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l Title

A Wafer Level CSP Technology,
Wafer Process Packaging-WPP

E-mail; miyamoto-toshio@sic.hitachi.co.jp

HITACHI

I Contents

1. WL-CSP with underfill
WPP phase 1
2. WL-CSP without underfill
WPP phase 2
3. Test Socket for WPP
Sheet contact socket for WPP
4. Conclusion

Note: Wafer Process Package ;WPP
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HITACH]I

l Area Array Bumps by Rerouting e

High Pm Count in Ultra Sman Package ; $
Vs QFP/ZS

l csp-zss* =

[8%]
WPP-256

HITACHI
l Assembly Solution by MCM/MCP

Merit 3
@ Inter-connections between high speed & high pin count chips- ‘j
@ Cost reduction & Performance improvement of user substrate

L I B o Ew ses ma  ma ome e

W e
64Mb SDRAM

27mm

< 27mm >
BGA2727-256 T

Bump Pitch:1.27mm
Example of MCM (Multi Chip Module)

1
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HITACHI

I Structure & Characteristics of WPPs

™

4
Ver. Phase 1 Phase 2
Structure Solder Rerouting
Built in stress reduction R
Characte U F required mechanism
ristics . .
Repairable:UF not required
HITACHI
I Fabrication Schematic Flow of WPP Phasel
Al Passivation (TEOS,SiN) 1) Electroplating Cu
C 2) Electroplating Ni - - i}

3) Pattern isolation

Chip ﬂl) Spin coat

(photo-PI) .
P-PI 2) Photo-image 1) Spin coat(photo-PI)
— 2 Photo-m
3) Au plating
1) Seed metal sputter 4) Solder
HZ) Spin coat (resist) -
Resist

3) Photo-image (

3
(Cr/Cu)
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HITAGHI
I Diffusion Length vs. # Of Reflow Process

No Need For UBM Layer>>

Sn Diffusion Length into Ni

.00
600E-07 |~ -~ — — — . .-
500E-07 | —- - -~ - -
400E-07 - T
3.00E-07 |- e e
2.00E-07 |-~ -——  —Target-
1.00E-07 [ T ey —

0.00E+00 ©
0 2 4 6 8 10 12 ‘

Sn Diffusion
Length(m)
X

Reflow Times

HITACHI

Diffusion Length under High Temperature
_Diffusion Length of Tin into plated Ni

R *‘E ]
Storage @4$R°C ®/0biencr000h 2000h

_ 2.50E0
5 2 1.00E-06
S 2 5.00E-07 ¢
0.00E+00 £
0 10 20 30 40 50

Square Root of Time in hoursy h
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HITACHI

. Reliability of WPP Phasel
|
Test Type & Condition . _|@__ Fai/N_ |
30 degC/60%Rh/192h+IR240degC/10s/x5 - 0/90 ‘
Temperature Cycle:—55deg(f_/-1-275maeééﬂ - |2000c 0/195 |

High Temperature Bias:150degC 3.6V bias 1000h  0/5 :
Biased Humidity:85degC/85%Rh 3.6V bias 1000h 0/5 5
Pressure Cooker Test:2atm 121degC 300h  0/40

Samples: Assembled onto FR-4 substrate with Underfill

HITACHI
I Structure & Characteristics of WPPs

Ver. Phase 1 Phase 2 M 1

Structure Solder Rerouting

Built in stress reduction
Characte UF Required mechanism
ristics

Repairable:UF not required
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HITACHI

Fabrication Schematic Flow for WPP Phase?2
Technological key, slope by stencil printing

Passivation (TEOS,SiN) 1) Sputter Cr/Cu

2) Spin coat (resist)

n 3) Photo-image

Chip ﬂ 1) Spin coat 4) Electroplating(Cu/Ni)

(photo-PI)
P“iP;I 2) Photo-image %

Al

1) Solder resist

2) Photo-image

1) Stencil printi
R Pt
4) Solder E

-

HITACHI
l Effect of the Compliant Layer
Preliminary analysis by finite element method
4 ,
Compliant Layer Ee=2000MPa |4

Young’s modulus; Ee
Thickness: Te

(V3]

Ee=1

N
|
1

Experiential td

Strain range of solder (%)

Substrate 00 25 50 75 100 .125
Thickness Te (mm )
Simplified model *1; target to pass -55/+125°C, 1000cy<cles
with no wiring Ee=<1000MPa,Te=>75mm

10x10mm chip. edge bump
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HITACHI
l Key Point of the Compliant Layer(1)

Property to withstand sputter

/é\ 200 * \QQD Oino defect

SRV SR WD < |

O ank X D

@50 (g2 aige o

- X oo o 4

O 0 s e ° 3
100 200 300 400

Glass transition temperature
of elastomer (°C)
HITACHI

l Key Point of the Compliant Layer (2)

Procedure of stencil print

metal squeggee

elastomer paste
/ D

Wafer ' Stencil Mask

0

Pre-coating Coating Mask remove

Examples of results
viscosityithickness; slope Scribe line
Paste| (Pa.s) i (mm) |(mm) for chip dicing

o - 2 Al pad
X 220 760 2 045
Y 150 620 1 | 1.44

Printed e]astomer on a wafer (chip)
Top view
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HITACHI
I Test Vehicle for Board Level Reliability

SnAgCu Material for the compliant layer
Al Young's Modulus(MPa) Tg [Thickness
~ -85°C 25°C  (°C) (vm)
A_ 1350 1040 '198] 74 |thermoplastic]
B 1290 . 1040 '203] 78 |thermoset

SiO: on ¢ 200mm bare Si wafer (0.725mm?")

000 000
%95 999 Chip size =9.84 X 9.27mm J
ooe 900 DNP = 4.66 mm
006 990 bump count = 54 (9 X 6) '
000 000 .
coo 000 bump pitch = 0.8 X 1.0mm
000 000
Top View
HITACHI
l A Wafer of WPP Phase?2
bird’s view, after Au plating

o
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HITACHI

I Test Vehicle for Board Level Reliability WPP Phase2

Compliant layer

Al pad older bump

Redistribution
Wiring

Top view of the test vehicle 3

Bird’s view of the vehicle assembled i
on FR-4 (Flip chip, underfilless)

|

HITACHI
I Test Result of Thermal Cycle
Board level reliability
‘ 7 g T

,\2\99(9) | / a E'ah otper B, |/ B
< ! A ased g
250 / , ‘}P IL;
£10 - — >
= | Vthoug que H
.g 1 : /1 i V—PP[%F _.-"'.Eabun A
201 L/ | || 1|/ WPR Rhase2
20 /gri,( | {w%‘lm ﬁlndl{fll
° LAl 7Ly e

10 100 1000 10000
Number of thermal cycles (from -55 to 125°C)
Faiture criterion = 20% resistance increase; n=50

Estimated cumulative failure rate at 1,000 cycles
Elastomer A = 0.1%
Elastomer B = 0.2%
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HITACHI

lMethodologies vs. Size/pitch in Bump Formation.

1.0

Area Array Bump BGA/CSP| 0.5mmBall
Configuration

203

=04

N

A 0.3

Qo
& 0.2

=3
M 0.1 WL-CSP:WPP

1T

e

0.05—

0.1 0.2 0.3 04 0S5 0.8 1.0
Pad Pitch (mm)

HITACHI
I High Volume Solder Bump Formation; Sift

Mask T 1

Squeegee
Solder Ball \

Direction

Wafer

SIFT : Solder ball Instant Filling Technology
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HITACHI
Socket Technology .
A

el
D

HITACHI

Close Up of Edge Contact

Edge Contact

[ 2Layer TAPE CIRCUIT |
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HITACH!

I Contact Resistance Result

©
=
W

e
s
=

T

0.05 I
-

initial 1000
time(h)

(=]

Transition of Contact Resistance
after 125deg.-C for 1000hours

Transition of contact resistance( Q /pin)

HITACHI
l Contact Life Time
[ Developed Socket 00  Socket for 0.8mm pitch 48pin BGA
Solder 64Sn-36Pb S older Sn-Ag-Cu
Structure F Package S tructure: P ackage
S older bal . S older bal
e Contactor E «F
Elastomer—>L-oiih:] C ontacto
— 0.167 Q|

0.10

0.05 4

"

‘llll[TTrl

g g bl
10 30 ) 100
1Cycle;100mechanical actuation + 8 hrs/125deg.-C

0

Transition of contact resistance( Q /pin)
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HITACHI

I Reduction of Solder Ball Deformation

AN

N
N\ POLYIMIDE

V///// S >[\ STOPPER
POLYIMIDE
STOPPER

HITACHI

I Transition of Bump Height
& Solder : 64Sn/36Pb
= 0.10
< =
b i
2 stopper less
=t |
3 0.05 1 sto
2 s : pper
o =
= »
S i
g 0 0.5 12 4 8

time(h) N=10 Package
@150deg.-C
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HITACHI

l Conclusion

A WL-CSP called WPP has been developed.
1. WPP Technology
(1) WPP1 that requires UF has been developed
and demonstrated to have high reliability.
(2) Basic technology of WPP2 with compliant
layer has been developed along with
synthesis of new compliant material.
2. Socket Technology
(1) B/I socket with sheet contact has been
developed for WPP.
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