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I
Internal MOS Cap Model

dThe gate electrode (polysilicon) forms a parallel —plate capacitor
with the channel , with the oxide layer serving as the capacitor.
 The gate capacitive effect can be modeled by the three

capacitancesC,, C,, C,.- )
C..=Cy=5WLCo In triode region

2 : .
C=3MCoc C,,=0 In Saturation region

Cou=C4 =0
Cgb:WLCOX

In Cutoff Region  C..=W L..Cox Overlap capacitance

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Junction Capacitances of MOSFET

dThe depletion layer capacitances of the two reverse —biased pn
junctions formed between each of the source and the drain diffusion

and the body bias. ~ Cus | |
Cow= Drain —body capacitance
1+V D8
C — Csbo VO
sb vV Source-body capacitance
SB
1+ Vi Assuming grading coefficient for both junction is

0

m=1/2
Where C,,, Source-body capacitance with zero body bias

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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B
The High-frequency MOSFET Model

o
A

Ao TS
SRR SRR

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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I
The MOSFET Unity-Gain frequency

A figure of merit for the high —frequency operation of the MOSFET

as an amplifier is the unity gain frequency.
 This is defined as the frequency at which the short circuit current

gain of common-source configuration becomes unity.

o

Q

.

Short circuit gain= |

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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I
l.= gmvgs_scgdvgs

|.=0 V. If gate to drain capacitance is small

b
VeldeCl oL 9.
' 2”(C93+ng) The higher the value of f, ,
... 9. g the more effective the FET
|, siC.tC, W =1c ;”C ) becomes as an amplifier.
Wr
fT—g S = JW

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition




Frequency response of CS Amplifier

=

Yo
Low-frequency Midband »>r<— High-frequency band
_ band I * All capacitances can be neglected I
. . oy
. * Gain falls off | ] + | ; J;I;Sﬂi dem
C i due to the effect| y 1dB | Pyt
R‘“‘g ; of C(‘,‘] i qu ________ i T ______ or L, an o
AT l and Cpy

20 log |4, (dB)

s

fi Ja (Hz)

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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B
The gain is almost constant over a wide frequency band called

the midband. v .
Midband gain A«=y/ =~ R(};ksig 9.9 IR.IR

3dB bandwidthis BW=1f -f
If f >f Thanbandwidth BW = fH

A figure of merit for the amplifier is its gain —bandwidth product .

GB=|A,[BW

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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High frequency model of CS Amplifier with source
resistance

VDD (0 %)

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition

P MFTEL OMLIME
e o ROORE CERMFACATION IC0WRS



High frequency model of CG Amplifier

Fop (0V)
H.I‘J
"':'('1
d 1
]
A
.'.. = H"_
G -/
- t — thg
Ry
)| gy .
0
¥ -
v)! = Ro=g =
—Vee
* Source: Microelectronics Circuits, Sedra and Smith, Fifth edition
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High frequency model of SF(CD) Amplifier

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition




I
Recapitulation

JA figure of merit for the high —frequency operation of the
MOSFET as an amplifier is the unity gain frequency i .

d+ is proportional to {_, and inversely proportional to the FET
internal capacitance.

dThe higher the value of . , the more effective the FET becomes as
an amplifier.

dMiller —effect occur due to gate to drain capacitance.

1 The midband is the useful frequency band of the amplifier.

d f.and f, are the frequencies at which the gain drops by 3dB
below its value at midband.

Source: Microelectronics Circuits, Sedra and Smith, Fifth edition




Thank You




