CHPAE R
2004 £ 9 H

ST

CHINESE JOURNAL OF SEMICONDUCTORS

S ¢

Vol.25,No.9
Sep.. 2004

High-Power and High-Efficiency 650nm-Band AlGalnP
Visible Laser Diodes Fabricated by Ion Beam Etching

Xu Yun', Cao Qing"z, Sun Yongwei], Ye Xianjunl, Hou Shihua',

Guo Liang" > and Chen Lianghui’

(1 Institute of Semiconductors, The Chinese Academy of Sciences, Beijing

(2 E-O National Co.. Lid.

100083, China)

H uizhow 516023, China)

Abstract: High power and high=slope efficiency 650nm band real-refractive-index ridge waveguide AlGalnP laser

diodes with compressive strained M QW active layer are formed by pure Ar ion beam etching process. Symmetric

laser mesas with high perpendicularity, which are impossible to obtain by traditional wet etching method due to the

use of a 15°-misoriented substrate, are obtained by this dry etching method. Laser diodes with 4pm wide, 600um

long and 10% /90% coat are fabricated. T he typical threshold current of these devices is 46mA at room tempera—

ture, and a stable fundamental-mode operation over 40mW is obtained. Very high slope efficiency of 1.4W/A at

10mW and 1. IW/A at 40mW are realized.
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1 Introduction

A high-power ( > 30mW continuous wave
(CW)) and highly reliable laser diode lasing at a
wavelength of 630~ 660nm has been demanded as a
licht source for recordable DVD systems such as
DVD-RAM ( random access memory ), DVD-R
(recordable) and so forth. Usually AlGalnP visible
light laser diode oscillating in the 650nm wave-
length is used for above purpose. Since the first
room—temperature continuous-wave operation of
AlGalnP laser diode was achieved in 1985'", much
effort has been devoted to improving the laser per—

formance such as high power and high efficien—
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[n recent years, misoriented substrates have
been widely used in the fabrication of AlGalnP
laser diodes in order to suppress the spontaneous
ordering in group Il sublattices, consequently in-
creasing the bandgap energy of GalnP and Al-
GaInP'" ', and to increase the ptype doping level
in the cladding layer'™”. However, the misoriented
substrates usually result in an asymmetric mesa
stripe when the traditional wet etching method is
used in laser fabrication. Consequently, it is diffi-
cult to get high performance operation due to the
degradation of the transverse mode stability, espe-
cially in high-power and high-temperature opera-
tion. T herefore drv etching method. with anisotrop-
ic etching characteristic, has been usually adopted

for getting symmetrical and vertical mesa when us-
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ing misoriented substrates .

In China, extra brightness AlGalnP LED was
first realized in 1998 and the output parameters
were greatly improved in 2002""". For the A1GalnP
LD, it was first fabricated by our group in 1997 us—
ing traditional wet etching method and the RT CW
output power was higher than 5SmW and the slope
efficiency was 0. 15~ 0.7W/A, with a maximum
output power of 22mW'"". In this paper. we report
the successful fabrication of 650nm-band AlGalnP
laser diodes with real-refractive-index ridge waveg—
uide structure, by using of the dry etching process.
A maximum output power of about 43mW and
high slope efficiencies of 1.4W/A at 10mW and
1. 1W/A at 40mW are realized. This is the best re—

sult reported for AlGalnP laser diodes in China.

2 Experiment

Figure 1 shows the schematic structure of the
compressive strained AlGalnP laser diodes with a
ridge waveguide. The epitaxial growth of the laser
was carried out by one-step MOCVD using a 15°-
misoriented substrate: a Si-doped n-GaAs buffer
layer, a 1. Ipm-thick Si-doped n— Alo.o Gao.1)o.5—

Ino.sP cladding layer, the undoped compressive

GaAs cap
AlGalnP p—cladding ! GalnP intergap
I — GalnP etch-stopper
3-MQW
AlGalnP n—cladding
GaAs substrate

Fig. |
strained AlGalnP LD

Schematic structure of the compressive

strained MQW active layer,a 0.3um-thick Zn-
doped p~ Alo.oGao.1) o.sIno.sP cladding layer, a Zn-
doped p-Gaos Inos P
0.95um-thick Zn-doped p- Alo.o Gao.1)os Inos P
cladding layer, a 0.08um-thick Zn-doped p-Gao.s—

etching-stopper layer, a

[no.sP intergap layer, and a 0. Sum—hick Zn-doped
p-GaAs cap layer.

