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ABSTRACT
In the n*(p*) — p(n) X(x) = GaAs,_,Sh,- crystalline alloy, 0 = x =1,

various electrical-and-thermoelectric laws, relations and coefficients,

*Corresponding Author enhanced by our static dielectric constant law given in Equations (1a,
Prof. Dr. Huynh Van

Cong

1b), being due to the effects of the size of donor (acceptor) d(a)-radius

. . i racg) and the x-concentration, by our accurate Fermi energy given in
Universite de Perpignan Via

Domitia, Laboratoire de Eq. (11), and finally by our electrical conductivity model given in Eq.
Mathématiques et Physique (14), are now investigated, basing on the same physical model and
(LAMPS), EA 4217, mathematical treatment method, as those used in our recent works.! %
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It should be noted here that, for x=0, these obtained numerical results

are reduced to those given in the n(p)-type degenerate GaAs-crystal.l*!

Then, some remarkable results could be cited in the following. 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: *v). Further, one notes

in these Tables that, for any given X, rarayand N (or T), with increasing T (or decreasing N)
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one obtains: (i) for &, > 1.8138, while the numerical results of the Seebeck coefficient S
present a same minimum (S}mm,{z —1.563 x 1{]“‘:{), those of the figure of merit ZT show a
same maximum (ZT)pa, = 1, (ii) for £,y = 1, the numerical results of S, ZT, the Mott figure
of merit (ZT)y., the first Van-Cong coefficient VC1, and the Thomson coefficient Ts,
present the same results: —1.322 x 1ﬂ‘4£, 0.715, 3.290, 1.105 x 1:]‘4% and 1.657 x 10‘45

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

degenerate case (&;(p) = 0).

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) = GaAs, _,Sb,- crystalline alloy, 0 =x =1, the electrical-and-
thermoelectric laws, relations, and various coefficients, enhanced by our static dielectric
constant law, =(rg;a).%), raca) being the donor (acceptor) d(a)-radius, given in Equations (1a,
1b) and our electrical conductivity model, in Eq. (14), and also by our accurate Fermi energy,
Eenerpy, given in Eq. (11), are now investigated, by basing on the same physical model and

[1.2]

mathematical treatment method, as those used in our recent works. 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 GaAs-crystal.®) 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 Nepy, cop) IS just the density of
electrons (holes), localized in the exponential conduction (valence)-band tail (EBT),

Néf,g.;mp}, obtained with a precision of the order of 2.9 x 1077, as given in our recent work

(Van Cong, 2024), and the effective electron (hole)-density can be defined by:
N* =N — Nepaenp) = N — N&p ey, 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, Ry, (N*), defined in Eq. (7), is valid at any N*.
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(3) The Fermi energy for any N and T, Eg, . determined in Eq. (11) with a precision of the

order of 211 x107* [7], 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 further 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, rags) and N (or T), with increasing T (or
decreasing N), one obtains: (i) for &,y > 1.8138, while the numerical results of the Seebeck

coefficient S present a same minimum (S}mm,(z —1.563 x 10‘4:{), those of the figure of

merit ZT show a same maximum (ZT)ya, = 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 107%=, 0.715, 3.290, 1.105 x 10~*2, and

1.657 x 10‘42, respectively, and finally (iii) for £, =~ 1.8138, (ZT)y. = 1. It Seems that these

same results could represent a new law for the thermoelectric properties, obtained in the

degenerate case (E,;p) = 0).

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) = GaAs,_,Sb,- crystalline alloy at T=0 K, we denote
the donor (acceptor) d(a)-radius by raca), the corresponding intrinsic one by: rasras)=razica).
the unperturbed relative effective electron (hole) mass in conduction (valence) bands by:
m. %)/ mg, the unperturbed relative static dielectric constant by: z,(x), and the intrinsic

band gap by: E.,(x). Then, their values are reported in Table 1 in Appendix 1.
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Therefore, we can define the effective donor (acceptor)-ionization energy in absolute values

as:
Eao(an () = sl ey, and  then, the isothermal bulk modulus, by:
- gl

Edo(ao)l®

Baota0)®) = (g

Our Static Dielectric Constant Law
Here, the changes in all the energy-band-structure parameters, expressed in terms of the

effective relative dielectric constant =(ra..x), developed as follows.

At raca) = r'daras), the needed boundary conditions are found to be, for the impurity-atom
volume V= (41/3) x (racs)’, Vaoas = (47/3) X (raatae) , for the pressure p, p, = 0, and
for the deformation potential energy (or the strain energy) «, o, = 0. Further, the two
important equations, used to determine the « -variation, A @ = @ —a, = a, are defined by:
dp

B eS8 i e o, 4 day B i i :
e vand p=—3,» 9iving rise to: dv(dv -v.Then, by an integration, one gets:

2
L 4

[Ea{rﬂ[aj*x:]]nl:pj:Bﬂm:anj{xjx(v_vﬂniinj)x In (ﬁ): Edoran) (X) X [{EQL)E - 1] ® lﬂ(jw_) = 0.

T
Vi Tdofao) Lo {ao}

Furthermore, we also showed that, as ra(a) = ras(as) (Taa) < rde(as)), the compression
(dilatation) gives rise to the increase (the decrease) in the energy gap Egn.;gp;.{rd.;a;.JX}, and the
effective donor (acceptor)-ionization energy Ed.;a;.{rd.;a;” x) in absolute values, obtained in the

effective Bohr model, which is represented respectively by: + [ﬁa(rd,:a},x}]nl,p},

Eplx) :
Eg‘unujgpnj':rdujayx:] - Egn{x:] = Ed:jaj':rdujayx:] - Edn[al:uj (x) = Edn[al:uj () = [(—J - 1] =

E(Paray)
+ a9,

for Td(a) = I'da(aa) and for Td(a) = T'da(ac)

olX) :
Egunujgpnj{rﬂujayxj - Egn{x:] = Ed[aj{rd[aj*x:] _Ednujanj{x:] = Edl:-[al:-j{x:] * [(E—) - 1] =

2(Paray)
- ey 9],

WWW.Wjert.org ISO 9001: 2015 Certified Journal 160




Cong. World Journal of Engineering Research and Technology

Therefore, one obtains the expressions for relative dielectric constant e(ra;,x) and energy

band gap Egn(ep) (raca.x), as:

Eq ()

(I)-for r.:](a}E rdg(an}y Slnce E(rdl:ﬂ_:l.lx} =7 S En{x:], being a new

[, ol mawa Vo ‘T
«-!-1+ lz.rdcl[m:lj} l]xmli.rdn[anj}
E(I‘d,:a},x:]l-law,
E Ego(X) = E E ) =E ) L "j! 13 In( 22 ‘f =0 (1a)
g‘unujgpnj(rdis:vx:l - gl:-':x,' = dis,fllirdis,_‘vx:l — Edoan (%) = Egplam (%) = {rda‘:m:‘- — 1% nl:,dﬂ,.m?} =

according to the increase in both Eq ey (rae.x) and E gy (race.x), With increasing ry,; and for a

given x, and
Eo ()
CTam ‘T
lz.rdcl[m:lj} l]xml{.rdu[anj}

given by: [(—”u—) - 1] x In (—”«-L) <1, being a new &(rg(4), x)-law,

Tdofao) Tdo fac)

(ii)-for Td(a) = I'da(aa) since E(I‘d,:a:”}s{jl: T

- > £,(x), With a condition,

N

Eg‘l:ll:ll:gpﬂ:l(rﬂl:i}'le - Egnl::f{-:l = Eﬂ,:ﬂ[r'ﬂ,:ﬂ.le - Edl:“:’:':l[x-:l = _Eﬂl:ll:ﬂ.l:l:ll::x-j bt [( ;dt‘j ‘]- - 1] bt h'.l( rdt:;:‘:]- ‘:_: D, (1b)

Tda o} Fea )

corresponding to the decrease in both Egngigpe (raca.x) and Eaca (race.x), With decreasing ry.

and for a given x.

It should be noted that, in the following, all the electrical-and-thermoelectric properties

strongly depend on this new &(rg;q), x)-law.

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

(ra )=k’ 2ird )

=053% 10 % cm x

— —. 2
Mgy X mgxg® Mg (%) ( )

ABn(Bp) (rd (al) X} =

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, Nepn(wop) (Taca,%), was given by the Mott’s criterium, with an empirical parameter,

Mpimy @S [2]:

1,
Neon(cop) (Tara) %) /3 X agn(ep) (Taga)X) = Ma(g), Magp) = 0.25, 3)

depending thus on our new £(ry:q).x)-law.
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This excellent one can be explained from the definition of the reduced effective Wigner-Seitz
(WS) radius ren¢p), Characteristic of interactions, by:

rsn:j!?){:"]a f'd::g‘_-ux} E( - )1;! X; =1.1723 % 10% % (ﬁ)ig .

Moy (=) %my (4)
Amil Sanap) Py

B(FarayX)

being equal to, in particular, at N=Ngppicpp)(Tag)x): rs,,.:sp}{Ncnn.:mpj.(rd,:a},x}lrd,:a},x}:
2.4813963, for any (ra(a).x)-values. Then, from Eq. (4), one also has :

1, ERE] 1
Neon(cop) Fagey %) *? X 3an ep (rata). x) = (;)3 X S asra9es = 025 = (WShyp) = My, ()

explaining thus the existence of the Mott’s criterium.

Furthermore, by using M, = 0.25, according to the empirical Heisenberg parameter
Hus = 0.47137, as those given in our previous work!?, we have also showed that Nepscop)

is just the density of electrons (holes) localized in the exponential conduction (valence)-

band tail, Ngpa cpp)» With a precision of the order of 2.9 x 1077

It shoud be noted that the values of M, and H,.; could be chosen so that those of

nlp

Nepn(cop) and Néf,ﬁ.;mp} 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,raayx) = N — Nepniuop) (Taa, %)= N*, for a presentation simplicity. (6)

In summary, as observed in Table 5 of our previous paper [2], one remarks that, for a given x
and an increasing rgg), £(raca),%) decreases, while Egm.:gp,:}{rd.:@x}, Neon(wnop) (Taca,x) and
mggg,:mp}(rd.;ﬂ,x} 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:

It

Ken(rp) (N*) = ( )5, the reduced effective Wigner-Seitz (WS) radius rg, .y, Characteristic
of interactions, being given in Eq. (4), in which N is replaced by N*,is now defined by:

kFaFm
i By — &
¥ X rsnl\sp}(N } - 2EniBp) = 1’
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3

being proportional to N2 Here, y = (4/91)1/3, lc;;,:Fp} means the averaged distance

between ionized donors (acceptors), and agy gy (raca).x) is determined in Eq. (2).

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

at 0 K is defined by:

=1
Kenspy _ Kengrp)

Rongspy (N°) = = Rawsigpws + [RsuTF-:ngF”J - Rsnws-:gpws_‘u]Efr’“:"'j =1L (7

Kentrp)  Kemsp)
being valid at any n*.

