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Agenda
9:30 to 10:00 Introduction
10:00 to 10:45 Delta Qualification exercise: technical note TN5
10:45 to 11:30 MEMSCAP tests results
11:30 to 12:15 SERCALO tests results

Lunch

14:00 to 14:30 Synthesis of the program
14:30 to 15:00 Discussion and recommendations

15:00 to 15:20 Contractual business (Deliveries and invoices status)
15:20 to 16:00 Conclusions
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Delta Qualification Exercise:
Technical note TN5
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PHASE 2 : WP 4000 and WP 5000 -y

Screening Test Group
100%

Test Requirements Conditions / Remarks
Pre-sedl Bum-in (Opfioncl) 100% Mil-ste-883 rn1030 { 96h/125°C IFfuning required |
Internel visued [PRECAP) 100% Manufecurer rehocs/Mil-d-883 m2017 - m2070 - 2032 [DPAFeilure AnclysiCorstrucional Anclysis]

Segling 100%

Sericlzehion 100%
Electricel test Infial 1005 ot 24°C (o8 per defal specticction toble?]
Burn-In 100% i-4e-B33 rn1 015 (240 s ef Teese=125°C]
100% 0, Jefc st

(1) 25°C [subgroup 1, feble |, 5005

(2) Mestirurn and minivnurn roted cperefing femgercture (subgreus 2, 3, foble |,

3003)

b, Oynarmic or funchonel fesfs 11/1) 25°C (subgyoup 4 or 7, toble | metheet 3003

(2) Wi anel mezimurn reteel eperdiing fempercture [subgrougs 5 end 6, or 8

fable | methad 5003)

¢, witching fests f 25°C [subgroun 9, teble |, metheel 3005)

o, Elechicel [ Oreed cheraterishes of high end low tempercture (1n1012.1) (Fnel before delvery)

Fing eechicel test post burn-in

100%  rey, Secning Acousfic Mocroscapy, Electricel fest uneler vacuurn | Foctor], Visuel inspechion

IMEC: Aternative testfor sealing ntegrity List

External visuel 100% Wil-sfkBA3 m2009
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PHASE 2.: WP 4000 and WP 5000

INITIALLY 25 DEVICES + 4 Bare dice

k1 Control Device for all Test Groups

SG 1/ Thermo-integrity SG 2/ Thermo-Electrical
4 devices + CD 8 devices + CD

Temperature cycling (m1010.3)
cond. A (-55°C, + 85°C) 50Cy.
cond. A (-55°C, +100°C) 50Cy.

—100 cy. pass/fail

Electrical / Optical characteristics at
room;, high and low temperature

cond. B {-55°C, +125°C} (m1012.1)
#Cy. Up to 50% lot fail
IMEC Moisture resistance
Alterndative test for Sedaling 5 cy. -40°C to +75°C, RH 90% only
integrity controlled at 75°C

Thermal Shocks
5 cy., -55, +125°C
{m 1011.9)

3 Devices 5 Devices
Moisture resistance
10 cy. -40°C 1o

ESD testing ¢
(m3015.7) +75°C, RH 90% o:nly Do While:
controlled at 75°C lot failure rate
(m1004.7) <=40%
IMEC or
Alte: H S Thermal Shocks 5 loops
fom; ‘:e 5 cy., -55, +125°C
e I (m 1011.9)
integrity

IMEC
Alt cative r Sealing
integrity
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MEMSCAP tests results
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Page 7
MEMSCAP LOT PEDIGREE after screening
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MEMSCAP tests results —

MEMSCAP LOT PEDIGREE after RADIATION TESTS

2,5 - - - 60

Dynamic range
Atten range (dB)

! + 50
Insertion loss Drive pow er

B 4V

2 (4B) @ 40

30 g
” PDL 2o
= tten 20-30 dB) g4 2
E 15 Resistance slope 20 % = 3
3 @4V EE
N Drive voltage WDL -+ 10 o g 2
@ @ 30 dB attefi— (Atten 20-30 dB) } °c &
E 1 0 c O c
<} ~— 0
E e EVE

e

/ + -10 g

0,5 -20

::::::::::::::::::::::::::

]
December 2006 ﬁ
ecember (L) ALCATEL ALENIA SPACE ks [P (B MEMSCAP rercalo  Tecnologica All rights reserved © 2006

A. Bensoussan An Alcatel/Finmeccanica company TheRasss af @ um s Yokl




(XAICATEL ALENIA SPACE  MIOEMS Delta Qualification Methodology

An Alcatel/Finmeccanica company

MEMSCAP testis results

MEMSCAP LOT PEDIGREE after VIBRATION FATIGUE
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MEMSCAP testis results

MEMSCAP LOT PEDIGREE after MECHANICAL SHOCKS
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MEMSCAP tests results |

MEMSCAP LOT PEDIGREE after ESD
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Normalized limits
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MEMSCAP testis results

MEMSCAP LOT PEDIGREE after TEMPERATURE CYCLING

Insertion loss

)

Resistance slope
@4V

MOEMS Delta Qualification Methodology

Page 12

Dynamic range T 60
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2,5

15

Normalized limits

0,5

MEMSCAP testis results

MEMSCAP LOT PEDIGREE after ENDURANCE TEST
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MEMSCAP LOT PEDIGREE after MOISTURE RESISTANCE
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MEMSCAP tests results Page 15

* Insertion loss: easy to measure but large dispersion and not enough reproducible, out of
spec for 30% of lot (not significant)

* Resistance slop @ 4V: easy to measure, very reproducible and sensitive parameter for
reliability assessment (see endurance test)

* Drive voltage @ 30dB atten: easy to measure, very reproducible but seems not sensitive
parameter for reliability assessment (see endurance test).

* Drive power @ 4 V: easy to measure, very stable and reproducible but not sensitive
parameter for reliability assessment.

 Dynamic range (Atten range in dB):easy to measure, very stable and reproducible but not
sensitive parameter for reliability assessment.

« PDL: difficult to measure, but may have large dispersion and not enough reproducible, not
sensitive parameter for reliability assessment.

« WDL.: Difficult to measure, not reproducible, not sensitive parameter for reliability
assessment

« All parameters out of spec during low temperature measurements (spec definition to be
re-considered).
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MEMSCAP testis results Page 16

» Screening data

» Screening process not fully completed and to be re-considered for a full space
screening. Qualification data didn’t reveal infant mortality behaviour.

* Insertion loss, PDL and WDL are parameters complicated to be characterized
(reproducibility, large dispersion, precision not guaranteed. Measurement techniques
to be demonstrated or even improved for reliability assessment.

» Thermo-electrical group
» Environmental group

» Miscellaneous group

L
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SERCALO tests results
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Synthesis of the program
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ITT AO/1-4507/03/NL/CP
Negotiation meeting and Kick off
ESA ESTEC Noordwijk
December 16th and 17th, 2004
End date December 8th, 2006
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PHASE WP references WP Title To|+T1|+2|+3|+4|+5|+&| +7 | +B|TT| +1| +2|+3|+4|+5| +6| +7|+8[+P|+10

MOEMS SURVEY

WP 1000 Rl MOEMS DATA COLLECTION
WF 1200 MOEMS DATABASE CREATION
MOEMS DATABASE UPDATE
MOEMS SUITABILITY AND MATURITY
WP 2000 QRN MOEMS SUITABILITY FOR TELECTM

WP 2200 MOEMS SUITABILITY FOR OBSERVATION AND SCIENCE
PRELIMINARY SPACE QUALIFICATION METHODOLOGY
WP 3000 PRl MOEMS QUALIFICATION HERITAGE

WF 3200 SPACE QUALIFICATION METHODOLOGY

WP 3300 DRAFT TECHNICAL REQUIREMENTS

WF 3400 QUALIFICATION TESTING AND COSTING

WP 3500 MOEMS SELECTION

WP 6000 WF 6100 FHASE 1 MANAGEMENT

PHASE 1

CONSOLIDATED SPACE @UALIFICATION METHODOLOGY
WP 4000 Mtk CONSOLIDATED TECHNICAL REQUIREMENTS

WP 4200 SPACE QUALIFICATION METHODOLOGY OF SELECTED MOEMS
WP 4300 MOEMS TEST PLANS
A SPACE QUALIFICATION TESTING
WP 5100 MOEMS 1 TESTING AT SERCALD
WP 5000 PEEPLN] MOEMS 2 TESTING AT MEMBCAP

WP 5300 MOEMS 2 TESTING AT IMEC

WP 5400 A SPACE QUALIFICATION REPORTING
WP 6000 WP 8200 PHASE 2 MANAGEMENT

PHASE 2

.
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MOEMS Delta Qualification Methodology

WP 6000

WP 6100
PHASE 1 MANAGEMENT

WP 1000 WP 2000 WP 3000
MOEMS SURVEY MOEMS SUITABILITY PRELIMINARY SPACE QUAL.
AND MATURITY METHODOLOGY
WP 1100 WP 2100 WP 3100
— MOEMS DATA — MOEMS SUITABILITY — MOEMS QUALIFICATION
COLLECTION FOR TELECOM HERITAGE
WP 1200 WP 2200 WP 3200
— MOEMS DATABASE — SUITABILITY FOR — SPACE QUALIFICATION
CREATION OBSERVATION & SCIENCE METHODOLOGY
WP 1300 WP 3300
— MOEMS DATABASE — DRAFT TECHNICAL
UPDATE REQUIREMENTS

An Alcatel/Finmeccanica company

A. Bensoussan

D 2 :
ecember 2006 (L) ALCATEL ALENIA SPACE ks [P (B

WP 3400
— QUALIFICATION TESTING
AND COSTING

WP 3500
— MOEMS SELECTION
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WP 6000

PROJECT MANAGEMENT Page 22

WP 6200
PHASE 2 MANAGEMENT

WP 4000 WP5000
CONSOLIDATED SPACE DELTA SPACE QUAL.
QUAL. METHODOLOGY TESTING

WP 4100 WP 5100
— CONSOLIDATED TECHN. — MOEMS 1
REQUIREMENTS TESTING AT SERCALO
WP 4200 WP 5200
— SPACE QUAL. METHODOLOGY{ — MOEMS 2
OF SELECTED MOEMS TESTING AT MEMSCAP
WP 4300 WP 5300
— MOEMS TEST PLANS — MOEMS 2
AND PROCUREMENTS TESTING AT IMEC
WP 5400
— DELTA SPACE QUAL.
REPORTING

L
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PHASE 2 . WP 4000 and WP 5000

MOEMS Delta Qualification Methodology

Page 23
TITLE | MILESTONE | DATE | MAJOR CONTENT
PHASE 1
TN1: “Survey of MOEMS” Completion To + 3 Manufacturer documents, data  sheets,
of WP 1100 general process flows.
MOEMS Database definition | Completion To + 3 Data base description and tool draft.
of WP 1200
MOEMS DATABASE TOOL Completion To + 8 Database tool up-dated.
of WP 1300
TN2: "MOEMS Suitability for | Completion To + 6 MOEMS candidate for Space Qualification;
Space Applications and | of WP 2xxx TML status for each MOEMS.
Technology Maturity Level"
TN3 : "Space Qualification | Completion To+ 8 MOEMS selection;
Definition, Effort for Delta |of WP 3xxx Detail specification for MOEMS procurement;
Qualification, MOEMS Qualification test method review
selection" (TELCORDIA, MIL);
Space Qualification methodology;
Generic test plan for MOEMS A qualification
and definition of Test plans for the two
selected MOEMS;
Phase 1 final report.
PHASE 2
TN3 up-dating Completion T1 + 5 MOEMS procurement test plan;
TN4: "Refinement of Delta |of WP 4xxx Precap inspection and CSI report;
Qualification Definition, Space Qualification Methodology for 2
Procurement Preparation" MOEMS types;
TN5 : "A Space | Completion T1 + 10 Qualification Test results on 2 MOEMS;
Qualification Testing and | of WP 5xxx Recommendations for future use of MOEMS
Reporting" in Space.
L] «.A‘-
ks [NV MEMEOAP
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Delta qualification phase 1.

