Ultraviolet light induced changes in polyimide liquid-crystal alignment films
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Ultraviolet light induced changes in polyimide liquid-crystal alignment films were investigated.
Infrared, UV-visible, x-ray photoelectron spectroscopy, and electron-spin-resonance measure-
ments indicated that bond breaking and subsequent oxidation reactions occur in polyimide
films (SE7210, OCG284, DuPont 2555 and 2p4iring the broadband UV illumination in air.
Mechanical rubbing has no effect on the optical and magnetic properties but it causes the removal
of the UV-exposed film. Capacitance—voltage measurements indicate that there is a slight decrease
in dielectric constant and creation of net negative charges in the film after UV exposure. Sur-
face tension of polyimide films before and after UV illumination and changes in the pretilt angle
of the polyimide surface following UV exposure have also been studied. The decrease in pretilt
angle following UV illumination is attributed to an increase in surface tension. Our results indicate
that a simple UV technique can be used to achieve domain divided liquid-crystal pixel electrode
design with improved viewing characteristics. @96 American Institute of Physics.
[S0021-897696)02021-X

I. INTRODUCTION It is well documented that exposure of polymers to UV
radiation can lead to extensive physical and chemical modi-
Active matrix liquid-crystal displayYAMLCDs) offer  fication of polymeric material$ These changes in properties
the best image quality and display performance among varimay have both detrimental and beneficial consequences in
ous kinds of liquid-crystal displayfiwisted nematiodTN),  determining the end use of the polymer. Recently, the IBM
supertwisted nematic, ferroelectric, polymer dispefsed group has reported an application of the UV-induced
however, the narrow and nonuniform viewing angle characehanges in pretilt angle for fabrication of two-domain liquid-
teristics, and consequently gray-scale errors, could limit therystal displays® We also find that the pretilt angle of PI
display applications. This limitation prevents rapid advancesilignment layers can be altered by UV illumination and the
in the active matrix TN-LCD technology. Today it is increas- decrease in pretilt angle following UV illumination is attrib-
ingly believed that the display properties, to a large extentuted to an increase in surface tenstorn this article the
depend on the alignment layers of liquid crystal. To solveeffect of broadband UV induced changes on both rubbed and
this angular dependence problem, multidomain LEBand  nonrubbed PI films are described.
random domain alignmehhave been proposed. The multi-
rubbing technique to achieve two-domain TN-LCD is very
complicated and an uneconomical proce&ssing a special - EXPERIMENTAL PROCEDURE
photomask with subsequent UV curing of photoanisotropic  £qr different Pls were used in this study: Nissan SE
alignment layer to form quartered subpixel was proposed by?210' DuPont PI 2555, DuPont Pl 2540, and OCG 28
Hashimotoet al.;® however, it was observed that the linearly Fig. 1). Nissan SE 7210, Pl 2555, PI 2540 are in the form of
polymerized polytvinyl cinnamatg produces very lowand polyamic acid solutions while OCG 284 is a preimidized PI.
unstable pretilt ang'@wh'ch is not suitable in AML%D' The  The pis were spin coated on to silicon wafers and quartz
random domain alignment, proposed by Limetaal-" using g pstrates. The films were then dried on a hot plate at 80 °C
a nonrubbing technique, produces a display in which eack,, 19 min followed by a final cure fol h in anoven under
pixel consists of several hundreds of domains. With this aPhitrogen purge. The final curing was done at 300, 270, 300,
proach, wide and uniform viewing angle characteristics argy,q 250 °C for Nissan SE 7210, DuPont Pl 2555, DuPont Pl

obtained, but the contrast ratio is severely compromised. 13540 and OCG 284 respectively, in order to obtain fully
other recent studi€s’ polarized UV light has been used t0 jniized polymer film. The resulting films were exposed to

treat ponim_ide(PI) layers to obtain liquid-crystal aligr_lmen_t. broadband UV illumination. A mercury lam{00 W) was
These studies have demonstrated that dual-domain twistghe in these studies with an average power density of 4.45
nematic(DDTN) cells may be fabricated by a combination /e, The power meter used for this measurement was
of polarized-UV and multirubbing technique. Improved ¢.om Murmir Corporation, peaked for 405 nm line of a Hg
viewing angle characteristics were obtained without COMProfamp.

