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Characteristics of monolithically integrated two-wavelength laser diodes
with aluminum-free active layers

Tien-chang Lu, Richard Fu,a) H. M. Shieh,a) K. J. Huang,a) and S. C. Wangb)

Institute of Electro-Optical Engineering, National Chiao Tung University, Hsinchu, Taiwan,
Republic of China

~Received 21 August 2000; accepted for publication 8 December 2000!

A two-wavelength integrated laser diode~TWINLD ! with aluminum-free active areas~AAA ! has
been realized by monolithically combining two different laser material structures in a single chip
utilizing the metalorganic chemical vapor deposition growth and regrowth techniques. The single
TWINLD chip comprises two ridge wave-guide lasers, one is an InGaP/InGaAlP material structure
for a 650 nm red laser, and another is an InGaAsP/AlGaAs material structure with AAA for a 780
nm infrared laser. The chip geometry is 300mm long and 300mm wide with a separation of 150mm
between two laser emission spots. The ridge widths are 3.5 and 2mm for the red and IR laser,
respectively, and both lasers emit a single transverse mode with a threshold current of 12 mA for a
650 nm laser and 14 mA for a 780 nm laser under continuous wave operation condition. ©2001
American Institute of Physics.@DOI: 10.1063/1.1347019#
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Recently, the digital versatile disk~DVD! has been in-
creasingly prevalent for high-density data storage and re
out applications including video systems, personal comp
ers, and car navigation systems. In general the pick-up h
for a DVD system requires not only being capable of read
out the DVD signals, but also the ability of backward com
patibility to fetch the signals from a compact disk~CD!,
recordable compact disk, and rewritable compact disk. A
result the conventional DVD pick-up heads are equipp
with two separate laser diodes, a 650 nm laser and a 780
laser, with two optical paths to read out DVD and CD s
nals, respectively.1 It would be desirable and advantageo
to have two lasers integrated into one single chip to form
two-wavelength integrated laser diode~TWINLD !. This will
allow the reduction of the optical components, the dimens
of the pick-up heads, the assembling time, and the ove
costs.2 A hybrid TWINLD design was reported earlier3 by
using two distinct laser chips mounted on a single submo
Although the hybrid type design has the advantage of ad
ing the existing well-developed semiconductor laser c
technology, it has difficulty in precise definition of two las
emission spots that could increase the laser packaging c

In this letter we report a monolithically integrate
TWINLD that combines two laser diodes in a single ch
using a metalorganic chemical vapor deposition~MOCVD!
regrowth technique. The TWINLD emits a red wavelength
l5650 nm and an infrared wavelength atl5780 nm with
good performance. In comparison with the hybrid TWINL
the distance between two emission spots of the monoli
TWINLD can be defined exactly by photolithography. Mor
over, an aluminum-free active area structure4,5 was first in-
troduced in the TWINLD that could allow high-power op
eration.

The epitaxial growth and regrowth of the two differe
laser structures were carried out in a low-pressure MOC

a!Also at: Union Optronics Corporation, Taiwan, Republic of China.
b!Electronic mail: scwang@cc.nctu.edu.tw
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system with a multiwafer~732 in. wafers! rotating disk. A
misoriented~100! n-GaAs substrate (n51 – 331018cm23)
with 10° off toward the~111! direction was used for the
purpose of avoiding the ordering phase of AlGaInP dur
the epitaxial growth.6,7 The schematic structure of th
TWINLD is shown in Fig. 1. The 650 nm laser structu
shown in Fig. 1~a! has been optimized to achieve better c
rier and light confinement as reported earlier.8,9 It has a
double quantum well active layer and a pair of cladding la
ers made of In0.5Al0.5P. The 780 nm laser structure as show
in Fig. 1~b! has an active region consisting of two20.1%
tensile strained In0.08Ga0.92As0.83P0.17 wells and one
Al0.3Ga0.7As barrier. The Al0.7Ga0.3As is adopted as ap- and
n-cladding layer with the same thickness as the cladding
ers of the 650 nm laser. The Al composition of the confin
ment layer is graded from 0.7 to 0.3. Two In0.5Ga0.5P etching
stop layers are introduced in the structure. The first one
grown under the buffer layer in order to obtain a flat etch
surface and to accurately control the depth of the regro
area.10 And the second one is amid thep-type cladding layer
to ensure the precision of etching depth when making
ridge wave-guide structure.

