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CSP Demands
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Frequency, I/O countsvs. Packaging Technology
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|C Package for mobile phone and Portable devices

Section | pin count applications Packages Driving force
RF 8-48 Power Amplifier SON, QFN smaller
lower cost
LNA, Mixer TE-TQFP smaller footprint
Xcelver MAPBGA
QFN
Modules Laminate solder joint reliability
Flip chip
IF 20 - 100 Synthesizer, MAPBGA seller
M odulator TFBGA
Analog QFN
Digital 8-48 Memory TFBGA smaller
(Flash, ROM, RAM) MAPBGA
Stacked chip
32 - 200 ASIC, MAPBGA
Power kh @ een t TFBGA
CODEC COF-BGA
Baseband processor MCM-BGA
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M obile Phone | C Function Description

Rth, electrical performance

A/D  D/A
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Source: Dataguest Samsung SCH-300 Phone Block Diagram
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ANATOMY OF A SYSTEM - MOBILE PHONE

LEGEND
i and % Breakdown
alegory Microwaue Components 514 ] e
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s = WZ0, Filler, Crystal
+ Players
# Kuwata, Matsushita, CTS
= RAegion
* Warldwide, But Japan sireng
& Drivars
= Srmaller 2ize, FF Modules
InpuliOulpul Devices ] 54 ] 3%
* LD, CLED. Microdisplays 548 | a3
= Casio, Sharp, Three-Five Syslems = DEP, Memery, Transcaiver
+ Mostly Jagan, Kores, Taiwan « TI, Samsung, Fhilips
+ Celor and Higher Reselution + America (DSF), Asia (SAAM), Europe (RF)
= Silizon and RF Inlegration
<deshanical Comegnanis
* ABSPC, Metal | 56 ] 4%

= Chomerics
+ Mary Local Suppliens
 Wzight and Assernisly Cest

s Capacitors, Resislors, Conpestars
AV, TDK. Tyeo

Watldwide Praduction

Integrated Passhes and (201

Power Dewices | 57 ] 5%
I

| 53] ¥

* Liion, MikiH, MiCd Babieries
* Sony, Matsushita, Sanyo

* Japan

* Grealer Power Dansity

Mizrovia, FR-4, Flax

Matsushils, Compeq, ATAS
Japan, Asia and Europs
Increasing Altachmeant Pad Density

Ageemb JEio] 7 Nalue Add | 554] 35%
* Board and Box Azsembly

* Flexironice, Celesiica

* Workdwide

* Move to Conlract Assemmibly

* R&D, 2GA, EBIT

Mokia, Motorela, Ericsson
Worldwide

Wirlual OEM's

Pri smar |

= - | ?’f‘# P

ﬁternational Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 4, ET
CharlesYang =




D& transceteer modde dintermal luminous eement for infrared remate condral
operafion, manufachred by Adlent Techndoges)

Tab replaces screws(prioe modd bad scraw bdewhere canmera modde s
rowy locatech

Carmera module (inkarral 1i4-inch CROS solid-state imacer, total hei

B 2T, 31|:|,|:|:u:|'é:ix:3|$ o

Light sersor o auto redical b um off kesgoad LED fight emters through DA part,
which has a black cover, so sensitiity Besured by using white paint around the sensor)

Rear display seni-trarsparet SMT LCD(same backlicht as main dsplash

Shigld 1o isclste arternafronm canmera noise

cpeaker
E-layer PCE (rear suface has conbacts for keypadh

PCE embeddng conrector

| g processing IC for JPE G encoding

g

1.50;Hz2 wavetand power amg
1.5GHz waveband [solator
SO0MHZ waeyeband powver amp
2nohdHz wavetsand 1solator

Resin shiel dfCuhi surface trest et and pecedal

Stacked rmemoey ﬁ: L Basetand processing microcoatoller
14 chips)

Internat Fig 3 Inside the Mova NSD4IS The small PCB to the lower right is mounted on the pedestal
balow it, inzide the bottom case (keypad casa). 11 M



ol
~

8 PC 3 4
. (form f a
PC
. 3
Di gi |
International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 4, *
CharlesYang BT



1. : :
(Si, GaAs, . .),
MCP
CMOS Sensor

Java 3D
2 . feature appl
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 = i
Charles Yang s Ll



Four Groups in CSPs

1. Customized-lead-frame-based CSP
2. CSP with flexible substrate
3. CSP with rigid substrate

4. \Wafer-level redistribution CSP
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Customi zed-lead-frame-based CSP
*Fujitsu’ s Small Outline No-Lead/C-Lead Package(SON/SOC)

Goodil Wise Befiabdl Redis

*Fujitsu’s Bump Chip Carrier(BCC) == s

Fujitsu’s MicroBGA and Quad Flat Nonlead(QFN) Package

Splder Bump ——

R“Ed.h‘er Plating

*Hitachi Cable' s Lead-on-Chip Chip Scale Package(LOC-CSP)
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Customi zed-lead-frame-based CSP
*Hitachi Cable’s Micro Stud Array(MSA)

WUW . ASEBBS .COH

¢ @& § ik Adetk
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*T1 Japan’s Memory Chip Scale Package with LOC(MCSP)
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CSP with flexible substrate
*3M’ s Enhanced Flex CSP

