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(1) Introduction

GaAs and AlGada are important materials for optoselectronice and integrated
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS circuite. Although in the last decade NBE technology has been extenmivsly
developed and high quality materisls can be obtained by MBE method, liquid
phase spitaxy is still a useful method for many devices fabrication,such
&8 semiconducter heterojunction lasers, LEDs, bipeolar transistors and solar
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SOME 'PROPERTIES OF Ga~As-Al 0&1 A8 NETEROJUNCTION cells dus 4o its chespness and simplicity. I was reported recently that even -
X 1l=x

CROWN BY LOW TEMPERATURE LIQUID PHASE EPITAXY * mlti-quantum-well mtructure {MQW) mnd superlattice can also be grown

succeasfully by LPE, For theme devices the important thing is the control

of layer thickness. In conventional Cais and AlCadAs LPE technique growth

temperatures are BOO-BSODC.at which growth rate im rather high. In order

to obiain very thin and uniform layera, we have grown GaAs-Al,Ga,,As

heterojunction at 650—700°C and inverstigated some of their properties.
(2) Sample preparation

Yu Li-sheng ®*®
International Centre for Theoretical Physies, Trieste, Italy,

Liu Hong-xun, Zhang Bei and Wang Shu-min Epitaxy wafers were grown in horizontal liquid phase spitaxial syetem in
Physics Department, Peking University, conventional grapbite slide boats on CaAs (100) subetrates doped with 5i

1
Bel)ing, People’s Republic of China, or Cr. The growth procedure is as followst high purity Oa (99.99959%) is

baked at 900°C for 8 hours, after that the sources for epitary with high
purity Gaia and dopants are kept at T70°C for 1 hour. The epitaxy temper—

ABSTRACT ' atures are 550-T00°C with supercocling regime,
GaAs-Al Ca, As heterojunction vas grown by 1liquid phase epitaxy at {3) Series resistance
low growth temperature 650-T00°C. The series resistance.of heterojunction Samples with double-heterojunction laser atructure were prepared as it is
with DH laser structure was measured, Doping properties of Mg in GaAs and shown in Fig. 1. Real laser diodes always have some Beries resisisnce
Aleal_xAs were investigated., It is found thet impurity concentration of Mg introduced by passive layers and chmic contacts.Their effective circuits
as high as 10883 can be doped easily. The Shubnikov-de-Haas oscillation was is consisting of an ideal junction and a seriesw remistor R. {Fig.2) The
ocbserved in Gahs-N “0.35“0.65“ heterointerface. It is demonstrated that in I-¥ characteristics of ideal Jjunction is

these heterointerfaces there exists 2DEG with some contribution from 3D electron
of N-AlGaAs layer.
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We used differential method to measure relsationship d¥/dI~1/I in the tem-
perature ranges 77-30CK. The aeries reaistance R and ideality factor n are
obtained from interception and slop of the Btraight line, respectively. Series
reslstance of lasers is a very important parameter for optical fiber communi-
cation. But R of our laser diodes were rather large for prectice application
of these lasers. We have measured relationships ln(1/R)~1/T for heterojunction
with Al composition x= 0.1—0,5, As it is well known, the activation energy
AEA of Ge in AlGaAs increasss rapidly with the increasing of Al composition.
Temperature dependence of hole concentration for Al,Ge, A8 in the range T« 300K
ie given by

$~¥N, exp(-8E,/kT) - (3)
Teking AE, in A1,Ga,«As with different x from {1], we calculated 1n p~1/T.
Ueing R~1/(peu), we compars experimenial and calculated results, It was con
cluded, that R is introduced dominantly by p-type Aleal_xAs layer, Impurity
concentration of Ge in Cade and Al,Ga,. A8 is not large enough due to the Bmall
distribution coefficient. High hole concentration cannot be obtained at room
temperature. Though the Zn dopant can easily glve high concentration, 1t is
difficult to control it during devices fabrication because its diffusion
coefflcient 18 too high.

{4) Mg doping properties

From what discussed above, we know that both Ge and Zn are not good dopants.
One might propose Mg can be an.appropriate candidate of p-tvpe dopant.

However, up to now there ara few reports about properties of Mg in Cals and
acans {2],[3]. We have studied doping properties of Mg in Cads and A.lx(}al_x!\s
with low growth temperature. The Gads and Al Ca, (A8 lavere with thickneas
1.5«3.9 um were grown on the semi~insulating CeAs (100) substrates. Then

standard Hall bridges were formed bv photolithograph. Fig.3 shows the
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relationship between hole concentration of epilayers ati room temperature
and atomic fraction of Mg in the ligquid. Impuritv concentration of Mg as
nigh as 10'% cn™? can be doped easily. Table 1 shows mimilar data in
510.53030‘”1\5. It is seen that hcle concentration higher than lOchm-a can
be obtained at room temperature even in high composition of Al materials,

Fig. 4 shows the temperature dependence of hole concentration for twe
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Table 1

eamples { atomic fraction “of Hg in the liquid is 1.01 10 ~Jand. 1. 91 10 4)
It is clear that for highly doped epiluyers,hole concentration is Almost
independent of temperature. As at room temperaturs all acceptors are
ionized, mo hole concentration i esqual tc the impurity concentration of
Mg. Therefore, distribution coefficient of Mg in GaiAs can be estimated ma
£t 18 shown in Pig.5. Solid pointa are taken from different suthors [h].

(5) Magnetoresistance oscillation

The croas section of epitaxial wafar in measursment is shown in Fig.6

-5~

sample No. Mg atomic fraction hole ooncentratign
in liquid in epilaver (am )
B85-58 5.7 1074 6.5 1017
85-43 1.6 1073 9.0 10%7
35-40 2,0 107> 1.2 1018
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The N—Alo 35G5'0 65As layer doped with Te and Sn was grown on the semi-

insulating GaAs {100) substrate. Compositional grading of hetercinterface
is about 170 g, which is determined by Auger messurement. Hall bridge 1s
made from these wafers. Magnetoresistances were measured in the magnetic
field range 0~7.5 T and temperature range 1.3-300K. The Shubnikow-de—
Heas oscillation ware observed as it is shown in Fig.7 .
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Fig.0 shows the difference in period and amplitude between oscillation
with magnetic field perpendicular and parallel to the surflace. it 1is
concluded that in the heterojunction interface there exists Lwo
dimensional electron gas with some contribution from three dimensionel
electron in the N—Aleal_xAs layer.
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