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Electronic noise � esti��tes �n� co�nter �e�s�res

Electronic noise�

ÞNois� is a chall�ng� in all �l�ctronic syst�ms.

Þ In s�nsor syst�ms:

-D�t�rmin� small�st m�asurabl� �alu�

-D�t�rmin� st�� r�solution

��g ��: �istanc� an� �ata rat��

Þ In �igital syst�ms: �ay r�sult in �rong 
�unctionality in larg�r syst�ms ��rong stat� in 
�igital syst�ms�

Þ ��� ��l�ctromagn�tic �om�atibility�: 
��gulations

Þ �utur� tr�n�s:

Þ �or� ��ns� structur�s on int�grat�� circuits

Þ �mall�r an� mor� com�act �ac�aging

Þ �o��r su��ly an� thr�shol� �oltag�s

Þ �o��r nois� thr�shol�s

Þ �igh�r �r��u�nci�s�st����r ��g�s

�ll l�a� to incr�as�� nois� g�n�ration an� nois� 
s�nsiti�ity.

Þ�onclusion: �ug� n��� �or nois� 
����rtis� no� an� rising ��man� 
in th� �utur�

� Esti��tes �n� co�nter�e�s�res

D�sign �or acc��tabl� nois� l���ls 
im�li�s a r���titi�� loo� �h�r� 
� �h� ��sign is mo�i�i�� an� 
� �h� �ominating nois� sourc�s is 

i��nti�i�� 
until an acc��tabl� nois� l���l is 
achi����

�his is �on� �irst 
th�or�tically�math�matically� th�n �ith 
simulation an� ���ntually at th� �n� 
by mo�i�ying th� manu�actur�� ��sign.
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��r�et st��ents �or t�e noise co�rse

� �h� oth�r mast�r cours�s at Nano�l�ctronics ar� ���� 
cours�s �hil� this cours� targ�t �l�ctronic ��sign�rs in 
g�n�ral. ��lso us��ul �or thos� not �oing ���� ��sign.�

� �oth
� �hysic stu��nts �oing �l�ctronic ��sign in g�n�ral an�

� In�ormatic stu��nts �oing nano �l�ctronic ������ ��sign.

� �hysic stu��nts �ill ha�� a small tast� o� ���� ��sign 
but th� cours� is not a �����-��sign cours��

� Nano �l�ctronic stu��nts �ill ha�� a tast� o� ��-�i�l�s� 
�ac�aging� ��� an� syst�m ��sign

� �imulation tool: ��s�ic� �rom �nalog ���ic�s �an� not 
�a��nc��

�



�olo�r co�e �or lect�re sli�es

� ��llo�: �ou shoul� b� abl� to ���lain an� �iscuss 
th� �igur�� ��uation �tc �h�n th� �igur����uation is 
gi��n by th� ��amin�r

� ���: �ou shoul� b� abl� to �ra� th� �igur��gi�� th� 
��uations �ithout h�l� an� ���lain��iscuss

�

���t is noise�
� �h� t�rm �nois�� is borro��� 

�rom acoustics

� �coustic nois�: 

� �n�ant�� soun� � �a sub��cti�� 
���inition�. ��o����r it is 
uncom�ortabl� to b� in a room 
�ithout any soun� at all. �hus 
�� nam� it nois� ���n though it 
in som� cas�s ar� �ant��.�.

� �n�r��ictabl�  - but not al�ays. 
� com�l�t�ly smooth ton� �ill 
b� ��ry �r��ictabl� but still b� 
consi��r�� as nois�.

� �l�ctronic nois�:

� �n�ant�� �sub��cti����.

n �r���nts us to ��rc�i�� th� 
��a��st signals. �imits th� 
r�solution �� may achi���.

n �ay b� ��sirabl� in ran�om numb�r 
g�n�rators an� in som� m�asuring 
syst�ms.

n �n�r��ictabl��ran�om �sub��cti����

n �n�r��ictability is �m�hasi��� mor� 
�h�n it com�s to �l�ctrical nois�. �hil� 
acoustic nois� can b� un�r��ictabl�� 
�r�al� �l�ctrical nois� normally �ill b�.

n �his �o�s not im�ly �� cannot say 
anything statistically about th� nois� 
am�litu�� an� �r��u�ncy charact�ristics. 
�ut �� �ill not b� abl� to �r��ict an ��act 
nois� am�litu�� at som� tim� into th� 
�utur�.

n �urth�r analysis may sho� that �hat 
s��ms to b� un�r��ictabl� actually is not. 
�ay� by synchronising �ith ���� main 
�o��r lin�s th� nois� may b� �r��ictabl�. 
�lso� �i��� �att�rn nois� ���N� in imag� 
s�nsors is rath�r �r��ictabl�.

�



Electronic noise � �co�stic��is��l noise

� �hil� th� acoustic nois� is limit�� to th� �r��u�ncy rang� ��rc�i��� by th� 
human �ar �����-������ th� �l�ctronic nois� �ill b� o��r th� �ntir� 
�r��u�ncy rang� o� �l�ctronics ��a��-������.

� �l�ctronic nois� may b� ��rc�i��� as s�ns�� nois� �h�n con��rt�� into 
soun� or imag�� say i� �� am�li�y th� nois� an� out�ut it on a s��a��r or a 
��-monitor.

� �ctually th� �sno�storm� �� ar� �atching on �ol� analogu�� �� r�c�i��rs 
�ith a ��a� ant�nna signal� is th� �l�ctronic nois� in th� �r�am�li�i�r. I� this 
nois� �i� not ��ist� �� coul� r�c�i�� a �� signal in�init�ly �ar a�ay �ith a 
��ry small amount �n�rgy.

�

Noise in �ener�l
� Nois� is �ran�om� �l�ctronic charg�s that com�s in a��ition to th� �r��ictabl� 

signal. �ith r���at�� m�asur�m�nts �ith th� ��act sam� s�tu��in�uts th� 
�i���r�nc� b�t���n �ach m�asur�� �alu� an� th� a��rag� is th� nois�. Du� to 
nois� th� m�asur�� signal �ill not b� ��actly as ����ct�� �rom 
simulation�calculation. �Nonlin�arity in com�on�nts is not consi��r�� as 
nois�.�

V(i� is me�s��eme�� i i� � se�ies �� n
i�e��i��� me�s��eme��s� ��e me�s��e� 

����e is ��e sim����e� ����e� � s����e ���
���se� (��e �� m��e� e����s� �������i�� 

���i��i��s e���� ���s ��e ��ise�

� �h�n �� simulat� �oltag� at a circuit out�ut� th� simulator �ill b� abl� to �in� 
th� r�sults �ith many �igits o� accuracy. It �ill th�n loo� li�� th� circuit can 
han�l� ��tr�m�ly small signals an� signal chang�s. �o����r� �h�n �� ma�� 
th� circuit an� loo� at th� out�ut �ith an oscillosco��� �� �ill s�� that th� 
signal is not a shar� lin�. �h� signal is sub��ct to nois�.
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�N� i��ro�e�ent
I� �� �ant to im�ro�� th� accuracy o� a m�asur�� signal ��N�: 
signal-to-nois�-ratio� th�r� ar� t�o ma�or strat�gi�s �� may 
�ollo�:

�� �ingl� sam�l� ���� im�ro��m�nt. �� im�ro�� th� �uality o� �ach 
in�i�i�ual sam�l� through im�ro��m�nt o� s�nsor an� �ront-�n� 
�l�ctronic ��sign. �his is im�ortant i� th� signal is �un�r��ictabl��� 
constantly changing an� not r���titious.

2� �ulti sam�l� ���� im�ro��m�nt is achi���� by combining �ata 
�rom s���ral singl� sam�l�s. �o �o so �� n��� both i� multi�l� 
sam�l�s� an� ii� a���� in�ormation. �h� a���� in�ormation may 
b� �no�l��g� about �ossibl� sha��s th� signal may ta�� an� 
ho� th� sam�l�� �alu�s ar� r�lat��. �uch in�ormation may b� 
that th� signal is a mo�ulat�� communication signal an� �hat 
�ossibl� stat�s it may ta��. �noth�r in�ormation may b� that it is 
n�ighbour �i��ls in a imag�. 

