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The GaAs~GaAiAs graded~index separate confinement heterostructure was grown selectively 
by molecular beam epitaxy on a Sial-masked GaAs (100) substrate. The stripe windows on 
the Si02 mask were 10 pm in width and were oriented along [01 T J direction. The laser diodes 
thus fabricated lased in a single longitudinal mode with a side mode suppression ratio of 95:1. 
Both the longitudinal mode and the single~lobe far~field pattern were stable up to 41th , 

Optoelectronic integrated circuits (OEle's) have re
ceived attention due to their potentia! application to optical 
communication systems. 1.2 Over the past few years consider
able progress has been achieved: four~channel optical receiv
er} and transmitter4 have been demonstrated, respectively. 

Selective growth by molecular beam epitaxy (MBE) on 
dielectric-masked substrates was first proposed to achieve 
simultaneously electric devices and isolation. 5 This selective 
growth method by MllE,6,7 as well as by metalorganic chem
ical vapor deposition,8 was later recognized to be potentially 
applicable to the fab1ication ofOBIC's. It was demonstrated 
that dislocation-free, optical-quality, epitaxial GaAs could 
be grown on Si02 windows as smaH as 5 p,m. 6 

In this letter the performance of laser diodes fabricated 
with this selective growth method is reported. The diodes 
lase in a single longitudinal mode without intentional lateral 
guiding and exhibit essentially single-lobe far-field patterns. 
Both longitudinal mode and far-field pattern are very stable 
for pumping current up to at least as high as 4Itll . 
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The processing procedure is the same as that reported 
earlier." The basic features are described in the following. A 
thin layer ofSiOz was first deposited on a Si~doped n + ~GaAs 

(100) substrate. Standard photolithography was employed 
to open stripe windows on this Si02 mask layer. These 
stripes had a width of 10 p,m and were oriented along [011] 
direction. The masked substrate was then loaded into a MBE 
system. The structure of the MBE layers grown was that of a 
graded-index separate confinement heterostructure 
(GRINSCH).9 The order of growth was as foHows: a 0.3-
pm-thick n+-GaAs buffer layer, GaAIAs/GaAs superIat
tice buffer layers, a 1.5~,um-thick N~Gao.5Alo.5As cladding 
layer, a O.2-Jlm-thick N~GaA1As composition~graded layer, 
a lO~nm~thick unintentionaUy doped GaAs active layer, a 
O.2-jtm-thick P-GaAIAs composition-graded layer, a 1.5-
Jlm~thick P-Gao.5 Alo.sAs cladding layer, and a O.3~,um-

0) Present address: Electrical Engineering Department. Columbia Universi
ty, New York, NY 10027. 

FIG. 1. (a) Scanning electron micrograph and (b) the corresponding sche
matic drawing of a (011) oriented laser facet. The length of white bar be~ 
neath the micrograph equals to 10 pm. Epitaxial layers were grown on the 
window, whereas polycrystalline materials were deposited on the Si02 

mask. 
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thickp-' -GaAs cap layer. The scanning electron micrograph 
and the corresponding schematic drawing of a (01 I) orient
ed laser facet are shown in Figs. l(a) and 1(b), respectiveiy. 
As in the previous cases5

,6 epitaxial semiconducting layers 
were grown on the windows, whereas columnar, polycrys
talline high-resistivity materials were deposited on the Si02 

mask. Post-growth processing included the deposition of a 
thin layer of thermal silicon nitride on the wafer, opening of 
contact windows of 10 f-lm in width, formation of contact 
layers, and cleaving of the wafer into individual Ia.'ler diodes. 
It wa.<; noticed that, since the substrate was much thicker 
than the films grown, the presence of polycrystalline materi
als did not have a noticeable effect on the cleaving process. 

