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Characteristics of Nonvolatile Memory Effect with Ir Nanocrystals in

Asymmetric Tunnel Barriers

Student : C.J. Chen Advisor : Dr. J. T. Sheu

Department ( Institute ) of Nanotechnology

National Chiao Tung University

ABSTRACT

Recently, nonvolatile memory with nanocrystals (NCs) has been widely studied to
overcome limitations of conventional floating gate’ memory. The use of NCs as distributed
floating gates minimized the problems of charge loss encountered in conventional floating-gate
devices, allowing thinner tunnel oxide and, thereby, a lower operating voltage, better endurance
and retention, and faster program/erase (P/E) speed.

Compared to the semiconductor NCs, metallic NCs. as floating gates possesses several
advantages, such as larger change of electric capacity, stronger coupling with the conduction
channel, a wide range of available work functions, higher density of states around the Fermi
level, and a smaller energy perturbation due to carrier confinement.

In this thesis, it used the difference between asymmetric tunnel barrier (ATB) and a single
layer structure. Both compared operating voltage and endurance. It can take the better tradeoff
between the programming/erasing and retention characteristic by ATB structure. And Iridium
has high work function and good thermal stability, we can demonstrate Iridium nanocrystals
embedded in different tunneling oxide layer for capacitor characteristic and find different
nanocrystals’ diameter and density. At the same operating voltage(+/-5 V), ATB(SiO,/Si3Ny)
structure AVgg =4.2 V and single layer(SiO;) structure AVgg =1.5 V. Each Ir-NCs stored 4
electrons or holes in ATB structure decive and 2 electrons or holes in single-layer structure
device. The charge remaining of ATB memory device was 50% at 10* s, and 55% for
single-layer memory device. Although, there is no improvement in data retention ATB device

do lower the operating voltage and increase higher P/E speed.
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Interpoly dielectric thickness(nm) 9-10 9-10 9-10 9-10
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%4k > & % 5 BE-SONOS » MANOS ~MA BE-SONOS.> % 2-1 i # #1448 567 %
B 8 *f#:}jef Sk Bt - R H K S 1 ¢ & MA BE-SONOS # % Ol
Bk RE s&ﬁ**‘:}*ﬁé @EDFF LK TRy A H RO 2 18 g kF
e

(a) BE-SONOS (b) MANOS (c) MA BE-SONOS

Blockln ;
oxide g Si0, AlL,O,
Trf'a';';':’g SiN SiN
Tunneling Sio, . i
dielectric g:gz Sio, [
L G G

Bl 2-1 ~ %1 (a) BE-SSONOS (b) MANOS (c) MA BE-SONOS[9] -



% 2-1 ~ BE-SONOS » MANOS ~ MA BE-SONOS &g # $#[9] -

BE-SONOS | MANOS | MA BE-SONOS
Tunneling Dielectric | O1/N1/02 Oxide O1/N1/02
(132025 4) | @@54) (15/20/30 A)
Trapping Nitride 70 A 70 A 70 A
Top Dielectric Oxide AlLO, AlL Oy
(90 A) (150 A) (150 &)
Gate Material P+ gate Pt Pt or Al
EOT 178 A 162 A 173 A
5
2 LY
1 'S
0 \\

Vg (V)

-3 —®— MA BE-SONOS
.y BE-SONOS

-4 —-- MANOS ~
-5 &g 2 aaanl ok a2 ananl TS PEET | P R 1 --:-m
10 10 104 103 10-2 10 10°
Time (sec)

Bl22-Zf6~ i

Va=-18V #% d s2 Mg # 5 PO -
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5
3 ¥-. \6‘5\
¥ N
2 ¥ 2}\\
- [ v &
> 1 \. \<>\’L
S V‘ ‘I \
m 0 N N
v, v o
> ) v E
-2 —®—— 15/20/30/70/150 \
3 e 18/20/30/70/150 v
——--—- 23/20/30/70/150
-4 F| —~— 25/20/30/70/150 v
5 i v,

10 105  10* 10° 102 107  10°
Time (sec)

