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1.1 WFoEd =

Wit - R FOREE ORI THDL 7T v bk LT 1 A7 L A (Flat Panel Display:
FPD) X, /— MUla Ea—2HOT A AT LAICHWLNZZ EbiaEY | B{ET
IXEERT R 72 EOETIRA N O KT LEICESHE T, 77U % (Cathode Ray Tube:
CRT) (TR0 DFIcaFonLEE LT RaB I TWD, 2k, FPD (& CRT
ZRTET DI CTRAENEA TE T, 2 ORERHREIND ST 4 A7 LA (Liquid Crystal
Display: LCD) 12X 5/ — F PCREHBHEHT A AT LA, TTRXAT 4 AT L AR
JV(Plasma Display Panel: PDP)iZ & 5 KB RIEETH D, Lol s, FPD 3tk
CRT WHWHINT&E 72 25 WY A XU TFDOT 4 A7 A4 TH CRT #2%ET L L9127k -
7co T, FPD O Ffn, BN, BEISE M. CRT &R, HEAN—AT
HHLLEVWOIHBEZDO=—XIEHE LD TH D,

EANTIET LD FPD b3S~ CHEFT L, 2005 2 4)8 T CRT Z 4k = Mkie
B A iz, 2007 4 7 H CTIX LCD 7 VERBIEEED 80% LI LA, =
IZ PDP OB EEEMZ D & 2RO 93%7 FPD THO L TW5D 1), — 5 THEFMZ
BOWTHHIIZ L > TATYXRNHL OO, SElEREE &K IR T 277 M2 ARV T RIS
CRTICEEZ DY 5O D 1.2,

FPD (I3 FEFHO R R 1EN & 5H, LCD KU PDP 1 1970 R K 0 pf dn b 23 58 0
ENEWA, ZOMIZEM SN THDE b0 L LT, Lk TCARDOE W E &R T
+4 A7 L A (Rear Projection Display)X°. # EFEEICHIH L TH Y 2007 4 11 A
AVTFOYAXOT VERFTEINT, A ELT + A7 LA (Organic Light Emitting
Diodes: OLED)72 E23d % 18, 7R H OO & LTk, CRTIZREIEHEELI LI TN D
TeOBg S CRT Ik biITWVWE SNDERIKEMET + A7 L A (Field Emission Display:
FED)2 E3d %, #5714 A7 LA ITFCHRE, BHEHIE S NOBEN R END I 51T/ <
DEINLIHLELH D,

LCD iZ7 v, arvta— M7 A7 A, BHEEGEREPR (32 B 1 XLLTF)
MO/ OFREBEIHEH S TE 72, 44, LCD ORFLIZHNE TH 722 L bH D |
KA A58 & T 5 PDP &Y A XK DEH 3T EIT>T&72, LarL, LCD o KA
A B9 2 Hl g3 L <. 2007 4F 1 Hi2i% 108V & (8% 2,386 mm, fff 1,344 mm)
TLERREEINDICE 72 14, e Cid, —FFEELY STHEBZ 5014 XD
TLEDOIRGEERBE L, 074 7 AICIEERX—A T =7 66% &2 HHDH L HIZk> T
% 18, Zhilxt L, PDP 1% 1980 & FICHm R a v B a =X OFRREEICH LT
WA T — DB, F DRI 32 B A XL EofRiEESCT LEE LTHEH ST



X 7= 1.6

PDP ®BAF 1% 1927 & Bell System #1234 A& 2 FIH L 7= 50 X 50 M3 O F£/REE %
AL TEmZR R LI & ICmEIT D 178, ZOEEIIHAMEBZFMA L TEREZL
TRV, PDP OB L VWx D 189, LDk, 1964 4FIC D. L. Bitzer & H. G.
Slottow (2 & > T PDP O HEAREIEICHZ LT 5B AR ANL T H L, 1966 4£121% PDP
OFRAEICET D LA FEE Sz 110, BI{ED PDP OJFR L X2 Z O 2EE OB FEEIT
T2 16X16 Th -7z 111,

ZZ T, PDP OMEZMNAT 5, WEROBEENRZRM T T X~T 4 2T LA )L
(Alternating Current Plasma Display Panel: ACPDP)I%., & i@/ BA% L 7= 3 FEm ik
BREZHRA LTS, ZoFATIE, #KRITE mRIC B S dv, FEIRRTH R %
TROND, EMETATER AT VIES TEZ H72OEMERITKHT DT AL F D AN
v BV TR mMHEEKRDOFEMAEIEXL TV D 112 Figure 1.112, MRS TV 5D
ACPDP AKX % 2 iR L7z, a. b IZREWRY 7TIBREZHEAL TEHD . SRV OHE

EIXV TOREROVCTRI LU TH D, NFKIEIRELS ST D ERTHAR EFRRIZHTHD,
ATE AN B R T 2 0T A B EMS O AEBRBRE SN ENE KO
BIRE, REBENSEE IS, Al ASRVITHER SIS T T 2%, DENTE@Eo Y — &2 77
FAPER SR TWeRn, V=207 23S AME < G TRICE £ 2 MEBVLEL O
WCENRET L2200, BUETERERT 7 ARMER S TND 119,

ZEMIIIE2 2 100 pm OEEMERRIEH TA VU L — ZA XY (Indium Tin
Oxide: ITO) R tHAEM I TEY . EMOEILZ T 5 HHYT/ANRAEM LT S
&8 O EMm A ZHEMOL /RS 5 110, SZEMIZIE Cr ° Cu B HWHN D, EMmRD
BRIE AR L ORESREERICE > TEDD N, 42 B TEEMRI 768 KD
XGA(Extended Graphics Array) T#J 100 pm TH 5, FEAEILIE X 20 pm~40 pm O
Fe bl <, REMREREIZHMEL HMIEHELHIR I E 2R 2 F ARRER T 7 2 03MEH
Ein 1, REFEORENT, OV AL T NTE D ARy Zindb DBEBOIRiE, QBER
BOEE (AEY —2HR), O A HBRIZK L2 ZRE ORI & LI ) | RiERIC
E mWII ANy ZPE L EORERRYE, mD A A B RE Ry & OISR

ZhDHZ LR EWAIESEEREN KD b DH 11517, RFERICIT MgO BHWH LT
W5, HmIEER O EiZ Ag, Cr/Cu/Cr £7213T7 VI ZENWT R AEMAEEKREZ. (5
BARFOCRATE) . V7 LT D REE, HOBRDIEICFR SN TV D, SRR - & -
HFOZTHE LTHEHIND =D, il 2 X ERE M High Definition: HD)D %A,
1 FiT 1920 X 3=5760 DB ABHFIET D, a lXTEALOEENREMZR ML FRRKROA T
ATV T ThHbD, ZOMEITT FURAEMIIH LFEATRAGRICORY TR0 | HEILHE
FREME OB TBRB) N & — > THI SN D, 2O HFRITHMED HEMTER LTV —
FHT, MEEANOERIDY COMENFEOMKT, AMEORKENMEEL S D, b ILHKE



ZEWD—>—oON Y T THENEHEM OB L TRIINAE., SARRERDH D 119,

ZOBRIFBHARDIET, UV 7 ERS S AR DR Y Gt WA R LR X D EH
N BINICREEAZ LD —FC, A EROBMEMEHE 2 5, FUKENIT 57 ClE -
HIROLENRIATN, HEACT L2 L0k > THEEDREZ 2 LRGN S
TWD 120, SRR AOER-EM oM EELIT, BETX D ORAERLE > TRTWD, Hi
FAR & T EBILK O L 5 72 TR b S, BE - Hikz2iTo7-%., ERZITVIKE
TAPBANIND, BMETANEIA T ARV X—ORE A AT AR HIL, Ne (I
% D Xe T ABRETZIRA N A%, #6.5X104Pa (500Torr) DJES) TEHIFT H 110,

Transparent electrodes

Front glass

N\

N\ ” Bus electrodes
Protective layer Dielectric layer

Dielectric layer
Phosphor

| 7 7 7 7 Rear glass

Address electrodes

(a) (b)

Figure 1.1: Schematic drawings of the ac-Plasma Display Panel
(ac-PDP).

al A trench type rear panel.

b: A closed cell type rear panel.

PDP OB . JEEHE SR < S LD KBRS B A5 Th 1) . BRI TH 57
BB (B 2R D 2D RIZBICBE N EFICR A DRROME) BIENILTHD
L, RugE LT, HEENAED, BMEZRSTLEETORBMENELVL SV TR
NETFLNEENRLEN TR, U DOMETL:ELE LT PDP OFRELEIE =
WA LT U A 1.11,21,22)



AT LS D PDP OFLRR L, T ¢+ AT LAl 5 L EHETH 5 D
H L2y, EOWBITIRELS ST T
OR:VIE IN
@ #AE
@ HEIZE > T STz Xe T AL DRI DI
@ SRIMRIC X D HEOE RO
® "R L
s,
KR DN % Table 1.1 (T/"9 1.23),

Table 1.1: Efficiency of Plasma display panel.

Item Percentage (%)
Discharge 4
Utilization of UV 60
Utilization of phosphor 20
Utilization of visible light 80

Total efficiency to the input power 0.4

AR BRI, D 0.4 %D EE 1 Im/W TH5DH, LinL, BETEETHEL
TR CORLBFIL 2 Im/W 5 TH 5, RAEM TILK R PDP B% > % — (ADCP)
MFENENZ 5.7 Im/W 2 FFD 11 A F O/ SRVBARICEI L, BIAE 10 Im/W 2 S LB
FENHED BTV D 12425 10 Im/W OPEEEE FF-D 42 B HDPDP O W& E /1138 L& T0W
Thoreahn 129,

PDP & [FlkR DI 2 K5 S HOLIT D FOEEN R A B L% 100lm/W TH 5 D23 L, pi
ifl S 472 PDP OB NZ D 1/50 TdH HEH L, PDP TILE LT 12 e~k 22 [ 23
Wnied, BTN AZA T AT HDICHERZRXNFX—ZH[LETEFEZMET L L
NRETH Y | T ORRBEDEDEBIRFCE N2 THD 120, LonL, HEDHFELLE
FTAUE RN R IR L9 5, KEICIE, B AE (BEWREEEE FIR) . v 2 (-
JE < 3JE) . BREh S X — o (RAEBRABIR L TRV, MERITE AAEECIREN S Y — v AR
THETHERLZER L TE 11129,

TRAEBICBI L CTH % < OAFZEN 72 S 3, MgO MR D IR E 1 K H AN i 5 1P R R IR



REMK KT T D Z L0, MBEMOEDO N R ¥ » 7R ZIRE TR FEIC L 5
25T EVRHEEIN TS 122232735, FFHEMEOMERE LR INTVDHH, o
SYERICH L T ENERLTWD, B HO—2 L LTI O KB I3 AE ORISR
RIRMZWVERZET LD, AEPICHREIREIZEWTE Z 248 & AT K0 RENIE
WCHEMEC 2D 2 b RO A 4 Ul IRE TRy 2 EREICIE T2 2 &1
W2 & b7, M5 SN HEIZIAVEZ RED 186, F 7=, #&Ww o O ZRE 1
AR T 20 L2 ZRAEEE b TRSNATE LT, &% 7 L — 7138 B IcEE
EEERLAEICY s TERLZ EBUEMMNIEL A —REB2HND,

1.2 HWHEDORM

AWFZEDOHE, ZREFHHICE L THRORER LD b EN TRt 2 FF O RER %
A LERICHT 22 L Th D, HEO ZIREFHREFELRRD720, A 4l R
BRESEE, BB HEEE ZFIRED A X — EILETER L, REBRGEHGIZH W
7

TRENEOBTETEE LTUTO 3 HEREZLND,

O MgO Z ] LA &M - 5% O & % IRE g 18739

©@ MgO LAk d SrO+CaO 72 EHriz 7o b BEBH & 140

@ MgO #~—2(T, Fl 2 TeBIRILY 2 N L IZEE B D BHJE 14149
ZON, OB L TEZLRTE VAT O TV D A KRIEZRER R ERZED 220,
@IZB L TiL, SrO+Ca0 LAtz h 12Ca0-7A10s =L 7 b T A R EREI N TWD
DNAEPERR A O R CRIBED 2 < EHUTIL S 5D LR R )b E R b5 149, RFFE T
QODHEAEMOMFE L FEBME Lc, @THiUE MgO IR T WAEME A FRT 2 Z
LT, BEFORSEREAIEH TNk EEEX 272D TH D, FEBEICELOD
MRMREZFHATED LW ABEBE L, HAEMEBIZERT L. H—0MEHI K
EHIGEEPME N 95 2 &2 1970 FRICHE SN TEY EFETIEIMgO #F & LES
MR W TRANELE 26 %~27 %FEER EE G- L oWERH D 145, HEME %
WA E CIRE RN SESINDEE & LT, BT CORMOER, FimOMEE L
WHRBEE FE DAL O NG ) DAL ZE T HAL TV D 1424345, S REL O H TR
LR 0I%, RAME L HEIE L OMRDOZERTH D, WEROIZETIZIZDRITONT+H
DIREREN SN TELT, fRE U THEME & IR L7 & O THICEN LB
%o MEZAEOR TITEAMEBIORRIESEE LTIA RNy XU U ZIERRWN TN DD, R
PERL D R I I3 E T B — 578535 (Electron Beam Gun Evaporation: EB 75735 ) 1523 A
SNTWD, AR TIX BIEDORIEIEZZE L EB 8B EICTRIEEZITS 2 & & LD,
EB ZABETIIAGEMEOMKEZREICHR T2 ENHE LN EINTWDLZ Enb, &%



ML ORRL Z P IC B TE 2 X OB, IR, <Ly FOETICEE LIER AT
-7z

FI. WERDOWFILE 2D & RN O EED 5 < 72 D ITHEWFEE M B & i & CRipk o 2
MREL R DBAMRR LT, RIFE TILIRIND IR E % &8t #E S (Metal Ratio :
MR) T 2 at.%Ai & L 10 AR O MR AbW) THRAEM B 2 /ERL L PR 217 o 72, T OfE R,
WP H3 F- T O A4 T I B O BN IR L I o BINP R I3 E L FIBIfR 12 & %
ZEMHB L, Z O TR DO ELN DI o T2 ZnO, NiO ZEME Lz, Fiz,
WEBRARTET D24 Z7ORMY TIE BEICE > TR EBETICHEELRVWEE L H > 1208,
TiO2 % O Eu20s 1% MRE=1 at.% % M2 7=%H 7= 0 £ THREME & IO IS il B VB
PR ROz, LEORER LY ZnO & EwOs 2R & U GRIRL 72, & L CAEME
DOBERR T E % it Lz, ZnO (CBI U CIIMERZA S M B & [/ U MR % F¢o S /R R AT
BEIZ2 D, EuwOsiZBLTH MR M 2 GLLNDOZEEMEIZ/ERIS 2 Z LN AlaBIC e o 7o,
IO DOEEMEE W TIER L 2EIEO y, ORE 21T o TS, Wiy & iz, B
MR @ 0.2 at.%72>5 0.6 at%D#EPFHIZIB VT, 9, 1% MgO HARIZ b~ i T 10% R E & < |
_®%Eﬁl%ﬁzfﬁ¢Z%m%ﬂffTékwﬂmé<@otoWﬁﬁAﬁ £ DR E
T b R BE T O P I L ~_BAAEE DK T 23R & TWRE BB ENZ B
R TE 7, EMAk, MdatE, KiK., %%K%%MEL i MOV EE & O HIE R
REWBBRHAEZITo7, BTHMEIS LR FMABEMEE cERmPRAEIE LR, 2
DOIRFEFF TIE MR 28 L 0 @O R B SRR 2 K & < D 3 SEEIHL & O F i 23
REWZ LI LT, £ 70 OGS Sk 2 X AR AT ESEE T~ 5 & MgO #dh(111)
EIZXET 5200 HEDFNENRKENE VS TZREA RO, SHITAHY—RLrIxyty
AMEDFERTH F Center, F+ Center D &N LV MEM 2/~ U, ZAHIH TP ISAELE T 5 HENT
N RBLEICEE L WD AR E R LT,

ARFSETIL 2 ORI 15 C ZREFHHARE Lz, —oiF, RABHTA A e—2
R L, A4 U EBICL > THRIHS N ZIRE T ZHENE LA 4 &8 RE 1k
() EMEENDEMEE RO D FIETH D, A4 VBB RE R () ik, —o
DA F 2 NEERFREICEZE LRI, BEERR K MEO ZREFBBEHSND0ERL
bDOThHD, HARRNIZ, A4y SENEERZREICEZZL, ZAUCER LT LEo

TWRE BB ENTZET DL ZRE B IR TEHE SRS,

=_c¢ 1.1
yJ. Ly

l

BEARRE L0 B S0 ZIREFORAEBRICIL, KT RX VX — 1 F 2 DOFERITE VD TE
ﬁ&éﬂéﬁ?VV¥w(%meD@k\%EXW¥H4ﬁV®%%K%wT@ﬁk@
LHA T 4 v 7 (Kinetic) M D 2 fEi¥H13 H 5 146, [WEREO &6 & BMENLIZ 72 5 7O B
IWEIC L0 e 55 MgO Tl Ne+Xe(d%)IRE H A% A 4 b L CTHIE L7=8561% 250



eV L OWIEN I TS 146, PDP B LN TIEA o D3k X — 38+ eV L/ &
<, KTy VRIBE TR BEETH D 140, 22T, ZONOWERZFRIEL -,
WFRE CHREBRICRET 54 F R LR RV ¥ — o F AR 2 FR LIEICH
Wiz,

t 9 —2i%, PDP OB /LN ORIEZ B L L7222 ChcE S8, B mE
JEAPIE LZE I bREMNIC y ZRMT 5 HETH D 135360, ZOHIETRD LN y I
FEMTHONDEITEND DO TH D L S D, ARMFFE CILE M & %\ S w72 SiFERIC
RIREBIEAFIML, ME IGELBEOEEAZNET 5 HIEEZRMA Lz, ZOHEITHEM T
HOHMNY TOREER EOEREBRT HMLERRNEVWSFIER S D,

