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Fig. 2-1 (Top) Unipolar switching and (Bottom) Bipolar
switching in ReRAM
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Fig. 2-2 (Top) Filament region in TiO, thin film in off
state and diffraction pattern of filament structure (Bottom)
Filament region in on state and diffraction pattern of

filament
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Fig. 2-3 Resistance dependent of area in Nb:STO single
crystal and NiO thin film ReRAM system
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Fig. 2-5 (Left) Potential barrier lowered by charge detrap

from the oxygen vacancy.
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2.2.3 tunneling path A o= # 33}
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Fig. 2-6 (Top) Tunneling effect difference by Nb
concentration (Middle) Potential barrier of SRO/Nb:STO
and LaSTO/STO (Bottom) I-V curve for each device
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2.3 STOY Fzx¢ A7A EA

2.3.1 STO®] A713 EA

a

Aolgs AsEL &R AE3Hs AF UEds 98 54
& I S0 E3] A= . 53] A ReRAM A
ul olue} ferroelectric, dielectric A E 2% t}okdl $8o] 715
g perovskite 72 F Zte AAEA HolF&ell sl 4714, &9
A EAel ®@ol dFEx v, STO: Adid ez ?l"‘éff}il,
perovskite 25 Zt+= tZ Ag9} HFst=d F83 FAAS
Zk3 Q17] e I FeAE dEF 2d AMrEH 9 47 H
ox, oju] o7 &4 ReRAM £A2A AH4E3 9tk STO

7} Z+3 9= o]AA el perovskite F+&EE body centerede] Ti,

Mg

corner centered®]| Sr, face centered®] O7} $]*]& cubicFZ°]
ot SEAITE o] A Q perovskite T2 &= ©EA BF STO: A2,
Agtel A olee] ®HE-AlS §3] oxygen vacancy defectE ¥AF
. ¥4 Oxygen vacancy°lA ZAA7L wpAUzbs 271 2
oxygen vacancy’} A= 3L, o] 271¢ AR A A=}, o]
W o] % 7He] AAE n-typelZ conduction bandE ¢7]%w
STO®] #$ F4W <]y T oxygen vacancy®} Ti2te] coupling®l
23] Ti**7} Ti**2 W= valence state?] W37} dojdr},

O, > V" + 2e” + 1/202
2Tiy" + 2e” > 2Tiy’

w24 oxygen vacancy®l &3 27} <°]2<¢] oxygen vacancy
9} 37} %¥o]&<el Ti ion®] ¥FAdre] ujg} STOL A7)d EAL
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ideal casedlA] By 2L EAL 7H4) =},

1 & °l## oxygen vacancy® §3 STO7} Ztx Q& A7)
A SAS AWstza @l x¥o| ot d¥e] 4= STO
crystalell 7}siE Astel whel 4 W Ax; DA Ame] S
Hile d4S FFT =80 I o] =&elA STOC 747 A=
o2 FA4o AYS 7MiE 2F Ti9 valence state7} H3ls A
g3k, o)HE olft AVIFE JHE AF 7IE A UL
oxygen vacancye2 Awix]7} dejy o]d] wlg} Tiel valence
state7} ®3}7] WjEolt}. [7]
oxygen vacancy?] Sl of3l golir] 93 = 9 =ElA
Z+7ke] A2 o9& 49X E 8 STO2 SAo] oj%A s+
gk, dx8 ¥ w9 &%, JHEE V1A TR Gl
w2} Prele] A3pelA ERA e 77 vEs AU, o
e olf= JHEE A FRY 2%, d¥el weEl STOWe
oxygen vacancy®] A== A5}l g=2r, o] 23 H3le| AH
AZdA STOS AAT= 9 AHFE7; Hapx, 2o w2 A4
Aol 27| WEelgta A5 [13]
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Material PbpleV Techniqgue  Treatment Ref.