WP 1000 : MOEMS market survey (Technical note 1)
WP 2000 : MOEMS SUITABILITY AND MATURITY (Technical note 2)

WP 3000 : Preliminary SPACE QUALIFICATION Methodology
(Technical note 3)
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WP1000 : MOEMS market survey (Technical note 1 Page 25

Objectives:

— Survey of MOEMS being developed in Europe and commercially
available in and outside Europe.

— Preparation of a Technical Note reporting the findings of the survey.
— Development of a database collecting the results of the survey.

Activities:

— literature survey, market survey, web search, etc. The survey is
independent from application (or expected application) of the micro-
system, i.e. it shall include: bio-MOEMS, automotive, telecom,
instrumentation, space (including ground segment) applications and shall
address:

) MOEMS being developed or ready for use today in European
Research Centres, Universities or other small processing facilities

¢ MOEMS already commercially available off the shelf in Europe but
also outside Europe

e Data base format definition

A
Hoch
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\WP1000 : MOEMS market survey (fechnical note 1  EESes

Data base construction

 More than 95 companies contacted

* ldentify companies which are real market players,
which have theirs own MOEMS products

* 19 companies proposed commercial MOEMS products

* 55% of the database are filled

- 65 datasheets downloaded
- 53 publications

* to contact the interesting firms to have further
information (12/19 answers)

 Data base completed

p
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Test methods table comparison (ESA/MIL/TELCORDIA) and
discussion

Goal is to identify tests method applicable to MOEMS and
discuss about their advantages, drawbacks, implementation
ability, effectiveness, availability, ...
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IDENTIFICATION PACKAGING
PRODUCT TYP roduct TECHNOL OGY (process name or | REFERENCE (yes, no, if DIMENSIONS LxIxh
MANUFACTURER COUNTRY ODUCT TYPES (p ECHNOLOGY (p 4 XX
manufacturer reference) type of technology) yes, package reference) | (package reference)
MARKETING s — —
Active AEElCATIoN FAMILY (sensors, AVAI_L.ABILITY no 5,4dia-16,6 L
attenuator, cross (specific product
(telecom, MARKET .
adef connects, data e NATIURIY Not Available (NA),
SRS SIS, transmitters. ontical SU ( ! U (use standard Off the
MAIN PERFORMANCES
POWER TEMPERATURE RANGE
|NSE()R<T|ON 1ISO1 ATIONI PESDONSE SPEEDN CONSUMPTION (tOtaI QlIPPl vV (\/ (max and min M/AN/AL ENICGTH OTHER
LOY
QUALITY OTHER
QUALITY >
< 0.7 LEVEL
" QUALIFICATION STATUS (Telcordia, | (commercial, WEB SITE DOCUM ENT REFERENCE AND
other) military, BIBLIOGRAPHY
ground, space,
other)
- - - -
L] \.A‘-
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MOEMS Market players (20095) Application panorama
USA Telecom
67% 53%

France

N

10% Medical
g"/K'B C;:;a applg;clons Space and Instrumentation
The Germany Consumer . earth 21%
Netherlands Switzerland Quebec Y koreg 2% applications, M'I't?ry observation,
2% 5% 2% 5% Automotive 13% instrumentation
5% 5%

Iy
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Family panorama

Cg;zzit Multiplexer Equilizer Display
Iy o 0 Field
10% i e B
Attenuator

N

20%

selection
/ 1

Others Pro;i;;;:ion
(Delay line,
Polarizer,
/ Filter,
Adaptive |solator,
optics Switch Sensor,
22% 20% Transmitter
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W
DEFINITION OF GENERIC FLOW-CHART, SCREENING &
QUALIFICATION FLOW

Final meeting Phase 1 in line with the schedule and Phase 1
closed with TN3 final issue taking into account ESA comments as
per Al’s listed in these MoM.

Start KO Phase 2 ATP OK. Official KO by January 16t 2006.

MEMSCAP devices ready for week 10 of 2006.
SERCALO devices ready for week 5 of 2006.

L] -\.A"
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PHASE 2 : WP 4000 and WP 5000 Page 2

CONSOLIDATION OF GENERIC FLOW-CHART, SCREENING &
QUALIFICATION FLOW

WP 4000 : CONSOLIDATED SPACE QUALIFICATION METHODOLOGY
WP 5000 : A SPACE QUALIFICATION TESTING

Test exercise conducted on 2 MOEMS manufacturers (SERCALO and
MEMSCAP).

25 samples tested 10 bare dice (see part one of this presentation and
annexes)

3 test group sequences including Electro-Mechanical, Environmental
and Miscelaneous tests group (Radiation, CA, Outgassing, ...)

L] -\.A"
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GENERIC FL OW RECOMMENDED

| INITIALLY 24 DEVICES + 4 Bare dice |

Page 33

+ 1 Control Device for all Test Groups

Performance Characterization
8 devices + CD

Therma-int egrity
4 devices + CD

Elzctrical / Optical
101'herm;lss I_::;k:o(: characteristics at room, high
s -101'1 g and lew temperature
(i L {m1012.1)
Temperc;)u:: c;::ls:;‘:c('?:‘lo‘lo's) Radiation tests
cond. B (-55°C, +125°C) UI0LRs)
Muaisture resistance
20 cy. -40°C ta +75°C, RH 90%
only controlled at ¥5°C
(m1004.7)
IMEC
Alternative test for Sealing
[ integrity
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Discussion and recommendations

Iy

D ber 2006 - ﬁ
ecember ALCATEL ALENIA SPACE  “%s P81 MEMSDAP rercalo Eﬂ““'“ﬂlﬂﬂ All rights reserved © 2006
An A ico company .'m g

A. Bensoussan lcatel /Finmeccan Misbamsiaipunsiwesd  comrowswrss siEcTROMICOS 5 A




(ZALCATEL ALENIA SPACE  \OEMS Delta Qualification Methodology

An Alcatel/Finmeccanica company

Page 35

MAIN LESSONS LEARNED (1/4):

MOEMS devices are TLM3 to TLM 4 maturity for Space application.
TELCORDIA standard is not enough to cover Space requirements and
Delta Qualification program added or more stringent conditions:
Radiation tests,

ESD, RGA, Outgassing and rapid depressurization

Thermal shocks and moisture resistance (test in series and loop
proposed),

Mechanical chocks, Vibration variable frequency and endurance
lifetest under vacuum,

Thermal cycling (-55, +125°C) and alternative test method for
hermeticity.

L] \.A'-
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MAIN LESSONS LEARNED (2/4):

TEST CONDUCTED AT VIARIOUS FACILITIES INCLUDING :
SERCALO, MEMSCAP, IMEC, ALCATEL ALENIA SPACE.

OPTO-ELECTRICAL TESTS AT NOMINAL ROOM TEMPERATURE ARE
VERY CRITICAL AND NEEDS TO BE CAREFULLY IMPLEMENTED:
some opto-electrical parameters are sensitive to fiber bent and require
to attach fibers to the test equipment set (to avoid mechanical
vibration) in an air controlled room environment (Temperature and
humidity).

MEASUREMENT REPRODUCIBILITY IS TOUGH TO ACHIEVE AND
NEEDS SAFE (ESD)AND QUIET DEDICATED TEST ROOM.

L] -\.A‘-
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MAIN LESSONS LEARNED (3/4):

RADIATION TESTS NEED TO BE PERFORMED WITH A CARE TEST
JIG DESIGN IN ORDER TO AVOID EMC OR OSCILLATION OR
GROUND PROBLEMS.

ESD TEST ARE DIFFICULT TO IMPLEMENT AS SOME DEVICES ARE
WITH (AND OTHER WITHOUT) ELECTRONIC PARTS INSIDE THE
MODULE. REPRODUCIBILITY CONCERN TOO.

ENVIRONMENTAL ENDURANCE TEST UNDER VACUUM PERFORMED
SUCCESSFULLY. LESSON LEARNED TO ACHIEVE GOOD
MEASUREMENT REPRODUCIBILITY AND IDENTIFY CRITICAL
PARAMETERS FOR RELIABILITY ASSESSMENT.

L] -\.A‘-
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MAIN LESSONS LEARNED (4/4):

ENDURANCE UNDER VACUUM HAVE SHOWN 1 FAILURE ON A NON-
HERMETIC PACKAGE AND ALLOW TO IDENTIFY A TREND IN THE
DRIFT PARAMETERS. INTERESTING TO BE INVESTIGATED LATER.

PDL AND WDL ARE PARAMETERS NOT RECOMMENDED TO BE
USED FOR QUALITY AND RELIABILITY VERIFICATION: TO MUCH
SENSITIVE (MEASUREMENT DISPERSION) FOR ENVIRONMENT TEST
CONDITIONS OR NEED TO DEFINE THE TEST SET UP WITH EXTREM
CARE.

GENERIC QUALIFICATION FLOW CHART ADAPTED TO EACH
MANUFACTURER ARE APPLICABLE AND PROPOSED TO BE
GENERALIZED ON THE GLOBAL METHODOLOGY.

L] -\.A"
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Contractual business
(Deliveries and invoices status)

Iy
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Planning

Ta Jarwier Février Mars Awril ET] Juin Juillet Aaodt Sept. DOet. Mo, Déc

WP ref. WP Title WP wach

1|2|3|4 5| | |6 3|10|11|12|13 14|15|16|1T 1$| | | 22|23|24|25|26 2T|26|23|30 31|32|33|34|35 36| | | 40|41 2| 43| 44| 45| 46| 47| 45 (40| 50| M 52| 52

MOEMS SURYEY

PHASE 1
WP 1000

CONSOLIDATED SPACE QUALIFICATION
METHODOLOGY

CONSOLIDATED TECHMICAL REQUIREMENTS

ALCATEL

4110 CONSOLIDATED TECHNMCAL REQLIREMENTS IMEC

=
[=]
= SPACE QUALIFICATION METHODOLOGY OF
o
g 42002 1D Moems AleREL
4300 [MOEMS TEST PLANS ALCATEL
4310|MOEMS MANUFACTURING at SERCALO SERCALO
o 4320 |MOEMS MANUFACTURING at MEMSCAR MEMSCAP
z A SPACE QUALIFICATION TESTING -
5100|MOEMS 1 TESTING AT SERCALO SERCALO
5200|MOEMS 2 TESTING AT MEMSCAP MEMSCAP
5220 |LAM EXPERTISE ON MOEMS LAM-CNRS
5300 |MOEMS 2 TESTING AT IMEC IMEC
A SPACE QUALIFICATION REPORTING ALCATEL

PROGRAM MANAGEMENT ALCATEL

i i & A 'y i Iy 'y
To+8 Phane call 020sn6  Phane call 12407 06 Phane call 1110106 081206
KO Phase 2 or separate meeting T1+4 or separate meeting 1 +6 T4 +10 T +12
Fhi#s Test at ESA facility Phi#E End of phase 2

Fayment allowed

Hoch
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Conclusions

Iy
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MOEMS Delta Qualification Methodology study program implemented
within 2 years.

