ENEE236
BZU-ECE

Analog Electronic
ENEE236

FET Amplifiers

ac small signal analysis
Instructor: Nasser Ismail

ENEE236 S1 2015

Definition: Transconductance g,
For JFETs and DMOSFETS

g — aID :% _']__\g
TV, NIV

GS

VGS ID 2|
Om :gm0|: - :| = Omoq|T — O = ZDSS
VP |DSS 0 NP‘
For EMOSFET ol

o= = 2K(VGS _VGS(TH))
1o =K(Ves _VGS(TH))2 — aVGS \ﬁ
K

K — Iy (Ves _VGS(TH)):

VGS _VGS(TH) 5
/I }I K

ng,=2K |2 =2[|2—=2/I_.K

gm K K D
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AC Small Signal Equivalent Circuit
(MODEL Valid for all FET Types)

* Inac % o e
_ id o Ids
0n=—""=L= gmvgs gmVgs
\"
gs
sO y “~—Osg
* Or .
o——0

=g r. -amplification factor

m'ds

sO
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FET Impedence

Input impedance:

Zi =OOQ
Output Impedance:
1 AV,
Zo = rs == where rs — /s = Constan
d X d: AID V tant

Yos= admittance parameter listed on FET spec sheets
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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 circuit
1) C1 & C2 are replaced by short

2) Voo=0 V (short)

3) FET ac ss MODEL

L

Rg V,, ; BmVes rds Rp

+Vop

Calculations

Input impedance:

Z=R; o]

Output impedance:
Zo _RD”rds

Viso
7 ~

o

Vi=0 D| 1y >10R,

Voltage gain:

V| :Vgs
Vo =Vds

Vds = _gmvgs(rds”RD)

\Y

A =-%=-0,JdIR;)
A
VO

A’ = V = _ngD 14 >10Rp
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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

Rp

s P
R( ]
Ry I Cs

There is a 180° phase shift
between input and output.

Calculations

Input impedance:

Z =R, o | 2 o
Output impedance: |, 7 S, (S S~
Z=tlR, | s :
Z.=R| .. ar
Voltage gain:

A =-9,(rlIR;)
A/ = _ngD‘ rgs>10Rp
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Common-Source (CS) Self-Bias
Effect of Rs (g

Voo

nore rds)
G D

Vo :_gmvgs(RD)
Vs = gmvgs(RS)
v, =V,

Vo =V, —Vg =V, — g,V R,

mY gs

:>Vi :Vgs + gmvgs RS

Rc Rp
gmVgs

Rs

_ Vio _ - gmvgsRD
Vi Vgs + gmvgs RS
- ng
A= >
1+9,R
Gain is reduced due to R

A

3Vi :Vgs(1+ngS)

G

Common-Source (CS) Self-Bias
Effect of Ri
Ri G D
Rb
gmVgs

VO
A
Vo :_gmvgs(RD)
Vs = gmvgs(RS)
g:RRJ(:RV‘

o+ R V, -g,R, R
Vyo =V, -V, ==V, — gV, R A”ZV=1+g R R 4R
A T i Onhs Rg + R

R, +R, Gainis reduced moredue to R,
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Impedance Reflection

sources vi,v2,Vs

V.
D Rp © En's
il
Re G V3 =
AC| RS
V1 V2
- S ac
Rs
V2
AC
RG G
+
Vi Ve

with source transformation
u=g,r, -amplification factor

» Consider the following circuit containDing ac
RG G

Impedance Reflection

RG G
KVL for the drain - source loop
V; —ipRp —iply —ipRg + 4V =V, = 0., 1)
\%A
but
Vo =V, =V =V, —(ipRs +V, )orrrrrrvrrrrrsscsiscssss 2

substituting (2) in (1) yields:
V; —ipRp —iply —ipRs +/U(Vg _(iDRS +V2))—V2 =0

V; —ipRy —iply —ipRs + 4V — pipRs — 1V, =V, =0
Vs —ipRp —iply —ipRs (/‘+1)+ﬂvg -V, (u+1)=0
ipRo +iply +ipRs (1 +1)=V, + a1V, -V, (u+1)

