
doi: 10.4302/plp.v18i1.1381 PHOTONICS LETTERS OF POLAND, VOL. 18 (1), 13-15 (2026) 

 

 

 
 

 

 

© 2026 by the (authors list). This article is an open access article distributed under the terms and conditions 

of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 

 

13 

Abstract—This study presents a Free Space Optical Communication 

system using InP-based integrated transceivers, demonstrating 
multichannel transmission capabilities. The system utilizes photonic 

integrated circuits (PICs) to achieve compact, energy-efficient 

transceivers suitable for scalable optical communication applications. 
Successful multi-channel data transmission at rates of up to 10 Gb/s was 

achieved in both indoor (2 m) and outdoor (up to 10 m) environments. 

The design incorporates distributed Bragg reflector (DBR) lasers, electro-
absorption modulators, and arrayed waveguide grating (AWG) 

multiplexers. The system showcases high-quality transmission with low 

bit-error rates (BER ≤ 10⁻¹¹) and minimal power penalties. 
 

 

Free Space Optical Communication (FSOC) is a cutting-

edge wireless communication technology that enables the 

transmission of data through free space, such as air or 

vacuum. Unlike traditional fiber-optic systems, FSOC 

requires no physical cables, thus enabling faster 

deployment, greater flexibility, and scalable connectivity 

across a wide range of applications. 

FSOC offers several advantages over other 

communication technologies. It operates on unlicensed 

frequency bands, avoiding spectrum congestion, and 

provides high data rates, while remaining free from 

electromagnetic interference. Additionally, FSOC systems 

are energy-efficient, providing low latency and enhanced 

security due to their low beam divergence, which makes 

eavesdropping highly challenging. These features make 

FSOC an ideal solution for applications that require high 

bandwidth, low power consumption, and secure data 

transmission. 

FSOC technology is widely used across multiple 

domains, offering a cost-effective alternative to deploying 

optical fiber for last-mile connectivity in urban areas and 

enabling seamless integration with existing optical 

backbones. It is also used to establish or extend Local and 

Metropolitan Area Networks (LANs/MANs), particularly 

when rapid deployment is required. FSOC plays a critical 
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role in satellite-based uplinks and downlinks in remote 

regions, as demonstrated by systems such as SpaceX 

Starlink, which supports ground-to-satellite, satellite-to-

satellite, and air-to-ground communication [1]. 

FSOC's ability to be rapidly deployed and to operate 

independently of existing infrastructure makes it 

invaluable during emergencies or other temporary events. 

This was clearly demonstrated after the attack on the World 

Trade Center, when FSOC links helped alleviate 

communication bottlenecks [2]. Its high bandwidth, rapid 

deployment, and strong security make it also suitable for 

military applications, including terrestrial operations, air-

to-ground links, and unmanned aerial vehicle steering 

(UAV). Furthermore, FSOC is well-suited for deep-space 

communication [3] and can be effectively applied in data 

centers, enabling high-capacity, low-latency, and 

interference-free optical links between buildings or racks, 

offering a flexible alternative or complement to fiber-optic 

connections [4]. 

Recent advancements in FSOC technology have 

substantially expanded achievable performance, as 

evidenced by demonstrations of 20 Gb/s transmission over 

1 km at 1550 nm [4] or 100 Gb/s over short distances in the 

L-band [5]. In parallel, the development of systems 

operating in the Mid-Wave Infrared (MWIR) and Long-

Wave Infrared (LWIR) spectral regions offers enhanced 

robustness against atmospheric effects, enabling more 

stable operation under challenging outdoor conditions [6]. 

Consequently, FSOC is increasingly recognized as a 

versatile, high-performance candidate for next-generation 

communication networks. 

This work investigates the applicability of Photonic 

Integrated Circuits (PICs) to FSOC systems. PICs enable 

the development of free-space multichannel transceivers, 

offering advantages in terms of footprint, reliability, 

energy efficiency, and cost [7-10]. 
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The free-space optical communication link was 

implemented using an integrated multi-channel transmitter 

(Tx) and an integrated receiver (Rx). Both devices were 

realized using generic InP-based photonic integration 

technology in a fabless model. The transmitter circuit and 

mask layout are shown in Fig. 1. Four-section CW DBR 

lasers serve as the light sources. Each laser comprises 

tunable Bragg gratings as rear and front mirrors, a 

semiconductor optical amplifier (SOA), and a phase-

control section for fine-tuning the wavelength. Digital 

signal modulation is provided by electro-absorption 

modulators (EAMs). A cyclic arrayed waveguide grating 

(AWG) is used to multiplex all channels. The chip outputs 

are connected to spot-size converters that provide a low-

loss interface (ca. 2.0 dB) with a standard single-mode 

fiber. The integrated receiver comprises a PIN photodiode. 

The fabricated chips measure 4×6 mm2. Further details on 

the fabrication technology and the design of both the 

transmitter and receiver are provided in [8]. 

 

 

Fig. 1. a) Circuit scheme, b) mask layout of the integrated multi-channel 

transmitter. 

Tx and Rx chips were assembled using either a chip-on-

board submount or a gold-box packaging scheme (Fig. 2a), 

each providing a convenient electrical and optical interface 

as well as temperature control. 

 

  

Fig. 2. Photograph of a) the integrated transmitter, b) the outdoor 

FSOC link setup. 

