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Q-\[oJË�{}T�`�]_RUZl`)ihb Ë"Û1áh� × � j[V ÊRÁ é�fao�áþÛ Â Ú�RÑoqb�`)RUiÆ�°RY{h`Ìg Ü\7]�j[`)bKËß{}Ta`)]_RYZJ`)i}b+ZJRUb�`)RUiW`�Z
ceb_]�\1mWV^�`Ìoqb_`�mW`)iagD\7f o ù fWiagDgh`)i Ó \1]_n.X[ip`)i û ÒªöfWiagHÔ Ê
Ë�RYiL�°RU{}`1g�Ü\7]�j[`)bKËß{}Ta`)]_RYZJ`)i}b��)`�R�s�mWiW`)b�o�R�s�m�RUZ ?I`�j[`)iao�\7b����)fè`)RUip`)Z êEX[VYVURÑgh`)]lËß{}|
Ta`)]�RUZJ`�ihb�gW\�ghfW]�s�mè\7fao^3EgW\,7�`�RUiOÜ�`)RUVÑsump`)iaoqb�]�\1mWV�\7fhv-`)RUiORYZ ��\7^aX[]toqnpoqb_`�Z v·`Ìoqb�o�b_`)mp`)iW|
g}`1o�Ü\7]�j[`)b�j[`)VY`)iWr}b 
�RY]�gª3)
�x\[mW]�`)iag�RUi�êEX�VUVYR�gh`)]�Ë�{}T�`�]_RUZl`)ihb�`)i<�4
"`)REÜ�`)RYV�s�mW`)iao�b_]�\1mWVU`�i
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Ó \1]_n.X[i �Sfa\7]�rWo ì Á o Â íîÁ y<`)ú�91Ù < Â Òa`)]qv�\1VUVÑoqr�\7ix\1VU`
ï Õ fagWo É ÍÐ�[Ï É�A �)å ¾ : Õ �[�[��� Ê �[á ï Õ ó T ù&¾ �[Ï Ê �HG

ï Õ ó i ù Õ Ï[� Ê áHG
û ¾ gWgWo �[Í Ý Û1� A �)å ¾ : Õ �[�)�.Û ÊÞÝ[Ý û ¾ ó i ù&¾ �[� Ê á��IG
û Õ fagWo Û.Í Ý	A �)å ¾ < Õ �[�)� ÉhÊ �[� û Õ óîï Õ�J �)å[å G
û � fWfao åhÍ Û1�[� A �)å ¾ : Õ �[�)á�� Ê ÏþÛ û � ó T ù Õ �h� Ê �.ÛKG

û � ó i ù � Ý á Ê Ï�åIG
ö ¾ gpo_o �[ÍÐ�[Ï[� A �)å ¾ : Õ �)Ï É � Ê Ï É ö ¾ óîï Õ ù&¾ �[� Ê á[� G
ö�Õ f o_o É ÍÐ� A �)å ¾ : Õ �)Ï}� ÝWÊ � ö�Õ ó ï Õ ù Õ �[� Ê � Ý G
Ô ¾ o_o�o åhÍÐá É[É�A �)å ¾ : Õ �)�þÛ ÉhÊÞÝ � Ô ¾ ó ï Õ � ¾ �þÛ Ê áHG

Ô ¾ ó ö�Õ ù&¾ É Ï Ê �HG
Ô ¾ ó ö ¾�ù Õ á Ê �LG

Ü\7^ ÊaÉ}Ê É ³HË�RUj�`)iao_s�ma\)v·b_`)i � X[i Ó \1]_n.X[ip`)iDZJRUbSc.b_]t\7iWj�`)iW`1o�o Á k9Q	?
� ÝFÂ�Ê

