\ AIP fgtlzggd Physics

Low threshold and high power output 1.5 m InGaAs/InGaAsP separate confinement
multiple quantum well laser grown by chemical beam epitaxy
W. T. Tsang, M. C. Wu, T. TanbunEk, R. A. Logan, S. N. G. Chu, and A. M. Sergent

il A/

Citation: Applied Physics Letters 57, 2065 (1990); doi: 10.1063/1.103942

View online: http://dx.doi.org/10.1063/1.103942

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/57/20?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Very low threshold current density 1.5 m GalnAs/AlGalnAs gradedindex separateconfinementheterostructure
strained quantum well laser diodes grown by organometallic chemical vapor deposition

Appl. Phys. Lett. 59, 2486 (1991); 10.1063/1.105982

1.5 m wavelength InGaAs/InGaAsP distributed feedback multiquantumwell lasers grown by chemical beam
epitaxy
Appl. Phys. Lett. 59, 2375 (1991); 10.1063/1.106020

Very low threshold single quantum well gradedindex separate confinement heterostructure InGaAs/InGaAsP
lasers grown by chemical beam epitaxy
Appl. Phys. Lett. 58, 2610 (1991); 10.1063/1.104838

Very low threshold InGaAs/InGaAsP graded index separate confinement heterostructure quantum well lasers
grown by atmospheric pressure metalorganic vapor phase epitaxy
Appl. Phys. Lett. 55, 2283 (1989); 10.1063/1.102038

High performance tunable 1.5 m InGaAs/InGaAsP multiple quantum well distributed Bragg reflector lasers
Appl. Phys. Lett. 53, 1036 (1988); 10.1063/1.100057

AI P JAoqu:' Iri‘:t; (I)thysics

Journal of Applied Physics is pleased to
announce André Anders as its new Editor-in-Chief



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L23/1691523420/x01/AIP/JAP_HA_JAPCovAd_1640banner_07_01_2014/AIP-2161_JAP_Editor_1640x440r2.jpg/4f6b43656e314e392f6534414369774f?x
http://scitation.aip.org/search?value1=W.+T.+Tsang&option1=author
http://scitation.aip.org/search?value1=M.+C.+Wu&option1=author
http://scitation.aip.org/search?value1=T.+TanbunEk&option1=author
http://scitation.aip.org/search?value1=R.+A.+Logan&option1=author
http://scitation.aip.org/search?value1=S.+N.+G.+Chu&option1=author
http://scitation.aip.org/search?value1=A.+M.+Sergent&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.103942
http://scitation.aip.org/content/aip/journal/apl/57/20?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/59/20/10.1063/1.105982?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/59/20/10.1063/1.105982?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/59/19/10.1063/1.106020?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/59/19/10.1063/1.106020?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/58/23/10.1063/1.104838?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/58/23/10.1063/1.104838?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/55/22/10.1063/1.102038?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/55/22/10.1063/1.102038?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/53/12/10.1063/1.100057?ver=pdfcov

Low threshoid and high power cuiput 1.5 um InGaAs/InGaAsP separate
confinement multiple quantum well laser grown by chemical beam

epitaxy

W. T. Tsang, M. C. Wu, T. Tanbun-Ek, R. A. Logan, 8. N. G. Chu, and A. M. Sergent

AT&T Bell Laboratories, Murray Hill, New Jersey 07974

{Received 24 May 1990; accepted for publication 30 July 199C)

We have demonsirated the first successful preparation of InGaAs/InGaAsP muitiple
guantum well (MQW) lasers grown by chemical beam epitaxy. The broad-area threshold
current densities of standard (not graded index) separate confinement heterostructure
{SCH) MQW lasers were as low as 860 and ~ 590 A/cm? for cavity lengths of 500 and
1500-3500 pm. Such values are similar to those obtained from MQW wafers employing the
more advanced graded index SCH(GRIN-SCH) grown by metalorganic vapor phase
epitaxy. Buried-heterostructure lasers alsc have similar threshold currents, i.e., 25-40 mA for
300-1500 long cavities. Pulsed and cw output power at 1.57 yum as high as 216 and 140

mW were obtained from 1-mm-long buried-heterostructure lasers having antirefiection and
high reflection coatings of ~5% and ~83%. The layer thickness uniformity is better

than =1% across a 2-in.-diam wafer.

Quantum well lasers of GaAs/AlGaAs have been in-
tensely investigated in the last few years.! The most com-
monly used structure is the graded index separate confine-
ment heterostructure (GRIN-SCH).? This design results
in highly efficient, extremely low threshold lasers, capable
of very high power operation. Their internal loss is char-
acteristically low. As a result, their external quantum effi-
ciency and threshold current only weakly depend on the
cavity length. The preparation of high quality guantum
well Iasers in the InGaAs/InP material has turned cut to
be quite different.>* It is only until recently that sufficiently
good quality InGaAs/InGaAsP multiple guantum well
(MQW ) lasers were prepared by metalorganic vapor phase
epitaxy (MOVPE).>™ Yet, the performance improvement
is net as dramatic as the GaAs/AlGaAs quantum well
lasers. This is partly due to differences in the intrinsic prop-
erties of the two material systems, for example, the stron-
ger Auger processes in the InGaAsP than in AlGaAs ma-
terials, and partly due to the demanding requirement of
quantum well lasers for the very high perfection of mate-
rials and heterointerfaces.

Chemical beam epitaxym {CBE) has been shown tc
produce very high quality InGaAs/InP quantum wells.
Though quantum well lasers with InGaAs wells and InP
barriers have also previcusly been prepared by CBE,4!!
they did not show a reduction in the threshold current
densities over double-heterostructure lasers with bulk ac-
tive layers. This is mainly because the high InP barriers
reduce the carrier injection efficiency of the quantum
wells.!!

In this letter, we report the first preparation of high
quality InGaAs/InGaAsP multiple quantum well lasers
having a standard separate confinement heterostructure
(SCH) by CBE. The epitaxial layers were grown on a
(100) oriented InP substrate using a modified Riber
CBE32 and procedures described previously.'"'? The ac-
tive layer consisted of four 8-nm-thick lattice-matched
Iny 53Gag 47As guantum wells separated by three 17-nm-
thick InGaAsP (lattice matched, 1.25 gum composition)
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barriers. The SCH In(GaAsP waveguide layers on both
sides of the active MQWs, each 40 nm thick, were of uni-
form composition (1.25 pgm composition). The #-InP
buffer iayer was ~0.7 um thick and the p-InP cladding
layer was ~ 1.5 um thick. Figure 1 shows a TEM micro-
graph of the SCH-MQW cross section. $n and Be thermal
beams were employed for # and p dopings, respectively. A
p* -InGaAsP (1.25 um composition) top layer served for
cohmic contact formation and etching mask during the
mesa etching. At each layer interface, growth was inter-
rupted for 1-5 s by switching the group III metalorganic
flows into the vent leaving the substrate surface stabilized
by the hydride gas(es) characteristic of the subsequent
layer. The typical growth temperature was ~ 545 °C with
the Be-doped InP grown at ~ 525 °C. The sample was fur-
ther processed into buried-heterostructure (BH) lasers
with regrowth done by metalorganic vapor phase epitaxy
(MOVPE) using a ~ 3-um-thick Fe-doped InP as the cur-
rent blocking layer. The buried stripe width in this cxper-
iment was about 3 um, somewhat wider than intended by
mesa-etching time control.

For broad-area threshold current density Jy; evalua-
tion, 55-pm-wide oxide stripe lasers were fabricated with
different cavity lengths ranging from 0.5 to 3.5 mm. Figure
2 shows the Jy;, as low as 860 A/cm? and ~ 590 A/cm’ for
500 pm and 13500-3500 um long cavities, respectively. Sim-
tlar SCH laser grown by MOVPE with 4 QWs typically
have threshold current densities of ~ 1.5 kA-2.0 kA/cm?
for a 500-pm-long cavity.'> For cavity lengths shorter than
2 mm, the CBE-grown standard SCH MQW lasers actu-
ally have similar Jy;, as those GRIN-SCH MQW lasers
grown by MOVPE.” However, it appears that for very long
cavity lasers, the GRIN-SCH lasers have a lower thresh-
old. This is probably due to the fact that the GRIN-SCH
lasers have lower waveguide losses.

This is borne out by the result shown in Fig. 3(a},
where the inverse of the internal quantum efficiency is plot-
ted as a function of the cavity length for CBE-SCH-
MQW-BH lasers. Such an analysis gives the internal loss
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FIG. 1. Transmission electron microscope photograph of the cross section
of a four quantum well lattice-matched InGaAs/InGaAsP standard (not
graded index ) SCH laser.

a; and the internal efficiency 7, Through %~ 80% is sim-
tlar to that obtained for MOVPE-grown GRIN-SCH la-
sers, the waveguide absorption toss, o;~ 18 cm ~ |, is some-
what higher than that obtained for MOVPE GRIN-SCH
fasers (~15 cm ™ 1)1 It is expected that by employing
the more advanced GRIN-SCH in the future, further re-
duction in threshold current density may be possible with
CBE growih.

Figure 3(b) shows the cw threshold currents for CBE-
SCH-MQW-BH lasers as a function of cavity length. Plot-
ted in the same figure are the results from MOVPE-grown
strained MQW GRIN-SCH'® and standard SCH lasers.!®
Consistent with broad-area results, the present CBE BH
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FIG. 2. Broad-area threshold current density of 55-um-wide oxide stripe

lasers as a function of cavity length for both CBE-grown standard SCH
and MOVPE-grown GRIN-SCH lasers.
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FIG. 3. (a) Inverse of external quanium efficiency of buried-

heterostructure MQW SCH lasers as a function of cavity length. (b)
Threshold currents as a function of cavity lengths for CBE-grown stan-
dard SCH MQW BH lasers, MOVPE-grown strained SCH lasers (Ref.
16), and MOVPE-grown strained GRIN-SCH lasers (Ref. 15).

lasers also have similar threshold currents as those GRIN-
SCH lasers and somewhat lower than those of standard
SCH lasers grown by MOVPE. Threshold currents of
25-40 mA were obtained for 0.3-1.5 mm long cavity lasers.
With narrower active stripe widths, some further reduction
may be possible. It should be noted that in this comparison
the current leakage across the regrown layer is minimized
in afl three cases.

The pulsed and cw light output versus current of a
I-mm-long cavity CBE-SCH-MQW-BH laser is shown in
Fig. 4. The facet reflectivity at the front and rear facets
were about 5% and 85%, respectively. Pulsed output
power of 216 mW/front facet was obtained. Under cw
operation, 140 mW/front facet was obtained. This is be-
lieved to be limited by heat sinking. With no AR HR coat-
ing, cw power of 125 mW/facet was also measured. The
lasting wavelength was at ~ 1.57 um. These values are
similar to those obtained from 1.55 um MQW-BH lasers
grown by MOVPE. However, at 1.48 um cw output power
as high as 206 mW has been obtained recently from
MOVPE-grown MQW BH lasers.?

in CBE, due to the absence of flow patterns and the
ability to tailor the flux distribution of the metalorganic
beam,® very uniform layer thicknesses across a large area
can be obtained. Figure 5 shows the thickness uniformity
across a 2-in.-diam laser wafer measured in two perpendic-
vlar directions. The layer thickness is measured by employ-
ing the laser interference technigue. In Fig. 5 the combined
thickness of the top p "-InGaAsP and p-InP layers was
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FIG. 4. Pulsed and cw output power vs current for a SCH MQW BH
laser with AR-HR coating of ~5% and ~85%.

plotted. The thickness uniformity is beiter than *1%
across the 2-in.-diam wafer.

In summary, we have demonstrated the first successful
preparation of InGaAs/InGaAsP MQW lasers by CBE.
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FIG. 5. Combined layer thickness of the top p ' -InGaAsP and p-InP
layers of a 2-in-diam CBE-grown laser wafer measured in two perpendic-
ular directions by employing the laser interference technique.
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The broad-area threshold current densities of standard
SCH lasers were as low as 860 and ~ 590 A/cm? for cavity
lengths of 500 and 1500-3500 pum. Such values are similar
to those obtained from MOVPE-grown MQW wafers but
employing the more advanced GRIN-SCH structure.
Buried-heterostructure lasers also have similar threshold
currents, i.e., 25-40 mA for 0.3-1.5 mm long cavities.
Pulsed and cw output power as high as 216 mW and 140
mW were obtained from the front face of AR HR (~5%,
~ 85% ) coated lasers with a I-mm-long cavity. The layer
thickness uniformity is better than =+ 1% across a 2-in.-
diam wafer.
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