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Understanding ClusterBoron® Implants

molecule

=)

= 18 Dopant Atoms per ClusterBoron®

= Extract and Transport at 20X (higher energy)
» Increase effective dose rate by 18X

= Low Energy, High Dose Implant

Highest throughput

Best implant quality
Shallowest junctions
Simplified process
Extend process capability

Improved device quality
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Molecular Implant Features

= Self-amorphization

o Amorphization is required, Ge PAI leaves defects

o Recrystallization forces substitutionality

= No EOR defects

o Complete recrystallization even with ms only
= High productivity at low energy
= Drift mode

o NO energy contamination

= Excellent beam control
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Molecular Implant Options

= ClusterBoron®

o B18, B36
» Decaborane, B10
* ClusterCarbon™

o Cl6, C14, C7, C5
= N-type

5 P4, As4
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USJ Requirements for PMOS SDE

45nm Node:
= R~ 1000 Q/sq, X; < 20nm
@ Ry X <20 (kQ-nm)
32nm Node:
= Ry <1000 Q/sq, X; < 15nm
o Ry X <15 (kQ-nm)
28nm Node:
= Ry <1000 Q/sq, X; < 12nm
@ Ry X <12 (kQ-nm)
22nm Node:
@ R <1000 Q/sq, X; < 10nm
o Ry X <10 (kQ-nm)
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Junction Trends 2010

= X] requirements push implant energy lower

* Rs requirements push anneal temp higher
o Flash, laser necessary
* Process integration teams prefer keeping diffusion

o Ms plus spike process common

o “Several ms” anneals to tune diffusion
= |nsufficient anneal to eliminate EOR defects
o Damage engineering

= Diffusionless processes starting to appear
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B,sH,, and BE with Co-implants
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R, - Xj: 32 nm Node
Anneal Conditions for BH,,
5000 Srvra— °0 =
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R, - X; shows that the flash anneal satisfies the 32nm requirement.
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B,sH,, X-TEM with various anneals
(JOB & NEC, IW]JT2006 & SST2006)

(a) B,sH,, 6.2nm self-amorphous layer (as-implanted
(b) SPE with no EOR damage

(¢) Laser with no EOR damage

(d) Flash with no EOR damage
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Junction Leakage Current

—&— Spike 1000
1.00E+00 —l— Spike 1080
—A— Flash 1300 = Non-PAIl Bghas > 2
1.00E-01 —- Laser 1300 .
O —8— SPE 650 0 orders of magnitude
g e / \ / lower junction leakage
S 100E03 / \ /\ / current using diffusion-
S 1ooE04 less laser and SPE
A—— : anneals
3 100E-06 = This is consistent with

low damage junction in

1.00E-07
PL results
1.00E-08 : :
B B+PAl BF2 BF2+PAl :B18 : B18+PA
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Depth (nm)
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Carbon co-implant provides the following:
= Shallower Junctions
= Higher Solid Solubility

= Improved Junction Abruptness

(Cluster Boron 500eV, 1el5
— Spike anneal 108C with and without Carbon)

ClusterCarbon™ Co-Implant
1E+22
— as-implanted
=—1050C _ no Carbon
1E+21 Ry
1\y —1050C _ 3keV Carbon
31E+20 x
g I Y\
S \ W
£ 1E+19 \ \ \
@ -
5 \
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1E+17
1E+16
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45nm results

B,gH,, 500eV & C H,,3keV @ 1E15 atoms/cin

Spike Anneal Temperature (C)

Xj < 20nm below 105
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900C, - 750°C - T, 1350C
B,;H,, co-implant iRTP 900°C) B, H,, with co-implant (fRTP 1350°C)
Ti_900C_Tpk_1350C
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High boron concentration at Ge EOR defect region. Reduced concentration with C, H,, at iRTP
900°C. The concentration is removed at the higher flash temperature Tpk = 1350°C.
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ClusterBoron Dimer Technology

e Clusterlon source with ClusterBoron (B18H22) feeakerial
produces ClusterBoron-Dimer (B36HXx) ion beam

 Dimer production by ion source is less than th& Bdimary

beam, but transport conditions produce dose chtardage
for the dimer at low energy (<400eV)

e B36 Process Evaluation

 Amorphization

 Depth Profile

e Activation
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Self-amorphization - B;g Vs By,
300eV@1el5

as-implanted

B, a-Si thickness ~ 50A. | Dimer B, a-Si thickness ~ 634.

