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Bl 1 &0 LED $m5HR B K (a) A BKEW B LED T; (b) A 84 /1TO B 4B WK LED IT; (c) Mk A 845

H 2 WA I (ZE DA 8 20 A 88 4% , I TTO)

Fig. 1. Schematic diagram of the prepared LED device: (a) Graphene transparent electrode LED I; (b) graphene/ITO composite

transparent electrode LED II; (¢) optical micrograph of wet transfer graphene (graphene on the left and ITO on the right).
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F TS B il 25 4 I8 3 R ST 5 6 2 R 2%
W LI SRR A ) R R Y AR o, B g,
FH matlab A B, 138 HLR MR,
SR H B Ry, ALl b BHE p., 7ERE SR
ANRIGLE, W 2 B BCT-YY, 25593k 1 sl
A1 s i W FL AR O S BEAE R 252.6 Q/0, H 5

K2 R Rin  (a) BERUZRE I (b) MHRRE 1A
Fig. 2. Dot circular transmission line model (dot-CTLM):
(a) Model diagram; (b) test sample.

# 1 EEBHBENS Y E LS p-GaN H%
ik L BEL 2 300 £ 45 2R

Table 1. Composite transparent electrode sheet
resistance and its measurement results of contact res-

istivity with p-GaN.

. JrHLHL Lt A2 ik R LR
75 P H A AR
Rsh/Q -o-! pC/Q-CmZ
Vel 252.6 1.92 x 102
f1 8845 /ITO 70.1 1.01 x 10*

p-GaN fJ LL#E i R BH =0 1.92 x 102 Q-em?; A
=475 /ITO BB W R T s Bih 70.1 @/,
e BH A A 1.01 x 104 Q-cm?, AT, H
JrHe L DL K 5 p-GaN 2 fi v BH SR 5547 BRI, Ul
B ITO i A= Re st s B ) S i T Bl
fia8di 5 p-GaN FHZ AR,

3.2 E&EPBER LED HaENHK

& 32 LED I Ml LED II 09 FV ik &, i H
R 5F R 44 mil x 10 mil (1 mil = 0.0254 mm),
LED I #1 LED II 7 20 mA HLJi F TAE L R4 5
J4.84 V F12.80 V, TAEHLEREK T 42%.

100F o LEDT

—=— LED II
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K3 KHHT,LED 15 LED Iy IV illisth £
Fig. 3. IV curves of LED I and LED II under high current.
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PR 5 EE YA N, e i it B 2 3, (B AEAR TR HL R,
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LED II Wy A CPERE S 4 BU; 8] 6 AN [R] Ha g T 7
Tt 25 424 i i X LT, AE /NI R IR LED 1Y
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Kl 4 LED kJt¥MhA  (a) LED I (b) LED II
Fig. 4. Optical graphs of LEDs: (a) LED I; (b) LED IL
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Fig. 5. Spectrum of LED I and LED II. Inset shows the
curves of the FWHM with current.
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Fig. 6. Comparison of radiant flux of LED I and LED II.
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Abstract

In recent years, graphene has received wide attention due to its excellent optoelectronic properties and has
been applied to transparent electrodes of light-emitting diodes to replace the scarce and expensive indium
antimony oxide (ITO), which is a typical current spreading layer in lateral GaN LED. However, there are some
problems in graphene transparent electrode, such as the mismatch between graphene work function and p-GaN
work function, and difficult-to-form good Ohmic contact with p-GaN, resulting in poor current expansion and
high voltage of devices. In this paper, a thin ITO layer is used as an insertion layer between a three-layer
graphene transparent electrode and and p-GaN, thereby improving the Ohmic contact between them. And a
three-layer graphene/ITO composite transparent electrode LED is prepared and also compared with the pristine
three-layer graphene LED. The thickness of ITO is only 50 nm, which is much thinner than the thickness of
ITO in conventional LED. The sheet resistance of the prepared three-layer pristine graphene transparent
electrode is 252.6 /0, and the sheet resistance of the three-layer graphene/ITO composite transparent
electrode is reduced to 70.1 /0. The specific contact resistance between the three-layer pristine graphene
transparent electrode and the p-GaN layer is 1.92 x 102 Q-cm?, after the ITO being inserted, the specific
resistance is reduced to 1.01 x 10 Q-cm?. Based on the three-layer graphene transparent electrode LED, the
forward voltage is 4.84 V at an injection current of 20 mA, while the forward voltage of the three-layer
graphene/ITO composite transparent electrode LED is reduced to 2.80 V; under small currents, the ideal factor
of the three-layer graphene/ITO composite transparent electrode LED is less than that of the three-layer
graphene transparent electrode LED. In addition, with the current increasing, the luminous intensity of the
three-layer graphene/ITO composite transparent electrode LED increases, so does the radiant flux, which is
because the addition of the ITO thin layer reduces the barrier height at the interface between the three layers of
graphene and p-GaN, and the sheet resistance of the composite transparent electrode is also reduced, thereby
improving the Ohmic contact between graphene and p-GaN. At the same time, the current spread is more
uniform. The composite transparent electrode uses the much less ITO and obtains better optoelectronic

performance, and thus providing a feasible solution for the LED transparent electrode.

Keywords: transparent electrode, graphene, indium antimony oxide, specific contact resistivity
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