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The vertical cavity surface emitting laser
(VCSEL) devices has many important applications as
optoelectronic device including low power and high
frequency light source, multiwavelength hyperspactr
imaging, surveillance and target acquisition, senso
fusion and signal intelligence. Generally ion-
implantation or wet oxidation process is used fQ@SEL
devices fabrication for current confinement in mesa
structure [1].  Most of the reported reports ont we
oxidation process for aperture control deal witle th
various oxidation times and its relation to thrddho
current for laser emission. However, it is well umo
that wet oxidation technique creates trapped oxide
charge and interface traps in the oxide [2]. Wegore
here the results of our experiment on annealing of
VCSEL devices after oxidation at different temperas
and times. As it is seen in Fig. 1, significant
improvement (about 18% increase) in out put emissio
power of the VCSEL is observed by annealing in

5 [TTTT T T T T T T T T T T T T T T 0.5

I —©—Unannealed
-#— 10 min. anneal
- -t--60 min anneal

:;/

[

L

0.4

1 03

(A by

Voltage

1 0.2
—©— Unannealed

—=X--10 minuite anneal

- &— 60 minute anneal

;
.

/’g : : :
Y AU IR N RR T RN R 0

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008

0.1

L1y

0
Current (A)

Figure 1. I-L-V characteristics with and withoutreal

nitrogen environment at 400 C. Unlike previous mpo
[2], in which the authors reported reduction intagke
drop after high temperature annealing, we obseared
increase in voltage drop of the device.

We used 850 nm top emitting VCSEL structure
with 25 pairs of top p-mirror and 35 pairs of bottm-
mirror. The active region contains three 7.0 nmewid
GaAs quantum wells separated by 7.0 nm widgSAl
«As barriers. The detail of VCSEL fabrication is oejed
in a separate publication [3]. The top 1000 AngA&a
contact layer is doped with beryllium to a concatitm

of 3x10® /en? to achieve a good ohmic contact. Wet
oxidation was carried out at the temperature of 400
with nitrogen carrier gas bubbled throughCHat 85°C

for current confinement. Ti/Au (300/2500 A) mefidth

was deposited as a p-type contact metal on thed®ps
and Ge/Au metal film was deposited as an n-typeaimet
on the backside of the wafer. Annealing was cdroiet

in nitrogen environment after complete fabricatidgrihe
device. The annealing temperature was varied betwee
380 to 425 C. To determine the reason for enhaligld
output, we measured the Capacitance and Voltagé) (C-
curve of a test mesa structure before and aftezaimy.
The test structure for capacitance measurement the
same wafer as VCSEL device. The high frequency (1
MHz) capacitance-voltage curve was taken by using a
HP 4280A model C-V meter. After annealing in niteog
environment, the C-V curve shifts (Fig. 2) to more
negative gate voltages indicating reduction in tieghy
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Figure 2. C-V characteristics with and without aaine

charged traps. We also observed a little changsoipe

of the C-V curve of annealed device compared to
unannealed device, which indicates reduction ierfate
traps. Hence it is concluded that the observeccas® in
VCSEL light out put after annealing is due to regut

in negatively charged traps and interface stateSaa{s
and oxide interface in mesa structure.
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