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ABSTRACT
By basing on the same physical model and treatment method, as used
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in our recent work.!! we will investigate the critical impurity densities
in n(p)-type
degenerate Sodium Chloride Metal Liquid (NaCIl-ML) or Fermi
Liquid, being due to the effects of the size of donor (acceptor) d(a)-

in the metal-insulator transition (MIT), obtained

radius, rqey, 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 NaCIl-ML,

some important remarks are given and discussed in the following. (i)-
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variation [Ap(rd(a))]n(p) are given and computed, using Equation (3).

It should be noted that, for a given ry(,), those increase with increasing

reduced effective electron (hole) mass in conduction (valence) bands,
[2

%, in good agreement with Landau’s remarks on the Fermi Liquid.

(o]

(ii)- In Tables 2-5 in Appendix1, the numerical results of the critical

impurity density Neprncpp)(Ta(e)) 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)-
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Further, also in Tables 2a-5b in Appendix 1, for a given r4(,, the numerical results of the
density of electrons (holes) localized in the exponential conduction (valence)-band tails
(EBT), N&Brcop(Tacy,x), are obtained, using Eq. (26), and taking the empirical
Heisenberg parameter, 7, = 0.47137, as that given in Eq. (15), giving raise to:
Nébmcopy(Ta@) = Neon(eopy (Tacay), With a precision of the order of 2.8826 x 1077. In

other words, such the critical d(a)-density Ncpnnpp)(Tacay)). is just the density of electrons

(holes) localized in the EBT, NEB . cpp) ( Tacay)- respectively.

KEYWORS: n(p)-type degenerate Sodium Chloride Metallic Liquid, 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 Sodium Chloride Metal Liquid (NaCIl-ML) or Fermi Liquid, being due to the
effects of the size of donor (acceptor) d(a)-radius, rqc) 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 NaCIl-ML,

some important remarks are given and discussed in the following.

(i)- In Tables 1la-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 rqc,), those increase with increasing reduced effective electron (hole) mass in
conduction (valence) bands, mncl_(ov)’ in good agreement with Landau’s remarks on the Fermi

Liquid.”

(ii)- In Tables 2a-5b in Appendix 1, the critical impurity densities Ncpp(cpp)(Taa)) in the
MIT, as that given in Eqg. (8), by using an empirical Mott parameter M, = 0.25, are

obtained and discussed.

(iii)- Further, also in Tables 2a-5a in Appendix 1, for a given r4(,), the numerical results of
the density of electrons (holes) localized in the exponential conduction (valence)-band tails

(EBT), N&Bncop(Tacy,x) . are obtained, using Eq. (26), and taking the empirical
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Heisenberg parameter, 7, = 0.47137, as that given in Eq. (15), giving raise to:
Nébmcopy(Ta@) = Neon(eopy (Tacay), With a precision of the order of 2.8826 x 1077. In
other words, such the critical d(a)-density Nepnvpp)(Tacay)). is just the density of electrons

(holes) localized in the EBT, NZJr cpp)( Taca)): respectively.
In the following, we will determine those functions: Ncpn(cpp) (Tacay) @nd Nepaceop) ( Ta@))-

CRITICAL DENSITY IN THE METAL-INSULATOR TRANSITION (MIT)

Such the critical impurity density Ncpncpp)(Taca)), expressed 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) _
m

o

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

3,4,5and 6, m, (= 9.109558 x 10728 g) being the free electron mass.! and the static
dielectric constant g, = 5.9 [Dielectric Constant Table Tokyo INC. ],10,15, 2. Bl as
those given in Tables 1a, 1b, 1c and 1d in Appendix 1.

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

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

Edotao) =~ (V). (1)
and the isothermal bulk modulus Bgo(ao), at Taca) = T'do(ao), PY:
— Edo(ao)
B =
do(ao) (41'[/3)X(rdo(ao)) (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 €(rqa,)), in the following.

Al rga) = Tdo(ao), the needed boundary conditions are found to be given, for the impurity-
3 3

atom volume V= (41/3) X (Tae)) and Vyoqaoy) = (41/3) X (Tdo(an)) - bY:

(i) the pressure p, as: po(rdo(ao)) =0, according to the p-pressure variation,

[Ap(rd(a))]n(p)E P(Faa))—Po(Tdoao)) = P(Tac). being equal to 0 at rgcay = Taocac), and
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(ii) the deformation potential energy (or the strain energy) o, as: co(rdo(ao)) = 0, according

to the ¢ — strain-energy variation, [Ac(rd(a))]n(p)z 6 (Tda))00(Tdo(ao)) = 0(rd)

being equal to 0 at rd(a) = rdo(ao).