® 2-3 » MA BE-SONOS #c % Ol 2 47 {20 M [9] «

£ k- K & 2005 IEEE TED[10]> it f 1 & B4#* Si;Ng £ £ 2 B enB Fina k3
SRR AL 0 e Bl enE BE WA L5 55 - & 4o X window X T U F
Pafrfs KR IR~ P UALZ BEad 2 FLY - S @
TR E 4 g0 afE SNy T #5315 SONOS B 7 i ¥ ML T ~

2§ 7 ¢ 3% memory window & 2 e

222~ SRR H[10] -

Device'" | Tunneling oxide'? Floating gate{3 ) Control oxide™
(a) 2.65nm - 29.9nm
(b) 2.65nm 8.6nm SizNy 29.9nm
(c) 2.65nm Au nanocrystal 29.9nm
(d) 2.65nm Au nc+8.6nm Si3Ny 29 9nm
(@) 2.65nm Au r:;:‘;érl‘:; ziifif:Au 29.9nm

(1) 370nm Cr metal gate 1s used.

(2) Thickness was measured by the ellipsometer and STEM.

(3) Si3N4 was deposited by PECVD. Au nanocrystals were formed by the direct
deposit self-assembly method.

(4) Thickness was measured by the ellipsometer.
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Siqu,

Si 8i0,  Cr Gate Si  Si0;  8i0. CrGate
[ }1.05::»'
3.leV — 31eV :}}_-'1 3.5eV
=
(a) (b)
Au Au
51 5i0; Si0; CrGawe 8§  Si0. SisN; Si0.  Cr Gate
1]V { 3 gev 3.5V AleV {
=
(c) (d)
SizNgy
Au Au
Si Si0, SiN, Si0, Cr Gate
]- 1.05eV
.-'l-_ltv ‘3.5‘;1‘;
]»2.'-"5@‘\-’
P
(e)
B 2¢4 » ..‘%fﬁé‘z +* BI[10] -
11 14
L —4—(a)— 1
=< 1.0 ——0—(h) J12
S 09' - 4 D R R,
— . - -.. . AH A - —u— (d L
el L vl 0 Jos
3 08F ‘ I, 8
c - 18 €
S 07+ | 8
& | 16 &
o = o
8 0.6 _ ] 8
0.5 14
0.4 2
Gate Voltage (V)
Bl 2-5~ & B4 CV ¢ #[10] -
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g A

g 1k L %: MONOS g
- | —o0—@ FF .

% 2L —A—(b) .} &

B | —— i /

""5'_3 —.—d) 2l |
— e —— -0 -15-10 -5 0 § 10 15§ 20
- R N RPN B | fE). \ Gafevollape)

6 5§ 4 3 210 1 2 3
Voltage (V)

126 B~ $24k05 R =45 R RI[10] -

¥ = F 42008 APL[11]:gf A s3] - B & SiO fr SisNs & 5 2 F S E 2 F
B NR T THA T B d B ] 2 K MBS R A RS g Bk

MR FS  FHAMAFERRRTE AL WL BRI LT R T

N

BoRRF(EE T

12 12
(a) o

10 o 10 f
= o Y- =
S 8¢ ] o 8t
g 4 &
/: § ;/ . 'f 6F

.

= o/ - . =
o . . o ®
=4 / % =
2 ; @ :
= | b NC k=
O 5 ‘. ° . i B
2 - *t0tteclos s ibBse— 2 -
=l : |

0% Tumcoside  50: g0 000000 +— NC 0 , ¢o—0000 oo +— NC

—— wioNC Mumel oside, SN —e— w/oNC
1] i [ 9 12 15 0 3 [ 9 12 15
Distance from substrate to blockmg oxide ( nun ) Distance from substrate to blocking oxide { nm )

B 2-7 ~ NiSi NCs § -4 i A %] t(a)Si0; fr(b)SisNg & » 2§ sk & 5 NCs 22 2 4 ik 4
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i3 NCso /i T % #,k SiO=3.9 > SisNg=7.5[11] -

