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Abstract. Four-wave mixing (FWM) is the intermodulation phenomenon in the optical
signal, as a result of which several linearly polarized optical waves interact. An experimental
study of the Four-Wave Mixing effect in standard single-mode fiber (SSMF) and nonzero
dispersion-shifted fiber (NZDSF) was carried out, with two and three wavelengths. An
experimental investigation was carried out with the typical DWDM equipment. It was shown
that FWM-effect has the significant influence on the propagation of the symbol pulses in
dispersion - shifted optical fiber.
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AnHoranuga. YernipexBonHoBoe cmeuieHue (FWM) — 3To0 sgBleHUME MHTEPMOAYISILUU
B ONTUYECKOM CHUTHajie, B Pe3yJbTaTe KOTOPOTO B3aMMOJEUCTBYIOT HECKOJBKO JWHEWHO
MOJIIPU30BAHHBIX ONTUYECKMX BOJH. DBLIO MPOBENEHO 3KCHEPUMEHTAIbHOE UCCIeI0BaHUE
addekTa YeThIPeXBOJTHOBOTO CMEIIMBAaHUS B CTAHIAPTHOM OIHOMOIOBOM BojiokHe (SSMF) n
BOJIOKHE C HeHyJIeBbIM caBuroM nucriepcuu (NZDSF), ¢ nByms u Tpemst pabounmu JiiuHamMu
BOJIH. DKCIIEpUMEHTaAIbHOE MCCeI0BaHNUE TPOBOAMIOCH Ha 00bIYHOM 00opynoBaHuu DWDM.
briio nokazaHo, uto FWM - adhdekT oka3biBaeT CyIIECTBEHHOE BIUSIHUE Ha paclpOCTpaHEHUE
CHMBOJIbHBIX UMITYJIbCOB B ONTHUYECKOM BOJIOKHE CO CMEIIEHUEM AUCIIEPCUN.

KioueBbie cli0Ba: BOJOKOHHO-OIITUYECKAs CHUCTEMa CBSI3M, MYJbTUIUIEKCUPOBAHUE
C pasimejieHMeM JUIMH BOJIH, ONTUYECKOE BOJIOKHO, BOJIOKHO CO CMEIICHHOM AuCIIepCUuci,
HeJMHeHbIe 3(POeKThI, YeThIPeX(OTOHHOE CMEIIEHUE
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Introduction

Fiber-optic communication lines serve as the backbone of contemporary data networks,
enabling high-bandwidth and robust long-distance data transfer. In wavelength division multi-
plexing (DWDM) systems, the quality of data transmission is affected by linear (loss, dispersion)
effects and nonlinear effects, such as Four-Wave Mixing (FWM), Stimulated Raman Scattering
(SRS), Stimulated Brillouin Scattering (SBR), Carrier-Induced Phase modulation (CIP), and
others [1—5]. In the processes of SRS and SBR, the optical fiber is a nonlinear medium and
plays an active role, since vibrations of its molecules are involved. In parametric processes, one
of which is four-wave mixing, the optical fiber acts as the passive medium in which optical waves
interact through the nonlinear response of the electrons of the outer shells excited by them.
FWM is characterized by the low threshold of manifestation, therefore it requires an assess-
ment of the impact on the Bit Error Rate (BER).
The essence of the effect is that when four linearly polarized optical waves with frequencies
o,, 0, o, and o, interact, photons of one frequency can be destroyed and rotons of other fre-
quencies can be created while maintaining the pulse energy. There are two types of four-wave
mixing [1—2]:
the energy of two photons is transferred to two new ones, generated at the frequencies:
0, to, =0, to,;

the energy of three photons is transferred to the fourth, generated at the frequency:
0, =0, to, + o,.

The first case was investigated with two DWDM-channels.

Experimental Results and Discussion

The experimental study was conducted with the typical telecommunication DWDM equip-
ment (Fig. 1.).

The experimental setup included: the laser sources: [ is the laser source (A,=1536,6nm), 2is the
laser source (A,=1537.4nm), 3 is the laser source (A,=1538.2nm); 4 is the multiplexor; 5 is the opti-
cal Er-doped amplifier; 6 is the optical fiber; 7is the attenuator; § is the optical spectrum analyzer.
A multiplexer receives the 1 dBm signal from laser sources and transmits multiplexed signal to the
amplifier. The erbium amplifier provided up to 24 dBm of optical power in the optical fiber.
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Fig. 1. Optical block diagram of the experimental setup: laser sources /—3
(laser source with wavelength A, = 1536.6 nm, laser source with wavelength 1,=1537.4 nm,
and laser source with wavelength A, = 1538.2nm), multiplexor 4,
optical Er-doped amplifier 5, optical fiber 6, attenuator 7, optical spectrum analyzer &
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The dispersion-shifted optical fiber (NZDSF) parameters: Kerr nonlinearity coefficient
y = 2.5 W 'km™, dispersion 2 ps/nm/km (B,= —2.5 ps?’/km), loss 0.2 dB/km.

The standard single-mode optical fiber (SSMF) parameters: Kerr nonlinearity coefficient
y = 1.2 W'km™, dispersion D = 16.67 ps/nm/km (B,= —20 ps’/km), loss 0.2 dB/km.

The experimental investigation was carried out with telecommunication DWDM equipment.
Optical signals at A, and A, are the result of FWM- effect (Fig. 2). There is the optical signal
spectrum at the end of optical cable of 22.5 km length as the example of the experimental study.
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Fig. 2. Optical pulse spectrum with 2 laser sources at the end of optical cable of 22.5 km length

The experimental investigation was telecommunication DWDM equipment. Optical signals at
A, A5, Ao and A, are the result of FWM-effect (Fig. 3).
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Fig. 3. Optical pulse spectrum with 3 laser sources at the end of optical cable of 22.5 km length

Experimental investigation has shown that FWM effect imposes limitations on the initial
optical pulse power in DWDM telecommunication system. As the number of working channels
increases, the number and power of interference located at the wavelengths of the working chan-
nels of the DWDM -system increase too.

Conclusion

Thus, the experimental study of FWM effect in SSMF and NZDSF was carried out. It was
shown that FWM - effect has significant influence on the propagation of the symbol pulses in
dispersion - shifted optical fiber in DWDM communication systems.
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