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• MO� transistors exhibit therma� noise �ith the most 
si�ni�i�ant so�r�e bein� the noise �enerate� in the �hanne�

• �or �on���hanne� MO� �e�i�es o�eratin� in sat�ration� the 
�hanne� noise �an be mo�e�e� b� a ��rrent so�r�e �onne�te� 
bet�een the �rain an� so�r�e termina�s �ith a s�e�tra� 
�ensit�

• �he �oe��i�ient �g� �not bo�� e��e�t �oe��i�ient� is �eri�e� to be 
��� �or �on���hanne� transistors an� is hi�her �or s�bmi�ron 
MO����s

• �s a r��e o� th�mb� ass�me  g��
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����E����er��l��E����le

• �he maxim�m o�t��t noise o���rs i� the transistor sees on�� 
its o�n o�t��t im�e�an�e as the �oa�� i�e�� i� the externa� �oa� 
is an i�ea� ��rrent so�r�e

• O�t��t noise �o�ta�e s�e�tr�m is �i�en b� �����������
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����E����er��l��E����le

• �oise ��rrent o� a MO� transistor �e�reases i� the 
trans�on���tan�e �ro�s

• �oise meas�re� at the o�t��t o� the �ir��it �oes not �e�en� 
on �here the in��t termina� is be�a�se in��t is set to �ero �or 
noise �a����ation

• �he o�t��t resistan�e ro �oes not �ro���e noise be�a�se it is 
not a �h�si�a� resistor
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����E����er��l�N���e

• Ohmi� se�tions o� a MO���� ha�e a �inite resisti�it� an� 
exhibit therma� noise

• �or a �i�e transistor� so�r�e an� �rain resistan�e is 
ne��i�ib�e �hereas the �ate �istrib�te� resistan�e ma� 
be�ome noti�eab�e

�

����E����er��l�N���e

• �n the noise mo�e� ��e�t �i��� the ��m�e� resistan�e R1
re�resents the �istrib�te� �ate resistan�e

• �n the �istrib�te� str��t�re o� the ri�ht �i��re� �nit 
transistors near the �e�t en� see the noise o� on�� a 
�ra�tion o� RG �hereas those near the ri�ht en� see the 
noise o� most o� RG

• �t �an be �ro�en that                    an� hen�e the noise 
�enerate� b� �ate resistan�e is   
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����E����er��l�N���e

• ���e�t o� RG �an be re���e� b� �ro�er �a�o�t

• �n �e�t �i�� the t�o en�s o� the �ate are shorte� b� a meta� 
�ine� re���in� the �istrib�te� resistan�e �rom RG to RG/4

• ��ternati�e��� the transistor �an be �o��e� as in the ri�ht 
�i��re so that ea�h �ate ��in�er� exhibits a resistan�e o� 
RG/4 �or �om�osite transistor

�

����E����er��l�N���e��E����le

• �� the tota� �istrib�te� �ate resistan�e is ��� the o�t��t 
noise �o�ta�e ��e to �� is �i�en b� ������

• �or the �ate resistan�e noise to be ne��i�ib�e� �e m�st 
ens�re ������
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�l�c�er�N���e�3��

• �t the inter�a�e bet�een the �ate oxi�e an� si�i�on s�bstrate� 
man� ��an��in�� bon�s a��ear� �i�in� rise to extra ener�� 
states

• �har�e �arriers mo�in� at the inter�a�e are ran�om�� tra��e� 
an� �ater re�ease� b� s��h ener�� states� intro���in� ���i��er� 
noise in the �rain ��rrent

• Other me�hanisms in a��ition are be�ie�e� to �enerate ��i��er 
noise
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�l�c�er�N���e

• ��era�e �o�er o� ��i��er noise �annot be �re�i�te� easi��

• �t �aries �e�en�in� on ��eanness o� oxi�e�si��on inter�a�e 
an� �rom one �MO� te�hno�o�� to another

• ��i��er noise is more easi�� mo�e��e� as a �o�ta�e so�r�e in 
series �ith the �ate an� in sat�ration re�ion� is ro��h�� �i�en 
b�

• � is a �ro�ess��e�en�ent �onstant on the or�er o� ���������
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�l�c�er�N���e

