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ABSTRACT

In the n*(p¥) — p(n) InSb,_ As - crystalline alloy, all the numerical

results of electrical-and-thermoelectric coefficients, obtained in our

*Corresponding Author previous work (Van Cong, 2018; Van Cong et al.,1984), are now

Prof. Dr. Huynh Van . . . . .
i revised and performed, by basing on our basic expressions, given

Cong ]
Ve B e Ve Equations (1, 3, 5, 7, 11, 14, 19). Some remarkable results could be
Domitia, Laboratoire de cited in the following. In Tables 5n (5p) given Appendix 1, for a given
Mathématiques et Physique impurity density N and with increasing temperature T, and then in

(LAMPS), EA 4217,
Département de Physique,

52, Avenue Paul Alduy, F-
66 860 Perpignan, France. coefficients are in variations, as indicated by the arrows as: (increase:

Tables 6n(6p) given Appendix 1, for a given T and with decreasing N,

the reduced Fermi-energy &, decreases, and other thermoelectric

7, decrease: ). Further, one notes in these Tables that with increasing
T (or with decreasing N) one obtains: (i) for £,.,, = 1.8138, while the

numerical results of the Seebeck coefficient S present a same

minimum (S]mm.(k —1.563 X 10“‘3, those of the figure of merit ZT show a same
maximum (ZT).,. =1, (ii) for §,,, = 1, S, ZT, the Mott figure of merit (ZT )y, the
Van-Cong coefficient VC, and the Thomson coefficient Ts present the same results:

~1322x 1072, 0.715, 3.290, —1.105 x 107*Z, and 1.657 x 107*Z, respectively, and

(iii) for &, = 1.8138, (ZT )y, = 1. It seems that these same results could present a new law
in the thermoelectric properties, obtained in the degenerate case.
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INTRODUCTION

In the n¥(p*) — p(n) InSb,__As_- crystalline alloy, all the numerical results of electrical-
and-thermoelectric coefficients, obtained in our previous work (Van Cong, 2018; Van Cong
et al.,1984), are now revised and performed, by basing on our following basic expressions
(Van Cong, 1980 and 2024; Van Cong and Debiais, 1993; Van Cong and Doan Khanh,
1992).

(1) The effective extrinsic static dielectric constant law, £(r4,),x), due to the impurity size

effect, is determined in Eq. (1).

(2) The generalized Mott criterium in the metal-insulator transition is expressed in Equations

(3, 5, 6), showing that Nep,enp) I just the density of electrons (holes) localized in the
exponential conduction (valence)-band tail, Nggr cppy, With a precision of the order of
2.86 x 1077, as given in our recent work (Van Cong, 2024), and the effective electron
(hole)-density: N* = N — Nep, cpg) 2 N — NEp 1 (cpp)» @S that observed in the compensated

crystals.

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

at 0 K, R_¢.py (N¥), defined in Eq. (7), is valid at any density N*.

(4) The Fermi energy for any N and T, Eg, s, determined in Eq. (11) with a precision of the

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

and-thermoelectric coefficients.

(v) Our expressions for the electrical conductivity, o, and for the Seebeck coefficient, S,
determined respectively in Equations (14, 19) are the basic expressions for determining the

following electrical-and-thermoelectric coefficients.

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) = InSb,__As_- crystalline alloy at T=0 K, we denote
the donor (acceptor) d(a)-radius by r,,, the corresponding intrinsic one by: r'asra0)=Tsb(1n);

al
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the unperturbed relative effective electron (hole) mass in conduction (valence) bands by:

m,, (x)/m,, the unperturbed relative static dielectric constant by: £, (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

as:
13600 ()] .
Edoras) () = X[E‘mf:;]_'{ Pl meV , and then, the isothermal bulk modulus, by:
L otxI1"
Egglgo) (%)

Bao(ao) ®) = = .
dolan) E:?}}C'_f'dninl:l' ]3

Effect of Impurity ry,,-size, with a given x
Here, the changes in all the energy-band-structure parameters, expressed in terms of the

effective relative dielectric constant £(r ), x), developed as follows.

At rge, = raarae)y the needed boundary conditions are found to be, for the impurity-atom

volume V= [:41Tf3] X [rdl:a:l)gi 1Ii|ll|r|:h:||:5u:|:| = (41Tf3] X [rdm:anj)g, for the pressure p, p, = ':I,
and for the deformation potential energy (or the strain energy) o, o, = 0. Further, the two

important equations (Van Cong, 1984 and 2018), used to determine the o-variation, Ac=

o—a, = a, are defined by: :—zz—g and pz—j—: . giving: %(:—z): g. Then, by an integration, one

gets:

[ﬁgtrd':ﬂ”x]]nrp; = Bdn,:am(x] x(V— Vio(ao) ES In
v — Tdia) 3 _ Tdia) 3

)= Baotam 0 X [ (22) = 1] x1n (Z22) > o

Furthermore, we also shown that, as Tgra) = Tao(as) ( Tdra) = Tderae)), the compression
(dilatation) gives rise to the increase (the decrease) in the energy gap Egn,:gp,[rd,:ﬂj,x), and
the effective donor (acceptor)-ionization energy E;, [rd,:aj,x} in absolute values, obtained in
the effective Bohr model, which is represented respectively by: + [ﬂcr[r d,:aj,x]]

n(p)’

-

galx) Y
Egnn{gpc\:l (rd,:ﬂ_:,,X) - Egc\ (Xj = Edl:a.ll (rd,:a:,,x] - Edcn:an:l (Xj = Edn{ac\:l (Xj X |( - ) -

E':E'li: B.I:I

1|=+ [ﬂ.ﬁ[rd(aﬁ’x]]n(pﬁ

for rd(a:l = rdn(au:uln and for rd(all = rl:]l:ll:El.D:I!
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"

eolx) Y
Egnu:n:gpn} (rd(a}fx) - Egn [:X:I = Ed(a} (rd(a}fx) - Edn(a-:u} [X) = Edn(a-:u} [X:I X |ﬁ . ) -

El:rlilﬂ.l}

1l = — [ﬁcr[rd,:a},x]]m:p}

Therefore, one obtains the expressions for relative dielectric constant e(r4).x) and energy

band gap E;, (g (Taca).x), as:

< g,(x), being a new

(rgcq)-X)-law,

r | ] 3
EE!‘.ID':EF'D:' [Zrd':a}’x) - EED (Xj = Ed(a} [Zrd':a}’x] - Edn':an}(x) = Ed-:-(an]l [X) x [(L) - 1] x

Tdorao)

Tdrgj 3
In [ﬁ) =0, (12)

according to the increase in both E_, ) (Tace).x) and Egre (taca,x), with increasing rye,

and for a given x, and

Eglx)

> g,(x), with a

(||)-f0r rlﬂ':ﬂ.:' = rdn,:ﬂ,:,:, ) since E(rd,:ﬂ},xj =
!l—|:|1 Tdra) }5—1:|><|. (ﬂ}a
N Tdofao) “\Tda(an)

3 3
condition, given by: [(rd—“) — 1] % In (rd—“) < 1, being a new £(ry ., x)-law,

T'dofeo) T'do{ao)

3
EEHD':EF'D:' [:rd':a}"x) - EED (X) = Ed':a:' [:rd':a}’x) - Edo':ao} (X) = _Edo':ao}(xj X [(ﬁ) -

Tdo(eo)

r ra 3
1] i (Z22) <0, (1b)

corresponding to the decrease in both E_, .y (Taca)%) and Egra(raca x), with decreasing

ra(.) and for a given x; therefore, the effective Bohr radius ag,izy) (Taca)-x) is defined by:

_ gl:rdl I_.x})-(ﬁ: _ E':f':h |-'-1‘{'.:I
Apn(Bp) [rd,:a},xj = m =053 %10 % emx ﬁ (2)
Generalized Mott Criterium in the Metal-Insulator Transition
Furthermore, it is interesting to remark that the critical total donor (acceptor)-density in the
metal-insulator transition (MIT) at T=0 K, Nepy,xpp) (Tacap®), wWas given by the Mott’s

criterium, with an empirical parameter, M, as:
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1y _
NCDnI:CDp:I(rdI:a:I’x) 3 X HBn(Bp:l(rd(a:I’x) = Mn(pll’ Mn':[:':' =0.25, (3)
depending thus on our new &(ry4).x)-law.

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

(WS) radius r, .y, characteristic of interactions, by:

1/3 4 %173 r
= _3 ' —l = e {i) II mc‘;i;rll__?{:I)(mD
rsm‘sp:l(_N’rdkﬂ:"X) - ('—]-T[N) x EBn:BPII:[‘d:EI_.]{:I 1.1?23 3'( 1':' X - x Elzl‘d:nl_..‘{) ] (4)
being equal to, in particular, at N=Ncpa(cpp) (faca) %)’ Tantep) (Nepaepp) (Fag) ) Taga) %)=

2.4813963, for any (ra4).%)-values. Then, from Eq. (4), one also has :

1 3%z 1
NCDHI:CDP:I(rdI:E.:I!x) 13 % HBn':Bp:'[rd':a:"x) = (;)3 4 m = ﬂ25 = (WSjnl:p:l = M“,:p:” (5)

explaining thus the existance of the Mott’s criterium

Furthermore, by using M,,, = 0.25, according to the empirical Heisenberg parameter
H ey = 0.47137, as those given in our previous work (Van Cong, 2024), we have also
showed that Nep,cppy IS just the density of electrons (holes) localized in the exponential

conduction (valence)-band tail, Ngrcp,). With a precision of the order of 2.86 x 1077

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

Neparepp) @Nd NER T cpp) are 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, by:

N*(N,rga%) =N — Nepy owpp) (Taga) )= N7, for a presentation simplicity. (6)

In summary, as observed in Table 1 of our previous paper (Van Cong, 2024), one remarks
that, for a given x and an increasing rsa), £(r4..),%) decreases, while Egm,:gpm[rd,:wx),
Nepatnop) (Tacap®) and N5 Ticpn) (Tara).x) increase, affecting strongly all the physical

properties, as those observed in following Sections.

PHYSICAL MODEL

In the n¥(p*) — p(n) X(x) = InSb,_,As_- crystalline alloy, if denoting the Fermi wave

number by: Kpcepy (N = (u)_ the reduced effective Wigner-Seitz (WS) radius r,zp,

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

(Nz-) = REFI_LIFEI = 1,

¥PXrT
SEnEp)

sn(sp)
being proportional to N*~*. Here, y = (4/9m)"®, kz1 ., means the averaged distance

between ionized donors (acceptors), and ag,z,) (Taca»x) is determined in Eq. ().

