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Previous Lecture

COMSATS

e BJT Small Signal Analysis

— Small Signal Analysis of CE Emitter Bias Configuration.
— Small Signal Analysis of Emitter Follower Configuration.
— Small Signal Analysis of Common Base Configuration.
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Session Overview

Topic FET Small Signal Analysis

Trans- conductance, Input Impedance, Output Impedance,
Concepts FET AC Equivalent Circuit, JFET Fixed Bias Configuration Small
Signal Analysis.

Recommended | o <91 9.289.30f[1]
Reading
Keywords Emitter Follower, Common Base, Small Signal, BJT, Fixed Bias.
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FET Amplifiers
* Good Voltage Gain. ¢ Common Source

— Most popular.
— Characterized by inverted amplified

* High Input Impedance. signal.

* Less power consumption. ¢ Common Drain.

— Characterized by unity gain and no

*  Work with wide range of mversion-

frequencies.
e Common Gate.

. . — Characterized by gain with no inversion.
e Small size and weight.

* InputImpedance is very high.
* Trans- conductance factor (gm) is

the counterpart of amplification .
factor (B). Output Impedance is comparable

to that of BJT.

e Current gain: Undefined (Why)
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FET Small Signal Model

FET is a voltage controlled device,
so the relationship between the
VaGs and Ip is defined as

Alp = gmAVGs

where

Io= controlled current.

Vas= Controlling Voltage.

gm is called trans- conductance,
where the term trans is used to
describe the relationship
between input and output.

* gm=

Alp/AVes

e gm=m = Ay/Ax= Alb/AVGs

AirD
Em =
Algs

(= Slope at O-point)

Ve

0 ’Vos

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model
. Examplt? 9.1 (Boylestad): L ()

Determine the magnitude of
gm for a JFET with Ipss= 8mA B
and Vp= -4V at following DC M
. . gmat—0.5V, 6 2.1 mA
bias points (.7
Ip=smal1- —& — 5-
(a) Vas= -0.5V. pmemal )
4
(b) Vas=-1.5V. X
(c) Ves=-2.5V. 42
—1
-4 -3 -2 -1 0 s (V)
Vp —
10V
Robert L. Boylestad, Electronic Devices and Circuit Theory,
8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

* Mathematical Definition of
gm:

* The derivative of a function at
a point is equal to the slope of
the tangent line drawn at that

point.
o gm=(2lpss/|VP|)[1-Vas/Vr]
* gmo=(2lpss/|Vr)
e gm=gmo[1-Vas/Vr]
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FET Small Signal Model

* Example 9.2 (Boylestad): For
the JFET of Example 9.1,

— Find the max. value of gm. Ip (ma)

— Find the value of gm at each
operating point of Example 9.1
using mathematical formula and
compare with the graphical )

Emat—05V, 6 r 21 mA

Ve
Ip=8mal1- 54
results. v (1
4
3
—2
-1
-4 -3 = -1 0 Vs (V)
Vp
10V
Robert L. Boylestad, Electronic Devices and Circuit Theory,
8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

* gmyvsVes
| En (5)
Emo
Emo
2
0 VW)
Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

* Input Impedance
Zi (FET)= o=Q.
Typical Values I )
JFET=1000MQ
MOSFET= 102 to 10°Q

Vgs=0V

AVpg

rg= i Vgs=rconstant at —1 V

Vos

¢ Qutput Impedance - poin
p p \ ©-point __r\_M,lv
Zo (FET)=rd= 1/yos. - 5
rd = (AVDS/A'D) | VGs= constant. 2V
0 ’;;)S(V)

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

e Example 9.5(Boylestad):
Determine the output

Impedance for the given FET Ipwa)
curves for
- - Vos=0V
— Ves=0V (at Vos= 8V). N
_ _ g Y NAL=02mA
— Ves=-2V (at Vos= 8V). ATpg=5V
Vs =-1V
Vs =2V
}\AID:OImA
AVps=8V
Vos=3V
L1 g7 Pe=4v
o] 12345 67 8 9 101112013 M Vs (V)

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

* FET AC Equivalent Circuit

* Idrepresented as a voltage
controlled current source gmVegs
with 180 degrees phase shift.

Go 0 . oD
¥
* Inputimpedance is represented
as an open circuit at input
terminals. Tes ‘ Enls grd
* Outputimpedance is represented ¢ —J . 0

by rd from drain to source.

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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FET Small Signal Model

e Example 9.6 (Boylestad):
Sketch FET ac Equivalent
Model for yfs= 3.8mS and yos=

20pS.
Go 0 * oD
i
7 ; e g 7
§o _J Py 08
Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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JFET Fixed Bias Configuration

+Vpp

X, =0Q X, : 00
‘ G D /
Vi ‘ ¥
—_— R R,
z ¢ ‘ EmVes 17} E—
i Z,
Battery Vg — Battery Fpp
replaced by s " replaced by
short short
o - -
G D
+ + | -
z,
zZ; o
Vi ! Rg Vs " EmVes Ya Rp

Robert L. Boylestad, Electronic Devices and Circuit Theory, 8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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JFET Fixed Bias Configuration

Q
o

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8t Edition, Pearson Education Inc, ISBN: 81-7808-590-9.
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JFET Fixed Bias Configuration

* Example 9.7 (Boylestad): The
given fixed bias configuration
has an operating point defined
by VGsa= -2V, Iba=5.625mA and 2kQ
IDss= 10mA and Vp= -8V. &)

20V

Assume yos= 40uS, determine J:—] < Ipss =10 mA
— &m

- Zo i

- Av - T _

— Av (Ignoring the effects of rd)

Robert L. Boylestad, Electronic Devices and Circuit Theory,
8" Edition, Pearson Education Inc, ISBN: 81-7808-590-9.

9/29/2014 © Muhammad Tilal 16



9/29/2014

Electronics Il

COMSATS

| e
#

References

[1] Robert L. Boylestad, Electronic Devices and Circuit Theory, 8t Edition,
Pearson Education Inc, ISBN: 81-7808-590-9.

9/29/2014 © Muhammad Tilal 17



