Nanoscae MOSFET fabrication

Bulk: improvement with superhalo

- 1.2nm SiO, gate oxide

- In situ doped polysilicon Gate

- Channel : non intentionnaly adjust

but Super Halo SH :(only BF, halos;

or Non super Halo NSH :
(B Il + BF, halos)

- As extensions

- 30nm nitride spacers

- As HDD Source and drain
- RTP spike anneal 1050°C
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From Fully Depleted SOl to Double Gate CMOS

Fully depleted SOI: Vo =Viu+ 291 + 32
" /H/ FDSOI -
< 2
Ti’ * TQuantum Quantum E; :Zzh X{Tn}
> 04 / N+ poly gate confinement: M Ll
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o | ow Doped thin channel
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— => Lower dopant fluctuations

i - Ts(nm)
SGMOS DGMOS
Lg=25nm

J.Lolivier et al,
ECS Spring meeting, Paris May 2003

€SP

=> Higher VT stability vsthickness

Gate Workfunction engineering for
dual gate /undoped FD channel Low VDD
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Listdd Multigate MOSFET architectures:

Thinned S film / LOCOS
Buried oxide Buried oxide
Alm thinning Isdlation definition

the Planar approach

GRILLE

SOURCE DRAIN

N+

S substrate STI

Back gate patterming and axide deposition |
rd | 3 ) |
|
BExtension inplantation ﬂﬂ
i —
Bxtension FD-SOI standard process

LETI: Wafer Bonding TiN gate
M. Vinet et al., SSDM 2004, Sept 2004

Top Gate

Conduction

STMicroelectronics: SON GAA Lg=25nm
S.Harrison et al., SN Workshop 2004,
S.Monfray et al. , [ EDM2004
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ﬁ Multigate MOSFET architectures: Non Planar approach

S

Le

I Buried axide

C.Jahan et al., VLS| Tech Symp 2005,
QOFET Lg=10nm TiN/HfO2 gate stack

poly
1dam 1"‘ 5
A 417 nm

Ini-gate e 10 nm

TSMC: Poly gate FInFET Lg=5nm

INTEL: Poly gate Trigate Lg=60nm
FLYang et al., VLS| Tech Symp2004 3 chann€eSs. boyleet al., VLS Tech Symp 2003
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Scaling capabilities

From FDSOI to DG/FINFET viaTlrigate

-T remains = thickness SOl manufact. specs

FinFET

+4 sub-lithographic CD => transfer WS| control

vertical sidewall

-Design rules & layout issues
(compatibility with existing design libraries):
N Weermin=2" TgtWy

non-uniform WFET:n* WFETmin .
S-D doping => |ayout factor(W ezrp,i, /pitch)

Best of both worlds?

FD-SOI

50

B 0 50

trigate te = Wg =L,
"
tSi
Ly !
W_. (nm) tsi =1, L,
100 Partly from B.Doyle et al, VL SI 2003 paper 10A-2, Kyoto(Japan)
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Planar Bonded double metal gate down to Lg=10nm
Saiided ot for High Performance
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Double gate versus Single gate(FDSOI)

MOSFET by Wafer Bonding(Lg=40nm)

Vg=0to 4.2V |eeeeen

Tg=010 16V

Output characteristics of 40nm drawn gate
length DG and FD transistors.

M.Vinet et al. , SSDM 2004, Sept2004, Tokyo

1.108
1.102

eeee0.:NM0S FD

DIBL=33mV/V
Ssw=64mV/dec

12 08 04 0 04 08 12 16
Va(v)

Transfer characteristics of 40nm drawn gate length

DG and FD transistors @ Vd=20mV and 1.2V

IST NESTOR project
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Multigate devices for Multipurposes
applications for Future SOC designs

1.10" ¢ ;
T Fq p\"9 Vb -
— B ¢ |
€ 1.107: |\ « i i X
= o2k Y i HP
E 10" e 5 X
= 1.103¢ LOP\ i LOP
= 1104 Vbg-Vig
4 10-5 ;ng-\fg LS};(I_P i LS)IP
| :PIMIDIB | L1 L1 1 i ] L1 | L1 | I NIMIGS
1.10°
800  -400 0 400 800 1200

lon (pA/pm)

Double gate MOSFET by bondin 0 L vs L, of tunable DG MOS (adjustable
Vie= Vi) and tunable DG MOS operating in FD mode
(adjustable Vi) between Low-stand-by-power (LSTP)

