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Outline

• Introduction: 32/28nm, & 22/20nm nodes

• Tri-Gate Doping reports from VLSI Sym & International 

Workshop on Junction Technology June 2011 Kyoto, Japan

– Evening panel rump session on “Can Fin/FET/FD-SOI Compensate for 

the Stagnation in Scaling?”

– IMEC & JOB on beam-line and IBS  on plasma FinFET doping

– IBM/Alliance & Toshiba/Japan papers on Tri-gate 

• FD-SOI Doping reports from VLSI Sym & International 

Workshop on Junction Technology June 2011 Kyoto, Japan

– IBM/Alliance 2 papers on UTBB-SOI

– MIRAI/Selete papers on NFET  Vt variation dominated by B-HALO TED!

• 37th IEEE-PhotoVoltaic Specialist Conference June 20-24, 2011 

Seattle, WA

– Selective Emitter Formation by: 1) Laser Diffusion Doping, 2) Dopant 

Paste or 3) Patterned Implantation

• Summary
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Panasonic/Matsushita 32nm Node HK/MG 

First Only Dual Stress Liner, No eSiGe & No 

Stacking Fault Stressor
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Chipworks Feb 2011

45nm ?MOS 32nm ?MOS



Intel’s 32nm Node With 

Stacking Fault Stressor!
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Chipworks

Feb 2011

Intel IEDM 2009

Synopsys Dec 2010



Jan 18, 2011 

IBM/GF/Samsung CPT

22/20nm PD-SOI
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2014: 14nm node with double exposure and a change to EUV

2016: 11nm node with EUV



Intel Press Release May 4, 2011: 3-D Tri-

Gate For 22nm Node
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22/20nm FinFET CMOS
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CC Wu, TSMC, IEDM-2010, paper 27.1



Lower Tri-Gate Channel/HALO Doping
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S2-1 paper by Sue Felch of IBS on plasma doping of Fin structures.  Sue showed that the plasma 

process can be varied from deposition mode to implantation to etching and that conformal doping 

of 3-D Fin structures can be produced by selecting process conditions where deposition and 

implant are more dominant than etching.  What surprised me was when she showed the As 

doping SIMS profiles after anneal compared to boron in Fig.4.  A huge lose in As dopant level 

was detected from 2E21/cm3 before anneal to <5E19/cm3 after anneal for a loss of >30x (97%) 

as shown in SIMS of Fig.7.  This might explain why Applied reported having to use an in-situ 

oxide capping layer for their Conforma plasma doping system.  Without an oxide cap Applied 

reported an arsenic surface dopant loss of >65% after anneal!
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S5-1 paper by IBS on their PULSION plasma doping system for FD-SOI with LETI.  

They mentioned they use wafer rotation in improve the plasma doping within wafer 

uniformity but they did not show any wafer uniformity data.  They did show a direct 

comparison of  B-SIMS profile for BF3 4.5kV plasma and BF2 4.5keV beam-line in 

Fig.8 with an Xj at 1E19/cm3 of 19-20nm.  Trying to grow an SEG epilayer on the BF3 

plasma doped silicon surface resulted in highly defective epi as shown in Fig.7.  The 

effects of BF3 plasma doping on the epi growth rate reduction as a function of dose is 

shown in Fig.6 while that for n-type plasma is in Fig.5.
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4A-5 paper by IBM on Tri-Gate SRAM.  The process flow for their SOI 

Tri-gate is shown in Fig.3 using extension implantation and Fig.6 shows 

the X-TEM images.  They said they used implantation for S/D but after 

silicide the junction leakage was degraded by as much as 4 orders of 

magnitude due to NiSi encroachment of the NFET with a 970C RTA as 

shown in Fig.7 for process A & B while process E gave best results.  He 

said you cannot implant the Fin and concluded that innovation in 

junction technology is required but gave no details!
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2A-2 paper by IBM Alliance Albany 

on sub-25nm FinFET.  Stated they have 

successfully implemented Fin 

extension doping via conformal doping 

and showed it was 20% better in 

doping the Fin than beam-line implant 

in Fig.7 for NFET improving device 

performance by 10% in Fig.8.  This 

result is surprising based on the huge 

n-type dopant loss reported by Applied 

(>65%) and IBS (97%) for plasma 

doping and also the defective epi 

growth on these plasma doped 

junctions reported at IWJT.  For PFET 

they reported Ron was reduced by 50% 

in Fig.9 improving devices by 25% in 

Fig.10 but no details were given on the 

conformal doping process A or B.
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7-3 paper by Toshiba on Tri-gate nanowire.  They used As implant 

>1E15 for NFET S/D doping before epi raised S/D and reported poor 

results due to residual poly/amorphous regions so they switched to As 

implant after epi raised S/D and results improved as shown in Figs. 6, 7 

& 8.  Therefore implantation can still be used even for Tri-gate with 

undoped or in-situ doped Epi depending on the process integration 

scheme you select.



IMEC IWJT-2011 Invited Paper #S8-2: Dopant & 

Carrier Profiling For 3-D Device Architectures

• For 22nm node and beyond, FinFET have now emerged 

as the device of choice due to performance improvement 

(increased Id) and power reduction (low leakage).

• Comparing SIMS chemical profiles to SSRM electrical 

levels IMEC concludes: A large inactive fraction is present 

so that the conformality of electrical carriers is higher than 

chemical dopant implying that characterization of electrical 

conformality will be completely different than chemical 

conformality.  One should not extrapolate the electrical 

conformality based on the chemical conformality!

