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The alignment of liquid crystals (LC) on the films made by oblique ion
beam sputtering deposition is comprehensively studied. The sputtering setup
was constructed on the base of anode layer source designed by Izovac Ltd.
(Belarus). We used vitreous silica and graphite as target materials and Ar,
CF,, Ar/CH, and Ar/C H, as feed gases. Independently on deposition angle,
the tested LC with €<0 aligns in the incidence plane of particle beam (1%t
alignment mode), while LCs with Ae>0 in the plane perpendicular to the
incidence plane (27 alignment mode). More specifically, LC with Ae<0 shows
high pretilt angles (87°-90°) on silica films (Ar, CF,, Ar/CH, and Ar/C H, feed
gasses). The value of pretilt angle on these films, in case of Ar/CH, and Ar/
C,H, gaseous mixtures, can be smoothly varied by varying the hydrocarbon
gas concentration. On graphite films (Ar and CF, feed gasses) the initial
alignment of LC with De<O0 is similar to that on the silica films. However, the
pretilt angle relaxes to zero for about one week. The LCs with Ae>0 on the
silica films shows planar alignment in the 2°¢ mode independently of the
type of gas that was fed. In contrast, on graphite films, the alignment of LC
with Ae>0 depends on the gas that was fed during deposition. Under Ar gas
this LC aligns in the 2 mode, while when feeding CF, gas it aligns in the 1
mode. The alignment in the 15* mode deteriorates within several weeks and
so only planar LC alignment is stable on the films sputtered from the graph-
ite target.

1. INTRODUCTION

The oblique deposition, as a method of liquid crystal (LC) alignment, was
proposed by J. Janning three decades ago [1]. In his experiments highly
uniform LC alignment was observed on SiO_ films obtained by oblique vapor
deposition (VD). These results excited tide of research interest [2-7], because
of excellent alignment uniformity, use of inorganic layers, non-contact pro-
cessing etc. It was established that alignment of many LC (mainly LC with
Ae>0 and some LC with low Ae<0) on VD layers is very sensitive to the angle
of deposition a (in this paper, the angle between the film normal and particle
flux). In case of a greater than some critical angle a_, which usually is within
70°-80°, the easy axis of LC lies in the incidence plane of particle flux and
tilts towards direction of particle flux incidence (15t mode). In the opposite
case, a<a_, planar alignment is induced with the easy axis perpendicular to
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the particles’ incidence plane (2" mode). By analogy with the particle beam
etching procedure [8,9] we define the described alignment types as the 1st
and the 2" alignment mode. They are schematically presented in Fig. 1a and
Fig. 1b, respectively. For the LC with Ae<0 developed for VAN LCD the VD
technique provides homeotropic or tilted vertical alignment in the 1%t align-
ment mode [5-7].
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Fig 1.

In spite of big promise and great research efforts paid for VD technique
it remains to be the technique for laboratory use. This is caused by techno-
logical limitations (e.g., it is hard to adapt this technique for the alignment
coating on the large area substrates and for the mass line production) and
non-suitable alignment parameters (e.g., pretilt angle of LC with Ae>0 is
higher than 10°).

The new impulse to the oblique deposition LC alignment technology
gave the ion beam sputtering deposition (SD). In this process the material is
only extracted from the top layer of the material (target) due to bombard-
ment with ion beam. It substantially lowers power consumption, as com-
pared with a vapor deposition. Using extended sputtering sources one can
produce SD coatings on the large area substrates, including G6 and G7 fabs
[10]. It is also important that SD operates with particles of substantial en-
ergy (several electonvolts and higher) that may bring alignment properties
different from VD.

In spite of big promise, a small attention is only paid to this alignment
procedure [11-14]. In fact, mostly LC alignment on SiO_ films is considered.
There is lack of data concerning the dependence of LC alignment on the
material and processing conditions, corresponding alignment modes and
alignment stability.

