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Device technology roadmap

Evolutionary scaling: technology driven
performance improvement
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Disruptive scaling

Alternative to scaling
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Monolithic 3D

Bottom transistor Top film realization Top transistor

Lithographic alighement precision

Back-end
between stacked layers

Upper level:
Front-end + middle-end

14 M3D PDK available

Inter-level metal
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| - ll Lower level:
Front-end + middle-end
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Interest for M3D

Source: R. Gilmore, Qualcomm VP, ESSIRC 2012

Source: G. Bartlett, Global Foundries, SMC 2013

Fab Cost

4,850

4,000 +20%

6,700

+40%

2500+40% a
| -t +

Without scaling avoid fab and process costs increase

Normalized Die Cost

11

1

0.9

08

0.7

0.6

0.5

300mm wafer
Die size: 10mmx10mm

10 %
o H
s 3

25% €
GU

K

---------- [=]
. 3

/ z

Number of 3D Tiers

Stack 2 layers: 25% die cost reduction

. Top metal :
= Average gain layers =
benchmark for 6 1 nodegsly e
o without CMOS
circuits/planar scaling s
CMOS
Ieti Leti Devices Workshop | December 8, 2013 | M. Vinet | 18

devices @ workshop



Technologica

Multi-core A9 frequency

o SiC:P for nFET RSD
adapted from ETSOI
25 >45% extra speed @ 0.6V

800MHz with FD-SOI

w28P (CAD)
= FOSOH Siicon FBBS0

= FOSOI Slicon FBB=0 6V
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contact to
source/drain

Dual STl isolation scheme

implanted back plane
below NFET area

Leti molecular bonding long history

*  Substrate: Smartcut patent
= M Bruel (1991
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1992 Creation of SOITEC
Smartcut based substrates 2003 Creation of Tracit

IC transfer by moelcular bonding

Technology add-on

3D at Leti

Roadmap for Silicon W
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3D Technology Toolbox
200& 300 mm

Core 3D Technology
(200mm & 300mm)

SiGe:B for pFET RSD

Front side techno
TSVmid + Damascene

Backside techno

Temp bonding, Thinning, Bumps, TSV last

Stacking
Interco, underfill, P&P

biasing

implanted back plane T
below PFET area

cSiGe for pFET (adapted
from ETSOI

Leti 3D Integration platform

A complete and mature set of processes dedicated to 3D integration

ecosystem

contact to
substrate or
well for back

Performance

Vtand

Inverter leakage (au)

Inverter delay (au)

Monolithic
3D

WIOMING: Wide 1/0 demonstrator
(June 2012)

* Wide |0 Memory Interface Next Generation

* Cooperation with STMicroelectronics, ST-Ericsson and
Cadence. High speed CMOS techno - TOmm®
3000 T5Vs and micro-bumps.
1000 fip-chip bumps
FBGA 12x12x12 - 581bels

ING 3D-C
equipment
{betp://blog stericszon.com —fuly 2012}

.’m 10nm FDSOI : boosters impact
ciGe 14rp30I

channel
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Device technology roadmap

Evolutionary scenario: nanowires and stacked nanowires as
Disruptive scenario

Steep slope device
Mechanical switches
SET/SAT as elements for a “disruptive” scenario

Monolithic 3D for an “end of scaling” scenario:
CMOS/CMOS for density
N over P for co-integration of alternative channel materials
New architectures like “memory in logic” and “neuromorphic”

Resistive memories replacing charge based
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