Thanks to a large contribution in the frame of a consortium including:
Two MOEMS manufacturers in Europe (SERCALO in Switzerland and
MEMSCAP in France)

Two Laboratories (IMEC in Belgium and LAM CNRS in France)
Partial contribution of TECNOLOGICA

One Space industry user : Alcatel Alenia Space in France.

D 2 : ]
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Several benefits and know-how achieved.

Good European collaboration and fruitful contributions.

Space Qualification methodology drawn and tested with important
and major lessons learned.

MOEMS in space will require maturity at multiple levels:

 Products designed, industrialized and manufactured for space
harsh environment,

« Equipment designed for new breaking architectures demonstrating
the benefits of MOEMS instead of standard products (cost and
technical benefits to be demonstrated)

 User manufacturing and testing in mature environments (learning
curve to be initiated and maintained) : role of Agencies to promote
these new technologies and help to built a new age of techniques

;r back g next
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Annexes
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The Screnning TEST GROUP
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Screening Test Group

100%
Test Requirements [Conditions / Remarks
Pre-seal Burn-in (Optional) 100% Mil-std-883 m1030 ( 96h/125°C If tuning required )
Internal visual (PRECAP) 100% Mil-std-883 m2017 — m2010 — m2032

Sealing 100%

Serialization 100%

Electrical test Initial 100% at 25°C (as per detail specification table?2)
Burn-In 100% Mil-std-883 m1015 (240 hrs at Tcase=125°C)
100% a. Static fests

(1) 25°C (subgroup 1, table I, 5005)

(2) Maximum and minimum rated operating temperature (subgroups 2, 3, table
1,
5005)

b. Dynamic or functional tests 11/(1) 25°C (subgroup 4 or 7, table | method
5005)

(2) Minimum and maximum rated operat

Final electrical test post burn-in

100% X ray, Scaning Acoustic Macroscopy, Elecirical test under vacuum (Q factor),
IMEC: Alternative test for sealing Visual inspection
infegrity List
External visual 100% Mil-std-883 m2009

_—
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MOEMS Delta Qualification Methodology

Screnning Cont‘rol

SERCALO Spec Device
Insertion OFF (dB) <1 0,36 0,08 0,25 0,59 0,37
Loss ON (dB) <1 0,38 0,10 0,19 0,55 0,28
Cross  OFF (dB) > 45 61,62 2,37 56,50 68,80 62,40
Talk ON (dB) > 45 73,20 8,01 62,70 89,80 80,65
Curent OFF (mA) <1 0,20 0,03 0,15 0,28 0,19
ON (mA) <2 0,77 0,16 0,49 1,19 0,63

Switching OFF (ms) <15 4,23 1,11 2,67 6,87 4,85
Speed  ON (ms) < 20 2,35 0,50 1,73 4,01 2,16

MEMSCAP sarcalo Tecnologica ﬁ hts reserved © 2006
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MEMSCAP Spec Screnning Control Device
LK86 6997

Insertion Loss (dB) <1 0,71 0,45 0,31 1,87 0,47
Dynamic Attenuation Range (dB) > 40 | 50,41 2,08 46,76 53,64 51,83
e Corresponding voltage (V)| NA 0,09 0,22 0,00 0,75 0,06

Attenuation Slope (dB/V) NA ]-29,23 1,31 -31,33 -27,25 -30,88
Attenuation 0-10 dB < 0,1 0,15 0,03 0,20 0,08 0,07
WDL Attenuation 10-20 dB <05 0,15 0,04 0,03 0,24 0,09
Attenuation 20-30 dB <1 0,13 0,03 0,06 0,19 0,06
Attenuation 0-10 dB < 0,1 0,28 0,17 0,10 0,90 0,18
PDL Attenuation 10-20 dB < 0,2 0,46 0,23 0,16 1,21 0,29
Attenuation 20-30 dB <0,3] 0,67 0,30 0,30 1,39 0,39

Resistance Attenuation 30 dB <15 111,98 0,39 11,26 12,65 11,74
Slope 4v Voltage <20 | 18,67 0,29 17,78 19,14 17,87
Drive Attenuation 10 dB <3 2,84 0,07 2,70 2,96 2,87
Voltage Attenuation 20 dB <271 2,50 0,07 2,36 2,60 2,50
Attenuation 30 dB <231 2,12 0,08 1,97 2,26 2,15

Drive Power @ 4 V NA 125,32 3,29 116,90 129,57 129,68

Y
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MOEMS Delta Qualification Methodology

INITIALLY 25 DEVICES + 4 Bare dice | I

+ 1 Control Device for all Test Groups

SG 1/ Thermo-integrity
4 devices + CD

SG 2 / Thermo-Electrical

8 devices + CD

Temperature cycling (m1010.8)
cond. A (-55°C, + 85°C) 50Cy.
cond. A (-55°C, +100°C) 50Cy.

—100 cy. pass/fail
cond. B {-55°C, +125°C)
#Cy. Up to 50% lot fail

IMEC
Alternative test for Sealing

oo o med B
LLL] chl L I’

A. Bensoussan

Thermal Shocks
5 cy., -55, +125°C

{m 1011.9)
3 Devices 5 Devices
Moisture resistance
ESD festing 10 cy. -40°Cto | |
P TEOM nL naos 1.
T W RO 7V /0 U"I,’
(m3015.7) controlled at 75°C Do While: M E M SCAP
(m1004.7) lot failure rate
<=40%
IMEC or
Alternative test 5loops
for Sealing
integrity
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MOEMS Delta Qualification Methodology

Thermo-electrical test group on MEMSCARP devices (1/2)

Thermo-integrity
4 devices + CD

Temperature cycling
{m1010.8)
Visual Inspectian

Interim electrical tests after step 2 for all parts : typical atten and PDL profiles for
drive power range frem 0 te Pde max at -5°C, 25°C and 75°C,

Iritial elecrical tasts :
typical atten and PDL profiles for drive pewer range from 0 ta Pdc mox at -5°C, 25°C

und F5C

Step 3 : cond. B (-55°C, +125°C)
#Cy. Up to 50% Lot Failure
Maoniter bias for 20 dB attenuatisn during cycling
Read and recerd Pde (stop if drift is > 50%)

Step 1: cond. A (-55°C, + 85°C) 50 cy.

Monitor bias for 20 dB attenuation during cycling
Read and record Pele (stop if drift is > 50%)

Visual Inspectian

Visual Inspection Imterim and final electrical tests after each 100 cy. for all parts : typical atten and
PDL prefilas for drive power range fram 0 te Pde max at -5C, 25°C and F5°C,
Interim electrical tests after step 1 for all parts : typical atten and PDL prefiles for

drive power range from 0 ta Pde max at -5°C, 25°C and 75°C.

2 DEVICES

4

Page 51

2 DEVICES

ESD testing HBM only 2 devices
{(m3015.7)

Step 1 te F: 100 V pulsas (5 pesitive and
5 negative) 2ach step on command pad
Start with 100V, then 200V, ... up to 700
V unless catastraphic failures

After each step measure @ resm
temperature:

Determineg maximum rating limits:

Set maximum power 1 hr at room temp.
Then perfarm full elecrical
characterizetion at raam temp.

Typical attenuation and PDL profilas for
drive power range from 0 to Pdec max.

|MEC
Alternative test for Sealing intergrity

Step 2: cond (-55°C, +100°C) 50 cy.
Monitor bias for 20 dB attenuation during cycling
Read and record Pde (stop if drift is > 50%)

December 2006
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Thermo-electrical test grou

Performance Characterization
8 devices + CD

Electrical § Optical characteristies at room
temperaturs
(m1012.1)

D on MEMSCAP devices (2/2)

v

High Temperature +125°C

Visual Inspection

v

Moisture resistance
(m1004.7)
4 bare dies + 4 packaged parts

MOEMS Delta Qualification Methodology
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o While: lot failure

* rate<=40% or 5 loops

Moisture resistance
(m1004_7)

Typical attenuation and PDL profiles for
drive power range frem O to Pdc max at
room temparatura.

Insartion lass distribution data.

Typical attenuation and PDL profilas for
drive power range from 0 ta Pdc max at
room temperature.

Insertion loss distributicon data.

D=termine maximum rating limits at high
and low temp.: st maximum powsar 1 hr
then perform full elecrical
characterization at ream temp.

Initial elecrical tests :

typical atten and PDL profiles for drive
power range frem O to Pde max at -5°C,
25°C aind F5°C.

Initial slectrical tests -

typical atten and PDL profiles for cdrive

Powear rang e from O fo Pde max at —S°C,
2S°C el FSC.

8 cy. 40°C to +75°C, RH 90% only controlled
at 75°C

10 cy. - 40°C to +75°C, RH 90% only
controlled at F5°C

Wisual Inspection

Firnal clactrical tosts aftar moisturs

resistemes for all parts @ typical attam caned

PDL profiles for drive powneer rang = from O
+o Podc max at —5°C, 25°C cind FS°C.

Determine maximum rating limits: set
meaximum power 1 hr at rosm temp. then
perfarm full elecrical charaderization at
room temp.

Low Temperature 55°C

Visual Inspection

Final electrical tests after maisture
rasistance for all parts : typical atten and
PDL profilas for drive powsar rangs= frem 0
to Pde max at -5°C, 25°C and F5°C.

Thermal Shocks
(m 1011.9)

ITmiticil slactrical tasts : typical att=m cand
PDL profiles for drive poweer rang = from O
+o Podc max at —5°C, 25°C cind FS°C.

Electrical § Optical characteristics at
high and low temperature

(m1012.1)

Thermal Shocks
(m 1011.9)

S cy- thermal shocks . 5. =125°C

Visual Inspaction

Typical attenuatien and PDL profiles for
drivie power range from 0 to Pdc max at
room temperoture.

Initial electrical tests : typical atten and
PDL profiles for drive power range fram 0
to Pde max at -5°C, 25°C and F5°C.

Insertion lass distribution data.

5 cy. thermal shocks , 55, +125°C

Wisucal Inspacticn
Final clactrical tasts aftar tharmal shockes
for call perts : typical attam cand PDL
profiles for drive poaaeere roang = from O b
Pdc max at —5°C, 25°C and F5°C.

Determine maximum rating limits at high
and low temp.: set maximum power 1 hr
then parform full electrical
characerization at reom temp.

Visual Inspection

Final electrical tests after thermal shacks
for all parts : typical atten and PDL
profilas for drive powsr rang= frem O to
Polc max at -5°C, 25°C and 75°C.

IMEC
Al crnative oot for Soaline imtoeority

Failur= analysis if cme or
DPA 1 peort

MEMSOAP

December 2006
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Environmental test group

on MEMSCAP devices
A 4

Typical attenuation and PDL profiles for
drive power range from 0 ta Pde max at
room temperature.

Insertion loss distribution data.

Visual Inspectian

Final electrical tests after Mechanical shocks
for all parts : typical atten and PDL profiles
for drive pewer range from 0 to Pde meax at -

5°C, 25°C and 75°C,

Visual Inspecticn

Final electrical tests after Vibration fatigue
for all parts : typical atten and PDL prefiles
for drive power range from 0 ta Pde max at -
5C, 25°C and 75°C.

