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IWJT-2016

S3-8: Kingstone Semiconductor on FinFET Doping by ULE implant into 

Dielectric/Glass + Diffusion to Mimic PSG/BSG Doping 

S4-4: SCREEN/Nissin on 10nm p+/ and n+/p Ge USJ with Flash 

Annealing

S3-2: Lam Research on Plasma Assisted Doping for 3-D Si-USJ
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S3-8

=3E19/cm3
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Kennel, Intel, IEEE/RTP 2006

Boron activation limited 

by low Bss (Boron solid 

solubility) and not by 

implanted dose

With SPE Non-Equilibrium 

Activation of Boron >>Bss 

But Requires Amorphization!
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S4-4



Boron Activation in Si & Ge

7/14/2016 7
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BF2 is self-amorphizing

Room temperature
B-activation (acceptor formation ~1E14/cm2)

Boron Rs is dose limited

Borland & Konkola, AIP, IIT-2014
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S3-2

=3E20/cm3

?
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IEEE-PVSC 2016
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Zero yielding IBPC solar cells, said beam-line was 

only 15.8% efficiency!

B Rs=1220Ω/□

=1E19/cm3

P Rs=152Ω/□

=8E19/cm3
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VLSI Sym 2016

Paper 2.1: Samsung 10nm FinFET, µh=220cm2/V-s & µe=170cm2/V-s

Paper 2.2: IBM/GF 20% SiGe-channel 10nm pFinFET µh=+35%

Paper 2.3: TSMC InGaAs nFinFET µe=1731cm2/V-s

Paper 4.2: IMEC 14nm strained Ge FinFET Si µh=125cm2/V-s, r-Ge uh=240cm2/V-s and s-

Ge uh=480cm2/V-s

Paper 4.3: IBM/GF/ST 40% SiGe FinFET µh=250 cm2/V-s

Paper 4.4: IBM 60% SiGe FinFET µh=325cm2/V-s

Paper 7.1: IMEC/AMAT/Samsung ultralow resistivity contacts (2.1E-9Ω-cm2)

Paper 7.3: AMAT 7nm node ultralow contact resistivity (<1.0E-9Ω-cm2)

Paper 7.4: GF/IBM canceled sub-2E-9Ω-cm2 contact resistivity

Paper 7.5: UMC/AMAT ultralow p+ SiGe contact resistivity (5.9E-9Ω-cm2)

Paper 9.1: TSMC 10nm FinFET

Paper 9.3: IBM 60% SiGe FinFET

Paper 13.1: CEA-LETI/ST +1.6GPa tensile strain 30% SiGe channel by STRASS

Paper 13.2: CEA-LETI/ST/IMEP/LAAS-CNRS FD-SOI with Low Temp SPE

Paper 15.1: IMEC GAA nanowire with EDS and S/D implantation

Paper 15.2: TSMC/Texas State InAs GAA

Paper 17.3: CEA-LETI/ST 3-D CoolCube

Paper 22.1: Renesas CMOS image sensor C-implant proximity gettering
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VLSI-2016 paper 2.1

µh=220

µe=170

10nm FinFET will stay with bulk Si-

channels and eS/D-stressors. No SiGe 

channel.
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VLSI-2016 paper 9.1
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VLSI-2016 paper 2.2

µh

=20%



J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

18

VLSI-2016 

paper 4.2

Si-Fin µh=125

rGe-Fin µh=240

sGe-Fin µh=480

Ge µh=1900cm2/V-s



J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

19

VLSI-2016 paper 4.3

40%-SiGe-Fin Hole mobility=250 
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VLSI-2016 paper 4.4

60%-SiGe 

Fin Hole 

mobility=325
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VLSI-2016 paper 9.3

60%-Ge

µh=220

µh=235
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30% c-SiGe

STRASS: +1.6GPa tensile 

strain-Siµe=+60%

BOX-Creep: µh=+10%

VLSI-2016 paper 13.1
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VLSI-2016 paper 13.1
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VLSI-2016 paper 13.2
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VLSI-2016 paper 2.3

InGaAs µe=12,000cm2/V-s
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µe=3100

VLSI-2016 paper 13.2



J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

27

VLSI-2016 paper 15.2

InAs µe=2040

InAs µe should=40,000cm2/V-s
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4x

4x

4.3x

3.6x

2.4x

1.6x

Si=1390/480
Ge=3900/1900

At 1E20/cm3 channel doping 
level Ge mobility only 2x of Si 
for electron and hole!

5E13/cm2           5E15/cm2
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VLSI-2016 paper 7.1

SiP =2E21/cm3 =2.1x10-9 Ω-cm2

70%-SiGeB= 2.1x10-9 Ω-cm2
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VLSI-2016 paper 7.3

NMOS =1.2x10-9 Ω-cm2 with msec DSA laser annealing

If nsec then <1x10-9 Ω-cm2
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VLSI Sym-2015 Paper 8-2 by Ni of Applied on “Ultra-Low Contact Resistivity with Highly Doped Si:P 

Contact for nMOSFET”.  This paper had similar results and message as reported last week at IWJT in 

Applied paper S4-1.  Fig.1 shows the ITRS targets for contact resistivity at 10nm and 7nm nodes of 2-5E-9Ω-

cm2.  Fig.2 shows the process flow and schematic of the doped contact structure to achieve low contact 

resistivity.  Fig.5 shows the higher the in-situ doped epi dopant level the lower the contact resistivity going 

from P=7E19/cm3 up to 2.5E21/cm3 using DSA laser annealing to boost P-dopant activation.   Using an 

additional P-Cryo top-off implant after S/D epi or contact opening with DSA annealing will further reduce 

resistivity as shown in Fig.10 with minimal strain relaxation as shown in Fig.11.  So message is need to add 

more n+ S/D implants even with in-situ doped epi at 2E21/cm3 doping level!
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Sub-2x10-9 Ω-cm2 N- and P-Contact Resistivity with Si:P and 

Ge:Ga Metastable Alloys for FinFET CMOS Technology

GF and IBM Research

VLSI-2016 paper 7.4

UTEK nsec LTA

Paper Withdrawn and Not Published!
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VLSI-2016 paper 7.5

P-contact =5.9x10-9 Ω-cm2
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VLSI-2016 paper 15.1
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VLSI-2016 paper 17.3



J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

38

VLSI-2016 paper 22.1