RZNCARFRSLOM R "7, 1 BIXFmTh v, Wiy & LT FPD i o Bk, PDP
DJEST « i R ORI T R &G & 0 A2 k7= %, REFIED BRY, BIER D% O
TFE. BONTEHEICONTRLE, 2 BETERNREREOER kL AR THO -
B E—AKFICE L Tl 721k, RIFRE TIT o 72 ZERBICE U ORGSR 0 B
DR EOBBAELIT O, 3 FCIIANIE TIT - 2SI oW T, B, HIE FEE,
WEEZBAT S, 4 BCTIIAMIEBREICB W TMBA I, FRUZA 4 EE T RE
B HE R B 1 K OVACEE BR AR BRI E 2L 18 O JR R, IE HFIE. MERRIC O W TR %,
5 T CIIBERM ARG MBI OERIFIEIZ DWW TR 21T o 7%, BERS fh MgO & 1EkRDEN
IRFI A =T = TIR DI TV HEREES MgO & O ERFHERZHME L, HEXK
M BHERLTZ AT o T2 BRI R ORINEE B DRI SN Tk~ 5, 6 B TIT 5 ETHREL
7z MgO #HEME 2 W THER U 72 RO AT IZBE T 2/ R EBEEZRRD, KEIC
TEIZBWT, HROMRIEEZIT I,
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TH IR ANy B T OFER, ZILD ANy &) v 7B EMBEDETHWLND,
A8y B o TIEITIREM R DEE~DOEB B R TH 5 | RARKIED LRI
MTE 2 EORRDRH D 2100, Flo, T 4 A7 LA (LCD) FDT T v h/3x/T
A A7 VA (FPD) O@RAEML EICHEASNDA YT L— AR (ITO) DORHEIC
ANy ZY PR SRS 212,

PDP fRFEFEDOBIFETHW STV D MgO HIE R O MgO ffdn OIERIEDF & L TR
DEIRBLORFEFEND,

WzAgE (PVDIE)
EA B — LI GEE 21815
AT E—LT A N 21618
AF T V=T 4 7219
VA L= 220
ARy B T EE

O RIEMEA Sy 2 Y 2 7 221.22)

@ RF ARy 2V 7k 229
{b¥785&1% (CVD %)

@O MOCVD (Metal-Organic CVD) 229
S 229

® 00 6

—J7. PDP /3L A=A —|Z8W\ T MgO FR#EEL, B — L HEIRIC L - Tl S
5T EMB, ZiuE, BREEOEIEN 700 nm~1pm EJEL, F72 MgO OFlE A E -
O, mRAE A R EE TELE T E—LZFENMNTWNENLTH D, TR
IR TIIAEE L L THEFE—LREEENND Z & & LT,

2.3 BB —LHKEE
B E—AREE LT, BUREIEO T, WEERBRIEL-00MALEE LTE

E—A & WD EEETH Y . 1930 FRUCBHE SN TLCRIR A sh T %,
BFE—LREEEZ NS AT v ME

12



FRAELEE OGS CHRMK 2 2 N TOMBEOEFENATETH 5,

VB OD A I P 235,

R DREAE H D,

BRI W CTHIEIN A S Th 5,

%< OWEE IR TE 2,

KIEFEIC —FRICIE CE 5,

A Fy, TTRT o RAEMNTHZ LIk, BEOWEEBFEIEDLZ &
INFHETH 5,

S U T R o

7R BN BB 22620,

BT E—LIREEIT W RAEAN AT T VA MR EDTDICA AL EAT DA ERE,
1.0x102 Pa & L <IEZNLLFOENCHR SN BN TABEDEICE T ©— L% R
LCIEL - KR S, ZORKE BRI E S TR 5,

PIERARERIC BV C U EEH RO 7 B ARNERFHE & LI TO Z EB3% T bivd,

1. F X U N—NOBEERR L ZRIR L DEIR TS L TEAEDER S L, BEE1ISL
THDOEPEL,
2. VDR FINERABEN TR RUAE L EET H 2L T, HEHT R LF—2 5
FTHRNIEEME AR T D 2 E2PIE, £io, 75512 L CRRICEIET DA
\ZEEE L7 350 %B5 <,
3. FEMITER SN A EETIZ, F ¥ o N—HNOERERES FORRmE L TRALEZD
& D W b A E R LT 0 T2 D %6 <,

BRAEIETIE, ZOETRE I & DI EBITRU T TH L Z e EETH D, K
ONEH TR LI3k2.1 TROLND,

L=—J§;— 2.1)

7\2D2P

[y
[y
A

AT T AR UER

k
T
D 53T OER
P

L F ¥ U N—NORRELAENZEL TH Y =R (300K) ThdET5E, Lidki2.2 TR

13



bbb,

_66x10"

L HAT : em (2.2
P

WE . RIS Fo E CORREHIE 10 cm 5 D TEZEF v o 3—N(X 1.0X 102 Pa &
EUTOEZENNE L 725 2 L 23D 22628

2.4 HEE OB

I, A2 D EBEEEHERIC WV B A B — LRSS E IOV CHAT 5, K5 E X
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WEDNEEICHERE S 2 L) [Mlis &, RO - RRI3OK e IRE = UREEE (BRUat 7 v
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ATV REEIEEESGE < I2FkE L7 K BEE &R (ks ~7 8 | DSS
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Ay 7810 D-950 DK) 28, @mEZES|EHICAANT 4 7a—Ya v Rr 7 (BReHtT
NSy 78 ULK-10A) WO TS, BREMZET B — L7208 TS 256, 5
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2 REREYE v b & L CIDX B E 7SR IMG-25018 %1 2 TV 5,

pealf! Deposition
~ chamber

Y

Figure 2.1: Photograph of the overview of the deposition system.
a: The control unit is circled in red on the left. The ECR ion source system is
circled in red at the bottom right. The blue tube with the three small cylinders

in the mid bottom is the waveguide.
b: Photograph of the oil diffusion pump. The thermo-controller, which controls

the heater, is by the chamber.

Quartz thickness
monitor

To the Exhaus
pumps

Halogen heater

Oxypen Gas

Figure 2.2: Schematic drawing of the deposition system.
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-

L\ X - L -
Evaporatetl material

Figure 2.3: Photographs of the evaporation system.

a: Photograph of the inside of the deposition chamber.

b: Close-up photograph of the sample holder.

c¢: Photograph of the electron beam gun system from above.

Figure 2.4: Photograph of the examination substrates on a base board.

a5 mm x 5bmm Si wafers for AFM and SEM observation and CL
measurement.

Carbon substrate for RBS measurement.

Glass substrate for transparent measurement.

: A Si wafer with a metal mask for film thickness measurement.

20 mm x 20mm Si wafers for XRD measurement, ion induced secondary
electron emission measurement, and breakdown voltage measurement.

P QT
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(a) (b)

Figure 2.5: Schematic drawings of the electron beam gun system. In the system,
transverse magnetic field is applied. This field serves to deflect the electron beam
at 270 degree or at 180 degree circular.

a: 270 degree deflection.

b: 180 degree deflection.

2.5 RIS

AETIIATIE TR L 7Bt & € DM 250 LTCARIUZ DWWV Tl 7e 8%, BRI
D FEIFESGAE YRR LT3 D AT 2 ATV RIS DN~ G- 2 D 5B A ead L, SCHk &
) dl I A TN

E— A5 B ADOFMIIAMIRICE AL KT L, RETE D INEELITEEZ S0
% 220, AR TIIAKIEDORVWE. #121X EueOs, Tax0s5, 2 EERME LTHERHL
TWD, RREDEWIRIMDZMEH Lizha. MgO HAKDZE EE & RIERD RUBOHEE 215
HIeDIZITNNEELEE T v a VERE BT D20 ERH D, THIEBRTAEREL 1
nm/sec TLE L TEETEDLLIFMERE LI Z A, IEELEE 9kV & LIZLAICIEIE
BE LT REREZ G770, AW TIX 9 kV THEA T o7, ZAEHEZHET 5729
ICEFE—LADxT I v a UERB I OAAS — 7R B ERE L7z,

PSR L« RGBS I T BRI 5 2 D BN R & < BURHEE DS H < 72 DITHE - THEE - Fil
BRI TR ZERMBNTWD, —J7, BBEEESE L 20UXFZ 7 b Z A LIRS 700 Ak
PEDSH B 5, 2SRV A =T —TORMPEEHE L 2 nm/sec~10 nm/sec & FHOIL T 5 230,
AWFFET MO ([ZIRINT 2E OHIZIE, ZAKUEME 7858 LI WIED & Y AUBGHEE DS
BELRDZ N DD, RPEFFT-HRFEHE % 1.0 nm/sec & L7z,

17



BEIE . HEZIS U CERAORIE 2 Ve, A A 8 R E T o fIE 21 100 nm
DIEE OB & AV, ABFZE T L7z EB 83 < HAVATHEE A H 0 . 72 MgO 1%
FAIEEOWE ThH DT, KEICEE 40 cm3 O EER L2 5E . B ORI E )
LE LTRRE CHRBEC& 200, R4 300 nm~400nm & L= L & Thoto, T2 T, ik
AR OREITIFIE 300 nm~380 nm, X #RE#{%E (X-ray Diffraction: XRD) D
EIIEEE 250 nm~380 nm. 77V — KL 2 % v & Z¥%(Cathode Luminescence: CL) D iH|
TEZIEIEE 300 nm~350 nm DOFREHE =,

BRI - BESGED L L U THIEPICE R ZINES 5 2 L 3R <47 T\ %, PDP /3
HRIVDAEPEITIBNTIE 220 C~250 ClE S5 230, AMFFETIEL 250 CTIMEEIT >
Teo MBI BT =SV, F ¥ /= NRIREZIE LTz, KRB 4 Hfl 7 +
VA —RRIZIEE . FERJELOIRED 250 ClZe b L 512 L,

T =—)b RS U NEVLEE (7T =—0) A1TO DIk W IRE N SES NS Z
ENFBILTN D 210, MgO {RA#MBERIZISW TS, MR IS DTN A5y - K
(kW) - IRER b 2B brE . EToEZTEM LS5O EZEFHKATT =— Vv &21T9 2
EDMTOITND, 7 =— /L ORET Kb~ 7 %20 L705 350 C TR EDLDHDT,
350 C~400 ‘CTITbN 5, ABIFETILAMER 400 C2 B O KRKBERAT - 7- 232,

S

MBI B E—LREILETHIE LT235G . BIEHRICIRFREAEL L < THAEMEHIE
WVFER Z FFORRE 15D Z AR D 2D, LU G, BEREAEITHR W L BREXIEN S
<EZVBBENTND, MgO HIEOBAILHEZE ClRIEEZTT ) & (00 HNMESTH Y |
FEFIRED R < 72 213 EMDEPMEB R EBRENTER S D0, BREAENE L 72 51T L
BEDJEITRIMEL 72 D DO TEEIMEL 72D Z &MV D 23, MgO fbab sl EERIZIS VLT
(D EIXA S 2, ZIRE RO TR EAMENL TS EBEX LN TEY, £h
i PDP OGERI Q1D mEICEL A U722 E D 726 1.0 X 102 Pa~1.0 X 10" Pa B2 & O F&SE 4y
JEF TS D 230, REFFRIZE W CIRMNT 248 RBBRILHOHIIX, BREEAR LICE
B DR IE TR T D E BB OIRIEIZ AR D Z LN TV DIHE L H D720, K
DRy % 3.0x102Pa & L7z,

LU ISR AT BRI IR ARAE N 0 DI Z 72 5 78D ABIFZE TRE L 72 sl 2 v
TERFEE N DA K OEAE T OIME DA B2 A G W T R A 1T - 7o %, (ER L=
VTN T W T 3 — RiE T EELERutherford Backscattering Spectroscopy: RBS). XRD,
CLIEIZ KV, ZREIERL, Risa 0, B R MaE ORIE 21T > 72,

FITHRAIHTOFERTH B3, MgO 7 £ HHRAIIR TR O ORI BN T,
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RBS 12 L R BEOSIVHEE L 5% FEE & Shvd 239, K54t CrERL L 7o IEO 4T s
ERD L BEOEGAREIL50%~54% ThH Y, BEBLRASEMEIOMRNTFH I TS &
S 2%, WIZXRD IZ XLV 026167 V- CHEShOBLIN A g8 L7z, BRFEAED 0 ccm DY
AILQOOEPMESR Th o7, MFEANE L CERE 3.0X102 Pa TIT o 7o T, FE0
A TUI)EBMESTH 0 IMES IBAD 12 L HBFREAZITo IR CI(IDE O B — 27 23
INE L2 (2000 D B — 7 3BTz, CLIE Tl AHRTAY 7208 Tldd 2 23R 226 nm,
228 nm D 2 R OFREEEEZ RIERERBITRKD, ZNDERKIZAT MLEHIELTT —
Z DHBREAT o TofER, B— 7 38 T 3 FRRE DR XN H 5 Z LA L, 2 biX
i & LTl & —B L TR Y., ZAEEENIRICHRT 5ICMMADMETH D L ER D,
(Figure 2.6, 2.7, 2.8 ZM) [, FoHriEICB L T 3 HIZBWTHHT 5,

A IEWER U 72 A EEEEH LB O E P ORIFIZ OV T FRRICE LD D,

NR—=2AF Ly y—
I—X% 77y v—

SR WNR/N =
A

F v o N—NIRE
)

T ==

2.0x103 Pa

3.0x102 Pa

9 kV 50 mA~120 mA
1.0 nm/sec~1.2 nm/sec
250 C

80 nm~380 nm
400 C 2hr KREFEFAK

AWFZETlL, #3000 OFEA THRIE ZHFEE U= —R U AR B o bk, R e v
W Si(100) 7 = ~—% Z OO AT AFER & LT L7,
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Figure 2.6: Influence of the evaporation condition on the film composition.

oo o

™ o

: Without heat treatment and Oz supply.
: Heated at 230 ‘C without Oz supply.

Heated at 230 °C with Oz supply (the partial pressure is 3.0x102 Pa).

: Without heat treatment and with Oz supply (the partial pressure is 3.0x102

Pa).

Heated at 230 °C using IBAD (the partial pressure is 3.0x102 Pa ,500eV).
Without heat treatment, using IBAD (the partial pressure is 3.0x102
Pa ,500eV).
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Figure 2.7: Influence of the evaporation condition on the crystal orientation.

a-
b:
c:

d:

Without heat treatment and without Oz supply.

Heated at 230 °C using IBAD (the partial pressure is 3.0x102 Pa ,500eV).
Without heat treatment, using IBAD (the partial pressure is 3.0x102
Pa ,500eV).

Heated at 230 °C with Oz supply (the partial pressure is 3.0x102 Pa).

Without heat treatment and with Oz supply (the partial pressure is 3.0x102
Pa).
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Figure 2.8: Influence of the evaporation condition on the default in and
on the film.

a‘ Heated at 250 “C without Oz supply.

b: Heated at 250 C with O2 supply (the partial pressure is 3.0x102 Pa).
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3.1.1 H®Y

SR IRE D JRJE O & BRITOK A IR BV - 2 W THT o 728, 2 2 Cf% %ﬂf:ﬂ%)a@ﬁ VK B AR
OMERE AN LEBELENOREMET 56 O CEAME TIER Y, £ BERIZAT 5 InE
FKBDOIREB AL SEDL 2L bH Y, RRSNERET — 2 I TEFEENER, 22T
RSB A Z IR DI E 22 4T - 72 3.0,

IIEDOREICIT RSO TIENDH Y . FRRL b O L L TEIBEEFSRWVITH SFHI L D
WERD D, ThbiFEMmE L — -2 L 2EMmAIcr T onsd, 2o, KM
P SE (Atomic Force Microscope: AFM) ZEDAEEM 7' v — 7 HHKSE (Scanning Prove
Microscope: SPM) (2 & 5 HI7E ., AN E 7 P8 (Scanning Electron Microscope: SEM)

FICL BB A DD, v 12l —va XV RODDIFEL LTI K TV AR,
LT 7 — FRGEELE (RBS) 23 b T2,

AMFZE Tl EUH S 52 T,

3.1.2 W& REE

Tl A VES FREEF LEHEZHWT, —EDONZBELMAIIMARNB S, —E®H
ETREFOXRBEBE L, BEHEHEL OGS S ToOZLELEkd 5, (Figure 3.1 1)

Mirror Detector

. 5 E& Laser beam

Detector

Film

Substrate

Figure 3.1: Schematic drawing of the roughness meter.
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3.1.3 HIEFIE

AWFZEIC BV CTIREME (X, Surface Profilometer (Taylor Hobson #1:#%, Form Talysurf
S6) #HW\WTIT~- 7,

BEE, vV arERo—#HEzE&RR Cv A7 LIEEREZERL, ol e & HITk
WEZAToTethe, ~ A7 HZROAERE~Y AT STV IEEEHOBEZZHE L TREEE L
L7-, (Figure 3.2 &)

PERSIFBEZEZILZES A2 mm~3 mm & L, LEZSCHERZES Le, BIEITHA
YT 4~6 EEHTTITV, T OERE AR & Uiz,

Figure 3.2: Photograph of the metal mask on the substrate
for thickness measurement.
The mask is fixed on the substrate with kapton® tape.

