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RIPPLE STRUCTURES CREATED BY 
PHOTOALIGNMENT IN DOPED DYE NEMATIC LIQUID 

CRYSTALS: THE ROLE OF CELL THICKNESS 

Marius Ciprian VĂRUŢ1, Constanţa DASCALU2 and Ion PĂLĂRIE 3 

The need to obtain well defined nanometer structures it's a goal difficult to 
attain. This is even harder when the patterns are needed to be created inside of glass 
cell containing dye doped nematic liquid crystals (DDNLC). By irradiating cells 
filled with DDNLC, with a laser beam (476.5 nm), we obtained optically induced 
patterns, on the inner surface of the glass cell. The surface characterization of the 
photo-patterns was performed by using atomic force microscopy (AFM). Following 
the measurements for the regularity of the photo-patterns, optimal parameters that 
were required to have ripple structures on large areas, with greater heights and 
lower abnormalities have been obtain. 
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1. Introduction 

The interest in the development of new methods for photoalignment of 
liquid crystals on different surfaces is increasing.  This is because of the demand 
for a new type of holographic plates with low threshold intensity (as low as 
3mW/cm2) and a response time from few hundred microseconds to 100 ms, 
demands well fulfilled by DDNLC [1]. Short relaxation times, when switching off 
the electric applied voltage, where experimentally registered in nematic cells 
aligned with conducting polymers [2,3]. Some study is made on the behaviour of 
a ferrocholesteric liquid crystal in magnetic and laser external fields, taking into 
account the influence of the molecular anchoring to the solid boundaries [4].   

For the holographic industry, photoalignment is used to create holographic 
vector gratings [5]. Creating a new type of holographic displays based on 
photoalignmed structures could seriously improve the time response and the view 
angle [6].. Another field of research that can benefit by the development of 
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photoalignment process is the domain of ultrahigh resolution and ultrahigh wide 
viewing angle LCD’s [7].. Companies that produce LCD panels, already 
announce that based on the photoalignment process will release 8K ultra high 
resolution LCD panels [8].  

The photoalignment permits the reorientation of the director of a cell 
already filled with LCs. This non-contact method does not induce a mechanical 
stress on the polymeric surfaces of the inner cell surfaces. The classical method 
for aligning the nematic director implies a mechanical rubbing process of the 
polymer surface that coats the inner surface of the cell plates. So, by using 
photoalignment, particle free surfaces can be assured, as well the anchoring 
energy can be varied by changing laser intensity and irradiation time.  

If only LC is used to fill the cell, the high intensity regime is needed to 
rotate the director of the nematic structure formed inside the cell [9].  By adding 
small concentrations of dyes, the interaction of the LC mixture with the laser 
beam will highly increase. The light-induced dye adsorption on the control surface 
(Sc), leads to the accumulation of dye molecules on the substrate. The new created 
twist nematic structure will be locked in by the process previously described [10].  

Previous research had identified the appropriate parameters for creating 
large surfaces covered with ripple structures based on the adsorption of the 
methyl-red (MR) dye from the 5CB mixture. This was done in a pump-probe 
experiment, in high intensity regime, so precious information regarding the 
moment in time when the nematic director starts to rotate were obtained by 
Palarie et al. [11]. From AFM measurements, the surface characterization revealed 
that the ripple structures appear occasionally on the surface of the irradiated zone. 
For high pump powers, it was found that the center of the irradiated zone exhibit a 
high rugose area, created by the adsorption of the colorant in a chaotic way [12].  

A systematic study regarding the concentration of the dye, performed by 
Palarie et al. [13],   had shown that the MR concentration in MR doped with 5CB 
need to be greater than a threshold value. For a pump power of 12 mW, the value 
of MR concentration had to be greater than 0.79 % by wt. If the pump power is 
increased to 20mW, the threshold stops to exist.  

In this work, we present an experimental study based on the influence of 
the LC cell thickness on the ripple structures induced by 476.5 nm linearly 
polarized laser beam. Cells were filled with 5CB doped with 2% MR, through 
capillarity. The structures induced through laser irradiation, are analyzed by AFM 
in the center of the irradiated zone, but also in the periphery. The roughness of the 
surfaces was estimated from the registered profiles. 
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2. Experimental details 

The experiments were realized at a temperature of 25oC by using seven 
standard sandwich glass cells filled with mixtures of 5CB doped with 2% MR. 
The concentration of the MR dye, was chosen after the results obtain by Palarie et 
al. [13]. For this concentration and pump powers ranging from 8 to 20mW, the 
surface covered with ripple structures it was outlined better, compared to the other 
cells with smaller concentrations. The heights of the ripple structures and the dye 
conglomerate deposits were also taken into account for choosing the 2% MR in 
5CB.  

