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Abstract
Electro-optic pockel material is a well-known device for conversion 
of electronic message signal to an equivalent optical signal in the 
domain of high speed communication. Several modulation methods 
have been reported using electro-optic material as modulator. We 
report here an experimental investigation for finding a suitable 
range for the above conversion by the amplitude modulation 
character of LiNbO3 based electro-optic pockel effect.
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I. Introduction
LiNbO3 also has a numerous applications in the area of optical 
communication, computation and data processing and is used for 
electric field sensing [1]. Many photonic switches are developed 
with the help of LiNbO3 electro-optic modulator [2]. Lithium 
Niobate have been widely used as an optical waveguide and it has 
also wide application in integrated optics. With use of focussed 
ultra-short laser pulses amplitude modulator in a single lithium 
niobate (LiNbO3) chip can be achieved. Broadband modulation 
of light has also been reported by using an electro-optic polymer. 
Ultra-Wideband (UWB) doublet signal in optical domain using 
an Electro-Optic Intensity Modulator (EOM) had also been 
demonstrated [3]. Electro-optic modulators can also be used for 
soliton generation [4]. Lithium niobate has a suitable operational 
bandwidth and it is highly accepted as electro-optic modulator 
due to its large electro-optic and nonlinear coefficients and good 
optical transparency in near infrared range of wavelengths used 
for telecommunications. Due to many advantages lithium niobate 
(LiNbO3) is considered as one the important optical modulator. 
One of the important factors of transmission character in optical 
communication systems of high bit-rate (20 GB/s) amplitude 
modulation, and of phase modulation at considerably lower bit 
rates (10 GB/s), is the biasing voltage of the modulator. The biasing 
voltage hampers the gain of the signal as well as its bandwidth. In 
most cases the d.c. biasing voltage of electro-optic modulator is 
0 volt. Here in this paper we support an experimental report and 
simulation for consideration of increased biasing voltage in the 
linear region of the transmission character of LiNbO3 and to find 
out the proper range of biasing voltage and the maximum amplitude 
of an electronic message signal for conversion to respective optical 
signal to realize a successful intensity modulation.

II. Theoretical Investigation of the Modulation Character 
of LiNbO3
The LiNbO3 crystal has crystal symmetry of 3m. It has a large 
birefringence (the refractive indices for ordinary and extraordinary 
rays are 2.286 and 2.20, respectively) and it has also a large non-
linearity of the first kind. The optical nonlinearity appears when 
two input optical frequencies interact with each other (nonlinearity 
in narrow sense) and when an optical and a radio frequencies 
inter-act (electro optic effect in broad sense) through the first 

order nonlinear polarization. These effects are utilized in optical 
modulators. Only crystals lacking a centre of symmetry exhibit 
the Pockel effect. An electric field applied in a general direction 
of a noncentrosymmetric crystal produces a linear change in the 
constants (1/n2)i due to the linear electro-optic effect according 
to 

  i=1,....., j= x,y,z=1,2,3  (1)
where rij is the ijth element of the linear electro-optic tensor in 
contracted notation. Ex, Ey, and Ez are the components of the 
applied electric field against principal coordinates. The magnitude 
of Δ(1/n2) is typically on the order of less than 10–5. Therefore, 
these changes are mathematically referred to as perturbations [5]. 
One can easily get the refractive indices of LiNbO3 based electro 
optic modulator as stated below

    (2)

     (3)
Under the influence of an applied electric field in the y-axis, the 
crystal remains uniaxially anisotropic.  Thus the birefringence can 
be tuned electrically [5]. The modulator is biased with a dc power 
supply. The voltage is applied perpendicular to the direction of 
light propagation as shown in Fig.1, which shows the arrangement 
of an electro-optic amplitude modulation. The electro-optic crystal 
is placed between two crossed polarizers. The electrodes in the 
modulator do not obstruct the light as it passes through the crystal. 
The magnitude of the applied electric field is E = V/d, and d can 
be reduced to increase E for a given applied voltage, thereby 
increasing the aspect ratio L/d, L is crystal length. The induced 
phase shift is inversely proportional to the aspect ratio; therefore, 
the voltage necessary to achieve a desired degree of modulation 
can be greatly reduced for large aspect ratio. The intensity (optical 
energy) of a light wave is modulated in such ways. The intensity 
modulation parameter of interest is the transmission factor T= Io/
Ii, the ratio of output to input intensity through the modulator.
The birefringent crystal introduces an optical path with a fixed 
retardation, so the total retardation Г is the added effect of both 
crystal and electronic retardations. Taking the electric field of 
light polarized along  and 

     (4) 
     (5)

One can easily obtain the transmission factor                               

 (6) Where   . Here V indicates the applied 
electric potential along Y axis of the crystal and Vπ is the half 
wave voltage of the LiNbO3 modulator [5]. In this connection V 
is regarded as the electronic message signal which is very small 

with respect to Vπ. Here  is approximated as  and T becomes

. So , which shows that transmission ratio of the 
LiNbO3 modulator maintains a parabolic relation with V, the 
message signal, and due to this parabolic relationship a nonlinear 
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distribution will come lf the output light intensity is modulated 
with , keeping input light intensity constant. Now if V is biased 
at Vπ /2 the T cannot be approximated as like earlier explained. 
So in this situation

   
If the biasing voltage is changed from Vπ/2 to Vπ/2±δ, Then 

    (7)
The theoretical behaviour of T vs V, in the range of V=350V to 
600V is shown in fig. 2. Now one can obtain 

    (8)

It is seen from equation (8) that at V=Vπ/2, , which indicates 

that the curve  is mostly horizontal at V=Vπ/2.

Fig. 1:

III. Experimental Investigation of the Modulation 
Character of LiNbO3
The schematic diagram of the experimental setup is shown in 
fig. 1. Polarized He-Ne laser light with λ = 632.8 nm is incident 
on the input side face of the LiNbO3 crystal of length l=25mm, 
thickness d=3mm and electro-optic coefficient r22=3.4x10-12m/v. 
The crystal is Z–cut and the light is propagating along Y-direction. 
Light is eventually passed through the crystal as shown in Figure1. 
Output light is then passed through the analyzer and monitored 
through the detector (power meter).

Fig. 2:

Experimentally measuring input and output intensities and taking 
the ratio, one can show the variation of intensity modulation 
parameter T with the applied voltage V in the range of 0.4 KV to 
0.6 KV which is shown in fig. 3 which is more or less consistent 
with the theoretical curve shown in fig. 2. We have also plotted 
the derivative of experimental result of T, (dT/dV) with the 
applied voltage (V) as shown in fig. 3. This is done by a computer 
simulation taking the slopes of the experimental curve in fig. 2 at 
different biasing voltage V. This shows that in the range of 0.4KV 
to 0.6KV it is horizontal which agrees the theoretical equation 
of fig. 2.

Fig. 3:

IV. Significance of Theoretical and Experimental 
Analysis
The theoretical plot of  in the voltage range 455.7 
V to 465.7 V is shown in fig. 4 which is horizontal one which 
supports the concept that the variation of  with respect 
to V in this range is constant. Again in the lower range of biasing 
voltage (with in 10 V)  is not constant. The slope 
is linearly increasing with V in 0 to 10 V range as shown in fig. 
4. Thus it can be seen from both theoretical and experimental 
results that the slope of  curve is almost constant in 
the range of 0.4KV to 0.6KV. This T vs V curve is linear in the 
range 0.4KV to 0.6KV.

It can be shown also from equation 2, that if V is varies from 
(Vπ/2) to 10% of (Vπ/2),   remains almost same in the above 
region. The linearity in fig. 3 is supported by the nature of curve 
in fig. 2. Thus the significance of the experimental results is of 
great importance for choosing proper biasing point for amplitude 
modulation using a bulk LiNbO3 modulator. If this biasing voltage 
with in the 0.4KV to 0.6KV in case of LiNbO3 or within (Vπ/2) 
to (Vπ/2) ±10% of (Vπ/2), it can give us good accommodation of 
electric signal for modulation.

V. Conclusion
LiNbO3 is widely accepted as an electro-optic modulator in optical 
high bit rate data communication. In most of the cases conventional 
techniques this modulator is used with a very small (≈0V) d.c. 
biasing voltage. In this biasing voltage the performance of LiNbO3 
as amplitude modulator is nonlinear. Here in this paper it is shown 
that instead of using small d.c. biasing voltage if the d.c. biasing 
voltage is shifted to the half of the  voltage of the modulator 
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then the linear zone of the transmission character (T Vs V) of the 
modulator is achieved. Not only at V= (Vπ/2), but at a wide range 
of( Vπ/2) to (Vπ/2) ±10% of (Vπ/2) the transmission character ( T 
vs V ) remains linear.  is nearly constant for 200V (0.4KV 
to 0.6KV). The electronic measured signal lies with in 30V. So if 
the LiNbO3 based electro-optic modulator is used for conversion 
of an electronic message signal to the respective optical intensity 
band signal, one can get no nonlinear deformation at the time of 
conversion if the basing voltage of the modulator lies in the range 
of (Vπ/2). One to one correspondence from electronic message 
signal to optical message signal is maintained in this case. From 
the above investigation it is also seen a distortion free conversion 
of an electronic message signal having the 100V amplitude to an 
intensity modulated signal by the use of LiNbO3 based electro-
optic crystal is possible. The experimental curve shown in fig. 4 
ensures this conclusion.
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