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

Kenkp) at 0 K is defined by:

— I-"m'!p' _ kEE'Fp' _ —Tam (anl
Rsn(sp}(N%) = ken(Fp — L-1 - Rsnﬁ.-‘-’S':spﬁ.-‘-’S} + [RsnTF':spTF} - Rsnﬁ.-‘-’S':spﬁ.-‘.?S}]e smispl <2 1, (7)
LFp) snlapl

being valid at any N*

Here, these ratios, R ,rpspre) 204 Ropws spws), can be determined as follows.

First, for N > Nepnwpp)(Taap®) ,  according to the Thomas-Fermi (TF)-

approximation, the ratio R, tgzpre; (N*) is reduced to

g
snTFspTF) _ FniFpy  _ ||4}rf'sn|3p|

k
R_ T (N*) = —
enTF{spTF) I'{Fm Fp) [.;! OTE spTF) N

« 1, (8)

being proportional to N*~%/¢.

Secondly, for N << Nep, (wpp) (Taray), according to the Wigner-Seitz (WS)-approximation,

the ratio R pws=nws) 1S respectively reduced to

(9)

PR dfr2 Erg (M)
RBHI:BFI:I"‘-’S[N%j = —SHL:P LLEE 0.5 (;L_r & [ (o) CE -)a

Fn dran (spy

where Ecg(N*) is the majority-carrier correlation energy (CE), being determined by (Van
Cong, 2018):

7 n[1-1nlz]] .
nETEER T | In(rgp s )—0.093288
I —(LB87553 DDS0E+Tgpigpy 0T
ECE [N j - F —~ 1L.5TETEETE
0.0908 +rgp o) 1+0.03847728xr 0 o]

Furthermore, in the highly degenerate case, the physical conditions are found to be given by
(Van Cong, 2018)

kgaE n 1 knE VInN 21.-1/2
LRl B = < =R_ < 1,1, (N = xqk_ /., 10
AEn(Bp) EfnaiFpo) Anim l“gﬁ.gp. sn(=p) m\p}( j E(rg g} en(zp) ( )
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EFm:-:Fpn":N‘:'

e ©y —
which gives: A, (N*) S——

FERMI ENERGY AND FERMI-DIRAC DISTRIBUTION FUNCTION

Fermi Energy and generalized Einstein relation

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

Epp pp; (Mg (a)-%T)
kgT

energy, Enep(Norgee),xT) = = 0(=< 0) , obtained respectively in the

degenerate (non-degenerate) case.

For any (N,rs.),% T), the reduced Fermi energy &, (N.r4¢4).% T) or the Fermi energy
Efnirp) (N.T4cq),% T), obtained in our previous paper (Van Cong and Debiais, 1993),

obtained with a precision of the order of 2.11 x 107* is found to be given by:
E

— EFrL:Fp-.':'-‘:' _ Glul+Au”Flu) _ Vi)
En(pj[uj = = =

s~ =-—— A=0.0005372and B = 482842262,  (11)
kgT 1+4u Wiu)

where u is the reduced electron  density, u(N,rg,.xT)= . N,Tﬂ ,
) Nepmhla
3
My (KM <KETy 5 —
Nc':v:l(T’x) = zgc':v:l X (_ = :;[p}n ) [cm 3:] ) Belv) — L

Fw = aur (14 bu + w3) *a =[GV, b= 237, e = BT (5)* | g

3
G(w) = Ln(u) +2 X ux e™®; d =22 [L - 2] > 0.
So, in the non-degenerate case (u << 1), one has: Ep,ppy () = kg T X G(u) >~ ks T X Ln(u)

as u — 0, the limiting condition, and in the very degenerate case (u > 1), one gets:

~: RExkE o (N
B Fn(Fp) as u— o

- .
2Emp gy (X xmg

EFn(ij(u) = kBT * F(u) = kBT X aui(l 4+ bu =4+ cu_;)

. . Epn fu; - . .
the limiting condition. In other words, &, = Z—“E,FFE is accurate, and it also verifies the

correct limiting conditions. In the following, it will be present in all the electrical-and-
thermoelectric coefficients.
ﬁ:b'cl'{'él'l:l.: |I:M-:I

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

- .
2Empgy X mg

being proportional to (N*)%2 and also equal to 0, according to the MIT.
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In the following, it should be noted that such the accurate expression of &, (N.T4¢4),% T) is

present in all the following electrical-and-thermoelectric.

FERMI-DIRAC DISTRIBUTION FUNCTION (FDDF)
The Fermi-Dirac distribution function (FDDF) is given by: f(E)=(1+e")™* |
Y= (E - EFn(Fp}):’I(kBT)'

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

(Van Cong, 2018) is found to be given by:

af af 1 e¥
G P —_ %
{E }I-‘DDI-‘ - (EFanp}j X EFnl Fp) — ..r E¥ X { BE) dE, aE kg T (14+e¥)2

Further, one notes that, at 0 K, —=-= 8(E — Egpo(#po) ) 8(E — Epporrpe)) being the Dirac

delta (5)-function. Therefore, G [EFHD(FFD}) =1

Then, at low T, by a variable change y = (E — Eggp) )/ (kg T), one has:

==}

Gy (Epnrp) ) = 1+EFH,FF}>~<L&Il+ o X (kg Ty + Egneep) ) dy=1+Z%_,, cBx

B
(kg T)® X Egy gy X Ig

where CE =p(p—1)..(p — B + 1)/B! and the integral I is given by:

vBxe? N
Ig = f_WHE Sedy = f-mmd"f” vanishing for old values of B. Then, for even
values of B = 2n, with n=1, 2, ..., one obtains:
_ oy el
zf (1+e ‘}*

Now, using an identity(1+ e¥)™2 = ¥=,(—1)"s x "V 3 variable change: sy = —t,
the Gamma function: f: t*™e *dt=T(2n+ 1) = (2n)!, and also the definition of the
Riemann’s zeta function: Z(2n) = 2"~ 'w*"|B,,|/(2n)!, B,, being the Bernoulli numbers,
one finally gets: I, = (2°® —2) x ™™ X |B,,|. So, from Eq. (22), we get in the degenerate

case the following ratio:

(EF) =1)..[p—2n+:
G [EFnIFp})_ EPleppE _ 1+Z p (p—1)..(p—2n+1)

= X (27 —2) X [Byy | x y*° = Gy (v), (12)
Fanpl L

T nkgT
En'p":N-JT:' EFmeu':“-*T:'.

where y =
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Then, some usual results of G,.,(y) are given in Table 2 in Appendix 1, being important

ones in this work.

ELECTRICAL-AND-THERMOELECTRIC PROPERTIES
Here, if denoting, for majority electrons (holes), the electrical conductivity by

o(N,rg,.%T), expressed in ohm™ x em™, the thermal conductivity by K(N, rg0.),% T),

expressed in i , and Lorenz number L by:

cmx K

-

L= “? X [?) = 2.4429637 (m

) = 24429637 x 1078 (VX K™2), then the well-
known Wiedemann-Frank law states that the ratio, § is proportional to the temperature T(K),
as:

w(MN.rgg).xT)

=LXT. (13)

a(MN.rg(anxT)

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

First, it is expressed in terms of the kinetic energy of the electron (hole), E;, = —ﬂm:‘*‘:‘dm ,
= n(Cp] o
or the wave number Kk, as:

n 1/2
—a =k k Ex
G(k:] - T h % l{!m![}l X [k % HBHI:BF}] % (nnlpl) ’

which is thus proportional to E, *.

Then, for E=0 , we obtain: {E:}FDDFEGq(}F=;inE§HI»FF} , and
- Fn(Fp) N

G,(y) = (1+Y;} =Gy (Norgeq),x T) , with ¥ Efpl + Bate) = Eae)(Nora,xT) for a

presentation simplicity. Therefore, one obtains:

_ q: kpn(F (70 —_—
o(N, a0 %, T) = [— X ﬁ X [Kga(ep) (N*) X @gagmp) (Ta )] % Aae (N | X

ik

G [N Tafa) ¥ T} » (EFme.[N,rd,an:l):] { .
: Fhalalret

EFnu'Fpu":N-:' ohmxecm

I:J—z = -5 -1 =y EFm:l'Fpul':N-:'
— 7.7480735 % 107° ohm s A (N*) = —I'|n|F_|I:N"} ’ (14)

which also determine the resistivity as: p(N,rg,,, %, T) = 1/a(N,ry,,x T), noting that
N* =N — Nepgwpp) (Taca)-X) . This o(N, ry0,% T)-result is an essential one in this

paper.
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3

In Eq. (14), one notes that at T= 0 K, o(N, r4,).x, T = 0K) is proportional to EEM,FFD}, orto

N*.Thus, o(N = Nep,inpp)s Taca: % T = 0K) = 0 at N* =0, at which the metal-insulator

transition (MIT) occurs.

Electrical Coefficients

The relaxation time 7 is related to o by:

Mg (X} MM,

—= . Therefore, the mobility u is given by:

T(N,rg).% T) = o(N,rg,% T) X

2

_ axt(NrgrgaT)  o(Mrgg.=T) 2
(N, rai s T) = WV g T) = L) _ slvrawan) omt ()

Mgy (XM, qxMN®

Here, at T= OK, w(N*,ra.,.T) is thus proportional to (N*)*/#, since o(N*,ra,,,T = OK) is
proportional to (N*)*?. Thus, u(N* = 0,74, T=0K) =0at N* =0, at which the metal-

insulator transition (MIT) occurs.

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

can thus be determined by:

_ ':t::lFDDF Gl T _ nkgT
ry(Neorgra.xT) = =

= . o ¥ = - = - ., and therefore,
lrigppr]® [Gn(wI]® y Enip)(MrgawT)  Epgpp (Mg =Tl

the Hall mobility yields:

), (16)

I:'m:
*

uH[:N,rd,:E},x,T) = u[N,rd.:a:,,x,T) X ry(N*T) [v -

noting that, at T=0K, since ry(N,r,,.%, T) = 1, one then gets at N = Nep,iupp -
(N, rgi,% T) = u(N,rg,xT)=0 at N =0, at which the metal-insulator transition

(MIT) occurs.

