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Abstract: We present a fabrication process for 200 nm thick InGaAsP/InP membrane gain sections 

(𝜆 = 1550 nm) suitable for heterogeneous integration with SiNx PICs. The structures exhibit 

desired electrical performance and support lasing. 

1. Introduction

Photonic integrated circuits (PICs) using silicon nitride (SiNx) or other dielectric waveguides offer benefits over more

conventional silicon (Si) waveguides, including lower loss, better power handling, and broader wavelength

transparency [1]. Heterogeneous integration (i.e., surface bonding) of III-V semiconductors with Si PICs allows for

parallel fabrication of multiple gain sections [2]. However, this approach has not been successfully demonstrated with

SiNx PICs due to the low refractive index of SiNx relative to the III-V materials, which makes it difficult to couple

light evanescently from III-V into SiNx. Thin III-V membrane lasers with lateral current injection have been

demonstrated on Si substrates [3,4]. With such a structure, it is possible to engineer an adiabatic transition from a III-

V fundamental mode into a SiNx waveguide using a III-V taper with modest tip width. In this work, we develop a

fabrication process for an InGaAsP/InP electrically-pumped gain section (1550 nm) suitable for integration with SiNx

PICs (Figure 1a), demonstrating progress towards fabrication of hybrid III-V/SiNx lasers and other integrated systems.

2. Device Fabrication

The InGaAsP/InP multi-quantum well (MQW) structure was grown on InP substrates by metalorganic chemical vapor

deposition (MOCVD) with the following layers: a 50 nm sacrificial InGaAs etch stop, a 50 nm InP bottom clad, a

100 nm InGaAsP MQW region with five 0.4% compressively strained wells having peak photoluminescence at

1550 nm, and a 50 nm InP top clad. For process development, surrogate SiNx PICs (with no SiNx layer) were prepared

by plasma-enhanced chemical vapor deposition (PECVD) deposition of SiO2 on a Si substrate followed by chemical-

mechanical polishing (CMP) to a final SiO2 thickness of 3 µm with an RMS roughness of 400 pm. The III-V wafer

was then bonded to the surrogate PIC. O2 plasma is frequently used to prepare surfaces prior to covalent oxide-oxide

bonding [5]. However, in this case O2 plasma processing was found to cause significant degradation of carrier lifetime

in the InGaAsP MQW (Figure 1b) due to the close proximity of the MQW layers to the III-V surface. UV-ozone pre-

treatment was chosen because of its reduced impact on carrier lifetime and sufficient strength of the resulting oxide-

oxide bond. Figure 1c shows an image of the sample after chemical substrate and etch stop removal, showing the high

bond yield (>95%) and low defect density (~75 cm-2). Next, the InP top clad and InGaAsP MQW layers were patterned

into stripes using a 400 nm thick SiNx hardmask, leaving behind the InP bottom clad. 150 nm of undoped InP was

grown selectively by MOCVD on either side of the stripe. Cross-section SEM shows complete filling of the undercut

regions with regrown InP (Figure 1d and e). Both <011> stripe orientations were investigated, with the [011] direction

being preferred due to nearly vertical InGaAsP MQW sidewalls. Si+ and Be+ ion implants were used to define the n-

Figure 1: a) Lateral cross-section schematic of InGaAsP/InP membrane gain section showing location of SiNx waveguide for 

heterogeneous integration. Note that the SiNx waveguide is not present in this work. b) TRPL decay of InGaAsP/InP MQW 

structure before and after various pre-bond surface treatments. c) Image of bonded III-V membrane after InP substrate removal 

showing large bonded area and low defect density. d) Cross-section SEM of patterned InGaAsP MQW (highlighted) 

surrounded by InP regrowth with ridge in [011] direction. e) Same as (d) but with ridge in [0-11] direction. 
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and p-type lateral contact regions, respectively. For both implants, the SiNx hardmask acted as a self-aligned implant 

barrier over the MQW stripe resulting in a doping setback of ~100 nm from the MQW region (see Figure 1d). Ohmic 

contacts were then deposited. A standard Ni/Ge/Au metallurgy was used for the n-type contacts while a Au/Zn/Au 

metallurgy was used for the p-type contacts. Transmission line measurements (TLM) showed sheet resistances of 

3380 Ω/sq and 180 Ω/sq and contact resistivities of 7 × 10-6 Ω cm2 and 5 × 10-5 Ω cm2 for n- and p-type InP contacts, 

respectively. Finally, the InP membrane was removed from the area surrounding the devices. Most devices included 

InP tapers at each end of the InGaAsP MQW stripe, which will enable an adiabatic transition into an underlying SiNx 

waveguide in a future iteration. Others included abrupt etched InP facets to form Fabry-Perot lasers in the III-V for 

testing purposes. 

3.  Device Testing 

I-V data from a 5 mm long InGaAsP/InP membrane gain section with tapered ends and a 2 µm metal setback is shown 

in Figure 2a. The I-V behavior closely follows simulated data of the nominal structure (self-consistent solution of 

Poisson, drift, and diffusion equations) indicating that the dopant concentrations and setback distances from the MQW 

stripe are as-targeted. Series resistance scaled as expected with varying metal setback distances (1.2 Ω for 1 µm setback 

to 3.3 Ω for 3 µm setback). Top-down images of the spontaneous emission show uniform power along the length of 

the device indicating uniform electrical injection and recombination mechanics. Figure 2b shows one such image and 

Figure 2c shows the relative power as a function of position along the InGaAsP MQW stripe. Devices having abrupt 

rather than tapered ends exhibited lasing behavior (Figure 2d) with a threshold current density per quantum well of 

~380 A/cm2. This high value is not unexpected given the relatively low 0.4% compressive strain in the quantum wells 

[6] and low reflectivity of the etched facets, and is comparable to that demonstrated in similar membrane lasers [3]. 

 
4.  Conclusion 

We have developed a process for fabrication of InGaAsP/InP membrane gain sections on SiO2/Si substrates 

compatible with heterogeneous integration with SiNx PICs. The resulting devices exhibit good electrical performance, 

consistent with simulation, indicating good material quality and correct geometry. Devices without end mirrors 

showed uniform spontaneous emission along their length and devices with end mirrors exhibited room-temperature 

CW lasing. 
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Figure 2: a) I-V curve for a 5 mm long device compared to simulation of nominal structure assuming 5000 cm/s InP surface 

recombination velocity. b) Top-down IR image of spontaneous emission from a 5 mm long device under 100 mA drive current. 

V-shaped spots along top and bottom of stripe are caused by light scattering from electrical probe tips. c) Relative optical power 

along length of device from (b). d) L-I-V data from 5 mm long InGaAsP/InP membrane laser. 
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