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Plan

1- Identification des systémes d’assemblage

2- Caractéristiques des systemes d’assemblage (SOC, MCM, SIP, SOP)
3- Filieres d’intégration 3D (chip / package) stacking

4- Technologies non TSV (cablage filaire, flip chip)

5- Technologies TSV (Through Silicon Via)

6- Wafer Level Packaging (WLP)
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Miniaturisation des systemes

More than Moore: Diversification

arlog | REX passives XY power X iy _X_Biochips

130 nm

Interaction with people
and environnent

90 nm Non digital content

System in Package (SiP)
65 nm

45 nm

32 nm

Baseline CMOS: CPU, Memory, LogicCPU

Digital content
22nm| | System on Chip (SoC)

More Moore: Miniaturization

Source ITRS'07
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Technologie des systemes

Post Processing & Packaging Manuel FENDLER

13 Oct. 2009

ASICS
SOC RF-IC - : DRAM .
Complete system OFE-IC 8¢ EHPH&:h e
hi
PR Y DsP .-.- High voltage tunnel oxides
System integration E— SRAM
\J Processor Dense features
Imaging
Light sensitive devices
MCM RFIC ngital I Optical IC
Interconnected ? ? 29 | S BEC—
components = 2
F'ar:kagﬂ
SIp it as l./

) - L%
Stacked chip/package “’\% .': : ~ : : . N E "“:.:_*.;1_

Super |C stack F'ackage 'sta:kmg Stacked IC

sop

* Optimizes functions
between ICs andpackage

» Miniaturizes systems

Best of Both IC & Package

Source Georgia Tech
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+  Comparaison des technologies

Higher system gk Higher system
reliability '

gher Vol Lower power Higher volumetric

consumption thermal

lisﬂpﬂ:ﬂon
dissipation
Higher Smaller Higher
flexibility size fiexibility
508 system
on board
Faster time Lower manufacturing
to market cost
R.Tummala [1]
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Comparaison des technologies

System
on Chip

Bio-Interface
Power supply

Cost / function
Time to market

System complexity
ITRS'05
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Comparaison des technologies

Item

Technology
Limiters

Delivery

Performance

(Power Consumption,
EMI, Max frequency)

Cost

Post Processing & Packaging
13 Oct. 2009

SOC

* Analog + Digital Process

= Different Voltage

* Low Wafer Yield

* High pad count interconnection

* Longer term delivery
= Volume market driven

* Superior to SIP in general
» In case of parallel layout,
inferior to SIP

* Higher Fab (mask) cost
* Higher revision cost
* Higher EDS load

Samsung / JISSO'05

se of the inform.
1out the prior v

Manuel FENDLER

CEA 2009. All rights re:
e contained herein
1sent of CEA

served
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+  Approches SiP

SIP Technologies

Non - TSV TSV

I
I I

IC Stacking Package Stacking IC Stacking

Wafer Stacking Si Chip Carrier
Package Stacking

Die-to-Die - Package-on-Package - Die-to-Die -Wafer-to-Wafer -Cl_ﬁp car_rier-to-
-Wire bonding (PoP) - Die-to-Wafer ‘ chip carrier \

-Flip chip - Package-in-Package

TAB (e
_Side -Folded Stacked Chip

interconnection P
(FSCSP)

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA

e Post Processing & Packaging Manuel FENDLER |
e 13 Oct. 2009 ’



- Empiler pour étre plus fin

14

E
13 =]
12 i
(113
o =
g 1 E
=
£ 10 %
S g
a
Y :
£
a 5
6 1 10 E
£
5 T Y T T T T 'u
2006 2007 2008 2008 2010 2011 2012 2013
Yaar
. 800
S.Savastiouk [2] m
m . I I
E 700 {—— Water thickness -
=
2
T —— !/"
- ™ :.l\ﬂlF'
g E 500 : - POIP g | Waler diameter —
B
$§ w0 '—/-ém—m* :&qm 0
3§ 00 5 ' TSSOPLg—" | _
=5 ‘><" Stack
E 200 [ CSp 5 modulas -
100 S
.'0'. o
V]
1860 1870 1880 1890 2000 2010 2020
Yaar of gignificant production
ITRS'06
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Comportement du silicium aminci

' Clean Dy A or Nimogen [~ 30 PSI]

NoTo u.:l'-_"' F :[ ];[ q

Hlde

T

-rur- L--. la'-_'.,...u" b 400pm abowe or
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+  Procédé DBG: Dicing Before Grinding

Partial Cut Dicing Die Separation by Grinding

Source Disco HiTec
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. Procédé Taiko

Back Grinding Cross Section

v

Wator Pigsma Si Wl
Dry Etehi Wet Etchi
N smm Relief ng ‘Back Grinding Tlpnl

B

Via Hode Orilling | | lon Imptantation
Elecirode Filling Annealing
5 Interganmecting | | Back Side Metalitng

Bumping ‘Wnler Testing

Dicing Tape Si @ Tape Laminating |
Fullcut Dicing Wafer Mounting | | °° "¢ % "
il g Ring Grinding

Source Disco HiTec
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Procédé Taiko

TAIKO Process Conventional Process

Source Disco HiTec
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+  Approches SiP

TSV

|
Package Stacking IC Stacking

Wafer Stacking Si Chip Carrier
Package Stacking

- Die-to-Die -Wafer-to-Wafer -Cl_1ip car_rier—to-
- Die-to-Wafer chip carrier

oY Die-to-Die

— -Wire bonding
-Flip chip

-TAB

-Side
interconnection

- Package-on-Package
(PoP)

- Package-in-Package

(PiP)
-Folded Stacked Chip

Scale Package
(FSCSP)
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Configurations cablées

Die attach
Dies fim/paste

Solder balls Dielectric
Pyramid and overhang stacking (Amkor [3])

Organic or inorganic
Dies spacer malenals

4 die
3 die

2nd di
Si-spacer

15t dig

ChiPac (4+1) 20 x 25 pm thick (Hynix)
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Configurations cablées

Reverse wire-bonding

Top logic die + 2 memory dies (Intel [4])

© CEA 2009. All rights reserved
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Configurations flip chip

Heat spreader Underill resin

Base chip  Sdcona rasn
Hest spraader ! Uriderdill regin

Top die Botlom dia

A

R s s |

Sulbelrala

Bump  Sutchg  Salder ball

Flip Chip Top Die Flip Chip Bottom Die

Hen!

sprantde
Lrrdarti |
Undadil fawin
oL OO
rrll.l‘:':-:::h;_
Gned anbsivane
Flip Chip [30] & Wire bonding stacking [5] COC chip on chip (30 pm pitch) [6]
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Interconnexions latérales

T subsirate (cap chipl,
metaized on both sides
wilh Thraugh holes

i

Bius meal
(w0 sides)

Lamaased
chip kyors

,

Blank subsirate

Flash Memory Chip stacking by side metallization [7-8]

Soider ballsbumps

Selder ballsbumps

Chip

Wira
% Chip E
g Solder = Vertical inling
pillar
2 Chip paste 3 {pang conductive .,
Chip J apoxy)
Substrate or PCB Substrate or PCE
Wire On Bumps (WOB) Bumps On Flex (BOF) Chip stacking with conductive polymer

SIde terminations [lglEA 2009. All rights reserved

Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA

Manuel FENDLER

Side terminations [9]

Post Processing & Packaging
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- Composants enterrés (embedded)

=
"
-
-:__:_

a i e : . , i
i ' -"_.-'I/.-'_.' ‘ g i I.| 1
o | — : = = [
'li'f. " {.’ ; I : __-. i _,.. L ; o '}_,-_ ,
; 74 Memory device-2 - / ;
| A o A e i
&
i
7 Ay e e ; . P o
” 4 # , r & # ’ o e F r
At A _,f/ il Al iy x’. iy "'{:' # . F o ."""'/:/x 1
7l 7 Memory device-1 s 71777 Z
e o e A A o o __.{.‘,_‘_.J- o
_z_/_,- b -./ ol i _.-._- e # o .- _.z_f../- '

High capacity memory applications [11]
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Composants empillés (TAB)

P!
'/’ \ =
L]
Lerd Irams
Substrale
Stacked TAB on PCB Stacked TAB on Lead Frame
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+  Approches SiP

TSV

l
IC Stacking

IC Stacking

Wafer Stacking Si Chip Carrier
Package Stacking

_ _ Die-to-Die - Package-on-Package - Die-to-Die -Wafer-to-Wafer -C[\ip car_rier-to-
— -Wire bonding (PoP) - Die-to-Wafer chip carrier

-Flip chip - Package-in-Package

-TAB T

_Side -Folded Stacked Chip
Scale Package
(FSCSP)

interconnection

© CEA 2009. All rights reserved
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Package On Package PoP - SiP

Fackage-lo-package
inlerconnect

|
[
Four chip PoP on a mobile handset [12]
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Package In Package PiP - SiP

Patential memory Cvermold #2

ball ﬁalﬁ {x

Overmold #1

Package-to-package
interconnect

Stacked memory package (top) and ASIC package (bottom) [13]
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Folded Sheet Chip Scale Package (FSCSP)

Flaxibla substraie

Adhesive

Adhesive

Tessera [14]

Flexible primad cireult Au stud bump

Solder bumps

NEC [15]
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SiP Non-TSV Comparaison

Package stack

i e e i‘.i_. ;
2Chip 3Chip 4Chip 5 Chipor moro

Memory combo

ll l ETCT Yano et al [16]

2 | 3 =
2Chip 3Chip d4Chp 5 Chipor more

Chip stacking Package stacking

- Pros s Low package profile available with advanced wafer Testability at individual package level for KGD

i Greatly increased package stacking vield

Existing SMT line infrastucture available -

Cost reduction by minimurm substrate consumption

Cons kD reguired for high product vield Higher package profile

Single sources product Lack in infrastructures for package stacking

Mew development needed to change stacked device
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SiP Non-TSV : du fil et des billes...

Size Reduction Number of I/0’s

’
’
’
’
’
’
’
A ’
A ’
N ’
A ’
A ’
A ’
\ ’
N ’
Al ’
\ ’
A ’
\ ’
A ’
N ’
A ’

Smaller pitch
Flip Chip Wire Bonding
e Size reduced — Industrially proven
e Higher integration — Moderate cost
e Shorter connection length — Reliability
e Smaller pitch — Compatibility (housings, connectors)
e Self alignment — Standard metallurgy (no post process)

e Collective process
e Efficient heat dissipation

© CEA 2009. All rights reserved
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*  SiP Non-TSV : cablage filaire...

f :}m*ﬂ-’m:am‘.wmmf'

Fine pitch

hts reserved
- Lo e, e oo ... _ontained herein
5 tler is prohibited without the prior written consent of CEA
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SiP Non-TSV : cablage filaire...

e Bonding type
- Ball - Wedge
- Wedge — Wedge

e Energy application

- Thermocompression (T, p)
- Ultrasonic (p, US)

- Thermosonic (T, p, US)

* Wire processing
- Heavy wire bonding
- Thin wire bonding

- Ribbon bonding

© CEA 2009. All rights reserved
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SiP Non-TSV : cablage filaire...ball-wedge bonding

Au wire
Typical metallization: thin Al (<1 pm) or thick Au (>0.5 pm)

Post Processing & Packaging
13 Oct. 2009

Ball
bond
(first bond)

i

2.5-5.0D

Bond length

100D
Wedge
bond
(second bond)
Side view

Wedge bond
\ or second bond pad
lies on arc about

@%"% first bond

T_

/

© CEA 20009. All rights reserved
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SiP Non-TSV : cablage filaire...ball-wedge bonding

Ball Wedge Cross section

Typical process parameters for thermo sonic (gold wire with 25um diameter):
- Bond temperature: 80 - 250 °C

- Bond force: 30 - 90 cN

- Ultrasonic power: 100 - 500 mW (at 60 kHz - 120 kHz)

- Bond time: 20 - 100 ms

Higher bonding temperature (280 — 350°C) with thermo compression bonding only.

© CEA 20009. All rights reserved
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SiP Non-TSV : cablage filaire...ball-wedge bonding

Long loops Short loops

© CEA 2009. All rights reserved
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SiP Non-TSV : cablage filaire...wedge-wedge bonding

Wedge-Wedge Bonding: Al wire (Au is also possible)
Typical metallization: thin Al (<1 pm) or thin Au (<0.1 um)
e.g. Ni/Au

First bond/second
bond essentially

symmetric
First H Second
bond _u bond

Side view

Weld length, L, dependent on wedge

-.i - I.- b Second bond

T i i

| Bond length ( <100D) |

F, US

© CEA 20009. All rights reserved
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SiP Non-TSV : cablage filaire...wedge-wedge bonding

Short loops < 0,5 mm Long loops < 8 mm

Process parameters US bonding (AISi1 wire with 25 pm diameter)
- Bonding temperature: room temperature

- Bonding force: 25 - 40 cN

- Ultrasonic power: 100 - 500 mW (at 60 kHz - 120 kHz)

- Bonding time: 30 - 90 ms

© CEA 2009. All rights reserved
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SiP Non-TSV : cablage filaire...bonding pull test

. F-F=F  fi=fe=20°

Short loops < 0,5 mm
Pull Test typical values

1.5g<<8g
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SiP Non-TSV : cablage filaire...bonding shear test

1 Substrate / Pad (pad lift)
2 Interface Ball / Substrate (ball lift)

B 3 Au-Ball (ball shear)
\ 4 shear tool S shear height
- L Shear level Fsshear force

Source: Dage Firmenschrift and DVS-Merkblatt Drahtbonden
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SiP Non-TSV : cablage filaire...bonding shear test

Shear tool

Metallization
e .
- S ]
— Shear height
Substrate (Chip) Ball lift off Metallization lift off
_( _ ! _(_ -
- i s
Ball shear Metallization cracking Chip cratering
© CEA 2009. All rights reserved
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SiP Non-TSV : cablage filaire...modes de défaillances

\ A N \ Wire Bond
1 Ay \ Related Failures
= in COB

Fracture -

Metalluﬁy
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SiP Non-TSV : cablage filaire...équipements de production

35 pm pitch
+2.5 gym accuracy

I
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SiP Non-TSV : flip chip bonding

Cu line

Flip chip = Retournement de puce FR4 substrate

Report sur des billes (bumps)
Interconnexion collective

' 'E " EEEXEEE " ERE=EESEX:

© CEA 2009. All rights reserved
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+ SiP Non-TSV : flip chip bonding

I

Thermo
Sonic

Thermo
Compression

\
-

Au, In

Au

Post Processing & Packaging
13 Oct. 2009

Adhesive Joining Soldering
\ [ [ I |
ICA ACA ACA
; . . . . Thermode Reflow
Isotropic Anisotropic || Anisotropic Solderi Solderi
Conduct. Conduct. Conduct. oldering oldering

Ni/Au, Au Ni/Au, Au

+ ICA
paste

+ ACA film
paste

=

Au studs
+NCA film,
paste

Underfill required

for mechanical stability === Au+Cu/Sn
Manuel FENDLER

— Pull

L Compression

PbSn
]

PbSn,
SnAg,
AuSn

© CEA 2009. All rights reserved
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SiP Non-TSV : flip chip bonding...soudage

Principle:

e Plastic deformation of the Au surfaces
(force)

e Diffusion between the surfaces
(temperature) or ultrasonic (soft substrates)

Advantages:
e Maskless process ; x150 BE@7 28KV 2e0om

e Wire bonder

e Very flexible

e Suitable for single chip and Substrates
e Fluxless

Thermo-compression Bonding
e 60 pm minimal pitch
. e Thermal treatment : 250°C or Thermal-sonic

Limitations:

¢ No self alignment

e Interfacial temperature higher than 200°C
¢ High pressure on thermal compression
can damage sensitive materials (CdZnTe)

© CEA 2009. All rights reserved
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SiP Non-TSV : flip chip bonding

Welding Soldering
I ’ I \ C’ [ I |
ICA ACA ACA

Thermo Thermo ) . ) . ) Thermode Reflow

Sonic Compression Isotropic Anisotropic || Anisotropic Solderi Solderi
Conduct. Conduct. Conduct. oldering olcering

‘ | ‘ — Pull
L Compression !
1

© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA

Post Processing & Packaging Manuel FENDLER |
et 13 Oct. 2009 .

—



SiP Non-TSV : flip chip bonding...collage

T
s AT
e o]

Be%itel. o
Seltatete Sttt

/ Stud Bumps Source: FhG - IZM

Fl | |erS (Sl |Ver) © CEA 20009. All rights reserved
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SiP Non-TSV : flip chip bonding...collage

Silicon Die

; Adh‘e_si;/e ayer.

Polyimide Flex

Silicon Die

Ni Bump

e

Cu/Ni/Au
Adhesive layer

Polyimide Flex

Polyimide Flex

Post Processing & Packaging
13 Oct. 2009

Limitations:

- Substrate: Polyimide, Polyester, FR4
- Pitch: 150um (flex), 200pum (FR4)

- Metallization: Cu/Ni/Au

- Bumps: Ni/Au, Au

Components: FC, SMD

Curing: down to 5min @ 150°C
Contact resistance: 25 mOhm

Limitations:

- Substrate: Polyimide, FR4, glass

- Pitch: 150um (flex), 65um (glass)

- Metallization: Cu/Ni/Au, Mo, ITO/Au
- Bumps: Ni/Au, Au

Components: Flip Chip

Curing: down to 5sec @ 200°C

Contact resistance: 10...15mOhm (flex), 0.2 .

Limitations:

- Substrate: Polyimide, FR4

- Pitch: 100um

- Metallization: Cu/Ni/Au

- Bumps: Au stud

Curing: down to 5sec @ 200°C
Contact resistance: 5...7 mOhm

1 Ohm (glass)

Source: FhG - IZM
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SiP Non-TSV : flip chip bonding...collage

ACF(A) Structurés
5552 R Film

Trapped particles ACF

41— Adhesif
Plated_E e L.i ® .K matrix
e ' - — "Metallic particles (with
polymer layer)

ik
L]

JUCLUTCCL BT |
chip =

CITr

Eu.hstrlte_ﬁ—_"_r*;l

Metallic Inserts

Microtips developed at LETI

: Micro tips insert ACF Micro tips
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SiP Non-TSV : flip chip bonding

Welding Adhesive Joining
I ’ I \ C’ [ |
ICA ACA ACA

Thermo Thermo ) . . . . Thermode Reflow

Sonic Compression Isotropic Anisotropic || Anisotropic Solderi Solderi
Conduct. Conduct. Conduct. oldering olcering

‘ | ‘ — Pull
L Compression !
]
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Adhesion Layer: Ti, TIW, Al, Cr,...

Passivation, Repassivation
or Redistribution:

Nitride, Oxide,

Polyimide, BCB....

Eutectic, 97/3 PbSn,
85/5 PbSn, 90/10 PbSn,
Au, SnfAg, SnfAgCu,...

Wetting Layer: Au, OSP,...

Barrier Layer: Mi....

Eutectic
Pb-Free,...

e Post Processing & Packaging
= 13 Oct. 2009

Flip Chip BGA Constructions
Numerous Material & Process Options

Pad/Thin Film Wiring:
AlAL, AlICu, Cu/Cu,...

~0.01 cm

Waler Matzrial: Si, CaAS,

SiP Non-TSV : flip chip bonding...brasage

Barrier Layer: NI, Ni{¥), CrCu,...
Wetting Layer: Cu, CuwAu,...

Dielectric:
Oxide,
- Silk, Low-k,...

Underfill:
Sumitomo,
Hysol,...

Solder Mask:
Photosensitive
Polymers,...