• �he noise s�e�tra� �ensit� is in�erse�� �ro�ortiona� to 
�re��en��
� �ra� an� re�ease �henomenon o���rs at �o� �re��en�ies more o�ten

• ��i��er noise is a�so �a��e� ����� noise

• �o re���e ��� noise� �e�i�e area m�st be in�rease�

• �enera���� �MO� �e�i�es exhibit �ess ��� noise than �MO� 
transistors
� �o�es are �arrie� in a �b�rie�� �hanne�� at some �istan�e �rom the 

oxi�e�si�i�on inter�a�e
��

�l�c�er�N���e���r�er��re��e�c�

• �t �o� �re��en�ies� the ��i��er noise �o�er a��roa�hes in�init�

• �t �er� s�o� rates� ��i��er noise be�omes in�istin��ishab�e 
�rom therma� �ri�t or a�in� o� �e�i�es
� �oise �om�onent be�o� the �o�est �re��en�� in the si�na� o� interest 

�oes not �orr��t it si�ni�i�ant��

• �nterse�tion �oint o� therma� noise an� ��i��er noise s�e�tra� 
�ensities is �a��e� ��orner �re��en��� ��
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N����eter �e�����N�te�

• ��� � �mm���nm�

• �� � ���m�

• �o� �re��en�ies� ��i��er noise

• �i�h �re��en�ies� �herma� 
noise

• � �MO� exhibit �ess noise 
than �MO�

• ��MO� noise �orner at 
se�era� h�n�re� M��
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�e�re�e�t�t�������N���e������rc��t�

• �o �in� the o�t��t noise� the in��t is set to �ero an� tota� 
noise is �a����ate� at the o�t��t ��e to a�� the noise 
so�r�es in the �ir��it

• �his is ho� noise is meas�re� in �aboratories an� in 
sim��ations
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�e�re�e�t�t�������N���e������rc��t���E����le

• �o �in�� �ota� o�t��t noise �o�ta�e o� the �ommon�so�r�e 
sta�e ��e�t �i��

• �o��o� noise ana��sis �ro�e��re �es�ribe� ear�ier

• �herma� an� ��i��er noise o� M1 an� therma� noise o� R�
are mo�e��e� as ��rrent so�r�es �ri�ht �i��

• O�t��t noise �o�ta�e �er �nit ban��i�th� a��e� as �o�er 
��antities is
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• O�t��t�re�erre� noise �oes not a��o� a �air �om�arison o� 
noise in �i��erent �ir��its sin�e it �e�en�s on the �ain

• �n abo�e �i��re� a �� sta�e is s���ee�e� b� a noise�ess 
am��i�ier �ith �o�ta�e �ain �1� then the net o�t��t noise is 
no� m��ti��ie� b� �1�

• �his ma� in�i�ate that �ir��it be�omes noisier as �1
in�reases� �hi�h is in�orre�t sin�e the si�na� �e�e� a�so 
in�reases �ro�ortiona���� an� net ��� at the o�t��t �oes not 
�e�en� on �1 ��



I���t��e�erre��N���e

• �n��t�re�erre� noise re�resents the e��e�t o� a�� noise so�r�es 
in the �ir��it b� a sin��e so�r�e       � at the in��t s��h that the 
o�t��t noise in ri�ht �i� is e��a� to that in �e�t �i��

• �� the �o�ta�e �ain is ��� then �e m�st ha�e

• �he in��t�re�erre� noise �o�ta�e in this sim��e �ase is sim��� 
the o�t��t noise �i�i�e� b� the �ain s��are��
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I���t��e�erre��N���e��E����le

• �or the sim��e �� sta�e� the in��t�re�erre� noise �o�ta�e is 
�i�en b� ����������������

• �irst an� thir� terms �ombine� �an be �ie�e� as therma� 
noise o� an e��i�a�ent resistan�e R�� so that the e��i�a�ent 
in��t�re�erre� therma� noise is 4��R� ��



I���t��e�erre��N���e

• �in��e �o�ta�e so�r�e in series �ith the in��t is an in�om��ete 
re�resentation o� the in��t�re�erre� noise �or a �ir��it �ith a 
�inite in��t im�e�an�e an� �ri�en b� a �inite so�r�e 
im�e�an�e