p-5rT10; 1.1 v 5

p-(Ba,Sr)Ti0; 1.0-1.2 v ann 10
p-(Ba,Sr)TiO5 1.4 v 0, 11
epi-5rTi0, 1.04 IV, CV 0, 12
p-(Ba,S5r)Ti0; 051073 IV, CV dep 13
p-(Ba,S5r)Ti0; 1.05-1.27 v 0, 14
p-(Ba,5r)TiO; 1.5-1.6 IV, CV N, 15
p-SrTi0; 0.9-1.3 v dep 16
p-(Ba, Sr)Ti0O; 0.67/1.29 v dep/O, 6

p-(Ba,Sr)TiO5 0.6/1.0 IV, C¥Y H,/0, 17
p-(Ba,5r)Ti0; 0.67/1.05 v dep/O; 18
c-BaTiO; 0.59/09-1.2 IV.CV dep/O, 19
sc-SrT10; 0.6 PES dep 20
sc-5rTi0; 0.4 PES dep 21
sc-SrTi0; 0.89 Theory 22
sc-BaTiOy 2.19 Theory 23

Table. 2-1 Potential barrier height depending on heat or
gas condition at Pt/Nb:STO or Pt/Ba:STO
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3. Agury
3.1 &7k¢) A7

0.5% Nb doped ¥ (001) @2 STO 7|l 43571 & Pt
4R, 457 AL Tig A3z FFs9Y. Tig &
FAT, AT EFE AESES W AA &ake] A7|H 5Ao
Ohmic A BFS RAdds A AFusyt $A=7] das
ges 3, wekx Pt/Nb:STO/Ti ReRAM ZAF|A  Schottky
3t Pt Nb:STOONA A3dsr dejds «ldd 5+ dd. A&
tE & A A7ISAS A 7 celle] =717} 8100«
ol&3 FFH= 3IFAZ, ol optical

o] FAE= Pt 50nm, Ti

{

oo
of

R
4
r [«
w
olX

4H

=
=
microscopy® ==, 47 A

50nm# %23}t

0.5 % wt.
Nb:STO
single crystal

Fig. 2-7 (Left) Pt/Nb:STO/Ti/Au ReRAM system (Right)
Pt/Nb:STO/Ti ReRAM system
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(<]

-V 5% Keithley 2400 semiconductor system < ©|-&3%
AL 0V > +2V > 0V > -2V > 0V A2 713en, 1
I SACAL] AHSE FAF & Ao AEe] AT
}Zt LRS, HRSE w57] 13, LRS] A% 0V > +2V >
V AgS dkEg ez Folon, w2 HRSE 0V 5 -2V > 0V
7}3k5it. Retention &< AT AP 22 vz AR=HA
o 7 7HA A S S AEAEY A HAE A uE o
SAd AF = SHMERLe, F dAE 47 #5070 HRS,
LRS A&+ 54 A7) A F 5359 Ask= 718 71&9) 1-Ve
@3kl ojud AT ke Zr=A FAAEE HHE ol &SR Al
Zrel) & A&5H<A 21” e SAY 9 read voltageE -0.05V
Z 3] &9 AS5= &3 A 3.

T‘V_i,p—«

£ ot 22
of
of¢

i
N

o

e

ﬂ

3.3 TEM AZ2] Fu]

227 STO §9 Pt7k $Fd AF Pt 719 ko)) HEAHo
7 7] "Wl TEM sample 434 25 Eojx]= 357}
w53 FAH EoE AESWHS T A5 olHT AL WS A,
=3 7 A el w2 AZ g =7} AR Aoz ok
37]1Ql uj$- 2] W&o focused ion beam(FIB)& °]&3 TEM
sample& A|Z3l4tk. FIBE TEM sampled 9t=: A Yo
fine milling YA|YNA Pt/Nb:STO A}e]e] A4 millingel] 2]
g &l FF Yehusdl o E A= 343534 fine milling
Z+YdZ nano mill= ©]-&3to AP35t Nano mill & 30kV
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o] Ga iong F A2 2= FIBY H]3] Ar ions 1kV oJuje|A]
A8 & 7] WiEe FIB A& w2 milling ¢AZ =$ 3
3tet. FAlY WA E FIBE ©]43] 57 130~50nm AE< 9
F A nmell °]|27|74A] ywz] FA9 Hh3 A= nano mille
ZHd & &3k #HFHA AES AR

it

3.4 TEM A3

TEMZ 92 299 #3535 22 = 4732 A A2
S @Fsd do Wy K8 A¥ F syt #£42 High
resolution(HR) -TEM, STEM), EELSE %3 ¢]Fe|3t}. HR-
TEM®] A4 AFAAL] & ou]A]E o] &3, °]F vFez
AmeA 2L 3] FAoY g& 722 A 52 9T &+ 3
th. STEM2 |2bi &9 w2} oju]x] WellA intensity”} o]z} 1
v 54 4o AHAAY A FEF FAed WS F-E3
EZ o)FT SAS ol &3 AN MEE Fo Fde T AY
= A-4¥th. STEM-EELSE STEMS %38 A|€& erz;s} A 2}
2] duUAE EAsE AozA dAe] EE¥ ol 7+ 4A
columng AAFz g £33 334 ZAFS & 5 Ut} oA
STEM-EELSE AHA Z+ 477} ow]d A3 23S 2t 9
2 &3] A3t Ade &A= 7P 94 HR-TEMS &

F 9 A" wE AHe FxWHIE FANE-,
STEM< 53 gz AL EE Fsjun], mixutoz EELS
£ &3 STO W] oxygen ion® &% % Z+ HAe] AA+2E &

s 22A et



4. APAF}
4.1 A71H EA
4.1.1 I-V curve SA 3 #3H3}

I-V curve 54 Z3 BE AEA AgHHs dojPgws 4
& & 9tk Nb:STO/TidlA AW’ 932 Ohmic junction$
= "E] Fd3gerns AF WHil= Pt/Nb:STO2 AHAA e
s SAeExz & & b Pt + S 7HEE W
onset(HRS>LRS)e] «ojyx dHlglg - FoA  offset
(LRS>HRS)7} uyehdtt. -0.5 read A A on/off
ratio(HRS/LRS ratio)7} 10%e)] o]&& A% 4 glon 2ul o}
Uzt 1VEY 2Velx = 3Hste] zjol7t ARS SFsgH. ¥
3VeldelAE At dIElE EgFe] FEEHEE compliance
current®} voltage ZZtbs F2]8te] Agdlojof k. Nbe =%
E7F 10*/cm®el o231 o] Si¥ nlud RyS u F&e] HE
|4 Ohmic H¥= IAZ Aol ossixgl AA=z AdkbzE
I-V curved® B E®IA FHo] JA= Schottky HEL=
ok o E=EAAE STOSY T o943 F53e] HIYs FolA
rectifying §4°] yvephd wigk A3hidsir yepds B3t
B2 Pt/Nb:STO #AHoAel Teld o] #3hHste] F
ojgtx & 4 Sl [111[12]

4
23

-l {

K
%o,
o

(e,
ﬁ‘z
2

-22-



0.2F

I(A)

0.0F

-0.1F

Fig. 4-1 (Top) log I-V curve for applying 1V and 2V.

(Bottom) I-V curve
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4.1.2 |24 T94 3H AR

I-V curveelA Aubd Af{ dES BS o €3I dE24
Ohmic FH¥°] obd Schottky A< stz Y. =EkA
Schottky AE U TualAd AdHo| AA| 2xke] AL AANE= F
83 g HIF A & 5 Uvh. THWAE Y o8 AR{I}
AAEE= AXE WHAYZH = thermionic #WAYUSZSH drift-
diffusion WAVZo] Som Zzke] ofs) Agele] Teld g
2] EolE #U3si.

Thermionic WHAYZ L 222 AA| AxdHAro] Tuld Ao
Eol& YL carrierd] AT e w vehts HA e}, o]
A5 drdd 457 & 553 n-type HEA 7He] H3elA
thermionic conduction®] 2]3 AFY 2 v+ A 53 A
A% 5 .

—Q¢B> exp( qV)
KpgT nKpT

*k
Jther = A T2 exp <

# A 98 MY, A 2R B Folvt kTRY X av,
= A AHeA €3 FFPo| oHAY, wx|gter F HAFY IZEFS
%3 el 7o, ol 2 AFANAE 7HA
Ak A A& HPd, log J-V ZAlZ A y5 HHo] 1

Folad o oz, A=) 7]&7]E ideality n FA 3
4 5 Uk ol F ol&3 7 AEL AAE H 0% ne F

el A Az EF-2 drift-diffusion =AY
= 9t} o]= AW A carrier AE7} T
A &3] x]uiElt}, drift-diffsuion ®WAYE
2 non-degenerated WEAIE 71A 2 &% Ao]x|4 STOSL}
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Zro] Siell w3 AR} o] F =7l wig- F] wlEel o]e] A=
2 vy or 33 & & 9}, drift-diffusion conduction? ©]

Al current density: th&3 72t}

r

Jn = qNcDn [exp — 1] f )]

o] A& 7]& thermionic #WIHAUZH S48 714 AXE S35 o

In= g N, ex (—qCDB) ex (_qV—l
n = QUnEmax!Vc €Xp KgT p KgT

d ] <o A AAFE vEe} thermionic WIHUESE o] L3 =l
A 7S A A FLEHA A P F4E ESs 53
TuA FHe FolFE A E 4 i

LRS HRS
Dy (eV) n Dy (eV) n
@ g(thermionic) 0.418 3.63 0.693 1.491
@ g(drift-diffusion) 0.506 0.740

Table 4-1. Potential barrier height and ideality for LRS
and HRS by thermionic conduction and drift-diffusion

conduction
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Zhag AXbe 53 olHd ERIA P Folzl dwh ¥ge 3t
Az A3 & F Uk AFAAYL FAHT AN EA4E FHEG

S AgAAY ARF #E a3 Zel e Aol A
o] Eolg W whFe At o AF ol ZA=EC. wEA
1VelA LRS¢ HRS® AF zkel zke]= 0.582Vel 0.307Ve]
Ohmic AE AF |}, Ti/Nb:STOS 53] Ohmic AENA
o] Ag AR HAE & & doH, ofF 9 At A Uy
3tk 2 A} Ak o3 A5H 1VA 7 APde H AF @
9] Aol 0.0440A°]tk. AA Pt/Nb:STO &A A 1Ve) ofg
g Ae ¥ A 7ke] Aol: 0.0436A% AL #I Al FYF

[ [

= Y354 g2 1-Ve $3 73 ERAE Ee wo|7t AA

2
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SRpm———

Nb:STO
+ —

Fig. 4-2 conduction mechanism for Pt/Nb:STO Schottky

junction in case of high applying voltage
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-0.1 -

fio ey
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Fig. 4-3 Ti/Nb:STO Ohmic conduction I-V curve
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4.1.3 retention?] ¢l

HEEA wRE e A AFAE AS fAEE $4Y 7
retention times Zt= ZHeo] Fasty, £3 TEM AdS 37|
g AMES FAe] 29 Aes] WE) retention timed] ol AL
)¢~ F 83t} Retention 7 ]5 g o] &314 —f% i}t F

¥ kA pgen 2Ysg

A

AR, 3 HA A 2 $A SARV) AR g §
2
ES

k. [10] 317k A

Se)
g 5 A oloﬂ i3] read zwol -0.05Vel 23
2olu} ALY FA o] FAE T 2o upet AFFEs) M ¢
= A48 & = o 23 oY@ ez 0 AT F¢ A
g 95802 FA357] 7] Wi tw PEE o430 read

2
Agte] 4¥FS AAs L, 1 ABAA ] retentions 35T
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Fig. 4-2 Continuous resistance measurement for LRS, HRS
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4}
=4l
gr switching {1 -8 —— Switching]
40h confirm 40h confrim
e 1 0 1 2 e 1 0 1 2
V(V)
0 0 T
2t -2¢
4f vy A
= o
o G} 4o -6}
=" LRS
-4t — Switching| 4 -8} — Switching) 4
fifill confirm fifil] confirm
-10 i " i - L - i -10 i - i " i - i - A
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Fig. 4-3 (Top)(Middle) retention confirmation after
specific time. (Bottom) resistance state changes from HRS

to LRS and from LRS to HRS at dependent on cells.
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4.2 TEMS °] 43 #3493} e 93
4.2.1 A3 Ae¥ High resolution image ¥4

