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Abstract : A new process method is proposed to improve the light output power of GaAs vertical cavity surface emit-

ting lasers (VCSEL s) . The VCSEL s with open-annul us-distributed holes have a light output power 1 34 times high-

er than those with ring trenches. The 141 m-aperture devices have a light output power higher than 10mW and have a

maximum of 12 48mW at 29. 6mA. In addition ,open-annulus distributed holes offer bridges for current injection,so

the connecting Ti-Au meta between the ohmic contact and bonding pad does not have to cross the ring trench ,and it

therefore would not cause the connecting metal to be broken. These VCSEL s also show high-temperature operation

capabilities ,and they have a maximum output power of 8mW even at an operation temperature of up to 60
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1 Introduction

Vertical-cavity surfaceemitting lasers (VC-
SEL s) have emerged as attractive light sources for
various applicationsin optical communication ,opti-
cal computing ,optical interconnects laser printing,
and optical storage. The main advantages are their
low-cost fabrication and packaging,low drive cur-
rents,low divergence circular beams ,and the poss-
bility of integrating VCSEL s in 1D and 2D arrays
for parallel links. Over the past few years,the ex-
cellent performance of oxide-confined VCSEL s has
been reported in the literature in terms of low
threshold current™? | high output power™ | high
I low operating voltages” ,a
high intrinsc modulation bandwidth'® , and very
high fabrication yields'”'. Here ,we have fabricated

wallplug efficiency

and characterized the static properties of GaAsAl
GaAs VCSELs using open-annulusdistributed
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holesinstead of a ring trench as the lateral oxida
tion windows (as shown in Fig. 1). Our results
show that the process we propose can effectively
increase the output power and enhance the high
temperature operation.

(@

(b)

Fig.1 Sketches of ring trench and openrannulus dis
tributed holes
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2 Device structure and fabrication

The epitaxial structures used in this study
were grown by molecular beam epitaxy (MBE) on
rnrplus GaAs substrates. The bottom Bragg reflec
tor conssted of 34 nrtype S-doped Aloo Gao.1 AY
GaAs pairs with quarter-wavelength-thick layers.
The active region contains a GaAs Al GaA s based
three-quantumrwell in a one-wavelength cavity for
850nm emisson. The top Bragg reflector conssts
of 24 p-type C-doped Alos Gao.1 AY GaAs pairs. A
35nm Alo.ss Gao.c2 AS layer used for the subsequent
selective lateral oxidation was placed in the fourth
quarter-wavelength layer above the active region.
Test wafers with smilar structure were repeatedy
grown and characterized by photoreflectance and
photoluminescence spectroscopy until the precise
growth conditions and epitaxial structure were a
chieved. Chemically asssted reactive ion beam
etching (using Cl./BCls) was used to etch open
annulus-distributed holes down to the active layer ,
using slicon nitride as the etch mask. After many
4 mrdepth openrannulusdistributed holes were
formed ,the wafer was oxidized in the N2/ H20O at-
mosphere for 50min at a temperature of 420
Then a thin 200nm dlicon nitride passvation layer
was coated on the wafer. Snce the openrannulus
distributed holes offer bridges for current injec
tion ,the connecting metal between the ohmic con-
tact and bonding pad does not have to cross the
ring trench ,and it therefore would not cause the
connecting metal to be broken. The same oxidation
process was sSmultaneoudy carried out on the
bonding pad to prevent a leakage current. After-
wards,a Ti/ Pt/ Au ring contact deposited on the
top of the 10 mrwidth mesa and a Ge/ Ni/ Au
broad-area contact on the lapped GaAs substrate
sde. Rapid thermal annealing was carried out at
410 for 60sto reduce the contact red stance.

3 Device characteristics

Figures 2 and 3 show the dependence of volt-

age and light output power as afunction of injected
current. The VCSEL s exhibit a threshold current
of 1L 6mA ,threshold voltage of 1. 8V. The 141 m -
aperture devices have a light output power higher
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Fig.2 Voltage as afunction of injected current
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Fig.3 L-I characteristics of VCSEL

than 10mW and have a maximum of 12 48mW at
29. 6mA. Figure 4 shows the L-1 characteristicsfor
the VCSEL devices, some with openrannulusdis
tributed holes (group a) and the otherswith a ring
trench (group b). All the VCSEL chips are taken
from the same epi-wafer. The fact that the device
with open-annulus-distributed holes does not need
to be planarized with polyimide prior to the deposi-
tion of the metal benefits heat removal and im-
proves the las ng performance eff ectively ,especially

the output power!® %

. The devicesin group a have
a light output power 1 34 times higher than the
group b devices. The optical absorption of the DBR
stacks can be minimized due to their low red stance

(superlattice structure'™) . The highly eficient de-
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Fg.4 Some
are with opernrannulused-distributed holes (group a) ,
others are with a ring trench (group b) .

L-1 characteristics for VCSEL devices

vices with low internal heating and effective exter-
nal heat removal are well suited for operation over
a wide temperature range. Figure 5 shows far field
(FF) datafor the VCSELs. Thereis no difference
between the two device structures. Figure 6 shows
the L-1 characteristics of the opern-annulus-distrib-
uted holes VCSEL s in the temperature range from
20to 80 . The VCSEL s have a maximum output
power of 8mW even at an operation temperature of
up to 60
pendence of the threshold current for the VCSEL s.
The threshold current

. Figure 7 shows the temperature de-

increases from 1 6 to
2 6mA in the operation temperature range of 20 to
80 . The threshold current is determined by the
temperature dependent gain and the alignment of
the gain maximum and the lasng mode.
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Fig.5 Far fidd(FF) datafor the VCSELs at 5mA B
represents device with operrannulus-distributed holes
and C with a ring trench.
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4 Conclusion

We have fabricated oxide-confined VCSELs
with openrannulusdistributed holes. Sgnificant
improvement in light output power is observed for
devices with openrannulusdistributed holes. Re-
sults from comparison show that these VCSEL s
with operrannulus-distributed holes have better
output characteristics than those with a trench.
The V CSEL s exhibit a threshold current of 1 6mA
and a threshold voltage of 1 8V. The 144 nraper-
ture devices have a light output power higher than
10mW and have a maximum of 12 48mW at
29. 6mA. Highly efficient devices with low internal
heating and eff ective external heat removal are well
suited for operation over a wide temperature
range. The V CSEL s have a maximum output power
of 8mW even at an operation temperature of up to
60
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