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NCAP Overview

I Established in Wuxi in 2012

1 10 investors
1 Including the Institute of Microelectronics and the
largest OSATs and substrate companies in China
(JCAP, NT Fujitsu, WLCSP, ANJILI, WULIWANG,
SCC, NDB, IME, Hua Tian, XIN Sheng Kuai Jie)

1 Independent business entity

Fan Out Technology Overview
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NCAP Platform

Wuxi Headquarters

R&D & Engineering with 9000m2
engineering assembly &metrology
equipment with ¥ 160 million, fixed
total equipment value ¥ 345 million,

3000m? Cleanroom
Class 10/100/1,000/10,000
o 8"/12" wafer

Beijing Center

Fan Out Technology Overview
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address: Building D1, China Sensor Network, International Innovation Park, 200 Linghu Boulevard,
WuXi, Jiangsu Province, China
Burn-in &Test Strategies Workshop N
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Industry / Institute Collaboration

1 collaborate with industry partners and institutes,
proceed small quantity of manufacturing

=
K3 SPREADTRUM'

(
@ HISILICON

Design

- Foundaries

Material/
equipment OSATs

SCC Suppliers
db &

o i3S 44 %

SINOPACO
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NCAP Role in Innovative Channel

{ )., Equipment / Materials

e

. @ Package Assembly

TSV

! ‘?;‘:; 1-’!.&( l
~=IC Design
[=)

; Fan Out Technology Overview
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Why Fan-out

Performance

¥ Shorter interconnect
length, high speed
application;

¥ Superior package level
reliability,

% Excellent board level
reliability

Form Factor

¥ Thinner package,
¥ Package size Scalability

Cost Advantage Ve SN /O density

¥ Substrate /gold free, B % Small pitch,
% Scalable to the large parer— . ¥ High pin counts

(600mm above)

=
g Fan Out Technology Overview
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Fan Out Market Forecast

Keynote: Fan Out Technology Overview

Apple’s
example will
show
competitors
the way

017

China

Burn-in &Test Strategies Workshop N
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B Industrial
Consumer
Medical
Auromotive

EMobile - Wireless

FAN-OUT ACTIVITY - MARKET FORECAST

Fan-out activity forecast (300mm eq wafers)
breakdown per end-market

I M+ wafers in 2017

4.5M in 2021
lIJIIJ 2011 012 0132 w14 015 1é ri 018 w19 2020
6613 10 432 33 343 41 560 15 210 103 123 155 315 210 731 335 730 435 063
I 258 4764 T 767 16 458 28 963 55211 Te 718 10427 143 455 188 426 201 933
] 0 L] & 301 568 21 | 487 1130 1997 3 401
] 0 7420 17615 21 506 18 269 56 930 TI 023 85 120 105 202 125 842

214 122 292016 314052 325 654 3135 120 423 691 TR0 923 | 1 25T 86T 2508956 2483417 3521 46

H Mobile - Wireless Automotive Medical Consumer B Industrial

2017 | wwww.yolefr | Equipment and Materials for Fan-Out Packaging | Report
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2021
570 487

264 789
4 460
165013

3632789
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Fan Out Applications

FAN-OUT APPLICATIONS

Where do we find fan-out? Some examples below

. Orange: devices found in FOWLP packages
Y_O(‘_}':-_)‘
\

Apple iPhone 7 (2016)

Al0APE — InFO package (TSMC)j \

Grey: devices that will likely remain on VWWLCSP
or flip-chip package. or move to 3DIC or
embedded die

Bosch MRR | Plus Radar (2015)

‘\ Infineon RASIC™ (77GHz RADAR System
’ ﬁ. IC Chipset) —eWLB package
é""{““"g AGjlaéY d57 (2016) ) d 7 Continental ARS400 Radar (2015)
uaicomm Audio Lodec .
NXP MR2001 (77GHz multichannel
WCD9335 — eWLB package {5l Daatchume

(Nanium/STATSChipPAC) RADAR) — RCP Package

BK Ultrasound Sonic Window (2015)
Multichip Module — eWLB Package (Nanium)

RF
Spreadtrum

\
\ SC8502

Intel-Mobile/Infineon
Power Management PMB5712, PMB5726 " Baseband
Marvell - Spreadtrum
) PM820 SC8502

Spreadtrum
SC2712A

Intel-Mobile/Infineon
PMB7900, PMB9810, PMB980 1

.

