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" Introduction:
— ITRS-2003
— Gate Stack Evolution (SION->Hf-based->rich Hf-based)
— Channel Mobility Engineering

« USJ formation
 Summary
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— Bulk or Epi—>Localized strain-Si->Localized Ge-channels
— PD/SOI-=>FD/SOI?

— PD/SOI->sSO0Il or Localized sSOIl->Localized GOI

— Gate: SION->medium-k (9-11)->high-k (>20)

— CoSi2->NiSi

* 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
- B,;2BF,»B,H,,2B;gH,,, As2>As,2>As,, As>P, PAI-Si-> Ge->self-
amorphization
 New Device Structures:

— Double-gate or multi-gate CMOS,; .\ ma NEC, VISl Sym. 2000 modiified by J

;‘gﬂ-gfe-t;g‘f“;;’lfgg<S”ateg‘° Borland, Semiconductor International, April 2601,
e Technology) Solid State Technology June 2003 and Sl Jan. 2005



S-2003
— Gate Stack Evolution (SION->medium-k->high-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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ate Dielectric

— Channel Mobility Engineering
 Strain-Si technology
« Ge-channel

« USJ formation
e Summary
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Global —=v alized Strain-Si - —

e |s :

— 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 B
localized strain benefits & sipinissigdist
increases, therefore, localized — gZ= ¢ o o s
strain preferred!

— Semiconductor International
I Strain-Si Webcast March 9, 2005
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Year of Production 23 2004 2005 206 2007 2008 2009

Technology Node fip i

Required "mobility/transconductance improvement” factor [10] 1.0 1.3
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Ge channel For

' OS e clusters infusion (Epion/JOE) Pre-gate treatment (ISMT)
1) EOT reduced from l l l 1 l l
1.46nm to 1.26nm with in- | @%
situ bake due to GeO R
eliminationat >430C. ‘
2) Leakage reduced from
0.07A/cm2 to 0.04A/cm?2 Finish Process (ISMT) Hi Gate Stack Deposition (ISMT)
without bake. \
3) pPMOS good devices | 28 | (28
4) nMOS poor devices @es! . . ‘ el

NMOS Ge-channel formation using replacement gate process flow
(Ge-infusion doping

Dielectric  Spacer Gate Electrode Sacnficial Gate  yigjectric Spacer

g Technology) Borland et al., JOB/ReVera/SSM/Genus/Epion, SST July 2005
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v TRS 2003
— Gate Dielectric Scaling
— Channel Mobllity 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(<900°C
Spike/RTA, Flash/RTA, Laser Spike Anneal, SPE and
combinations)

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

e Summary
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Challenge tra Shallow 8

Ju lons At The 45nm Node

ITRS Roadmap USJ Problems

90nm | 65nm 45nm [ Energy
contamination
X] (HP logic) | 20.4nm | 13.8nm | 9.5nm <0.05% so no decel
Maximum  |<9nm |<4nm <0nm — No channeling and
Diffusion no PAI EOR
(<4nm) damage degrading
Implant 200eV |200eV < 200eV junction leakage
Energy to 1keV | to 500eV | (<100eV) - Increased electrical
Xj (LP logic) |30nm |20-30nm |15nm activation above
Bss without
diffusion
— Productivity >30wph

kJ.O.B. Technology (Strategic 10
- Marketing, Sales & J. Borland, 1IT-2004
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Drift-Mo ron Implant Energies

LOP& LSTP HP HP

45nm Node 45nm Node  |f 4nm

X]=15nm X]=9.5nm diffusion
B, 200eV ~ <100eV <50eV
PAI+B,, 500eV 250eV <125eV
BF, 880eV 200eV <100eV
PAI+B 2.2keV 1.5keV <750eV
B,H 1 2-5keV ¢ 1-2keV. >5008V/
PAI+B,H,, 5keV 2.5keV >1.2keV
B.gH,, >5keV 2-4keV > >1.5keV
PAI+BgH,, OkeV 5keV >2.5keV

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

;J.O.B. Technology (Strategic J. Borland, 11T-2004 11
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" Ito et al, Toshiba, IWJT Dec. 2002
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ced Activation At Lower
peratures
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LA R B Kevin Jones, Univ. of Florida, wTech 2003 presentation July 2003

Eftect of peak flash temperature on dopant activation. There is a significant drop in B, with increazed peak temperature for non-
PAI zamples. In companizon, B, for the low concentration PAl sample stays level in the teraperature range investigated,

indicating most of boron is active by 11502, (Ref. Mokhber, Et. A, IEDM 2002) \_QIK'—
19 e A K
EC5 Spring Ileeting Lpril 28, 2003 ——
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tion By Laser Annee

Equivalent Gate Oxide Thickness Measured in
Inversion Region after Laser Anneal

Rs (Ohm/square)

1600 ps laser

T T T
0 1250 1300 1330

Laser Annealing Temperature ("C)

a) P-poly sheet resistance measured
after different laser annealing
temperatures with two different
annealing times (800 ps and 1600 ps)

R TEXAS INSTRUMENTS INNOVATE.

13
[ ]
125 I
. _
% 26 m 253 24.3
F 115 2345 -
E 253+ =
Z ue 252 ~
= - - -
s < 25.1- -
£ 105, £ = = = 23.9-
106+ "“Hﬂ-ih___‘% Z 249+ B 7
- * =+ - 2484 23.77
¥ T T = T - -
0 1250 1300 1350 235
24 6= o T T
Laser Annealing Temperature (°C) .5 T T 0 1250 1320
0 1250 1320

CREATE.

Laser annealing temperature ("C

Laser annealing temperature (7)

b) N-poly sheet resistances
measured with samples annealed at
different temperatures for an
annealing time of 800 us.

(a) Tox,,, from PMOS capacitor. (b) Tox inv from NMOS capacitor.

MAKE THE D IFFERENCE &3 Texas INSTRUMENTS INNOVATE. CREATE. MAKE THE DIFFERENCE."

But said throughput is very slow!
Also, people have seen stitching

pattern

Y. Chen et al., ECS May 2005, PV 2005-05, p. 171
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Laser Anneal Exposure Scheme

offset laser
beam
Laser
scanning direction

—*- intensity
riation

vl
intensity
7 proiile

- m ae o 4 m om m m

Scanning
Direction

Silicon
~f— ©con Subetrsts

* Annealing time controlled by scanning velocity
tywen = Pe@am sizel/velocity
» For fixed dwell time, annealing temperature contrelled by
laser power density 15
* Temperature uniformity achieved by proper beam stitching

INNOVATE. MAKE THE DIFFERENCE .

CREATE.
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Because Of Boror Solid Solubility Limi

PSDEDOse Precision Really Critical?
TOSHIBA

Optimization of process parameters

Offset spacer
Channel

Extension
0<0.5-1%

Deep 0<0.5%
junction Halo
2 0 <0.5%

J.O.B. Technol
. arketing, Sals
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ECHNOLOGY

TERAATICHAL WAGATINE TOR SEMICONDUGTOR NANGFATTYAING

A nonpenetrating 4PP measures

METROLOGY SERIES: PART Il

US| sheet resistance

OVERVIEW. [\ method using elastic-material (EM) probes to form
nonpenetrating contacts to the silicon surface to measure the four-point

probe (4PP) sheet resistance of USJ source/drain structures is described.
Sheet resistance measurements on USJ implanted p+/n structures with SIMS
junction depths as shallow as 15nm have been observed, with values obtained

by EM probe consistent with expectations.

ourcefdrain {S/D) engineering is an important area in exist-
imgand future device development. Critical device parameters
such as on-state drive current (1,¢ )} are highly dependent
on the §/D series resistance (Rpq). It is ther
have S/D structures with low sheet resistances, which require struc-
tures with high carrier densities. At the same time, threshold volt-
age (Vi) roll-off due to short channel effects

“fore desirable to

(SCE) increases as the

ects need to be mini-

channel length is decreased [1], and these ¢f
mized. This requires a rectangular overall device structure [2] with
thin gate dielectric, /D junction depths, and channel carrier profile.
Highly abrupt, steep-gradient ¢
essary in order to reduce $

rier density profiles are also nec-
a channel charge sharing [3].
Careful consideration of all of these device performance issues

leads to the fact that the $/D carrier density profiles must be highly
abrupt box-like profiles with a high peak carrier density and a
shallow junction depth (X ). As an example, S/D structures with

Aecurate sheet resistance meoswrements are made by Solid State Meosurements elastic
moterial fourpaint probe, which uses four independent kinematically mounted probes.

Conventional 4PP R, measurements generally use four pene-
trating, scrubbing probes placed in contact with the top layer of
the semiconductor wafer. It is necessary for conventional 4PP probes

to penetrate through any existing native oxide that exists on the

Rs 4PP Issues

Conventional 4PP

P+ (14nm)
~

—or X] <30nm

Elastic Material Probe 4PP

*Conventional 4PP systems are highly penetrating

Rs vs x; Comparison

=
(N

semiconductor surface to make good electrical
contact 1o the top semiconductor layer. A com-
mon problem is that the conventional 4PP

activated dopant densities at or near solid
solubility with X,<20nm are under devel- EM gate
de

[EY
P
w1 in}

opment for the 65nm technology noi

Producing these ultrashallow-jun n b method penetrates through the US] /D struc- 0 8 ’,
(USI) structures demands careful process 5i0, ture into the semiconductor su e. Under . P Conventional 4pp
design of the pre-amorphization implant, these circumstances, the Rg of the underlying '
S/Dyimplant, and the dopant implant anneal. 8i substrate is measured. This generally results o VPS
The US] depths and level of dopant acti- in low R values and all sensitivity to the top ’
vation depend heavily on processing [3]. US] layer is lost. A Hg Probe 4pp

o
D

|
~

A suitable method for characterizing these
USJ structures is the 4PP sheet resistance oT
(Ry) technique [4]. The measured R is
highly sensitive to the activated carrier den-

Conventional 4PP basics and theory

In a conventional 4PP, the probes are generally
conditioned to be penetrating so that any top
native oxide can be compromised and a good

o
N
!

Ratio(Method/EM-Probe)
o
o

sity and X is a highly accurate, absolute

|
{
‘|

method that has been used successfully on electrical contact can be made to the top surface

T
of the semiconductor. This methodology works
well for 4PP measurements on bulk or thicker 0 200 400 600
layer structures. As shown in the results section,
however, conventional 4PP measurements pro-
duce invalid data for the case of US] structures.
The probes are not kinematically mounted so

structures with deeper junction depths and
layer thickn

- e
Robert J. Hillard, Robert 6. Mazur, C. Win Ye, si0;
Mark C. Benjamin, Soid State Megsurements Inc., Pitts-
buigh, Pennsyhvania John 0. Borland, 1.0.8 Technologies, Figure 1. lllustrations of an EM probe contoct 1o the
South Hamilton, Mossachusetts

Reprinted with revisions to format, from the August 2004 edition of SOLID STATE TECHNOLOGY
Copyright 2004 by PennWell Corporation

J.0.B. Technology (Strategic 17
rketing, Sales & Hillard et al., SSM & J.0.B. Technologies,
Solid State Technology, Aug. 2004, p. 47

EM gate ]

surface of o dielectric material. that probe scrubbing occurs, resulting in




Laser Annealed BFzin n-well

10000 , ,
F 2000
— [ Deep Junction (>50 nm) Matching r &»
1 i ® I X; <20 nm
E S L
5 = 1500 |
@ 1000 | T I
e g m T *
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Contact (4PP) Probe (Ohmisq)

Figure 5. Correlation between RsL and 4PP sheet resistance values for =50 nm deep junctions (a, left)
and a lack of correlation for RsL and 4PP for laser annealed shallow (Xj < 20 nm) p~ junctions in an n-
well (b, right).

piin*-5i Junctions:
300 eV B and & KV lonized Cluster Doping

Non-contact .

—

V. Faifer et al., FSM, USJ-2005, p. 56
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Rs Comparison O , - , HO- n-
Iffusion-less Activation By Ge-PAIl SPE
Rs Result Is Accurate?

1000 -
O Back-4PP
m Front-4PP
O EM-4PP
O Hg-4PP
W Sematech
O Non-Contact
o -] _\-'\E
100 - | S AT,
10 ; ; ; ‘
158 Post-Al 161 Post-Al 165 Post-Al
SIMS Xj=28nm SIMS Xj=15nm SIMS Xj=25nm
J.0.B. Technology (Strategic SRP Xj:6nm T
Marketing, Sales &

" ey EOR Damage=12nm BRSO




A

_g—
W Correlation Poor Rs — Nsurf Correlation |

Nsurf Increasing;
Higher Activation

Nsurf ~ Constant

Xj increasing

Xj ~ Constant,

Diffusionless
> >
W W
1.00E+22
y = BE+21grl 004 y = 1 E+21g0 1008 y = 1E+21g0-0007
RE =0.0687 RE =0.9919 FE = 0.9666
73 .
=
O
T 1-00E+21 = ST -
= Qar s to Nsurf correlation
Z SRS T
Hillard et al., SSM/JOB, IWJT 2005 & Z e
Borland et al., JOB/SSM/ReVera, USJ 2005 e IR
Good Rs to Nsurf correlation
1.00E+20 T T T
NO.B. Technology (Strategic 0 200 1000 1500 2000
— arketing, Sales &
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EM-Probe Rs (Ohms/sq.)




A To 45nm Node

Xj=23nm " @*Ew
Rs=438 ohms/sq. B kit
o SRR

I o R T
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ip
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J.0.B. Technology (Strategic 21
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e USJ Leakage

EM-Probe Junction Leakage: Vr=+3.8V

Co-implants

1.00E-02 /

1.00E-03

Reverse Bias Junction Leakage
(A)
o
o
m
o
Ia

J.0.B. Technology (Strategic 22
keting, Sales &
Source: SSM



B Implant in SPC Wafer F Implant in SPC Wafer

. New SPC Wafer

300 mm Wafer
Co-Implanted with

* As 2 keV 1E 15
s Ge 1keV 1E 15
o ' 20 keV 2E 15
«C 5SkeV 3E 15

* B 0.5 keV 1E 15
Ave Dose = 7.53e14 atomsfcm?2

% RSD = 1.35% Across Wafer
% RSD = 1.64% Across Wafer

. As Implant in SPC Wafer . Ge Implant in SPC Wafer C Implant in SPC Wafer

Ave Dose = 7.58814 atomsfcm?2 Ave Dose = 7.86e14 atomsicm? bve Dose = 4 67e15 atomsiem?
% RSD = 0.60% Across Wafer % RSD = 1.13% Across Wafer

% RSD = 4.62% Across Wafer
J.O0.B. Technology (Strategic 23
eting, Sales &
C. Evans, FWA, IIT-2004




Introduction

Technology innovations for junction formation
take place in 45nm-node

.Doping co-implantation diffusion control
plasma doping

clistar ion shallow and high throughput

diffusion-less

Laser Spike Anneal | high activation

Annealing Flash Lamp Anneal
Solid-phase Epitaxy

- shallow and @ccurate doping is required

Outline
1 ;
Kuroi & Kawasaki, USJ 2005 9. Topics of doplng techno]ggy
Why single wafer machine

Yield up =) reduction of gate collapse

Accurate doping =)reduction of angle error
3
4
S

MO.B. Technology (Strategic
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Collapse of Gate Electrode

/ Iiarticle( \{f {:?Cnllapse{? I

> —— — )

90 degrees .45 degrees -»-m 0 degrees

’=|=
{ \EﬁH Defect counts %@ Defe::t cnunts El[ Defea:t cnunts

Gate V' 116
Line
Piece

connect

== t = E LR
J.0.B. Technology (Strategic 25
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Figure 4 shows the relationship betwesn a waler on the

inplant wheel and wheel scanning direction . In a baich tvpe
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TOSHIBA TDSHIBA

Batch I/1 to Single Wafer 1/1
* To avoid the asymmetry of MOSFET,

Quad mode I/l is necessary

; Center Right
054m _1'1.6_

\-'erLical |
|
__@_ \ > \ —Lowering through-put (by30-50%)
| - | ST ——
. { 5. 730m 1 / 5. 75nm

*Batch to single wafer

Fig 7 Calculated extension offset length for vertical and honizontal
drection gate on various wafer position

Gate deckode height=300um, Tit sctting angle=0 des.) -Improvement of ion incident angle control

~ -~ —

Eeniliene -less risk of lowering through-put by quad mode
TOSHIBA -

Issue is the uniformity during mechanical scan

Improvement of incident angle variation K Suguro  vTech 2005 @San Fransisco July 12, 2005

Si wafer

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!

Ton beam

My suggestion is molecular dopant
27

Simple Y-scan Improved Y-scan RRECICS

K Suguro  vTech 2005 @San Fransisco July 12, 2005



Beam Divergen arison Between Spot Beam

With 2- can Versus Ribbon Beam With 1-D Scan
Beam Divergence T

/ Wafer scanning method is critical
Potential

12
0 L™= 1D (%) /l i‘gn \ sgrSEZtion or
=20 %)
B / loss for
/ — —F
#:n #n fr‘l

different
gate to

2 /./ gate
utz—'__'_——_—_-_—-—_—_—_—-l spacing

Baam divergence {dag)
S.00 1D
200 . S _ Scan
\ * i i T Potential
500
ribbon dose and

..gl: g \\\-\\

= 1000 \\\\ beam #n #n+1 #n+2 angle

Ll

= 4500 variation

=1D (%) \T
2000 {20 %) across the
i Effect of 1° beam divergence: wafer due
T - o i i . .
aiini RGN (g g :;_?ih;‘:i;'i:tw to striping

S. Felch, AMAT; WCJUG meeting Apr. 2004

[@] APPLIED MATERIALS®
MO.B. Technology (Strategic 28
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g Technology) Potential Solution Is Using Molecular Dopant Species



or Close Gate To Gate Spacing

Figure 3. Multiple angular component in the 1on beam creates shadows

A ,I’mpj'aﬂ; Model around gate vicmity resuliing in dose loss at the SDE edpes.
{al Deerging beam (b} Bram width modifcation
E & i
! {] K
gl wid i o B BN
IEII :III-I*__I-II-IIII-III-II-III ..
[} + - [} + -E : O
inceieat pin aaghs Tncsden i ol L s nghe E - g
®Of
fc) Tiked Quad-mode {d} Dose scaling - QTS
3 E F
! = T _i .................................... 1
—— H"“'-l-...__
= 5 == - ] + -
T T— A — 100 E0% RO Tl
Figure 4. {a} a schematic model for diverging beam, (b) a muluple angle Dose Parcent
SW implant mode]l equivalent to diverging beam, (¢} tilted quad-mode Figure & NMOS threshold voltages vs, SDE dose

appraach, (d) desage reduction that matches the effective dose of the
diverging beam at the gate vicinity. Jeong et al., VSEA, 11T-2002, Sept. 2002



Pre-accel dependence of B* SIMS profile

- -
(=] (=]
[} 2%}
= =

1{}19

B concentration (cm™)
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Kase, vTech 2004, July 12, 2004
FUﬁTSU THE POSSIBILITIES KRE INFINITE
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30
Depth (nm)

Example
200eV=0.7x

300eV=1x
450eV=1.5x
600eV=2x

Extraction energy (arb. unit)

Depth profiles of B in Si bv SIMS analvsis
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Updated Lo omers’ Roadmap
1/X]~>0.5 for sub-90nm node

ear 2001 | 2003 2005 | 2007 2009 | 2011 2013 2015
Node (nm) 130 |90 65 45 32 23 16 11
Lgate (nm) 70 50 35 25 18 13 9 6
Wafer size (mm) 200 | 300 300 300 300 450 450 450
EOT (nm) 1.5 1.2 0.8 0.6 0.5 0.45 0.4 0.3
SDE Xj (nm) 35 24 17 9 7 6.0 4.2 3.0
SDE Rs (ohms/sq.) 400 550 830 830 940 1015 Bss Bss
SDE (dopant/cm3) 5E1¢ ' 8E19 1E20 | 1.5E20 | 2E20 | 2.5E20 | Bss Bss
SDE Yj (nm): overlap | >16 >11 >8 >5.6 >4 >2.8 >1.9 >1.3
Lat. abrupt. (hnm/dec) | 7.2 4.1 2.8 2 1.4 : 0.7 0.5
HP-leakage (A/cm2) 15 100 1E3 5E3 E4 2E4 6E4 1E5
LOP-leakage (A/lcm2) |1 1.5 2 5 10 20 50 100
LSTP-leakage (A/lcm2) | 1E-3 | 1.5E-3 | 2E-3 | | 5E-3 1E-2 | 2E-2 5E-2 0.10

&J.O.B. Technology (Strategic ‘ 31
Marketing, Sales &

e Technology) Flash LSA Borland, IWJT Dec. 2002
. ..



