2 7 JUN 2005

1/34
10
1(5 13
0, 0 o)
[»] O
o | 14
o Q
J ° . jkt
o 12
SNV - DRAIN
SOURCE /|
ERASE WRITE ~

11



2 7 JUN 200

2/34
_ * - Ec
FIG2A FG77—/ ------------ Er
— Ev
13 12 | 11A
ﬁ Ec
------------------- EF
Ev
FIG.2B
12 11A
FG ¥




2 7 JUN 2005

3/34
CURRENT
DENSITY (A/cm?) QEE(';.‘FER?C
4 FIELD THIN TUNNELING
OXIDE FILM
INJECTED l
GURRENT  EAce
PPLIED
ELECTRIC CONVENTIONAL
FIELD TUNNELING
OXIDE FILM

10715

DECREASE
------------------------- -—INJECTED CURRENT

LEAKAGE
CURRENT

}nCREASE

~ T LEAKAGE
CURRENT

Y

APPLIED ELECTRIC FIELD (MV/cm)



2 7 JUN 2005

4/34

H H
h H kll H l /
FIG.4A i | 103
Kr*+O*

~}—103A Si0z
FIG.4B .
i _1_103
: : L —103B
FIG.AC ——103A

—-103




102 /

e :m TERek _

104

106

101

ve/s

cooz NAT L ¢



ABSORPTION RATE (ARBITRARY UNIT)

2 7 JUN 2005

6/34
FIG.6
15 - T - . - ; -
- BEFORE EXPOSURE TO -
- Kr PLASMA \ .
EXPOSURE TO 1
Kr PLASMA
10 | .
e 0 - -
: 1
o 10
[ 30
0
[ " I 3 | » ] .
2000 2050 2100 2150 | 2200

WAVE NUMBER (cm™)



OXIDE FILM THICKNESS (nm}

9 7 JUN 2005

7/34
FIG.7

15 | B { i | i’
10 ) y
| 1
5 -
0-.l....l z a1 sl el a1 s

50 100 500 1000 5000

PROCESS CHAMBER PRESSURE (mTorr)



SURFAGE DENSITY (em™2)

2 7 JUN 200!

8/34

FIG.8

—

-
—
N

o

°
10"E ;
_- '4
(DETECTION LIMIT) ]
1010 I 1 . I : | SR |
0 2 4 6 8 10
T OXIDE FILM THICKNESS (nm) T

Si INTERFACE SURFACE



CURRENT DENSITY (A/cm?)

2 7 JUN 2005

NO TERMINATING-
HYDROGEN REMOVAL

—4A— TERMINATING-HYDROGEN
REMOVAL BY EXPOSURE
TO Kr PLASMA

10—1 .:" 1 1 L L L  EE 1 1
0 5 10 15 20

APPLIED ELECTRIC FIELD (MV/cm)




LEAKAGE CURRENT DENSITY @ 1v(A/cm 2

1.E+02
1.E+00
1.E-02
1.E-04
1.E-06
1.E-08
1.E-10

1.E-12

2 7 JUN 2005

10/34
=< ~ J . T
Kr IRRADIATION:3sec
S e Kr/02=97/3
“.| B Kr/O2/NH3=965/3/05
% & 1Torr, 53W/cm?
l:;‘\ .
; -\.\\ R '-\\
e Kr IRRADIATION+Kr/O2 | ~m | ™
m Kr IRRADIATION+Kr/O2/NHs L .
|_o Kr/02 PN N
A THERMAL (DRY900°C) RN
0 1 2 3 4

FILM THICKNESS (nm)




FIG.11A

FIG.11B

FIG.11C

11/34

Art(Kr*)

2 7 JUN 2005

b
H H /
~Si e 103
Ar*(Kr*)+NH*
—1—103C SiN
Si —— 103
o L—-103D
0
——103C
Si 103




ELECTRIC THICKNESS OF NITRIDE FILM (rm)

>
o

o
o

@
o

2 7 JUN 2005

12/34
FIG.12
| b ! 1 )
M B RS | e ' R Lennd
10 50 100 500 1000 5000

FILM FORMATION PRESSURE {mTorr)



FIG.13A

FIG.13B

FIG.13C

FIG.13D

2 7 JUN 2008

13/34
T
H
v
H H H
Si —_ 103
Kr*+O*
—1—103A sio,
Si
1103
Kr*(Ar*)+NH*
103N SiN,
™~-103ASi0,
Si
~—103
-—A
o]
°o | |—~103B
103N
Si 103
-—A'




14/34
FIG.14
NITROGEN
CONCENTRATION
}
— . / DEPTH

103N 103A

2 7 JUN 2005



15/34

FIG.15

103A

- v e”
Ec
————————————— EF
S S
103B
- Ev

103N

2 7 JUN 2005



2 7 JUN 2003

16/34

H H H
FIG.16A : 1o

Kr*+O*+NH*

bl
—}—103E sion
FIG.168B ; T
o © ~103F

| = —_103E SiON

FIG.16C Si

——103




PHOTOEMISSION INTENSITY (a.u.)

