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ARTICLE INFO ABSTRACT

Article history:

This study investigated spraying factors applicable to stripper usage. Cyclodextrine,

Received 23 November 2016 as environment-friendly material, was included in the stripper composition. An
Revised 20 February 2017 efficient spray technology was applied for the Photoresist strip. For industrial
Accepted 13 March 2017 applications, stripping requires a temperature below 50°C, a strip time within 50 s,
and chemically stable activation. Spraying factors were organized considering
Ke)f wors ds: many conditions-orifice diameter, working pressure (inlet speed), spray distance,
Agitation ) and spray angle. For commercial practicability, the flow rate was limited to 3
Aqueous stripper L/min. The nozzle parameters were nozzle orifice diameter of 1.8-2.2 mm, spray
ITO . distance of 40-60 mm, and injection speed of 0.7-1.2 m/s. Through the thermal
Photoresist spray movement of the fluid, the thermal boundary layer for a chemical reaction
Spray just above the ITO-glass surface and momentum region for sufficient agitation
Stripping process (above 4 m/s) was achieved.
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2ol W dse ek iy vlE 5o ARgoll 8olgt wiel 4R oI}, o] & FZ (DNQ/Novolac)= 318+2 02 g o]
717929 HITo] Hs] w& A% dadolth el W2k go za gAs 98 Yash A4S 7T ojA] S840
ATHE Beele) angel A TS FANN ZISAA R o 24, oleja P shiel e} e Fevie Adske
B AR HE T 7S SAll shdsok she AT T A% (cross-linking) 0.8 o204 It} olgdh TaE Fol} 5

FHoll= 712221 PR W] Ao B0l EFHlF 2 T 6

sA2l 2o WalshA fr.

g 59 A=l gk 5214, S o TAES S8 3 li}E]JJng% e 2HS B3 TOFEE 2~ 59 9o Yo}
9 FAE s dslr] A3 A7 A=A Yo, =g AL 9l= PRZS A= T o2 Ao THA] PRE A7|ASl
A A 8EE A E ARgshe 7] :LELL =2 T B stripper& /‘}%’6}&1 3Pk TAIE PR EEH F2o0|A 23k
Ashe 7180 Som B4 FelM e 0 TR AT Ay 20 97 A0S Bolulel ¥ B 14 184 A A
o Hel $HE ek gl < Bajaiod Aske Fejolck

wAA O tipe] PR ERMES T A/ 97] S5k e Fig. 1% B stripperel] =29 PRe| Z2]m29| stripper #4-
AR, PR M) Aol SRl #4F vl BE TAME 5o) A%(infiltration) S d1A BT 23 AFE 27 ErRe
R %} T TR Wele] Hnk e el EUE T galswelling) 2 31 Ha, 13 AFD w2A A Aol B
AR b o= weiAle] Abgel ot Bl = S BeElel & go) o) go) Bl L thpe) A AT} 54

TUE I Ae Aske] A== et o3 B0l TeF o) Ragua B4 pRES gio s He) T By} AsEt)
gk spetave] A S 24 A8l ol wo® e 9= SE 2Ao] Awjojo] AxEloZ A mA Hlale] g9 T
el B FAl(spray) B0l 2 AHEE T Ik lelE 313}

B ATE HaEEo] oA B 3 33 F SURI PR A 33} 249l B4 W8S 27]905) strippers }%%5

AN $4E Fez diiom wg BAPPHO o3 vte] F2 4970009} 9] 28 A7F 3060 s S oJulolA] AgEw
9 5= f3) FAH O sfMstaAt ATk 7] AGE= ol o)ejo)x pR Zajr]e] WAL 1wk WAE o] 9=
2 e FAYOR AR A BES AR AZ zuze 2eHel 9Y@IEE 5L Sk T vl

RIS e o) OE

) Aol SoAEIEk ARSI LA 10% S kg i) @ 4 Sl swippers) EEH 2 swripper

T AT =0
2 9] 5 A 58 S AEE AR AR AAVE A exe) ujo wigelA) sese] 9ol
=9 M2 EAL strippers] 248 Wk ehke S8 whgo
Table 1 Stripper characteristics oJ3t AF}o| F2 HoA N oo E HA, U FHAE v
Organic stripper Aqueous stripper =3} 78 B3 EAo| Og?‘sokE_:} ) =) vk o] kg
Glycol ethers Tertiary amine L 343 ouiR|e] FaMst oot} & 25} gElE
Composition Organic amine Cyclic alcohol
P Corrosion inhibitor Chelating agent
Polar organic solvent Water

