2007B1939

EXAFS high-k HfSION  Hf )
BL14B2 9
LSI-CMOS 1000
HfO, Si SiOx HfSi,
HfO,
HfSiO HfSiON
( )
HfSiON/SiON/Si XAFS
HfSiON
(1) XAFS
:BL14B2
£ Si(111)
: 3.5 mrad
119

tHfL 9.22 10.30 keV
:0.0005 0.005deg.
01 20 80

: Cu-foil 12.7185deg.



)

HfSION
BN
1)
EXAFS 1
(A1)
(A2)
HfO,
Hf-O
3A
0.1A
Hf-O
XANES
latom
HfO,
Hf
2
EXAFS 4
HfO,
7

1
HfO,
latom
2
O
A2
Hf Hf-Si
2(a) A2
A2
Hf-N
3
10Torr
EXAFS
5
HfO,
Hf (0]
2(b)

B3

10Torr

1.7A

A2 3A

Hf-Hf

Al

HfO,

HfO,

(A2)

Al

(B1)

(A3)

A3

7

A3

HfO,



HfSiON/SiON/Si
HfSiON

(i))HfSiO
XANES

XAFS

)

Hf

Hf

1)



HFSIO(N)

Al HfSION([N=20%])/SiON/Si(001) | as-grown
A2 10 Torrand 1050  in N,
A3 1l atomand 1050 in N,
Bl HfSiO/SiON/Si(001) as-grown
B2 latomand 850 inN,
B3 1 atomand 1050 in N,
2
(@)
3.0 10.0A" 1.01 227A)
Debye-Waller
r (A) N c (A)
Al Hf-O 2.12 4.4 0.108
A2 Hf-O 2.22 3.7 0.092
A3 Hf-O 211 3.9 0.099
HfO, Hf-O 2.14 7 0.139
(b)
3.0 10.0A" 1.01 2.27A)
Debye-Waller
r(A) N s (A)
B1 Hf-O 2.12 6.5 0.124
B2 Hf-O 2.11 5.7 0.111
B3 Hf-O 211 4.9 0.102
HfO, Hf-O 2.14 7 0.139




k3y (k) (arb. units)

Hf L|||'edge

WAVE NUMBER : k (A™)

1 EXAFS(

Hf L...-edge)

_I L | UL | UL | UL | UL UL | UL | [ILL | [ILL | L I_
N HfSION: [N] = 20% 1
— as-grown (A1) —
S N\ T e
3_10 Torr in N2 (A2) /‘W\ J\ M W _-
) il
:—1 atom in N, (A3) :
E_HfO2 powder Mq
- /\ /AN VA NI SN WA\ .
= NV
:I L1 | L1 1 | L1 1 | L1 1 | L1l | L1l | L1l | L1 1 | L1 1 | L1 :
2 3 4 5 6 7 8 9 10 11

12



F.T.{k*(k)} (arb. unit)

Hf L|||'edge

IIIIIIII|IIIIIIII|IIIIIIII_
HF-0 HESLHE S HSION: [N]= 20%]

as-grown (Al)

10 Torrin N, (A2

IIIIHIII

1 atom in N, (A3)]

HfO, powder

O

o,

1 2 3 4 5
RADIAL DISTANCE (A)

2 ( Hf L,;-edge)
( 3.0 10.0A™



INTENSITY (arb. units)

9530 9540 9550 9560 9570 9580 9590 9600

Hf L|||-9dge

IIII|IIII|IIII|IIII|IIII|IIII|IIII
| HfSION: [N] = 20% as-grown (A1) |
10 Torr in N, (A2)
— . 1 atom in N, (A3X
HfO, powder

PHOTON ENERGY (eV)

3 XANES ( Hf L|||-ed96)



k3y (k) (arb. units)

Hf L|||'edge

as-grown (B1)

HfSIO 7

AA[\ |

i

RPN
WA

—1 atom and 850°C in N, (B2)

/\ ,/\ /V\Af\/\\h wl,

iy

AA/\A N\/\

1 atom and 1050°C in N, (B3)

SVARRWARR ARV w\\,vvvvv'v

HfOﬁwder
/\ NN\ AN\ SN AWEVA\

~__/ DU AR VAR

:I 11 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 11 I:

2 3 4 5 6 7 8 9 10 11 12
WAVE NUMBER : k (A™)

4 EXAFS( Hf L;;-edge)



F.T.{k3(K)} (arb. unit)

Hf L|||'edge

HfSIO -

as-grown (B1)-

1 atom, 850°C in N, (B2)

1 atom, 1050°C in N, (B3

IIII\I/IIII

HfO, powder

1 2 3 4 5 6
RADIAL DISTANCE (A)

5 ( Hf L|||-ed96)
( 3.0 10.0A™



Hf L,-edge

| HfSIO

INTENSITY (arb. units)

P

|IIII|IIII|IIII|IIII

as-grown (B1)

———=850°Cin N, (B2) |
1050°C in N, (B3}

X—-—Hfo2 powder

S, -

9530 9540 9550 9560 9570 9580 9590 9600

PHOTON ENERGY (eV)

6 XANES

(

Hf L|||-ed96)



