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W� hav� pr�viously foun� Eni� En� an� In for an a�plifi�r� 
W� �ill no� �o �his for a �ipolar �ransis�or� W� �ill s�� �ha� 
�h� nois� is �o�h ��p�n�in� on �h� op�ra�in� poin� ��urr�n� 
an� vol�a���� �h� �ransis�or s��i�on�u��or pro��ss an� 
layou� para����rs�
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�o�� �ha� in �h� fi�ur� is � �h� ����rnal �onn���ion poin� for �h� �as� � 
�hil� �� is �h� in��rnal� �ffi�i�n� poin� �ha� ��s� r�pr�s�n�s �h� �as��

rx: is �h� s�ray r�sis�an�� in �h� �as��

r � ��al par� of i�p��an�� ���� ���� �o �h�r�al nois��

c � ��a�inary par� of �h� i�p��an�� ���� �ra�n as a �apa�i�an���

��� � �urr�n� ��n�ra�or �ha� ����r�in�s Ic�  
r�� �yna�i� ou�pu� r�sis�an�� of �

rm an� �m� �o��ls �h� ��pl��ion �on� ������n �� an� �� ��nor�� if on� 
�an�s a si�pl�r lo� fr��u�n�y �o��l�

��for� �� loo� a� �h� 
nois� �� �ill loo� a� a 
si�pl� �o��l for 
�ipolar �ransis�ors� 
�his �o��l appli�s 
for �o�h npn an� pnp�
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�rans�on�u��an���

��� ��all si�nal a��para����rs r�la��� �o a ����urr�n� Þ �i�i��� 
vali�i�y ran��� ��i���r r�sis�an���

r in r�la�ion �o so�� of �h� pr�vious ��n�ion�� para����rs�
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�n i�por�an� valu� is �h� �ain��an��i��h pro�u�� �� � W� �an 
r�arran�� �h� ��pr�ssion so �ha� �� ����

���� is �h� ����a��u��off fr��u�n�y�� �his is �h� fr��u�n�y �h�r� b
is ��Ö� of i�s lo� fr��u�n�y valu� ����valu�� ��

�o�� ��a�pl� valu�s�
rp����W r������W
r�����W rm����W
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No��e��o�el��or�t�e����

�h� r�sis�or rx provi��s �h�r�al nois�� I� an� I� provi�� sho��nois�� 
�h� �urr�n� passin� �hrou�h �h� �as����i���r �on� �los�s� �o �h� 
surfa�� �ill hav� so�� fli���r nois��
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�o� �� hav� four nois� sour��s for �h� �ransis�or� �n a��i�ion �� hav� �h� 
nois� in �h� sour��� r an� r� r�pr�s�n� r�al par�s of i�p��an��s �i�hou� 
havin� �h�r�al nois�� �o si�plify� � an� r hav� ���n o�i���� i��� �� loo� a� 
fr��u�n�i�s ��lo� f��Öb� ��ov� �his fr��u�n�y so�� of �h� nois�s ���o�� 
�orr�la��� an� �� �ill hav� �or� nois� �han �h� �o��l in�i�a��s�

�h�r�al nois� in rx�

�ho��nois� �u� �o I� an� I� ar�� r�sp���iv�ly�
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�h� fli���r nois� �an �� ��pr�ss�� �y�

�f��n alpha �an �� s�� �o on� an� � ar� r�pla��� �y ���� �h�r� ��
is a �orn�r fr��u�n�y �ypi�ally in �h� ran�� ���� �o ����� W� �ill 
�h�n ����

�h� nois� vol�a�� as a r�sul� of �his �urr�n� �an �� foun� �y 
�ul�iplyin� i� �i�h �h� r�sis�an�� i� �ill �o �hrou�h� rx� �o��v�r 
��p�ri��n�al �a�a sho�s �ha� �h� �ff���iv� rx in �his �on���� is 
l�ss� W� �h�r�for� �r�a�� a n�� r�x �hi�h is a�ou� rx���
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���ho�� 
�� �ois� a� ou�pu� ���� �urr�n��
�� �ain ���� �ol�a�� �o �urr�n��
�� ��uival�n� nois� on �h� inpu� � ou�pu� nois���ain 

