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Why FINFET?
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Conformal junctions in FINFET’s : 
3D-profiling
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S/D Junction formation requirements

• Junction conformality/uniformity
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Junction parameters : Planar vs FINFET

•Rs

•Xj

•(Vertical)

•Lateral

•Steepness

•Lateral

•Conformality

•Metrology

•2D

•3D

•Rs

•Xj

•Vertical

•Lateral

•Steepness

•Lateral

•Metrology

•1D (Rs, SIMS)

•2D (SSRM)

PLANAR FINFET

buried oxide
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FINFET’s 
conformal doping and its metrology

Conformal doping
• Implantation

– Tilt angle and incorporation 
efficiency

– Shadowing in dense structures 
(< 10-20° tilt)

– Amorphization and 
recrystallization

• Plasma immersion
– Conformality ??

– Incorporation versus erosion

• VPD
– Integration

– Outdiffusion

Properties 
Rs vs Xj has no meaning! 
Lateral profiles, 
sidewall dose, 
conformality

Metrology
•SIMS through FINs
•Resistors
•S/D area’s : X-SSRM
•3D-SSRM
•3D-Atomprobe
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SIMS through FINs
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SIMS results

Sidewall Dose retention

Implants at 5keV 45° tilt 10° tilt
Sidewall dose 

retention Ratio
(45° vs. 10 °)

Arsenic 1 x 1015 /cm2 1.06 x 1015 /cm2 2.20 x 1014 /cm2 4.83

BF2 8 x 1014 /cm2 5.74 x 1014 /cm2 1.38 x 1015 /cm2 4.18

• BF2 5keV 8e14 at 45° and 10°
• As 5keV 1e15 at 45° and 10°

• RTA annealed at 1050°C
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Sidewall doping by I/I :SIMS vs theory

W.Vandervorst et al. , J. Vac. Sci. Technol. B 26 (1), Jan/Feb 2008, 396-401

Includes effect of 2 quad. implant
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Scanning Spreading Resistance Microscopy : 
2D-profiling with sub-nm resolution
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P.Eyben, W.Vandervorst, D.Alvarez,, M.Xu. and M.Fouchier, in “Scanning Probe Microscopy, Electrical and 
Electromechanical Phenomena at the Nanoscale”, edited by S. Kalinin and A. Gruverman (Springer, New York, 2007), Vol. 1, 
Chapter 2, p. 31 
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SSRM (FIN-like) applications
Ω
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SSRM on FIN : As I/I
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Additional information using SSRM

• Ability to obtain 1D carrier profile with sub-nm resolution.

• Resolve the center of the fin which cannot be resolved using SIMS.Presented at F
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SSRM on FIN : BF2 I/I

BF2 Implant

Implant
angle

Top Sidewall Theoretical

45° 35nm 31nm 35nm

10° 36nm 15nm 7nm

( )sidewall top surfaceDepth tan Depthα −= ×
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Comparison SIMS-SSRM

Implant
SIMS Sidewall Ratio 

(45° vs. 10°)
SSRM Sidewall Ratio 

(45° vs. 10°)

Arsenic 4.83 3.42

Implant
SIMS/SSRM Sidewall 

Ratio 
10°

SIMS/SSRM Sidewall 
Ratio 
45°

Arsenic 0.95 1.33
Presented at F

rontie
rs on m

etro
logy fo

r n
ano-electro

nics



Surname + Name
IMEC confidential 2009 17

Summary of sidewall doping : As

Single sidewall dose Implant Dose sin( ) cos( ) incorporation efficiency ( )α α α= × ×

J. Vac. Sci. Technol. B 26 (1), Jan/Feb 2008, 396-401

fin finD Concentration P( ) / 2= ×
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Comparison SIMS-SSRM

Implant
SIMS Sidewall Ratio 

(45° vs. 10°)
SSRM Sidewall Ratio 

(45° vs. 10°)

BF2 4.18 9.79

Implant
SIMS/SSRM Sidewall 

Ratio 
10°

SIMS/SSRM Sidewall 
Ratio 
45°

BF2 1.52 0.63
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Summary of sidewall doping : BF2 

Single sidewall dose Implant Dose sin( ) cos( ) incorporation efficiency ( )α α α= × ×

• Good correlation between theoretical model, SIMS and SSRM

J. Vac. Sci. Technol. B 26 (1), Jan/Feb 2008, 396-401

fin finD Concentration P( ) / 2= ×
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1D-profiles (and 1D-tuning) are meaningless
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Resistor methodology
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Poly-Si Fin,high 
diffusion! 

RFin ~ 1/N

Full silicidation of 
unprotected area.

W.Vandervorst et al. JVST (2008)
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Metrology for conformality

• SIMS through FIN’s : 
– Dopants,not active carriers

– No details on lateral junctions depths

– No wafer mapping

• Scanning Spreading 
Resistance Microcopy 
(SSRM) on cross sections 
of S/D fin’s

– Active carriers, real Xlat numbers

– No wafer mapping

• Resistors (R ~ 1/Sidewall 
dose)

– Relative

– Wafer mapping

P.Eyben, Vandervorst W. et al. . “Scanning Probe 
Microscopy : Electrical and Electromechanical 
Phenomena at the Nanoscale.  Chapter II:SSRM,  
pp.31-87 (2007) (Springer).

R.Duffy et al., MRS -2008, J.Mody, Insight- 
2009

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

•Carriers : 
3D-SSRM : Slice and view

•Dopants
Tomographic atomprobe
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3D-profile in FinFET : SSRM slice and view

j.mody, mrs 2008
S/D

Gate
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Practical Problems

G

B

B’

A

A’

C

C’

G

B

B’

A

A’

C

C’

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

• Polishing ??? 
• Cleaving ???

• Cleaving and polishing with nanometer step in the planes ???

• Successive cleaving with 1nm step on the same transistor ???
• Successive polishing with 1nm step on the same transistor ???
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3D SSRM : slice and view

1 nm 
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3D-SSRM :proof of concept
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Atomic resolution with the Atomprobe: 
analysis of doped Si

“homogeneously” B-doped Si 

3.1 Å

Si-atoms/ lattice planes in Si<111>
Estimated depth  resolution  <0.2 nm Presented at F
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Lateral As-profile

• HRTEM
K.Jones, IIT-2006, Univ. Florida
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20 nm

20 nm

120 nm

3D-dopant profiling counting atoms

1 cts ~ 5 e19 at/cm3
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FINFET underdiffusion : Counting single 
atoms with the atomprobe…

Gate 

10 x 1 x1 = 500 Si atoms
5e19 ~ 0.5 cts/pixel

Gate 

Fin

1-2 nm

10 nm

60 nm

•Gradients : 1nm/dec

5e20 ~ 5 cts/pixel

5e19 ~ 0.5 cts/pixel

•Registration to gate 
(LER)Presented at F
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Conclusions

• FINdoping fabrication and metrology is a major 
challenge
– I/I (/) , plasma doping (./), VPD (☺)

• Metrology
– conformality ☺:

• SIMS through FINs
• Resistors
• S/D area’s : X-SSRM

– 3D-profiles ./

• Pseudo 3D-SSRM : dedicated test structures
• 3D-Atomprobe : statistics!!!
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