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0I y = ,  xxyx IRVV += , xz kII ±=           (1) 
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bTx I2/VR =                         (2) 
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Rz ve Cz, �:���(�8�:� �����8��� - �^��������������������� ���(�Q��� ���(�����8���&�
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yyy V)s(Y)t(I = ,        xxyx RI)t(V)t(V +β= , 

zzxz VY)t(I)t(I +α±=                      (3) 
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devrenin entegrasyon zaman sabiti 1/RxCI ÷ ï(î�ó=ø�í�ù�ï'ð�ú�û
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Burada ZI, ���"�"�����������| )�" ,�0�)¡£¢0¤�¢���¡0����¥¦¡0��§£���©¨����������)ª«%¬"«�­,®�¯�°�±�²�³�²�´0®�µ£¶�®�¯�°�¶�·  ¸º¹�»½¼¿¾ÁÀÃÂ�Ä�Å£»�Ä�Æ�¹'Ä�Ç)Â0ÄÈÄ�É"Ê�Ä�Ë�¹"Ì%¹�ÍÏÎ3Ä�Ë�¹"Ç!Ð�Ñ�Ò Ð�ÓLÔ3Å0ÄÕÐ�ÂÖÂ�Ä
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verilebilir [9]: 
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Burada vo Î`Ï�ÐFÑ�Ò�Ó�Ô Ó�Õ×Ö�Ø�ÙFÚ�Û�Ú?ÜEÚ�Ñ²Ý i Þ`ß�àFá²â6ã�ä�ã�å×â�æ�äFã�ç�ã�èEã�á²é P, ê(ë�ì�í�î`ïñð�ìVòcì�í�ó�ï�ôöõ
I, integral  
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D, türev ú�ûVücû�ý�þ�ÿ��6ÿ����
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Transfer fonksiyonu (4) nolu denklemdeki gibi verilen ���������	��
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-integral-b
c�d�e4f?g�hjiJkmlnbao�p�o�q	r�s�b
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-5a’da verilen bipolar 
CCCII+ devresi NR100N ve PR100N model 
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-5a’daki devrede Rx \�] ^�_�`�a2]M`�] `cb�d�e�d�f�g�h�i<hjh�b�k i�k l�g�hm\&_Tn�]"o�] i<]qp�_�b�]�g
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�"s@�<~�|�����t�~2���mr�z
r |����&y�����2�
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�����
��� ����� �&�7�@���
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 ��q¤W¥M��¦2¤W¥ §�£�¦©¨
Y = 320k ve RZ = 587k olarak ª�«�¬�­�«�®�¯<°"±@­�°M²�³µ´C´C´E¶4¶@·¹¸2º
¸�¯�«�®�°M®�°M®©¶

O »�¼�½
¼�¾�¿�À�Á<ÀÂÀ�»�Ã Á�ÃÄ�Å
Æ�Ç"È@É�ÇMÊ�Ç
Ë�Å�Ê�Å�ÌÎÍ
x1, Rx2, Rx3 Ï&ÐMÑ�Ò�Ó�Ô
Õ�Ò�Ñ�ÐÖÏ&ÒT×�Ð"Ø@Ù�Ð Ñ�Ð�ÕMÚ<Ð"ØWÛÝÜ&Þß�à�á�â�ã
ä&à KP, KD ve K I büyüklüklerinin birbirinden å�æ
ç�è é<êWè�ë ì�í�æ�î�æ�ï ï�ð�ñ
ð�ò�í�æ�é<æ æ�ï�èMé<í
æ�î�è ó�í�æôï�ì�õ�ñ
î�ì�í

ö
÷&ø
ù�ö�úZø
ù�ö
û2öTü�ø"ýþú�ÿ���ÿ�� ÷��������	��
	��
�û�� ���mú������������&ù�����ù����

�	�������� ���!��"��#%$'&)(*�+ ��-,�$'.�/10324(50�&�68790:,���&	��,�(*;�&	<5�=(�<�,��5;�&	>�;?.@�A�BCA9D'B)E�F�GIH�J5K�B	K�G:L	F�M�A�J�NOA5PRQ�FTS�F?G�A�J
- U�V�W5X�Y[Z�Y�\	]5^`_O]5a=b�]�\�cd�e�f�g�h

-5c’ i�j�k-l�m�n5j�k�j?o�l5n�j�p�j"q�lsr�l�o�lutvr�j�w	x�j�yTj�n5j�zO{�k�n�{|j�n5i�j}�~����5}������C}?�����3�O}"�'�C�u�	����~�}��������C}?�������[}"���	�u�	� ����}-��}����u�1�3�`�
bölge içerisinde iyi bir uyumluluk göstermektedir. �����4���:�����������	�?���u�	�����?���	�5������ ��¢¡����	£���¤�����£��¥�?�)���5¦5��¦����5���¨§
©�ª5©�«O¬�­¯®�°�©�¬�ªu±	®�²�ª5®�³�ª�©?´C®�­�°�©�­�µ·¶�²�©�ª�ª5®�³�ª�©�µ9©�ª5©�«O¬�­�¸`­:¹

Y ve 
RZ º�»?¼�½ ¾�¿�À	Á�Â�Ã�Ä�Á?ÀC¿�Â�¿�Â Å¨Æ�Â�Å=Ç�È Æ�Ä�ÉÊ»?ÉÊ»�Å	½�Â�¾�»?ÂË�Ì+Í�Î�Ì�Ë�Ï5Ì�Î�ÐOÌ�Ë�Ñ�Ì�Ò�Ó�Ô�Õ1Ö

x1 ×�Ø�Ù�Ø�Ú�Û`Ø�Ü'ØÝÚ�Þ�ß5Þ�à�Û5á�âOáãá?Ú�ä�âÊäå�æ�ç	è�é�êÊé å�ë5æ ì?í�í�î�ï�ê - ð�ñ�ò�ó�ô�õ ö�÷"ø�÷�ù	ú�÷?ùCûýü?ùCü�þ	ÿ���ö�ü�������	��
���
�����������
������������ �!�"���	#%$�����
&���'���"()�*��+
-frekans ,"-/.�021�043�,53�,�-�0	67098;:�<�1>=�,*.>8�,�?�=�,�3�0�.A@CBD,*?�E	,*FG0�E	3�0�-�0IH�J�,�.&,)K

Rx1 büyüdükçe KP L�M"N�M*O�P�Q�R�Q�S9TUQ*V�W�Q�L�X9O*Y  
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  (a)    (b)     (c) ÿ��������
- �
	���
����������������
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�� � �	���!" �	��$#���%'&
 �	�(*)+)+)-,.,./0����12(3��45�  6�7*8�9�:�;�<

- =2>
?"@�>�A�B'C+CDC-E.EGF0@�H�IKJLHNM5B�O�@�H�P-Q�@
B�JLH�O�RNBSO�B�OTA
U2V�U2W'X�>�Y�>Z>�A�[�Y�[�O�>�\'>�]�[SY�X�[�X�[^]�[  _�`�a-b�c�dec�f�fhg�i
jlk�m�n'o2fhgpi2jrq�m�s�m�tLu�m�t3vwv"xNv�y�v"q�mNz{u�k�m gerçek elemanla elde edilen kazanç- |~}L�������'�����K}3���5���  
 ���2���"���+�����K�^�3�2�2�����~�L�5���"�^�����S���S�$�N�3���
�^�
�������2�S�����3�{ ��"�^���

 
KP=67,6, KI=38462 s-1,  ve KD=0,00005 s   (7) ¡2¢�£2¢�¤3¥"¢�¤3¦§¦^¨{¦ª©¬«�­�¤�­�®h¢�¯^¤3¢�¥"¢�¤3¦ª©°¡2¢�£2¢�¤3¥"¢�¤3¦§±.²�³´©�µ2¥S¶