With the present paper we try to fill partially this important gap. We
extend the quantity of alignment materials by the use of two different tar-
gets. Besides, varying the beams sputtering target the type of gaseous feed
during deposition is also varied. The LC alignment modes and pretilt angle
control are investigated. Finally we consider the alignment stability in time.
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2. EXPERIMENTAL

2.1 Setup

For film deposition we utilize sputtering device designed by Izovac Ltd.
(Belarus). This device is based on the anode layer accelerator (the other com-
mon name is source with closed electron drift) [15] with circular area of glow
discharge. The focused beam of ions or, precisely speaking, accelerated plasma
(primary beam) bombards target that results in extraction of target’s par-
ticles (mainly, atoms). The atomic flux formed (secondary beam) reaches
substrate producing alignment coating. The substrate is positioned obliquely
with regard to atomic flux. The general construction of sputtering device and
the position of the aligning substrate under deposition are presented in Fig.
2. The target was a disc of vitreous silica or graphite with diameter of 6 cm.
As a gaseous feed we used Ar, CF,, Ar/CH, and Ar/C H, gases and gaseous
mixtures. The following operation parameters were used: residual pressure
2*10° Torr, working pressure 5*10* Torr, anode potential 4 kV, and dis-
charge current 60mA. The deposition angle a was varied between 0° and 85°.

Fig. 2.

2.2 Samples

The substrates were 2x3 cm? glass slabs coated by ITO electrode layers
with a thickness of 50 nm. The alignment films were coated over ITO layers.
Their thickness was about 20 nm. Before deposition the electrode films were
pre-cleaned with ion beam from the anode layer source of etching type.
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Two types of LC cells have been prepared: (1) tested substrate contains
deposited layer, while the reference substrate has a rubbed polyimide layer
(asymmetric cells); and (2) both substrates contain tested layers and as-
sembled in an antiparallel fashion (symmetric cells). The asymmetric cells
were used to determine easy axis direction on the tested substrate (LC align-
ment mode). The symmetric cells were used to measure the pretilt angle by
crystal rotation method. The cell gap was kept with spacers of 20 mm in
diameter. We used TN mixtures E7 and ZLI2293 from Merck as LCs with
Ae>0 and VAN mixture MJ961180 from Merck Japan as LC with Ae<0. The
in-plane uniformity of LC alignment was tested by observation of samples in
viewing box or in polarizing microscope. The out-of-plane uniformity was
judged from the measurement of LC pretilt angle.

3. RESULTS

3.1. Alignment films sputtered from the silica target

For sputtering of silica target we used ion beams obtained from Ar, CF,,
Ar/CH, and Ar/C_,H, feed gases. The atoms of these gases, together with
target’s atoms, may be presented in the sputtered films. On account of this
the corresponding films are marked as SiO, SiO,CF,, and SiO,C H,. In case
of normal incidence of atomic beam (a=0°) and Ar or CF, feed we observed
homeotropic alignment of LC MJ961180 and non-uniform alignment of LCs
ZLI12293 and E7. The increase of deposition angle to 40° does not lead to the
substantial change of LC alignment. The subsequent increase of a results in
gradual decrease of pretilt angle 6 for LC with Ae<0 and 2™ mode alignment
(6 =0°) for LCs with Ae>0. In case of tilted alignment, LC tilts towards depo-
sition direction of atomic flux. With the increase of deposition angle up to
85° no transition from the 27 to the 1st alignment is observed. This is in
contrast with the vapor deposition (VD) study [2], where transition from the
27 to the 1° mode at a_=(70°-80°) was detected. No difference in the type of
alignment is observed for different feed gases, Table 1.

Table 1. LC alignment on the films obtained by sputtering silica target with
plasmas of different gases. a=55°-85°.

Gas
LC Ar CF4 CH4 C3H8
ZLI 2293, E7 2 mode, 2 mode, 2 mode, 2 mode,
( >0) =0, =0, =0, =0,
good time good time good time good time
stability stability stability stability
MJ 961180 ( <0) 1 mode, 1 mode, 1 mode, 1 mode,
= 88°- =86.5°- <30, <30,
89.5°, 87.5°, good time good time
good time satisfactory stability stability
stability time stability
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In case of Ar and CF, gases, similarly to VD experiments [7], LC with
Ae<0 shows 1%t mode alignment with pretilt angle close to 90°. But the use of
CF, gas gives slightly lower pretilt angle comparing with Ar gas (86.5°- 87.5°
vs. 88°-89.5°).

In case of Ar/CH, and Ar/C_,H, mixtures also the 2" mode alignment
for LCs with Ae>0 and 1% mode alignment for LC with Ae<O is observed. In
the latter case, pretilt angle substantially depends on the relative content of
components: it gradually decreases with concentration of C H, ,, gas (Fig.
3). At 100% concentration of hydrocarbon gas the pretilt angle is within 40°
and 15°. For LC with Ae>0 the 2" mode alignment is observed indepen-
dently on the relative content of the components.
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Fig 3.

