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Optical effect on Graphene and TiO: additive in ZnS based
inorganic electroluminescence device fabricated by screen

printing
Sung-Ho Jo

Dept. of Graphic Arts Information Engineering, College of Eng.,
Pukyong National University

I . Abstract

ZnS:(Cu,Al) AC powder electroluminescence devices have been
fabricated by screen printing method. BaTiOs was used at the
dielectric material. The fabrication of the device has been made
by manual screen printing on a variety of variables, the optimal
condition was obtained from many experiences.

TiO; has an acid resistance and an alkali resistance. TiO; is
harmless to ‘human body and most often "used in the
photocatalyst. Graphene has high physical ‘and chemical stability
and higher performance to the display industry.

In this study, we try to use TiO; and Graphene additive to
increase an efficiency of the inorganic EL device.

Comparison of characteristics according to the structure of the
device was carried out by measurement in cross sectional SEM

image, XRD image, emission spectrum.
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Fig. 1. Types of inorganic EL devices
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| |
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Fig. 2. Cross-sectional structure of DC thin-film EL device
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Fig. 3. Cross-sectional structure of DC powder EL device
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Fig. 6. EL emission spectra of AC powder EL device
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271 ELAA AFEE+= S4A Alaes F-S94AIQl BaTiOs?F 7Hd ©o|

O 1w
AREEIT, T Qo= SrTiOseb PZTE Wo| AREsStth Table 12 28 94
A Az A& UeRd “Aolttk. T12]1 Table 2= ELAXY| A -&of

71§l A7} 7Hs<et paste JEHI2 ThEole e RAlES UER A
oltt.

Table 1. The dielectric constant of dielectric materials

Materials A&
BaTiOs 1000~3000
SrTiOs 300

PZT 600

Table 2. The dielectric constant of dielectric pastes

Materials GRE
BaTiOs 61
SrTiOs 32
PZT 35
Pastez2 Trs T AFESH "vpolg® QISfA SA-&o] oF 90% ZdAst 71
O oF A 0]
=2 2 T A
2 =7oX= A8 fAA Als Foll 7P fA&0] £, AR ol
ARE] DL Q= BaTiOss {SAIA= AME-sheict.

_‘|6_

Collection @ pknu



2-2-3. A Z(electrode)
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U AZAY wgsAlo] zewo] Aoz Wyt

Fig. 10 ELAAD AAEZS 5171 9 712kl »Alzolct. 10(a)
+ ZnS FGAY oA e UERH Zo]i, 10(b)x= ZnS FFA7t
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Half cycle

Conduction
band
Excited state '+,

Light emission

Valance

band Retrapped

electron -+

Ground state s / Ay
¥
o

LY - Semiconductor
'._n (L-center) ..J Powder (ZnS : Cu)
< #

|

Phosphor layer

Polymeric matrix

(a) Energy band in ZnS (b) EL lighting system in ZnS
Fig. 10. Schematic representation to produce Electro-luminescence

in ZnS
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3-1. tuol~ A& 24

o}oﬂﬂr ELAALE] 71%23% EGAZ(ITO)0] =2 2UGMSAHY] ITO
w5 ARESIRT. FBA| pasters GELKARS] ZnS:Cu Al FFAIeE 54
At Z22 RS AH| 1.3:12 &3sto] A|Abstgch d2]u 7hzb
o] PHA| pasteo] TiO@} Grapheneg 7d7}oho] ZF tjufo] A0l & gA]
pasteg A&t 22jal JAIA| pastes FA] GELKARS] BaTiOs2t
222 Zflo] E¥H pasteE AMEsIYon, HIHAFO 2= @®FPALY

silver paste= /\}36} Ur.

FA= 1TO7F =d R 7|Ho]l YA pastes A3 ZHY gt
@, 7 9o SAA]| paste, 121l silver paste® A2 AT mE]
E]
O

T9=AE YEH AT

Fig. 11. Fabrication of AC power EL device by screen printing method
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HH =20 2 AFE-H silver paste:= 2.
BA ﬁﬂ'ﬁ% o]g-afo] QIMfistAtt. Qlafd HEo] 7t WEAY &
=2 o] ﬁiﬂiﬂl SRS AU & o UG Fmo| AT o] F
OIX| == st AxE 18] A2 & 100°ColAl 208 sttt 1xd o
"lo] A= Mitutoyo /\}91 SJ-400 o]&sdt] A F4stil FHEA|VHA]
AM7T A FoW thA] 34 UAE ohe WHOoR BHE Qo). 7t

=

=
39 SE 0t FFSS 45 m, §FSS 15 m At
3-2. Cutol 2 57 Wy

R 2} cjuolael Aol 2&, 2 S0 4EEAHE 7] YSHA

M(scanning electron microscope)it XRD(X-ray diffractometer)=

SEMS 2AZ gEjolA WapmEs] BAUL Zo| WHH WAL
WE mHo] YAAA o2itA] JEE S AsE THAID oS ¥
43 CRTO olu]x1& @Xst ot oS Als 59 54 X Mg

g5to] B0 jetagel] oist B U AT
2 =204 SEM 57302 7 tjufo]A0] LEiBAS shof ol geElel
2t Aae] Yatarl, 7 3

1 wATetE S9N A BEAR A4 MAEo] gl HITACHI

Ate] $-27008 AH-sHgiCt
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Fig. 12. Photography of SEM

XRD(X-ray diffractometer)= 2444 A9 X-A 3|AHAAES o] 8o}
of AXAO] AHE Adojuj= AR|2A] X-ray generator, goniometer,
electronic circuit panel, control/data processing unit 2] 4 &0
2 olyAlr}.

B =204t XRDE 0] gste] 72 jufo]2o] Fusel Mbe TiO.eh
Graphene®] &5 &lst7] oA FsII T 570l AREst XRD 7|
Jle wAtsk $5AY Aadel Rigakuite] D/MAX 25005 AR5t

At

Fig. 13. Photography of XRD
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Fig. 14. Measurement process of electroluminescence spectrum
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/o] giot. webx PL ZFmof olsff TiO,t Grapheneo] &

=
= & 9 s & 4 U 2

A 71471 Ab=o] Aol obd HlE o]&sh] mEo Aoz
E

tjuto]| A7} ¥hldolA] & o]& ocean optics AFQ] optical fiberg &
3 ZtxIsHAl El1 USB spectrometer2 E3f gaigioz F45of
spectrasuite T2 7380 2 A S| WAt Zo] AHEZ e AA|TF
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4-1. IO} F7tetee tel wHag Wat

HA SEM #9S 5lo] 238 majgHoz A O

ot 7|ELAKLS] A
= AFEJQ} TiO,o] S22 &hols) Hofch Fig. 15= TiOy7} 1.0 wt% A

7t 27|ELARRS] TS UFERH SEMA}olc}

. h._ - —

f. _ R T e

Ag paste

Dielectric

Phosphor

ITO glass

5

" HV. 15,00 kv VEGAN TESCAN
Oet: SE L4

exvo

Fig. 15. Cross sectional SEM image of EL device doped with TiO,

SEM A3l oA QaIMElst gestn neA 2 Fol A5 s 9
29 AT 4 AU FFES MY ZnSe] 2 YRS HAT 2 Utk
4714 F83 2 ZnS YAt Fol Bolglt A YAE AR TiO,
2 4 9lou} o] SEMY Rto2t Hes g 4 ot

TiO,o] ZA1E 2Ish] Y3) XRD 5502 HEL Bt

Fig. 162 TiO7} A7k w50 XRD melolct.
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Fig. 16. XRD pattern of EL device doped with TiO;
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Fig. 17. Comparison of emission intensity (EL intensity) on
applied voltage for EL device doped with weight

percentage of TiO,

AN
—non|
— 0.2wt
— 0.4wt|
0.8wt% b
—— 0.8wt
g 00014, = =
E PE 7
E i u.omi- —
= 2 i
% Eu.oons
B ; 0.0004 -
: oo
: o 2 . ; 3
e} basic 02wtk 04wt 6w oW
Tifwis]
-0.0002 ‘

1 1 1 1 ) ] L]
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Fig. 18. Comparison of emission intensity (EL intensity) for EL
device doped with weight percentage of TiO; on 220 V,
60 Hz applied
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Fig. 185 H® Ti02] A7Igol S71245s 39 &t S71ste
S & £ 9t} TiO 7t 0.8 wt% A7t ELAAN= A3 A7HE R ke
wELAARY] 1.6v] F=o] Tdd=s 2ot mpA TiOx7b A7
AL Al siA Az adE o, TiO ) jheS H& 2739t
FYE AR Fo] solu H w2 €8S ste Jles 2ot
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Fig. 19= TiO:9] g7t o PL 2 vluwgh Zlojot.
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Fig. 19. Comparison- of “emission intensity (PL intensity) on

wavelength for EL device doped with weight percentage

of TiOy
PLO| ol AAY} ofd e §3) HALS of7|AA WYL S
ooz £E ANo| I, SAFAE ol FolA 0 FHA]
WIS TR eld 4 oich JejZg =k PL ZE Al TiOo A7t
ol FIAAE WWPEI FU6He o2 Ho} TIOY YIS
FAVE NS W 0 YFESS kot S L 5 AUt
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4-2. Grapheneo]| A7}5lR -2 wjo] ¥l g 8 W3}

Graphene©] 7tel ELAAL HA] TiO.2f s¥¢st Yoz E45IY
olA] SEM &g sto] ELAAIY] A% AJEjet Graphene?] 952 29
off ®Qtt. Fig. 20+= Graphene©| 1.0 wt% AF7Fe F7|ELAXR] ©

olu]A1S tterd Zolct,

Ag paste
Dielectric
Phosphor
ITO glass
SEM HV: 15.00 KV SEM MAG: 1.50 kx 0] VEGANTESCAN
Del: SE 50 um pmlun

Fig. 20. Cross sectional SEM image of EL device doped with Graphene

ol ELAATE SEMAMIS SolA UM F=sta 12 4 5
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Owo SEMS &siMd= & 47t itk @etA] Graphene®] £A1E XRD
HPF2 &5t Lopu it
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Fig. 212 Grapheneo| A7}= d¢=9] XRD mjj&o|ct.
. 5000 ]
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= Zinc Sulfide, Zn S, 03-065-1691
] . I D |
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] [ \l [ [ | [
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Fig. 21. XRD pattern of EL device doped with Graphene
Fig. 21014 @] ZnSo] mele stelstiy. 22jn 1ejme o1
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< =2 AAolEEolty. Wty FFAIZE AR wobs g2 SH717HA]
Grapheneo| 7A}9] 552 agAoz2 FZ7/MASE dEZ st A2
g 4 Aot 22y Graphene®] ¢fo] WOt HAdo] st X9 SE0]
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Fig. 22. Comparison of emission intensity (EL intensity) on

applied voltage

for EL device doped with weight

percentage of Graphene
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Fig. 24. Comparison of emission intensity (PL intensity) on
wavelength for EL device doped with weight percentage

of Graphene
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Fig. 25. Flow of electron in the AC powder EL device structure
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5. 2 &

& Ao F7IAAEEAA & AlATol daL 0431 7HA] &80l 7t
=5t ACEANE ELo| TiO.2t Graphenes #A7pstd S 9] wtc =
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