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pseudomorphic GaAs /Ing,Gag gAs/Aly ,Gag gAs quantum well grown
by metalorganic vapor phase epitaxy
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A study of transport and quantum mobility of electrons in two-dimensional electro2§dsG) in

the modulation Sis-doped pseudomorphic GaAs{lsGa, AS/Alg ,Gay AS quantum well(QW)

grown by metalorganic vapor phase epitaxy is presented. Well-resolved Shubnikov—de Haas
oscillations of the magnetoresistivity observed Tat 4.2 K suggest that the 2DEG with high
electron mobility (u~46 000 crd/V s) formed in the QW with no significant parallel conduction.

A persistent photoconductivity effect resulted in an increase in electron sheet density. An increase
of transport and quantum mobilities up to the onset of the second subband occupancy was observed.
Further illumination resulted in a decrease of both mobilities. Strong dependence of the quantum
mobility on the thermal history of the investigated sample was attributed to the effect of actual
distribution of ionized centers in the sample. ZD00 American Institute of Physics.
[S0003-695(100)02833-3

Mobility of carries in quasitwo-dimensional electron gas205 nm GaAs top barrier. The Sb doping (p=2.3
(2DEG) formed at a semiconductor heterojunction is intrin- X 1012cm™2) was placed 10 nm from the QW in the back
sically limited by optical phonon scattering at room tempera-Al ,Ga gAs barrier. Similaré doping was applied 2 nm be-
ture. For high performance devices, an increase in electrolow the structure surface in order to saturate the surface
density leads to enhanced channel conductivity. The exisstates. Magnetotransport measurements were carried out on
tence of DX centers in AlGa _,As(x>0.22) restricts the photolithographically defined Hall bars &t=4.2K in mag-
use of a high Al mole fraction in AGa _,As/GaAs hetero- netic field up to 7 T. Photoluminescen@®lL) measurements
structures. The small conduction band offset in such strucwere carried out aif =4.2K using a cw laseh =780 nm
tures limits the electron density below#@m~2! Owing to ~ beam, monochromator, and nitrogen cooled fSien detec-
larger conduction band offset the pseudomorphictor- The persistent photoconductivityPQ was obtained by
GaAs/InGa, ,As/Al,Ga _,As quantum wellSQWs have illumination with an infrared light emitting diode N
attracted much interest in high-speed devicéEhe best =906nm). _
samples of those structures with very high 2DEG mobilities ~ The resistivity traces,, and pxy, measured just after
are usually grown by molecular beam epita®BE).>~° Re- cooling down the sample' in the dark are pre'sen.ted in Fig.
cent progress in metalorganic vapor phase epitt@®VPE) 1(a). Well resolved Shubnikov-de Ha&SdH) oscnlatu_)ns of
has led to growth of high quality heterostructures. Addition-tN€ Pxx trace and the quantum Hall effect plateaus in gbe

ally, & doping increases the electron density and mobility oftr"‘“?e indicate the exisfcer_w_e O_f the 2DEGs._After the illumi-
2DEG in the QW, and consequently improves devicenation the sample resistivity first decrea$Egy. 1(b)], and

performancé” In previous letters we have reported on thethen increasefFig. 1(c)]. In the intermediate magnetic field,

effect of doping plane positiérand the barrier compositidn the magnetic field dependence of thg, resistivity can be

: 0

on the electrical properties of the &idoped pseudomorphic written as
GaAs/InGa (As/Al,Ga _,As QWs. In this letter we ana- - X 272N,
lyze the effect of electron sheet density on the transport and pyx= p0[1—4 ex;{ - )sinhX CoS B |’
guantum mobilities in the optimized Stdoped pseudomor-
phic ~ GaAs/Ip Ga gAs/Alg CapgAs QW  grown by  whereX=2#2kgTm*/%eB, n, is the electron sheet density,
MOVPE. and x4 is the quantum mobility. The electron sheet density

The sample was grown at 630 °C and consisted nomin, can be therefore found from the fast Fourier transform
nally of 600 nm GaAs buffer layer, followed by 90 nm of (FFT) analysis of the,, resistivity. The FFT analysis gf,
(5 nm Al ;Gay gAs/5Snm GaAs)  superlattice, 310 nm of data showed a single peak suggesting occupancy of single
Al GaygAs back barrier, 10 nm fGaysAs QW, and  electronic subbandN=1 electron subband in the QWih
our sample. It was observed however frqip, resistivity

