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Przerwa energetyczna
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Fig. 11.4. Room-temperature bandgap energy versus lattice constant of common
elemental and binary compound semiconductors.
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Bandgap engineering

Valence band offset
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Fotowoltalka

Photovoltaic effect in pn junction

1. absorption
o 2. thermalisation
3. diffusion

—
W 4. drift

.11
E — important parameters:
F—o b o o 0 o ° o & band gap E
— E o doping Ievef

o absorption coefficient a
o lifetime of carriers ©

o diffusion length L

o mobility p
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Zrodta energii

1,600 = H
Othe
B S bies
Solar thermmal
1400 = - {heat only)

Solar power
m and solar thermal
penaration)

-,

2000 2010 2020 2030 2040 2050 2100
Year

German Advisory Council on Global Change
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Zrodta energii

Ziemskie zrédta ropy naftowej sg szacowne na 3 tryliony barytek i zawierajg 1.7 x 10%2 J energii,
ktdrg Stonce dostarcza do Ziemi w 1,5 dnia.

llos¢ energii, ktora ludzkos¢ zuzywa rocznie wynosi okoto 4.6 x 102° J, Storice dostarcza ja w
ciggu godziny.

Moc, ktdra Stonce dostarcza ciggle do Ziemi, 1.2 x 10° TW, jest znacznie wieksza od wszystkich
innych form energii.

energy coming from the sun per year

2020: Szacowane potrzeby ludzkosci to 20 TW!

rocene promieniowanie
stoneczne

e et e R

total reserves:

oil uranium
gas '| L T
coal , Nicene Hidycle

energil

Prof. M. Kaminska world consumption/year
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Zrodta energii

Stonce:
Solar Radiation Spectrum
2.5
c UV | Visible | Infrared —=
S I I
NE 2- : I, Sunlight at Top of the Atmosphere
~ |
= |
e |
@ 1.51 5250°C Blackbody Spectrum
- /
©
T 14
g Radiation at Sea Level
©
= 0.5-
g Absorption Bands
Q. 05 H20 co, H,0
70

250 500 750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

http://commons.wikimedia.org/wiki/File:Solar_Spectrum.png
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Zrodta energii

Obszar potrzebny do produkcji 20 TW w samej PV: 6 miejsc, kazde 250 x 250 km? produkujace

3.3TW

Prof. M. Kamiriska
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Zrodta energii

Obszar potrzebny do produkcji 20 TW w samej PV: 6 miejsc, kazde 250 x 250 km? produkujace

3.3TW Global horizontal irradiation

3

Europe

Rien. Bratisiava S

Budapest /

Moskva
-

Average annual sum (4/2004 - 3/2010)
<700 900 1100 1300 1500 1700 1900 > kWh/m2

Prof. M. Kamiriska
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http://solargis.info

250 500 km

© 2011 GeoModel Solar s.r.o.



Zrodta energii

Installed power (megawatts)
v
40,000 —
35 000 . Moc wytwadrcza zainstalowanych urzadzen ~Germany
fotowoltaicznych na catym swiecie do 2010 .
30,000~ Catkowita moc osiggneta 40 GW w 2010 .
ZRODLO: European Photonics Industry
250007 consortium (EPIC) report, 2011.
20,000 - "
Japan
15,000 us
Italy
10,000 = China
Czech
-/ROW
5000 - ! !? ROE
. . India
ol =mm === v N - — = ~Australia
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Prof. M. Kamiriska
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Fotowoltalka

DC BUS AC BUS

i 4

PV Array Solar Controller

!

AC Load

Bidirectional Inverter
(Inverter / Charger)

BATTERY
Home / Boat / Motohome

Prof. M. Kamiriska
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Fotowoltalka

* 2007

2005  Ppierwsze ztacze komercyjne
20% Mono-Si(100cm?)

Cienkie warstwy
Mono-Si

Multi-Si
Cienko-warstwowy -Si

Prawo dla energii
odnawialnych, Niemcy

1995 ,Program dachowy dla domkéw
prywatnych”, Japonia

1990

| Pierwsze ztagcze laboratoryjne
1980 «— 20% Mono- Si (4cm?)