Finally, the generalized Einstein relation is found to be defined (Van Cong, 1980) as:

DI;Ner'E.”K'TII 1 % I:.|:E|.:rl||.:[:}| = kp=T % (udEH'E'Eu})’
pl, N,rd.n.,x,T:I q dN q du

where D[N*,rd.;a;.,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

. . d (u
En(p) (W) With respect to u, one thus obtains id%} Therefore,

D(N g T)  kpwT V) W) =V () =W ()
S dial :I — =B % 1 — ’ (17)
ulN*rgra).T) a WZin)
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where W'(u) = ABu®?! and
3 _3 _E
Vi(w) =u ™t +272e79(1 — du) + 2AuB TR (u) [ (14 ) + 52220 S One  remarks

1+bu E+cu
that: (i) as u—0, one has: W* =1 and u[V'XW—VxW']=1, and therefore:
D

[ ||: :l I-{ - el L
oW~ 3BT gnd (i) as u—w |, one has: W2 AW and
u a

u[V' X W—Vx W]~ 2au®2A%u®®, and therefore, in this highly degenerate case and at

T=0K, the above generalized Einstein relation is reduced to the usual Einstein one:

D[ N‘.-f'd: nl.-T:D] -

o) gEFm,:Fpm(N*)fq). In other words, Eq. (17) verifies the correct limiting

conditions.

One also notes that, for N* = 0, u[:N‘ =0,rg,.T= IIIK) =0, as remarked in above, and
therefore, for any r ), D(N* = 0,14, T = 0K) = 0, according to the MIT.
Further, in the present degenerate case (u >» 1), Eq. (17) gives:

T

: (18)

where a = [(3\;;}4)]:;3’ b= 2(5): and ¢ = 6:.115;1355 [5)4
In Tables 3n(3p) given in Appendix 1, for given x, N and T(=4.2 K and 77 K), and from

Equations (14, 15, 16, 18), the numerical results of the coefficients: @, u, py. D, expressed

10® 108 % cm® 10%8xcm”® 10xcm®

. . ] are found to be decreased with
Ve g

respectively in (

ochm=xem”® Vx=

increasing rg4), respectively.

Thermoelectric Coefficients

First off all, from Eq. (14), obtained for (N, r .,,,% T), the well-known Mott definition for

the thermoelectric power or for the Seebeck coefficient, S, is given by:

ok lna(E) —w® ke 8lnol(E, )
S[Nrrdf :.,X,T)EL}(—B}(I{BTX ne ] =L>(_B>{LE“-P_.
(a 3 q=0 JE E=Epp (Fp) 3 q i
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Then, wusing Eq. (11), for &, Nrg.xT)=1 , one gets, by putting

FE[N’rd':EI.:"x’T) = l_ z o B
axuz(y:E“ |
nlpl/
—
kE 2Fgp(N°.T) |EI><L 2% Enip) v
SNI‘,E,XT :—X W = — X,—T—, 19
(- dla) ) Enipl 1.‘ n (l+axf:;p| )(}C) (19)
iving here: (i) at = lln_—:“*lSlES n t'S=—“'E’\*—1563>{1IJ_4(E) nd at
g gee.(l)aEn.:p}—iJa_. , one gets: ~ 1. ) and a
Ea(py = 10ne obtains: § > —1.322 x 107* (K)
Further, the figure of merit, ZT, is found to be given by:
5% xT _ 5% 2 "
ET[N Ty(a): % T) = — = (ZT) pore X [2 X F5]", (ZT)pgore = e (20)

(g}

—

giving here: (i) at &£,y = w|"? ~ 1.8138, one gets: ZT = (ZT)yore = 1, and at &,y = 1 0ne

nipl

obtains: ZT 2 0.715 and (ZT)yer = = = 3.290.

Furthermore, from Eq. (19), one gets:

EXEnl P':

— 4
a5 3L z ——1 g as BEnim as En ()
= |'i_>(“—_.,—=—>< T and &2 = 2 i BB apg
Bipigy N ™ (s ®\T 4T 8% aT dN 85y &N
(1+ — )
d(ZT) g ds dZT 2xg d5
- = o — p——— _
4T d and dM L X an’ (21)

. . . 8% ip) :
noting that: (i) at given (N,rg.,,x), and for —= >0 (or <0), &, increases (or

decreases) for decreasing (or increasing) T, (ii) at given ( rg..x ,T), and for

)

o = 0 (or <0), &,y increases (or decreases) for increasing (or decreasing) N.

Finally, the Van-Cong coefficient, VC, is given by:
VC(N,r4r.xT) =N >< ( ), (22)

the Thomson coefficient, Ts, by:

Ts(N,rgexT)= T >< = ( ), (23)
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and then, the Peltier coefficient, Pt, as:
Pt(N,ry,xT) =T XS (V). (24)

Now, in the lightly degenerate n(p)-type InSb, . As_ alloy, in which
N=5x 10*7 em™3(5 x 10*® em™?), and for T=3K and 80K, the numerical results of
various thermoelectric coefficients are reported in Tables 4n(4p) in Appendix 1, noting

that their variations with increasing r 4, are represented by the arrows: 7 (increase), and

(decrease), respectively.

Then, in Tables 5n(5p) given Appendix 1 for a given N and with increasing 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 as: (increase: 7, decrease: ).

One notes here that with increasing T (or with decreasing N) one obtains: (i) for

Enipy = 1.8138 , while the numerical results of S present a same minimum
[Sjm.m.(x —1.563 X 10‘43, those of ZT show a same maximum (ZT),.. = 1, (ii) for
Enrpy = 1, those of S, ZT, (2T )y, VC, and T, present the same results: —1.322 x 10‘% :

0.715, 3.290, —1.105 X 107*7, and 1.657 X 107*Z, respectively, and (iii) for &, > 1.8138,

(ZT)uoe = 1. It seems that these results could present a new law in the thermoelectric

properties, obtained in the degenerate case.

CONCLUDING REMARKS
In the n*(p™) — p(n) InSb,__As_- crystalline alloy, all the numerical results of electrical-
and-thermoelectric coefficients, obtained in our previous work (Van Cong, 2018), were

revised and performed, by basing on our following basic expressions.

(1) The effective extrinsic static dielectric constant law, =(r4,).x), due to the impurity size

effect, is determined in Eq. (1).

(2) The generalized Mott criterium in the metal-insulator transition is expressed in Equations

(3, 5, 6), showing that Ncp,cnp) IS just the density of electrons (holes) localized in the
exponential conduction (valence)-band tail. Ngp7 cpy). With a precision of the order of

2.86 x 1077, as given in our recent work (Van Cong, 2024), and the effective electron
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(hole)-density: N* = N — Nep, cpp) 2 N — NGB T (cpp)» @S that observed in the compensated

crystals.

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

at 0 K, R zpy (N¥), defined in Eq. (7), is valid at any density N*.

(4) The Fermi energy for any N and T, Eg, ¢, determined in Eq. (11) with a precision of the

order of 2.11 x 10™* (Van Cong, 1993), and it exists in all the expressions of electrical-and-

thermoelectric coefficients.

(5) Our expressions for the electrical conductivity, o, and for the Seebeck coefficient, S,
determined respectively in Equations (14, 19) are the basic expressions for determining the

electrical-and-thermoelectric coefficients.

(6) Finally, in Tables 5n(5p) given Appendix 1 for a given N and with increasing 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 as: (increase: /, decrease: ). One notes here that with increasing T (or with

decreasing N) one obtains: (i) for £,.,, = 1.8138, while the numerical results of S present a
same minimum [S)mm.[k—l.SﬁEx 10‘”‘%), those of ZT show a same maximum
(ZT)max. = 1, (ii) for &,y = 1, those of S, ZT, (ZT)yen, VC, and T, present the same
results: —1.322x 1072 , 0715, 3290, —1.105x107*= , and 1.657 X 107*_

respectively, and (iii) for &, = 1.8138, (ZT )y, = 1. It seems that these results could

present a new law in the thermoelectric properties, obtained in the degenerate case.

In summary, all the numerical results of electrical-and-thermoelectric coefficients, given in

our previous work (Van Cong, 2018), are now revised and performed.
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APPENDIX 1

Table 1: The values of various energy-band-structure parameters are given in various crystalline alloys as

follows.

In ISby_,ds,-alloy, in which 45000 ="spim;=0.136 nm (0.144 nm), we have: gep(x)=1xx+1x(1—x),

M (2 /my, = 0,09 (0.3 X x + 0.1 (0.4) % (1 —x) Eglx) =14.55xx +16.9% (1 —x)

Egolx) = 0.43% x +0.23 % (1 —x).

m

Table 2: Expressions for Gz, (¥ = 1}, due to the Fermi-Dirac distribution function, noting that

Gpey (v = ETL = EL] = 1, used to determine the electrical-and-thermoelectric coefficients.
Fn{Fp) nip)
Gz 2 (¥) G2 (¥) Gs 2 (¥) Ga(v) G7 2 (¥) Gy(¥) G2 (¥)
v Iy e Sy Tyt 2 35yt | 49yt 3, Iyt 2yt | 14Ty
(1+5+85) (1+5) (1+F-m5) (+v) (1+30+5%0) (1+2v’+F) (1+5-+57)

Table 3n: Here, one notes that, for given x, N and T(=4.2 K and 77 K), the functions: o, w pg. I, expressed

. . 10% 1% % em® 10%xem”™ 10°xeom® _ .
respectively in ' ' ' , decrease with increasing ry.
ohmxcm Vxe Ve ]
Donor P As Sb Sn
rq (nm) 2 0.110 0.118 0.136 0.140

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

N (108 em™3)

3 169,35253526,1.78 1.48,3.098,3.099,1.56 1.33,2793,2.794,1.40 1.32,2.779, 2.780, 1.40
10  4.39,2.745,2.746,3.09  3.82,2.387,2.388,2.69  3.41,2.136,2.136,2.41 3.40,2.124, 2.124, 2.39
40  14.0,2.185,2.185,6.21  12.0,1.874,1.874,5.33  10.6, 1.658,1.658,4.71 10.5, 1.648, 1.648, 4.68
70  22.7,2.026,2.026,8.36  19.4,1.730,1.730,7.14  17.1,1.524,1524,6.29 17.0,1.515, 1.515,6.25

For x=0.5, the values of (&, p. pig, ') at 4. 2K

N (108 em™3)

3 1.76,3.686,3.687, 1.95
10  4.63,2.891,2.891, 3.43
40 14.9,2.321,2.321,6.94
70 24.2,2.159,2.159, 9.38

1.54,3.236, 2.237, 1.71
4.01, 2.509, 2.510, 2.98
12.7,1.988, 1.988, 5.95
20.6, 1.841, 1.841, 8.00

1.39, 2.915, 2.916, 1.54
3.58,2.241, 2.242, 2.66
11.2,1.756, 1.756, 5.25
18.1, 1.620, 1.620, 7.04

1.38, 2.900, 2.901, 1.53
3.56, 2.230, 2.230, 2.64
11.1,1.745, 1.745, 5.22
18.0, 1.609, 1.609, 6.99