���No��e��t�t�e�o�t��t�
�irs� �� fin� �h� nois� a� �h� ou�pu�� �f � ��h� ou�pu�� is shor� �ir�ui��� �o � �i��� 
no ����rnal �on�ri�u�ion� �� �ill hav��

��r� is E �h� nois� vol�a�� ������n �� an� �� �f��r su�s�i�u�in� �h� valu� for 
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W� pu� in for �h� nois� vol�a��s an� nois� �urr�n�s an� l�� �f � ��

�� lo� fr��u�n�i�s �h� las� ��r� �ay �� �ri���n as�

an� a� hi�h�r fr��u�n�i�s up �o�ar�s ��� � as 

�ivi��� in�o a lo��fr��u�n�y �o�pon�n� an� a hi�h fr��u�n�y �� ����

22

22
22222

2

2
2

�g

��rI
�rII��

�

I
�

m

����
�������

�

��
��

++
+++++==

22

22
22 2�2

2�
�g

��r�I

�

�rI��
�r�I�r���

m

�����B�
��B����

++
+

+
++++=

2
0

2
2 r�r�I ��� ++

2

2

22

2

2

2

�
2

��
�

�
��
�

�
+@

��
�

�
��
�

�
++

�

���

m

���

�

�
�r�I

�

g

�
�r�I

2

2
2

2
0

2
22

2
�2

2
2�

��
�

�
��
�

�
++

+
+

++
++++=

�

���
��B�

���
��B����

�

�
�r�I

�

�rI��

r�r�I
�r�I�r���

������ �ois� in �ipolar �ransis�ors ��



E������I���or����ol�r�tr�����tor�

���
W� fin� En �y s���in� ���� in �h� ��pr�ssion for �h� ��uival�n� 
inpu� nois��

�in�� r � �r� an� rx��� �r�� �� �an si�ply �o

I��
W� fin� In �y l���in� �� �� hi�h� W� �ivi�� all ��r�s �y ��� an� l�� 
�� �o a�ains� ��

�in�� I�� ���I� �h� firs� ��r� �ill �o�ina�� �h� s��on� ��r� �hi�h 
�hus �an �� r��ov��� W� �ill �h�n hav��
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�in� Eni� for a ������ �ransis�or �h�r� Ic����� ������W� ������� �������

�ois� in �h� sour�� r�sis�an�� �an �� �al�ula����

�or fur�h�r �al�ula�ion� �� us��

�as�� on �h� infor�a�ion in �h� �oo�� �� hav� ��o al��rna�iv�s for ho� �� 
�an fin� En an� In� �ro� r�a�in� �h� fi�ur�s or �y �al�ula�ion�
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�n �i�ur� ��� �� fin� En �o a�ou� �n��Ö�� an� In �o a�ou� �p��Ö�� for ���� 
�u�s�i�u��� in �h� ��ua�ion a�ov� �� ��� Eni �o �� a�ou� ����n��
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�n a��i�ion �o �h� 
sp��ifi�� valu�s� 
�h� valu�s in 
�a�l� ��� an� 
�h� �no�n 
�ons�an�s� r�
an� I� �us� �� 
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�h�s� �an �� 
foun� usin� �h� 
for�ulas an� �h� 
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������� �o��e������������o��e�
�s �� s�� fro� �h� ��pr�ssions En an� In ar� fr��u�n�y���p�n��n�� �� lo� 
fr��u�n�i�s �h� ��f�nois� �ill �� su�s�an�ially �hil� a� hi�h�r fr��u�n�i�s� �� �ill 
��� an a��i�ional fr��u�n�y ��p�n��n� par� of �h� sho��nois� in �h� �oll���or� W� 
�an �al� a�ou� a �i��an� �h�r� �h� nois� is no� s�ron�ly fr��u�n�y ��p�n��n�� 
an� �h�r� o�h�r �on�ri�u�ions �han �h� fr��u�n�y���p�n��n� is �o�inan�� �h� 
�i��an� in�i�a��s in a �ay �h� �ini�u� nois� l�v�l �� �an a�hi�v��

�f �� r��ov� �h� fr��u�n�y���p�n��n� par�s of �h� ��pr�ssions for En an� In �� 
�n� up �i�h�

an�

Wh�n �� is lo�� En �ill �o�ina�� an� i� �ill �� ��sira�l� �i�h a s�all �as� 
r�sis�an��� 
Wh�n �� is lar�� �h� In�������r� �ill �asily �o�ina��� Wh�n �his is �h� �as� i� �ill 
�� i�por�an� �o hav� a s�all I�� �n or��r �o a�hi�v� �his� �h� I� shoul� �� s�all 
an� b lar���

22 2� ���� r�I��r� +=

B� �II 22 =

������ �ois� in �ipolar �ransis�ors ��

��ois� �urr�n� a� �h� 
��a�is in �h� lo��r 
fi�ur���
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W� foun� pr�viously �h� follo�in� ��pr�ssions for op�i�u� nois� fa��or�

��his �an only �� a�hi�v�� �h�n ������En�In��
W� ins�r� �h� fr��u�n�y in��p�n��n� ��r�s �� foun� for En an� In an� ����

�o a�hi�v� lo� nois� �� �us��

���u�� rx

�n�r�as� �

���u�� I� �r� ��I��

�or�ally you �ill a�hi�v� �h� lo��s� nois� �h�n �h� �oll���or �urr�n� is l�ss 
�han ������ �f �h� �oll���or �urr�n� is v�ry s�all� �� ar� l�f� �i�h�

���

I�
� ��
���

�
+=
2

�

00

�2
� ++=

�

�
���

r

r
�

0

�
�+=����

������ �ois� in �ipolar �ransis�ors ��

��t���l����

�h� op�i�u� �on�i�ion a�ov� 
pr�su��s �ha� ������En�In� W� 
ins�r� �h� ��pr�ssions for En an� In
an� ����

W� s�� �ha� r��u��� I� r��uir�s 
lar��r ��� 
Wh�n �h� �as� r�sis�an�� �an �� 
n��l������ �� hav��
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��e��re��e�c��r���e��o����te����������o��e�
���e��lo���re��e�c�e��

�� lo� fr��u�n�i�s �h� fli���r ���f��nois� �ill �o�ina��� W� r��urn �o our ori�inal 
��pr�ssion for En an� In an� r��ain only �h� fli���r nois�� W� �ill �h�n hav��

an�

�h�s� ar� �h� sa�� �i�h �h� ����p�ion of �h� r�sis�an�� r�x��

�p�i�al �� �ill in �his �as� ���

W� s�� h�r� �ha� �� is in��p�n��n� of all o�h�r valu�s �han r�x��

�n �his fr��u�n�y ran��� �� hav��
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�o� �o a�hi�v� lo� nois� in �his fr��u�n�y �an��

��all rx�

��all I� �an� �hus s�all I���

�his provi��s �oo� �on�i�ions also in �h� fr��u�n�y ran�� �� �is�uss�� 
�arli�r� �o��v�r i� �o�s no� �nsur� �oo� hi�h fr��u�n�y �uali�i�s� 
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��uival�n� inpu� nois� is ��pr�ss�� �y�

�n fi�ur� ��� �� sa� �ha� En ���lin�� �i�h �ro�in� Ic �hil� In �ro�s �i�h �ro�in� 
Ic� �no�in� �his� on� �an ��p��� �ha� nois� �ill �� lar��r for lo� an� hi�h Ic an� 
hav� a �ini�u� in �h� �i��l�� ��h�r�al nois� in �h� sour�� �E�� �ill no� �� 
aff����� �y Ic�� �in�� �h� �on�ri�u�ion fro� In s�al� �i�h �� �h� �ini�u� valu� 
�ill �ov� �i�h ��� 

22222
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�in�� In is �ro�in� �i�h 
�ro�in� Ic� �ro�in� �� �ill 
�iv� �ha� �h� �ini�u� 
poin� �ov�s �o�ar�s 
lo��r Ic� �his �an �� s��n 
in �h� fi�ur� ��lo� �h�r� 
�h� hori�on�al a�is is �h� 
�urr�n� �hil� �h� �urv�s 
for so�� s�l����� 
r�sis�ors ar� ou�lin���
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�n �h� �urv� ��lo� �� s�i��h an� l�� �h� hori�on�al a�is �� �h� 
r�sis�an�� �hil� �h� �urv�s for so�� s�l����� �urr�n�s ar� ou�lin��� 

�on�lusion� 
� �or a �iv�n �� �h�r� is a �ini�u� nois�� 
� �or a �iv�n Ic� �h�r� is a �ini�u� nois�� 
� �p�i�al �� ���r�as�s �i�h in�r�asin� Ic�
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�h� fi�ur� sho�s an 
al��rna�iv� �ay �o pr�s�n� 
�h� �urv�s� �h� si� 
i�a��s ar� si� �iff�r�n� 
fr��u�n�i�s� �or a �iv�n 
fr��u�n�y a �o��ina�ion 
of �� an� Ic shoul� �� 
foun� �ha� provi��s �h� 
�r�a��s� nois� fi�ur� 
�����ar�a� aroun� �h� 
poin� of �h� s�l����� ��
an� Ic�

������ �ois� in �ipolar �ransis�ors ��

�f��n i� �ill �� us�ful �o �onsi��r 
�h� nois� as a fun��ion of 
fr��u�n�y� 

�� lo� fr��u�n�i�s in�r�as�s �h� 
nois� ��i�h r��u��ion in fr��u�n�y� 
as �� � �hil� for hi�h fr��u�n�i�s i� 
is propor�ional �o �� �n �h� �i��l� 
ar�a �h� nois� is fla� an� �h� 
�urv�s hav� �h�ir �ini�u� as 
�is�uss�� �arli�r� 
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��s�rv�� in� 
�unn�l �io��s� 
�io�� �ransi�ions� 
fil� r�sis�ors� 
�ransis�ors an� 
in���ra��� 
�ir�ui�s�

�h� sp���ral 
��nsi�y of �h� 
�ff��� of �his 
nois� is

�h�r� � is 
������n � an� ��

��

�o�cor���o��e

������ �ois� in �ipolar �ransis�ors ��

�n a nor�al pn��un��ion is �h� puls�s �a�i�u� a f�� �o��n �i�ro 
a�p�r�� an� �i�h a l�n��h of f�� �i�ro s��on�s� 

� si�pl� pop�orn �urr�n� nois� ��n�ra�or �an �� �o��ll�� as�

�h�r� �� is a �i��nsion �ons�an� �i�h ��p�r� as ��si�na�ion�

� �or� a��ura�� ��pr�ssion is�

�h�r� � is a �ons�an� �i�h ��p�r� p�r ��r�� as ��si�na�ion an� 
�h� �ons�an� � r�pr�s�n�s �h� nu���r of �urs�s p�r� s��on�s�

2

2 �

�

�
I�� =

222

2

�� ��

�I
I B
��

+
=

������ �ois� in �ipolar �ransis�ors ��



�eco��o��t�o��o��r�

�h� �as� r�sis�an�� rx �an �� �ivi��� in�o ��o par�s�

i� fro� �h� �on�a�� ����al� �o �h� n�ar�s� �as����i���r �un��ion an� ii� 
�h� �ff���iv� r�sis�an�� for �h� �is�ri�u�ion of �as� �urr�n� alon� �h� 
�as����i���r �un��ion� �h� firs� is na��� as ri �hil� �h� o�h�r is na��� 
r��

��f nois� �ha� is r�la��� �i�h �h� �rys�al surfa�� shall only �� r�la��� �o ri
�hil� ��f nois� �ha� is r�la��� �o �h� a��iv� �as� r��ion shall �� r�la��� 
�o �h� �n�ir� rx� 
�op�orn nois� is r�la��� only �o ri�

������ �ois� in �ipolar �ransis�ors ��
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� n�� nois� �o��l� �h�r� rx is spli� 
in ��o is sho�n a�ov�� ��r� �� 
hav� ��o ��f�nois� sour��s I�� an� I��
an� a pop�orn nois� sour�� I��� 