The measured wavelengths of the four channels are 

1577.0 nm (CH1), 1577.7 nm (CH2), 1578.5 nm (CH3), 

and 1579.4 nm (CH4). The channel spacing (0.8 ± 0.1 nm) 

aligns well with the AWG multiplexer design value (Δλ = 

0.8 nm). The laser threshold current is approximately 

20 mA, and the maximum output power reaches 250 µW. 

Additionally, the measured extinction ratio of the electro-

absorption modulators is 25 dB at a driving voltage of 

4.0 V. 

Digital transmission tests were conducted both indoors 

under laboratory conditions and outdoors at a maximum 

distance of 10 m. The measurement setup used in the 

experiments is shown in Fig. 3.  

The DBR lasers of the integrated multichannel 

transmitter were driven by standard laser diode drivers 

operating at currents ranging from 130 mA to 160 mA. The 

electro-absorption modulators were driven using an 

electrical pattern generator (pseudo-random bit sequence, 

PRBS, bit rate between 2.5 Gb/s and 10 Gb/s, word length 

231-1). The RF signal was amplified and connected through 

a bias-tee (BT) to the EAM, together with a DC bias 

supplied by a precise source-measure unit (SMU). The 

photonic chip was thermally stabilized at 20°C.  

 

 

Fig. 3. Scheme of the measurement setups. 

The optical output of the transmitter was routed through 

an isolator (ISO), an L-band erbium-doped fiber amplifier 

(EDFA), and a tunable filter (TF) to a fiber collimator 

(Thorlabs F810FC) mounted on a three-axis positioner. 

The signal was collected on the other side of the free-space 

link by another F810FC collimator. The signal was then 

launched directly to the integrated receiver (ASPIC) or, 

through an optical switch, to an optical spectrum analyzer 

(OSA), an optical power meter (PM), a digital sampling 

oscilloscope (Osc.), or an SFP transceiver module. The 

latter served as the optoelectronic interface for the 

mainframe of the BER tester.  

First, the transmission parameters over a short distance  

(d = 2 m) were evaluated under laboratory conditions. In 

Fig. 4, the eye diagrams recorded with the sampling 

oscilloscope are presented. In this case, the ASPIC was 

used as the receiver. The bit rates of the modulation signal 

were 2.5 Gb/s, 5.0 Gb/s, and 10 Gb/s, respectively. The 

measured time traces confirm the good quality of the 

transmission – the eyes are open, and the dynamic 

extinction ratio is between 4 and 6 dB. 

 

   
a) 2.5 Gb/s,  

ER = 5.8 dB 

b) 5.0 Gb/s,  

ER = 5.1 dB 

c) 10.0 Gb/s,  

ER = 4.5 dB 

Fig. 4. Recorded eye diagrams for a free-space link over a distance of 

2 m (indoor, laboratory conditions) at modulation speeds 2.5-10 Gb/s. 
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Secondly, direct bit-error rate (BER) measurements were 

performed using the SFP+ module installed in the BER 

testing system. In Fig. 5, the determined BER values as a 

function of the received optical power are presented. The 

incident power was controlled by an optical attenuator 

integrated into the optical switch. The reference values 

(back-to-back, BTB) were obtained when the transmitter 

and receiver were connected directly via optical fibers, i.e., 

without free-space propagation.  

The best measured BER values for each modulation 

speed reached 10-11. The measurement was repeated under 

different transmission channel conditions, i.e., with a 

single channel or two channels enabled simultaneously. No 

significant influence of the second channel on transmission 

quality was observed – the power penalty at BER = 10-11 

was merely 1.0 dB, and only in the case of two adjacent 

channels (CH3+CH4). 

 

Fig. 5. BER characteristics as a function of optical power for single and 

multichannel transmission over 2 m under laboratory conditions. 

Similar tests were conducted outdoors under clear 

weather conditions (temperature of 16°C, no rain, no fog, 

in the afternoon) (Fig. 3b). In Fig. 6, a recorded eye 

diagram for the 10 Gb/s signal over a 10 m distance is 

presented. The eye is open, and the dynamic ER is as good 

as 4.3 dB. 

 

Fig. 6.  Recorded eye diagram for a 10 Gb/s free-space link over a 

distance of 10 m in outdoor conditions.  

Outdoor BER measurements were also performed. The 

BER characteristics are shown in Fig. 7. The signal was 

generated by the ASPIC transmitter and received by an 

SFP+ module. Modulation speeds of 5 Gb/s, 10 Gb/s, and 

15 Gb/s were tested. Although the highest bit rate requires 

significantly more power (a power penalty of 16 dB at 

10 Gb/s), BER values as low as 10-11 were recorded. 

 

We demonstrated the transmission capabilities of an 

ASPIC-based FSOC system employing integrated 

multichannel transceivers. The system supports data rates 

ranging from 2.5 to 15 Gb/s over short- to medium-range 

distances of 2–10 m under both indoor and outdoor 

conditions. Experimental results confirm that photonic 

integrated circuits can be effectively applied to FSOC 

systems. The demonstrated free-space link exhibits stable 

operation, characterized by open eye diagrams and BER 

values as low as 10-11. These results highlight the potential 

of integrated photonic solutions to advance FSOC 

technology for urban, military, and satellite 

communication applications. 

 

 
Fig. 7. BER characteristics as a function of optical power for outdoor 

transmission over 10 m at data rates from 5 to 15 Gb/s. 
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