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Fotovoltaickeé clanky
. Elektrické vlastnosti FV ¢lanku (obecné)

[ ]
@
N

n <y p rV n I, g e n e ra Ce gntead&e;::resemmg thermodynamic limit

31 - 41% representing single bandgap limit

. Clanky druhé generace _

. Clanky tfeti generace = = / | memonans
Single bandgap
limit
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Elektrické vlastnosti FV ¢lanku
. Generace fotovoltaického proudu

. J—proudova hustota (A/m?)

J oy (D)= T pyy (D) + J pyp (D) + J gy (4)

+ v oblasti typu N SV =q] G(ﬂ)dx—qj;ﬁdx- J,(0)
0 0O " p
H H An
e v oblasti typu P Jovp(A)=¢ J. G(A)dx—q j — i e
Xj+d X;j+d " n

x; +dj

v oblasti prostorového naboje piechodu PN Jopy (D) =g [G(A)dx—g | —dx
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X, +d y
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Systémi

Nahradni schéma FVC

= I Paralelni odpor R,
L :S i, Sériovy odpor R
A, — ozarena plocha
lpy TC) D U Rp U D RL A - celkovd plocha
\ Napéti na Clainku U=U-RJ
o 8 o o

U+RI1 U+R1 U+R]I1
=24, —AJO,[exp(e g’,kY; )—l}—AJ(,Z[exp[e fzkf ]—1}_ = :

r
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Nahradni schéma FVC

Iy TC) D

= I Paralelni odpor R,
. Es . 4 Sériovy odpor R
A, — ozarena plocha
V¥4 Rp U RL A - celkovi plocha
\ Napéti na Clanku U=U-RJ

I=Aydpy —

! U§+ RI )_l}_ﬂm[ex;{e U +RS1J_l _U+RI

£ kT R
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Diagnostiky,

VA charakteristika
s . Isc, Uoc, Pmax
1 (A)
ISC
Ivp Prax ) Qp
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Konstrukce clanku (I. generace)
Zakladni material kremik

vychozi material komin

3 ' l.energie

el

: struska
odpadni teplo
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Ci¢téni hutnického kifemiku
. 99 % huté . 99,9999 % chemicky

SiO, + C — Si+ CO, Si+3HCI — HSiCl, + H,

automatic vertical regulator SIHCI3 + H-_) — Si+ 3HCI

Reakéni

input of quartz kormora

arxd carbon

tenky Si
monokrystal

Polylkarystalicky Si

Grafitovy
~driak

Reakéni v o Reakéni
zplodiny zplodiny
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gihang.en.ali ,

zdroj: alibaba.com
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Alibaba.com Products ~ | 6n silicon chunk

Global trade starts here.™

About 18 results: Other Solar Energy Related Products (13)

Home > Products = Energy > Solar Energy Products = Other Solar Energy Related Products (76667)

Poly Silicon Chunk

.\,3, Add to Inquiry Cart ‘W Add to My Favorites  Share to: n D

FOB Price: US $25- 26/ Kilogram | Get Latest Price
Port; FOB
Payment Terms: UIC,TIT

1] Offline

Mr. Jae-gyu Kim
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Q, Seelargerimage
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Vyroba ingotu

. monokrystal . multikrystal
. prumér az 450 mm . bloky az 250 kg
. 300 kg

<4—— zarodek

/ ‘__monokrystal
|

—_—

VF
& ohfey

R,
\ podstavec

Si0,
¢ kelimek
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Rezdani desti¢ek (wafer)

. cca 200 pm

. shizovani tloustky

Wafer thickness [pm]

400
360
320
280
240
200
160
120

80
40

O Wafer thickness M Silicon usage

4

-,

ﬂ‘

1990

2004 2006 2008 2010 2012 2014 2016 2018 2

020

18
16

[M/B] ebosn uocoyig

Diagnastiky|
Fofpvoltaic Kych

13



Ceské vysoké uceni technické v Praze

FAKULTA ELEKTROTECHNICKA

Vyroba FVC (monokrystal)

. Odleptani zhmozdéné vrstvy

. Texturace povrchu

. Vytvoreni PN prechodu (dotace N — fosfor)

. Vytvoreni antireflexni vrstvy

. Sitotisk predniho kontaktu (Ag)

. Al vrstva na zadni strané ¢lanku, sbérnice (Ag)
. Vyizihani kontaktd

. Odstranéni obvodového zkratu
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SiN ant-refiectve layer S Y,
Front metal grid ' ' A N 7/,

Emitter

Silicon basis

Al-BSF
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Vyroba FVC polykrystal
. Patrné hranice zrn

. Pasivace vodikem

. Horsi vlastnosti nez
monokrystal

Crystalline Passivated Pohvcrysta“ine
Polycrystalline

m 1 ” W b
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Polykrystalicky FVC

:
)]

T

W)
~

e LU

W |
::\V\ ..

y =
oF

TBail




Ceské vysoké uceni technické v Praze

FAKULTA ELEKTROTECHNICKA

Zvy$ovani u¢innosti FVC

. Zvyseni paralelniho odporu, snizeni sériového

a Screen-printed Ag b Buried top
grid electrodes

grid electrodes 8i0, or Si;N,

SIO, or Si;N, passivation

passivation

Al back contact

| —O— buried contacts
15 —@— screen-printed contacts

Current (a.u)
[~
o

0.0 0.1 0.2 0.3 0.4 0.5 06 0.7
Voltage (V)



Ceské vysoké uceni technické v Praze I Laborsto. |

FAKULTA ELEKTROTECHNICKA Y | rospronaiciyen

Systémi

SiN anti-reflective layer
Front metal grid

High resistivity emitter
Low resistivity emitter
Silicon basis

Local Al-BSF
Dielectric layer
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’

Zlepseni absorpce zareni
. Texturace povrchu

rear contact
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18 % - 15 cm x 15 cm x 100 um (Mitsubishi)

Honeycomb-structured > - v
texture Ve nght reflection reduced
at surface
Front electrode —=
, B, .. . m| o, , , =
Contact resistance Polycrystalline Reflection of infra-red light
reduced by 4%, silicon wafer
& £l (@ g il
Rear electrode Rear-reflection structure
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Konstrukce clanku (2. generace)
. Tenkovrstvé FVC

Substrate configuration Superstrate configuration

Solar light Solar light
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Pozadavky na material tenkovrstvych FVC
. Polovodivy material
. vysoky absorpcni koeficient
. nizka depozicni teplota
. dobra prilnavost k povrchu predchozi vrstvy

. rozumna Sirka zakazaného pasu

. cenova dostupnost

23
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Vhodné materialy

Efficiency

0.35
0.30 -
025
Q.20
AlGaAs
w *
0.15 - Ldre
GaSb
0.10H g .
@
0.05 Ge -~ 1.5G Efficiency Limit
O-OO 55 | I E ! ; '
0.8 1.2 1.6 2.0
Bandgap/eV

Diagnastiky|
Fofpvoltaic Kych
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Kontaktni material
. TCO (Transparent conducting oxides)

. dobra prostupnost pro svételné zareni
. velka Sirka zakazaného pasu
dobra elektricka vodivost
dobra prilnavost k predchozi vrstve
. schopnost kontaktovani vyvodu (pajitelnost, lepeni)
. cenova dostupnost

odolnost proti korozi
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Vhodné materialy

Matenal Dopant or compound

S, Sh E As Nb, Ta

In 0, S, Ge, Mo, F. 16, Ze, HE, ND, Ta, W, Te

k) AlLGa B . In Y. Sc. F V. 5. Ge, T, 72 NS

Cdl In.Sn

Zn-Snl), Zn-Sn0;, ZnSnl), L I, Oy
Zn)-Iny0, ZnsinyOy, ZnsIn 0

InOy-Sn, In SO,

C«K)—SM); Cd:};,‘);, C\’SM))

Ca0-In 0O, Cdin O, SnO, Y Ca0
Mgin, O,

GJ'I’()\. 163. Il‘,j()‘ Sﬂ. e

CdSh, 0O, Y

Zn)-Iny0-Sn), Jnain Oy~ InSnd), .

CAO-1ny0,-Sn0), Cdln O, —Cd,SnO, Ga,0,

Z00-CdO-In,0,-Snl),
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Il

ANODE ®
SUBSTRATE

FILM
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Drazkovani - laser

P1

P2 .

P3

1064nm, 5-8'W

Glass ——e
TCO
-

] L

532nm, 200 - 500 mW

Diagnostiky,

Fofpvoltaic Kych

TN G

532nm, 200 - 500 mw

metal\
N

e 2
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Mo deposition on glass

P1 laser patterning

g
CIGS deposition

i
Buffer and i-ZnO deposition

Standard process flow I Micro-weld process flow

J a b C d

I | No patterning necessary prior (o
1 I

1 deposition of TCO: Cleaner and
Mechanical P2 patterning Laser P2 patterning more controlled interface,
v v
1 ! 1 g | ¢lal - JEN
ZnO: Al deposition ZnO:Al deposition Zn0: Al deposition ZnO: Al deposition

] ]
Laser microweld P2 patterning Combined laser patterning tool

e — - oy |

Mechanical P3 patterning Laser P3 patierning Mechanical P3 patterning
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a-Si clanky
. clanky z amorfniho kremiku

