ISSN 2786-7447

_—

EUROPEAN JOURNAL OF
THEORETICAL AND APPLIED SCIENCES

OPEN ACCESS

PEER REVIEWED

Maximal Efficiencies in New Single GaAs;_,Sby-Alloy
Junction Solar Cells at 300 K

Huynh Van-Cong *
Université de Perpignan 1'ia Domitia, Laboratoire de Mathématiques et Physique (LAMPS), EA 4217,
Département de Physigue, 52, Avenue Paul Alduy, F-66 860 Perpignan, France

S T Abstract:
Van-Cong, H. (2024). Maximal In single n*(p*) —p(n) [X(x) = GaAs;_,Sby]-alloy junction
Efficiencies in New Single solar cells at 300 K, 0 < x < 1, by basing on the same physical
GaAs; xSby-Alloy Junction Solar model and the same treatment method, as those used in our recent
Cells at 300 K. European Journal of work (Van Cong et al., 2023; Van Cong, 2023), we will investigate

;rgeggef”ﬂ/ and Applied Sciences, 2(1), the highest (or maximal) efficiencies, Nimax.(1imax), Obtained at the

DOT: 10.59324/citas.2024.2(1).05 open circuit voltage Voo(= Vocrocrry), according to highest hot
reservoir temperatures Ty (K), obtained from the Carnot efficiency
theorem, being proved by entropy law. Here, one first remarks that,
with increasing x=(0, 0.5, 1), (i)- from Table 3, for the single n* — p X(x)-alloy junction solar cell and
for given rgp(cq)-radius, for example, Nimax (V)= 31.14%, 28.72%, 25.36%, according to Ty(K) =
435.7,420.9,401.9, at V, (V) = 1.07,1.09, 1.17, respectively, while, (ii)- from Table 5, for the
single p* —n X(x)-alloy junction solar cell and for given Icd(sny-radius, for example, Nimax (7)=
33.04%, 34.26%, 35.47%, according to Ty(K) = 448.0,456.3,464.9, at Voo i(V)[> Vo (V)] =
1.20,1.27,1.38, respectively, suggesting that such TNimax (iimax)-and-Ty variations depend on the
Vot (M [> Vo (V)] — values.  (iii)-Then, as given in Table 3, for x = 0andforrgy) =
I'Te(Mg), ONE gets: Ny =23.48 % and 29.71 % at Vo = 0.98 Vand 1.1272V, respectively, which can also
be compared with the corresponding results, obtained by Moon et al. (2016) and Green et al. (2022) for
the single-junction GaAs thin-film solar cell, 22.08 % and 29.1 %; that gives the relative deviations in
absolute values, as: 6.34 % and 2.1 %. Further, for X = 1 and for rqe,) = TIsn(cq), one gets in Table 3:
Nimax. =25.36 % at Vo = 1.17 V, and in Table 5, Nyymax. =35.47 % at V. = 1.38 V, which can also be
compared with the corresponding results, obtained for the single-junction GaSb-solar cells by Van Cong
(2023), 11.17 % (12.03 %) and 11.34 % (12.16 %), respectively. As a result, in order to obtain the highest
efficiencies, the single GaAs;_ySby-alloy junction solar cells could be chosen rather than the single
crystalline [GaAs, or GaSb]-junction solar cells.

Keywords: single GaAs,_ySby-alloy junction solar cell; single crystalline (GaAs, or GaSb)junction solar cells;
photovoltaic conversion factor; photovoltaic conversion efficiency

Introduction

In single n*(p™) — p(n) [X(x) = GaAs;_,Sby]-alloy junction solar cells at 300 K,0 < x <1, by
basing on the same physical model and treatment method, as used in our recent work (Van Cong, 2023;
Van Cong et al., 2023), and also other works (Green, 2022; Moon et al., 2016; Singh & Ravindra, 2012;
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Van Cong & Debiais, 1997, 1993; Van Cong et al., 1984), we will investigate the highest (or maximal)
efficiencies, Nimax (11max.), according to highest hot reservoir temperatures Ty (K), obtained at the open

circuit voltage: Vo = Vocrociry and from the Carnot- efficiency theorem, being proved by entropy law.
Some concluding remarks are discussed as follows.

(i)-As noted in Tables 2 and 4, the total (or dark) carrier-minority saturation current density Jorcorr)
decreases slightly with increasing 74 (4)-radius for given x, and it increases with increasing x for given
Tq(a)-radius. Then, as observed in Tables 3 and 5, at a same V¢, the photovoltaic conversion factor,
M1y (Voc), also decreases with increasing 74(q)-radius for given x, and it increases with increasing x for
given 1y (q)-radius. In other words, as discussed in Eq. (45), at a same V¢, both Jo;(o1ry and ny(py have
the same variations for the same physical conditions. Further, it should be noted in the work by Singh &

Ravindra (2012) that the maximal efficiency value 1,45, could not be obtained, since the “quality factor
n” was assumed to be equal to 1.

(ii)- Then, as observed in Tables 3 and 5, with such variations of nyy, (Vo), the maximal values of Ni(n>
Ninmax., and the corresponding ones of the H-reservoir temperature, Ty, obtained at same
corresponding Voo = Vocrcociny-values, as marked in bold, increase slightly with increasing rg(a)-radius
for a given x.

(iii)-Finally, as given in Table 3, for x = 0 and for rqzy = I'remg), ONE gets: 1 =23.48 % and 29.71
% at Voo = 0.98 V and 1.1272 V, respectively, which can also be compared with the corresponding
results, obtained by Moon et al. (2016) and Green et al. (2022) for the single-junction GaAs thin-film
solar cell, 22.08 % and 29.1 %; that gives the relative deviations in absolute values, as: 6.34 % and 2.1 %.
Further, for x = 1 and for rge,) = Trsp(cq), one gets in Table 3: Nipax, =25.36 % at Vo = 1.17 V, and
in Table 5, Nymax. =35.47 % at Vo = 1.38 V, which can also be compared with the corresponding
results, obtained for the single-junction GaSb-solar cells by Van Cong (2023), 11.17 % (12.03 %) and
11.34 % (12.16 %), respectively. As a result, in order to obtain the highest efficiencies, the single
GaAs;_ySby-alloy junction solar cells could be chosen rather than the single crystalline [GaAs, or GaSb]-
junction solar cells.

In the following, we will show that the energy-band-structure parameters, due to the effects of x-Sb
concentration, size impurity, temperature T and heavy doping, affect strongly the dark (or total) minority-
carrier saturation current density and the photovoltaic conversion effect. Finally, some numerical results
and concluding remarks will be also presented.

