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1.1 Originaltexte

Dokument néchste Seite folgend.




S - Silicon Ge - Germanium

GaP - Gallium Phosphide GaAs - Gallium Arsenide

InAs - Indium Arsenide C - Diamond

Gash - Gallium Antimonide InSb - Indium Antimonide

InP - Indium Phosphide GaAs;.xSby - Gallium Arsenide Antimonide
AlxGay.xAs - Aluminium Gallium Arsenide

AIN - Aluminium Nitride InN - Indium Nitride

BN - Boron Nitride GaN - Gallium Nitride

We are going to add new data for:

GayIny.xAsySby.y - Galium Indium Arsenide Antimonide GayxlnyxP - Gallium Indium Phosphide
GaylnixAs - Gallium Indium Arsenide GaylnixSh - Gallium Indium Antimonide

INA S Shy - Indium Arsenide Antimonide Gaylny.xAsyP1.y - Galium Indium Arsenide Phosphide
Si1xGex - Silicon Germanium SiC - Silicon Carbide

This section is intended to systematize parameters of semiconductor compounds and heterostructures based on them. Such a
WWW-archive has a number of advantages: in particular, it enables physicists, both theoreticians and experimentalists, to rapidly
retrieve the semiconducting material parameters they are interested in. In addition, physical parameters - optical, electrical,
mechanical, etc. - will be presented in the framework of the electronic archive for both the known and new semiconducting
compounds. As the starting point in creating the database served the voluminous reference book "Handbook Series on
Semiconductor Parameters' vol. 1,2 edited by M. Levinstein, S. Rumyantsev and M. Shur, World Scientific, London, 1996,
1999. We express sincere gratitude to M.E. Levingtein for help and attention to thiswork. A great number of reference books and
original papers cited at the end of this section have been used in compiling the information database.

We would like to express our warmest gratitude to all colleages presented their original data and literature references to complete
these archive. If you find these archive pages helpful, and use the data retrieved through the server for your reseach, we would
appreciate acknowledging it in your papers.

We would be indebted very much for any of your further suggestions and comments.
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GaAs - Gallium Arsenide

Basic Parameters at 300 K

Crystal structure Zinc Blende
Group of symmetry Tg?-F43m
Number of atoms in 1 cfn 4.42.162
de Broglie electron wavelength 240 A
Debye temperature 360 K
Density 5.32 g cm
Dielectric constant (static ) 12.9
Dielectric constant (high frequency) 10.89
Effective electron masse 0.063ng
Effective hole masseas, 0.5Im,
Effective hole masses, 0.082ng
Electron affinity 4.07 eV
Lattice constant 5.65325 A

Optical phonon energy 0.035 eV



GaAs - Gallium Arsenide

Band structure and carrier concentration

Basic Parameters
Temperature Dependences
Dependence of the Energy Gap on Hydrostatic Pressure

Energy Gap Narrowing at High Doping Levels
Effective Masses

Donors and Acceptors

Basic Parameters

Energy gap 1.424 eV
Energy separation () betweerl" and L valleys 0.29 eV

Energy separation (k) betweer” and X valleys 0.48 eV

Energy spin-orbital splitting 0.34 eV
Intrinsic carrier concentration 2.1-16 cn3
Intrinsic resistivity 3.3-16 Q-cm
Effective conduction band density of states 4.7.137 cni3
Effective valence band density of states 9.0-1d8cnt3
Efgf'ir T e Band structureand carrier concentration of GaAs. 300 K

Eeo=1Ta Eg =1.42 eV
ST E =171 ev
‘ Ex=1.90 eV
Eso=0.34 eV
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Temperature Dependences
Temper ature dependence of the energy gap

Eg=1.519-5.405- 1¢-T2/(T+204) (eV)
whereT is temperatures in degrees K (0 < 16%).

Temperature dependence of the energy difference between the top of the valencel laadbattom of the
L-valley of the conduction band

E_ =1.815-6.05104 T2/(T+204) (eV)

Temperature dependence of the energy difference between the top of the valencel blamdhattom of the
X-valley of the conduction band

EL =1.981-4.60104.T2/(T+204) (eV)



Thetemperature dependences of therelative populations of the T, L
and X valleys.
(Blakemore [1982])
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Intrinsic Carrier Concentration

n =(N¢ -N, )Y%exp(-Ey/(2k,T))

Effective density of states in the conduction band taking into account the nonparaboth#l-ehlley and
contributions from the X and L-valleys

Ng= 8.63:133.13/91-1.93104.T-4.19- 1. T2 +21-exp(-G1/(2k,T)) +44-exp(-Ex/(2k,T)) (cm3)
Effective density of statesin the valence band

Ny= 1.83-13°-T3/2(cnm3)

65 ——— T Fermi level versustemperaturefor different concentrations of
wl 17em? £, | shallow donorsand acceptors.
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Dependences on Hydrostatic Pressure

Eg = Eg(0) + 0.0126:P - 3.710°P? (eV)
EL = EL(0) + 5.5103P (eV)
Ex = Ex(0) + 1.5103P (eV)
whereP is pressure in kbar.

Energy Gap Narrowing at High Doping Levels



Energy gap narrowing at high doping levels.

W
- (Tiwari and Wright [1990])
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AEg= 2-1011.N; 12 (eV) (Ng- in cm:3)

Effective Masses

Electrons:

ForT-valley mp = 0.063n,

In the L-valley the surfaces of equal energy are ellipsoids
m=1.9m,
m= 0.0751,

Effective mass of density of states

m =(16mm?)1/3 m =0.85m,

In the X-valley the surfaces of equal energy are ellipsoids
m=1.9m9
m=0.19m,

Effective mass of density of states

mx=(9mm?)*3 my=0.85mo

Holes:

Heavy my = 0.5Im,

Light myp = 0.082n,

Split-off band Mgo = 0.157m,

Effective mass of density of states = 0.53n,

Donors and Acceptors

lonization ener gies of shallow donors (eV)

(Milnes [1973])

S Se S Ge Sn Te
~0.006 ~0.006 ~0.006 ~0.006 ~0.006 ~0.03

| onization ener gies of shallow acceptors (eV)

(Milnes [1973])

C S Ge Zn Sn
~0.02 ~0.03/0.1/0.22 ~0.03 ~0.025 ~0.2



GaAs - Gallium Arsenide

Electrical properties

Basic Parameters
Mobility and Hall Effect
Transport Properties in High Electric Fields

Impact lonization
Recombination Parameters

Basic Parameters

Breakdown field ~4.-1® Vicm
Mobility electrons <8500 cn? V-1st
Mobility holes <400 cn? v-1st

Diffusion coefficient electrong200 cn#/s
Diffusion coefficient holes <10 cné/s

Electron thermal velocity  4.4.18 m/s
Hole thermal velocity 1.8-10m/s

Mobility and Hall Effect

1
Deformatian —™ LF  Palar

potentiol mobitty o A& - mobil ity (Stillmanet al.[1970]
1. Bottom curveNg=5-1dcnm3;

2. Middle curve Ng=10cm3;
3. Top curve Ng=5-103°cm3

. mobility
T 10 00 won Hp=9400(300/T)en? V1sl

Temperature T (K}
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Open circlesNg=4N,=1.2- 137 cm3;
Open square$g=4N;=106 cnm3;
Open trianglesNg=3N,=2-1d° cnr3;
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Electron Hall mobility versustemperaturefor different doping levels.

For weakly doped GaAs at temperature close to 300 K, electron Hall

Electron Hall mobility versustemperature for different doping levels
and degrees of compensation (high temperatures):

Solid curve represents the calculation for pure G&skemore[1982])
For weakly doped GaAs at temperature close to 300 K, electron drift



" 7 T Drift and Hall mobility versus electron concentration for different
" ol w 7 =71K| T degreesof compensation T=77 K
N 10 Mo T. (Rode [1975])
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Drift and Hall mobility versus electron concentration for different
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(Rode [1975])
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Approximate formula for the Hall mobility

. U =Mon/(1+Ng-1019)12 wherepop=9400 (cnf V1 s1), Ng- in cni3

(Hilsum [1974])
71 Temperature dependence of the Hall factor for pure n-type GaAsin a
= | weak magnetic field
F { (Rode [1975])
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- o ~] Temperature dependence of the Hall mobility for three high-purity
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T e | (Wiley [1975])
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For GaAsat temperatures closeto 300 K, hole Hall mobility

13
| T u [T
Ay = |0.0025 +4x107 p
300 300 11 . 3
(cm?V-1st), (p -incmd®

For weakly doped GaAs at temperature close to 300 K, Hall mobility
HpH=400(300/T$-3 (cn? V-1 1),
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(Wiley [1975])

At T=300 K, the Hall factor in pure GaAs

rH=1.25.

Transport Properties in High Electric Fields

Drift velonity vy [107em 7]
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Field dependences of the electron drift velocity.
(Blakemore[1982]).

Solid curve was calculated fozhela and Reklaitis[1980])
Dashed and dotted curves are measured data, 300 K

Field dependences of the electron drift velocity for high eectric fields,
300 K.
(Blakemore[1982])

Field dependences of the electron drift velocity at different
temper atures.
(Pozhela and Reklaitis[1980])




i 300 Fraction of electronsin L and X valleys. n_ and ny asa function of

. s} ; . ?;53'5"'{5 electric field F at 77, 160, and 300 K, Ng=0
% el kA TAEEM (Pozhela and Reklaitis[1980])
S e "'.‘-I;,’f Dotted curve L valleys, dashed curvex-valleys.
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Ly a6r " | Solid curve 1 valleys, dotted curvel- valleys, dashed curvex-valleys.
k]

! rolie Bl RN P
0 2 4 6 B 20 40 B0
Field F Tk¥em™)

— Frequency dependences of electron differential mobility.

E": Hq is real part of the differential mobility;gfis imaginary part of
27 differential mobility.

gy F=5.5 kV cm?

