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itorial objectives

“Process simulation for advanced stress and junction engineering »

»Large topic and only 45 minutes !
»and 53 slides

» Why Simulation in a characterisation tutorial ?

»Complementary...

»Not a so good idea to go deeply in the modeling aspect

»QOverview of the field: the challenge (Part I), status (Part Il), progress (Part lll & IV) and perspectives (Part V)
»NoO equation
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Part |: Introduction: Challenge and solution for downscaling

Part Il: Process simulation ?
Part Ill: Recent progress in the modeling of stress

Part IV: Recent progress in the modeling of junction
engineering

Part V: Perspectives in Atomistic TCAD: towards some
atomistic experiment ?
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Part | Introduction: Challenge and solution for

downscaling
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IEEE TRANS ACTIONS ON SEMICONDUCTOR MANUFACTURING, VOL. 18, NO. I, FEBRUARY 2005

In Search of “Forever,” Continued Transistor Scaling
One New Material at a Time

Scott E. Thompson, Senior Member, IEEE, Robert S. Chau, Senior Member, [EEE, Tahir Ghani. Kaizad Mistry,
Sunit Tyagi, Member, [EEE, and Mark T. Bohr, Fellow, IEEE

Technology Feature Size

—p

Higher strain
High K7
Metal gates 7
Diouble gate?
Tr-Gate

SiC sld?

# New Materials

TiSis, W
Ti, TiN
S

Nominal Feature Size

., Poly-Si

’ 70 nm
1970 1980 1880 2000 2010 2020

‘eature size and new materials versus vedr,
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Si“COn CMOS W. Haensch

E. J. Nowak

devices beyond 5 o
Scaling . M. Solomor

To a large extent, scaling was not seriously challenged in the past. :
a eloser look reveals that early signs of scaling limits ng

it rechnology nodes. J. B. Johnson

pro .h:'tff !
igners have been forced to
continuously ”
node fo hundreds of nd/pm for the 65-nm node. Consegiie
passive power density Is now a significant portion of the power
hudeer of a high-speed microprocesser. SEnruac

130nm node

J-nftt nosde
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W. Haensch et al., IBM J. Res&Dev, Vol. 50, n°45, 2006

Tnlormation Society
‘Frehnologics
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MOBILITY

ENHANCEMENT

The Next Vector to Extend Moore's Law

;ﬂg W Tsen

Techmology =calimyg

- ngineering approach

—

MOBILITY-ENHANCEMENT ROADMAP

130 nm
HOT. FDSO0L novel materials

Muligate FETs

Abmm X0 mm

T 7 T ¥ T ¥ I . T
iz ol 2006 Ful ] a0
Year of introduction by leading-edge companies
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Stress Pr0x1m1ty Technique (SPT)

Hess! Nitide finer | ST T Nitride liner
* Spacer ‘ Si:acer
- Salicide ’ alicko q e et Eraa,,
X. Chen al., VLSI 2006 et AT

SiGeSn Stressor H. S. Ang al VLSI 2007

Compressive

Diamond Like Carbon layer (DLC)
L8

.: .| r- L,
4 Pit b‘!
B S LA
Si 250mJ cm?
Substrate |14
0 L

Wang, IEDM 2007

E. b“*
' \'t,\

'\
‘)\ LG= 50 nm

V. Singh et al., IEDM 2005

Yeo, Semicond. Sci. Tech. 2007 H.S. Ang al VLSI 2007 ¢
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Ing ¢ FD-SOI w/
lepth an SDE/SD/contact/spacer Metal Gate

Ju

higher abruptness

Laser/Flash

R

contact S R
.- faccumulation

AMD dopant activation roadmap

RSheet: Conductivity of hlgh doped region J. O. Borland, « 32 nm NODE USJ Implant& Annealing, RTP 2007
High activation: complex techniques
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USTL UMR CHR s 8820 i T
= $ UVHC 1sen U Tnformation Society v l[EMN Tramstert.