1990: 1/3 thin-film, c-Si, mc-Si 1
2007: > 90% c-Si & mc-Si! 1980

Prof. M. Kamiriska
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Fotowoltalka

Krzywa cen modutdéw PV z krystalicznego krzemu

[€/W,]
1 Neay [%]= 10 15 8 20 °
100 -E slope: 22% decrease for each doubling of installed capacity |
- F1980
1 1990
' 2000 _
107 20945007 (25%)
¥ ¥ 2010 2020
] d [um] = 400 300 200 100 5-
1 IIIIIII| 1 IIIIII|'| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| r rrrrm
104 103 102 101 1 10 102 102

A5lide courtesy of G. Willeke

Prof. M. Kamiriska
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Installed Peak Power (cumulated) [GWp]

100% RE for SKA et al_, Berlin, April 7, 2011
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Seed

Single Silicon Crystal
Muartz Crucible
YWater Cooled Chamber
Heat Shigld

Carbon Heater
Graphite Crucible
Crucible Suppart
Spill Tray

Electrode

http://people.seas.harvard.edu/~jones/es154/lectures/lecture_2/materials/materials.html

l//wwwsehmycom/Product/abtWafers.htm
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Fotowoltalka

Ry MA‘Z‘(;‘:L ConsumAS mam— Metallurgical grade silicon is commercially
prepared by the reaction of high-purity silica
with wood, charcoal, and coal in an electric
arc furnace using carbon electrodes. At
temperatures over 1,900°C, the carbon in the
aforementioned materials and the silicon
undergo the chemical reaction:
Si0,+2 C - Si+2CO.

ELECTRIC ENERGY

Q

CHARGE MATERIAL ’\ . '
|
|RECOVERED
/ ﬂ | ENERGY

LIQUID METAL

\(’

SILICA

REFINING bt
’

SOLIDIFICATION

5,

oo CRUSHING
Ll

:'; "v. }7,'

£
bs

SILICON

Figure 1: Schematic representation of a furnace for production of metallurgical grade silicon.
Reproduced from Schei A. Tuset J. Tveit H. Production of High Silicon Alloys. Tapir forlag.
Trondheim (1998).
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Fotowoltalka

The efficiency limit for a single-material PV Cell

Emn- ] AM1.5 spectrum
For Silicon: ~ 314001 . Si(1.12eV)
(AM1.5g, 1000 W/m?, 25°C) 3‘2“["- Thermalization losses
rlmax theo = 28 % c
) @ 000
Lab cell= 24 % ] Energy that can be
£ 800- used by a Si solar cell

1000 1500 2000 2500

Wavelength [

200

http://microtec-career.com/wp-content/uploads/2012/10/Prof.-Dr.-Eicke-Weber-The-Fraunhofer-Institute-for-Solar-Energy-Systems-ISE.pdf

2013-12-27
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Fotowoltalka

For triple-junction
concentrator cells: EB[:-D- 1 AM1.5 spectrum
610 ~Si100- B GainP (1.70 €V)
Nrmax, thea o = ] - Gah'b&ﬁ {1 18 E‘V}
(1000xAM1.5d, 1000 W/m?) &1200+ | Ge (0.67 &V)
Lab. cell = 40.8 % ®000.
230xAM1.5d, 1000 W/m?2) E :
= 800+
© 500-
E 400
. ]
1 Ge R
> D 2004
- N\ = '
. . . |
GalnP GalnAs 500 1000 1500 2000 2500

Wavelength [nm]

http://microtec-career.com/wp-content/uploads/2012/10/Prof.-Dr.-Eicke-Weber-The-Fraunhofer-Institute-for-Solar-Energy-Systems-ISE.pdf
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Fotowoltalka

~
o

IAS
n-AlnP Window
n-GalnP Emtter

4

p-GalnP Base
p-BSF
Tunnel Junction
N-GoinP Window

88888

n-Ga(in)As Base
p-8SF

lo 1 Tunnel Junclion

| n-Galin}As Buffer
lect

200 400 600 800 1000 1200 1400 1600 NS cly

n-Ge Emittes

Wavelength (nm) p-Go Base &

Available Current Density
(HA/cm?-nm)

Substrofe

contec!

http://photonics.com/Article.aspx?AID=35235
2013-12-27
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Fotowoltalka

Solar-cell-efficiency
enhancement using

nanostructures

2500 —— : . : . :

AMO Spectrum

N
o
o
o
1

-
o
o
=]
Il

1000

500 -

Specral Irradiance (W/m’/uum)
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Wavelength (um)
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Plazmonika

Au hydrosols prepared by M.
Faraday, 1857, Royal Institution.

The Lycurgus Cup (glass; British
Museum; 4th century A. D.)

Working monk, 1480,
Norwich, Anglie.
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Plazmonika

old Nan icles

@ | =m GRS

104

08

06 — 15nm nanospheres
30nm nanospheres
04 - —— 2.5AR nanorods
— 4 5AR nanorods
—— 7.5AR nanorods

400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)
G. Walters et al. , J. Mater. Chem.2009
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02

00
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Plazmonika
Al electrode Al electrode Al electrode

PEDOT-PSS PEDOT-PSS
ITO/Glass substrate ITO/Glass substrate ITO/Glass substrate

X (nm)

X {nm)

Near-field profiles of SPR at
380 nm (a), 610 nm (b), 810
nm (c) and of 50 nm Au NP

TiO,
ITO/Glass substrate ‘

S St o Jifi Pfleger Institute of Macromolecular
AZ001_ S ping] Chemistry AS CR Prague, Czech Republic
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Energia

http://www.daystartech.com/lightfoil.cfm

Cu(In,Ga)Se, (also called CIGS) compound semiconductor

. . . o
solar electricity conversion efficiency of 12.8% http://www.fp.ethz.ch/HESC/HESC html

S

Encapsulation

Zn0
CdS

Cu(lIn,Ga)Se _
Mo

Polyimide



Energia

TCO (ZnO:Al)
, Npuffer film
SOnmCdS |
absorber (CIS)

2.5 pm CulnS,

back contact

Substrate
SLS glass

Glassubstrat

Encapsulati

Zn0
CdS

Culln.Ga)!

Mo

Polyimide http://tessant.wpengine.netdna-cdn.com/wp-

content/uploads/2013/01/cigs-flexible.jpg




Koncentratory stoneczne

Concentrator receivers from Solar Systems Pty.
Ltd. of Hawthorn, Australia, are designed for
utility application at 400x to 500x. Courtesy of
Solar Systems Pty. Ltd., Australia.

2013-12-27




OSC — Organic Solar Cells

Inorganic vs. Organic Solar Cell

Inorganic Solar Cell Organic Solar Cell
» Power conversion efficiency up  # Only 6% achieved in lab
to 24% in lab » Low energy consumption at
» High energy consumption at fabrication
fabrication » Cheap fabrication
» Cost-intensive fabrication » Mechanical flexible on

appropriate substrates

Dr. C. Gravalidis Aristotle Universiti of Thessaloniki



OSC — Organic Solar Cells

Bilayer organic photovoltaic cells

Electrode 1
(ITO, metal)

Electron donor

Electron acceptor‘

| lectrde 2
(Al, Mg, Ca)

=

Problems
The diffusion length of excitons in organic

electronic materials is typically on the order of
10 nm. In order for most excitons to diffuse to

the interface of layers and break up into

carriers, the layer thickness should also be in

vacuum level

A

——

energy

acceptor (IP)

LUMO
(EA)

HOMO

v\

' donor ectron

g—»
1S~

ceptor

N

active interface

r. C. Gravalidis Aristotle University of Thessaloniki

the same range with the diffusion length.



OSC — Organic Solar Cells

Bulk heterojunction photovoltaic cells

; Elect'rod; 1
(ITO, metal)

c \ "-‘?—"—
Dispersed heterojunction 'ﬁ

.

