
Capacitors	

Different	kinds	(or	families)	of	capacitors	are	available	in	the	market,	to	be	chosen	according	to	the	
desired	capacitance	and	to	the	opera:ng	condi:ons	(remarkably,	size	and	opera/ng	voltage)	
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Technological progress well 
demonstarted by the increase of 
the “volumetric efficiency” in 
terms of capacitance and 
maximum operating voltage for a 
defined size (and volume) 

New materials (dielectric 
permittivity & improved 
dielectric stiffness) 

New architectures, e.g., 
multilayered capacitors with thin 
dielectric layers: 

Note: capacitance of a parallel amount s to the sum of capacitances! 



Dielectric	permi6vity	
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The	dielectric	perme6vity	,	ac:ng	as	a	mul:plier	in	the	capacitance	evalua:on	(independently	of	
geometry)	is	a	material	property	ruling	the	ability	of	the	dielectric	to	get	“polarized”	

Quite	oMen,	in	materials	owning	very	large	dielectric	
permiNvity,	dielectric	s:ffness	is	a	concern,	
especially	when	thin	layers	are	considered	
	
In	fact,	the	inhomogeneous	structure	of	such	
materials	(typically,	polycrystalline)	promotes	the	
occurrence	of	structural	defects	which	can	easily	lead	
to	avalanche	conduc:on	phenomena	(unwanted)	

Note: having a thin dielectric layer improves 
the capacitance (see the capacitance 
evaluation in plane parallel capacitors) but 
enhances the electric field strength, with 
deleterious consequences in terms of 
dielectric stiffness 



Commercial	families	of	capacitors	(components)	

A huge variety of shapes, sizes, materials 
(and, obviously, capacitance) 
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Polyesther	capacitors	
Typically	made	by	alterna:ng		a	conduc:ve	(e.g.,	alumininum)	foil	with	a	dielectric	layer.	Rolling	
up	the	foil	allows	achieving	a	large	surface,	hence	improving	the	capacitance.	Dielectric	is	
frequently	polyesther,	but	other	polymers	(e.g.,	Mylar,	PTFE,	polymide,	etc.)	or	even	paper	are	
used	

Capacitance	value	is	typically	
encoded	in	an	alphanumeric	code	
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In pF 



Ceramic	capacitors	
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The	dielectric	is	here	a	ceramics	(typically,	
a	ceramic	paste,	e.g.,	a	resin	embedding	
ceramic	par:cles)	
Advantages:	large	dielectric	s:ffness	à	
large	opera:ng	voltages	(up	to	several	kV)	

Some:mes:	capacitance	
encoded	in	colors	(similar	
to	resistors)	



Electroly/c	capacitors	
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Dielectric	is	typically	an	aluminum	oxide	–	impregnated	layer	
	
Advantages:	very	large	capacitance	(up	to	mF	range)	
	
Disadvantages:	very	low	opera:ng	voltages	(typically	<	300V),	large	
tolerance,	fa:gue	and	ageing,	must	be	used	with	proper	polarity	

In	high-end	applica:ons,	
electroly:c	capacitors	tend	to	be	
replaced	by	(more	expensive,	but	
smaller	and	more	reliable)	
tantalum	capacitors,	which	exploit	
tantalum	oxide	as	the	dielectric	



“Exo/c”	applica/ons	I	

Let’s consider a paralllel plane capacitor with A=1cm2 and 
d=1mm  à C = ε0A/d ~ 1 nF (air is assumed as the dielectric) 
 
With appropriate methods (e.g., AC impedance or de Sauty’s 
bridge), capacitance variations of a few pF can be measured 
ΔC/C = Δd/d < 1%  
à Δd can be measured with an accuracy on the order of the 
nanometer!  
 

Highly	sensi/ve	displacement	sensors	

Note: the operating principle is the 
same as for capacitive (proximity) 
sensors and touch screens 
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“Exo/c”	applica/ons	II	
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Data storage in all “on-chip” devices (e.g., Dynamic Random Access Memories – 
DRAMs, Flash Memories – like USB pens or SD cards) traditionally use the charge 
stored in a capacitor as the recorded bit  
 

A 4 GB RAM chip may contain up to 8x4x109 capacitors in a few cm2 area (not 
individually addressable, though)!! 
 

Typically, the unit capacitor is part of a miniaturized transistor, called MOS-FET (Metal 
Oxide Semiconductor – Field Effect Transistor – you will study them next year!) 

(In DRAMs readout is destructive) 

Miniaturiza:on	implies	size	
reduc:on	(both	area	A	and	
dielectric	thickness	T)	
à	Need	for	ultra-high	
electric	permi5vity	(so-
called	high-K	materials)	
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Limits	??	
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But there are at least two limiting considerations: 
- The stored energy, CV2/2, scales down as C and can get 
values comparable to the thermal energy (kBT ~ 1/40 eV 
@ T = 300K) à thermal fluctuations can play a role for too 
small C (say, C < 1 aF, still far to be reached) 
-  The interplay between V, a continuous quantity, and Q, a 
discrete quantity, can lead to complicated phenomena 
(see the “Coulomb blockade” effect)  

Q 


