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Main Trend of IC Packaging Innovation
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Driving Force for IC Packaging Innovation

MNEXT-GENERATION SEMICONDUMCTOR FABRICATION TECHNOLOMGIES

-Larup_r!a ne

Mot to scale “-I'. " 1 atom thick
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Driving Force for IC Packaging Innovation (Cont’d)

 Performance Fine pitch Solution
Wafer Technology
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Integral solution to customers

+ Characterization h l o 5 =
« Reliability validation i :

’ {H * FOC/ Repsv/ RDL
* WLCSP

Wafer Bumping
= Probe card design

r
Prototype - Test program
optimization

* Substrate & Bump
mask design
* Module | Package Co-
Design
- BGA
= CSP
= Stacked die
= Multi-Package
Package = Quad and dual

13
Assembly package

Drop Ship

« Test System Setup Function Module - WiFi

« Socket / change EVE design Assembly =BT
* Test program Design Test - E:EP:'I o
= Mobile TV.....
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Main Trend of Advanced IC Packaging

» SiP (System in Packaging)
» FOWLP (Fan-out Wafer-level Packaging)

» FOPLP (Fan-out Panel-level Packaging)
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What is SiP?

Advantages:

Q Thinner / smaller form factor than individually packaged

- ooeen _— 80
ANGOAA EEPROVMB O D

e I o components
RF % g Provaseming il

Q Increased performance and functional integration

L

.-:ﬂ

Ll ]

GAMIDOOGPDOG
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U Design flexibilities
QO Better electromagnetic interference (EMI) isolation

0 Reduced system board space and complexity

O Improved power management and more room for batte
A combination of one or more IC devices P P 9 Y

plus optionally passive components that O Simplified SMT assembly process
define a certain functional block within a 0 Cost effective “plug-and-play” solutions
guasi-package mounted onto PCB. £ [Rrafin iasioniner e (D
U One stop turnkey solution - Wafer to fully tested SiP

modules
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Example of SiP Module from ASE
Antenna on Package (AoP) Feature:

Good radiation performance with the low
insertion loss and good impedance matching
between the RF SiP and the antenna.

&

&

Capabilities:
* Min. package size: 4.9mm x 3.3mm
To minimize the antenna size at (gchieved at 2.4GHz) 0
the package level offering the : F|I-m SFEP coverage: >30%
smallest antenna & highly * Min. line/space on top: 250um
integrated RF SiP module. * Dimension tolerance on side wall: within +/-35um

China
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What is FOWLP?

Reconfigured molded wafer
combined with a thin film
redistribution layer to yield an SMD-

compatible package.

TestConX

Chinam

Advantages:

U Substrate-less package

U Low thermal resistance

U Improved RF performance due to shorter
interconnects together with direct IC connection by
thin film metallization

U Embedded passives (R, L, C) as well as antenna
structures using a multi-layer structure.

O Lower cost larger mold embedding form factors

Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS 2 0 1 8
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FO Die
# numper 1
Mobile licatiomn: ! Low Pin Count Application:
1. 5mart Phone & Tablet I 1. PMIC = Audio forMMultl Die
2. High End AP/BE 1 2. PMIC, RF, PA for Single Die
Ca et A N e
FO-MCM FCBGA 1
s E [
i FO-Multi Die
“ | (FO-MDy)
#1 _— e — — — — — — — — — — — — A — — — — — — — — —
dre v oce
S e
FO- POP I —— |
(Die Side CAP) | EFO_Sinagle Di
High-End Application: SUE LU=
1. High perdformance computing I '[FD—SD}
2. Metworking % |
3. Data servers l RDL
FO- POP
(Land Side CAP) I L/S(um)
202 55 1010
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Examples of FOWLP from ASE

aWLP

Chip-First, chip embedded in mold
compound, fan-out by wafer-level RDL

Laminated FCCSP

Chip-First, chip embedded in mold
compound, fan-out by wafer-level RDL

Panel Level Platform
Fan Out Package

Chip-First, chip embedded in mold
Chip-First, chip embedded in mold compound, fan-out by panel-level RDL
compound, fan-out by wafer-level RDL Size: 600x600mm

China
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What is FOPLP?

