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Oxygen dependence of electroluminescence in ZnS : SmOF devices
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ZnS * SmQOF active layers for thin film electroluminescent devices were
deposited 1n oxygen atmosphere by an electron-beam evaporation method, and
the oxygen dependence of electroluminescent characteristics in the ZnS - SmOF
active layers were studied With increasing oxygen partial pressures at the
deposition of active layers, the brightness increased and the luminescence
threshold voltages and the conduction current threshold voltages shifted to
higher values, while the applied voltages required for the same quantiis of
transferred charge and the luminescence efficiency of transferred charge
lowered. X-ray diffraction studies for ZnS thin films showed that the film
orientation of (111) plane, the film umiformity, and the grain size in the ZnS
deposited in oxygen atmosphere were improved An analysis based on Auger
electron spectroscopy spectra for the ZnS films and the EL emussion spectra
confirmed that a small amount of oxygen i1s incorporated into the films and

suppresses the radiation due to the recombination related to zinc and sulfur
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vacancies From the experimental results, it 15 suggested that the mncrease of
the luminescence m ZnS SmOF TFELDs deposited mn oxygen atmosphere 1s
attributed to a suppression of the nonradiation via gramn boundaries and/or

vacancies
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+ AT ZnSA TFELD2 SAlatgFala goutdza oz AL45s TbF,3 TmF,
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e HYUFF4 oz AEEE SmFE A9 ZnSo) £¢3) Ae)EE Fxgdoz 4}
Eote] b Fabbol] osle] Ak E917|el4 FA ZnS SmOF4 UgEE 7
ZnS : SmOF TFELDE =##sts, ZnS SmOF TFELD2] AH7|Atabsd EAdo] xjzi]
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Fig 1 Cross-sectional view of ZnS SmOF thin film electromuninescent devices
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Fig 1 & £ odol4f A2 ZnS SmOF TFELD® #+x& 2o3Fcl ZnS - SmOF
TFELD®] #3%2 8]7%4%A SN, HZ H F ZHAdZoz o9 x4 Qo =AA
SNy H BdZe Euix=ql ITO(In,0s . Sn) Ho] 9l& A 4&]71% (Corning 7059
glass, <42 Asabir} =zh)  fjoll ZFebXu|jCVDuY (plasma chemical vapor de-
position method, PCVD method) 28 Zabsjich wlgrixrl £42 343 SiH,9}
NH; & A}&3ste] 2712-FE 6.0X107% Torr o4 73 E 250 C2 $x|shd4] SiH,
€ 5 sccm, NH;& 70 sccm & #8ko2 FUi]A 7pAekeg 1,100 TorrE §x4171
Aol A 8173 SNy, H ZdFE T3 ol Fa55E 2.35 A/fsec &
sl on] BE HAZe F7+ 3000 AR gt Fig.2 & £ a4 Agd Ea)
zo} CVD Ao FzEolct HIZF 4L 15 meoln] 130 Wo rfd3-& F=lsigich
RE u]7dAl S 4Ny H HodEg 753t Ao AUREAd njxe AodZe] ogks Fof
71 Rt FUT =3l A Faloll FER=Igich

2@ ZnS : SmOF 9] Fatelql A =& ZnS(99. 999%) &F SmF, (99. 99%) of &3¢
5 ol2E F97]oA 600 CollH 2412k F_F 44l Fulslich olall WdgFAl<io]
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Fig. 2. Schematic ilustration of the rf plasma CVD apparatus

SmF.e 5= 05 wtwz 3ot w33 ZnS SmOF+ Haxl3-537] (Electron
beam evaporator, LEYBOLD-HEREUS UNIVEX300) & olgaled 4b& £9|7]ofl4 2k
200 C2 A" 713 $loll Fasiclct dgze] Faksle 3k A vE Fse
Ah4(99. 999%) & kS =AYl sle] 2%X10° TorrellA] 4X107° Torr7px] wHapi|A
% glgjom Abaggle Zar|o] xgAZIE Flol FAsGE ARLE FoldhA] @2
AL Z 49 ZnS SmF,o| 2ol sHEEE AL 2X10™ Tort g Ak4gsbl sl
gk olalgt oujoj4] AldBqle B oiFola] Ab4o] 2HEtHEE Yelitt URE F
2] HApge) spERAQ 4~5 kVold FaEE 5 A/secE: HXIE + 3lled, 5
6,000 Aoz FAslgict Fig.3 & 2 7o) &8 HapIzFF27] (Electron
beam evaporator, LEYBOLD-HEREUS UNIVEX300) & Fz=xolch

s o g AR dadZalel Ratdo) T3, 77| AolA] FA}el F (electromuigration) |
olon "oimim|a] A d4Ee] MAHBE wHEr] ool FAdude S HE F
o] oFZo|%(99 99%) & sFdAZFAFE 2000 Ao FAE A HdF fdl FAR]
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3 Thickness sensor 7 Gas—inlet valve
4 Shutter 8.Window

Fig. 3. Schematic illustration of the electron-beam evaporator.
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A2E ZnS SmOF TFELDS] 3%, AEAFASAIZ 9 o) F sl Sof vz
T A7 B F4E 2] Asled Figd ol modxx Chen-Krupka®} Fig.5
o4 RoiF= Sawyer-Tower 3|28 7Mooz 3= A28 3} 2 e wel(Topcon BM-
3. FFMB(PAR-1140), % A4 £ARA3 = (Storagescope, Iwatsu DS-6411)
& A9E ARRch ZnS SmOF TFELDe| 3=} oEdsiape | kHze] Smespe]
U7 (V5) Bloll 4] ZA o], AT AL 40 psece] AZRIAE AhAl "W
sl APt Fig.6 & Sawyer-Tower 3|2 &35S eAzxg = Qlrpaer
 olFAsRe] BAE HoiZo

- 167 -



6 PNIBFT AR w3 SE2340 (1994)

CHEN-KRUPKA
CIRCUIT El CElL

PULSE gghif'] N ' lLUM]NANCE
SENERATCR| | cypcup | C ' METER
‘ 1

PHOTO
METER

——

[ DIGITAL
OIFF L ISTORAGE| lcoMpUTe
T AMP £se

Fig.4 Setup for the measurements of electro-optical characteristics of TFELD
(Chen-Krupka circuit) Cr—480pF, R,= 10k, and R,=3kQ~10kQ
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Fig.5 Setup for the measurements of electro-optical characteristics of TFELD
(Sawyer-Tower circuit) Cr=212pF

gl gEse ZnS=e) g, A4, gram size &9 =] AL =4l
7] $1% XA3AEATE CuKeo] spIEE Wrplon s XA H4x] (Joel JDX-
8030) & ~+&3ted Aok 30 kVel HH 10 mAslel 4 Wsled Al HrbE Akt A

Auger electorn spectroscopy (AES, Perkin Elmer 4300) % A}-£3lo] 10 kVeo] =k
7 20 nAo] HF dhiiA, ELA=EZ2 Fsisol 08 nmel 33 =A (Otsuka,
MCPD-1000) & AH&3ted FAsgict HolFql 874 SNy He} ZnSute] gahz ui
=7, 2HE FEIE aElx A4 5 FEEA

spectrometer UV-360) & *M-&3fof SH3lict =3t of

ofn ﬂ

(Shimadzu, Duel-Beam
R e L EE
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Fig.6. The characteristics of iransferred charge AQ: - applied voltage V,
appeared at(a) V{(Vim and (b) V)V on the oscilloscope display pannel.
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Fig.7. Oxygen partial pressure Dependence of brightness-voltage characteristics
in ZnS SmOF TFELDs
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Fig.8. Oxygen partial pressure dependence of threshold voltage and brightness

at the applied voltages of the 20 and 40 volt above the threshold voltages,
Vih+20 and Vin+ao
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Fig. 9. Oxygen partial pressure dependence of transferred charge-voltage
characteristics in ZnS SmOF TFELD

Fig 9 £ o|EdHstz AQ o Qlrpdgtae] A E Abadetel 42 vepd a’o]
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Fig 10. Oxygen partial pressure dependence of brightness-transferred charge.
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Fig. 11 Oxygen partial pressure dependence of the applied voltage required for
the same quantities of transferred charge
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Fig. 12. Oxygen partial pressure dependence of the transferred charge and the

conduction current decay time measured at the applied voltage 200 volt
(Vo).
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Fig 13. X-ray diffraction patterns oxygen parhial pressure dependence of

intensity of the (111) plane In ZnS film
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Fig. 14. Oxygen partial pressure dependence of the intensity of (111) plane and
the full width at half maximum, A26(111), of ZnS films.
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Fig 15 Oxygen partial pressure dependence of the Idttice constant and grain size
of ZnS films.

=177 =



16 BMBERBE WOCHE #2348 (19%)

Fig 13 2 XA3EAg ez K ode Hyjolgp Fak] 4brfole] F7ld4E
S ZnS=re] (11D ™o Z=7F Axz Qleh Fig 14 ol i wbdde (111) W 2
Lan et 47EA & A2001, 9] S2R] 4bafglel ok #ists nol Fop (11D Y #s
lame FAA] A4 E8de] EE45 o] 2A Jebds], abpE A200m 2 2olxle
BeE Bolx Qloh o3t AELR ko] M osled mo v shebduad =4
(stoichiometric composition) =i #U3t ZnS2o] HARchE AME A|AR =
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A= vl E A2001) 22828 Debye-Scherrer WA AI'” o g Be] 73 grain size
o] FAR] Akt gotel wE HIE Bol Frp FARKR] Akigle] FotEE Axples
Ztolz|n, grain sizet AT HYE HoiFz gt AZP"&T% Aaggtel Fotes
£ zlojxiche= 7Ae 2 (.148 nm'M 9} 2he o] 2ubdE szl Akto]-Zo] o]} chX
A #e nixjelel]l {3k bl osted A= 4 Qlod 140 Toldd 7wt s
o4 HaZF Lﬂd‘ﬂ] of3te] F2E ZnSuhe ZnolZe uldf So]o) ujr} 1Rt} oo
ol2{gh Sof FFHAL F& V|IEEE Q3] Sol2e] AFute] glerw wei¥Y}
olef] gt 75341 vehs ZnSe| w)spslgdelksl =4 (non-stoichiometry), & 39| wlx}
gle} Zno] Ago2RE W v stress§ AAZI 2R lsle] uhe] Aol st
cha me{dtch Az abdol2o] Al Axzke] faFio]l AuERlor & 4bdol
=& +2% + 7] wie siAd 5 o

Venghaus S»f 2]spsi<”, gramn size?| Z7}= grain boundaryel 2J3h wjulali o]
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A% ForEs HEEA et

Fig 16 + *‘}i% Folsha] e x/12F 2X10° Torroll4l Zabat ZnSu=hat 4107
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Fig. 16. Electroluminescent emission spectra of ZnS and ZnS : O thin films.
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