
��� �����	� 


� � ���������� ������� ������������� �!�"� # $ ���
� % � & # �'�(�*) +-, �.�

/10243535687:94;<7:9>=?6A@CBEDGFAHJIKB<B<IK3	DG2MLON5IKFQPRDS68;<6UTC@G3WVX9YDGB[ZG@4*>\]F8;^=?IK3 68I_=?HKIJ3W68;[7:9	DG246�IK;<35IK` * -
Y DGB<a4B<IJ;^=?IKFbN5IJFdceIKF8a5;[35N52535fQVX2hg ) 3 1ji D>kKgmlMI 1 l5konpgqVX9YDGB<ZS@4*>\]F8;[=:kb2535N�IJ;<34IJ`r95@]7:95N5@S=?;<IKFA=8IJ335s - Y I_=?IKF8@4*YDSFA=?34IJFtgquv3xwykzHK256?DG`{`{IJ3}|�~!;<35I�IJFA95IJa5B[;<7:95IOl]=?IK;<fCIKF82534f�N5IK6���;<FAZ]2435fC68fGF?DGN5IK6� ;[F8N�IKF8FAIJ;<7:9>= 1 � IJ353�H � ;<687:94IJ3�H � ;[687:95IK3 * - 2535N�3Ys - Y DGB[a5B<IK;[=8IJFyIJ;[3��!24��IJF�TG@C3 � IK35;<fGIJ3� DG35@C`{IK=8IJFA3 / ;[7:ZGI�DG2ML�fCIJa5F8DG7:9>= � ;<F8Nv|C� 025F!N4;<I��Y2535Z>=8;<@C3�N5IK6e�e2M�vIKF86 � IKF8N5IK3�N5IKF8HKIJ;[=e`{IJ9]�FAIJFAIX��346 0DS=8HJIRN5;[68Z�24=8;<IJF�=���N5;[IX;<`�L�@GB<fCIK35N5IJ3���a56A7:9535;^=8=�Z�25FAHXTC@GF8fCIK6A=?IKB<B^= � IJFAN5IJ3}| / ;<I�a5;<6ABEDG34f9 0@C7:956A=8IJ3d��;<FAZ�2535fC6AfCF?DGN4I � 25FAN5IJ3�`{;[=�VXNxl>�M�!24��IJFA687:95;[7:9>=?IJ31DG256"N5IJ`.7:95IJ`{;<6A7:95IJ3{PRDSNbIJFo�FAIJ;[7:9�=�g�� W � W � K VX@C3Y¡C¡S¢Ek_|S� 025F"IJ;[35IX95@]7:956AZSDSB<;<IKFA=8IR�!F8@]N525Z>=?;[@C3b;[6A="`1DG3�£AIJN5@]7:9da�IK6A=8F8IJaM=��GN5DG6l]7:9 � IJFA`�I_=:DGB[BR¤yDGN5`{;<24`�N525F87:9�IK;<3 � IK35;<fCIKFb25` � IJB^=?a¥IJN5IK35Z�B<;[7:95IJ6�¦§DS=?IKF8;EDSB�HK2�IJFA68I_=?HJIK3}|/ DSF 025a¥IJF�95;[3YDG256�;[6A=�N5;[I¨3YDG6A687:95IK`�;[687:95I���a56A7:95IJ;[N52535f{=?IJ7:9435;<6A7:9�687:9 � IJF©;<3ªIJ;[35Iy�!F8@]N525Z>=?;«�@G3568B[;<35;[I HJ2§;<3>=?IKfCF8;[IJF8IK3}|x~!6 � IJFAN5IJ3�NYDG95IKF¬HK25F�uvIJ;[=�fGF8@CCIy�©356A=8F8IJ34fC2535fCIK3�253>=8IJF834@C`�`{IJ3v�IK;<3t=?FA@M7:ZSIJ35IK6©ceIKFAL®DG95FAIJ3�HJ25F¬�!24��IJF8DGa5687:94IJ;<N42535f1HK2§FAI�DGB[;<6A;<IJFAIJ3}|¯ `	L�@CB[fCIJ34N5IJ3 � ;<F8N{N5;[I¬�©3 � IK35N5aYDGFAZGIK;[=�N5IKF�£A@]N5253>=8IJF86�= 024=8HK=8IJ3O7:95IK`�;[687:95IK3 i DG68°595DG68IK3M�N4IJ°¥@C68;^=?;<@G3�TC@G3�uv3xlMI{L 025F�N5;[IO�!F 0DS°YDGF?D±=?;<@G3²TG@C3��!24�vIKF83�;[3�VX9YDSB<ZG@G°�\]FA;[=�� / 02535356A7:95;<7:9>=?6A@S�B<DGF8HKIJB[B<IJ3§N5;<6AZ�24=?;[IJFA=J|��©2568fGIJ95IK35NpTC@C3³N4IJ3p;<`�IKF86A=8IJ3p´�IJ;[B"N5;[IJ6AIJF �©F8a¥IJ;[=¬TC@GF8fCIK6A=?IKB<B^=?IJ3U~!Fo�fGIJa535;[686AIJ3ªHJ25`�uv3xlMI:���QDG7:956A=825`�;[`�£A@MN5243�=8IJF�= 024=8HK=?IK3§Vµc / ��ceIKFAL®DG95FAIJ3 � ;[F8NO95;[IJFµN5;<I w¨°]�=8;<`{;<IKF82535fQN5IJF��!F8@CHKIJ6A68°YDGF8DG`{IK=?IKF§;[` ¶¬;<3�a5B[;<7:Z·DS24L�N4IJ3���;<F8Z�2534fC68fCF8DGN�N5IJF§lM@GBEDGFAHJIJB[B<IK3fGIJHJIK;<fG=J|
¸O¹»º ¼'½³¾C¿³Àb½ Á³Â Ã*ÄtÅ{ÆJÀbÃ!Ç¬Â¨Æ�ÆJÂ¨È
/ IKF��©24L�aYDG2QN5IJF / 02535356A7:95;<7:9>=?6A@CBEDSF8HJIKB<B[IJ3�DG2ML�N5IJF�PRDG6A;<6yTC@C3�VX9YDSB<ZG@G°�\]FA;[=?IK3�N5IKFduv2568DG`��`{IJ3468IK=8HJ2534f�VX2hg ¯ 3v� i D>kJgqlMIG�Él5konO;<6�=�6A7:95IJ`�DS=8;<687:9Ê;<3���a5a5;[B<N52435f�Ë]|[� � ;<IJN4IJF8fGIJfCIKa�IK3}| / IJ3@G95`�6A7:95IJ3ÍÌ 0257:Z�ZG@G3�=?DGZ>=UN5IJF³uvIJB[B<IUa5;<B[N5IK=�IK;<35I�7�D4|z��Î}` N5;[7:ZGI�¦§@CB[\]a¥N 0DG3]�MlM7:95;<7:9>=J��N5;[IDS24L���B[@>DS=?fGBEDG6¨DS24L�fCIJa4F?DG7:9>= � ;<F8Nv| / ;[IdNYDGF8DG24��@CB<fCIK35N5I{°�@GB[\]Z�F8;<6�=:DGB[B<;[35IdVX2hg ¯ 3}� i D>kKgmlMIS�jl4k�n8�l]7:95;<7:9>=eIJ3>=86A=?IK9>=eN525F87:9�¤¨@»TCIKF8NYDS`�°4L�IK3dN5IJF�~eB[IJ`{IJ3>=?IX@MN5IKF�;[3bIJ;[35IJ`ÍF8IJDGZ>=?;^TCIJ3�¶¬IJ;[HJ687:94F8;[=A=35DG7:9³68IKÏ�25IJ3>=?;[IJB[B<IJF©��a56A7:95IJ;[N52535f²ÐÑPX@]NYÒCÒ4��VX@C35ÒCÒ4�¥��B<a5ÒCÒGav�¥��B[aYÒCÒCD���¤yB<DC¡CÓ»¢m| / ;<Iy;[`�Ì©DG9]�`{IJ3�N5;[IJ6AIJFd��FAa�IK;[=bTGIJF � IK35N5IK=8IJ3�V ¯�i l5l5ÔG¦§@�Ô i BEDG6Õ�]��a468@CFAa�IKF � 25F8N4IJ3�TC@C3ÖlM;[IJ`{IJ356{lM@±�B<DGF ¯ 35N5256�=?F8;[IJ6dDS256�VRDG`�DGF8;[B<B[@�ÔG¤yDGB<;^L�@GFA35;<IK3�HJ24F�ceIJF�L 025fC2535f�fCIJ6�=?IJB[B[=J| / ;[I1��;[F8`�D�6�=?IKB<B[=�N5;[I

