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Study of a-Si Thin Film in Resistive Random Access Memory
Application
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National Chiao Tung University

ABSTRACT

The advantages of resistive random access memory, including small cell size
(high-density integration), low operate voltage, low power consumption, simple
structure, non-destructive reading, high speed operation, good endurance and data
retention, has attracted a lot of research works recently. In this thesis, Cu/amorphous
silicon (a-Si)/p*™*Si structures-with 30nm-thickness resistive switching layer was
prepared and studied. The transport behaviors of Cu/ a-Si/p**Si device showed SCLC
mechanism in low voltage region (-0.5~-3V) and Schottky mechanism in high voltage
region (-3~-6V) during high-resistance state (HRS). The current-voltage (I-V) curves
of devices were symmetric and linear in low-resistance state (LRS), which was
attributed from the tunneling conduction. The diffusion of Cu atoms into o-Si film
forms a large volume metallic region during forming process. And, switching between
LHS and HRS was determined by the formation of metal filament with an estimated
5-nm length during program and erase. The devices showed bipolar resistive
switching behaviors and exhibits an On-off ratio up to ca. 10°. The data retention

extended up to 10* s even at a temperature of 85°C.
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ZEATF e R v AR

Rt 4 8 T B (IC; Integrated Circuits)4g 38 ¢ » E4p 4 £ & - BA L
a3 2o B (ROM ; Read Only Memory) ~ % & Refresh e fs “g % 5 P~ o o %8
(DRAM ; Dynamic Random Access Memory) 2 2 2 % & Refresh %% g 5 1% 15 P~
3z R T (SRAM; Static Random Access Memory) > — & 3| E-P 3z % %8 (Flash); @] 1-1
2007 3 2010 # cnd S FFAFH LA 2P 20 44 F R F e paans
5)*].%?\!; TR L VMERINEAEEM R FEN oA i RE r‘?pﬁv,‘%fr;ﬁﬁ it 2
o Ty - EEARFRORESIMIRTETH A EFFETES A
B # o MP3 -~ MP4 ~ PDA ~ Bici=4a 8 2 03l n s » - B I &iT 4 o
iphonedS » e fi i+ §1% 7 ) b HERIE ~ B 2 g R 1T e e o

* RE $a #Feh DRAM 02 21 SRAM E > 45 14 (Volatile)zz fp# » #73 42
FRERMILTE AT RAREFRAGRRALE - LB ",f e TR ?‘”A
BEEMEB - DT F RO F A TR AT IR TR R
AT S P AR B AR AP E e Rl 2T
(Non-volatile);z i 4 s 2% % F & £ P s TR A4 Je ik 6 ensd B> Bvh 4
TR A Gi ok ET ST AF R AT S8 2 h0 N E 1 gk i o 2HTF M
R AN, PR P > 4rF & UV K i%;}e“f (Erase) ¥ 47}&% AR rE A e
%4 (EPROM) ~ ¥ T 3 T A2 5V ri 3 2o (B 1 (EEPROM) ~ E-F° 2 [ 48 (Flash) ~ 4

22 8,88 (FERAM) ~ B 12 3% 22 8, 48 (MRAM) ~ 48 % 1+ ;X 22 {3 8 (PCRAM) 2 ¢ o

Xz g (RRAM) & o

f& ;%W (Floating Gate) e erPe v 1 £ 208 e a2 [Ef# > S. M.

Sze 4v D. Kahng #1967 & §|* + = £ ¥ /& % Z,0,#% 41 MIMIS Floating Gate



FH[2] > ¥17 1971 # Intel = & 2241 * Poly Si § % Floating Gate :» FAMOS
AE[3] 0 P R E PR R B2 T g P e Rt v 2R £ Floating Gate &
#3531 > EPROM - EEPROM - Flash #8 £ v chji; * > Floating Gate ‘4 % #ck
Wiy W iR4c®] 1-2) B TRELJN Y RFEAF RS TEF K
(Tunneling Oxide) » Bl 1-2(b) » #fspkiz a® FBET RPN > L TIiFH €°EF
THRMPEH IR @2 REFOT IS RA T RAOES 0 AoR] 13 ;gé T
RE R A S AT B T RSN 0L L LA ek AP

XA o S F AR LE(Moore Law) it B o RIF IS SR IR Bl

B &R R A AT 2 AHTE P A B e d (5§ ki o T -
G- 4 SEEATY KT M el e BB ATY R s RY T e
et 1 £ SRAM £ 3 15 DRAM T & % & it » 12 2 Flash 2:45% 1

g B[13] > Adpy £ FA PR L E o

Top 10 Semiconductor Industry Capital Spenders*

;01 0 Conipaiy 2007 07/06% | 2008 08/07 %| 2009 09/08 % | 2010F 10/09 % Major

ank ($M) Change | ($M) Change| ($M) Change| ($M) Change| Product
1 Samsung 7,964 16% | 6,750 -15% | 3,518 -48% | 5000 42% Memory
2 Intel 5000 -13% | 5,197 4% 4515  -13% | 4,900 9% MPU
3 TSMC 2,557 6% 1877 -27% | 2687 43% | 4,800 79% Foundry
4 Toshiba 3,595 18% | 2210 -39% 950 -57% | 1,950 105% Memory
5 AMD/GlobalFoundries** 1,683 -9% 621 -63% 466 -25% | 1,900 308% | MPU/Foundry
6  Hynix 5,145 8% 2900 -44% 855 -11% | 1,840 115% Memory
7 Micron 3700 23% | 2300 -38% 800 65% | 1,715 114% Memory
8 Nanya 2,098 131% 695 -67% 640 -8% 1415 121% Memory
9 UMC 850 -15% 349 -59% 551 58% | 1,350 145% Foundry
10 Elpida 2,11 59% 890 -58% 535 -40% | 1,000 87% Memory
— Total 34,703  12% 23,789 -31% | 15517 -35% | 25,870 67% —

*Includes company's share of joint-venture spending. **Includes Chartered in 2010

Source: IC Insights, Company Reports

@ 1-1 ~ 2007 & 3] 2009 & L %481

Al d < [ -



(@) (b)

> @

Channel Tunnel Floating
Oxide Gate

B 1-2 ~ (a)i%-#- Af (FG ; Floating Gate)3 4p iz 47+ & Bl > § CG(Control Gate)* 4«
TRREFIT I A IS A FG: (0)T F A B2 FiLE Channel fr
FG ¢ B 5 "3 i & (Tunneling Oxide) » % % + 7 @i 2% 7= F-N

Tunneling[4] -

Stored

1 Electrons |
L= L=
Erased Programmed
w“q “gy

A D

FG
i \’f
Ids ! 0 _l
B S
Vcg

B 13- 2+ iE75%F “ 4 Flid FG(Floating Gate) » 4 FG + 7 &+ €@ =

Control Gate(CC)% & { ~enipBR kS Ed T frARZF TS & FG



1.2 37 23 M e Bt v Ap
BRI FERUEL AW (TRS BR) MEETIR - SHH
S PEEUR MR B e T TR IRER L P E AR AR
i % #11[14~16] -
1.2.1 - 2z 1% 48 (Flash)

Flash 41 * Floating Gate shf it G ek i > "CF 5% F “ &k Fl 5 ~ 2§
AR R A AR RARTE - B S R PR JF § 7 4 Ji_Floating Gate i % > @ *E L~
Bt Al s @A ARHLIFTREZED Mo dffiFE Ry AcE @ AT &
R RM y v B 50 345 %y YK IET R AL 0 Flash e *
Charge Trapping * ;* # iz SONOS - # 2 2 173 % #& 11 SANOS 2 TANOS
%4 > B 1-4 > SANOS % e Blocking Oxide fi # 1 SiO; sz % Al,O3 v i
TS NS 1 ' K Gate dnjection (93 4 5 K] 1-5(a) 0 Fd AlOs /i R B
< 0¥ 0 Mg & Blocking Oxide (R #@ TANOS ¢ h T 4p e {1 * TaN
W FRIER R > fd TaN {oAlOs s A A 2 iFaix i I gy > 3 Gate Injection

A {2 4 0 B 1-5(b)

Poly-Si Poly-Si TaN
Si(:)2 A])_O;{ Al 203
SiN SiN SiN
SiO, Si0;, Si0,
S/ b _8/ \D__38/ \D_
SANOS SANOS
SONOS with poly-Si gate with metal gate

Bl 1-4~ = 5 SONOS g > & /r *# R f&=A # 4c » SIN > ¥ 2% . F] 5 Tunneling
Oxide ~ & i¢ ¢ jw /2pF B P i & 45 7 5 SANOS 21> + 5 TANOS i

FRF L i Gate Injection =3 2 [6] -
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(b)

Je

= b e
A —Vb ALO,

Bl 1-5 - ()SANOS 2 (D)TANOS s fiic # Bl » 11 * #iFeni=ii & % i Gate

Injection = 4 [6] »

