[ |
UNIVERSITY OF HELSINKI ABO AKADEMI




PRI, MATEFUALR

)
0 -

5
0&

i

$% # $ #&
! " ( $*+ , 9

$ #*1 $% % $.)
#% % "SH#) $(2
+ # +& 3 43 '(

1/5 36 4$/0 37 4%
3# 4$" % 38 4$# 9

4%" % 3 4

o

(),

8

$% 1% + ( $* *

<8 =,

$ (# *% %
# % $+
$ =, " $0

$+

$57>%

(),

$*

35 4%




6B )7(



FUN

2 91% 1G

(, B !

CD#9 3 4
" 1 |

C ?DD9 7D 9

C, EO9 3*5IF 94

?2DH | 1!
C 2ADDI?ADD
1 DED
3J?EDD /4
"B G

% | 6*$ % 1 )9# 0




)

PRI, MATEFUALR

44
Multijunction Concentrators Best Research-Cell Efficiencies Bk
W Three-junction (2-terminal, manelithic) {metamgrpmc}T
40 [ A Two-junction (2-terminal, monoiithic)
Single-Junction GaAs Bkl
. ifig:
35 A Single crystal Spectrolab {inr:ErEtlr;d
A Concentrator Spectrolab semi-mismatched)
WV Thin film v
| Crystalline Si Cells etk . HRE
: E (inverted semi-
32 o Smg.le crystgf _ NREL, 22 Spbgt%!ab mismatched, 1-sun}
O Multicrystalline Varian Amonix
og |- ®ThicksSifim (1exgong) S (92x conc.)
- I ——— e |
) Thin-Film Technologies S0} g e =
< ® Cu(in Ga)Se, (R , Unayy UNSW UNSW FhG-ISE
> 24}- OCdle Spire Kopin UNSW
g O Amorphous Si:H (stabilized) Cu(m%aL}Se?
) # Nano-, micro-, poly-Si (14x conc.) FhG-ISE
'O 20} O Multjunction polycrystalline -~ Georgia Tech  UNSW
= Emerging PV ; NREL NREL ~ NREL NREL  NREL NREL
B Westing- NREL Sh
L O Dye-sensitized cells house R arp
— i ' University - Slullg, (large-area)
16 @ Organic cells . REL 7" (45 um thin-film
: _ Mo. Carolina So. Florida AsiroPowe *
(various technologies) State Univ. NREL (small-area; N f" e NREL
ARCO  Boeing : ”
12 B Kodak Solarex /\\ "*—-...E_éel_ng Euro-CIS United Solar funited S [CdTEer{S}
AMETEK Photon Energy -O
Matsushita aneki Sharp
2 I
8 United Solar s '
NREL Konarka
) Univ. Linz
4 Gronlngen\ =
L 1]
Siemens
arethy | 10, UMivErsity
University Linz Linz
0 I N T I N NS N N Y N AN SN (NN (NN (NN NN [N [N SN NN NN NN NN NN S M [
1975 1980 1985 1990 1995 2000 2005 / 2010
Rev. 11-07-07
0 *
K LKH$ % 17 $*, DDM LIAN

| *



O
ABO AKADEMI

L}
| ]
UNIVERSITY OF HELSINKI



#ll n n $ %%

b /R

%()* $- %# %, % $'.. &. %




6 N 5

iy .
& ful
J I
N
- MAT
| g W
A,
.
ST MATERIAL R




L8 |
Y
15 L
1 i,
FNCTICRA, MATERAL R

0 $# $ @A@C @AL 3 D?D4




3@ 4 5 34
N
A /
— — BEG,
o S| por
. P?DF @

I $05 D?@@D@ 3 DDM4304% $05 $DM@@?? 3 DDL4



0

$)0

$ AE@D? 3 DD@4



87 *

3.

/

$()5



?$ T T T T T T T T T
—)@"
?$D ——)@" 1)60# Al? .
i —)@" 1)60# 212 ]
D$LL )60# |
< |
DS$H-
o D$A-
N
D$
D$|: L 1 L 1 L I N
@DD ADD EDD FDD D LDD MDD

KEA +8 B < %
E?F 3 DDL4 K?@ECK?@L



E?A KEA
? [ )@ >% 7DD ] - )@" KLE —) ..
>DL S i PLD+$ P?@@" — | ]
L E?A L
. & D DDA .
i 7 I )
2 DDD
] o D DD
- V
D DD -
D | \ '
| PLD+$ P?@@" ] D DDA -
A 1 ) 1 ) 1 ) 1 ) 1 ) 1 ) 1 ) - B
DE DED DKE ?DD ? E ?ED ?KE DD ODDDA— 0. . ., . ! v . .
Q8R DE DED DKE ?DD ?E ?ED ?KE DD

Q8R



< Q?E@h

6B)7( )@"!)60#

E?A

?E_'I'I'I'I'I'I'I'I'I'
I )@" 1)60# ?1?