Gate OverLap Control= Tilt
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= =
NSDE & PAT (0°-vs-30°) SRS :
= = 600 g
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20,6 E‘I ]
w2 20,3 r e~ Eﬁ
i 20 E =
19.7 D T 2
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§_ 19.1 §_ : : : 0
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= = Tilt angle, degrees
% E‘:-.:=_11'.1* E
; A=13nm
=i + Rp=3.7nm Rp=3.3nm Yi=3nm
Xj=14.7nm Xj=15.3nm PAIXj=11nm, Yj=0nm
o ] Yj=0-3.3nm o w Yj=83nm - '
= YJ/XJ =O_022 = YJ/XJ =054 . .lll‘.. =i tlu i .*Iti i ; i .‘.Ib. if .II.I. ' I. I.:l
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Sin20°=0.34x = . 1
. : (C) Inm =zde-wall off-set
. Sin30°=0.5x f ¢ with 30 Dest
J.0.B. Technology (Strategic . = sacer Y Lrerres
Marketing, Sales & Sin43°=0.71x Fa :I- —'l, T CT-: PAT
B Technolo@hr|land & Moroz, Semiconductor International, p.72, Apr. 03 (uad Tilt A= & Ge-PAl
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Through-put in doping process

B
1E15 cm2 |200eV-B*UI+Spike RTA

3 @\ I
RT A 500eV-B"I/I +Ultra-rapid

P Anneal

_ Plasma Doping

Implantation Time (hour)
N

S _ Plasma doping technology
+Ultra-rapid

Advantage:

o Lle=e = =) Anneal . .

o 05 1 15 2 (1)High through-put —low cost
Vacc (keV) K. Suguro et al. TWIT 2004 (2)Symmetrical doping
K.Suguro vTech 2005 @San Fransisco July 12, 2005 |

Concern:

(1)Dose variation
(2)Reproducibility
(3)Metal contamination
(4)Particles

(5)Cross contamination

kJ.o.B. Technology (Strategic (6)Applicable energy range

Marketing, Sales &

s Technology) k bl 1 11:{Q LG RLE QVELRP CRRTIO]



Vth Fluctuation by Doping

1 Energy contamination

2 Incident angle variation by disk cone
3 Angle variation of doping system

4 Beam divergence by space charge

| . Space charge effect I M )2 Il:beam current
Kuroi & Kawasaki, USJ 2005 Beam perveance P= ;\;?::39

vz 9 -
q:charge
Solution YES
NISSIN
Beam di\-’EI‘gE-]lCE: measurement I N

Beam diameter and divergence at a wafer (equivalent energy 500 eV)

200 0.5
180 = ,L 04
e 160 — "\"\x s, w 0.3 E
E f}/k I [
Z 140 —F . 02 =
B 120 e 01 g
= =
g 100 0 &
= 80 —a—Diam eter(2peak) 0 -0.1 2
E 60 N — i Diameter(10peak) || 57 =
=] -—* —a— Divergence(2 peak) E
. = 40 ]Ij" —a&— Divergence(l Dpeak)|] 03 d
sl l 20 04 &

Hamamoto et al., Nissin, 11T-2004 “w A | i
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, |

Equivalent beam current [pA]
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Kuroi & Kawasaki, USJ 2005

~J.0.B. Technology (Strategic
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Self-amorphization Effect of Cluster lon

[ B* 0.5keV as-implant. }

| B,H,* 10keV as-implant.

