Solar Energy

the greapromise of renewable source of energy serving
mankind n 2nd millenium, but requires:

- large areaga 1-kn¥ atn=10% gives ory 100 M W)
 cost reductiorftarget ost of 1$/W hadly met)

 big effort in semconductomass productiofyearly world-
wide Sidevices production covers just 14kaoi cell)

However, SE B already viabledr:
e space application®lectrical supply okatellites)
o small utiliti es(radio repeats, develomg countries, etc.)

e small equipmenin alternative to bagty supply (wathes,
hand-held computers, &igs)

from:”Photodetetors”’, by S.Donati, Rrentice Hal 2000



Solar celb vs solar panels

o Solar celb are hose converting sun radiation into electrical
energy - eficiency is bow (typ. n=10-15%),but energy
produced is valued - it fseeenergy (as ifs at T=o)

« Solar panelsare widely used to convert sun radiation into a

heat quany with high efficiency (typ. 90-95%) - but energy
has low value - it ieeatwith smallAT (typ. AT=30°C)

Exergett effciencyestablishes airim base br comparing cell
value from a thermodynamic point aiew. Ne,q.&= AT/T Ngyq

This puts solar cell ifst: a solr cell operating a hepump
generate more energy than a solar panel
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Electrical parameters

From basic diode Shockley’s equation
I =1, [exp (VInV;) -1] - |,
cell shorteircuit currents :
Icc: - | V=0" Iph
andopen-circuit voltages:
Ve =VOo= B, +V1 IN(L+ /1 o) = Eg+V 1 In(l /1 o)
where E=€eE, , and reverse current is
I, = loo€XPES/V 1

electrical power suppdid to the loadP.=LV L], is written with V. andl . by
iIntroducing thdill-factor FF of the 1/V characterist:

FF=VI/V |
so that P Vol FF

OC "CC
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Fill factor
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Fill -factor FF vs the photogenegdtcurrent (E=1eV, T=300 K).
In concentration syasmns, |,/ly, IS proportional to C
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Intrinsic and extrinsic losses
INtrinsic:
reflection loss at input intedice decreased by ARC but still

causing a reduction factor gf= 0.7-0.9

iIncompletephoton disgpation in the depletion region, with a
typical valuen~ 0.8-09

voltage drop loss across the junction and cisitasistance,
usuallyn=0.7-0.9 at C=1

extrinsic:
iIncompletefil ling of available area A, wherelis are asseméd
In a panelr{_= 0.78 for round cells)

o series/paraél electrical interconnéon, where the €ll with the
lowest dictates the module_l(typ.n.= 0.6-09)

 electrical load conditioning by eans of a dc/ac converter or a
battery @ store energy produgeuring peak hours(,~=0.7-08)

total system éiciency seen by the user;, = 8-9% for Si cells
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Materials

Si: monocrystalline

Si: polycrystalline (poy-Si solar-grade)
Si: amorphous hydrogenated$aH)
GaAs/GAIlAs: monocrystallne

ZnS, PbSthin film, quasi-poYcrystalline
Polymer (?)
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a-Si structure

effect of hydrogenation on dangling bonds
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Systems

e direct-exposure systems
e systems with conceator optics
« tandem and multispectral-cell systems

In direct -eyposure systemscell module s aimed to south

with an azimuthangle 6, to maximize collectedenergyE,
during the time period T ahterest (day, season or year):

Ege = AJEN, AM) Ry(t) n (A) cosB(t) dt
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Theoreticallyn=60%for n=6
and95%for n=16 celb




