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An Inconvenient truth*...

Consumer electronics demand trends

unchanged
Increased performance
Reduced power (nomadic technologies, thermal issues)
Increased heterogeneity
Reduced size
Reduced cost

Limits to continued scaling

Advanced manufacturing costs (lithography, etc.)
Performance: wiring loss offsetting device gains

Regional migration of manufacturing

Surplus of legacy fab capacity
Surplus of talent?

*Apologies to Al Gore
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Why is 3D significant?

———————————————————————————————————————————————————————————————————————————————————————

Packaging world Front-end world

Demand for more
compact systems

Limits to ‘classic’
Moore’s Law scaling

5 5

3rd dimension for packaging
cost & dimension reduction

S =/7 \ ot /

3rd dimension for
IC performance increase

—————————————————————————————————————————————————

Heterogeneous world

! More than Moore components
'\ (i.e MEMS, imagers, RF..)

1 |

3rd dimension for co-integration
of new components with ICs

Different worlds, different drivers, _
... but a common technological toolbox
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Letl Focus: 3D WLP & 3D IC

3D Wafer Level Packaging

3D is realized before packaging
and integrated into classic
package

1 Package contains several
dice/ functions

3D IC — Stacked CMOS

3D is integrated at circuit level

Pitch - global or intermediate
Interconnect level

CED .



Technologies for 3D integration
“Tool Box’ concept

Bonding / Alignment

Interstrata connexions

Strata

Intrastrata connexions (TSV, ...)
Strata
Strata Thinning & handling

Chip on wafer planarization

Management

© CEA 2009. All rights reserved
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The Partitioning Approach

2D SOC

Expected benefits

Cost
Legacy fabs extended ( ~130nm) —

Standardisation of non-scaling sub- | — - r
systems

Reusable design [] 1/0, Host, Mem. Interface
Advanced Fab Si footprint minimized 5 fﬂpec'a"zed SubSystems
_ emory
Memory — outsourced commodity
Performance
Interconnects: Short vertical Vs long 3D SOC

horizontal v
Scaling benefits of advanced sub- €mory
systems _

Heterogeneity Legacy HW

© CEA 2009. All rights reserved
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Ultimate evolution...

2D SOC

3D SOC

Memory

. Legacy

[ ] I/O, Host, Mem. Interface
Bl Specialized Sub-Systems

[ ] Memory

Silicon Mother Board
Memory
. mems/RF.. | |INAGERCEEIN

Silicon Mother Board

6000000000000 000000
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From ideas to reality...

Direct Bond

TSV High density
Fine pitch, Cu pillar, RDL

TSV Medium
Density

Cu Pillar, RDL

© CEA 20009. All rights reserved
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From ideas to reality...

Si Interposer T

ff

Face |Mx

echnologies

Direct Bond

TSV
Ine pitch, Cu pillar, RD

TSV Medium
Rensity

Cu Pillar, RDL

© CEA 2009. All rights reserved
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Active Silicon Interposer

Die to Wafer Copper Pillar

OI/OQ.QOO..

/ \
/ \
TSV: @60um, AR2 Thinned wafer (120 pum)

Pitch

Die to Substrate Copper Pillar

Integration of a Temporary Carrier in a TSV
Process Flow J. Charbonnier, ECTC 2009

L|

|‘ wrlozt ssauxouﬁ|
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3D Active Si Interposer Demonstration KYI

45nm technology stacked on 130nm interposer

3D integration process flow for set-top box applica tion
: description of technology and electrical results
S. Cheramy, EMPC 2009

A
170um T

A L 400um

120pm

\ 4
80um l

Pitch 120um *1056 inter-chip connections
) 588 TSV's
Pitch 50um .482 bumps
*[n BGA 864 lead free balls, 1.0 mm
pitch

A
A 4

CEA 2009. All rights reserved
se of the informe C d herein
of CEA
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CMOS 45nm ,25 mm?, vme
15Mb SRAM, ROM, std cells, ... Active interposer: CMOS 0.13pm, 32mm?2
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From ideas to reality...

Direct bonding techniques

Back
f f M1
Face |MX = ——— <1 Direct Bond_>

TSV High density
Fine pitch, Cu pillar, RDL

TSV Medium
Density

Cu Pillar, RDL

© CEA 2009. All rights reserved
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Molecular Cu-Cu bonding

Room temp., atmospheric
pressure

High density vertical interconnects

Clean, smooth surfaces (RMS
roughness <0.5nm)

GOOd bOﬂdIng enel’gy, 28J/m2 TEM cross seption of bonding interface
3.2J/m2 with 30min 100 anneal pelore ameaing
10u thinning — robust process

------ R e B o B e

© CEA 2009. All rights reserved
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Bonding of 5um x 5 um pads with 10 um pitch
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Bonding Electrical Characteristics

Good agreement between theoretical &
experimental measurements
200T & 400C anneal

2.3k for 29422 connections
Extracted contact resistance ~78 m
Bonding induced resistance negligible, ~1 m

Similar measured experimental resistance per .
ConneCtlon PadS on top Wafer :\éé(ls)istance(KOhm ] 128
2 - 25
i i o
- r22g
2/ T T T T O T T T _5
> 19 <
16 -12 08 047 0 04 08 12 167 &
- 1.6
2
—> 3 - 1.3
O0— ”
-4 - L q
I (mA)
i \ Pads on IV curves on daisy chain with 29422
base wafer .
connections, 3x3 contact area
Full characterization of Cu/Cu direct bonding for 3D integration
Rachid Taibi, Léa Di Ciocciob et al., ECTC2010
° Daisy Chains SChema“C after bonding (3X3I.1m2 ContaCt area) Any reproduction in whole or \r\;)arltyuaw\yy

e Width 3um, length 10pum, pitch 7um Y and 14pm X
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Reliability