ËM�



Ë�� �������
	��������������������������
	 �"!#��$����%&���$��'�()�
	���*�+��,%�'�!-�.�/�10$2�2����

Frontkontakt (Ni/Al)

ZnO-Fenster

Puffer (ZnSe, CdS)

CIGSS-Absorber

Rückkontakt (Mo)

354.4�687:9�;=<�>@?BA8C�D�E�F�G&H/IKJMLONQPOF�G&HSRUTWV&XZY�J[V\H/N^]&HSR`_5aV#]#]�POF
G#N^F
GbLOPdc-eQJMROfSH/eQeQHKJ[V&X�g&HSR`hiJ[PONQP`j[c-]
k G#J[eml[c[npopR
NmLdH/]qg&HSRsr V#POJ[IKI)H/]�PdHSLdf/V#]&t k V�uwvxJ�y{z|]$}~uwE�H[y�E#} n
VX2hg ¯ 3}� i D>kKgmlMIS�jl4k�n8�4lM7:95;[7:9>=?IJ3 `�;^=8=8IJB<61N57 �4l]°524=8=8IJFA3�TC@C3 `{IK=:DSB<B<;[687:95IK3 VX2xÔ i D��Ê2535N ¯ 3��lM7:94;<7:9>=?IK3(2535N·DS35687:95B[;<IKCIJ35N4IJF1lMIJB[IJ35;[68;<IKF82534f�ÔClM25B^L�25F8;[68;[IJF82435fp;<3Ö¶©n l]I»ÔG¶¬n_l>�]�R=?`{@C6A°59 0DGFAI95IKFJ|4~e;[fCIJ34Iy¦§IJ6A682534fCIJ3�`�;^=8=8IJB<6e=?;[IKL�IK3YDG24L�fCIKB 0@C6�=?IKF�¦�DG6A68IK3568°¥IJZ>=?FA@C68ZS@C°5;[Iz95DGa�IK3ta�IK6A= 0DS=?;[fG=��NYDS686 i Dt68;[7:9QNYDGa¥IJ;�TG@CF � ;[IJfCIK35N�;[`�PXIKF8IJ;[7:9QN5IK6bÌ 0257:Z�ZG@C3>=?DGZ>=?IJ6�6?DG`{`�IKB[=J�hl��535N5IK=�68;[7:9NYDSfCIJfCIK313YDS95I�N5IKFRw a¥IJF
� 0DG7:95I©N5IJ6µ��a56A@CF8a¥IJFA6J| / ;<I�DG256s� 2YDG3>=?IK3YDG256Aa�IK24=?I:�4¦§IK68682435fCIJ3§DGaM�fCIK687:9 0D±=?HK=8IJ3·I_�vIKZ>=?;[TGIJ3ÊPRDG35N5B 0257:ZGIK3���� a¥I � IJfGIJ3Ê6A;<7:9�L 025Fd��a468@CFAa�IKF1DG246�TGIJFA687:95;[IJN5IK35IJ3�!F8@]N525Z>=8;<@C356A68IKF8;<IK3�DSa59 0DG35fG;<fdTC@C` i D�� i IK9YDGB[=RH � ;<6A7:95IJ3��C� Ò��d2535N²�C�[�yI_cb|/ IJF��!24�vIKF � ;<FANQH � ;<687:94IJ3�N5IJ`�°]�]B[IJ;^=?IJ34N5IJ3���a56A@CF8a¥IJFb2435N�N5IKFb3Ysx�]N4@G=?;[IJFA=8IJ3�uv3xw¬�lM7:94;<7:9>=©DG24L�fCIKa5F?DG7:9>=J| / ;<I¬��;<F8Z�2534fC6 � IJ;[68I¨N5IK6��e2M�vIKF86�;<6�=�HJ24F�uvIJ;^=�35@]7:9t35;<7:9>=�TC@GB<B<6�= 0DG34N5;<fTGIJF86�=:DG34N5IJ3}|4��B<6W�©FA6?DG7:94I�N5IKFX`{;[=�N5IJ` �!24��IJFµIJ;<3495IJFAfCIJ95IK35N5IK3�l]=?IK;<fCIKF82535f�N5IJ6���;<FAZ]2435fC6��fCF8DGN5IK6 � IJFAN5IJ3�N5;<6AZ]2M=?;<IKFA=,�

� i ;[=A=?IKF?DG35°5DG686A2535f�� uv;[35Z�a5B<IK35N5I � i ;^=8=?IKF � ;<I VXNxl}g�7»k a5H � | uv3xlMICg®7�k `{;[=
�����M�ÉÓM�»Ó�a5H � |��M�����C¡����a�IK68;[=8HJIK3�IK;<35I1fC24=?I i ;^=8=?IKF?DG34°YDG686A2535f³HK25`-VX95DGB<ZS@C°>\MFA;[=o�i ;[=A=?IKFJ�}N5IK686AIJ3�~!;[3595IJ;^=?6AHJIJB[B<Ib6A;<7:9�DG256yH � IJ;�~!;<3495IJ;^=?68HKIJB[B<IJ3UN5IKF�uv;<35Z�a5B[IJ35N5IK6A=8F825Z>=?24FHK256?DS`�`{IJ356AIK=8HK=�| / DGN525FA7:9 � ;<F8NWIK;<3	IK°5;[=?DGZ>=?;[687:95IK6���DG7:946A=?24` N5IKF��!24�vIKF86A7:95;<7:9>=IKF8` 0@CfCB[;<7:9>=�2535N i F8IJ34H�� 0DG7:94IJ35N5I_L�IJZ>=?I�N525F87:9 i ;^=8=8IJFAL�IK95BEDS35°YDG6A682535fGIJ3tTCIKF8`{;<IJN4IJ3}|

�Êl]7:9]2M=?H�N4IJ6X�©a568@GF8a¥IJF86�� / DG6µuv3xw¬�M�YIJ356�=?IJF � ;<FAN�;[3�N5IJFµÌ¬IKfCIJBx`{;[=!IK;<35IKFµlM°524=A=?IJF�=?IK7:9M�34;<ZQN4IJ°¥@C35;<IKFA=J� � @Ga�IK; � IKfCIJ3�N5IJF�Z�;<34IK=?;[687:95IK3Ê~!35IKF8fC;[ItN5IJF�DS24L =?FAIK��IJ35N5IK3Ö´�IJ;[B<7:95IK3l�= 0@CFA6A=?IKB<B[IJ3p;<34N525HJ;[IJF�= � IJF8N4IJ3}|h~!;<34IbN5IJ7:ZSIJ35N4IOu � ;[687:95IK35687:95;[7:9>=�TGIJF894;<35N5IKFA=yN5;[IdPX;[B^�N42535f�TC@C3�l]= 0@GF86A=8IJB[B<IJ3�DG3�N5IKF¬�©a568@GF8a¥IJF8@Ga�IKF�� 0DG7:94IG|
� / @S=?;<IKF82534f�N5IK6��©a568@CFAa�IKF86�� / ;^�v256A;<@C3468°5FA@CHJIK6868I.H � ;[687:95IK3 �!24�vIKF�2534N ��a468@CFAa�IKFZ 0@C3435IJ3	HK2 IK;<35IK` TCIKF8fCF8DGa�IK35IJ3	¶©@C`{@ 025a¥IJFAf>DG35f(L 02595FAIJ3 Ð � DGZ]¡C¡S¢q| / ;<I�L 025F²¶©I_=?I �FA@ 025a¥IJFAf 0DG35fCI�=Õ\M°4;<687:94IJ3 i FAIJ35H"� 0DG7:95IK35N5I_L�IJZ>=?IÖDG24L�fCFA2535N�TG@C3 i ;[=8=8IJF�L�IJ95B<DG35°YDG6A682534f=8F8I_=?IJ3(N5DG353·35;[7:9>=tDG24Lo| / ;<I�N5@C35DS=?@CFA;<6A7:95I§��;[F8Z�2535fQTG@C3�VXN(@]N5IJF1uv3·;[3(VX9YDGB[ZG@S�°>\]F8;^=?IK3 � 25FAN5Iza�IKF8IJ;^=?6¨�»¡CËCËbfCIJHKIJ;<fS=�ÐÑ´�IJBEËCË±¢q|
�ÖPXDG35NYDG34°YDG686A2535f�� / DG6`�hIK;[=82535fC6AaYDG35N³N4IJ6¨uv3Yw©�]�xIK356A=8IJFA6�B<;[IJfG=¬IK35IJFAfCIK=8;<687:9³=8;<I_L�IJF¬DGB<6N5DG6�£AIK35;<fCI©TC@C3�VX2hg ¯ 3}� i D>kKgmlMIS�jl4k�nA��ceIKF8a5;[35N52535fGIJ3}|xl];<`b25B<DS=?;[@C35IK3�HKIJ;<fGIJ3}�]NYDG6A6�;<3ON5;[I_�6AIJ` �xDGB[BMc)���ª2535N���� 95IJF8DGa5fCIK68IK=8HK=µ68;[35N³Ð ¦§;[3YÒCÒ±¢q| / ;<I�N425F87:9�IJ;<34I¬u � ;<687:94IJ356A7:95;<7:9>=TG@C3�VXNxl�@]N5IKFduv3xlMI�IJ3>=?6�=?IK95IJ35N4I�°¥@C6A;[=?;^TCI1l]=?2ML�I1TC@C3�Ò4����a5;<6�Ò4����c FAIJN525HK;<IKFA=dÌ�I_�ZS@C`ba5;[3YDS=8;<@C356�TCIKF8B<246A=?IzDG` 0�©a¥IJFAf>DG35f{2535NªL 02595F�=�HJ2ªTCIJFAa�IK686AIJFA=8IJ3³��;[F8Z�2535fC6AfCF?DSN5IJ3}|



�����"� ��0$2�����0 +��.� !#��$����%&���$��' Ëp�

� i FAIJ35H"� 0DG7:95IK35HJ256�= 0DG34N5Ip� / I_L�IJZ>=?I²@MN4IJFpw��M;<N4IQDG3 N5IJF§��a56A@CF8a¥IJFA@Ca¥IJF�� 0DG7:95I � IJFAN5IJ3� 0DG95F8IK35N�N5IJFO�e2M�vIKF?DGa56A7:95IJ;[N52535f�IJ3>=AL�IJF83>=ªa5H � |R`{@MN5;^�YHJ;[IJF�=pÐÑÌ©DS2Y¡C¡Ga]¢m|X~e3>=86A=?IK95IJ3NYDGN525FA7:9QN5@G3YDS=?@GF8;<6A7:95I1l]= 0@CFA6A=8IJB<B[IJ3}� � ;[F8N²IJ;[35I�IJF89 0@C9>=?IOPXDG35N4TGIJF8a4;<IJfG2535f�;[` �©a568@CFo�a�IKF�IKF8FAIJ;<7:9>=J| / DG6��xIKF8`{;<35;^TCIJDG2�DG3 N5IJF i F8IJ34H�� 0DG7:94I�6A7:95;<IKa4=�NYDG353 3 0DG95IKF�DG3 N5DG6
�hIK;[=82535fC6AaYDG35NÊg����YIJFA`�;[B<I_TCIJB��!;<3535;[35f	�±k � � DG6yIJ;[35I{Ì¬IKN525Z>=?;[@C3UN5IJFzÌ�IJZG@G`ba5;<35DS=?;[@C356��TCIJFAB<256�=?IzHJ25F¬�Y@CB[fCI 9YDS=�ÐÑ¤¨B<IJÒCÒ±¢q|

�¬`*N5;[It�Y2535Z>=?;[@C3�N5IK6��e2M�vIKF86�a�IK686AIJF�IJ;[35fCF8IK35HJIK3�HJ2�Z 0@C3535IK3}� � 25FAN5IJ3�68@ � @C95B�N5;[Iª¦§@CFo�°495@CB<@GfC;<I�TG@C3QVµc / �4uv3xl]I �M�!24��IJFA3�DG24LRV ¯�i l5l>�]�©a568@CFAa�IKF83QDGB<6yDG247:9QN5;[IdIJB<IKZ>=?F8;[687:95IK3�~!;^�fGIJ356A7:9YDSL =?IK3ÊN5IKFdL�IJFA=8;<fU°5FA@CHJIK6868;[IJF�=?IJ3ÊlM@CB<DGF8HKIJB[B<IJ3�243�=8IJFA68257:9>=�|µ��DSF?DGB[B<IJBµNYDGHK2 � 25FAN5IJ3Ö;<`Ì¬DG95`{IJ3�N5;[IJ6AIJFd��FAa�IK;[=�Ì�IKL�IKF8IK35HJHKIJB<B[IJ3�`�;^=�VXNxl�DG256�N5IK`*7:95IK`�;[687:95IK3·PRDSN�94IJF8fGIJ6A=8IJB[B[=�|/ ;[I�~!F8fCIKa535;<6A68I�a¥IJ;<N4IJFµuvIJB[B[=Õ\]°�IK3 � IKF8N5IK31;<`.L�@CB<fGIJ35N5IK3�fCIJfCIK3 025a¥IJFAfCIJ6�=?IJB[B[=J|#�©`	NYDSa�IK;YIJ;<34I` 0@CfCB[;<7:956�=h95@C`{@CfCIK35Iµ�©a568@GF8a¥IJF8Ï�2YDSB<;[= 0DS=�HJ2bfCDGF?DG3>=8;<IJFAIJ3}� � 25FAN5IJ3�3]24F!uvIJB[B<IK3yTGIJFAfCB<;[7:95IJ3}�±N5;[IDS24L�IK;<35IK` ;<N4IJ3>=?;[687:95IK3pV ¯�i l5l5ÔC¦§@>Ô i B<DG6o�MlM25a56�=?F?D±=�aYDG68;[IJFAIJ3}|5ceIKF 0DG35N4IJF82435fCIJ3§N5IJF�IKB<IJZ>=8F8;^�6A7:95IJ3§~!;<fCIK35687:95DSL =?IK3�N4IJF¬uvIJB[B<IK31fCIKa�IK3�N5DG95IJFXN5;<FAIJZ>=?IK3��©24L�687:94B<256A6 024a�IKFRN5;<I ~e;[3B� 0256A68I¨N5IKF£AI � IK;<B[;<fCIK3§�!24��IJF8DGa56A7:95IJ;[N52535fCIK3³DG2ML�N5;[IK�hIK;<6�=?2535f�N5IKF©lM@CBEDSF8HJIKB<B[IG|/ IKF�3 s �]¶©IK=8IJFA@C°YDGF�=?35IKF � ;<FAN§TG@C3³IJ;[35IJF�uv3xw¬�4lM7:94;<7:9>= fCIKa5;<B[N5IK=J�xN5;<I � IKfCIJ3pN4IJF�fGF8@CCIK3PXDG35N5B 0257:ZGI{TC@C3�
 �4� �b��IKc DG257:9��YIK356A=8IJF86A7:95;<7:9>=dfGIJ3YDG343�= � ;<FAN}| / ;<I��YIJ356�=?IKF8687:94;<7:9>=�68@CB[B^�=8IOIJ;[35I1fG24=?I �hIK;[=AL 0DG95;<fGZGIJ;^=z;<3QceIKF8a5;[35N52535f�`�;^=�IK;<35IKF�` 0@CfCB<;[7:956A=z95@G95IJ3�´�F?DG3468`{;<686A;<@C3�;<`�©a568@GF8°4=8;<@C356Aa�IKF8IK;<7:9�N5IJ6���a468@CFAa�IKF86©DG24L � IJ;<6AIJ3}|x� 025F�N5;<I¨;[`�Ì¬DG95`{IJ3ªN5;[IJ6AIJF���FAa�IK;[=�95IKF8fCI �6�=?IKB<B[=8IJ3�lM@CB<DGF8HKIJB[B<IJ3 � 25F8N5I�IK;<35Id7JD4|��»ÒCÒO34`�N5;<7:ZSI�;<3>=?FA;<356A;<687:94Id;«�4uv3xw¬�4l]°524=8=8IJFA687:95;[7:9�=y;[3ceIKF8a5;[35N52534f�`{;[=eIJ;[35IJF�7�DM|��CÒCÒz34`WN5;<7:ZSIJ3 i D��]N5@S=?;<IKFA=8IJ31uv3xw�� i D��4lM°424=8=8IJF86A7:95;<7:9>=µTCIJF � IK3M�N4IK=�| / ;[IR;<3>=8F8;<3468;<6A7:95I©lM7:95;[7:9�=�9YD±=µIK;<35I�I_�vIKZ>=?;[TGI / @G=?;[IJF82435f¨TC@C3{7�D4|&��<�»Ò����e7K`�����2535N � ;<FAZ>=DSB<6 / ;^�v2468;<@G3568aYDSF8F8;[IJFAI�L 025F N5DG6 i DGB<B[;<25`�|x¦§;^=¨N5IJF�95@C95IK3 / @S=?;<IKF82534fON5IJF¨uv3xw�� i D��4lM7:94;<7:9>=TG@C3�7�D4|&��<�»Ò n�� 7J` ����� ;<F8N�IK;<3dfCIKF8;<34fCIJF�lMIJFA;<IJ3 � ;[N5IJFA6A=:DS35N�IKF8FAIJ;<7:9>=©Ð��S� ¡C¡S¢q|G��IJfCIK3{N4IJF!��a]�6A@CF8°M=?;<@G3²L�FAIJ;<IKF5�hDGN42535fC6�=?F 0DSfCIJFz;<6�=�N4;<I{´"F8DG3568`{;<6A68;[@C3�N4IJ6duv3Ywq� i D�fCIKfCIJ3 025a�IKF�N4IJF�£AIK35;<fGIJ3N4IJ6b; �4uv3xw�95IKF?DGa5fGIJ68I_=?H_=§g®68;[IJ95IO¤zDS°5;[=8IJBW�4|��4|��M|^��k |"� 025F�N5;[I195;[IJFzTCIJF � IK35N5I_=?IJ3�g|�M� �§7K`Ok n �l]25a56A=8F?DS=8I � 25FAN5IJ3�`{;[=�IJ;[35IJF �>ÒCÒ�34`�N4;<7:ZGIK3�uv3xw�� i D��4l]7:95;<7:9>=bN4;<I19 0@C7:956A=8IJ3���;<FAZ�2535fC6o�fGF?DGN5IyIKF8F8IK;<7:9>=�| / ;[7:ZGIJFAI�lM7:95;<7:9>=8IJ3§L 02495FA=8IJ3�HK2§94IJF?DSa5fCIJ6AIK=8HK=?IK3p�!95@G=8@C6A=8F 0@C`{IJ3�;<34L�@GB<fCI�TG@C3´�F?DS3568`{;<6A68;<@G356ATGIJF8B[256A=8IJ3�;<`ruv3xw�� i D��M�YIJ346A=?IKFJ| /10243535IJFAI§lM7:95;<7:9>=8IJ3ÊFAIJ6A25B[=8;<IJF�=?IK3�N5DGfCIJfGIJ3;[3ªIJ;<34IJ` IKF89 0@C9>=8IJ3�lMIJFA;<IJ3 � ;[N5IJFA6A=:DS35N³DG2ML�fCF82534N§N5IK6¬DG356A=8IJ;[fCIJ35N4IJ3pl]7:95;<7:9>= � ;<N4IJF86�=:DG34N56J|
�©24LbN5;[I²uv3xw¬�4lM7:95;[7:9>= � ;[F8N DGa56A7:95B<;[IJCIK35N IJ;<3 � ; ÔS�©B«� i ;[=A=?IJF{fCIKNYDG`{°4L =�� � IJB[7:95IJ6§DGB[6�YFA@C3>=?ZG@G3�=?DGZ>= N5;[IJ3>=�| / ;[I{��Ò�35`N5;[7:ZGI � ;«�MlM7:95;<7:9>= � ;<F8N�NYDGa¥IJ;"DGB[6 / ;^�v2468;<@G3568aYDSF8F8;[IJFAI¨IJ;<3]�fGIJ68I_=?H_=��YN5;[Ib�¨Î}` N5;<7:ZSI¨��B«�MlM7:95;<7:9>=�DSB<6R@C94`�6A7:95IJF�¤¨@C3>=:DSZ�=J| / ;<I ��;<7:9>=:DGa4687:9YDS=A=?2534f{N425F87:9N5DG6 i ;^=8=?IKF86�a¥IK=8F825f�H � ;[687:95IK3 �b2535N²�-� � |