·�¸�¹2ºS»K¼�º"½"¸�¾3¿2¸�À�Á
Â
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C1=1uF, C2=100nF, R1 Ä�ÅÇÆ È É�Ê o ËÍÌ�Î Ï�Ð Ñ ÒÔÓ�Õ�Ö�×  
ib1=150uA Ø  Rx1 ÙÛÚ�ÜKÝ ÞKß b2=260uA à  Rx2 áãâKä2å æèç�é{ê�ë

ib3=260uA ì  Rx3 íãîKï2ð ñ ò�ó�ô�õ  
ib4=260uA ö  Rx4 ÷ãøKùKú ñKû b5=260uA ö  Rx5 ÷ãøKù2ú üèý�þ�ÿ��

ib6=150uA �  Rx6 � þ���� � 	�
���
  

ib7=50uA �  Rx7 ������������� b8=260uA �  Rx8 ������� ���! �"$#  %�&('�&*) +*,.-0/�1023+(45+(476*/.1985-04�:.;�<�1>=�+*,?2$+@/.+BAC+(DFEHGJILK@4�+@4F63/�1085-94�:M5N9O.N9M�P3Q0O�R*S?P$RUTVR5WYX@M�N9O.XBZ([\X*]_^VQ`Q>TaO.RcbcQ9M5RCZ�dfeVNg^VQ0O�RCZ([\R*]?P$R@O9h
 i�j9k�lBm`npo�qsrutav5j0w�lCmBj0vxo�j�y�w�j0v5l(v�r_z�q9w.q9{|j9}Cw.j~o�j��Vj9w.mBj0w�l(v5l(v

�a�5�a�����.�>�Y�B�(�|�Y�.���C�B�s�����������3���0�5�9�c�.�����>���0���V�@�.�C��C�¡ 9¢.£9¤$¥B£0¢��(¦5�¨§5©�¦�¤C¢�©V¥ª£>«�£0¬��C¥B£Y­>£>®��°¯V£�±�£9¢.²>£0§�£Y¥
emanla ³>´Cµ�³¶³>µV·B´C³9¸º¹*».³9¼5½0¸�¾¿³>Àa».·C¾¡·�·C´C³Á·Cµ�³>½Y´f¹3»�³0¼5½9¸c¾Â³�À�»�·*¾.·(¸5·(¸

Ã�Ä9Å�ÆCÇÉÈ�Æ(ÊËÈ�ÌVÍUÃVÄÎÆCÏ>Ä0Ê�Æ*Ð.Æ(Å5ÑVÄÎÆ Ò�ÆÓÈ�Æ(ÊËÔaÒ�Ô�Õ|Í(Ô5Í@Ô�Ö
gösterdikleri kolayca görülebilmektedir  
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-integral-&�'�(�)$* +-,/.�0213&%4�5647�8#9�:�;�8�<�=>;?:�@BA�@$;�C�DECGF�H
F�9JI6F�;LK6=>9�:�M	D3NOM	;�F�<PDEF�QRNOMSI�FP;
8>;�@	9�:%C

-integral-T�U�V�W$XZY�[]\-^2_`T�aPb�adc�e>f�T�V�e�g�h>Vji�WkX#V�WBl�a

m%npo�n$q�r�n	s�tEuwv�m�uPq	xzy{npo�n	q�r�n	s�n$sG|�}$~�q�}�o�}	�
iz adet CCCII, iki �
�O�	� ���>�����	�6���$�����w� ���	���B���P���B� �P��� �B���	� �O�P���	������B�	�����$�����
�������O���O ¢¡�£B¤�� ¥6¤��2���	�¦�6������§���¤��B¨©�%������¤����w¨ª���k�#���

olarak gerçeklenmeye çok uygundur. Tasarlanan bu «�¬k­#®�¬p¯�°�°�°�±�±³²�´�µ	®�¶�·�´�¬$¸E¹�¬
´»º�¼�­�­O¬$½%´�¬	¾�«O¶P®�¶�¿
¶�´�¬$®�¬¢¾�µ
ÀBµ$®�µ$¾
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daha iyi özelli klere sahip oldukla����� ��� �	��
 � � � ���
����������������������! "���$#&%'��(�)+*	(��,*	-'�	./#&%'��(�)��
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j'i�r�k w�x�y
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