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Chapter 8:
FET Amplifiers




Introduction

FETSs provide:

Excellent voltage gain
High input impedance
L ow-power consumption
Good freguency range
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FET Small-Signal Model

Transconductance

The relationship of a change in I to the corresponding change in
Vs IS called transconductance

Transconductance is denoted g, and given by:

IM = AVes
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Graphical Determination of g,,

Ip
Ipss
Alp :
g = (= Slope at -point)
AVas
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Mathematical Definitions of g,

~ Alp
Om = AVis
. 2lpss |, _ Ves
™ |vp Vp
Where Vgs =0V g = 2l pss
Vp|
V
Om —gm0|: _Vipsi|

Where 1_Vﬁ: I_D
Ve \lpss

V, |
Om =gm0[1_£J:ng —D_
Vp I bss
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FET Impedance

Input impedance:
Zi = 00()

Output Impedance:

1
Yos
where:
g = vDs Y, tant
- = constan
Al D GS
Y,«= admittance parameter listed on FET specification sheets.
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FET AC Equivalent Circuit

G o O oD
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ng * Em Vgc Fd
So - o)
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Common-Source (CS) Fixed-Bias Circuit

The input is on the gate and the
output is on the drain

There is a 180° phase shift
between input and output

G D
O » QO
+ - ‘ +
l_h- ‘
Z Lo

Vf ! R G Vl{ ; Em Vgﬁ Td RD Il

— —_— S —

O * * .
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Calculations

Input impedance:

Zi =Rg
G D
: . o - O
Output impedance: T + ‘ +
FA
= z ‘0
ZO R D ” rd ‘,a'; ! RG 1.,.-1” " Em Vg.v Td RD ll
Z, =R
o="D -— — I —
rq >10R D o . = O
AldAa A A~ ?
volitage gain.
V
—__0 _
Ay =1-="9m(q lIRD)
|
V,
Ay =—*=-9nRp
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Common-Source (CS) Self-Bias Circuit

Vo

This is a common-source amplifier Rp
configuration, so the input is on the gate ¢,
and the output is on the drain Ci
v \l ¢ = ‘
i © 1l t
There is a 180° phase shift between S ~
input and output Al g R g |
) § Rk‘.‘ == Ci_'l‘
(r D
L& * ]
+ + ‘ +
—_— il
: A
Vi i Rg V { guivgx T Rp |
it
— — S —
o & - 8]
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Calculations

Input impedance:

Z: =R
[ G G D
O & > 0
+ + ‘ +
Output impedance: = =
V,‘ E Rg 1,-"":3_ * gmvgﬁ Fd R;_) 7,
Zo=T4||Rp
> — S -
Z,=R i
0 ="Dl r >10R,
Voltage gain:
Ay =-0m(rg [Rp)
A, =—0nR
v="9mRD] ps10R,
11 Copyright ©2009 by Pearson Education, Inc.
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Common-Source (CS) Self-Bias Circuit

Removing C, affects Voo
the gain of the circuit.
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Input impedance:

Calculations

[ W]

ey
-
+ 0

gnrvg.-.'

Ry

V; gﬁﬂ ;ﬂ § Rp Vo

o

&
Zi =Rg + & |
—
Z; Ve,
Output impedance: =
20 =Rp rg>10R o
. -+
Voltage gain:
_ Yo __ ImRD
VA Rp+R
Vi 1+gmRs + D S
I'd
A _ﬁ__ gmR S
V I 1+ngS rd_lo(RD+Rs)
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Common-Source (CS) Voltage-Divider Bias

This Is a common-source
amplifier configuration, so the
Input is on the gate and the
output is on the drain.

b '3

+Vip

R, R,

G
0
-
ij_

Em vg.r
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Impedances

Input impedance:

Zi=R11IR>
. Vio . — 0 * 2 ol
Output impedance: o ik ‘ —
A Z,
ZO — rd || RD Rl RE Vg&' + gmvg.'r Fa Rﬂ.
Z. =R = = _J- = =
0="D1 1 >10rR, - ) )

-
P Ve Valle tall ol

Ay =-0m(rgl[Rp)

Ay =-0mRp

rq 210R p
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Source Follower (Common-Drain) Circuit

In a common-drain amplifier
configuration, the input is on the
gate, but the output is from the

? Vop

D

Cy c
Vo) -

source. s G
| | Pl i
There is no phase shift between J >
input and output. %‘RS Z,
o o J |~
N + v, - ] -t
A Z,
R Em Fg.-r f § ry § Ry '|
D
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Impedances

Input impedance:

§ Lo
——

R ] o

Zi=Rg Vi = +
£ ——
Z,
. Em ng ] R
Output impedance: f ’ “
1 D
Zo=Tq|IRs |l — L il L -
Om -
1
ZO = RS ” rq ZlORS
Om
AldkAa A AR~
voilwaye yalirl.
Vo _ 9m(glIRs)
v = =
Vi 1+9n(rg lIRs)
Vo ImRs 0
\" - g2
Vi 1+9mRs
Electronic Devices and Circuit Theory, 10/e 17 Copyright ©2009 by Pearson Education, Inc.
e v Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Common-Gate (CG) Circult

