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Common-Source (CS) Fixed-Bias

The input is applied to the gate and
the output is taken from the drain

There is a 180° phase shift between
the circuit input and output
To construct ac ss equivalent circuite=
1) C1 & C2. are replaced by short
2) \(op=0 V (short) , V&d:.\‘):;‘w'a’
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Calculations
Input impedance:
Z =R, G D
e i’lj—.; | ;
Outputimpedance: TR O §rds o B
Z, Vi=0 D” B - _| = ;-:u- Tx. —
Y\QU o OV ——
Voltage gain: TR -
Av=2 ) Ve = Rofirids)- gwlys
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Common-Source (CS) Self-Bias_
This is a common-source amplifier
configuration, so the input is applied l
to the gate and the output is taken
from the drain.
G D
s + | 5
V 7‘» §RG v, ‘ 8mVes § rds §R/) - }
1Y v
° = o There is a 180° phase shift
l_ between input and output.
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Calculations
Input impedance:
Z =R, | D .
Outputimpedance: |, 7% $x, , |} s § ” §RD‘Z\,
Zo = r-ds”RD Z . —|S —
Zo E RD r4s210Rp i_
Voltage gain:
Av :_gm(rds”RD) gﬂwﬂ. M‘
Av - _ngD s >10R;, (G\J‘UM xz
% 4\\’ch
=
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Common-Source (CS) Self-Bias
Effect@of RL

VO
A V. ng
)
V - gmvgs(R ) |/ ;%JV}L
Vo =gV (Ry) v L Y
Vo =2 RGR v, |[ s
= i R A\/ :\iz _ngD I:QG
X_/_V VS:RG+RiV InVsRs | +0,Rs R +R;
R Gain is reduced more due to R,
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Impedance Reflection
« Consider the following circuit containing ac

RGG

sources vi,v2,vs3
‘D Rp nc "
] §s

RG G V3|]+

RG g

Vg
with source transformation

u=4g,r, -amplification factor
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Impedance Reflection

RG G
KVL for the drain - source loop 3
V; —ipRy il —ipRs + Vg =V, = 0. (1) e
M N o V1 \ﬁ
but Y5
Vs =V Vs =V ~(ioRs +V, b @

substituting (2) in (1) yields:

Yz —ipRp —iply _iDR§ +ﬂ(\{g _(iDRS +V2))‘—V2 =0

. . : : L. 7
V.3_|DRD_|Drds_-'DRs'J"ﬂVg_MDRS_/Jvz_vzzo by

[——

Vs —ipRp —ip _iDRs(IU"'l)"',UVg _l/_a p+1)=0
/ i\D’R_D +£)’rds +i_D,RS (ﬂ+1)=V3 + /UVg -V, (/U "‘1) s

V; —ipRp —iply —ipRs +y(Vg _(iDRS +V2))_V2 =0
| VstV ~V,(u+1)
NGA Rp + I + &(,u+1)

(3) is the drain Equivalent circuit equation  &—

h |
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I’dS V3
AC 0 AC
o @
Rs(pu+1)
Efl :

+yV V ,u+l

NEE +R ,u+1
(3) is the drain Equivalent circuit equation

Reflection from Source to Drain
W= WV,

R, = R, (u+1)

V, =V, (u+1)
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AC

Vi

divide eq. (3) by (u+1)

I

(4) is the source equivalent circuit equation

Vs | /Y

(n+1) ((u+1)

2

TRy T

(u+1) " (u+1)

/

+Rs

RGG

Reflection Drain to Source

W
W = :
(1+1)
R
R, = >
(1+1)
r = rds
" (u+1)
Vv
v, = :
(1+1)
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* Two outputs:

> Vol from drain
> Vo2 from source

Fi”d@'@’fgl’zg and

Example: Phase Splitting circuit
NS e
r, =100 kQ
d,=1mS owf'p*’h
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Solution: ac ss equivalent circuit
Zol
Ri G ‘
gm
Rth
vi| =Rur2
RS v:;z
1) ToFind Z,,,V,, Drain equivalent cfrcuit is required Ve lfnge Dtvide
since both of these quantities are seen from the drain
«
@ (— uw )"’ -
o +R(u+1) " —=_ Vg
VARV Vi,
Wt R vy
_ lu\ RD X Rth
— Rp + 1 + R (u+1) R +R
v
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2) To Find Zy,|vi-o

Vg=0

—AAA
\AAJ

rds +
RD;
Rs(u+1)

Z01|xi:_0 =Ry //[rds +R, (,u-i—l)]
g=0
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Solution: continued
3) ToFind Z,,V,, Sourceequivalentcircuitis required
since both of these quantities are seen from the source
Reflection Drain to Source
iV, N
e
Rp :L xl//
(1+1)
R, +r
(1+1)
YR
<R, +R
H RIS ‘g‘ Rth
(;u"'l)R + T Rs Rth+Ri
(M+1)
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Solution: continued
4) To Find Zoz|¥i=%
-
..c::l .;:R:l ™ r + R
" Zgy|vico =R Jf| =D
vo=0 (u+1)
Rs
1
ZOZ‘Vi:O =R, /[ —
VI=0 [ o0 d
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Common Gate Amplifier
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Ri=2Rg e— " this €xanp

Drain Equivalent circuit to find Vo and Zo

. Z
RigD) \ |
. I |
lds *
. — D
Vo Vi(ut1 100 k Vo

100 k Vo
.,ﬁ' _ Rp (,U"'l)\éj
g 7?_5 ')"/L Ro + 1 +(Rs // Ri)(ﬂ'i—l)( 2 -
Thevenin's | N
2 V. R (u+1)
Av == D /
MY/ RD+rds+5k(y+1)( 2 J
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 Drain Equivalent circuit to find Vo and Zo

Ri(u+1)/2 20

Olvi=0
ENEE236
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» To find Zi source equivalent circuit is needed

Zi
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FET Amplifier Design (Important)

» Design a fixed bias network such that the ac s
voltage gain|Av| =10 , i.e.find value of R, /‘ W ore /i

V, =4V ™ Ac amabys

I_Dis_fj-_o_nl'__b‘ ‘qd=@(ﬂv‘~l"0"5\
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SO | u tl on ac ss equivalent circuit
Vg =V, -V, =0V | - i
2 it ; %
Ip = IDss(l_ij =l pgs =10mMA L’ ‘ =
. Z L5 o
-4 % §R" Ves ‘ 8mVes § rds §Rn Yo
For JFETs . - -
gm_aﬁﬁﬁ_y@} i
Vel L Ve Since Av & k th
INCE AV & gm are Known, then
_2(10mA){1_£}:5ms
4L -4 Al= | = 0u (IR, <10 £ —
V, =V,
iy (IR, ||R)— —51—0=sz
A,z—o a. mS ~—r
Vi Substitute r, =50 kQ
V, = (radIRo) -
0 m gs \'ds
r.R 50 KQ.R
[J|R,) =0 = =200 ok
V, =—g,V,(rJIRy) (rdIR,) T tR 50kQ+R,
—
A== 80 R ) 2K 0K 505k
i 48kQ —
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Design Example 2 (Important)

Choose the valuesof R, and Ry that will result in

\—Q S~
voltage gain \Av =8 using the value oz g,, defined at V@ = %V )

p

— e
V,=-4V Gon = AL Dpss | Vs
|DSS:10mA \\/?\ V?

I, =50kQ Voo

+20V _ ZToss (- o
Zo (j“\ - ’-{ ( "‘l{)
? o / \Ies:-\\—l-UP
! I | + - 2 XtomA K‘\ _ _!'_'
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SOIUUO” (Value Of RD’?) ac ss equivalent circuit
:2|Dss[1_ﬁ} o G b
oy, 4 3 L1
| Rg 3 &m Vs Ry %V,
=%[1—_—1}:3.75m8 ~ . "

|
Lo

I
Summer

Vgs _Vi
A Since Av & gm are known, then
v NEV gt
I A\/:_Oz_gmrdsRD =8
Vo :_gmvgs(rds”RD) Vi
_ ) 8 8 o
V, ==0,V; (1l [Rp) - (rdIR,) 0 "3 2.133kQ
Vv
A== 90 (IR, )
i Substitute r,, =50 kQ
(relIRp) = foRo _ SOKQR, _j133k0
TRy 50kQ+R,
R, - 2.133kQ .50k _, oo\
47.867 kQ)
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Value of Rs?
The valueof Ry is determined from DC analysis
Given
! Y
Vi =V,-V. ==V =-1 e
4 "~
vV ~— / 10 MQ
G — ? P v 2
Vo=lpRs=1_ 539 {Ip;ims(}—\’,ﬁéfg
-1y S .
v e
V, 1V hondord  Veldes
=—=——"—=1778 Q &— A )
‘I)a’ 5625 mA —— =480 \‘."_,5/
200
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Design Example 3

Choose the valuesof R, and Ry that will result in

_ : : 1 - .
voltage gain |Av| =8 using the valueof g, definedat Voo ==V, == 4
V,=-4V
loss =10 MA Note: This is the same
 —oo previous example except that
ds Voo no Cs (source capacitor)
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SO | u tl on ac ss equivalent circuit
Vg =1V b
|, =5.625mA 1 v
Rc Rop V
. - gmVgs 0
g,=3.75mS (from previous example) s
~
A =\$ o Rs T\! 3
1 SI — —_—
VO :_gmvgs(rds”RD) 6\— /
V.=V —-gV R
o =Ly " Vel Ny v, = SO =(Ro) _ —g,R,
V = ~G(:_— £+gmvgsR 1+ngS
V=V, =g, VR \M=\$=%:8
: + '

Vi :Vgs + nggsRS i gm S

Since Av & gmand R, are known, then

R, =1800 (based on DC analysis)

- R, =3.573kQ

:Dm_"“ e4 - civems t

S yTERom

Rs(p)

T (W B =
med B)/?ané

‘E-"\'a Vi Z +
- 2e T /m’))’é s Vo
—= S =

D
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Value of Rs?

The valueof Ry is determined from DC analysis

Given
V. =V V. =ty =1
o =Ve V=3V,
V, =
V.= IR =1
1Y
but 1 = |DSS(1—_—j —1....0.5625 = 5.625mA
R=Vs__ 1V _17780

*7 1, 5.625 mA
choose standard value 180Q

VbbD
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Drain Feedback Configuration (self study)
Av? 2
.

RF —Ig V_C\- Z0
D

nggs Ve T J 5
e rds RD @

s -
vas (Il
v Vo
4
R,/
_ V. = V°
R/, )
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s V(=g MR /)

v© v oo RF “ le - \_)_.i—-r
IiRF :Vi _((Ii - gmvl)(RD I, )) ’L‘-
N—

\\/L[1+ gm(RD // r-ds)]: I\ll_:RF +(RD // r-ds)] j

RF(/ Z0
o |
vol @ T - Z, =Ryllr IR,
A =9 :E.rd) 3 Ry" &i -__-——-—-S*'__—'
[ ;
S
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