Further, we also shown that, as rq(a) > T'do(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) =

i [Ac(rd(a))]n(p)'

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

determine [Ap(rd(a))]n and [Ao(rd(a))]n(p), are defined by: d — 4 Bacao) do(aO) and p= _|__

dp _ d ,do Bdo(ao)
giving raise to: v dV(dV)_ v

Then, by an integration, one gets:

) = £Bdo(ao) X 1n< @ ) > 0, and

T'do(ao)

[Ap(rd(a))]n =+Bdo(ao)* IN (5

do(ao)

[Ao(racy)] = Bdoao) X(V= Vao@oy )* In (

3
- Td(a) —
n(p) Vdo(ao) ) Edo(ao) % [(rdo(ao)) 1] %

In (Lf > 0. (3)

T'do(ao)

In Tables la-1d in Appendix 1, the numerical results of [Ap(rd(a))]n(p) are given and
computed, using Equation (3). In particular, it should be noted here that, for a given 7y,

Me@)

those increase with mcreasmg , in good agreement with Landau’s remarks on the Fermi

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

2
€
Ed(a)(rd(a)) - Edo(ao) = Edo(ao) X l(m) - 1] = [Ao-(rd(a))]n(p),

and for rqg) < rqoqo) . according to the dilatation, Eg)(rac)) — Edotao) = Edocao) X

l(s(r:z@)) 2

= —[Ao(raq)] (4)

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

Eq (ra). as:

€o
(2 Y T Y
T'do(ao) T'do(ao)

T a 3 r a 3 -
Eq@ (Ta@) — Edoao) = Edo(ao) X [(&) - 1] x In (L) > 0, (5) according to the

Tdo(ao) Tdo(ao)

<g,, and

1+

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

increase in Eq(a)(rac ), and

€0

> ¢g,, With a condition,

(ii)-for rgc) < rdo(aoy, SinCe €(rge)) = 3 3
J _[( Td(a) ) —1]><ln( "d(a) )
T'do(ao) Tdo(ao)

given by: [( “d@) ) - 1] x In (ﬂf <1,and

Tdo(ao) T'do(ao)

r 3
Ed(a)(rd(a)) — Edo(ao) = —Edo(ao) X [( d(a) 1] X ln Td(@) ) <0, (6

rdo(ao) rdo(aO)

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

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

n2 :
2a@M _ ) 53 % 1078 cm x —d@) (7) where —q is the electron

aBn(Bp)(rd(a)) = mc(y)Xq2 Me(yy/Mg

charge; q > 0.

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

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

1
the conduction (valence) band, as:  [Nepnepp) (Faca))] /3 agn(p) (Td(a)) = Mn(p) = 0.25,

n(p
(8) noting that M, could be chosen in general case so that the obtained numerical
Ncpn(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, NEp cpp)( Taca))-

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

radius rgp(spy M, in the Mott’s criterium, being characteristic of interactions, by:
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1

1
_ 3 3 1 _(3\3 -
rsn(Sp)'M(N - NCDn(CDp) (rd(a))’ rd(a)) - (41TNCDn(CDp)(rd(a))) X aBn(Bp)(rd(a)) N (E) x4 =

2.4814 , for any (rqc),x )-values. Therefore, one also has :NCDn(CDp)(rd(a)rX)1/3X
aBn(Bp)(rd(a)) =1/4=0.25 = My, explaining thus the existence of the Mott’s

criterium. NEpT cpp) (Taca))- EXpression

In order to determine N&BT cpp) ( Tacay). 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 rgnspy, Characteristic of interactions,
is defined by:

1/3 13 5
Fonsp) (N Ta) = () X—————=11723x 10° x (5] x Tel2fe /Mo (qg)

apn(Bp)(Td(a)) e(rda)

So, the ratio of the inverse effective screening length k to Fermi wave number kep(ip)

sn(sp)
is defined by:

ksnsp) _ Kengep) _
KenFp)  Ksn(sp)

Rengsp) (N Ta)) =
RanS(spWS) + [RsnTF(spTF) - RanS(spWS)]e_rsn(Sp) <L (10)
These ratios, Rgnrr(sprr) and Rgaws(spws), are determined in the following.

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

ratio Rgne(sntr) 1S reduced to

1

_ kgp k_l’ll 4Yrsn (N,I‘ a ) _(4)\3
RsnTF(spTF)(Nr rd(a)) — SsnTF(spTF) _ Fn(Fp) _ \/ s (sp:[ d(a) L1, y= (E)s’ (11)

KEn(Fp) K TR (spTF)

being proportional to N=1/6,

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

ratio Renws(spws) is reduced to.”!

_ Ksnwsspws) _ (3 d|r ( )XECE(N'rd(a))]
RSl’lWS(SpWS) (N, Fd(a)) = T(Fp) = (% — sn Spdrsn(sp) ) X 05, (12)
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where Ecg(N, rd(a)) is the majority-carrier correlation energy (CE), being determined by:

0.87553 . (2[1-1n(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+0.03847728xXr303)

So, in the n(p)-type degenerate NaCl- ML, 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 = —1otpo)
agnep)  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 n,, is defined in next Eq. (15),

_ _ h*XKkpnrp)(N)? _ V21N 21,—1/2
as: *Efno(Fpo)(N) = chv) 2 0,y (N Ta@) = 55 X @ Ken(sp)-

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 NaCl-ML, is
defined by: V(r) = XL, vj(r) + Vo, (14)

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

q? xexp(—Ksn(sp)* |F_§;|)

defined as: vi(r) = — L
]( ) s(rd(a))x|r—R]|

, Where Kqn(spy 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

—. _ q2 4_1'[ 1 . _
vj(k) = ey X0 X where Q is the total NaCl- ML volume.

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

Wap) (Vo) N Tagay) = (V(OV(r")), was determined,™ * as :

— .2 ‘Hn(p)XRsn(Sp)(N'rd(a)) __ V27N
Wam) (Vo) N Tagay) = Mn(p) X €XP ZF v My (N, Ta@) = ra) X
n(p)
-1/2
qzksn(sp)’
_ TE .
Vn(p) (E,N) = Termaas ()’ Tine) = 047137, (15)
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Here, E is the total electron energy, and the empirical Heisenberg parameter 3,y =
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?

fora>1,E; = v
cv)

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

Wa) (Vo) N Taay)-

Mathematical Methods
Kane integration method (KIM)
Here, the effective Gaussian distribution probability is defined by:

]. (16)

-Vv?2

1
——— X exp [
V2TWn(p) 2Wn(p)

P(V) =

1 -1
So, in the Kane integration method, the Gaussian average of (E — V)?7z = i % 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) /\/Wag, and y = FE/ /Wy, = @ X Vnpy X
n(p)

" xR R . .
exp | “2®22S06P) ) “and using an identity:

4X |Vn(p)|

[ 5772 x exp(—ys — £)ds = T(a+ 1) X exp(y2/4) x D_,_1(y),

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

thus has:
) . za-1
<E§_E)K1M _ exp(-y j;an(w x '(a+ %) X D_a_%(y) —
eXp(—y2/4)><ni;p%) Hn(py¥Ren(sp) X (2a—1) .
= Xexp| — xT(a+2) X D_a_%(y). (16)

8% |Vn(p)|
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Feynman path-integral method (FPIM)

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

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

Feynman propagator given the dense donors (acceptors).

: _ tEm
Then, by variable changes: t=-—— and y= FE/ /W) = —22E x v ) X

[Wn(p) MIn(p)

Hnp)XRsn(sp)

4% “Vn(p)l

fjom(is)"a"% X exp {iys — %} ds = 23/2 x I'(3/2) x exp(—y?/4) x D__ 1(¥y),

exp , for n(p)-type respectively, and then using an identity:

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 —

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 = Fooandy - Foo. In this case, one gets: D_,_1(y » +o) =
2

NG

Fat )x ey4 X (Fy)?~ z and therefore from Eq. (16), one gets:

(E, K )KIM ~E*2 (17)

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

D a_%(yﬂmzs(a)xexp(wa + 1§>y—f—;+zzjg)as<a), B(a) = e

16a2 2 4 Irﬁ+3n

1
Therefore, as E - +0, from Eq. (16), one gets: (Ei xim — 0.
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-1
Thus, in this case, one gets: (Ef{l kv = Ea72, (19)

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

1
a—=

—_ i nn 2
As E — +0, one has: (y, vn(py) = £0, and by putting f(a) = % x I'(a+2) x B(a), Eq. (18)
yields:
<Ea_i) Hnp)XRsn(spy*(2a—1)
Hn)(Vn) = 10, N, 14y ) = kf(—a)‘“M = exp [— —® |( D) - (\/5 +
8X Vn(p)

3

)Gt 35|~ 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 Eq. (16), one gets:

1

al
_ (E. P 1 (An(p)XVn(p))?
K“(P) (VH(P) — oo, N, Td(a) a) = kf(—a)KIM ~ @ X exp(— M) X (An(p) X
_al
Vnp) " 2= 0,(21)
noting that B(a) = ZaﬂL being equal to: ———— Vo for a=1, and 3£72 fora=5/2.
24 1@+ 24xT(5/4) 2

It should be noted that those ratios: % obtained in Equations (20) and (21), can be
taken in an approximate form as:

Fn) Vn(p), N Taga) a) =

Kin(p) ey N Taay @) + [Hogp) (Vngpy No Tacay @) = Ky (Vngpy N Tacay, @)] X exp[—¢; x

(AnyVam) "+ (22)

SO that: Fn(p) (Vn(p)r N, I'd(a) a) - Hn(p) (Vn(p)' N, I'q(a), 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
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the critical density of electrons (holes) localized in the exponential conduction(valence) band-

tails (EBT), N&pn(copy(Ns Taca))» given in the following.

