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Fro� a syste� designers point of vie� is t�e ��a��enge� 
�iven a sensor �it� a �no�n signa�� a fa�i�iar
noise� and a �no�n i�pedan�e and response 
��ara�teristi�� 

Ho� do �e optimize t�e �mp�i�ie� to ���ie�e 
t�e �o�e�t e��i���e�t i�p�t �oi�e� 

��e a�p�ifier ��st �e �at��ed to t�e sensor� ��is 
�at��ing is t�e essen�e of �o� noise design�

�



��en �e design an a�p�ifier for a parti���ar app�i�ation� 
�ertain spe�ifi�ations are given� �f t�ese �an not �e satisfied 
�e ��st �a�e �o�pro�ises� ��a�p�es of spe�ifi�ations 
are� 

� a�p�ifi�ation �gain� 
� �and�idt�� 
� i�pedan�e �eve�s� 
� feed�a��� 
� sta�i�ity� 
� d� s�pp�y� 
� �osts� 
� area �for ����s�� and 
� signa��to�noise re��ire�ents�

�

� �o��on �et�od of design is t�at �e first fo��s on t�e 
�and�idt� and gain and t�en �oo� at noise� ��en noise is 
a�so i�portant� noise s�o��d �e �onsidered a�ready fro� t�e 
�eginning�

�o a��ieve opti��� noise� it is ne�essary to�

�� �e�e�t t�e �orre�t inp�t and a�p�ifier e�e�ent� F�� or 
����

�� ��en se�e�t operation point�

�� F�rt�er se�e�t a �ir��it �onfig�ration� �o��on 
e�itter�so�r�e� �o��e�tor�drain and �ase�gate�

�� Feed�a�� and fi�tering are t�en se�e�ted a��ording�y to 
�eet ot�er design re��ire�ents�

�
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�et �s ass��e t�at t�e so�r�e i�pedan�e � �f� and prea�p�ifier 
noise ����� and ����� is a f�n�tion of t�e fre��en�y �� 
��so��te�y �ini�a� e��iva�ent inp�t noise �i�� �e deter�ined �y 
t�ese� �f one operates on a fre��en�y � �it� �infinite�y� narro� 
�and�idt� one s�o��d �se a net�or� t�at �at��es ��������������
�it� ����� ��e sa�e �i�� of �o�rse �e t�e �ase if ����� ����� and 
����� does not ��ange signifi�ant�y �it� �� �t�er�ise� ��en t�e 
signa� �as a �ertain �and�idt�� an integration �ave to �e done 
over t�e entire �and�idt�� �ne �an �se progra�s �eg� ��spi�e� 
to �arry o�t t�is integra�� ��e res��ting ana�ysis �ay indi�ate t�at 
t�ere is too ���� noise to �eet t�e re��ire�ents or it �ay 
indi�ate t�at a different operation point is �ore favo�ra��e� �f it is 
not possi��e to �eet t�e noise re��ire�ents at t�is ti�e it is no 
net�or� aro�nd t�e transistor t�at �an red��e t�e noise to an 
a��epta��e �eve��

�

��e noise in t�e first stage ��st �e s�a�� to a��ieve �o� 
tota� noise for t�e syste�� �f t�e gain in t�e first stages�s� is 
�arge eno�g� �e �ay �e a��e to ignore noise ana�ysis for 
t�e s��se��ent stages� �n �ig� fre��en�y stages t�is �i�� 
often not �e t�e �ase� ��e gain��and�idt� prod��t 
over�ead re�ative to t�e target fre��en�y is too s�a�� so 
t�at t�e gain is not s�ffi�ient at t�e desired fre��en�y� 
���tip�e stages are needed and t�e noise �ontri��tion fro� 
s��se��ent steps ��st �e ta�en into a��o�nt� 

�fter de�iding on prea�p�ifier a �ias net�or� and po�er 
s�pp�y �as to �e se�e�ted� ��e ne� tota� noise is 
esti�ated �it� t�e ne� e�e�ents� ��en �e �an add 
feed�a�� to get t�e �orre�t i�pedan�e� gain and fre��en�y 
response� 

�



�i�� �e ��en designing for a �o� noise app�i�ation a��ays 
design t�e a�p�ifier for t�e �o�est possi��e noise� 
�o� not ne�essari�y if t�e �F is �ess t�an � to � d�� � �F 
of �d� �eans t�at t�e a�p�ifier �ontri��tes as ���� as 
t�e so�r�e and t�at t�e tota� noise is Ö� ti�es as �arge as 
ea�� of t�e e�e�ents� �f a ��ge effort is re��ired to get a 
very �o� �F va��e� t�e tota� noise �an on�y �e red��ed 
to�ards ��Ö� of t�e tota� noise ��en �F��d�� ��e� �y 
going �nder �d� t�e �a�i��� red��tion t�at �an �e 
a��ieved is ��� of t�e �d��noise �eve��

�

�n� say a trans�itter and a re�eiver� a �d� red��tion of 
noise �i�� �orrespond to a do���ing of t�e trans�ission 
po�er� ��is �an �e signifi�ant� �t �ay �ean for e�a�p�e 
�ig�er data rate� �etter i�age ��a�ity or �onger 
trans�ission range� 

�not�er possi�i�ity is to �onstr��t a syste� so t�at it 
operates �it� a rea�tive so�r�e �it� on�y a s�a�� resistive 
resistan�e� �n ind��tan�e and a s�a�� series resistan�e 
�o��d provide virt�a��y no t�er�a� noise� �o�ever t�e ter� 
����� �i�� do�inate at �ig�er fre��en�ies�

�o a��ieve �o� noise� t�e designer s�o��d fo��s pri�ari�y 
on t�e �o�est e��iva�ent inp�t noise and ignore �F� �
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�ptions� ��� or F��� eit�er as a dis�reet �o�ponent or at t�e 
inp�t of an ��� ��portant para�eters ��en se�e�ting t�e inp�t 
e�e�ent is so�r�e i�pedan�e and fre��en�y range� Fig�re ��� 
fro� t�e �oo� �ay give so�e indi�ation� 

�t t�e �o�est inp�t resistan�es� it is often ne�essary to 
�se a transfor�er to �at�� t�e so�r�e resistan�e to t�e 
a�p�ifier�s ��� 

�

�ipo�ar transistors �dis�rete or at t�e inp�t of an ��� is often 
�enefi�ia� ��en t�e so�r�e i�pedan�e is in t�e �idd�e 
region� �� is reg��ated �y say in�reasing t�e �o��e�tor 
��rrent for �o� resistan�es and vi�e versa� ��ere is a s�a�� 
differen�e �et�een �p� and p�p transistors�

� p�p �as a �o�er �ase resistan�e d�e to �ig�er �o�i�ity in 
t�e n��ase� ���s t�e �ase �as a �o�er t�er�a� noise 
vo�tage and �an �e �sed at �o�er so�r�e resistors�

� �n t�e ot�er �and� �ave t�e �p��transistors often �ig�er 
� and ��� ��is �i�� �e �enefi�ia� for �arger so�r�e 

resistors at �ig�er fre��en�ies�
��



�n t�e �ase of �arger so�r�e resistors F��s are �ore 
appropriate �e�a�se of �o�er ��� 

��en t�e so�r�e resistan�e �an vary over a �arge area �F��s 
�i�� often �e preferred� � �F�� �as an �� ��i�� is s�ig�t�y 
�ig�er t�an a ��� ��t an �� ��i�� is signifi�ant�y �o�er� ��is is 
parti���ar�y i�portant ��en �or�ing �it� a rea�tive so�r�e over 
a �ide fre��en�y range sin�e t�e so�r�e i�pedan�e is �inear�y 
re�ated to t�e fre��en�y� ��e F��s are a�so �e�� s�ited as a 
vo�tage a�p�ifier d�e to �ig� inp�t resistan�e and �o� inp�t 
�apa�itan�e� 

��

For t�e �ig�est so�r�e resistan�es ���F��s are prefera��e 
�e�a�se of very �o� ��� ���ording to t�e te�t�oo� ���F��s �ave 
f�i��er noise t�at is �et�een �� and ��� ti�es as �ig� as �F��s 
and ���s� �t is e�pe�ted t�at t�is �i�� �e i�proved as t�e 
pro�essing te��no�ogy is deve�oped� ���F�� �������i����� 
�as ot�er strong �enefits �a�so non�noise�re�ated� t�at res��ts in 
t�at t�e ���F�� �an �e �ore attra�tive� �o� �ost� �o� po�er� 
�o�pa�t digita� �ogi�� �ig� integration �eve� of ana�og�e and digita� 
�ir��itry on t�e sa�e di�e� ��e �atter a�so �eans t�at one �an 
�ave advan�ed ana�og�e and digita� noise red��tion 
ar��ite�t�res�a�gorit��s i�p�e�ented on t�e sa�e di�e� ��e 
integration ratio �as �ot� negative and positive effe�ts �it� regard 
to �o�p�ing noise� �n one �and� �ires are s�orter and �oi�s 
s�a��er and �i�� t�erefore not pi�� �p t�e noise so easy� ��i�e on 
t�e ot�er �and� distan�es are s�a��er� so t�at �o�p�ing noise� for 
e�a�p�e via t�e s��strate �e�o�es a �arger ��a��enge� ��



�n t�e �ase of s�a�� so�r�e i�pedan�e� �ipo�ar inp�t stages 
�ay �e prefera��e� ��i�e at �ig� inp�t i�pedan�es ��
�e�o�es �ore i�portant and t�e �o� �� of ���F��s �i�� 
�a�e it �est s�ited� 
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�aving de�ided t�e type of inp�t transistor� operation point� 
and a�p�ifier ar��ite�t�re� �e se�e�t t�e feed�a�� to o�tain 
t�e desired inp�t i�pedan�e� gain and fre��en�y response� 
�s s�o�n in ��apter � t�e feed�a�� does not ��ange t�e 
e��iva�ent inp�t noise �e��ept for any additions d�e to for 
e�a�p�e� t�er�a� noise in t�e feed�a�� resistan�e�� 
�o�ever� t�e o�tp�t signa� and o�tp�t noise �i�� �e 
affe�ted� 

��



�f t�e goa� is �o� inp�t i�pedan�e� �e �an �se an 
ar��ite�t�re �i�e t�is�

�o� inp�t i�pedan�e is i�portant ��en it �o�es to 
�eas�ring ��rrent� ��e inp�t i�pedan�e is red��ed 
proportiona��y �it� t�e re�ations�ip �et�een t�e open��oop 
and t�e ��osed��oop gain� ��is �et�od to red��e t�e inp�t 
i�pedan�e is effe�tive if one �ants to red��e t�e fre��en�y 
responses dependen�y on t�e inp�t �apa�itan�e�

��

��e �ir��it to t�e �eft �as �ig� inp�t i�pedan�e and red��ed inp�t 
�apa�itan�e� �ig� inp�t i�pedan�e is ne�essary ��en t�ere is a 
vo�tage signa� fro� a �ig� i�pedan�e so�r�e to �e �eas�red� ��e 
fig�re on t�e rig�t �as an e�tra transistor in t�e inp�t to in�rease 
t�e inp�t i�pedan�e�

���so �ig��y re�evant is t�e �ig� inp�t i�pedan�e s��e�ati� s�o�n 
in t�e �e�t�re re�ated to a�tive s�ie�d�� ��
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��e �and�idt� of t�e inp�t a�p�ifiers s�o��d not �e �arger t�an 
stri�t�y ne�essary to pass t�e signa�� �nne�essary e�tra �and�idt� 
a��o�s �ore noise� 

�enera� noise ��ara�teristi�s of ��� indi�ates t�at t�e noise is 
�onstant and at t�e �o�est �eve� at t�e �edi�� fre��en�ies� �n 
genera�� an in�rease of t�e �o��e�tor ��rrent �i�� in�rease t�e ��f�
noise and red��e �ig� fre��en�y noise �i�e� interna� �o�p�ing noise�� 
��e ��rrent ��st �e adapted to t�e individ�a� set�p and app�i�ation 
and t�e noise ��st �e fo�nd �y integrating over t�e appropriate 
fre��en�y range� 

�nd��tive so�r�e provides t�e �argest so�r�e i�pedan�e for �ig� 
fre��en�ies� �o� �� is i�portant at �o� fre��en�ies� ��i�e �o� �� is 
i�portant at �ig� fre��en�ies� ��e so��tion �ay �e a ��� �it� �o� 
�o��e�tor ��rrent or a F�� �it� a �o� �� at �o� fre��en�ies� 

��

� so�r�e �it� �apa�itive s��nts �eans t�at �� �i�� �e �ost 
�riti�a�� ��e so��tion �ay �e a �ipo�ar transistor �it� �ig� �o��e�tor 
��rrent to �ini�i�e ��� �f t�e so�r�e resistan�e is �arge it �ay �e 
ne�essary to �se a F�� �it� a �o� �� at �ig� fre��en�ies� 

��en it �o�es to sensors t�at are �ot� ind��tive and �apa�itive 
very ���� �i�� depend on ��ere t�e resonan�e fre��en�y is in 
re�ation to t�e fre��en�y �and to t�e desired signa�� �t t�e 
resonan�e t�e noise �ay �e �ini�a� ��i�e t�e �onditions for t�e 
desired signa� �an �e diffi���t� �ver and �nder t�e resonan�e� t�e 
�onditions �ay �e ��ite different and vary great�y� � F�� t�at �as 
�ot� �o� �� and �o� �� �i�� pro�a��y �e t�e �est a�ternative� ��e 
�est so��tion is often to p�a�e t�e resonan�e at t�e �pper 
fre��en�y �i�it of t�e desired fre��en�y range� 

��



�ig� fre��en�y and �ig� so�r�e i�pedan�e re��ires �o� �� at 
t�e re�evant fre��en�y range� �n addition� �o� inp�t �apa�itan�e 
is re��ired to ens�re ade��ate fre��en�y response� ��is �an �e 
a��ieved �it� a F�� t�at operates as a vo�tage fo��o�er or an 
e�itter fo��o�er �it� s�a�� �o��e�tor ��rrent� ��e inp�t 
�apa�itan�e �an �e f�rt�er red��ed �y �sing negative feed�a���

��

E�����le�� ����������e
��e e�pression for t�e e��iva�ent inp�t noise �an �e �ritten�

�����
snntni Z���� ++=

�� is t�e tota� so�r�e i�pedan�e� �t is t�e so�r�e noise� �f t�e noise 
is p�re�y t�er�a�� �t �i�� �e t�e noise d�e to t�e rea� part of t�e 
so�r�e i�pedan�e�

�n t�e fo��o�ing �e �i�� �oo� at t�e e��iva�ent inp�t noise for t�o 
a�p�ifiers� ���� ��rves �an des�ri�e a sing�e fre��en�y or represent 
integra�s over a fre��en�y �and�

�e ��st re�e��er �ere t�at t�e ��rve for �t is �it� resistan�e on 
t�e ��a�is ��i�e t�e ��rve for ������ is �it� i�pedan�e on t�e ��a�is� 
��e dotted ��rve for t�e tota� noise is t��s on�y appropriate ��en t�e 
so�r�e i�pedan�e is p�re�y resistive and does not �ave 
ind��tive��apa�itive e�e�ents� ��



�e see t�at t�e F�� a�p�ifier ����� �as opti��� so�r�e 
resistan�e at ����W and t�at a re�ative�y good adaption �an 
�e a��ieved in t�e entire region fro� ���W to ����W�

��

��en t�e sensor�so�r�e is not given� a sensor is se�e�ted �it� �ig� 
�����eve� and i�pedan�e as ��ose as possi��e to ��at is opti�a� for 
t�e a�p�ifier� �f t�e so�r�e resistan�e is �ess t�an opti�a�� adding 
�ore resistan�e in series does not red��e t�e e��iva�ent inp�t noise 
��t in�rease it� �n�reasing t�e so�r�e resistan�e is �ort���i�e on�y 
��en t�e signa� is in�reased a��ording�y�

��e �ipo�ar 
a�p�ifier ���� �as 
opti��� so�r�e 
resistan�e at ����W
and �as re�ative�y 
good adaptation in 
t�e range fro� 
���W to ����W�

��



��en t�e sensor�so�r�e is given� �� and ���� is se�e�ted 
t�ro�g� t�e ��oi�e of t�e inp�t transistor� �onne�tion� et�� so 
t�at ��i is as s�a�� as possi��e� For e�a�p�e� if t�e so�r�e 
resistan�e is ���W� t�e �ipo�ar a�p�ifier ���� �i�� �ave t�e 
�o�est noise fig�re ��i�e if t�e so�r�e i�pedan�e ��W t�e 
����� a�p�ifier �i�� �ave t�e �o�est noise�

��
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��en t�e sensor i�pedan�e is very different fro� t�e opti��� 
so�r�e resistan�e of t�e a�p�ifier a transfor�er �o��d �e t�e 
so��tion� ��is app�ies� for e�a�p�e� at very �o� so�r�e 
resistan�es� 

Fig�re ��� indi�ates t�at for 
very s�a�� so�r�e resistors t�e 
�o�est e��iva�ent inp�t noise 
is a��ieved in t�is fig�re for 
��rrents aro�nd �����

�o�ever� t�is �ig� ��rrent provides poor opti�a� noise fa�tor� �f 
one �ses a transfor�er �o�p�ing� a �o�er �� �an �e �sed and t�e 
noise red��ed�

��



��e goa� is to �a�e t�e transfor�ed so�r�e resistan�e e��a� to 
t�e a�p�ifier�s opti��� so�r�e resistan�e�
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�ransfor�ed to t�e 
so�r�e side t�e 
e��iva�ent noise vo�tage 
�e�o�es�

��e a�p�ifier�s transfor�ed opti�a� so�r�e resistan�e �an �e 
e�pressed�

�nd t�e e��iva�ent noise 
��rrent is�

�o �e ��oose � so t�at ��� is e��a� to �� �or �ore pre�ise� ���� �o� t�e 
a�p�ifier �sees� a so�r�e resistan�e e��a� to t�e opti���� ��

�e�����e����le���
�oa��

� �va��ate different inp�t possi�i�ities given an operating fre��en�y of 
����� and a so�r�e resistan�e of ����W�

�ptions�

� �tandard ����� �ir��it �it� �ipo�ar inp�t

� �tandard ����� �ir��it �it� F�� inp�t

� �is�reet �ipo�ar transistor

� �is�reet �F��

� �is�reet ����

� �is�reet ����

� ���� �it� npn inp�t

� ���� �it� pnp inp�t

� ���� �it� ���� inp�t

� ���� �it� ���� inp�t

��



�n t�e first � options� �e �i�� ��oose �et�een t�e avai�a��e 
standard �o�ponents t�at are offered �s �y t�e s�pp�iers� 
�o�ponents �an �e ��ara�teri�ed �it� t�e va��es and ��rves 
t�at des�ri�e t�ese� �e �i�� on�y �e a��e to ��oose �et�een t�e 
�o�ponents t�at are avai�a��e and not �e a��e to ��oose free�y� 
for e�a�p�e transistor si�e� inp�t �apa�itan�e et�� �n t�e �ase of 
t�e ���� options �e �i�� �e a��e to ��oose e�a�t�y t�e si�es of 
t�e p�ysi�a� and e�e�tri�a� para�eters t�at �e �ant� ��t �e �i�� 
�e �i�ited �y t�e te��no�ogy �e �ave se�e�ted� �t �eans t�at �e 
�an not ��oose a �F�� transistor in a standard �i����
pro�ess� �e �i�� des�ri�e e�e�tri�a� ��antities s��� as noise and 
gain as �at�e�ati�a� e�pressions of t�e �idt�s and �engt�s of 
transistors� et�� �e �i�� t��s �e a��e to opti�i�e t�ese si�es so 
t�at �e get e�a�t�y t�e fig�res and transistor si�e t�at are 
opti�a��

��

��a�p�e ���F���

��a�p�e �ipo�ar�

��e te�t�oo� des�ri�es on�y t�e first fo�r options and it is 
on�y t�ose �e �ant to dis��ss f�rt�er�
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I��e����e�����l���e��

First� �e �onsider 
integrated 
a�p�ifiers� �ppendi� 
� s�o�s t�e 
��ara�teristi�s of a 
variety of a�p�ifiers� 
and �e �ant to 
��oose �et�een 
t�ese� �e s�ipes 
�� and �� at ����� 
and generate t�e 
fo��o�ing ta��e�� ���e 

����� va��e is different 
fro� ��at fo�nd in t�e 
te�t�oo���

�ntegrated prea�p�ifiers
�n 
�n��Ö���

�n 
�f��Ö���

�ni
�n��Ö���

��������� �ipo�ar ��� ����� ����
����� �F�� ���� ���� ����
����� �F�� ���� ���� ����
���� s�per �eta �ipo�ar ���� ��� ����
����� �ipo�ar ���� ����� ����
����� �iF�� ��� ���� ���
������������ �ipo�ar ��� ����� ����
�in ���� ���� ���� ����

��i at t�e far rig�t is ����� � �������� ��� �e see t�at t�ere 
are different a�p�ifiers t�at �ave t�e �o�est ��� �� and ��i�

�f t�e so�r�e resistan�e of ����W is p�re�y resistive� it �i�� 
�ontri��te �it� a noise e��a� to �������Hz� �sed toget�er 
�it� t�e ����� t�e tota� noise �e�o�es ���� n������ of 
��i�� t�e so�r�e noise �i�� �e do�inant�

��

���c�e�e ��E��

�ppendi� � 
s�o�s t�e 
grap�i�a� 
representation 
of t�e 
��ara�teristi�s 
of ���tip�e �F�� 
transistors� ��e 
ta��e �e�o� 
s�o�s t�e 
va��es of ��
and �� read at 
������

�F��

�n 
�n��Ö���

�n 
�f��Ö���

�ni
�n��Ö���

������ n���anne� �F�� ��� ���� ���
������ n���anne� �F�� ��� ���� ���
������ n���anne� �F�� ��� ��� ���
������ n���anne� �F�� ��� ��� ���
������� n���anne� �F�� ��� ��� ���
������ n���anne� �F�� ��� ���� ���
������ p���anne� �F�� ��� ���� ���

��i at t�e far rig�t is ����� � �������� ��
�n t�e �ase of t�e �east noisy transistor �������� t�e tota� 
noise in���ding t�e t�er�a� noise of t�e ����W resistan�e 
is e��a� to ���������Hz� ��e� t�e so�r�e noise is strong�y 
do�inant�

��



���c�e�e ����l��

�n appendi� � it is 
given so�e grap�i�a� 
��ara�teristi�s for 
so�e dis�rete �ipo�ar 
transistors� ��e ta��e 
�e�o� s�o� so�e 
va��es read o�t fro� 
t�ree of t�e transistor 
fig�res� For ea�� of t�e 
transistors five �o��e�tor 
��rrents are read�

�ipo�ar
�n 
�n��Ö���

�n
�f��Ö���

�ni 
�n��Ö���

����� npn
��� ���� ���� ����
���� ��� ����� ����
����� ��� ����� ����
��� ��� ������ �����
���� ��� ������� ������

������ npn
��� ���� ���� ����
���� ��� ���� ���
����� ��� ����� ����
��� ��� ������ �����
���� ��� ������ �����

������ and ������ pnp
��� ���� ���� ����
���� ��� ����� ����
����� ��� ����� ����
��� ��� ����� ����
���� ��� ������ �����

�e see t�at t�e �ig� ��rrent red��es �� ��t in�reases ��� ��at is opti�a� �i�� 
�e �ig��y dependent on t�e so�r�e i�pedan�e� �ny�ay for a�� �ases t�ere �i�� 
�e a spe�ifi� ��rrent t�at �a�es �ini�a� noise� �f t�e t�ree revie�ed 
transistors� it is t�e ������ �it� ����� � t�at �as �east noise � ��������Hz� 
�n���ding t�e so�r�e resistan�e t�e tota� noise �e�o�es ����������Hz�

��

��



�e�����e����le �2�
�oa��

Fre��en�y of ����� and so�r�e resistan�e varying �et�een � and ���W�

�o��tion�

�y st�dying t�e grap�s in appendi� �� �e see t�at ����W is a favo�ra��e inp�t 
i�pedan�e� �e �i�� �at�� t�e so�r�e resistan�e to t�is �it� t�e �e�p of a 
transfor�er� �e start o�r �a����ation �it� a so�r�e resistan�e t�at is geo�etri� in 
t�e �idd�e� ��W�

��en �� is �W t�e transferred resistan�e on t�e se�ondary side is ��W ��ereas 
��en �� is ���W it is ����W on t�e se�ondary side e��a�� ��e ���resistan�e in t�e 
�oi� ��st �e signifi�ant�y s�a��er t�an t�e transferred resistors fo�nd a�ove� ��e� on 
t�e pri�ary side t�e parasiti��ro�ting resistan�e ��st �e s��stantia��y �e�o� �W� 
��e parasiti� resistan�e �� �see fig ���� p� ���� ��st �e signifi�ant�y �arger t�an 
�argest resistan�e� i�e� on t�e pri�ary side signifi�ant�y �arger t�an ���W say ���W�

�e ��oose a �ipo�ar transistor �ased on t�e grap�i� ��ara�teristi�s given in 
appendi� �� �e �i�� find t�e transistor �it� �ini��� noise at ����� for a so�r�e 
resistan�e fro� ��W to ����W�
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2N�250�E����le�

�n t�e ����� fig�re� �e 
see t�at t�e �d� �F area 
�overs a region fro� 
appro�� ��W������ 
to�ards ����W����� �t 
���W it see�s as t�e 
�entre of t�e �d� region is 
at a�o�t �����

��



�y st�dying a�� t�e fig�res in 
appendi� � �e �an set �p t�e 
fo��o�ing ta��e for ������

Fro� t�e ta��e �e see t�at t�e sa�e 
transistor as in o�r previo�s 
eva��ation is sti�� t�e �est�

�e find t�at t�e �� and �� for 
������ at ���� are ������� Hz
and ������p�� Hz� �ot s�rprising�y 
t�is gives a �opt���������� �
��ese va��es are va�id for t�e 
se�ondary side� �n order to �onvert 
t�e va��e to t�e pri�ary side �e 
divide �� �y t�e t�rn ratio and 
���tip�y �� �y t�e sa�e ratio�

�ransistor ��ara�teristi�s of
�����

����� ��a�� ��d� �onto�r
������ �arge ��d� �onto�r
������ ��a�� ��d� �onto�r
������ �arge ��d� �onto�r for 

�arge and �edi�� �s

������ �arge ��d� �onto�r
������ �arge ��d� �onto�r

������� �edi�� ��d� �onto�r 
for �ig���s

��

�e p�t �p in a 
ta��e t�e 
properties of 
t�e �o�er �i�it� 
t�e �pper �i�it 
and t�e 
geo�etri� �ean 
of t�e so�r�e 
resistan�e� 

�s �W ��W ���W
�� ��W ���W ����W
�t �����n��Ö�� ����n��Ö�� ����n��Ö��

�ni �����n��Ö�� �����n��Ö�� ����n��Ö��
�F ����d� �����d� ����d�

��


