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Overview

« The Concept

 The Pluses, Minuses, Challenges, Questions and
Surprises

* Preliminary Conclusions
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The Concept

 First a Premise: automotive parts (AEC) lie
somewhere between Commercial-Off-The Shelf
(COTS) and military (MIL) for:

— Robustness
— Quality

— Reliability

— Performance
— Size

— Information Available
to the User

http://rocketdungeon.blogspot.com/2007/02/top-gear-space-shuttle-3000lb-gorilla.html

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov.



S0 ...?7

 Use Automotive Parts (AEC) and.:
— Buy in Bulk — Use Price Breaks
— Test Large Sample (10%?)

— Characterize and Test Extensively with Maximum Data
Capture to Allow Intense Statistical Analysis

— Screening Only For:
« Removal of Outlying Populations:
 Rejection of Anomalous Lots

— Maximize Stress and Time for Board-level Testing

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 4



However, What I1s an AEC Part?

 This is a Complex Question, One We are Still Learning
About (and probably will be for years)

Disclaimer

* This presentation was made by people not directly involved
in the automotive parts management process by

— Reviewing available automotive specifications (e.g., AEC “Q”, ISO
TS 16949)

— Contacting a few EEE parts suppliers (AVX, IR) of automotive
parts to discuss the process

— Contacting 1 automotive electronics equipment manufacturer
(Delphi) to discuss the process

* A better understanding of the automotive EEE parts
management processes would be obtained by directly
soliciting an overview by representative organizations
within the automotive industry

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 5



Automotive Electronics Council (AEC)

http://www.aecouncil.com/

* Established early 1990s by Ford, GM, Chrysler

* Purpose to establish common EEE part-qualification and
quality-system standards for use by major automotive
electronics manufacturers

* Driven by desire to restore the attention given by EEE parts
supplier which was declining due to the decreasing market
share of automotive electronics

* Originally comprised of two committees
— AEC Component Technical Committee
— Quality Systems Committee € No Longer Active

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 6



AEC Component Technical Committee
Organizational Structure

* Sustaining Members (Tier 1)
— Governing body presently made up of 8 companies

— Full voting privileges

* Technical Members (Tier 2)
— Automotive market companies makes or uses automotive electronic components

— Full voting privileges

* Associate Members (Tier 3)
— Any organization providing services or support to electronics industry

— Limited voting privileges

* Guest Members
— Any other electronics market company or organization (e.g., medical, military)

— No voting privileges

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 7



AEC Council Members
http://www.aecouncil.com/AECMembers.html

Member Company |Tier Founded [Current HQ Revenues Products # of Employees | # of Countries
Seatbelts, airbags, steering Considered a Swedish/American company after merger
1|Autoliv Sustaining Member 1953|Sweden $8.3B (US 2011) wheels, safety electronics, 48000 29 of Autoliv AB and Morton Automotive Safety Product
active safety products http://en.wikipedia.org/wiki/Autoliv
Tires, brake systems,automotive
2|Continental AG Sustaining Member 1871{Germany $30.5B (Euro 2011) |safety and communications 170000 46 http://en.wikipedia.org/wiki/Continental AG
systems
Vehicle Electronics, systems, http://en.wikipedia.org/wiki/Delphi Automotive#Oper
3|Delphi Automotive |Sustaining Member | 1994|USA (Michigan)  |$168 (US 2011) i 146,600 Ev) L . Ll .
modules and components ations
automatic-dimming rearview
mirrors and camera-based,
4|Gentex Corp Sustaining Member 1974{USA (Michigan) $1B (US 2011) lighting-assist and driver-assist 3700 8 http://ir.gentex.com/Media-Center/Company-Profile
features to the global
automotive industry
audio, electronic, and
infotainment systems for
automotive OEM's, home and
. . http://en.wikipedia.org/wiki/Harman International In
5|Harman Sustaining Member 1980|USA (Connecticut) $3.8B (US 2011) computer 10000 - N
dustries#Automotive systems
systems,loudspeakers and
electronics for audio
professionals
L . 1996 Acquired Prince Automotive and greatly expanded
automotive interiors, car . L. . .
. ) . . ) its automotive interior systems business
6|Johnson Controls |Sustaining Member 1885|USA (Wisconsin) |$42B (US 2012) seats,batteries, climate 170000 o K .
. http://en.wikipedia.org/wiki/Johnson_Controls
control, facility management
Steering systems, Foundation
brakes, ABS, Electronic stability
control, Driver assist systems, http://www.trw.com/sites/default/files/FINAL 2012 T
7|TRW Sustaining Member 1901|{USA (Michigan 16.2B (US 2011 70000 26
J ( gan) » ( ) Chassis electronics, Powertrain RW_Profile Presentation Feb 24.pdf
electronics, RF products, Airbags,
Seat belts, Steering wheels,
audio and infotainment,
instrument panels, driver info,
8|Visteon Sustaining Member 1999|USA (Michigan) $13.8B (US 2012) |displays, control panels, 55000 29 http://www.visteon.com/company/profile.html

powertrain/engine control
modules
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AEC Component Technical Committee
Responsibilities

» Responsible for establishing standards for reliable, high quality electronic
components for use in automotive market

 Publishes three primary QUALIFICATION standards for Automotive EEE
Parts known as the “AEC Q Specs”

— AEC Q100 Microcircuits
— AEC Q101 Discrete Semiconductors
— AEC Q200 Passive Components

» Publishes Test Methods associated with the “Q"” Specs

* Hosts Annual AEC Reliability Workshop and Technical Committee Meetings

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 9



AEC “Q" Specs

Qualification Requirements for EEE Parts FAMILIES

Intended for use by Automotive Market
http://www.aecouncil.com/AECDocuments.html

AEC Q-100
Microcircuits

AEC Q-101
Discrete Semiconductors

AEC Q-200
Passives

AEC - Q100 - Rev-G
May 14, 2007

FAILURE MECHANISM BASED
STRESS TEST QUALIFICATION
FOR
INTEGRATED CIRCUITS

Autamative Elecironics COUuntll m————
rarpwrases Tatwarsl Cwrnian

AEC -QI101 -REV-C
June 79, 2003

STRESS TEST QUALIFICATION
FOR
AUTOMOTIVE GRADE
DISCRETE SEMICONDUCTORS

Automotive Electronics Council

Foxympo i Toe by o Crcpyibep

AEC-Q200 REV D
dune 1, 2010

STRESS TEST QUALIFICATION
FOR
PASSIVE COMPONENTS

Automolive Elecironics Council
£ oangonent Tachoacs Commaes
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What is ISO TS 169497

Quality Management Systems for Automotive Production

TECHNICAL ISO/TS
SPECIFICATION 16949

Quality management systems —

Particular requirements for the application
of IS0 9001:2008 for automotive production
and relevant service part organizations

Syetémes de manegement de la qualits —

Exigences pariculigres powr Fapnlication de NS0 9001 2008 pour
production de sére ef de piéces de rechange dane lindustie sutomokils

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 11



What do AEC “Q” Specs Contain?

