—F AR EEREERE M
TR BPET

Current Conduction Mechanisms of TiOz2-based
Bipolar Nonlinear Selection Device
FogoA TR

h#yeE BT B2

PEAR -O0- & -



—F AR EEREERE M
TR BPET

Current Conduction Mechanisms of TiOz2-based
Bipolar Nonlinear Selection Device
FogoA TR

h#yeE BT B2

PEAR -O0- & -



i HgEEAABERRAE
TR EsHE T
Current Conduction Mechanisms of TiOz2-based

Bipolar Nonlinear Selection Device

Moyo4 L miEE Student : Guan-Long Chen
Ry 32 AL Advisor : Dr. Tuo-Hung Hou

il === K B i3y & o XL

L o~

A Thesis
Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical and Computer Engineering
National Chiao-Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electronics Engineering
November 2012
Hsinchu, Taiwan, Republic of China

O- & L+-

™

i

po

=
|



=

= F fv 4% %’Fﬁ?tfél'f’iig # ;“;; =
T BRI

# &

TR 5 g i~ RPE- 2 WARR H FRE . TP B R R R
drelpii - & LG T RFEBMOBR > 8 FF LHENEARERMET H
R cehe kot g AT € X TAERE AR o 5 0 Rk R
FodA-BEREABIREG FHRIMBPP T G0 WUR £ 549
G- hEaie FA U E Fo RdERFT > T A BEY > IDIR
e 1SIR eh g B dh B @ o

ERBOHFPEUVETE > Tl QbR TS e TR RS B Sk
e ZTRBEA BRE O FREB-SHE-2ROT I BRBHTET - &
o

AR AR F A HRE R RE AR TR ZRT - kP &
MLB-TsE 2E BB E RGN EF N FREAIBET DTN D
HAdle 2 - HERATHER AP AR AL THRESHA G 23 e
T4 Wk R e g > TR T IR B en %ﬂ’%ﬁ?uﬁm&ﬁaﬁﬁﬁ

w’*§AWEH“®iQmpm%X?%ﬁ%§ﬁ RPFF LR TR



B Re R ik R - B F i

PRSP EE R e R T 0 R RS R R-TAR R R] B AR I I
feo FTingd THERE GBREE AR F AR E R G MR- ke
TRT LR R 0 AP E 2% R & (pulse base) i FF £ OB ¥ i 5% 2% A (pulse

width) » & {7 %R R 0 L BP0 F AR RETREET R SF BLE -




Current Conduction Mechanisms of

Ti10O,-based Bipolar Nonlinear Selection Device

Student: Guan-Long Chen Advisors: Dr. Tuo-Hung Hou

Abstract

Resistive random access memory (RRAM) has become one of the most
promising emerging memories due to its low power consumption, fast speed and
simple structure. In recent years, the crossbar array is adopted for ultra-high density
memories. However, the crosstalk effect would cause read interference of the memory
state. To solve this problem, RRAM should be connected with a selection device.
Previously our group has successfully demonstrated metal-insulator-metal (MIM)
devices, including the unipolar diode and bipolar selector, applicable for the one
diode-one resistor (1D1R) and one selector-one resistor (1S1R) arrays, respectively.

The performance of the selection devices is judged by nonlinearity factor and
maximum. current density. To enhance these two factors, thorough understanding of
the current conduction mechanism in the MIM structures is essential.

This research focuses on the TiO,-based selection devices using different metal
top electrodes. We measured their current-voltage curves and then fitted to various
current conduction mechanisms. Furthermore, we varied the defect concentration at
the top electrode/TiO, interface using additional oxygen gettering layers and
discovered significant changes in IV characteristics. This result supported that
modulating the interface defect concentration is a feasible way to enhance
nonlinearity and current density of nonlinear MIM selectors.

Besides, we also measured various devices using a pulse 1V setup and discovered



that the current density is lower using higher frequency pulse. This result is related to
the ionization rate of oxygen vacancies. Furthermore, we conducted
temperature-dependent pulse IV measurement using fixed pulse base time and various
pulse widths. Finally, a simple physical model is proposed to explain the results

qualitatively.
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SLihAddg et - ks FRTIO = kg ey /i o ¥ by A f[* v kigis
-k f% &g (water splitting) - [20, 21]

BEEHOR Y o G g 3F P AR K5 @ 455 44 (oXygen vacancy)!t 2 £
& . (interstitial) » & & 42 Kot 4 (band gap) » ¢ 4% &4 P o (trap center) > 4%
7 + B 3% 4 (conduction band) gt 45 (8] 2-1) o s el BT ¥ L3R £ B
F Y4 doz § 1Y 45(TIOg) ~ F 14%(Zn0O) > = § L 45(HFO) % & - 3 3v a3k gk &

R

PRAEET Y g fe b5 AR B A Y PF f AR 10°5P(0,)>10(Pa) 2 F £ -

l‘-\ﬂ

)43 32 5 10°>P(0)>10"°(Pa) ] & 75 n 2] 4% 82 o [22] 74 3% i W A2.08 12 % 2.(5

mTorr) » % 44 % I n A4 e cngF b 5 & Al F 4o &N

V,+Ti0,=Ti; +0,+2e’.

He Vit & 4 ¢ ahinterstitail o

11



B 2-1 anatase-TiOy¢1% 4 7 % B][23]

TETION AR > APT U1 2 Fng/ht R ¥R 0 4k
Bt AREAwR o Bisicd Riab AP MY T kaF &

KA

2-2 MIM B4 7 i @ 4841

T BEPT s A 8 - 3 LT 44 (electrode limited) » ~ £ %
A~ 2 (injection limited) » ¥ — 37 & & 4824 (bulk limited) -

T 1% ' 4 (electrode-limited) 2@ i i@ 3L 4% 4] @ 3= £ H-% &4 (thermionic-field
emission) ~ # £ % %4 (Schottky emission) ~ 35z & (field emission) ~ 7 ' 3 &
(tunneling emission) > 5 "% 5+* ¥ & % & 4% 7 “g(direct-tunneling) % & ¥ 40 #%
7 w% (Fowler-Nordheim tunneling) - @ A 48 *34| (bulk-limited) =% 7= @ E 454 > 7
¢ 3L 3+ 1% ¥ (ionic conduction) ~ §c4* i & (Ohmic conduction) ~ 7 & 7 7 & 3
#1(space-charge-limited conduction) ~ 7% % .- f: @ ¥ (Frenkel-Poole conduction) ~
B8 & % (hopping conduction) &t i ¥ 32 @ H(impurity conduction) 2 § = i8 7} *2
#] & ¥ (grain-boundary-limited conduction) - [24-26]

PMIM A 2 B4R K30 ¥ R T In B S B A S R T
B s 2 R -Ep B YT e B ARz BTN BB B

FHRAE

12



2-2-1% 3 % %4 (Schottky emission)

£HT Y HTF X INE R DR Tor) ohgUE I (thermal activation) » -
EEERE TR L - BERE A TH DR T > T F R IR
FEHTREMTHALEFPFANR  EEFAITRNETF L Ay
— R BE RO s »J'*#ﬁnf%" FAE B o B2 B BN VR R R
Mo ¥ ABERFREF A BAF S LR F T A AB2-2 0 FA S

ﬁ_‘ /n A ‘\‘ '&‘-"T [24]

%%q?%wj

kT

J=AT exp

J=% /=% & (Current Density)
Ax= 7: sz e 4 & i #ic(Richardson Constant)
T= % ¥+8 & (Absolute Temperature)

Q=+ 27
qes = [ 8 /& (Barrier Height)
E=+t4e 7 35
k=% % & % ¥ (Boltzmann’s Constant)
0 =EF° @47 ¥ #K
er =% & /1 & % #(Dynamic Dielectric Constant)

(L~
Ni

TiO2

™~

B2-2 % % 547 2 B

Pt

13



2-2-2 & ¥ -3#48% 7 "% (Fowler-Nordheim tunneling)

MEFAFDERRE S FTEFRAERLFIIEFEIL FARTAET D
PR E AT ﬁ-‘ffp - AP FF AT T o o B PR R T
¥ > #2.3% (Schrodinger’s wave equation) Ff% » ¥ 12 & 413 F 2300 R {8 ad S
foo A RETF AT RPF o PEFRF I HFL AT E ERE DR A
MR ATRRELE DI TR TR ROAR A N - B AN RE R
PER AT R R REEF T R Tl hiE B R T R o (R12-3)
FN-tunnelingsre 58 ¥ i 5 & 75 =

3/2

44/2gqm * (CD)

J oV iexp(~ )
37ty
\V="=2} 4‘3?}3&
"= ma ki
qes =ic [ 8 A
d=7 »%% %);s_;g
m*— xﬁ?ﬁfﬂ
vacuum level

T \ metal

’ Fermi level

ES tunnel
distance

——> energy
o

Bl12-3 & #h- AT %o 2 BI[28]

d 28R g EN-tunneling2r € 33 3+ cnizig it > 2R R R E R -

14



2-2-3 3% ¢ (Field emission)[29]
J2yg iF-Ntunneling » T+ % T H@er g gen VT BE > A8 §

GoF BRI RER S N AT ARG R R TR I A (52

- P A ’\ v . 2 (D 3/2
T (B2-4) o F3 by I e exp(- q(d ;) )
3E,,\/P, +V
Zm.?\
Ni [
TiO2 77777
Pt
B2-4 33 57 X B
2-2-4 3 § -2 §F 5.3 5+ (Poole-Frenkel Emission)
DGR A B 0 B E AL 87 e e P-F emissiondy i L R

B E TR e Btk R HER T @ T F 5 d Fupes (thermal excitation) & _firE
¢ (trap center)pest 24 T T A o 0t @A BT BAcR R 8 A R4
xH g e - e R PR N BES niTA o (74 KehiE 1 i (activation
energy)i > 1 AE > @k Fa{ B AR BT o phal A2 4L 5 Poole-Frenkel ionization -

RS2 T BT D 4P B (F12-5 0 BI2-6)[30] o F F-iF oo S N e T

—q (¢: ~VqE /meye, )
kT

J =(gNcp)E exp

15



p= % + 8 4 5 (Electron Mobility)

E= b 40 T 3

qdt= 5 ke i F# (Trap Energy Level)

T=2% 8 & (Absolute Temperature)

k=i i & ¥ #(Boltzmann’s Constant)

0 =E 77 i T ik

% i /i % # #ic(Dynamic Dielectric Constant)

er

TiO2
Pt

T~

B2-5 & % 5w 7 AW

\‘-‘q
\- )
ST Bottom of conduction
) band.
S
\\ -~
AE=q./qE/me

B12-6 I f=iE g 5o Stac T "7 £ B

16



$=2% MIM =~ §nidEisd)

3-1 glAzs o

A TR E AR SR L MIM Z K Al a & o g F Pt T
ST AR R R S 0 B 7R S A(sputter A) (R 3-1) g s G
4 (Cu) ~ 42£(Mg) : 14 B % 34s % 5L B(sputter B)(B] 3-2)#7 i 4% cn 4 © 48 (Ni) ~ 4
(Ta) ~ 45 (Hf) ~ 4x(Ti) ; ™~ B2+ # Z 4% % ¥ (Dual E-Gun Evaporation System) (]
3-3)rimdxing i 4 (PY) ~ 45 (W)~ 45(Co) ~ 4 (Pd) - £ Jr &5 & % 5 100nm

T A Feng A - F it 4 A sputter B RIF o

13 % 4B+ -

2.POWER: DC 1500W*2 5 &
RF:1250W*1 & -

3 ¥4 H F 6 F A6t 35 e
4.% %8 : MFC for Ar, O2 » N2-

5.3 § /& % : RP+ Cryo Pump -

6.7 4% % K o

Bl 3-1 E 7 45 % LA

1LAREG o

23 4 6+ REIEE -

37 % 6 * WAFER(G v » 4% ¥ » ¥
piTAfer %6 %)e

4 POWER: DC:2500W*2 . &
RF:1000W*1 & o

5.% %8 : MFC for Ar ~ N2 & Oz.