122 3T V= hi
w3 2o B8 (Ferroelectric RAM)E 41| * 4T 4% 7 (Perovskite) +4 AL eragF |4 > %]
ST ) * 4R (Polarization):E r + A 2 S A7 ¥ Rk i 0 Ao B

16 X YRR R €7 BFHE JIF SEPFET Y KT FEBRLE
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4ol 17 T 2N P D=g,E4+ P #TI04RI-PT U % BHEDE EXR £ 7 0 fE R
1-8 ¢ ¥ 12 z_%P,(Residual Polarization) % 7% i e it £ » P& F A% % %47 > |
£ R 3 5 2P, =50uC/cm” » @ E_(Coercive Electric Field) 5 %7 7 3> P|# ¥ 4]
AR4F > gt HAB T kL en 2 28 BT, (Curie Temperature)» &€ & %8 &T < T,

T AT =T 83T M 4% et + ik 5 Endurance ¥ 2 ] 10%

DEIEES IS & L T SoL S

Bl 1647 e RMHELIHE® > #17 ABOs $H£ 7+ B R+ &t & 4

TAMAA R R[]
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QREMNANT = Q(0) - Q(1)
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Bl L7 47 S e et B 1 3 ¢ dQ(L)E_D Bir A Bhid & 13 i £ :dQ(0)

SCEHfrARE ST L > fI* R BEFQV H I 23 ki E[7] -

o

Pr

jEC

m

__/

Bl 1-8~ R4 ? T H(E)e A 5k & (P~ M %[8] -



1.2.3 e\ s iy

F 1 5¢ e fa #8 (Magnetic RAM) g di e p *2 T =+ & (Spintronics) 7 B > 45#
4.4~ " (Ferromagnetic) ¥] & Spin sc € 4 i 0% |+ > B 1-9[9] » ¥ | * #h3n T iz
RAPBBUS ToSpinc BlEt eI ¥ =Kk pd B -F%k 2 F
T > 4o NiFe/Cu/NiFe 45 > IBM & i @ B K e 5 # * 28 5 K 4o AlOs ™ 7
pd BIfrAZRMPETLE* ARHFERYF-HF R - HEFPE T
/%E;-Jifj*u%? F-ERANREFALY Spin 2w 2 XFIT R A
B fe® @k Spin * w4l F B AT > Spin 2w ApF FRB R AL
7 a%%hfjé{%’z LR o

E E

N(E)

N(E)
Normal Ferromagnetic
Bl 1-9 ~ shei 14 B (Ferromagnetic)4- NiFe » H Spin ic £ & # & 2L ga {2 4 B

(Normal)# F[9] -



Spin bottleneck magnetoresistance
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| (\i /\I resistance

High
resistance
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Bl 1-10 ~ et e Rk T RIZT LB o M =+ RIS NiFer ¥ B &

Cu> fI* 2+ % Spintple 2 4p & ¥ 0 @3 T (L B2 & 7 (™ B)I] -



124 ipsgi- el
P % i ;% sz B4 PCM(Phase Change Memory)[32] ~ # i PRAM(Phase
RAM) > & & % 4 B v 1 Stanford Ovshinsky p| £.2 p ¢ £ 3 & & %5 OUM(Ovonic

Unified Memory) o }* — ze 8 4% & Ffutp 22bfhfo ? H2 PR RET %

I B3] B ek S FUERER B R RS R g A B At
Y A A Ry

DESEREEE Uy ¢ R IR

ﬂ\j.

S feid & 4 du dp s [10] -
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Amorphizing

.RESET Puise
. |1
Ta vy I P
E :
|
ﬁ Crystallizing
o (SET) Puise
2
Tl i o
5 :
-
Time

-

Bl 1-12 ~ 54k g B R0 ® > JIH BRZFPR T S L RS, & AL

)

88 1 [10] -
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e

m

3
1

:

Resistance (Ohms)

\\‘—LRBEI-

1. E+03 T — T :
0 20 40 60 80 100
Pulse Width (ns)

»

Bl 113~ f1* e M S AP R e RUMTIEERAPET » F P Hipd =~ T

P—El—”ﬁ A e T L RA DA pg;&:fﬁ}’:,@,«[lO] °
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125 ® et
TR GERA L TR e A R R AT 0 FOA L LR
A fe g s o TR I % B % £, C. Bruyere % 4 #1969 £ 3 [11] > & &

2002 # 4% f 245 e i o 4 Sharp % £ TEDM[12] > B 45042 & B 20

TN e R Rl 2 > Sharp o @ vk L3 < & Alex B} & 15> 3 I * 4T 4x
H A (PCMO) 1% & T b4 b5 4% Samsung = & f. 2004 = 14 2 Spansion

o F %2005 &4 w4l NIO 2 Cu0 g s ity iva @ik adt - 2
PEAeRBEERE AKX 4 P TEREYP R AFART A A= Pink
0 3 122 = g(Cross Point):k 3+ » #he = 1&48 2 AR & 187 = 1DIR[19] 2" &
ITIR[17]ehie & > A2 2 =t 7 0T % 3] AF? > p % b 3 sh e £ oh 40 TR 3
= A 3R A T S AR T 0 i3 S T IR Y TR
BRI R MR A AR a0 B S RS A4 R
FERRAALEE G FIG R AR s WA U Ao T
BT R o o CMOS Q4nfE SApF 2 L0 gk ip et 2 T
I )T on K dp ) A BT 2 1) Multislevel sk o pow g (% d AR AR T
£ kg TT ik o BAE &2 HF 1 #(TMOs ; Transition Metal Oxides)[18] :
NiO[19~26] + CuO[28, 29] ~ CoO[30, 31] ~ TiO2[33~37] ~ ZnO[38~40] ; 4T 4 7 1% 4
#1:#L Perovskite oxides[13] : PCMO[41] SZO[42] STO[43] ; & % #8444 : Si02[44] ~
Si3N4[45] - SixXNyOz[46] : % i /i § 3 : HFOX[47]~ MSQ[48]; #- & +# : a-C[49] ~

a-Si[59~65] -
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Top electrode

Switching medium

.

Bottom electrode

Bl1-14~ R el P T RAEE ¢ B IR ) 2 s Bg[62] -

3 EWET TN
AR T T T A G R iefe "R S (Interface Type Limited)£2 4 §g 2
| % i (Bulk Limited)s =« % 0 f de i F 5 44 (Schottky Emission) ~ % & @ %
(Tunneling) ; & % 4o fF s.-& & % 5F(Frenkel-Poole Emission) ~ ®i4* i@ 3 (Ohmic
Conduction) ~ 7 & ¢ j= *34] % /= @ ¥ (Space-Charge-Limited-Current Conduction) ~
BB @ % (Hopping) °
1.3.1 Ohmic Conduction
4o % AL 82 R R etk i E_E04* 378 (Ohmic Contact) » &% £ 4 & T f&dk 5 0
o R SRl @ AR P T UGG TN BER XD L R
& *T4| A 5 Ohmic Conduction > ¥ L3t B T cn@ HE83] > ¥ 0 % #c8 N 4 7

4T

AE,
N ex
ohmlc q C,U§ p[ kT :|

1
ENRUR : 2 JVs& InJvs=
Ton R EACT HA % IFE] LA RE R o
T T Ao R R R M G
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1.3.2 Space-Charge-Limited-Current(SCLC)

SCLC AR & & & » *F BLS# 1Eg = T A7 o PRI IRy de o o @ A48
+ H_Bulk Limited > F15 7 2 3| £ ot E4 &5 "L E > #1111 SCLC & %
B ) e fe e L4 5 2 L Ohmic contact » % 5 2 AL 3L~ i 1R
(warmEdMnBwﬂﬂFM@MﬁﬁfédgﬁﬁﬁﬁﬁanhnmrMoNMWﬁﬂ;oﬁ%@
TR A BAeRC)l S TR LR - Bl NS MO
TEpETAEL P S E i.%%’;;i » e+ % & (Injected Carrier Density) ] ¢
Fl# A 4 chft 3 % & (Thermally Generated Carrier Density) » iz 4+ 2k R % 3
- B s s JI’L@\SCLC A e ROREERT RS B ARALT - B
i > A 3 & Ohm’s Law > 7 sE5EF tAr R A Tl - BARR - S PFenT i & RiE
> SCLC» #7325 pd £ 3 RITF I X BI04 1l 58 ) 5 chg /F
T LPRET R R o 4 é‘:i%)'j-&% F R - KA Ohmic Bt > T2 7 g ¥
TH T S SR G e BT FRSTERBE S TR AT T EH e
Et A o BREA v HRIABRAfREFT I M SM % BIFE S SCLC 7R

DY B T F AT

ohmlc qﬂnof
Gz 60
‘]child = T
V 1+1
‘]TFL (d 2I+1}
Opie es”
‘]SCLC = T

2
PERSE 3 S S S E R AT
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1.3.3 Schottky Emission

BETET > 2 E T 5 Sl o o R A Y

RIS o e
T

Hs Sofiek L A S > £ X o €255 Schottky Contact > &

% (Schottky Contact) & ¥_gt4* 4= w

CF 2R

(Ohmic Contact) > B 1-15 - 14 n-type &

FEPFREER G P RN RE R A

Barrier

7 AE 5 Thermionic Emission » 5] 5 45 & Jf % i H4e

B

ETILR REPTRE R B RATR X P F LS A
- R L IERCE IV WA -

BEPFT L T g o KA

J

schottky

= A'T?exp

g

rSO

l /@ =EAF
({% =

N T RS SR B A EHET

KT

3 e

= AT 2exp

b R B ﬁi‘.ij‘uﬁ-i % Schottky

3 B> @ Schottky Emission

L&

P PR
q[¢8 dre . g,d ]

B JE 8GR

o

i 7o gl es U3 Axag Barrier 0 A2 2 ¥ D000 ¢ F R R PIEG OBERA
IlE R EMEG o

E_& >t Interface Type Limited » * #&c8 K T B3 in

:

r

KT

)1
?ﬁ%@ﬁ?%ﬁﬁmjwﬁii“,&ﬁmawﬂmﬁw?ﬁ@imﬁﬁ@

o
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Schottky contact Ohmic contact

Vacuum level
Vacuum level

E
N bo=db,-24  °
o=, 7 ii ’ E,
EV
EV
¢}7I = ¢S ¢m = ¢S
n-type

Vacuum level
Vacuum level

S D ¥E

ts =P, — X Go=F— X &
(/5171 = ¢S p-type ¢” . = ¢S

B 1-15~ £ L &5 %5 Sk fe 2 F € 5= Schottky £ _Ohmic 5 -

1.3.4 Frenkel-Poole Emission

B2 2R L 18 #4844 Schottky Emission — & €_%] ﬁi P EpEa AL R
o e F-Pemission 4] it il i ERIrLEMA 5 pFT XIEXE

BafRF RS A L AT FE ALY T RARG DRGEF AR EE
FEFAS S P RS R 6 S e 4T RS AR RENER
&g B i fad Bofk (Trap Sites) & 5 B 4 it (e F 0 X P4 T 5

g R o AT K (Trapp Center)m I E T F > Flet 2 2 F Tin > s
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q q¢
_q¢t T& & q
WNercexd 7 KT S p[ ( W ﬂﬂ
J J 1
In—vs\/g IN = VS= o m e oo
SARAfRHNG € L gamwafemams 1 T MORE

o

Y
F-P emission & # 7 7t - Schottky Emission @ # % /i e X PR R B2 58+ >
e 7 F >t Schottky Emission &_% 3 Interface Type Limited - F-P Emission €_Bulk

Type Limited -

1.3.5 Hopping
ZIERRPEP @ E448 5 Hopping > # I+t Schottky Emission

F-P Emission §*+ § & A% ~ # i @ &~ ¥ 24 > Hopping £+ L. ¥ 1 T F

PR TG A KRR A - b BRI s mi\"’“ R R TR
il o TP BEES PR BEREA AR O T B G

AE
J hopping Og eXp |: kT :|

1
LA fran ad VS RERATREAM BNIVSS gy papy s

Fr F-P Emission +* #a= &k - § 4 T F & 4 5% & (Defect density) i g B > F]
PR E T L AT AR 6 T s 2 Hopping @ 4p

SR W ALK L FP R RS
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1.3.6 Tunneling
Z )i,,ﬂg(ﬁiqw LT, gﬁl:g_; ggﬁ,y , ;jul;}; ts‘gg ﬁ_j\j/g;i,y%?gﬁg;;
MERM 2 k258 4 80 2278 a4 - 2857 05 B o

FRETWH A LS TF L2 BETH > R H P 1 2R DT F

3
&3
4y
o
53
g;
sk
Bk
@.
Eid

RUB L EF A TR R F AP o

b
I
e
_\\_g_
4
o
o
&
N
.3,\
=
1y
3
=
1
A=
—h
3
[

a’;“o/[q%"lﬁ—g—'%i}\‘\'} s B3

-

e

FHFE R BRTOBAFERAF M FARETAFI - TR o - ifu{ﬂ‘i—?
A ERRINEF RPN BT URRARE R T%’?*Eﬁ?%
(Direct tunneling) 1525 » #5 % 5 4c ¢

q°¢’ exp{4Van(q¢B)”2]

J tunneling =
87h g 3qhé

JVSS vemn manppl % o

PRARTBRRE > oRF EZTREER ERPE o ok L 4D

i 1
AR AR A RS B AR B B i TR

3 N N L H J
A 4 3@ 7 5 (F-N tunneling) - |n?VSE EE B ISR % o
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"EF R AP ¥ ARY IR RARE R LT AP PR &

GARAR AR A P AT e B LR A A N AR DAY B T

o

LSl M A B R AR(HHN Y B) > BRI 3 A A
ARURAET AR P AR RNR T R BB B A BT e AR
EERT Y AL HRA BT PN A AR E etk e B R pe g e
AR AP AR ERLERR R 4 R ARG

AR BTEY Wfefer B 245 CMOS @WAg4p 3 7 etz S g
TR R R £ BHRER T - R 24 CMOS #p %
fetho r e farflgand s o flied by Kok AT DR RI 4 Fd
L SR I VI A S R LR s St
1.5 @~ #F i

He R AT N e B A M BTN R R he BT
RIETH S LB AR MR B i A LR T MR TR R R F
$ 31 Culo-Silp™Si iS4~ 1 B e Bl e M B L en & o F X 7 Ui ¢ At
B MR BE R oo A Bl AT TSR

e S LIE AR H b L A DI 2 ) B B R AU T e

BRACTI AL AN A3 ST R ER AP THE I e LR R ZfE
o B Roenzb f gt P PG R T R A L o AR N € LA
£ HME TS Attt AR R A L R BRITART 2 s H
- SIS R R R AR ) RS - R o 20 R Cu/a-Si/p™*Si

BB AT AR 5 hE R > 2 35 Endurance &2 Retention Time 2 7] « B

EX‘

EAREARATERTIATEREE G e B EBEA TR R AR TR
F) 5 25 # 4 Hig & SCLC @ Y48 5 ¥ TR 3 #c Schottky @ 3 4]+ 59

FhR oA MTIEGELES T Tunneling 3 35 55 Fd B /27) = F T
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it

lia
AR A 5wt & Fl(Wafer)ig fes - £ 2 iE < %) & 0.001~0.005
Q-cm-> 7 A (PTS)EEF T A2 TR E ERRMEOE RS AR Y &
TREEFA Y MO T R E KB 2 g Endurance[63] -
TrEEEE A A I kTR MR EF % AH(LPCVD)> it
L% 72 Amorphous-Si(a.-Si) & 5 o
R AR A A R (SputteniiE )t TR pHE 2 R Y 10° Torr o A
R ot o R H SN L 24~27 Almin -
22 ~ i giTiiAR
B g e gl ek A e R R 11 2 TR BN
IR (T 5 i 1 (TR B[60] 0 Ktk BT o sn g ¢ &N R
Aol A i Cula-Silp™Si & v g B 2-1 etz gk x4
7 L #4717 RCA[BS]iF % » # Fp LA iz » SPM H 10 4 48> J§ #ifiefe
BE kAR 314t 120C * 12 “f Wafer % & 3 #4 - £ 18 QDR -k #-5
4 SPM 3 ik i H(F B if et 2 P58 % L8 QDR KA 3 — B i B At R
M) R F R~ DHREH > B0 5 - BAHSA A2 Dy R 2 BiRe
SCL1 1 10 45 > f5d NH4OH:H02:H0 1:4:20 i3 i # 2 3 AT ¥
% » SC2 -k 10 » 48 > HCI: HO2:H,0 1:1:6 73 i ¥ 11 4 “f ERRESF > KisE
DHF -k 2 & & gk o & 07 @ - ZAm R 2 § 1+ & (Native Oxide)if Ti’a;“é’é »QDR
KA A A DHF - 328t 8- Wafer 28 » sggcip =+ Ak o Fla AF 2 4%
FIET TR 50 EL AT TS a-Si 2 & F] Native Oxide i = & (28258 #7114
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et R 2wl H- Wafer i » -k T og g I B IAF N B - B RS a-Sio T Rde

% 0
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Jx T(AE)xe (2/m) [ (2m aEd)™® o P R )d

J : Tunneling Current Density

T(AE) : Tunneling Rate

AE = ¢y, — 15,=4.65-3.95=0.7(eV)

d : Distance between the last particle and the bottom electrode
m* = 0.09m,=0.09x9.1x10*'(kg)

mo - mass of free electron.
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