Recent Advances in Flexibly
Shaped Pulse Flash Annealing
- FSP FLA

Peter D. Nunan
820 Kifer Road
Sunnyvale, CA 94086

Synchrgﬁize!


mailto:peter.nunan@dnse.com

(1 DNS Flash Annealing Overview
> 4 generations of FLA

d mS Annealing Challenges

1 Flexibly Shaped Pulse Flash Annealing

(FSP FLA) of HikMG Structures (SELETE)
» Maximizing Mobility

» Minimizing BTI Degradation

» Maximizing Device Performance

d Mitigating mS Anneal Induced Misalignment
(Toshiba)
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FLA Configurations

Programmable Pulse

leed Pulse - Hot Plate Hot Plate Assist

A W
POR POR
Main Body Main Body

Programmable Pulse
Lamp Assist

uFLA
Main Body

Synchréﬁize!



SCREEN
FSP-FLA Schematic - SSA
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Pulse Width Control with IGBT & Chop
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Rare Gas Flash Lamp Spectrum
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FLA Wavelength Characteristic
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Current Density Impact on Spectrum
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Various Pulse Scoped Wave Forms
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[Confidential] FLLA Dopant Activation

900

— 24 Jfemh? | 4 gv,-f'/'-‘.\\\ B, 3 kéV, 2e1 5 Cm-“2 ]
o — 25 JicmA2 | % ;
Q800 — 26 JicmA2 : %, 25 J/cm2
S E k T e ]
= — | .
g ’:‘E gy
| 'skb\_
g 8/ 10 | '-:’"','1!;,,.\ \
E 5 "-’is-,
‘W ] .,kw.
£ o ”;, i
I b ‘ "“ ’?\‘l I "
e = 10" ! ‘.‘: ) ',
o 5 | g'ﬁ.@é‘t‘%.u |
w E | 1’ Il |
8 \ l' 4}{' :L!,‘éll_
1 |
4m1 2 3 4 0 TR 10 20 an an s SRR SRR SR AR Y AR 7 PR
Mo. of Flaghes Depth (nm)

» Higher power / wafer temperature reduces S/D resistance
» Multiple Flash reduces S/D resistance

» Improvement due to “dissolution” of B clusters

HPL Logic Transistors, Feudel & Horstman — RTP ‘08
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mS Annealing Challenges

1 Wafer Breakage & Defects
d Pattern Induced Heating Effects
1 Mobility Degradation

» Strain Compatible Annealing

> Trap Generation

1 BTI Degradation
d Junction Leakage

d Anneal Induced mis-Alignment
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65nm - 45nm Layout Changes
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« Bi-directional features « Uni-directional features
+ Varied gate dimensions « Uniform gate dimension
+ Varied pitches + Gridded layout

M.Bohr ISSCC - ‘09 I’ém
SE-69-3810-L1 2009 Junction Technology Group Meeting SYnCh nlze!




(1 DNS Flash Annealing Overview
> 4 generations of FLA

d mS Annealing Challenges

1 Flexibly Shaped Pulse Flash Annealing

(FSP FLA) of HikMG Structures (SELETE)
» Maximizing Mobility

» Minimizing BTI Degradation

» Maximizing Device Performance

d Mitigating mS Anneal Induced Misalignment
(Toshiba)

0 Summary

Synchrgﬁize!



SCREEN
Gate 1st HKMG mS FLA Challenge

> HKMG (Gate First) used in 32nm node

> POR FLA degrades HKMG device performance
»>FLA on HfSiO/TiN increases traps

> Degrades mobility & BTI
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FSP FLA Annealed 32nm HKMG
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FSP FLA Annealed 32nm HKMG
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FSP FLA Annealed 32nm HKMG
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FSP FLA Annealed 32nm HKMG

RA impact on Mobility

' TaSiN/HfSION
RA after FLA

LAW=2/10u
vd = 0.05V
m w/o RA

A Before |/l

® Before FLA
+ After FLA

0 02 04 06 08

Eert (MV/cm)

Aoyama et al., IWJT 2009

— -
= =
(=] -

Time to AVth =30mV (sec)

=
=

=
=

Time to AVth = 30mV (sec)
=

[(a) PMOS NBTI 125°C

- ’r:
'RA after FLA 3%

5 “*

1{]1 F o
0.8

F () NMOS PBTI 125°C
Fin,

i .Y *w
Fmwio RA b
- & Before

® Before FLA

1 12 14
Vg - Vthi=n (V)

Synchrgr?ize!



SCREEN—
FSP FLA Annealed 32nm HKMG
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FSP FLA Annealed 32nm HKMG
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Suppress FLA Induced Mis-Alignment
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Suppress FLA Induced Mis-Alignment
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Suppress FLA Induced Mis-Alignment
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Suppress FLA Induced Mis-Alignment
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Scaling - Transistor’s Future

111-V Planar Future 2> The mobility roadmap
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(d DNS has introduced 4" generation FLA
> FSP-FLA

d Lamp Assist minimizes wafer stress

d FSP FLA of HIKMG

» Maximizes Mobility
» Minimizes BTI Degradation
» Maximizes Device Performance

1 Integration & design are most important

when introducing any new processes
» Minimize misalignment with dummy structure
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