3.2 O

3.2.1 HHWY

REMENE REMEE LTEBIRRRFIBICB O T, BEMENCE ShoWE DY
i, Bl IXWE ORI - FHEA, AKEFEOBEWNICT I - T, BEMEE 755 SR
GENDILEOEEGNERR D ZENEZ N, ZO7D, (ERSNIEREEN &0 X5 ik %
FONERHRLINENR S D, £, BIEOMBKEFTDL & T, ZEMEID LITEESR
PF & DAL DFEBIRRER 23 072 0 | WU 22 2B M B OE RIS K OB R ORE D20
DERHZ B D,

ORI IE, X BOEEF 45tk (X-ray Photoelectron Spectroscopy: XPS). 7%
— ¥ = B 7461 (Auger Electron Spectroscopy: AES). = /L X — #4515
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(Energy Dispersive X-ray Spectroscopy: EDX)72 E2MEH X5 3.2, ARBFFETILHEB D
FLER 3 HT I 7 W7 4 — RN J7 #EL Y (Rutherford Backscattering Spectroscopy: RBS) %
Wiz, RBS i, dl ) FAICIERFIC RSB S TR Y | EE&MEICEN ., IFERN T
HLEVOHIRHMEAL, BEREOFT ¥ —T7 v 7T HRENTCDRR LT 339,

3.2.2 TH¥ 74— F#& I #EELERutherford Backscattering Spectroscopy: RBS) ™ i Fil

Figure 3.3 |2 RBS O #X/x3 %5, RBS THWOHLN D AF A A OEE (M) 1T,
=0y MEFOERE (M) [ZHATNSL | M<MeOBRIZH Y . AFA F 3@ R
TARTLHOT, WS FAOZ R AFX—HRIZY —F v MNET ORI X 5 8L Tix7e
<, FZZ =7y MRABNOEF & DI FWMMEHFmRICL > TEZ D, 20D, ARA A
X2 =7y FRBINZIZIEEET L EZX D08 TES, T LT, A A0 BIF
AD—ERBNH =y NETEEMEREL (V74— REGEL) 2 2 L CRE 224 B THUAL
ENnd, 77+ — FEELCI T 2 HMEE2E TIL, H2Ea0% CEfh— XL X — LiEHEN
RFEEND, =7y PRRETOEREEZD L. LTORERRRY 2o,

1 1 1
E,=—Mpy,"==Mpy’ +—Myv,” =E, +E,

2 2 2 (3.1)
M v, =M,v,cosg +M,v,cos g, (3.2)
M v, sing, = M,v,sing, (3.3)

Z 2T, Eo. vo, IASRLT (HE M) ODAFZR VX —LHE EL oo 13EHEZEOA
ROz N X —LHEE, O IXBELATHY . E, va, @2, IIZFNENHERE L ZITK
ks —4y MR (B M) O3 X —, EE, Kk TH D 39,
INHORND B, v2, P2 EHHETHEROBBANREOND,

E, = KE, (3.4)

K

2
_ Mlcos¢l+\/M22—M12sin2¢l} 3.5

M, +M,

Z 2T KiTi#E#H K1 (Kinematic factor) & FEXiL5, RBSICBWTIIARA A 0'E
& (M) =X — (E)., MHSBOAENTEMTHDL DT, Bil4 4 D=Rr ¥ —
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(BY) ZHETHZETHE—Fy NRTFOHEE (M) oy Z—ry MilkBHZE EN 5
R OBEEMD Z ENTED,

KIZ RBS THOLNTEAXRT MV EHWT, ¥ —5 v Ml T E O L 23Rk 5
FEIZHOWTIHERS, RBS DAY M@ Sk, #EL S b O EEBICEZRRH 5,
2=y MNOBH LIRS TREL SN DR OEEIT, EOMEICB T LZ—7 v MNEFO
Ji -3 B & HGELIT IR o ICH B3 272, BN O Z e R Okt 2 kD 5 IcidEn £
DRFOE—I@mS, bLLIE, E—=27 2 A7 MromEx ik ly, ©—
I DEmIEHNTIFEOMRE RD D &, WEHNITLEOMAM A RD D Z LN TE, HE
ZRHOWTIHHEMEEZRD D & RERERICB T 2 EH R RN RED, T 7+ —
NEGELIZ B 2 BELErmfE 1T kAL TR E N D,

1 2
776 4{(M22 — M’ sin’ H)A +M, COSQ}
d&m=[12 J 1 (3.6)
4E M, sin* 0(M22 — M’ sin’ 9)/2
T, B FEERESTRIOASRL O VX — JITHEA. M. L. M. 2 13%

NENASFRL T OB R, RTES, ¥—7 v N TOBER, KT&EFThHd, £l e
MEETHD, WESHTIT EOEE L TAFT XL —E % HWTIu 35,

ER X BELWTE RN X — 7y MR OIRTFES D 2 RIHHIT L2 LW D, Bl
Wi Al DM EH R E 2 BT 5 &0 ROELADPE)L N D,

2
Ne Hyou Hyl[Z, (3.7)
N, H,o, H,\Z

ZZT. N oo Hi Zi, ZTNTNEREOERTHEDR B, BELErEE. RBS 2
7 hrovr—rEs(b L idmEM), & sThsd, ZOXEHWT, Mktz ko5
TEMNTED,

I
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Carbon Substrate

l Film
¢ “He*

o[n | ,
@ (-]
] -]
Detector

Backscattered io:\

Figure 3.3: Schematic drawing of the principle of RBS.

3.2.3 MEHIk

B TR K K F B T Je B e & 7 B T2 98 588 o % — (Quantum Science
and Engineering Center : QSEC) D ¥ 7 LA A ks 2 iz, 2 O3 E O
% Figure 3.4 (-9, ERICHW A F UL, T a4 7T X~ b oA 4 UEHOTHE
T,

WETIET 24T 7 A~ ha A4V REHEWIEAE ST 4He2td —IRA A & LTH
WT 2 MeV (H USSR~ L7, —IRA A D ASS AT 0 B2, HELA A4
AL 170 ° Th Y, FHEBRE~O A 4 U BE &I 10 pC & L2y, Iy o &5
DI OFREHZ B LU CIE RS &4 20 uC~50 pC & L7z, RBS lE A O EBICIT I —R > %
AWz, ZhiZ, RBS 26/ 6NE AT MLOE—=2 1280 T, I—RrDr— 7 Lk
BEHOBFEOL—27 L0 bRV F—lICH D720, ©—27 OFEZRYBDLRI TS
DIZHENBENNLTH D,

HIETIX, (100)St FEMUZFEFE LTz Au I & A S Ty St & AR HERURE &
LT 8SSD OF ¥ /A FM Lz, HROMBGHTIIE —27 O S TR < B — 7 fmff
i L CiT» 72, Figure 3.5 [IZRABIHICEHE LA OEREZRT,
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Tandem aceelerator
a0 degres magnest

EES analyeis chamber

) 20 degree magnet

lon souree

Figure 3.4: Schematic overview of the RBS line with the accelerator.

Figure 3.5: Photograph of the samples on the holder.
The green or purple color square samples are MgO or MgO
composite thin films, deposited on the carbon substrates.

3.3 KimBLE

3.3.1. WY

REZRITERODMEICRE S EBE G525, BE (L 27) ATIHET OB E 5

HERE LN TWELON, RETIHZORBRMMERENLD Z LI vy LiES B R
AR 37, ZOEFIREIIREO(LFERE SRR (BERNRT & O/RETET TR Ay
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EDOREE D) OWE (BERT Uy ) Vo EENICZT 5 889, Tk
K S, REFEMOKRE S - RICER LEROFATAZ1T 5, MgO DM@k Th o Z &
MDD, REIGIRZ GG 5 BB E L TR D BEMEE (Atomic Force Microscope: AFM)
K OGERRE 7B %E (Scanning Electron Microscope: SEM) H W THIER 21T - 7=,

3.3.2.1 JR TN SE (Atomic Force Microscope: AFM) o Jii#f

AFM (%, &M 7 v — 7S (Scanning Probe Microscope: SPM) O —FfiThH 5,

AFM TiX, 7o F L= DNmIZRE & I DN R EED H 0 | & O SeimiE 25 50k
FM DL FIZHEMBON T T # L2 GBI 26 OMICHEN T2 2 0E L CTRIR 2 FEh 3
% 310, AFM ORIEFIEITIRELS ST T3HEAHH, 2% 7 hE—F (Contact mode)
Eh o FUN—DEM ZEHERET D HET, R RmZ EET DB, HEHINMb 2 %
HEL, WE—EIZROTEDIC T U= B35 2 & Tl ok 2 JE 3
%o REFDEEBIRm EHEMT ST ) =2 — FUBATH D BB T VR TITEE
hHz LA RErndH 5, s a7 hE— R (non-contact mode) . ¥ v B E— R

(Tapping mode) X7 > F L /3 —ZEREF O SR8 I B CIRE) S CiRE R D 2 b %
WES D HIETH D ERBIRm AT ICHENTIREBIXH 52— EORIE CIREN T 5 23,
e 2Bt OREIZE DT 5 &, BEEFE B OMAAEMIZ X » TIRIEIZEMAE Z 5,

(Figure 3.6 2M) BIEOEL BT VT L A—IZL—F—HE2BHFT L2 LICk-oTH
ML, AEBEZ2 70— Ry ZHIET S Lk B(bEEZ —EICRFFT D, 2z FAIOE
FERE LN, x, y AR~ B H 2RI EET D L, WP REICESSRTO 3Rk
PEbND, (Figure 3.7 Z2f) /rar 27 bE— FORE, HEHTHEHI ALV D
THEIOBE IRV, ¥y B 7 E— N T, HEHIRBHI N 2 N ffEIZ =27 M E
— NIZHRD E/hEn,

Cantilever \
E—
L
e N Repel force line
"8\;88(‘3639688%0;@— Surface of a sample
oo e e %o\ e Yo %o

Figure 3.6: Schematic drawing of a tip movement of the tapping mode.
There i1s a tip on one end of the cantilever. When the tip moves into the repelled
area, the tip is deflected by the repel force.

30



Photo detector

RMS-detector

% <4 Film
< Substrate

I Piezoelectric translator

Controller

Frequency synthesizer

Figure 3.7: Schematic drawing of a dynamic mode AFM.

3.3.2.2 MWEGIE

AT CTIEER R LA A @ Digital Instruments £ Nano Scope IIT Zf6f L |
2y TE— REHWTRHEZHE L, oy 77— RTCOREZREEDO= %7
FE— ROWPEIC R TERBR I ~OAED 1/60 FRE Th D720 sl Rm A 521 5
BV BRI OBE LA 39, BRAIZIX. —i 5 mm BEOCUAE D
Si(100) ¥ = A—IZHKBEL 72 b 0 & vz, MIEHEE X 500 X 500 nm2, 7 E/LH0T 512
X512 & L, 1B 0 @& THIE 21T > 7o, #R#HICIX Nano World #H# > U = L B
fu 7 1 —7 NCH-10T # i H L7, REHFFOEEHEHHBIX 15nm UL N Th 5, HREHC
DFEGFES VTR X > TATZ YRR H Y | FLLHEICH WD Z & TEFET 5, AFM (2
FoTHLNDA A —VIFEE OO IRICKRELSEEINLZ LR, —EDH I %
FoltREZHOWTHEEZITO ONEE L 310, 22T, ERICERT 281X, BEE
100 nm ® MgO EZIFEHER & L TAF v 2 L TR EHMS (Root Mean Square
Roughness: RMS #l &) #kd, U LOMIZ R LEHOAER Lz, £/, FEHF
bHMES U THEER ZHE L, RMS HEOHEMEN /NS d EMZIED L& &L
7,

WEIZE->THELNeEm S FEREEIZ, X38ZHNTHRM L,

Wus =\/ -11 (h(x,.)_ﬁ)2 (3.8)

1

I |-
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ST EHAORK, hx)IE i EEOWAICBT 5MmE Th b, hIFR 3.910L 5 Tk
HNLHIOFHETH 5,

h(x) (3.9)

i=l1

>
Il
I |-

RMS Hl & O EFKOEAIN % Figure 3.8 IZ/~7,

Average heightiz

:?:

& >
< >

Measuring area (Number of the measuring point: )

Figure 3.8: An image of an average height of a surface.

RMS # &%, AFMHIE CL<EH SN 2 REBROBIETH 528, A 3.8lTmsnd
E I OFHIFEE S AL TOATHY | KEFROFEHRITRBES 2, ZDT
O, FIAITEEREICHEAN TV DML ORE ZO5M, WIS FEEICERT 57
TA, REO DRV 72 ED 3RILDIKOFAIL LK Z2 v, £ 2T, AKBFETIE RMS
S 2% T 2D Power Spectral Density (2D-PSD) @ Fika H W CREIK 250 L 7=,
2-PSD I3 ZeM i L7z 2D 7 — U = EHO 2 FOBBMTH D L EFESN D, 2D-PDS iX
KA LV ER IS 31,
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PSD(k ZV( k) (3.12)

Z AT, Flhok )XW o @ & 2(x,y)? 2D @i 7 — U =2 #i(Fast Fourier Transform:
FFT), LIZAFM A A=Y DAF ¥ oA XA NIT1 T H YO 7 L TH S, PSD
& RMS H S oI

PDS=RMS2
DR B 5

3.3.3.1 EAE 7HHMSE (Scanning Electron Microscope: SEM) @ 5

SEM |, BZEFTEFSHNOHIEEFE—2%, a7 o L XTHIKK - 2%,
CRT 7 LD L) ICiHBREmZ EA ST, MIIC LIV NSO TS 2 ZRE % _IKE
TR TEL X, ZOBEWHDLIICEMR LT 4 AT LA ETREOKREL FEL LEIET
HEETH D,

TWRETIT, —WEFEZRBHIRS LEBRICE 2R L TR R a5 E
FTHY, ~REFOTFINLF=PEELTHZOTFNLF—(L50eV U DT R/LF—
EREOLOEFD L, o TREERmMEI LV BELLELO ULMhEZERICKE ST R
BT S5 31219,

BFEME TO/RRIL, e —T 0B EE=F —HEOEE DL TH D, RRE
FEEEICRD1FEEEm< 227D, MEEEZ BT TREEZELS TR EDOFEPRL A
S, LorL, MAEHBENEL 25 & —REFOREA~DEANRNELS 220 | BB O KRR ED
LOEFRZITIY S 222 &b, Rl 2 MG E R RS CHIET 2 ITITER K
HALER S 7B/ 8% (Field Emission Scanning Electron Microscope: FE-SEM) % fifi
4% 3.12),

SEM OB DRAELIETTRO 2 HEN H 5,

& BETHHAE : 74T AL NIZMWE T AT Ot E M L CVE T 2RE ST
%, LA SEM Wb 5,
o miEfERKME . ¥ 7 AT oI v A EFEHAL, ERMBICLVEFEZSIEH

T mofiERE SEM IZfEH SN D,

TOMIZ ERMHBE LA L @R0=I v X2 Zr0 % > TEFEE A K & Lo k|
MBLEFZHRESESY 9 v bF—XKEM ONBERBHET E GFFHEND) b H 5 319,
Figure 3.9 {2 SEM DO #: X % /<9,
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Y Electron beam gun
[ ] ]

€ <—Secondary electron
Specimen

Figure 3.9: Schematic drawing of an SEM.

3.8.3.2 MIETTik

AWFFECTIE, BRI fEO SEM 2 H Lz, — 2l =R T ¥ NS 0T A ok
KAt AL BAEFTOPLAH SEM 824008 TH Y, & L TEEMEBOBLZICH W, £9
— ORI R T LA OIS+ B L 8AERT B 32 84300 T FE-SEM TH V| i
FROBEIZ W o, ZAEMEHBIZETIX, MBI @R O DIZ4 2 — 2T, KEloE
BIEAZ AN L 2% . 400~6000 {525 DG E TR DEA WM OB EL B L, #
fEOBEIT, Si(100) AR IZ 7K Lz 23kt & L TR 20 A CTiTo 7z, IREmEOM
MZRMMAENATLE SO, BRE~DE&a— NIfThRho T,

3.4 AR TETHT

3.4.1 HH

%< OBFRICEY . EEOR BT T KEFBRHBERICEE L KIET LR RESNT
B RO RS PE IR | REE | IR ISR SN D 2 LA b TN D 3151617,
S HIT, AWFFETIT 72 & 512 MgO (S OWE 2 RN L 72785 M B 2 il L TR 2 1T
ST ELEL REICE > TREENEET 22 L hmbn T 5, X#tETE (XRD)
(T, WEIC X #a S U TR 7w RTS8 B 2 JIE 92 2 LI &0 # SIS SO A
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REZFMSLHIETHY  WREELZFMT SR OMELRTEE L TEDRL TS 318,
ARWFFETH ., ER L7z Ok 2 3F 4% FB: & LT XRD sz 4 %,

3.4.2 X #Er#EX-ray Diffraction : XRD) o J5iH

Figure 3.10 (ZH#EghH COXKIRFORAIR RS A2 RS, ZHODRTFA2@5 X9 e

(W) &2 &, IO omNEMR CEEIZIEATTE b0 L Bied
TENRTE D, BB TENO DN L XBBMHAEIC W LEEREIND, 4.
iR EZ d X#BOWEEL A, n 2B XBOARAZ 6 L3258, KA 2dsind
M FEOELEMSE n IZFELWES, XBRELOTFEREZY, MENBRD LD 319, Z0
EEDOGEMET Ty T OLEME LD,

2d sin@= nl (3.13)

TrRENDd, XBREPTEFFCIEEEMO A 2 HW, 6 2 Z{b 37 & & DMEZE{LZHIE L T
BrmoOlE dZRkD 5, (Figure 3.11 &27)

UEXY XRD EEZHWD EENENOKEFEHERICOWTHEREZITS 2 LN TE
Do FEMBEICEWT, JRF ORISR « 4R OEREHIEA Th v WE D R niTE
s —v b8 e, 2O, B AZ =0 X0 EEHIE T TW DR s D % [ E T
LT ENARRE R D,

O O O O
O

Figure 3.10: Reflection of X-ray from the atoms in lattice planes.
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Normal

Detector

Focusing circle

Target

Sample

Figure 3.11: Schematic drawing of the X-ray diffraction equipment.

3.4.3 WEGkL

ARFFETIE, 020140 THRAT 21700 A X ICIE CuKa % 10 36401 Si(100)
BRI, BIREEC B U C IR O S A N CHE 217 - 7= 7o b, 46 M8 R O T -
JESEORERMICE L THIET 5, BHFEIT 240 nm~380 nm & L7=, HEMY 7L
HZ—\Zt v b LT GEEDO—Fl% Figure 3.12 128 T, Z UL AUER i e AN 8w v
% —Hif @ mac-science fEH MAX3 IZfHH SN TWAEBRANL T —TH 5,

Figure 3.12: Photograph of a sample fixed on a glass
substrate, for XRD measurement. The glass substrate is
fastened with springs in the sample holder.