Bofs - K 22006 APL[12]i f § S 4o 2 (6 B RhT F Ap il 0 ) F T
PREFOER T gl ATB ST 7 e FERT T F T RBHS K 0

EATETHRE AR o Bl 3o dTi e ,T-*J F o iz 4 I 4! asymmetric tunnel barrirer

(ATB)ic B2 87 2 £ 5 »rﬁﬁeﬂ% g B B AEFETHER TR o 2 FRTR o

1.0

0.8

+12--12V
06F v +15--15V

—%—+10--10 V
04+
(no Pd NCs)

0.2 |

Normalized Capacitance

0.0 - -

| | R [N T N | N T [N T N T | | 1

L | L 1 1 L
-18 15 12 9 6 -3 0 3 6 9 12 15 18
Voltage (V)

B 2-8 ~ CV o S5 3 I ek 6 §° Fl(16,-6) T (+15,-15) V[12] -

—= /

Si N
wafer

\ I

. d
SIOZ Vs dot
write retention state

Bl 2-9 ~ B » &z Rk g i W BI[12]
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10 T T T AT LB LR LEL) L R N L B B L R R R T F TR

8l 4
s L
o °m 1
o N
E -
5 4+® —C— programmed at 17 V
> L --@-- erased at -17 V
e
= 2k —0O— programmed at 15V -
e L - 4 - erased at -15 V
® R ]
T O ..l
oL : S i
I ° " |
_,4 ol v avml o wsienl s vl e sl rseml v asienl s sl
10°  10° 40* 10* 10® 10" 10° 10
Pulse time (s)

B2-10~ &3 b B~ 245 TRT ST 8 TR EH[12] -

LR EAL! LI FLR s Ll | R | LR LI AL | =T TETIny e T
S O u; O i g
I'_"l"W o B AL BLALL | ey b | Lo BRLEALL. BEELL| .E_I_E_—D
. 5tBm.m. g
S 4. = T |
s 41 ™
o
8) E 3'_ programed at 15 V for 0.3 ms
i 3L S erased at-15 V for 1 ms 1
S T 2t
T 10 years
?u 2 s
N = | Il
_Q Pt
,.t_ug L 0' . X _'_!_.____.. ---------- 7
TR 10" 10° 10° 10" 10° i
Time (s)
" o | -l o |
O 1l L aaanl sl N piaul L sl Ll L
10° 10’ 102 10° 10* 10°

Program/erase cycle

B 2-11~ fe e RSB » 23% (15V,300 ps) > (-15 V.1 mo)af # A& & Tt 75 R [12] -
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k] = 2mE ,k2 = 2= F) R % g ﬁ
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2.2.1 { ig # 7 + /2 » (Channel Hot electron injection)

HERTF AT LA A FF e r @R G FURFY B HE L
G feh o AR R T HGE T RAEAL A RT3 0 BREBH O E T I A0 B
(Pinch-off Region) > %ﬁh d B3 THEF I & R EwARET %F & (tunnel oxide)
iR L F TT X IIMARRROPES RFI o bR A E g o d
NAdg £3 T ~2NMOS) % 7 - RREFR > A AT+ {7 T S RBERL
EXmRMB AP T R AT APRT I Y - B DREH N T Y
BRLeG BB XDB A28 - LT FFTakar i LAY 7R ar FREFEY 4
BATIFAFTEE > Fla @ @A E AT RS K o (4B 2-15[14))
ﬁﬁ%ﬁﬁiiﬁﬁiii%@mmﬁ%%’%iﬁ%ﬁ&%ﬁ%ﬁ%&’iiﬁﬁ
R X5 10 em/s 0 i e SERS AT R R P d SR BRI

51

34

b gk T 2 & L3 10 f(1~1ps) B2t F-N 7 igemig & o AT F ¥ Ak

T oA EE MARA AT - ] -

2.2.2 F-N 7% % (Fowler-Nordheim Tunneling)

7 "% 1 4| (Tunneling mechanism) & & + 4 & ¢ & » 7 # > 42;% (Schrodinger
equation)*T 3 I i) o 3 AT R HF IR oL TR PR OE RILE T F RS
RMEEVPAREZEFEAHE DR, - L FZRBEF 4 B R+ L5 A
Fom3 2o Ry @alBE -oidi As 3P 78RS nLeRPF L
EREA KA g P FI PR ARG BRI -