Energy-Band-Structure Parameters and Dark Minority-Carrier Saturation Current
Density, due to the Effects of x- Sb Concentration, Impurity Size, and Heavy
Doping

First of all, in the single n*(p*) — p(n) X(x)- alloy junction solar cells, X(= GaAs; _4Sby), we present
the effects of x-Sb concentration, donor (acceptor) [d(a)]-size, temperature T and heavy doping, affecting

the energy-band-structure parameters, as those investigated in our previous works (Van Cong, 2023; Van
Cong et al., 2023).

A. Effect of x-Sb Concentration

In the n*(p*) — p(n) single n*(p*) — p(n) X(x)- alloy junction at T=0 K, the energy-band-structure
parameters are expressed as functions of x, are given in the following.

(i)-The unperturbed relative effective electron (hole) mass in conduction (valence) bands are given by:
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m.(x)/m, = 0.047 X x 4+ 0.066 X (1 —x), and
my(x)/m, = 0.300 X x + 0.291 X (1 — x), 1)

so that one obtains: m¢(X = 0)/m, = M¢(gaas)/Me=0.066, my(x = 0)/m, = Mygaas)/M=0.291,
and mc(X = 1)/m0 = mc(GaSb)/m0:0.047, mV(X = 1)/m0 = mV(GaSb)/mOZO.SOO.

(ii)-The unperturbed relative dielectric constant of the intrinsic of the single crystalline X- alloy is found
to be defined by:

€0(x) =15.69 xx +13.13 X (1 —x), 2)

which gives: €5(X = 0) = €gaas=13.13 = 13.1, and €5(X = 1) = €gasp = 15.69 = 15.7.
(iii)-Finally, the unperturbed band gap at 0 K is found to be given by:

Ego(x) ineV =0.81 xx +1.52 x (1 —x), 3)
giving rise to: Ego (X = 0) = Eggaas = 1.52 €V, and Ego (X = 1) = Eggasp = 0.81 €V.

Therefore, we can define the effective donor (acceptor)-ionization enetgy at I'q(a) = I'qo(ao) in absolute
values:

13600X[m¢(y)(X)/mo]
[e0(x)]? meV, Y

Edo (ao0) (X) =

and then, the isothermal bulk modulus, by:

Edo(ao)(®)
(4m/3)x (rdo(ao))3 .

Bdo(ao) (X) = (5)

B. Effects of Impurity-Size, with a Given x

Here, the effects of rq(,) and x-Sb concentration affect the changes in all the energy-band-structure

parameters, being expressed in terms of the effective relative dielectric constant €(Iq(ay, X), as follows.

At T'q(a) = I'do(ao) = 'as(Ga) = 0.118 nm (0.126 nm), respectively, the needed boundary conditions

are found to be, for the imputity-atom volume V= (41/3) X (rd(a))3, Vdo(ao) = (41/3) X (rdo(ao))3,
for the pressure p, po = 0, and for the deformation potential energy (ot the strain energy) o, 6, = 0.
Further, the two important equations (Van Cong et al., 1984), needed to determine the o-variation Ac=

_ dp_ B _ do .. ~d.do
0—0, = 0, are defined by: Vo Vand p=—7y - giving: dV( v

B . .
=7 Then, by an integration, one gets:
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\'4 r'd(a 3
[80Cta@r 9], ) =Baoaoy X (V=Vaoao)X I G)= Eaoguoy 00 x | (221) — 1
3
Td(a)
n(rdo(ao)) = 0. (6)

Furthermore, we also shown that, as I'q(a) > T'do(ao) (Tda) < T'do(ao)), the compression (dilatation)
gives rise to the increase (the decrease) in the energy gap Egy(gp) (rd(a),x), and in the effective donor
(acceptor)-ionization energy Eq(a) (rd(a), X) in absolute values, obtained from the effective Bohr model,

and then such the compression (dilatation) is represented respectively by: =+ [AG(rd(a),X)]

n(p)’
respectively,
g0\
Egn(gp) (rd(a)JX) - Ego(X) = Ed(a) (rd(a)lx) - Edo(ao) x) = Edo(ao) (x) X l(m) - 1] =
+ [Ao(rd(a),x)]n(p),
for T'q(a)y 2 I'do(ao)> 20d for I'qa) < Tdo(ao)s
2
o(X)
Egngp)(Tday X) — Ego(X) = Eqa)(Taa) X) — Edoao) X) = Edoan)(X) X l<€?T;)) - 1] =
— [Ao(racay, %] ()

n(p)’

Therefore, from Equations 6 and 7, one obtains the expressions for relative dielectric constant €(I'q(a), X)

and energy band gap Egy(gp) (rd(a), X), as:

. . _ (x)

(i)-for Tg(a) = T'do(ao), Since €(rgqeay X)= 830 z ==&, (x),
Td@ " _ Td(a)
\/1+ (rdo(ao)) 1]Xln<rdo(ao))

E E =E E =E raw )’ _

gn(gp) (rd(a)'x) - go(X) — Ld(a) (rd(a)’x) - do(ao)(x) = do(ao)(X) X ) = X

do(ao)
3
Td@ >

In (rdo(ao)) - 0' (821)

according to the increase in both Egp(gp) (rd(a), X) and Eq(y) (rd(a), X), for a given x, and

€0 (%)

_[(ra@ VP ra@ \?
1 [(rdo(ao)) 1]Xln(rdo(ao))

> £,(x), with a condition, given

(ii)-for Fd(a) < Fdo(ao)» since s(rd(a),x): \/

T'd(a) 3 I'd(a) 3
by: (—) ~1 xln(—) <1,
do(ao) Tdo(ao)
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3
Egn(gp) (rd(a); X) Ego () = Eqqa (rd(a)' X) Edo(ao)(®) = —Edo(ao) (¥) X [ d(a) - 1] X

rdo(ao)

n (L) <0, (8.b)

Tdo(ao)
cotresponding to the decrease in both Egy(gp) (rd(a), X) and Eq(y) (rd(a), X), for a given x.

C. Effect of Temperature T, with Given x and rg(,)

Here, the intrinsic band gap Egin(gip)(aa), X, T) at any T is given by (Van Cong, 2023; Van Cong et al.,
2023):

3.6773xx . 5.405x(1-x) )
T+94 K T+204K I’

Egin(gip) (rd(a),x, T) ineV = Egn(gp) (rd(a),x) - 10_4 X TZ X [

which giVCSZ Egin(gip) (rdo(ao),x = O,T = OK) = 1.52 eV and Egin(gip) (rdo(ao),x = 1,T = OK) =
0.81 eV, and Egin(gip)(rdo(ao),x = 0, T =300 K) ~142eV and Egin(gip) (rdo(ao),x = 1,T =
300K) ~ 0.73 eV,

suggesting that, for given x and I'q(a), Egin(gip) decreases with an increasing T.

