MOS Mode of operation
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Equivalent circuit of an NMOS transistor with
all terminals biased to ground
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NMOS transistor with a O<VGS<VTH.

e current cannot flows between Source and

* Drain, and the device is still in cut-off region.
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Linear or triode region

* When VGS>VTH, the NMOS transistor is on, i.e. the conducting
channel is formed, then a current flow Conducting

channel ™
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* between Source and Drain can exist.
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— Linin In standard CMOS technologies of the last twenty years t.is about fifty times lower than the minimum
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. 50 channel length L
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vd Drift time, t., is directly proportional to the channel length L, and inversely proportional to the drift

velocity of electrons, v,



Linear or triode region

va = Wyey o Drift velocity, vd, is proportional to the horizontal electric field,

ey,
S FLE ° Where “n |S the electron moblllty in tha ~rhannal Tha valhiina AF
the hnarizantal electric field v IDSH A
Loe =11 C e (Viee = Vo) Vie = 2V Y
DS — Hn Lox 7 \Vgs = Vry) Vps = &4 Ky Vop Vps
Vs

1 W
’I{'H — E iy CD-\J ?

the NMOS transistor acts
like a variable resistance, R.,, whose value depends on V..
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Linear or triode region

* a more accurate calculation of the channel charge is get by adding
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Saturation region

VGD — VGS

Ips =

1
E Hy Cm

the Drain end.

In facts, the channel charge is sustained by a Gate-Drain voltage,
VGD, at the drain side, which is less than VGS at the Source side.
When VDS compensates for the overdrive voltage VGS-VTH, VGD
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lss-Vssinput characteristic of the NMOS transistor in saturation
region



Saturation region
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Weak inversion-leakage
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Summary for NMQOS

Region of operation | Characteristic equation Vas | Vs
Cut-off | Dgzﬂ < VTH
Linear or triode W Vs sy | Ve V.
Ips = Hn'ﬂnx'f' (VGS — Vg — ?) i I
Saturation 1 W oV | 3Vee V.
Ips = E'Hn'fm'f'(vss V) (L Aps) | T
Weak inversion Vs 2V [ 20V
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PMOS
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Ho = Hp
Bnooc As in the PMOS transistor, Isis due to the drift of holes, the hole mobility, p,, has to be considered. The
Hp mobility of holes is quite less than electrons,

Therefore, a PMOS transistor has to be larger than a NMOS transistor in the same bias conditions in
order to provide the same current.



NMOS transistor Algorithm for solving a circuit
including a MOS transistor by hand.

The NMOS The NMOS transistor |
transistor is off perates in cut-off regio Solve the circuit
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The NMOS
transistor is on

VossVossed > N0 The NMOS transistor
operates in linear region

AP ( The circuit has been )
gerates in saturation reglg correctly solved

Is the starting
nothesis verified?




