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Abstract— Millimeter wave is generated using frequency 32 tupling scheme in which proper adjustment of the 

modulation index, phase difference between the RF signals and the dc bias of the Mach-Zehnder Modulator (MZM) gives 

rise to the peak power being obtained in the 16th harmonics on either side. A very low RF source is frequency multiplied 

to yield a 60GHz Millimeter Carrier wave at the output. 
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I. INTRODUCTION 

The past decade has witnessed a number of technologies and methods for the generation of millimeter wave. There 

are many technologies that are used for MMW generation namely Optical Mode 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]. 

External modulation techniques are predominantly used in a wide variety of applications because of its simplicity, 

tunability, stability, efficiency and other advantages. Different schemes like Frequency quadrupling, six-tupling, 

octupling and 16 tupling have been employed to generate Millimeter wave. These schemes provide an efficient and 

a cost-effective way of MMW generation. In this paper, we have proposed the 32-tupling scheme, which enables us 

to generate the MMW with a frequency of 60 GHz using a very low RF source. 

 

II. PRINCIPLE 

The millimeter wave generation employs the frequency 32 tupling scheme using cascaded Mach Zehnder modulator. 

The source is a continuous wave laser which emits a light signal that serves as a carrier to drive the MZM. The 

scheme that we have proposed involves the usage of a number of Mach Zehnder modulators connected in cascade. 

The usage of MZM is due to the advantages it offers in terms of modulation bandwidth, driving voltage and chirp. 

MZM requires a very low driving voltage but in turn offers a high modulation bandwidth. The MZM here, is 

employed for optical harmonic generation for optical frequency multiplication. The purpose of choosing MZM over 

other external modulators is because MZM has a predictable transfer function shape. A phase shift of 45 degrees is 

introduced between them, the accurate adjustment of which aids in the suppression of all the harmonics other than 

the ones desired. It is important to note that the MZMs operate at minimum transmission point. The first MZM 

suppresses all the odd harmonics present in the spectrum, leaving behind only the even harmonics in the spectrum. 

The spectrum which now consists only of even harmonics is phase-shifted by a further 45 degrees and fed to the 

second MZM. The output of the first MZM is further phase-shifted by 45 degrees by two phase-shifters and fed as 

the input to the second and the third MZMs, which further suppress the even harmonics, leaving behind the 16th 

harmonic on each side. 

This successive phase-shifting leads to the suppression of the existing even harmonics while obtaining the peak 

power in the 16th harmonic on either side. Proper and efficient adjustment of dc biasing ensures that all the 

harmonics are suppressed except for the 16th harmonic on either side. However, the carrier still remains 

unsuppressed and this is undesirable because it is only the 16th harmonics in the upper and the lower side bands that 

are required for the efficient fulfilment of the proposed 32 tupling scheme. The carrier signal can be suppressed by 

the use of Fiber Bragg Grating which is capable of allowing only selective frequencies to pass while completely 

eliminating the others. Taking into consideration the property of Fiber Bragg Grating to reflect particular 

wavelengths while transmitting the others, the carrier at 193.1 THz is completely suppressed. The peak power is 

achieved in the 16th harmonics, while all the other harmonics including the carrier are eliminated. 

The frequency of the input signal is around 1.875 GHz, which generates an output signal with a frequency as high as 

60 GHz when the frequency 32 tupling scheme is employed. By cascading multiple MZMs with the output of each 

being successively phase-shifted by 45 degrees, followed by the implementation of the Fiber Bragg Grating, we 

obtain peak power only in the 16th harmonic on either side, while completely eliminating and suppressing the other 
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harmonics including the carrier, the presence of which is undesirable. The suppression of the carrier is mainly to 

avoid the wastage of power in transmitting the carrier because it is only the 16th harmonics that are desired to avoid 

compromise in the performance of the transmission. This 60 GHz frequency becomes important and extremely vital 

because it is the unlicensed band that supports a large number of applications involving high data rates. 

 

 
Fig.1-Detailed Block diagram of MMW Generation 

 

FBG:Fiber Bragg Grating,PD:Photo Diode, RSA:RF Spectrum Analyzer, OFC:Optical Fiber Cable,  EA:Electrical 

Amplifier 

. 

III. RESULTS AND SIMULATION 

Table 1 shows the different parameters and the specifications to be set to obtain the required output. We have used a 

20 km long optical fiber cable with an attenuation of 0.2 dB per km which is ideal. The exact specifications and the 

values of the different  parameters used are listed in the table. The number of samples we have considered is 8192, 

with 64 samples per bit. The desirable wavelength of operation is 1550 nm because it is this wavelength at which the 

attenuation is as less as 0.2 dB per kilometer, which proves to be efficient for long distance transmission and is 

suitable for high speed applications. 

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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Fig.2- Output Spectrum of MZM 4 

 

Figure 2 shows the output of the fourth MZM. This is the stage in which all the harmonics except the 16th harmonic 

on either side are suppressed except carrier. The peak power is obtained in the 16th harmonic and the carrier is 

present. The main purpose of using an MZM at this stage is to suppress the power in all the harmonics. This is the 

stage at which the suppression actually takes place. The elimination of harmonics which is the desired outcome 

occurs in the MZM 4. 

 
Fig.3 Optical Spectrum of Fiber Bragg Grating 

 

Figure 3 represents the output of the Fiber Bragg Grating. Since the presence of the carrier is undesirable, it has to 

be eliminated. It depicts the stage at which the carrier is completely suppressed. In this case, the peak power is 

obtained only in the 16th harmonics of each side while the carrier is completely eliminated. The Optical Sideband 

Rejection Ratio (OCSR), which is the ratio of the power in the 16th harmonic to that of the next highest peak 

accounts to around 30.5 dBm. The high value of OCSR represents the concentration of power only in the harmonics 

required thereby completely eliminating all other peaks. Basically, OCSR is the measure of the sidebands rejected 

with respect to the peak obtained. It is the difference between the power of the maximum peak obtained and the next 

highest harmonic. 
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Fig.4 RF Spectrum Output after Photo Detector 

Figure 4 shows the output of the RF spectrum, the photo-diode used for the conversion of the optical signal to 

electric signal. It is observed that the RF Sideband Rejection Ratio (RFSRR) in this stage accounts to about 33.35 

dBm. The RFSRR refers to the difference in the power of the highest peak and the power of the next highest peak. 

Higher value of RFSRR indicates the ability of the system to reject the sidebands, thereby concentrating the 

available power along a 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. 

 

IV. CONCLUSION 

The scheme that we have proposed is a novel technique to generate millimeter wave. The 60 GHz carrier wave is 

generated using a very low RF source, 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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