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Properties of resistance switching in NiO thin films

bR e H L
ISP ¥



%&#H
| A8 Y

BARRHA i R S A TR B R
s ER BEGE KR TR TR B LT iR 0 @ A
BEER  En E AN FY Ileind LA R AOEIE > & 477
Tl Syt s FRFI FA TR 2R -2 BEAT AT
g 32BN 0 S0 PR g 0 JRE O A i A AR
TRy FRBRHCRLAREFMZ IR AFI G HA

FrEp TR LB KEALLPE g g hfis

PR

CEFBEMPIK O FALY P ee FR 20 o
BERHTHR IR F PRI F L LG e B EPF LW L
T B E FEAllens X2 - B 5 Pl o 1Z R WA
FHE ] SR AFHRIAFLE LB OEBER LS F %
Pend o P - SR E R Ry §§ eng g AHOMEWORK}

ofp 0 B IRET KT AL 0 EARERY -

3;;;]57, AN E X E EEH o W %Q}EJ{“&/\]’I}_I\E’-F)&G\' + AR

EAB I FADBPPEF L R PREEFAZEFER



TROFIEFCOEFES Y - AT G EAERD A AN %

%

FEEF LB ROT F e R Y N 2 e i (Non-Volatile
Memory)id = 2~ A 2 KF pABbrg 3+ A5 H &3 & o

R N

%7;;:';

Fis s kel L2 gRF R 02t
g PeRle R IBE-HY j % - ~EAEEET P WA
Tl LB AR TR R R T S N i )
BV A 2 g T I 2L B M R B o

A7 A% F O 3N B 7R 4% (Reactive magnetron sputtering) » ++ 4%

FE T A AINIOE (95 nm) £ 39 1 » XRDA 477 F 1t F A
dofcci i o B B MO T JURIF hl-Vd AU E LR 4R

TR FE g 3¢ (Switching) <
ERT PR A2 X 0 i £4F 5 {8 0 1% ESCAIT 4 6 A

00 FEEEA G AT IRl APPSR LBt 0 e
JE R 7 38 0P jg (As-deposited)* 3 = 1 7 f2 ik (LRS) P [Forming] »
NiO ¢ # % A NifrNi,Os 5 @ % M T i £ 4 2 8 ¢ 1= i (HRS)p¥
[Reset] » NifrNi,O; ¢ #& % = NiO -

M pcEL T cACAFM A 47 8P R IefeF 3 7416 » £ MEFMpe &

ESCAA 17 chig % St firt Snfic /| ol Fabpahec g o fi 4 ¥



Nud

¥ 3T hizFormingiBAR(S € § B s > HE SR L &R
F S E Nig B 4o 2 B FIEE S04 25 %A, 2 LRS @ ¢ NiO
S ANiOs 0 @ @7 3B+ 5 @ % Resetilf 15 » F& 5% et 12 2 Ni
SRS 0 g 53 HRS » ¥ NipOsth % £ NiO » & 97 s ] o o

EFM4 & # S ficd 2 1782 ESCAL & & 47 {86 2N P endaipls 132 %

N



Abstract

Recently, many scholars are looking for another long-lasting,
low-cost, high efficiency and greater functionality of electronic memory.
So the non-volatile memory (NVM) has become an increasing demand of
electronic products for modern people. Its main characteristic is the data
in memory will not fade and disappear when the power is off. Various
types of non-volatile memory exist. Including the use of binary transition
metal oxide resistive process of memory, such use of applied pulse
voltage to alter the resistance means,. In theory, it can maintain the
characteristics of non-volatile and do for non-destructive read. It has not
to know what the most important reason for resistance switching yet. So
we analyze the surface of film by ESCA at which the resistance was
switched. The resistance has switched can be proved by CAFM. And
research why the change of chemical bonding by EFM with ESCA
analysis.

We use reactive magnetron sputtering to deposited NiO thin film (95
nm) and annealing it in certain conditions. XRD analysis could be seen in
this film is polycrystalline with fcc structure. In the macro and micro, we
could observe the stable resistive switching effect from the [-V
measurement.

We can switching stably and repeatedly. After the film switching, we
found the chemical bonding changed by ESCA for surface analysis.
When non-switching resistance state(As-deposited) switch to
low-resistance state (LRS) [Forming], NiO will become Ni and Ni,Os;

and when the low resistance state switch to high resistance state (HRS)
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[Reset], Ni and Ni,O3 will become NiO.

The microscopic analysis showed that resistance have switched by
CAFM, and then use the results of EFM with ESCA analysis to compare
the work function of the size and chemical bonding changes. It was
mentioned that the filaments are formed in the previous studies on the
forming procedure. The filament is a metal channel, so we believe that
the cause of filament formation is Ni metal. The NiO film is switched
from As-deposited to low resistance state (LRS), because of NiO
transformed into Ni,Os;, make the work function larger. When LRS
becomes high resistance state (HRS), the filament ruptured. Ni,O3 will
become NiO, make the work function smaller. By the variation of surface
work function EFM analysis, our results are consistent with ESCA

analysis.
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gLsample H TR F 5 o FHW R L A F L BT LA FAIZTEL DTG
oA L A RS AEEBHERRE - RS E A ERNER T > [P
BT FEEARR o X RS A TR R RS X ki > X kI - el &k aR
Bigstc HAL 9L 01nm 2+ « Fpr A L2 AR 82 B8R E 0 &ifar
KA - s Bl EEEBIENEE o Ra s Flhopt o 22— s
G IR H I T AT RS PER B R MEBE BT B RLEEARERR
TREAITL T o 4ot R RPATEF S o L P RAGEFRIE AU E R AR
JRT R o

X stserg £ 10°%m (18) s4ig > §354 % > 2R F o fI* pL kRT

MURA RS 0 A Y R AR R 0 A D AR RIS AL

gl

BA? S HEB RS ER FE2 ARMBAHT B T AHB WY o L
Bl B X ke K ol R a0 X XRBH - 2T 7585 5 (hkl)
bR B ERITR B S E OSSR kR X 3R B ¢ R fonk o
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He > d 23T F2 %% (hkl) & T 76 BReniedr 0 5 » k22 T 5 ek & 5> )
B X ERRE N ZELFH e § AL E N NFRSEF TR @
kAN FHREE S ARIVFT R d ot TIRPESE Y A F TS0 22 o

5% R Bragg Esto it o RIERE TS BIEE o % - v »BPk s MEEFR T B fRT
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BB Al — T @ o B~ BORlG eE ST A~ bk g itk o
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7o 2% AT
Lk oo

rAF TR Y R E 2 X'Pert PROMRD 7 # it S84 % > o) 2-4 #77 o X %
hkihs Cu ¥o» RBL 45KV Tk 5 40 MA > 20 45 4§l = 20~60% - 1 & £
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23 XPS RE# KE A B8
XPSa & § # XF‘UL Fi Ao it F ez HivB ey o XPSenfl A RIZ i

oo fir Xk d RS E R A B 0 EXE A

AN RIORER I LT T RSN

PFo e BT T ARREFRES Z pd R+ (free electron) > gt pd T F T E_
LT3 4ol 25 st o T E Flgrm bk T BILHG L 4y hen o AcE ek T S

BREEY OB RE T FIRENE BT S EE_R F Kcore level B T
fermi level#+ 2 2_ i & » ¥ 2Hj& core level# 18 T vacuum level#+Z z_ 5t € » #=iB & B4
H 7 S0
Eb - hV —Ek—W
Po(hv==k > 52 5 £ » Ei=k & + #ac 0 Ep=2k T+ &L % 5% (binding energy) » W=

14 \Zl‘ljgt) o

THE R O FERBAIMNENERE N A A FERF AEDEFIRE O F o
AEALF LGS o £ BRE, 7 oATee® 0 FL5 & =4 (Chemical Shift) st 1

BB vPEFRBAEXKELET I NHEH BRI Faofa F A& o Fpt » XPS ¥
PRERH A G i R F L E R AR B R A S il e R kDS
et 31 0F B (Escape Depth) 4] ik Berdr X B R it & PIF] £ o crF AR 2-3nm> #& XPS

FAITR R G AR T ARG S E LRI DTLFTR A L i

Rt

B+ 2 BApstengep > 2 A ahit Fabg R o Flpt o X KBRSy ¥
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RFIHPE 2GR EF RETHFL > MR F 2 S5 nfafg o v L XPS n B3
Gk SO I A Y A

*F i * 2. ik B 5 ULVAC-PHI, PHI 5000 VersaProbe / Scanning ESCA
Microprobe > 4-f] 2-6 #771 » H 23t ¢ X Bl koo £ & 5y P ESCAgA A # it
& 2 A 34~ F7(survey analysis) ~ ~ % & ¥F $ (line scan) ~ i+ & = if(chemical imaging)
g1 A gE A i (depth profiling) o & & GFEA F ¢ $2 80T RFEIEA F 3§ ¥ 4
o2 & & 247 (angle-resolved) GiiE A B AR o A B IR L F 3L

(1) 2 24 FH S XeFa g - = 7 + # f(scanning X-ray induced

(SXI) secondary electron imaging) °

(2) pe ik CP2 Ardes 4 -
TLRPFERE ARG R IEF

(1) Mc® =iz ot o

(2) MAF T 2 R o 8 RS 2 2 1 F =4 (chemical shift) -
T

XobEH
e o o o (2p)
L
° (2s)
—e K (1s)

B 2-5 ESCA REF i B
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B 2-6 ULVAC-PHI, PHI 5000 VersaProbe /Scanning

ESCA Microprobe

2-4 AFM ~ CAFM & EFM h 2
TERLEMABKITD FNAT R E e ] T A K B L BRIG A
22122 pARE R ® F Ry L SR o H Y $Fgy #F 45 poe( Scanning Probe
Microscopy » SPM ){ £ 134t % » B 2RI F T R+ 3 s Tl8cp Aok > @ 2 Bk
FAG O A FlABe XS FERIRE T B RG22~ o SPM
RS - A Lend FR 7 B o (Scanning Tunneling Microscopy » STM )
© ¥ ¥ 4 B foite( Scanning Force Microscopy » SFM )@ + #g - SFM £ 41 # 3£ 427 4%
Sedm Bt 4 R FRE G FE O HREFTRREARE R S T A- KX FRET

HIDAipemld ivopob o Jod ¥ G Fanff el 22> T ERLLHET b iE
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BAAN A EEF S e 2 e nd 3 SFM ek 4 BRYE SR F AR
g B afEir R R o SFM E3F S R 4 Baks gl 2P Y Ls A&

S M end R+ 4 B g ( Atomic Force Microscope © AFM ) » 2 & pleni®#* 4 5 5
B kg M@ L4 o A EEOTE LK @RS (e 4 ] R E A
Bk o FEF T %’gd i FFES LT R EL 0 DB MAcKRa it > 7 FI 4
m A5 ( topography ) = H s ¥ L endFdy 4 B picdr o 8B 4 Rt ( Magnetic Force
Microscope » MFM ) ~ E$x4 k3 sy (( Friction Force Microscope » FFM ) ~ # % 4 &
#e4( Electrostatic Force Microscope » EFM ) ~ B & & J& * % #icé( Piezoelectric Force

Microscope > PFM ) ~ 3 7 ;% &g #c 45 ( Conductive Atomic Force Microscope » CAFM )