The alignment was rather stable except some samples with silica films
made under CF, gas. The reason of this is unclear yet. Possibly, fluorine is
presented in chemically active form so that chemical reactions with LC oc-
cur that change boundary conditions.

3.2. Alignment films sputtered from the graphite target

In case of graphite target only Ar and CF, were used as a feed gas. The
corresponding films are marked as C and CF,. The LC alignment properties
of these films are summarized in Table 2. In case of Ar feed, same as in case
of silica target, we observed 27 mode alignment for LCs with Ae>0 and 1t
mode alignment with high pretilt angle (6=87°-89°) for LC with Ae<0. By con-
trast with Ar, use of CF, feed leads to the 1° mode alignment of LCs with
Ae>0 (the pretilt angle is about 10°). As far as we know, it is the first observa-
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tion of the 1% mode alignment of LC with Ae>0 on SD substrates. The LC
MJ961180 with <0 demonstrates under CF, feed high tilt alignment in the
1t mode, just as in case of Ar feed, but with lower pretilt angle (within 85°-
87°).

The stability of LC alignment on C and CF_ substrates is, unfortu-
nately, poor. First of all, it relates to alignment on CF_films. Within two
weeks the 15t mode alignment of LCs with Ae>0 deteriorates (Fig. 4, (1), (1)),
while the high-tilt alignment of LC with Ae<0 relaxes to the low-tilt and,
subsequently, to the planar alignment in the 1%t mode. The same happens
with alignment of LC with €<0 on C films. Interestingly that the 15t mode
planar alignment of LC (Ae<0) on C and CF_films and the 2"! mode planar
alignment of LCs (A>0) on C films persisted over half year period of our
observation (Fig. 4, (2), (2’)). Thus, only planar alignment of the used liquid
crystals is stable on C and CF_substrates.

O ]

Fig 4.

4. CONCLUSIONS

The results obtained show big variety of LC alignment characteristics on
sputter deposition (SD) films, which depend on the deposition geometry,
target material and feed gas. The conclusions listed below can be drawn:

1. The conventional configuration (silica target and Ar feed) results in
1 mode high-tilt alignment (tilted vertical alignment) for VAN LC MJ961180
(Ae<0) and 27 mode alignment for TN LCs ZLI12293 and E7 (Ae>0). The result
for LC (Ae<0) is rather similar to previous results described for VD [7]. The
difference with VD is a lack of the 1t alignment mode for LCs with Ae>0 in
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case of grazing deposition (a>80°). This might be caused by different surface
morphologies of SiO,_ films in case of VD and SD processes operating with
particles of different energy. Namely, in case of thermal deposition, the
adatoms have energy of several milli-electronvolts meV, while in case of sput-
tering deposition the energies are of several electonvolts eV and higher.

2. The feed gas can influence LC alignment. In case of C H, ,, gases the
pretilt angle of VAN LC with Ae<0 is lower than in a case of Ar feed. This may
be used to optimize pretilt angle for some operation modes, for instance for
STN VA requiring lower pretilt angle as a common TN VA.

3. The use of fluorine containing feed gases is undesirable, because
they usually accelerate alignment aging. Presumably, the fluorine presented
in the alignment coating is not combined with other atoms so that it can
react with LC in interface changing boundary conditions.

4. In case of graphite target and CF, feed (CF_ films) 1% alignhment mode
for LCs with £>0 is realized. The pretilt angle is about 10°. However, this
alignment is unstable and deteriorates within several weeks.

5. Initially, VAN LC with Ae<O shows tilted VA on the graphite films.
However, this alignment is unstable: for about one week the pretilt angle
falls to zero. Thus, summarizing (4) and (5), only planar LC alignment is
stable on the graphite films (1% mode planar alignment for LC with Ae<0 and
2r mode planar alignment for LCs with Ae>0).

We believe that majority of these rules are rather general and so appli-
cable to the films obtained by other combinations of targets and feed gases.

Table 2. LC alignment on the films obtained by sputtering graphite target
with plasmas of different gases. a=55°-85°.

Gas
LC Ar CF4
ZLI2293 ( >0) 2 mode, 1 mode,
=0 ~10
good time stability poor time stability: deterioration
within 2 weeks
MJ 961180 ( <0) 1 mode, 1 mode,
=87°-89 = 85°-87
poor time stability: 0 poor time stability: 0
for 1 week. for 1 week.
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