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Abstract
In high speed communication, measurement of microwave 
frequencies of both modulated as well as unmodulated signals is 
an essential task. Several methods are found where the frequency 
of an unknown microwave is measured with good performances. 
Each method has its own advantage and limitation. Here in this 
communication, the author propose a new concept of measuring 
the microwave frequency by the use of electro-optic modulator. 
This process ensures the highest degree of accuracy as optics is 
involved in the measuring process. The electro-optic material 
takes the role of amplitude modulation for splitting an optical 
intensity modulated wave into several fundamental components 
of waves. 
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I. Introduction
Electro-optic materials are well known for their applications in 
several modulations like amplitude modulation, phase modulation, 
intensity modulation of optical wave using the electrical message 
(modulating) signal [1-5]. As optical signal has million time 
greater frequency than that of microwave signal, so a high degree 
of accuracy of frequency measurement is obtained if optics is 
used for measuring microwave signal frequency. Microwave 
is a good carrier for transportation of electronic signal for long 
distance in high speed communication. Here in this paper, the 
authors propose a new scheme for detecting the frequency of 
an unknown microwave signal. Here one known frequency is 
used to measure the unknown microwave frequency by the use 
of Electro-Optic material. Already lots of methods have been 
reported for measuring the unknown microwave signal [4]. These 
methods also include some optical techniques also. This proposed 
technique exploits the electro-optic modulator in more reliable 
and faithful way.

II. Electro-Optic Material as an Intensity Modulator
The electro-optic effect is one of several approaches to manipulate 
information, or modulate a light wave carrier. Electro-optic devices 
have been successfully used in communication, and it analog 
and digital signal processing. The basic idea behind electro-optic 
devices is to alter the optical properties of a material according to 
the applied voltage in a controlled manner. The change in optical 
properties of a light carrier such as amplitude and phase is done 
when it propagates through the device [4-5]. Lithium Niobate 
(LiNbO3), Potassium Dihydrogen Phosphate (KDP) are used as 
few electro-optic materials which are commonly used. In this 
paper, LiNbO3 is used as an electro-optic material whose refractive 
index is a function of the externally applied electric field. That 
means if LiNbO3 is exposed to an electric field properly, light will 
travel more slowly or faster through it in comparison to situation 
when the electric field is not applied. When an electric field is 

applied, the amplitude and phase of the input beam can be changed 
according to the change of external electric field in the electro-
optic material like LiNbO3, KDP etc.

III. Amplitude Modulation by Electro-Optic Material
An electro-optic modulator is a device which acts on the basis of 
an electrically induced change in index of refraction or change of 
its natural birefringence’s. Depending on the device configuration, 
the following properties of the light wave can be varied in a 
controlled way. These are amplitude, phase, frequency etc. 
Electro-optic devices can be used for conducting analog or digital 
modulations. Analog modulation ensures large signal to noise 
ratio, thereby limiting its use to narrow bandwidth application. 
Digital modulation is more applicable to large bandwidth, medium 
to long distance system.
The intensity of a light wave can be modulated in several ways. 
The intensity modulator parameter is the transmission factor T=I0/
Ii, the ratio of output to input intensities.

Fig. 1 : A Schematic Diagram of Electro-Optic Amplitude 
Modulator Using LiNbO3 for Measuring Unknown Microwave 
Frequencies

Incident light wave is polarized at 450 to the X‘direction (in the 
X‘-Z direction) and propagates along Y’ direction; the electric 
field is applied along the Z direction. The analyzer is placed in a 
direction normal to the polarizer.
When the external electric field Ez is applied along the optic axis 
(chosen as the Z axis) of the LiNbO3,
The refractive index [1] of the element will be-

Retardation at a distance ‘l’ will be-

A suitable compensator is used to remove the first term of the 
last equation.
We ultimately get 
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Substituting
One can  get-

The voltage for which the phase difference θ will be 1800, this 
is known as  voltage.

The electric field components are-

If we calculate in this way we will get –

Hence the output intensity depends sinusoidally on the applied 
voltage.

IV. Modulation of Light by Multiple no of Modulating 
Signals
Here in this paper we are taking two sinusoidal modulating signals 
like

          
The voltage which is applied across the crystal is the summation 
of these two sinusoidal voltages.

When θ is very small, Sin θ = θ, as V << Vπ

V. Conclusion
Thus from the last equation, it is seen that because of application 
of ω1 and ω2 frequencies at the input of LiNbO3 one can receive 
several intensity modulated signals of frequency 2ω1,2ω2, ω1+ω2  
and ω1-ω2 along with a DC signal. The 2ω1 and 2ω2 are the second 
harmonic signals of the input signal, whereas ω1+ω2 and ω1-ω2 are 
the sum and difference frequencies. Now if the output is passed 
through a photodetector and ω1-ω2 is taken out blocking all other 
signal, then one can use this technique for detecting an unknown 

microwave signal, if V1 is an unknown microwave signal and V2 
is a known microwave signal.
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