Photosensitizer cleaning Eco-friendly type Disscllvied Pafguies

Merit Low corrosion Low circuit effect
High stripping ability Low flammability (

Swollen Layer

Infiltration Layer

Polymer

Substrate

Mixed solution
Demerit High activation
Temperature: 70~80°C

Corrosion issue (Al, Cu)
Low stripping ability

Fig. 1 PR stripping model describing several layers'!
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(b) Computational domain and dimensions

Fig. 2 Full cone nozzle designed by INVENTOR and computational
fluid domain
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WHoll= axial whirl TS 23 7101 =7F 9lom 7 A E(d)
ERE BAR stripper WE0] EARE A BAF AZ(D)REE €
o7l ITOFRE =2t Wl ¥H3(L2) 7HE9] wololl ZAAA
=4

Table 2¢ o] Ao gt AAZRAES FAoH AMSsh=
stripper2] %ﬂZ4 %2 33] ¥HE =43}, Data library=
AeE 371 D 29 343} 3] 25°C 719 = 71FCZ Table
30l YRtk S5t 3145 Hlgol w2} Ml stripper =
AHEL 25~45°C] W9 WellA SAsta 250 e Wsh=
3-RF Ay =y, + 4e™) T Y = y,+C) T2 &
@3le] CFX Fortran ¥32|(CEL)SE F7}5}3

TS S0 23| 7] (wall) FHAA L] B2 52 B4
317 9l =29 ZEE g =60°, 90°2 HIAATE =] FA]

oA 715t EH7IA L BAAZ(D =40, 50, 60 mm)= 5L
At 71w A2 EgskE W AR(L) 718HetAR]
HkE 1slglom, HE 50 mmE SYskAl AAsih

Wall ZA1d780NA 713 WdE EATEAAE slipe] &7t
U FAAH O F no slipO & He|rk HejAlA 25 w3le}

252210 WE A a5 HstE s Sfel 28 A4
(inflation)E FR oM &3 =& Yo} &7 FHLE Az Fu
Sl = ARE vk 14 4 ]'— *]‘Qﬂr% Fig. 3& =& %
o] 90°%1 A1 7ol AE el Axt SRyt o]
2 ARE Al 38 2719 residual target-S 10402 AA3c)

Table 2 Test boundary condition for the CFX Pre-processing

Control parameters Condition values

1. Stripper as a dispersed phase

Fluid model 2. Ailr as a continuous phase

Turbulence model k-e model
0.5-1.2 m/s
Inlet 25°C-45°C (60°C)
1.0 liquid volume fraction
Opening _Ar.nbient state .
0.05 liquid volume fraction
Wall Stripper Phase, No slip, Smooth wall

Air phase, No slip, Smooth wall

Table 3 Physical properties of fluids (T=25°C, p=1 atm)

p M o k
(kg m”) (kg m" s J kg’ KYH|(W m! K"
Air (gas) 1.185 1.831e-5 1004.4 2.61e-2
Stripper (liquid) | 1000.15 | 0.001421 4009.9 0.5923
Water (liquid) 997.0 8.899¢-4 4181.7 0.6099

&~

Zot

1x

Mo

4.1 ©8 Mol 28t gl2] @9l 7| got

JE2.0

EO-CD- 5011p4 Hhe]ol 24=
40l YJeRH o™ o]Zol|A cyclodextrine (CD)<] 3ol
AR aRlo] Sthsteth AR 3idatA HIA | @11 Hhe
Ho] 255 magnetic bar spin heaterZ ‘32014 45°C7}1A] A
olgom 1k
835t

Table 59+ 7o) P9 FA] AZH} A5 5O 7 T3] PR

OO Z A=

e 2ok 1) HlE(1:, 2D E 34ste] A

o] JE AHE 5T 50 s T Pl FHRFE *1]7230}
T3S AR B o|n|AE EE3GIt) ol ARSE ITOR
A FEkaE 50 x 50 (mm)E AFsl] AFEglom oju) F2g
PR Fig. 49} 22 FAIE 741 lom sjelo] #-857] o]
=8
A AldE ot A9 vl SRS 314 Hlgo] 1191 AS
5o w2} PR swelling ©AI7F 8] o] FolA= Zle A

0.00

50.00 100,00 (mm)

25.00 75.00

Fig. 3 Grid generation

PR | §, 900nm

ITo 150 nm |
SiO2 4 1520mm ‘
Glass 0.7mm

Fig. 4 Sectional view of PR layer and ITO coated glass sample

Table 4 EO-CD-5011p compositions

Corrosion
inhibitor
Weight (%)
3

Alkalinity
mixture

Weight (%)
40

CD Surfactants Di-water

Weight (%)
10

Weight (%)
15

Weight (%)
32
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WS Bl A & 2o, 2:1%0 A 45°CollAE A9 PR
swelling TS 714 PR 237} He AR & 4 Utk oA
Aol 50 s WA} 45°C Wl eRgke SE52S frAlskal
sPehkgo] kEEE Y97 AT 28] AT agitationS SR

& 4 o= BAL W] B F0 golog Aggct

4.2 =E Ajoko| MEH
AL = Z QYAE B o F RAE F2 BAH o]
& E9kS(droplet) FENE 3719 F7He U AASHEA 5

a7 ok W] do) ALB-E-S Haslsly 885 sl Sl
o] Fig. 2(a)9] full cone FEIE H-L3IHTE g FE(flow
rate) S HA3Pslal FFH TAH S gHaY] S5 289 2
< 1.5~2.4 mm °JHE 3} %S5 3 L/min ©|3t= &AL
e BAES Aol

E3 eF 02jI|2RE ITORHE S RHHA] Ll
e e AAE, 55 #F9 He B e e
A 27] B9 WS 1125k Fig. 59 Table 69 o] &4
e W= Algstdtt. FARAZI(D = 50 mm)ollA] #A} (25900
o3 FAHE LA AT 7SI OE 46.6 mmolth

Aol 2= BAFY Y] WM< (theoretical spray coverage,
TSO)= L8ju|28] E=7t 4ol 3| 2= AR dAF o 2=
BAZke 27] B2 QE(£5), ESYT (%) 59 244
YJAE HEHT I8 EARGGL o) {419 A= wet

Table 5 Images of the sample surface after PR dipping process
(50 s) with different strip temperature

Strip temperature
35°C 40°C

Diluted
stripper

30°C 45°C

1:1

2:1

[ \
‘ ASC ‘ ’

TSC

Fig. 5 Spray angle and spray coverage
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Z Alokol| o8t 282 Table 79 AYslyct ey &
73-"} AT 7Y Aeds AT o o9~ HE Bshe %
O]E} 2 mm 2832 A7} | bar 5YEY A9 2.665 L/min

B Ho|3 Gtk S W] S e 0)ulx 47
o AFUYFUEH) L Folo} B,

Table 78] 9= 944 g9~ Ao Hal= FULEE 1.0
wisoll T2} 27] BA BAlo] TAlE WSE S Slck B

BAlddog FgkHe EH 3t agitation] A7)

Az
< j=2=1

L

22X s = 5 Idtk

Fig. 62 2.2 mm full cone 23] 274& 751%“5}:11 1.0 m/s
FUEES AT o) AMME &=olr}. HAZ o= 30°F He
27] TAMFE AL Q1o BAY S o] &4 —E*‘ PR
AL FEor wEn 1y 7HAlE AlAeo] 7Rl B

A Grol F7-E&9] full cone FE= EAMFSG ] W3} vl A
Table 6 Theoretical spray angle and spray coverage
Theoretical spray Spray coverage (TSC)
angle, TSA (°) (mm)
’ D=40 mm | D=50 mm | D=60 mm
15 214 26.8 322
20 29.1 36.4 43.7
25 37.9 46.6 56.6
30 46.2 57.17 69.2
35 56.6 70.0 84.0
Table 7 Flow rates
Orifice Liters per minute at bar Spray angle (°)
diameter |0.5 bar|0.7 bar|1.0 bar|1.2 bar|1.5 bar| 1.0 m/s
1.8 mm | 1.527 | 1.866 | 2.159 | 2.365 | 2.644 32
2.0 mm | 1.885 | 2.230 | 2.665 | 2.920 | 3.265 325
2.2 mm | 2.281 | 2.690 | 3.225 | 3.533 | 3.950 32.8
24 mm |2.714 | 3.211 | 3.838 | 4.204 | 4.700 33

40mm

Fig. 6 Stripper velocity for 2.2 mm orifice diameter and 1 m/s

input velocity (equivalent to the working pressure)
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Fig. 7 Stripper velocity profiles at 10 mm height (Fig. 6 L1)
corresponding to different orifice diameters
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v = inlet velocity v=0.7 m/s
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z ‘
3 8 4
°
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g 47
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2 4

0 4

006 004 -002 000 002 004 006

Horizontal distance (m)

Fig. 8 Stripper velocity profiles at 10 mm height from the
substrate corresponding to different orifice diameters
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Fig. 9 Stripper velocity profiles at 10 mm height from the

substrate corresponding to different spray distances

Fig. 10 Stripper temperature profiles for 2.0 mm orifice diameter,

50 mm spray distance, 1 m/s inlet speed with an inclined
(60°) nozzle direction
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Fig. 11 Stripper velocity for 2.0 mm orifice diameter, S0 mm tilted spray distance, 1 m/s inlet speed
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Fig. 12 Stripper velocity and temperature profiles at L2 for 2.0 mm orifice diameter and 1 m/s inlet speed
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