For x=1, the values of (. . g, I') at 4. 2K

N (10%% em™3)
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3 1.87, 3.905, 3.906, 2.19
10 4.95,3.091, 3.092, 3.87
40  16.1, 2.508, 2.508, 7.92
70  26.2,2.341,2.341, 10.7

1.63,3.421,3.422,1.91
4.28,2.677,2.677,3.35
13.7,2.144, 2.144, 6.77
22.3,1.992,1.992,9.14

1.47,3.078, 3.079, 1.72
3.81, 2.386, 2.387, 2.99
12.1, 1.890, 1.890, 5.97
19.6, 1.750, 1.750, 8.03

1.46, 3.062, 3.063, 1.71
3.79,2.373,2.374,2.97
12.0,1.879, 1.879, 5.93
19.5,1.739, 1.739, 7.97

For x=0, the values of (. p, pg. D) at 77 K

N (10 em™9)

3 1.74,3.630, 3.930, 1.85
10  4.42,2.762,2.817,3.12
40  14.0,2.187,2.194,6.22
70 22.7,2.027,2.030, 8.37

1.52,3.191, 3.499, 1.62
3.84,2.402, 2.450, 2.71
12.0,1.876, 1.882, 5.33
19.4,1.731,1.734,7.15

1.37,2.877, 3.155, 1.46
3.43,2.149, 2.192, 2.42
10.6, 1.660, 1.665, 4.72
17.1, 1.525, 1.527, 6.29

1.36, 2.862, 3.139, 1.45
3.42,2.137,2.180, 2.41
10.6, 1.650, 1.655, 4.69
17.0, 1.516, 1.518, 6.26

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

N (108 em™3)

3 1.81,3.785,4.116,2.02
10  4.65,2.907, 2.960, 3.45
40 14.9,2.323,2.329,6.95
70 24.2,2.160, 2.163, 9.39

1.59, 3.323, 3.614, 1.78
4.03, 2.523, 2.569, 3.00
12.7,1.990, 1.995, 5.95
20.6, 1.842, 1.844, 8.00

1.43, 2.993, 3.256, 1.60
3.60, 2.254, 2.295, 2.68
11.2,1.757, 1.763, 5.26
18.2, 1.620, 1.622, 7.04

1.42,2.978, 3.240, 1.59
3.58,2.242, 2.282, 2.66
11.2,1.747,1.752,5.23
18.0, 1.610, 1.612, 7.00

For x=1, the values of (z, u pg, I at 77 K

N (10%% em™)

3 1.91, 3.999, 4.315, 2.26
10  4.97,3.107, 3.157, 3.90
40  16.1,2510,2516,7.93
70 26.3,2.342,2.345,10.7

1.67, 3.504, 3.782, 1.97
4.30, 2.690, 2.734, 3.37
13.7,2.145, 2.151, 6.77
22.3,1.993,1.996,9.14

1.50, 3.153, 3.403, 1.77
3.83, 2.398, 2.438, 3.01
12.1,1.892, 1.896, 5.97
19.6, 1.751, 1.753, 8.03

1.49,3.137, 3.385, 1.76
3.81, 2.385, 2.424, 2.99
12.0, 1.880, 1.885, 5.94
19.5,1.740, 1.742, 7.98

Table 3p: Here, one notes that, for given x, N and T(=4.2 K and 77 K), the functions: o, w pg. I, expressed

. . 10% 10 em® 10%xem”® 10xem” _ .
respectively in , , , , decrease with increasing r,.
ohmxcm Ve Ve
Acceptor Ga Mg In Sn
r, (nm) 7 0.120 0.140 0.144 0.148

For x=0, the values of (., pg, I') at 4. 2K

N (10%% em™)

3 0.47, 1.598, 1.613, 1.47
10 1.92,1.356, 1.358, 3.53
40  7.52,1.209,1.209, 8.43
70  12.8,1.164,1.164,11.9

0.37,1.460, 1.477,1.21
1.67,1.210, 1.211, 3.09
6.63,1.072,1.072, 7.44
11.3,1.031, 1.031, 10.5

0.37,1.454,1.470, 1.20
1.65, 1.203, 1.204, 3.06
6.58, 1.065, 1.065, 7.39
11.2,1.024, 1.024, 10.4

0.36, 1.448, 1.464,1.19
1.64,1.196, 1.197, 3.04
6.54, 1.058, 1.059, 7.34
11.2,1.018, 1.018, 10.3

For x=0.5, the values of (&, pt. pipy. I) at 4. 2K
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N (10%% em™3)

3 057,1732,1.743,1.94  0.46,1574,1.585,1.64  0.45,1566,1.577,1.63 0.45,1.559, 1.570, 1.61

10  2.15,1484,1.485,4.48  1.87,1323,1.325,393  1.86,1316,1.317,3.90 1.85,1.308, 1.309, 3.88

40  828,1.324,1324,106  7.30,1.173,1.173,9.35  7.26,1.166,1.166,9.29 7.21,1.159, 1.159, 9.23

70 14.1,1.275,1.275,149  124,1.129,1.129,132  12.3,1.122,1.122,13.1 12.2,1.114,1.114,13.0

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

N (10*% em™3)

3 0.69,1.924,1.931,2.68
10  2.46,1.661, 1.662, 5.93
40  9.32,1.482,1.482,13.9
70  15.8,1.427,1.427,19.5

0.58, 1.740, 1.747, 2.30
2.16,1.481,1.482,5.22
8.23,1.314,1.314,123
14.0,1.264, 1.264, 17.2

0.57,1.731, 1.739, 2.29
2.14,1.472,1.473,5.19
8.18, 1.306, 1.306, 12.2
13.9, 1.256, 1.256, 17.1

0.57,1.722,1.730, 2.27
2.13,1.463, 1.464, 5.16
8.12,1.298,1.298,12.1
13.8,1.248,1.248,17.0

For x=0, the values of (. p. pg. D) at 77K

N (10*8 em™3)

3 0.27,0.909, 2.709, 0.65
10 2.12,1.498,1.978, 4.04
40  7.64,1.228,1.291,8.60
70 12.9,1.173,1.201, 12.0

0.18, 0.694, 2.251, 0.41
1.85, 1.341, 1.785, 3.55
6.73,1.088, 1.145, 7.59
11.4,1.038, 1.064, 10.6

0.17,0.682, 2.226, 0.40
1.83, 1.333, 1.775, 3.53
6.69, 1.082, 1.138, 7.54
11.3,1.032, 1.057, 10.5

0.16,0.671, 2.199, 0.39
1.82, 1.326, 1.766, 3.50
6.64, 1.075, 1.131, 7.49
11.2,1.025, 1.051, 10.4

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

N (10%% em™)

3 0.43,1.318,3.226,1.31
10  2.32,1.603, 2.001, 4.97
40  8.38,1.339,1.392,10.7
70  14.2,1.282,1.306, 15.0

0.32,1.087, 2.865, 0.96
2.03,1.433,1.798, 4.38
7.39,1.187,1.235,9.49
12.5,1.135, 1.156, 13.3

0.31, 1.075, 2.847, 0.95
2.02,1.425,1.789, 4.35
7.34,1.180, 1.227, 9.43
12.4,1.128, 1.149, 13.2

0.31, 1.063, 2.828, 0.93
2.00,1.417,1.779, 4.32
7.29,1.173,1.220, 9.37
12.3,1.121, 1.142,13.1

For x=1, the values of (. | pg. I) at 77K

N (108 em™3)

3 0.68,1.883,3.685, 2.60
10 2.61,1.758, 2.080, 6.40
40  9.40, 1.495, 1.538,14.0
70  15.9,1.433,1.453,19.6

0.54, 1.613, 3.325, 2.07
2.28,1.569, 1.863, 5.65
8.30, 1.325, 1.364, 12.4
14.0, 1.269, 1.286, 17.3

0.53, 1.600, 3.308, 2.04
2.27,1.560, 1.853, 5.61
8.25,1.317,1.356, 12.3
13.9,1.261, 1.278, 17.2

0.52, 1.586, 3.290, 2.02
2.25,1.551, 1.843, 5.57
8.20, 1.309, 1.347,12.2
13.8,1.253,1.270,17.1
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Table 4n. In the lightly degenerate n-type InSh, _,4s, 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 ry, ., are represented by the arrows: # (increase), and * (decrease).

Donor P As Sh Sn
For x=0,
——— . 87.31 86.776 86.209 86.178
S . 3.30 3.270 3.240 3.238
1w F W
o) Comgr) 3.076 2.678 2.383 2.369
4w
Kreo (o) 8.330 7.213 6.380 6.340
w5V
—Sireaw ) - 6.491 6.531 6.574 6.576
105 =W
—Sireso O ) 13.201 13.260 13.324 13.327
10 %=V .
VCirmagy (%) - 4.322 4.349 4.377 4.379
VCirasor) (F) 6.477 6.472 6.463 6.4629
w5V
—Tspoagy (T ) 6.484 6.523 6.566 6.568
W=V
~Tseson, (F) 7 9715 9.708 9.695 9.604
—Ptpoap (1075 x V) 1.947 1.959 1.972 1.973
—Ptpogoi (107X V) 1.056 1.061 1.066 1.0662
ZTreag (1079 ;1725 1.746 1.769 1.770
iy PR 7 0.713 0.7197 0.72665 0.72704
For x=0.5,
En Takt) . 91.81 91.219 90.590 90.555
S . 353 3.497 3.466 3.464
w5 xW
Kres) () 3.209 2.797 2.492 2.478
1wt awW
Kreey (o) 9.054 7.855 6.960 6.918
10 " Fuy
—Sireaw ) - 6.173 6.213 6.256 6.259
10y
=Stree T ) 12.714 12.776 12.843 12.846
w5V .
VCiroagy (%) - 4111 4.138 4.166 4.168
‘.FC:7=BDH,(LD%) B 6.402 6.422 6.440 6.4408
10 %V
~Tsroagy (T ) 6.167 6.206 6.249 6.252
-5 W
~Tsiroeor) (") = 9603 9.633 9.660 9.661
—Ptpoap (1075 X V) 1.852 1.864 1.877 1.878
—Ptorogor (10775 V) 1.017 1.022 1.0274 1.0277
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TT roag, (1079) s 1.560 1.580 1.602 1.603

T T gok ’ 0.662 0.668 0.6751 0.6755

For x=1,

g . 96.79 96.131 95.424 95.384

En(Tg0k . 3.77 3.738 3.704 3.702

w5 xW
o) (o) 3.382 2.951 2.632 2.617
W

Kreo (o) 9.869 8.580 7.619 7.574
10 %=y

—Sir=am 3 \ 5.856 5.896 5.940 5.942
105 =W

—Sireeo0 T ) 12.214 12.278 12.347 12.351
w5V

VC oy ) 3.900 3.927 3.956 3.957

VCrmsor) () 6.161 6.224 6.244 6.246
10 %V

~Tsireary () - 5.850 5.890 5.934 5.936

L5V

~Tseeor, () v 9241 9.298 9.356 9.359

—Ptrogg (107 5% V) 1.757 1.769 1.7819 1.7826

—Ptorop (10755 V) 0.977 0.982 0.9878 0.9881

ITpeag, (1079) 7 1.403 1.423 1.444 1.445

ZT 7= g0k, 7 0.611 0.617 0.6240 0.6244

Table 4p. In the lightly degenerate p-type InSh, _,As. 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 ry, 4, are represented by the arrows: » (increase), and * (decrease).

