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��� �"! #%$'&)(+*-,/.¨dÍD�>�Ìé}$';<F�&.;/$1(*?c(f^.?:FB",8:9k",{.?B{d(�a1$';<&.?�0È$1{.yÌ0E&.9.9.;>�Êa'",;g(f$'_,?ch¡",A�(f^)?	FB-gA*F�&.-g(�-<{46-<_,&)A*?�¨dÍ��uþDCD0*":$'0}(*"c",+)(�$1-<{�$c0*8%$';<;k0*-g_,{@$';ka,",;>(�$'_'?z$'8%9);<-g=.F�$1(*-<",{~Cd� N K�JÀ:$'{.y�$'{�-<{.9)&)(`-<8:9�?�y@$'{.F�?�"'h�þ'm,m�µ��e� 2^.?�3,4�5� n&.0*?�yÅ-g{±(f^.?zFB-gA*F�&.-g(`^@$10`(*^.?�h¡",;<;g"� `-<{._�9@$'Af$18%?�(f?BA}a1$';g&.?B0�G�1�!Kì¦,þ'm,m0��¼kCÏi j@I,sÂtwv]v�x Kn¦DoÂþ�Ð´$1{.y�����IQI�KnÍDoÂþ�8%¯��» � {�(*^.-<0|?�­)$'8:9.;<?1C�(f^)?�F�$';gFB&.;<$1(f?�y�F�",8%9k",{.?�{d(Ja1$';<&)?B0e^@$�a'?�+�?�?B{�-g{.0*?�AE(f?�y-<{±(f^.?zy.-<$'_,A*$'8Å�ÂÁ

500k Ω Ω

+15V
2.4 kΩΩ

330 ΩΩ
100 µµF

+

46-g_,&.AE?�¨dÍD�ÂþDG�é�-<AEFB&.->(2h¡",A`56­)$'8%9);<?z¨dÍD�>�,�
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¼D-<{)FB?zH'	���-<0�(*":+k?�þ'm,m�µ��ì$'{.y±(f^.?�-g{.9.&)(`_,$1(f?�AE?B0*-g0E(f$'{.FB?z"'h�(*^.?�3,4�5� 7-g0
1 �#���eC� �?£9.-gF�µ�Hej¸KMþ'm,m�µ���(*"�_,-ga'?£(*^.?cA*?�Ë�&.-<AE?ByÊ-<{.9.&D(z-<8:9�?�y@$'{.F�?h¡",A}(f^)?�$18%9.;g-g=@?�AB�¶Ì?z",+D(�$'-g{�$£AE?�$'0E",{@$'+);<?�a1$';<&.?eh¡"'A`HeI%+d��0*?�(*(*-<{._.G

HeI�K i j@I,sutwv]v]x����IQI K ¦DoÂþ6ÐÍ�ouþ�8:¯ K7¨,¨,m��� h� �?�y)Af$� n$�0*-<8:9.;g-g=@?�y	0*?�(2"'h�_,?�{.?BAE-<Fz3,4�5� �F�^@$'A*$'F�(*?BAE-<0E(*-<F�02$'0}0E^."� `{�-g{46-<_'&.A*?`¨dÍ��ÂÀ)C� �?JF�$1{	0*?�?|(*^.?J$19.9.A*"�­D-<8%$1(*?b9k",0E-g(f-g",{£"'h~(*^.?|y)Af$'-g{%F�&.A*AE?B{d(��

-2.5V

7.5mA

6.3mARS

I D

2400 ΩΩ

15V4#-<_,&.AE?�¨dÍD�qÀ)G)2�"d$'y�;<-g{.?Jh¡",A`56­)$'8:9.;<?z¨,ÍD�g�'�
¶Ì?z{.?�?ByÅ$c0*8%$';<;~0E-<_,{.$';~_d$'-g{±"'h��JÀ)�� 2^.?�A*?�h¡",A*?1G� N K��JÀ�K��`�1��r�He�ÌK´�e¦,þ1m,m£rÌ��m4345br�He� 2^.-<02_'-ga,?�0 He�·K 5ï 68787:94;�7=<?> Kn¦1pdm'm��!Kn¦�oqp�µ�� 2^.-<0�;<"d$1yÌ;<-g{.?:-<0È0Eµ'?�(fF�^.?�yÆ-g{¬46-g_,&.A*?%¨dÍD�qÀÄ»¡{."'(f?:(f^@$Q(È(f^)?	a,",;>(�$'_'?%y.AE",9$'FBAE",0*0|HeI	^.$'0`+�?�?B{�{)?B_,;g?BF�(*?ByÏÁ]�� 2^.?�;<-g{.?eh¡",A2(f^)?�y)Af$'-g{ÅF�&.A*AE?B{d(J"1h�m)o�p:rÍDoÂþ�8:¯®K ¨�8:¯¹h¡AE",8 (f^.?�HeI�0*?�;<?�F�(f-g",{ÄF�$1;<FB&);/$1(*-<",{·8�&.0E(�-<{d(f?�A*0*?�F�(c(*^.?;<"d$1y�;<-<{)?Èh¡",AzHe��-<{�(f^)?:F�?B{d(fA*$';�A*?�_,-<",{�"1h�(*^.?%3,4�5� üF�^@$'A*$'F�(*?BA*-g0E(*-<FB0�� � (F�$'{È+�?�0*?B?�{c(f^@$1(�$|0E&.9.9.;>��a'",;g(f$'_,?�"1h��Îþ#ÐÉ_'-ga,?�0�$JAE?�$'0E",{@$'+.;g?�-g{�(*?BAE0*?BF�(f-g",{9�"'-<{d(��

�@� �8A BDCFE@G-,/.H(JI»LK|{);<?B0E0J"'(*^.?BAY `-<0E?È0E(f$1(f?�y~CÏ(f^.?�9@$'Af$18%?�(f?BA`a1$';<&)?B0|h¡"'Ab(*^.?�3,465� 20J&.0*?�y�-<{�(f^.?�0*?9.A*",+);<?B8:0`$'AE?'G��Q�!Kn¦'m,m'm)��¼�C@i j@IdsÂtwv]v]x K´�bp�ÐÇ$1{.y�����IQI�K7ª�8:¯�Á��¨,ÍD�g� � h#(*^.?z9�"� �?BA`0*&)9.9.;g�	a,",;>(�$'_,?�-g{�56­.$18%9.;g?z¨dÍD�>�z-<02A*?�y.&.F�?ByÅh¡AE",8M���Îþ#ÐÒ(*"
��À�ÐÈC) `-<;g;�(*^.?�$'8%9);<-g=.?BA�0Y(f-g;<;~+k?�+.-/$10*?By�FB"'A*A*?�F�(*;g�ON



ô Ó�ß�õ!×'ØJökÛ÷â ø}Ù�áfã ��©dþ
¨dÍD�Â¦Ä¯ 3,4�5� ü-g0z0*?B;g?BF�(f?ByÌ$1(�Af$'{)y.",8úh¡A*"'8 (f^.?:0E(*",Af$1_,?%+)-<{~�	ý|"� ü �",&.;<y�(f^)?����IQI	$'{.y±(*^.?�i j@I,sut«v�v]x h¡",A}(*^.?�3,4�5� 7+k?z8%?B$'0*&.AE?By�N¨dÍD�q¨ � h�(f^.?z3,465� ù-<{:(f^.?JFB-<AEFB&.->(}-g{±46-<_'&.A*?|¨dÍD�Âþ�-<0�A*?�9.;/$'F�?By�$'{)y¥(f^.?e{)?� �a1$';<&.?"'h�(*^.?`0*",&.AEFB?`a,",;>(�$'_'?b-g0�h¡",&.{.y:(f"z+k?eiÏI�K��'oqp�Ð�C'F�$';gFB&.;<$1(f?}(*^.?|{)?� ëy.A*$'-<{FB&.AEA*?B{d(J$'{.y±(f^)?�{)?� Òy.A*$'-<{±a'",;g(f$'_,?'�¨dÍD��p²é}$';<F�&.;/$1(*?c(f^.?:FB",8:9k",{.?B{d(�a1$';<&.?�0È$1{.yÌ0E&.9.9.;>�Êa'",;g(f$'_,?ch¡",A�(f^)?	FB-gA*F�&.-g(�-<{46-<_,&)A*?�¨dÍD�ÂÍ£ `^.-gF�^�_,->a,?�$%0E8	$';g;�0*-g_,{@$';�a,"';g(�$1_,?�$'8%9);<-g=.F�$1(*-<",{~C)� N KM�JÍDC$'{.yÅ$'{�-<{.9.&D(`-<8:9�?�y@$'{.F�?zH'	���K��#�Å�e�

sup

R G

V
R

R S

D

100 µµF

+

46-g_,&.A*?z¨,ÍD�uÍ�G�¾�AE",+.;g?B8 ¨,ÍD�qp)�
¨dÍD�Âþ!¼Dµ'?�(fF�^�(f^.?Èa'",;g(f$'_,?È �$�a,?�h¡",A*8:0e `^.-<F�^��'",&� �"'&.;<y�"'+.0*?�AEa,?c `->(f^�$'{�",0EFB-g;>ê;<",0EFB",9k?JF�",{.{.?�F�(f?�y±(f"�(f^)?e-<{.9)&)(�C�(f^.?J_d$1(f?1CD(*^.?e0*"'&.A*F�?'C)(*^.?ey.A*$'-<{±$1{.y	(f^)?",&)(f9)&)(2-<{:(f^.?JFB-<AEFB&.->(}"'h�¾�AE",+.;<?�8 ¨dÍD��pÈ `^.?B{�$	��µ�ýP�e0*-g{�&)0*",-gy@$';k0*-<_'{@$';k"'h$'8%9);<-g(*&.y.?zÍ1m�8:ÐÒ-g0`$'9.9.;g-<?�y�(*"c(f^.?�$'8:9.;<->=@?BA�-<{.9)&)(��¨dÍD�qÀÆé}$';<F�&.;/$1(*?`0*&.->(�$'+.;g?}a1$';<&.?�0�h¡"'A�(*^.?bA*?B0E-<0Y(f",AE0�h¡",A�(f^)?|0E",&.A*F�?bh¡"';<;<"� �?BA�FB-gA*F�&.-g(0*^."� `{:-<{£46-g_,&.A*?}¨dÍD�q©)�#¶�^@$Q(� �",&);<yc+k?`$zAE?�$'0E",{@$'+);<?}a1$';<&)?�h¡",A6(*^.?20*&.9)9.;g�a,",;>(�$'_,??N

RG

Vsup

RS

46-g_,&.A*?z¨,ÍD�Â©DG�¾�AE",+.;g?B8 ¨,ÍD�uÍ��
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ΩΩ

30kΩΩ

2M

30kΩΩ

R S

+12V

46-g_,&.AE?�¨dÍD�qª)G�¾�A*",+);<?B8 ¨dÍD�q©)�
¨,ÍD�Âª²é}$';<F�&.;/$Q(f?È(*^.?%y)Af$'-g{ÊF�&.A*AE?B{d(�h¡",Ae(f^.?£F�-<A*F�&.-g(z-g{Ê46-<_,&)A*?£¨dÍD�>��m)�%é}$';gFB&.;<$1(f?(f^.?z0E",&.A*F�?'C@y.A*$'-<{�$'{)yÅ_d$Q(f?ea,"';g(�$1_,?B0��

1M Ω Ω

+15V

1kΩΩ

1kΩΩ

2kΩΩ

46-g_,&.A*?ëdÍD�>��m)G�¾�A*",+);<?B8º̈dÍD�qª)�


