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T4(a), and the high d(a)-density, N, assuming that all the impurities are

ionized even at T=0 K. In such n(p)-type degenerate metals, we will

determine:
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given in Eq. (26), by using our empirical Heisenberg parameter,
Hapy = 0.47137, as given in Eq. (15), according to: for a given 74(4), Nébmcop)(Ta)) =

Nepn(cpp)(Tacay), With @ precision of the order of 3.4931 x 1077 , as observed in Tables 2-6.
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In other words, such the critical d(a)-density Ncpnvpp)(Taay)), IS just the density of

electrons (holes) localized in the EBT, N£5, cpy) ( Taca)), Fespectively.

KEYWORS: n(p)-type degenerate alkali metals, 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 (Van Cong, 2023; 2023; 2023), and also other
works (Green, 2022; Kitell, 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 various n(p)-type degenerate X = [Li, Na, Mg,
Ca, and Sr]- alkali metals, being due to the effects of the size of donor (acceptor) d(a)-
radius, rq(ay and the high d(a)-density, N, assuming that all the impurities are ionized even at
T=0 K. In such alkali metals, we will determine:

(i)-the critical impurity densities Ncppcppy(Tacay) In the MIT, as that given in Eqg. (8), 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), N&pncop)( Ta(ay): @ that given in Eq. (26), by using the empirical Heisenberg
parameter, H,,y = 0.47137, as that given in Eq. (15), according to: for given r4 and X,
Nébmcopy(Ta@) = Neonceopy (Tacay), With a precision of the order of 3.4931 x 1077, as
observed in Tables 2-6. In other words, such the critical d(a)-density Ncpnvpp) (Tacay)) 1S

just the density of electrons (holes) localized in the EBT, N5J cpyy ( Tacay). respectively.

In the following, we will determine those functions: Ncpn(cpp) (Taca)) @nd Nepncenp) ( Ta))-

CRITICAL DENSITY IN THE MOTT MIT

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

Here, the values of the intrinsic energy-band-structure parameters (So and Wang, 1977), such
as: the reduced effective electron (hole) mass in conduction (valence) bands, mc,/m,,
m, (= 9.109558 x 10722 g) being the free electron mass and the static dielectric constant ¢,

are given in Table 1 in Appendix 1.
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Therefore, the effective donor (acceptor)-ionization energy, Eqoao), is given by:

13600x[mc(v)/m0]

Edo(ao) = [eo]? meV, 1)
and the isothermal bulk modulus Bggao), at rgca) = Fdo(ao): DY
— Edo(ao) N
B = — 2
do(ao) (4“/3)X(rdo(ao))3 (mz) ( )

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(,)) (Van Cong, 2023; Van Cong et al.,

1984), in the following.

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

volume V= (4m/3) x (rd(a))3, 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:

dp__B =99 Givina: L(4%)=E - - :
v Vandp - - giving: dV(dv) v Then, by an integration, one gets:
A = B (V= V, x| Y )= E raw )’ g
| G(Fd(a))]n(p) = Bdo(ao) X( do(ao) )X In (Vdo(ao) )= Edo(ao) X (rao(ao)) -1 x
3
"d@) >
In (rdo(ao)) 2 0. (3)

Furthermore, we also shown that, as rqe) > 'qocao) (Tda) < Tdo(ao)) . the compression
(dilatation) gives rise to: the increase (the decrease) in the effective donor (acceptor)-
ionization energy Eqy) (rd(a)) in the absolute values, being obtained from the effective Bohr

model, and then such the compression (dilatation) is represented respectively by:

+ [Ao(Ta)]

n(p)’
PRI
Eq@)(rd@)) — Edo(ao) = Edocao) X (S(Fd(Za))) 1=+ [AG(Fd(a))]n(p),
for I'q(a) > I'do(ao): and for I'q(a) < I'do(ao):
i .
Eq@)(rd@)) — Edo(ao) = Edocao) X (S(FEd(Za))) -1l =- [AG(Fd(a))]n(p)- 4)
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Therefore, from above Equations (3) and (4), one obtains the expressions for e(rq(,)) and

Eaca)(Taga) as:

€0

(i)-for rqa) = Tdo(ao), SiNCE €(rq(a))= = =< &, and
Td@ ) _ Td(a)
\/1+[(rdo(ao)) 1]Xln(rdo(ao))
Ed(a) (rd(a)) - E:do(ao) = Edo(ao) X [(rdigl) 1] ln rdiil)) >0, (5)

according to the increase in Eqc)(rqc ), and

€0

> ¢€,, With a condition,

(ii)-for ryea) < rqoao), SiNCe &(rqea)) = j [(

_[(Fa@ )3_1 xln( Td(a) )3
T'do(ao) T'do(ao)

given by: [( “d@ ) — 1] x In (ﬂ)S <1, and

T'do(ao) Tdo(ao)

3 3
_ - _ Td(a) _ Td(a)
Ed(a) (rd(a)) Edo(ao) Edo(ao) X [(rdo(ao)) 1] X In (rdo(ao)) <0, (6)
corresponding to the decrease in Eq,)(raca) )-
Furthermore, the effective Bohr radius agpgp)(raca)) is defined by:

_ &(rqea))xh?

_ €(r4a))
apnp) (Td)) = — 0.53 X 10~8 cm X ——rd@) @

M(v)Xq? Me(y) /Mo’

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

Then, the critical donor (acceptor)-density in the Mott MIT, Ncpnnpp) (Taca)), IS determined,

using an empirical Mott parameter, My, ,y = 0.25, for each the conduction (valence) band, as:
1
[Nconvop) (fag@)] > X apn@p) (Faca)) = Mn(p) = 0.25, (8)

Noting that My, could be chosen in general case so that the obtained numerical
Nepn(npp) (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, N& 1 cppy( Taca))-

Nebn(cop) (Taga))- Expression

In order to determine NEBE(CDP)(rd(a)), we first present our physical model and also our

mathematical methods.
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Physical model

In n(p)-type degenerate X-alkali metals, if denoting the Fermi wave number by: kg, gp)(N) =
(3m2N)*/3, N being the total impurity density, assuming that all the impurities are ionized
even at 0 K, the effective reduced Wigner-Seitz radius rgpspy, Characteristic of interactions,
is defined by:

1/3 1/3 /Mo
Fonsp) (N Ta@) = () L =11723x10°x (3) T x "l (g)

apn(Bp)(Td(a)) e(raca))

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

_ ksn(sp) _ kEfll(Fp) _
Rsn(sp)(N' rd(a)) = Ken(ep) Ksn(sp) -

Rsnwsspws) + [RsnTrspTr) — RsnwsspwsyJe " ne» < 1. (10)

These ratios, Rgnrr(sprr) and Rgaws(spws), are determined in the following.
First, for N > N¢pnnpp)(faa)), according to the Thomas-Fermi (TF)-approximation, the

ratio Rgnr(sntr) IS reduced to

1
_ ken kg 4yrsnsp)(Nrgcay) _ (4\3
RsnTF(spTF)(Nr rd(a)) =5 TE(spTF) _ Fn(Fp) _ \/ s (sp:t d(a) <1, y = (E)S' (11)

Ken(Fp) K ATR(spTF)

being proportional to N=1/6,

Secondly, N < Nepnnpp) (Taca)) . according to the Wigner-Seitz (WS)-approximation, the

ratio Rgnws(spws) is reduced to [3]: Ece(N, raay)
— ksnwsspws) _ (3 _ s *Ece(Nra)]
RanS(spWS)(N' r'd(a)) - Ken(ep) — \2xn drsn(sp) ) X 0.5 ) (12)

Where ECE(N, rd(a)) is the majority-carrier correlation energy (CE), being determined by:

0.87553 , (2[1-In(2)] _
Eea(N )= 087553 0-0908+rsn(sp)T( 7 2)XIn(Fsn(sp))—0.093288
CcE\,Tga) ) = 1.67378876
@)/ = 0.0908+rsn(sp) 1+0.03847728xr503)

So, n(p)-type degenerate X- alkali metals, the physical conditions are found to be given by :

Ken(Fp) Nn(p) 1 Ken(Ep) ZEFno(Fpo)

< = < — =R N, r <1, A N, r = ——2oP9)
agnp)  EFno(Fpo)  Anp)  Ksn(sp) sn(sp) (N Ta@) n(p) (N Ta@) Mn(p)
(13)
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Here, +Epnorpoy IS the Fermi energy at 0 K, and ny,, is defined in next Eq. (195),

h?x Ken(Fp) (N)?
2XMe(y)

v2mN X 2k—1/2

as: iEFno(Fpo)(N) = = O'nn(p)(N' I'd(a)) = m 9" Ksn(spy:

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_El)
e(taca)X[F-R]

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 K-espace is given by

2
N q 4Tt 1
vilk) = — X —=X —=—"
1( ) e(rg@) O k2+k§n(sp)

where Q is the total X- alkali metal volume.

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

Wa oy (Vo) N, Taay) = (V(DV(r')), was determined, [4, 5] as :

= n2 ~Hn(p)*Rsn(sp)(N.Td(a)) _ VZmN
Wap) (Vngpy . Taga)) = Nagp) X exp ZJﬁ v M)\, Tag@) = £(d(a)) X
n(p)
-1/2
9*Ksn(sp):
_ TE B
Vo) (E,N) = TErmogrmoy (V) Hupy = 047137 . (15)

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 - too , |vn(p)| — 00,

and therefore, Wy ;) = N ).
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1

In the following, we will calculate the ensemble average of the function: (E — V)a‘l = E z
2 2

fora>1,Ex = ir;(k being the kinetic energy of the electron (hole), and V(r) determined
c(v)

in Eq. (16), by using the two following integration methods, which strongly depend on

Wa) (Vo) N Taa))-

Mathematical Methods
Kane integration method (KIM)

Here, the effective Gaussian distribution probability is defined by:

P(V) =

1 -v?
— X ) 16
V2 Wn(p) exp [2 Wn(p)] (16)

1
So, in the Kane integration method, the Gaussian average of (E — V)a‘§ = EE % is defined by

((E = V)2 2)m = (B D = [ (E = V)22 x P(V)dV, for a > 1.
k —00

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

> xR . . .
exp | “2®Z2S06P) ) “and using an identity:

4 |[vn(p)|

fooo 377 x exp(—ys — %)ds =T(a+3) xexp(y®/4) x D_a_%(y),

where D___1(y) is the parabolic cylinder function and I'(a + 3) is the Gamma function, one
—a—7 2

thus has:
za-1
a-1 exp(-y?/4)xW  *
(B, *xim = NoT ®L x T'(a+ ) X D_a_%(}’) =
exp(—y2/4)><nizpi) Hn(p)XRsn(sp)x(Za_l) 1
N X exp| — xT(a+3) X D—a—%(Y)' (16)

8% |Vn(p)|

Feynman path-integral method (FPIM)

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

1
_1 _ a3 I L Fr@+d) oo . <, 1 iEt
((E=V)*"2)ppim = (E} *Yrpiv = 53757 75= X F@z X [0 (D772 x exp {? —

(/W) W“(p))z} dt, i = —1,

2h2

WWW.Wjert.org 1SO 9001: 2015 Certified Journal 136




Cong. World Journal of Engineering Research and Technology

(J_)

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

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

Eno o] }[n RSnS
. and y = FE/ Wy = —2E X vy X exp Tn@Xenep) | for  p(p)-type

/wn(p) Nn(p) 4% [|vn(p)|

respectively, and then using an identity:

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

1 -1 -1
one finally obtains: (EE 2VepiM = (Ef{l 2YKIM> (Ei “)xim being determined in Eq. (16).

In the following, with the use of asymptotic forms for D_,_1(y), those given for {((E —

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

First case: n-type (E > 0) and p-type (E < 0)

ASE — Foo, one has: vp,) = oo andy — +oo. In this case, one gets: D_,_1(y —» +o) =
2

E/Z_) X ey4 x (Fy)?~ z and therefore from Eq. (16), one gets:
(EE_E)KIM ~ E%72, 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—f—;+ziig> 5B@, @) = mm—

16a2 2 2 TE+d)]

(18)

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

Thus, in this case, one gets:

1
(Ei kv = E*2, (19)
Second case: n-type-case (E < 0) and p-type-case (E > 0)

As E - F0, one has: (Y, vyp) — 0, and by putting f(a) = \7@ x I'(a+2) x B(a), Eq. (18)

yields:
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1
<Ea_i) ‘7-[1’1 XRSI’I s X(Za—l)
Hn(p)(Vnp) = £0,N,Tgqa), @) = =5 (a)‘“M = exp |— 2@ snGp) _ (\/5 +
8x |[Vn(p)|
3
é) V-(Gt1ea)v* ez | — O (20)
16a

Further, as E - Foo, one has: (Y, vpe) = too. Thus, one gets: D_,_i1(y —» to) =
2

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

1
a—=

(E Z)KM 1 A XV 2
k I ( n(p) n(p)) ) X (ﬁ

Knm)(n@p) = £%,N,Tq@),a) = — == = g xexp(-———— n(p) X

Vn(p))_a_% 4 O, (21)

noting that B(a) = %

, being equal to: 3L for a=1, and % fora=5/2.
2 4 TG+ 23XT(5/4)

23

(Ei_E)KIM
f(a)

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

taken in an approximate form as:
Fnm) (Vnepy, NoTaqay, @) =
Kn(p) Vngpy N> Tagay @) + [Hngp) (Vngey N Tay @) = Kngp) (Vg Ny Taay @)] X exp[—cy x

(Anp) Vo) " J: (22)

So that:  Fpepy (V) NiTacay, @) = Hyp)(Vnp), NoTqa,@) for 0<v, <16 , and
Fr) Wy Ni Tagay @) = Koy (Vnep), Ny Tagay, @) for vpy = 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), N¢éphccopy(Ns Tagay). given in the following.

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

3 3 y
— 8cwv) (2Mmcwv)\2 1 gcev) (2Merv)\2 eXp(——)an
(D(E))kim = 2;2)( hz(_))z X (E kv = 2;2)( hz( ))2 X \/;_n X 1‘(%) X D_%(y) —

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

1

( k)KIM

which the factor =y is now replaced by:

1
(EE)KIM _ D(E=0) _ —
fa=D) Dy Fug) (V) N, a@ya = 1) ’

8c(v X(mc v xmo)g/zxwmn Vm
Do(N, Tgay,a = 1) = =2 <;nzh3 B xp@),pla=1) =5 (24)
22XT(5/4)

Therefore, NE1 cppy (N, Fagay) can be defined by: NEp T cppy (N, ragay) = [’ D(E < 0)dE,

NCDn(CDp) (N, rcl(a)) =

3/2
gc(v)x(mc(v)) Vn) X & Efno(rpo)) 16 _ _
p— X {fo B(a = 1) X Fn(p)(Vn(py N- Tagay @ = 1) dvngpy +

In(p)}, (25)  where

2
w ~(Ane*vnm)
Ing) = Jio B = 1) X Knp) (Vo) NoTaay 2 = 1) dvagp) = [y, e ?

-3/2

(An)Va)  QVnp)-

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

o _ _ T(bznmp) 2
Inp) = #x[ ttle tdt = —2®°  where b= —1/4, Zn(p) = [16An(p)/\/§] ,

np)  “Zn() 25/%xAn (p)

and T'(b, z,p) is the incomplete Gamma function, defined by: T'(b,zy,)) :z}l’(‘pl)x

]

e-inie) [1 4 16, QOO0 ])l
Zn(p)

Finally, Eqg. (25) now yields

gc(v)x(mc(v)) Vn) X (& Efno(rpo)) 16
Npneop) [N = Neonvop) (Faca))s Faga)] = e {fo Bla=
L'(b,znp))
1) X Fugp) (Vagpy No Tagay, @ = 1) dvngp) + J57an s A(:()p)}, (26)

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

In n(p)-type degenerate X - alkali metals, the numerical results of NEp.cpp[N =
Nepnavop) (Tacay X)s Tyl = Nébncepy(Facy) . for a simplicity of presentation, evaluated

using Eq. (26), are given in following Tables 2-6 in Appendix 1, in which those of other

functions such as: Bgo(ao), €& and Nepn(cpp) are also computed, using Equations (2), (5), (6),
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and (8), respectively, noting that the relative deviations in absolute values are defined by:

EBT
IRD| = ‘1 _ Ncpn(cpp)
Ncon(eop) |
CONCLUSION

In those Tables 2-6, some concluding remarks are given and discussed in the following.
(1)-For a given alkali metal, while E(Fd(a)) decreases (), the functions: N¢pncpp) (Taca)) and
NEBh(cpp) (Tdcay) increase (7), with increasing (7) rqc), due to the impurity size effect.
(2)- In those Tables 2-6, one notes that the maximal value of |RD| is found to be given by:

3.4931 x 1077, meaning that NEBT = N.p,.. In other words, such the critical d(a)-density

Ncpnnop) (Tacay)), IS just the density of electrons (holes), being localized in the EBT,

NEbaccop) ( Taca)): respectively.

(3) 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 X- alkali
metals, can thus be defined by:

N*(N,rg@)) =N — Nepnvop) = N — NEBL cpp)»

being equivalent to the “compensation effect”.
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APPENDIX 1
Table 1: The values of the energy-band-structure parameters are given in various Alkali Metals in the
following (So and Wang, 1977).

In the n(p) type degenerate Lithium ( Li) — Metal, in which 744(40)=7,;=0.128 nm, we have: mcqy/m, = 1.59,
& =1.