Advantages:

— QO Electrical Performance

. l Q Improved wiring and | / O

il 0 Standardization for embedding die package
U Definition of supply chain

= J O Thermo-mechanical reliability

Large area mold embedding O Lower Cost due to large panel size
technologies and embedding of Q High throughput

active components into printed
circuit boards (Chip-in-Polymer) 0 High volume production
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TestConX

Chinaw

Development on

Super-thin Optical SiP (SOSiP)
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Marketing of CIS Modules

Competition differentiation & innovation

[New CIS Application | Industry Maturity
* Intelligent hardware Camera .
* Smart home T * Increasing customer
« Internet of Things __CIS Module demand

. Smart car * Higher M/C requirements
* Artificial intelligence RSt 0 e UREIE EEEE
& * Gross profit margin slipped

\ / * High-Pixel IC chips
N /
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Marketing of CIS Modules (Cont’d)

CIS module market prospects in China Trend distribution of mobile camera module
X 2,500,000 wees Rear Camera Ee=—=Front Camera 100.0%
Q 2017 market size reached 3.545

" 2,137,000 95.0%
Front Camera Ratio 2,038,2002'083’5002'1 12,700

1 2,000,000 1,910,930 1:979.100 90.0%
billion. 1,700,300 1.635.200 & 000 1828.200 1883600 I29,800 5000 e 0%
1,498,500 100" ] =i - 83.1%
_ =« 1,500,000 7,800 [ — o1 19:99 008 80.0%
Q 2018-2020, smartphones and tablet $ Slmlﬂﬁw 8.4 o0
cameras will grow steadily, while > 1,000,000 B 70-0%
65.0%
applications  such as in-vehicle 500,000 60.0%
55.0%
cameras, smart homes and o = - L = = 50.0%
2014 2015 2016 2017 2018F 2019F  2020F  2021F
Wearable deVICGS W|” become new Smart_ph-_:\unewith Rear Dual camera

s Smartphone with Dual camera 37.29%

g rOWth pOIﬂtS 1,800,000 Dual camera Attach 35.1% I 35.0%

30.0%

1,600,000 — 1.8%
O The smart device camera module e "’ o ‘ I -
market will maintain rapid growth, £ oo B e o

Uni

15.0%

and shipments are expected to 00,000 o

reaCh 4 billion in 2021. ° 2015 2016 2017 2018F 2019F 2020F 2021F o-o
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Challenges of CIS Modules

Dual Camera: Demand for under-glass
high cost, low yield of FPS & super-thin and
> ! ‘ . minimized CIS modules

co-substrate.

3D Camera: D!ffICU|t G c;:ﬁ?nb Zs D COB Process: high-
19 (U GBI & level cleanroon

assembly

. MOC/MOB Process:
Complex processes
with costly M/C and labor

High demand for super-thin .
10M & above CIS module

TestConX 20139
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Applications of CIS Modules

Smart home area Intelligent vehicle field

= Rt
i [
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Trend of Optical CIS Module

Mininaturization

Standardization
High integration

Manufacture
Process Flow

Intelligent automation

Datamention

Optical-System

FLIPCHIP
Integrated * ¢
Package e MOLD/GRIND
] e MOB
AREA MOLD « MOC
e DB/ WB
COB HOLDER
e SMD

PCB Materials

D
0
O
O
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>
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China

Assembly Innovation
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Consideration on SOSIP

Key Technology Key Issues

Super-thin module
Design Optimization Reliability & Yield
Ease of Process
Cost Control

Process Development

Applications

CIS Assembly
IC Assembly
MEMS Assembly
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Design of A-Kelon’s SOSIiP Module

—
ACP bonding
PCB
Flip Chip bonding CIS
Molding Package

Chi Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS
Ina

~ TestConX 2018
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Flip Chip Bumping for SOSiP Module

Passivation PR
Al pad Thick photoresist film opening
D o = /__UBM 7 — L L
Chip ) Chip 0) Chip ) Chip

1. Wafer with Al pad

2. Sputter UBM

3. Coat with PR

4. Pattern for bump

R A Y EREWHN BRI R
8 Electroplated Ider ball
Mushrooming o)
\ / solder bump after reflow
y-. = S
Chip D) Chip ) Chip 0) Chip

5. Electroplating

Cu and Sn/PbJ& %} Ha 4%

TestConX

Chi

6. Remove Resist

7. Strip Under Bump Metal
ZkuBm

8. Reflow[E] 7%
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Assembly of SOSIP Module

St - gy - g -
- -

FCIP Molding

i
Thinning

Pick up Flip Chip Precision
——— L \

- ..

