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�e��n�t�on�o��no��e�
• �n��nte��

Mos� defini�ions focus on �ha� noise is unwan�ed li�e in Mo�chen�ache�� �An� 
unwanted distu��an�e t�at ��s�u�es �� inte��a�es wit� a desi�ed si�na��� �n 
�ene�al �his is a desc�i�in� cha�ac�e�is�ic wi�h so�e s�all e�ce��ion �ha� noise 
�due �o i� �ando�ness� is wan�ed in so�e �ando� nu��e� �ene�a�o�s� 
c����os�s�e�s e�c� �he ��esence of noise can also �e used �o confi�� 
connec�ions�asse��l� and �uali�� of a s�s�e��

• �n�re��ct���l�t��
�no�he� i��o��an� fea�u�e �ha� one should include when definin� noise is �ha� 
i� is un��edic�a�le� �n ad�ance i� is no� �ossi�le �o sa� wha� s��en��h �he 
unwan�ed si�nal will ha�e a� a s�ecific �i�e in �he fu�u�e� �he e�ce��ion is �he 
low�f�e�uenc� co��onen�s �ha� a�e ��esen� also i��edia�el� �efo�ehand� �u� 
e�en if one can no� ��edic� e�ac�l� �he undesi�a�le co��onen�s� one can 
desc�i�e �he s�a�is�ical ��o�a�ili�� and dis��i�u�ion wi�h �es�ec� �o a��li�ude 
and f�e�uenc��
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�e��n�t�on�o��no��e�
�efo�e Mo�chen�ache� discusses co��onen� noise �he �oo� ��iefl� discusses 

cou�lin� noise en�i�led as �e��e�nal noise��

���e�nal sou�ces�

• �lec��os�a�ic �ca�aci�i�e cou�lin��

• �lec��o�a�ne�ic �induc�i�e cou�lin��

• ����owe������owe�

• �i�nal wi�es

• �adio ��ans�i��e�s

• �lec��ical s�o��s

• �alac�ic �adia�ion

• Mechanical �i��a�ions

Ma� �e �eli�ina�ed� �h�ou�h ade�ua�e�

� �hieldin�

� �il�e�in�

� �l�e�in� la�ou�

� �is�ance

� Ma�e �a�allel

� Ma�e se�ial

� �han�e e��e�nal co��onen�s li�e 
addin� a se�a�a�e �owe� su��l� fo� 
�he f�on��end a��lifie�s�

�

�e��n�t�on�o��no��e�
�n�e�nal sou�ces�

��oise� in �his �oo� �eans co��onen� noise� �� is also en�i�led as �in�e�nal noise�� ���ue 
noise� and �funda�en�al noise��

�� co�es f�o� s�on�aneous fluc�ua�ions due �o �he �h�sics of �he de�ices and �a�e�ials
�ha� �a�e u� �he elec��ical s�s�e��

��a��le�

• �he��al noise in �esis�o�s �and �a�asi�ic �esis�ance in ��ansis�o�s� conduc�o�s� coils and 
ca�aci�o�s e�c��

Mo�e difficul� �i��ossi�le� �o eli�ina�e �han cou�lin� noise� �owe�e� i� is hel�ful and 
necessa�� �o es�i�a�e �he si�e of �his noise� 

�he �esolu�ion of �he senso� si�nal is ���icall� decided �� �he senso� noise� � co��on 
�oal is �o �educe �he elec��ical noise down �o �he sa�e le�el as �he senso� noise�

E����le����now s�o��� on ���sc�eens

• Main cause� �he��al noise in �he in�u� a��lifie��

�o� necessa�il� �he ��ea��lifie� �ha� �ene�a�es �os� noise �u� �his is ����icall�� �he �lace 
whe�e �he si�nal is a� i�s wea�es� and whe�e �he noise has �he ��ea�es� effec� on �he si�nal 
�o noise �a�io�

�



���r�cter��t�c��o��no��e
�hile noise f�o� �he ���� �ains can �e �e�� ��edic�a�le� �he��al noise 
a�e un��edic�a�le when i� co�es �o a��li�ude and �hase� �owe�e� we can 
in �o�h cases find s�a�is�ical cha�ac�e�is�ics li�e �he �M� ��oo���ean�
s�ua�e��

�������n�no��e
�he��al noise and so�e o�he� �ind of noise ha�e a no��al �o� �aussian� 
dis��i�u�ion� �he fi�u�e shows �he no��al dis��i�u�ion and wha� i� �a� loo� 
li�e on an oscillosco�e� 

�

��e�nor��l����tr���t�on
�he no��al dis��i�u�ion desc�i�es �he ��o�a�ili�� �ha� �he noise has a 
ce��ain �alue a� a �i�en �i�e� �he �a�he�a�ical
e���ession fo� �he no��al dis��i�u�ion is�
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�e�e m is �he a�e�a�e �alue �easu�ed� �f all �alues �his is �he �os� 
��o�a�le �alue� �he func�ion ���� is a ����a�i�it� densit� �un�ti�n o� fo� 
sho��� �d��
�o� ���ical conside�a�ions we sa� �ha� �he noise is wi�hin ��� �s of m�
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���no����er�l���t��n��no��e����0
���no����er�l���t�

s �ells a�ou� �he a��li�ude of �he noise �u� i� is no� an u��e� li�i�� �f 
we wan� ��� of �he noise �o �e �elow a li�i� we �us� �educe �he 
noise so �ha� �s is wi�hin �his li�i�� �f we wan� �o�e �he noise has �o
�e �educed fu��he� �u� we will ne�e� ensu�e �ha� all noise will �e 
�elow a ce��ain li�i�� �f noise �a� ��i��e� a la�ch� �ese� a senso� e�c� 
we should ha�e an idea of how of�en �his �a� occu�� ���ical �i�e 
�alues used a�e f�o� a few hou�s �o �he life �i�e of �he uni�e�se� 

No��e����0

�n �he case of noise � is e�ual �o �� �f we find an a�e�a�e �alue 
diffe�en� f�o� �e�o o�e� so�e �i�e� �his will �e so�e�hin� �ha� can 
�e cha�ac�e�ised and co��ensa�ed in ha�dwa�e o� sof�wa�e� �hus 
�his a�e�a�e �alue is no� un��edic�a�le and hence no� a �a�� of wha� 
we conside� as noise� �

������oot��e�n�����re�
�M� is a �ene�al �e�� �ha� a��lies no� onl� �o �he �aussian dis��i�u�ion� �he �M���alue fo� 
a �aussian�dis��i�u�ion is e�ual �o s�

�M� is defined as�

����� �he si�nal �o� noise� �ol�a�e as a func�ion of �i�e� 

�� �he �i�e we a�e in�e��a�in� o�e��

• �he in�e��al will ��ow wi�h � �o infini�� �as lon� as ���� ¹ ��� �hen we di�ide �� �� we 
find �ha� �he a�e�a�e slo�e of �he in�e��al is e�ual �o �he s�ua�e of ���s� 

• �f ���� has a c�clic �eha�iou� we ha�e �o in�e��a�e o�e� a whole nu��e� of �e�iods fo� �he 
answe� �o �e co��le�el� accu�a�e� �f we do no� in�e��a�e a whole nu��e� of �e�iods� �he 
las� unfinished �e�iod con��i�u�es wi�h an e��o�� �owe�e� �his e��o� will �e �ela�i�e �o �he 
con��i�u�ion f�o� all �he whole �e�iods� �his is useful �nowled�e if one does no� �now 
�he e�ac� f�e�uencies �o in�e��a�e a si�nal o�e�� �ence ins�ead of in�e��a�in� o�e� a 
co��le�e nu��e� of �e�iods we in�e��a�e fo� a �i�e �ha� is �an� �i�es lon�e� �han �he 
lon�es� e��ec�ed �e�iod� �hen a �ossi�le �a�� of a �e�iod will �i�e onl� a s�all 
con��i�u�ion�
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������E��ect��e��e�t�n��
�he �M� �alue can �e seen as an e���ession of �he effec�i�e hea�in� effec� of a 
si�nal� �he �M� �alue of a �ando� si�nal is �he �� �alue �ha� will �i�e as �a�id 
hea�in� �h�ou�h a hea�in� ele�en� in wa�e� as �he si�nal i�self�

��a��le� �he �ains �owe� ne�wo�� 
�u� �ains �owe� ne�wo�� ca��� sinus �ol�a�es wi�h a f�e�uenc� of ����� �he 
a�e�a�e �alue is ��� �he �ea� �alue is ���� and �he �M� �alue e�ual �o ����� 
�hen we wan� �o find �he �a�i�u� effec� in a ����ci�cui� we �ul�i�l� �he ��� 
wi�h �he �M� �ol�a�e ������ and �e� ������ ���s is �hus �he effec�i�e �hea�in� 
�ension� and no� e�� �ea���ol�a�e�

�

�olt��eter����n��n���ron�����
�n a��o�os�

�o�e �ol��e�e�s find �he �M� �alue �� di�idin� �he �ea� �alue �� 
Ö�� �his is onl� co��ec� when �he cu��e is a sine� �n ��ue��M� 
�ol��e�e�s �he �M� �alue is found acco�din� �o �he e���ession 
�i�en ahead�
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E����le�

� ���

�inus ��u��e
(����dut�)

��i�n�u��� ��uss

����� � ���� ���� ¥
���� ��Ö2 � ��Ö� s

� ���� ��� ��u��e
�i��������t�d �� t�e ti�e

����� � ���� ���(�)
���� � � �Öd

� �(2d�1) �d
��

����
�i�hin so�e �h�sic fields �he no�a�ion �ull��id�h��alf�Ma�i�u� 
����M� is co��on� 

���M �eans �he wid�h of �he �o��ion of �he si�nal �ha� has a 
��o�a�ili�� �ha� is �o�e �han half of �he �a�i�u� �alue� �his wid�h 
is a cons�an� scalin� of �he s�anda�d �a�ia�ion and can �e 
e���essed as�
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��er��l�no��e
• �ue �o ���ownian� �o�ion of cha��es in a conduc�o��

• �i�s� o�se��ed �� �� �� �ohnson in ����� �heo�e�icall� anal�sed 
�� �� ���uis� in ����� �lso called ��ohnson noise� and ����uis� 
noise�� 

• ��e� �i�e is �he a�e�a�e �ol�a�e �e�o �u� �he �ando� �o�ion of 
cha��es �esul�s in �ha� we a� diffe�en� �i�e �oin�s can �easu�e 
�ol�a�e diffe�ences o�e� �he �e��inals�

�he a�aila�le noise �owe� in a conduc�o� is� 

�� �ol���ans cons�an�� �������� �s��

�� �e��e�a�u�e in �el�in

�f� �andwid�h of �he  ��easu�e�en� s�s�e��
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��er��l�no��e�� Nt e����le�

�� �e assu�e �o�h�

• �oo� �e��e�a�u�e ����� o� �����

• ��� �andwid�h

� �� �����d� �ela�i�e �o ��

�� �n �� co��unica�ion we �i�e �he noise �owe� �ela�i�e �o ��� and we 
ha�e�

����d�� is �ene�all� called �he noise floo� and is �he �ini�u� noise le�el 
one can achie�e in a s�s�e� �ha� o�e�a�es a� �oo� �e��e�a�u�e� 
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����c�e���t�on��

• �owe�

• �ne����

• �ela�i�e si�nal s��en��h �deci�els��
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No��e��olt��e
��e a�ai�a��e n�ise ��we� is t�e a��unt �� ��we� a �esisti�e s�u��e �an 

su���� a n�ise�ess �esisti�e ��ad w�en ��t� �esistan�es a�e e�ua��

��e� �his is a wo�s� case scena�io whe�e �he �esis�o� is �a�ched fo� 
�a�i�u� noise �owe� ��ansfe��

Me�hod� �f�en� �he load �esis�ance is no� e�ual �o �he sou�ce �esis�ance� 
�he �e�hod used is �ha� we fi�s� assu�e �ha� �hese a�e e�ual� 
calcula�es �ac�wa�d �o a �heo�e�ical �ol�a�e a� �he sou�ce �esis�ance 
and �hen use �his �ol�a�e wi�h �he ac�ual load �esis�ance�
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��a��le�

• �� �������n��2�0����� ��

�n�� ��

���� �  � Mul�i�l� �� Ö��
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�e �a�e an e���ession whe�e �he de�osed �owe� on �he �heo�e�ical load is 
e���essed onl� �� �alues in �ela�ion �o �he sou�ce�

�

�����

�����

�����

�����

�����

�����

���� ���� ���� � ��� ��� ���

��

��

�e���
E���t�on

��or�t�o�e�e��ec��ll���ntere�te��

� �o�e accu�a�e e���ession is�

whe�e ��f� �� a� �oo� �e��e�a�u�e wi�h s�anda�d f�e�uencies� 

��f� s�a��s �o dec�ease �owa�ds �e�o when

• �he f�e�uenc� is a�o�e ���� o�

• �he �e��e�a�u�e is �elow �illi �el�ins�

��e� in all ��ac�ical cases ��f� can �e i�no�ed�
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No��e���n����t�
�i�nal �andwid�h ¹ �oise �andwid�h 
�i�nal �andwid�h� �he f�e�uenc� �an�e wi�h an a��enua�ion of less �han �
�d� of �he cen��e o� �a�i�u� si�nal� 
�oise �andwid�h� �he noise �andwid�h is se� so �ha� �he ��oduc� of �he 
noise �andwid�h and �he �a�i�u� noise si�nal is e�ual �o an a�ea� �he 
a�ea is e�ual �o �he in�e��al of �he noise in�e��a�ed o�e� all f�e�uencies� 
�his can �e e���essed wi�h �he fo��ula�

�e�e is�

���� noise �owe� as a func�ion of f�e�uenc�� 
��� �a�i�u� noise effec��

�� noise �andwid�h��
�owe�e� since of�en �he �ol�a�e is �easu�ed ins�ead of �he �owe� i� can 
�e useful �o e���ess �he noise �andwid�h as a func�ion of �he noise 
�ol�a�e� 
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E����le��o�����n����t���

a� �ow �ass fil�e�

�� �and �ass fil�e�

�� � �he scale on �he f�e�uenc� a�is is linea��
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�il�e� func�ion fo� fi�s� o�de� low �ass fil�e��

�� is t�e ��d� f�e�uenc� 
�o��ali�ed� �ain e�ual �o � a� ��� 

�i�e of �ain� 

�n�e���e�s �he si�nal as a noise si�nal� 

�u�s�i�u�es                     and  

and �e� 

��e� in�e���e�ed as noise �he f�e�uenc� wid�h is ����� ��ea�e� �han if i� we�e 
an o�dina�� si�nal� 

��

��lc�l�t�on��or�t�o���r�t�or�er������lter�
�he �o�al �ain is now�

�n�e���e�ed as noise �he

�andwid�h is� 

�i�h �he sa�e su�s�i�u�ions

we �e� 

�owe�e� he�e f� is �he ��d� li�i� fo� each s�e� and no� fo� �he en�i�e 
s�s�e�� �e �us� find �he ��d� li�i� �o �he s�s�e��

�his �i�es us

�� �he end we �e�� 

��e� �f �noise� is ���� fa �si�nal��  
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�onclusion� 
�i�h sha��e� ed�es �hi�he� o�de�� �he �noise �andwid�h� will 
a���oach ��he si�nal �andwid�h� f�o� a�o�e� ��he noise 
�andwid�h will alwa�s �e la��e� �han �he si�nal �andwid�h��

��

�n illus��a�ion of how �he noise �ene�a�ed a� �he diffe�en� s�e�s 
��o�a�a�e �owa�ds �he ou��u��
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�orrel�t�on

��a��les of co��ela�ion �e�� �las� 
�e���� 

�o� �A��� and in �hase�

�o��o� �A��� �u� in o��osi�e �hase�
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�ncorrel�te�
• �o� �i�h�� �A������

• �o��o� lef�� �A����

• �o��o� �i�h�� �A�����
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E����le����t���n����t�o�t�correl�t�on
�s�t���a�t�����t��

��a��le� �ssu�e �ha�

• �a�t� and ���t� has �he sa�e a��li�ude

• �a�t� and ���t� has si�ila� sha�e ��o�h a�e sine� ��ian�ula� e�c��
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�e see �ha� �wo co��ela�ed noise sou�ces will �e a�le �o ��o�ide �e�ween �� and 
���� �i�es �he noise as an unco��ela�ed case�
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�e �us� he�e �a�e an ��s addi�ion and no� a s�anda�d linea� 
addi�ion� �e will �hen ha�e� 

�s an a���oach we can i�no�e noise con��i�u�ions �ha� a�e less 
�han ���� of �o�e do�ina�in� noise con��i�u�ions�
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a�� 

���

�e would e��ec� �ha� �he answe�s should �e e�ual �u� �e� a diffe�ence� �he �eason 
is �ha� we use linea� calculus al�hou�h we should ha�e ��ac�iced s�ua�ed calculus of 
�he ��s �alues�

E��e��el�2�

�n �� is �he sou�ce �esis�ance in a� 
s�li� in�o �wo e�ual �a��s� �i�s�� we 
calcula�e wi�h s�anda�d �and 
inco��ec�� linea� �a�he�a�ics�
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�e now �e�fo�� �he sa�e calcula�ion a�ain �u� wi�h �he s�ua�e of 
�he noise �ol�a�e�

�hen we �a�e �he s�ua�e �oo�� 

which is �he sa�e as we did when we calcula�ed fo� a��

�hen �he�e a�e �esis�o�s in se�ies o� in �a�allel li�e in �� one 
should calcula�e �he �o�al �esis�ance fi�s� and �hen calcula�e �he 
noise fo� �he �esul�in� �esis�ance�
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��rtl��correl�t�on
�hen so�e of �he noise in �he �wo noise �ol�a�es co�es f�o� �he sa�e sou�ce 
�cause�� while so�e co�e f�o� diffe�en� sou�ces� �he sou�ces a�e �a��l� 
co��ela�ed� �e �a� in �his case use �he e���ession�

�e�e is � a co��ela�ion coefficien� �ha� can ha�e an� �alue �e�ween �� and ��� 
�hen � is e�ual �o � �he �ol�a�es a�e unco��ela�ed and we ha�e �he �ela�ionshi� 
as discussed ea�lie�� �hen � is e�ual �o �� �he �ol�a�es a�e co��ela�ed �u� in 
o��osi�e �hase�

���icall� �he co��ela�ion is �e�o and �his is conside�ed as defaul�� �f one 
inco��ec�l� assu�es no co��ela�ion �he �a�i�u� e��o� will �e when �he �wo noise 
�ol�a�es a�e e�ual and co��le�el� co��ela�ed� �o� e�uall� la��e si�nals ��he sa�e 
��s �alue� we will ha�e� 
• �wo co��ela�ed si�nals � � ��s �alue� 
• �wo full� unco��ela�ed si�nals � ��� of �he ��s �alue� 
�i�e� �he e��o� will �e ����� � ��� which �i�es �ha� �he noise le�el is ��� �o�e �han 
we assu�ed��
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a�

�e �u� u� �he followin� e���ession fo� a�� 

�e s�ua�e all �e��s and �e�� 

�u� �his is no� co��ec�� �h�� 

�ecause i� is �he sa�e cu��en� �� �ence all �e��s a�e ���� co��ela�ed� �e �us� 
add �he co��ela�ion e���ession�

�n �his case � � � and we can w�i�e �he e���ession� 

��e �u�e �� t�u��s ��� se�ia� �esist��s and i��edan�es is t�at t�e� s��u�d �i�st �e 
su��ed �e���e t�e� a�e s�ua�ed�
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��

�wo noise sou�ces �o� sine �ene�a�o�s wi�h diffe�en� f�e�uenc�� is 
in se�ies wi�h �wo noise�f�ee �esis�o�s� �� is also �he sa�e cu��en� 
�ha� �asses �h�ou�h �o�h �esis�o�s� �e �he�efo�e add �he 
�esis�ances �efo�e �he� a�e s�ua�ed�

�he �ol�a�e sou�ces a�e unco��ela�ed and hence s�ua�ed �efo�e 
�he� a�e su��ed� 
�o� �he �ol�a�e sou�ce� �he�e is no co��ela�ion �e��� 
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�����lc�l�te����t��t�e����er�o��t�on��r�nc��le�

�he cu��en� � consis�s of �� and ��� �e use �he su�e���osi�ion ��inci�le� which sa�s� 
�n a �inea� netw��� wi�� t�e �es��nse ���� tw� �� ���e s�u��es �e t�e su� �� t�e 
�es��nse ���� ea�� s�u��e a��ne wit� �t�e �t�e�� ���ta�e s�u��es s���t �i��uit� 
and t�e ��t�e�� �u��ent s�u��es �e�t ��en�

�ha� �i�es us�                 and

�he cu��en�s a�e unco��ela�ed and we add�

�hen we inse�� fo� �� and �� so we �e��

which is wha� we found ea�lie��

c����nt����or���rt��l�correl�t�on

�� and �� ha�e so�e co��ela�ion� �n �he fi�u�e �his is �a��ed wi�h a �lus si�n� 
�he �osi�ion of �hese si�ns show �ha� �he� su��o�� each o�he� and �ha� �he 
co��ela�ion is �osi�i�e i�e� � � ���� 
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E����le������o��ncorrel�te���o�rce�

�a��e�� �ind �he �o�al cu��en� �� �h�ou�h ��� 
Me�hod� �u�e���osi�ion 
��n�a�� �� consis�s of �wo con��i�u�ions� ��� f�o� �� and ��� f�o� ��� �o�ice� �n �he 
�oo� is �� onl� �he con��i�u�ion f�o� ��� 

�e ha�e�

which we can w�i�e as� 
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�e ha�e also

�he �a�� of �� �ha� �asses �h�ou�h �� is�

�he las� �wo e���essions can �e co��ined �o�e�he� �o� 

�ince

we can �u� �o�e�he� �he �wo cu��en� con��i�u�ions on �he �i�h� side 
and we �e�� 
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�l�c�er�no��e
�lic�e� noise ���f�noise  �  low f�e�uenc� noise � �in� noise 

�lic�e� noise is a so�� of noise �ha� is �ela�ed �o i��e�ula�i�ies a� in�e�faces 
�e�ween diffe�en� a�o� s��uc�u�es� �ne such �lace is �he in�e�face �e�ween 
�he silicon c��s�al and silicon dio�ide� �he f�ee elec��on �ai�s will collec� 
cha��e �ha� is ��a��ed fo� a �a�ia�le �i�e�

�lic�e� noise is o�se��ed ��i�a�il� in se�iconduc�o�s �u� can also �e seen 
in �adio �u�es and so�e so��s of �esis�o�s� 

�lic�e� noise ha�e a ��f�cha�ac�e�is�ic i�e� i� is wea�es� a� �he hi�hes� 
f�e�uencies and ��ow �o infini�� when �he f�e�uenc� dec�eases� 

��

�ello��

����re

�o find �he noise in a f�e�uenc� �and f�o� �� �o �� we can in�e��a�e as follows� 
�� is �he noise �owe� in �a��s� 

� is a cons�an� in �a��� 

��a��le� 
�e� �� � ����� 
�hen we ha�e� 
�his shows �ha� �he noise le�el wi�hin each decade is cons�an�� �hus �he flic�e� 
noise �e�ween ���� �� and ��� �� is e�ual �o �he noise f�o� ������ �o �M���

��en ��i��e� is d��inatin�� i� ��ssi��e� we s��u�d ���e t�e si�na��in� ��e�uen�� 
t�wa�ds a �i��e� ��e�uen���

Mos� o�he� ���es of noise is �i�en �� Ö�� and �he �ul�i�lica�ion wi�h �f is done a� 
las�� �� is of�en ��ac�ical �o do �he sa�e wi�h �he flic�e� noise� �f               is ��ue� we 
can �a�e �he a���o�i�a�ion                      and use �f as fo� o�he� ���es of noise�
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��ot�no��e