�

E����les o� noise 
re��ction t�ro��� 
re�e�te� s���lin�� 
� ����r �igur�: D�-signal �ith ran�om 

nois� ��ar� blu��. �h� a��rag� �alu� 
o� all �r��ious �alu�s ��in�� �ill 
a��roach th� D�-�alu� as th� 
numb�r o� sam�l�s incr�as�s an� th� 
nois� to signal ratio �ill b� r��uc��.

� �ottom �igur�: �h� sam� can b� 
�on� i� th� signal has anoth�r sha�� 
�h�r�: sinus� an� �� �no� th� 
�ossibl� sha��s an� �r��u�ncy th� 
signal may ta��.

� N�� I� th� nois� is a ��rio�ic signal �ith a �r��u�ncy 
��ual to or an int�gral multi�l� o� th� signal �r��u�ncy� 
th� nois� �ill not �isa���ar.

In��i���l s���les �n� �cc���l�te� ��er��e
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Noise ��� i��ro�e resol�tion in ��� ��it�er�

� � nois�l�ss signal o� 
�.� lsb �l�ast signi�icant 
bit� �ill al�ays gi�� th� 
sam� lsb an� a 
r�solution o� � lsb

� �� �ith su��ici�nt 
a���� nois� �ill gi�� a 
s��u�nc� o� �alu�s. 
�h� a��rag� �ill ha�� 
a r�solution b�tt�r than 
� lsb.

� �� �i�n�l� N� Noise

� ���nt� Ne�rest 
inte�er� 

� ��E� ��er��e � �� ��� ���� �����
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�N�� st�n��r� �e�i�tion �n� �its

� �N�im� �im�ro��m�nt�

� �h� nois� stan�ar� ���iation an� �N� ar� 
in��rs�

� �h� �N� is �ro�ortional to � to th� �o��r o� bits 
r�solution
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Ener�� �or �� i��ro�e�ent
� �nalog

� Doubling �� bit� o� 
�N� im�ro��m�nt 
r��uir�s �our tim�s th� 
�n�rgy

� Digital

� Doubling �� bit� o� 
�N� im�ro��m�nt 
r��uir�s �n����n 
tim�s th� �n�rgy
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Ener�� �or �� i��ro�e�ent

� m: numb�r o� sam�l�s

� �: �tan�ar� ���iation �or on� sam�l�

� �m: �tan�ar� ���iation �or m sam�l�s

� �a�ing � hal� r��uir�s �our tim�s m.

� �n�rgy lin�ar �ith m.
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�� � �� ener�� s����r�
� �o ���� it ��ry sim�l�:

� Doubling �N� �or a singl� sam�l� 
r��uir�s �our tim�s th� �n�rgy

� Doubling �N� through combining mor� 
sam�l�s r��uir�s �our tim�s th� �n�rgy

� �arning� �his is a sim�li�ication�

��

I��ro�in� �� �N� or �� �N��

� �ignal b�ha�iour:

� D� or long tim� r���atabl�� �r�� choic� 
b�t���n �� an� ���

� �����nsi��� sam�l�s� ��ay �iagnostic 
�-ray on human b�ings�. �� most 
im�ortant�

� �tabl� �or limit�� tim�� �ra��-o�� 
b�t���n �hat �� can achi��� tru� �� 
an� ho� much �� can im�ro�� through 
��.

� �lo�ly changing signals� �� an� �� 
�ossibl�. �ulti�l� sam�l�s must b� �on� 
�ithin th� a�ailabl� tim�. �his tim� is 
����n�ing on th� ma�imum slo�� an� 
th� r��u�st�� r�solution. 

��



�N� �or sin�le s���le ���� �n� 
��ltis���le ����

�y combining sam�l�s �� may m�asur� b�lo� th� 
�� nois� �loor.

�y�ically nois� 
incr�as�s �ith 
signal str�ngth. 
�o����r 
strong�r 
signals has 
b�tt�r �N� 
than ��a��r. 

��

�e�s�re�ent noise so�rces �n� noise 
re��ction

�ossibl� nois� sourc�s

�. �hysical �h�nom�na to b� m�asur��

�. ��nsor

�. �l�ctronics

Nois� r��uction in �l�ctronics:

� ��� �minimum� nois� in th� �l�ctronics ���

� ��l�ct syst�m archit�ctur�s that minimi�� th� nois� 
�rom � an� �

��



�o�rce noise e����le� ��oton noise

� ��am�l�: �hoton nois� �light� �-rays �tc.�
� �ignal: �

� Nois�: N � Ö�

� �N� � � � N � � � Ö� � Ö�

I.�. th� �N� incr�as�s �ith th� s�uar� root o� th� signal. I� th� signal 
incr�as�s by ��� th� �N� incr�as�s by ��.

��

��oton noise �c��er��

��



��en to i��le�ent noise re��ction tec�nolo�ies

� �h� simulator can �ro�i�� curr�nt an� �oltag�s �ith many �igits o� accuracy. 
��al inaccuracy �u� to nois� must b� �stimat��.

� N�c�ssary mo�i�ications o� ��inish��� syst�ms ar� common an� o�t�n �u� to 
nois� �robl�ms. �his gi��s �ro�uction ��lays an� signi�icant a��itional costs. 
�hus th�r� is a n��� �or ����rtis� in nois�.

� �h�n ��signing syst�ms that �ill m�asur� small �alu�s o� all ty��s o� 
s�nsors� �no�l��g� o� �l�ctrical nois� is a �must�.

� �h�n cr�ating consum�r �l�ctronics� int�rnational r�gulations �or 
��l�ctromagn�tic com�atibility� ����� must b� �ul�ill��. I.�. th� syst�m shoul� 
not int�r��r� �ith oth�r �l�ctronics an� shoul� tol�rat� a c�rtain amount o� 
bac�groun� nois� its�l�.

��

�e�� �i��re

��o ��in cl�sses o� noise

�om�on�nt nois� an� cou�ling nois�.

�ommon �or both: �oth ar� un��sirabl� an� may ��gra�� th� m�asur�m�nt 
accuracy to b�lo� an acc��tabl� l���l. �oth must b� r��uc�� to an acc��tabl� 
l���l.

��om�on�nt nois�� an� �cou�ling nois�� ar� r���rr�� to in �i���r�nt boo�s an� 
�i���r�nt articl�s.

��gar�ing naming� th�r� ar� s���ral nam�s in us� �ithin both class�s:

��om�on�nt nois��: ��ru� nois��� �inh�r�nt nois��� �r�al nois��� ��orm s��ci�ic 
nois��� �n�tlist ����n��nt nois�� or �int�rnal nois��.

��ou�ling nois��: ��rti�icial nois��� �layout s��ci�ic� nois�� �int�r��r�nc� nois��� or 
���t�rnal nois��.

��



Electronic noise �ier�rc��

� Electronic noise
� �o��lin� noise

� �ire� co��lin�

� �i�n�l lines

� �o�er

� �ro�n� co��lin���ro�n� loo�s

� �iel� co��lin�

� ���netic �iel��in��cti�e co��lin�

� Electric �iel��c���citi�e co��lin�

� �o��onent noise
� ��er��l noise

� �lic�er noise

� ��ot�noise

� �ener�tion�re�ener�tion noise

� �o��corn noise

��

�o��onent noise ���2�
��am�l�s:

� �h�rmal nois�

� �hot nois�

� ���-nois� or �lic��r nois��

� �o�-corn nois��

� �-� nois�.

In�ut �or analysis:

� �ircuit sch�matic: �l�m�nts an� sch�matic �n�t list�.

� �r��u�ncy in�ormation

�y�ical nois� ��sign targ�t �or �l�ctronic circuitry: ��ual to th� s�nsor nois� l���l

�h�n th� com�on�nt nois� is simulat����stimat�� it �ill o�t�n b� mo��ll�� as a �oltag� 
sourc� or curr�nt sourc�. In ��s�ic� �� us� .nois� analysis in th� �r��u�ncy �omain 
an� .tran �ith arti�icial sourc�s in th� tim� �omain �or .nois�tran�.