36



3.5 IO RKGHENL - A ML HENL D P E

3.5.1 HH

W, KT FLX—0D A 4 FHBIZ LD MgO HIE»S O RE BRI LT,
PEXRBHENTE A=Y 2B KB HHOIENC, =% VR L IR D ZKE T
BN EREREHE L L TN LN IBINHTETND, BIEEDL A, =X VR TRE
TR & A — Y =P OB AT, B2 X. WE O REEIER A M HESL K
D, KREZOWERF>TNOIN FXy v 7 L0 RN X LF =Tl S5 2Rk
B ZoPIcEEN TS, SEM OBIEIZL D &, MgO fREMBIIHREE B o%E
DThHdHZENSDDH, (Figure 3.13 M) fEdmH 21X Figure 3.14 TR L7z L 9 7ol
FOVIT RV T LADORMIZE D RMGEM RN H 0 | FERRLFIC S RGPS EAGFET D Z N
MHNTWD, SSHITHE TR L D SMDEN BRI THND EBEZLND,
IO OHENDOEMIZE Y . BT IIARFIE LIS WA I — RIS FIEH kR 5 2 &
OO ZIRETHRHICHBEL5A/FLLELONTVD,

KIFFETIT o 72 MgO ~DEA DO IRMIE, R EERL D TE IR EEOENZ L D
BT EXET AW T 200 TH D, WPORIMBIEREDOEIZHE D | BISZ O
DEALZFTRD T2, RFETIEH Y — RV 32yt 2A(CIC L DHEZ AT,

Figure 3.13: SEM image of MgO film which is deposited on metal
substrate by EB deposition method. (Magnification: 30,000)
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Figure 3.14: Schematic drawing of oxygen and magnesium
vacancies in MgO crystal.

3.5.2 B Y—FK/NL3IxvE ZA(Cathode Luminescence: CL )D 5 F

R MBI 35 & EEER AT O WHE TI3%ot (Luminescence) 28 Z %,
INLORKBRIT, WENOBTEMBOBREIZI - TRID, 4500 AL EMEEh

Do ZDRNEDOWRSCHBE L DI T5 2 L TR X v v 7REHAK MO T %)L X —HENT
WAL B COBRESD Z E0HKD 319,

MAEBBMIT L ETAETLIRNEEZ D Y — KL % vt A (Cathode
luminescence: CL) & FEOY, Z OB EZFH L7/ NIk OF BHEENEZ CL{E & AT
W5 31920, CL ZJIET 2 AICITEFIRERNZRET 50NN 0 R HEENLIET
HY . EEREX SEM 2R E B 172 CT1T 9 320, (Figure 3-15 &) CL Ok
M, BEZEPCTHECTELZ L, BFOMETRALF—NRENVWZI LIV AN Ry v
DREVBEIEHTHL A FX vy v IPREGHICHETE D Z &, ZERISMEN pm FRET
SEM & TE | MMTORMLEBBENH G2/ ETEL2LTHD, Linlik
N5, MEEBE OYE TIERIENT R 3.19))

38
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N i Coils

U Objective lens

Incident electron beam
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Ellipsoidal mirror
(CCD)

Specimen
To the detector

Figure 3.15: Schematic drawing of the position of the ellipsoidal
mirror and optical fiber.

3.5.3 MIEHk

BE XA R TR TR ER A O, HAE k& tto SEM JSM6500F
IZ Gatan Inc.® CL Hl % & MonoCL3 /A5 bY¥-EEL2 A L TiTo 72, HESME
LU TFIZRTd,

Scanning wave length  (nm) : 200~860
Acceleration voltage (eV) : 5.0
Ampere (pzA) : 70

Step size (nm) 2.0

Slit  (mm) : 4.0
Dwelling time (Sec) : 2.0
Grating (I/mm) ;1800
Magnification : 10,000

HIEIZIET Y = 2(100) Ht Eiz MgO v vid MgO #4# % %E 300 nm~ 350 nm {2 %
BEL7=/h ) (5 mmX5 mm) #lEtE Az, (Figure 3.16 &)
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CL MR 31F 5 ASET OHEAFIE Re DA X 13, HBIICARTRD LA TS,
Re = (2.76x107 A/ pZ )E" ™[ um] (3.14)

2, plIEOEE[g-em8]l, EIIAFE O LX—[keV], A 13HE &%[g-cm3],
Z 3R TESTHDH 320, JEMEE MgO, M#ET—Rr/LX¥—% 5 keV & L7HH. Re
1349 300 nm & 725, /XY U T OIRNY IR KT Re DR 2 5 TH 5O TRILIITA
600nm L7209 | BREEZBX CHERICELTCLE Y, BROMETH D Silx, MEERLE
OWETHDI=DITHANRT <, o THEMBE~DEEIIDRNEEZ LN LN, FEK
WA LTS Si v n—0 CLEIEZITWEEORRE 2 8 Lo, JE CH L3
PR IR TR EE Tl d £ 2% 1000 K Th o 72, Rk 3 54, MgO KT MgO & 44 BHIE
DHETIIBRENET AT FOBEZE-TEY, ThALOEBICEBWTITbTRi
BLUPRFEZ 2 EHE L2, (Figure 3.17 2R) CL I3t & b Fiz LV [F—
AETHE— 7 ORISR A 2O IV OB DA LV, F 2 THEEN S O
EHTIETRWVWEEZLNDLHE 226 nm, 228 nm D 2 A0 F8JE O ¥ 4 1) & 55 31
Kb, ZHOEEICAY MV EMELT —Z DB ZIT -7,

WIZ, FEART PLVOFIZEDODL IR E—I RNHL0ERALNIT 5720, Gaussian
DA DOX(BAB)EMHEHA L T — 27 SBEE1T > 7=,

ox l{ x—a ’
r= ,/_ za, 7 a, (3.15)
Z Z T ao=amplitude

ai=center

as=width (std. dev)
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Figure 3.16: Photograph of the specimens for cathode
luminescence measurement.
The five samples are fixed on the carbon tape on the stage.
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Figure 3.17: CL spectra of Si wafer used as a substrate.
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THCH L. AT vy VRIOBF IR, AR A A2 BlBR S+ 4riE SV 72 BRI
2D PR VHRICERT D EIND, P RAROFEEIT, A A A LB &
DI, AFA AL ORT v Lo X F— SHICREO NV ¥ v v 7 RE B
Nk -oTRRD, TORORT V¥ v VRIOEBE I, AFA 4 OEE = x L X —
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KT vy VAIES BS54 —Y =% F1 (Auger neutralization) & gD
(Resonance neutralization) + 74— = JiiE# (Auger de-excitation) (257} HiL 5,
DA — = $F1 (Auger neutralization)  (Figure 4.1 & #)

F—T=HTIE, ABREOEDARNA A ~EBETOBHNEVBERICLIV AL
ANF—=NHENOMOEFIZZITMOEND, bLIDOTZRLF =N FF¥y v 7+
FHMOLY REWHEIE, TOEFIFEZERICHESNA T RETF LD,

2) g F(Resonance neutralization) + 4 — ¥ = i # % (Auger de-excitation)
(Figure 4.2 ZH8)

LI, ABREOMEFH LICHDEFD M RARIZED AN A Ao
TIDMEF ATV R T —HENIZREE) L AST A 2 23U E g [ e IR RE oD i
TLmb, ZOZFNAVX—WICARRERILFB, TOBRITOREOLELONELEST
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Ei>2(Es+z) (4.1)
MRS MgO THDHGE. N FX v v 7 (E)L 6 eV~7.3eV, BTHM (i
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eV LB LD Z LNy D 49,

44



TN AR DA T ¢ v 7 WA F O BEIL, MgO Tl Ne+Xe(d%)igH A %A
F AL L TR L7285 681% 250 eV RBE L REINTEY . AA A O LF =%
NWULTFOSGAETIERT vy VRIOE T HREOAZBEZ 5 &S Tnbd 410, PDP E/LH
WBWTAF O3 AFXF—F2eV~#10eV THDHELEINTEY o THRT ¥ ¥ /b
BMOELFHHNEETH D L S b 41112,
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a.—"—p_t,.'._r__--...

[ ———

lesrul akor

(a) ()

Figure 4.2: Schematic diagrams of Resonance neutralization of (a) an ion and (b)
Auger de-excitation of an excited atom#4®.
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Table 4.1: Definition of physical parameters.

e :Energy of an excited electron

&0 :Energy of vacuum level

& :Energy of the bottom of conduction band

ev :Energy of the top of valence band

&e ‘Band gap

X :Electron affinity

£ ‘Tonization energy at a distance s from the solid surface

Em :Excitation energy at a distance s from the solid surface
4.8)

4.2.2 A A EE T RE T HRIHRNE EE OB %

AEBRTIZ2MEBHEOEBE LA L7, (Figure 4.3, 4.4 &) £L L THIEICHW =D
THER A F R E RO R xLF—HAELE (Type-2, Figure 4.4) THV ., 95—
T OMELEE (Type-1, Figure 4.3) [IAMIZEOHMHNAERN L=t DT, BVETFRIA 4
Hire A AP E L THWE, Type 1 IZHIERED A A IEELE N 500 eV~1000 eV TH
D, LI EZ—OFIR, A F W, A AP ERBIOEREN R 570 EORERNT, HE
o8, HIE - 2> b — LR Type-2 & IFIEFE UAAETH D 41315, T, KETIE
Type2 (2B L Tt 247\, Type-1 (2B L CIXHIESRMEZ R TICE &b 5,

Figure 4.3: Overview of the secondary electron emission
measurement equipment; Type-1

46



Figure 4.4: Overview of the secondary electron emission measurement
equipment; Type-2

4.2.3 WEFHE
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% Figure 4.5 "9, MET AIZIE Ne 2 L, P AOWEREICIT=2 7 v 7 k&t
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WIS, TA Y 2L AKX VERI %, BIEHANEICEID AN CRUBHE
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Figure 4.7 123 ) X —~DHMEE L A F L DRV FX — DR EZRT 416),
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WEY TR TREIFORANNY 2RV AEN D, U L— BB, H5E i R O E
fE KD —fFZ Figures 4.8, 4.9, KU 4.10 (TR F L & bIT, A A HZE RE T KO
HIE Stk % Table 4.2 127”7,

i ] e

Amnalyeis chamber

Lk

DK

TP Picani gage

Ol diffusion pamp

O~

(hl rotary pump

Fig. 4.5: Schematic drawing of the evacuation system for the discharge
voltage measuring equipment.

Cathode

4 Electrostatic lens

r-—'s[—-—-u—
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3
- r

+
Sample Faraday Cup

Figure 4.6: Schematic drawing of the pen-shaped low energy ion beam
source and the sample holder in the Faraday cup. The photograph on the
right shows the ion source, electrostatic lens and the top of the Faraday
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Figure 4.7: Ion beam energy distribution obtained by differentiating the
measured beam current. Ne* ion beam was employed. The cathode voltage
was kept to be -300 V. And the anode voltage was varied 100 V, 150 V, and 200
V. The maximum value of each profile is normalized to be one.

a‘ Anode voltage is 100V.

b: Anode voltage is 150V.

¢t Anode voltage is 200V.

Measured by Y. Morimoto.

i L= ]

. .'Ll..-J l..ll

= J_ s, HHTAL ML TIMBETER 5110
¥

R Vi

\ R 16 =}
- . Vil &

MATEURAIN ——

PlLas4 '|'

Figure 4.8: Circuit diagram for measuring the secondary electron emission
coefficient.
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Figure 4.9: Picture of a window on a PC display. A sample of the secondary

electron emission is being measured.

a: The window which shows four kinds of values: Applied voltage to the collector
(collector voltage : Vo), voltage to calculate the collector current (V7), voltage
to calculate the target current (V7) and sum of VI and VI.

b: The graph of V., VI.and V1.

¢ The last measured value of V,, VI and V1.

d: The buttons for the operation.
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Figure 4.10: A typical graph of the data for secondary electron emission
measurement of MgO thin film on Si substrate. Red dot, blue dot, and green dot
show I, Ir, and I-+1: , respectively.
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Table 4.2: Measurement condition on the secondary electron
emission coefficient.

Type-1 Type-2
Ion species Art Ne+*
1.0X 103 Pa~
X -4
Base pressure 3 0% 10 Pa 2.0X104Pa
Working 1.0X102Pa 1.0X101 Pa
pressure
Accelerate
500 eV 1 keV 75 eV
voltage

4.2.4 WETTE

MgO BT REH DK @ik FE & SR L TR ICKIBRIL~ 7R 7 AR REE~ 7
R NIEET D, FEBRICHEAT 2FEHE, EZICKRIC S b S TR EDHE TR
W2 y PIEDRNIA A % 10 2 FRERK LB RE 2 EFIC LT EZITo 72,

HEMIZED DD LIFRLETH LD ERLELTHL TR T I L > T 6
[6]) O P E 5 F L0 e KA & e/ MEZ BR = 5 Al F 7213 4 RO EHE 2B O 9, & LT,

FHE CHIEBRARFIC 2 L 7 X —IZHINT 2 EIEIX, Typel TIZ0V & L, Type II T
IX-30 Vb, FC OV LG LA+ 5E TERIET,

4.3 JERBELEOHE

4.3.1 JFEBAAAEE O JIE JF B

EITFAL TV D EMOEZERE, RERIZZEM 2N 5B EIC L > TBERERY
PDP THIHENL D7 v —ETH S 42V, (Figure 4.11 ) v —EIZE L T,
HFRIETH DR/EN 7 m—EICE LML Y vV By hokfEB@wm T s ng, 20
HERCITMEIT 3 OB AR TR 5 49,

1: fEFEMENEFRERICH > TEREBZBD, PR THRARFICHERT L, Z0
B, EFOROEEB = XL X =N HAFFOF—EBH- LT -0 b REVWGE, T
AFRFITEFEZHH L TA A2 5, S EFIIIE S, Filce T AR+ &
HRELTAFT AT L E Vo EERKICEZR I L, A AV LOEBFEHOL TN, 2
DE T KD BEHEEIEEH 2 a FH &S,
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2.0 AT AL APER > T LERICEZET 5 L, BREm LYV ZREFN
BHEhd, ZOERZ yERE WS,
Sy EHICE > TELEZKRESD, TRXINVF -G TCHARFICHE LEMSE D,

DY AT NVO#EY IR ULIZL Y T ADBRENHES, ZOREBHILA TN, DWITIFTK
EIRREICEDL , XU B FOKIEHG TIX BT a ERHE yEHICE > TR Z 2720,
ZORRIZE > THELRIET 2EEN R D,

WE, —HHOPAT B A B d TR S, BEREEEZEMLEET 5, a i EE
BEHRECTHY BRI EHFEOLNDE LN lem BEI T 2SI &R T H AR 0OE
HEDEIE & 92, AT VIR BRI AT R Wi O HALE A H 72V n 8 OE T 53 G5 @ 2> -
TV &, dxZ0BEIT H2MICHENT 528 FOH dn i

dn=nadx (4.5)

L, BiERE (x=0) NOMHINDETOMERMERMOT- D HF no & L, X(4.5)
# x=0, n=no DTS T2 &
n=no-explax) (4.6)
L%,
- T, x ZEMEER o BRI 2BEMEEOIZY OEFOKE 1, Gk
WWETLIEBFOBZEZmETHE mi

m=exp(ad 4.7

LRIND,

T, EHEEBH L TOWSEICAELEZEAS A 0HZ(m-DETH D,

Ty R EAF Y T ENEMICEZE LRI SN D E RO TVHHELT5 L
B ZBE L TV ARICA U EA A4 v #(m- DE 23 2 12 722 Lkt 32 Z Rk E
O ym-EE 720, 2D O KRB FVNBICET HE TICHEISEIETFOKIT

ne=y(m-1) explad)=y(m-1) m (4.8
ZOEDITHMEMY K LTRER, BICBETLIEBETFORKE 2655 L,

n, _ exp(ad )
1=y(n =1)  1-ylexp(ad)-1]

7 = (4.9)
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EREND, BWMNHD nofll /BOESDPHESHTWDHHEE, BRIZEET SEF ORI
T nZl72%, BMOBREE bazBEHT D&

exp(ad)

1= [explecd)—1] (4.10)

1, =i,

ThD, 1L, DIXBBERICK T LEMEMOIZY OBEBFKICEFREE e ZHITZH
DTHD, & 4.10 1285V T ylexplad)-1]> 1084, b iﬁk&é@’(“ﬁ*ﬁmﬂ%é

TT 0z 0EB L h=0 2 EARMELENRT D, LNLIRR0 LRD5E
(L 70=0 TH h=0 LT bBR, #>T,

ylexp(ad)-1]=1 (4.11)

ad = ln(l + l} (4.12)
V4

WEBME~E LR TH S,

SIEOERELZR ZTI213, BEFPREETFOF — BT X LX - Oz 3L X — %
LR WVIERMES FICHET 52 RREE 2D BROBINV—ETH DI,
AP OB RN ¥ —LL OB XL ¥ — 2B TN H5720, —ELL EOFEE AR
TRADVLETH D, £BMEEHE diX. KW0IE D BNEBEFOBEFICH AR E229
LA N2 D720 a EROERE N, LLRRS, d BEL %D EERNBHL D
TOIZEFRTZRNFT =B DRV LEIZR D720, dITH00130 #8722 8l
NHY ., ZOBMEITXREOIET) p ERBLTWS, BRELIE p L ZHHI ST p/E %
—EICTDHE, a L FHERITRAL —EICRD, AT pllKHHIT5Z & L0

o _ f(EJ (4.13)
p p

LEITZ LK, oKX

=A-exp| — (4.14)

A

LERED,
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AREBRTHEMT D L5 2Hm T A5 TE, U TFTORDG A HEMEI LY RE L —#
ToHEEND,

