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1. 1 HEDIER

SHOZFEREZR2RIZERIEERTFT LT, FHRizEHA M
BVEHEOTC. IMicHRILITObha2L2rEARBEROHEEKG
BEHIBOTEEREZRTCH . HHEEZELAABEEHL TITbA
4. e AR RT DO BT Y Yy -4 E =T
A 2ELTDETREE (display device) W BERARTH B,
k. ETEBLLIEXHESLCRTYPAHAVWS A TERL, UL LIEE.
ML, BEMHE. Hix VX —{kFE2EHE LU TEKILI X
TEBOHREPITDODh B ISz 2,

ETEBRIAERESAHAREALCIVDERIASGBALRA. BHE.
FHRERELIHPABXOHBAITIDRRIABHA L ITAH I
N, MEXHEKXE X (enissive display) X IZREE E £ R (active
display)., # ¥ (X R ¥ X /R (non-enissive display) X X X & JE %
7~ (passive display) t W hb.,. ZhFhRXREITHAELREER
Table 1-1 TR T,

HAELZSB.,. CRTR2AEBEITAHAEXIREBEBEIHRL TV L, 20
HMOEXETEBIWTAhE—E—EIEBH. 20HIZHE->T. TV
shaVIxytwvy b (EL) F427VA4AEEXTmESEIL.
Lhrd., GEGE{R. XESEMHUAETCRHRERELEN LA S
ZETHRIWEAEPITDh T BRI,

ELF4 27 VADEHRIE. ZnSXIWEZnSerFHEELULMN
ERNXPLOELIE_ERBEEOEERXZFER OV OHM 4
. M580nmIE-— V2K ->ERBORAPH 100 LM
ErrlL. ZTAAHRZEELARINTE R, 22T, K—-F T NV23
VEa- S OHmERSFICHEERALLIAhTOVWA, Elz. 20EAD 2
VES2ZrEH-zE/ 70 - FLEOREBITDODAT VSRS, 5



Table 1-1 Typical display devices.

Active
—— Display
Display
Devices —
Passive
L Display

— CRT(Cathode Ray Tube)

PDP(Plasma Display Panel)

ELD(Electroluminescent
Display)

VFD(Vacuum Fluorescent
Display)

LED(Light Emitting Diode)

LCD(Liquid Crystal Display)

ECD(Electrochromic Display)

EPID(Electrophoteric Imasge
Display)
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v R AN

—FH. 103 CERHAEXUEZFERFTICIBICTIXTHRER
EHMTBLERAEBBLNBIEHT7 T A DG Destriaulz & » T
ERI O, ChHAPTHEELOBIDPERTCE->T. CORE%K
(XElectroluminescence (EL) &c¢®H&BI hiz, FEERE L TIWEH#
BHMAHOWLhIZ, o, ERELTWE REDLI R EHER Y
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Tbhbh, HEZE->TWVE. RETW. Zn S  MnEBEZHWE
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DEHEHAMITHEBH AR -FAEPITODATED., 208 EE
LEBWTH., FEEABIULLPEMIAPESRERTHK (Hl X .



T /X FN kv u—-2, HFEEXEHV20) OHEb B -T. H
B> TWEERAWVEERZRHBZIDODLDOHB BB I3, 41
FHAZEAITDODhTW5S,

1. 3 HMIEXDEW

ZnSEFHETHEREEMBELTODIT —VIkILE& D BEH Xk
B, Urb, EFHEMRICKEZHEN (CL) SEIIRFH#EIZ
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hTWb, FHiZ. §HDcolor CRT HOF & XX FEFH ) HE K
EEhEhAsXWECufMBFEHMELEZNF -T2 xT ¥ - R7
(D—ART) EXHFLEFEITHZn SHENKTS 5,

