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 In this work, non-linear optical properties of a Sony SVGA liquid crystal spatial light 
modulator sample are estimated by utilizing a single beam Z-scan technique with He-Ne 
laser at 632.8 nm. It was found that the magnitude of non-linear refractive index (NLR) is 
(0.694×10-7 cm2/mW) with a positive signal, demonstrates a self-focusing phenomenon, 
while the magnitude of non-linear absorption (NLA) for this sample is (0.0101×10-1 
cm/mW), the pure magnitude of the NLR is (0.138×10-5 cm2/mW). These results are 
compared with past investigations in various liquid crystals types. The obtained results 
showed that the sample have a high ability of originating optical limiters, switches, and 
modulation gadgets.  
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1. INTRODUCTION  

Studying matters with large optical nonlinearities have 
lately converted the consideration of wide scientific 
attention, naturally because of their conceivable application 
in high-speed optical switching strategies, which are getting 
increasingly basic and ordinarily utilized [1-2]. Sony SVGA 
liquid crystal is a 90° twisted nematic liquid crystal, it is one 
of the most extensive materials and it is a fundamental part 
of numerous optical tricking experiments like a spatial light 
modulator (SLM) device [3]. It tends to be utilized in 
various optical applications of phase or intensity 
modulations, like dispersion process [4], digital holography 
[5], adaptive optics [6], and microscopy applications [7]. 
The non-linear effects of the Sony SVGA liquid crystal 
spatial light modulator, for instance the non-linear refractive 
index (NLR), and non-linear absorption (NLA), have as of 
late attracted much interest. A Single-beam (Z-scan) system 
is a significant system used for deciding the non-linear 
optical properties of numerous non-linear optical resources. 
The sample is scanned throughout the focal point (Z=0) of 
an excessive intensity beam, and the departing beam 
intensity is signed up utilizing a diminutive focal length lens 
with a reliably short Rayleigh length [1, 8].  
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As the sample has moved through the focused beam, it 
started performing as a positive lens, Figure (1), thus 
adapting the noticed beam intensity. This effect rises as the 
sample moved near the focus because of increasing 
intensity.   
    This maximum in transmission (peak) will drop to the 
lowest (valley) as the sample is moving further and the 
beam deviates because of the negative lensing by the 
sample. The diagram will be inverted when the sample has a 
positive NLR [2]. 

 
Fig .1:  Z-scan process to vary the intensity of the laser 
beam, when the sample is moving along a focused beam. 
Laser intensity varied continuously with maximum at the 
focal point. Dashed line: laser beam transmission deprived 
of a sample. Solid line:  intensive by a sample beam [2]. 

The non-linear optical properties of most liquid crystals 
have been investigated in some previous studies [8-13]. In 
this work, the non-linear optical properties of the Sony 
SVGA liquid crystal sample are examined by using the Z-
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Scan technique. The NLA and NLR are determined by two 
manners, open and closed apertures. These factors offer a 
significant evidence about the properties of the material 
[14]. In closed aperture manner, the distance between the 
top and bottom of the output power ∆T!"#  was assumed by 
[15]: 

∆T!"# = 0.406(1 − S)$.&'|∆∅°|            (1) 
Where (∆∅°) is the non-linear variance of the sample 

phase, and S is the whole transmission. The NLR is given 
by: 

NLR = !"°
$%°&'((

                                         (2) 

Where k is the wavenumber, λ is the wavelength of the 
laser, I° is the laser intensity of focus, and L)**	is the active 
length of the taster. The Variation (as a function of 
propagation) of laser intensity through the taster in an open 
aperture manner is given by: 

+,
+-
= −α(w)I − NLA(w)I& − γ& − O(I.)        (3) 

Where (I) is the intensity at width z, α(ω) is the linear 
absorption coefficient, NLA(ω) is the non-linear refraction 
coefficient, γ is the absorption coefficient of the third-order, 
and O(I4) is the absorption coefficient of fourth-order. The 
NLA is given by: 

NLA = &√&	∆2
,°3'((

                                              (4) 

Where ∆T is the top value at open aperture curve. 
Optical limiters are the gadgets used for sensor protection 
against laser pulses. The perfect optical limiter has the 
characteristics that have a high linear transmission for low 
input power [16]. The employed of a perfect optical limiter 
is shown in Figure 2. By determining the non-linear 
properties of materials, these materials could be recognized 
as likely optical limiters [17]. 

