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Topology and molecular ordering of NPD(4,4"-bis-[N-(1-naphthyl)-N-phenyl-amino]biphenyl) thin films deposited under
magnetic field with post-deposition annealing were investigated. NPD was deposited onto ITO glass substrates via thermal
evaporation process in vacuum. It is of great importance for highly oriented organic/metal films to have improved device
performances such as higher current density and luminance efficiency. AFM (Atomic Force Microscope) and XRD (X-Ray
Diffraction) analyses were used to characterize the topology and structure of oriented NPD films. The multi-source meter was
used to observe the current-voltage characteristics of the ITO (Indium-Tin Oxide)/NPD (4,4 bis[N-(1-napthyl)-N-
phenyl-amino]-biphenyl) / Al (Aluminum) device. While NPD thin films deposited under magnetic field were not molecularly
well aligned according to the XRD results, the films after post-deposition annealing at 130 C were well-oriented. AFM
images show that NPD thin films deposited under magnetic field had a smoother surface than those deposited without
magnetic field. The current-voltage performance of NPD thin films was improved due to the enhanced electron mobility in
the well-aligned NPD films.
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Figure 1. Dimension of pre-pattemed ITO glass.
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Figure 2. Chemical structure of 4,4'bis|N-(1-napthyl)-N-phenyl-
amino] biphenyl (NPD).
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Figure 3. Schematic diagram of the generic device structure of the
single layer.
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Figure 4. AFM images (3D) of NPD film surfaces: (a) as-deposited film (RMS = 4.133 nm), (b) film grown under magnetic field (1.67
mT, RMS = 2.483 nm), (c¢) film grown under magnetic field (3.34 mT, RMS = 2.196 nm), and (d) film grown under magnetic field (5.01
mT, RMS = 1.751 nm).
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Figure 5. AFM images (3D) of NPD film surfaces: (a) as-de-
posited film, (b) after thermal annealing at 130 C for 30 min, and
(c) after thermal annealing at 130 C for 3 min under magnetic
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Figure 6. X-ray diffraction patterns of NPD films: (a) as-deposited film, and (b) after thermal annealing at 130 C for 30 min.
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Figure 7. I-V characteristics of the ITO/NPD/AI device deposited
under magnetic field.

AERT ) Feeb) wue] @i
5@l wolth AAels) A7) Ae)E

3
P 9EoR 3 3 wrk e BW

3.3. NPD Hfato| X-M 3= 2M
ZA7172] A7 e whE EAF v ] Wsks dolr ] fJaiA 21713
HBZEA] 4ol 4] 100 nm Y =] NPD Hehs AZegivt. 1 A3 =

71 Aol ke Al Wk Ao LRt elgiek ol 4
7189 AP A7l Az APES P Qgkehs 28 W

ol Al e EAE L HelE dolrr] siA A Al
235k 7k Z oA 130 ColA] 30 minZ+ NPD HHekS A2 skaich
|¥ XRDZE 43t AHE oA 33t A3 A vlws] 29 2
=25° FtelA] AR ¥ 37} #EE gk o] Avs NPD2| 31
A7} M2 dAdo] Ao & JFS 7|31 Aew 43t 5
Stk 1 574 A¥E Figure 60l YERNATE 27172 212] vljdo]

£ e 34 Qg ek el W) 9ge WA o &

o
ol

()

3!

fl

qglont Aol Agwe i JHa 9ee & Ugltk
NPD BEhe AL F 714 uhutel e QaEe waeh] 9
s A7) el NPD wehe RSk A7 el mEE ARk

=]
30 min©% F2 Al FAT 207 A7 AL e A% NP
wuke A7) ge] Sfa) 4 vjelo] o] Folxx) S RO Hels)

2 O

0.12
—=&— No annealing v
0.10 1 | .o Thermal annealing at 130°C
—-w— exposed to magnetic field after
deposition & annealing(130°C)
0.08 -
< 1
g. 0.06 -
-
8
£ o0.04
=
[S]
0.02
0.00 -
-0.02 T T T T T T . T
0 2 4 6 8 10 12 14
Voltage [V]

Figure 8. I-V characteristics of the ITO/NPD/AI device.
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