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Scheme of the talk

Cluster ions vs monomer ions

Cluster Species for USJ
applications

Self-amorphization with ultra
low energies (300eV)

SIMS profiles for Cluster
species implants.

(CstB3g) - Flash Anneal
Results

Summary

S E m E q U I p The Cluster Implant Source
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Cluster ion as PAI & co-implant.

RTP 2009, Albany




Experiment

Implant Species
1) B18H22 (818)
2) [Bl8H22]2 (836)
3) C16H10 (Clﬁ)

Implant Energy and Dose

1) 200eV, 300eV, 500eV

2) 8el4 to 2.3el5 atoms/ém

3) C,¢Hyp - 3keV, 5e14 & 1el5 atoms/cin

Anneal

1) Spike anneal

2) Flash Anneal (Mattson)

Metrology

1) Rs
2) SIMS
3) XTEM etc...
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B36 & C16 + B36

# Species | Energy Dose Anneal
(atoms/cm2)

1 Bss 200eV s5el4d Flash

2 Bis 300eV 1lel5 Flash

3 | Cpt+Byy | 200eV 5el4 Flash

4 | C+ By | 300eV 1elb5 Flash
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Self-amorphization - B;g vs By4

300eV@1lel5

Surface

4

as-implanted

b,. 5Siihckness X 50

Dimer B,; -Si thickness ~ 63 .

Thicker amorphous layer leaves less Si interstitial for residual EOR defect formation
and also less TED. All leads to higher dopant actation.
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Self-amorphization — Cluster Size (C vs ¢

6.6keV@2el5

ECS 2007 (Texas Instruments)
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C,s co-implant @ 1el5 atoms/crh
-Si thickness
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Provides a guidance to chose an energy and doseotatain a given -Si thickness

RTP 2009, Albany



SIMS Profiles (X)) l
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BsgH, at 300eV —Dose Sequence
SIMS Profile PCOR
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B.gH,, & B3H, @ 300eV _1el5

HDR & PCOR protocol
R —B18 HDR
'~ | —B18_PCOR

ex |\ | —BePCOR

N P meeRIT

1E+20

: BlS = 106nm 3 3
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B CONCENTRATION (atoms/cc)
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1E+16
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Depth (nm)

SIMS profile for HDR protocol is
shallower than PCOR protocol.

At concentration of 1e18, the
difference in Xj is about 4nm.
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% of Boron within
HDR (300eV, 1e15 atoms/ch)

-Si layer

B CONCENTRATION (atoms/cc)
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40 -Si ~ 70% boron within the-layer
60 -Si ~ 98% boron within the-layer
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SRIM simulation Boron

X] below 10nm
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By choosing the right dose and energy X] less ttitamm could be
easily realized either with ,Bor B,,.
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PAl and Co-implant using Cluster Carbon (C)

13
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PAI & Co-implant to reduce diffusion

CARBON co-implant

1E+22 ¢ T provides the following:
B —
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B;, Vs (Cjs+ Bsg) Comparison —
FLASH ANNEAL

RTP 2009, Albany
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coyplant effect

Flash Anneal
1200 r 5
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B36 Cl6 + B36
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Species

Using B;; or C,+B;; one can get to low sheet resistance with milliseco
anneal with Xj < 10nm
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B., — 200eV, G, 3keV
Flash Anneal

SIMS Xj

B CONCENTRATION (atoms/cc)
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Using B, only without any PAI
X}~ 7.3 nm.
Rs ~ 965 Ohm/sq
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Flash Anneal

U3E EFFECT
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Lower dose provides better Rs. (Formation of Baromplex ending up in
deactivation due to higher available concentration)
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Flash Anneal nAeal EFFECT
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Species

Higher Rs after impulse spike and flash anneal.
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C,s+ By — 200eV , G, 3keV
Flash Anneal SIMS Profile (anne&ffect)
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By, 200eV , G, 3keV

Flash Anneal

SIMS Profile (Channeling t&)

B CONCENTRATION (atoms/cc)
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CARRIER CONCENTRATION

2FE19/rmMm-?2

PAI introduces End of Range (EOR
Damage which causes leakage

without PAI

—| With Ge-PAl
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Pre Amorphization Implant (PAI) lowers Rs

S000% Ito et al, Toshiba, IWJT Dec. 2002
RS j= RS=

(ohms/sq.) .
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But PAI introduces End of Range (EOR)SGQO ARYS
Damage which causes leakage “ns

J.O.B. Technology (Strategic

Marketing, Sales & RTP 2009, Albany
Technology) 1



Ccom

narison - Carrier Concentration

# | Implant | Energ Rs X] | Carrier conc.
Species | y (eV) | (Ohm/s | (nm) (/cmd)
q)
1 |BF, 200 2660 19 3.0e19
2 |BF,+ 200 770 14 1.2e20
PAI
3 | Bgg+ PAI| 300 1000 12 1.2e20
4 | Bgg 200 763 9.5 1.8e20
5 | Xe+B ? 400 9 3.5e20

Best data without using any PAI is from,B

RTP 2009, Albany
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Can we anneal out implant damage creat
by heavier B,

25
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B,;.H, — 300eV, 2.33e15 atoms/ctw No EOR defect
millisecond Anneal

/

Expected EOR region.

No obvious extended defects observed even with Inogbn dose.

RTP 2009, Albany
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Device Results so far l

RTP 2009, Albany
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Published Device and other data from Customers

# | Customer | Specieg Application Comment
NEC C,,H., | Halo, Co- Low parasitic resistance + reduced leakagp
implant (VLSI 2009)

2 | Renesas Bis SDE Cost effective LP and LPSD Devices
(VLSI 2009)

3 Hynix Bis Contact Plug 30% reduction in contact resistance
(KCS 2008)

4 | Samsung Big Cis | SDE, PAI Semicon Korea (2008)

5 |AMD B1gCis | SDE Enhanced drive current (IIT 2008)

6 NUS C, SD Stressor Improved Drive current (EDL 2009), JECL
2009

28
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...Contd.

L

# | Customer | Specieg Application Comment

7 | NEC B1gCis | SDE Lower junction leakage and minimal loff
scatter when compared to B, B+PAl
(JSAP 2007)

8 | NEC B1s Ci6 | SDE 7% improvement in PFET lon (IEDM 2007)

9 NEC Bis Raised SDE Reduced junction leakage (IEDM 2008)

10 | Fujitsu Bio SDE Reduction in PV/I by 8% with clusters whe
compared to Boron (IWJT 2005)

11 | Fujitsu Bio SDE Better Rs and reduced Mean Threshold

Variation when compared to B and B + PAI
(IWJT 2006)
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Summary

Heavier cluster ion (§) shows roughly 30% higher amorphous layer thicknes
when compared to B

- better activation, no EOR defect after MSA anneal.

Junction depth at 5e18 atomsfdsh less than 10nm for achievable witk, Bnd
B, after annealing.

The carrier concentration with,Bis about 1.8e20/cfnand could be improved
upon by anneal and implant optimization

The process with Bis PAI & Fluorine free and thus no need to worrpabEOR
defect elimination after anneal. (Even with a dok2.3e15 atoms/cithere is no
EOR defect after anneal.)

Defect-free USJ after MSA anneal with Xj < 10nm & bw Rs are
shown without using any PAI-implant.
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