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W Background and Objective
* Demand of underfilling for 3D-SIC integration

® Hybrid Bonding Technology

* Requirements
* Low temperature Cu-Cu bonding technology

W |nvestigations

B Conclusions
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System in'Package“Technology Trends  rujisu

A Through-Si via technolo
: 2 3D-SIC
\ a :
Cu pillar bump WLP stack
PoP S —
z == wei—tee
% [Gl—————10] :!gE-denSAdty
igh-spee
O | Chip stack with wire S
J—— Die to Die
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2000 2005 2010 2015 Year ¢

Fine pitch interconnection is the key technology
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Fine Pitch"interconnectron-for-3D=SI1C FUjiTSU

Bump type Cu pillar + solder Cu pillar + Cu pillar
Solid diffusion bonding;
by thermocompression

Bonding method Fusion bonding

S .., e

Structure WV WV  U_Solder

.

Electrical Resistivity 11 uQQecm

High current density
effect

Available bonding
pitch

Bonding temperature 217-250 °C 200-250 °C *
Cu-Cu bonding has advantages for 3D-SIC
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> 10 um >2 um
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Further integrated 3D-SIC
* Bonding pitch <5 um
Device Packaging 2011 - Device gap <10 um  Device Packaging 201?%

h -
Cu-Cu bonding 22225  Apdog Undefilling
R ———

S@Esaman - —Attach thinner ICs
- Protect smaller
= bonding electrodes

Interporser
Reliability of — =

Multichip stacking :

stacked ICs process

Cu-Cu bonding and underfilling process must
be realized
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Conventiorrat-vs-Hybrrd-Bonding -
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Hybrid bonding is advantageous for 3D-SIC

Conventional bonding

Hybrid bonding

Underfill

Cu bumﬁ

into interface

BEr ™ Y E 9 Underfi
r
L/
Underfill type Capillary filling Pre-applied
Supply area size Individual chip size Wafer size
Narrow gap filling Difficult Easy
Degasification N/A Potentially affected
Underfill infiltration N/A Potentially occurs

Affect to solid diffusion.
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Objective ofthePresent-Study~ - FUJITSU

To realize hybrid bonding with Cu-Cu |

solid diffusion

Solid diffusion| 4, } [ 1.t ¥ || ¢t/ * Adhesion
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® Hybrid Bonding Technology

3Ju02-sdewWI/WoD"S!

* Requirements
* Low temperature Cu-Cu bonding technology

n6 Aq jpd-z1.dm-0dpz102/01 20922/10.£100/0dA/Z0Z/Pd-8oIHe/s8ousl
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Requirements-of-tybrid-Bonding- - FUJITSU

* Low temperature Cu-Cu bonding
- Thermostability of underfill is not too high

g
=
3
o
©
a
@
a
=
\ 3
3
=3

_ _ _ S Device Packaging_ZOl’%_l
» Cu-Cu solid diffusion (without underfill)

* No underfill infiltration into bonding interface

* No void formation

Void

lltration
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T. Sakai, et al,” DPC 2011 Factors that affect Cu-Cu bonding
Photoresist  Cu bumps

Surface pl@

Surface

_ MICro structure
® Resist removal L om~—M ——— )

*Electroplating

L

Diamond bite

«

¢ Cutting

HCOOH Surface purity

® Reduction

120°C
e Thermocompression

200-250°C Principle conditions

001710
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Surface Planarity-improvement - FUJITSU

Ultra Precision Cutting by Using Diamond Bite

T. Sakai, et al,” IMAPS 2006, B Feature

Wafer ® Creep feed cutting
with diamond bite

WWet / dry process

diamond bite

1
o ier

Metal bumps

Diamond bite /
Wafer —

Commercialized by
DISCO Corporation

saidus|je uelpuaw//:dpy woly papeojumoq

Diamond bite
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\
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Cut wafer
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0-2770 10.0kV x1.80k SE(M) 04/01/13




Surface Micro-Structure-improvement FUJITSU
%9,°C/.30mm? _ 150°C/30m|n '

Fine crystal layer

Cuttin
R

Recrystallzatlon at Iow temperatumte

a/z10z/spd-sp0!

