ \L
C (Underside)

FIGURE 2003-8. Critical area for passive devices (rectangular). Critical area = “A” and “B”.
Surface “C” is excluded.

Bottomn Side

FIGURE 2003-9. Critical area for leadless chip carriers. Critical area = “A” and /5 of “B”. Surface “C” is excluded.

METHOD 2003.42 13 DRAFT
25 April 2016
10



MIL-STD-883K
w/CHANGE 4 2 DRAFT DATED (21 October, 2016)

2 Exposed pad, B

FIGURE 2003-10. Critical area for QFNs. Critical area = “A” and “B”. Surface “C” is excluded.
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Acceptable <90 degrees Reject = 90 degrees

FIGURE 2003-11. Acceptable wetting angle for column grid arrays.

5. SUMMARY. The following details shall be specified in the applicable procurement document:

a.

b.

The number of terminations of each device to be tested, if other than 22(0).
The number of devices used for the test, if other than 3.
Special preparation of the terminations, if applicable.
Depth of immersion if other than specified.
Angle of immersion, if other than specified.
Solder composition, flux, and temperature, if other than those specified in this document.
Measurements after test, where applicable.
For ball and column grid arrays:
1. Screen print stencil thickness, if other than specified.

2. Solder paste, if other than specified.
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METHOD 2009.42 13 DRAFT
EXTERNAL VISUAL

1. PURPOSE. The purpose of this test method is to verify the workmanship of packaged devices. This test method shall also be
utilized to inspect for damage due to handling, assembly, and/or test of the packaged device. This examination is normally employed
at outgoing inspection within the device manufacturer's facility, or as an incoming inspection of the assembled device.

2. APPARATUS. Equipment used in this test shall be capable of demonstrating device conformance to the applicable
requirements. Equipment shall include optical devices capable of magnification of at least 1.5X to 10X, with a relatively large and
accessible field of view.

3. PROCEDURE

3.1 Magnification. Devices shall be examined at 1.5X to 10X magnification. Devices may be examined anywhere in the range of
1.5X to 10X; however, acceptable product must be capable of passing all criteria when examined at 10X magnification. Individual

glass seals (see 3.3.9) shall be examined at 7X to 10X magnification.

3.2 Foreign material. When foreign material is present, and its adherence is in question, the device may be subjected to a clean
filtered gas stream (vacuum or expulsion) of approximately 20 psig.

3.3 Failure criteria. Devices shall fail if they exhibit any of the following:
3.3.1 General
a. lllegible marking, or marking content or placement not in accordance with the applicable specification.
b. Presence of any secondary coating material that visually obscures a seal area(s) (i.e., any hermetic interface).

c. Evidence of any nonconformance with the detail drawing or applicable procurement document, or absence of any required
feature.

3.3.2 Foreign/displaced material

a. Braze material flow, or other foreign material (i.e., contamination or corrosion) that reduces the isolation between leads or
between braze pads to less than 50% of the lead separation (pad separation for brazed leads) but in no case less than the
case outline minimum.

b. Leads or terminals that are not free of foreign material such as paint or other adherent deposits.

3.3.3 Construction defects

a. Protrusions on the bottom (mounting) surface of the package that extend beyond the seating plane.

b. Protrusions (excluding glass run-out) on any other package surface that exceed the lead thickness in height (leaded
packages).

c. Protrusions on the lid or cover, or extending beyond the surface plane of solder pads, that exceed 25% of the terminal width
in height (leadless packages).

d. Metallization not intended by design between solder pads, between elements of thermal patterns and/or between seal ring or
lid to metallized castellations that reduce the isolation to less than 50% of pad separation (leadless packages).
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3.3.4 Package Body/Lid Finish

a. Defective finish (peeling, flaking, pitting, blistering, or corrosion). Discoloration that does not exhibit these conditions is
acceptable.

b. Scratches, mars, or indentations, either due to damage or processing, that expose base metal. Exposed underplate is
acceptable.

3.3.5 Leads
a. Broken leads.

b. Leads or terminals that are not intact or aligned in their normal location, free of sharp or unspecified lead bends, or twisted
more than 20° from the normal lead plane.

c. Leads with pits and/or depressions that exceed 25% of the width (diameter for round leads) and are greater than 50% of the
lead thickness in depth.

d. Leads with burrs exceeding a height greater than 50% of the lead thickness.

e. Lead misalignment to the braze pad to the extent that less than 75% of the lead braze section is brazed to the pad.

f.  Metallization (including solder lead finish) in which the isolation between leads or between lead and other package
metallization is reduced to less than 50% of lead separation (pad separation for brazed leads) but in no case less than the
case outline minimum.

g. Braze material that increases the lead dimensions to greater than 1.5 times the lead thickness above the design maximum
between the seating plane and the ceramic body or that increases the lead dimensions to greater than the design maximum

below the seating plane.

h. Scratches that expose base metal over more than 5% of the lead surface area. Exposed base metal on the cut lead ends is
acceptable and does not count in the 5%.
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3.3.6 Ball/column grid array leads.

0.

Nonconformance with any design criteria (see 3.3.1.c herein).

Solder columns
solder balls alignment.

i. Solder column base is misaligned such that the column is not within the perimeter of the pad.
ii. Solder column tip misalignment that does not meet drawing requirements (typically < 100 um).
iii. Solder ball misalignment that does not meet drawing requirements.

Broken, twisted or damaged solder columns/spheres. Damaged columns/spheres (scored, gouged) that fail to meet final
dimensional requirements.

Solder column bends or misalignments that do not meet the drawing design criteria.

Solder columns/spheres containing any void, hole, pit, gouge or depression greater than 15% of the column/sphere diameter
or volume. For voids, holes, pits less than 15% of the diameter or volume, the cumulative total shall be less than half of the
column/sphere diameter.

Solder columns/spheres containing cracks.

Columns/spheres with burrs or bumps exceeding 20% of the column/sphere diameter.

Columns/spheres that exhibit peeling, flaking, or blistering.

Solder fillet height which is less than

For copper reinforced columns that exhibit any of the following:

i. Copper ribbon delamination exceeding 25% around the column circumference.

ii. Columns with copper wire having copper exposed more than five percent of the column surface area. Exposed (cut)
copper on the free end of the column is acceptable.

Discoloration of columns/spheres due to corrosion, crusting, or residual flux (there should be a consistent shiny solder
appearance). Evidence of flux residue, stains, rust, or signs of corrosion that can be seen at 3 to 10X magnification.

Foreign material, discoloration, or adherent deposits within 0.5 mm of the free end of the column.

Solder columns/spheres that do not meet requirements for device co-planarity/uniformity of the drawing design criteria
(typically < 150 pym).

Pad dewetting/non-wetting greater than 5% of the pad surface area.

3.3.7 Package body/lid - leaded devices (See Figure 2009-1).

a.

Broken packages or cracks in the packages. Surface scratches shall not be cause for failure except where they violate other
criteria stated herein for marking, finish, etc.

Any chipping (chip in place/chipout) dimension that exceeds 0.060 inch in any direction on the surface and has a depth that
exceeds 25% of the thickness of the affected package element (e.g., cover, base, or wall).

External lead metallization stripe forming a conductor to a brazed lead that exhibits voids greater than 25% of the conductor
width.

Evidence of cracks, delamination, separation, or voiding on any multilayer ceramic package.
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Chip in Place

Note: Chipping vs Cracks.

i Cracks are lines of material separation that have one or both terminations in a direction which could be conceived as

possibly extending further without limit or in the direction of package structures as it extends.

ii. Chipping is a line of material separation that has both terminations directed towards an edge of the package with no
conceivable path for extension beyond the edge.

iii. Chipout is chipping that is so extensive as to have caused the removal of package material.

iv. Chip in Place is chipping that has not cause the removal of material, but forms the semicircular pattern defining a section
of material.

FIGURE 2009-1 Cracks Vs Chipping.
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3.3.8 Package body/lid - leadless devices (See Figure 2009-1).

a. Ceramic chipping (chip in place /chipout) that dimensionally exceed 50% of the distance between terminals in any direction
on the affected surface (edge or corner), and exceed a depth of 25% of the thickness of the affected package element (e.g.,
cover, lid, base, or wall).

b. Evidence of cracks, delamination, separation, or voiding on any package element.

c. Castellation to solder pad misalignment. The metal in the castellation, exclusive of the angular ring, shall be within the

visually extended boundaries of the solder pad (see Figure 2009-2).
AGGEPT

TOP W |EW
EDGE CF GIRGUITRY METAL|ZATICN —4—-‘
ALIGMED TOC GASTELLAT|OM HCLE EDGE
CR CUTSIDE OF HCLE EDGE REJEGT
EDGE ALIGNED—‘ -
IMGIDE HCLE EDGE
AGGEPT
\\/’%q —
/jg EDGE W |EW
EDGE CF METALIZATICGH ALIGNED —4—-‘
T GABTELLATICGM HOLE EDGE
xR CUTS|IDE EDGE REJEGT

7
4{ Z

EOGE OF GIRGUIT NCT DUTSIDE—-—‘
GAGTELLAT|GN HCLE EDGE

FIGURE 2009-2 Castellation to solder pad misalignment.
d. Castellation configuration not in accordance with the following (see Figure 2009-3). The castellation shall be roughly
concave, confined by a 3-dimensional space traversing all castellated ceramic layers at the package edge. The surface of
the castellation may be irregular. The “3-dimensional space" has these dimensions:

1. Minimum width >1/3 package terminal pad width.

2. Minimum depth > 1/2 castellation minimum width.
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3. Length = as designed (see Figure 2009-3).
4. Maximum width < package terminal pad width.
5. Maximum depth < 1/2 castellation maximum width.

These dimensions are an attempt to ensure with some reasonableness that the castellations are not viewed, in the extreme sense, as
virtual flat surfaces on the package edge and are not virtual closed vias (holes).

PACKAGE
PAD WIDTH EDGE
) PLANE 1 VIRTUAL
VIRTUAL FLAT SURFACE
CLOSED —= m REJECT @i— CASTELLATION WIDTH BLANE 1
/ ACCEPT T—— OPEN VIA i
I \
2 IMENSIUNAL N
LReJECT -=||=— CASTELLATION DEPTH PA
| _ 1
| L|-LCASTELLATION CASTELLATIONS
PACKAGE _F LENGTH
HELGHT LENGTH
THROUGH TWO AND THREE LAYERS OF CERAMIC

NOTE: Ceramic layers shift, edges are rough after punching, plating buildup is not smooth etc., all of these combine during
package manufacture to make the castellation measurement difficult. Therefore, in the event of conflicts in determining
castellation acceptance, direct contact measurement shall be made using the limits specified in MIL-STD-1835.

FIGURE 2009-3 Castellation requirements.
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3.3.9 Glass seals.

a. Crazing of the glass seal surface (see Figure 2009-4).

REJECT ACCEPT

FIGURE 2009-4 Crazed glass surface.

b. Any single circumferential crack (or overlapping crack) that does not lie completely within a single quadrant (i.e., extends
beyond 90° arc or rotation about the lead), and extends beyond or is located in the region beyond the midpoint of distance
from the lead to the case (see Figure 2009-5).

REJECT

ACCEPT

FIGURE 2009-5. Circumferential cracks.

c. Radial cracks that exhibit the following:
1. Cracks that do not originate at the lead (see Figures 2009-6a and 2009-6b).
2. Three or more cracks that extend beyond the midpoints of distance from the lead to the case (see Figure 2009-6c).

3. Two cracks that extend beyond the midpoint of the distance from the lead to the case and that lie within the same quadrant
(see Figure 2009-6d).

REJECT
T

Figure 2009-6a Figure 2009-6b Figure 2009-6¢ Figure 2009-6d
ACCEPT

OIS

FIGURE 2009-6 Radial Cracks.
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d. Any chip-out that penetrates the sealing glass deeper than the glass meniscus plane. The glass meniscus is defined as that
area of glass that wicks up the lead or terminal. Exposed base metal as a result of meniscus chip outs is acceptable,
provided that the exposed area is no deeper than 0.010 inch (see Figure 2009-7).

REJECT: > .010" DEEP < ACCEPT: UP TO .010" DEEP
EXPOZED BASE N\ / EXPOZED BASE
UNPLATED METAL \ UNPLATED METAL

FIGURE 2009-7 Chip-outs.

Accept: 1. Open bubble < 5 Reject: 1. Open bubble > 5 mils.
mils. 2. Open bubble > 10 mils for glass
2. Open bubble < 10 filled header.
mils for glass filled 3. Open bubble > 5 mils and
header. closer than 10 mils to the lead.

FIGURE 2009-8a Surface bubbles.

REJECT

FIGURE 2009-8b Subsurface bubbles.

e. Surface bubbles that exceed the following:
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Open bubbles in the glass seal that exceed 5 mils in diameter (see Figure 2009-8a). For packages with a glass-filled
header (i.e., TO-5), open bubbles that exceed 10 mils diameter, or an open bubble that exceeds 5 mils diameter situated
closer than 10 mils to a lead.

Open bubbles in strings or clusters that exceed 2/3 of the distance between the lead and the package wall.
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f.  Subsurface bubbles that exceed the following:
1. Large bubbles or voids that exceed 1/3 of the glass sealing area (see Figure 2009-8a).

2. Single bubble or void that is larger than 2/3 of the distance between the lead and the package wall at the site of inclusion
(see Figures 2009-8b and 2009-8c).

3. Two bubbles in a line totaling more than 2/3 distance from pin to case (see Figure 2009-8c).

4. Interconnecting bubbles greater than 2/3 the distance between pin and case (see Figure 2009-8d).

J
\J 8
)
5 G
Figure 2009-8a Figure 2009-8b Figure 2009-8c Figure 20039-8d

FIGURE 2009-9 Subsurface bubbles.

g. Reentrant seals that exhibit non-uniform wicking (i.e., negative meniscus) at the lead and/or body interface (see Figure 2009-
10).

N
NEGATIVE MENISCUS POSITIVE MENISCUS
REJECT ACCEPT

FIGURE 2009-10 Reentrant seals.

4. SUMMARY. The following details shall be specified in the applicable acquisition document:
a. Requirements for markings and the lead (terminal), or pin identification.

b. Any additional detailed requirements for materials, design, construction, and workmanship.
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METHOD 2012.10 (DRAFT)

RADIOGRAPHY

1. PURPOSE. The purpose of this examination is to nondestructively detect defects within the sealed case, especially
those resulting from the sealing process, and internal defects such as foreign objects, improper interconnecting wires,
and voids in the die attach material or in the glass when glass seals are used. It establishes methods, criteria, and
standards for radiographic examination of semiconductor and hybrid devices.

NOTE: For certain device types, opacity of the construction materials (packages or internal attachment) may effectively
prevent radiographic identification of certain types of defects from some or all possible viewing angles. This
factor should be considered in relation to the design of each device when application of this test method is
specified.

1.1. Definitions. A more complete listing of definitions related to radiography can be found in ASTM E 1316.

1.1.1. Device Under Test (DUT). The microelectronic device (monolithic or hybrid) that is the subject of the radiographic
examination.

1.1.2. Digital radiography. For purposes of this test method, digital radiography is defined as a radiographic examination
using x-ray as the source whereby the image is translated into digital data that is passed through an information processing
algorithm to be transferred to a viewing media such as a display or monitor. It differs from film radiography, which is a direct
transfer of the image onto film.

1.1.3. DUT lot. Multiple devices, all of the same type, that have been manufactured in a single production run and
sequentially being tested as a group.

1.1.4. Dynamic Radiography. The acquisition of images in a continuous, full volumetric fashion where the DUT is placed
in motion by a manipulation system to view multiple areas, axes and depths. (This is also referred to as real-time
radiography.) Dynamic radiography generally results in a higher radiation dose to the DUT than static radiography due to
longer exposure times.

1.1.5. Image Quality Indicator (IQI). A device manufactured with known conditions to be used to judge image quality.
1QI's shall conform to ASTM E 801. An IQl is a standard used for the purpose of qualifying/calibrating the apparatus. An IQl
has built-in physical properties that can be used to adjust system parameters for best imaging results.

1.1.6. Qualified Test Personnel. An individual trained on the apparatus being used for radiography, and who is qualified
to image or inspect. Personnel involved in acquisition or interpretation of radiographic images shall have training in
radiographic imaging procedures and techniques so that defects revealed by this method can be validly interpreted and
compared with applicable standards. Training shall be specific to the radiographic system (film or digital) as well as DUT
design and failure criteria. The company employing the test personnel shall have a documented training program and will
qualify test personnel internally.

1.1.7. Radiation Parameters. The radiation source related variables that can affect the examination outcome for the
selected system configuration. Examples are source energy, collimation and intensity, focal spot size, filter in the X-ray
beam, range of source to object distance, range of object to detector distance, and source to detector distance.

1.1.8. Real Time Radiography. See 1.1.4, Dynamic Radiography.

1.1.9. Representative Quality Indicator (RQI). Similar to an IQl, an RQI is a device manufactured with known conditions
to be used as a representative object for the DUT. RQI’s shall conform to ASTM E 1817. An RQl is a device manufactured
for the purpose of qualifying/calibrating the apparatus. An RQI has built-in physical properties that can be used to adjust
system parameters for best imaging results.

1.1.10. Static Radiography. The acquisition of images where the DUT is at rest, or fixed in location, resulting in a single
distinct image about a predetermined area, axis, and depth.
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1.1.11. System Performance Quality Parameters. The features of a radiographic image that determine its usefulness in
detecting defects. These features include unsharpness, contrast, noise, signal and bad pixels.

1.1.12. Computed Radiography (CR). A two-step radiological imaging process; first, a storage phosphor imaging plate is
exposed to penetrating radiation; second, the luminescence from the plate’s photo stimulate-able luminescent phosphor is
detected, digitized, and presented via an image display monitor. CR is a film replacement technology. Computed
Radiography is not recommended for this method due to inherent artifacts present in the imaging plates that will appear as

extraneous matter in the DUT.

1.1.13. Computed Tomography (CT). A radiological imaging process that provides an image of a selected plane in an
object to the relative exclusion of structures that lies outside the plane of interest. CT is used to generate a three-
dimensional image of an object from a large series of two-dimensional radiographic images taken around a single axis of

rotation.

2. APPARATUS.

2.1. Apparatus — Film Based Radiography. The apparatus and material for this test shall include:

2.1.1. Radiographic x-ray source. A radiographic x-ray source with a sufficient voltage range to meet contrast
requirements for the inspection of the DUT as defined in paragraph 3.4.1, when used in conjunction with the film required in
2.1.2. The focal distance shall be adequate to resolve a separation of 0.0508 mm (0.002 inch) between two solid objects. A
line pair gauge with 20 line pairs per millimeter can be used to verify this resolution._

2.1.2. Radiographic viewer. Film systems meeting Class 1, film type B (or better) requirements of Radiographic viewer.
The film viewer used shall have the following minimum capability:

a. Luminance - Film viewer shall have a minimum transmitted light (luminance) of 10000 cd/m? for film densities of
2.5 optical density or less.

NOTE: Film viewers may be tested for luminance using Figure 1 of ASTM E 1742.

b. The viewer shall be located in an area with subdued background lighting, which does not result in glare on the
viewing screen. Background ambient light levels shall not exceed 3 foot candles (illuminance) at the surface of the

film viewer.

c. Color of light used to illuminate the radiograph shall be white, color temperature of 5000-6250K.

2.1.3. Light Meter.

a. Luminance. Calibrated light meters used to test film viewer transmitted light shall measure luminance in candelas
per meters squared (cd/m?).

b. llluminance. Calibrated light meters used to test ambient background light shall measure illuminance in foot
candles.

2.1.4. Magnifiers. 10X to 40X.

2.1.5. Holding fixtures. Holding fixtures may be used if they are capable of holding devices in the required positions
without interfering with the accuracy or ease of image interpretation.

2.1.6. Film holder. A 1.6 mm (0.0625 inch) minimum lead-topped table or lead-backed film holders to prevent back
scatter of radiation.

2.1.7. Electrostatic Discharge (ESD). The system and any holding fixtures used shall be ESD safe and used in
compliance with applicable ESD protocol. (Note: Film can be placed in an ESD bag to maintain path to ground.)

2.1.8. Radiographic standards.
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2.1.9. Quality Indicators. Image Quality Indicators (IQl) or Representative Quality Indicators (RQI) meeting the
requirements of ASTM E 801 or ASTM E 1817 are required.

2.1.10. Filters. Filters may be used to harden the x-ray beam to reduce radiation dose. ASTM E 1161 may be consulted
for further guidance on filter selection.

2.2. Apparatus — Digital Radiography. The apparatus and material for this test shall include:

2.2.1. Radiographic equipment. The equipment used in this examination will have sufficient voltage, focal spot, and
resolution to provide an image of the DUT in accordance with paragraph 3.4.1.

NOTE: Computed radiography is not an acceptable radiographic method for electronic components.

2.2.2. Radiographic parameters. Radiographic parameters of the digital x—ray apparatus shall provide appropriate image
quality such that all defects specified in paragraphs 3.10 and 3.11 for particular package types are readily apparent.

2.2.3. Radiographic display monitor. An image display monitor that has the following capability shall be used.

a. Brightness: The minimum brightness at maximum Digital Driving Level (DDL) shall be 170 cd/m? (luminance),

b. Contrast: The minimum contrast as determined by the ratio of the screen brightness at the maximum DDL
compared to the screen brightness at the minimum DDL shall be 250:1,

c. High Contrast Resolution: The image display monitor shall be capable of displaying linear patterns of alternating
pixels at full contrast (0% and 100% DDL) in both the horizontal and vertical directions without aliasing at the
display center and each of the four corners,

d. Low Contrast Resolution: The image display monitor shall be capable of discriminating the horizontal and vertical
low contrast 1% modulation patterns (50% and 51% DDL) at the display center and each of the four corners.

e. Flicker and Distortion: The image display monitor shall be free of screen flicker or discernible geometric distortion.
f.  Small Contrast Change: The image display monitor shall be capable of displaying a 5% DDL block against a 0%

DDL background while simultaneously displaying a 95% DDL block against a 100% background in a manner
clearly perceptible to the user.

2.2.3.1. Image Display Monitor Test Pattern. A test pattern shall be used for verifying that the image display monitor
meets the requirements of 2.2.3. The test pattern shall automatically adjust to the image display monitor’s resolution and
aspect ratio. Alternatively, an image file (lossless file type) may be used. When an image file is used to confirm 2.2.3 ¢ & d,
it shall be displayed at 1:1 (100%). If the image as displayed at 1:1 is smaller than the display monitor, the image shall be
moved around the monitor display area to meet the location requirements of 2.2.3 ¢ & d. The SMPTE RP 133 test pattern
meets the requirements for this verification.

2.2.3.2. Image viewing area. The image viewing area shall be an area with subdued background lighting and shall be
arranged to preclude reflective glare from the surface of the image display monitor. Subdued lighting, rather than total
darkness, is required in the image viewing room.

a. Background Ambient Light Level. Background ambient light levels shall not exceed 3 foot candles (illuminance) at
the image display monitor used for image analysis and final disposition. Ambient light levels shall be measured at
the surface of the image display monitor with the monitor off.

2.2.4. Light Meter.

a. Luminance. Calibrated light meters used to test image display monitors for brightness and contrast shall measure
luminance in candelas per meters squared (cd/m?).

b. llluminance. Calibrated light meters used to test ambient background light shall measure illuminance in foot
candles.
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2.2.5. Holding fixtures. Holding fixtures may be used if they are capable of holding devices in the required positions
without interfering with the accuracy or ease of image interpretation.

2.2.6. Electrostatic Discharge (ESD). The system and any holding fixtures used shall be ESD safe and used in
compliance with applicable ESD protocol.

2.2.7. Quality Indicators. Image Quality Indicators (IQl) or Representative Quality Indicators (RQI) meeting the
requirements of ASTM E 801 or ASTM E 1817.

2.2.8. Line Pair Gauge. A Line Pair Gauge with a minimum line pair spacing of 20 line pairs per mm shall be used to
judge the quality of the system output.

2.2.9. Filters. Filters may be used to harden the x-ray beam to reduce radiation dose. ASTM E 1161 may be consulted
for further guidance on filter selection.

3. PROCEDURE. The X-ray exposure factors; voltage, current, exposure time and magnification settings shall be
selected or adjusted as necessary to obtain satisfactory exposures and achieve maximum image details within the sensitivity
requirements for the device or defect features the radiographic test is directed toward.

NOTE: For certain device types, opacity of the construction materials (packages or internal attachment) may effectively
prevent radiographic identification of certain types of defects from some or all possible viewing angles. If the best
attempt to obtain a clear image results in the inability of the radiographer to clearly see some or all of the reject-able
criteria, this shall be noted as an exception on the inspection report and certificate of compliance.

3.1. Mounting and views. The devices shall be mounted in the holding fixture so that the devices are not damaged or
contaminated and are in the proper plane as specified. The devices may be mounted in any type of fixture and masking
may be employed to isolate multiple specimens provided the fixtures or masking material do not block the view from X-ray
source to the film or detector of any portion of the body of the device.

3.1.1. Views.

3.1.1.1. Elat packages, dual-in-line packages, hybrid packages, and single ended cylindrical devices. Flat packages,
dual-in-line packages, hybrid packages, and single ended cylindrical devices, unless otherwise specified, shall have one
view taken with the X-rays penetrating in the Y direction as defined on figures 1 and 2 of MIL-STD-883, GENERAL
REQUIREMENTS. The die/cavity interface shall be positioned in such a manner relative to the film or detector to avoid
image distortion.

3.1.1.2. Stud-mounted and cylindrical axial lead devices. Stud-mounted and cylindrical axial lead devices, unless
otherwise specified, shall have one view taken with the X-rays penetrating in the X direction as defined in figures 1 and 2 of
MIL-STD-883, GENERAL REQUIREMENTS. The die/cavity interface shall be positioned in such a manner relative to the
film or detector to avoid image distortion”

3.1.1.3. Additional views. When required, additional views may be used to resolve internal features.

3.2. Image Quality Indictors. Image Quality Indicators in accordance with ASTM E 801 shall be used. As an alternative,
Representative Quality Indicators in accordance with ASTM E 1817 may be used.

3.2.1. Eilm. IQls or RQlIs bracketing the film density of the area of interest, and prescribed in the DUT Specific Technique
(see 3.4.1), shall be positioned at the outer edges of the film, in opposite corners, and shall not block the view from X-ray
source to the film of any portion of the body of the device.

3.2.2. Digital. Prior to performing imaging on a DUT Lot, the radiographic examination system shall be sampled using
the 1QIs or RQIs prescribed in the DUT Specific Technique (see 3.4.1). These images collected prior to the DUT Lot
imaging shall be saved for comparison with images of the same 1Qls or RQls taken following the DUT Lot imaging.
Grayscale values of the IQI/RQI images collected post-DUT Lot imaging shall be within £15% of the grayscale values of the
reference image collected prior to DUT Lot imaging and all features of interest in the 1QI or RQI shall be visible in the images
collected before and after DUT Lot imaging. If the IQI/RQI images collected before and after DUT Lot imaging do not meet
these requirements, it shall be presumed that the radiographic examination system conditions have been altered from the
pre-DUT Lot imaging set up and the DUT Lot imaging shall be performed again after proper adjustments are made.
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3.2.2.1. DPA/FA IQI/RQI Samples. Post inspection images of 1Ql or RQl is not required, however, when the imaging
equipment is shut down for any reason (e.g., end of shift), additional QI or RQIl images shall be captured prior to continuing
inspections.

3.3. Radiographs and marking.

3.3.1. Radiographs/Radiographic Images. Procedures and techniques developed from the DUT specific technique (see
3.4.1) shall be used for radiographic exposure/imaging.

3.3.1.1. Eilm. The radiographic film shall be in a film holder backed with a minimum of 1/16 inch lead or the holder shall
be placed on the lead topped table. The film shall be identified using techniques that print the following information, either
photographically, or created as an image using lead numbers or other means on the radiograph:

a. Device manufacturer's name or code identification number.

b. Device type or Part or Identifying Number.

c. Production lot number or date code or inspection lot number.

d. Radiographic film view number.

e. Date.

f. Device serial or cross reference numbers, when applicable.

g. X-ray laboratory identification, if other than device manufacturer

3.3.1.2. Digital. Images shall be acquired using static radiography, unless dynamic (real-time) radiography is specified in
the contract. Images shall be maintained and stored for archive in an electronic data file format that does not reduce the
resolution or bit depth of the original image (loss-less file type). The following information shall be permanently associated
with the archived image file. This may be achieved by annotating the image with the information, by including all information
in the file name, or by including a reference text file with image file correlation.

a. Device manufacturer's name or code identification number.

b. Device type or Part or Identifying Number.

c. Production lot number or date code or inspection lot number.

d. Radiographic view (axis).

e. Date.

f. Device serial or cross reference numbers, when applicable.

g. X-ray laboratory identification, if other than device manufacturer.

3.3.2. Serialized devices. When device serialization is required, each device shall be readily identified by a serial
number. When multiple devices are radiographed in a single image, they shall be arranged in consecutive, increasing serial
order. When a device is missing, the blank space shall contain either the serial number or other X-ray opaque object to
readily identify and correlate X-ray data. When large skips occur within serialized devices, the serial number of the last
device before the skip and the first device after the skip may be used in place of the multiple opaque objects.

3.3.3. Special device marking. When specified (see 4.c), the devices that have been X-rayed and found acceptable shall
be identified with a blue dot on the external case. The blue dot shall be approximately 1.6 mm (0.0625 inch) in diameter.

The color selected from FED-STD-595 shall be any shade between 15102-15123 or 25102-25109. The dot shall be placed
so that it is readily visible but shall not obliterate other device marking.
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3.4. Test Plans. A technique for each DUT lot will be generated to ensure repeatability of the examination.

3.4.1. DUT Specific Technique. The DUT specific technique shall be generated to address the unique qualities for that
device type, and how that device type is subjected to the radiographic examination, including all information needed to
perform a repeatable examination. The DUT Specific Technique shall reference internal operating procedures, if applicable,
and acceptance criteria used in the inspection. The plan shall include:

a. The specific device or devices to be examined by manufacturer and part number,
b. Radiographic system (apparatus) used and support equipment, such as the 1QIs/RQls used to bracket the DUT.

c. DUT views (axes). When necessary a drawing, sketch or photograph of the DUT showing the radiation beam axis
position(s) of the detector for each and all variations of the DUT orientation and x-ray beam angle.

3.4.1.1. Test Parameters. For each view, the following parameters shall be defined: kV, Current/Power, the 1QI(s)
selected representing the grayscale value of the area(s) interest of the DUT or the RQI associated with the DUT. For film
radiography, set up geometry and exposure time shall be recorded. For digital radiography, parameters can vary with the
selected test equipment. The tester shall define those parameters for the particular test set being used. Examples of
required parameters include focal spot size, frame averaging, s, set up geometry and geometric magnification, detector
settings (e.g., frames per second, gain, binning, etc.) and image evaluation settings (e.g., digital zoom, window
width/window level, image enhancement, etc.), as applicable to the selected apparatus. Radiographs/radiographic images
shall be made for each view required (see 3.1.1).

a. Film. The DUT Specific Technique shall define test parameters such that the resulting radiographs achieve
resolution sufficient to resolve a wire 0.0254 mm (0.001 inch) in diameter, a bead 0.0508 mm (0.002 inch) in
diameter, exhibit less than 10 percent distortion and an “H” and “D” film density between 1.0 and 2.5 in the area of
interest of the device image and the 1QlI.

b. Digital. The X-ray exposure factors and image file resolution shall be selected to resolve a wire 0.0254 mm (0.001
inch) in diameter, a bead 0.0508 mm (0.002 inch) in diameter, a separation of 0.0508 mm (0.002 inch) between
two solid objects and shall result in an image with a minimum pixel value of 15% of the bit depth range and
maximum pixel value of 90% of the saturation limit of the detector. The flow chart presented in Table 2012-1
provides a suggested method of determining appropriate test parameter selection. One image shall be taken of
the overall component. If that image meets the resolution requirements, no further images are required. If that
image does not meet the resolution requirements, additional images of higher geometric magnification shall be
collected, providing full coverage of the device area (i.e., overlapping views), at the lowest geometric magnification
which meets the resolution requirements, unless otherwise specified.

NOTE: For both film and digital radiography, multiple exposure factors and test parameter settings may be required to be
able to fully inspect the DUT.
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TABLE 2012-1: Appropriate test parameter selection.

3.4.1.2. Further required details. When applicable, the following items are part of the DUT Specific Test Plan.

a. Film specific requirements: Part masking; added radiation source collimation; allowable range of radiation energy
and x-ray beam current, and the focal spot size for each view; beam filtration; examination geometry and coverage
of each view; all system settings that can be changed by the operator to affect the outcome of the radiographic
examination such as film processing variables.

b. Digital specific requirements: Classification of the DUT into zones for radiographic examination, detector field of
view; all system and software settings that can be changed by the operator to affect the outcome of the
radiographic examination such as display settings and image processor variables; and the recording media and
image file format.

3.4.2. ESD Precautions. ESD precautions shall be maintained at all times during handling and inspection, as appropriate
for the ESD sensitivity of the DUT.

3.4.3. Radiation Dose Control. Semiconductor materials may be sensitive to radiation. Precautions should always be
taken to minimize radiation dose; however, precautions shall always be taken to minimize dose when devices are
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designated as radiation sensitive. Precautions may include, but are not limited to, minimizing exposure time, maximizing
distance from the x-ray source, employing filtering or shielding and minimizing the number of devices placed in the cabinet
during exposure. When dose characterization of the equipment is to be performed, it should mimic all conditions the DUT
will be subjected to, including any shielding techniques employed for reducing secondary exposure. Secondary radiation
dose to devices outside or adjacent to the DUT must be recognized and considered when calculating total dose during x-ray
equipment characterization. ASTM E 1161 may be consulted for processing techniques.

3.5. Film Processing and Image Processing/Enhancement.

3.5.1. Film Processing. The radiographic film manufacturer's recommended procedure shall be used to develop the
exposed film, and film shall be processed so that it is free of processing defects such as fingerprints, scratches, fogging,
chemical spots, blemishes, etc.

3.5.2. Digital Image Evaluation. Image evaluation adjustments for image zoom, window width and level settings (contrast
and brightness) and any image processing/enhancement shall be performed in a manner consistent with the DUT Specific
Technique and shall not reduce the ability to identify required features in the image of the DUT and IQIs/RQls.

a. Window Width (Contrast) and Level (Brightness). The initial image evaluation window width and level settings shall
be documented in the DUT specific technique, either with quantitative values or by defined viewing presets. This
includes any multiple window width and level values or viewing presets required due to changes in the DUT
thickness or material.

b. Image processing (i.e., enhancement filters). Image processing used for final product acceptance shall be verified
by adequately displaying the pertinent features of the DUT and IQI/RQI and shall be documented on the approved
DUT specific radiographic examination technique.

Since some image processing filters can increase image noise and/or generate artifacts, the image interpreter may
remove the filter for the purpose of evaluating whether an indication is false, relevant or non-relevant, however,
initial image review shall be performed with the filter applied when required by the DUT specific technique.

c. Digital Magnification (Image Zoom). Digital magnification shall be based on the minimum size of the feature of
interest, and the size and resolution of the image display monitor. Images shall not be inspected at less than
100% display size, as reduction of image size below 100% results in loss of displayed data due to pixilation. For
the purpose of making measurements or a correct disposition, the image may be digitally magnified beyond that
specified in the DUT specific technique.

3.6. Qualified Personnel. The radiographic examination shall be performed only by Qualified Test Personnel as defined
in paragraph 1.2.f, following the test procedures provided in the DUT Specific Technique; or performed by someone who is
both under the control and supervision of Qualified Test Personnel and is trained on the apparatus being used. The
following minimum vision requirements shall apply for personnel evaluating radiographic images:

a. Distant vision shall equal at least 20/30 Snellen in at least one eye, corrected or uncorrected.

b. Near vision shall equal at least 20/25 Snellen at 16 inches (1 inch) in at least one eye, corrected or uncorrected or
such that the operator can read Jaeger No. 1 at a distance of not less than 12 inches in at least one eye.

c. Vision tests shall be performed by an oculist, optometrist, or other professionally recognized personnel at least
once a year. Personnel authorized to conduct radiographic tests shall be required to pass the vision tests
specified in 3.6 a and b.

3.7. Safety. The premises and equipment shall present no hazards to the safety of personnel or property. NCRP 49,
NCRP 116 and NCRP 151 may be used as guides to ensure that radiographic procedures are performed so that personnel
shall not receive a radiation dosage exceeding the maximum permitted by city, state, or national codes.

3.8. Interpretation of radiographs/radiographic images. Utilizing the equipment specified herein, radiographs shall be
inspected to determine that each device conforms to this standard and defective devices shall be rejected.

3.8.1. Film. Viewing masks may be used when necessary. Any radiograph not clearly illustrating the features in the
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radiographic quality standards is not acceptable and another radiograph of the devices shall be taken. Inspection shall be
performed at a magnification between 10X and 40X.

3.8.2. Digital. Geometric magnification for image collection shall be determined as specified in 3.4.1.1.b. Magnification at
the time of inspection is dependent on the spatial resolution of the detector. Inspection magnification may be achieved
through a combination of geometric magnification and increasing image display size, until image pixilation occurs or IQl/line
pair resolution is lost. Images shall not be inspected at less than 100% display size, as reduction of image size below 100%
results in loss of displayed data due to pixilation. All images shall contain a feature of known dimension, from which
displayed magnification can be calculated; examples include gold bond wires, the overall package (if dimensions are
recorded) or marker bars inserted using calibrated imaging software.

3.9. Reports of records.

3.9.1. Reports of inspection. For class S devices, or when specified for other device classes, the manufacturer shall
furnish inspection reports with each shipment of devices. The report shall describe the results of the radiographic
inspection, and list the purchase order number or equivalent identification, the PIN, the date code, the quantity inspected,
the quantity rejected, and the date of test and which devices utilize the note in 3.10.2.1. For each rejected device, the PIN,
the serial number, when applicable, and the cause for rejection shall be listed.

3.9.2. Radiograph submission.

3.9.2.1. Film. Photographic reproduction of complete radiographs may be submitted as long as image quality is not
reduced from the original radiograph, but artistic renditions are not acceptable.

3.9.2.2. Digital. An archive of data from each radiographic examination shall be kept and stored in a proper repository for
the period specified. The archive shall include the DUT Specific Technique, a complete set of radiographic images of the
DUT and IQI/RQIs, and the signed examination reports and/or tabulated results. Data file format is to follow the guidance of
3.3.1.2. ltis the responsibility of the radiography service provider to ensure that adequate controls are in place to maintain
the fidelity of identifying information and of the original images.

3.9.3. Radiograph and report retention. When specified, the manufacturer shall retain a set of the radiographs and a
copy of the inspection report. These shall be retained for the period specified.

3.10. Examination and acceptance criteria for monolithic devices.

3.10.1. Device construction. Acceptable devices shall be of the specified design and construction with regard to the
characteristics discernible through radiographic examination. Devices that deviate significantly from the specified
construction shall be rejected.

3.10.2. Individual device defects. The individual device examination shall include, but not be limited to, inspection for
foreign particles, solder or weld "splash”, build-up of bonding material, proper shape and placement of lead wires or
whiskers, bond of lead or whisker to semiconductor element and lead or whisker to terminal post, semiconductor
metallization pattern, and mounting of semiconductor element. Any device for which the radiograph reveals any of the
following defects shall be rejected:

3.10.2.1. Presence of extraneous matter. Extraneous matter (foreign particles) shall include, but not be limited to:

a. Any foreign particle, lose or attached, greater than 0.025 mm (0.001 inch) (see figure 2012-2), or of any lesser size
which is sufficient to bridge non-connected conducting elements of the semiconductor device.

b. Any wire tail extending beyond its normal end by more than two wire diameters at the semiconductor die pad or by
more than four wire diameters at the semiconductor package post (see figure 2012-2).

c. Any burr on a post (header lead) greater than 0.08 mm (0.003 inch) in its major dimension or of such configuration
that it may break away.
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FIGURE 2012-2 Extraneous matter.
d. Excessive semiconductor element bonding material build-up:

(1) A semiconductor element shall be mounted and bonded so that it is not tilted more than 10° from the normal
mounting surface. The bonding agent that accumulates around the perimeter of the semiconductor element
whether or not it touches the side of the semiconductor element shall not accumulate to a thickness greater
than the height of the semiconductor element (see figures 2012-3 and 2012-4), or any lead or post, or be
separated from the main bonding material area (see 2012-10).
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i1l
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FIGURE 2012-3. Acceptable and unacceptable bonding material build-up.
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FIGURE 2012-4. Extraneous bonding material build-up.
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(2) There shall be no visible extraneous material 0.025 mm (0.001 inch) or larger in the major
dimension inside the semiconductor device. Loose bonding material will be considered
extraneous material. Excessive (but not loose) bonding material will not be considered
extraneous unless it fails to meet the requirements of 3.10.2.1.d.(1) or unless the accumulation
of bonding material is such that the height of the accumulation is greater than the width of its
base or that the accumulation necks down at any point (see figures 2012-3 and 2012-4).

NOTE: Devices with suspect foreign particles or extraneous material (in accordance with
3.10.2.1a and 3.10.2.1d(2) may be verified as acceptable provided the following
conditions are met:

i.  Avisual inspection of the die attach area at 30X to 60X shall have been conducted prior
to die attach sufficient to assure there are no anomalies in the die attach area which
could interfere with effective die attach.

ii. The precap inspection shall have been conducted 100 percent to condition A of method
2010 of MIL-STD-883 and the devices shall have been inspected and prepared for
sealing in a class 100 environment.

ii. All devices with X-ray defects to other criteria of 3.10 shall have been removed from the
lot.

iv. Serialized devices with less than 5 suspect foreign particles and extraneous material
shall be vibrated and shocked in accordance with PIND method 2020, condition A with
the detector off.

v. A second X-ray examination of the failed view of the serialized devices after the PIND
vibration/shock shall be conducted and each individual device shall be compared to its
previous X-ray record.

vi. Any evidence of the suspect particle(s) having moved or having disappeared from their
original location shall cause the device to be rejected. If the particle(s) exhibit no
evidence of movement, the device may be accepted.

vii. The manufacturer doing the reinspection for suspect foreign particles or extraneous
material shall implement a process monitor visual inspection of the cavity of the
reinspected devices to assure that accepted devices do not have actual rejectable
foreign particles or extraneous material (see 3.2.3.1a, 3.2.3.1d, and 3.2.3.1¢e, 3.2.3.23,
3.2.3.2¢c, 3.2.3.2f, 3.2.3.2g, 3.2.3.2h, and 3.2.5 of method 2010). If any reinspected
device fails the process monitor visual inspection, then all reinspected devices in the lot
that have been inspected are subject to disposition. Corrective action, when
appropriate, must be instituted. A procedure is required for the traceability, recovery,
and disposition of all reinspected units accepted since the last successful monitor. The
records for this monitor shall include identification of all lots which are reinspected to this
note, identification of those lots which are monitored by this visual inspection, sample
size, frequency of sampling, results of the visual inspections, and the package types
reinspected.

viii. In the case of a failed monitor, the records must identify all lots affected, their final
disposition and a rationale for their disposition. Additionally, for a failed monitor, the
records must also contain a description of any instituted corrective action together with
its rationale. Records of this type shall be made available to the qualifying activity upon
request.

e. Gold flaking on the header or posts or anywhere inside the case.

f. Extraneous ball bonds anywhere inside case, except for attached bond residue when rebonding is allowed.
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3.10.2.2. Unacceptable construction. In the examination of devices, the following aspects shall be considered
unacceptable construction and devices that exhibit any of the following defects shall be rejected.

a. Voids: When radiographing devices, certain types of mounting do not give true representations of voids. When
such devices are inspected, the mounting shall be noted on the inspection report (see figure 2012-5).

1. Contact area voids in excess of one-half of the total contact area.

2. Asingle void which traverses either the length or width of the semiconductor element and
exceeds 10 percent of the total intended contact area.

P REJECT
S VOID TRAVERSES LENGTH OR WIDTH
- OF CHIF AND 15 GREATER THAN 10%
OF DESIGNED CONTACT AREA

yd

) Ui

MOT A& REJECT —
YOID DOES MOT TRAVERSE
MIDTH OR LEMGTH OF CHIP

NOT A REJECT
VOID TRAVERSES LENGTH OR WIDTH OF CHIF BUT DOES
HWOT EXCEED 10X OF DESIGNED CONTACT AREA

FIGURE 2012-5. Voids.

b. Wires present, other than those connecting specific areas of the semiconductor element to the external leads.
Device designs calling for the use of such wires including jumper wires necessary to trim load resistors are
acceptable (see figure 2012-2).

c. Cracks, splits, or chips of the electrical elements.

d. Excessive undercutting of the electrical elements (X and Z plane only, see figure 2012-6).

SEMICONDUCTOR ELEMENT

W/T

UNDERCUT SHALL NOT EXCEED T

NOTE: Angle A shall be greater than 45°.

FIGURE 2012-6. Undercutting.
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e. Defective seal: Any device wherein the integral lid seal is not continuous or is reduced from its designed sealing
width by more than 75 percent. Width reduction to less than 75% may be the result of either a single void or a
combination of voids in the same width area (see figure 2012-7). Expulsion resulting from the final sealing
operation is not considered extraneous material as long as it can be established that it is continuous, uniform and
attached to the parent material and does not exhibit a ball, splash or tear-drop configuration (i.e., where the base
support least dimension is smaller than the dimension it is supposed to support).

f. Inadequate clearance: Acceptable devices shall have adequate internal clearance to assure that the elements
cannot contact one another or the case. No crossover shall be allowed except as permitted by 3.2.2e of method
2010 (condition A). Depending upon the case type, devices shall be rejected for the following conditions:

INTENDED SEAL
WIDTH (W)

REJECT IF
AW

OR (B +C)W

OR D/W

<0.25

FIGURE 2012-7. Lid seal voids and rejection criterion.

NOTE: Any of the following criteria for bond wires shall not apply, if the wires are not visible In the X-ray.
1. Flat pack and dual-in-line (see figure 2012-8).
i.  Any lead wire that appears to touch or cross another lead wire or bond, (Y plane only).

ii. Any lead wire that deviates from a straight line from bond to external lead and appears to be
within 0.05 mm (.002 inch) of another bond or lead wire (Y plane only).

iii. Lead wires that do not deviate from a straight line from bond to external lead and appear to
touch another wire or bond, excluding common wires, (Y plane only).

iv. Any lead wire that touches or comes within 0.05 mm (0.002 inch) of the case or external lead to
which it is not attached (X and Y plane).

v. Any bond that is less than 0.025 mm (0.001 inch) (excluding bonds connected by a common
conductor) from another bond (Y plane only).
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Any wire making a straight line run from die bonding pad to package post that has no arc.

Lead wires that sag below an imaginary plane across the top of the die bond (X plane only)
except by design.

REJECT REJECT
LEAD WIRE BOND WITHIN
CROSSES 0.001 IN (0.025 mm)
ANOTHER WIRE OF ANOTHER BOND
_— REJECT
WITHIN 0.002 IN (0.05 mm)
— OF EXTERNAL LEAD
o¢

I

=
¥

REJECT
REJECT LEAD WIRE CROSSES
SLACK WIRE WITHIN OVER A BOND

0.002 IN (0.05 mm)
OF ANOTHER WIRE

FIGURE 2012-8. Clearance in dual-in-line or flat pack type device.

2. Round or "box" transistor type (see figure 2012-9).

Vi.

Vii.

Any lead wire that touches or comes within 0.05 mm (0.002 inch) of the case or external lead to
which it is not attached (X and Y plane).

Lead wires that sag below an imaginary plane across the top of the die bond (X plane only)
except by design.

Any lead wire that appears to touch or cross another lead wire or bond (Y plane only).

Any lead wire that deviates from a straight line from bond to external lead and appears to touch
or to be within 0.05 mm (0.002 inch) of another wire or bond (Y plane only).

Any bond that is less than 0.025 mm (0.001 inch) (excluding bonds connected by a common
conductor) from another bond (Y plane only).

Any wire making a straight line run from die bonding pad to package post that has no arc, unless
specifically designed in this manner (e.g., clips or rigid connecting leads).

Any internal post that is bent more than 10° from the vertical (or intended design position) or is
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not uniform in length and construction or comes closer than one post diameter to another post.

Where a low profile case (such as TO-46) is used, any post which comes closer to the top of the
case than 20 percent of the total inside dimension between the header and the top of the case.
In devices which have the semiconductor element vertical to the header, any device where the
semiconductor element comes closer than 0.05 mm (0.002 inch) to the header or to any part of
the case.

Any case which does not have a header design incorporating a header edge or other feature
(e.g., a "splash ring") to prevent solder or weld splash from entering the interior of the case.
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FIGU
RE 2012-9. Clearance in round or box transistor type device.
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3. Cylindrical axial lead type (see figure 2012-11).

Vi.

Vii.

viii.

Whisker to case distance less than one-half of the diameter of the external lead wire.

Distance from case to semiconductor die or to any eutectic bonding material less than 0.05 mm
(0.002 inch).

Whisker tilted more than 5° in any direction from the device lead axis or deformed to the extent
that it touches itself.

C and S shaped whisker with air gap between any two points on it less than twice the diameter
or thickness of the whisker wire. On diodes with whiskers metallurgically bonded to the post and
to the die, the whisker may be deformed to the extent that it touches itself if the minimum whisker
clearance zone specified in figure 2012-11 (a) is maintained.

Whiskerless construction device with anode and cathode lead connections displaced more than
0.25 mm (0.01 inch) with respect to the central axis of the device.

Semiconductor element mounting tilted more than 15° from normal to the main axis of the
device.

Die hanging over edge of header or pedestal more than 10 percent of the die area.

Less than 75 percent of the semiconductor element base area is bonded to the mounting
surface.

Voids in the welds, from any edge, between the leads and the heat sink slugs greater than 15
percent of the lead wire diameter. Any voids whatever in the central part of the area that should
be welded.

Devices with package deformities such as, body glass cracks, incomplete seals (voids, position
glass, etc.), die chip outs and severe misalignment of S and C shaped whisker connections to
die or post.
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3.11. Examination and acceptance criteria for hybrid devices.

3.11.1. Device construction. Acceptable devices shall be of the specified design and construction with regard to the

characteristics discernible through radiographic examination. Devices that deviate significantly from the specified
construction shall be rejected.

3.11.2. Individual device defects. The individual device examination shall include, but not be limited to, extraneous
matter, location and orientation of elements, cracks in the substrate that exceed 0.127 mm (0.005 inch) in length or point
toward active metallization, adhesive build-up, solder splashes, placement of wires, voids in the lid seal (this may not

apply to power hybrid devices), and improper wetting between the substrate(s) and the package. Any device for which
the radiograph reveals any of the following defects shall be rejected:

3.11.2.1. Presence of extraneous matter (foreign particles).

a. Unattached foreign material greater than 0.025 mm (0.001 inch), or of any lesser size which is sufficient to bridge

metallization or nonconnected conducting elements, that appears to be on the surface of the die, component,
substrate, or within the package.

Attached foreign material that bridges metallization paths, package leads, lead to package metallization, functional
circuit elements, junctions, or any combination thereof.

NOTE: Attached or unattached material may be verified by comparing two identical views with a mild mechanical
shock, such as PIND test, between the two views.

c. Wire tails or extra wires which make contact with any metallization not connected to the wire, or which exceed four
wire diameters in length at the substrate pad or package post, or two wire diameters at the top of a die or
component.

d.

Any evidence of solder, alloy, or conductive adhesive that appears to bridge noncommon metallization (i.e., wire(s),
bonding post, active metallization or any combination thereof) not intended by design.

e. Gold flaking on the bonding post or anywhere inside the case.

3.11.2.2. Unacceptable construction.

a. Voids in substrate or component attachment medium.
1. Contact area voids in excess of one-half of the total contact area.

2. Asingle void which traverses either the length or width of the substrate or semiconductor element and
whose area exceeds 10 percent of the total intended contact area.

NOTE: To obtain, and/or verify substrate attachment the use of a thermal resistance analyzer, which
measures the thermal characteristics (heat dissipation), is strongly recommended.

Wires present, other than those connecting specific areas as per the drawing, except wires designated as
tuning devices on the bonding diagram, and except where bond-offs are allowed.

c. Improper component placement.
d. Cracks, splits, or chips in the component or substrate which enter the active circuit area.

Voids in the lid seal in which the seal is not continuous or is reduced from its design sealing width by more than
75 percent.

NOTE: Sealing voids may not be detectable within power hybrid packages.
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f. Inadequate clearance.

1. Any wire that comes closer than 0.025 mm (0.001 inch) to another wire (excluding common wires) within a
spherical radial distance from the bond perimeter of 0.127 mm (0.005 inch) for ball bonds, or 0.254 mm
(0.010 inch) for ultrasonic and thermocompression wedge bonds.

NOTE: Insulated wires defined in the device specification/drawing are excluded from this criteria.

2. Excessive loop or sag in any wire so that it comes closer than two wire diameters to another wire, package
post, unglassivated operating metallization, die, or portion of a package after a spherical radial distance from
the bond perimeter of 0.127 mm (0.005 inch) for ball bonds or 0.254 mm (0.010 inch) for ultrasonic and
thermocompression wedge bonds.

NOTE: Insulated wires defined in the device specification/drawing are excluded from these criteria.

3. Missing or extra wire(s) or ribbon(s) not in conformance with the bonding diagram except those wire(s) or
ribbon(s) designated as microwave tuning devices on the bonding diagram.

NOTE: Extra wires added for statistical process control lot or lot sample bond strength/process
machine/operator evaluation in accordance with MIL-PRF-38534 is excluded from this criteria.

4. Any wire that has no arc and makes a straight line run from die bonding pad to package post.
5. Wires crossing wires except common conductors or as allowed in 3.2.2e of method 2010 (condition A).

6. Excessive height in any component or wire loop such that it is closer than 0.127 mm (0.005 inch) to the lid
when installed.

7. Any wires which are broken.
NOTE: Wire bond tails, as defined by method 2017, are excluded from this criteria.

8. Excessive sag where the wire lies on the substrate for a distance greater than 1/2 the distance between the
edge of the substrate bonding pad and the chip to which the wire is bonded, or comes closer than 0.025 mm
(0.001 inch) to runout of any conductive epoxy which mounts the chip.

9. Bonds placed so that the wire exiting from the bond crosses over another bond, except for common bonds.

NOTE: For RF/microwave devices, bonds placed so that the wire exiting from a bond crosses over another
bond, except by design, in which case the clearance shall be two wire diameters minimum (common
bonds are excluded from this criteria).
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ACCEPTABLE

EUTECTIC IS
CLEAR OF
EEESEE¥%VE EUTECTIC BUILDUP
JOINED WITH ORIGINAL

BONDING MATERIAL AREA

UNACCEPTABLE

EUTECTIC ON SEMICONDUCTOR

EUTECTIC ON ELEMENT

LEAD WELD

EUTECTIC SEPARATED
FROM ORIGINAL BONDING
MATERIAL AREA

FIGURE 2012-10. Acceptable and unacceptable excess material.
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— 1/2 D
MIN CLEARANCE

L DIE SURFACE

(a) MINIMUM WHISKER CLEARANCE ZONE

D LEAD DIA

SEMICONDUCTOR

DIE

—.05 mm

—

—.05 mm

AECTIC BONDING

MATERIAL

(.002 IN MIN)

(.002 IN MIN)

(b) MINIMUM BONDING CLEARANCES

UNACCEPTABLE - SEMICONDUCTOR SEMICONDUCTOR
ELEMENT MOUNTING TILTED MORE ELEMENT

THAN 15° FROM NORMAL TO MAIN
AXIS

\

N

]7__2
_

(c) UNACCEPTABLE SEMICONDUCTOR
MOUNTING

GLASS CASE

DUMET PLUG

(]

i)

|

UNACCEPTABLE-ELEMENT TILTED MORE
THAN 15° NORMAL TO MAIN AXIS

(d) UNACCEPTABLE MONOLITHIC DUAL HEAT

SINK DIODE

FIGURE 2012-11. Clearance in cylindrical axial lead type device.
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4. SUMMARY. The following details shall be specified in the applicable acquisition document:

4.1. Film.
a. Number of views, if other than indicated in 3.1.1.
b. Radiograph submission, if applicable (see 3.9.2).
c. Marking, if other than indicated in 3.3 and marking of samples to indicate they have been radiographed, if required
(see 3.3.3).
d. Defects to be sought in the samples and criteria for acceptance or rejection, if other than indicated in 3.10 or 3.11.
e. Radiograph and report retention, if applicable (see 3.9.3).
f. Test reports when required for class level B.
4.2. Digital.
a. Number of views, if other than indicated in 3.1.1. Any requirements that cause a need for differing angle of axis,
depth of view, or area of vision from those required by Film Radiography.
b. Radiograph submission, if applicable (see 3.9.2).
c. Marking, if other than indicated in 3.3 and marking of samples to indicate they have been radiographed, if required
(see 3.3.3).
d. Defects to be sought in the samples and criteria for acceptance or rejection, if other than indicated in 3.10 or 3.11.
e. Radiograph and report retention, if applicable (see 3.9.3).
f. Test reports when required for class level B.
g. If Dynamic (Real Time) Radiography will be used.
h.  Archiving requirements including software, recording media, image handling, and records retention period not in

accordance those specified herein
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FEDERAL STANDARDS

Required standards:
FED-STD-595/15102 — 15123
FED-STD-595/25102 — 25109

Blue, Gloss
Blue, Semi-gloss

(Copies of these documents are available online at http://quicksearch.dla.mil or from the Standardization Documents
Order Desk, 700 Robbins Avenue, Building 40, Philadelphia, PA 19111-5094.)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

Required standards:
ASTM E 801
ASTM E 1817

Standard Practice for Controlling Quality of Radiological Examination of Electronic Devices.
Practice for Controlling Quality of Radiological Examinations by Using Representative Quality

Recommended for reference only

ASTM E 94 Standard Guide for Radiographic Examination

ASTM E 1000 Standard Guide for Radiography.

ASTM E 1161 Standard Practice for Radiologic Examination of Semiconductors and Electronic Components
ASTM E 1255 Standard Practice for Radioscopy.

ASTM E 1316 Standard Terminology for Nondestructive Examinations

ASTM E 1411 Standard Practice for Qualification of Radioscopic Systems.

ASTM E 1742 Standard Practice for Radiographic Examination

ASTM E 1815 Standard Test Method for Classification of Film Systems for Industrial Radiography

ASTM E 2002 Standard Practice for Determining Total Unsharpness in Radiology.

ASTM E-2597 Standard Practice for Manufacturing Characterization of Digital Detector Arrays

ASTM E 2698 Standard Practice for Radiological Examination Using Digital Detector Arrays

ASTM E 2736 Standard Guide for Digital Detector Array Radiology.

ASTM E 2737 Standard Practice for Digital Detector Array Performance Evaluation and Long Term Stability.

(Copies of these documents are available online at http://www.astm.org or from the American Society for Testing and
Materials, P O Box C700, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.)

SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS (SMPTE)

Recommended for reference only
SMPTE RP 133  Specifications for Medical Diagnostic Imaging Test Pattern for Television Monitors and Hard-
Copy Recording Cameras

(Copies of this document is available online at http://www.smpte.org or from the Society of Motion Picture and Television
Engineers, 3 Barker Ave., 5th Floor, White Plains, NY 10601)

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENT (NCRP)

Recommended for reference only:

NCRP 49 Structural Shielding Design and Evaluation for Medical Use of X-Rays and Gamma-Rays up to
10 MeV

NCRP 116 Limitation of Exposure to lonizing Radiation (Supersedes Report 91)

NCRP 151 Structural Shielding Design and Evaluation for Megavoltage X- and Gamma-Ray Radiotherapy

Facilities

(Copies of these documents are available online at http://www.ncrponline.org or from the National Council on Radiation
Protection & Measurements, NCRP Publications, 7910 Woodmont Avenue, Suite 400, Bethesda, MD 20814-3095)
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METHOD 2017.44 12 DRAFT
INTERNAL VISUAL (HYBRID)

1. PURPOSE. The purpose of this test is to visually inspect the internal materials, construction, and workmanship of
hybrid, multichip and multichip module microcircuits.

1.1 Scope. This test is for both Class H (Class level B) and Class K (Class level S) quality levels, Surface Acoustic Wave
(SAW) and hybrid/multichip/multichip module microcircuits. The following types of microcircuits may be inspected:

a. Passive thin and thick film networks.
b. Active thin and thick film circuits.
c. Multiple circuits, including combinations, stacking or other interconnections of 1.1.a and 1.1.b.

This test is performed on microelectronic devices after completion of all assembly operations, prior to seal, encapsulation, or
final acceptance on a 100 percent inspection basis (or as specified in controlling documents) to detect and eliminate devices
with one or more internal defects. It may also be employed as an in-process inspection on a sampling basis to determine
the effectiveness of the manufacturing processes and handling procedures.

2. APPARATUS. The apparatus for this test shall include optical equipment capable of the specified magnification(s) and
visual standards/aids (gages, drawings, photographs, etc.) necessary to perform an effective examination and enable the
operator to make objective decisions as to the acceptability of the device being examined. Fixtures, if needed, shall be
provided for handling devices during examination to promote efficient operation without inflicting damage to the units.

