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FET Amplifiers

FETs provide:

« Excellent voltage gain
« Highinput impedance
* Low-power consumption
« Good frequency range

FET Small-Signal Model

Transconductance

The relationship of a change in  to the corresponding change in
Vsis calledtransconductance

Transconductance is denoted gand given by:
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Graphical Determination of g,

Mathematical Definitions of g,,
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FET Impedance

Input impedance:
Zi =00

Output Impedance:

1
Zo=rg=—o
° Yos
where:

AVps
fa = Vs =constant
Alp | Ves

Yo admittance parameter listed on FET specificatiorsheets.

Copyright 2000 N. AYDIN. All rights
reserved.




FET AC Equivalent Circuit
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Common-Source (CS) FixedBagsClicoitit

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

There is a 180 phase shift
between input and output
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Calculations Common-Source (CS) SelBRiatiraitit
Vop
Input impedance: - -
This is a common-source amplifier
Zi =Rg configuration, so the input is on the gate
5 . and the output is on the drain
Output impedance: b ] ]
5 | L S There is a 180 phase shift between
Zo=Rpllrg v 4 E:RG ey 3: o Sk, % input and output
ZoORo| | 10r, e —|S =
l G D
Voltage gain: i + + o
v B Sa | Ve on 3 S v
Ay =12 ==9n (a [IRp) (R S T who S Sk,
i
Vo__ - =i
Av= Vi ImRo) 14210Rp l
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Calculations Common-Source (CS) SelBRiaOtiraitit
Input impedance: Removing G affects
the gain of the circuit.
Zi=Re G D
+ + | +
Output impedance: — S y —=—
v 4 SRy} e Y Sm V.
Zo=14lIRp by ]
= _ls =
Zo ORp r4210Rp l
= @ D
I T .
Voltage gain: == " [y -
5
Ay ==gm (fg [IRD) V N - ko
Av==0mRp 14210Rp _ Rs o
+
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Calculations

Input impedance:

Common-Source (CS) VoltageEDiidde BRias

Zj =Rg + +
— b e & — This is a common-source
Output impedance: : Yes 5 z amplifier configuration, so the
’ vi Rg i ko input is on the gate and the
outputis on the drain.
Zo ORp 14210Rp Ry :
x 1 — v
Voltage gain: b
A, “Vo__ ImRp
Vi 1+ngs+M v G . | D i
_Vo __ 9mRp T ) -
AV = TLag Rs 12RO RS) O T l e $n Sk,
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Impedances g L
P Source Follower (CommonEDeéi) )EDiccuiiit
Input impedance: Voo
In @ common-drain amplifier
Zi =Ry IRz configuration, the input is on the
V. G D gate, but the output is from the
Output impedance: =g o | source.
z,
= R, Ry | W, EnVer 7 . .
Zo=rdlIRp ¢ ‘I 2 There is no phase shift between
L L = input and output.
Zo ORp 14210Rp i v = = =
Voltage gain: = A
Ay =-gm (rq [IRD) v’_> + v, —| -
Ay, ==-gmR " el 4 5 I
vETImRD| | a10r, i '
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Impedances Common-Gate (CG) Ciircuit
Input impedance: 7 C, s 5 C,
Zi =Rg % f o = The input is on the source g ) It s
= | T and the output is on the — e
Output impedance: e e} > Ay drain. v 7 Rs@ —= 16 v v,
A
Zo=14lIRs ||i = L1 1 There is no phase shift - T Voo _
9m N h between input and output.
1
ZoORs ll——| ry210rg
9m
Voltage gain: 5 .
_Vo_ 9m(alIRs)
Ay = = Vv v
Vi 1+gn(rglIRs) ¢
A =ﬁ= 9mRs - +G =
v Vi 1+gnRs rq 210 _;_
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Calculations

Input impedance: = iz
o s, D 7
)| E m
+R -~
z,=Rg {4570 + 0T T
1+gmrg Ea EnY - -~
1 v, 7 R ‘: v, 4 =R 4
< D v
Z{ORg II*‘ 14 210Rp 2 “ 2
9m
- #0 =
Output impedance: =
Zo=Rpllrq )
Voltage gain:

Zo DRD‘ 13210

D-Type MOSFET AC Equivalent

L
\
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E-Type MOSFET AC Equivalent

|J D
Omand ry can be found in —lJH oS G D
the specification sheet for o . i L
the FET. | Ve S
75 >
|J D Toll Ol .
s
G nMOS 1
ol gn=lyl = 5
A el

21

Common-Sourrce DraimFeediback

There is a 186 phase shift
between input and output.

Rp
—
I I
— G D B
— o+ -—
+ [ z; o, { 3. 4 ” z,
Vs Qi >
niny IR IR SR {
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Calculations

Input impedance:

__Re+rqlIRp

Zi=
' T1+gm (g IRp)

z E_|
1 B gmRp IRF >R 1 2107

o—Re_|
—
I 4
Output impedance il D g
< 9

Zo =R |lrq lIRp *®

Zo DRD‘RF>>ru\|RD,ruzlﬂRD —i
Voltage gain B

Av==0mRellrg lIRD)
Ay I:l‘ngD‘ RE>dIRD [g210Rp

Common-Sourrce Voltagethwitte Hées
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Calculations Summary Table
Input impedance: ORET o DMOSFET]  +vpo D Srpeck bies K
R,
Zi=Rq|IR2 ] R il I
3 i
. i e R( —, B [ o
) i i o i 7
Output impedance: iy & | B s - . :1
7 Z, z; =
Zo=14lIRp R i e R
= & -gal + age-divi ia
Zo ORp| 210 1] — e Eoseen V9
Rp
G Cy
Vi Vo
Voltage gain: - =
Ay ==gm (g [IRp) Z 7
Ay D'ngD‘rdzloRD = T =
more...
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Summary Table Troubleshooting
Fixed-bias Gl v,
UFET of D-MOSFET] 4 s‘,,”;;i: R o Check the DC bias voltages:
B ¢, [JFET or D-MOSFET] L.
o v, 4 v, If not correct check power supply, resistors, FETAIso check to ensure
Vie—]| “Z v,»—ll——-t = that the coupling capacitor between amplifier stageis OK.
i Rq —
4 o g Check the AC voltages:
= = If not correct check FET, capacitors and the loadig effect of the next
S;:fa?ﬁ . Voo Voltage-divider bias Vo stage
TEETor DfMOSFET] o . [JFET or D-MOSFET] —___§
5 f
v, i
< — o i v,
v % v———1_ <
7 —
% S Il ¢ E LI 7 Ilc’x
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Three-Channel Audiio Mixer
Silent Switching

Phase Shift Networks
Motion Detection System

Practical Applications
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