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Improvement of 2W2D method on electronic paper

TONG Yue” , TONG Shuo, WANG Feng-tao, CAO Hong-tao, LIU Yan-kui, GENG Hong-shuai,
LI Sen, ZHANG Peng-qu, LU Kai, SUN Liang, ZHANG Lei, CHEN Si, WANG Wei

(Beijing BOE Optoelectronics Technology Co., Ltd., Beijing 100176, China)

Abstract: In the electronic paper industry, the TFT substrates of some products use halftone mask
process to reduce the number of mask. After halftone masking, the conventional single wet etching
and single dry etching method (1W1D) requires both the thickness and uniformity of the halftone pho-
toresist under control. The high requirements result in multiple rework in photo process, which leads
to waste of capacity. Furthermore, the poor etching uniformity of 1W1D results in the thin channel
thickness around the glass, which reduces the yield. To solve these two problems, we referred to
double wet etching and double dry etching method (2W2D) for non-electronic paper. However, the
2W2D process for non-electronic paper produces a large a-Si tail, resulting in a large parasitic capaci-

tance, which results in product yield loss. In addition, the problems of a-Si residue and channel

Y B HA:2019-07-31; 11T H #3: 2020-03-10.
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characteristics also hinder the further improvement of the electronic paper yield. Therefore, we re-
duced the a-Si tail by reducing the time of both wet etching processes and optimizing the ashing condi-
tions; eliminated a-Si residue by establishing the a-Si treatment process; improved the channel charac-
teristics by adjusting the deposition condition of a-Si film and the pretreatment condition of passivation
film. The experimental results show that the improved 2W2D method can fully meet the
characteristics of electronic paper. Compared with the IW1D method, the uniformity of channel thick-
ness was increased by 50% and array test yield was improved by 4% ~10%. Moreover, the new
2W2D etching process only needs to meet the standard thickness of photoresist, which reduced the
ratio of rework in photo process by 60%. In a word, this improved 2W2D process method effectively
improves the channel characteristics and etching uniformity of the electronic paper products, improves

product yield, reduces productivity waste, and reduces cost, which plays an important role in 4 mask

electronic paper products.

Key words: electronic paper; halftone mask; 2W2D; channel thickness; channel characteristics
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Fig.1 Flowcharts of 1IW1D, 2W2D for non-electronic paper and 2W2D for electronic paper.
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Fig.3 Mechanism diagrams of a-Si tail by 1W1D, 2W2D for non-electronic paper and 2W2D for electronic paper.
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Fig.4 Thickness contour map of photoresist
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Fig.5 Ashing rate contour map of traditional ashing condition
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Tab.1 Experiment design of ashing condition

SF; / 0./
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(ecm® *min ') (em® * min™ ")
1 W, P, G, G,
2 W, P, G, G,'
3 W, P, G, G,'
4 W, P, G, G’
5 W, P, G, G,'
6 W, P, G G,
7 W, P, G G’
8 W, P, G G,'
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Fig.6  Ashing rate contour map of experimental design
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Fig.7 SEM image of 2W2D for electronic paper
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Fig.8 Results of a-Si tail length for different processes
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Fig.9 SEM image of a-Si residue
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Tab.2 Results of a-Si experimental treatment
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(cm® » min 1) (ecm® » min™ 1) (cm® « min™!) KR
1 W, P, G, G,' G," 0.877Y,
2 W, P, G G,' G," 0.930 Y,
3 W, P, G, G,' G," 0.924 Y,
4 W, P, G, G,' G," 0.899 Y,
5 W, P, G, G;' G," 0.985 Y,
6 W, P, G, G,' G," 0.962 Y,
7 W, P, G, G,' G," 0.711Y,
8 W, P, G, G,' G," 0.949 Y,
9 W, P, G, G,' G," 0.898 Y,
10 W, P, G, G, G," 0.952 Y,
11 W, P, G, G, G," 0.727 Y,
12 W, P, G G, G," 0.939 Y,
13 W, P, G, G, G," 0.879 Y,

14 W4 P3 G4 G4’ GS” Yl
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16 W, P, G, G, G," 0.947 Y,
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Fig.10 SEM image using residual a-Si treatment
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Tab.3 Results of different etch time of a-Si

St a-SiZIPIE /s a-SiALPRINE] /s BEF A R %

1 T, 0 0

2 T, 1 0.961Y,
3 T, ) 0.957Y,
4 T; t 0.992Y,
5 T, 1y 0.996 Y,
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Tab.4 Results of different film conditions

WA Lo/ W3S Lo/ J03S Lo/ BRI

Y 2%
pA pA pA K%
1 I, I,/ 1" Y,
2 0.941, 0.57 I, 0.57I," 1.04Y,
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Tab.5 Results of different power before passivation

deposition
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pA pA RR
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2 W 078 1,) 0.711," 1.03Y,
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Tab.6 Results of etching uniformity
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Tab.7 Comparisons of IW1D and 2W2D results
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e A pA pA RR
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