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. . Cluster CLARIS
Introduction: Cluster Ion Implantation

Efficient Low Energy Beam Transportation
Effective High Current Implantation

Application
Self-amorphization, LLess EORD, High Activation
SDE, SD
Low Divergence & L.ow Incident Angle Variation
Deep Contact Octadecaborane pyren
Halo CI6H10 _ 4@
High Productivity . ' 4 K]
DPG ' - ®
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Carbon Cluster co-Implantation for PMOS I Cluster CLARIS
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Single Carbon co-Impla. for NMOS &Y Clister CLARIS
Ion Si C P SRTA
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Single Carbon co-Impla. for NMOS; Si+C+P+RTA

Ion Si C P
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2. Experiment(1) Cluster Carbon co-Implantation for NMOS '’

Conception : Si/Ge + C  C7 PAI & Co-Implantation
Intention : Low Rs Xj & low leak current and high productivity

As/P Dose C7 10keV ( ) Rs Rs Xj
(/cm2) Dose (/cm2) | @SE18/cm3 (€2/sq) (€2/sq nm)
As 45keV
IE15 0 99.4 77.3 7687
0 129 60.6 7816
LOE+ .
P 15KkeV 5.0E+14 108 65.8 7109
IE15 1.0E+15 89.5 71.4 6394
2.0E+15 72.8 84.7 6169
3.0E+15 66.6 99.0 6596

RTA 950 10sec
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Cluster Carbon co-Implantation for NMOS CIUSEERCLARS
Si PAI+C (7 co-Implantation
Cluster-C7 co-Impla Dose Dependency As4,45keV,3E15/cm2
As,P,C Plofiles C7,10keV  P,15,3E15/cm2
1.E+22 ‘
As(45keV) RTA 950 10s
1.E+21 —— As(45KkeV)
P(C,2E15/cm2) — P(I5keV)
P~ P(C2E15+P)
S 1LE+20
) —P(15keV)asl/I
E — C(1E15/cm2)
g LE+19 TED
£ S : P(15keV)
£ e — A\ ~Huppression anneal
C(E15/cm2)
LE+17 |
1.E+16
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Depth(nm)

Si PAI+C C7, P TED is suppressed.
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Carbon Cluster co-Implantation for NMOS
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Si PAI+C C7, P TED is suppressed.
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Rs x Xj , C7 co-Implant; Dose Dependency. I/ Cluster CLARIS
C7 10keV 0.5-3E15/cm2 + P 15keV 3E15/cm2, RTA 950 10sec
Cluster C co-Impla Xj, Rs, Rs X]

Reference
160 | 8000
As,45keV,
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120 /\\ 6000
=3 N .
gloo ‘/ \ / { 5000 £
(e
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oz 80 \ 4000 a
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40 Ll —— ( )esEs/em3 1 2000
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45keV ﬁ —aRs (Q/s1)
20 315 ] - 1000
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0 35;%(?”0 I o i
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C equal Dose (/cm2)

P TED is suppressed by C7+P. Rs><X]j is improved better than As implant.
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Comparison of Rs-Xj As Pvs.C7 P &Y Cluster CLARIS

Comparison of Rs vs X RTA 950  10sec
130
120 ~6-C710keV P 15keV
P 15keV 3EI5
Ho ~ As 45keV 3E15
100
g 90
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» 80
o
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50 C7,3/2/1/0.5E15
40
50 70 90 110 130 150

Xj( )

C7 co-Impla makes smaller Rs > Xj without Ge PAI
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2 Experiment(2) Application for Device Condition

C7 Dose Dependency Condition & Result
As+P Double Implantation

Ion | C7H7 Asd P4 . . Rs Xj
Energy| 10keV S5keV 3keV 91,25;1;A Rs(€2/sq) (Q)@?’(;};)S @X,iggl};li 8 (C2nm) Comment
Dose | (/em2) |1E15/cm2 |5E14/cm2 @P3E18
1 o o 592000 18 1.08E+07 as I/1
2 o o o 215 48 31 10208 TED
3 5.E+14 o o o 234 48 11145 =TED
4 1.E+15 o o o 248 34 27 8503 <TED
5 2.E+15 o o o 280 26 7156 | Box Profile
6 3.E+15 o o o 312 25 7685 | Box Plofile

Acc. Voltage for C7 76kV, As4 20kV, P4 12kV
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C7 Dose Dependency, co-Implant SIMS Cluster CLARIS

C7 co-Impla Dose Dependency C7,10keV,3E15/2E15/1E15/5E14/0/cm2
As4,5keV,1E15/cm2
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C7 Dose Dependency, co-Implant SIMS uster

C7 co-Impla Dose Dependency C7,10keV,3EIS/1E15/cm2
As4,5keV,1E15/cm2
Pa AS, C Plofile P4,3keV,SE14/cm2
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To make a boxlike profile, carbon O layer should cover the P EORD area.
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C7 Dose Dependency, Rs & X
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Cluster CLARIS

Rs & Xj @C7 Dose Dependency  |As4,5keV,1E15/cm2

C7,10keV,3E15/2E15/1E15/5E14/0/¢cm2

P4,3keV,5SE14/cm2
500 | ‘ — 100
RTA.950 =— Rs(Q/sq)
——Rs Xj 0.01
fg 400 =~ Xj(nm)@P3E18 80
) Asd 1 ASEPA T g Asa+Pd
é only only
300 | A 60 _
,é\ /
= k = -’
Z 200 ™~ 40
S
3
2 100 = —h— 20
0 0
1.0E+14 1.0E+15 1.0E+16
Equiliblium Carbon Dose(/cm2)
F-2010-PDN-16364R0 n 15



I,Msswmwfqumrm,[m
C7 Dose Dependency, Rs & Xj Cluster CLARIS

C7,10keV,3E15/2E15/1E15/5E14/0/cm2

Rs vs. X Carbon Dose Dependency |As4,5keV,1E15/cm2
P4,3keV,5E14/cm2

1000
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10 100
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3 Results Evaluation and Discussion

C7 Cluster Implantation ; Amorphous Layer Thickness TEM
TEM of a-Layer Thickness

asithick B .. aSithick
PRI BUsNCE RO D T | a-Si thick

29.7nm

10keV 1E15/cm2

SkeV 1E15/cm2 |... 8keV 1E15/cm2

Amorphous layer thickness increases with bean energy.
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Cluster C7/C16 Impla,cx-Layer Thickness &Y Ciuster CLARIS

C7 Implantation, Amorphous Layer Thickness
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® Amorphous Thickness depend on the Energy and the Dose.

® Amorphous Thickness affects the sheet resistivity, Rs.
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Comparison C7 vs Single C co-Implant. uster

HR-XRD Measurement
C...no 10keV 1E15 /cm? C7 10keV 1E15 /cm?
[Clsub. Ratio = 0.18% . ~ [Clsub. Ratio £ 0.31%
- | Thickness = 16nm oo Thickness = 26nm
_ || i
E o | .' ; e | |
- WF" I.‘\‘v-.,,%% wd wm“‘"ﬂwj "h\w
3 Lt P : 0 LA t""'ﬁl:'.'ln.' M il
™ AL, o Y i
Dopant Substitutional Dopant Substitutional
Ratio=14% Ratio=40%

Cluster Carbon makes higher dopant substitutional ratio.
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&Y Ciuster CLARIS
Comparison C7 vs Single C co-Implant. uster

XTEM Measurement after RTA 950 10s

C 10keV 1E15 /cm?2 C7 10keV 1E15 /cm?

mono

Single Carbon Implantation shows some
residual defect after RTA
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Conclusion I Cluster CLARIS

1. For NMOS shallow junction formation, As can be changed
to Carbon Cluster co-implantation C7 P4, which
suppress TED and makes box like profile.

2. For suppress P TED, the control of implantation condition
is important.

3. Comparing to the single Carbon co-Implantation, Carbon
Cluster co-Implantation is superior with suppression

efficiency, and good re-crystallization.

4. Cluster ion implantation is a candidate to serve a low cost
process for beyond 32nm node Tr.
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