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Abstract

The effects of the thickness of the Cr seeding layer of BaysSrosTiOs
(BST) thin films grown on PYTIN/SIO,/S substrates on crystallographic
structure, surface morphology, dielectric loss, leakage current, and
mechanical stress were investigated. Adding a Cr seeding layer to the
interface between BST/Pt structures has a strong influence on BST film
properties including dielectric loss, leakage current, the temperature
coefficient of capacitance (TCC), and mechanical properties, as well as
films grain sizes. BST films with a 2 nm Cr seeding layer showed grains
that were denser, smoother, and smaller in size than those in specimens
with the Cr seeding layer thickness = 0, 1, and 3 nm. The dielectric loss,
leakage current density, thermal stability (TCC), Young’s modulus, and
residua stress of BST films with a 2 nm Cr seeding layer are improved by
about 59%, 1 order of magnitude at +62.5 kV/cm (at +1 V), 35 %, 41 %,
and 28 %, respectively, compared with BST films without a Cr seeding
layer. The mechanical stress of BST films had a significant effect on both
microstructure and dielectric properties. It was observed that the residual
stress of the BST/Pt interface was effectively reduced by adding a Cr
seeding layer. The correlations of material properties with dielectric loss,
leakage current, thermal stability, and residual stress properties suggest that

adding a 2 nm Cr seeding layer to BST films is the optimal choice for
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metal -insulator-metal (MIM) device applications.

KEYWORDS: chromium (Cr), seeding layer, temperature coefficient of

capacitance (TCC), residual stress
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(4) g HEA @ ol bz B0, cnlsf o ST R B BTaiA i
R R R

(B) AAHFE 1 F LA ehpd R R h- AP ey b
I s (Channel) e ot e B g i ded 2had 2 § R B S ek

W (IR TR R M A 0 A 2 R R e

Bl 2-6 @i oh 30 (@ 17~ (D)fe e &~ (O BB ~ (d) i AT

CEE= P
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2-6 Sk pR L8R L

EEAS LR BT IR -, TR ARG
(Spontaneous Polarization) » = % & 4 7 48 £ ABO; 64T 4% %
~Perovskite— g H IR > BT 2 R SUTETH T 0 AR B2 KN B
75 B kI oy o FRIPEHRE S Be ool o 87
o hp g R B R KRR T L A 4T B S A R MR BaTIOs kR

oo f

BB T 2 £ f ~tetragonal = % 15 ¢ (B]12-7(B)& §12-7(C)) - Tig

bk

Bafk dr+ 4p ¥ > Oc @+ 22 B# > S E BN FRER R H26
Clem29] ~ s th#h 7 b3t = & AL > ¥ 5§ 2 BT
B oo A BLE B Ay, Zi g o k¢ 3 (domain wall)#-4
i 2 @ B(domain) & i > % e T EY BV e T 2

BEA S » P EF AT H R b F AR e T H A R

b T HAR P

Cubic phase

BI2-74 4] ch4f & hdh T 1 SLBaTiOsf W 2 - (A) 5 BaliOs2 % B8 T =
fs 48 5 (B)(C)4 %] 5 BaTiOgie it * % v F 2% T 2 3 B4T £ = &H4p [30]
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2-7TR #A,F;,l.;;!.(plasmatreatment)L/FI 1

AFT G 2 REX # £ 4 Resputtering # it 0 07 in-situ > A F 4T

P
£
(s
o
i
O
&H
7
\pr
\\2\
%;
6*3

M A e R R A a,jf:@“’

-~

SEIERE IR R ST = SN E R RPN Y ST

=

MR A g B E TR AT A F A A R
* Oyplasmade NOplasma$td /1 & H WG 7§ 43 45~ > B ERE &
EE /f@“’?i%io B A BN Oplasmagd® s 4 g E o K gd Sk

BRI KL AR ENE BT Bh e R/ TAS BT I 7 LA

\_
A
‘3\
G
P
ﬁ
-
4
b
S
[
_
(dm
beit
P
at

AT O,plasma &2 > p e ik
L BST EwE A 2ffiG > MPrd g mBRaOT e 271 7 F
F TRIEE R o REFRT A E LR o 243 U (annealing) 2 7

R RS SRV JRd BNHRREET 0 MR
PT L



2-8 & R HFET B4

AR - AR A TR T S T -
PEOTHRESTHRL Y B A RN DT T L F AR
%1 B s 7 7 (induced charge) Q, » 4-R12-8» &7 fatr F chid T B 4
(Qo+QuFIs- 7 28 Bl 4e » A T MK BT 5 5

C=QV

Ly

B A T ol F Solieenl Thd T B2-84 7 o BT i A

'fr'

She B RACT A OAR 2 B F — B Bch o

Space Charge Dipole Ionic Elec.

EF

L ]

- -

E L . L]
P -

. . . - w -
» .

. - * . . W -
"EEEE L "y gessnnnnneee? T EETEEEL Toen® Tgaw

Audio  Radio IR Visible
Frequency (Hz)

R12-81 T Trdgcr A7 3 B TR RI[3]] -

Relative Permittivity, &,

A T BRI IEIR P /i TR B 2 R g TS

I &3 e fh 5 2 F L ik (Space charge polarization) ~ T % & i&

=t

(Dipole polarization) -~ &+ & i (lonic polarization) 2 & =+ & i* (Atomic
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polarization) > 1T E-¥w BRI SFIEE H 4 5
Bt § gl T o 4 T ERE R v (i (isotropic) > R & 5 R P Fla &
THETFa D Lm0t Tt PYILE G
P = xee.E

B X TR I (electric susceptibility)

RS

d 3T =B DI
D = g,E+P=g,E+ e E

= (1+xe)scE=¢eE=¢€E

EALZP RN B AT V- AT T e d s
PR AN AREDTH AT IR F ol B A 24 ol i
€73 T Tt 2w fE (4r ] 2-7) ¢
(@) & + & it ~electron polarization~—~

A € F A RFE BB A DRFL AT HIE LT, R

IRl ZE AR EBAIES LR AL PR EEE ] 0

W

CHEDTFRFELRF ST R AT F IR SR 0 T AT ik

AU 0 TS GBREE RS A Eh o At RHREY T MR D

F @FH e gh(s ;I&,{Eg kBRI ien? S8 d B3 PEenY S g 2

WA oM RREFIEFETDRFIEE G- AEHEH R LT B
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AT R ETA L Rt G T &1 (electronic polarization) - A 2 &
Lg% 4 10M~10"Hz [32, 33] -
(b) 3+ & i+ & o + #& it ~ion polarization or atomic polarization~
FARPFFr IR BTN RTRE S wadpd - 2 o vl
NRHT LRI THEEE AN A SR IRk FS BT
& i (ionic polarization) - £ 3+ ZHIBFT PRI R FH > LI R
PRI IR BT IR BIMAZF R DET P T
vz THRRETF B o
(C) gHiatR 1t & £ + 4& it ~dipole polarization or orientation polarization—
FLMHEAEZ M ATHET 4 FRATBET R EHELSFHLRE
& %+ (polar molecule) ; % X F “hAe RBPF 0 s T RABET AP 0 Fla L
FRRVRR(ERE S R) 2T HET > TRBETEIE D w0 i@
MR A A&t 5 # & (orientational polarization) - # e &t F 5 &
B EED o FERGT TR BB AP ETR TP MG 0 2R
ki E L o
(d) 7 & & J= & i* ~space charges polarization~
ERESLURII AR - BRI el £ S0 L VIS =L IR - )
B+ RTHEEY S S AATHPBBELERDTEL PR FT T
ZREERe A2 zF R A bR O FiaFR B

(space charge polarization) ¢ 7 & & it (interfacial polarization) o b #f & it &
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S EREHEBAL OB - A RBREER L ERG B iR B
it 2 F[34] -

deb AT HE - BRIETH O R A7 BRI F

S

@HEFA P o TIAEN PR hobe o - BT PINE RN T e R
710° # o IR hE R F Rz > T LE IR iR b 5§

