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ABTRACT
By basing on the same physical model and treatment method, as used

in our recent work (Van Cong, 2024), for
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alloys, 0 < x <1, referred to as (I), we will investigate the critical

- ) ) impurity densities in the metal-insulator transition (MIT), obtained
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radius, rq(,) and the x- concentration, assuming that all the impurities
are ionized even at T=0 K. In such n(p)-type degenerate X(X)=-

crystalline alloys, we will determine: (i)-the critical impurity density

Ncpnepp) (Tacay, x) in the MIT, as that given in Eg. (8), by using an

empirical Mott parameter M,,,,) = 0.2, and (ii)-the density of electrons (holes) localized in
the exponential conduction (valence)-band tails (EBT), N&pr cpp)( Taca), X). as that given in
Eq. (26), by using our empirical Heisenberg parameter, ), = 0.47137, as given in Eq.
(15), suggesting that: for given rq(qy and X, NE5icop)(Tac@)*) = Nepnceop)(Tagay %)
obtained with a precision of the order of 2.91 x 1077, as observed in Tables 2-8. In other

words, such the critical d(a)-density Nepnnpp) (Tacay), X), is just the density of electrons
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(holes) localized in the EBT, NEp . cpp) ( Tacay, X)- SO, if denoting the total impurity density
by N, the effective density of free electrons (holes), N*, given in the parabolic conduction

(valence) band of the n(p)-type degenerate X(x)- crystalline alloy, can thus be defined, as the

compensated ones, by: N*(N,rqcy,X) =N —Nepnaop) = N — NEpicpp) » Needing to

determine various optical, electrical, and thermoelectric properties in such n(p)-type
degenerate X(x)-crystalline alloys, as those studied in n(p)-type degenerate crystals (Van
Cong, 2023).

KEYWORS: [InAs;_4Py (Sby), GaTe;_As,(Sby, Py), CdTe;_,S<(Sey)]- crystalline alloys;
critical impurity density in the Mott MIT.

INTRODUCTION

By basing on the same energy-band-structure parameters, physical model and treatment
method, as used in our recent works (Van Cong, 2024), for
[InP;_4As, (Sby), GaAs;_Te,(Sby, Py), CdS,_4Te,(Sey)]- crystalline alloys, 0 < x < 1, and
also other works (Green, 2022; Kittel, 1976; Moon et al., 2016; Van Cong et al., 2014; Van
Cong & Debiais, 1993; Van Cong et al., 1984), we will investigate the critical impurity
density in the metal-insulator transition (MIT), obtained in n(p)-type degenerate X(x)=
[InAs;_4P; (Sby), GaTe;_yAs,(Sby, Py), CdTe;_,S«(Sey)] — crystalline alloys, being also
due to the effects of the size of donor (acceptor) d(a)-radius, rq(,), and the x- concentration,
assuming that all the impurities are ionized even at T=0 K. In such n(p)-type degenerate
crystalline alloys, we will determine

(1)-The critical impurity densities Ncpn(cpp)y (Tacay, X) in the MIT, as that given in Eq. (10), by
using an empirical Mott parameter M,y = 0.25, and (ii)-The density of electrons (holes)

localized in the exponential conduction(valence)-band tails (EBT), N55r cppy( Taay, X), @

that given in Eq. (26), by using the empirical Heisenberg parameter, 7, ) = 0.47137, as
that given in Eq. (17), according to: for given rqqy and X, NZ57cpp)( T x) =
Nepn(cpp)(Tacay, X), With a precision of the order of 2.91 x 1077, as observed in Tables 2-8.
In other words, such the critical d(a)-density Ncpnvpp)(Tacay), X), 1S just the density of

electrons (holes), being localized in the EBT, N&5n cpp)( Tagay X)-

In the following, we will determine those functions: Ncpncpp)(Ta), %) and

EBT
NCDn(CDp)( I'd(a), X)'
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CRITICAL DENSITY IN THE MOTT MIT

Such the critical impurity density Nepn(cpp) (Taca), X), expressed as a function of rq(, and X,

is determined as follows.

Effect of x-concentration

Here, the values of the intrinsic energy-band-structure parameters, such as (Van Cong, 2024):
the effective average number of equivalent conduction (valence)-band edges, g.«)(x), the
unperturbed relative effective electron (hole) mass in conduction (valence) bands, m¢(x)/
m,, m, being the electron rest mass, the unperturbed relative dielectric static constant, &,(x),
and the intrinsic energy gap, Ego(x), at rqa) = T'do(ao), aré given respectively in Table 1 in

Appendix 1.

Table 1 in Appendix 1
Therefore, one gets the effective donor (acceptor)-ionization energy, Eqo(ao)(X), as:

13600x[m¢(y)(x)/mo]
[e0(x)]?

and the isothermal bulk modulus, B a0y (%), by:

Ego (ao) x) = meV, 1)

Edo(ao) x) (2)

Bdo(ao) (X) = (41-[/3)><(I"do(ao))3.

Effects of impurity size, with a given x
Here, one shows that the effects of the size of donor (acceptor) d(a)-radius, rqc,), and the x-

concentration, strongly affects the changes in all the energy-band-structure parameters, which

can be represented by the effective relative static dielectric constant e(rq(,), x) (Van Cong,

2024; Van Cong et al., 1984), in the following.

At Irqea) = I'doao): the needed boundary conditions are found to be, for the impurity-atom

volume V= (4m/3) x (rd(a))g, Vdo(ao) = (41/3) X (rdo(ao))3, for the pressure p, as: p, =
0, and for the deformation potential energy (or the strain energy) o, as: o, = 0. Further, the

two important equations, used to determine the c-variation: Ac= 6—0, = o, are defined by:

d_ B 4p—99 giving: 4 (49)=B inteorati
IR and p 3 - 9iving: dV(dv)— v Then, by an integration, one gets
A =B x(V-V, x In (——)=E raw )’ _
[ 0_(rd(a)rx)]n(p) — Pdo(ao) (X) ( do(ao)) n (Vdo(ao) )_ do(ao) (X) X (T(ao)) - X
3
Td(a) >
In (rdo(ao)) = 0. (3)
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Furthermore, we also shown that, as rqe) > I'qocao) (Td(a) < Tdo(ao)) . the compression
(dilatation) gives rise to: the increase (the decrease) in the energy gap Egno(gpo) (rd(a), x), and
in the effective donor (acceptor)-ionization energy Eg(a)(Taay x) in the absolute values,
being obtained from the effective Bohr model, and then such the compression (dilatation) is

represented respectively by: + [Ac(rd(a),x)]n(p),

2
€0(x)
Egno(gpo) (rd(a),x) - EgO(X) = Ed(a) (rd(a)r X) - Edo(ao) (X) = Edo(ao) (X) X l(s(rd(a))> -

1] =+ [Ac(rd(a),x)]n( )

for I'aca) > I'do(ao): and for I'q(a) < I'do(ao):

2
g0(%)
Egno(gpo) (I‘d(a),X) - Ego(X) = Ed(a) (rd(a),x) - Edo(ao) (X) = Edo(ao) (X) X l(m) —

1] = — [Ac(rd(a),x)]n(p). 4)

Therefore, from above Equations (3) and (4), one obtains the expressions for relative
dielectric constant £(rg(a), x) and energy band gap Egp(gp) (rd(a),x), as:

€0 (%)

1+ ( “d(@) )3—1 xln( “d(2) )3
T'do(ao) T'do(ao)

3
Egno(gpo) (rd(a)' X) Ego (X) - Ed(a) (rd(a): X) Edo(ao) (X) - Edo(ao) (X) [ d(a) - 1] X

<& (%),

(i)-for rqa) = rgo(ao), Since s(rd(a),x):j

rdo(ao)

In (L) >0, (5)

T'do(ao)
according to the increase in both Egpgp) (Tacay, X) and Egcay(Tacay, x), for a given x, and

€0 (%)

(ii)-for rye) < rqocao) » SiNCE &(rqa) X) = j [ > g,(x), with a

_ M)g_l Xln(mf
Tdo(ao) Tdo(ao)

condition, given by: [( ra(a> 1] X ln "d@ ) <1,

rdo(ao) do(ao)

r a 3
Egno(gpo) (rd(a)'x) - Ego x) = Ed(a) (rd(a)rx) - Edo(ao) x) = _Edo(ao) (x) X [(L) -

T'do(ao)

1 n T'd(a) 3 0 6
a <
] Xl (rdo(ao)) ! ( )
COI’I’GSpOIIdiIIg to the decrease in both Egn(gp) (I‘d(a),X) and Ed(a) (I‘d(a),X), for a given X.

Furthermore, the effective Bohr radius agpgp)(raca)) is defined by:
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&(ra(a)yX)xh? — 053 % 108 cm x €(rd(a)X)

apneep) (Ta@) X) = 1" Mew) 0/’

(7)
where —q is the electron charge.
Then, the critical donor (acceptor)-density in the Mott MIT, Nepnnpp)(Tacay,X) s IS

determined, using an empirical Mott parameter, M, ;,), as:

1/
[NCDn(NDp)(rd(a):X)] 3 x dBn(Bp) (rd(a)»X) = Mn(p) = 0.25,
(8)

noting that, in general case, such values of M, could be chosen, such that the obtained
numerical Nepnnpp) (Taca), X) -results, being found to be in good agreement with the

corresponding experimental ones.

In the following, such numerical Ncpnnpp)(Taca), X) -results can also be justified by the
numerical results of the density of electrons (holes), being localized in exponential
conduction (valence)-band (EBT) tails, NEp 1 cpp)( Tacay, %), With a precision of the order of

2.91 x 1077, as those observed in Tables 2-8 in Appendix 1.

N¢bn(cop) (Taga), X)- EXPRESSION

In order to determine NEpy cpp) ( Tacay, X), We first present our physical model and also our
mathematical methods.

Physical model

In n(p)-type degenerate X(x) -crystalline alloys, if denoting the Fermi wave number
by: Kencepy (N, X) = (BnZN/gC(V)(x))l/ ® N being the total impurity density, the effective

reduced Wigner-Seitz radius gy sp), characteristic of interactions, is defined by:

— (38cm® 1/3 1 _ 8 8cv)(X) 1/3
rsn(sp)(N; rd(a)!X) = ( 41N ) X aBn(Bp)—(rd(a):X) =1.1723 x 10° x (—N ) X
mc(v)(x)/mo 9
e(rqayX) )

So, the ratio of the inverse effective screening length kg, sp) to Fermi wave number Kgy )
can be defined by:

_ Ksnspy kETll(FP) —
RSH(SP)(N' rd(a),X) = Kpn(Fp) Ksn(sp) Bl

RanS(spWS) + [RsnTF(spTF) - RanS(spWS)]e_rsn(Sp) <L (10)

These ratios, Rgnr(sprr) and Rgqws(spws), are determined in the following.
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First, for N > Ncpnnpp) (Taca), X), according to the Thomas-Fermi (TF)-approximation, the

ratio Rgnr(sntr IS reduced to

_ KenTF(spTF) _ kErll(Fp) _ 4’Yrsn(sp)(N’rd(a)vX)
RsnTF(N’ rd(a)’x) - Ken(Fp) - ks_r}TF(spTF) - - «1

11)
being proportional to N~/
Secondly, for N < Nepnnvpp) (Tacay), according to the Wigner-Seitz (WS)-approximation, the

ratio Rgnws(spws) 1S reduced to:

_ Ksnws(spws) __ (3 d[rgn(sp)XECE]
Rsnws(spws) (N, Taca)y X) = T kenry (E B G e ) x 0.5,

(12) where ECE(N, rd(a),x) is the majority-carrier correlation energy (CE), being determined

by:
0.87553 | (2[1-1n(2)] _
: (N ) [ p— 0-0908+rsn(sp)'( 2 )xln(rsn(sp)) 0.093288
ce\I\,Tda) X) = 1.67378876
@ 0.0908+Tsn(sp) 1+0.03847728Xrg;5(sh)

So, n(p)-type degenerate X(x)- crystalline alloys, the physical conditions are found to be

given by :

Ken(Fp) Nn(p) 1 Ken(Ep) *EFno(Fpo)
< = ik =R N, rga),X) <1, A N, rge, X) = ——22

agnp)  EFno(Fpo)  Anp)  Ksn(sp) snisp) (N Facay %) n(p) (N Tagay X) Mn(p)

(13)
Here, +Egno(rpo) is the Fermi energy at 0 K, and nyp, is defined as :+Epnqrpoy(N,x) =

h?x Kpn(Fp) (N,x)?

2Xme(v) x)

_ _v2mN 21,-1/2
£(rd(ayX) sn(sp)”

= 0, My p) (N, raay, X)
Then, the total screened Coulomb impurity potential energy due to the attractive interaction
between an electron (hole) charge, —q(+q), at position ¥, and an ionized donor (ionized
acceptor) charge: +q(—q) at position E) randomly distributed throughout X(x)- crystalline
alloys, is defined by:
V() = 3L, vi(0) + Vo,

(14)
where N is the total number of ionized donors (acceptors), V, is a constant potential energy,
and the screened Coulomb potential energy v;(r) is defined as:

q? xexp(—Ksn(sp) X |F_E]>|)
€(rd(a)) X[F-Ry|

vi(r) = -
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where Kqp,(sp) IS the inverse screening length determined in Eq. (11).