MOEMS Delta Qualification Methodology

P /

Page 53

v

step 1 : @1868hrs
Visual Inspacion

Final elecrical tests after step 1 far all parts
: typical atten and PDL profiles for drive
power range fram 0 to Pde max at -5°C, 25°C
and 75°C.

step 3 : @F20hrs
Visual Inspection

Final electrical tests step 3 for all parts :
typical atten and PDL prefiles far drive
power range from 0 ta Pdc max at -5°C, 25°C
and 75°C,

step 2 @ @33bhrs
Visual Inspedian

Final elecrical tests after ste 2 for all parts :
typical atten and PDL prefiles for drive

power range from 0 ta Pde max at -5°C, 25°C
and 75°C.

MEMSLC AP

Tl Paaaand il | Woa il

December 2000 ) ALCATEL ALENIA sPACE %k [T @

A' Bensoussan An Alcatel /Finmeccanica company

step 4 : 100hrs
Visual Inspection

Final electrical tests after final step far all
parts : typical atten and PDL profiles for
drive power range from O to Pde max at -
5°C, 25°C and 75°C.

COMPONENTES ELECTRORICOS 5.4.

rercalo Tecnologica ﬁ All rights reserved © 2006
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Typical attenuvation and PDL prefiles for drive power
range from 0 ta Pdc max at room temperature.

Insertion loss distribution data.

Typical attenuvation and Typical attenvation ancd
PDL profiles for drive PDL profiles for drive
peower range from 0 ta Pde |power range from O ta Pee
max at room temperature. |max at reom temperature.

Insertion loss distribution  |Insertion loss distribution
data. data.

MOEMS Delta Qualification Methodology

v

Typical attenuetisn and
PDL prefiles for drive
power range from 0 ta Pde
max at room temperature.

Insertion loss distribution
data.

Typical attenuation and
PDL prefiles for drive
power range from 0 ta Pde
max at room temperature.

Insertion loss distribution
cata.

An Alcatel/Finmeccanica company

A. Bensoussan

December 2000 ) ALCATEL ALENIA SPACE s LILNN (B

MEMSOAP
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Miscellaneous test group on MEMSCAP devices

Typical attenuvation and
PDL profiles for drive
pewer rangs from O ta Pde
max at rosm tempeaeratura,

Insertion loss distribution
cata.

OMPONENTES ELECTRORICOS 5.4.

rercalo !EE““.“Hi':E' ﬁ’ Al rights reserved © 2006




(X ALCATEL ALENIA SPACE

An Alcatel/Finmeccanica company

Thermo-electrical test group on SERCALO devices (1/3)

MOEMS Delta Qualification Methodology

Page 55

Tempearatures cycling
{m1010.8)

Eledrical & aptical tests:

CT:Crasstalle (naminal biasing, infrared wavelength)
IL Insertion loss

Current at OV and at 5V (Bar and Cross state)
Switching speed (aption)

Step 1: cond. A {-55°C, + 85°C) 50 cy.

Duration at cachtemp : 10te 15 mn

30 sec. = from -55Cta +B5°C

Should ba > =50sac,

Muanitor the curraert of all switches undear SHz bias switch
curing temp. cycling

Read and recard lde (stap if drift is > 50%)

Visual | nspaction

Eledrical & aptical tasts:

CT:Crasstalle (neminal biasing, infrarad wavelangth)
IL Insertion loss

Switching spaead

Currert at OV and at SV (Bar and Cross state)

Step 2 : cand. A (-55°C, + 100°C) 50 cy.

Duration at eachtemp : 10 ta 15 mn

30 sec.= from -55°Cto +100°C

Should be > =50sec,

Maonitor the currert of all switches under SHz hias switch
during temp. cycling

Read and record ldc (stap if drift is > 50%)

December 2006
ecember (X ALCATEL ALENIA SPACE
A. Bensoussan An Alcatel/Finmeccanica company

Visual Inspecisn *

Electrical & aptical tests:

CT:Crosstalke (neminal hiasing, infrared wawelength)
IL Insertian loss

Switching speed

Currert at OV and at 5V (Bar and Crass stats)

DAMP HEAT

SERCALO

Step 3 : cand. A (-55°C, + 125°C) 50 cy.

#Cy. Up ta 50% Lot Failurs

Duration ot eachtemp : 1012 15 mn

30 sec,= from -55°Cta +100°C

Shaould be > =580s52¢.

Moanitor the current of all switches under SHz bias switch
during temp. cycling

Read and record ldc (stop if drift is > 50%)

75°C, 95%RH 4Bhrs
5 steps ne bias
with interim electrical and optical tests

Visual Inspedian

Electrical & aptical tests:

CT:Crasstalle (neminal biasing, infrared wavelength)
IL Insertion lass

Switching speed

Current at 0V and at 5V (Bar and Cross state)

Visual Inspedicsn

Electrical & optical tests:

CT:Crasstalle (naminal hiasing, infrared wawelength)
IL Insertion loss

Switching speed

Current at OV and ot SV (Bar and Craoss stat=)

R LAM (L)

Failure anealysis if any or
DPA& 1 part

E [

MEMSOAP

T B il 16 v | Wl
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MOEMS Delta Qualification Methodology

Performance Characterization
8§ devices + CD

Electrical / Optical characteristics at room temperature
(m1012.1)

Datarmine maximum rating limits:

Set maximum values 1 hre at reom temp. (sptical and elecrical param.
and switching speed) Biasing & Frequency

Then pertorm tull alectrical charactarization at raom temp (CT, IL,
Current, switching speaed...)

Electrical / Optical characteristics ot
high and low temperature
(m1012.1)

v

Low Temperature -55°C
Sercalo low temp: 5°C

Page 56

Thermo-electrical test group on SERCALO devices (2/ 3)

Determine maximum rating limits:

St maximum values 1 hr at reom temp. (optical and eledrical param,

and switching speead)
Then perfarm full eledrical charad erization at reoem temp (CT, IL,
Current, switching speaead.. )

Electrical & optical tests:

CT:Crasstallk (nominal biasing, infrarad wavelength)
IL Insertion lass

Switching speed

Current at OV and at 5V (Bar and Cross state)

High Temperature +125°C
Sercalo max temp:+70°c (possible +125°C)

Moisture resistance
(m1004.7)
4 packaged parts

Thermal Shocks
(m 1011.9)

Datarmine maximum rating limits:

Set maximum values 1 hre at reom temp. (sptical and elecrical param.
and switching speed)

Then pertorm tull alectrical characterization at raom temp (CT, IL,
Current, switching speaed...)

An Alcotel/Finmecconica company

A. Bensoussan

Electrical & aptical tests:

CT:Crasstallk {neminal biasing, infrarad wavelength)
IL Insertion lass

Switching speed

Current ot OV and at 5V (Bar and Cross state)

5 cy. 40°C to +75°C, RH 90% only controlled at 75°C

F

December 2006 .
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T B il 1 v | Wl
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Electrical & aptical tests:

CT:Crasstallk (nominal biasing, infrarad wavelength)
IL Insertion lass

Switching spaed

Current at OV and at 5V (Bar and Cross state)

20 cy. thermal shocks , 55, +125°C (below 10s transfert)
15 mn dwell time, 5Hz switching

Electrical & optical tests:

CT:Crasstallk (nominal biasing, infrarad wavelength)
IL Insertion lass

Switching speead

Current at OV and at 5V (Bar and Cross state)

COMPONENTES ELECTRORICOS 5.4.

=1 All rights reserved © 2006
Imec
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Thermo-electrical test group on SERCALO devices (3/3)

3 DEVICES 5 DEVICES

ESD testing HBM anly 2 devices
(m3015.7)
F. Moncassin & I'ESA

Moisture resistance
(m1004.7)

v

DAMP HEAT on 3 devicas

internal document at SERCALO:

Electrical & optical tests:
Step 1 ta 7 : 100 V pulses {5 positive e S

and 5 negative) aach step an
commeand pad

Start with 100V, then 200V, ... up to
700 ¥V unless catastrophic failures

infrarad wawalength)
IL Insertion lass

Crass state)

CT:Crasstalle (meminal biasing,

Current at OV and ot 5V (Bar and

Step 1: SERCALO to perform visual inspection
with their own procedure

Step 2: SERCALDO to idenbtify differences
between the MIL or ESA standards and their
procedure ; then to make recommendations to a
new MEMS visual inpection document.

75°C, 95%RH 48hrs
5 steps na bias
with interim electrical and sptical tests

Elactrical & aptical tests:
CT:Crasstalle (meminal biasing,
infrarad wavelangth) 10 cy. 40°C to +75°C, RH 90%
IL Insertion lass controlled at 75°C
Switching spead

Current at OV and at 5V (Bar and
Cross state)

Visual Inspection

Do While:

lot failure rate<=40%
or

5 loops

OPTION:
biasing the  switch
ith a DC voltage

Electrical & optical tests:
CT:Crasstalk (naminal
infrared wavelength)

IL Insertion lass
Switching spead

only

<

biasing,

Visual Inspecion

Elzctrical & optical tests:
CT:Crasstalle (meminal biasing,
infrarad wawalength)

Failure analysis if any ar
DPA 1 part

IL Insertion lass

Cross state)

Current at OV and ot 5V (Bar and

Current at OV and ot 5V (Bar and
Cross state)

Failure analysis if any ar
DPA 1 part

December 2006
eeember (X ALCATEL ALENIA SPACE ks [TTNN ()
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Environmental test group
on SERCALO devices
v

Visual Inspectian

Electrical & aptical tests:
CT:Crasstalk (naminal biasing, infrarad wavelength)
IL Insertion loss

Switching speed
Current at OV and at 5V (Bar and Cross state)

v

step 3 : @720hrs SHz hiasing

Visual Inspecdion

Electrical & optical tests:

CT:Crasstalk {(neminal biasing, infrarad wawelength)
IL Insartian loss

Currant at 0¥ and at 5¥ (Bar and Cross stats)

step 1 : @188hrs SHz hiasing

Visual Inspection

Electrical & optical tests:

CT:Crasstalk (naminal biasing, infrared wavelength)
IL Inserticn lass

Current at OV and at 5V (Bar and Crass state)

Visual Inspedion

Electrical & optical tests: step 2 : @336hrs SHz biasing
CT:Crosstalk (naminal biasing, infrared wavelength) Visual Inspection stepldiyloo0 *.'rs finglstizlbiosing
Visual Inspaction IL Insertion lass Electrical & optical tests: ‘ET::T-::I::S;E:I:;:UI N
Switching speed e el nemine i inggineayedinaielenath) CT:Crasstalk (F:-mminul l:i.using imfrarad wevelangth)
Current at OV and at SV (Bar and Cross state) IL Insertion loss o

Electrical & aptical tests:
CT:Craosstalle (nominal biasing, infrared wavelength)
IL Insertion loss

IL Insartion loss

Current at OV and at 5V {Bar and Crass stat=) Current ot OV and at 5V (Bar and Cress state).

