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ZnS thin film electroluminescence device prepared by ion plating

Koichi EGUCHI, Masahiro KISHIDA, Nobuyuki OKIMOTO
Akira KITAHARA and Hiromichi ARAI

Thin films of ZnS: Mn prepared by RF-ion plating exhibited more bright electroluminescence than those pre-
pared by RF-sputtering or electron beam deposition under supply of 200V AC with frequency of 5 kHz.
Manganese sulfide (MnS) was better evaporation source than Mn halides or metallic Mn.  The threshold vol-
tage .for luminescence is found to be lowered by using an oxide with a large induction coefficient as insulating

layers which sandwich the phosphor layer.

ZnS doped with TbF3 and CeF3 exhibited greenish blue phosphor.

The brightness of this electroluminescence device was similar level to that of ZnS: Mn.
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Fig. 2 Structure of RF-ion plating apparatus.
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Structure of (a) disperson type EL device and (b) thin film EL (TFEL) device.
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Fig. 3 Schematic diagram for measurement of EL.
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| Table 1  Effect of insulator material
3. HBRRUER on threshold voltage for EL.
31 InS:Mn FFICLBIL 7O Ry B insulator threshold dielectric
= voltage (V) constant (€)
Fig. 1 W)ICTRTEER L7 bal Iy kv X BaTiO; 40 50—60
FF R U OMETRAEE* BE L2, 5k Y205 160 11-13
BORMIEE LTA4>TL—54>7 () i & Si02 190 4.5
FU—LFE EB) i, A5y Y (SP) BEFTCR Bia0s 205 18
SRR & LB L 7. MR OF % 1 200—~300nm & L 2102 220 1
MgO 250 10
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A BaTi03/ZnS:Mn/BaTi04(EB evaporaticn)
® BaTi05/ZnS:Mn/BaTi0g(Ton Plating)
A BaTi045/ZnS:Mn/BaTi0y(Sputtering)
Fig. 4 Luminance-applied voltage characteristics of
ZnS . Mn TFEL devices.

CHLAH ), BEREOREEIIHETS.

HIER EL TF 128 W T BB I X g2
HHOBRGEETHS. HIIEEELEMLAL &
DHEBHIENIR SV LS 2R RUBE TEE R
BEOEBEOREILEND. e OB % SP
EC, HABBE LC ZnS : Mn BB (P i TE)
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Fig. 5 Dependence of brightness of ZnS ! Mn TFEL
device on driving frequency.
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Fig. 6 Eifect of driving frequency on emission spec-
tra of ZnS : Mn TFEL device.
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Fig. 7 Brightness of ZnS ! Mn TFEL device as a
function of (a) thickness of phosphor layer
and (b) concentration of luminous center.

(a) conc. of Mn, 0.5at%
(b) thickness, 0.8, m

Table 2  Effect of additive anion for ZnS
Mn TFEL device.
device additive brightness threshold
anion (a.u.) voltage (V)

— 100 105

S 2000 100

ZnS : Mn F 50 105
Cl 13 120

Br 12 115
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3.2 ZnS:Mn EER EL FFICHEIBITZA LR
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Fifb#s—~ >~ # >~ EL ZFFI2BWT Mn £BLOSL
2 MnS, MnFz, MnCly, MnBr, % &% Mn BE# & LT
InS WIRMLEFE7=F > 0% R % T/, MnS,
MnFz, MnClz, MnBry DEEIZFNF10.5Mn atom%
EL7. BAEELERLEVWEENEL Table 2
WKIRT. WTRORTFTHRENBDHOR, FHhax
JEMICHORERER I LA 57, Table 2 DT
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Table 3  Electroluminescence properties of TFEL
Applied Voltage (volt ) device with various phosphor centers.
0 50 100 150 200 250 4
1 ' ' 10 host luminous brightness threshold
material center (au.) voltage (V)
5 kHz
:: 4 10° Mn 3.6X10° 50
< e Mn, Re 8Xx10* 50
b ) 2 Re 5 200
g 0 1 2 La, F 3 210
2 = Ce, F 2 200
k= {102 © Tb, F 2 205
= ZnS Sm, F 2 160
Pr,F 500 30
0 10°
500 600 700 Eu, Cl 20 110
Wave Length (nm) Ce, Bi 8 210
spectra B - V La, Ce 43 30
ZnS:Mn (Mn 5 at%) o a )
ZnS:Mn,Re (Mn 5 at%,Re 5 atZ) @ A Tb. Ce 5.6X10 30
Fig. 8 EL t d Lumi lied volt BLF 100 6
ig. spectra an uminance-applied voltage .
characteristics of ZnS : Mn and ZnS  Mn, Re Mn, Bi 6 160
TFEL devices. Ce. F 11 : 170
SrS La, F 4 230

Intensity (a,u.)

1
450 500 550

Wave Length (nm)

Fig. 9 EL spectrum of ZnS ! Tb, Ce TFEL device.

i3 MnS ¥ RMLAZFOBEFRLEHN» - 7. MnS
B7 A H ZnS ERBTH B, LETHADER
BBINRTL, FhA4ATL—F 14 FHIIRE
THEMICHAMET L HHRTINROHELLEEZLD
Nh. RELEVERERT =4 Y IZL-TIREALER
bohh o7,

3.3 BEBEBICH T IRMNDR

BEBL LTHADEBES % ZnS 7213 SIS 2
RINL, FmREEME OS2 & 72, Table 3 iZ

Y. 0 2 225

KR CRAATED & R TR ORER RH L
EWEE* &7/, ZnS I Mn iZ Re i RMML 725
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Table 8 (Z/RT & 9 ICFEIER L ZnS I Mn BR T
ZnS : CeFs, TbF3 ZATE V. ZnS ! BiFs 3 IhbilD
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ZnS 2 TbF3 & CeFs ¥ F—7 LR B RV
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