mising the contrast ratib. The film thickness was measured by a surface profilo-
meter and ellipsometry. A number of techniques was used to
dAuthor to whom correspondence should be addressed. characterize the UV-exposed and unexposed films including:
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FIG. 1. Chemical structure of the polyimides.
(a)
infrared [Fourier transform infraredFTIR)] spectroscopy, o I .
x-ray photoelectron spectroscop¥P$), electron spin reso- 2000 1500 1000 500
nance (ESR, 1.0 MHz capacitance—voltageC¢V) mea- Wavenumber (cm™)

surements, and surface ten.Sion measurements' The FTIFIIQG 2. FTIR spectra of SE 7210g) before UV illumination;(b) after UV
measurem.ems were done with a BioRad FTS-40 SpeCtron“Turﬁinétion; and(c) difference of after and before UV iIIurr,1ination.
eter. The films were coated on silicon wafers for FTIR mea-

surements. XPS was performed with a Perkin—Elmer system.

The ESR measurements were made orXdmand spectrom-
eter using the Tk, or an optical access microwave cavity at

25 K for two different power levels. The films were illumi-

natedin situ and/orex situwith a broadband light from a 100 . :
(intensities of most of the peaks decrease. Careful analysis of

W Hg-arc Oriel lamp. Defect densities were derived by com . )
paring the double numerical integral of the measured derivat-he,'f-rIR ;pectra shows th"."t the mtensﬂy of the peak _at. 1715
m™ -, which can be associated with theC=0 group, ini-

tive power absorption spectrum with that of a calibrated®

weak pitch standard. The effect of mechanical rubbing on th jally decreases with illumination time and then increases.
PI film thickness after exposure to UV was also studied his final increase could be associated with oxidation of the

Liquid-crystal cells used in this experiment consisted of twopolymer fragments. These re_sult§ indicate_ that bond-lpreaking
antiparaliel rubbed polymer films coated on indium_tin_react|0ns(W|th subsequent oxidatigroccur in polymer films

oxide glass plates. The SE 7210 films, cured at 180 °C for fftet_r uv ?XpOSL:_re' Thg_lntlerrpolectjrllar E)Jrvlntram_(t)_lecular mi-
h in an oven under nitrogen purge, were used for pretilt anglgra lon of reactive radicals irom the ~Sensitive groups

studies. The pretilt angle was measured by the crystal rota{phay cause all thg bondstr:o brefak LE the_pol;t/_mer ar(ljdtpolymer
tion method'? The liquid crystal used for filling the cells was 1! May provide a pathway for the migration and frapping

f reaction speciet’
ZLI-5080 from E. Merck & C . 0 y . .
rom erc ompany Although the deposition of UV photons is spatially ran-

dom on the molecular scale, the chemical changes are not
random. The selectivity of chemical change can be correlated
A. Spectroscopic analysis with the sensitivity of some chemical groups to radiation and

Spectroscopic methods can be used as an analytical to_H]e r_esistance of others. The degree of chem_ical reactions in
to probe structure and to obtain information on physico-Tradiated polymers are dependent on physical as well as
chemical changes of polymeric materials upon radiation. Th&hemical factors? Four different kinds of fully imidized
advantages of spectroscopic measurements over other medifdyimides were exposed to broadband UV light. Figure 3
of polymer characterization are that they are nondestructive'OWs the percentage change of peak intensity of the C-N

and are a rapid means of providing information at moleculastréching mode after UV exposure as a function of total
level. illumination energy incident on various polyimide samples.

The same trend was also observed for peaks at 1173, 1240,

1. Infrared spectroscopy and 1500 cm® corresponding to—CH, C—O—C, and

It was found that all polymers absorb UV light and C=C bonds, respectively. OCG 284 is more UV sensitive
bond-breaking reactions occurred in all of these polymershan Pl 2555 and Pl 2540 because of the presence of the
after exposure to broadband UV light. Figur@?2shows the dimethyl-cyclopentane group. Furthermore, Pl 2540 is par-
infrared spectrum of the unexposed Nissan SE 7210 filntially crystalline while P1 2555 is amorphous. Bond breaking
after curing at 300 °C for 1 h. The characteristic absorptioroccurs in polymer molecules in the solid state to form two
peaks associated witB—O—C (1237 cm}), imide group free radicals and the limited mobility of the resultant chain
(1387 and 1718 cit), and the aromatic rin¢l501 and 724 fragments prevents permanent scissiorTherefore, the
cm™?) appear in the spectrum. The UV-illuminated spectrumscission yield is higher in amorphous PI 2555 polymer com-
is shown in Fig. &) and the difference spectrum between pared with crystalline Pl 2540 polymer. Among all the poly-

the UV-exposed PI film and the unexposed is shown in Fig.
2(c). This figure shows that following UV illumination the

