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ABSTRACT

By basing on the same physical model and treatment method, as used
in our recent work!™, we will investigate the critical impurity densities
in n(p)-type
degenerate Helium-Fermi Liquid (He-FL), being due to the effects of

in the metal-insulator transition (MIT), obtained
the size of donor (acceptor) d(a)-radius, rq(,), and the high d(a)-density,
N, assuming that all the impurities are ionized even at T=0 K. In such
the n(p)-type He-FL, some important remarks are obtained and
discussed in the following.

(i)-In Tables la-1d in Appendix 1, the numerical results of the

isothermal bulk modulus, By, 0, the pressure variation, [Ap(rd(a))]n(p),

are obtained and

and the strain-energy variation, [Aa(rd(a))]n(p),

computed, using Equations (2, 3). It should be noted that, for a given

Tacay» those increase with increasing reduced effective mass, % in
0

good agreement with Landau’s remarks on the Fermi Liquid.[z]

(i)-In Tables 2a-5d in Appendixl, the numerical results of the critical impurity density

Nconeeopy(Tay) IN the metal-insulator transition (MIT), as that given in Eq. (8), by using an

empirical Mott parameter M,y = 0.25, are obtained and discussed.
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(iii)-Further, also in Tables 2a-5d in Appendix 1, for a givenr,,, the numerical results of
the density of electrons (holes) localized in the exponential conduction (valence)-band tails
(EBT), N&orcopy( Ty ), are obtained, using Eq. (26), and taking the empirical Heisenberg
parameter, #,., = 0.47137, as that given in Eq. (15), giving raise to: Nijr o (Ta@) =
Neonceppy (Tay), With a precision of the order of 1.6859 x 107¢, as that given in Table 3a in
Appendix 1. In other words, such the critical d(a)-density Ncp.wop)(Tay). 1S just the density

of electrons (holes) localized in the EBT, N5 cop(Taa), respectively.

KEYWORS: n(p)-type degenerate Helium-Fermi Liquid (He-FL), critical impurity density
in the metal-insulator transition (MIT).

INTRODUCTION

By basing on the same intrinsic energy-band-structure parameters, physical model and
treatment method, as used in our recent works and also other works™, we will investigate
the critical impurity density in the metal-insulator transition (MIT), obtained in n(p)-type
degenerate Helium-Fermi Liquid (He-FL), being due to the effects of the size of donor
(acceptor) d(a)-radius, rqca), and the high d(a)-density, N, assuming that all the impurities are
ionized even at T=0 K. In such the n(p)-type He-FL, some important remarks are obtained
and discussed as follows.

(i)- In Tables 1la-1d in Appendix 1, the numerical results of the isothermal bulk modulus,

Bao(aoy + the pressure variation, [Ap(rd(a))]n(p), and the strain-energy variation,

[Ac(rd(a))] , are obtained and computed, using Equations (2, 3). It should be noted that,

Mc(v)

o

for a given rqc,, those increase with increasing reduced effective mass, , in good

agreement with Landau’s remarks on the Fermi Liquid.[z]

(i)-In Tables 2a-5d in Appendix1, the numerical results of the critical impurity density
Neoneenpy(Tay) IN the metal-insulator transition (MIT), as that given in Eq. (8), by using an
empirical Mott parameter M,y = 0.25, are obtained and discussed.

(iii)-Further, also in Tables 2a-5d in Appendix 1, for a givenr,,, the numerical results of
the density of electrons (holes) localized in the exponential conduction (valence)-band tails
(EBT), N&orcopy(Tac, ), are obtained, using Eq. (26), and taking the empirical Heisenberg
parameter, #,., =0.47137, as that given in Eq. (15), giving raise to: N5\ cpy(Ta@) =

Neoneeopy(Tagay), With a precision of the order of 1.6859 x 107¢, as that given in Table 3a in
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Appendix 1. In other words, such the critical d(a)-density Ncpuwop)(Tay). 1S just the density
of electrons (holes) localized in the EBT, N5 cpp)(Tac)), respectively.

In the following, we will determine those functions: Nepncpp) (Taca)) @nd NEbtcop) ( Ta@)-

CRITICAL DENSITY IN THE METAL-INSULATOR TRANSITION (MIT)

Such the critical impurity density Nepncpp)(Taca)). eXxpressed as a function of rqc,, is

determined as follows.

Here, the values of the intrinsic energy-band-structure parameters are found to be given by:
Mew) _

o

the reduced effective electron (hole) mass in conduction (valence) bands,

3,4,5,6.2 [2] , m, (= 9.109558 x 10728 g) being the free electron mass, the static

dielectric constant €, = 1.055 [3] , and

Ydo(ao) = THe =

0.120 nm (empirical ),0.031 nm (calculated ), 0. 046 nm (covalent ), 0. 140 nm (Van der Waals

Therefore, the effective donor (acceptor)-ionization energy, Eqoao), is given by:

13. 6><[mc(v)/mo

Edo(ao) = T R (eV), )
and the isothermal bulk modulus Bgoao), at Tdca) = Ido(ao): DY:
— Edo(ao) eV
B = — ). 2
do(ao) (41'[/3)X(rdo(ao))3 (cm3) ( )

Effects of impurity size

Here, one shows that the effect of the size of donor (acceptor) d(a)-radius, rqc,), strongly
affects the changes in all the energy-band-structure parameters, which can be represented by

the effective relative static dielectric constant e(rq,)), in the following.
Al rga) = Tdoao). the needed boundary conditions are found to be given, for the impurity-
3 3
atom volume V= (41/3) X (Tae)) and Vyogaoy = (41/3) X (Fdo(any) » bY:
(i) The pressure p, as: po(rdo(ao)) =0, according to the p-pressure variation,
[Ap(racy)]

and

n(p)E p(rd(a))_po(rdo(ao)) = p(rd(a))a being equal to 0 at Td(a) = Ido(ao):

(i) The deformation potential energy (or the strain energy) o, as: Go(rdo(ao)) =0,

according to the ¢ — strain-energy variation, [Ao(rd(a))]n(p)z 6 (r4a)) %o (rdo(ao)) =

o(Taca), being equal to 0 at rgcay = Tdo(ao)-
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Further, we also shown that, as rq(a) > T'qo(ao) (Td(a) < I'do(ao)), the compression (dilatation)
gives rise to: the increase (the decrease) in the effective donor (acceptor)-ionization energy
Ed(a)(rd(a)) in the absolute values, being obtained from the effective Bohr model, and then

such the compression (dilatation) is represented respectively by: Ed(a)(l‘d(a)) — Edo(ao) =

+ [Ac(rd(a))]n(p).

Furthermore, for rq) > rdo(ao) (Tdca) < I'do(ao)) . the two important equations, used to

determine [Ap(l‘d(a))]n and [Ac(rd(a))]n(p), are defined by: ;1_5_4_ 40@9) 2l = iﬁ

d_p d do Bdo(ao)

giving raise to: —— dv(dv) v

Then, by an integration, one gets

) = £Bdo(ao) X ln( @ ) > 0, and

T'do(ao)

3
— Td(a) _
Vdo(ao) ) Edo(ao) % [(rdo(ao)) 1] %

[Ap(rd(a))]n =2Bdo(an) In(Vdo(ao)

[Ac(rd(a))]n(p Bdo(ao) X(V Vdo(ao) )x In (

In(Z22.)" > o, ©

T'do(ao)

In Tables 1a-1d in Appendix 1, the numerical results of the isothermal bulk modulus,
Bao(aoy + the pressure variation, [Ap(l‘d(a))]n(p) , and the strain-energy variation,
[Ao(rd(a))]n(p), are obtained and computed, using Equations (2, 3). It should be noted that,

c(v)

o

for a given rqc,, those increase with increasing reduced effective mass, , in good

agreement with Landau’s remarks on the Fermi Liquid.[z]

As noted above, one thus obtains for rq.) = rqeao), according to the compression,

2
€0 _
Ed(a) (rd(a)) - Edo(ao) = Edo(ao) X (5(rd(a))) -1 = [Ac(rd(a))]n(p)a

and for rq(a) < rgo(ao), according to the dilatation,

(4)

n(p)’

] 5 .
Ed(a)(rd(a)) - Edo(ao) = Edo(ao) X (8(;;0)) -1 = _[Ac(rd(a))]

Therefore, from above Equations (3) and (4), one obtains the expressions, for £(rgc,)) and

Eqa) (ra@), as:
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€o

(1)-for I'd(a) = I'do(ao) since a(rd(a)): . . <g,, and
Td@ ) _ Td(a)
j1+[<rdo(ao)) 1]Xln(rdo(ao))
Ed(a) (rd(a)) - Edo(ao) = Edo(ao) X [(rdzﬁzz)) 1] X ln rdzgl)) >0, (5)

according to the increase in Eqy)(rqca ), and

€0

1_[( Td(a) )3—1]><lr1( Td(a) )3
Tdo(ao) Tdo(ao)

> g,, With a condition,

(ii)-for I'd(a) < I'do(ao) s since a(rd(a)): \/

given by: [ d(a) - 1] d(a) < 1, and
rdo(ao) rdo (ao) !
r a 3 r a 3
Ed(a) (rd(a)) - Edo(ao) = _Edo(ao) X [(—rdiia)o)) - 1] X In (—rdiial)) <0, (6)

corresponding to the decrease in Eqc)(raca) )-

Furthermore, the effective Bohr radius agpgp)(raca)) is defined by:

_ &(raea))xh?

- €(r4a))
agn(Bp)(Td(a)) = ~0.53 x 1078 cm x ——4@) @

mc(y) X Q2 Me(y)/Mg’

where —q is the electron charge; q > 0.

Then, the critical donor (acceptor)-density in the Metal-Insulator Transition (MIT),

Nepnnpp) (Tacay), is determined, using an empirical Mott parameter, M,y = 0.25, for each

n(p
the conduction (valence) band, as:

1
[Neonivopy (Taa)] 3 X @gnep) (Faga) = Mn(p) = 0.25, (8)
noting that My, could be chosen in general case so that the obtained numerical
Ncpnnpp) (Tacay) -Tesults, being found to be in good agreement with the corresponding

experimental ones.

In the following, these obtained numerical results can also be justified by calculating the

numerical results of the density of electrons (holes) localized in exponential conduction

(valence)-band (EBT) tails, NEp 1 copy ( Tdca))-

Eg. (8) can be explained by using the definition of the reduced effective Wigner-Seitz (WS)

radius rsn(sp),m, in the Mott’s criterium, being characteristic of interactions, by:

1

1
_ 3 3 1 _ (3 3 ~
rsn(Sp)'M(N - NCDn(CDp) (rd(a))’ rd(a)) - (4“TNCDn(CDp)(rd(a))) X aBn(Bp)(rd(a)) N (E) x4=

2.4814,
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for any (rqca), x)-values. Therefore, one also has :

1
NCDn(CDp)(rd(a)JX) /3 X agn(Bp) (rd(a)) =1/4=0.25= Mn(p)a

well explaining thus the existence of the Mott’s criterium.

NES&CDP) (Taca))- EXpression
In order to determine NE3Tcpp)( Tacy). We first present our physical model and also our

mathematical methods.

Physical model

In n(p)-type degenerate X-alkali metals, if denoting the Fermi wave number by: kg, gp)(N) =
(3m®N)Y/3, N being the total impurity density, assuming that all the impurities are ionized
even at 0 K, the effective reduced Wigner-Seitz radius rs,sp), characteristic of interactions, is

defined by:

_ 3 1/3 1 _ 8 1 1/3 mc(v)/mo
rsn(sp)(N, I"d(a)) = (41‘[_N) X m = 1.1723 x 10° X (ﬁ) X m. (9)
So, the ratio of the inverse effective screening length kg, sp) to Fermi wave number kg p)
is defined by:

— Ksnsp) _ kl;rll(Fp) —
RSD(SP)(N’ rd(a)) = an(Fp) - ks_r}(sp) -

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

These ratios, Rgnr(sptr) and Rgnws(spws), are determined in the following.

First, for N > N¢pnvpp)(Taa)), according to the Thomas-Fermi (TF)-approximation, the

ratio Rgnr(sntr) IS reduced to

1

),

4

ot

<<1,y5(

_ KsnTF(spTF) kl;rll(Fp) 4'Yrsn(sp)(N'rd(a))
RsnTF(spTF) (Nr rd(a)) = = = -

KFn(Fp) KSTR(spTF)
being proportional to N=1/6,
Secondly, N < Nepnnpp) (Tacay) s according to the Wigner-Seitz (WS)-approximation, the

ratio Rgnws(spws) IS reduced to [3]:

Ksnws(spws) — (i _ yd[rgn(sp)XECE(N'rd(a))]) % 0.5 (12)
Ken(Fp) 2m drsn(sp) !

RanS(spWS) (N, rd(a)) =

where ECE(N, rd(a)) is the majority-carrier correlation energy (CE), being determined by:
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0.87553 , (2[1-In(2)] _
E (N )_ —0.87553 +0.0908+rsn(5p)'( 2 )xln(rsn(sp)) 0.093288
CE ’ rd a - 1.67378876
@) 0.0908+Tsn(sp) 1+0.03847728xXr3003)

So, in the n(p)-type degenerate He-FL, the physical conditions are found to be given by :

Ken(Fp) Nn(p) 1 Ken(Ep) +Efno(Fpo)

< = < — =R N, r <1, A N, r = —“1opo)
agn(p)  EFno(Fpo)  Anp)  Ksn(sp) sn(sp) (N Ta@) n(p) (N Ta@) Mn(p)
(13)

Here, +Epnorpoy IS the Fermi energy at 0 K, and ny,, is defined in next Eq. (19),

__ v2mN 21.—1/2
2 0,Mnpy(N, rgca)) = etray < 4 Ssn(spy

h?x Ken(Fp) (N)?
ZXmC(V)

as: +Efnopo)(N) =
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 ﬁ]’, randomly distributed throughout the He-FL, is
defined by:

V() = XL, vi(0) + Y, (14)

where V, is a constant potential energy, and the screened Coulomb potential energy v;(r) is

defined as:

_ q? xexp(—Ksn(sp)* |F_E])|)
S(Fd(a))X|F—§;|

vi(r) =

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

2
> q 4T 1
vilk) = — X —= X ——i,
J( ) £(rga) O k2+k§n(sp)

where Q is the total He-FL volume.

Then, the  effective auto-correlation  function  for  potential  fluctuations,

Wap) (Vapy No Tagay) = (VOV(r')), was determined,™* as :

— .2 ‘Hn(p)XRsn(Sp)(N'rd(a)) __ V27N
Wiap) (Vogpy N Tagay) = Moy X €xp ZW + M) (N Ta@) = 5 X
n(p)
-1/2
9*Ksn(sp):
_ TE B
Vnp) (E,N) = TErnogrpe) ()’ Hupy = 0.47137. (15)
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Here, E is the total electron energy, and the empirical Heisenberg parameter 3, =
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,

and therefore, Wyp) = Ni -

N[~

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

h%xk?

ch(v)

fora>1,Ex = being the kinetic energy of the electron (hole), and V(r) determined
in Eq. (16), by using the two following integration methods, which strongly depend on
W) (Vo NoTaca))-

Mathematical Methods

Kane integration method (KIM)

Here, the effective Gaussian distribution probability is defined by:

P(V) = (16)

1 —V?
———— X exp |—|.
V2TWn(p) 2Wn(p)

1 -1
So, in the Kane integration method, the Gaussian average of (E — V)?7z = Ei % is defined by
((E = V)* 2)um = (Ep 2w = S (E = V)2 x P(V)AV, for a > 1.