Chiz LT, ELRBOWTRHETCERLZES. 19365
WEIBPHETOELREZORER. 1947TE0EHBEHBDHEH.
1974 EXBIAEEE. EFROBERELORZEET. Zn
S MnBEELAXNVIBY BECH EZETFTmENBAhTLS
CELHBILGEARPIBETEEOREEDOHEND EHMHEE - T,
ZnSXZnSeDBEEMdisplay deviceD B M FE & LU THEH X
hBXITR8->2 ULAL. ZnS :MnblATIEZCLRPLIZTSH
JABNIEEREXABHEZELIIBOVTRERELTOWAEEZEOVE L,

ZOBEBELIE. BEMFEBEC. ZRXFPDL. BITD—ART
EAXPLOERIPERECTCEFSH L2 [ ZnSHZnSeldfd v
et i, EMOBCHEIEMNEALT. CHEOHE DK
BmftrRETHN2 | FAERYCERLZ L., #E->THR
CERELEXIEBEREMIZE A2, FOXKEEBEEEDBELT S
CEERBIT LN B

AL DREEBERTHBIZDICWE.,. Zn SEFEOEEME. M.
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THERAEMXB LR ESTELEFEHEDIDOEELITMSE
REEERNBEERBEE2HLI AT EILETD B,

FAZATVANRNZINVDINAT—{LIZZ2DERIBELHRIE T N
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FCTHBRAETFAMBORRO OO EBRBPEAERITS & & H
KARDOE_OEWNTHID., 202D IcHEEMEHBOLE D2 BRE
D7V EAXEBD -—ARTEFEBENXZn SEEOERH Z T 0.,
FREGELEBEEOESENRCERTBOCRRPLEXER OB EZE 2 AE
UCEBELEFEROUEMRERT T 5,

FRDZnS i MnEESD—-—AXRTERXDARLT I RTOD
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FIBEREOBESKERENETCH S, BERBEEERELBEL AR
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ZnSRYSENERALEEEEOEE. ZHTH3. 6eV. A
FRINVVBEEEOEA. 3., TeVin3 ks nssHngs
Boo. ChIEEENMHE MY TR, 2 CHEMNDREEN 28
AT B L k- TH AN EBEEORKE BB LA TED L,
H. ARETCOYEO X WHKEMB E LB AL HOAIT X
e ELEERRXEBLEF v YU THABECAMIABA. Zn S
DAN I REREANEEABELEFORB Iz > T3, 18
THALEIRAAVREARIB ., 20D EZARO S ED E
BB RE TS D, CORDZnSANIERERAN-ZEARE
LEXEZEFOLRBRERALRIAT LLEAS TR 0.

KAXTWE. BERKCHBZnSKHEBEBEREEML TR S ¢ 5
ERRA T EER AR TFON R MY A AR NAEORE 2B~
bDTHH. RABELTZn SEXKBEEENES>EE L. A
T, ETEAKITET A BEL RN, ROT. EREXKELZ
FOBEEBA B,

2. 2 FEXEKO-—KRHME

MEEIHEIRNVF-2RBRNTEE, BEERBICS > 2B FI3H
BRBLEZLEIHSNE, COBRTFHFPBOEERBLEEADIZIZ_>0DiB
BHAE5,. —DUEBHBEABRETC, HEBNLEERNOT XL
F-ZRMHEILAIRNVF -2 ROXTFERETABRTE S, &
DEBRICEIDEXLZRIVEYHAEARTCE S, HO—DEXHFRKE
MABRET, BB EODETIZANF-E2RBELCEERBIIRE 28
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Fig.2-1 Schematic splitting of states of the d°

configuration in a crystal field of cubic

symmetry.
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Fig.2-2 Schematic illustration of the charge

compensation and the corresponding 1luminescence

center in a ZnS crystal.
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Fig.2-3 Mechanisms of high-field EL. (a):impact
ionization,(b):impact excitation and (c):energy

transfer.
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BT HIERXEAMBEERLTWVWS, Chit. D (a) oBR<T
D—AXRTHBREARE VHEIN LI XINVF -2 RHKXPLOIEET
HBLLEREINARDEFENMEIABETCHEH. BlXWY. Zn S :
Cu, Mn, AL DIHFA. AL —CudD—AXRT7TEHEAIZL B
FNVF - (BRERXCTHETS) AMnEXFLOIERZIHh. Mn
DERBDORXABLINE. COHE. AL —CuR7HLOITH
FLEHRIIhEILELB S,