F-N % “§(Fowler-Nordheim Tunneling)3j % 2 B 2-13[14] - ™ & f-F i- -2 4
(MOS)mé—f#X;i P F T 6 F MOSE Fehg B H 2 > @ @ RIE FIehR i b A oo JiGw
¥ HIMOS Bk fE5 0 TR e TR § @ enF 1 ¥R ] ho B 2-13 5
THISIFTEF R )I‘ LFpt P Aoy E iR T 1% F-N % "%(F-N tunneling)
i ik (Source)sE + F i F ¥ & (tunneling oxide)P|E FF Mtk HFMP TR T
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+ 3% € A B Utrap) ted T W F 1 & (tunneling oxide)friz 1% it & (control oxide)z A ¢
iR (4o 2-14)[13] -

FNFRTinI v AL T

)
J = aEiij exp[——]
inj

3

!
=T B =4l2m’ ¢;Sa
q

a = ¥
he. m 3

BB AP LA G B WRA R By 2L RS PRE QB RF T

I

ek

(L6107) im % pd 23 FE im* 5 pd L3 AARFF RS FE

n* poly-Si  SiO, n-Si

5] 2-13 ~ F-N tunneling & MOS .f‘:é:—ﬁ 57 R, B °
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Control Floating p-Si
gate gate
--"""f

—

0
*e e E(

_ e

B 2-14~ 3 8L 4 FG ehizir 2 2. ¢ [13]

P ; ™
v P
* Program Current
@ Vi < 2-5mA

ST e

A
- T
| vrl‘
- Program Current
<luA
T -
-Page program

Channel-FN

funneling
\ J

®2-15 -} B3 CHEI 5% © B 3 F-N tunneling #-5 #1417 &~ & chm 4 W)
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#. 2-3 ~ CHEI §r F-N tunneling ** # o

CHETI #i-5¢

F-N tunneling $i-5¢

Low power consumption

—single external power supply

High power consumption

—complicated circuitry technique

High oxide field
—thinner oxide thickness required
—higher trap generation rate
—severer read disturbance issue

—highly technological problem

Low oxide field
—oxide can be thicker
—highly oxide integrity

—low read disturbance issue

Slower programming speed

Faster programming

2.2.2 ® # 7 " (Direct tunneling)

2B - BRMOS) AR ARG T 2 b B

(Si0,<3nm) ¢ FRF 7 % T iR G Aol 2-16 -

5 L 2z, _\ - v . 1
?_‘;,,Lf'ﬁg ]j’:}\?%\»rpr;,,qll—f 1

A V. V V V
J :?{((Ps —E)GXP(—Bd ?, —3)—(% +3)6Xp(—3d ?, _E)}

s H
h

-qVox

="y e d SRS D TA -

A

0.

n* poly-Si

Bl 2-16 ~ Direct tunneling

Sio,

te MOS 12 7+ &M -
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23 AT F PR T AR

LEBEREFRA S LTOEN - BREEASTRMARI PR EE
oA #FFEQIEFFEC)FFEFTERDE G FFERFG)F & * 1o e
(Flash Memory) » # &5 ch8 =45 - B A & =~ (Cell) » # p 3= 2 MOS i & (Gate)

feid if (Channe) & > »» @ 5y 5 - K F 1 9 4% & (gate oxide) > * 3 4v 7 - K ixH

T

floating gate) ° % F15 F it— BIER > @ FEP BB L E T AR DR~ N
#%’%aaﬁiﬁ@féﬁm%W% LSRR R AL § A A R Rk £ B
ﬁ@ﬁT%»ﬂ?i&@%$ﬂ—@mézmﬁﬂ’ﬂ”ﬁ*ﬂ%ﬁ@ﬁ?i&%?’

L TS B T AR AR .

