
IN5230
Elect����c�����e�� e�t���te������c���te��e����e�

�ect��e���������t3�

N���e�������l���e�����t���ee���c�

S� far we have discussed the a���ifiers with�ut feed�ac� � ���e� 
������� ��w we wi�� discuss the i��act �f feed�ac�� 

�� �e�era� feed�ac� is used t���� 
� cha��e the �ai�� 
� cha��e i��eda�ces� 
� cha��e the fre�ue�c� res���se� 
� reduce dist�rti��s etc� 

NB� Feedbac� ����� d�e� ��� �ed�ce ��e ����� ����e� ��esista�ce 
i� the feed�ac� wi�� add ��re ��ise�� ��wever it �a��sh�u�d 
reduce i�sta�i�it��

�his wi�� �e sh�w� i� the f����wi�� ����� 

������ ��ise i� a���ifiers with feed�ac� �



���c��e� ���l���e�����t���ee���c�

���� �he i��ut si��a�
��� ��� ��� ��� ��ise 
��� ��� ���ta�e �ai� i� the tw� a���ifiers 
� ���ta�e �ai� i� the feed�ac� �etw�r�

��� ��ta� si��a� �� �ut�ut� �� ca� �e e��ressed as�

�e rearra��e s� that �� is �� the �eft�
OinO ��������� -++++= 1�1���
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������ ��ise i� a���ifiers with feed�ac� �

���c��e� ���l���e�����t���t��ee���c�
�� this case we e�tit�e the

�ai� i� sta�e � as ���� ���

�thers are ide�tica� with

the va�ues �f the a���ifier

chai� with feed�ac�� 

�� �rder t� c���are with a�d with�ut feed�ac�� we ch�se ��� s� 
that the a���ificati�� �f ��� t� the �ut�ut is e�ua� f�r ��th cases� 

�ith this va�ue f�r ��� we wi�� e�d u� with� 
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������ ��ise i� a���ifiers with feed�ac� �



������������t��������t���t��ee���c�

�e c���are the e��ressi�� f�r the a���ifier chai� with feed�ac��

with the e��ressi�� f�r the a���ifier chai� with�ut feed�ac��

�e see that with �r with�ut feed�ac� �a�es �� differe�ce f�r the 
��ise �� the i��uts ���� �� a�d ���� 
��ise at the �ut�ut ���� wi�� �e �uted thr�u�h the feed�ac�� ��

�a� c��e fr��� sa�� a ��is� ��ad� 
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������ ��ise i� a���ifiers with feed�ac� �

N���e����el���������e�e�t��l����l���e�

��st a���ifiers are �ui�t ar�u�d a differe�tia� a���ifier c�re� 
�esides �ei�� used f�r tw� differe�tia� si��a�s the� ca� �e used 
f�r si��a�s i� a si���e i�verti�� �r si���e ����i�verti�� t������� 
decided �� a �etw�r� �f e�ter�a� c�����e�ts� � ��ise ��de� 
�ust c�ver a�� �f these t������ies

������ ��ise i� a���ifiers with feed�ac� �

�e���
�����e



����e�e�t��l����l���e���et��

�he fi�ure sh�ws a� �rdi�ar� differe�tia� �etw�r� ar�u�d a� 
a���ifier� �he �ut�ut v��ta�e ca� �e e��ressed as�
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������ ��ise i� a���ifiers with feed�ac� �

�e���
�����e

�e have a� idea� differe�tia� a���ifier whe� the si��a� �� 
the ��sitive a�d �e�ative i��ut have the sa�e �ut ����site 
�ai��
�his is the case whe��

�� this case� we have� 

��1� ���� =

1�1� ininO ����� -=

������ ��ise i� a���ifiers with feed�ac� �



�����t����
�� �iffere�tia� �as a�read� 
discussed�

�� ����i�verti�� ��i�����

�� ��verti�� ��i�����

�� �dditi�� a�d su�tracti�� �f 
�u�ti��e va�ues i���e�e�ted 
with resist�rs

�� �dditi�� a�d su�tracti�� �f 
�u�ti��e va�ues i���e�e�ted 
with switch���de ca�acit�rs