�om�on�nt nois� �ill usually ha�� a broa� an� �smooth� �r��u�ncy s��ctr� �ithout s�i��s.
��



E����les o� co��onent noise �2�2�
Þ �h�rmal nois�

Nois� r�lat�� to th� r�sistanc� in all con�ucting mat�rials: ��sistors� �arasitic r�sistanc� in 
transistors� coils� ca�acitors �tc. 

In th� cas� o� im���anc� th� th�rmal nois� �ill b� r�lat�� to th� r�al �art o� th� 
im���anc�. 

� �unction o�

� t�m��ratur��

� r�sistanc� �alu� an�

� �r��u�ncy ban��i�th

Þ �hot-Nois�

Þ �lic��r nois�
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�o��lin� noise ��2
��r�a�s by 

� �i�l�s ���� n�ar �i�l� or �� 
r�mot� �i�l�� or 

� common con�uctors.

��am�l�s o� �is��rsion m��ia:

� common im���anc��

� �arasitic ca�acitanc��

� �arasitic in�uctanc��

� �arasitic r�sistanc��

� ca�aciti�� cou�ling�

� in�ucti�� cou�ling �tra�o��

� �l�ctromagn�tic ra�iation.

�o�ics that a���ct this ty�� o� 
nois�:

� scr��ning�

� cabling�

� ��cou�ling�

� �oltag�- an� curr�nt su��ly�

� groun� cou�ling�

� groun� loo�s an�

� substrat� nois�.

��



�o��lin� noise 2�2
In�ut �or analysis:

� �ayout o� int�grat�� circuit or ��� ��rint�� �ircuit �oar��� ty��s o� cabl�s� 
ty�� o� �o��r su��li�s �tc.

� �imulation r�sults

�ou�ling nois� can almost b� r��uc�� to th� l���l on� �oul� li�� ... �but it costs  
mon�y� �o��r� ��ight� �olum� �tc.�
�his can b� achi���� by a��itional scr��ns� cabl�s� ��cou�ling� groun� �lan� 
�tc.

�h�n cou�ling nois� is simulat����stimat�� it �ill o�t�n b� mo��ll�� as r�sistors� 
ca�acitors an� coils but som�tim�s also as a signal g�n�rator. In ��s�ic� �� 
us� �oltag��curr�nt sourc�s an� ca�acitors� r�sistors� in�uctors an� 
trans�orm�rs.

�h� nois� may ha�� a �i�� �r��u�ncy s��ctr� but o�t�n som� in�i�i�ual 
�r��u�nci�s ��s�i��s�� b�ing mor� �ominant than oth�rs.

��

Noise �n� en�iron�ent� E��

E��� Electro ���netic �o���ti�ilit�
Nois� can b� s�r�a� �ia cabl�s an� ra�iation

� Nois� ���ort: �o� much nois� that can com� out o� a �ro�uct an� �ot�ntially �isturb 
oth�rs. ��� rul�s r�strict ra�ianc�.

� Nois� im�ort: ��t�rnal nois� that may �isturb th� �ro�uct. ��� r�gulations s��ci�y ho� 
much nois� a �ro�uct shoul� b� abl� to �ithstan�. 

� Int�rnal nois�: �h� syst�m must b� ��sign�� so that it can li�� �ith its o�n nois�. No 
��� r�gulations.

��

�e�� 
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�e��or�r� co�rse �l�n
�ect�res ������ ��s��l�� �����2� �e��lines etc�

��: ���� ��: Intro�uction

��: ���� ���: ��s�ic� an� �an�atory � �r�s�ntation �an�atory � �r�s�ntation

��: ��� ��: �abling ��tt��

��: ���� ��: �abling ��tt��

��: ���� ��: �roun�ing ��tt�� �an�atory � �r�s�ntation ���� ��:�� �an�atory � ��a�lin�

��: ���� ��: �un�am�ntal nois� m�chanisms ��ot��

��: ���� ��: �m�li�i�r nois� mo��l ��ot��

��: ����� ��: Nois� in ����bac� am�li�i�rs ��ot ��

��: ����� ��: Nois� in bi�olar transistors ��ot �� �an�atory � �r�s�ntation ����� ��:�� �an�atory � ��a�lin�

��: ����� ��: Nois� in �i�l� ����ct transistors ��ot �� ����� ��:�� �an� �� am�li�i�r

��: ����� ���: �yst�m nois� mo��lling ��ot ��

��: ���� ���: ��nsors ��ot ���N�����

��: ����� ���: �o� nois� ��sign m�tho�ology ��ot 
��

����� ��:�� �an�atory � ��a�lin�

��: ����� ���: �m�li�i�r ��sign ��ot ���

��: ����� �lt�rnati�� �ay

��: �ral ��am in ���� �� or ��
��

�iter�t�re
��ll���s

��� �.D. �otch�nbach�r� �o���ois� ����troni� ��st�m ��si�n� �ohn �il�y � �ons� ����� I��N �-
���-�����-� ��om�on�nt nois�� ��a�itt�l �������������������

��� ��ctur�s an� l�ctur� not�s

���ition�l liter�t�re�

��� �.�. �tt� ����troma��nti� �om�ati�i�it� �n�in��rin�� �ohn �il�y � �ons� ����� I��N ���-�-
���-�����-�. ��ou�ling nois��

�or t�ose es�eci�ll� intereste�

��� �gnar �r��al� ����troma�n�tis� �om�ati��it�t �or �onstr��t�r�r� �a�ir �orlag� ����� I��N ��-
���-����-�

��� �.�.�hang �tc� �o���ois� �i����an� �m��i�i�rs in �i�o�ar an� ���� ����no�o�i�s� �lu��r 
�ca��mic �ublish�rs� ����� I��N �-����-����-�

��� �.�.�. �i�l� �ois� in �o�i� �tat� ���i��s an� �ir��its� �ohn �il�y � sons� ����� I��N �-���-
�����-�

�D� ��h�a� �a�a�i� ��si�n o� �na�o� ���� �nt��rat�� �ir��its� �c�ra�-�ill� ����� I��N �-��-
������-� �in �articular cha�t�r ��

��� �im �illiams� ��� �or �ro�uct D�sign�rs� �ls��i�r �t�� ���or�� ��� ����� I��N ���-�-��-
������-�. ��



��n��tor� �ssi�n�ents

� �ssignm�nt �: Intro�uction to ��s�ic� an� �imulation o� 
cou�ling nois� ��n any ���

� �ssignm�nt �: ��asur�m�nt o� ��-nois� on ��� �ith 
��-scann�r �In lab�

� �ssignm�nt �: �om�on�nt nois� ��n any ���

��

�e�s�re�ent in l��

� ��-scann�r ��l�ctrical 
an� �agn�tic �i�l�� 
scann�r

� �or ���s� cabl�s an� 
��I�s

� ������-����

� ���m-�.�mm

� IN����: ��� �ith �� 
sub circuits

��



��n��tor� �ssi�n�ents
� �hr�� com�ulsory assignm�nts �on� on m�asuring an� t�o on 

simulations�. �h� last is larg�r than th� �r�c��ing on�s.

� �h� t�o simulation ���rcis�s ar� sch�matic �ra�ing an� 
simulations tas�s ��r�orm�� using th� ��s�ic� simulator �rom 
�in�ar ��chnologi�s. �his is a �r�� simulator that you �o�nloa� 
yours�l�.

� �h� r��ort shoul� b� submitt�� as a �D� �il�

� �h� r��orts ha�� to contain com�l�t� sch�matics ��ith �orc�s 
an� in�uts�� simulation r�sults an� comm�nts�r��i��s o� th�s�. 

� N�� �ubmission ��a�lin�s an� �hat shoul� b� submitt�� is strict. 
�nsur� you ar� u��at��.