The AEC “Q" specs are Qualification Specifications only.

As such they are focused on the following:

 Requirements for a One-Time INITIAL QUALIFICATION of a Device Family

There are No Requirements for “Periodic Qualification Verification™
Guidance is given to define what constitutes a “Device Family”

» Common Materials, Processes, Designs, Manufacturing Location, etc.
Specifies the # of lots, qualification tests to perform and sample sizes

“Generic Data” may be used provided relevance of data can be demonstrated (e.g., less
than 2 years old for passives)

 Requirements for REQUALIFICATION

Provides recommendations for requalification tests in the event certain kinds of
materials or process changes made after initial qualification

» Requirements for process change notification to automotive customer s

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 12



What do the AEC “Q” Specs NOT Provide?

There is No Qualifying Activity that certifies the manufacturer has met the qualification
requirements

— Manufacturers “Self Certify” their compliance to AEC “Q"
— Each User responsible to review the qualification data to verify compliance to AEC “Q”

Does Not Require Supplier Quality Audits

— In practice, however, many (though not all) automotive customers separately require the EEE
component manufacturer to be certified to 1ISO TS 16949 (or similar) in addition to AEC “Q"
qualification

Does Not Require SCREENING to remove infant mortality or quality defects

— Screening is at discretion of each manufacturer and as such is Not Standardized across the
manufacturer base

— Some manufacturers perform no screening except perhaps some basic electrical parameter tests.

— Changes to screening tests may sometimes be done without notification € sticky interpretation issue
between some manufacturers and customers

Does Not Provide Standard Specifications nor Part Numbers for Procurement
— Each manufacturer chooses their own “automotive grade” part designs and part numbers

Minimal coverage of radiation effects

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 13



Remarks Made By
One Automotive Grade EEE Part Supplier

In general, Automotive Grade EEE Parts are...:

* Not necessarily higher reliability since automotive parts do not go through
voltage conditioning (burn-in). They receive the same 100% electrical testing
as commercial, but have increased process controls and inspection scrutiny

* Not Established Reliability
* Not required to have periodic qualification maintenance testing
» Generally better quality than straight commercial parts because of some
different internal requirements. For example,
— Increased DPA sample size after ceramic firing (sintering)
— 100% 6-sided vision system inspection for cosmetics
— Sample Life Test and Sample 85/85 test @ rated voltage test for lot acceptance
— Increased in-process sample sizes for various physical & electrical inspections
— 100% 2-sided vision system inspection on the tape & reel machines / packaging
* Underhood environment is harsh, but implications of failure in automotive are not

usually as harsh as for space application where accessibility for repair is usually not
possible

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 14



Scope of AEC Q100 Integrated Circuits

1. SCOPE

This document contains a set of failure mechanism based stress tests and defines the minimum stress
test driven qualification requirements and references test conditions for qualification of integrated circuits
(ICs). These tests are capable of stimulating and precipitating semiconductor device and package
failures. The objective is to precipitate failures in an accelerated manner compared to use conditions.
This set of tests should not be used indiscriminately. Each qualification project should be examined for:

a. Any potential new and unique failure mechanisms.

b. Any situation where these tests/conditions may induce failures that would not be seen in the
application.

C. Any extreme use condition and/or application that could adversely reduce the acceleration.

Use of this document does not relieve the |C supplier of their responsibility to meet their own company's
internal qualification program. In this document, "user" is defined as all customers using a device qualified
per this specification. The user is responsible to confirm and validate all qualification data that
substantiates conformance to this document. Supplier usage of the device temperature grades as stated
In this specification in their part information is strongly encouraged.

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 15



Automotive Part Grades and
Temperatures

Automotive Temperature AEC 100 AEC 101 Discrete Semiconductors AEC 200
Grade Range Microcircuits | Discretes except LEDs LEDs Passives

0 -40°C to +150°C X - - X

1 -40°Cto +125°C X X X

2 -40°C to +105°C X - X

3 -40°Cto +85°C X X X

4 -0°Cto +70°C X - X

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov.
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Quality System

 Automotive Quality System utilizes ISO 16949
 Process approach to Quality System

 Required audits:

— Internal audits utilizing trained auditors be performed on a
periodic basis.

— External audit certification by 3" party organization as per
paragraph 7.4.1.2

— External audits performed on a 2-3 year cycle

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 17



Audits

e |SO 16949 and ISO 9000:2008 audits
— Process based audits
— Internal audits
— External audits

« Manufacturers (Ford, Delphi, Toyota etc) typically
perform supplier audits for the following:

— Process based audits

— Initial qualification kP,
— Candidate suppliers -
— Component failures

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 18



AEC Certified Products

« Component Supplier successfully completes
gualification test requirements of AEC-Q100, 101,
200 etc.

o Supplier claims AEC certified based on self
certification using AEC Q101 test results.

« May be certified to ISO 16949 “Quality
Management Systems — Particular requirements
for the application of ISO 9001:2008 for
automotive production and relevant service part
organizations”.

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 19



AEC Compliant Products

« AEC Compliant is defined as:

— Automotive product meets the intent and
requirements of the AEC specifications,

— NO Self certification

— No ISO 16949 certification, but typically certified

to 1ISO9000:2008

« Can’t be certified to 1ISO-16949 if the supplier does not own all
processes from start to finish (i.e. wafer fab, packaging etc.)

— Does not supply sufficient product volume to the
major auto manufacturers

— Typically not a supplier to an automotive Tier 1 or
Tier 2 user

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 20



AEC Certified versus AEC Compliant (&)
Products

* Not all automotive electronic component suppliers’
components are AEC Certified, some are only AEC
Compliant!

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 21



Qualification Testing: Automotive versus (&
Military

 Automotive Qualification testing consists of:
— Basic Electricals 100%

— Qualification tests for electrical and environmental tests
performed on sample sizes ranging from 5to 77 devices
depending on test method.