Ëb� �������
	��������������������������
	 �"!#��$����%&���$��'�()�
	���*�+��,%�'�!-�.�/�10$2�2����

¸O¹�� � Ã��À��³ÀbÃ!À��
	JÅ{È �{Å�È ���������È�ÄtÂ���� ½���Â Ã�È
/ ;[I§�!F 0DG°YDGF8DS=?;[@C3�TC@C3·Vµc / �4uv3xl]I �M�!24��IJFA3·DG24L¨V ¯�i l4l>�]��a468@CFAa�IKF83·IKFAL�@CB[fG=?It`{;[=�N5IKF�;<`IKF86A=8IJ3�´�IJ;[BeN5IJFz��FAa�IK;[=�a�IK687:95FA;<IJa¥IJ34IJ3�¦§I_=?95@]N5I�N5IJFR£A@MN4253>=?IJFA6A= 024=?H_=?IJ3�7:94IJ`{;<687:94IJ3 i DG6��°595DG68IK35N5IJ°¥@C6A;[=?;[@C3}|>~!6!ZS@C353>=?I�fCIKHJIK;<fG= � IJFAN5IJ3v�>NYDG686�L 024F�N5;<IR¶©IJFA6A=8IJB<B[2535f¨95@G`�@CfGIJ35IKFeuv3xlMI:���;[B<`{IR`{@MN5IKF?DS=8I�¶©n Ô ¯ nA�M��B<246868F8DS=?IK3{TG@C3 �GÒCÒy`�BEÔS`�;[3�2534N1IJ;[3{Ì¬IJDGZ>=?@CFAN5F8257:Z�25` �GÒCÒ¨`baYDGF@C°M=?;<`�DGB 6A;<35Nv| / ;[Ip��a4=8F?DGfG68F?D±=?IJ3 BEDG6A68IK3�68;[7:9�B[;<35IJDGFt`�;^=ªN5IJF�IJ;[35fCIKa5F?DG7:9>=8IJ3 �G@]N5`{IJ35fCIIK;<356�=?IJB[B<IK3}|}PXIK;�L�IJ6�=?IKF �G@]N5`{IJ35fGI � 25F8N4IJ3²N5;<Ib9 0@C7:956A=8IJ3²��a4=8F?DGfG68F?D±=?IJ3pL 025F � 25IKB<B[IJ3>=?IK`�°¥I_�F8DS=?25FAIJ3²IJFAF8IJ;[7:9>=��ha�IK;!N5IJ34IJ3QN4IJF ¯ nA�]´�F?DG356A°�@GFA=zfCIJfGIJ3 025a¥IJFyN5IK` ¶ ¯ �]´�F?DS3568°¥@CFA=zN5@G`�;[35;<IKFA=g�� �GÒCÒ�� V�k_|
PXIJ;pN4IJF ��a56A7:95IJ;[N52535f�DG24L�V ¯�i l5l>�MlM25a56�=?F?D±=?IJ3 � 25F8N5IÍL 025F lM25a46A=?F8DS=8=8IJ`{°�IKF?DS=825F8IK3


 �>ÒCÒ � V IK;<35I�ceIJF 0DG35N5IKF82534f�N5IKF�¤¨F8;[6A=?DGB<B[6A=?FA25Z>=?25F�N5IJ6bVX2hg ¯ 3}� i D>kJgqlMIG�Él5k�n�3YDG7:95fCI � ;<IK68IJ3v|uv25F�~!3�= � ;[7:Z�B<2535f¨fGIJIJ;[fC35I_=?IJF��!F8@CHKIJ686A°YDGF8DG`�I_=?IKF�HJ25F�¶©IKF86A=8IJB[B<2535f¬TC@C3{uv3YlMI �M�!24��IJFA3 � 25F8N4INYDS95IJF�TG@C3 � 25IJB[B<IK3�=8IJ`{°�IKF?DS=825F8IK3�25` �GÒCÒ�� V�2535N²lM24a56A=8F?DS=A=?IJ`{°¥IJF?D±=?25FAIJ3p253>=?IKF89YDSB<a�TG@C3
�>ÒGÒ��?V DG256AfCIJfCDG35fCIK3}� � @Ga�IK;eÌ¬IJDGZ>=?@CFAN5F8257:Zp2435NQ�"B<256A68F?D±=?IdN5IKFz�©a5687:94IJ;<N42535fCIK3�DG24L i BEDG6a¥IJ;[a�IK9YDGB[=8IJ3 � 25FAN5IJ3v| ¯ 3��©35B<IK953�2535f²DG3�VXNxlC�M�!24�vIKFJ�!N5IKF8IK3�@G°4=?;[`1DGB[I / ;[7:ZGIt25` �GÒ³35`a¥IK=8F 0DGfG=J� � 25F8N4I�N5;[I / IK°�@G68;[=8;<@C3468HJIK;[=eHK253 0DG7:956�=�DG2ML��-�¨`�;[3{DGa5fCIK687:9 0DS=8HK=J| / DGa¥IJ; � 24F8N5IK3ON5;<IL 025FzN5;[7:ZGIªlM7:94;<7:9>=?IK3�25` �1Î}`�IKF8`{;[=A=?IJB^=?IK3²�QDG7:956�=?25`{68F8DS=?IK3QTC@C3Q7�D4|�Ò4� ��Î}`1ÔS9UTC@CF8DG256o�fCIK68I_=?HK=J|e~!6dHJIJ;[fG=?I168;<7:9�£AIKN5@M7:9v��NYDG6A6 / IJ°¥@C68;^=?;<@G3568HKIJ;[=8IJ3�243�=8IJFq�U`{;<3QfGIJIJ;[fC35I_=?IJFbL 024FbN5;<I�©a5687:95IK;<N52435f�TG@C3puv3xl]I �M�!24��IJFA3§6A;<35N}|
��256AfCIJ94IJ35N�TG@C3�N5;[IJ68IK3��"DGF?DG`{IK=8IJFA3�IJF�L�@CB<fG=8I�IJ;<34IOw °4=8;<`{;<IJFA2535fªN5IK6dVµc / �]�eFA@CHJIK686AIJ695;[3568;[7:9>=?B<;[7:9ªN5IJ6���;<FAZ]2435fC68fGF?DGN5IK6��ON5IJF©lM@GBEDGFAHJIJB[B<IK3}� � DG6¬`�;^=

� � � ���"!$# �����% gmË]|[��k
IK;<35IKF{fGB<IJ;[7:95HJIK;[=8;<fCIK3�w¨°M=?;<`{;<IKF82534f³N5IJF{°595@S=?@»TC@CB^=:DG;[687:95IK3Ê�"DGF?DS`�I_=?IJF � �����&!$# �(2535N ���IK3�=868°5FA;<7:9>=�| / IJF1~e;[3B�Y256A6�TG@C3 � 25IJB[B<IJ3���2534N�lM25a56�=?F8DS=8=8IJ`{°�IKF?DS=825FJ� / IJ°¥@C68;^=?;[@C3568HKIJ;^=�2435N
�G@]NB�Y256A6 � ;[F8Nª;<` L�@CB<fGIJ35N5IK3tTC@CFAfCIJ6�=?IJB[B[=J|
'&(*)&(,+ -�.,/1032�4547698;:=<>29?�4A@5:CBD@E@58GF H�8;:CBD@I2�:

260 280 300 320 340

0

2

4

6

8

 

 

η 
(%

)

Substrattemperatur (° C)

260 280 300 320 340

10

20

30

 

 

J S
C
 (

m
A

/c
m

2 )

Substrattemperatur (° C)

260 280 300 320 340

300

350

400

450

 

 

V
O

C
 (

m
V

)

Substrattemperatur (° C)

0,2

0,4

0,6

F
F

 (
%

)

354.4�687:9�;=<�> ?$AKJ�DML�G&c[Ldc�j[c-emLOJ[NQPOF�G&HNL=JMR�J[I)HSLdHSRPO$yRQ ��� yTS # � V#]#g�U�U�j[c-] kDV _XW�r ]$EpH t[HSn�V#XKY
X:HSR
LdH/])E�c-eQJMROfSH/eQemH/] NQ] T1Y$G�aJ[]&t-Nmt[l[H/NmL�g&HSR�E�V#Y�PdLdR
JMLdLdH/I)n�HSR
JMLOV#R[Z`aJ[G#ROH/]#g g&HSRPL�V]\�HSR
g&HSn�c-PONmLONQc-]



��� �-� ��������&��� � 	B�
��' *.��' ��*B+i��%&'�![�=�/��0B2�2B�.� ' Ë��

uvIKB<B<IK3}��N5IKF8IJ3�uv3xlMI:�M�!24�vIKF�a¥IJ;1�p�CÒ � V���� #��
	���������� �>ÒCÒ � V DGa4fCIJ6A7:95;<IKN5IJ3 � 24F8N5IK3}�HKIJ;[fG=?IK3�IK;<3z3YDG95IKHJ2�@G95`�6A7:95IJ6hceIJFA9YDGB^=?IJ3v| / ;<I�lM25a46A=?F8DS=8=8IJ`{°�IKF?DS=825F8IK3 � 24F8N5IK3bNYDG95IKF � IK;[=?IKFfGIJ68IK35Z>=�� � @Ga�IK;YN5;<I`� 25IJB[B<IK3�=8IJ`{°�IKF?DS=825F!a¥IJ;��GÒCÒ3�:V�L�IJ6A=8fCIJ95DGB[=8IJ3 � 25F8N5IS| ¯ 3{��a4a5;<B[N52535f�ËM| �;[6A=�N5IJ`{@C356�=?F8;[IJF�=�� � ;[IbN5IKF���;<FAZ]2435fC68fGF?DGNp`{;[=©68;[35ZGIK35N5IJFzl]25a56A=8F?DS=A=?IK`�°¥IJF8DS=?25F¨6�=?IK;<fG=�2535Na¥IJ;��GÓCÒ � V�IK;<35IK3{¦�D �M;<`�DGB � IKFA="IJF8FAIJ;[7:9�=J| i F82534NdNYDSL 025F";<6A=�N5;<I�c�DGF8;<DS=?;[@C3yTC@C3 � ���12535N � �{�� 0DS95F8IK35N�!$# �§L 025F�l]25a56A=8F?DS=A=?IK`�°¥IJF8DS=?25FAIJ3t253>=8IJFx�4��Ò � VÊ;<` Ì¬DG95`{IJ31N5IJ6��YIK95B<IKF86XZS@C356�=:DG3>=a4B<IJ;[a4=�|/ ;[I � IK;[=?IKF895;[3ÖfG24=?I�l]=?FA@C`{6?DG`{`�B[2535f³;[6A=�IK;<3Ö¶©;<3 � IJ;[6{N5DSL 025FJ�!N5DG686�DGB<B[IJ;[3�N5;<Iª��a468@CFo�a¥IJFA@Ca¥IJF�� 0DG7:95IO2534N�35;<7:9>=�NYDG6�ce@GB<25`{IJ3²N5IJ6���a56A@CF8a¥IJFA6 � 0DG95FAIJ35N�N4IJ6dVµc / �M�!F8@CHKIJ6A68IJ6d;[3FAIJN524HJ;<IKF8IK35N5IJF��R=?`{@C68°49 0DGF8I�DG35fGIJfCFA;[��IJ3 � ;<F8Nv| �©`�N5;[I{7:94IJ`{;<687:94IOPXIKBEDG6�=?2535f�N5IKF��©a568@CFo�a¥IJFA@Ca¥IJF�� 0DG7:95I � 0DG95F8IK35N�N5IJF{�!24��IJF8N4IJ°¥@C68;^=?;<@G3�a¥IJ24FA=?IK;<B[IJ3�HJ2�Z 0@C3535IK3}� � 25F8N5IK3Ê�©a568@CFAa�IKF�!FA@CHJIK686A=8IJ`{°�IKF?DS=825F8IK3d253>=?IKF�¶¬nA�]�R=?`{@C68°49 0DGF8I�DG2468fCIK68IK=8HK=J|G��34687:95B[;<IJGIJ35N � 25F8N5IK3bN5;[IJ68I���a]�6A@CF8a¥IJF{`{;[=1VXNxl>�M�!24��IJFA3(DG256�N5IJ` 7:95IK`�;[687:95IK3(PRDGNÖa�IKB<IKfG=�|e´�F8@G=8H§N5IKF1B[IJ;<7:9>= 0DS=8HJIJ34N5IJ3��;[F8Z�2535f1N5IJF¨PXDGNYDGa56A7:95IJ;[N52535ftHKIJ;[fG= 6A;<7:9³N5;[I�fCB[IJ;[7:95I�´�IJ34N5IJ35H�;[3 � ����2535N�� � g�´�DSa�IKB<B<IË]|[��k �MN4;<I ¤¨25FAHJ6A7:95B<256A686�=?F8@G`�N5;[7:9>=?I !$# ��;<6�=RNYDSfCIJfCIK3t35;<7:9>=�a¥IK=8F8@G��IJ3v| / ;[I�F8IKN525HK;<IJF�=?IK3O��;<F��Z�2534fC68fCF8DGN5I¨N5IKF�uvIJB[B<IK3}��N5IJFAIJ3§Vµc / �4uv3YlMI �M�!24��IJFXa�IK;}�!F8@CHKIJ6A6A=?IK`�°¥IJF8DS=?24F8IJ3 025a¥IJF �SÓCÒ � VDSa5fCIJ6A7:95;<IKN5IJ3 � 25FAN5IG�4;<6A=XNYDG95IKFR35;[7:9�=R°5F8;[` 0DGF�DG2MLhN5IJ3§Vµc / �Muv3xlMI �]�e2M�vIKF�DG3O6A;<7:9tHJ24F 0257:ZC�HK24L 02595FAIJ3}|`�©FA6?DG7:94I�;[6A=ªT];<IJB[`�IK95FtIJ;[35I�lM7:9 0DGN4;<fC2534fÖN5IKF§�©a568@GF8a¥IJF8@Ga�IKF�� 0DG7:94IG�¬N5;<IU;<3�N5IKFFAI�DGZ>=8;[TCIK3³�!F8@GHJIJ6A6?DS=8`�@G68°59 0DSF8Iza�IK;}9 0@C95IKF8IK3�´�IJ`{°�IKF?DS=825F8IK3§6�=:DS=A= �Y35N4IK=�|
��� 4��p787�� ?$A C#D&L�G&c[Ldc�j[c-emLOJ[NQPOF�G&H�L�JMR
J[I)HSLdHSR j[c-] k g$E t[HSn�V]\�HSROLdH/] Epc-eQJMROfSH/e^emH/] y�g#HSROH/] k zdv�E#ETW
T1Y�POc[ROY�HSR�NQ]�� n WbTiLOIKc-Pdn�G�aJMROH�t[H/G&H/NQfSLDZWV&R
g&H/]9W)f/V�I V HSR
t-emH/NQF
G�PON^]#g g#NQH L�JMR
J[I)HSLdHSR�H/N^]&HSR�V�] Y�H Y
G#J[]#g&H/emLdH/]��1HSX:HSR
H/]&f�IKNmL k g$ETWML�V \BHSR�J[]&t[HSt[HSY�H/]