C| C'J‘
. . o )| S D |(' .
The input is on the source 3 l | N
and the output is on the — JTL o
: Z; D Z,
drain. v, R, b6 v
xrl’
There is no phase shift _ = Voo _
between input and output. © ©
— Fd -
C Cs
I a S ‘ D b |
+ U - o A
m— Em 1'{13.'." ~—
7. VAR R z.
Vi R Vas D |
o +¢ o
=
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Calculations

. . _ Fq
Input impedance: . AAA—T .
I 2
I a D b I
7 R ” rd+RD +E )I — . ( +
| S 1 -
+9mrd — -Em‘"';.es 7 T
N 1 V. Ry Vis QR V
Z| = RS ” ‘rd ZlORD
Om

Output impedance:

Zo=Rp 1y
_ Voltage gain:
Zo=Rp ‘ rg>10
Rp
Y |:g mRp + »
AV= 0 = d szngD rdZ].ORD
Vi Rp
1+ 2
I'd
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D-Type MOSFET AC Equivalent

Go o + o[}
{LD + ‘
O I E * Ves 4 EmVes T
1’ |
Se - o8
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E-Type MOSFET AC Equivalent

——

D
—
: G | b~ pMOS .
Jm and ry can be found in -+ R
the specification sheet for S " H 7 ! °
the FET. > ', gnVes 7
‘i—"ﬂ
D — J; o
I ) S
G I = nMOS |
3 Em=1¥sl s Yg= i
—d N
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Common-Source Drain-Feedback

Vbp
There is a 180° phase shift Kp
: C
between input and output. Rp ' ,
%
D
-
C, I Zo
I 'l
Vio—)f— )
Ry — S
— AAAN— Z;
—_— =
I I;
f
— G D )
- » » ] 1|.-'H
. -
-+ ‘ Xf' = v Z”
Em a8 ‘ Td RD
Vi ,\J Vi l
J_ s L
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Calculations

Input impedance:

_ Re+rgllRp
i =
1+9m(rq IRD)
~_ RF
L~ S
| 1+ngD R,:>>rd||RD,rd_lORD
‘It'
: _ — D ,
Output impedance: oV,
e A
Zo =R |1y IRp v+,\} ' 8mVes ; Td Rp .“
i Vg,,‘
Zo=RD‘RF>>rd||RD,rd21ORD _J_ _l
S
\oltage gain:
Ay =-9m(Rellrg [IRp)
AV =—0Om R D ‘ RE>>rg4||RD.rg210Rp
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Common-Source Voltage-Divider Bias

C
]|
vie—l
—
£ R,
Ry ==
=
D
Vio - - oG - - oV,
+
— -
Z; Z,
R | RE V,l,'.’-‘ * gﬂrvg}: r.d Rﬂ
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Calculations

Input impedance:

Zi=R1[|R>
. V.o . . o o al
Output impedance: . i ‘ —
Z Z,
ZO = rd || R D R| RE V,l;.'.' * Snrp_lqs L RIJ
ZOERD‘rd21O L L -L* = =
\Voltage gain:
Ay =-0m(rq IRD)
Ay = —ngD‘ rg 210R
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Summary Table

Source-follower Drain-Feedback bias +Vion
[JFET or D-MOSFET] +Vop E-MOSFET

Cy
V.o " ; -

i |_‘ Cy
— I{ al

Common-gate Vop Voltage-divider bias +V
[JFET or D-MOSFET] E-MOESFET "

more...
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Summary Table

Fixed-bias Voo 1 +V
[JFET or D-MOSFET] %ﬁ}{,ﬁ;ﬁ;eﬂ Rs )"
Rp ¢, [JFET or D-MOSFET] Rp
= v
u ¥ VrJ If a |
Ci c 0
e 1
V; o—o} Z, v,o—J—r—> ~Z
e - “
I & Rg
Ry
Ecg;bigf] R +Vop Voltage-divider bias Vo
ypass S JFET or D-MOSFET }
[JFET or D-MOSFET] . [ ]
Rp CE
Cl C] E l.-"”
VFD—“—' 1:'..:.—} _‘E
— ]
2 Z
RI‘.' I E:\'
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Troubleshooting

Check the DC bias voltages:

If not correct check power supply, resistors, FET. Also check to ensure
that the coupling capacitor between amplifier stages is OK.

Check the AC voltages:
If not correct check FET, capacitors and the loading effect of the next
stage
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Practical Applications

Three-Channel Audio Mixer
Silent Switching
Phase Shift Networks
Motion Detection System

PEARSON Electronic Devices and Circuit Theory, 10/e 29 Copyright ©2009 by Pearson Education, Inc.
o v Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