9107 4% o A AT RGP PR E F 2 > 9 A 100 1 107 A o

.
J\

2R AR E FE B & 10° 5] 10° 4 chi FI[35] -
4) 4342

HR G GRS oot § R4 B R T HIEY > A3 g

&3
N
\a\

RIS a g AT LR BT ARG 2 AT

’E‘g ’ _'?]r_ﬁ é‘i H-'V/” % V’V‘L]{FL/”L’ qpbti;ﬁ@ﬂ?'*kjmﬁ,'/n Ir’ Flm ‘;ﬁ’%ﬂ:‘I% jf o
AEIFA W &7 5[36,37] :
W=V Ilcosh=VI

=Vigtand=VwCtand (w = 2nuf)

&5
s
(w
>
Eﬂ
=
g
3
o,
RS
IR
(Q
R
wk
g
=3
Y
IR
(w
&Y
el
RS
\\,-m_
By
B

W=V,w C, ¢ tand

Flpo TRGEF 2 R F ERPRFE AT A AT T g & tand
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2 ffid-% o tand F i /i F &+~ (dielectriclosstangent) - 0 f- & /i FAE A &
(dielectric lossangle) - € tand F- = /i B 4f 4 F]4 (dielectric loss factor)[38] -
tand ¥ % ¢ 4e T

tand = 1/(w R C)

\\\Xr

LossTangent _fi7& 7 7% ~ # $FHhE & 4 Hcz — > LossTangent 7 %
frHigh-K HHhR 225 M(TA LT V&) Y ELF folBT g Mo

T T kG 4T AL R A TR o

(B) /T i -
ARETLAAEF &N BRIV B R LL I T - BTN
BEWFTRE BB ART A LA
(@ it I Lfl~barrier limited— /BT 8418 2 L EHMI-ATF o 2B
SIS SERE IR S | R Qi@ﬁé@:&ﬂﬁﬁ‘%;‘;”ﬁ FIEL T o F 3F A F &
~ Schottky emission — 2% 4 2 & ~thermion emission™~"fr % % »< &
~tunneling~ 8 g >+t 844 o (b) #4184 ~bulk limited~— 3 §*+ 4 ¥4
ErXCATEE  BBEIFGHMP NPT 2B R TE
~spacecharge limited conduction~- &+ & f& ~ » 5 @ &
~ intrinsicconduction ~ = & f - 2 4 5. § 2% #+ ~Poole-Frenkel

emission™ 3% SRR E Al
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298 T iR B4

T A KRk p 3t 4p % 14 (phase transition) et f o Ap & 1 1Y
E. 2 8 B (Curietemperature) & i 5 A % » &b 28 B 0T £ M AT
Fh s m BN AELERMIEECETA cRAY BEERIIAELE
B R GEARRAR S > B AR T LR T L A 2 2 (Curie-Weiss)

ﬁﬂCF" ﬁ’ﬁﬁt’ OF-" B 2R }iiﬁ?*ifiijaﬁ%izﬁ}iéit%vg/ i3

R

P PR e JLAIET A4 T o P ko e R R
WA - FRARRT A R R SR AR, RS- 7 B
P B IR S L o L B0 B A 1954 d Devonshir#t# J o gt IR f 3@ 25
XA BT i Falo GEFENSEET AR LER YT
Wit g - B EP20) BEDFIRE DMWY o H R TR A
JEERS HFFIP=0c - BT fom BRI R F g M-

XN AT S5 TR I A L - PE R T shie $4[30-41] -

2-1065 AR 4B T Mokt 4 R 1 1841

GRpp4n Y ¥ - L E A B g (BaY) N a5 (TIM) RS o ik i
Pl > W E PR BRAR LRk sz — o N B 2-845 fa 48 AP
W2 hHE R RN AB[42 43] o T MAREL AL § S R AL
SITiOs) 2 4% it 42 (BaTiOg)i £ @ = 13 4 (solid solution) » 8 5 s *
Foaims fon b2 Uk Fe BB AT R F chfe o d M ALAE S L T 5144
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Ao g dgps 16LA S > Tt ol ¢ & R 2 C ek B
R AL SRR F o SHEREd RALor 2 5 H(tetragona)
b S R 2 2 R B (pseudo-cubic) o 4o B12-947 0 [44] o Sx AL R 2R
B 5 105K o 20 4LE F 4R A VUG B B R B AR AT BB
- B HSERALE TR RN T BT o B AL ¢ B RAET AP s
SRR B RPFOF R RLIFRARLTE T
§RIEATFEAFITERPT FIlh 2 & vtk Smolenskii 3 14
&ﬁﬁﬁﬁpq%%kmﬁ$+$$ﬁm* Tl B3R R M AR