• �or the �� sta�e� the in��t�re�erre� noise �o�ta�e is 
in�e�en�ent o� the �re�e�in� sta�e

• �� the �re�e�in� sta�e is mo�e��e� b� a �he�enin e��i�a�ent 
�ith an o�t��t im�e�an�e o� ��� the o�t��t noise ��e to 
�o�ta�e �i�ision is �����������
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I���t��e�erre��N���e

• �he �re�io�s res��t is in�orre�t sin�e the o�t��t noise ��e to 
M� �oes not �iminish as �� in�reases

• �o so��e this iss�e� �e mo�e� the in��t�re�erre� noise b� both 
a series �o�ta�e so�r�e an� a �ara��e� ��rrent so�r�e� so that 
i� the o�t��t im�e�an�e o� the �re�io�s sta�e ass�mes �ar�e 
�a��es� thereb� re���in� the e��e�t o�      � the noise ��rrent 
sti�� ��o�s thro��h the �inite im�e�an�e� �ro���in� noise at the 
in��t

• �t �an be �ro�e� that      an�       are ne�essar� an� s���i�ient 
to re�resent the noise o� an� �inear t�o��ort �ir��it
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I���t��e�erre��N���e

• �o �a����ate      an�     � t�o extreme �ases are �onsi�ere�� 
�ero an� in�inite so�r�e im�e�an�es

• �� the so�r�e im�e�an�e is �ero ��i� a��      ��o�s thro��h     
an� has no e��e�t at the o�t��t� i�e� the o�t��t noise 
meas�re� arises so�e�� �rom

• �� the in��t is �e�t o�en ��i� b�� then      has no e��e�t an� the 
o�t��t noise is on�� ��e to ��
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I���t��e�erre��N���e��E����le

• �or the �ir��it in �i� a�� the in��t�re�erre� noise �o�ta�e is 
sim��� ������

• �o obtain the in��t�re�erre� noise ��rrent� the in��t is �e�t 
o�en an� �e �in� the o�t��t noise in terms o� 

• �he noise ��rrent ��o�s thro��h �in� �eneratin� at the o�t��t 
��i� b� ������
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I���t��e�erre��N���e��E����le

• �his �a��e m�st be e��a� to the o�t��t o� the nois� �ir��it 
�hen the in��t is o�en�������

• �h�s ������
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I���t��e�erre��N���e

• �he in��t noise ��rrent       � be�omes si�ni�i�ant �or �o� 
eno��h �a��es o� the in��t im�e�an�e ���

• �n abo�e �i��re� �� �enotes the o�t��t im�e�an�e o� the 
�re�e�in� �ir��it� tota� noise �o�ta�e sense� b� the se�on� 
sta�e at no�e � is ������

• ��                         � the e��e�t o�         is ne��i�ib�e 

• �h�s� the in��t�re�erre� noise ��rrent �an be ne��e�te� i� ������
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I���t��e�erre��N���e����rrel�t���

• �n��t�re�erre� noise �o�ta�es an� ��rrents ma� be �orre�ate�

• �oise �a����ations m�st in����e �orre�ations bet�een the t�o

• �se o� both a �o�ta�e so�r�e an� a ��rrent so�r�e to 
re�resent the in��t�re�erre� noise �oes not ��o�nt the noise 
t�i�e�

• �t �an be �ro�e� that the o�t��t noise is �orre�t �or an� 
so�r�e im�e�an�e ��� �ith both       an�       in����e�
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I���t��e�erre��N���e����rrel�t���

• �ss�min� �� is noise�ess �or sim��i�it�� �e �irst �a����ate the 
tota� noise �o�ta�e at the �ate o� M1 ��e to       an�       �

• �annot a���� s��er�osition o� �o�ers sin�e the� are 
�orre�ate�� b�t �an be a���ie� to �o�ta�es an� ��rrents sin�e 
the �ir��it is �inear an� time�in�ariant

• �here�ore� i� ���M1��enotes the �ate�re�erre� noise �o�ta�e o� 
M1 an� ���R� the noise �o�ta�e o� R� then �����������

��



I���t��e�erre��N���e����rrel�t���

• ���M� an� ���R� a��ear in both ����� an� ������ �reatin� a stron� 
�orre�ation bet�een the t�o