Ill. EXPERIMENTAL RESULTS
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FIG. 3. The change in peak intensity of the C—N stretching mode after UV
illumination for different polyimides.
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mers we studied, SE 7210 is the most susceptible to UV 103 0 a0 50 e
radiation. It is expected that there is a lesser degree of aro- Photon Energy (eV)

maticity and crystallinity in this polymer. SE 7210 was cho-

sen for conducting further analysis with the purpose of reFIG. 5. The changes in the UV-visible absorption spectra for SE 7210. The

vealing the effect of UV |ight on polyimide a"gnmem films change in absorption coefficient as a function of exposure time is shown in
. . T . " the inset.

The sensitivity toward UV illumination for varying degrees

of imidation was also investigated and is shown in Fig. 4.

Based on the same argument, the lower imidation polymef,minated sample and the difference of absorption coefficient

would contain more UV sensitive grouds>N-H, HO- A4 defined at 330 nm, increased with the illumination time,

C=0) and, therefore, is more UV sensitive. as shown in Fig. 5. The changes in the subband absorption
for PI 2555 and OCG 284 were very smedt5%) and were

2. UV-visible spectroscopy below the detection limit of our UV-visible spectrometer.

UV spectra of molecules are associated with the elecThese small changes for Pl 2555 were detected by the more
tronic transitions involvingz and/or n electron systems. Sensitive technique of ESR, as discussed in the following
Polyimides containing aromatic and carbonyl groups haveubsection. Since the UV-visible absorption is sensitive to
particularly strong absorption in the UV regions. In this the chemical structure, polymer conformation, and molecular
study we have also observed the large changes in UV-visibl@nvironment, the change in spectra by broadband UV can be
spectra of polyimides induced by broadband UV illumina-related to the changes in the chemical structure and molecu-
tion. Figure 5 shows the changes in the absorption spectra &f environment®® The continuous decrease of absorption
SE 7210 following UV exposure. The illuminated SE 7210in the range 5.8—6.5 eV, after UV illumination, clearly indi-

polyimide absorbed more low-energy photons than the unilcates that breakage of the aromatic ring and creation of radi-
cals has taken place. This decrease in absorption as a func-

tion of increasing UV-illumination time was consistently

o 11387 I 1387 observed for all the polymers. At the same time an increase
% Imidation = ( T 1501 )/( Tiso1 ) s00°c in subband-gap absorption was observed. This increase can
50 be directly correlated with an increase in ESR signal, as dis-

—®—  180°C (43%)
=& - 250°C (85%)
300°C (100%)

cussed below. Therefore, the creation of radicals could be
associated with the increase in subband-gap absorption.
Also, the optical band gajE}*, defined ate=10" cm™?,
changes after UV iIIuminatiorEg4 decreases with illumina-
tion time, which is consistent with the bond-breakage phe-
nomenon described above.

40
30 |

20

3. Electron spin resonance (ESR)

SE 7210 The photoinduced bond breaking has been further sup-
N S S ported by an ESR experiment. There are a few free radicals
0 5 10 15 20 in the unirradiated sample, but the ESR signal intensity was
Tllumination Energy (J/cm?) greatly enhanced as a result of UV exposure due to formation

of free radicals. For example, SE 7210 Pl exposed to broad-

FIG. 4. Effect of percent imidation on the UV sensitivity for SE 7210. band UV radiation gives an ESR spectrum, as depicted in

10

% Change in Peak Intensity
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FIG. 6. Changes in spin density as measured by electron spin resof@nce: Binding Energy (eV)
ESR spectra of SE 721Q) before UV illumination,(2) and (3) after UV

illumination at different microwave power levelfh) increase in spin den- g, 7. XPS Spectra of SE 721() before andb) after UV illumination.
sity for different polyimides.