��fW] � X�VUVURÑoqRYX[i<j�`)^W]t\[s�mhb�
"`)]tgh`)i Ê QS`)]/êEX�VUVYR�gh`)]�m \7b+gh`�i<úEX[]�b_`)RYVY3Wgp\,7M
�`1oq`)i}b_VYR�s�mJm xX.mW`�]_`
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o�R�s�mDghfW]tsum�`)RYiW`)i�?I`Ìo_\7Z�b�o�TWRUilÏ69 É ×~o�RU`)mW`R�°RYj[fW] ÉhÊ �7ÚEX}gh`�]�ghfW]tsum�`)RYiW`)i�`)]_mxX�mhb�`)i Ó \1mWiW|
g}]_`)mWRYZJTWfWVÑo�gh`)]��Sfa\1]_rpo"\7f oq�)`)RÑsumpiW`)i)3[��`)]qv�\1VUVU`�i6`)ihba
�`1gh`)]�]t\[ghRÑ\7b�R � g Ê m Ê fWihb�`)]�k�mWX[b�X[iW`)|ip`)ZJR�o�oqRYX[iJX}gh`�]IfWi}b_`�]SkßRYX[iW`�iW`)ZJRÑo_oqRYX[i�RUiDRUmp]_`)i�=�`5
�`)RUVYRUj[`�iJ?S]_fpiagh�)fao�b�\1iag Ê
Ò�
 \7]�
�fW]tgh`)ièghRY`JRUZ v·X[VYj[`)iag}`)i�)fOiW`)ipiW`)iagh`�iOk�fWiWr}b_`D�)fWZJ`�R�oqb>o_s�mWX[ièghfW]tsumU��� á[�
`�]qv·X[]to_s�mhb43E\7VYVU`)]tghRUiWjeo�^WRU`�b_`)bJc}Ë���Ë���m8xX.mW`)]_`�c.b�]�\1mWVURYihb�`)iaoqRYb1x\)b_`�i × � j[V Ê Ü°\1^ Ê�ÉhÊ Û�Úl3�`)RYiW`j�]1xXF7�`)]_`Ð�Ir}�)`)Tpb�\7ip�F× � j�V Ê �+\7TWRYb_`)V ÉhÊ ÏþÚ�fWi g<`)RUiW`�i<^a`1o_o�`)]_`�i�ú9`�]_b_`�{Wgh`�b_`)r}b_X�]+× � j[V Ê Ü\7^ ÊÉ}Ê á.Úl3«oqX�gW\/7Jj[`)i \7fW`)]�`�Ëß]�j[`)^piWR�o�oq`+�)fD`)]K
 \7]�b_`)iHoqRYiag�× � j[V ÊzÁ k�]_Xe� ÝFÂ Ú Ê

½�M�½�MÂ³ ¾çµ·¹DÀ)¹}Ç µ·¸·¹hÅ�º1÷a¶°µ·À5-1ð¹h¶N'ß¹hÆ5( �¿p¸Â¸·¹
Ó `�RUZ�Òa`�]qv�\7VYV � X[ils�ma\7]�ZJ`1g Ó \1]_n.X�iW`)i�R�oqb�ghRY`SæIi}b_`)]toqfas�mhfpiWj � X[iloq`�ZJRUVY`)TWb_X�iWR�o�sump`)i�y<X[|g}`)i�^a`1o�X[iagh`�]�o�RUi}b_`)]�`1o_o�\7i}b53wZlRUbaRUmW]�`)]�úE`)]_Zl`1o_o�fWiWj"r§xX[ipiW`)i�Ë�VU`)ZJ`�ihb�`�gh`�]�ê��/y<|�y�\7b�]_RY{ON
^a`1o�b_RYZJZFb�
�`)]�g}`)i Ê QIfW]�s�mÎgh`)iÎmWX�mW`)i y�\[o_o�`)i}fWihb�`)]�o�sumpRU`1gD�5
�R�o�sumW`�i�gh`)Z �)`)]�v�\7VUVY`)iagh`�i
s�ma\1]_ZJ`1gM�Sfa\7]�rJfWiagDgh`�iDk�]_X}ghfWr}b_`�i�×�oq|�X}g}`)]Sgh|a�If \7]_raÚ�oqRYiagJo�`)ZJRUVY`)TWb�X[iWRÑo_s�mW` Òa`)]qvtx\)VYVU`
]�`)V�\1b_R � mx\[fBHaj[3öo�X[ZJRYb�V�x\/7[b-oqR�s�m�\1fas�m�gh`)]+ê�\7^pRU^W^aX[|·fWi}b_`)]tgh]�xf«s�rhb�`�Òa`)]�v�\7VUVs ½ gçj�fWb ^a`)|X�^a\[s�m}b_`)i Ê
Ó RÑoqmW`�]ý
�fW]tgh`)iHghfW]tsumDg}RU`+� X[VYV�\1^�X�]�\1b_RUX�iW`)iÎê2��Ë �3WfWi gJ�-éT? æ+c Á �IVYb���Ï Â 3 ÁÞÓ `)]���Ï Â 3þv·X�VU|
P�Q�R ÞTS Þ egb.f0{VU�ßXW&{|_YQ)elj/{|j/j>n S R&n^j8eKm5elo0�/{ S Þ ego.×^e�Z)e S.Þ eKb.f0{[UVj>_ao�q0�/f0_a{|j/bOc5{|_ Þ {|o�q0�5�/`/\õc5_af�c5f._ {

àz�>elf.×EÚ²eg]�{|}|{|_a`�c5�/fYq.�	c5{|_�o�q0�\Z)e^q0�/_@]�_Gq0�/o0_a}^Z){|f.×5�/`/\>ä
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j�`)iagh` oq`)ZlRUVU`�TWb_X�iWR�o�sumW`S�+\1i x\[VU` ^a`)X�^a\[s�m}b_`)b4³
ï �Ö ¼)½ À ï ü�`
ö�ÕÖ ¼)½ À ö ¾ªü�`× ÉhÊÐÉ Ú

