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Abstract. The versatility of optical frequency combs in test and measurement has grown. Spectroscopy,
metrology, precision distance measuring, sensing, optical and microwave waveform synthesis, signal
processing, and communications are examples. Bandwidth optimization is crucial. Our unique and
simple method for C-band millimeter-wave double-sideband vector signal creation was tested. This
approach cascades one single-drive and one push-pull Mach-Zehnder modulator. After driving the first
one witha 2, 4, 8, 16, 32, 64 GHz RF pulse, an optical frequency comb with six flat carriers was formed.
The outputs were evaluated after each of the five stages following careful tuning to meet optical system
harmonics. Multiple frequencies can be sent in one channel, making this architecture adaptable and
scalable. For the suggested approach, experimental results match theoretical and simulation
assessments.
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1. Introduction

An optical frequency comb (OFC) technology reinvented optical communications through
its many applications, DWDM and OFDM, which split data into several subcarriers, are
highlighted as key applications. These subcarriers are generated and manipulated by OFCs,
ensuring fast and reliable transmission. In time-division multiplexing and ultrafast spectroscopy,
the method generates brief laser pulses for accurate temporal synchronization. Additionally, OFC
is used in optical arbitrary waveform generation (OAWG) to synthesize complicated waveforms
with great precision for signal processing, waveform shaping, and advanced modulation
technology [1]-[4]. DWDM, OFDM, short pulse generation, and OAWG all use OFC technology,
which is versatile and essential to optical communications.

Cascading intensity and phase modulators with an RF source generate low-duty-cycled
periodic optical signals for OFC synthesis[5]—[7]. We use signal-driven intensity modulator (1M)
and phase modulator to create an ultra-flat OFC generator, unlike earlier microwave frequency-
driven techniques. The new method, developed by Oleg G. Morozov [8]-[11]. Using of electro-
optic modulators have to provide a simpler, more stable, and easily tuning OFC for a cost-effective
solution that supports a wide range of optical communications and other applications.

2. Operating Principle and System Design

The optical transmission channel must be optimized for high-performance data transfer in
optical communications, which is continually changing. A tuned ultra-flat OFC generator is used
to achieve this. A cascaded intensity and phase modulators and a single-drive Mach-Zehnder
modulator (MZM) are used in this cutting-edge technology. By using this cutting-edge technology,
the single-drive MZM is crucial for precise optical frequency comb control and tuning. The ideal
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parabolic waveform is difficult to acquire, but the sinusoidal waveform can be used as a substitute
for the ideal parabolic waveform. The beginning OFC scheme is shown in figure 1 [12].
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Fig.1. Beginning OFC block-scheme [12]:
intensity (IM) and phase (PM) modulators; microwave phase shifter, PS; polarization controller, PC

The utilization of IM that is driven by a sinusoid that has an amplitude is a rather
straightforward method for the generation of flat-topped pulses v —v_/2 of the modulator and a

DC bias corresponding to a phase shift of ¢, =—=/2. Once the IM has been applied, the envelope

of the output field can be determined by the relation [12]. Pure quadratic temporal phase
waveforms lead to pure quadratic spectra at large phase modulation limits. Unlike pulse shaper-
based methods, a sufficient length of ordinary single-mode fiber (SMF) may compress a linear
chirp pulse to the bandwidth limit with high quality. Fiber dispersion slope affected bandwidths
little [13]. Figure 2 shows three possible system stages.
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Fig. 2. Three cascades system: MZM;, MZM, and PM

Two cascade intensity modulators MZM: and MZM are biased at V1 and Vb2 when the
microwave frequency RF1, RF is represented as (1) and (2) [14].

Vi(t) =V;sin(ot), 1)
V, (t) =V, sin(o,t) . (2

For MZM: and MZMy, the input radio frequency signals have amplitudes Vi and V> with
frequencies w1 and 2. We can follow voltage curve shown in figure 3 a,b we got at universal set
up which is shown in figure 4.
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Fig. 4. Universal setup for microwave photonics experiment:
1 - DC power supply, 2 — spectrum analyzer , 3 — narrow-band laser , 4 — PM, 5 — microwave
signal generator, 6 — MZM modulator, 7 — photodetector [15]

MZM1, MZM2 and PM were used to form three cascades OFC with 40-line optical
spectrum output, power near —12 dBm and a frequency comb spacing — 16.516 GHz shown in
Figure 5. It is 45° phase difference between each line. The MZM's optical field can be calculated
mathematically as:

Eyzw (1) = 0B, exp(—jwot)cos(¢—;‘3+ mM—ZZMcos(mRFt)j =
< n m ®)
=k, exp(—joaot){ > cos(%jL En} J, (%)exp( jnmRFt)}