No degradation of bonding quality due to extended annealing

Patterned Cu/Cu bonding can withstand long-time annealing without
failures & conserves good bonding quality
difference in resistances can be due to process variation

50 dice, 30 000 connections (3umx3um contact area)

Reproducibility of resistance post 200C annealed
with or without a 150C annealing for 140hrs

Full characterization of Cu/Cu direct bonding for 3D integration
20 dice, 4872 connections (Sumx5um contact area) Rachid Taibi, Léa Di Ciocciob et al., ECTC2010

© CEA 20009. All rights reserved
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From ideas to reality...

Fine Pitch, High Density TSV’s

- 7

y 4
y A
7 A

- .4
= g
< #
- y 4
4 y A

Direct Bond

TSV High density >

Fine pitch, Cu pillar, RDL

TSV Medium
Density

Cu Pillar, RDL

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



Fine Pitch TSV’'s: 400C Process

TSV
open

~300nm

@ ® i ©
; E Cu pad
== —Hor=
/?N Cu
(d) (€) 0

TSV lithography,
etching, stripping

Isolation with
conformal SiO,

Via bottom opening
with etch-back

TIN barrier
deposition

Cu seed deposition
and ECD filling

Cu annealing,
CMP, followed by a
Cu damascene
level

© CEA 20009. All rights reserved
r use of the information contained herein
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Both DtW and WtW approaches

Redistribution
layer (Cu)

Chips planarized
down to 12um

TSV Cu @2pum,
Thickness 12um

Direct bonding

DtW demonstrator

12um thinned and planarized die
<1.5um chip TTV

Si02 bonding

<1pm misalignment achieved

M1 WtW demonstrator
High density TSV in 65nm test chip
M5 Very low pitch interconnects (10 m)

Ultra thin stack (15 m Si)

FIB SEM cross section of a 4 um wide

. © nts reserve
and 15 um deep TSV dual Chaln' Any reproduction in whole or in part on dY:Z ;::Z‘yi“:x:;w‘?i,(su11'1:”,‘,‘[:;”3;[‘ P”([r)wvl:\svet 1erein
3D Integration Program P. Ancey, D43D 2010




Electrical characterization

0,7
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30 | 4 —&— D=4pm Deff=3um
$ 3200 TSV/Chain
S ¢
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Résistance [m W

High performance (3um TSV)

% * $ + 11
-$) /01

%2* 3/

%4 * 5

Modeling of TSV RF performance and impact on
signal transmission in 3D integrated circuits

L Cadix, 3DIC-IEEE 2009

~100% vyield process
% & '(
%) & '(

First integration of Cu TSV using DtW direct
boning and planarization.

P. Leduc, 3DIC-IEEE 2009
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Why this integration?

No change in base wafer process
Reduced development costs

Classic BEOL processes after stacking
CMOS Fab compatible
Post Cu <400 process compatible

No introduction of new “exotic” materials (solder, glue, ...) in
wafer fab

No handling of thin wafer

Easy to package: flat surface
Compatible with classic flip chip (or wire bonding)

Enables one face-to-face connection

Flexible
Die-to-Wafer and Wafer-to-Wafer
Multi chips stacking

Scalable: no handling of thin substrate
Thin Si thickness and TSV diameter

© CEA 2009. All rights reserved 1
or use of the information conte
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From ides to reality6

So what's left?

Back
ff
Face |MX — ——— < Direct Bond_>
£ Face
=1
Te) V Hi
— Back ine pitch, Cu pillar, RD
g Face
o ® TSV Medium
Q Rensity
Back

Cu Pillar, RDL

© CEA 2009. All rights reserved
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Design, Design, Design (In order of importance!?)

Significant 3D design projects ongoing

In addition, new collaborations

announced

DOCEA Power
Thermal modeling and analysis

Presto ———
Test and analysis oy B
R3Logic

Electronic Design Automation
— Early layout floor planning

24
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3D integration lines at Leti

200mm More Moore: 3D integration line in 300mm
Ultraflat 3D, Monolithic 3D

MEMS 200:
Imagers, Active silicon

| nte rpose r, Vi a Bexlt[ﬂ(]du(:l\(m in whole or in part on any medium or ust
i ibi i

(200mm)

© CEA 20009. All rights reserved
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State-of-the-art Equipment for 3D 300mm

10 x 80 pum etched via

EVG 1Q-300
STS Pegasus-300

SUSS ACS-300

Trikon Planar-300

EVG 650

Microcontrol Leonardo © 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

10:1 AR vias void
Semitool Raider-300 free Cu fill
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Approved capital budget 2010

Project 3D300

PVD metal

Back side decontamination
Stripping wet

ECD Cu & SnAg

Pick & place high precision
Pick & place high throughput
Reflow annealing

CVD oxide low temp

Wet etching
Characterization

28



Complete 3D 300mm line planning  ssmycuse

Flux deposition/clean
Reflow
Pick & Place
Metrology

Ball placement

Grinding

S

; Vacuum
,L taper

e

Back side
1 / clean

P
- <
PVD B/S
Si etch + MOCVD barrier
Cu and polymer
Cu plating Bonding SiO2 PECVD lead free ECD oven UBM PVD

Inauguration Jan 17t & 18t 2011

CEA 2009. All rights reserved
se of the informe contai
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Questions?
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