FR G 10384 ) B0
% T 19820121152771 UDC

X BB
B+ % £ i X

547 3D AR Cu 942K 2235 B RK iRk e AR S 3
LED 284F M F A A

Direct synthesis of graphene 3D-coated Cu nanosilk
network and its application as transparent Ohmic electrode

in light emitting diode

AR

e SHIME 4 Sl B0
Lok B RR: BER S Y
WA HH: 2015 4 04 H
WICEFHERS [A]: 2015 4F 05 H
AR T HI: 2015 42 H

BB NS ER
T [54) A

2014 4 05 H



B TR A8 3R 614 75 B

AN EAZW AR R SRR A NAE F 4G T N 57 58 B BE 7T
Ko RNERLEEHSH LA KA D2 KRN TR,
YAE SO DUE =07 AR I, AP SR ARG AT (R TR0 5T
ARSI IE GAAT) ) .

FEHh, RSO ( ) PR
(4D BIBEFERER, 3R1F ( ) W (4D KPR
W= uth, £ ( ) B ESEA.  GEAEL EFES

N IS PR B R AU D DT N BSR4 FK, R AT IR T B A 1
A UAMEREA A . )

PN (B4 -
£ H H



BT TREFAALR VRS FH A B

ANFERETTREERYE (A N RN 22067 2451 747 St 7
%) SEUE DR B AVE L AR S0, I BT B R e IR
W2 VA SN QTR MY TG LI TR WA = S VAT S VN Al
SRR EPSEER & L & NI 1 P NI CA N DN 2 = VA7 @)l
PN o £ 1A N 0 w2 VA 7 2 A R A /)i bEi X B 4 e VA8
B AURI 7 22 G HY AR, SRS B i B el e O a5 PR ) 2

(AT

AR SR T
( ) LA ITRARE L Ao o B E IR E AL 0,
¥ ¥ A HW#E, EREEN R

( ) 2ARE, 1 BRI

CGEELL EARRNAE 5 AT “ v 7 BUH BB AR . RE AR
M e BT RERER Ra® eI, REETTRY
R L G2 W E ARSI R IF AR EHEANEHE
K1, BRI RIS, B R HAL. )

PN (%4 -
F A H






W OB

BEEFACEAL. TP RRE L. ARRBESE T N, Ot
FHAFERAR B H 8 AR R, AR SR I 5 v R R RO MR . FEARAE
L B ARG R B B G o, — B LUK A 2 G M ST A, T £
itk O ML T HAE TZFIAR BB AR RIS,  TF A8 A RL I S T S
A 3% B AR SR T LB AN SR A IE B H AR . MEAh, A RA R ANIL AL
SR ZE IS S 50T M AR BB AR U v, B AATTHEAT IR B AE K =
YEN) P FARGURFE SR DAHIE Z 4R 7288 . AR SO 45 3D B
FedEtt Cu KL, Cu@G GNoK L2 4533 B IR FE A 1Y) LED GaN 4K R
51t MOCVD B A S =AN 7 T 707, RIS T R ik .

—. SEILT H SR 3D BN Cu AR L RIHIE. RABAIE A K
AR AR L Cu 9K 22 I FR R ENER AL 2 1B KR HIE T Cu 4K
AL, HOGHRMERE R . B VR A KR B SR R DL SR S
FIRBRIREE T8, WEIT T A SIS ERRIRAEK, EARRERE T (1000 °C-
400 °C) FLIIHLAE Cu $A BAKHH Z4E A S0 .l S S i ZE AU Sl R AT
PE, RILT Cu POKLAE R PRSI, TR Sk B3 0L 3D
HERHEHEET Cu JOREME, TR —ME SN R X Fh
Cu@G YK 2235 I A IR AN B 2040 (200~3000 nm) 3 BB A “FFa
EEER, JHHE AR 33 Q/lsq @ 95%, #IL Cu YKLMERE (51 Q/sq @
93%) , 1B V1E4 1TO WML, JF HAEMIm &4 TR R Ay A
FREM. XEHRE Cu@G YKL I%E I BARTE AR SR G P2 ol R
BEERS

LT Cu@G IR ELL NS W R LR Y 5e B LED e, FRRD)
sl e HAe, R B FH A S IR RGN EPEOR DL AR KR,
IR % (27) KEAK Cu@G G0k 225E W ik, I HSeBl 7
PET. FEREELMEAR ERRIME. 410, B8 T Cu 90KZH Cu@G gk
W35 GaN 2 n. p B4 HUZ RREREARRR 1, X APSY'S BRIS ALK 45 SR 43
Brid, KB, g9Kkees GaN Z A R He iz, o T A S o s L 28 2 2



WIERT, 5850 T T Bm ik B Hamt i N T SRR i e fok . ffe, R ez AR 0
JEENH AR e T BIAL Cu@G 9K 223 W i it il 4, IRl e %% LED o
Fro FOGHEERM R, REPSEOL, R&BEF M AOREERIECIE, UER T
Cu@G YK 2237 B L ARAE S Bm 0t LA B 9O S FH B8 ) AT R 7

