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|EDM (CMOS Devices)
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|EDM 02 90nm MOSFET

Company|Lg(nm)|EOT(nm)|Vdd(V)| lon(uA/um) [ Mobility

960/460(@40nA) 5N

Intel 50 1.2 1.0 1260/630(@L.2V +10-20%
TSMC | 45/50 <1.4 1.0 |[830/380(@75nA) 0
Samsung | 50 1.3 1.0 |850/360(@90nA) 0
| TRS 45 09-14 1 1.0 900(@100nA) 0

ITRS'03 37 1.2 1.2 1110(@50nA)  +30%

SiEram

1.2 nm Gate
DOxide

TSMC Samsung

Intel 2003 Targg
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65nm MOSFET

Company | Lg(nm) [ EOT(nm) | Vdd(V)| lon(uA/um) | loff(nA/um) | Mobility
35 | 1L1(Tphy)| 0.85 650 /0 Yes
NEC 43 1.3 0.9 680 30 ?
40 1.4 0.9 710 40 No
LOP@2006 | of f
I TRS 03 37 1.3 0.9 610 3 No
NiSi

4N

43nm

NEC
N. Yanagiya, et. al. IEDM’02 K. Goto, et. al. VLSI'03 T. Fukai, et. al. VLSI'03
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Sub-20nm Gate MOSFET

Company | Lg(nm) | EOT(nm) | Vdd(V) |lon(uA/um)jloff(nA/um) Mohbility
AMD 15 0.8 0.8 615 500 No
14 1.1 0.8 640 300 NoO
10
| HP@2012 14 0.7 0.9 1790 100 2
LOP@2015 13 08 0.6 900 10 2
= - NiSi
Poly-SiGe

15am

AMD

B. Yu, et. al. IEDM’01
Work in Progress - Do not publish FEOL

4 7Y

14 nm— =

A. Hokazono, et. al. IEDM’'02
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Sub-10nm Gate MOSFET

FD-SOI FINFET

Pnly—Si.._ﬁ__* © 220A SiO2 cap

&
Drain Snurce: | -
Ts=7nm .
Lgate=6nm e Lgate=12nm T SHlin BOX
IBM:B.Doris et.al., IEDM’'02 AMD:B.Yu et.al., IEDM’'02

Planar
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FEOL Key Components

Gate Electrode

Gate Insulator
& contact Sidewall

| solation
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Outline

o Gate Stack (high-k/metal gate)
« USJ (doping/annealing)

e Mobility Enhancement

e High Density Memory

e Others

e Conclusion
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Gate Stack
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Tgep = 0.3~ 0.6 nm

/ - Tdep

E ITphys s

Inversion Iayer/
'va~04nm

phys

— |

high-k
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Metal Gate/High-k
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pure/alloy PVD/CVD/Spt RIE
dual ¢ RIE
high-k RIE
EP +CMP
silicide PVD/CVD/Spt RIE
dual @ RIE pure/aloy RIE
Fully Silicided
SID
Vth
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|IEDM 2003
Session 13: Process Technology - Metal Gate
Technology

"Chck on above link for Session Qutling”

Co-Chairs: Toyoji Yamatomo, NEC
Jakub Kedzierski, IBM

2 Fermi Level Pinning with Sub-Monolayer MeOx and Metal
Gates

2 Performance Comparison of Sub 1 nm Sputtered TiN/HIO,
nMOS and pMOSFETs

2 Threshold Voltage Control in NiSi-Gated MOSFETSs through
Silicidation Induced Impurity Segregation (SIIS)

2 Fully Silicided NiSi and Germanided NiGe Dual Gates on
Si10./Si and Al,O,/Ge-On-Insulator MOSFETs

2 Compatibility of Dual Metal Gate Electrodes with High-K
Dielectrics for CMOS

2 Performance Improvement of MOSFET with HfO,-Al,O,
Laminate Gate Dielectric and CVD-TaN Metal Gate
Deposited by TAIMATA
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Fully Silicided M etal Gate

NiSi Phase, Ly.== 45nm S/D

ilicide on Lg=100nm [ l
= i.E MiSi phase
in

Freguency

E 0% .
Metal-rich and NiSi Phases, L= 90nm s <=1  chdoping Vth
585% |
s & 3R | high-k
Metal-rich NiSi
-02
310 TR SO, Ec
1 2 3 4 5 o
0.2
0.32eV
,,,,,, ' ' l l 3 .. 0288V
=04 0176

6 7 8 9 10 06l
Ul (| el n e = En.ﬂ-:

(J. Kedzierski, et. al., (IBM)IEDM’ 03) 12

SION 2
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High-k/Metal Stack
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9 C.H. Huang €t. al., (NCTU)IEDM’ 03
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NiGe:5.2eV
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High-k

Jg vs. Base Oxide Thickness for EOT=1 nm
(@Eox=4.5 MV/cm, Vdd=0.8 V)
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DRAM MIM-cap k
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|[EDM 2003

Session 4: Process Technology - Hf-based Gate

Dielectrics

"Chick on above link for Session Outling”

Co-Chairs: Glen Wilk, ASM America
Bich-Yen Nguyen, Motorola

2 ALD HfO, Using Heavy Water (D,O) for Improved MOSFET
Stability

2 The Impact of Sub Monolayers of HfO, on the Device
Performance of High-k Based Transistors

- Problems with Metal-Oxide High-k Dielectrics Due to 1/t
Dielectric Relaxation Current in Amorphous Materials

2 High-K Dielectrics and MOSFET Characteristics

2 Thermally Robust High Quality HIN/HfO, Gate Stack for
Advanced CMOS Devices

2 Nitrogen Profile Control by Plasma Nitridation Technique for
Poly-Si Gate HfSION CMOSFET with Excellent Interface
Property and Ultra-Low Leakage Current

2 Effect of H-N Bond on Properties of Thermally Stable
Amorphous HfSION and Applicability of this Material to Sub-
50nm Technology Node LSls

Work in Progress - Do not publish FEOL STRJ WS March 4, 2004
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K. Sekine et. al., (Toshiba)|[EDM’ 03
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SION/SIN
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Ultra Shallow Junction
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co-implant

RIA conditions
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Elevate
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Bulk/PD-SOI
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Mobility Enhancement
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High Density Memories
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3D-MOSFET SRAM

(T. Park, et. al., (Samsung)|EDM’ 03)
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Over Etching +90%
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3D-MOSFET DRAM/NVRAM

Recess Channel (80nm DRAM)  Fin Channel (70nm DRAM)
(H.S Kim, et. al., (Samsung)|[EDM’03)  (D.H. Lee, et. Al., (Samsung)|EDM’ 03)
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SOI+Trench Cap DRAM
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4Gb NAND (Y.S Yim, et. al., (Samsung)| EDM’ 03)
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Others
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B. Doyle, et. al.,Intel Technology Journal Vol.6 Issue 2
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2
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