In the n(p) type degenerate Sodium (Na) — Metal, in which rg4,q0)=7n,=0.166 nm, we have: m.q,)/m, = 1.06,
& =1.

In the n(p) type degenerate Magnesium (Mg) — Metal, in Which 14,(40)=7gp=0.141 nm, we have: m;y)/m, =1,
& =1.

In the n(p) type degenerate Calcium (Ca) — Metal, in Which 74440)=7¢s=0.176 nm, we have: m¢uy/m, =1, ¢, = 1.
In the n(p) type degenerate Strontium (Sr) — Metal, in which r4,q0) =75.=0.195 nm, we have: mcy)/m, =1,

& =1.

Table 2: In the n(p) type degenerate Li — Metal, the numerical results of Bgoao) = 3.9434835 x 10'* (% , €,

Ncpn(cpp), and NEBE(CDP) are computed, using Equations (2), (5), (6), (8), and (26), respectively, noting that the relative

EBT
NCDn(CDp)

deviations in absolute values are defined by: |RD| = |1 - , giving rise to their maximal value equal to 3.4704 X

Ncpn(cdp)

10~7. It means that such the critical d(a)-density Ncpn(npp) (Tdca)), determined in Eq. (8), is just the density of electrons

(holes) localized in the EBT, NESE(CDP)( I'4(a)), determined in Eq. (26), respectively.

Donor P As Li Sb Sn

rq (nm) 7 0.110 0.118 0.128 0.136 0.140
e(rg) N 1.0951 1.0275 1 0.9823 0.9609
Nepn(ra) in 1023 cm™3 2 3.2126248 3.8888301 4.2187787 4 4504158 4.7542438
NEBT(rq) in 1022 cm™3  ~ 3.2126240 3.8888289 4.2187776 4.4504147 4.7542422
[RD| in 1077 2.3529 3.1053 2.6521 2.5536 3.4704
Acceptor Ga Li Mg In Cd

ry (hm) 2 0.126 0.128 0.141 0.144 0.148
e(ry) ™ 1.0011 1 0.9609 0.9326 0.8988
Nepp(ra) in 102 ecm™ 2 4.2049896 42187787 47542438 5.2011232 5.8092822
NEpp(r,) in 1022 cm™3 2 4.2049884 4.2187776 4.7542422 5.2011219 5.8092806
|IRD| in 1077 2.9719 2.6505 3.4688 2.4160 2.7404
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Table 3: In the n(p) type degenerate Na — Metal, the numerical results of Byoaoy = 1.2052979 x 10** (%), g,

Ncpn(cpp), and NESE(CDP) are computed, using Equations (2), (5), (6), (8), and (26), respectively, noting that the relative

EBT
Ncbn(cpp)

deviations in absolute values are defined by: |RD| = |1 - , giving rise to their maximal value equal to 3.4931 X

Ncpn(cdp)

1077, It means that such the critical d(a)-density Nepnvop) (Tacay), determined in Eq. (8), is just the density of electrons

(holes) localized in the EBT, NEEE(CDP)( I'q(a)), determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rq (M) 2 0.110 0.118 0.136 0.140 0.166
e(rg) N 2.8319 1.7053 1.1697 1.1212 1
Nepn(rg) in 1022 cm™3 2 5.5038570 25.205638 78.100359 88.693230 125.00085
Nggz(rd) in10* cm=3 ~ 5.5038554 25.205631 78.100343 88.693201 125.00082
|RD| in 1077 2.8489 2.8590 2.0438 3.2447 2.6347
Acceptor Ga Mg In Cd Na

Iy (nm) 7 0.126 0.141 0.144 0.148 0.166
e(ry) N 1.3677 1.1212 1.0834 1.0543 1
NCDp(ra) in10%?2 cm™3 2 4.8858614 8.8693230 9.8286993 10.667367 42.187787
NEB;T, (rp)in10%2cm™3 ~ 4.8858598 8.8693201 9.8286972 10.667363 42187776
|IRD| in 1077 3.3206 3.2431 2.1367 3.4931 2.6505

Table 4. In the n(p) type degenerate Mg — Metal, the numerical results of Bgoaoy = 1.8554766 x 10 (%), €,

Ncpn(cpp), and NEBE(CDP) are computed, using Equations (2), (5), (6), (8), and (26), respectively, noting that the relative

NERT .. . . .
PR oiving rise to their maximal value equal to 3.2028 x

deviations in absolute values are defined by: |[RD| = |1 —
Ncpn(cdp)

1077, It means that such the critical d(a)-density Ncon(npp) (Td(a)), determined in Eq. (8), is just the density of electrons

(holes) localized in the EBT, NEp 1 cpp)( Faca))- determined in Eq. (26), respectively.

Donor P As Sh Sn Mg

rq (nm) 2 0.110 0.118 0.136 0.140 0.141

e(rg) N 1.2816 1.1331 1.0056 1.0002 1

Nepn(rq) in 1022 cm™3 2 4.9857167 7.2146410 10.320752 10.488212 10.495313

NEBT(rg) in 1022 cm™3 » 49857154 7.2146387 10.320750 10.488209 10.495310

|IRD| in 1077 2.5092 3.2028 1.6640 2.4201 2.9654

Acceptor Ga Mg In Cd

r, (nm) 2 0.126 0.141 0.144 0.148
e(ry) N 1.0521 1 0.9979 0.9888
Nepp(ra) in 102 cm ™3 ~ 0.9011263 1.0495313 1.0560207 1.0855359
Nggg (rp)in102 cm™3 2 0.9011261 1.0495310 1.0560204 1.0855356
|[RD| in 1077 2.4709 2.9668 2.8218 2.8911

143
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Table 5. In the n(p) type degenerate Ca — Metal, the numerical results of Bgo(ao) = 9.5405807 x 10*° (%) , €,

Ncpn(cpp), and NESE(CDP) are computed, using Equations (2), (5), (6), (8), and (26), respectively, noting that the relative

EBT
Ncbn(cpp)

deviations in absolute values are defined by: |RD| = |1 - , giving rise to their maximal value equal to 3.2253 x

Ncpn(cdp)

1077, It means that such the critical d(a)-density Nepnvop) (Tacay), determined in Eq. (8), is just the density of electrons

(holes) localized in the EBT, NEEE(CDP)( I'q(a)), determined in Eq. (26), respectively.

Donor As Sb Sn Ca

rq (Nm) 2 0.118 0.136 0.140 0.176
e(rg) N 2.4840 1.3092 1.2318 1
Nepn(rq) in 1022 cm™3 2 0.68478457 46767671 5.6148959 10.495313
NEBT(ry) in 1022 cm™ 2 0.68478439 46767658 5.6148941 10.495310
[RD|in 1077 2.5669 2.7507 3.2253 2.9684
Acceptor Ga Mg In Cd Ca

ry (nm) 2 0.126 0.141 0.144 0.148 0.176
e(ry) 1.6546 1.2155 1.1722 1.1256 1
Nepp(ra) in 1022 cm™2 2 2.3169669 5.8443109 6.5153448 7.3594320  10.495313
NEBT(ra) in 1022 cm™ 2 2.3169664 5.8443090 6.5153433 7.3594298 10.495310
[RD|in 1077 2.3028 3.2202 2.3519 2.9345 2.9669

Table 6. In the n(p) type degenerate Sr — Metal, the numerical results of Bgo(ao) = 7.014698 x 101° (%) , €,

Ncpn(cpp), and NEBE(CDP) are computed, using Equations (2), (5), (6), (8), and (26), respectively, noting that the relative

deviations in absolute values are defined by: |[RD| = |1 —

EBT
Ncbn(cop)

Ncpn(cdp)

, giving rise to their maximal value equal to 3.3270 X

1077, It means that such the critical d(a)-density Ncon(npp) (Td(a)), determined in Eq. (8), is just the density of electrons

(holes) localized in the EBT, NEp 1 cpp) ( Taca))- determined in Eq. (26), respectively.

Donor Te Sh Sn Sr

rgq (Nm) 2 0.132 0.136 0.140 0.195
e(ry) N 2.2792 1.8709 1.6356 1
Nepn(ra) in 1022 cm™3 2 0.88645906 1.6027389 2.3985955 10.495313
NEBT(ry) in 1022 cm™3  ~ 0.88645884 1.6027384 2.3985947 10.495310
IRD| in1077 2.4824 3.3270 3.1684 2.9684
Acceptor Ga Mg In Cd Sr

ry (nm) 7 0.126 0.141 0.144 0.148 0.195
e(ry) v 4.8058 1.5911 1.4797 1.3680 1
Nepp(ra) in 1022 ecm™ 2 0.094559463 2.6057077 3.2394674 4.0996650 10.495313
NEpp(r,) in 1022 cm™  » 0.094559437 2.6057071 3.2394667 4.0996642 10.495310
|IRD| in 1077 2.7645 2.4801 2.2158 2.0682 2.9668
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