Challenges and Opportunities for High Performance 32 nm CMOS Technology
J.W. Sleight, I. Lauer, O. Dokumaci, D. M. Fried, D. Guo, B. Haran, S. Narasimha, C. Sheraw, D. Singh, M. Steigerwalt, X. Wang,
P. Oldiges, D. Sadana, C.Y. Sung, W. Haensch, and M. Khare
IBM T. J. Watson Research Center, 1101 Kitchawan Road, Yorktown Heights NY 10598
.ibm.com (914) 945-1876

45 nm denvices

gate-stud

65 nm gen2 Series
cap

Relative Performance

(a) Gate pitch [ ~250nm | 180-190nm | ~130 nm |
(b) Contact Pitch 140-144 nm
() N/P Spacing Technology Node
Fig. 1: Selected critical dimensions for different technology nodes. Fig. 2+ Performance loss associated with |'Jll'LI'I Sl.'_'.E-llfl'Ig for the 45
nm and 32 nm nodes. The performance loss associated with
parasitics and stress loss is likely exacerbated at the 32 nm node.

J. W. Sleight et al., IEDM Tech. Dig., 2006
’
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Scalability:

— -11% stress reduction compared to 65nm (decreasing gate pitch) [Sleight06]
— ITRS Junction target (extension depth, abruptness& sheet resistance) challenging

Yield:

— ITRS[07] : integration of multiple sources of local and global stress
— Not exceeding the local critical shear stress

Design
— Pitch and layout dependent
— “Strain adds new challenges from a design perspective” [Lammers08]

- TCAD have a role to play to provide key information (process => design)
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PART Il: Process Simulation ?
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HATERIALS
SCIENEE &
EMNGINEERIRG

ELSEVIER Malcrials Scicree and Enginecring B 1241 25 (2005) K1 -85

Trends, demands and challenges in TCAD

Ingo Bork*, Victor Moroz, Lars Bomholt, Dipu Pramanik

Swmapevs. M., FO0 E Middle field Rl Mowstain Vew, CA S0435 U5A

R0 T — Process Input parameters (e.g.)
ey ey Random £
< 7 77 .| | Defects Variations = GGate length/CD at bottom
Bt e, ' - - =
o, » (3ate gwde thickness
Systematic * Halo implantation dose
Delects * Halo implantation tift
Process .E1.I'IQ|E|

Varialions
PR F s T
Process Simulation
e s T ]

Lithography-

e
250 180
Technolog
Dutput parameters (e.qg.)
T
= YTS
* lon

Variations

N Technology cost development (40% Trs)
7 Yield
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--III DII

Standard process simulation:
Transistor Building (finite elements)
Simulation of the various process step (implantation, diffusion, oxidation, silicidation
« Physical » modeling with partial differential equations (PDE)

Knowledge of the various physical parameters (topology, dopant distribution, stress field) for
electrical simulation S— ’

w 15en PULLNANO “B.@

umr curs 8520 Formation
Transfert




simulation results vs. exp. data:

S 1o
10

20 511x10" e¢m™®
10

dechanneling 9.94x10" cm2

10" I

18 ( A il
10 o
I 5.18x10" cm*®
10 |, P— 7.52x10'"" em™

10" |
1015 -
10111

rechanneling

[011]

~angle ¢

concentration (cm-3)

o T~ /\ )7

tilt angle 6 : oo

Series of consecutive binary collisions of
the projectile with the lattice (BCA MC):

Range distribution of implanted ions

50 keV As+ (10" cm™} into (100) Si

% il

damage

concentration (cm™)

Nuclear scattering (Coulomb pair potential )
Semi empirical model for the electronic energy loss of particles
Phenomenological models for damage probability 100 200

depth {(nm)

M. Posselt, private communication

’
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Creation of Silicon nanowire by anisotropic etching with
a damage gradient
Optimisation (Dopant, Dose, Energy) with simulation

Vikram Passi et al., UCL, NANOSIL WP 2.1 (unpublished results)

’
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iffusion modeling (1)

Junction Fabrication

Standard Technology

lonic implantation for the dopant with various energy& dose

After implantation:

@® Dopants in an interstistial position electrically
inactive

@® Defects created : interstitials, vacancies,
aggregate, amorphous pocket

— Annealing step mandatory

’
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Diffusion Modeling (2)

Boron Kick-out

What's going on during annealing? Example for boron
g9oing 9 9 SlDlrloglre * Interstitial Boron mobile form

* Immobile Boron impurity (electrically
active) and creation of Si interstitial

* Diffusion and recombinaison of Si
interstitial.

