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Find R such that VD=0.8V,
Vth=0.5V, Kn'=0.4 mA/V2,
W/L=0.72/0.18 lambda=0

+1.8V

R
Vb o.8v
0,

il

Figure E5.9
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Find R, to operate at edge of saturation Previous
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Vpp = +10V
Ry = 10 MQ Rp =6 kQ
61y
Rega = 10 MO Rs = 6 kQ
(a) (b)
Find the voltages and currents
V=1V, Kn(W/L)=1 mA/V2
Figure 5.24 (a) Circuit for Example 5.6. (b) The circuit with some of the analysis details shown.
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Ko =Ky'=1mA/VZ, v, =-v,;=1V
2=0
Find v, for v, =-2.5, 0, 2.5
+2.5V

Ves < Vi
Vas > Vi —
Vps > Vgs —Vi
Vp —Vg > Vg =V, =V,
Vep <V —

Vbs <Vov
Vgp > Vi
Figure E5.15
Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.




MOSFETs as Amplifiers

* |n saturation, the MOSFET acts as a voltage
controlled current source

iD =£krlw

W
2 (T)\/o%/ (1+ /1VDS )

 Non-linear V2
* If the current (ip) flows in a resistive load,
output voltage is proportional to ip.

MOSFET as an amplifier
Vo=Vps=Vpp-IpRp
Later, we will discuss small signal equivalent circuit
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Vg increases when reaches Vi MOSFET
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Since initially vpg is high (no drop on
Rp) Vps > Vgs — V, > Saturation
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Figure 5.28 Biasing the MOSFET amplifier at a point Q located on the segment AB of the VTC.
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Vps =Vpp —1/2k,Rp (Vgs _Vt)z

Ups

vci =

I

Microelectronic C
{a)

g

Saturation
V>V, V2V, -V,

Cutoff v, <V,

/ Vo:VDDv ID:O

Slope at € = voltage gain

Triode
vV, >V, Vo 2V V,

Time
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Vgs (1) =Vgs +Vgs (1)

A
U

Vs =Vpp —1/2k,Rp (Vgs _Vt)2

— P o o — Yosma = Vs + Ve

Upsmin = Vs — Vas
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(a}

2 Designs for a gain of 10

1. Changing Ry while keeping V,, constant
2. Changing V, while keeping R, constant
V=0.4V, Vpp=1.8V, Vgs=0.6V, K,'=0.4mA/V,,
W/L=10, Ry = 17.5KQ
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VTC by Graphical Analysis

* Not used in circuit analysis, used only to
illustrate for gaining a greater insight into
circuit operation.

* From elementary circuit theory we have
* Vpp =Ip Rp + Vpg
e That represents a line with a slope of -1/RD

e The transistor operates on a point along that
line.

ink s = Vop

Voo Triode —:—i-t— Saturation

vgs< 'V, , ,

Q Vgs = Voo

(@) gy = Vos (h)
: Load-line
| slope = = 1/Ry,

os = ***
Uy
Figure 5.31 Graphical construction to determine the voltage transfer characteristic of the amplifier in Fig. 5.29(a).
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Figure 5.33 Two load lines and corresponding bias points. Bias point Q, does not leave sufficient room for positive signal swing at the drain
(too close to 1,). Bias point Q, is too close to the boundary of the triode region and might not allow for sufficient negative signal swing.
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