"
"

o BARTRERINIEH 4 A S Apk 0 2 < R AFM kAL o T

1
W
F_L

S A R R AT S e E

AFM k32

AFquﬁd M EA LM E R A G B I 4 KRG B
B PSR IF ML d o - 4 SFM R DR HEIcW 2-7 T o HiFE
W B RRF AN R AT R D TE Y 4 R FEE S c AFM 400 £ BT
& R (cantilever)sr «w s (tip) s R4 o FIRE AL LG A2 TR 4 pF s RAF gL
Prengtd > R4 AR F & cnF SR LK ST R E b B e o - Horig

=11 Position Sensitive Photo Detector (PSPD) £ = & % > BT Bk B e

BEERRE S EAUBRSL AR 2 S e g
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W 27 AFM #F & 54 F[0]

FEAREIHEA R FRE IR 4 R koo 4 BT A LRSS

(contact mode) ~ #2427 ;% $i-5% (non-contact mode) - H 332 R IT > 4 & § | * FF 4w

—\

<

RFBH&Edin RFETEAL ORF IR 4 o ip- g3 (8% 4 F e gF L Tid b
AR > TOANEFIRGNT > FE AR A B R E AME DER BIT A T ERE
FT O MR RIFE A 2 g FIR DR 4 niEr @t o ph s BRI
T4 4 X ] 8 K Sk (T3 5N s ) 2 RE G R 4YR AT 4 ¥ B (force constant 0 k)

22 X R4 5 (resonance frequency > wg) 1 e 5 FI4F crdicdy o

EFM R 32
1 Feppagiiierd

Fd ARM it > 0w 0 B RS R R R n L BT 2 1 4 B g iy
AEEFROLET . Al A RS E TR I TR 4 [9] -
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A BER- B - ATEE S ESARER ST AT 4 TR
;Fj‘ ? 4 Fcapacitance =_V(1CV2)553}§‘_{$ 4 Fcoulonb = qq 2 IE ° I;‘]LLL '\?, 3 T 4 v F‘;”, o™ .
2 Arer’®
2 *
FE :@.V__ 0:0s q,CV 4 ngs Q§CV (1)

0z 2 Arnerl Amel; Ameid 47rgz4

He qi- B Paa#E i § ETHFSLT o B -0 A HESF PR BT R
~ QR A ET AR PR BT Aol 28 1T o B RS - RV, BIIF
FreA2TFBARBERF —-C, P BP RR V=V 4,0V, 2 ETARPHE

Fé i wm R C ér’b—%ﬁ?rﬁ”ﬁ WP R FIIEL S T L Oy = (q3 +Cv) ’

conducﬁve . v
tip ! Z, i 5
! 1 21 !
I-(—?\ ,_\\
A /
g |9t CV
H .,__,f \+J
: i Z,—
i 24 E
' dielectric
- thin film_ conductor
|
\ G
Vac(a’—)'l) Voff

W 2-8 #F&Eie FehHTie? 5 R HI[9]
FAY AR ROV, BRFZ G OERIEE LR

?!PVb :Voff +VaC~Sin(0)1t) B P o, FRARERAMESF > (1) AR T
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+| =V, - S+
[ oz (47&9 25 Amezd
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4 v 2 7 °
7 B g A,

oC oC
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jC Vi

L% (a9 , a ey
drez? Amezz | *
JC] Ve Sin(wlt) (2)
1. 24f % o, & B DC 3B A,
2. WHEE o, ¥ AC FEIF A,
3. UHEF 20, T AC JRTFA, ©
AR T RAGANRAES - SETEHRIPMGE A - ZELZGFELTRF G
®3)
(4)

PSPD
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(i)di

(O] v
lock-in lock-in
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'_//" l
& " EFMsignal
V(w d/)_ ///

W 29 mgfpict BEET LI (E 4
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2. EFM euB it 2
Q¢ 0 AP0, B o R E N E G R RV, B I R SR D