The laser diodes were operated at room temperature un
der pulsed condition. The laser power output versus pump
ing current of a typical diode is shown in Fig. 2. The thresh
old current was 50 rnA. The curve does not show any kink. 
The lasing spectrum at the injection current of 80 mA is 
shown in Fig. 3. The diode lased essentially in a single longi
tudinal mode at a wavelength of 846.2 om. The side mode 
suppression ratio was calculated to be 95 to 1 at this pumping 
current. The same longitudinal mode was maintained up to 
41th ' the maximum pumping current used. 

The far-field radiation pattern parallel to the p-n junc
tion is shown in Fig. 4. It consists of one dominant and sym
metric mode and one smaller mode on one side of the domi
nant mode. The full width at half-maximum of the dominant 
mode at 200 mA ( = 4ft!, ) is 9.6". As shown in Fig. 1 (a) the 
width of the straight part of the active layer, W, is 5 !lm. The 
corresponding diffraction angle (""JasingwavelengthA /W) 
is 9.7". This value agrees very well with the measured value 
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FIG. 2. Power output vs pumping current of a typical laser diode. The 
threshold current was 50 rnA. 
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FIG. 3. Lasing spectrum of the same diode shown in Fig. 2. The side mode 
suppression ratio was 95 to 1 at this pumping current of 1.61'h' 

above. The occurrence of the side mode is due to the asym
metry of the active layer (Fig. 1), which results from the off
normal incidence ofthe molecular beams on the masked sub
strate. 1O The far-field pattern is stable in the range of the 
pumping current used. 

Both longitudinal mode behavior and far-field pattern 
indicate the presence of index guiding in the lateral direc
tion. One possible source of the index guiding is the bending 
of the active layer at regions close to the polycrystalline ma
terials. One can regard the epitaxial region as one large grain 
embedded in other smaller grains. During the MBE growth 
the three joining interfaces among the epitaxial grain, its 
neighboring grain, and the vacuum would assume an equi
librium configuration whose geometrj depended on the rela
tive magnitude of the three interfacial energies.7 Thi.s re
quired the growth front of the epitaxial grain dose to the 
joint of the three interfaces to assume an orientation other 
than the (100) ori.entation. However, in the center region of 
the epitaxial grain the growth front was not affected, and it 
assumed the ( IOO) orientation of the substrate. Consequent-

o 
FAR FIELD PATTERN (Ill 

FIG. 4. Far-field pattern paralle! to the p-n junction of II laser diode. 
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ly, the epitaxial layers were flat in the center but were bent at 
the two ends adjacent to the polycrystaHine regions. 

To study further the isolation properties of the polycrys
taHine regions the near-field pattern of the laser diode was 
measured. For the epitaxial region grown on the windows, 
the pattern showed uniform luminescence along the bent 
active layer below threshold current. When the current was 
gradually increased to above threshold, the diode began to 
lase ncar the center. On the other hand, no luminescence was 
observed from the adjacenet poly crystalline regions within 
the current range employed, even though the contact win
dow (10 pm wide) was wider than the epitaxial stripe re
gion. 

Another set oflaser diodes grown at the same time but 
with 15-,um-wide Si02 stripe windows was also studied. The 
near-field pattern showed the presence of two lasing fila
ments. One of them was located near the center of the 
straight section of the active layer. The other was at the 
smoother of the two bent sections. This was further evidence 
of the asymmetric growth across the [011] oriented stripes. 
To improve the laser performance it was desired to have 
symmetric and smooth growth fronts. One approach was to 
employ substrate rotation during the MBE growth. Another 
was to grow the laser structure over the lO Tf] oriented 
stripes. Previous study 7 had shown that the epitaxial regions 
near the po!ycrystalline regions exhibited smoother profile 
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for growth over [On] oriented stripes. 
In summary, GaAs-GaAIAs GRINSCH laser diodes 

have been fabricated using the selective growth method by 
MBE on Si02-masked GaAs (100) substrates. The diodes 
lased in a single longitudinal mode with a side mode suppres
sion ratio of 95 to L Both the lasing longitudinal mode and 
the essentially singie-lobe far-field pattern are stable for 
pumping current up to as high as 41th , 
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