[46] -

0C a=5.667A

b=5.681A

c=3.089A

Tetragonal C =5 668;&

,1\30“0 ! - 90C a=5. :

AT b=5.683A

E'P . c=3.976A
130T a=4.009A ] | ~0°C -90T a=3.998A
= a=89 52.5

130C  2=4.003A
c=4.022A

0C a=23.092A
¢=4.035A

Rhombohedral
B 2-9 5k 4940 1 90 2 55 o H38 2IE R M AR - [47]
2130 C 1+ o sxpae Ep 2 2 f‘%f# BB #G54A0 Fﬁ“%ﬁ‘:

ZHFM Ly p R EA30CI0C B & & 2 S (Tetragonal) & 1 -
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d TR frd B ahk a4 o v g 6 A kiR A ) 0 7 <100>
T At p st FI0CHT o X ER L HA S (Monoclinic) st A 2
&s (Orthor hombic) ; & 138 & M3+-90°C & » B & 38 % 25 & (Rhombohedral)
B SRENTIRERTIPES R R AN G WY DTS A
Bl §P<100>w - <110>2 » % <111>7 w fBH ehv i > 3 E T 5~ B H =5
¢ A 4 - T 1% j&(Electricdipol€)[48-50] - B]2-10%g 7+ 7 I = & 543+ <100>
o fE i PE 0 4R R BT AP R BT P B E o B R B iR FlAR
TR AL e @ EHEY E - B84 T e (Dipole
moment) - #* IR % F 5 B 4F &1 (Spontaneous polariz ation) - p # & it T A
4 iigaEd YA 4 LB (Domain)® v A - @ 4R T FA > Fpt gy
2 BIeEiBE L R o KA RIB0CHUT » F pFE MR AL > B T @
Z LA T H— B SO FH BT R dl A - FRAERIS0TC
5 ;I%u;}%% 454 48 e 2 4808 A (Cuire temperature,TC) = A TC ™ T & B 4p %
s REFHTL L BRHELREEF AT FEE L EBR
¥ LGERI2-1LY AT A BRI P REREED A H AT HITA R
¥aeT $:210000 1t o AR R R WEMAS SR ATHTG B

C S ETRET
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250 e 480
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200 o 390
b~ /
-
150 — 5 300
< T 17 7~

L0 e z10
_— 2 e .
S R N
S— \ . :A\ . M~ :3—'_'
g . . ,_:‘?,:-_-’ A T~ 1z~
CE| S T58, K"‘-«-\ - om S

= % _-_—_-'/ A ~ - 4 [=1=)
o — I = i 32
™ ./ Rl S _ \ég “\-. ~—
P TN T~ \‘\,. ?%
ARS C e
-5 = % = ~Z -6
< 2 N[ .
=0 ~ ~
-100 e I > = -150
= ™
h“x \
-150 e v 55 -240
N g
o 2
-Z00 I | -330
) 5 10 15 20 25 30 3s
B . at. W

Bl 2-10 % % B 45 $HAcpe e ¢ dp i R B 2 B P[5 -

0.8

&80 =+ %50
=
o

£
-~
-~

Dielectric Susceptibility, 7, (Fm!)
2
L

0 2 2 2 2 2 2
-200 -150 -100  -50 0 50 100 150
Temperature ( °C)

B 2-11 A ALA BT AP R R 4 R Gl & M G RI[52] -
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2-11 F T SRR

WE AT HIRBST B G B AR VbW e 5T ¢l
* gl i BST @y ¥R AT A il 2 it b bldedp 4% % (phase
shifter) ~ it F (filter) ~ % 4= F(resonator) ~ % % - *z 2 b BST %

