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> VCSEL ARRAYS

High-power VCSELs
mature into production

JEAN-FRANCOIS SEURIN, ROBERT VAN LEEUWEN, and CHUNI GHOSH

Certain qualities that include high reli-
ability and spectral stability, high-tem-
perature operation, simpler packaging
and lower cost provide the advantage

to VCSEL arrays when it comes to laser-
pumping and replacement of flashlamps,
illumination, and other applications.

High-power vertical-cavity surface-
emitting laser (VCSEL) technology
has been in development for a num-
ber of years and is finally coming to
maturity, with applications that now
include high-power solid-state-laser
pumping including replacement of
flashlamps, high-energy speckle-free
illumination, material ablation, and
medicine.! This technology is replac-
ing the incumbent technology of edge-
emitting lasers in demanding applica-
tions. Users are seeking out high-power
VCSEL arrays for applications where a
much higher level of reliability, high-
er operating temperature, good-qual-
ity uniform flat-top beam profile, and
simpler packaging and lower cost are
required. Vertical cavity laser arrays
are now available with a continuous-
wave (CW) power of several hundred
watts and quasi-CW (QCW) power of
greater than 800 W from arrays that
are only several millimeters on a side.

VCSEL array power levels

In a VCSEL, the two mirrors forming
the laser cavity are grown epitaxially
on the wafer and are separated
by a gain medium consisting of
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multiple quantum
wells.! Single-device
multimode VCSELs
now deliver a
maximum power of 5
W, while singlemode
devices deliver a
maximum power of
1 W. Multimode 2D
arrays can deliver a CW power of
230 W (limited by thermal roll-over)
froma § x S mm chip with a 0.22 cm?
emission area, corresponding to a
power density of 1 kW/cm? at 976 nm
pump wavelength. Such 2D VCSEL
arrays have demonstrated several

b)

a)

desirable properties, including a
narrow spectral linewidth (0.8
nm), a stable emission wavelength
with respect to temperature (0.07
nm/K), and a circular, uniform,
low-divergence beam (17° full
divergence angle) without the need
for optics. This is in contrast to edge-
emitters, which typically exhibit
a 3 to 5 nm spectral linewidth, a
strong dependence of the emission
wavelength on temperature (about
0.33 nm/K), and an elliptical, high-
diverging output beam (greater than
35° divergence in one direction is
typical). Singlemode VCSEL arrays
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FIGURE 1. A 2D VCSEL array (a) is a single chip comprising a number of
individual VCSEL devices driven in parallel to scale up optical output. A5 x
5 mm high-power 2D VCSEL array designed for emission around 975 nm
exhibits greater than 800 W output optical power under QCW operation

(b). At the maximum power conversion efficiency point of 52% (for 500 W

output power), the time-resolved output power does not “droop” during the
250 ps pulse (inset), which is very important for QCW pumping applications.
(Courtesy of Princeton Optronics)
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