6.4 % % st : RP + Cryo Pump -

1.7 48 5 K o

8.4 ¢ & g 0~30rpm > ¥ Ay o

B 3-2 E 745 nB

17



1.EB gun Model EGK-3M*2.5kw EB
power 2 5 o

2.3 § & % RP + Cryo pump U-10
pu(2300 L/S Np) » & /& 4 2*10°Torr -
JAFE X 4t P 18 F B &S
3F+4rt06 % -

B 3-3 a4 RdE i

32 #P R

3-2-1 /T T

FAET TR GEWIER R N PH T e B PO WA
T 1 p Ak prtype - e Sigk i (100) 5548 R G e 4 2 (RCACclean) (80 ¥ 5
B kL Si A R ek R o 0 12 950°C Bt § 1t A4 500nm SiO, iFE g A o
hAARL T RAR P2 H o d 3 Pt & 2 SIO e F M o Fpt kA b - &
20nm 0 Ti i® 5 ARF & 0 £ k1% dual E-gun 74+ 100nm 0Pt £ s TR
& o
322 - § MexRH R

41* Sputter B> &R+ 1*10%Torr» 421 (/&4 % 5SmTorr> # & 800 X »
2 AO2=100:30 st ] o F R B4E L TIOL 5 60nm = + o
323 £+ T &

+ A&k > 12 shadow mask = & 41 E i2 5 100um HF1 A & fF 0 A W

g1 100nm en 117 e £ 0 T a0 A 2@ WA ARLCR 34 AT o

18



Clean + Wet Oxide(500nm)

Ti deposited as the adhesion layer [ I\flre:toal 100nm |

by DC sputtering 10260nm
Pt 100nm

Pt deposited as bottom electrode e

by E-gun $i02500nm

TiO:z deposited by DC sputtering E

with Ar/O: = 100/30 Si sub

Different metals deposited
as top electrode by DC sputtering

B 3-4 % I+ Tdks 14 W TR

324 §F Ffh A 7l i®

WAzsgns MIM ~ i > v caf B 538 60nm 1 TiO itff = 2- 16 > A
Sputter B » 800 % »Ar0,=100:0 » A &[7AF + Snm > 10nm > 20nm - Ti >
W ¥ f " fc & (oxygen gettering layer) » =i # 3 f1% HySO4 1 HoO, 18 47 1
&)= 4:1(Sulfuric Acid-Hydrogen Peroxide Mixture, SPM) 2 i% » % 50°C ehp% iz >
a2 5.3 10 ~ 48 0 (7 Ti e 7 T AL TIO ¥ # k& > kil ft T &b
/i o1 * shadow mask < & &' 245 5 100um R3] 6 4% > & * Sputter A 4%
1+ 100nm 7 Cu ~ E-gun 4+ 100nm 7 Pd ~Pt> £ =t T4k TR 7 it
BT o G ARG LA ] 3-5 T o

Clean + Wet Oxide{(500nm)

Ti deposited as the adhesion layer
by DC sputtering

Pt deposited as bottom electrode Iml
by E-gun s
TiO:z deposited by DC sputtering Tio2
with Ar/O2 = 100/30 Pt 100nm
Ti20nm

Ti deposited as the sacrificial layer
by DC sputtering

Ti wet etched by H2804 : H20: = 4:1 Sisub

S5i02 500nm

Cu, Pd, Pt deposited as top electrode
respectively by DC sputtering

35§ f ek = 2l ivinde

19



3-3 ERT LR
3-3-1% k- &

ERRER* Agilent 4156B » § R 43t T TR EEY c FH TR
A 0~+3V #HFH 0~-3V e &4t - fa )t R WL RGPS % APFR
Ti~Al~Hf sFe~-W- Ta~Coiz= fit T4 & f HBBRFOT I E Ldd T4
feehd in % A ~10%(Alcm?) » & BRHT iR A &3V R Bl 100~10%(A

cm?) ] F i (1) 3-6 > B.8-7) ¢

10° ; . . . .
10° = Ti 1
10"} + Al §
10°f © Hf 1
107 3 :
E.2 b5
c107r 8 1
< 10° = E
v10 r Y 1
0%} . -
10°F T~ s}
£ 3
10 : 1
10'7 1 1 4+ 1 1 i
3 2 2 3

-1 0 1
Voltage(V)
B 36 3w Ti> Al Hf 2 - {83 BR-7 /1

3

10

1 2 3

-3 -2 -1

0
Voltage(V)
Bl 37 FtaieFe>rW:>Ta>Coz - &7 R-7 it

20



MIM = it chigtes & B & /2 EWEH AdEe - » 5 5 TH/TIOz» 12
TIOY™ Tk FI VLB E S BEEHEE R A - e B> LR kenT v
FU LB EA-EBEAL 2 PE P pte R (B 3-8)d 3 THs BiEN

hEBITIO e A4 <~ £F # > - Bl adke > Fpt dl etk 20
For s INT PR £ BIMO e 3 kR RM - B2 ¥l g
B0 Fpt d2 e U] o F e A BRI R AR dl i oa d2 Bk
B mond d2 i £ 2 A gy s f BRI TARF > d2 FiE
Aodl Aok o B Tand dl A H o R R ) B BT T R R

Fehik & o

TE Tio2 Pt

TE=Ti~ Al~Hf ~Fe~ W~ Ta~ Co

TR

Bl 3-8 MIM = 4248 i i+ 7 st -

BEEERILCU-Pds Pt it 2 imehis 1B > A8 PR NT ARE F o 100~

104 (A/em?) s (] 3-9) ©

" Voltage(V)
B39 7+ Cu-Pd Ptz - M7 R-T i

21



dek i TR A MEREH CuUSPd Py dopt - kA f R SR T
b TR/ TIO H 45 £ B3 Fd ik > Tin A Fil 5 AT BERFHET
Pt TiO 3% % b 7 Hid (B 3-10) 0 & ts £ I khiF 5 i&{%fé%@ A
R R o

TE Tio2 Pt

| TE=Cu - Pd - Pt |

fl@

B 3-10MIM = =18 i ds T B =

PREE N g E s PEIERBROT I TR BERFE L = BIFERSD
BE T Do P S 0~V | Tt (F10°(A/emM)) T s 0 B S BEEG -1V~-2V
Fompig b A s o d 105(AIcmA)t 2 25%10 Am?) 2+ 0 & = FRE L -2V
~-3Vo B i 4o B AR > B s i 3] 10(Alem?) 2L 0 & iR/ 0 E i d 38 TiO,/Pt

Boe 288 0 7oA RE R k(B 3-11) -

10 K T T T T T T T T T T T E

10" 4
107
E .3 ]
c10°F E
%10‘% 3

10°F :

10°F ——ni g 1

10'7- 1 1 i 1 i 1 " 1

0

-1 1
Voltage(V)
B 311 74 Niz - &7 R-7

T A BER AR E B KRB (R 3-12) B¢ f pRaz pE
ERimAREEV £H LEEALG BRI EFAPFECFEHFRT]D S AET

kT RN € F IR~ R

22



Ni TiO, Pt

+

-

Bl 3-12MIM = &4 * T 8=

3323 TIO, B REH E
417 I B & T10, sTINITIO NI 4 2 PIRE- R I 1 ¢ 3 M F TiO,

BRH 4 RARBE §F T iBR 0 50  F DIEE & B 50 TIO,
P o A% in ¥ F H-4s) A S T r:‘tjﬁ’é 4 > F]y P-F conduction %~ & 3
Feh@EE S L MR ¢ LR E A LT & TIO i g+
¥ 4 /5 19a# R H P P-Fconduction AxPes Blér fe o 2@ & F R R 3T T
i LALER A g 2 AR (] 3-13) 0 F]M A < IR Dn2RAU o e
B R-BRFNTE 5 FB Ao g kR &7 P840 GHDEL A L

W R BRI > il g BT - ey LSRR o

10°
10’
10°
10'
E 107
2 10
= 10"
10°
10°
-7
10 5 0 1 2 3
Voltage(V)
B 3-13 Ni/TiO/Ni T &-F v
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333% k¥d §HERGN- B
ARG AERAHT NG Fa AR A APl s R/

HHWEG F 4248 TERAT AL k- HHRBFEHEIDE o B4 3-2-4
&

S g + iRz +— % 5nm > 10nm > 20nm = Ti § #F F

F|_
Pz
g
N.
E]
E{.y.
5
£

Sofck o AR DT g3tk F F 0 AdEe B L B HER O B
LEFAR I AT -2 REF I AR ER TRAZLEY ) A Bl
Cu~Pd~Ptr B HFRERISREGFMN ) FIt 2 Cut T~ Ss 54 o d
RN Ry BR-F 0Bl WO R R E T 20nm o Ti 3 4y z/é] BT
wE Pl fe > @M e Ti FpH Wi enF AR R K BN FRR T s )
10nm & Ti P A 35 K2 B dIRiT >t 8 fdp b NIt 218 Bt - ¢ )

Z g R il T % (] 3°14 0 B 3-15)

T T T T T T T d T T
—e— wlo Ti
Ti 5nm
—*&— Ti10nm
—=—Ti 20nm

1
w
|
N
1
-—
=3
N
w

0
Voltage(V)
B 3-14 CU/TIOJTIO Pt T RR-T im i
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0WwWr—r———mr+
102 —— NifTiO,/Pt 1
~+ CulTiO ITiO /Pt ]

2
Al
—
o
ES
e Bk Bbine

10'a Il 1 1 1 1

—— Tinot etched

—— Ti etched
-10 . 1 . | . L . 1 . |
03 -2 -1 0 1 2 3
Voltage(V)
] 3-16 CUu/TIO/TIO/PtSNM Ti ¥ § iz k 2 ',ﬁ% Tis T R R
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TiFaTO,® 24 85 4

—— Tinot etched

10 3 Ti etched

6 [ ) |

-3 -2

-1

10° | Ti not etched ; 1

] i f
10-7 r Ti etched / ;
10°¢L ' . \ . ,
-3 -2 A 1 2 3

0
Voltage(V)

] 3-18 Cu/TiO/TiO/Pt 20nm Ti ¥ § =iz k 2 “,/TT ELR IR 23

EF ek g g

Y
AR

10 5T 55§ fok TR m LB RA P e Lot

PG @Y R A2 T 0 160

Rl g‘." 4 SRR Y Ti ¢ & TiO,

i nEOrTRA G T o d A SR RIR AR

26
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3-4 RinBEBFIAL AT
TER
ﬁi—;tﬁﬁvll fﬁf_% PRt Tl RSB MER > T B-H m@;“ﬁj , ?J'lﬁﬁ'

™LA 4l

Low electronegativity metal High electronegativity metal

Ni

o.(eV)| 4 42 43 44 47 45 5 |53]|148 52 55
X 18118 18 |18 | e | 1818|1818 | 22 | 2z

231 BT RES Ik
T BB A Biv >t g2 HR(Linus Pauling, 1901-1994) 1932 & 4% ! ¢ij

+72 245 (Valence bond theory) s sg B #icie 7 114 K E it RF 33§ Faum > LR

Tt BgEEs - LAY RISGIES Syt e FAT R F Ak
TEAMAZ e A Eh R RERE R TR R 2 A G g MRS

3 2R G - [32]
TERRA T ARARMEARE B 22 T3 B iAo 4 2
e g (Al) ~ 2 (Ti) ~ LE(MQ)E % « daF 3 5 £ f BB chd b 2 A & chit

B RIS Bt R P ek (PY) £ (PD) B #

=K

FRERARDERATORMEE > 224 A TilEL5s > 7 it
FeA) = % 4% (oxygen vacancy, Vo) » iz § Hika B RS 1 - F e 7 4 He
TiOp # & fePit H % & S5 - F 5 field emission 7 s 33 4 > #E o 3 » d
W F A ER B M 0 i B R A% A G (Schottky contact)f % T Bk £ 7F
(Ohmic contact) - = . 3¢ AL TiO, ~%8 7 » & ¥ P-F conduction

@ 5 o

27



BAL DR
e AT kR LR I o $ - B A BN 2L ARG
/ sl —
R AR M ARG AXEXA R R 2L T L TR RA(R)
AT et &7 (B 3-19()) ¢

PO)=0Ng * 0<x<xq

PO)=0 " xesx

Nd 5 ot L Eehn 44+ 33

#t pFd Poisson E

=)
)
BRI
(=)
EHEEHA
;)

H¥ Va i thdeenip /B~ o
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Full depletl‘qn

approximation dE(x) _

a

£
quj v &, X,
\ » X @E{,{E:g / » X
85

\ O, gNx
/{ O, =agN,x, E“__?s"_f

OQu =0
(a) (b)
‘ff --E(x *t 4
g5 = - Ex)d P N N
/:7 i > x \.-.LE‘
X, Er
E_.x,

oV, === )
» X

=N

gS

(W - x) for a<x<W

FE AR A s TH OGN

= i[nla +n, (W -a)]

o nl>>n2 dykm T ¥




LR NG 2L RT F g B Y F P %7 j7 (image charge)sh A 24 0 ie S B

THF TR E AL - AT H > EREAGHRSE K MR s

Reducin,
No-N. A g s
nl
n2_|—
' v
a W
E
A
| | » X

Metal Semiconductor

Bl 3-20 %o kR BT I G

FRTAFCAFRANE > BFRITF T E PSSP IR TIRBEL
BEOFLAPT UEE- BB IKTIARADEEE L AL H-LEREG A

ARIFACFHERIRIFALRF LN - BRGFL DR 15 B

RERDER o FRAERR HFANRALAR )3 - 17 Fil enfka o
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=

=5

P}

TR ERREREANRY £BH SRR E AT AR
ANB=AATE* (LB oL WD I Ricd ) Fpt % Sl g s o 2
W RN RS RG> A PR G E L 2R o

T ond M A (curve fitting)

d b s A A e R Ni 2 TR G 6 G kAR S
ofw BRI EAE 0 AU OB ERGY o TR B E L PR
RREF R 2R LU R(SCLO) - F 5 B A ok > 4 3 BT
4ot & e R 5 Fp AN 3 B g 58 2R R TR R 4 c1 P-F conduction & {7 7
e RS EFE LRI DTN R FA & > Fphas P-Fconduction e 3¢

2 fitting Ni/TiO(10nm)/Ni- 7 i & 48 » 7 #8351 e % (] 8-21) -

10° . . . . .
10°

E
10°;

sovd sooued sosed ool

sl

sovmd o ued

I ©,=0.62eV,
7} k=20, d=10 nm

3 2 4 o 1 2 3
@] 3-21 Ni/TiO2(10nm)/Ni 7 i#&fe
2 d oW AL R ER g R o ded s E fitting F % o fitting @ * g

r
!'
l'
=10 r
r
3
r

& B 30 #=0.62eV > 4 =7 ¥c(dielectric constant)=20 > & & =10nm o

B {4 &8 NI/TIO, 60nm/Ni e i2 > 2.8 W A 5 3R £ R P en % > flépen
Hor 5 3 e FEEcenfitting o S § TiOp 5 A M 4v 2 60nm 2> % 7nd S E F = FF
BoenfEin o § - FEE A OV~-1V BF > Ton @ B o) (<107A/em?) » 2 5d 2t E R
BB %o TR FOERTAAFE A TIOy F T ] i 7 F 08
Vi Bk 0 Tt P-Fconduction iyt 7 RPFILG AR P A FINME T R

TR R > A d b AEP-F fitting ek % o # * £ 50 8.=0.62eV 0 4 7
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%“#=20> ER=60nm > BRIFE L] T RETIBEF B o
Pr g -1V~2V R i g A 4 107°A/em® i 4 3 LACM® 2% 0 § 3

Aot TR AR A PR A BFEF R RA L > P-Fionization s g4 58 0
Leng #) X HINTH RTINS FRB R E A PEER
S E bR R o - H R E I ER S SR AR TR RA &LV PR
RN s P e BHcE & AR T H D PRI G o P TR ALV 218
A P-F oot s o FRIFATRE AT AESSE Y T H (N
2 d RIBZoT) #R A2V iz o RHGET 2MVIem o 2 & AP ER 9
TiOp ® ek R ) e

FZBE 0 A2V T R B Ak RARS 0 g P T A B R
Z) o T o FE AR B R B R R R iR s L B A e
2 d e B P SR R kR e field emission B $8 g o bt PR AR L2V
R Bh o H 2V RNLE S FERGEE AN g ES2MViem s T8 T R AR § 5

10nm &7 4 > 42 ¥ # E=2MV/cm s x=10nm # » 258 g (x - o) - DeXe _ Qo

& &

B e d0nm hRBP L EF 25108 emi e p d R LR N R )

* n e & field emission =22 3¢ 2q(@y)eo 0 T fitting g 4 o s
J < exp(-—— F7—)
3E /P, +V

00

¢ FMAF RIS o WL i &R p| D] ehiE % (B] 3:22) o

FE fitting . . , 3
D=0862 gV, k=20 4 ' '
10 ¢
Heavily doped L 12
region=10 nm, 2 " E fit by PF(V, large
N-2x10%rem® |10 F . <I>B=0_g2 gm(\big20 o 11
—_ = —
[T 0 -
£ 10 0 5
u 7 —
<, ol =
< 107 | [Measureary atrr] la2
r
-4
10 t 4-2
rP-F fitting (Vo negligible)
@g=0.62 gV, k=20, ¢=60 nm
-6 B pot-t) ) N
10 -3
-3 -2 -1 0
Voltage(V)

] 3-22 Ni/TiOo(60nm)/Ni 7 it e
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FAR P EH{ T THRAl £ 0B § 4 kAR { % P-F conduction
LR plbefor & r e DN KRS > SRR SRR RIFHERE 0
Schottky emission 4 fitting » 2 Al/TiO, # A i 1=0.18eV - 4 & % #=20 > TiO,

B A=60m o ik s RE AR R T DT 020 % (] 3-23) ¢

10 g . .
10°F 1
10; =—-——"‘“ ——— 1
10 F

107 ,

o™ E P~

= 10.2! 25~125°C

§ 10°} :

gw“:
107§ :
10°§ ®p=0.18eV
107k k=20, d=60nm ! 1
10‘3: " 1 i L i 1 i 3

2 41 0 1 2

Voltage(V)
B 3-23 Al/ TiO»(60nm)/Pt § i & T ;ﬁh%‘a‘,
PR A R T RIEPEE Mo T T § kR A
T B3 B e 0 b G R B R F SRS T o
#1 /& 5 Schottky emission i ¥ » 12 TiO,/Pt ek 4k it 15=0.75eV » 4/ T % #=20 >

Tloz }——%-)i =60 nm ,:» n+ (=3 pzf‘)g,_‘,_)izif«r S %Eﬂfr., g %gf'JﬁﬁfJ"lﬁﬂi@%‘L(]%] 3_24) .
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