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The Study on Optical and Electrical Properties of Green—emitting Zn,SiO,Mn*

Powder-based Electroluminescent Device

Byung Joo Jeon

Department of LED Convergence Engineering, Specialized Graduate School

Science & Technology Convergence, Pukyong National University

Abstract

The alternating current driven large area powder electroluminescent device
with Zn,SiOsMn*" phosphor as emission layer was investigated. Single phase
willemite crystal structure Zn.SiO4Mn®>  phosphor was synthesized by
solid-state reaction. This phosphor has R-3(148) space group. Transparent
silver nanowire electrode, Zn,SiOsMn?" emission layer, BaTiO; dielectric layer
structure were fabricated on metal brass electrode substrate. The silver
nanowire transparent electrode showed a sheet resistance of 169 Q/sq and over
95 9% transmittance in visible region. The fabricated device showed
luminescence phenomena as of 130 V AC applied voltage at 400 Hz sinusoidal
wave. Main emission is around pure green color 525 nm. With increasing
applied voltage, luminance was continuously increasing while 525 nm main
emission peak and FWHM of 43 nm were not changed. Maximum luminance
was 0.96 cd/m® at 300 V, 400 Hz. Futhermore, luminance was linearly
increased with increasing sinusoidal frequency at fixed 200 V, and also main

emission peak and FWHM were still not changed. Device power consumption



of 250 W/m? at 420 Vp, 400 Hz and efficiency of 0.012 Im/W were obtained
through  charge density measurement. By  temperature dependancy
measurements upto 150 C, PL intensity was decreased as of 76 % of initial
intensity. EL intensity rose about 166 % at 90 C, and got weak its value till
150 C. This increased EL intensity was due to dielectric property changes of

BaTiOs; around Curie temperature(T.) in this measurement range.
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AE olF= PR}t AdEo] BFFA TS s, F2E AR E A
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=% 2+ indium tin oxide(ITO), & Y =2}o]o](silver nanowire, AgNW),

BAa Yy FRE AEA 18 A (conducting polymer) 5o AFEE I Q)



oH11-15].

D
ZnoSi0rs BAR ARSSERlaL, T3 TAlo]l H= AAEM 27Fe] Mn
T3 E ZnSiOsMn” FFA AMESA T ZnoSiOsMn® FFAE ALE S
22 Al sAL A hetal vlgo] A 27 QRS ol &5t
RaL, ol T FE7|He BaTiO:2 74" #3443 35S
Attt the & HAFormE AgNWE spin-coatingste] T3 =7}

32 F4FoRM WH Y AALILR

oftt

(alternating—current powder electroluminescent device, ACPELD)E A #+
stttk EF ZnSiOpMn” FRA ) FAS EAsta, olE ol &%

ACPELD®] %34 543} 1718 542 wlat-24 39
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1.2 933A 9 32

FFA7E YA E wrol A (electron)®} 73 (hole)o] A= 1
el oA FE = 7|3 v, olAe] JIAGHE Eolte HolE F
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of sto g EWAS "= dFor FAF ook 31 bottom emission T
[e3]
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o] wto @ =g} 9lo] 2xte] UTAS 98 R a2 (passivation)’7t 2
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Emission | Rare electrode
Transparent electrode Insulator
8. e ]
Phosphor & 1 Phosphor
5 Insulator | Transparent electrode
Metal substrate Glass or plastic substrate

Emission
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2.3 AAEF LAY 74 &4

2.3.1 %333 (emission layer)
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2.3.2 ¥ A = (transparent electrode)
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24 AALF LA TG A

nS:

KL, sprfe] YAfoll A o] ko] AAtE = A EAST Pkl uFA
ol 7t As W 7 Vb dSo] A s B ujwin, [2F 7]
I o]l v 4 el g g o] A (comet)d] a9t FANS FEE
Zb= olF Aol who] WMzol wrolAE AS #AFSHTE Eg e YA
oA 2078 ool sl el Aol EAst= A wESAH

o BF AAE vE SR Fishere B3 22 EL 23 A8 & At
At ZnS EL E9EL 1100-1200 €2 oA dAZ=EA
hexagonal wurtzite & 7FAH, 2&E0] WztE o cubic zinc-blende
TZ2 Adel7t dojdth, AAolrt dojym A A Agol A ZnSHi 2
TH(CwE fal%E 74w os AE=dth o W Cu:x CuSe =
ZnS el Y E(needle)S A SHtt. N-typed ZnSol p-typed CuS7F A
A o], =524 p-n junction®] FAHA Bk wekAd 10-10° Veme A
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Lumniance L (cdim?)