���� "!�# � ��� !$# � � 024B<B[L®DSZ�=8@CF �
Ð � Vµ¢ Ð `�c�¢ Ð `{�¨ÔS7K` n ¢ Ð � ¢
Ì�IKL�IKF8IJ34H �p�&�M�^� �CËM� � Ò4�ÉËM� �C�C�^�

�G¡�� �M�»Ó4��� �CËM� Ó Ò4����� ¡4� Ò
�4��Ò �M�[�4� � �GÓ4��� Ò4���CÒ Ó4� Ó

'&( ) ( ) -�. /1032�4E4 698;:%$=8GH�& 4I. @C.�& /�4('P8G.*@
/ ;[I�@C°4=?;[`1DSB<I / IJ°¥@C6A;[=?;[@C356AHJIJ;^=�9 0DG35fG= 025a¥IJFµN5;<I¬��a4=8F?DGfG68F?D±=?I�`{;[=�N5IK` �G@MNB�525686µHJ2568DG`�`{IJ3v|� 025F �G@]N4=8IJ`{°�IKF?DS=825F8IK31;<`	PXIJFAIJ;<7:9 �>Ò � V)�%�+*-,/.0� �GÒ � VÊB<;<I_L�IJF�=?IJ3 / IJ°¥@C6A;[=?;[@C356AHJIJ;^=?IK3�25`
��`�;[3�N4;<Iea�IK6A=8IJ3d~!F8fGIJa535;[686AIG|C~!;[35I�ceIKF8B 0DG35fCIKF82535f¬N5IKF / IJ°¥@C6A;[=?;[@C356AHJIJ;^=�L 02595F�=�6A7:95BEDGfCDGFA=8;<f¬HJ2IK;<35IK`	~!;<3�a5FA257:9{N5IJ6���;[F8Z�2535fC6AfCF?DSN5IJ6�DG24L¥253>=8IJF�� � | ¯ 3{N4IJ`	;[3b´�DSa�IKB<B<I�ËM|�� DS24L�fCIKL 02495FA=8IJ3PµIJ;<6A°5;<IKBGL 025F�IK;<35I �G@]N4=?IK`�°¥IJF8DS=?24FvTC@C3 �>Ò � V � IKF8N5IK3 !$# �d2535N�����25`ÍËGÒ � F8IJN425HJ;[IJFA=J� � IJ353N4;<I / IJ°¥@C6A;[=?;[@C356AHJIJ;^=RTC@G3 �dDG24L���`�;[3OTCIKF8N5@C°4°�IKB[= � ;<FAN}|¥l]=?IK;<fCIKFA=�`�DG3tN5;[I / IJ°¥@C68;^=?;<@G3568HKIJ;[=6A@Cf>DGFªDS24L��GÒ�`{;<3v�RF8IKN525HJ;[IJF�=ª68;<7:9 N5;[IU¤y24F8HJ6A7:95B<2468686�=?FA@C`�N4;<7:9>=?I � IK;[=?IKFª25` IK;<3 / F8;[=A=?IKBm�� 0DS95F8IK35N·N5IKF�� 025B<B^L®DGZ>=?@CFd;[3�I_= � D�fCB<IK;<7:9�a5B<IK;<a4=J| / ;<It�©3YDGB[\]6AI§N5IKF1¶¬IJB[B<ZGIK3535B[;<35;[IJ3�IJFAfC;<aM=IK;<35IK3ªl>��L 0@GF8`{;<fCIK3{ceIKF8BEDS24L�;<` �4|�� 2YDGN4F?DG3>=?IK3Ug���Ì�@CB[B«�]@»TCIKF �±k �>N5IJFXDG24L�fCFA2535NOIK;<35IKFX;[3OÌ�IJ;<94IfGIJ687:95DGB[=8IK=?IK3�IKB<IJZ>=8F8@C35;[687:95IK3�PXDGF8FA;<IJFAI¨IJ3>=?6�=?IK95IJ3³Z±DG343�Ð ´"2M=:¡&�M����IKI�¡p�G¢eg®��a4a5;<B[N52535f�ËM|��>k_|



Ëp� �������
	��������������������������
	 �"!#��$����%&���$��'�()�
	���*�+��,%�'�!-�.�/�10$2�2����

� � 4���7Z7��5?BA J D L�G&c[Ldc"j[c-eQLOJ[NQPOF
G#HXL=JMR�J[I)HSLdHSR j[c-] Epc-eQJMR
fSH/eQemH/]�J[V#X$g&HSR�hiJ[PONQP�j[c-] k zOv E#ETWbTWY�Pdc[ROY�HSR
]
IKNmL kDV _ W�r�]$EpH WML�V]\�HSR
] y#g#NmHxNQ]�j[HSR�POF
G#NQH/g&H/]&H/] _sHSn�c-PONmLONmc-]�PdfSH/NmLdH/] JMY#t[H/P
F
G#NmH/g#H/] Z1V&R
g#H/]

� .� �� ,/�"! �!�,�� � ��� !$#b� � 025B<B^L®DGZ>=?@CF �
Ð `�;[34¢ ÐÑ`�c�¢ ÐÑ`{�¨Ô±7J` n ¢ Ð � ¢
� �#� �5��� �CÒ4� � �p�M��� Ë]�jËM�
� ���GÒ4��� �C�C� � ��Ë]��� ÒM� �&�
�CÒ �[�b�5�ÉÓ �4� � �M�G�É¡ ÒM�[�[�

��B[B<IJ;[3�N4;<I©=895IJFA`�;[687:95I PXIJB<DG6A=82535fbN5IK6R��a468@CFAa�IKF86RL 02595F�=R35;[7:9>=�HJ21TGIJFAfCB<IK;<7:9�aYDGFAIJ3�¤¨IJ353M�B[;<35;[IJ3}| / ;<I�IKB<IKZ�=8F8@C34;<687:94I PXDGF8FA;<IJFAI�Z±DG353�NYDG94IJF�3�25F(;<` PXIJFAIJ;[7:9 N5IKF uv3xlMI�ÔCV ¯�i l4l>�i F8IK35H�� 0DS7:95I�B[@CZ±DGB<;[68;[IJFA=�68IK;<3}|�¦§;^=yN5IJFy�©353YDG95`{IdTC@C3�DGZ�HJIK°4=?@GF8;<6A7:95IJ3 / IKL�IKZ�=8IJ3�3YDG95I�N5IKFw a¥IJF�� 0DG7:95I�ZSDS353�N5;[Ie¤¨IJ3535B[;<35;[I�Ï�2YDGB[;[=:D±=?;[T©68;[`b25B[;<IJF�= � IJF8N4IJ3ªÐ ´"@G°Y¡>Ë±¢q|�� 025F�lM°5DG353�2535fCIK3b253M�=8IJF895DGB<a³N4IJF)��IJIKF8B<DG24L�68°5DG353�2535fOIK3>=?6A=8IJ9>=yNYDG343p;<34L�@CB[fCIyN5IJF�;<@C35;[68;[IJFA=8IJ3 / IKL�IKZ�=8IbIJ;[3³fCFA@CCIJF��@G=?IK3�=8;EDGB<DGa4L®DGB[Bm�]N5IJF�DSB<6�PRDGFAF8;[IJF8I L 024F�N5;<I¨°594@G=?@CfGIJ35IKF8;<IKFA=8IJ3�~!B<IJZ>=8F8@C35IK3 � ;[F8Z>=�|x� 025F�fCF 0@GCI_�FAId°�@C6A;[=8;[TCIdlM°YDG353�2534fCIJ3 � ;<FANpN5;<IbPRDGF8FA;<IKF8IdDGa4fCIJaYDS24=���68@ªNYDG6A6¨N5IJFzl]=8F8@C` � ;<IKN5IJF¨N4;<I�L 025F;[N5I�DGB[I / ;<@]N5IJ3tIKF � DGFA=8IK=8I�I �4°¥@C35IK3>=?;<IKB<B[I¨��a59 0DS35fC;<fGZGIJ;^=�HJIK;<fG=J|