Further, using a Fourier transform, the v;-representation in wave vector _E-espace IS given by

= q? 41 1
vi(k) = - XX ————
]( ) e(Td@) Q@ K2+KZ, s

where () is the total X(x)- crystalline alloy volume.
Then, the effective auto-correlation  function  for  potential  fluctuations,
Wa oy (Vo) N, Taay) = (V(DV(r")), was determined, [4, 5] as :

~Hn(p) XRsn(sp)(N-Td(a) X)

— 2 —
Wiy (Vngpy Ns Tagay, X) = Ny X exp 5 Jﬁ v M) (N, raq), X) =
n(p)
2mN 21.—1/2
£(rd(a)) xq ksn(SD)'
_ TE 3
Vn(p)(E; N, X) = m, Hn(p) = 0.47137 . (15)

Here, E is the total electron energy, and the empirical Heisenberg parameter H ) =
0.47137 was chosen above such that the determination of the density of electrons localized
in the conduction(valence)-band tails will be accurate, noting that as E - +oo , |vn(p)| — 00,

2
and therefore, Wy ) = Nip)-

1
In the following, we will calculate the ensemble average of the function: (E — V)a‘% = Ei z,

h2xKk?

foraz=1, Ex= 2Xm(v) (X)

being the Kkinetic energy of the electron (hole), and V(r)

determined in Eq. (16), by using the two following integration methods, which strongly
depend on W) (Vagpy, No Taca), X)-

Mathematical Methods

Kane integration method (KIM)

Here, the effective Gaussian distribution probability is defined by:

1 -V?
P(V) = —xX [ ]
) V2T™Wn(p) i P
(16)
_1
So, in the Kane integration method, the Gaussian average of (E — V)a‘% = Eli 2 is defined by

((E = V)* Z)m = (Ep Dam = S (E = V)2 x P(V)AV, for a > 1.
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H - - E no (]
Then, by variable changes: s = (E = V)/\/Wqqy and y = FE/ /Wy, = % X Vi py X
n(p)

H XR, : H i
exp [ —2—06P) | “and using an identity:

4X |Vn(p)|

fooo sa"% X exp(—ys — %)ds =I(a+ %) X exp(y2/4) X D_a_%(y),

where D_a_%(y) is the parabolic cylinder function and I'(a + 3) is the Gamma function, one

thus has:
2a-—-1
21—l exp(_y2/4)an(‘;) 1

<Ek 2>KIM = VZn X F(a + E) X D_a_%(Y) =

2 a—%
eXPCY /XMy p) Hn(p)Rsn(sp) X(2a-1) 1

exp| — XxT(@+:>)xD _ 1(y)

\ 8% [[Vnp| i e

(16)

Feynman path-integral method (FPI1M)

Here, the ensemble average of (E — V)"“l = i_f is defined by

1
_ na-t _ a—3 N T(a+3)
((E=V)*2)ppim = (E, *)ppim = Pxzm . T

o
e

(t\/Wn(p))Z} dt iZ =—1
2h2 1 )
_ (t\/Wp)z

noting that as a=1, (it)‘g X exp{ e

} is found to be proportional to the averaged

Feynman propagator given the dense donors (acceptors). Then, by variable changes: t =

" and y=FE/ /Wy = % EFno(Fpo) o Vn(p) X €Xp M@ Rsnep) | for n(p)-type

Wn(p) nn(p) 4x |Vn(p)|

respectively, and then using an identity:

fjooo(is)_a_% X exp {iys — %} ds = 23/2 x I'(3/2) x exp(—y?/4) x D___1(¥y),

one finally obtains: (EE_E)FPIM = (EE_E)KIM, (EE_E)KIM being determined in Eq. (16).

In the following, with the use of asymptotic forms for D___1(y), those given for ((E —
2

V)a‘%)KIM can be obtained in the two following cases.

First case: n-type (E = 0) and p-type (E < 0)
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As E — too, one has: v,y = Foo and y - Foo. In this case, one gets: D___i(y = Fo) =
() a—3

V2m

2
—= X e x (iy)a‘%, and therefore from Eq. (16), one gets:

_1
(Ei %)m ~ B2
(17)

Further, as E — +0, one has: v,y = +0 and y - +0. So, one obtains:

D_,_1(y > F0) = B(a) X exp (wa + 1§)y—1%+2ﬁ5> - B, Ba) =

16a2 2 7 TG+

1
Therefore, as E — 10, from Eq. (16), one gets: (Ei “Yxm — 0.

Thus, in this case, one gets

a—% ~ pa—i
(B, “)xim = E772. (19)

Second case: n-type-case (E < 0) and p-type-case (E = 0)

1
a3
As E — +0, one has: (Y, vn(p)) — 10, and by putting f(a) = % X I'(a+3) x B(a), Eq. (18)
yields:
al
2 —
Hn(p)(Vn(p) - 40, N, Id(a) % a) = mkfﬂ = exp _ Hnp)XRsn(sp)X(2a 1) _ <\/5 n
(a) 8X |Vn(p)|
3
)yt o 20
16a2

Further, as E —» +o, one has: (y, vyp)) = £oo. Thus, one gets: D_,_1(y > £ ) =
2

P
y ¥ zxe 7 - 0.

Therefore, from Eq. (16), one gets:

1
— <Ei_E)KIM o 1 (An(p)xvn(p))z
Ko (V) = 20, NoTaqay, %,3) = — (7= = gy X exp(=—————-) X (Angp) X
_al
Vn(p)) 77 > 0, (21)
noting that B(a) = % being equal to: — v for a=1, and 3£72 fora=5/2.
27 TE+)] 24xT(5/4) 2
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a3
(Ep “)xim

f(a)

It should be noted that those ratios: , Obtained in Equations (20) and (21), can be

taken in an approximate form as:

Fag) (Vngpy N Faay %) = Kngp) Vngpy, N Facay % @) + [Hogp) Vngp), N Taa)y %) —

K (Vne) N Ty, % @)] X exp[—c X (AnpyVagn) ]

(22)

so that: Fyp)(Vnep) N Ta@) % @) = Hypy(Vnp), N, Tayxa) for 0<v, <16 , and
Frp) Wnpy No Tagay X, @) = Ky (Vnepys No Tqqay, X, @) for vy ) = 16. Here, the constants ¢,
and c, may be respectively chosen as: ¢c; = 107*° and ¢, = 80, as a = 1, being used to
determine the critical density of electrons (holes) localized in the exponential
conduction(valence) band-tails (EBT), NEDH(CDp)(N T4(a), X), given in the following.

Here, by using Eq. (18) for a=1, the density of states D(E) is defined by:

1

cv) [(2Mc(y c(v) [(2Mc(y ; exp(—y—)XWﬁ
(DEDkim = gz(z) (%) X (E v = gzéz)( n;lz( ))2 X \/;—n x T(2) x D_%(Y) =

D(E). (23)
Going back to the functions: H,, K,, and F,, given respectively in Equations (20-22), in

1

(E k)KIM

which the factor - is now replaced by:

1
(EE)KIM __ D(E<0) _ _
fa=1) Dy Fa@) (V@) N Taga) X2 = 1) ’

3/2
1) _ gc(v)x(mc(V)XmO) Xy Mn(p) X B(a)

2m2H3

. Bla=1 ="

DO(N, r‘d(a),x,a = 3
24xI'(5/4)

(24)

Therefore, N&pfcppy(N, Tacay,X)  can be defined by: NE5Ecppy(N, Taay, X) = f_OOOD(E <
0) dE,

NEpncopy (N Taay, X) =

3/2
gc(v)x(mc(v)) JNnp) X (& Efno(Fpo)) 16 _ _
e PO)~ « {fo B(a = 1) X Fn(p)(vn(p)' N, Iqap X, a = 1) an(p) +

) (25)  where
2

w “(Anm)¥nep))
Inp) = Jio B@=1) X Knpy(Vn(py NoTgqay, %@ = 1) dvngyy = f € 2 X

(An<p)"n<p))_ dvn p).-
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Then, by another variable change: t = [An(p)vn(p)/ﬁ]z, the integral I, yields:

o -1 — _ T(znm) 2
Inp) = # x [~ tt7leTtdt = 2@ where b= —1/4, zyp) = [16An(p)/\/7] ,

np) “Zn(p) 25/%xAn (p)

and I'(b, znp)) is the incomplete Gamma function, defined by: I'(b,zyp)) =z§(‘p1)><

e Zn(p) ll + z:]l=61 (b_l)(bj—Z)...(b—j) .

Zn(p)

Finally, Eq. (25) now yields:

3/2
_ gc(v)x(mc(v)) \/T]n(p)x(i EFno(Fpo)) x

NEbnccop) [N = Nepnvop) (Fagay ¥ Tagay X] = 2m2h3
16 . _ T'(d,zn(p))
{fo B(a= 1) X Fup)(Vn(py NoTagay, X2 = 1) dvygp) + 25/4><A:(p)}’

(26)

being the density of electrons (holes) localized in the EBT, respectively.

In n(p)-type degenerate X(x)- crystalline alloys, the numerical results of NEE&CDp)[N =
Nepnvop) (Tacay X)s Tacay XI = Nébhcppy( Facay X). for a simplicity of presentation, evaluated
using Eq. (26), are given in Tables 2-8 in Appendix 1, in which those of other functions such
as: Bgo(ao)» & Egno(gpo)» @Nd Nepn(cpp) are computed, using Equations (2), (5), (6), and (8),
respectively, noting that the relative deviations in absolute values are defined by: |[RD| =

EBT
| 1— Ncbn(cpp)

Nepn(cpp)

Tables 2-8 in Appendix 1
CONCLUSION

In those Tables 2-8, some concluding remarks are given and discussed in the following.
(1)-For a given x, while &(rq), x) decreases (), the functions: Egno(gpo)(Taca) X) .
Ncpn(cp) (Tacay X) ad NEB 1 copy (Tacay, X) increase (), with increasing () rq(a, due to the
impurity size effect.

(2)-Further, for a given rqe) , while s(rd(a),x) also decreases (), the functions:
Egno(gpo)(rd(a),x), NCDn(CDp)(rd(a),x) and NEBE(CDp)(rd(a)'X) also increase (/\), with
increasing () x.

(3)- In those Tables 2-8, one notes that the maximal value of |RD| is found to be given by:

2.91 x 1077, meaning that NEBT = Ncp,. In other words, such the critical d(a)-density
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Nepnnop) (Tacay), X), IS just the density of electrons (holes), being localized in the EBT,

NEBaccop) ( Tacay X). respectively.

(4) Finally, once Ncpn(cpp) is determined, the effective density of free electrons (holes), N¥,
given in the parabolic conduction (valence) band of the n(p)-type degenerate X(x)- crystalline
alloy, can thus be defined, as the compensated ones, by:

N*(N,rg@y,X) =N — Nepnavop) = N = NEB L cop):

needing to determine the optical, electrical, and thermoelectric properties in such n(p)-type

degenerate X(x)-crystalline alloys, as those studied in n(p)-type degenerate crystals (Van
Cong, 2023; Van Cong et al., 2014; VVan Cong & Debiais, 1993; Van Cong et al., 1984).
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APPENDIX 1
Table 1: The values of various energy-band-structure parameters are given in various crystalline alloys as follows.

In InAs;_,P,-alloys, in which 74,(40) =T4s(m) =0.118 nm (0.144 nm), we have: g,»(x) =1Xxx+1x(1—x), mg,(x)/m,
0.077 (0.5) X x + 0.09(0.3) X (1 — x), &,(x) = 12.5 X x + 14.55 X (1 — x), Eyp(x) = 1424 X x + 0.43 x (1 — x), and

In InAs,_,Sh,-alloys, in which 74,40y =7asqn)=0.118 nm (0.144 nm), we have: gew)(x) =1Xx+1X (1 —x), me,)(x)/m,
0.1 (0.4) X x +0.09 (0.3) X (1 — %), £,(x) = 16.8 X x + 14.55 X (1 — x), By (x) = 0.23 X x + 0.43 X (1 — x).

In GaTe,_,As,-alloys, in which 74650)=TreGq) =0.132 nm (0.126 nm), we have: geq)(x) =1Xx+1X (1 —x), mepy(x)/m, =
0.066 (0.291) X x + 0.209(0.4) X (1 — x), &, (x) = 13.13 X x + 12.3 x (1 — x), E;o(x) = 1.52 X x + 1.796 X (1 — x),

In GaTe,_.Sb,-alloys, in which 14440)=Tre(Gay=0-132 Nm (0.126 nm), we have: gcqy(x) =1Xx +1x (1 —x), me,)(x)/m, =
0.047(0.3) X x + 0.209(0.4) X (1 — %), £,(%) = 15.69 X x + 12.3 X (1 — x), E;o(x) = 0.81 x x + 1.796 x (1 — x), and

In GaTe;_,P,-alloys, in Which 74,(40)=7"re(6qy) =0.132 Nm (0.126 nm), we have: ggu)(x) = 1Xx+1X (1 —x), me,y(x)/m,
0.13(0.5) X x + 0.209(0.4) X (1 — x), £,(x) = 11.1 X x + 12.3 X (1 — x), Ego(x) = 1.796 X x + 1.796 X (1 — x).

In CdTe,_,S,-alloys, in which 74500)=75cay=0.104 nm (0.148 nm), we have: g.,)(x) =1xx+1x(1—x), my,)(x)/m,
0.197 (0.801) X x + 0.095(0.82) X (1 — x), £,(x) =9 X x +10.31 X (1 — x), Ejo(x) = 2.58 X x + 1.62 x (1 — x), and

In CdTe,_,Se,-alloys, in which r46(0)=75cay=0.104 nm (0.148 nm), we have: gew)(x) =1Xx+1X (1—x), meuy(x)/m,
0.11 (0.45) X x + 0.095(0.82) X (1 — x), £,(x) = 10.2 X x + 10.31 X (1 — x), E;,(x) = 1.84 x x + 1.62 X (1 —x).

Table 2: In the InAs,_,P,-alloy the numerical results of By, (ao), € E y» Nepn(cpp): @and Nggg(c,)p) are computed, using Equations

'gno(gpo

EBT
1— Ncpn(cpp)
Ncpn(cdp)

(2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |RD| = |

giving rise to their maximal value equal to 2.76 x1077 , meaning that such the critical d(a)-density
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Ncon(vop) (Tagay), X), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEprcop(TayX) »

determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaTe crystals, respectively, as observed in Table 1.

Donor P As

rq (Nnm) 7 0.110 ry,=0.118

X 2 0, 05,1 0, 05,1

Bgo(x) in 108 (N/m?) ~ 1.3458086, 1.4450362,1.5600463
e(rg,x) N 14.85002, 13.8039, 12.75774 14.55, 13.525,12.5
Egno(ra,x) €V 7 0.4297687, 0.926752, 1.42373 0.43, 0.927,1.424
Nepn(rg,X) in 101 cm™3 ~ 2.3363729, 2.3230107, 2.3075214 2.4838989, 2.469693, 2.4532257
NEBT(rg,x) in 10 cm™3  ~ 2.3363723, 2.3230101, 2.3075208 2.4838983, 2.4696924, 2.4532251
|IRD| in 1077 2.75, 2.57,2.56 2.57, 2.57,2.62
Donor Sh Sn

rq (nm) 7 0.136 0.140

X 2 0, 05,1 0, 05,1

e(rg,x) 13.139864, 12.214203, 11.28854 12.552119, 11.667863, 10.78361
Egno(rg,x) eV 2 0.431307, 0.9284039, 1.4255157 0.431987, 0.9291335, 1.4263033
Nepn(rg,x) in 1016 cm™3 2 3.3724874, 3.3531995, 3.3308411 3.868760, 3.8466338, 3.8209854
NEBT(rg,x) in 10 cm™3 3.3724865, 3.3531986, 3.3308402 3.868759, 3.8466328, 3.8209844
|[RD| in 1077 2.74, 2.74,2.60 2.67, 2.62,2.64
Acceptor Ga Mg

r, (nm) 7 0.126 0.140

X 7 0, 05,1 0, 05,1

e(ry,x) \ 15.6192444, 14.5189196, 13.4185948 14.6000832, 13.571555, 12.5430268

Egpo(farX) €V 7 0.4274517, 0.9230677, 1.4182455

Nepp (T X) in 108 cm™3 2 0.74366797, 21946863, 5.4298054

NEBT(r,,x) in 10'® cm™3 7 0.74366777, 2.1946857, 5.4298040

0.429868, 0.9267963, 1.4237019
0.91052768, 2.6871166, 6.6481122
0.91052743, 2.6871159, 6.6481104

|IRD| in 1077 2.68, 2.76, 2.68 2.71, 2.62,2.74
Acceptor In Cd

r, (hm) 2 I,,=0.144 0.148

X 2 0, 05,1 0, 05,1

B,,(x)in 108 (N/m?) /7 2.4684288, 3.808998, 5.5741072

e(ry,x) N 1455, 13.525,12.5 14.4990401, 13.47763, 12.45622
Egpo(a,X) €V /7 0.43,  0.927,1.424 0.4301357, 0.9272094, 1.4243065

Nepp(ra X) in 108 cm™ 2 0.91996257, 2.7149606, 6.717

NEET(r,, %) in 10'® cm™ 7 0.91996232, 2.7149599, 6.7169982

[RD] in 107 2.68, 2.75, 2.69

0.92969691, 2.7436882, 6.7880742
0.92969666, 2.7436875, 6.7880723
2.71, 2.63,2.74

Table 3. In the InAs;_,Sb,-alloy the numerical results of Bygaoy: €, Egnocgpoy+ Nepn(eop): and NEpaccpp) @re computed, using

Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |RD| =

EBT
Ncpn(cpp)

i

Ncbn(cdp)

, giving rise to their maximal value equal to 2.91 x 10~7 , meaning that such the critical d(a)-density
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EBT

Ncpn(vop) (Tacay), X), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nepnccpp)(TacayX)

determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaTe crystals, respectively, as observed in Table 1.

Donor P As

rq (nm) 7 0.110 rq,=0.118

X 7 0, 05,1 0, 05,1

Byo(x) in 108 (N/m?) 1.3458086, 1.2239827, 1.1216264
e(rg,x) N 14.85001, 15.998213, 17.14641 1455, 15.675,16.8
Egno(ra,x) eV /7 0.4297687, 0.32979, 0.2298073 0.43, 0.33,0.23
Nepn(rg,x) in 101 cm™3 7 2.3363729, 2.1976158, 2.0819762 2.4838989, 2.3363803, 2.2134389
NEBT(r4,x) in 10 cm™3 2.3363723, 2.1976152, 2.0819756 2.4838983, 2.3363797, 2.2134383
[RD| in 1077 2.75, 2.61,2.67 2.58, 2.61,2.81
Donor Sh Sn

rq (nm) 2 0.136 0.140

X 7 0, 05,1 0, 05,1

e(rg,x) N 13.139864, 14.15583, 15.171801 12.552119, 13.52264, 14.49317
Egno(rg,x) eV /7 0.4313075, 0.33119, 0.2310897 0.431987, 0.3318071, 0.231656
Nepn(rg,x) in 1016 cm™3 7 3.3724874, 3.1721955, 3.0052730 3.868760, 3.6389946, 3.4475089
NEBT(r4,x) in 10 cm™3 3.3724865, 3.1721946, 3.0052722 3.868759, 3.6389936, 3.4475080
[RD| in 1077 2.74, 2.69, 2.61 2.67, 2.79,2.70
Acceptor Ga Mg

r, (nm) 7 0.126 0.140

X 7 0, 05,1 0, 05,1

e(ryX) N 15.6192444, 16.8269179, 18.0345915 14.600083, 15.72896, 16.857828

Egpo(rarX) €V 7
Nepp(ra %) in 108 cm ™2 2

NEBT (rax) in 108 cm™2 2

0.4274517, 0.3274384, 0.2274514
0.74366797, 0.9444648, 1.1451343

0.74366777, 0.9444646, 1.1451340

0.429868, 0.3298673, 0.229868
0.91052768, 1.1563781, 1.4020726
0.91052743, 1.1563778, 1.4020722

IRD| in1077 2.68, 2.64,2.74 2.77, 2.83,2.81
Acceptor In Cd

ry (nm) 7 I,,=0.144 0.148

X 7 0, 05,1 0, 05,1

B,o(x)in 108 (N/m?) N
e(ry,x) N

Egpo(raX) €V 2
Nepp(ra %) in 1018 cm ™2 2
NEBT(r,,x) in 10'® cm™3 ~

[RD| in 10~7

5.5741072, 3.6522677, 2.4686912
1455,  15.675, 16.8
0.43, 0.33,0.23
0.91996257, 1.1683605, 1.4166009
0.91996232, 1.1683602, 1.4166005
2.68, 2.78,2.82

14.499040, 15.6201, 16.7411597
0.4301357, 0.3301364, 0.2301357
0.92969691, 1.1807232, 1.4315903
0.92969666, 1.1807229, 1.4315899
2.71, 2.83,291

Table 4: In the GaTe;_,As,-alloy the numerical results of Boao): & Egnocgpoy: Neoneppy: @nd NEphcpp) are computed, using

Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |RD| =

EBT
| 1-— N¢bn(cpp)

Ncpn(cdp)

, giving rise to their maximal value equal to 2.91x 1077, meaning that such the critical d(a)-density
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Ncpnvop) (Ta(ay), X), determined in Eq.(8), is just the density of electrons (holes) localized in the EBT, NEpTcpy)(TayX).
determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaTe crystals, respectively, as observed in Table 1.

Donor P As Te
rq (nm) 7 0.110 0.118 Irg,=0.132

X 7 0, 05,1 0, 05,1 0, 05,1
Bgo (%) in 10° (N/m?2) N 3.1241155,  1.923362,
0.8657759

ety x) N 14.021105, 14.494174, 14.967244 12.937135, 13.3736, 13.81013 123, 12715,
13.13

Egno(fa,X) €V 7 17916707, 1.6553346, 15188002 1.794195, 1.656889, 1.51950 1796,  1.658,
152

Nepn(fg, X) in 1016 cm™=3 7 34.760623, 8.9603097, 0.89991533 44.250678, 11.406579, 1.1456027 51.489527, 13.27255,
1.3330088

NEBT(ry,x) in 1016 cm™  ~  34.760613, 8.9603073, 0.899915083  44.250666, 11.406576, 1.1456024 51.489513, 13.272547,
1.3330084

[RD|in 1077 2.78, 2.45,2.72 2.78, 2.83,2.74 2.74, 2.62,
2.87

Donor Sh Sn

rq (nm) 7 0.136 0.140

X 7 0, 05,1 0, 05,1

e(rg,x) N 12.248718, 12.66199, 13.0752578 12.095622, 12.50373, 12.9118304
Egno(ra,x) 8V /7 1.7961576, 1.6580971, 1.5200437 1.7966403, 1.658394, 1.5201774
Nepn(rg,x) in 101 cm™3 7 52.138951, 13.439954, 1.3498217 54,143913, 13.956776, 1.4017280
NEBT(rg,x) in 10 cm™3 2 52.138937, 13.439950, 1.3498213 54.143898, 13.956772, 1.4017276
[RD| in 1077 2.64, 2.91,2.77 2.74, 2.61,2.77

Acceptor B Ga Mg

r, (NmM) 7 0.088 I,=0.126 0.140

X 7 0, 051 0, 05,1 0, 051
B,o(x) in 108 (N/m?) \ 6.8746556, 5.556694, 4.388991

e(ry,x) N 22.8400, 23.61066, 24.3812808 123, 12.715,13.13 11.635396, 12.0279,
12.42055

Egpo(ra,x) 8V /7 1.77047, 1.637365, 1.5037013 1.796,  1.658, 1.52 1.800225, 1.66141,
1.522697

Nepp(ra,x) in 1018 cm=3 7 0.56374752, 0.3288630, 0.17844517  3.6096078, 2.105671, 1.142563 4.2641433, 2.487495,
1.3497457

NERT(r,,x) in 10" ecm™ »  0.56374737, 0.3288629, 0.17844512  3.6096068, 2.105670, 1.1425627 42641421, 2.487494,
1.3497453

[RD| in 1077 2.71, 2.72,2.71 2.72, 2.65, 2.59 2.75, 2.67,2.82
Acceptor In Cd

r, (nm) 7 0.144 0.148

X 7 0, 05,1 0, 05,1

e(ry,x) N 11.240603, 11.6198, 11.9991 10.789407, 11.15344, 11.51747
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Egpo(rax) €V 7
Nepp(ra %) in 1018 cm ™3 2

NEBT (rp %) in 108 cm™3 /2

1.803097, 1.66374, 1.5245311
4.7294055, 2.7589064, 1.4970169
4.7294042, 2.7589057, 1.4970165

1.806773, 1.666708, 1.5268781
5.3478913, 3.1197012, 1.6927886
5.3478899, 3.1197004, 1.6927881

[RD| in 1077 2.81, 2.69, 2.81 2.67, 2.68,2.74

Table 5: In the GaTe,_,Sh,-alloy the numerical results of Byo(o): € Egnocgpoy: Nconecopy: and Népncpy) @re computed, using
Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |[RD| =

EBT
|1 _ Nepneeop)
Ncpn(cdp)

, giving rise to their maximal value equal to 2.87 x 10~7 , meaning that such the critical d(a)-density

Ncpnvop) (Ta(ay), X), determined in Eq.(8), is just the density of electrons (holes) localized in the EBT, NEpTcpp)(Taay X).
determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaP crystals, respectively, as observed in Table 1.

Donor P As Te

rq (NM) 2 0.110 0.118 r4o=0.132

X 2 0, 05,1 0, 05,1 0, 05,1
Bao(x) in 108 (N/m?) \ 3.1241155, 1.477934,
0.4317606

e(rg,x) 14.02110, 15.95328, 17.885458 12.937135, 14.71993, 16.50273 12.3, 13.995, 15.69
Egno(rg,x) eV 2 1.791671, 1.300952, 0.8094017 1.794195, 1.302146, 0.80975 1.796, 1.303,0.81

Nepn(rg,x) in 1016 cm=3 2
0.28211106
NEBT(rg,x) in 10 cm™3  ~

0.28211099

34.760623, 5.4209478,0.19045342

34.760613, 5.4209463, 0.19045337

44.250678, 6.9009297, 0.2424494

44.250666, 6.9009279, 0.2424493

51.489527, 8.0298341,

51.489513, 8.0298320,

|IRD| in 1077 2.78, 2.73,2.83 2.78, 2.64,2.72 2.74, 2.66, 2.62
Donor Sh Sn

rq (NM) 7 0.136 0.140

X 7 0, 05,1 0, 05,1

e(rg,x) ™ 12.248718, 13.93665, 15.624585 12.095622, 13.76246, 15.429293

Egno(rg,x) eV 2
Nepn(rg, ) in 1016 cm=3 »

NEBT(rg,x) in 10 cm™3

1.7961576, 1.303075, 0.8100218
52.138951, 8.1311125, 0.28566926
52.138937, 8.1311103, 0.28566918

1.7966403, 1.303303, 0.8100885
54.143913, 8.4437878, 0.29665444
54.143898, 8.4437855, 0.29665436

|IRD| in 1077 2.64, 2.66, 2.70 2.51, 2.68, 2.69

Acceptor B Ga Mg

r, (nm) 7 0.088 I,,=0.126 0.140

X 2 0, 05,1 0, 05,1 0, 05,1

Bao (%) in 108 (N/m?) N 6.8746556, 4.646473, 3.1686666

e(ry,x) N 22.8400, 25.987511, 29.134981 13.995, 15.69 11.63540, 13.2388,
14.842225

Egpo(rayX) 8V 7 1.77047, 1.2857451, 0.798233 1.796, 1.303, 0.81 1.800225, 1.305856,
0.8119474

Nepp(Ta x) in 1018 cm™3 2

0.86668661

0.56374752, 0.25639256, 0.11458161

3.6096078, 1.6416509, 0.73365234

4.2641433, 1.9393338,
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NEBT(r,,x) in 10'® cm™ 7 056374737, 0.25639249, 0.11458158

3.6096068, 1.6416504, 0.73365214

4.2641421, 1.9393333,

0.86668638

|RD| in 1077 2.71, 2.62,2.50 2.72, 2.82,2.68 2.75, 2.50, 2.67
Acceptor In Cd

r, (nm) 2 0.144 0.148

X 7 0, 05,1 0, 05,1

e(ry,x) N 11.240603, 12.78961, 14.3386225 10.78941, 12.27624, 13.763073

Egpo(rax) €V 7

Nepp(ra %) in 1018 cm ™3 2

1.8030972, 1.3077969, 0.8132712
4.7294055, 2.1509352, 0.96125108
4.7294042, 2.1509347, 0.96125083

1.806773, 1.310282, 0.8149657
5.3478913, 2.4322228, 1.0869583
5.3478899, 2.4322221, 1.0869580

NEBT (rax) in 108 cm™2 2

[RD| in 1077 2.81, 2.53, 2.62 2.67, 2.70,2.87

Table 6: In the GaTe;_,P,-alloy the numerical results of Byyao): €, Egnocgpo): Nconccopy: and Nepncpp) are computed, using
Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |RD| =

EBT
|1—M , giving rise to their maximal value equal to 2.91x 1077, meaning that such the critical d(a)-density

Ncpn(cdp)

Nonwop) (Tagay) X), determined in Eq.(8), is just the density of electrons (holes) localized in the EBT, Ngphcnp( Ty X).
determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaSb crystals, respectively, as observed in Table 1.

Donor P As Te

rq (NM) 7 0.110 0.118 I4=0.132

X 2 0, 05,1 0, 05,1 0, 05,1
Byo(x) in 108 (N/m?) \ 3.1241155, 2.8002,
2.386099

e(rg,x) ™ 14.02111, 13.337148, 12.653192 12.9371348, 12.30605, 11.67497 12.3, 117,111
Egno(rg,x) eV 7 1.791671, 1.7921195, 1.7926934 1.794195, 1.794382, 1.7946214 1.796, 1.796,
1.796

Nepn(re,X) in 1017 cm™3 2 3.4760623, 2.1543464, 1.1382172 4.4250678, 2.7425081, 1.4489638 5.1489527, 3.1911476,
1.6859958

NEBT(rg,x) in 107 cm™3  »  3.47606213, 2.1543458, 1.1382169 4.4250666, 2.7425074, 1.44896384 5.1489513, 3.1911468,
1.6859954

|RD| in 1077 2.78, 2.61,2.64 2.78, 2.66, 2.90 2.74, 2.62,
2.60

Donor Sh Sn

rq (Nnm) 7 0.136 0.140

X 7 0, 05,1 0, 05,1

e(rg,x) N 12.248718, 11.65122, 11.053721 12.095622, 11.50559, 10.9155611

Egno (g, X) 8V 7 17961576, 1.796141, 1.7961204
5.2138951, 3.2313968, 1.7072609 5.4143913, 3.3556576, 1.7729122
5.2138937, 3.2313960, 1.7072604 5.4143898, 3.3556567, 1.7729117

2.65, 2.77 2.74, 2.83,2.58

1.7966403, 1.796574, 1.7964890
Nepn(rg,X) in 1017 cm™3 2
NEET(r4,x) in 10 cm™3  ~

[RD| in 107 2.64,
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Acceptor B Ga Mg

ry (nm) 7 0.088 I,,=0.126 0.140

X 2 0, 05,1 0, 05,1 0, 05,1

B, (x) in 108 (N/m?) ~ 6.8746556, 8.547556, 10.55177

e(ry,x) \ 22.8400, 21.72589, 20.611745 12.3, 117,111 11.635396, 11.06782,
10.500236

Egpo(ra,X) €V 7 1.77047, 1.764258, 1.7568155 1.796, 1.796, 1.796 1.800225, 1.801253,
1.8024849

Nepp(ra, X) in 108 cm™3 2

0.56374752, 0.93260976, 1.4981699

3.6096078, 5.9713885, 9.592602

4.2641433, 7.0541893,

11.332043

NEBT(r,,x) in 10 cm™ »  0.56374737, 0.93260951, 1.4981695 3.6096068, 5.9713869, 9.592600 4.2641421, 7.0541874,
11.332040

|IRD| in 1077 2.71, 2.65, 2.52 2.72, 2.64,2.71 2.75, 2.65, 2.45
Acceptor In Cd

r, (nm) 7 0.144 0.148

X 2 0, 05,1 0, 05,1

e(ry,x) N 11.240603, 10.6923, 10.14396 10.789407, 10.26309, 9.7367823

Egpo(tax) 8V 7

Nepp(Ta %) in 1018 cm ™3 2

NEBT (ra X) in 108 cm

[RD| in 1077

-3

1.8030972, 1.80482, 1.8068933
4.7294055, 7.8238743, 12.568487
4.7294042,7.8238722, 12.568483

2.81, 2.73,2.91

1.8067734, 1.8093951, 1.812559

5.3478913, 8.8470379, 14.212125

5.3478899, 8.8470356, 14.212121
2.67, 2.60, 2.84

Table 7: In the CdTe;_,S,-alloy the numerical results of Byo(ao): €, Egno(gpo)» Neoncop)» @aNd Népnecppy are computed, using

Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |[RD| =

NEBT
| 1 — Neonceon

Ncpn(cdp)

, giving rise to their maximal value equal to 2.82x 1077, meaning that such the critical d(a)-density

Nconwop) (Ta(ay), X), determined in Eq.(8), is just the density of electrons (holes) localized in the EBT, NEpT cp,)(Ta@yX).

determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaTe crystals, respectively, as observed in Table 1.

Donor S Se

rq (nm) 2 0.104 0.114

X 2 0, 05,1 0, 05,1
e(rg,x) N 12.942503, 12.1202, 11.298015 11.2257881, 10.51261, 9.799427

Egno(rg,x) 8V 7

N¢pn(rg,x) in 106 cm™3 2

NEBT (rg,x) in 106 cm™3

7

1.6155583, 2.09222, 2.567913
4.1506041,18.345022, 55.640067
4.1506030, 18.345017, 55.640052

1.6180978, 2.096666, 2.5748234
6.3608576, 28.113996, 85.269163
6.3608559, 28.113988, 85.269141

|[RD| in 1077 2.6, 2.79, 2.66 2.73, 2.67,2.59
Donor Te Sn

rgq (nm) 7 rg,=0.132 0.140

X 2 0, 05,1 0, 051

Byo(x) in 108 (N/m?) ~ 2.0211442, 3.541925, 5.5001208

e(rgy,x) ™ 10.31, 9.655,9 10.138688, 9.494571, 8.850455

Egno(rg,x) €V 7

Nepn(rg,X) in 1016 cm=3 ~

1.62, 2.1,2.58
8.2108893, 36.290847, 110.06938

1.6204142, 2.100726, 2.5811272
8.6341767, 38.161712, 115.74367
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NEBT(ry,x) in 10 cm™3 8.2108871, 36.290837, 110.06935 8.6341743, 38.161702, 115.74364

|[RD| in1077 2.72, 2.65, 2.63 2.76, 2.72,2.56

Acceptor Ga Mg

r, (nm) 7 0.126 0.140

X 2 0, 051 0, 05,1

e(ry,x) N 11.41926, 10.69404, 9.9685481 10.444552, 9.781004, 9.1174555

Egpo(rax) €V 7

Nepp(ra %) in 101° cm™3 2

NEBT (rp %) in 10%° cm™ 2

1.6006033, 2.078139, 2.5551356
3.8859101, 4.5690868, 5.4449915
3.8859090, 4.5690856, 5.4449900

1.6173143, 2.09697, 2.5765572
5.0788748, 5.9717851, 7.1165903
5.0788734, 5.9717835, 7.1165884

|[RD| in1077 2.75, 2.68,2.82 2.679, 2.62,2.67
Acceptor In Cd

r, (nm) 7 0.144 I,,=0.148

X 2 0, 05,1 0, 05,1

B, (%) in 10° (N/m?)
e(ra,x)
Egpo(tax) 8V 7

Nepp (e x) in 10*° cm™3 2

NEBT (ra,x) in 10%° cm™ 2

[RD| in 1077

10.343599, 9.686465, 9.0293303
1.6193195, 2.099233, 2.5791277
5.2290386, 6.148349, 7.3270019

5.2290372, 6.1483473, 7.3270000

2.76, 2.78,2.71

1.2377251, 1.3950062, 1.5866282
10.31, 9.655, 9
1.62, 2.1,2.58
5.2803284, 6.208656, 7.398870
5.2803270, 6.2086543, 7.398868
2.66, 2.68,2.72

Table 8: In the CdTe,_,Se,-alloy the numerical results of Byyaoy: € Egno(gpoy: Neoncopy: @nd NEpncpy) are computed, using

Equations (2), (5), (6), and (8), and (26), respectively, noting that the relative deviations in absolute values are defined by: |[RD| =

NEBT
| 1 — Neonceon

Ncpn(cdp)

, giving rise to their maximal value equal to 2.88 x 1077 , meaning that such the critical d(a)-density

Neonwop) (Tagay) X), determined in Eq.(8), is just the density of electrons (holes) localized in the EBT, Ngphcnp( Ty X).

determined in Eq. (26), respectively. Here, on notes that in the limiting conditions: x=0, 1, these results are reduced to those given in

GaAs-and-GaTe crystals, respectively, as observed in Table 1.

Donor S Se

rq (nm) 2 0.104 0.114

X 2 0, 05,1 0, 05,1

e(rg,x) N 12.9425036, 12.87346, 12.804417 11.225788, 11.165903, 11.1060173

Egno(rg,x) 8V 7

N¢pn(rg,x) in 106 cm™3 2

1.6155583, 1.7251561, 1.834745
4.1506041, 5.2976236, 6.6541722

1.6180978, 1.7279255, 1.8377496
6.3608576, 8.1186805, 10.197610

NEET(rg,x) in 10 cm™3 4.1506030, 5.2976222, 6.6541704 6.3608559, 8.1186783, 10.197607
|RD| in 1077 2.60, 271,273 2.73, 2.65, 2.77
Donor Te Sn

rq (Nnm) 2 rq,=0.132 0.140

X 2 0, 05,1 0, 05,1

Byo(x) in 108 (N/m?) 2

e(rg,x) v
Egno(rg,x) €V 7

Nepn(rg,x) in 1016 cm=3 ~

2.0211442, 2.204162, 2.3910208
10.31, 10.255, 10.2
1.62,1.73,1.84
8.2108893, 10.479968, 13.163547

10.1386879, 10.084602, 10.030516
1.6204142, 1.730452, 1.84049
8.6341767, 11.020231, 13.842153
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NEET(r4,x) in 10 cm™3  ~

8.2108871, 10.479965, 13.163543

8.6341743, 11.020228, 13.842149

|[RD| in1077 2.72, 2.42,2.88 2.76, 2.38,2.53

Acceptor Ga Mg

r, (nm) 7 0.126 0.140

X 7 0, 05,1 0, 05,1

e(ry,x) N 11.419526, 11.358607, 11.2976878 10.44455,  10.3888, 10.3331162

Egpo(rax) €V 7
Nepp(ra %) in 101° cm™3 2

NEBT (rp %) in 10%° cm™ 2

1.6006033, 1.7148179, 1.8291247
3.8859101, 1.8337552, 0.66323007
3.8859090, 1.8337547, 0.66322989

1.617314, 1.72790, 1.8384942
5.0788748, 2.3967135, 0.86684006
5.0788734, 2.3967129, 0.86683983

|[RD| in1077 2.75, 2.61,2.69 2.69, 2.58, 2.65
Acceptor In Cd

r, (nm) 7 0.144 I,,=0.148

X 2 0, 05,1 0, 05,1

B, (X) in 10° (N/m?)
e(ry,x) N

Egpo(tax) 8V 7

Nepp (e x) in 10*° cm™3 2
NEBT (ra,x) in 10%° cm™ 2

[RD| in 1077

10.343599, 10.288420, 10.233241

1.6193195, 1.7294674, 1.8396185

5.2290386, 2.4675756, 0.89246936

5.2290372, 2.4675749, 0.89246911
2.76, 2.65, 2.77

1.2377251, 0.9687909, 0.69396862
10.31,  10.225,10.2
1.62, 1.73,1.84
5.2803284, 2.4917792, 0.90122328
5.2803327, 2.4917785, 0.90122304
2.66, 2.69, 2.70
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