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Basic Parameters

Breakdown field ~4-10 V/cm
Mobility electrons <8500 cnf v 1st
Mobility holes <400 cnf vis?

Diffusion coefficient electrongoqg cnf/s
Diffusion coefficient holes <10 cnf/s
Electron thermal velocity  4.4.18 m/s

Hole thermal velocity 1.8-10m/s

Mobility and Hall Effect
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Electron Hall mobility versustemperature for different doping levels and degrees of compensation (high temper atures):
Open circlesNg=4N,=1.2- 107 em;

Open squaresl.\'|d=4N‘,j\=1016 em’;

Open trianglesN=3N,=2- 105 cm?,

Solid curve represents the calculation for pure G@lakemore[1982])
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Approximateformula for the Hall mobility

- Hp=Hon/(1+Ny: 10412 wherep 9400 enfv?tsh, Ng-in em®

(Hilsum [1974]).

Temper atur e dependence of the Hall factor for pure n-type GaAsin a weak magnetic field
(Rode [1975])
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_ Temper atur e dependence of the Hall mobility for three high-purity samples
= Wiley [1975
= coa
“g 1o JEREPEI -
TG - L T

Temperature T 1K

For GaAsat temperaturescloseto 300 K, hole Hall mobility
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For weakly doped GaAs at temperature close to 300 K, Hallilingb
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At T=300K, theHall factor in pure GaAs

ry=1.25.

Transport Properties in High Electric Fields

= Field dependences of the electron drift velocity.

s (Blakemore[1982]).

e . | Solid curve was calculated iffPozhela and Reklaitis[1980])
fh ) Dashed and dotted curves are measured data, 300 K
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“in — — Field dependences of the electron drift velocity at different temper atures.
hg ir (Pozhela and Reklaitis[198Q])
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Fraction of electronsin L and X valleys. n,_and n, asa function of electric field F at 77, 160, and 300 K, N4=0

Dotted curve L valleys, dashed curvex valleys.
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Mean energy Ein I, L, and X valleys asa function of electric field F at 77, 160, and 300 K, N4=0
(Pozhela and Reklaitis[198Q])

Solid curve T valleys, dotted curvel valleys, dashed curvex valleys.
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Freguency dependences of electron differential mobility.

g is real part of the differential mobility;dﬁis imaginary part of differential mobility.
F= 5.5 kV cmit

(Rees[1969])
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The field dependence of longitudinal electron diffusion coefficient D||F.

Solid curves 1 and 2 are theoretical calculations. Dashedes\B, 4, and 5 are experimental data.
Curve 1 - from(Pozhela and Reklaitis[198Q])

Curve 2 - from(Fauquembergue et al.[1980])

Curve 3 - from(Ruch and Kino[1968])

Curve 4 - from(Bareikis et al.[1978])

Curve 5 -(from de Murcia[1991])

8 B
E 5

@
=

o
=]

E

Diffusien caeflicient O, ic mis|

16°p T SLESER AR Field dependences of the hole drift velocity at different temperatures.
r (Datal et al.[1971]).

Drift velocity Ky (em 5

o

Y-

Ao PR
0! nt o*
Figld F (kv om™'}

3 r————7 Temperature dependence of the saturation hole velocity in high electric fields

(Datal et al.[1971]).
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. . ' The field dependence of the hole diffusion coefficient.
(Joshi and Crendin [1989])
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Impact lonization
There are two schools of thought regarding the impact idivizan GaAs.

Thefirst one states that impact ionization ratesand; for electrons and holes in GaAs are known accurately enauglstinguish such subtle details such as the anisothropyanidg; for
different crystallographic directions. This approacheésctibed in detail in the work by Dmitriev et al.[1987].

w0 — Experimental curves ¢; and g; versus 1/F for GaAs.
»E I <A 1 (Pearsallet al.[1978]).
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Experimental curves ¢; and g; versus 1/F for GaAs.
(Pearsallet al.[1978]).
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The second school focuses on the values af andp; for the same electric field reported by different reseasdatiéfer by an order of magnitude or more. This point of vieveiplained by
Kyuregyan and Yurkov [1989]. According to this approach vae assume that = ;. Approximate formula for the field dependence of ionizatiates:
4 = B i=aqexpl - (32 + (Fo/ F)HY]

wherea, = 0.245- 18cem®: B =576 F,=6.65: 18vem? (Kyuregyan and Yurkov [1989]).
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Breakdown voltage and breakdown field ver sus doping density for an abrupt p-n junction.
1u5§ (Kyuregyan and Yurkov [1989])
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Recombination Parameter

Pure n-type material (n, ~ 1014cm'3)

The longest lifetime of holes 7,~3: 10%s
Diffusion lengthL,, = (D ,7,)"? Lp ~30-50 um.
Pure p-type material

(a)Low injection level

The longest lifetime of electrons 4~ 5 10%s
Diffusion lengthL,, = (D ;)2 Ln~10 um

(b) High injection level (filled traps)
The longest lifetime of electrons ;-2 5.10" s

Diffusion lengthL,, L,~70pum

T Surface recombination velocity versus doping density
i S (Aspnes [1983])
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Radiative recombination coefficient (Varshni[1967])

90K 1.8.10%m%s
185K 1.9.10%m’s
300 K7.2.10%%m%s

Auger coefficient

300 K-103%m%s
500 K~102%m%s
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