• ���in� the �ontrib�tions o� ����� an� ����� at no�e �� as i� the� 
�ere �eterministi� ��antities� �e ha�e �����������
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I���t��e�erre��N���e����rrel�t���

• ��bstit�tin� �or ����� an� �����

• ���� is in�e�en�ent

• �t �o��o�s that

����� an� ����� �o not �o�b�e �o�nt the noise�
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I���t��e�erre��N���e����rrel�t���

• �n some �ases� it is sim��er to �onsi�er the o�t��t short�
�ir��it noise ��rrent�rather than the o�t��t noise �o�ta�e

• �his ��rrent is then m��ti��ie� b� the �ir��it�s o�t��t 
resistan�e to �ie�� the o�t��t noise �o�ta�e or sim��� 
�i�i�e� b� a �ro�er �ain to �i�e in��t�re�erre� ��antities

��

�E����le�

• �o �in�� �n��t�re�erre� noise �o�ta�e an� ��rrent� �ss�me �� is 
noise�ess an� ���

• �o �om��te the in��t�re�erre� noise �o�ta�e� �e short the 
in��t �ort �ri�ht �i��� �ere� it is a�so �ossib�e to short the 
o�t��t �ort an� hen�e ������

• �he o�t��t im�e�an�e o� the �ir��it �ith the in��t shorte� is 
sim��� R�� there�ore ������

��



I���t��e�erre��N���e����rrel�t�����E����le�

• �n��t�re�erre� noise �o�ta�e �an be �o�n� b� �i�i�in� 
�re�io�s e��ation b� �o�ta�e �ain or            b� �m�

• �s sho�n in �e�t �i�� ������ �����

• �here�ore� ������

��

I���t��e�erre��N���e����rrel�t�����E����le�

• �o �in� the in��t�re�erre� noise ��rrent �mi��e�� �e �in� the 
o�t��t noise ��rrent �ith the in��t �e�t o�en ������

• �ext� �e nee� to �in� the ��rrent �ain o� the �ir��it a��or�in� 
to the arran�ement in �e�t �i��re

• �in�e�                  an�                        �����������

• �h�s� ������

��



N���e��������le��t��e����l���er����e���

• �emma� �he �ir��its in the �i��re are e��i�a�ent at �o� 
�re��en�ies i�                   an� the �ir��its are �ri�en b� a �inite 
im�e�an�e

• ��he noise so�r�e �an be trans�orme� �rom a �rain�so�r�e 
��rrent to a �ate series �o�ta�e �or arbitrar� ��

��

����������rce��t��e
• �rom a �re�io�s exam��e� the in��t�re�erre� noise �o�ta�e o� 

a sim��e �� sta�e �as �o�n� to be ������

• �rom abo�e ex�ression� 4�� /�� is the therma� noise ��rrent 
ex�resse� as a �o�ta�e in series �ith the �ate

• �o re���e in��t�re�erre� noise �o�ta�e� trans�on���tan�e 
m�st be maximi�e� i� the transistor is to am��i�� a �o�ta�e 
si�na� a���ie� to its �ate ��e�t �i�� �hereas it m�st be 
minimi�e� i� o�eratin� as a ��rrent so�r�e ��i� b�� ��



����������rce��t��e��E����le

• �o �in�� �n��t�re�erre� therma� noise� tota� o�t��t therma� 
noise �ith a �oa� �a�a�itan�e ��

• �e�resentin� the therma� noise o� M1 an� M� b� ��rrent 
so�r�es an� nothin� that the� are �n�orre�ate� ������

��

����������rce��t��e��E����le

• �in�e the �o�ta�e �ain is e��a� to                    � tota� noise 
�o�ta�e re�erre� to the �ate o� M1 is �����������

• �h�s� ��� m�st be minimi�e� be�a�se M� ser�es as a ��rrent 
so�r�e rather than a trans�on���tor

��



����������rce��t��e��E����le

• �ota� o�t��t noise is �����������

• � �o���re��en�� in��t sin�soi� o� am��it��e �m �ie��s an 
o�t��t am��it��e e��a� to                              �ith an o�t��t 
��� o� ����������� 

��
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���������te��t��e����er��l�����e�����

• �e��e�tin� �hanne���en�th mo���ation� �e re�resent the 
therma� noise o� M� an� �� b� t�o ��rrent so�r�es

• ��e to �o� in��t im�e�an�e o� the �ir��it� the in��t�
re�erre� noise ��rrent is not ne��i�ib�e e�en at �o� 
�re��en�ies

��



���������te��t��e����er��l�����e

• �o �a����ate the in��t�re�erre� noise �o�ta�e� �e short 
the in��t to �ro�n� an� e��ate the o�t��t noises o� the 
�ir��its� �����������

��

�ell���

E���t���

���������te��t��e����er��l�����e

• �o �a����ate the in��t�re�erre� noise ��rrent� �e �ea�e 
the in��t o�en an� e��ate the o�t��t noises o� the 
�ir��its�

• �n� �ro���es no noise at the o�t��t sin�e the s�m o� the 
��rrents at the so�r�e o� M� is �ero�

• �he o�t��t noise �o�ta�e is there�ore ����� an� hen�e� 
������
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���������te��t��e����er��l�����e

• �� in��t is shorte� to �ro�n�� �rain noise ��rrent o� M� �oes 
not �ontrib�te to in��t�re�erre� noise �o�ta�e

• �� in��t is o�en� a�� o�     ��o�s �rom M� an� ��� �ro���in� 
an o�t��t noise o�         an� hen�e an in��t�re�erre� noise 
��rrent o� 

• �t is �esirab�e to minimi�e trans�on���tan�e o� M�� at the 
�ost o� re���e� o�t��t s�in��

• �ias ��rrent so�r�e in the 
�ommon��ate sta�e a�so 
�ontrib�tes therma� noise

• ��rrent mirror arran�ement 
estab�ishes bias ��rrent o� M� as 
a m��ti��e o� ��

��

���������te��t��e���l�c�er�����e

• ���roximatin� the �o�ta�e �ain as                             �������

• �ith the in��t o�en� the o�t��t noise is a��roximate�� �������

��

• �t �o��o�s that ������� ���o� �n�o�t���



���rce���ll��er�����er��l�N���e

• �in�e the in��t im�e�an�e o� the so�r�e �o��o�er is ��ite 
hi�h� the in��t�re�erre� noise ��rrent �an be ne��e�te� �or 
mo�erate �ri�in� so�r�e im�e�an�es

• �o �om��te the in��t�re�erre� noise �o�ta�e� the o�t��t 
noise o� M� �an be ex�resse� as  �������

��

���rce���ll��er�����er��l�N���e

• �he �o�ta�e �ain is

• �ota� in��t�re�erre� noise �o�ta�e is   �������������

• �o�r�e �o��o�ers a�� noise to the in��t si�na� an� �ro�i�e 
a �o�ta�e �ain �ess than �nit�

��

�ell���

E���t���



���c��e �t��e

• �n the �as�o�e sta�e� the noise ��rrents o� M� an� �� ��o� 
most�� thro��h �� at �o� �re��en�ies

• �oise �ontrib�te� b� M� an� �� is ��anti�ie� in a �ommon�
so�r�e sta�e �������

��

���c��e �t��e

• �s sho�n in �e�t �i��re� M� �ontrib�tes ne��i�ib�� to noise at 
the o�t��t� es�e�ia��� at �o� �re��en�ies

• �� �hanne���en�th mo���ation o� M� is ne��e�te�� then

an� hen�e M� �oes not a��e�t �n�o�t

• �rom another �ers�e�ti�e� in the e��i�a�ent �ir��it o� the 
ri�ht �i��re� �o�ta�e �ain �rom �n� to the o�t��t is sma�� i� 
im�e�an�e at no�e � is �ar�e ������� ��



���c��e �t��e

• �t hi�h �re��en�ies� the tota� �a�a�itan�e at no�e �� �x

�i�es rise to a �ain� in�reasin� the o�t��t noise �������

• �his �a�a�itan�e a�so re���es the �ain �rom the main in��t 
to the o�t��t b� sh�ntin� the si�na� ��rrent �ro���es b� M�

to �ro�n� ��

N���e������rre�t���rr�r�

• �n the abo�e ��rrent�mirror to�o�o�� �

• �he �a�tor � is in the ran�e o� � to �� to minimi�e �o�er 
�ons�me� b� the re�eren�e bran�h