3. PROCEDURE.

a. General. The device shall be examined in a suitable sequence of observations within the specified magnification
range to determine compliance with the specified test condition. Devices may be examined at any magnification
within the specified range for each criterion. However, the product must be capable of passing each criterion at all
magnifications within that criterions specified range. The inspection criteria shall include all criteria of this test
method and the applicable test methods referenced in paragraph 3.1.1. For Class H hybrids, the inspection
criteria of 3.1.1 may be performed prior to element attachment, at the option of the manufacturer. For Class K
hybrids, the inspection criteria of 3.1.1 shall be employed following element attachment and wirebonding, or at final
preseal inspection.

b. Sequence of inspection. The order in which criteria are presented is not the required order of examination and
may be varied. Where obscuring mounting techniques (e.g., beam lead devices, stacked substrates, components
mounting in holes or cutaways, flip chip devices, packaged devices) are employed, the inspection criteria
contained herein that cannot be performed after mounting shall be conducted prior to mounting the element or
substrate. However, unless obscuring mounting techniques (e.g., beam lead devices, stacked substrates,
components mounting in holes or cutaways, flip chip devices, packaged devices) are employed, only in these
cases, the obscured details shall be compliant to section 3.1 at the last operation before the details become
obscured.

c. Inspection control. In all cases, examination prior to final preseal inspection shall be performed under the same
quality program that is required at the final preseal inspection station. Care shall be exercised after inspections
(see 3.b), to ensure that defects created during subsequent handling will be detected and rejected at final preseal
inspection. Devices examined to 3.1 criteria shall be inspected and prepared for sealing in a 100,000 (0.5 ym or
greater) particles/cubic foot controlled environment (class 8 of ISO 14644-1) for Class H and 100 (0.5 ym or
greater) particles/cubic foot controlled environment (class 5 of ISO 14644-1) for Class K, except that the allowable
relative humidity shall be less than 65 percent. During the time interval between internal visual inspection and
preparation for sealing, devices shall be stored in a 1000 (0.5 ym or greater) particles/cubic foot controlled
environment (class 6 of ISO 14644-1). Devices shall be in covered containers when transferred from one
controlled environment to another.
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d. Re-inspection. When inspection for product acceptance or quality verification of the visual requirements herein is
conducted subsequent to the manufacturer's successful inspection, the additional inspection may be performed at
any magnification specified by the applicable test condition, unless a specific magnification is required by the
acquisition document. Where sample inspection is used rather than 100 percent re-inspection, the sampling plans
of MIL-PRF-38534 or Appendix A of MIL-PRF-38535 shall apply.

e. Ex

clusions. Where conditional exclusions have been allowed, specific instruction as to the location and conditions

for

which the exclusion can be applied shall be documented in the assembly inspection drawing.

f. Definitions.

(1M

)

(10)

(11

(12)

(13)

(14)

Active circuit area includes all areas of functional circuit elements, operating metallization or connected
combinations thereof excluding beam leads.

Add-on substrate is a supporting structural material into and/or upon which glassivation, metallization and
circuit elements are placed and the entire assembly is in turn placed on, and attached to the main substrate.

Adhesive is a polymeric mixture that bonds elements together. It may be filled with conductive or non-
conductive particles.

Attachment media is defined as the material used to effect the attachment of an element to an underlying
surface (e.g., adhesive, solder, braze, or other eutectic material system).

Bonding site is a metallized area on a substrate or element intended for a wire or ribbon interconnecting bond.

Cold solder joint is defined as a solder joint whose appearance is "grainy" or "dull". Where a "grainy" or "dull"
appearance is characteristic of certain solder materials (e.g., AuSn, etc.), this criteria shall not be rejectable for
these materials.

Compound bond is one bond, of any type on top of another bond of any type on an element. For example, ball
on top of a ball.

Conductive attach is the process and materials used for the attachment that also provides an electrical contact
or thermal dissipation path (e.g., solder, eutectic, conductive epoxy).

Crack is a separation in the mounting material that is measurable in length, width and depth. It is not pullback of
the fillet or shrinkage due to the curing process.

Dendrites form in fern-like or snowflake-like patterns growing along a surface (x-y plane) rather than outward
from it. The growth mechanism for dendrites requires some type of moisture capable of dissolving the metal
(e.g., tin) into a solution of metal ions which are then redistributed by electromigration in the presence of an
electromagnetic field.

Dielectric attach is the process and materials used for attachment that does not provide electrical contact or
thermal dissipation considerations.

Edge metallization is the metallization that electrically connects the metallization from the top surface to the
opposite side of the substrate; also called wrap around metallization.

Element is a constituent of a hybrid microcircuit; such as integral deposited or screened passive elements,
substrates, discrete or integrated electronic parts including dice, chips and other micro-components; also
mechanical piece parts as cases and covers; all contributing to the operation of a hybrid microcircuit.

Electrically common is satisfied when two or more conductive surfaces or interconnects are of equal DC
voltage/signal potential.
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End terminated or wrap around elements are those elements which have electrical connections on the ends
(sides) and/or bottom of their bodies.

Eutectic is a mixture of two or more metals in such proportion that their combined melting point is the lowest
attainable. At the eutectic, the solidus and liquidus temperatures on the equilibrium phase diagram are the
same. For example: AuSi eutectic M.P. = 363 C.

Fissure is a hair-line fracture that does not have significant measurable dimension. For example; a fissure may
be several mils in length but would not have a measurable width or depth.

Foreign material is defined as any material that is foreign to the microcircuit or any non-foreign material that is
displaced from its original or intended position within the microcircuit package. Conductive foreign material is
defined as any substance that appears opaque under those conditions of lighting and magnification used in
routine visual inspection. Particles shall be considered embedded in glassivation when there is evidence of
color fringing around the periphery of the particle.

Glassivation is the top layer(s) of transparent insulating material that covers the active area including
metallization, except bonding pads and beam leads.

Insulating layer is a dielectric layer used to isolate single or multilevel conductive and resistive material or to
protect top level conductive and resistive material.

Intermetallics (Purple Plague) is one of several gold-aluminum compounds formed when bonding gold to
aluminum and activated by re-exposure to moisture and high temperature (>340°C). Purple plague is purplish
in color and is very brittle, potentially leading to time-based failure of the bonds. Its growth is highly enhanced
by the presence of silicon to form ternary compounds.

Mechanical strength tests are tests, such as Mechanical Shock or Constant Acceleration, which demonstrate
adequate attachment process and materials.

Non-monometallic compound bond consists of two lead bonds, made of dissimilar metals, which are stacked
one on top of the other (i.e., the interface between the two lead bonds are made up of dissimilar metals such as
an aluminum lead bond stacked on top of a gold lead bond or vice-versa).

Operating metallization (conductors) is all metal or any other material used for interconnections except
metallized scribe lines, test patterns, unconnected functional circuit elements, unused bonding pads and
identification markings.

Original design separation is the separation dimension or distance that is intended by design.

Original width is the width dimension or distance that is intended by design (i.e., original metal width, original
diffusion width, original beam width, etc.).

Passivation is the silicon oxide, nitride, or other insulating material that is grown or deposited directly on the die
prior to the deposition of the final metal layers.

Reinforcement Bond is a ball placed on the heel of a tailless or crescent bond intended to reinforce the initial
bond. A reinforcement bond is a type of compound bond.

Security Bond is also known as a reinforcement bond.

Separation barrier is non-conductive adhesive deposited between end terminations and is designed to improve
the strength of the element attach and separate the conductive adhesive applied to the end terminations.

Surface Acoustic Wave (SAW) element is a planar element fabricated typically using thin film manufacturing
techniques on various substrate materials. Size varies as a function of frequency and design features include
interdigitated fingers.
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String is a filamentary run-out or whisker of polymer material.

Substrate is the supporting structural material into and/or upon which the passivation, metallization, and circuit
elements are placed.

Tuning is the adjustment of signals from an RF/Microwave circuit by altering lines or pads; adding, deleting or
manipulating wires/ribbons; and/or changing resistance, inductance or capacitance values to meet specific
electrical specifications.

Through hole metallization is the metallization that electrically connects the metallization on the top surface of
the substrate to the opposite surface of the substrate.

Thermocompression bond is a wirebond interconnect formed using heat and pressure.

Thermosonic bond is a wirebond interconnect formed using heat, pressure and ultrasonic energy.
Ultrasonic bond is a bond formed with pressure and ultrasonic energy with no added heat.

Unused component or unused deposited element is one not connected to a circuit or connected to a circuit
path at one and only one point. A connection may be made by design or by visual anomaly.

Void is any region in a material (interconnects, bonding sites, etc.) where an underlying material is exposed
and it was not caused by a scratch.

Visible line is defined as 0.5 mil at 60X magnification.

Whisker is a spontaneous columnar or cylindrical filament, usually of monocrystalline metal, emanating from
the surface of a finish.

NOTE: For the purpose of this document, whiskers have the following characteristics:

. An aspect ratio (length/width) greater than 2

. Can be kinked, bent, or twisted

. Usually have a uniform cross-section shape

. May have striations along the length of the column and or rings around the circumference of the column
. Length of 10 microns or more. Features less than 10 microns may be deemed important for research

but are not considered significant for this test method.

Whisker Length is the straight line distance from the point of emergence of the whisker to the distant point on
the whisker (i.e., the radius of a sphere containing the whisker with its center located at the point of emergence.

Interpretations. References herein to "that exhibits" shall be considered satisfied when the visual image or visual
appearance of the device under examination indicates a specific condition is present and shall not require
confirmation by any other method of testing. When other methods of test are to be used to confirm that a reject
condition does not exist, they shall be approved by the acquiring activity.

Foreign material control. The manufacturer shall perform an audit on a weekly basis for the presence of foreign
material on the die surface, or within the package. This audit may be satisfied during routine internal visual
inspection. If the presence of any type of foreign material/contamination is discovered, the manufacturer shall
perform the necessary analysis to determine the nature of the foreign material. The manufacturer shall document
the results of the investigation and corrective actions taken. The intent of this procedure is to require investigation
and resolution of foreign material/contamination problems which do not have effective screening or detection
methodology, but that could cause degradation and eventual failure of the device function. Repetitive findings
without obvious improvements require escalation to Director of Manufacturing and Director of Quality before
processing.
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3.1 Examination. Internal visual examination as required in 3.1.1 through 3.1.9 shall be conducted on each SAW,
hybrid/multichip microcircuit, or microwave hybrid microcircuit. The magnifications required for each inspection shall be
those identified in the particular test method used (i.e., 2010, 2017, or 2032 of MIL-STD-883 and 2069, 2070, 2072, or 2073

of MIL-STD-750).

3.1.1 Active and passive elements. All integrated circuit elements shall be examined in accordance with MIL-STD-883,

method 2010.

Method 2010; Paragraph 3.1.1:
Method 2010; Paragraph 3.1.2:
Method 2010; Paragraph 3.1.3:
Method 2010; Paragraph 3.2.5:
Method 2010; Paragraph 3.1.4:

Method 2010; Paragraph 3.1.6:

Metallization defects.

Scribing and die defects.
Foreign material.
Glassivation defects.

Film resistors defects.

Diffusion and passivation layer(s) faults.

Method 2010; Paragraph 3.1.7: Laser trimmed film resistor defects.

Method 2010; Paragraph 3.2.1.6: Flip chip solder bump die.

Transistor, diode, power MOS FET and microwave transistor elements shall be examined in accordance with the identified
paragraphs of MIL-STD-750, methods 2069, 2070, 2072 and 2073 as indicated in table I. below. Passive elements
(including substrates) shall be examined in accordance with MIL-STD-883, method 2032.

Table |. Element test method paragraph references.

MIL-STD-750 MIL-STD-750 MIL-STD-750 MIL-STD-750 MIL-STD-883
Visual Method 2069 Method 2070 Method 2072 Method 2073 Method 2010
Inspection Pre-cap Visual Pre-cap Visual Internal Visual Internal Inspection Internal Visual
Power MOSFET’s | Microwave Transistor Pre-cap for die Monolithic
Discrete and Inspection (semiconductor
Multichip diodes)
Transistors
Die
L 3.4.1,3.4.2,34.3,
Metallization 344 345 346 3.2.1,3.3 411 411 3.1.1
Defects
Diffusion and
Passivation 3.4.7 3.8,3.94,39.5 4.1.2 411 3.1.2
Layer(s)
Scribing and
Die Defects 3.4.8 3.4 4.1.3 411 3.1.3
Glassivation 3.4.9 3.2.2 4.1.7 N/A 3.1.4
Foreign 3.3.1 3.6.1 416 43 325
Material
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3.1.2 Element attachment (assembly), "magnification 10X to 60X". Figures 2017-1 and 2017-2 are example visual
representations of attachment media types.

NOTE: Rejection criteria are not to be derived from these examples but rather from the specific criteria paragraphs that
follow.

TYPICAL EUTECTIC CAPACTIOR
ATTACH

CONDUCTIVE OR NONCONDUCTIVE ATTACHMENTS

TYPICAL EUTECTIC DIE ATTACH
(NO FILLET - MATERIAL DISPLACEMENT ONLY)

CONDUCTIVE

|

/_ EuTECTIC FLOW
CONDUCTIVE NON-CONDUCTIVE

EPOXY CAPACITOR ATTACH
(FOR LARGE CAPACITORS ONLY)

i

/ Zi CONDUCTIVE
NON-CONDUCTIVE

EPOXY DIE ATTACH
(CONDUCTIVE OR NON-CONDUCTIVE)

!

Z{-//EPDXY RUN OUT

FIGURE 2017-1. Element attachments. FIGURE 2017-2. Element attachments.
(Side view) (Tilted view)

NOTE: Ultrasonic Inspection (TM 2030) or Radiography (TM 2012) may be used to verify attachment in lieu of visual
criteria. If so the maximum void acceptance criteria specified in TM 2012 or TM 2030 shall not be exceeded.
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3.1.2.1 Element mounting adhesive. No device shall be acceptable that exhibits:

For non-end terminated elements, attachment adhesives not visible around at least 50 percent of the element’s

a.
perimeter unless it is continuous on two full nonadjacent sides of the element (see Figures 2017-3 and 4).

OO OoOono
OO00g0o

oo ad

Minimum Accept two full non-adjacent sides

Reject less than 50% of perimeter
Figure 2017-4

Figure 2017-3

b. Glass substrates or transparent die, when viewed from the top or bottom, which exhibits attach area coverage less
than 75 percent.

NOTE: This criterion may be employed in lieu of 3.1.2.1.a.
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c. End terminated elements with less than 50% attach adhesive visible on each side termination and or less than
75% attach visible on the end of the termination. (see figs. 2017-5, 2017-6, and 2017-7).

End View
| ¥ | — ] L Less 75%
— | At End
L] = — L .
. 0,
Cap Side Less 50%
— — View » — —
d H ———
L — Less 75%
] | = — [ —“AtEnd
Accept 100% coverage Reject Less than 50% on Side Reject Less 75% at end
at end and side
Figure 2017-5 Figure 2017-6 Figure 2017-7

NOTE: The criteria of paragraph 3.1.2.1. a and b shall not apply when attachment adhesive is applied directly to
more than 75 percent of the element attach area by use of a method such as preforms or screen printing.

d. Evidence of conductive adhesive under the body of the element that reduces the spacing between the end
terminations by more than 50% as viewed from the side (this applies whether or not staking adhesive is used).

NOTE: For end terminated elements with added staking adhesive designed as a separation barrier the staking
material must clearly attach to the body of the element. (see Figure 2017-8).

Non-conductive
Conductive staking adhesive

epoxy

Clear separation as viewed from the side

Figure 2017-8. Example of accept for end terminated elements with staking.

e. Flaking, peeling, or lifting of the attachment adhesive material.
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f. Die mounting adhesive that extends onto the top surface or extends vertically above the top surface of the die.

g. Conductive attachment adhesive or resin which comes closer than 1.0 mil to any functional metallization or
element which is not electrically common (see Figure 2017-9 and 10).

Greater than 1 mil separation Epoxy Short

\

Accept adhesive or resin not shorted Reject adhesive or resin short
Figure 2017-9 Figure 2017-10

h. Any crack in the surface of the attachment adhesive greater than 5.0 mils in length or 10 percent of the contact
periphery (see Figure 2017-11).