ê2��Ëýîma\7b���fao x\[b��)VURÑsuml\7fas�mHgh`)i�Òa`)]�v�\7VUV
ö��Ö ¼)½ À ö�Õ ü�` j�`)ZJ`1o�oq`)i ÊÓ `�R�c}Ë���Ë��Ã
�RY]�gDghRU`Ìoq`)iHy<X}gh`)iHia\[s�mWj�`)j.\1iWj[`)i Ê

½�M�½�M ½ a6¹h÷aõ¿Q-1ð�º1»¶°¼ ó°¹}À Ô"ÕÖ ×�Ø1Ø7Ù)Ú
Ó `�X[^a\�sum}b_fWipj�gh`1o�ghX�TWTa`)VUb-oqb�]�\7ipj[` Ó \7]�n.X[iao�Ô"ÕÖ ×�Ø7Ø1Ù)ÚEfWiag Ó `1oqb�RUZJZ�fWiWj�oq`)RYiW`)] �ö`)^a`)iaoq|
gp\7fW`)] Ê Q \�o9Ë�{}Ta`)]_RYZJ`)i}b)��� á[�Im \7bEgW\�oEÔ"ÕÖ ×~Ø1Ø1ÙÌÚ)
�RY`"RYi�Ü°\1^�`�VUVU` ÉhÊ ÏSgW\1]_j[`Ìoqb_`�VUVUbGRUi6o�RU`)^a`)i
Òa`�]qv�\7VYV�o�r[\1ix\7VY`)iD^a`)X[^a\�sum}b_`�b Ê

Ó \7]�n.X[i �If \7]_rpo íîÁ y<`)ú Â Òa`)]qv�\1VUVÑoqr�\7i x\1VU`
Ô"ÕÖ ÷l÷4ò É Û É Ï Ô ¾�ù �

É Ûe� Ý Ô ¾�ù&¾�ù � ù �
É ��� Ý ö ¾ ø ÕÔ ù �
É Ûe� Ý ö ¾ ø<ÕÔ ù � ù � ù&¾É ÛÌå[Ï ö ¾ ø ¾�ù � ù �
É ÛÌå[� ï Õ^ø<ÕÔ ø ¾úù �
É ÛÌå Ý ï Õ^ø ¾ ø ¾�ù � ù � ù&¾

Ü\7^ ÊWÉhÊ ÏB³aÒa`)]qv�\1VUV�o�r�\7ix\1VU`Sgh`1o�Ô"ÕÖ ZJRYbEy�\[o�oq`)i Ê ?S`1o�`)mW`)i � X[i ��� á[�6�)��� Ý × � j�V Ê�Á é�`)ia��� Â Ú Ê