*General Electric’s Chlp On-Flex Chlp Scale Package(COF-CSP)
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CSP with flexible substrate
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CSP with rigid substrate
*Amkor/Anam’s ChipArray Package T a5

LFBGA, miniBGA

*EPS’ s Low-Cost Solder-Bumped NUCSP s Thrrs oy RS

FHRd nr BT i 1 'f.h||l____ . - I*:-

Subsirates ” | l “ “f” L || s

': o HL]IJ Grid Array

Salder M:

| BM’s Ceramic Mini-Ball Grid Array Package(Mini-BGA)
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-Mltsushlta s Stud Bump Bonding Package(M N- PAC)
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CSP with rigid substrate
Motorola’ s SLICC and JACS-Pak
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*National Semiconductor’s Plastic Chip Carrier(PCC)
*NEC’s Three-Dimensional Memory Module(3DM) and CSP
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Wafer-level redistribution CSP

*ChipScale’sMicro SMT Package(MSMT)
*EPIC’ s Chip Scale Package

Flip Chip Technologies' s UltraCSP
oFujitsu’ s Super CSP(SCSP)
*Mitsubishi’s Chip Scale Package

*Nationa Semiconductor’sMSMD
«Sandia National Laboratories' s Mini Ball Grid Array(uBGA)
*ShellCase' s Shell-PACK/Shell-BGA
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Wafer Level Package (WPL)
Wafer Level Chip Scale Package
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Wafer Level CSP

 Theterm "wafer-level packaging" (WLP) entered the
microel ectronics industry's lexicon in the late 1990s.

« WLPisan advanced packaging technology in which the die
Interconnects are manufactured and tested on the wafer, then
singulated by dicing for assembly in a surface mount line.

* Devicesthat are packaged at the wafer level are more
generally termed wafer-level chip size packages (WL CSP).

e For small die, the therma mismatch between the silicon and
Its circuit board substrate is |ess problematic because of the
small distances involved.

e A chief [imitation to the pin count for bumped WL Ps has been
less than about 60 balls because of limited solder ball fatigue
lifetimes.
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ITRS forecast of minimum pitches of various
mounting technologies for leading edge ICs

o flip chipisapplied to those die with area pad pitch
of less than 250 um and ball diameters less than
120 um. JEDEC has defined a"'die size chip scale
package" that describes the WL P phenomenon.

Chip interconnect pitch (pm)

0N 2002 2003 2004 X056 2006 2007
Wirebond: ball 45 15 30 249 20 0 20
Wircband: wedge -l 35 30 25 20 20 20
Flip chip (area array) 160 160 150 150 130 130 120

Flip chip {peripherall 150 130 420 110 100 %0 80
WWLF a i ik O i 400 B0k S0
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Wafer Level Burn-in and Test

o A cost-effective test strategy Is based on fab process
maturity, device type complexity, yield management
effectiveness and an appreciation of the application
domain reguirements.

e Test strategies range from no test at all to full testing
of all AC and DC parameters, as well as functional
and structural testing.

e Testing done at the wafer level traditionally has been
aminimal test to simply ascertain gross failure.

 Theentirefina test suite should be performed at the
wafer level to realize cost efficiencies.
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Plot of minimum die size for various
/O per die at several pitches
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WL- CSP
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Redistribution|EPS F APTOS WL-CSP 2 layer Pl Ti FCu S
Ti fCu
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Assembly flow of matrix BGA/L GA

m Package design

m Shortening production
line set-up time

® Minimizing materials
Volume

m Standardization of
production line

Diffusion completed wafer

Probing

Dicing

Die bonding

Wire bonding

) Attaching solder balls ~ ==———p

Reflow solder balls — ————

—

Cuitting to pieced

Source:Casio
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(Die shrink)
Moor eaw 18 | C
CSPITSOP
lcent [/ pin LCSP W
(Wafer | evel testing)
KGD TSOP 0.01lcent [/ pin
Burn-in (WLBI)
/
APA, No.| 5, 2002
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For mFactor

Oworcoating of I'Hlﬂli-ll g,
Bonded Gold Wire |
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FormFactor
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Characteristics of WLCSP
B An LS| packageequivalent to achip sizeisrealized.
m Thelightest LSl packageisrealized.

Themost suitable LSl packagesfor personal and
mobile applications

Package type Size comparison (example) Weight(g |
Fine pitch QFP 0.60
Fine pitch BGA 0.30
Wafer-level CSP 0.07
(25%)
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 *
CharlesYang 4 M



Flip Chip Technology

| BM 1960 FC
Control Collapse Chip
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Di giti mes, FC

e FC
Sol der Bump
Wi re Bonding
( Mol di ng)
FC | O
1,500
| C
EMC EMI
Par asit
|l nduct ance FC SMT
Technol ogy | O
F C | C
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High Performance Requirements

. SOC
| C FC
| O
| O
| O SOC
O
. | O FC
e 300pin | C QFP BG/
FC BGA TAB FC 10
20 10 8 1FC
I lonal Semicond Technology Ltd. ct. ov. 02 -
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Flip Chip Packaging: FCIP vs FCOB

. FC

FCIP Flip Chi

on Board
CSP
1
Carri er

CPU | C FCOB
FCI P FCI P
DCA:
FCOB

Di giti mes,

1 1.5
FC
P I n Packadg
BGA
1.5
FCI P

| C
Di rect Chip
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Cost

Wire Bonding
Die Attach & Cure #0.03
Wire Bonding #0.23
Wire 043
Encapsulation 010
Comparisan #0.79

| BEIEE D DHs#E - 2008

1 FC

Compari son FC v
excl .

4@“*ﬂﬂﬁ%ﬁﬁ%ﬁﬁﬂi

ERARISLEEE = =

Flip Chip
Fick & Flace #0035
Bumping Cost 037
Feflow Bumps F005
Clean F0.07
L nderfill 010

#0.58
B I RS- NS

FC

S5EmMmmx35mm 6 I

Di gi |
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« FC | C C P
| C
PCB (FC )

e FC 1) KGD Known GKGD

,2) F
3) FC
. FC
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What 1s Flip Chip ?

* Flip chip microelectronic assembly isthe direct electrical
connection of face-down (hence, "flipped") electronic
components onto substrates, circuit boards, or carriers, by
means of conductive bumps on the chip bond pads. In contrast,
wire bonding, the older technology which flip chip is replacing,

uses face-up chips with awire connection to each pad.
Pictorial Of A Basic Flip Chip Package:

Die bumgs

[W'Hﬂ lhdtrlitpnq

a1k
EHH][J{HH][H}[H]

- E===a

!idi!-r balls
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Why Use Hip Chip?

« Theboom in flip chip packaging results both from flip chip's advantagesin
size, performance, flexibility, reliability, and cost over other packaging
methods and from the widening availability of flip chip materials, equipment,
and services.

« Smaller Size: Eliminating packages and bond wires reduces the required
board area by up to 95%, and requires far less height. Weight can be less than
5% of packaged device weight. Flip chip isthe simplest minimal package,
smaller than Chip Scale Packages (CSP ) becauseit ischip size.

* Highest Performance offers the highest speed electrical performance of any
assembly method. Eliminating bond wires reduces the delaying inductance
and capacitance of the connection by afactor of 10, and shortens the path by
afactor of 25 to 100.

« Greatest |/0O Flexibility Flip chip gives the greatest input/output connection
flexibility. Wire bond connections are limited to the perimeter of the die,
driving die sizes up as the number of connectionsincreases. Flip chip
connections can use the whole area of the die, accommodating many more
connectionson asmaller die.

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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Why Underfill ?

e The underfill protects the bumps from moisture or other
environmental hazards, and provides additional mechanical
strength to the assembly. However, its most important
purpose is to compensate for any thermal expansion
difference between the chip and the substrate. Underfill
mechanically "locks together" chip and substrate so that
differences in thermal expansion do not break or damage
the electrical connection of the bumps

« Underfill may be needle-dispensed along the edges of each
chip. It isdrawn into the under-chip space by capillary
action, and heat-cured to form a permanent bond.

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 4c BT
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~ Flip Chip Technology

Rigid Bump Soft Bump Elastic Bump
I y
Methods of Bump Manufacturing

i | |

Thermo-Sonic | | Electrolytic / Evaporation/ | | Printing | | Dispensing
Bond (SBB) Electroless plating | | Sputtering
|
I
| nterconnection between Chip & Substrate
|

Thermo-Compression | | Thermo Ultra-Sonics | | Soldering | | Adhesive

Ex.  LDI COF SAW filter Most widely c4 ~ RFID

International Semiconductor Technology Ltd.

CharlesYang
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Bumping for Flip Chip

Materials Method Process Interconnect
~~ Deposition Evaporation N
Plating Electro |
 Electroless +—— Reflow + Underfill
/ Solder — (— Solder Ball Transfer
Ball Stud Bumping
_ Solder Jet
\- Screen Printing J

~ Conductive Paste & Underfill

Plating 4[ Electro Reflow & Underfill
Bump — Au Electroless Ji ACF (Anisotrpic Conductive Film)

ACP (Anisotrpic Conductive Paste
Thermocompression & Underfill
Thermosonic & Underfill

\- Pressure Contact & Non-cndct pas

Ball Stud Bump

K Polymer Screen Printing ——  Cure

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 lST
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i Gold Bump Process Overview

Development

Asher De-scun

Pretreatment

putter UBM formation

(Ti deposition)

Asher De-scum
Anneal

Sputter UBM formation
(Au deposition)

e W o

Etching UBM layel
(Au— Ti)

i
-

Photo-resist coating

. . Final Inspection
Stripper Resist removal P

Jet scrub Packing & Shippi

g\

ctor e nolog
CharlesYa
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Under Bump Metallization (UBM)

 Aluminum not suitable ¢ Meta layers:
for direct bump bonding

— Al,O; passivation layer

— 1st: Diffusion barrier and

. . adherence
— AUu-Al intermetallics >nd: Solder
* Process steps (mod. 1) — <hd. _erlr_1g
_ Sputter etching metal — 3rd: Pasavatlonpzlgsri v%trlﬁ layer
ayers | » Examples: Soldering
— Normal photolithography o Diffusion barrier
— Metal etching — TI/NI/Au and adherence

e Process steps (mod. 2) — Ti/Au/Cu/Au ¢} |
— Spinon 5 pum photo-resist H

— Sputter etching metal ‘Al bond pad |
layers
— Lift off .
International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g
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Reguirements of UBM

e Good adhesion to bonding pad
metallization and wafer
passivation

e Good ohmic contact to bonding
pad metallization

e Solser diffusion barrier

e Solder wettable

e Oxidation barrier

e Minimum stress on silicon

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 c, lST
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UBM Functions

o Adhesion and diffusion barrier layer

Function: From strong bond with bonding pad metallization and 1C passivation
layer and prevent diffusion between bonding pad metallization and
solder bumps.

Typical metals used: Chromium (Cr), Titanium (Ti), Titanium/Tungsten (Ti/W),
Nickel (Ni), Palladium (Pd), Molybdenum (M o)
Typical thickness: 0.15t0 0.2 um

o Solder wettable layer
Function: Provide surface for solder bump to adhere to.
Typical metals used: Copper (Cu), Nickel (Ni), Palladium (Pd).
Typical thickness: 1to 5 um
Ti/Cu/Au, Ti/Cu,

o Oxidation barrier layer Ti/Cu/Ni,
Function: Prevent UBM structure from oxidation. TIW/Cu/Au,
Typical metals used: Gold (Au) Ni /iL/ CT%Q:J/P q
Typical thickness: 0.05 to 0.1 um Mo/Pd
International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g, lST
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Various Flip Chip joints vs Bonding pressure/temperature

Si Si

E ;:high temp solder bump solder bump
low temp solder

s

a) b)
S Si
Au- or AwNi-bump
An-bump isotropically conductive
adhesive
¢) di

1 5

S iy stmﬂw
.t _‘ . .'adhesive /adhmw
el . f)
An- or Aw/Ni-bump An- or Aw/Ni-tump
joints Op pressure | op temperature remark
a) high lead very low solder reflow
b)| eutectic solder very low solder reflow
c)| goldto gold 60 ¢/ bump >200degC uitrasonic, stud bump
d)| conductiveglue | verylow <200degC suitable stud bump
e)| ACP/ACF 100 glbump 200 degC Pressure cure
f) NCP Medium Pressure cure, stud bump
International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 5, T
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Flip Chip (Soldering / C4) Process Steps

e

= i

‘ N N \

Dip in Flux

m——

Pick from
Wafer Handler

Pick from Wafer Flip

- .
= == ==

Vision and place Reflow  Underfilling and curing
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 -
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Stud Bump Formation
o Stud Bump formation: ESEC wire bonder

Gold wire: 1% Pd, 30 um dia.
Capillary : use current one

Design a vacuum heat block

with single chip manual |oad/unload

s VAR
\ EEJI 4‘%

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 ¢, T:'
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Electroless UBM Process Flow
Under Bump Metal Process

Electroless Plating of Ni/Au Bumps

Au
AlBondpad ——

Silicon

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 ¢ T:'
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Electroless Under Bump Metallization
for Flip Chip Applications

FLIP CHIP
ON PCB
FLIP CHIP ﬁ FLIP CHIP
ON CERAMICS : > ON GLASS
Ni/Au

— A=

4 Y

FLIP CHIP
ON ELEX SMART CARDS

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 g BT
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Bump Technology Comparison

. . ~
Min. | Min. Bump /7 "\ |substratd Comments
ball size¢ Pitch| material | /UBM 4
. 7 *
Evaporation i\ : :
through mask 100 um|250 um Pb/Sn .l Cr-Cu : Wafer |[No fine pitch
|
- Pb/Sn . \ Most widespread
Screen printing 100 pm | 200 pm Sn/Ag/Cu .l Ti-Ni-Au ‘ Wafer Cheap
. ) |
Stud bumping Au I Wafer [Low throughput
(SBB) Opm ASum - ppgy p Noneed | epi INo self-alignmen
I Cr-Cu :
Electroplating 25 um | 40 um A1 ITiW-Cu-Ad Wafer MEE el Ailfe]:
Cu/Sb/Ag/Sn. . . . control
L Ti-Ni-Au |
. . \ Il Wafer |Need for pad
Electroless plating | 40 pm | 70 pm Ni/Au \ Zn I| chip |conditioning
Conductive Polymer \ / Very new
BUMPS 100 um|150 um Polymer Cr-Ay Wafer High Rc

¢
CPb alloys can be alfa sources)

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 - BT
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Process Anisotropic Conductive Film (ACF) COG

- Carrier Film
< Film > 00000000000 OU<\ Cond wetid®
Adde afe sPsur e Adhesi ve

o 0 o ©° o Circuitt E
< 1 TO
TT—Glass Subs

Pre-
Laminate
l Adde a¥e sPur e

<Bopncie|_nq> °Ulool° Uo°olo°lo° | C Chip

With uBp
l‘ Adde adH e sPssur e

/_/| Fahrmer
i i Pol
<EEnal Bonding 0 5 RITSLe oo olymer —
I I \I Mi
Dia. Min. 3um
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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NCP Process Flow

Applied Leveling & Pre-Gdlling

Tape
Back up Pre-heater

Back up Pre-heater l

Pog Cure

Bonding & Hesat

== T My

Back up Pre-heater

Source: Namics Corp.

Equipment: Shinkawa COF-110

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g B‘[
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(Underfill dispensing)

+5
(2)
+5
(3) L
U
(4)
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 *
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. Needl e
+1 O Auger
+4 +1 O
LPDP
20uc. c +]1

Pressure

Fluid

valve
{optional)

Need|e

LPDP

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 4, lST
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Dispensing Liquid Encapsulants

e Glob-top
e Dam & Fill
o Underfill

Epoxy
Underfill

FC Die
| . Solder Bump or C4

T,

Capillary Action—

Capillary Action —

“Glob-Top / Cavity Fill with Epoxy Dam™
“Cavity Encapsulant w/Epoxy Dam’

=

one of function of the bump isto provide
a space between the chip and the board.
In the final stage of assembly, this
under-chip space is usually filled with a
non-conductive "underfill" adhesive
joining the entire surface of the chip to
the substrate, and re-distribute the
residual stressfrom on the
Interconnection joints to all the chip
surface.

International Semiconductor Technology Ltd.
CharlesYang
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SiP/ Stacked Chip/ MCP

OEM
MCP: ( Mul t i Chip Packaging
(board-1ev
(system-1evel) (
)
MCP
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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|

et

L]
e -

Built-in L. Built-in ¢ Built-in Antenna

Built-n R Built-in Band Pass Filter gt R,

MOM Package

3D Package

Source: , Aug. 2003
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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ystem in Packa é'i? |

Y

\

i
Mﬁ#_-__“—‘__

An |C package containing multiple die?

A fully integrated system or sub-system:
» One or more semiconductor chips plus:
~ Passive components that would otherwise be
iIntegrated on the mother board
- Surface mount discrete passives
- Embedded or patterned into substrate
= Integrated passive components
» Other subsystem components:

- EMI shield, SAW filters, packaged ICs, connectors,
antennas, mechanical huusmgs etc.

» A fully integrated functional block bridging the gap
r between SOC and SOB (system on board)
Source: Amkor 2003

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 4¢ ET;,
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Benefits SIP

o Simplify board design and assembly

* Improve electrical performance and interconnection
reliability

 |ncrease functionality per unit area

» Reduce system manufacturing cost

* Hexibility: can make changes to system / sub-
system without changing mask-sets or mother board
design , combine different fab process product
device (ex logic & memory)

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 lST
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Benefits

. (ti me-to- mar ke(tt)i me -t «
vol ume)

MCP
. /
MC P
P WB MCP
MCP
(1 C)
P WB
. ( PWB)
(known good functi on&)
P WB
( )
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 E
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What Applicationin SIP

. Si P
P A
RF

e CMOS Image Sensor Module (CIS Module)

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 q lST
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Stacked Chips

(flas
memory) ( SRAM)
PDA MCP

SRAM
(test vectors)

Whre-bonded and
over-malded Flash SRAM

i 3] =

m '_I
VERART | FIRY [ PR | WY | PR | PN | Mo | S— e

1 II . # . % II

Thin-core BT or Eulectic or Pb-frea
polyimide-based substrate solder balls
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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CISModule & Memory Card

MCP

( DSP) (controll er)
| / O

MCP

CI S: CMOS I mage Sensor

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 -, lST
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SD & MMC SIP Package Solution

Mold Body \ Passive Component

\

Controller L

Flash
TOSHIBA |

d ' Gold Wire Contact Pad

i+ 8 Camera Module - Stacked Chlp Type

Controller L

Flash

Bonding Wire

sor Passjye Component

FR4/Kapaton Oriwver I1C Pa=sive

Fully integrated

CMOS image sensor
source: Amkor

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 4, BT
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Stacked Chip /Die Solution

Inside this 1.4mm-thick
CSP there are four
0.100mm-thick wire-
bonded stacked-die.
(Source: ChipPAC Inc.)

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 44 ‘l!_r
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2 Dice Stacked Solution ~ Stacked Type

Structure : Features & Profile:

» Die Attach Capability
"Z'gig : fﬂi’?‘n'\é'ry \ « Wire bonding technology
* Die pad design and different looping group
control
» Package Thickness: 0.9 mm Max
(Estimation)
* Process Flow:

1st D/A -> 2"d D/A -> W/B -> M/D -> Forming

Application:
Telecommunication - cellular phone &
wireless LAN
* FLASH + SRAM(16/2,32/4,32/8 MB)
* ASIC/Logic/DSP+ Memory

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 -, E‘l!,
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2 Dice Stacked Solution - Sandwich Type

Structure . Features & Profile :
» Die Attach Capability

Double Density Package I  Two or more identical dice stacked solution,
wire bonding technology
* Critical wire looping control
» Package Thickness: 1.2 mm Max (Estimation)
* Process Flow:
1st D/A -> Spacer Attach -> 1st W/B -> 2"d D/A -
> 2"d W/B -> M/D -> Forming

Application:
* Memory product - Compact Flash,

PCMCIA Card
 Information Application - PDA,

Digital Camera, MP3, IC Recorder

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
75 s
CharlesYang Ll



Challenge on Stacked Chips -General

« KGD & package / module testing
o Wafer thickness specification (wafer thinning)

* Die bonder capability evaluation (upgrade to
programming type)

 D/A material / method evaluation
e Spacer (sandwich type) design rule study
 W/B BGA looping study

 W/B SOB (stitch on ball) study (including
cycle time and CPK evaluation)

« M/D material / method evaluation

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 ¢ lST
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Challenge on Stacked Chips — Die Attach

« To stay within standard package heights, the stacked
chips need to be thinned to the range of 50 - 125 um.

