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VTC of MOS Amplifier
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Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Determining VTC by graphical analysis

vas = Voo

in A

Triode —>=<— Saturation

ID \Q Vs = ,r( o
' Load-line
:\Qlope = —1/R,
T Ugs = °°°
| \
| A -
0 Vsl Vosly = Ve, = V. Vos Voo Ups

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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B
Biasing of MOS Amplifier

(Biasing enables us to obtain almost linear amplification from the

Uns A

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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I
Vs =V oo~ K. RolV as— V1)

Q is known as the bias point or the dc operating point or quiescent

Ves )=V g6 + V. (t)

dThe output voltage to be linear function of the input voltage, the
transistor must be biased in the saturation.

J Symmetrical sinusoidal signals are applied to the input of an
amplifier, symmetrical sinusoidal signals are generated at the
output.

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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_l 1Timc
JThe load line used to determine the maximum output
symmetrical swing.

JIf the output exceeds this limit, a portion of the output signal will
be Clipped and Signal distortion Wi” OCCuUr. Source: Microelectronics Circuit Analysis and Design Donald A.

Neamen, Fourth edition
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In, Ves Total instantaneous values
Ip, Vg DC values

Ids Vs Instantaneous ac values
I, Vs Phasor values

Instantaneous gate to source voltage is Ves =VesotVi=Veso* Vi

Instantaneous drain current is j, = Kn(vc;s—VTN)2

in= K[(V GSQ—VTN%Vgs]Z

iD - Kn(\/ GSQ_VTN)2+2 anGSQ_VTNNgs+ I‘(anS2

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,
Fourth edition
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JFor a sinusoidal input signal, the squared term produces
undesirable harmonics or nonlinear distortion in the output voltage.

To minimize these harmonics, we require Vo == VIV

Neglecting the term Ve than j, =i, +i,

The ac drain current is given by 1,=2 KnNGSQ_VTN)Vgs

9. : :ZKnMGSQ_VTN) g = :2Kn§/GSQ_VTN)

Vgs: GSQ:CO nstant

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,
Fourth edition
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I
Small signal Model (NMOS)

o £nggs) o — - ¢ °
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ro= Ay Fo Outputresistance

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,
Fourth edition
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Small signal Model (PMOS)

[ & - 0
= 5
G D
— ' oV,
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Vi (_) ng gmv.fg Fo Rp A/ —_ g n (ro ” RD)
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= L : o
5 Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,

Fourth edition
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I
Small sighal Model with body bias

dThe body effect occurs in a MOSFET in which the substrate , or body
,is not directly connected to the source.

D D I = Kn(VGS_VTN)2
{h fi
| B | B VTN :VTNO+7/|:\/2¢f+VSB_\/2¢f:|
6 + i'r{.':",E?_ 6 + UJ'J:
Ves - | + Ugs — |-
S S n=—rr _
226 +Vs, 9.="9,

Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,
Fourth edition
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Source: Microelectronics Circuit Analysis and Design Donald A. Neamen,
Fourth edition
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MOS as Analog Switch

-i.l L — r . r
ps = Vbp Ups = Vps|

Ugs< V, U6s= Vpp

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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I
Recapitulation

For a given MOSFET J_ is proportional to square root of the dc

current.

At a given dc bias current J_ is proportional toﬁ :

1 Linear amplification can be obtained by biasing the MOSFET in the
saturation region and by keeping the input signal small.

O The bias point Q is determine by the value of Vs and load
resistance R..

1 Two important factor parameter depends on the location of Q,
which are gain and signal swing at the output.

MOSFET used as switch in deep triode region.
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