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F Fer FET Small Signal Model 5

Amplifiers

FETs Advantages:
* Excellent voltage gain

* High input impedance

* Low-power consumption

D
o
* Good frequency range G
4 Vbs

12 5,55 22
i

7w FET Small Signal Model *

Amplifiers

Transconductance:
The relationship of a change in I}, to the corresponding change inVgg:

Al

= AV GS 8m = AVGS

(= Slope at Q-point)

12 5,05 22
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At FET Small Signal Model ’
mplifiers
Mathematical Definition of L
Al
Em =
AV 4
Where Vg =0V "V, v,
— 21 DSS
g mo0 |VP |
A%
gm = ng |:1_ VGS :|
Where P
A\
gm = ng (1_ VGS ]
P
12 (6,55 22
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At FET Small Signal Model *
mplifiers
Example 8-1:

Determine the magnitude of g for a JFET with I, =8 mAand Vp=—4V
at the following dc bias points:

a. Vg=—-05V

b. Vg=—-15V

c. Vg=—-25V

12 5,05 22
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Al FET Small Signal Model °
mplifiers
Example 8-1:
Determine the magnitude of g for a JFET with I — 8 mA and Vp, ——4 V
at the following dc bias points: Al (mA)
a. Vgg=-05V
b. Vg=- 13V 8
c. Vgg=-25V .
& al -05V 6 2.1 mA
Ip=8 m;\(\ \;l )\ 5
0.6V_|,
} 1.8 mA— 3
—2
=1
- I Ll
—4 -3 =2 -1 0 Vos (V)
Vi
r .
At FET Small Signal Model **
mplifiers

Example 8-2:

For the JFET of Ex 8-1, find:

a. g, (max)

b. g, at each point of Ex 8-1

12 5,05 22
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4 FET

Amplifiers FET Small Signal Model "

2m Y8 Vst
When Vg = Vp, g, is zero
g"i (S)

8mo When Vg =0V,
g, Is maximum

0 Vgs (V)

12 5,55 22
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4 FET

Amplifiers FET Small Signal Model "

Example 8-3:
Using JFET of Ex 8-1, plot g, vs V.

12 5,05 22
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At FET Small Signal Model
mplifiers
Example 8-3:
Using JFET of Ex 8-1, plot g, vs V.
— ZIDSS |:1 — T7GS :| 4 & 5)
8 m r 2
7 I b 4 mS
— 2]D$
ng - -
| I P |
2mS
0 T/(;s V)
12 (6,55 22
|
r' Ld
At FET Small Signal Model
mplifiers
Effectof I, on g2
Shockley’s equation:
1 - VGS — ID
Vi I pss
GS
gm = ng |:1 - :|
‘%
I
gm = ng =
IDSS

12 5,05 22
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At FET Small Signal Model *°
mplifiers
Plot of of Iy, vs g2
— ID — 2IDSS
En = ng Emo =
Iss 1V, |
g m ID
Emo Ipss
0.707 g, Ipgs/2
0.5 g Ings/4
0 0 mA
r' Ld
At FET Small Signal Model '
mplifiers
Example 8-4:

Plot g, vs I, of Ex 8-1:

12 5,05 22
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e FET Small Signal Model
Amplifiers
Example 8-4: G, I,
Plot g, vs I, of Ex 8-1: . L
0.707 gy, Ipss/2
8 (8) 0.5 g, Ipss/4
0 0 mA
4mS
4 =
3 283mS
2mS
2 =
-
| | 1 I 1 | 1 I 1 [
0 1 2 3 4 5 6 7 8 9 10 Iy(mA)
Ipss Ipss Ipss
4 2 S
r

FET FET Small Signal Model '*

Amplifiers

JFET Z:

FET input impedance, Z; is sufficiently large. Usually in the range of
10° © (1000MQ)
Z, (FET) = Q.

JFET Z,:
FET output impedance, Zo is similar in magnitude to conventional BJTs.
Output impedance appears as y , with units of Us

1
Zo=rtg=—o
Yos

where
d~= Al Vs =constant

12 5,05 22
N
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Al FET Small Signal Model
mplifiers
Defining r, using JFET characteristics:
I (mA)
Vgs=0V
= AVps Vs = constant at =1 'V
Alp
\ Vas Q-point / =R
< ¥ Sy,
AVps
-2V
. Vos (V)
r- Ld
At FET Small Signal Model *
mplifiers

Example 8.5:

Determine the output impedance for the given JFET for Vgg =0V and — 2V

4 Ip(mA)
B —— _ Ves=0V
7 Alp=02 mA
AVps =5V
6
Ves=-1V
5 GS
4
3 - Ves==2V
e ’\AID=0.|mA
2 AVps =8V
1 Vs =-3V
L1101 010 T Ves=AY
0 1 5 6 7 8 9 10 11 12 13 14 Vps (V)

12 5,05 22
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At FET Small Signal Model %!
mplifiers
JFET AC Equivalent:
D
1. =
Go——> oD
Voo ¥
G
i—-I: VDS ﬁ Vgs ‘ gmvgs Td
v _
Gs = 85 ? | -
S
r' .
At FET Small Signal Model *
mplifiers
Example 8-6:
Given y; = 3.8 mS and y,, = 20 puS. Sketch the FET ac equivalent model:
G o———o oD
+
Ves | 50kQ
38x10 V,
So f o8
12,15 22
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Amplifiers
JFET Configurations
12 05,55 22
4 .
Amplifiers JFET Configurations *

JFET Configurations:
1. Fixed bias (Common Source)

Self bias

Voltage-Divider bias

Common Gate

ook wen

Source-Follower (Common Drain)

Important Parameters of AC Analysis:

1. Input impedance
2. Output impedance
3. Voltage Gain

12 5,05 22
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FET
Amplifiers
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FET
Amplifiers

JFET Fixed Bias

1. Fixed Bias Configuration (Common Source):

12 5,05 22
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FEL JFET Fixed Bias 7
Amplifiers
Determining Z;:
Xe,=0Q Xe,=0Q
/ G D
Vi | ! oV,
' EnVes rq Rp e
Z
Battery Vg Battery Fpp
replaced by S replaced by
short short
Substituting the JFET ac equivalent circuit unit into the fixed bias network
r Ld Ld
FET JFET Fixed Bias *
Amplifiers

Determining 7;:

D
g O
+

-
Z,
Ta § Rp v,
— i S _—
O > A O
Z. (FET) = RG
Redrawn network
12 06,0522
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- JFET Fixed Bias »
mplifiers

Determining Z,:
* * oD
5
SetV,=0 &mVes=0mA ry R) ‘4/—
9 _ y
Z, (FET)=1, IR,
Z, (FET) =R,
if r, >10R
r - -
. JFET Fixed Bias *
mplifiers
Determining Al,g
D
’ e}
+
—
Z,

Td §ERD !

— —ls _

° - . %)

Av =(V0/Vi) ) Vo =-nggs (rd “RD)
=-gm (rd ”RD) \]gs =\]i
Av =(V0/Vi) Vo =-ngi (rd ”RD)
=-g, (R,)whenr, >10R
x Phase reversal
12 5,35 22
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At JFET Fixed Bias
mplifiers
Example 8-7:
AC analysis of the fixed-bias configuration of Ex 7-1: If y,, = 40 uS, than,
determine:
a gn
b. r,
c. Z 1,)=5.625mA; Vo= 2V 50V
d Z, Yos=40uS
e. A 2kQ
[ A, (ignoring the effects of r;) C;
D
1
, G Ipss = 10 mA
+ Vp=-8V
1 MQ S -
v, & Z,
i /
2V
™ °
4 FET 32
Amplifiers
12 05,0522
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" rEr JFET Self Bias *

Amplifiers

JFET Self Bias:

Bypassed Ry

12 5,55 22
i

r .
At JFET Self Bias *
mplifiers
JFET Self Bias:
X, =00 X, =0Q
Vio / ¢ = L oV,
'v Em I/gs g Ty
e

—— Zc:r

Z Rg Rp
< <

Rgbypassed - Vpp
by X¢_
- = -
Fixed bias network following the substitution of the JFET ac equivalent

12 5,05 22
N
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Amplifiers

FET Self Bias:

JFET Self Bias *

A=)

+0
+

E,~
=
S

v l gmvgx Td Rp "V,

ol

12 05,55 22

Redrawn network

r

FET
Amplifiers

JFET Self Bias:
UIlb_\Lp_aSSCng

JFET Self Bias *

+¢

I

el

12 5,05 22
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Am‘;‘iﬁm JFET Self Bias ¥’
JFET Self Bias:
Unbypassed Rg
G a D

4 o y ¢ o
N & | = 1 4!_ =

. I/ e

T Eal " T lI L “—
’ =
V‘; —
T
g
° 5
—_— —

i I+1, I

Including the effects of r, in the self bias JFET configuration
r Ld
s JFET Self Bias
JFET Self Bias:
Unbypassed Rg
{1 +8,.R; +S}
F
Z,= R R,
{1 +g, Ry +—+—-2L }
d Ty
Z,=R,
A =‘/—0=— ngD =_ ngD
Vi 1+ngs +RS +RD 1+ngS
L

12 5,05 22
J CH3
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. JFET Self Bias ¥

Amplifiers

Example 8-8:
AC Analysis the self-bias configuration of Ex 7-2:
If y,, = 20 uS, then, determine:

a gm

b. r,

c Z 20V
d. Z,(with and without the effects of r,).

Compare the results.

A, (with and without the effects of r,).
Compare the results.

°

IDSS =10 mA
Vp=—6V

1kQ

12 5,55 22

Z

et JFET Self Bias *

Amplifiers

Computer Analysis:

12 5,05 22
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FET 41
Amplifiers
12 (6,55 22
/
r' L] L] Ld
At JFET Voltage Divider Bias #
mplifiers
Voltage Divider Bias:
+Vpp
RD
§R1 G,
1
G I:
I e
4 S Zo
g f\’ ? §R2 R I Cs
12 05,55 22
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At JFET Voltage Divider Bias *
mplifiers
Voltage Divider Bias:
gRl Rp

y.o———e—o0 b oy

1 + | o

7 R, g v, {' GV g 7 “Z

r L] L] Ld
At JFET Voltage Divider Bias #
mplifiers
Yoltage Divider Bias:
Vo G f,’_ D o
—_— SR
z z
§ R, g R, Vgs ’ nggs Td g Rp
Z,=R/IIR,
Z,=R,
Av =—= ngD
12 s,y 22 l
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Amplifiers

12 5,55 22
i

" Eer JFET Common-Gate 4

Amplifiers

Common Gate Configuration:

12 5,05 22
N
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mpllfiers

Common Gate Configuration:

— Tq +
e c
. 2
| I L
o - cafjmm
+ N [
’ Em Vgs e
/ /{J
Vi R5§ Ves Rp J
—
5
i i

12 5,55 22
:

Z
AmF[‘)]lEi’fI"l‘ers J FET CommOH-Gate 48
Common Gate Configuration:
I I
1 RD [o} = \
T g _ V]
LA — o -+
8t — z;
rd Em Vgs f 4 V ra
v’ Ves ~
Zi = RS ” L +
& , RpVr,
_ " 7 I 2
Z,=R, o
A =R g,

12 5,05 22
i
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et JFET Common-Gate ¥
mplifiers
+12V
Example 8-9:
Determine:
a. g, 3.6 kQ
lc’ : ;d 10 UF
d. Z,(with and without the effects of r,). 1 “ %o

Compare the results.

Inss =10 mA
V., (with and without the effects of r;). D;S -4V
Compare the results. . F -50 S
.08

B

V=40 mV ’\; 1.1kQ

12 5,55 22
)

4 FET 50
Amplifiers

12 5,05 22
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¥ rEr 51
T JFET Source-Follower (CD)
Source-Follower (CD): 7
? Yop
D
'3 .
S C,
? RG; —I(—O Va
>
iRs ~Z
12 (5,55 22 -
CH3
¥ rer 52
P JFET Source-Follower (CD)

Source-Follower (CD):

12 5,05 22
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At JFET Source-Follower (CD) *3
mplifiers
Common-Follower (CD):
G 5 “IL
[o—— | : o
+ o, - -
—_— &s ——
Z; > z,
RG§ Enes f 3’3 gRs v,
D
12 (6,55 22
/
Z
At JFET Source-Follower (CD)
mplifiers
Common-Follower (CD):
S .‘JL
4 2o
- +
_
Z,
I/gs i Em I/:gs g Td RS V.
+ —
O
Determining Z,,
12 s,y 22
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At JFET Source-Follower (CD) *5
mplifiers
Common-Follower (CD):
Z, =R,
Z =R II'}
0 S “/gm
Av E—g”‘RS
1+ngS
e
CH3
Z
At JFET Source-Follower (CD) 3¢
mplifiers

Example 8-10:
AC analysis: Vo= 2.86 V and I, = 4.56 mA. Determine:

a &
b. Rd
c. Z .
d. Z,with and without r,. Compare results. +9O\
e. A, with and without r,. Compare results. Ines=16 mA
Vp=—4V
I: Vos =25 1S
+ 0.05 uF
AUV Z g 1 MQ 0.05 UF +
§ 22kQ - 7,
°
12 05,5 22
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4 FET 57
Amplifiers

Depletion-Type

MOSFETs

12 5,55 22
]

" Eer MOSFET Configurations

Amplifiers

MOSFET Configurations:

D-MOSFET:
1. Voltage Divider

E-MOSFET:
1. Drain Feedback
2. Voltage Divider

12 5,54 22
237 CH3
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4 FET 59
Amplifiers

12 5,55 22
]

" Eer D-MOSFET Configurations *

Amplifiers

D-MOSFET Equivalent Model:

Go——9OG ! oD

So 4 oS

12 5,54 22
”
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At D-MOSFET Configurations %
mplifiers
Example 8-11:
AC analysis (Ex 7-8): Vggq = 0.36 V and I, = 7.6 mA. Determine:
a. g, and compare to g,,,.
b. r, 5
c. 7
d. Z,
e. A
f.  Sketch the ac equivalent § 1.8 kQ
C;
110 MQ ¢
§ —A—r
IDSS =6 mA
b I E Vp=—3V
v, o—H— Yas =10 U8
—_—
E Z
310 MQ 5150 o
r' .
At D-MOSFET Configurations ¢
mplifiers
Example 8-11:
G D
o——=C ]
- + -
> R
v, & g 10 MQ 1OMQ Vg ’r 447 x 10737, & 100 kQ 1.8 kQ C T
s = 5
= S S

12 5,05 22
N
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Amplifiers
r .
At E-MOSFET Configurations
mplifiers

Equivalent Circuit:

L

G I PMOS
G D
s

‘r il Ty
v m" gs

gs

D '—é
s

G I nMOS )
H Em = |.‘_‘].\ | =i
S

y(L\' |

Ip = kVes = Vasan)’

&n = 2‘(‘(VGSQ - VGS’(Th))‘

12 5,05 22

CH3
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Amplifiers
12 5,55 22
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r Ld
At E-MOSFET Configurations
mplifiers
Drain Feedback:
C
|
—_—
12 s,y 22
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At E-MOSFET Configurations ¢
mplifiers
Drain Feedback:
-_ o
Zn
a ‘RD
r Ld
At E-MOSFET Configurations
mplifiers
Drain Feedback:
RF
‘M J) O
V;=Vg=0V &nVgs =0 mA grd § Rp “‘Z—

Determining Z,

12 5,05 22
N

2/22/2012

34



r- [J
At E-MOSFET Configurations
mplifiers
Drain Feedback:
‘T T 1+ gadRp) " 1+g.Rp
Rz=>r4|Rp. r4=10Rp
‘ Zo ~ RF”?d”RD ‘ ZO = RD RF>>1'¢1”RD 7'ﬁ210RD
[A=—g,RAIIRy) | R
r' (]
At E-MOSFET Configurations ™
mplifiers
Example 8-12:

The E-MOSFET of Fig. 8-41 was analyzed in Example 7.11, with the result that
k=024 x107 A/V2, Vg, = 6.4V, and Iy = 2.75 mA.
Determine gm.

a) Find r,. 12V
b) Calculate Z; with and without r,. Compare results.
¢) Find Z, with and without r,. Compare results. 2kQ
d) Find A, with and without ;. Compare results.
It °F
1uF -7
10 MQ °
Vi e—l Vosom =8V
1 uF Vesm=3V
Yos =20 1S
—_—
% =

12 5,05 22
N
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Amplifiers

12 5,55 22
’

" Eer E-MOSFET Configurations ™

Amplifiers

Voltage Divider:

12 05,5 22
J}
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At E-MOSFET Configurations ™
mplifiers
Voltage Divider:
I/I' O O (7 o
+
—_—
ZP
$ Ry % R, Ves ; EmVes
= = €?§ = =
r' (]
At E-MOSFET Configurations ™
mplifiers
Yoltage Divider:
ST TEM n
R B, 23 l, Eules % 'R
4
ZN=PR.
r4=10Rp
A\' = % = & i::(’bllRD) ‘41‘ = % = 7ngD
= i ra=10Rp
12 05,55 22
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Amplifiers

12 5,55 22
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F Fer : conine 76
Amplifiers Amplifier Network Designing
Example 8-13:

Design the fixed-bias network of Fig. 8-44 to have an ac gain of 10.
That is determine the value of Ry,.

Vpp (+30 V)
R
o] Va
¢ Inss= 10 mA
V,0——) Vp=—4V
0.1 uF 2 3, =200S
G
10 MQ

12 5,05 22
.
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4 FET

- Amplifier Network Designing 7’

Example 8-14:
With a relatively high level of g,, select the values of R, and Rg for the given

network, that will result in a gain of 8. For the device Vg =% Vi

v
DD
+20V

12 5,55 22
i

4 FET
Amplifiers

Amplifier Network Designing

Example 8-15:

With a relatively high level of g,, select the values of Ry and Rg for the given
network, that will result in a gain of 8. For the device Vggq = %4 Vp. Now bypass
capacitor has been removed.

12 5,05 22
N
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PTpRReTS Summary Table

TABLES.1 Z,, Zo, and A, for various FET configurations

Configuration Z,

i "
[JFET or D-MOSFET]

Medium (2 k()

Medium (—10)

High (10 M)

[

g =10Ry)

elf-bias
bypassed R;
[JFET or D-MOSFET]

Medium (2 k()

High (10 M(})

Medium (—10)

It

s = 10R)

12 5,55 22

CH3

i Summary Table 3

Amplifiers
Seif-bias
unbypassed Rs
[JFET or D-MOSFET]
Low (—2)
ll + gmRs + J:;:J Rp _ g

Ry
+R
High (10 M) = 1+ gmR; + &%

[]+gnRS+£$‘+££]
)

| &R
= =10 Rp or ry =wf) 15 guRs

[rs = 10R, + R9)]

‘bras

B
[JFET or D-MOSFET]

¢ pp

Medium (2 kf2) Medium (—10)

High (10 M) = -

"

(ra = 10Rp)

12 5,05 22

CH3
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81
: Summary Table
Amplifiers
; - - Ve
Configuration Z Zy A= W
Source-follower
[JFET or D-MOSFET]
Low (< 1)
Low (100 k{))
_EnlralRD
1+ gnRs
ry=10R9
Common-gate
[JFET or D-MOSFET)
Ton —1 Medium (2 k) Medium (+ ml)w
) [ o
[ [ G Rﬂ[;'d*i’b] - =
Vie—it = + &nla =| 1+=2
= (r, =10Ry) T
_ 1
™ R = = Rgig—m
Rg Cs ra=10Rp " =108
12 )55 22 CH 3
FET 82
: Summary Table
Amplifiers
Drain-feedback bias
E-MOSFET
. Medium (1 M(})
+Vpp Medium (2 k€2) Medium (—10)
_| RetrdRp
A 1+ 2nlralRp) = | RelrdlRo = |rem@elralRo
7
7 Z, e i 7a = 10Ry Rera=10RD)
s =10R)
2 =
Voltage-divider bias
E-MOSFET

G
T—I—
z

12 5,05 22

Medinm (1 M)

)

Medium (2 k€))

- []
;ca,gwnl.)

