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Organic Class Y Flip Chip PIDTP CRES s

Objective and Contents ELECTRONICS

°* PIDTP Objective

— Satisfy Package Integrity Demonstration Test Plan (PIDTP) requirements for non-hermetic Class Y
flip chip on organic assembly technology by addressing manufacturability, quality and reliability
issues defined in MIL-PRF-38535 Rev M

— Address both copper pillar and solder bump flip chip interconnect types

°* PIDTP Contents
— FC150 daisy chain flip chip test vehicle description
— HDBU organic test substrate description
— Underfill material description and outgassing results
— Copper pillar wafer bumping Wafer Level Acceptance (WLA) analysis
— FC150 copper pillar assembly reliability assessments
— Solder bump wafer bumping Wafer Level Acceptance (WLA) analysis
— FC150 solder bump assembly reliability assessments
— Conclusions and Next Steps
— Organic Class Y Poster Child
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Organic Class Y Flip Chip PIDTP e
FC1?0 Daisy Chain Flip Chip 'II'Zst VehIiZIe CHE ELECTRONICS

* FC150 Flip Chip Daisy Chain Test Die
— 150um I/O pitch daisy chain test vehicle
— 10x10mm die size with 3,718 I/0 per die
— 200mm diameter wafer with 208 die per wafer
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Organic Class Y Flip Chip PIDTP PlonEG
FC1590 HDBU Organic Test Sullgstrate i EHEE

ELECTRONICS

°* FC150 Flip Chip High Density Build-Up (HDBU) Test Substrate
— High Density Build-Up organic substrate technology
— Dual-sided, 1.0mm thick, 45x45mm substrate size
— 80um solder mask defined pads with Electroless Nickel/Immersion Gold (ENIG) plating
— Eutectic Sn/Pb solder-on-pad (SOP)
— Four 10x10mm die sites per substrate
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Organic Class Y Flip Chip PIDTP
FC150 HDBU Organic Test Substrate — Stack-up Definition (CAES Proprietary)

° High Density Build-Up (HDBU) Stack-up
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Organic Class Y Flip Chip PIDTP
Underfill Documentation (CAES Proprietary)

CH E5 PIONEERING
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* Underfill Material Properties and Outgassing

ORS

8811 AMERICAN WAY « SUITE 100 » ENGLEWOOD, CO 80112 « PHONE: (315) 736-5480

CTE = 80ppm/°C (above Tg)
Tg = 115°C

: AEROFLEX 48-LD FFP IC

: 74111 (UNDEFILL OMLY) Thermal COnduCtiVity = 0-52W/m_K

JULIE LANDON

AEROFLEX COLORADO SFRINGS, INC.
4350 CENTENNIAL BLVD.

COLORADO SPRINGS, CO BD207
UNITED STATES

ONEIDA
RESEARCH
SERVICES, INC.

INTERNAL VAPOR ANALYSIS

TEST REPORT PIDTP Material Properties

ORS REPORT NO.

DATE TESTED

QUANTITY TESTED

PACKAGE TYPE

CTE = 22ppm/°C (below TQg)

Moisture Outgassing Results

* MIL-STD-883 TM1018

— Moisture = 612ppm

* ASTM E-595

— TML = 0.28%

— CVCM = 0.01%

— WVR = 0.12%

MFG. CODE
PO: SWO-228208 LOT# EES488-RGA
Rel. No:
SAMPLE ID 16 17 13 19 2
0N SOURCE -

PRESSURE tor 30E-& 8.0E-6 8.8E-6 B.3E6 BAE-6
MNITROGEN owr ooe poe poe 00.8 009
QXY GEN ppmv MND ND ND ND ND
ARGON PRmV 283 287 261 72 287
co2 ppmy 156 183 160 177 125
MOISTURE ppmv 845 540 580 582 To4
HYDROGEM ppmv 283 442 e 287 183
METHANE ppmv ND ND ND ND ND
AMMOMNIA ppmv MND ND ND ND ND
HELILM ppmv ND ND ND ND ND
FLUDRO-
CARBONS ppmv MND ND ND ND ND
METHANDL ppmv 202 300 263 273 4
COMMENTS M = Piore Deteried

Tested per ORS SOP MEL-1018: "DLA Land and Maritime Suitability for Military Devices - Internal Gas Analysis”
All samples were prebaked 18 - 24hrs. @ 100°C prior to analysis.
Samples were tested at 100°C.

1% = 10,000 ppm

June 13, 2022
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Copper Pillar Wafer Level Acceptance (WLA PonEEmNG
FC1§)BIopper Pillar Construct & ( ) CHE5sumomw

°* FC150 Test Die Copper Pillar
— 40um octagonal passivation opening
— 80um diameter electroplated Ti/Cu/Ni under bump metallurgy (UBM)
— 80um diameter copper pillar
— 40um copper pillar bump height with 25um eutectic 63Sn/37Pb solder cap

June 13, 2022 2022 NASA NEPP Electronics Technology Workshop 7



Copper Pillar Wafer Level Acceptance (WLA)
FC150 Copper Pillar WLA Results

°* FC150 Test Die Copper Pillar — WLA Criteria and Results
— FC150 Wafer ID’s SI833-0020-10-D5 and SI833-0021-01-A7

Test Type

Test Method

Criteria

Status

Wafer Level Acceptance

Bump Yield
» Automated optical inspection

Bump defect rate < 200 ppm

Wafer Level Acceptance

Bump Height

* Automated optical inspection

Nominal +/- 15 ym

Wafer Level Acceptance

Bump Shear
« JESD22-B117A

Minimum load of 3 mg/um?

June 13, 2022

2022 NASA NEPP Electronics Technology Workshop
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FC150 Copper Pillar PIDTP Reliability Assessments PionEERING
FC150 Copper IID)iIIIzr Flip Chip Assembly = CHEsmcmmcs

°* FC150 Assembly Monitor — Visual Inspection and CSAM
— Good underfill fillet formation with minimal underfill dispense bleedout
— No underfill voids detected via CSAM inspection

June 13, 2022 2022 NASA NEPP Electronics Technology Workshop 9



FC150 Copper Pillar PIDTP Reliability Assessments pronEERING
FC150 Copper IP?il|lzlr Flip Chip Assembly ty CHEsaecmomcs

°* FC150 Assembly Monitor — Cross Section SEM
— Excellent solder joint wetting and formation; no defects detected
— Flux formulation enables wicking up copper pillar for enhanced reliability
— No underfill defects detected
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5.0kV 8.1mm x35 SE(M) 1.00mm 5.0kV. 7 Smm x400 SE(M,LA100)
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FC150 Copper Pillar PIDTP Reliability Assessments PionEmNG
FC150 Copper Pillar Flip Chip Reliability Assessments CHESELecmomcs

* Condition B Temperature Cycle Testing (-55/125°C)
— Parts assembled with underfill
— 4000 cycles, no failures detected
125°C High Temperature Storage
— Parts assembled with underfill
— 4000 hours, no failures detected
150°C High Temperature Storage
— Parts assembled with underfill
— 4000 hours, no failures detected
Multiple Reflow Testing
— Parts assembled with underfill
— 10 reflow exposures, no failures detected
Moisture Loading
— Parts assembled with underfill
— 1000 hours 85°C/85%RH, no failures detected

June 13, 2022 2022 NASA NEPP Electronics Technology Workshop 11



Solder Bump Wafer Level Acceptance (WLA) PionzEmING
FC150 Solder Bumlg Construct = CnEs

ELECTRONICS

°* FC150 Test Die Solder Bump
— 150um I/O pitch daisy chain test vehicle
— 10x10mm die size with 3,718 I/O
— 40um octagonal passivation opening
— Polyimide re-passivation layer with 30um diameter openings

— 65um diameter electroplated Ti/Cu/Ni under bump metallurgy (UBM)
— 70um eutectic 635n/37Pb solder bump
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Solder Bump Wafer Level Acceptance (WLA PioneEmNG
FC150 Solder Bumlg WLA Results = ( ) CHEs

ELECTRONICS

°* FC150 Wafer Level Acceptance — Criteria and Results
— FC150 Wafer ID’s SISE3-0021-04-A5, SISE3-0021-03-F5, SISE3-0021-02-D2

Test Type Test Method Criteria Status
Bump Yield

Wafer Level Acceptance « Automated optical inspection Bump defect rate < 200 ppm
Bump Height

Wafer Level Acceptance * Automated optical inspection Nominal +/- 15 pm
Bump Shear

Wafer Level Acceptance * JESD22-B117A Minimum load of 3 mg/um?

June 13, 2022 2022 NASA NEPP Electronics Technology Workshop 13



FC150 Solder Bump PIDTP Reliability Assessments rioNEERING
FC150 Solder Bump Flip Chipl,)Assemny z CAES

ELECTRONICS

°* FC150 Assembly Monitor — Visual Inspection
— Good underfill fillet formation with minimal underfill dispense bleedout
— No underfill voids detected via CSAM inspection




FC150 Solder Bump PIDTP Reliability Assessments poneERING
FC150 Solder Bump Flip Chipl,)Assemny = CHEsmmmcs

°* FC150 Assembly Monitor — Cross Section SEM
— Excellent solder joint wetting and formation; no defects detected
— No underfill defects detected

i \ curr det | mode HPW WD mag B8 | tilt — 200 ym ————

F—r 1L —

Insight Analytical Labs

HV o v
A
A= 1 20.00kV | 0.24 nA | ETD S| 829 pym | 10.1mm | 250x |0° Insight Analytical Labs
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FC150 Solder Bump PIDTP Reliability Assessments PioNEmING
FC150 Solder Bump Flip Chip Reliability Assessments CHESELecmomcs

* Condition B Temperature Cycle Testing (-55/125°C)
— Parts assembled with underfill
— 5000 cycles, no failures detected; extended testing to 8000 cycles (3 failures detected)
125°C High Temperature Storage
— Parts assembled with underfill
— 4000 hours, no failures detected
150°C High Temperature Storage
— Parts assembled with underfill
— 4000 hours, no failures detected
Multiple Reflow Testing
— Parts assembled with underfill
— 10 reflow exposures, no failures detected
Multiple Reflows followed by Condition B Temperature Cycle Testing
— Parts assembled with underfill
— 5000 cycles, no failures detected
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FC150 Copper Pillar PIDTP Reliability Assessments CRES S5

ADVANCED
Temperature Cycle Testing — Sample Failure Analysis ELECTRONICS

* Condition B Temperature Cycle Testing (-55/125°C)
— CSAM and Cross section analysis after 4000 cycles (zero failures)
— No indication of underfill delamination; no evidence of underfill voids
— Significant grain coarsening within solder joint (expected)

S ian Sl D o oa Tl el

A AL b gt S s S NS A S P M P s S A i

;ﬁﬂ ‘ det | mode HFW WD mag B3 | tilt —40m-—-—-——-—-—-—-—-
4 | 20.00kv | 0.24nA | ETD | SE | 138 pm | 89mm | 1500x |0° VE34_9921618
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FC150 Solder Bump PIDTP Reliability Assessments CRES s

High Temperature Storage Testing — Sample Failure Analysis SRS

* 125°C and 150°C High Temperature Storage
— CSAM and Cross section analysis after 2000 hours; extended testing to 4000 hours (zero failures)
— No indication of underfill delamination; no evidence of underfill voids
— Grain coarsening within solder joint and IMC growth (expected)

det | mode HFW WD mag — S 50__|.Im
SE | 173pm |109mm [ 1200x |0° Insight Analytical Lal SE | 173 pm | 10.7 mm Insight Analytical
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Organic Class Y Flip Chip PIDTP CRES 552

Conclusions and Next Steps

* Conclusions

— CAES has completed flip chip on organic PIDTP documentation and reliability assessments per
MIL-PRF-38535, utilizing its FC150 test vehicle

— PIDTP documentation and reliability assessments have been completed for both copper pillar and
solder bump flip chip interconnect constructs

— CAES has qualified wafer bumping supplier for copper pillar and solder bump wafer bumping for
Organic Class Y products

°* Next Steps
— DLA audit of CAES Colorado Springs facility to certify for Organic Class Y flip chip manufacturing
* Scheduled for July 19-21; goal is conditional certification pending release of MIL-PRF-38535 Rev M
— DLA audit of wafer bumping facility to allow for QML wafer bumping of CAES products
* Target second half of 2022

CAES Organic Class Y Poster Child — High Speed LVDS Standard Product conversion from
Hermetic Flip Chip QML-V to Organic Class Y
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Organic Class Y Poster Child proNEERING
CAES High Speed LVDS Standard Product EHE5&mm5§?cs

* 71 1/0 Ceramic Column Grid Array Package ‘é R IR
— CAES High Speed LVDS Standard Product &5
— Hermetic flip chip QML-V package configuration L |

SN grarm?
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Organic Class Y Poster Child PronENG
CAES High Speed LVDS Standard Product EHEEELECTROMCS

° High Speed LVDS footprint shrink to 48 I/0 BGA Organic Class Y Package
— Organic Class Y footprint shrink utilizes 0.8mm pitch and no seal ring requirement
— Significant reduction in footprint area and mass with Organic Class Y configuration

/1 CGA @ Tmm Pitch
9 % 10 mm A @ 0.8mm Pitch

@ 0.8mm Pitch
.0 X Doomm
>{e]8 0

footprint area




Organic Class Y Poster Child s
CAES High Speed LVDS Standard Product EnEsﬂfcmomcs

° High Speed LVDS in Organic Class Y package configuration
— Lower package and manufacturing cost, higher assembly yield
— Smaller package footprint and overall mass compared to ceramic
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