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Types & Characteristics of Chemical Substances used
in the LCD Panel Manufacturing Process
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ABSTRACT

Objectives: The purpose of this study was to investigate types and characteristics of chemical substances used
in LCD(Liquid crystal display) panel manufacturing process.

Methods: The LCD panel manufacturing process is divided into the fabrication(fab) process and module
process. The use of chemical substances by process was investigated at four fab processes and two module
processes at two domestic TFT-LCD(Thin film transistor-Liquid crystal display) panel manufacturing sites.

Results: LCD panels are manufactured through various unit processes such as sputtering, chemical vapor
deposition(CVD), etching, and photolithography, and a range of chemicals are used in each process. Metal target
materials including copper, aluminum, and indium tin oxide are used in the sputtering process, and gaseous
materials such as phosphine, silane, and chlorine are used in CVD and dry etching processes. Inorganic acids
such as hydrofluoric acid, nitric acid and sulfuric acid are used in wet etching process, and photoresist and
developer are used in photolithography process. Chemical substances for the alignment of liquid crystal, such as
polyimides, liquid crystals, and sealants are used in a liquid crystal process. Adhesives and hardeners for
adhesion of driver IC and printed circuit board(PCB) to the LCD panel are used in the module process.

Conclusions: LCD panels are produced through dozens of unit processes using various types of chemical
substances in clean room facilities. Hazardous substances such as organic solvents, reactive gases, irritants,
and toxic substances are used in the manufacturing processes, but periodic workplace monitoring applies
only to certain chemical substances by law. Therefore, efforts should be made to minimize worker exposure
to chemical substances used in LCD panel manufacturing process.

Key words: Chemical substances, Color filer, Liquid crystal display(LCD), Module, Thin film transistor(TFT)
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Asto] theRet M7Z-Z yUetd= Aotk 1A} AA|
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77 ekt 2 QtiKim & Choi, 2004 Yoon,
2004; Lee & Yoon, 2008). LCD A|RAIYGNA= 3t
HoJ Bt o] F Arof et H7|H o8 HGZ SA
Sh= 7]eo] T8t A AREIL Qe 70| Bt
E#WA]AE(Thin film transistor, TFT) 7]&o]|ct =
T E PR AE-BHHEAGX(TFT-LCD) 7]&2 19804
o Zof 7idElo] FA7EA] LCD AtdolA Ee] AM-E
1 tHLee & Yu, 2002; Yoon, 2004: Lee &
Yoon, 2008). TFT-LCD A2372 HEMAAH
£ Higst fEriaa Zeskas widgtt fEres
Axoto] A FASHL F 7S 2Rt o sl
A 2712 dEsa w3y, 27|, WEolE 55
Fzlslo] 2EHoZ LCD AES APAkst= 5ol

AR AATHY AtATol| QetH vt
e A2FHolA 7HEE Folws A7l 10~
30cm AEo|Y=d|(Park et al., 2012), LCD A9
A= F o 7OEXAR)S] fE7HE 7HeRnt

5 4 9o LCD &2 ¥i=A 34X w2 9
sfekEdo] AMEE & Sl fE7IE 7Y A
717F AX 7FE oA B E = Slekeds aTE e
2 Aojsl] ofg}E 4= ot B2 oA AT 4 4
AtARe] AAkETol whet Zpo7t Sl& &= Ut 1=l
tfuke] A-+Zte] ook LCD 5739 uije|y 4]
o] AAIAHNA FolilEd FE= QT F45E A
7} 2RS4 QItHWu et al., 2008; Lin et al., 2010;
Lee et al.,, 2011; Park et al., 2013).

TFT-LCD 3749 f3i8clo] et A+ Ed2 &
A kot AR AAFRIISRIE e =& HUME
gt AF|7F Itk Wu et al.(2004)2 LCD AlZ33ol
A oA E, o] AZBHAFE EFQN, AR Y, T2
SYZHLHEoH 2 ofAEHo|E(PGMEA) 5 3
F718er o] tiet H7FE 38 HF 23, Chang et
al.(2010) LCD Al234 At Fd4df7Ist=
L3 ARG Higt A5 g vk ok & A
TolA HIRE FREFL EE, o E, olaEd
&F, 2SS = EoEHZ(PGME), PGMEA,
=540, AR oItk U= Yi et al
(2012)°] & Al™, AFEFAABFEITO) B4 AZ,
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of e3fd 12 HA HHE stal YoER FF A
o] Ashd A ArtEelol ot B7t of2
T Jong Ao s HAAsth A ARl =
590 x 670 mm =7|9] Rt taFH o] FAketel
1709k 1,500 x 1,850 m Z7]9] ZUH ¥ TVE H&
Edo] ARl IHE A7tz SFAL, B AR
oA+ 1,100 x 1,300 m 27|19 HHIY, BERH, &
UE-E HaEde] A4kl 1,870 x 2,200 m =2
719] 2k, HE3, BUE, TVE HAaE o] ikt
Ue A= sl 83 REele] Fe+=
o F 7l 7ksEloM 7 SRS HE 21
sk ZETl 4 VHE 78R stk

2. TFT-LCD 3% /i

A ZF Aol disl AR R 37 557t
7Fset oA W, 5, AR BRSkL 2] AR 34
He 34 7hao] gk AS 835kt olet A Al
F 340 oigk wofS fldf £ AEE B
(Haq, 1988; ILO, 1998; Jeong et al., 2001; Lee &
Yu, 2002; Kim & Choi, 2004; Yoon, 2004; Kang,
2007; Lee & Yoon, 2008; Chae, 2009; Chang, 2010;
Ahn & Lee, 2011; Yi et al., 2012; Jeong, 2012).