• �o �etermine the ��i��er noise in ���� �e ass�me �� � an� 
���� is noise�ess

��



N���e������rre�t���rr�r�

• �n the �he�enin e��i�a�ent �or M��� an� its ��i��er noise� the 
o�en��ir��it �o�ta�e �n���� �mi���e �i�� an� the �he�enin 
resistan�e is ���m���� �ri�ht �i��

• �he noise �o�ta�e at no�e � an� �n� a��  an� �ri�e the �ate 
o� M� �ro���in� �������

• �in�e                                   an� t��i�a���                  � �e 
obser�e that

��

N���e������rre�t���rr�r�

• �t �o��o�s that �������

• �or the noise o� the �io�e��onne�te� �e�i�e to be sma��� �e 
nee�                                     an� hen�e �������

• �his �an be �ea� to �� bein� �er� hi�h ��



N���e������rre�t���rr�r�

• �n or�er to re���e noise �ontrib�te� b� M��� an� a�oi� a 
�ar�e �a�a�itor� �e �an insert a resistan�e bet�een its �ate 
an� ��� so that �t �o��o�s that �������

• �� �o�ers the �i�ter ��to�� �re��en�� b�t a�so �ontrib�tes its 
o�n noise

• �he MO� �e�i�e M� �ith a sma�� o�er�ri�e �ro�i�es a hi�h 
resistan�e an� o����ies a mo�erate area

��

N���e��������ere�t��l����r�

• �s sho�n in �e�t �i��re� a �i��erentia� �air �an be �ie�e� as a 
t�o��ort �ir��it

• �t is �ossib�e to mo�e� the o�era�� noise as �e�i�te� in ri�ht 
�i��re

• �or �o���re��en�� o�eration�        is ne��i�ib�e

��



N���e��������ere�t��l����r�

• �o �a����ate the therma� �om�onent       � �e �irst obtain the 
tota� o�t��t noise �ith in��ts shorte� to�ether ��e�t��

• �in�e �n� an� �n� are �n�orre�ate�� no�e � �annot be 
�onsi�ere� a �irt�a� �ro�n�� so �annot �se ha����ir��it 
�on�e�t

• �eri�e �ontrib�tion o� ea�h so�r�e in�i�i��a��� �ri�ht �i���

��

N���e��������ere�t��l����r�

• �n �e�t �i� � to �a����ate the �ontrib�tion o� �n�� ne��e�tin� 
�hanne���en�th mo���ation� it �an be �ro�en that ha�� o� �n� 
��o�s thro��h ��� an� the other ha�� thro��h M� an� ���

�ri�ht �i����

• �he �i��erentia� o�t��t noise ��e to M� is e��a� to �������

��



N���e��������ere�t��l����r�

• �� �����������

• �h�s ������� 

• �a�in� into a��o�nt the noise o� ��� an� ���� ������� ������

• �i�i�in� b� the s��are o� the �i�� �ain �������

��

N���e��������ere�t��l����r�

• �n��t�re�erre� noise �o�ta�e �an a�so be �a����ate� �sin� the 
�re�io�s �emma

• �he noise o� M� an� M� �an be mo�e��e� as a �o�ta�e so�r�e 
in series �ith their �ates

• �he noise o� ��� an� ��� is �i�i�e� b�         res��tin� in 
�re�io�s�� obtaine� e��ation

• �n����in� ��� noise �������

��
�ell���

E���t���



N���e��������ere�t��l����r�

• �� the �i��erentia� in��t is �ero an� the �ir��it is s�mmetri�� the 
noise in ��� �i�i�es e��a��� bet�een M� an� M�� an� �ro���es 
on�� a �ommon�mo�e noise �o�ta�e at the o�t��t

• �or a sma�� �i��erentia� in��t ��in� �e ha�e ������� ������

• �n �enotes the noise in ��� an� �n����

• �s �ir��it �e�arts �rom e��i�ibri�m� �n is more �ne�en�� 
�i�i�e�� �eneratin� �i��erentia� o�t��t noise

��

N���e�������e�tr�����t�r����

• �he �orton noise e��i�a�ent is so��ht b� �irst �om��tin� the 
o�t��t short��ir��it noise ��rrent