½�M�½�MUÈ Á�»z-1ð°¹�¶¿Q-1ðã¹þÃ÷Wº1µ·À5-1ð¹h¶ $ ¹}µÂ¸.-1ð°¹}¶
Ë�{}X[b�R�o_s�mW`+Ü�`)RYV�s�mW`)iloqRUi gJÜ8`�RUV�s�mW`)i 3.ghRU`>oqR�s�m�iWR�s�mhbERYi<g}RU`S^�`�r[\1iWi}b_`)iH�+\7b�`)j[X�]_RU`�i Ó \7]�n.X[|
ip`)i×�±B±�± ÚGfWiagHy<`1oqX�iW`)iÎ×Y± b[ÚE`)RUiWX�]�ghip`)iDV�\[o�oq`)iH\1^�`�] � X�i<g}`)]"�+ê�QN`)]�V�\7fp^WbSoqRYiag Ê
Ó `�R�c}Ë���Ë�� oqX[VYVagh`1oa
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j�`1oqf sum}b�
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´ ¾ç¿pÀca6¿WÆ)ñ«÷a¶°µ·»Ç dfe_È�³�ghgjilk Q \�o Ó \7]_n.X�iWRUfpZ R�oqb�`)RUiÎú RY`)]l±.fa\7]�rh|�Òafao�b�\7i g�ZJRUb
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�RU]_r}VURÑsumÎ`){}R�o�b_RU`�]_b Ê âIRUi�
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�\7]�× � j[V Ê)ÁÞÓ X.`1�h� ÂaÁ �SVU`1á�� Â Ú
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æNÜ�`)RYV�s�mW`)i Òa`)]�v�\7VUVÑoqr�\7i8x\7VU`
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saW0Ü `8eg}�nE\'º {|\^{|b�eg} � n^`5ØE_af.b0_af
s�s t elo0b.j/�/ozX ]Relf0b � fYelb._ý� nE`5b.f.nE}|}�_ f.o
s.�K� �8el]�j>_af)� _Ge^c5nE�/bzX m5o.b0_a]
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�S^W^ ÊaÉhÊÞÝ ³aQI`�]SË ÛÌáh�6Ü�]_RYj[j�`)]�fWiagHgW\[oSQT�"�S|qcenWo�b_`)Z
Ë�]�`)RUj�iWR�o�oq`F3«ghRU`�gh`�i�c.X1v·b 
 \7]�`)b_]�RUj[j�`)]�Ta\�o_oqRY`)]_`�iô
"`�]�gh`)iD]�`)j[RÑoqb_]�RU`)]�b Ê QIRY`�Ëß]�`)RUj�iWR�o�\7iW�Ì\7mWV
`�RUiW`1o+Òanhr}VUfao�×qc.TWRYVUV·Ú�
�RU]tg<fWZ � Ý å[å[å�å<^a`)b_]t\7j[`�i)3öZJRYbI`)RYiW`)] ��f�b_]�\1iaoqTaX�]_b_RY`)]_`�iagh`)i Q \7|
b�`)iWZJ`�iWj[` � X[i�ÛÌå[å�y Ó n}b_`1o Ê Ï[å[å�� Ó n}b_`1ol91o � X[i�êEma\1]_ZJ|�Ë�]_`)RYj[iWRÑo_o�`)ifWiag ghRU`Jj�VU`)RÑsump`y<`�iWj[` \7i�k�]�RUZD\1r.X7à«`)]_`�RUj[ipR�o_o�`)iJZ xfpo_o�`)i�\1fhv�Ü\7Ta`�j�`1o_s�mW]�RU`)^a`)i�
"`�]�gh`)i × � j[V Ê Q \[oSQ \7|b�`)iW`)]�v�\[o�oqfWiWjeo_o�nWo�b_`)Z �°RYj[fW] É}Ê Ý Ú Ê
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í î ±âï<!���C 0H� �ñð & *�ò�*)�+�w#G� �"0H�I#G� CJ#�36�E�/�
�~i ghRU`1o�`)Zù�/\1TWRUb�`)VoqX�VUV`)RUip`+Ë�RUihvuxfWmp]_fWiWj�RUi ghRU`+TWm}npoqRUr�\1VUR�o�sump`)iJ?S]�fWiaghVÑ\7j[`�i � X[iHâ \7VY^W|VY`)RUb�`)]_i6j�`)j[`�^�`�ik
�`)]�gh`�i Ê �WX[VYj[`)iag}` æIi}b_`�]_j[VYRU`1g}`)]_fWipjI�)fp]"y<X�b_R � \1b_RYX[ilghRU`1o�`1oEÜ"mW`)ZJ`�ih^a`)|]�`)R�s�mW`1o�
�fW]�g}` � X[]�j[`)ipX[ZJZJ`�iD× � j[V ÊzÁ � iWX.á�� Â 3 Á âIX[]t�h� Â 3 Á � VU`1� É,Â Ú ³

´ ô<¿W¸·õ°¸·¹}µ º1¹}Æ
´ ¾ç¹}ÆJÅ�óp¶8Ä �dçõE¹}Æ1¼�¿p¶°¼
´ ¾çµ·¹ ¼ ¹hÆ1¿WÆ1ÇÎ»°¶¼aÀwº1µ·¹6(�¹
´ ¾çµ·¹<ôH¹hÆ1ÀwºÌ¹h¸·¸Â»¶¼<üö÷a¶ãôH¿W¸Âõ¸·¹hµ�º1¹}Æ7ó¹.º1¹hòaº1÷aÆ1¹h¶

