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The MOSFET
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MOSFET: physical structure
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MOSFET (n-channel): operation
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MOSFET (n-channel): operation
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MOSFET (n-channel): operation
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MOSFET (n-channel): operation
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Figure 12.4 For vgs = V,,, a channel of n-type material is induced in the region
under the gate. As v increases, the channel becomes thicker. For small values
of vps, ip is proportional to vps. The device behaves as a resistance
5/5/2010 whose value depends on vgs.




MOSFET (n-channel): operation
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MOSFET: output characteristics
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Figure 12.5 As vpg increases, the channel pinches down at the drain end and i,
5/5/2010 increases more slowly. Finally, for vps = vgs — Vi, ip becomes constant. 8




MOSFET: output characteristics
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Figure 12.6 Characteristic curves for an NMOS transistor.
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FET: transfer characteristics
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FET: circuit symbols

p-channel devices:
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For n-channel devices, reverse the arrows

48521 Fundamentals of Elec Eng:
5/5/2010 The MOSFET 11

FET Model (Large-Signal)

Both FETs (JFET and MOSFET) can be
described by mathematically identical
equations:

. {K[Z(VGS _Vt)_VDS ps » Vbs < Ves 'Vt
5=

K(VGS _\/t)2 » Vps > Vs 'Vt
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FET Model (Large-Signal)

2 b
p

For JFETS: K « I\;’SS .V, <V, (pinch - off voltage)

K « &\ﬂ
2 L
L — carrier mobility
C,, — oxidecapacitance[F/m?]
W, L - channel width and length

For MOSFETSs:
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MOSFET: biasing

Voltage divider

Drain-Gate feedback
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MOSFET biasing:
voltage divider

+Von

Re = RIRI(R+Ry)

R; very large (— MQ)
I;=0—>

= Vo= VppRol (Ri+R))
I;=0—> /=1

Ves = Vo -1p*Rs

Vps = Vpp - Ip"(Rpt+Ry)

(b) Gate bias circuit
replaced by its
Thévenin equivalent

Figure 12.13 Fixed- plus self-bias circuit.
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MOSFET biasing:
voltage divider

To find the operating point we usually
assume that the device operates in the
saturation region, i.e.:

: 2
Ip = K(VGS _\/t)
But we also have:
Vs :VG _iDRS v Vas >Vt
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MOSFET biasing:
voltage divider
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Figure 12.14 Graphcial solution of Equations 12.12 and 12.13.
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MOSFET biasing:
voltage divider

Now, we have to solve for v g

VG =Ves t RSK(VGS _Vt)2
or

RKVZ, +(1— 2V.R.K )V + RKVZ -V, =0

This quadratic equation has two solutions;
we must accept only v > V,
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MOSFET biasing:
voltage divider

Once v is known, we calculate /,:
: 2
lp = K(VGS _\/t)

and Vps = Vpp - 157 (Rpt+FRs)

Finally, we must check if v, s> v s- V,
If not, the MOSFET is NOT in saturation !
Repeat, assuming triode (linear) region.
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MOSFET biasing:
drain-gate feedback

In an n-channel enhancement
MOSFET V,>0 :
So, the saturation condition < % | _
Vps > Vgs— V, is always |0

satisfied _||_.
Vs = Vop —=RpK(Vps — V)? Ve

Here Voo = Vpg
Ry
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MOSFET biasing:
current source (Mmirror)
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