Table 1. Classification of TFT-LCD manufacturing process
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11 ol wet AR 3798 IetEd AREE 85181
o} 183 o] HESI] R0 BEsHA| = 5
F7HAQ1 A7 a3t A= ARSI Sl AFA
9] EAoHHRAXFE(Material Safety Data Sheet,
MSDS)H A B 213 2] MSDS Elo]EHo] A
£ AESIYHKOSHA, 2019). o] A7oAE= 2014
~2015W¥ 0] ZAAT LCD AJAtelRlofA 2 ARgs}
1 Sld SfehEd A% Tt A0 ARIAoA AR
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g ol ARESHA] = E40] A 4= Q1AL o] o]Qo]
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1. TFT-LCD MIxZH 22

Table 12 TFT-LCD AZ3HS E59) =
o} 3HolA Ei=Hle} o] TFT-LCD AR 7
(Fabrication, Fab)2Fl#} XE(module)ztRloz

[e)

»

O rlo rlo

o oj

Production line Main process

Unit process

Cleaning
L Deposition
Thin- film (Chemical vapour deposition, Sputter)
transistor Photo
(TFT)
Etch(Dry, Wet)
Strip
Fabrication Color filter Clganing
(Fab) P Deposition(Sputter)
Photo
Cleaning
o Polyimide(P!)
LIqu?Lé;yStal _ Rubbing
Filling(dropping) of LC
Post-fab process(Cutting, Grinding)
Cleaning
Adhesion of Polarizer
Module Module Adhesion of Driver IC & PCB*

Assembly

Inspection

" IC & PCB: Integrated circuit & Printed circuit board.
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ARl G2 3A ERT & Aok 7RERlE TFT
FE715 AEy {27 AAES S5t
S0l AP FAste] FFohe BAERIS EobH,
el 7HeERIoA 7HE SRl Hgato]
Y Q3|2 7|2 (Printed circuit board, PCB) 52
Fasto] HEHos XSk A4S Tt
7FsekRl> TFT, AZFE(Color filter, CF), 47
(Liquid crystal, LC) 3822 F8 IHS &7+
At |A TFT 342 HFZ Alojoh= BHERAA
BE AAl5ks 3H0E Axd, AdA oE S35
L 73N (Photoresist, PR} E=X3t & Hst= A4
el 7| &dskes 3HEE A5 Atk TFT
Foll= 718 AlFsks Al(cleaning) 3 8=
Zoto] FE71ERlel E8eted o R HukS 3
Sh= S deposition)&37, AAH I2HES 5
7]3of| F1dsk= EE(photolithography) a3, ZEH
oA P4 AAES 2ot oto] AHd-EHo]
U 2443k 7IAE o]&sto] Sk HHZ R4, AlA
sto] Hol= AAES 2ok AZHetch)34, 4
Z+57ol A AAES 8% & |27]8o] JRok=
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=g, T+ 22 2584 24l EHArE 7t
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I A=t Yo it T2 B9 3shARtS-E 59
FaZ sk SATdSRe] ARREI QY ZES
oAz Holl vzt 8ol ZFE PRE f27|wel
THS T UV EE RASHY o FER A8Fos
AR Bofef e 7lwo] L85 Qloh AeE
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Q AHY FHI ZEZHORE IA Urolx AT
o St} AeEE FoA= TFT 373914k 2ol
g T79 B E4=E $EZ of= A2 ofHa §
A=R1 ITO F2to] F& o]Fojx|1 9}, Tt A
gielo] et EHujEZ A(Black matrix, BM)
< foll AE520] o]FojX = F¥E St A3
< TFT 343 ZAHZHIANA 7FHE 24249
o] wiEFaS Qlfista HFE FUT & F A
78S FEbetal Hd(panel) TR Aok
deteh AFFHo = AFAT Hol2E
1-&sto] f2)7]hS ARt tha vl Ejoln=
(Polyimide, PI) AEAS Qlash= 5, A3t
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1) TFT-LCD 7t&2f2l 2 A E=E

(1) B'FE X AE(Thin film transistor, TFT) &%

TFT 382 A3, 53 ZE, 47, 8t 34 5ol
Al ke ARESH Sl ZEFAHY HA= A
&ot= IEdY 571 Bol v 341 Eastod
AYSHLt Table 2= TFT 3404 ZEZFS A
gt U] 3820 712AI(Glass cleaning), S%
(sputter ¥ CVD), &414ZHWet etch), 4142 (Dry
etch), BHe(strip) S04 ARESt= eEds 4
8 &2 Aotk TFT 340lA= 7P WAl 7]8A1H
3= B9 FE71He] ol2dE AAT duky e
2 UVy Egzut AHjE o]&sto 7|1 f71E2
AASL th202 gol24(Deionized water, DD)Z
ol-gsto] 7|} olFEZ AATT AMFA el kA=
FASH| Egtr g w(Tetramethylammonium
hydroxide, TMAH) &%& ol-&sto] A7t & mjr
g = DIE ol-&st AAsh & gith. S234Y ¢
= EYA75A SetA7dSR R Lo AT
o 5= QA EYATESE] F9= ATE Ao 9
S| o]FojX|1 Ut ATE FAHNA= BA

ot

www.kiha.kr



Table 2. Chemical substances used in unit processes(except photo process) in TFT

Unit process Chemical substances

Glass cleaning  Deionized water(DI), Tetramethylammonium hydroxide(TMAH)

