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Research on Auto—split GaN-based Vertical Structure LED

SU Xu-liang, WANG Can, YING Lei-ying, XU Huan, XU Rong-bin, MEI Yang,
ZHENG Zhi-wei, LONG Hao, ZHANG Bao-ping
(Department of Electronic Engineering, Xiamen University, Xiamen, Fujian 361005, China)

Abstract: In order to solve the problem of damage to LLED chip caused by inductively coupled plasma
etching and substrate cutting, and improve the yield of devices, a new process for fabricating GaN-based
vertical structure LED is proposed. The auto-split vertical structure LED without substrate cutting is
successfully fabricated. In the process of device preparation, chemical mechanical polishing is used to
reduce the thickness of n-GaN instead of inductively coupled plasma etching , which avoids the damage to
the side wall and active region of the device caused by inductively coupled plasma etching. The problem of
substrate cutting is solved by temporary substrate transfer technology, and a single LED chip can be
obtained without substrate cutting. Compared with the regular LED, the electrical characteristics of 300 um
X 300 pm auto-—split vertical structure LED are greatly improved. The forward voltage at 20 mA decreases
from 3.17 V to 2.88 V, which decreases by 9% ; the saturation current increases from 240 mA to 280 mA,
increasing by 17%. The influence of electrode shape on the device performance is studied. The electrode
shape is changed from disk shape to ring shape, the saturation current of 500 pm X 500 pm auto—split
vertical structure led is increased from 450 mA to 490 mA, which is increased by 9% . The performance of
auto—split vertical structure LED is expected to be improved by optimizing the electrode structure.
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Fig.1 Process flow of GaN-based auto—split vertical structure LED
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(a) SEM picture of the surface of "mushroom" (b) Side-view image under microscope (c) Plan-view of sample after laser
copper after electroplating of "mushroom" copper film lift-off
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Fig.2 Morphology of mushroom copper substrute
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(a) Surface of center part after polishing-100x (b) Surface of edge part after polishing-50x
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Fig. 3 Surface morphology after polishing
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Table 1 Four different LED structures

Device number Device size/pm® Electrode shape Device structure
LED— [ 300X 300 Disc shape Regular-LED
LED— 1 300X 300 Disc shape ASV-LED
LED—I1I 500X 500 Disc shape ASV-LED
LED— IV 500500 Ring shape ASV-LED
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(a) Comparison of IV curve characteristics (b) Comparison of saturated luminous intensity
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Fig.4 Performance comparison of LED = [ and LED - [
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Fig.5 Performance comparison of LED- [ and LED-IIl
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