17 | wewow.yole fr | Equipment and Materials for Fan-Out Packagin

Fan Out Technology Overview
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FOWLP* - TOTAL MARKET FORECAST FOR EQUIPMENT AND MATERIALS

Fan Out Material & Equipment

Keynote: Fan Out Technology Overview

FOWLP equipment & materials market forecast (in $M)

600
500

400

Market ($M)

300

200

10

(=}

2018 ‘ 030 2021

Materials 18 36 56 102 ‘ 147 148

B Equipments 83 138 213 391 642 694
Qe T otal 101 175 268 494 789 841

*The market estimated here only includes process steps investigated by Yole for this report, and is not exhaustive. For details, see the
following slides for breakdowns, along with the “fan-out process steps to focus on” slides in the “Challenges” section.

2017 | wewew.yolefr | Equipment and Materials for Fan-Chut Padkaging | Report

Fan Out Technology Overview
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Fan Out Market Development

FAN-OUT ACTIVITY - MARKET FORECAST (1/2)

Fan-out activity revenue forecast ($M)
Breakdown by fan-out market type

$3 000M . Entry of A10 APE for iPhone7, 7+, and ~$2.SB
newer from 2016 = 2016 - 2021 CAGR is y
estimated at 40%! / =y

$2 500M After the first jump, further acceptance by \ —

players other than Apple (Mediatek?
Samsung? Qualcomm?) will occur,

maintaining the growth ;
The Apple $2 000M + Market estimated to exceed $2.5B by 2021

S
example will =
show the $1 500M
way to ,
i Intel Mobile !
Compet'tors o Infineon !
F $1 000M SWLB.-disvias Q Transition phase
/ Cp‘Gp‘? 30% CAGR ~ 10%
$500M SIS ) $244M
-—aaaall
$O0M . . :
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
“High Density” Fan-Out  $0M $OM S0M SOM $OM S0M S174M $412M SI214M  SI284M  SISIOM  $1842M
m"Core" Fan-Out $80M SI1I5M $131M $158M $174M $244M $318M $409M $485M $602M $699M $832M
AYOLE H"Core"” Fan-Out "High Density" Fan-Out
N ARkl 2017 | wew.yolefr | Equipment and Macerials for Fan-Out Packaging

017

China

Fan Out Technology Overview
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Fan Out Market Scale

FAN-OUT ACTIVITY - MARKET FORECAST

Breakdown by product type and evolution

Market breakdown by product in 2014
BluetoothiG

PSModule  stacked
2% f ”‘;};r"—"‘-‘ Analog
Spedfic ICs
S TR

‘V

H‘ll.”ﬂl[:

Analog Speaﬁc IICs HEHS

Stacked memory " g etoothiGPS

1%
Module
7%

Apple entry impact
The « core » fan-out market is evolving:
BE/NVVireless, PMLIYPMIC,

applications

More complex applications will follow: stacked memory, ASICs, CPU/GPU, etc.

YOLE °
yYOLE

Fan Out Technology Overview
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Market breakdown by productin 2017

PMU | PMIC
T%
RF
Analog &%
Spec;l;c ICs

EPGI’UJ.

and RF are the main driving applications, but fan-out has improved and qualified for MEMS and other non-mainstream products
Fan-out is starting to appear in wider applications: GPS modules, WVifi applications, Audio codec, and some specific niche automotive and medical

« HD » fan-out APE/GPU and complex applications will comprise the majority of the fan-out market (high revenue), fueled by iPhone followers
*  Fam-out’s higher integration capability will offer access to markets where flip-chip PoP/SIP currently dominate

% i
Bluetooth/GPS

Audio Market breakdown by product in 2021
Codec
" Wireless
% Basehand SOC Aul:llo Codec

10%

Stacked
Memories

Module
1%
MEMS
%

FO interest
confirmation

2017 | wewer.yolefr | Equipment and Macerials for Fan-Out Fadkaging | Report 51
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Keynote: Fan Out Technology Overview

Global Fan Out Supply Chain

* Magase ChemieX
* Henkel

* Sumitomo

* Mitto-Denko

* Hitach

* Panasonic

* Shin Etsu

Wafer/panel melding equipment
* ASM
* Towa
Yamada
*  Hanmi
* Besi

Exposure & lithography

* 5US5 MicroTec (Laser Ablation)
* Rudolph, Uttratech, Ushio, SUISS
MicroTec, ORC, Mikon, Canon (Steppers)

* Nitto Denko

* J5R

* Brewer Science
*3M

* Shin Etsu

* VWacker

* TOK

* HD Microsystems
* Missan Chemical
* Dow

L _ % __J W A\ =]

Metalization

SPECIFIC EQUIPMENT & MATERIALS FOR FAN-OUT MANUFACTURING*

* Mitto Denko

* Corning *EVG
* Schott * 5USS MicroTec
* AGC * Tazmo
* NGK * TEL
* NEG
* Merck * DOWW
= Fujifilmn » AGC
"SR * Toray
= Asahi Kase * HD Microsystems
* Shin-Etsu * Mippon Kayaku

= Sumitomo *TOK

RDL & I (PVDIPECVD) * SUISS Microtec
bump s — ~ * Screen
inspection ’ S__'T_S_"-]' '3_3-_'*"-"1"_ = TEL
Wafer test &  Rudolot * Bes * Oerlikon/Evatec
. rudalpn + Amicra * Tango Systems
Functional test « Camitek 5 189 2}
- LY AL
* Akrometrix * Canon
. - ¥rag * Applied Materials
*Partial list of players « KLA Tencor » NEYOOUTEL
* ASM * Veeco
* Shinkawa * Lam Research
I\IYOLE * Kulicke&Soffa
} 2017 | woewsv.yolefir | Equipment and Magerials for Fan-Cwut Packaging | Report

=
g Fan Out Technology Overview
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BiTS China 2017
Global Fan Out Players

FAN-OUT PACKAGING LANDSCAPE - MAIN PLAYERS (1/2)

Infineon

emkor
Textmelouy
o (a O'JCET
{_J ) Deca Technalagies “mﬁ“ STAT!'_;EI'\_I@C
PR rE s ﬁ tsmc
—i M| & T w e
). Fowsrtech

RCP manufacturers

335

A

Fan Out Technology Overview
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Global Fan Out Market Capacity

FOWLP - ALREADY-INSTALLED CAPACITY

* At the end of 2016, fan-out investments were already very important, and consequently so is capacity
*  WVith a capacity of 100,000 wafers/month, TSMC's InFO product has the largest capacity
Other main manufacturers are established eVWLE providers: Manium and STATS ChipPAC. Each can produce around 10,000 wafers per week.
STATSChipPAC is enlarging its capacity to raise production
*  Since TSMC's action was quite formidable, investment in equipment for 2017 will not be as high - but it will still be decent:
Led by newcomers willing to have a FOVVLF offer
*  As well as major players willing to enlarge their capacity (STATSChipPAC and potentially ASE together with Deca)
*  With 4.5M wafers to be produced in 2021, capacity must be increased by TSMC and/or other actors. Therefore, a second wave of investment will
occur later on; otherwise, capacity be insufficient for addressing the FOWLP market if it keeps growing (see the following slides).

- \D Deca Technologies

" Capacity per
month

(end of 2016):

235k wafers

*  TSMC has an enormous capacity of 100k

wafers per month *  Strong capacity capability already exists

with other players too, and it will keep

expanding
19%
G JCET
<y
naniumT STATSChi
\YOLE st
o 2017 | weewer.yolefir | Equipment and Magerials for Fan-Chut Fadaging | Report 57
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Development Trend

Performance (L/S; Single chip to Multichip , Development
pitch; multiple die, from two dimensional to three-dimensional
etc.)

APE FPGA,CPU,G
PU, etc

BB,PMU,RF,GPS, L

MEMS, etc.

PL

—

Fan Out Technology Overview
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Technology Challenges

Mold material/carrier to achieve low warpage

=

Die placement(panel level) UPH>10K

=

To achieve low cost warpage( TBDB
machine: mechanical/thermal/laser)

Low warpage of package
Low CTE to achieve high reliability

Fan Out Technology Overview
Burn-in & Test Strategies Workshop N
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Major Fan Out Technologies

« eWLB (wafer level) « TSMC InFO

* First fanout patent filed level) : Apple used this

at 2001 technology in iPhone 7

» Shipped out 1billion
units since  mass (A10 processor),

production in 2009

Jdthers (e.qg., DECA (chip
« RCP technology face up panel level )
(wafer level), from frees , technology ; ASE licensed

and licensed NEPES, this technology (panel level,
* Low volume shipment and ship out 100 million units)

Fan Out Technology Overview
Burn-in & Test Strategies Workshop N
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Key Player Technology

Nanium and

oined by strong
competitors in
the FOWLP
market

017

China

Burn-in & Test Strategies Workshop N

ASE (TW)

STATSChipPAC
(5G)

Deca
Techneolegies
(Us) :

NANIUM (PT)

*  In volume
production on
300mm (eVVLE
and in-house fan-
out)
Line creation (M-
SETIEs)

*  |n volume
production on
300mm and
330mim

*  |n volume
production on
300mm
Line creation for
panel ongoing

*  n volume
production on
300mim

Burn-in & Test Strategies Workshop

.

.

.

Fan Out Technology Overview

FAN-OUT - KEY PLAYERS ACTIVITY SUMMARY (1/2)

Production on
200mmn until 2012
300mm volume

} = eVVLB license
production since

(Chip-first face-

2015 -
n 2016, fab start c.u\-m
for pane - (r_-‘l-:s-enes license
- (Chip-firstface-up)
manufacturing (M-
SEries)
* =10,000
wiafersiweek
> 1B units sold = eVVLE license
since 2009 {Chip-first face-

R&D ongoing for down)
production on

panels

> 100 million units

since 2011 =
Panel production

B0% ready

M-Series (Chip-
first face-up)

=500 million units
on the market
since 2010

* eVVLE license
{Chip-first face-
down)

www.bitsworkshop.org

S5um LS BE. PMU. RF
Spm L/S BB, PMU, RF
S5um LS BE. PMU. RF

| .
Sum LIS BE. PMU. RF, GPS,

MEMS

Qualcomm, Mediatek

Qualcomim,
Broadcom,
Spreadtrum, Cirrus
Logic, Mediatek

Cypress, Qualcomm

CQualcomm, Marvell,
Mediatek

September 7, 2017
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Key Player Technology

SPIL (TW) * R&D and sampling

Amkor (US) * R&D and sampling

Nanium and *  In volume

TSMC (TW) production on
00
oined by strong
competitors in N *R) - I‘:j'volume
epes production on
the FOWLP P S

market

* R&D and line
creation

N~
-l
(=~

Ch

Burn-in &Test Strategies Workshop N
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* Production
capability since
2015 on
300mm wafers

* Production
capability since
2015 on 300mm
wafers

*  300mm volume

production since
016

*  300mm volume
production since
2013 (previous
EXPErience in
Singapore since
2009)

= 510 x515mm
panels - volume
production
expected in 2017
= VWafer production
capability since
2016

FAN-OUT - KEY PLAYERS' ACTIVITY SUMMARY (2/2)

- . s

= SLIT (Chip-last
with fab BEOL)

SWIFT (Chip-last)
*  SLIM (Chip-last
with fab BEOL)

= InFO (Chip-first
face-up)

* RCP license
{Chip-first face-
Downi)

* CHIEFS (Chip-
first)
*  CLUIP (Chip-last)

Fan Out Technology Overview

www.bitsworkshop.org

"

-

*= <|pm LS
expected

2um L/S expected
(SWVIFT)
* <]lpm L/S
expected (SLIM)

* Spm LS

* Spm L/S

2um LS expected

FPGA, CPU, GPU

* BB, PMU, RF, APE
= CPUIGPU

* APE

* BB, PMU, RF, APE

* BB, PMU, RF
+ APE
- FPGA. CPU, GPU

Xilinxe

Apple

MXP, Sony

September 7, 2017
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Major IPs for Fan out

RDLs to fan out the circuitry from die edges without using
substrate

USOIGTZTSToR2

azn United States Patent (1) Patent No.: Us 6,727,576 B2
Hedler et al. 45y Date of Patent: Apr, 27,2004

(54) TRANSTER WATER LEVEL PACE AGING (557 References Clited
[(73) Iowentows: Harry Hedler, Germeriong (110} L5 PATENT D UMENTS

Thorsten Meyer, Erlangen (5, oy _ R . L T

Barbars Vasgwer, Munich (DE) GSITHHE T vz arnenfore ©f o - M
(73 Assignee: [nfincon Technologies A0, Munich = cited by cxaminer

(IVE}

Frivncery Eoconirier—David Melms

(*h MNotice: Hubject to any disclaimer, the term of this Assesrant Eronrener—Nol-Huome Tram

paten is extended or adjosted wmder 35 (74) Aworney, Agent, or Firmm—Tish & Richardson

LS00 1540b) by O days,

(573 ABSTRACT
(21} Appl Moo LA 00 Aosvmiconducior strocture and o omethod for formiogs the
(223} I—'iln.:d Oret. 31, W0 semiconductor struciure, including a scemiconductor chip
- - P T T T e L e R e
16a

445{ jﬂb 40c Owver Mold Encapsulant

Teitiom

ey o e i I I L s e

7 T 3
52 S2F 52

Sold ] k
older Mas o Metal pad Solder Ball

(Polyimide) BDL

Fan Out Technology Overview
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Global IP Distribution

.
6137 Patents 7

8837 Patent Families —8-TSMC
=f=STATS CHIPPAC

INTEL

\
\\; e INFINEO

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Applicant patent date

=4=—TAIWAN SEMICONDUCTOR

Fan Out Technology Overview
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eWLB Major Process

Infineon’s Embedded Wafer-Level
Ball Grid Array (eWLB)

Test for KGD
a) Wafer Singulation b) Reconfigured Wafer

I Molded reconfigured

) Redistribution d) Ball Apply + Singulalion e

Fan-Out

H - Redistribution
. Area (Mold) Chip Layer (RDL)

Schematic process flow for a fan-out
wafer-level package

Fan Out Technology Overview

Burn-in & Test Strategies Workshop 'N
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TSMC InFO Main Process

TSMC InFO-WLP
(Integrated Fan-Out WLP)

Ultra-fine pitch RDL
EGA Ball 150y m WIS == S5um/Sum
Ultra-thin package
m 0.45mm (including BGA)
Ultra-high Q

Zo0um

m ~60, built-in inductor

At the TSMC Technology Symposium in San Jose, CA in April
2014, TSMC announced the latest INnFO-WLP platforms:

~ 8mm X 8mm is targeted at RF and WiFi chips

~ 15mm x 15mm is targeted at application processor and baseband chips
~ 250mm X 25mm could be applied to GPU and networking chips

Fan Out Technology Overview
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TSMC InFO PoP Structure

TSMC’s INnFO_ PoP

Conventional PoP for
Application Processor (AP)
chipset

TSMC's PoP for
Application Processor ((AP)
chipset

R o g

Eliminated solder bumps. underfill,
and package substrate.
Lower Profile!

_ Orange: devices found in FOWVLEP

packages
Today
Apple iPhone 7 (2016) x
ATO APE — InFO package (TSMO) i

Samsung Galaxy S7 (201 6)
COualcomm Audico Codec
WVVCID9335 — eVVLE package
(Naniunm/S TATS ChipBAadc)

Power Management
MMarvell
PM820

Spreadtrurmm
SC2712A

Fan Out Technology Overview

Burn-in & Test Strategies Workshop www.bitsworkshop.org
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Status of Fan Out Development (China OSATS)

Hua Tian Scientific Co., Ltd eSIFO ™ Qualified and engineering

samples are ready; and
ready for ramping in the

production
JCET MIS technology based Ready for mass production
NT Fujitsu Panel level fan out In development

Fan Out Technology Overview
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BiTS China 2017

PR ERE --_,,-"-.- .
et ll O nOuRLT
-.--- s.,,-»_wwnﬁv!,. .,!ﬁulAN-

P T Tl e T

Printing

7’
ilm-

September 7, 2017
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NCAP WL Fan out Test Results

Chip Pad1 Chip Pad7 Chip Pad27 N . L
. Circuit Resistance vs. Circuit Length
Chip Pad3 Chip Pad11 g

1000
900

800
700

600 P == Chip-1
500 ~—fli—Chip-2
400 - Chip-3
300 ==Chip-4

Resistance (Q)

200 -
100

0

2‘0
Chip Pad ID

Fan Out Technology Overview
Burn-in & Test Strategies Workshop 'N
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Large Panel Fan Out Consortium

€ Objective: Development and characterization of large panel fan out design, process
and reliability, provide supply chain analysis and justification for commercialization

NCAP

(industry &
commercial
ized
Partner)
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Consortium Key Members

Membership fee: US$20K
Paying members :15 companies -2 & 15 3 K

Supporting members: 10 companies L DelphiLaser
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Panel Level Fan Out Consortium

Consortium
on Low Cost Panel Level Fan-out Technology Development

25 International Companies joined the Consortium

Target single die fan-out (one layer RDL) development &
demonstration (Phase 1)

Establish design, simulation, process capability and
panel level fan-out supply chain build up

Complete single die fan-out lesson learnt and preliminary
process & reliability qualification

Drive low cost solutions & commercialization

Establish panel level fan-out technology Industry chain
embryonic in China
=
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Die First Process

Die First Process Package structure

Lamination

Package size: 8.9 x 7.7 mm | Key Benefits

Die Attach RDL: 1 layer
Panel Molding RDL Line/Space: 20/20pm |+ Have advantage of easier
Ball Pad Size: 250 um process

Ball Pad Pl Open: 230 ym |« Thinner than flip chip package
(no substrate)
Die sizes: 5.24 x 4.835mm |« Support increased 1/O density

2nd Bonding

Die pad pitch: 96 ym * Excellent electrical and
UBM D@e thickness: 200 um thermal performance
Die Pad PIO: 65x65 ym » Excellent high temperature
Die Pad Qty.: 207 warpage performance

Ball Drop  Fine line & space

» Panel level molding process
» Establishing panel level fan
out industrial base

Testing

Fan Out Technology Overview 33
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Die Last Process

Package structure

Package size: 8 x 8 mm
Package ball Qty : 185

Substrate Line: 1 layer
Line/Space: 30/30um

Die sizes: 6 X 6 mm
Die pad pitch: 200 pm
Die Thickness: 150 um
Cu pillar height : 70um
Copper pillar Qty.: 203

017

Burn-in & Test Strategies Workshop N
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Key Benefits

Fan Out Technology Overview

www.bitsworkshop.org

Utilizes a Low Cost FC Coreless
Substrate

Panel processing (low cost)

No FO Wafer Fab Investment
needed, can use existing Flip
Chip Packaging manufacturing
lines

Fan-Out Packages with low
thickness

Design based on flip chip die
Test as module as usual
Establishing panel level fan out
industrial base
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Major Results Sharing

Thickness 3D-map 201512317085423
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Conclusions

1. Fan out technologies are commercialized in the
major forms of eWLB, RCP, InFO, and other
mixed technologies.

. The market will be booming for fan out especially
after Apple iPhone 7 was using InFO technologies.

LPFO will be commercialized soon.

. The material and equipment suppliers are facing
challenge of supplying qualified solutions with time
frame and low cost.

. China will be the hot place to execute fan out
manufacturing and products in next 5 years.

Ne
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Thank You

R FSAE RIS AARPOERAE
B 22 NCAP CHINAS e

Vision
World Class R&D and Commercialization Center
for Adcanced Packaging & System Integration

NMission

Innovate Incubate Influence Impact

Value

Collaboration Innovation Perseverance
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