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ABSTRACT
In the n*(p*) — p(n) X(x) = GaP;_,Sb.- crystalline alloy, 0 < x < 1,

the electrical-and-thermoelectric  laws, relations, and various
*Corresponding Author coefficients, enhanced by our static dielectric constant law given in

Prof. Dr. Huynh Van Cong Equations (1a, 1b), being due to the effects of the size of donor

Université De Perpignan . .
e (acceptor) d(a)-radius rgg; and the x-concentration, by our accurate

Via Domitia, Laboratoire

De Mathématiques Et Fermi energy given in Eqg. (11), and finally by our electrical

Physique (LAMPS), EA conductivity-formula given in Eq. (14), are now investigated, basing

4217, Département De on the same physical model and mathematical treatment method, as
PRI, 75 ACElEiEEN those used in our recent works (Van Cong, 2024, 2025). It should be
Alduy, F-66 860 Perpignan,

- noted here that, for x=0, these obtained numerical results may be
rance.

reduced to those given in the n(p)-type degenerate GaP-crystal. Then,

some remarkable results could be cited in the following. In Tables5n(5p) given Appendix 1,
for a given impurity density N and with increasing temperature T, and then in Tables 6n(6p)
given Appendix 1, for a given T and with decreasing N, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the arrows
by: (increase: #, decrease: ). Further, one notes in these Tables that, for any given X, rage)
and N (or T), with increasing T (or decreasing N) one obtains: (i) for &,,, ~ 1.8138, while

the numerical results of the Seebeck coefficient S present a same minimum
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(S) tmin. (z —1.563 x 10“‘3, those of the figure of merit ZT show a same maximum
(ZT)max, = 1, (ii) for &,y = 1, the numerical results of S, ZT, the Mott figure of merit
(ZT) mow the first Van-Cong coefficient VC1, and the Thomson coefficient Ts, present the
same results: —1.322 x 10“‘% , 0.715, 3.290, 1.105 x 10““—;, and 1.657 x 10““—;, respectively,

and finally (iii) for &, ~ 1.8138, (ZT)mo = 1. It Seems that these same results could represent
a new law in the thermoelectric properties, obtained in the degenerate case.

KEYWORDS: Electrical conductivity, Seebeck coefficient (S), Figure of merit (ZT), First
Van-Cong coefficient (VC1), Second Van-Cong coefficient (VC2), Thomson coefficient
(Ts), Peltier coefficient (Pt).

INTRODUCTION

In the n*(p*) — p(n) X(x) = GaP,_,Sb_- crystalline alloy, 0 =x =1, the electrical-and-
thermoelectric laws, relations, and various coefficients, enhanced by our static dielectric
constant law, e(rac).x), racs) being the donor (acceptor) d(a)-radius, given in Equations (1a,
1b) and new electrical conductivity, in Eqg. (14), and also by our accurate Fermi energy,
Egnerpy, given in Eq. (11), are now investigated, by basing on the same physical model and
mathematical treatment method, as those used in our recent works (Van Cong, 2024, 2025). It
should be noted here that for x=0, these obtained numerical results may be reduced to those
given in the n(p)-type degenerate GaP-crystal (Van Cong, and Van Cong et al., 1980-2023;
Hyun et al. 1998; Kim et al., 2015). Then, some remarkable results could be noted in the

following.

(1) The generalized Mott criterium in the metal-insulator transition (MIT) is expressed in
Equations (3, 5, 6), stating that the critical impurity density Nepncppy IS just the density of
electrons (holes), localized in the exponential conduction (valence)-band tail (EBT),

Néba(cop) Obtained with a precision of the order of 2.92 x 1077, as given in our recent work

(Van Cong, 2024), and the effective electron (hole)-density can be defined by:

N* =N —Nepnioop = N— NGpacenp» N being the total impurity density, as that observed in

the compensated crystals.

(2) The ratio of the inverse effective screening length k, ., to Fermi wave number kg, .,

at 0 K, Ryysp)(N*), defined in Eq. (7), is valid at any N*.
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(3) The Fermi energy for any N and T, Eg,gp), determined in Eq. (11) with a precision of the

order of 2.11 x 10~* (Van Cong and Debiais, 1993), and it is present in all the expressions of

electrical-and-thermoelectric coefficients.

(4) Our expressions for the electrical conductivity, o, and for the Seebeck coefficient, S,
determined respectively in Equations (14, 19) are the basic expressions, used to determine all

the following electrical-and-thermoelectric coefficients.\

(5) In Tables 5n (5p) given Appendix 1, for a given impurity density N and with increasing
temperature T, and sfurther in Tables 6n (6p) given Appendix 1, for a given T and with
decreasing N, the reduced Fermi-energy &,,, decreases, and other thermoelectric coefficients
are in variations, as indicated by the arrows by: (increase: #, decrease: ). Furthermore, one

notes in these Tables that, for any given X, ray and N (or T), with increasing T (or
decreasing N), one obtains: (i) for &,,, ~ 1.8138, while the numerical results of the Seebeck
coefficient S present a same minimum (S) qin. (z —1.563 % 10“‘3, those of the figure of
merit ZT show a same maximum (ZT) ., = 1, (ii) for &,y = 1, the numerical results of S,
ZT, the Mott figure of merit (ZT) ., the first Van-Cong coefficient VC1, and the Thomson

coefficient Ts, present the same results: —1.322 x 10-“1; , 0.715, 3.290, 1.105 x 10“‘1;, and

1.657 % 10“‘5, respectively, and finally (iii) for &, =~ 1.8138, (ZT) yow = 1. It SeEMS that these

same results could represent a new law in the thermoelectric properties, obtained in the
degenerate case.

Our static dielectric constant law and generalized mott criterium in the metal-insulator

transition: First of all, in the n* (p*) — p(n) X(x)- crystalline alloy at T=0 K, we denote the
donor (acceptor) d(a)-radius by rac), the corresponding intrinsic one by: ra,as)=Tss(ca), the
unperturbed relative effective electron (hole) mass in conduction (valence) bands by:
m.,(x)/m,, the unperturbed relative static dielectric constant by: £,(x), and the intrinsic
band gap by: E.,(x). Then, their values are reported in Table 1 in Appendix 1.

Therefore, we can define the effective donor (acceptor)-ionization energy in absolute values
12600%[me vy (x)/mg]
[20(x)]2

as: Eggrao)(x) = meV, and then, the isothermal bulk modulus, by:

= Faoa® _
Bdo(aoj [:X) - (%r)x{rdg(ao])a '
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Our Static Dielectric Constant Law: Here, the changes in all the energy-band-structure

parameters, expressed in terms of the effective relative dielectric constant £(rac) %),
developed as follows.

At 1402y = Taoa0y, the needed boundary conditions are found to be, for the impurity-atom
volume V= (4m/3) x (rd(a])g, Vio(ao) = (41/3) X (rdo(aoj}a, for the pressure p, p, = 0, and
for the deformation potential energy (or the strain energy) «, a, = 0. Further, the two
important equations, used to determine the @ -variation, Aa = a —a, = «, are defined by:

:ff——; and p— — , giving rise to: —(—)-— Then, by an integration, one gets:

r al 3 r al 3
[.ﬁa (rdca:"x)]n(p‘.:BdU‘:aU:' (X)X(V_Vdo(aoj.)x In (ﬁw): Edogao) (x) % [(L) — 1] % In (L) = 0.

Tdo(ao) Tdofao)
Furthermore, we also showed that, as T4y > T'ag(ac) (Taga) < Tdo(as)): the compression
(dilatation) gives rise to the increase (the decrease) in the energy gap Egn(gpj(rd(a],x), and the
effective donor (acceptor)-ionization energy Eq., [rd(a],x) in absolute values, obtained in the

effective Bohr model, which is represented respectively by: + [ﬂ.a(rd(aj,x)]n(p],

2
so(wu
gnu[gpm(rd(aux) Egu(X} Ed(au(rd(aux} Edu(am(x} Edu[am(X) [ ) - 1] =

El:l'd(Ep ]
['L‘“‘I (rd[a'l’x)] n(p)

fOr Ta(a) = Taoan), AN FOr T2y < Tyg a0,

2
so(uu
Egnu[gpuu(rd(au’x} Egutx} Ed(au(rd(aurx) EdU[QU‘I(X} Edu(_auu(x) [ Elcrd(a‘-') - 1] =
[ﬂl’l (rd{adl’x)] n(p)
Therefore, one obtains the expressions for relative dielectric constant £(ry.y,x) and energy
band gap Egnep) (racay ), aS:

£, (X)

(I)-for Tagay = Taoae),  SINCE  &(rg(ay, X)=-

| . 2 .
m[(m] _1]x1n(m]
N Tdoiao) Tdoiao)

=<¢g,(x), being a new

E(rd(aj, X)'Ia.W,

I ray 45
Egnotgpo) (Tatay %) — Ego(®) = Eata)(racax) — Edotas)®) = Eaoaa (®) X [(:—) - 1] xIn(Z221) =0, (1a)
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according to the increase in both Egy ) (raca)x) and Eqg (rae)x), With increasing ry ., and for a

EplX)

=> g,(x), with a

given X, and (ii)-for ryp.y < Tag(aoy, SINCE £(Tgay, X)= -

|1-[(—Td':33 Ja—llxln( “da) ]
_\|' Tdo(ao) Tdo(ao)

3 3
condition, given by: [(L) - 1] x In (L) < 1, being a new £(rq,), x)-law,

Fdofao) Pdofro)

Egno(zpe) (Tata):X) — Ego(®) = Eata)(Faca) %) — Edoao)(®) = ~Edo(ae) (¥) X [( p—— )3 - 1] x ln(ﬁ)as 0, (1b)

corresponding to the decrease in both E,nozpe) (Facayx) and Eqg (rac)x), with decreasing ry,
and for a given x. It should be noted that, in the following, all the electrical-and-

hermoelectric properties strongly depend on this new e(r4g) x)-law. Furthermore, the

effective Bohr radius agy, gy, (raca, x) is defined by:

. z .
_=ra@XXh” 535 1078 cm x ZFa@) )

apnBp)(Taca) X) = Mgy ()XMmg X2 ey ()

Generalized Mott Criterium in the MIT: Now, it is interesting to remark that the critical

total donor (acceptor)-density in the MIT at T=0 K, Nepnvpp) (Tacey. X)) Was given by the

Mott’s criterium, with an empirical parameter, My, as:

1
N¢pan(cop) (Taga). X) 2 aen@p)(Tag) X) = Mugp), My = 0.25, (3)
depending thus on our New &(ry,y, x)-law.

This excellent one can be explained from the definition of the reduced effective Wigner-Seitz

(WS) radius r characteristic of interactions, by:

sn(sp)

e 1/3 el¥) (x)
Fen(ep) (N Tagay X) = (ﬁ) X ————— =1.1723 X 10° x &) x De() X XMo (4)

agnEp) (Tageyx) e(ragap®)
belng equal tO, |n paI’tICU|aI’, at N:NCDn(CDpj (rd(a],X): rsn(sp](NCDH(CDp](rd(EU,X);rd(a],X) =

24813963, for any (rau.x)-values. Then, from Eqg. (4), one also has:

1
1y 333 1
Neonieop)(TagayX) /3 X 2pn(ep) (rd(ajuxj = (_) X 32813963 0.25 = (WS)yq = My, ®)

41

Explaining thus the existence of the Mott’s criterium

Furthermore, by using M, = 0.25, according to the empirical Heisenberg parameter

n{p
¥, = 0.47137, as those given in our previous work (Van Cong, 2024), we have also
showed that Nep,(cnp) IS just the density of electrons (holes) localized in the exponential

conduction (valence)-band tail, N¢pcp,), With a precision of the order of 2.92 x 1077
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It should be noted that the values of M, ., and #,, could be chosen so that those of

n(p

Ncon(cppy and NESE(CDPJ are found to be in good agreement with their experimental results.

Therefore, the density of electrons (holes) given in parabolic conduction (valence) bands can
be defined, as that given in compensated materials:

N*(N,T4(),X) =N — Nepaonnp) (Tagay, X) = N*, for a presentation simplicity. (6)

In summary, as observed in Table 4 of our previous paper (Van Cong, 2024), one remarks
that, for a given x and an increasing ry(.), £(rac).x) decreases, while Egm(gpoj(rd(a],x),
Nepnvop) (Tat)» X) and NG5 lcepp (Taca)» %) increase, affecting strongly all electrical-and-

thermoelectric properties, as those observed in following Sections.

PHYSICAL MODEL

In the n*(p*) —p(n) X(x)- crystalline alloy, if denoting the Fermi wave number by:

3“2N$)3, the reduced effective Wigner-Seitz (WS) radius r characteristic

K (Fp) (N7) = ( sn(sp)’

Bciv)

of interactions, being given in Eq. (4), in which N is replaced by N*, is now defined by:

keny
XT N*) = 2R o g
¥ snisp) ( ) aBn(ep) )
being proportional to N*~*/*. Here, y = (4/9m)*/%, kgig, Means the averaged distance

between ionized donors (acceptors), and agngp) (a2, x) is determined in Eq. (2).

Then, the ratio of the inverse effective screening length kg, .., to Fermi wave number kg, .,

at 0 K is defined by:

&Y ksn(sp} _ k];ra}(l?ﬁ _ -r 1
RS“[SD",I (N )= k T k2 - RanS(spWS‘,I + [RsnTF[spTPﬁ - RanS(spWSfl]e el < 1, (7)
Fn(Fp) =n(sp)

Being valid at any N*.
Here, these ratios, Re,rr(sprr)and Repwsispws), Can be determined as follows. First, for

N >> Nepnivop) (Taa)-X), according to the Thomas-Fermi (TF)-approximation, the ratio

R k . k_ll, 4 ;
Routr(sprey (N¥) IS reduced t0 Ronrp (sprry(N7) = SUTFGPTE) — __Falfp) | m:‘s"] <1, (8)

anljFp} k;ﬁ-TF(SPTF}

being proportional to N*~*/¢.
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Secondly, for N <« Nepunpp) (Taay)s according to the Wigner-Seitz (WS)-approximation,

the ratio Renw's (snWs) is respectively reduced to
Ken dlr2 . xE, I:N“}]
) — Fsnisplws _ 3 _ [ (sp)*"CE
Rsn(SijS (N°) = Ken 0.5 % (:“ L4 snds’"sn(sp) )’ (9)

where Ecg(N*) is the majority-carrier correlation energy (CE), being determined by:

0.27553 {2[1—In(2}]
—0.87553 + °'°9°9+T5n':5|3:' me

0.09084Tsn(sp) 1+0.03847728Xr50 (" ©

)xIn(rsn(spy)-0.093288

Ece(N") =

Furthermore, in the highly degenerate case, the physical conditions are found to be given by:

k_ll' i 1 k_lf
Fn.FP)< Mn(py  _ < Fn.Fp)ER

_ VInl 2. —1/2
sn(sp] < 1’ T]n,p](N*:J = El:f'ﬂ:i,") *q ksn(sp}’ (10)

3en(ep) Ernopo)  An(p)  Keagsp)
which gives: A, (N') = =222,

FERMI ENERGY AND FERMI-DIRAC DISTRIBUTION FUNCTION

Fermi Energy

Here, for a presentation simplicity, we change all the sign of various parameters, given in the

p* — X(x)- crystalline alloy in order to obtain the same one, as given in the n* — X(x)-

crystalline alloy, according to the reduced Fermi energy
E nl B 3} . . -
EFn(Fp],En(pj(N,rd(a],x,T)EW) 0(< 0), obtained respectively in the degenerate

(non-degenerate) case.

For any(N,rye).xT), the reduced Fermi energy &,q,(N,ryw,xT) or the Fermi energy
Epnepy(NoT402), %, T), Obtained in our previous paper (Van Cong, Debiais, and Doan Khanh,

1991- 1993), obtained with a precision of the order of 2.11 x 10~#, is found to be given by:

_ B GO)+AWPF) _ V() , _ _
Engpy (W) = T T 1A =W A =0.0005372 and B = 4.82842262, (12)
. . N*
Where u is the reduced electron density, u(N,rge., %, T) = ,
N (Tx)

z
e (X Xmp KT 2

, : . 2 s _=
Ne) (T.%) = 28¢) X (FE222) (em™@), g =1 F(u) = aus (1 +buz +cu a) )

a=[va/al?, b=1(®", c=22TEEm and G(w ~La(w) + 27 xux e

d=2%2|2-%|>0.

W27 16
So, in the non-degenerate case (u <« 1), one has: Eg,gep)(u) = kT X G(u) ~ kgT x Ln(u) as

u — 0, the limiting non-degenerate condition, and in the very degenerate case (u > 1), one
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2
z R2xkZ, oy (N¥)
2 M I-.

o Fn(Fp) as

2xmg(y) (X)Xmg

2 4
gets:  Eppepy(u> 1) = kgT X F(u) = kpT X aus (1 +bu=+ cu_i)

Fni

u — o, the limiting degenerate condition. In other words, &, = —F“’] IS accurate, and it

also verifies the correct limiting conditions.

. - . REXKE g ey (N*
In particular, at T=0K, since u™* = 0, Eq. (11) is reduced t0: Egporpo)(N*) = P enep @)

2Xme (v (X)X mg !
being proportional to (N*)2/3, and also equal to 0 at N* = 0, according to the MIT.
In the following, it should be noted that all the electrical-and-thermoelectric properties

strongly depend on such the accurate expression of £, (N,rye.x T).

Fermi-Dirac Distribution Function (FDDF)
The Fermi-Dirac distribution function (FDDF) is given by: f(E)=(1+e")™

Y = (E — Epnerpy)/ (ke T).

So, the average of EP, calculated using the FDDF-method, as developed in our previous work
(Van Cong, 2018, 2025) is found to be given by:

P _ p af of _ 1 e¥
(ERYrppF = Gp (Epnrp)) X Epngp) = f EP x ( BE) dE, TE kT X ren®
Further, one notes that, at 0 K, ——— = 8(E — Eppo(rpo))s 8(E — Ermo(kpey) being the Dirac

delta (8)-function. Therefore, G, (EFM(FPO]} =1

Then, at low T, by a variable change y = (E — Eg,(gp))/ (kg T), ONe has:

- @ ¥ p
Gp (EFn(Fp]) =1+ EFrI:(Fp] x f_m (le]z bd (]:{BTY + EFn(Fp]) d'}" =1+ Ep:Lz““Cpﬁ x [:l{BT)B X

B
EFn(Fp] X Ig ,
where C'3 plp—1)..(p— B+ 1)/B! and the integral Iz is given by:
B eY
_ [==] 1’.' e _ - -
Ig = f—m(1+e'f']2 j_m—{ T yfz)zd‘f’ vanishing for old values of B. Then, for even values
f ith n=1, 2 btains: =yl g
of B = 2n, withn=1, 2, ..., one obtains: I,, = 2 [ ol

Now, using an identity(1 +e¥)2 = ¥2 (—1)*1s x e¥*~2 g variable change: sy = —t, the
Gamma function: fﬂm t?"e~tdt =T(2n+ 1) = (2n)!, and also the definition of the Riemann’s
zeta function: {(2n) = 2** *n*"|B,,|/(2n)!, B,, being the Bernoulli numbers, one finally
gets: I, = (22" —2) x " x |B,,|. So, from above Eq. of (EP)rppr, We get in the degenerate
case the following ratio:

(EP}, p(p-1). Zn+1)
Gp (Exngrp)) =g = F(j“ 1+X5- —[Eff, X (227 —2) X [Bp| X y*" = Gpz1 (1), (12)
n(Fp)
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T _ Tk T
EmMNT)  Emen(N-T)

where y =

Then, some usual results of G,.,(y) are given in Table 2 in Appendix 1, being needed to

determine all the following electrical-and-thermoelectric properties.

ELECTRICAL-AND-THERMOELECTRIC PROPERTIES: Here, if denoting, for

majority electrons (holes), the electrical conductivity by o(N,ry.).xT) expressed in

ohm™ x cm™%, the thermal conductivity by x(N,rye),x,T) in Cfm and the Lorenz number L

Wxohm

z 2
defined by: L =2 x (%B) = 2.4429637 ( ) = 2.4429637 x 1072 (V2 x K2), then the

well-known Wiedemann-Frank law states that the ratio, E is proportional to the temperature

L K(Nrg@xT)
T(K), as: pree— LxT. (13)

sWe now determine the general form of o in the following.
First of all, it is expressed in terms of the kinetic energy of the electron (hole),

AT xk?
Ex

1/2
, or the wave number k, as: o(k) = 2% x X [k X agpppy] X (E ) ,

2Xmen(cp) i, mxh ksnlsp)
which is thus proportional to E, *.

Then, for E = 0, we obtain:

mkgT
{Ez }FDDF =G, [:“'V Tt ;pw) X Epn(ij, and G, (Y) ( ) =Gy [:N, Ta(ah X T),
with y=i— gn,:p] Ea(N.rac.x. T) for a presentation simplicity. Therefore, one obtains

(Van Cong, 2025):
2 k n 1(?‘] ] . .
G[:N, I"d(a:”X, T:] = %& x % [an(_Fp:I (N ) x aBn(Bp"} (rd(a])] = Aﬂ[p} [:N )| *

2
Epn(rp) (N Taa)X.T) ( 1 )
chmxecm

G2 [:N, rd(a:,,x, T) X

Efno(rpo)(N°) !
f-l_2 _ -5 -1 & Ernoirpo)(N') Ken(ep)
— =7.7480735 x 107° ohm™, A ;) (N*) = —P—M}M Rnespy(N) = Tonro)! (14)

which can be used to define the resistivity as: p(N,ry). % T) = 1/0(N,ry),x T), noting again
that N* = N — Ngpy wpp) (Tage)»X). This (N, rae,x T)-result is an essential one in this paper,

being used to determine other electrical-and-thermoelectric properties.

In Eq. (14), one notes that at T= 0 K, o(N,ry),x T = 0K) is proportional to EZ,, ., OF t0
(N")E.Thus, o(N = Nepn(npp)-Tat)-% T=0K) =0 at N* =0, at which the metal-insulator

transition (MIT) occurs.
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Electrical Coefficients

The relaxation time 7 is related to o by (Van Cong, 2025):

T(N,rge), % T) = 0(N, g, % T) X % . Therefore, the mobility u is given by:
(N r < T) _ (N" r T) _ axt(NraxT) _ o(NraxT) [ﬁj (15)
HAN TaGa. % =H +td(a) Mgy (X)X, gxN* Vxs @

Here, at T= OK, p(N*,r4, T) is thus proportional to (N*)'/%, since 6(N*,r4.,, T = 0K) is
proportional to (N)*/®. Thus, u(N" = 0,14, T =0K) =0 at N* =0, at which the metal-
insulator transition (MIT) occurs.

Then, since t and ¢ are both proportional to Eg,,)(N*,T)?, as given above, the Hall factor is

defined by:

(*}eppr _ Galy) — “ mkgT

= = = = nd therefore, the Hall
rg (N, rc),% T) s il e T S and therefore, the Ha
mobility yields:
. cm2
Uy (N, ra, % T) = u(N,rg), % T) X 1y (N, T) (7 ) (16)

noting that, at T=0K, since rg(N,ry¢).x T) = 1, one then gets: pg(N, rge).x T) = W(N,rge).x T).

Our generalized Einstein relation

Our generalized Einstein relation is found to be defined as:

e

D(NorgayxT) _ N* x dEgn(Fp) _ kexT x (Ll dﬁn(p}('ﬂ) N < T x (Ll dﬁn(p}('ﬂ)’ kg _ [3xL (17)

p(N,rd.:a},xT} - q dN* q du du q ?

where D(N,rq, % T) is the diffusion coefficient, &,.(u) is defined in Eq. (11), and the
mobility u(N,ry).x T) is determined in Eq. (15). Then, by differentiating this function

Snip

Enpy (W) with respect to u, one thus obtains %. Therefore, Eq. (17) can also be rewritten

 D(Mrg)xT)  kgxT VY () W) - V) = W (u)
: = X
w(NrgpyxT) q W2 (u) !

as

where W' (u) = ABuB~* and
4 E=]

3 - =
V(W) = ut + 2726 (1 — du) + 2AuBTF(u) [(1 + 2B) + e

z |-
1+bu 2+cu 2

One remarks that: (i) as u — 0, one has: W* >~ 1 and u[V' x W —V x W'] =~ 1, and therefore:

Dpy kgxT .-
ij'(_u] Y, i, and (“) as U — oo
p q

u[V' x W —Vx W'l ~ 2au®*A%u?®, and therefore, in this highly degenerate case and at

, one has: W2 ~ AZy2B and

T=0K, the above generalized Einstein relation is reduced to the usual Einstein one:
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D{(Mrge5xT=0 E{)

T EFM(FPO](N )/a. In other words, Eq. (17) verifies the correct limiting
raf

conditions.

Furthermore, in the present degenerate case (u > 1), Eq. (17) gives:

_= _=
D(N.raca)>T) ~ 2o Ernol(rpoy(ul w |1+ 2 % (bu e a} , (18)
nl{MN.rgcayxT) = a (1+bu_§+cu_§j
where a = [3\,“;4]2;3 (n) and c — 6% 31'?9325-:]855 (ﬂ)

In Tables 3n (3p) given in Appendix 1, for given X, N > N.p,, and T(=4.2 K and 77 K), and
from Equations (14, 15, 16, 17), the numerical results of the coefficients: o, y, pu; and D are

found to be decreased with increasing rg.), respectively.

Thermoelectric Coefficients
First of all, from Eq. (14), obtained for o(N,rs),x T), the well-known Mott definition for the
thermoelectric power or for the Seebeck coefficient, S, is found to be given by:

#lna (E) _ -n® x kg x ﬁlnc{ﬁnm)
9E IB=Epqry 3 q %)

.z
S(N,Fd(a],X,T} = Tﬂ X % X l{BT

Then, using Eq. (11), for the degenerate case, &, = 0, one gets, by putting

Fs(Nrgayx T)=|1— |
J 362 Ey_"’;n?:ﬂ ]l

-t ks, 2FsMT) _ [3xL 2Eae) o T v A EDuor (V

S[:N Ta(a). % T — X a * Eo = = b4 (1+;>:En(p}z)_ VL % Dy (K) <
e
2
0, (ZT .
( )Mott axggcp] , (19)
.,:-En(pJ 1 ) )

according to: s—2=2— = f%xe—g DL o 9 ¢ EDotor X1 T haord

n(pl

. ) p [1+(Z T pgoal®
(1+_> E:(PJ ] M

Here, one notes that: (i) as &,¢,) — +% or§,) — +0, one has a same limiting value of S:

- 2 - - -
s— -0, (ii) at En(pj=.’“?21.8138, since ag =0,0ne therefore gets: a minimum
nip)

v .
(S)min, = —VL = —1.563 x 10™* (E) and (iii) at Eap) =1 one obtains:

S~ 1322 %10~ (E)

Further, the figure of merit, ZT, is found to be defined by:

$PxoxT _ §° 4x(ZTyen
L [+ZTyeal®

ZT(N I‘d(a],X T) = (20)
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Here, one notes that: (i)

8ZT) 5 as . _ m? ~ .
. =2 xanEn@, s<o0, (i) at & J: 1.8138, since

a(ZT)

ot = 0 One gets: a maximum (ZT)e =1 ,and (ZT)yoee = 1, and (iii) at &) =1, one
nip

2
obtains: ZT ~ 0.715 and (ZT)ye = 5 > 3.290.

Finally, the first Van-Cong coefficient, VC1, can be defined by:

VC1(N,rge),%T) = —N* x ddri CT:) = N* X % X — BE”N'::}, being equal to 0 for,  _ =, (21)

and the second Van-Cong coefficient, VC2, as: VC2(N,rz,x T) =T x VC1 (V), (22)

the Thomson coefficient, Ts, by: Ts(N,ry,x T) = T x % CT:) =T X % xaz’%, being equal
)

to 0 for &ugp) = E (23)

and the Peltier coefficient, Pt, as: Pt(N,ry.), % T) = T x S (V). (24)

One notes here that in next Tables 5n(p) and 6n(p) given in Appendix 1, obtained with such

given physical conditions N(or T) for the decreasing &,,, since VC1(N,rye,xT) and

. —ds ds . n2
Ts(N,rac.% T) are expressed in terms of —= and _—, one has: [VC1,Ts] < 0 for &, > JZ ,

[VC1,Ts] =0 for En(p3=E, and [VC1,Ts] > 0for En(pj{:E, stating also that for
En(p] = J;:

(i) S, determined in Eq. (19), thus presents a same mMiNiMUM (s),,;, = —VEL = —1.563 x 10-* (1),

(if) ZT, determined in Eg. (20), therefore presents a same maximum: (ZT),,.. = 1, since the
variations of ZT are expressed in terms of [VC1,Ts] xS, S < 0. Furthermore, it is interesting

to remark that the (VC2)-coefficient is related to our generalized Einstein relation (17) by:

kg _ as D(NorgyxT) (V2 kg 3x1
— % VCZ(N, XT)=— X — —== f—, 25
q (Norao-2T) By m(NrxT) (K ) q L (25)

according, in this work, with the use of our Eq. (21), to:

D(N.rgea)=T) (ZT)yon X [1—(Z Ty
X 2 X
p(M.rgra)xT) [1+HZThyerl 2

SVC2(N, ry,xT) = — (V). Of course, our relation (25) is

reduced to: E VC1 and VC2, being determined respectively by Equations (17, 21, 22).

Now, in the degenerate n(p)-type X(x) — alloy, and for N> N¢py, cpyy, and for T=3K (80K),
the numerical results of various thermoelectric coefficients are reported in Tables 4n(4p) in
Appendix 1, noting that their variations with increasing r,., are represented by the arrows: »

(increase), and v (decrease), respectively.
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Then, in Tables 5n (5p) given Appendix 1 for a given N and with increasing T, and in Tables
6n(6p) given Appendix 1 for a given T and with decreasing N, the reduced Fermi-energy &,

decreases, and various thermoelectric coefficients are in variations, as indicated by the arrows

as: (increase: 7, decrease: ).

CONCLUDING REMARKS

Here, some concluding remarks can be given as follows.

(1) In the n*(p*) — p(n) X(x) = GaP,_,Sb_- crystalline alloy, 0 = x = 1, the electrical-and-
Mott criterium in the MIT is expressed in Equations (3, 5, 6), stating that the critical impurity

density Nepaccppy IS just the density of electrons (holes), localized in the exponential
conduction (valence)-band thermoelectric laws, relations, and various coefficients are found
to be enhanced by our static dielectric constant law, £(r4¢.). %), being, for a given X, decreased
with increasing r4c.), as given in Equations (1a, 1b) and also in Table 2 of our recent work
(2024), by our accurate Fermi energy, Egneg), given in Eq. (11), and in particular by our
electrical conductivity model given in Eq. (14).

(2) The generalized tail, N5} (p,), Obtained with a precision of the order of 2.92 x 1077, as
given in our previous work (2024), and the effective electron (hole)-density can be defined

by: N* = N — Nepn enp) = N — Ngpaepp) » @S that observed in the compensated crystals.

(3) The ratio of the inverse effective screening length k, ., to Fermi wave number kg, g,

snisp
at 0 K, Rypsp(N*), defined in Eq. (7), is valid for any density N*.

(4) In Tables 5n (5p) given Appendix 1, for a given impurity density N and with increasing
temperature T, and then in Tables 6n (6p) given Appendix 1, for a given T and with

decreasing N, the reduced Fermi-energy &,,,, decreases, and other thermoelectric coefficients
are in variations, as indicated by the arrows by: (increase: ., decrease: ). One remarks in
these Tables that, for any given X, rq¢) and N (or T), with increasing T (or decreasing N), one

obtains: (i) for &, >~ 1.8138, while the numerical results of the Seebeck coefficient S
present a same minimum (8) pin = —VL >~ —1.563 x 107* (‘—;) those of the figure of merit

ZT show a same maximum (ZT).x, = 1, (ii) for &,.,, = 1, the numerical results of S, ZT,
the Mott figure of merit (ZT)u.« the Van-Cong coefficient VC1, and the Thomson

coefficient Ts, present the same results: —1.322 x 10-‘“—[: ,0.715, 3.290, 1.105 x 10““—;, and

1.657 X 10“’%, respectively, and finally (iii) for &, ~ 1.8138, (ZT)pye = 1. It Seems that
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these same results could represent a new law given for the thermoelectric properties,

obtained in the degenerate case.

(5) Finally, our electrical-and-thermoelectric relation is given in Eq. (25) by:

kg _ s D{N,rﬂ.:a);-:,T} V_z kg [3xL . . . .
X VC2(N, a0, X, T) = e lvraoT) (K) .= |— , according, in this work, to:

_ _ D(Nurgca)xT) (2T one X [1—(Z T i) . . D
VC2(N,rg@,x T) = (NratnT) e - (¥, being reduced to: = VCI and

VC2, determined respectively in Equations (17, 21, 22). This should be a new result.
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APPENDIX 1: Tables

Table 1: The values of energy-band-structure parameters are given in the following.

In the X (x) = GaP,_,Sb crystalline alloy, in which 7, 40)=7p(54;=0.110 nm (0.126 nm), we have: g, (x) =1xx+1X
(1—x), My (x)/m, = 0.047 (0.3) xx +0.13 (0.5) X (1 —x), £,(x) = 15.69 X x+11.1X (1—x) , Egy(x) =0.81x x +

1.796 % (1 — x).

Table 2: Expressions for G,.(v= gi), due to the Fermi-Dirac distribution function,
np)

mkgT _ @

noting that G,-;(y= ) =1, used to determine the electrical-and-thermoelectric

EfnFp)  Sncm)

coefficients.

Ga2 () G, (y) Gs 2 (¥) G (y) Gy .2(¥) G.(y) Go /2 ()
y*© Tyt y* s5y° Tyt 35y° 49y Tyt 21y° 147y
(1+5+50) (1+%) (% -5) @y (50450 (vzeTy) (4750475

Table 3n: Here, one notes that, for given x, N = N¢p, and T(=4.2 K and 77 K), the

» r

102 103x em? 10%x% cm? 10><cm2)
VXS s !

functions: o, 1, g, D, expressed respectively in (Ohmcm, .

decrease with increasing ry.

Donor p As Sb Sn
rg (M) » 0.110 0.118 0.136 0.140

For x=0, the values of (g,u, py, D) at 4.2K
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N (102 cm™2)

3 6.57,1.447,1.448,5.42
10 17.0,1.082,1.082,9.28
40 50.7,0.795,0.795, 17.3
70 79.8,0.714,0.714, 22.6

6.34, 1.403, 1.404, 5.23
16.5, 1.049, 1.049, 8.99
49.0,0.768, 0.768, 16.7
77.1,0.689, 0.689, 21.8

4.62,1.080, 1.081, 3.89
12.6, 0.813, 0.813, 6.90
37.2,0.585, 0.585, 12.7
57.9,0.519, 0.519, 16.4

4.16, 0.997, 0.997, 3.53
11.6, 0.753, 0.753, 6.36
34.3, 0.540, 0.540, 11.7
53.3,0.478,0.478, 15.1

For x=0.5, the values of (o, i, 1y, D) at 4.2K

N (108 cm™3)

3 9.60, 2.018, 2.019, 114
10 24.2,1.518,1.518,19.3
40 72.2,1.127,1.127,36.2
70 114,1.016, 1.016, 47.4

9.30, 1.956, 1.956, 11.1
23.5,1.472,1.472,18.7
69.7, 1.089, 1.089, 35.0
110, 0.981, 0.981, 45.7

7.06, 1.500, 1.500, 8.45
18.1, 1.136, 1.136, 14.4
52.8, 0.826, 0.826, 26.5
82.4,0.736, 0.736, 34.3

6.48,1.381, 1.381, 7.76
16.7, 1.051, 1.051, 13.3
48.7,0.761, 0.761, 24.4
75.7,0.676, 0.676, 31.5

For x=1, the values of (g, u, py, D) at 4.2K

N (10 cm™%)

3 14.9,3.120,3.121, 335
10 37.7,2.352,2.352,56.4
40 113,1.757,1.757, 106
70 178, 1.590, 1.590, 140

14.5, 3.024, 3.024, 32.5
36.5, 2.279, 2.279, 54.7
109, 1.698, 1.698, 103
172, 1.534, 1.534, 135

11.1,2.321, 2.321, 24.9
28.1,1.757,1.757,42.2
82.2,1.283,1.283, 77.6
128, 1.146, 1.146, 101

10.2, 2.138, 2.138, 23.0
26.0, 1.625, 1.625, 39.0
75.7,1.182,1.182,71.5
118, 1.052, 1.052, 92.4

For x=0, the values of (&, u, uy, D) at 77 K

N (10 cm™%)

3 7.10,1.566, 1.829,5.75
10 17.3,1.098, 1.136, 9.39
40 50.8,0.797,0.801,17.4
70 79.9,0.714,0.716, 22.6

6.86, 1.518, 1.776, 5.56
16.7, 1.065, 1.102, 9.10
49.1,0.770, 0.774, 16.8
77.2,0.690, 0.692, 21.9

5.03,1.176, 1.389, 4.14
12.8, 0.825, 0.854, 6.98
37.3,0.587,0.590, 12.7
58.0, 0.520, 0.521, 16.4

4.54,1.088, 1.291, 3.77
11.8,0.764, 0.792, 6.43
34.4,0.542,0.545, 11.7
53.3,0.478,0.479, 15.1

For x=0.5, the values of (o, g, D) at 77 K

N (108 cm—3)

3 9.94, 2.089, 2.250, 11.8
10 24.4,1.529,1.553,194
40 72.2,1.128,1.131,36.2
70 114,1.017,1.018,47.4

9.63, 2.025, 2.181, 11.4
23.7,1.482, 1.505, 18.8
69.8, 1.090, 1.093, 35.0
110, 0.981, 0.983, 45.8

7.32,1.553, 1.674, 8.68
18.2,1.144,1.162, 14.5
52.9, 0.827, 0.829, 26.5
82.5,0.736,0.737, 34.3

6.71, 1.430, 1.543, 7.98
16.8, 1.059, 1.075, 13.4
48.7,0.762, 0.764, 24.4
75.8,0.676, 0.677, 31.5

For x=1, the values of (g, u, uy, D) at 77 K
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N (1018 cm™3)

3 15.1,3.151,3.220, 338
10 37.7,2.356, 2.367, 56.2
40 113,1.758, 1.759, 106
70 178, 1.590, 1.590, 139

14.7,3.054, 3.121, 32.7
36.6, 2.283, 2.293, 54.8
109, 1.698, 1.699, 103
172,1.534, 1.534, 135

11.2,2.344,2.395,25.1 10.3, 2.159, 2.207, 23.1
28.2,1.761,1.769, 42.2  26.1, 1.629, 1.636, 39.0
82.2,1.284,1.284,77.6 75.7,1.182,1.183,71.5
128, 1.146,1.147,101 118, 1.052, 1.053, 92.4

Table 3p: Here, one notes that, for given X, N = N.p, and T(=4.2 K and 77 K), the

functions: o, 1, 1y, D, expressed respectively in (

decrease with increasing r,.

1023 102x em? 10%2x cm? 10xcm?®

chmxcm’ Vxs

»

vxs s )’

Acceptor Ga

r, (hm)

2 0126

Mg
0.140

0.144

Cd
0.148

For x=0, the values of (o, i, py, D) at 4.2K

N (10%% cm™3)

3 1.27,3.892,3.894, 1.41 1.11,3.699,3.701,1.26  1.00, 3.596, 3.598, 1.17  0.88, 3.491, 3.494, 1.07
5 2.15,3.330,3.331,1.90 1.93,3.123,3.124,1.73  1.80, 3.006, 3.007, 1.63  1.65, 2.879, 2.880, 1.52
8  3.34,20959, 2.959, 2.45 3.03,2.755,2.755,2.24  2.85,2.639, 2.639, 2.12 2.64, 2.510, 2.510, 1.99
10 4.08, 2.815, 2.815, 2.75 3.71,2.614,2.614,253  3.50,2.498,2.499,2.39 3.26,2.371,2.371,2.24

For x=0.5, the values of (o, i, py, D) at 4. 2K

N (101% cm™3)

3 2.77,6.365, 6.366, 3.50 2.53,5.908,5.910,3.21  2.38,5.647,5.648,3.04 2.22,5.357, 5.358, 2.85
5  4.34,5.745,5.746, 4.56 3.97,5.307,5.308,4.18  3.75,5.056, 5.057,3.96  3.51,4.777,4.777,3.72
8  6.54,5.289,5.290, 5.83 5.98, 4.869, 4.869,5.34  5.66,4.627, 4.627,5.06  5.30, 4.358, 4.359, 4.74
10 7.95,5.102, 5.103, 6.55 7.26,4.689,4.690,6.00 6.87,4.452,4.452,5.68 6.43,4.189, 4.189, 5.33

For x=1, the values of (o, i, py, D) at 4. 2K

N (10%% cm™3)

3 5.72,12.19,12.19,9.38  5.22,11.19,11.20,859  4.94,10.62,10.62,8.13 4.63,9.988, 9.988, 7.62
5 894,11.33,11.33,123 8.17,10.37,10.38,11.3  7.72,9.827,9.827,10.7 7.22,9.217,9.218, 9.99
8 135,10.67,10.67,159  12.3,9.748,9.748,145  11.7,9.218,9.218,13.7 10.9, 8.630, 8.631, 12.9
10 16.5,10.39,10.39,18.0  15.1,9.484,9.484,16.4 14.2,8.963, 8.963, 155 13.3, 8.385, 8.385, 14.5

For x=0, the values of (o, u, uy, D) at 77K

N (10%% cm™3)
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3 1.38,4.229,4.983,150  1.21,4.061,4.866,1.36  1.11,3.981,4.839, 1.27 0.99,3.920, 4.868, 1.17

5 2.23,34453706,1.96  2.00,3.238,3497,1.78  1.87,3.121,3.382,1.68 1.72,2.996, 3.261, 1.57

8  3.39,3.008,3.118,248  3.08,2.802,2908,2.27 290,2684,2.789,2.15 2.69,2.555, 2.658, 2.01

10 4.12,2.848,2.923,2.78  3.76,2.645,2.717,2.55  354,2529,2.599,2.41 3.30, 2.401, 2.469, 2.26

For x=0.5, the values of (g, 1, uy, D) at 77K

N (10%% cm™3)

3
5
8
10

2.88, 6.603, 7.143, 3.60
4.42,5.848, 6.083, 4.62
6.60, 5.338, 5.451, 5.87
8.00, 5.137,5.217, 6.59

2.62, 6.135, 6.650, 3.30
4.04,5.404,5.624, 4.24
6.04,4.914,5.018, 5.38
7.31,4.722,4.795, 6.03

2.48, 5.868, 6.368, 3.13
3.82, 5.149, 5.360, 4.02
5.71,4.670, 4.770, 5.10
6.92, 4.483, 4.553,5.71

2.30,5.572, 6.058, 2.93
3.57, 4.866, 5.068, 3.77
5.35,4.400, 4.494, 4.78
6.48,4.218, 4.284, 5.36

For x=1, the values of (&, , uy, D) at 77K

N (10%% cm™3)

3
5
8
10

5.82,12.42,12.95, 9.52
9.03,11.44,11.68,12.4
13.6, 10.72, 10.85, 16.0
16.6, 10.43, 10.52, 18.1

5.33,11.41,11.90,8.71
8.24,10.47,10.70,11.4
12.4,9.797,9.909, 14.6
15.1,9.520, 9.601, 16.5

5.04,10.83, 11.29, 8.25
7.79,9.921, 10.13, 10.7
11.7, 9.265, 9.371, 13.8
14.3,8.997, 9.073, 15.6

4.72,10.18, 10.62, 7.74
7.29,9.305, 9.507, 10.1
11.0,8.674,8.774,12.9
13.3, 8.416, 8.488, 14.6

Table 4n: In the lightly degenerate n-type x(x)— alloy, and for T=3K and 80K, the

numerical results of various thermoelectric coefficients are reported. Further, their

variations with increasing ry;, are represented by the arrows: » (increase), and

(decrease).

Donor P As Sb Sn

For x=0 and N=3 X 10'% cm™3,

En(T=3K) 9 217.111 216.464 208.752 205.3606

En(T=80K) N 8.298 8.274 7.991 7.864

ko) (S0 4812 4.644 3.386 3.047

—3
—— 1396 1348 0.989 0.893
107 %xv

s=Ser=ag () > 2.611 2.619 2.716 2.761
107 9%V

s—Ser=soiy (TX ) 6.521 6.538 6.748 6.845
107 5%V

—VClgogg () S 1740 1746 1.810 1.840

107 5%V

—VC1(r=goi (T) 3.799 3.806 3.889 3.926
1079w

—VC2(raai) () 5222 5.237 5.431 5.522

1073V
—VC2r=goxy (T) v 3.039 3.045 3111 3.141
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107 %%V
—TSrzay () > 2611 2.619 2715 2761
107 %V
—TST=80K) (T) 5.699 5.709 5.834 5.890
—Ptp=ay(1078 X V) N 7.834 7.857 8.148 8.284
—Pterzaory(1073 % V) 5217 5.231 5.398 5.476
ZT(r=3) (107%) 72791 2.808 3.019 3.121
ZT(=gox)(1071) 7 1.741 1.750 1.864 1.918

For x=0.5 and N=3 X 1018 ¢m~3,

A x. 329.220 329.052 327.067 326.190
En(T=80K) N 12.447 12.441 12.367 12.334
-3
Sk r_ag) (“ém:f) . 7.038 6.816 5.178 4.749
—3
KeTosok) (“ém:f) . 1.948 1.887 1.434 1.316
107 %%V
s—S(r=aiy 5 —) > 1.722 1.723 1.733 1.738
107 %%V
—Sir=s0x ( KX) N 4.460 4.463 4.488 4.499
107 %%V
—VClgogg (=) > 1148 1.149 1.155 1.159
107 %%V
~VC1rogor, (TX) N 2.803 2.804 2.818 2.824
107 %V
V2o () v 3444 3.446 3.467 3.476
1073V
~VC2rgox) (TX) 2242 2243 2.254 2.259
107 %%V
—TS(r=31 (T) N 1.722 1.723 1.733 1.738
107 %%V
Pipmag(105x V) & 5.166 5.169 5.200 5214
—Ptirepa(1073 X V) 3.568 3.570 3.590 3.600
TT reax) (107%) 7' 1214 1215 1.230 1.237
TT 70t (1072) 7 0.814 0.815 0.824 0.829

For x=1 and N=3 X 10'% em~3,

Enr=ax) \ 623.722 623.693 623.346 623.193
En(T=80K) N 23.442 23.441 23.428 23.423
—.
.cfﬂgj(%) . 1.098 1.064 0.816 0.751
—3
e T 2.959 2.868 2.199 2.025
1077V
—Ser=a ) S 9.090 9.091 9.096 9.098
-5
—Sr=a0K) (m_va) N 2.404 2.405 2.406 2.407
107 7%V
—VC1rogg, (TX) N 6.060 6.061 6.064 6.065
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107 5%V
) e 1.576

~VCierason (5

-6
~VC2roag () S 1818

1073V
—VC2(r=g0x) (T) 1.261
107 7%V
—TSr=ay () ™ 9.090
5(T=80K) . .
—Ptr=agy(1078 X V) N 2.727
—Ptir=goi(1073 x V) 1.923
ZTir=3x) (107°) 2 3.382
ZTir=s0(107%) 7 2.366

1.577

1.819

1.262

9.091

2.366

2.728

1.924

3.383

2.367

1.578

1.820

1.263

9.096

2.367

2.729

1.925

3.387

2.369

1.579

1.820

1.264

9.098

2.368

2.730
1.926
3.388

2.370

Table 4p: In the lightly degenerate p-type x(x) — alloy, in which N=2 x 10** em~2, and for

T=3K and 80K, the numerical results of various thermoelectric coefficients are

reported. Further, their variations with increasing r,.; are represented by the arrows: »

(increase), and \ (decrease).