Substrate:
Organic: FR4, BT, FRS, GETEC, Build-Up,...
Ceramic: Alumina, LTCC, Glass Ceramic,...
Semlconductor: Si, GaAs,...
Metal: Cu, Cu/CriMoiCriCu, CulnvariCu,...

20
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SiP Non-TSV : flip chip bonding...brasage

Process Steps:

1. ASIC / Chip post process: Under Bump Metallurgy (UBM)
2. Bumping
3. Solder Reflow
4.  Flip Chip Bonding
5. Underfilling
K o bl oot ; ©CfE$20f()9.At‘II rightts‘rejehrve‘d
e Post Processing & Packaging Manuel FENDLER
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SiP Non-TSV : flip chip bonding...brasage

Under Bump Metallurgy (UBM): PVD

UBM Ti/Pt/Au (15um pitch)

Source: LETI

© CEA 2009. All rights reserved
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SiP Non-TSV : flip chip bonding...brasage

Under Bump Metallurgy (UBM): Electroless

Backside Coating Au

Pad Cleaning Passivation o

Al Bondpad

Pad Activation

Silicon

Electroless Nickel

Flash Gold

Coating Removal

1pym < Ni<30pum
Au 0.05 pm Source PacTech
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SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Stencil Printing

Stencil Solder Printing Process Flow
SnPb37, Lead-free: SnAgCu

Electroless Ni/Au Bumping PbSn

Solder Paste Printing

Reflow Passivation —_
‘Al Bondpad 7227 e S o S -
----- A S il

Wafer Cleaning __Silicon /

Wafer Inspection

Pack & Ship

' Source PacTech

© CEA 20009. All rights reserved
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SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Jet Printing

Bondhead

Sin gu lation
Unit Nd:¥AG-Laser

Optical Sensor

Optical
Seanzors

Bump
Placement & Reflow of Solder Balls
Source PacTech
© CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA
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SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Electroplating

Step 5:

Step1l: Solder electroplating
Via Opening !
Step 2: Step 6 :

Stripping

UBM deposition (PVD)

I

. _ Step 7:
Step 3 . UBM removal
Photoresist spin coating

0

Step 4.
Patterni ng © CEA 2009. All rights reserved
Step 8: Twitnout the prior witien consent o CEA
o Post Processing & Packaging Solder reflow uel FENDLER |
53
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SiP Non-TSV : flip chip bonding

Bumping & Reflow: Lift Off

Aluminum Pad ..
Passivation

B\

CMOS ROIC

PN

UBM (PVD Patterning)

Photoresist

L-—

Patterning

Post Processing & Packaging
13 Oct. 2009

...brasage

Indium

Solder Full Sheet PVD

N

Lift-off

Reflow
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+ SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Lift Off

Fine pitch 15 pm indium micro-bumping (Leti)

© CEA 2009. All rights reserved
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Bumping & Reflow: Process

SiP Non-TSV : flip chip bonding...brasage

Pros Cons Size
Evaporation Thir film process Cost 10 = 100 pm

Uniforrmity Time
Flex bility

Electroplating | Low cost Flexibility 10 — 200 m
Fine pitch

Stencil Printing | Cost Pitch limitation 150 — 1000 um
simplicity
Production

Jet Printing

Limited number of
bumps
Mo rmask

Pitch limitation

= 150 um

Post Processing & Packaging
13 Oct. 2009
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Sn96,5Ag3,

—

SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Alloys

Sn98Cu2
Sn63Pb37
o004 1000 _
30
500+ £15 F0 200
[,
—’\_._qlﬂﬂ
!
tu Sn A 1 Pb .
1000+ 1000
30
500+ 500+ 200
270
_h_.ﬂ"." -
T 100
Cui
Bi  Au Fu Bi
1000+ =n
& 500
500- / i
326 J3 251 300+
Cu P Po Sb S
1000 L0049
S500 00 00~
21 s
Ay sSno Il Sn Zn

Post Processing & Packaging

13 Oct. 2009

melting temperature

356°C

309°C

280°C

AuGeil2

PbAg1.5Sn1

AuSn20

SnSbs

SnCu0.7

SnAg3.5

SnAg4Cu0.7 AuSn90

SnZng
PbSn63

In
InAg3
SnBi58
Snin52
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SiP Non-TSV : flip chip bonding...brasage

Bumping & Reflow: Lead Free Requirements

Pure Sn : « whiskers », electromigration

Alternatives :
Sn-based alloys with Ag, Cu, Bi, Zn

Ag, Zn lower melting point, good mechanical properties
Cu lower dissolution of UBM
Bi wettability

Requirements :
Melting point close to SnPb (183°C)
Good wetting properties with conventional UBM (Cu, Ni/Al, Sn,...)
Controlled growing of intermetallic compounds (IMC) with good mechanical

Properties:
Good thermo-mechanical properties

Sn preferred (low cost, good knowledge, stable IMC)

© CEA 2009. All rights reserved
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Source R.Tummala [1]
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SiP Non-TSV : flip chip bonding...brasage
Bumping & Reflow
Melting Point Cost versus
Alloys (0%) Sn63/Pb37
Volume Weight
96.3Sn/3.2Ag/0.5Cu| 217 — 218 19 2.3
96.55n/3.5Ag 221 2.0 23
98Sn/2Ag 221 006 1.6 2.0
99.3Sn/0.7Cu 227 1.2 1.5
- 95Sn/5Sb 237 40 1.2 1.4
98Sn/1Cu/1Sb env. 240 12 1.4
=0 Post Processing & Packaging

e 13 Oct. 2009
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SiP Non-TSV : flip chip bonding...brasage

Flip Chip Bonding

I

- 1 L I_I -

i Alignment (7|

| & microscope | | b JAN

FC150 SET equipment issued by Leti

. Step 3:
Step 1: Step 2: n .
Alignment Positioning Self alignment - Sodering

2% = | Iy N

& g [ i E o ) © CEA 2009. Al rights reserved
¢m I{' reproduction in whole or in part on ané S:ﬁ:i;?ezr\,:fﬁgittni |||’::i(;rrn‘wNart‘\t(t);f;)::’tjasgido&;t—:g;\g
Post Processing & Packaging NTS AUGNED ' SOLDER FUSED BOND (OMPLETE Manuel FENDLER

=
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SiP Non-TSV : flip chip bonding...brasage

Flip Chip Bonding

Megapixel 1024 x 1024 15 ym pitch Infrared Detector  Array
Indium Bump Cross Sectional View (LETI)
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SiP Non-TSV : flip chip bonding...brasage

Underfilling

Encapsulation Provides Improved Properties by

- Mechanical Protection of the Die and Interconnections
- Protection Against Ingress of Humidity and Corrosive Media
- Compensation for Thermal Mismatch Between Chip and Substrate

Straight Line L Shape U Shape
( Source FhG IZM
Underfill application Chip Cross Sectional View
© CEA 20009. All rights reserved
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SiP Non-TSV : flip chip bonding...brasage

Underfilling

.
.
L]
.
:
.
®
5
-
L]

ssessssss

Standard Pattern Leads to Air Trapping

Optimized pattern results in a Reliable Underfilling Process

ssssssseas

-
.
L]
-
.
-
-
.
-
-
.

sesssesees sessessssss
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SiP Non-TSV : flip chip bonding...les verrous

Low pitch / High Ios / ROHS

0SP SE 4 Source NASA JPL
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SiP Non-TSV : flip chip bonding...les verrous

Low pitch / High Ios / ROHS
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SiP Non-TSV : flip chip bonding...les verrous

Billage Hybridation
Tf

-Homogeéneite de

hauteur de billes -Alignement a chaud
-Planéité des _Effet bilame
composants

e
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SiP Non-TSV : flip chip bonding...comparaison technique

Dispense and Pitch Contact Assembly and Temperature Reliability Cost
Process Resistance
Solder Stencil Printing, 150 pm, 1.2 ma Depends on solder Reliabk with under filling | Depends on solder
FC Elel:n‘oplatlng,' - 15y aner A Reliabk low Emperaturs solder: In Revorking Expensive In
Yapour deposition, below
Jetting, Self alignment
Post Process required Cleaning required
Stud Standard wire &0 pm 5-10ma | Over 2009C Reliabk 40k J wafer with
Bump bonding equipment, _ . - - . . o 250000 bumps [/
! S ) -~ 100 gt Ainin o
FC 5 Post Process Pressure applied (50 - 100 gbump) | Mo Reworking vt
Mo self alignment (lipchips.com)
Mo cleaning
Polymer | Stencil Printing 125 pum a0 i Below 1009 Limited reliability for Low Cost
FC dispensing, . _ (wsﬁ'x n Mo self alignment dense conrection
Fost Process required particles / NE Bevwiorkin
parls) Mo cleaning " R
ACF Commercially 50 pm 0050 Limited reliability for Loy Cost
au‘allatfle_hlrml _ Pressure spplied (15 — 30 kg/om?) dense conrection
Post Process required = M5 Bowerkin
Mo self alignment " il
Mo clearing

13 Oct. 2009
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+  Approches SiP

Non - TSV

I
I I

IC Stacking Package Stacking IC Stacking

Wafer Stacking Si Chip Carrier
Package Stacking

_ _ Die-to-Die - Package-on-Package - Die-to-Die -Wafer-to-Wafer -CI_1ip car_rier-to-
- | -Wire bonding (PoP) - Die-to-Wafer ‘ chip carrier |

-Flip chip - Package-in-Package

-TAB (PiP)
-Side -Folded Stacked Chip

. . Scale Package
interconnection (FSCSP)
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Approche SiP via TSV

-
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Procédés TSV

Percage Yias Remplissage Yias Assemblage Amincissement
Chip / Wafer
IIIIII i!iiii Y
Puce / Puce Puce / Wafer

