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Abstract 
 
Certain waves that are found to lies between the range of 30- 300 GHz are 

called as Millimeter waves. In the past mobile devices uses frequency band 

below 6 GHz for communication purposes. Radio waves that helps in the 

communication for smart phones has a length of tens of centimeters 

whereas the millimeter waves measure a length from 1 to 10 mm. Hence 

are called millimeter waves. Various techniques have been implemented to 

generate millimeter waves. A novel method of generation of millimeter 

waves is 32 tupling method wherein the modulation index is properly 

adjusted. The peak power in the 16th harmonics on either side can be 

improved by considering the dc bias of the Mach-Zehnder Modulator 

(MZM) and the phase difference between the RF signals. Here, 60GHz 

millimeter carrier wave is generated using a very low RF source. 

 

Keywords: Millimeter wave, Mach-Zehnder Modulator, Fiber Bragg 

grating, Radio Frequency(RF), Radio Waves. 

 

1 Introduction 
Various methods for the generation of millimeter waves have emerged 

over the past few decades. Some of the techniques include Optical Mode  
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Locked of two Laser diodes [1], Dual wavelength Laser and Photodiode [2, 

3], External modulation techniques [4-7], Non-linearities of the optical fiber 

[8-12]. The direct intensity modulation is one such technique where the 

carrier source is directly modulated using a millimeter wave carrier and 

finally the MM wave is recovered by direct detection method at the 

photodiode. Early bosom diagnosis and treatment for breast cancer using a 

model which is developed using antenna.  

External modulation techniques are most commonly used for various 

applications as they are simple, tunable, efficient, and stable with other ore 

advantages. The laser is operated in CW mode in this method. The Mach-

Zechnder modulator (MZM) or (EAM) Electro-absorption modulator are 

some of the external modulators employed in this technique that are used to 

modulate the light intensity 

If it is needed to suppress either the odd or even order optical sidebands, 

MZM must be biased to the minimum or the maximum point of the transfer 

function. This may lead to bias-drifting problem and thereby causing poor 

robustness of the system. Inorder to minimize the bias drift a suitable control 

circuit is needed to be employed. 

One another solution to this issue may be to replace MZM modulator 

with Phase modulator. The Phase modulator does not need a dc bias. Thus, 

the system will be free of the dc bias drifting problems and eventually 

achieving a constant or stable output.  

Various others schemes employed in the generation of millimeter waves 

are frequency quadrupling, six-tupling, octupling and 16 tupling methods. 

These are cost-effective and efficient way of generating millimeter wave 

generation. 

In this paper, 32-tupling scheme is proposed. A very low RF source is 

employed to generate MM wave with the frequency of 60 GHz in this 

method. 

 

2 Principle  
 

Frequency 32 tupling scheme employs Mach Zehnder modulator in 

cascading for the generation of millimetre waves. Continuous wave laser is 

the source that drives the MZM and the light signal emitted by the laser acts 

as the carrier driving the modulator. A number if Mach Zehnder modulator is 

connected in series. MZM provides good bandwidth and it requires a less 

driving voltage and chirp.  

Optical frequency multiplication is done by MZM for the generation of 

optical harmonics. MZM has a predictable transfer function shape and this 

modulator is preferred over other types of optical modulators. 

Accurate adjustment of the harmonics is needed for the suppression of 

harmonics that are not of interest and obtaining only that is desired, which 

can be achieved by a phase shift of 45 degrees introducing between them. An  
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important thing to note is that MZM operates at minimum transmission point. 

All the odd harmonics present in the spectrum is suppressed by the first 

MZM. Only the even harmonics is left behind in the spectrum. This spectrum 

is now phase shifted by 45 degrees and then fed to the next modulator. The 

phase shifting and the cascaded MZMs suppress further the even harmonics 

and finally the 16
th
 harmonic is alone present on either side of the spectrum. 