-0,2 0,0 0,2 0,4 0,6
-0,05

0,00

0,05

0,10

0,15

Depositionszeit

 

 

    tdeposition =  2 min
    tdeposition =  4 min

     tdeposition = 30 min

S
tr

om
di

ch
te

 (
A

/c
m

2 )

Spannung (V)

354.4�687:9�;=<�> ?BA�� D z	�NW�
xH/]�]#eQNQ]#NQH/] V#]bLdHSR�T�������)h�H/emH/V#F�G LOV�]&t)j[c-] k zOv E#ETW�E�c-eQJMROfSH/eQemH/]5IKNmL
kDV _XW�r ]$EpH WML�V \BHSR
]�y�g�NmH NQ]��py�� V�]#g����KIKNQ]qJMY�t[H/POF
G#NQH/g&H/] Z1V&R�g&H/]
¶©@]7:9YDG24L�fGIJB 0@G6A=?I ��24L�35DG95`{IJ3 N5IKF uv3xl]I»ÔCV ¯�i l5l>�4w a¥IJF
� 0DG7:95I a¥IJB[IJfCIK3}��N5DG686 a¥IJ;

� # � 	������� �� �GÓCÒ � V�95IJFAfCIJ6�=?IKB<B[=8I¬uv3xlMI:�M�!24�vIKF!NYDG6�V ¯�i l5l>�4l]25a56A=8F?DS=e3�25F!6AIJ95Fe253>TG@CB<B[6A= 0DS35N5;<fa¥IJN5IK7:ZGIK3�g®68;[IJ95I�¤yDG°5;^=?IJBhÓCk_| / ;<IyPXDGF8FA;<IJFAIyZSDS353§N5DG95IJF¬35;[7:9�=©;<3435IJFA9YDGB<aªN5IK6 uv3YlMI �M�!24��IJFA6B[@CZ±DGB<;[68;<IKFA={68IK;<3}|X�Y@CB<fCIK35N5I³¦§@MN4IJB<B[I�N5IKFtPX;[B<N52534fQIJ;[35IJF1@Ca�IKF�� 0DS7:95IJ3535DG95IJ3 / IKL�IKZ>=?687:94;<7:9>=� 25FAN5IJ3�DG24L�fCIK6A=8IJB<B^=M�
� / ;^�v2468;<@G3pDG256AfCIJ95IK35NUTC@C31£A@]N59YDGB^=?;<fGIJ3puv3YlMI �4VXB[256A=8IJFA3�DS24L�N5IJFzV ¯�i l5l>�4w a¥IJF
� 0DG7:95Ib�~!6e;<6�=ea�IKZ±DG353>=��>NYDS686�a�IKF8IJ;^=?6!a¥IJ;Y´�IJ`{°�IKF?DS=825F8IK3dTC@C3 �GÒCÒ � V / ;[��2568;[@C3568°4F8@CHKIJ686AI�H � ;^�6A7:95IJ3tN4IJ`�V ¯�i l5lC�]��a56A@CF8a¥IJFµ2535NOIK;<35IKF�uv3]�]PXIJN5IK7:Z�2535fdN5IKF�w a�IKF�� 0DS7:95I 6A=?DS=8=��Y35N5IK3



��� �-� ��������&��� � 	B�
��' *.��' ��*B+i��%&'�![�=�/��0B2�2B�.� ' ËCË

Ð lM24f>ÒCÒS¢q|!~!6�;<6A=bNYDG95IKFd` 0@CfGB<;<7:9v�"NYDS686�;<34L�@GB<fCI�IJ;<34IJF{uv3]� / ;^�v2468;<@G3QIJB[IJ`{IJ3>=:DSF8IJ6 �G@]NDG256 N5IK3�uv3xlMI �MVXB<256�=?IJFA3pL�F8IJ;[fCIJ6AIK=8HK= � ;[F8N}� � IKB<7:95IK6yDG3pN5IJFzV ¯�i l5l>�Mw¨a¥IJF
� 0DG7:95Ib=8;<I_L�Il]= 0@CFA6A=8IJB<B[IJ3ªIJFAHJIK25fG=�|
���QIK7:9568IKB � ;<FAZ�2535fQN4IJF�V ¯�i l4l>�4w a�IKF�� 0DS7:95I�`{;[=dN4IJF i DS68°59YDS68Ip� � IJfGIJ3·N5IKF�fCIJFA;<35fCIK3PXIJN5IK7:Z�2535f�N5IJ6Ruv3xlMI:�M�!24�vIKF86Ra4B<IJ;[a�IK3�fGF8@CCI¬´�IJ;<B[I©N4IJF�V ¯�i l5l>�Mw¨a¥IJF
� 0DG7:95I � 0DG95FAIJ35NN5IJ6ªVµc / �M�!F8@CHKIJ6A68IJ6tN4IJFtDG246pgq¶z� ¯ �Éuv3}�ÉlMI»km�4lM°¥IJHK;<IJ61a�IK6A=?IK95IJ34N5IJ3 i DS68°59YDS68I³DS2568fCI �68IK=8HK=J|���24L�fCFA2535N IJ;[35IJFO��IJ7:956AIJB � ;<F8Z�2534fÖH � ;<687:94IJ3�N4IJ3�F8IJDGZ>=?;[TGIJ3 i DS6868°¥IJHK;<IK6�`{;[=N5IJ`�V ¯�i l5l>�MlM25a56�=?F?D±=�IK3�=86A=8IJ95IK3�=?;[IKL�Izl]= 0@CF86�=?IJB[B<IK3�;[`�@Ca¥I�� 0DG7:95IJ343YDG95IK3³PXIKF8IJ;[7:9}|
/ ;[I�Pµ;<B<N42535ftIJ;[35IJFzDGZ�HKIJ°4=8@CF8;[687:95IK3 / IKL�IKZ�=8687:95;[7:9>=b;<6�=yL 025Fya�IK;<N5I�¦§@]N5IJB[B<Id6A7:95IJ`�DS=?;[687:9;[3ª��a5a5;[B<N52435f�ËM|��dTGIJF?DS35687:9YDS25B<;[7:9�=J|

ZnSe:I

CIGSSCIGSS

ZnI2

H2

Se

ZnI2

H2

Se

a) b)

I2I2

3�4=4�6Z7Z9�;.<.> ?BA���D&J }�_�N \�V�PONmc-] J[V#Pdt[H/G&H/]#gKj[c-]�� c�g#G#J[eQLONmt[H/]Kr�]$EpH W k e^POV&LdHSR
] J[V&X�g&HSR k zOv E#ETW
� Y�HSR�� aJ[F
G#H[y�YB}��\H/F�G#PdH/e Z1NQROlpV�]&t g&HSR k zdv�E#ETW � Y�HSR�� aJ[F�G&HKIKNmL`g&HSRUv�J[POn�G#J[PdH�Z aJ[G&ROH/]#g g&H/P
kDV _ WML�ROc[fSH/POPdH/P