Illumination time (sec)

supported by the presence of two absorption peaks in the

Fig. 6(a). We have found that the spin intensity in PI SE 2900 cmi* region of the FTIR spectrurtnot shown in Fig.
7210 increased from 1610 to 2x10'° cm ® after UV 2) The chemical structure of SE 7210 is considered to be a
illumination. In both unilluminated and UV-illuminated films Nissan trade secret.
only one isotropic signafwith g=2.0049 was observed at
25 K and two different microwave powers. The experiment
was done at two different power levels to look for any addi-
tional peaks in the ESR spectrum. According to ¢healue, The changes in the surface composition of Pl films after
the ESR signal may be associated with the alkoxyl- and/olJV-exposure have been determined by XPS. In all the Pls
alkyl-type radicals but not with peroxide radicalsFurther-  studied here, we observed increased levels of oxygen on the
more, mechanical rubbing has no effect on the spin intensitgurface. This was accompanied by an increase in the contri-
in the PI both before and after UV exposure. bution of >C=0, —COOH, and-O-C-0O-groups to the

The dependence of spin density on illumination time forcarbon (%) and oxygen (%) peaks in the spectra. This in-
various Pls is shown in Fig.(B). For these measurements, dicates that after the UV-induced bond breaking, the free
powder samples of these Pls were prepared by removinmadicals that are generated tend to stabilize by oxiddfioh.
films deposited on silicon wafers. As shown in this figure, The changes in the carbong)lpeak due to UV exposure are
the spin density for SE 7210 increases with the dose of U\hown in Fig. 7 for the SE 7210 sample. The decrease in
illumination. The other polymerl 2555 and Pl 254Calso  intensity of the peaks at 285.0 and 292.0 eV indicated a loss
show a similar trend with smaller changes. The result is conef aromaticity or breakage of the benzene ring. There was
sistent with the changes in the UV-visible spectra of SEalso an increase in peak intensity of th€ —O—-C—feature
7210, i.e., both the number of point defects, represented bgnd two new oxygenated carbon components appeared at
unpaired electrons, and subband-gap absorption increa287.5 and 290.0 eV as a result of oxidation. The results of
with illumination time. Thus, the ESR and subband-gap abXPS analysis are summarized in Table I. For this sample the
sorption could be associated with the same radical. The ESBRtomic oxygen composition increased from 12.5% to 19.0%
result is also consistent with FTIR data indicating that SEafter 80 min of exposure to 4.45 mW/érf broadband UV
7210 Pl is more UV sensitive than the other three polymersllumination. The surface atomic composition of SE 7210
films. Therefore, SE 7210 must contain aromatic and alitemains the same after the removal top laydBsnm) of film
phatic (cyclobutang rings. The presence of aliphatic ring is by ultrasonic treatment. This also indicates that the UV-

4. X-ray photoelectron spectroscopy (XPS)
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TABLE I. Surface atomic composition of SE 7210 polyimide as measuredyhereN is the number of the repeated times of rubbiklgis

by XPS. the depth of the deformed fibers of the cloth due to the
01s Ni1s Cis pressed contadtl.6 mm, n is the rotation rate of the drum
Sample treatmefit (%) (%) (%) (200 rpm), v is the translating speed of the substré2d

mm/9, andr is the radius of the druni76.2 mnj.

Unexposed 12.83 4.90 82.47 . .

UV exposed for 60 min 1734 505 761 Similar regults were obta!ned when the pV-egpo;sed
UV exposed for 80 min 19.01 4.85 76.13 films were subjected to few minutes of ultrasonic agitation.
UV exposed for 80 min and 19.40 4,54 76.06 The top layerg40 nm of the films could be removed indi-
After ultrasonic treatment for 2 h cating that the top layers of the UV-exposed films were me-

chanically less stable. Furthermore, we have also observed
for SE 7210 that the thickness of the film removed decreases
with increasing imidation temperature. This indicates that as

induced photoreaction is a bulk rather than a surface effecfh® imidation temperaturer % imidation is increased the
The other polymers also showed similar surface compositiof| PEcomes less susceptible to UV light, which is consistent
changes indicating that oxidation occurred following UV il- With the FTIR data shown in Fig. S.

lumination.

@All samples were cured for 1.0 h at 180 °C.

C. Capacitance—Voltage ( C-V) measurements

B. Effect of mechanical rubbing It is expected that the combination of bond breaking and

Due to oxidation in the UV-exposed film, it would be film oxidation would produce an excess charge inside and/or
expected that the film would become brittle and will form aat the PI surface. We have used the Al/Pl/thermal ox&0®
powderlike debris after mechanical rubbing. Indeed, we havéd)/p-type c-Si (111) structure to investigate the UV-induced
observed that mechanical rubbing of the UV-exposed Skpace-charge formation through the analysis of high-
7210 polyimide film causes film removal, as much as 120 nnfrequency(1 MHz) capacitance—voltage characteristics. The
depending on the rubbing strength. The powderlike debriglevice is positioned on a probe station and is connected to a
formed due to rubbing could be brushed away by the rubbin@—V bridge. The bridge superimposes a small(26 mV)
cloth. Within the investigated rubbing strength between 17%ignal on top of the preselected dc voltage and monitors the
and 696 nm, the change in the film thickness is directly retesulting ac current flowing into the test dot. The test dot was
lated to the rubbing strength as shown in Fig. 8. Also the film2.0 mm in diameter. An example of @-V curve for SE
removal is independent of film thickness indicating that the7210 is shown in Fig. @). It should be noted that there was
effect of UV light is bulk rather than surface-effect and asno detectable change in the film thickness before and after 60
expected the UV-exposed film is mechanically less stablemin of UV illumination. Thus, the decrease in the maximum
Finally, the reduction in thickness for a given rubbing capacitance is likely associated with the decrease in the poly-
strength will depend on UV-light energyd will be larger  imide dielectric constant frone=3.0 (before UV exposune
for higher UV energies. We adopted the following equaffon to e=2.7 (after UV exposurk This result is confirmed by a
for determining the rubbing strengfRS): decrease in film refractive index as measured by ellipsom-

RS=NM[(27rn/v)+1], 1) etry. The .mir'1imL.Jm capacitanpe does nqt change after UV

exposure indicating that the Si substrate is not affected by
UV light. Also, 200-A-thick thermal oxide is not affected by
UV-light in this experiment. A slight shift ilC-V curves
| poLYMiDE SE-7210 / ] toward more negative voltage@hotocreation of positive
| () 285 = d {nm) / # chargeg can be observed for thicker thermal oxide layers. In
| (o) 192 / our experiment, the shift c€—V curves towards less nega-
(o} 121 * tive biases indicates that either negative charges accumulate
%or + / ] in the Pl layer after UV-exposure or existing positive charges
L / L ) g
] are annihilated due to photogenerated electrons. This shift is
A /! represented bV, which is defined as the voltage shift at
/ the average capacitance for the measurement, i.e.,
‘ $/ &L i ation of photoinduced charges in the poly
e distribution of photoinduced charges in the polyim-
30 / —A4i I ide layer was verified by performinQ—V measurements for
% / d ] polyimide films of different thicknesses, and the results are
J . I . IBROAD ?AND UVI shown in Fig. 9b). As shown in this plot, the slope of
% 200 400 600 log(AV) vs logfilm thickness is close to 2.0. This indicates
RUBBING STRENGTH (mm) that the net negative charges generated in the PI film after
UV exposure are distributed uniformly in the bulk of the

FIG. 8. The change of film thickness vs the rubbing strength for SE 7210ﬁ m. Based on this observation. we can calculate the UV-
The dotted line has been drawn to guide the eye. The schematic in the inse! ’ !

represents the changkd in thickness due to film removal after rubbing 'nduc_ed density of negative charfig using the following
subsequent to UV exposure. This figure was adopted from Ref. 11. equation:

12

(=]

Ad {nm)