2.3.1 T4 %% R & (Retention)

FAE AR en 2L e AR T T A G R R B - R e B S

o F L ARG FAERSE S 3 BT §ARFRR A L R L T3 1

ST A B B Tk A 0 SRR R e R4 S A
’lf_p_/}:’ﬂ;i‘ L £ 4 _:g,i;t"_ f)ﬁmﬁxﬁ‘i mﬁﬂiﬁvﬁﬁo e ZET R f’J')c‘]‘%'Eﬁﬁi;}it’ IET I Y xv‘v’—;fi"rﬁ

PHFPF ERREF 10 ENTHREAR Rn X BIE RE 10 2 PTRBE LR
BAEE XS R S BRT AAMT AR A SN 10 0 B W

BEOE R G (AAFEPRT F a0 4 o

2.3.2 @t * R % % (Endurance)

Bl V- BE LRI AN A ROREEe e RY o FEER
B E TR G HT R B ARG AL R TR G FIS A Fan R A B
~ R A S A S Y s B fﬁi}—? AR RIFF LR A MY EY R R
S - AR WA Bl SR ] - AR R 1005 5 H 2 e

&O
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v

)

=%
B S A S e R e e

G- gm iRk PR ¢ A S LW 1A LR
o T RHRREHR o d A RAM Y It 25 AHRER AR A
e BT L AR T B G e B AL A R nE kAL BB R T g A

o] % i o -

3.0 H S
BAAEE E(SIO)% ﬁ” Bt > AFRTE. Jfﬁa Al / P-sub / SiO, / Ir NCs / SiO,
/AL > jE_P-sub F? 4P e+ 4 o B fs 4 BdmdE 3011 5 W iTiEAR AT 2 gk of & Al

<L EBREAL S R UTERE 12§ BGRP o
3.1.1 2 F S fea;

H ﬁ] ‘L’]{#)ﬂ L1 %’Il}‘:'\; g 56?5‘5,%%11"_"‘ .

(1) * P-type (100)d % 4 & RCA clean eaJd2 4[] 3-1 o

P-type Si

B8l 3-6 ~ P-type & * 51 RCA clean °
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(2) 58 RCAclean 2 & » 2B B kKT p¥ 900 Cizs % ™ & 5Snm 4§ 3-2 -

P-type Si

W] 3-2 ~ 'k T ¢ & Dry oxide 5nm ©

(3) & = SiO; &I * n&k BB 5 & M Lis AL o
(4) z {84 F1* x5 5% % o lon beam sputter # & Ir 5irfp 4o (LT F B 3-3) »
(5) FI* RTA # @Az, 2 £ KB (LT 7 B 3-4) -

(6) F1* AL~ 7 &k B4 SEM » AFM e XPS % it 4L eh4 47 o

P-type Si

@ 3-3 ~ 1 * Sputter 4% Ir %< o

P-type Si

B 3-4~RTA 2 75 Ir 2 F S £ o
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3.1.2 7 % n%] i¥(The process flow of capacitor)
(1) * P-type (100) #1ds 5 # RCA clean /&2 4o 3-1 -
(2) %5 RCAclean 2 {5 » B E KT Y% 900 Cics % & Snm 4§ 3-2 -
(3) * n&k W | ki Si0, SFE LIS BL B o
(4) F1* Ton beam sputter % & Ir %cerdfp 4 4o 3-3 -
() HAw e g I AD D DL RTA HE AL 4o 34
(6) FI* & FApiwAt 5 L(PECVD) F SiO, > # 2 K LMW B E IR 20
nm(blocking layer)4=—™ F ] 3-5 °
(7) = SiO;H#L* Y # (73 X (annealing) 30 min & P53l » § § 595 5 B &1

£.% 7 34 PECVD #4279 4 sk Fe(defect) » 12 L id 2 €0 cif © & 38

® 3-5~ 1% PECVD 4} SiO, & 5% o

24



(8) 5 #: 1w 5 4 4 (Thermal coater) i 4245 T & 300 nm ©

@ 3-6 ~ §1* Thermal coater 4%4F 300 nm °

@)*%%%%ﬂﬁi%}%f§5§h\\
(10) 1 * &%) 48073 % (48 %] CH;COOH +H;PO4 +HNO; ) » 4 #4 3
2 |J %—j"_ B

