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ABSTRACT 

We report a high-speed integrated 8-channel transmitter fabricated using a generic InP integration platform. 

The photonic integrated circuits (PICs) include tunable directly modulated DFB lasers emitting in the C-band, 

monitoring photodetectors, MMI couplers and output spot size converters. The directly modulated lasers, 

designed in order to fit within a 100 GHz grid, show a maximum 3-dB small signal bandwidth of 21 GHz and a 

tunability range of about 4 nm. Operation up to 30 Gb/s per channel is reported for 200+ Gb/s applications.  

Keywords: Photonic Integrated Circuits (PICs), Monolithic integrated circuits, High speed transmitters, 

Distributed feedback lasers. 

1. INTRODUCTION 

Multi-wavelength transmitters are useful in several applications in short- to long-haul optical digital 

transmission, including data center networks, access networks and mobile backhaul [1, 2]. They are also 

requested in microwave photonics, where dense and parallel transmitter integration is envisioned for broadband 

wireless access networks, sensor networks, radar, satellite communications, instrumentation, warfare systems, 

and also beamforming [3-7]. Indeed, compact integrated high-speed parallel transmission solutions are beneficial 

in different scenarios: namely, for directly connecting arrayed antennas, in order to enable the steering of the 

received signals at the receiver side, in hybrid fiber radio systems, where wavelength division multiplexed 

(WDM) systems can help in deploying cost effective network solutions. 

In this framework, a number of properly coupled directly modulated lasers (DMLs) allows to realize a 

simplified yet effective transmitter architecture, suitable in several application fields. The monolithic integration 

of multiple modulated sources on the same chip has the advantage to enable very compact devices also leading 

to component cost reduction. 

In this contribution, we report our recent results on directly modulated transmitter PICs fabricated with a 

generic foundry model. In particular, we report the characterization of an 8-channel transmitter working up to 

30 Gb/s per channel useful for short reach 200+ Gb/s applications. 

2. 8-CHANNEL MULTI-WAVELENGTH TRANSMITTER 

The PIC has been fabricated with a generic integration technology [8] exploiting the InP platform at Fraunhofer 

HHI. It has been realized in a subsequent multi-project wafer run with respect to the one used for the devices 

reported in [9]. Here, the foundry improved the ohmic p-contact formation. This, as we report in the following, 

substantially improved the frequency response of the laser. 

 
Figure 1. (a) Schematic diagram of the PIC; (b) microscope picture of the fabricated eight-channel transmitter. Footprint: 6×4 mm2. 

A picture of the 8-channel integrated multi-wavelength transmitter is reported in Fig. 1 together with its 

schematic diagram. Eight directly modulated DFB lasers are butt-coupled on both sides to passive waveguides so 

that one output of each laser is terminated onto an integrated monitoring photodetector (PD), and the other one is 
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connected to the 2×1 coupling MMI. Cascaded MMI-based couplers combine all the laser signals. The single 

output waveguide terminates into a spot size converter (SSC), that widens the waveguide mode to maximize the 

overlap with a standard single mode fiber. The SSC is adiabatic in order to minimize distortion and loss. The 

output facet is anti-reflection coated to minimize reflections, considering also that the SSC is orthogonal to the 

output facet. A number of additional electrical contacts are present on the chip surface so as to help in wire 

bonding and mounting the chip. The overall circuit footprint is 6×4 mm
2
. 

Each DML is a complex-coupled distributed feedback laser, which incorporates a twin waveguide formed by 

active InGaAsP multi-quantum wells and a quaternary bulk layer, and is 200 μm long [10]. The emission 

wavelength can be selected between 1530 and 1570 nm. An integrated heater allows an output wavelength 

tuning of about 4 nm. 