60~

5032 J. Appl. Phys., Vol. 80, No. 9, 1 November 1996 Lu et al.



TABLE II. Surface tension of SE 7210 polyimide films subjected to various

600:"""""""" 1] conditions.
ss0 ¢ (a) ;
3 ] Imidation ratio Surface tension Pretilt angle
- 500 | 3 Sample treatmeft (%) (dyn/cm) (deg
& ]
o 450 . Cured at 180 °C 43 36-37 5.9
] 400 ] Cured at 180 °C 43 43-45 1.2
& 3 E (and UV exposed
i 350 F AV= 43,0 V for 60 min)
-]
C 300Lk E Cured at 250 °C 85 41-43 5.4
E SE 7210 ] Cured at 300 °C 100 42-44 5.1
250 —&—Before UV . -: a - -
200 —a— After UV o . """I ] All sgmplgs were pured fqr 1.0 h at the temperatures mentioned in the table
15 10 5 0 s and illuminated with UV light of 5.0 mW/cf
Voltage (V)
10 ———— . 10 We have, therefore, measured the surface tension of the PI
SE 7210 (b) o) films before and after UV illumination and also as a function
lg E of the curing temperature of the PI.
s | e Surface tension consists of dispersion component
S . g ngymerand polar componentfyymer Which were estimated
> Slope = 1.9+ 0.1 = from the contact angleg of water and glycerol on polymer
o o samples using the following equatiéh:
14 = 4 4 d 4P p
1 = Y polymerY water Y polymerY water
] - 1+cosé= 5 v : v vk
i ] water polymer water polymer water/
4 a2 suen —> 12 % .
1 - 4YgolymerY glycerol
1 NP | N . 1+ cos 9= ( polymer/glycero
d d
60 80 100 300 Yglycerol 7po|ymer+ Yglycerol

Film Thickness (nm)

()

p p
47po|ymer7g|ycerol)

FIG. 9. Results ofC—V measurements on SE 7210 polyimide) UV- ‘}/Smymeﬁ‘ 75|ycero|

induced shift in theC—V curve for a 130.0-nm-thick film, an@) change in

the voltageAV for various polyimide film thicknesses. Ypolymer= 'ygdymer—k 'ygmymer,

Where')’\(/jvater: 22 dyn/cmfy\?vater: 52 dyn/cmv?’glycerol =34
dyn/cm, andyfycero = 33 dyn/cm.

The two unknowns, namely, the dispersigfyyme, and
polar yb,ymer COMponents, were calculated by simulta-
neously solving the above two equations. As shown in Table

Neir=[Cmal(AV)]/(qV), )

whereC,,, is the maximum capacitance,is the electronic
charge(1.602x107%° C), andV is the test volumdarea of

the dotxfilm thickness of the polyimide. A value oN; on
the order of 2. 10' cm ™2 was obtained for SE 7210 after

1, the surface tensiony,yme, increased after UV illumina-
tion and the same effect can be achieved by a higher degree
| of imidation. Since the surface tension of UV-modified PI

broadband UV illumination. This light-induced charge wil films h h diti d that the | ion b
not only modify the LC—PI interaction but can also enhance™S Nas changed, itis expected that the interaction between

the dc offset voltage generated in a LC alignment Zelt.It liquid crystall and PI alignment films will also be gltered.

is known that such a dc voltage can be generated in a LC cell The pret_|lt angle of the rubbed Pl_was determined by t_he
which has different front and rear alignment lay&rs:ur- crystal rotation method. As shown in Table Il, the pretilt

thermore, the trapping sites generated during UV iIIumina-_an(~:’|(_a (_:ont|_nuously decreased with Increasing uv-
tion could trap the carriers during ac voltage operation of th llumination time. It should be noted that high dosage of UV

display and generate an additional dc offset voltage shift. ight is not recommended since the pretilt angle is too small
and the LC alignment is not good. Furthermore, the decrease

in pretilt angle is strongly correlated to the increase in sur-
: . face tension of the UV-exposed surfaces, as reported
D. Surface tension and pretilt angle measurements 7
elsewheré.
The bulk and surface charges induced by UV lighs
observed inC-V studie$ are expected to affect the interac-
tion between PI and the liquid crystal. The pretilt angle be-
tween LC and alignment layer depends on the physical and The effect of UV light on the pretilt angle of PI align-
chemical properties of alignment layer surf&té%thus, the ment layers could be utilized to obtain multidomain LC dis-
control of pretilt angle can be achieved by the control ofplays. The use of multiple domains, with different pretilt
surface tensiof>?® It is expected that both the surface ten- angles, within a pixel could provide wider viewing angle
sion and pretilt angle would be modified by UV illumination. characteristics for AMLC display5°?%2° Such a display

IV. DISCUSSION
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oo s Top plate but also could affect the display performance. The change in

. " 110 PI charges can introduce image sticking and noticeable flick-

ers, if dc offset voltage exceeds a certain value.

Pretilt angle: 2°
DOMAIN A
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Pretilt angle: 5°
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