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Integrated silicon nitride (SiN) photonic circuits, due to their low loss,  

CMOS-compatibility and high transparency window, hold great promise for numerous  

near-infrared (NIR) applications, including optical coherence tomography. Key 

requirement of these systems is the development of narrow-linewidth integrated lasers 

emitting in the NIR. Since SiN cannot create gain, the heterogeneous integration of 

different materials on the platform is required. A promising and versatile technology that 

enables the latter is micro-transfer printing. Today, two challenges remain. The first 

involves efficiently coupling light from the passive circuit into the amplifier, for which we 

propose an evanescent adiabatic coupling scheme, that is alignment-tolerant and 

coupling-efficient. Due to the high refractive index contrast between the passive circuit 

and the active device, however, an intermediate layer is required. In this context, we 

present the design of an adiabatic evanescent coupler using hydrogenated amorphous 

silicon (a-Si:H) which was engineered for optimized losses. The second challenge 

involves the transfer printing of amplifiers providing gain in the NIR. As proof of concept, 

we demonstrate the transfer printing of gallium-arsenide (GaAs)-based amplifiers, 

compatible with our evanescent-coupling design. These results pave the way towards the 

realization of evanescently-coupled SiN/GaAs heterogeneous laser systems emitting in 

the NIR.  

Introduction 

With the emergence of integrated silicon nitride photonics, a powerful, low-loss, passive 

platform was established enabling on-chip solutions for important fields in the visible to 

near-infrared domain. These include, among others, atomic physics, biosensing, quantum 

sciences and medical imaging. An application of particular interest that could benefit from 

this is optical coherence tomography [1], which to this day relies on expensive bulk  

opto-mechanical or fiber-based devices. Central to its realization is the development of a 

widely tunable integrated laser that emits in the near-infrared band. Due to the inability 

of SiN to create gain, however, the heterogeneous integration of different  

III/V-based material platforms is required. A versatile and flexible technology that can 

facilitate this is micro-transfer printing which combines the high throughput of  

die-to-wafer bonding and the pre-fabrication and testing of flip-chip integration [2]. Due 

to the high refractive index contrast between the SiN and the III/V, however, using an 

evanescent field-based adiabatic coupling scheme to directly couple from SiN to III/V is 

impossible. On the other hand, with butt coupling, in addition to the inherent difficulty to 

vertically align the integrated layers, which results in a reduced coupling efficiency, 



 

 

etched facets are used which are prone to degradation. By employing instead, a solution 

based on the addition of an intermediate layer with the appropriate optical properties, an 

adiabatic facets-free transition with high efficiency and alignment tolerance can be 

achieved. 

 

In this context, we present an intermediate layer taper design consisting of hydrogenated 

amorphous silicon (a-Si:H) which was engineered to both tackle the index mismatch and 

in addition to demonstrate reasonable losses (3 dB/mm at 920 nm). With this design a  

SiN-III/V transmission of 97% is achieved with good alignment tolerance, obtaining more 

than 70% efficiency for a maximum misalignment of 500 nm, which is compatible with 

the state-of-the-art transfer printers. Finally, in this paper we also demonstrate the 

successful transfer printing of a GaAs-based amplifier on top of the a-Si:H waveguide 

emitting in the NIR. 

Design 

For the adiabatic transition of the mode from SiN to the III/V the phase-matching 

condition must be satisfied [3]. This means that the effective index of the ground TE mode 

of the intermediate layer should be equal to the effective index of the ground TE mode of 

the SiN on one end and to the III/V on the other. With a refractive index of 1.992 for SiN, 

3.612 for a-Si:H and 3.2-3.5 for the GaAs-based epi stack, the taper was designed at  

920 nm by using a commercial software (Ansys Lumerical MODE). The schematic along 

with the mode profiles acquired with finite difference eigenmode (FDE) simulations are 

shown in Figure 1.  

 

 
Figure 1: Schematic depiction of the various tapers for the transition of the mode from SiN towards the 

GaAs-based amplifier. Critical geometrical dimensions along with FDE results are shown as well. 

