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ZnO:Ga 400 nm

Ni/Al

i-ZnO 100 nm

Zn(Se,OH) 10 nm,

CdS 50 nm

Cu(In,Ga)(Se,S)2

1800 nm

Barriere

Rückkontakt

Substrat

Pufferschicht

Absorber

Frontkontakt

Fenster

Molybdän 500 nm

Glas 2 mm

Al O2 3
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schicht
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i-ZnO
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EV
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x

EgVol

EgOf

EgZnO
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q�9<7K>*t�LZ;=F=9<GKG:9<3)5�9<;rqcAU3858587KAD[ULZAU>	>	;	_Y7:LZ5)58A<^UIJ3�AUP8;=[U9M[JAU3�[U9<3p�158AD�®AU3�5�9<3��QL`9<3�lM�¡gAUjZ]�9<3)9<7K3
ADS8LZP�C8F=9ML g»YSn9ML`[JAU3�[6Sn9<;=F=9<]kFMo�ÇnP83HgAUjZ]8;=FX_�9MLZ5�9<3v587:9Zr=9M_�9<7KGK7:[U9<3 ~Ð9<7:F`P83�[J;=SEAU3858587K;=dUIJ3kF`7K3fP87:F�gADF=9<3ºR¹gP�L
ac5ÈwrAUGK;�z,Pi|n9MLZ;`jZ]87KjZ]kF1^UIUL`[U9<;=F=9<GKG:FMo
xOgP�L�587:9)~Ð9<7:F`P83�[J;=SEAU3858587K;=dUIJ3kF`7K3fP87:F�gADFÌlM_Y7K;`jZ]�9<3\7�h4Çn3È¿�P8385rac5ÈwX[J7:S8F�9<;,L`9<GKADF`7:^{_�9<387:[U9#~H7:F=9MLZADF`P�LZAU3ih
[JADSn9<3po8}~7:9B9MLZ>	7:F=F=9<G:F=9<3 � 9ML`F=9{GK7:9M[U9<3�lM_Y7K;`jZ]�9<3PORQESn¾�x�h�¶io �	9M�½P8385uh�¶io ­s9M� ¬ Ë¡ADSn9<GKG:9¤­foK¯�°`oÐÇnP�L
q�9<;=F`7K>	>XP83�[v5�9MLuqcAU3858587K;=dUIJ3kF`7K3fP87:F�gADF\lM_Y7K;`jZ]�9<3´5�9ML�ac5ÈwkhÃz,Pi|n9MLZ;`jZ]87KjZ]kFrP8385)5�9ML�¿QSn9ML`�¡gAUjZ]�965�9<;
NYSE;=IUL`Sn9MLZ;�[J7:S8F,9<;c58AD[U9M[U9<3ul<AU]8G:L`9<7KjZ]�9Q»Q3kF=9MLZ;`P8jZ]fP83�[U9<3pof}~ADSn9<7È7K;=F r=9<5�IijZ]\l<PrSn9<AUjZ]kF=9<3p��58AD�{AU3r5�9ML
¿QSn9ML`�¡gAUjZ]�9	5�9<;BNYSE;=IUL`Sn9MLZ;O9<7K3�9s[UL�gIU�U9ML`9rqcAU3858G=gP8j`dU9\AUGK;B7K>ÑNYSE;=IUL`Sn9ML`^UIJGKP8>s9<3�Sn9MIUSEAUjZ]kF=9MF¤_�9MLZ5�9<3
dDAU383po,}~7:9<;=96[UL�gIU�U9ML`9ºqcAU3858G=gP8j`dU96dDAU383)l<P8>�9<7K3�9<3)58P�LZjZ])9<7K3�96;=IU[�o q IULZ5�9ML`9<5)^DAUjMAU38j²e´j²IJ>sCnIJP8385
¬ ¿1�QaY° q Sn9<587K3�[UF¤;=9<7K3p�H_�IUSn9<7,AU3�[U9<3�IJ>	>s9<3v_Y7:LZ5p�H58AD�69<;{;`7KjZ]yP8> 9<7K3�9�acP�2438ÀMwf9�T¹hÃz,]8AU;=9r]8AU385�9<G:FMo
ÇnP8>ÉAU385�9ML`9<3udDAU383�587:9~qcAU3858G=gP8j`dU9~AUP�RT[ULZP8385r9<7K3�9ML1^U9ML�gAU385�9ML`F=9<3VÇnP8;`AU>	>s9<38;=9MF=l<P83�[s5�9<;1NYSE;=IUL`Sn9MLZ;
AU3É5�9MLm¿QSn9ML`�¡gAUjZ]�9)[UL�gIU�U9MLm;=9<7K3p�¤lUo qQos58P�LZjZ]�9<7K3�9<30]HgIJ]�9ML`9<3ªwijZ]k_�9MRT9<G:[U9<]8AUG:FMo{}~7:9�AUP�RT[U9M_�9<7:F=9MF=9
qcAU3858G=gP8j`dU9¤AU3�5�9MLYNYSE;=IUL`Sn9ML`IUSn9ML`�¡gAUjZ]�9O_Y7:LZ5u7K3�587:9<;=9MLYNYL`Sn9<7:F1>	7:FQa�2`w8wVU�WBSn9MlM9<7KjZ]83�9MFMo
wijZ]8>	7K5V9MF~AUGÊo µ wijZ]EÅUÓ�·�;=I�_Y7:9\¿QdDAU3�Ir9MFBAUGÊo µ ¿QdDAJÅUÎ�·�Sn9MIUSEAUjZ]kF=9MF=9<3bAU38]8AU3856^UIJ3º³V9<;`;`P83�[U9<3�>	7:F=F=9<GK;
z,]�IUF=If9<G:9MdfF=L`IJ3�9<38;=Cn9MdfF=L`IJ;=dUIUCE7:9 ¬ z,tcwE°�AU3Õ5�9MLv¿QSn9ML`�¡gAUjZ]�9v9<7K3�9<;bacP�243Èwf9<¾`hÃNYSE;=IUL`Sn9MLZ;V9<7K3�9m¿1�Qa
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D>I�H�M KNV�W�X�Ob\]JSW]Y�Y'M1O$��a�W�KNM7W�V�M Ko`JLKNH�WPCED>F [2`V�R�e�H�R2ONF2G�M7H�Y'H�W�H `� \
H�RNX
`JSW�X�H�c-6 M1ONF2G�H�W�c-6 H�M
� JSU7\�U7H�M KNH�RNW,h � I	� V�W]Y � I ¥ n�IZM K
Y'H�W @TH-6 H�M7U7M7X�H�W�d^JSW]Y'Ub`V]F���H�W=������?(`V�R Y�J�O�) a�RNc�H�M1F2G�H�W�X�M7U K�[�a�U7X�H�W]Y'H

 a�W�e�H�W�KNM7a�W���iTOTK Y�J�OHI�H�M KNV�W�X�Ob\]JSW]Y�JSW)H�M7W�H�R lQRNH�W�c3#�`J�F2G�H c�V)X�Ro`a&%�H�RNH�W�
^M7H![�H�W��)G�`a�G�H�R h�O3���(\�\�M7U1Y'V�W�X¥ � ¥ n2k
ObaZM1OTK(Y�J�O ) a�RNc�H�M1F2G�H�W�W�H�X�JLKNM7e5�K) H�RNIZH�R ��K M1OTK(JSVK%�H�R2Y'H�Iwk'a�\wH�O(ObM1F2G�V�IyH�M7W�H���H�ONObV�W�X�h �����V� n
a'Y'H�R V�I H�M7W�H�d H�RNH�F2G�W�V�W�Xwh�
^G�H�aK� n^Y'H�R(P_M1O$��a�W�KNM7W�V�M Ko`JLKfG]JSW]Y'H�U K-�

W#~)¯D�Et�� W#~®­f�Et�� ORQES Â�9MR o
¬ 9M�¤° ¬ 9M�¤° ¬ 9M�¤°

Çn3È¿X�8Ófo Ó ac5ÈwÈ�8­fo � h�¶io � t�±iCÐo µ ÂYP8j<Å��U·
Çn3È¿X�8Ófo � ac5ÈwÈ�8­fo � h�¶io ­ Ë�]�9MI�o µ �Q7:9�ÅUÎ�SH�8ÂYAUP8¶�¯MAD·
ac5ÈwÈ�8­fo � ¿1�Qa ¬ acP�2438À<wf9�T�°`�H¯Do Ó ¶io Ó t�±iCÐo µ wijZ]EÅUÓi�EÂYP8j<ÅUÔi�È¿QdDAJÅUÎ�·

¿1�Qa ¬ acP�2438À<wf9�T�°`�H¯Do Ó acP�243Èwf9<¾��Ð¯Do ¶�� hÃ¶io ¶J­ t�±iCÐo µ ÂYP8j<ÅUÔ�·
ac5ÈwÈ�8­fo ­ a�2`w8wVU�Wk�Ð¯Do � ¶ t�±iCÐo µ ³VIULZ¶�¯²·
Çn3Èwf9U�E­fo ÔKX acP�243Èwf9<¾��Ð¯Do ¶�� ¶io Å{9M� Ë�]�9MI�o µ �Y9<G ÅUÓi� � 9<7 ÅUÓD·
Çn3Èwf9U�E­fo ÔKX acP�243Èwf9<¾��Ð¯Do ¶�� ¯Do ­{9M� Ë�]�9MI�o:�Et�±iCÐo µ � If9�ÅUÎD·
Çn3Èwf9U�8­fo Å acP�243Èwf9<¾��Ð¯Do ¶JÓ ¯Do ­{9M� t�±iCÐo µ ~ÐIUd�ÅUÎi�Et,3838¶U¶�·

>	7:FY9<7K3�9MLOqcAU3858G=gP8j`dU9X^UIJ3®¯Do Ó	9M�XoÈxOgP�LO587:9s�QL`9<3�lM�¡gAUjZ]�9\¿1�Qa��Uac5Èw�_YP�LZ5�9<3�R¹gP�LO587:9�~Ð9<7:F`P83�[J;=SEAU385ih
587K;=dUIJ3kF`7K3fP87:F�gADF � 9ML`F=9V^UIJ3 ORQES z x ¶�� Óº9M��9MLZ>	7:F=F=9<G:F µ ÂYP8j<ÅUÔi��¿QdDAJÅUÎ�·¸ocÇÈ_Y7K;`jZ]�9<3�5�9MLu¿1�QaªP8385
5�9<>�NYSE;=IUL`Sn9ML`^UIJGKP8>s9<3�_YP�LZ5�9B9<7K3�~Ð9<7:F`P83�[J;=SEAU385�^U9MLZ;`ADF=l¤^UIJ3Vh�¶io ¶J­\9M��[U9<>s9<;`;=9<3 µ ÂYP8j<ÅUÔ�·¸on}~7:9<;=9ML
� 9ML`Fr7K;=Fs;=IºdiG:9<7K3p��58AD�º9ML\^U9MLZ38AUjZ]8GÃgAU;`;`7:[UFs_�9MLZ5�9<3®dDAU383po�}~7:9�}~7K;=dUIJ3kF`7K3fP87:F�gADFslM_Y7K;`jZ]�9<3´¿1�QaÉP8385
NYSE;=IUL`Sn9ML`^UIJGKP8>s9<3p�p587:9	58P�LZjZ]b587:9s[UL�gIU�U9ML`9uqcAU3858G=gP8j`dU9\5�9ML{¿1�Qa½Sn9<587K3�[UF~7K;=FM�H>	AUjZ]kFX;`7KjZ]b;=IJ>	7:F¤7K3
9<7K3�9<>ª��AUG:9<3�lMSEAU385�^U9MLZ;`ADF=lBSn9<>s9ML`dfSEADL ¬ NYS8SE7KGK58P83�[s­fo ­k°`o

