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(a) Recess etch

Doping implant,

Selective Si:C epi activation anneal

(b) PALI doping I, C
' /1. SPE anneal
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ClusterCarbon for Stress: Raman -C-H-, @3el5
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Implant Energy

SIMS plateau
depth at 5e20

(atoms/cm )

%0 of Substitutional Carbon
for various anneals

. . Flash Flash
(nm) SPE SPE iRTP iRTP T 750°C T. 756C
750°C - 5sec|850°C - 5sec |80FC [850°C beak oo
TP 1059 C |TP**1272C
2k + bk + 8k
3615 + 3615 + 3615 41 1.55 1.68 1.66 | 1.35 1.75 2.19
3k + 6k + 9k
1 5615 + 3e15 + 3615 48 1.66 1.50 1.66 | 1.22 1.82 1.88
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C7H7
2keV + o6keV + 10keV

1.0e15 + 1.5e15 + 5.0el5
As 5 keV , 2el5 atoms/crm
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=>
As 5keV 2el5
1.40
P, 3keV 2el5
1.20 C7 (2keV + 6keV + 10keV)
1.5el15 2.0el5 5.0el5
1.00 - ( )
0
§ 0.80 -
5)
— 0.60 |
X
0.40 -
0.20 -
0.00 fRTP 1200C + fRTP 1200C +
fRTP 1200C iRTP 1000C iRTP 1050C
BmC7 1.14 1.11 1.02
O(P2 + C7) 1.12 1.00 0.70
O (As + C7) 1.13 1.00 0.70
#%& (Y) $%%% (" and it is 60% at 1050 °C.
Low T{) * "




3435 3 & 7A 8

100

95
90
85

As 5keV 2el5
P, 3keV_2el5
C7 (2keV + 6keV + 10keV)
(1.5e15 2.0e15 5.0e1b5)

80
75
70
65
60
55
50

% Retained [C]subs

fRTP 1300C + | fRTP 1300C +
iRTP 1000C iRTP 1050C

82 60

fRTP 1200C + | fRTP 1200C +
iRTP 1000C iRTP 1050C

89 62

fRTP 1200C fRTP 1300C

| L | |

m(P2+cC7) 100

#%& '() $%%BRB0% ( "  anditis 60% at 1050 °C




3435 3 &

1.0E+07 As 5keV 2el5
C, (2keV + 6keV + 10keV) = (As+C7) fRTP 1200C
(1.5e15 2.0el5 5.0e15)
1.0E+06 - ‘ — (As+C7) fRTP 1300C
- — (As+C7) fRTP 1200C + iRTP 1050C
1.0E+05 |
o - — (As+C7) fRTP 1300C + iRTP 1050C
%1.0E+04 s [Clsubs = 0.54%
IS i [Cleups = 1.13%
1.0E+03 |
1.0E+02 |
1.0E+01
34.0 34.2 34.4 34.6 34.8 35.0 35.2 35.4
Omega

4 | -1 $ H%% (0 0N @ $ 00°C




32GAA 7 [ H [ 8A . H /

. . [ F<F B:
) )
4000 As 5keV_2el5 ‘
P 3keV_2el5 mAs +C7
3500 C, (2keV + 6keV + 10keV)
(1.5e15 2.0e15  5.0el5)
= B Phos + C7
9 3000
7))
e
e
O 2500
w
@
o 2000
(&)
[
8
2 1500
(2]
()
x
S 1000
e
(0p)
500
0

fRTP 1200C fRTP 1200C + fRTP 1200C + fRTP 1300C fRTP 1300C + fRTP 1300C +
iRTP 1000C iRTP 1050C iRTP 1000C iRTP 1050C

Flash Anneal Condition

! /S B%%(O - 1 / /




A 8

* A (3

1E+22

1E+21

1E+20

As & P, CONC. (atoms/cc)

1E+18

1E+16

P, PROFILES fRTP 1200°C & fRTP 1300°C

—P2_3keV_2el5 as-implanted

— (P2 + C7)_fRTP 1200C
— (P2 + C7)_fRTP 1200C + iRTP 1000C
o (P2 + C7)_fRTP 1200C + iRTP 1050C

\
\
\
\

1E+19 |

al

3/

1E+17 |

10

20

30

40
DEPTH (nm)

50

60

70

80




*H#



A( A

., .. { F.FB:

1E+16

(09/swore) NOILYHLNIDNOD soyd

o
o
T T T T 1Y
e HHFI A - = HHE A = — HH - A — e —
T T T s T Y R
a I | |
£E S
0 o b
© £E =
—_ D
N~ ]
©
FRS o
o O Q
5 & ©
X o o
el >~ ~
o T
L s T
o
L
(@]
o
o
<
o
o
N
o




L
1)

' & (A 88

A( A

. [ F.FB:

1E+22

'r

— (P2+C7)_as-imp

— (P2+C7)_fRTP 1200

degC

1200C+iRTP 1000C)

— (P2+C7)_ (fRTP

— (P2+C7)_ (fRTP

1200C+iRTP 1050C)

(09/swore) NOILYHLNIDNOD soyd

1E+17

200 300 400 500 600
DEPTH (A)

100




' & T7A 838 .:
7/ F.F B:

'r

11
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