100

10

frequency 400 Hz
L = Lg exp [H{Vo/V)'"?]

i Il i L

100 200
Violtage Vo (V)

[Z8 8] AALFLAY Aot din =
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1.1 ZAEr$EE o] &3 Zn,SiOgMn? B3 A &4

B A7 FFAE InSi0E AR dto] 2746 Mno] ¥3hE 5154
ZnSi0fMn® 2 718 Alg BA R ZnO(Aldrich), SiO»(Aldrich),
MnO(Aldrich)E A2 3 (OHAUS, E02140)& AF&3te]l 10* order 7+A
3fst dEn| 2 AHEE A =AHech oWl e manganese(Mn)+ zinc 0.5
mol %¢] §&=7t H&=s A o] § AR (moltar)S ©]-&3l *d
s 2Ao] HEE 15 w3k Eteta, Bt e o] 7] st Z (furnace)oll @
H, 371 FllA Ex8 sttt A 2EF 1200 Tolw, A4 &7t
2] 2N 7 B 2EE T7HAA 2% 5 €A AT EA

=
w9 ztoldl f&) &FA| ZnuSiOgMn® e T A (single phase) %7
T

(29 91 @A G4 Aol oF mawol
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[ Raw materials : ZnQ, SI0,, MnQO ]

.

[ Weighing & Mixing ]

¥

[ Synthesis : Solid-state reaction ]
1200 *C for 2 hrs in air

A

[ Sealing : Vacuum atmosphere ]

¥

[ Reduction : Heat treatment ]
at 1000 “C for 30 min

[29 9] Zn:SiOgsMn* H 3 A &4 o473
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[Z¥ 10] =2=249 A4 4 AA

Dielectric

[Z9¥ 11] AIBE Top-emission ACPELD #+X &
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Al 3E FFA R AFE 23 54 B}

3.1 Zn,SiOgMn?* 3 A £ EA B}

-/

FAE ZnSiOpMn” &3 o] PLEAS 4317 98] ®als 0.9
nm/pixelS 7FAa,  380-780 nm H}FS =H T F Ud+e
spectroradiometer(CS2000, Konica Minolta)E A}&3F 1L, 1°¢] =4 Zto
2 50 cm®] AgelA SA4stAnh 49 FFA L2 X-ray diffraction
patterns(XRD, RIGAKU, ULTIMAIV)E Ab&3te] Zn.SiOsMn? 9 4 3}
I FF2E 92183, scanning electron microscope(SEM, TESCAN,
VEGAILI LSU)E T3l 94A Atel=<t FHE glsidvt. d3A4 W9
phonon FH S 2 Zn,SiOsMn” A EE 21t 98] 785 nm, 300
mWe] ¢]7]3%<5 7} Raman spectroscopy(H Peak Seeker Pro 785)Z Af
4391, spectrometer(HITACHI F-4500)2 AF83}¢] decay times &<l

shl o,

32 FHAS AgNWe 54 #H7}

AgNWE ACPELD®] d=o2 AREs7] s 54 d7hs d3sisirh
Top-emissionZ=#Fe] A=o=2 AREH 7] fleir = 7HAE9H e Fa=st
A7 A== 7F A dy. F3 %= UV-Vis spectrophotometer(Lambda
40, Perkin Elmer)E &3Fc] 200-900 nm<% el st F
nm/min =70 H£E2 FASv I Ao B f3 WAd 1 x 1

em® WA AgNW FHATL FAstel BAFS FHsGh FAH0
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2  field emission scanning electron microscope(FESEM, JEOL,
JEM-2100F)& A&t Z® ¥ AgNWel 1 oA & 583t

HAR S RE=A Aol 7H WAl A& E AL 9= Van der Pauw
WS ol&ste] SAeka, 2 WwWe ts [ 12] yERSIH
Van der Pauw W< ol&3t7] A= F 7He SAAZA F459]
Ry, +#8%9 RyZ stelalof abm, o|2 welelr] glshe] HFo] @4
AME Y] B5olof silver pastes AH§-3e] ohmic contacts P43t 574

stk 1A- I 228 AHAF Lg A7FsE 5, 3AHT 4459 d

e At Vg SA4¢t. o] A3 ghks o] &ste] kA Feotsjof st

2 E4AY £4%9 RSt 9% ReZ et 2e Aoz ANy
RA:V?A/IW RB:VM/IQ?,

A2rE Ra®t RgE o838 Van der Pauw WHS 5

< °ol&3ste] WAY #d RsE T5k3iH.

