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Evidence against the Negative-Charge-State Model
for the DX Center in n-Type GaAs

Chadi and Chang' have recently proposed that the DX
center in GaAs and Al,Ga;-,As alloys is a negatively
charged defect resulting from the capture of two conduc-
tion electrons by the ionized donor: d ¥ +2¢ ~— DX ~.
This is in contrast to the neutral-charge-state model for
DX: d*+e~— DX°. We show here that the negative-
charge-state model is qualitatively inconsistent with re-
cent pressure-dependent electrical measurements on
heavily doped n-type GaAs.?

The effect of hydrostatic pressure (P) is to increase
the direct band gap and lower the energy of the DX level
relative to the Fermi energy, €, of the conduction elec-
trons. The Fermi energy becomes pinned at the DX level
above a critical pressure P, at which electron capture at
the DX level starts to occur. The carrier concentration
n(P) is measured using the Shubnikov-de Haas effect.
The mobility u is then given by o =neu. The decrease in
n for P> P, is accompanied by a significant increase in
u as shown in Fig. 1 for two of the layers used in our
previous study. For layer 1, n=1.8x10'" c¢cm ~3 and
1 =800 cm?/Vs, and for layer 2, n=1.1%10'" cm ~3 and
#=1100 cm?/V's at atmospheric pressure.

For scattering by a screened ionized impurity poten-
tial, V(r) = —e%exp(—Ar)/er, the Born approximation
for a nonparabolic band gives?

Cn
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where C is a constant, /V; is the ionized impurity concen-
tration, m, =hkr(9¢/0k )i =x,, and

FOuLkr) =2xf{lnl1+ Qkg/A)?]
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At an arbitrary pressure
mo(1+BP)
1 —ah?ki2mo’

where B=7.4x10"> kbar ™! (Ref. 4) and a=1.07
eV L3

The variation of mobility calculated using the mea-
sured variation of » and Egs. (1) and (2) for the two
charge-state models is compared with the data in Fig. 1.
For the negative-charge-state model (DX ~) we assume
a constant NV; =[d *1+[DX ~). For the neutral-charge-
state model (DX?), N;=n at all pressures since the
background acceptor concentration is low.®

It can be seen that the DX° model fits the mobility
variation qualitatively. The increase in mobility with de-
creasing n is due partly to the decrease in F(A,kr) and
partly to the decrease of m resulting from the nonpara-
bolicity and lowering of the Fermi energy. The DX~
model, however, predicts a large decrease in u above P.

u

ml(kF)=

(1) 12
TE 184
£ 10
@© 14
*é 8
x 10 6
c
|
E ° 1.5
_. 2.0 o
= E
=) 2 o
i‘ 1,55—cJ ] 1.0
(= C
=4 1.0¢
E DX~
05 1 1] 0.5
0 5 10 15 0 5 10 15

P (kbar) P (kbar)

FIG. 1. Variation of carrier concentration n and normalized
mobility u(P)/u(0) with pressure P for heavily (1) Sn-doped
and (2) Si-doped n-type GaAs layers. The solid lines in the
mobility plot are calculated using the neutral- (DX and
negative-charge-state (DX ) models.

since the decrease in n in Eq. (1) is not offset by any de-
crease in V;. Analysis of the data for the other layers in
our previous study? leads us to the same conclusion,
namely, that the pressure dependence of the low-
temperature mobility in heavily doped n-type GaAs is
not consistent with the negative-charge-state model for
the DX center.

D. K. Maude, L. Eaves, and T. J. Foster
Department of Physics
University of Nottingham
NG7 2RD, United Kingdom

J. C. Portal
Department de Genie Physique
Institut National des Sciences Appliquées
31077 Toulouse, France

Received 12 September 1988
PACS numbers: 61.70.At, 72.20.Jv, 78.50.Ge

'D. J. Chadi and K. J. Chang, Phys. Rev. Lett. 61, 873
(1988).

2D. K. Maude er al., Phys. Rev. Lett. 59, 815 (1987).

3R. Barrie, Proc. Phys. Soc., London, Sect. B 69, 553
(1956).

4L. G. Shantharama, A. R. Adams, C. N. Ahmad, and R. J.
Nicholas, J. Phys. C 17, 4429 (1984).

SA. Raymond, J. L. Robert, and C. Bernard, J. Phys. C 12,
2289 (1979). A similar though slightly smaller nonparabolici-
ty is quoted by T. N. Theis, P. M. Mooney, and S. L. Wright,
Phys. Rev. Lett. 60, 361 (1988).

SL. Eaves et al., Inst. Phys. Conf. Ser. 91, 1355 (1988).P

1922 © 1989 The American Physical Society



