Ky

W22 BW 2 W R
CHINESE JOURNAL OF SEMICONDUCTORS

2001 “E 2 H

S ¢

Vol. 22, No. 2
Feb.. 2001

GSMBE-Grown InGaAs/InGaAsP Strained Quantum Well
Lasers at 1. 84 Micron Wavelength’

BAI Jinsong, FANG Zu-ie, ZHANG Yun-mei and CHEN Gao-ting

(Information Optoelectronic Technology Division, Laboratory of Information Optics, Shanghai Institute of Optics and Fine Mechanies,

The Chinese A cademy of Sciences, Shanghai

201800, China)

LI Ai<zhen and CHEN Jian=in

(State Key Laboratory of Functional Materials of Informatics, Shanghai Institute of Metallurgy.

The Chinese A cademy o Sciences, Shanghai

200050, China)

Abstract: GSMBE-—grown 1. 84 micron wavelength InGaAs/InGaAsP/InP strained quantum well lasers are report—

ed. Lasers with 800 micronHong cavity and 40 micron-wide planar electrical stripe have been operated under the

. “ . . 2 e
pulsed regime at room temperature. At 20°C. the threshold current density is 3. 8kA/em” and the external differ—

ent quantum efficiency is 9. 3% .
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1 Introduction

The MOVPE ( Metal Organic Vapour Phase
Epitaxy ) grown 1.8um'" and 2.07um'"’ wave-
length InGaAs/InGaAsP/InP strained quantum
well lasers were reported by Forouhar et al. in 1992
for the first time. The performance of the lasers,
whose wafers are all grown by MOVPE with the
longest emission wavelength being 2.07um'" ",
has been improved rapidly in recent years'” *. To
extend the emission wavelength beyond 2. 07um,
indium-rich high strains and thick layers in the
quantum wells are both required' ™. The well
thickness is limited due to the eritical thickness,

[2]

which decreases with the increase of the strains ™,

so the emission wavelength is limited to 2. 07um.
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A low growth temperature is considered to be ad-
vantageous to both the growth of indium-rich high-
ly strained quantum wells, which is because of the

!, and the increase of the criti—

indium segregation[Fl
P For 1. 3um wavelength InAsP/

InGaAsP/InP highly strained quantum well lasers,

cal thickness

it is reported'’ that at the growth temperature of
520°C, the critical thickness 70nm of MOMBE
(Metal Organic Molecular Beam Epitaxy) is about
twice as much as that of MOVPE at the growth
temperature of 620°C, as shows that the extension
of the emission wavelength of InGaAs/InGaAsP/
InP strained quantum well lasers beyond 2. 07um
may be determined by MOMBE or GSMBE ( Gas-
Source Molecular Beam Epitaxy), whose growth
temperatures are about 100°C lower than that of

MOVPE.
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GSMBE is used to grow the InGaAs/In-
GaAsP/InP strained quantum well materials at
500C or so''""". As for the laser devices, the
GSMBE-grown InGaAs/InGaAsP/InP

quantum well lasers with 2. Oum wavelength at the

strained

lasing temperature of 77K has been reported' .

In this letter, room temperature pulsed opera—
tion of the GSMBE-—grown 1. 84um-wavelength In—
GaAs/InGaAsP/InP strained quantum well lasers
are presented. The lasers with 800um-ong cavity
and 40um-wide planar electrical stripe are operated
under the pulsed regime at room temperature. At
20C, the threshold current density is obtained to
be 3. 8kA/cm” and the external different quantum

efficiency is 9.3%.

2 Material Growth and Device Fab-
rication

The laser wafers were grown on the ( 100) ori-
ented Si-doped n-nP substrate by GSMBE accord-
ing to our design. The conduct band profile is
schematically shown in Fig. 1. Outgassing of the
substrate having been finished, the following lay-

ers were grown orderly: lpm-thick Si-doped InP
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FIG. 1 Conduction Band Profile of In:Gai-+As/ In-
GaAsP (x= 0.70) Strained Quantum Well Lasers In-
GaAs/InGaAsP

buffer layer; 0. 15pm-thick Si-doped InGaAsP(L.=

1. 3um) lower waveguide layer; undoped InGaAs/
InGaAsP strained double quantum-well active lay-
er that consisted of two 10nm-thick Ino70Gaos0As
wells and a 20nm-thick InGaAsP(L.= 1. 3um) bar—
rier, with 1.2% compressive strain and a 1. 8um e—

mission wavelength; 0.15um-thick Be-doped In-

GaAsP (L; = 1.3um)
1. 8um-thick Be-doped InP confining layer and
0. 2um-thick Be-heavily-doped InGaAsP (L. =

1. 5um) ohmic contact layer. The growth tempera—

upper waveguide layer;

ture was about 500°C.

The SiO:z film being the mask was evaporated
onto the wafers by thermo-decomposition method.
The 40pm-wide planar electrical stripe structure
was fabricated by standard optical processing. The
ohmic contact AuZn/CrAu was as the p-side by
lift-off technology, while AuGeNi was used as the
n-side after the n-substrate was lapped to 100pm
thickness. The wafer was metalized at 300C for
30s. Chips 800um long were obtained by cleaving
the wafer and then soldering the p-side onto a Cu

heatsink with In.

3 Device Performance

At the constant temperature of 20C, the
lasers were characterized under the pulsed regime,
using the pulse 5 meters width at 1kHz repetition
rate.

The peak optical power of the devices was
measured by a calibrated HgCdTe detector. In
Fig. 2, it is the typical curve of peak optical power

versus current amplitude. The threshold current

8

[
T

Peak Optical PowerrmW
T

=

L 1 1 1
125 15 175 2
Current /A

FIG. 2 Pulsed Peak Optical Power Versus

Current Amplitude at 20°C

was 1. 20A and the peak optical power was S0mW/
facet when the current amplitude was 2. 0A. The
threshold current density and the different quan-
tum efficiency were 3. 8kA/cm” and 9.3% ., respec—
tively, which is comparable with 2. 5kA/em” and
5% of the first MOCVD-grown 1.80um wave-
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length device'".

The pulsed lasing spectrum at the current am—
plitude of 2. 0A and 20°C is shown in Fig. 3, with a
multipledongitudinal-mode structure. The center

wavelength was about 1.840um.
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FIG. 3 Pulsed Lasing Spectrum at 20°C and 2.0A

Current Amplitude The pulsed current is with 5Sms-

width and 1kHz repetition rate.

The lasers could not operate until the heatsink
temperature was increased to 56°C. T he character—
istic temperature of the threshold current density
Towas 25K between 5 and 56C.

The typical current-voltage characteristics of
the device at 20C are shown in Fig. 4. The turn-
on voltage is 0. 4V. The leakage current is 500mA
versus the negative voltage of 1.0V, which was
greater by one order than 10—20mA reported by

I, as indicates that the quality of the

Forouhar'"
grown epilayers should be improved.
]

E-

i

100
50
'l ' i i
—_— 50
A Voltagesy

FIG.4 Typical Current-Voltage Characteristics
of Devices at 20C

So, we can predict that GSMBE is also suit-
the 1.8—2.0um InGaAs/InGaAsP

strained quantum well lasers. The improvement in

able for

both material growth and optimal design of the de-

vice is necessary for the fabrication of lasers with
longer emission wavelength and higher perfor-

mance.

4 Conclusion

the GSMBE-—grown 1.84um
wavelength InGaAs/InGaAsP/InP strained quan-—

In conclusion,

tum well lasers have been fabricated. The lasers
with 800pum-ong cavity and 40pm-wide planar
electrical stripe have been operated under the
pulsed regime at room temperature. At 20C, the
threshold current density and the external different
quantum efficiency are 3. 8kA/em” and 9. 3%, re-

spectively.
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