Nn=—c0
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Fig. 5. Output spectrum of MZM1, MZM2 and PM form three cascades OFC

3. Conclusion

This work found that modulating the RF and DC signal intensity applied to five channels
with three cascades MZMs and PM can build an affordable broadband flat OFC. The II’in-
Morozov’s approach shows its suitability for several stages and microwave frequencies. Its
efficiency has been established in optical communications at different frequencies because the
inter-pulse distance can be regulated without interference and the power level matches optical
system requirements. We then added two levels of intensity modulation to support microwave
frequencies to establish its efficiency through analysis and simulation with a minor power
difference. Since pulses are constant distance apart and do not interact, the results are excellent.
The system also responded well to microwave frequency selection. We constructed a wide, flat
optical frequency comb with a short duty cycle. Generation of pulses at transition time increases
line spacing compared to typical frequency comb generators since the RF signal is quasi-periodic.
The line is built with an external laser and radio frequency source. It's suitable for 5G and beyond
due to its configurable spacing and frequency.
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TEHEPAIISI CBEPXIIVIOCKOHN ONITUYECKOM }IACTOTHOI‘/‘I
I'PEBEHKH C YYETOM JUHAMMKHN KACKAJHON MOIYJISIHUN
JJISI YVIVUIIEHUS XAPAKTEPUCTUK CUCTEM 5G UM BBILIE

Anu M. Anv-Myghmu

Kazanckuii HalMOHAJIBHBIA MCCIIEI0BATEILCKUN TEXHUUECKUN YHUBEPCUTET
uM. A.H. Tynonesa — KAU
Poccuiickas @enepanus, r. Kazans, K. Mapkca, 10

AHHOTanMsl. YHHMBEPCAIbHOCTh ONTHYECKUX YAaCTOTHBIX I'PEOCHOK B TECTHPOBAHMU U M3MEPEHHSX
Bo3pocya. [IpuMmepamMu MOTYT CIYXHTb CHEKTPOCKOIHUS, METPOJIOTHS, MPELU3UOHHBIE H3MEPEHUs
paccTosiHUM, CEHCOPUKA, CHHTE3 ONTHYECKHUX M MHKPOBOJHOBBIX CHTHAJIOB, 00pabOTKa CHUTHAJIOB U
cBsA3b. ONTUMU3AIM TI0JIOCH] IPOIYCKaHUA MMeEeT pellarolliee 3HadeHue. bbul MpoTecTUpoBaH Hall
YHUKAJIBHBIH W NPOCTOH METOJ CO3JaHMA BEKTOPHOTO CHTHAlIa MMJUIMMETpPOBOro auamazoHa C
C IBYXIIOJIOCHOHW Moayisinuei. IIpu TakoM NMOAXOAe MCHONB3YETCsl OJHONPUBOAHBIN U IBYyXTAaKTHBIH
MOJYJIITOPbI HHTEeHCHBHOCTH Maxa-I{eHnepa ¢ noakmodeHHBIM Jaiee (azoBbiM MoxyisitopoM. [Tocie
3amycKa NepBOro MOAYJIsTOpa MHTEHCUBHOCTH PaiMOYaCTOTHBIM UMITYJIbCOM YacToTol 2,4,8,16,32,64
I'Tu 6b11a chopMupoBaHa ONITHIECKAs YACTOTHAS IPeOEHKA C MIECTHIO HECYIIMMU. BBIXOIHBIE JaHHbIC
OLICHWBAJINCH IOCIIE KAXKJIOTO M3 IIATH 3TANOB e (JOPMUPOBAHUS U MOCIIE TIIATEILHON HACTPONKH B
COOTBETCTBHM C OIPEICICHHBIMH T'apMOHMKAMH ONTHYECKOWH CHUCTEMBl. B OJHOM KaHaie MOXKHO
nepenaBaTh HECKOJIBKO YaCTOT, YTO JIENIAET 3Ty apXUTEKTYpY aJanTupyemMoil u Macmrabupyemoit. Js
[peylaraéMoro MoJAX0/Aa HKCHEPHUMEHTAJbHBIE pPE3YylbTaThl COOTBETCTBYIOT TEOPETHUECKUM U
MO/ICJIEHBIM OLIEHKaM.

K.]'ﬂ()quble CJI0Ba: OIITUYECCKAsl 4aCTOTHAA rpe6eHI<a, JBYXIIOJIOCHBIE KOMITOHCHTBI MUJJIMMETPOBOT'O
muamazona C, moayssitop Maxa-Ilennepa, BekTopHbIil curnai, 5G.
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