1 fed e

o

exp(—mR,/Rs)+exp(—mRy/Rs) =1

Vav

[1¥ 12] Van der Pauw ¥ & 53 WA3 =4 734
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3.3 ACPELDY &4 #7}

ACPELDE Al &ste]  #HA] A %3 power supply® Hol ¢k 500

Vrms, Ho F35 1kHzo WA AT =4S HAA 229
EAS =A3e9d. Spectroradiometer(CS2000, Konica Minolta)E ©] &3}
o ELY A # F359 ¥t & 2y 54 H7ME PLEAY SA4Y

2o xHow A4S APt 1 uFY AlM AsfAIE 2 oscilloscope
(Tektronix, TDS 2012B)E AF&3ste] [29 13]3 #o] Sawyer-Tower

circuit& Akl AA7E Al SAHE AL EE FAATR2T]. F7T

C Oscilloscope
=tl_ EL
2/ pevice oA
&) v = =]
Cs| Sense |V |
Vy T~ capacitor
R a=

[2¥ 13] Sawyer-Tower 3 2%
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A 138 Zn,Si0sMn?" 3 A9 EA

1.1 ZnySiOgMn?' ¢ X-ray diffraction 3} &

FAE Zny SiOsxMn*' (x=0.01) & #A E 2o X-ray diffraction(XRD)
e [29 14]o Yeld . o] JCPDS card No. 37-1485%F & %] 3}
1 willemite crystal 7+&2] F7Ft R-3 (148) ©dAo] A E AL &
g £ g #H¥E FFAE cFS 7IT£2E  hexagonal U9

rhombohedral T2 & 7} tH28].

=S

It

Zn,, Si0,:Mn*" (x=0.01)
»% JCPDS # 37-1485

XRD Intensity (arb. unit)

i L

I - -' T i I'_I -n:' LI"
10 20 30 40 50 60 70

20 (degree)

[28 14] Zn,Si04Mn?* ¢ X-ray diffraction(XRD) €
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1.2 Zn,SiOgMn?'e] SEM o] ] %]

[29 15]+= 4% 334 29 scanning electron microscope(SEM)
ojm Aottt P& A7|= 3-5 umelw, 1R A2 A7]9 FEHE
Z J4A FHoE AXF Aol #HEEHIJT A7l wep FEs AEAA
sk Aol glo]
= GFATE AT dof, FTol dS xdsHA FAE F dva A

%

Zhent, shARE A AHF &

©

7)
o] ACPELD®| &x5 Ay, wgie]l s ddsid, =7t 57t
5]

2w g 5 ek

i

SEM HV: 15.00 KV SEM MAG: 10.00 kx VEGAW TESCAN
I 4

Det: SE Sum
PKNU n

[29 15] &4 E Zn,SiOgMn? 2% SEM ©] 1] R

_31_



1.3 Zn,SiO4+Mn?'¢] Raman spectrum

785 nm #HolAE o] &3t =A3 Zn,SiO4Mn* el Raman AHEHS
[2¥ 16]°] YEI AT Raman ~FEHS #2143t e R=& #F
stogn IdAH EEel AFHEHE & F A 7oA EEo] ¥ET)

A e Zn.Si0y FE AHMEHI vluste] A E Zn,Si0sMn?

©
k3
ki

3t Raman A EGo]A 869, 908, 945 cm ‘ol A 723 AEr=7} A3
S 9laL, 298, 393, 493, 545, 593 cm el A 5749] FF FFHE=rh vERy

300-700 cm'¥} 800-1100 cm™' G Alele] RFL Si0y TLF AFHE
(stretching) ¥ 8% (bending)oll sl YERFTH29]. 560-660 cm '¥}
700-800 cm 'AFol @] ¢F3l peakE Zn-0-Sie] W AEFFR =9} Si-09]
H S ¥ W5 (torsion) E=9F ##do] QITH30]. ®=3F 919 XRD oA,
XRD &3¢ A= A3 FAHHA &2 2 $9 ANz59 BEFE Ay
= UetuA &9tl 84 R Raman 2 E S-S BH 1300-1800 cm ol A
o] peaki= ZnsSiOsMn ol Al YEPATE o] = Zn,Si049] X ER =7} ofyH,