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

: : ol
o\ 1 con\z | &P )xwh
(D(E))kim = L(%)2 X (Ef)kim = %(Zn;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

which the factor (k)K“;“ is now replaced by:

: (mewyxme)”* T
(Ep)xim _ D(E<0) _ _ _ _ (mewyxmo) ™ X Mnep)
s = o = Fa(Vney NoTa@ya =1) , Do(Nrg,a=1) = P X

\/_
B(a), Bla=1) = ——. (24)
24XT(5/4)

Therefore, NEp 1 cpp) (N, Taa)) can be defined by: NET cppy (N Taay) = [°_D(E < 0)dE,

NEpnccopy (N Taa) =

(mc(v)) \/T]n( yX(£ EFno(Fpo)) 16
20~ tnolto) 5 {1 Bla = 1) X Fagpy (Vo N Taay, @ = 1) dvny) +

In(p) }-(23)

where

2
w ~(Anm)Ynm)
Inp) = J1o B = 1) X Knpy(Vapy NoTaay @ = 1) dvyyy = [ e 2

-3/2

(An)Va)  dVnp)-

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

1 tle tdt = 100 where b = —1/4, zn() = [16An/V2]

:;x
NP T 25 gy Yzng) 25/%xAn (p)
and T'(b, zpy) is the incomplete Gamma function, defined by: ['(b,zyp)) :zg(‘pl)x

b-2)..(b— l)

7
Zn(p)

Zn(P) 1 -|—216 (b—1)(
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Finally, Eg. (25) now yields:

3/2
EBT (mc(v)) VNnE)X& Efno(Fpo)) 16
Ncpn(eop) [N = Nepnvop) (Tdcay)» Td@)] = 21:)2713 22 X {fo Bla=1)x

_ L(b,2n(p))
Fa@) (V@) N Ta@),a = 1) dvagp) + m} (26)

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

In n(p)-type degenerate NaCl-M the numerical results of

NEBacop) [N = Nepnvop) (Taca))s Fagay] = Nébaceop) (Taca)). for a simplicity of presentation,

evaluated using Eqg. (26), are given in following Tables 2a-5b in Appendix 1, in which those
of other results such as: Byo(ao), € and Nepn(cpp) are also obtained and computed, using
Equations (2), (5), (6), and (8), respectively, noting that the relative deviations in absolute

EBT
CDn(CDp)

. N .
values are defined by: |[RD| = |1 -3 . It should be noted here that the maximal value

CDn(CDp)
of |RD| is found to be given by: 2.8826 x 10~7, meaning that NEBT = Np,,, according an

important conclusion that such the obtained critical d(a)-density Ncpnnpp) (Tacay)), IS Just the

density of electrons (holes), being localized in the EBT, N&p . cpp) ( Tdcay)-

CONCLUDING REMARKS
In Tables 1la-5b in Appendix 1, some concluding remarks are obtained and discussed as

follows.
(1)-In Tables 1a-1d, 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 7,4, those

increase with increasing % in good agreement with Landau’s remarks on the Fermi
0

Liquid.?

(2)-In the n(p) type degenerate NaCl — ML , while s(rd(a)) decreases (), the functions:
Ncpn(epp) (Tacay) @nd NEBncopy (Tacay) increase (), with increasing () rqc), due to the

impurity size effect.

(3)- In those Tables (2a-5b), one also notes that the maximal value of |RD| is found to be
given by: 2.8826 x 10~7, meaning that NEBT = N¢p,. In other words, such the critical

d(a)-density Ncpnnpp) (Tacay)), IS just the density of electrons (holes), being localized in the

EBT, Nébn(cop) (Tdca))-
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(4) Finally, once N¢pn(cpp) is determined, the effective density of free electrons (holes), N¥,

given in the parabolic conduction (valence) bands of the n(p)-type degenerate NaCl — ML

can thus be defined by:

N*(N,rg)) =N —Nepnvop) = N = NEB cop):

being equivalent to the “compensation effect”.
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APPENDIX 1
Table 1a. Inthe n(p) type degenerate NaCl — ML, in which &, = 5.9, mq,)/m, = 3,4,5, 6, 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 74,

m
those increase with increasing % in good agreement with Landau’s remarks on the Fermi Liquid."?
(]

Donor
mc
mq

Forrg =1, =0.110 nm

2
[Ap(r)]n (“’ e") 7 12097753 161.30337 201.62921 241.95506

m3

Forrg = rys = 0.118 nm

2
Bp)ln () 7 100.33844 133.78459 167.23073 200.67688

m3

Forrg = rgp = 0.136 nm

2
BpCln (e) # 58601134 78.134846 97.668557 117.20227

m3

Forrqy = rg, = 0.140 nm

2
Bp)ln () ~» 50079197 66.772263 83.465328 100.15839

3

Forrge = 0.166 nm

Aol (55) 0 0 0 0

cm3

Acceptor
My

mg

Forr, =rg, = 0.126 nm

2
[Ap ()], (y) 7 5.3336119 71114826 8.8893532 10.667224

m3

Forr, = ryg = 0.141 nm

2
[Ap()], (lfm‘;") 7 31576920 42102561 5.2628201 6.3153841
Forr, =1, = 0.144 nm
10%ev
[Ap()], (W) 7 2.7504076 3.6672101 4.5840127 5.5008152
Forr, =r¢q = 0.148 nm
[Ap(ra)], (%) ’ 2.2203663 2.9604884 3.7006105 4.4407327

Forr,, = 0.166 nm

B0l (55) 0 0 0 0

cm?
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Table 1b. In the n(p) type degenerate NaCl — ML, in which &, = 23, and m.,y/m, = 3,4,5,6, 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

Mc(v)
Mo

given 744, those increase with increasing , in good agreement with Landau’s remarks on the Fermi Liquid.™

Donor
mc
mq

Forrg =rp = 0.110 nm

102eV)

(Al (5

Forrg = rps = 0.118 nm

7.960733 10.614311 13.267888 15.921466

2
[Ap(r)],, (%) , 6.6026108 8.8034811 11.004351 13.205222

Forry = rgp = 0.136 nm

10%eV
[Ap(r)]x (C—) 7 3.856154 5.1415387 6.4269234 7.7123081

m3

Forrg = rsgp, = 0.140 nm

2
BpC)ln (o) 7 32953816 43938421 5.4923026 6.5907631

m3

Forrgo = 0.166 nm

eV

o)l (55) 0 0 0 0

Acceptor
My

mg

Forr, =rg, = 0.126 nm

2
10 "’") 5.3336119 7.1114826 8.8893532 10.667224

[Bp@)], (S

Forr, = ryg = 0.141 nm

IOZeV)

[y (S

Forr, = rj, = 0.144 nm

3.1576920 4.2102561 5.2628201 6.3153841

2
10 e") 27504076 3.6672101 45840127 5.5008152

[y (S

Forr, =r¢q = 0.148 nm

2
10 "’V) 22203663 2.9604884 3.7006105 4.4407327

(D)l (S
Forr,, = 0.166 nm

[0 (55) 0 0 0 0
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Table 1c. In the n(p) type degenerate NaCl — ML, in which m.gy/m, = 3 and &, = 5.9, 10,15, 23, 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 7y (q), those decrease with increasing &, .

Donor

£ 7 5.9 10 15 23

Forrg =rp = 0.110 nm

3
10 eV) 12.097753 4.2112277 1.8716568 0.7960733

(Al (5

Forrg = rps = 0.118 nm

3
[Ap(r)]n (1:’—") \ 10033844 34927811 1.5523472 0.6602611

m3

Forry = rgp = 0.136 nm

103eV
) 5.8601134 2.0399055 0.9066247 0.3856154

[Bp)ln (e

Forrg = rgp, = 0.140 nm

3
[Ap(r)]n (1:—‘”’) N 50079197 1.7432568 0.7747808 0.3295382

m3

Forrgo = 0.166 nm

eV

Al (55) 0 0 0 0

Acceptor

& y 5.9 10 15 23

Forr, =rg, = 0.126 nm

3
10 "’") 8.1053741 2.8214807 1.2539914 0.5333612

[y (S

Forr, = ryg = 0.141 nm

3
[Ap ()], (lfme") N 47986759 1.6704191 0.7424085 0.3157692

3

Forr, = rj, = 0.144 nm

10%eV
) 4.1797346 1.4549656 0.6466514 0.2750408

(Bl (B

Forr, =r¢q = 0.148 nm

3
[Ap()],, (13—""’) N 3.3742424 1.1745738 05220328 0.2220366

m3

Forr,, = 0.166 nm

()], (55) 0 0 0 0

cm3
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Table 1d. In the n(p) type degenerate NaCl— ML, in which m.q)/m, =6 and &, =5.9,10,15,23 ,, 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 7y (4, those decrease with increasing &,.

