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Deposition of top Al electrode films by a low damage Facing-Target sputtering method (FTS) have been attempted to fabricate an
Organic Light Emitting Diode (OLED) (glass substrate/ITO /NPB/Alqs/BCP/LiF/Al). Suppression of the high energy secondary
electron incidence to the substrate during the sputter-deposition of the aluminum electrode films was effective to reduce the light emit-
ting voltage and improve the luminance efficiency of the OLED. In addition, optimization of sputtering gas pressure and reduction of
the sputtering current was necessary in the deposition the electrode films to obtain the OLED with good performance. Compared with
the OLED fabricated by vacuum evaporation, the OLED fabricated by our low damage sputtering system at the optimum conditions
showed better injection current-luminance efficiency, although it had a little bit larger operating voltage.
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Fig. 1 Typical arrangement of target cathodes and substrate
in the Facing Target Sputtering (FTS) system used in this
work (a) and a photograph of deposition system used for the
fabrication of OLED (b).
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(a) OLED fabricated inthiswork
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(c) Hole injection

Table 1 Sputtering conditions for the deposition of electrode
films.

(a) Al electrode film

Target 50 ¢ x5t Al plate

Sputtering gas: Ar gas 60~100 sccm
Sputtering gas pressure 0.27~2.1Pa
Sputtering current 200 mA
Sputtering voltage 310~420V
Deposition time 3~4 min
Film thickness 30~40 nm

(b) ITO electrode film (80 nm)

Target 506 x5t 5wt%Sn0O, ITO plate
Sputtering gas pressure 0.53 Pa
(Ar gas: 20 sccm, Ar+10% 0, gas: 4 sccm)
Sputtering current 200 mA
Sputtering voltage 480V
Deposition time 3-5 min
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Fig. 2 Structure of (a)bottom emission OLED, and (b) hole-injection and (c)electron—injection devices fabricated in this study.
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Fig. 3 Changes in the operating characteristics of the OLED with the thickness of Al evaporated layer in the Al top cathode.
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Fig. 4 Insertion of shield plate and permanent magnet to sup-
press the high energy secondary electron bombardment to
the substrate.
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Fig. 5 Changes in the luminance-voltage characteristics of
the OLED by the insertion of shield plate and application of
substrate magnetic field in the deposition of top Al cathode
film.
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Fig. 6 Luminance—current characteristics of the OLED fabri-

cated by the insertion of shield plate or application of sub-
strate magnetic field in the deposition of Al cathode film.
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Fig. 7 Decrease in the electron injection voltages by the in-
sertion of shield plate and parmanent magnet in the deposi-
tion of upper Al electrode films. Open and closed symbols are
the electron injection current from bottom Al electrode and

upper Al electrode, respectively.

15— ST
| . DGIass/ITO/NPB/AIf
—~ L]
“‘E . ° Al plate
< o/ "
g 10 ° o i
> L]
= . %o 5 Mesh+Magnet
@ Evaporation e o
() ® o /
© i ° o
a— L ® 5 o
C °
o sl 2o o
= [ u]
jun] L ® O [u] A
@) o H
s § o
i A
§ 3

0 10 ) 20
Volatge (V)

95 2KEFIEFHEBMALICLEZEL THH, FiH
A HOF v ) THEAFEL LI TDL T LRG0 5.
Fig. 2(c0) OFETH#MANT, ¥ —IV FHHFA L L O ERR
FEIINC X 5 ITO B 5 & NPB ~ O IE FLiE ARt D ZE AL
RN ER A Fig. 8 1R d. iV, EAFEAREDL
Al ¥ —)U FIROFEARLIERBER OEINC k- TRT L,
ANEWDRHESNDL DG 5.

3.2 AlBRBEREED /Ny ¥ HREICL BT

UTFOETFER T, BTV EF—FBTOERAND A%
WIS 5720, Al —IV FIROFA B L OBAEIINZ T -
7ORRET, Al EBERIK OHERE % 1T - 72

Fig. 91 Al MR O 2% & 77 AT X 5 5 IH
OZAL %, Fig. 1012 F# ITO B 2> © O IEFLIE AR O ZE
bR d. TNEXOVHLLR LSS, BRI A/ Sy 277
AHO0.8Pa fff CIEB L /-5 A IR bIKEETREL, £
NEV@ESTHELS TOREBELHEINT 5 &, Hic2l
Pa Ll ECAl BRI A HERE T % & BOCHBEEA20V
DLEiC7a>TLED C W05, IEFLIEASM (Fig. 10)

5001
o

o evapo.\

o 0.53Pa 0 o |
o 0.8Pa l,.\w° -
o 1.1Pa 1
o 1.6 Pa 1

Luminance (cd/mz)

250} o 2.1 Pa ° u]
[ ]
[ ]
L 4
L ]
° 1
(J
ol
0 5 10 15

Voltage (V)

Fig. 9 Changes in the luminance-voltage characteristics of
the OLED with the sputtering gas pressure in the sputter—
deposition of Al electrode films.
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Fig. 10 Changes in the hole injection current-voltage charac-
teristics from ITO anode by the deposition of upper Al elec-

Fig. 8 Changes in hole injection current-voltage characteris-
trode films at various sputtering gas pressure.

tics by the insertion of shield plate and parmanent magnet in
the deposition of upper Al electrode films.
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Fig. 11 Luminance—current characteristics of the OLED with
Al electrode films deposited at various sputtering gas pres-
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Fig. 12 Luminance-voltage characteristics of the OLED with
Al electrode films deposited at various sputtering current.
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Fig. 13 Luminance—current characteristics of the OLED with
Al electrode films deposited at various sputtering current.

Fig. 14 Photographs of a mesh mask inserted near substrate
and light-emission from the OLED fabricated using the
mask.
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