Aluminum(Al), Copper(Cu), Indium(In), Indium Tin Oxide(ITO), Indium Zinc Oxide(IZO), Molybdenum(Mo),
Molybdenum~-Titanium(Mo-Ti), Oxygen, Titanium(Ti), Cleaning agent(Ethanol)

Sputter

VD Ammonia, Argon, Diborane, Fluorine, Helium, Hydrogen, Nitrogen trifluoride, Nitrogen, Nitrous oxide,
Phosphine, Silane

Acetic acid, 5-Aminotetrazole, Ammonium fluoride, Ammonium hydrogen difluoride, Ethylene glycol,
Wet etch Ammonium phosphate, Potassium sulfate, Cupric sulfate, Ferric nitrate, Hydrofluoric acid, Hydrogen
peroxide, Nitric acid, Oxalic acid, Phosphoric acid, Sulfuric acid, Tetramethylammonium hydroxide(TMAH)

Argon, Borontrichloride, Chlorine, Helium, Hydrogen chloride, Hydrogen, Nitrogen trifluoride, Nitrogen
(purge), Octafluorocyclobutane, Oxygen, Sulfur hexafluoride, Tetrafluoromethane, Trifluoromethane

Dry etch

2-(2-Aminoethoxy) ethanol, Amine compound(trade secret), Diethylene glycol monoethyl ether
Strip (or 2-(2-Ethoxyethoxy) ethanol), Dimethylacetamide(DMAc), N-Methyl-2-pyrrolidone(NMP),
Tetrahydrofurfuryl alcohol

Table 3. Chemical substances used in photo process in TFT

Classification Chemical substances

Resin  Acrylic polymer, Acrylic resin, Cresol Novolak resin, Metacrylate copolymer, Multi-functional acrylate,
(Polymer) Novolak resin

Diethylene glycol ethyl methy! ether, Dipropylene glycol dimethyl ether, Ethyl-3-ethoxy propionate(EEP),
Methyl-3-methoxy propionate(MMP), Propylene glycol monomethyl ether acetate(PGMEA)

Benzyl alcohol, Diazonaphthoquinone sulfonic acid ester, Hexamethyldisilazane(HMDS), Photo active
Others  compound(trade secret), Photo initiator(trade secret), Alcoxysilane compound(trade secret), 2,4,6-
Trimethylbenzoy! diphenylphosphine oxide, 2,4,6-Ttrimethylbenzoyldiphenyl phosphine oxide(TPO)

Acetone, Butyl acetate, Isopropyl alcohol(IPA), Methyl-3-methoxy propionate, PGME, PGMEA, Wiper
(Ethanol, IPA)

Developer Tetramethylammonium hydroxide(TMAH) solution

Photo Solvent
resist

Cleaning agent

(target) EAE dFrE(AD, #2/(Cu), E(n), ITO, |
QlEotAASHE(Indium zine oxide, 1Z0), &82dl G554 (borontrichloride), @4x(chlorine), &,
(Mo), E81Edl-ElEFs(Mo-Ti) §°] AFEH1 AU, A 4 (Hydrogen chloride), A-&3Fd4
EZgtRut FAS st 7IAR ofZE(argon)d AbA E3513KSulfur hexafluoride) 59 82 0|83 ]-04 /34
(oxygen)E AHESHIL AT ﬂ'—} 271352 53 7+ okl At 181 REZA o|F AF f71EE
A dEYUoKammonia), °}2Z, tlXE2ZHdiboran), < AAH| gt Hej8do == 2-(2-0H| o EA)
EA(fluorine), F(helium), —,—J_(hydrogen), e olek2(2-(2-Aminoethoxy) ethanol), THEOINE
SF&A(Nitrogen trifluoride), &A(nitrogen), ©FAt otu|=(Dimethylacetamide, DMAc), N-#|8-2-H&
S A(Nitrous oxide), 2EAH(phosphine), AT 2] &=(N-Methyl-2-pyrrolidone, NMP) &°| &%%
(sﬂane) E«] 7WA} E4E& RSk itk AT EHS ARgStL %1‘4 A Aretelo] ‘q"ﬂ'/ﬂb £74 opl
A HE Oﬂ 1% JEo] ZAyo] S3tE|o] Qi SRMEY 7E B4S S3st 83t ARgoI: st
S &uto] AZ-E 9% F414Za At o} g TFT 4‘7§0ﬂ*1% 3354 ;ﬁ:‘?‘ 4 ZEZH
9 A -?4"?‘1‘ XAz o 52 L2 = itk S414] Ao o]EZ AAsH= AlFFAol =t FA 2ol

o] ALGE|T Stk A AYAZ FHAE o2,

4~ @ o

““ »

ZF Ao -= 24K Acetic acid)S BlEsto] E3QtH 2= o|9Jo] EWs| ALl 9= AL Qi) thut
H(Ammonium fluoride), E4KHydrofluoric acid), TAof wWEtA UV B EtR0kE o] g&sto] 71491
TAESeA(Hydrogen peroxide), Z4AHNitric acid), MAZRAL 434511 ATk

