FET

Biasing
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Drain
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Inss+———- Vos=0

.Ir'r['!" = —] .Ill'l

(s

V; 2V

5=
Vos=-3V
Vos=—4V

1-"--- = 1-"--- . = —ﬁ 1!.-'-
(5 G 5(04dT)
= Vs

\'::- Vp=+5V
Pinch-off when Vigg=-1V

(b) Family of drain charactenstic curves



Fﬁsfﬂfﬂ = —4 V¥ and :"[;.55 = 12 mA.

Rp

@) 560 {1

+

Voo

minimum value of Vpp required to put the device in the constant-current region of op-
eration when Vg = 0 V.



l-"r[.5= Fp='1-v

Voo = Vps + Ve, = 4V + 672V = 107V

Vi, = IpRp = (12mA)(560 ) = 6.72V



Self bias

+Ypp
)

(a) n channel



Vas = Vg — Vs = 0 — IpRs = —IpRs

- Voo
+15V
&

I Rp
1.0 kL2




Vs = IpRs = (5mA)2200) = 1.1V
Vi = Vpp — IpRp = 15V — (SmA)1.0k0) = 15V — 5V = 10V

Therefore,

Vs = Vp— Vg =10V — 1.1V =89V
Since Vg =0V,

Vos = Vg — Vg =0V - 1.1V = -11V

(10V,
5mA)
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VDS=20-4.3* 4
=2.8V

Vp=6.8V

For ID=2 mA
VDS=20-2*4.3=11.4

1 MQ

18/12/20

;ID

. Vosy
I



I,Rs =4V

Vs
Vv

6s = Ve Vs=-Vs

VGS

—4V

plebmbiely
—rrrern

—(4mA)(1kQ)

Arwiyipiieiy
—

VDS=2.8V



-
b"‘-c
-~
E

8

RS = 100 Q ] 7
Ip=4mA,Vgg=~04V Q-point £ p Iggﬁﬁ.dmA

5

=10 kQ 4

Vas=IoRs Vos =4 V, I =04 mA 3

2

1

L A—

6 5|4 3 2 -1 |0 Vgg(V)
VGSQE”“*GV




RyVpp

V —
¢ R, +R,

Vio——}

Vs = Vg-Vs=Vg - IpRs




A

Ipgs

Vgg=0V,Ip = VgiRg
G







o R0 o

o+16V

-

2.1 MQ

24 kQ

10pF

oV,

1.5kQ == 20pF




R,V
Ve = 1'\’12;9?22
_ (270kQ)(16V)
2.1 M + 0.27 M
= 1.82V
Vos = Vg — IpRs
= 1.82V — Ip(1.5k{2)

When I, = OmA,
VGS = 4+182V
When Vi = 0V,

1.82V
1.5k()

= 1.21 mA

o
I






V= Vpp — IpRp
= 16V — (24mA)(24kQ)
= 10.24V
. Vg = IRy = (24 mA)(1.5kQ)
= 3.6V
. Vps = Vpp — Ip(Rp + Rg)
=16V — (24mA)(24kQ + 1.5kQ)
= 664V
or Vps =V, — Vo= 1024V — 36V
= 6.64V



Vo = Vp — Vg
= 1024V — 1.82V
= 8,42V



o o P

Vggﬁ -10V



DEPLETION-TYPE MOSFETs

Normally ON



v
a. Ip,and Vg [=] (1 ___9?_)
b, Ve ¢ D = ‘Dss Vs

0 I8V
Ip, = 3.1mA “

e

10MQ 27500




ENFANCEMENT-TYPE MOSFETSs

In = k(Vgs ~ VGS('I‘h))z

Ip=0mA VGS(on}



Re
Vf O )'
RD=2 k i = I (on)
RG=10M (VGS(on) - VGS(Th))z
VDD=12 V 6 mA 6 X 1073

A/V?

T8V -3V 25
= 0.24 X 103 A/V?



