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Fig. 1. Schematic of VCSELs.
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Fig. 2. (a) Gain spectra of Ing j95Alj14Gag 73548/ Aly 3Gag 7As
quantum wells at different temperatures; (b) the wavel-

ength and gain at cavity-mode at different temperature.
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Fig. 4. Schematic diagram of the power and spectrum char-
acteristic test system of VCSEL.
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795-nm high-temperature and high-power operating
vertical-cavity surface-emitting laser and
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Abstract

Single-transverse mode vertical-cavity surface-emitting lasers (VCSELS) are preferable optical sources for
small low-power atomic sensors, including chip-scale atomic clocks, magnetometers, and gyroscopes.When
VCSEL is used as the pump source of nuclear magnetic resonance gyroscope, it is required to have high single-
mode output power. Oxide aperture diameter must be sufficiently small (< 4 pm) in a conventional oxide-
confined VCSEL to support the fundamental mode alone. However, high series resistance (typically > 200 Q for
GaAs-based VCSEL) from the small aperture limits its output power and reliability due to excessive current-
induced self-heating and high current density. It is a very attractive idea to achieve high power operation of an
intrinsic single mode VCSEL based on a large oxide aperture by means of epitaxial structure design without
introducing additional process steps. Transverse optical confinement in oxide-confined VCSELs crucially
depends on the thickness of oxide layer and its position relative to standing wave. Modifying the structure
reduces the overlap between the oxide layer and the standing wave as well as the difference in effective
refractive index between core and cladding of the VCSEL, thereby reducing the number of transverse modes
andincreasing the mode extension beyond oxide aperture. A 795-nm VCSEL is designed and fabricated based on
this concept. A cavity structure of VCSEL with gain-cavity detuning of ~10.8 nm at room temperature is
adopted in this paper. The effective refractive index and the standing wave distribution of the VCSEL are
calculated, and the position of the oxide layer in the epitaxial structure of the VCSEL is optimized according to
the standing wave distribution. Finally, the structure with low effective refractive index difference is obtained.
The proposed device achieves high single-mode operation of 4.1 mW at 80 °C, SMSR of 41.68 dB, and OPSR of
27.4 dB. The VCSEL is applied to a nuclear magnetic resonance gyroscope (NMRG) system as pump source
due to its excellent device performance, and satisfactory test results are obtained. This paper presents a new
method of designing single-mode high power VCSEL and its feasibility is also demonstrated through

experimental results.

Keywords: vertical cavity surface-emitting semiconductor laser, large oxide aperture, single fundermental

mode, nuclear magnetic resonance gyroscope
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