��

Noise e����le

� �h� �igur� illustrat�s th� nois� �rom a mi�tur� o� �hysical an� arti�icial nois� sourc�s

��

�ello��

�i��re



� �o��r su��li�s in�lu�nc� on nois� 
� �s nois� sourc�s

� �s nois� att�nuating �l�m�nts

� ��o main ty��s o� �o��r su��li�s
� �in�ar r�gulators

� ��itch-mo�� r�gulators

�o�er s���lies

��

�ine�r �olt��e re��l�tor

���antag�s:
� ��ry stabl� out�ut 

�oltag� �also �ithout 
us� o� ca�acitanc��

� ��l� su��li��

� �or�s in����n��ntly 
�rom start-u�.

Disa��antag�:
� �o��r �issi�ation in 

r�gulator is lin�ar �ith 
loa� curr�nt

�in��g�s��s

�ooi��e� ������� ��=×D=

ooooi

��s��e��o�

�����

���

+�

=+=



��itc���o�e �olt��e s���l�� ��c�� 
�oost �n� ��c���oost

D ��:�� is th� �uty cycl� o� ��

� �uc�:                 �o��i�D

� �oost:        �o��i�����-D�

� �uc���oost �in��:

�o��i�-D���-D�

��

��itc���o�e �olt��e s���l�
� ���antag�: 

� �n�rgy ���ici�nt: I��ally no �n�rgy loss

� Disa��antag�:
� �or� out�ut nois� than �or th� lin�ar r�gulators

� N���s start-u� h�l�

� �arg� ��cou�ling ca�acitors to r�mo�� ri��l�

� �ra��-o��: �ast start-u� �small ri��l�

� �ransistors: �hall�ng� to ��sign s�itch transistor gat� 
�ri��rs

� �om� ��am�l�s o� class�s:
� �uc� �or �oltag� r��uction� 

� �oost �or �oltag� incr�as� an� 

� �uc� � �oost-archit�ctur�s �h�n th� in�ut �oltag� can b� 
both abo�� an� b�lo� th� out�ut �oltag�.

��



�eri�l ��c� �n� �oost
� �inÞ�uc�Þ�oostÞ�out

� �olour co��:

� �r��n: main com�on�nts�

� �in�: r�gulators�

� ��ig�: �arasitic

� �igur�s

� �n��r l��t: �ut�ut an� in�ut 
�ithout �arasit�s

� �n��r right: �ut�ut �ith an� 
�ithout �arasit�s

� In�uts �ith ram� sha��
�uc�out��oostin�out�r�g�������

�eri�l �oc� �n� �oost



�o��ine� ��c��line�r
� �h� buc� �nsur�s an 

�n�rgy ����cti�� �oltag� 
shi�t �o�n to a l���l 
som��hat abo�� th� 
��sir�� out�ut �oltag�

� �h� lin�ar r�gulator o���rs a 
mor� stabl� out�ut �oltag� 
som��hat b�lo� th� 
�oltag� o���r�� by th� 
s�itch r�gulator.

� No�littl� n��� �or 
ca�acitanc�

�uc��in���



Noise on s���l� lines
� ����r �igur�: �n i��al 

syst�m o� circuits an� 
int�rconn�cts �ithout 
un�ant�� �arasitic 
�l�m�nts.

� �o��r �igur�: �arasitic 
r�sistanc� an� 
in�uctanc� has b��n 
�ra�n �or th� ��� su��ly 
lin�.

Noise on s���l� �olt��e

� �robl�m: �om� �l�m�nts �ra� �o��r un���nly. It caus�s �ariation in th� 
su��ly �oltag��curr�nt l���l. ��his also a��li�s to groun�.�

� Im�ro��m�nts �ith �r�s�nt n�t�or�
� ���uc� DI� ��su�� a mor� smooth curr�nt consuming logic �amily� asynchronous logic�

� ���uc� ��

� ���uc� ��

� ���uc� ��

� Im�ro��m�nts through mo�i�ication o� n�t�or�
�. ��lit in s���ral branch�s

�. �o� im���anc� ��cou�ling clos� to s�nsiti�� �l�ctronics



�e�er�l �r�nc�es

�� ��lit in se�er�l �r�nc�es

� �or ��am�l� in����n��nt su��li�s �or:
� �r�am�li�i�rs

� �th�r analogu� circuitry

� Digital circuitry

�eco��lin�
2� �o� i��e��nce �eco��lin� close to sensiti�e circ�itr�

�h� ��cou�ling ca�acitor is a charg� r�s�r�oir that can 
com��nsat� un���n charging �u� to DI

I� th�r� is no r�sistanc� an��or in�uctanc� b�t���n a hug� ca�acitor an� th� 
circuitry� ri��l� can in th�ory b� com�l�t�ly r�mo���. �o����r� as illustrat�� on 
th� bottom �igur�� th�r� �ill al�ays b� �arasitic r�sistanc�s an� in�uctanc�s. �o 
r��uc� th� ����cts o� th�s� it is im�ortant to �osition th� ��cou�ling ca�acitor as 
clos� as �ossibl� to th� s�nsiti�� circuitry.



�i�n�l e��e s�ectr��

� ���� curr�nt nois�: 
�riangular sha��

� ���

� �o� �: ��rio�

� �igh�r �: ��g�s

� ��g�s

� D�cr�as� �ith 
�������ca�� abo�� 
����tr�

� ��ss than hal� o� th� 
�n�rgy b�lo� ����tr�

�ello��

�i��re

�eco��lin� � ���ic�l in��ct�nces

�tan�ar� has b��n �or 
almost �� y�ars to a�� a 
��n� or ���n� 
��cou�ling ca�acitor. 
�or to�ay�s �r��u�nci�s 
abo�� �� ��� this is not 
su��ici�nt� �u� to 
�arasitic in�uctanc�s o� 
��-��n�. No� an a���� 
ca�acitanc� has to b� 
consi��r�� as a ��-
�l�m�nt. 

� ��� �s�r��ce �o�nte��� ��2n�

� ��� tr�ce� 5�2�n�

� I� le���r��e� 3��5n� 

�ello��

�i��re



�eco��lin� � ��ree �i��erent 
c���citors
� ���n����n�Þ����

� ��n����n�Þ����

� �n����n�Þ�����

� It is �ossibl� to tun� th� 
�i� to a s��ci�ic �r��u�ncy 
b�lo� �����

� �bo�� ����� th� ��n� 
�ominat�s� in����n��nt 
o� th� ca�acitanc� �alu�.

� �a�ing ��n� hal� �oul� 
only incr�as� � by �.��.

� �bo�� ����� a singl� 
ca�acitor is not su��ici�nt�

� �Dot��� cur��s ar� �has��
���n�� ��n���n�

�ello��

�i��re

�eco��lin� � E���l ��r�llel c���citors� 
���n�
� In�uctanc�

� Di��icult to r��uc� 
�or on� lin�

� ���uction through 
multi�l� in �arall�l

� ��am�l� N ca�acitors 
in �arall�l

� �otal ca�acitanc� 
���n�

� ����cti�� in�uctanc� 
��n��N

� N�����������

�ello��

�i��re



�eco��lin� � E���l ��r�llel c���citors� 
���n�����

� ���n�� N�����������

� ���� N�������� ���
�ello��

�i��re

�eco��lin� � ��o �i��erent c���citors

� ��sonanc� s�i�� may �ic� u� 
nois�

� ��o ca�acitors

� �oth ��n�

� �n� ���n�

� �n� ��n�

� �hr�� r�gions

� �o�: �oth ca�aciti��

� �igh: �oth in�ucti��

� �i��l�:

���n�ÞIn�ucti��

��n�Þ�a�aciti��

Þ��sonanc� s�i�� �ello��

�i��re



�eco��lin� � �o�r �i��erent �n� �o�r 
e���l

� ��� ca�

� �ach 
��n�

� �Di���:

���n�� 
��n�� 
�n�� 
�����

� ���ual�:

�����n�

Þ��ual ca�acitors ar� mor� �r��ictabl�

�ello��

�i��re

�eco��lin� � E����le ��3

� �r��u�nci�s �rom:

� �riangular ��g�s 
��cr�as�s -���� �r
��ca�� abo�� corn�r 
�r��u�ncy� 

� ��ca� incr�as�s ���� �r
��ca�� in in�ucti�� 
r�gion.

� Þ �i��s total ��cr�as� o� 
-�������ca��.