* Kick-out of a boron atoms by an another
Si interstitial

* The junction depth and the activated dose results from the contribution of all these mechanisms

* Standard process simulator used Fick law and diffusion- reaction equations to describe the
the intreaction with point defects and mechanism like kick-out

’
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- = O
T Y =
Y ar=—I\U!F}
- BN W

* Application: Evolution of doping profile during annealing
critical for electrical properties (see also slide 44)

Initial

10s

30s

Concentration {:/'cmg)

0 0.05 0.1 0.15 0.2 0.25 0.3
Profondeur {um)

Example of Boron diffusion profile diffusion
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JOURNAL OF APPLIED PHYSICS VOLUME 36, NUMBER 12 DECEMBER 19638

General Relationship for the Thermal Oxidation of Silicon

B. E. DEAL aND A. S. GROVE
Fotrehild Semiconductor, A Division of Fairchild Camera and Insirumeni Corporalion,
Palo Alto, Californic
{Received 10 May 1965; in final form 9 September 1965)

Oxde Thickness (nm)

10 15 20

Oxidation Duralion {min)

Process simulator : generalised Deal& Grove oxidation model ( diffusivity & and reaction rate
stress-dependent) to take into account the stress (volume expansion)

’
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source of stress

Stress sources Technical Process

Thermal Stress Thermal variation during various processing
step

Topological induced Stress Thermal growth (oxidation, silicidation),
etching

Intrinsic Stress Film deposition process (nitride, polysilicon,
metals....)

Extrinsic stress Structural modifications of films

High doping induced stress Steep doping gradients

Example : modeling of stress generated by deposition of thin film
introduction of an extrinsic stress and mechanical equilibration

extrinsic

Si1 subtrate

’
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2ss modeling

JOURNAL OF APPLIED PHYSICS O 1E 94, NUMBER 9 I NOVEMBER 2003

Strain determination in silicon microstructures by combined convergent
beam electron diffraction, process simulation, and micro-Raman
spectroscopy

Vincent Senez?
TEMN-ISEN, UMR CNRS-8520, Avenue Poincare, BP. 69, 59652 Villeneuve d'Ascq cedex, France

A (em 1}

STI (Shallow stress Isolation Stress field (TCAD) MRS (experiment vs simulation)

structure)
but for Large structure

’
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* These different examples => process modeling promising

* Reality is/was more complex (2002)
— Example taken from different or academic softwares

— Difficulty to describe TED Boron, segregation effects, ultra-thin oxidation,
silicidation....

— No real stress modeling capabilities (commercial tool)

* The Mark Law definition: « TCAD : yesterday’s technology modeled
tomorrow»

by M E. Law

Process
modeling

for future
technologies

M. E. Law, IBM J. Res. Dev., Vol. 46, n°2/3, March 2002

%é-; .$ = UVHM i?éﬁ |J U L L N Ii\ N U T"“"Y Transfert
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Large progress have been performed in diffusion modeling ( Support by the EC:
European project Rapid, Frendtech, PullNaNo,Atomics)

Progress have been done for « simple » stress modeling
The merging of the major TCAD firms (Avant!, ISE, Synopsys) ~ market 80%

DIOS (meshing, numerical stability), TAURUS (3D capabilities, Implantation,
stress) and TSUPREM-IV (oxidation modeling) to the FLOOPS-ISE (new diffusion
modeling)

More contribution and more insight with atomistic modeling
There is also a part of « dream »: simulation can not replace characterisation

Script models speed up the pipeline (M. Law) : University (models)=>TCAD company
(software) => Semiconductor Company ? No but more

— Complexity increase : Stress Engineering (Slide 8), New material (Ge), Laser

Annealing & Solid Phase Epitaxy.....