 

 

 

 

 

Fig. 2: A diagram illustration of the transmission through an 
ideal optical limiter [17], as the incident light intensity 
increases, the transmitted light reaches a threshold value at 
which point it is clamped. 

2. EXPERIMENTAL SETUP 
The experimental arrangement is shown in Figure (3). 

The experiment was performed at room temperature 
utilizing He-Ne laser operating at 632.8nm wavelength and 
output power (5mW). The sample under investigation is 
moved through the focus of a laser beam, and the beam 
radius (or the on-axis intensity) is measured at some point 
behind the focus as a function of the sample position. A 

computerized stepper motor had been used to move the 
sample along the z- axis with steep (10 µm). The beam was 
intensive using a positive lens, f =10 cm, the outputs 
intensity had been measured by a Metrologic 45-230 optical 
detector working at 2W with calibration accuracy 500-900 
nm 20%. The measured laser intensity is (I0 = 4.27×103 W 
cm-2). 

 
Fig.3: Experimental setup. 

The sample used in this work is the SVGA liquid crystal 
spatial light modulator, of 1.3 mm length, the beam waist 
(wo) at the focal point is (8 ×10-2) mm while the Rayleigh 
length (Zo) is 3.1 cm. The open and closed aperture states 
have done respectively. 

 

3. RESULTS AND DISCUSSION  
Figure (4) explains the sample behavior for the closed 

aperture manner, at first, the beam of He-Ne laser, shows 
low NLR at (Z < 0). When the sample is becoming closer to 
the focus, the beam intensity is increasing, producing self-
focusing, so a collimated beam is obtained at the aperture. 
This effect is increased when the sample is moved near the 
focus because of increasing laser beam intensity. The laser 
beam intensity is decreasing at (Z ˃ 0) until it reach a 
minimum rate.  

 
Fig. 4: The Normalized transmittance curve of the NLR in 

closed aperture measurements. 
This figure shows asymmetry because of the contrary 

behavior of the sample when it is placed before and behind 
the focal plane of the lens. It is not just the phase shift, but 
the difference in the curving of the wavefronts on either side 
of the focus. The experimental data of △Tp-v is obtained to 
be (0.07). The obtained Δφo is (0.172), the NLR utilizing 
eq.2 is found to be   (0.694×10-7 cm2/mW), where Leff is 
equal to (1.3) mm. The positive sign of the NLR indicates 
that the sample displays self-focusing process. In the open 
aperture manner, Figure (5), the obtained curve begins to 
drop until it reaches the minimum value (Tmin) of 0.9 at the 
focal point, (Z=0).  
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Fig.5: NLA experimental curve of open aperture manner 

single beam experiment. 

When there is no NLA , the Z-scan curve must be 
symmetric around the origin of the Z-axis. However, in 
practice, the Z-scan curve usually has a large asymmetry. 
The reason for this phenomenon for thermal-optic non-
linear mechanisms. (Except for experimental error). The 
measured value of the NLA  is equal to (0.0101×10-1 
cm/mW). Both the NLR and the NLA arise very sovereign of 
each other; this allows the abstraction of the virtuously 
refractive single beam documents, Figure (6). The pure 
magnitude of the NLR  obtained to be as (0.138×10-5 
cm2/mW). 
 

 
Fig. 6: Virtuously normalized transmittance of the NLR 

curve. 
 

The obtained results are compared with other results for 
different liquid crystal subjects [8-13] and shown in table 
(1).  

