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ABSTRACT 
 

 The liquid crystal cell parameters such as tilt angle, birefringence (also called as double 

refraction), retardation (the cell gap times the LC birefringence), dielectric anisotropy, and 

switching voltage are important in the manufacturing as well as the development of LCD. There 

is constant need for an accurate measurement of these cell parameters, effect of metallic nano-

particles on electro-optical properties, and applications of LC cell as a phase modulator, since LC 

material has voltage dependent birefringence.  

 This thesis presents the optical interferometric techniques to measure the liquid crystal 

cell parameters using Fourier transform fringe analysis. Using the optical interferometric 

technique wavelength dependent birefringence of liquid crystal material has been determined, 

and for this, a nearly common path Mach-Zehnder interferometer has been developed. Also, the 

effect of gold nano-particles on electro-optical properties of liquid crystal material has been 

presented. A liquid crystal (LC) phase shifting interferometer was developed for generating 

voltage dependent phase shifting interferograms. Liquid crystal filled cell has been used as a 

phase modulator for the 3-D shape measurement of a reflecting object and simultaneously 

quantitative phase imaging of a transparent object. 

 The technique for the measurement of LC cell parameters using optical interferometry 

has been covered in various chapters in the present thesis, and the application of nematic liquid 

crystal material filled cell in 3-D Profilometry of an object in reflection mode as well in 

transmission mode have also been covered in two separate chapters.   

Chapter I presents the literature survey about LC materials and their some physical properties. 

Introduction about various important LC cell parameters, which affects the LC based display 

devices and other applications of LC materials have been discussed. In this chapter, various 
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techniques for the measurement of LC cell parameters have been reviewed. The effect of 

metallic nano-particles, nano-rods, and carbon nano-tubes on electro-optical properties of LC 

materials has also been mentioned. The literature survey about various techniques for 3-D 

Profilometry, including that of phase shifting interferometry has been presented. 

Chapter II In this chapter, a wide field optical technique for the measurement of nematic liquid 

crystal (NLC) cell parameters i.e., switching voltage, birefringence, retardation, dielectric 

anisotropy, average tilt angle and change in refractive index with applied dc voltage to LC 

material is presented. The proposed method is based on optical interferometry and Fourier 

transform fringe analysis technique in which we obtain 2-dimensional (2D) phase map of the 

interferograms as a function of applied voltage. Mach-Zehnder interferometer (MZI) was used 

for the study of cell parameters and interferograms were recorded at different applied dc voltages 

to NLC cell using CCD camera. From the 2-D phase map, 2D-refractive index distribution of the 

LC cell with applied voltage was reconstructed. Analytical equations are derived based on 

optical interferometry and then solved to obtain cell parameters. The present method is wide 

field, fast and can give 2D-cell parameters from only two quick interferograms. 

 Chapter III presents the measurement of birefringence of nematic LC material using multiple 

wavelength interferometry. Nearly common path single-stage Mach-Zehnder interferometer was 

developed and used for recording interferograms. Fourier transform fringe analysis was used for 

reconstructing the 2-D phase map. Change in phase as a function of applied voltage to liquid-

crystal cell was measured for blue, green and red color laser light remaining the temperature 

constant during the experiment. From the change in phase, the birefringence of LC material for 

three colors i.e. red, green and blue was measured. It was found that the birefringence of nematic 

liquid crystal (ZLI-4155) material for red, green and blue colors decreases with increase in 
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wavelength. The decrease in birefringence for the wavelength increase from the blue to red color 

is about 40%. 

In Chapter IV we describe the observation of large changes in the electro-optical properties of 

nematic liquid crystal (NLC) due to inclusion of small concentration of 10 nm diameter gold 

nanoparticles (GNPs). It is observed that GNPs lower switch-on voltage and also lower 

relaxation frequency with applied voltage (AC field) to NLC cell. All these studies have been 

done by optical interferometry and capacity measurement by impedance analyzer of a NLC cell. 

The change in threshold voltage and relaxation frequency by doping GNPs in NLC is explained 

theoretically. 

In Chapter V we present the development of a common-path and non-mechanical scanning 

phase-shifting lateral shearing interferometer based on homogeneous and wedge-shaped gap 

liquid-crystal cell. The modified cell consists of semi-reflecting and fully-reflecting glass plates 

with liquid-crystal material sandwiched between them so that the amount of reflected light from 

both the surfaces is nearly equal, thus generating high contrast interference fringes. The 

thickness of liquid-crystal cell was maintained ~ 3 μm uniformly for homogeneous gap and 

varying wedge gap was also introduced between two glass plates for generating high carrier 

frequency linear fringes. Phase-shifting linear fringe patterns of high contrast were generated. 

The phase shifted interferograms were projected onto an object and the distorted inteferograms 

were recorded by CCD camera. Phase shifting fringe analysis technique was used to reconstruct 

the 3-D shape of the object. Present system is compact and low cost.  

Chapter VI presents the use of nematic liquid crystal filled cell as a phase modulator for 3-D 

profilometry of microlenses. In one arm of Mach-Zehnder interferometer nematic liquid crystal 

filled cell with DC voltage connection was placed for modulating the phase and in another arm 
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of the interferometer micro-lenses with 4-F imaging system has been placed. Interference takes 

place between the lights coming from the two arms of the Mach-Zehnder interferometer, one 

after passing through nematic liquid crystal cell and another after passing through micro-lenses 

were recorded by CCD camera. By applying voltage to liquid crystal cell various phase shifted 

inteferograms were recorded and from phase shifted interferograms, shape and size of micro-

lenses were determined. 

