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ELECTRIC FIELD DEPENDENCE
OF FOZQ—,—,CU-Z}F ELECTRON DIFFUSIVITY
IN GaAs

3ABHCHMOCTD KO3®OHUUEHTA NPOXOJABHON SJEKTPOHHON HMeoY3HOCTH
BGaAsOT INEKTPHYECKOT(Q noJas.

L. HRIVNAK?*, Bratislava

Ruch andKino {1] measured the electron drift velocity and the longitudinal diffusion coefficient in
semi-insulating GaAs. Many papers appeared which tried to explain theoretically the observed electric
field dependences of these quantities in GaAs, especially by the Monte Carlo method [2—6]. However,
this numerical method is rather cumbersome for the analysis of various devices based on GaAs when it is
Necessary to estimate the high field effects.

Thim [7] introduced a simple empirical formula for the electron drift velocity in GaAs:

L W

velocity. This formula was used also by other authors [8—10]. The v, versus the E dependence

computed according to the formula (1) with p, = 0.75 m¥v $, Eo=4X10° V/m, v.,, = 10° mys is shown

in Fig, 1. The full curve corresponds to- the measurements by Ruch and Kino (see Fig. 5 in .
In this short note we want to point out that the longitudinal electron diffusion coefficient can be

D,(E)=§ 2E)e) @

in which we insert for the mean energy of electrons in the presence of the electric field [11]
()=2 kaT+ ev,(E)E, | 3)

where T is the lattice temperature and 7, is the energy relaxation time. We get

»wﬂlﬁkAmv Hm + 2t.e
eE 3kaT

D.(E)= SAMVMM . “4)

This simple formula is in very good agreement with the experimental results of Ruch and Kino if we
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Fig. 1. Electron drift velocity in GaAs as a func- Fig. 2. Longitudinal diffusion coefficient of elec-
tion of electric field strength at 300 K. The full trons in GaAs as a function of electric field
curve corresponds to the €xperimental results of strength at 300 K. The curves are computed by
Ruch and Kino (see Fig. 5 in [1]). The dashed  the use of the formula (4) with . =2.5x10""s,
curve is computed by the use of the formula (1)  and the values of v,(E) corresponding to the full
with . =0.75 m’/Vs, v, =1x10° m/s,and Eo=  curve in Fig. 1 (full curve), and to the dashed
4x10° V/m, curve in Fig. 1 (dashed curve). Dots indicate the
experimental results of Ruch and Kino (see

Fig. 7in[1)).

insert the measured values of v4(E) by these authors and %=2.5%10""s (the full curve in Fig. 2). The
dashed curve in Fig. 2 is computed by the use of formula (4) with v(E) given by the Thim formula
(dashed curve in Fig. 1) and the same value of 1,. Both computed curves in Fig. 2 are in better

However, according to measurements of Glover, 1, in his GaAs samples with a resistivity in the range
of 2—5 Q cm increases with an increasing electric field strength in the range of 1.5 x 10°—3 x 10° V/m.
To explain the experimental results of Ruch and Kino gained on semi-insulating GaAs we need not
consider the electric field dependence of the energy relaxation time.

In accordance with the relation (3) we can introduce the electron temperature T, = 2 (€.)/3ks by the
relation ’

T.=T ﬁ 1+ uwa imi . (6)

By the use of the relation (1) with E;=4 x 10° Vim, u=0.75 m*/Vs, v, =1 x 10°m/s, . =1x 10" g
and7,=2,5%x10"2 8, respectively, we get for T= 300 K the T. versus E dependences which are plotted

electron temperature T. during the Monte Carlo runs for steady-state velocity. Thus we can fit the
theoretical results of these authors by the relation (6) with the electric field independent energy
relaxation time v,=1x 102, The dots in Fig. 3 correspond to measured electron temperature by
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Fig. 3. Electron temperature in GaAs as a func-

tion of electric field strength at 300 K. The curves

are computed according to the formula (6) with T=25x10's

parameters given in the text. The circles are

calculated by Maloney and Frey. The dots are
Glower’s experimental data,
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Glower (the data have been read from Fig. 7 of paper [12] taking Ery; =3.3 x 10° V/m in accordance
with the Fig. 3 of the same paper). As can be seen the experimental data of Glower are between the
Curves corresponding to the relation (6) with the above given values of parameters. We remark that
some parameters which enter the above formulas (e.g. u and 7.) depend on the scattering mechanism of

D.= »ﬂ? (6)
when
Va Amv = UnE A\Nv
and
2 3ksT
E’< Pere ” 8)

In GaAs at room temperature these conditions are fulfilled if E<5x10* V/m.

In the case of such high electric fields that the electron drift velocity is close to its saturated value and

3ksT
£ Stem &

(E>10° V/m at 300 K) the electron diffusion coefficient is again independent of the electric field
strength and can be expressed as

electronic devices based on this semiconductor.
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