0.05

0.04

0.03

FIG.17

—8— 777nm O*

ool ans @mmj—j H* o

1 2 3 4

NH3 MIXING RATIO (%)

velLL

6ooz NOr L 2



NUMBER OF ELEMENT (ARBITRARY UNIT)

10°
10°

4
1 0 R

»

FIG.18

TR

(>

L
(ol
N/

P(CERRTTIN

Si

LA (U (D

200 300 400 500
ETCHING TIME (sec)

ve/gl

5007 NOP L 2



LEAKAGE CURRENT DENSITY (A/cm?)

FIG.19
T 2 —

\_OA CONVENTIONAL : THERMAL
OXIDATION BY OXYGEN MOLECULES

O /
10" F cONVENTIONAL : Kr PLASMA \
1 o; OXIDATION WITHOUT

TERMINATING HYDROGEN
102 § REMOVAL

10°
10
107
10®
107
8
._ 0) . PRESENT INVENTION : Kr PLASMA )
g OXYNITRIDATION WITH TERMINATING-
107 § > ﬂMoﬁonorw_w _mmgo%,r BY EXPOSURE
._O.._o P T OF GURRENT '
11k DETECTION
._O._._._.L_._._F._._._.
0 2 4 6 10 12 14 16 18 20

APPLIED ELECTRIC FILED (MV/cm)

ve/6l

gooz N L 2



97 JUN 2005

20/34

FIG.20

NITROGEN
CONGCENTRATION Kr/0z2/NH3 PLASMA OXIDATION -

A

/ L
f i -t

SURFACE SiON/Si SiON/Si
INTERFACE INTERFACE

DEPTH




FIG.21A

FIG.21B

FIG.21C

PRESENT INVENTION

1002

ve/le

g0z NOF L 2



FIG.22

2 7 JUN 2005



2 7 JUN 2005

J |14
© o o °
° } I

: 2 o DRAIN
SOURCE R
11B j EAD 3\ 11C




2 7 JUN 2005

24/34

F1G.24




2 1 JUN 2005

25/34

FIG.25

APPLIED
CURRENT DENSITY (A/cm?) | ELECTRIC
} FIELD

THIN TUNNELING
OXIDE FILM

INJECTED
CURRENT —

APPLIED
FIELD

INCREASE

CONVENTIONAL
TUNNELING
OXIDE FILM

{ [ S | S — ~<—INJECTED CURRENT

T12A TUNNELING
INSULATION FILM

-— /| EAKAGE GUF\!RENT:I
f INCREASE !

“—LEAKAGE CURRENT

10-15

P
L

1 10 _
APPLIED ELECTRIC FIELD (MV/cm)



26/34

FIG.26

1206 1205

1203
1202

1201

2 7 JUN 2005



FIG.27

1302

1302 1303 1302 1303 1302 1303
} (20 7
) - 2 - \(\\r £ ¢
+ —> <— > 4—

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

g

velLe

G0z N L ¢



FIG.28

1305
1304 1303

\.ﬁ.\\ g DY \ —— \

N N—

> < —>

« > <4

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

C:LOW-VOLTAGE Tr

ve/8c

5002 NAr L 2



FIG.29

1306
1305 GQW/

1306A 1303

DR O g AR

__maas.‘|m__ﬁ______§

[

1303

-+ Lol

A:FLASH MEMORY CELL B:HIGH-VOLTAGE Tr

» 4

C:.LOW-VOLTAGE Tr

»

peiee

5007 NP L ¢



1311A

%

1310

R 1309
-

....... e

-

PR R e R NN LR
...................

1311C

1310

\\58

] 1308

—

—p

—

A:FLASH MEMORY CELL B:HIGH-VOLTAGE Tr

>

C:LOW-VOLTAGE Tr

pe/0t

6007 NAT L ¢



1719
1710

1717

1720

FIG.31

1720

1720
1712

1711

1718
1716

1714 — [

e
; L...r___.ﬁyhiq.n.r pE

=+-oHﬁ+mH

1715

Metal (Cu)

e k) B N MR

AT g 2 FS A S YR

A R TR F TR S B [ L e R TR R G o S

s A Ay o T o AL

D T e L e e T3 Y e R

n+- or p+ Si

TTT———1701

R G e T R L

PE/LE

500¢ NOF L ¢



7 7 JUN 2003

32/34

L0381

bkl X 1 V1°4¢i¢J¢lﬁW@i@i@{‘{@{@{@.
R _ e
Stets X - ] PECCCOECOOCRY

0080
552
S5
R

o0




2 7 JUN 2005

33/34

1061

061

(410!

Cl6l

R

N

PI61

6061
0161  tI61

¢l61



9 7 JUN 2003

34/34

~ 100¢

dd

PR w\_‘
AP

ALl bl

. 200T