V; —ipRp —iphy —ipRs +/‘(Vg _(iDRs +V2))_V2 =0
Vs, -V, (u+1)
P Ry +r, +R(u+1)
(3) is the drain Equivalent circuit equation

Instructor: Nasser Ismail
1st Semester -2015-2016

11/20/2015
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RG G

i =
° R,+r, +R(u+1)

RG G D

\%8

V2(ut+l)

(3) is the drain Equivalent circuit equation

Reflection from Source to Drain

N =V,
Rs = Rs (:U + 1)
Vv, =V, (,u + 1)

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

Vo My
C(wr) () 7 .
o = R @)

(w+1)  (w+1) °
(4) is the source equivalent circuit equation

RG G

Reflection Drain to Source

Yy
N e
He =+
RD

(u+1)

Rp =

11/20/2015
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Example: Phase Splitting circuit

r,, =100 kQ

« Two outputs: g, =1mS

» Vol from drain
» Vo2 from source

FindA,,A,,Z,.Z,,and Z, c3
Ri +

10x
Vol
Vi
Solution: ac ss equivalent circuit
Zol
Ri G
mVﬂ; *
Rth “ Vol
Vi =RU/R2,
T
RS Vo2
1) ToFind Z,,,V,, Drainequivalent clrcuit is required
since both of these quantities are seen from the drain
R
Zol
Ri ° Vol = 2 (_ ,qu )
c Ro+ 1, + R (1 +1)
vi _Rih Vol -V R,
! Rth + RI
Rs(ut1) Av = & — (_ ) Ry R

#R 1, +R (u+1) R, +R

Instructor: Nasser Ismail
1st Semester -2015-2016
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2) To Find ZOlwiz%
g:

201|§;=:% = Ry /[rys + R, (u+1)]

Rs(u+1)

!

Solution: continued

3) ToFind Z,,V,, Source equivalent circuit is required
since both of these quantities are seen from the source

Tas

(u+1) Reflection Drain to Source L L
M1V,
N 79
He = vy
RD
=
° T (u+1)
[y = % V, = Ry ( Y, J
(/H—l) 2 R+, IR, (u+1)
(u+1)
Vg :Vi R Rth
th + I:ai
A/ :Voz — H R\S ) Rth
’ Vi (#+1)M+R Rth+Ri
(u+1)  °

Instructor: Nasser Ismail
1st Semester -2015-2016
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Solution: continued

4) To Find zoz|ﬁ
g=

Zop|vico =R /1 T *Ro
Vo=0 (u+1)

Z =R, =R/IR,

Common Gate Amplifier

Zi

Instructor: Nasser Ismail
1st Semester -2015-2016

11/20/2015
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Ri(u+1)

Ri(u+1)

Thevenin’s

Drain Equivalent circuit to find Vo and Zo

Ri(u+1)

Ri(u+1)/2

\ v, - Rp ((;H—l)vi]
\ Ry + 1. +(R //R Y+ 2
|

EC AV—V—O— Rp ((ﬂ"’l)j
Rp +ry +5k(u+)\ 2

Ri(p+1)/2

ENEE236

 Drain Equivalent circuit to find Vo and Zo

Zo

F2014-2015

Instructor: Nasser Ismail
1st Semester -2015-2016
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* To find Zi source equivalent circuit is needed

11/20/2015
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Vu :(Ii - gmvi)(RD //rus)

also

R
Vi _((Ii - gmvi)(RD //rds))
LR. =V, _((Ii _Ramvi)(RD I rds))

Vi[1+ gm(RD //rds)]: Ii[RF +(RD //rds)]