E ;} (Rees[1969])
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£ F
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-2 Bp 900 150
Frequency f[GHMz)

T } Thefield dependence of longitudinal electron diffusion coefficient
" Tl D||F.

o BOof Solid curves 1 and 2 are theoretical calculations. Dashed curves 3, 4, and
Z el 5 are experimental data.

= Curve 1 - fromPozhela and Reklaitis[1980])

g wir 1 Curve 2 - from(Fauquembergue et al.[1980])

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

2 Curve 4 - fromBareikis et al.[1978])

[ =1

Curve 5 (from de Murcia[1991])

Field dependences of the hole drift velocity at different temper atures.
(Datal et al.[1971]).
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Impact lonization

Temper ature dependence of the saturation hole velocity in high
electric fields
(Datal et al.[1971]).

Thefield dependence of the hole diffusion coefficient.
(Joshi and Crendin [1989])

There are two schools of thought regarding the impact ionization in GaAs.

Thefirst one states that impact ionization ratgsandp; for electrons and holes in GaAs are known accurately
enough to distinguish such subtle details such as the anisothrejpgrafs; for different crystallographic
directions. This approach is described in detail in the work by Dmitriev et al.[1987].

lonizaticn rate o, B lem'Tl

3

O a
B o
Fli==100=>
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1.7 {10 F%em v
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F Il =110

ZNn 2% ZL ZE 7B 30 37

175 11 % cm v-h

Experimental curves «; and g versus 1/F for GaAs.
(Pearsallet al.[1978]).

Experimental curves «; and g; versus 1/F for GaAs.
(Pearsallet al.[1978]).




Experimental curves «; and f; versus 1/F for GaAs.
(Pearsallet al.[1978]).
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The second school focuses on the values gfandg; for the same electric field reported by different researches

differ by an order of magnitude or more. This point of view is explained by Kyuregyan and Yurkéy. [198

According to this approach we can assumedhats;. Approximate formula for the field dependence of ionization
rates:

ai = B =agexpld - (6% + (Fo/ F)?)1/2
whereag = 0.245-18 cmil; f = 57.6 Ry = 6.65-16 V e (Kyuregyan and Yurkov [1989)).

= Breakdown voltage and breakdown field versus doping density for an
-mE'E abrupt p-n junction.

=y

= - (Kyuregyan and Yurkov [1989])
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Concentration A fem-3)

Recombination Parameter

Pure n-type material (ng ~ 10t4cm3)

The longest lifetime of holes T ~3- 106 s
Diffusion lengthLy = (Dpzp)*/2 Lp ~30-50 pm.
Pure p-type material

(a)Low injection level

The longest lifetime of electrons ¢, ~5.10%s
Diffusion lengthL,, = (D7 n)1/2 Ln~10 um

(b) High injection level (filled traps)

The longest lifetime of electrons ;1 ~2.5.10" s
Diffusion lengthL, Lp~70 pm



< - - » 3 Surfacerecombination velocity ver sus doping density
5 S (Aspnes [1983])
w | ,/"* » ' | Different experimental points correspond to different surface treatment
g N methods.
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Radiative recombination coefficient (Varshni[1967])

90 K 1.8-108%cmd/s
185 K1.9-10%md/s
300 K7.2.10%0cmd/s

Auger coefficient

300 K~1030%cmb/s
500 K~102%mb/s



GaAs - Gallium Arsenide

Optical properties

Infrared refractive index
Radiative recombination coefficiemt 1010 cnd/s

Infrared refractiveindex

n = k2= 3.255.(1 + 4.5-181)
for 300 Kn= 3.299

Long-wave TO phonon energy

hvto = 33.81-(1 - 5.5-18 T) (meV)
for 300 Khvro = 33.2 meV

L ong-wave LO phonon ener gy

hv o= 36.57-(1 - 4-10 T) (meV)
for 300 Khy o = 36.1 meV

Reflectance & Refractive index n

a {10¥ em ™)

8

ar

36

s

34

as-measured

sorragted for K

1 rl

1 ] 1
12 13 14 15 16 17

Fhoton energy fvliey]

1] é} 'Ill_'l h L]

Phaton emergy fw W]

—
>
T ¥ T

.......

K, 90K, [71K

U2 1i. 146 V@ 180 150
Pholan energy Avie¥]

3.3

Refractive index n ver sus photon energy for a high-purity

GaAs.(ng~5-133 cnT3).

Solid curve is deduced from two-beam reflectance measurements at 279
K. Dark circles are obtained from refraction measurements. Light circles
are calculated from Kramers-Kronig analysis

(Blakemore [1982])

Normal incidence reflectivity ver sus photon ener gy.
(Phillip_and Ehrenreich [1963])

Intrinsic absor ption coefficient near theintrinsic absor ption edge for
different temperatures.

(Sturge [1962])

A ground state Rydberg enerBy1= 4.2 meV



2 Wi -y INtrinsic absor ption edge at 297 K at different doping levels. n-type
g ) High purity{-u Sw10% em} doping

£, so0em? (Caseyet al.[1975]).
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Intrinsic absor ption edge at 297 K at different doping levels. p-type
doping

04| (Caseyet al.[1975]).

Absorption coefficient o (e
H.

ey
[=]

13 14 15

07 ' o " The absor ption coefficient ver sus photon energy from intrinsic edge
to25eV.
(Caseyet al.[1975]).

Ahearpticn coetficent ¢ fer )
Sl.l‘
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2 & t 810 20 30
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Freecarrier absorption versuswavelength at different doping levels,
296 K

L (Spitzer and Whelan [1959])
i Conduction electron concentrations are:
;s 1.1.3-187cm3: 2. 4.9-187cmy3; 3. 10'8cm3; 4. 5.4.138cm3
B Freecarrier absorption ver suswavelength at different temperatures.
) No = 4.9-187cm3 (Spitzer and Whelan [1959])
= Temperatures ard: 100 K;2. 297 K;3. 443 K.
A | e e
1 & & & 10
Wravelangtls & (Ll
At 300 K

Fori~2 pma=6-1018n, (cml) (ng - in cnl)
For > 4um and 18'<ny<108cm30 = 7.5- 102%-43 (cmi) (ng - in 3, & - um)



GaAs - Gallium Arsenide

Thermal properties

Bulk modulus 7.53-161 dyn cm?
Melting point 1240 °C
Specific heat 0.33Jgl°c?

Thermal conductivity — 0.55 W cmt °C -1
Thermal diffusivity 0.31cnis?

Thermal expansion, lineg73.10° °Cc-1
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Temperature dependence of thermal conductivity
n-type sample, pi(cn3): 1. 10'6; 2. 1.4.146; 3. 10'8;
p-type sample, p(cn3): 4. 3-13%8; 5. 1.2-18°,
(Carlson et al [1965]).

Temper atur e dependence of thermal conductivity (for high
temperature)

n-type sample, yi(cn3): 1. 7-10°; 2. 5-106; 3. 4.137; 4. 8- 138,
p-type sample, p(cnt3): 5. 6-13°.
(Blakemore [1982]).

Temper ature dependence of specific heat at constant pressure Cqy=
3kyN = 0.345 J gf°C 1.

N is the number of atoms in 1 g og GaAs.

Dashed lineCp= (4n°Cq / 505°)- T for 0= 345 K.

(Blakemore [1982]).

Temperature dependence of linear expansion coefficient a

(Novikova[1961]).



Melting point Tm=1513 K

For 0 < P < 45 kbar m= 1513 - 3.5P (P in kbar)
Saturated vapor pressure (in Pascals)
1173 K 1

1323 K 100



GaAs - Gallium Arsenide

Mechanical properties, elastic constants, lattice vibrations

Basic Parameter
Elastic constants
Acoustic Wave Speeds
Phonon frequencies

Basic Parameter

Bulk modulus 7.53-161 dyn cm?
Density 5.317 g cr?
Hardness on the Mohs scale between 4 and 5
Surface microhardness (using Knoop's pyramid @&sg)kg mm?
Cleavage plane {110}
Piezoelectric constant e14=-0.16 C n?

Elastic constants 300 K.

C11=11.90- 18! dyn/cn?
C12=5.34-161 dyn/cn?
C44=5.96- 161 dyn/cn?

.EI

Temperature dependences of elastic constants.
o ™ For 0<I<T,=1513K (in units of 18 dyn cm?)

| Cu=12.17 - 1.44-18T
| C1p=5.46 - 0.64- 18T
A Cw 7 Cas=6.16-0.70-16T
(Burenkov et al. [1973])

=)
T T
¢
f
!

o 2
T

Elastic canstants l.‘.iiilﬁk" dyn cm

C
sf T
Fi L 1
a 200 400 EIZIII] B0
Temperature T § K]
For T =300 K

Bulk modulus (compressibilit}) B&= 7.53- 18dyn/cn?

Shear modulus C'= 3.285. 1¥ldyn/cn?
[100] Young's modulus Y o= 8.59- 181dyn/cn?
[100] Poisson ratio oo =0.31

Acoustic Wave Speeds

(in units of

Wave Wave
propagationcharacte

Expression for wave sperd Wave speed




Direction | | 166 cmis)
[100] Vi (Cyalp )12 4.73

VT |(Cadp)*? 3.35
[110] Vi [(C11+Cj2+2Caa)/2p 112 |5.24

Vi [VyFVT=(Cadp)*2 3.35

Vi [(C11-C12)/2p] 2 2.48
[ M [[(C1a+2C12+4Ca)/3p] % (54

Vi [(C12-C12+Caa)/3p]V2 2.8

Phonon frequencies

(in units of 132 Hz) (Waugh and Dolling [1963])

vro(l') 8.02v o (X) 7.22
vio(l') 8.55vrA(L) 1.86
v1a(X) 2.36v a(L) 6.26
via(X) 6.80vtp(L) 7.84
vro(X) 7.56v (L) 7.15




GaAs - Gallium Arsenide
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Basic Parameters at 300 K

Band structure and carrier concentration
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Ga, In,.As

Basic Parameters at 300 K

Gag.471np53AS
Crystal structure Zinc Blende
Group of symmetry T¢>-F43m

Number of atomsin1l 3.98.182
cm3

Bulk modulus 6.62- 181 dyn/cn?
Debye temperature 330K
Density 5.50 g-cri?