Individual
cells

Glass
superstrate

Incoming sunlight

P1 P2  P3
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CdTe
. Kadmium telluridové clanky

P3 Scribe; Back Contact
P2 Scribe: CdS, CdTe

Laser edge isolation
. P1 Scribe: TCO |

Back Contact (~ 1 um)
N
CdS (0.05-0.15 um) |
TCO Layer (0.2-0.5 um) T

‘Ed 4 '
Glass Superstrate (~ 3 mm) Delg? o Dead Zones

{ ! AM15 () f ! t
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-

@

Aluminum-doped zinc oxide
Intrinsic zinc oxide
Cadmium sulfide

CIGS absorber film

P1 isolate (P Molybdenum
P2 interconnect — Substrate glass

P3 isolate @
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3. generace
. Viceprechodové FVC

2

Ohebné &lanky s'v
Organické FVC ﬂ
Front grid contact > /

.......... ntypeInGaP |

p-type InGaP \

p'in" tunnel junction . %
I, (ol o A /

p’/n" tunnel junction

............................

Rear contact
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Viceprechodoveé clanky
SANYO HIT "

Grid electrodes

TCO
p-type a-Sl H, ~100 nm p+(aTSCi}O:
i(a-Si)
n{¢-Si)——
p-type a-Si:H. ~100 nm i(a-Si) ——
T1CO n*(a-Si)

bottom electrode metal

Grid electrodes
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LDFS,

Tri prechodové clanky

Cross sectional view of thin-film silicon
PV cell with triple-junction structure

4
@ : 1'7
© 4 y
= Y 1L‘.".‘
2 Top [ Middie
Sunlight } 3 cell I cell Bottom cell
' 3 45 4
g "f R .
Transparent |
conductive oxide (rec

(front electrode)

| Effective Utilization of Sunlight through Triple-junction Structure

Photon density (relative)

Topcell Middlecell Bottom cell
|

— Solar
spectrum

0 400 600 800 1000 1200
Wavelength (nm)
Visible light

Ultraviolet rays - -

Infrared rays
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=%
Transparznt
Condustive
O h b /7 Vv I /’ k Dvide Film
: Thickness of Camplete
eobne Clan y e Cl Multbunction Cell
Green Cel ! 3 <10um
Red Cell - ' S v

Back Reflector— {\
Fim Layer * ‘x
¢ ,\

Flzxiblz Stairless \\ -
Steel Subsrate “—ul e
o
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Syrstéml (1

Organické FV clanky
T

N

Al electrode

M donor
! B acceptor
ITO
Glass
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Vyhody a nevyhody organlckych
fotovoltaickych clanku

Total Energy Collected

During moming hours, During midday hours, Power Power Plastic continues

v/
. + Lepsi
Power Plastic begins Plastic energy collection to collect energy later 7’
collecting energy earlier.  Increases a1 a faster rate, dueto  In the day, while others
our superior thermal coefficient.  “flatline”, e p O n I
koeficient

- Mala

i OPV - Power Plastic

| aSi

g
2
E g
M cSi 5 g 7 Ve
= CIGS g g UCIHnOSt
Solar Irradiance % §
2 %

Konarka Power Plastic collects energy earlier and longer than

other solar technologies. 9)
39
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Clanky pro vyuziti mimo atmosféru (AMO)

0.05/3 pm  Ni/Al

0.5to1.5um Zn0

0.03 to 0.05 pm
1.0t0 2.0 pm Cu (In, Ga) Se,

0.5t01.5 um
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Priklad optimalizace vyroby tenkovrstvych
clankd

Modeled CdTe Module Manufacturing Costs Under Dynamic

Efficiency, CdTe Thickness, and WACC Inputs
Improved light transmission, and

1 $1 0.71 w improved pr_opqrties in electrode contacls.
$1-00-1 i Bfgeor prisg;?’zon' “ Maintenance Costs
- = 16°£(WACC Improved camer lifetimes,
3 back recombination barrier,
1 > - and better control of intermal
$0.80 1 electric field profie = Capital Costs
) 1 $0.85/ W L i Master film (Equipment &
3 .._; 13.% e uniformity iIssues Building)
: —1.0um CdTe = Util Costs
S $0.60 I $0.69/ W — 10% WACC g
s "L —> o
= : $0.57/ W = Labor Costs
> : (Malaysia)
$0.40 +
1 = Material Costs
$0.20 +
_ # Estimated
- Minimum
1 Sustainable
$0.00 -~ Module
2011 Benchma Near Term Mid-Term Long-Term Price
(M =11.7%) (mn = 14%) (n = 16%) Potential

(n = 18%)
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IV

Pristé
. Konstrukce FV moduld

Dekuji za pozornost a prosim o Vase dotazy
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