Technologies

+ Percage laser + Electrolyse + Adhérence moleculaire + Adhérence moleculaire + Rodage
e Gravure seche s Depdt CvD s Scellement méetal-metal s Scellement méetal-metal s Amincissement
DRIE o Photolithographie e Alignement de puces o Alignement de wafers mecana-chimique

e Gravure humide e« Gravure humide

o Gravure séche

Top bum Cu, poly Sior W

Solder Al wiring
I — I
E E RS
CMOS Wiring
50 um g . 5-30 pm layer
or less Slt.IC CTT'P) y
l EEhBELp Source SCI
Via made _?_ SiO © rights reserv
by RIE or InSLI2|atOI' Jle or in part on any me?\t‘m Zr ngf%%{?p%ﬁf%ﬁﬂﬁ\lrl)l\ g(?\imize&fvzrgz
Iaser Back bump is prohibited without the prior written consent of
= Post Processing & Packagi _ Manuel FENDLER
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Technologie TSV vs Wirebonding

Heterogeneous integration by 3D

| | Senea Ship . [

p— ..lnlﬂ!:

| MEMS | RF 1C ; I| MMIC [
T RS — — .
| i Analog LS| | Wi .
L —rar ' R

S-S
L Pivesisr B2 £ Condrol 1C
—— -J_ln-

TSV technology (Zycube) [ P Logic I i1 ]
. “PYCTIEY —mr
| 3 Flash m&mary - |
- momE P e
{ £ 11 DRAM Py |
— R I TR
rm § Cache SRAM o

Characteristics

TSY

Wire bonding

Interconnection arrangement

Interconnections can be array or peripheral

Only peripheral interconnect

Interconnection length

Shorter interconnections

Much longer interconnect length

Electrical parasitics

Much lower electrical parasitics

Higher parasitics

I/0 density

Potentially high density achievable

Loweer 1/0 density

Feliability

Higher reliability

Less reliable

Frocessing

I fabrication process

Packaging process

Post Processing & Packaging
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Procédés d'assemblage

Oxide Fusion Bonding / Metal Metal Bonding / Polymer Adhesive Bonding

Cu-through-via (10 pm)

Via drilling/filling Thinning Bonding

ﬂ%ﬂ m th chip e
- i - =
| ] sy

IMEC via first 3D integration

T - Lo . TTTrITrITITITIT:
Thinning Sonding  Via drilling/filling I FUELLETTITHN
e e E 1 1 & | h ¥
- e _—-!E ; . ' 15 | | GuySh
] Claw ¥ e . - T . cutoeilic
P W o [ i
s e SR THLUT A Y e z
IBM'’s via last 3D integration E . L B
. . Copper Intechip TSV (ASET)
Post Processing & Packaging Manuel FENDLER
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Configuration avec interposeur

Solder through water
interconnect

- Flip chip

Silicon carrier

ENIG metallization

Underfill

PCB

.
/

3D stacked Si chip carrier module
(ENIG= Electro less Nickel Immersion Gold)

Post Processing & Packaging
13 Oct. 2009
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Stratégies d’empilement

16
14 —
i2 .\ Wafer-to-wafer:
\ 10 waler per hour
10 @ & @ @ o & A throughput comparison between
\ chip to wafer and wafer to wafer stacking

T.Matthias [17]

RN A , 7200 uph )

3600 uph Chip-to-wafer

Wafers/hour
co

4
2
0 T = T — 2 T
500 1000 2000 3000 4000 5000
Chips/wafer

Die to die stacking Wafer to wafer stacking

s Different sized dies can be stacked s Individual die sizes must match

e Alignment is easier s Alignment iz more difficult

e It uses known good die (KGD) for stacking; e There is a lowser vield because of KGD issues

hence, there is 3 much higher vield e Throughput is higher

e Throughput is lower

© CEA 2009. All rights reserved
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Verrous technologiques du SiP

Matériaux et Procédés Mécanique

Propriétés électriques e Puces ultra fines

e Constante diélectrique e Stress lié a I'assemblage

e Isolation e Surplomb

o Conductibilité électrique e Accords de dilatations thermiques
Propriétés mécaniques e Ecart au point neutre

o Coefficients de dilatation thermique
¢ Module d'Young

e Fluage

Propriétés thermiques
e Conductivité thermique

-------

I

i _ — % | | BEEREEE
I8 e SO = = = = - = S
. - a\ i BIEELISISIEISTION

Chip stacking (Non-TSY) Package stacking (Non-TSV)
WE@EEIWIHEEH'\'

- Logic IC

Thermique

e Points chauds

e Peu d’espace pour la dissipation thermique

e Faible transfert thermique de puce a puce (colles)

e Resistances thermiques importantes (interconnections)
e Positionnement échangeur thermique

e Design thermique

Electrique

e Intégrité du signal

¢ Inductances parasites

o Interférences électromagnétiques (EMI)
o Compatibilité électromagnétique (EMC)
* Répartition des fonctions

© CEA 2009. All rights reserved
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Wafer Level Packaging

Dicing Packaging

LD LTLFT +«— QFP
LITLFETLTLET
LT LI LT LTLEF LT @

LS < BoA
(T ETe=7 =
csp”
Wafer Packaging Dicing
- LI LTILILT
LTILILTLTLTLED
LILILTLTLILTLTLT

