3D-IC Integration

e Developments

e Cooperation for servicing and MPW runs offering
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e Introduction & Motivation for 3D-IC

* Process overview

« Partnership for MPW runs service

« 3D-IC Design Platform

 Conclusion

CMP annual users meeting. January 20th 2011. PARIS



_ﬂ"i

#Hi# $

3rd Layer

gggelgl-or Z;{ VA / VA 1/

(a~-Si)
p— -
2nd Layer R/F—7
Digilizer _3 , / o
(son !
1sl Layer ﬁ P
Sflegt
ogic ra)
@ O
ouT

Fig.8 a-Si photo sensor and processing circuits in
3-staked layers (after Mihashi)

gk T
Tre. Sl 18l gen
L Insnlator
N EES e e
'5- l.llatm“ B

Silicon-sub,

Fig.l Schematic drawing of 3-D 1IC consisting of

wonolithic multi-layer structure.

possywation
e

[ cvo sigl 2nd gate 3rd gale Ind active layer 41
- ':r T T ,l'rn__._:—-—\-\.
A . —
Sl ECaL E oo -
EECCEY LTy A 3
R s pertr i

— I

———a - e S

—-rf_“..q.-xh_;____;'_', __________ E
/ Y sOurce
fCVD S1D gate oxide

_________

contact

poly -5 ':

Fig.4 SEM cross sectional photograph and schematic
drawing of
structure.

planarized  tripply-stacked IC

CMP annual users meeting. January 20th 2011. PARIS



3D IC imegran .
*1 T nfegrafion VO: 0.4-10.0um pitch

105-10F 1/O per em?
Wiring pitch: 45 nm

— —"

Si-on-5i package

and chip stacking

1O 10=50 g pitch
1010 1O per em?®
Wiring pitch: 0.5 pem

Crrpanie and ceramie package | ﬁ

(SCM and MCM) O O O O O

O

Relative wiring pitch, 1/0 pitch, and
10 interconnection density ranges (10 per cm®)

10y 200-gm patch
1022107 10 per em?
Wiring pitch: 25-200 pem

S — — 10° 1 per em’

m loi010101010101010) Wiring pitch: 18-150 pm

10 150-pum pitch

2000 201010

Time

Source IBM http://www.research.ibm.com/journal/rd/526/knickerbocker.html

 Moore’s law by scaling conventional CMOS involves huge investments.

« 3D IC processes : An opportunity for another path towards continuing the
scaling, involving less investments.

 Like for conventional CMQOS, infrastructures are needed to promote 3D-IC
Integration, making it available for prototyping at “reasonable” costs.
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Why TSV Interconnection?

TSV (Through-Silicon-Via) electrodes can provide vertical connections
that are both the shortest and the most plentiful.

High Power consumption Low Power consumption

Long Connection Short Connection |\

Jrd Level

Low Density High Density iareh
Poor Heat Good Heat f
Dissipation Dissipation @ (meces { e
Substrate)
RC Delays Reduced RC Delays
High Impedance Low Impedance e
Large Area Smallest Area James Lu, RPI, Peaks in Pacjfaging, 2003

Challenging Interposers Simple Interposers

/O Pitch limitations Less /O Pitch limitations

TSV interconnects provide solutions to many limitations

of current SiP and Chip Stacking methods.
Ecole Polytechnique Paris - 3D Technical

Symposium; November 2007 - e INJ o =
Pagel
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Industrial Applications

There are two 3D areas that are
receiving a lot of attention.

- Stacked memory chips and
memory on CPU

+ IBM expected to provide
samples later this year

Both IBM and Samsung could be
in production next year (2008)
- Imaging arrays (pixelated
de.vices%

Working devices have been
demonstrated by MIT LL, RTT,

and Ziptronix

* Much work is supported b
DARPA PP X

» Pixel arrays offer the
most promise for HEP
projects.
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Samsung - 30 um &
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in 70um chips

RTI
Infrared
Imager

LHC-ILC Workshop on 3D
Integration Techniques
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_‘,‘i 3D Microelectronics for Physics (FermilLak

Expected feedback from 3D for SLHC
ATLAS Pixel Front End size

FE-I3 CMOS 250 nm

FE-14 CMOS 130 nm

FE-14-3D-2 CMOS 130 nm 2 layers

SHEE
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FE-14-3D-3 CMOS 130 nm 3 layers

50 um

3D LHC 29 November 2007 A Rozanov 5
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2D design 3D design
. T 18.238%15.92 (6.4%6.227)*3
Final layout view of 3D LDPC %
structure. Areg (mm*mm) =290.35 =119.56
Total wire length 22.39+22.57+22.46
- (m) 182.42 —67.42
m o Max WL before
= = e buffer insertion 13.82 8.68
E 700 ™ o
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S sl 20 Power onsumih, o :é” Max WL after
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Post-layout power of the LDPC Power dissipation
decoder (2D vs 3D). (mw) 646.2 260.2
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« R8051 CPU

— 80MHz operation; 140MHz Lab test (VDD High)

— 220MHz Memory interface
 |EEE 754 Floating point coprocessor
e 32 bit Integer coprocessor
« 2 UARTS, Int. Cont., 3 Timers, ...
e Crypto functions
o 128KBytes/layer main memory

e 5X performance
e 1/10™ Power

Source Tezzaron (2004)
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