WY9<;=dU9�9MFsAUGÊo µ WY9<;ZÅUÅD·1dUIJ>	>s9<3�AU38]8AU385v^UIJ3�»Q3kF=9MLZ;`P8jZ]fP83�[U9<3�>	7:F=F=9<GK;{z,tcwyP8385v7K3k^U9MLZ;=9ML	z,tcw
l<P�5�9<> wijZ]8GKP�����58AD�)587:9º��IULZ;=F=9<GKGKP83�[�9<7K3�9MLVADS8LZP�C8F=9<3 �QL`9<3�lM�¡gAUjZ]�9ylM_Y7K;`jZ]�9<3Äz,Pi|n9MLZ;`jZ]87KjZ]kFVP8385
NYSE;=IUL`Sn9ML�AUP�RT[U9M[U9MSn9<3Ñ_�9MLZ5�9<3Ñ>XP���o�t,; �E385�9MF�^i7:9<GK>s9<]�L´9<7K3�9Õ}~P�LZjZ]8>	7K;`jZ]fP83�[É^U9MLZ;`jZ]87:9<5�9<3�9ML
t,G:9<>s9<3kF=96;=F`ADF=FMo�}~P�LZjZ])587:9�t,7K38587�|pP8;`7:IJ3y^UIJ3�ac5m7K3m5�9<3)NYSE;=IUL`Sn9ML\P8385�58AU;\WY9MLZAUP8;`587�|pP838587:9ML`9<3
^UIJ3�243�P8385�wf9¤7K3�587:9~z,Pi|n9MLZ;`jZ]87KjZ]kF�9<3kF`;=F=9<]kFY9<7K3�9OdUIJ3kF`7K3fP87:9MLZGK7KjZ]�ADS8[U9<;=F`P�RTF=9¤qcAU3858G=gP8j`dU9Uo
xOgP�L¤587:9sqcAU3858G=gP8j`dU9	^UIJ3vacq�}Qh4ac5Èw6_YP�LZ5�9{9<7K3 � 9ML`F¤^UIJ3y­fo ­�9M�É9MLZ>	7:F=F=9<G:F ¬ Ë¡ADSn9<GKG:9	­foK¯�° µ ³VIULZ¶�¯²·¸o
³VIUL`dU9<G¡P8385 � 9<7K38]8ADLZ5�F19MFQAUGÊo µ ³VIULZ¶�¯J� � 9<7K¶�¯²·HR AU385�9<3�58ADLJgP�Sn9MLZ]87K38AUP8;�7K3�7K]�L`9<3�³V9<;`;`P83�[U9<3V>	7:F=F=9<GK;
z,tcwvP8385v7K3k^U9MLZ;=9ML	z,tcwb9<7K3�9V¿QSn9ML`�¡gAUjZ]�9<3kSEAU3858G=gP8j`dU9u5�9<;sNYSE;=IUL`Sn9MLZ;¤^UIJ3Ä¯Do �º9M�X��_�IUSn9<7c5�9ML	5�IUL`F
P83kF=9MLZ;`P8jZ]kF=9QNYSE;=IUL`Sn9ML`FÃefC\5�9<>�7K3	587:9<;=9ML,NYL`Sn9<7:FÌ^U9ML`_�9<385�9MF=9<3\9<3kF`;=C8LZ7KjZ]kFMoft,7K3�~Ð9<7:F`P83�[J;=SEAU385�^U9MLZ;`ADF=l
AU3V5�9MLQ�QL`9<3�lM�¡gAUjZ]�9¤lM_Y7K;`jZ]�9<3Vac5ÈwkhÃz,Pi|n9MLZ;`jZ]87KjZ]kF�P8385�NYSE;=IUL`Sn9ML1dUIJ383kF=9¤387KjZ]kF1RT9<;=F=[U9<;=F=9<GKG:F�_�9MLZ5�9<3po

