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• Whe� a tra�sistor is used i� a� amp�i�ier� os�i��ator� �i�ter� 
se�sor� et�� it �i�� a�so �e a �eed �or passi�e e�eme�ts �i�e 
resistors� �apa�itors a�d �oi�s to pro�ide �iasi�� so that the 
tra�sistor has the �orre�t �or�i�� poi�t� �hese passi�e 
e�eme�ts �i�� i���ue��e o� the �oise� �� the �o��o�i�� �e �i�� 
�oo� at some ar�hite�tures a�d ho� the� a��e�t the e�ui�a�e�t 
i�put �oise� 
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��lle��c���c�t��ce
�e�ore �e �oo� at the tra�sistor �o��i�uratio�s �e �eed a �ast 
repetitio� o� the �i��er e��e�t�

• Whe� a �apa�itor is �o��e�ted �et�ee� a si��a� �i�e a�d a 
sta��e pote�tia� the si��a� �i�e �i�� e�perie��e a �apa�ita��e 
a��ordi�� to the sta�dard �ormu�a ���e��t��

• �� the pote�tia� o� the other side are i� phase a sma��er 
�apa�ita��e �i�� �e e�perie��ed� �� the si��a� is e�a�t�� e�ua� 
the �apa�ita��e �i�� �disappear��

• �� the si��a� is i� opposite phase the e�perie��ed �apa�ita��e 
�i�� �e �ar�er� �� it is i� opposite phase a�d e�a�t�� e�ua� the 
�apa�ita��e �i�� �e dou��e�
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����E has �oth �o�ta�e a�d 
�urre�t amp�i�i�atio� resu�ti�� 
i� the hi�hest �ai�� �ut it has 
a�so the hi�hest i�put 
�apa�ita��e �due to the �i��er 
e��e�t�

����� has a hi�h �urre�t 
�ai� �ut a �o�ta�e �ai� ��ose 
to o�e� �t has a �o� i�put 
�apa�ita��e ��rom the �i��er 
e��e�t� resu�ti�� i� a hi�h 
i�put impeda��e� �t a�so has 
�o� output impeda��e�

����� is used to a�hie�e 
�o� i�put impeda��e a�d hi�h 
output impeda��e�
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� �here are mai��� three a�ter�ati�es �or p�a�i�� a ������� i� a� 
ar�hite�ture�
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�0�2��������E��tte�
�he s�hemati� sho�s a tra�sistor that 
is �iased �or �o� �oise operatio� 
�et�ee� ���� a�d ������ 
�he �oise �a�ues are as �o��o�s� 

�he �oise s�hemati� sho�s a h��rid�p
mode� to�ether �ith passi�e �ias 
e�eme�ts�

�ote that �he� ��� a�d ��� are sta��e 
���sour�es� the� are mer�ed to�ether 
�ith �rou�d duri�� �oise a�a��sis�

���� �����
�� ��� ���
�� �p� ���p�
�� ����W ����W

����� ���d� ���d�

�

�E�

�E����

��e���lt��e�������t�

Kt is the �o�ta�e �ai� �rom Vs to Vo� �he �irst pare�thesis is the �o�ta�e 
�ai� �ithi� the tra�sistor � is IC��I��� �hi�e the se�o�d pare�thesis is the 
�et�or� i� �ro�t o� the �ase�

�he i�put resista��e �� i���udes the resista��e �ou �a� see throu�h the 
�ase to�ards emitter�

�he �oad resista��e �o�sists o� the �o��e�tor �ias resista��e� the tra�sistor 
i�ter�a� resista��e a�d the i�put resista��e o� the �e�t sta�e� ����

�he emitter impeda��e �o�sists o� a rea� part a�d a� ima�i�ar� part �a 
resista��e a�d a �apa�ita��e i� para��e���
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�he sour�e impeda��e is a resista��e i� series �ith a �apa�itor�
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�� �e assume i��ora��e �oss i� �iasi��� 
�oup�i�� a�d �eed�a�� �e �a� simp�i�� 
the e�pressio� �or Kt to�

�� �s≪ � a�d ��≪ �� the e�pressio� is simp�i�ied to�

�� �e simp�i�� a�d i��ore the e�ter�a� �oad �e ha�e�

�

We �i�� the� ha�e the �o��o�i�� e�pressio� �or the e�ui�a�e�t i�put 
�oise�
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� ≅ ���
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�� the e�pressio�� �e re�o��ise the �irst part �sa� �rom se�tio�� ����� 
�ast term is a�so ��o��� �he se�o�d �ast term� ho�e�er� �eeds some 
�omme�ts� �he �oise �o�ta�e o�er �� �i�� �ot �e �� �or hi�her 
�re�ue��ies� �e�ause C� �i�� �attempt to short��ir�uit� this� �o �i�d the 
e�pressio� �e �irst mode� the therma� �oise i� �� as a �urre�t �oise o� 
si�e I�������� �he �oise �urre�t o�er �� a�d C� �i�� �e�
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�a�� to the e�pressio� �or ����
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�rom the e�pressio� �e �i�d that to ha�e �o� �oise�

�� shou�d �e �ar�e re�ati�e to ���

CC shou�d �e �ar�e�

�s shou�d �e sma���

�� shou�d �e sma�� i� �� is �ot �ar�e

C� shou�d �e �ar�e�

Kt shou�d �e �ar�e�

�� the ����oup�i�� is �ot �eeded� �e �a� remo�e �� a�d CC� 
�� ��ommo� �mitter� has the �reatest po�er amp�i�i�atio�� 
�hus �oise �rom sta�es �o��o�i�� the amp�i�ier �a� pro�a��� 
�e i��ored� �

����ce����c���c�t��ce���l�e�

�� is a hi�h pass �i�ter to�ether �ith the resista��es at the tra�sistor �ate 
���e� �ias resista��e i� para��e� �ith the tra�sistor i�put resista��e��
With re�ard to �oise� ��� CC��shou�d �e mu�h �ess tha� �� at the �o�est 
re�e�a�t �re�ue���� �his is �e�ause these are added a�d determi�es the 
�o�tri�utio� o� I��  I� ������� CC��� ���ious��� the �ast term shou�d �e tried 
made sma�� �������� re�ati�e to ��� ��� �e��e due to �oise CC must �ot 
�e used i�te�tio�a��� �or �i�ter �u��tio�s� 

C� shou�d short��ir�uit the emitter ����ise to �rou�d� �he impeda��e o� 
C� shou�d �e sma�� re�ati�e to the i�ter�a� resista��e i� the emitter� ��� 
�asi�a��� �oise i� �� has the same �ei�ht as the �oise i� the sour�e 
��ai����� ho�e�er C� �i�� redu�e the �o�tri�utio� �rom ��� 
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�ere a poi�t � is esta��ished 
supp��i�� a sta��e �� pote�tia� 
�or the �ase� �he poi�t � is ���
�ise short �ir�uited to �rou�d 
throu�h C��

���� �����
�� ����� �����
�� ���p� ���p�
�� ���W ���W
����� ����d� ����d�
�t ���
�i ���
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�he e�ui�a�e�t i�put �oise �a� 
�e e�pressed as�

�� additio� to the ��o�� terms� �e ha�e �o� a �e� term i� s�uare 
pare�thesis due to the �ase �ias �et�or�� �he pare�thesis is 
�ei�hted �ith the ����� ratio�

�he ����o�ta�e at the �ase is determi�ed �� the re�atio�ship 
�et�ee� �� a�d �� as �o��o�s�

2

2

2

2

2
2

2

2

2

2

22

2

222

'111 ÷÷
ø

ö
çç
è

æ
+

+
+�

�

�
�
�

�
+

+
+

+
+

-+÷÷
ø

ö
çç
è

æ +
+@

t

�

��

�

D

S
D

��

�

��

�

�S�

D

DS
����i

�

�

�R

�

R

R
�

�R

�

�R

�

��R�
R

RR
���

��

���
�

RR

�R
�

+
�

��



222

2

222

2
2

11 ��

t�

��

t�
tD

�R

�

�R

�
�

+
+

+
��

�he �o�tri�uti�� �oise �rom the resistors �� a�d �� shou�d �e 
re�ati�e�� sma��� � �ood starti�� poi�t is to �hoose C� so �ar�e that 
the �oise i� the re�e�a�t �re�ue��� ra��e satis�ies the i�e�ua�it��

��

N���e����c��c��e���t��e�
We ha�e pre�ious�� studied the �oise �i�ure �or �as�aded amp�i�iers� We 
�i�� �o� �oo� at the e�ui�a�e�t i�put �oise�

�he e�pressio� �or e�ui�a�e�t i�put �oise �a� �e e�pressed as �o��o�s

�ere �o� is the output resista��e o� sta�e �� �imi�ar�� �or �o�� �o� et�� 

Kt� is as ear�ier the �o�ta�e �ai��

�s pre�ious�� i� the �ai� is �ar�e e�ou�h i� the �irst sta�e� �oise �rom 
su�se�ue�t sta�es �a� �e i��ored�
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�here are three methods o�e �a� use �or �oise a�a��sis o� more 
�omp�e� s�stems su�h as �as�aded �et�or��

• �a�ua� �et�or� a�a��sis �ha�d �a��u�atio�s��

• use a simu�ator ��i�e ��spi�e�� or

• measure the s�stem a�ter rea�isatio��

�ri�� �or simu�atio� �a�d measureme�t�� 
�� �ou are u�sure o� the impa�t o� �oise �rom a sour�e � simu�ate 
�ith this sour�e o��� a�d i�spe�t the simu�atio� resu�ts at the 
output�

��

�����������ce���� c������e��tte��c���le
• �� pro�ides hi�h i�put 

impeda��e ��ompared 
to ��� a�d hi�h 
�o�ta�e �ai��

• �he e�amp�e uses a 
���� �ut the 
�o�sideratio�s does 
a�so app�� to 
������s�

���� �����
�� ��� ���
�� ��� ���
�� ����W ����W
����� ����d� �����d�

��



�he �o�ta�e amp�i�i�atio� �or the 
���sta�e is�

��� a�d ��� are �i�e� ���

a�d

�he tota� �o�ta�e �ai� is�

Whe� � � � ��� a�d �C� � �o�
�e ha�e that�
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�o redu�e the �����oise �o�tri�utio� �rom the ��� �e ma� �o�sider 
i��reasi�� I��� �ut this re�uires a sma��er ��� �hi�h mea�s �ess tota� 
�ai��

�he e�pressio� �or the e�ui�a�e�t i�put �oise �or this �ir�uit is�

• ��� must �e �ar�e �ompared to ��

• CC� must �e �ar�e �ompared to ��

• C�� must �e su��i�ie�t �ar�e

• Kt� shou�d �e �ar�e a�d

• Kt� shou�d �e �ar�e�
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�������c�llect������ �������e��tte�
����� has o��� a �itt�e 
�ar�er �� tha� a pure 
�� sta�e �ut �a� o��er 
hi�her i�put impeda��e�

�irst sta�e has a �ai� o� appro�� �� �he tota� �ai� is�

Where

�he e�pressio� �or Kt� �a� �e simp�i�ied �he� ����� ��������� �� a�d 
� � � ���� �����
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��ui�a�e�t i�put �oise is�

K�t� is the �ai� i� the �irst �� sta�e �ith ��� as �oad�

• �� �� a�d �� shou�d the emitter�sour�e resista��e �e �ar�e�
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�������E��tte����� ����������e
����� has �o� i�put �apa�ita��e a�d hi�h output impeda��e� �ue to 
the �o� i�put resista��e o� the se�o�d sta�e the �o�ta�e �ai� o� the �irst 
sta�e �i�� �e �o�� �his redu�es the hi�h �re�ue��� �eed�a�� ��i��er 
e��e�t� throu�h C as dis�ussed �e�ore� �he i�put �apa�ita��e is thus 

mu�h �ess tha� �or a re�u�ar �� step�

�� pro�ides po�er amp�i�i�atio� �ut �ot �o�ta�e �ai� �i�e� �� pro�ides a 
�urre�t �ai��� �� pro�ides a �ar�e �o�ta�e �ai�� 
�C� is used to pro�ide e�tra �o��e�tor �urre�t to �� �he� there is a �eed 
�or �ar�e �ai���a�d�idth�

��

�N�
�N�

�he tota� po�er �ai� �a� �e e�pressed as�

Where

Whe� ���� a�d �C� � � � � �e �a� simp�i�� Kt� to�

�he e�ui�a�e�t i�put �oise is�
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�E�3��� �E�2��� ����E ����E �E���

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

E� ��� ��� ����� ����� ��� ��� ��� ����� ����� �����

I� �p� ���p� ���p� ���p� ��� ��� ���p� ���p� ��p� ���p�

�0 ��W ����W ���W ���W ����W ����W ���W ���W ��W ���W

N���0 ���d� ���d� ����d� ����d� ���d� ���d� �d� �d�

�I����e�c�l����

I�te���te������c��c��e����l���e�

�ere �� a�ts as a ���sta�e a�d �� as a ���
sta�e� �� is �oad� �he tota� �o�ta�e �ai� is�

�he e�ui�a�e�t i�put �oise is�

�ere is Kt���������� �i��e the �o��e�tor �urre�ts 
are e�ua� is Kt���� ��� is the impeda��e to 

V��� �shou�d �e �o��� �i��e ��� a�so is sma�� 
the �o�tri�utio� �rom I�� shou�d a�so �e 
i��ora��e�
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�he �oise �o�ta�e �rom �� at the output is�

�he �ai� i� �� is�

With these simp�i�i�atio�s a�d assumi�� a�� tra�sistors are e�ua� 
the e�pressio� �or the e�ui�a�e�t i�put �oise is redu�ed to�
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����e�e�t��l����l���e���� t�������ce�
�he t�o i�put si��a�s V� a�d V�
�a� �e de�i�ed re�ati�e to a 
�ommo� �a�ue ��ommo��mode� 
VC� a�d a di��ere��e �a�ue V��

a�d

We �i�� the� ha�e�

a�d

�he �i�ure sho�s the �oise 
s�hemati��

�he e�ui�a�e�t i�put �oise is�
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����e�e�t��l�c���ect����� ��e�����ce
We assume that the positi�e a�d �e�ati�e i�put has the 
same �oise �hara�teristi�s a�d adds to�ether the �� a�d ���
�a�ues �or the amp�i�ier�

Whe� �e add to�ether �ith the �oise �rom the sour�e 
resista��e� �e o�tai� the e�ui�a�e�t i�put �oise�
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N���e����el�����t�e�����e�e�t��l����l���e�
��amp�e o� di��ere�tia� sta�e�

a�

�o�ta�e �ai� o� di��ere�tia� si��a��

�ere is ������� �or ea�h o� the 
tra�sistors� 

�ssumi�� ide�ti�a� tra�sistors a�d �C���C���C� ���������� a�d
�����������

�or the t�pi�a� �ases �here ���� a�d �� ≪ � �e �a� simp�i�� 
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�ere is �V�� a�d �VCC �oise o� the �o�ta�e supp�ies�
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I�te���te����������e�e�t��l����l���e�
�t �a� �e re�ati�e�� �ar�e �ariatio� i� pro�ess parameters �or i�te�rated 
�ir�uits �rom produ�tio� to produ�tio�� �o�e�er �et�ee� the e�eme�ts 
o� the same �ir�uit the �ariatio� �a� �e made �er� sma��� �his is 
e�p�oited �� usi�� desi�� strate�ies �ased more o� the s�mmetr� 
�et�ee� the e�eme�ts tha� o� their a�tua� �a�ues�

�� i�te�rated �ir�uits the �ommo��mode �oise re�e�tio� is impro�ed� �� 
the other ha�d� i�te�rated �ir�uits re�uire �ompromises that ma� �i�e 
more �oise tha� �he� optimi�i�� a pro�ess �or a si���e iso�ated 
�ompo�e�t� ��amp�es o� these �ompromises are�

• �o�� di��usio� i�su�atio�s�

• a�ti�e �oads� a�d

• po�er sour�es�

��

�he �i�ure sho�s the i�te�rated �ersio� o� the di��ere�tia� amp�i�ier 
�e studied pre�ious���

��ui�a�e�t i�put �oise�

�i��e �ommo��mode re�e�tio� is 
hi�h a�d a�� a�ti�e �ir�uits ha�e 
appro�imate�� the same �eometr� 
a�d �oise me�ha�isms� ��� �i�� �e 
redu�ed to�
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����llel����l���e���t��e�
What �he� se�era� amp�i�iers 
are p�a�ed i� para��e�� 
��hemati�a���� �e �a� dra� 
�oise sour�es as i� the �i�ure�

We ha�e� a�d

� �e� optima� sour�e 
resista��e �a� �e de�i�ed as�

�ai� is �i�e� ���

� si��i�i�a�t �o�tri�utio� to the �� ��oise i� a ��� is the �ase resista��e 
��� �he �ase resista��e �a� �e redu�ed �� p�a�i�� �ase �o�ta�ts a�� the 
�a� arou�d the emitter a�d ��osest possi��e to the emitter� �� ���s it is 
determi�ed �� the �ha��e� resista��es� a�d �� ��� �o� resista��e a�d 
hi�h �� �a� �e a�hie�ed �� ha�i�� a �ar�e W�� ratio� �hrou�h 
para��e�isi��� �oth the C� a�d the �i��er e��e�t is i��reased�
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