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This paper reviews characteristics of visible semiconductor lasers with AlGaInP
multiquantum well active layers. Shortening of the wavelength by more than 35
nm under continuous wave operation is experimentally achieved at room
temperature. Discussion about the limitation of further wavelength shortening is
also shown.

I. Introduction

Semiconductor lasers emitting at short
wavelengths are very useful for improvements in
applications such as concentration of the
recording density of the optical discs,
enhancement of the sensitivity of optical
receivers, and realization of medical applications
using photochemical reaction, etc.-Therefore, lasers using wide bandgap
semiconductor materials 1, 2) or using second
harmonic generation 3) have been widely
studied. Among them, the AlGaInP laser is one
of the most reliable devices 4, 5); By using a
GaInP bulk active layer, the emitting
wavelength of the semiconductor lasers has been
shortened by 100 offi, compared with
conventional 780 nm AlGaAs lasers.

There is an ongoing effort to achieve much
shorter wavelengths from AlGaInP lasers.
There are three main methods to make the
bandgap wider. One is to make the bulk active
Iayer contain aluminum 6). Another is to
disorder the naturally induced superlattice
structure by using misoriented substrates 7).

Combination of these two methods has also been
achieved 8). The third method is to adopt a
multiquantum weII (MQW) structure in the
active layer 9, 10). The MQW structure can
improve the device characteristics such as
thieshold current, quantum efficiency, etc. 11) so
that this structure is thought to be most
promising for practical shorter wavelength
lasers.

In this paper, we review experimental
results on wavelength shortening as well as the
device characteristics of GaInP / AlGaInP MQW
lasers. Then, the limitation of further
wavelength shortening are briefly discussed.

II. GaInP MQW lasers

Figure 1 shows a schematic structure of the
transverse-mode stabilized GaInP MQW laser
11). This structure is grown on <001)-oriented
GaAs substrate by using three-step
metalorganic vapor phase epitaxy. The ridge is 5
pm_ wide at the bottom. The active layer consists
of five GaInP well layers with 10 nm thickness
and si4 (Als.5Gao.s)o.sln9.5P barrier layers with
4 nm thickness. The cladding layers consist of 1
pm thick (Ato.oGao.a)o.rln0.bP. The thickness of
the p-q!4dding layer adjacent to the ridge is 250
nm. The cavity length is 350 pm. After
cleavage, sulfur facet treatment is done to
increase the catastrophic optical damage level
12). The reflectivitv rif the iront and reir facets
are 6 Vo and76 Vo, respectively.
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Schematic structure of GaInP MQW
laser.
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Curve (a) in Fig. 2 is the light outputversus
current characteristic of GaInP MQW laser
under continuous wave (CW) operation at room
temperature (RT). The threshold current and
differential quantum efficiency ale 35 mA and
61 %o, respectively. The kink level, the
maximum light output below which the output
linearity is-kept, is 48 mW. The emitting
wavelength and-its temperature dependence are
677nlr^ and 0.2 nm / d.g., respectively. The
characteristic temperature is 120 K around room
temperature. ih"^rotve (b) in Fig. 2 is the same
chaiacteristic of the laser with GaInP bulk
active layer. The other structural parameters
including the facet reflectivity are the_same as
those of the MQW laser. The threshold current
and differential quantum efficiency are 54 mA
and 40 7o, r€sp€ctively. The kink level is on_ly 20
mW. The bmitting wavelength and its
temperature dependence are 68L nm and 0.3 nm
/ ddg., respedtively. The characteristic
temperature is about 100 K around room
temperature.- From above results, it is obvious that the
GaInP MQW achieves many improvements; such
as wavelength shortening by 4 nm, suppression
of temperhture dependence of emitliqg
wavelength by 30 Vo,-a reduction of threshold
current by 35 Vo, an increase of differential
quantum efficiency by 50 Vo, an increase of kink
I-evel by L40 7o, and an increase of the
characteristic temperature by 20 Vo. Moreover,
as shown in Fie. 3, stable sinqle transverse mode
operation is o5served even inder high optical
output.

III. AlGaInP MQW lasers

We have succeeded RT CW operation of
AlGaInP MQW lasers 11). The active Iayer
consists of five 10 nm thick (Alo.rrGa0.8b)0.b
Ins.gP well layers and six (Alo.sGao.r)o.rln0.bP
bariier layers. The cladding layers consist of 4
nm thick (Alo.zGao.g)o.slns.5P. A < 00L >
oriented GaAs substrate is used. The other
structural parameters except facet_ reflectivity
are as same as those of the GaInP MQW laser.

Figure 4 shows the spectrum of an AlGaInP
MQW laser without facettoatings under RT CW
operation at 2mW. The emitting wavelength is
643.5 nm, which is shorter by more than 35 nm
than that of the lasers with a GaInP bulk active
layer. The color is bright red. The threshold
crirrent, differential q[antum efficiency, and
kink level are 76mA, 2L Vo, and 9.5 ffiW,
respectively.

IV. Discussion on limitation of further
wavelength shortening
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Fig. 2 Light output versus current
characteristics. (a) : GaInP MQW laser,
(b) : laser with GaInP bulk active layer.
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Fig. 3 Far field patterns of GaInP MQW laser.
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Fig. 4 Emission spectrum of AlGaInP MQW
laser
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The emitting wavelength of MQW lasers
can be shortened by both reducing the well
thickness and increasing aluminum content of
the well. In this chapter, limitations of these
approaches are discussed.

The solid line in Fig. 5 shows relation
between peak wavelength of photoluminescence
(PL wavelength) and aluminum content of a 5
nm thick well layer. The dashed line shows
relation between PL wavelength and AlGaInP
bulk crystal. These layered structures are grown
on a < 001 ) oriented GaAs substrate.

The PL wavelength of the MQW is shorter
by more than 20 nm than that of the bulk crystal
at every aluminum content. If the minimum
conduction band discontinuity for getting laser
operation is assumed to be 0.15 eV, the
niaximum aluminum content in the quantum
well is limited to 0.2 based on an AlGaInP band
diagram 13). The PL wavelength of the MQW at
this aluminum content is 605 rlm. Since the
emitting wavelength is generally longer by L0
nm than the PL wavelength, lasers emitting
around 615nm may potentially be fabricated.

Furthermore, if a disordering effect is
added, emitting wavelength can be shortened by
about 20 nm 7). In this case, orange emission
around 600 nm wavelength would be possible.
However, since there are many unknown factors
about crystal quality, threshold current,
maximum light output, reliability, etc, the
realization of orange lasers still depends on
further effort in the future.

Very recently, several papers reported
theoretical and experimental results on using

multiquantum barriers (MQB) locating in the
cladding layer, which can reflect carriers back
into the active layer 14). They predicted an
increase of the effective conduction band
discontinuity by up to about 0.2eV. Therefore, if
a MQB laser is realized, yellow laser might be
possible.

V. Conclusions

Wavelength shortening of AlGaInP lasers
by adopting MQW structure was described. The
other device characteristics were also improved
by this structure. Further effort might achieve
orange and yellow CW operation at RT in the
future.

Acknowledgments

The authors would like to acknowledge Mr.
T. Onuma and Dr. M. Ogura for their continued
encouragement. They also wish to thank Miss.
C. Utoh for her helpful support.

References

1) I. Suemune : Oyo Buturi 60 (1991") 536.
2) Y. Morita and T. Narusawa : presented in

this meeting
3) K. Mizuuchi, K. Yamamoto and T.

Taniuchi : in Conf. Lasers and Electro-
Optics Tech. Die. Ser. 1991, 10 (1991) L64.

4) Y. Takahashi, M. Mannoh, J. Hoshina, S.
Kamiyama, Y. Sasai, K. Ohnaka and M.
Ogura : in 47 th Annual Dev. Res. Conf.
(1989)IIrA-2.

5) S. Kamiyama, Y. Mori, M. Mannoh and K.
Ohnaka : in Conf. Lasers and Electro-
Optics Tech. Dig. Ser. 1991., 10 (1991) 92.

6) K. Itaya, M.Ishikawa and Y. Uematsu :

Electron. Lett. 26 (1990) 839.
7) S. Minagawa, T. Tanaka and M. Kondow :

Electron. Lett. 25 (1989) 926.
8) H. Hamada, M. Shono, S.Honda, R.

Hiroyam&, K.Matsukawa, K. Yodoshi and
T. Yamaguchi : Electron. Lett. 27 (L99L)
662.

9) Y. Kaneko, A. Kikuchi,I. Nomura and K.
Kishino : Electron. Lett. 26 (1990) 658.

10) A. Valster, J. M. M. Heijden, M. J. B.
Boermans, S. H. Hagetr, M.N. Finke and G.
A. Acket : in Conf. Lasers and Electro-
Optics Tech. Dig. Ser. 1990, I (1990) 12.
M. Mannoh,I. Kidoguchi, S. Kamiyama Y.
Mori, and K. Ohnaka : in Ext. Abst. (38 th
Spring Meet.,1991); Jpn Soc. Appl. Phys.
Rel. Soc. 3 (1991") 1001.
to be published.
Y. Watanabe and Y. Watanabe : Appl.
Phys. Lett., 50 (1987) 906.
T. Takagi, F.Koyama and K. Iga : Jpn J.
Appl. Phys. Lett. 29 (1990) LL977 .

BULK

o'.
o.

4OA WELL

o

0 0.1 0.2 0.3 0.4

ALUMINUM CONTENT lN AlGatnP

Fig. 5 Relation between peak wavelength of
photoluminescence and aluminum
content. Solid line : MQW structure,
dashed line : bulk crystal.
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