Switching speed
Current at OV and at 5V (Bar and Cross state)

A. Bensoussan An Alcatel/Finmecconico company T masas ol o] Waskl comronEmTES ELECTRERICOS 5.

December 2006 .- i
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Visual Inspection

Electrical & aptical tests:
CT:Crosstalk (neminal biasing, infrared wawelength)
IL Insertian lass

Switching spead
Current at OV and at 5V (Bar and Cross state)

Electrical & aptical tests: Electrical & aptical tests:
CT:Crosstalk (naminal biasing, CT:Crosstallkc (hominal biasing, infrarad
infrared wavelangth) wervelength)
IL Insertion lass IL Insertion lass
Current at OV and at 5V (Bar and  |[Current at 0V and at 5V (Bar and Crass
Crass state) state)
(& AICA
A' Bensoussan An AlcotelfFinmeccanica company

ALCATEL ALENIA SPACE M OEMS Delta Qualification Methodology

Miscellaneous test group on SERCALO devices

v

Elactrical & optical tests:
CT:Crosstalk (nominal biasing,
infrared wavelength)

IL Insertion loss

Current at OV and at 5V (Bar and
Cross state)

Electrical & optical tests:

CT:Crosstalk (neminal biasing, infrarad
weavelength)

IL Insertion lass

Current at OV and at 5V (Bar and Cross
state)

ri) MEMSLC AP

Tl Paaaand il | Woa il

rercalo '!?l:nulngil:ﬂ

e e T, All rights reserved © 2006
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Tests conducted on Sercalo
Devices

—m
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B Thermo Integrity

MIL-STD-883G, method 1010.8, condition A
Dwell time 10 min, transition time 1 min

Stepl : -55°C to +85°C, 50 cycles, 22min/cycle
Step2 : -55°C to +105°C, 50 cycles, 22min/cycle
Step3 : -55°C to +115°C, 50 cycles, 22min/cycle

December 2006

A. Bensoussan

TPl mpan
4§

* Temperature Cycling

(‘:}:ALSATIIEL ALENIA SPACE ACE %i g“rm
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Thermo Mechanical Tests Group

Conditions Step 1 Step 2 Step 3
Part Number Switching test [ Switching test | Switching test
1861 (CD) |Control device Pass Pass Pass
2134 Biased 5 Hz Pass Pass Pass
2135 DC Biased Pass Pass Pass
2136 Not biased Pass Pass Pass
2137 Not biased Pass Pass Pass
Thermal Cycling Control
SERCALO Spec Step 1 Step 2 Step 3 Device
1861
Insertion OFF (dB) <1 0,22 | 0,05 | 0,16 | 0,12 | 0,31 0,06 0,37
Loss ON (dB) <1 0,27 0,08 | 0,17 | 0,11 0,31 0,06 0,28
Cross OFF (dB) > 45 59,49 1,13 |57,50 2,91 | 61,98 2,79 62,40
Talk ON (dB) > 45 56,04 0,31 |5576 0,29 | 57,45 4,23 80,65
OFF (mA) <1 0,21 0,00 | 0,21 | 0,00 | 0,21 0,00 0,19
Curent
N (mA) <2 0,77 0,02 | 0,76 | 0,02 | 0,77 0,01 0,63
oy T on (ms) <15 3,99 036 | 432 0,82 ] 3,38 0,30 4,85
Switching
Speed
PEES T off(ms)| <20 | 215 005|218 007] 1,96 008 | 2716

MEMSLCAP sercalo

- The Power of a small Warld
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MOEMS Delta Qualification Methodology

+75%C, 95% humidity during 48 hours

December 2006
(D ALCATEL ALENIA SPACE ACE
An Alcatel/Finmeccanica ¢

TP limpany

A. Bensoussan

Thermo Mechanical Tests Group

Part Number| Conditions Cy c_Ie = Cy c_le 4 _Cyc_le =
. Switching test | Switching test| Switching test
B Thermo Integrity 2134 Not biased | Pass Pass Fail*
2135 Not biased Pass Pass Pass
® Damp Heat 2136 Not biased Pass Pass Pass
2137 Not biased Pass Pass Pass
Damp Heat
Comments :

5 cycles * Device 2134 no switching after test. Mechanical failure on PCB.
Electronic problem and no MEMS
Damp Heat
Cycle 3 Cycle 4 Cycle 5 |Control Device

SERCALO Spec 1861
Insertion OFF (dB) | <1]0,55 0,110,179 0,1] 0,4 0,06 0,37
Loss ON(dB) | <1056 0,2}|0,31 0,113,992 7,38 0,28
Cross OFF (dB) | > 45| 57,2 4,1]57,7 18] 43,6 28,1 62,4
Talk ON (dB) |> 45]72,4 951693 |32]|71,7|5,72 80,65
OFF (mA)| < 1] 0,2 0 0,2 0 10,19 0,04 0,19
Current ON(mA) | <2]0,78 0,1]0,79 0,1]0,75 0,23 0,63
Switchin Ton (ms) |< 15 4,85
g Speed T off (ms) | < 20 2,16

Devices hors spec. 2134 (electronic broken)

% [WXY] @

MEMSLCAP sercalo

The Power of a small Warld
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Thermo Mechanical Tests Group o] Conone [Temp Ambiem] Figh Temp | Low Temp
Switching test | Switching test|Switching test
1 2114 Not biased Pass Pass Pass
. Thermo EIeCtrlcaI 2115 Not biased Pass Pass Pass
. . 2117 Not biased Pass Pass Pass
® E|eCtl’Ica| Charact. H|gh LOW Temp 2118 Not biased Pass Pass Pass
2119 Not biased Pass Pass Pass
MIL-STD-883G, method 1012.1 2120 Not biased Pass Pass Pass
2121 Not biased Pass Pass Pass
Step 1: +25 °C room ambient during 1 hour 2122 Not biased Pass Pass Pass
Step 2: +85 °C oven during 1 hour
Step 3: - 5 °C oven during 1 hour all devices except
2122
, Low High Temp
ng/fg izﬁf;urmg 1 hour Temp High Temp| Low Temp |Control Device
- 60 °C oven during 1 hour SERCALO Spec 1861
Insertion OFF (dB)| <11]0,39 0,1]0,52 0,2] 0,57 0,27 0,37
Loss ON(dB) | <1037 0,110,48 0,2] 0,66 0,3 0,28
OFF (dB) | > 45| 64,2 3,2| 59,5 3,3]| 58,47 5,13 62,4
Cross Talk ON (dB) > 45] 55,9 0,3 56,2 0,11 53,99 5,51 80,65
OFF (mA)] <1]0,178 0 |0,1719 0o | 0,18 0,02 0,19
Current ON(mA)| <2]0,63 0,2]| 0,7 0,2 0,62 0,15 0,63
Switching Ton (ms)[< 15[ 4,15 1 1,2]1,99 1 0,5]135,9 | 106,2 4,85
Speed T off (ms)| < 20| 2,44 0,7] 0,9 0,3]357,3 2824 2,16
Devices hors spec. All devices at low temperature

December 2006
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I Part Number| Conditions | Characterizati
Thermo Mechanical Tests Group Part Number] Condiions | Characterization
: biased
B Thermo Electrical S NolBased] ™ Pass
. . 2118 Not biased Pass
e MO|StU re ReS|Stance 2119 Not biased Pass
2120 Not biased Pass
MIL-STD-883G, method 1004.7 2121 Not biased Pass
THeunr:n?jir;h:Jre : 93"2 Cror0re 2122 Not biased Pass
Dwell : 5 hours
28 e sandiy oom ambient o end Selicl
(24 hovrs standby room ombient after end ) Moisture Resistance Device
SERCALO Spec 1861
Insertion OFF (dB)| <1 10,43 0,1 0,33 | 0,64 0,37
Loss ON (dB) <] 0,45 0,1 0,29 0,64 0,28
Cross OFF (dB)| >45] 63,6 1,8 60,8 66 62,4
Talk ON (dB) | >45]| 55,6 | 0,1 55,4 55,8 80,65
OFF (mA)] <1 10,18 0 0,15 0,23 0,19
Current ON(mA)]| <2 10,63 0,2 045 0,9 0,63
Switching Ton (ms)| <15]3,89 1,1 273 5,63 4,85
S peed Toff(ms)| <20] 2,28 0,7 1,53 3,47 2,16

Y
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B Thermo Electrical

MOEMS Delta Qualification Methodology
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Thermo Mechanical Tests Group

Part Number| Conditions |Characterization
2114 Biased 5 Hz Pass
¢ Thermal ShOCkS 2115 B?ased 5 Hz Pass Comments :
2117 Biased 5 Hz Pass -
2118 Biased 5 Hz Pass « vi v
2115 omed STl Pass | cpmanr~ worg il e pon
-55°Cto +125 °C 2120 Biased 5 Hz Pass * measure optical performance anymore.
20 cycles 2121 Biased 5 Hz Pass
Dwell : 15 mn 2122 Biased 5 Hz Pass *
Transferttime: 10s
Control
Thermal Shocks Device
SERCALO__|Spec|Mean & Min Mox| 186
Insertion OFF (dB)] <1 10,43 0,10,37 0,52 0,37
Loss ON (dB) <] 0,5 0,1 0,33 0,64 0,28
OFF (dB)| >45] 60,3 2,5 583 64,5 62,4
Cross Talk ON(dB) | >45] 55,4 0,1 55,3 55,5 80,65
OFF (mA)] <1 10,18 0 0,15 0,23 0,19
Current ON (mA) <2 0,64 0,2 0,46 0,9] 0,63
Switching Ton (ms)| <15] 4,6 | 1,4 3,15 7,05 4,85
Speed T off(ms)] <20 2,3 0,6 | 1,57 | 3,5 2,16

Y

B
e
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Thermo Mechanical Tests Group

. Control

B Thermo Electrical e Denic

e ESD SERCALO Spec 1861

Insertion OFF (dB) | <1 [0,32 0 0,29 0,34 0,37

Loss ON(dB) | <1 [029 0 028 03 0,28

Cross  OFF (dB) | >45[63,1 0,3 62,9 63,3 62,4

MIL-STD-883G, method 3015.7 Talk ON (dB) >45] 54,4 0,5 54,1 54,7 80,65

. g . OFF (mA) | <1 02 0 0,18 0,23 0,19
Step1to7: 5 iti | nd 5 negati | from ’ ’ ’

100 10 700 wolts, e 2 NEOTER PERER Current —oN(mA) | <2 [0,77 02 065 09| 063

Switching Ton (ms) | <15] 3,7 10,4 3,41 3,99 4,85

Speed  Toff(ms) [ <20[ 2,14 04 1,89 2,38 2,16

Devices hors spec. 2119 manipulation error

Part Number| Conditions |Characterization
2118 Not biased Pass
2119 Not biased Fail
2120 Not biased Pass

Comments :

* 2119 device has been damage by operator —
wrong manipulation. No possible to measure
optical performance anymore. Input fiber is
broken.

December 2006 M EM E EAP
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Thermo Mechanical Tests Group
B Thermo Electrical

. . Part Number| Conditions | Characterization
* Moisture Resistance S teT T Fos
MIL-STD-883G, method 1004.7 ;ﬁ? Eot E!aseg Eass
Temperature: - 40 °Cto 70 °C IPE Not b!ased Pass
Humidity : 90% ot biase ass
Dwell : 5 hours 2124 Not biased Pass

5 cycles
(24 hours standby room ambient after end )

Moisture Resistance Control Device
SERCALO Spec 02/08/2006 24/11/2006 31/10/2006 23/10/2006

1861

Insertion OFF (dB) <1 1030 0,0 0,29 0,06 | 041 0,15 0,37 0,17 0,37
Loss ON (dB) <l 040 | 0,10 0,38 0,11 1043 0,13 0,23 0,14 0,28
Cross OFF (dB) >4516280| 2,26 | 6380 @ 2,51 |61,50 1,47 62,60 | 2,97 62,40
Talk ON (dB) >4515490 0,08 72,70 . 2,15 |73,70 3,01 74,20 3,27 80,65
Curent OFF (mA) <1 10,19 0,03 0,10 003 10,19 0,03 0,19 0,03 0,19
ON (mA) <2 1068 0,16 0,29 007 10,72 0,17 0,73 0,18 0,63

Switching T on (ms) <15| 4,30 1,40 4,37 143 | 3,66 1,36 3,26 1,16 4,85
S peed T off (ms) <20 | 2,60 0,920 2,59 0,79 1335 1,00 3,22 1,17 2,16

Devices hors spec.

L
[
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Thermo Mechanical Tests Group
B Thermo Integrity

-, Cycle 3 Cycle 4 Cycle 5
® Dam p Heat Part Number| - Conditions Switching test [ Switching test | Switching test

2114 Not biased Pass Pass Pass

Damp Heat 2115 Not biased Pass Pass Pass

+75°C, 95% humidity during 48 hours 2117 Not b?ased Pass Pass Pass

2123 Not biased Pass Pass Pass

5 cycles 2124 Not biased Pass Pass Pass
Damp Heat #2 Control
SERCALO Spec Cycle #3 Cycle #4 Cycle #5 Device
1861
Insertion OFF (dB) <1 0,34 0,09 0,35 0,08 0,36 0,15 0,37
Loss ON (dB) <1 0,49 0,04 0,59 0,21 0,46 0,06 0,28
Cross OFF (dB) >45 62,96 3,11 61,16 2,34 62,81 2,54 62,40
Talk ON (dB) >45 69,84 2,25 71,60 0,85 72,60 4,14 80,65
Curent OFF (mA) <1 0,18 0,02 0,18 0,02 0,18 0,02 0,19
ON (mA) <2 0,68 0,14 0,69 0,15 0,73 0,16 0,63
Switching T on (ms) <15 4,85
Speed T off (ms) <20 2,16

Devices hors spec.
:dal.
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Environmental Tests Group T
1861 Control Device
B Vibrations Variable Frequency 1864 Biased 1 Hz
1865 Biased 1 Hz
1866 Biased 1 Hz
Mil-STD-883G, method 2005.2 1867 Biased 1 Hz
1868 Biased 1 Hz
20g Random noise 1869 Biased 1 Hz
X —Y — Z axis direction
15 mn each

Comments :

To be careful with optical fiber during these types of test,
because we can break fibers.
We must fix firmly optical fiber on tool.

E Ty —e—T.L - X
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Environmental Tests Group Control
_ Mechanical Shocks Device
B Mechanical Shocks

seRcALO_|specfMsen G Min Moc| tes

Insertion OFF (dB)| <1 10,32 0,1 0,26 0,39 0,37

Mil-STD-883G, method 2002.4 Loss ON (dB) <1 1037 0,1 0,18 0,56 0,28
1500g in 0.5 ms Cross OFF (dB)| >45] 63,6 3,2 59,6 68,1 62,4
Half sine acceleration Talk ON (dB) > 45 57 3,7 | 55,4 64,5 80,65

OfFF (mA)] <1 0,18 0 0,17 0,21 0,19
Current ON(mA) [ <2 [0,63 0,1 0,53 0,74 0,63
Switching Ton (ms)| <15] 45 0,9 3,73 59 4,85
Speed Toff(ms)| <20 21 04 1,72 2,63 2,16

Part Number| Conditions | Characterization

1864 Not biased Pass

1865 Not biased Pass

1866 Not biased Pass

1867 Not biased Pass

1868 Not biased Pass
Comments - 1869 Not biased Pass

To be careful with optical fiber during these types of test,
because we can break fibers.
We must fix firmly optical fiber on tool.
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! Radiation Tests Control
Mlscellcnous TeStS Group Step 1: Step 2: Step 3: 24 Hrs Dev:ce
B Radiations (1/2) SERCALO _{Spec 1991

Insertion OFF (dB)] <1]0,28 006]0,07 011048 03]037/0,3 0,37
Loss ON(dB) | <1 |041 0,14]283 304|684 |65]559 03 0,28

12.7 rads per mn Cross OFF (dB)| >45] 61,1 2,27 196,9 83,2]|0,48 0,3] 67 103 62,4
Cobalt 60 Source Talk ON(dB) | >45| 55,6 | 0,27 | 56 0,37 68 | 6,2]|559 04| 80,65
Uniform irradiation area (46.6 x 46.6 cm) @ 134.9 cm OFF (mA)] <1 ]0,66 051]0,72|055]5,12 39| 49 3,8 0,19
Current ON(mA)| <2 11,33 081086 0,18] 3,83 28] 3,64 |2,7 0,63
Step 1: 0 to 14.478 Krads — - - - -
Step 2 : 14,478 Krads to 34.290 Krads Switching Ton (ms)| <15| 44 0,87 3,43 0,64 | Fail Fail| Fail Fail 4,85
Step 3. 34.290 Krads to 101.346 Krads S peed T off (ms) <20 2,47 0,25 2,12 0,2] Fail Fail| Fail Fail 2,16
Devices hors spec. All devices
- 1349 em - T
iy > Radiation Tests Control

48 Hrs after| 72 Hrs after] 76 Hrs 94 Hrs Device

SERCALO Spec 1861
Insertion OFF (dB)|] <1]0,27/0,23] 0,5 0,12]0,43 0,2]0,31| 0 0,37
Loss ON(dB) | <1 |558 032| 5 0,22]558|04]558 0,3 0,28
Co &0 sowrce _/ Cross OFF (dB)]| >45] 66,9 - 0,51012]043 02]031| 0 62,4
{window) Talk ON(dB) | >45]| 558 0,32| 5 0,21]558|04]558 03| 8065
| < ] OFF (mA)] <1 | 4,7 368|451 |357]4,49 36435 35 0,19
\ _ Current ON(mA) | <2 | 3,45 2,54|3,27 | 2,41]3,26 2,4]3,12 |23 0,63
Switching Ton (ms)| <15 Fail Fail | Fail Fail | Fail Fail| Fail Fail 4,85
Speed Toff (ms)] <20| Fail Fail | Fail Fail | Fail Fail] Fail Fail 2,16
- Devices hors spec. All devices

T ——errea—T. L -
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Miscellanous Tests Group

MOEMS Delta Qualification Methodology

. Step 1 Step 2 Step 3 24 Hrs after Step 3
[ | R adiations (2 /2) Part Number) - Conditions Switching test [ Switching test| Switching test|  Switching test

1861 Control Device Pass
2126 Biased 5 Hz Pass Pass Fail Fail
2127 Biased 5 Hz Pass Fail Fail Fail
2128 DC biased Pass Fail Fail Fail
2129 DC biased Pass Fail Fail Fail
2130 Not biased Pass Pass Fail Fail
2131 Not biased Pass Pass Fail Fail

Part Numberl Conditions 48 Hrs_: aﬂer Step 3|72 Hrs_: uﬂer Step 3|76 Hr§ aﬂer Step 3| 94 Hrs_: aﬂer Step 3

Switching test Switching test Switching test Switching test

1861 Control Device Pass

2126 Biased 5 Hz Fail Fail Fail Fail

2127 Biased 5 Hz Fail Fail Fail Fail

2128 DC biased Fail Fail Fail Fail

2129 DC biased Fail Fail Fail Fail

2130 Not biased Fail Fail Fail Fail

2131 Not biased Fail Fail Fail Fail

Comments :

Step 1 : All devices passed
Step 3 : All devices are not working and not recover

This is an electronic failure. Moem:s still work after step up DC DC converter replacement.
Switch recover.

_—
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Tests conducted on MEMSCAP devices
(AAS/IMEC/MEMSCAP)
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MOEMS Delta Qualification Methodology

Thermo-electrical test group on MEMSCAP devices

Thermo-integrity
4 devices + CD

Temperature cycling
{m1010.8)
Visual Inspectian

Interim electrical tests after step 2 for all parts : typical atten and PDL profiles for
drive power range frem 0 te Pde max at -5°C, 25°C and 75°C,

Iritial elecrical tasts :
typical atten and PDL profiles for drive pewer range from 0 ta Pdc mox at -5°C, 25°C

und F5C

Step 3 : cond. B (-55°C, +125°C)
#Cy. Up to 50% Lot Failure
Maoniter bias for 20 dB attenuatisn during cycling
Read and recerd Pde (stop if drift is > 50%)

Step 1: cond. A (-55°C, + 85°C) 50 cy.

Monitor bias for 20 dB attenuation during cycling
Read and record Pele (stop if drift is > 50%)

Visual Inspectian

Visual Inspection Imterim and final electrical tests after each 100 cy. for all parts : typical atten and
PDL prefilas for drive power range fram 0 te Pde max at -5C, 25°C and F5°C,
Interim electrical tests after step 1 for all parts : typical atten and PDL prefiles for

drive power range from 0 ta Pde max at -5°C, 25°C and 75°C.

2 DEVICES

4

Page 74

2 DEVICES

ESD testing HBM only 2 devices
{(m3015.7)

Step 1 te F: 100 V pulsas (5 pesitive and
5 negative) 2ach step on command pad
Start with 100V, then 200V, ... up to 700
V unless catastraphic failures

After each step measure @ resm
temperature:

Determineg maximum rating limits:

Set maximum power 1 hr at room temp.
Then perfarm full elecrical
characterizetion at raam temp.

Typical attenuation and PDL profilas for
drive power range from 0 to Pdec max.

|MEC
Alternative test for Sealing intergrity

Step 2: cond (-55°C, +100°C) 50 cy.
Monitor bias for 20 dB attenuation during cycling
Read and record Pde (stop if drift is > 50%)

December 2006
ecember (X ALCATEL ALENIA SPACE
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Temperature Cycling

Control Device

Thermo Mechanical Tests Group | *==
LK86 6997
. h . Insertion Loss (dB) <1 0,53 0,09 0,54 0,11 0,51 0,07 0,47
T ermo I nteg “ty Att Range (dB) > 40 5227 2,77 | 5215 254 | 5232 234 51,83
- . Correspond volt
PY Temperatu re Cycllng Dynamic Range ) NA 001 000 | 0,02 003] 000 0,00 0,06
A(t;;'/g’e NA 29,79 0,83 |-2951 062 |-2951 0,72 -30,88
. . Att 0-10 dB <01 0,07 000 | 007 001 | 007 001 0,07
Mil-STD-883m 101 0'8' Thermal Cydmg WDL Att 10-20 dB <05 0,07 000 | 006 001|006 001 0,09
Att 20-30 dB <1 0,06 001 | 006 001 | 006 001 0,06
1) Step 1: 50 Cycles, from -55°C to 85°C, Att 0-10 dB <01 0,10 002 | 0,10 004 | 0,11 0,05 018
Dwell Time>10 minutes. Ramp Time—=60 seconds PDL Att 10-20 dB <02 022 009|025 006 | 026 011 0,29
! P o . ) Alt 20-30 dB <03 039 014 | 035 006 | 038 010 0,39
2) Step 2: 50 Cycles, from -55°C to 100°C, Resistance Att 30 dB <15 11,94 044 | 11,06 0,47 | 1204 057 11,74
Dwell Time>10 minutes, Ramp Time=60 seconds. Slope 4v Voltage <20 1849 035 | 1851 030 | 18,67 0,44 17,87
3) Step 3 : Condition B: 50 Cycles and up to 50% failure rate, ' Att 10 dB <3 286 007 ]| 28 007 | 284 0,09 2,87
from -55°C to 125°C, Dwell Time>10 minutes, Ramp Time=60 seconds. Diive veltacs R <27 250 007 248 007 ] 248 0,08 250
Alt 30 dB <23 214 009 | 214 009 | 214 010 2,15
Drive Pover @ 4 V NA 128,15 3,27 |127,56 3,25 |126,94 4,03 129,68
Samples hors specification 6998 - 7005
Step 1 Step 2 Step 3
o 50 Cycles 50 Cycles 50 Cycles
Part Numbej Conditions
(-55 to +85° C)[(-55 to +100° C)|(-55° to +110° C)
Switching test | Switching test | Switching test