2 - c.expl-D(p/E)"} (4.15)
p

ZZTA B C. DIFFHREICOVWTERMICKROONEZERTH D,
4. MEBMGEEE Vil 35 L FEEEBR EIZE=V,[/d 72507, X415 2T
X411 2L T D&

C-pd

In———
nln(1+%/)

EERTHZENRHKD, 2D 4.16 RiE Ny v = D EHI(Paschen’s Law) & FEE L, A
HAFBERTORBIZB O CHRERMELIIN AR, KRE ), BHEERE, X O0Em

TWRBAHEHICE S TIRED ZEERLTWDS, £ LT, EMMEE, 4 e —
E LT D EMBRMBELIY “RETHRELL y PR TE S, £/2, BRYEZ2 - TICT
%L EBBEEIIES p & EMBEER dOBTIRELTD, paE nfFICLTH d% 1n
(T HUT pr d 1T ISR TRERIMG TR IT AL 2N 2 L3538 % 4422),

V,=D"pd (4.16)

Dark curremnt

Transient state
Preglow Abnormal
discharge  glow discharge

MNormal

glow &y:hargﬂ

Are discharge

Discharge woltage F

hscharge current  F
Figure 4.11: Schematic diagram of the relationship between discharge
voltage and current.
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P TR T — T3t OERE MBI OENERFFT DR OMMAE, 7 ARD A ~_—
=L DBRENTEY EBRIZENETNY T A CHE S SR A R ST D
COEBITRMI T =07 ) o TBRFNTREY, BENSHOEEREFIT =07 v
ThEM E N5, (Figure 4.14(b)&M) FEEBRTiX, ELZEHZRDPWAEDEIZ L TAR—
P —ZIESAL 1THOMEY > 7TV E E R0 b&REMRCTHI X THEE LKES T, A
AR—P—Z0F, 15 mmX7 mm IZ< VPN Z SRS 1mm OH 7 AR-OH % 2
KR, ML S LEARANDNVAEDEIC L TH AKRE DD 1~2 mm ORI Z BV CTRE L
72. (Figure 4.14(c),(d)Z& )

BRI S 5 BIE R ORERT 2 i 2 B ORI E LA v 22— (IWATU
DS-8812) MW TAITo 7, WERAELEOMEZIIAEIC L 2\ OS5k L
72, (Figure 4.156 Z) RIKIZTF v o NN—HNEZ BB LMENEMTOLEZ > TNH I &
e L7-, (Figure 4.16 &)

WIZ, KEBRTEA LY pd DEFIZHOWTIRAR S, AKEBAZMFEHL S v = v—, MgO
a7 e LT, %Jv‘//<~V\1@rﬁ%wbéﬁfifﬁzﬂaﬁﬁ%ﬂ?r@mh%/ﬁmL "
v ¥ MR & B U T, kbia U7 AT E RS R ELEERE (B d) THET 720
Ny vz R IMEZ R T pd XD BRNERED pd P KE < 72 TIEAR Eiﬁb\o%_fx
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pd=1.8~9.2 Z{L S HHMEMKETEZRE Lz, TORKRE, Si U =z/—TIX pd 2’ 3.76~
6.0 FREEE Ty 2N 0.02 & LEEBAD NNy xR EHEMFIERE L 20, MgO ET
L pd 3 2.6~4.1 DM Ty% 0.05 & LIHEDO/NNy = VIR EMEEBIFIERC ERo T2
4.23), MgO I TiX pd NN LI B2/ 2% EIEMEZ D7 WIS R OB X 13212720 | 9y=0.05
ELTeRy vz O G TV 429, SERERE STV 5 AE R A EERNEICH
WHNTWD pd & XLHkE VRO D & 2~6 OHIPH, FFI2 3 ~3.5 OFHN L -T2, LI E
D& XY ARMFIETIE p=5kPa(37.6torr) & L d=0.1cm THDHZ & XV, pd=3.76 & L7z
424:28)  (Figure 4.17 )

':_ﬁ.‘ hhlllt";? - ‘I

Figure 4.21: Overview of the breakdown voltage measurement
equipment.
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Figure 4.13: Schematic drawing of the vacuum system and the electrical
circuit of the breakdown voltage measurement equipment.

Figure 4.14: Photographs of the discharge device.

a: The device setting in the chamber.

b: Overview of the device.

¢:  Close-up photograph of the discharge space and the electrodes.

d: Side view of the spacer. The glass spacer is put between the samples.
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Figure 4.15: Electric wave forms of the voltage and current measured with
oscilloscope. Vertical axis on the left indicates current and on the right shows
voltage.

a: Before discharge.

b: During discharge.
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Figure 4.16: Viewing of the light by the discharge. Since the gas is
discharged in the discharge space, light is strong at the edge of the spacer.
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Figure 4.17: Paschen curve of MgO electrodes with Ne discharge gas.
Measured by N. Nakao.

4.3.3 MESGIE
A OB ORE 21T 9 B, MR OBRIE 2 M T, Si R 2 IV RE 2 5t 1 R R E

Tolee ZOMEBEOMITEENENTZ Y HENILE 720 LIegEaid, BE, B2z &
Ne A FEHDIT > 1= D BB EAT IR o 7, BEORE 24T 5 BIE, £ 1 R TMP T
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HEZBWCHIEEZEEZ 2X103Pall F & LTHH Ne H A% 5kPa AL, fERmoD
7V == 7Ol 1 REREZIT 72, BB L D ZEERFBKRSBEHS LA T20
&%2%%57&7}—:‘/70)?3 HER NNV IEIE LT 52 b oT,
ZOWE . RE~OBEOHIMZRD, BHZEG X KOH AOHAE T o0 b ik#E% B
WMll, 7V —=2 7%, MEMRBELEROHEREEONE L G LA, ERIGEE
NEETHETITEROMEEE LT, (Figure 4.17 W) A T, MEBBELEN
15V O T 5 ML Rk 5 £ TRIEZITW. TN 5 EDOT — X Oz L - THE
BAGRTEIE & Uiz, MIER T D ROPEREE COMBIX, KEICX W REBERRICEZ %
MDD T 5D THnE L, ELTZO 7 mEMMAL, TMP T 5
DTN 6 HEEEZG &, ZORICTAOBHIEEITo T,

W, AT 2 FEBRCTIIEZES X2 A A v —Z ) =R T OIHRTIT, AL—H—
WIHES Imm 7 7 e UEEEH L7z, 2L T, WEIXEZES 5 Pa £TEWEDH
Ne # 2% 10kPa AL, S HI12H 9 —E5X101PaF THZE 45|\ /= ETNeJ A% 5 kPa
ANTIT -7z, BEEROPEE ORI 5 55~T747 & Liz, ZOHETHIE LB
AFEEIT TMP 2 H L7 R COMEBRAAEEIZH R 20 V~40 V &V, UL EE KA
DEBELEZLND,

g 240
[eb) L
&

= 220 F
o

> i
[eb)
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Figure 4.17: Typical result of the breakdown voltage measurement. The initial
discharge voltage is high then after several measurements, the voltage decreases.

4.4 HIERER

R U728 @ 2 AV TE N ZE L 81 AR K O MO R4 flE L7z, #5K% Table 4.3
R T, £, MOBEZ NV —7 K0 @d Sz %z Table 4.4 (TR d, el <7 X 9
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W2y oy DIEIFIRE NV —=T I Ko TRRDIPWEZ T 5 R8T 528060 Hll
EREE L TERICHWD Z & & LTz 41624.25.293))

Table 4.3: Measured values of the secondary electron emission coefficient of silicon
(100) wafer and MgO films prepared by the developed equipments.

Equipment Gas Acceleration Breakdown Samples amma
qaup species voltage voltage P g
Si(100) 0.030
Type-1 Ar 500 eV
MgO film 0.113
Si(100) 0.043
Type-2 Ne
MgO film 0.199
Breakdown 278 V Si(100) 0.014
voltage Ne
measurement 205V MgO film 0.048

Table 4.4: Measured values of the secondary electron emission coefficient of silicon
(100) wafer and MgO film from the literature.

Measurements Gas species | Acceleration voltage Sample gamma
A 100-1000 eV Si(100) 0.024-0.039
r

. 500 MgO(111) bulk | 0.10-0.14

Ton induced

secondary electron 100 eV Si(100) 0.131
emission Ne 50-90 eV MgO film 0.08-0.22
MgO film 0.16-0.25
Breakdown Ne - MgO film | ¢ 02-0.07
voltage
45 fEE

ARETIE, AEETRE B ZHET D 72DITBFE LA A4 #E RE T
ERE S E & R B ERE L EIZE L TOMRBAZITV, RICIA 6 DOEEIZ L DM
EME ., ORI V=7 LY BRSUZHEM E 2 Lc, WEEIFSEMEs v—7
N ERG 2 FEICHASL T TV D O IHIEMEIC AN T Y 20830 575, Bl LI23E 2 W5
LNTCHERRIT, ARSHATOLHEM MR B LI L XY, T b DHEE M
ik D &Il L7z,
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FHOHE  RAMEIOIER

5.1 FF3

S

RN A A BB RETHRIBOZVHEEERT L L. MENFAT @R THLE
REBEBFOMBNED IR0, BT ADA A AbMEESND Z L THREBENME T L,
HES~DOIENF- 72D Z &M 1976~T7T T THIR W THR S Lz 519, F -
v&zva(Mgnﬁ*ﬁﬁ%mm IR TERY . EN MRS L LY
REBICHL TWD &b F RSN, MEERmEmnE m%¢:£%ﬁ#§%éh%<m
O EZIHIT D & & b, B KEE LIZBICITEMIC 0D BE~D LFEHR O R
ZEL. WBIDOMENKEG 785, FIBEMEOERIITNEMMEE & R EMERE
BEAZRESE, REOHEE NV TOREREEEZ CSELHRRIH D, £ OMIEE
{ZBH L C MgO 1D A 2y Z PR E W AREIRICB WD CHIBE A m D &V o 726
WM 5, MEHICHL TR &, BFE—LEEENFIH TEREEENEL . AR
B OMBEOFHMER B, TTROMBBICALHRE L MO EE MR e EOFED H
Do Kl LTKBIED D WIXRBIE LT W& W o 2 REIE D 528, ZIRE T ()
MENMLOT VA ) TEERBIZHARD EEEOEE GRS LV WEETH D,

PREEIE O R &5 MgO A B M EHTIZ KB L CHERhdh & BERESh O 2 FER & 5,
PDPBAZ MU A L W EH STV 5 DL, MK IR O FLE KM D MgO % E b - fidbit
LCHEZ BT @i Ch D, 20X A FITITEERM E SRmRASH D, BT
AC-PDP BB U L fEH S TH v |, REBEHAEME S L TEBEE NSV, RAsL
TiE, RO ARHI, S, BE, BRFEOLENNE, &5 TIC Ca NEET L0
THEN—ELU L@ RN ERET oD, 2055 Ca OREEIX, WAKFOIL
CULENEDORERTH D, BB~ IR LAEEIRE T 5 EME MgO ik L Li-i
@l Tl Ca BEIEORBIEIZ 22\ A, Ml e MgO (MK 23 i < (R o s @k MgO (2134
M &Eae v, BERE f X @B D MgO ByaRK Z I FE B & U o —HBepk D TR 2 % TR S
N2, Fle LT, ME, BE, BIREOEENES R L SflEOEEMEN
TERCATRE/R Z L 22 X3 B, BEREITEAETIZERNFEAEOE 2 LD T\ 5 549, MgO

AEM%%%%MLt@A&m%®HWi B KR O B () & R R EE I D B
HO—FB L LTAC-PDP BAZ YWD 1970 FERIC Tz 59, D%, 1990 FRIC[EH
WIZEB W T MgO fREBRF 2+ ~%3E ppm L~L® SiOz 8V ik AleOs 72 & 3 il LD
TREBMT HZ LIZED, REBEOKRERFEOLFEZ LD &V ) REFAHEI LR
iz 50, MgO ([ZHsIT 2% EICB L CIXFERRBESC A ARENFFIZE W THEA et H
DRFF S TWn5,

% 21X, Rakhwan Kim & % TiOz, ZrOz, CaO, Al:Os, SrO, Y203, ZnO 72 CiCBL
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TR % 28 % 7= W A fE B U CIRBRAA R IE . A A H S B 1) L O
D ORE IR EEZRHXTHEERLTND 5D, CsIZBLTIELS. J. Rho W#HEETT- T
W5 589, LinL, ZHHOHETHW DL NT-AEMET OWIMWEE D% 135K at.%~
10 at.% TH Y, FHERICET LN BN TH D700, ZEMET OUSINY i E
EEBER OBMP) DAL D HET2 > TN DRI DN TUIIZ L A EBEI N TR,
ABFFE Ty, OEWVEEOBH T & LT, @EEAIFRT 5720 0REMEORE LB L
LTCW5, RKETIINZEICHNDIEREMEHCOWTHHZIT Y 22 A E L, REME
DAERL ST % 5.2 Hi TR %, W T 5.3 HiTHAME L 7ZBERS dh MgO & iR O % il 246 i
i MgO Z W CERE U 7o IR o BB BRI EE I 72 & ONTHEE O PR D el 217 9, 5.4 Hi T
XN ORE, B L OEREFICZEEM B CORMMEIS % BT 572D OEEM B O%
BlZoWTikR 5,

5.2  BEREShAREM B O (R

AAEM OIERIILLT O FNETIT o 7o MBI U CTRBERL S DALFE 2 TR0 Z 72, i,
MgO 3 L ORI ITHEE 99.9% L ED b D& LT,

MgO I[ZiRINZ N2 256 I OIREITERBILHEN—ATEZ, ®REE L L TR
S

g+

ZZIS, MITEINT 2 &Rk oWE E(mol), Mg 1E~ 73> 7 ADOWE E(mol) Th
V. MRODOHENIT at.%Th D
W OFHE 2 &R~ — A TIT H Bl X

1. 7% 74— F&EFEHELE (RBS) X2 0O RN ERHEA TITOND Z b E
O —% BT,
2. Rt 1 mol TIZ&E tHFE %A 2 mol UL LS EOFET FLOREL A<,

D2HThHD,
Bl zZIE 7T (BT AI=0Ls) OFERIT ALOs THLHDT, 7/4I7F 1 mol
K@?»i:?AE%ﬁzmd@iMTmé DT I F 1 mol%Z #A L= MgO
AWicix, BRL#S (Zn0) % 1 mol% sl L7ZBAHH O Zn 112 LT 2 %50 Al
ﬁ%ﬁﬁ@#é@?%éo
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1) - RE

AWM TIER— NV INEE Ui L IRE 2 FRFC T o 7o, A= I VI X 20T,
Ry FEMENEZ T I v 7 -ERITT T AT 4 v 7 BMOMREORIEC, Bkt 5 5E
EBOMHOET Iy 7REWVIT T AT 4y 7R — a2 AN, BEESERB LR -/
% T X DERELR — VA LD Z I K DRI Ko TRBHZ T 5 kT, EIK
TRV X¥—%FMHT 5,

A =L IVEEREUIHEGRIIIR A TR O b b,

B © N (opr) = ——— 5.1)

J(D-a)

ZIT. k2338, D= M), =RV OEEmM)TH D,

LU, Bl R EEEALT LS ZO®MICH D L IEnE 6T, HEEEEIIBUR TiX
FBRAIZ D 72 1T UL 7R B 72\ 5.9),

R—IL I L D - IREIZIE, MK - 7V 32— VEORIR %N 2 2 18 &R % N
RO 2FEOHER S D03, MAFER LV ERREWRHGONADLZ L LD A
WFoECIxm L E vz,

Figure 5.1 (23t - IRAEBRT O INVNHTDOEE Z /R,

2) IEhL

R ERS2VEL X 9 Ziilfth, MMEhi 21T o7, 7o, ABto—fH2 B TRy
DEEZWH AT, BIEVOEERHE X, DO ULOEEZUELILAT Y —i Y%
1000 CLL ETHNEAL CHBER SRS -%, BEEELWEL CocoE&EE O
TROT=,

3) AUE

B iEe —2 ) =7 L 2R Wiz, b—% U —7 L AITTRE# E S KT, e
— FRBERNE /N S AR KREICRIET 5 0ICm < —®EMfOKRE#TH 5,
(Figure 5.2 Z2/) MBI EEEZ BB L% 1.7 g/ cm3, ekt ERE% 0.16 g~0.17 g
AR Tl

4)  BERR

REBERLC M ST b MgO Al D& FE 1L, IZIEF R 100 % TH 0 ik
BEFEIR MgO OB EIIARIEET 90 W EThHEHEEZ NS, —RICET IV I7 AD
BER L. T OWE ORI LT —E DR £ TIRBERIEE N EWIE R b A T
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FENREL 725 510, MgO ai%‘ﬁﬂﬁﬁéfh%?&;ét&p B A B B 12 I3 BRI IR
TITHONRLE LV, LL, BABBEMBOLAIL, HICEELZ L5720 Tkl
RN D WP R TOMBEFBNMELZZE L 2 TR 6700, filxiX MgO X v {Ewn
AELSEFFOMEEBRMH L L THERT 256 I3RRIBELY T2 L8RS D, T T,
BERR DXLy b OS2 FERR L 722N S AR DS 85 %~95 % DT 72 2 X 9 BEAkii
FEEBRE LT,

2 CHXT B S LR IS T A MHECTH D, BERM OBEE TS Ly s E
JXAT, BEEAEE lmg OF T EMRKFETERZEARE L, #ELTRD,

IREWMOBGREEIZIL, MgO BXORMMEN T OERE LREA (mol ) LV INE
VAR LT Lz, EEEORERE AR TIX, MgO & IRMAEEEZER LIZ 0 | s
T Mg EIRMMERBITENBERLIZY LTWEZ ERTPHEND, ZOGEAITFHE TR
HREE L RROMHGREE L NRRLLEZONDN, ERTIIIFRNDOEENHEKTH
4 mol%RRETH LD, MHFOEITRKE IRV EHE L, 3R TRO I E 2 B % E
ELTHEM L, ERLUEVy FOBERRHAT. 3 X OBER% DO —fFl % Figure 5.3, 5.4 (T

Figure 5.1 Photograph of the inside
of the ball mill. The oxides is mixed
and grind down with the media in
the mill.

Figure 5.2: Photograph of a part of
the rotary-pressing machine.
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Figure 5.3: Photograph of green MgO Figure 5.4: Photograph of sintered MgO
pellets. pellets.

5.3 MgO ZAE M OMRES — i fhin & BERS &h & o bk

5.3.1 Wroeis &

AEMBHZ LD REREOMRNELR D & WD TERP W OPOMFERR I sty
% 51113) B. D. Goh & IXBERS i MgO & I HL S MgO & Fl W LSRR A 1T o 7o A5 K. BERS
MgO IRl il MgO Xk 0 b A A4 8 R E 1 () B REWE Lz, —7F S. Y. Park
S ILVA R AL i MgO, IRAh 25 i MgO 3 L O, BEfE ik MgO % bl L TRl & 4% & MgO
My I LTERTWD & LT 519, ABFZE CIEBERE MgO 2 Z&5MEHE LTI 528,
TR ZAAS i MgO & DI 21T\ BFRICHE 95 MgO 23 & D X 9 ik A FFo D0 %7
NTHT,

5.3.2 FEER - R

BEARE MgO 1X, JER. 1 fi¥H (V4 X 2 mm~5 mm REF : Sintered-1), XL v IR
THEEBEWVOLER MgO #4827 (¢ 5 mm. t2 mm : Sintered-2,3) @ 3 fEfH A ERL L,
SRR & U CIRm S R (P A X 2 mm~5 mm RNE : Melted) % &l b F Ak X
SthEVEEA L, B4 RO MgO ZZEMELZ HWTiTo72, 20955 Sintered-2 I LA
DFEBRTMgOEEMELE LTHMT 2D TH D, BEMEONE % Figure 5.5 12177,
PRI SAFICRE LTI 2 B TRt L7z T, A Tl ~72av, BRIE 53T OIS U
Tz, X#EPE (XRD) Tl 320 nm~385 nm, /3 Hx U 7Y A% —TlL 355 nm~
413 nm, RBS. &7 JBEME (AFM), E&EFHMEE (SEM) K OV 7E B 46 & £ 1
ETIX 106 nm~115nm & L7z,
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Figure 5.5: Photographs of MgO solid for evaporation source.
a: Melted, b: Sintered-1, ¢ Sintered-2, d: Sintered-3.

XRD (2 & 25 dl M D BFAf 3 HB K AT B S V7 5O i B BT ZE A B Ok s £
U 777 %8 X-ray Diffractometer : ATX-G % T 0201 THEZIT- 72, HEIX 20
T30 °2H 90 °E T, EBWHELE 2 /3. AT v T EE0.02 ° L LTiTo7z, E. N
HEE L OERIZZNZN 50 keV, 300 mA & L7z, &5z A~<Y KL% Figure 5.6
R, 4 FEOERT XTIZB W T, 208 36.9°, 42.9°, 62.2°, 78.6°Z— 7 ) ik
ik %, JCPDS (Joint Committee Powder Diffraction Standards) & BEA L 725G 5%,
£ =713 NE N MgO fdh o 7 (111), (200), (220)., (222)Zxfisd 5 Z & 2348
Lz, FEREE b= MEICTNUR LN RWZ D, EEICA OO FERTR DD
DEZBND, WIZ, SEM ZHWTHEKRHOMEZBLE L, GohlA A—TI2LD
L WThoEBEORE S —AHEOIIREZ L TE Y IBRICKREREIZIA LR 5T,
Figure 5.7 12 SEM £ A — %53, 7 AFM % WV Ciils i o~ FHH S (RMS
HLE) ZsRD77N, HERIC KX 225138 - 7=, Figure 5.8 ([C#RIAS 72 AFM {4 % 1°
T, RBSIC X BT O R, Mg & O OEEIEL Mg 78 48~49 %, O 2 52~51 % &
FhEENEL [F% Tho7-, RBS 227 kL@ —fil% Figure 5.9 \ZRT, =l 7V
— X —OWELVHFLNTHE 633 nm (28T 2 EROEI R Z i35 & W2
i MgO Z &S/ EEE U7- disE, BafESh MgO 2 Wi L v & EIrR™MEn, 2o 2
LR RIZ A MgO TR U 72 I D %5 FE 3l D I LE R TIRW Z £ 2R LTV 2,
HAEMELOE L. AFM, #Aktt, JEHT3 % Table 5.1 1277,
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Figure 5.6: XRD spectra of MgO thin film as functions of 26 for
different evaporation sources. Four peaks at 26 of 36.9°, 42.9°, 62.2°
and 78.6°, which correspond respectively to the (111), (200), (220)
and (222) plane of the cubic MgO crystal, are observed at each
spectrum.

a: Melted, b: Sintered-1, ¢ Sintered-2, d: Sintered-3.

Figure 5.7: A SEM image of MgO thin Figure 5.8: An AFM image of MgO
film. thin film.
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Figure 5.9: A typical RBS spectrum of MgO film on carbon substrate.
The spectrum is obtained from the MgO film deposited with Sintered -1.

Table 5.1: Characteristics of the evaporation source and the deposited films.

Tap Composition Refractive
Density RMS-roughness
Sample Shape Density | Mg(at.%) | O(at.%) index
(g/cm3) (nm)
(g/cm3) (633nm)
Melted Granule 3.58 1.75 47.6 52.4 2.983 1.672
Sintered-1 | Granule 3.40 1.73 48.3 51.7 2.822 1.727
Sintered-2 Pellet 3.33 1.82 49.3 50.7 2.953 1.712
Sintered-3 Pellet 3.04 1.58 48.4 51.6 3.092 1.722

WA, BB EEDORIERK IO TR RS, KERTE LI Vet 240 V~260 V
L 6 BT D HEMMEELOREMIZEXERICE > T2, MEMBELE S & WER &
LTUTOZ ENEZENS,

1. RO BRE A 100nm & #7280 MgO RO n+r Tk, MEELEE T D
BE e Rl TEBMOEENIA T+ THD,

2. ZOEBFFOBERGRELEE CIX AEF ¥ o N —HOER T A e —2 ) —KR
T DB TITS T D THERE T AREN@E -T2 L, BLXOAXN—H =177 v U fiiF%
AL & CHERIZEBIREL D TARREAELIZ/RBERS L Z b, Fx /" —R
THEHNATHD Ne H ADHEL T NEZ - Tz,
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PEOFER, HEBMEE (Ve) 138 Sintered-3 28 —F K< | IKELZ i MgO
(Melted) 28 —Fm\W\EW I FERE2G7, (Figure 5.10 Z) Z Z T, AERMER & Hy
DREREZHF TS S.Y. Park © D EER & ARHFIE & O IR 21T 5. fER O ERIT LR
FEOEWIZERLTWS EEZXBND, Park HIXEFE—LOMMEELEE 10kV, KL
— % 0.1 nm/sec & —EIZ L7o72, BEfh s MgO BUBERF O B BT 9 mA Th D DITxf
L T2 it il i MgO Tl ER A 17 mA~19 mA & K& ->Twb, Park &
XA BRI 5 Z & TEEMBIOREN EF L, S HICEEME OB XL ¥ —
DHN U CHED BRI DR, VMRS oz @B L TS, L LRRnb
D FERRTIERIERFIZ BRI SN TE ST, &> TEBRIREDN 2 > TV 5 AfaetEn K
X, oI EL SHBEOEEMEHIX L, ETE—L0OMEELEE 10kV, KHHEEH%
19 mAICUCTERIL72@EBEICBA L THEE LS V2 IIEL TWDHMR, ZOFRMETIE3HED
HEDOBEE RO VAIXIZ E A EZRRONT 20 VAXEIZHI L7224 & MgO O
fEIZITVY, Park O B —ADOFEMZ —EIZ LR TIX, Bifhdh MgO 13/ MgO @
NE 2HEORBEEE Ch 72 Z ENBRENT WD, —RICAFEHREDHNGE, HEEO
EREITKL 2208 H 5, OF D BERES MgO 1B L CARFIZREMFIZL b b
Tk B3 o 7R AL MgO OF N SIRIERIEOMREZ R LTIE VWL D, Thb
DL LY Park HOFERTEHEERICE— A OZEIC X2 EBIMEAD X T % <
U TR 2 — B IR D & AR S MgO HISRO M X v & BE#E 5 MgO H sk OO J5
B VPR 2D AREMEDR H VY | REBROFER L =BT 20 TIEI RVt EIZLND,
BefG i MgO DSR2 dbdh MgO X 0 & i MEENMRWZ & % L TRERE & MgO
MIOZENAE LT Z EICBE L TR TIT o 7208 Tld, BEfs dn s AL I T E N &
<. BEARESLFCH Sintered-3 1ZEENEm N -T2 Z E Ny oTo, BEEDEW MgO BT
WIRIZHE AR T OREBE AP RE N E SN TS, HEBBMAETEIZZENEN T OIS E

DIEWIZELD EEZX D,
300

(3
3
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Figure 5.10: Breakdown voltages of the MgO films
prepared on silicon substrates. Error bars show SD.
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5.4 MgO HEME O RES

5.4.1 #5515 5t

MgO (iM% iz 7= &1 TWRBAFHEEEIMO A = X T EL o T
N, THETICHE SN E 2 AT, KIGIERL O, EIRO R IR D2k, MgO
VR OGS EL M O L, RETIROZB(LR ERET N, ZNOLOERON, EENE
bIoTEBREZDLZbDEZZBND 51510, 22T, IINT5uHFE L LTE, Bty
DN RFX Y w7 - BRREEZSEL, HLHEEILY EuBsLOYb, 740 Y HEER LY
Ca, B¥7x#E LY Ti. Ni. Zn, Ta. W, 13K LD In, 14 LD Sn 2 -E L7-, KE
Bk TR Wzt DO FEMEE & Table 5.2 [Z/R”7 5.18:30)

TERL U 72 ZEBEMBHE, RN ED X D R THMEHFIZHFEEL T D 0EFHRD 720,
SEM B L O EDX # W CHBIEETo 7, o, BEMEZ O CRIEZITV, ZEME
H & IR ORI E DL H 1T > 72 5 2 THRINY R OEEMEL OB L 72 ¥ OB &#1T

27,

Table 5.2: Characteristics of MgO and other oxides used as additives.

Atomic Moleure Vapor
weight of weihgt Melting point| pressure | Density | Band gap
metal (e/mo)) (K) 10-2Pa | (g/cm3) (eV)
(o/mal) gmo (K)
MgO 24.305 40.304 3073 ~1873 3.568] 6~7.8
CaO 40.078 56.077 2853 ~1973 3.25 6.9
Eu,04 151.964 351.926 [2245~2603* — 7.42 4.4
In, 04 114.818 277.634 1838 ~473 7.18 3.6
NiO 58.693 74.692 2263 1743 6.96 4.3
SnO, 118.710 150.709 1400 ~873 6.95 3.6
Tay05 180.948 441.893 2073 2193(8.2(7.3~) 4.2
TiO, 47.867 79.866 2123 ~1273 4.3 3.2
WO, 183.840 231.838 1746 1733 7.16 3.7
Y b0, 173.040 394.078 2500* — 5.03 4.9
Zn0O 65.390 81.389 2248 — 5.67] 3.27~3.4
5.18-30)

*: Written 1n Celsius.
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5.4.2 SEBR - fEH

SEM BlZ2 D5 R L0 . MgO BARDBEREM T 2RICAWEE LR mDBE E > 228
e CdH DD, WINPT E D MgO BARDX L v b &3 E e DG db DML & £7 D551 25 e 78
T& 7, (Figure 5.11 &R) 7=, B4 L HBEISEM O HICHEET DD Tl
72 <L B ARG CEOMTRL U REAICE £ > TIEET D 2 DL N2 &N olz,

(Figure 5.12 - 16 &)

Figure 5.11: Cross-section of a MgO Fig.5.12: Cross-section of a 0.lat.%

pellet. (Magnification: 2,000) W-doped pellet. (Magnification: 2,000)
Crystalline size is larger and the shape
is different from the MgO pellet.

Figure 5.13: DBC analysis of In element  Figure 5.14: DBC analysis of Sn element
on the surface of a 0.5 at.% In-doped in a cross- section of a 1.0 at.% Sn-doped
pellet. (Magnification: 1,000) pellet. (Magnification: 4,000)

The white areas show In-rich areas. The white areas show Sn-rich areas.
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x : 2000 x @800

Figure 5.15: The surface of a 0.1 at.% Figure 5.16: Cross-section of a 0.1
Ta-doped pellet. at.% W-doped pellet.

a: An SEM image. b : A DBC image ¢ : An SEM image of a cross section
mapping of Ta. The white areas show of a W-doped pellet. d : An image by
Ta-rich areas. The white spherical DBC analysis on W element. The
areas in the SEM image correspond to white areas show W-rich areas. W is
that of Ta-rich areas in the DBC distributed on crystal surface.
analysis.

WAZAERL U 7= R DR T 24T o 720 15 D AVTZ R O BN & 78356 B o isn
WL & % bl U7 AR IR L > TR D kI 2223 & - 7=, WOs, In203, SnOsq,
NiO 3 & Lcima . BEPICIEAEM IR L0 b 2580 E ZnO, CaO, TiO:z, Eu203
T 1~ 2FRE, RNSERcENZ RSz, —F., Ta:05 Yb03 ZiIN# & L
A, R TCRENMEETRITOT L LrRE SR>z, (Figure 5.17 &)

FEERFE IR DD I OFRINA R THEORE OEV L, Tables.2 (CRd Xk HicE L
LTI OAEKIER LA OERLEOEFEO FIEZEbb0LE2 605, BlZIE,

FHEMORMM DO 55| Kf TREZEILDD 70 CaO, NiO, ZnO @wﬂ,,\ % 2200 CLL L
ThUY., BEZBPKEN>72 WOs, Ine0s. SnOq2 & LE_7Z5E TS 400 CEv,
Figure 5.18 IZZAEMEIF ORIMEBILEOREZ 1 at.% e L7I2GE O, RN O &
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R ORMEBITHEDOBEDOERERLILBLDOTHLD, T L OEMY TIXRALEMEWIZ
ETEF OWRMN4AE TR OWRFENFE < RS E OBIFRAERN 2 L B3 HELZ IS, [FIFRFIZ, SnO2
EEIHE LIEGA, P OREIZ 2500 4 BREL RELSENDD, BB T5HL)
IINDDOEEMEHIBERIBEN B> T, 202 &b, EEP TORMEE TR
DPRFEZ RO HIVIARE, BSOS DOBERBZEFHNTND Z ERBX LD,

5.0 T ‘
| | uCa
| | AEu
T340 [ - oln
|
ﬁ | i *Ni
- ! EESn
o=l 3'0 ,,,,,,,,,,,, P |
= | i’ OTa
o | | .
o | Tl
§20 - ﬁ —————— oW
3 3 3 oYb
17} *e7Zn
& 10 - qmm e g
| . |
E' | |
0.0 —&— : g
0.0 0.5 1.0 1.5

Metal ratio in pellet (at.)

Figure 5.17: Correlation between the composition of the additive
metal in the pellets and that in the film.

5.0 ; ;
> | ¢CaO | |
= ®In203 | |
4.0 [ANO 1T .
~ | 0Sno2 } A
g AWO3 ! n
2380 [ezmo O wmr ]
= - o l
220 | : 4
E | R
g0 foemee -
Q) | |
= | |

0.0 : : : : :

0 1000 2000 3000

Melting point (°C)

Figure 5.18: Correlation between Melting point of the additives
and composition of the additive metals in the film. Metal ratio
in evaporation source of all samples is 1.0at.%.
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WIS WM Oy S OPREE &R DR & & ik L2 D& b & ~7-, (Figure 5.19
SH) Zhicks e, FEMOBREY (IneOs, Sn02) ZIWEM L7 L w b TIXAESEME
FORMDILEED E < 2D ONEF ORENE < 20 2 OBURITERH TH D, —F,
MBS N D & —ERT THHERET D TiO: TIHIRMBOBRENEL 7ed &, EEM
DRFE LR ORRIE & 3B L7 < 725, TiO2=° Eu203 13 MgO L bl 5 L83 Lic<
W2 EITMA T, —HEER L ChLART 2B OZAEM B CIX, oL X—13ET
WE OV E DL, ZO®RBRICELTHRLERBEZ 5, <Ly FNICHERE ORI
MBANS>TWDLEEEEZXDL & IIMERDRWGEE . IIE L MgO ([CHRY PHENT
WD EIITHFEL TR, 8PN NG EITZ 05 TR - KBRRINDID, HD
RELZBZ 5L, BELERMMENERZ O THEST 5 2 & TR 3L X — 23RN
bbb, ZEBGIToNH2bOEEZ NS, ZORKICEMEORINWE % Wi
B, BRICZRAXF =N bNLT-OICHEMD MgO SITHMEIZAFE L TWVWD EE X
55, (Figure 5.20 21R)

12.0

2 10.0

3

g 8.0

£ 6.0

2 4.0

3

S 2.0
0.0

0.0 1.0 2.0 3.0 4.0 5.0

Metal ratio in pellet (at.%)

Figure 5.19: Graph of the correlation between the additive
concentrations in the pellets and that in the films.
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Figure 5.20: Photographs of the evaporation materials after the evaporation.
The pellets in “a” look melted and their color turn dark because TiOz was
changed into T10X(X<2) by electron beam heating. The pellets in “b” have no
melting spot.

a: The additive TiOz, 1mol% in pellets.

b: The additive SnOz2, 1mol% in pellets.

