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Study on alignment of molecules of liquid crystal

Kim Doo chul

Abstract

Sample cells that the molecules of liquid crystal were able to be uniformly aligned were
made. The method of producing them was a surface defomation of substrate, whichwas
rubbed with grinding papers and alumina powder and used with reliet grating. The two
substrates were assembled into a sandwich type with teflon spacers holding them apart.

After nematic liquid crystal (PAA) was injected in the cell, the order of alignment of
molecules was measured from the degree of partial polization of the light propagated the
cell. As the producing method changed, the degree of alignment was maximum 94% in

rubbing with grinding paper(320 grit) and average 87% in using with the relief grating.
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smectic, nematic, cholesteric & Al7}x] 7|23 o2 BFgct dupid AAq A
=9 Wiel aetx nAA AN APLE AX dAZ sed, AP E FA-
2l nematic, smectic & A Ato]2] Ao|s} QA Hc}, 1

olj gt MAHAE Atolo] AAo] A A+ F HA9 E, sHetd dF ol A4 4
T ol &% FA7] & FEA FEol UM FUdsln b HAFaLY wjado] RulA
FA 7L Het, wtebA Aol Fahwid wlel g AT ol o] Fo] A I glomdes,
+ AYME Fabat AP E ol &3led Ao AHo| AL ATE7] Y AL}
TLsHE LAY LI L e A& cell & Azl F, HsbA wges Az
H cellell 4L Flsln dlojHFE AAAA UG Hgubskel] ot T3 A
715 FAnEA AR wde] HA =248 Hod Axdar,
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director n & $3FE AAstoiop ek, A widywl e o Hejst Yot Ay
Aol ZA F 7k Yoz wjdsld Agol) A}, ®

AdA e ALY F& ubgko] slgiwlo] s £ o2 wjdsl= homeotropic
alignment o] = F¥Al= A% ulgko] 7|Hwlel dis) HPo 2 widslE homogeneous
alignment °|ct, ol2{g ¥4 wWE-2 HF Bxrl LAY wakoz wiPd=cE u)akx e
" 2709 7198 sandwitch @ o2 z{sled AAHL FYdozyd g 4 glov, Fo
YAAE ol &3l rigtdg A, 3oz widAste Wy JHd g Wy 7) s
ol ek,

Iz g wiEkde|sle W A FA ol wtebA  hometropic, homogeneous align-
ment ¢ 5 e IHBHAE AF =& = Ao g 7|34l coating hef ubat
e A ste wdold, orlolde wetE e P FAYA A oA Ea}ete
van der walls @, #4327k 1%, 447493 5 £, 331" g83o] AAE )
gk2jo| =} of wlwl 2 F2 homeotripic alignment off A}&3kc},

= 7|HdS HYPA e ez JlgHE dolAl 522 rubbing e whyY,
Jannig 7} A Zlsbddo] SiO o Al Pt & 7]ldbde] AdAZ Aoz uiute Fi
v why¥zt 7|l F3bd vy o2 grating & AlFHEl, ' jon beam 2 2 ething
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ste] 7|l relief grating & F 4= sl @ Fol U o] wpEel YolME
7|%=ol HA% groove o HAEALe] et o] A5 AEE §3ld A EAEo 4
g Wake 2 WPtz & 4 Aok ol W dE A LA} groove o WFe 2 WY
s]o] A A o 2 homogeneous & ¥Wd-g dHA =},

2. cell H%t

2 Agol e golA 7€ W EF rubbing W3 relief grating wel] &3] 7|
ol #HHL shstglew, rubbingdle A+ YAt 277l E dvlAl alumina
powder (D=0.3u m, 5ux m)$} grinding paper(1200, 600, 400, 320 grit) 2 slide glass
£ 1, 2, 334 7144 rubbing 3tk =3 slide glass ol Al% 0.2¢ m, SiO,% 0.5z m
A% coating & ¥F 94 1, 2, 334 rubbing 3lgict, 2]z 7|Fol relief grating &
FAste wddde dFBFATF4A 7]3He]  holography e 2 Al
grating S RF sputtering © 2. ion beam ething 3}o] 7|3t ol relief grating & A3
t}, o|m RF power + 1.5Kv, Ar pressuret= 4 xX102Torr & 2 #30&7} sputtering 3t
of groove & 7lo]7} 300~400 A A5 HEE 3o