�ho� noise occu�s in �he �n�in�e�faces in �he ��ansis�o�s and diodes� 
�his ���e of noise desc�i�es fluc�ua�ions in �he cu��en� �unnin�� 
�� is e���essed as� 

whe�e �� �����e��� ��u�����

�e see �ha� �he noise le�el inc�eases wi�h �he s�ua�e �oo� of �he 
cu��en�� �e also see �ha� �his ���e of noise is �whi�e� i�e� i� is 
cons�an� and inde�enden� of �he f�e�uenc� ��u� no� �he �andwid�h�� 

f��� ��s� �= 2
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�e���
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��o� �he e�ua�ion fo� �ho��noise one could assu�e �ha� �he sho��noise le�el was 
al�os� �e�o when �he �owe� is �e�o� �his is no� co��ec�� �e will now s�ud� �his 
fu��he�� 

�n �i�ola� ��ansis�o�s� we find �os� sho��noise in �he e�i��e���ase in�e�face� 
�he �� �eha�iou� follows �he fa�ilia� diode e���ession�

whe�e �� is �he e�i��e� cu��en�� �� is �he �e�e�se cu��en� and ��� is �he �ol�a�e 
�e�ween �he �ase and e�i��e�� 
�e s�li� �he cu��en� �� in �wo �a��s ��� 

so �ha�                 ������ and 

����� e����������
�� is due �o �he��all� �ene�a�ed �ino�i�� ca��ie�s while �� is due �o diffusion of 
�a�o�i�� ca��ie�s o�e� �he �n�in�e�face� 
��� ��t� �� t�ese �u��ents �a�e �u�� s��t�n�ise e�en i� t�e �u��ent itse�� e�i�inate 
ea�� �t�e� at ��� � � ���t� 
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���ot�no��e �n����ol�r�tr�n���tor��

��

���ot�no��e��n����ol�r�tr�n���tor��

��u�in� �e�e�sed �ias �ol�a�e �� will do�ina�e while unde� s��on� 
fo�wa�d �ol�a�e �� will do�ina�e��� 
�� ��� � � we ha�e �ha� �� � � while �he noise is

f��� �s� �= �2

��



��ot�no��e��o�ell

�he ci�cui� �odel fo� sho� noise consis�s of a cu��en� sou�ce in �a�allel wi�h a 
�noiseless� �esis�ance� 
�e find �he �esis�ance �alue �� de�i�a�in� �he e���ession fo� diode cu��en� �� ���� 
�his de�i�a�ion will �i�e �he conduc�i�i��� �he �esis�ance is found �� findin� �he 
in�e�se of �he conduc�i�i���

�e ���Tr �=
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����c�t��e����nt�n��o��t�er��l�no��e������

�he e���ession fo� �he��al noise

indica�es �ha� an o�en ci�cui� wi�h infini�e �esis�ance will �ene�a�e 
an infini�e noise �ol�a�e� �his will no� �e �he case since �he�e will 
alwa�s �e ��a�asi�ic� ca�aci�ances �e�ween �he �e��inals� 

�he �esis�ance and ca�aci�o� will �o�e�he� ac� as a low �ass fil�e�� 
�hen �he �esis�ance ��ows� so do �t� �u� a� �he sa�e �i�e 
dec�eases �he fil�e� cu��off f�e�uenc� and hence �educes �he 
�andwid�h�

f�T��e �= �

��

�hen we need �o �e�lace so�e �a�ia�les� ����tan � ������� ���� 
d����se�� d

and chan�e �he u��e� li�i� �o ���� �hen we �e�

and when we inse�� fo� �� we �e��

� sets an u��e� �i�it ��� t�e t�e��a� n�ise ���ta�e

�he fi�u�e shows �h�ee cu��es wi�h �he sa�e 
� �u� wi�h �h�ee diffe�en� ���alues� �he 
in�e��al unde� �he cu��es a�e e�ual� 

�i�s� we calcula�e �he in�e��a�ed noise 
�ol�a�e�
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�ssu�e an in�u� si�nal of �m���s a��lified �� ��d�� �his �i�es an 
ou��u� si�nal of ����m���s� �he ou��u� will �e sa��led and 
�easu�ed and we would li�e �o ha�e a ca�aci�ance la��e enou�h �o 
li�i� �he noise �ol�a�e �o ���d� �elow �he si�nal le�el� �i�h a ����� 
ca�aci�o� and a �e��e�a�u�e of ����� �he ca�aci�o� is li�i�in� �he 
noise �o ���m���s which is ���d� �ela�i�e �o �he si�nal le�el�
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