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->FH*A;|3:( D�FB*�;f�2$'&)(y@BFHD�&<-=FHG�6AJ)G:*�30JN( `"FB;|-0&)(�G:FH@HFB8 *�;|6A;)`�D�( ;)(�3>6E-0( G
(�@H(�8�->3:*�;¬­¯&)*�@H(
/c6AFH3:G ����;"->&)(y`)6A30°Q�±-0&)(y/)&)*E->*}`)FH*}`)(sJl(�&c6�?�( Gv®:,.G:-�@BFH°A(�6�;)*�3:5�6E@�/);�`.FH*}`)(zJ.,.-
e2&)( ;	@BFHD�&<-ª1¨6A@B@HGª*�;b-0&)(r`.(�?}FH8�(�->&.(r( @B( 8U->30*A;¬­�&)*A@H(=/c6AFH3:GvDA( ;)(�3>6E-0( `	D�FI?�(=5bFB;)*�3:FB-�L
8�6A3:30FH(�30Gs6A;)`{6KG:FHD�;.FBmc8 6A;<-z3:(�?A( 30G:(	J)FH6AG+`)FH*}`)(�8 ,)3:30(�;�- ��$'&)(�8C&c6A3>6E8�->(�30FBG:->FB8 Gs*A1
->&)(+`)(U?¬FB8 (s6A3:(sG:&)*¦e2;�FB;a²�FHD�,.30(�³<´.�Iµ��

��;�-0&)(y->*�/�3:FHD�&<-+6E;)`�->&)(9JN*A-0-0*�5¶@H(�1·-r��,c6A`)306A;<-z*E1v*A/l(�3>6E-0FH*�;f�±6A;�(U�}-0( 30;)6A@
?�*�@I-C6AD�(�`)30FI?�( Ga8�,)303:( ;<-|-0&)30*A,)D�&�->&)(�`)(U?}FH8 (E� � &)( ;�->&.(¸`.FH*}`)("FHG�FB;�30(U?�( 3:G0(

¹ µ�³



ºf»U¼.½¦¾£¿>½zÀA¼NÁ�Â·¼cÃÄ»U¿·Å�À}ÆUÂ·¼}Ç ¹ µ¢È

Increasing
illumination

Reverse bias Forward bias

Load line

I

V

²�FHDA,)30(
³�́.�BµAM « &.*A->*}8 *�;.̀),)8�-0FB?A(�6A;.̀K/.&)*A->*¦?A*�@B->6AFH8�3:( G0/N*�;)G:(z*E1�/)&.*A->*}̀)FH*}̀)(E�

J.Fd6AG���->&.(~8�,)303:( ;<-�FBG�/)30*A/l*�3�->FB*�;c6A@r-0*u->&)(̧ FH;<->(�;)G0FI-�L�*A1�FH@H@B,)5�FH;c6E-0FH*�;±�Y��;�->&.(
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*A1fD<6EG0( Gªe2FB-0&)FH;�->&.(�&)*A,)G0FB;)Dy6A;.`b/)3:(�?A( ;<-�->&.(=ÓQ6E5b(21430*�5Ê( G08 6A/)FB;)Dy6A;.`�8�6E,)G0FB;)D
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³<́¬�ḯ.Mªév30FH̀.D�(�8 FB308 ,.FB-�14*�3�Óc6A5b5b6AJ)@B(
D<6AG'̀.(�->(�8�-0*�3 �

6y;.*�;)î (�30*9*�,¬->/),.- ��$'&)(�*�,.-0/),.-'*E1�G:,)8C&K6yJ)30FB̀)D�(�FHG�,)G:,c6A@B@BL�?�(�3:L�G:5�6A@B@N6A;)̀	->&.(
G:FHD�;)6A@�30(���,)FH3:( Gs6A5�/)@HFImc8�6E-0FH*�;±�z$'&)(�J)3:FH̀)DA(9*�,.->/.,.-sG0FHDA;c6A@�FBG�,)G0,c6E@H@BL"6A5�/)@HFImc( ̀
e2FI->&K6�̀)FBkl( 3:( ;<->FH6A@f6A5�/)@BFBmc(�3�*�3'̀)FIk±(�30( ;.8 (s6A5�/)@HFImc( 3��

õ �É�í���·öª��¡£�}�l�¦�̈ �c¥��c÷{ø�¥S�·ù��}¡�© ò̂-�L}/)FB8�6A@�6A/)/.@HFH8 6E->FB*�;�*A1�->&.("̀)FBkl( 3:( ;<->FH6A@
6E5b/)@BFBmc(�3�FBG�-0*�5b( 6AG0,)3:(�G05b6A@B@�?A*�@B->6AD�(�̀.FBkl( 30(�;)8 (nG0FHDA;c6A@HGÉe2&)FH8C&9*}8 8�,)3�FB;y8 FB308 ,.FB->G
G:,)8C&	6EG�->&)('J)3:FH̀)DA('8 FH3:8 ,)FI-�����;b6�J)3:FH̀)DA('8 FH3:8 ,)FI-�->&.( 30('FBGª6�,)G0,c6E@H@BLz@d6E30D�(�8�*�5�5b*�;
5�*}̀)(9G0FBD�;c6A@S�W6AJN*�,.-�µ��ïÈ�ÌxFH;�->&.(�8 6AG0(�*A1�->&.(�Óc6A5b5b6AJ)@B(yD<6AG�G:( ;)G:*�3sJ)30FB̀)D�(9FH;
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