Furthermore, in the n(p)-type X(x)-alloy, one can define the intrinsic carrier concentration Njpjp) by:

_ —Egin(p)(T.raa)X)
22 (T Py ) = NeCT, ) X Ny(T, ) X exp (el reem)) (10)

where N¢y) (T, x) is the conduction (valence)-band density of states, being defined as:

me ) (X)XKBT
New)(T,x) = 2 x (P 280 B)( (11)

2mh?2

So, the numerical results of Ed(a) (rd(a), X), Bdo(ao) (X), s(rd(a), X) and Egin(gip) (rd(a), X, T), calculated
using Equations 4, 5, 8a (8b) and 9, are reported in following Table 1.

Table 1 in Appendix 1.

D. Heavy Doping Effect, with Given T, x and 7 (4)

Here, as given in our previous works (Van Cong, 2023; Van Cong & Debiais, 1993), the Fermi energy
Epn(—EFp), band gap narrowing (BGN), and apparent band gap narrowing (ABGN), are reported in the
tollowing.

First, the Fermi energy Epy (—Epp), obtained for any T and any d(a)-density, Ng(q), being investigated in

our previous paper (Van Cong & Debiais, 1993), with a precision of the order of 2.11 X 1074, is found
to be given by:
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B
Ern() ZErp(y _ SO 4 — 0005372 and B = 4.82842262, (12)
kgT kgT 1+Au

; : —_ Naw 2 _4 _8\73
where u is the reduced electron density, u(Ng(q), T, X) = Ny (T’ F(u) = aus (1 +bu 3+ cu 3) ,

a= [(3\/5/4) X u]z/g, b= %(g)z , — 523739855 (”) and G(u) = Ln(u) + 2_% X u X e 4,

1920
— 23/2 3
d=232|L-2|>0
Here, one notes that: (i) as u > 1, according to the HD [d(a)- X (x)- alloy] ER-case, or to the degenerate

Epn(ukl) ,—Ef (u<<1)
FkBT (— ) & —1, to the LD [a(d)-

CdS,_,Se,- alloy] BR-case, or to the non-degenerate case, Eq. (12) is reduced to the function G(u).

case, Eq. (12) is reduced to the function F(u), and (ii)

Secondly, if denoting the effective Wigner-Seitz radius s, (sp), characteristic of the interactions, by:

Mc(v) )

E(Td(a)x)

n(sp d ) X = I I 7 Z 3 g

d(a)

s 9ewy = 1(1), (13)

the correlation energy of an effective electron gas, Ecp(cp) (Nd(a), Td(ay x), is given as [4]:

087553 (2[1-In(2)] B
: (N ) 087553 +0-09°8+rsn(sp)'( - )xln (Fsn(sp))—0-093288
Taay X) =
cn(cp)\Td(a) Td(a) 0.0908+7sn(sp) 1+0.03847728xr%5737887°

Now, taking into account various spin-polarized chemical potential-energy contributions such as [4]:
exchange energy of an effective electron (hole) gas, majority-carrier correlation energy of an effective
electron (hole) gas, minority hole (electron) correlation energy, majority electron (hole)-ionized d(a)
interaction screened Coulomb potential energy, and finally minority hole (electron)-ionized d(a)
interaction screened Coulomb potential energy, the band gap narrowing (BGN) are given as follows.

Then, in the n-type HD X (x)- alloy, the BGN is found to be given by (Van Cong, 2023):

1

AE ,(Ng,14,%) = a; X :(g(";) x N3 4+ aq, x jo(") x N3 x (2.503 x [ E.y(rn) X 1en]) + ag X
£o(x) 15/4 1/4 60 L n1/2 ) |2 o nié _

L(rd‘x) X XN +a, X prp XN."" X2+ ag X L(rd‘x)] X Np, N, =
_ Na

(9.999><1017 cm—3)’ (14n)

where  a; =3.8%x1073(eV), a, =6.5x1074(eV), az; =2.8x1073(eV), a, =5.597 X
1073(eV) and as = 8.1 x 10~*(eV), and in the p-type HD X (x)- alloy, as:
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AEgy(Ng gy %) = ay X 2281 x N3 4 q, x Dol N3 X (2.503 X [~Ep(1sp) X 15p]) + a5 X

&(rg.x) &(ra
5/4 3 1
£0(x) / 1/4 Eo(¥) 1/2 [So(x) ]2 6 = (—Na )
[s(ga.x) X >< N-™"+ 204 X e(rg,x) X N.™" + as % £(rg,x) X NT’ N, = 9.999%x1017 cm=3 )’

(14p)

where  a; = 3.15 x 1073(eV), a, = 541 X 107*(eV), az = 2.32x 1073(eV), a, = 4.12 X
10~3(eV) and

as = 9.80 x 1073(eV).

Therefore, in the HD[d(a)- X(x)- alloy] ER, we can define the effective extrinsic cartier concentration,

1'lzn(ep)) by:

. B AE
Nenepy Nagay T Tagay %) = /Na@) X Po(M6) = Nin(ipy (T, Ta(ay X) X exp [%;gm , (15)

where the apparent band gap narrowing (ABGN), AE gy (agp), is defined by:

AEqgn(Nay T, T, X) = AEgn(Ng, T, ) + kpT X In (-2 = Ep(Ng, T, X), (16n)

N(T.x)
N,

) + Epp(No T, 1)) (16p)

A gy (Nay Ty, %) = AEyy(Ngy Tar X) + kT X In (NU(;,x)
Total Minority-Carrier Saturation Current Density

In the two n*(p*) — p(n) X(x)- alloy -junction solar cells, denoted respectively by I(II), the total
carrier-minority saturation current density is defined by

]01(011) = ]Eno(Epo) + ]Bpo(Bno) (l 7)

where Jppo(Bnoy i the minority-electron (hole) saturation cutrent density injected into the LD[a(d)-

X (x)- alloy] BR, and Jgne(gpo) 1s the minority-hole (electron) saturation-current density injected into the
HD[d(a)- X (x)- alloy] ER.

JBpo(Bno) in the LD[a(d)- X(x)- alloy] BR
Here, /po(Bno) is determined by (Van Cong, 2023):

Deh)(Ng(ay T'"a(d)*)
TeB(hB)Na(a))

exny iy (T\Ta(d) X)X \/

]Bpo(Bno) (Na(d)' T, Ta(a), X ) = 5 (18)

Nacay

WWW.EJTAS.COM EJi'AS 2024 | VOLUME 2 | NUMBER 1



where nizp(in) (T, Ta(ay, %) is determined Eq. (10), Decny(Nacay T»Tacay, *) is the minority electron
(minority hole) diffusion coefficient:

2
De(N, T, 10, %) = “20 51200 + = o_gllx(fa’;)) (cm?s~1), (192)
1+(13x1017an—3) ?
_ kgT 270 g(rgx) 2 2 -1
Dy (Ng, T, 70, %) = “25 % |130 + - 3)1.25]><(80(x)) (cm2s™Y), (19b)
8x10+/ cm™

and Top(np)(Ng(a)) is the minority electron (minority hole) lifetime in the BR:

1
10~7
1
1077

T,5(N)™ =—— +3x 10713 x N, + 1.83 x 10731 x N2, (20a)

Tng(Ng) ™t =

+11.76 X 10713 x N + 2.78 x 10731 x N2, (20b)

J Eno(Epo) in the HD[d(a)- X (x)- alloy] ER

In the non-uniformly and heavily doped emitter region of d(a)- X(x) devices, the effective Gaussian d(a)-
density profile or the d(a) (majority-e(h)) density, is defined in such the HD[d(a)- X (x) alloy] ER-width
W, as (Van Cong et al., 2023; Van Cong, 2023):

2
2 a a _(l)
pd(a)(y, Nd(a)’W) = Nd(a) X exp {— (%) X In [le} = Nd(a) X [&] v 5 0<

Ndo(ao)(W) Ndo(ao) w)
y<w,
. ; w 1.066 (0.5) .
Naotaoy(W) = 7.9 X 1017 (2 X 10°) X exp {— (= o —) } (cm™), 1)

where  pgq)(y = 0) = Ng(qy is the surface d(a)-density, and at the emitter-base junction,
Pa@) Y = W) = Ngo(ao)(W), which decreases with increasing W. Further, the “effective doping
density” is defined by

agn(agp) (pd(a);T,Td(a).x)]

* _ AE,
Ngay @ Nagay T Taay %) = Pay(y)/exp [

kgT
; — Nd(a)
N; =0,Nye), T, Tq(aq), X) = , and
iy atay T Tatey ) AEqgn(agp)(Nd(ayT " d(a)*)
exp KT
X — Ndo(ao) w)
N* = W, T, T, ) X) = 5 22
iy (@ %) AE qgn(agp)(Ndo(ao) W) T d(a)*) (22)
exp kT
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where the apparent band gap narrowing AE; gy qgp) is determined in Eq. (16), replacing Ng(q) by
Pay (¥ Nagay W ).

Now, we can define the minority hole (minority electron) transport parameter Fj .y as:

Frey(, Nagay, T Ta(ay X) =

Na(a)

AE
Dp(eyxexp [%

5 2
nizn(ip)(T:Td(a)) _ Ni(a) — Na@ 5 (nin(ip)) —

Po(No)XDpe) B Dhe)  Dhe) Minpy )

(em™ X s), (23)

the minority hole (electron) diffusion length, Ly ) (y, Naway T, Tacay x) by:

- N* 2
Lr_l%e)(y, Nd(a); T, Td(a) X) = [ThE(eE) X Dh(e)] ! = (C X Fh(e) )2 = (C X M) = (C X

2
nl?n(ip)(T'rd(a)))
Po(No)XDhe)

where the constant C was chosen to be equal to: 2.0893 X 10739 (¢m*/s), and the minority hole
(minotity electron) lifetime Tpg (e as:

1 1
- = 2
Dh(e)XLh%e) Dp(e)X(CXFe(ny )

ThE(eE) = 24)

Then, under low-level injection, in the absence of external generation, and for the steady-state case, we
can define the minority-h(e) density by:

Po )Mo ()] = “indip) (25)

Na(@)V=W.T'Taa)x)’

and a normalized excess minority-h(e) density u(x) or a relative deviation between p(y)[n(y)] and

Po (V) [no (V)]

_ 2P @) [e )]
u(y) = Do Mo (26)

which must verify the two following boundary conditions as:

—Jn(y=0)[Je(y=0)]
eSxpo(y=0)[ny(y=0)]

u(y =0) =

uly =W) = exp (Tll(n)(V)XVT)
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. . . . . cm, .
Here, nypy (V) is the photovoltaic conversion factor, being determined later, S (T) is the sutface

recombination velocity at the emitter contact, V is the applied voltage, Vr = (kgT/e) is the thermal
voltage, and the minority-hole (electron) current density J5(e) (y, Td(a) x).

Further, from the Fick’s law for minority hole (electron)-diffusion equations, one has (Van Cong et al.,
2023; Van Cong, 2023):

—e(+e)Xnly (i) % du(y) _ —e(+e)nfn(ip)Dhie) Na(ayTd(a)X) % du(y)

Fpe)(¥) dy Ns(a) . racayx) dy

Jney(Y Tay x) = , 27)

where N;(a) () Taay %) is given in Bq. (22), Dp(ey and Fyey are determined respectively in Equations
(19) and (23), and from the minority-hole (electron) continuity equation as:

dJnee)(Y.racayx) 2 u(y) 2 u(y)
———— = —e(+e) Xn; X——————= —e(+e) Xn; .
dy (€)X Ming) Fh(e) W) XLf, ey ) (€)X ingy) Ng(a) VT d(a) X)X ThE(eE)’
(28)
Therefore, the following second-order differential equation is obtained:
2
d’u(y)  dFne)() ) _u®) 0, 29)

dy? dy dy  Lie®)

Then, taking into account the two above boundary conditions given in Eq. (22), one thus gets the general
solution of this Eq. (29), as:

_ sinh(P(y))+I(W,S)xcosh(P(y)) ( ( 1% )_ )
u(y) = sinh(P(W))+I1(W,S)xcosh(P(W)) X\ exp nyn(V)XVr 1), (30)

where the factor [(W, S) is determined by:  Dpe) (Nd, T, "acay x)

Dp(e)(¥=W,Ndo(ao) (W).T,7dq(a)X)

I(T, Tagay % w.S) = SXLpey(Y=W.Ngo(ao)(W),T.r q(a)x)’ S
. dr(y) _ 1 _ .
Further, since o = C X Fye) (y)—m, C = 2.0893 x 1073° (cm*/s), for the X(x)-alloy, being

an empirical parameter, chosen for each crystalline semiconductor, P(y) is thus found to be defined by:

_ dy _ 1 w dy _w Lpiey(»)
P = (Y& 0o<y<Ww Ply=W)=(—X = — = —
@)= Lh(e)(y))’ =y=Ww, o ) =G Jo Lh(e)(y)) Lhe)®)  Lhey®)
w
32
Lpey(»)’ (52)
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where Lfl(e) (y) is the effective minotity hole (minority electron) diffusion length. Further, the minority-
hole (electron) current density injected into the HDJ[d(a)- X(x) alloy] ER is found to be given by:

]h(e) (Y; w, Nd(a)' T, Td(a) X S, V) = —Jeno W, W,Ny, T, 74,x,5) UEpo (y,W,N,,T,1,,x,5)] X
|4
— -1
(exP (Tll(n) (V)XVT) )’ (33)

where Jgno(gpo) 18 the saturation minority-hole (minority-electron) current density,

enizn(ip) XDhp(e) cosh(P(x))+I1(W,S)xsinh(P(x))
Nj;(a) (Y Naa)yTrd@)yX)XLne)  Sinh(P(W))+I(W,S)xcosh(P(W))’
(34)

]Eno(Epo) (y: w, Nd(a): T, Td(a) %, S) =

In the following, we will denote P(W) and I(W, S) by P and 1, for a simplicity. So, Eq. (30) gives:

enz. . )(Dh(e) 1
—OW.N Tr x,5) = _ in(ip) - . 35
]Eno(EpO) (y d(a) d(a) ) Ng @y Nacay Trda)*)XLne) sinh(P)+Ixcosh(P) ( )
en’ . . XDh(e) cosh(P)+Ixsinh(P)
=W, W,N ;TT x,S)=— ()
]Eno(Epo) (y » W Nd(ay 1 Td(a)r 4> ) Né(a)(y=W,Nd(a):T:rd(a)'x)XLh(e) sinh(P)+Ixcosh(P)’
(30)
and then,
]h(e)(y:O,W,Nd(a),T,Td(a),x.S,V) — ]Eno(Epo)(yzo'W'Nd(a)’T’Td(a)'x's) — L (37)

]h(e)(y:W,W,Nd(a).T,rd(a),x,S,V) - ]Eno(Epo)(y:W,W,Nd(a),T,rd(a),x,S) - cosh(P)+Ixsinh(P)’

Now, if defining the effective excess minority-hole (electron) charge storage in the emitter region by:

ThE(eE) Nd(a) T/ d(a)X)

* — = w -
Qheyy =W, Naa), T, Ta(ay, X) = [, +e(=e) X u(y) X po()[n,()] X b it T
and the effective minority hole (minority electron) transit time [htt(ett)] by: Tpppcern (Y =

W, W, Nyay Tacy % S) = Qiey ¥ =W, Nagay, T Taay %)/ noepor (y =
w,w, Nd(a), T, Ta(a) % S), and from Equations (24, 31), one obtains:

Thetcetty V=W.W,Na(a) TV d(a)X.S) =1_ JEno(Epo) Y=0W.Na(a)TTa(@)%S) _ 1

TRE(eE) JEno(Epo) Y=W.W.Na(a)T.raay%S) cosh(P)+Ixsinh(P)’
(38)

Now, some important results can be obtained and discussed below.
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Dp(ey(Ndo(ao)(W),T.Td(a)X)
SXLp(e)(Ndo(ao) W), T\ "d(a)X)

As P L1 (or W L Lpey) and § » oo, [ = [(W,S) = - 0, from Eq. (38),

Thet(ett) (y=W,W.Ng(a)T.7d(a)XS)

ThE(eE)
case, where, from Eq. (36), one obtains:

one has: — 0, suggesting a completely transparent emitter region (CTER)-

enfn(ip) XPn(e) 1
Ni(@yV=W.Naa) T @) *)XLney ~ PW)’

]Eno(Epo)(y =W, Nd(a)’T» rd(a):x"s - OO) - 39)

Further,  as P>1 (or W > Lpe) and §-0, [=I1(y=W,140a),xS5)=

D N W), T.Td(a)X T Y=W,W,Nga), T."d(a) %S
r(e)(Ndo(ao) (W), T T d(a)X) > o0, and from Eq. (38) one has: htt(ett)( (@) (@) )_) 1

SXLu(e)(Ndo(ao) W).T,Td(a)X) ThE(eE)

suggesting a completely opaque emitter region (COER)-case, where, from Eq. (36), one gets:

5

enizn(ip) XDn(e)
NGy (V=W .Na(a).T.Td(a)*)XLh(e)

Jenoepoy(¥ = W, Nagay, T Tagay, %, S = 0) - x tanh(P). (40)

In summary, in the two n*(p™) —p(n) X(®-alloy junction solar cells, the dark carrier-minority
saturation current density Jo;(orr), defined in Eq. (17), is now rewritten as:

Jorory (W, Naay, Ty Tagay %, S; Nagay Tagay X) = Jenoepoy(W, Naay T Taay %, S) +
]Bpo(Bno) (Na(d)' T, ra(d): x)> (41)

whete Jeno(epo) and Jppo(Bno) are determined respectively in Equations (36, 18).

Photovoltaic Conversion Effect at 300K

Here, in the n*(p*) — p(n) X(x) -alloy junction solar cells at T=300 K, denoted respectively by I(II),
and for physical conditions, respectively, as:

W = 15 pum, Nd(a) = 1019 Cm_3(1020 cm_3),rd(a),X,S =100 (%), Na(d) = 1017 Cm_s, Fa@y %
(42)

we propose, at given open circuit voltages: Vocr1(ociz) 20d Vocrri(ocirz), the corresponding data of the

short circuit current density Jscy(r), in order to formulate our following treatment method of two fix
points (Green, 2022; Moon et al., 2016), as:

at Voer1(ocizy (V) = 0.980 (1.1272), Jeerr serzy (MA/cm?) = 27.06 (29.76),
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at VocIIl(ocIIZ)(V) = 0.980 (1.03), ]scIIl(scIIZ) (mA/sz) = 24.2 (29.84). (43)

Now, we define the net current density | at T=300 K, obtained for the infinite shunt resistance, and
expressed as a function of the applied voltage V, flowing through the n* (p*) — p(n) X(x)-alloy junction
of solar cells, as:

s _ kgT

= - Xian(V) _ =V =SB _
(V) = Jon (V) = Jorcom X (e 1), Xiap(V) = e, Vr == 002585V, (4

where the function nypy (V) is the photovoltaic conversion factor (PVCF), noting that as V = V¢, being
the open circuit voltage, J(V = V,¢) = 0, the photocurrent density is defined by: Jon (V = Vo) =
]scI(scII) (W; Nd(a)' T, rd(a)r X, S; Na(d): T, ra(d); X, Voc)> for Voc 2 VocIl(ocIIl)-

Therefore, the photovoltaic conversion effect occurs, according to:

]scI(scII) (W: Nd(a)» T, Fa@)% S; Na(d)» T, Faa), X Voc) =
Joromy (W, Nagay, T, Taay, %, S5 Nagay, T, Faay, x) X (eX1an0Vod) — 1), 45)
VOC

where nI(H) (Voc) = nI(II) (W, Nd(a)r T, rd(a)’X: S; Na(d): I’a(d),X, Voc): and XI(II) (Voc) = W.

Here, one remarks that (i) for a given V¢, both ny(qpy and Joi(rry have the same variations, obtained in the
same physical conditions, as observed in the following calculation, (i) the function (exl(“) Vo) 1) or
the PVCEF, ny), representing the photovoltaic conversion effect, converts the light, represented by
Jsciscin» into the electricity, by Jot(otny and finally, for given
(W, Naca), T) Ta@) % S; Nacay, T, Tacay, % VOC)—Values, Ny (Voc) is determined.

