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Abstract

This work developed a novel micro-structured stencil for high precision printings.
Printing technology are the major techniques for producing printing circuit board in
electronic industry. Because, printing process are usually in low-cost and mass
production for producing products. However, it is difficult to produce small patterns
using conventional printing technique due to the limitation of the woven mesh or
stencil’s thickness. Therefore, the critical dimension for typical printing process is
limited between 50 um to 100 um. The electronic products are tending to smaller,
thinner and light for the consumer market. In other words, the printing methods are
tending to smaller line width, thinner printing layer and higher printing resolution.
This study developed a double layer structure stencil for printing ultra-fine line and
thin film on three kind substrate. Each substrate has different surface energies. The
printing test result compare the printed paste width and thickness from different
printing condition. To understand the influence of surface energy for printed paste.

This work successfully developed a novel process for fabricating ultra-thin
stencil with a buffer reservoir utilizing the combination of AZ4620 positive
photoresist (PR) and SU-8 negative PR as the electroplating molds. The fabrication
process include multi- photolithography and electroplating process. A low-cost
microscope glass slide was used as the substrate for producing the stencil. In order to
meet the requirement for metal electroplating and structure releasing, the Ti/Au layers
of 50 nm in thickness were coated on the substrate by sputtering. The injection hole is
defined by the AZ4620 PR since AZ4620 can well sustain the nickel plating bath in a
short electroplating time. On the contrary, the SU-8 PR can sustain long electroplating
time of the nickel plating bath then prevented the first metal layer damage in second

electroplating process. The high transparency of SU-8 PR also makes it easy to align



the two PR plating molds. Prior to the nickel plating process, the patterned substrate
was activated with CCP to enhance the surface wettability. The plasma treatment in
order to further enhance the adhesion and the roughness for nickel layer. The metal
structure was then released from the glass substrate using a diluted HF solution.

The buffer reservoir was used to provide the necessary strength and uniform
paste extrusion. Moreover, the buffer reservoir also reduced printing pressure from the
injection hole. And the bridge structure to avoid the microstructure in stiction.
Improved the stencil printing lifetime.

Results showed that the developed stencil successfully printed silver paste with
the pattern of around 15 um in width and 1 pm in thickness. And the printing pitch
also down to 20 um. The complete right angle patterns confirmed that the developed
stencil was capable for printing patterns with desired orientations. The blocking
issued was excluded for the stencil and the printed pattern. The method develop in the

present study will give substantial impact on the modern printing technology.

Keywords: High precision printings, Photolithography, Electroplating, AZ4620, SU-8
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AR: Aspect Ratio, % i#*

ASD: Ampere per Square Decimeter, & /% &

CCP: Capacitively Coupled Plasma, & % ;8 & 7 Tf:
HF: Hydrogen fluoride, # 4 fi&

MEMS: Micro Electro Mechanical System, #cts 7 % it
OLED: Organic Light-Emitting Diode, 7 #4% % = &%
OM: Optical Microscopy, % % &g et

OP(%):Open area rate, ¥ v

OTFTs: Organic thin film transistors, 7 # & %% & 48
PCB: Printing circuit board, & | % ¥

PET: Polyethylene terephthalate, % ¥+% - ¢ it ¢ = fig

PR: Photo Resist, -t e

a\g

PTFE: Polytetrafluoroethene, % = 4 2 % (4 4 #%)

RF: Radio Frequency, #+#g

SEM: Scanning Electron Microscope, # 47 7% & + & fcdt
SMT: Surface mount technology, # & % pb 3

UV: Ultraviolet, % * s
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Buffer reservoir
(Second layer)

Injection hole

AZ4620 PR (First layer)

& Seed layer (Ti/Au)

Glass substrate
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AKRE e S K SR F[454T] o T b0 5 R AR RS - S EA F R

ol
(g
heay

FEAZEBEPN A 0 WALF AL OF "G S MBHEE - 2B

Xy
=)
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WA B > RERLIFE TA- AR SR AL FangES o F
SR ERBLTAES 2 o P S A RSER §ERERAZTUE 3
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T o F KA e L D ke (AZ4620, AT F ML S#) %A 9 8um F
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(A) Cleaning and sputtering (E) SU-8 coating and alignment exposure

ettty SE S

(B) AZ4620 coating and exposure (F) Electroplating buffer reservoir

Y/ 4 / Y/

(C) AZ4620 developing (G) Remove photoresist
(D) Electroplating injection hole (H) Structure release

B 3-1 A el @iz r LR - (A iFaz L2 g A r RET&E
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E%%’ifﬂ*iﬁﬁﬁﬁﬁﬁiawmigﬁ B EBRt T 53 (B)
Y SU-8 kI TR EN SH KB LY HE SRk X R
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(DI water)= >k & & {5 > 1% F B RRPAF L 6 FvRFRE o 288 B3y
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G- R BB RRAET L FACMBEIERES HwmhE o ~ &
BB AT G K i AL B it o B LT R T g sk e
FIFEHFUF] > ¢ 31 2 EHFP R F > BE= 5 Rl g = TERE
A~ 0 AR R E R HP B & B HP o s T

VUARE R R o IR A o GHRE R OR 4 0 A O EYE RIRI g R 4 20
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v A
(A) Cleaning and sputtering (E) 2" AZ4620 developing
o S LA
(B) AZ4620 developing (F) Electroplating bridge structure

(C) Electroplating injection hole (H) Electroplating buffer reservoir

— e

(D) Sputtering 2"d seed layer (I) Structure release
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AZAB20 ke w P F N C 4B AFR FEER ETRREY £ B)EG
= K AZAB20 kfE o MR EERE > TaRAESHE PTEF - R TR
oo WG ERE R 0 2 TSR 6um ZfRSHE > (H)FI" Boar a5 - Kk
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Detector

Probe
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10 pm line

e

27.91+3.02

25.313.62

15.9£1.8

27.25%4.01

25.6813.38

21.5612.41

24.3513.55

25.915.02

21.65+3.35

20 um line

37.6213.16

34.6912.5

25.3614.53

35.12%4.32
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27.42%3.07

36.38%£3.29
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25.314.53

30 ym line

48.0414.19

46.2313.56

32.212.75

48.0814.03
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55.9214.7

47+4.53
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65.9614.49
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45.8314.31

50 ym line

69.5913.49

64.7814.21

52.08+3.68

7214.26

68.0914.01

54.46%3.67
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75.1315.93

71.67£4.75

56.314.92
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2 1.32£0.14 | 1.15+0.17 210.25
10 ym line 4 1.57£0.26 | 1.41+0.33 | 2.36%0.27
6 1.75%0.37 1.6£0.45 2.9910.64
2 1.48%0.1 1.31+£0.14 | 2.12+0.22
20 ym line 4 2.2110.38 | 1.69+0.35 | 2.73%£0.34
6 2.9810.75 | 2.24+0.54 | 3.99%0.72
2 1.56+0.12 | 1.46%0.13 | 2.37+0.26
30 ym line 4 2.7610.26 | 2.53%0.37 | 3.19%0.25
6 3.74+1.06 | 3.38t0.41 | 5.31%+0.38
2 1.65%£0.12 | 1.56%0.13 | 2.53£0.28
40 ym line 4 2.9910.33 | 2.91+0.22 | 3.71%0.29
6 4.9710.83 | 4.01+0.41 | 5.68%0.72
2 1.8£0.18 1.67%0.12 2.710.27
50 ym line 4 3.4610.33 | 3.2410.28 | 4.14%0.38
6 5.3710.73 | 4.79%0.59 | 6.33%0.45
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