— ESD testing utilized human body model, machine model, and
charged device model

e Qualification for Military product consists of:
— Electrical and environmental screening is 100%

— Conformance inspection done on sample basis ranging from
22 to 116 devices.

— 1000 hour life test completed.
— ESD testing utilizes human body model only
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Screening: Automotive versus Military

 Automotive screening (not a requirement) consists of:
— Basic Electricals 100%, perhaps not all parts or all vendors
— Part specific electrical tests may be on a sample basis

— Environmental testing typically not part of screening other than
gualification

e Screening for Military product consists of:
— Screening completed on every inspection lot
— Electricals done 100%
— Burn-in and life test
— Environmental testing done 100%

— Exception is ‘JAN’ grade devices which is similar to the
automotive grade devices.

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 23



Automotive EEE Part Origins

« Automotive grade discrete semiconductor parts
are typically not manufactured in the United
States

— Typical wafer fabrication facility is in China or Taiwan
— Assembly facility typically in China

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 24



Comments

« NASA and Government Space in Total is a
Difficult Customer:
— Low Quantity Procurement and Thereby Dollars
— Very Demanding
— Does Lots of Testing
— Intense Follow-up for ANY Non Conformances
— Carefully Regulated Procurement

« NASA’s Low Procurements Afford Minimal
Influence in a Process Designed Around Close
Relationships Between Suppliers and Users
— FAR/Legal Issue

A Few Manufacturers Provide Hermetic Automotive Grade
Devices.

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 25



So How Could NASA Benefit?

 Three Advantages Typically Claimed for “COTS”
— Lower Cost
— Greater Performance
— Faster Delivery

* A Following Chart Shows Cost Comparison for Two
Examples

e Similar Analysis Required for More Popular Parts
Active and Passive

A NEPP Study to Provide a More Thorough Analysis
IS Underway

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 26



Some Cost Comparisons
100 piece order

Uit Cost ©

0.1 urF/50 VvV General 0603 0.035
Ceramic Chip Commercial
Capacitor Automotive 0603 0.14
Military 1812 0.68
Space 1808 ~20.00
2N2222A General TO-18 0.77
Transistor Commercial
Automotive ?7? 0.33
Military TO-18 5.02

Space UA 38.00
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concerns

« Automotive grade EEE parts are rated for automobile
environment (in cabin or under hood) — not space!

 Not all automotive grade EEE discrete semiconductor parts
are constructed to the same reliability levels:

— A few manufacturers design for a 25 year life, other suppliers
design for a lower design life.
 Automotive grade EEE discrete semiconductor parts are a
mixture of AEC certified and AEC compliant devices. Not all

automotive electronic component suppliers components are
AEC Certified, some are only AEC Compliant!

e The user has to understand what they are buying!!!

« The close ties and interdependency between the supplier and
the user that is integral to the AEC process is a challenge for
government users, perhaps insurmountable

— FAR?
— Procurement quantities far too small to attract the supplier’s interest

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 28
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Automotive Definitions

« Tier 1 Supplier — Manufacturer to the vehicle
assemblers who are responsible for delivery of
the finished assembly, product development and
continued technology renewal.

e Tier 2 Supplier — Producer of parts providing
value-added to minor sub-assembly.

« Tier 3 Supplier — Supplier of engineered materials
and special services such as rolls of sheet steel,
bars, and heat treating surface treatments.

e Tier 4 Supplier — Supplier of basic raw materials
to higher Tier suppliers.
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Production Part Approval Process
(PPAP)

« What is PPAP?

— History:

— The Auto Industry Action Group (AIAG) was founded by
Ford Motors, Chrysler, and General Motors in 1982. This
group created the Advanced Product Quality Planning &
Control Plan (APQP) and created the PPAP as a subset of
APQP requirements. The basic premise of the PPAP is that:
the supplier and customer understand and agree on the
product specification requirements to produce product that
consistently meet those requirements for a given
production run of an electronic component. The end goal is
for the supplier to ship a zero defects part to the customer.
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Production Part Approval Process
(PPAP)

 PPAP required per ISO 16949 paragraph 7.3.6.3

Subset of the advanced product quality planning process

Additional customer specific requirements may be imposed
on by particular auto manufacturers

PPAP approval is required from auto manufacturers when a
new or modified component is proposed, or when a
manufacturing process is proposed.

Usually has an agreed upon Failure In Time (FIT) rate
between the component supplier and end user.

e Current AIAG PPAP document revision level is 4t" edition —
June 2006

— 4t edition revision modified customer notification to be

required for ALL proposed changes

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov. 33



Production Part Approval Process

e PPAP Levels 1to 5

(PPAP)

— End user determines required supplier PPAP level
 Typical PPAP level used is Level 3

PPAP Levels | PPAP Submission Requirements

1 Product Submission Warrant only (and for designated appearance items, an Appearance
Approval Report) submitted to customer

2 Product Submission Warrant with product samples and limited supporting data
submitted to customer

3 Product Submission Warrant with product samples and complete supporting data
submitted to customer.

4 Product Submission Warrant and other requirements as defined by customer.

5 Product Submission Warrant with product samples and complete supporting data
reviewed at organization’s manufacturing location.

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov.
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PPAP Elements

« PPAP consists of 18 elements to ensure that the
design meets customer requirements.

Design records — Documentation detailing the design and
construction

Engineering Change Documents — typical engineering
change notices

Engineering Approval — An engineering trial using
production parts at the customer plant

Design Failure Modes and Effect Analysis (DFMEA) — A

failure mode effects analysis based on the component
design requirements listing potential failure modes.

Process Flow Diagram — Process flow chart showing all
manufacturing test steps or sequences.

Process Failure Modes Effect Analysis (PFMEA) — Copy of
an approved PFMEA listing all manufacturing steps and
Indicate potential problems during the assembly or
Inspection processes of finish products.
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PPAP Elements Cont’d.

— Control Plan — A copy of an approved control plan listing
the PFMEA steps and how potential concerns are resolved
at different stages of the manufacturing process.

— Measurement Systems Analysis Studies — Contains Gage
Read and Record studies for critical characteristics.

— Dimensional Results — Comparison and verification of
dimensions to the component drawings.

— Records of Material/Performance Test — Summary report of
tests performed on the part.

— Initial Process Studies — Documentation contains
Statistical Process Control charts that affect critical
component characteristics.