Acceptor Ga Mg In Cds
For x=0,
Encr=310) \ 134.452 119.021 107.417 90.933
En(r=s0K) . 5.283 4.706 4.241 3.483
roai) (1‘;;:':;”) N 5.576 4510 3.828 2.983
—3
N (“;m:;” ) s 1.824 1.535 1.338 1.054
-6
SSeremg () v 4216 4.763 5.277 6.233
107 5%V
~Sr=aor) ) > 9.601 10.490 11.301 12.806
—6
VOl () > 2.809 3.173 3515 4.151
107 %%V
~VC1 g ogor () 4716 5.044 5.530 6.430
107 %%V
~VC2rogg () S 8428 9.519 10.545 12.452
107 3uv
~VC2rogory (T) v 3772 4.035 4.424 5.144
-6
~TSraar () 4.214 4.760 5.273 6.226
-3
~TSer—sok) () 7.073 7.567 8.295 9.646
—Ptirean(1075 X V) N 1.265 1.429 1.583 1.870
—Pteresoi(1073 X V) N 7.681 8.392 9.041 10.245
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ZTirmsxy (107%) A 7277 9.285 11.398 15.902
7T rmsorey (1072) » 3773 4.505 5.228 6.713
For x=0.5,

Ermai) N 234.965 230.328 227.003 222,546
a0 S 8.955 8.784 8.662 $8.497
o (‘2::;”) N 14.107 12.775 11.988 11.088
N (“;::;” ) s 4.045 3.673 3.454 3.205
—Sirea0 (@) . 2.413 2.461 2.497 2.547
—Streaoi (L;X") N 6.082 6.191 6.271 6.382
VCLong (5Y) 1608 1.641 1665 1.698
—VC1rogoi (@) v 3612 3.660 3.695 3.741
—vczgzm(g) v 4825 4.922 4.994 5.094
—VC2ra0 (“J_TW) 2.890 2.928 2.956 2.993
—Tsreamg (L;X") N 2412 2.461 2.497 2,547
—Tsr=aok) (@) 5.419 5.490 5.542 5.612
Pirma(105XV) N 0724 0.738 0.749 0.764
~Prirmao(10F X V) N 4.866 4.953 5.017 5.105
ZTirmsxy (107%) » 2383 2.480 2.553 2.657

ZT rmao (10°2) ;1514 1.569 1,610 1.667

For x=1,

Ermai) N 337.828 33627 335.162 333.685

£ rmsore) S 12.767 12.709 12.668 12,613

o (‘2::;”) N 29.427 26.908 25.451 23.823

N (“;::;” ) N 8.130 7.437 7.036 6.588
Siremg (5 s 1678 1.686 1,692 1.699
~Sirmsoy (20 s 4.353 4372 4.386 4.404
—vc1gzm($) v 1119 1.124 1.128 1.133

—VC1 a0 (@) 2.743 2.754 2.762 2.772
—vczgzm(g) v 3356 3.372 3.383 3.398
VC2prpor () v 2195 2.203 2.209 2217
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~Tsraam (L;X") S 1.678 1.686 1.691 1.699
~TSr=s0k) (@) 4.115 4.131 4.142 4.158
—Ptirea(1075 X V) N 0.503 0.506 0.507 0.510
~Ptoreao(103 X V) N 3.482 3.498 3.509 3.523
ZTermsi (10%) > 1153 1.164 1171 1.182
ZTer=g0iy (1072) , 0.776 50.782 0.787 0.794

Table 5n: Here, for a given n and with increasing T, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: ~, decrease: »). One notes here that with increasing T: (i) for
5, ~ 18138, While the numerical results of S present a same minimum

(8)amin (= —1.563 x 10742}, those of ZT show a same maximum (zm),... = 1, (ii) for 5, =1, those
of S, ZT, (ZDu.., VCI1, and T, present the same results: —1.322 ><1n-4§ , 0.715, 3.290,

1105 x 107¢Z, and 1.657 x 10-*=, respectively, and (iii) for &, ~ 18138, (ZDyon = 1.

For x=0,

In the degenerate P-X(x) — alloy, for N= 2 X N, (1p) = 3.3719916 x 10%7 cm™2, one gets:
T(K) P 43 85 44.769183 457 60.920214 60.945
£ w 1.877 1.8138 1.752 1 0.99%
S (10_41}3 —1.562 »  —1.563 A2 —1.362 A — 1322 A —1321
T 0.995 A 1 “u 0.955 “u 0.715 Sy 0.714
(ZT) ore 7 0933 1 1.071 3.200 3.296
VC1 (10_4 l}D —0.05% 7 0 A 0.061 A 1.105 A 1.106
VC2 (10_4 E) —25%0 7 0 A 2778 A 67313 A 67440
Ts (10_4’ ‘_ID —0.08% A 0 A 0.091 A 1.657 A 1.660
Pt (1073V)  —6.850 N =699 N —T7.139 ~  —80518 2~  —8.0510

In the degenemate As- X(x) — alloy, for N = 2 X Nepu(Ta.) = 3.6247868 x 10%7 cm™3, one gefs:

T(K) 2 4598 46.979655 4799 63.028142 63.953
£, gy 1.880 1.8138 1750 1 0.999
_aV
5(10 “E) —-1562 N -1363 A —l.362 A —1322 7~ -—1321
ZT 0999 A 1 gy 0.999 v 0TS N 0.714
(ZT) o 2 08931 1 1.074 3.200 3.296
_aV
vVCi (10 “E) -0061 2 0 A 0083 7 Lws 7 1.107
_aV
ve2 (10 4E) -23814 2 0 2 3018 2 70637 7 70.774
_aV
Ts(lo "‘E) —0.082 7 0 A 0.094 2 1657 7 1.660
Pt (1073V) —7.182 N —T7.343 N —T7.496 N —84494 2 —8.4485
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In the degenerate Sb- X(x) — alloy, for N = 2 X Nep, (rs) = 6.6108594 x 10%7 cm™3, cne gets:

T(K) 7 68.64 70.128324 71.63 95.427976 95.468
E . 1.879 1.8138 1.750 1 0.999
_aVv
5(10 “E) —1562 N~ -1563 7 —1.562 2 —13a2 2 —132
ZT 0999 A 1 N 0.999 0718 N 0.714
(ZT)atome 7 0931 1 1.074 3.200 3.296
_aVv
VC1 (10 “E) —0061 A~ 0 70063 A L1005 1.107
4V
vC2 (10 4E) —4190 2 0 74485 2 105443 2 105647
_aVv
Ts(lo "‘E) —0.081 2 0o A 0.094 1657 /7 1.660
Pt(1073V) —10722 N -10961 v —11.189 N 12613 2~ —126114

In the degenerate Sn- X(x) — alloy, for N = 2 X Nepy, (rs,) = 7.9274126 x 107 cm ™2, cne gets:

T(K) 7 7747 79.154538 80.85 107.71051 107.82
2 N 1.880 1.8138 1.750 1 0.998
_a Vv
5 (10 4E) —1.562 “  —1.563 A —1.582 s —-1322 7 — 1320
ZT 089 A 1 N 0.999 N 0.715 0.713
(ZT) More A 0931 1 1.074 3.200 3.306
_aV
vCi (10 4E) —-0.061 A~ 0 A 0.063 7 L1ws A2 1.108
_4V
vC2 (10 4E) —4742 7 0 A 5.084 A 115014 A/ 115574
a4V
T, (10 4E) —0.052 A 0 A 0.094 A 1.657 A 1.663
Pt (1073V) —12.101 % —12372 W —12.629 W —14236 2~ —14232
For x=0.5,
In the degenerate P- X(x) — alloy, for N = 2 % Ngp,(rp) = 6.0537854 % 10 cm~, one gets:
T(K) 7 204822 20.9285725 213788 28.473812 28507
£ " 1.880 1.8138 1.750 1 0.998
_aV
5 (10 J’E) —-1.562 ~w -—1.563 A —1.582 A —-1322 7 — 1320
T 08%% A~ 1 " 0.559% " 0.715 0.713
(ZT ) more A 0931 1 1.074 3.290 3.305
_aV
VCi (10 J’E) —0.061 -7 0 A2 0.083 7 1108 7 1.10%
a4V
VC2 (10 4E) —-1256 7 0 A 1345 A 31467 7 31612
_aV
T, (10 4E) —0.092 7 0 7 0.054 7 1.657 7 1.663
Pt (1073V) —3.199 N —3271 N —3.339 N —3.7640  ~  —3.7631

In the degenerate As- X(x) — allov, for N = 2 x N, (ra.) = 65076322 x 10%° cm™®, one gets:

TK) -7 214935 21.961918 224344 20.884949 299156
£ N 1.880 1.8138 1.750 1 0.997
a4V _ _ _
S{10 X -1.562 N -1.563 A~ —1.362 A —132 7 — 1320
ZT 059 7 1 N 0.959 v 0715 N 0.713
(ZT) e A 0931 1 1.074 3.290 3.306
_aVv
VC1 (10 "‘E) -0061 A 0 2 0063 A 1105 1.109
4V
VC2 (10 “E) —1318 7 0 P 1411~ 33021 7 33.178
_aVv
Ts(lo “E) -0.082 2 0 2 0.054 A 1657 A 1.663
Pt (1073V)  —3.357 N —3433 N —3.504 N —3.5455 2 —3.5489
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In the degenerate Sb- X(x) — alloy, for N = 2 % Ngp, (rs,) = 1.1868572 % 10%7 cm™2, one gets:

TK) -7 32.0842 32.783393 33486 44.610405 44,656
£ N 1.880 1.8138 1.750 1 0.958
_aV
5(10 “E) —13562 N -1563 A~ —1.362 A —132 7 - 1320
ZT 059 7 1 N 0.959 v 0715 N 0.713
(ZT) poee 2 0831 1 1.074 3.290 3.306
4V
VC1 (10 “E) —0061 A 0 A 0063 A 1105 A 1.109
_aVv
VC2 (10 "‘E) -158 7 0 2 2099 A 49292 7 49525
4V
TS(:LO 4E) —0.092 A 0 P 0.094 A 1657 A 1.663
Pt (1073V)  —s.011 N —5.124 N —5.230 N —3.8962 .~ —58%46

In the degenerate Sn- X(x) — alloy, for N = 2 X Ngpy, (r5,) = 1.4232199 x 107 cm 3, cne gets:

Ky 7 362138 37.002943 37.799 50.352208 50.403
£, gy 1.880 1.8138 1750 1 0.998
_aV
S (10 “E) -1562 ~ -1563 7~ —l1.362 A -1 7 — 1320
ZT 0999 A 1 gy 0.999 v 0TS N 0.713
(ZT) o 2 08931 1 1.074 3.200 3.305
_aV
vVCi (10 “E) —0061 7 0 A 0063 2 L1s 7 1.109
_aV
ve2 (10 4E) —-2221 2 0 2 2378 2 55636 7 55896
_aV
T, (10 "‘E) —0.082 7 0 A 0.094 2 L6s7 A 1.663
Pt (1073V)  —5.656 N —5.783 N —5.904 N —66551 2~ —6.6533
For x=1,
In the degenerate P-X{x) — alloy, for N = 2 x Np,(rp) = 5.6422212 x 10*° cm—3, one gets:
Ky -~ 7.92813 8.100909 8.275 11.023411 11.0347
£ gy 1.880 1.8138 1.750 1 0.958
_aV
S (10 4E) -1562 N~ -1L33 7 —1.362 A —1322 7 — 1320
ZT 0998 A 1 gy 0.999 Y0715 N 0713
(ZD)more A 0931 1 1.074 3.200 3.306
4V
VCil (10 “E) —0061 7 0 A 0063 A 1105 7 1.109
4V
VG2 (10 *E) —0486 7 0 A 0520 A 12180 A 12238
4V
T, (10 “E) -0.0%2 A 0 A 0.094 2 1657 A 1.663
Pt (1073V) —1.238 N —1266 N —1292 N 14570 2 —14566

In the degenerate As- X(x) — alloy, for N = 2 X Np,(ra.) = 6.0652134 x 10*° cm™, one gets:

A 3 =l L . 5
T 83196 8.50088993 8.6837 11.5676903 11579
r N 1.880 18138 1.750 1 0.998
_aV
S (10 “E) -13562 ~ -1563 /7 —1.362 A —-132 7 - 1320
ZT 09% A 1 gy 0.999 N 0715 N 0.713
(ZT) o 7 0931 1 1.074 3.200 3.305
v
vci (10‘4 E) —0061 2 0 7 0.063 2 1105 7 1.109
_aV
VC2 (10 4E) —0510 A 0 A 0346 7 12782 7 12.839
4V
Ts(lo “E) -0.092 7 0 A 0.094 A 1657 7 1.663
Pt (107*V)  —1.299 v —1329 N —1356 ~  —1.5289 7 —1.5285
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1
In the degenemte Sb- X(x) — alloy, for N = 2 x N, (rsp) = 1.1061692 x 10%% cm™2, one gets:
12.689603

K /7 12419
L N 1.880

_aV i
s(10 E) _1562 N
ZT 0.999 A
(TDye 7~ 0931

vCl (10“L ‘—;) -0061 A2
vC2 (10““—;) —0.762 7

-Yy _
T,(10743) oo~
Pt (1072V)

—1.540 u

1.8138

—1.563

1
1

0

12.962
1.750

17.267533
1

Sy

—1.322

0.715
3.290

A 1.105

s

15.080

17285
0.998

A — 1320

u 0.713
3.305

1.109

19169

In the degenerate Sn- X(x) — alloy, for N = 2 % Ngp, (rs,) = 1.3264628 % 10%° cm~®, one gets:

TEK) -7 14018 14.3228814 14.6299 19.490037 15.51
£ N 1.880 1.8138 1.750 1 0.958
_aV
5(10 “E) —13562 N -1563 A~ —1.362 A —132 7 - 1320
ZT 059 7 1 N 0.959 v 0715 N 0.713
(ZT) poee 2 0831 1 1.074 3.290 3.306
_aVv
VC1 (10 "‘E) -0061 A 0 2 0063 A 1105 7 1.109
4V
VC2 (10 “E) —0858 A 0 A 0917 A 21535 A 21637
_aVv
Ts(lo “E) -0.082 2 0 0.054 A 1657 A 1.663
Pt (1073V) —2.190 N—2239 0 0w —2.285 N —25760 2 —2.5753

Table 5p: Here, for a given n and with increasing T, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the

arrows as: (increase: ~, decrease: ). One notes here that with increasing T: (i) for

5, ~ 18138, While the numerical results of S present a same minimum

(8)saim (= —1.563 x 1072}, those of ZT show a same maximum (z1)..... = 1, (ii) for ¢, = 1, those
of S, ZT, (ZMu.., VCI1, and T, present the same results: —1.322 ><1u-4§ , 0.715, 3.290,

1105 x 107¢Z, and 1.657 x 107+, respectively, and (iii) for g, ~ 18138, (ZDyen = 1.

For x=0,
In the degenerate Ga- X(x) — alloy, for N = 2 X Ngpy (rge) = 1.8185205 % 10" cm™, one gets:
TK) 7 168.52 172.18917 175.88 234.30852 234.54
B N 1.880 1.8138 1.750 1 0.998
_aVv
5 (10 4E) —-1.562 % —1.563 2 —1.562 A -1322 7~ —1.320
ZT 0999 .~ 1 N 0.998 N 0.715 0.713
(ZT) Mort 2 0.931 1 1.074 3.290 3.305
_a Vv
VC1 (10 4;) -0.061 2 0 2 0.063 2 1105 ~ 1.109
_a
VC2 (10 2 E) -0.103 2 0 2 0.110 2 2.589 7 2.601
_a Vv
T, (10 4;) -0.092 7 0 2 0.094 7 1.657 7 1.663
Pt(1072V) —2632 % =2.691 NoO=2747 N -3.0969 7~ —3.0961
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In the degenerate Mg- Xix) — alloy, for N = 2 x Ngpp (ryg) = 22664086 x 10*° cm™, one gets

TK) 2~ 188.32 192.42153 196.55 261.83996 262.1
& N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4E) —1.562  ~  -1563 A~ —1562 7 -1322 2~ —1320
ZT 0999 7 1 N 0.999 w0715 N 0.713
(ZT) port 2 0931 1 1.074 3.290 3.305
_aV
VCl(lO 4;) —-0.061 7 0 70063 2 1.105 7 1.109
_2V
ch(m ZE) -0.115 7 0 20123~ 2893 7 2.906
_aV
Ts(lo 4;) -0.092 7 0 7 0.094 7 1.657 7 1.663
Pt{1072V)  —2941 ~  —=3.007 v =3.070 —3.4607 »  —3.4599

In the degenerate In- X(x) — alloy, for N = 2 x Nepp (T} = 2.9136974 x 10* em™, one gets:

TK) -~ 201.78 206.175403 210.59 280.55571 280.83
i N 1.880 1.8138 1.750 1 0.998
S (10‘49 —1.562 % -1563 7~ —1.562 2 -132 7 —1.320
ZT 0999 7 1 N 0.999 v 0715 0.713
(ZT) ot 2 0931 1 1.074 3.290 3.305
vC1 10‘41}2) —0.061 7 0 20063 7 1105 7 1.109
vC2 (10‘21;) —0.124 7 0 20132 2~ 3100 7 3.114
T, (10‘4 ‘lD —0.092 7 0 7 0.094 7 1.657 7 1.663
Pt(1072V)  —3.152 ~  =3222 % —3289 —37081 ~ —=3.7072

In the degenerate Cd- X(x) — alloy, for N = 2 % Ngpp (rea) = 2.842425 % 10'° cm™2, one gets:

TK) -~ 219.02 223.779792 228.58 304.5111 304.82
B N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4E) —1.562 % —1563 7 —1.562 2 —-1322 2 —1.320
ZT 0999 .~ 1 N 0.999 N 0.715 0.713
(ZT) Mort 2 0931 1 1.074 3.290 3.305
_aV
VC1(107*=) —0061 ~ 0 7 0.063 2 1105 7 1.109
_aV
VCZ(lO ZE) -0.134 7 0 2 0.143 7 3365 7 3.380
_aV
Ts(lo 4;) -0.092 7 0 7 0.094 7 1.657 7 1.663
Pt(1072V) —3421 ~  —3.498 N =3570 N —4.0247 » —4.0237

For x=0.5,

In the degenerate Ga- X(x) — alloy, for N = 2 x Ngpyp (rgs) = 5.5895544 x 10*° em™, one gets:

TK) 7 92.575 94.59242 96.627 128.717794 128.849
B N 1.880 1.8138 1.750 1 0.998
_aVv
8(10 4%) -1562 ~ —1563 7~ —1.562 A —-1322 &~ —1320
ZT 0999 .~ 1 N 0.998 N 0.715 0.713
(ZT) pone 2 0931 1 1.074 3.290 3.306
_a Vv
VCl(lO 4;) -0.061 2 0 2 0.063 2 1105 ~ 1.109
_a
VCZ(lO ZE) -0.057 2 0 2 0.061 2 1422 7 1.429
_a Vv
Ts(lo 4;) -0.092 7 0 2 0.094 2 1.657 7 1.663
Pt(1072V) —1.446 ~  —1.478 v —1.509 N —1.7013 »  —1.7008

In the degenerate Mg- Xix) — alloy, for N = 2 x Ngpp (ryg) = 6.6031166 x 10" cm™, one gets
T(K) 2 103.46 105.707108 107.981 143.84224 143.989
L2 N 1.880 1.8138 1.750 1 0.998
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_aVv
8(10 4%) 1562 0w 1563 2 1562 A —1322 2 —1320
7T 0999 7~ 1 N 0.998 N 0715 N 0713
(ZT) pgome 7 0931 1 1.074 3.290 3.306
_a Vv
VCl(lO 4;) —0.061 A 0 2 0063 1105 7 1.109
_a
ch(lo ZE) —0.063 7 0 2 0068 7 1589 2 1.597
_a Vv
Ts(lo 4;) 0092 2 0 2 00% 7 1657 7 1.663
Pt(1072V) —1.616 ~ —1.652 v —1.687 N —-1.9012 ~»  —1.9007

In the degenerate In- X(x) — alloy, for N = 2 x Ngpg (r,) = 7.323585 x 10** em™%, one gets:

TK) -~ 110.85 113.262816 115.69 154.12377 154.28
i N 1.880 1.8138 1.750 1 0.998
—aV
5110 x —1.562 ~ -1563 7 —1.562 A 1322 &~ —1.320
ZT 0999 7~ 1 N 0.999 v 0715 0.713
(ZT) Mot 2 0.931 1 1.074 3.290 3.305
_aVv
VC1(10 4;_) —0.061 7 0 2 0063 7 1105 7 1.109
_a Vv
ch(lﬁ 2;_) —0.068 7 0 2 0072 o~ 1703 7 1.711
_aVv
Ts(lﬂ 4;_) -0.092 7 0 e 0.094 7 1.657 7 1.663
Pt(107%V) —1.731 % —=1.770 v —1.807 N —2.0370 —2.0365

In the degenerate Cd- X(x) — alloy, for N = 2 x Ngpg (rgg) = 8.2813234 x 10 em™%, one gets:

Ky -~ 120.32 122.93382 125.57 167.2837 167.45
B N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4%) -1.562 ~ —1563 7~ —1.562 A —-1322 &~ —1.320
ZT 0999 .~ 1 N 0.999 N 0.715 0.713
(ZT) Mort 2 0931 1 1.074 3.290 3.305
_aV
VCl(lO 4;) -0.061 2 0 2 0.063 2 1105 ~ 1.109
_aV
VCZ(lO ZE) —0073 2 0 2 0079 A 1848 7 1.857
_aV
Ts(lo 4;) -0.092 A 0 2 0.094 7 1.657 2 1.663
Pt(1072V) -1.879 ~  —1921 N —1961 -22110 ~»  =22104
For x=1,

In the degenerate Ga- X(x) — alloy, for N = 2 x Ngpy (rgs) = 1.4673047 % 10" cm™, one gets:

TK) -~ 50.606 51.70793 52.82 70.3622 70.434
i N 1.880 1.8138 1.750 1 0.998
_aVv
8(10 4%) —1562 % —1563 / —1.562 A -1322 7~ —1320
ZT 0999 -~ 1 N 0.998 v 0715 N 0.713
(ZT) Mot 2 0931 1 1.074 3.290 3.306
_aVv
VCl(lO 4;_) —0.061 7 0 2 0063 7 1105 7 1.109
_a Vv
ch(lo 2;_) —0.031 7 0 20033 7 0777 7 0.781
_aVv
T, (10 4 E.) -0.092 7 0 p 0.094 P 1.657 7 1.663
Pt(1072V) —0.790 ~ —0808 x —0.825 N —0.9299 = —0.9297

In the degenerate Mg- X{x) — alloy, for N = 2 x Nepp (g} = 17333732 X 10 em~3, one gets:

TK) 7 56.552 57.783653 59.026 78.629815 78.71

& . 1.880 1.8138 1.750 1 0.998
_aV

8(10 4%) 1562 N -1563 7~ —1562 7 -1322 2 —1320

ZT 0999 7 1 0999 % 0715 N 0.713

(ZT) pyort 7 0931 1 1.074 3.290 3.306
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VC1 (10‘41;) —0.061 A 0 20063 2 1L10s 2 1.109
vC2 (10‘2 ED -0.035 7 0 20037 7 0869 7 0.873
T, (10‘4 ‘lD 0092 2 0 2 00% 7 1657 7 1.663
Pt(1072V)  —0.883 ~  —0903 % —0922 % —1.0392 ~  —1.0390

In the degenerate In- X(x} — alloy, for N = 2 x Ngpg (r,) = 1.9225022 x 10°% em ™, one gets:

TK) -~ 60.594 61.913901 63.24 84.2501 84.335
i N 1.880 1.8138 1.750 1 0.998
—aV
5110 x —1.562 ~ —-1563 7 —1.562 A 1322 &~ —1.320
ZT 0999 7~ 1 N 0.999 v 0715 0.713
(ZT) yort 2 0931 1 1.074 3.290 3.305
_aVv
VCl(lO 4;_) —0.061 7 0 2 0063 7 1105 7 1.109
_a Vv
ch(lﬁ 2;_) -0.037 7 0 20039 A 0931 7 0.935
_aVv
Ts(lﬂ 4;_) -0.092 7 0 p 0.094 7 1.657 7 1.663
Pt(107%V) —0.946 % —0.9677 v  —0988 w —1.1135 —1.1132

In the degenerate Cd- X(x) — alloy, for N = 2 x Nepg (r;) = 21739166 x 10°F em™F, one gets:

Ky -~ 65.771 67.200452 68.64 91.44384 91.537
B N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4%) -1.562 ~ —1563 7~ —1.562 A —-1322 &~ —1.320
ZT 0999 .~ 1 N 0.999 N 0.715 0.713
(ZT) Mort 2 0931 1 1.074 3.290 3.306
_aV
VC1( 10 4;) —0.061 7 0 20063 7 1105 7 1.109
_aV
VCZ(lO ZE) -0.040 2 0 2 0.043 2 .00 A 1.015
_aV
Ts(lo 4;) -0.092 A 0 2 0.094 7 1.657 7 1.663
Pt(1072V) —1.027 ~ —1.0503 v —1.072 w —1208 .~ —1.2083

Table 6n: Here, for a given T and with decreasing N, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: », decrease: »). One notes here that with increasing T: (i) for
5, ~ 18138, While the numerical results of S present a same minimum

(8)amin (= —1.563 x 10742}, those of ZT show a same maximum (z1),... = 1, (ii) for &, =1, those
of S, ZT, (ZDu.., VC1, and T, present the same results: —1.322x 10#7 , 0.715, 3.290,

~1.105 x 107#Z, and 1.657 x 10~ =, respectively, and (iii) for &, ~ 18138, (ZTyn = 1.

For x=0,

In the degenerate P- X(x) — alloy, for T= 44.769183 K, one gets:

N(10Yem™3) ~ 3.4274 3.3719916 3.319 2.74813904 2.7466
(3 u 1.880 1.8138 1.750 1 0.998
_4\?'
5110 X —-1.562 % —1.563 7 —1.562 2 —-1322 7 —1.320
ZT 0.999 7 1 u 0.998 u 0.715 0.713
(ZT) pioet 7 0.931 1 1.074 3.290 3.305
_aVv
VCl(lO 4;)—0.061 rd 0 2 0.063 7 1.10s 7~ 1.109
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_a Vv
VC2 (10 4 E) —2.746 2 0 2 2.817 2 49.467 7 49.641
_a Vv
Ts(lo 4;) —0.092 7 0 7 009 7 1657 72 1663
Pt(1073V) —6.993 N —6.997 7 —6.993 A —5.917 2 =5910

In the degenerate As- X{(x) — alloy, for T= 46.979655 K, one gets:

N(10Yem™3) v 3.6843 3.6247868 3.568 2.9541646 2.9525

£y N 1.880 1.8138 1.750 1 0.998
_4\?'

5110 x —1.562 ~ -—1563 7~ —1.562 A —1322 7 —1320

ZT 0999 7~ 1 N 0.998 v 0715 0.713

(ZT) ot 2 0931 1 1.074 3.290 3.305

_aV
VC1 (10 4 E.) —0.061 0 2 0.063 7 Lis 7 1.109

_aV
TS(IU 4;_) —0.092 0 7 0.094 7 1.657 7 1.663

7
ch(lﬂ““i}:_)_z.sw 7 0 A 2947 7 51910 7~ 52.093
7
Pt(1073V) 7338

—7.343 A —=7338 A —6.209 s —6.202

In the degenerate Sb- X(x) — alloy, for T=70.128324 K, one gets:

N(10¥em™3) v 6.72 6.6108594 6.507 5.38778352 5.3846
gu N 1.880 1.8138 1.750 1 0.998
_aV

S (10 4%) -1562 % -1563 2 —1.562 A —1322 7 —1320

ZT 0999 2~ 1 N 0.999 v 0715 0.713

(ZT) pone 2 0931 1 1.074 3.290 3.306
_aV

VC1 (10 4 E) -0.062 7 0 2 0.063 2 1105 2 1.109
_aV

ve2 (10 4 E) 4321 7 0 A 4411 2 77488 2 71774

_aV
T, (10 4 E) -0.092 7 0 7 0.094 7 1.657 7 1.663
Pt(1073V) —10954 ~ —10.961 2 —10954 7 —9.269 A =9.257

In the degenerate Sn- X(x) — alloy, for T=79.154538, one gets:

N(10Yem™%) ~  8.058 7.9274126 7.803 6.4607611 6.457

A N 1.880 1.8138 1.750 1 0.998
—_aV

5110 - —1.562 » —1.563 7 —1.562 s —132 7 —1.320

ZT 0.999 .~ 1 N 0.999 N 0.715 0.713

(ZT) pgoee 2 0.931 1 1.074 3.290 3.305

_a Vv
VCl(lO 4;)—0.061 0 A2 0.063 2 1105 7 1.109

T, (10‘4 ‘lD ~0.092

Pt(1073V) —12.364

7
_aV
VCZ(lO 4;)—4.866 2 0 2 4974 7 87.461 7 87.780
7 0 7 0.094 7 1.657 7 1.663
Sy

—12.372 2 —12.364 A =10.462 2 —10.449

For x=0.5,

In the degenerate P- X(x) — alloy, for T=20.9285725 K, one gets:

N(10%em™3) w  6.153 6.0537854 5.959 4.9337739 4.931
i N 1.880 1.8138 1.750 1 0.998
_aVv
8(10 4%) -1.562 % —1.563 7 —1.562 s —132 7 —1.320
ZT 0.999 7 1 N 0.999 N 0.715 0.713
(ZT) ot 2 0.931 1 1.074 3.290 3.305
_aVv
VCl(lO “E)—o.om 7 0 7 0.063 7 1105 7 1.109
_aVv
ch(lﬂ “E)—mso 7 0 7 1312 7 23.125 A 23206
_aVv
Ts(lo 4?.) -0.092 7 0 7 0.094 7 1.657 7 1.663
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Pt(1073V) —3.269 v =3.271 A =3.269 2 —2.7661 2 =2.7628

In the degenerate As- X(x) — alloy, for T= 21.961918 K, one gets:

N(10*¥em™=) v 6.6143 6.5076322 6.4055 5.30365443 5.3006
£ N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4E) —1.562 N~ —1.563 7~ —1.562 A =132 2 —-1320
ZT 0999 7 1 N 0.999 w0715 0.713
(ZT) port 2 0931 1 1.074 3.290 3.305
_aV
VC1(107*=) —0.061 D 7 0.063 7 1105 7 1.109
_aV
VCZ(lO 4;)—1‘344 7 0 7 1380 7 24267 7 24354
_aV
Ts(lo 4;) -0.092 7 0 7 0.094 7 1.657 7 1.663

Pt(1073V) —3.430 v —3433 A =3430 7~ —2.9027 2 —2.8991

In the degenerate Sb- X(x) — alloy, for T=32.783393 K, one gets:

N(10Yem ™) % 1.20636 1.1868572 1.16825 0.9672766 0.96671
£y N 1.880 1.8138 1.750 1 0.998
_4\?'
5110 x —1.562 ~ -—1563 7~ —1.562 A —1322 7 —1320
ZT 0999 7~ 1 N 0.999 v 0715 0.713
(ZT) Mot 2 0.931 1 1.074 3.290 3.305
_aVv
VCl(lO “E)_o.oa P 0 2 0.063 e 1105 7 1.109
_aVv
ch(lﬁ “E)_z.on P 0 7 2058 7~ 36224 7 36.357
_aVv
Ts(lﬂ 4;_) -0.092 7 0 7 0.094 7 1.657 7 1.663
Pt(1073V) —5.121 v —5.124 7 =5.121 7 —4.3330 7 —43275

In the degenerate Sn- X(x) — alloy, for T=37.002943 K one gets:

N(10Yem™) ~ 1.4466 1.4232199 1.4009 1.15990983 1.15923
A N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4E) —1.562 % —1.563 7 —1.562 s —132 7 —1.320
ZT 0999 .~ 1 N 0.999 N 0.715 0.713
(ZT) Mort 2 0.931 1 1.074 3.290 3.305
_aV
VCl(lO 4;)—0.061 7 0 A2 0.063 2 1105 7~ 1.109
_aV
VCZ(lO 4;)—2.269 7 0 7 2323 2 40.886 7 41.036
_aV
Ts(lo 4;) -0.092 7 0 7 0.094 7 1.657 7 1.663
Pt(1073V) —5.780 v —5.783 A =5780 7~ —4.8907 7 —4.8845
For x=1,

In the degenerate P- X(x) — alloy, for T=8.100909 K, one gets:

N(10%em™2) w 5.7349 5.6422212 5.5537 4.5983533 4.5957
i N 1.880 1.8138 1.750 1 0.998
—4 v

5110 x -1.562 % —1.563 7 —1.562 s —132 7 —1.320

ZT 0999 -~ 1 Y 0.999 N 0715 0.713

(ZT) ot vz' 0.931 1 1.074 3.290 3.305

VC1 (10‘4 E.) —0.061 7 0 7 0.063 7 1105 7 1.109

_aVv
VC2 (10 4 E.) —0497 7 0 7 0.509 7 8.951 7 8.983
_aVv

T, (10 4 E.) -0.092 7 0 7 0.094 7 1.657 7 1.663

Pt{1073V)  —1.265 w o —1.266 A —1.265 A —10707 7~ —1.0693
In the degenerate As- X(x) — alloy, for T= 8.50088993 K, one gets:

N(10%em™) w 6.1648 6.0652134 5.970 4.9430876 4.9402

A N 1.880 1.8138 1.750 1 0.998
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_aVv
S (10 4%) 1562 0w 1563 2~ —1.562 7 1322 2 —1320
ZT 0999 2 1 v 0.999 N7 N 0.713
(ZT) pgome 7 0931 1 1.074 3.290 3.305

VC1 (10‘4 ED —0.061 7 0 7 0.063 2 1105 7 1.109
vC2 (10‘4 1;) —0.521 7 0 2 053 » 9393 ~ 9.427
7 7
x. 7

0 7 0.094 7 1.657 1.663

T, (10‘41;) ~0.092

Pe(1073V) -—1.328 —1.329 A —1.328 A —1.1236 —1.1221

In the degenerate Sb- X(x) — alloy, for T=12.689603 K, one gets:

N(10¥em™3) v 1.1243 1.1061692 1.0888 0.90151667 0.901
£y N 1.880 1.8138 1.750 1 0.998
_4\?'
S(10 X -1562 % -1563 2 —1.562 A —1322 2~ —1320
ZT 0999 7~ 1 N 0.999 v 0715 0.713
(ZT) Mot 2 0.931 1 1.074 3.290 3.305
_aVv
VCl(lO “E)—o.oa 2 0 2 0.063 2 1105 7 1.109
_aVv
ch(lﬁ 4E)—0.776 2 0 2 0798 2 14.021 -~ 14.072
_aVv
Ts(lo 4;_) -0.092 2 0 2 0.094 2 1.657 7 1.663
Pt(1073V) —1.982 v  —1.983 7 —1.982 2 16772 7 —1.6751

In the degenerate Sn- X(x) — alloy, for T=14.3228814 K, one gets:

N(10%em™) ~ 1.3482 1.3264628 1.3057 1.0810538 1.08042

A N 1.880 1.8138 1.750 1 0.998
_aV

8(10 4E) —1.562 » —1.563 7 —1.562 s —1322 2 —1320

ZT 0999 .~ 1 N 0.999 N 0.715 0.713

(ZT) pgoee 2 0.931 1 1.074 3.290 3.305

_a Vv
VCl(lO 4;)—0.061 0 A2 0.063 2 1105 7 1.109

_aV
Ts(lo 4;) —0.092 0 7 0094 2 1657 7 1.663

7
VCZ(lO“‘lD—o.mé A 0 7 0897 7 15826 7 15.884
A
Pt(1073V) —2.237 N

—2.239 2 =2.237 2 —1.8930 2 —1.8906

Table 6p: Here, for a given T and with decreasing N, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: ~, decrease: ). One notes here that with increasing T: (i) for
5, ~18138, While the numerical results of S present a same minimum
(8)mmin (* —1.563 x 102}, those of ZT show a same maximum (zm),,.... = 1, (ii) for g, = 1, those
of S, ZT, (ZDy.., VCI1, and T, present the same results: —1.322 xiﬂ‘*% , 0.715, 3.290,

—1.105 x 10~*2, and 1.657 x 10~ respectively, and (iii) for g, ~ 18138, (ZTyee = 1.

For x=0,

In the degenerate Ga- X(x) — alloy, for T=172.18917 K, one gets:

N(10¥em™3) % 1.950 1.9185205 1.8885 1.56357483 1.5627
A" 1.880 1.8138 1.750 1 0.998

_aV
5 (10 4%) —1.562 w  —1.563 2 —1.562 » —1.322 7 —1.320
7T 0999 A~ 1 w 0.999 w 0.715 0.713
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(ZT) pone 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4;) —0.061 2 0 7 0.063 7 1105 7 1.109
VC2(1072V) —0.105 »~ 0 2 0108 2 1902 2 1.909
—4 v
T, | 107%=] —qoooz 7 0 P 0.094 7 1.657 7 1.663
Pt(1072V)  —2690 »  —2.691 7 —2.690 7 —22758 ~ —2.2731
In the degenerate Mg- X(x) — alloy, for T= 192.42153 K, one gets:
N(10%em™3) % 2.3036 2.2664086 2.2308 1.8471001 1.84601
N 1.880 1.8138 1.750 1 0.998
_aV
S (10 4%) —1.562 ~ —-1563 7~ —1.562 A —1322 2 1320
ZT 0999 2~ 1 N 0.999 v 0715 0.713
(ZT) port 2 0931 1 1.074 3.290 3.306
_aV
VC1 (10 4 i) —0.061 7 0 2 0.063 P 1105 7 1.109
vC2(1072V) 0118 ~ 0 2 0121 2 2126 A 2.134
—4 v
T, (107 =) —ppooz 7 0 7 0.094 7 1.657 7 1.663
Pt(107%V) -3.006 %  —3.007 7 —3.006 7 —25432 2 —2.5400
In the degenerate In- X(x) — alloy, for T=206.175403 K, one gets:
N(10¥em™3)  2.555 2.5136974 22308 2.04863793 2.04743
N 1.880 1.8138 1.750 1 0.998
_aV
5 (10 4E) —1.562 v —1.563 2 —1.562 A -1322 2 —1.320
ZT 0999 7 1 N 0.999 v 0715 0.713
(ZT) pone 2 0931 1 1.074 3.290 3.306
_aV
VC1 (10 4;) -0.061 2 0 7 0.063 7 1105 ~ 1.109
VC2(1072V) —0.126 ~ 0 2 0121 A 2278 A 2.286
—4 v
T, | 107%=] —qoooz 7 0 P 0.094 7 1.657 7 1.663
Pt(107%V) —3220 % —3.222 7 —3.006 7 =2.7250 ~ —2.7215
In the degenerate Cd- X(x) — alloy, for T=223.779792 K, one gets:
N(10¥em™3) v 2.889 2.842425 2.79776 23165476 23152
N 1.880 1.8138 1.750 1 0.998
_aV
S (10 4%) -1562 % —-1563 2 —1.562 A —1322 2 —1320
ZT 0999 2~ 1 N 0.999 v 0715 0.713
(ZT) pone 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4;) —0.061 2 0 2 0.063 2 1105 ~ 1.109
vC2(1072V) —0.137 ~ 0 20141 2 2473 2 2482
—4 v
T, | 107%=] —qoooz 7 0 P 0.094 7 1.657 7 1.663
Pt{1072V)  —3.495 —3498 2 3495 7 29577 2 —2.9540
For x=0.5,
In the degenerate Ga- X(x) — alloy, for T=94.59242 K, one gets:
N(10%em™)  5.6814 5.5895544 5.502 4.5554303 45528
N 1.880 1.8138 1.750 1 0.998
_aV
5 (10 4E) —1.562 v —1.563 2 —1.562 A -1322 2 —1.320
ZT 0999 7 1 N 0.999 v 0715 0.713
(ZT) pone 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4;) -0.061 2 0 7 0.063 7 1105 ~ 1.109
VC2(1072V) —0.058 .~ 0 20059 2 1.045 2 1.049
—4 v
T, (107*=) —oooz 7 0 P 0.094 7 1.657 7 1.663
Pt(107%V) —1477 ~  —1.478 7 —1477 2 —12502  ~ —1.2487
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In the degenerate Mg- X(x) — alloy, for T=105.707108 K, one gets:

N(10*¥em™3) N 6.7115 6.6031166 6.4994 53814733 5.3783
N 1.880 1.8138 1.750 1 0.998
_aV
S (10 4%) -1562 % —-1563 2 —1.562 A =132 2~ =1320
ZT 0999 2~ 1 N 0.999 v 0715 0.713
(ZT) port 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4;) -0.061 2 0 2 0.063 2 1105 7 1.109
VC2(1072V) —0.065 » 0 0066 7 1168 7 1172
_aV
T, |107%=] —oooz -~ 0 P 0.094 7 1.657 7 1.663
Pt(1072V) —1.651 %  —1.652 2 —1.651 A —13971  ~ —1.3953
In the degenerate In- X{x) — alloy, for T=113.262816 K, one gets:
N(10*¥em™3) ~ 7.444 7.323585 7.209 5.9686477 5.9652
N 1.880 1.8138 1.750 1 0.998
_aVv
S (10 4%) —1562 ~ —-1563 7~ —1.562 A —132 7~ —1320
ZT 0999 -~ 1 N 0.999 v 0715 N 0.713
(ZT) Mot 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4;) —0.061 0 P 0.063 P 1105 7 1.109
VC2(1072V) —0.069 0 0.071 2 1251 7 1.256
_aV
T, (107%=) —op9z -~ 0 7 0.094 7 1.657 7 1.663
Pt(1072V) -1769 ~  —=1.770 2 —1.769 A —14970 »~ —1.4951
In the degenerate Cd- X(x) — alloy, for T=122.93382 K, one gets:
N(10%em™) 8417 8.2813234 8.1512 6.7491949 6.7452
N 1.880 1.8138 1.750 1 0.998
_aV
S (10 4%) —1562 ~ —-1563 7~ —1.562 A -1322 7~ —1320
ZT 0999 7 1 N 0.999 v 0715 0.713
(ZT) Mort 2 0931 1 1.074 3.290 3.306
_aV
VC1 (10 4;) —0.061 0 7 0.063 7 1105 7 1.109
VC2(1072V) —0.075 0 20077 A2 1358 2 1.363
—4 v
T, | 107%=] —qoooz 7 0 P 0.094 7 1.657 7 1.663
Pt(107%V) —-1.920 % —1.921 2 =1.920 7 —1.6248 2 —1.6227
For x=1,
In the degenerate Ga- X(x) — alloy, for T=51.70793 K, one gets:
N(10*em™3) 14914 1.4673047 1.4443 1.1958385 1.19513
N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4E) —1.562 W —1.563 2 —1.562 A -1322 7~ —1.320
ZT 0999 7 1 N 0.999 v 0715 0.713
(ZT) Mort 2 0931 1 1.074 3.290 3.306
_aV
VC1 (10 4 i) -0.061 » 0 7 0.063 2 1105 1.109
VC2(1072V) —0.032 ~ 0 7 0032 7 0571 7 0.573
_aV
T,|107%=] —oo9z 7 0 p 0.094 7 1657 7 1.663
Pt(1072V) -0.8077 ~ —08082 .~ —0.8077 ./ —0.6834 7 —0.6825
In the degenerate Mg- X(x) — alloy, for T=57.783653 K, one gets:
N(10*¥ecm™3) % 1.7618 1.7333732 1.70615 1.41268163 1.41185
N 1.880 1.8138 1.750 1 0.998
_aVv
8(10 4%) -1562 ~ —-1563 7~ —1.562 A -1322 2 —1.320
ZT 0999 7~ 1 N 0.999 v 0715 0.713

www.wjert.org

ISO 9001: 2015 Certified Journal

67




Huynh et al. World Journal of Engineering Research and Technology

(ZT) pore 2 0931 1 1.074 3.290 3.306
_aV
VC1 (10 4 i) -0.061 7 0 7 0.063 b 1105 7 1.109
VC2(1072V) —0.035 » 0 2 0.036 2 0.638 7 0.641
—4 v
T, | 107%=] —o0o9z 7 0 7 0.094 7 1.657 7 1.663
Pt(1072V) —09026 ~ —09031 .~ —09026 /~ —0.7637 7 —0.7627
In the degenerate In- X(x) — alloy, for T=61.913901 K, one gets:
N(10%ecm™?) % 1.9540 1.9225022 1.8923 1.56681982 1.5659
N 1.880 1.8138 1.750 1 0.998
_aV
8(10 4%) —1562 w -1563 2~ —1.562 A -1322 7 —1.320
ZT 0999 ~ 1 x. 0.999 w0715 N 0.713
(ZT) port 2 0931 1 1.074 3.290 3.305
_aV
VC1 (10 4 i) —0.061 7 0 7 0.063 7 1105~ 1.109
VC2(1072V) —0.038 ~ 0 7 0.039 7 0.684 7~ 0.687
—4 v
T (107%=] —pooz -~ 0 A 0.094 7 1.657 7 1.663
Pt(1072V) —09671 ~ —09677 2 —09671 7 —08183 7 —0.8173
In the degenerate Cd- X(x) — alloy, for T=67.200452 K, one gets:
N{10*¥em™3)  \ 2.2096 2.1739166 2.1398 1.77172003 1.7707
x. 1.880 1.8138 1.750 1 0.998
_aV
8(10 4%) -1562 w -1563 2~ —1.562 A -1322 7 —1.320
ZT 0999 7~ 1 \. 0.999 w0715 N 0.713
(ZT) port 2 0931 1 1.074 3.290 3.305
_aVv
vC1 (10 4 E) —-0.061 2 0 7 0.063 7 1105~ 1.109
VC2(1072V) —0.041 » 0 2 0042 7 0742 A 0.745
a4V
T, (107%=] —oo32 ~ 0 2 0.094 7 1.657 7 1.663
Pt(1072V) —1.0497 ~ —1.0503 .~ —1.0497 ~» —0.8882 7 —0.8871
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