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(MODEL Valid for all FET Types)

* Inac S o L

—ii _ Fds

&y Tl b 37

= sO ' Os

Sowvee
Tvawns O\IMQ"—'DV’
* Or
=0l - amplification factor
2 e

Instructor: Nasser Ismail
Summer 2020-2021




ENEE2360 3 8/8/2021
BZU-ECE —_
] wplv freve

|. Common Sowvet LC,S) = CE%t
46mC 2. 4 Pra [ Cd) = CC
M.;N‘:" 3. / Gealte (_C(s) = CB

“

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) , Vé(:.\‘):;‘w'a’
3) FET ac ss MODEL
N N~

D
? = O
+
<
zZ, |,
gmv,cs Ids Rn Ve
\—

iy

|
} .
|

Instructor: Nasser Ismail
Summer 2020-2021 4



ENEE2360
BZU-ECE

8/8/2021

Input impedance:
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Output impedance:

Calculations
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Voltage gain:
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Common-Source (CS) Self-Bias_

This is a common-source amplifier
configuration, so the input is applied
to the gate and the output is taken
from the drain.

G D
s + | 5
v, 4 §RG v, ‘ 8mVes § rds §R/) =
v | ” o
> = o There is a 180° phase shift
_I_ between input and output.
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Calculations
Input impedance:
Z, =R | ? °
Output impedance: T 4, g i §R‘/_\
Zo = r-ds”RD ; . —|S —
Zo E RD r4s210Rp i—
Voltage gain:
Av :_gm(rds”RD) gﬂw\{. M‘
Av = _ngD rs>10Rp (G\J‘UM ‘\z
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Common-Source (CS) Self-Bias

Effect of RS @nore rdsp = vds = o
Vi G D

V,
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V V -V =V, -0,V ,Rs
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=V, =V + 0, VR - —
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Effect of RL
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— - .
R.+R Gainis reduced moredue to R,
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Impedance Reflection
« Consider the following circRLéit containing ac
SOUrCes Vi,v2,v3 1
‘D Rp nc "
] §s
RG G V3]+

RG g

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:

Ys —ipRp —iply _iDR§ +:“(Yg _(iDRS +V2))‘—V2 =0

. . : : L. 7
V.3_IDRD_IDrds_‘lDR3+:qu_IUIDRS_IUVZ_\\_/ZIZO by

Vs —ipRp —ip _iDRS(ﬂ+1)+/’lVg _l/_a p+1)=0
/ i\D’R_D +£)’rds +i_D,RS (,u+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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RG G
I’dS V3 +
AC 0 AC ﬁ AC
Vi Vg @ Vi Vg Vgs
‘-%l / ¢
ACH AC

+yV V ,u+l
U + r.+R (u+1)
)is the drain Equivalent circuit equation

Reflection from Source to Drain
W= WV,

R, = R, (u+1)

V, =V, (u+1)

Instructor: Nasser Ismail
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Vi

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

Vo | /HVg
1) T
> /R, r

ds R
(p+1)+(p+11+ 3

/

(4) is the source equivalent circuit equation

RGG

Reflection Drain to Source
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Example: Phase Splitting circuit
r, =100kQ ™S oo
« Two outputs: g, =1mS ovtp
» Vol from drain T
» Vo2 from source ?

.,_ Ro &

. R1 k ~—
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= J:_ e -~ -
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Solution: ac ss equivalent circuit

Zol
1

Ri @G
&n
Rth
vi | =RuR2
+
RS Vo2
1) To Find Z,,V,, Drain equivalent c¥rcuit is required Ve lfnge Dtvide

since both of these quantities are seen from the drain

v
@b (4 ).—, o

r.+R +1 ——-g
ds &l/) 5

AT Vs
+R v,
R R,
R, + Iy + R, (u+1) R, +R,

- RD // (ris +Rs(/m))

l
*
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«
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| P (Short)

Instructor: Nasser Ismail
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2) To Find Zy,|vi-o Zo,
Vg=0 D -
JVAVAV
rds +
RD
Rs(u+1)

mei:_o =Ry //[rds +R, (/H'l)]
g=0

Instructor: Nasser Ismail
Summer 2020-2021 16
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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
N

Instructor: Nasser Ismail
Summer 2020-2021 17
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Solution: continued
4) To Find Zoz|¥i=%
-
.t::-'l % m r + R
' = Zgy|vico =Ry Jl| 0
vo=0 (u+1)
Rs
1
ZOZ‘Vi:O =R, /[ —
Vg=0 |rds_)°o gm
= u - L l/
Z. =R, =R/ /IR,
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Common Gate Amplifier
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Drain Equivalent circuit to find Vo and Zo

Ri(u+1) \‘ Z°|
* lds <J *
Vo Vi(pt1 1%31 Vo
Rs!u+l) G

Thevenin’s |
EC

.,,2' _ Ry (,U"'l)\J
‘7‘2.7?‘5 A RD+rds+(RS//Ri)(,u+1)( 2 ¢
) / v Rp (/U"'l)J'/

Av ==
Y RD+rds+5k(y+1)( 2

Instructor: Nasser Ismail
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 Drain Equivalent circuit to find Vo and Zo

Ri(u+1)/2 20

Olvi=0

ENEE236

Instructor: Nasser Ismail
Summer 2020-2021 21
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« To find Zi source equivalent circuit is needed

LA

Lol /

Instructor: Nasser Ismail
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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\
=50 kQ

M |
v
5
-)
'—b v
a— ﬂ
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‘Ubs-\h
\/ -5,,. r:l%”fg

fLS ?*_‘3

= Avl = G
e {AS*RD
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SO | u tl on ac ss equivalent circuit
Vgs =V =V =0V | i .
2 ¥ } ¥
Ip = IDss(l_ij =l pgs =10mMA I_’ ‘ N
y: & 25
For JFETs . - -
gzl_{lv_} i
Ml L Vs Since Av & known, th
ince Av & gm are known , then
_2(10mA){1_£}:5ms
4L -4 Al= | = 0u (IR, <10 £ —
V,, =V,
i <||R>— L “5mg- 20
A,z—o a. mS ~—r
Vi Substitute r, =50 kQ
V, = (ralIRp) -
0 m gs \'ds
r..R 50kQ.R
PR )= teto _ LXIRy 516
V, =—g,V,(rJIRy) (rdIR,) T tR 50kQ+R,
—
|A/| __| g (rds”RD)| >R :M:208k —
> 48kQ) —

Instructor: Nasser Ismail
Summer 2020-2021 24
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Design Example 2 (Important)

Choose the valuesof R

Rp and R that will result in

S

) . K . 1
voltage gain \Av =8 using the valueo gldefmed e‘at V@S :E/p )
Ve =-4V 3«*\' bR 149 Vs
loss =10 MA \ Vo \ Vo
I, =50kQ VoD 2 Toss
Y

)

=\
G

zxif;MA &\_

<l
v‘

Instructor: Nasser Ismail
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SOIUUO” (Value Of RD’?) ac ss equivalent circuit
2IDSS VGS o ! g e 0
= — 1——
& w[ VJ Ll el
;% G Vs § g D Zo b
:2(10mA)[1_-_1}:3l75mS | §R A Q) rds Sk !
|_4| —4 - —‘ =
e
Vgs :Vi -
Vv Since Av & gm are known , then

Vo

V.

A,
Vo = _gmvgs(rds”RD)
Vo = _ngi (rds”RD)

|_ gm (rds”RD)|

Y

V .
A= =1 9n(rdIRo)| =8
-'-(rdsIIRD)=i= 8 _o133ka
o 375mS Y—
Substitute r,, =50 kQ
(rIR.) = foRo _ S0KQR, _ 50016

+R,  50kQ+R,

n _ 2.133kQ .50kQ

5 =2.22kQ
47.867 kQ

Instructor: Nasser Ismail

Summer 2020-2021

26



ENEE2360
BZU-ECE

8/8/2021

Value of Rs?

The valueof Ry is determined from DC analysis

Given
! A}
Vs =Vo =V ==V, =-1 e

VO?
I

~—¥ v’ U‘é 2
wee o [

e —

1V
5.625 mA

S

VLSS

=1778 Q &—

butl =1_ (1— _—1j 105,.0.5625 = 5.625mA~”

ﬁc:é\s/"c*/
(povderd Vel

1C o
=4 %0 \‘LSZ

200

Instructor: Nasser Ismail
Summer 2020-2021
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Design Example 3

Choose the valuesof R, and Ry that will result in

. . i 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)

Instructor: Nasser Ismail
Summer 2020-2021 28
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SO | u tl on ac ss equivalent circuit
Ve =1V b
|, =5.625mA 1 v
) Rc Rop V
g, =3.75mS (from previous example) s Y 9ves 0
~
A =\$ o Rs T\! S
1 SI — —_—
VO = _gmvgs(rds”RD) 6\— /
Vgs :¥g - gmvgs RS
Vg =V,
(. ~
Vgs: |_nggsRS ‘A\/‘_VZWZS
_ + '
Vi :Vgs + nggsRS i gm S
Since Av & gmand R, are known, then
R, =1800 (based on DC analysis)
- R, =3.573kQ
Dran. 51 owou.'. t
L[’ - (as
+
¥ /"‘Iv’é Rs Vo
- | I
\25 (PH)

Instructor: Nasser Ismail
Summer 2020-2021
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Value of Rs?

VbbD

The valueof Ry is determined from DC analysis

Given
1
V, =V, -V, =va =-1
V, =
Vi=1,R,=-1
1Y
but I, = IDSS(l—_—) =1 ,4-0.5625 =5.625mA
q =\£=—1 v =177.8 Q
I, 5.625 mA

choose standard value 180Q

Instructor: Nasser Ismail
Summer 2020-2021
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Dral

- .
RF —Ig \(_C\. Z0
EE
nggs Ve T \» 5
o rds RD
s +
vasfllo
v
l.=9,V, + Ve
R,/
_ V. = Vo
R/,

Feedback Configuration (self study)

Av? 7

Instructor: Nasser Ismail
Summer 2020-2021
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Z

=R, /I, IR,
o Ml TRe
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