'&( ) (	� 
 2�45BXF�F�8G/���BN454529/�
¦�;[=�N5IJF�£A@]N5253>=?IKF86�= 024=8HK=?IK3�7:95IK`�;[687:95IK3 i DS68°59YDS68IJ34N5IJ°¥@C68;^=?;[@C3 � 24F8N5IK3Íuv3xlMI:�M�!24�vIKF�L 024FN4;<I³�©3 � IJ34N52535fÖ;<3 VX9YDGB[ZG@C°>\]F8;^=�� / 0243535687:94;<7:9>=?6A@CBEDGFAHJIKB<B<IK3�95IJFAfCIJ6�=?IJB[B[=J|R~!3>=?687:94IJ;<N4IJ35N�L 024FN4;<Iz~���HK;<IK35H�N4IJF©lM@CB<DGF8HKIJB<B[IJ3tHKIJ;<fS=?Iy68;[7:9�IJ;[35IyPXIK687:95F 0DG35Z�2535fªDG2ML�`{@MN4IJF?D±=?I�lM25a56�=?F8DS=8=8IJ`d�°¥IJF8DS=?24F8IJ3{25` �GÓCÒ9�:V�| / ;[IRfCIJIK;<fC34IK=?I / IK°�@G68;[=8;<@C3468HJIK;[=�9 0DG35fG= 025a�IKFeN5;<IR�©a4=?F8DGfC6AF?DS=8I�68@ � @G95B`{;[=eN4IJFs�¨24IJB<B[IJ3>=?IK`�°¥IJF8DS=?24FµDSB<6�DG257:9�`�;^=eN5IJ` �G@]NB�Y256A6XHJ246?DG`{`�IK3}|�� 025F ��� �  ����  �� �GÒCÒ � V2435N �+*-,/.U� �>Ò � V B[;<I_L�IJFA=8IJ3 / IJ°¥@C6A;[=?;[@C356AHJIJ;^=?IK3�� ��`�;[3tN5;<I¨a¥IJ6�=?IJ3�~!F8fCIKa535;<6A68IS|
~!6 � 25F8N5I�fCIKHJIJ;[fG=��!N5DG686�L 025F�N5;<Iª�!F 0DG°YDGF8DS=?;[@C3�TC@C3·Vµc / �4uv3xl]I �M�!24��IJFA3ÊDG2MLyV ¯�i l5l>��©a568@GF8a¥IJF83pfG24=?I�~eFAfCIJa435;<6A68Ib;[3�IJ;[35IJ` � IJ;[=8IJ3p�"DGF?DS`�I_=?IJFAa�IKF8IK;<7:9³N5IK6yVµc / �]�eFA@CHJIK686AIJ6yIJFo�HK;<IKB[= � IJF8N4IJ3}| i IKfCIJ3 024a�IKFRuvIKB<B<IK3�@C9535I©�!24�vIKF86A7:95;<7:9>= � 25FAN5I¬N5IJFe��;<FAZ]2435fC68fGF?DGN�N525F87:91IJ;<34I~!FA9 0@C9�2535fzN5IJF���c¬�]��DGF8DG`�I_=?IKF � ���"�I!$# �t2535N���� N5IJ24=8B<;[7:9{fGIJ6A=8IJ;[fCIJF�=�| / IKF���;<F8Z�2534fC68fCF8DGNN4IJFza5;<6A95IJFya¥IJ6A=8IJ3�lM@CBEDSF8HJIKB<B[IJ3U`�;^=zVµc / �Muv3xlMI �]�e2M�vIKF�B[;<IJfS=ya�IK; 025a�IKF�ÓGÒ � IK;<35IKF�VRP / �VXNYl²fCIK°524��IJFA=8IJ3�Ì¬I_L�IJFAIJ35HKHJIJB[B<I§g®´"DGa¥IJB[B<I{ËM|��>k_| / ;<IbceIJFAB<256�=?I�IJFAfCIJa¥IJ3²68;[7:9QDS256yIJ;<34IJF¨ceIJFo�`{;<34N5IJFA2535fbTC@G3 � ���U2435N ��� 24` �C� � | / ;<I ¤y24F8HJ6A7:95B<2468686�=?FA@C`�N4;<7:9>=?I�!$# �U;[6A=�fCIKfCIJ3 025a�IKF



ËGÓ �������
	��������������������������
	 �"!#��$����%&���$��'�()�
	���*�+��,%�'�!-�.�/�10$2�2����

� � 4���7Z7�� ?BA�� D���obn$NQPOF
G#H�L V WML�JMR
J[I)HSLdHSRUj[c-] Epc-eQJMROfSH/e^emH/] J[V&X�g&HSR hiJ[PONQP`j[c-] k V�uZz|]�y�v�J }~uwEpH[y�E#} n
c-G#]&H�L�V]\BHSRKV�]#g�IKNmL kDV _ W�r�]$EpH WML�V]\BHSR)Y�f Z � k hi_ W k g$ETWML�V]\BHSR uZn�R�aJMn�JMR
NmHSR
LUJ[V#XsTWY�Pdc[ROY�HSR
]
H/NQ]&HSR L�ROc�g#V&lpLONmc-]#POPdHSR�NmH1j[c-] E�NmH/I)H/]#P1E�c-eQJMR�z ]#g ��}

@G9535Iz�!24�vIKF Vµc / �Muv3xlMI VRP / �4VXNxl
� ��� Ð `{c©¢ ���GÒ4�^� �>Ë��M� � �b���5� �
!$# � ÐÑ`{�¨ÔS7K` n ¢ �b�5� � �&�M� � �CÒ4� Ò

� 025B[B[L®DGZ>=?@GF Ò4���b� Ò4� �p� Ò4�jËp�
� Ð � ¢ �5��� ¡4��� �C�C�ÉË

N5IKF1Ì�IKL�IKF8IK35HJHKIJB<B[I§`{;[=�VXNYl>�M�!24��IJF{25` Ë � IKF89 0@G9�=J|1�©`-N5;[I��¬F868DG7:95I�N4IJF�TCIJF 0DG35N5IKFA=8IJ3°594@G=?@»TC@GB[=:DS;<687:94IJ3p~!;<fGIJ356A7:9YDSL =?IK3³HJ2�DG3YDGB^\]68;<IKF8IK3}� � 25F8N5IK3³68@ � @C95B"`�@CFA°595@CB[@CfC;[687:95IK�¬3�=8IJFo�6A257:9�2535fCIK3pN5IJ6©�!24�vIKF86�DG35fCIK6A=?IKB<B^=��YDGB[6¬DG257:9�N4;<IyIJB[IJZ>=?FA;<687:94IJ3³~!;[fCIJ356A7:9YDSL =8IJ3³N5IKF l]@CBEDGFAHJIKB^�B[IJ3²253>=?IJFA68257:9>=J| / ;<I�~!FAfCIJa534;<686AI � IJFAN5IJ3Q;<3²N5IJ3²L�@CB<fCIK35N5IK3��©a5687:9534;[=8=8IJ3�°5F 0DG6AIJ3>=?;[IJF�=�| / ;<I¶¬IJF86�=?IKB<B<2435f�N5IJF�N5@CF�=�TC@CFAfCIJ6�=?IKB<B[=8IJ3§Vµc / �Muv3xlMI �]�e2M�vIKF�g � l]=:DS35NYDGFAN�Vµc / �4uv3xlMI:�M�!24��IJF ��kIKFAL�@CB[fG=?I©`�;^=µN4IJ3ª;<3�´�DGa¥IJB[B<I ËM|��bDG24L�fCIKB<;<6�=?I_=?IJ31�!F8@CHKIJ686A°YDGF8DG`�I_=?IKF83}|xl]@CBEDGFAHJIKB<B<IK31`{;[=Ruv3xlMI:��!24��IJFA3ÖfCB[IJ;[7:95IJF��eF 0DG°YDGF8DS=?;[@C356Aa�IKN5;<35fG2535fCIK3�B<;<I_L�IJF�=?IJ3���;<F8Z�2534fC68fCF8DGN5I���¡ � �!DGa59 0DS35fC;<fTG@C3�N5IKF`�¨25DGB<;^= 0DS=XN5IJ6���a468@CFAa�IKF8`�DS=?IKF8;EDSB<6J|
� � 4���7Z7�� ?$A ��D
L R
c[fSH/POPdn�JMR
J[IKHSLdHSRKH/NQ]&H/P EpLOJ[]�g#JMR
g kDV _ W�r�]BEpH WML�V]\�HSR
P u8h�HSfSH/NQF�G#]bV�]&t[H/] Z1NmH�NQ]
T1Y�Y�NQeQg#V�]&t � ���"}

��DSF?DG`{IK=8IJF PµIJHJIK;<7:953�2534f ~e;[356A=8IJB[B<2535f
Ì�I�DGZ>=?@GF8N5FA257:Z ���  ���  , � �GÒCÒd`baYDGF
/ F8247:ZtN5IJF��G@]N5Ï�25IJB[B<I � *-,/. �»ÒCÒCÒd`baYDSF
´�IJ`{°�IKF?DS=825F�N5IJF��G@]N5Ï�25IJB[B<I �+*-,/. �>Ò � V
¶©n8�Õ��B<24686�N525FA7:9�N5;[I �G@MN4Ï]24IJB<B[I 	 � �>ÒCÒd`�BEÔS`{;<3
��B[25686�N5IKF©¶¬nA� ceIKF8N 024353�2535f�� 	yn �»ÒCÒd`�BEÔS`{;<3
��B[25686�N5IKF©¶¬nA� ceIKF8N 024353�2535f\� 	 � �GÒCÒCÒd`{B ÔS`{;<3
� 25IJB[B<IK3�=8IJ`{°�IKF?DS=825F ��� �  	� �  �GÒCÒ � V
lM25a46A=?F8DS=8=8IJ`{°�IKF?DS=825F � #��
	�������� �GÓCÒ � V
/ IJ°¥@C6A;[=?;[@C356AHJIJ;^= � .� �� ,/�"! �!�,�� �d`{;<3