• 45 degree tilt chemical conformality =36% by SIMS while 

electrical conformality=78% by SSRM and resistor data 

showed 65 degree tilt =100% electrical conformality!
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Technology)
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High Tilt p+ & n+ Molecular 

Implantation For 3-D Structures: 

Retained chemical Dose Versus 

Electrical Activation Limited 

Conformal Doping
John Ogawa Borland

J.O.B. Technologies, Aiea, Hawaii

&

Masayasu Tanjyo, Tsutomu Nagayama and Nariaki Hamamoto 

Nissin Ion Equipment, Kyoto, Japan

INSIGHTS 2009

April 28, 2009



P-Type Dopant Implant Matrix
Nissin Claris 0 to 60 Degree Tilt Angle (BF2 & B18H22)

IMEC Quantum-X 0 to 45 Degree Tilt Angle (monomer B)
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Borland et al., Insights-2009

Duffy et al.,
Appl. Phys. Lett. 90,
241912 (2007)

Poly-Si

c-Si

Use shallow 

PAI or B18/36



Summary
• Monomer B had the highest retained chemical dopant level 

>1E15/cm2 but lowest dopant activation level Bss=2.8E19/cm3 

with Flash annealing.

• B18H22 had a retained chemical dopant level of 5.5E14/cm2

but the highest dopant activation level Bss=1.1E20/cm3 with 

Flash annealing.

• As4 retained chemical dopant level was 7.5% higher than AS 

and the dopant activation Rs value was also 7.5% higher.

• FinFET

– Run device study with customer

– Try Xe-PAI & In-PAI high tilt with B and B18H22 from above

– Try Sb-vs-P for n+ FinFET
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Marketing, Sales & 

Technology)
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Influence of Surface Passivation 

on B, B18H22 and B36H44 Retained 

Dose for USJ
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John Ogawa Borland

J.O.B. Technologies

Aiea, Hawaii

Temel Buyuklimanli

EAG

East Windsor, New Jersey

S7-3 paper by myself.  My message was that for Tri-Gate with a 1 to 1 

aspect ratio a dual mode 63.5 degree tilt implant for the Fin will give 

you equal 100% chemical conformality on the top and side wall of the 

Tri-gate Fin especially when you use hydrogen surface passivation 

compared to oxide surface passivation at high tilt angles and/or low 

energies.
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Implant causes 3.5A in surface oxide growth!



Renesas Used Ellipsometry To 

Determine Amorphous Layer Depth
B18 a-layer is 2x deeper than CBH and B36 is 2.5x

J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

25

Kawasaki et al., Renesas, IWJT-2009, paper S2-1

CBH

3nm

Ge-PAI

5keV

Key is Damage Free Fin so Avoid 

Complete Amorphization of 

FIN!  Use B18H22!
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7-1 paper by IBM Alliance on ET-SOI for 22nm Lg improving on the 

implant free process using all in-situ doped epi raised S/D with faceting 

in Fig.1 below.  The multiple Vt devices are control with different gate 

stack workfunction tuning layers in conjunction with back gate bias so 

no implant doping at all since the channel is undoped as shown in Figs. 3 

& 4 for NFET & PFET
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9A-2 paper by IBM/Albany Alliance.  They demonstrated the back bias 

on the ET-SOI (UTBB-SOI) using multi-step implant into the raised S/D 

Epi with tilted implantation in Fig.1.  



See Mogami IWJT-2011 Paper #S1-1: 
Variability Issues and Advanced Process Technology for 

Variation Mitigation

• Vt variation of pMOS is smaller than that for nMOS

• pMOS Vt variation dominated by Random Dopant Fluctuation 

• nMOS Vt variation is larger than RDF!

• Compared channel/HALO dopants of boron, phosphorus, arsenic and 

antimony and only B-channel doping from HALO showed reverse SCE 

therefore As n+SDE defects caused B-TED and B pile-up at the channel 

surface.  Use C co-implant to reduce B-HALO TED and reduce nMOS Vt 

variation!
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Paper 23: Joint paper between UNSW & Centrotherm on “Record Large 

Area P-type Cz Production Cell Efficiency of 19.3% Based on LDSE

Technology”.  

Paper 617: Poster H-43 by Centrotherm on “Selective Emitter by Laser 

Diffusion on c-Si Solar Cells in Industrial High Efficiency Mass 

Production”. 

Paper 25: Joint Innovalight & Hanwha Solar talk on “Efficiency Gain of 

Silicon Ink Selective Emitters at Module Level”.  Using the Innovalight

Cougar process for SE they inserted the silicon ink screen print step 

before diffusion to increase cell efficiency to >19%. On the module level 

they reported Homo-Emitter (HE) modules power=215.8W and 

efficiency=15.98% while Selective Emitter (SE) modules 

power=228.6W and efficiency=16.92%.

Paper 560: Joint Varian & Suniva on “High Efficiency Selective Emitter 

Enabled Through Patterned Ion Implantation”.  
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-2.8%

-2.3%

-3.3%
-3.9%

-3.4%

ElectroIQ, July 7, 2011



Summary
• Bulk Tri-Gate starting production at 22nm node by Intel, others 

considering it at 20nm node and beyond.

– Intel reports multi-implants to control Vt and lower channel doping level 

with SiGe and HK/MG last  strain technology.  Fin S/D doping by recess 

then in-situ doped epi raised S/D.

– Fin extension doping options by beam-line (JOB, IMEC & Toshiba) or 

plasma (IBS, IBM)

• UTBB-SOI proposed at 20nm node by ST, others considering it 

at 14nm node

– In-situ doped epi raised S/D proposed by IBM

– Tilted beam-line implantation into epi raised S/D by IBM

• MIRAI/Selete reports nMOS Vt variation dominates due to B-

HALO TED and C co-implant reduces TED effects

• Solar Selective Emitter doping options laser diffusion by 

Centrotherm, dopant paste by Innovalight and mask 

implantation by Varian. 34