Substrate Added film/paste .
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Inspection by Optical Tester

M2 2% s TA A
® tF¥LLEIR;
Light Standard box Light source box

ISO 12233 chart Cross—section, X-section
resolving power test Target 1B #l tr & X B H % H#H

= W W—

=

Light Test Bo . e a o
. ’ PDAF f # 1l & FENKES
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™
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Reliability Tester
o 1 MWL &

24 T Wit (I BRENT ESD i# 2 Wil W EE Wi

wHRSE & Z Wi RCAZK & i B W it k@R WK  FPCH 1T #H Wik K E W
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LR (; “.‘

I est Co nx =—. Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS
27

Chlna

TestConX China Workshop TestConX.org October 23 & 25, 2018



TestConX China 2018

Archive - Keynote

Assembly Equipment

Tester

2018
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Comparison between SOSIP & Existing Packages

Item 1%t Generation 2"d Generation 3rd Generation
Process coB MOB MOC MONC F/C SOSiP
Assembly E -

Methods
i
Structure Cemd Al PN PPN —
Area 100% 88% 77% 82% 85% 55~65%
Thickness 1.0~1.2 0.8~1.0 0.8~0.75 0.8~1.0 0.65 0.3~0.5
Cost Very High High High High Expensive Low
Process Flow Complex Long steps Long steps Long steps Long steps Simplified
i SUNNY GROUP | SUNNY GROUP
Representative ALL SUNNY GROUP |  APPLE A-Kelon
enterprise Q-Tech Q-Tech

Advantages of SOSIP: miniaturization, ultra-thin, simple process, low cost.

TestConX

China

™
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Benefits from SOSIP

Multi-chip Stacking and Repopulation

Repopulation

China

Multi-chip
Assembly

Multi-chip
Molding
- =— I
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Competitive advantages of SOSIP

L Enhancement of Multi-chip design ability.

0 Breaking the limitation of image chip thickness

O Simplification of the process and thus reduction of cost

QO High utilization rate of PCB, greatly reducing board cost, estimated 50% reduction

[ Easy to achieve buried components, reducing the material cost.

0 High reliability and innovative modular manufacturing process, expanding
modular commercialization application in mobile phone, industry security vehicle,

medical devices and space vision.

TestConX 201§
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Development on Super-thin CSP (SCSP)

TeSt Co nX - Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS 2 0 1 8
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Bonding

TestConX

l. Protection of CIS Chip
Il. Flip-Chip bonding

l1l. Underfilling Control

China

What is SCSP?
< Objective of Study:

|. To develop super-thin CIS module

by reducing 0.4mm in height

ll. To materialize Cu-Pillar & Flip-chip

< Challenges of Process:

™

% Structure of SCSP module

Lens

Base Holder SUS 304

Filter Glass /

RLC

Substrate

CIS Chip——u__,

FPC Connector
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Design of R-F Substrate
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Equipment for SCSP Module

i
it

Flip-chip Bonder

1500UPH TC-NCP Bonder @ +/- 3um placement accuracy

Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS
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SCSP Process

Process flow
CISRE

PVD Metal

PR Bump

Cu-Pillar Plating

TestConX

Chinaw

PR Strip

Metal Etch

Wafer Thinning

Dicing

Flip Chip Bonding

Underfilling

IR Glass Bonding

SMT RLC

Test / Reliability
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Substrate for SCSP

< Dimension of Organic and Ceramic Substrate

Top Bottom
Gold bump on Ceramic Copper pillar on Ceramic
Unit : mm | samplel | sample2 | sample3 samplel sample2 sample3 ;ll.l.lll'l -
Length 8.5+/-0.1 8.54 8.47 8.45 8.52 8.48 8.45 -4 — |
Width 8.5+/-0.1 8.45 8.45 8.45 8.52 8.51 8.58 — E .
=B
L ]
Thickness | 0.65+/-0.05 0.84 0.85 0.84 0.65 0.67 0.65 = —
— -
Criteria thicker thicker thicker OK OK OK * .ll.ll.ll
Ceramic
. Gold bump on Organic Copper pillar on Organic
Unit : mm
samplel | sample2 | sample3 samplel sample2 sample3
Length 8.5+/-0.1 8.55 8.42 8.4 8.4 8.43 8.44
Width 8.5+/-0.1 8.47 8.41 8.4 8.4 8.48 8.43
Thickness | 0.65+/-0.05 0.77 0.76 0.76 0.61 0.6 0.61
Criteria thicker thicker thicker OK OK OK )
Organic
TeSt : 0 nX Chi " Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS 2 0 1 8
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S-EI'IS-DI'

height

Bk
PCBiE
Sensor

SCSP

Sensor
PCB

Total thickness

~ TestConX

TTL

Sensor

3.8mm
0.2mm
0

4.0 mm

The thickness of SCSP reduced by 0.4 mm

™

SCSP vs CSP vs COB in Thickness

- W
Madule

Adjust height {}

Meodule
height

aA

1I'
h Sensor
I lI.l -

3.8mm
0.3mm
0.4mm

4.5mm

TTL

3.8mm
0.2mm
0.4mm
4.4mm

Adjust height f)

Medule
height

aLA

Sensor

China
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Failure of Flip Chip Bumping

m a9 PSPPI N

L]

. =LY

El  20kV WD14mm x900 20pm

SEM Micrograph of Flip Chip bumps Delamination of Cu-Pillar Bump after Reflow
TeSt Co nxm =. Advanced Packaging Innovation Challenges - Super-thin Optical SiP & CIS 2 0 1 8
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Failure Analysis of SCSP Module

Diel

L rVeEwW W WEees ewew [ Wm0 wWw
s e e o g _*,_‘.:"_"' R IEIRESE

A TR i S St e e et e B

Cracked Bump

0
ﬁ e - < o — - -
- i~ . :
‘,‘ o

%

S e oo e ——

s i d ked b
~TestConX . open and Cracked bumps 2018
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Yield of SCSP Modul
EE - | #{E &SMT %a ‘ﬁ CEC ‘ P S 5
HH m '5 % 1im Ea { KAIFA
QO F@RBOMRG&EHEHE
SMTHE | iEReflow 2t |E{L¥ 5k K/ Underfill
G b
roup 2 WRIFBRIC B IC B —— e
CIS-1-A 30 30 Underfill B/KiFfhidfEd, [
nderfi KPP AT =, |
Cis-1-B 62 2 6 54 Panel & &4kl £ 04~ O A2 Y
CIS-2-B 29 2 27 Pkl — AL ELY, S R
= B9 (345 AMUnderfill ARAK B934

CiIS3B 20 ZAN Pt :
Total 141 2 8 131

*FARMEERPHERE. EERELFERERERE—SSH

‘ ) SCSP Yield > 90%
O PRHERRMERSE 1€ (0

Group- RO ST I B IC
Group AN | MEW MEBRBFE BAN | MEN MEBRF AN | MEW iR R R
CIS-1-A 390 390 100% 78 78 100% 34 30 4 88. 2%
CIS-1-B 330 330 100% 66 66 100% 68 62 6 || o1.2%
Cis-2-B 330 330 100% 66 66 100% 31 29 || o3.5%
CIS-3-B 240 240 100% 49 48 98, 0% 21 20 1 95. 2%
Total 1290 1290 100% 259 258 99. 6% 154 141 13 91. 6

*ReflowfglpciEER TR
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SCSP module

,»/;’_-ﬁ."

l{.

Front Side Back Side

~ TestConX " 201§
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<

Thank you for your attention!
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