M.Vinet et al., SSDM 2004, Sept 2004, Tokyo and High-performance (HP) —90 nm node

g=» S.Deleonibus LETI - June 2005 Y okohama
Panel session IFST 2005 IST NESTOR project



Mobility enhancement
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» ESL-sS : [ m* reduction [J strain enhancement
» SSIGe : [J m* reduction extra charged defects
*sS . uantization effects  phonon scattering not dominant

Original & in-depth characterisation of [y In strained devices
F.Andrieu et al. VLSI Symp, June ZOOt?Kyoto




Geversus S

Low field mobility higher than in silicon
Electron and hole mobility values are

closer than in Si => Design compactness.

Energy relaxation time > in Si=> velocity

overshoot appears for higher L than in Si.

Dopant Activation at lower
temperatures. High dopant diffusivity.

Compatibility with high-
Kdielectrics(necessity)
GeOl : demonstrated feasability

llI-V (GaAs)/ Ge co-integration:
Optoelectronics, RF, power devices,...

but

Higher K than Si(Cj, SCE, DIBL,etc...)

Lower thermal conductivity than Si(Self
heating,...)

CMOS process Integration is an issue

Band Gap

Lower bandgap than Si. Junction leakage. ©""5;

o
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Band Gap versus Lattice Parameter for
IV, lll-V, and II-VI Semiconductors
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GeOl substrates: the Smart-Cut™ process

1- Donor wafer (EPI Ge/Si)

2- Oxide formation

3- Implantation

o
=
O
>
&)
@
o

4- Cleaning / bonding

5- Layer transfer

=

6- Final treatments

RTB UNIMOS project _
S.Deleonibus LETI - June 2005 Y okohama
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1 From SON to Multichannels and M ultigates

Dummy

Silicon On Nothing(SON)

GRILLE

S substrate

STMicroelectronics: SON GAA Lg=25nm
S.Harrison et al., SN Workshop 2004,
S.Monfray et al. ,|EDM2004

Si

bridges

MBCFET(Multichannel)

[onN=2100pA/um I offN=1.3pA/um Lg=30nm

Samsung MBCFET GAA
SYLeeet al., VLS| Tech. Symp. 2004, June 2004 Honolulu(HI)
VLS| Tech. Symp. 2005, June 2005 Kyoto(Japan)
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From Double gate to Nanowire

| ncreasing electrostatic channel control
L
¢ Ge,sGe
— G — CNTs

Double-Gate Omega Nanowire
FinFET FinFET FinFET
(Ts= 2/, Ly (Tg= Ly (Ty= 2L,)

FLLiang, VLSI Tech Symposium 2004, June 2004, Honolulu(H1)
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GeOl

Devices architectures options Dual Nanowires
Multichannels
CNT
65NmM 45nm 32nm 22nm
2007 2010 2013 2016
High Performance Bulk+Strain=========3
====FDSOI/PDSOI| +Strain=—=============———=)
————————===M| u|tigat ———————————= ——=—===
HiK+Metgate
L owPower FD/PD SOl==========p
===———=—=—=—==—FDSO| +Strain================
HiK+M etgate ——==———==M u|t|gat —————=—==
L ow Standby Powar FDSO|=============cccc——————————w)
HiK+Metgate —=======|\/ u|t|gat ——————=—=
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HP sub 32nm node(Lg=13nm ITRS)
- Bulk or planar SOI, and when?

FDSOI, introduction 2007

-FInFET or tri-gate, and when?

DGMOS Multigate 2011-2013(Lg=13nm). Co-integration with planar FDSOI.
Global strain, local strain, or other techniques, and when?

L ocal (2005), global and dual (otherwise impact on CMOS design)

For High-performance or low-power applications?

LSTP: FDSOI, Multigate (both w HiK + Metgate )

LOP: FDSOI+Strain, Multigate(both w HiK + Metgate)

HP: FDSOI+Strain, Multigate, Multichannels (both w HiK + Metgate)
-Si nanowire, carbon nanotube FET, or other new devices, and when?

S, Ge, sS, sSIGe, sGe nanowires channels On Insulator@ sub 32nm already
(Multigate w sub 10nm width) Dual channels and gates.

CNTransistors and interconnects sub 22nm node
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