� �a�� to �nsur� lo� 
�nough im���anc� until 
triangular �r��u�ncy.

� �trat�gy: � ��ual 
ca�acitors.

� ��am�l� �alu�s:

� �urr�nt s�i��s o� �.��.

� �oltag� su��ly o� �� 
�hich shall b� ���t �ithin 
�� by th� us� o� 
��cou�ling ca�acitors.

� �urr�nt s�i�� ris� an� �all 
tim� �oun� to b� �ns.

� �o� �r��u�ncy corn�r is 
����.



�eco��lin� � E����le 2�3

� ����r �r��u�ncy ��ci��� by 
in�uctanc� i.�. numb�r o� 
ca�acitors:

� �: In�uctanc� o� �ach 
ca�acitor � ��n�

� tr: �is� tim���all tim��� ns

� �t: �o� �r��u�ncy targ�t 
im���anc�

� �: �

� �o��r �r��u�ncy 
��ci��� by total 
ca�acitanc�:

� ����r �r��u�ncy corn�r

�eco��lin� � E����le 3�3� �es�ltin� 
�e���io�r

� �oli� lin�: ���uir�m�nt

� Dash�� lin�: ����ct�� ca�acitor b�ha�iour

� �����n�

�e��

�i��re



���ic�l ��r�sitic ��l�es
���ic�l n���ers�

��sistanc� on chi�: 

��m��s� � ��cm��cm�����m���

In�uctanc�s:

�on�ing �ir�:��n�

I� l�a��ram�: �-��n�

�ur�ac� mount�� con�.: �-�n�

��� trac�: �-��n�

�l�ctrolyt� ca�.: ��n�

Disc con�.: �-�n�

�oa� ���: 

���n��m� ������m

��am�l�s o� g�n�rat�� nois�:

��

�I������ ��mall��

å�����

Þ ����m� o��r r�sistanc�

��

�I������

�����n�

�r���ns � �������

�������I�����I������I��.�m�

Þ ����.�m� o��r in�uctanc�

Is �m� or �.�m� a �robl�m�

In a s�nsiti�� s�nsor syst�m: ��s

In a �igital syst�m: No

�o����r car�l�ss �igital ��sign may 
r�sult in: �I���m�� ����� 
Þ������m�. I� th� thr�shol� is lo� this 
nois� l���l may b�com� a �robl�m.

I� th� �r��u�ncy is incr�as�� to ������ �� 
�ill ha�� �����m�.

��

�re��enc� ��o�e ����

��������: �h� �a�� l�ngth at ������ is � m�t�r. 

� �m long coa� may b� consi��r�� as a ca�acitor an� an 
in�uctanc� at �r��u�nci�s b�lo� ��� ��� but as a ��� 
r�sistanc� at �r��u�nci�s o��r ������. ��h� last cas� 
assum�s corr�ct cabl� t�rmination.�

��



E����le� �o�er noise in sensor s�ste� ���
� �h� syst�m consists o�

� �h�atston� balanc�� bri�g� s�nsor

� �ong t�ist��-�air s�nsor �ir�

� �ain �ront �n� ���� su��li�� by �� batt�ry

� �omm�rcial D�� sam�ling an� �D� mo�ul� that may b� su��li�� 
�rom: i� ���� through th� �� usb-conn�ction� ii� �rom th� �� batt�ry� 
iii� ���� �rom �ri�at� a�a�t�r� i�� �rom a �ri�at� �� batt�ry ban�

� ��� su��li�� �rom ���� or �ri�at� batt�ry

� �� N an� th�ir �i���r�nc� D ar� sam�l�� s��u�ntially.

��

E�� �i��erent ��� �o�er s���lies 2��

� �am�ling o� th� �i���r�ntial signal gi��s l�ss 
nois� than � an� N in�i�i�ually ��c��t �or th� 
last s�t-u�. �ith a �� clust�r th� nois� is at a 
minimum. 

� ��asur�m�nt

� �ignals �rom to�: 
D� � an� N

� �i�� D�� su��ly 
s�t-u�s:

� �: �rom ���� 
�through �� an� 
����

� � � �: �rom �� 
batt�ry

� �: �rom ���� 
�ri�at� a�a�t�r

� �: �rom �� 
batt�ry clust�r

��



E�� 22�� �� so�rce 3��

� D�� �o��r�� �rom 
���� through �� an� 
���.

� ����ral signi�icant 
s�i��s li�� ���� an� 
�����.

� �-����������.
��

E�� �� ��tter� so�rce ���

� D�� �o��r�� 
through ��� �rom 
�� batt�ry

� ��i��s r��uc�� 
but ��a��� 
�att�rn r�mains. 

� �-����������

��



E�� �ri��te ��tter� 5��

� D�� �o��r�� �rom 
�ri�at� �� batt�ry

� ��a��s� ar� 
r�mo��� but a ��� 
s�i��s r�main.

� ���� �ic�-u� must 
ha�� com� through 
air. 

� �-���������� ��

E�� �ll �ri��te ��tteries � s�ort �ire ���

� �ll �ri�at� 
batt�ri�s

� �hort s�nsor 
�ir� �to r��uc� 
�ic�-u��

� �om� s�i��s 
r��uc�� but 
som� r�main

� �-����������

��



E�� 5� ��� �o�er noise ���

� �ostly �-�m� s�i��s but also r�gular �uls�s abo�� �� m�. 

��

��tter� test
�att�ri�s may b� an alt�rnati�� as a lo� nois� �o��r su��ly. �asic choic�s ar� 
b�t���n r�charg�abl� an� non-r�charg�abl� batt�ri�s. �h�r� ar� also a choic� 
b�t���n �n�rgy int�nsi�� or �o��r int�nsi�� batt�ri�s. In th� �irst cas� mor� o� th� 
�olum� ar� us�� �or �n�rgy storing ch�mistry. In th� latt�r cas� mor� o� th� �olum� 
ar� �l�ctro��s. �his gi��s a small�r int�rnal r�sistanc� su��orting larg� ��charg�
an� charg� curr�nts.

In our t�st �� ha�� thr�� batt�ri�s us�� to su��ly a �ront-�n� D�� mo�ul�. 

� ������: � non-r�charg�abl� �i-Ion batt�ry �rom �nsmann. �n�rgy ��nsity 
��m�h�gr �����m�h���gr.�. �ric� ����- N�� ��r unit. 

� �I����: �n al�alin� batt�ry bought at I��� �or ��- �r unit. �n�rgy ��nsity 
��m�h�gr �����m�h���gr.�.

� ����: � �i-Ion r�charg�abl� �rom �it�long im�ort�� �rom �hina. �ric� 
a��ro�imat�ly ��.- N�� ��r unit. �n�rgy ��nsity ��m�h�gr �����m�h���gr.�.

�h� m�asur�m�nt sho�s th� batt�ry �oltag� on th� y-a�is an� th� numb�r o� hours 
on th� �-a�is.

�h� lo�-�n� batt�ry �rom I��� an� th� �� r�charg�abl� batt�ry ����s th� D�� 
ali�� a��ro�imat�ly �� hours �hil� th� batt�ry �rom �nsmann achi���s �� hours. 
�or all cas�s �ith �our batt�ri�s in �arall�l. 

I� lo� �ric� is im�ortant th� �� is �r���rr�� sinc� it can b� r�charg�� many tim�s. I� 
r�charging is a �robl�m th� I��� has th� lo��st �ric�. I� lo� ��ight is im�ortant 
�nsmann has high�st �n�rgy ��nsity �ollo��� by �it�long an� �ith I��� at last. �or 
a short tim� th� I��� batt�ry has th� high�st �oltag� but th�n �alls un��r th� oth�rs. 
�h� t�o �itium bas�� batt�ri�s maintain th� �oltag� �or a long�r tim�.

��



�i�n�l re�erence
�o� �recision� �i�n�l re�ers to 
s��re� �o�er �n� si�n�l �ro�n�� 
Noise on �o�er in�l�ence on si�n�l 
��l�e�

�e�i�� �recision� �i��erenti�l 
si�n�llin� �it� no si�n�l �ro�n�� 
�i�� i���nit� to co��on �o�e 
co��lin� noise� � �ore co��le� 
���li�ier �i�es �ore intern�l noise�

�i�� �recision� �i�n�l re�ers to 
�ri��te si�n�l �ro�n� ���n��� �o� 
intern�l noise contri��tion �ro� 
���li�ier� �r�st �e��il� on �ro�er 
s�iel�in� �or �rotection to��r�s 
co��lin� noise� 

��

�ello��

�ll �i��res

���� ��o�er ����l� �e�ection ��tio�

�. Nois� contribution:

�imulat� th� �ariation in 
curr�nt consum�tion �or all 
mo�ul�s conn�ct�� to th� 
sam� �o��r

�o ��t�rmin� th� signal s�nsiti�ity to su��ly nois� �� must:

�. �in� th� nois� s�nsiti�ity

�. �in� th� nois� contribution �rom all mo�ul�s conn�ct�� to th� su��ly

�. Nois� s�nsiti�ity:
n �in�ar an� non-cloc��� circuitry: ��-analysis

n �n-lin�ar or cloc��� circuitry �say s�itch ca� an� mi��rs�: �h� �r��u�ncy 
charact�ristics ar� �stablish�� through a numb�r o� transi�nt analysis

�ello��

�i��re



�on�ention�l si��l�tion �o�es ��3

� D�-analysis

� ��-analysis ��r��u�ncy�small-signal analysis� 

� �ransi�nt analysis ��iming analysis�

����n�l�sis�
�oltag� an� curr�nts ar� s�t by th� initial �alu� at � ns. �oils ar� short circuit�� �� 
�hm� an� ca�acitors r�mo��� �� �hm�. �ll oth�r simulation mo��s start �ith an 
D�-analysis.

����n�l�sis ��re��enc� �o�e��
�h� o��s�t �alu� �D�-�alu�� o� th� in�ut signal ��ci��s th� simulation ��uations 
an� �aram�t�rs to b� us��. �his mo�� gi��s th� r�s�ons� o� a in�init�simal small 
��-signal. ��ill not turn on�o�� s�itch�s� trigg�r latch�s �tc.�

�r�nsient �n�l�sis �ti�e �o�e��
�h� simulation ��uations an� �aram�t�rs ar� chos�n bas�� on th� actual �oltag� 
an� curr�nt at ���ry �oint o� tim�.

��

�i��l�tion �o�es 2�3

��-simulation: 
�imulation in th� 
�r��u�ncy �omain. 

�ransi�nt simulation: 
�imulation in th� tim� 
�omain

�r��u�ncy b�ha�iour bas�� 
on multi�l� transi�nt 
simulations

��



E�ercise 3�3

�m�li�i�r �ith a gain ��ual to ���. �igh su��ly is � �olt an� lo� 
su��ly is � �olt. In�ut signal �ith o��s�t �.� �olt an� am�litu�� � 
�olt.

�hat �ill th� out�ut signal b� i� �� �o:

- an ��-analysis�

- an transi�nt analysis�

��

�i�er� Noise e����le ��3

� �i��r: �����Þ���-����
�������� �����-���� 
���������� �tc.

� �r��u�ncy mo�� 
simulation �o�s not �or� 
��ll in cloc��� 
archit�ctur�s li�� mi��rs. 
Inst�a� �� ha�� to us� 
timing analysis.

� �ch�matic:

� Nois� sourc� ��rom �il��

� �an� �ass �ilt�r

� �ignal in��rt�r

� ��o �has� mi��r ��



�i�er� �re��enc� �n�l�sis 2�3

� �r��u�ncy analysis �o�s not �un��rstan�� th� mi��r. �� 
�ill only s�� th� ����ct o� th� ban��ass �ilt�r. �� �ill not 
s�� th� �r��u�ncy �ro�ucts g�n�rat�� by th� mi��r.

��

�i�er� 
�i�in� 
�n�l�sis 
3�3

� ��r� �� ha�� �on� timing analysis. �s a signal sourc� 
�� ha�� us�� a �i�� ban� nois� sourc�.

�r��n: ��� at th� nois� sourc� ��lat��hit� s��ctr��

�lu�: ��� a�t�r th� ban� �ass �ilt�r

���: ��� a�t�r th� �i��r. �� can s�� cl�arly th� t�o 
�com�r�ss��� to�s on �ach si�� o� th� mi��r �r��u�ncy. ��



2 ���lin� ��tt�
�.� �a�aciti�� �ou�ling

�.� ����cts o� shi�l� on ca�aciti�� 
cou�ling

�.� In�ucti�� cou�ling

�.� �utual In�uctanc� cou�ling

�.� ����ct o� shi�l� on �agn�tic 
cou�ling

�.�.� �agn�tic cou�ling b�t���n 
shi�l� an� inn�r conn�ctor

�.�.� �agn�tic cou�ling � ���n 
�ir� to shi�l��� con�uctor

�.� �hi�l�ing to �r���nt �agn�tic 
ra�iation

�.� �hi�l�ing an r�c��tor against 
magn�tic �i�l�s

�.� �ommon im���anc� shi�l� 
cou�ling

�.� ����rim�ntal �ata

�.�� ��am�l� o� s�l�cti�� shi�l�ing

�.�� �hi�l� trans��r im���anc�

�.�� �oa�ial cabl� ��rsus t�ist�� �air

�.�� �rai��� shi�l�s

�.�� ��iral shi�l�s

�.�� �hi�l� t�rmination  ��igtails�

�.�� �ibbon cabl�

�.�� �l�ctrically long cabl�s

��

2�� �����I�I�E �����IN�

��o con�ucting mat�rials Þ ca�aciti�� cou�ling

�o��l �or ca�aciti�� cou�ling : �a�acitanc�

�a�acitor: 

�

�
C ×=

��

��
C =

��



2�� ��o��ire c���citi�e co��lin�
� �ir� � is a nois� sourc� 

�hil� �ir� � is th� nois� 
r�c�i��r.

� ��: �oltag� on con�uctor 
� �Nois� sourc��

� �N: �oltag� on con�uctor 
� �rom � ���c�i��� nois��

�
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2�� ��lit �n�l�sis in t�o c�ses

�� �ill s�lit our analysis in t�o cas�s ����n�ing on th� 
��nominator.

�. ������������� �r�al� is larg�r than � �imaginary� 

�. �h� r�al �art is small�r than th� imaginary �art

�
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CCC�
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�
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++
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2��� ��se � �re�l �eno�in�tor�

�h�n is this th� cas� �or a ���� ��I��

��am�l�:

� � � �����

������

Þ� l�ss than �����

�hich � �alu�s can �� ha�� in a ���� circuit�

���� in�ut im���anc�: ��ry high

���� out�ut im���anc�:

�on�ucting: �om� ��

Non-con�ucting: ����ral ��

i�e� �e �re t�l�in� ��o�t � �ri�en no�e�

N�� In th� cas� o� high �r��u�nci�s or larg� total ca�acitanc� ���n an or�inary �ri��n out�ut �ill ha�� 

too larg� r�sistanc� to b� co��r�� by this cas�.

�

N
CC�

���en��C��
���

���

�
��

+
��=

��

�e�� �e�t  ��rt 
o� e���tion

2��� ��r�sitic c���cit�nces on �n ��I�

�not inclu��� in th� ���ic� mo��ls�:

� �rossing m�tal an� �oly-con�uctors

� �arall�l m�tal an� �oly-con�uctors

� ��t���n �ir�s an� substrat�

��



2��� �o�e ��I� e����les�
�� �o��r �ir� rout�� in �arall�l �ith a noisy �ir� in a l�ngth o� � mm an� �ith minimum 

s��aration �istanc�. �h� noisy signal has a ris���all tim� o� �� ns an� toggl� b�t���n 
�� an� ��.

��������� ������ ���������������� �����������������������ns�

Þ�N���m�

�� �i�� signal �ir� ����m� i.�. lo� im���anc��� crossing ��ually �i�� ����m� �o��r �ir�. 
�� m� nois� on th� �o��r con�uctors �ith a �ominating �r��u�ncy o� �����.

��������� ����� ���������������m��

Þ�N��m�
�Is �m� much��

�� �ignal �ir� in m�tal rout�� o��r a substrat� �ith � mm l�ngth an� � �m �i�th. �h� 
substrat� nois� has an am�litu�� o� �� m� an� a �ominating �r��u�ncy o� �� ���.

��������� ����� ���������������m��

Þ�N��m�
N� � �his is a sim�li�i�� mo��l. �h� substrat� �ill also ha�� a r�sistor an� thus a mor� com�l�� �ilt�r 
��r�ormanc���

��

2�� ��se 2 �I���in�r� �eno�in�tor�

�h�n is this th� cas� �or a ���� ��I��

� �h�n th� no�� is not �ri��n by a transistor� �or ��am�l� it is a �ynamic 
m�mory �l�m�nt�

� �h�n th� �r��u�ncy is high� or

� �h�n th� �arasitic ca�acitanc� an��or oth�r ca�acitanc� is larg�

�hat �ill th� �oltag� b� in no�� � in this cas��

�h� r�lation b�t���n th� �arasitic ca�acitanc� an� th� total ca�acitanc� in th� 
ins��ct�� no�� �ill ��ci�� th� ratio o� th� nois� trans��rr��. 

�� �in� �rom this that it is im�ortant that m�mory no��s ha�� su��ici�nt storag� 
ca�acitanc� an� littl� �arasitic ca�acitanc�. ��nc� th� �istanc� �rom th� �ri�ing 
sourc� to th� storag� �l�m�nt an� �rom th� storag� �l�m�nt to th� r�a��r shoul� 
b� short. 
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2�� ����cit�nce� �i�t���ist�nce

� �h� �arasitic ca�acitanc� is �ro�ortional �ith th� �ar�a� 
�i�i��� by th� �thic�n�ss�. In th� �igur� this is ��D. I� th� 
�istanc� is incr�as�� th� cur�� �ill ha�� a ���-sha��.

��

2�� ��o��ire c���citi�e co��lin�

�h� cur�� sho�s th� t�o cas�s �� ha�� analys��� th� �irst cas� to th� l��t 
an� th� s�con� to th� right.      

Notic� that th� ���r�ssion �or cas� � is also an u���r limit �or cas� �. ��nc� 
�� can us� cas� � as a ��orst cas�� �stimat�. �his may sim�li�y th� calculations 
i� �� �o not �no� th� �r��u�ncy s��ctrum o� th� nois� or i� �� �o not �no� �. 
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2�2 E��E�� �� ��IE�� �N �����I�I�E �����IN�

�� ��lo�tin�� screen

� �oli� scr��n com�l�t�ly co��ring con�uctor �.

� �cr��n �an� con�uctor� has in�init� r�sistanc� to�ar�s ���rything �ls�. 

Not� that ��� is not inclu���.

�� has th� sam� �ot�ntial as �� �oun� �or con�uctor � �arli�r �ith in�init� � r�sistanc�. 

�� ��e screen is �ro�n�e�
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2�2 E��ect o� s�iel� on c���citi�e co��lin�
c� �creen �oes not co�er �ll o� t�e con��ctor

�cr��n groun���.

�as� � as �iscuss�� �arli�r but:

� ��� is r��uc��

� ��� is incr�as�� �ith ���

� Þ ���uc�� ca�aciti�� cou�ling
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2�2 E��ect o� s�iel� on c���citi�e co��lin�
�� �esist�nce �et�een con��ctor 2 �n� �ro�n�

�i�� our original mo��l but ��� is ��t�n��� �ith ���.

��

2�2 ��se � �n� 2 �it� ��rti�l screen
��se ��

�h� incr�as� in ca�acitanc� ��� is larg�r than th� r��uction in ca�acitanc� ���. �hus th� 
corn�r �r��u�ncy b�t���n th� t�o cas�s has ��cr�as��.

�h� in�uc�� nois� is still:

�ut no� �ith a much small�r ���.

��se 2���

... �ill b� as th� �r��ious cas� �ith in�init� r�sistanc�.
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2�2� �o� s�o�l� t�e screen �e��

�h� main �unction o� th� scr��n is to r��uc� ���. �ssuming 
this shoul� ��� b� small or larg��� i.�. shoul� th� scr��n b� 
clos� to th� nois� r�c�i��r or shoul� th� �istanc� b� larg�� 
�as�� on th� �r��ious ���r�ssions it may s��m as ���

shoul� b� a larg� as �ossibl�. �o����r i� a s�nsor g�n�rat�s 
a charg� �� �ant as much as �ossibl� o� this to r�ach th� 
�r�am�li�i�r in�ut ca�acitanc� �transistor gat��. �hus it �ill 
not b� ��sirabl� to ha�� too much ca�acitanc� on th� signal 
con�uctor. It may b� ��sirabl� that th� scr��n is at a c�rtain 
�istanc� �rom th� signal con�uctor.

��

2�2� on ��I�s 
� �ori�ontal scr��n b�t���n con�uctors:

�ill incr�as� th� ca�acitanc� to�ar�s a stabl� �ot�ntial ���. �imit�� in�lu�nc� on ���.

� ��rtical scr��n b�t���n con�uctors:

r��uc�s ��� an� incr�as�s ��� i� th� scr��n is �i�� �nough.

��



� It is �ossibl� to ma�� a coa�-
li�� structur� on an ��I�. �o 
ma�� it ���� ��ns� on th� 
si��s long �ia-contacts ha�� to 
b� us��. �his �iolat�s stan�ar� 
��sign rul�s but th� �roc�ss 
hous� may allo� it �or this 
�ur�os�.

2�2� �o�� on ��I�

��

2�2� I��le�ent�tion

�rossin� con��ctors� 

I� �ossibl�� �ut th� nois� s�nsiti�� �ir� in a high�r m�tal lay�r� 
th� nois� sourc� in a lo� lay�r an� ha�� a m�tal scr��n b�t���n. 

Noise in s��str�te� 

�stimat�: Di��icult. �or ��orst cas�� �stimat�s th� substrat� is 
consi��r�� con�ucting �ith ��ro r�sistanc�. 

�ount�r m�asur�: �ir� to b� �rot�ct�� in th� high�st m�tal lay�r. 
�cr��n in m�tal� �oly or ��ll. ��ll�substrat� must b� conn�ct�� 
�ith many contacts to achi��� as lo� r�sistanc� as �ossibl� to 
ar�as b�lo� th� s�nsiti�� �ir�. �I� �ossibl� th� ��ll shoul� b� 
conn�ct�� to scr��n inst�a� o� ��� �tc.�

��



2�2� �o�nter �e�s�res to��r�s c���citi�e noise

�. ��oi� crossing i� �ossibl�

�. �inimi�� �ir� �i�th �h�n crossing

�. Incr�as� �istanc�

�. �s� scr��n

�. �onsi��r a��ing ca�acitanc� b�t���n groun� an� targ�t

�. �hos� isolation �ith lo��r �r b�t���n nois� sourc� an� targ�t

�. ���uc� out�ut im���anc� o� lin� �ri��r

�. ���uc� �r��u�ncy �a�oi� shar� ��g�s�

�. ���uc� th� �oltag� rang� o� th� nois� sourc�

��.��n�rat� o��osit� nois�

��.�cti�� shi�l�

��

�e���ello�� �e�e��er 
so�e� �e ��le to �escri�e 
�ll i� �i�en

2�2� �ener�te o��osite noise
��am�l�:

Digital control signals ha�� to cross an ar�a 
�ith analogu� �ynamic m�mory �l�m�nts. � 
�oltag� st�� o� �� on on� o� th�s� lin�s �ill 
g�n�rat� nois� in th� �ynamic m�mory 
�l�m�nts. �o com��nsat� �or this �� a�� a 
�ummy lin� �ith th� ��act o��osit� signal. �� 
ma�� this as ��ual as �ossibl� �ith th� sam� 
lin� �ri��r an� th� sam� si�� o� th� ��ummy� 
loa�. 

� �h� �oltag� st�� an� sha�� shoul� b� as 
��ual as �ossibl� but in th� o��osit� �ir�ction. 