While in [9] we demonstrated that high-frequency printed circuit boards (PCBs) can be used to operate the 

integrated transmitter with an ad-hoc mounting scheme and the wire bonding of the electrical contacts, all 

characterizations reported in this paper have been performed channel-by-channel using a 40 GHz ground-signal-

ground microprobe as the PCB lines and the wire bonds limited the modulation bandwidth of the lasers. For this 

purpose, the chips have been mounted on a metal chuck by means of a thermally and electrically conductive 

epoxy resin. The temperature, controlled through a thermo-electric cooler (TEC) below the metal chuck, was 

stabilized at 25 °C. Spectra of the 8 lasers, after they have been thermally tuned on a 100 GHz (0.8 nm) grid in 

the spectral region 1554-1560 nm, are collected in Fig. 2 (left side), as recorded by a high resolution heterodyne 

spectrum analyzer with 40 MHz resolution (channel power is not an absolute value). Side mode suppression ratio 

(SMSR) is in excess of 55 dB for all lasers. The nominal output power from each DFB is estimated to be 4 dBm 

as per foundry specification, whereas the measured output power from the chip is in the range -10 to -12 dBm for 

each laser. This gives a 14-16 dB total insertion loss comprising the cascade of MMIs, the propagation across the 

chip, and the fiber coupling. The frequency response of the DMLs has been measured through a 50 GHz 

Network Analyzer using an external 32 GHz pin photodiode after an automatic calibration procedure for the 

electrical path. All the lasers have a similar frequency response with a bandwidth in the range 17-18 GHz at a 

current bias of 110 mA (i.e., the operating current used for the BER measurements reported in the following). A 

comparison of laser bandwidths for the transmitter reported in [9] and the most recent fabrication reported in this 

paper is shown in Fig. 2 (right side) for similar current values. An improvement of bandwidth at 3-dB of about 

5 GHz can be appreciated. 

 
Figure 2. Left side: Emission spectra of the eight lasers as recorded by a high resolution (40 MHz) optical spectrum analyzer. Wavelength 
spacing is 0.8 nm (100 GHz). Channel power is not an absolute value. Right side: Comparison of DFB normalized modulation response for 

a sample laser reported in [9] and a sample laser in the eight-channel transmitter presented in this paper (Bias current is 110 mA in both 

cases). 

To test the digital response of the transmitter we used the setup sketched in Fig. 3: a bias-tee was used to 

provide both the bias current and the 2
31

-1 non-return-to-zero (NRZ) modulated pseudo-random-bit-sequence 

(PRBS) generated by the pattern generator at different data rates and amplified to around 3.3 V peak-to-peak 

(Vpp). These values allow to maximize the extinction ratio and at the same time optimize the eye diagram shape. 

The bias and Vpp working points were then slightly adjusted channel by channel and at varying the bitrates. 

A standard single mode fiber (SMF) has been attached to a three axis micropositioner stage with optical 

power feedback control to guarantee optimal alignment throughout the transmission experiment. The emitted 

signal collected into the fiber is then sent into an amplified optical receiver made by an erbium doped fiber 

amplifier (EDFA), a 2 nm band pass filter (BPF), an optical attenuator (OA) and a 32 GHz amplified 

photoreceiver. The received electrical signal was then analyzed by an electrical sampling scope with a 56 GHz 

optical head and by an error detector. 

Fig. 3 also reports the BER for all the 8 channels at 28 and 30 Gb/s, i.e., the maximum operating bitrates 

where all the channels were running error-free (namely, with BER<10
-9

). Two sample eye diagrams are also 

reported in the upper part of the figure showing clear eye data opening at both frequencies. With respect to [9], 

where error-free operation was recorded up to 20 Gb/s, a 10 Gb/s capacity gain per channel can be appreciated. 



Power sensitivity (at a BER=10
-9

) is in the range -5.8 to -3 dBm for the 28 Gb/s channels, while it is in the range 

-3.6 to -1.5 dBm for the 30 Gb/s ones. 

 
Figure 3. Left side: Experimental setup for the BER measurements. Right side: Sample 28 and 30 Gb/s eye diagrams recorded with a 56 GHz 

sampling head and collection of all the eight BER curves as a function of the received power at 28 and 30 Gb/s. 

3. CONCLUSIONS 

We have reported the characterization of a multi-wavelength integrated transmitters fabricated in an InP 

generic integration platform encompassing tunable DMLs, monitor PDs, and MMIs for signal multiplexing. The 

8-channel-transmitter has 8 emitting carriers in C-band, ranging from 1554.2 to 1558.8 nm on a 100 GHz grid 

and a small signal modulation response of the DMLs of 17-18 GHz, allowing for error-free BER in back to back 

up to 30 Gb/s. 
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