R.T. 150°C 200-250°C

e
TR S

Recrystallization
occurs

Fine crystal layer led to low temperature bonding
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Bonded
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“Reduction” is key
Wet process Dry process

» Sulfuric acid * Hydrogen gas
- High temperature >300°C

e Citric acid * Ar ion beam

- High vacuum condition

» Hydrochloric acid ¢ Formic acid vapor

- Low temperature >120°C

Moisture absorption Favorable for hybrid
problem to adhesive bonding process

We selected formic acid vapor process
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Cu LMN Auger Spectrum by XPS analysis

CuOci0
' No treaW/‘\Metalllc

/.\-J\\

120°C for 30min_——

580 578 576 574 572 570 568 566 564 562
Binding Energy (eV)
» Metallic Cu peak was obtained in 120°C for 30min

Low temperature reduction process is possible °
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W |nvestigations
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M Hybrid structure formation

Diamond bite
Underfill (Epoxy) b

\
R )

Spin coating on Simultaneously
the wafer cutting

lumoq

Q
=
(<]

Cut Cu bump/ underfill surfac

saidus|je uelpusw//:dny woy @

3Ju02-sdewWI/WoD"S!

Excellent cutting result
B Bonding sample- Die to Die type

Si chip Si substrate
Chip size mm 5x5 15x15 Si chip

Chip thickness um 625 625 m
Bump size um 20x20 25x25
Bump height um 10 10

Si substrate

€20z Aenuer g0 uo 1senb Aq ypd -z dm-0dpz L 0Z/0L 20922/ 0.1 00/0dA/ZL0Z/4Pd-8[o1e/S80usl
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Investigated-Bondmg Process Etow: FUJITSU
Examine how underfill is exposed by formic acid
M Totally exposed by formic acid

Reduction Temporary bonding Permanent bonding

Heat wsure

D) e ) |

Exposed area 140-400°C 225°C

M Partially exposed by formic acid
Temporary bonding Reduction Permanent bonding

yann
fasaiet

140-400°C

Exposed area

UUT/7 1o
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* Bonding mismatch evaluation m
e—

 Evaluation of bondability
- Confirmation of solid diffusion ~ °'P &2ehomher
- Void observation

* Underfill damage by formic acid

* Formic acid penetrability

» Underfill infiltration into bonding interface

001719
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Bonding MrsmatchrEvatuatromn: FUJITSU

H Alignment mark

Substrate mark

Chip mark

mX-ray images after temporary bonding

Flip chip bonder

140-400°C

Bonding

X-ray observation

X-ray image

All samples were confirmed within 2um
mismatch after temporary bonding )
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Bonding Migmatctr-after-Permanent-Bontding  rujitsu

100
Totally exposed

18)u00-sdelul/od ssaidus)e-uelpLatuy/:dpy wolj papeojumoq

t Acceptable alignment
[ range <5 um

Partially exposed

1 : : : : ]

0 100 200 300 400 500
Temporary bonding temperature (°C)

Totally exposed underfill could not sustain arranged location
during bonding process

Partially exposed process shows less mismatch

001721

Bonding mismatch after permanent
bonding (um)
o
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Adhesion Damage-by-Formic-Acid= FUjiTSU

EDie shear testing ~ © 1°
__ =
Underfi <
nderfill__ % 0
SiN h S N T
N 2 —
] u Partially exposed
)
mUnderfill conditions & ° ~, -
o
» Partially exposed & Totally exposed
» Totally exposed 0
0 10 20 30 40

Treatment time (min)
Partially exposed: slightly decreases

Totally exposed: decreases below half level of the initial value
Decreases of adhesion strength by formic acid
would cause mutual slipping
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Totally exposed process Partially exposed process

Temporary bonded at 400°C Temporary bonded at 140°C

Cross
sectional| :
images
C-SAM
images ] :
Void existed

C-SAM: Constant-depth mode Scaning Acoustic Microscorpe

Solid diffusion and voidless bonding could be achieved
in partially exposed process
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Underfill Damage-by- formie-Acte- - FUJiTSU

B Microscopic FT-IR analysis Underfil

1. Uncured { 15um
2. Formic acid/ top side
3. Formic acid/ Si side

saidus|je uelpuaw//:dpy woly papeojumoq

Wavenumbers(cm-1)

0.06

4. Completely cured Epoxy g;(z
- 3.Formic acid/
Epoxy hardening Q e / \/ \\ ! Unoured
C 0.04 — A —~1 =
P g VAL \\\A \’/ /]
CH,-O-CH- peak 9 N 1 :
decreases 2 /\/\\ . /ﬂ\ ///\
_ 0.02 ~—+ \ /
Normalized cure degree . _d// \\/
Formic acid/ top side: 88% "Top side. 4.Completely cured | ¢
: : .. 0 - -
Formic acid/ Si side: 70% 1000 950 %00 w0 |

Ring-opening reaction by formic acid
HCOQH + R-O-CHZ-C\H@-QHZ—> R-O-CH,-CH-CH,
O-CHOO
Epoxy hardening propagates on top side of underfill

001724
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Problems of~Fotatlly-Exposed-Process FUJITSU

Reduction Temporary bonding Permanent bonding
HCOOH j> T $ g
Face up 140-400 °C 225 °C

Decrease of adhesion I~ H|gr_1 _temperature —\ | Dispersion of bondm_g

strength condition is required force leads to no solid

3 > 400°C B diffusion
= ' STooky Void formation Void formation
surface

€20z Aenuer g0 uo 1senb Aq ypd -z dm-0dpz L 0Z/0L 20922/ 0.1 00/0dA/ZL0Z/4Pd-8[o1e/S80usl

MM) . .

It Is difficult to achieve vog;dless and solid diffusion
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Advantageof-Partially Exposed-Process rujisu
Underfill adhesion can be maintained. :

Totally exposed Partially exposed :
Bonding interface was not exposed

xposed area

Exposed area

[ Formic acid [ Underfill
penetration? infiltration?
Compare two conditions by TEM EDX analysis ;
* N, atomosphere

* Formic acid vapor

001726
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Void exists between interface under N, atmosphere condition.:

N, atmosphere

Poor bondability

Formic acid

Solid diffusion

Formic acid penetrates into the bonding interface%

001727
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Examinatigiof Undefitt trififtratron FUJITSU

® Bonding interface of partially exposed process

2000

saidus|je uelpuaw//:dpy woly papeojumoq

1800+

1600

Cu EDX analysis
o
|

18)U09-sdew/Wo9's:

TEM image 1200-
Cu 0 | No carbon peak

BN

-
Measuring point ‘
400 4 7
C | |
j 200 - 1
| 1
Cu g B ihh_J. IL o |
0.0 T l'.'I.I5|] 1.:]I.‘.| |.é-t'l 2.:]1] 1:51.‘.1 SEI[I :I.IEI.‘.l -l.:ll'.'l 4-.|5|] 5.00

ke

Carbon peak energy

n6 Aq ypd-z1.dm-0dpz1.02/01 £0922/10£100/0dA/Z0Z/Pd-8loIHe/S8oUS.
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Cu-Cu metallic b_ono! was conf_irmec_l _ _
No underfill infiltration into the bonding interface
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m Underfill and Cu bumps can be simultaneously cut togethzér
by diamond bite with no residue on bump. “

)

B Partially exposed process where the exposure area by
formic acid is limited can achieve solid diffusion and no
void formation.

saidua||e uelpuaw//:dpy wo.
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M |t is considered that formic acid penetrates into the
bonding interface and removes oxidation layer.

B There is no underfill infiltration into the bonding interface
In partially exposed process.

n6 Aq ypd-z1.dm-0dpz102/01 20922/10.£100/0dA/Z0Z/Pd-8oIHe/s8oua)

We have developed both underfilling and Cu-Cu solid
diffusion process, which are promising methods for 3D-SIC

€20z Atenuer € uo isal

Multi chip stacking process and reliability of stacked ICs
are for the future work.
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