���K� > ©@?�¯BA ¢z«@C8A ¯[¡ ©� ô>õ©qõ«ý��°�¬; ��� ÑA ¬ öÃ«¸C8÷|Ca �AY�Q z§
ceRUVURY�)RUfpZd^a`1o�RUb��)b Ý ú�\1VU`)iW��`)VU`)r}b_]�X[iW`�i Ê �SxfWmW]_b+ZD\1ic.RUVYRU�)RYfWZD\1b_X[Z�`+�)fao�\7ZJZJ`�i)3aoqXDj[`�mhb
=�`Ìgh`1oIc.RY|Y��b_X�Z�ZJRYb � RU`)]2
"`)RYb_`)]�`)iDc.RU|�� b�X[ZJ`�iF`)RYiW`+r.X � \1VU`)i}b_` Ó RUi ghfWiWj6`)RYi)3hfpiagJ`1o"`)i}b_|
o�b_`)m}b"`�RUi6r}fW^WR�o�sum�]�\1fWZJ�)`�ihb�]_RU`�]_b_`Ìo°� ]_RÑoqbt\7VUVYj[RYb_b_`�]�×~Ü�`)b_]t\7`1g}`)]wÚ ÊhÓ `�RUZ�Òaf o_\7ZlZJ`)ihvuxf�mW]_`)i
g}`)]2� b�X[ZJ`So�Ta\7VYb_`)iloqRÑsum�ghRY`"±.fa\1ihb�`)iWZJ`1s�ma\1iWR�o�sum+`)]�V�\7fp^Wb_`)ilghRÑoqr}]_`)b�`)i�Ë�iW`)]_j�RU`)��faoqbÌx\7iagh`
g}`)]JË�VY`)rhb�]_X�iW`)iè\7fhv-fWiagO`1o6`)ihbtoqb�`)mW`)i� Ê Ó Ê `�]_V�\1fW^Wb�`F3�r.X[i}b_RYihfWRY`)]_VYR�s_mW`�Ë�iW`�]_j[RY`)^x\1iagh`)]
fpiag � `�]_^aX[b�`)iW` Ó \7iaghV�xfWs�r.`)i Ê Ë�RUi � `)]_`�RUihv�\�sumao�b_`1o Ó x\1iagh`)]�ZJX}gh`)VYVIRÑoqbDRUiL�S^W^ Ê Ï Ê É gp\7]_|
j�`1oqb�`)VUVYb Ê âIRU`)]�^a`)REma\7iag}`)VUb6`1o6o�R�s�mfWZ gp\[o6`)iW`)]�j[`)b�R�o_s�miWRY`1gh]�RUj[`lú"\1VU`)ip�)^a\7i g�fWiagOgW\�o
`�iW`)]_j�`)b_RÑo_s�m�mxX.mW`)]+j�`)VU`)j�`)iW`Ð�ö`)RYb_fWipj.oq^ \7iagª3GghRU`�g}fW]�s�m�`�RUiW`�vuxfW]�Ë�VU`�rhb�]_X[ip`)i � `�]_^aX[b�`)iW`Ó \1iaghV�xfasur.`D�8Ò)� »lÁÑø^»\ù Ä ¼ Ï[å�å>ø j[`)b�]_`)ipihb+o�RUiag Ê �~iOÜ\7^a`)VYVU`�Ï Ê �Jo�RUiag ghRU`�
�RÑsum}b_RYj.oqb�`)i
TpmhnpoqRYr[\1VURÑo_s�mW`)iô?S]1xXF7�`)i � X[iDRUi}b_]�RUiao�R�o�sumW`�Z(×Â]_`�RUiW`)ZHÚ9ceRUVURY�)RUfpZì\7fhv·j�`)VURÑoqb_`�b Ê

QIRÑsum}b_` ÉhÊ Ï[Ï6jB91s$ZMP
Ë�iW`)]�j[RU` � `)]_VYfaoqbEv$xfW]Sy���kúÉÐo < S � Ê �[��y<`)ú
swZ < 9�j
QIRY`)VU`)r}b_]�RU�)RYb x\wbtoqr.X�iaoqbt\7i}b_` �[� Ê �
Ó \7i ghV�xfas�r.`S^�`�R�Ä ¼ Ï[å[å�� � Ê �[�+`)ú
Òafao�b�\7i gWo_ghRÑsum}b_`+RYZ �ö`)RYb_fWipj.oq^ \7iagYû Ö É ÍÐá A �)å>:3N-swZ ¾ PÒafao�b�\7i gWo_ghRÑsum}b_`+RYZ�ú�\7VY`)iW�)^ \7iag¥ûýü �[ÍÐå Ý	A �)å8:3N+swZ ¾ PË�VU`)r}b_]�X[iW`�iWZJX[^pRUVURYb x\�b Å�þ �)Ï��[å�swZ�<g9e×Âú+o�Ú
�ExX}s�mW`)]_ZlX[^WRYVURUbÌx\ub Å�ÿ Ý á�åFswZ < 9e×Âú+o�Ú
c.Ta`)�)R�H«o_s�mW`)]2�ãR�gh`�]�oqbt\7iag É Ï�� rpÔDswZ

Ü\7^ Ê Ï Ê �>³aË�RUj�`)iao_s�ma\)v·b_`)i � X[i�c.RYVURY�)RUfWZ Á k°`)RÑ� É5Â~Ê

QSfW]�s�m � `)]�o�sumWRY`1gh`)ip`Ð�IiW]_`�j[fWiWjeoqTW]�X[�)`Ìo_oq`Dr§xX[iWip`)ièghRU`Jú�\1VU`)iW��`)VU`)r}b_]�X[iW`�iÎ\7fao�gh`)Zíú�\7|
VY`)iW�)^ \7iag��Xü RUiHgh`)iO�ö`)RYb_fWipj.oq^ \7iag�� Ö \7iWj�`)mWX[^a`)iÍ
�`)]�g}`)i)3Wo�RU`)mp`�gp\7�)fO�I^W^ Ê Ï Ê � Ê
�[`Ìgh`1o"v·]_`)RYj[`1o�`)b_�)b�`+Ë�VU`)r}b_]�X[iHmWRUi}b_`)]�V x\57[b-\7iÎo�`)RUip`)Z�fp]�oqTp] xfaiWj[VYR�s�mW`)iHk�V�\1b_�+`)RUiO�öX}s�m�ZJRUb
TaXeoqRUb�R � `)]ê��\[ghfWipj Ê �W`)mWVUbS`)RYiW`Dx\1fQ7[`)]�` Ó `)`)RYiB�afQ7�fWiWjlghRU`1o�`)]+k�\�\7]�^WRUVÑghfWiWjJRYZ â \7VY^WVU`)RYb_`)]
o�XF]�`)r.X[Z�^WRYiWRU`)]�`)i�ghRY`/`�]_�)`)fpj[b_`�i���\[ghfpiWj.o�Ta\[\1]_`Ð
�RU`1gh`�] Ê
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Strahlung

Temperatur
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Leitungsband

Ferminiveau

Loecher 

Elektronen

�S^W^ Ê Ï Ê �8³EQIRU`DË�]��)`)fWj�fWiWj � X[ièË�VU`�rhb�]_X[ip|Y�öX}s�mW|�k�\[\1]_`)i Ê Ë�VY`)rhb�]_X�iW|Y�öX}s�mW|�k�\[\1]_`O
"`)]tgh`)i
g}fW]�s�mDj[`)VÑ\[gh`)ip`�Ü�`)RYV�s�mW`)i)3}ghfW]tsum�c.b�]�\1mWVUfWipjFfWi gçg}fW]�s�mHÜ8`)ZlT�`�]�\7b�fW]_`�RUiB�af[7�`)]��)`)fWj�b Ê

