-

TIRRRARPELR LA E PP RS

233 1/3)

FREE D FEAYR

3 %y ¢ NSC91-2216-E-009-025-

HEHPEF 91 #0820l px92&077 31FP
PEEE D M2 REAFRPEEET S £ L

[ R IR LFLEN
ERAFA D IHMB M %RE O MRG CHER

S SRR B

BN AP EHE B AR FEMAR 2B Y 2R AN

PooE R R 92&67 2F



T FfA

PR L

REFELE € L8773
g';_.

[

EFRMEEH R AR ETE L —

FHYY R

~}

2334 (1/3)

NSC91-2216-E009-025

HFHL:91 #8 P 1p32 92T 3P
LA gtE R RE AR HEPFE1 RS

P T R

_ ‘%‘IE'

po T irdkd R E ) 2 b R

Bz B E & LT3 FED 5 % LED -
ARG S LA BARSTT N
ﬁﬁ%%@ﬁ%ﬁ&épm B R

24 8 BT E o BUA4E 1~2 BA

g,é&gxﬁﬁéi%ﬁﬁw%%°é
FEEAGNT I~ E L FANFE LB
Mgl » 30 % 4~b Fie x B AR » &
Fe s FED v kK LED enh A0 %2 &2+ 5
B R B MR AR B T 0E
2 S AN VARSI A S R a
LR 2R 1IFE R

FED: (1) A2 ME ™ aloteir F EH
MahLE ¥y HETELNEHQ)
g MR T eEE P AR AN ER
PYET 2 AR SRR Q)P EF AR - 1
TRT g ““l RGB = ¢ ¥ &4 (8) &%
FED Z 7 4f 5/ ﬂﬁaﬂiw»ﬁo

v & LED : (3)/@’?r§ 2% ~ 8 CRI &
ke ) RGBY w ¢ ¥ £ (4% n/p
A1 Zn0 # & Mt s § »x5 22 Zn0 UV LED
<5>/€§J? fe Fli & IR IR Sl RS Pk
Z2_GaN LED -

ki ()% n/p 3] In0 & & HA
o g a2 Zn0 UV Bk (5)F %8 11 &

CHE R M A T

~ R R

P & QAL 51 ok 1 2 2 GaN %
iR (B)F 3 i kB bR g 2 i
Fha B REMHE (DFF-422=4

Zn0 2 ¥ sm¥tiasz UV &Kk (8)F7 %
i‘{“—ﬁ%ﬂ:i%@ﬁﬁﬁﬁiﬁ?ﬁi%%ﬁggggﬁs@i
A2 o

BISEH : %7 FED» ¢ % LED - %4

Abstract

In this program project, we will focus on
key materials and processes related to important
optical information technologies in the
multimedia age, FED, white LED and optica
storage, as three main themes. There are eight
subprojects, each of which involves one or two
main themes, and are related to each other
through the man themes. Subprojects will
investigate independently the critical materials of
their interest in the first three years, and work out
together prototypes of FED, white LED and
optica storage in the 4th and 5th years. The
actual properties of the critical materias will be
evaluated according to the performance of the
prototypes and will be improved through the
feedback processes.

The following are the sequence
number and aims of the subprojects involving in
each main themes:



FED : (1) Selective growth of uniform,
vertical, conductive nano-tubes on cathode
substrates at low temperature (2) Growth of high
conductive diamond or diamond like tip arrays on
cathode substrates at low temperature (3)
High-brightness and low-voltage RGB phosphors
for cathodoluminescence. (8) Vacuum packaging,
bonding process, and reliability for FED.

White LED : (3) High-efficiency,
high-CRI-value RGBY phosphors  for
photoluminescence (4) n/p type ZnO epitaxia
materias for high-efficiency ZnO UV LED (5)
Low-defect density, high-efficiency GaN LED
fabricated by wafer bonding technology.

Optical storage : (4) n/p type ZnO
epitaxial materials for high-efficiency ZnO UV
light source (5) Low-defect density,
high-efficiency GaN laser fabricated by wafer
bonding technology. (6) Materias and structures
for advanced optical disc, mask layer, and
photo-switch layer (7) One- and three-dimension
ZnO nano wire materials for UV laser (8) Low
loss materials for optica transmission, and
fabrication process of near-field optical
read-write head.

