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ENEE2360 Analog
Electronics

T9:
Field Effect Transistor- FET

Instructor : Nasser Ismail

FET Vs conventional Transistors (BJT)

Advantages

1- High input impedance ; ~100 M !

2- Fewer steps in manufacturing process. z

3- More devices can be packaged into smaller area for integrated circuit IC

Disadvantages

1- Low values of voltage gain.

2- Poor high frequency performance.

3- Sensitivity to Electro-static Discharge (ESD) and special handling is required.
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FET Typ€SI LField Effect TransistorJ
FET

N

~

/—/\/—/\

P Channel } ‘ n-Channel P- Channel] ‘ n-Channel ’ [P-Channel] n-Channel ’

D D D D D D
G E'gl) G G—@ G@ G-@) G@
s s s S s s

Junction Field Effect Transistor JFET

JFET construction: n-channel JFET
v' Reverse biasing the gate to source junctions causes the o 7
formation of the depletion region i bs
v" The drain has the proper polarity with respect to the
source to establish the drain current /¢ Gate ¥ P P — Vps .
‘ —
v i ol [
The value of /5 depends on the width of the Vs n
channel. —
ASource

v' The width of the channel is controlled by reverse
biasing the pn-junctions between gate and source .

i

v If the channel width increases I increases .
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Operation of a JFET

Drain

Gate

=

+

DC Voltage Source

N

Source

http://www.learnabout-electronics.org/fet_03.php

N-Channel JFET Operation

Depletion
layer (%1)
\ 7,

%D
o
) %
G
P n P

// /] y)

/ L 2
%S T'b ves> Vi, is T Yes<Vio f&'

(a) Bias is zero and depletion layer is (¢) Bias greater than pinch-off
thin; low-resistance channel exists (b) Moderate gate-to-channel reverse voltage: no conductive path
between the drain and the source bias results in narrower channel from drain to source

The nonconductive depletion region becomes thicker with increased reverse bias.
(Note: The two gate regions of each FET are connected to each other.)

ENEE236 9
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JFET Circuit Symbol:

D

P-Channel
D

L |
[

S
JFET output characteristic:
[
VGS =0
1 Ohmic D _/\N\,_
region Pinch off
region Ves = —1

G
Vs = —2 '_E ___+
]

VDD -

cut off re‘gi}
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JFET Characteristics: Pinch Off

If V;g=0V and V,scontinually increases
to a more positive voltage, a point is

reached where the depletion region gets so
large that it pinches off the channel.

This suggests that the current in Ky 20
channel (/) drops to 0 A, but it does not:
As Vjgincreases, so does /[, However,
once pinch off occurs, further increases
in Vpsdo not cause /;to increase. -

Pinch of voltage Vp:

For V5 = 0 ,the value of /)5 at which /5 becomes essentially constant
Is the absolute of the pinch of voltage Vpg = |Vp| Drain

* Ips+—

Some literature refer to Vp as VGs(off)

Pk—v,.

I
m|n

_ |negative value for n_channel Ve
P\ positive value for p_channel

Source

—P S —
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Ips(t) = Ipss (1 v,

In pinch off region:

Vp<Vgs=0

[Vps| = [Vp| — [Vgsl

Vgs(t)

JFET Transfer characteristic curve:

)2

W =0¥

Vgg=—1 ¥

gV =4 3 3 1

“lp=0mAL Yy = ¥,

P-channel JFET

Ips(t) =1 1-
ps() DSS( A

In pinch off region:

[Vps| > Vel — |Vgsl

Vp > Vi = 0

Vas(t)>2

Ve Ves()

NS O com
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Summary

Pinch off voltage:

v" The voltage that cusses the depletion region to touch and close the
channel is called pinch off voltage

¥" For the n-channel JFET to be in the pinch off region:
Vp<Vgs=0 N /H_._
.'; /ﬂ_._-_- L
[Vps| = [Vp| — [Vgsl I/
v" For the p-channel JFET to be in the pinch off region: J.;;i:? /
IVps| > Vel — |[Vgs| . ﬁ

Vp>Vee=0

Common JFET Biasing Circuits

» Fixed-Bias
» Self-Bias
» Voltage-Divider Bias
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Basic Current Relationships

For all FETs:

For JFETS

Fixed-Bias Configuration

Vs =V — IpRp &
V=0V "

. VD :VDS i Ve
Vs =Vee

Lﬁ%ﬁ;ﬁ&fﬁwmﬁ[com Uploaded By: anonymous,
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Vg =V5 -V =-1.5-0=-15V Vb
+16V
Assuming JFET is in pinch off region Rb
2 2kQ
V
1) Iy = loss| 1— = *
VP

2
=10 mA(l_ﬁj
-4

=3.9 mA 3)check for

2)VDS :VDD - IDRD

=16-((2k )(3.9mA))
=82V

Vos| > |Va|=|Ves| ?

8.2 > |-4/—|-1.5
assumptionis true

22

2) Self — bias circuit

* Assume that the JFET is in the pinch off

region i

= _Ves 2
Ips=1Ipss (1- 3> )

Ves=Vg -

Vgs=-(0.6K) I ps

Ipgs = 10mA

Vp=—4V
R,

=06k

NS O com
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Sub2intol

+V¥nr +15F
o Ips=10x1073(1- =208 2 R.-_.=1.af<§

Ipg
_k" fj_)_l:'_l:' = 1[]"1."1
Vp = —4V

Ips =14.77 mA, 3mA
Since Ips = 14.77mA > I pe¢

',DS = 3ImA
VG_I; =-1.8V

Vpp=Rplps +Vps+ Relps
Vﬂs = B.? U

For the JFET to be in the pinch off

* |[Vps| = [Vpl-1Vgs
> |-4] - |-1.8]
|Vps| >2.2V

* Since| Vps| > 2.2V , the JFET is in the pinch off
region and our

assumption is ok and

. IDS =3.0mA
VDS =87V
V.«;_q =-1.8V

Lﬁ%ﬁ;ﬁ&af?—rllfm%'.com Uploaded By: anonymous
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3) Voltage Divider bias circuit

Ve
Ips=1Ipss(1- f
Ves = V-

47K
Ve= 47K+133H':-2m =-4V

Vs=-Rglps=-{1.65K) I pg
KVL:

F[;5='4+(1.55K] Ipgacscsans 2
sub 2 into 1, we obtain

Vps=-5.93V

IIII_\
Ipss = 18mA

Vp = +5V

v

4.02mA
7.4mA X

Example

V, must be more positive than V,
to keep the gate — source junction reverse biased

VS = IDRS
RV

2~ DD

GS_R1+R2
V

GS

=V, - IR,
RV

270D _ |

Vi =—""2 R
GS R1+R2

D" 'S

Vy =V — 1R, =7V
Voo —Vp  12-7

=152 mA

Ip =

R, 3300

35

)

First
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Example

V = 1,R, =(1.52mA) (2.2kQ)=3.34V

1M

IM+6M

V,=154-334=-18V<0 <0OK
also

| =Ye 334155 ma
R, 2200

S

V=7V

Metal Oxide Semiconductor Field Effect Transistor MOSFET

* 1) Depletion type MOSFET: DMOSFET
* 2) Enhancement type MOSFET: EMOSFET

* The MOSFET differs from the JFET in that it has no pn junction
structure; instead, the gate of the MOSFET in insulated from the
channel by a silicon dioxide ( S;0, ) large.

* Due to this the input resistance of MOSFET is greater than JFET.

NS O com
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Depletion type MOSFET:

e Construction of n-channel DMOSFET:

Sgurce
Gat i o e
f | ate Drain [ DS
(Dirain) -l *
o
. S:'j n-<hannel et
~

N N N ™ Silicon

dioxide

Vb3

Substrate

s

——©

Igﬁr

First

Operation , characteristic and parameters of DMOSFET

¢ n-channel DMOSFET

- On the application of V/,sand keeping V=0 electrons from the n-channel
are attracted towards positive potential of the drain terminal .

- '&his %stablishes current through the channel to be denoted as /55 at
GS=Y -

- If we apply negative gate voltage (Vs< 0) the negative char%e on the gate
repel electrons from the channel . The number of repelled electrons
depends on the magnitude of the negative voltage V.

- The greater the negative voltage applied at the gate , the level of drain
current will be reduced until it reaches zero ; V5= Vp .

%@g&af?r 1O’ com
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- For positive value of /5, the positive gate will draw additional electrons
from the p-type substrate and the drain current increases .

b D
| _-.Sub | Sub
G G
s S
b b
P-channel n-channel
DMOSFET DMOSFET

Drain characteristics for an n-channel DMOSFET

|

A Ohmic i Ves = +2

region i

; VGS == +1
|

| | Pinch off _
: region Ves =0
|
|
} VGS = —1
|
| VGS = _2
|
|
1 Vee =V,
| ;Gs )

cut off re‘gib
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o
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-
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-
2=

Transfer characteristics for an n-channel DMOSFET

4,
0
[
L

’

n-channel DMOSFET

Ohmic Ves = +2

Drain characteristics for an p-channel DMOSFET

4 Ohmic
region

VGS - _2
Ves = —1

Pinch off
region

VGS:O

Ves = +1

VGS =42

NS O com
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Ips(t)

n-channel DMOSFET [DSS

Transfer characteristics for an p-channel DMOSFET

f 3

Se
-
-
e
e
e
==

In the pinch off region

v
ips(t)= IDSS(]-' -5 )2

¢ For the n- channel

¢ For the p- channel

F|rst gff;g%’f? "1 0% com
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Example prize
Suppose that the DMOSFET is in the pinch off region
. 100 M § 0.5k
Ves=V5-Vs= Vg E
G IDSS =4mA
Vommmers(12) = 119V 2 .
11 M Vp=—5v
sub 2 into 1, we obtain
Ips=6.13mA >Ipss !!' THIS IS POSSIBLE AND

DMOSFET WILL OPERATE IN ENHANCEMENT MODE

IDSS= 4mA VP=-5V

VDS= VDD_ 0.5K IDS =893v
VDS >? VGS - Vp =6.19v

Enhancement Type MOSFET
* Construction of n-channel EMOSFET:

Source VGS

! Gate Drain ]DS<_

-l
;71- Metal
N N ~si0,
—l
P VpsT
Substrate
I : rl il )
Fﬁ%ﬁ;&ﬁfgl—f@ﬂcom Uploaded By: anonymous,
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Operation , characteristic and parameters of EMOSFET

- On the application of Vpsand keeping V;5=0 practically zero current flows .

- If we increase V¢ in the positive direction the concentration of electrons
near the Si0, surface increases,

- At particular value of V5 there is a measurable current flow between drain
and source ; Ipg .

- This value of Vs is called threshold voltage denoted by V; or Vas(tH)

- A positive V5 above V5 induce a channel and hence the drain current (Ipg)
by creating a thin layer of negative charges (electrons) in the substrait
adjacent to the SiO, large .

The conductivity of the channel is enhanced by increasing V5 and thus pulling
more electrons into the channel .

— —
; — L

1LS ‘Ls

P-channel n-channel

EMOSFET EMOSFET
'@ﬁ*g}ﬁggmyﬁmﬁ" com Uploaded By: anonymous
First 2022-2023 ' ' 18



ENEE2360 1/4/2023
BZU-ECE

Drain characteristics for an n-channel EMOSFET

# Ohmic
region

Pinch off Ves =5
region

cut off re‘gi}

Transfer characteristics for an n-channel EMOSFET

A

Vr Ves(t)

Lﬁ%ﬁ;ﬁ&af?—rllﬂﬂg[com Uploaded By: anonymous
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Drain characteristics for an p-channel EMOSFET

n-channel $ Ohmic
region

VGS == _6

1 Pinch off Ve = =5

region
Ves = —4
Ves = —3
¥ Ves = Vr =2

cut off re.-vgi}

Transfer characteristics for an p-channel EMOSFET
P-channel ‘
n-channel
Vr Ves(t) :Vcs(t) vy
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Summary Table

JFET D-MOSFET E-MOSFET
=0 A dp=i;
lz=0A.0=1g lg=0Alp=1g JD

n'o=*(1m—"asm:)’

Ip=1Jpss 1—% ] Ip=lIng; l-‘—;?)l i-(,’,sﬂ::f—vasmg
r,,_fp l>
V. nv-Ls Vos Vo
ENEE236 73
In the pinch off region- EMOSFET
ips(t) = Kn(Vgs(t) — Vr) 2
. = W
Kn=~Kp—
" : "L Just for Information
Ky = pnCox _
Just for Information
IVos| > Vgs — Vrl
Ves>Vr ;  n-channel
Ves<Vr ; p-channel
I : rl il .
F$j:§%ﬁ;§&ag§ OB .com Uploaded By: anonymous,
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Example oo
Ips=Kn(Vos — Vi) 2 vevv. 1 RS § ol
Ves=Ve - Vs
R,
22 M s
Vo= 22M+4-7M(18) ML 0.5 k
-
+18v
‘ VS= (OSK) IDS ‘
Vgs = 5.74 - (0.5K) Ipg....eeenn.n.2 i § 2.2k
solving for Vgg:
R, >
0.5k
-

F|rst ?@Eﬂ@g "1 0% com
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Complementary MOS (cmos) inverter

N

J-HOU

[VGSI = VGl = VSl =10-0=10v > VT1 } .
D2
+
h D1
1) Let Vs(t)=10v Vs () i-'_d Vo (1)
sl
[VGSZ = VGZ = Vsz =10-10=0v > VTZ
-
A
Q4 ison, replaced with short circuit
10v
Vs(t
Q- is off , replaced with open circuit s(©)
t
Jﬂ—lo v
+10 v
D2
+
h D1
+ VS(t) la Vo(t)
'—
Vs (t) =0V .
-
A
Vs(t)

NS O com
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2) LetVg(t)=0v ;Iﬂ()v
| I =

‘ Ves1=Ve1-Vs1=0=0v<Vpyq
+
Q, is off , replaced with open circuit —o
RO TR ° Vs (1) > 20
'—

sl

‘ Visz=Vgz - Vsz =0-10=-10v <V
+10 v =

Q- is off , replaced with short circuit

Vs(t)

+

J' V,(t) =10V t

Vs (t) 4

Inverter = NOT GATE ., t
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Ac small signal Equivalent for FET €= model derivation not required
— il iz -
+ +
v :I'wo port Vs
- No independent -
. > iy -—
11=Y11V1 + Y1202
+
. Y211
12=Y21V1 + Y2202 S Y22 1y
1
Y1272 -
model derivation not required ids
quire -
°

l"
<S
U
%)

gs

S
1
®

"~ Y11 =0 (open circuit )

Uploaded By: anonymous,
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model derivation not required
L) t—
But iG(t)=0 Y211 ’
Y11 Y22 1,
Uy
ﬁ (open circuit )
model derivation not required
- il iZ -
.
Y211
Y1 Y22 1,
Y12V2 -
V21 = 9m ; Forward Transconductance
Uploaded By: anonymous.
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Definition: Transconductance g,
For JFETs and DMOSFETSs

g = _2fy Ve
oV, MLV

P P

Ves lp 2l
9m =9mo 1->| = Omo. 7 =55
|: v, j| IDSS Omo Np‘
For EMOSFET @lD ZK(V vV )
) gm = = —_
ID = K(VGS _VGS(TH)) aV e esm)

—> cs
I (VGS _VGS(TH)): LD
K= 2 V K

2
(VGS _VGS(TH)) I I K2
.'.gm:ZK\/E:ZJ > =2I,K

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

*Inac i o °
__d 1 —
gm _7Z>Id _gmvgs lds
Vgs gmVgs
sO - —O

*Or

u=g,.r, -amplification factor

gmrdsVgs
=puVgs

sO y Os

NS O com
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FET Ac Small Signal Amplifiers

* 1) Common Source Amplifier +12
IDSS= 12mA

V,=-4v
_—2Ipgs Vgs r46= 100 K 2.2k
(1--—)

gm=— (1= —
'Vcs—‘zv

_ ! ! V()
3 A/V V;(t) M -
S gm=3m : =

ac small signal equivalent circuit +12

- - , . ” v, ()
N . Vo) c1
M I V() \ M )
<¢> 2.2k o 3
100 k |
s +

'@ﬁ‘%ﬁ;ﬁ&af?—rllﬂﬂgl.com Uploaded By: anonymous,
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ac small signal equivalent circuit
in Zqu
J d
Vo= - gmV 45(L00K \ 2.2K) + .
G Vo(®)
1 M <‘> 100 k
Vgs=Vg - Vs -
Vs=0 = = -
_ A, =2 = g,. (100K \\ 2.2K)
ng Vi Av = _6-6
7= IMQ
7Z,=1 45 =100K
+Vop
Example
1M 4k
Gm=4mS ; 7,4 =100KQ .
1]
I i |ES (] +
ac small signal equivalent circuit ol -, ™
2.2M 0.5k _
Zin Zour = -
10k +
IM//2.2M Im V:(t)
<¢> 100 k Ak 12k
'@ﬁ‘%ﬁ;ﬁ&af?—rllﬂﬂﬁl.com Uploaded By: anonymous
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Vo= - gmV 4s(L00K \ 4K \\ 12K )

1M\\2.2m

Vv, =——————V; V. =0
9 1m\\2.2M+10K Tt S

A, =20= .11.48

Z;= IM\\ 2.2M

Z,= 100K \\ 4K

10k

+
1M//2.2M Gm V,(t)
‘ 00k a4k 2k

8

ZG ut

d

Igﬁr

First

Example

ac small signal equivalent circuit,

Vi(t)

Ry

+Vbp

%ﬁggﬂaf?r 1O’ com
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Z;= R; +R, \ R,

1/4/2023
Zi’n
R; g
T -
+ +
V(o) R Gm <‘> Vo(E)
° Ra\\R,,
L r\g 5 -4

Impedance Reflection

ac small signal equivalent circuit

%@g&af?r 1O’ com
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Impedance Reflection .
KVL for the drain - source loop
V, —ipRp —iply —ipRs + Vg =V, = 0.ccovvvennnnenn 1) v
but
Vi =V, =V =V, —(ipRs +V, v, (2)

substituting (2) in (1) yields:
V, —ipRy —iphy —ipRs + ulV, —(ioRs +V,))-V, =0
V, —ipRy —iply —ipRg + 4V — pigRg — iV, =V, =0
Vs —ipRp —iply —ipRs (/1+1)+/1Vg _Vz(/l"‘l): 0
ipRp +iply +ipRs (1 +1)=V; + 1V, =V, (1 +1)

o ViV, Vo (u+1)

g = 3
Rp + Iy + R (1 +1)

(3) is the drain Equivalent circuit equation

V; —ipRy —iph —ipRs +:u(vg _(iDRS +V2))_V2 =0

RG @G

Vg

1. =
" R, +r +R(u+1)
(3) is the drain Equivalent circuit equation

Reflection from Source to Drain

N = 1V,
Vz = V2 (/,l + 1)

Vgs

Rs(u+1)

ACH

Va(p+1)

NS O com
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RG G
w vl Ve
V1
o Reflection Drain to Source
divide eq. (3) by (u+1) Y
Ve ooV, W, =
| _(H+1)+(H+1) Vv, @ (;u-i-l)
D= RD . rds . R .................... RD N RD
(w+D) (w41 ° (1+1)
(4) is the source equivalent circuit equation r,
=
(u+1)
V.= v,
C(u+l)
Example: Phase Splitting circuit
r, =100 kQ
* Two outputs: _ Voo
g, =1mS
» Vol from drain
»Vo2 from source RD 701
RL <S8k 31
. 100k
A }————o
i 1R0| C1 g - +
K
Find A, A, Z,,,Z,and Z, - i SR
C2
R2 }_ o Vol
Q\ Vi g 30k g -+ +
Rs Vo2

g%ﬁ;g&‘f?r 1O’ com
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Solution: ac ss equivalent circuit

Zol

1) To Find Z,,V,, Drain equivalent circuit is required
since both of these quantities are seen from the drain

Zol
Rth
Vi =R1//R2
Vi
- R, g (=
V°1_RD+rds+Rs(ﬂ+1)( ) Rt R
Av=Yet— () Ry R
Vi RD+rdS+RS(ILl+1) I:th—i_l:ai
2) To Find me::%
D
AVAVAV
V.=0 = rds +
uV, =0 R
Zoiyi-o =R o My + Ry (1 +1)]
Rs(u+1)

gfﬁ;g&f?r 1O’ com
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Solution: continued