aAuthor to whom correspondence should be addressed: electronic maiffaces, that after longer i”U_r_nination a parallel cont;luction
adam.babinski@fuw.edu.pl channel of much lower mobility has also been occupk
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400+
= 300l 2 g High transport mobility f,~46000cm/Vs) with a
“‘; : = sheet densityn,~1.08<10?cm 2 was observed afT
Q . .
200} < =4.2K after cooling the sample in the dark. The PPC effect
1 results in an increase of electron sheet density. An increase
100F of the ny density due to illumination results first in an in-
, , ) , , ) 0 crease of transport mobility. Two processes limit transport
6 1 2 3 4 5 6 mobility at low temperature. These are: the large-angle clus-
Magnetic field [T] ter scattering due to nonuniform In distribution in the QW

and the remote ionized impurities Coulomb scattefirig.
FIG. ; Thepyy and pyy resilstivity of the modulation Sé-doped pseudo-  previous article$*!1~13an increase of transport mobility was
mor icziﬁiﬁgﬁﬁ(ﬁzg ?té??ofl; E?(‘j’xvgr:c;‘r’]"g s?m“é(;ZerEarf?eerasS#(;?td attributed to the more effective screening of remote impuri-
(b) and long(c) infrared illumination. ties by electron sheet density. However for large In clus-
ter size (>5 nm) the cluster scattering limited mobility
should also increase with increasing.® It is very likely that
fdepending on the actual growth conditions both processes
can contribute to the transport mobility. The MOVPE struc-
tures are usually grown at higher temperatures than their
Pxx MBE grown counterparts, which should smooth out the In
ox(B)= m 2) composition and result in larger characteristic sizes of In
oy clusters. This could explain the observed mobility increase.
A maximum of transport mobility can be observed at
. (0) electron densityny~1.35x< 102cm 2. Similar behavior re-
3 ported recentl}? was attributed to the effect of resonant scat-
tering from electronic states in the donor layer. In order to
This method enables us to separate the conduction ilNthe clarify the experimental situation in our sample we measured
=1 subband and in the parallel channel, which becomes agts PL spectrunisee Fig. 3. Two peaks are clearly observed
parent after longer illumination. at energies of 1.339 and 1.385 eV. The lower energy PL
The quantum mobility., was determined with electron peak is interpreted as an emission from te1 electron
effective massm* =0.066n,, using the so called Dingle subband to thé&N=1 heavy hole subband ¢%1hh), while
plot* In the case of parallel conduction the high mobility the peak at higher energy results from tNe=2 electron
channel conductivity was analyzed using the Dingle plotsubband to theN=1 heavy hole subband &2 1hh)
The transport and quantum mobilities obtained using théransition'* Assuming that the onsets of electronic subbands
above analysis are presented in Fig&) 2and 2b), respec- occupancy in the QW can be identified from the maxima of
tively. PL intensity, it is possible to deduce the onset of e 2

Fig. 1(c)]. In order to find the transport mobility, in the
N=1 subband of the QW we fit the diagonal component o
conductivity tensor

with

O'xx(B)ziZEl’2 1+(/'LItB)2.



Appl. Phys. Lett., Vol. 77, No. 7, 14 August 2000 Babinski et al. 1001

T " T " ' increase in electron sheet density can be due to more effec-
1e-1hh T=42K tive screening of the remote impurities. Another mechanism
was recently proposed to explain similar behavior in the
GaAs/InGaAs/GaAs QW with theS doping in the back
barrier!” An apparent increase of the quantum mobility was
explained by the ionization of deep centers in the top barrier
which changed the QW from asymmetric to the more square-
like. The resulting shift of the electron charge distribution
away from theé layer leads to an increase of electron trans-
port mobility in the QW. An explanation of the quantum
mobility decrease after the upper subband occupation is less
straightforward. The intersubband scattering presumably
present in this density region has the opposite effect on the
* ’ quantum mobility than the more effective remote charge
1.30 1.35 1.40 screening. Moreover a light-induced destruction of charge
Energy [eV] correlations may be important.
FIG. 3. The photoluminescence dt=4.2K from the modulation Si In conclusion we presented the study of transport and
&doped pseudomorphic GaAs{liGay gAs/Aly ,Ga, As QW. quantum mobility of electrons in the $tdoped pseudomor-
phic GaAs/Ip Ga, As/AlyGaAs QW grown by
MOVPE. The high electron mobility 2DEG was formed in
the investigated structure with no significant parallel conduc-
tion. Nonmonotonic dependence of both transport and quan-
tum mobilities on electron sheet density was observed with
the maximum related to the onset of the upper subband oc-
cupancy.
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subband filling[see an arrow in Fig.(2)] with an accuracy
of a few meV¥®

The onset of theN=2 subband occupation in the QW
coincides with the maximum of transport mobilitgee Fig.
2). However no FFT peak due to high electron mobility
channel expected from thd=2 subband can be seen. The

resistivity data sgggest rather the existence of a Iow-mobility This work was supported in part by Polish Scientific
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