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ABSTRACT

We present dual DFB lasers each integrated with one heater developed in a generic foundry platform. The thermal
effects are experimentally investigated and exhibited a continuous wavelength difference tuning of 0-12.33 nm.
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1. INTRODUCTION

Dual continuous wave (CW) lasers in InP-based C-band photonic integrated circuits (PIC) have become increas-
ing promising, as they are capable to support the generation of highly advanced modulation format signals,1
millimeter wave (mmW) and terahertz (THz) carriers.2,3 To meet the regulated mmW/THz frequency range and
the channel grid given the tight constraints on the wavelength in optical networks, precise spectral tunability of
compact devices is essential that is accomplished through injection current tuning and temperature tuning. It
is worth mentioning that operation of laser or SOA leads to an additional heating in the gain section, as the
thermo-optic coefficient for InP is about 2.5× 10−4 ◦C−1 and thus thermal effects are inherently present.4

The thermal effects also give rise to unwanted thermal crosstalk, whereby a component is inevitably influenced
by the temperature gradience of a neighbouring heating active component.5 Besides considering the thermal
management approaches beyond the current standard macroscopic thermo-electric cooling (TEC) and conductive
heat transfer, to keep a sufficient distance between components in PIC may significantly reduce the thermal
crosstalk.6,7 However, it limits the PIC building block density and increases the development cost which conflicts
with the concept of photonic integration and generic foundry approach.8

In this paper, we demonstrate a monolithically integrated dual DFB laser chip developed in an InP-based
generic foundry platform.9 The DFB lasers are placed 400 µm from each other in parallel and each one comes
with an integrated heater electrode. The thermo-optic tuning capacity and the thermal crosstalk effects of DFB
lasers on the DFB laser injection currents and heater currents are experimentally investigated. The dual peak
wavelengths and their separation due to the thermal effects are analyzed to provide the thermal characteristics
of the foundry technology as toolbox to all generic approach users in their design phase.
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2. DEVICE DESCRIPTION

Figure 1. (a) PIC Mask layout. Blue: passive waveguides. Green: DFB laser, shallow-to-deep transition, and coupler
building blocks. (b) PIC micro photo. Injection currents and heater currents are fed via GSG1,2 and Heat1,2 electrodes
to DFB1 and DFB2, respectively.

The developed PIC mask layout and micro photo are shown in Fig. 1. Fig. 1(a) presents the two freely
tunable DFB lasers with heaters are optically coupled through a MMI (multi-mode interference) coupler. Each
DFB laser supports both injection current and thermal tuning mechanisms, via the injection current and heater
current bonding pads (GSG and Heat, respectively) which are depicted in Fig. 1(b). After the MMI, the
combined two wavelengths (λ1 and λ2) are delivered to the upper waveguide out (WG Out) on cleaved facet,
to which an external fiber is edge-coupled followed by measuring instruments for characterization. Under TEC
control at 25 ◦C the dependency of peak wavelengths λ1, λ2 and wavelength difference ∆λ = |λ1 − λ2| on heater
currents (Heat1 and Heat2 ) and injection currents (DFB1 and DFB2 ) are collected and analyzed.
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3. CHARACTERIZATION RESULTS

Figure 2. (a) Optical spectra for DFB1 fixed at 20 mA and DFB2 varied from 0 to 150 mA. (b) Optical spectra for DFB1
fixed at 20 mA and DFB2 varied from 0 to 150 mA.

Fig. 2(a) and Fig. 2(b) present the optical spectrum evolution for DFB2 driven from 0 to 150 mA with DFB1
fixed at 20 and 140 mA. Within this range of operation, the peak wavelength of DFB1 (λ1) is slightly increased
≈ 1 nm since it is influenced by the heat generated by DFB2 and the peak wavelength of DFB2 (λ2) shifts by
≈ 6 nm. The group of λ2 in Fig. 2(b) also red-shifts by ≈ 1 nm with respected to that in Fig. 2(a).
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Figure 3. (a) Two peak wavelengths versus DFB1 for DFB2 = 140, 80, and 20 mA, and both heaters Heat1 and Heat2
off. (b) Two peak wavelengths against Heat2 for DFB1 = DFB2 = 80 mA and Heat1 switched off.

By extracting the peak wavelengths from the optical spectra, the dependence of the two peak wavelengths on
DFB1 injection current is depicted in Fig. 3(a). For DFB1 = 20, 80, and 140 mA, the three sets of dual peak
wavelength data exhibit the monotonic upward trend of both λ1 and λ2 through the increasing DFB2. λ2 rises
more rapidly than λ1 while DFB2 is consistently heating and the different rising rates may lead to wavelength
crossing; For instance, when DFB1 = 20 mA and DFB2 ≈ 110 mA the two lasers are in close spectral proximity,
indicating the PIC can produce two equal wavelengths if it is properly biased. Similarly, Fig. 3(b) points out λ1
and λ2 are both thermally tuned by one single heater of the two, either Heat1 or Heat2. With a heater current
of 80 nm, the corresponding DFB laser red-shifts by ≈ 4 nm and the other DFB laser red-shifts by ≈ 1 nm due
to the thermal crosstalk.
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Figure 4. (a) 3D surface plots of wavelength difference against DFB1 and DFB2. (b) 3D surface plots of wavelength
difference against Heat1 and Heat2.

The wavelength difference (∆λ) is thus associated with the mutual influence, i.e., thermal crosstalk of the four
variable factors: DFB1, DFB2, Heat1, and Heat2, which is visualized in Fig. 4(a) and Fig. 4(b). By sweeping the
four variables, a four-dimension matrix is constructed and can be sliced to demonstrate the spectral information
on a certain curved plane of interest. Each plane is composed of a range of linear or nonlinear wavelength
dependence data as shown in Fig. 3(a) and Fig. 3(b). Furthermore, the widest ∆λ of 12.33 nm is reached when
DFB1 and Heat1 are operated at the fairly large values (140 and 80 mA) while the DFB2 is biased at 20 mA
and the heater2 is switched off (Heat2 = 0). On the other hand, the turning points of the planes reflect the ∆λ
of 0 nm, where the above-mentioned wavelength crossing occurs.
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4. CONCLUSIONS

In conclusion, the thermal effects and mutual influences of the PIC have been characterized. For each DFB
laser, the tuning ranges of 6 nm and 4 nm for injection current tuning and thermal tuning and the ≈ 1 nm
thermal crosstalk from the other laser as well as heater have been obtained. The PIC comprising dual DFB
lasers with dual integrated microheaters features a wide tuning range of 0-12.33 nm. Based on the 4D mapping,
a pre-compensation scheme is now being evaluated to cancel the thermal crosstalk of the PIC .10
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