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� � � � � �

H2 � He 
6x1011 kg s-1

Surface 5000K

Air Mass Zero
AMO

1353 W/m2

Air Mass One
AM1   925 W/m2

AM2   691 W/m2 q = 60°
AM1.5   844 W/m2 q = 45°

150,000,000 km
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c = ���
��� �� ���������� = 3x108 ms-1

h = �������� ��������� = 6.6x10-34 Js
(1eV ����������� �� 1.24mm)
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beam

Material Albedo

Aluminium 0.85

Asphalt 0.09-0.15

Concrete 0.25-0.35

Fresh Snow 0.82

Galvanised Steel 0.1-0.35

Grass 0.15-0.25
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Voc

Within a diffusion length of the 
junction?
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Area= Isc ´́́́ Voc


����� �� !����
��� (Fill Factor FF)

ocsc

mppmpp

VI

VI
FF =

Voc

Isc

Vmpp

Impp

Area= Impp ´́́́ Vmpp

area
IL ´́́́ Voc

area
Impp ´́́́ Vmpp

= FF

(��
�

���)	���

~0.8

in

SCOC

in

mpmp

P

FFIV

P

IV
==h
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reactor

silicon wire

polycrystalline
silicon

graphite
holder

Si + HCl + Cl2

SiHCl3
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SiHCl3 + H2
=> Si + 3HCl
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Melt

Boule

Seed
crystal

Seed holder

Heat shields

Silica
crucible

Graphite
susceptor

RF coil

Base

Argon flow

Boule

Seed
crystal

Inert
atmosphere

RF
coil

Molten
zone

Water-cooled
chamber

Polycrystalline
silicon rod

Single crystal
silicon

Boule

Seed
crystal

Inert
atmosphere

RF
coil

Molten
zone

Water-cooled
chamber

Polycrystalline
silicon rod

Single crystal
silicon

Czochralski method Float zone method
���&������ �� �����
����� �� c-Si



PN junction grain boundary

N+

P
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Multi-crystalline Silicon (mc-Si)
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a ntir e f le c tio n  
c o a tin g  

 N -ty p e  

P - ty p e  

c on ta c t 
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CuInSe 2
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a-SiGe

CdTe/CdS
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a-Si:H, p+ ���' (20 - 30 nm)

a-Si:H (	
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�	 ���) – 250 nm)

a-Si:H, n+ ���' (20 nm)
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 Si3N4 ��� TiO2.



„light trapping“ 
�
�� – 600 nm

front ZnO

mmmmc-Si pin

back ZnO

Ag

glass

4%1%

<12%

600nm



TCO �� „light trapping effect“

ZnO��
�� 
 HCl ZnO����"�� "��	 CVD
(Chemical Vapour Deposition)
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�!"����� ��� AM 1.5 (1000 W/m2) � 25 oC
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Toughened high
transmission glass

36 or 72 series connected
multi- or mono-silicon cells

Anodised
aluminium

frame

Silicone
sealant

Junction box

By-pass
diodes

Fibreglass

Cell string

EVA (Ethylene
vinyl acetate)

Tedlar / polyester / tedlar
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(������������� �� S.E.Project, SEM70 "��&�
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mc-Si, multilayer a-Si PV ������
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Glass
Molybdenum

Cu(InGa)Se2

CdS
ITO/ZnO

MgF2

0.5
 -

1.5
 mmmmm1.5

 - 2.0
 mmmmm

0.0
3 -

0.0
5 mmmm

m

0.5
 -

1 mmmm

m

NiAl

Contact

CdTe

CdS
TCO

Glass

T y p e  o f  
c e l l  

E f f i c i e n c y  E n e r g y  p a y  b a c k  
t i m e  

c - S i  1 2  %  2 . 1  y e a r s  

t f - S i  6  %  1 . 4  y e a r s  

C u I n S e 2  1 0  %  1 . 2 5  y e a r s  
 

 



,�!
�� ��"��� �� ����*���� 
��+��� 

����!
����
��� �� ��"������� !� 
, �����"�



1

10

100

1960 1970 1980 1990 2000 2010

year
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 (
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1970   …..  100 USD/Wp 1985   …..      7 USD/Wp 25 MWp
1975   …..    30 USD/Wp 1995   …..      4 USD/Wp 78 MWp
1980   …..    12 USD/Wp 2000   …..      3 USD/Wp 287 MWp

����
�	 �� ��	����	���� ��
��	�� � 30% ������� � �� 2010 
� . �� ������ ���	���
��� � a 3 GWp � �� .
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693 kWp PV Busanovice – CZ, 
29.01.2007
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 Pyrgos, 
Greece
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