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Abstract: We present an integrated Vernier laser with two-ring filter in the cavity. Tuning of the rings 
shows 21 nm range. Laser has 39 mA threshold current, SMSR better than 35.7 dB and 1.3 mW power. 
Keywords: Photonics-Electronics integration; Semiconductor lasers. 

 INTRODUCTION 

Photonic integration on membranes is a promising solution to heterogeneously combine electronic and photonic 
functionalities in a single chip. Heterogeneous integration in silicon on insulator (SOI) has shown several devices for 
datacom applications [1,2]. Also, III-V membrane technology using a multi regrowth approach  [3]  has  been  exploited,  
aiming  for  on-chip interconnection. The regrowth-free InP membrane on Silicon (IMOS) platform [4] is an advantageous 
solution for both applications since it can integrate all the active and passive building blocks, such as lasers, detectors and 
high-index-contrast waveguide devices, in a single membrane layer. The high index contrast allows us to have all the 
passive waveguide components with dimensions of 400 nm width and 300 nm height. The schematic of IMOS platform 
is shown in Fig. 1. 

 

Fig. 1. The schematic of IMOS platform. 

The platform has all the important building blocks to create complex systems, such as wavelength division 
multiplexing (WDM) circuits based on tunable lasers. Previously in the IMOS platform we realized building blocks such 
as semiconductor optical amplifiers (SOA) [5], tunable ring resonators [6] and a variety of passive components [4]. One 
of the most important functional circuits for this platform is a tunable laser. As we aim to use the laser in WDM circuits, 
we need the tuning range to be wide enough to match the channel distance multiplied by number of channels. We propose 
to use the cavity formed with SOA (see Fig. 2), photonic crystal reflectors R1 and R2 [7] and two micro-ring filters (Ring 
1 and Ring 2) with slightly different circumference for creating the Vernier effect. 

 
Fig. 2. The mask layout of the IMOS Vernier laser. 

The difference in circumference gives a shift of the resonances by 1/9 of the free spectral range (FSR). This difference 
is chosen to match with each of the 8 channels of a multiplexer which has been previously realized in the IMOS platform 
[8]. The FSRs of the rings are designed to be 4 and 3.5 nm to obtain thermal tuning over 8 channels with 4 nm spacing. 
The design and performance of micro-ring resonators in IMOS platform are fully described in [9]. 

 FABRICATION OF THE LASER 

The fabrication of the laser is based on a double-side membrane processing approach [4] and consists of 12 lithography 
steps. Processing includes 4 dry etching steps, 3 metal deposition and 2 wet etching procedures and one 2-inch to 3-inch 
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wafer bonding step. In our platform it is essential to fabricate active and passive devices in one lithography step in order 
to avoid of critical alignment between two photonic layers. A fabricated Vernier laser is shown in Fig. 3. 

 

 

Fig. 3. The fabricated IMOS Vernier laser. 

Wafer bonding gives us several benefits of having the double side processing. After wafer bonding we continue 
processing on the other side of the membrane which is completely flat. This gives us the huge advantage of both avoiding 
a planarization step for the p-metal contact and realizing a high-quality grating and waveguides, which are defined in the 
separate E-beam lithography steps. The mesa edge is etched together with the waveguides which gives a perfect alignment 
between active and passive areas of the chip. Output grating couplers are defined during shallow etch lithography step. 
Finally we perform the last 4 lithography steps to define a heat sink to the Silicon and the final metallization of the devices. 

 

 CHARACTERIZATION OF THE VERNIER LASER 

Characterization of the laser is performed in the continuous wave regime, and with the temperature of the silicon wafer 
kept at 15˚ C. Fig. 4 shows the VI and LI curves of a device with 800 µm SOA length and 2 µm SOA width. The IV curve 
of the device shows diode behavior with the turn-on voltage at around 0.8 V and a series resistance of less than 5 Ohm. 
The LI curve shows a threshold at 39 mA, which corresponds to a threshold current density of 2.4 kA/cm2. The maximum 
measured power in the fiber is around 44 μW. Taking into account that the grating outcouplers in this fabrication run are 
blue shifted and have more than 15 dB loss per output coupler for the lasing wavelength, we estimate the power in the 
waveguide to be more than 1.3 mW . The spikes on IV curve are due to mode hoping occurring in the cavity when 
increasing the injection current. 

 
Fig. 4. The VI (black/dashed) and LI (red/solid) curves of the fabricated laser. 

Fig. 5 a) shows the measured spectra of the laser under thermal tuning of the heater. We keep the laser current at 54 
mA and apply electrical power to one of the heaters on top of the rings (see Fig. 2.). A tuning range of 21 nm is obtained 
with a change in the heater power of 9 mW. Which means that tuning occurs only over 6 channels instead of 8 designed. 
This fact might be explained with the changed dimension of the waveguides during the fabrication which leads to the 
different FSR of the rings. However, the Vernier laser shows promising SMSR performance. The SMSR for the channels 
varies from 35.7 to 40.8 dB. In Fig 5 b) the wavelength dependence on the heater power is presented. The tuning 
coefficient is 2.3 nm/mW. We also performed the experiment with the tuning of a single ring. Results show tuning of 
about 2 nm with 10 mW of driving power, implying that in the cavity the Vernier effect is clearly present. The detailed 
study of single ring tuning is presented in [6]. 

 

Fig. 5. a) The optical spectra of the Vernier laser with different heating power of the rings; b) Wavelength shift depending on the power applied to 
the heater. 
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 CONCLUSIONS 

In this work we have demonstrated a monolithically integrated Vernier laser on an InP nanophotonic membrane 
platform. The laser can be thermally tuned over 21 nm waveguide range and can be used for integrated WDM system as 
well as many other applications. The tuning coefficient is 2.3 nm/mW. The SMSR is more than 35 dB for all the channels, 
with highest 40.8 dB demonstrated. The laser has 39 mA threshold current and more than 1.3 mW power coupled to the 
waveguide. 
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