Acceptor Ga Mg In Cd
For x=0,
- y 86.689 82.794 82571 82.341
Ep (T=e0K) S 3.265 3.060 3.048 3.035
1w 5w
Kore) (o) 6.649 5.583 5.531 5.478
e — 3 TAr
ey Co) 1.789 1.436 1.419 1.401
10~ ExV
—Siraar (3 S 6.538 6.845 6.863 6.882
10 %=V
~Siresr ) - 1.327 1.371 1.374 1.376
Ly
VCiroag, () 4.353 4557 4.569 4.582
VCirasor) (F) 6.471 6.321 6.306 6.290
15V
—Tsroag, () - 6.530 6.836 6.854 6.873
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— 5.7
. — ) 9.707 9.482 9.459 9.435
—Ptroag(1075x V) . 1.961 2.053 2.059 2.065
—Ptor oo (10732 V) 1.061 1.097 1.099 1.101
ZTireag, (1079 » 1.749 1.918 1.928 1.939
T re eoity » 0.721 0.7696 0.772 0.775
For x=0.5,
Ep T2k y 102.48 98.88 98.67 98.46
£ Tozok) . 4.029 3.866 3.857 3.847
w5 W
O O SR 7.635 6.498 6.443 6.387
w W
Koo (o) 2.285 1.917 1.899 1.880
10 5V
—Seraa C5 ) 5.531 5.732 5.744 5.757
107V
—S(r=sor0 g ) 1.170 1.202 1.204 1.206
10 F eV
VCireary ) 7 3.684 3.818 3.826 3.834
-5 W
VC resor, (o = ) 5.815 6.037 6.049 6.062
105V
—Tsraary (T ) ™ 5.526 5.727 5.739 5.751
1 5V
—Ts,-:-ﬂnﬁl(T) y 8.723 9.055 9.074 9.093
—Ptroag(107%F V) 1.659 1.720 1.723 1.727
—Ptr_eor (107X V) 0.936 0.961 0.963 0.965
ZT roag, (1079 > 1.252 1.345 1.351 1.356
IT re ookt » 0.560 0.591 0.593 0.595
For x=1,
Ep T2k \ 123.47 120.22 120.03 119.84
A — Y, 4.875 4.752 4,745 4.737
w5 W
Krew) (o) & 8.950 7.711 7.651 7.590
w F W
e o) 2.728 2.354 2.336 2.317
10 5V
—Seraap C5 ) 4591 4.715 4.722 4.730
107V
—S(r=so0 ) 1.022 1.041 1.043 1.044
105V
VCiraary T ) 7 3.059 3.141 3.146 3.151
VC reeor, (“’ - ] 4.923 5.001 5.014 5.020
10 Ew
—Tsraay ) ™ 4,588 4.712 4.719 4.727
105wV
—Ts,7=m[.;,( - ] y 7.384 7.513 7.521 7.530
—Ptor_ag (1075 V) 1.377 1.414 1.417 1.419
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—Ptirogog (1075 % V) 0.817 0.833 0.834 0.835
IT 7oz, (1079) » 0.863 0.910 0.913 0.916
IT ok 7 0.427 0.444 0.445 0.446

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 increasing T:

ey 1|-?
(i) for £, = 1.8138, while the numerical results of S present a same minimum {5} y;p (2 —1.563 % 10“‘E], those of ZT

show a same maximum (ZT . = 1, (ii) for £, =1, those of S, ZT, (ZT) ey, VC, and T, present the same results:

~1.322x 1075 | 0715, 3290, —1.105 X 107*2, and 1.657 x 107*2

ok respectively, and (iii) for £, = 1.5138,

(ZD) Mo = L.

For x=0,

In the degenerate P- InSh, _.As, alloy, for M = 2 % Nepgirpl, one gets:

T(K) 10 10.528 12 14.325731 145

E, . 1.974 1.8138 1.442 1 0.972
S ('LD -4 E?) -1557 . -1563 7~ -1523 7 —132 7  —1301
zT 0993 7~ 1 . 0949 . 0715 0.693
(ZT o 70844 1 1.581 3.290 3.484
VC {'LU -4 E?) 0142 = -7.52%107°. —0423 . -1105 = -1153

v _
Ts(lﬂ"‘E) —0213 ~ 113x107F 7 o063 ~ 1657 1730

Pt{107%V)  —1557 . —le45 . —1.827 . —1893 .~  —1.887

In the degenerate As- InSh, _, Az, alloy, for N = 2 % Nepg(Tas), One gets:

T(K) k. 10 12.813 15 17.435302 175
£ Y 2.685 1.8138 1.372 1 0.991
1.‘F
5 ('LD -4 E) 1450 . -1563 ~ —1504 O~ —1322 .~ —1315
zT 0860 7 1 . 0.926 . 0715 0.708
(EThem 0.456 1 1.748 3.290 3.348
".‘? _r
vC {10‘4 E) 0547 ~ —2.35% 1077+~ —0519 = —1105 = —1.120
v )
T, (10'4 E) 0820 ~ 3.53x10°%/° 0779 s 1657 7 1680
Pt (1073V) —1.450 . —2003 w —2.256 . —2304 ~  —2.302

In the degenerate Sb- InSh, _.As, alloy, for N = 2 % Npypp(Tzp), One gets:

T(K) 7 10 15.0335 16 20.4571662 205

E, . 3.382 1.8138 1.631 1 0.995
v

5 ('LD -4 E) -1302 . -1563 7 —1554 S —1322 7 —1318

zT 0694 1 . 0.989 0715 0.711

(ZThone 7 0.287 1 1.236 3.290 3.322
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1‘? _E
vC {1[]‘4 E) 0647 =  B21x 1077w —0.101 . —-1105 . = —1113
v )
Tg('lﬂ'4E) —0971 S —-3.22%10"% 70286 S 1657 7 1.670
Pt (1073V) -1.302 . —2.350 . —2.487 . —2704 & —2.702

In the degenerate Sn- InSh, _,4s, alloy, for N = 2 % NgppiTsy), One gets:

T(K) 7 10 15.1525 16 20.6188 20.7

E, ’ 3.418 1.8138 1.654 1 0.991
3 ('LU -4 E?) -1294 . —1563 . —1556 7 -—1322 7 —1315

zZT 0.686 .7 1 . 0991 - 0715 - 0.708
(ZThsan 0.281 1 1.203 3.290 3.351
VC {10 - E?) 0646 ~ —0.20X 107+ —0.165 . —1105 . —1121

Tg(lﬂ"tg) -0969 7 3.08x107% 7 0248 7 1657 7 1681

Pt (107%V) —1.294 . —2368 = —2.490 . —=2725 & =272

For x=0.5,

In the degenerate P- InSh, _,As, alloy, for M = 2 % NgppiTp), one gets:

T(K) 10 11.4883 12 15.6330543 15.7

E, . 2.269 1.8138 1.685 1 0.990
3 ('LU -4 E?) -1.524 . —-1563 7 —1559 A —-132 &~ —-1314
zT 0951 7 1 ’ 0.994 w0715 0.707
(ZTeme 7 0.639 1 1.159 3.290 3.357
vC {10 -4 E?) 0352  385%107°. —0131 . -1105 .  —1122

1.‘? _C
Tg('lﬂ'4E) -0528 7 —53zx 1077 7 0197 A 1.657 7 1.683

Pt(107%V) -1.524 . —179% . —1.870 . —2066 .~  —2.064

In the degenerate As- InSh, _ . As, alloy, for N = 2 % Mg, (Tas), ONe gets:

T(K) 7 10 13.9822 15 19.0263965 19.1
E, . 3.056 1.8138 1.610 1 0.991
5 ('LU -4 E) —-1.372 . —1563 7 —1.552 s =132 7~ -—1315
zT 0770 7 1 y 0.986 . 0715 0.708
(ZThe 7 0.352 1 1.271 3.290 3.350
w _

VC {10 -4 E) 0632 w —762%x107°w —0216 » —-1105 - —1.120

T, ('10'4 E) -0948 .~ 1.14% 1077 0325 s 1657 7 1681

Pt (107%V) —1.372 . —2185 . —2.328 . —2515 7 —2512

In the degenerate Sb- InSh;_, Az, alloy, for N = 2 % Ngppirsy), One gets:
T(K) y 10 16.4055 17 22.324027 22.4
E, . 3.782 1.8138 1.708 1 0.992
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S ('LU -4 E) -1219 - —-1563 7 —1560 7 —1322 7 —1316
zT 0.608 .7 1 sy 099 0715 - 0.709
(ZTh sy 0.230 1 1.128 3.290 3.343
VC {10 - E?) 0614 = 602X107°. —0.106 . —1105 » -1.118
T, (10‘4 E?) —0922 7 —9.03x107% .7 0.160 s 1657 7 1.678
Pt (1073V) -1.219 . —2564 . —2.652 . —2950 7 —2.948

In the degenerate Sn- InSh, _,As, alloy, for N = 2 % NgppiTsy), One gets:

T(K) 7 10 16.535 17 22.500411 22.6

E, . 3.818 1.8138 1.731 1 0.990
3 ('LU -4 Er) -1212 ~ -1563 7 -1561 7 —132 7 —1314

zT 0.601 -~ 1 . 0.998 0715 0.707
(ZT e 0.226 1 1.098 3.290 3.359
VC {10 - E?) 0610 . 273%107°. —0082 . —1105 .  —1.123

W -
Ts(lﬂ"‘g) -0915 ~ —4.09x%107% 7 0124 ~ 1657 7~ 1684

Pt (107%V) —1212 . —2584 . —2.654 . —2974 -~ —2.970

For x=1,

In the degenerate P- InSh,_,As, alloy, for N = 2 ¥ MqpyiTp), one gets:

T(K) 10 12.633 12.7 17.18905 17.2
£, . 2.628 1.8138 1.797 1 0.998
5 ('LD - EF) -1461 . -1563 7~ —1.563 A -132 & —132
zZT 0874 7 1 . 0.999 . 0715 0.714
(ZT)eume 7 0.476 1 1.018 3.290 3.300
VC {10 -4 E?) 0526 = —246X10 7.  —0016 . -1105 = —1.107

1I‘? -—
Tg('LU‘4E) ~0789 ~ 269x107° 7 0028 7 1657 7 1.661

Pt I:'J.D_gﬁ.-":l —1.461 «  —1.974 » —1.985 w2272 7 —2.271

In the degenerate As- InSh, _,As, alloy, for N = 2 % Nppp(Tag), ONe gets:

T(K) 7 10 15.375 16 20.920139 21

£ Y 3.484 1.8138 1.695 1 0.991
-

5 ('LU -4 E) —1.280 . —=1563 7 —1559 ;=132 7~ —1315

zT 0671 7 1 y 0.995 . 0715 0.708

(EThem 0.271 1 1.144 3.290 3.349

)

vC {10‘4 E) 0643 ~ —219x% 1077~  —0120 = -1105 = —1.120

T, (10'4 E) -0964 7 3.3x107% 7 0180 71657 7 1680

Pt (107%V) —1.280 . —2403 . —2.495 . —2765 & —2.762
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In the degenerate Sb- InSh, _. As, alloy, for N = 2 % N-qy(Tsy), One gets:

T(K) 7 10 18.04 18.5 24.54599 24.6
E, . 4212 1.8138 1.738 1 0.995
1.?

5 ('LD -4 E) -1135 =  -1563 7 -1561 S —1322 7 —1318

zT 0528 7 1 y 0998 . 0715 0.711
(ZThgom 0.185 1 1.089 3.290 3.324

_

VC {1[] -4 E) 0557 . —255x%107Y . —0075 . —1105 . —1114

T; (10'4 E) -0.835 ~ 3.82x107%.~ 0112 1657 7 1671
Pr(107%V) —1.135 . —2.820 . —2.889 . —3244 7 —3.242

In the degenerate Sn- InSh, . As, alloy, for N = 2 % N-qp (s, One gets:

T(K) : 10 18.1809 19 24.73993 24.8
E, . 4.248 1.8138 1.683 1 0.994
5 ('LD -4 E?) -1129 = —-1563 & —-1559 S —1322 7 —1318
zT 0522 7 1 . 0.994 - 0715 - 0.711
(2T sy 7 0.182 1 1.161 3.290 3.328
VC {10 -4 E?) 0552 = &15x107°L —0.33 . —-1105 w  —1.115

v
Tg('LU‘“*E) ~0828 ~ -9.23x107° 7 0199 A 1657 7 1.672

Pt (1073V) -1129 . —2842 .  —20961 . —3270 - —3.268

Table 5p: Here, for a given I and with increasing T, the reduced Fermi-energy EP 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 (5 min 1:2 —1.563 % 10‘4%}, those of ZT
show a same maximum (ZT gz, = 1, (ii) for £, = 1, those of S, ZT, (ZT)yey, VC, and T, present the same results:

~1.322%107*2 | 0715, 3.200, —1.105 X 1072, and 1.657 x 107%2

B & respectively, and (iii) for £, = 1.8138,

(ZD Mo = 1.

For x=0,

In the degenerate Ga- InSh, _,As, alloy, for N = 2 x Npppirgs), one gets:

T(K) 30 52.184 55 71.008677 715
£ . 4.048 1.8138 1.659 1 0.984
S ('LD -4 E?) -1.166 . -1563 ~ —1557 7 —1322 7  —1310
zT 0557 7 1 - 0992 . 0715 - 0.703
(ZT) s 7 0201 1 1.195 3.290 3.399
VC {1[]‘“t E?) 0579 . —542x 1077 . —0160 . -1105 . —1132

1.‘? _C
Tg(ln"‘E) —0868 7 813X 1077 0239 7 1657 S 1699
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Pt(107%) —3499 = —8156 . —8562 . —9385 7 -9.367
In the degenerate Mg- Insh, _,As, alloy, for N = 2 x Nppp(ryg), One gets:
T(K) 30 59.722 70 81.26823 81.3
E, . 4.658 1.8138 1.369 1 0.999
v
3 ('LU -4 E) -1.057 . —1563 7 —1503 s —132 & —-132
zT 0457 7 1 , 0.925 . 0715 - 0.714
(ZTD s 70152 1 1.756 3.290 3.296
".‘? _r
VC {1[] - E) 0.508 286 % 107" . —0524 . -1105 . -1106
1‘? _E
T, (10'4 E) —0.782 7 —430%x107° 7 0786 & 1657 7 1.660
Pt(107%¥) -0317 =~ —0934 = —1.052 . —1.07412 7 —1.07402
In the degenerate In- Insh,_,As, alloy, for N = 2 x Nepp(r), one gets:
T(K) 30 60.135 70 81.828665 81.9
E, . 4.689 1.8138 1.387 1 0.998
v
= ('LD -4 E) -1.052 . -1563 7~ —1508 7 —132 7 —-1.320
zT 0453 7 1 y 0.931 - 0715 0.713
[y T 7~ 0150 1 1.710 3.290 3.303
1‘? _E
Vi {1[]‘“t E) 0506 . —268x 1077w —0.499 . -1105 = -—1.108
1‘? _E
T, (1[]‘4 E) —075% 7 &p2x107° 7 0748 7 1657 7 1663
Pt(107%V)  -0315 - -0940 = —1.056 . —108153 7 —1.08129
In the degenerate Cd- InSh,_,As, alloy, for N = 2 x Ngpp(reg), one gets:
T(K) 30 60.558 70 82.404885 82.5
E, Y 4.721 1.8138 1.405 1 0.997
1.?
= ('LD -4 E) -1.046 . -—-1563 7 —1513 7 -1322 7  —1.320
zT 0.448 7 1 y 0.938 - 0715 0.713
(2T o 70147 1 1.666 3.290 3.308
v
Ve {'LU -4 E) 0503 . —4B7X 1070 . —0473 . -1105 . —1.109
v
T, ('10'4 E) 0755 O~ 730x107% & 0710 /1657 7 1664
Pt(107%¥) —0314 . —09465 = —1.059 . —1.08915 7 —1.0888
For x=0.5,
In the degenerate Ga- InSh,;_,As, alloy, for N = 2 x Ngppirg,), one gets:
T(K) 30 52.449 55 71.37119 715
£, , 4.071 1.8138 1.674 1 0.996
v
s ('LD - E) -1162 . -1563 7~ —1558 7 —132 7 -1.319
zT 0553 7 1 y 0.993 = 0715 - 0.712
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(ZThwum 7 0.198 1 1.174 3.290 3.318
Ve {1[] -4 E?) 0576 . 237%107° . —0143  w  -1105 .  —1112

T, ('lﬂ'4 E?) —0.863 ~ —355% 1070 7 0215 A 1657 7 1.668
Pt{107°V)  -0.349 - -0820 . —0.857 . —09433 7 —0.9429

In the degenerate Mg- InSh,_ Az, alloy, for

T(K) 30 60.028
B ; 4.681 1.8138
s(10-* EF) ~1.053 . —1563
zT 0454 7 1
(ZTT o 7 0.150 1
ve {10 - E?) 0506 . -249%107°

v .
]‘g(lU'J’E) —0.760 7 3731077

Pt{107™V) 0316 - -0.938 .

N =2xN Dp':.rl-{g:" one gets:

70 81.68312 82
1.382 1 0.991
A —=1.507 7 -1322 7 —1.315
* 0.930 * 0.715 * 0.708
1.722 3.290 3.350
= —0.505 « —1.105 +  —1.120

7 0.758 7 1.657 7 1.681

—1.0549 » —1.07961 .~ —1.07850

In the degenerate In- InSh,_As, alloy, for N = 2 x Nepp(Ty,), one gets:

T(K) 30 60.442
E , 4.712 1.8138
5 ('LU - Er) -1.048 . —1563
zT 0449 7 1
(2T s 7 0.148 1
vc {10'4 E?) 0504 . —267X 107"

1.‘? -
Tg('L[]"‘E) 0756 7 401x107°

Pt{10™°V) -0314 =~ —0945 -

70 82.246416 82.5
1.400 1 0.993
7 —1.512 A7 -1322 7 —1.316
s 0.936 s 0.715 s 0.709
1.678 3.290 3.338
= —0.480 s —1.105 s —-1.117
7 0.720 7 1.657 7 1.676
—1.058 * —1.08705 7 —1.0862

In the degenerate Cd- In5h, _, Az, alloy, for N = Z % Nppy(req), One gets:

T(K) 30 60.8672
E , 4.745 1.8138
5 ('LU -4 E?) -1.043 . —1563
zT 0450 7 1
(ZTssome 70146 1
Ve {10'4 E?) 0501 . -678x107°

70 82.825577 83
1.419 1 0.995
s =1517 A7 -1322 7 —1.318
s 0.942 s 0.715 s 0.711
1.6634 3.290 3.323
= —0.455 =+ —1.105 s —1.114

".‘? _c
Tg('LU‘4E) -0.752 7 1021070 7 0682 S 1657 7 1.670

Pt(107%V) -0313 - —0.951

«  —1.062 » —1.09471 7 —1.09411

For x=1,

In the degenerate Ga- InSh, _,As, alloy, for N = 2  Npppirgs), one gets:

T(K) 30 52.177

55 71.00113 715
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E, . 4.047 1.8138 1.659 1 0.983
1.?
5 ('LD -4 E) -1.166 . —1563 7 —1557 s -132 7 -1.310
zT 0557 -~ 1 y 0.992 . 0715 - 0.702
(ZThwum 7 0.201 1 1.196 3.290 3.400
".‘? _c
VC {1[] -4 E) 0579 . 266x107° - —0160 . —1105 =  —1.133
".‘? _c
T, (1[]‘4 E) 0868 7 —339x107° 7 0240 7 1657 7 1.699
Pt{107"V) —-0350 =~ —0815 .  —0.856 . —0938 7 —0.937
In the degenerate Mg- Insh,_,As, alloy, for N = 2 x Nppp(ryg), One gets:
T(K) 30 59.716 70 81.259592 815
E, . 4.657 1.8138 1.368 1 0.993
v
S ('LD -4 E) -1057 . -1563 S —-1503 ~ -132 7  —1317
zZT 0457 7 1 y 0.925 . 0715 - 0.710
(2T ome 70152 1.0009 1.756 3.290 3.336
".‘? _c
vC {'LU -4 E) 0508w 117 1077w —0524 = —1.105 = —1.117
1.‘? _C
T; (10"‘ E) —0763 7 —17ex107° 7 078 S 1657 7 1.675
Pt{107"V)  —0317 =~  —0933 =  —1.052 . —107401 7~ —1.0732
In the degenerate In- Insh,_, Az, alloy, for N = 2 x Nppp(r), one gets:
T(K) 30 60.128 70 81.819968 82
E, . 4.689 1.8138 1.386 1 0.995
v
5 ('LU -4 E) —1.052 . —-1563 7 —1508 A =132 & -1318
zT 0453 7 1 y 0.931 . 0715 0.711
(ZTeme 70150 1 1.711 3.290 3.324
1.‘;
VC {10 -4 E) 0506 . 25&x107° .  —0499 . -1105 - -1114
v
T, ('lﬂ'4 E) 0759 ~ —381%10°° 7 0748 1657 7 1671
Pt{107*V) —0315 =~ —0940 .  —1.056 . —1081417 .~ —1.0808
In the degenerate Cd- InSh, _,As, alloy, for N = Z % Nppy(req), One gets:
T(K) 30 60.552 70 82.396125 82.5
E, . 4721 1.8138 1.405 1 0.997
v
5 ('LU -4 E) —1.046 . -—1563 7 -—1513 A —1322 7 —-1.320
zT 0448 7 1 y 0.937 . 0715 0.713
(ZTeme 70148 1 1.666 3.290 3.309
1.‘? _C
vC {10'4 E) 0503 . —258x 1077+ —0473 . -1105 . —1110
1‘? _E
T, (10'4 E) —0.755 7 387x 1077 7 0710 7 1657 7 1.665
Pt{107°%) -0314 - -0946 = —1.059 . —1.08903 7 —1.0887
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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:

1
(i) for £, = 1.8138, while the numerical results of S present a same minimum (5} i 1:2 —1.563 % 10"%:], those of ZT

show a same maximum (ZT jpay = 1, (ii) for £y =1, those of S, ZT, (ZT) ey, VC, and T, present the same results:
~1.322%107*2 | 0.715, 3200, —1.105x 1072, and 1.657 x 107, respectively, and (iii) for &, = 1.8138,

(I pore =1

For x=0,

In the degenerate P- In5h,_,As, alloy, for T= 10.528 K, one gets:

M{10%em ¥} w3 2.5942062 2.3 2.11428385 2.11
£, . 2.42542 1.8138 1.336 1 0.992
3 ('LU -4 Er) -1.499 . -1563 7 —1493 A —-132 7~ -1316
zZT 0920 -~ 1 . 0.912 - 0715 0.709
(ZTeum 70559 1 1.844 3.290 3.345
vC {'LU -4 E?) 0438 » -752x107°. —0571 . —-1105 = —1.119

1I‘? -—
Tg('lﬂ'4E) ~0657 ~ 113x107F 7 085 S 1657 7 1678

Pt (107%) —1.578 w  —1.645 7 —1571 A —1.391 s —1.385

In the degenerate As- InSh, _,As, alloy, for T= 12.813 K, one gets:

M{10%em ) « 4 3.4831608 3 2.8387545 2.838
£, " 2.395 1.8138 1.221 1 0.999
v
5 ('LU -4 E) —1.504 . —1563 7 —1.448 ;=132 7 —1.3209
zT 0927 7 1 Y 0.858 . 0715 - 0.714
(ZTha 7 0.574 1 2.206 3.290 3.297
1.‘? _C

VC {10‘4 E) 0422 - -235%107°~ —0742 = —1105 ~  —1.107

T, (10'4 E) —0633 ~ 3.53x107% .7 1114 A 1657 7 1660

Pt (107%V) -1.928 . —2003 7 —1.856 s —1693 & —1.692

In the degenerate Sh- In5h, _,4s, alloy, for T= 15.0335 K, one gets:

N{10%cm %) « 45 4.4268778 4 3.6078456 3.607
E, . 1.880 1.8138 1411 1 0.999
-

5 ('LU -4 E) —1.562 -1563 7 -—-1514 S —132 7 -—1321

zT 0999 1 y 0939 . 0715 0.714
(ZThone 7 0.930 1 1.653 3.290 3.296

1.‘? _C
VC {10 -4 E) 0.422 » 214x% 1077+  —0.466 . —1105 =+ —1.106
v _
T, ('10'4 E) -0.092 7 —3.22x 1077 .7 0699 s 1657 7 1.660
Pt (107%V) —2.348 . —2350 7 —2277 s —1.987 7 -1.986
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In the degenerate Sn- InSh, _,4s, alloy, for T=15.1525 K, one gets:

M{10%cm ) w 5 4.4794468 4 3.6507193 3.65
E, . 2271 1.8138 1.364 1 0.999
5 ('LU -4 E) -1524 . —1563 & —=1502 S —1322 7 —1321
zZT 0951 7 1 4 0923 0715 0.714
(ZThone 7 0.638 1 1.768 3.290 3.295
1.‘? -
VC {10‘4 E) 0353 w —206x 1077w  —0.530 . -1105 . —1.106
v )
T; (10'4 E) -0529 & 3.08x107% 7 0796 7 1657 7 1659
Pt (107%V) -2310 . —2.368 7 —2.275 A —2003 & —2.002
For x=0.5,
In the degenerate P- In5h,_.As, alloy, for T=11.4883 K, one gets:
M{10%em ) . 3 2.7382966 25 2.2316667 2.23
E, . 2.101 1.8138 1.452 1 0.997
5 ('LD -4 E) -1535 . -1563 S —-1525  ~ —1322 7  —1319
zZT 0.965 7 1 ’ 0.952 w0715 0.713
(2T ssume 7 0.685 1 1.561 3.290 3.310
1.‘? -
VC {10‘4 E) 0303 =~ 385x 1077w  —0411 . -1105 =  —1.110
1.‘? _C
T; (10"‘ E) —-0454 7 -592x107° 7 0616 S 1657 7 1.665
Pt{107%V)  —1.764 . —179% 7 —1752 7 —1518 7 —1516
In the degenerate As- InsSh, _ Az, alloy, for T=13.9822 K, one gets:
M{10%em ) . 4 3.6766266 35 2.99641842 2.99
E, ’ 2.162 1.8138 1.617 1 0.991
1.‘F
5 ('LD -4 E) -1539 . -1563 ~ —1553 . —1322 7 —1315
zZT 0970 7 1 y 0.987 . 0715 0.708
(EThem 0.704 1 1.258 3.290 3.348
v _
Vi {10 -4 E) 0283 » -7£2%107%. —0207 = —1105 = —1.120
1.‘? c
T; (10"‘ E) —0424 7 1.14x107% 7 0310 71657 7 1680
Pt (1073V) —2.152 . —2185 & —2a71 s —1848 7 —1.839
In the degenerate Sb- InSh, _, Az, alloy, for T=16.4055 K, one gets:
M{10%em ) . 5 4.6727606 4 3.8082485 3.80
E, 4 2.092 1.8138 1.197 1 0.991
1.‘F
5 ('LU -4 E) —1547 =~ -1563 7 —1437 7 -—1322 7 —1315
zT 0980 7 1 . 0.845 - 0715 - 0.708
(ZTen 0.752 1 2.296 3.290 3.348
_
vC {10‘4 E) 0234 ~ &02%107%. —0780 w» —-1105 .  —1120
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Tg('lﬂ'4E) —0350 S —9.03x107f .~ 1171~ 1657 7 1.680
Pt (107%V) —2.538 . —2564 7 —2357 s —2168 & —2.158

In the degenerate Sn- InSh, _,4s, alloy, for T=16.535 K one gets:

N{10"cm ¥} . 5 4.7282496 4 3.8534551 3.85
E, ¥ 2.042 1.8138 1.150 1 0.996
S ('LU -4 E) -1552 . —1563 7 —1414 7 —1322 7 —1319

zT 0.986 7 1 sy 0818 0715 - 0.712
(ZT e 0.788 1 2.488 3.290 3.314
VC {10 - E?) 0197 = 273%107°. —0855 . —1105 .  —1.111

- _
Tg(ln‘“‘E] —-0.295 7 —4.09%107° 7 1283 7 1657 7 1667

Pt (107%V) —2566 . —2584 7 —2.337 s 2185 - —2.181

For x=1,

In the degenerate P- In5h,_,As, alloy, for T=12.633 K, one gets:

M{10%em *) . 3 2.9111922 25 2.37260017 2.37
£, . 1.936 1.8138 1.209 1 0.995
5 ('LU -4 EF) -1560 w —-1563 .~ —1443 7 —1322 7 —1318
zT 09% 7 1 . 0852 . 0715 0.712
(ZT)eume 70878 1 2.249 3.290 3.319
vC {'LU -4 E?) 0110 +» —246%107°. —0761 = -1105 = -1113

v _
Ts(lﬂ"‘E) ~0165 ~ 3&Ix107F 7 1141  ~ 1657 7 1669

Pt{107%W)  —1.970 . —1974 . —1823 7 1669 7 —1.665

In the degenerate As- Insh, _ Az, alloy, for T=15.3737 K, one gets:

N(10%em %) . 4 3.9087682 35 3.18559 3.18
E, § 1.907 1.8138 1375 1 0.993
'|.‘F
5 ('LD -4 E) -1561 . -1563 .~ —1505 ;o—132 & —1317
zT 0997 7 1 . 0.927 . 0715 . 0710
(T 7 0.904 1 1.740 3.290 3.337
".,? _E
VC {10 -4 E) 0086 ~ 266%107°.  —0515 = —1105 = —1117
- ]
T, (10'4 E) 0129 7 —4.00%x107% 7 0773 ;1657 ~ 1676
Pr(107%V) —2.400 . —2403 7 —2313 7 =2032 7 —2024

In the degenerate Sb- InSh, _.As, alloy, for T=18.0385 K, one gets:

N{10%cm %) ~ 55 4.9677978 45 4.0487165 4.045

E, . 2.236 1.8138 1.420 1 0.996
v

5 ('LD -4 E) -1529 =~  -1563 7 -1517 7 —1322 7 —1319
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zT 0957 7 1 . 0942 0715 0.712
(ZTae 0.658 1 1.630 3.290 3314

VC {10 -4 E?) 0331 » —-L36X107°. —0452 .  —-1105 . —1111

T; (10"‘ E?) —0497 7 2.04x10°%7 0679 7 1657 7 1667

Pt (1073V) —2759 . —2819 S~ —2.737 s —2384 7 —2.379

In the degenerate Sn- InSh, _. Az, alloy, for T=18.1809 K, one gets:

M{10%em ¥) . 55 5.0267904 45 40967788 4,096
£ ' 2.186 1.8138 1.374 1 0.999
w

5 ('LD -4 E) -1536 = —1563 7 —-1505 S —1322 7 —1321

zT 0966 1 . 0927 0715 - 0.714
(ZTen 0.689 1 1.742 3.290 3.295

.
ve(1072) o200 . 615x107f.-0516 . -1105 . -1106
v

T; (10"‘ E) —0448 -~ —9.23x107%7 0775 7 1657 7 1659
Pr(107%V) —2793 . —2842 7 —2735 s —2403 7 —2.402

Table 6p. Here, for a given T and with decreasing N, the reduced Fermi-energy £p 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 ’E,P = 1.8138, while the numerical results of S present a same minimum (5)pin 1:2 —1.563 % 10‘4%, those of ZT
show a same maximum (ZT g, = 1, (ii) for §; =1, those of S, ZT, (ZT) ey, VC, and T, present the same results:

~1.322%107*2 | 0.715, 3200, —1.105X 1072, and 1.657 x 107%2

o respectively, and (iii) for EPZL.BLSB,

(ZD) Mo = L.