In Chapter VII we summarize the entire work done and also report the future work scope of the 

present work. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

TABLE OF CONTENTS 

 

Certificate                                                                                                                (i) 

Acknowledgements                                                                                               (iii) 

Abstract                                                                                                                  (v) 

Table of contents                                                                                                  (ix)                             

List of figures                                                                                                      (xiii) 

List of tables            (xix) 

 

CHAPTER 1:  INTRODUCTION                                                                  1 - 15 

1.1 Discovery of liquid crystal materials                                                   1 

1.2 Parameters of liquid crystal materials                 2 

A. Birefringence          2 

B. Dielectric anisotropy         2 

C. Average tilt angle               4 

D. Retardation          4 

E. Threshold voltage         5 

F. Relaxation Frequency         5     

1.3 Various methods for the measurement of liquid crystal cell parameters            5  

1.4  Effect of metallic nano-particles on electro-optical properties of LC material           9 

1.5 Applications of NLC material filled cell in optical interferometry                      11               

              

   



x 

 

CHAPTER 2:  TWO-DIMENSIONAL CELL PARAMETERS 

MEASUREMENT OF NEMATIC LIQUID CRYSTAL USING OPTICAL 

INTERFEROMETRY AND FOURIER TRANSFORM FRINGE ANALYSIS 

TECHNIQUE                    19-38  

2.1  Introduction                                                                                                                      19 

 2.2 Theory of the measurement of LC cell parameters by digital interferogram analysis    21  

 2.3 Experimental Details                 26 

2.3.1 Liquid crystal cell fabrication                                                                                         26 

(A) Deposition of a transparent conducting coating on glass plates                                    26 

(B) Photolithography and etching of the pattern                                                                  26  

(C) Alignment of etched plates                                                                                             27 

  (D) Assembling, sealing and filing the cell                                                                          27  

      2.3.2 Optical interferometric set – up                                                                                      27    

 2.4 Results and Discussion                                  31 

 2.7 Conclusion                                                                                                                          38 

CHAPTER 3:   MEASUREMENT OF BIREFRINGENCE OF NEMATIC 

LIQUID CRYSTAL MATERIAL BY MULTIPLE WAVELENGTH 

INTERFEROMETRY USING NEARLY COMMON-PATH SINGLE-

STAGE MACH-ZEHNDER INTERFEROMETER                               39-57         

3.1 Techniques of liquid crystal birefringence measurement                                                 39 

3.2 Experimental details for the measurement of birefringence by interferometry         42 



xi 

 

3.3 Results and Discussion                46 

3.4  Conclusion                      57 

 

CHAPTER 4:  EFFECT OF GOLD NANO-PARTICLES ON SWITCH-ON 

VOLTAGE AND RELAXATION FREQUENCY OF NEMATIC LIQUID 

CRYSTAL CELL                59 - 74 

4.1 Metallic nano-particles in liquid crystal material                                                          59  

4.2  Experimental details for the study of GNP doped NLC material            61 

4.3     Results and Discussion                                                                                      65                                                                      

A. Change in threshold voltage and its explanation by mixing GNPs in NLC material      65         

B.  Change in relaxation frequency of LC cell and its theoretical explanation by mixing 

GNP in NLC material                70 

4.4 Conclusion                  74   

                                                                                                                   

CHAPTER 5:  LIQUID-CRYSTAL PHASE-SHIFTING LATERAL 

SHEARING INTERFEROMETER WITH IMPROVED FRINGE 

CONTRAST FOR 3-D SURFACE PROFILOMETRY          75 - 92 

5.1 Introduction of lateral fringe shift interferometry               75                  

5.2 Experimental Details                  78 

5.2.1 LC cell fabrication                                                                                                    78 

5.2.2 Recording of phase shifted interferograms                                                               80 



xii 

 

5.3 Results and Discussion                                                                                                      82 

5.4 LC-LSI based phase shifting fringe projection Profilometry           88 

5.5 Conclusion                                                                                                                     91 

CHAPTER 6: 3-D PROFILOMETRY OF MICRO-LENSES BY PHASE 

SHIFTING INTERFEROMETERY USING NEMATIC LIQUID 

CRYSTAL MATERIAL FILLED CELL AS A PHASE MODULATOR 

                    93-105 

6.1 Introduction to Profilometry of microlenses                  93 

6.2 Experimental details of microlenses profilometry by interferometry using NLC filled cell 

 as a phase modulator                95 

6.3 Theory for phase shifting interferometry using NLC cell as a phase modulator         97 

6.4 Results and Discussion                                                                                                   100 

6.5 Conclusion                                                                                                                      105 

CHAPTER 7:  CONCLUSION AND SCOPE OF FUTURE                107 - 109 

 
       7.1 Summary                 107

      
      7.2 Future scope of work                                                                                  109                        
 

 

LIST OF PUBLICATIONS                111-112 

 

REFERENCES                                                                                              113 - 124 

 

AUTHOR’S BIOGRAPHY           125 


	Final Thesis MOHAMMAD INAM (2009IDZ8221).pdf