Now, for Vo 2 Vocri(ociin), one can propose the general expressions for the PVCF, in order to get

exactly the values of Ny3 111y (Vocrt cocrrr)) and nizciizy (Voerzociizy )s as functions of Vo, by:

1557¢1) (Wr Nd(a)' TI(I[;(;(a)' X, S; Na(d)' T, Fa(d), X Voc) = N1(111) (Vocll(oclll)) + Nya(112) (VOCIZ(OCHZ)) X
a
(L _ 1) , (46)

Vocll(oclll)

where, for example, the values of a(f3), obtained for x = (0, 0.5,and 1), will be reported in Tables 3
and 5, for GaAs;_4Sby alloy junctions. One also notes that those a(f3)-values depend on

(W, Nd(a)' T, rd(a), X, S,' Na(d), T, ra(d), X)-OHCS.

So, one can determine the general expressions for the fill factors, as:

X1an Vo) —In[Xiary (Voc)+b |
Xian(Voc)+a

FI(II) (W; Nd(a): T, Ida)y % S; Na(d). T, Facd), X Voc) = ,a=1and b=0.72. (47)
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Finally, the efficiency Ny(ry can be defined in the n™ (p™) — p(n) X(x) alloy-junction solar cells, by:

Iscisen X VoceXFiar
Pin. ’

Mian(W, Naay, T Tacay %S Nacay, T Tacay X Voo ) = (48)

being assumed to be obtained at 1 sun illumination or at AM1.5G spectrum (P, = 0.100 %)

It should be noted that the maximal values of M1y, Mimax.(1imax.)» are obtained at the cotresponding

anan(W.Ng(a)y T a(a)SNa(a)yTTa(d)Voc)
MWy
Tables 3 and 5, being marked in bold. Further, from the well-known Carnot’s theorem, being obtained

by the second principle in thermodynamics, or by the entropy law, the maximum efficiency of a heat
engine operating between hot (H) and cold (C) reservoirs is the ratio of the temperature difference

ones of Ve = Viercoermn., at which = 0, as those given in next

between the reservoirs, Ty — T¢, to the H-reservoir temperature, Ty, expressed as:

Nimax.(Ilmax.) (W' Nd(a): T, Tda(a) S, Na(d)' T, Ta(d) Vocl(ocII).) =1-
T¢=300 K

. (49)
Tu(W.Na@). T aca)SNa(a) T T a)Vocl(octr).)

Numerical Results and Concluding Remarks

We will respectively consider the two following cases of n*(p*) — p(n) -junctions such as:

HD (Te; Sb; Sn) X(x) alloy ER — LD (Mg; In; Cd) X(x) — alloy BR —case, according to: 3
(n*p) — junctions denoted by: (Te*Mg, Sb*In, Sn*Cd), and

HD (Mg; In; Cd) X(x) alloy ER — LD (Te; Sb; Sn) X(x) — alloy BR —case, according to: 3
(p*n) — junctions denoted by: (Mg*Te, In*Sb, Cd*Sn).

Now, by using the physical conditions, given in Eq. (42), then, if denoting: heavily doped (HD), lightly
doped (LD), emitter region (ER), and base region (BR), we can determine various photovoltaic
conversion coefficients, as follows.

Firs case: HD [ Te; Sb; Sn] X(x) — Alloy ER — LD [ Mg; In; Cd | X(x) —
Alloy BR

Here, there are the 3 (n*p) — X(X) junctions, being denoted by: (Te*Mg, Sb*In, Sn*Cd).

Then, the numerical results of %, JBpo> JEno and Jo1, are calculated, using Equations (38), (18), (36) and
hE

(41), respectively, and reported in Table 2. Further, those of ny, Js¢1, Fi, Ny, and Ty, are computed, using

Equations (46, 45, 47, 48, 49), respectively, and reported in Table 3.

Tables 2 and 3 in Appendix 1

WWW.EJTAS.COM 2024 | VOLUME 2 | NUMBER 1



Second case: HD [ Mg; In; Cd] X(x) — Alloy ER — LD [ Te; Sb,Sn | X(x) —
Alloy BR

Here, there are 3 (p*n) — X(x)-junctions, being denoted by: (Mg*Te, In*Sb, Cd*Sn).

Then, the numerical results of %, JBno> JEpo and Jorr, ate calculated using Equations (38), (18), (36) and
eE

(41), respectively, and reported in Table 4. Further, those of nyy, Jscir, Fii, N, and Ty, are computed,
using Equations (40, 45, 47, 48, 49), respectively, and reported in Table 5.

Tables 4 and 5 in Appendix 1
Finally, some concluding remarks are obtained and discussed as follows.

(i)-First, with increasing x=(0, 0.5, 1), from Table 3, obtained for the single n* — p X (x)-alloy junction
solar cells, and for given Tgp(cq)-radius, for example, one obtains: N qy. (V)= 31.14%, 28.72%, 25.36%,
according to Ty (K) = 435.7,420.9,401.9, at V,; (V) = 1.07,1.09,1.17, respectively.

(i))- Secondly, with increasing x=(0, 0.5, 1), from Table 5, obtained for the single p* —n X (x)-alloy
junction solar cells, and for given 1¢g(sn)-radius, for example, one gets: Njimax.(7)= 33.04%, 34.26%,
35.47%, according to Ty(K) = 448.0,456.3,464.9, at V,.;(V)[> V, (V)] = 1.20,1.27,1.38,
respectively, suggesting that such Mgy (11max,)-and-Ty variations depend on Voo (V)[> Vo (V)] —
values.

Then, as given in Table 3, for X = 0 and rq) = TIreqmg), ONE gets: N =23.48 % and 29.71 % at Vo =
0.98 V and 1.1272 V, respectively, which can also be compared with the corresponding results, obtained
for the single-junction GaAs thin-film solar cell, 22.08 % and 29.1 % by Moon et al. (2016) and Green et
al. (2022), respectively, with relative deviations in absolute values, 6.34 % and 2.1 %. Further, for X =
land forrge) = rspcca), one gets in Table 3: Nipmax, =25.36 % at Voo = 1.17 V, and in Table 5,
Nitmax, =35.47 % at Vo = 1.38 V, which can also be compared with the corresponding results, obtained
for the single-junction GaSb-solar cells by Van Cong (2023), 11.17 % (12.03 %) and 11.34 % (12.16 %),
respectively. As a result, in order to obtain the highest efficiencies, the single GaAs; _Sby-alloy junction
solar cells could be chosen rather than the single crystalline [GaAs, or GaSb]-junction solar cells.
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Appendix 1

Table 1. From Equations (5, 8a, 8b, 9) and in the n(p)-type X(x)-alloy, the Numerical Results of the Energy-Band-Structure Parameters, Reported

Below, Suggest that, with Increasing x and 1'y(g), both B 45(40)(X) and (7 g(4), X) Decrease, while the Other Ones Increase

