Appendix. Formula and Facts

Energy Sources

P=oT* 1)
EJ%; = 2.55kT; (2)

Solar cell (Single Junction) [M. Alam & M. Khan, https://arxiv.org/abs/1205.6652]

_Tp ¥(Tp) 3a
Voes) = Eq (1 S) KT In (22 ) kT, In (Y(TS)) (3a)
qVoc,s) = 0.95 X E; —0.232 (AMO, Cell at T=300K) (3b)
_ ¥(Tp) _ 3c
Wocs) = Eo TS) KT In (2) = kTp In (52%) -k Tp in () (3¢)
kTp In (1 — A) (With non-radiative recombination and imperfect absorption)
QVps) = Ec (1 ——) KT In (3 S) (4a)
qVimp,s) = 0.95 X E; — 0.31 (AMO, Cell at T=300K) (4b)
Jses) =Jo(1— BEg) (AM1.5, ], = 83.75, 8 = 0.428). (5a)
max -~ 70mA/cm? (AM1.5);JB3a ~ 100 mA/cm? (AMO) (5b)
FF ~(Wy./Voc +4.7) (within 2% for v,. > 10) (6a)
with v = Vpe/(MKT/q) = (Woe = (e + 0.72))/ (Voo + 1)
FF = (E; —10 X nkT/q)/(Eg — 5 X nkT /q) (6b)
ES%, =(095 + 031xp) /(2% 095xp)  Note. (1 - f,—D) =0.95 (7a)
4 S
Nrsy = —26.45E§ +70.77E; — 14.42 (AML.5, empirical) (7b)

Solar Cell (Tandem and bifacial) [M. Alam & M. Khan,
https://engineering.purdue.edu/~alamgrp/papers-pdf/2016_Alam_Bifacial-Tandem-Limits.pdf]

Nrpy(R=0) = 20 +47E;), — 24E;, (Ezp..E,, bottom & top bandgaps) (8a)

;g’f) (N—Z)— 0.33 (2+R) ) + (1—R) (8b)

Jsc(N) = N+1]SC((E )  (E,) ... Average of bandgaps of the N cells (9)

Tp Egmax 10

QVimp/N = (E,) (1 — ﬁgT) kg Tp ln [N-junctions] (10a)

_ _ (N1 _1 T_D 10b

Vmpy = N [Vmp ST (N+1) (Egs] B) Ts ] (10b)
B = 0428, E,s =133 for AML5

Pout = Jsc X Vmp 2N/(N+1) ]scS] [ mpl — seeees ] (11)

= Nt BQ+R)E, ~R 12a

Epmax = oo+ P (122

opt _ opt _ ((N-1)(A-R) 2N 12b

E;” = [Eg SJ { 26 N }] {(N(1+R)+ (1-R)} (12b)
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ESPY (N - o) ~ (ES] -%) (ﬁ) (12¢)

Module temperature dependence

(T —Ty) = P/h=1000(1 —n —R)/h | (13)]

Temperature dependence for silicon

dV,./dT ~ 2.2mV/C (14a)
dl,./dT ~ 0.0006 X I, (14b)
dFF/dT ~0.0015 X FF (14c)
dP, /dT ~ —0.005 x P,, (a-Si-0.0021, CdTe - 0.0025, CIGS - 0.0033) (144d)
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