“Elecirode 2 T

(AL, Mg, Ca)

Electrons move to the acceptor domains then
were carried through the device and collected
by one electrode, and holes were pulled in the
opposite direction and collected at the other

side

Dr. C. Gravalidis Aristotle Universiti of Thessaloniki




OSC — Organic Solar Cells

W latach 1975-1978, w zimnej przestrzenie miedzygwiezdnej odkryto molekuty opisane
formutg HC, ,;N(n=2,3,4i5)

W 1985 r. Richard Smalley, Harry Kroto i Bob Curl odkryli fulereny (Nobel 1996)

zogniskowana
~— wigzka laserowa

|

zawdr gazu

klasterow

AT
wirujaca

generator
weglowa tarcza

klasterow

kanat wzrostu  wiazka

detektor
jonow

Intensywnosc pasma

masowy
spektrometr

przelotowy

C,,, n216

60

Widmo masowe

v
60

1 1
40 60 80 100
Liczba atoméw w klasterze

Pawet Tomasz Peczkowski




OSC — Orga_hi‘

#

™

N

s
Y
>

-

-

60

0,71 +£0,007 nm

2013-12-27



2013-12-27

N o o TN\
IS o s NN

N\Z\7

KNKNZNING

QAN

A,.F' ANIATNT




OSC — Organic Solar Cells

-
 »

C e
C1 000,000

Roztwory w toluenie
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»,Ogrod zoologiczny” fullerenow

Cé0 (BUCKMINSTERFULLEREN)

»MALE FULLERENY"

Caa
Ca2
~PILECZKA Z USZAMI", czyli C,(0sO,)
(4-TERT-BUTYLOPIRYDINA),, zostata zsyn-
S tetyzowana przez grupe kierowana przez
:'Psl{J?oH::-A:ilc‘i'yFu?azntApt;s..:t:!:':h CooHior Joel M. Hawkinsa z University of California 46
je ze Berkeley.
2013-12-27 w pelni uwodornionego it

buckminsterfullerenu C._._



OSC — Organic Solar Cells

Bilayer Device Structure Bulk-Heterojunction Device Structure

|
L3

Active component 2

Active component 1

r
)
e‘

PEDOT:PSSE 1 ' 5

e

Dr. C. Gravalidis Aristotle Universiti of Thessaloniki



OSC — Organic Solar Cells

= Donor Acceptor
S P
M |
= [#]
J:,T} LUMO 3.0eV
I:&f““/ll\;f;l:r:l -
L
Acceptor: —
PCEM LUMO 3.9eV -
PEDOT
ITO 4.7eV 4 9aV HOMO 5.0eV
HOMO 6.2eV
i
Donor:
Polymer Donor + Acceptor Important heterocycles to construct pulymar donors:

v ”Q““Q”“"Q"gfsk

Polymeric Bulk-Heterojunction Solar Cell

Sete g o Rt o0 o

2013-12-27 48




OSC — Organic Solar Cells

Bulk heterojunction photovoltaic cells

; Elect'rod; 1
(ITO, metal)

c \ "-‘?—"—
Dispersed heterojunction 'ﬁ

.

“Elecirode 2 T

(AL, Mg, Ca)

Electrons move to the acceptor domains then
were carried through the device and collected
by one electrode, and holes were pulled in the
opposite direction and collected at the other

side

Dr. C. Gravalidis Aristotle Universiti of Thessaloniki




OSC — Organic Solar Cells

Bulk heterojunction photovoltaic cells Tapping mode AFM

Electrode 1 topographies phase images
(ITO, metal) - A B S

Dispersed heterojunction

“ lode i =i
(Al, Mg, Ca)

S

Electrons move to the acceptor domains then

were carried through the device and collected X. Chen, Bﬁgi’:ﬂﬂtﬁ‘agzp’l(d an, 6 \f”zn(;’g;"”ziss"sl'7';°2'f;;‘;f;
by one electrode, and holes were pulled in the

opposite direction and collected at the other

side

Dr. C. Gravalidis Aristotle Universiti of Thessaloniki




OSC — Organic Solar Cells

Tapping mode AFM

topographies phase images

Figure 1. TEM image of a thin film of a) 1:1 P3HT/PCBM blend before
annealing, and b) after annealing for T h at 140°C. ¢} 1:1 P3HT/PCBM +
5 wt-% 1)-block- 2) after annealing (140°C). d) 1:1 P3HT .
PCBM + m,(t)% poly'(?)?lflo)ck-poly(z) after ;inga“ngc()] h,)uo’C). Thi X. Chen, B. Gholamkhass, X. Han, G. Vamvounis, S. Holdcroft
white scale bars are 2 pm. Solutions of the blends were spin-cast onto Macromol. Rapid Commun. 2007, 28, 1792-1797
NaCl. After annealing, the films were floated onto water and placed on a

400-mesh copper grid. Images were obtained without stain; dark areas

indicate fullerene-rich regions.