4060 T - ¥ £ GA;H%MQ%%MZﬁﬁmm%

éé)'kf’%] 3-7 o

Bl 3-7 > dgpa 2T 2 H

'lif'g] 3-8 o
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(12) #-2 2 g F T a7 o

3.2 FEHER

SR RS S Y

v SNy HAL 0 i A S e
Bk TEER -
3.2.1 2 F SR erAs

AR R A K RIS SR R BT

(1) * P-type (100) & % # RCA clean H1E 32 4[] 3-9 °

& 3-9 ~ P-Type & 7 %5 RCA clean °
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(2) 5% RCAclean 2 & » #:2B B KT Y% ¢ 900 Cizs ¥ i & 2.5 nm 4R 3-10

B 3-10 ~ 'k % % ¥ & Dry oxide 2.5 nm -

(3) £ % SO, 1 1% n&k W Bl k HFEILIE ALY o

(4) fI* -85 4picfp iz (PECVD)g + SisNg 2.5nm > 4§l 3-11 -

%] 3-11 ~ * PECVD ﬁ'.f Si3N4 °

(5) =z tf F1* ~F % F ¢ lon beam sputter # £ Ir Beendp e (LT F B 3-12) »

(6) FI* RTA# A>3 F K8 (LT F B 3-13) -
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)
2
3)
“)
)
(6)
(7

(8)

W 3-12 ~ §1* Sputter 4% Ir %< -

* P-type (100) &8 % # RCA clean &2 4§ 3-9 -

&8 RCAclean 2 16 > ZF E KTy ¥ 900 Cics % & 2.5nm 4-H§ 3-10

* n&k B P E IR SIO, s L o

* {4 i # § ARk 2 (PECVD)dr + SNy 2.5 nm > 4o 3-11 ¢

1l
41 * Ton beam sputter # & B Ir "y 4e 4o 3-12 o
%

YA G F g A BB R D S Bt RTA cnt g ho ) 3-13 o

FI* 8§ dpimfh k H(PECVD) + SiO, 0 # 2 F &t R E bk 20

nm(blocking layer)4-™ F B] 3-14 -

% SiO # 4L * Y ¥ 2 % annealing > P h&_% 7 24 PECVD #Az? § R

i e defect) ©
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%) 3-14 ~ §1* PECVD #p _F SiO; & % o

(9) i AL 3k &4 % %(Thermal coater) & 4848 7 % 300 nm - 3-15 -

B 3-15 ~ 1 * Thermal coater 4%4F 300 nm °

(10) * § £l Bl L& 4R TR E A
(11) Fi* & %)4250% i (8% Al %% =H0 +CH;COOH +H;PO4 +HNO; ) » e #1 3
40~60 ‘C 15 »  4RM 33 > @ % Bk iRt S ] R Al G R 8z

£ 4B 3-7
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EREARATOENHMEFZIRAM I RAS XA 4pk o d N EROHH AL R

=
3
g
S
i
EL
ETIRS
N
NG
(@)
(@)
a

BB EDEG T A RS unE R DR ER 900
% B3 Ty 0 e RTA 2 23518 SEM 4 /a2 of & WL it o

hip- ) EAROEELER > AR E BWOEE A58 TEM D 2 (541 A S
nm > & RTAPREF 5 60s - 5% 900 Chml v+ g 2] Ir 2 5 &4 & A4 +4 5 nm SiO, &
£ 250mSi0,/2.5nm SN, L B > 3~ [ 2 RAE E LB Ak o

d % SisNy 445 9 18 W/mk 27 SiO; 44 % 4 1.4 W/mk > #7127 SN, # g 3wt >
o RTA B4 BOR AT @ A ¥ 0o o3 fchBin 2 F > A2 7% pind F KA | &