Donor As Te Sb Sn

74 (nm) 7 T4,=0.118 0.132 0.136 0.140

N 2 0,0.5, 1 0,0.5, 1 0,0.5,1 0,0.5, 1

By, (x) in 108 (N/m?) N 1.21, 0.86, 0.60

e(ry, x) N 13.1, 14.4,15.7 12.3,13.5, 14.7 11.8, 13.0, 14.2 11.3,12.4,13.5

E;(ry,x) meV 2 5.21, 3.70, 2.60 5.91, 4.20, 2.94 6.38, 4.54, 3.18 6.99, 4.97, 3.49

Egn(ra,x) eV 7 1.52, 1.16, 0.81 1.52,1.16, 0.81 1.52, 1.16, 0.81 1.52,1.17,0.81

Egin(T = 300K,74,%) eV 2 1.42,1.07,0.73 1.42,1.07,0.73 1.42,1.07,0.73 1.42,1.08,0.73

Acceptor Ga Mg In Cd

7, (nm) 2 T'2=0.126 0.140 0.144 0.148

X 2 0,0.5, 1 0,0.5, 1 0,0.5, 1 0,0.5, 1

B, (%) in 108 (N/m?) \ 4.39, 3.70, 3.17

(1, x) \ 13.1, 14.4,15.7 12.4,13.6,14.8 12.0,13.2, 14.3 11.5,12.6,13.8

E,(1,,x) meV 7 23.0,19.4,16.6 25.7,21.6,18.5 27.5,23.2,19.8 29.8,25.2,21.5

Egp(1a,x) eV 7 1.52, 1.16, 0.81 1.52,1.17,0.81 1.52,1.17,0.81 1.53,1.17, 0.81

Egip (T = 300K, 7,,%) eV 7 1.42,1.07,0.73 1.43,1.08, 0.73 1.43,1.08,0.73 1.43,1.08,0.73
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Table 2. In the HD [(Te; Sb; Sn)- X (x)-alloy] ER-LD[(M g; In; Cd)-X(x)-alloy] BR, for Physical Conditions Given in Eq. (42) and for a Given x,
Our Numerical Results of The t, JBpos JEno 2nd J 1 , ate Computed, Using Equations (38), (18), (36) and (41), Respectively, Noting that J,; Decreases

Slightly with Increasmg T'4(a)-Radius for Given x, but it Increases Strongly with Increasing x for Given 744 -Radius, Being New Results

n'p | | Te+Mg | Sb*In | Sn*Cd
Here, x=0, and for the (Te*Mg, Sb*In, Sn* Cd)-junctions and from Eq. (34), one obtains: 2 = (0, 0, 0) suggesting a completely transparent condition.
( g ) q- (34), =( ) suggesting pletely p
ThE
Jopo in 1072° (A/cm?) N 1.0315 0.9965 0.9565
JEno in 10722 (A/cm?) N 1.7830 1.7258 1.6624
Jo in1071° (A/cm?) N 1.0317 0.9967 0.9567
Here, x=0.5, and for the (Te*Mg, Sb*In, Sn*Cd)-junctions and from Eq. (34), one obtains: Thie = (0, 0,0) suggesting a completely transparent condition.
ThE
Jopo in 107* (A/cm?) N 61514 5.9426 5.7041
JEno in 10718 (A/cm?) N 2.9271 2.8551 2.7771
Jor in 107 (A/cm?) N 6.1517 5.9429 5.7044
Here, x=1, and for the (Te*Mg, Sb*In, Sn* Cd)junctions and from Eq. (34), one obtains: -2 = (0, 0, 0) suggesting a completely transparent condition.
g ] q g8 g p y p
ThE
Jpo in 107 (A/cm?) N 3.4940 3.3754 3.2399
Jino in 10713 (A/cm?) N 2.5023 2.4573 2.4108
Jor in 1078 (A/cm?) N 3.4940 3.3755 3.2400
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Table 3. In the HD [(Te; Sb; Sn)- X(x)-alloy] ER-LD[(Mg; In; Cd)-X(x)-alloy] BR, for Physical Conditions Given in Eq. (42) and for a Given x,
Our Numerical Results of ny, /s, Fy, 1y, and Ty, are Computed, Using Equations (46, 45, 47, 48, 49), Respectively, Noting that Both 1,4, and Ty,

Marked in Bold, Decrease with Increasing x for Given 144

Voc(V)

| n

]scl(%)

| F1(%)

| (%)

Here, x=0. For the (Te*Mg, Sb*In, Sn* Cd) junctions, the value of a given in Eq. (46) is 1.0822

n'p Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd
0.980 0.945; 0.944; 0.943 27.06; 27.06; 27.06 88.54; 88.55; 88.56 23.48; 23.48; 23.48
1.06 1.017; 1.016; 1.015 33.09; 33.09; 33.10 88.59; 88.59; 88.60 31.07; 31.08; 31.09
1.07 1.027; 1.026; 1.025 32.83; 32.84; 32.84 88.59; 88.59; 88.60 31.12; 31.13; 31.14
Voq =1.07V 435.5; 435.6; 435.7=Ty; (K)
1.08 1.084; 1.083; 1.082 32.47; 32.47; 32.48 88.59; 88.59; 88.60 31.06; 31.07; 31.08
1.1272 1.084; 1.083; 1.082 29.76; 29.76; 29.76 88.56; 88.57; 88.58 29.71; 29.71; 29.72
3 3.317; 3.314; 3.311 0.160; 0.160; 0.159 87.28; 87.29; 87.30 0.420; 0.418; 0.416
Here, x=0.5. For the (Te*Mg, Sb*In, Sn* Cd) junctions, the value of a given in Eq. (46) is 1.0866
n'p Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd
0.980 1.414; 1.412; 1.410 27.06; 27.06; 27.06 84.48; 84.50; 84.51 22.40; 22.41; 22.41
1.08 1.549; 1.547; 1.545 31.39; 31.39; 31.40 84.54; 84.56; 84.58 28.66; 28.67; 28.68
1.09 1.564; 1.562; 1.560 31.14; 31.15; 31.15 84.54; 84.56; 84.57 28.70, 28.70; 28.72
Voq=1.09V 420.7; 420.7; 420.9=T; (K)
1.10 1.579;1.577; 1.575 30.84; 30.84; 30.85 84.54; 84.55; 84.57 28.68; 28.69; 28.70
1.1272 1.620; 1.618; 1.616 29.80; 29.80; 29.80 84.52; 84.54; 84.56 28.39; 28.40; 28.41
3 4.970; 4.963; 4.956 0.849; 0.845; 0.841 82.83; 82.84; 82.86 2.110; 2.101; 2.090

