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Abstract: Within the framework of effective mass approximation, the binding energy of a hydrogenic donor
impurity in GazIni_,As,P1_, stepped quantum wells (SQWSs) is theoretically calculated using the vari-
ational method. The influence of applied electric fields and SQWs height on hydrogenic donor impurity
electronic state is investigated. The results show that the hydrogen impurity binding energy reaches its
maximum when the donor impurity is located at the center of the stepped quantum wells. The applied
electric fields drive the electron wave function away from the stepped quantum well center, and induce
asymmetric distribution of the donor binding energy in the SQWs. The variation of Ga and As content
leads to the corresponding changes in the stepped quantum well height, which significantly affects the bind-
ing energy of hydrogenic impurities in the stepped quantum wells. The results are meaningful and can be

applied in the design of optoelectronic devices based on stepped quantum wells.
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Fig.1 The conduction band and ground-state electron wave function of a
InP/Gag.419 Ing.581A80.9P0.1/Gao.137 Ing.se3Aso.3Po.7/InP stepped quantum
well under the different electric fields (a) F=0, (b) F=250 kV/cm and
(c) F=600 kV /cm, respectively
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Fig.2 The ground-state donor binding energy Ey, as a function of the electric field F' in
InP/Gag.410 Ing.581As0.0P0.1/GagIni_, AsyP1_, /InP stepped quantum well for different impurity
positions and Ga, As content (a)z=0.137, y=0.3, (b)z=0.23, y=0.5 and (c)z=0.324, y=0.7.
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The curves a, b, ¢, d and e are for the impurity located at 7b=5 nm, Ly + Tw’ Ly, + Ly,

L L
Ly + Ly + ?s and 3Tb + Ly + Lg, respectively
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Fig.3 The ground-state donor binding energy Fy, as a function of impurity positions Z; in
InP/Gag.419In0.581 As0.9Po.1/GazIn1_; AsyP1_, /InP stepped quantum well for different electric
fields F' and different Ga, As content (a) £=0.137, y=0.3, (b) £=0.23, y=0.5, (c)x=0.324, y=0.7.
The curves a, b, ¢, d and e are for F=0, 200 kV/cm, 250 kV/cm, 300 kV/cm, 600 kV /cm
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Fig.4 The ground-state donor binding energy E}, as a function of Ga (As) content z(y) in
InP/Gao.419In0.581 AS0.9P0.1/GazIni_ 5z AsyP1_, /InP stepped quantum well for different impurity
positions and electric field (a) F = 0 kV/cm, (b) F = 250 kV/cm, (c) F = 600 kV/cm, respectively.
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