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We report a liquid crystal photoalignment material with high photosensitivity and excellent thermal
stability. The chloromethylated aromatic polyimide exhibited defect-free homogeneous alignment of
liquid crystals upon irradiation of polarized deep ultravigd/) for 50 s. The aligning ability of

the film was retained up to 210°C, and the cell containing liquid crystals could be stored at 85°C
for more than 14 days without any deterioration. FT-IR and UV-vis spectra confirmed that the
alignment was induced by photodecomposition of polyimide, drastically accelerated by the
introduction of chloromethyl side group. 8004 American Institute of Physics

[DOI: 10.1063/1.1797560

Photoinduced surface alignment of liquid cryqiaC) is  we first report a type of photoalignment material based on
attractive as a noncontact alignment technology to be used isoluble aromatic polyimide, which possesses excellent pho-
the manufacture of next generation liquid crystal displaysosensitivity and superior thermal stability.

(LCDs), such as large area, multidomain, vertically aligned, = The chemical structures of polyimides used in this study
and/or in-plane switching mode displays. During the last deare shown in Fig. 1. A soluble polyimid@FDA/ODA-PI)
cade, a wide range of photoreactive materials have been invas synthesized from 4/4hexafluoroisopropylidene
vestigated for the photoalignment layer. These include phodiphthalicanhydridg 6FDA) and 4,4-oxydianiline (ODA),
toisomerizable azobenzene-type polynters, and the resulting polymer was reacted with chloromethylm-
photocrosslinkable ~ polymefs, and photodegradable ethyl ether in the presence of SpQksulting in chlorom-
polymers:?‘ll Among these materials, photoinduced aniso-ethylated polyimide(CMPI). The synthetic procedure for
tropic decomposition of polyimidgPl) film has been re- CMPI was described in detail in our previous paffehc-
ceived considerable attention because of its superior propegording to our previous work’ it was found that the CMPI
ties such as unique photo- and thermal stabfmfy_ is an outstanding material as an organic thin film for liquid
Furthermore, Pls are also attractive because they have beéfystal display(LCD) fabrication. The spin-cast CMPI film
employed in the LCD industry for decades, and their mateshows excellent thermal stability’,>250°C), high optical

rial properties have been verified. Due to their low photosentransparency>98% transmittance at 400 nngood solubil-
sitivity to UV light, however, high exposure energy, and ity in ordinary organic solvents and good planarizability
hence, inconveniently long exposure time is required to atDOP>48% at 15% solid conteptas well as good adhesion
tain an appreciable alignment of LC. Various Pl structuresproperty(>4B graded by ASTM D3359-B

have been investigated in order to improve  CMPI having two chloromethyl groups per a repeating
photosensitivity’"® Pls based on cyclobutane tetracarboxylicunit was used in this study. CMPI solutidd.0 wt %) in
dianhydride showed higher photosensitivity than those frontyclohexanone was spin-coated on a glass substrate, and the
aromatic dianhydride. To achieve a saturated alignment, the

required exposure energy was reported to be 720 nilfamm

cyclobutane-type polyimid®,and 3—12.7 J/cf for aro-

0 FiC CF, (o]
matic polyimides, when the broadband UV light was uSed.
The surface anisotropy of Pls with cyclobutane ring structure N O O N—O—
was mainly obtained by the photoinduced anisotropic cleav- d 5
n

age of the cyclobutane rings rather than the decomposition o

imide rings which require higher exposure d8d2ue to the 8FDA/ODA polyimide
relative stability of imide linkage, photosensitivity of aro- (6FDA-ODA PI)
matic polyimides is typically low. As a result, no aromatic
poly|m|(je has been known to ha\{e a practlcal_ photosensitiv- o F.C CF, o CICH
ity. Besides the long exposure time, photoaligned PI layer
does not attain the expected high thermal stability. inal. NN—Q—
reported the alignment of LC on PI films photoaligned at
room temperature was destroyed by thermal annealing a 0 0 CH,CI
100°C for 12 h** As a result, one of the key issues for n
photoalignment materials is how to improve their photosen- chioromethylated polyimide
sitivity as well as the stability of LC alignment. In this letter, (CMPI)
FIG. 1. Chemical structures and abbreviations of polymers: 6FDA-ODA
¥Electronic mail: mhlee2@chonbuk.ac.kr polyimide and CMPI.
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FIG. 2. The relationship between the exposure time and the order param-
eters of LC cells.

film was baked at 180°C for 1 h to remove the solvent. The
thickness of CMPI film was controlled at70 nm. Linearly
polarized UV light(LPUVL) of ranging from 230 to 320 nm
with an intensity of ~5 mW/cn? was irradiated on the
CMPI film. LPUVL was obtained from a 1000 W high pres-
sure mercury lamp through an UV polarizéNanotek
#65.5340 and a bandpass filté ACS F250W. The incident
angle of light was 45° and the irradiation was conducted in
air. LC cells(cell gap = 50um) were assembled with tWo Fg. 3. Uv-vis absorption spectra 68 6FDA-ODA polyimide and(b)
irradiated CMPI-films so that the incident polarization direc- cMPI films irradiated with broadband UV irradiatiqr-83 mW/cn?).
tion of LPUVL was antiparallel. A nematic LC, MJ00443
(Merck) containing with 1 wt% black dichroic dye, was in-
jected into the cell at room temperature. The cell was ansubjected to accelerated ageing experiments. The alignment
nealed at 77°Q5°C higher tharT, of LC) for 10 min, and Was preserved without deterioration after annealing the cell
cooled down slowly to remove the flow effect. with LC at 75°C for 14 days, or after storage at room tem-
The polarized absorbance of LC cells containing blackperature for more than 6 months. The LC cell was fabricated
dichroic dye was measured using an optical setup equippeiom CMPI films which were baked at 210°C for 30 min
with a He—Ne lase632.8 nm wavelengih a polarizer, a  after irradiation, and they also showed defect-free alignment
rotational sample stage, and a photodiode detector. The h#ith the same value of order parameter. This indicates that
mogeneity of LC alignment was estimated from an orderthe aligning ability was retained after severe baking process.
parameteS defined ass=(A—-A,)/(Aj+2A,), whereA and  The thermal stability is important for alignment materials
A, correspond to the absorbance of the dichroic LC cell fobecause high temperature processes are indispensable in the
a polarized probe light with electric vector in parallel with fabrication of commercial LC displays.
and perpendicular to the direction of LPUVL, respectivély. Figure 3 show UV-Vis spectrécinco, UVS-2100 spec-
Figure 2 shows the relationship between the exposure tim&ophotometeyof 6FDA-ODA PI[Fig. 3&@)] and CMPI[Fig.
and the order parameter of LC cells fabricated by CMPI3(b)] with respect to the exposure time, respectively. In this
films with LPUVL irradiation. The LCs were aligned homo- experiment, the polymer films of-70 nm thickness were
geneously with no defect on the CMPI-coated substrategxposed to broadband UV light-83 mW/cn¥) in air. Com-
when the LPUVL was irradiated for 50 s or longer, and thepared to 6FDA-ODA PI which is known as almost insensi-
LC alignment direction was perpendicular to the electric vective to UV light,®> CMPI exhibited remarkable photosensi-
tors of LPUVL. Order parameters of LC cells initially in- tivity. It was evident that the photosensitivity of Pl was
creased logarithmically with irradiation time, and ap- significantly enhanced by the introduction of chloromethyl
proached a constant value when irradiation time was ovegroups. It is noteworthy that, when exposed for 40 min in air,
70 s. It is the lowest irradiation dose achieving the saturatedll absorption bands of CMPI including those of imide back-
photoalignment of LC among the PI layers. Compared tdoone diminished to almost zero. This result implies that the
this, no alignment behavior was observed for 6FDA-ODA PICMPI undergoes a fast photolysis under UV light, which was
under the same condition even after an extended exposugdso evidenced by thickness change and weight loss of CMPI
time of up to 30 min. These results clearly indicate that thefilm after extended exposure time.
uniform homogeneous alignment of LC was achieved with  FT-IR spectrgJasco, FT/IR-300Fof unexposed and ex-
high photosensitivity, and the photosensitivity of aromatic Plposed 6FDA-ODA Pl and CMPI films were compared to
can be drastically improved by introducing chloromethylinvestigate structural changes in the polymer. When 6FDA-
side groups to Pl backbone. ODA PI film was exposed to broadband UV light
The long-term stability of photoalignment was also stud-(~83 mW/cn?) up to 2 h, we found no significant absorp-

ied by monitoring the order parameter values of LC cellstion change in the FT-IR spectra. Figure 4 shows IR spec-
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To conclude, we report a class of LC-photoalignable

{e) polyimide having chloromethyl side group. The LC cells
V v v VW ' from CMPI films exposed to linearly polarized UV light ex-

(d) hibited homogeneous LC alignment behavior with remark-

—"""“'\"’—‘—‘T‘T’V‘V“""""‘ able thermal stability. It is reported that the photosensitivity

ﬁw__\’w________gv_\rw of aromatic polyimide can be drastically improved by intro-
(b) ducing chloromethyl group to polyimide backbone. From
e FT-IR and UV spectroscopic studies, and other experiments
including contact angle measurement, it was found that the
mechanism of LC aligning is attributed to the anisotropic
photodegradation of polyimide main chain under linearly po-
larized deep UV exposure. It should be mentioned that, de-
(@) N spite CMPI being in the imidized state, it is soluble in com-
y T T T . T mon organic solvents, which permits low temperature
4000 3000 2000 1000 process by just evaporating a solvent. The excellent photo-
Wavenumber (cm™) alignment performance of CMPI film as well as its outstand-
ing characteristics as an organic layer makes it a promising

FIG. 4. FT-IR spectra of CMPI filmga) before UV irradiation(b), (0, (d),  candidate material for use in advanced LC display devices.
(e) The differences between the spectra obtained before and after exposure

to broadband UM~83 mW/cn#) for 10, 30, 60, and 120 min, respectively. This work was supported by Grant No. 02-K14-01-
004-11 from CNMM, MOST. The authors also acknowledge

trum of unexposed CMPI film and the difference spectrathe support of KOSEF through the RCECS.

compared to the exposed CMPI films. It is noteworthy that

the intensity of alkyl C—H stretching peal2950 cm?), K. Achimura, Chem. _ESV(Wash?gton, D.Q. 100 184; (2000; P. J.

characteristic band of chloromethy! group, decreases remark—(sl‘i3 ga‘;‘;”;”_'T.VéunM",\f'w_ogist;birr‘]s,i’n g' Plsgf"s’g‘rf‘;ﬁ%’:hopr‘;ogéggg

ably upon UV exposure. The characteristic imide bands 599 (1992.

(3491, 1729, and 1380 cth) and benzene ring band$510 2p_Egerton, L. E. Pitts, and A. Reiser, Macromoleculds 95 (1981); M.

and 720 cri') as well as C—O-C stretching vibration Schadt, H. Seiberle, and A. Schuster, Nat(irendor) 381, 212 (1996);

(1250 cm)*® were found decreasing gradually with expo- M. Obi. S. Morino, and K. Ichimura, Chem. Matet1, 656 (1999.

sure time, indicating that bond-breaking occurs in the imide m :::Zg:\‘x: a;;?} YJ TA""F';S' %’hSQOtSZ?émLZS%‘ (Igggraolzu(lgga;

ring. It should be noted that amin€8300 cm*, N—H 4y oNeill and S. M. Kelly, J. Phys. D33, R67 (2000,

stretching'® and anhydrid€1760 and 1858 cid, symmetric 53, Ly, S. V. Desphpande, E. Gulari, J. Kanicki. and W. L. Warren, J. Appl.

and asymmetric C=0 stretchiyl§ moieties are produced 6PhyS- 80, 5028(1996.

The phot_odegradanon rate of CMPI f_|Im in the_ nitrogen Phys. Lett. 72, 1832(1998. T ' ' ’ '
and under air was also compared from its UV-Vis spectra.sy “Nishikawai, T. Kosa, and J. L. West, Jpn. J. Appl. Phys., Pags?
CMPI film showed a much lower photosensitivity in nitrogen 1334 (1999.
than under air. These results imply that the photodecomposigzé\ivﬁllf;% C. Xu, A. Kanazawa, T. Shiono, and T. lkeda, J. Appl. Piays.
.IIO.n m‘?Ch%msm I§ asspuatgd with OXIdatlve.Cleavage OtOC. J.( Nev?:.;ome and M. J. O'Neill, Appl. Phys. Le88, 7328(2000.
imide ring'® in conjunction with the photoreaction of ben- 15 1 Kim, B. R. Acharya, S. Kumar, and K. R. Ha, Appl. Phys. L&,
zylic chloride via radical process. According to the  3372(1998 ' ' '
literature® it is revealed that 6FDA-ODA PI can be slowly '2A. Zhang, X. Li, C. Nah, K. Hwang, and M.-H. Lee, J. Polym. Sci., Part
photodegraded by the UV exposure producing anhydride angA: Polym. Chem.41, 22(2003. _
amine, in which oxygen molecule participates to activate the L\:"ry':t 'ﬁi Lﬁ?"('éo%c“a' W. C. Kim, and S. H. Lee, Mol. Cryst. Lig.
imide ring. In this case, however, the rate of photodegradas4y "op;; s Morino, and K. Ichimura, Chem. Matet1, 656 (1999.
tion was extremely slow>24 h) compared to that of CMPI.  5c. E. Hoyle, E. T. Anzures, P. Subramanian, R. Nagarajan, and D. Creed,
Therefore, a new mechanism for the photochemical decom-Macromolecules25, 6651(1992.
position of CMPI should be proposed in the future, which - lida, Y. Imamura, C. Liao, S. Nakamura, and G. Sawa, PolyriTd-

. A . kyo, Jpn) (Tokyo, Jpn) 28, 352(1996.
would involve a phOtO'mt'ated decomposmon of chlorom- AR~ RabekPolymer Photodegradation: Mechanisms and Experimental

gthyl groups, and a concerted oxidative cleavage of imide wethods edited by J. F. RabeiChapman & Hill, London, 1995 Chap. 2.
ring. 8. A. Pryde, J. Polym. Sci., Part A: Polym. Che®i7, 711(1989.

Absorption (A.U.)

Downloaded 08 Aug 2008 to 210.117.158.69. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



