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Abstract— sub-mA threshold currents are achieved for VCSELs using a simplified fabrication process which employs etched
oxidation-vias for definition of the VCSEL aperture, as well as ease in formation of a bond pad without the need for bisbenzocyclobutane
planarisation.
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I. INTRODUCTION

The market for VCSELSs has been rapidly expanding for the last few years as a result of the development of 3D
imaging and structured light technology, and this is predicted to continue with the application to LiDAR technology. To
meet this increased demand, manufacturers have scaled their production to 6-inch substrates and are looking to go further
to 8-inch in the future [1]. This requires stringent quality-control to maximise the device yield across individual wafers
as well as between different wafers and different growth runs. One of the preferred methods for this is the regular
fabrication of working devices from sacrificial wafers, followed by wafer-mapping of the laser performance. This allows
wafer uniformity to be assessed based on actual laser characteristics and facilitates the evaluation of any drift throughout
a growth campaign.

This brings about the need for a simplified fabrication process for VCSELSs which can produce representative devices
for assessment of the epitaxial material quality, but also for comparison with full industry-standard devices. Additionally,
the device design must be robust over large diameter wafers and be insensitive to fabrication tolerance. This work builds
upon previous efforts to produce simplified Quick Fabrication (QF) VCSELSs [2], by improving the device performance
as well as further simplifying the fabrication. Principally, the aim of this work was to develop an appropriate QF device
design that removed the leakage current associated with the previously reported QF VCSELSs.

Il. DEVICE FABRICATION

Previously, the approach to QF VCSELs was through the employment of a trench bridge-mesa design, whereby the
VCSEL mesa is not fully isolated from the surrounding planar material, a diagram of which is shown in Fig. 1 (top). This
simplified the fabrication process by removing the need for bisbenzocyclobutane (BCB) planarisation. Here, the approach
is the formation of an oxide aperture through etched oxidation-vias, similar to a bond pad approach in [3]. A diagram for
this design is shown in Fig. 1 (bottom).

The vias allow the outer regions of the large mesa to be fully oxidised but still facilitate a central aperture for
confinement of both carriers and light. Therefore, the fabrication process for the oxidation-via VCSELS is simply; etch
to just below high Al-content layers, formation of current blocking oxide layers by wet thermal oxidation, definition of
top p-metal contact and deposition of global backside n-metal contact.

The epitaxial was grown by MOCVD on n+ GaAs substrates by IQE plc and designed for 940nm emission
wavelength. The structures consist of a multiple quantum well inner cavity, sandwiched between GaAs/AlGaAs
distributed Bragg reflector mirrors.

I1l. EXPERIMENTAL

Light-current-voltage and spectral measurements were compared for standard VCSEL structures, QF bridge-mesa
structures and QF oxidation-via structures. We showed previously that the threshold current of oxide-confined bridge-
mesa VCSELSs is increased by 1.5mA, relative to a standard VCSEL design, due to the leakage current (see Fig. 2). Now,
with the oxidation-via design we fully remove this contribution of the leakage current and hence sub-mA threshold
currents can be achieved. In this way, the performance of the oxidation-via QF structures is closer to standard VCSELSs,
with a dramatically simplified fabrication process
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Fig. 1. Diagram of the structure of a Quick Fabrication bridge-mesa VCSEL (top) and Quick Fabrication oxidation-via VCSEL (bottom).
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Fig. 2. Comparison of threshold current for standard VCSEL structures and Quick Fabrication bridge-mesa structures.
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