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Abstract: Gallium phosphide-on-insulator (GaP-OI) has recently emerged as a promising 

platform for integrated nonlinear photonics due to its intrinsic material properties. Here we 

demonstrate the transfer of GaP layers to an oxidized silicon wafer using micro-transfer printing as 

a new approach for versatile future (hetero)-integrations. 

 

1. Introduction 

Integrated nonlinear photonics has drawn an increased interest as it provides scalable, compact, and low cost 

solutions for a large range of applications. Indeed the high confinement of the light in integrated waveguides allows 

for enhanced nonlinear effects. However, most of the mature platforms using silicon-on-insulator (SOI) circuits still 

suffer from nonlinear losses at telecom wavelengths such as two-photon absorption and from the lack of second 

order nonlinear susceptibility. This is not the case for wide-bandgap III-V semiconductors such as aluminum nitride 

(AlN), gallium nitride (GaN) or gallium phosphide (GaP). Recently, many efforts have focused on the realization of 

an integrated platform using GaP as a nonlinear medium [1–5]. Indeed, this material with a refractive index of 3.05 

and transparency for wavelengths longer than 0.55 µm also displays large χ(2) and χ(3) coefficients, making this 

semiconductor an excellent candidate for the next generation of nonlinear systems on a chip. However, the methods 

for GaP integration existing in the literature are not compatible with heterogeneous integration on complementary 

metal oxide semiconductor (CMOS) circuits, which represents a limit for future nonlinear platforms with a high 

degree of functionalities. 

We propose micro-transfer printing (μTP) of suspended coupons as a novel approach for GaP integration .This method 

has already successfully demonstrated its versatility in different photonic systems in the past, typically for hetero-

integration of III-V lasers and amplifiers [6]. Indeed, by using µTP it is possible to integrate the active material on 

any kind of substrate (oxidized wafers, electronic and photonic integrated circuits…). As a proof of concept, we 

demonstrate here for the first time the fabrication of a GaP-OI integrated platform using µTP.  

 

2. Process flow development and experimental characterization 

The novel process flow developed for the fabrication of a GaP-OI platform using µTP is composed of two main 

steps: the printing of the material and the patterning of the waveguides.  

The first step is the fabrication of suspended rectangular GaP coupons (1 mm x 60 µm), anchored by mechanical 

tethers. The material stack is grown on a GaP substrate by molecular beam epitaxy (MBE) and consists of a 300 nm 

GaP layer on top of a 1 µm aluminum gallium phosphide (AlGaP) release layer. In order to decrease the mechanical 

stress, critical when releasing the coupons, we start by adding amorphous-silicon (a-Si) layer by PECVD deposition 

on the top of the GaP.  Then, the a-Si layer is patterned by UV-photolithography and reactive ion etching (RIE). The 

pattern is transferred in the GaP layer by inductively coupled plasma - reactive ion etching (ICP-RIE) in order to 

create access to the AlGaP release layer (see Fig 1.a.) and also to define the tethers. The coupons are then released in 

a hydrofluoric (HF) solution. A target consisting of a Si substrate, a buried oxide layer of 3 µm and a thin layer of 

spin coated BCB-polymer is prepared. The coupons are semi-automatically printed using a X-Celeprint micro-

transfer printing tool. Finally, the a-Si layer is selectively removed in a potassium hydroxide (KOH) solution.  

The second step of the process consists in the patterning of the waveguides. An oxide hard mask of 300 nm is 

deposited by PECVD on the GaP. Thanks to an e-beam lithographic process, the waveguide patterns are defined and 

transferred in the oxide hard mask by RIE dry etching. The resist is removed and then the patterns are transferred in 

the GaP layer by using BCl3/Cl2/CH4/H2 based ICP-RIE dry etching [3].  
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Fig. 1. a) Complete process flow for GaP micro-transfer printing. b) GaP membrane before and after micro-transfer 

printing c) SEM view of a fabricated waveguide. d) Measurement of a microring resonator resonance. 

In order to estimate the quality of the platform we fabricate a microring resonator that can be interrogated with a 

couple of grating couplers. The ring waveguide width is 600 nm, the radius is 15 µm (corresponding to a free spectral 

range of 875 GHz), and the coupling gap is 300 nm. The resonator is probed with a tunable CW laser revealing a 

resonance at 1553 nm. By modelling the resonance (Q-factor of 2450) with the model from [7] we can extract the 

coupling factor r=0.79 and the roundtrip loss a=0.94 corresponding to linear propagation losses of 5.2 dB/mm. The 

measured propagation losses are thus higher than what can be found in the literature (4.0 dB/mm to 0.1 dB/mm)    

[1–4] but can likely be reduced through a combination of better material quality, dry etching refinement and addition of a 

cladding. Our work highlights the potential of micro-transfer printing for the fabrication of GaP-on- insulator resonators. 

3.  Conclusions  

In conclusion we have shown for the first time the fabrication of a GaP-OI integrated platform using the micro-

transfer printing technique. As a proof of concept we have fabricated and characterized a microring resonator. These 

results pave the way for future hetero-integration of GaP for efficient and low-cost photonics applications. 
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