QI KPhosphoric acid), @4HSulfuric acid), TMAH Table 3 TFT ZEIZAOA ARSI 9= EZLS
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Aejof w2 Aoltt. ZEZHYoA AREEE= SeEdS
M (Photoresist, PR), A&AA|(Cleaning agent), &
‘F(developer) 02 A F-Eoto] AP 4= k. 3
PR PR EHo| 5718412 718 84 & 5
o] Z3td Edolth. AU Edn RO 2= ofF s
A(Acrylic resin), AYEHZA|(Cresol Novolak
resin), HERCIEEHCIE 558 A(Metacrylate copolymer),
L HESA] o] AREEL AT HBH AR H
ogdlZeZodrdolH|E(Diethylene glycol ethyl
methyl ether), HlZzddZ=iZtiHdoHZ(Dipropylene
glycol dimethyl ether), o8-3-ISA|ZZ= 1 {o|E
(Ethyl-3-ethoxy propionate, EEP), HE-3-HEA] T
23 QY|o]E(Methyl-3-methoxy propionate, MMP),
PGMEAS} 22 f7|3ketEo] AREE L ATt 718 3
TN HRogE= HALTFE(Benzyl alcohol), otz
UIZE J=SdE A AH Z(Diazonaphthoquinone
sulfonic acid ester), A E A2 Hexamethy-
ldisilazane, HMDS), #HF3A3}s+E(Photo active
compound), F7§AJAl(Photo initiator) 5°] AR&E
A 183 dAJH o= TMAH 8Ho] AREE]
AT

S

(2) 8" (Color filter, CF) 373
Table 4= AHTE ZEZHOA ALEE= SEHE
AL AYd & Zo|t}h. TFT 383 go] A"y

Table 4. Chemical substances used in photo process in CF

LCD HMXZHO AIZEl= sf58To 57 2 S 315

SANAE 7 WA 718AE 38 Sl
o] o]EZES AAT}. UVy Egt=ut AdH]
of 7|#9] §71ES AAT v gol24E o]85to
71er olE4E AASIL don ARdAe| wEbA=
TMAH &% o]&sh7|= it} Aejdy ZEFH
A TFT ZEZAOALL o] g 7]1EAQ +
A AR aBEA £, &4, 71E 38 22 5
AR EE A2 fARRY Ao ¢tEI ARSHT=
Aot A=jde FHolA= TZ(Pigment blue),
LAl(Pigment green), M (Pigment red), =AY
(Pigment yellow)9] Qt= 9} 7HLESH AR (dye) 5]
AMET dejdE ZEZYA ARREE IEARA|
= 1EA 4 SHEE ofmEsA, &R
4], 71 A|(Cross-linking agent), 91&AISA|(Epoxy
resin), T4 o2 e]E(Multi-functional acrylate)
o] AMEEL Qe 181 BARE 2-FEA[0
EF2(2-Butoxy ethanol), 2-FEA|oErZolAH|o|E
(2-Butoxy ethanol acetate), AE=3IAE=(cyclohexanone),
EEP, MMP, n-S"otNHo]E(n-Butyl acetate),
PGME, PGMEA®} 22 f713tghEo] AREHIAL U
ot 2 gE 349 g 8= 7P wWol AREEIL
V= E22 PGMER}F PGMEA ©|Qit}. 71El 73l A&
o g HWALTE(Benzyl alcohol), AEA|(Coupling
agent), HOIRUILEIF|=HELO|AHZ, FHt3AJS}
=, YHAIA, Eot4HPolyamic acid), AHEA

Classification

Chemical substances

Glass cleaning

Deionized water(DI), Tetramethylammonium hydroxide(TMAH)

Pigment Pigment(blue, green, red, yellow), Carbon black, Dye(trade secret)
Resin Acrylate monomer(trade secret), Acrylic resin, Cresol Novolak resin, Cross-linking agent(acrylate
(Polymerization) compound), Epoxy resin(trade secret), Isobornyl methacrylate, Methacrylic acid polymer,
Y Multi-functional acrylate(trade secret), Resin(trade secret)
Photo 2-Butoxyethanol, 2-Butoxyethanol acetate, n—Butyl acetate, Cyclohexanone, Diethylene glycol
resist Solvent ethyl methyl ether, Ethyl-3-ethoxy propionate, Methyl-3-methoxy propionate, Propylene
glycol diacetate, 3—-Methoxy butyl acetate, Methyl acrylate, Methyl methacrylate, Propylene
glycol monomethyl ether(PGME), Propylene glycol monomethyl ether acetate(PGMEA)
Benzyl alcohol, Coupling agent(trade secret), Diazonaphthoquinone sulfonic acid esters(trade
Others secret), Photo active compound(trade secret), Photo initiator(trade secret), Polyamic acid(trade

secret), Surfactant(trade secret)

Cleaning agents  pGviE, PGMEA

Acetone, Citric acid, Nitric acid, Potassium hydroxide, TMAH solution, Surfactant(trade secret),

Developer

Polyoxyethylene derivative(trade secret), Potassium hydroxide, TMAH, Surfactant(trade secret)
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316 S8 - UIEHS - XI

Al(surfactant) 5°] AREEITL UAATE FH A& 5
oA AA, FE-SHSE, BANAIA, E=joral4il, Al
HEGA 52 1 ARSI E49o] YR 2=
o] Jlth. AIBAIRE= oMME, 4l AREE, TMAH
2ol AHEAIA], PGME, PGMEA 5°] AREEL At
oz E= ZFZAEdl F=A4|(Polyoxyethylene
derivative), $AEEE(Potassium hydroxide), TMAH
S, AHE/GA 5ol AREEI SlSiH