LK867997 Control device Pass Pass Pass

LK866998 | DC 2,5 V (20 dB Atten) Pass Pass Pass

LK867002 | DC 2,5 V (20 dB Atten) Pass Pass Pass

LK867005 No-Bias Pass Pass Pass

LK867011 No-Bias Pass Pass Pass

December 2006

r Boncousoan d);&LS,ﬁTIIELALENIﬁLSUPiCEﬁgE ,;ﬂﬁﬁ MEMSLCAP sercalo Tecnologica

The Power of a small Warld

COMPONENTES ElEE'RDhJCDi 5.A.

imec

% rights reserved © 2006




ALCATEL ALENIA SPACE MOEMS Delta Qualification Methodology

An Alcatel/Finmeccanica company

Paqe 76

. High & Low Temperature Control Device
Thermo Mechanical Tests Group vensonr |lspes
LK86 6997
. Thermo Electrlcal Insertion Loss (dB) <1 | 044 0,17 | 0,58 0,19 0,47
Att Range (dB) | >40 | 57,19 1,82 | 4844 118 51,83
* Electrical Charact. High Low Temp | oynanic Garesponavor
NA | 003 004 | 002 0,04 0,06
Range V)
Att Slope
(dB) NA |-3094 1,16 |-27,77 1,36 -30,88
MIL-STD-883G, method 1012.1 Att0-10dB | <0,1 | 0,26 0,02 | 0,29 0,02 0,07
WDL  Att10-20dB | <0,5 | 0,27 0,01 | 0,30 0,04 0,09
Step 1: +25 °C room ambient during 1 hour Att 20-30dB | <1 ]| 027 001 ] 030 0,06 0,06
Step 2: +125 °C oven during 1 hour Att0-10d8 | <0,1 | 0,14 0,14 | 1,26 0,13 0,18
Step 3: - 55 °C oven during 1 hour except PDL Att 10-20dB | <02 | 0,25 0,13 | 1,41 0,18 0,29
Att 20-30dB | <0,3 | 037 0,13 | 091 0,8 0,39
Resistance  Att 30 dB <15 | 12,34 0,40 [ 12,34 0,39 11,74
Slope 4v Voltage | <20 | 1836 0,10 | 19,10 0,15 17,87
O Att 10 dB <3 [ 294 005 ] 297 007 2,87
Comments : Volrtl;l;e Att20dB | <27 | 260 006 | 260 0,07 2,50
Att30dB | <23 | 226 005 | 2,21 0,08 2,15
. L Drive Power @ 4 V NA |107,97 2,80 |139,34 3,82 129,68
All devises no switching at low temperature. —
Samples hors specificatio All samples at low temperature

No possible to transmit optical information in these conditions.
All devises recover if you increase the temperature (> -10°C).

Part Number | Ambient T°|High T°|Low T°
LK867004 Pass Pass Fail
LK867006 Pass Pass Fail
LK867008 Pass Pass Fail
LK867009 Pass Pass Fail
LK867012 Pass Pass Fail
LK867013 Pass Pass Fail
LK867020 Pass Pass | Fall
LK867022 Pass Pass | Fall
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Thermo Mechanical Tests Group

B Thermo Electrical
* Moisture Resistance & Thermal Shocks

MIL-STD-SSBG, method 1004.7 Moisture Resistance Control Device
Temperature : - 40 °C to 70 °C MEMS CAP Spec
Homidty . 90% || ks 6997 |
Dwell : 5 hours Ins ertion Loss (dB) <1 0,31 0,15 0,166 0,52 0,66
15 cycles Attenuation R ange (dB) >40 | 52,14 1,66 49,676 53,3 52,79
(24 hours standby room ambient after end ) Dynamic Corres ponding voltage NA 000 0,00 0 0 001
Range V)
Attenuation Slope (dBN) NA -28,99 1,31 -30,409 -27,584 -30,86
Attenuation 0-10 dB <0,1 2,16 0,14 2,007 2,302 0,88
| Moisture Resistance wbL Attenuation 10-20 dB <0,5 217 0,16 1995 2,331 0,88
Part Number  Switching test Aftenuation 20-30dB_| <1 | 2,19 0,15 2,026 _ 2,362 0,90
Atftenuation 0-10 dB <0,1 0,08 0,03 0,0454 0,1094 0,18
L K866997 (CD) Pass PDL Affenuafion 1020dB | <02 | 020 007 0,142 027 0,29
LK867004 Pass Affenuation 20-30dB | <03 | 041 0,10 0298 0,509 0,40
LK867006 Pass Resistanc  Aftenuation 30 dB <15 [ 12,29 037 11,784 12,637 11,85
LK867012 Pass e Slope 4v Voltage <20 | 18,83 0,15 18,616 18,961 17,89
LK867013 Pass Drive Attenuation 10 dB <3 293 005 2866 2,994 2,87
VialiegE Attenuation 20 dB <2,7 2,57 0,04 2,523 2,61 2,51
Attenuation 30 dB <2,3 2,20 0,05 2,144 2,246 217
Drive Power @ 4 V NA 121,65 3,52 117,39 125,82 129,19
Samples hors specific ation
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Thermo Mechanical Tests Group
B Thermo Electrical

ESD Test Control Device
[ J
ESD (1/2) S spec
Insertion Loss (dB;
M|L-STD-883G, method 3015.7 (dB) <1 0,48 0,05 133 0,14} 0,72 0,85] 0,37 0,18 0,47
Att Range (dB) | >40 | 51,63 2,90| 52,25 3,37| 51,93 3,30| 51,66 2,93 51,83
Step 1to 7 : 5 positives pulses and 5 negatives pulses from Dynamic Correspond volt
100 tu 700 volts. NA | 000 o000 000 000] 000 0,00] 000 0,00 0,06
Range (WY
Att Slope (dB/V)] NA |-29,27 0,59]-29,37 0,68]-29,27 0,74]-28,52 1,72 -30,88
Att 0-10 dB <0,1 299 0,17] 1,70 0,10} 2,39 1,28 2,93 0,81 0,07
WDL Att 10-20dB | <05 | 2,99 0,19] 1,72 0,08| 2,36 1,23]| 2,94 0,83 0,09
Att 20-30 dB <1 298 0,18 1,71 0,09] 2,39 1,26} 2,93 0,81 0,06
Att0-10d8 | <0,1 [ 0,09 0,09] 0,21 0,17] 0,07 0,00|] 0,08 0,02 0,18
PDL Att 10-20 dB <0,2 0,22 0,08 0,12 0,04} 0,17 0,10} 0,12 0,08 0,29
Att 20-30 dB <0,3 0,30 0,00 0,20 0,16} 0,29 0,02} 0,29 0,05 0,39
Resistance Att 30 dB <15 12,34 0,33 12,30 0,36| 12,30 0,42 12,15 0,53 11,74
Slope 4v Voltage <20 18,80 0,17 18,80 0,19 18,80 0,19 18,87 0,23 17,87
Dri Att 10 dB <3 291 0,02] 291 0,03} 29 0,03} 2,88 0,06 2,87
Vol't':;e Att20d8 | <27 | 255 008| 252 040| 2,58 0,04| 250 0,06 2,50
Att 30 dB <2,3 2,17 0,07 2,18 0,08] 2,17 0,09 2,14 0,13 2,15
Drive Power @ 4 V NA 123,88 3,21]123,92 3,06]123,89 3,00]122,88 1,86 129,68
Samples hors specification|
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Thermo Mechanical Tests Group

. ESD Test (2/2) Control Device
B Thermo Electrical MEMSCAP Spec
ESD (2/2 LK86 6997
. (2/2)
S Insertion Loss (dB) <1 0,58 0,20] 0,63 0,15] 0,62 0,20 0,47
Att Range (dB) | >40 | 51,00 1,93| 5164 292] 51,88 3,00 5183
_ Dynamic Range 0" eoPOMAVeltl a1 000 0,00 0,00 0,00 0,00 0,00 0,06
Comments : M
A:;BS'/\O/;” NA |-29.26 0,75]-20,18 0,71]-20,23 0,75|  -30,88
To be difficult to apply the ESD voltage on
MEMSCAP components with this equipment. Att0-10d8 | <01 f 080 098] 066 018 056 004} 0,07
No possible to secure the connections during WDL Att10-20d8 | <05 | 0,79 o099| 068 017| 056 0,02 0,09
the test.
Att20-30d8 | <1 | 081 099 068 017]| 057 0,02 0,06
Att0-10d8 | <0,1 | 0,09 o001] 0,07 002| 0,08 o001 018
PDL
Att 10208 | <02 | 022 004] 0,29 007] 020 0,06 0,29
Att20.30dB | <03 | 0,28 001| 0,27 002] 0,26 0,01 0,39
Resistance Att30dB | <15 | 12,28 042 12,30 034 12,24 0,38 1174
Burn-in| 100V | 200V [300V 400V [ 500V | 600V | 700V Slope 4vVo|t:ge <20 | 18,82 0321889 0.23[ 1894 0,29 17,87
—— Att 10 dB <3 | 200 003| 290 002| 290 0,03 287
Part Number Switching test .
LK866997 | P P =) 2) P P P ) Drive Voltage ~ Att20dB | <2,7 | 254 0,00 257 0,03] 257 0,04 2,50
—00 Pass Pass Pass Pass Pass Pass Pass Pass Att30dB | <23 | 216 010 2,16 008| 2,16 0,09 2,15
LK867005 ass |rass|rass|rass|rass|rass|ass|tass Drive Power @ 4 V NA |12367 3,09|123,74 3,14 12387 3,07 129,68
LK867011 | Pass |Pass|Pass|Pass|Pass|Pass|Pass|Pass —
Samples hors specification
-
l &
I
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Environmental test group

on MEMSCAP devices
A 4

Typical attenuation and PDL profiles for
drive power range from 0 ta Pde max at
room temperature.

Insertion loss distribution data.

Visual Inspectian

Final electrical tests after Mechanical shocks
for all parts : typical atten and PDL profiles
for drive pewer range from 0 to Pde meax at -

5°C, 25°C and 75°C,

Visual Inspecticn

Final electrical tests after Vibration fatigue
for all parts : typical atten and PDL prefiles
for drive power range from 0 ta Pde max at -
5C, 25°C and 75°C.