The thickness of the cells chosen for this experiment had the values: 8µm, 
19µm, 23 µm and 32 µm. The thickness of the cells was varied by means of a 
Mylar spacer. The inner surface of the glass plates were previously covered with a 
thin polymeric film, using a spin-coating method. The polymer, polyvinyl alcohol 
(PVA), was deposit on the inner surface of the cell just like in the experiment 
made by Palarie et al. [13]. 

An easy axis was induced by unidirectional rubbing of both surfaces. 
These inner rubbed surfaces of the cells impose a planar alignment within the 
nematic cells. Each cell was placed perpendicular to the exciting beam of an Ar+ 
laser (of type INNOVA 308C) working at wavelength λ = 476.5 nm.  

The pump power, P, was measured with a power-meter Field Max II-Top, 
from Coherent.  The pump powers chosen for this experiment had the values 5, 
10, 15, 20, and 25 mW. The irradiation time was also varied in 4 steps: 5, 10, 15 
respective 20 minutes. 

The diameter of the Ar+ laser spot, on the cell, was 2 mm. The mean 
intensity of the pump beam, in the irradiated areas, had the rough value 500 
mW/cm2. This mean value indicates that we are working in high intensity regime 
despite other researchers that made similar experiments in low intensity regime 
[14].  

The direction of rubbing (easy axis) was perpendicular to the direction of 
polarization of the Ar+ laser beam; a smaller value of the azimuthal anchoring 
energy is obtained for this configuration. The induced permanent structure in the 
samples is twisted nematic, as shown in our previous studies [11,12].  

To analyze the laser-induced surface morphology, the LC cell was 
submerged for a few minutes in hexane until 5CB was completely dissolved. A 
really difficult problem is that some MR+5CB mixture remains impregnated in 
some polymer areas, because of the dismantling process. This effect can make 
some irradiation zones to be impossible to examine.   

 Regarding the method of LC extraction from the cell, better results were 
obtained by using a paper towel to extract the LC from the cell through capillarity. 
After this step the cell is washed with hexane and again the mixture inside de cell 
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is absorbed with a paper towel. These steps are repeated till the colour of the cell 
disappears, this means that a large part of the MR+5CB mixture was extracted 
between the plates. In the end, the cells plates can be disassembled and analyzed 
by AFM. 

Like in the other reports, the adsorption of the dye on the polymer layer 
had been observed only on the plate situated in the front of the Ar+ laser beam. An 
image of the cell and cell plates after disassembly can be seen in Fig.1 

On the irradiated glass plate, Sc, red zones that coincide with the pumped 
regions appeared. These red areas are due to the MR molecules adsorbed on this 
surface during irradiation. The other surface, reference surface (SC), was 
transparent, showing that the MR molecules have not been adsorbed on this 
surface. 
The spacing and the depth of the ripple structures, induced by a laser beam, were 
analyzed by AFM using Park XE-100 equipment (a silicon tip with conical 
shape). The noncontact mode was used to examine the irradiated zones. 

 

  
Fig. 1. a)  Image of the cell after irradiation, b) Image of the plate situated in the front of the 
Ar+ laser beam after disassembly. Some traces off MR+5CB mixture can be observed on the 

plate. 
 

3. Results and discussion 

In the first place we have to say that all the AFM acquisitions were made 
in the center of the irradiation zone unless otherwise specified. Because the beam 
is not a top-hat, but rather a TEM00, intensity of the beam decreases from the 
center of the beam to its periphery. Usually, from our observations is more likely 
to find ripple structures in periphery rather than in the center. 

A real interest was to see if exist a low power threshold in having ripple 
structures. As we can see in Fig. 2, for the irradiation at 5 mW for 5 min. long, the 
acquisition seems clear, being the only one of this kind. We can put that on the 
fact that: for a given thickness, we need to have certain fluence for having a dye 

a) b) 
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adsorption. This statement is sustained by the fact that adsorption is taking place 
for greater irradiation times.  

 
P= 5mW 8 µm 19 µm 23 µm 36 µm 

 
 
 

5 min 

    
 
 
 

10 min 

    
 
 

20 min 

    
Fig. 2. AFM acquisitions for zones irradiated with 5mW laser power. Each line contains 

acquisitions for zones with different irradiation time and each colon corresponds to different 
cell thickness.

 
Regarding the presence of the ripple structure at 5mW pump power, we 

should get large areas without dye conglomerates on top of them. This is because 
at higher pump powers, large areas of ripples are seen under big blocks of 
conglomerate but this is not the case, in reality. 

The reason for this behaviour is that the formation of ripple structures and 
the formation of the conglomerates are taking place simultaneous. In the later 
phases of irradiation the big blocks formed in bulk are adsorbed on top of the 
already created ripple structures. 

The roughness of the conglomerate deposits is increasing with the increase 
of pump power and also with irradiation time. So, we can say that the roughness 
induced by conglomerate deposits is proportional with the laser fluence. 