Donor

£ 7 5.9 10 15 23

Forrg =rp = 0.110 nm

3
10 eV) 12.097753 4.2112277 1.8716568 0.7960733

(Al (5

Forrg = rps = 0.118 nm

3
[Ap(r)]n (1:’—") \ 10033844 34927811 1.5523472 0.6602611

m3

Forry = rgp = 0.136 nm

103eV
) 5.8601134 2.0399055 0.9066247 0.3856154

[Bp)ln (e

Forrg = rgp, = 0.140 nm

3
[Ap(r)]n (1:—‘”’) N 50079197 1.7432568 0.7747808 0.3295382

m3

Forrgo = 0.166 nm

eV

Al (55) 7 0 0 0 0

Acceptor

& y 5.9 10 15 23

Forr, =rg, = 0.126 nm

3
10 "’") 16.210748 5.6429614 25079829 1.0667224

[y (S

Forr, = ryg = 0.141 nm

3
[Ap ()], (lfme") N 95973518 3.3408382 1.4848170 0.6315384

3

Forr, = rj, = 0.144 nm

10%eV
) 8.3594692 2.9099312 1.2933028 0.5500815

(Bl (B

Forr, =r¢q = 0.148 nm

3
[Ap()],, (1;[—"’") N 6.7484848 2.3491476 1.0440656 0.4440732

3

Forr,, = 0.166 nm

By (o) 7 0 0 0 0

cm3

www.wjert.org ISO 9001: 2015 Certified Journal 210




Cong. World Journal of Engineering Research and Technology

Table 2a. In the n(p) type degenerate NaCl — ML, in which 74,(a0) = Twq =0.166 nm, m,y/m, =3 and g, =

5.9 [Fermi Solid], the numerical results of Byo(aq) = 97.9954199 X 10% (=), &, Nepn(copy . and NEETcpyp) are

computed, using Equations (2), (5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute

EBT
_ Ncpncepp)

values are defined by: |[RD| = |1

N , giving rise to their maximal value equal to 2.7711 x 10~7. It means that
CDn(Cdp)

such the critical d(a)-density N¢pnnvpp) (Tacay), determined in Eq. (8), is just the density of electrons (holes) localized in the

EBT, Népn(cop)( Tdcay)- determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rq (nm) 7 0.110 0.118 0.136 0.140 166

e(ry) N 16.7084 10.0614 6.90142 6.61494 5.9
Nepn(rq) in 1021 cm™3 ~ 0.60751538 2.78219670 8.6207125 9.7899529 13.797586
NEBT(ry) in 102t cm™3  ~ 0.60751522 2.78219590 8.6207102 9.7899503 13.797582
|IRD| in 1077 2.6967 2.7069 2.7087 2.6801 2.7711
Acceptor Ga Mg In Cd Na

ry (Nm) 7 0.126 0.141 0.144 0.148 166

e(ry) N 8.06942 6.5539 6.3923 6.2202 5.9
Nepp(Ta) in 1022 cm ™3 2 0.53930106 1.0065973 1.0848912 1.1774633 1.3797586
NEBT(ra) in 1022 cm™ 2 0.53930091 1.0065970 1.0848909 1.1774630 1.3797582
|[RD| in 1077 2.6955 2.5585 2.7248 2.8244 2.7695

Table 2b. In the n(p) type degenerate NaCl — ML, in which 745(q0)=7xq=0.166 nm, m.(,,/m, = 3 and &, = 23, the

eV

numerical results of Byo(a0) = 6.4484321 x 102 (G

) & Nepn(cop): and NEpy cppy are computed, using Equations (2),

(5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| =

EBT
|1 — Xeoneom  giving rise to their maximal value equal to 2.8826 x 10~7. It means that such the critical d(a)-density

Ncpn(cdp)

Nepnvop) (Facay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEptcpp)( Tdca)):

determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rg (Nm) 7 0.110 0.118 0.136 0.140 166

e(rg) ™ 65.1343  39.2223 26.9038 25.7871 23

Ncpn(rg) in 1020 cm=3 ~ 0.10254862 0.46963489 1.4551766 1.6525444 2.3290329
NEET(rg) in 1020 cm™3  ~ 0.10254859 0.46963476 1.4551762 1.6525439 2.3290323
IRD| in 1077 2.8826 2.6643 2.8629 27682  2.5929

Acceptor Ga Mg In Cd Na

r, (nm) 7 0.126 0.141 0.144 0.148 166

e(ry) N 314571  25.5492 24.9192 24.2482 23

Nepp(ra) in 1020 cm™ 2 0.91034037 1.6991366 1.8312967 1.9875584 2.3290329
NEBh(ra) in 102° cm™ 2 0.91034013 1.6991361 1.8312962 1.9875579 2.3290323
IRD| in 1077 2.6910 2.7331 2.7596 2.7071 2.5914
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Table 3a. In the n(p) type degenerate NaCl — ML, in which rgo(a)=rn,=0.166 nm, m.y/m, = 4 and &, = 5.9, the
numerical results of Byo(asy = 130.6605599 x 102 (%), &, Ncpn(cpp): and Néphcpp) are computed, using Equations
(2), (5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by:

NEBT . A A i .
[RD| = |1 — B giving rise to their maximal value equal to 2.7644 x 10~7. It means that such the critical d(a)-

Ncpn(cdp)

density Ncpnnpp)(Tacay), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT,

NEbaccop) ( Taca)» determined in Eq. (26), respectively.

