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Tw� types �f field effect transist�rs� 
� �����T� �apaciti�e c�ntr�l �f t�e c�annel 
� ���T� �ariati�n �f t�e widt� �f a re�ersed �iased depleti�n 
��ne t�at deter�ines t�e widt� �f t�e c�annel� �a�s ��Ts 
�a�e a si�ilar �e�a�i��r� 
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��T ��ield �ffect Transist�r� i�plies t�at a 
c�annel is created�t�r�ttled as a res�lt �f t�e 
��lta�e �n a c�ntr�l ter�inal� T�ere are 
essentially tw� ways t� d� t�is�

� ���� T�e �ate sets �p a field t�at creates a 
c�annel �n t�e �t�er side �f an ins�lat�r

� ���T ���ncti�n ��T�� T�e ��lta�e �n t�e 
�ate c�ntr�ls t�e widt� �f t�e depleti�n ��ne 
w�ic� �pens�cl�ses t�e c�annel� ���Ts are 
a�aila�le in tw� �ariants 

� �iscrete c��p�nents� t�e �ate is present �n ��t� 
sides �f t�e c�annel� 

� ����� t�e �ate is �n �ne side w�ile it is an ins�lat�r 
�n t�e �t�er side �f t�e c�annel�

������ ��ise in field effect transist�rs �

�E����ll�����re������te�t

N���e��ec�������

T�e fi��re s��ws a si�ple ��T���del e�tended wit� n�ise ��dels� 

�le�ents �f a typical ��del� 
��s� ��d� �apacitance �etween �ate and s��rce and �etween �ate and 
drain� 
����s� ��rrent �etween s��rce and drain� 
���� �esistance in t�e c�annel �etween drain and s��rce� 

������ ��ise in field effect transist�rs �

�E�������re



��ise ��dels� 
�ate�

� ���t���ise in lea�a�e c�rrent t�r���� t�e �ate �especially ���T and 
newer s�all linewidt� ����� and

� t�er�al fl�ct�ati�ns fr�� t�e drain n�de� w�ic� affects t�e �ate n�de

�rain�

� �nd� T�er�al n�ise in t�e c�annel�

� �f� �lic�er n�ise in t�e c�annel

T�e �ate and �nd t�er�al n�ises are ��t� d�e t� t�er�al n�ise in t�e c�annel 
and t�ey are partially c�rrelated at �i��er fre��encies� 

������ ��ise in field effect transist�rs �

E��I��re�re�e�t�t�����������e

T�e fi��re s��w t�e 
typical trends f�r En and 
In in a ��T� En is flat at 
�i�� fre��encies ��t 
�r�ws at l�wer 
fre��encies d�e t� flic�er 
n�ise� In is flat at l�w 
fre��encies ��t �r�ws 
linearly wit� fre��ency 
a���e a c�rner fre��ency� 
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�E�������re



����le��E�����el

�irst� we i�n�re t�e n�ise and 
c�nsider a standard 
�����T� 

T�e transist�r can �e in c�t�
�ff� linear re�i�n �r in 
sat�rati�n� �n t�e linear re�i�n 
t�e c�rrent Ids �as a str�n� 
dependence �n �ds� w�ile in 
sat�rati�n t�e dependence is 
wea�er� T�e linear ran�e is 
�ften na�ed t�e resisti�e �r 
���ic re�i�n� 
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�E�������re

�n sat�rati�n Ids can �e e�pressed as f�ll�ws�

�ere l ��d�lates t�e dependence �n t�e c�annel len�t�� �T is t�e 
t�res��ld ��lta�e� � is t�e c�annel widt�� w�ile � is t�e c�annel len�t�� 
T�e transc�nd�ctance �al�e �� can �e e�pressed as�

�ere is m� t�e ���ility �f t�e c�annel and ��� t�e capacitance ��er t�e  
�ate ��ide� 

���e e�a�ples �f si�es fr�� t�e �����
N�c����el ��c����el �e������t���
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�ey para�eters are transc�nd�ctance ��� 

�� and ��tp�t c�nd�ctance ��� 
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��e�c���c�t��ce����� ���������
T�ese capacitances will �ary dependin� �n t�e re�i�n�

��� �ay �e defined as�

��� and stated i f���� � 

�e����

��t��ff �inear �at�rati�n

��d ������ ������ � ����� ����� ������

��s ������ ������ � ����� ����� ������ � ����� �����
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I�� ������rt�le��t���e��ce�
�e learnt in t�e pre�i��s t�at t�e t�er�al n�ise in t�e c�annels c��ld 
�e e�pressed as�

��we�er in newer tec�n�l��ies wit� s�aller transist�r len�t�s it is a 
little ��re c��plicated and ��re c�rrect will �e�

w�ere � is ��� f�r l�n� � and increasin� f�r s��rt �� �n e�a�ple 
�eas�re�ent s��ws ����� f�r ���������

��en �ds�� t�e e�pressi�n is                            ��� �ds�

w�ere                   f�r s��rt � and               f�r l�n� � in sat�rati�n�

�ef� �a�a�i ��s��n�����n���� �����In�������d��������s

��� ��T� �� �

���� ��T� �� �
���� �� �� ��� �� �

������ ��ise in field effect transist�rs ��

�

�� �
��

�T�
� �

��������e����rce�
� �lic�er n�ise in c�annel

� T�er�al n�ise in c�annel

� ���t�n�ise in lea�a�e c�annel��ate

� ���pled t�er�al n�ise at �ate

� T�er�al n�ise in �ate

� T�er�al n�ise in ��l�

� T�er�al n�ise in s��rce

� T�er�al n�ise in drain

� ���t�n�ise drain���l�

� ���t�n�ise s��rce���l�

� ����plin� n�ise t� ��l��
������ ��ise in field effect transist�rs ��



������t����r����l��c���ect���

� ���� ��l� 
ter�inals are 
c�nnected t� 
t�e l�west 
p�tential� 
w�ile ���� 
��l� are 
c�nnected t� 
t�e �i��est�

� T�e sc�e�atics s��ws an a�plifier and a di�ital ���� 
�ate wit� standard s�� c�nnecti�ns�

������ ��ise in field effect transist�rs ��

�����l�������e���l��c���ect���

� ��r l�w n�ise 
t�e ���� 
��l� and 
���� ��l� 
are split fr�� 
t�e p�wer 
lines�

� �ittle c�rrent will pass t�r���� t�e ��l� ter�inal� ��we�er t�e 
transist�r is sensiti�e t� n�ise �n t�is ter�inal� 

� �y splittin� t�e p�wer wires we red�ce t�e n�ise �n t�e 
sensiti�e ��l� ter�inal� T�is will pre�ent di�ital s��rce�drain 
n�ise t� reac� t�e anal�� ��l� ter�inal�

������ ��ise in field effect transist�rs ��



��������tc��c��r�e����ect���
� � c�nd�ctin� ���� 

transist�r �eeps s��e 
c�ar�e in t�e c�annel

� ��en t�rned �ff t�is 
c�ar�e is released 
t�r���� t�e s��rce�drain 
and �enerates an 
��npredicta�le� ��lta�e 
c�an�e

� � pr�p�sal is t� add a 
pair  �f �alf�si�ed 
��pp�site� d���y 
transist�rs� ��we�er t�is 
s�l�ti�n re��ires 
i�pedance sy��etry� 

������ ��ise in field effect transist�rs ��

��������tc��c��r�e����ect���

� T�e in�ected c�ar�e is a 
f�ncti�n �f transist�r si�e 
and ��lta�e le�el

� ��all transist�r �i�es sl�w 
resp�nse ��t s�all step�

� �ar�e transist�rs �i�es fast 
resp�nse ��t lar�e step�

� �arallel� different si�ed 
transist�rs wit� different 
p�lse ter�inati�n ti�es 
�ay �i�e ��t� fast 
resp�nse and �ini��� 
step�
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��������tc��c��r�e����ect���
� ��arp inp�t p�lse at �ns� all switc�es cl�sed �c�nd�ctin��

� �� �lar�e� �pens at �ns

� �� ��edi��� �pens at ���ns

� �� �s�all� �pens at �ns

� ��T� � ��

� ��T� � ��

� ��T���� ��������

��ser�ati�ns�

� �enerated ��lta�e step depends �n si�nal le�el

� ��T�� �l�w ��t �ini��� step

� ��T�� �ast ��t lar�e step

� ��T���� �ast and �ini��� step

������ ��ise in field effect transist�rs ��

����ler���t�����tc��c��r�e�c��cel�t���
� � differential sa�pler wit� 

sa�e si�ed switc�es �n ��t� 
inp�ts �ay al��st eli�inate 
t�e infl�ence �y t�e c�ar�e 
in�ecti�n�

� �t sa�plin� ��t� transist�rs 
�a�e t�e sa�e p�tential and 
�enerates si�ilar c�ar�e �n 
��t� inp�ts� 

������ ��ise in field effect transist�rs ��

�E�������re



����ler���t�����ect����
c���e���t���

� ��Tsi�p� standard

� ��T��d� wit� 
c�ar�e in�ecti�n 
c��pensati�n

� T�e inp�ts 
e�perience a �ery 
e��al step res�ltin� 
in a sta�le ��tp�t

������ ��ise in field effect transist�rs ��

��rrel�te������le�����l���
� ���t� di�des 

����� pi�el 
cells� c�nsist �f 
a re�ersed 
�iased di�de 
�peratin� as a 
capacit�r� 

� � switc�ed reset p�tential is placed �n t�e 
sens�r n�de� �cc���lated electr�ns �enerated 
fr�� li��t p��t�ns red�ces t�e sens�r n�de 
p�tential�

������ ��ise in field effect transist�rs ��

�E����������re



��rrel�te������le�����l���

��e t� c�ar�e 
in�ecti�n and 
t�er�al n�ise 
t�e sens�r 
n�de will �e 
resat t� 
�npredicta�le 
le�els� �it� c�rrelated d���le sa�plin� 

t�e �al�e is �eas�red ��t� 
i��ediately after reset and �ef�re 
ne�t reset� T�e difference is �sed�

������ ��ise in field effect transist�rs ��

�E����������re

E��ect�����ee���c�����N���e��3

� �e represent t�e n�ise in t�e 
a�plifier �y �n� �e si�plify and 
ass��e t�at t�e feed�ac� is 
n�iseless�

� T�e res�ltin� e�pressi�n s��ws 
t�at �n can �e placed in t�e sa�e 
p�siti�n as �in and t�at t�e 
feed�ac� d�es n�t i�pr��e t�e 
n�ise perf�r�ance� �f t�e feed�ac� 
�as n�ise �eneratin� ele�ents t�e 
t�tal n�ise will �e w�rse�

� ��te t�at t�e ��tp�t �f interest is 
t�e sa�e as t�e ��antity sensed 
�y t�e feed�ac� netw�r��

������ ��ise in field effect transist�rs ��



E��ect�����ee���c�����N���e��3

� ��en t�e ��tp�t and feed�ac� p�ints 
are different� inp�t referred n�ise f�r 
�pen�l��p and cl�sed l��p �ay als� 
�e different�

� �n t�is sc�e�atice t�is is t�e case and 
we si�plify and calc�late t�e n�ise f�r 
�� �nly�

� T�e cl�sed l��p ��lta�e �ain is�

and �ence t�e inp�t referred n�ise�

��ile t�e �pen�l��p inp�t referred 
n�ise is�

������ ��ise in field effect transist�rs ��

E��ect�����ee���c�����N���e��3

� �f 

� �e �a�e t�at

� w�ile  

������ ��ise in field effect transist�rs ��



N���e��������������2

� ��w t� analyse f�r n�ise in ��re c��ple� a�plifier 
str�ct�res�

� � �ind w�ic� �ate ��lta�es t�at infl�ence ��st �n t�e 
��tp�t�

� � �nalyse �an�ally �r �y si��lati�n�

� �pper ri��t� Telesc�pic

� ��wer left� ��lded casc�de

� ��wer ri��t� Tw��sta�e �pa�p

������ ��ise in field effect transist�rs ��

N���e��������������2

�ele�c���c
� ����� �i�e a c�arse re��lati�n �f 

c�rrent w�ile ����� �i�es fine t�nin� i�e� 
����� �as lar�er infl�ence

� ����� is t�e si�nal inp�ts� ���i��sly 
��re sensiti�e t�an ������

� � ����� and ����� are t�e ��st n�ise 
sensiti�e�

� �es�ltin� e�pressi�n �el�w�

������ ��ise in field effect transist�rs ��

�E����������re
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��l�e��c��c��e
� T�e �ate ��lta�e �f ������ ������ ���

��� will �i�e t�e lar�est infl�ence �n t�e 
��tp�t and are �ence ��st n�ise 
sensiti�e� ��e test �y �a�in� a s�all 
step �n �� and �eep t�e �t�ers fi�ed 
etc��

� �e calc�late �t�er�al� n�ise fr�� ���
�� and ������ t� ��tp�t�

� T�en we add ����� c�ntri��ti�n and 
calc�late �ac� t� t�e inp�t �in

������ ��ise in field effect transist�rs ��
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N���e��������������2

�����t��e������
� �ain t� ���t��

� ��ise fr�� ����� �n inp�t

� ��ise fr�� ����� �n inp�t

� T�tal n�ise �n ��tp�t ������inp�t

��� �n���������n���

������ ��ise in field effect transist�rs ��

�E����������re
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��������� ��ee������N���e�I���e��2��

� T�e �and�ap reference �enerates a 
sta�le ��lta�e �n � independent �f 
te�perat�re �ariati�ns� T�is is �sed 
t� �enerate sta�le c�rrents �n ��� 
�� etc�

� �n �nwanted ��lta�e spi�e �n � 
�ay �e transferred t� � and f�rt�er 
�n t� �� and �t�er parts �sin� t�e 
reference� 

� �n a l�w p�wer i�ple�entati�n t�e 
a�plifier will �e sl�w ��t t�is �a�es 
it less resistant t�wards n�ise

������ ��ise in field effect transist�rs ��

�E����������re

��������� ��ee������N���e�I���e��2��

� �sin� a faster a�plifier will red�ce t�e n�ise ��t increase t�e 
p�wer c�ns��pti�n

� �n alternati�e is t� add a capacit�r �� in n�de �� � lar�e ��

red�ces t�e n�ise spi�e ��t �a�es it last f�r a l�n�er ti�e� �t als� 
increases t�e ti�e �ef�re t�e circ�it is settled after p�wer �n� 
T�is is a disad�anta�e in partic�lar w�en t�e reference is 
n�r�ally �ff and �nly t�rned �n w�en it s���ld �e �sed�

������ ��ise in field effect transist�rs ��



��������� ��ee������N���e�I���e��2��

� ��et�er a fast a�plifier �r lar�e capacitance ��r a c���inati�n� 
s���ld �e �sed will depend �n t�e applicati�n�

� T�e n�ise resisti�ity t�wards t�is type �f n�ise can �e ��delled 
�y addin� a ��lta�e p�lse �n a capacit�r c�nnected t� t�e 
�enerated reference ��lta�e�

������ ��ise in field effect transist�rs ��
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�e��ct�������N���e��������et����cell�t������2�3

� ����ffset � l�w fre��ency

� �eri�dic cancellati�n�

� ��ise �f �� c�rr�pts ��n

������ ��ise in field effect transist�rs ��



�e��ct�������N���e��������et����cell�t������2�3

� �ffset cancellati�n �ef�re e�ery sa�plin�

� ���� ��rrelated ����le �a�plin�
� ��eads t� aliasin� �f wide�and n�ise�

������ ��ise in field effect transist�rs ��

�e��ct�������N���e��������et����cell�t������2�3

������ ��ise in field effect transist�rs ��

�� ����� cl�sed� ����� �pen� �ffset �f �� st�red �n �� and 
��

�� ����� �pen� ����� cl�sed� �np�t sets �� and ��

�� ����� �pen� ����� cl�sed� �� and �� �eeps sa�pled 
�al�e

�E����������re



�e��ct�������N���e��������et����cell�t������2�3

������ ��ise in field effect transist�rs ��

� �t � t� � t�� �� ns

� �ffset�n�ise �nder ���t is 
s�pressed

� �in�s �a�i��� slew rate� 
� �����a�i��� ��lta�e 
c�an�e� ��� � ���t�

� ����� ����������

� ������ ���������

� ��w fre��ency �as n�t ti�e t� 
c�an�e


