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Why FINFET?
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Conformal junctions in FINFET’s : -

Tilted top view
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S/D Junction formation requirements

Top:
high dose

Side:
low dose




(non-conformal) Doping by I/1 :Tilt angle effect:
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Junction parameters : Planar vs FINFET

PLANAR FINFE
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FINFET'S

conformal doping and its metrology

Conformal doping

] Properties
- Implantation : .
. . . Rs vs Xj hasno meaning!
— Tilt angle and incorporation
efficiency Lateral g Qjﬂe

sidewall'dose,
_gvntermality

— Shadowing in dense structureg
(< 10-20c tilt)
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‘Metroloqgy

*SIMS through FINs
*Resistors

*S/D area’s : X-SSRM
*3D-SSRM
«3D-Atomprobe
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- BF, 5keV 8el4 at 45° and 10°
= N\ B =i s = As 5keV 1el5 at 45° and 10°

e RTA annealed at 1050°C
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BF, 5keV 8 x 10" at./cm’

1E22 — 7y P — ————————

= ! RN !

!Bottoné Xt I
i i ) l s IBott
" o ottom o
—1E21}  eemalatieing & E21L | 3! Sidewall of the fin |
5 il '
= 2
s | i
§ 1E20} L g i 3
- F :
s
= L
1]
S 1E19 | i
(=] s 3
(8] E
1E18

1 L 1
100 200

Depth (nm)
(O . .
'\6(6 Sidewall Dose retention
X
\® i
(0( Sidewall dose
8@{& S5keV 45° tilt 10° tilt retention Ratio
= (45° vs. 10 °)
e’
?(6‘5 ’/x@uic 1 x 105 /cm?2 | 1.06 x 105 /cm?2 | 2.20 x 10%* /cm?2 4.83
BF, 8 x 10 /cm? 5.74 x 10* /cm? 1.38 x 10*® /cm? 4.18

Tl

rname + Name
onfidential 2009 9




Sidewall doping by 1/1 :SIMS vs theory
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silicide
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SSRM (FIN-like) applications infineon echt, D.Alvarez
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SSRM on FIN : As I/1

As 5keV 1 x 10" at./cm® 45°
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Additional information using SSRM
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SSRM on FIN : BF2 I/

- BF, 5keV 8 x 10" at.cm’ 45°
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Comparison SIMS-SSRM
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Summary of sidewall doping : As
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J. Vac. Sci. Technol. B 26 (1), Jan/Feb 2008, 396-401



Comparison SIMS-SSRM

BF, 5keV 8 x 10'* at./cm” 10°
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Summary of sidewall doping : BF2

Relative dose

(G Vd correlation between theoretical model, SIMS and SSRM

[ J
| 66/800/
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J. Vac. Sci. Technol. B 26 (1), Jan/Feb 2008, 396-401
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1D-profiles (and 1D-tuning) are
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Similar 1D-profiles give very
different conformality!!!
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Metrology for conformality

e SIMS through FIN'’s :

— Dopants,not active carriers
— No details on lateral junctions depths 2009
— No wafer mapping
< Scanning Spreading
Resistance Microcopy

(SSRM) on cross sections
of S/D fin’s

— Active carriers, real X,,; number

— No wafer mapping

Relative

Wafer mapping

W.Vandervorst et al., Proc. INSIGHT-2007, JVST B (2008)
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plasma doping :Concurrent doping and

erosion.
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3D-metrology

eCarriers :
3D-SSRM : Slice and view

eDopants
Tomographic atomprobe
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3D-profile in FINFET : SSRM slice and view

j.mody, mrs 2008 /
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Practical Problems

= To obtain 3D-profile we must obtain successive 2D-spreading
resistance maps in one of the planes with 1nm step.

e Polishing ???
e Cleaving ?7??
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imec jential 2005 | 26



3D SSRM : slice and view
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3D_SSRM :prOOf Of Conce ' Errorbar:AverageReproducibility:'18% '
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Tomographic Atomprobe

Chemical
identification reconstruction
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Atomic resolution with the Atomprobe
analysis of doped Si
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Lateral As-profile

TEM next-generation transistor

HRTEM
K.Jones, 11T-2006, Univ. Florida T e




30 Eelected chject
Ltom Position B

148.3nm
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> |

FINFET w 4 diffusion : Counting single
& 5
atom. wvit “he atomprobe

eGradients : 1nm/dec
5e20 — 5 cts/pixel
5e19 — 0.5 cts/pixel

eRegistration to gate




challenge
— I/1 (®) , plasma doping (©®), VPD (©)

- Metrology

— conformality ©:

e Resistors
e S/D are&’
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