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The Determination of Screen Printing Main Factors for Array of Vacuum
Glazing Pillar by using Factorial Design of Experiments
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ABSTRACT

The screen printing is a process that is widely used in manufacturing process of various fields such as flexible devices,
portable multimedia devices, OLED, and the solar cell. The screen printing method has been studied as a method for
forming the high precision micro-pattern, making the low-cost manufacturing process and reducing cost through
improvement of productivity. It is applicable to deposit and forming the pillars which are one of the core element for
comprising vacuum glazing. In this paper, by using the paste of the glass frit base, the screen printing was performed.
We analyzed the effect for the printing process to deposit pillar paste on the screen printing parameters by the factorial
experimental design. The polynomial predicting the volume of the printed supporting pillars was drawn by using screen
printing.

Key Words : Support pillar, Screen printing, Factorial design, Design of experiments

.M =2 (Screen printing)= ZHE Fol& HEW|
OLED, B ¢4 & EAlE 27 5 vt 2ok
o

_VL
2
N
N

Agfel e AARE F 4ol f2 Alolo] Y Az oI G B FYoIth3-s],
A 2971004 Agel SJste] Jabst shae] £ 25190 212 TS QA AR A soj2E
WMol M= 4EHsHs 2L WA

< el ZFHeg (Paste)ot olE EXst=H o 8EHE —;HZ](Squeegee)
Hi X o}, 7] A a2 SEEgadA i AAE o] ZARIEY e S5vkaI F
(Dispenser) & ©]-8$F W o] 9)\21/} YA Dis- FH ETFE o83l o|FAR = FHOEH .21]0]_/:
pensen)E A& 7 A EAQE, A4 27, HE AA @ 34 W 5 ookt
2]9] A A7k FA QolSo] Bald oz zheale] o

o?:', o ot
)
Y
E;
R
~~
b S
@
"O
a
=
@
a
CL
o X
=]
-
<

€

o x7] 9 rpEEo g Qlaj £Ho A AsE A

A skE EAIMES 2L ek ook 2 EA S & g
Ast7] flsl 237 A E o]&- AR Aol o 2 =woMe 239 s el A
3l A7} o] Fof AL glom AT IS L A Fo]RE U A mAE =S BHHIS
A Al ] g, Ak Az e Al Y] W QRIAAAGWEE ol Sete] 2ad 1A 3N
F AN FEE T AN A AR AT e AAY Aol FFL vAE F8 T =4l o
2 B2 A7 A% Fol hu1-2]. 23" Q1 sk i SR ATV A HH3AE =
2 AR T ) oS THe T v S =&

ol
-
ER
,Xl

E-mail : osjun@kongju.ac kr

47



48 A7

<4214

=135]
oH

2.

>
oo
02

JEIRY

o

2.1. X[ X|cH °|-’ﬁH o8

2 Ao AE-g H o] AE(Paste)d] 7| ERAHS F
2k~ Z 3 (Glass frit)ZF 4], 5-4H(Boric acid)S AHE-
3}t Table 12 XAt #H o] ~E (Paste)] s}3tx24
< YeRith

32 AR WA E 218 AR Q1A

2l AV*E"AH LSP-5040 A HIx}E 012 7] 2 A}
31tk S R AL =27} A& 400 um, 7
150 umE zte WErla3a s ARSI o 7459
742 23 mme] 7(“}74”‘_53 S 2-8-sk3ATHe6). viA|
H A9 4 2 FIASL 71A2AR] VK-9700
< AFE3IA T Fig. 12 AX T Ho]2E Iz H 7
Sofl AFEE Q1A F X} 32 AF71E VERH
Table 2= 32H AIS719] AFSS YERIT

fr
kW

o

2.2, RO MEAEME 0|

291 gEAYolRE T 7 olgel el that A
SN BA A APPHOR B AT v

Fig. 1. Device used to deposit and measure pillars.

Table 1. Paste components of support pillars

Chemical compositions (wt.%)

Glass Frit 80~90

Feldspar 5~15

Boric Acid 5~10

Table 2. Specification of Vk-9700
Item Specifications
Measuring Horizontal 1350 um
range Vertical 1012 um
) Measuring range 7 mm

me;{szlr%}rlrient Display resolution 0.001 pm
Repeatability 0.014 pm
Width Display resolution 0.001 pm
measurement Repeatability 0.02 pm
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Fig. 2. Schematic diagram and parameters of the screen
printing.

Table 3. Screen printing parameters and ranges

Level
Group Factors

1 2
A ps(Force (kgf)) 10 15
B Zme(Snap-off height (mm)) 1 2
C 04(Squeegee angle (°)) 50 55
D vs(Squeegee velocity 150 200

(mm/sec))
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Table 4. Experimental results

No. A B C D Volume(mm?)
1 1 1 1 1 0.00954
2 2 1 1 2 0.01057
3 1 2 1 2 0.01211
4 2 2 1 1 0.01217
5 1 1 2 2 0.00885
6 2 1 2 1 0.00650
7 1 2 2 1 0.01224
8 2 2 2 2 0.00669
9 1 1 1 1 0.01127
10 2 1 1 2 0.00838
11 1 2 1 2 0.00951
12 2 2 1 1 0.01457
13 1 1 2 2 0.00647
14 2 1 2 1 0.00841
15 1 2 2 1 0.01106
16 2 2 2 2 0.01035
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Fig. 3. The measurement results of pillars.
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Fig. 7. Residual model diagnostics for pillar volume.

Table 5. Final model of factorial design regression

Percent

5 % 3 35 1 5 5 @
Standardized Effect

Fig. 5. The standardized effects of printing parameters.
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Fig. 6. Interaction effect of factors for volume.
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Factors Coef SE Coef T P
Constant 0.009918 | 0.000362 | 27.37 | 0.000
B 0.001170 | 0.000362 3.23 | 0.008
C —0.001097 | 0.000362 | —3.03 | 0.012
D —0.000801 | 0.000362 | —2.21 | 0.049
B*D —0.000620 | 0.000362 | —1.71 | 0.115
R-sq 71.35% S 0.00144941
R-Sq(adj) 60.93%

V=0.022031 +0.011019*B — 0.00044*C +
4.23682E-05*D — 4.96003E-05*B*D 0
where,

V = Volume of pillar

B = Snap-off height

C = Squeegee angle

D = Squeegee velocity®] T}
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Table 6. Analysis of variance (ANOVA).

Factors | DF SS MS F P
B 1 |[2.19E-05 | 2.19E-05 | 10.42 | 0.008
C 1 [ 1.93E-05 | 2.19E-05 | 9.16 | 0.012
D 1 | 1.03E-05 | 1.93E-05 | 4.88 | 0.049
B*D 1 [6.15E-05 | 1.93E-05 | 2.93 | 0.115
Lack of Fit| 3 | 9.5E-07 | 3.2E-07 | 0.11 | 0.949
Pure Error | 8 |2.22E-05 | 2.77E-06
Total 15 | 8.07E-05
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