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Abstract. In this letter, a novel scheme which can realize high-speed optical signals transmission and
reception by using 4-pulsed amplitude (4-PAM) modulation and demodulation in 10 Gb/s free-space
optical (FSO) systems. In this scheme, one PAM sequence generator module, one M-element pulse
generator (MPG) module and one Mach-Zehnder Modulator are used to generate 10Gb/s 4-PAM
optical signals. And then, the generated optical signal is transmitted in free space. Finally, it is
directly detected and demodulated (IM/DD). We measure time-domain sequential waveform curves,
optical spectrum curves, eye diagrams, and analyze the reception performance of 10Gb/s 4-PAM
signals before and after transmission.

Introduction

Four level pulsed amplitude modulation (4-PAM) technology has started gaining the research focus
really in free-space optical communication environment, because the existing standardized passive
optical network (PON) system cannot support the rapid development of today's technology, such as
the increasing demand of internet communications, video, cloud computing and other services.
Furthermore, this kind of demand will be more and more in the next few years [1]. In order to solve
this problem, it is possible to introduce a modulation format with high spectral efficiency which has a
higher data transmission rate and a lower communication cost. Several modulation schemes,
including pulse-amplitude modulation (PAM), carrierless amplitude and phase modulation (CAP)
and orthogonal multi-pulse modulation (OMM) are studied for 100Gb/s transmission rate. In the
above-mentioned several modulation schemes, 4-PAM format is the most effective format to solve
the problems of short-distance data transmission and interconnection. And because the cost of the
transceiver is low especially in the system modules which has high cost requirements such as
Ethernet optical modules and PON modules, the 4-PAM modulation format can suit the need of low
cost of the optical communication and shows perfect performance [2]. Moreover, the 4-PAM
modulation can produce signals with higher spectral efficiency than the non-return-to-zero (NRZ)
binary modulation format, and can realize the high-speed transmission of information data with lower
bandwidth for FSO applications. With the development of FSO technology, the high-spectrum
efficiency transceiver which supports multi-level optical signals has attracted wide attention.

FSO is a good type of broadband access system, the atmosphere is a transmission medium and
the optical communication system work in the range of terahertz tube spectral, the system has a few
advantages. The beam orientation of ray can provide high power efficiency, and the ability to provide
high data rate transmission. Moreover, FSO usually be used in intensity modulation and direct
detection system [3], that is simply set up.

Considering the influence of atmospheric turbulence, the Gamma-Gamma channel model can be
used to simulate and study. The Gamma-Gamma light intensity flashing model is directly related to
the atmospheric characteristics through the double-scale parameter. This model considers light
intensity is composed of the multiplication which can accurately describe the fluctuation
characteristics of the received light intensity in the case of strong turbulence. Since the
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Gamma-Gamma model takes into account the influence of turbulence at each scale, this model can
apply weak turbulence area to strong turbulence area [4-8].

In this paper, the 4-PAM optical signal is generated and it is transmitted over Gamma-Gamma
channel of FSO and then received. We measure and analyze time-domain sequential waveform
curves, optical spectrum curves, and eye-diagrams, and discuss the receiver sensitivity of 10Gb/s
4-PAM signals before and after transmission.

System model

Fig.1 shows the system set up for the 4-PAM signals transmission. One PAM sequence generator
module and the M-element pulse generator (MPG) module is used to generate 10Gb/s 4-PAM
electrical signals. The continuous wave laser (CW) transmits the continuous wave signal to MZM.
One 4-PAM optical signal is generated by external modulator, and its transmission is in the FSO
channel. The variable optical attenuator (VOA) is placed behind the channel to adjust the received
optical power. The applied fiber parameter in this work is, fiber dispersion (CD) is 16ps/nm/km,
attention is 0.2dB/km, and nonlinear coefficient is 2.6 *102°m?%W. At the receiver, the noise signal
(OBF) with different bandwidth is first generated by using a third-order optical Bessel filter [9]. The
received optical signal is then amplified by an erbium-doped fiber amplifier (EDFA) which can
compensate for transmission attenuation and detected by the photodetector(PIN) to make sure it
compete the conversion of photoelectric. A third-order Bessel low-pass filter (LPF) with the cutoff
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Fig.1. System setup for the 4-PAM signal transmission (CW: Continuous wave; MPG: M-ary pulse
generator; FSO: free-space optical; VOA: Variable optical attenuator; OBF: Bessel optical filter;
EDFA: Erbium-doped optical fiber amplifier; PIN: Photodetector; MZM: Mach-Zehnder Modulator;
LPF: Low pass filter; BERT: Bit error rate tester.)

Results and Analysis

The performance of the system is evaluated by the time-domain sequential waveform diagrams in our
research. The time-domain sequential waveform diagrams of the 4-PAM signals before and after
transmission are shown in Fig2.(a) and (b). The 4-PAM optical signal phase diagrams of the
transmitted and received can be seen clearly that has the same change curve, and the received optical
signal exhibits a slight waveform change.
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Fig.2. Time-domain sequential waveform diagrams of 4-PAM signals ((a) before and (b) after
transmission in free space)

Two optical spectra diagrams of 4-PAM signals which are before and after transmitted are
shown in Fig 3.(a) and (b), respectively. Since the EDFA is used to compensate for the transmission
attenuation. The peak power of the optical power of the system has almost no loss.
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Fig.3. Optical spectra diagrams of 4-PAM signals. (a) before transmission and (b) after transmission.

In this scheme, the detected eye-diagrams before and after transmission are illustrated in Fig.4 (a)
and (b), respectively. Although the eyes open clearly, and it is found that slight transmission
impairments are introduced while a 4-PAM signal passes through 20 km fiber. These penalty is
attributed to the dispersion-induced inter symbol interference.
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Fig.4. Eye-diagrams of 4-PAM signals before (a) and after (b) transmission
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Conclusion

In this letter, we suppose a novel scheme which can realize high-speed optical signals transmission
and reception by using 4-PAM modulation and demodulation in 10Gb/s FSO systems. The received
performance of the optical 4-PAM signal transmitted over the Gamma-Gamma channel has also been
analyzed. Comparing with the traditional binary modulation format, 4-PAM format has the
advantages of lower cost, higher spectrum efficiency, and it will be a potential select for future long
distance broadband access.
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