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Outline

•Introduction:
–ITRS-2003
–Gate Stack Evolution (SiONHf-basedrich Hf-based)
–Channel Mobility Engineering

•USJ formation
•Summary
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New Paradigm: Equivalent Device Scaling
Innovations To Extend The Life Of Planar Single-
Gate CMOS
•New Materials:

–Bulk or EpiLocalized strain-SiLocalized Ge-channels
–PD/SOIFD/SOI?
–PD/SOIsSOI or Localized sSOILocalized GOI
–Gate: SiONmedium-k (9-11)high-k (>20)
–CoSi2NiSi

•New Processes:
–Shallow junctions by diffusion-less activation with ultra low energy

implantation or higher energies with molecular dopant species
– In-situ doped elevated S/D
–Strain-Si channel technology or Ge-channel formation
–B11BF2B10H14B18H22, AsAs2As4, AsP, PAI-SiGeself-

amorphization

•New Device Structures:
–Double-gate or multi-gate CMOSM. Fukuma, NEC, VLSI Sym. 2000 modified by J.

Borland, Semiconductor International, April 2001,
Solid State Technology June 2003 and SI Jan. 2005
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Outline
• Introduction:

– ITRS-2003
–Gate Stack Evolution (SiONmedium-khigh-k)

•Extending SiON to 45nm node for HP & LOP logic
•Introduction of medium-k (HfSiON) or high-k (HfO) dielectric to 65nm node

LSTP logic

–Channel Mobility Engineering

•USJ formation
•Summary
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Outline
• Introduction: ITRS-2003

–Gate Dielectric
–Channel Mobility Engineering

•Strain-Si technology
•Ge-channel

•USJ formation
•Summary
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Global–vs- Localized Strain-Si
• Issues:

–SOC: embedded logic, memory
(trench, stack) & bipolar

–Transistor: nMOS-vs-pMOS (bi-
axial –vs- uni-axial strain)

•MIT: Global sSOI strain
relaxation after STI formation!
–ECS SiGe symposium panel

discussion Oct. 2004

• IMEC: As Lg continues to scale
benefits of global strain
diminishes (Lg<200nm) and
localized strain benefits
increases, therefore, localized
strain preferred!
–Semiconductor International

Strain-Si Webcast March 9, 2005
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C. Chui et al., Stanford U.,
IEDM-02, sect. 17.3, p. 437

H. Shang et al., IBM, IEDM-02, sect. 17.4, p. 441

Ge Improves
Surface
Mobility By
2.5-5x

ITRS-PIDS 2003
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Ge-channel Formation By Ge-Infusion Doping
For n&p MOS
ALD-HfSiO
1) EOT reduced from
1.46nm to 1.26nm with in-
situ bake due to GeO
eliminationat >430C.
2) Leakage reduced from
0.07A/cm2 to 0.04A/cm2
without bake.
3) pMOS good devices
4) nMOS poor devices

nMOS Ge-channel formation using replacement gate process flow

Borland et al., JOB/ReVera/SSM/Genus/Epion, SST July 2005
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Outline
•Introduction:

–ITRS-2003
–Gate Dielectric Scaling
–Channel Mobility Engineering

•USJ formation
–Doping method and limit of ion implantation at 45nm node

(Gate overlap control, asymmetrical transistor, enhanced Rs
above Bss)

–Diffusion-less activation & junction leakage(<900oC
Spike/RTA, Flash/RTA, Laser Spike Anneal, SPE and
combinations)

–Metrology issues (electrically active versus inactive dopant
level, junction penetration & leakage)

•Summary
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Challenges Facing Ultra Shallow
Junctions At The 45nm Node

USJ Problems
– Energy

contamination
<0.05% so no decel

– No channeling and
no PAI EOR
damage degrading
junction leakage

– Increased electrical
activation above
Bss without
diffusion

– Productivity >30wph

15nm20-30nm30nmXj (LP logic)

< 200eV
(<100eV)

200eV
to 500eV

200eV
to 1keV

Implant
Energy

<0nm
(<4nm)

<4nm<9nmMaximum
Diffusion

9.5nm13.8nm20.4nmXj (HP logic)

45nm65nm90nm

ITRS Roadmap

J. Borland, IIT-2004
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Drift-Mode Boron Implant Energies
LOP & LSTP HP HP
45nm Node 45nm Node If 4nm
Xj=15nm Xj=9.5nm diffusion

B11 200eV <100eV <50eV
PAI+B11 500eV 250eV <125eV
BF2 880eV 200eV <100eV
PAI+BF2 2.2keV 1.5keV <750eV
B10H14 2-5keV 1-2keV >500eV
PAI+B10H14 5keV 2.5keV >1.2keV
B18H22 >5keV 2-4keV >1.5keV
PAI+B18H22 10keV 5keV >2.5keV

J. Borland, IIT-2004

PAI EOR Damage Issue On Junction Leakage With Diffusion-less Activation
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Boron solid solubility

?
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130nm90nm

65nm

45nm

32nm
25nm

50 10010

Xj (nm)

RS
(ohms/sq.)
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5000
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Xj=21nm, Rs=1Kohm/sq.

1400C=5E20/cm3

1000C=2E20/cm3

900C=1.2E20/cm3

800C=5E19/cm3

Boron solid solubility:

Pre Amorphization Implant (PAI) lowers
Rs

3E19/cm3

But PAI introduces End of Range (EOR)
Damage which causes leakage

Ito et al, Toshiba, IWJT Dec. 2002
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PAI Enhanced Activation At Lower Flash
Temperatures

J. Gelpy
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Enhanced Poly Activation By Laser Annealing

Y. Chen et al., ECS May 2005, PV 2005-05, p. 171

But said throughput is very slow!
Also, people have seen stitching
pattern
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Because Of Boron Solid Solubility Limit Is
pSDE Dose Precision Really Critical?
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Rs vs xj Comparison

0

0.2

0.4

0.6

0.8

1

1.2

0 200 400 600

xj (Ang.)

R
at

io
(M

et
h

o
d

/E
M

-P
ro

b
e)

Conventional 4pp

VPS

Hg Probe 4pp

Hillard et al., SSM & J.O.B. Technologies,
Solid State Technology, Aug. 2004, p. 47

Rs 4PP Issues For Xj <30nm
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Non-contact
RsL

V. Faifer et al., FSM, USJ-2005, p. 56
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Rs Comparison Of Std-4PP, EM-4PP, Hg-4PP & Non-
Contact For Diffusion-less Activation By Ge-PAI SPE
Which Rs Result Is Accurate?

10

100

1000

10000

158 Post-AI 161 Post-AI 165 Post-AI

Back-4PP

Front-4PP

EM-4PP

Hg-4PP

Sematech

Non-Contact

SIMS Xj=28nm SIMS Xj=15nm SIMS Xj=25nm
SRP Xj=6nm

EOR Damage=12nm
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N

W W

N

Xj ~ Constant,
Diffusionless

Nsurf Increasing;
Higher Activation Nsurf ~ Constant

Xj increasing

Good Rs –Nsurf Correlation Poor Rs –Nsurf Correlation

N

W W

N

Xj ~ Constant,
Diffusionless

Nsurf Increasing;
Higher Activation Nsurf ~ Constant

Xj increasing

Good Rs –Nsurf Correlation Poor Rs –Nsurf Correlation

Good Rs to Nsurf correlation

Poor Rs to Nsurf correlation

Hillard et al., SSM/JOB, IWJT 2005 &
Borland et al., JOB/SSM/ReVera, USJ 2005
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Ge+B+C Co-Implantation To Extend
Spike/RTA To 45nm Node

E. Collart et al., AMAT, USJ-2005, p. 327

Xj=23nm
Rs=438 ohms/sq.
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EM-Probe USJ Leakage

Co-implants

Source: SSM
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C. Evans, FWA, IIT-2004
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Kuroi & Kawasaki, USJ 2005
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Kuroi & Kawasaki, USJ 2005
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Asymmetrical nMOS (Cone Angle & Beam
Blow-up Effects)

Yoneda & Niwayama, Matsushita, IWJT-02
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The batch cone angle shadowing
causes the vertical left to right
asymmetry but the horizontal
bottom asymmetry is caused by
asymmetry in the spot beam size!