) VR
T Lo, (R

o |
Vi=0 G ! - +
> b3

— <
gnI{g570 ::rds < RD Vo

S b

Z

0‘ vi=0

=Ry /1, /IR,

Instructor: Nasser Ismail
1st Semester -2015-2016
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FET Amplifier Design (Important)
* Design a fixed bias network such that the ac
voltage gain |[AV| =10 , i.e.find value of R,
V, =4V
|DSS=10mA Vop
r, =50kQ Y
Zo
Zi “,C2
c1 L_—_e’
Vo
Vi Re
10 MQ
SO | u tl on ac ss equivalent circuit
Vg =V -V, =0V .
2 d O
+
|D=|DSS(1—O) = I e =10mA | J
4 10 B
For JFETS = -
g 20pss 1 Ves -L‘
COMIL Ve Since Av & k-h
2(10mA) 0 IncCe Ava.gmare nown, then
== 1—7 :Sms V
-4 L -4 Al= 1=l 9. (IR, =10
VS:VI I
° AR =2 =10 oy
K=V*° g, 5mS
i Substitute r,, =50 kQ
V,=-g,.V R
o gm gs(rds” D) R B rds-RD B SOkQRD _ZkQ
V, = -0,V (rdIRy) (rdl D)—rd R EOKOLR -
\Y/
‘A/‘:vo :‘_gm(rds”RD)‘ D:M:ZOSKQ
i 48 kQ

Instructor: Nasser Ismail
1st Semester -2015-2016
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voltage gain |Av| =8 using the value of g, defi

V, =-4V
lpss =10 MA
r, =50kQ Voo

Zi

Vi

Design Example 2 (Important)

Choose the valuesof R, and R that will result in

nedat Vg, = %Vp

SOIU“O” (Value Of RD’)) ac ss equivalent circuit
2 Lo
L
Since Av & gm are known , then
- 2(10mA)[1_1} =3.75mS Vv
-4 L - Al =2 =l g (rlIR,)| =8
Vszvi |
s AR =2 =8 _5133K0
A/_Vo O 3.75mS
=¥
V, =—0,Vy (rdIRp) Substitute r,, =50 kQ
r..R 50 kQ.R
=— : R,)=—%"02 = D_=2.133kQ
Vo gmvl(rds”RD) (rds” D) rderRD 50kQ+RD
V. 2.133kQ .50 kQ
== (1R R, == ' =2.22kQ
Al v =9 (Tl IRo)| =

Instructor: Nasser Ismail
1st Semester -2015-2016

11/20/2015
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Value of Rs?

Vobp

The valueof Ry isdetermined from DC analysis

Given
V. =V, -V, =1v -1
s =Ve V=3V,
V, =0
V, = IR, =1
1Y
but 1, = |DSS(1—_4J ~1,,..0.5625=5.625mA
R=Veo IV 11780
I, 5.625 mA

D

Designh Example 3

Choose the values of R, and Ry that will result in

voltage gain |Av| =8 using the value of g, defined at Vg, = %Vp

V, =-4V
. =10 MA

Note: This is the same
previous example except that

no Cs (source capacitor)

Vi

Instructor: Nasser Ismail
1st Semester -2015-2016

11/20/2015
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SO | u t | on ac ss equivalent circuit

Vg =-1V
|, =5.625mA

g, =3.75mS (from previous example)

\'
—_0 Rs
A V,

Vo :_g V (rds”RD)

m" gs

Vi =V, —9,V,R;

V _ _gmvgs(RD) _ _ngD

vV, =V, "V, +9, VR 1+0,R
Vgs :Vi_gmvgsRS ‘A/‘:\L — _ngD —
V, =V +9,V,R Vil 1+0,R;

Since Av & gmand R are known, then
R, =180Q (based on DC analysis)
- R, =3.573kQ

Value of Rs?

VoD

The valueof Rj is determined from DC analysis

Given
1
Vo =V, -V, =V, =1
V, =
V,=1R =-1
1Y
but I, = |D55(1—_4) ~1,,.0.5625=5.625mA
R-Veo 1V _17780
| 5.625 mA

D

choose standard value 180Q

Instructor: Nasser Ismail
1st Semester -2015-2016
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