��h�s� apply �o ��� �an��i��h��

������ �ois� in �ipolar �ransis�ors ��

�ello��

����re



�e���re�e�t�o���o�cor���o��e�

�op�orn nois� is pri�arily a pro�l�� a� lo� fr��u�n�i�s in �h� au�io 
ar�a� 
�h� s�h��a�i� ��lo� sho�s a �ay �o ��asur� �his nois�� �h� �hr�shol� 
vol�a�� �� �us� �� �hos�n so �ha� �h� �h�r�al nois� �o�s no� �ri���r� 
�his also ��ans �ha� �h� lo��s� valu�s of pop�orn�nois� ar� no� 
��asur���
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�l�c�er��o��e�����rel����l�t�
�� �urns ou� �ha� �h� si�� of �h� fli���r nois� in a �o�pon�n� �iv�s 
a �oo� in�i�a�ion of �h� �o�pon�n��s �on�i�ion� �o�parin� ��o 
si�ilar �o�pon�n�s� on� �oul� assu�� �ha� �h� on� �i�h �os� 
fli���r nois� is �h� l�as� r�lia�l� an� hav� �h� shor��s� lif�� 
��asur���n� of fli���r nois� an� ��asur���n� of �h� �han�� in 
fli���r nois� �ill �hus �� a�l� �o say so���hin� a�ou� a sys����

������ �ois� in �ipolar �ransis�ors ��

�e�er�e��olt��e������o��e

�f �h� r�v�rs� vol�a�� ov�r �h� �as����i���r �un��ion pass�s �h� �r�a��o�n 
vol�a�� �h� �ransis�or �hara���ris�i� �ill �han��� b� �ill ���lin� so���ha� �hil� 
�h� ��f�nois� �ill in�r�as� �ra�a�i�ally� �h� �han�� �ill ��p�n� on �h� si�� of 
�h� r�v�rs� �urr�n� an� ho� lon� �i�� i� is pr�s�n��

�y a��in� a lar�� 
for�ar� �urr�n� �h� 
�a�a�� �ay 
par�ially �� 
�orr����� as sho�n 
a�ov�� 
����s � ���������

���s � ���������

�nn�alin� n����� 
in r�v�rs� �ias�� 
ra�ia�ion pn�
������ors�
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E����le��o���cc��e�t�l�tr����re���o��o��re�er�e��olt��e����

�f poin� � is shor���ir�ui��� a��i��n�ally or in��n�ionally a�ains� �h� 
vol�a�� supply or �h� a�plifi�r is �urn�� off� �h� �har�� ov�r � 
�ay l�a� �o �ha� �h� a�plifi�r inpu� �ransis�ors ��p�ri�n��s �oo 
lar�� r�v�rs� vol�a��� 
�onn���in� �h� �io��s as sho�n �ill pr�v�n� �ha� �h� vol�a�� 
���o��s �oo lar�� an� �ha� �h� a�plifi�r ���o��s �a�a����

������ �ois� in �ipolar �ransis�ors ��
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����re

E����le��o���cc��e�t�l�tr����re���o��o��re�er�e��olt��e���2

��for� ��� is �onn������ �h� vol�a�� a�ross �� an� �� �ill �� ��ro vol�s� �his 
�ill also �� �h� �as� i����ia��ly af��r ��� is �onn����� �o �h� po��r supply� W� 
�an �h�n �onsi��r �� an� �� �o �� shor� �ir�ui���� �� an� �� �ill �arry lar�� 
�urr�n� an� ���s �as� �ill hav� a lo� vol�a�� �hil� �h� ��� ��i���r �ill hav� hi�h 
vol�a��� ��n�� �� �ay hav� a r�v�rs� vol�a�� lar��r �han �h� �r�a��o�n vol�a�� 
an� prop�r�i�s �ill �� �ors�n���
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�his �ay �� �oun��ra���� in s�v�ral �ays� �o��on �o all approa�h�s is �ha� 
�h�y pro���� �� a� po��r up an� �h�n provi�� nor�al fun��ion� 

� �� is �onn����� �o �h� �roun� ins��a� of a�ains� ���� �� po��r up �h� �urr�n� 
�ill no� flo� �hrou�h �� an� no� �hrou�h ��� �� �ill no� �ra� as lar�� �urr�n� 
an� �h� ��� ��i���r �ill r��ain lo��

� �h� �io�� �� �ill �nsur� �ha� �h� r�v�rs� vol�a�� ov�r �h� ���s �as����i���r is 
no� �oo lar��� �� nor�al op�ra�ion �h� �io�� �ill hav� vir�ually no �ff����
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� �f �� �an �� a �n� ins��a� of an n�n �� �an hav� �his solu�ion 
an� �� �ill no� �� a�l� �o �� r�v�rs� vol�a�� �ias���
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