(3) ¥4 (Liquid crystal, LC) &%

Table 5+ HHZHolA AHEE= R4S 4
o F2 Zolth. WA NAFHA= oAlE, ofvlslet
E, 2-Q2-otoEA]) ofgtE, oErZoll(Ethanol
amine), S|2#dZ2]Z(Ethylene glycol), olAZ=zd
GZ, oA Eotr|=, NMP, TMAH §9 So] A
S5 AU o E HiRFRl EToln|EE Q14
St= A= 2-FEAEE, Au-REEEE(
-Butyrolactone), ZA|, NMP, Z&]otj4t, E&]o]u]
T 52 A8t it} HFFAHLS TFT 343 2
e 34004 7HE F 71 /8715 Alelof] A
FAst o= FAHOE o]lF VALC(Vacuum
alignment with liquid crystal) =+ VAS(Vacuum
alignment system)2t1l F2+=1] o]Z2 2550 A
FERRIth= Qujolt}, Y FAoA = THE FE7|H
o= Y-S AsHdotting)otal e & 2] 7]Ho
= 4ol A= AL LA Yo AHE(sealant)
£ LE3 AHEE HFo] A= AL WAok= A
o9 & i R7] Atololl HA(gap)= T4
AlA F= 92 skt o= Ash AFdFClA= &

Table 5. Chemical substances used in LC process

38< Gapol#tal RE7|Z st ofF HRol=
ODF(One drop filling)o]gtal B27]|% sl=t] o=
HYS ZHsfoto] FYsk= FAFolgh= Xolth. WA
LCD Axo| AMgEe= HFoRE= HAEZEILHA
(bicyclohexanes), H|#H'2A(biphenyls), AlEZ34
#H2 A (cyclohexylphenyls), A|&=|2A|(Substituted
phenyls) £=0]| AREEAY o]F A7 4= 744
S3Eo] ARBERE A9t Qleled, dZEolE A&
vIA|Z2 8 K Alkylated substituted bicyclohexane),
nZgYo|E x]g vIAEZ X Propylated substituted
bicyclohexane), 7|8t ¥4 5= AREEIL A}t A
PR = e AHol A 1 FAHR] 248
FHREE TSt UHh AHE=E BlAHE A o
mZ225]=38 E2|H(Bisphenol A epichlorohydrin
polymer), HEtZZ4HE E2™(Methylmethacrylate
polymer), H7HA|, 43| 5ol TdH =] A
EAY, ot3 8- ZA|S=A](Acryl-epoxy resin), OFl
sehE, AEl7Ksilica), F715 A (Special inorganic
filler), AgkslehE(Silane compound), FUAAASIR=E
= Yo] w73t sl8hE(Heat sensitive compound)
o] E3te 23tEo] ARSEILL AT AHES] B¢
F2 AR Aol FuIdE HE lioh

off

G
rlo

2) 2E(Module) 2101 =Q AIREXE

TE2RloA= LCD #doll Driver IC & FAet
& o]AZ PCB 7]#o] Fask= 37504 ka4
o] AREE1L Slth. 22 9sfAl:= ACF(Anisotropic
conductive film)g} E2]9= o =AHAAHZAE
o]-&s=tl| AUZA| ACFHQ T4 E(Ball)o] EA|HA]

Unit process

Chemical substances

Acetone, Amine compound(trade secret), 2-(2-Aminoethoxy) ethanol, Diethylene glycol monomethyl
Cleaning ether, Ethanol amine, Ethylene glycol monobenzyl ether, Ethylene glycol, Isopropyl alcohol,
Dimethylacetamide(DMAGc), N-Methyl-2-pyrrolidone(NMP), TMAH, Additive(trade secret)

Pl

2-Butoxy ethanol, 7-Butyrolactone, Coupling agent(trade secret), Modified polyimide(trade secret),
N-Methyl-2-pyrrolidone(NMP), Polyamic acid(trade secret), Polyimide(trade secret)

Alkylated substituted bicyclohexane, Bicyclohexanes types, Biphenyls types, Cyclohexylphenyls types,
LC Propylated substituted bicyclohexane types, Substituted phenyls types, Other Liquid Crystals,

* All LCs are trade secret.

LC Acryl resin(trade secret), Acryl-epoxy resin(trade secret), Amine compound(trade secret), Bisphenol

Sealant

A epichlorohydrin polymer(resin), Epoxy resin, Fiberglass wool, Gold, Hardener, Heat sensitive
compound(trade secret), Methacryl-epoxy resin(trade secret), Methylmethacrylate polymer, Nickel,

Photo sensitive compound(trade secret), Silane compound(trade secret), Silica(trade secret)
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Table 6. Chemical substances used in Module process

LCD MZESYOM ALBElE afetEZe| Bf { &4 317

Products

Chemical substances

Anisotropic conductive film

(ACP) resin, Others

Acryl resin, Acrylonitrile resin, Aluminium hydroxide, Bisphenol A Epoxy resin, Hardener,
Nickel, Nickel/Gold-plated plastic particles, Organoantimony compound, Polyurethane

UV hardener

Acrylic oligomer, Dipentaerythritol hexaacrylate, Isobornyl acrylate, Lauryl acrylate, Photo
initiator(trade secret), Urethane acrylate