K. Sivula, Z. T. Ball, N. Watanabe, J. M. J. Frechet, Adv. Mater. 2006, 18, 206.




OPV — Organic Photovoltaic

Solar cells on a roll, it s real!
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Printed electronics

Smart

- packaging |

Electronics
\ on smart
W§ / Foldable
Smart
paper & ' compatible Smaller personal
\books, Edible . electronics with

Largest < larger screens
common market ~ ‘

needs: low cost,
flexible, light weight,/

very high volumes/
/

Smart

\ labels Rollable

Solar

" Fault Very \ |
LOISIANNY |\ ide area \,:pqwer

Ubiquitous
» Cl ransparen \ ; )
Smart military  lighting
\

. ‘manpacks/ tents
patches 5oy rce: IDTechex

Sensor

Self adjusting
" use by dates
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Koncentratory stoneczne

Concentrated Solar Thermal Technologies: CST

74400

E ~ 70-90
ommercial

N, ~ 12%-14%
ILEC, ., ~ Sct/kWh

C ~60-120
demo

N, ~10%-12%
LEC, 4, ~ 5ct/kWh

C ~ 300-4000
demo

N, ~ 14%-18%
EEG s o2

C ~ 500-1000
comm. demo

N, ~ 10%-15%
LEC,y,, ~ 5Ct/kWh

http://www.mpifr-bonn.mpg.de/1192452/Weber.pdf
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Koncentratory stoneczne

http://pl.wikipedia.org/wiki/Silnik_Stirlinga
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Zjawiska termoelektryczne

Sita termoelektryczna

o)==

Sita termoelektryczna (wspotczynnik Seebecka):

kg [{€T) ]

UT~T1 - T,

metal B

metal A metal A

mieszanina
— wody z lodem

I
|IM_|||.||

2013-12-27

dT = Qgp = Qg — Ay
T,

Vi = f aqp(T)dT
T

podczas pomiaréw nalezy jeden materiat uznac
za wzorcowy, i badac site termoelektryczng
wzgledem takiego wzorca (idealnie —
wzgledem nadprzewodnika)

znak sity termoelektrycznej zalezy od rodzaju
nosnikow: dla elektrondw g < 0 i a > 0 (znak
zimnego korica — ujemny) = metoda gorace;j
sondy

sity termoelektryczne niezdegenerowanych
potprzewodnikow sg rzedu kilkuset pV/K
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Zjawiska termoelektryczne

Efekt Peltier efekt Seebecka efekt Peltier

—_—»

efekt odwrotny do efektu Seebecka —
powstawanie réznicy temperatury NP
pomiedzy ztgczami a—b i b—a dwdch Cf O | © ?
roznych materiatow przez ktore | . - | "

przepuszczany jest prad elektryczny: | _ v A _ v
B '
+|

Hot side

Cold side m m‘

Interconnect

http://en.wikipedia.org/wiki/Thermoelectric_cooling

2013-12-27



Zjawiska termomagnetyczne

Przyktad: poprzeczne i podtuzne zjawisko Nernsta-Ettingshausena
(pole magnetyczne + gradient temperatury)

Istnieje szereg zjawisk termomagnetycznych (gradient temperatury, pole elektryczne,
pole magnetyczne = mozliwe przeptywy pradu i ciepta); szczegdty — patrz np.: B.M.
Askerov, , Electron transport phenomena in semiconductors”, World Scientific 1994

1dT
F =1——rm poprzeczne
Y B dx
—— = PI;B, podtuzne

dy

podtuzny (zmiana sity termoelektryczne;j
w polu B) i poprzeczny efekt Nernsta-
Ettinghausena

2013-12-27
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