2.5 ELEXEZETOHEE

BRAAKXEE LW Table 2-1 RRT XS REABMBOEBOIT XD
MAHAURZHOEZIBREELLAEZRAOVEZEBEEL DS
hd. . BHEFETHHIHLRARY (AC) BELEKEH
(DC) EMB B, Table 2-2 W2 hFhODELIETHEREN
BROMBUASTTRXEBERT,
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Table 2-1 Classification of high-field EL

devices.
POWDER EL
[ (INORGANIC
BINDER)
— POWDER EL —
AC-EL
| POWDER EL
(ORGANIC
—] BINDER) DC - EL
— AC - EL
| THIN FILM
EL

— DC - EL



Table 2-2 Luminescent materials and emission colors
in high-field EL devices.

EL Luminescent materials colors
1)
Powder ZnS:Cu, X Blue-Green
ACEL ZnS:Cu, Mn, X Yellow-0Orange
ZnS: :Ag, Cu, C1l Blue
Powder ZnS:Cu, Mn, X Yellow-Orange
DCEL CaS:Ce Green
SrsS:Ce Blue-Green
ZnsS :Mn Yellow-Orange
ZnSe:!:Mn Yellow-Orange
ZnS :ThbkF, Green
ZnS ! ErkF; Green
ZnS I NdF, Orange
ZnS . TmkF, Blue
Thin Film ZnS I PrkF, White
ACEL ZnS:.:SmkF, Orange-Red
ZnS :DyF, Yellow
ZnS ::HokF, Green
CaS::Eu Red
CaS:Ce Green
SrS:Ce Blue-Green
ZnF :Mn Blue-Green
CaF :Mn Blue-Green
Au/ZnSe:Mn/GaAs Yellow-0Orange
Thin Film ITO/ZnS:Mn/ZnSe/Al Yellow-Orange
DCEL ITO/ZnSe/ZnS:ThF;3 /Al Green
ITO/ZnS:Mn/p-n*Si Yellow-Orange
Cd2Sn04/ZnS:Mn/a-Si:H/Al Yellow-Orange

1) X : Coactivator (Al,Halogen))




2. 5. 1 S#HWEEL
PTHEELEFOEABEEF ig. 2—4Rd. L. HK
UBKE2BERPRLBILLLDERENXBLEL., 2hE—FHE
HTCBL22HOBBTRIAL., — BOFTTEEREODI YT V¥ T
BN, CARRXKBREZHAMULTCEHERBAL AN ER D E T F
KNDOEDTED, COELRFREIHEKXABKREIHILCHEBRHKD
BRETEI-TELIRELEHIMELETDIS IS, BEIYE
XFBEULIPEREMBMOBET. Blxdx-—u-RERs 5, EHESH
HEIETIFHBER2FERICHOLEZEAT., Y7 /12 FNV &0
—ARENZDOHTHE S, HETIWE. BEBEXTCcHOMIARE T
BHIELLH, ERIUEVEIHETH B,
PTHEELTREBHRIEE. HuohsHXAABHOC u
TOBHLBDORESINBILETHES (CLRXPLOEBEAICKRTH 1K
BHIEMTZ) . COBHIRZn SHERANFOHEMB DR SR
FWCux S(I=Ex=2) LLTHHEL. Zn St IzMottE
X i&SchottkyE DEAEER T 5. BEREICBEELZHEIMLEZ & 5.
CHDEAMBREEROEFPEIND,. Fig., 2—3D (a) lzFx
LI:BRECEXFLOMENITDODAh B 1415,
THEELZEFUEAROEROGEVWVERMOLDATRICE T X,
HEBNANIOWILEODEEERERE -T LA, LAL. BELHEL
HMBEEZ2HBEETAHI L. B - RAEVPEXURFROBEH I
BERAABOOSNIZHBOITCULA2ITDhIZVDT, BBaIWHT »HE
BRBBEVN->EFL S 5.,
THEELIEZEOVTSE I —DFEERI LiX. Table 2-2 TR X h
TVBEIT,. BERXDABREBLHZILAPHETSIHILTH B,
Chi. CuzBRITEMLILEEE. BEDEXMNIENV LB
EEB. AgR2fBHALETBHIEIREIDFRBDOREINFT LU » R
ShARRWIEECLRPLEZEDELSAAATWVWBISITREL:IL
Bohlzn, COBFERELTWE. AgsefmLIzH4. NFHIZE
ROMBECAERABRONHBELERIM BV EHNEXL AT
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Fig.2-4 Schematic diagram of a powder EL device.
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ORI, CudHaefEHMELEZLEEDZARI2 MIVERLIZ,
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XFPFOLOHELESTLAEEROHRERIE. ZnS :Cu, CLOD
BALEHRIZ. CuBECux STHHEEIXILN B,

