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CMOS FET Large Signal Models (book 5.1-5.2)
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Device Cross Section
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Short Sidetrack: PN-junction

(from book: Carusone, Johns, Martin)
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nFET/NMOS and pFET/PMOS cross section

p-type body




Above Threshold Regions of Operation NFET

Table 5.1 Regions of Operation of the Enhancement NMOS Transistor
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Yos = Vin+ Yov
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B ygg< V,,:no channel; transistor in cutoff; iy = 0
B yg = V,, +uoy: achannel is induced; transistor operates in the tri ion or the saturation region depend-

ing on whether the channel is continuous or pinched off at the drain end;

Triode Region
Continuous channel, obtained by:
UGp > Vm
or equivalently:
Ups < Yov.

Then,
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or equivalently,
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Saturation Region

Pinched-off channel, obtained by:
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Above Threshold Regions of Operation PFET

'"Above Threshold’ is also called 'Strong Inversion’

Table 5.2 Regions of Operation of the Enhancement PMOS Transistor
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05 <|V,p|: n0 channel; transistor in cutoff; i, = 0

Usp

56 = |Vl + |9ov| : @ channel is induced; transistor operates in the triode region or in the saturation region
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pending on whether the channel is continuous or pinched off at the drain end;
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Triode Region
Continuous channel, obtained by:

> |Vy|
or equivalently

vsp <[voy|
Then

ip = K1) s~ Wauso - 5o

or equivalently

iv = B (Y) (100~ 3vso) 50
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Saturation Region
Pinched-off channel, obtained by:
6 < Vil

or equivalently
vsp 2 [voy]
Then
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or equivalently
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nMOSFET Device Symbols
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pMOSFET Device Symbols
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The EKV model

ip = iF — ig
vG— Vt,,fnvs(D) 2

i,:(R) = I5|n l1+e nvVr (1+)‘VDS)

(Note that parameter A is also expressed as the Early Voltage
Vi = % and Vj, is proportional to the transistor length L and thus
sometimes expressed as V4 = V,L.)



Regions of operation: strong- vs weak inversion

This two regions of operation are dependent on vgg!!!
INDEPENDENT of the active- and triode region of operation (see
next slide) the transistor can operate in either:

weak inversion = subthreshold vs. strong inversion = above
threshold

These are dependent on vgs > V4, for strong inversion and

vgs < Vin for weak inversion. The transition between the two is not
really aprupt and refered to as moderate inversion.



Regions of operation: triode- vs active region

This two regions of operation are dependent on vpg!!!
INDEPENDENT of weak- and strong inversion the transistor can
operate in either:

Triode region = 'linear’ region vs. saturation = active region
These are dependent on vpg > Vi, for active region and

vps < Visat for triode region, where the definition of Vg, is
different dependent on if the transistor is in weak (Vsar =~ 4V )or
strong inversion (Vg = Vov).



Regions of operation summary

So there are 4 differnt combinations possible:
weak inversion, triode region OR weak inversion, active region OR
strong inversion, triode region OR strong inversion, active region!



strong inversion, active region

. 1
ip = an (VG — Vi — nvs)2 (]. + >\VDS)

Different name in the EKV model: 8 := k, and 1 < n <2 and
often n~ 1 and is neglected



weak inversion, active region

vGg—Vtn—nvg

ip=lse VT (]. + )\VD5) (16.13)
Where Is = 2nk, V%



strong inversion, triode region

(Note: term * (1 4+ Avps) neglected here
.. not so influential for small vps)
EKV: "
ip = knvps [VG — Vin — E(VD + Vs)}

Sedra & Smith:

. 1
ip = knVps |vov — 5VvDs

Which is the same for v =0and n=1
For vps << Vov (1st order Taylor expansion around vps = 0):

ip = knVovVps = gps = knVov



weak inversion, triode region

EKV:

For v¢ = 0:

For vps << Vov (1st order Taylor expansion around vps = 0):

. vov V/ vov ]
ip = e™r =2 = gps = e"'T
Vr

VT



[llustration Ip vs Vs
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ipA

[llustration Ip vs Vs, old school




[llustration Ip vs Vps, channel length modulation

Here in saturation, but this works in sunthreshold too.
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MOSFET circuits at DC (book 5.3)



Diode Connected Transistor

i¢+

1
v = Ek,,(v — th)Z

In strong inversion:




Simple Current Mirror
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When will oy = lin, lout ?é lin, lout = lin, lout = xlin?
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Further Model Refinements (book 5.4, will be discussed later)
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