B -

i T PG e

B 3-18 ~ i+ 5nm SiO, + SEM B)(900 C) -
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B 3-19 ~ %+ 2.5 nm Si057/2:5 nm SisN4 + SEM B1(900 C) »

31~ 28 SMant -

900 C

Diameter(5nm S105) 8 nm
Density(5 nm SiO;) 6x10"" cm™

Diameter(2.5 nm SiO; +2.5 nm Si3Ny) 5 nm
Density(2.5 nm SiO; +2.5 nm Si3Ny) 1x10'2 cm™
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R oo 5
iiﬁﬁ)—iﬁﬁﬁ’»fiﬁﬁIrmﬁ+wwmn¢wP,@ﬁm§z,ﬁv
WA fE P T SR BRI T s S AL A LA E

SEA 0 T RSN LR SR AT o

4.1 % % & ¥ BE - 52 TEM B
ER SRR TR GERIIZT A WA R TR LH RO S R

WAHAL R R ET L F AR »ﬁ#f’wwﬁﬁu%*&ﬁﬁ%mW%ﬁmﬁ
$i P o (charge center)shxt * o.d #t F % (capacitor) £ ze B 48 ~ i chw B 0 F) P AP
TR A EAPT AR B AeB 410 02 J0r SR kT fEg T Y
Btm AR B o 420 AUF AT R

HP A PLE AT R AL ST ERG N B PR @ @B

R0 T R ke 5 R 2 adE T % & (Retention) > i DR RE M x fpp L Bindk
T & o
215 EE ﬁ_‘—;—’f#mij Bt AT BB ikt Bl 4-3-4-4 ALK P-sub4c T 5

V 3R B 4-54-6 5 F Hendicid L o] o 7 '{Fl: IR s F F LA 7 ¥ B SisNy=7.5°Si0,=

3.9 AR GHEIVE K SN DB R LR R0 RP R G &2
SoMENBHET o o SNy e 38 B 40 SIO, P R vk BT IFR A G F R
F MBS BT S 24 d](Contro) e BT » ¥ arg 7 £z F R MY BT 5
R g o PR A B A HAARE T o BT B EEAR S > R 425~ 4-6 otk

2H T EE CEOTH AN OMViem it > MR FILSFEIFAFNTS A &
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PAHE SR A MEER AT B 4 T HCRECE ) 5 108 MV/em > B & B9 5
10.4 MV/cm» £ 565 0.4 Mv/em £ 4e } 2288 00 F B HLEC] ¢ A 280184 SiO;
SN RN A T R A G Ap e B A SIO, R RRT HA T R A S A

EE - K R BB Ael S KB RRE S RHEAT L R

TP E R ST T A g BOR K R (FIB) -
BRI B FRZE S BN ZRHRATHFRT T EEETE L EHNT AR
(High-Resolution Cold Field Emission Scanning Electron Microscope & Energy Dispersive

Spectrometer) % 4p #5215 B e 0 > AR 4-7 ~ 4-8 o

(a‘) (b) ] A
3lev 32eV. 3iev 4V 3.2 eV
— — Tl
>
— 25nm /. 20 nm
Si-sub Al gate
Si-sub Ir Al gate
Sio, sio, sio,
(C) I eV (d) I]_ eV
3.1eV 4 eV 3.2 eV
3.1eV 3.2eV
20 nm 20 nm
A 4
. Si-sub Al gate
Si-sub Al gate Ir g
Sio, Si;N,  SiO, Sio, Si;N,  SiO,
B 4-1-MOSTE AN+ 748 -



E (eV)

—u—Ev

@) psub/Si0, / Ir NCs / Si0, / Al e
4—_ aans— \

5]

2] [ ]

14 o-0-0- @&

0 . - -— ams =-m-
4
2 i)
3
4
° E— \
6

0.01 O.IOO -O.IOl I -O.IOZ I -0.I03

X Axis Title

(b) —m—Ev

P-sub/ SlOz / Si3N4 /Ir NCs'/ 8102 /Al

—e—Ec
° —| \
34 a
24
[ ]
14 o-0-0-@&
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