» Thicker amorphous layer leaves less Si interstitialfor residual EOR defect formation
and also less TED. All leads to higher dopant actation.
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XTEM
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Implant Dose (atoms/cm 2)

Amorphization threshold is lower with By compared to B geven for Ez35< Egig
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36|__|x
Xcico Laser Anneal

— 300eV, 2.33e15 atoms/cia- No EOR defect

Expected EOR region.

No obvious extended defects observed even with Inagbn dose.
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BygH, at 300eV —Dose Sequence
SIMS

1E+22

1E+20

B CONCENTRATION (atoms/cc)

1E+16

1E+21 H

1E+19 ¢

1E+18 |

1E+17 |

Profile PCOR
- Bys_Dimer 300eV
B (PCOR SIMs)| | — 17014
A\ —4.37e14
WL
W\ —6.6el14
A\
\\‘\ {-“‘\ —9.19¢e14
\'\ \\\ —1.04e15
N\
\% —1.68e15
\
AN
LA
n\b ~\\

|

0

50

100 150 200
DEPTH (A)

250

300

For 300eV dimer B implant,
beyond 7el4 dose, the Rp shifts
deeper.

Xj ranges from 8nm to 12.5nm for dose
range from 2e14 to 2e15 atomsfcm
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Knock-on Effect :
*V.l.Shulga and P.Sigmond , Nucl. Instr. and Meth BVol. 47, p.236, (1990).

» Matsuo et al MRS (1998)p.17 (at cluster size > 1Rp is larger than monomer)
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B,sVsS B;;— 300eV @ 7.5e14 atoms/cm
JEsgy p S B~ 3006V Eomplanted) SIMS profile for By is slightly
g —B18_300eV_7.5e14
- deeper than B. At a boron
1E+21 —B36_300eV_7.5e14 .
\ concentration of 5e18 atoms/f&m
\
g 1ew0 |\ the difference in Xj between,Band
s | \ B, is around A.
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HDR & PCOR protocol

B,gH,, & B3H, @ 300eV _1el5

1E+22 e e e i
EEEEE —B18 HDR
1=t —B18_PCOR
w2 i\ | —B36_PCOR
A\ U PCO

Big=10.6nm |

1E+20 f 3 ***B36= 117nm :3::3::

L | | | | | | | | ‘ | | | |
AN [ R ]
1E+19 |\ \\ ! -

1E+18 |

B CONCENTRATION (atoms/cc)

1E+17 |

1E+16
0 10 20 30 40

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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Excico Laser Anneal

B,;.H, — 300eV, 2.33e15 atoms/cim

1E+22 [

7*\ — Dimer B18 1P_1.4J/cm2

7 B
1E+21 I./

\ = Dimer B18 5P_1.4J/cm2
| |

\ — Dimer B18 10P_1.4J/cm2

1E+20

= Dimer B18 as-imp (2.33e15)

\

’ \
1E+19 | \
: \

1E+18 |

B CONCENTRATION (atoms/cc)

1E+17 |

1E+16
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DEPTH (A)