Then, by variable changes: s = (E — V)/,/Wnq, and y = FE/, /Wy = @ X Vp(py X
n(p)

H XR. . H i
exp [ —2_—06P) | "and using an identity:

4x |Vn(p)|
[775%7% x exp(—ys — £)ds = T'(a +1) x exp(y?/4) X D_, 1(y),
2

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

thus has:
2a-1
a-1 eXp(—y2/4)XWné))
<Ek 2)KIM = VZn X F(a + %) X D_a_%(Y) =
2 a—%
exp(—y /4)><Tln(p) }(n(p)stn(Sp)x(Za—l) 1
N exp| — xT(a+2) X D_a_%(y). (16)

8X |Vn(p)|
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Feynman path-integral method (FP1M)

1
Here, the ensemble average of (E — V)a“ = E % is defined by

1
-1 _ A _  h'2 T(a+d) 0 . _g_1 iEt
((E = V)*Z)epm = (B *drpim = 3575552 X F(%)Z X [, ()77 X expi——

2h2

(t\/wn(p)) }dt, iZ — _11

(J_)

noting that as a=1, (it)‘g X exp{ } is found to be proportional to the averaged

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

+ Egp Hn Rsn
" oand y = FE/ Wy = 20 0y o X exp | —2EZSIER) | for  n(p)-type

Wn(p) Mn(p) 4X |Vn(p)|

respectively, and then using an identity:

fjom(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)
As E — too, one has: v,y = +o0andy - +oo. In this case, one gets: D_,_1(y » +) =
2

o=
r(a+3)

<EZ_E)KIM ~ B2, (17)

X T x (+y)a z, and therefore from Eq. (16), one gets:

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

D a_%(y#mzﬁ(a)xexp((@ )y - L M) B(a),  Bla) =

16a2 2 4 TG+

(18)

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

Thus, in this case, one gets

(E k )KIM ~ B2, (19)
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Second case: n-type-case (E < 0) and p-type-case (E = 0)

1

a3
As E - F0, one has: (Y, vn(p)) = 0, and by putting f(a) = % xT'(a+3) x B(a), Eq. (18)

N
yields:
_ (Ei_E)KIM _ Hn(p)XRsn(spyx(2a—1)
Hu(p) (Vo) = £0, N, Taqay, @) = @ &P~ Vi)l —|va +
8X% Vn(p)

%) Y—(i+ﬁ)y2—zfﬁ - 0. (20)

16a2
Further, as E —» +o0, one has: (Y, vyp)) = £oo. Thus, one gets: D_,_1(y > £ ) =
2

—a-l Y2
y @zxe 7 - 0.

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

al
_ (B ? 1 (Ancp)XVn(p)?
Kngo) (e = £02, N, Ty, @) = ™ = s X exp(= =50 X (Ang X
_al
Vn(p)) 77 > O, (21)
noting that B(a) = % being equal to: ———— Vo for a=1, and 23% fora=5/2.
272 TG+ 22xI(5/4)
(Ep “)xim

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

taken in an approximate form as:

Fop)(Vnepy N Taay @) =

Ko@) Vnepyr N Tay» @) + [Hngp) (Vnpy, N Tagay, @) = Ky (Vngp), N Tagay, )] X exp[—c; x
(AngpyVa) ], (22)

so that:  Fpp)(Vnepy, NiTaay, @) = Hypy(Vnep), Ny Ta@p,a)  for 0<v, <16 , and
Frp) V) Ni Tagay @) = Koy (Vnep), N, Tagay, @) for vypy = 16. Here, the constants ¢, and
c, may be respectively chosen as: ¢; = 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), N&bcppy (N, Tacay). given in the following.
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Here, by using Eq. (18) for a=1, the density of states D(E) is defined by:

L 2me\z 1 (2me)\z e"p(_g)xwi
c(v 2 _ L c(v n 3 —
(DEDkim = 21[2( — ) X (Efxim = 2n2( = ) X—= X r() = D_;(Y)
D(E). (23)

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

1

( k)KIM

which the factor s is now replaced by:

1
(E2)kiM __ D(E<0)

3/2
(mc(v)Xmo) / X/ Mn(p) v

fa=0) Do Fap) (Vnpy NoTa@y @ = 1) Do(N,ragaya = 1) = 2n2hd
\/_
B@), Bla=1) = ——. (24)
24XT(5/4)

Therefore, NCDH(CDP)(N T4)) Can be defined by: NCDH(CDP)(N, T4(a)) = f_ooo.‘D(E < 0) dE,
NEbaeop) N Taq@)) =

3/2
(mc(v)) JYNMnp)X(&E EFno(Fpo))

16
—TE X {fo B(a=1) X Fu(p)(Vap), N Taay @ = 1) dvngp) + ln(p)} ’
(23)
where
2
w ~(Anp) V)
Ingwy = J; B@ = 1) X Kny(Vngpy NoTaayya = 1) dvngy = J € 2 X

(An(p)"n(p))_ dvnp)-

Then, by another variable change: t = [An(p)vn(p)/\/?]z, the integral I,p,) yields:

o _ T'(b,Zn(p)) 2
In(p) = # Xf tt~letdt = ﬁ, where b = —1/4, Zn(p) = [16An(p)/\/§] ,

np)  “Zn(p) 25/%xAn (p)

and T'(b, zppy) is the incomplete Gamma function, defined by: T'(b,znp)) :zg(‘pl)x

J

e Zn() |1 +216 (b-1)(b—2)...(b— ])l
Zn(p)

Further, Eq. (25) now vyields:

(m (V)) \/ﬂn( )X(iE no( o)) 16
NEpacop) [N = Nepnavop) (Tagay)s Fay] = — p— ROTRO X {fo Bla=1) x
_ L(0zn(p))
Fa) (Vn@y N Ta@)ya = 1) dvagp) + 25/4XAn(p)}’ (26)

being the density of electrons (holes) localized in the EBT.
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Finally, in Tables 2a-5d in Appendix 1, for a givenr,,, the numerical results of the density
of electrons (holes) localized in the exponential conduction (valence)-band tails (EBT),
NESr eppy (Tacay. x), are obtained, using Eq. (26), and taking the empirical Heisenberg parameter,
H,p) = 0.47137, as that given in Eq. (15), giving raise t0: N5 cpp)(Ta@) = Neoneeopy (Taa)s
with a precision of the order of 1.6859 x 107, as that given in Table 3a in Appendix 1. In
other words, such the critical d(a)-density Nepnwop) (Tacay). 1S just the density of electrons

(holes) localized in the EBT, N&J cpp)(Tacy), respectively.

CONCLUDING REMARKS

In Tables 1la-5d in Appendix 1, some concluding remarks are obtained and discussed as
follows.

(1)-In Tables 1a-1d in Appendix 1, the numerical results of the pressure variation,

[Ap(rd(a))]n(p), are given and computed, using Equation (3). It should be noted that, for a given
Taca), those increase with increasing % in good agreement with Landau’s remarks on the
Fermi Liquid.?

(2)-In the n(p) type degenerate He — FL , while &(rq(,)) decreases (), the functions:
Ncpn(epp) (Tdcay) @nd NEpncop) (Facay) increase (), with increasing () rqc), due to the

impurity size effect, as those observed in Tables 2a-5d in Appendix 1.

(3)- In those Tables (2a-5d) in Appendix 1, one also notes that the maximal value of the
relative deviations |[RD| is found to be given by: 1.6859 x 10~%, meaning that NEET =

N¢pn. In other words, such the critical d(a)-density Ncpnnpp)(Tacay)). is just the density of
electrons (holes), being localized in the EBT, N¢p 1 cpp) ( Taay)-

(4) Finally, once Ncpn(cpp) is determined, the effective density of free electrons (holes), N¥,
given in the parabolic conduction (valence) bands of the n(p)-type degenerate He — FL can
thus be defined by:

N*(N,rq@) =N —Ncpaovpp) =N — NEBE(CDW

being equivalent to the “compensation effect”.
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APPENDIX 1
Table l1a. In the n(p) type degenerate He — FL, in which Tgoq = 0.120 nm (emperical) , &, =1.055,
Mc,)/m, = 3,4,5,6.2, the numerical results of the isothermal bulk modulus, Byo(q0) . the pressure variation,

[Ap(rd(a))]n(p), and the strain-energy variation, [Ag (14(q))] 5y given and computed, using Equations (2, 3). It should

n(
m
be noted that, for a given 7.4y, those increase with increasing C(V), in good agreement with Landau’s remarks on the
d(a) m,
Fermi Liquid [2].
Donor
ne 2 3 4 5 6.2
mq
Forrg =rp = 0.110 nm
Byo (%) 7 5.0643405 6.752454 8.4405675 10.46630
10%*ev
[Ap(r)],, ( i ) , 13210657 1.762621 2.2032762 2.732062
[Aa(ry)], (eV) 2 2.1983625 2.931150 3.6639375 4543282
Forrg = rps = 0.118 nm
24
Buo (“’m—3") 7 5.0643405 6.752454 8.4405675 10.46630
1023ev
[Ap(r)],, ( . ) » 25535001 3.404679 4.2558485 5.277252
[Aa(ry)], (eV) 2 0.0908827 0.121177 0.1514712 0.187824
Forrg, = 0.120 nm
24
Buo (11“—;*") 7 5.0643405 6.752454 8.4405675 10.46630
10%*ev
[Ap(ra)]n (F) 0 0 0 0
[Aa(ry)], (eV) 0 0 0 0
Forrq =rg, = 0.136 nm
24
Buo (11“—;*") 7 5.0643405 6.752454 8.4405675 10.46630
10%*ev
[Ap(r)]n (W) 2 19016063 2.535475 3.1693439 3.929986
[Aa(ry)], (eV) 2 6.2724256 8.363234 10.454043 12.96301
Forrq = rg, = 0.140 nm
24
Byo (“ZT‘*V) 7 50643405 6.752454 8.4405675 10.46630
10%*ev
[Ap(r )], (F) 2.3420146 3.122686 3.9033576 4.840163
[Aa(ry)], (eV) 2 9.9671711 13.28956 16.611952 20.59882
Acceptor
v 7 3 4 5 6.2
me
Forr,, =0.120 nm
24
Bao (*or") 7 5.0643405 6.752454 8.4405675 10.46630
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Bl () 0 0 0 0
[Ao(r)]n (eV) 0 0 0 0

Forr, =rg, = 0.126 nm

B., (“z:ge") 7 5.0643405 6.752454 8.4405675 10.46630
(AP, (“’j%) 7.4127001 9.883600 12.354500 15.31958
[Ac(r)], V) 7 0.8457342 1.1276456 1.4095569 1.747851
Forr, = ryg = 0.141 nm

B., (“z:ge") 7 5.0643405 6.752454 8.4405675 10.46630
[Ap(r)], (“Z:f”) 2.4501504 3.2668672 4,0835840 5.063644
Aol (V) 7 11.035172 14.713562 18.391953 22.80602
Forr, = rj, = 0.144 nm

Bao (12Y) 7 5.0643405 6.752454 8.4405675 10.46630
[Ap ()], (“:::") » 27700153 3.6933538 4.6166922 5.724698
[Ac(r)], (V) 7 14596405 10.461873 24.327341 30.16590
Forr, = r¢q = 0.148 nm

B, (“Z:j") 7 5.0643405 6.752454 8.4405675 10.46630
[Ap(r)], (“::f") 3.1862885 4.2483847 5.3104809 6.584996
[Ac()], (V) 7 20.204119 26.938825 33.673531 41.75518

Table 1b. In the n(p) type degenerate He — FL, in which Tgo(qe) = 0.031 nm (calculated), &, = 1.055,
M)/m, = 3,4,5,6.2, the numerical results of the isothermal bulk modulus, Byo(a0) . the pressure variation,

[Ap(rd(a))]n(m, and the strain-energy variation, [Aa(rd(a))]n(p), are given and computed, using Equations (2, 3). It should

m
be noted that, for a given 74, those increase with increasing T:L(v), in good agreement with Landau’s remarks on the
o

Fermi Liquid [2].
Donor
mc
— 7 3 4 5 6.2
mg
Forrge = 0.031 nm

26
Bao (“Zm—:v) 7 2.9375249 3.9166998 4.8958748 6.0708847

10%*ev

[Pl (Fo30) 0 0 0 0
[Aa(ry)], (eV) 0 0 0 0
Forrg =rp = 0.110 nm

26
Bdo (%) 7 2.9375249 3.9166998 4.8958748 6.0708847

10%7ev

[Ap(rd)]n (F) 2 1.1161065 1.488142 1.8601776 2.3066202
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[Aa(r)], (103eV) 7 6.0833293 8.111106 10.138882 12.572214
Forrg = rps = 0.118 nm
Byo (“’;#) 2 2.9375249 3.9166998 4.8958748 6.0708847

10%7ev
[BpCln (Fos) 11779746 1.570633 1.9632910 2.4344808
[Ac(r)], (103%eV) 7 7.9601963 10.61359 13.266994 16.451072
Forrqg =rgp, = 0.136 nm
2.
Byo (%) 7 29375249 3.9166998 4.8958748 6.0708847
10%7evV
[Bpea)l (5s) 7 1.3030869 1.737449 21718115 2.6930463
[Aa(r)], (10%V) 7 1.3567649 1.809020 22612748 2.8039808
Forry = rg, = 0.140 nm
10%6ev
Byo (W) 2 29375249 3.9166998 4.8958748 6.0708847
10%7eV
[Bpea)l () 7 1.3286324 1.771510 2.2143874 2.7458403
[Aa(ry)], (10%eV) 7 1.5105557 2.014074 25175928 3.1218151
Acceptor
mV
v y. 3 4 5 6.2
me
Forr,, = 0.031 nm
B., (T::") 7 29375249 3.9166998 4.8958748 6.0708847
10%*ev
[y (F5) 0 0 0 0
[Ac ()], (eV) 0 0 0 0
Forr, =rg, = 0.126 nm
10%6ev
Bao () 7 29375249 3.9166998 4.8958748 6.0708847
10%7evV
[Bpe)l, (F550) 7 1.2357827 1.6477102 20596380 2.5539509
[Ac(r)], (10%eV) 7 1.0200604 1.3600805 1.7001006 21081248
Forr, = ryg = 0.141 nm
26
Bao () 7 29375249 3.9166998 4.8958748 6.0708847
10%7ev
[Bpel, (53Y) 7 1.3349047 1.7798730 22248412 2.7588031
[Ac(r)], (10%eV) 7 1.5508011 2.0677348 25846684 3.2049889
Forr, =, = 0.144 nm
B., (“’;#) 2 2.9375249 3.9166998 4.8958748 6.0708847
27
[Ap(r)], (“stev) 2 1.3534582 1.8046109 2.2557637 2.7971470
[Ac(r)], (10%eV) 7 1.6759700 2.2346267 27932834 3.4636714
Forr, =r¢q = 0.148 nm
B., (“’;#) 2 2.9375249 3.9166998 4.8958748 6.0708847
27
[Bper)l, (o) 7 1.3776038 1.8368050 2.2960063 2.8470478
[Ac(r)], (10%V) 2 1.8534830 2.4713106 3.0891383 3.830531
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Table 1c. In the n(p) type degenerate He — FL, in which T4o(q0) = 0.046 nm (covalent) , &, = 1.055 ,
Mc,)/m, = 3,4,5,6.2, the numerical results of the isothermal bulk modulus, Byo(q0) . the pressure variation,
[AP(Td(a))]n(p)’ and the strain-energy variation, [AG(Td(a))]n@), are given and computed, using Equations (2, 3). It should

Mc(v)

be noted that, for a given 74, those increase with increasing e in good agreement with Landau’s remarks on the
(]

Fermi Liquid [2].