xOgP�LXÇn3Èwf9{AUGK;~z,Pi|n9MLZ;`jZ]87KjZ]kF`>	ADF=9MLZ7KAUGÌ9²±�7K;=F`7:9ML`9<36dU9<7K3�9�~H7:F=9MLZADF`P�LZAU3�[JADSn9<36l<P�L,~Ð9<7:F`P83�[J;=SEAU3858587K;4h
dUIJ3kF`7K3fP87:F�gADFslM_Y7K;`jZ]�9<3)Çn3Èwf9�P8385mÇn3È¿XoÌ}~7:9�qcAU3858G=gP8j`dU9�^UIJ3´Çn3Èwf9u_Y7:LZ5v>	7:F � 9ML`F=9<3m^UIJ3)­fo ÔKX{9M�
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SE7K;�­fo Å®9M�-AU3�[U9M[U9MSn9<3 ¬ Ë¡ADSn9<GKG:9b­foK¯�°`o�xOgP�LV587:9y�QL`9<3�lM�¡gAUjZ]�9®Çn3Èwf9��UacP�243Èwf9<¾�9ML`[J7:S8F�;`7KjZ]�9<7K3 ~Ð9<7�h
F`P83�[J;=SEAU385�^U9MLZ;`ADF=l\lM_Y7K;`jZ]�9<3 ORQES z xª¶�� Å�9M� P8385m¯Do ­�9M� ¬ Ë¡ADSn9<GKG:9r­foK¯�°`o¡}~ADSn9<7,9<3kF`]87:9<G:F=9<3y587:9\7K35�9<3s»Q3kF=9MLZ;`P8jZ]fP83�[U9<3{^U9ML`_�9<385�9MF=9<3sNYSE;=IUL`Sn9MLZ;`jZ]87KjZ]kF=9<3)r=9<5�IijZ]{dU9<7K3�91]HgIJ]�9ML`9�¿QSn9ML`�¡gAUjZ]�9<3kSEAU3858G=gP8j`dU9Uo