Melting point, T,
Specific heat 0.3Jglc?
Thermal conductivity  0.05 W cmt °C 1

Thermal expansion 5.66x106°C -1
coefficient, linear

Dielectric constant 13.9
(static)

Dielectric constant (high11.6
frequency)

Infrared refractive index 3.43 cn? v-1g1
n

Radiative recombinationg.96 x 101° cmé/s
coefficient

Energy gaps, & 0.74 eV

Effective electron mass 0.041m, (atn=
Me 2.1¢7 cm?d

Effective hole massas, 0.45mg

Effective hole massegp 0.052m,

Effective hole masses
(split-off band)mg,

Electron affinity 45 eV
Lattice constant 5.8687 A
Piezoelectric constant

Optical phonon energy 34 meV

GaylnqxAs

Zinc Blende
Te2-F43m
(3.59-0.83)- 1(72

(5.81+1.7%)- 10t dyn/cn?

(280+ KK
(5.68-0.3%) g-cn1®
~=1100° C

seeTemer ature dependences

seeTemerature dependences

15.1-2.8%+0.67%2

12.3-1.4
(3.51-0.16 ) V-1s1
seelmpact lonization

(0.36+0.63+0.43¢) eV

(0.4105+0.6337+0.475¢)
eV

(0.023+0.03%+0.003%) my

(0.41+0.X) m,

(0.026+0.058) m,
~=0.15m,

(4.9-0.83 eV
(6.0583-0.40%\
e14= -(0.045+0.11%) C/n?

deaman-active phonon
modes

Remarks Referens
300 K

300 K
300 K

300 K

300 K
300 K

300 K

300 K

300 K

300 K

300 K

300 K
2K

300 K

300 K

300 K
300 K

300 K
300 K
300 K

300 K

Goldberg YUA. &
N.M. Schmidt (1999)

Goetz et al.(1983)

Pearsall (1982)

Goldberg YU.A. &
N.M. Schmidt (1999)



Gax |n1-x AS

Band structure and carrier concentration

Basic Parameters

Band structure

Intrinsic carrier concentration

Lasing wavelength

Effective Density of States in the Conduction and Valence Band
Temperature Dependences

Dependences on Hydrostatic Pressure
Band Discontinuities at Heterointerfaces
Energy gap narrowing at high doping levels
Effective Masses and Density of States
Donors and Acceptors

Basic Parameters for Gaylnq.xAsyPq.y

Zinc Blende crystal structure

Gag.a71nps3As  GaxlnixAs

Remarks Referens

Energy gaps, £ 0.74 eV (0.36+0.63+0.43) eV 300 K Goetz et
al.(1983)

Energy gaps, & (0.4105+0.633%+0.475%23) 2K Goetz et
eV al.(1983)

Electron affinity 45 eV (4.9-0.83 eV 300K

Conduction band

Energy separation between X valle¥.33 eV (1.37-0.63+1.16¢2) eV 300 K Goetz et

and al.(1983)

top of the valence barig

Energy separation between L valle§.2 eV (1.08-0.02+0.65¢) eV 300 K Goetz et

and al.(1983)

top of the valence bartg|

Effective conduction band density 6f 1,137 cm3 seeTemerature dependences

states

Valence band

Energy separation of spin-orbital *** *rk

splitting Ego

Effective valence band density of - 7. 138 cm3 seeTemerature dependences

states

Intrinsic carrier concentration 6.3-1d1 cm3 seeTemerature dependences

Band structure for Gaylnq.xAs



Energy Gayln1.xAs (zinc blende, cubic). Band structure

Important minima of the conduction band and maxima of the valence

Kovalhey M-valley band..

For details se&oldberg Yu.A. & N.M. Schmidt (1999)

£
0 <11

Ey
¥ _.-"'_/ T Wove vechor
Heavy holes
Light holes

: N\Spht- off band

T Gaylny.xAs. Energy gap Eg Energy separations between I'- ,X-, and L
ank ] -conduction band minima and top of the valence band vs. composition

; parameter X.
b 1
L L

Porod and Ferry (1983)

Ermrgy £ le¥l

L i i L i .
09 0@ o0& @6 o8 10
Compaosilion »

Interfacial elastic strain induced by lattice parameter mismatebeba epilayer and substrate results in significant
band-gap shifts:

085
(8L

Gayln1.4As. Energy band gap Eg of unstrained (solid line) and
strained (dashed line and experimental points) vs. composition

e parameter Xx.

& oph Solid line is calculated according to Eg= (0.4105+0.63874753) eV.
5 Experimental points are obtained4ét.

E mr Kuo et al.(1985)

L) g

ors
045 b5 06T OiB 045 OBD 4051 082

Cormpasition x

Brillouin zone of the face centered cubic lattice, the Bravais lattideeof
diamond and zincblende structures.

Brillouin zone of the hexagonal lattice.




Temperature Dependences

Eg (x,T)=0.42 + 0.625% -[5.8/(T+300)-4.19 GalnixAs Paul et al.(1991)
[(T+271)]- 10%T2%x- (eV)
- 4.19-1672/(T+271) +0.475%2 (eV)
Eg (X, )= Eq (0) + (6¢- 8.6x +5.2). 10% T2/(3372- 455 Ga(ni-xAs on Ga Karachevtseva et
+196) As al.(1994)
Eg (x,T)= 0.42 + 0.62% -[5.8/(T+300)-4.19 Galni,As
[(T+271)]- 10%T2x- (eV)

- 4.19-172/(T+271) +0.475%2 (eV)
whereT is temperature in degrees K

0825 ' T ’ Gap 47/n0.53As. Energy gap Eg of vs. temperature
Points are experimental data.
- 0B0OF 1 Solid line is theoretical calculation.
:;_ 0775 Eg(0)=821.5 + 0.2 meV.
> [ Zielinski et al.(1986)
E 0750 F X
0725 - ! .
(] 100 200 300
Temperature T{K]
133 - ——— Gag g71n0.13As. Energy gap Eg of vs. temperature
ik v | Points are experimental data.
= Solid line -- 1.321 - 4.1- 1HT2/(T+139)
- 1 Karachevtseva et al.(1994)
& 127
¢
w 125
By 0 300

Temperature T IK]

Lasing wavelength Ag

Intrinsic carrier concentration:

ni = (Ne-N))Y2ex(-Eg/(2kgT)) ~= 4.82 x 185 - [(0.41-0.09)%2+(0.027+0.04%)391/2
X(0.025+0.0483 T3/2 exp(v/2)(1+3.75¢ +3.2842 -2.4643)1/2] (cmr3) ,

wherev=E(x,T)/2kT

Paul et al.(1991).



Gaylnq.4As. Intrinsic carrier concentration vs. temperature for
1 Gadng4As.

T = 100K; 200K; 300K; 400K; 500K;

Paul et al.(1991)

tg a; leml]

00 B3 B4 06 68 10

Composition »

n; = 6.3x1011 cm-3 fofag 471 N 53AS at 300K

Effective density of states in the conduction band: N¢

Ng ~= 4.82 x 18° - (mp/mg)3/213/2 (cm3) ~= 4.82 x 185 . (0.023+0.03%+0.0032)3/2T3/2 (cn3) -

Effective density of states in the valence band: N,

Ny ~= 4.82 x 18° - (my/mg)3/2T3/2 (cn3)= 4.82 x 18° - (0.41-0.%)32T3/2 (cr3) -

Dependence on Hydrostatic Pressure

Eq (0.47P)~= (0.796+10.9x 18 -P -30x10° -P?) 80K, Gag47lngs3As x=0.47 Lambkin and Dunstan

eV (1988)
Eq (0.47P)~= (0.733+11.0x 18 -P -27x106 -.P?) 300K, x=0.47

eV Gap 471np 53As

Eq (0.0,P)~= (Eg (0)+4.8x 10° -P) eV 300K, InAs =0.

Eq (1.0,P)~= (Eg (0)+12.6x 103 -P -37.7x10° 300K,GaAs x=1.

-P?) eV

whereP is pressure in kbar.

Energy gap narrowing at high doping levels

Wy T Gag.471n0.53As. Energy gap narrowing Eg vs. donor (solid line)and
z acceptor (dashed linejloping density
E solid line -- donor doping density;
by - | dashed line -- acceptor doping density
g : -~="3 Jainetal. (1990)
e ]
Ll

Concentrotion Mlem™)




AEg~= (A -NY310° +B NY4107 +C ‘N21012) mev 300K,Gap47Ings3As x=0.47
where
n:A=15.5; B=1.95; C=159 300K Gag 471 ng 53As x=0.47
p:A=9.2; B=3.57; C=3.65 300K Gag 471Ng 53As x=0.47

N -- carrier concentration in cfh

Band Discontinuities at Heterointerfaces

Band discontinuities &ayl ny.xyAs/AlyGay.yAs heterointerfac&hur (1990)

Referens
Conduction band AE, =(AEg -AE,) eV Shur (1990)
discontinuity
Valence band AE; = (0.44AEgg) eV Shur (1990)
discontinuity
whereAEgyg (eV) = [1.24% + 1.5(1x) - 0.4(1x)?] (eV) is the difference
betweer-valleys in Galni_yAs and A{ga1-yAS .
Energy gafEy AEg = AEgq for y<0.45
discontinuity :
Energy gaeg AEq = 0.476 +0.12§ + 0.1432  fory>0.45
discontinuity : +1.5(1%) - 0.4(1X)2
Band discontinuities AE, ~=0.38 eV atGag 471 ng53AYINP Adachi
AE; ~=0.22 eV heterointerface (1992);
Hybertsen
(1991)
Band discontinuities AE, ~=0.2 eV at Adachi
AE;~=0.52 eV Gag.471np53AFAlp.48INp 52As  (1992);
heterointerface Hybertsen
(1991)