Donor
mc
mq

Forrg, = 0.046 nm

10%5ev
Bgo (Y 7 8.9906924 11.987590 14.984487 18.580764
( cm3 )
24
[Ap(ry)], (=X 0 0 0 0
p d n cm3
a(r, eV
[Ac(ra)]n (eV) 0 0 0 0
Forrg =1rp = 0.110 nm
5
By (1Y 7 8.9906924 11.987590 14.984487 18.580764
cm3
102%eV
[BpColn (Fost) 7 2.3515308 3.135374 3.9192180 4.8598303
[Ac(ry)], (103eV) 7 12151676 1.620223 2.0252793 25113463
Forrg = rps = 0.118 nm
By (120 7 8.9906924 11.987590 14.984487 18.580764
cm3
102%eV
[BpColn (Fort) 7 2.5408863 3.387848 4.2348104 5.2511650
[Ao(r)], (10%eV) 7 1.6451213 2.193495 2.7418688 3.3999173
Forry = rgp = 0.136 nm
By (122eV 7 8.9906924 11.987590 14.984487 18.580764
cm3
10%%ev
[Ap(ra)ln ( — ) 2 2.9238096 3.898413 4.8730159 6.0425397
[Ao(r)], (10%eV) 7 2.9615259 3.948701 4.9358765 6.1204869
Forrqy = rg, = 0.140 nm
25
By, (¥ 7 8.9906924 11.987590 14.984487 18.580764
cm3
10%6ev
[BpCaln (Fost) 7 3.0019950 4.0026599 5.0033249 6.2041229
[Ao(r)], (103eV) 7 3.3281077 4.4374770 5.5468462 6.8780893
Acceptor
v 7 3 4 5 6.2
me

For r,, = 0.046 nm

5
B,, (_1‘2;;*") 7 8.9906924 11.98759 14.984487 18.580764
10%6ev
[y (“oi) 0 0 0 0
[Ac ()], (eV) 0 0 0 0
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Forr, =rg, = 0.126 nm

25
B., (“zmge") 7 8.9906924 11.98759 14.984487 18.580764
10%6ev
[Bpa)l, (550 7 27178158 3.6237544 45296929 5.6168192
Aa(r)], (10%eV) 7 2.1664893 2.8886523 3.6108154 44774111
[Ac ()],
Forr, = ryg = 0.141 nm
B,, (“’;#) 7 89906924 11.98759 14.984487 18.580764
10%6ev
[Bpaly (Yos) 3.0211923 4.0282563 50353204 6.2437973
[Ao(r)], (10%eV) 7 3.4243355 45657806 5.7072258 7.0769600
Iy
Forr, = rj, = 0.144 nm
5
B, (“Z;j") 7 89906924 11.98759 14.984487 18.580764
102%eV
[Ap(r)], ( - ) 2 3.0779777 4.1039702 5.1299628 6.3611538
[Ao(r)], (10%eV) 7 3.7243346 4.9657795 6.2072244 7.6969583
allp
Forr, = r¢q = 0.148 nm
25
B,, (“’m—3") 2 8.9906924 11.98759 14.984487 18.580764
10%%ev
[Bpa)ly (Fost) 7 3.1518784 4.2025045 5.2531307 6.5138820
[Ac(r)], (103eV) 2 41514861 55353148 6.9191434 8.5797379

Table 1d. In the n(p) type degenerate He — FL, in which 74,(40) = 0.140 (Van der Waals) , &, = 1.055,

mc(,,)/m,, =3,4,5,6.2, the numerical results of

the isothermal bulk modulus, By, o). the pressure variation,

[Ap(rd(a))]n(p), and the strain-energy variation, [Aa(rd(a))]n(p), are given and computed, using Equations (2, 3). It should

be noted that, for a given Ta(a)s those increase with increasing

Fermi Liquid [2].

- , in good agreement with Landau’s remarks on the

Donor

mc

He ’ 3 4 5 6.2

mg

Forrqg =rp = 0.110 nm

Bao (2-2Y) 7 31892057 4.252274 5.3153428 6.591025
10%*ev

[Pl (Fo30) 2.3073462 3.076462 3.8455770 4.768515

[Ao(r)l, V) 7 13.656630 18.20884 22.761049 28.22370

Forrq = ras = 0.118 nm

Bao (2-2Y) 7 31892057 4.252274 5.3153428 6.591025
10%*ev

[Pl (Fo30) 1.6356587 2.180878 2.7260979 3.380361

[Ao(r)l, (V) 7~ 7.5432066 10.05761 12572011 1558929

Forrg = rgp = 0.136 nm

Bao (2-2Y) 7 31892057 4.252274 5.3153428 6.591025

WWW.Wjert.org

1SO 9001: 2015 Certified Journal

232




Cong. World Journal of Engineering Research and Technology

1023V
[Ap(r )] ( — ) 2 27734165 3.697889 46223608 5.731727
[Ao(r)l, (eV) 7 0.2655055 0.354007 0.4425092 0.548711
Forrq =rqe = rs, = 0.140 nm

24

Byo (“ZTW) 7 3.1892057 4252074 5.3153428 6.591025

10%*eV
Bl (A=) 0 0 0 0
[Aa(ry)], (eV) 0 0 0 0
Acceptor
my
— 2 3 4 5 6.2
mg

Forr, =rg, = 0.126 nm

B., (“Z:j") 7 31892057 4.2522742 5.3153428 6.591025
10%*ev

[Ap()], ()~ 10080491 1.3440654 1.6800818 2.083301

Ao, (V) 7 3.1399568 4.1866091 52332614 6.489244

For ryo = 0.140 nm

B,, (“Zn#) 7 3.1892057 4.2522742 5.3153428 6.591025
10%3ev

[Bp)ln (i) 0 0 0 0

[Ac(r)], (eV) 0 0 0 0

Forr, = ryg = 0.141 nm

Bao (“:n#) 7 3.1892057 4.2522742 5.3153428 6591025
10%2ev
[Ap()], ()~ 6.8097206 9.0796274 11.349534 14.07342
Ao, (V) 7 0.0168925 0.0225233 00281541 0.034911
Forr, =, = 0.144 nm
24
Bao (*er) 7 3.1892057 4.2522742 5.3153428 6.591025
10%3ev
[Ap ()], ( —; ) 7 26952816 35937088 4.4921360 5.570249
oG], (V) 7 0.2731992 0.3642656 0.4553320 0.564612
Forr, =r¢q = 0.148 nm
Bao (“’f%) 7 3.1892057 4.2522742 5.3153428 6.591025
10%ev
[Ap()], ( — ) 7 53167105 7.0889474 8.8611842 10.98787
Ao, (V) 7 1.1086119 1.4781492 1.8476865 2291131
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Table 2a. In the n(p) type degenerate He — FL, in which Iye(ae) =Te=0.120 nm (empirical), m)/m, = 3 and