MOEMS Delta Qualification Methodology

P /
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v

step 1 : @1868hrs
Visual Inspacion

Final elecrical tests after step 1 far all parts
: typical atten and PDL profiles for drive
power range fram 0 to Pde max at -5°C, 25°C
and 75°C.

step 3 : @F20hrs
Visual Inspection

Final electrical tests step 3 for all parts :
typical atten and PDL prefiles far drive
power range from 0 ta Pdc max at -5°C, 25°C
and 75°C,

step 2 @ @33bhrs
Visual Inspedian

Final elecrical tests after ste 2 for all parts :
typical atten and PDL prefiles for drive

power range from 0 ta Pde max at -5°C, 25°C
and 75°C.
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step 4 : 100hrs
Visual Inspection

Final electrical tests after final step far all
parts : typical atten and PDL profiles for
drive power range from O to Pde max at -
5°C, 25°C and 75°C.
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Environmental Tests Grou R D et i
LK86 6997
Ins ertion Loss (dB) <1 1,07 1,09 0,3 1,84 0,47
B Vibrations Variable Frequency i) ] o |1 e s seare| s
Dynamic  Corres ponding
Range oltage (V) NA | 028 039 0 0,55 0,05
A"e”“(‘;'l';;})s"’pe NA |-2959 247 3133 -2784| 30,90
Mil-STD-883G, method 2005.2 e —
B <01 | 011 005 0073 015 0,11
20g Random noise woL Atenelon 10201 o5 1 014 013 0054 0232 0,12
X =Y - Z axis direction :
15 mn each A"°"”°:|;” 20301y 011 007 0055 0159 0,10
A"e"“‘;'g’" 010 01| 019 019 o058 033 0,25
PDL A"e”“"ggn 10201 65| 033 029 07126 054 0,38
m Attenuation 20-30
8 <03 | 063 055 024 1,02 0,46
. . . . Resistan Aftenuation30dB | <15 | 11,88 0,54 115 12,26 11,86
To be careful with optical fiber during these ce Slope ___4vVoliage | <20 | 1839 086 1778 __19 17,84
types of test, because we can break fibers. Drive —tenuafion 10dB | <3 | 284 007 279 289 287
) ) . ) Voltage Attenuation 20dB | <2,7 | 2,47 0,05 2,43 25 2,49
We must fix firmly optical fiber on tool. Aftenuation 30dB | <23 | 211_0,08 205 _ 2,16 2,16
Drive Power @ 4 V NA 12586 490 122,39 129,32 129,86
Samples hors specification 7001
Burn-in Vibration Fatigue
Part Number | Switching test| Switching test
LK866997 (CD) Pass Pass
LK866996 Pass Pass
LK866999 Pass Pass
LK867001 Pass Pass
LK867014 Pass Pass
LK867016 Pass Pass
LK867017 Pass Pass
A
iR
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. Mechan.cal Shocks Mechanic al Shocks Control Device
I MEMS CAP Spec
Bumn-in  |Mechanical Shock LK86 6997
Part Number | Switching test Switching test Insertion Loss (dB) <1 1,07 1,09 0,3 1,84 0,67
il- - LK866997 (CD) Pass Pass :
Mil-STD-883G, method 2002.4 e SEe0E e o Aﬂenuo(f(lioBr; R ange 240 | 5190 544 4805 5575 50,72
. LK866999 Pass Pass i R
1500g in 0.5 ms Dynamic  Corresponding |\, | 058 039 0 055 0,00
Half sine acceleration LK867001 Pass Pass Range voltage (V)
LK867014 Pass Pass i
KE67016 Dacs Do A"e"”(‘j";/c)S"’pe NA |-2948 2,62 -31,33 -27,63 27,99
LK867017 Pass Pass i b
A"e”“‘j;’" 101 01| 011 007 0066 016 0,10
WDL A"e””"zl‘;” 10201 051 015 012 006 0232 0,11
A"e"”‘“:l‘é" 20301 3 | 011 007 0053 0159 0,10
Comments : A"e”“‘j;’" 101 01| 019 021 004 033 019
_ _ _ _ PDL A"e”“":l‘é“ 10201 05| 034 030 0122 055 042
To be careful with optical fiber during these types :
- Aftenuation 2030 | 2 | 544 054 025 1,02 0,66
of test, because we can break fibers. dB ' ’ ' ' ’
We must fIX flrml 0 tlcal flber on tooll Resistan Attenuation 30 dB <15 11,84 0,59 11,42 12,26 11,45
y p ce Slope 4v Voltage <20 | 18,64 0,64 18,19 19,09 18,23
Drive Aftenuation 10 dB <3 283 0,07 2,78 2,88 2,81
Voltage Aftenuation 20dB | <2,7 | 2,47 0,05 2,43 2,5 2,43
9% “Attenuation 30dB | <2,3 | 211 0,09 2,04 217 2,06
Drive Power @ 4 V. NA [126,06 518 122,39 129,72 129,24
Samples hors s pecific ation 7001
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Environmental Tests Group
B Endurance Test at High Temp (1/2)
Endurance Test Control Device
MIL-STD-883 m 3015.7, ESD HBM MEMSCAP S0
Vaccum 2x10-5 bar, high ambiance 125 °C. LK86 6997
Insertion Loss (dB) <1 | 053 010 051 010] 050 012] 053 0412 050 0,11 0,47
. o 1
Step 1: 125 °C during 19 hrs Att Range (dB)| >40 | 52,74 2,34| 5262 230] 5162 235|51,79 2335086 258 51,83
Step 2 : 125 °C during 75 hrs Dynamic  [EATE
Step 3 : 125 °C during 239 hrs Foree volt (V) NA | 000 o000 000 o000 000 000|000 o000] 000 0,00 0,06
Step 4 : 125 °C during 489 hrs AttSlope || 5013 1842981 176 |-2019 213|-3028 -247]-29.15 314 30,88
Step 4 : 125 °C during 1000 hrs (dBV) - T - T T i
Att0-10d8 | <01 | 072 o006 065 004| 073 002] 057 007] 036 0,07 0,07
WDL  Att10-20d8 | <05 | 071 007] 065 005| 072 002| 057 007] 037 008 0,09
Att20-30d8 | <1 | 072 o001 063 004| 071 002| 056 007] 036 0,09 0,06
Att0-10d8 | <01 | 009 003| 008 003| 009 004] 011 002] 031 050 0,18
PDL
Att10-20d8 | <0,2 | 022 006| 020 005| 021 007] 021 005] 020 0,04 0,29
Att20-30dB | <0,3 | 040 009| 037 010| 040 007] 035 008] 035 0,04 0,39
Resistance  Att30dB | <15 | 12,08 0,30 12,05 0,29] 1202 0,50 12,01 0,60 | 11,82 0,91 11,74
Slope 4v Voltage | <20 | 19,27 0,70 19,23 0,76 | 20,09 150| 20,18 158 | 19,92 1,72 17,87
o Att10dB | <3 | 2,80 006| 281 006| 2,74 007| 2,75 009] 305 0,78 2,87
V(,,rt':;e Att20dB | <2,7 | 246 006| 247 007] 242 o006]| 2,41 0,07] 363 3,04 2,50
Att30dB | <23 | 210 008 2,09 006| 2,05 007] 203 007] 418 532 2,15
Drive Power @ 4 V NA | 125,69 24512542 2,39 |124,02 2,74|123,72 3,10 |124,34 3,77 129,68
Samples hors specification 6996 - 6999
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Environmental Tests Group
B Endurance Test at High Temp (2/2)

Comments :

* To be careful with optical fiber during these types of test, because we can break fibers.
» We must fix firmly optical fiber on thermal plate. We need a tool to perform the test.

Step 1 Step 2 Step 3 Step 4 Step 5
Part Number) - Conditions TO + 19 hres| TO + 75 hres| TO + 239 hres| TO + 486 hres| TO + 1000 hres
Switching test
LK86 6996 | Control device Pass Pass Pass Pass Pass
LK86 6997
(CD) DC 4,5V Pass Pass Pass Pass Pass
LK86 6999 DC4,5V Pass Pass Pass Pass Fail
LK86 7001 DC4,5V Pass Pass Pass Pass Pass
LK86 7014 DC 4,5V Pass Pass Pass Pass Pass
LK86 7016 DC4,5V Pass Pass Pass Pass Pass
LK86 7017 DC4,5V Pass Pass Pass Pass Pass
] A‘-
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Typical attenuvation and PDL prefiles for drive power
range from 0 ta Pdc max at room temperature.

Insertion loss distribution data.

Typical attenuvation and Typical attenvation ancd
PDL profiles for drive PDL profiles for drive
peower range from 0 ta Pde |power range from O ta Pee
max at room temperature. |max at reom temperature.

Insertion loss distribution  |Insertion loss distribution
data. data.

MOEMS Delta Qualification Methodology

v

Typical attenuetisn and
PDL prefiles for drive
power range from 0 ta Pde
max at room temperature.

Insertion loss distribution
data.

Typical attenuation and
PDL prefiles for drive
power range from 0 ta Pde
max at room temperature.

Insertion loss distribution
cata.
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Miscellaneous test group on MEMSCAP devices

Typical attenuvation and
PDL profiles for drive
pewer rangs from O ta Pde
max at rosm tempeaeratura,

Insertion loss distribution
cata.
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Miscellanous Tests Group
B Radiations (1/2)

[ Concrete Shielding walls ]

" :1 7m

ESA / ESCC N°22900, Total dose steady-state irradiation test Loliimated -
method, method 1019.6 12m |

4
h

Step 1: from 0 to (10-15) Krad
Interim Electrical and Optical characterization
Step 2: from (10-15) Krad to (40-50) Krad

Interim Electrical and Optical characterization
Step 3: from (40-50) Krad to (100) Krad

Final Electrical and Optical characterization _ 3

Final Electrical and Optical characterization
E—

| |

Underfloor connection to
remote test equipment

Source Control Panel

Part Number Conditions | Switching test Trolley Height =0.%4m

LK866997 (CD) Control Qewce Pass B et = T —
LK866994 (No-Bias) No-Bias Pass

LK867003 (5Hz) 5Hz Fail

LK867010 (5Hz) 5Hz Fail
LK867018 (No-Bias) No-Bias Pass

LK867019 (5Hz) 5Hz Fail
LK867021 (No-Bias) No-Bias Pass
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Miscell [ests Group
Radiation Test Control Device
B Radiations (2/2) B
X6997
Insertion Loss (dB) <1 | 048 o006 090 039] 075 011|093 014] 077 o011 0,47
Att Range (dB)| >40 | 49,58 1,80] 5150 1,72]51,29 1,15[ 52,23 3.21]5077 1,03 51,83
Comments : i
- Dynamic  Correspond | -\ | 05 500] 001 002] 000 000] 007 007] 0,00 000 0,06
Range volt (V)
; i At Slope NA |-2836 087]-2835 091]-28,83 083]-2818 075]|-2821 0,81 30,88
» 3 devices detected fail after test (dBIV) -2836 087)-28,35 091)-2883 0,83(-2818 075 (-28,21 0, -30,
* Failure analysis needed Att0-1008 | <01 | 015 0,02| 005 000] 006 001| 005 o000] 007 001 0,07
WDL  Att10-20d8 | <05 | 015 0,02 012 009 005 001| 005 0,00] 006 001 0,09
Att20-30d8 | <1 | 014 002] 007 001| 006 001| 006 0,01] 006 o001 0,06
Att0-10dB | <01 | 0,24 o010] 031 o040] 009 001 007 o001] 009 0,00 0,18
PDL
Att10-20dB | <02 | 044 021 039 041 016 004 013 0,05] 018 0,02 0,29
Att 20-30dB | <03 | 068 032 056 036| 034 005| 033 0,05[ 033 003 0,39
Resistance  Att30dB | <15 | 11,79 045] 11,81 0,17 11,76 0,09 11,74 0,08 | 11,77 0,14 11,74
Slope 4v \Voltage | <20 | 18,70 0,24 18,68 0,29] 18,65 029 1872 0,33 [ 1867 0,28 17,87
o Att10dB | <3 | 279 009| 2,79 001| 280 004] 280 003| 2,81 0,03 2,87
Volrt';';e Att2008 | <2.7 | 243 008 | 244 003] 243 003| 243 003 | 244 003 2,50
Att30dB | <2,3 | 206 0411| 208 001]| 206 002] 206 002 207 002 2,15
Drive Power @ 4 V NA |126,12 2,90]127,47 2,84 ]127,73 2,62]127,86 2,86 |127,99 260 129,68
Samples hors specification 7003 - 7010 - 7019
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