Silver epoxy fillet Edge of die

Reject crack in the mounting material
Figure 2017-11

NOTE: Irregularities such as fissures or pullback at the edges of the adhesive are not considered cracks (see
Figure 2017-11a).
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PULLING AWAY OF
FILLET (ACCEPT)

CRACK (REJECT)
IE TOO LONG
\ SIDE VIEM
ascsétés;%s CRACK (REJECT) IF A)—A\ﬁ
LONGER THAN ENSSURES
ALLOWED
(ACCEPT)

Figure 2017-11a.

i. Adhesive strings where the diameter of the string at the point of attachment is less than 50 percent of the
maximum length of the string (see Figure 2017-11b).

NG

d.
,  REJECT
/ L2>d

~.

FIGURE 2017-11b. Adhesive String Criteria.

METHOD 2017.44 12 DRAFT
1 June 2015
10



MIL-STD-883K
w/CHANGE 4 2 DRAFT DATED (21 October, 2016)

3.1.2.2 Element mounting eutectic and solder. No device shall be acceptable that exhibits:

NOTE: As a guide and for further information about solder related defects refer to IPC-STD-610 Class 3.

a.

Die mounting material buildup that extends onto the top surface, or extends vertically above the top surface of
the die, or comes closer than 1.0 mil to any functional metallization or element which is not electrically
common.

Die mounting attachment material not visible around at least 50 percent of the element’s perimeter unless it is
continuous on two full nonadjacent sides of the element; except for transparent die (refer to section 3.1.2.1.a).

Glass substrates or transparent die, when viewed from the bottom, which exhibits an attach area less than 75
percent.

Cold solder joint.

Fractured solder connections.

Solder bridging except by design.

Flaking of the eutectic or solder mounting material.

Balling of the eutectic or solder mount material that does not exhibit a minimum of 50 percent peripheral fillet

when viewed from above or the accumulation of material is such that the height of the accumulation is greater
than the longest base dimension or the accumulation necks down at any point (see figure 2017-12 a & b).

i— SEE DETAIL A
7 — SEE ATTACHED MATERIAL 7
| — R —

/7];ﬂ77L\ W

ELLLEER

2 J A\
NN NN ANAN

DETAIL A
FRONT VIEMW

Rejectif h>b

Figure 2017-12a.
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BALLING OF DIE
ATTACH MATERIAL

— FILLET
REJECT NO FILLET ACCEPT FILLET 50%
VISIBLE ACCEPT FILLET VISIBLE OR GREATER
DETAIL A
TOP VIEW

Figure 2017-12b.

i.  Solder or eutectic material that extends beyond the intended attach pad or extends above the top plane
of the element. (see Figure 2017-13 a and b)

Reject: Build-up of the solder or eutectic attach material above the top plane of the element

Figure 2017-13a.

Acceptable fillet

Figure 2017-13b.
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3.1.3 Substrate mounting. No device shall be acceptable that exhibits:

a. Substrate attachment material not visible around at least 50 percent of the element’s perimeter unless it is

continuous on two full nonadjacent sides of the element, except for transparent die (refer to section 3.1.2.1.a).

NOTE: The criteria of paragraph 3.1.3.a shall not apply when attachment media is applied directly to more than 75

percent of the substrate attach area by use of a method such as preforms or printing.

Conductive attachment media which comes closer than 1.0 mil to any functional metallization (e.g. post) or
element which is not electrically common.

Conductive attachment media buildup that extends onto the top substrate surface and comes closer than 1.0 mil
to any element or conductor which is not electrically common.

3.1.4 Element orientation. No device shall be acceptable that exhibits:

a.

b.

C.

Element not located or oriented in accordance with the applicable assembly drawing of the device, which would
affect the device performance or reliability.

NOTE: Elements whose bond and electrical configuration is symmetrical may be rotated unless otherwise stated
in the assembly drawings. (see Figure 2017-14)

A s

. s ~ I
— —_—
I —]
o _—

< — L L A

L,

As Designed ACCEPT As Designed ACCEPT
(not preferred)

Figure 2017-14. Acceptable Symmetrical Element Orientation.

Elements that overhang the edge of the substrate.

Clearance less than 1.0 mil between any un-insulated portion of the element and any non-common conductive
surface.
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3.1.5 Bond inspection, magnification 30X to 60X. This inspection and criteria shall be the required inspection for the
bond type(s) and location(s) to which they are applicable when viewed from above.

Note: Wire tail shall not be considered part of the bond when determining physical bond dimensions.
3.1.5.1 Ball bonds. No device shall be acceptable that exhibits:
a. Ball bond diameter less than 2.0 times or greater than 5.0 times the wire diameter.

b. Ball bonds where the wire exit is not completely within the periphery of the ball (see Figure 2017-15a).

Reject wire exit not within periphery of ball
Figure 2017-15a.

c. Ball bonds where the wire center exit is not within the boundaries of the bonding site (see Figure 2017-15b).

4 N -

Bond Pad
Periphery

I

Reject: wire center exit not within boundary of bond pad.
Additionally, reject because ball is shorted to adjacent metal run.
Figure 2017-15b.
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d. Ball bonds where the ball is placed on more than 50% disturbed metal (see Figure 2017-15 c and d).

Accept Reject
ball on <50% disturbed metal ball on >50% disturbed metal
Figure 2017-15c. Figure 2017-15d.

3.1.5.2 Tailless bond (crescent). No device shall be acceptable that exhibits:

NOTE: The dimensions of an acceptable gold crescent or tailless bond are shown in Figure 2017-16a.

a. Tailless bonds that are less than 1.2 times or greater than 5.0 times the wire diameter in width (see Figure 2017-
16b).

WIRE

BOND
AREA
CIRCULAR
BONDING
TOOL
IMPRINT

WIDTH W

Figure 2017-16a. Tailless (crescent) Bond Dimensions.
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CRESCENT BOND
WITHOUT SKIDDING SK'g%' NG
STRAIGHT SKEWED LG
WIRE e B
DIAMETER
, BONDING “ P BONDING
g ToOL N y TOOL
, IMPRINT . , INPRINT [+ BONDING
' R \ ‘: - S ' !’ TOOL
w ]
A

1.2D <W<5.0D (WIDTH)
Figure 2017-16b. Tailless Bond Criteria.

b. A tailless bond of a gold wire bonded on the aluminum pads of a die.
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3.1.56.3 Wire wedge bonds. No device shall be acceptable that exhibits:

a. Fine wire criteria (4 mils or less wire diameter): Ultrasonic, thermosonic and thermocompression bonds that are
less than 1.2 times or greater than 2.0 times the wire diameter in width or less than 0.5 times the wire diameter
in length or no evidence of tool impression (see Figure 2017-16a).

b. Heavy wire criteria (greater than 4 mils diameter): Ultrasonic aluminum bonds that are less than 1.0 times or
greater than 2.0 times the wire diameter in width or less than 0.5 times the wire diameter in length or no
evidence of tool impression.

- e— [ (KIRE DIAJ

—— D
WIRE
\ DIAMETER
W@ L
L-E________._.--"‘,_
:I Th— L ——]
O L —
Wedge Bond Wedge Bond
First bond (with tail) Second bond (no tail)

Figure 2017-16a. Bond Dimensions.
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3.1.5.4 Compound bonds including reinforcement/security bonds (ball on crescent). No device shall be acceptable that
exhibits the following:

NOTE: For both compound bonds and reinforcement bonds; broken or lifted bonds as a result of electrical troubleshooting
or tuning shall be considered rework and shall not apply to the 10 percent repair limitation.

a. More than one bond on top of original bond including a second ball bond on top of a reinforcement ball.
b. Where the contact area of the second bond is less than 75 percent of the bond area of the original bottom bond.
c. Non-monometallic compound bond (i.e., between dissimilar metals) excluding the bond pad metallization.

d. One reinforcement bond used to secure two common wires (see Figure 2017-17).

ACCEPT REJECT
2 WIRES, 2 BONDS 2 WIRES, 1 BOND

FIGURE 2017-17. One bond to secure two common wires.

3.1.5.5 Beam lead. This inspection and criteria shall apply to the completed bond area made using direct tool contact.
No device shall be acceptable that exhibits:

a. Bonds which do not exhibit 75 percent bond/weld impression(s) across the width of the beam lead.

NOTE: Gaps between bonds/welds on the beam lead caused by the natural footprint of a bond/weld tip (i.e., split
tip, tool on a gap welder, etc.), are acceptable provided the total of all gaps does not exceed 25 percent of
the beam lead width.

b. Complete or partial beam separation from the die.
c. Bonds on the substrate where the tool impression is not visible on the beam.
d. Beam lead width increased by greater than 50 percent of the original beam width.

e. Bonding tool impression less than 1.0 mil from the die edge (see Figure 2017-18a).

f. An absence of visible separation between the bond and the edge of the passivation layer (see Figure 2017-18a).
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DISTANCE BETHWEEN
1.0 MIL MIN -= BONDING TOOL IMPRESSION
AND EDGE OF THE DIE

VISIBLE SEPERATION

BETWEEN THE BOND _uf 0.1 miL min  / SILICON
AND THE EDGE OF SASSIVATION

THE PASSIVATION

B,

EFFECTIVE \
BONDED AREA BEAM LEAD

Figure 2017-18a. Beam lead area and location (side view).

g. Bonds where the tool impression length is less than 1.0 mil (see Figure 2017-18b).

BONDING — BEAM LEAD
PAD

BOND TOOL

IMPRESSION | W
WIDTH |

EFFECTIVE BONDED AREA
(MIN AREA 50% OF THAT
WHICH WOULD BE POSSIBLE SILICON DIE
FOR AN EXACTLY
ALIGNED BEAM) BONDING TOOL — == L -
IMPRESSON
LENGTH
(1.0 MIL MIN)

PASSIVATION
LAYER

Figure 2017-18b. Beam lead area and location (top down view).

h. Effective bonded area less than 50 percent of that which would be possible for an exactly aligned beam (see Figure
2017-18b).
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Any tears in the beam lead between the bond junction nearest the die body and the die or in the bonded area of the
beam lead within a distance equal to 50 percent the beam width (see Figure 2017-19).

An absence of visible separation between a beam lead and non-electrically common metallization. This criteria
applies for both glassivated and unglassivated metallization.

REJECT
TEAR IN RIBBON
IN RIBBON/LOOP
JUNCION

ACCEPTABLE TEAR/VOID IN
RIBBON WELD AREA

g WELDED AREA

FIGURE 2017-19. Accept/Reject tears or voids in beam lead/ribbon weld area.
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3.1.5.6 Mesh bonding. No device shall be acceptable that exhibits the following:
a. Less than 50 percent of the bond is on substrate metallization.

b. The number of continuous strands along the mesh is less than 50 percent of lengthwise strands through each
section (see Figure 2017-20a).

{ * 2
J LENGTHWISE
e

Reject
Less than half of the lengthwise strands are continuous
(2 of 3 strands are discontinuous)

Figure 2017-20a. Criteria for strands along the mesh.

[ T S —

Toooiic
IO 000 e

1

Jo(ioog

Accept
2 (half) or more of the lengthwise strands are continuous through each section

Figure 2017-20b. Criteria for strands along the mesh.
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c. Less than one continuous conducting path(s) through a bond (see figure 2017-20c).

d. Class K: Less than two continuous conducting path(s) through a bond (see Figure 2017-20c).

J
C ) C
N\
REJECT: NO CONTINUOUS PATH ACCEPT: AT LEAST ONE
THROUGH THE MESH CONTINUGUS PATH
BETWEEN BONDS THROUGH THE MESH

BETWEEN BONDS

REJECT FOR CLASS K

FIGURE 2017-20c. Criteria for continuous conducting paths.

3.1.5.7 Ribbon bonds. No device shall be acceptable that exhibits the following:
a. Any tears in the ribbon at the junction between the ribbon loop and bond/weld (see Figure 2017-19).

b. Bonds which do not exhibit 75 percent bond/weld impression(s) across the width of the ribbon overlapping
underlying metallization.

NOTE: Gaps between welds on the ribbon caused by the natural footprint of a weld tip (i.e., split tip tool on parallel
gap welder, etc.) are acceptable provided the total of all gaps do not exceed 25 percent of the ribbon
width.

c. Effective bonded area less than 50 percent of that which would be possible for an exactly aligned ribbon.

d. Bond tails longer than one ribbon width or 10.0 mils, whichever is less, or bridging adjacent metallization.

e. The unbonded end of a ribbon bond tuning stub longer than one ribbon width or 10.0 mils, whichever is less, which
is not secured by polymer adhesive.
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3.1.5.8 General. No device shall be acceptable that exhibits:

a. Bonds on the die where less than 50 percent of the bond is within the unglassivated bonding site.

NOTE: For Class K, monometallic bonds on the die where less than 50 percent of the bond is within the
unglassivated bonding site. Bimetallic bonds on the die where less than 75 percent of the bond is within the
unglassivated bonding site, except where due to geometry, and if by design, the bonding pad is smaller than
the bond, then the criteria shall be 50%.

b. Any metal that is displaced as a result of bonding from its original position on the bonding pad (shooting metal) that

reduces the separation between unglassivated operation metallization or scribe line to less than 1 mil or 50
percent design separation, whichever is less.

c. Bonds on the package post or substrate that are not completely within the bonding site.

NOTE: For cases where the substrate bonding site is smaller than 1.5 times the minimum bond size, bonds on the
substrate where less than 50 percent of the bond is within the bonding site.

d. Bonds placed so that the wire exiting from a bond crosses over another bond, except by design, in which case the
clearance shall be 2.0 wire diameters minimum (common bonds are excluded from this criteria).

e. An absence of a visible line of separation between non-electrically common bonds.

f.  An absence of a visible line of separation between a bond and non-electrically common metallization. This criteria
applies to both glassivated and unglassivated metallization.

g. Wire bond tails that extend over or make contact with any non-common, unglassivated active metal.

h. Wire bond tails that exceed two wire diameters in length at the bonding pad or four wire diameters in length at the
package post.

i. Bonds on element attach adhesive or on contaminated or foreign material (see figure 2017-20d).
Wire stitch on elerment

attach gadhesive

5
]

Substrete

Reject: Bond on element attach adhesive
Figure 2017-20d.
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Any lifted or peeling bond.

Intermetallic formation extending completely around the metallic interface of any bond between dissimilar metals.
Wedge, crescent or ball bonds at the point where metallization exits from the bonding pad that do not exhibit a line
of undisturbed metal visible between the periphery of the bond and at least one side of the entering metallization

stripe.

NOTE: Criteria of 3.1.5.8 (I) can be excluded when the entering conductor is >2 mils in width and the bond pad
dimension on the entering conductor side is >3.5 mils.

NOTE: For Class H only, the requirements for a visual line of metal can be satisfied when an acceptable wire tail
obscures the area of concern, provided the following condition exists. Bond is located more than 0.1 mils
from the intersecting line of the entering metallization stripe and the bonding pad and there is no visual
evidence of disturbed pad metallization at the bond and wire tail interface.

NOTE: Criteria 3.1.5.8 (I) is not applicable to interdigitated (Lange) couplers or when the interface between a
thermosonic/ultrasonic (i.e., non-thermocompression) bond and underlying metal is monometallic.

. Polymeric adhesive which may be material or residue as evidenced by discoloration within 5.0 mils of the outer
periphery of a wire bond.

Polymeric adhesive anywhere on a bond wire unless by design.

Tearing or cracks at the junction of the wire and bond (see figure 2017-20e). The junction is the line of
deformation of the wire at the bonding site.

Reject bond is cracked at the heel.
Figure 2017-20e.
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3.1.6 Internal leads (e.qg., wires, ribbons, beams, wire loops, ribbon loops, beams, etc.), "magnification 10X to 60X". No
device shall be acceptable that exhibits:

a. Within the first 5.0 mils of wire from the die surface for ball bonds, or 10.0 mils for wedge bonds, any wire that
comes closer than 1.0 mil to any non-common conductive surface (e.g., unglassivated operating metallization,
unpassivated edge of conductive die).