Keywords: optical information technology,
FED, White LED, optical storage
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A novel hierarchical polygon prismatic
nano-structure of hexagonal ZnO and Zn has
been successfully grown on silicon by thermal
vapor transport and condensation method. Thus,
in this work, the organic solvent with zinc
chemical compound was first coated and used as
seeds on the silicon substrate. Subsequently, it
was grown by thermal vapor transport with ZnO
powder at 250°C (substrate) in Ar atmosphere.
The samples were characterized using X-ray
diffraction, scanning and transmission electron

microscopy, and photol uminescence spectroscopy.

The assynthesized ZnO polygon prismatic
nano-structure consisted of hexagonal metallic
nuclei (Zn) covered with an oxidation outer thin
film (ZnO). Depending on the different annealing
temperature and reaction atmosphere, Zn polygon
prismatic structure having various morphologies
can be developed. The dimension and crystal
phase can be controlled by temperature, time,
kinetic surface energy, and capping molecules.
The possible formation mechanism for the
Zn-ZnO polygon prismatic crystal structure is
identified and proposed as the Zn-ZnO mineral
bridge mechanism. Although the present
non-prefect Zn-ZnO polygon prismatic structure
shows weakly UV emission and strongly
deep-level emission, the PL properties and
crystalization of Zn-ZnO prismatic nanocrystals
could be improved by suitable post-treatment
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Figure 1 shows typical scanning electron
microcopy (SEM) and TEM image of the Zn
polygon prismatic crystals. The diameter of the
crystals can be tuned from 30 nm to 2um by
increasing the concentration of the Zn(Cl0O4)2
solution. As the concentration of the Zn(ClO4)2
solution increases, the amount of Zn particles
would increase. The Zn particles behave as the
nucleus sites of the larger Zn crystals. The
amount of Zn nucleus sites would be proportional
to the concentration of the Zn(ClO4)2 solution.
In the highly concentration solution, the large and
sharp Zn polygon prismatic crystals (~2um) were
synthesized on the substrate by thermal vapor
process (Fig. 1A). On the contrary, as the amount
of nucleus sites decreases, the crystal size of Zn
polygon prismatic structure shrinks to ~30 nm
scale (Fig. 1C). Figure 2A illustrates the
schematic mechanism of such a process. In this
case, the initia nucleus sites were prepared by
Zn(ClO4)2 solution. When Zn sources were
transported by thermal evaporation process, these
nucleus sites would cap these Zn molecules to
develop the nanocrystals. In the following step,
some of the fine Zn nanocrystals would get
together to form the large crystals. According to
above statement, it was found that the
concentration of the Zn(ClO4)2 solution could
determine the nucleus sites. Therefore, the
amount of nucleus sites would determine the size
of the Zn polygon prismatic crystals. It was
found that the initial nuclei of Zn polygon
prismatic crystals were emerged into the small Zn
polygon prismatic crystals by themselves and its
diameter is less than 10 nm, as seen in Fig. 2B.
Figure 2C shows the specia distribution pattern
of Zn polygon prismatic nanocrystals (~30 nm)
formed in the initial stage of crystal growth. The
spreading region of these distributed Zn
nanocrystals has diameter around 150 nm that is
close to the composing-crystals obtained in our
experiments (Fig. 2D). It suggests that the spatia
distribution region of Zn nanocrystas would
develop the base for the larger size crystals. After
the suitable growth time, the Zn polygon
prismatic crystals will be formed on that base
(Fig. 2E).

The shape of the Zn polygon prismatic
nanocrystals would vary with the growth time.
Figure 3 presents the growth of the Zn polygon
prismatic nanocrystals as a function of time. The
prefect Zn nanocrystals are observed for the
growth time of 2 hours. When the growth time
exceeds 2 hours, the shape of the Zn polygon
prismatic  nanocrystals would begin to
disintegrate (Fig. 3B). It iswell known that metal
state will become unstable when the temperature



reaches around its melting point. The apparent
melting point (Zn: mp 410°C) would be reduced
for nanocrystal with size small enough. The
balance between the thermodynamic and kinetics
would be influenced by the growth time. It
implies that if the growth time exceeds the
critica time, the equilibrium status would be
destroyed. It could be due to the unstable
lattice-site of zinc atom in the Zn polygon
prismatic crystals, long time thermal heating will
make the crystal structure destructible. To keep
the stability of grown crystals, the oxidation
treatment to modify the surface status of Zn
polygon prismatic crystal is applied. Both Zn and
ZnO have the hexagona (hcp) structure. From
the growth kinetics point of view, when ZnO is
formed, rearrangement of the sublattices of zinc
from hcp (Zn) to hep (ZnO) has to occur only at
Zn reaction front. Therefore, the nucleating ZnO
grain has a template to follow the orientation of
Zn exactly. Figure 4 shows the surface
morphology of Zn polygon  prismatic
nanocrystals after thermal treatment at 550°C for
3 hours. It is obvious that Zn polygon prismatic
crystals with surface treatment could retain the
complete crystals structure (Figure 4B). It is due
to the ZnO layer formed by surface treatment that
prohibits the zinc atoms leaving away lattice and
prevents the crystals from being destroyed.