£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 3.5447 X 1077 . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor P As He Sh Sn
rq (Nm) 0.110 0.118 0.120 0.136 0.140
e(rg) N 1.08813 1.05631 1.0550 0.97488 0.93546
Nepn(rq) in 1024 cm™3 2 2.1994463 2.4042778 2.4132469 3.0584358 3.4616536
NEBT(ry) in 102* cm™3  ~ 2.1994456 2.4042770 2.4132463 3.0584350 3.4616527
[RD| in 1077 3.3540 3.3885 2.6525 2.6035 2.6179
Acceptor He Ga Mg In Cd
ry (nm) 0.120 0.126 0.141 0.144 0.148
e(ry) N 1.0550 1.0430 0.9249 0.8922 0.8471
Nepp(ra) in 102* cm™ 2 2.4132469 2.4972432 3.5812745 3.9898005 4.6621944
NEET(r) in 1024 em™ 7 2.4132463 2.4972426 3.5812735 3.9897993 4.6621927
[RD| in 1077 2.6509 2.2801 2.6691 2.9430 3.5447

Table 2b. In the n(p) type degenerate He — FL, in which Iye(ae)=Tye=0.120 nm (empirical), m)/m, = 4 and

€, = 1.055, the numerical results of €, Ncpn(cpp), and NESE(CDp) are computed, using Equations (5), (6), (8), and (26),

NEBE L
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 — w , giving
CDn(Cdp)
rise to their maximal value equal to 3.4209 X 1077 . It means that such the critical d(a)-density

Ncpn(npp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nggg(CDp)( Td(a))>

determined in Eq. (26), respectively.

Donor P As He Sb Sn

rq (nm) 0.110 0.118 0.120 0.136 0.140
e(ry) N 1.08813 1.05631 1.0550 0.97488 0.93546
Nepn(rq) in 1024 cm™ 2 5.21350240 5.69902880 5.7202890 7.2496255 8.2054011
NEBT(rq) in 102* cm™3 2 5.21350060 5.69902690 5.7202875 7.2496237 8.2053990
|RD| in 1077 3.4209 3.3272 2.7059 2.5222 2.5993
Acceptor He Ga Mg In Cd

r, (nm) 0.120 0.126 0.141 0.144 0.148
e(ry) N 1.0550 1.0430 0.9249 0.8922 0.8471
N¢pp(ra) in 10** cm=3 ~ 5.720289 5.9193912 8.488947 9.4573048 11.051127
Nggg (r,)in10**cm™3 2 5.7202875 5.9193899 8.488945 9.4573021 11.051123
|IRD| in 1077 2.7043 2.1916 2.6948 2.8876 3.2959
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Table 2c¢. In the n(p) type degenerate He — FL, in which Ige(a0)=Tne =0.120 nm (empirical), mq,)/m, = 5 and

£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 3.5257 X 1077 . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor P As He Sh Sn

rq (nm) 7 0.110 0.118 0.120 0.136 0.140
e(ry) N 1.08813 1.05631 1.0550 0.97488 0.93546
Nepn(rg) in 1025 cm=3 2 1.01826220 1.11309160 1.1172439 1.4159425 1.6026174
NEET(ry) in 1025 cm=3 1.01826180 1.11309120 1.1172436 1.4159421 1.6026170
|IRD| in 1077 3.4933 3.5257 2.4669 2.6035 2.5906
Acceptor He Ga Mg In Cd

ry (nm) 7 0.120 0.126 0.141 0.144 0.148
e(ry) 1.0550 1.0430 0.9249 0.8922 0.8471
Ncpp(ra) in 1025 ecm™ 2 1.1172439 1.1561311 1.6579975 1.8471298 2.1584233
NEBp(ry) in 10%° cm™ 2 1.1172436 1.1561308 1.6579970 1.8471293 2.1584226
|[RD| in1077 2.4653 2.2234 2.8336 2.7480 3.4537

Table 2d. In the n(p) type degenerate He — FL, in which Ige(a)=Te=0.120 nm (empirical), m.y)/m, = 6.2 and

€, = 1.055, the numerical results of &, Ncpn(cpp)» and Népncpp) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |[RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 3.5025x 1077 . It means that such the critical d(a)-density

Nepnpp) (Fagay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEptcppy (Taca))-

determined in Eq. (26), respectively.

Donor P As He Sh Sn

rgq (Nm) 2 0.110 0.118 0.120 0.136 0.140
e(rg) N 1.08813 1.05631 1.1550 0.97488 0.93546
Nepn(rg) in 1025 cm™3 2 1.94144310 2.12224710 2.1301641 2.6996699 3.0555888
NEBT(ry) in 10%° cm™  # 1.94144250 2.12224640 2.1301635 2.6996692 3.0555880
[RD| in 1077 3.3451 3.3626 2.6506 2.4875 25952
Acceptor He Ga Mg In Cd

ry (nm) 7 0.120 0.126 0.141 0.144 0.148
e(ry) N 1.0550 1.0430 0.9249 0.8922 0.8471
Nepp(ra) in 1025 ecm™ 2 2.1301641 2.2043073 3.1611777 3.5217821 4.1153017
NEpp(r,) in 10° cm™3 2 2.1301635 2.2043068 3.1611769 3.5217811 4.1153003
|RD| in 1077 2.6490 2.2170 2.5998 2.9023 3.5025
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Table 3a. In the n(p) type degenerate He — FL, in Which rgo(ap) =rue =0.031 nm (calculated), m¢y)/m, = 3 and

€, = 1.055, the numerical results of &, Ncpn(cpp), and Népn(cpp) are computed, using Equations (5), (6), (8), and (26),

EBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 —W , giving
CDn(Cdp)
rise to their maximal value equal to 1.6859x107¢ . It means that such the critical d(a)-density

Nepn(vpp) (Faay), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, N&phcpp) (Tdca)):

determined in Eq. (26), respectively.

Donor He P As Sb Sn
rq (M) 2 0.031 0.110 0.118 0.136 0.140
e(ry) N 1.0550 0.08165 0.07143 0.05476 0.05191
Nepn(rg) in 1027 cm=3 2 0.0024132469 2.2058848 7.7758447 17.253749 20.26063
NEET(rg) in 1027 cm™®  »  0.0024132463 2.2058778 7.7758491 17.253737 20.26046
[RD| in 1077 2.6525 13.418 5.7010 6.8440 8.1003
Acceptor He Ga Mg In Cd
ry (nm) 7 0.031 0.126 0.141 0.144 0.148
e(ry) 1.0550 0.0631 0.0512 0.0493 0.0469
Nepp(ra) in 10% ecm™ 2 0.00024132469 1.1262753 2.1073712 2.3669634 2.7519396
NEBp(ra) in 1028 cm™  ~» 0.00024132463 1.1262734 2.1073685 2.3669612 2.7519360
|IRD| in 1077 2.6509 16.859 12.816 9.1808 12.950

Table 3b. In the n(p) type degenerate He — FL, in which Ige(a)=Tne=0.031 nm (calculated), m.y)/m, = 4 and
€, = 1.055, the numerical results of &, Ncpn(cpp)» and Népncpp) are computed, using Equations (5), (6), (8), and (26),

NEBT(CD )
o .
1 — —"=2 giving

respectively. It should be noted that the relative deviations in absolute values are defined by: |[RD| = | N
CDn(Cdp)

rise to their maximal value equal to 1.6638 x 107® . It means that such the critical d(a)-density
Nepnvop) (Facay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, N&ptcpp) ( Tdcay)-

determined in Eq. (26), respectively.

Donor He P As Sbh Sn
rq (NM) 7 0.031 0.110 0.118 0.136 0.140
e(rg) N 1.0550 0.08165 0.07143 0.05476 0.05191
Nepn(rg) in 1028 cm=3 ~ 0.0005720289 1.2339875 1.8431632 4.0897775 48025197
NEET(rg) in 1022 cm™® ~»  0.00057202875 1.2339858 1.8431642 4.0897747 48025236
[RD| in 1077 2.7059 13.379 5.6631 6.7853 8.1048
Acceptor He Ga Mg In Cd

ry (nm) 2 0.031 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.0631 0.0512 0.0493 0.0469
N¢pp(ra) in 1028 cm=3 2 0.0005720289 2.6696895 4.9952504 5.6105799 6.5231161
NEB(ra) in 1026 cm™  ~» 0.00057202875 2.6696851 4,9952439 5.6105748 6.5231076
[RD| in 1077 2.7043 16.638 12.991 9.1692 12.960
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Table 3c. In the n(p) type degenerate He — FL, in which Igo(a0)=Tge=0.031 nm (calculated), my)/m, = 5 and
£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

EBT
_ Necpnepp)

respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 , giving

Ncpn(cdp)

rise to their maximal value equal to 1.6633 x107® . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor He P As Sh Sn
rq (M) 2 0.031 0.110 0.118 0.136 0.140
g(ry) 1.0550 0.08165 0.07143 0.05476 0.05191
Nepn(rg) in 1028 cm=3 2 0.0011172439 2.4101318 3.5999281 7.9878466 9.3799214
NEET(rg) in 1022 cm™® »  0.0011172436 2.4101286 3.5999302 7.9878412 9.3799289
[RD| in 1077 2.4669 13.291 5.7040 6.7266 8.0352
Acceptor He Ga Mg In Cd

ry (nm) 7 0.031 0.126 0.141 0.144 0.148
e(ry) 1.0550 0.0631 0.0512 0.0493 0.0469
Nepp(ra) in 102 em™ 7 0.0011172439 5.2142373 9.7563484 10.958164 12.740461
NEBp(ra) in 1028 cm™  » 0.0011172436 5.2142286 9.7563357 10.958154 12.740445
|IRD| in 1077 2.4653 16.633 12.968 9.2406 12.899

Table 3d. In the n(p) type degenerate He — FL, in which Ig(ag)=Tie=0.031 nm (calculated), m.y,/m, = 6.2 and
€, = 1.055, the numerical results of &, Ncpn(cpp)» and Népncpp) are computed, using Equations (5), (6), (8), and (26),

EBT
1- Ncbn(cop)

respectively. It should be noted that the relative deviations in absolute values are defined by: |[RD| = | , giving

Ncpn(cdp)

rise to their maximal value equal to 1.6587 X 107® . It means that such the critical d(a)-density

Ncpn(npp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nggg(CDp)( Td(a))>

determined in Eq. (26), respectively.

Donor He P As Sbh Sn
rq (NM) 7 0.031 0.110 0.118 0.136 0.140
e(rg) N 1.0550 0.08165 0.07143 0.05476 0.05191
Nepn(rq) in 1028 cm™3 2 0.0021301641 45952152 6.8637093 15.22982 17.883983
NEET(rg) in 102 cm™3 0.0021301635 45952091 6.8637132 15.22981 17.883998
[RD| in 1077 2.6506 13.377 5.7158 6.7127 8.1206
Acceptor He Ga Mg In Cd

ry (nm) 2 0.031 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.0631 0.0512 0.0493 0.0469
N¢pp(ra) in 1028 cm=3 2 0.0021301641 9.9415899 18.601688 20.893098 24.291269
NEB(ra) in 1028 cm™  ~» 0.0021301635 9.9415734 18.601664 20.893079 24.291237
[RD| in 1077 2.6490 16.587 12.964 9.1057 12.968
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Table 4a. In the n(p) type degenerate He — FL, in which Iyo(ae)=Tne =0.046 nm (covalent), m.y,/m, = 3 and

£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 6.6071x 1077 . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor He P As Sh Sn
rq (nm) 2 0.046 0.110 0.118 0.136 0.140
e(rg) N 1.0550 0.18053 0.15576 0.11665 0.11012
Nepn(rq) in 1026 cm™3 2 0.024132469 48159728 7.4993210 17.850733 21.222714
NEBT(ry) in 102 cm™ ~  0.024132463 48159732 7.4993223 17.850721 21.222704
[RD| in 1077 2.6525 0.8945 1.7785 6.6017 4.9063
Acceptor He Ga Mg In Cd
ry (nm) 2 0.046 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.1361 0.1086 0.1041 0.0987
Nepp(ra) in 1027 cm™ 2 0.0024132469 1.1244337 2.2139604 2.5079705 2.9471425
NEET(r)) in 1027 em™  ~  0.0024132463 1.1244338 2.2139591 2.5079702 2.9471415
[RD| in 1077 2.6509 0.7982 5.7286 1.3613 3.4333

Table 4b. In the n(p) type degenerate He — FL, in which Iye(a) =Tne =0.046 nm (covalent), my,/m, = 4 and

€, = 1.055, the numerical results of €, Ncpn(cpp), and NESE(CDp) are computed, using Equations (5), (6), (8), and (26),

NEBn ..
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 — w , giving
CDn(Cdp)
rise to their maximal value equal to 6.6585X 1077 . It means that such the critical d(a)-density

Ncpn(npp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nggg(CDp)( Td(a))>

determined in Eq. (26), respectively.

Donor He P As Sb Sn
rq (nm) 7 0.046 0.110 0.118 0.136 0.140
e(ry) N 1.0550 0.18053 0.15576 0.11665 0.11012
Nepn(rq) in 1027 cm™3 2 0.0057202890 1.1415639 1.7776168 4.2312849 5.0305693
NEET(ry) in 107 em™ ~  0.0057202875 1.1415640 1.7776171 42312821 5.0305668
|[RD| in 1077 2.7059 1.0130 1.8767 6.6585 49714
Acceptor He Ga Mg In Cd
r, (nm) 2 0.046 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.1361 0.1086 0.1041 0.0987
N¢pp(ra) in 1027 cm™3 2 0.0057202890 2.6653243 5.2479062 5.9448189 6.9858192
Nggg (r,)in 102 cm™® »~ 0.0057202875 2.6653245 5.2479032 5.9448181 6.9858168
|IRD| in 1077 2.7043 0.8555 5.8035 1.2989 3.3833
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Table 4c. In the n(p) type degenerate He — FL, in which Iye(ae) =Ine =0.046 nm (covalent), m.y,)/m, = 5 and

£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 6.5727 X 1077 . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor He P As Sh Sn
rq (nm) 2 0.046 0.110 0.118 0.136 0.140
e(rg) N 1.0550 0.18053 0.15576 0.11665 0.11012
Nepn(rq) in 1027 cm™3 2 0.011172439 2.2296171 3.4719079 8.2642282 9.8253306
NEBT(ry) in 102 cm™ ~  0.011172436 2.2296173 3.4719085 8.2642228 9.8253258
[RD| in 1077 2.4669 0.7281 1.7282 6.5727 4.9329
Acceptor He Ga Mg In Cd
ry (nm) 2 0.046 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.1361 0.1086 0.1041 0.0987
Nepp(ra) in 102 cm™ ~ 0.0011172439 0.52057115 1.0249817 1.1610975 1.3644178
NEET(r)) in 102 em™  ~ 0.0011172436 0.52057120 1.0249811 1.1610973 1.3644173
[RD| in 1077 2.4653 0.8821 5.9203 1.5962 3.3293

Table 4d. In the n(p) type degenerate He — FL, in which Ige(a)=Te=0.046 nm (covalent), mq,)/m, = 6.2 and

€, = 1.055, the numerical results of €, Ncpn(cpp), and NESE(CDp) are computed, using Equations (5), (6), (8), and (26),

NEBE .
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 — w , giving
CDn(Cdp)
rise to their maximal value equal to 6.6372X 1077 . It means that such the critical d(a)-density

Ncpn(npp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nggg(CDp)( Td(a))>

determined in Eq. (26), respectively.