NOTE: Insulated wires and electrically common wires are excluded from these criteria.

b. Nicks, cuts, crimps, scoring, or neckdown in any lead that reduces the lead diameter/width by more than 25
percent.

c. Missing or extra lead(s) not in conformance with bonding diagram.
NOTE: Leads designated for tuning on the bonding diagram are excluded.

d. Any lead making a straight line run from bond to bond that has no arc, unless specifically allowed by the bonding
diagram.

e. Wire(s) crossing wire(s) with a separation of less than 2 lead widths. Common or insulated conductors and
insulated wires are excluded.

f. Complete or partial separation of the lead from the body of the element.
g. Excessive loop height such that the wire would contact the lid when it is installed.

3.1.7 Screw tabs and through hole mounting, magnification 3X to 10X. No device shall be acceptable that exhibits:

a. Misaligned tabs.

b. Missing or broken tabs.

c. Cracks emanating from mounting holes.
d. Loose substrates.

e. Missing or loose screws.

3.1.8 Connector and feedthrough center contact soldering, magnification 10X to 30X. No device shall be acceptable that
exhibits:

a. Less than 50 percent of center contact overlaps onto metallized pattern (see Figure 2017-21).

b. Center contact to substrate protrudes over onto circuit less than 1 diameter of a round pin or the width of a flat pin
(see Figure 2017-22).

c. Voids in solder (see Figure 2017-23a).

d. Cracked solder joint (see Figure 2017-23b).

e. Poor adhesion, insufficient and un-smooth fillet, of solder to center line contact or substrate (see Figure 2017-23b).
f.  Insufficient or excess solder (see Figures 2017-23c through 2017-23e).

g. Less than full coverage of solder along the length of the center contact and the metallization.
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PACKAGE

N\

REJECT: CENTER CONTACT OVERLAPS

Wm _r CONDUCTOR PATTERN LESS THEN 50 PERCENT

PACKAGE

N\

7 ACCEPT: CENTER CONTACT OVERLAPS
,/////// CONDUCTOR PATTERN GREATER THEN 50 PERCENT
Y/ 777777/ // ‘

FIGURE 2017-21. Center contact orientations to substrate.
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J L REJECT: CENTER CONTACT TO CIRCUIT BOARD PROTRUDES LESS THAN
1 DIAMETER OF A ROUND PIN OR THE WIDTH OF A FLAT PIN.

L

(&}

<

S

27

e

__| |l ACCEPT: CENTER CONTACT TO CIRCUIT BOARD PROTRUDES GREATER THAN
1 DIAMETER OF A ROUND PIN OR WIDTH OF A FLAT PIN

FIGURE 2017-22. Center Contact overlap to substrate.
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CENTER

CONTACT REJECT - VOID

CIRCUIT BOARD
FIGURE 2017-23a. Void criteria.

CRACK

REJECT -
POOR ADHESION

FIGURE 2017-23b. Crack/adhesion criteria.

REJECT -

EXCESS SOLDER
(CONTOUR OF
CENTER CONTACT
NOT VISIBLE)

FIGURE 2017-23c. Excess solder criteria.

REJECT -
INSUFFICIENT
SOLDER

FIGURE 2017-23d. Insufficient solder criteria.

REJECT -
SOLDER HAS CHALKY
APPEARANCE, ROUGH

AND PILED UP

REJECT -
vl IMPROPER FILLETING

N\

)

L IMCOMPLETE COVERAGE

FIGURE 2017-23e. Solder criteria.
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3.1.9 Package conditions, "magnification 10X to 60X". No device will be acceptable that exhibits:

a. Unattached foreign material within the package or on the seal flange.

NOTE: All foreign material shall be considered to be unattached unless otherwise verified to be attached.
Verification of attachments of foreign material whose longest dimensions are greater than 75 percent of
the closest unglassivated conductive spacing shall be accomplished by a light touch with an appropriate
mechanical device (i.e., needle, probe, pick, etc.). Verification of attachments of smaller material can be
satisfied by suitable cleaning process approved by the acquiring or qualifying activity. All foreign material
or particles may be removed, if possible, with a nominal gas blow (approximately 20 psig).

NOTE: Semiconductor chips shall be considered foreign particles.

b. Attached foreign material that bridges metallization paths, two package leads, lead to package metallization,
functional circuit elements, junctions, or any combination thereof.

c. Liquid droplets or any chemical stain that bridges any combination of unglassivated or unpassivated active circuit
areas.

d. Physical damage or contamination (eutectic or polymer material) that prevents adequate sealing of the seal
surface.

e. Presence of any residual flux.
NOTE: Use 10X to 15X magnification.
f.  Foreign material in melt that does not exhibit a fillet.
NOTE: As a guide, and for further information about package related defects, refer to JESD9.
4. SUMMARY. The following details shall be specified in the applicable acquisition document:
a. Test condition (see 3).

b. Where applicable, gages, drawings and photographs that are to be used as standards for operator comparison
(see 2).

c. Where applicable, specific magnification if other than that specified.
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METHOD 3013.4-2 DRAFT

NOISE MARGIN MEASUREMENTS FOR DIGITAL MICROELECTRONIC DEVICES

1. PURPOSE. This method establishes the means of measuring the dc (steady- state) and ac (transient) noise margin of
digital microelectronic devices or to determine compliance with specified noise margin requirements in the applicable
acquisition document. It is also intended to provide assurance of interchangeability of devices and to eliminate
misunderstanding between manufacturers and users on noise margin test procedures and results. The standardization of
particular combinations of test parameters (e.g., pulse width, pulse amplitude, etc.) does not preclude the characterization of
devices under test with other variations in these parameters. However, such variations shall, where applicable, be provided
as additional conditions of test and shall not serve as a substitute for the requirements established herein.

1.1 Definitions. The following definitions shall apply for the purposes of this test method:

a. Noise margin. Noise margin is defined as the voltage amplitude of extraneous signal which can be algebraically
added to the noise-free worst case "input" level before the output voltage deviates from the allowable logic voltage
levels. The term "input" (in quotation marks) is used here to refer to logic input terminals or ground reference
terminals.

b. DC noise margin. DC noise margin is defined as the dc voltage amplitude which can be algebraically added to the
noise-free worst case "input" level before the output exceeds the allowable logic voltage levels.

c. AC noise margin. AC noise margin is defined as the transient or pulse voltage amplitude which can be
algebraically added to the noise-free worst case "input" level before the output voltage exceeds the allowable logic
voltage levels.

d.  Maximum and minimum. Maximum and minimum refer to an algebraic system where "max" represents the most
positive value of the range and "min" represents the least positive value of the range.

1.2 Symbols. The following symbols shall apply for the purposes of this test method and shall be used in accordance with
the definitions provided (see 1.2.1, 1.2.2, and 1.2.3) and depicted on figures 3013-1, 3013-2, and 3013-3.

1.2.1 Logic levels.

V)L max:
ViL min:
V|H max:
V4 min:

VoL max:

Von min:

The maximum allowed input LOW level in a logic system.
The minimum allowed input LOW level in a logic system.

The maximum allowed input HIGH level in a logic system.
The minimum allowed input HIGH level in a logic system.

The maximum output LOW level specified for a digital microelectronic device.
VoL max is also the noise-free worst case input LOW level, Vo, (max) < V). (max)

The minimum output HIGH level specified for a digital microelectronic device.
Von min is also the noise-free worst case input HIGH level, Vou (min) > Vg (min)

1.2.2 Noise margin levels.

VNLZ

VNHI

Vne+:

The LOW level noise margin or input voltage amplitude which can be algebraically added to VoL (max) before
the output level exceeds the allowed logic level.

The HIGH level noise margin or input voltage amplitude which can be algebraically added to Von (min) before
the output level exceeds the allowed logic level.

The positive voltage which can be algebraically added to the ground level before the output exceeds the
allowed logic level determined by worst case logic input levels.
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Vne-: The negative voltage which can be algebraically added to the ground level before the output exceeds the
allowed logic level determined by worst case logic input levels.

VNp+: The positive voltage which can be algebraically added to the noise-free worst case most positive power
supply voltage before the output exceeds the allowed logic level determined by worst case logic input levels.

Vnp-: The negative voltage which can be algebraically added to the noise-free worst case most negative (least
positive) power supply voltage before the output exceeds the allowed logic level determined by worst case
logic input levels.

1.2.3 Noise pulse widths.

tpL: The LOW level noise pulse width, measured at the V. (max) level.
teh: The HIGH level noise pulse width, measured at the V|4 (min) level.

2. APPARATUS. The apparatus used for noise margin measurements shall include a suitable source generator (see 2.1),
load (see 2.2), and voltage detection devices for determining logic state.

2.1 Source generator. The source generator for this test shall be capable of supplying the required ac and dc noise
inputs. In the case of pulsed inputs the transition times of the injected noise pulse shall each be maintained to less than 20
percent of the pulse width measured at the 50 percent amplitude level. For the purpose of this criteria, the transition times
shall be between the 10 percent and 90 percent amplitude levels. The pulse repetition rate shall be sufficiently low that the
element under test is at steady-state conditions prior to application of the noise pulse. For the purpose of this criteria,
doubling the repetition rate or duty cycle shall not affect the outcome of the measurement.

2.2 Load. The load for this test shall simulate the circuit parameters of the normal load which would be applied in
application of the device under worst-case conditions. The load shall automatically change its electrical parameters as the
device under test changes logic state if this is the normal situation for the particular device load. The load shall be paralleled
by a high impedance voltage detection device.

3. PROCEDURE. The device shall be connected for operation using a source generator and load as specified (see 2),
and measurements shall be made of Vi, Ve, Ve, Ve, ter, and tpy following the procedures for both ac noise margin and
dc noise margin (see 3.2 through 3.3.3).

3.1 General considerations.

3.1.1 Nonpropagation of injected noise. As defined in 1.1, noise margin is the amplitude of extraneous signal which may
be added to a noise-free worst case "input" level before the output breaks the allowable logic levels. This definition of noise
margin allows the measurement of both dc and ac noise immunity on logic inputs or power supply lines or ground reference
lines by detection of either a maximum LOW level or a minimum HIGH level at the output terminal. Since the output level
never exceeds the allowable logic level under conditions of injected noise, the noise is not considered to propagate through
the element under test.

3.1.2 Superposition of simultaneously injected noise. Because the logic levels are restored after one stage, and because
the noise margin measurement is performed with all "inactive" inputs at the worst case logic levels, the proper system logic
levels are guaranteed in the presence of simultaneous disturbances separated by at least one stage.

3.1.3 Characterization of ac noise margin. Although the purpose of this standard test procedure is to insure
interchangeability of elements by a single- point measurement of ac noise margin, the test procedure is well suited to the
measurement of ac noise margin as a function of noise pulse width. In particular, for very wide pulse widths, the ac noise
margin asymptotes to a value identically equal to the dc noise margin.
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3.2 Test procedure for dc noise margin.

3.2.1 Worse case configuration. The measurement of dc noise margin using a particular logic input terminal should
correspond to the worst case test configuration in the applicable acquisition document. For example, the measurement of
LOW level noise margin for a positive-logic inverting NAND gate should be performed under the same worst case test
conditions as the dc measurement of Von (min). If the worst case dc test conditions for Vou (min) are high power supply
voltage, all unused logic inputs connected to Voun (min) and output current equal to zero, these conditions should be applied
to the corresponding dc noise margin measurement.

3.2.2 LOW level noise margin, Vn.. The LOW level noise margin test is normally performed during the Vo test for
inverting Togic and during the Vo test for noninverting logic. The noise margin is calculated from the following expression:

VN|_ = V|L (max) - VOL (max)

3.2.3 HIGH level noise margin, Vny. The HIGH level noise margin test is performed during the Vo, test for inverting logic
and during the Vou test for noninverting logic. The noise margin is calculated from the following expression:

VNH = Vou (mln) -V (mln)

3.2.4 Negative ground noise margin, Vne. With all power supply and output terminals connected to the appropriate worst
case conditions, apply Vo, (max) to the inputs specified in the applicable acquisition document and decrease the voltage
applied to the ground terminal until the output levels equal V|4 (min) for inverting logic and V. (max) for noninverting logic.
The dc ground noise margin is the voltage measured at the device ground terminal. The dc source resistance of the injected
ground line voltage shall be negligible.

3.2.5 Positive ground noise margin, Vng+. With all power supply and output terminals connected to the appropriate worst
case conditions, apply Von (min) to the inputs specified in the applicable acquisition document and increase the voltage
applied to the ground terminal until the output levels equal V. (max) for inverting logic and V4 (min) for noninverting logic.
The dc ground noise margin is the voltage measured at the device ground terminal. The dc source resistance of the injected
ground line voltage shall be negligible.

3.2.6 Power supply noise margin, Vnp+ or Vnp.. With all input, power supply, and output terminals connected to the
appropriate worst case conditions, increase (or decrease) the power supply voltage(s) until the output level equals the
appropriate logic level limit. The power supply noise margin is the difference between the measured supply voltage(s) and
the appropriate noise-free worst case supply voltage level(s). If more than one power supply is required, the noise margin of
each supply should be measured separately.

3.3 Test procedure for ac noise margin.

3.3.1 AC noise margin test point. If, for any combination of noise pulse width or transition times, the ac noise margin is
less than the dc noise margin, the noise pulse amplitude, pulse width, and transition time which produce the minimum noise
margin shall be used as the conditions for test. If the ac noise margin exceeds the dc noise margin, the dc noise margin
tests only shall be performed.

3.3.2 LOW level noise margin, pulse width, Tp. With all unused logic input, power supply, and output terminals
connected to the appropriate worst case conditions, a positive-going noise pulse shall be applied to the input under test.
The pulse amplitude shall be equal to Von (min) minus Vo (max); the pulse amplitude shalt-be-equal-to-Voy-{max); shall be
superimposed on a dc level equal to VOH (min); and the transition times shall be much less than the minimum transition
times of the device under test. The test is performed by initially adjusting the input pulse width at the 0.9 amplitude level to
one and one quarter times the rise time. The pulse width is increased until the output voltage is equal to V4 (max) for
inverting logic and equal to V. (min) for noninverting logic. The noise margin pulse width is then measured at the input
pulse V. (max) level.

3.3.3 HIGH level noise margin, pulse width, Tpy. With all unused logic input, power supply, and output terminals
connected to the appropriate worst case conditions, a negative-going noise pulse shall be applied to the input under test.
The pulse amplitude shall be equal to Von (min) minus Vo (max); the pulse shall be superimposed on a dc level equal to
Von (min); and the transition times shall be much less than the minimum transition times of the device under test. The test is
performed by initially adjusting the input pulse width at the 0.1 amplitude level to one and one quarter times the rise time.
The pulse width is increased until the output voltage is equal to V,_ (min) for inverting logic and V4 (max) for noninverting
logic. The noise margin pulse width is then measured at the input pulse V4 (min) level.
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4. SUMMARY. The following details, when applicable, shall be specified in the applicable acquisition document:
a. Vi (max).
b. VL (min).
c. Vi (min).
d.  Viy (max).

e. VoL (max).

f.  Vou (min).
g V.

h.  Vih

i.  Vie.

i+ Vne.

k. te

. ten.

m. Test temperature. Unless otherwise specified, dc noise margin measurements shall be made at the rated
operating temperature extremes in addition to any other nominal test temperatures.

n. Specific noise margin measurements and conditions which are to be performed.
o. Power supply voltages.

p. Input conditioning voltages.

g. Output loads.

r.  Parameters of noise signal.