For x=0,

In the degenerate Ga- InSh, _.As, alloy, for T=52.183 K, one gets:

N({10%cm %) . 25 2.2902686 2 1.8665455 1.866
£ . 2.176 1.8138 1.276 1 0.999
S ('LD - EF) -1537 . -1563 ~ —1471 7 -1322 7 -1321
zT 0968 7 1 0886 = 0715 - 0.714
(ZT) psone 70695 1 2.021 3.290 3.298
vC ('LU -4 E) 0292 ~  1.35x107f. -0659 - -1105 .  —1.107

v
Tg{lﬂ"‘E) —p438 7 —203x 1070 0988 7 1657 7 1.660

Pt(107%W) —8.023 ’ —8.156 s —7.676 s —6.897 7 —6.893

In the degenerate Mg- InSh, _, As, alloy, for T=59.722 K, one gets:
M{10%em *) = 3 2.8041452 25 2.2853372 2.28

E, 'y 2.091 1.8138 1.358 1 0.990
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5 ('LU -4 E) —1.547 . —=1563 7 —1.500 A -132 7 —1.315

zT 0980 7 1 y 0.921 . 0715 0.708

(ZTD s 70752 1 1.784 3.290 3.353
1.? -

VC (10 -4 E) 0233 =  2.86% 1077w —0539 «  —1105 = -1121

".‘? _c
Tg(ln‘“‘E) —0.350 7 -430%107° 7 0809 7 1657 7 1.682

Pt I:'J.D_!‘.-":I —9.241 'y —9.334 7 —8.956 s —=7.893 7 —7.853

In the degenerate In- InSh,_,As, alloy, for T=60.135 K, one gets:

N{10%m ¥} -~ 3 2.8332018 25 2.30904345 2.305
£, ¥ 2.048 1.8138 1.317 1 0.993
3 ('LU -4 E?) -1551 . —1563 . —1.486 s —132 & —-1317
zT 0.985 7 1 ’ 0.904 . 0715 0.710
(ZTh e 7 0.784 1 1.896 3.290 3.337
ve(10743) o201 » -268x107. 0588 . 1105 . 1117

".‘? _C
Tg('lﬂ'4E) —0.301 7 402x107° 7 0807 A 1657 7 1676

Pt I:'J.D_g‘.-":l —9.330 'y —9.399 7 —8.937 A =7948 7 —7.918

In the degenerate Cd- InSh, _.As, alloy, for T=60.558 K, one gets:

N{10%em %) . 3 2.8631806 25 2.3334658 2.333
E, ’ 2.004 1.8138 1.275 1 0.994
5 ('LU - Er) -1555 . —1563 7 —1471 7 —1322 7~  -1317
zT 0.990 7 1 , 0.885 . 0715 - 0.710
(T e 70819 1 2.022 3.290 3.330
ve(1073) o167 . -487x107°. —0ss9 . -1105 . -1us

1.‘? _
Tg(ln"‘E) —0250 -~ 7.30x107° 7 0989 S 1657 ~ 1673

Pt{107®V) —9418 =~  —9465 7 —8.907 s —-8004 7 —-7.978

For x=0.5,

In the degenerate Ga- InSh, _.As, alloy, for T=52.449 K, one gets:

N(10%%m ¥} ) 1.8889296 1.7 1.53945142 1.539
E, . 2.048 1.8138 1.395 1 0.999
v
5 ('LU -4 E) —-1.551 . —1563 7 —1511 A -132 7 -1.321
zT 0985 7 1 y 0.934 « 0715 0.714
(ZTeme 70784 1 1.690 3.290 3.298
".‘? _c
vC ('LU -4 E) 0201 2.37% 1077w —0.487 . —1105 —-1.107
1‘? _E
T, (10'4 E) —0.301 7 —-355x 1077~ 0731 7 1.657 7 1.660
Pt (107°) -0.814 - -0.820 7 —0.792 S~ —0.6932 7 —0.6928
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In the degenerate Mg- Insh,_As, alloy, for T=60.028 K, one gets:

M 10°%m *) w 25 2.3127562 2.2 1.88488252 1.88
E, ¥ 2.134 1.8138 1.614 1 0.989
s ('LU -4 Er) -1542 . -1563 7 —1552 7 =132 7  —1314
zZT 0974 7 1 y 0.986 ¥ 0715 - 0.707
(ZThsem 70722 1 1.263 3.290 3.360

vC ('LU -4 E) 0264 . —2497% 1077 —0210 » —1105 - -1.123

1‘? _E
Tg('LD‘“*E) -0.3%6 7 373N 10T 0316 A 1657 7 1.684

Pt I:'J.D_:‘.-":I —0.926 . —-0.938 7 —0.932 7 —=0.79339 7 —0.7889

In the degenerate In- InSh,_,4s, alloy, for T=60.442K, one gets:

N{10%em ¥} . 25 2.336721 2.2 1.9044144 1.904

E, y 2.091 1.8138 1573 1 0.999

S ('LU -4 E) -1547 . -1563 7 —1547 7 -1322 7  -1321
zT 0.980 7 1 , 0.980 . 0715 = 0.714
(ZTh e 70752 1 1.329 3.290 3.296

VC {10 - E?) 0233 = —267%107°. —0258 . -1105 .  —1106

".‘? _c
Tg(lﬂ‘“‘E) —0.350 7 401%107° 7 0387 7 1657 7 1660

Pt (107°) -0.935 —0.945 7 -0935 .~ —0.7989 .  —0.7985

In the degenerate Cd- InSh, _.As, alloy, for T=60.8672K, one gets:

M 10°%m *) w 25 2.3614464 2.2 1.9245578 1.924
E, . 2.047 1.8138 1.531 1 0.999
3 ('LU -4 E?) —1.552 . —-1563 7 -1541 A =132 7 -1321
zT 0985 1 y 0.972 w0715 0.714
(ZTeme 7 0.785 1 1.403 3.290 3.298
vC {10 -4 E?) 0200 = —678X107°. —0309 . -1105 .  —1107

1‘? _E
Tg('lU‘J'E) —0.300 7 102%107° 7 0463 7 1657 7 1660

Pt (1075V) —0.944 - —0.951 A~ —0.938 7 —0.80448 7 —0.80398

For x=1,

In the degenerate Ga- InSh, _,4s, alloy, for T=52.177 K, one gets:

N{10%em ¥} . 2 1.4873359 1.45 1.21215745 121
£ . 3.120 1.8138 1.712 1 0.993
5 ('LD - EF) -1.358 w -1563 7~ —1.560 A —1322 7 -1.316
zT 0755 7 1 ’ 0.997 . 0715 0.709
(ZT)eume 7 0.338 1 1.123 3.290 3.338
VC {10 -4 E?) 0639 = 2e6x107°. —0103 . -1105 =  —1117
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T, (1[]‘4 E) 7 —389%107° 7

—0.958 0154 7 1657 7 1.676
Pt(107°V) -0709 . —0815 .~ —0.814 7 —06896 .~  —0.6869

In the degenerate Mg- Insh,_.As, alloy, for T=59.716 K, one gets:

M{10%%em =) . 25 1.8210554 1.6 1.4841384 1.484
E, ’ 3.218 1.8138 1.300 1 0.999
S ('L[] -4 Er) -1.337 . -—-1563 7 -1480 S —1322 7  -1.321
zZT 0732 -~ 1 y 0.897 . 0715 0.7148
(ZTeum 70318 1.0009 1.946 3.290 3.292
VC {10 -4 E?) 0645 = 117x107°w —0623 . —-1105 —1.1056

T, (1 04 E?) —08968 S~ —L76X107° 7 0034 1657 7 1.658
Pt(107°¥) -0798 =~  —0933 .~  —0.884 ~ —0.7893 7~ —0.7891

In the degenerate In- InSh,_,As, alloy, for T=60.128 K, one gets:

M{10%%em ) . 25 1.8399251 1.6 1.499519795 1.498
E, . 3.169 1.8138 1.259 1 0.996
S ('L[] -4 E?) -1.348 . -—-1563 7~ -—1464 S  —1322 7~  -1.319
zZT 0743 -7 1 y 0.878 . 0715 - 0.712
(ZTh e 7 0.327 1 2.074 3.290 3.317
VC {10‘4 E?) 0643 . 254x107%. —0684 . -1105 .  —1112

T, (1[]‘4 E?) —0964 S —381%107° 7 1026 S 1657 7 1668
Pt(107%¥) -0810 =~ —0940 ~ —0880 .~ —0795 7  —0.793

In the degenerate Cd- InSh, _.As, alloy, for T=60.552 K, one gets:

M{10%%em =) . 25 1.8593938 1.6 1.51539518 1.515
E, ’ 3.119 1.8138 1.217 1 0.999
5 ('LU -4 E?) -1358 . -1563 S —1445 7  —1322 7~ -1321
zT 0755 7 1 y 0.856 w0715 - 0.714
(ZTh e 7 0.338 1 2.219 3.290 3.297
vC {10 -4 E?) 0639 . -258x107°. —0748 . —-1105 .  —1.107

T, ('LU‘4 E?) 0958 S 3871070 0112 S~ 1657 7 1.660
PL(107%V) -0.822 - -0946 7~ —0.876 s —0.800 7 —0.7998
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