(24 R Mo HlivE b £ TE IR RS R

P

,_é, ’

fh‘*

2 £ % 7 2 {4 (high tunability) ¥ #35 4£ (low 10SS) e e » iZt 4|4 — 5+
¢ X A2~ A2 e P R[63] o BST engd it ¢ F]15 Baz Srent
blE AT A BERAPEE AT FRE Bas R 06/F bt 7
A5 4[54] 0 A BHIFALS B o 2 F de r HCR B34 4o Mg & Mn
7 % S AFAE[55] e H TR 4L F) 0] o JEON[SEIF § i e b
(Ni)¥t BST & oenw 422 A RIEFL T - L #F R4 NEH7T AL
26T K Hch SR NIk oe £ 5 3mol%r - BST # Wnki e
BHRGRE TR A0 Sl 7 4 6mol %3 12 mol %% k] o

Ate® 5 3mol %pF - H AR K ) 980 ~ A TAEA S 03% 0 HE R

FFEAEHI9 Yo
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Fzd RAHR

ARy Ep W BST #eff » F L g fhdn ~ BUA4LE © F 4R B
PRIBYRL S R R R R AL Fe b ind
RFZ A Res k2 & BST #% Ad 5fs & 700°C st A 1 0]
P et O TR AL 344 0 = BST JHWfiv o

FIMIM 75 B4

AF g MIM 2 F =~ 22 4 5 All(BagsSros) TIO/Cr/PUTI/SIO,/S -
3B F 4R E 9 (BagsSros) TIOs % 4 3 Hef (Cr) £t S A B R 4R 5 2
(Radio-Frequency Magnetron Sputtering) % #l = = o #73 @ 4214 5 ~ £ B

IR G KRB AATE- A

l Pt (100nm)

'--‘_’..'___,.—’

; %//////////////////////%MBST S?l/'llicl\;[ure

— > Pt (100nm)
TiN(3nm)
Si0,(100nm)

F3-IMIM T 7 ~ & %4
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3-2% Hein A2

A Y e F Fon

A2 5 o Fl L RE T ’F e BED ICFR

SUAR & R0 PRI RUE A 4T ~ SEM Xeray 0 B fs R

WA F R

§19E 5 %
TLFE g‘-%’[*"l i )

B A
TR

SEM
Mgy [ Xy

-V Ea=

B3-2 F % iA2H
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3-3RCA i %

d a2 AP AR REE - TR LT RRE FlH A P Ry
Btz TRl (T L3 2 LEMY ok S HF e K e f
P #3 RCA A2/ 3% 10k d [l 4 & itk (Particle) ~ & g
(Metal lons) ~ ¥ /5 (Oil Contamination) ~ 7 # 4~ (Organic) 2 & # % i &
(Nativeoxide)% » B & Flend o P 22F 32 R > W@ F9 % WU
EA N s EVRE ,;‘;73 PE T 5 B

e ARG
(D#32 F 25 MY - Ag3 AIRF 10045 0 2 %% F b -

—H

(Q#ig 2RAPPEY AL RIRF 10~ &> 250 Py o
()11 2 @ kit ik 10 & 48 o

(OH,S0,: H0p 5 31 5 4 7% 6 4 4h > 4 h i & %4
(5)2 &+ -kitik 10 & 45 -

(B)HF : H,O % 10:1 ¢33 i 232 204 o

(7)2 3= ki 10 2 43 -

34 FAFE-F PR
iz #F 2 (Dry Oxidation)® & — & & & % 100 nm hSiO, » 14 #F

4Pt oS A4 & B i 4 (slicide)doPxS %
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35 WEE RIEE T LRSS L

50 A4 Pt frSIO 2 B e F 4 Pt A 4 4| % (peding) sk
%o Pt SOz FF > 1 B4ag > £ - K 5 & 5100nm g F K Ti o
A g3 4 #45(Dua E-Gun Evaporation)srsjir= £ & & 4100 nm ¢

T fEP -

3-6 % £ W i Bk
T A B ERT LR o & (0 R G

PEEA AL P AR o T At E A

o
>
&H
Xm’g
i
=
E R
“+l
-
|
-
sy
o
3
+%

e o #-Sample & Rz R 5 f%(2-Propanol) ~ [ Ak (Acetone) ™ % ¢ fi%

L
iy
4
K
x|

BT AT fﬂ%jf‘)ﬁif;taaa £ B - R “,% o & & B :—h;’g_?ﬁ‘
(Impurity) » # % £ #-Sample /272 &% -k ° (R F2E X 5 16 MQ -cm) 2 4z 4
iﬁ»j’éif’aﬂa%‘%«\ii/w\?fﬁ’i‘ff%éﬂ’;iaﬂa%‘%«&ﬁﬂ‘*ﬁ%ﬁ%’koﬁxféﬁfﬁ’# ¥

F 1B (No)#-5 7 exig o

F7T FEBATHENX

ALY F AREN AFRE P K O (RP)BIRE & L)

B = =0 4o B]3-29701 o Ak SLE 5 re-sputtering x4 5 0 B 3x gy F eoholder
AV SRE L A BV EFEESE R R AF L F S BFEST
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AEHA RSN A EHEF o insitu 3 & E N,O ~ Oy No-plasma
treatment ext iy > FHF I FE N AR ERY o URCE TR DB R T
AR EDEE o B R R KT S nf B N E AR R AR TR
4 ke P (Chamber)sindr A4+ > — BF % i A2(Run)g+ @ iv6~8 ¥

Samples > % fE3~ Bl [f]354F 2L 45 e ] > 2 i 7 335 3 (4 (Uniformity) $i

iF 7

ny
Iﬂ

A I o #-de 5 Eﬂ‘:’il’f’f_ "E Rt /.n'. "E mi"’fﬁ lé ’ #i%flj}ChMber =g

s

B3 A FIE8x10%orr 14 0 i~ REF R(AT ~ O B 4518 7 R4 o

3-8#iT L 2

/-El

I * %% E 90k si(Furnace Annealing) ¢ = & 4F 1%

£
Rl

AR
o  TARTERF(LLAL Eed)? i~ § § (O 0 M BA BREEPE Arig

ek A Defects) o #- 48 = = ehSample 2 F & i (7 4119

N
/\

g § AT - T
w4 (Boat)ph > 1% £ & § ¥ KBoat # I VpE kel ?os s i B3t

P o 39 ke R 3T 5 600~700 * X o

393 & i

AP o 2 &7 &4F(Aluminum) e 3N * 4 % 4 0E (Thermal
Evaporation) - *+ 7 1& B % (Pattern) /2 # 4 ¥ (Shadow Metal Mask)?) = » %
T e &+ 5250 pum h[F1A B % - % = MIM (Metal-Insulator- Metal) &
B ¥ s g al-V 2CV T LR -
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310R%KE &

(DSR4 5 b

B 3-3#77 & AF SHATie * 2 BRI RAR & SL(RF magnetron sputter
system) » iR 4E i Si(4-B) 3-4 0 3-50 3-6)¢ 7 E 7F ¥¥(vacuum chamber) -~
# # § f (mechanical pump) ~ iff # 4 =+ F1 i (turbo pump), £ 17 5% 38
(convection) £ 7% 3+ 2 #41£4& ;¢ (hot cathode)dt+ B - kpl B 2 = B - &
EALFE F on £ 3 (massflow controller) ki #1 4 #in g o A+ > K5 &%
FEERAF NEANERTBREAFTRER A 27 2l AL
FAEEE o BB G 2 PR NUERFACTTRELREE MK

2

O AR REERER R Y Lok R A 2 R R e BRI -

B 3-3 SHATE R AR & )
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B 3-6 B 4E 5 4% (TR B(2)
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(D4 £ T3 BAA(SEM)
*F EArie * 2. SEM i Hitachi Fidd-Emission S-4800 4] 3-7 #157 »
fp bl BB 4G URETY B REA K B Bl ST MK

HIERELITFIHE M4 05~30KV et T RERIHEALT T A5

yd ke a L dRI o T T F K IR e ARDEE

Bl 3-7 55 53§ 3 Bk
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(3)X % 344 % (XRD)

F A1 * X kst 4 47 ik (X-ray diffractometer) & &2 5E 5 & 4p

Rl

oo ARSRAEY 5 EERR & X % 3554 % (Rigaku SCD/ MAX2200 HR
(XRD)A 4554 % » 4] 3-8 77 o 4 (755 % 40T
1 X-ray source : 4F ¥= (CuKa » A=1.54056A)
2 TR R 30kv o TR S 20mA
3 »r»3tdp i3
4 Fpw kB (20):20°40°
5 #FHER 4°/min
~ L XRD #ri# % 2. X kipe Aa m)F 1 3R B T3 RFEH

REAZEB AR DX KT A D RS o BF TR D

4_

Xkx FAXapX 2l Xk BlXEkRigndtdFafe
Mo rsRFREHRF OGP EE MR RETITECME R E
rLX kA 3 R RS TR R R LB X ko

MEXEZT I rfeHil TFEAEES TN g & W
Zoao PR X RSk o X RS R RITAcB 3-9 977 > Hig ¥ 4
T E X EREEY S BEPRELMOE LG & 254 0 &(Bragg’s
angle) » ¢ & B & F PR MESTIE 2 > 2d SinB= N\ BE o O~ Bk g AR L R 5
BoATHERT o R R PN E Y P X ki B g Y 20 han e diAs & o

#e20 A » TR RIS AN T RN LG DT Y R
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A ¢ o ~International Center for Diffraction Data » #§ # ICDD~— » 7 % Jp
¥k SRR £ 4 B ¢ (Joint Committee on Powder Diffraction Standard,

JCPDS) 1 ) 5 eras % ¥E&¢ F kL 4% (Powder Diffraction File, PDF) vt & s 4p

Bl 3-8X-% 46t % (XRD)

B R -F@E(hk)= pM B

QP NY-BE ¥ Sl
2 BEAT R

s X

D QL

B 3-9 F 442 A2zt 2 Boie b 14
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AR+ + BAAEAFM

Ja =+ 4 B pcsi (Atomic Force Microscope @ i fLAFM) » 3 4 4 45
ERMCELT F 2 - 0 WeBIB1097T o T d RRl- Bl ERE LR RS

Fo 3 vt 4 RFRA G FRESRREF MRS ok
BFFE ML G2 Fh I 0% 4 35 ma A 52BN iyt o p
IR A GV LR R 2 R TN R4 Rk R e
A CRFERES O SFARAEOL) 74 B ZCETRAZE
Mg + 3 08* 4 [23] o 1% XY BT T & 0 # HRinpeeff £ bk 54
REERFR > T vATREFIFSEZ P e Pl o BHE T

*A gL T B 4ot T F A IR K94 6 % (Topography) 2 4p B

SwingQ
27 "
< r Coarse and Fine Focus Knobs
‘_/‘ %20)( (standard) On-Axis
- = z Objective Lens
074

Zoom Slider Knob

D
Support Plate
(&>
O
— D\ X Direction
: & —] Micrometer Adjustment

CP Optics Base Y Direction

Micrometer Adjustment

B13-10F 4a 3% 7 &R it & B
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SUTHER
3-11-11-V & p|(Leakage Current V.S. Voltage)

Ay ¢ nl-V RRA R EEEF AT ESSRET N oBIS-1147

-~

7+ oo Fli ¥ - = FhEg f-8 %42 B (Metd-Insulator-Meta)MIM - £ % @
Tk R RBRPFET 63 TRLES TRV RE TR R D
R SRR MF 2 PR e H R ke 2 MR
& (Time to Breakdown) » # 4t & Ea i it # 4 (F /R T chen ¥ Frpr @ >

i P& 4 T #4512 (Time Dependent Dielectric Breakdown) 4" 47

LCR meter Ii

h

| Pt |
¥ I (Bag sS5rg 5)TiO3

Pt

SiCOo

Si substrate

F3-117 H 8 iRl A7 47 L B

3-11-2 C-V & ;p|(CapacitanceV.S. Voltage)
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