Donor He P As Sb Sn
rq (nm) 7 0.046 0.110 0.118 0.136 0.140
e(ry) N 1.0550 0.18053 0.15576 0.11665 0.11012
Nepn(rq) in 1027 cm™3 2 0.021301641 4.2510414 6.6196229 15.756776 18.733211
NEBT(ry) in10 em™ ~  0.021301635 4.2510418 6.6196241 15.756766 18.733202
|[RD| in 1077 2.6506 0.8302 1.7531 6.6372 4.8921
Acceptor He Ga Mg In Cd
r, (nm) 2 0.046 0.126 0.141 0.144 0.148
e(ry) N 1.0550 0.1361 0.1086 0.1041 0.0987
Nepp(ra) in 102 ecm™ »  0.0021301641 0.99253344 1.9542547 2.2137763 2.6014318
Nggg (r,)in1022cm™® »~ 0.0021301635 0.99253353 1.9542535 2.2137760 2.6014309
|IRD| in 1077 2.6490 0.9313 5.8938 1.4370 3.5026
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Table Sa. In the n(p) type degenerate He — FL, in which Ige(ae)=Tge=0.140 nm (Van der Waals), m,,/m, = 3 and

£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 3.2325x 1077 . It means that such the critical d(a)-density

Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDp)( Td(a))»

determined in Eq. (26), respectively.

Donor P As Sb He=Sn
rq (nm) 7 0.110 0.118 0.136 0.140
e(ry) N 1.33187 1.18381 1.05884 1.0550
Nepn(rg) in 1024 cm=3 ~ 1.1994085 1.7081025 2.3870757 2.4132469
NEET(ry) in 10%* cm=3 1.1994083 1.7081020 2.3870749 2.4132463
[RD| in 1077 2.0114 3.1252 3.2325 2.6525
Acceptor Ga He Mg In Cd
r, (nm) 7 0.126 0.140 0.141 0.144 0.148
e(ry) N 1.1033 1.0550 1.0547 1.0511 1.0394
Nepp(ra) in 1024 ecm™ 2 2.1099137 2.4132469 2.4149152 2.4402756 25235461
NEBp(ry) in 102+ cm™3 2 2.1099132 2.4132463 2.4149146 2.4402751 2.5235455
|IRD| in 1077 2.5286 2.6509 2.6249 1.9753 2.5653

Table Sb. In the n(p) type degenerate He — FL, in which Ige(ag)=Te=0.140 nm (Van der Waals), m.,)/m, = 4 and

€, = 1.055, the numerical results of &, Ncpn(cpp)» and Népn(cpp) are computed, using Equations (5), (6)., (8), and (26),

NEBT
respectively. It should be noted that the relative deviations in absolute values are defined by: |[RD| = |1 - w , giving
CDn(Cdp)
rise to their maximal value equal to 3.3251x 1077 . It means that such the critical d(a)-density

Nepnpp) (Fagay), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEpH cppy (Taca))-

determined in Eq. (26), respectively.

Donor P As Sb He=Sn
rq (nm) 2 0.110 0.118 0.136 0.140
e(rg) N 1.33187 1.18381 1.05884 1.0550
Nepn(rq) in 1024 cm™3 ~ 2.8430424 4.0488355 5.6582536 5.720289
NEET(rg) in 10%* cm=3 2.8430418 4,0488343 5.6582517 5.7202875
|IRD| in 1077 2.0728 3.0444 3.3251 2.7059
Acceptor Ga He Mg In Cd

ry (nm) 7 0.126 0.140 0.141 0.144 0.148
e(ry) N 1.1033 1.0550 1.0547 1.0511 1.0394
N¢pp(ra) in 10%* cm=3 2 5.0012769 5.720289 5.7242435 5.7843569 5.9817389
NEp(r) in10%*cm™  »  5.0012756 5.7202875 5.7242420 5.7843558 5.9817374
IRD| in1077 2.5067 2.7043 2.6898 1.8960 25617
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Table Sc. In the n(p) type degenerate He — FL, in which Igg(a0)=Tye=0.140 nm (Van der Waals), m,,/m, = 5 and
£, = 1.055, the numerical results of €, Ncpn(cpp), and NEEE(CDP) are computed, using Equations (5), (6), (8), and (26),

NEBT
_ CDn(CDp) ..
— |, gIving

respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| = |1 N
CDn(Cdp)

rise to their maximal value equal to 3.3251x 1077 . It means that such the critical d(a)-density
Ncpnvpp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NESE(CDP)( Td(a))»

determined in Eq. (26), respectively.

Donor P As Sb He=Sn
rq (NM) 0.110 0.118 0.136 0.140
e(rg) N 1.33187 1.18381 1.05884 1.0550
Nepn(rq) in 1024 cm™3 2 5.5528172 7.9078818 11.051277 11.172439
NEBT(rg) in 10%* cm™ 2 5.5528160 7.9078794 11.051273 11.172436
[RD| in 1077 2.0728 3.0444 3.3251 2.7059
Acceptor Ga He Mg In Cd

ry (nm) 0.126 0.140 0.141 0.144 0.148
e(ry) 1.1033 1.0550 1.0547 1.0511 1.0394
Nepp(ra) in 102 cm™ 2 0.97681190 1.1172439 1.1180163 1.1297572 1.1683084
NEBT(ra) in102° cm™  ~»  0.97681165 1.1172436 1.1180160 1.1297570 1.1683081
[RD|in 1077 2.5397 2.4653 2.6445 1.8593 2.6681

Table 5d. In the n(p) type degenerate He — FL, in which Ige(ae)=Te=0.140 nm (Van der Waals), m.y,/m, = 6.2

and €, = 1. 055, the numerical results of €, Ncpycpp), and NESE(CDP) are computed, using Equations (5), (6), (8), and (26),

NE%E(CD )
—=="B giving

respectively. It should be noted that the relative deviations in absolute values are defined by: |[RD| = |1 -3
CDn(Cdp)

rise to their maximal value equal to 3.2902x 1077 . It means that such the critical d(a)-density
Ncpn(npp) (Td(a)), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, Nggg(CDp)( Td(a))>

determined in Eq. (26), respectively.

Donor P As Sb He=Sn
rq (nm) 0.110 0.118 0.136 0.140
e(rg) N 1.33187 1.18381 1.05884 1.0550
Nepn(rq) in 1025 cm™3 2 1.0587135 15077357 2.1070629 2.1301641
NEET(rg) in 1025 cm™3 1.0587133 15077353 2.1070622 2.1301635
|IRD| in 1077 2.3414 2.9281 3.2902 2.6506
Acceptor Ga He Mg In Cd

ry (nm) 0.126 0.140 0.141 0.144 0.148
e(ry) v 1.1033 1.0550 1.0547 1.0511 1.0394
Nepp(ra) in 1025 ecm™ 2 1.8624130 2.1301641 2.1316367 2.1540222 2.2275248
NEpp(r,) in 10° cm™3 2 1.8624125 2.1301635 2.1316361 2.1540218 2.2275242
[RD| in 1077 2.5017 2.6490 2.6169 1.8821 2.5759
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