Table 1: the NLR and NLA values of different liquid crystal 
samples at different wavelengths of light sources obtained 
by [8-13]. 

sample NLR 
(cm2/mW) 

NLA 
(cm/mW) 

Wavelength 
of the 

incident 
beam (nm) 

B1+RB 6.5056×10-10 1.3199×10-3 473 
B1 3.5018×10-10 1.2549×10-3 473 
RB 2.8167×10-10 1.2147×10-3 473 

B2+RB 2.4629×10-10 1.1733×10-3 473 
B2 2.0581×10-10 1.1120×10-3 473 
Di 3.4750×10-10 1.1946×10-3 473 
TN 1×10-12 _______ 842 

LC (E7) -1.74×10-6 _______ 632.8 
E7 1.0895×10-5 0.03491 1550 

MLC 6241-000 -9.0208×10-6 0.551292 1550 
25%E7+75%ML -7.8166×10-6 0.857065 1550 
50%E7+50%ML -4.2183×10-6 0.759502 1550 
75%E7+75%ML -6.2521×10-6 0.935574 1550 

SLM 9.927×10-8 0.286 532 
SLM 12.965×10-8 0.0249 632.8 

SVGA 0.694×10-7 0.0101×10-1 632.8 

It was observed that our study is a convergence with 
most of these materials and a distance with others by 
calculating Absolute Error (AE) for these previous results 
utilizing the NLC program, Figures (7), and (8). 

 
Fig.7. AE NLR of the SVGA liquid crystal sample 

comparison with different studies. 
 

 
Fig.8. AE NLA of the SVGA liquid crystal sample 

comparison with different studies. 

The optical limiting occurs when the optical 
transmission of a material saturates with increasing laser 
intensity, a property that is desirable for the protection of 
sensors and human eyes from the intense laser radiation. 
The optical power limiting property of the SVGA liquid 
crystal, illustrated in Figure (9), gives the optical limiting 
characteristics at room temperature for the sample. 

 
Figure 9: Practical optical limiting response SVGA liquid 

crystal at 632.8 nm. 
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The output power growths firstly with the growth in 
input power, but after a definite threshold significance, the 
sample starts defocusing the beam resulting in a larger 
amount of the beam cross-section being cut off by the hole. 
Thus, the transmittance continued sensibly constant 
presenting a hill area [10]. 
 
4.  CONCLUSION  

The non-linear refractive index (NLR) and the non-
linear absorption index (NLA) of a Sony SVGA liquid 
crystal spatial light modulator sample have been examined 
utilizing the single beam (Z-scan) technique with He-Ne 
laser of 632.8 nm wavelength.  The positive sign of the NLR 
is due to the self- focusing of the sample process, the 
amounts of NLR and NLA explain the high sensitivity and 
very low absorption for this sample. The obtained results 
were compared with previous studies for several types of 
liquid crystals, it was observed that our study is a 
convergence with most of these materials and it is a distance 
with others by calculating Absolute Error (AE). The sample 
shows a very good optical limiting behavior arising from the 
NLR at the given wavelength. Thus, its preparation 
technique will be an important aspect in optical sensing, and 
in different optical modulations. 
 
REFERENCES  
[1] Ule E., 2015, "Measurement of the nonlinear refractive 

index by Z-scan technique", Doctoral dissertation, 
University of Ljubljana, Slovenia. 

[2] Sankar P. and Philip R., 2018, "Nonlinear Optical 
Properties of Nanomaterials. Characterization of 
Nanomaterials", Woodhead Publishing, 301-334. 

[3]  Jesacher A., Schwaighofer A., Furhapter S., Maurer C., 
Bernet S. and Ritsch-Marte M., 2007 "Wavefront 
correction of spatial light modulators using an optical 
vortex image", OSA, 15(9), 5801-5808. 

[4] Brun A., Brune L. and Snabre P., 2006, "Adaptive 
speckle imaging interferometry (ASII): New 
technology for advanced drying analysis of coatings", 
Coatings Transactions, 251(89), 251-254. 

[5] Eng S., Cait D., Wang Z., Alameh K. and Jiangt W., 
2006, "Optimization of Liquid-Crystal Spatial Light 

Modulator for Precise Phase Generation", EEE 5(6), 
105-108. 

 [6] Krizek P. and Hagen G., 2010, "Spatial light modulators 
in fluorescence microscopy", Science, 2, 1366-1377. 

[7] Menard J., Betz M., Sigal I. and Van Driel H., 2007, 
"Single-beam differential z-scan technique", OSA, 
46(11), 2119-2122. 

[8] Abdullah L., Ahmed S., Al Naimee K. and Meucci R., 
2015, "Nonlinear Optical Properties of Liquid 
Crystals", IRENA, 3(1), 7-11. 