HRS¢} LRS Z+ A& 93] normal TEM®] HR-image,
3 EAsY. B ZI 7 AR HE AEA A
H3l} Q=2 729 YAS HR-TEM, STEM
Aok, webA olm|z] Joz:= AAAHE E AW
917] W&o, STEM-EELS ¥2]& %3}

STEM=
seps)

°
.9_
o

E

et

(o

mt  ofy
Lo

BEE 3
EE
e 43

ol ol
HA 2R
$g 4>

s,
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2
i
o2 Jﬁ 4>

i)
mlo

5nm Nb:STO

Fig. 4-7(Top) LRS (Bottom)HRS HR-TEM, STEM image
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4.2.2 7+ A3 Aefd STEM-EELS £4

STEM-EELSE &3 2 1€ AW AA7=xE 4T 5 4.
g nme| u|AE GGl fo|7} WA o} oi}str] wjel uf
T =< 2MEdA AES AR, AEZ bulk FGAe 2
oML AT 4 9lojof 3EE Pt/Nb:STOY ANE 7IEA=
line-profile ¥8< 53] EELS A¥< 33t}

8§ STEM-imageolA= HRS AE3 LRS AE79 ol &
e 4 glow E3 AHAA bulkgs U 5AHT BEge 3o
& & 9sid. sA|RE EELS Z3+= HRS AE2] A4 LRSI
H]3] o @3 oxygen vacancy’} 5= YWERRT. ol A 2
HR-image A&lA 223 HRS AMolxe] A= 23 F=2
2] ®go] oxygen vacancy°l ¥ Zds FIT & AU
oxygen vacancy’} %< STO®AE Ti L-edgeWwe] L2, L3
peakel| A orbital splittingZ} Yel}z] ¢Fgkew o= oxygen
vacancyd] 93] Ti®** & valence state’} ®ES on|sic}, vy
oxygen vacancy’} A& 7S AuF ez 93t L2, L3 peakelA
9] splittingE Zr3L $)=dl o]+= oxygene] STO WA R+ Z
gslojdde] Ti*" valence stated #3517 wj&olg} 3t} uhzs}

A& oxygen vacancy’} B2 7% O-K edgedlA Z peakE°]

s
4

SMAE EEe B 5 93, whde S % 4 peakse] FHE
25S 23 ok olo] weEl HRS AZoAE Abe=zRE 3nm
Az o] YA oxygen vacancy’} bulk g v]3] w3 &9l
st 4 dsied, LRS AEZ9A+= AWA oxygen vacancyZ}

HRSe| d]3] ®wl$ A< FAdsdd. IFH  <]83 oxygen
vacancy?] <] WA= 7|E &7 ad= 2ok v|uE E3)

galsk 4 9. [2] o] w=" HRSeIA 2] oxygen vacancy$)

l" dlo
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FE 8%° o+ ¢ 4 4t & HRS AEF2 AHL2FH 3nm
olal 94d71x] 8% AHXE9 oxygen vacancy’} 2993 EELSE
3 &9sisint. o3 25 LRSY W Pte] + Agtel &3] 0%
7} A Zo= o]%3n, Wl HRSS 7S - Al o8 0% 7}
Aoz Rg Holx]7] W& oxygen vacancy’} AHANA ol 1y
ehd Flel7] wEele A=), o9} 7 7+ At W& oxygen

vacancy °|E38AL 7|& =83 FYF Ao, [7]
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0O-K ——Nb:STO . LO-K —pt
- Interface z — Interface

——Nb:STO

450 465 525 540 555 450 485 525 540 585
loss energy(eV) loss energy(eV) loss energy(eV) loss energy(eV)

Fig. 4-8 (Left) STEM-image and Ti-L edge, O-K edge
EELS line profile of LRS interface. (Right) STEM-image
and EELS line profile of HRS interface.
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4.3 Pt/Nb:STO®L] &3}l ¥l 24
4.3.1 AEAZ A2 AFPHs 2

AdA FU3 vl 2" F AE BF AUFIOA MEE
TEo FAolu 3E ZFe] dejux| ostey HRS AEo
LRS A& v&l AHEZ & nm J94 oxygen vacancy7} q
Was B9 & dsi. el J1siA o3 TR A3 dds
A & 5 o A 589 A¥EAs} $UT 2AE AST
= ol &8 At dd< AZE B3t Muenstermann, et
al 2N Fert £3% STO weke] ReRAM 27belA HRS7}
FZlA oxygen vacancyZt © @el = Aol A3l
[8] o]l w2 HIF2] - Aol &3 STO We] oxygen vacancy
7} ASeg oSl Hw AdHeE o] 992 oxygen
vacancy’} -2 stoichiometry7} ©&3}A] ¥t STOS A%

X
B

oxygen vacancys donor®} ZL 93-S 3r] wE] oxygen
vacancy’} A2 STO ¥ete] off 442 F=A49 22 93 3
o oolz s AA 2Ae] AFo] AAA oz AR, dHhg=
LRS®] Z% AF 239 oxygen vacancy’} BA] ol & o]F
A Hw REA Qo] ARAS ZtE 9oz uHyy] wEq] A
A Ao A3Fo] Folzta o). & ol whukg 3 HHA I}
E AZbsie] I vtet oA FEA ggo] A7|3 ARpRl e el A
Fo] Wt FAg. olF e A@AIeG 4F Ao AL
o A AR A AY ZAIAE v E vhed Bds Al
kct. (Fig. 4-10)
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(e) MIM Structure Homogeneous Switching

OFF

. Legend
I High [V

. | Medium [V,]
a

£ Forming channel
| V,depleted region

fr(
b

Fig. 4-9 Oxygen vacancy distributions in STO thin film by
each applied bias. Off state driven by oxygen vacancy
depleted region and on state driven by oxygen vacancy

distribution recovery

8% Vo+1% Nb 3nm (1)

1%Nb 20~500nm(2)

1% Nb 500um (3)

1% Nb 500um (2)

Fig. 4-10 Oxygen vacancy distribution model for (Left)
HRS (Right) LRS series resistance mechanism based on

experiment result
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Zt A e o] nde wet A7 g FHERYE AAE F AR
B zkelel AR} oJuglE AP e € 5 AU ol F
712 ol4r Wl &3 "E=A AFANA Pt/Nb:STO ©2A 7]
= 222 ARG W& YEhds ddeld. 3 HAlE STO
712 Al Nb7k 1 at% =53 =lo] v+ FHelth. o]+ oxygen
vacancy 7} 2708 AAE F 4 UE donor?} FHTE AdHe=
$ =& B2, WA 0.05%% 22 oxygen vacancy H]&ell

£ conductivity Zke] ZA zlol7} Uz ¢km w|&=sie]e}l oAke
3 907] wj&eltt. & WA o|f=E AA 7|He FA7} oxygen
vacancy®?] X W37} doju= 9 gel B3 wj§ =27] W&ot}
ol ¥ A dAcNAL AA AHFZ o A o] 7+ Jg9
A3 oz v o] o 7+ g2 o] FA 23 AA
7] wEolvt. wahA w22 ggelxe AF WHEks 24 AA

o 2 9F= vAA X¥H T 5+ U

Rtot=R(1)*R@2)*+R@B)*+...
= p(L/A)+ p@(L/A)+ pa)(LIA)*...

R, 0,L, AL ZZt A¥, vAF, 74, d3 |4,

AAl 9 =8 AY YA STO 9t A7 500nme) 7 $-¢ll
uksl AyeA AHEE Pt/Nb:STO ReRAM ZAbellA Nb:STO
27 719 500ume] FAE Zt3 5o AUFZ vAT 49y

AN A AFHse Aol $e) AYS) 2AE YA FP

-37-



4.3.2 ARl Zelo] BE Euld o] Az 1 w8
o wHe A s}

Ag 2FAH A £ Uk, 53 dEAe] HIFeA Tude
charge §X%°| W} ZA=E o] passion HAHA S 53 v
Zo] 3=,

_Pr
€

(p =
o] W o EWIA, p; £ charged ¥E, ¢& permittivity s
ofulgtt. 2 jE £9E 3 ¥53 Nb:STO(0.5 wt%) A

3}to 4] depletion thickness®} permittivityS AlAkel] o]-£3}ic}.

—— HRS| |
i | RS

0 10 20 30
nm

Fig. 4-10 Calculated potential barrier at each resistance

State
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8% Vo+1% Mb 3nm (1)

1%MNb 100nm(2) 0.24%Vo+1%MNb 100nm(1)

1% Nb 500um (3)

Fig. 4-10 Oxygen vacancy distribution model for (Left)
HRS and (Right) LRS

STOSg 2ol Sidl ®j3| HAL o]F=rt ¥, =3 571 =<
AL F53 vkxA|e] Schottky AH¥el4 thermionic® drift-
diffusion conduction ¢ <d3Fe] 2% zHE AEZIAAS i
g o [6] 2= o) F B3 7 AR E AF = AA AR
3] & 4 9}, thermionic-drift diffusion conduction® A

A7) BAYL Gt 2.

o () - [

J = uN:kT % —q9
fxm €Xp (F) dx

Nb:STO e A effective density of state N., 44 D

5 T7F 7 AZAE A Aozt WA g A A5 e Ze
o s AAe AR S A AA " JsiAT ZAH"
ot AClA A" IR S o]§3) A AFAE E AF U=
Axstd 7 AZAAEANA AL FLT T 2= AR o= A
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shallow defect state

deep defect state

Fig. 4-11 (Top) Lowering the potential barrier by shallow
oxygen vacancy interface state and Fermi pinning (Bottom)
Increasing the potential barrier by deep oxygen vacancy

interface state
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Abstract

In nowadays, although big memory size and fast access speed
are needed in memory devices, contemporary memory devices
have the capability limitation. Because it is caused by technical

and physical problem, novel memory devices which are not based
on the existed memory device's way are necessary. Among the

next generation memory devices, ReRAM is the most being
researched devices because of its fast switching speed, large
resistance ratio, low driving voltage and simple structure.

ReRAM is the memory device which uses the resistance state
as the memory signal depending on the voltage or current.
ReRAM is clarified into two category, unipolar resistive
switching which resistance is only dependent on magnitude of
voltage, and bipolar resistive switching which resistance depends
on polarity of voltage. In case of unipolar resistive switching, the
resistive switching mechanism has been already researched
enough and it was revealed that formation and failure of
conductive filament in thin film is the origin of resistive

switching. However for bipolar resistive case, depending on
device's materials or electrical property, resistive switching can

be explained by conductive filament or homogeneous interface
state changing. Especially, many mechanisms were proposed for
homogenous bipolar resistive switching and most of them told
about the interface state change. Although microstructure of
interface is the most important factor to determine the resistance,

there are not enough researched to experiment the interface ion
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migration or electron structure directly with microscopic.

Here, we investigated the Pt and Nb doped SrTiO3 single
crystal junction device as the most ideal homogeneous bipolar
resistive switching model system for TEM experiment. We
confirmed the resistive switching and electrical property by I-V
curve and did TEM, STEM-EELS analysis to observe the
microscopic mechanism. Homogeneous bipolar resistive
switching in metal and SrTiO3 single crystal junction is reported
by many researches. Electro-chemical migration, potential
barrier modification and tunneling current path modification by
trap/detrap are the suggested mechanism. But these cannot be
matched with my experiment result. So I propose another
mechanism to explain the homogeneous bipolar resistive
switching with experiment result. Oxygen vacancy concentration
and Fermi pinning effect for potential barrier height modification
are the most possible resistive switching mechanism. Finally,
this mechanism investigation may be helpful to know about the

resistive switching behavior.

Keyword : ReRAM, EELS, TEM, Nb:STO
Student ID : 2011-20646
Name : Jinho, Park
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