— Qualified Laboratory Documentation — Documentation of
laboratory certifications of the laboratory facilities used for
Records of Material/Performance Tests.
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PPAP Elements Cont’d.

— Appearance Approval Report — Documentation containing the
Appearance Approval form approved and signed off by the customer.

— Sample Production Parts — A sample of production parts from same
lot of initial production run. PPAP package typically contains a
photograph of the sample and where it is maintained (customer or
supplier).

— Master Sample — A sample signed off by the customer and supplier ,
that is typically used to train operators on subjective inspections
such as visual or noise.

— Checking Aids — In the case where specific tools are required for
checking part, this documentation contains a photograph of the toool
and calibration records including dimensional report of the tool.

— Customer-specific requirements — Some customers may have specific
requirements to be included in the PPAP package in addition to the
AEC requirements.

— Parts Submission Warrant (PSW) — This is a form that summarizes the
information contained in the PPAP, includes reason for submission
and level of documents submitted to the customer.
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Electronic Parts - Microcircuits
AEC-Q100 vs QML/QPL

Summary: As can be seen from below, all applicable tests of AEC-Q100 are covered by
QML/QPL microcircuits

Q100 Description QML/QPL

Test

-01 Wire bond shear Specified

-02 ESD HBM Specified

-03 ESD MM Not specified, characterized for sensitive products
-04 Latch up Specified

-05 Data retention, OLT Specified

-06 Gate leakage Not specified, plastic package specific test

-07 Fault Simulation Specified

-08 ELFR Specified

-09 Electrical distribution Specified

-10 Solder ball shear Being added

-11 ESD CDM Not specified, characterized for sensitive devices
-12 Power devices Specified
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Automotive Electronics Council

Component Technical Committee

AEC Q100 Qualification Sample Size

AEC - Q101 -REV -C
June 29, 2005

TABLE 2 - QUALIFICATION TEST DEFINITIONS

Stress Abrv Data | Note | Sample #of | Accept Reference Additional Requirements
type Size lots on # {current
per lot failed revision)
Pre- and Fost- TEST 1 NG | All qualification parts a User Testis performed as specified in the applicable stress
Stress Electrical tested per the specification or [reference at room temperature,
Test requirements of the supplier's
appropriate device standard
specification. specification
Pre-conditioning PC 1 e SMD gualification a JESDZ22 Performead on suface mount devices (SMDs) prior to TC,
parts for TC, A3 AC, H'TRB & IOL/PTC stresses only. Use A113 Sensitivity
ACHTRE & Level 1. TEST before and after PC. Any replacement of
1QLPTS parts must be reported.
External Wisual EV 1 NG | All qualification parts a JESD22 Inspect device construction, marking and workmanship.
submitted for testing B-11
Parametric P 1 M 25 3 a Individual AEC |Test all parameters according to user specification over the
Verification MNote A user device temperature range to insure specihcation
specification  [compliance.
High Temperature|] HTRE 1 DGLUY [ 1 a JESDZZ 1000 hours at junction temperature T, = 'IUU'J(}: or specified
Reverse Bias P Note B A-108 T.(max) rating, with device reverse biased to 80% of
maximum breakdown voltage specification. The ambient
temperature Ts is to be adjusted to compansate far current
leakage. Can reduce duration to 500 hours through
ircreasing T, by 25°C, adjusting Ta to compensate for
current leakage. TEST before and after HTRE as a
minirmLm.
High Temperature| HTGB 1 DGMLU T 1 a JESDZ22 1000 hours at junction temperature T,= 150°C, or specified
Gate Bias P Note B A-108 T.(maix) rating, with gate biased at 100% of maximum gate
voltage rating indicated in the detail specification with
device biased OFF. The ambiert temperature Ty is to be
adjusted to compensate for current lzakage. Can reduce
duration to 500 hours through increasing T, by 23:-00:
adjusting T, to compensate for current leakage. TEST
befare and after HTGE as a minimum,

Page 10 of 25
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Scope of AEC Q101 Discrete
Semiconductors

1. SCOPE
1.1 Description

This document defines minimum stress test driven qualification requirements and references test
conditions for qualification of discrete semiconductors (e.g. transistors, diodes, etc.). This document does
not relieve the supplier of their responsibility to meet their own company's internal qualification program.
Additionally, this document does not relieve the supplier from meeting any user requirements outside the
scope of this document. In this document, "user" is defined as any company developing or using a
discrete semiconductor part in production. The user is responsible to confirm and validate all qualification
and assessment data that substantiates conformance to this document.
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AEC 0101 Qualification Sample Size

AEC -Q101-REV -C
June 29, 2005
Automotive Electronics Council

Component Technical Committee

TABLE 2 - QUALIFICATION TEST DEFINITIONS

# Stress Abry Data | Mote Sample #of | Accept Reference Additicnal Requirements
type Size lots on# {current
per lot failed revision)
7| Temperature TC 1 DU T 1 o] JESDZ22 1000 cycles (T, = minimum range of -55°C to masximum
Cyeling Mate B 2104 rated junction termperature, not to exceed 150°C). Can

reduce duration to 400 cycles using Ta (max) = 25°C over
device maximum rated junction temperature. TEST before
and after TC as a minimum

8 | Autaclave AC 1 CDG 77 1 0 JESDZ22 586 hours, Ta = 121°C, RH = 100%, 15psig, TEST before
U MNote B A-102 and after AC.

9 | High Humidity HTRE 1 el 77 1 0 JESDZ22 1000 hours at T, = 85°C/85% RH with device reverse
High Temp W Mate B 2101 biased at 80% of rated breskdown voltage up to a
Reverse Bias maximum of 100% ar limit of chamber. TEST before and

after HATRB as a minimum

9 | Highly HAST 1 ChG i 1 8] JESDZ2 55 hours at T,=130°C/B5%RH with device reverse bias at

alt | Accelerated U Mate B A-110 20% of rated voltage up to a voltage above which arcing in
Stress Test the chamber will likely accur [ty pically 42V). TEST before

and after 86 hours HAST.

10 | Intermittent 1oL 1 DGTUY 77 1 0 MIL-STD-750 | Tested per duraticn indicated in Timing Requirements
Cperational Life WP Mate B Method 1037 | table on Page 13. T,=25°C. Devices powered 1o insure

ATy = 100°C {not to exceed absolute maximum ratings)
TEST before and after IOL as a minimurm.

10 | Power and FTC 1 DGETU 77 1 8] JESD22 Perform PTC if AT, = 100°C cannot be achieved with 100
alt | Temperature Wy Mate B A-105 Tested per duration indicated for Timing Eeguirements in
Cycle Table 24, Devices powered and chamber cycled to insure

ATy = 100°C (not to exceed absolute maximum ratings)
TEST before and after PTC a5 8 minimum

Page 11 of 25
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AEC 0101 Qualification Sample Size

Automotive Electronics Council

Component Technical Committee

AEC - Q101 -REV -C
June 29, 2005

TAELE 2 - QUALIFICATION TEST DEFINITIONS
# Stress Abry Data | Mote | Sample #of | Accept Reference Additional Requirements
type Size lots on# {currant
per lot failed revision)
11 |ESD ESD 1 ] 30 ea 1 o] AEC Supplier must perform at least two of the referenced ESD
Characterization [HEM, COM¢ C101-001, 002 | medels through the end of 2005, CDM will be required as
M) HEM/M M and 005 ane of the two selected models as of 2008. For COM, small
2 packages may not be able to hold enaugh charge to meet
[CDN} the specified discharge voltage. For these packages,
performthe test once and, f there is insufficient charge
the supplier must instead perform HEM and MW, The
supplier must document that the package could not hold
sufficient charge to perform the test. See attached
procedure for details on how to perform the test. TEST
before and after ESD
12 |DFP.A. DPA 1 DG 2 1 o] AEC-QDT-004 | Random sample of devices that have successiully
Mote B Section 4 completed H*TRE or HAST, and TC.
13 | Physical (=] 2 MG 30 1 4] JESDZZ Werify physical dimensions to the applicable user device
Cirmension B-100 packaging specification for dimensions and tolerances.
14 | Termital TS 2 DGL 30 1 o MIL-STD-750 | Evaluate lead integrity of leaded devices anly.
Strength Methad 2025
15 |Resistance to RTS 2 DG 30 1 0 JESDZ22 Verify marking permanency. (Mot required for laser etohed
Salvents B-107 parts ar pars with no marking.)
16 | Constart CA 2 DGH 30 1 8] MIL-STD-750 |1 plane only, 15K g-force. TEST before and after CA
Acceleration (1} Mate B Method 2008
17 | Wibration WWF 2 DGH [tems 16 through 19 are JESDZZ2 Use a constant displacement of 0.08 inches (double
Wariable (2 sequertial tests for hermeatic B-103 amplitude) over the range of 20Hz to 100 Hz and a 50g
Freguency packages. (See note H on constant peak acceleration aver the range of 100 Hz to 2
Legend page.) KHz. TEST befare and after WvF.
18 | Mechanical MS 2 DGH o] JESDZZ 1500 g's for D.5mS, 5 blows, 3 orientations. TEST befare
Shock (3 B-104 and after MS
18 | Hermeticiby HER 2 DSH 4] JESDZZ Fine and Gross leak test per individual user specification
i) A-108

Page 12 of 25
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AEC 0101 Qualification Sample Size

AEC - Q101 -REV -C
June 29, 2005

Automotive Electronics Council

Component Technical Committee

TABLE 2 - QUALIFICATION TEST DEFINITIONS
W Stress Abry Data | Note Sample #of | Accept Reference Additional Requirements
type Size lots 0!1 # (current
per lot failed revision)
20 | Resistance to RSH 2 DG 30 1 o] JESDZ2 TEST before and after RSH. SMD devices shall be fully
Solder Heat B-106 submerged during test unless justified by the supplier and
agreed to by the user (2.0, submerge SOT 223, not
D2FAK).
21 | Solderability sD 2 DG 10 1 0 J-ETD-002 Magnification 50x, Reference salder condtions in Table
Mate B 2B Test method A for through-hole, both B test methods
and test method O for SMD

22 |Thermal R 3 CG | 10ea, pre 1 0 JESD24-3, 24- | Measure TR to assure specification compliance and

Resistance & post 4, 24-6 as provide process change companson data.
charnge appropriate
23 |wire Bond WES 3 DGE | 10 bonds 1 0 MIL-STD-750 | Pre & Post process change comparison to evaluate
Strength from i of Method 2037 | process change robustness.
5 devices
24 | Bond Shear BS 3 DGE | 10 bends 1 n] AEC-0101-003 | See attached procedure for details on acceptance criteria
fram rmin af and haw ta perfarm the test
5 devices
25 | Die Shear Ds 3 DG 5 1 0 MIL-STD-750 | Pre & Post process change comparison to evaluate
Method 2017 | process change robustness.

26 | Unclamped UIs 3 o] 5 1 D AEC-2101-004 | Pre & Fost process change comparison to evaluate
Inductive: Section 2 process change robustness (Power MOS and intermally
Switching clamped [SETs only).

27 | Cielectric Dl 3 [0 5 1 0 AEC-2101-004 | Pre & Post process change comparisen to evaluate
Integriby Section 3 process change rabustness. All pars must exceed gate

breakdown voltage minimum [Power MOS & IGBT anly).

All electrical testing before and after the qualification stresses {including pre-conditioning] are performed to the limits detailed in the individual user
specification at room temperature enly. For generic qualifications, the supplier's standard specification limits at room temperature may be used.

Page 13 of 25
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AEC Q101 Qualification Sample Size

AEC - Q101 -REV -C
June 29, 2005

Automotive Electronics Council

Component Technical Committee

LEGEND FOR TABLE 2

Motes: A For parametric verification data, sometimes circumstancas may necessitate the acceptance of anly one lot by the user. Should a subsequent user
decide fo use a previous user's qualification approval, it will be the subsequent user's responsibility to verify an acceptable number of lots were used

B Where generic (family) data is provided in lieu of component specific data, 3 lots are required

< Mot applicable for LED's, phototransistars, and other optical devices.

D Destructive test, devices are not to be reused for gualification or production.

E Ensure that each size wire is represented in the sample size.

& Generic data allowed. See Section 2.3,

H Required for hermetic packaged devices only. Items 18 through 19 are performed as a seguential test to evaluate meachanical integrity of packages
cortaining internal cavities. Mumber in parentheses below notes indicates sequence

L Reguired for lzaded devices only.

M Regquired for MOS & IGBT devices anly.

M MNondestructive test, devices can be used to populate ather tests ar they can be used for production.

B Consideration should be made for whether this test is to be applied to a Smart Power device or substituted for 2 Q100 test, Elements faor
consiceration include the amount of logic or sensing on the die, the intended user application, switching speed, power dissipation and pin count.

8 Renguired for surface maunt devices only.

T When testing diodes under Intermittent Cp Life conditions the 100 degree junction temperature defta may not be achievable. Should this condition

exist, a Power Temperature Cyeling {tern 10alt) test shall be used in place of Irtermittent Op Life (tem 109 to ensure the proper junction temperature
changes coour. All other devices should use 1CL.
U Far these tests only, it is acceptable to use unformed leaded packages {e.q., IPAK) to qualify new die geing in the equivalent package (2.0, DPAK)
provided the die size is within the range of sizes qualified for the eguivalent package.
For bi-directional Transiert Voltage Suppressor (TVS) devices, one-half the test duration in each direction shall be performead,
Mot required for TVS devices. PV data in 4 2 will be after 100% Peak Pulse Power (Pppm) has been perfarmed to rated Ippm currert

=<

Page 14 of 25
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Scope of AEC Q200 Passives

10  SCOPE
1.1 Description

This specification defines the minimum stress fest driven qualification requirements and
references test conditions for qualification of passive electrical devices. This document does not
relieve the supplier of their responsibility to meet their own company’s internal qualification
program or meeting any additional requirements needed by their customers. In this document,
"user" s defined as all companies that adhere to this document. The user is responsible fo
confirm and validate all qualification and assessment data that substantiates conformance fo
this document.
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AEC Q200 Passive Components Covered

1. Capacitors (ceramic, tantalum, niobium oxide, aluminum electrolytic, film)
2. Magnetics (Inductors & transformers)

3. Resistors (carbon film, metal film, metal oxide, wirewound, SMD)

4. Thermistors

5. Trimmer Capacitors and Resistors

6. Varistors

7.  Quartz crystals

8. Ceramic Resonators

9. Ferrites

10. Polymeric resettable fuses

Deliverable to NASA Electronic Parts and Packaging (NEPP) Program to be published on nepp.nasa.gov.

46



AEC Q200 Qualification Sample Size

# of Lots Required for Qualification
NOTE: Not all Tests are Applicable to Each Device Family

- Siress NQ. | Noie | Sample Size Humber of | Accept on
Siess HO. | Nowe Sample Size Per Hummber Acoepl on Per Lot lois Numbser tailed
Lo of Humber
! lats tailod Solderabibty 1% |D 15 mach 1 0
condition
Pra-and Poet Skrose 1 G NI qualiication parte submitted | 0 Elecliical Characterizabion 19 [ nE | m 3 IV
Electrical Test far tasting ot A
High Temperaiure 3 DG T 1 a Flarnmabi ity 2 |D Present cerificale of complance
Exposura Mota B Boardd Flax 21 |05 |30 i a
Tomporature Cycing 4 DG T 1 0 Tarminal Sfrangh (SM0) 22 |Ds |0 1 0
Motz B Beam Load 23 | D& 30 1 a
Destuctive Physical 5 DG 10 ! 0 Flame Astargance 24 |pDg | 0 1 o
Analyziz
v ;m E Autation Life = |oe | 1 o
Maisiura Resislance i) DG B 1 a Surge Voltage 7 |og | m 1 a
Balt 20 |DG |3 1 0
Humidily Bias 7 |bs T | 0 Soray
Nota B Elecincal Transisnt 3 | D& |5 1 0
Conduction
High Temperature B DG Fii 1 1] Shear Strangth 3 | DE |30 1 0
Ciparating Lif
pRrna HE hot2 B Short Cireuil Fauit a2 |DE |30 1 0
Exctarnal Visual ] NG NI qualfication parts submitted | 0 Current Durability
A i '1' 3
Physical Dimensions THIERE: 1 0 Foult Gurent Durehiy S ! ¢
- End-of-Lile Mode Venficaton (34 | DG | 30 1 0
Tarminal Strangth 1" DGL an 1 a [T ——— x oz | @ ] a
Resiztance o Solvent 12 DG 5 1 0 Load Dump Encurance % |oz | a0 i 0
Machanical Shock 13 DG an 1 0 LEGEND FOR TABLE 1
Vibration 14 DG hot= B Maote: & Forparameinc venficaion date, sometimes croumstances may necosdaitale he assapiancs
- . af anfy ong 070y the Ussr Shauld a subssquent User dacide 1 LS8 & pravicus users
Rasistanca to Soldar 15 DG a0 1 o qualfication approval, # wall be the subsequent user's responsibildy to very an acceptable
Hoat numbsar of iols ware usad
B Wher= genanc {famiy) data s provided in lleu of campenant spechic data, 3 ot are requirsd
Thermal Shock 13 DG 30 1 0 H  Asgured for hermetc packaged devicss only.
L Aegured for lsaded dewices only.
M Hondestructive teat devices can be wsed 1o populsie othes teats of they can be used or
ESD 17 ] 15 1 0 pracstion
) O Destructive test, devicss are not 1o 02 reused for qualfization of produchon.
Lriseassmen v d ] Required for suface mount devices only.
G Geneiic dats allvwed. Ses Seclion 2.3
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Device Family Example
AEC Q200 Process Change Qualification

Guidelines for Tantalum or Ceramic Capacitors

TABLE 2A - Ceramic'Tantalum Process Change Qualitication Guidelines for the Selection of Tests
For a given change liswed below, the supplier should justify why a suggested mst does not apply for the given
part(s] under consideration. Collaboration with their cusiomer base is highly recommended.

