
Thermal Processing Issues 

For 22nm Node Junction 

Scaling
John Borland, J.O.B. Technologies, Aiea, HI

Susan Felch, Los Alto Hills, CA

Zhimin Wan, AIBT, San Jose, CA

Masuyasu Tanjyo, Nissin, Kyoto, Japan

Temel Buyuklimanli, EAG, Windsor, NJ

Solid State Technology August 2009



Executive Overview

J.O.B. Technologies (Strategic 

Marketing, Sales & 

Technology)

2

Junction scaling for 22nm node planar and FinFET 

CMOS requires low energy implantation but the surface 

oxide thickness will determine the energy (>83eV) and 

dose.Engineering the surface amorphous layer 

maximizes dopant activation, reduces implant damage 

and junction leakagewith sub-melt laser or flash lamp 

annealing.  The annealing process and equipment must 

be optimizedto prevent strain relaxation, high-k/metal 

gate stack failure and wafer breakage. 
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NEC IEDM-2008: Transistor Leakage (A+B+C+D)

A=HALO (BTBT)

B=HALO & PAI (EOR damage)

C=Residual implant damage & HALO?

D=STI stress induced leakage



Low Damage Implantation

ÅImprove self-amorphization, lower critical implant doses for 

amorphization and smooth amorphous interfaces thereby 

reducing EOR damage and residual implant damage while 

enhancing dopant activation with MSA

ïHigher implant beam current or dose rate improves self-amorphization

ïLower implant wafer temperature (cold or cryo-implantation) 0C to -160C 

using chilled water of liquid nitrogen wafer cooling

ïUse molecular dopants (B18H22, B36H44, As4 or P4) improves self-

amorphization

ïUse heavier ions for PAI (In, Sb or Xe), also He-PAI

ÅStable defects and reduction in residual implant damage 

thereby improving junction leakage

ïHigher MSA peak temperature

ïPre/post MSA diffusion-less spike/RTA<900C
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Implant Energy Versus Xj
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Experimentation & Results

ÅB: 100-350eV/1E15

ïB, Ge-PAI+B or Xe-PAI+B

ÅBF2: 500-890eV/1E15

ïBF2, Ge-PAI+BF2 or Xe-PAI+BF2
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DSA  Laser Annealing 1175CĄ1325C & DSA+900C spike anneal



PCOR-SIMS
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PAI

EOR DefectsGe+B TED=3.4nm!

Xe+B TED=2.7nm!
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Retained Dose <6E14/cm2 Limits MSA Dopant 

Activation Level To <Bss (<1.2E20/cm3)!
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Toxide=0.3nm
Toxide=2.3nm



% B Dose In 2.0nm Surface Oxide
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22nm Node p+ Junction 

Scaling Using B36H44 And 

Laser Annealing
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