This successive phase-shifting leads to the suppression of the existing 

even harmonics. It is required to maintain proper and efficient adjustment of 

dc biasing that helps in the suppression of all the harmonics except for the 

16
th
 harmonic on both the sides. But, the carrier is still present in the 

spectrum and is not suppressed which is undesirable. Only the 16
th
 harmonics 

on either of the side bands are required for the 32 tupling scheme. 

Thus, Fiber Bragg Grating process is done to suppress the carrier signal. 

Fiber Bragg grating allows only the desired frequencies to pass through and 

rejects the unwanted one using one of its properties that it refects back only a 

particular wavelength and it transmits the other through it. 193.1 THz carrier 

signal is thus suppressed using the above process. The peak power of the 16 

th harmonic is alone allowed and all the other harmonics and carrier as well 

are eliminated in Fiber Bragg grating.  

The input signal has a frequency of 1.875 GHz and produces 60GHz 

signal frequency at the output usinf this 32 tupling method. The overall 

process in the generation of MMwave using 32 tupling method involves: 

  i) Cascading many MZMs 

ii) Output of each MZM is 45 degree phase shifted 

iii) Finally implementation of Fiber Bragg Grating. 

The above process generates only the 16
th
 harmonic alone removing all 

the other harmonics and carrier as well. Figure 1 shows Detailed Block 

Diagram of MMW Generation. 

 
Figure 1 Detailed Block Diagram of MMW Generation 
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Transmitting the carrier involves wastage of most of the power and 

hence it is suppressed to avoid the wastage of power, thereby transmitting 

only the wanted or required 16
th
 harmonic on the right and left side bands. 

The generated 60GHz MMwaves find a number of applications that require 

high data rate and thus gaining importance. 

FBG:Fiber Bragg Grating,PD:Photo Diode, RSA:RF Spectrum Analyzer, 

OFC:Optical Fiber Cable,  EA:Electrical Amplifier 

 

3 Fiber Bragg Gratings  
 

Normal optical fibers have uniform refractive index along its length. In a 

simple fiber Bragg grating, the refractive index of the fiber core varies 

periodically along the length of the fiber. Figure 2 shows Schematic Diagram 

of a Fiber Bragg Grating. Figure 3 shows Working of Fiber Bragg Grating. 

 
Figure 2 Schematic Diagram of a Fiber Bragg Grating 

 

Here, the refractive index of the fiber core is modulated with a period of 

Λ. Light with wide spectrum is injected to a fiber that has Fiber Bragg 

grating. The part of the light that matches its wavelength with that of the 

Bragg Grating wavelength alone will be reflected to the input end. The 

remaining wavelength will pass out through the other end. 

 
 

Figure 3 Working of Fiber Bragg Grating 
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There is minimum attenuation or negligible signal variation when the 

light passes through the Fiber Bragg grating. The light with wavelength that 

satisfies the Bragg condition alone gets affected and they are strongly 

reflected back. Figure 4 shows Schematic of the Spectrum of FBG. 

 

 
 

Figure 4 Schematic of the Spectrum of FBG 

 

4 Results and Simulation  
 

Table 1 the Different Parameters and the Specifications 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Values 

Bit Rate 10 Gbps 

Time window 1.28e-0.08 s 

Sample rate 640 GHz 

Sequence length 128 Bits 

Samples per Bit 64 

Number of samples 8192 

Sensitivity -100 dBm 

Resolution 0.01 nm 

Fiber length 20 km 

Optical power of CW laser 2 dBm 

Linewidth of CW laser 10 MHz 

Wavelength of CW laser 1550nm  

Dispersion of optical fiber 16.75ps/nm/km 

Attenuation of optical fiber 0.2 dB/km 

Switching Bias Voltage of MZM 4v 

Switching RF Voltage of MZM 4v 

Photodiode responsivity 0.5A/W 
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       Table 1 shows the different parameters and the specifications to be set to 

obtain the required output.         

20km long optical fiber is taken for the experiment that also has an 

attenuation of 0.2dB per km. 8192 samples are considered that has 64 

samples per bit. The desired wavelength is chosen to be 1550nm as it has the 

minimum attenuation which is about 0.2dB per km. This finds application in 

long distance communication and other high speed applications too. 

 
Figure 5 Output Spectrum of MZM 4 

 

 Figure 5 shows the output of the fourth MZM. The spectrum shows that 

all the harmonics are suppressed except the 16
th
 harmonics and the carrier. 

The power in all the harmonics are thus suppressed using MZM thereby 

obtaining the peak power at the 16
th

 harmonic. 

 
 

Figure 6 Optical Spectrum of Fiber Bragg Grating 

 

 The previous output spectrum has 16
th
 harmonic as well as the carrier. 

This carrier must also be removed. In Figure 6, The above spectrum of the 

output of the Fiber Bragg grating shows that the carrier is completely 

eliminated. Preserving 
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only the peak power of the 16
th
 harmonic on the right and left side bands. 

The Optical Sideband Rejection Ratio(OCSR) is the required parameter for 

analysis. OCSR is defined as the ratio of the peak power of the 16
th
 harmonic 

to the peak power of the next highest harmonic. OCSR is found ot be around 

30.5dBm. This high value of OCSR shows that most of the peak power is 

accumulated only in the 16
th
 harmonic which implies that all the other 

harmonics are completely eliminated. OCSR tells how much sidebands are 

rejected with respect to the peak power obtained 

 
Figure 7 RF Spectrum Output after Photo Detector 

 

Finally the optical signal is converted to electrical signal at the photo 

diode. Figure 7 shows the output spectrum of the Photodiode. Here, The RF 

sideband Rejection Ratio (RFSRR) is found to 33.35dBm. RFSRR is defined 

as the difference of the power of the desired or the highest peak with that of 

the power of the next highest peak.  

RFSRR tells how much the system will be able to obtain the desired 

highest peak power and rejecting all the other unwanted power. More the 

RFSRR value, more the ability of the system to reject the undesired peak. 

Thus the maximum power is concentrated in the single peak. 

The peak at 60 GHz has a power of -5.67 dBm and the next harmonic has 

a power of -39.06 dBm which results in an RFSRR of 33.5 dBm. 

 

5 Applications of Millimeter Wave Communication  
 
5.1 Small Scale Access 

 

The Small Scale Access is used in the macro cells. These macro cells 

helps in improving the capacity in 5G cellular network. Millimeter wave  
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communication is employed for higher bandwidth that offers the rates in the 

range of gigabit. Figure 8 shows Schematic of Small scale Access. 

 
Figure 8 Schematic of Small scale Access 

 
5.2 Wireless Backhaul 

 

Millimeter waves and E band helps in wireless backhaul by supporting 

with numerous Gbps data rates. This provides solution to small cell. This 

millimeter wave communication ensures high speed transmission between 

small cell base stations or transmission between gateway and small cell base 

station.  

 

5.3 Millimeter Wave Propagation 
 

       The distance of millimeter wave communication is small distance and 

they are not reflected from the wall or any other hindrances. The range if the 

millimeter wave propagation lies in the range between 200-300 meters. 

 

6 Conclusion 
 

The millimeter wave along with 5 G technologies are growing to vital 

place and becomes the hope for wireless networks for the near future. This 

is a promising and becoming reliable technology for the smart phone users, 

Video game users, self driving cars that is changing the day to day life. The 

5G technology is expected to provide low latency and very high speed data 

for the consumers. Researchers and companies have now found this 

millimeter wave to be the apt solution for the above expectations. 

Ultra high speed 5G technology is at hand if other issues are resolved 

and a complete system is made ready to face the remaining challenges. 

The scheme that is proposed is a novel technique to generate millimetre 

wave. The 60 GHz carrier wave is generated using a very low RF source,  
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which proves to be cost-effective in addition to being efficient. We have 

made use of the parameters like the modulation index, phase difference of 

the RF signals which are properly adjusted as per the requirement to obtain 

the 60 GHz MMW. This scheme finds extensive use in a wide variety of 

Wireless applications and further enhancements in Wireless 

communication. 
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