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Whe� maki�g a �oise a�alysis of la�ge sys�ems� i� �o�l� �e 
im��a��i�al �o a�alyse �i�h �e�aile� �oise mo�els fo� all 
�ossi�le �oise so���es� � sol��io� is �o �se sim�lifie� 
mo�els �ha� �e��ese�� se�e�al �ossi�le so���es� 

� �o��la� mo�el is �he En-In- mo�el �ha� �o�sis�s of o�ly 
��o �a�ame�e�s� � �oise �ol�age En a�� a �oise ����e�� In� 

������ �e�e�al �oise mo�el fo� am�lifie�s �



��e�E��I�����el
�� ge�e�al� �he �oise i� a mo��le �a� �e �e��ese��e� �y fo�� 
so���es� ��o a� �he i���� a�� ��o a� �he o������ ��e of �he ��o i� 
ea�h �ai� is �oise �ol�age �hile �he o�he� is �oise ����e��� �hese 
�oise so���es �e��ese�� all �oise so �ha� �he �emai�i�g �a�� of �he 
mo��le is �o�si�e�e� �oiseless� 

�o� �he �ase of am�lifie�s �he �oise so���es a� �he o����� �a� �e 
ig�o�e�� �h�s all �oise �a� �e �e��ese��e� �y �he ��o so���es 
�a�� a �om�le� �o��ela�io� �oeffi�ie��� a� �he i�����

�he �oise �ol�age En a�� �oise ����e�� In �a�ies �i�h f�e��e��y� 
o�e�a�i�g �oi�� a�� �he am�lifie� eleme��s a�� a��hi�e����e� �� �he 
�ase of am�lifie�s i� �ill ��ima�ily �e �he i���� eleme�� ��y�i�ally a 
��a�sis�o�� �ha� has �he g�ea�es� im�a��� 

������� �e�e�al �oise mo�el fo� am�lifie�s �

�he mo�el �as sho�� i� �he fig��e� �a� �e �se� fo� all �y�es 
of am�lifie�s� 

��he fig��e also sho�s a sig�al so���e Vin� a �oise so���e Et
a�� a so���e �esis�a��e Rs� �he �o��ela�io� �oeffi�ie�� is �o� 
��a���� 
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�e���
�����e



�e������������e��t�t�e���t��t��������t�

�s�ally i� is o� �he o�����s �e meas��e �he sig�al a�� also 
e��e�ie��e �he o�e�all �oise of �he sys�em� 
�o�e�e� fo� se�e�al �easo�s i� may �e ��a��i�al ���e� 
�o�s�����io� �o �al��la�e a �e��ese��a�i�e �oise �al�e a� �he i�����

� Whe� �he ��eam�lifie� gai� is la�ge� a �omi�a�i�g �a�� of �he 
�oise �o���i���io� �ill �ome f�om �he ��eam�lifie�� �f �oise is 
�al��la�e� �o�a��s �he i����� o�ly a limi�e� ��m�e� of mo��les 
�ee� �o �e �al��la�e��

� �f�e� i� �ill �e i��e�es�i�g �o �om�a�e �i�h �he �oise �o���i���io� 
f�om �he so���e� �he effe�� of �e���i�g �he �oise sig�ifi�a��ly 
�elo� �he se�so� �oise le�el is small a�� ��o�a�ly �o� �o��h �he 
effo���

� �f �e �al��la�e �o�a��s �he i����� �e �a� make �s i��e�e��e�� 
of �he am�lifie� �ol�age gai� a�� i���� im�e�a��e�

������� �e�e�al �oise mo�el fo� am�lifie�s �

E�����le�t�����t�����e

�e�ho�� We �ill fi�� a� e��i�ale�� �oise Eni �hi�h �o�l� �e�la�e all 
�h�ee so���es �Et� En� a�� In� a�� �e �la�e� i� se�ies �i�h Vin� We �ill 
�he� easily �e a�le �o �al��la�e �he S/N �a�io� 
��o�e���e� 
�� �i�s�� �e fi�� �he sys�em �ol�age gai� 
�� �he� �e fi�� �he �oise a� �he o����� 
�� �� las� �e �i�i�e �he o����� �oise o� �he sys�em �ol�age gai� a�� ge� 
a� e��i�ale�� ��heo�e�i�al� �oise a� �he i����� 

������� �e�e�al �oise mo�el fo� am�lifie�s �

�e���
�����e



���te����lt��e�����

�t� sys�em �ol�age gai�� ���� �ig�al 
o����� �ol�age� Vin� �o���e sig�al �ol�age ��o� �he i���� of �he 
am�lifie��� 

��� �m�lifie� �ol�age gai�� 
��ig�al �ol�age a� am�lifie� i���� is� Vin �in /��Rs ���in���

�he� �e i�se�� �he las� e���essio� i��o �he se�o�� las� a�� 
ge��
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��se �ms �al��la�io���

En�� �oise o� �he o������ Ei� �oise a� �he i���� of 
�he am�lifie��

�oise a� �he am�lifie� i���� is he�e e���esse� �y �he �h�ee �oise 
so���es� ��� �he las� s��a�e is �he s��a�e of �in a�� Rs i� �a�allel� 
We ��� �he las� e���essio� i��o �he se�o�� las� a�� ha�e�
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�ase� o� �he e���essio�s fo� En� a�� �t �e fi�� Eni�

��is�is��n�i����t�nt������ssi�n�
Eni is �la�e� �i� se�ies� �i�h Vin� 
Eni �e�la�e all �he �oise so���es� 
�he e���essio� is i��e�e��e�� of �� a�� �in� 

��� �he am�lifie� In a�� En is may�e �o� �om�le�ely i��e�e��e�� 
of ea�h o�he�� �f �hey ha�e a �e��ai� �o��ela�io� �e ha�e �o 
e��e�� �he e���essio� so �ha� �e 
ge�� 
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�e����e�e�t����I������E�
��o�he� �easo� fo� �he �o��la�i�y of �he In a�� En mo�el is �ha� i� 
is easy �o fi�� �he si�es �y meas��eme���

� Et� �s fo��� �y �al��la�io��

� En� �s fo��� �y le��i�g Rs go �o�a�� �e�o� ��he effe�� of In �ill 
go �o �e�o��

� In� �s fo��� a� �he e�� �y le��i�g Rs go �o�a��s i�fi�i�y� 
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��� ES i� �he fig��e is �ha� 
�e ha�e �alle� Et i� �he 
fo�egoi�g �e��� 

��o�e� �he ����es a�e 
f�e��e��y �e�e��e���� 

������� �e�e�al �oise mo�el fo� am�lifie�s ��
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I���t����N� ��t��t����N� �����l�������������

���� ��� ���� ��� � � ��� ����

���� ��� ���� ��� � � ��� ����

��� � ��� ���� ��� � � ��� ����

��� � ��� ���� ��� � � ��� ����

���� ��� ���� ��� � � ��� ����

���� ��� ���� ��� � � ��� ����
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���� s�a��a��s� 
����n�is�����t�� �����t��-���t����i���is�t�����ti�����t������i��������t��t�
n�is�������������nit���n��i�t��t��t������ti�n����t��t�n�is�����s������t���
��t����s��������nn��t���t�� t���in��t�t���in��s����t������i�������s�����
�t�t���st�n�����t������t���������� ���

��� 

� is �he �oise fa��o�� 
�f �he i�em �oes �o� �o���i���e �i�h a�y �oise �e �ill ha�e�

��e� �he �ela�io�shi� �e��ee� �he �oise o� �he o����� a�� i���� �ill �e 
e��al �o �he �ela�io�shi� �e��ee� �he sig�al o� �he o����� a�� i����� �e�e 
� is �he gai� of �he eleme��� Whe� �his is �he �ase � �ill �e e��al �� �f �he 
eleme�� is �o���i���i�g �oise� � �ill �e la�ge� �ha� ��
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�he �oise fa��o� �a� �e e���esse� i� �e�i�el� a�� is k�o�� as 
�oise fig��e ����� 

Whe� �he �oise �o���i���io� is mi�im�m �i�e� �� �he� ��� a�� 
N������ 
��am�le� 
�o� �he �oise mo�el �e a�alyse� ea�lie� �e �a� se� �� �he �oise 
fig��e as follo�s� 

Wha� ha�e �e �o�e he�e� �� �he ��me�a�o�� �e ha�e �he �oise a� �he o����� �al��la�e� �a�k �o �he 
i���� i�e� �oise o� �he o����� �i�i�e� �y �he sys�em gai�� �he sys�em gai� is S�/Si� ��e� �he 
��me�a�o� �o�sis�s of N�/�S�/Si� �hile �he �e�omi�a�o� �o�sis�s of Ni� 

��o�e �ha� �e ha�e �� i� f�o�� of �he log f����io� i�e� effe��� ��V�/R� �he �ol�age is a s��a�e �hi�h is 
��� ��� �ha� a�o�� �he �esis�a��e� �� o��e� �o elimi�a�e �he �esis�a��e i� m�s� �e �he same 
�esis�a��e i� �he e���essio� fo� �he ��me�a�o� as fo� �he �e�omi�a�o��� 
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�he �oise fig��e is �he �ela�io� 
�e��ee� �he �o��e� ����e a�� �he 
i���� �oise �ol�age Et� �he �a�io �ill 
�e la�ges� fo� small �s� almos� � i� 
�he mi��le� a�� some�hi�g i� 
�e��ee� fo� la�ge Rs� 
�he �oise fig��e is almos� � �he� 
En ��In�Rs i�e� �his is �he�e �he 
�oise f�om �he ele���o�i�s a�e 
smalles� �ela�i�e �o �he se�so� �oise�

��� i� is also �o��h �o�i�g �ha� �he 
mi�im�m �o�al �oise is a�hie�e� �i�h 
mi�im�m i���� �esis�a��e� �o�e�e� 
o�he� �e��i�eme��s ���s a limi�a�io� 

o� �he a�ili�y �o ��ili�e �his� 

������� �e�e�al �oise mo�el fo� am�lifie�s ��

�he �efi�i�io� of �� as s�a�e� a�o�e is �ase� o� a �em�e�a���e of 
����������� Whe� �his �efi�i�io� is �se� fo� se�so�s �ha� a�e �oole� 
�o�� yo� �a� ge� �ega�i�e �al�es fo� ��� 

���o� �oise �a��o�� is �he �oise fa��o� as a f����io� of f�e��e��y� �� 
ge�e�al i� i��i�a�es �he �oise i� a �a���i��h of ���� ���� is �se� fo� �he 
�oise fa��o� as a f����io� of f�e��e��y ��i�h a �a���i��h of ����� �� is 
of�e� �se� fo� a ��� f�e��e��y �a���i��h a�o��� ������� 

�oise fa��o� is ��ima�ily �sef�l fo� �om�a�i�g am�lifie�s� �o� �he 
o��imi�a�io� fo� mi�im�m �oise i� �a� �e �i�e��ly mislea�i�g� �o� 
i�s�a��e a� i���ease of Rs �a� gi�e a smalle� �oise fa��o� �hile i� 
�eali�y �o�h �he �o���i���io� f�om �he am�lifie� a�� �he so���e i���eases� 
�o mi�imi�e �oise is Eni a�� S�/N� �e��e� s�i�e� as i��i�a�o�s�
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��t���������ce��e���t��ce

�� is �o� o�ly im�o��a�� ho� lo� 
�oise fig��es �ha� �a� �e a�hie�e� 
��� also ho� �he �oise fig��e 
�ha�ges �i�h �a�ia�io�s i� Rs�

�� � �� ���

������ nn��t �+= 2�

Whe� �he ����e fo� �he e��i�ale�� i���� �oise is �loses� �o �he ����e fo� 
�he �he�mal �oise �he �oise fig��e is a� i�s smalles�� a�� �he �ela�i�e 
�o���i���io� f�om �he ele���o�i�s a� �he mi�im�m� �he �esis�a��e a� �his 
�oi�� is �ame� R��t o� R��

�he �oise fa��o� a� �his �esis�a��e is e��i�le� �o��� �� �a� �e e���esse� 
as� 

������� �e�e�al �oise mo�el fo� am�lifie�s ��

N���e��e���t��ce���������e�te��e��t��e
�ome�imes someo�e �alks a�o�� a �heo�e�i�al �oise �esis�a��e �ha� 
�e��ese��s all �he �oise i� a mo��le� �he si�e of �he �oise is mo�elle� 
ei�he� �y �he 
���esis�a��e �al�e� o� �he
���esis�a��e �em�e�a���e��

�al��la�io� of �esis�a��e�

�es�l�i�g i��

�al��la�io� of �em�e�a���e�

�es�l�i�g i��

�his is �a�he� a��ifi�ial mo�els a�� �he �esis�a��e �em�e�a���e may ha�e 
li��le �ela�io� �o �he �eal �em�e�a���e�
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We �ill i� �he follo�i�g look a� �he im�o��a��e of �he �oise �o���i���io� 
f�om �he �iffe�e�� �a��s of a �as�a�e� �e��o�k� �o �o so �e sha�e �he 
sys�em i��o mo��les a�� i�e��ify �he �o���i���io� of �he �iffe�e�� 
mo��les� 
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�he e���essio� a�o�e is �o�h �he so���e �oise a�� �he �o���i���io� f�om 
�he fi�s� s�age� 

��t��t���������e�e��l��t��e��� ���

�e�e is �� � �he �oise i� a hy�o�he�i�al i���� �esis�a��e fo� s�age �� �he 
�oise N��� is �he �oise �e �o�l� ha�e o� �he o����� if �he i���� �oise �as 
o�ly �he �oise f�om �his hy�o�he�i�al i���� �esis�a��e�

�he �o���i���io� f�om s�e� � �a� �e �al��la�e� as follo�s�

�he s����a��o� is �he hy�o�he�i�al i���� �oise as i� �o�l� ha�e a��ea�e� 
alo�e a� �he o������
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We se� �� a� e���essio� fo� �he �o�al �oise le�el a� 
�he o����� of s�age ��

�he fi�s� �e�m is �he �oise f�om s�age � a�� �he �oise so���e �hile �he 
se�o�� �e�m is �he �oise �o���i���io� f�om s�age �� We �a� also se� �� 
a� e���essio� fo� �o�h s�ages�

�e�e� �e s�e� �y s�e� ��� i��o �he �e�omi�a�o� �he e���essio� fo� �o�al 
�oise as �e fo��� i� o�e��
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We i�se�� �he e���essio� fo� �he �o�al �oise i� �he follo�i�g 
e���essio� �o �he lef� a�� ge� �he �es�l� o� �he �igh��
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