« Gentle and controlled die pick-up procedure is needed

* High die placement accuracy is essential to mount the
upper chip accurately onto the lower one. Inaccurate
die placement can lead to electrical failure (wire shorts)
and impacts the epoxy bleed out

..' ..............

&

o
........
........

y

-2
e
o 'Y

: Using backside-coated wafers eliminates this problem
: since the adhesive is evenly spread on the backside of :
: the top die and no epoxy/die offset can occur.

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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Solutions to Overcome
Challenges
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Some Concern for Picking up thin Chips

N @ O
D(Y) 8xD(Y) @
] . ' ’

-— B D) —=

‘ - D{X) -
Figure 1. Siiing gject needles to die size.

P a3 B o [ F—
- il bl

T
e e FllL . g™
Die bond sequeqifs include g ection from tape and placement

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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Stacked Chip Wire Bonding

* low loop and multi-level wire
bonding loop clearance
requirements, bonding to
overhang unsupported die
edges and loop resistance
to wire sweep during
molding

« A reverse ball bonder can
achieve lower loops by
placing a ball bump on the
die, then bonding the wire
from the substrate to the die.
(Ball Stitch on Ball)

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g, BT
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Advantage of Die Attach Film!!
( Comparison with Die Attach Paste )

Process Control

Quick Activation No Sedimentation

Reliability

No Freezer
No Thawing Time

Anti-Popcorn Crack

High Humidity Resistance

_—

Source:Hitachi Chemical

Process Window

Uniform Bondline

Voidless Bondline

No Bleeding

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g, B-l-'
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ProcesSsS N
Advantages -
Storage Storage
18 Room Temp.

[ Thawing }

w

[ Stirring

P NEES

(5er)

[ Start

Source:Hitachi Chemical
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Source:Hitachi Chemical

Film

—

- -

FBGA M
MPAC 0.35mm O.25m/
1—2mm

Typical

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g4 T
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KGD (Known Good Die)

OEM MCP
MCP/ SiI P
MCP/ SiI P
MCP/ SiI P
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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KGD (Known Good Die)

 What is KGD? According to the Die Products Consortium (DPC)*,
"KGD is a process that provides the same levels of certainty . . . that
the die product meets the equivalent quality and reliability targets as
packaged parts."

 The process to make a KGD for a toy can be quite different from the
process employed to make a KGD for an airplane guidance system.

« A die-form semiconductor product that meets or exceeds the product
specifications, quality, and reliability required by the application

e Standard: EIA/JEDEC JESD49:Procurement standard for Known
Good Die(KGD) This standard was created to facilitate the procurement
and use of high-reliability semiconductor microcircuits or discrete devices
provided in bare die form. It provides requirements and guidance to bare die
suppliersfor as-delivered performance, quality and long-term reliability
expected of this product type.

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 gc BT
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Why Is the topic of KGD important?

* Becausethereisastrong market for
semiconductor products in stacked CSPs,
SIP, MCM, DCA.

e There are more than one chip put in one
package, the yield of each chip will give
much influence on the package.

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 gg BT
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(Burn-In)

o
(Burn-i1n)
. MCP
DRAM
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 E
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« MCP (known goc

KGD) MCP KGD
KGD | C
. KGD
MCF
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V S

. / MCP
KG D
MCP MCP
MCP

=)
w
=
J
= 08— #00% devield A 99% dieyield - =
02— W 98% de yield & 90% dic yield — T,
o0 T ——
1 2 3 4 5
Number of die
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MCP/ Si P

OEM MCP/SIP
. MCP/SIP
(die stacking)
(package stacking) MC P
. OEN
MCP/ SiI P
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KGD Test & Burn In
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KGD manufacturing flow

Place die in Mount wafer in Thin

[il]l[ll meﬂia]*l gl l-f-[HED I:us!]i-[ frame & saw ]"[ walzr ]"
. Sample Inlercannect Bump L

[ L ]-'[ £t ]+[WEIEE [ }'{ reclstibution ]"[ PEOCess ]

o Wafer fab and E-test are included in the flow because they
can play asignificant role in achieving working KGD.

o If thewafer isthinned dlightly (or not at all), mounting for the
saw may be done after KGD testing.

o S-CSPsneedthindieto allow 2-3 to fit into a package form-
factor of 1.4 mm high. This means that KGD for S-CSPs will

have to be tested in a sawn wafer form in aframe after
thinning.