LILILTLTLTLTLTLT

LILTLTLETLET LT

LI LTELETLT

Source Fujikura
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Wafer Level Packaging

i
II
1
.l'I
i .\.H -"ET'" [ -'"f:" [,
_-" ! _ll'I--Fl--Ii"ll LEALAL l-i-"'-I
£ ||_..|'ii-iii-r|,—l-|***'*l-'|—"“
'!l l!' 'I'.i--iit.._ll 'Httnt..lf
"-\.\,:l-ll! w [T "-._'I"l'l r
f -1 1 LF s ey jal
¥ waler Depost Tesl IC Packaga
Comnedians Burn-in

WLP is made of technology consisting in device interconnection and protection at the wafer
level before dicing

To be defined as WLP, the device must have: WLP Potential:
- RDL for electrical redistribution - 10-50 x size reduction
- Interconnect between chip & board - 10x cost reduction
- Environmental / mechanical protection - Better electrical performance

- Acceptable mechanical performance

© CEA 2009. All rights reserved
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Wafer Level Packaging

WLP is mainly constrained to low I0s (Analog, Passives, RF, Power, Discretes),
- but trend is to integrate WLP to higher I0s (SRAM/DRAM, ASICS, uP)

Year 2007 2009 2010 2015 2020
Wire bond 30 23 23 20 20
Area array flip chip 120 100 an a0 70
Peripheral flip chip a0 25 20 20 20

ITRS'07 Roadmap for interconnect pitch (pm)

Cost Dimensions

« Packaging cost « Package height ( Oy

* Smallest package

* Test cost * Baich Processing heights + Lateral dimensions ( {)
* High Paralidliom * Minimum fateral
« Improved test concepts TR
H * Min line length M
I/O Density i pl \IIVLfelr « Mulayer RDL Performance
* Pitches (O Level interconnects « Interconnect line
« No standards Packages length ( Iﬁ)
* Small chips / high  Operating
no. of I/Osp ’ « Integrated passives frequencies ( Ty
in RDL * Improved chip to « Package Speed (I
* SiP /3D capability board coupling « Parasitics
Functionality Thermal
(Integration) Performance

« Integrated Passives (R, L, C)
» System in Package

« Power consumption ( I
« Package Density ( I

*3D
T =Increase
0 =Decrease © CEA 2009. All rights reserved
Any reproduction in whole or in part on any medium or use of the information contained herein
is prohibited without the prior written consent of CEA
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Epanouissement WLP / Adaptation des pas

Photo diglectric layer #1 deposition

and pattarning

Sputter UBM and etch to from trace

—_— i .r.JI and pad
KN ﬂ
Embedded Thin Film C ts in the RDL 29999008006
mbedde in Film Components in the
20000COOCOOOS Photo diglectric layer #2 deposition
........... and paftarning
|| oooc0e000000® | ﬂ
= Ik 25
E 00000 ...ttrT§
T W e
|| ¥299ee, ‘,—H—l\;ﬁ —— X
| 9009 O .}F .\‘ Mechanical placement of soldar balis
900000 | L}
eececoeee
e (L
| . N h \ e 1
e S L_ & 0.3 mm Reflow solder
0.75 mm '
Processing steps of wafer level redistribution ultra CSP
o ) © CEA 2009. A‘II rights reserved
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1 Les verrous du WLP

WL
challengas
1 | I 1
[ Dasgn } [ Rt il J [ Processes ] [ ""‘:_“ﬂ"l- s ]
v pr———
it 0. N Hign ssactncal B sl M Bl oo g
: cownauctivity piEsnariTy, weiormity, gy bt
parasitics ALC rmacran pitch
toiara | TR
. -~ oy
Srmalt ferm L1 Birongh and Piaing controllad L
factor (halght) tatigue resistance SErmean Emcicomigeaticn
I —
ey - —
Bapari @re LB i
Werimnal mrd low .
Lo BErasE 7 wilh designed —— Tharmmnamgrason
Inlartaces L S e
— —
a
| Minimel cureent || | Lo stiffriess Tempemaure | [Tharmomechanscal
CravdRrig for skhoss nolial cosmpatinilicy retinbdlily
L
=100 pym pitch 50100 pm pitch 1=20 pm pitch <1 ym pitch
Wafer level interconnect trend I ; = = =
Source R.Tummala [1]
Lead-fea with Comphant Copper plllar Cu-Cu Nang
undaerfill interconnection Bonding layer Eﬂmﬁ“g intarconnaction © CEA 2009. All rights reserved
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Les verrous du WLP
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Les verrous du WLP : interconnexion tres faible pas
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Conclusion:
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Conclusion:

Révolution 3D SiP
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Table 101

System-in-a-Package Requirements

Year of Production

Low cost handheld / #die / stack*

high performance / #die / stack

Low cost handheld /#die / SiP

high performance / #die / SiP
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16 16 17 17
6 7 7 7
16 17 17

10 10 10
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1 Conclusion: Fab-Like Process
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