Taking into account the average diameter of the irradiation zone, approx. 
1mm, despite the fact that the beam diameter is aprox.2mm, for 5mW of laser 
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power and 5min irradiation time, the fluence on that area will be of approx. 3.18 
mJ/ cm2. 

We know from Lee et al. [14], that for an intensity of 3mW/ cm2 (week 
regime) and an irradiation time of 3 hours, he obtained dye adsorption on Sc. The 
fluence value for the above parameters is approx. 68.75 mJ/ cm2. We have to say 
that Lee et al. used E7 doped with 1% MR like a dye. E7 is a LC that is a mixture 
of different LC: 5CB - 51%, 7CB - 25%, 8OCB - 16%, 5CT 8%.  

Lee et al. obtained nice ripple structures with small conglomerate deposits, 
even though the fluence is 20 times greater. This can mean that it is a threshold 
also for creating the conglomerates from the bulk. 

AFM acquisitions of the zones from 23 µm cell, irradiated for 10 and 20 
min, have a distinct topography that could indicate a contamination of the 
polymer layer with MR+5CB mixture. This could be happening in the moment 
when the cell is dismantled.  

 
D= 23 

µm 5 min 10 min 15 min  20 min 

 
 
 

15 mW 

    
Fig. 3.  AFM acquisitions for zones irradiated with 15mW laser power for different irradiation 
time. The AFM acquisitions are made in the center of irradiated zone. Cell thickness is 23 µm. 

 
Let’s consider for the same cell, the irradiation power of 15 mW (fig.3). 

The AFM acquisition for 5 min. irradiation time was magnified for being able to 
distinguish the details. We can observe that no ripple structures are present. On 
the other hand, for 10 min. irradiation time, ripple structures are seen. For a 
greater irradiation time ripple structures cannot be observed. So, for the 23 µm 
cell thickness, the optimum fluence would be approx.19 mJ/cm2. 

In periphery, the things are quite different. The presence of the ripple 
structures is quite obvious and the conglomerate deposition are less visible. In fig. 
4, an AFM image taken at the edge of the irradiated zone is shown. In the right of 
each acquisitions, we can see the profile of some ripple structures. A colored line 
on the image will indicate where   the profil line coresponds. Also, another graph 
indicates the periodicity of the structures registered. 
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Fig. 4.  a) AFM image, 10x10 m2, at the border of irradiation zone for 23 m cell, 2% MR, 
irradiated with 10mW for 10 min. b) 5x5 m2 AFM image of the same area. 

 
The registered periodicity was found to be approx. 3.15 periods per 

micrometer, which means approx. 300 nm for each ripple structure period. In fig. 
4 b) it is easy to observe that the heights of the ripple structures are getting smaller 
as they are closer to the border. The spacing of the ripple structures is the same, 
no matter the distance from the border.  

a) 

b) 
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Another interesting aspect 
regarding the length of the 
ripples is that we observe a weak 
periodicity of the ripple 
structures length. This could be 
the effect of the interference 
inside the cell for a tilt angle with 
the laser beam or the plates are 
not exactly parallel.  

 In fig. 5, we can see that 
for a similar cell, the irradiation 
at 8 mW for 9 min. give rise to 
large length ripple structures. 
Some ripple structures have more 
or less than 4  m length..  

 A  AFM image, 5x5  m2
, for 23 m cell, 2% MR, irradiated at15 mW for 

20 min can be see in fig.6.. The two colored profile lines, from the right part of 
the image, are represented by two colored lines on the AFM image. Ripple 
structure seems to be 30 nm in height. The green profile shows that the height of 
the ripple structure is 4 times lower that the height of the conglomerate structures. 
The length of the ripple structures are approx. 1 m. The same periodicity for the 
length of the ripple structures could be seen, just  like in fig. 3. 

 

 

Fig. 6. AFM image, 5x5  m2
, for 23 m cell, 2% MR, irradiated at15 mW for 20 min. At the right, 

two profile lines of ripple and conglomerate structures are shown. 
 

 

Fig. 5. AFM image for 23 m cell, 2% MR, irradieted 
at 8 mW for 9 min. 
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4. Conclusions 
 

We have shown that an increased thickness of the cell makes the 
conglomerate deposits to have greater volume. This could mean that the 
conglomerates are created in bulk.  

Also, the increase of irradiation time amplifies this phenomenon. The cells 
with small thicknesses got to be irradiated with a greater fluence, for having MR 
molecules adsorbed on the irradiated plate. 

 The best thickness values, for creating ripple structures, seemed to be 
equal with 23 μm. For the examined cells, with thickness less than 23 μm, the 
ripple structures were found neither in center nor in periphery. 

In general, the appearance of the ripple structures is less likely to appear in 
the center of the irradiation zone. The ripple structures tend to appear in the 
peripheral areas. 

The length of the ripple structures seems to be interrupted at periodic 
values. This can be the effect of laser beam interference inside the cell. 
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