My suggestion is molecular dopant
species
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S. Felch, AMAT, WCJUG meeting Apr. 2004

Beam Divergence Comparison Between Spot Beam
With 2-D Scan Versus Ribbon Beam With 1-D Scan

Potential
dose
variation or
loss for
different
gate to
gate
spacing

Potential
dose and
angle
variation
across the
wafer due
to striping

Potential Solution Is Using Molecular Dopant Species
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Low Energy Arsenic Beam Blowup Effecting
Dose Loss For Close Gate To Gate Spacing

Jeong et al., VSEA, IIT-2002, Sept. 2002
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Kase, vTech 2004, July 12, 2004

Example
200eV=0.7x
300eV=1x
450eV=1.5x
600eV=2x
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Updated Logic Customers’ Roadmap 
Note Yj/Xj~>0.5 for sub-90nm node

0.105E-22E-21E-25E-32E-31.5E-31E-3LSTP-leakage (A/cm2)

100502010521.51LOP-leakage (A/cm2)

1E56E42E41E45E31E310015HP-leakage (A/cm2)

0.50.711.422.84.17.2Lat. abrupt. (nm/dec)

>1.3>1.9>2.8>4>5.6>8>11>16SDE Yj (nm): overlap

BssBss2.5E202E201.5E201E208E195E19SDE (dopant/cm3)

BssBss1015940830830550400SDE Rs (ohms/sq.)

3.04.26.079172435SDE Xj (nm)

0.30.40.450.50.60.81.21.5EOT (nm)

450450450300300300300200Wafer size (mm)

69131825355070Lgate (nm)

11162332456590130Node (nm)

20152013201120092007200520032001Year

Borland, IWJT Dec. 2002Flash SPESpike/RTA LSA
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Gate OverLap Control: Tilt
nSDE & PAI (0o-vs-30o)

Rp=3.7nm
Xj=14.7nm
Yj=0-3.3nm
Yj/Xj=0-0.22

Rp=3.3nm
Xj=15.3nm
Yj=8.3nm
Yj/Xj=0.54

Borland & Moroz, Semiconductor International, p.72, Apr. 03

Box
Shape

Sin20o=0.34x
Sin30o=0.5x
Sin45o=0.71x
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7) Tilt for gate overlap control
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Kuroi & Kawasaki, USJ 2005

Hamamoto et al., Nissin, IIT-2004
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Kuroi & Kawasaki, USJ 2005
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Implanter Platform Performance
Estimates
• SemEquip has been studying opportunity for all OEMs
• Beam current estimates for retrofit using ClusterBoronTM

• 1keV B+ Equivalent Implant Energy (20kV extraction)
• Drift Mode Operation for High Current Platforms

– Axcelis Ultra 10mA
– Applied Quantum 10mA
– Varian V80 5mA
– Axcelis MC3 2mA
– AIBT iStar 20mA

• Universal ion source on test stand
D. Jacobson, SemEquip, SVJTUGM, Mar. 24, 2005

D. Jacobson, SemEquip, IWJT 2005

Customers Say #1 Issue Is Cost Of Ion
Source. What Is Acceptable Cost?
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AIBT iStar: Single Wafer
Implantation Precision
In A Batch High Current
Implanter
• Individual rotatable pads +/-45

degrees for 300mm wafers
• Zero tilt cone angle effect reduced

from 1.2 degrees to <0.2 degrees
• 100eV to 80keV
Z. Wan et al., AIBT,
IIT-2004, poster MOP36

Use Batch With
Polylines That
Have Sidewall
Spacer If
LG<100nm or
Batch type B from
Renesas
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Kuroi & Kawasaki, USJ 2005
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130nm

Batch

SW

B11
BF2

90nm

Batch

SW/Tilt

SEG

B11
BF2

Node

Equipment

Species

65nm

Batch
B/Tilt

SW/Tilt
Plasma
SEG

B11
BF2
BF3
B2H6

B10H14
B18H22

45nm

X
B/Tilt

SW/Tilt
? (need difussion)

SEG
Infusion

X
BF2
X

B2H6
B10H14
B18H22

Borland, IWJT Mar. 2004

SUMMARY: Innovative USJ Doping
Alternatives

Self-amorphization