AE; /AEG=1[0.653 + 0.1(1¥)] eV atGaylnyxAgAlxIng 4As Wolak et
heterointerface al.(1991)

Effective Masses and Density of States:
Electrons

For wurtzite crystal structure the surfaces of equal energyalley should be ellipsoids, but effective masses in
direction and perpendicular directions are estimated to be approximately the same

Effective Electron Remarks Referens
M asses

Effective electron mas®.023 -0.03% +0.003%2 Galnj.4As; 300K; forl’ - Goldberg Yu.A. & N.M.
Me= My My valley Schmidt (1999)




Effective electron massn= 0.041m, at n= Gay 47Ang 59AS; x=0.47 Pearsall (1982)
Me 2x.10H7 e
my= 0.074m, at n=
6x- 1018 cm®
m_ =0.29my ; (L - Gay 474Nng 53AS; x=0.47 Pearsall (1982)
valley )
my = 0.68my ; ( X -
valley )

Gaylni.xAs. Electron effective massvs. concentration x for Ga|nq.4As;
T 300K
1 Adachi (1992

Q06

= 00E

myfm

ooz

oo 0L 1]
Composition »

Holes

Effective Masses for Zinc Remarks Referens
Blende GaN

Effective hole masses (heaupw, my~=(0.41-0.X) my Galni,AS; Goldberg Yu.A. & N.M. Schmidt

300K; (1999)
Effective hole masses (light}, mp ~=(0.026 -0.056 Galny.4As;
) My 300K;
Effective hole masses (split-off mgg~= 0.15m, Gadny 5As;
band)ms 300K;
Donors and Acceptors
lonization ener gies of Shallow Remarks
Donors
Sn, Ge, Si, C ~5meV @adngsAs; Goldberg Yu.A. & N.M. Schmidt
x=0.47 (1999)
Sn, Ge, Si, S, Se, Te >1meV Inksp
Sn, Ge, Si, S, Se, Te ~6meV Gaksl
lonization ener gies of Shallow
Acceptor
Mg ~25meV GggAng5dAs; Goldberg Yu.A. & N.M. Schmidt
x=0.47 (1999)
Zn ~20meV GggAngsAs;
x=0.47
Cd ~30meV GgaAng 5dAs;

x=0.47



Mn ~50 meV GggAng 59AS;

x=0.47
Fe ~ 150 meV G@yAng 53AS;
x=0.47
(above valence band), 280, 370, and 440 below conduction band
Mg ~25meV GgniAs; Ox<1
Be ~25meV Ggni4As; O<x<1
Cd ~8-20 GalniyAs; Ox<1

meV

(above valence band), 280, 370, and 440 below conduction band
Sn-10; Ge-14; Si-20; Cd-15; Zn-10 meV InXsD
C - 20, Si - three acceptor levels ~ 30, 100, ar@@aAs;x=1

220,
Ge - 30, Zn - 25, Sn - 20.
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Electrical properties

Basic Parameters

Mobility and Hall Effect

Two-dimensional electron and hole gas mobility in heterostructures

Transport Propertiesin High Electric Fields

Impact lonization

Recombination Parameters

Basic Parameters

Breakdown field

Mobility electrons

Mobility holes

Diffusion coefficient
electrons

Diffusion coefficient
holes

Gag 471ng 53AS
~2.1® Vicm

<12-16 cn?
V'ls‘l

<300 cn? V-1isl
<300 cnf/s

<7.5 cnfls

Electron thermal velocitys 5.1 m/s

Hole thermal velocity 2.1®m/s

Surface recombination

velocity

Radiative recombinationg.96- 100 cnmd/s

coefficient
Auger coefficient

7-1029 cnfls

GaylnqxAs
~(2+4)-1@ Vicm

(40-80.%+49.242)- 10° cn?
visl
~300+400 cm V-1s1

(10-20.2+12.3¢)- 1¢%
cmé/s

~7+12 cri/s

(7.7-5.9+2.6X)- 1P m/s
(1.8+2)-1Bm/s
<10f cmi/s

Remarks Referens

300 K

300 K

300 K
300 K

300 K

300 K
300 K
300 K

300 K

300 K

Goldberg YU.A. &

N.M. Schmidit (1999)
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Optical properties

Gag471ngs3As GaylnixAs Remarks Referens
Dielectric constant (static) 13.9 15.1-2.8%+0.6 72 300 K
Dielectric constant (high 11.6 12.3-1.4 300 K
frequency)
Infrared refractive inder 3.43 cn? v-1sl (3.51-0.1&) Vv-is? 300 K Goldberg YU.A. &
N.M. Schmidt (1999)
Radiative recombination 9 .96 x 10610 seelmpact lonization 300 K
coefficient cméls
Optical phonon energy 34 meV seaman-active phonon 300 K

Refroclive index o
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modes

Refractive index n versus alloy composition x at different photon
energies
11.2eV
209eV
30.6eV.

Takagi (1978)

Refractive index n ver sus photon energy for x=0.47. 300 K.

Adachi (1992)

Normal incidence reflectivityver sus photon energy for x=0.47. 300 K.
Adachi (1992)
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The absor ption coefficient ver sus photon energy at different
temperaturesfor x=0.47.

Electron concentration,=8- 13 cm3.

Curves are shifted vertically for clarity.
Zielinski et al. (1986)

The absor ption coefficient ver sus photon energy for x=0.47, 300 K.
Adachi (1992)

Freecarrier absorption coefficient ver sus wavelength.
a-T=300K,b-T=92K.

1x=0.08,Ng=1.4-137 cm3

2x=0.1Ng=5.4-18" cm3,

Aliev et al. (1987)

A ground state Rydberg energyiR2.5 meV (forx=0.47).
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Thermal properties

e Basic parameters
e Thermal conductivity
e Lattice properties

Basic parameters

Gapa7lngs3As  GaylnixAs Remarks Referens
Bulk modulus 6.62-161 (5.81+1.7%)- 101 300 K Goldberg YU.A. &
dyn/cn? dyn/cn? N.M. Schmidt (1999)
Debye temperature 330K (280+X. K
Density 5.50 g/cnd 5.68-0.37x glcrh 300 K Goldberg YU.A. &
N.M. Schmidt (1999)
Melting point, Ty, ~=1100° C
Specific heat 0.3Jglc-1
Thermal conductivity 0.05 W cml °C -1 seeTemerature
dependences
Thermal expansion 5.66x106°C -1  seeTemerature
coefficient, linear dependences
Lattice constant 5.8687 A (6.0583-0.402\

Thermal conductivity

Thermal conductivity.05 W cmt °C -1

Gaylni.xAs. Thermal resistivity vs. composition parameter X
300K

Solid lines shows the experimental data.

Dashed lines are the results theoretical calculation.

Adachi (1983)

Therma! resisteeity [em KW

o oz 04 [+1:] nm 1.0
Camposition »

Gayln1.xAs. Specific heat at constant pressure vs. temperature for

different concentrations
1-x=0.0;

2 - x=0.2;

3-x=0.4;

4 - x=0.6;

5 -x=0.8.

6 - x=1.0.

o ’ 08 * 3|;I|o * 300 Srotaetal. (1982)_

Temperature T (K]

o3t

DEE

0 f=

Specific heat Cp b )ig K]




— Gaylni.xAs. Debyetemperaturevs. temper ature for different
50 concentrations.
= 1 - x=0.0;
% 2 -x=0.2;
'Eim 3 -x=0.4;
: 4 - x=0.6;
2 5-x=0.8.
6 - x=1.0.
B T T T Srota et al. (1982)
Temperature T IR}
Lattice properties
L attice parameters
Remarks Referens
Lattice constanta (6.0583-0.40%) A Gacnq_,As; 300K Adachi (1982)
5.8687 A G@.47ng 53As; 300K,x=0.47

Linear thermal expansion coefficient
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Mechanical properties, elastic constants, lattice vibrations

Basic Parameter
Elastic constants

Micro Hardness
Acoustic Wave Speeds
Phonon frequencies

Basic Parameter

Gag 4Angs5As GaylnixAs Remarks Referens
Bulk modulus 6.62-1681 (5.81+1.7%)- 101 300 K Goldberg Yu.A. &
dyn/cn? dyn/cn? N.M. Schmidt (1999)
Debye temperature 330K (280+X &
Density 5.50 g/cn? 5.68-0.37x glcr 300 K Goldberg Yu.A. &
N.M. Schmidt (1999)

Melting point, Ty, ~=1100°C
Specific heat 0.3Jglec-1
Thermal conductivity 0.05 W cml °C -1 seeTemerature

dependences
Thermal expansion 5.66x100°C-1 seeTemerature
coefficient, linear dependences
Hardness on the Mohs scale *xk
Surface microhardness seeMicro Hardness
(using Knoop's pyramid
test)
Piezoelectric constant 16 -(0.045+0.11%)

CIn?
Cleavage plane {110} {110}
Lattice constant 5.8687 A (6.0583-0.492

Elastic constants at 300K

Cy11 = (8.34 + 3.56x)- 18 dyn/cn?
Ci2 = (4.54 + 0.8x)- 18 dyn/cn?
Caq = (3.95 + 2.01)- 18 dyn/cn?

Cleavage plane {110}

Bulk modulus (compressibility})

Bs=(C11+2C12)/3 Bs = (5.81+1.78)- 101 dyn/cn?
Anisotropy factor

C'=(C11-C19)/2 A =(0.48+0.0%)

Shear modulus
C'=(C11-C12)/2 C' = (1.9+1.38)- 101 dyn/cn?



[100] Young's modulus

Yo=(C11+2C12)-(C11-C12)/(C11+C12) Y o= (5.14+3.39)- 10 dyn/cn?