THAFE7IHo2 dF)o] o]FolXit. YFA| TRl =
25 9F 300C~460C AZolt}. ACF= IEA
(polymer) & =4 He(fillen®E +3=0] A=
T/ HRA oIt X14], 2012). Table 63 HEIA
oA AEstY YL FEIEEL AT =L Aot
ACF9] 7% YA(nickel) == YA/Z 5: ZataE
A*HNickel/Gold-plated plastic particles), ot
2], oladZYEZ $A|(Acrylonitrile resin), B~
H& A 9ZA]$A](Bisphenol A epoxy resin), &
2] et 4=A|(Polyurethane resin), 7|Ste] =315t
E(Organoantimony compound), FARIIZ0lE
(Aluminium hydroxide), FA3HA| 5o] +AAZECR
2ot o] Qlrh. AMFAOlA= ACFS] 3], A3HA], 7]
1:4. AJ_E_ = U}o %;gg Ooﬂ%j]:]]tﬂg Ox]éjl_ 011—4. i
g F7] 5ol gt EFZ Aty A8 J F2E
of UV 43k H2HA| 502 =XE 3t & UVE ol&
stof AHBIAA F=d A JRECE ol ZEY &
2] (Acrylic oligomer), tHlE]EAE &AL
o] E(Dipentaerythritol hexaacrylate), o]ARYd
ol &g o] E(Isobornyl acrylate), r-dotzddo]
E(Lauryl acrylate), $-dgtota2 28 o]E(Urethane
acrylate), B7IAIA So] AREEIL Sl

V.o #
LCD A= AdFelA= 2ol 54004 sieke

Pol AGHT Ugion] F2 AEHT U YL 3

A A are]g A, TEZA, AIZZA, HioF
34, 4484 Solzt T % k. 59 RS 7}
% go] A8k BEFY Aol e ot %
79| 7% %‘(PR)OI A8 Sisie 1D A% MY

slet #asl 4
LCD A|ZZA
*el% %— iz AuR
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’| TFT _A_I-I |§|L ;I-ﬁl-‘z' | ENM

TFT 40lAE f2)7|%o] sretedr~Eg 47
a7 9lal AY, 22, X, A2, w0 59 A% 3
o] o]RojX|1l Ut} 7HY WA 7|WAY FHZ B9
87119 o]E4E AAst= U] YRty¥o s Uvy &
ghzu}l Al olgsto] lwe] §718S AASL T
205 goleLt TMAH 892 o|§3te] H4ow
A78E 2t UVy E2k=et Adejof o5t A4 A
ol Qo] IE 4= gloBg AR k&3
4ot & 4 = TE|7t " a3t Takenoshita et
al,, 2016). 2234L 214 kL 315kl o s
710l BaE FHAI7I= 3ol ol A+
4 LCD A 23704 &2 Hro] gt uhat S}
242 A HAlo] ogt F2HPHE o]&skal U
o AuE FANA = ASAHNA B, T
B o 2 5% Blo| E9RukE Tiet] 5459
S fE7Eel SEAI7= FAolth weEta ATH
TAoA AREStAL = 8 EELS S50 EHleR
ARESE| 913 E5olu S5SRbEe|l v AR, o
=, S4E SoE FH0] Utk AnE FAoA AL
|51 e B S22 gFvE, T, UE, ITO,
17O, &9Edl, Z2Edl-HENs 5°] ARE AR
o) 183 ERnr A4S 9IRt 7HAR of2ati) Aka
£ ARESEAL QISlth AXE FA0A = D AU
oA Zfo] olRolA 1 glott FARFT BRT 7
fole AHE I FE2uA|, A, 82 we 59 &
A BZRlo] o]Foi T glo B of ZHolA ZeiA)
=°] 5 2 11 3k }LEE T & Aolth Yi
et al(2012) YaEdo] A2y ZHFHolA 1TO
B wA, A & FAIES 7‘*%% TPT o QE
g =&Y 5 AW 1 Bk FFE2 SZHEAY]
2 B 0.004 mg/m(0.0003~0.0305 mg/m)L.
= Hgk B Qo SEuet JEeREY |
SF/gEXCE 0.01 mg/meltHMOEL, 2018).
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AREET ot 3R 7AGSE 3 oAe Yol
AESE A, A AT 59 Fo7tAE ARSohs T
AR F71GSAAoNA HF A7) Holl 7l
SHE 2ol A= Q= 12k AT B4 A H
7tAE HHs F2 k. 7SR FAolA
£ 7tA9] Rhgog Ehukg 3Adsh=t] ojuf ARgsta
92 7tAY RS BARE 59 JIRES 1T "I
oJ5f 12k Ao EdEEH 12 AFEHA=
HE 800C W99l 2xojA sst871452 34 &
FES HA AT & FARA(Wet tank)ollA 7}
A5 APt webs SEHE71AdEE S0 7t
SRl S1E WRY AAA] Fai7tA kE A
F = olQofx 7hgEll shE-gTtolA fAE

fllo
)
ol

L R718A, BB A
B0 THE 24 059 gydo] AHgHT Yrk

HotxUREF=dE oA 2t o] Mo

oY fr

oo
vIzHeE 4Rl ;o] 9lof ofeid AR UV Yol
A g SEe dddos @dos g

9 5= Qo 7oz dey dedl 459 st
DNQ-Novolac ZEFHRAAEO]|}. of7]A4 Novolac
Novolac resin(=EZ,R)S Woly, LEFY o]%
A Zyagol| A 718l olEe] S [e7|HE HSst
7] 913t WjEE Ao, AAfHo] &5iE & Q= A0l
ot DNQY %= do] RARE]Y] Hojl= 7gAuel
A B9 8o AR AR 28-S sitt Hlo] XA}
= FZ27F Hoto] Yo] AR FE2 Ao B
7} ®ltHenderson research group, 2019). 18]al
7184 IEAEAS HEAE8E Y &
(solvent)ZA19] J&-S sfar Stk A LCD AFAAll
A ZPERO] ABEA AR ARRELL Q= 242 of3
5], S EgA], HEelola Y olE FFA,
LR Folot, Iga Wof uizst 52 kAl A
H3t folRUZEF=AHZAOAHZ(DNQ), 2,4,6-
EfuEdizdrsd EZATZAIE(TPO), FEA
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A, B7RAIA SoltiAnyang General Chemical Co.,
2019). TFT ZEZAA= HELE, DNQ, TPOE
AlQlet U A| /A FAAAL FAH] BAY
< FAuL= Hestar Qo FEAAILE FAAIA
£ o] XA S o) 7gHe] = wsiel AN
A9 &3l AHE A= 5A% JEOZ LCD A
oM olE H7|E&Z FEekal QJrial o AR
AFH ARREE f1EAIE tolgdZEEgd
dojg g, dxzgdiZZoydolg2, EEP, MMP,
PGMEAS} 22 f-7]8ktEo] AREE L U=t A
AFAZoN A ZHgolo] &A|R ARSI Q= BEL F
2 FPZoNEIE(Glycol ether) 3FES Wol ARES
1 9E Aol EXolgt T & ok 3hH ZEZAA
AREETL Qe AIFAIRE 7EG9e] g2 ARREE
87184191 PGMEA, MMPE H|ZE3lo] ZEZdH 2
SIFEQ] PGME, 183l gtz o o] U4zl {7]
LA1Q] olAE, FEHoHo|E, oAz HtE S}
ofghgoly IPAZF FH-E <ol 7F AR ER U
83 @A o 2= TMAH 890 &2 ARRE I Q)
k. S fE7|ol NS TxsE| Mol SAH
g AzHHMDS)S EX35H=t] o]= 7}olo] 9a
718 FFEESE F7] Hgtolth.

2. HTE T 33 S3I2T S
Aejge 39S NWAE 34, 110 Z334, 28
THOR LirolA] A 4 olek. 71wAY BN
L TRT 34olAeh Zo] UV Sefnt Aujo] ofgt
A4 AN oo W 4 ik AeEy 3
oAl TFT 24oliet o] olg) £7o] B2l 2
2 228 S AL ORI ITO Bl AMgste] &
%

o o2 gepjme] S99 239 1108
SRt N O IR ISP B
2 95 2BFo] o]RIAL AR Utk Hejuy
EEBHIN AFBEE PHAL Qkm, TRASR|(E
L 2R GAA), $718A, 24 4R Som 74
so] glt] TFTS The He okar} ARgHrhe Hol
o} dejme ZEgHolME go) 398 W, =
S e e L I I I
(Pigment red, Pigment green, Pigment blue,
RGB)®} AM 9] EHMEZYARGB AI7HA9] B
T2 = IJHE H8 7HEEH0] FE AREEHL

o i &l

|
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A Aol mEtA s g9 tE(Pigment yellow)
7} 2 A9] Qtme} o] AMEEY|: gt FAedEE
HoHe EHEL A RGB ZHzto| 3H3E 73gdlo]
FE71Ee] =2EY ol% w3, I, Ax 5o 14
2 TFT 543 2t} gt 74539 Ao x3hd Qts
7} A2 JER FEE 8eige 55 AASHA &
ot ZgE ZEZHOA ARREE = R F
= FAHER FAET s A9 Ao 2=
ofF US|, LRI, o FEASA|, of|FAA ZH
59 1A FA(EH)S} s ofaE HlH,
olFgHo|E RkH, 7|54 olaERLH Fo| ALE
HI itk ZgE ZEFHAME TFT ZEFF
= g2 IEA FAoQoE HlzH(monomer)k:
AREEITL Qe ol Wof vzt FriAALE vk
sto] @A 8] G I EYHE F4
5t7] Ygtolct. TFT #5g o] 9= dlo] AN F&
o] @M alj=l= EXE|H(positive) W49
Ho] Wo] AREEl=r ZAHUE TAAE Wol A}
A k2 FEo| difdo] 8= Yol RAbE HiE
o] Joll= Y7l E(negative) Al Wol] AREH
o} A2gE AN gt 2-REA e, 2-7
E Ao olA|E|o]E, PGME, PGMEA 51} Zo] &
gZoE2 IjHEo] FE ARREHUTE YA HEIt
TFT ZEZAO] AE 7| 2202 FEFog 2 55t
Eo| F2 AF8E =t ZdedE ZEZHA= TFT
ZEZHOA Ho} ket 7847 g |
AREEITL QIQiTE ol AYWE ZEZHOA ARSEH
= E40o| TFT &34 2o} ggshy] el Aoz
ToEch J8a HASFE, tolRYnEF=E ZEAL
o AE|Z o]e]o] FAIA|, FEGAE FAEA ER
Be FYHEE Ak ST LCD ARdAollAl=
TFT 57golAet o] AyuE FANAE FAGA9}
AAE SAl7IeRE FEstal okal oJAXIL §
H AUy ZEZAAA ALEHI = AFHAZRE
FFgHo] G2 AMEE= 77]-8A1°1 PGME, PGMEA
H|Z35l0] ol E, AL TMAH, $ABMKEE AlH
At S ARSEY|E St Ao zE TMAH
Qo= ZT|SAEAA A, SR, AW
Al 5ol AREEL ot AYIE ZEZHAA A
e @Y E3 TFT 34E0E g9t EEES
ARgsEaL Q19T

N

oo ox © o it

ol
;O
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S RFHE FAE ATk A Sl
TRl E2folu|=(PDE A3 ] Aol AES #13h
ehEotl, ofu|loEA] oflgkE, 7|e ofdlsighE, ofE
AZEE, HolgdZEneddolHzE, tugots]
Eofn|E, TMAH, NMP} 22 &30l AREEEH| ©]
=42 oplsttEY ST EoHE steEclFe &
of At 2FAL PI AZGNME videte] d=
Zojo|n|=0f +4E FHS| EFo|u=rt ARG
l=H AR FRe JUuER FAEL A0
2|3 7| Eejo|u|=oke] ARl A5 29
A e Ed VIR FAEA . T 8ARE
2-FEA S, Aut-HE=2E, NMP 5] A=
AR olg #718Ale F=Hol 170~210C] ¥H
of i HF 23 AL & e SdolH. HPo=me
HAIZ RS, BlH A, AlE2ddHEA, AgHd
A EE 50l AREEA e e HEo] A
J EEEe IUvlEE A ol 1E|a
o] M A& AL F e RErd Atolo] e
Aol AHEES AR8ohet] ddE 42 &

of A, FRAsRRtE, dudgsitE 52 A4

oX |

]

Org

3

21t 2 LCDE +5AIAF+= Driver ICe}F PCB <
2% & HF drske T4olH BEsolMe
o Driver IC & F2et v ©|Z& PCB
7]go]| Faolk= BolM ACFeF &89 oA &=
AAHAAE ol8sk=dl FFAl ACFHS =4 &
(ball)o] BAHA =xdo] o]FojXtt. F2HA] 300T ~
460C =] 27} 7HiA|AL 1ot 2tollA %
f71stebEe] A2 ThsAdol Aot ARdAelAE
ACFe] 4], 454, 718t 42 52 FLuIL=E A5}
AL Qlek 571 5Ol ot BB Al A8 A A
ol UV 4ohg HHAl 522 =25 ¢ & UVE 9]
&3to] FopAA Fedl otadEo|E shehEo]
UV 4ok8 H2AE F2 ARkl A0t UV

—
O
o
==
il
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o= F7HAAZE 2= o] el ZEFAolA L} o]
BAAA e FhuER A= QU

5. 931o| X5t
B kRe 10D AXFYoIH AgEE serEe
£20l EAo| HHE & =Fo|y 9]__]?;(1_4

A4, Aded TR (?l'oﬂ )5t ARl e

6] O]_?_O}X]X] (1?—51-9,1' . _1:_-—‘,‘3—01]/\11_ LCD Xﬂ—l—

oA AFEEl= ‘i*gé‘_«l LHYIIY, 2=

2, A #Ee 55 AAE 741@10113}.

Nv&"m

o
-
1=}
——

o OHO{

8
g7}

v.8 =

LCD AxFHZ #4719 w¢ Alistd 3482 &
o) LCD g 7Hs, ¥t TFT ¥ ZeZH /g
7130l LCD F2HES +ok= 59 34 oA
SIS ARSSEY ATt LCD AZRFFoIA F=2
AHLEJ‘* 542 AW FAolA °PEU1H, ITO 59
< BH7l B30, 3IHE74453 3 Ae A,
*E‘EJ 59 7t EAo|, FA4L %%‘Oﬂ/ﬂ% 5714k
F7h AAAZE oM E Ak, 4Adse4 59
W24 B4 5] ARSEAL itk ZEZAAA = 1L
B4 A, 97184, 78 AE 5o 7A4E A
o]F9] gdo] ARRE I A FYH o R = F41E)
HEg gy 8o 2 AREHI QIoltt &
H4H 342 FPHFGo2 AEEE [TO9 S0
O|FoA| 1L Qlil, FN FJEOZ IEA} 4], {7|&
Al, 7343 e Hgf A=TF AARET AT A
A2 A7, W3, AYFY 59 AHoA SEHELS
ARESELL AR A flsl R71-8AI7E ARSE L
Ao, WS oire ETojuE A9t 2-FEA|
e, r-HE|ZHE 59 F718A7F ARSEH I 9
Aot 283 HPo 2= HAIZE A, HHEA|, A
2N GA, XA =] A}A‘lﬂﬂlﬁr o|%
AR BHZ A" S3E0| AEEE A9 A9
LCD AZxFZolA A= = 3had 7k
= 77149 AFASHE Bl wE s E Hsfok
Sk B4 ol9o 1EAEA], &, 3 € T
o] ShrH FHE HEsto] J& 7kA, A7 7hA, A

o 1=

A 5o $E2 Edo] AMGEI SISith webA
LCD Ax Ao a4t siehad kEsk

£ FHAiokl== st Wavt Qo
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