500

Practically no change in Xj after
anneal at 5e18 atoms/ém
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Rs , X] and Abruptness :
B,g Vs By — 300eV, 9el4 atoms/ctn
Rs (Ohm/sq) Xj (518 atoms/cm °) HDR
- . 1P_ 5P_ 5P_ , 1P_ 5P_ 5P_
pectes 1 @Mt syem? | 1.4%em? | 153em? | ™ | 153em? | 1.43cm? 1.5J/cm?
Bis X 1075 942 1088 86 92 92 X
Big X 759 671 780 96 100 101 X
Rs % diff. 29 29 28 AXj 8 9 X
Abruptness SIMS Dose (atoms/cm 2)
. 1P_ 5P_ 5P_ . 1P_ 5P_ 5P_
P 1syem? | 1.43em? | 150em? | 2™ | 153em? | 1.43/cm? 1.5J/cm?
Bis 1.75 1.90 1.96 X 8.00E+14 | 7.94E+14 | 8.05E+14 X
Big X X X X X X 8.60E+14 X
30% better Rs with . The difference in Xj between;B& B4is < 108. Abruptness < &
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Rs Results:

B,g VS Bys—

300eV,

9el4 atoms/ct

1200 - B,s_300eV_8.1el4
B Bss_300eV_8.6e14
1000 |
S 800 |
L i
E B
< 600
g -
0 -
@ 400 |
200 |
0 1P_ 5P 5P
1.5J/cm2 1.4J/cm2 1.5J/cm2
@EB18 1075 942 1088
EB36 759 671 780
Laser Power

30% better Rs in the case of B,
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% of Boron within a-Si layer
HDR (300eV, 1el15 atoms/cih
T, e ielsEmmed | g0
D e —&- Cut off at 2.5e20 atoms/cm3 B1s_300eV_1el5
/’\ | —HDR_PCOR] 100 - .
L e e e e N /l’ ==
g S e 303 5_—; 90
n @]
E1E+20 t |l 25e20 atoms/ctn || | | §  s0 |
8 e T = g
5 7777777777777777777 | : : EC_U 70
M UBHIO Fosobooozozozzzdsisiopoocdsy || S
= ) R 2 60
= LN 5 /
Siwevs N || |¥ 50
O I e T _-_CZZZZ3-1 | )
@]
0 i 40
1Ea17 | 2 3 5 6 7 8 9 10
g ] Depth (nm)
1 | (T T =
1E+16 40A a-Si ~ 70% boron within the-layer
0O 5 10 15 20 25 30 35 40
Depth (nm) _ .
60A a-Si ~ 98% boron within the-layer
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Flash Anneal coyplant effect
1200 r 5
: 1200C| m200eV 5el4

’8\- 1000
£ -
S 800 |
@ :
S 600 |
S i
N2 5
© 400 |
x i
I) i
2 200 |
n r

o

B36 C16 + B36
H 200eV 5el4 965 763
Species

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

SIMS Xj

1E+22

—B36_200eV_5el14_fRTP 1200C

1E+21

1E+20 |

1E+19 F

’Xj ~ 73 A @5e18 atoms/cm °

1E+18 F

B CONCENTRATION (atoms/cc)

1E+17

L AT R I

1E+16

0 50 100 150 200 250 300 350 400
DEPTH (A)

Using B,;only without any PAI
X~ 7.3 nm.
Rs ~ 965 Ohm/sq
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-lash Anneal

U3E EFFECT

S

1200

- C16*B3s

[ 200eV

1250°C i—

[EEN
o
o
o

800 |

600 |

400 |

200 |

Sheet Resistance (Ohm/sq)

1.0E+15

5.0E+14

B 200eV 1072

878

Dose (atoms/cm 2)

Lower dose provides better Rs. (Formation of Bayomplex ending up in
deactivation due to higher available concentration)
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Flash Anneal nAeal EFFECT
1400
(C16+B0) W 200eV lel5
foy
)
E 1200
e
O
< 1000
(®]
=
» 800 r
2
e
D 600
ja
(0p]
400 IRTP 10000C +
|
fRTP 12500C fRTP 12500C
W 200eV_1el5 1072 1300

Species

Higher Rs after impulse spike and flash anneal.
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Summary

* Molecular implant has many unique features which
provide process solutions for current challenges

o Amorphization with high productivity

o Elimination of EOR damage for low leakage junctions

o Diffusion control for advanced junctions

» ClusterBoron implant enables advanced USJ for 22n|
and beyond
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