Ip =024 X 10736V — 3V)? =0.24 X 107(9)
= 2.16 mA

I, = 0.24 X 1073(10V — 3V)* = 0.24 X 107°(49)
= 11.76 mA
Ves = Vpp — IpRp
=12V — Ip(2kQ)
Ves = Vop = 12 V| —oma
Vop 12V
R~ 2k0

Ip = =6 mAIVGSmov



12

i ek
=

-3
&g
W P h O =3 00 D

|

Ip,=2.75 mA -

i

(ns







VGS. = VG' — IDRS “







Just as B may vary in the BJT, the JFET shorted-gate parameters lpss and V, can vary widely within devices of the
same classification. It is, however, possible to set the gate-source bias so that, in spite of this variation, the Q
point (and hence the quiescent drain current) is confined within fixed limits.

The extremes of FET parameter variation are usually specified by the manufacturer, and may be used to
establish upper and lower (worst-case) transfer characteristics. The upper and lower quiescent points Qmax and
Qmin are determined by their ordinates IDQmax and IDQmin; we assign IDQmax and IDQmin as the limits of
allowable variation of IDQ along a dc load line superimposed on the family of nominal drain characteristics.
(These in turn establish VDSQmax and VDSQmin, respectively.)

This dc load line is established by choosing Ry & R in a circuit like that of Fig. 4-5 so that vpq remains within a
desired region of the nominal drain characteristics.

If now a value of Rq is selected such that

VGsomax — VGsomin!
SO max GSO min
Rg = — : = p

IDQ max IDQ min

l DSSmax

lDSSmin

] IDQmax

lDQmin

_l':u(]max _Vp(]min LI’VGS’Qmax LI’VGSQmin Voo

vgs



—— T
1T

o
—1h

Jl

(b)



Then the transfer bias line with slope 1/RS and vGS intercept VGG 0 is located as
shown in Fig. 5-3, and the nominal Q point is forced to lie beneath Qmax and
above Qmin, so that, as desired, IDQmin IDQ IDQmax With RS;RD, and VGG
already assigned, RG is chosen large enough to give a satisfactory input
impedance, and then R1 and R2 are determined from (4.3). Generally, RS will be
comparable in magnitude to RD. Toobtain desirable ac gains, a bypass capacitor
must be used with RS, and an ac load line introduced; they are analyzed with
techniques similar to those of Section 3.



(b) For Ing = Ipgmax» KVL requires that

(c)

And, for Ipgmins

The self-biased JFET of Fig. 4-19 has a set of worst-case shorted-gate parameters that yield the
plots of Fig. 5-15. Let Vpp =24V, Rp =3k, Rg =1k, and R; = 10MSQ. (a) Find the
range of Ip, that can be expected. () Find the range of Vpgp that can be expected. (¢) Discuss
the idea of reducing I, variation by increasing the value of Ry.

(a) Since Vg = 0, the transfer bias line must pass through the origin of the transfer characteristics plot,
and its slope is —1/Rg (solid line in Fig. 5-15). From the intersections of the transfer bias line and the
transfer characteristics, we see that Ipgmax =~ 2.5mA and Ipgmin =~ 1.2 mA.

t Vo
gﬁm
R.
G R )
*-.;J:“*g
~L kg
1
Fie. 4-19

ip, mA

F 6

Vpspomax = Voo — Ippmax(Rs + Rp) =24 — (2.5)(1 +3) =14V

Vosomin = Voo = Ipgmin(Rs + Rp) =24 — (1.2)(1 4+ 3) = 19.2V

The transfer bias lines for Ry = 2k and 3 k2 are also plotted on Fig. 5-15 (dashed lines). An increase
in Rg obviously does decrease the difference between I .y and Ipgmin; however, in the process I is

reduced to quite

low values, so that operation is on the nonlinear portion of the drain characteristics

near the ohmic region where appreciable signal distortion results. But if self-bias with an external

source is utilized

(see Problems 5.27 and 5.48), the transfer bias line can be given a small negative slope

without forcing Ipy to approach zero.
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L RVo _ (1BMO)(40V)
R+ R, 22MO} + 18MID
Ve = Vi — Iplty = 18V — I(0.82k01)

|3V

Draw load line  Wheni, = 0ma,
Vs = 18V — (0mA)(0.82k02) = 18V

as appearing on Fig. 7.45. When V;; = 0V,

Vg = 18V — I,(0.82k0)
0 =18V — I,(0.82kQ)
18V

= omkq  AloamA

In

—— Series 1,

.'.{ﬂ {an)

k=

[Fﬁﬁtﬂn} - Fﬁ.!-’in‘.l:li

- "{'I'En::ijl = 0.12 % 1072 ASVE

Iy = k(Vas = Vagmy)’
= 0.12 X 107%( Vg — 5)°

Ip, = 6.7mA
vﬂ_qg = 12.5 Y

Vs = Vop — Ipl(Rs + Rp)
=40V — (6.7 mﬂ}{ﬂ.ﬂikﬂ + lﬂlkﬂ}
=40V = 256V

=144V



SMALL-SIGNAL EQUIVALENT CIRCUITS FOR THE FET

EI_)JI, I A "ID
Ipss= "ip[]! vag=0V
= — —
Ohmic /|
Voo region 7
[ g . . tne= ¥
|_-l' Pinchoff region bs po
RS T Rf_'-l f" = "FJ'J_‘;S
Ino I~ |
DC load line
Ly | Ing Transfer
v ' bias line
Ll | |
I T L
' | N
N . . - - Ll
L X% Vpp vps:V Voo Vaso Vs
F}J‘U
(@) Drain characteristics (b) Transfer characteristic

Variable Meaning

I, UGS Total instantaneous values ip = f(vgs. Ups)

I, Vios D values

I, Vs Instantancous ac values

T, Vi Phasor values




or

ves = Vesp + vi = Viesp + vgs
in = Ka(vgs — Vrn)’

ip = Ku[Viso + ves — Vinl = Kal(Vesg — Viw) + L',L:slz

in = Kuy(Vesp — Vrn)® + 2K, (Vosp — Viy)ve: + Kﬂ”i

Uy < E{Fﬂjﬁ' - FT.".-']
ip=lptig
14 = 2K, (Vgsp — Vin)vgs

Id

gm = — = 2K, (Vgsp — Vrw)
Vgs
Bm = 2'l.,,-' Kﬂ IEE



Consider an n-channel MOSFET with parameters Vry = 0.4 V. k! = 100 pA/V?,
and W /L = 25. Assume the drain current i1s /p = 0.40 mA.

kn‘
K,=-=.

W
2 L

= {%}{25} = 1.25mA/V?

gm = 2/ Kalpg = 2J/125)(04) = 1.41 mA/N

mS
[
—a
— +
o !'d{fd} G |]
n—l e = a2
=+ e +
- gty (Vige) . ig (1)
g5 (Vps) vgr (Vps) " vge (Vige)
Ups ¥ pe pslt s f£m1rﬁ.jj
° - i o
S 5



ip = Ka[(vas — Vi) (1 + Avps)]

C -
aip

r = F. =

ds ’ (E‘L‘ﬂs)

ro = [MK.(Vaso — Vi) 17 2 [Wpg)™!

rs= Vﬂ;@ =oonsl.