 

In the simulation a very thin cladding of 20 nm benzocyclobutene (BCB) is taken into 

account. Its role is to facilitate the transfer printing of the amplifier acting as an adhesion 

layer. By running eigenmode expansion (EME) simulations the transmission to the 

fundamental TE mode of the III/V-based amplifier is calculated. A transmission of 97%  

at 920 nm is found by assuming zero misalignment. In reality, however, misalignment 

during the transfer printing is expected which for the state-of-the-art printers is ± 0.5 𝑢𝑚. 



 

 

By taking this variation into account, a simulated transmission of over 70% is found for 

a maximum misalignment of 0.5 μm (Figure 2). 

 
Figure 2: Simulated transmission with respect to misalignment during transfer printing. 

Fabrication 

For the transfer printing of the amplifiers, first the source wafer was processed for the 

fabrication of micro-transfer-printing-compatible coupons. Details of the transfer printing 

technology and the coupons’ general structure can be found in [2, 4]. After the preparation 

of the source wafer, the target substrate was prepared by patterning structures including 

waveguides, tapers and grating couplers on a 200 nm a-Si:H layer using electron beam 

lithography. The 20 nm deviation from the optimal thickness is expected to result in an 

additional 0.4 transition loss. 

 

Following the patterning of the waveguides, we spin-coated a thin BCB layer of 20 nm 

and proceeded with the heterogeneous integration of the amplifiers with the target heated 

to 75 oC. As the coupons were approximately 1400 × 50 μm2, we used a 

polydimethylsiloxaan (PDMS) stamp of 1500 × 80 μm2. In Figure 3(a), we show a 

microscope picture of the bottom side of the picked coupon. The smooth and clean bottom 

surface both indicate the success of the picking phase. After the transfer printing was 

complete, BCB curing at 280 oC for a few hours took place, followed by photolithography 

and metal deposition to create the contact pads. After lift-off the sample was ready for 

measurements. An image of the printed amplifier on the target prior to the metallization 

of the contact pads is shown in Figure 3(b).  

 

 
Figure 3: (a) The bottom side of the picked coupon as held by the PDMS stamp. The bottom side is clean 

and shows no topography. (b) The printed amplifier on top of the a-Si:H waveguide before the 

metallization of the contact pads.  



 

 

Results 

To demonstrate the operation of the printed amplifiers, we measured the power of the 

amplified spontaneous emission that was coupled into the a-Si:H waveguide and out 

through the grating coupler with a powermeter, by applying a DC bias via probes 

connected to a power supply (Figure 4(a)). The power is shown to saturate at around  

60 mA with a value of -50 dBm. With a 15 dB insertion loss for the grating coupler and  

0.5 dB for the a-Si:H waveguide propagation losses, the generated power coupled to the 

waveguide is estimated to be around -34 dBm. In addition, by using an optical spectrum 

analyzer we extracted the power spectral density for different driving currents  

as shown in Figure 4(b). The spectra are centered around 925 nm with a FWHM  

(full width at half maximum) optical bandwidth of approximately 40 nm. The calculated 

bandwidth however does not necessarily depict the maximum optical bandwidth of the 

amplifier, as the measurements are filtered by the transmission spectrum of the  

a-Si:H grating coupler. 

 
Figure 4: (a) Power-current measurements. (b) Power spectral density for different driving currents. 

Conclusion 

In this work we showed a design based on a-Si:H as the intermediate layer in order to 

transition adiabatically from SiN towards the III/V. Moreover, we demonstrated the 

successful heterogeneous integration of a GaAs-based amplifier by measuring the 

amplified spontaneous emission through the a-Si:H grating coupler. The power spectra 

were centered at 925 nm with a FWHM optical bandwidth of 40 nm. These results prove 

not only that the transfer printing along with the a-Si:H/III-V coupling works, but also 

that we have light emission in the wavelength range of interest. The next step is to include 

the passive SiN circuitry and use the optimal a-Si:H taper design, in order to develop fully 

heterogeneously integrated evanescently-coupled laser systems emitting in the NIR. 
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