Amorphized layer

B1gHx implantation ﬂ Self-amorphization effect
High instantaneous dose rate, heavier mass

Characteristics of PMOSFETsSs

BisHx implantation
0.5 _ Ton vs. Ioff
"l o BigHy* 0.2(4) keV
» B+ 10 .g_Bwa*{n.s{m) keV
< 0.4} 0.2keV 5 510 0.8(16) keV _
= | (4keV) 3 B*, 0.5 keV
g 0.5keV S B
' 03 (10keV) 510" #Hipide
-1
0.8keV 10
0 . (16keV) | 103 Va1V
'%0 40 60 80 100 120 140 0 100 200 300
Gate Length (nm) I, (UA/um)
{ No deference in PMOS characteristics }
_— = RENESAS



Implanter P CrTOIManCE ——

Est es

SemEquip has been studying opportunity for all OEMs

. Beam current estimates for retrofit using ClusterBoron™
. 1keV B* Equivalent Implant Energy (20kV extraction)

. Drift Mode Operation for High Current Platforms

Analyzed Beam

— AXC6|IS Ultl‘a 1omA / Ext. Voltage Current  Equivalent Effective
. lon {K\) (emA) Energy (keV) Current (prd)
—  Applied Quantum 10mA Bkt 2 1 1 20
] Biokha 20 1.2 2 12
= Varian V80 5mA BzHs 20 1.05 10 2.1
) BF; 40 0.5 40 0.5
—  Axcelis MC3 2mA = . . . .
sz 20 0.25 10 0.5
—  AIBT iStar S 20mA A |10 025 25 10
F 40 0.5 40 0.5
0 0 F: 40 0.5 20 1.0
. Universal ion source onteststand - | »  o: T
. M 20 27 10 54
D. Jacobson, SemEquip, SVJTUGM, Mar. 24, 2005
Table 1. Beam currents of many species ionized by the
Customers Say #1 Issue Is Cost Of lon ClusterTon” source. All are extracted at energies that
represent fypical implants for the specific specte. Asy
SO urce. Wh at Is Acceptab | e COSt? and B;;H,, are typically used for source/drain extension

implants.
J.O.B. Technology (Strategic 36
Marketing, Sales &

[ SETECNology) D. Jacobson, SemEquip, IWJT 2005



I'A Batch High Current

Implanter

o Individual rotatable pads +/-45
degrees for 300mm wafers

e Zero tilt cone angle effect reduced |
from 1.2 degrees to <0.2 degrees

e 100eV to 80keV

Z.Wanet al., AIBT,
11T-2004, poster MOP36

Flat Pad

Tilt = -1.2deg
lon Beam

Disk rotates from
a wafer edge to

|A the wafer center

Disk rotates from
the wafer center

to the other edge

Use Batch With
Polylines That
Have Sidewall
Spacer If
L;<100nm or
Batch type B from

enesas
J.0.B. Technology (Strategic
arketing, Sales & =
gi s: - _n. 3

Tilt = Odeg

Cone Angle

: . - — -‘.i_:'," |
Correction Pad
lon Beam
Tilt = Odeg

Disk rotates from
a wafer edge to

the wafer center

Tilt = Odeg

>}

Disk rotates from
the wafer center

to the other edge

’ j Tilt = Odeg



Junction Formation by GCIB
GCIB implantation

[ stvs )

“

Kuroi & Kawasaki, USJ 2005

J.O.B. Technology (Strategic
“Marketing, Sales &

- logy)

- SCE
E 0.4
L GCIB
21072\ skev B GCIB
S -0.3
L3
20 =
19 B* 0.2keV S s
= / £
g = B* implant.
= 1013—
@ -0.1
=
(=}
e - 0
- 0 10 20 30 40 50 0 50 100 150
Depth (nm) Lg (nm)
[ Ultra-shallow junction ﬂ improvement in SCE ]
== Characteristics of PMOSFETSs
GCIB implantation
10u © g9
1u 2 gg
.-é-. E 20 BT implant.
3 2 70
< 100n 2 50
5 2 38
= 10n T 10 GCIB
5 5
n £
Q
0 100 200 300 400 500 600 100n 1u 10u
I, (UAfum) Leakage Current (A)
— RENESAS
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ative USJ Doping

Node 130nm 90nm 65nm 45nm
Equipment Batch—— Batch Batch > X
_C:B/Tilt — B/Tilt
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Plasma——>? (need difussion)

SEG—— SEG » SEG
Infusion S
ecies Bll_>Bll E Bll > X salf-amorphization
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BioHiy — ByoHus
kao.s. Technology (Strategic 818H22 = Bl8H22 39
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