
Semiconductor Devices

Lecture 4, MI(O)S Capacitor



Content

– Ideal MIS Capacitor

– Silicon MOS Capacitor



Ideal MIS Capacitor, V=0

fs fs



MIS in Accumulation

E

Tilting of conduction 

band (the insulator) 

caused by the applied 

electric field



MIS in Depletion

Depleted region, balance of 

negative fixed ions in 

semiconductor and positive 

charges in metal contact



MIS in Inversion

When increasing the applied voltage even more, the depletion 

region stops to grow. Instead the minority carrier form a thin 

layer close to the oxide interface. 



Surface Space-charge region, p-type 

semiconductor

Strong inversion (min, condition, p 

doped semiconductor), the surface 

conc. of n = p level in the bulk



Space charge density versus surface 

potential for p-type silicon, p=4*10
15

cm
-3



Charge distribution, E-field, potential

fms=0



Charge distribution, E-field, potential



MIS CV-graph, p-type semiconductor

a) Low frequency (~Hz)

c) High Frequency (>kHz)

d) High Frequency with fast 

sweep and no illumination

DC bias with a small AC voltage 

applied



Strong inversion, frequency behavior

a) Low frequency 

b) High frequency

c) High frequency with fast sweep (Wd>Wdm)



The depletion layer

The calculation is similar 

as for a n+p diode
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Ideal  MOS C-V graphs for different 

oxide thickness

d VT DC/Ci



Silicon MOS Capacitor, interface 

traps

•Mobile ions

•Oxide trapped charge

•Fixed oxide charge

•Interface trapped charge

•~1010 cm-2, <100>, FGA



Interface trap system



Equivalent circuits including 

interface-trap

tit=CitRit
Cp and Gp frequency 

depended
Low f High f



Interface traps influence on C-V 

curves

•High f C method

•Low F C method

•High and low f C method

•No theoretical calc 

needed, see eq 49

•Conductance method



Conductance method

Dit=Cit/q
2



Properties for different orientation of 

silicon

<100> ~5*1010 cm-2

< 111> ~5*1011 cm-2

<111> ~3*1012 cm-2, radiation damaged



Variation of trap time constant versus 

energy

Interface traps have a 

continuum distribution 

over the band gap, a 

measured value is 

therefore strongly 

depended on applied bias 

voltage



Oxide charge influence on flat band 

bias



work-function difference effect on 

flatband voltage

fm<fs

0msf



Work function difference versus 

doping for poly silicon and Al

metal

SiO2

semiconductor

Poly-silicon



Real MOS Capacitance

Influence of material parameters on VT

fF=Bp



Carrier transport in MOS structure

Direct tunneling Fowler-

Nordheim 

tunneling

Thermionic 

emission

Frenkel-Poole emission, trapped 

electron in conduction band 

(SiO2)

Temperature and E-field dependence!



Frenkel –Poole 

emission

Ohmic



Avalanche injection of electrons into 

the oxide (c)



Breakdown voltage of MOS capacitor

Hot carrier injection cause a 

change in the components 

characteristic



Dielectric breakdown

Occur when a chain of defects forms 

between metal and semiconductor



Time to breakdown versus oxide field



DE-detector



An example, from “Streetman”