Eines

r°“

jﬁ
&2
rlo
>
kil
t
Flr
i
A
(il
fr
[_ﬂ
L
(i
k)
N
BN
__\TL’
S
o
fo
=
Q
8
Q
=]
S
offt
~|
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Raman Intensity (arb. unit)

e & Zn, SiO,:xMn (x=0.01)
5 g
[+2] ]
83
[+2]
5 -
[w]
S\t
e Zn,SiO, (reference)
o
|5
8
2]
5 e
D (5]
8|3
‘—/\J\N "'\_

300 600 900 1200 1500 1800 2100 2400 2700 3000
Raman shift (cm™)

[28 16] ZnySi04Mn?* ¢} ZnsSi048] Raman A E
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1.4 ZnySiO4Mn?* 9] decay time

gFAle] PLol #AEE Mn* o]&& Ti—AY 23 FA Ao
(spin—forbidden transition)oll ¢]&] A& 02 msecd] 71 74 A 7He zZt
=031 ZnSiOsMn® FgAe] PL 73] S4S [1g 1710 dehy At
agel vehd ] Ak 27] PL A9 1/ed) gtoz st A
S 9msty, Mn*o]°] 0.5 mol% %HF =g o] HAS we 2] A7t

+= 11.63 msec® e

e

Aa

——Zn, SiO,:Mn* (x=0.01)

Equation y = A4 e(-x/t1 )+y0
T=11.63 ms

PL Intensity (arb. unit)

T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Decay time (ms)

[2% 17] ZnoSiOsMn? &3 A 9 decay time
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21 5 A3 (AgNW)¢ SEM o]H] X

o] 20 um

AR AR

EZ
=

78 ®© AgNW

kel
L

]

Fach [29 18
"] 7 (scanning electron microscope, SEM)

S

o AgNW &2 A4

L5

!

AT 2 7] A =

=
L

ol

[e)
< |

15
, @

H=

o] AgNWo]

el

169 Q/sqe] WA &t

-
e

H AgNW

]

|

e

v

i
a

15.0kv¥ X50,000 100nm

WD 7.9mm

SEI

[Z2¥ 18] AgNW¢ SEM o] "] %]
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235y f AgNWe] Fix AdEHS [O9 19 YERARA

R4

AgNWE 2 7o B2d 525 nm 59 JA® ope} spxRde]

o] 95 %) & FoE 542 ehln vk 450 nm olste] 34
qo pel A Fahmsl gasts) Aasel 85 % olsE gasht 340

nm 29 UV-A T3 5E 05 %& =4 velwkth old AgNWE 714

g4 e wRss e FHAT BW oheh A4 UV-AS @

Fohe ane FRAFoRE AH4E £ U&L BojETh WA T
= AnEn B Bhade) BYAFoR Hgo) shssintn #u
A},
silver nanowire
100 +
-
P 90 +
Q
o
(1]
=
£ 80-
o
s
[ —
70
60 T T T T T T T T T T T
300 400 500 600 700 800 900

Wavelength (hm)

[2¥ 19] =8 ¥ AgNW9| 3= AFHEY
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Al 3@ Zn,SiOgMn* ACPELDSY #3Hy E4

3.1 ACPELDY %34 EA4

[2%] 2012 ZnSiOsMn® @A 2o F5FEAE Lotry] 913 523
nmE &% gfgo =z ste] =43 photoluminescence excitation(PLE)%}
254 nme] UVZE ¥]# =43t photoluminescence(PL) 23 EW 12831 200
V, 400 Hzel ACHYS 21713FA S w9l electroluminescence(EL) ~#E
ststo] YEpW ~F Edo|t), PLEA A9 220 nme}t 250 nme] &
T WY 2AQ ZnoSiOsel o &k Aol m, 350-480 nme| FF+ o &
Aol dnst ol Mn”e oA E91¢k 2tk PLY 4§ 523 nme| F
uhg wbbo]l YElgal, o= Mn®'el T —PA0 29 oyx] Wdle|t}h EL
o) 4% 525 nme| F &F o] YEHH. EI A F2 PL3 EL]
409 nmet 435 nm= SAH AT ELS - PLE F 23 940l
2 nm AMHo] FFal, WA EFS 26 nm AEZ HolHTh olelst Ax=
gAY Fe] xol2 A ETt PLE A5 dAsE oA o) of7]
Ha, vl A stE = AAgS Ea st ELe &Abel AAIZE Q17HH
A PLY th2A YA S & Aakhot electron)Eo] ¥dF4¢l Mn*
ol 2 FYE of7|AA, tAstE = Ao wgo] WAL ELAA &
24 ZIH7E FAlC yEy, ofol ofa] A AHol(red shift)7t Aot

wal dagat oA A= W5 (lattice vibration)®= ELS] ¥Ex]Zo] ¢ YA

o
ftlo
o,
AN

==

Ji
N

rlo
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——PLE (»_,=523 nm) —=—PL (»_=254 nm)
—e— EL (200 V 400 Hz)

=

=

=}

o

[

2

% /\[\ T

=

£ | |
=

5 A

= r\—/\/

T L) o"lll, ) r L] | L) b ] - L) ¥ L) -
200 250300 350 400 450 500 550 600 650
Wavelength (nm)

[Z2¥ 20] ¥4 A PLE/PL¥ ACPELD EL9 H&3 A5l
3.2 ACPELDY A7[A¢d 33 4

ACPELD®l <17} F345 400 Hz® 1A, A7FAGS 100 Vel A
300 V7HA] Wzt AR we] W ~HEQS [19 210 YER AT <
7bel = Hstel FMETE
Voll A 528 nm, 200 V, 250 V, 300 Vel A 525 nme] 5 @3 upgS &9l
stom, WA %L 43 nm=E F W7l JEhA okt (29 22l A

oto] W 3% W ag=Zolt}, ACPELDY w34& 130 V A3 A

ol nlgstsE FAE 1B wel Zn,SiOpMn?'e] ACPELDE 9ukA 9l
ZnS FA e 7] WAYSH vzttt ddEo17]. A =ER X535

T4 T7HE Bols 2= Aol wE dstd: WalelM Aslth
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at 400 Hz 300 V —=— 100V
=
=
=
S
2
‘@
=
2
=
|
w
425 450 475 500 525 550 575 600 625
Wavelength (nm)
[29 21] W 4ol @& ACPELDS| &3 A¥HEH
1.2
at 400 Hz = result
] guide line
1.0
Tg 0.8 -
=
L
S 06-
=
[l
=
E 044
—l
0.2
0.0 T T T T T T T T T
100 150 200 250 300

Applied Voltage (V)

[23 22] Al o2 ACPELDY 3=
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3.3 ACPELD¢¥]

131, Q17b FuEE 60 Hzel A 1

95

s

PSS 200 VE 11

17} 4
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HEE gleo R
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at 200 v 1 kHz —=—60 Hz
—— 200 Hz
—&— 400 Hz
—— 600 Hz
—— 800 Hz
—a+— 1 kKHz

EL Intensity (arb. unit)

;. L T T T | lhin =
425 450 475 500 525 550 575 600 625
Wavelength (nm)

[ 23] 959 & ACPELDe %34 2~fHedg

022

Jat200 Vv ®  Luminance
020 guide line

018—-
0.16—-
0.14—-
0.12—-
0.10—-

0.08 4

Luminance {cd/m’)

0.06
0.04 4

0.02 4

0.00 r T r T . T r
0 200 400 600 800 1000
Frequency (Hz)

[29 24] 359 W& ACPELDY 3=
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3.4 ACPELD¢]| 233 o]n] %

TH

iy
fite)

I ACPELDel A< 300 V, F3 400 Hz¢ ACHY <17}

3|
pud

A%

A 221 x 1 em® gd

-
it

o] [zx§ 25]el

W

o A

2l

o

il

=
0

K
ol

I
0

L) shopAH,

[Z¥ 25] ¢4 ¥ ACPELDY %3 ALY
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A 43 Zn,Si04Mn? ACPELDY A7|& EA

4.1 ACPELDY| Hd3dx= 54

e
olr
&

A =S ®AS7] 98 dAshel thE 400 Hzel AAvE A7tste,
ol W Hatdxe WIE [19 26]o deiuiddth Ad= 54
Sawyer-Tower 3| 2% 2 FAste] =Aact Aol 0V o w9

e ARURE 2AE FEHE QG A7)0 W debgon, Ak

rlo

at
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