ZnS :Ag, Cu, CLEHWIrHEBGELOEEIZRGHRY
100umT,. 1kHz,. 400VOoEREZ2HMULEEE., K2
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2. 5. 2 W®HEEL

Table 2-1 TR U &S, BEELIZWXXHERH®SHE (ACEL)
CEHREB#HE (DCEL) L4354, SH. EHOBEWCS 50
WACELT&->T. DCELURRHREBREI:S., BEACEL
(LT, CtbhboguwbEn, BEELLBMTS) EFOEKEE
ZFig. 2-—0RTRT, CORTFHEIRXBHEBEIIL-T
VYU EF Ay FIAT0WEIERSH, —RIZ, —_ER#BEELZEF L
BEhTwsd, BXBUESI<OBA. ZnSEETH Y. /ML
CNETDEZIABAEMNRIIEILNF: T, $E->7T. E¥FDWE
REETE S, BRBBRIXXETFOREBHEEE. ZnSKEBICT
MEFTIX108 V/ cnbdbtomBRE2XERAMTCESL &S
W bHlzhiTHOANE, BBEELTIWEY:2 Os . Sis Nas.
Taz Os . Sme O3 REXPHAWHINE, BB, #BREOWT
hHREBE, KO FEHEL TR, B MBE., EFLr-L28E5
NWEZANy ) VT BREECHRETE A, (EFBRAMOHE D TE
HMOBERCSPFTOHBOLBEI»H, BFE-LBBFEX L2 A
VI VY TEFPEILSBHBOLNSE, BRAEBROCEBROERE I Zh F
hO. O0~1umRBUTO. 3umilifTd 5,
BEELEFOBA. ZnSEXBLEBBLOBMORTE#EMN Y
EZnSOLF vy 7HNDBEFAHABRICE-THEAFIEEAI A,
MEINTHKy bIVZbureEizn, Fig., 2—30 (b) iz
R hHEEEHEEHEBEBIL > TEXTDLAMEIATRXT S,
BEELEFORXBMEIZnSEABOEBEF T HRIIKTET
520 RIIHBOWHELEXADRBRBEROEFEEE. BXHB 00
BE. ZnSEXBOEETH 5,
REROEREBEECIBHEXABEOEIZoWTIE., k. Zn
SEEOREROERBECL ATV ELRERAERCYE 25X
BEEXONTELZY ., ERBEIZIBAZn SEEELZEFOESR
BTOEAAZODVWTOFLOARRERBEEC L AHETILOBRD
BREFZODOVTRE-RSHAFTIA TR Lo, KBARIZB LT
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Fig.2-6 Schematic diagram of a double dielectric

thin film EL device.