cell of AMztA] 9] ubdloll ofafjA WHyYL 717 F-49 719 e 2 sandwitch F 2| cell &
FAsigen, oo cell o FAv HZEE A83ld =HsPdedl Adol AL FA
£ 50 4 m o]},

agm, Agd 43 AL 119.5~136.5°C oA nematic d3E& ZE PAA
(p Azoxyamisole) ol t},'? | & F Fl3l7] Aol cell o A YL 1) AHAE AMG
% 2) 29% cleanic solutionol 2] W2k 80°C & ®FAISA 147 oj4 H2 o 3)
H,SOoll 1417 o)A "tazn A 4) dizk 80 C H.O0A 147 A= #HAF oHAE
2.2 A2j3te dry ovenol M AzA|2 F AZ3Act

3. HAAH
Az A& cell & M7] ovenold Te(N-IAo|&x) o]Artz] 258 &&l oS 4
A8 x5 el FUF homogeneous §F WAL oA Hch o] FUEA WA=

3
Ev AR dojAUE JAAA TR Yo HPFeE FAHGd2H A3, o]
H3sE 2A317] A AY Agse 28 13 Zeon g5 237 E ol &3l Aar}
AL Jell = 5 F9742] 4M3E 255 Een, 289 25+ A& cellol CA
AANE §F-23ld digital 34712 Aok, FUdE ¥lH Pl spetra physics A2} HeNe
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= gare weke 10C 4 HSAAPA Azl F39 9o ANE FHIALHA,
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AgolAd E38 e Ao wido] o HPE U A=A P Yol 44
etz & 4 et olwl ¥F HPFE P=

Inax = Imin

P = — @7
Inmx + llu'n (l)

2 Zojxw, =g F3d w9 AJe
Ig = lnaxcos?y (2)

ol Malus¥aog FofA} ¥ A7 lnar . It HFAE HAY o T35 Yo
A, Hageld, & A o] F: A= I, oy dFAE HAAIEA
e Agdatacld $EHAE P AAstnzA AHEATo] oA FLSH Wi
Asldise HaHoz o 4 glon, Malus T4} vadozy AP A<
o4 4 S

A AREA 12 2% grinding paper (320 grit) £ 13] rubbing & Azeldh, A&l
A Exg we A7 (1)5 d3A AR7As(6)d 42 BAFY Holdh, 6 =140
A Imee =186.6mv 2 Adted Malus g2l (2)43 vlmstded, Agst o471
A 235y glon ojw] ¥¥ HIFEE 91.5%lch, o A& cellol Hldx AR
& sin TAFols] Malus ¥417 vlmd Az 2329 #4¢ ¥dE 2 28R
77tel A2 cellol A12S Y37 A, 7=l ¥ AF S 1W0%e1Be 2 Blss
th, weba] A FH A& cell ol d AMEASo] A ko g widol et HFAY
Holm, 7 9o thE Exptel Ao, Hax 9 B dAdEE T(D~@)elH, #
S JbA ge 2¥ H3sE 2333 40 e
Alumina powder & rubbing & ZA$E3ze] 277t & S mel A$r dHAzZ 80%
olAte] MBS E ¥ onl rubbing A4olHE 0.3¢ m= 23| rubbing & 7
o Ages Wl v£g %e 2o (1), 28n FAA(SIO)
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£ coating & % rubbing @ A$E F A9 L5 coating A %L ALuo e Ed
+ giglen, 33 rubbing & 7%} coating 32 92 71WE rubbing & A9} w|x
3 88% A5 HAEE v} (F2),

=% grinding paper £ rubbing & A%+ 33 2 4o JEbAA HY Az ¥
HB=E vetllod, glate 277t S48 90%cl4e] ¥ HPEE ¥ iy
o] ALE ZIHAA A 10% A= AP E wgon, 7|3lo] & groove Aoz ol
713 Aol A Atadslw el o A4l vehloz F4lashs AB cell 2AE ¥
A st
relief grating o] 83 ZAz+ F49 2349 3 FEo| A3 A7
¥ i3] TE groove & Az & #HIEE IWEdedt S5pm2
rubbing & 73 %9 u|x3 Axe] HYEE ¥ g},
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#lol 2l Fatat AL o] &3l AA9 AAo| dAE AT A} A EAS FA
3 A3 YPgog wids= A& cell & Al Fslgich

Az alold So2 rubbing ShE W3 relief grating W o2 s Bwle] WY
= 7bsted 44 FA}7 homogeneous 3HAl Wl AHEE dglen A& cello4 T34 o
o] "3z E FAtnzH F2 d A=5 AF3 A,

2 7% rubbing $4& ©] &% = rubbing £ ol grinding paper 2l 7% 3
1%, 5x m alumina powder 8] 749 87.4%, 0.3um alumina powder ¢! Z$+ 81.
1%% . SiO, o Alg ¢f# 23 ¥ 0.3pm alumina paper & rubbing & 7%+ 78.
3%t 79.0%2 HPxE wgoo] relief grating T ] &% AL 86.9%< I E
Bk A& cellolA oleigt HF HA4L A FAE5o] UAZ Yoz wdl Ay
2 & 5 3ok =% cell o AFA T AL e AH FAleln o] FAE 2o}
o] Z¢HoF slA3led 47} rubbing Wol A A 2E A B cell & FAlel AFo)
o] % 4 A& ¥al At

=t
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<EI> Alumina Powder 2 7| & rubbing 3t 2

a) 0.3z m alumina poeder & Al

ARy 5 1 2

rubbing3] & Imin(mv) [ Tmax(mv) | P(%) Imin(mv) | Imax(mv) | P(%)
1 11.7 73.9 72.7 36.1 254.5 81.5
2 45.4 336.1 76.2 42.0 324.9 77.1
3 5.7 62.4 83.7 27.5 333.7 84,8

b) 5x m almina powder & A}$-

A%l 4 1 2
rubbing3l & Imin(mv) | Imax(mv) | P(%) Imin(mv) | Imax(mv) | P(%)
1 7.1 37.1 67.9 20.7 303.3 86.9
2 21.4 336.4 88.8 21.2 314.7 87.4
3 10.5 84.9 78.0 24.2 375.3 87.9
CH2-1> A& 7180 coating 8t ¥ 0.3u m Alumina 2 rubbing 8 2 <$
A28 4 Imin(mv) 1 2
rubbing 3 | Imax(mv) | P(%) Imin(mv) [ Imax(mv) [ P(%)
1 44.5 326.2 75.7 44.5 317.6 75.4
2 44 .4 321.5 78.4 47.4 346.7 75.9
3 33.8 285.4 82.9 36.7 316.9 79.2

CH2-2> Si0,8 7| Eol coating ¥ 0.32 m Alumina 2 rubbing & A

Az 1 2
rubbing 31 & Imin(mv) | Imax(mv) | P(%) Imin(mv) | Imax(mv) | P(%)
1 53.8 312.2 70.6 12.4 310.7 69.7
2 40.0 355.9 76.7 48.8 339.6 74.8
3 22.2 343.4 87.8 24.8 351.2 86.8

{®E 3> grinding paper 2 7|EtE rubbing & A

AR+ 1 2
grit* Imim(mv) | TImax(mv) | P(%) Imin(mv) [ Imax(mv) | P(%)
320 8.7 196.0 91.5 10.0 346.6 94.3
400 16.1 315.0 90.2 23.8 355.6 87.4
600 16.8 205.8 84.9 11.7 182.2 87.7
1,200 14.3 107.7 76.6 38.7 322.1 79.1

* grit-lwd Y25
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CH 4> relief grating 2 0|23 #L

234 1 | 2

groove/mm Imin(mv) | Imax(mv) | P(%) | Imin(mv) | Iman(mv) | P(%)

1,200 10.2 125.5 84.9 19.4 329.9 88.9
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o A ptel widubol HE 2A 9

P x| O°/o

2 3
No of rubbing

<1213 > rubbing ¥F0 TE HET(P).

® = 7|32 Alumina Powder(D=0.3¢ m) £ rubbing 3 3%

A=7]9% Alumina Powder (D= 54 m) £ rubbing 3 AL

A=7]3ke] Al coating ¥ Alumina Powder(D=0.3x m) & rubbing & 2%
0 = 7] 3}tell Si0, < coating ¥ Alumina Powder(D=0.3x m) 2 rubbing & 7%
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