���esist�rs � ther�a� ��ise

�a�acit�rs � switch ��ise�

������ ��ise i� a���ifiers with feed�ac� �

�heve�i� e�uiva�e�t 
circuit� 

�� ��� we have �ade a� 
e�uiva�e�t circuit �f a� 
where� 

������� ��� ������n���� inin� +==

������ ��ise i� a���ifiers with feed�ac� ��



�e e�te�d the sche�atic �� addi�� ��de�s f�r ��ise s�urces� 

���� ���� ��� a�d ��� are ��ise ��de�s f�r the a���ifier� �he 
�ther ��ise s�urces are ��ise ��de�s f�r the resist�rs� 

������ ��ise i� a���ifiers with feed�ac� ��

�t wi�� �e s��ewhat 

c����icated t� ca�cu�ate 

the r�s va�ues� ��stead we 

ch��se t� re��ace the 

��ise s�urces with s�a�� 

v��ta�e a�d curre�t 

s�urces� �e a�s� ch��se 

t� set a ���arit� �f the 

s�urces as s�ecified i� the fi�ure� �e �et � �e the v��ta�e �ai� whe� 
the a���ifier has �� feed�ac� �i�e� ���e� ������� 
�e have the�� 
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������ ��ise i� a���ifiers with feed�ac� ��
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�e �ut t��ether the e��ressi��s �� the �revi�us �a�e s� that we �et rid 
�f ��� �� a�d ����

�e �et the ��erati�� a���ifier �e idea� �� �etti�� � �� t� i�fi�it� a�d the� 
we wi�� have�

�he e��ressi��s i� fr��t �f each v��ta�e �r curre�t wi�� i�dicate the �ai�� 

�e wi�� ��w switch �ac� t� the ��ise c��siderati��s �� re��aci�� the 
v��ta�es that re�rese�ts ��ise ��� with ��ise ����� Si�ce we ca�cu�ate 
��S we �ust s�uare a�� ter�s� Si�ce we wi�� ���� ���� at the ��ise� we 
�ust a�s� re��ve the v��ta�es that re�rese�ts the si��a� v��ta�es� i�e� 
���� a�d ������ �e wi�� the� have� 
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������ ��ise i� a���ifiers with feed�ac� ��

�� the first �are�thesis with ��ise� we have the ��ise s�urce fr�� the 
��sitive i��ut �f the a���ifier� �� this �are�thesis� we have a�s� ��ise 
v��ta�e at the a���ifier�s �e�ative i��ut� ��ise i� the �� is ref�ected t� 
the �ut�ut a���ified �� the s�uare �f the rati� �etwee� ������ ��ise ���
��es direct�� thr�u�h �� t� the e�d� ��ise v��ta�e i� the feed�ac� 
resista�ce �� wi�� �e direct�� �� the �ut�ut� 

�he e��ressi�� we have ca�cu�ated is the ��ise at the �ut�ut� �s 
�revi�us�� �e�ti��ed� it is �e�eficia� t� fi�d the e�uiva�e�t ��ise �eve� at 
the i��ut� �he �eth�d we descri�ed ear�ier did this �� dividi�� the ��ise 
�eve� at the �ut�ut with the s�ste� �ai�� ��w we have a �itt�e ch�ice 
si�ce we have tw� i��uts with tw� differe�t s�ste� �ai�s� ���e� u��ess 
the a���ifier is c���ected as a� idea� differe�tia� a���ifier� ����� � 
������ �� this case the �ai� is� res�ective��� ��us a�d �i�us ������� 

������ ��ise i� a���ifiers with feed�ac� ��

�ell���

E���t���



E�����le�t�����t�����e������e��t��e�����t
�irst� we fi�d the e�uiva�e�t ��ise f�r the �e�ative �i�verti��� i��ut� �e 
fi�d it �� dividi�� ���� with ��������� �e �et�

�� the first ��ise��are�thesis� we have the i��ut ��ise v��ta�es �f the 
a���ifier a�d the ��ise �f the �ara��e� resista�ce at the ��sitive i��ut� 
Si�ce �� is �fte� �uch �reater tha� �� the �are�thesis wi�� �� t�wards 
� a�d the ��ise v��ta�es wi�� c��tri�ute with a wei�ht �f ��e� �he 
a���ifier ��ise curre�t �� the ��sitive side wi�� �ive a v��ta�e �ver the 
�ara��e� resista�ce a�d have the sa�e wei�ht as the �revi�us� �he 
��ise i� the feed�ac� resista�ce ���� a�d the �e�ative i��ut ����� wi�� �� 
thr�u�h �� a�d resu�t i� a ��ise v��ta�e that is at �r�duct �f these 
curre�ts a�d the resista�ce� �he ��ise i� �� is i�de�e�de�t �f a�� �ther 
resista�ces�

������ ��ise i� a���ifiers with feed�ac� ��

E�����le�t�����t�����e���������t��e�����t

�� fi�d the e�uiva�e�t i��ut ��ise t� the ��sitive i��ut we divide ����
�� ����������� �e wi�� the� have�

�he a���ifier i��ut ��ise v��ta�es a�d the ��ise fr�� the �ara��e� 
resista�ce are ref�ected direct�� t� the i��ut� ��ise v��ta�e fr�� the 
feed�ac� resista�ce is reduced si��ifica�t�� if �� is �uch �ar�er tha� 
��� �he ��ise v��ta�e fr�� �� wi�� a�s� �e reduced �ut ��st whe� ��

is s�a�� c���ared with ��� �he ��ise curre�t fr�� the i�verti�� i��ut 
��es thr�u�h the �ara��e� c�u��i�� �f �� a�d �� whi�e the ��ise curre�t 
fr�� the ����i�verti�� i��ut ��es thr�u�h the �ara��e� resista�ce �� a 
��sitive side� ���

������ ��ise i� a���ifiers with feed�ac� ��



I�e�l�����e�e�t��l����l���e���et����
��w we wi�� discuss the case whe� the �ai� is e�ua� ��ut ����site� 
f�r ��th i��uts� �his is the case whe�� ����� � ������ 
�he �ai� fact�r f�r �e�ative i��ut wi�� �e ������ whi�e f�r the 
��sitive i��ut it wi�� �e ������ �he s�uare �f the �ai� f�r ��th is 
e�ua� a�d we �a�es this as ��� �e have the��

�he e�uiva�e�t i��ut ��ise is f�r ��th i��uts�

�his is the sa�e e��ressi�� that we f�u�d a �itt�e ear�ier f�r the 
�e�ative i��ut� 
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������ ��ise i� a���ifiers with feed�ac� ��

�ell���

E���t���

E����le������������

��a�s� �� �i�d the t�ta� �ut�ut ��ise

�� �i�d the t�ta� e�uiva�e�t i��ut ��ise at the �e�ative i��ut� 
�� Si��a� whe� the S����� 

�a�ues� �� � ����� �� 

�� � ������ ��

���������

���������

�ssu�e a ���� �ai���a�dwidth �r�duct� 

����re �ther t��es �f ��ise tha� th�se �e�ti��ed�

������ ��ise i� a���ifiers with feed�ac� ��



��ise
S�urce

��ise
�a�ue

�ai�
�u�ti��ier

�ut�ut ��ise
���tri�uti��

���ut ��ise
���tri�uti��

�� ������� �� ��������� ������

�� ���������� � ���������� �����������

�� ���������� �� ��������� ����������

��� ����������� �� ��������� ����������

��� ����������� �� ��������� ����������

��� ��������� ��� �������� ���������

��� ��������� ������ �������� ���������

��ta� ��ise ���tri�uti��s ������������ �����������

S��uti���
�e use the e��ressi��s f�r the ��� a�d ���� a�d �uts u� the ta��e with 
the f����wi�� s��uti��s f�r tas� �� a�d �� 

�e see that ��� a�d ��� are d��i�ati�� at ��th �ut�ut a�d i��ut�
������ ��ise i� a���ifiers with feed�ac� ��

S��uti�� f�r tas� ��� 
�ith a �ai� �f a��r��� �� a�d a �ai���a�dwidth �f ���� the ��d� 
�a�dwidth is ������� � ������ 
��wever the ��ise �a�dwidth is ��t e�ua� t� the ��d� �a�dwidth� 
�uri�� �ur ear�ier discussi��s �f the si��a� �a�dwidth a�d ��ise 
�a�dwidth� we f�u�d that the ��ise �a�dwidth is ����� ti�es the si��a� 
�a�dwidth� �e wi�� the� e�d u� with a ��ise �a�dwidth e�ua� t� 
� ������������������� �e ca�cu�ate f�r ��� a�d ��� a�d �et� 

a�d

�� �ther w�rds� �he� the si��a� is ������ it is e�ua� t� the ��ise 
�S������

������n��n� 1������1���1��� =�=

������n��ni ��������1�1���1 =�=

������ ��ise i� a���ifiers with feed�ac� ��



���e��e�e��l�c���e�t������t�
����e�e�t��l����l���e��

���ica��� ��erati��a� a���ifiers c��tai�s a �a�a�ced 
differe�tia� i��ut sta�e� �he� the i��uts wi�� �e s���etrica� 
a�d ��� � ���� �f the data sheet f�r the a���ifier c��tai�s ���� 
��e �� va�ue� ��u ca� divide this �� �� a�d use the �ew va�ue 
at ��th i��uts�

������ ��ise i� a���ifiers with feed�ac� ��

��ter�ative��� i� a� i�verti�� 

c��fi�urati��� it is �fte� easier 

t� use the sta�dard �� a�d ��� 

as sh�w� i� the fi�ure� 

�� e��ressi�� f�r the ��ise �� the �ut�ut is�

�� this e��ressi�� we �e��ect the ��ise i� the resist�rs� 

�he ��ise �atched s�urce resista�ce� ��� is as �revi�us�� discussed� 
������ �r�� the e�uati�� a��ve we have that �� ca� �e e��ressed as�

�he� the s�urce resista�ce �� is �ess tha� ��� �� is d��i�a�t 
whereas whe� �� is �reater tha� ��� �� is i� d��i�a�t�
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1�
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������ ��ise i� a���ifiers with feed�ac� ��



�� sche�atics with hi�h �ai� is �� �uch �ar�er tha� ��� �he� this is 
the case is �� e�ua� t� ��� 
��� �� setti�� �� e�ua� t� �� we �et the �i�i�u� ��ise fact�r �ut ��t 
the s�a��est ��ise� ��e��ecti�� the si��a� �eve� a�d ���� f�cusi�� �� 
��ise� we achieve the s�a��est ��ise whe� �� ��es t� t�wards ���

������ ��ise i� a���ifiers with feed�ac� ��

�et��������
�e����e�e�t����I�

�he fi�ure sh�ws a �eth�d f�r 

�easuri�� ��� �t is ��t suited f�r the ��st ��ise�se�sitive a���ifiers� 
�eth�d�

�� ��th switches are c��sed �c��ducti��� a�d ��� is �easured� �he 
��ise �easured is ��� ��� Si�ce the �ai� is ���� � c��tri�uti�� fr�� 
the f����wi�� sta�es wi�� a�s� c��tri�ute�

�� �he� the switch �ver �� is ��e� the ��ise at the �ut�ut wi�� have 
c��tri�uti��s fr�� ��� ����� a�d ���� �her�a� ��ise thr�u�h �� ca� 
�e ca�cu�ated� ��w it is ���� ��� that re�ai�s a�d it ca� �e ca�cu�ated 
fr�� the �easure�e�t �f �ut�ut ��ise a�d the e�uati��s we have 
f�u�d �revi�us���

������ ��ise i� a���ifiers with feed�ac� ��



�� �he� we ��e� the switch �ver �� a�d the ��ise is �easured 
a�ai� at the �ut�ut� �he �ew c��tri�uti��s t� the �ut�ut ��ise 
are ��w �� �which ca� �e ca�cu�ated� a�d ������ �hus� we ca� 
fi�d ����

�he� �� � � we have that ��� is effective�� sh�rt circuited a�d 
���� ��� c��tri�utes with ��ise t� ����� 

�he� t� �easure �� �the s�urce resista�ce� �� sh�u�d �e �ade 
s� �ar�e that ������� �ec��es d��i�a�t� 

������ ��ise i� a���ifiers with feed�ac� ��

I��e�te���e��t��e��ee���c�

�he i�verted a���ifier c��fi�urati�� that we have discussed ear�ier is 
�fte� used� �t is used �� �r�u�di�� ������ re��ace �� �� �� a�d �� 
se�ecti�� �� s� that it is e�ua� t� the �ara��e� va�ue �f �s a�d ��� ��� is 
�ecessar� if there are a si��ifica�t curre�t i� the ��sitive ter�i�a�� �f the 
i��ut is hi�h i��eda�ce� �i�e i� ���S� �� ca� �e i���red��
�he� we sha�� fi�d the e�uiva�e�t ��ise at the i��ut� it wi�� �e at the ����

i��ut� 

������ ��ise i� a���ifiers with feed�ac� ��



�e use the ter� we f�u�d ear�ier� a�d i�sert the �ew i�de�es�

�e �ust re�r�u� a�d �et�

�ere is ��� � ������� 
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������ ��ise i� a���ifiers with feed�ac� ��

�� the s�ecificati��s f�r a� a���ifier� �� a�d �� is �fte� �ive� 
acc�rdi�� t��

a�d

�� usi�� these re�ati��s the e��ressi�� a��ve is si���ified t��
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�e ��w defi�e a �ew e�uiva�e�t ��ise v��ta�e ���a e��ressed as�

�he ��siti�� �f ���a is �ive� i� the f����wi�� fi�ure� 

�he e�uiva�e�t i��ut ��ise is ��w si���ified t��

�he i�verti�� feed�ac� a���ifier ca� �e re�rese�ted �� the e�uiva�e�t 
f�r� a��ve� �ere ���a re�rese�ts the ��ise i� ��� �� a�d the a���ifier 
��ise ��
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�� a���ifiers with ��S��� i��ut� �� ca� �fte� �e i���red si�ce 
the a���ifier ��ise curre�t is ver� s�a��� ��re�ver� ��w ��ise 
a���ifiers �fte� re�uire feed�ac�s �ivi�� a �ai� �f �� �r ��re� 
�he� this is the case �� is �uch �ar�er tha� �� which is �ar�er 
tha� ��� �he� the e��ressi�� f�r the e�uiva�e�t i��ut ��ise is 
si���ified t��
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�� the ����i�verted c���ecti�� the resista�ce �� re�rese�t the s�urce 
resista�ce� �e�ce we i�stead wi�� �a�e it ��� �e a�s� �a�e the i��ut 
����� as ����

�e sha�� ��w sh�w h�w this ��ise sche�atic �ased �� a ��ise 
assess�e�t �a� �e reduced t� a si���er f�r� with�ut feed�ac�� 

�irst� we start with the e��ressi�� we f�u�d ear�ier a�d �ut i� the �ew 
i�de�es� 

������ ��ise i� a���ifiers with feed�ac� ��

�e use the ter�

a�d �et�

�� fi�d the e�uiva�e�t i��ut ��ise we divide the ��ise �� the �ai�� �he 
�ai� is e�ua� t�� ����������� 
�e wi�� the� have�

�f we assu�e�

we ca� defi�e a �ew ��ise v��ta�e ���b�
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�e create a �ew f�r� with the �ew ��ise v��ta�e as f����ws�

�he �ew e�uiva�e�t i��ut ��ise ca� �e e��ressed as�

�ere� ���b c��tai�s ��ise fr�� the feed�ac� a�d the v��ta�e ��ise �f 
the a���ifier�
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����t��e��ee���c�
��sitive feed�ac� is i�te�ti��a��� uti�ised i� �sci��at�rs� �� �ther cases 
u�wa�ted feed�ac�s �fte� �ccurs that create u�desira��e resu�ts�

�� �ri�ci��e the ��ise c��siderati��s f�r ��sitive feed�ac�s are si�i�ar 
with the c��siderati��s f�r �e�ative feed�ac�s� 

�fte� it wi�� �e desira��e t� create a ��w ��ise �sci��at�r� ��ise i� 
�sci��at�rs resu�ts i� variati��s �f fre�ue�c�� �his ca� �e see� as a 
�s�irt� ar�u�d the si��a� whe� i�s�ected �� a s�ectru� a�a���er� �� 
reduce this� first ��u have t� create a ��w���ise a���ifier a�d the� use 
a ��w���ise feed�ac� �etw�r� ar�u�d the a���ifier�

�re�ue�c� �itter is �east i� ��ta� �sci��at�rs due t� the shar� fi�ter 
characteristics �f the cr�sta�� �� �����sci��at�rs hi�h ��fact�rs �f the 
fi�ter c�����e�ts wi�� c��tri�ute t� �ess �itter�

������ ��ise i� a���ifiers with feed�ac� ��



E����le������c�����e�tell�������
���l���e���et���������t��le�

�ssu�e a� a���ifier that has a ��e� ���� 
�ai� �f ��d� a�d ���es at �� � a�d 
������ �e wi�� chec� whether this is 
sta��e whe� it have a �e�ative c��sed ���� 
feed�ac� that �r�vides a �ai� �f ��d��

�e �et si�u�ati�� resu�ts as �ive� a��ve� 
�e fi�d that at ����� is the �ai� �ar�er 
tha� what we ��t with a ��e������� �t 
�ea�s that we have ��sitive feed�ac�� 
�he si�u�ati�� sh�ws that at ����� is the 
�hase shift ��sitive� �t �ea�s that the 
a���ifier is u�sta��e� �his is s��ethi�� 
that the ��ise a�a��sis wi�� ��t sh�w�
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