26 12
2005 12

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.26 No.12
Dec. ,2005

A Broadband L ong-Wavelength Superluminescent Diode Based
on Graded Composition Bulk InGaAs’

Ding Ying, Wang Wei, Kan Qiang, Wang Baojun, and Zhou Fan

(Center of Optoelectronics Research & Development, Institute of Semiconductors,
Chinese Academy of Sciences, Beijing 100083, China)

Abgtract : A novel unselective regrowth buried heterostructure long-wavelength superluminescent diode (9. D) with
a graded composition bulk InGaAs active region is developed by metalorganic vapor phase epitaxy (MOV PE) . At a

150mA injection current ,thefull width at half maximum of the emisson spectrum of the SLD isabout 72nm ,ranging
from 1602 to 1674nm. The emisson spectrum is smooth and flat. The ripple of the spectrum is less than 0. 3dB at
any wavelength from 1550 to 1700nm. An output power of 4 3mW is obtained at a 200mA injection current under
continuous wave operation at room temperature. This device is suitable for the applications of light sources for gas

detectors and L-band optical fiber communications.
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1 Introduction

Superluminescent diodes (SLDs) are optimum
light sourcesfor many applications such as optical
fiber gyroscopes,sensors,and optical fiber commu-
nications. It is very important for SLDs to have
broad sectra,small fluctuation of emisson spec
tra, and high output power in these applicar
tions* ¥,

To date ,several methods have been used to in-
crease spectral width ,such as usng the n=1 and n
=2 smultaneous transtions in a quantum well™!
and employing norruniform multiple quantum-
wells® . However ,it is difficult to obtain a smooth
amplified spontaneous emisson (ASE) spectrum
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using these methods.

In this paper,a novel broadband long-wave-
length SLD with unselective regrowth buried het-
erostructure (BH) fabricated by metalorganic va
por phase epitaxy (MOV PE) is described. We a
dopt a graded composition bulk (GCB) InGaAs ac-
tive layer'® ® to get a wide bandwidth™™ in the
long-wavelength region. Although graded compos-
tion has been applied for along time to GaA s-based
material ,it has seldom been applied to InP-based
material because the concomitant strain easly leads
to relaxation and didocation. The GCB InGaAs ac-
tive layer presented here is different from previous
devices in that it includes a tensle strain and a
compressed strain™’ .

We also study unselective regrowth BH tech-
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nology. Unselective regrowth B H isindependent of
the mesa shape and the dielectric mask ,50 it is easy
to realize a confined structure.

Our experimental results show that the SLD
chip has a 3dB bandwidth of 72nm at a long wave
band. The ASE spectrum is smooth and flat. This
kind of long-wavelength broadband S.D can be
employed as a methane detector because methane’ s
absorption lines represent thefirst overtones of the
infrared active fundamentals and are located at a
bout 1 6% m"™? . Furthermore ,there are many po-
tential applications for this kind of S.D including
optical communications™ remote sensing ,molecu-
lar spectroscopy ,and medical uses™ .

2 Device structure

The unselective regrowth BH S.D was fabri-
cated in three steps of MOV PE growth. First ,a
1 21 m thick n-doped InP buffer layer was grown
on an n-InP substrate. The active region waveguide
structure was grown on the buffer layer. The active
region condgsts of an 85nm undoped GCB InGaAs
active layer sandwiched between 90nm undoped
and lattice-matched InGaA sP separate confinement
heterostructure (SCH) layers with a band gap
wavelength of about 1. 21 m(1 2Q). The symmet-
ricgraded composition of the bulk InGaAs active
layer is obtained merely by changing the TM Ga
flux and keeping the TMIn and the AsHs constant
during epitaxy growth. The TM Ga flux changed
from 10 to 6 9 and back to 10 continuoudy. A TM-
Ga flux of 8 5 corresponds to the Inoss Gao.ar AS
matching to the InP substratefor our MOV PE sys
tem, 10 corresponds to a tensle strain of
-022%,and 6 9 corregponds to a compressed
strain of Q. 16 %. The energy band diagram of the
growth structure including the InP cladding layer
developed in the third growth step is shown sche
matically in Fig.1. From Fig.1 ,we can see that the
GCB InGaAs active layer includes a complex strain
region,viz. a tendle strain region and a compressed
strain region. The tendle strain region has a larger

energy gap and the compressed strain region a
smaller energy gap than that of the Ino.ss Ga.ar As
material. The photoluminescence (PL) spectrum of
the active region is shown in Fig. 2. The peak
wavelength is about 1636nm. The full width at half
maximum ( FWHM) is 161nm from 1545 to
1706nm. The reason for the wide spectrum and rel-
atively long-wavelength is that different compos-
tions correspond to different energy gaps for the
GCB InGaAs active region even though the strain
effect partly counteracts the gap shift resulting
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Fg.2 PL spectrum of SLD’ s active region at room
temperature

from the compostion change. Even s0 ,the GCB In-
GaA s active region with a complex strain structure
yields a wider and smoother spectrum than an ac-
tive region with a smple strain. Following the first
structure epitaxy shownin Fig.3(a) ,al § mwide
mesa stripe tilted by 10° was made by photores st
mask lithography and wet etching as shown in
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Figs.3(b) and (c). Second,a pair of p/ n current-
blocking layers were formed on the whole area by
unselective MOV PE regrowth as shown in Fig. 3
(d). Third,a current channel was made by wet
etching in the current-blocking region above the ac-
tive region stripe asin Fig. 3(e) ,and then a 2/ mr
thick p-doped InP cladding layer and a0 24 m-thick
p*-doped InGaAs contact layer were grown by
MOV PE. After the MOV PE growth ,the wafer was

i-InGaAs active layer

thinned down to 10 m and was metallized and al-
loyed. Then, the wafer was cleaved into about
80Q nmrlong bars,both facets of which were coated
by antireflection coating (AR coating) to diminish
emisson spectrum modulation. Finaly, the chips
cut from the bars were mounted on a heat snk.
Figure 3 (f) shows the whole schematic structure
after the third epitaxy growth and electrode fabri-
cation.
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Fg.3 Schematic diagram of the 9. D fabrication process

(e (d)
(a) First epitaxy growth; (b) Etched photoresist; (c) Wet-

etched mesa by photoresist mask ; (d) Second epitaxy growth to form p/ n current-blocking layers; (e) Wet-etched current

channd ; (f) Whole structure after the third epitaxy growth and electrode fabrication

Figures 4 (a) and (b) show the scanning elec-
tron microscope (SEM) photographs of a cross
sectional view takenin the SLD fabrication process
corresponding to Figs.3 (e) and (f). In Fig. 4(a) ,

we can see a 21 mrwide current channel above the
active region located in the center of the figure
with a fuscous color. The width of the current
channel isa most equal to that of the active region.

Fig.4 SEM photograph of cross sectional view taken in process (a) Correspond to Fig.3 (e) ; (b)

Correspond to Fig.3 (f) which was the whole structure ater the third epitaxy growth
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Figure 5 shows a microscope photograph of
the planform view of a 30Qu m chip surface. Thein-
set is a local amplification. The stripe is tilted 10°
from the normal to the cleaved facet to suppress
resonance. This angle is larger than conventional
tilt angle of 7° to much further decrease the ripple
of emisson spectra.

Fig.5 Microscope photograph of planform view of the
chip surface

3 Resultsand discussion

Before applying the AR coating, the lasing
light power versus injection current of the chip
with a cavity-length of 50U m was measured under
continuous-wave (CW) operation at room tempera
ture as shown in Fig. 6. It shows that the lasng
threshold current is about 40mA. It also shows that
the chip has a strong fluorescence before lasng due
to a strong spontaneous emisson. The lasng char-
acteristic of the 10°-tilted cavity indicates the high
electro-optical performance of the unselective re
growth buried heterostructure.
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Fig.6 Light-current characteristic of chip before AR
coating

The ASE light power versus injection current
for the S D chip with an 80Q m cavity-length after
applying the AR coating is shownin Fig.7. A sn-
gle-side output power of 4 3mW isobtained with a
200mA injection current under CW operation at
room temperature. The output power is relatively
low ,primarily due to the very narrow active region
stripe. Furthermore ,Auger recombination is larger
to longer wavelength. A tapered ,broad p-electrode
and active region stripe of SLD are necessary to re-
alize high power.
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Fig.7 ASE power versuscurrent characteristicof S D
chip after AR coating

Figure 8 shows the A SE spectrum of the SLD
chip at an injection current of 150mA under CW
operation. The peak wavelength is about 1637nm,
which isclose to that of the PL spectrum. The 3dB
emisson spectrum bandwidth (FWHM) of the
A SE spectrum isabout 72nm ,ranging from 1602 to
1674nm. The rippleislessthan 0. 3dB at any wave
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FHg.8 ASE spectrum of S D chip at 150mA under
CW operation
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length from 1550 to 1700nm. This very small spec-
tral rippleindicatesthe very small resdual facet re-
flectivity ,which also indicates that lasng is well
suppressed by the tilted stripe and AR coating.
Figure 8 also shows that the A SE spectrum is very
flat and smooth at a 3dB bandwidth indicating a u-
niform gain produced by the GCB InGaAs active
layer.

4 Conclusion

In this paper ,we show the fabrication process
and the results of a novel unselective regrowth
buried heterostructure long-wavelength SLD which
was developed by a three step MOV PE growth
process. A flat and wide emisson spectrum and a
small spectral ripple are achieved in the long-wave-
length band by the combination of the graded com-
position active layer tilted cavity ,and AR coating.
The FWHM of the LD’ s ASE spectrumis 72nm,
with aripple of less than 0. 3dB. An output power
of 4 3mW isobtained at a 200mA injection current
under CW operation at room temperature. This de-
vice is quite promisng for many applications be-
cause of its wide emisson spectrum and long-wave-
length band ,although further study is required to
optimize its output power.
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