q�9<7,5�9MLB��9ML`_�9<3858P83�[V7K38;=Sn9<;=IJ385�9ML`9X^UIJ3�Çn3Èwf9sAUGK;¤z,Pi|n9MLZ;`jZ]87KjZ]kF¤;=F=9<GKG:FB;`7KjZ]bAU38]8AU385b5�9ML¤]�IJ]�9<3
[U9<>s9<;`;=9<3�9<3 ~Ð9<7:F`P83�[J;=SEAU3858587K;=dUIJ3kF`7K3fP87:F�gADF=9<3®587:9�x8LZAD[U9638AUjZ])5�9<> ~HAU58P83�[J;=F=L�gAD[U9ML`F=LZAU38;=CnIUL`FMo�WYIJ]�9
CnIJ;`7:F`7:^U9)}~7K;=dUIJ3kF`7K3fP87:F�gADF=9<3É7K> ~Ð9<7:F`P83�[J;=SEAU385 ORQES z�� ¶�� �Õ9M��;=F=9<GKG:9<3¼9<7K3�9�qcADL`LZ7:9ML`9)R¹gP�L®5�9<3
~HAU58P83�[J;=F=LZAU38;=CnIUL`F65�9ML6CE]�IUF=IU[U9<3�9MLZ7:9ML`F=9<3Õt,G:9MdfF=L`IJ3�9<3Õ7K3 5�9MLbwfIJGKADL`lM9<GKG:9v58ADL µ ÂYAUPEÅUÅDj²·¸o~t,7K3 ËH9<7KG
5�9MLst,G:9MdfF=L`IJ3�9<3®>ºgP��UF=9�58AU383v58P�LZjZ]v587:9r[U9<;`AU>¤F=9Vz,Pi|n9MLZ;`jZ]87KjZ]kFXF`P8383�9<GK3poH}~AD�b5�9MLw~HAU58P83�[J;=F=LZAU38;4h
CnIUL`FZr=9<5�IijZ]�387KjZ]kFr58P�LZjZ]´587:L`9MdfF=96Ë¡P8383�9<G:C8L`IUlM9<;`;=9V58P�LZjZ]´587:9�[U9<;`AU>¤F=9bz,Pi|n9MLZ;`jZ]87KjZ]kFrSn9<;`jZ]�LZ7:9MSn9<3
_�9MLZ5�9<3ydDAU383p�H>	AUjZ]�9<3vRTIJG:[U9<385�9 g»YSn9MLZG:9M[JP83�[U9<3y5�9<P�F`GK7KjZ]pÆp}~7:9r}~7Kj`dU9r^UIJ3mÇn3Èwf9²hÃz,Pi|n9MLZ;`jZ]87KjZ]kF=9<3y7K3
wfIJGKADL`lM9<GKG:9<3V_Y7:LZ56>	7:F{¯M¶u38>@SE7K;Yl<P�¯o�J¶�38>�AU3�[U9M[U9MSn9<3 µ t,3838¶U¶i�pt,3�[kÅUÅ�·¸�n_�IUSn9<7Ì587:9	wfF=L`IJ>	587KjZ]kF=9<3
;`7KjZ]º>	7:FOl<P83�9<]8>s9<385�9MLO}~7Kj`dU9\387KjZ]kFO_�9<;=9<3kF`GK7KjZ]bP83kF=9MLZ;`jZ]�9<7K5�9<3poHwijZ]�IJ3º>	7:FO9<7K3�9MLO}~7Kj`dU9	^UIJ3m¯M¶	38>
P8385 9<7K3�9<> ~Ð9<7:F`P83�[J;=SEAU385�^U9MLZ;`ADF=l®^UIJ3 ¯®9M�*9ML`[J7:S8Fº;`7KjZ]½>	7:F�9<7K3�9MLº9²|n9MdfF`7:^U9<3¼³6AU;`;=9�R¹gP�LvÇn3Èwf9
^UIJ3�>����� ¶ioK¯<Á µ WYIf9�ÎUÁD·XP8385Ä5�9MLVNQ3838AU]8>s9º9<7K3�9MLVÂ�9<jZ]kF=9<j`dfSEADL`LZ7:9ML`9v9<7K3�9º^U9MLZ;`jZ]k_Y7K385�9<385�diG:9<7K3�9Ë¡P8383�9<G:_cAU]�LZ;`jZ]�9<7K38GK7KjZ]�dU9<7:FX7K3�5�9MLr�QL�gIU�U9<3�IULZ583fP83�[º9�| À�� µ wflM9�Îi¯M·¸o�t,7K3�9�[UL�gIU�U9ML`9Vz,Pi|n9MLZ;`jZ]87KjZ]kF`587Kj`dU9
^U9ML`LZ7K3�[U9ML`F\587:9VË¡P8383�9<G:_cAU]�LZ;`jZ]�9<7K38GK7KjZ]�dU9<7:FX_�9<7:F=9ML<o,}O9MLuq�9<7:F=LZAD[y^UIJ3´Ë¡P8383�9<GK>s9<jZ]8AU387K;`>s9<3p��587:9�9<7K3
587:L`9MdfF=9<;,Ë¡P8383�9<GK3	58P�LZjZ]\587:9�[U9<;`AU>¤F=9~z,Pi|n9MLZ;`jZ]87KjZ]kF,Sn9<7K38]8AUG:F=9<3p�DdDAU383rAUGK;=I¤dU9<7K3�9<3	_�9<;=9<3kF`GK7KjZ]�9<3rNQ3ih
F=9<7KGÈAU> ÇnP8;=F`AU385�9MdUIJ>	>s9<3r5�9<;1�Q9<;`AU>¤F`;=F=L`IJ>	;17K3uac]8AUG:dUIUCfefLZ7:F`;=IJGKADL`lM9<GKG:9<3	>	7:F1Çn3Èwf9²hÃz,Pi|n9MLZ;`jZ]87KjZ]kF=9<3
]8ADSn9<3po8t,;�_Y7:LZ5�58AU]�9ML�^U9MLZ>XP�F=9MFM�È58AD�\587:9~[U9<>s9<;`;=9<3�9<3A~Ð9<7:F`P83�[J;=SEAU3858587K;=dUIJ3kF`7K3fP87:F�gADF=9<3 ORQES®7K3�5�9ML
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