Lecture 3 ||

Twtro ® Solar Photoveltaies (EV)

Solar PV QE‘.LLE .
The ‘\""aot\’(wna\ w oy to bw\ei a

solar PV cell (s as eo\\ows’-

Staet uvnth Silicen LSC)) w el
has o valence of fLour ().
Dope the silicon o Th  awn
elemedt of valence th nee (3) --
typically Boron (R) s used.

The effect of the borowm s

t preduce " wo.vw\u'mj" Positive
Cl\arats , olso Kwown as " \«oles:

w the weaterial. The waterial g

0 "Semi condwetor”,

The boron-alo\oec-q s‘nl;cow \$
colled P-\'ype" watetial .
The "p” Stands Lor wandering
posttwe clharges, |




®
of course, overall the matrerial
is electnically wewtnal | The
auwber o Posc-luit charqes
e,%v.o.\s ‘ﬂw. AuLwaber o:C wtgo.‘h.oc.
chocqes. Tt is jus" ot were
of the posehve clarqes wawde ¢
about, whereas the wnegatiwe
c‘ﬁ.o.rats tewd v stay "close

tc howe".

Next we slice the block Cu.swz\\:,

obok o g welh diawmeter C‘S‘MACC‘)
wnte thin wa@ers.

The o of the waler s
doped with a vealewce S
elewmest -- uSu.t\\y PMQSP“W'&S(P).
This pnrevides wondering

electnons, e. wa.nJ.erwtj ne:«‘h«
chaeqes.




®

The p‘ﬁosp‘mrv.s -&on& stlicon l.s
colled "nv\-ypt" Mw\-cria‘. The
"n" <stawds Lor wav\ier\dq
neqative ckarac.s.

To complete ocur PV cell,

we attach o wetal sheet at
the back , o the P-type
ma‘!'tf;o.\ ) and we attach
thin electnical contacts at
the top ,h the n-type wmaterial.

The top electnical coutacts are
thin , Sice we want as wuck
Swun \\3‘\{' to 3&‘\' T ¥ Possoﬂe.

Anoﬂser "Lw\ﬁ we do 1o entourtqe
Hae \e{'\'mj-'m of sunl\gh'} 'S
o coat the top with aw
0.&*.\~ nc?\ed \nﬁ o a.:h\n.j .




Dark S\'\‘v.c.'hou :
Suppose thefe s  ao su..\\gm‘
weidewt ow the PV cell.

Y a.ny'(lnvﬁ ‘Aappemuj wm the
cell

We leole at +he Juv\,d'tou bc\'w«u
the P- and ﬂ-'l'\/Pe. wmaterials .
Electnons are WanLePMJ |.n
the n-materiad | and holes are
wandering w  the p-wmaterial |
The <leetmons will alse

thy o wender over & the

P- material | and the heoleg will
'b“, te wander over W  Jdhw
n- materal.




®

A Loancier word for wander

s difOuse.

T ke P-\ua.*tric.\ (whick has
uao.v«&erma @osc\'\u ckarges)
o.d’u.a.lly Ve comes neq at lvtlj
charged |

And the n-materal (whick
 hes W&'\"tfhﬁﬁ n£30.+tec. c\sarges)
actwally becomes pesthvely

charq ed |
An eleetne Lie\d o vol+a3¢

8 buwlt up acnoss +he

P-n Junctiow |
Mnet \”-'y n A-material

meud'y ' p-md‘en'd P




©

AChoss Hﬁ-e. “u.ne*ucu, two eq)m.l
ond opposcte currents are
-Qlouama:
e There s +the "1¢,m.ro.’no~"cu.rreu+

ot the muwmorty charqes

qong back & theivr oriqin

.‘V

1a

e And there s the "necombinatiow

curcent of the w\uier.d:\, dnafaes
c\\eeusma t the " other side”

T

At e%vf.\\bnum, w the e\ark,
+there s ne net current.

——

New, in the dark, let's mpose
on <extecrnal \Ioﬂ'as’q, achoss

the PV cell.




The u.pwanl current has been
wichease. Now Ih > l:
and & net current Llows
ocnoss the P-n  junetiow
from P t n.

\N ¢ So.y the Junc‘\'un 'S
"Lorward " bosed .

5&99032 we sw\-\-ck '\'\u. b\o.sw\Q,
os Shown below




Now we have weade 1t very
allicud Eor “)\tcombmo."\'cou"
curcent v Llow acness
the Auv\d.ou ) Stnee the
ckaracs bhave =+ "-9\3‘\."' “
the wmposed voltage.
Rtueu\otr, for "necombination”
cacrent, the @c\xarsts move
WP tn our pPreture avd the

© c.\w-rats move clewn,

Now I,E 0O

owd thereisa (sww\\) qeneration
current |, called +he dark
currewt , on the saturatioy

current | -c(owMJ downward .

Ie I,




®

SDunny s tuation

Now , we let sum\\lk* 'eal\
on the TV cell

Photons pass 'H«aou.JL the thua n-‘a.yef
and simke oatoms 1w dhe Junetow,
Somedrthe photons have enouglh

energy Yo maXe an electnon- hole
paie when they stmlke an atow .
'Pneuselj y & wdniu‘wtj el,ec"hou a.m.(
a wanelo.rmj hole are cheated.
The hole | bewnqg peschue,is pulled
over 16 the P- material 53 the
elecdtnic Lield atr the Junctiow |




The u:a.vule.fmﬂ electnon c.heu'\-«!
\e Pu-(l-ul overt 1 the wn-wmoteral

53 '\\m. ;\(c’\’hx’o et'.\A.
The Su.n\\alc\ has c¢heated av

eleetnic ecurredt !

Note o "side- effect”. The sunlight,
\'v\ cuusmj wofe wawde!‘.m: Moles
"'u enter the P-M&*trtul av\d
more uJov\J-trmJ e\eetnouns T
enker the n- matreria) , hWas
wieneased the “necowmbinatiow’
cucrcent.

’

The curcent ‘\‘Arowj\o\ the load )
1e. the external current, s

e Lollowng *
I\osd < Is\m * xa-Ih




®

Whth o \ittle ne eu-remgiﬂa we
artft\we at 'l-'mc. Q%V.o.'\'tou \mkm’
‘Ha-c. current &v\J. \IOH‘&SQ Qor

the PV cell.

I\oad = ISM- (xh-lﬁ\
I

14\0 JQ.

Wﬁ 1 (wﬂ'kod’ Sun)

s o ciode
Diede theo ry tTeackhes
Idtodc = "’-I& 1, (e

\atae

u)\ke.n +\\¢ d\ode l’\as -eor\newcl b\o.s
2. V550
‘VIKT

Tdiede = Io e
when +he cdiode has \a.rge Nneverse
bias

Tdode = - I, = - satuchion cutredt

QV/RT_ |)




‘T\m.s, oW eq)u.ed-\u 'S

T =T -T.(e"7-1)

\eod

ukeu %-‘- C.Ltrae= l.G’Al;MJouks/uol"
\[/ = velts
K = Roltzmann constant
: 18%% 10 - /i
T = absolute ‘hupud-v.n. (\(\

OV.C' c\(‘cu\* dlt.al‘gﬁ (8

- & = = = — "’/-'P\' cell

Tun zculrent
sourc® )
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Two \M?of’(‘ﬁn*’ \\M\\'\nj casSes '

Open crrewit: 1...

load Nesstance

- N e:n.t'l't

Tious = Yoo
\o:‘ R%}eo

I!.“ - o

o6
Ta ths cose Tgupe Ldiocae

Tk‘ dlﬁOdC 1% s*»gﬁatr .ecfwafd.b'“sd
bj *k@ wO“&CPIﬂj ckafats C”CQ‘*‘G‘

by '!\\c.suv\\lg\\‘l'.
Voe s Lound ‘:y SolV\ni

Ten: I, (e‘b\VkT _ ‘)

we Con s‘o\vt ‘e Q%ua'l'ow\ l'e we
Know Io, the saturatiow cuﬂ‘tvr,

ond ¢ we know Isuv\-

Tai




Typucally, -e.r- a PV cell
\IOC g OOS_- 006 VO‘{.

Sheet cireuit:

loed nesistance

(o}
\ISC‘ I\SQ:‘ 0ad
Nse = O
Thus Idtode s O
ond

Fhom '\‘n- S\Mf‘\' urcm{ b‘\mvmr
kﬂﬂﬂ I‘&a

e

I Ll SunhaH; (M y c. = 1000 w/m‘)
| .Is“ s about 200 amps/m




A plot ot I!oul = ISun-Io (QQ,V/KT- ‘)
\ooks lilce the -eo”owmzi

/5&

decneas wq
Su.n‘\skt / o6

V

Nete : I‘“‘ - Tsu.v\ c\cpu‘s Jnfec.ﬂj
S¢

en sunlight (1e, on Gc) aud own
the aren of the PV cell,

Voc & constant




(9

Power (P, watts) = \ (volts) x I("“‘?‘B
For one value of suw\cht 3 tee power
CUrve f'gr o solar PV cell looks
ke Hie eouowwﬁ‘.

pm = O, 1S % \IOL* r‘(‘.

Note as tewmperature of PV cell Meneases
T, meneases . Therebre Voo clecneases.
Rule of thumbt: O.4% decnease 1w

Power Lor every |°C tewmperature
neneose,