=L BT GaN 99KAE RS H <6 AL 5 B L 20 InN/GaN %58 45144
KAEFAERKEAR. 8%, AT GaN JKEAE MOCVD £ 4t 4l AR KA
Bk 2B KRN 1 B SR A A RO, B VI YEAE B 5 v A0 4 R ik 4
K7k 55, RiRm Ga JR T HITRE, (PRI A K LA
R AR R BRI HURAZ IS, AT = AR B Th A 3 5 1o
TITERS GaN GUKAEFES, AR BUF 1 SR BT & AOGE R R, R840 (330
nm) FIZLG (650 nm) [RINfHIFLAI I N RELIIAOGIE, AARIIE K. R
DGR AL TR RO R Al . ek, FUREE — PR R BT VAT AT T GaN 44K
AR PE m LR InN 224K . iFHEEREW, InN FEr
HRAR = 45 A REFHAS A RETE GaN PKAEREAE K, 7E GaN MIEES| N In RHE
[R5V R A RS SR 22, TERCTPR) In RIEZE . IAME In RIEER
R, SR N R TR E TN, N R TR e LA o 1 1E
NHIEE A IR T In ZHEE K InN 5225850, RATEAEE R InN/GaN
FEAKEE o R T ARG R ARE B ST B A BOR S A& AN VT HAC (1 41 4 J2 B A
AR SRR AR YL, 2GR IR M — SR A PRI RE B dIE,  DIIR1S R
) 7 SRR ST K S5

]I

\

KRG EATRI BN Cu@G KL AR InN/GaN Sk

II



Abstract

Although optoelectronic devices have been applied in a large variety of modern
products such as flat-panel TVs, electronic reader, smart-phones, touch screen, solar
cell and light emitting diode (LED), several critical problems remain unsolved and
restrict the further development due to the limitation by traditional techniques. In the
main structure of optoelectronic devices, electrode plays the important role for
achieving efficient current injection and transport. For the purpose of avoiding light
blocking by traditional metal electrode pad, transparent electrodes (TEs) and related
advanced materials become the cutting-edge issue and attract extensive concentrations.
On the other hand, the heteroepitaxy on mismatching substrate seriously affects the
crystal quality of epitaxial materials. Hence, the synthesis 3D nanostructured
materials as well as the fabrication of nano-devices open up a new prospect. Therefore,
our work in this thesis aimed to directly grow graphene 3D-coated core-shell Cu
nanosilks (NSs), fabricate LED by using transparent ohmic electrode with Cu@G
nanosilk network, and synthesize GaN nanorod array by self-metal-catalyst method.
Important results on these issue have been achieved:

Firstly, direct growth of graphene 3D-coated core-shell Cu NSs. Solution method
is empolyed to synthesis ultrathin and high aspect ratio Cu NSs by using catalyst of
Ni ions, then imprinting and vacuum annealing techniques are applied to fabricate Cu
nanosilk transparent conductive film. Growth of graphene on copper foil at lower
growth temperature is studied by modulating the gas flow and introducing liquid
toluene as precursor. As a result, grapheme monolayer was achieved on Cu foil at
different temperatures (1000 °C ~ 400 °C). In order to improve the melting point of
Cu NSs, copper capsulation and quartz magnetic manipulator was proposed to
produce a higher Cu vapor pressure on Cu NS samples. Finnaly, the graphene shell
layer was tightly coated in 3D form on the Cu NS network by CVD method, forming
a core-shell structure composite. This Cu@G NS TE has a steadily high transmittance
from deep ultraviolet to near infrared (200~3000 nm) and lower resistance of 33
Q/sq at 95% transmittance, exceeding that of pure Cu NS TE (51 Q/sq @ 93%). This
performance has already been superior to that of traditional ITO. Most importantly,
the Cu@G NS TE possesses the robust antioxidant ability and electrical stability

under extreme conditions such as high temperature and high relative humidity.
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Secondly, fabrication of Cu@G NS TE based blue light LED. Ohmic contact has
been achieved to GaN conducting layers and the LED chip is successfully lit by
electrical drive. By using vacuum suction technique, wafer-scale (2”) Cu@G NS TE
film and flexible TE on PET or silicone was achieved after imprint and vacuum
annealing at 200 °C. Cu NS TE & Cu@G NS TE both showed the Ohmic type
contact with n- and p-GaN, respectively. By APSYS simulation, the contact of Cu
NSs with LED structure reveals that the point contact between p-GaN and Cu NSs
lead to high current injection by point discharge effect, which could effectively
overcome the contact barrier and form Ohmic contact. Finally, the complete LED
chip using Cu@G NS TE was fabricated by lithography and imprinting techniques.
The chip was lit at a threshold voltage of ~2 V and shows bright blue light. The
excellent luminous intensity and high transmittance proves the Cu@G NS TE of
promising potential in device applications.

Thirdly, growth of GaN nanorod array by self-metal catalytic method and
formation of InN/GaN core-shell nanorod. In MOCVD system, continuous and pulse
mode were systematically studied for the GaN nanorod growth though self-metal-
catalyst scheme. It was found that short pulse and superposition of V-III sources under
pulse mode could enhance the Ga mobility and promote the nanorods’ vertical growth.
As a result, hexagonal GaN nanorod array was achieved uniformly on (0001) sapphire
substrate in high crystal quality. Cathodoluminescence shows two main peaks at
ultraviolet (330 nm) and red (650 nm) band, indicating a new application in double
color devices. On the other hand, dynamics and kinetics of the formation of InN shell
layer on the nonpolar m surface of GaN nanorod was studied by using first-principles
method. It was found that the InN layer needs to overcome a higher energetic barrier
in bonding to the GaN nanorod sidewall surfaces, however, introduction of In wetting
layer could effectively lower the cohesive energy and form flat In infiltration layer.
During the nitridation process, an interesting phenomenon of N atom extraordinary
tunneling was revealed, which could pull out the In atoms and then tunnel through to
form the stable InN shell layer in the absence of any exteral force. This extraordinary
tunneling could provide a lower energy route for those misfit coating heterostructures
in nanostructured materials.

Key words: Optoelectronic device; Transparent electrode; Cu@G nanosilk; Graphene;

InN/GaN nanorod
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