Figure 5 shows the X-ray diffraction (XRD)
spectrum of the nanostructures, where the
intensity of zinc crystalline phase is different for
different  treatment. In  contrast  with
crystalization of Zn polygon prismatic
nanocrystals, the sample that undergoes the
oxidation treatment presents the stronger XRD
peak intensity than the other. For the Zn polygon
prismatic nanocrystals subjected to oxidation
treatment on Zn surface, the ZnO crystalline
phase can be developed as identified from the
XRD (Fig. 5B). Chemica composition
microanalysis by energy-dispersive spectrometry
(EDS) reveds that the Zn polygon prismatic
nanocrystals with surface oxidation are composed
of more content of zinc compared to those
without surface treatment (with an atomic ratio of
= 15:1). This is in a good agreement with the
XRD analysisresullt.

The photoluminescence (PL) measurements
of the synthesized Zn polygon prismatic
nanocrystals are performed at room temperature,
using a He-Cd laser line of 325 nm as the
excitation source. As shown in Figure 6, UV and
green emission with peaks at 380 nm and 530 nm
are observed for the Zn polygon prismatic
nanocrystals with surface treatment. The PL
spectrum is different from that of Zn. Zn polygon

prismatic  nanocrystals  without — oxidation
treatment. No emission peak is found because the
Zn polygon prismatic nanocrystal is only
composed by pure zinc metal in this case. On the
contrary, as the Zn nanocrystals have undergone
oxidation treatment, the surface will form a thin
oxide layer. According to the XRD anaysis, the
oxide layer is basical zinc oxide. ZnO usualy
displays two magor PL peaks, UV
(near-band-edge) emission peak and green (or red)
emisson peak (deep-level). The deep-level
emissions are generally associated with defectsin
ZnO lattice. Besides, the near-band-edge
transition could not effectively exist in the
non-crystalline ZnO. Although the developed Zn
polygon prismatic nanocrystals are waell
crystaline, the interface between Zn and ZnO
surface layer usually results in large lattice
mismatch (17%). The kind of interface becomes
the defect generator to support the deep-level
emissions. In addition to lattice mismatch, the
incompl ete oxidation of zinc produces the defects
inside surface layer and gives deep-level

emission too.




Fig. 1. SEM images of the Zn polygon prismatic! ,
crystals synthesized by liquid solution and vapor 7~ 4
transport method. A) Zn polygon prismatic
crystals of 2-um diameter. B) Zn polygo
prismatic crystals of 300-nm diameter. C) TEM
images of the Zn polygon prismatic nanocrystal
of 30-nm diameter.
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Fig. 3. SEM images of Zn polygon prismatic
nanocrystals growing as a function of time. (A) 2
hours. (B) more than 3 hours.

Fig.2. (A) Schematic illustration of growth
mechanism of Zn polygon prismatic nanocrystals.
(B) TEM image of the nuclei of Zn polygon
prismatic nanocrystals (~7 nm) (C) TEM image
of Zn polygon prismatic nanocrystals (30 nm)

formed by thermal vapor process. (D) Growing
Zn polygon prismatic nanocrystals (0.6um). (E)
SEM image of Zn polygon prismatic crystals (0.7
um) formed by the collection of the ultra-fine Zn
nanocrystals.
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Fig. 4. SEM images of Zn polygon prismatic
nanocrystals were thermally heated at 550°C and
kept for 3 hours (A) without and (B) with
oxidation treatment.
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Fig. 5. X-ray diffraction (XRD) spectrum of Zn polygon prismatic nanocrystals were
thermally heated at 550°C and kept for 3 hours (A) without and (B) with oxidation treatment.
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Fig. 6. Room-temperature photoluminescence spectra recorded from Zn polygon prismatic
nanocrystals with and without oxidation treatment.
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