?DF E?A

D Ef

D Df——

DE_ _)( 7*

2ol — ).

? E -_ .PII_D:i-$l F).?Cl@@"l 1 1 1 1 1 1 1 1 1 1 1
D DADFDL?D? ?A?F?L D

Q 8R

%
( B |

Q 8R

KEA
5 DF )@" 1)60%# 212 |
KLE
14 P DA PLD+$ P?@@" 1
| &
(@) DD .
1 v
D DD
—)( ..
DD — ) )
L >=
D DADEDL?D? ?A?F?L D A



6 |
T@"! >
T)@" <)60#
T 1! >

I 1 7> >
: G

) 1 | 1 7 1

% % $UVS/"%BWS$ $



Q (<

Q(<

@DD +$ 8P D$DE 8

T T T T T T
$D| —_@obx |
x
\Y;
N
(@4
D ?DD DD @DD
OXR
AD+$8 P D$DK 8
?$ T T T T T T T T T T T T T T T
f @D X
D$ —— AD X
D$ ‘V —— FDX A
DSK ‘ ——MDX ]
M, ?ED X ] o
D$H W —— @DD XA
. W —— FDD X
D$H W*' ”
D$A RER — ! v
‘/\M WA “j\ M‘, ‘}' A gl
D$@ . ¥ i @4
D$ [/ | .
D$~ i

DS Dyl

| ™

1 "
?DD

" 1 " " 1 " "
DD @DD ADD EDD FDD KDD

QX R

" 1 "
D 7DD

?LD +$8 P D$?A 8

D$ T T T T T T
——ADX
——FDX
——MDX
D$@ ?ED X
wﬁ

D EDD

QX R

?D+$8 PD$?ES8

?DDD

A

D$D?

?DDD D DDD @DDD A

QX R

?DD

DDD E

DDD

FDDD KDDD



T T T T T Ty
= @DDH
A KD+ ]
v AD+ |
¢ 72D+
Dk <4 2D+7
o *f v . : E%D’ff
w ’ - n [ ] A A H + 4
v oDEL < §§ 3 ; 4 : . v J
: E v v x x * L 2 E
o »E> > > : * 4« o <
>< ; *x * *x X N *x » » > >
Dk *ox % 3
?DK Nl il Ll
2 ?C ?2r° 2
QR
?D?K: T T T T T """‘_-
m @DD+
A KD+
«4 [
[ *":‘X O v AD+
" i . ¢ ¢ D+
& orl . X3 . < 2D+ |
Yok Y 3 ° PED+ ]
o | .x ¢ ° 7D+
< - Xy
™ - *
?D?E__ u 4
?D?A T | wl ul ul "
2D° 2D 2D® 2D 72D’ 20
S OR

??

2D” . ;
D7
5 '
® . < gu¥m m T R | <
2Dk a4 Av.<$ 4 3 PR 3
o LIRS ARG
[ < > » > *
?D?AE_ o, >* > _
v t = @DD+ xTHT o x
< [ 4 KD+ * 1
v ?DF v AD+ 3
F e 7D+ ]
™ o[ 4 LD+ *
D7 F » 2ED+ E
i * ?2D+
?E?K 1 L N P | 1
7c*k 7c* 72c¢ 72C 7C’
S | QR
?DFE T T T
K
?D 3 > E
- A «
©V ?DLE- b 4.&;-‘. b m * .
E A A >
o R X s e B SR
X < L4
v D"t = @pD+ * 3
A KD+
[ v AD+
2D ¢ 7D+ *
DUFE < b+ E
> ?ED+
* ?2D+
?D?? L 1 al L 1
?DE f)DA r)D@ 2D 2D



# % 1% |

@sp 8| >
(@R G <] —— / \
ASA 8 — A$A 8 / \
E$? 8
....................... 5@ 8 . o
SH>
5 % B 5= ) 60
> )@"



*1

% 1%

)@" 1)60# 21?2 3% 1%

o1

OR

7%




34 * )
5"
C4 1" )
3 ) ! |
C: ()*
c) ) u
) * )

"))

66 ,.

#89