���r� �� z§L��>�� õ� ÷� z§Q¥ý«ý��¥
�ãRY]�gc.RUVYRU�)RYfWZäZJRYb Ë�VY`)ZJ`)i}b_`)iHgh`�]+� Ê â \1fWTWb_j�]_fWTpT�`H×~QSX[ia\1b_X[]�`)iöÚ � `)]�o�`)mW`)i ×~ghX�b_RU`�]_bwÚ 3o�X�`)i}b�o�b_`)m}b�`)RYi xæ�^a`)]�o�sum}fQ7�\7iKËßVY`)r}b_]_X�iW`)i Ê Q \[o�v xfWihv·b_`�ú�\1VU`)iW��`)VU`)r}b_]�X[i6r�\7ipiFr.`)RYiW` Ó RUip|
g}fWiWj�ZlRUbGgh`)i � RY`)]K
�`)]_b�RUj[`�iJc.RU|�� b�X[ZJ`�i/`�RUiWj�`)mW`)i�fWiag6R�o�b"g}`1o 
�`)j[`)i�VU`�R�s�mhb�)f6RUX�iWR�o�RU`)]�`)i×�oqRY`)mW`��I^W^ Ê Ï Ê É \þÚ Ê QS`)]Sâ \7VY^WVU`�RUb_`�]�
�RY]�gDiW|ÂVY`)RUb�`)iag Ê
Ë�VY`)ZJ`)i}b_` gh`)]ÎÏ Ê â \7fWTpb_j[]�fWTWTa`ã^W]�RUiWj�`)i
ZJRUbDi}fW]g}]_`)R�ú"\1VU`)ip�)`)VU`�rhb�]_X[ip`)i `�RUiW` Ó RUip|
g}fWiWj.o�V�xf«s�r.`F`)RYi Ê �Ifhv·j�]_fWiagOgh`Ìo�� `�mWVU`)i o>`�RUiW`1o Ó RUiag}fWiWj.o�`)VU`�rhb�]_X[i o/`)i}b�o�b_`)m}b+`)RUi xæS^�`�]_|
o�sum}fQ7l\7iV�ExX}sumW`�]_iDZJRUbETaX.o�RUb�R � `)]���\�ghfWiWjFv·X�VUj�VUR�s�m�
�RU]tgçg}`)] â-\7VU^pVU`)RYb_`)]ETW|·VU`)RYb_`)i g ×�oqRY`)mW`
�S^W^ Ê Ï ÊÐÉ s7Ú Ê
�S^W^WRUVÑghfWiWj�Ï Ê É RUVYVUfao�b_]_RY`)]_b�gW\�oIË�iW`�]_j[RY`)^a\1iagWghRÑ\7j[]t\7ZJZ � X[iHâ \7VY^WVU`�RUb_`�]_i Ê���çRÑoqbDgp\[oJQIX�ia\7b�X[]�iWR � `1\1f)3����HgW\[o �Irh��`)TWb_X�]_iWR � `1\7f 3��ú¡îgW\�oM�W`)]_ZJRYiWR � `Ì\7f)3��úüHgW\�o
ú�\1VU`)iW��^a\7iag�fWiag�� Ö gp\[oý�ö`�RUb_fpiWj.o�^a\7iag Ê � i�iW|�ghX[b�RU`)]�b_`)ilâ \1VU^WVY`)RUb�`)]_i6j�RUVUb�vuxfW]�gW\�oý�W`)]�ZJRU|
ipR � `1\1f����u���ú¡f��� Ö 3WfWiagD^a`)R�TW|�ghX[b�RU`)]�b_`)iHâ \1VU^WVY`)RUb�`)]_i��úüT���X¡c����� Ê
�Î`)]tgh`)iOghRY`1oq`�^a`)R�g}`)i�`�ihb�j[`)j�`)iWj[`Ìoq`)b��)b6ghX�b_RY`)]_b�`)i Ó `�]_`)RÑsumW`��)fao�\7ZJZJ`�iWj[`wvuxf.mp]_b53o�XôHaiW|
g}`)b \1fhv·j[]�fWiagHgh`)]�fWi}b_`)]to_s�mWRU`ÌghVURÑsumW`�i��>X�iW�)`)i}b_]t\7b�RUX[ip`)iJv$xfW]SË�VU`)r}b_]�X[iW`)iDfWi gô�ExX.s�mW`)]�`�RUi
�Sfaoqbt\7fao�sumOg}RU`1o�`)] ^a`)R�g}`)iõ��\�ghfWiWjeoqb�]1x\.j[`)] \7Z xæI^a`)]�j.\7ipj�oqbt\7b�b53°fpiag�g}RU` � `�]_ZJRYiWR � `�\7faog}`)]�TW|EfWiagDiW|qce`)RUb�` j[VY`)R�s�mW`)iDo�R�s�mD\7i × � j[V Ê �I^W^ Ê Ï Ê Ï.Ú Ê�~ihv·X�VUj�`Sgh`)]°v·`1o�b_`)iÐ�SiW�1\7mpV � X[i�QIX�iWX[]�|�fWiagÐ�Ir}�)`)TWb�X[]_|��~X[iW`�i�^WRYV�gh`)bGoqRÑsum6`�RUi�`�VU`)r}b_]�R�o_s�mW`1o
�W`)VÑg�\1Z xæS^�`�]_j.\1iWj+\1fao°fWiag � `)]_mpRUiagh`�]_bgW\�ghfW]�s�m�`�RUiW`�
"`�RUb_`�]_`�QIR à«fao�RUX�i � X[i6Ë�VY`)rhb�]_X�iW`)ifpiagô� xX}s�mW`)]�i)3B
�X}ghfW]�s�mHoqRÑsumD`)RYiô?SVU`)RÑsumWj�`5
�R�s�m}b�oq��faoqbt\7iagF`�b�\7^pVURU`�]_b Á âIX[]t�h� Â~Ê
�ö`�j[b ZD\1iD`)RUiW` x\1fQ7[`)]�`Fc.T \7iWi}fWiWj Á �+\7iÎg}RU`+iW|·TW|qcþsumWRÑsum}b�RUi�c.Ta`)]�]_RÑsum}b_fWipjJ\1i)3ög Ê m Ê TaX[|
o�RUb�R � \7ZìiW|G3hiW`�j.\7b�R � \1Z�TW|a?S`)^WRY`)b53}oqX�
�RU]tgJgW\[o�g}nhia\1ZJR�o�sump`T?SVU`)RÑsumpj[`5
�RÑsum}b�g}`)]�éS\7fWZl|
VÑ\[ghfpiWj.o��)X[iW`Îj[`Ìoqb1xX�]_b Á�� ×�QIR à«fao�RUX�iao_o�Ta\7iWi}fWiWj}ÚM
�RY]�g fpZ gh`)i Ó `)b_]t\7j Á �D`)]_mxX�mhb Ê QSRU`
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n-Halbleiter p-Halbleiter