METHOD 3013.4 2 DRAFT
15 November 1974



MIL-STD-883K
w/CHANGE 4-2 DRAFT DATED (21 October, 2016)

LOW LEVEL VOH (MIN)

NOISE MARGIN .9 pA
pA VIL(MAX)
. VoL (Max)

PH
| tPL ]
HIGH LEVEL VoH (MIN)
NOISE MARGIN

pA VIHMIN)

.1 pA
VoL (Max)

FIGURE 3013-1. Definitions of noise pulse width.
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O TEST POINTS IN LOGIC GATING FORMAT

5 VNH=VOH (MIN) ~VIH (MIN)
E VNL=VIL (MAaX) ~VOL (MAX)
o
v oy . LIMITING TRANSFER
- VNL - e VNH —t / CHARACTERISTIC
VoL (MAX) : . - :
VoL iMax)  VIL (MAX) VIHMMIN)  VOH (MIN)

INPUT

FIGURE 3013-2. Inverting logic gate transfer characteristic defining test points.
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LIMITING TRANSFER
’//—_ CHARACTERISTIC

VOH (MIN)

OUTPUT

VoL (MAX)

—— VNL }-—

O TEST POINTS IN LOGIC GATING FORMAT

YNH=YoH (MIN) ~VIH (MIN)
VNL=YIL (MAX) ~VOL (MAX)

VoL (MAX)

VIL(MAX) v

T O

H(MIN)
INPUT

VOH (MIN)

FIGURE 3013-3. Noninverting logic gate transfer characteristic defining test points.

METHOD 3013.4 2 DRAFT
15 November 1974



MIL-STD-883K
w/CHANGE 4 2 DRAFT DATED (21 October, 2016)

This page intentionally left blank

METHOD 3013.4 2 DRAFT
15 November 1974



MIL-STD-883K
w/CHANGE 4-2 DRAFT DATED (21 October, 2016)

METHOD 3019.4 2 DRAFT

GROUND AND POWER SUPPLY IMPEDANCE MEASUREMENTS FOR MICROELECTRONICS DEVICE PACKAGE

1. PURPOSE. This method establishes the means of measuring the series impedance of the ground and power supply
circuit pin configurations for packages used for complex, wide bandwidth microcircuits. The method provides data that are
useful in the evaluation of the relative performance of various packages and can be used to predict the contribution of the
package to power supply noise and ground noise.

1.1 Definition.

1.1.1 Ground or power supply impedance. The series combination of inductive reactance and resistance exhibited by all
of the conductor paths between the semiconductor chip interface and the exterior package interface in either the ground
circuit or the power supply circuit. The impedance of a series inductive circuit is defined by the equation:

Z = JR* + X?L

1.2 Symbols. The following symbols shall apply for purposes of this test method and shall be used in conjunction with the
definition provided in 1.1.

LGZ

Lp:

XGZ

tg:

ZGZ

Series inductance of the ground circuit path in a package (henries).
Series inductance of the power supply circuit path in a package (henries).
Series inductive reactance of ground path = 2 €7 fLy,g (ohms).

Series inductive reactance of power supply path =2 © « fL, (ohms).
Frequency (Hz).

Frequency of primary component of digital pulse transition = 1_(Hz).
t

Frequency related to noise pulse width specified for the logic system:

1 (Hz)

tp T
thin

Transition time from logic system. Equal to the smaller value of low to high or high to low transition.

Series impedance of ground path at frequency:

s = \/RG2 + ZG2

Series impedance of power supply path at frequency:

7, = RS+Z,

temin:  The minimum noise pulse width at either the Viy or V_ level specified for a given logic system.
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2. APPARATUS. The apparatus used for ground impedance measurements shall include a suitable RF inductance meter
and a suitable milliohmmeter.

2.1 RF inductance meter. The RF inductance meter (or multi-frequency LCR meter) shall be capable of ac
measurements of series inductance over the range of 1 nH to 1,000 nH at a frequency of 100 kHz with an accuracy of +5
percent including test fixture errors.

2.2 Milliohmmeter. The milliohmmeter (or LCR meter) shall be capable of measuring resistance using a 4-wire method
over the range from 10 MQ to 10 Q with an accuracy of £5 percent, including test fixture errors.

3. PROCEDURE. Measurement of series ground impedance (Zg) and power supply impedance (Z,) shall be made for all
standard power and ground configurations specified for the package application. Measurements shall be performed in
accordance with 3.2.

3.1 General considerations. Accurate measurement of series impedance requires careful design and implementation of
test adapters to minimize errors. Since the inductance and resistance values being measured are usually quite small,
means must be provided to null out the tare resistance and inductance of the test adapters through 4-wire methods and
substraction techniques. The tare values of the interconnecting circuits must be small to enable the meters to read on
ranges that provide adequate resolution and accuracy. The techniques specified herein are adequate for predicting
impedance at frequencies up to 1 GHz. Impedance shall be evaluated at a frequency related to either the transition time:

1
r Ty
ti
or to the noise pulse width of the logic system used in the package:
1
o =
P thin

The frequency f shall be as specified in the acquisition document.

The configuration of the package being tested must be the same as in the application. Wirebonds and other interconnection
media must be included in the measurement. The package should be mounted on a dielectric holding fixture to avoid stray
capacitance between the package and test equipment ground planes. Sockets should not be used unless specified.
Package leads must be trimmed to applications specifications.

3.2 Test procedure for series impedance.

3.2.1 Series inductance. With the inductance meter, measure the series inductance of the power supply circuit (Lp)
between the external package solder interface and the chip power supply location. Similarly, measure the inductance of the
ground circuit (Lg). Calculate X, =2 O fL, and Xg =2 O fle.

3.2.2 Series resistance. With the milliohmmeter, measure the series resistance of the same power and ground circuits:
Rp and Re.

3.2.3 Calculation of impedance.

Calculate Z, = X2, + Ry’

A = Xs® +Rg’
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4. SUMMARY. The following details, when applicable, shall be specified in the applicable acquisition document.
a. Zp (max).
b.  Zg (max).
c. Lp(max).
d. Lg (max).
e. Rp(max).

f.  Re (max).

g f

h.  fi.

i f.
it

K. temin.
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METHOD 4003.4 2 DRAFT
COMMON MODE INPUT VOLTAGE RANGE
COMMON MODE REJECTION RATIO
SUPPLY VOLTAGE REJECTION RATIO

1. PURPOSE. This method establishes the means for measuring common mode input voltage range, common mode
rejection ratio, and supply voltage rejection ratio.

1.1 Definitions. The following definitions shall apply for the purpose of this test method.
1.1.1 Common mode input voltage range (Vcum). The common mode input voltage range is that range of common mode

input voltages which, if exceeded, will cause the amplifier to distort or is that range of voltage which may be applied to the
input terminals of the device without decreasing the common mode rejection ratio (CMRR) by more than 6 dB.

1.1.2 Common mode rejection ratio (CMRR). The common mode rejection ratio is the ratio of the differential open loop
gain, Ap, to the common mode voltage gain, Ac.

CMRR = 22
Ac
CMRR is usually expressed in decibels:
CMRR = 20 log —
Ac

Common mode rejection ratio can also be expressed as the ratio of change in offset voltage to the change in common mode
voltage.

AV o
AV cwm

CMRR = 20 log

1.1.3 Power supply rejection ratio (PSRR). The power supply rejection ratio is the ratio of the change in input offset
voltage AVo, to the corresponding change in one power supply voltage with all remaining power supply voltage(s) held
constant.

+PSRR = 2oy~ onstant
AV cc BB
AV o
-PSRR = V = constant
AV o5 cc
A
PSRR = ¢
Ap AV ¢

2. APPARATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parameters
and an appropriate test fixture with standard input, output, and feedback resistances.

3. PROCEDURE. The test figures show the connections for the various test conditions. Assume all switches normally
closed. The feedback resistance, R; for figure 4003-1, shall be no larger than the nominal input impedance nor less than a
value which will load the amplifier (100 x Zout). Specified stabilization and power supply decoupling shall be added where
applicable.
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3.1 Common mode input voltage range.

3.1.1 Differential input amplifier. This test shall be an implied measurement. The maximum common mode input voltage
specified for the amplifier shall be used in making the common mode rejection ratio test of 3.2.

3.2 Common mode rejection ratio.

CMRR = Ao
A

where Ap = differential gain, and Ac = common-mode gain.
3.2.1 Differential input amplifier using null loop. The test figure is shown on figure 4003-1, all switches are closed. Raise

V+, V-, and V¢ to Veum volts above nominal (i.e., if V+ = 15, V- =-15, V¢ = 0, Vem = 10, then set V+ =25, V-=-5,and V¢ =
10). Measure Eg1. Lower V+, V-, and V¢ to Veu volts below nominal. Measure Eg;.

R: (Eu - Ee)
R> AV ¢y

CMRR = 20 log

3.3 Power supply rejection ratio.

3.3.1 Differential input amplifier. The power supply shall be adjusted for a value equal to the average of the maximum
and minimum allowable supply voltage. The signal generator connected to the power supply under test shall be adjusted
such that the voltage input at the amplifier under test swings between maximum and minimum specified values. Then:

R. (AV
PSRR = 20 log — (AVo)
R, AV

where: =AV, = Change in output voltage (peak)
=AVcc = Change in supply voltage (peak)

The frequency used shall be as specified.

3.3.2 Differential input amplifier using null loop. The test figure is shown on figure 4003-1. Set V¢ to zero. For +PSRR
set V- to constant voltage and set V+ to minimum value and measure Eys; set the V+ supplies to maximum values and

measure Eq; .
& ( E02 - EOl)

R DV cc

+ PSRR = 20 log

where DV is the total change in power supply voltage (if the supplies vary from +5 to +20 V, DVcc =20-5=15V).
For -PSRR repeat the above measures with V+ supply held constant and V- varied between the minimum and the maximum
value, measure Eo; and Eq4 respectively.

& (Eows - Eos)

- PSRR = 20 log
R> DV cc
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4. SUMMARY. The following details shall be specified in the applicable acquisition document for specified values of C+,
Ca, R4, Rz, RL and V¢ for the nulling amplifier.

a. Vcwm at specified temperature(s).
b. CMRR at specified temperature(s). V, signal frequency when applicable.
c. PSRR, when applicable, at specified temperature(s).

d. Test temperature(s). Unless otherwise specified, all parameters shall be measured at the minimum and maximum
specified ambient operating temperature and at 25°C ambient.
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Rz

“Vee

FIGURE 4003-1. Differential input amplifier using null loop.
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METHOD 4006.4 2 DRAFT
POWER GAIN AND NOISE FIGURE

1. PURPOSE. The purpose of this test procedure is to measure small signal power gain and the noise figure of an
amplifier.

1.1. Definition. The following definitions shall apply for the purpose of this test method.

1.1.1 Power gain (PG). The power gain is the ratio, expressed in dB, of the signal power developed at the output of the
amplifier to the signal power applied to the input.

P
PG = 10 log %

IN

1.1.2 Noise factor (F). The noise factor is the ratio of the signal-to-noise power ratio at the input to the signal-to-noise
power ratio at the output.

I:)IN
F — N PIN

Pour
N pout
Where: Py = input signal power
Pout = output signal power
Npinv = input noise power
Npout = output noise power
1.1.3 Noise figure (NF). The noise figure (NF) is the noise factor (F) expressed in dB.
P/ Npw
Pour / N pour

NF = 10 log F = 10 log

The above expression for NF can be written in terms of voltage since the signal and its associated noise work into the same
load.

VIN
Vv Vv
NF = 20 log VNOS‘T = 20 log I.NN - 20 log ﬁ

N our
Where: Vv = signal voltage IN
Vour = signal voltage OUT
Nin = noise voltage IN

Nout = noise voltage OUT
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2. APPARATUS. The apparatus shall consist of appropriate test equipment capable of measuring specified parameters
and an appropriate test fixture with standard input, output, and feedback resistances.

3. PROCEDURE. The test figures show the connections for the various test conditions. The signal frequency, where
applicable, shall be a specified value within the defined bandwidth of the amplifier.

3.1 Power gain. Figure 4006-1 is used for this test. Unless otherwise specified, R, shall be equal to the nominal output
impedance of the device under test. If the input resistance (R|) of the device under test is much greater than the source
resistance (Rg), unless otherwise specified, a resistor (R) which makes V| = 1/2 Vs should be added in series with Rs. The
specified ac signal Vg at the specified frequency is applied to the inputs of the amplifier under test. V,and V, are recorded.
Then:

V.S Re
X_
Vi (Ve - Vi) " R

PG(db) = 10 log

If the series resistor (R) has been added, then:

2 !

Vi XRG

PG(db)=10log —-
Vi(Ve-Vi) R
where—Rs =Rs+R
Where: Re'= Rg+tR

3.2 Power gain (insertion method). If the input resistance (R)) to the device under test is known, the power gain can be
measured by this procedure. On figure 4006-2 with switch S in position 1, and the attenuator set to zero insertion loss, a
reference level is established on the oscilloscope. The switch is then moved to position 2, switching in the circuit under test,
and the attenuation increased until the output is brought to the previous reference level. The voltage insertion gain of the
circuit under test equals attenuator setting in dB. The power gain is then calculated from the following expression:

Ri (Re + Ry)
R, (Re + R))

PG(dB) = (Attenuator reading) + 20 log

where: Rz equals the nominal output impedance of the circuit under test.
Re equals the source resistance.
R, equals the input impedance of the circuit under test, unless otherwise specified.

The accuracy of this measurement is dependent upon the accuracy of the attenuator.
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3.3. Noise figure. Figure 4006-3 is used for this test. The input noise voltage shall be calculated from the following

expression:
N|N = 1/4KTAf + RG

where: K = Boltzmann's constant (1.38 x 102 joules/°K)
T = Temperature (°K)
Af = Noise bandwidth
Rg = Source resistance

The input signal level is then set to ten times (20 dB) Nin. Rx is now adjusted so that the ac voltmeter reads 10 dB on some
convenient scale. The input signal Vg is then reduced to zero and the reduction in dB on the output recorded. The noise
figure NF is obtained by subtracting this drop in dB from 20 dB. The error in this measurement can be calculated from the
following expression:

Vour ) Vv
Error (dB) = 10 log [[NOUTJ +1} - 20 log —>-

ouT N ouT

It should be noted that the error will always be in a direction to indicate a lower noise figure than the true noise figure.

3.4 Noise figure, alternate method. In this test, a diode noise generator, as shown on figure 4006-4, is used to measure
the noise figure. In this test, with switches S4 and S; in position 1 and the source resistance (Rs) adjusted to a specified
value, a reference voltage is read on the ac voltmeter. The switches Sy and S; are then moved to position 2 and the diode
source current (I) increased until the previous reference level is read on the ac voltmeter. Using the value of | and Rs, the
noise figure is determined for the following expression:

NF =10 Log 20 IRs

The accuracy of this technique is established by the accuracy of the 3 dB pad and the current meter in the noise diode
circuit.

3.5 Noise factor. The noise factor can be determined from the following expression:
NF =10 Log F
In this expression, NF is in dB and F is a numeric.

4. SUMMARY. The following details shall be specified in the applicable acquisition document for
specified values of R; and Rg:

a. PG, at specified temperature(s) and frequency, and Ro.
b. NF, at specified temperature(s) and frequency.
c. F, at specified temperature(s) and frequency.

d. Test temperature(s). Unless otherwise specified, all parameters shall be measured at the minimum and maximum
specified ambient operating temperatures and at 25°C ambient.

e. Noise bandwidth (Af) (see 3.3).
f. Rs(see 3.4).

g. Rand Ry, when applicable (see 3.1).
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GENERATOR VOLTMETER
FIGURE 4006-1. Power gain test circuit.
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FIGURE 4006-2. Power gain test circuit (insertion method).
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RG
FILTER
Ry <™
SIGNAL A C
GENERATOR — VOLTMETER

FIGURE 4006-3. Noise figure test circuit.
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FIGURE 4006-4. Noise figure (double power technique).
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