EOETFTERAREBATAHIE. 140CHECRBIBIE—ET. 20
RERX, BRBZnS _ MnOEMBEELBZERCMETEDZ &N
ESROBERINADTHLLIZ Rz, o7, EEBEDE
PRESZHEABEDETIEIMN2EBEORA LT ESEX N
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EhEE,. BEXNUIFBERKXTAELZEFHAERI AR T AT
bW, SH. AT -(kEEBHITHLDI. BRIZRNKTHLELE
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ITHhh TW5BM, EHIEIhBETCIIErBE2ET L EE b A
%o
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LnFs 2P OELREFICHIAHARNTheH 525 , &
BRROFEDRERAFLELTZNhFNhTnFs . TbFs B Sm
FsAALWHATOLS, UL, ChHDLnFs 2ALEEAL.
ZODHESAB B, — DR EXBETE B, Fig, 2—T7TWqd
KD (| FHAEATIE. ZnS:TbF; OREHAELEHD LA,
ZhTHZnS :MnOBEEIZHERT ]I ~2HE L., B HEE N
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CHODEBEBERTBLDDEHED—DWED—ART &R} F
DETRIETED, BlXE. FBIBAE X7, B&ITIC u—
XRX7 (X KFFFHY) TE55, D-ARTERXSBDLEST B
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Fig 32 RHEED patterns of ZnS:Mn films
evaporated onto (A) YZOB/ITO and (B) quartz glass.
Substrate temperature : (a) 220°C, (b) 200°C, (c¢)

180°C, (d) 140°C, (e) 60°C and (f) RT.
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Fig.3-6 X-ray diffraction peaks from (111),(220)

and (311) of ZnS:Mn films evaporated onto quartz

glass at substrate temperatures of (a) 200°c, (b)

140°C, (c) 60°C and (d) room temperature.
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Fig.3-8 SEM photographs of ZnS:Mn films
evaporated onto quartz glass at substrate

temperatures of (a) 200°C, (b) 140°C and (c) 60°C.
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Fig.3-9 ESR spectra of ZnS:Mn films evaporated

onto quartz glass observed at room temperature.
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(1) 600°C, (2) 650°C, (3) 700°C and (4) 750°C.
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Fig.4-7 Scanning electron micrographs and RHEED

patterns of ZnS films activated by the activation

I1 (TAg=750°C). Embedding temperature : (a) as-

deposited, (b) 600°C, (c) 650°C, (d) 700°C and (e)

750°C.
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Table 5-1

Lattice constants and coefficients of

linear expansion of zincblende ZnS and Si.

Lattice Misfit Coefficient of
constant | for ZnS linear expansion
CA) | (%) (1078K"1)
B—7ZnS | 5.4093 — 6.5-8.95
S i 5.4309 0. 40 4.2
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Fig.5-1 Schematic illustration of the vacuum

evaporation of ZnS on Si(11l1l) substrates.
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Table 5-2 Conditions of XPS measurement.

X-RAY SOURCE Mg Kawo, 15kV,10nA
PRESSURE 5x10"'°Torr
ENERGY RESOLUTION 1.21eV(FWHM of Ag3d5/2)

ANGLE BETWEEN THE OPTICAL
AXIS OF ANALYZER AND NORMAL | 4%°
OF A SAMPLE SURFACE

ION ETCHING
GAS Ar
BEAM VOLTAGE 2kV
BEAM CURRENT 0.7 u A/cm?
PRESSURE 2x10"%Torr

(differential pumping)
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Fig.5-2

epitaxial
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‘Fig.5-4 XPS spectra of Si2p from epitaxial

Si(111) substrates as-etched and, annealed at 300

°C and 700°C,
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Fig.5-5 RHEED patterns of ZnS films evaporated

onto (a) polished and (b) epitaxial SifL1119
substrates at 200 °C. The electron beam was

parallel to the [110] direction of ZnS.



Fig.5-6 RHEED patterns of ZnS films evaporated
onto epitaxial Si(l111) substrates annealed at (a)
300 °C and (b) 700 °C. The electron beam was

parallel to the [1T0] direction of ZnS.
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Fig.5-8 Auger electron spectra obtained from a
ZnS film evaporated onto epitaxial Si(lll)
substrate at 200°C, (a) without and (b) with Ar

ion sputtering for 0.5 min and (¢) 1 min.
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Fig.5-9 RHEED patterns and replica electron

micrographs of ZnS films evaporated onto polished

Si(111) substrates, (a) without and (b) with

electron irradiation ofrvlolz, (c)~1013 and (d)

O14 electrons/cmz.sec at 500V for 5 min before

~1

plus 1 min during evaporation at 300°C substrate

temperature.



Fig.5-10 RHEED patterns and replica electron

micrographs of ZnS films evaporated onto epitaxial

S1.(111) substrates, (a) without and (b) with

electron irradiation of'vlolz. (c)'*vlo13

14

and (d)
~10 electrons/cmz.sec at 500V for 5 min before
plus for 1 min during evaporation at 300 °C

substrate temperature.
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Fig.5-11 RHEED patterns and replica electron

micrographs of polished (a and c¢) and epitaxial (b
and d) Si(l111) substrates. (a) and (b) without;
and (c¢) and (d) with electron irradiation of 1014
electrons/cmz.sec at 500V for 6 min at 300 °C

substrate temperature.
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Fig.6-1 Schematic illustration of vacuum

evaporation of ZnS:Cl1 and Cu.
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Fig.6-2 RHEED patterns of Cu/ZnS:Cl films on
Si(111) showing the effects of Cu film-thickness
and heat-treatment. (a)~ (d) show before; and (e)~
(h) after the heat-treatment. Cu film-thicknesses
are 0 A for (a) and (e); 20 A for (b) and (£); 50
A for (c) and (g); and 100 & for (d) and (h).
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Fig.6-3 RHEED patterns of Cu/ZnS(111) double
films on Si(111). (a) was obtained from 50 A thick
Cu deposition; and (b) from 100 A thick Cu
deposition. Both films were exposed to air after

the deposition.
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Fig.6-5 X-ray diffraction peaks of Zn0(0002)

after heat-treatment of Cu/ZnS:Cl double films on
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Fig.6-6 Dependence of X-ray diffraction
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Fig.6-7 Changes of optical micrographs of
Cu/ZnS:Cl films on Si(l111) depending on Cu film
thickness and heat-treatment in Ar gas. (a)~(e)
show before; and (f)~(j) after heat-treatment. Cu
film thicknesses are 0 & for (a) and (f); 10 A for
(b) and (g) ; 20 A for (c) and (h); 50 R for (d)

and (i), and 100 A for (e) and (j).
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Fig.6-8 Scanning electron micrographs of (a)
ZnS:Cl film, and (b) and (c) Cu(SOK)/ZnS:Cl film

on Si(l111) after heat-treatment in Ar gas.
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Fig.6-9 PL spectra of Cu/ZnS:Cl films on Si(l1l1)
after heat-treatment in Ar gas. The measurement
was made under 370 nm excitation at room
temperature. Cu film thicknesses are 10 A for (a);

20 & for (b); 50 A for (c); 100 A& for (d).
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Fig.6-10 Element analysis of Cu/ZnS:Cl films on

Si(111) using energy dispersive X-ray
spectrometer. (a) was obtained from ZnS:Cl film on
Si without Cu film; (b) after the deposition of 50
A thick Cu film on ZnS:Cl/Si and heat-treatment in

Ar gas.
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Fig.6-11 PL intensity vs. X-ray diffractioﬁ

intensity from Zn0(0002) formed on the surface
after heat-treatment of Cu/ZnS:Cl films on

Si(111).
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