104

106

101

Le/k

8007 NOF L ¢



ABSORPTION RATE (ARBITRARY UNIT)

2 7 JUN 2005

2/21

FIG.2

— —
(6)] o (8
—F 1 LA G T

o

1 ‘ L]
BEFORE EXPOSURE TO

Kr PLASMA

EXPOSURE TO
Kr PLASMA

O SECOND

1 SECOND

10 SECONDS

30 SECONDS

N\

2000

2050

I L I 1
2100 2150 2200

WAVE NUMBER (cm™)



OXIDE FILM THICKNESS (nm)

2 7 JUN 2005

3/21
FIG.3
15—~ A .
10 - -
: o .
5F -
Ll s nzal L s Lo sl L "I T N
50 100 500 1000 5000

PROCESS CHAMBER PRESSURE (mTorr)



Kr SURFAGE DENSITY (cm ™ 2)

P N
-
by
N

2 7 JUN 2005

4/21

FIG.4

(DETECTION LIMIT)

1011
1010 I £ . I . { .
0 2 4 6 8 10

|

Si INTERFACE

OXIDE FILM THICKNESS (nm) T

SURFACE



CURRENT DENSITY (A/cm?)

2 1 JUN 2005

NO TERMINATING-

108 | HYDROGEN REMOVAL
10° —A— TERMINATING-HYDROGEN
10F REMOVAL BY EXPOSURE
107 S TO Kr PLASMA
10‘1 g L ] i L L L ] 2 L t »
0 5 10 15 20

APPLIED ELECTRIC FIELD (MV/cm)



LEAKAGE CURRENT DENSITY @ 1v{A/cm 2)

2 7 JUN 2005

6/21
1.E+02 ~ < ] T j
N ) . Kr IRRADIATION:3sec
1.E+00 - Kr/02=97/3
| ™| Kr/02/NH3=96.5/3/05
1.E-02 s o~ 2 1Torr, SW/cm
1.6-04 el S
| B0 | Kr IRRADIATION+Kr/Oz | ™~ | ™.
' m Kr IRRADIATION+Kr/O2/NHs ™. "}
1 E-08 —2-Kr/O2 PN o
A THERMAL (DRY900°C) A
1.E-10 N
1E-12
0 1 2 3 4

FILM THICKNESS (nm)



ELECTRIC THICKNESS OF NITRIDE FILM (nm)

2 7 JUN 2005

7/21

FIG.7

L " R | A 'O IR EE | L PR
10 50 100 500 1000 5000

FILM FORMATION PRESSURE (mTorr)




PHOTOEMISSION INTENSITY (a.u.)

0.05

FIG.8

0.04

0.03

0.02

—8— 777/nm O*

NH3 MIXING RATIO (%)

12/8

£00Z NNr L 2



NUMBER OF ELEMENT (ARBITRARY UNIT)

10°
v 1 b | 1 1 L 1 ¥
105 O Si
1 Oa R .:::EE::E:R:E:E:::::::::o
< 22... rrra..
?»frrs.v
3 RIS A ©
\_ o Y2 ®, N
A II n.’.’ -,
A ~
A *%
107 A %S

e % A -
\_ OO | % 1 L 1 L owooﬁ%Dﬁ ..H
0 100 200 300 400 500

ETCHING TIME (sec)

g0z Nnf L T



L EFAKAGE CURRENT DENSITY (A/cm?2)

10°

FIG.10

CONVENTIONAL EXAMPLE : THERMAL

1
\_OO OXIDATION BY OXYGEN MOLECULES
10
1071 E CONVENTIONAL EXAMPLE :

o F Kr PLASMA OXIDATION
10° F WITHOUT TERMIANTING
103 HYDROGEN REMOVAL
10
10°
10°
107

8
..— O- PRESENT INVENTION : Kr PLASMA )
‘— Q-m OXYNITRIDATION WITH TERMINATING-

. ._.1\ ﬂwcxmww_wpﬂhmgo<>r BY EXPOSURE
Y r

10 10 it LIMIT OF CURRENT

._ ._ DETECTION
A O| 4 ] 1 | I | A I I 1 ! | ]

1Z/01

0 2 4 6 8 10 12 14 16 18 20

APPLIED ELECTRIC FILED (MV/cm)

AN A



FIG.11A

FIG.11B

FIG.11C

PRESENT INVENTION

1002

1003

LZ/b L

8002 NNr L 2



FIG.12

12/21

2 7 JUN 2005




2 7 JUN 2005




FIG.14

1302 1303 1302 1303 1302 1303 1302
\ \ 1301 /- \
Y [ \/.‘.\\r rd \ C . rd
<+ > < > < >

A:FLASH MEMORY CELL  B:HIGH-VOLTAGE Tr C:.LOW-VOLTAGE Tr

LZivl

5002 Nnf £ 2



FIG.15

-« > <

A:FLASH MEMORY CELL B:HIGH-VOLTAGE Tr

> <4

—
C:LOW-VOLTAGE Tr

1L2/S1

G002 NNr £ ¢



FIG.16

/.u/uom
1305 1306B ™\

[306A 1303

T Ty TR LR T T T T T ST L

. —

<« > <

A:FLASH MEMORY CELL B:HIGH-VOLTAGE Tr

> <

C:LOW-VOLTAGE Tr

P

LZ/9L

5002 NRF £ 2



1311C

\Wm% 1310 1310
=) 1304 \\m% \\m%
J

< > <

A:FLASH MEMORY CELL. B:HIGH-VOLTAGE Tr

> <
C:LOW-VOLTAGE Tr

»

VelLL

6007 NOT L ¢



1719

1710

1714 11..1\\

FIG.18

1717
| 1720 1720 1718 1721

1720 1712
\ 711 1716

[

LTl TN

AR

n+- or p+ Si

1715 — |

Metal (Cu)

W Ty TR Lt e AN T e it lr 6 R i i e e L ARt B, 1 T SR DL B Al T b T T A SR T RS

I

n+- or p+ Si

AL

Y TRt R T T Rl ol J_..J...m.uw,mu:jgidl.hﬁﬂ%._ﬁlﬁmx? A0 e e T T AT L T

L¢/81

G0Z NAr L ¢



2 1 JUN 2005

19/21

LOB1

i
n.l YOIV TYARTY Y

RO T (TGS TOTHTOTOTATETY R R
GO IS ST GAIRAICY I X

LS SN BT TE G R OO

PenislsRioRse) SIS FOBTOOTOOR

8 %v@,vw

S
w1

1081 1081 1081 1081
SO8I CO81 CO81 CO8I




2 7 JUN 2005

20/21

1061

2061

¢16l

Hffffmﬂoﬁ

6061 \ \\\\\\\ 6001

S161 1161 7161 161 0161 €161

0¢OI4



2005

2004

2002

2001 <

L2/Le

ooz NP L %