’
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Recent progress in the modeling of stress
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APPLIED PHYSICS LETTERS 86, 023103 (2005)

Finite-element study of strain distribution in transistor
with silicon—-germanium source and drain regions

)

A cotrical and Computer Engineering,
rsity of Singapor

ence. Technology, and Kesearch, Data Storage Institute, D51 Building,
FENIR e

Lattice-Mismatched
Bip, e, Stressors

x(nm)
(a)
Vertical Strain Component g
8, (G, Source 5 Channel Rsgion
- \

Strain in Transistor Channel (%)

0.1 0.2 0.3 0.4 0.5 20025 30 35 40 45 50 55

Heterajunclion ; i i nm;
eteroj Ge Mole Fraction y Stressor Spacing L (nm)

(b}

Principle of Lattice-mismatched

stressor ] Evolution of channel strain as a
Lateral & Vertical strain induced function of the Ge fraction and the
spacer with
Y. Yeo et al., Appl. Phys. Lett., 86, 023103, 2005 4
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D scalabilit

[EEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 33, MO, 7. JULY 2006

Scalability of the Si,_,Ge,. Source/Drain Technology
for the 45-nm Technology Node and Beyond

Geert Eneman, Peter Verheyen, Rita Rooyackers, Faran Nouri, Senior Member, IEEE, Lori Washington,
Robert Schremelkamp, Victor Meroz. Lee Smith, Member, IEEE, An De Keersgieter.
Maulgorzata Jurczuk, and Kristin De Mever. Semior Member, TERE

TABLE 1
TECTNOLOGY PARAMETERS FOR THE 45-, 32-, AND 22-nm
TRECHNOLOGY NODFE

1 : : . Lyimm) L ) L nam) 5o Winm)
r -
32nm nede £ gl 15 50 7
‘-‘ 220m nede i S 24 E 3
xl |

=500 d

E 45nm node 3
'(’002 e 32nm nodcf
-700; ooenmmmemm=s 220 node

-800E
 Often Discussed | | Often Used | oo ADACEEEE (<€ 22nm node
x SEMEERRR ST M e ~ pealoawabeana b teri b

Fig.1 Schematic view of MOSFET layout which is often E i b3 -
used and often discussed. Stacked MOSFET which is S T i 1 e T 0 31(3 40 50
often used in actual products should he discussed. - L LODBS = oo e - SiGe (nm)

T

45nm node —wm [

32nm node

N

Active Area

Y m Y xjm—m—“U:I]T X'
Jhsolatel:l MOSFETL Stacke dEOSFET

Channel stress (MPa)

IlIl]]lI||[|l]1|II|II||[III]|!|||TI[|||III|IIII
]IIJIII|IIIIJIIII|I]IIIIIIJJIIII|IIIIIII

Channel stress (MPa)

"200;Si:Ge *“—“‘*5._ :: 3 Siécé .
-13000522" ro°”-m3{c} Mean compressive channel
" X-Coordinate (nm) stress does not decrease with

downscaling
G. Eneman et al., IEEE Trans. on Electron Device, Vol. 86, 023103, 2005 -
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Multi-Layer Model for Stressor Film Deposition

K.V. Loiko, V. Adams, D. Tekleab, B. Winstead, X.-Z. Bo, P. Grudowski. S. Goktepeli, S. Filipiak, B. Goolsby,
V. Kolagunta, and M.C, Foisy

Austin Silicon Technology Solutions. Freescale Semiconductor, [nc.
3501 Ed Blnestein Blvd. Anstin, TX 78721
Email: loiko@freescale.com

Normalized Drive Current

0 1
Figare | TEMs of 35nm gates with lighly stressed FSLL filins as a fonction Fignre 7. Conteours of lateral stress (Pa) in 35nm transistor struchurcs with 5
¢ pols pitch: £a) 0.26 puw. (1) .38 pum (3 0.6 » : d : : acer Stress (GPa
fgatc pafy pitoh-ia) 026 pin ()0 38 W Lo T02 i (L0 Jun 20nm source/drain recess simulated using (a) single-layar and (b) 20-laver P ( )
deposition ol nitride with cotnpressive inlrmsic stress. ; - : : ;s ow 3
Figure 8. Experumental data (symbols), multi-layver (solid lines) and single-

Large dlfference between mono laver (dashed lines) simulation resulls on NMOS (lensile ESL) and PMOS
. . . (compressive L.8L) diive current vs, spacer stress.
and multi step deposition
Opposite experimental trends

K. V. Loiko et al., SISPAD 2006 with mono step dePOSiti‘jn !
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IEEE TRANSACTIONS OWN ELECTRON DEVICES, VOL. 54, NO. 4, APRIL 2007

Method tor Managing the Stress Due to the Strained
Nitride Capping Layer in MOS Transistors

Stéphane Orain, Vincent Fiori, Davy Villanueva, Alexandre Dray, and Claude Ortolland

o SLs ol l“u.

\\“\

%:mz ‘:r'cp% ?4

STI STI " . Bottom-CESL

. Which part of the CESL influence the
channel stress ?

3D Ansys Simulation -- LEGEND: -Complex answer (Long<>short device) !

sy | ¢ D | et et -Such table provide guidelines for device
EEREIERER R  optinisuion
+ : tensil
short| sx | € | 0 | D [ D | o nooriowimpac
sy [ ¢« [ o | D[ D] -Geometry of the spacer (L or D shape)
s o | v [we| o] important
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IR TR, NS TN T RCTTROMN DEVIC LSANDL 6, TUNT 2007

Scalability of Stress Induced by Contact-Etch-Stop
Layers: A Simulation Study

Geent Eneman, Peter Verheyen, An De Keersgieter, Malgorzata Jurczak, and Kristin De Meyer, Senior Member, IEEE

T LD,:_Ifnr45rm
: technology node

30nm spacer,
T L]

2200 -4

L

pip.0

=L > LW o

piD
=300

Vertical Stress (MPa)

=400

Vertical Stress (MPa)

A
T B 4
.||Ji||!|'ll|lem|_l0lugy I.l':)delllllll
5 0 100 20 300 400 - i - 3
. S 200 300 400
Poly to Poly Distance: Lp/p By i) .. » ST
P — 2 topsr +2 - We For large CESL thickness, Influence of spacer width on
A /p.0 — <« " LCES < * V¥ Space o 5 .
bre P e decreasing Lp/p leads to stress vertical stress for decreasing Lp/p

reduction

N CESL thickness 1s no sufficient, spacer dimensions must be scaled

G. Eneman et al., IEEE Trans. on Electron Device, Vol. 54, N°6, June, 2007 -
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) SiGe & CESL modeling with SProcess

S1 65 G€ 5

No CESL

L <8
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Large progress have been performed in the stress modeling with the support of
experimental development, study of topography influence, evaluation of
scalability (SiGe S/D or Stress Liner)

There was one issue :

Journal or major Number Proprietary “Old” simulator Mechanical simulator Sentaurus
proceedings conferences simulator Taurus/ Tsuprem-IV (Ansys/ FEMLAB) Process
Publications (2001-2008)

TCAD&stress 14 30% 40% 30% 0%

But large progress have been performed recently in the last version of
Sentaurus Process as shown by the last PullNANO Results

Still a lot of work: Stress Memorization, SiC stressor.....

’
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Progress in diffusion modeling
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Extended defects

Role on extended defects formed after 1on implantation of dopants

Cherkashin, MRS Symp. Proc. 810, C3.7 (2004).

2 atoms
Small il ¥ \b : CEMES/LAAS

clusters N,
R T L e Claverie, MRS Symp. Proc. 610, B11.6
ol R (2000).

Bongiorno, ¥ ! ; A el 'k 3 ‘) N, %
Europhys. Lett. A L
50, 608 (2000). ' . 1233

Claverie, Mat. Sc. Semicond. §
Proc. 3, 269 (2000).

-
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— Common origin : the supersaturation of interstitials formed by the implantation step

EX in the case of a preamorphisation :

& 8 . W

P Excess or supersaturation of interstitials just
25,5.0.0.9.9.0.9 0

S 2 e behind the amorphous /cristalline interface

During annealing :

— T

Precipitation into ,Accelerated
extended defects diffusion of boron

— Need to couple a model of extended defects to conventionnal packages of dopant

diffusion ,

%‘5 . - UVHM /l.:ié# PU LLNANU CARNOI uMR cNRS 8520 Formation
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nucleation, pure

Nucleation of extended defects — reduction of the system energy

o) o o ©
o) %
© o)
o) o ©
o o)
o o)
® o)
o) o ©
o) o ©
o) o ®
o o ° o
o °© o
o ©°
O [ ] [ ] [ ]
o . o © - Precipitation
o
o)
o ° o °
o) o ©
o o ©
© o
o o

PULLNANC

Tnlormation Society
\\\\\\\\\ oleagics
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d Ostwald ripening of defects
LR R

Nucleation of extended defects — reduction of the system energy

Growth of the nuclei by absorption of the residual interstitials

— pure growth

o * < e Growth of the existing defects
X Supersaturation | .

’
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Nudleation, p

Nucleation of extended defects — reduction of the system energy
Growth of the nuclei by absorption of the residual interstitials

— pure growth

Ostwald ripening (dynamical equilibrium) extended defects « interstitial supersaturation

t\/

° . Meansize T, density |
Supersaturatlon of
interstitials |

iew  JULLNANO BT i
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JOURNAL OF APPLIED FHYSICS YOLUME &5, NUUMEER 12 15 JUNE 1999

Modeling of the transient enhanced diffusion of boron implanted
into preamorphized silicon

E. Lampin® and V. Senez
IEMN-Dpt. ISEN, UMR CNRS 9929, BP 69, 59652 Villeneuve d'Ascq Cédes, France

A. Claverie
CEMES-CNRS, BP 4347, 31035 Toulouse Cedex, Frarice

Fadius

Density Initial

IDa

30s

1.5e+10

i

Concentration [fem”)

4005

1e+10

Density
Radius (nm}

&
£
S
oy
=)
)
|
aQ
o
;
g
[ &]

50 100 150 200 250 300 350 400
Time (s

0.1 015
Profondeur {um)

Profondeur {(um

Evolution of density and size of Final TED diffusion effects Good predictivity of TED

Dislocations loops (DL) underestimated if DL not effects with the incorparation of
OINTS ! DL and Si interstitials evolution
’
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Materials Sdence & Pracessing

Extended defects in shallow implants

47,31

. —— Simul.
TI670°C
©705°C
A738°C
0815°C

107 10° 100 10°  10°
Detect size Time (sec)

N . :\Df u formation of clusters and {113}'s as FIGURL Y Dissolution kinctics of {113}'s: comparison hetween TEM re-
A lunelion of bor of Si wloms o | ey et

Formation energy (eV/at)

data

10° 10’
Time (sec)

Formation energies for clusters, Dissolution of {113}'s Evolution of Si interstitials as a
{113} Cowern et al.

function of the time
A. Claverie et al., Appl. Phys. A, Vol. 76, 2003 (Frendtech results)
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JOUENAL OF APPLICD PEHYSICS VOLUME 94, NUMBECR 12 |5 DECEMBER 2003

Prediction of boron transient enhanced diffusion through the atom-by-atom
modeling of extended defects

2y

- B,30s 7
Siints, 30s

B, As grown -

Cencentration {fcma}
Concentration (cm'3)

0.04 0.06
Depth (um) Depth (um)

Nice simulation of TED effects Nice simulation of TED for
for marked layers experiments ultra-low Energy B+ implant
However, simplified model for
Sprocess needed
E. Lampin et al., J. App. Phys., Vol 94, n°12, 2003 (Frendtech results)

W O N dien PULLNANQ e

’

’-E” ’5 E Recherche

umr curs 8520 Formation
Transfert

FECHT DGR ‘Frehnologics



On a Computationally Efficient Approach to
Boron-Interstitial Clustering

Johann Schermer and Peter Pichler Christoph Zechner Wilfried Lerch and Silke Paul
Fraunhofer-Institute of Integrated Systems and ~ Synopsys Switzerland LLC ~ Mattson Thermal Products GmbH
Device Technology, Erlangen, Germany Zurich, Switzerland Dornstadt, Germany
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Tolal Boron Concentration {uu_j]

20 30 40) 50 10 20 30
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(a) Temperature Profiles (b) Concentration Profiles

Fig. 8. Simulation results for Spike and Flash Annezl
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Process Models for Advanced Annealing Schemes and their Use in
Device Simulation

P. Pichler'**, A. Martinez-Limia', C. Ka mpenl, A. Burenkov', J. Schermer', S. Paul®, W. Lerch?,
J. Gelpeyd', S. McCoyﬁl_, H. Kheyrandishj, A. Pakfarﬁ', Cs Tavemjer(‘, D. Bolze’

'Fraunhofer-Institute of Inte grated Systems and Device Technology (IISB),
Schottkystrasse 10, 91058 Erlangen, Germany

006025

Silicon body 0.00000=
Buried oxide 005 0.00 0.10 09 08 07 <
Lateral direction (um)
Silicon substrate Lateral boron doping concentration flash an-
Geometrical shape of the FD SOl MOSFET nealed
FD nanometric SOI device Impact of the diffusion Large impact on the PMOS
modeling on the boron profile electrical characteristic
predicted

P. Pichler et al., International Workshop on junction Technology (2008), ATOMICS & PULLNANO Resujts
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Large progress have been done in junction processing modeling in the framework
of several european projects (Rapid, Frendtech, Pullnano, Atomics) with the
collaboration of Synopsys (Zurich)

Some of the models presented (simplified form) in Sentaurus Process or script
transfered to semiconductor compagnies

But still a lot of work:
— Influence of stress effects
— New Material (SiGe S/D, Ge....)
— Advanced annealing scheme (laser annealing, solid phase epitaxy)

More information :
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Atomistic TCAD : towards some computer

experiment ?
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APPLIED PHYSICS LETTERS 90. 241912

Solid phase epitaxy versus random nucleation and growth in sub-20 nm
wide fin field-effect transistors

Higlh Tech Ca

roote, E. Kunnen, and E. Altamirano

i Leaven, Belginm

hitride

a-Si
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How to characterised diffusion mechanism during a solid phase epitaxy when
Time/Temperature window available reduced by recrystallisation ?

MATERIALS
NEE &

— A solution proposed by Venezia et al.: Diffusion in completely amorphised silicon layer
(but the influence of recrystallisation is not taken into account)

—-Computer experiment (Atomistic TCAD) needed but it will not replace
standard TCAD ! ,

K% O e diem  PULLNAND B

S Tnﬁ)rmaﬁ.(.m_ Sotiety [} | E M N Transfert

\\\\\\\\\\\\\ s 47




omputer experiment ?

SRS

MC, CGM

[ScheerschmidtO7] http //www.mpi-halle.de/mpi/publi/pdf/6735_06.pdf

Development of atomistic approach based
on molecular dynamics (MD)
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ecular Dynamics of LPE, SPE regrowth

Simulation of the annealing and exploitation

Example of annealing, Stillinger-Weber, 1200 K

Extraction interface
from 1D structure factor

70 75 80

7 50 55 60 65

40 45
z Anastroms)

uw
R
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5 10 15 20 25
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Procedure repeated to extract
the recrystallization velocity

76 114 182 180 ZBG
Tims ip=

304 342 360

Extraction of the position of
the interface vs time
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Conclusion :

Analysis of the velocities of recrystallization and of the structure of disordered part :

Potentiality to simulate both SPE
and LPE

SPER or flash
annealing

Recristallisation Velocity (nm/ps)

- Olson et al. (SPE)
- (Gavlin et al. {LPE)
: —-g= Sw
| == Tersoff

0.9
1000/T (K™Y

(PULLNANO results)
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Boron doped LPE regrowth

Reduction of the velocity for large B concentration  Interface roughening & amorphous pockets

Rasband Velocity Data Smooth

o
o {smooth)

{smooth}

=]
- {smooth}
a5 )
B 5 {smooth}

Bsa-;
85 4 {smooth}

(PULLNANO unpublished
results)

1000 1100 1200 1300 1400 1500 1600 1700 1800
Temperature (K)

Incorporation of boron atoms in c-Si

A. Mattoni and L. Colombo,

Phys. Rev. B 69 (2004) 045204
BUE
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or SPE: influence orientation effects

Velocity Data Welocity Data

3 . !

: ! : =wee [100]

: 13 : : —er [110]
e | | e 111

“' 4’ ”.;..!- "\ : : X .
: ~ A
,‘;"';{"‘?-y‘: ;
igmal et A

Velocity (m/=)

5 ; ; i ; i ; i . : a;-u
1000 1100 1200 1300 1400 1500 1600 : Temne __11”’5k,.,
Temperature (K) emperature (k3

Orientation influence for LPE [100]>[110]>[111] Orientation influence for SPE [100]>[110]>[111]

(PULLNANO unpublished results)
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progressed by SPE
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Some grains begin to form
by RNG
Crystallization has
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