16 T =V > 2—S(vof+f\) - VO o E D F G e, 7k

q gq : £ T
=A=-|—"5+—=[CV ZI1BERINEFT FaL v > LTI EFM a:F TR
A=A (47&9222 drei} ] ac P ’ =

e L EE A, B A, TR 4B T AAFM bR fhde— Higpie s B B
BT E 0, & 20, 935 > 4o B 29 #f7 o pt— kAN AFM HFh £ @

el BT R AL B e Fh A RE B - BRI IR BES B LG

2

I
BT F C 5 2 EFM “rRl @ amti Aoc| 54 K|, g9 —qf 3
Arez; Amez,

O AETARITAL TR RE T FlHt s §8 q gL H AP S o

i EFM e FR AR T E Vs HEF O JFd BFR V, =V, FrFET

7
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| =

T g RIA GRER E % @ EFM ¢ o, 5

E"ih

m P #

S

o e F
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>

w, PRI A =0 EIHREV,, FF A and e T 4o @] 2-10 A1ow o
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4
i
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CAFM f 32

£ R
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MEL
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CAFM f | FEEREFHTELE T 4 R &L G

A e Ll e RS RSB A R SR F )

AT BT ACIPA I IpA > i % 20 R IR RF 4T - ML in s
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|
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|
|

|
|
|
[ pA- Amplifier Extra Gain& Filter

———————— to AID

Conductive AFM
Probe
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Sample Chuck J
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R SIS -

3-1 NiO #&wend] 2
FENF L RR AT W 3L AT o AT R T A 3 E 2R
AR & s (Sputter)it (7 F s N R4E K & £ 145 5 PUNIO/Pt 2 NiO/Pt sh= %
H G H i 22 6 Ao W] 3-2 477 o WARINA B & 160 24 P4 NIO Ewcenit 4 5 PUNIO/P
T EEOT I B B P * ESCA 2 #£34 NiO 4 6 S804 3 Fesr 4 (5 chit
FeEis i § 7 i % NiOE % 5 NiOPt 45t 7 AciLenT (8 8> f1* CAFM
TR SR RR R By PRENLE GBS )2 £ R E
@ 12 EFM A 45 2 NiO 2 NiyO, F¥ # % 2. 7 S ficer& 1L » .27 ESCA £ & A 45 v #4115
EE-Ro

RAEMEAR
Sputter 3 i %
RET ELPUTI
RBNIONRE  w—) E L S % 50 g

FREMR FMEHE

W 31 R AW
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B 3-2 Pt/NiO/Pt 2 NiO/Pt = i# %’}#.ﬁ*f #® 7T & W

SiO,/Si z el &

AR Bk 2o £ 4F 575225nm 5 R 50 SO, B R B B F endkdE o RR4eE2 W

C\‘

R R GRAE  RE A AR 10 A 0 B R kA h e
HxppeefrRitl0r s AR LRI FAFLaaigarke SRS RY 2 4

+oR B 10 A48 e

ie 41 (target) s &
a. 45 %= (Nickel target)
$2099.99% s s 2+ BER S 3mm
b. 4a¥= (Platinum target)
SR 9999% 0 B s 2t BRG 1.5mm
32 RETITREW
FERRE P R RN FR G RN > L BRI HopR 1 5x107

Torr » £ UBACH AR I A F RS 5 5x10° Torre B i 71 » & F & BN R
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4 pra) 4 5x107 Torr > % R 4 sl it* DCRITBEPLTRIRT - 2> &

TR PUR MR E AR A o NP - B TI 2 EPLE L o B
AL EFReE 228 €2 H 34

A9 ¢ * Shadow mask I(#) 3-3) % Z &

20

| ~ SiO//Si
W 3-4 PtTRIBRER S H

L J

* 20
® 3-3 Shadow mask I(unit=mm)

% 3-1 PtT T2 2k

R 4 Ar ix g ¥ & BB FOA R
(torr) (sccm) (W) (sec) (nm)
5x1072 80 70 90 180

3-3 NiO &%z R4xer 282 M %

ABREZ ISPt T R4 B E  Shadowmask |> — fk F2x » vERE PN T3 E T 3

Y

T BE4 5x10°Torr s £ » Arfe Oy F4pdlaciaz B4 G5 % R4 GRS

Tig* DCRRKEFF BIEET - NiO FHR4ER S Bl4cH 35 #77 » BIESL
Bl A 320 MBRFELINE 450 B2 L) pEo
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W 3-5 NiO &3R4 ~ F

% 3-2 NiO @EwoR4g2 28

ﬁ ) @" Ar/02 '/;ﬁ-i ;4{’;»‘ Igﬁfg'ﬁ? Eﬁ:};—&
2334

(torr) (sccm) (W) (sec) (nm)
Al 70 74
A2 2.5x107 60/6 70 80 85
A3 - o5

3-4 Pt} iz BéE

# * Shadow mask II(W] 3-6) & # f 44+ NIO F oz fhr F 3 @4mis » v A
A H AL A S0um® ] i et M RSN e 3 HRend § R 4 5x10°Torr £ i~ &
FOOEHR S Bt 5x107 Torr > B R T B4R P F TR 0 R S

(54cW 37 #1n o R4ESBL & 330
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gevoanere
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I..‘}-
eesccassrectane
SN

® 3-6 Shadow mask Il B 3-7 Pt} R ERER R

% 33 Pt} T4z 28k

R4 Ar jn & ¥ & BB EwWhR R
(torr) (sccm) (W) (sec) (nm)
4.3x10° 50 50 10 20

35 TEEBR
Pt } £4&2 F BT R

B[R - BN R AL (WE ) A st Pt P R 4Efe Pt T T fRA 4ol 3-8

-\y}

SEoR 0 FE 4L H ARG 4% T Keithley 2400 Source Meter ¥ #5 4e & B+t 1+ £ 4& AR R

Ton Bt KRB fENIOE e 7 IR % o
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W 38 TIEREEN
F R NIO Wi @ ~ MR L et 4 8 (7 > 3545 Set fo Reset % 2t /B

B E 7 4k =X B o

NiO &5z o T 121 R

Al AFMEES T 1 NIO EW3 (Fgianl-Vd S8 ] > 3 5 S g 4% 1)
Keithley 2400 Source Meter 5 e & B3> b > o] 3-9 #7737 » £ d PIEF T
R ET RS TFE F HRSA-LRS 7 3% » £ {5 d EFM g v 3 5L K B7 27 3% 15 «oNIO &
BT R G o @ ik 24 ¥ % A F PICAFMeT SR EL o 4o 3-10

,
)z'l-r—/-l: o
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Keithley 2400 —»

W 39 TRl iF

AFM probe

/

- .

Keithley 2400 § ,;; -

B 3-10 CAFM R ERIZHW
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Fri - RHmEFEHEB

4-1 NiO Foen X % $64A 5

a5 BRI S > Bor 0 APl R Sl ARAER 4 25x107 Torr i »
& F fv% 5 ~ % % 60sccm fr 6scem > & * TOW erldg s S owfg § 4178 7 1Y
B RET L7, DF 4 E% - Bk % XRD felgfpt chais - 29 5

N3N

® XRD #4577 11 3 { PR OEHES > Fulinf- P REFTHE S 10 » 4905

g B R K 5 600 nm e KA XRD chiEit @] (4] 4-1 #57)F L F o R
Tes BT N GRS D hDSHE o U HE P AR BT ML T

g8 R foo (6o = 2 SAE) B 40 3 ehs @ (100) > (200) ~ (220)  (311)

(222) - [11]

1200 ¢ =
—
gl
1000}
800}
n
c 600} a\ §
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O 400t . 5
= Q
200} § N
OF W

20 30 40 50 60 70 80
20
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4-2 EDS# 7
27 2 ESIO AHF A E F O R 8 EDS A4 47 NiO E5e ¢h O & i > A i
P 1 SigNg ek e & % £ PUNIO > j€_EDS Bl ¥ 118 B > A > % 0 NiO E9z § eh

Ni = 2 % » 8 % Ni-rich 5jE % > 4ol 4-2 #77

Spectrum 4

Element Atomic%o

N 27.08
O 3.54

S1 32.19
Ni 12.09
Pt 20.10

Totals 100.00

W 4-2 NiO &% EDS 4 7 ¥

4-3  NiO EWeng 17 & (B BL&ME)

BANPRALEA T FRER HE LR > S Seo i K%k
AP # R4 5.0x10° Torr s A A FARABE L BIIA PR Y B
ii@ﬁﬁﬁﬁ}@ﬁﬁgﬁ$ww,ﬁuiﬁgaﬁ%%W$T’ﬁﬁ@4$u
2.5x107 Torrs i o #i3 ¢ 24508 iR 1) PF 0 R 3pASHE 5 S B 1L 4L R
BPtT 4Rz b o TR ERAARETE G DR R o

AFREY FOBIABEBETFEF CEEE SN EF TR 1
AN P R - kRS SR REFORS CBESH ST 3
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FACH et 5 s 18R R o MR N enF g IR TR SRR S g

A RBRERR T o A FALNA20 R A3 kR R R R ALK &
aForming:®Efs » Tt B AMFTIEL 0 7 v B TR 0 @ A2% HSFormingz 0 ¥
Reset: B T IE Ay 0 e grtr 2 w KT FE A 0 A3ER SR F O 1 eh = Forming ~ Reset
% Setig 2 0 HNIOE -7 R H2.2VEFForming: LRS » @ A% &0.5V = + Reset*r 1
HRS » ¥0.7VEFx Set: LRS(yt 520 i de 7 'K 5 ImA) » 4B 4-3 #7177 - F& T
FI* R AR e R T IR > I R * R 4 NIOE i e T rE > 4o ]
4-4 77 c FRERIZEE - 5% AFM 4 223 (gD § BR2 T
¥R B del 45 ~ 46 17 o BB E BREMERT L HI-VEIT LR
%% % ¢ AL f R/ER > Switchingshal % 7 e 222 £45005 B > oW 4-7 ~ 48 #7
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Reset
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Reset
10% /AJ
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Reset
10°
Forming

- 10°

-

:g 10

@10

=

C10™

-14 . \ L L
10 0.0 -2.0 -4.0 -6.0
Voltage(V)
W 4-6 A3NIO &%} B2 AET > -V H
Forming
ru= & Reset
HRS & Set

10kt nRANRE :‘-AA'PFT-AFf NN A A
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10" e Forming
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B 4-8 A3NIO EHAERT 27 3% £ 47 |2 W]
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AP TRFETERE T PHEONIOE A e ¢ NicndE g 2.7 5 &t W iF
7 A3 S Btk i (FESCAGA 47 BBl o A 7 L * = gEiV endF 4 (W probe ) i
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I BRI oW 4-9 AT o dopt TE R SR I s MT A v B TR

B 72 Pt i» iTESCATIE Bl o 5 fc ESCAFE I e BlE % £ & * 50§y

i

PeakFitv4.11 5% 5 & 4-¥FNi 2psp i & i i (748 5 a0t 4 > ,‘f‘%‘ﬁb A5 KB R4 AR A

¥ J5 Handbook of X-ray photoelectron spectroscopy[12] » NiO = & & 5 &
854eV~855eV it o Hotovy % 4 [13]ht NiO & ESCA # 3 A 45 ¢ #Ni 2p*? &
21 85 ¢ iF Gaussian deconvolution A % % Ni £ & (Ni 852.7 eV) ~ NiO (Ni*

854.3eV) ~ Ni(OH): (Ni** 855.6eV) # NizO3(Ni** 857.3eV) ; Hotovy #7 i d i& 4 enfz 4
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EAZ > F FAPhF F 7 BH 4 NIO 2 Ni(OH)2 =t 6] ¢ P Bgsf e > 48 F 0 Ni &
B2 NigOs "SEF F # ¢ £ensifscm > > @ #0f eh NIO R0 5 § NiP"2 NP5 -
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