RERBROBREN S, BEX(LOD 2 Ca0, Euz0s, NiO, TiO, ZnO @ 5 L DOHFFE
FH D720 Euz0s. ZnO, NiO #iRIMHWE & L TREL, AFETIEZD 55 Eu0s
KON ZnO 2B L CTEREZIT -7, RN OREIL, EFEROBANE T, M OB
MxEEZ MR THRK2at.%& L7,

Eu203 1% 1 at.% F Tlix, 12T 2N THBELTE, ZnO 2 IRNWE & L2GE 13RI

EEEND, THUIFEEMBIOEE, BIR, BE. BEREHEEZAD I LITL>TH
RT&5&EEZ26N5%, Figure 5.21 I[ZHEELXE X I2AEME 2 AWIcGE 0BT OBRM
B R ORER R Z T,

_:T(mﬁm&ﬁﬁl%otfﬁﬂhkmﬁ% 90 %58 O &% K L, (M) 1% 1400 °C
FREECTHER L 7285 BE 85 %mife DA M, (L) 1XRBEA DIRE %2 & < L TABERIZH
fﬂ%ﬁ@%&wio IZLRLUTHEMRIREZ 1550 CRE L LIEEELTHDLH, 20D 3
FEHOREM B O 9 b TiE, PEEMCEBVWTFHRAMENE W, ZoHEAIX, PHEG,
DBERIRE T D 1400 CTIX MgO XLy NOBENES RVIBEODRETHY, Z0D
RETIIRBEOREITZROND b ODREN G RWTeD . I ORIT2 D72 < BJEI
THLTWDA b0 EEZLND,
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Figure 5.21: Correlation between the concentration of the additive

metal in the pellets and that in the film.

H: Deposition with high density evaporation source, whose relative
density is more than 90%.

M:Deposition with middle density evaporation source, whose
relative density is about 85 %.

L: Deposition with low density evaporation source, whose relative
density is less than 80 %.

ZZTZnO iR & LT, EEDIRE CTREIRE A 1400 C~1500 CRLE & L1727
EM B ERL L R U2 BR ORI O B2 T, Z OZEEM B O A~ DL DR
EEAINC I REICR LS, BWPICESEMEIO MRZH|BTX 5, Lo, [FMUMEZHE
BIEER L CRRIBEE4T ) & Rx T O In BENEH T 5 Z A L, (Figure
5.22Z M) H LWAREME 2 2KD 5 %~10 %BMNT 25 2 L2k > T2 OHKITIZIERLT,
RBRALE L CIIEZ D23, SR A — B —TRET 21T L 0 MRE DD I KA E
DOBEBPMLETH D, 72 BuOs i MgO ITEH L TH ., [RERICAEFEMEI ZER L ZDH
BME %2 ~7=, (Figure 5.23) Euz0s ¥l MgO TITEE N HHARIT /2D | 1 at.% A0 TliEh
2o TCAEMEIFR L0 BIRENEWVEINICH 72, FFIZ MRS 0.3 at.% DXL v MMIflLod
BB L RBIRFHNCAER L 7oy, tDIRE LV LZAEMEIE B E C MROENKE N, Zh
ISy MERPIT E DR TEREM B OMBENED > TLE SO TIE WAL E
R B

Eu2Os BMZEEMEHIBE L T O A IC MROEBNRLSNS, Zn0 O XL H IR E -
FAEE A S 5 DO TIH AL . REREOH] Z 1 N— ZANOREME OB LY, MEIDLE, &
TE—LCLDWNREDEENRRENEEZIOND, ZDD, KERFOKEME DR
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EHEZBRBICERETSZ 6T, EBRTEHETDO MROBEZEL —TIZTHZ Entks L
EZEZ2HN5D, LML, TOEAEHZIXEIZEEMED 250 MR CTHRFIZEung £
TWBHEWVWSTRRETHY , BEEBTHWAIZITHEO T EED S0 EEKL 5D,
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Figure 5.22: Correlation between the concentration of Zn in the
pellets and that in the film.
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Figure 5.23: Correlation between the concentration of Eu
in the pellets and that in the film.
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5.5 =

REETIIARBIE THWZZEEM B OER G EZ R~ T, WIZ, TR E TV DR 5
D MgO & VERL U 72 BEAE i MgO % 785 U TR 21T 70V 5 B 72 i i oo b 2 17
o7c, LT, BERE X A 7D MgO ZZEMELE Lo IR, Wi O MgO Z 7K &ML
U 7o MRS B O B S i < CBBIABIE MRV E WO B R A2 S, ZoRRE LD, K
BFZE T3 2 Bafs i MgO 1%, 2ERME A S TV D3RS MgO & 285 B L L ClRI%RE
FEOMREZAEL TS ZENHLMNI R,

MgO #HEMEIOERTIL 10 OB BRI 2 INWE & L CEREITV, KpTo
By OFBEN B R 2y 5 72 ZnO B L EueOs ZIRMWE & L GEIR L2, & HICH
MESEEMBIOBELZE 252 LI2L 5T, Zn0 ZHINME L LioH6, REBROES
FIZBWT, BB RASMEIR LGP CTRIU MRIZ725 X 5 RSBt OERIC )
L7,

EuwOs #IRIMWE & LT235E 1L, MR PSFEEME L BEO M TRR T 2 fGREDZENRD
B, ETFICERRE CREELELET D5, ZnO IRMAEMEHCBE LT, EHREKE &
HIZHER O Zn OFHFENHD LT 2MELE DY TABLE L TNETZN,
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HerE HEM AL RO ER S G

AREBRTIHRBENMIZ ZnO B LR EwOszHWHZ & & LT,

ZnO [ THIER EIC R < FE LLE L TAFTTE | IEFE TIRENEBRSCHF AR
EOMELE LTHEAZIBOT WS, Zn0 DAY F¥ ¥ v 713 3.3~34eV &, MgO DR
Ry v 7 6~7.8eVDHK 1/2 TH 5 613, MgO OffiE 1-H# D L e 3.3~3.4eV DL

WCARMMMEN SNBSS N D & B2 256 . MgO Oy RX ¥ v 7 ORI PRI A Y
AN SIND Z LD, ZnO IIRFMUALYRTHD | MgO I3AE#EL LTk
DfEREEN RS b 00, BRT 5720 Zn0 O KXy v 7 ZJKIF % BHT MgO %
WINT 2HFZERN 72 STV D 629, MgO ~D K— ¥ 2 7 OHFFED Tl k) ZnO 134

FRIBIZIIR DT, 2HFOREDINTNELDOHTH D 656,

—J7, BuOs 38O F—v o 7H L LTHEASN T E2WE T, A LEoEO
FUEIARIBT LR THDL, 2R T LAOBEYE LTI 2D EuO (/N FF
Y7 :1.1~1.2eV) & 3D Euz03 (NN R¥ ¥ v 7 :4.4eV) ENFMHILTND 679,

ARETIX, FRL7Z MgO @I L CITo e B FOBIER KA 6.1 BXELE 6.2 T
WD, W, XRD Off FIEERE « SRR FHIT 6.2 ([ZR2R T 5,

6.1 DR

6.1.1 EEOH AT

6.1.1.1 ZnO %00 MgO 755 M BE DR & 5 oo kLR o3 At 2R

FBRIZITHE 99.9 %D ZnO My K Z RN & LM L7z, MgO ~D IR E 1L Metal
Ratio (MR ; [Zn/(Zn+Mg) X 100]) T 0.05 at.%. 0.1 at.%. 0.2 at.%. 0.4 at.% . 0.8 at.%
&Y 1.2 at.%& L7z, Table 6.1 1, ZREFHHHIE K QR D BEME (AFM) #IE
WAER LoD 7 7 o — Mzéji%ﬁuf (RBS) 2 X 2 ofE R AT, oHric
LD EERBRT EMBHRTOHITILE 48:52 TH Y . Mg:Zn DRI EM &  ©
FIEE LV,

6.1.1.2  Eu203 i MgO 78 & B D B & RS oD #HL R 43 BT i S

FEBRIZITHEE 99.9% D EuOs 3 RAZ MNP & LT L7z, MgO ~DEINEE 13X 5
B4 MR : [Ew/(Mg+Eu) X 100]T 0.1 at.%. 0.5 at.%, 1.0 at.%M% " 2.0 at.% T >
7o, 1£120.3 at. % B LWV 0.7 at. %% M % 7=, Table 6.2 12, —KETHHHE RO AFM
A L2 RBS MO O R AT, OIC kb L &RIRT L BRBE/RTO
IZ L% 49:51 Th 5, MgiEu O IIAGEMH &L EEF TIL 1.0 % TIIZEELNH O
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D, 0.1~0.5 %EHFDORRED 1.2~2 FFREFE <, 2.0 IR TIEFHIFEF T 1.2 % &K
< 7o T,

Table 6.1: Summary of the prepared evaporation source and the composition
of the thin films for RMS-roughness and y measurement. Metal ratio is
calculated with the following equation: [Zn/(Mg+Zn)x100] (Additive: ZnO)

MR in the Composition of elements (at.%)  Metal ratio

evaporation in the thin
source (at.%) Mg Zn o) films (at.%)

0 47.90 0.00 52.10 0.00

0.05 47.87 0.03 52.10 0.06

0.1 47.11 0.05 52.84 0.11

0.2 48.78 0.11 51.11 0.23

0.4 48.69 0.22 51.09 0.46

0.8 49.00 0.40 50.60 0.81

1.2 48.08 0.58 51.35 1.18

Table 6.2: Summary of the prepared evaporation source and the composition of
the thin films for RMS-roughness and y measurement. Metal ratio is
calculated with the following equation: [Eu/(Mg+Eu)x100] (Additive: Euz0s3)

Metal ratio

4 Composition of elements (at.%) Metal ratio
in the . .
ti in the thin
evaporation Mg Eu o) films (at.%)
source (at.%)
0 48.76 0.00 51.24 0.00
0.10 47.97 0.08 51.95 0.17
0.50 46.00 0.29 53.71 0.63
1.00 47.58 0.54 51.88 1.13
1.98 46.73 0.61 52.65 1.30
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6.1.2  JEORE d

ZnO RN O S PR T R K I R & o 7 BT i B AN AT SE T r A O R s 4k
77 48 X BREr (XRD) @ ATX-G 2V, 6201 T20% 30°0°590°, 47V
v 7R 0.02 °, AEAEHE 2 /4 THIE Lz, XAIFRICITHEE 0.15405 nm @ CuKa ## %
P s R OVERITZE I 50kV, 300 mA & L7z, JIlE L7 XRD A~X7 hL %
Figure 6.1 [Z/”" 9, H£AXT MIZEBWT, E—7O0MFHIEH LB DOD, 260 » 36.9 °,
42.9°, 62.2°, 78.6°1ZF N E i MgO fidt O 1w (111), (200), (220). (222)1Z%f it
LE—7 DHERTE D, — ., WM TH 5 In0 OFEFHE—271%, KFDO MRS 1 at.%
DOEBR T ORI Ko7, 2D . Zn 7THRIX Zn0 & L THIMB L TWAHDOTIERL .
WA Z ) 125 D WDITU/NMSREL RN L 2RIZB L THEEL TV EEZLND,

Eu20s WINEE D XRD 12 X 2 MM o #G dl M o I 8 L 1 K0 T 7 2E B AR IF 22 T i A D
Mac Science fLH MXP3 %z 7=, HIEIXEEFKFAE 20 T30°15H 90°F T, AT v
ffbEZ 0.02 °, EAHE 1 /4 TIT > 72, XHRITIE CuKa itz Fvy, HE S E & OVE R
ZHEI 40 keV, 20 mA & U7, BEBCEEISK T 5 EEEORE Ao T o8 % b7 <
T 5720, WEF TR AL —% 26=0 ° |ZFATIC 60 min'! THEE X W72, 56074
R % Figure 6.2 127”87, A7 hAd 5%, MgO #Esh o (11D, (200)H ., (220) ., (222)
EIZKHET 5 36.9°, 42.9°, 62.2°, 78.6°1C— 7 N T& 5, L L7Aen5H(220)H
O —2713A1DHE, (200)E 2D &5, £/, Eue0s WX EuO OfEf O v — 7 1%
MRN1.2at.%DERETHLHERE Ko7z, 2D, In TEDLE LRI Eut®E
IZHEREFIZ OB CTHFEEL WS EBEX 6D,

R.Kim X° J.Cho b IZIRMPIZ L5 B — 2 OIRAEMA~OFTNEHRE L TWDHH KER
TIEHE =27 DT NITR SN o T 6610, ZFUTIRINREMENTZD EEZE R b D, RIZ
J.Cho 5 MgO |12 CaO W L7-#EED XRD A2 ML % & - T MgO ®(111)if &
(2001 D B — 27 OERED b Loo/ I % FHH L Z OEBIEP OBWIMDIREIZ L > TEL L,
Ca/(Mg+Ca)?’ 0.027 (2.7%) THAKEAZID = L2 HE Lz 610, /-, Jung 5% ZnO
ZUIN L 72 MgO # D XDR A7 ML Z G SCHIZR LTV 5, KIZiE Zn % 0%.,0,5%.
1% & A Lz MgO D XRD A7 M LA/RE 40, (200) (H# 1T 0.5% DR EIZEBV T —FK il
WE—2Z &R LTS, AL, QAIDEO E— 27 [ZHBL L TV 65, iz s, MgO
P OSBRIV N HFET 256 BEICL Y BIEOQO0HE N EET S Z ENME SN
TW5 661213 Z Z TARIFIE TS Lo/l Z3RDO7-, ©— 7 OMEOFLIXEE TITV.
HFEIE R — AT A ARV 7 7T 0 REROWTRD 2, ZnO ¥ MgO #iE XV
Boni-fEResY 70 MR L2 Table 6.3 12~ L., fEH % 277 71k L Figure 6.3 |2
R, TSk B EEREEG O MRS 0.05 at.%~0.4at.% T MgO #E L VW oo/ finn 7358 <
o TWVDEIICHZ DN, TDOEITREL L, 04at.%Lh BIT72 % & kool finn 13/ &<

87



otz Zhid Jung HOFEREHEEL TWD, FIEE TOQ00) D & — 7 HREE % ikt
%L, MgO A a5 < . 0.16 at.%. 1.09 at.% CLAYTI WVt D DO E2IRRYIZ R UL E
DE—I7 PRAELTND, ZHUCH LT EuOs IRINER CTix, F o MR 0.22 at. %2
D EXIT koo FKREL 72D, ZNLLEOEREIZ/RD EHIF/NE L RDMEMBRG
o, E—=20sx/l5E, QDE TIEEFPO MRBPEL 2 5IC0E> ThT M TIEH D
NI 7o TWD, KEHZ(200) Tk, MR 0 at.%, 0.22 at.%lltb~x2% &, ZOftho
BECTEIE—7 NEBETESUT RS> TEBY  EEKE L TAEEAEIZ(200)H O 5
PEREL 72> TV D, Eu IIER DA BT DOFES & hoo/ int DHIERE R % Table 6.4 K&
O Figure 6.4 (2779,

|
I
= llll
z '|
= 1
= [ (@
& | '
= | m
.l (&)
= .
& ]
g 1
y= . c)
(b
(a)
30 40 s 60 70 B0 a0

28 {degree}

Figure 6.1: XRD spectra of the composite films. The peaks at 2 6 of 36.9°,
42.9°, 62.2°, and 78.6° correspond to the (111), (200), (220) and (222) plane
of the Cubic MgO crystal, which are observed at each spectrum. The voltage
applied to the Cu anode was 50 keV, and the current was 300 mA. The
sampling width and the scanning speed were 0.02 deg and 2.00 deg*min!,
respectively. MRs [Zn/(Zn+Mg) X 100 ] of the films are following;

a: 0, b:0.06, c: 0.11, d: 0.23, e: 0.46, {: 0.81, g: 1.18.
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Figure 6.2: XRD spectra of the composite films. The peaks at 26 of 36.9°,
42.9°, 62.2°, and 78.6° correspond to the (111), (200), (220) and (222) plane
of the Cubic MgO crystal, which are observed at each spectrum. The voltage
applied to the Cu anode was 40 kV, and the current was 20mA. The
sampling width and the scanning speed were 0.02 deg and 2.00 deg*min,
respectively. MRs [Eu/(Mg+Eu)x100 ] of the films are following;

a: 0, b: 0.22, ¢t 0.60, d: 0.65, e: 0.78, f: 1.12, g 1.20.

Table 6.3: Summary of the metal ratio of the prepared evaporation source and the thin
films for XRD measurement, and the peak intensity ratio of /loo/fi11, which was
calculated from XRD spectra.

Metal ratio of

. Metal ratio of thin  Peak intensity ratio
evaporation source

films (%) I200/ 11

(%)

0 0.00 1.67
0.05 0.05 1.91
0.1 0.11 1.97
0.2 0.16 1.83
0.4 0.36 1.87
0.8 0.66 1.34
1.2 1.09 1.06
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1.0
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Peak intensity J200/7111

0.0
0.0 0.4 0.8 1.2

Metal ratio[Zn/(Mg+Zn)x100] (at.%)

Figure 6.3: Correlation between the peak intensity ratio of the
oo/ 111 and the metal ratio [Zn/(Mg+ Zn)x100].

Table 6.4: Summary of the metal ratio of the evaporation source prepared and the thin
films for XRD measurement, and the peak intensity ratio of /loo/fi11, which was
calculated from XRD spectra.

Metal ratio of Metal ratio of thin Peak intensity ratio
evaporation source (%) films (%) ool hi11

0 0.00 3.07
0.01 0.22 5.22
0.30 0.60 1.20
0.50 0.65 0.95
0.70 0.78 1.72
1.00 1.12 0.66
1.98 1.20 0.61
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Peak intensity Z200/7111

0.0

0.0 0.5 1.0 1.5
Metal ratio [Eu/(Mg+Eu)x100] (at.%)

Figure 6.4: Correlation between the peak intensity ratio of the /fzo0//111
peak and the metal ratio [Eu/(Mg+Eu)x.100].

6.1.3 FMBIE

JR- D B8R (AFM) 2 W72 HEIC L W R 7= R XM S (RMS ML &) % Tables
6.5 }2 T} 6.6 I ONZ Figures 6.5 X TN 6.6 12779, ZnO RN CTiX = o MRS 0.1 at.%
N5 0.46 at.%DFIFH T RMS HLE W K& < e o 7o, Z OREFPHIZICITIT 72 Loo/linn D
=7 R REVRE SR —HL TWD, —J, Eu20s iANEKE TiX, MgO /KD RMS
N —FREL, KT D EwOs IREN R 221296 > T RMS L& 0FfEIT/NE< 72>
Tn5,
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Table 6.5: Composition of the thin films Table 6.6: Composition of the thin films

for RMS-roughness and y measurement. for RMS-roughness and y
The metal ratio is calculated with the measurement. The metal ratio 1is
following equation: calculated with the following equation:
[Zn/(Mg+Zn)x100] (Additive: ZnO) [Ew/(Mg+Euwx100] (Additive: Euz0s)
?ﬁet:}:e r;filz RMS-roughness livrie:}i I;itllr(: RMS-roughness
films (at.%) (nm) films (at.%) (nm)
0.00 3.130 0.00 3.430
0.06 3.120 0.17 3.254
0.11 3.330 0.63 3.139
0.23 3.400 1.13 2.312
0.46 3.420 1.38 2.189
0.81 3.010
1.18 2.830
3.6 ‘ ‘
g
£ |
2] B
332 ¢ | |
a
e |
eT1)
> | |
o 2.8
2 |
=
m 2 4 A l A l A
0 0.4 0.8 1.2

Metal ratio [Zn/(Mg+Zn)x100] (at.%)

Figure 6.5: Correlation between the RMS-roughness and the metal ratio
[Zn/(Zn+Mg)x100]. The range of the metal ratio is from 0% to 0.46%, in
which the RMS-roughness increases with the increase in the metal ratio.
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RMS-roughness (nm)

0.0 0.4 0.8 1.2 1.6

Metal ratio [Ew/(Mg+Eu)x100] (at.%)

Figure 6.6: Correlation between the RMS-roughness and the metal
ratio [Eu/(Eu+Mg)x100]. The RMS-roughness decreases with the
increase in the metal ratio.

Wz, EEEFHME (SEM) Z MW THERORE O L BIEE Lz, MgO fidhida
RIS AZ L Ch Y, MgO MO FK E %42 SEM THIZT 5 L £E O EITEEICAE-T-
FlgiaRio, ikt LTEEMEBIZ AW TER L7-#EICE L s s Tnbd SEM
FEZRDL L, BEREIZERR L AR TMIEEZ L TR0 OREZ N 6619, JBEW)E
Bt -2 L CRVOIERRINMYMOEETHL ZENBLZONHDT, fERL
7o HEIZBE LT SEM 2 W TBIZR L7, AAFZE O A U 7o ik m i iy 2 o3,
TRTORETHMmN —AMETH L Z L 2R LT,

EHIZ, FmORE ZOREKRERRDLT-DICOMgO, @QMR: (0.23 at.%) . @ MR:(0.80
at.%)d SEM A A — T & IV, Z 1 E D B Tl 282N AR 72 /6 i &2 100 2 OVR — J7 A o
BRIRZ FHRl L CTE O &2 R 72, HBRIETO(22.4 nm)>@(20.1 nm)=@)(20.5 nm) &
WORERE e oTe, ZO/RENDL, MRS 0.2 at.%~0.4 at%yTid T RMS OfEN K& < 72
ST-DIFFERPIENRRKRELS ol tEZE 2615, AFM JETHLNTZT —Z & HWv
T 2D Power Spectral Density (2D-PSD)/3#T 247\, MK O J& Mk & iz, Ko
Ze M) e id et 2 2 3 2D-PSD HiifR O E XFR L TH Y . R D H 20D O/ — |2 iHE
WA D LB bID, o, HED XK FEIC2 D XEE L | KEICRTZBEDOY
HOME & OFICH KEREITR ST, 2D-PDS 94 Tk ¥ v FVBICEIT R b -
72, (Figure 6.7 2#)
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Figure 6.7: (a,b,c) SEM images,(d,e,f) AFM images and (g,h,i) 2D-PSD analysis
results of the Mgi-xZnxO films. (a,d,g):ME=0, (b,e,h):ME=0.23, (c,f,i): MR =0.81

Eu203 IRMER OBEE TIX, IREMOLKREZ RS T 572 OIZEE %2 600 nm & L7t
I NnEMGWE, OMR: 0.15 at.%, @MR: 0.67 at.%, @MR: 0.82, @®MR: 1.16 at.% D
SEM A A—V %A, B TESINHRLZE ZABRBOKRE S 130=0>0=0 & \»
IMER L TR o T, Fl O TIRIER) 100 nm O FE2 FH W T PSD o4 247V, IR 1 o J&
Wik & W7, #2228 it &2 £ 2D-PSD O = 1%, ZnO ¥R MgO s & 7 U
KEHDHINRY O/RE = TEVRZ2NE O EEbh s, LavL, &2 XK
72 % X JERE L RFAZ I o T2 B2 D Y Sl OB IXZE D WL B AV, MR D3/ S W GERE D J5 535G dibkr
FRHWEBEZ NS, Zhid SEM O@IE Ll —H L T, (Figure 6.7 )
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Figure 6.8: SEM images of the MgO-Eu203 composite films; a:MFK=0,
b:ME=0.15, c:MR=0.83 and d:MKE=1.16. The thickness of the films is 600 nm.
The sizes of crystalline on a and b are larger than those of ¢ and d.

:-_F‘_'T- MR: 0.00

i
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T
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lapl 1wl
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-1 i e

-13 -2 -ES -1 15 B k] -2 -E3
Boglk 1) [ Loglhifknom| i

Figure 6.9: Graphs of the 2D-PSD spectra of the MgO-Eu203 composite films
on silicon substrate. The film thickness is about 100 nm.
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Guo BHlE. hoo/hinn ODWEIMNY) OPRET X HZEALITBLR D MgO HIHEE L 72 Boc F#E A
MgO fifm O HH T RN X —2 2L S LIk LTWD, T4 5 2 ER
U7-ddREcB U, #Fm(111) £ 0 A& FH QO0)ITFEMmMA R E WV EHE LT 5D 615, Ll |
DL XV, ZnO WINFHER TITEE N MRE0.2 at.%~0.4 at% D#iFHIZ BT, MgO #& 5
DHMBERLF—OEO T DI HEERE I3 L TR HE(200) ZFROMEMAIEZ D, £
DOFER, FERRENPRKELS RV REMSEZHMRLIEEEZ LN D, EuOs IRINER CIX
MR:0.22 at.% D & Z\Z koo / Lt 1 EMKAEZ L5 25, MR:0.22 at.% RMS H <X MRE:0 O
L Ebbholz, LML MRM 0.6 at.% L K& <725 &, RMS H S OHAE D/
X< 7%, SEM A A=Y TH MR 0.6 at. %Ll E TR+ NS 25280,
RMS ML & OZAITFE BB ML 2o T2 2 ERFRZ LB Z BN D,

L LRl D, RE—TREZBZ 5 EHW bo/hn SEHHIN/NS L 2D D00ER
HTh s,

6.1.4 KRBT HFE

WIZ, WINIRE MR & 9, 2B L TRIER R 2R ~<5, MR &y, OBfR%E 77 74k L T
Figure 6.10 (252 L7z, », IEISIEA A o EBE _REFHERK 2 52 H L, INdEE~E 75V
T Ne ™ Z RIS U7, BEENCIRIN OREE . M 9,2 & 2 & Zn KDY 0.23 at.%
DL N y R EZRT B Z R LT, BERGELEOREIC AW EEEE O MR L RIlE
fi % Table 6.7 & Figure 6.11 (239, EMGBELEOREIZBNTS, BEH O MR )®
0.23 at. %fEE D & T IZHMAERGEL (V7). MEMFELE (V) IR BEWVEZRL
oo ZOZ LT, ZORETy DEOLENSTZZEERLTEY ., 9 IE DO A2 BT
H5HDTH D,

JERIGEE & MR EE D AN KR E T X, PDP 2B S ¥ 2561, MET & Th
WELANKET DLV BKEO RN DL 25D T, MEDOEITIRE NI ENE
FNDH, BHOIX, MERBERE L MEMERFELEOEZEL AT —~v—V UV EERDIT, £
DOFHM & LT AE Y —fF2E(Memory Coefficient: MO)ZEH AN L7-, MC 3%k 6.1 12 LYK
55 616,

MC=(Vr — VI(Vr/2) (6.1)

MC ZT7T 4 AT VAT OENLVDKEZHET HEOMERBORS, S 2R L TWD, MC
FEREOBEEMOEMNPRKEWVIZEREL R D7D, HEREOFEWEIZERE R HH
MRdH 5, REVOKERBELEDOHEIZBN T, VeRNMRWEZ RTHE THiaEENS
HIETIE VX TRLT, #oT MCH/NESL R0 RFERE UCTHEH LEVWER S 05 F
BIRHAE S TR TN D 616 ZnO FRIVERE Tl MR 73 0.23 at. %1 © MC H k%R L
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oo TOZE XD MR 0.23 at.%ftir D ZnO FINER CII@EZIEN R T\ 5 £ &
TRV,

Eu03 iMERIZEA L T, MR & y, & OBfR% 7 Z 7{t L T Figure 6.12 [ZFE L7,
PN T A A HE ZRENER 1 528 L, IEEE 500V C Ar' 2 @B ST L
Too RSN ORI, itz y, 2 L 2L, EuiBEN 0.22 at.% D & 2y, MK E2RT
B & s Lic, WIS, BB AR E O M E I W 7o SRR O IR N R JE & I E HE 3 %
Table 6.8 & Figure 6.13 (2777, EueOs IRNIERIL ZnO IINERL & B2 | Vek Vik ®
FEFEBET/HIE W, RO EuBEN 0.22 at.%D & Sk HEW ViEzRrL, MCY 0.22
at. % TR & 7e o 7228, MC OEIE ZnO FAEBIC i3 5 L/ & < 2RIIZ ZnO
WIBEIZ R IERNE N LB DD,

0.24

0.21

08— — — — — — — — — —

0.15 : :
0.0 0.5 1.0 1.5

Metal ratiolZn/(Mg+Zn)x100] (at.%)

Secondary electron emission
coefficient (y7)

Figure 6.10: Correlation between the secondary electron
emission coefficient and the metal ratio.
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Table 6.7: Summary of the metal ratio of the thin films which were used
for breakdown voltage measurement, and the result. (Additive : ZnO)

%10

Metal ratio of Firing Sustain
thin films (%) Voltage ; Vr Voltage ;Vs mc gamma
(\%) \%]
0.00 202.9 188.3 0.14 0.05
0.07 188.7 164.5 0.26 0.07
0.12 178.4 158.3 0.23 0.08
0.23 177.8 153.6 0.27 0.08
0.24 179.2 152.4 0.30 0.08
0.32 191.7 171.5 0.21 0.06
0.43 200.3 181.3 0.19 0.05
0.85 207.5 187.3 0.20 0.05
0.96 208.8 186.1 0.22 0.05
1.28 206.2 199.3 0.07 0.05
220 1.0
S ]
~ 0.8 45
()
& 8
|§ 1 0.6 55
o o
> o
>
g 104 &
“ g
~ Q
2 102 =
a .
B [ J
100 1 1 1 1 1 O O
0.00 0.50 1.00 1.50

Metal ratio [Zn/(Mg+Zn)x100]

Figure 6.11: Discharge voltage, y and the memory coefficient of MgO-ZnO
composite film. Compared with the pure MgO, the firing voltage and sustain
voltage are lower and MC'is higher when the metal ratio is 0.10-0.25%. The error
bar shows SD.
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Figure 6.12: Correlation between the secondary electron
emission coefficient and the metal ratio
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Figure 6.13: Discharge voltage, y and the memory coefficient of the
MgO-Eu203 composite film. Compared with the pure MgO, the firing voltage
and sustain voltage are the lowest at 0.22 at.% of the metal ratio. The error
bar shows SD.
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Table 6.8: Summary of the metal ratio of the thin films which were used
for the breakdown voltage measurement, and the result. (Additive:

Euz20s)
Metal ratio of Firing Sustain
thin films (%) Voltage ; Vr Voltage ;Vs McC gamma
) \%)

0.00 202.9 188.3 0.14 0.05
0.22 178.6 162.0 0.19 0.08
0.60 215.7 209.0 0.06 0.04
0.65 213.6 207.2 0.06 0.04
0.78 245.4 233.6 0.10 0.02
1.12 209.7 200.8 0.08 0.04
1.20 217.4 210.5 0.06 0.04

6.1.5 HY—FLIxvELAHE

A Zn WS D CLAIE 24TV, R o K, AR 2 5 L7z, CLHIE T
IO EDLEFICLY =7 OMIBAEKD, ZDD, HENL DR TIHRNWEE
A HALDH R 226 nm, 228 nm D 2 O DOVEEL K T TRD, T ik I
MIERHEEZHE N L C2/BEOT —Z D 51T 572, Table 6.9 (2 2 HOFEEBEZ R L,
IE% D AT h L% Figure 6.14 |Z7~57, Figure 6.14 #7125 &, 300 nm~500 nm 2K
XRvE—Is AR5, FLTZEOE—21X MR 0.07 at.%~0.2 at.%D & T KX <,
MR BZnL EicEm< e n LA L MgO KD AT b X b55< 725, L L2RR
b, ZNTHIEF-EV L L= L LTHEL TS, HBHNTLAXRT bAEHEITE—
7 D4y a A T-, F center. F* center ORI T 2 Tk & K2 3 DDA 7 v 7 44
Tt =72 fEL, HELLE =27 0P LEEAHDRDTZTBH S ER2VWE ST LAR
MNHET 4T 4T EIToT2, —#Hl% Figure 6.15 [Z/"9, MR 0.12 at.%. 1.28 at.%
DA L TEHER 370 nm~380 nm ULV E — 7 B3d 5, Z OFFiLDFLIT
MgO ETHAVTHEE F+ center IZERT 2R LEBEZX N0, BN TH S ZnO O¥
b 37Tnm Th D Z &b MOREIZHE IR HTW 2 DIE Zn0 OFLICER LT
DD TIEIRNINE B Z D 617,
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Table 6.9: Correction factor of the CL spectral intensity of the MgO-ZnO composite.

MR(at.%) 0 0.07 0.12 0.23 0.24 0.32 0.85 0.96 1.28
Average of | soga77 | 401905 | 230324 | 1412656 | 666974 | 929563 | 830618 | 973544 | 528109
intensity
g°"e°t’°“ 1.000 | 0.640 | 0.367 2.248 | 2.398 | 1.479 | 1.322| 1.549 0.84
actor
200,000
~ —MR:0.00
2 150.000 MR:0.07 |
=) ’ —MR:0.12
..g —MR:0.23
<
— 100,000 —MR:0.24 -~
by MR:0.32
/)]
= —MR:0.85
8 50,000 -
= — MR:0.96
i
MR:1.28
0 | ) |
200 300 400 500 600 700 800
Wave length (nm)
Figure 6.14: CL spectra of the MgO-ZnO composite thin film. The
film thickness is 300 nm to 350 nm.
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B \
£ 100,000 "\~ —— — —CL supectram | 100,000 j N — ClLsupectram
B ~ —Sumofpeaks | 80.000 N Sum of peaks
< 80,000 —4.03eV ’ ‘ ——4.00eV
i 60,000 —— — —3.35eV . 60,000 \ T T —380eV
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£ 20,000 — — — — | 20,000 k N B
0 1 L 1 L 0 'l n 1
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Figure 6.15: Peak analyses of the CL spectrum of the MgO thin film on the Si
(100) wafer. The spectrum is divided into (a) three peaks and (b) four peaks.

AT, TAARICHRE 2 4 IE L 72 EuOs IR CL OWEFE R % Figure 6.16 (277,
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EueOs BN ENE TlE ZnO BMERE TR L7270 > 72K 600 nm~650 nm D2 Y ([ZF
DE—I PR IS, ZOE—271F Eur® d #LE» S f HuE~OBEBIZL-TEZ
6.18,19)
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Figure 6.16: CL spectra of the MgO-Eu203 composite thin film. The film
thickness is 300 nm to 350 nm.

MgO D B 3 K12 > TG . H.Rosenblatt & 1% 530 nm D% 1% F center H1 3K,
390nm /% F+ center H & L T\ 5% 620, Min-Soo Ko 1% 348nm, 388nm, 442nm D%
HIEF XA T RMBICEDELTND 622, LinL, {ToE—27 O REERL L. 4
[ OB E T SN RO EMO E— 27 OFi L 300 nm~310 nm fiZH Y | Fre v
A —HRETHITITBENT TN D, LLARRL, KRERO PRERE L THEITL TT
STZEBETHREY 315 nm (ICHLEFFOE— 7 OFENFED 55, (Figure 6.17 2 H#)
—J%. R.Hacquart 5, AE—27EIC XV ER L7 MgO fEdh (100) #HIZBI LT, bt
Liezy U% A FRORET IR - BB X LX—% 7+ MV IRy B RWE THH

102



L7ofES. 4C (FfD) EFROFBEOKR L =R F—DEmnd DL 3.82eV~3.86eV TH
D, 3C OFERFEXRMIZEDFEIEE—21X3.6eVICdHD, SCEMDELIRDF /AL 2.7 eV
~3.2eVIZbHV, 3.2eVOE—27134C 15 3C~DERBIZCELD2HB A LH D, [FEDOFR
A& CL THBHITE D LT, ARIOERTHLE L —7 1L 21F74C LYV DH
DEBEZLND, £723.0eV, 2.65eV X OH EOWHFIZLDbEDELTEY, 2.8eV
fHEC e — 7 O EFFO5 6T OH ks L7z 3C &IH D Alfetk & & E T & 720 629,
it in OB B O X %2 Figure 6.18 2787,

Intensity (arb units)

250 300 350 400 450 500 550 600 650
Wave length (nm)

Figure 6.17: CL spectra of the MgO-ZnO composite thin film. The film
thickness is 320 nm - 350 nm.
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Figure 6.18: Schematic drawing of coordinates in crystalline structure.
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