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Wafer bonded 1.55 um vertical-cavity lasers with continuous-wave
operation up to 105°C
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We report 105 °C continuous-wave, electrically pumped operation of a 1526 nm vertical-cavity
surface-emitting laser. An InP/InGaAsP active region was wafer bonded to GaAs/AlGaAs mirrors,
with a superlattice barrier to reduce the number of nonradiative recombination centers in the bonded
active region. ©2001 American Institute of Physic§DOI: 10.1063/1.1368377

Vertical cavity surface emitting lasef¥Y CSEL9 emit-  thermal conductivity and index contrast of the GaAs based
ting in the 1.55um wavelength region are attractive sourcesDBRs make them an attractive choice for fabricating long
for optical networks. Advantages of VCSELs include low wavelength VCSEL mirrors.
power consumption, efficient fiber coupling, and high vol- Top-emitting vertical cavity lasers with two wafer
ume, low cost manufacturing. Transmission at 1,68 al-  bonded GaAs/AlGaAs DBRs were fabricated. The device
lows for long distance transmission over optical fiber withstructure is shown in Fig. 1. The top mirror is a 25.5 period
low attenuation and dispersion. The main limitation to real-p-type, parabolically graded GaAsiAGa, ;As DBR, with
izing commercially viable devices at 1.36n has been poor an oxide aperture for mode and current confinement. The
performance at high temperature. Maximum operating temp—j—n InP/InGaAsP active region contains 6 strained quan-
peratures of 70—85 °C are specified for sources in fiber optieum wells. A four period InP/InGaAsP superlattice was
networks. The commonly used InP/InGaAsP material systergrown on the InP side of the InP/GaAs junction in order to
suffers from low characteristic temperatures and poor therreduce the number of nonradiative recombination centers in
mal conductivities that have slowed the rate of long wavethe active regiofi.Each layer of the superlattice was 7.5 nm
length VCSEL progress compared to that of GaAs/AlGaAsthick and dopedp-type. The 31 period GaAs/AlAs bottom
based short wavelength devices. A number of novel apmirror is undoped. The-contact is on top of the-DBR and
proaches have been applied to the development of AtBS  the n-contact is on ther-cladding of the active region. The
VCSELs. High performance devices have been fabricateghteral oxidation depth determines the device size. Devices

using buried tunnel junctiorfs,a_ntimonide mirrors, and  \ere tested in @-side up configuration without any special
metamorphic growtA. The best high temperature results to heat sinking.

date have been achieved using wafer bonded GaAs/AlGaAs Room temperature voltage and continuous-wéoe)

distributed Bragg reflectordDBRs) in both electrically  output power characteristics are shown in Fig. 2. The mini-

pumped and integrated optically pumpgdesigns. The high mum threshold current measured was 0.9 mA for ar6
device. The highest output power obtained at 20 °C was 0.65
mW. The room temperature cavity mode was at 1526 nm,

and the gain peak was at 1542 nm. Both the lasing wave-
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FIG. 1. Wafer bonded, top-emitting 1. VCSEL structure.
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FIG. 2. Room temperature (20 °C) voltage and continuous-wave output
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FIG. 4. Thermal resistance and maximum operating temperature.
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FIG. 3. Continuous-wave light-current characteristics for ambient tempera-b‘r’u’m?r preserves active region luminescence du'?mg the
tures of 20—105 °C. bonding process and reduces the number of nonradiative re-

combination centers. Improved high temperature perfor-
, ) ) mance, including higher output powers over the operating
length and peak gain wavelength increase with temperaturgsherature range, should be possible with improved mode-
The lasing wavelength shifts at a rate of 0.1nm/ C’n‘%"kl'legain offset and reduced differential resistance. The high
the peak gain wavelength increases at a rate of 0.5nM/ “Cy,rn_on voltage and resistance are due in part to the electrical
Desp|te the unfavorable_ mode-gain pffset for these deviceg,aracteristics of the-InP/p-GaAs bonded junctioh Opti-
continuous wave operation was achieved at temperatures @5z ation of the doping and bonding conditions should result
high as 105°C. A family of L—I curves for cw operation ;, |ower voltage operation.
from 20—-105°C are shown in Fig. 3. , Electrically pumped, wafer bonded VCSELs with a las-
The improved high temperature operation compared {G,q \avelength of 1526 nm were fabricated. The maximum
the previously fabricated devices due to a reduced diode cw operating temperature achieved was 105°C. The maxi-
turn-on voltage and lowered differential resistance. A simple,;m output power at 20°C was 0.65 mW. The maximum
thermal model is illustrated in Fig. 4. It is assumed that theOutput power at 80°C was 0.22 mW. Threshold currents of
device stops lasing once the active region reaches a certafjlg A were obtained for a &@m device. Significant im-
maximum temperaturel na,. This maximum active region ,rovements are expected for devices with a more favorable
temperature is constant and independent of the ambient terﬂiode-gain offset, lower turn-on voltage, and reduced series
perature.T ., IS equal to the ambient temperatufg,,, resistance.
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