� �h� ca�aciti�� cou�ling to th� s�nsiti�� c�lls 
shoul� b� as ��ual as �ossibl�.

��

�ello��

�i��re



� It is ��ry ���ici�nt �or r��uction o� ca�aciti�� cou�ling an� ca�aciti�� 
nois�. It can also b� us�� to im�l�m�nt a ��ry high in�ut 
im���anc�.

� It consists o� a scr��n that is �ri��n by a �ollo� am�li�i�r r�a�ing 
th� signal to b� �rot�ct��. 

� �h� scr��n is �lac�� b�t���n th� signal an� oth�r nois� sourc�s 
an� ca�aciti�� loa�s. In this �ay th�y ar� hi���n.

� �h�n th� scr��n has th� sam� ��-signal as th� s�ns�� signal� th� 
scr��n �ill ����cti��ly b� in�isibl� an� th� ����cti�� ca�acitanc� 
��ro. 

2�2� �cti�e s�iel� ��ri�en ���r���ootstr���in��

��

�cti�e s�iel�

� Nam�s: �cti�� shi�l��Dri��n 
guar��bootstra��ing

� ��a��s in�isibl��

� �ur�os�:

� �chi��� ��tr�m�ly high in�ut im���anc�

� Isolat� �rom nois� sourc�s 

� �liminat� �arasitic ca�aciti�� loa�s at in�ut

IN���� N�� �oils ��



2�2��cti�e s�iel� � t�eor�
� �h� ����cti�� ca�acitanc� ����ri�nc�� by a signal ����n�s on 

th� signal on th� oth�r si�� o� th� ca�acitor.

� I� th� oth�r si�� is groun��� th� ����cti�� ca�acitanc� �ill b� 
th� original on�. I� it is in o��osit� �has� it �ill b� larg�r �hil� it 
�ill b� l�ss i� it is in �has�. I� th� signal is ��ual th� ca�acitanc� 
�ill �isa���ar.

��

�e�� 

�i��re

E��ecti�e c���cit�nce

�u: �nity ca�acitanc� ��h�n �m���

�s: ���� signal �oltag�

�m: ���� �oltag� on o��osit� si�� o� �

�or sim�licity �� consi��r only in �has� ���� or in o��osit� �has� ������ 
�ith a gain �m�.

�h� chang� in charg� on both ca�acitors ar� ��.

�h� � no�� ����ri�nc� this charg� chang� o��r �s �hich r��r�s�nts an 
����cti�� ca�acitanc� ����.

IN���� N�� �oils ��
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2�2� �cti�e s�iel� 
e����le

�h� �l�m�nts �� �ant to s�� ar�:

���src�: sourc� signal

��: ��nsor ca�acitanc�

�� � ��: In�ut im���anc�

�inc� ����� �� �ill ha�� 
���I�N�������src��� �h�n �� ha�� 
manag�� to ma�� all oth�rs in�isibl�. 

� �ith �loating shi�l� th� nois� Nsrc �ill 
�ominat� �I�N�� �u� to th� larg� 
�����.

� �ith groun��� shi�l� Nsrc �ill b� sto���� 
but �src �ill b� att�nuat�� �u� to th� larg� 
��.

� �ith acti�� shi�l� Nsrc an� �� �ill b� 
in�isibl�. ��

�ello��

�c�e��tice

2�2� �cti�e s�iel�

� �bo��: �hat �� �ant

� ��lo�: �hat �� ha��

���



2�2� �cti�e s�iel�

� �bo��: �roun��� scr��n

� ��lo�: �cti�� scr��n

���

2�2� �cti�e s�iel� �
�ensor ��tri� 
e����le
� �cti�� shi�l� can b� us�� to 

s�l�ct on� ca�acitor in a 
s�nsor matri�.

� �ur ��am�l� targ�t is ���

� ��tho�: �roun� th� ��� ro� an� 
conn�ct all oth�r ro�s to acti�� 
shi�l�.

� �h� oth�r columns ar� groun��� 
but may b� conn�ct�� to acti�� 
shi�l� to r��uc� �o��r.

� �imulation sho�s 
����ns������rc���� �hus only 
���� an� ��� in�lu�nc� an� �� 
ha�� succ������ ���



N���e�e
� �oal: ��asur� r�sistanc� in 

roc�

� ��o ��I�s ��sign�� �or 
����� o��ration t�m��ratur�

� ��asur�m�nt s�tu�:
� ���-���� �� is s�t u� o��r th� 

roc� r�gion to b� ins��ct��

� ��nsor �ront �n�s �i�th ��ry 
high in�ut im���anc� ���-
������ m�asur� th� local 
�oltag� l���l

� �oltag� �i���r�nc�s b�t���n 
n�ighbour �airs ar� �oun�

� ��sulting �alu�s ar� con��rt�� 
into a �igital �ormat an� ���� into 
common bus�s

�er� �i�� in��t 
i��e��nce �re���
� ���������

� �in � �-�����

���



�ri�en ���r� ���
� �a� ��ll conn�ct�� to �ri��n 

guar�.

� ��D conn�ct�� to bu���r 
out�ut. �or this us� th� guar� an� 

signal ha�� th� sam� D�.

� �o��r �I�-ring� ar� not 
crossing signal �ath.

� �ottom �igur�: Dri��n guar� 
�a� surroun��� by t�o 
stan�ar� �a�s.

IN���� N�� �oils ���

2�3 IN����I�E �����IN�

�: in�uctanc�� I: curr�nt in clos�� circuit� : magn�tic �lu�

� is a �unction o� th� g�om�try o� th� clos�� circuit an� th� mat�rials 
�ithin th� magn�tic �i�l�.

��� mutal in�uctanc� b�t���n circuit � an� circuit �.

�� ���� in �ir��it � ��� to ��rr�nt in �ir��it �.

I� curr�nt in circuit �.
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�
� =

���

�� =
��
��

I�nore colo�rs



2�3 In��cti�e co��lin�

�h� �oltag� �N is g�n�rat�� in a circuit loo� aroun� an ar�a � �ith a �lu� ��nsity 
�. � an� � ar� ��ctors. �� is a normal ��ctor to th� �lan�.�

��eci�l con�ition e����le�
�on�itions: � is constant� � �ari�s �ith a sin �unction but �ith th� sam� �has� all 

o��r �. �h� angl� � is b�t���n � an� �.

�inc� ������os ������ in this cas� �ill ha��:

� ×�=
�

N ���
��

�
� ���

��s����N =

��

�i
�����N

�
� ==

���

�e�� 
E���tion

2�3 In��cti�e co��lin� �et�een t�o con��ctors

� �ri�nting sourc� an� r�c�i��r 
��r��n�icular 

� �s� a scr��n

��oth ar� �arts o� th�ir o�n 
clos�� loo�s.�

�o� to r��uc� un��sir�� 
in�ucti�� cou�ling:

� Incr�as� th� �istanc� b�t���n 
th� loo�s

� ��in th� noisy con�uctors 
�assuming th� curr�nt r�turns 
through th� o��osit� 
con�uctor an� not through th� 
groun� �lan.�

� ���uc� th� r�c�i�ing ar�a by 
�utting th� r�c�i�ing circuit 
clos�r to th� groun� �lan.

� ��in th� r�c�i�ing con�uctors.

���



2�3 I�enti��in� E �n� � �iel�

�h�n �� is r��uc��..... I� th� �oltag� m�asur�� o��r ��..... 

incr�as�s is th� cou�ling in�ucti�� �hil� i� it ��cr�as�s th� cou�ling is ca�aciti��.

�his ��am�l� illustrat�s ho� �� can �no� �h�th�r th� nois� is �u� to an �-�i�l� or an �-
�i�l�. �h�n �� �no� this �� can �o �urth�r actions to�ar�s th� ty�� o� nois� �� ha�� 
i��nti�i��. 

���

�E����� ���

Ne�r�iel�

� �-�i�l� g�n�rat�� 
by �oltag� o��r 
o��n �i�ol

� �-�i�l� g�n�rat�� 
by curr�nt 
through clos�� 
�i�ol

� ���roach�s �i��� 
ratio at ���

IN����� Nois� in bi�olar transistors ���


