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E〕fFctively atorrlically flat interfaces 、har been achieved for the flrst tine in pseudomorphic

lncGal_EAs/Al。 .3Ga。。7Al lx=0。

“

,0・08)qualltum wens(Qws)with Well widths of l.2-12 nm growrl on

(411)AG劉牡s substrttes at 520° C by mol∝ ular beam epitaxy(MBE).A single and sharp photduminescence

(PL)peak Was Obsefved for each QW就 10W terrlperttures.The hnewidths for nttrow QWs of Lυ =2.4 nm
were 9 meV(x=0.04)and 10 mⅣ lx=0・08)訛 4。2 K which were ttout 30%smalbr than those of QWS
simultaneously growll on(100)G■ s subStrates.
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1. Introduction

Atomically flat interfaces in a semiconductor het-

ermtructure over a macroscopic area are very impor-

tant for applications to quantum devices such as quan-

tum well lasers or reson&nt tunneling diodes to achieve

higher device performance. In our recent work 1'2),

we have reported that GaAs/Alo.gGao.7As quantum

wells (QWs) grown on (aff)A-oriented GaAs sub
strates by molecular beam epita,>cy (MBE) show very

sharp photoluminescence (PL) lines and effectively

atomically fl at GaAs/Alo.s Gao.z As interfaces [ 
(a I I ) A

super-flat interfaces] *" formed o\rer a macroscopic

area ("', I cm2).

Pseudomorphic InGaAs/AlGaAs heterostructures

have attracted much interest for electrical and opti-

cal device applications 3-5). In the case of lattice-

matched GaAs/Alo.sGtu.zAs heterostructures, the

(411)A super-flat interfaces can be achieved as men-

tioned above, but it is not clear whether the super-flat

interfaces can be also achieved in strained heterostruc-

tures or not, because formation of the (411)A super-

flat interfaces is considered to relate to the growth

mechanism on (411)A crystal plane. In this study, we

investigate the interfaces flatness in pseudomorphic

InrGal-rAs/Alo.sGao.zAs QWs with In contents of
x : 0.04 and 0.08 grown on (arl)A and (100) GaAs

substrates by MBE.

2。 MBE Growth oflnGtts/AlGtts QWs

The(411)A― oriented Gtts substrttes were de

greased and etched by a sulfurh acid etchmt sdu―

tion.InrGal_EAs/Al。。3Ga。.7As QWslX=0.0,0.04,
0.08)with Well widths(LL)of l.2,2.4,3.6,4.8,

7.2 and 12.O nm and a barrier width of 20 nm on

aG配聴/Ab。3Ga。。7As superlattice bufFer layer(780

Ino.*Gao.goAs /Alo..Gao.zAs QWs

on GaAs sub.

CaAs buik
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Fig. 1. Photoluminescence spectra at 4.2 K from
In,Ga1-,As/AlssGao.TAs QWs (x - 0.04) grown on
(411)A (a) and (100) GaAs substrates (b)
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lnO.04Ga。 .96As/A:0.3Ca。 .7As QWs
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Fig。 2.FWHMs of PL peaks Ot 4。 2K■ om lncGal_2AS/A10.3GaO,7As QWs with
on(411)A and(100)GaAs substrates。

22

20

18

nm in total) were simulta.neously grown on (4ff)A
and (100) GaAs substrates at a substrate tempera-

ture (4) of 520 oC by MBE. Growth rate of GaAs

and AlAs were l.O p,mlh and 0.43 Fm/h, repectively.

The beam equivalent pressure of Asa was 4.5 x l0-z
Torr, or a V/III (As4/Ga) ratio is 7.5. The substrate
were rotated at 30 rpm during MBE growth.

3. PL Characteristics

Figure I shows PL spectra at 4.2 K from the

In,Ga1-,As/Alo.sGao.zAs QWs (* - 0.04) simulta-

neously grown on the (411)A and the (lm) GaAs

substrates. An excitation beam for PL measure

ments was focused on the sample surface in an area

of about 200 p,m diameter. Very sharp six peaks

at wa'relengths of 678.8, 724.2, 757.6, 779.4, 805.0

and 825.4 nm in Fig. 1(a) correspond to the lu-

minescence from the Ino.oaGao.soAs QWs with well

widths of L- - 1.2, 2.4, 3.6,, 4.8,7.2 and 12.0 nm on

the (aff)A GaAs substrate, respectively. The peak

at 818.2 nm comes from GaAs of the buffer layer.

On the other hand, the luminescence peaks from the

QWs on the (100) GaAs substrate [Fig. 1(b)] are ob
served at 675.2, 722.4,756.0, 778.2,, E05.2 and 827.0

nm. The most prominent characteristic feature is a
much smaller linewidth of each luminescence peak ob
served for the (411)A QWs, indicating improved flat-

ness of the (411)A Ine.saGao.soAs/Als.3Gao.7As in-

terfaces. In the range of narrow well width of 1.2

- 4.8 nm, a red-shift of the luminescence peaks was

7W 720 740 760 780 800 820 840 860

Wavelength (nm)

x - 0.04 (a) and x - 0.08 (b) grown

observed for the (411)A QWs compared with those of
the (100) QWs, and a blue-shift was seen for the thick
(411)A QW of L- : 12 nm. This is probably due

to the different strain components in pseudomorphic

(411)A InGaAs/AlGaAs QWs from those of the (100)

QWs. It is also worth noting that the integrated lu-

minescence intensities of the (411)A QWs are higher

than those of the (100) QWs, which suggests good

optical quality of the (411)A QWs.
Figure 2 shows full widths at haJf maximum

(FWHMs) of the PL peaks from the In,Ga1-,As/
Alo.aGao.TAs QWs with x - 0.04 (a) and x - 0.08 (b)

grown on both (4ll)A and (100) GaAs substrates as

a function of wavelength. For the na.rrow QWs with
L- : 1.2 - 2.4 nm, the FWHMs of PL peaks from

the (arl)A InGaAs/AlGaAs QWs with x - 0.04 are

about 30% smaller than those of the (100) QWs [Fig.
Z(a)l. In the case of wide QWs of L* :7.2 - 12 nm,

the FWHMs of the (411)A QWs are almost equal to
those of (100) QWs. The (41r)A QWs with x - 0.08

show smaller FWHMs than those of the (100) QWs
in all well widths [Fig. 2(b)]. Luminescence from the

QW (* - 0.08) with .L,, : 7 .2 nm overlaps with that
from GaAs buffer layer. These FWHMs (3 ^, 4 meV)
of the (4ll)A QWs and the (100) QWs with .L- - 12

nm are better than reported value (6.7 meV at 4.2 K)
for a GaAs/Ins.rrGtu.esAs/A]o.zsGao.zzAs QW (,L-

= 15 nm) on the (100) GaAs substrate 6).

Figure 3 shows FWHMs of the luminescence peaks

from the In,Ga1-,As/Alo.aGao.zAs QWs (x - 0.0,

0.M, 0.08) with the well width of L* - 2.4 nm grown

inO.08Ga。 ,92As/AI。 ,3Ca。.7As QWs

on GaAs sub.
1.2nm

PL(4.2K)(100)
2.4nm

3.6 nm
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InrGar-rAs / Alo.rGao.?As OW
( L, = 2.4 nm ) on GaAs sub

PL (4.2K)

(41 1)A

Ab.sGao.TAs quantum wells (QWs) grovyn on the
(4ll)A GaAs substrates could be successfully in-
creased up to 0.08 while keeping their super-flat In-
GaAs/AlGaAs interfaces over a macroscopic region
(about 200 p,m diameter). A single and very sharp
peal( was observed in photoluminescence (PL) spec-

tra at 4.2K from each of In,Ga1_rAs/Alo.gGao.zAs

QWs (* : 0.0, 0.04, 0.08) with L* : 1.2, 2.4, 3.6,

4.8, 7.2 and 12.0 nm grown on the ( ll)A-oriented
GaAs substrates at T, - 520 oC by MBE. Thee
results are belierrcd to be due to more stable two
dimensional MBE growth of In,Gar_,As (* S 0.08)
and AI6.3Gao.zAs on the (4ll)A GaAs substrates.

Hence, InGaAs/AlGaAs heterostructures grown on
the (4f1)A GaAs substrates can be expected to harrc

high potential for applications to quantum devices.
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FWHMs of PL peake at 4.2 K from
In,Ga1-,As/Alo.scao.zAs QWs (x - 0.0,0.04, 0.08) with
the well width of L- - 2.4 nm gro\r/n on (411)A and (100)
GaAs substrates as a'function of In contents.

on (41f)A and (100) GaAs substrates as a function of
x. In the case of x : 0.0, FWHM (6.8 meV) at 4.2K of
the (alf)A QW is slightly wor6e than that previously

reported value (5.4 meV at 4.2K) of GaAs/AlGaAs

QWs on (a11)A GaAs substrates 1). This is probably
due to the lower growth temperature (520 oC) com-
pard with the optimized temperature of 580 oC r).

FWHMs of the (411)A QWs are almost 40% smaller
than those of the (100) QWs in the range of x (
0.08. In the pseudomorphic InGaAs/AlGaAs QWs,
a FWHM of PL is mainly determined by alloy disor-
der of an InGaAs well lapr and interface roughness.

Interface roughness is more crucial for QWs with re
duced tr-. So, the difference between FWHMs for the
(411)A QWs with L- :2.4 nm and the (100) QWs
with L- : 2.4 nm is considered to be due to differ-
ence in the interface roughness. Moreover, each QW
on the (4fl)A substrate shows only one sharp lumi-
nescence pe*, indicating that effectively atomically
flat interfaces over a macroscopic area of the laser ex-
citation (200 p,m diameter) u"" also realized in pseu-

domorphic In,Ga1-,As/Alo.gGao.zAs QWs with low
In contents (x S 0.0S) grown on the (411)A GaAs
substrates similarly to the latticematched case of
GaAs/Ale.gGao.zAs QWs on the (411)A GaAs sub
strates 1'2).

4. Conclusion

In contents (*) in pseudomorphic In,Ga1-,As/
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