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THE NEW TIGHTER HERMETICITY LEAK TEST
REQUIREMENTS - EUROPEAN OVERVIEW.

OQUTLINE:

1. Introduction.
2. Normative and test methods review.

3. Data collection and European
assessment.

4. ESCC temporary position.

5. Ongoing activities and further works:
1. Technical assessment
2. Inter-comparative study
3. ESCC leak test method?

6. Summary and conclusions.
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1.- INTRODUCTION

The recent modifications made in the seal test
requirements under the MIL system are affecting the

European space component community:
manufacturers, space agencies, users, institutions,
test labs,...etc.

> There are not European Space standards / normative related
to hermeticity test on EEE components, thus MIL system is
used as a reference.

> Lack of field failure. No hermeticity field failures on ESCC parts
were recorded on devices tested during screening using the
old MIL test failure criteria. Doubts on the need to change
requirements.

> Other factors:
O Why large differences between 750 versus 883 method?
O Limited test resource covering all leak test conditions in
Europe, with cost & lead time impacts.
O governmental regulations influence the implementation of
a

K OF SEALING

some techniques, like 8Kr...
Different physical principles on different test conditions,
test techniques correlation concerns, technical doubts...
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There are different standards linked with leak test. Some generic (not
focus on EEE components) and some specific to EEE components.

A
MIL-STD-883 TM 1014. “Test Method Standard. Microcircuits”. Seal Test Method TM 1014.

“Test Method Standard. Test Methods for Semiconductor Devices. Method for
MIL-STD-750 TM 1071. Discrete Semiconductor Devices”. Hermetic Seal Test Meth

JEDEC |JESD22-A109-B. “Hermeticity”.

ASTM F2391-05 (2011). tShtjgcizir'l'gztsMethod for Measuring Package and Seal Integrity Using Helium as|

ASTM E432-91 (2011).  |ASTM E432-91 (2011) Standard Guide for Selection of a Leak Testing Method.

-

E ASTM E499/E499M-11. gtandard Practice for Leaks Using the Mass Spectrometer Leak Detector in the
2 etector Probe Mode1, 2.
ASTM E493/E493M-11 Stqndard Pract?ce for Leaks Using the Mass Spectrometer Leak Detector in the
Inside-Out Testing Mode.
Standard Practice for Leaks Using the Mass Spectrometer Leak Detector or
polibeelomne s Residual Gas Analyzer in the Tracer Probe Mode1, 2
Q IEC 60749-8: 2002. Semiconductor devices - Mechanical and climatic test methods - Part 8: Sealing.
]

IEC 60068-2-17:1994, Environmental testing — Part 2: Tests — Test Q: Sealing.

urrently the MIL leak test methods look like the most detailec
and updated document to carry out leak test on EEE

omponents for High reliability application. Nevertheless there
are still doubts and technical concerns to be solved.
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3.- DATA COLLECTION AND EUROPEAN

ASSESSMENT

> The different test conditions are based on

different physical principles, and often, the leak
rate is obtained through an indirect
measurements, like happens with the OLT
method, which needs correlation factors, that
may be, are not constant for all test cases,
making difficult the comparison.

» There are other promising techniques based on

5

in-situ  measurements: MEMS structures,...,
etc., but detailed calibration processes are
mandatory to correlate measurement, and
there are not any available standard.

MEMS Thin Film Encapsulation. Fabio Santagata
Ph.D. Thesis (Delft University of Technology).
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3.- DATA COLLECTION AND EUROPEAN
ASSESSMENT

» Example of leak test collected data
from a qualified MIL manufacturer.

> Assessment on the available DLA
lab suitability for Leak test.

» Hermeticity Test Method Survey. At
European Level.
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3.- DATA COLLECTION AND EUROPEAN
ASSESSMENT

MIL-STD-883 TM 1014 DLA Commercial Lab Suitability

Cobham Environmental
Test Services (San Diego)

__-~-~_'—‘—-—-_.______~
Criteria Lahg

DPA Components
ECR Laboratnries, Inc,
Golden Altos
Hi-ReIiability
Microelectronics

ISE Labs Inc.

Mil-std-883 TV 1014
Mil-std-883 T 1014
il-s5td-883 T 1014
il-std-883 Th 1014
Mil-std-883 Th 1012
Mil-std-883 T 1014

Intersil Corporation

Mil-std-883 T 1014

! Mil-std-882 TM 1012
IsoVac Engineering Mill-5td-883 T 1014
Incorporated

Micross Components, Mil-std-883 T 1014
Orlando

Oneida Research
Services Inc.

MIl-stel-883 TM 1014

Oneida Research
Services Inc.

Mil-std-883 Th] 1014

Pantronix Corporation

Nill-std-883 TM 1014 || X

Pernicka Corporation

Precision Test Solutions

X
Miil-std-883 Tha 1014
Mill-5td-883 Th 1014
Mil-st-883 TV 1014

X

&
Sir

TECHNOLOGY

» 16 laboratories perform the

leak test using the classic He
fine leak test conditions Al and
A2, and per-fluorocarbon gross
leak test conditions C1.

Four labs have capabilities to
run 8Kr testing using the
conditions B1, B2 or B3.

Only one lab is certified for
OLT and CH testing, being
these two techniques less
popular.

Silicon Turnkey . |

:;::t.;:: Wiil-std-883 T 1014 | Wx Ix[ [T 1 |

e2v Aerospace and Mil-std-883 TM 1014 \ ) | o

Defense Y T | ~
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3.- DATA COLLECTION AND EUROPEAN

ASSESSMENT
MIL-STD-750 TM 1071 DLA Commercial Lab Suitability

5 Test Methods ]w
Aemﬂex_“:::::orv (Conditions) [A|Blc|ple 1 k|11 Gt G1]52|CH1 | cH2 |
5 Mil-sto-7s0 Mol (X KT IxT [ T HL |H %
Cobham RAD Solutions  [wil-ste-750 7w 107 Ml e Ly ]
Hi-Reliability MIStTS0T 1 :
Microelectronics
IsoVac Engineering Mil-5td-750 T 10
Incorporated ' x|x .
Oneida Research Services | Mil-std-750TM lﬁll
Inc. X | X X
Pernicka Corporation Mil-stg-750 TM 101
Precision Test Solutions | Wil-std-750TM 1074 X X
Product Testing Center- Wil-std-750TM 1&7‘ \
Electronic "
Semitronics Corporation Mil-std-750 TWIAO7L Y | X
Tektronix Service Solutions Mil-std-750 TM 1071 X X

9
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Only 10 certified laboratories.

5 perform 8Kr following different test
conditions (A, B, G1 or G2).

Classical Fine He test conditions (H1,
H2) are only covered by three
certified lab.

CHLD conditions are only offered by
one laboratory.

There is not any certified lab offering
OLT test conditions for discrete

devices.
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3.- DATA COLLECTION AND EUROPEAN
ASSESSMENT

Engineering Practice Study: “MIL-STD-883, Method 1014 Survey

of Industry to Determine Which Test Conditions are Being Used”.
October 20, 2014.

» The study outcome determines that most, if
not all, of the Test Conditions existing in MIL-

m STD-883, method 1014 are being used.
» Additionally, method 1014 may not be
—— simplified by moving any unused Test
Conditions to an appendix in the method at
oo 9T this time.

» DLA Land and Maritime recommends that no
changes be made to MIL-STD-883, method

// 1014, based on the results of the survey

responses to this EP Study.

|HAL REPORT

4 Maritime - VAS

SR
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3.- DATA COLLECTION AND EUROPEAN
ASSESSMENT

ESA performed a survey:
Hermeticity Test Method Survey (ESA-QES-ESCC-TN-003 PSWG).
First a questionaire was prepared and delivered:

¢esa| Questionnaire content:

R » Do you perform leak test?

Contact in the company (email address):

» The activity is done in-house or

1. Do you perform or manage leak testing according to MIL-STD-750F TM 1071, MIL-STD-883 TM1014 or other? hd
If yes to 1071 and 1014, please use separate sheets for each; If no, go directly to question 8.)

2. Is the activity performed in-house or subcontracted? | Su b con t racte d ?
If subcontracted, - Which company is performing the work? b

- Do you require any type of formal qualification to the test-house (DLA lab suitability,
1SO 17025,...)?

| » Which test conditions are applied?

3. Fine leak testing

(please provide precise test method and revision used)
\ ; .
3.2 Which test conditions or techniques do you apply? Specify below. H th I k t t p g d ?
a) Standard Helium leak test (H1, H2, A1, A2), | OW e ea eS roceSS IS m an a e "
|
b) Cumulative Helium leak test (CH1, CH2), [ = . . .
. — » Leak failures: during manufacturing,
) Radioisotope Kr85 (B1, G1, G2), 2
|
d) Optical fine leak (L2, C5), ~
I t t
¢) Others (FTIR, Raman, copper test pattern, in-situ sensor,.. ), specify below. B Cu S O m e r re u rn S yr
|
3.3 On which kind of packages do you perform the fine leak testing (type and volume) ?
\ > t
4. How do you manage and control the test process: b | e C
izati diti d ination, Pressurization control, Maximum dwell time control, Leak
'measurements and uncertainty calculation, Test control, ...)
B “n.\ van roneat harmoHeity toctino after terminal ctronoth ac nor MIT-STN-882 TM2004? Tfvee are thore anv =
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3.- DATA COLLECTION AND EUROPEAN
ASSESSMENT

The questionnaire was delivered to different European entities: component
manufacturers, assembly houses, and test labs:

12

3D PLUS LEACH ORS ONEIDA SAGEM TESAT OPTOI
EUROPE RECHERCHE SPACECOM MICROELECTR
(SARRALBE) SERVICES ONICS
RUAG IMT STMICROELEC | ALTER ATMEL TAS FRANCE
TRONICS TECHNOLOGY
TUV NORD
AEROFLEX LEWICKI PEREGRINE UK | SERMA TT SEMELAB RF2M
GAISLER TECHNOLOGIES MICROWAVE
-HCM
AXTAL GMBH MICROSEMI RAKON SPUR TYNDALL RHE (CICOR)
IRELAND FRANCE ELECTRON
HIREX OMIC REL STPI SYFER UMS TAS BELGIUM
ENGINEERING TECHNOLOGY ETCA
LTD
MASER KVG QUARTZ KONGSBERG EADS ASTRIUM E2V COMEPA
ENGINEERING CRYSTAL NORSPACE AS | FRANCE
TECHNOLOGY
INFINEON OPTOCAP ROOD- TAS ITALY COBHAM
TECHNOLOGIES MICROTEC MICROWAVE

A.G.
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3.- DATA COLLECTION AND EUROPEAN AL
ASSESSMENT &5

Most of the companies of this survey confirmed the following:

» To use the previous versions of test methods MIL-STD-883H 1014 and MIL-
STD-750D 1071.

» Previous version of test methods are sufficient to ensure good reliability in terms
of hermiticity.

» To have less than 1% of failure rate for hermeticity

» To have no field failure return due to hermeticity failure.

» To find the challenges to implement the new test method too demanding
(impossible for complex packages).

The received answers show that the failure rates for hermeticity is very low (<1%) and no
customer return is reported due to leak failures nor to component failures associated to a
loss of hermeticity.

According to the surveyed companies, the current test methods are
sufficient to insure good reliability in term of hermeticity. The satisfactory
usage of the previous version associated with the difficulties to implement the new ones
make them recommend to not migrate to the updated requirement indicated
in the MIL-STD-750F method 1071.12 and MIL-STD-883 Method 1014.9 conditions.

SR
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Noordwilk, 42th June 2015

gsce Executive public Notice (EEPN»201 2.1-issue 4)

To all ESCC manufacturers (qualified and unquaiified) and customers of
oducts pfocured in compliance with ESCC Generic specmcahons No.
\ Discrete Sem‘\cmductofs and No. 5010 piscrete Microwave

MIL-STD-750F has peen released 3™ of Januany 2012 with an implementation
date of 3° of July 2012

This standard 1S applicable 10 ESCC Genenc gpecifications No. 5000 and NO.
5010. others, MlL—STtHSO includes nUMerous changes 10 the
Hemetic seal test method now in version 10719

——

iy

=% European S
 Space Components Coordination

concluded that the tion of these TM changes by gScCCis not evident and

\ The ESCC Executive and the gscC Policy and standards WG have
t :
requires further analysis- This (ongomg) analysis 1§ sufficiently complex in

\ nature and will S0 require manufacturer and customer feedback, such that it
’H cannot be completed by the MlL—STD—750F lmplemenlamn deadiine.
\
\ Notice is nereby pfmnded that ESCC products subject 10 M\L~STO—750 ™

4071 and successfully tested for hermeticity in accordance with MIL-STD-
\ 7506 T™ 10718 will be considered EsCC compliant until further notice S< :C
‘\ subject to future ESCC decisions p r O d u C t S .
\ Where reevart, gscC manufacturers shall make reference to this Notice i 7 5 S U bJ e Ct t
\ their CoC and/or data package detivered to the customer T M 1 O a O M I L - S
\ 1 and D-
\ Ralf de Manno
\ RAC Execive Managet SUCCessfu”

y tested

pPlease address any quenes to:

for hermetici
ticity |
M"—‘STD-YsoEy In accordance with

!L ESCC Executive secretaniat

\ E-mail: escc.executv esaint - .

\ "°5"-%%%%%;z;mimm@es, considered ESC(;r M1071.8 will be
| e compliant

further noti :
_ otice subj until
decisions. bject to future ESCC

Tel. *31—(0)71-565 agadat 4283
\ Fax. +31-40)71-565 8637

Furopean Spase Agency
Agence spatiale evropeenne

l..lu\-‘-'m\lll.-ﬂ-\\cl&-hk
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Helium Leak Detection

-

é Cumulative  Helium  Leak

~ detection (CHLD)

®  Radiosotope ®5Kr

$ Optical Leak Detection (OLT)

-'lf High Sensitivity Helium Leak
Detector (HSHLD)

-Factor MEMS structures.
icro pirani

TIR Leak detection

aman Spectroscopy

iques
m=Zo

New Test

Techn
Py

HSHLD

_

15

21t Components for Military & Space Electronics Conference CMSE 2017 ~


http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2kqnfr8fSAhUJWRQKHVyrAQYQjRwIBw&url=http://www.gemes.com/information/press_events/&psig=AFQjCNFF3hgq8I2fWYQgApchJBtc6MhfTA&ust=1489077562304871
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjo_qWav_rOAhWDaxQKHdFSB5EQjRwIBw&url=http://norcomsystemsinc.com/&psig=AFQjCNEGd97JZJd7h_ScioR9PQkH2WmsJQ&ust=1473242768121533

Test Methodology

Advantages

Drawbacks

Classical He Leak Test

Process standard.
Well-known technique.
Various equipment suppliers.
Available test methods

MNot appropriate on devices with glass, polymers, epoxies, ...
He sorption characterization.
Low sensitivity for very small cavity devices.

Cumulative Helium Leak Detection

Simultaneous Gross and Fine leak test (in the same test process).
Higher sensitivity level than standard He test.
Available test methods.

Mot valid for devices with He sorption, and He sorption management.
Limited equipment suppliers (Two identified)
Mot very efficient test cycle time.

Radioisotope **Kr

Can perform simultaneous Gross and Fine leak test in the same test
process.

Fast test cycle time.

High test sensitiveness reaching detectability levels 1x107'2 atm.cm¥s
and better.

Minimal gas absorption to glass and other materials, but still need to
evaluate for very low leaks levels.

Available test methods

Handling radioactive elements which have some safety concern and severe
installation rules, especially in Europe. Equipment not European certified.

55Kr tested Leak failures became radioactive material. Must be handled
under special procedures

Only one equipment supplier: “ISOVAC”, located in USA. Limited service
outside USA.

Only one recognized equipment installed in Europe.
Limited supplier sources of #*Kr gas and also under export-import
regulations.

Is not possible to use this test when the devices have not metal id or flexible

OLT MNo pre-bombing requirements case.
Can perform simultaneous Gross and Fine leak test in the same test
process. Not demonstrated capabilities below leak levels 1x107"" atm.cm/s
Is adequate to perform Leak test on packages with helium absorbing / Only one equipment supplier, located in USA, and limited service outside
emitting materials. USA.
The technique allows the leak test when the devices are already mounted
in the board even after application of conformal coating layers.
The test can be performed in automatic mode, reducing cost and
improving the test process.
Available test methods
HSHLD Fine and Gross Leak detection Mot valid for devices with He sorption, and He sorption management.

Minimum Fine Leak detection: < 1.0x10™ "2 atm.cm®s He.
Spectrometer mass range 1-100 amu. Allowing the use of several
gasses.

2 point Linear Calibration (as low as 1.0x10"" atm.cm®/s He)
Faster cycle time than standard He leak test

Only one equipment supplier.

Technique new. Pending to demonstrate performance.

Q-factor monitoring
Micro Pirani

No surface sorption
High theoretical sensitivity

No available test method.

Need of pre-calibration before leak measurements.
Mot available dedicated test equipment

Complex implementation on existing products.

FTIR spectroscopy
Raman Spectroscopy

16

215'[

No surface sorption
High theoretical sensitivity

Components for Military & Space Electronics Conference CMSE 2017

No available test method

Need of calibration against other technique.

MNot available dedicated test equipment, lab instruments used.

Complex test set-up.

Requirements on specific device packaging properties: infrared transparent,
., etc.
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5.- ONGOING ACTIVITIES / FURTHER WORKS‘

2. Inter-comparative study

Test
Process

Involved
Labs

Test Cond.

17 21t Components for Military & Space Electronics Conference CMSE 2017
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» Test samples: 70 devices, with small
cavity devices, from 4 different qualified
sources and with various leak rates will
be used as test vehicles.

> Test conditions: He, CHLD, 8Kr and
HSHLD.

» Laboratories: ALTER, INFINCON,
Leybold, ORS, ISOVAC,...(pending to
confirm the final list)

» Test process management: fixed test
conditions and under ISO 17025
framework.
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o
5.- ONGOING ACTIVITIES / FURTHER WORKS;

~ESCC

" SR — Do ; ]
B European Space Components Coordination

3. ESCC leak test method

v The subject was discussed by a dedicated ad hoc CTB-PSWG
working group.

v" A decision was made to create an European ESCC leak test
requirement document.

v" The basic requirements will be based on the old requirements
and failure criteria with some corrections.
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THE NEW TIGHTER HERMETICITY LEAK TEST &
REQUIREMENTS - EUROPEAN OVERVIEW. & AL

TECHNOLOGY

SUMMARY AND CONCLUSIONS:

1. Each test technique has its own advantages and drawbacks and are
somehow complementary, although the He and Kr look like the most
versatile tools.

2. The correlation levels are still under concern and some additional
Investigation must be performed to understand the differences.

3. The introduced tighter requirements seems not justified as a general rule,
although could be required in specific cases.

4. The new In-situ leak test technigques, based on different MEMS structures,
and other new techniques offer promising characteristics but further work
need to be done before using them as standard test methods.

ACKNOWLEDGMENT: “This work has been partially K

\\\\k&k&k\g
developed with the European Space Agency support and S esa
=

SR
19 215t Components for Military & Space Electronics Conference CMSE 2017 CM“sr:

under the contract (ESA Contract: 400011075/15/NL/PS):
Hermeticity Testing Procedures”.

A



http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj2kqnfr8fSAhUJWRQKHVyrAQYQjRwIBw&url=http://www.gemes.com/information/press_events/&psig=AFQjCNFF3hgq8I2fWYQgApchJBtc6MhfTA&ust=1489077562304871
https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjE8dz1gMzSAhWE7hoKHZu3ADUQjRwIBw&url=https://en.wikipedia.org/wiki/File:ESA_LOGO.svg&psig=AFQjCNGNcPEebj3GSB01oPG2zQVE8w0kzg&ust=1489237686467475

THANK YOU FOR YOUR ATTENTION
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SAny question?

ALTER TECHNOLOGY GROUP: with 30 years experience in the space sector.

o ®°
& TOPREL @ Optecap
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