Here, these ratios, Roptr(eptr) and Repws(zpws), Can be determined as follows.
First, for N 3 Nepninpp) (Taca,x), according to the Thomas-Fermi (TF)-approximation, the
ratio Ronrr(zptr (N*) is reduced to

R (N 3} _ I-'53|:1Tl-"|:sg>Tl-"j _ kEﬁ[Fp} _ |4}"|-"3m:3pj
TFi=pT = = -z =
=nTF(EPTE) kenfp)  RantRemTR N

< 1, (8)

T

being proportional to N* /¢,

Secondly, for N << Nepyninpg)(Tage)), according to the Wigner-Seitz (WS)-approximation,

the ratio Rnwsi=nws) IS respectively reduced to

__ ksniamws dlr2, o wEpp N
Rangepyws (N) = = === 0.5 x (_ —~ [f;m%) )

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

0.87553 2[1-Tn(2]] )
3 ‘ wIn( oy ey ) —0.093288
—0.87553 D'D:DS+TE-T‘.|'5]:I‘| |'r e _} :-T‘.|_=.]:|:|:'

0.0908 +ren g 1+0.03847728 xr o L6816

Ecg(N*) =

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

RE;II'FP\I M) 1 kE;T_.'Fm = - -
B B =« PR =R <L M8 = o x gk 10
8EniBpy  EFnoFpoy  Anm ks_ﬁ.fm‘u =n(=p) ! 1"|I:I'.‘F'"J': C T E(Pagg) 9 s zpy ( )

EfnoFpoll)

which gives: A, (N = ) 00

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

pt — X(x)- crystalline alloy in order to obtain the same one, as given in the n® — X(x)-
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crystalline alloy, according to the reduced Fermi energy

Erarep)r Enip (Nragg x T) = w = 0(< 0), obtained respectively in the degenerate

(non-degenerate) case.

For any (N.rs(.x.T), the reduced Fermi energy &nq;(N.ram.xT) or the Fermi energy
Efn(rp) (N.rs(5.x T), obtained in our previous paperm, obtained with a precision of the order of

2.11 x 107, is found to be given by:

ErnFp(u) _ Glu)+au®Flu) _ viw) A=

bay (W) = =5 = T g =005 A= 0.0005372 and B = 4.82842262, (11)

where u is the reduced electron density, (N, T %, T) = —

Nepwm(Tx)

Neto) (T,%) = 280t X (“—1”“—*@} (em™), Bow) = 1, F(u) = aus(i +bus+ cu s) ,a = [3y7/4]

amh?

2/3

= _[ ) — 623739855 [ ) and G({u) =~ Ln{u) + 272 X u X emdu. g — 23/2 [L__—%] = 0.

1520 ST

So, in the non-degenerate case (u << 1), one has: Epype)(w) = kT x G(u) > kg T x Ln(u) as
u — 0, the limiting non-degenerate condition, and in the very degenerate case (u > 1), one

2 _4 _E - 2w lefy g (0
gets: Epnrrgy (13> 1) = kg T x F(w) = kgT x au: (1 +bu: + cu s) 2 o PR o e,

oyl x)<my

EFT' F]:-‘l

the limiting degenerate condition. In other words, &uq = is accurate, and it also

verifies the correct limiting conditions.

Rix l"%n:jij (N7)

My (x)xmg |

In particular, at T=0K, since u™* =0, Eq. (11) is reduced t0: Egpg(ppo)(N*) =

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, rr. % T).14

Fermi-Dirac Distribution Function (FDDF)
The Fermi-Dirac distribution function (FDDF) is given by: f(E)=(1+e¥)"1 ,
Y= {E - EFn(Fp}}.f{kBT}-

So, the average of EF, calculated using the FDDF-method, as developed in our previous

workst®® is found to be given by:
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al’

_ p — = af _if 1
(EP)eppr = Gp (Epnipp)) X Efnirm = J_..EPx (_ E) dE, — 72 T X renT

Further, one notes that, at 0 K, ———E{E Efno#po)), 8(E — Epnarpe)) being the Dirac

delta (8)-function. Therefore, Gy (Eznotrpa) ) = 1.

Then, at low T, by a variable change y = (E — Egygp))/(kgT), One has:

Gp (Epncep)) = 1 + Egligpy X j_,le 5% (ks Ty +Epngep)) Ay =145, Ch x (kT)8 x

g B

FniFp) X IE

where CE =plp—1)..(p—-B+ 1};13-! and the integral Ig is given by:

oo B
_ o afxeY
o= wimsd =

e Tar) +E_1 T dy, vanishing for old values of B. Then, for even values
of B = 2Zn, with n=1, 2, ..., one obtains:

-3 J""": v‘“xe
o n1+e"}"

Now, using an identity(1+ e¥)=2= %2, (—1)5*1s x e¥(==1) 3 variable change: sy = —t, the
Gamma function: JI"[:'Ci:E“LaF1t dt =T(2n + 1) = (2n)!, and also the definition of the Riemann’s
zeta function: 7(2n) = 227 127 |B,,|/(2n)!, B,, being the Bernoulli numbers, one finally
gets: I, = (227 — 2) x n?® x |By,|. So, from above Eq. of (EP)zppe, We get in the degenerate
case the following ratio:

RR-D-BoI Dy (220 _ 9) x [Bypl X 77 = Gyt (), (12)

ramy!

{EF}
G{EFu E‘p‘.} ﬂ:1+zg=l

Een: [Fpl

™ _ mhgT
En::g:ll:N.’T} Eentrpy ':N'JT}.

where v =

Then, some usual results of G,.,(¥) 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.r;;5. = T)
expressed in ohm~!x cm™?!, the thermal conductivity by w(N.rz(.x T) in ﬁ and the

Lorenz number L defined by:
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ﬁ‘ixuhm]

z
L="x (?) = 24429637 = 24429637 x 1072 (V2 x K-2), then the well-known

3
Wiedemann-Frank law states that the ratio, E is proportional to the temperature T(K), as:
k(Nraal)
o(KrarxT) =LxT. (13)

We now determine the general form of ¢ in the following.

First of all, it is expressed in terms of the Kkinetic energy of the electron (hole),
iy

E, = ———, or the wave number k, as:
2¥menCp) "

(L:}‘E"\’CkxL [k xa ]x( )1“
=h k!ma‘p‘u Bn(Bp) Moz ’

which is thus proportional to Ey.”.

mkgT

Then, for E=0 , we obtain: (EXpppr = Gz(y =

) % EFH,FF} , and

Fn{Fp}

G:(y}:(i +3;) Ga(N.rsc.xT), with y = E_ Entp) = Enrpy (Norge.x. T) for a presentation

simplicity. Therefore, one obtains!!:

kengEp

o(N.rg(0.x.T) = Lx‘, Xm % [ ncrp (N X 2gncep) (raca )] N

(EFn:Fp_) ':N.l'd;a',ii'?:'] ( 1 )
ErneFpe; (M) ohm xcm

= _ -5 -1 oy _
—— = 7.7480735 x 10~ ohm s Ay (N7) =

% | Gy (N rgee.x. T) %

: (14)

EFnoFpo i)
T|_._|'.."| 'h-.:'

Ken(sp

Eenrp

) Rgu.jzp:.m =

Which can be used to define the resistivity as: p(N.rzr5.x T) = 1/6(N.rg5.x T), noting again
that N* = N — Nepn(wpp) (Tata) ). This o(N, raca.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.ry5.x T = 0K) is proportional to EFHD,FW}, or to

(N*}%.Thus, o(N = Nepninpp) Taca)% T = 0K) =0 at N*=0, at which the metal-insulator

transition (MIT) occurs.

Electrical Coefficients

The relaxation time  is related to ¢ by!!):

-Uu}:‘uxrh

T(MN.r500.5T) = 0Nty % T) X = . Therefore, the mobility u is given by:
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axe(FraaxT)  olMramxT)  om?

p'[f‘»], Ta(a) % T:} = M{N*,rd(&},T} = = (—. (15)

Ty (3] 300 QN Vs

Here, at T= OK, u(N*rs..,T) is thus proportional to (N*)1/3 since o(N*rg. T = 0K) is
proportional to (N*)*3. Thus, u(N* = 0,r4c,, T=0K) =0 at N*=0, at which the metal-

insulator transition (MIT) occurs.

Then, since T and o are both proportional to Eg,y (N".T)Z, as given above, the Hall factor is
defined by:

— ‘=*)rpDF Galy) n g T
N, e T T = = = =
rH( fdla) % } [tlepprl® [Go(¥)1° y by (HracaT) Ern:rmn:h'_rj.:ﬂ_};'l"}’ and therefore’ the Hall
mobility yields:
2
!_J_H'[f\], Fa(a) X T:l' = [J.'[KL Tala). X T} X rg(N*,T) {% b (16)

noting that, at T=0K, since rg(N.r;;5.x T) = 1, one then gets: uy(N,ry(.%T) = p(N.rgeo.x. T).

Our generalized Einstein relation
Our generalized Einstein relation is found to be defined as [1]:

dEgp kgxT dg o (u) [l de o (u)) Kk [3:L
Fofp) _ XBX. (u Sl ) = = xTx(u=2—) F2= |= (17)
dN* q du q 4

D':N.T'j[;j.}i'fj N* ”
u(¥raat) ~ g

where D(N,rz.% T) is the diffusion coefficient, &, (w) is defined in Eq. (11), and the
mobility w(N,r:cy.xT) is determined in Eg. (15). Then, by differentiating this function
o (1

d ] :
Engm (W) With respect to u, one thus obtains o Therefore, Eq. (17) can also be rewritten

as:

D(NraaT)  kpxT X u‘if":u]'xﬁ.-‘-’(u}—“f':u}ﬂ-‘-’":ul
u(lraaT) g w2(u) '

where W' (uw) = ABuB-1 and

4 _E .
Viiw=ul+ 2‘5&‘“(1 — du) +2AuBF(u) (1+ %} + gx%. One remarks that: (i) as

1+bu E+cu =

- Dpy ': k
u— 0, one has: W2 =~ 1 and u[V' x W —V x W'] = 1, and therefore: %U} o E’Tﬂ

and (ii) as
u— oo, one has: W2 & A%u?® and u[V/ x W -V x W'] ﬁ-:auzf’ﬂﬂzu”, and therefore, in this

highly degenerate case and at T=0K, the above generalized Einstein relation is reduced to
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DiNramsT=0K) _ 2

the usual Einstein one: (FraimaT=0E) % 2 Epnorpe)(N*)/q. In other words, Eq. (17) verifies

the correct limiting conditions.

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

& 2"
r bu E+Zcu =
D(MrarmaT) 2 EpnoFpom(u 4 ( /I
S R 1+ X ——= | (18)
B(NramxT) 3 1+bu_s+.-_-u_5J

where a = [3v/4] ", b = ()" and c = S5 (2)°,

In Tables 3n(3p) given in Appendix 1, for given x, N = Nep, and T(=4.2 K and 77 K), and
from Equations (14, 15, 16, 17), the numerical results of the coefficients: &, u, iy and D are

found to be decreased with increasing rg;4), respectively.