1 I
g = Aip = d-':ﬂ = ZmUgs T — Ugs

s Tngs
Al .
i m{_’; = Slope at Q-poini)
dip Aip
gm = A transconductance
f}“( 5 Q .&U(I:; Q
0 Vs
FlG. 8.1
4p (mA)
B - l"'rr:=ﬂ1"'
- v J\‘“Mfu.zm
AVps =5V
. Vg =—1V
{}’UDS ﬁiz"ﬂj;
rt?’.ﬂ‘ = ~ . H
dip |p  Aip [] Sou.rceto drain : oy
resistance M,!:av :Mn=n.1 ma
Vgs=-3V
L L0 1 g7 Ves=AV

|l -
5 6 7 8 % 1011 12 13 I4 Vg (W)






AC Equivalent Circuit

G -~ D
&> = -
+ +
Vog Emlgs Fs Vds
. I_F:' »
(a)
uDng

\

s

(b)



(u+1)v,=ved

s @ G
+ —
+
G +
> —
+ v, v R(Jé Vos
IJl’ Rf:$ - I— —_
- ! — {_)
— 0
— . Rin
(a) CS amplifier (h) Small-signal equivalent circuit
Rp Vo wRp
Ry g M BT TR EnfallRo
60)(3 x 10°
let Rp = 3k, p =60, and ry = 30kE2. A, = OB x107) __ —5.45

3% 103430 x 103



.assume parameters are: Vg = 212V, Vpp =3V,

and Rp = 2.5 k€. Assume transistor parameters are: Vyy = 1V. K, = (0.80
mA/V-, and A = 0.02 V-, Assume the transistor is biased in the saturation region.

Find out small signal voltage gain

Voo Ing = K,(Vgsg — Vea)? = (0.8)(2.12 — 1) = LOmA
!.D\l %EE Vosp =Vop —IpgRp =5—(1)(25) =25V
gm = 2K, (Vgsp — Vry) = 2(0.8)(2.12 — 1) = L79mA/V
—o Ui
. .
4+| vng ro = [Apg]~" = [(0.02)(1)]~' = 50k
I
- ) ; .
i C_D e ir!.s- = —f&m L',qs{"'.s-" RDJ

T A —(1.79)(50]12.5) = —4.26




Voo
Fs
+ 1
G # 4T
) "'"+ + R_gg v,
“ i -
v; Rf,'$ Vot w+1 &d
- &
Rl.rr. - r— > — -_\
| D \
Rin Ro
(a) CD or SF amplifier (h) Small-signal equivalent circuit

_ RS M 9 5 — H RS Ugd
Rs+ l"{.l:'f,‘lf(l"i’ +1)ypu+1 & (I—L + DRs + ryy

T
U,

4 Yo _ LR
1 Uy (,U, + I}R‘: + Fos

let Ry = Sk, jt = 60, and rg = 30kQ.

(60)(5 x 10%)

= — 0.895
" T (61)(5 x 10°) + (30 x 107)




Fs Ly

WA
OR LN | - @
+ N D
+ Emlgs +
;i RS U:.;.s Rﬂg Uy
| G (0) \
R[n I\Qj R

0

Fig. 7-4 CG small-signal equivalent circuit

By KCL, i, = i; — g, Applying KVL around the outer loop gives

Uy = ("d - gm'f’g.-.-}-f‘ dy — Ugy

But v,, = —v; and iy = —v,/Rp; thus,
U, = (_ i:;;; + grrrr'”z') Fas + V;
and A]! _ P_ri _ (gmrd.'.' + I}RD
Uy RD + Fds
let Rp = 1kQ, g, =2x 1078, and ry, = 30kQ. (eIl x 10°)

W 3 321.9?
1 > 107 4+ 30 x 10



Modeling the Body Effect

. . 2
ip = Kqlvgs — Vrw)
Viv = Vivo + v[y2¢5 +vse — /20y |

Back-gate transconductance

aip I —dip | ( a1 n ) (i} L"r',r'l-..-') |
Smb = 7 = - ‘ =\ =17 ’ . ‘
vgs |g-m  9VsB |g-m AV vsp J | o-pe
a1 :
— = —2K,(vgs — VTN) = —gm
aVrn
dVry y —
dvsg  2./2¢r +vsp

Bmbp = —(—8m) - (M) = 2uN



ip= f(Vgs: Vps» Ves)

I5=0Vest1/ry Vps +0mp Vas

Ip=0nVest1/ry Vps +01 77 Vs

G D
o—0 &
- 4
EmsVpx DmhVhy
Vos F Vs
o o
o
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Av(miii}
T V1+ () V1 + (Fif)

' In the midband, Flf = 0 and fIf, ~ 0.

| Bﬁﬂbﬂﬁﬂ‘x‘i == Ap(mid} .