3. High Temperature Exposuss (Storage) 12. Asastance to Sohrents

4.  Tompersbure Cyoing 13, Mochanical Shook 22, Torminal Sirangth {SKID)
5. Destructve Physical Analy=sis Td. Wibration 3. Baam Load Teal

[ Fomturs Femsi=ncs 15, F=ssmisnce to Soldenng Hest

F.  Bissod Humdity 16. Teemal Shock

B, Dparational Lo 17. Elatrostato Discharge (ESD)

o Exnomal Vil 18. Sokdorabiliny

1. Physical Dimension 18, Eecirical Ghearscisrirstion

11. Temminal Strength (Loadech 21. Board Flex

MORD: A, lottor or " Indioatos that porfommianos of that stross tost choulkd bo concidorod (M0t HOCOSEANTY FOGUINGd) for the sppropriste procosa changs

Tasisé From Table 2 3|4 s|(ae |7 | a0 |10|41(12 |13]| 14|15 |16 |17 |18 |18 |21 |22 | 23
MATEHRLAL

Bindor Mailorial - - - -
Diislecaric Chiangs - | = | = - | - AR NERE] - - BE | = -
Flectrode Attsch - - * [+ - B ] [ ]
Elsctrode Wstensl | » | = ® | ® - | » L & | - B
Encapsulation - - | - - | - -
Loaid Ratorial L bl - - LJ - L Ld E
PROCESS
Dicieg . | ®» - | » . | » . | - B G
Elechrode Apphy G c [ e - BG|
Fining Profle - - - - - B G
LaminationFroos = - - | - B | = G
Techaigiis
Poweder Parficls Sies - - b - E|=
Screoning Printing G L= o B o
Terminaiion Prooass - - - - - - - - - - - - - - B - -
DESIGH
Flactroda Thickness - | = | = - - - - - | - B
Laysr Thicknesas | » | .| » .| » - - | - ] C
Laad Damsatsr - bl L L L L -
Mumber of Layens [~ c L= L= = L= - | = BG c
Tormination Araa - - - - - - | -
Tanminal Mielacs - | = | s | =|=| = - - | = | = E | = | =
kg Siie Transisr - - L] - L] #* ] L - L] L L] L] - - L] 3] - L] c
Materisl Suppilons - | = | & | = | = | = e | & = || |= || | p|=|=]|cC
Mo Micd ificd IWig. - - | - - - -1 - - - E [
EqjLiipimisiit
& — tormination squipmest oy E = cOfMparaive Exta (Unchanged Ve, CRangod) regquina (=
CaTaimics Onty O = Tansums omhy
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AEC Q Test Method Specifications

« AEC-Q100-001:
 AEC-Q100-002:
* AEC-Ql00-003:
= AEC-Q1l00-004:
= AEC-Q100-005:

Wire Bond Shear Test

Human Body Model (HBM) Electrostatic Discharge Test
Machine Model (MM) Electrostatic Discharge Test

IC Latch-Up Test

Non-Volatile Memory Program/Erase Endurance, Data Retention,

and Operational Life Test

= AEC-Q100-006.
= AEC-Ql00-007:
= AEC-Q100-008:
= AEC-Q100-009:
 AEC-Q100-010:
- AEC-Q100-011:
 AEC-Ql00-012:

for 12V Systems

Electro-Thermally Induced Parasitic Gate Leakage Test (GL)

Fault Simulation and Test Grading

Early Life Failure Rate (ELFR)

Electrical Distribution Assessment

Solder Ball Shear Test

Charged Device Model (CDM) Electrostatic Discharge Test

Short Circuit Reliability Characterization of Smart Power Devices
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Other AEC Publications
AEC Q Test Method Specifications

* AEC-Q101-001: Human Body Model (HBM) Electrostatic Discharge Test

« AEC-Q101-002: Machine Model (MM) Electrostatic Discharge Test

* AEC-Q101-003: Wire Bond Shear Test

*+ AEC-Q101-004: Miscellaneous Test Methods

» AEC-Q101-005: Charged Device Model (CDM) Electrostatic Discharge Test

» AEC-Q101-006: Short Circuit Reliability Characterization of Smart Power Devices
for 12V Systems
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Other AEC Publications
AEC Q Test Method Specifications

« AEC-Q001: Guidelines for Part Average Testing (provides guidelines for using
statistical techniques and extended operating conditions to establish part test
limits; this approach could be used to provide "Known Good Die.")

« AEC-Q002: Guidelines for Statistical Yield Analysis (provides guidelines for using
statistical techniques to detect and remove abnormal lots of integrated circuits)

« AEC-QO003: Guidelines for Characterizing the Electrical Performance of Integrated
Circuit Products

« AEC- Q004 Proposed DRAFT: Zero Defects Guideline (describes a set of tools and
processes which suppliers and users of integrated circuits can use to approach or
achieve the goal of zero defects during a product's lifetime)

« AEC-QO005: Pb-Free Test Requirements (Contains a set of tests and defines the
minimum requirements for qualification of lead free (Pb-free) metallurgy for
components to be used in any automotive electronics application)
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Purchase Price Comparison of Commercial, Automotive, MIL and Space Grade Ceramic Chip Capacitors
0.1 uF, 50 V Rating

S /

Compiled by Jay Brusse/Dell at NASA GSFC m3
Cap Value | Voltage Ratin

Part Number Grade Size p(uF) g(V) = Source| Unit Price Order Qty |Cost Estimate Source
06035C104KAT2 | General Commercial 0603 0.1 50 AVX S 0.110 | 1pcorder Mouser
06035C104KAT2 | General Commercial 0603 0.1 50 AVX S 0.035 | 100pc order |Mouser 0603 is smallest chip size available for
06035C104KAT2 General Commercial |0603 0.1 50 AVX S 0.025 | 500pc order |Mouser COTS 0.1uF/50V capacitor
06035C104KAT2 | General Commercial 0603 0.1 50 AVX S 0.020 | 1000pc order|Mouser
08055C104KAT2 | General Commercial 0805 0.1 50 AVX S 0.10 | 1pcorder Mouser
08055C104KAT2 General Commercial [ 0805 0.1 50 AVX S 0.022 | 100pc order |Mouser
08055C104KAT2 General Commercial [ 0805 0.1 50 AVX S 0.016 | 500pc order |Mouser
08055C104KAT2 | General Commercial 0805 0.1 50 AVX S 0.012 | 1000pc order|Mouser
06035C104K4T12 Automotive 0603 0.1 50 AVX S 0.45 | 1pcorder Mouser
06035C104KA4T2 Automotive 0603 0.1 50 AVX S 0.14 | 100pc order |Mouser 0603 is smallest chip size available for
06035C104K4T2 Automotive 0603 0.1 50 AVX S 0.0095 | 500pc order |Mouser Automotive 0.1uF/50V capacitor
06035C104K4T2 Automotive 0603 0.1 50 AVX S 0.0075 | 1000pc order{Mouser
08055C104K4T2 Automotive 0805 0.1 50 AVX S 0.39 | 1pcorder Mouser
08055C104K4T2 Automotive 0805 0.1 50 AVX S 0.14 | 100pc order |Mouser
08055C104KAT2 Automotive 0805 0.1 50 AVX S 0.10 | 500pc order |Mouser
08055C104K4T2 Automotive 0805 0.1 50 AVX S 0.065 | 1000pc order|Mouser
CDR33BX104AKUS MIL 1210 0.1 50 Kemet Mouser Non-stocked. Call for Price
CDR33BX104AKUS MIL 1210 0.1 50 Kemet Mouser Non-stocked. Call for Price
CDR33BX104AKUS MIL 1210 0.1 50 Kemet Mouser Non-stocked. Call for Price
CDR33BX104AKUS MIL 1210 0.1 50 Kemet Mouser Non-stocked. Call for Price
CDR04BX104AKUS MIL 1812 0.1 50 Kemet | S 1.02 | 1pcorder Mouser
CDR04BX104AKUS MIL 1812 0.1 50 Kemet | $ 0.68 | 100pc order |Mouser 1210is smallest chip size available for
CDR04BX104AKUS MIL 1812 0.1 50 Kemet | $ 0.60 | 500pc order |Mouser MIL grade 0.1uF/50V capacitor
CDR0O4BX104AKUS MIL 1812 0.1 50 Kemet | S 0.40 | 1000pc order|Mouser
M123ABXB104KS Space 1808 0.1 50 Kemet | S 45.70 | 1pcorder |GSFC Stock Database . . .

1808 is smallest chip size available for
M123ABXB104KS Space 1808 0.1 50 Kemet | S 29.59 | 1pcorder GSFC Stock Database .

Space grade 0.1uF/50V capacitor
M123ABXB104KS Space 1808 0.1 50 QPL S 35.10 | 1pcorder GSFC Stock Database
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Purchase Price Comparison of Commercial, Automotive, MIL and Space GradeTransistors

2N2222A Transistor
Compiled by Benny Damron/Jacobs Engineering at NASA MSFC
Minimum | Collector- | Collector-
. ain B Emitter Power Max Collector
Part Number Grade Pke TranSISTtor 8 Dissipation | Current Ic Source Unit Price Order Qty
style | Polarity Hee Voltage | Voltage . (mW)
Ve (V) | Vee(V) ? (mA)

511-2N2222A General Commercial | TO-18 NPN 40 75 40 400 600 STMicroelectronics S 1.10 | 1pcorder
511-2N2222A General Commercial | TO-18 NPN 40 75 40 400 600 STMicroelectronics S 0.768 | 100pc order
511-2N2222A General Commercial | TO-18 NPN 40 75 40 400 600 STMicroelectronics S 0.598 | 500pc order
511-2N2222A General Commercial | TO-18 NPN 40 75 40 400 600 STMicroelectronics S 0.473 | 1000pc order

2SD2675TLCT-ND Automotive NPN 270 30 30 500 1000 Rohm S 0.55 | 1pc order

2SD2675TLCT-ND Automotive NPN 270 30 30 500 1000 Rohm S 0.33 | 100pc order

2SD2675TLCT-ND Automotive NPN 270 30 30 500 1000 Rohm S 0.2500 | 500pc order

2SD2675TLCT-ND Automotive NPN 270 30 30 500 1000 Rohm S 0.1900 | 1000pc order
863-JAN2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 4.690 | 1pcorder
863-JAN2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 3.840 | 100pc order
863-JAN2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 3.120 | 500pc order
863-JAN2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 2.630 | 1000pc order
863-JANTX2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 4.840 | 1pcorder
863-JANTX2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor S 4.840 | 100pc order
863-JANTX2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor 500pc order
863-JANTX2N2222A MIL TO-18 NPN 30 75 50 500 800 On Semiconductor 1000pc order
863-JANTXV2N2222A MIL TO-18 NPN 30 75 40 500 800 On Semiconductor S 6.12 | 1pcorder
863-JANTXV2N2222A MIL TO-18 NPN 30 75 40 500 800 On Semiconductor S 5.02 | 100pc order
863-JANTXV2N2222A MIL TO-18 NPN 30 75 40 500 800 On Semiconductor S 4.07 | 500pc order
863-JANTXV2N2222A MIL TO-18 NPN 30 75 40 500 800 On Semiconductor S 3.43 | 1000pc order
2N2222AJANTXV MIL TO-18 NPN 30 75 40 500 800 Semicoa S 2.71 | 3pcorder
JANS2N2222A Space UA NPN 30 75 40 500 800 Semicoa S 45.00 | 1pcorder
JANS2N2222A Space UA NPN 30 75 40 500 800 Semicoa S 38.00 | 100pc order
JANS2N2222A Space UA NPN 30 75 40 500 800 Semicoa S 33.00 | 500pc order
JANS2N2222A Space UA NPN 30 75 40 500 800 Semicoa S 29.00 | 1000pc order
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Part Submission Warrant

DaimlerChrysler @ z Past Submission Warrant

Paat Hame Cudt

Shown on Deawing Ho_ Ovg_ Paet Hember

Engacerng Change Level Daled
AddEcasl Fagncering Changes Daled
Saflely asdlor Goverment Reguinlion [ | Yes [ Mo Parchase Drder Bo Weight {kg)
Checking Al Ho_ Checling Al Fagneering Change Lewvel Daled

CUSTOMER SUEMITTAL BFORMATION

Ovgasizalion Hame & Suppler/Vendor Code Carslomer HameDirion
‘Sieet Address BuycrBayer Code
Ciy Regon ‘Posinl Code Comlry Appicaioa

[Oves [ [Infa

Oves o [Onéa

[ il Submsisin [ Change w-optimnal Constuction or Matesial
[ Engineesing Change{s} [ Suppier or Matevial Soure Change:

[] Covextion sfDisorepancy [ PartsProdured st Addwionsl | ocason
] voaling Inactive > than 1 year [ Other - please specify belre

FVHL (Chn

0 _
[J¥es [ Ho (WO - Explanafioa Recuired)

“Tool properly Cves [Ome [Inda

Prink Hame Phose Ho_ Fan Mo.

Pt Warnal Disposiion: [ Apprved d;;nui [Jother

Print Mame Cwslomer Tracking Wember {opioaal)

e CFG-1001
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Customer Support

 Automotive grade EEE parts suppliers
provide the following support to customers:

— Application Support by Field Application Engineers

— Return Material Authorization/Failure Analysis
capability
 Preliminary FA Report — 7 days
 Final FA Report - 14 days or less

— Warranty
« Waiting on input for this — best guess is a year replacement
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