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

-* k Blno(E) - kg Olnol(z)
S(HJr__I,a}J,LT}Eix_BkaTXL] I kB T )
df 3 a0 8E E=Epn(ry) 3 q dE

)

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

Fo(N rgem.xT) = [1 - 3’—1,

( = |
2xG; l'F=En;;-' )
. JE

_ —m kg 2Fep(N°TY _ [axL e = o o ET o [V
S'I:N,rdm,x,T:l: 2 K?KW——*‘J = TD:FJ:T——E'.;L J{m P L
e

0, (ZTD ppore = ——

MOt T el : (19)
according to:

| — ﬂ:ﬂ: 1 — . . -
a5 |ﬁ><?>< m2 - _ [l a (ZT e X [1— (2T ]
gy N m -'1+3x:n:.:-.|‘ w7 [T R

mL J

Here, one notes that: (i) as &,p) — +20 or £uyy — +0, One has a same limiting value of S:

[ . 18138 s 8s
— =1, in
4 3  Since FEnip

§—=—-0, (i) at &upm = =0, one therefore gets: a minimum

WWW.Wjert.org ISO 9001: 2015 Certified Journal 168




Cong. World Journal of Engineering Research and Technology

(Dumin. = VL2 -1563x107* (I) , and (i) at Eg=1 one obtains:

S —1.322 x 104 (E)

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

ET{'\] Ti(z) % Tj e L HEZDud (20)
. /iy 3T 5 (2 8(ZT)

Here, one notes that: (i) —= =2 x-x——.5 =<0, (ii) at &up) = l— = 1.813€, since — =0,
aEn;p) L EE "\I E'Enlp‘l

one gets: a maximum (ZT) ., =1 ,and {ET}Mm= 1, and (iii) at &,y =1, one obtains:

ZT = 0.715 and (ZT)yyor: = “? =~ 3,290,

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

_ ds vy _
VC1(N.rge9x T) = —N*x == (£ ) = N* %

5 (il I_
® — —“11— , being equal to O for &, P) = I , (21)

GE .
Tnlnd

and the second Van-Cong coefficient, V2, as:

VC2(Nrgc9.x T) =T x VC1 (V), (22)

the Thomson coefficient, Ts, by:

r AE z

IﬂE W a5 il - T

p = — (- ]= _p p oy = |—
Ts(N.rg9.xT) =T x o (h) T X i x—5 being equal to O for £,y ey (23)

and the Peltier coefficient, Pt, as:
Pt(Nryg.x 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,rsc9.x T) and

=
Ts(N.rs.x T) are expressed in terms of—and dT, one has: [VCL,Ts] <0 for &) > |7,
[z [z .
[ V€L, Ts] =0 for En':pjl:_\ll?y and [VC1, TS]?ﬂfﬂrEH.;p}%ﬂl? , stating also that for
2,
En':p:' :.,Jl?'

(1) S, determined in Eg. (19), thus presents a same  minimum

— _ v
(8),in = —VL ~ —1.563 x 10~* (;‘J

WWW.Wjert.org ISO 9001: 2015 Certified Journal 169




Cong. World Journal of Engineering Research and Technology

(ii) ZT, determined in Eq. (20), therefore presents a same maximum: (ZT),,.. = 1, since the

variations of ZT are expressed in terms of [VC1, Ts] x 8, § < 0.

Furthermore, it is interesting to remark that the (\VC2)-coefficient is related to our generalized
Einstein relation (17) by:

A /'T' (a3 : IT
_;5 y D(Nraa=T) (‘i.-’ ), ke = |3—_L )

F o,

*nlg)

kB » = _
X VC2(NrxT) = —; O raasT)

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

Dl Mrarey=T) (ZT g [1— (T el V)

'5.?(32'[.‘\], Fa(a)-X T} =- u(N.ragxT) [+(ZT 2

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> Nepp¢eppy, 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 ra.,, are represented by the arrows: »

(increase), and s (decrease), respectively.

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: #, decrease: ).

CONCLUDING REMARKS

Here, some concluding remarks can be given as follows.

(1) In the n*(p*) — p(n) X(x) = GaAs, _,Sb,- crystalline alloy, 0 = x = 1, the electrical-and-
thermoelectric laws, relations, and various coefficients are found to be enhanced by our static
dielectric constant law, =(raca).x), being, for a given X, decreased with increasing raca). as
given in Equations (1a, 1b) and also given in Table 5 of our recent work®, by our accurate
Fermi energy, Eznsy, given in Eq. (11), and in particular by our electrical conductivity model

given in Eq. (14).

(2) The generalized Mott criterium in the MIT is expressed in Equations (3, 5, 6), stating that

the critical impurity density Nepy ey IS just the density of electrons (holes), localized in the
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exponential conduction (valence)-band tail, Nggg.;mp}, obtained with a precision of the order

of 2.9 % 1077 as given in our previous work!?, and the effective electron (hole)-density can
be defined by: N* =N — Nepaeng) = N — Népaeng), as that observed in the compensated

crystals.

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

at 0 K, Ray s, (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: 7, decrease: ). One remarks in
these Tables that, for any given X, ra;sy 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 mMinimum (8) pin. = —vL = —1.563 x 10~ {E) those of the figure of merit
ZT show a same maximum (ZT)yax = 1, (ii) for &, = 1, the numerical results of S, ZT,
the Mott figure of merit (ZT)uy., the Van-Cong coefficient VC1, and the Thomson
coefficient Ts, present the same results: —1.322 x 1(1“‘& , 0.715, 3.290, 1.105 x 1(1“‘&, and
1.657 x 1(1“‘%, respectively, and finally (iii) for &, =~ 1.8138, (ZT)poe = 1. It seems that
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:

55 D(NrgxT) [vH k [l L
- (g xT) ( ) ;B = ﬂlf , according, in this work, to:

D(N.rg(gT) (T o [1- ET sy d ; . D
rameT) PNCSIE (V), being reduced to: - VCL and

K

? X VC2(N,ry9.x T) = —-

by (M) sT)

VC2(Nrgegx T) = —

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

REFERENCES

1. Van Cong, H. Electrical-and-Thermoelectric Laws, Relations, and Coefficients in n(p)-
type Degenerate GaP(1-x)As(x)-Crystalline Alloy, Enhanced by Our Static Dielectric
Constant Law and Electrical Conductivity (VI). WJERT, 2025; 11(3): 184-215.

www.wjert.org 1ISO 9001: 2015 Certified Journal 171




Cong. World Journal of Engineering Research and Technology

2. Van Cong, H. New Critical Impurity Density in Metal-Insulator Transition, obtained in
various n(p)-Type Degenerate Crystalline Alloys, being just That of Carriers Localized in
Exponential Band Tails. WIJERT, 2024; 10(4): 05-23.

3. Van Cong, H. Effects of donor size and heavy doping on optical, electrical and
thermoelectric properties of various degenerate donor-silicon systems at low
temperatures. American Journal of Modern Physics, 2018; 7(4): 136-165.

4. Van Cong, H. et al. Size effect on different impurity levels in semiconductors. Solid State
Communications, 1984; 49: 697-699.

5. Van Cong, H. Diffusion coefficient in degenerate semiconductors. Phys. Stat. Sol. (b),
1984; 101: K27.

6. Van Cong, H. Same Maximal Figure of Merit ZT(=1), Due to the Effect of Impurity Size,
Obtained in the n(p)-Type Degenerate GaAs-Crystal (i, = 1), at Same Reduced Fermi

Energy (= 1.8138) and Same Minimum Seebeck Coefficient s (= -1.563 x 1072}, at
which Same (ZDye: (= 53— = 1). SCIREA Journal of Physics, 2023; 8(2): 133-156.
Fenip

7. Kim, H. S. et al. Characterization of Lorenz number with Seebeck coefficient
measurement. APL Materials, 2015; 3(4): 041506.

8. Hyun, B. D. et al Electrical-and-Thermoelectric Properties of
90%Bi, Te; — 5%5h, Te; — 5%5h, 5, Single Crystals Doped with skl,. Scripta Materialia,
1998; 40(1): 49-56.

9. Van Cong, H. and Debiais, G. A simple accurate expression of the reduced Fermi energy
for any reduced carrier density. J. Appl. Phys., 1993; 73: 1545-1546.

10. Van Cong, H. and Doan Khanh, B. Simple accurate general expression of the Fermi-
Dirac integral F;(a) and for j> -1. Solid-State Electron., 1992; 35(7): 949-951.

11. Van Cong, H. New series representation of Fermi-Dirac integral F;(—oco < a < oo for
arbitrary j> -1, and its effect on F;(a = 0.) for integer j= 0. Solid-State Electron., 1991,
34(5): 489-492.

WWW.Wjert.org ISO 9001: 2015 Certified Journal 172




Cong. World Journal of Engineering Research and Technology

APPENDIX 1: Tables

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

In the X(x) = GaAs;_,Sbh,-crystalline alloy, in which rgy.aq =ras s =0.118 nm (0.126 nm), we have:
Bewy(®) = 1xXx+1 X (1 - ), mypy,(x)/mp = 0.047 (0.3) X x+ 0.066 (0.251) X (1 — x), 5,(x) = 15.69 X x +13.13% (1 —x),
Ego(®) = 0.B1xx +1.52x% (1 —x).

Table 2: Expressions for

Gp=1 (v =

GPEL{yEELj, due to the Fermi-Dirac distribution function, noting that
nip)

= ——) = 1, used to determine the electrical-and-thermoelectric coefficients.

Benepy g

mkgT

Gz p2(¥)

¥ iy
(1+5+25)

G2 (¥) Gsp2(¥) G2 (¥) G2 ()
Sys Tyt Iops 49y

(1+%) (1+Z-8) a+y) (1+3+35)

Gy (¥)

(1+2y2+?1i;:] (1+

Ggpz2(¥)
Zly- 14?];*‘]

B +IZE,

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

» £l

- - -3 -3 z -3 3
expressed respectively in ( 10 107 x em” 10 Xem

ohmem *

Wi WVie

107 xem” ) decrease with increasing ry.
B

Donor P
rg (nm) 7 0.110

As
0.118

Sh
0.136

Sn
0.140

For x=0, the values of (. ., . D) at 4. 2K

N (10*% cm™)

3 1.23,2.566, 2.566, 1.96
10 3.10,1.936, 1.936, 3.30
40 9.34,1.458,1.458, 6.28
70 14.8,1.324,1.324,8.28

1.19, 2.499, 2.499, 1.91
3.01, 1.884, 1.884, 3.22
9.07, 1.415, 1.415, 6.09
14.4,1.284,1.284, 8.03

1.05, 2.189, 2.190, 1.67
2.64,1.648,1.648, 2.81
7.83,1.223,1.223,5.27
12.4,1.103, 1.013, 6.90

0.98, 2.062, 2.063, 1.57
2.48,1.553, 1.553, 2.65
7.34,1.147,1.147,4.94
11.6,1.031, 1.031, 6.45

For x=0.5, the values of (. pg. 7 at 4.2K

N (10* em™9)

3 1.36,2.847,2.847,2.54
10 3.44,2.147,2.147,4.28
40 10.3,1.612,1.612,8.11
70 16.4,1.462,1.462,10.7

1.33,2.773,2.773, 2.48
3.35, 2.090, 2.090, 4.17
10.0, 1.565, 1.565, 7.87
15.9, 1.418, 1.418, 10.3

1.16, 2.428, 2.428, 2.17
2.93,1.829, 1.829, 3.65
8.67,1.354, 1.354, 6.81
13.7,1.219, 1.219, 8.91

1.09, 2.286, 2.286, 2.04
2.76,1.724,1.724, 3.44
8.13,1.270, 1.270, 6.39
12.8, 1.140, 1.140, 8.33

For x=1, the values of (o, w. pg. D7 at 4. 2K

N (10%* cm™?)