For dry etching, LKJ-100 ion beam system

was employed. In the whole dry etching process,
only Ar plasma gas was involved as the working
substance, and the poisonous chlorine-based dry

[11-V
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pounds' ™™, was avoided in this experiment for en—

etching, which usually used for com-—
vironment reason. T he working pressure was about
2X 10 *Pa, and the Ar ion beam was extracted and
accelerated to 300eV with a beam flux density of
0.3mA /em” before it arrived to the epilayer. The
average velocity of etching was about 17. 3nm/min
and the dry etching process was carried out at a
temperature below 10C. The etching mask was
3. 2-um-thick photoresist and the resist was pho-
tolithographically patterned prior to the dry etch-
ing.

A 4pm-wide ridge stripe was formed by the
dry etching method described above. After dry
etching, traditional wet etching method was com-
bined to further etch the epilayer down to the etch-
stopper layer and at the same time, remove the dry-
etching damage to the layer surface made by the
ion beam.

Ohmic contacts were formed with Ti/Pt/Au
for the p side and AuGeNi/Au for the n side. The
cavity length was 600um, and the reflectivity of the
front and rear facets was 10% and 90%, respec—
tively. The laser chip was mounted on Si heat sink

in a p side down configuration.

3 Results

Figure 2(a) shows the cross-sectional scan-
ning electron microscope (SEM ) image of dry-
etched epilayer. For comparison, Figure 2(b) is the
SEM image of the same layer etched by traditional
wet-etched method, and the topmost layer is the p-
electrode. The substrate in both cases was 15°-mis-
oriented and the epitaxial layer structure was also
the same. Both of the etch depth was about 1. 3um.
It can be seen that the dry etching method can re-
sult in etched anisotropical profile with high per-
pendicularity on the two sides of the ridge. By con—

trast, the wet-etched mesa stripe is obviously
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asymmetric due to the misoriented substrate. In ad-
dition, a smooth and no roughness surface and suf-
ficient uniformity for the whole epilayer were ob—
served in the dry etching process (not shown in
this Figure). Furthermore, another advantage of
the dry etching method is its accurate controlla-
bility of etching depth because the etching rate can
be examined when the energy and beam flux densi-

ty are fixed.

(b)

Fig. 2 SEM images of dry-etched (a) and traditional
wet-etched epilayer (b) using the same substrate with

the same etching depth

Figure 3 shows the CW light output power
versus current ( P-) characteristics of the laser
diodes at room temperature. The threshold current
was 47mA, and the operating currents at 10mW/
40mW were 55mA/82mA, respectively. Very high
slope efficiency of 1.4W/A at 10mW was realized,

and even at 40mW the slope efficiency can be rea—

10

@

6

45/-”"”

2+

0 P
0 20 40 60 B0

fimA

Fig. 3 Typical RT CW P+ characteristics
(b) 40mW

(a) 10mW;

ched to 1. 1IW/A, compared with the same batch of
laser diodes fabricated by traditional wet etching
method, for which the slope efficiency was 0. 8W/
A at 10mW and the maximum output power was
30mW.

The farfield pattern at 40mW is shown in
Fig. 4. There was no steering in the horizontal far
field distribution up to 40mW, indicating truly sin-
gle lateral mode operation. The full angles at half
maximum power perpendicular (8.) and parallel
(B81) to the junction plane were 23° and 4.2°, re—
spectively. T he lasing wavelength of 40mW output

CW operation at RT was 656.2nm as shown in

Fig. 5.
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Fig. 4 Farfield pattern at 40mW
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Fig.5 Spectrum at 40mW

The highest output power of the fabricated
laser diodes were about 43mW, higher than that of
the laser diodes failed abruptly due to the COD
( catastrophic optical damage). The aging test was
carried out with a 10mW output at 70°C and no ob-
vious degradation of the LD was observed, indica—
tive of the reliability and safety of the dry etching
method in the AlGalnP LD formation.
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4 Conclusion

In this paper, by using pure Ar ion beam dry-
etching method, 4um-wide, 600pm-ong AlGalnP
laser diodes lasing at 655nm with real refractive in-
dex ridge waveguide were fabricated. A smooth and
no roughness surface, and etched anisotropical pro-
file with high perpendicularity on two sides of the
ridge can be obtained. As a result, the fabricated
AlGalnP laser diodes have very high slope efficien—
cy and stable mode operation as high as 40mW.
The obtained slope efficiency is 1. 4W/A at 10mW,
and even at 40mW the slope efficiency can be
reached to 1.1W/A, which is much higher than
that of the laser diodes made by traditional wet
etching method. The highest output power is about
43mW, higher than that of the laser diodes failed
abruptly due to the COD ( catastrophic optical
damage) .
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