Mediuvm (—10)

(rs= 10 Rp)

CH3

2/22/2012
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FET 83
Amplifiers

F Fer R, and R,
Amplifiers L sig

Effect of R; and R :

Voo
L= Rg Ry
Zo=Rn It
Y fzr §RL\Z

3 §

v, O :

_l Zr J
V

A\.‘ = |j—()j| = —gm(rd // Rl) // RL)

Vi

12 5,05 22

CH3
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FET 85
Amplifiers RL and Rsig

Effect of R; and Rgig:

G D
— A o
R - - -
sig <
Z

Z
V. r\’ v § Rg; V&’\ * gmvgx ry Rp R, v

(%>}
ol

12 5,55 22
)

3
FET 86
Amplifiers RL and Rsig

Effect of R; and R :

I; I
s ——
o— —0
e Rsig Cl + —_— —f— -+
: Z, Z,

Thévenin

12 5,05 22
:
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4 FET 87
Amplifiers

Cascade

Configuration

12 s, 22
’ CH3

4 .
FET Cascade Configuration 3
Amplifiers
Cascade Configuration:
V,,=V.
th o1 i2 ___\_]95
A =AA,...

12 05,55 22 TR
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FET

: Cascade Configuration
Amplifiers

Cascade Configuration:

+Vop

it

c

Stage 2

Stage |

Av=AviAv: = gmlgm:R.[)lRl):

12 5,55 22

r

89

FET

; Cascade Configuration
Amplifiers

Example 8-16:

Calculate the dc bias, voltage gain, input impedance, output impedance and resulting
output voltage for the cascade amplifier shown in Fig. 8.49. Calculate the load
voltage if a 10-k load is connected across the output.

+20V

2.4kQ
1
) )
0.05 uF 0.05 uF
Ipss = 10mA
V Dss -
10 mV Vp=-4V i"?“»_— ;(]VmA
0.05 uF e
33MQ + 3.3MQ &
680 Q 6800

12 5,05 22

I 100 uF

I 100 pF

90

2/22/2012
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FET

; Cascade Configuration *!
Amplifiers

Example 8-17:

For the cascade amplifier of Fig. 8-50, use the dc bias calculated in Example 8-15
and 8-16 to calculate the input impedance, output impedance, voltage gain, and
resulting output voltage.

12 5,55 22

v

FET 92
Amplifiers

Practical

Applications

12 s,y 22
s CH3
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FET
Amplifiers

1. Three channel audio mixer

Practical Applications *3

(‘\
10pF o Ry 20V
I MQ 100 k2
33kQ
Cs
Rs 10 pF
Ipgs=10mA
100 k€2 Vp=-6V
= 20 pF
R
«Aaan—
100 k2 =
\__/A—V—-—\__/
Volume control Signal-isolation Preamplifier
resistors g . =1.5mS
A, 4.95
12 (6,55 22
N
FET . . . 94
; Practical Applications
Amplifiers
2. Phase Shift network Rps
e} I( O
- C -
Vi Rps V; G C = v,
Control
Control
- ° o °
(a) (b)
v
Vi H 0.78V; e
e 0.01 pF *
180°  360° " e o /
i s G 2KV, -|f'm=/‘ 0° W]("Al“ 0
= ™ e
12 s,y 22
> CH3
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Reading:

1. Summary
2. Equations
3. Computer analysis

Problems:

Sec 8.2: (odd)
Sec 8.3: 17,18
Sec 8.4: 19,21
Sec 8.5:23,25
Sec 8.6: 27,29
Sec 8.7: 31

Sec 8.8: 33,35,37
Sec 8.10: 39,41
. Sec8.11:43
10. Sec 8.12: 45
11. Sec 8.14: 47
12. Sec 8.15: 49
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1. Bolestad
2. Paynter
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