3 1.54,3.204, 3.204, 3.44
10 3.87,2.416, 2.416,5.80
40 11.6,1.810, 1.810,10.9
70 18.4,1.639,1.639, 14.4

1.50, 3.120, 3.121, 3.35
3.77,3.352, 3.352, 5.64
11.3, 1.757, 1.757, 10.6
17.8, 1.590, 1.590, 14.0

1.31,2.731, 2.732, 2.93
3.30, 2.059, 2.059, 4.94
9.74,1.521, 1.521, 9.20
15.3, 1.368, 1.368, 12.0

1.23,2.571, 2.571,2.76
3.11, 1.940, 1.940, 4.66
9.14, 1.426, 1.426, 8.63
14.3, 1.280, 1.280, 11.2

For x=0, the values of (o, pg. D7 at 77 K

N (10%* cm™?)

3 1.25,2.615,2.728,1.99
10 3.11,1.943,1.960, 3.31
40 9.35,1.459, 1.461, 6.28
70 14.8,1.324,1.325, 8.28

1.22, 2.547, 2.657, 1.94
3.03, 1.891, 1.908, 3.23
9.07, 1.416, 1.418, 6.10
14.4,1.284,1.285, 8.03

1.07,2.232, 2.329, 1.69
2.65, 1.655, 1.669, 2.82
7.84,1.224,1.225,5.27
12.4,1.103, 1.014, 6.90

1.00, 2.102, 2.193, 1.60
2.49, 1.559, 1.573, 2.66
7.35,1.147,1.149, 4.94
11.6, 1.031, 1.032, 6.45

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

N (10%* cm™?)

3  1.38,2.887,2979, 257

1.35, 2.812, 2.901, 2.50

1.18, 2.462, 2.541, 2.19

1.11, 2.319, 2.392, 2.06
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10 3.45,2.153,2.167,429  3.36, 2.096, 2.110, 4.18
40 10.3,1.613,1.615,8.11  10.0, 1.566, 1.568, 7.88
70 16.4,1.462,1.463,10.7  15.9,1.418, 1.419, 10.4

2.94,1.834,1.843, 3.66
8.68, 1.354, 1.356, 6.81
13.7,1.219, 1.220, 8.91

2.77,1.729, 1.740, 3.45
8.14,1.270,1.271, 6.39
12.8, 1.140, 1.141, 8.33

For x=1, the values of (o, pg. D7 at 77 K

N (10*® cm~?

3

1.55, 3.235, 3.307, 3.47

1.51, 3.151, 3.220, 3.38

1.32,2.758, 2.819, 2.96

1.25, 2.596, 2.654, 2.78

10 3.88,2.421,2.431,5.81 3.77, 2.356, 2.367, 5.65 3.30, 2.063, 2.072,4.95 3.11, 1.944, 1.953, 4.66
40 11.6,1.810, 1.811,10.9 11.3,1.758, 1.759, 10.6 9.75,1.521, 1.522,9.20 9.14,1.427,1.428, 8.63
70 18.4,1.639, 1.640,14.4 17.8, 1.590, 1.590, 14.0 15.3,1.368, 1.368, 12.0 14.3,1.280, 1.280, 11.2
Table 3p:  Here, one notes that, for given x, N = Ngpp and T(=4.2 K and 77 K), the functions: o, w, py. D,
. . 10 10% % em® 10%x em® 10xem® . .
expressed respectively in ( . R ] decrease with increasing r,.
ohmxcom Vs Vs
Acceptor Ga Mg In Cd
r, (NM) 7 0.126 0.140 0.144 0.148

For x=0, the values of (o, . py. D) at 4. 2K

N (10% cm™)

3

4.50,9.743, 9.744, 7.65

4.12,8.973,8.974, 7.02

5 7.03,8.982,8.982, 10.0 6.43, 8.244, 8.245, 9.18
8 10.6, 8.404, 8.404, 12.9 9.69, 7.693, 7.693, 11.8
10 12.9,8.162, 8.162, 14.6 11.8, 7.464, 7.464, 13.3

3.89, 8.531, 8.532, 6.65
6.08, 7.821, 7.821, 8.69
9.16, 7.285, 7.286, 11.1
11.1,7.063, 7.063, 12.6

3.65, 8.040, 8.040, 6.24
5.69, 7.351, 7.351, 8.14
8.57, 6.833, 6.833,10.4
10.4, 6.618, 6.618, 11.8

For x=0.5, the values of (g, . pyg. D) at 4.2K

N (10* cm™)

3 5.10, 10.95, 10.95, 8.52
5 7.98,10.14,10.14,11.2
8 12.1,9.522,9.522,14.4
10 14.7,9.262,9.262, 16.3

4.67, 10.07, 10.07, 7.80
7.29,9.296, 9.297, 10.2
11.0, 8.707, 8.707, 13.2
13.4, 8.460, 8.460, 14.9

4.41, 9.564, 9.566, 7.39
6.89, 8.811, 8.812, 9.68
10.4, 8.239, 8.239, 12.4
12.7,8.000, 8.001, 14.1

4.13,9.002, 9.003, 6.93
6.45, 8.272,8.273,9.07
9.73,7.720,7.720, 11.6
11.8, 7.490, 7.490, 13.1

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

N (10* cm™9)

3 5.72,12.19, 12.19, 9.38 5.22,11.19, 11.20, 8.59
5 8.94,11.33, 11.33,12.3 8.17,10.37, 10.38, 11.3
8 13.5, 10.67, 10.67, 15.9 12.3,9.748,9.748, 14.5
10 16.5,10.39, 10.39, 18.0 15.1,9.484,9.484, 16.4

4.94,10.62, 10.62, 8.13
7.72,9.827,9.827, 10.6
11.7,9.218,9.218, 13.7
14.2,8.963, 8.963, 15.5

4.63, 9.988, 9.989, 7.62
7.22,9.217,9.218, 9.99
10.9, 8.630, 8.631, 12.9
13.3, 8.385, 8.385, 14.5

For x=0, the values of (o, . pg. I at 77K

N (10* em™9)

3 4.59,9.921, 10.33,7.76
5 7.09,9.063, 9.248, 10.1
8 10.7,8.444,8.535, 12.9
10 13.0, 8.191, 8.257, 14.6

4.19,9.139, 9.516, 7.12
6.48, 8.319, 8.490, 9.24

9.74,7.730, 7.814, 11.8
11.8, 7.490, 7.550, 13.3

3.97, 8.689, 9.050, 6.74 3.71, 8.191, 8.534, 6.33

6.13, 7.892, 8.055, 8.75
9.21, 7.320, 7.400, 11.2
11.2,7.088, 7.145, 12.6

5.74,7.418, 7.572, 8.20

8.61, 6.866, 6.941, 10.5
10.5, 6.642, 6.695, 11.8

For x=0.5, the values of (z, . py. D7) at 77K

N (10% cm™?)

3 5.20,11.16, 11.62, 8.64
5 8.05,10.23,10.45, 11.3
8 12.1,9.569, 9.675, 14.5

4.75, 10.26, 10.69, 7.92
7.35, 9.383, 9.580, 10.3
11.1, 8.749, 8.847, 13.2

4.50, 9.745,10.16, 7.50  4.21,9.173, 9.563, 7.04
6.95, 8.893,9.081,9.75 6.51, 8.350, 8.527, 9.13
10.4, 8.280, 8.372,12.5 9.78, 7.758, 7.845, 11.7
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10 14.7,9.296, 9.373, 16.3

13.4,8.491, 8.561, 14.9

12.7, 8.029, 8.096, 14.1

11.9, 7.517,7.580, 13.2

For x=1, the values of (z. . g D) at 77K

N (10* cm~?

3 5.82,12.42,12.95, 9.52 5.33,11.41, 11.90, 8.71 5.04, 10.83,11.29,8.25 4.72,10.18,10.62, 7.74
5 9.03,11.44,11.68, 12.4 8.24,10.47,10.70,11.4 7.79,9.921, 10.13, 10.7 7.29, 9.305, 9.507, 10.1
8 13.6,10.72, 10.85, 16.0 12.4,9.797,9.909, 14.6 11.7,9.265,9.371, 13.8 11.0, 8.674,8.774,12.9
10 16.6,10.43,10.52,18.1 15.1, 9.520, 9.601, 16.5 14.3,8.997,9.073, 15.6 13.3, 8.416, 8.488, 14.6

Table 4n: In the lightly degenerate n-type X(x) — alloy, in which N=5 % 10" em~?, and for T=3K and 80K,
the numerical results of various thermoelectric coefficients are reported. Further, their variations with increasing
raqs; are represented by the arrows: .~ (increase), and “x (decrease).

Donor P As Sh Sn
For x=0, one has:
EncTak) “ 132.351 132.207 131.342 130.858
En(T=z08) . 5.206 5.200 5.168 5.151
ke (22 2.165 2.098 1.791 1.665
- ar
rmety (et \. 7.120 6.905 5.906 5.496
K )
~Seraaw () N 4.283 4.288 4316 4332
~Spreepo () 9.713 9.720 9.767 9.794
e
VCl oz () 2854 2.857 2.876 2.886
~VCL froaory (T0) v 4748 4.750 4.765 4773
—6., . 1r
~VC2ioagy () 8562 8.571 8.628 8.659
=317
~VC2 oo, (F5) v 3798 3.800 3.812 3.818
—B, . TF
—Tsipoag (— Ki") . 4281 4.286 4314 4.330
~Tsrosory () 7.122 7.126 7.147 7.159
—Phroag(1077%V) 1.285 1.286 1.295 1.299
—Pir_goi(1073%V) 7.770 7.776 7.814 7.835
TTiroag (1079 7 7510 7.526 7.625 7.682
TTroom (1079 s 3861 3.868 3.905 3.926
For x=0.5, one has:
FacToak) N 155.991 155.912 155.435 155.168
i Tosok) . 6.067 6.064 6.046 6.037
) () 2.420 2.347 2,011 1.873
o= AT
O L 7.560 7.334 6.288 5.861
—B. . TF
~Sera0 ) 3.634 3.636 3.647 3.653
~Strecon ) 8.579 8.582 8.603 8.614
—6. . Tr
~VCL oz ) N 2.422 2.423 2.431 2.435
~VC1 roeory () 4.459 4.460 4.465 4.468
K
~VC2ragky ) 7.266 7.269 7.292 7.304
K, ¢
~VC2 ooy () 3.567 3.568 3572 3.574
K
~Tseroagy {”‘Ti") \ 3.633 3.635 3.646 3.652
e 6.689 6.690 6.698 6.702
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—Ptroag(107°xV) 1.090 1.091 1.094 1.096

—Pt g (1073XV) 6.863 6.866 6.882 6.892

T =ag (1077 F 5.406 5.412 5.445 5.464

TT 7 soky (107Y) B 3.013 3.015 3.030 3.038

For x=1, one has:

EnrT=ak) “ 188.351 188.309 188.054 187.912

i Tms0k) . 7.244 7.242 7.233 7.228

Korazk) ‘-”E::g") \. 2.730 2.648 2.272 2.119

- ] ar

Krmsery (et N 8.136 7.894 6.775 6.319
K/

~Seraaw () N 3.010 3.011 3.015 3.017
105V

~Strso0 ) 7.365 7.367 7.375 7.380

~VC oz () 2006 2.007 2.009 2.011

~VC1 roeory () 4112 4113 4115 4117

0 Y ]
~VC2ioagy () 6018 6.020 6.028 6.032
=317
~VC2 r_eory () 3.289 3.290 3.292 3.293
-8B, TF

~Tsprasgy )+ 3.009 3.010 3.014 3.016

~Tserosoiy (F0) 6.168 6.169 6.173 6.175

—Ptroag(1079X V) 0.903 0.904 0.905 0.906

—Ptiroso(1073xV) 5.892 5.893 5.900 5.904

TTi7oag (1079) s 3709 3.710 3.720 3.726

TT 7 soy (107Y) s 2.220 2.221 2.226 2.229

Table 4p: In the lightly degenerate p-type X(x) — alloy, in which N=2 x 10** em %, and for T=3K and 80K,
the numerical results of various thermoelectric coefficients are reported. Further, their variations with increasing

ra.q) are represented by the arrows: ~ (increase), and v (decrease).

Acceptor Ga Mg In Cd
For x=0, one has:

a2k “ 343.331 340.811 339.015 336.619
i Tosok) . 12.972 12.878 12.811 12.722
o) () 23.190 21.191 20.030 18.726
ey (o2 6.400 5.851 5.533 5.175
—Sirea0 (%Ex"’) . 1.651 1.664 1.672 1.684
- (%ix"’) . 4.287 4317 4.339 4.368
—VC roag, {%Ex"’) . 1101 1.109 1.115 1.223
—VC1 7o gox, (me) 2.707 2.723 2.735 2.752
—VC2 g, {%Ex"’) . 3302 3.327 3344 3.368
—VC2 ok {“‘_;x"’] . 2165 2179 2.188 2.201
~Ts 1oz {%E””) v 1651 1.663 1.672 1.684
B S— {me) 4.060 4.085 4103 4.128
—Phroag(107%xV) 0.495 0.499 0.502 0.505
~Pto_g(1077XV) w3430 3.454 3471 3.494
TTiroag (1079 s 1116 1.133 1.145 1.161

www.wjert.orq 1SO 9001: 2015 Certified Journal

176




Cong. World Journal of Engineering Research and Technology
TT 7o ooy (107Y) ;0752 0.763 0.770 0.781
For x=0.5, one has
EncTa “ 340.935 338.979 337.585 335.727
En a0k . 12.883 12.810 12.758 12.689
Kerazr) m:[,:") \. 26.289 24.035 22.730 21.267
Kermsaty m:[,:" \ 7.259 6.639 6.280 5.878

E

~Srea () 1.663 1.673 1.679 1.689

Seree () 4316 4.339 4.356 4.379
.. T

“VClrag, () v 1108 1.115 1.119 1.126

~VCroeor, () v 2723 2.736 2.745 2.758
—6., . Ir

~VC2igoagy () 3326 3.345 3.350 3.377
K,

—VC2 g0, {”‘T“] 2.178 2.189 2.196 2.206

~Tsreag (o >""”) . 1663 1.672 1.679 1.689

i, S—— {me) 4.084 4.104 4118 4.137

—Ptroag(107¥xV) 0.499 0.502 0.504 0.507

~Pto_gg(1077XV) w3452 3471 3.485 3.503

7T 7oz, (1079) ;1432 1.145 1.155 1.167

Tt oo (1070 ;0762 0.771 0.777 0.785

For x=1, one has:

Tt \ 337.828 336.271 335.162 333.685

En(T=s08) . 12.767 12.709 12.668 12.613

Kprozi) (G m:;") \ 29.427 26.908 25.451 23.823

Krmeeiy m:[,:" . 8.130 7.437 7.036 6.588

E

~Serea (4 . 1.678 1.686 1.692 1.699

—S(resoi0 (”’ =Ty 4.353 4372 4.386 4.404
—&.. 17

VL roag, () v 1119 1.124 1.128 1.133

VL roaory () v 2743 2.754 2.762 2.772
K

VC2 oz () 3356 3.372 3.383 3.398
=317

—VC2 oo, (me) . 21095 2.203 2.209 2217

~Ts g (5 >"“") . 1678 1.686 1.601 1.699

—Ts r—soky (“’T“] 4.115 4131 4142 4.158

—Pty_ag(1075XV) 0.503 0.506 0.507 0.510

—Ptiroso(1079%V) 3.482 3.498 3.508 3.523

TTir—ag, (1079) s 1153 1.164 1171 1.182

TT 7 soky (107Y) s 0776 0.782 0.787 0.794

Table 5n: Here, for a given M 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 mcreasmg T: (i) for &, = 1.8138, while the numerical results of S present a same minimum

(5) min. (_ ~1.563% 10743 ‘] those of ZT show a same maximum (ZT e, = 1, (ii) for £, =1, those of S, ZT,
(ZT0per » VC1, and T, present the same results: —1.322x 1D‘4[:: , 0.715, 3.290, 1.105x 19‘4;: ,
1.657 x 1D‘4— respectively, and (iii) for &, = 1.8138, (ZT)pere = 1.
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For x=0,
In the degenerate P- x(x) — alloy, for N = 2 % N, (rp) = 2.507675 » 10°% cm™, One gets:
T(K) ;15263 155943916 15.929 21.2202591 21.242
3 v 1880 18138 1.750 1 0.998
s(10-%) 1562 . -1563 ~ -1562  ~ -132 -  —1320
zT 0999 ~ 1~ 099 v 0715~ 0713
(2w 7 0931 1 1074 3.290 3.306
ver(1043)  -0061 ~ o s 0063 7 1105 ~ 1109
vez (10743) 0933 - 0 7 0999 s 23447 ~ 23558
T,(1043) —0092 s o s 0094 1657 s 1663
PL(107%V)  —2384 . 2437 . 2488 . -28047 ~  —2.8039
In the degenerate As- x(x)— alloy, for M = 2 = N, (r..) = 2.6660176 x 10% cm™, ONe gets:
T(K) > 158977 16244123 16.593 201043894 22127
3 . 1880 18138 1.750 1 0.998
s(10-%) 1562 . -1563 7 -1562 5 -132 7  -1320
zT 0999 - 1+~ 0999 . 0715 .~ 0713
(2D 7 0831 1 1.074 3.290 3.306
vei(1043)  —0061 - 0 s 0063 £ 1105 ~ 1109
ve2 (10'4 ’E) -0.975 -~ 0 71042~ 24424 7 24540
T,(1042) 0092 - o ~ 0094 - 1657 -~ 1663
PL(107V) —2483 . -2539 . -2502 . 29215 »  —2.9207
In the degenerate Sb- xix) — alloy, for M= 2 x M, (re) = 3.619757 = 10° em ™, ONe gets:
T(K) -  19.493 19.917762 20.346 27.103339 27.13
3 . 1880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 ~  -1562  ~ -132 ~ -1320
val 0999 7 1~ 0999 . 0715 0713
(2w 7 0931 1 1.074 3.290 3.305
ver(1043) 0061 - 0 > 0063 ~ 1105 ~ 1109
vez(1043) 1195 - 0 7 1279 s 29948 - 30084
T.(1043) 0092 - o~ 0004 1657 - 1663
Pt(10%V) 3045 ~ -3118 ~  -3178 . -35822 ~ -3.5813
In the degenerate Sn- xix) — alloy, for ¥ = 2 x Mg, (r:.) = 4152416 = 10°° cm ™, ONe gets:
T(K) » 213612 21.8267041 22.296 20700956 29.731
3 . 1880 18138 1.750 1 0.998
s(10-%)  -1s62 . -1563 ~  -1562  ~ -1322 o~  —1320
zT 0999 - 1~ 0999 L 0715 0713
(2w 7 0931 1 1.074 3.290 3.305
ve(1043) 0061 - 0 s 0063 7 1105 £ 1109
vez(1043) 1310 0 7 1402~ 32818 ~ 32971
T.(1043) 0002 ~ o 7 0094 s 1657 s 1663
PL(10%V)  -3337 . -3411 ~  -3483 . 3925 -, 39246
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For x=0.5,
In the degenerate P- x(x)— alloy, for i = 2 = N, (rp) = 11901097 » 10°% cm ™%, ONe gets:
TK)  ~ 8471 11.083436 11.3219 15.081922 15.097
. . 1880 1.8138 1.750 1 0.998
s(10#3)  -1s62 ~ -1563 ~ -1562  ~ -1322 ~ 1320
zT 0999 - 1 . 0.999 . 0715 - 0.713
(Zsm 7 0931 1 1.074 3.290 3.305
ver(1043) 0061 - 0 s 0063 ~ 1105 7 1.109
vez(10743) 0665 - o~ 072 ~ 16665 ~ 16742
T,(1043) 0092 s o - 0094 ~ 1657 7 1663
Pt(10-%V) -1.694 + -1732 . -1768  ~ -19934 -  —1.9929
In the degenerate As- x(x)— alloy, for M = 2 = N, (r.) = 1.2652571 % 10% cm™%, ONe gets:
T(K) s 11.299 11.5452212 11.7935 15.7103014 15.7264
. . 1880 1.8138 1.750 1 0.998
s(10-%) 1562 . -1563 ~ -1562 s -132 ~  -1320
zT 0999 7 1 « 0999 . 0715 - 0.713
(T 7 0.931 1 1.074 3.290 3.306
ver (10743)  -0061 - 0 > 0063 ~ 1105 ~ 1109
ve2(10743) -0693 - 0 s 0742~ 17359 - 17.441
T,(1043) 0092 - o~ 0094 ~ 1657 7 1663
Pt(10-%V) -1765  ~ -1.804 ~  -1842 ~ -20764 ~  —2.0759
In the degenerate Sh- xix) — alloy, for ¥ = 2 x M. (re) = 17178893 = 10° em ™3, ONE gets:
T(K) - 13.855 14.156195 14.460 10.263216 19.282
: . 1880 1.8138 1.750 1 0.998
s(10-43) 1562 . -1563 ~ 1562 s -132 -~ -1320
zT 0999 - 1 . 0999 . 0715 ~ 0713
(Zsm 7 0931 1 1.074 3.290 3.305
ver (1043) o061 : s 0063 ~ 1105 7 1.109
vez(10743) o848 - 0 s 0907 -~ 21285 o~ 21381
T.(1043) 0002 - o -~ 0094 s 1657 7~ 1663
Bt (10-3V) 2164 w —2213 . -2259 . 25460 -  —2.5454
In the degenerate Sn- xix) — alloy, for ¥ = 2 x Mg, (r:,) = 19706824 = 10° cm ™%, ONe gets:
T(K) » 15183 15.5129421 15.846 21.109427 21.131
. . 1880 1.8138 1.750 1 0.998
s(10-%) 1562 . -1563 ~  -1562  ~ -132 ~ -1320
zT 0999 - 1 « 0999 . 0715 - 0.713
(Zsm 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 s 0063 - 1105 ~ 1.109
vez(1043) 0920 - 0 ;0995 7 23325 5 23435
T.(1043)  —0092 s o s 0094 1657 7 1663
Bt (10-3V) 2371 . —2425 . 2475 . -27900 ~  —2.7893
For x=1,
In the degenerate P- x(x) — alloy, for i = 2 = N, (rp) = 5.3071132 x 10°% em ™%, ONe Qets:
T(K) s 76111 7.7768892 7.944 10.5824972 10.593
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: ~ 1880 18138 1750 1 0.998
s(10#3)  -1s62 . -1563 ~ -152  ~ -132 ~  -1320

zT 0999 ~ 1~ 0999 . 0715 0713
(T 7 0931 1 1074 3.290 3.305
ver(10743) 0061 & o s 0063 ~ 1105 ~ 1109
vez(1043) 0466 - o~ 0499 £ 11693 ~ 11747
T,(1043) 0002 ~ o~ 009 ~ 1657 - 1663
P(10V)  -1189 . -1215 . -1241 . -13987 ~ 13983

In the degenerate As- x(x)— alloy, for M = 2 = N, (r.) = 5.6422212 3 10%% cm ™%, ONe gets:

T(K) ;79282 8100909 8.2749 11023411  11.0347
L w1880 18138 1.750 1 0.998
s(10-1) 1562 . -1563 ~  -1562  ~ -132 - -1320
zT 0999 ~ 1 . 099 . 0715 .~ 0713
(D 7 0931 1 1.074 3.290 3.306
ver (10743) 0061 - 0 » 0063 ~ 1105 - 1109
vez(10743) 0486 - o~ 0520 £ 12180 -~ 12240
T,(104%) 0092 - o - 0094 - 1657 - 1663
PE(10%V)  -1238 ~ -1266 .  -1292 . -14570 - 14566

In the degenerate Sh- xix) — alloy, for 1 = 2 x Mo, (1) = 7.6606658 = 10°% cm™, ONe gets:

TK) s 972 9.9329446 10.146 135163763 1353
£ .~ 1880 18138 1.750 1 0.998
s(10-%) 1562 ~ -1563 ~ 1562~ -132 7 -1320
zT 0999 - 1+ 099 L 0715 . 0713
(#7083 1 1.074 3.290 3.305
ver(1043) 0061 - 0 7 0063 - 1105 ~ 1109
vez(1043) 0504 ~ o~ 0636 - 1493 - 15004
T.(104%)  —002 o s 0094 ~ 1657 ~ 1663
Pt(10%v)  -1518 ~ -1552 ~  -1585 . -17865 ~, 17860

In the degenerate Sn- xix) — alloy, for M = 2 x Mg, (r:,) = 87879582 = 10°° cm ™%, ONe gets:

T(K) - 106528  10.8849305 11118  14.811803 14.827
£ 1.880 18138 1750 1 0.998
s(103)  -1s62 . -1563 5 -1562 5 -132 - ~1.320
zT 0999 s 1+ 0999 . 0715 - 0.713
(Zym 7 0.931 1 1.074 3.290 3.306
ver (10743) 0061 0 s 0063 ~ 1105 7 1.109
vez (10743) 0653 - o - 0696 s 16366 ~ 16.444
T,(104%) —0092 - o - 0094 - 1657 - 1663
PE(107%V) 1664 . -1701 ~ 1737 . -19577 ~ ~1.9572
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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: .7, decrease: =.). One notes
here that with increasing T: (i) for £, = 1.8138, while the numerical results of S present a same minimum

[sjumjul(u —1.563 % 1D‘41E:], those of ZT show a same maximum (ZT)pe, = 1, (ii) for §; =1, those of S, ZT,
(ZT) et » VCI, and T, present the same results: —1.322:x 1D‘4'l[,; , 0.715, 3.290, 1.105x 1D‘4§ , and

1.657 % 1D‘41[;, respectively, and (iii) for £, = 1.8138, (ZT) yjre = 1.

For x=0,

In the degenerate Ga- xix} — alloy, for ¥ = 2 x M, (re,) = 2.285126 x 10°% em™, ONe gets:
T(K) ;70095 71621813  73.16 97.46026  97.56
3 . 1880 18138 1750 1 0.998
s(10-%) 1562 . -1563 7 -1562 - -1322 ~ -1.320
zT 0999 ~ 1 . 0998 ~ 0715 0713
(D 7 0931 1 1.074 3.290 3.306
ver(10#3) 0061~ o - 0063 ~ 1105 7 1109
vez(1022) 0043 ~ o 7 0046 £ 1077 5 1082
T.(1042) 0092 » o~ 0094 - 1657 1663
Pr(107%)  -1095 ~ -1119 . -1143 . -12881 ~ -12878

In the degenerate Mg- x(x) — alloy, for ¥ = 2 x N, (ry,) = 2.6994514 % 10°F cm™, ONe gets

T(K) ~ 78331 80.037437 81.759 108911924  109.023
S 1.880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 ~  -1562 ~ -1322 -  -1320
val 0999 - 1~ 0998 . 0715 ~ 0713
(T 7 0931 1 1074 3.290 3.306
ver (1043)  —o061 - o~ 0063 -~ 1105 ~ 1109
vez(1023)  —0.048 - o~ 0051 ~ 1203 ~ 1209
T,(1043) 0092 - o~ 0004 s 1657 - 1663
PEL(10%V)  -1228 ~ -1251 . -1277 .  -14395 - 14391
In the degenerate In- x(x) — alloy, for M =2 x N, (1) = 2.8940338 % 10°° em ™, ONE gets:

T(K) 83.93 85.758335 87.6 116.696705 116.81
L 1.880 18138 1.750 1 0.998
s(10-%) 1562 . -1563 ~  -1562  ~ -1322 -~  -1320
zZT 0999 - 1~ 0998 . 0715~ 0713
(2w 7~ 0931 1 1.074 3.290 3.305
ver(1043) 0061 - o 7 0063 s 1105 7 1109
vez(10723) 0,051 o - 0055 -~ 1289 - 1295
T.(1043) o092 - o - 0094 ~ 165 7 1663
PL(107%V)  -1311 ~  -1340 ~  -1368 .  -15424 ~  -15420
In the degenerate Cd- xix) — alloy, for ¥ = 2 = ¥, (rc) = 33855772 % 10°F cm ™%, ONE gets:

T(K) - 9Ll 93080853 95.08 126.660914 126.79

3 . 1880 18138 1.750 1 0.998
s(103)  -1s62 .  -1863 - -1562 - -1322 ~  -1320
zT 0999 7 1~ 0998 . 0715 ~ 0713
(ZDpm 7 0.931 1 1.074 3.290 3.306
ver(1043) 0061 - o - 0063 -~ 1106 -~ 1109
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vez (10723) 0056 ~ o - 0060 -~ 1399 7 1406
T.(1043) 0092 - o~ 009 s 1657 1663
PL(107%)  -1423 . -1455 . -1485 . 16741 ~ 16736
For x=0.5,

In the degenerate Ga- xix} — alloy, for ¥ = 2 Mg, (re) = 18101138 x 10°° em™, ONe gets:

T(K) 7 59094 60.38253 61.68 82.166267 82.25

3 . 1880 18138 1.750 1 0.998
s(10-%) 1562 ~ -1563 ~ -1562 - -1322 ~  -1320
zT 0999 - 1~ 0999 . 0715 . 0713
(ZDym 7 0931 1 1.074 3.290 3.306
ver(104) o061 - o 7 0063 ~ 1106 -~ 1109
vez(102) 0036 - o~ 0039 £ 0908 £ 0912
T.(1043) 0092 - o~ 0004 1657 7 1663
PE(107%)  -0.9230 . -0.9438 .  -09634 . -10860 - 10857
In the degenerate Mg- x(x) — alloy, for ¥ = 2 x M, (ry,) = 21383444 % 10%F em™, ONE QELS

T(K) - 66.039 67.477525  68.929 91.82087 91.915
3 . 1880 18138 1.750 1 0.998
s(103)  -1s62 .  -1563 ~ -1562 - 132 - = -1320
ral 0999 - 1~ 0999 . 0715 0713
(2D 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 - o - 0063 -~ 1105 - 1109
vez(10723) 0040 - o~ 0043 -~ 104 ~ 1019
T,(1043)  —o0%2 - o~ 0094 s 1657 - 1663
Pt(107%)  -10315 .  -10547 . 10767 ~ 12136 -  -12133
In the degenerate In- x(x) — alloy, for M = 2 « N, (r) = 237166 % 10°% em™, ONe gets:

T(K) - 70.759 72.300673 73.85 98.384025 98.484
o s 1880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 ~  -1562 - -1322 - -1320
val 0999 - 1~ 0999 . 0715 0713
(w7 0931 1 1074 3.290 3.306
ver(1043) 0061 - o - 0063 ~ 1105 ~ 1109
vez(1023) 0043 - o~ 0046 - 1087 - 1092

T, (10-¢ E) -0.092 -~ 0 7 0094 7 1657 7 1663
Pt(107%)  -11052 . -11300 ~  -11535 .  -13003 s  -1.3000
In the degenerate Cd- xix)— alloy, for ¥ = 2 x g, (rca) = 26818126 < 10° cm ™, ONE gets:

T(K) - 76.801 78474097  80.162 106.78459 106.894
5 1.880 18138 1.750 1 0.998
s(10#3)  -1s62 ~  -1563 ~ -1562 ~ -1322 ~ 1320
zT 0999 - 1~ 0999 . 0715 0713
(2 7 0931 1 1074 3.290 3.306
ver (1043) 0061 - o~ 0063 -~ 1105 ~ 1109
vez(1023)  —0.047 - o~ 0050 -~ 1180 - 1185
T,(1043) 0092 - o~ 0004 s 1657 - 1663
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Pt (10°2) 11996 ~ -12265 ~ -12521 w -14114 s -14110
For x=1,
In the degenerate Ga- xix) — alloy, for ¥ = 2 Mg, (re.) = 14673047 X 10°° cm™, ONe gets:
T(K) ~ 50605 51.70793 52.821 70.3622 70.434
3 . 1880 18138 1.750 1 0.998
s(10-3)  -1s62 ~ -1563 ~  -1562 - -1322 .~ 1320
zT 0999 - 1+ 0999 . 0715 ~ 0713
(2D 7 0.931 1 1.074 3.290 3.306
ver(1043)  —0061 o~ 0063 -~ 1105 ~ 1109
vez(1023)  —0081 - o~ 008 ~ 0777 -~ 0781
T,(1043) 0092 - o~ 0094 ~ 1657 - 1663
PL(107%) -07904 ~ -0.8082 -  -0.8251 . 09300 s  —0.9297

In the degenerate Mg- x(x) — alloy, for M = 2 % Nq, (ry,) = 1.7333732 % 10%" am™, ONe gets:

T(K) » 56551  57.783653 59.026 78.629815 78.7104
3 . 1880 1.8138 1.750 1 0.998
s(10-%) 1562 . -1563 7 ~1562 ~ -132 5~  -1320
zT 0099 ~ 1 . 0.999 v 0715 - 0.713
(T 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 s 0063 ~ 1105 7 1.109
vez(102) 0035 - o~ 0037 - 089 ~ 0873
T.(1043) o092 - o~ 0004 ~ 1657 - 1663
Bt (1072V) 08833 + -09031 .  -09220 ~ 10302 -  -1.0390

In the degenerate In- x(x) — alloy, for ¥ = 2 = N, () = 19225022 % 10%F cm™, ONe gets:

T(K) » 60594 61.913901  63.246 84.2501 84.336
: . 1880 18138 1750 1 0.998
s(1043)  -1s62 .  -1563 ~ -1562  ~  -1322 ~  -1320
zT 0999  ~ 1~ 099 ~ 0715 ~ 0713
(D 7 0931 1 1074 3.290 3.306
ver(1043) 0061 - o -~ 0063 ~ 1105 ~ 1109
vez(1023) 0037 - o~ 0040 - 0931 ~ 0935
T,(1043) 0092 - o~ 0094 s 1657 - 1663

Pt (107%V) -0.9465 -~ -0.9677 -~ -0.9879 . -1.1135 =~ -1.1132

In the degenerate Cd- xix} — alloy, for ¥ = 2 x M, (r,) = 2.1739166x 10°° em™, ONe gets:

T(K) - 65.768 67.200452 68.647 91.44384 91.538
: . 1.880 1.8138 1.750 1 0.998
s(10-%) 1562 . -1563 ~  -1562 - -1322 7  -1.320
zT 0999 - 1 - 0.999 . 0715 ~ 0713
(2o » 0.931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 s 0063 - 1105 7 1.109
vez(102) 0040 - 0 0043 - 1010 7 1.015
T.(1043) o092 - o~ 0094 -~ 1657 ~ 1663
Bt (1072V) ~1.0273 - 10503 + —1.0723 ~1.2086 - 12083
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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 £, = 1,613, while the numerical results of S present a same minimum

[5]@,,.(2 —1.563% 1D‘41£], those of ZT show a same maximum (ZT )., = 1, (ii) for £, =1, those of S, ZT,
(ZT) Mot » VCI1, and T, present the same results: —1.322x 1[)‘41[; , 0.715, 3.290, —1.105 x 1D‘4E , and
1.657 % 10‘4%;, respectively, and (iii) for &, = 1.8138, (ZT)pere = 1.

For x=0,

In the degenerate P- x(x) — alloy, for T=15.5943916 K, one gets:

N(1em™) . 2.5488 2507675 2.4683 20437298 2.04253
3 . 1880 18138 1.750 1 0.998
s(10-%) 1562 . -1563 ~ 1562  ~ -132 s  —1320
zT 0999 - 1 . 0999 v 0715 .~ 0713
(2D 7~ 0931 1 1.074 3.290 3.305
ver(1043) 0061 - 0 7 0063 - 1105 ~ 1109
vez(10#3) 0955 - o~ 0980 o~ 17231 ~  17.294
T.(1043) 0002 - o 7 0094 1657 7 1663
Pt (102V) 2436 . -2437 7  -2436 ~ -z0e11 7  —2.0585
In the degenerate As- Xi(x) — alloy, for T=16.244123 K, one gets:

N(1em™) »  2.708 26660176 26242 21727774 2.1715
3 . 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 -  -1562  ~ -1322 o~  —1320
zT 0999 - 1 . 0999 v 0715 w0713
(2 7~ 0.931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 7 0063 1105 7 1.109
vez(1043) 0996 - o~ 1020 ~ 17949 ~ 18015
T.(1043) 0002 - o s 0094 s 1657 7 1663
Pt (103V) 2537  » -2539 ~  -2537 ~ -21470  ~ -2.1442
In the degenerate Sb- x(x) — alloy, for T= 19.917762 K, one gets:

N(10%em™) s 3.6792 3.619757 3.563 295006533 2.94832
3 . 1880 18138 1.750 1 0.998
s(10#3)  -1s62 . -1563 -  -1562  ~ -1322 ~  —1320
val 0999 - 1 . 0999 v 0715 w0713
(2D 7 0.931 1 1.074 3.290 3.306
ver (1043) 0061 - 0 s 0063 s 1105 - 1.109
vez(1043)  —1221 - o s 1250 ~ 22008 5  22.089
T,(1043) 0092 - o~ 0094 ~ 1657 ~ 1663
Pt (107%V) -3.111 » =3113 7 -3.111 A —2g325 7 -2.6291
In the degenerate Sn- X(x) — alloy, for T=21.8267041 K, one gets:

N(10%em™) . 4.2206 4.152416 4,0873 3.384177 3.38217
3 . 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 ~  -1562  ~ -1322 ~  —1320
val 0999 - 1 . 0999 . 0715 0713
(2D 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 s 0063 s 1105 7 1.109
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vez(10#3) 1388 - o~ 1370 £ 24117 5 24207
T.(1043) 0002 - o s 0094 s 1657 7 1663
PEL(107%V)  -3409 . -3411 s  -3409 - -2ssss ~  -2.8811
For x=0.5,

In the degenerate P- x(x) — alloy, for T=11.083436 K, one gets:

N(1%em™) w  1.2096 11901097 11715 09699274 0.96936
: . 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 -  -1562  ~ -1322 .~  —1320
zT 0999 - 1+ 0999 0715 ~ 0713
(T 7~ 0931 1 1.074 3.290 3.305
ver (10743)  —0061 0 0063 ~ 1105 ~ 1109
vez(10743)  —0677  ~ o~ 0694 s 12246 - 12291
T,(1043) 0002 - o~ 0094 s 1657 7 1663
Pt (1073 -1.731 w =1732 7 -1.731 7~  —1.4g4g9 »  =1.4630
In the degenerate As- Xix) — alloy, for T=11.5452212 K, one gets:

N(1G%em™) W 1.286 12652571 1.2454 10311717 1.03056
3 . 1880 18138 1.750 1 0.998
s(1043)  -1562 . -1563 ~  -1562 - -132 ~ —1320
zT 0999 - 1~ 0999 0715 ~ 0713
(D 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 - 0 0063 - 1105 ~ 1109
vez(10#3) 0706 o~ 0725 s 12757 s 12.804
T,(104%) 0092 - o - 0094 s 1657 - 1663
Pt (107%V) -1.803 ~ -1.804 7 -1.803 ~  —1.5259 7 -1.5240
In the degenerate Sh- X(x) — alloy, for T=14.156195 K, one gets:

N(1G*em™) ~ 17461 17178893 1691 140006242 1.39924
L~ 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 -~  -1562 s -1322 s -1320
val 0999 - 1. 0.999 0715 ~ 0713
(e 7~ 0931 1 1074 3.290 3.306
ver(1043) 0061 - 0 0063 - 1105 ~ 1109
vez(10#7) 088 ~ o~ 0887 -~ 15642 7 15699
T.(1043) 0092 - o s 009 s 1657 7 1663
PL(107%V)  -2211 .~ -2218 s -2211 ~ -is7i0  ~  —18686
In the degenerate Sn- X(x) — alloy, for T=15.5129421 K one gets:

N(10*em™) » 200306 19706824 1.9398 160608622  1.60514
3 . 1880 18138 1.750 1 0.998
s(10#3) 1562 . -1563 - 1562 7 -1322 7 1320
zT 0999 ~ 1 0.999 0715 ~ 0713
(2D 7 0931 1 1.074 3.290 3.306
ver(1043) 0061 4 o > 0063 1105 ~ 1109
vez(1043) 0951~ o 2 0973 ~ 17141 5 17.204
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T.(104%) 0092 ~ o~ 0004 - 1657 5 1663
PE(107%V)  —2423 . -2425 7 2423 - 20503 7 20477
For x=1,

In the degenerate P- x(x) — alloy, for T=7.7768892 K, one gets:

N(10%em™) 5394 5.3071132 5.224 43252436 43227
: . 1880 18138 1.750 1 0.998
s(10-3)  -1s62 . -1563 -  -1562  ~ -1322 o~  —1320
zT 0999 - 1~ 0999 0715 ~ 0713
(e 7~ 0931 1 1.074 3.290 3.306
ver(1043) 0061~ 0 s 0063 s 1105 -~ 1109
vez(10#3) 0475 » o s 0488 ~ 8503 s 8625
T.(1043) 0002 - o s 0094 s 1657 s 1663
PE(10%)  -12147 . -12185 ~ -12147 - -1oz7s - —10266
In the degenerate As- X(x) — alloy, for T=8.100909 K, one gets:

N(10%em™) 57346 56422212 55537 45983533 45957
: . 1880 18138 1.750 1 0.998
s(103) 1862 . -1563 ~ -1562  ~ -1322 7 -1320
zZT 0999 - 1~ 0999 0715 ~ 0713
(T 7 0931 1 1.074 3.290 3.305
ver(1043)  —o0061 - 0 > 0063 ~ 1105 ~ 1109
vez(10743)  —0495  ~ o~ 0509 ~ 8951 - 8983
(1043 0002 - o~ 0094 ~ 1657 ~ 1663
Pt (107%) -1.2654 « -1.2662 -~ -1.2654 A —1o7o7 7 -1.0693
In the degenerate Sh- X(x) — alloy, for T=9.9329446 K, one gets:

N(10%em™) . 7.7865 7.6606658 754021 62433652 6.2397
: . 1880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 - -1562  ~ -132 <~  -1320
zZT 0999 - 1~ 0999 . 0715 . 0713
(D 7 0931 1 1.074 3.290 3.305
ver(1043) 0061 - 0 > 0063 -~ 1105 ~ 1109
ve2(10#3) 0609 - o~ 0625 -~ 10975 ~ 11016
T,(104%) 0092 - o~ 0094 s 1657 - 1663
PL(10V)  -15515 ~ -15525 ~  -15515 7 -—i38 £ -13112
In the degenerate Sn- X(x) — alloy, for T=10.8849305 K, one gets:

N(1oem™) 89323 8.7879562 8.64986 7.162097 7.1579
L. 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1863 ~  -1562  ~ -1322 ~  —1320
zZT 0999 - 1~ 0999 . 0715 + 0713
(D 7 0931 1 1.074 3.290 3.305
ver(1043) 0061 - 0 s 0063 -~ 1105 ~ 1109
ve2(10#7) 0667 - o~ 0685 -~ 12027 - 12071
T,(104%) 0092 - o~ 0094 - 1657 s 1663
Pt (1073 -1.7002 -~ -1.7013 -~ -1.7002 s —14387 7 -1.4368
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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: .7, decrease: =.). One notes
here that with increasing T: (i) for &; ~ 1.5138, while the numerical results of S present a same minimum

[sjumjul(u —1.563 % 1D‘41E:], those of ZT show a same maximum (ZT)pe, = 1, (ii) for §; =1, those of S, ZT,
(ZT)pet» VCI1, and T, present the same results: —1.322:x 1[)‘4%2 , 0.715, 3.290, —1.105x 1[:-‘41[,; , and
1.657 % 1D‘41[;, respectively, and (iii) for £, = 1.8138, (ZT) yjre = 1.

For x=0,

In the degenerate Ga- X(x) — alloy, for T=71.621813 K, one gets:

N(10%em™) . 2.3226 2.285126 2.2492 1.8623546 1.8613
3 . 1880 1.8138 1.750 1 0.998
s(103)  -1s62 . -1563 - -1562 - -132 - ~1320
zT 0999 - 1~ 0999 « 0715 - 0.713
(2D 7 0931 1 1.074 3.290 3.305
ver(10743) 0061 - o 7 0063 ~ 1105 7 1.109
VC2(107%V) 0044 - o 7 0045 ~ 0791 - 0.794
T,(1043) ooz~ o~ 009 -~ 1657 7 1663
Pt (1072V) ~11187 . -11194 ~ -11187 7 -09466 - —0.9455
In the degenerate Mg- x(x) — alloy, for T=80.037437 K, one gets:

N(10%em™). 27438 26994914  2.6571 2.2000582 2.1988

3 . 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 ~ -1562 ~ -132 -  -1320

zT 0999 - 1~ 0999 . 0715 - 0.713
(2. 7~ 0.931 1 1.074 3.290 3.305
ver(10742)  —0.061 o 7 0063 - 1105 ~ 1109
VC2(107%V) 0049 - o 7 0050 ~ 0884 - 0.887
T.(10743) —opsz 4 0o 2 0094 -~ 1657 7 1663

Pt (10%V) ~125019 ~ -125098 ~  -125019 -  -10578 ~ -1.0565

In the degenerate In- X(x) — alloy, for T=85.758335 K, one gets:

N(10%em™)n  3.0432 2.9940338 2.947 2.4401073 2.4387

3 . 1880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 ~  -1562 ~ -1322 -  -1320

val 0999 - 1~ 0999 . 0715 - 0.713
(ZDsee 7 0.931 1 1.074 3.290 3.305
ver(1043) 0061 ~ o 7 0063 - 1105 ~ 1109
VC2(107%V) 0052 - o 7 0054 0947 - 0.951

T, (10743) _oos2 7 0 7 0094 ~ 1657 ~ 1663

Pt (10%V) ~1339 . -1340 7 1339 5 -11335 -  -11320

In the degenerate Cd- x(x) — alloy, for T=93.080853 K, one gets:

N(10%am™) s 3.441 3.3855772  3.3325 27592112 27576

3 . 1880 18138 1.750 1 0.998
s(103)  -1562 . -1563 ~ -1562 7 1322~ -1320

val 0999 - 1~ 0999 v 0715 - 0.713

(e 7 0.931 1 1.074 3.290 3.305
ver(10743) 0061 ~ o~ 0063 - 1105~ 1109
VC2(10-V)  -0.057 7 o 7 0088 7 1028 7 1.032
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T,(1043) -0z  ~ o 5 009% 7 1657 7 1663
Pt(107%)  -1454 ~ 1455 -~ -1454 - 12302 ~  -1.2287
For x=0.5,

In the degenerate Ga- x(x) — alloy, for T=60.38253 K, one gets:

N(10%em ) 1.8308 18101138  1.7817 147522446 147435
3 . 1.880 1.8138 1.750 1 0.998
s(10#3)  -1562 . -1563 ~ -1562 7 1322~ -1320
zT 0999 7 1~ 0999 0715 - 0.713
(ZTseee ~ 0931 1 1.074 3.290 3.306
ver(10743) 0061 ~ o 7 0063 7 1105 7 1.109
VC2(1073V) 0037 7 o 7 0038 7 0.667 7 0.669
T,(104%) ooz - 0~ 004 - 1657 1663
Pt (10727 ~0.9432 . -09438 ~ -09432 5 07981 -  -0.7970
In the degenerate Mg- x(x) — alloy, for T=67.477525 K, one gets

N(10%em) w  2.1735 2.1383444 2.1048 1.74272905 1.7417
3 . 1.880 1.8138 1.750 1 0.998
s(10#3)  -1s62 . -1563 ~  -1562 ~ -1322 ~  -1320
zT 0999 7 1 - 0.999 v 0715 0.713
(ZTee 7 0.931 1 1.074 3.290 3.306
ver(10743) 0061 ~ 0o 7 0063 ~ 1105 7 1.109
vcz(io~2v)  -0.041 7 0 7 0.042 z 0.745 7 0.748
T,(104%) ez - 0~ 0004 ~ 1657 <~ 1663
Pt (10727 ~1.0540 . -1.0547 ~  -10540 ~ -0.8918 - -0.8907
In the degenerate In- X(x) — alloy, for T=72.300673 K, one gets:

N(10%em™) . 2.4106 2.37166 2.3345 1.93287893 1.93173
3 . 1.880 1.8138 1.750 1 0.998
s(103)  -1s62 .  -1563 - -1562 - 1322 -  -1320
zT 0999 7 1 . 0.999 . 0715 - 0.713
(T 7 0931 1 1.074 3.290 3.306
ve (10742)  —o061 - o 7 0063 ~ 1105 - 1.109
VC2(10-*V)  —0.044 - 0o 7 0045 ~ 0799 7 0.802
T,(1043) o022 - o~ 009 ~ 1657 - 1663

Pt (10727 ~11293 ~  -11300 - -1.1293 -~ -09556 ~  -0.9544
In the degenerate Cd- x(x) — alloy, for T=78.474097 K, one gets:

N(10%em ) 272588 2.6818126 2.6397 2.18565012 2.18435
3 . 1.880 1.8138 1.750 1 0.998
s(103)  -1s62 . -1563 -  -1562 ~ -132 -  -1320
zT 0999 7 1 . 0.999 . 0715 - 0.713
(Zee 70931 1 1.074 3.290 3.306
ver(10743) 0061 ~ o v 0063 ~ 1105 ~ 1109
VC2(10-*V)  -0.048 - 0o 7 0049 ~ 0867 7 0.870
T.(10743) —opsz s 0 2 0094 -~ 1657 ~ 1663
Pt (10727 12258 . -1.2265 - ~12258 7 -10372 -  -1.0358
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For x=1,

In the degenerate Ga- x(x) — alloy, for T=51.70793 K, one gets:

N(1o%em™) 14914 14673047 14443 11958385 119513
: . 1880 18138 1.750 1 0.998
s(10-3)  -1s62 . -1563 »  -1562 - 132 - 1320
zT 0999 - 1~ 0999 L 0715 . 0713
(e 7~ 0931 1 1.074 3.290 3.306
vei(10743)  —o061 ~ 0o 7 0063 ~ 1105 ~ 1109
Ve2(1073V) 0,032 7 o 7 0032 - 0571 ~ 0573
T,(1043) 002 » o - 0094 ~ 1657 ~ 1663
Pt(107%) 08077 »  -0.8082 ~  -08077 ~ -0.6834 -  —0.6825
In the degenerate Mg- X(x) — alloy, for T=57.783653 K, one gets:

N(1G%em™) s 17618 17333732 17062 141268163 141185
: . 1880 18138 1.750 1 0.998
s(103)  -1s62 . -1563 ~  -1562 ~ -132 -~  -1320
zZT 0999 ~ 1 - 0.999 L 0715 0713
(e 7~ 0931 1 1.074 3.290 3.306
ve (1043)  —0.061 0o 7 0063 ~ 1105 ~ 1109
VC2(1072V)  -0.035 7 o 7 003 - 0638 ~ 0641
T,(1043) 002 » o - 0094 ~ 1657 ~ 1663
PL(107V)  -0.9026 ~ -0.9031 ~ -0902%6 - -0.7637 ~  -0.7627
In the degenerate In- X(x) — alloy, for T=61.913901 K, one gets:

N(1G%em™). 195408 19225022 18923 156681981 15659

3 . 1880 18138 1.750 1 0.998
s(1043)  -1s62 . -1563 - 1562~ -1322 ~ -1.320
val 0999 - 1~ 0999 . 0715 ~ 0713
(T 7 0931 1 1.074 3.290 3.306
vr(1043) 0061 o 2 0063 ~ 1105 ~ 1109
VC2(1072V) 0,038 7 o 7 0039 0684 ~ 0687
T,(1043) 002 - o - 0094 -~ 1657 - 1663
PL(107V)  -0.9671 . -0.9677 ~  -09671 - -08183 s  —0.8173
In the degenerate Cd- x(x) — alloy, for T=67.200452 K, one gets:

N(1G%em™)  2.2096 21739166 21398 177172004 17707
3 . 1880 18138 1.750 1 0.998
s(10743)  -1562 - 1563 - 1562~ -1322 -~  -1320
zT 0999 ~ 1 - 0.999 . 0715 + 0713
(2D 7~ 0931 1 1.074 3.290 3.305
ver (10743)  —0.061 ~ o 7 0063 ~ 1105 <~ 1109
ve2(1072V)  -0.041 7 0o 7 0042 - 0742 0745
T,(104%) 0oz -~ o 2 0094 ~ 1657 1663
PL(107V)  -1.0497 ~  -10503 -~ 10497 s  -08882 s  —0.8871
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