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utive Overview

Junction scaling for 22nm node planar and FInNFET
CMOS requires low energy implantation b surface
oxide thickness will determine the energy (>83eV) and
dose. Engineering theurface amorphous layer
maximizes dopant activation, reduces implant damage
and junction leakageith submelt laser or flash lamp
annealing. Thannealing process and equipment must
be optimizedo prevent strain relaxation, hidkimetal
gate stack failure and wafer breakage.
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Introduction
I Defect and junction leakage reduction

I JOB Technologies:
A 22nm low defect and leakage p+ USJ
A 22nm high activation n+ USJ
A 22nm eSiC strain by implant ation
A 16nm FinFET high tilt implant retained dose

A Planar CMOS Doping
A FInFET CMOS Doping
A MSA Process And Equipment Design Issues
A Summary
&Acknowledgements

J.O.B. Technologies (Strategic
Marketing, Sales &

—--.— ““Technology)
e



“Junction leakage become We want to know “What is

age

'H

larger by shallower SDext the main cause of leak

with MSA

Cumulative Probabiltty (%)

Junctlon Leakage
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increase”

L,I Gate poly

(A) S/Dext(;IDL?
(B)Side of deep S/D

I
(D) STI

(C) bottom of deep S/D

A=HALO (BTBT)

B=HALO & PAI (EOR damage)
C=Residual implant damage & HALO?
D=STI stress induced leakage .



Low Damageimpiantétion

A-Improve 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

I Higher implant beam current or dose rate improves self-amorphization

I Lower implant wafer temperature (cold or cryo-implantation) OC to -160C
using chilled water of liquid nitrogen wafer cooling

I Use molecular dopants (B18H22, B36H44, As4 or P4) improves self-
amorphization

I Use heavier ions for PAI (In, Sb or Xe), also He-PAI
A Stable defects and reduction in residual implant damage
thereby improving junction leakage

I Higher MSA peak temperature
I Pre/post MSA diffusion-less spike/RTA<900C
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“A Introduction

A Planar CMOS Doping
I 22nm and 16nm node

A FInFET CMOS Doping
A MSA Process And Equipment Design Issues
A Summary & Next
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Low Energy Implant Approach I

m Monomer ion beam:

— Deceleration of higher energy ion / ‘ .
beam / - =
hw

m Molecular ion beam;
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. Gas-Clusier ion b
— Gas-cluster ion s
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m Plasma doping
— High density plasma, B,H,, BF,
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: aser Annealing 1175@, 1325C & DSA+900C spike anneal
A[B: 100-350eV/1E15
i B, Ge-PAI+B or Xe-PAI+B

AlBF2: 500-890eV/1E15
BF2, Ge-PAI+BF2 or Xe-PAI+BF2

Boron wlmtmm Mm' Yecn
1175C ‘ Al 13,8! NzP 158 16/C1 17|Ar 14

1225C

1275C
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. Ge+B TED=3.4nm! EOR Defects

22 Xe+B TED=2.7nm! 3
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1E+20

1E+19

1E+18

B CONCENTRATION (atoms/cc)

1E+17

1E+16

nm:

PCOR-SIMS™M

Ge+BF2 (no anneal)
Ge+BF2 (1175C anneal) X;=10.6nm1.8nm=8.8nm

Ge+BF2 (1225C anneal)
Ge+BFE2 (1275C anneal) Xj: =12.2nm1.8nm=10.4nm

Xj:: 8.2nm-1.8nm=6.4nm

Xj=11.4nm1.8nm=9.6nm

Ge+BF2 (1325C anneal)  X;=12.4nm1.8nm=10.6nm
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Retained D 4/cm?2 Limits MSA Dopant
Activation Level To <Bss (<1.2E20/cm3)!
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JOB: Sample 8 (1325C anneal) after HF dip
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