Belnw the nudband ﬁﬁ == (),
Aﬂ{m}d} -
Bel db d,_A =
._enwml an Vl"'(ﬁfﬂz

Above mldband fl.{f == (),

Ayimid)

'Alme midband: A, =

\/1 + (fif)*

29/12/20



Response of a DC Amp!iﬁer
A

i

£ 0707 Apgmicy P




Assignment

Using the citcuit values shown in Flg 16—28.:1 calculate the low-cutoff frequency for each couphng and bypass capautor
Compare ths results to a measurement using aBode plot (U se 150 for the dec and ac beta values.) -

Voo -'
__ 10v =
R1 - R3
S10ko gs.skg 3
1
1 2.2uF
RG <1 !"’Q S
T — R 5
vi 0.47uF 123204 g1Uk0 -
~ Im : ' ' '
-C\)%kliz_ . . ' ' ’
2 =
R2 R4 — |
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Freguency Analysis
of FET Stages




Ac equivalent circuit Rn%

v\lg Vx R( ——-||_ "
- 1 Cs ==
- 2 Em =
R R <
V.=V, G =V, G
¢ ¢ 1 ‘R +R. 1
Ry+——+R,, o+ R
SLa ) Coi(Rs +R,)
I R R
Pl — V.=1IR, =-1, RID R, =—1,—D7%
CCI(RG+Rsig) RD+7+RI_ RD+RI_
Sccz
S
g —
Id - l l - gm g g 0,, = 1
+ C S+ C’” Cer,(R,+R))
gm S C S L__ngG(RD ||RL)[ Ky ][ Ky ]( S
Q)P2 = gm Vsr‘g RG +Rﬂ-g S+ @p; \ S+ Wp, S+ Wpy
Cs 8RRy IR)
A_u =

R+ Rﬂ.g
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Fig, 16-32 shows an E-MOSFET common-source amplifier circuit using voltage-
divider bias. Because of the very high input resistance of the MOSFET, the resis-
‘tance R facing the input coupling capacitor is:

R=Rg+ Ri||R; | © . (1636) ,_
;ind the 1put coupling cutoff frequency 1s found by: "

1
fim e
.

The output resistance facing the output coupling capacitor is:
R=Rp+ Ry
and the output coupling cutoff frequency is found by:

i
2mRC

fi=

As you can see, the low-frequency analysis of the FET ¢ircuit is VEI‘}’ sim-
ilar to the BJT circuit. Because of the very high input resistance of the FET, larger
voltage-divider-resistor values can be used. This results in being able to use a much
smaller input-coupling capacitor.



|;:

"

| (dB)
sig
A
~3dB
20 dB/decade A — — — Y
R
|
|
|
40 dB/decade / :
| I
: : 20 log |A,|
| |
I I I
60 dB/decade { | |
] I |
| I |
| I I
| | =,
N I I I i Y



High frequency Analysis
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D

s 4+ Oxude (510,)

Source
B2

regon

p-ype substrate

| l;\ ‘(l-\ ’ / ; 1
Channel | -

region - | 7

. . . Dr: CRIO . eI ] =
B MOSFET in triode region: T Overlap capacitance

C,=C,=<mc,+c, VDSissmall C, =WL,C,

B MOSFET in saturation region: B MOSFET in cutoff regcion:
C. :? e, +c,, Cu=0C, O =C . =0("_ O, =WLC






The unity-gain frequency (f7)

Vov=V.-
I = ngF —SCﬁVF = ngﬂ Vi,
— If

“s(C,+C,,)
L__ &

I s(C,+C,)
£, = 1 __ & L G VDV, 3u,

L 2mC G, T e e,
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