�S^W^ Ê Ï Ê É ³�\þÚSc.RYVURU��RUfWZJr}]_RYo�b�\7VYVö`)RYiW`1o"iW|�â \1VU^WVY`)RUb�`)]�o ×·ZJRUbSk�mWXeoqTWmWX�]�ghX[b�RU`)]�bwÚ�^öÚ�Ë�iW`�]_j[RY`)|
^ \7iagh|�QIRÑ\7j[]t\7ZJZ `)RYiW`1o6iW|�â \7VY^WVU`)RYb_`)] � X[]�gh`�] Ó RYV�ghfWipj�`)RUiW`Ìo�Tª9)iW| xæ ^a`)]_je\7iWj�`1oJs7Ú6c.RYVURY|
��RUfWZJr}]_RÑoqbt\7VUV�`)RUip`1o�TW|�â \7VY^WVU`)RYb_`)]toJ×ÂZJRYb Ó X[]lghX[b�RU`)]�bwÚ g�Ú�Ë�iW`�]_j[RY`)^a\1iagh|�QIR�\1j[]�\1ZJZ `)RUip`1o
Tp|~â \1VU^WVY`)RUb�`)]�o � X[]Sgh`�] Ó RUV�g}fWiWj6`)RYiW`1o9T�9)iW| xæ ^�`�]_j.\1iWj[`Ìo Ê

�W`)VÑgWoqb x\7]�r.`�RUi gh`)]-éI\1fWZJVÑ\[ghfWipj.oq��X[iW`�
�RY]�gçj�] xXF7�`)]53«ghRU`�úE`)]�\1]_Z�fWiWj.o��)X[ip` 
�RY]�g<^W]�`)RUb�`)]53
fpiag<gh`�]Sâ \7VY^WVU`)RYb_`)]Er�\7ipi<i}fWiH\7V�oSQI`)b�`)r}b_X[]�`�RUiWj�`1oq`)b��)bý
�`)]�g}`)i Ê
Ë�VY`)rhb�]_X�iW`)iOfWiagÆ�ExX}sumW`�]6ghRY`çi}fWiOj[`�^WRUVÑgh`)b�
�`)]�g}`)iOTa\[o�oqRU`�]_`)iOfWiWj�`)mWRYiagh`)]�b�ghRU`�c.Ta`)]�]_|
o�sumpR�s�mhb Ê QIRU`2�ExX}s�mW`)]Ggh]_R v·b_`)i+RUi é RÑsum}b_fpiWjSgh`)]`)VU`�rhb�]_R�o�sump`)i	�W`)V�g � `)rhb�X[]�`)i)3)g}RU`�Ë�VY`)rhb�]_X�iW`)i
`�ihb�j[`)j�`)iWj[`Ìoq`)b��)bE�)f6RUmWip`)i Ê QIRY` QS]_R v·b�j[`1o�sum�
�RUi ghRUj�r.`)RUbgh`�]ý��\�ghfWiWjeoqb�]1x\.j[`)]ER�o�bETW]_X�T�X�]_b�RUX[|
i \7V+�)fWZ \7iWj�`)VU`)j�b_`)i�`)VY`)rhb�]_RÑo_s�mW`)iÆ�W`)V�g Ê QIRY`ÎQI]_R v·b_j[`Ìo_s�mB
�RYiaghRUj�r.`)RUb�`)iO^a`)]_`1s�mWiW`�i�oqR�s�m
\1faoE³

�Kþ�¼LÅjþ �×�Ï Ê �7Ú �KÿT¼LÅ�ÿ �×�Ï ÊÐÉ Ú
QSRU`�Ë�VY`)rhb�]_X�iW`)i�fpiag¨�ExX.s�mW`)]�r�xX�iWiW`)i gW\7ipiã�)fW] �Ifao 
�`)]_b�fWiWjO\1faoJgh`�Z QI`)b�`)rhb�X[]l\7^W|
j�`wvuxfamW]_b�
�`)]�gh`�i Ê Q \1ZJRUbH\7^a`)] gW\[oÍ?SVU`)RÑsumWj�`5
�R�s�m}bJ\1i
Ë�VU`)r}b_]�X[iW`)i�fWiagL�ExX}s�mW`)]_i�fWiag
o�X[ZJRYbDghRY`c.`)iao�RU^WRYVURUbÌx\)bKvuxfp]M
"`)RYb_`)]�`ÎË�]_`)RYj[iWRÑo_oq`�j�`5
�\1mW]_bD^WVY`)RU^pb53�
�RU]�g�ghRY`M=�`5
"`)RYV�o�\7^W|
j�`)�)X�j[`)iW` ��\[ghfpiWj.o�\7]_b>ghfW]�s�mH\7iWj�`)VU`�j[b_`�Ë�VU`�rhb�]_X}gh`)iDRYi>=�RU�)RY`)]_bS× � j�V ÊzÁ � iWXeá[� Â Ú Ê
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Bildung einer Oxid-Schicht bei
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Oeffnung von Fenstern

AL-Metallisierung der Vorderseite

Photolithographie
Musterung der AL-Schicht durch

und Aluminisierung der unteren Seite

durch Photolithographie
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