• �his is then m��ti��ie� b� the o�t��t resistan�e an� �i�i�e� b� 
the �ain to �et in��t�re�erre� noise �o�ta�e

• �rans�on���tan�e is a��roximate�� ��1��

• O�t��t noise ��rrent ��e to M1 an� M� is this 
trans�on���tan�e m��ti��ie� b� �ate�re�erre� noises o� M1

an� M�� i�e� 
��



N���e�������e�tr�����t�r����

• �his noise is m��ti��ie� b� ��4� as it emer�es �rom the �rain o� 
M4� the noise ��rrent o� M4 a�so ��o�s �ire�t�� thro��h the 
o�t��t short��ir��it th�s �������

• M��ti���in� this noise b�                             an� �i�i�in� the 
res��t b�                    the tota� in��t�re�erre� noise is 

��

• �he noise ��rrent o� M�

�rimari�� �ir���ates thro��h 
the �io�e��onne�te� 
im�e�an�e ������ �ro���in� a 
�o�ta�e at the �ate o� M4 �ith 
s�e�tra� �ensit� 4�� /���

�ell���

E���t���

N���e�������e�tr�����t�r����

• �he o�t��t �o�ta�e in the O�� �o�� is e��a� to ��

• �� ��� ����t�ates� so �o �� an� �o��

• �in�e the tai� noise ��rrent �� s��its e��a��� bet�een M1 an� 
M�� the noise �o�ta�e at � is �i�en b�                an� so is the 
noise �o�ta�e at the o�t��t

��



N���e����er��r��e����

• �oise �ontrib�te� b� transistors �in the si�na� �ath� is 
in�erse�� �ro�ortiona� to their trans�on���tan�e

� ����ests a tra�e�o�� bet�een noise an� �o�er 
�ons�m�tion

• �n the sim��e �� sta�e� �e �o�b�e �/� an� ��1 an� ha��e R�� 
maintainin� �o�ta�e �ain an� o�t��t s�in�

• �n��t�re�erre� therma� an� ��i��er noise �o�er is ha��e�� at 
the �ost o� �o�er �ons�m�tion ��

N���e����er��r��e����

• �a��e� ��inear s�a�in��� the ear�ier trans�ormation �an be 
�ie�e� as ��a�in� t�o instan�es o� the ori�ina� �ir��it in 
�ara��e�

• ��ternati�e��� it �an be sai� that the �i�ths o� the transistor 
an� the resistor are �o�b�e�

��



N���e����er��r��e����

• �n �enera�� i� t�o instan�es o� a �ir��it are ��a�e� in �ara��e�� 
the o�t��t noise is ha��e�

• �ro�en b� settin� the in��t to �ero an� �onstr��tin� a 
�he�enin e��i�a�ent �or ea�h

• �in�e �n��o�t an� �n��o�t are �n�orre�ate�� �e �an �se 
s��er�osition o� �o�ers to �rite ������� ������

��

N���e��������t�

• �ota� noise �orr��tin� a si�na� in a �ir��it res��ts �rom a�� 
�re��en�� �om�onents in the ban��i�th o� the �ir��it

• �or a m��ti�o�e s�stem �ith noise s�e�tr�m as in �e�t �i��re� 
tota� o�t��t noise is �������

• �s sho�n in ri�ht �i��re� the tota� noise �an a�so be 
ex�resse� as    � �here the ban��i�th �n� �a��e� the �noise 
ban��i�th� is �hosen s��h that �������

��



�r��le�����I���t�N���e�I�te�r�t���

• �n the �� sta�e abo�e� �here it is ass�me� that ��� an� noise 
o� �� is ne��e�te� �ith on�� therma� noise o� M� �onsi�ere�

• O�t��t noise s�e�tr�m is the am��i�ie� an� �o���ass �i�tere� 
noise o� M�� easi�� �en�in� to inte�ration

• �n��t�re�erre� noise �o�ta�e� ho�e�er� is sim���        � �arr�in� 
an in�inite �o�er an� �rohibitin� inte�ration

• �or �air �om�arison o� �i��erent �esi�ns� �e �an �i�i�e the 
inte�rate� o�t��t noise b� the �o���re��en�� �ain� �or exam��e 
������������� 

��


