Page
1.0 INTRODUCTION. ..ottt ettt 1
20 PACKAGING TECHNOLOGIES......cccoi ittt 5
2.1 HyDrid MICIOCIFCUITS .....oviiiiiiiiiceie s 5
2.1.1 Hybrid Microcircuit Attributes........c.ccceviieiii i 6
2.1.2 Hybrid Design TOOIS .......cccooiiiiiiieie e 8
2.1.3 SUDSIFALES .....viieiiiiecie et et 8
2.1.4 Substrate Metallization ...........ccoccoviriiiiinii s 10
2.1.5 Thin-Film ProCessing ..........ccocuririmiiiiniiesiseseeee e 10
2.1.6 ThICK-FIlm ProCessing .........ccocviiiiiiiiiiiiie s 11
2.1.7 Included COMPONENTS......cccoviiiiiieiiee e 11
2.1.8 PACKAGES ..ottt 12
2.1.9 ASSEMDIY ..o 15
2.1.10 SEAIING ..ottt 19
2.2 Multichip Modules (MCMS)......c.ccciiiiiiiiicee s 20
2.2.1 MCM FabriCatiON .......ccuviuiiiiiiiiiie st 21
2.2.2 Design/Simulation/Verification ...........cccccooiiiiniiencnc e 21
2.2.3 Substrate Fabrication ..o 24
2.2.4 Included COMPONENT......cocoiiiiiireeeee s 27
2.2.5 KNown-Good-Die (KGD) ......cccoiiiiiiiieiic et 27
2.2.6 TESESIFALEQY ...veeiveiiiie ittt 29
2.2.7 DESIgN TOr TeST ..ot 30
2.2.8 SUDSLrate TeSTING ......cciveiieieiieceee e 31
2.2.9 Chip Interconnect TechNOoIlOgIes .........ccccceieiiiiiiiiiiie e 32
2.2.10 Assembly/Packaging .........ccccoveiiiiiiiiiieiie e 35
2.2.11 Technology QuUalification..........ccccccevveiiereiie e 35
2.2.11.1 TeStVENICIES ...oceeieiiiieecee e 37
2.2.11.2 Technical ASSESSIMENT ........ccccciieieierieie et 38
2.2.11.3 Product Evaluation Plan ............cccooeiiiiiniiiiesieseee e 38
2.2.11.4 Reliability Modeling ........ccccooviiiiiiic s 39
2.2.11.5 Closed Form Damage Modeling..........cccccovvviveiivenvciie e, 39
2.2.11.6 Finite Element Modeling...........ccoovvviiiiiniiiieee e 40
2.2.11.7 Accelerated and Environmental Testing ...........cccccvevevievieennenn, 40
2.2.11.8 Post-Test Physical Analysis and Failure Analysis.................... 43
2.2.12 SUIMIM@TY ..oiiiiiiie et e et e s sb e e sbe e e snseeesnneeeas 44
3.0  PART CHARACTERISTICS. ...ttt 45
3.1 AAVANTAGES ....vecvieciiecie et re e are s 45
3.1.1 Packaging DENSITY ......cccociiiiiiiiieieie e 45
3.1.2 PerfOrMANCE ......eiiiiiiiieie ettt 46
3.1.3 Power Handling Capability..........cccccooeiiiiiiiiircc e 46
314 FIEXIDIITY .o 46

TABLE OF CONTENTS



TABLE OF CONTENTS

3.2 DiISAOVANTAGES ....cuviiiieitiitiiiieiieie ettt bbb bbbt
3.2.1 KNOWN GOOA DI ..ottt e
3.2.2 SINGIE SOUICING .....eeiviiieiiieie et enes
3.2.3 Schedule/ZCost IMPACT.........cccooiiiiieee e
3.2.4 Lack of Standards..........ccccooeiiiiniiinieee e

40 APPLICABLE DOCUMENTATION .....ccoiitiicieee et
4.1 DoD/Industry Specification ACtIVILY ........cccccevviieiiieii e

50 QUALITY AND RELIABILITY ASSURANCE PROCEDURES...................
5.1 TESHING wiiiiiiiiiee bbbttt

5.1.1 SAMPIE TESTING ..ooveiiiiiiieieeie et

5.1.2 IN-Process TESHING .....ccceiiiiieiieie ettt

5.1.3 SCIEEMING ..uvitiiiitieieeii ettt bbbt bt

5.2 Process/Technology Validation/Qualification..............cccccccooveveeieinenen,

5.2.1 Typical Hybrid Audit Problems ...........ccccooiiiiiiin

6.0 DESIGN FOR ROBUST PROCESS AND RELIABILITY ASSESSMENT.
6.1 Failure Modes and MeChaniSMS ..........cccoeiiriieiiiieseeree e
6.2 Reliability Assessment Methodologies...........ccccovveieiiiiiciicce e,

6.2.1 EMPIrical TESTING ....ccccoiiiiiiiieiieeee e
6.2.2 Analytical Methods...........ccooiiiiiiii s
6.2.2.1 Reliability Prediction/Lifetime Analysis...........c.ccceevevviiernennnnn,
6.2.2.2 DEIAtING ....ccuiiiiiiiiiieitieieee e
6.2.2.3 Failure Mode and Effects Analysis (FMEA)..........cccccocveveiiennenn,
6.2.2.4 Worst Case Circuit ANAIYSIS.........ccoviiiiiiiiinicieee e
6.2.2.5 Fault Tree ANalYSIS ......oooiiiiiiiiie e
6.2.2.6 Finite Element ANalysis .......c.cccoiiiiiiiiic e,
6.2.2.7 Thermal ANalYSIS ......cccoiiiiiiii e

7.0  CASE HISTORIES.......oo ittt nne e
7.1 Conductive Epoxy Die Attach.........ccocoiiiiiiiiece s
7.2 ONE-WaY-LEAKEIS .....cceeiieece ettt
7.3 Hybrid Microcircuit Misapplication ...
T4 SUMIMAIY oottt sttt sttt bt a b e e s e e e st e e e snbe e e nnbe e e nnbeeennneas

8.0 DEVICE SELECTION/PROCUREMENT CRITERIA. ...,
9.0 SUMMARY .o

APPENDIX A: LISTING OF MCM VENDORS BY TECHNOLOGY
APPENDIX B: KNOWN GOOD DIE (KGD) WORKING DOCUMENT
APPENDIX C: REFERENCES

viii

69



Figure 1:
Figure 2:
Figure 3:
Figure 4.
Figure 5:
Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:

Table 6:
Table 7:
Table 8:
Table 9:
Table 10:
Table 11:

Table 12:
Table 13:
Table 14:
Table 15:

LIST OF FIGURES

Flip Chip Usage by Commodity Area........ccccccveevieiieeiie e
Package ALIIIDULES .........coviiiei e
Chip-0N-SUBSTIate.........oiiiiii e,
MCM Computer-Aided-Design FIOW ..........ccccoveiiiiiiiiiiccce e
Cofired CeramicC FIOW PrOCESS........cccoiveiieiieiieiiese e e e sie e
Cofired Substrate with Buried Conductors and Post-Fired Copper
o] o I = \V/=1 g @] Lo [ [ o] OSSR
Cross-Section View of HDI Module Showing Deeper Recess

for Capacitor ChipP ........cci i
FIOW OF WOTK. ...t nne s
Microcircuit Quality Assurance Evolution...........ccccoveiiiiiicvic e,
Bond Strength vs. Bonding TEMPErature ..........ccccceevveveveeceeiesie e
WEIDUIT POt ... e
Monte Carlo Simulation Results, a0 =1, B =4 ..o
Flow Diagram for Accumulated Temperature Analysis..........ccccccevvenne.
Typical Silicon Device Attach ..o
Current/Voltage Characteristics of Epoxy Die Attachment...................
Failure Mechanism Evaluation for Lead Indium Die Attachment...........
Vapor Phase Soldering Internal Package Temperature

ADOVE 150°C ... bbb

LIST OF TABLES

Hybrid and MCM Applications ...
Hybrid MicroCircuit AtIHDULES .........cccoviiiiiiiec e
Hybrid Microcircuit COmMPONENTS........cccciiiiiiiieese e
Typical Hybrid Microcircuit Assembly Kit ..o,
Multilayer Fabrication Comparison Thick Film vs.

High-Temperature Cofired ALD.........cccooveiiiii i
LTCC FRALUIES ..ottt sttt sttt st st e et snae e
Technology COMPATISON .....cciiiiiieiieeee e
Potential TeSt MethodsS ........cccooi i
Typical MCM-D Environmental Test MatriX ..........ccccoovriiiniinencnenenen,
Military Specifications and Standards..............ccccoovveviiieiiieci i
Time/Temperature Bake Schedule for Accelerated Testing

OF WIFE BONAS......oeiieiee e e e
Uses for Reliability PrediCtions ..........ccccoooeiieie e
Pros and Cons Of MethOdS ...........ooooiiiiiiiiee e
Cumulative Failure Rate, B =4 ...
Reliability Improvement Potential at Reduced Temperatures.................