FIG. 1. Schematic layer structures of~a! 650 nm laser and~b! 780 nm laser
for the TWINLD.
© 2001 American Institute of Physics
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Figure 2 shows the schematic of the device fabricat
steps. The first step, as shown in Fig. 2~a!, was to grow the
780 nm laser structure. The 50mm wide SiO2 stripes with
300mm apart were then deposited on the top of the as-gro
wafer along the~0-11! direction. The surface areas witho
the SiO2 mask were then wet etched for regrowth purpos
The etching procedure started by using H2SO4:H2O2:H2O
54:1:1 for removing the cap layer andp-cladding layer.
The etching rate of the H2SO4 based solution would be
greatly reduced when it came to the second etching s
layer. The In0.5Ga0.5P stop layer was removed by
HCl:H3PO453:1 solution. Then, the H2SO4 based solution
was used again to remove the remainingp-cladding layer,
confinement layers, active layers,n-cladding layer, and
buffer layer. The first etching stop layer was etched by a H
and H3PO4 mixed solution, leaving the bottom surface fl
and smooth, as shown in Fig. 2~b!. The wafer was then sen
back to the MOCVD reactor for regrowth of the 650 n
laser structure as shown in Fig. 2~c!. Next, the amorphous
layers on the top of the SiO2 mask and the SiO2 mask itself
were removed, and a 2mm wide ridge for 780 nm laser an
a 3.5 mm wide ridge for the 650 nm laser were formed
sequence as shown in Figs. 2~d! and 2~e!, with a 150mm
separation between the two emission spots. Next, the tre
between the two lasers was formed and the SiNx films were
deposited to provide the isolation protection of the ridges

FIG. 2. Schematic representation of the device fabrication steps.~a! Growth
of 780 nm laser structure;~b! deposition of SiO2 and formation of the
regrowth area;~c! regrowth of the 650 nm laser structure;~d! formation of
the 780 nm laser ridge;~e! formation of the 650 nm laser ridge; and~f!
formation of isolation and contacts.
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two laser structures. After the wafer was coated withp andn
metal, the wafer was made into 300mm3300mm
TWINLD chips as shown in Fig. 2~f! for device testing.

Figure 3~a! shows the laser output power versus curre
(L – I ) characteristics for 650 nm laser under continuo
wave ~cw! operation at various temperatures. The thresh
current is 12 mA at 20 °C and the one end slope efficienc
0.6 W/A for both facets uncoated. The characteristic te
perature was estimated to be 88 K between 10 and 70
The lasing wavelength is 652 nm at 20 °C at the out
power of 5 mW, and the laser has a single mode with the
field angles of 6° and 37° for the direction parallel and p
pendicular to the junction plane, respectively, as shown
Figs. 3~b! and 3~c!.

Similarly, Fig. 4~a! shows the temperature dependen
of L – I characteristics for the 780 nm laser under cw ope
tion condition. The threshold current is 14 mA at 20 °C a
the one end slope efficiency is 0.4 W/A for both facets u
coated. The characteristic temperature is 104 K between
and 70 °C. The peak emission wavelength is 781 nm at 20
at the output power of 5 mW, and the laser has a single m
with the far field angles of 17° and 37° at the direction p
allel and perpendicular to the junction plane, respectively
shown in Figs. 4~b! and 4~c!. The single ended output powe
under cw operation can reach up 35 mW for both fac
uncoated.

FIG. 3. cw output characteristics of the 650 nm laser.~a! Light output vs
current characteristics at various temperature conditions;~b! laser output
spectrum, and~c! far field beam patterns at the output power of 5 mW a
20 °C.
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Laser chips with different cavity lengths were also fa
ricated and tested. From the relationships between the thr
old current density and the inverse of the cavity length,
transparent current density is determined to be 339 A/cm2 for
the 650 nm laser and 546 A/cm2 for the 780 nm laser. The
internal quantum efficiency and internal loss are also e
mated from the relationships between the inverse of the

FIG. 4. cw output characteristics of the 780 nm laser.~a! Light output vs
current characteristics at various temperature conditions;~b! laser output
spectrum, and~c! far field beam patterns at output power of 5 mW a
20 °C.
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ferential quantum efficiency and the cavity length to be 0
and 2.45 cm21 for the 650 nm laser, and 0.79 and 4.48 cm21

for the 780 nm laser.
In summary, monolithic two-wavelength integrated las

diodes have been fabricated by utilizing the regrowth te
nique. Due to the well-controlled MOCVD growth techniqu
and the adoption of the etching stop layers, both of the in
grated devices still maintain their high performance char
teristics. The threshold current of a 650 nm laser is 12 m
and the one end slope efficiency is 0.6 W/A for both fac
uncoated. On the other hand, the threshold current of a
nm laser is 14 mA and the one end slope efficiency is
W/A for both facets uncoated. The TWINLDs should b
suitable for DVD pick-up head applications. In addition, t
monolithic single chip approach may be applicable for t
next generation DVD system using a 400 nm blue laser
ode, and for the integration of three-wavelength laser diod
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