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M&S Modeling _ Simulation
TCAD Technology CAD

CAD Computer Aided Design

EDA Electronic Design Automation

DFM Design For Manufacturing

IDM Integrated Device Manufacturer

SoC System on a Chip

OPC Optical Proximity Correction

ESD Electro Static Discharge

International Conference on

SISPAD Simulation of Semiconductor Processes and Devices
Selete Semiconductor Leading Edge Technologies, Inc.

SUGERT Strategic User Group for European Research on TCAD
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WG10 M&S

NEC EL Interconnects
Device Modeling
Device Modeling
Design, Manufacturing Yield
Front End Process Modeling
Front End Process Modeling

Selete ( Numerical Methods

Materials Modeling

Device Modeling

Circuit Element Modeling
SEAJ Equipment Modeling
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4 ITRS M&S

STM-F7, Infineon®, NXP
J. Lorenz, Fraunhofer 11SB* W. Trybula (SEMATECH)

+ 8 further TWG members” INTEL, TI, Synopsys,
“: supported by EC User Group SUGERT + 4 further TWG members

S. Sato, Fujitsu
Japanese TWG 11 industrial +
5 academic members

J.-H. Chol, Hynix, Samsung

Y.T. Chia, TSMC, Faraday, Macronix, UMC
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Front End Process / Device Modeling €D

[
> 2007
>

» Process Device

> Vt rolloff
Process 2005 2006 2007 2009 | 2010 2013
Vertical junction depth simulation accuracy | 10% 10%
Lateral junction depth simulation accuracy | 5% 5%
Total source/drain series resistance 5% 5%
(accuracy of activation)

Device 2005 2006 2007 2008 2013
Length-dependent Vt rolloff accuracy (mV)_115_ _ _ | 10_ __ |- 10 o __ _
[
ADD: Width-dependent Vt rolloff accuracy (mV) | 15 10 10 7 :
I
[



Topography Modeling \STRI

> 2007 / \

2005 2006
Wafer scale deposition/etching/CMP accuracy 5% 5%
General 2D/3D topography accuracy (% accuracy | 5% 5%
of feature dimensions)
Gate 2D/3D topography accuracy (% accuracy of 1.8% 1.8%
the MPU physical gate length)
Gate sidewall spacer 2D/3D topography accuracy | 5% 5%
(% accuracy of sidewall width)
Interconnect 2D/3D topography accuracy (% 5% 5%
accuracy of MPU/ASIC Metal 1 (M1) %2 Pitch
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Accuracy of sensitivity

10%
4.5-5.5nm

5nm

2005 2006

2007 2009

2010 2013

Absolute CD prediction accuracy (incl. OP
effects) for dense and isolated lines — % of actual

CD (=printed_gate length) _ _ _ _ _ _ _ _ _ _ _

3%

3%

3%

Accuracy of sensitivity of CD vs. relevant
technology parameters (dose, defocus, pitch, ....)

Vertical junction depth simulation accuracy (% of
physical gate length)

Lateral junction depth simulation accuracy: (% of
| physical gate length)

Accuracy of sensitivity of junction depth w.r.t.
implantation and anneal conditions

ol
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STRJ-WG10
[ ] M &S up

7/25 STRJ-WG10 / [11 ]
MOSFET RF

Parametric Variation

Wafer MOSFET
(H.Masuda et. al., CICC, p.593,2005

Q/A
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MOS

1. Lg~ (A)

2. Intrinsic(

3. Extrinsic S/D
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7/25STRJ-WG10 /
MOS

11 ] STR)

A. Comparable to mean-separation of impurities and electrons

N, =10 cm™ = 5nm

in-homogeneity  separation of long- and short-range parts of potential

B. Comparable to mean-free path of electrons at T = 300K

r=T74fs (u=450cm?/V-s) = 10 nm

less frequent scattering

A~ bnmat £=0.1eV

phase coherence
phase interference

Work in Progress - Do not publish
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S/D Extension
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C. Comparable to de Broglie wavelength S°“l
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Modeling & Simulation

TCAD /
SISPAD
/ 2005SISPAD,2-4 Y.Ashizawa et.al., Fujitsu
90nm Node 65nm Node 45nm Node 32nm Node
L(nm) 36 26 18 12
Tox(nm) 1.2 0.9 0.7 0.6
vdd(V) 1.2 1.1 1.0 0.9
Na(cm3) 5x1018 8x1018 1.4x10%° 2x1019
40 Samples
4 A
90nm Node
m J 65nm Node Stay
i i almost
=) Shrink ¢= Ll 45nm Node
t ) L const. |
mﬁ > 32nm Node | W=36nm !
Narrow Ll < 32nm Node | W=22nm
Py - = Jump -
 32nm Node
0 50 100 150

Potential (max) (mV)
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SISPAD
ﬂNpu::I},h—E-ef_"-D{:m
<Nsd==1e20cm” /
L ‘.E-" ".. " .' I . ¢ 3[] LI T T T T T T 1 T T |
X L G Wd=1.0V 100 samples
25 [ ] -
<p>=7. 7107 Qe
poo p—m "+ 20 | 1 BT 2
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180051 o Ah==332mV g =y |
12008} gVth=63.5mV = 0 de=0.65eV
12007 |
Sesna! r l
Fiz &: Genarated 3-dimen=onal oty profile accordin = 0 -
and umform mndom mmber. Atomdoty of the entire 1e-008 I — 5
regions inchading paly-5i ke is considered Xis of S/ 0.3 05 07 08 11 13 1.5x10
deep S, nsually assumed to be extremely shallow m p le-010¢ Contact Resistance p_({} cm~)

are set as 15 and 30 om, respectively, in our ammlation e
- L

|
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|
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Vg (V) P ..—-"‘*—x Pz
“1d
Fig. 7: Id-Fd chaactenstces of MOSFETs with Scho
resistance. Red solid cocles mean the sample wathout maxn ] ]
fluctuations. Threchold voltaze Fih is defined as the =t Fig. §: Histogram of Schottky contact resistance p,.
which Id reaches 1A

2006SISPAD, 5-5 S.Toriyama,et.al.,Toshiba
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2006SISPAD,3-1 M.Hane et.al.,NEC

LiTaY

Iy

k l el 4 ':I:;::.I'_:H",.l‘.'-h:-_: GLE t:‘
Uniaxial stress direction Uniaxial stress direction
0.0_1

<100>,<110>

Work in Progress - Do not publish

.{;}ﬁ-f@w ) "-::".i: 4—fa|§§:.:f.f(-’l.i

Current enhancement rate

d

0
Stress (Gpa)

MC

-1

2

- Ef':{run _I'-'Inl‘:gil'rtp'

o) B, =210 oy’

| iorg ot 8 &4
sirpss bval 3
%D.H [ asvanced -
= [rer
<1 nal
—w— b amial

—— -:'||:H:|:-ﬂ~,
e Tl i T

' o5
Tensike Sfrain (M)

Fig, 1% p, enhsncemwent 3z a fimchon of
straim Stess sealizing 1% stmin for each
atrezs condition 18 descmibed. At high stress
of ~1 3GPa, <110= unisxial stress is hetres
them knaomal stress due to m® chanee,

Similar tendency to the
mobility analysis
(Uchida, IEDM 2005)

—r (a5 2

STRJ WS: March 9, 2007, WG10 Modeling&Simulation 21



STRI

Modeling & Simulation
TCAD /

SISPAD

2006SISPAD, 13-2 M.Fujinaga et.al.,Selete
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IEDM2006
T. Noda et al.,
Matsushita,
IMEC

Analvsis of Dopant Diffusion and Defect Evolution during sub-millisecond Non-melt
Laser Annealing based on an Atomustic kinetic Monte Carlo Approach

Simulation

Atomistic
KMC :Kinetic Monte Carlo

SSRM: Scanning Spread Resistance Microscopy
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Tr SISPAD
ESD 2005SISPAD, 6-1H. Hayashi et.al., Oki
ESD test protection circuit CRSCR =g ook
VDD bath B Internal_Circuit Ryi-q ren ’r & L. L:nlgthe- oc
A Rprotect P~ = L'« = Base length of SCR
% b, Po\ver & = J i \l pMOS 0
ESD Path A - Clgmp * ° ] Mixed-Mode
pulsei 1 I
Y - Internal Current (Path A
VS Riine 1.2E+00 ( )
—e— Casel
Parameters 1.0E+00 = Case?
imi i Case3
Optimization < s0E-01 e
Power Clamp & —x— Case5
pMOS: L, W, SBL | | > G 6001
SCR : LN, LP, W 3 40E-01
Rpoly Limitation 2 0E-01
Area penalt 00E+00 Wl o
EPrOteCt i 4 10E-10 10E-09 10E-08 1O0E-07 10E-06
ine Time [sec]
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ESSDERC2006 N. Yasutake Toshiba A High Performance pMOSFET with Two-step
' Recessed SiGe-S/D Structure

for 32nm node and Beyond

. N. Yasutake, T. Ishida, K. Ohuchi. N. Aoki N. K ki, 'S. Mori, 'I. Mizushima, T. M K. Yahashi
(a) Conventional (b) Two steps recessed st — - ki, N. Kusuno or orocla, .
S. Kawanaka K Ifshnmru and H. Ish.lucht

recessed SiGe-S/D SiGe-S/D T o

Fig. 4 3-D stress simulation of (a) conventional recessed

S DR e 4 Fig_ 8 Cross- se::tmml TEM Dfuptzmmed twu—step recessed

600 S1Ge-S/D pMOSFET.
(@, {hl'm;
E—Tﬂ'ﬂ B 0.4 Twao-step SiGe 104 |V ygl=0.9V
5 0.0 ﬁ% % H 105
o-800 S o4 ¢ o T
E hﬁ ; 1 4 adh ._ =
g =02 !-“]? . e
3001 0.3 Control | 10% M
. # Control
1000! L (I I - 0.4 108 A Two-step SiGe
0 20 40800 5 10 150 20 40 60 80 0.5 L 101 i i
SDE Recess  Offset Spacer S/D Recess L tam) 80 100 200 40;']"-:1 MHEI?;J 800
0 nm
et e el Fig 9 Imprmrfrglmt of pMOS performance with two-step recessed
Fig. 5 Dependence of pMOSFET structure to channel strain. S$iGe-S/D. (a) Vy, roll-off(A V=V V@ L~300 nm), (b) Iyy-Log
characteristics (| F3g/=0.9 V).
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