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Single Packaging Trends

e QFN use projections

QFN Packages/Assemblies

« Various sizes and 1/0Os
« Tin-lead and Pb-free on ENIG PCB finish
« X-ray/Optical evaluation

Thermal Shock Cycles (TSC)

e 200 TSC1 (-55°C/100°C)

e >1000TSC2 (-55°C/125°C)

e Age at 125°C for 250 hour plus TSC2
e Failure analyses by X-section

Summary

==
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OEN CAAGR to 2026-

Package Style CAAGR % of IC
(Bn Units) 2010 2011 2016 2016/2011 2016
DIP/SOT 5.3 43 3.9 1.9% 1.4%
SO/TSOP/SOT 83.0 80.8 1084 6.0% 37.8%
QFPILCC 19.0 18.3 245 6.0% 8.6%
QFEN 196 205 26.0 17.0% 16.1%

(Bn Units)

DIP/SOT

CAAGR
2015 — 2020

CAAGR
2020 — 2025

SO/TSOP/SOT

QFP/LCC

QFN

Wire Bond CSP

Stacked CSP

BOC

Wire Bond BGA

COB (Wire Bond)

Wire Bond SiP

Flip Chip SiP

Flip Chip CSP

Flip Chip CSP for DRAM

Flip Chip QFN/MIS

Flip Chip BGA/PGA/LGA

DCA Flip Chip

Fan-in WLCSP

Fan-Out WLCSP

COG

COF

Subtotal Wire Bond

Subtotal Flip Chip

IC TOTAL
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« Small-Outline Package (SOP) and Dual-Flatpacks (FP)
account for ~75% of IC packages

v¢ Future research focus on QFN/DFNs, CSPs and LGAs may be
beneficial

Total IC Package Distribution
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QFN Types
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MLF16-5-0.8 MLF28-7mm- | MLF68-10-0.5
QFNSs | Total # of Failures 0.8 Total # of Failures
Cycles On Total # of Failures
I1x186= 186 0 0 0 g @@2
2x186= 336 0 0 0 «
%
3x186= 558 0 0 I @% %
4x186= 744 0 | 1
5x186= 930 0 | 6
6x186=1116 1 5 17
QFNs MLF16-5-0.8 MLF28-7Tmm- MLF68-10-0.5
Total # of Failures 0.8 Total # of Failures
Age+Cycles Total # of Failures
I1x186= 186 0 0 0
2x186= 336 0 0 0
3x186= 558 0 0 0
4x186= 744 0 0 0
5x186= 930 0 0 2
6x186=1116 0 0 13
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% Released NEPP report /

No failure to 200 TC cycles (-55°/100°C)
o Assemblies with tin-lead solder

e Cycling stopped @ 200 ~

A large number of failures for MLF 68 I/O
e 1166 thermal shock cycles only (-55° to 125°C)

e 250 hours age at 125°C & 1166 TSC cycles.

Pre-aged had lower failures

X-sections confirmed daisy-chain results
e MLF68 showed full cracking
e MLF28 showed only minor microcracking

COTS QFNs to 68 I/Os are robust

NEPP ETW- 2017 Reza Ghaffarian/JPL/Caltech
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Field Programmable Gate Arrays (FPGAs)
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Test Results

+ Samsung, Hynix,
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- Enaliling data storage Best

e Practices
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Graphics
Processor
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Potential future task areas:
e el lgece (AL hardware, Intel Sratix 9. ...
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» Radiation facility studies studies

BOK

+ Technology and
product status and
gapanalysis

Assurance

Related task areas:
Technology/parts evaluations lead to new best practices, etc...
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—

INEMI :
ITRS to IRDS (device & system)
Re-stores Defense/Aerospace

Data centers as utilities & clouds as “rent vs.
buy11

Assembly to lower cost/temp Pb-free

The “loT”, sensors ubiquitous- cyber-attacks?
Portables shift to “wearables”

Auto safety systems to proliferate

Remote patient care, proactive/preventive

NEPP ETW- 2017 Reza Ghaffarian/JPL/Caltech
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= Moore’s Law Scallng

Historically

e Silicon growth by Moore’s law

 Packaging supporting role

 Packaging focused on powering performance and silicon
atency

Now, Packaging Is differentiator

 \Wafer level package (WLP), fan-in & fan-out

e Embedded passive/active

 System on package (SoP), System in package (SiP), and
Heterogeneous integration (HI)

e Complex products: SIP (2.5D & 3D)
e Through-silicon-via (TSV) to compete with optical on chip

NEPP ETW- 2017 Reza Ghaffarian/JPL/Caltech
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TMV/TSV Packaging
Evaluation
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TMV/TSV Packaging
Status
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Through Mold Via (TMV)
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TMV/TSV Packaging
Status
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= NEPP TMVITSY
Challenges package/2"? Level Reliability
e Availability of COTS packages
e Assembly challenges/Reliability testing

Through mold via (TMV) stack

» Packages/PCBsare ready to assemble

2.5D (Joint effort Univ/Industry)

« Firstarticle built successfully
« Additional build and Reliability

Daisy-chain TSV

e Concept Is finalized
e Numerous options
e Select & evaluate assembly/reliability

NEPP ETW- 2017 Reza Ghaffarian/JPL/Caltech
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