[100] Poisson ratio
00=C12/(C11+C12)

Micro Hardness

6o = (0.35-0.04)

alloy systems:
w  IN1-xGaAS (1, 2),

™ INAS1.x-0.1Sn 1Py (5, 6).

pyramid

Micro hardness (Hv) andenergy gap values g vs compositionof three

3 In1.GaAs S 1 (3, 4) and

« Measured using (111) oriented epilayers at 50 g weight (stress) on Vikkers

w B.A.Matveev et al.lzv.Akad.Nauk SSSR, Neorg.Ma?€r(1990), 639

Knoop microhardness anisotropy on the {100} plane fof &g 59AS.

[T o8 | [0 (X0
't .
E 00 : T Adachi (1992)
< 580 1 ,'*'\L
P I
E 560 ! \I I %
< 540 ‘.I hE =y “ o
5 ’ t
= B
a 320 3
E 500 PR W TR T TR N T
¥ 0 0 20 30 &0 S0 50 70 BD 30

Angle from <1103

Acoustic Wave Speeds

Wave propagatiolVave character Expression for wave speed

Direction

[100] VL (longitudinal) (C11/&rho)/2
VT (transverse) (Ca4/&rh0)l/2

[100] Vi [(C11+Cjp+2Cy4)/2&rho] 12
Vil VyEVT=(Ca4/&rho;)1/2
Vil [(C11-C12)/2&rho] /2

[111] v [(C11+2C 5+4Cy4)/3&rho] 12
Vi [(C11-C12+Ca4)/3&rho] /2

Phonon frequencies

= Contact author.A.Matveev

Wave speed
(in units of 1@ cm/s)

3.83+0.90x
2.64+0.71x
4.28+0.96x
2.64+0.71x
1.83+0.65x
4.41+0.99x
2.13+0.67x



I

Waovenumber |cm

ano

280

260

L L5
(=] B
(=] [=]

(=]
o

i (!
0L 06
Cemposition x

Raman-active phonon modes in,G3g _ As.
The symbols show experimental results.
1 - LO phonon behavior,

2 - TO phonon behavior,

3,4 - mixed mode behavior.

Pearsallet al. (1983)
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Piezoelectric, Thermoelectic and Magnetic Properties

Piezoelectric constant

Remarks Referens
Piezoelectric constant e;,= -(0.045+0.115x) C/m2 300K Goldberg YU.A. & N.M. Schmidt (1999)




Ga, In,.As
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3 AlIn;_,As
[002]f.
3.1 Originaltexte

Dokument néchste Seite folgend.
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@ Basic Parameters at 300 K

@ Band structure and carrier concentration

@ Electrical Properties
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Mobility and Hall Effect

Two-dimensional €lectron and hole gas mobility at AlyGa1.,AsGaAs interface
Transport Propertiesin High Electric Fields

Transport properties of electron and hole two-dimensional gasin high electric field
Impact lonization

Recombination Parameters

Optical properties

Thermal properties

Mechanical properties
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Alx Ga1-x AS

Basic Parameters at 300 K

Crystal structure Zinc Blende

Group of symmetry T4>F43m

Number of atoms in 1 cfn (4.42-0.17x)- 169

Debye temperature 370+54x+22% K

Density 5.32-1.56x g-cnd
Dielectric constant (static) 12.90-2.84x

Dielectric constant (high frequency) 10.89-2.73x

Effective electron masse 0.063+0.083xm, (x<0.45)

Density-of-states electron masgy 0.85-0.14xm, (x>0.45)
Conductivity effective mass,,:  0.26m, (x>0.45)

Effective hole massas, 0.51+0.25xm,

Effective hole masses, 0.082+0.068xm,

Electron affinity 4.07-1.1x eV (x<0.45)
3.64-0.14x eV (x>0.45)

Lattice constant 5.6533+0.0078x A

Optical phonon energy 36.25+1.83x+17.12%5.113 meV



A'x Ga1-x AS

Band structure and carrier concentration

Basic Parameters

Temperature Dependences

Dependence on Hydrostatic Pressure

Energy Gap Narrowing at High Doping Levels

Band Discontinuities at AGa;.,As/GaAs Heterointerface

Basic Parameters

Energy gap x<0.45  1.424+1.247x eV
x>0.45  1.9+0.125x+0.143x
Energy separation () betweerl” and L valleys 0.29 eV

Energy separation (& betweeri” and top of valence band 1.424+1.155x+0.3 eV
Energy separation (g between X-valley and top of valence band+0.124x+0.144eV
Energy separation (B between L-valley and top of valence band 1.71+0.69x eV
Energy spin-orbital splitting 0.34-0.04x eV
Intrinsic carrier concentration x=0.1 2.1-1®cni3
x=0.3  2.1-1%cm3
x=0.5  2.5-19cm3
x=0.8  4.3-1bcm3
Intrinsic resistivity x=0.1 4-18Q-cm
x=0.3 1.1 Q.cm
x=0.5 1.1 Q.-cm
x=0.8 5-18Q.-cm

Effective conduction band density of states x<0.41  2.5-1%-(0.063+0.083342 cn3
x>0.45  2.5-1%-(0.85-0.14x32 cni3
Effective valence band density of states 2.5-16° (0.51+0.25x3/2 cmr3
Energy Band structure AlyGay_ for x<0.41-0.45. Important minima of the

vl condition band and maxima of the valence band
~walley

Lzvalley

IR0y |I {1113
--"'7' e, Wave vector
Ecp Heavy holes
- Light holes
P e

Split-aif band




Energy Band structure Al,Gay_ for x>0.45. Important minima of the

condition band and maxima of the valence band
r-valley

Er

E,
aooy| ¢

ey \ —~~ Wave vector
Eso Heavy holes
Light holes

Split-off band

S Energy separation between I'-, X-, and L - conduction band minima and top of the
28 r /1 valence band ver sus composition.
26f 1 Crossover points:
% 2.4LF L
W22} X Xe(L-X) =0.35 eV R =Ex =1.95 eV
£ 20 1 xc(I'-X) =0.41 eV F=Ex = 1.97 eV
18 [ 1
16 L | xo(I'-L) =0.47 eV E=E =2.04 eV

1'1.0.0 0.12 0.11. 0.15 OTB 1.0 (Saﬂa@(ﬂ)

Composition x

40 [T T T

Ratio of thetotal carrier concentration to the carrier concentration in
1 I'-valley as a function of equilibrium carrier concentration at 300K
T (Zaremet al.[1989]).

10" 10"7 10" 103

Concentration ng {cm’

Temperature Dependences

To estimate the temperature dependences of energy difference betwiegnathine valence band and the bottom of
theT, X, and L valleys of the conduction bang, [Ex and E one can use the data for GaAspnes [1976])

Er=Er(0)-5.41-16* T%/(T+204) (eV)

where [(0)=1.519+1.155x+0.37x(eV)
Ex=Ex(0)-4.6-10* T2/(T+204) (eV)

where (0)=1.981+0.124x+0.144xeV)
E_ =E, (0)-6.05-10* T%/(T+204) (eV)

where E(0)=1.815+0.0.69x (eV)

Temperature dependence of the energy difference between the top of the valence blamdbattom of the L-valley
of the conduction band

E_=1.815-6.05104 T2/(T+204) (eV)

Temperature dependence of the energy difference between the top of the valencel lamdbattom of the X-valley
of the conduction band



EL =1.981-4.60104.T2/(T+204) (eV)

Effective density of statesin the conduction band N¢

X<0.41 N=4.82-165 (mp/my)3/2.13/2 = 4.82.185.T3/2.(0.063+0.083:92 (cn3)
X>0.41 Ne=4.82-185 (megmy)3/2-T3/2 = 4.82. 185 T3/2.(0.85-0.14x3/2 (cn3)

where rgq is effective mass of the density of states;

Effective density of statesin the conduction band versusx.
(Calculated)
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®

Density of states Ne (cm™)

-
-
~
Ln_n_u.uul ERRITT P

00 02 0L 06 08 1.0
Composition x

Effective density of statesin the valence band Ny,

Ny = 4.82-16°-73/2.(0.51+0.25x3/2 (cnt3) X>0.41 N.=4.82- 185. (megmp)3/2 T3/2 = 4.82.185. T3/2.
(0.85-0.14x¥/2 (cnr3)

0%% Effective density of statesin the conduction band ver sus x.

(Calculated)
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Density of states Ne (cm™)

o
=)
-
~
Ln_n_u.uul RTTIT

10

00 02 04 06 08 10
Composition x

Intrinsic Carrier Concentration

i = (Ne- Ny)Y2expl-Ey/(2koT)]



Temperature T(K) Thetemperature dependences of theintrinsic carrier concentration.

on 5'00 5(‘10 1-90 3?0-1 1. x=0
|
r 2. x=0.3
_ 1010'_ 3. x=0.6
‘e 4, x=1
S ]
r 2
102 L 1 1 L L 3]
1.0 15 20 25 30 35

1000/T (1/K)

Dependences on Hydrostatic Pressure

Er=(11.5- 1.3 x)-18-P (eV)

Ex = -0.8-103-P (eV)

E_ = 2.8-103-P (eV)

where P is pressure in kb@Adachi [1985])

05 — T Pressure dependence of theI'-X crossover. 300 K
" ] (Saxena [1980])
-]
503
; ~
EM ~ R
gn S
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00 05 W0 15 20 25 10 35
Pressure PIGPa)

Energy Gap Narrowing at High Doping Levels

adl
=
[}

Energy gap narrowing versus donor (curve 1) and acceptor (curve 2)
doping density for GaAs (x=0).

Experimental points for p-GaAs are taken from four different papers
(Jain and Roulston [1991])

Energy £ [meV])
&

L il

10

0" ' 0" 0"
Concentration N [emd)

1} r————vmy - Energy gap narrowing versusdonor (curve 1) and acceptor (curve
z F 1 2)doping density for AlAs (x=1).
E T 1 The curvesare calculated accord{dgin et al.[1990])
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Band Discontinuities at AlyGaj.xAs/GaAs Heterointerface



Valence band discontinuity:
AE, = - 0.46x (eV)
Conduction band discontinuity:

x<0.41  AE;=0.79x (eV)
x>0.41  AE. = 0.475-0.335x+0.143%(eV)

100 Ene_rgy gap _narrowing ver sus donor (curve 1) and acceptor (curve 2)
— o | doping density for GaAs (x=0).
:-"é . Experimental points for p-GaAs are taken from four different papers
00 1 ;
- (Jain and Roulston [1991])
g -200 -
= -300
T -L00
* .s00
-600 1
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A'x Ga1-x AS

Electrical properties - Basic Parameters

Breakdown field ~(4+6) - 16 Vicm
Mobility electrons
0<x<0.45 8-1%-2.2-18x+10*x2 cné v-1sl
0.45<x<1 -255+1160x-720%cn? V-1s1
Mobility holes 370-970x+740%cm? V151
Diffusion coefficient electrons
0<x<0.45 200-550x+250% cné/s
0.45<x<1 -6.4+29x-18% cné/s

Diffusion coefficient holes  9.2-24x+18.5% cm?/s
Electron thermal velocity
0<x<0.4 (4.4-2.1x)- 18 m/s
0.45<x<1 2.3-1@ m/s
Hole thermal velocity (1.8-0.5x)- 18 m/s



A'x Ga't-x AS

Mobility and Hall Effect

— Electron Hall mobility versus alloy composition x. T=300 K.
Electron concentrationys(5+10)- 13° cnm3,

| (Saxena (1981b).

Mobitity b lem®rv g}

00 0F Q& D& OB 10
Compasition &

For weakly doped AlyGaj.xAsat 300 K electron Hall mobility.

0<x<0.45 =-8000 - 22000x+ 10008x
0.45<x<1 p=-255+1160x-720%

(Shur (1990)).
Electron Hall mobility ver sustemperature.
B Curve 1 x=0; n=0.5-186 cm3 (Sillman et al. (1970)).
= Curve 2 x=0.32; n=(0.5+1)- 1% cm3 (Saxena (1981b)).
H.E o .
3
z
1u, Erawe |
10 ?
Temperature FIK]
5000 Electron Hall mobility ver sus electron concentration for two values of
= X. T=77K.
= L0 .
= (Liu (1990)).
= 1000
4
2 000
T 1900
o i g aspiad dogapial b B i LAl
1u1l m'ﬂ W‘ “:I"l
Electron concentration ng lom™)
L= T Electron Hall mobility ver sus electron concentration for two values of
_ i X. T=300 K.
g (Liu (1990)).
.:F: i
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-E 00 -
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Hall tacler r,

[1¥) 04 06 as

Composition »

Mobility Hplem?sv s

e 1] & 10

Composition »

L]

Hall factor versusalloy composition x for n-type AlyGaj.xAs T=300 K
Electron concentration,gs(5+10)- 18> cn3,

| (Saxena (1981a).

Hole Hall mobility versus alloy composition x. 296 K.
Acceptor density N-2.5-167 cn3.
(Look et al. (1992)).

For weakly doped Al,Gaj_xAsat 300 K hole Hall mobility.

Hn=-370-970x+740%

(Shur (1990)).
e ' —= HoleHall mobility versustemperature.
_ 1 curvel-x=0;p=7-17cm?3
= | : Curve2 - x=0.41; p=4.65-167 cnr3
f; Wk , | Curve3-x=0.75; p=2.4- 167 cm3
£ ,“"T’"\ ] (Yangetal. (1981)).
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Hole Hall mobility ver sus hole concentration for two values of x.

i T=77K.
| (Liu (1990)).

" 0" " W™
Hole concentratan n, lem )
Hole Hall mobility ver sus hole concentration for two values of x.
1l =
i T=300K.

= (Liu (1990)).
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:

5 100 F
Temperature T [K]

Hall factor versustemperature x for p-type GaAs, AlAsand
Alg5GagsAs.

Curves are calculated for acceptor concentratigrb!s- 163 cni3,
(Look et al. (1992)).




A'x Ga1-x AS

Two-dimensional electron and hole gas mobility at Aly,Ga1.
xAs/GaAs interface

Mability P lemrv g
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Temper ature dependences of the electron Hall mobility in the
modulation-doped two-dimensional gas.
(Pfeiffer et al. (1989)).

Dependences of electron mobility versussurface carrier density 2D
eectron gasin the modulation-doped two-dimensional gas.
(Pfeiffer et al. (1989)).

Dependences of surface electron density (Curve 1) and mobility (Curve
2) versus undoped spacer thickness. T=4 K.
(Harris et al. (1987)).

Electron mobility in 2D-electron gas versus Al fraction x at three
different temperatures.
(Drummond et al. (1982)).
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wh— anianl
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Tesnperature F (K]

Hole mobility in 2D-hole gas ver sustemper ature.

Solid line shows theoretical calculation.

Points show experimental data for hole surface density’2-diei2
(Walukiewicz (1996)).




A'x Ga't-x AS

Transport Properties in High Electric Fields

15
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Field dependences of the electron drift velocity for different values of x.
Curves are calculated according displaced Maxwellian approximation.
T=300 K.

1-x=0;

2 - x=0.225;

3-x=0.325;

4 - x=0.5.

(Hava and Auslender (1993)).

Field dependences of the electron drift velocity for different values of x.
Solid curves - show experimental results (electron concen tration
Ne=(2+10)-18° cn3

Dashed curves show results of Monte-Carlo calculations.

(Hill and Robson (1981)).

Dependences of peak electron velocity ver sus x.
(Hava and Auslender (1993)).

Average electron energy as a function of electric field. T=300 K.
1-x=0.25;
2 - x=0.45.(Lippens and Vanbesien (1987)).

Thefield dependences of normalized longitudinal diffusion coefficient.
T=300K.

1- x=0;

2 - x=0.25.(de Murcia et al. (1993)).
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10°

Field dependence of holedrift velocity. Monte-Carlo calculations.

T=300K.
(Brennan and Hess (1986)).




A'x Ga1-x AS

Transport properties of electron and hole two-dimensional gas in
high electric field

Experimental field dependences dependences of electron velocity.
T=77K.

1 - for bulk GaAs with g=10° cn3

2, 3 - for two-dimensional modulation - doped heterostructur@& &l

Drift velocity QHD‘cmfs]

«As/GaAs.
2-x=0.3;
4 3-x=0.5.

Field F{kVScm]
- 28— Experimental field dependences dependences of electron velocity.
% 2l ' | T=300K.
w 2 1 - for bulk GaAs with g=10° cnr3
= 5r 3 2, 3 - for two-dimensional modulation - doped heterostructurg&#l.

-‘g o b xAs/GaAs.
£ 2-x=0.3;
£ 5T 1 3-x=0.5.

o sy (Masaink(1989))

Field F {kVscm )
10 T Experimental field dependences of hole velocity for two-dimensional
hole gas. Single heterointerface samples. x=0.5. T=77 K.
1- p=3.3-1861 cm2, p=3300 cri Vs
2 - p=4.2-181 cm2, p=4000 cr Vs
(Masselink et al. (1987)).

Drift velocity vy (10 cm./s]

Field FlkV/cm]




A'x Ga1-x AS

Impact lonization

—  Fits to experimental values of electron and hole ionization coefficien
1 for AlyGaj.xAs with x=0.1+0.4. T=300 K.

| Experimental points are shown only for x=0.1

{ (Robbins et al. (1988)).
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Parametrizations of the electron and hole ionization coefficients. T=300 K.

(Robbins et al.(1988))

For electrons:
o, = a, exp[—(F%/F)m]

X 0o (cnrl) Fno (V cmd) m
01 1.81-16 6.31-10 2.0
02  1.09-16 1.37-16 1.3
03 2.21-18 7.64-1@ 2.0
04 17410 3.39-16 1.0
For holes:
/Bi - ﬁo exp[—(P;o/F)m]
X Bo (cnm) Fpo (V cnrl) m
01 3.0510 7.22-10 1.9
02 6.45.10 1.11-16 1.5
03 2.791.18 8.47-10 1.9
04 3.06-16 2.07-16 1.2

. Experimental ionization coefficients versus x for electric fields

=
-
T

e

i i Bottom curves- 3-1@ V/cm
3l 1 Upper curves- 4-1¢ Vicm
$F ! T=300 K.(Robbins et al. (1988)).

Campogdion x

Breakdown voltage and breakdown field of n-GaAs/p-Ad 3Gag 7As heterojunctions T=300 K.



(Hur et al. (1990))

Ng=10cnr3 Vi=2.8kV  E=2.8-10V cml
Ng=106 cn13 Vi=70 vV Ei=4.5-18 V cml



A'x Ga1-x AS

Recombination Parameter
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Ambipolar diffusion length at a carrier density of 10t’+10!8 cm3
versus X. T= 300K.

Determination was accomplished by catodoluminescene technique
(Zaremet al. (1989)).

Carrier lifetimes at carrier density of ~3- 13:8 cm3 (high injection
level) versus versus x. T= 300K.

Determination was accomplished by photoluminiscence decay signal
technique.

(Zaremet al. (1989)).

Hole lifetime versus x for n-ALkGaj _,As
Ng-Na~1015-1016 cnv3. T= 300K.
(Timmons et al. (1988)).

Radiative recombination coefficient at 300K ~1.8- 180 cm3/s

Auger coefficient at T=300 K(Timmons (1985)).

X
0

0.
0.

C,, (cn/s)

1.9-10°1
1 1.2-10°1
2 0.7-1031

Cn (for n - doped samples)
Cp (for p - doped samples)

Gy (cnPis)
12.1031
8.5-10°1
6.1-10°1

Surface and interface recombination velocities in GaAs and AGay.1As
(Paves and Guzzi (1994)).

S (cm/s)



0 4-10 free surface

0 45 interface between GaAspGay 7As
0 450+100 interface between GaAsjAGay sAs p-type
0.08 4-1% free surface

0.08+0.18 ~3.1¢ interface between AlGa_As/Alg gdGay 22As undoped
0.28 4200 interface between,&a; _yAs/Alg sGay sAs undoped



A'x Ga'l-x AS

Optical properties

Infrared refractive index (300 K)
n=3.3-0.53x+0.09x°

Refractive index n versus photon energy for three values of x.
1 Solid lines are calculated.
Dashed lines are experimental data. 300 K.

| (Jenkins (1990))

Refractive index A
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X:=08
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Photon energy hyiey)

Refractive index n ver sus wavelength for different values of x. 300 K.
(Pikhtin and Yas'kov (1980))

Beiroctive ndew n

| S S I R
i1 HLi] 15 Fi]

Wavelength X idml

Normal incidence reflectivity versus photon energy. 300 K.
1x~0.1,

| 2x~0.42,

i 3x~0.8.

1 (Aspne<t al.(1986)))

Refleciance &

[ O S VO S TS
15 25 15 [5-1 55
Photon energy AW eV

— Intrinsic absor ption coefficient near theintrinsic absor ption edge for
i different values of x. 300 K.
{ (Monemaret al.(1976))
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Intrinsic absor ption coefficient near theintrinsic absor ption edge for
different valuesof x. 4 K.
(Monemaret al. (1976))

Entifth sl iy e}

o !--E'
)
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Frabe wergy Y o]
_20f The absorption coefficient versus photon energy. 300 K.
&b 1x~0.1,
Easf 2 x~0.42,
2 1 3x~0.8.
£ 1of (Aspnet al. (1986)))
A
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Free exciton binding ener gy versus Al molefraction x.
1 (Pearahet al.(1985))




A'x Ga't-x AS

Thermal properties

Bulk modulus (7.55+0.26x)- 18 dyn cm?

Melting point 1240-58x+558% °C (solidus curve)
12401082x+582%°C (liquidus curve)

Specific heat 0.33+0.12x Jg°Cc !

Thermal conductivity — 0.55-2.12x+2.48%W cnil °C-1
Thermal diffusivity 0.31-1.23x+1.48cnés !
Thermal expansion, line@s.73-0.53x)- 1® °C -1

Thermal resistivity versus Al fraction x. 300K .
1 Solid curve is a theoretical fit to the experimental data.
1 (Afromowitz [1973]).
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Approximate formulafor thelattice thermal resistivity:

Rip=2.27+28.83x-30%cm- - W

0§ e Temper atur e dependences of specific heat at constant pressure.
1. GaAs(Lichter and Sommelet [1969]);

N / 2. AlAs (Barin et al. [1977]).
i ) 3

LY o g

Specific heat CylJ /g K}

oyl b oo Boeu b adauid i

Lattice constant as a function of x. 300K .
I e (Adachi [1985]).
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& B3 L attice constants ver sus temper ature.
- 1. AlAs;
< ses0t 1 2. GaAs;
= (Ettenberg and Paff [ 1970]).
Ssgtaf
::" 1
3‘_: & EED :
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Temperature F("Cl

Debye temperature as a function of x for three different temperatures.

(Adachi [1985]).

Debye lemperglure [K]

bo B2 04 D6 DB 1D
Coampoasition ~

Melting point:

T=1240-58x+558% °C - (solidus curve)
T=1240+1082x-582%°C (liquidus curve)



A'x Ga1-x AS

Mechanical properties, elastic constants, lattice vibrations

Basic Parameter
Elastic constants
Acoustic Wave Speeds
Phonon frequencies

Basic Parameter

Bulk modulus (7.55+0.26x)- 18" dyn cm?
Density 5.32-1.56x g cn¥
Hardness on the Mohs scale ~ 5

Cleavage plane {110}

Piezoelectric constant  e; 4= -0.16-0.065x C nt

Elastic constants 300 K.

C11=(11.88+0.14x)- 18 dyn/cn?

C12=(5.38+0.32x)- 18" dyn/cn?

C44=(5.94-0.05x)- 18! dyn/cn?
(Adachi [1989]).

For T =300 K

Bulk modulus (compressibilit)) Be= =(7.55+0.26x)- 18dyn/cn?

Anizotropy factor A=0.55-0.01x

Shear modulus C'=(3.25-0.09x)- 18dyn/cn?
[100] Young's modulus Y ,=(8.53-0.18x)- 1&dyn/cn?
[100] Poisson ratio 00=(0.31+0.1x)

(Adachi [1985]).

Acoustic Wave Speeds

Wave Wave ||[Expression for wave spged Wave speed

propagatiofcharacter (in units of

Direction 10° cm/s)

[100] Vi (Cpa/p Y2 4.73+0.68x+0.24%
vVt (Cadlp )12 3.34+0.46x+0.16%

[110] Vi [(C11+C12+2Caa)/2p 112 ||5.24+0.78x+0.24%
Vy| ViyFVT=(Cadlp)*/? 3.34+0.46x+0.16%
ViL [(C11-C12)/2p] 12 2.47+0.33x+0.10%




[111] ' [(C11+2C12+

4C44)/13p] 12 ||5.40+0.79x+0.26%

Vi [(C11-C12+Caa)/3p]H2  |2.79+0.38x+0.12%
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INP - Indium Phosphide

Basic Parameters at 300 K

Crystal structure Zinc Blende
Group of symmetry Tg?-F43m
Number of atoms in 1 cfn 3.96-162
Debye temperature 425 K
Density 4.81 glcnd
Dielectric constant (static) 12.5
Dielectric constant (high frequency) 9.61
Effective electron mass 0.08m
Effective hole massesyn 0.6my
Effective hole masses;m 0.089my
Electron affinity 4.38 eV
Lattice constant 5.8687 A

Optical phonon energy 0.043 eV



INP - Indium Phosphide

Band structure and carrier concentration

Basic Parameters

Temper ature Dependences

Dependences on Hydrostatic Pressure

Energy Gap Narrowing at High Doping Levels
Effective Masses

Donors and Acceptors

Basic Parameters

Energy gap 1.344 eV
Energy separation () betweerl" and L valleys 0.59 eV

Energy separation (k) betweer” and X valleys 0.85 eV

Energy spin-orbital splitting 0.11eVv
Intrinsic carrier concentration 1.3-10 cnv3
Intrinsic resistivity 8.6-10Q-cm
Effective conduction band density of states 5.7.137 cni3
Effective valence band density of states 1.1-13°%cm3
Ero won EolEA Band structureand carrier concentration of InP.
o me e Important minima of the conduction band and maxima of the valence
Loy band. 300 K.
£ Eg=1.34eV,
E, E EL =1.93 eV,
£ ¢ HE _ i
- Ushiikdcs ESO =0.11eV
S e el

Temperature Dependences
Temper ature Dependences Temper ature dependence of the energy gap

Eg = 1.421 - 4.9-16-T%(T+327) (eV),
where T is temperature in degrees K (0 < T < 800).

Temper ature dependence of the energy separation between I' and X valleys

Erx =0.96 - 3.7-18-T (eV),
where T is temperature in degrees K (0 < T < 300).

Effective density of statesin the conduction band



Ne=1.1-164 132 (cn3).

Effective density of statesin the valence band

Ny=2.2-16° 732 (cnr3).
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([
E w
£ o
[
"
L w
£,
“E I3 75 3 15 15
LhEFREE ]
.|‘_‘_“-“_'_‘—|_|_‘_‘_‘_‘_‘_|
I~
H FR I E
T

Targrannd Nk|

Thetemperature dependence of theintrinsic carrier concentration.

Fermi level versustemperaturefor different concentrations of
shallow donor s and acceptors.

Dependences on Hydrostatic Pressure

Eg = E4(0) + 8.4-16°P - 1.8-10P? (eV)

E. = E.(0) + 4.6-10°P (eV),
Ex = Ex(0) + 2-10°P (eV),
where P is pressure in kbar.

Energy Gap Narrowing at High Doping Levels

For n-type InP:

AEg=22.5-10% Ng'/3 (eV)
(Bugajski and Lewandowski [1985])

For p-typelInP

Energy gap narrowing versus donor (curve 1 and experimental
points) and acceptor (curve 2) doping density, T = 300 K.

Curve 1 and experimental poir{8ugajski and Lewandowski [1985]);
Curve 2(Jain et al. [1990]).




AEg=10.3-10° Ng'/3 + 4.43.10/- N5/ + 3.38- 1012 N;1/2 (eV)
(Jain et al. [1990]).

Effective Masses

Electrons:

ForT'-valley mp = 0.08my

The are 4 equivalent L-valleys in the conduction band:
in one L-valley m_ = 0.25m

for all L-valley mp g = 0.63my

The are 3 equivalent X-valleys in the conduction band:
in one X-valley my = 0.32my

for all X-valley Mxq = 0.66m
Holes:

Heavy n, = 0.6m,

Light myp = 0.089m
Split-off band Mo=0.17m,

Effective mass of density of states ,, m0.6m,
Donors and Acceptors

lonization energies of shallow donors (eV) ~0.0057:
S S, Sn, Ge

lonization energies of shallow acceptors (eV):

C Hg Zn Cd S Cu Be Mg Ge Mn
0.04 0.098 0.035 0.057 0.03 0.06 0.03(MBE) 0.03(MBE) 0.021 0.27



INP - Indium Phosphide

Electrical properties

Basic Parameters
Mobility and Hall Effect
Transport Propertiesin High Electric Fields

Impact lonization
Recombination Parameters

Basic Parameters

Breakdown field ~5.1° V cml
Mobility electrons <5400 cnfv-1sl
Mobility holes <200 cn? v-ist

Diffusion coefficient electrons130 cn? s1
Diffusion coefficient holes <5 cng sl

Electron thermal velocity 3.9.10 m s!
Hole thermal velocity 1.7-1¢ m s?

Electron Hall mobility versustemperaturefor different doping levels.
Bottom curve - n=Ng-Nz=8-13"7 cn13;

Middle curve - nj=2-13° cm3;

Top curve - np=3-103 cm3.

) \ (Razeghi et al. [1988]) and(Walukiewicz et al [1980]).

Hel ety G s )

Electron Hall mobility versustemperature (high temperatures):
Bottom curve - ng=Ng-Nz~3-137 cn3;

Middle curve - no~1.5-18% cnv3;

Top curve - np~3-13° cm3.

(Galavanov and Sukaev[ 1970]).

cr |

halmdd. 1

For weakly doped n-InP at temperatures closeto 300 K electron drift mobility:

Un = (4.2+5.4)- 18- (300/T) (cndv-1s?)



Hall mobility versus electron concentration for different
compensation ratios.

0 = Ng/Ng, 77 K.

Dashed curves are theoretical calculatidn®:= 0;2. 60 = 0.2;3. 6 = 0.4;
4,0=0.6;5.0=0.8;

(Walukiewicz et al. [1980]).

Solid line is mean observed valuésiderson et al. [1985]).

Hall mobility versus electron concentration for different
y compensation ratios
6 =Ng/Ng, 300 K.
Dashed curves are theoretical calculatidn8:=0;2.0=0.2;3.0 = 0.4;
4.0=0.6;5.0=0.8;
(Walukiewicz et al. [1980]).
Solid line is mean observed valyésderson et al. [1985]).
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Approximate formula for electron Hall mobility

u=por/[1+(Ng/107)1/2,
where [on=5000 cnfv-1 sl
Ng- in cnt3 (Hilsum [1974])

At 300 K, the electron Hall factor=1 in n-InP.
for Ng > 105 cnvs,

Hole Hall mobility ver sustemperature for different doping (Zn)
levels.

Hole concentration at 300 K: 1.75-188 cn13; 2. 3.6-187 cm3; 3.
4.4-165cm3,

0=N4/Ng~0.1.

(Kohanyuk et al. [1988]).
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For weakly doped p-InP at temperature close to 300 K the Hall mobility

HpH~150- (300/T32 (cnPv-1 s1).

Hole Hall mobility ver sus hole density, 300 K (Wiley [1975]).
" The approximate formula for hole Hall maobility:

Hp=Hpd[1 + (Ng/2- 13)1/2], where pg~150 cndV-1 s1, Ny in cnt®
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At 300 K, the hole factor in puInP:rp~1

Transport Properties in High Electric Fields
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Field dependences of the electron drift velocity in InP, 300 K.
Solid curve are theoretical calculation.

Dashed and dotted curve are measured data.

(Maloney and Frey [1977]) and(Gonzalez Sanchez et al. [1992]).

Thefield dependences of the electron drift velocity for high electric
fields.

T(K): 1. 95;2. 300;3. 400.

(Windhorn et al. [1983]).

Field dependences of the electron drift velocity at different
temper atures.

Curve 1 -77 K(Gonzalez Sanchez et al. [1992]).

Curve 2 - 300 K, Curve 3 - 500 (kawcett and Hill [1975]).

Electron temperature versuselectric field for 77 K and 300 K.
(Maloney and Frey [1977])

Fraction of electronsin L and X valleysn| /ng and nx/ng as a function

of electric field, 300 K.
(Borodovskii and Osadchii [1987]).




Frequency dependence of the efficiency n at first (solid line) and at
" the second (dashed line) harmonic in L SA mode.
Monte Carlo simulation.
F =R + F-sin(2-ft) + Ry [sin(4r- ft)+3r/2],
Fo=F1=35 kV cm?,
F»=10.5 kV cm!
(Borodovskii and Osadchii [1987]).

Longitudinal (D || F) and transverse (D L F) electron diffusion
coefficientsat 300 K.

Ensemble Monte Carlo simulation.

" (Aishima and Fukushima [1983]).
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Longitudinal (D || F) and transverse (D 1 F) electron diffusion
coefficientsat 77K.

Ensemble Monte Carlo simulation.

(Aishima and Fukushima [ 1983]).

The dependence of ionization ratesfor electrons a; and holes B versus
"I 1/F, 300 K.

‘“’&; (Cook et al. [1982]).
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Breakdown voltage and breakdown field ver sus doping density for an

3
B3

abrupt p-n junction, 300 K
_ ~ (Kyuregyan and Yurkov [1989]).
E w m'%

- -
ConcenTakm MiTH)

Recombination Parameters



Pure n-type material (np ~ 101%cn3)
The longest lifetime of holes T~ 3 106 s

Diffusion length Ly = (Dp-1p) /2 Lp~ 40 um.

Pure p-type material (py ~ 10t%cm3)
(a)Low injection level
The longest lifetime of electrons 1 ~2-10%s

Diffusion length Ly = (Dy-tp) /2 Ln~8pum

(b) High injection level (filled traps)
The longest lifetime of electrons 1~ 108 s

Diffusion length L, Lh~25um

Surface recombination velocity versusthe heat of reaction per atom
1 of each metal phosphide AHR

(Rosenwaks et al. [1990]).

RFeambimlarak &ian =)
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If the surface Fermi leveldsis pinned close to midgap §5-Eg/2) the surface recombination velocity increases
from ~5-103cm/s for doping level g-3-13° cm3 to ~1& cm/s for doping level o~ 3-138cm (Bothra et al.
[1991]).

Radiative recombination coefficient (300 K)1.2.1010 cmd/s
Auger coefficient (300 K) ~9-103L cnf/s



INP - Indium Phosphide

Optical properties

Infrared refractive index 3.1
Radiative recombination coefficient2. 1010 cnd/s

Infrared refractive index
n = kl2=13.075.(1+2.7- 1BT)

Long-wave TO phonon energy at 300 #Gh = 38.1 meV
Long-wave LO phonon energy at 300 ¥ B = 42.6 meV

Refractive index n ver sus photon ener gy.
Solid curve is theoretical calculation.
Points represent experimental data, 300 K

. (Adachi [1989]).
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Normal incidence reflectivity versus photon energy, 300 K
. (Aspnes and Sudna [1983]).

Refectree 7
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Intrinsic absor ption coefficient near theintrinsic absor ption edge for
different temperatures.

n-InP.ny=5- 10 cnv3

(Turner et al. [1964]).
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A ground state Rydberg energyxfR= 5.0 meV.



| em Intrinsic absor ption edge at 296 K at different doping levels
— 1. p-type sample, p= 1.1-188 cnr3

3. n-type sample, = 1.9-188 cmr3

2. n-type sample, §i= 7.4-185 cmr3

4. n-type sample, o= 7-168 cnv3

(Burkhard et al. 1982]).
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Intrinsic absor ption edge at 77 K for n-InP at different doping levels
1. np = 109 cmr3;

2.np=5-168 cm3;

3.n=2-138cnm3;

4.ny=9.6-186cn3

(Bugajski and Lewandowski [1985]).
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The absor ption coefficient versus photon energy, 300 K
(Aspnes and Sudna [1983]).
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P Free carrier absor ption versus photon energy ai different doping
- levels, 300 K.

Electron concentrationyr{cnt3): 1. 4-136; 2. 2.137; 3. 4.137
(Newman [1958]).
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INP - Indium Phosphide

Thermal properties

Bulk modulus 7.1-131 dyn cm?
Melting point 1060 °C
Specific heat 0.31Jgl°c?

Thermal conductivity  0.68 W cm! °C'1
Thermal diffusivity 0.372cm st
Thermal expansion, lineare0. 166 °C1

Méelting point T, = 1333 K
For 0 < P < 40 kbar

Tm =1333 - 2.0-P (P in kbar)
(Glasov et al. [1977]).

Temperature dependence of thermal conductivity.

n-type samples),=2- 13:6 cnr3

?g‘m (Aliev et al [1965]).
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Temperatur e dependence of specific heat at constant pressure
(Piesbergen [1963]).
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For 298< T <910 K
Cp=0.28+10*T (I glK?
(Barin et al. [1977]).

Temperature dependence of linear expansion coefficient a.
) - 1. (Soma et al. [1982]),
‘ - 2. (Glazov et al. [1977]).
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Temper ature dependence of saturation vapor pressure.
(Panish and Arthur[1970]).

Fredmref1am|

TUTRT LT e a7 a1
1284 k|



INP - Indium Phosphide

Mechanical properties, elastic constants, lattice vibrations

Basic Parameter
Elastic constants
Acoustic Wave Speeds
Phonon frequencies

Basic Parameter

Bulk modulus 7.1-131 dyn cm?
Density 4.81 g cn®
Surface microhardness (using Knoop's pyramid temp kg mn?
Cleavage plane {100}
Piezoelectric constant e14= -3.5-10% C 2

Elastic constants at 300 K

Cy1 = 10.11- 18 dyn/cn?
C12 = 5.61-181 dyn/cn?
Cya = 4.56- 181 dyn/cn?
(Nicholset al. [1980]).

Bulk modulus (compressibilit}) B<= 7.11- 181 dyn/cn?

Shear modulus C'= 2.25- 18 dyn/cn?
[100] Young's modulus Y o= 6.11-181 dyn/cn?
[100] Poisson ratio 6o =0.36

Acoustic Wave Speeds

Wave propagation Direction Wave character Expression for wave gpg@sispeed (in units of 2@m/s)

[100] \' (Cpalp )12 4.58
VT (Cadlp )12 3.08
[100] Vi [(C11+Cip+2Cag)/2p)12 5.08
Vi VyFVT=(Cadlp)t/? 3.08
Vi [(C11-C12)/2p] 12 2.16
[111] Vi [(C11+2C12+4Cy4)I3p) Y2 5.23
Vi [(C11-C12+Caa)/3p]V/2  2.51

Phonon frequencies (in units of 1012 Hz)

vio(I) 9.2 v o(X) 9.95



vio(I) 10.3vya(L) 1.65
via(X) 2.05v a(L) 5.0
via(X) 5.8 vro(L) 9.5
vio(X) 9.7 v o(L) 10.2
(Suto and Nashizawa [1990]).




INP - Indium Phosphide
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4.2 BildvergroBerungen
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4 InP

Pressure P (atm)
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