3) ToFind Z,, V,, Source equivalent circuit is required

since both of these quantities are seen from the source
Reflection Drain to Source

HVg
o = ue)
RD
"= (s
(o B RIS ,qu
rd5:>(ﬂ+1) Voz_ RD+rd5+R [(/J-i—l)]
(u+1) >
V, =V,
? Rth + I:zi
A, :Voz __M Rxs . R
Vi (/I+1)M+RS Rth+Ri
(u+1)
Solution: continued
4) To Find Z,|vi-o
Vg=0
r.+R
Zop|vico =R /| -&—2
Vg=0 (u+1)
If Tgs = ZOZ‘VI_O = RS //i
Vg=0 ‘rd —® gm
Rg+rgs _ Rg+rgs
u+1 _gmrds‘l'l
lim Ratras _ 1 ZiZRtthllle

rgs—>© 9mrdstl  gm

NS O com
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OmVes Zo

:E Rp
I 9100 k

>
R1 R2
50 k 100 k

VDD > 0

Common Gate Amplifier

Vo

\
\
Thevenin’s |
EC

Drain Equivalent circuit to find Vo and Zo

\Y

Ri(u+1)

RD

Av :\i
Vi

_ ((,UJrl)V_j
® R+l +(Rg /R ) u+nl 2

R [(“”))
Rp +r +5k(u+D)\ 2

%@g&aﬁ?r 1O’ com
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* Drain Equivalent circuit to find Vo and Zo

Zo

Ri(p+1)/2

100k Vo

Zo|yeo = Ro //[rds +Wj

ENEE236

* To find Zi source equivalent circuit is needed

'@ﬁ‘%ﬁ;ﬁ&af?—rllfmg'.com Uploaded By: anonymous,
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FET Amplifier Design (Important)

» Design a fixed bias network such that the ac
voltage gain |Av| =10 , i.e.find valueof R,

For JFETs

0 2
= |DSS[1——4J = I o =10mMA

\VbD
Ve =-4V +30V
lpss =10 MA Ro Zo
) 2N el D I——o
| . SV
! Vo
Vi Ro S
10 MQ L ]
VGs :VG _Vs =0V SO|Ut|0n

ac ss equivalent circuit

|
}
B .

- Since Av & gm are known , then
4 i gmarek h
_ \%
Vgs _Vi ‘A\/‘zv[J:‘_gm(rds”RD)‘:lO
V i
A= AJR) =2 - 10 oy
i g, °SmS
Vo ==0,Vg (el Rp) Substitute r,, =50 kQ
V, ==,V (rlIRp) rJIR,) = R, _ SOkQR, —2kOQ
vV r,+R, 50kQ+R,
|A”|=V_(.) =~ 9, (rlIRy)| _2KQ 50Ky 04
i 48 kQ

%@g&aﬁ?r 1O’ com
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Design Example 2 (Important)
Choose the valuesof R, and Ry that will result in

voltage gain |Av| =8 using the value of g, defined at Vi, = %Vp
V,=-4V VoD
loss =10 MA +20V
r, =50kQ

Solution (value of Rp?)

ac ss equivalent circuit

_Ves |
‘Vp‘ Vp ; BiVes - R;
_ 2(10'“’*){1—1} —3.75ms ] .
4 L - 1
Vgs =Vi Since Av & gm are known , then
V,
A =Yo A== g (rlIR,) =8
i ~(rIR ):i: 8 =2.133kQ
Vv, :_gmvgs(rds”RD) NP g 3.75mS
V, =-0,Vi(rglIRp) Substitute ry, =50 kQ
r..R 50 kQ.R
(rdl|Rp) = —-L-= D -2.133kQ
Al=Pel g, (IR RS,
Vi R =w=2.22k9

D

47.867 kQ
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Vi
Value of Rs? o
The valueof R isdetermined from DC analysis
Given
1
V=V, -V, :ZV" =-1
V, =0
V=1 R, =1
1Y
but I, = IDSS(1—4J =1,,.0.5625="5.625mA
R, Ve 1V =177.8 Q
I, 5.625 mA
Design Example 3

Choose the valuesof R, and R that will result in
voltage gain |Av| =8 using the value of g, defined at Vg, = %Vp

V,=-4V

|  =10mA Note: This is the same previous

Dss example except that no Cs (source

I, = Voo capacitor)

Zi
Vi
: rlsmail .
%@g&j’? FHOB.com Uploaded By: anonymous,
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SO | Utl O n ac ss equivalent circuit
Vgs =1V D
I, =5.625mA Ro *
. gmVgs V
g,, =3.75mS (from previous example)
\Y
A=
Vo:_gm gs( IlR )
R
Ve =V, — 9,ViRs v, = 9n 9nVs( ) ~GaRo
V +9,V gs 1+ g.R,
V, =V, .
_ 0 — _gm D —
Voo =Vi = 0,V Rs A=Y I g.R.
V V + gm gs 5 Since Av & gmand R, are known, then
R, =180Q (based on DC analysis)
~.R, =3.573kQ
Value of Rs?
The valueof Rj isdetermined from DC analysis
Given
1
Vg =V, =V :va =-1
V, =
V,=I,R, =-1
1Y
but I, = IDSS(l—_‘J =1 ,4.0.5625 =5.625mA
R-Veo 1V _17780
I, 5.625 mA
choose standard value 180Q
I : rl il .
F$j:§fﬁ§§&af§ OB .com Uploaded By: anonymous,
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Drain Feedback Configuration (self study)

<
‘P

>
3 rds 1» RD Vo

gV +_o Vv

=0,V | =gV 0
¢ R,/ i =0Vt R, /T,

: Vv

V. =V, | —gqV =_ o
! G R /T,

Vo = (II - gmvi)(RD // rds)

also

R
:Vu _((I| — gmvi)(RD 1 rds))
LR =V, _((Ii _Ramvi)(RD //rds))

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

; V. [Re+(R/ITy)]
S g, (Ry )]

F ) |
Vi:orm 1’ * Z = RD // rds // RF

— < > 0| vi—
gnligs_() ::rds ;- RD Vo ‘VI—O

ﬁj:g%ﬁ;ﬁﬁﬁ?ﬂlf@@.com Uploaded By: anonymous,



Igﬁr

ENEE2360
BZU-ECE

1/4/2023

|l =gV, + Ve V V V

TR g
V- _Vo F D ds F
Vgs =V, also I =- 1 1 1
* Pl

V. —VO V - RF (RD I rds) RF

: :gmvgs + °

RF (RD //rds) (1_9
Vo Yo _gy4 g =Yoo \Re
R R " (RD 1 rds) v

Common Source Amplifier :Design

% = 10, between a small signal voltage source having a
resistance 10k(2 and load R; = 10k

and Zi = 1MQ.

gain

The MOSFET has rds =20k, VT =1.419V ,Kn = i—":ﬂ ,
and IDS = S5mA.
Assume VDD = 24V,

* Design a Common source MOSFET Amplifier to provide a voltage

%@g&af?r 1O’ com
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Solution

R1

Ac small signal
equivalent circuit

Falt)
10K

o

all)

R2

Vo= = GmVgs(Rp \ 145, W 10K))
Vys= V4 = Vs

R1// R2 Zi 10004

Flr'lt}
10K

e

Vg€

TRURZ+ R ZivRi T 1000k + 104

veg=Vi vs=0

~ Ay = gm (Rp \ 20K \\ 10K )

NS O com
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WA, =-gm (Rp W20K\10K)
Using gm :Zm- gm = 6.23m0

For Av = -10 mam) RD=2.1KQ
DC Analysis

LetVS=VDD/5=4.8V W) Rs=0.96KQ ‘.‘

But Ips=K,(Vgs — Vr)?

VDS = 8.7V

Z;=R1\\R2 =1M Q

For Ips=5mA s VGS=3V
Ves=Ve-Vs Solving for R1 and R2 , we get
~VG=7.8V Rl1= 3.1MQ
NOwW R2= 1.48M Q
R2
Ve=——rr(24)=7.8V

Pinch off region
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