[9] Abdulazeez O., Yassin H. and Ban A., 2016, "Nonlinear 
Optical Properties of Pure and Dye Doped Nematic 
Liquid Crystal", International journal chemical 
Science, 4, 2601-2610. 

[10] Abdulazeez O., Yasein H. and Ban A., 2016, "Study of 
Nonlinear Optical Properties of Nematic Liquid 
Crystal Materials", International journal of physics and 
research (IJPR),6(4),  17-24. 

[11] Miroslaw K. A., 2001, "Nonlinear properties of 
waveguides with twisted nematic liquid crystal", Acta 
Physica Polonica A, 99(1), 161-173. 

[12] Andy F. Y., Hui-Chi L., Ting-Shan M. and Ching-Hsu 
C., 2005, "Nonlinear optical property of azo-dye doped 
liquid crystals determined by biphotonic Z-scan 
technique", OSA, 13(26), 10634-10641. 

[13] Khalid F. G., Al-Dabag S. Y., Ahmed S. S., Mahmood 
A. I. and Al-Naimee K., 2018, "Measuring of 
nonlinear properties of spatial light modulator with 
different wavelengths", IOP Conf. Series: Journal of 
Physics: Conf. Series 1003, 012092. 

[14] Iranizad E., Dehghani Z. and Nadafan M., 2013, 
"Nonlinear Optical Properties of Nematic Liquid 
Crystal Doped with Different Compositional 
Percentage of Synthesis of Fe3O4 Nanoparticles", 
Journal of Molecular Liquids, Elsevier. 190, 6-9.  

[15] Sheik- Bahae  M. and Hasselbeck M. 2000 "Third 
Order Optical Nonlinearities", OSA Handbook of 
Optics, New Mexico, Albuquerqu. IV, 27, CH. 17.  

[16] Shubhrajyotsna A., Aithal P. S. and Bhat G. K., 2016, 
"Characteristics of ideal optical limiter and realization 
scenarios using nonlinear organic materials", IJATET. 
1(1), 73-84. 

[17] Neethling P., 2005, "Determining non-linear optical 
properties using the Z-scan technique", M.Sc thesis, 
University of Stellenbosch, Stellenbosch. 

 
 

  SVGA ينوس عون نم لئاسلا يرولبلا يناكملا ءوضلا ّلِدعُمل درفنملا عاعشلا تاسایق
 2رصان دیاع ردیح و 1ىسوم فلخ مالس

 .قارعلا ،يدامرلا ،رابنالا ةعماج ،ةفرصلا مولعلل ةیبرتلا ةیلك ،ءایزیفلا مسق1 
 .قارعلا ،دادغب ،بوساحلا تاینقت ةسدنھ مسق ،مظاكلا مامألا ةیلك2 

 :ةصالخلا
 ةمزحلا يداحأ يئوض حسم ةینقت مادختساب ينوس عون نم SVGA لئاسلا يرولبلا يناكملا ءوضلا ّلِدعُم ةنیعل ةیطخاللا ةیرصبلا صئاصخلا ریدقت مت ،لمعلا اذھ يف

 ىلا ریشی امم ،ةبجوم ةراشإ وذ )طاو يلم / 2مس 10-7 × 0.694( وھ (NLR) يطخاللا راسكنالا لماعم ةمیق نأ دجو دقو .رتمونان 632.8 دنع He-Ne رزیل عم
-5 × 0.138( وھ NLR  ةمیق يفاص ناكو ،)طاو يلم / مس 10-1 × 0.0101( ةنیعلا هذھل (NLA) يطخاللا صاصتمالا لماعم ةمیق نأ نیح يف ،يتاذلا ریئبتلا ةرھاظ

 ةردق اھیدل ةنیعلا نأ اھیلع لوصحلا مت يتلا جئاتنلا ترھظأ .ةلئاسلا تارولبلا نم ةفلتخم عاونأ يف ةقباس تاسارد جئاتن عم جئاتنلا هذھ ةنراقم مت .)طاو يلم / 2مس10
 .ةیرصب لیدعت تاودأو ،حیتافمو ،تاددحم ءاشنإ ىلع ةیلاع