Here, x=1. For the (Te*Mg, Sb*In, Sn* Cd) junctions, the value of a given in Eq. (46) is 1.0992

n'p Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd Te*Mg; Sb*In; Sn*Cd
0.980 2.795; 2.788; 2.780 27.06; 27.06; 27.06 74.87; 74.91; 74.96 19.85; 19.87; 19.88
1.1272 3.193; 3.185; 3.175 29.78; 29.78; 29.79 74.99; 75.03; 75.02 25.17; 25.19; 25.21
1.16 3.291; 3.283; 3.273 29.11; 29.12; 29.12 74.96; 75.00; 75.05 25.31; 25.33; 25.35
1.17 3.321; 3.313; 3.303 28.88; 28.88; 28.89 74.95; 74.99; 75.04 25.32; 25.34; 25.36
Voq=1.17V 401.7; 401.8; 401.9=T}; (K)
1.18 3.352; 3.343; 3.333 28.63; 28.63; 28.64 74.94; 74.98; 75.03 25.31; 25.33; 25.35
3 9.8606; 9.841; 9.811 4.480; 4.459; 4.434 72.38; 72.43; 72.48 9.928; 9.688; 9.641
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Table 4. In the HD [(Mg; In; Cd)- X(x)-alloy] ER-LD[(Te; Sb; Sn)-X(x)-alloy] BR, for Physical Conditions Given in Eq. (42) and for a Given x,

3

Our Numerical Results of %, JBnos JEpo> and J oj are Computed, Using Equations (38), (18), (36) and (41), Respectively, Noting that J,;; Decreases
eE

Slightly with Increasing 1,4)-Radius for Given x, but it Increases Strongly with Increasing x for Given 1,4)-Radius, Being New Results

ptn | | Mg*Te | In*Sh | Cd*Sn

Here, x=0, and for the (Mg™* Te, In* Sb, Cd*Sn)-junctions and from Eq. (34), one obtains: % = (0,0, 0) suggesting a completely transparent condition.

eE
JBno in 1072 (A/cm?) N 3.0094 2.8418 2.6512
JEpo in 10723 (A/cm?) \ 1.1965 1.1298 1.0513
Jou in1072° (A/cm?) N 3.0106 2.8429 2.6522
Here, x=0.5, and for the (Mg* Te, In*Sb, Cd* Sn)-junctions and from Eq. (34), one obtains: % = (0,0, 0) suggesting a completely transparent condition.

eE

Jgno in 1071* (A/cm?) N 1.7729 1.6831 1.5810
JEpo in 1078 (A/cm?) N 7.9283 7.5654 7.1346
Jou in 107 (A/cm?) N 1.7737 1.6839 1.5818
Here, x=1, and for the (Mg* Te, In*Sb, Cd* Sn)-junctions and from Eq. (34), one obtains: % = (0, 0,0) suggesting a completely transparent condition.

eE
JBno in 1078 (A/cm?) N 9.9807 0.9512 0.8980
JEpo in 1072 (A/cm?) N 4.9874 4.7968 45697
Jou in1078 (A/cm?) N 9.9857 0.9517 0.8985
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Table 5. In the HD [(Mg; In; Cd)- X(x)-alloy] ER-LD[(Te; Sb; Sn)-X(x)-alloy] BR, for Physical Conditions Given in Eq. (42) and for a Given x,
Our Numerical Results of 1y, Jsc11, Fip, My1, and Ty, are Computed, Using Equations (46, 45, 47, 48, 49), Respectively, Noting that Both 1,4, and

Ty, Marked in Bold, Increase with Increasing x for Given 1y (g)-

Voc(V)

| Nyp

mA
‘ ]scII (m)

l:‘Il (%)

N (%)

Here, x=0. For the (Mg*Te, In*Sb, Cd* Sn)-junctions, the value of  given in Eq. (46) is 1.052.

p'n Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn
0.980 0.919; 0.918; 0.917 24.20; 24.20; 24.20 88.78; 88.79; 88.81 21.05; 21.06; 21.06
1.03 0.961; 0.960; 0.958 29.84; 29.85; 29.86 88.83; 88.84; 88.85 27.30; 27.31; 27.33
1.19 1.110; 1.108; 1.106 31.21; 31.22; 31.23 88.84; 88.85; 88.86 32.99; 33.02; 33.03
1.20 1.119; 1.117; 1.116 30.96; 30.97; 30.98 88.83; 88.85; 88.86 33.01; 33.03; 33.04
Voo = 1.20V 447.8; 447.9; 448.0=Ty (K)
1.21 1.129;1.127; 1.125 30.70; 30.71; 30.72 88.83; 88.84; 88.86 32.99; 33.01; 33.03
3 2.977; 2.973; 2.968 2.545; 2.536; 2.526 88.29; 88.30; 88.32 6.740; 6.719; 6.693
Here, x=0.5. For the (Mg*Te, In* Sb, Cd* Sn)-junctions, the value of B given in Eq. (46) is 1.0698.
p'n Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn
0.980 1.357; 1.354; 1.351 24.20; 24.20; 24.20 84.95; 84.97; 84.99 20.15; 20.15; 20.16
1.03 1.415; 1.413; 1.409 29.80; 29.81; 29.83 85.03; 85.05; 85.08 26.10; 26.12; 26.14
1.26 1.727; 1.724; 1.720 31.91; 31.92; 31.94 85.06; 85.08; 85.10 34.20; 34.22; 34.25
1.27 1.741; 1.738; 1.734 31.67; 31.68; 31.70 85.06; 85.08; 85.10 34.21; 34.23; 34.26
Vo = 1.27V 456.0; 456.1; 456.3=Ty; (K)
1.28 1.755; 1.752; 1.748 31.42; 31.43; 31.44 85.05; 85.07; 85.10 34.20; 34.22; 34.25
3 4.425; 4.417; 4.407 4.344; 4.329; 4.311 84.23; 84.25; 84.27 10.98; 10.94; 10.90

Here, x=1. For the (Mg™*Te, In* Sb, Cd* Sn)-junctions, the value of  given i

n Eq. (40) is 1.1261.

p'n Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn Mg*Te; In*Sb; Cd*Sn
0.980 2.578; 2.570; 2.560 24.20; 24.20; 24.20 76.20; 76.26; 76.32 18.07; 18.08; 18.10
1.03 2.672; 2.663; 2.653 29.80; 29.82; 29.85 76.43; 76.49; 76.55 23.46; 23.50; 23.53
1.37 3.525; 3.514; 3.500 33.09; 33.72; 33.76 76.56; 76.62; 76.68 35.34; 35.40; 35.46
1.38 3.553; 3.541; 3.527 33.46; 33.49; 33.52 76.56; 76.61; 76.67 35.35; 35.40; 35.47
Voo = 1.38 464.0; 464.4; 464.9=T;; (K)
1.39 3.580; 3.568; 3.555 33.22; 33.24; 33.29 76.55; 76.60; 76.66 35.34; 35.40; 35.46
3 8.612; 8.584; 8.551 7.091; 7.059; 7.022 74.76; 74.82; 74.88 15.90; 15.84; 15.77
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