Donor P As Sh Sn Na

rq (Nnm) 2 0.110 0.118 0.136 0.140 166

e(ry) N 16.7084 10.0614 6.9014 6.6149 23
Nepn(rq) in 1022 cm™3 # 0.14400365 0.65948366 2.0434282 2.3205814 3.2705389
NEBT(ry) in 1022 cm™3 0.14400361 0.65948348 2.0434276 2.3205808 3.2705380
[RD| in 1077 2.8755 2.6870 2.8583 2.6086 2.7644
Acceptor Ga Mg In Cd Na

ry (Nm) 2 0.126 0.141 0.144 0.148 166

e(ry) N 31.4571 25.5492 24,9192 24.2482 23
Nepp(a) in 102 cm™ 2 2.15784380 40275830 43408514 47112495 5.5206707
NEBT(ra) in 102° cm™ 2 2.15784320 4.0275819 4.3408502 47112482 5.5206692
[RD| in 1077 25818 2.6572 2.7093 2.6561 2.7218

Table 3b. In the n(p) type degenerate NaCl — ML, in Which rgo(ae)=rna=0.166 nm, mcq,/m, = 4 and g, = 23, the

numerical results of Byo(aoy = 8.5979094 x 102 (%), &, Ncpn(cop)» and NEpp cppy are computed, using Equations (2),

(5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| =

EBT
|1 — Jeoneom  giving rise to their maximal value equal to 2.7234 x 10~7. It means that such the critical d(a)-density

Ncpn(cdp)
Nepnvop) (Facay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, N&ptcpp)( Tdca)):

determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rgq (nM) 2 0.110 0.118 0.136 0.140 166

e(ry) N 65.1343 39.2223 26.9038 25.7871 23
Nepn(ra) in 102 cm=3 # 0.24307820 1.1132086 3.4493074 3.9171422 5.5206707
NEBT(rq) in 102°° cm™3  ~ 0.24307814 1.1132083 3.4493065 3.9171412 5.5206692
[RD| in 1077 2.6312 2.5153 2.6984 2.6456 2.7234
Acceptor Ga Mg In Cd Na

ry (nm) 2 0.126 0.141 0.144 0.148 166

e(ry) N 31.4571 25.5492 24.9192 24.2482 23
Nepp(ra) in 102 ecm™ 2 2.15784380 40275830 4.3408514 47112495 5.5206707
NEBI(ra) in 102° cm™ 2 2.15784320 4.0275819 4.3408502 4.7112482 5.5206692
[RD| in 1077 2.5818 2.6572 2.7093 2.6561 2.7218
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Table 4a. In the n(p) type degenerate NaCl — ML, in which rgo(ag)=rn,=0.166 nm, m.y/m, = 5 and &, = 5.9, the
numerical results of Byo(apy = 163.3256998 x 102 (%), &, Ncpn(cpp): and Néphcpp) are computed, using Equations
(2), (5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by:

NEBT . A A i .
[RD| = |1 — B giving rise to their maximal value equal to 2.7364 x 107, It means that such the critical d(a)-

Ncpn(cdp)

density Ncpnnpp)(Tacay), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT,

NEbaccop) ( Taca)» determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rq (Nnm) 2 0.110 0.118 0.136 0.140 166

e(ry) N 16.7084 10.0614 6.90142 6.61494 23
Nepn(rq) in 1022 cm™3 # 0.28125712 1.2880540 3.9910706 45323856 6.3877712
NEBT(ry) in 1022 cm™3 0.28125704 1.2880537 3.9910695 45323844 6.3877695
[RD| in 1077 2.6889 2.5798 2.7060 2.6777 2.6822
Acceptor Ga Mg In Cd Na

ry (Nm) 2 0.126 0.141 0.144 0.148 166

e(ry) N 8.0694 6.5539 6.3923 6.2202 5.9
Nepp(Ta) in 1022 cm ™3 2 2.49676420 46601727 5.0226444 5.4512189 6.3877712
NEBT(ra) in 1022 cm™ 2 2.49676350 4.6601715 5.0226431 5.4512174 6.3877695
[RD| in 1077 2.7742 25772 2.6727 2.7364 2.6807

Table 4b. In the n(p) type degenerate NaCl — ML, in Which rgo(ae)=rna=0.166 nm, mq,/m, = 5 and g, = 23, the

numerical results of Byo a0y = 10.7473868 x 102 (Cjn—v3), €, Ncpn(cpp): @nd NéBncpp) are computed, using Equations (2),

(5), (), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| =

NEBT . i i ) . i
| — Cba) " giving rise to their maximal value equal to 2.7447 x 10~7. It means that such the critical d(a)-density

Ncpn(cdp)
Nepnvop) (Facay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEptcpp)( Tdca)):

determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rgq (nM) 2 0.110 0.118 0.136 0.140 166

e(ry) N 65.1343 39.2223 26.9038 25.7871 23
Nepn(rq) in 1020 cm™3 2 0.47476211 2.1742356 6.7369285 7.6506684 10.782560
NEBT(ry) in 102 cm=3 0.47476198 2.1742350 6.7369267 7.6506664 10.782557
|IRD| in 1077 2.6390 2.6593 2.6847 2.6769 2.7447
Acceptor Ga Mg In Cd Na

ra (NM) 2 0.126 0.141 0.144 0.148 166

e(ry) N 31.4571 25.5492 249192 24.2482 23
N¢pp(ra) in 102 cm=3 ~ 4.21453870 7.8663730 8.4782254 9.2016593 10.782560
Nggg (r,)in102°cm™=3 ~ 4.21453760 7.8663709 8.4782231 9.2016558 10.782557
|IRD| in 1077 2.6211 2.6221 2.7158 2.7332 2.7432
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Table 5a. In the n(p) type degenerate NaCl — ML, in which rgo(a)=rn,=0.166 nm, m.y/m, = 6 and &, = 5.9, the
numerical results of Byo(aoy = 195.9908398 x 102 (%), &, Ncpn(cpp): and Néphcpp) are computed, using Equations
(2), (5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by:

NEBT . A A i .
[RD| = |1 — B giving rise to their maximal value equal to 2.8779 x 10~7. It means that such the critical d(a)-

Ncpn(cdp)

density Ncpnnpp)(Tacay), determined in Eq. (8), is just the density of electrons (holes) localized in the EBT,

NEbaccop) ( Taca)» determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rq (Nnm) 2 0.110 0.118 0.136 0.140 166

e(ry) N 16.7084 10.0614 6.90142 6.61494 5.9
Nepn(rq) in 1022 cm™3 # 0.48601231 2.2257573 6.8965700 7.8319623 11.038069
NEBT(ry) in 1022 cm™3 0.48601218 2.2257567 6.8965681 7.8319602 11.038066
[RD| in 1077 2.7695 2.5480 2.7087 2.6650 2.8779
Acceptor Ga Mg In Cd Na

ry (Nm) 2 0.126 0.141 0.144 0.148 166

e(ry) N 8.0694 6.5539 6.3923 6.2202 5.9
Nepp(Ta) in 1022 cm ™3 2 4.31440850 8.0527784 8.6791295 9.4197062 11.038069
NEBT(ra) in 1022 cm™ 2 4.31440730 8.0527763 8.6791272 9.4197037 11.038066
[RD| in 1077 2.7229 2.5585 2.6569 2.6993 2.8763

Table 5b. In the n(p) type degenerate NaCl — ML, in Which rgo(ae)=rna=0.166 nm, mcq,/m, = 6 and g, = 23, the

numerical results of Byo a0y = 12.8968641 x 102 (Cjn—v3), €, Ncpn(cpp): @nd Népncpp) are computed, using Equations (2),

(5), (6), (8), and (26), respectively. It should be noted that the relative deviations in absolute values are defined by: |RD| =

EBT
| — Xeoneom  giving rise to their maximal value equal to 2.8198 x 10~ It means that such the critical d(a)-density

Ncpn(cdp)
Nepnvop) (Facay)» determined in Eq. (8), is just the density of electrons (holes) localized in the EBT, NEptcpp)( Tdca)):

determined in Eq. (26), respectively.

Donor P As Sb Sn Na

rgq (nM) 2 0.110 0.118 0.136 0.140 166

e(rg) N 65.1343 39.2223 26.9038 25.7871 23
Nepn(ra) in 102 cm=3 # 0.82038893 3.7570791 11.641412 13.220355 18.632263
NEBT(rq) in 102°° cm™3  ~ 0.82038871 3.7570781 11.641409 13.220351 18.632258
[RD| in 1077 2.6671 2.6330 2.4579 2.6791 2.5297
Acceptor Ga Mg In Cd Na

r, (nm) 7 0.126 0.141 0.144 0.148 166

e(ry) N 31.4571 25.5492 24.9192 24.2482 23
N¢pp(ra) in 102t cm™3 2 0.72827229 1.3593093 1.4650373 1.5900467 1.8632263
NEBT(ra) in 102t cm™ 2 0.72827210 1.3593089 1.4650369 1.5900463 1.8632258
[RD| in 1077 2.6425 2.8198 25183 2.6330 2.5281
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