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004
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What factors affect KGD testing

I PRODUCT | i FROCESS I I APFLICATION !
Memory Fal Lile
Logic Walerlevel Ennronment
fnalag aEARE Die larmal
Sp— Water ihinning
Mixed signal l #hipging format |
#

| 1 |
‘ KGD test method J

* Isthere asingletest method for KGD? not

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g3 lST
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Reliability
* |f theproduct or application requiresburn-in to improve
therdiability of the KGD.
e 2basictechniquesfor supplyingit:
1. Burnin thediewhilethey are still together on the wafer;
2. Burninthesngulated die.

 Wafer Burn-In: 2 similar techniques for wafer burn-in,
employs sacrificial interconnect layerson the wafer to
supply power and signal to the die. A second technique
uses an interconnect layer on afilm, with the wafer and
film aligned and placed in thefixture.

* Another approach to improving reliability :removedie at
KGD test that have a higher probability of failing during
use.

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 g, lST
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What are bare die burn-in and test
alternatives?

 Three methods have emerged recently
that manufacturers use to produce die

products with high reliability at low
Cost:

1. Bare die temporary package.
Wafer probing with reliability screens.
3. Wafer-level burn-in and test (WLBT).

N

International Semiconductor Technology Ltd. Oct. 26 & Nov.02-2004 oo BT
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Lead Free & Green Package

WUk . ALEBRS .COM

ST @& Bk

adhesives for electronics bbs
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(Chl orofl uoroftarbon

( Photorgsi st |
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(Lead-Free)

Solder Melting point( ) | Industry served Company
SnAg 221-226 Automotive Visteon(Ford)
SnAgBi 206-213 Military/Aerospace Panasonic
Consumer Hitachi
SnAgBIiCu Not available Consumer Panasonic
SnAgBIiCuGe Military/Aerospace Sony
SnAgBiX 206-213 Consumer Panasonic
SnAgCu 217 Automotive Panasonic

Telecommunications | Nokia / Nortel
/ Toshiba/ Panasonic

SnBi 138 Consumer Panasonic
SnCu 227 Consumer Panasonic
Telecommunications | Nortel
SnZn 198.5 Consumer NEC / Panasonic / Toshiba
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 gq lST
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(Lead-Free S

1. :
(a) Z (Z-axi s Expansion) -
( Through Hole Reliability)
( b) ( Decompos.ition)
4 : Ag , SBI :
Pb : :
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 *
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Lead-Free Solder
!

Reaches Melting Point of Lead-Free Solder
2%0
Peak Refolw Temperature Reaches 260

!

Package Requirement :
JEDEC Levd Il / 260

! ! !

SOIC/PQFP PBGA FC-GBA

D/IA D/IA Flip chip material
Mold Mold Compound Underfill
SREELE Substrate Build Up Substrate

Lead-Free II/F Materiall

materli

Process and MSL/260 validation

l l l

Reliability Validation

v

Lead-Free

Component Finish

l l

PBGA/FC-BGA SOIC/PQFP
L/F Lead Finish

l l

SMT/Solder Joint

Solder Sphere

Reliability Validation

International Semiconductor Technology Ltd.
CharlesYang
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(Hal ogen- Fr e

; < 900ppm
< 900ppm, :

(1) UL94- VO
(2)
(3)
(4)
International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 44, BT
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( Halogen-Free)

3.Triazine derivative
4.Red phosphorous

Type Main Material Advantage Disadvantage
Phosphorous type 1.poly ammonium phosphate | Good flame 1.High water absorption
2.Phosphoric ester Retardation and low water proof

2.Electric properties drop
3.Much PO % ion

Nitrogen type

1.Melamine
2.Cyanuric acid triagine
derivative

Decreasing smoke

1.Poor flame retardation
2.Plastic properties drop
( SF, strength,etc)

Metal hydrate type

1.Aluminium hydroxide
2.Magnesium hydroxide
3.Borate

1.High Safety
2.Decreasing smoke

1.Poor flame retardation
2.Plastic properties drop
( SF, strength,etc)

Metal oxide type

1.Molybdenum
2.Tungsten oxide

1.Poor flame retardation
2.Plastic properties drop
( SF, strength,etc)

International Semiconductor Technology Ltd.

CharlesYang
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Halogen-Free Package

|

Substrate Based Packages Leadframe Based Packages
PBGA FC-BGA v v
Halogen-Free Mold Compound Maltog_erll-Free Substrate PBGA/FC-BGA SOIC/PQFP
ateria
Halogen-Free Substrate .
Mate?ial ! Solder Mask Solder Sphere L/F Lead Finish
Solder Mask Dielectric Material
Prepreg Core Material
Core Materlal l

Flammability , Process and MSL/260  Validation

l l l l

Reliability Validation

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02 - 2004 -
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Two consortiums aim for the Advanced Package

 APIA (Advance Package and interconnect Alliance)

 APIA, the newest consortium, is focused on
"accelerating the development and implementation
of commercially viable, comprehensive and risk-
free packaging solutions that address the
escalating manufacturing and performance
challenges of leading-edge chipmakers worldwide.
As such, the alliance will concentrate on enhancing
the productivity of the equipment and process
solutions critical for advanced packaging and
Interconnect processes, as well as developing
guidelines and standards to enable easy adoption
of these sophisticated solutions."

International Semiconductor Technology Ltd. Oct. 26 & Nov. 02-2004 15 lST
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Two consortiums aim for the Advanced Package-cont.

« SECAP (Semiconductor Equipments
Consortium Advanced Package)

« SECAP's mission is "to support the advanced
packaging industry by delivering optimized
process equipment for wafer bumping, wafer
evel packaging and HDI technology. The
membership of SECAP is limited to
equipment and material suppliers in order to
maintain SECAP as an efficient and
trustworthy resource to the advanced
packaging industry."
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I TRS 2003 Assembly & Packaging
Challenges

WUW . AREBRS .COM

_974-‘@43 & Bk ko4

adheszives for electronics bbs

For Y our Reference!!
Please read at your convenience !!
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I TRS 2003 Assembly & Packaging Challenges (1)
Near term : till 2010

Difficult Challenges = 45 nm/Through 2010 Summary of Issues

[mproved Organic Substrates Tg compatible with Pb free solder processing
[ncreased wireability at low cost

Improved impedance control and lower dielectric loss to support higher
frequency applications

[mproved planarity and low warpage at higher process temperatures
Low-moisture absorption

Low-cost embedded passives

Substrate cost is barrier to flip chip wide spread adoption today
[ncreased via density in substrate core

Altermative plating finish to improve reliability

[mproved Underfills for Flip Chip on Organic Substrates Thermal performance and thermal coupling between parts

Materials which enable integration of SMT, varying semiconductors, and
substrate types reliably

Thin die, stack die, very large and very small die, passives componant
integration, SAW, shielding interconnect process

Narrowing gaps

Higher bump densities

ITRS 2003: I nternational Technology Roadmap for Semiconductor 2003 Edition
|ssued Dec. 2003
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I TRS 2003 Assembly & Packaging Challenges (2)
Near term : till 2010

Coordinated Design Tools and Simulators to address Chip, Mix signal co-design and simulation environment
Package, and Substrate Co-design

[ntegrated analysis tocls for transient thermal analysis and integrated thermal
mechanical analysis

Electrical (power disturbs, EMI, signal integrity associated with higher
frequency/current and lower voltage switching)

- WU .ALEBDS .CON Commercial EDA supplier support

-
* !ﬂ t & ﬁ-’. ﬁa‘ﬁ“‘l’i System level co-design is needed now. EDA support for “native™ area array is

required to meet the Roadmap projections.

adhesives for electronics bbs
Educational programs required to train engineers in these
technologies/requirements.

[mpact of Cu/low & on Packaging Direct wirebond and bump to Cu

Bump and underfill technology to assure low-x dielectric integrity
[mproved mechanical strength of dielectrics

[nterfacial adhesion

Reliability of first level interconnect with low «

Mechanisms to measure the eritical properties need to be developed.

Probing over copper/low & due to damage and bonding over probe mark

High Current Density Packages Electromigration will become a more limiting factor. It must be addressed
through materials changes together with thermal/mechanical reliability
modeling.

Whisker growth

Thermal dissipation
ITRS 2003: I nternational Technology Roadmap for Semiconductor 2003 Edition
|ssued Dec. 2003
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ITRS 2003 Assembly & Packaging Challenges (3)

Long term : beyond 2010

Difficalt Chaltenges <435 nm/Beyond 20110 Nummary of Issues
Package Cost does not follow the Die Cost Reduction Curve Margin in packaging inadequate to support investment required to reduce cost
=mall Die with High Pad Count, High Power Density, and/or Current density, operating temperature. ete for these devices exceed the
High Frequency capabilities of curmrent assembly and packaging technology
High Frequency Die Substrate wiring density to support =20 lines'mm

Lower loss dielectrics—skin effect above 10 GHz

“Hot spot” thermal management needs to be addressed before 2007, There isa
“brick wall™ at five-micron lines and spaces. Design TWG would like to
have an upper bound on thermal management capability of future
packages.

Close Gaps between Substrate Technology and the Chip Interconnect density scaled to silicon (silicon /0 density increasing faster thar
the package substrate technology

Production techniques will require silicon-like production and process
technologies after 2005,
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ITRS 2003 Assembly & Packaging Challenges (4)

Long term : beyond 2010

Syslam-level Design Capahility to Integrated Chips, Passives. Paritioning of system designs and manufacturing across numerous companias

and Substrates will make required optimization for perfommance, reliakility, and cost of
complex systans very difhcult. Complex standards for infommation iypes
and management of infonmation quality along with a strocture for moving
thiz infommation will be requited. Hardwarz only

[his is also an issue bafore 2007 Embeddad passives may be integrated into
the “bumps" as well as the substrates.

Mew Device Types (Organic, Manostrctures, Biologicals that Cirganic device packaging requirements not yet define (will chips grooy their
require Mew Packaging Technologies Cowl packapes)

Riclogical interfaces will require new interface types

Bumpless area armay tachnologies will be neadad during this
period. Face 1o face packages and other 3D packages are
examples. High frequancy, low power and low prodile are
driving forces
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Questions & Answer ?

Any Question iswelcome !
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