8-FET DC Biasing
The general relationships that can be applied to the dc analysis of all FET amplifiers

[6-1]

et (8-2]
JFET & D-MOSFET, Shockley's equation is applied to relate the input & output quantities:

For enhancement-type MOSFETS, the following equation is applicable:
[8-4]
Fixed-Bias Configuration
- Yoo
¥io
&y Ry
T . —l
Fig8-1 Fixed-Bias Conﬁguratio;v Fig8-2 Network for DC analysis
Io=0A
Ve, =10R; = (0AR; =0V
Replacing Rz by a short-circuit equivalent, as in fig8-2, Applying KVL will result:
_VGG - VG.S' = ()
l [8-5]

Since Vs is a fixed dc supply, Vgs is f/xéd”in magnitude

Ves \
Ip = JrDSS(] Ty )
P

The fixed level of Vs has been superimposed as a vertical line at Vgs = - Vgg. Ip determined at
any point on the vertical line (Vgs is - Vgg).

ATEN I, lmd)
1 'f.’.‘.“.s Ten "IDS.S
Network-..
G-poil
{solution; - s jl._lg
i
4
[ | -
2 § V'r: ‘f.;’r'\;‘?= \"r?n |U Vﬁ"
Fig8-3 plotting Shockely's equation Fig8-4solution for the fixed bias configuration
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+Vps +IpRp — Vpp =0

[8-6]
[8-7]
Vos = Vp — Vs
Vp="Vps+ Vg=Vps + 0V
In addition, Vos = Vo — Vs
or VU — VGS + Vg = vos + {} V

and N Vo = Vas
[8-9]

Example1: Determine the following for the network of fig8-5, (a) Vesq (b) Ipq (¢) Vps(d) Vb
(e) Vs(f) Vs

A-print SN

|
L 1 [ !
o o e R (t
K-35V 1 | !

Fooay Vorg= "og =-2V

Fig8-5 Example 1: - Fig8-6 Graphical solution for Ex:1

Solution:
From the graph of fig8 -6 , 5.6mA is quite acceptable. Therefore, for part (a)

Ver, = “Veu ™ -2V

(b) Ip, = 5.6 mA

(€) Vs = Vpp — IpR, = 16 V — (5.6 mA)(2 k(1)
=16V - 112V =48V

(dy V= Vp =48V

(€) Vo= Vge=—-2V

O Vy=0V

Self-Bias Configuration

The controlling gate-to-source voltage is now determined by the voltage across a resistor Rs
introduced in the source leg of the configuration in fig 8-7
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T =l
w
Fig8-8 DC analysis of the self configuration

Fig8-7 JFET self-bias configuration
The current through Rs is the source current Is but Is = Ip and

VRS = IpRy
For the indicated closed loop of fig 8-8 we find that
Vs = Vg, =0
and VU.S = _VR.S
or
[8-10]

Substituting this equation info Shockley"s equation as below:
VGS>2 .
Ip=1 1 ——
D D.S‘S( VP

=il DRS )2
Vp

Il
!D = Ipss(l + ?}_ys)
so we must identify two point , the first point as defines shown in fig8-9, The second point

=i I)S.S( ] ==

identifies by using this approximating:
fpss I« R.
L e o Vi =By Rt et
= Then 8 o
A, 5

TO Vi

Vg =0V, In=0A (Vg = —Ip Rs .
. Voo | Vg,

: Ine R

Voy= 0‘;5 2

Fig8-9defining a point on the self-bias line Fig8-10 sketching the self-bias line
Applying KVL to the output circuit to determine the Vps
VR.T + V-')S + VR,-J = VDD == U

and Vs = Vo — Vg, — Ve, = Vpp — IRy — IRy,
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but

and

[8-11]

[8-12]

[8-13]

and

[8-14]
Example 2: Determine the following for the network of fig8-11,(a) Vssq (b) Ipq (¢) Vbs(d) Vs
(e) Vs(f) Vb

Fig8-11 Example2:
Solution:

Vios = —IpR;
Choosing Ip = 4mA, we obtain
Vos = —(4mA)1 k()) = -4V

The result is the plot of fig8-12 as defined by the network, If choose Vgs = Vp/ 2 = -3V, we find
Ip =Ipss/4 = 8mA /4 =2mA, as shown in fig 8-13

4 I, {mA)
“D {inA)
- 8
Liy=8mA V= 8V 4 ip (mA) -
S R . 3 .
. —6
10:4111."&,:1#{_,-_;_: 4\?_ f 3
Nerwnrk-—"" /: i 4
% : 2-point it f’{}{?.:i,.ﬁ mA
1 | B N
. i AR L 1#1 | -
B e 1l V=0V =0ma 26 -5 4 4 2 1[0 VeV 6 5 4 302 -0 0 V(W)
g V; ; I :
) o ind il 0 Vs V) e (‘—2"') Yosg=—26V
Fig8-12 self bias line for Ex2: Fig8-13 JFET of Ex2 Fg8-14 Q-point for the network
VGSQ = =206V

(b) At the quicscent point:
Ip, = 2.6 mA
(c) Eq[8-11]:
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Vs = Vi — Ip(Ry + Rp)

=20V — (2.6 mA)(1 kQ) + 3.3k

=20V - 1118V

=882V
(d) Eq.[8-12]:
= (2.6 mA)(1 kf})

(e) Eq. [8-13]:

(f) Eq.[8-14]:

Vp=Vys + V=882V +26V =1142V
Vo= Vi — IRy =20V — (2.6 mA)(3.3k()) = 1142V
Example3: Find the quiescent point for the network of fig8-11 if(a) RS=100Q), (b) RS=10kQ

4 ' (mA)

|

Re=100Q % 7
In=4mA, v,y =—U,_4 Y (point $1— !”QE 6.4 mA

£
s

Ry =10 k&2
Vg =—4 V.l =04 mA
."’I

L
T L
— (v (V] oS L (=l

6 -3]-4 -3 2 -1 [0 VW)

(a)lp scale
Iy =6.4mA
From Eq.[9-10]

Fig8-15 Example 3:

VGS'@ = - 0.64 VT

Vs scale,
Vis, =

From Eq.[9-10]
g, = 0.46 mA

—4.6V

Example4: Determine the following for the common-gate configuration of fig8-16(a)Vssq (b) Ip

(c) Vb (d)Vs (e)Vs ()Vps

630 L2

Fig8-16 éxample 4: 8-17 the dc resulting

1y tmA)

12 Py

T gy, @ iR mA
13

Fig 8-18 Q-point for the network
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Solution:
a) The transfer characteristic and load line appear in fig8-18. The second point for the sketch

of the load line was determined by choosing (arbitrarily) Ipb=6mA, solving for Vgs
1;"7(;3' = _‘{UR.S = (6 In:\)(GSO \g)v) i _4.08 V
As shown in fig8-18. The device transfer curve was sketched using

- Ings i 12 mA _ gk
S 4 S
Vi 6V
1.;{;5, = ‘; = = p = _3 V

The resulting quiescent point of fig8-18 is:
Ves, = —2.6 V
(b) from fig8-18
Ip,= 3.8 mA

(e} M= Vo Inkn

=12V - (38mA)1.5k() =12V -57V

=63V
@ V,=0V
(€) Vy= I,Rs = (3.8 mA)(680 Q)

=258V
Vps = Vp — Vg

= 63V = 558V

=372V
Voltage-Divider Biasing

© Vap

Fig8-19 voltage-divider bias arrangement ) Fig8-20 redréwn netwo;’k for dc analysis
Ic =0 A, KCL requires that Ir1 = Ira, Vs found using Voltage Divider Rule as:

[8-15]
Applying KVL in the clockwise direction to the indicated loop of fig 8-20
Vo — Vgs — VR_S =)
Vo= tg— VRS
Vi, = IiRs = Ip Rs, we have
[8-16]

Set Ip = OmA resulting:
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Vios = Vo — IpRy

[8-17]
ip
Vge= 0V 1, = Vaify
W Yae=Yo-dpfs
=0 :E\. Vae= Vg
2 4 Vo Ve Fig8-21 the network equation
For the other point, let us now employ the fact that:
Vgs = Vg — IpRs
0V = Vg — IR
K [8-18]

Increasing values of Rs result in lower quiescent values of Ip and more negative values of Vgs

r
o

_bFig8-22 effect of Rs on the resulting Q-point

[8-19]

[8-20]

[8-21]

[8-22]
Example 5: Determine the following for the network of fig8-23,(a) Ipq & Vesaq (b) Vb (c) Vs (d)
Vpbs (€) Ve

Solution: a) For the transfer char-, if Ip=Ipss/4 =8mA/4=2mA, then Vss=Vp/2=-4V/2 =-2V

The resulting curve in fig8-24; the network equation is defined by:
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o +16Y

g 1, (ma)
> T 8 (Igs)
2.4 k2
S 21 M8 3 7
I0uF
v,
io——j
5 uF
§2mm 1.5k02 %mm: i I i
1 | | ¥ |
{ = =3 i ol 0 2 3
i (V) Vo =iV Yy =1.82 V
= i = (;ﬂ =0mA)
Fig8-23 Example 5: Fig8-24 the Q-point for the network
g g
V{—; — RZI’?IJIJ
~ (270kQ)(16 V)
C2.1MQ + 027 MO
=182V

Ves = Vi — IpRy

1.82V — I(L5kQ)

When I, = 0 mA:
Vs = +1.82V
When Vi = 0V;

et S
IR
The resulting bias line appears on fig 8-24 with quiescent values of
Ip, = 24mA
and Vr“;_qg = 1.8 "T
(b)) Vo= Vpp — IhRp
=16V — (24 mA)(2.4 kQ)
= 1024V

© Vi=I,R; = (24 mAY(1.5 k)
=36V
(d) Vps = Vpp — Ip(Rp — Rg)
16V — (24 mA) 24 k) + 1.5kQ)

Il

= 60,64V
Vs = Vo —V,=1024V - 36V
=664V
Voo = Vp — V5
=1024V - 182V
=842V

Example6: Determine the following for the network of fig8-25, ,(a) Ipq & Vssq (b) Vbs (c) Vb (d)

Vs
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Vpp=20¥ } Iy (mis)

; In

R, =18k

+{

q Re=15k0

Re=15kQ .

3
[
|
[
|
|
&
|
|~
|
14
|
!
T
|
L

- e Vo= 10V O O O A O O L -
J:- -3 2 - 61 2 3 4 5 6 7 8 9 1D Viss
, (%) . Bs=10V
Veg=—10Y = Voy =~0.35 ¥
Fig8-25 Ex6 Fig8-26 the network Fig8-27 Q-point

Solution:
a) Applying KVL to the input section of the network redrawn in fig 8-26
“Vos — LiRs + Vs = 0

- Vos = Vs — IR

znd
e [8-23]
VGS = ](] V — I_D(]_.j k\f!)
For fp = OmA,
V(;_l; == I‘ZSS = lD V
For Ve = 0V,
0=10¥ — (15K
10V .
and ID = Fk(i = 6.67 mA
For the transfer char-, Vgs=Vp/2=-3V/2 =-1.5V and Ip=Ipss/4 =9mA/4=2.25mA
Ip, = 69 mA
I/'ng = _0.35 V
b) Applying KVL to the output side of fig8-26 will result
— Vg + IR + Vg + IpRp — Vop = 0
Substituting /g = I, and rearranging gives
I
[8-24]

Vs =20V + 10V — (6.9 mA)(1.8 k) + 1.5 k)
=30V — 2297V
=723V
© V= = LRz
=20V — (69 mAY(1.8kQ) =20V — 1242V
=758V
(d) Vps = V), — Vs
or Vi=V, — Vi
=758V —723V
=035V
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Depletion —Type MOSFETS
Example 7: For the n-channel depletion-type of fig8-28, determine: Ipq & Vssq & Vbs

I, mA)

18y

18%8

>
énoma
£

oV

el 7508 3 Lo
B r R T 0 1 2 i
Ve Vs, =-08 V
Fig8-28 n-DMOSFET Example 7: Fig8-29Q-point for the network of Ex7Tn-DMOSFET

Setting I, = 0 mA results in
Vee=lo= 1%

Setting V.. = 0V yields

o de o 15V
PRy 7500
Solution: For the transfer char-, Vgs=Vp/2=-3V/2 =-1.5V and Ip=Ilpss/4 =6mA/4=1.5mA,
consider the level of Vp and the fact that Skockley's equation defines a curve that rises more
positive. A plot point will defined at Vgs =+1V.

VG.S“ %
Iy = Ipgs (l - —)

= 2 mA

= 6m_A(l & %::-) -6 mA(l + é) = 6 mA(1.778)
= 10.67 mA
Eq[8-15]
o 10MO(I8V) sy
MO+ T1IOMQ T
Eq[8-16]

Vs = Vg — Ip,Rg = 1.5V — (750 )
The plot point and resulting bias line appear in fig8-29 the resulting operating point:
Ip, = 3.1mA
Vig, = —0.8V
b)Eq[8-19]
Vs = Vop — "{D(RD + Rg)
= 18V — (3.1 mA)(1.8 k) + 750 O)

=101V
Example 8: Repeat Example 7: with Rs = 1500
Solution: (a) The plot points are the same for the transfer curve as shown in fig8-30,
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Setting {; — 0 mA results in

Vos = 1.5V |
Setting Ves = 0V yiclds !
I
v, 1.5V '» ' -
Iy = g = =.10mA 23 —; PR RN Vas
Ry 1500 W Vog = 4035V Fig8-30 Ex 8:

Ip, = 7.6 mA
Vs, = +035V
b)Eq[8-19] '
Vps = Vpp — ID(RD EE Rs)

= 18V — (7.6 mA)(1.8 kQ + 150 Q)
Example 9: Determine the following for the network of fig8-31, Ipq & Vesq & Vb

Iy, (mA)
0V
6.2 kQ
8
7
-4 g
L5
1l 14
n
13
'_"2' i f;_]n= L7 mA
; Al -1 &
1MQ 24kQ o 5 5
87654321 Joi 2 Vs
Y Vo, =43 ¥
Fig8-31 Example 9: Fig8-32 the Q-point for the network of Ex9:
Solution:

Vas = —IpR;
For JFET Vss must be less than zero volts. Therefore no requirement to plot the transfer

curves for positive values of Vgs
I PSS 8 l]'llé\

In= . . = 2 mA

- Ve —8YV
and LGS—?— 5 = —4V
and for Vg = 0V, since V, = —8 V, we will choose

Vg = +2V
vm.)? ( +2V )~
and Iy=Thwl1l——""] =8mA{1 —
b 1).55( V, 8V
= 12.5mA

In fig 8-32. For the network bias line, at Vzs=0V, Ip=0mA. Choosing Vs = -6V
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In=- = =235mA
T W) e
The resulling G-point:
Ip, = 1L.7mA
Voy, = —43V

) Vo = Vo — Iphy

=20V — (1.7 mA)6.2 kQ)

— 946V
Example 10: Determine Vps for the network of fig8-33
Solution:

Vs =0V

: X Fig8-33 Example10:
Vo = Vpp — IpRp = 20V — (10 mA)(1.5 kQ})

=20V —-15V
Enhancement-Type MOSFETs

- [8-25]
Ip = KVgs — V. GS(I'.-1})2
I Don) — k(VGS(_Un) = VGS[_Th_])Z
[8-26]
In (mA
{ Ve Vs . Vi Vg
I;=0mA T Fig8-34 Transfer char- of n-EMOSFET

Feedback Biasing Arrangement
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Ry
4
Fig8-35Feedback biasing arrangement Fig8-36Dc equivalent of the network
A direct connection now exists between drain and gate, resulting in
Vb = Vg
and
[8-27]
For the output circuit,
Vps = Vpp — IpRp
Which becomes the following after substituting Eq[8-27]
[8-28]
[8-29]
& [8-30]
A plot defined by Eq[8-25] and [8-28] in fig 8-37 with the resulting operation point
lr,[)
i
0 Yosamy | oo Vos
;- Fig8-37 Q-point for the network
Example 11: Determine Ipq and Vpsq for the enhancement-type MOSFET of fig 8-38
S12V G -
ke Vae= 10V, Jp=11.76 mA
§2m L
10 =
ol
-
7=
Fruey s g fimice
i i
i |
2 Vag=16 Y, Ip =216 mA
1= I
L1y 5 Y S i
0 1 2 T 4 5 6 7 R o 10
= VYosm ¥as o
Fig8-38 Example 11: Fig8-39 transfer curve for the MOSFET of Ex 11:
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Solution: Two points are defined immediately as shown in fig8-39. Solving for k, Eq[8-26]:

ID':‘UIL\I
k= i -
(Vcsr;unj: = Vrjsq'rh})"
6 mA 6 X107
.Y
(8N =3 N 25

= 0.24 x 1072 A/V?

For Vs = 6 V (between 3 and 8 V):
[, =024 X 10736V — 3V)? =0.24 X 107(9)
= 2.16 mA
For Vg = 10V (slightly greater than Vigmy):
Ip =024 X 107310V — 3 V)? = 0.24 X 10 7(49)

= 11.76 mA
For the Network Bias Line:
Ves = Vop — IpRp
= 12V = 1,(2 kQ})
Vos = Vpp = 12 V'.rD = DmA

Voo 12V _
f{) = e = 6mA|V’,~ sy
Ry 2 k&) os
Ly=mh
12
1l
s
a
B
ko
1
=TT A T
ID o 2.75 mA .——--:)III_'\ :
[ 3
Vas, = 64V i
Wl 1 2 3 4 3 6.7 % w Wz T
Ifnﬁ;; = VGS;; =64V g S Vo)

Voltage-Divider Biasing Arrangement

¥on

Fig8-41 \/_c__)lta_g_e d[\([de_r biasing for n- EMOSFET

Applying KVL around the indicated loop of fig8-41 will result
+ VG - VUS . VRF_ — 0

Vos = Vo — Vg,

" Fig8-40Q-point for the network

[8-31]
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[8-32]

For the output section:
VR\- + Vpg t V;e,,) —Vpp=0

Vos = Voo — Vi, — Vg,

: . [8-33]
Example 12: Determine Ipq , Vesa , and Vps for the network of fig8-42
-——-—IL Iy(mA)
30—
2260
2N4351 == s
Vg =3V AL
* p o = 3 mA
a vGS (onp = nv
10
. =67mA - {J-point
.47 kL2 ) | ; ; ; _
i 3 w15 | 20 25y
Vaemy V=125V Vg=18Y
Fig8-42 Example 12: Fig8-43 Q-point for network of Ex 12:

Solution: Network:
_ RV, (18MO)40 V)
R +R,  22MQ + 18MQ

Vas = Vo — IpRs = 18V — I,(0.82 k()

=18V

[

When Ip = OmA
Vos = 18V — (0mA)(0.82kQ) = 18 V

As appearing on fig 8-43, when Vgs =0 V
Vas = 18V — I,(0.82 kQ)

0= 18V — I,(0.82kQ)
18V

Y
Device: Vosmy =3V, Ipny = 3 mA With Vegen = 10V
— -
IMA___ 12 x 107 A/V?

T {10V - 5VYy

ip = K(Vgs — VGS(Th})Z
=298 10 V=57
In, = 6.7 mA
Ves, = 125V
Vps = Voo — In(Rg + Rp)

=40V — (6.7 mA){(0.82 k2 + 3.0k{})
=40V — 256V
=144V
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SUMMARY
1- A fixed-bias configuration has, a fixed dc voltage applied from gate to source to establish the

operating point.

2- The nonlinear relationship between the gate-to-source voltage and the drain current of a
JFET requires that a graphical or mathematical solution be used to determine the quiescent
point of operation.

3- All voltages with a single subscript define a voltage from a specified point to ground.

4- The self-bias configuration is determined by an equation for Vgs that will always pass
through the origin. Any other point determined by the biasing equation will establish a straight
line to represent the biasing network.

5- For the voltage-divider biasing configuration, one can always assume that the gate current is
OA to permit isolation or the voltage-divider network from the output section. The resulting
gate-to-ground voltage will always be positive for an n-channel JFET and negative for a p-
channel JFET. Increasing values of Rs result in lower quiescent values of Ip and more negative
values of Vgs for an n-channel JFET

6- The method of analysis applied to depletion-type MOSFETs is the same as applied to
JFETs, with the only difference being a possible operating point with an Ip level above the Ipss
value.

7- The characteristics and method of analysis applied to enhancement-type MOSFETs are
entirely different from those of JFETs and depletion-type MOSFETs. For values of Vs less
than the threshold value, the drain current Ip is OA.

8- When analyzing networks with a variety of devices. First work with the region of the network
that will provide a voltage or current level using the basic relationships associated with those
devices. Then use that level and the appropriate equations to find other voltage or current
levels of the net work in the surrounding region of the system.

9- The design process often requires finding a resistance level to establish the desired voltage
or current level. With this in mind remember that a resistance level is defined by the voltage
across the resistor divided by the current through the resistor. In the design process, both of
these quantities are often available for a particular resistive element.

10- The analysis of p-channel FETs is the same as that applied to n-channel FETs except for
the fact that all the voltages will have the opposite polarity and the currents the opposite

direction
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SUMMARY TABLE

Tvpe Configuration Pertinent Cauations Graphical Sclution
_I.U
Ipss
IFET Vs =¥ :
Fixed-bias Vis = Vi — IRy @-point |
"p {'.:(;I 0 Vis
JIET Vs = —IpRy
Sclf-bias Vps = Vpp — Ip(Rp + Rg)
R'}Lr
JFET Ve =——2
) . R+ R,
Voltage-divider 7 -
Lbi'i-s Vs = Vi — InRy 4
‘ Vps = Voo — Ip(Rp + K;)
= J” "-,. -'.4-.
¥
JFET VGS = V‘gg - ln.{{g . » r,.'.
Common-gate Vps = Vop | Vss = In(Rp I Ry) @-point g
JEET Ves, ~ 0V
[VGS«Q =0V) Ip, = Ipss
) Ip
Vs = —IpRs Inss
JFET Vo= Vup
(Rp = 00)) Vs = Ky -I'p
Vos = Vpp — IR Q-point —
\P”(\lo Vis
Ip
O-point
Depletion-lype Vs, = Vg
MOSELT Vpe = Vop — IRy
Fixcd-bias _
Viee
Depletion-type —_ R:Vpn
MOSFET - “ R —R
Voliage-divider os = Vi — IRy
bius R, é;’?s Ve = Vpp — In{Ry — Ry)




Enhancement

type MOSFET
Feedback
configuration

’ — T
v [FOE "DS

Vi = Vpp — IpRy

x T
¥ |
‘ G3(Thy PGS‘(

Slwn)

V;’ My VG 5

Enhancement

type MOSILT

Voltage-divider
bias

Equations:

72
R SR

Vs = Vi — IhR,

R,V

JFETs/depletion-type MOSFETS:

Fixed-bias conliguration:

Sell-bias configuration:

Vollage-divider biasing:

Enhancement-type MOSFETS:

Feedback biasing:

\z’o.l.tage‘.-divider biasing:

Vas = Voo = Vg

V oy

_IDRS
R:Vip
R+ R,

= Ve — InR;

Vis

- Vim e IDRD

RZVDD
R, + R,
VG - !DRS'
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9-FET Small signal analysis
The gate-to-source ac voltage controls the drain-to-source (channel) current of an FET,
Skockley's equation controlled the level of dc drain current through a relationship

e a&'sf( L 1—) S

gm IS a trans-conductance factor using to determined The change in Drain current that will
result from a change in gate-to-source voltage in the following:

[9-1]

Conductance of resistor g = 1/R = I/V

[9-2]

[9-3]

Ipss
Al
o = o (= at Q-point
S = Ay {= Slope at @-point)
Ve U Vs Fig9-1Definition of g, using transfer chara-

Example1: Determine gn, for the JFET with Ipss = 8mA & Vp = -4 at the following dc bias point:
(a) VGS = -05\/,(b) VGS = -1.5\/,(0) VGS =-2.5V
Solution:

L {7, (mA)

7
L a-03V } 2.1 mA

Al _ 2.1 mA

a)gm = = 3.5 mS
Ay 1.8 m:
b . - — = 2 57 m~
B = AV T 07V
Af, 1.3 mA B Vs (V
= — — ].5 mS (£33 LY)
rc}gm j l"’c;ls I _(-} A%

1OV
Fig9-2calculating gn, at various bias points
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Mathematical Definition of g,
The derivative of a function at a point is equal to the slope of the tangent line drawn at that
Al dlp
Em = =

point.
el )
AVeslos  @Voslop @Vasl O\ Vp

d Vo \2 Vs | d V,
= [D.‘:'S— ( ] - G ) — 2_[{)&5‘ |: ]_ - . ] ¢ ( 1 - IGS)
d VG 0 VP VP d"’ ’y 1’ I

| VGS 1 4V, GS V( S I_ 1
— 7 _ —_— = 7 — = —
JDSS!L 1 Vv, } { (1) 7 AV, 21 Dss 1 va |l 0 v, |

&,

dVs

[9-4]
The maximum value of g, for a JFET in which Ipss and Vp have been specified
2 pss [ 0 ]
gm = 7 1 TN
|V Vp
[9-5]
0 means the value of gm when Vs = 0 V, Eq[9-4] then becomes
[9-6]

Example2: For the JFET having the transfer char-of Ex1:

(a) find the maximum value of gn

(b) find the value of g, at each operating point of Ex1: using Eq[9-6] and compare with
graphical result

Solution:

2 2(8 mA)

a) g = v Rt 4 mS (maximum possible value of g,,)
b) At Voo = 05V,
Vos | 05V |
8m = ng[] - Ve } - -1mS{l - :'V } = 3.5mS

4"'\1 VG.S = __I_.S V,

= {1—@J—4 s{; _I'SV}—zs S
Em & #itl) V m V = Zan

Al VG.S = _2.5 V.,

Ve —25V _
Em — garx(ill - ‘?S‘| = 4m8[| Y :| = 1.5 mS
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On specification sheet, gm is provided as yrs where y indicates it is part of an admittance
equivalent circuit. The f signifies forward transfer parameter, and the s reveals that it is
connected to the source terminal. In equation:

: [9-7]
Plotting gm vs. Vgs: Eq [9-6], When Vs is 1/2Vp, gm will be 1/2 the maximum value (gmg)
T 18]

0 Vg 1)

Fig 9-3 plot of gm vs. Vs
Example 3: Plot gp, vs. Vgs forthe JFET of Ex 1: and Ex 2:
Solution:

a2

-l 2 m§

4V -1y 0 Ve V) Fig9-4 gm vs. Vs, with Ipss=8 mA & Vp=-4V
Impact of Ip on gy, :

[9-8]

[9-9]

(a) If I = Ipgs.

En — Emn \.’ I; = Bmo

(b) L I, = IJ‘_)SS/Za

f
Ty / Ipss/2 o
Sm T &mb '\. I
D5

|
=
~Jd
3
¥
"
=

(c) If Ip = IU.S'._S‘_J_M-

[}
[ Ipss/4 _ Emo

m — 8m / — = {).5 i
g gm0 \ T N 8 mo
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Example 4: Plot Ip vs. gnm, for the JFET of Ex 1: through Ex 3:
Solution:

&y (31

4ms

g 28ms

ms
T
| | | | | | | | 1
0 L2 3 4 5 6 7 8 89 10 f,mA
Tngs Joss Inss
4 & Fng-5 gm VS. VG3, IDSS =8mA & Vp =-4V
[9-10]
[9-11]
[9-12]
mA)

Vig=0V

Vi =constantat -1 V
;

Fi

O-point R
a =
AV,
-2V

"5 Y Fig9-9 ry using FET drain char-

Example 5: Determine the output impedance for the FET of fig9-7 for Vs = 0V,-2V, 8V

4 (mA)

b P e
- Vog=0V
A
S AL =02mA
AVpg =5V
Vool
. o T
" A T
AV RN Aly=0.1 mA
W
A s O OO s o - i |
TR R R »s\) Fig 9-7 Drain char-for ry in EX5:
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Solution: For Vss=0V, a tangent line is drawn and AVps is chosen as 5V, resulting in a Alp of
0.2mA, substituting into Eq[9-12]
AVpg 5V
. _

g = =—=125
" Al 1y —ov  02mA ke

For Vgs=-2V, a tangent line is drawn and AVps is chosen as 8V, resulting in a Alp of 0.1TmA,
substituting into Eq[9-12]

AVye ]V
Vy = ———— :

“T Al lyae 01 mA - B0k

Fig9-8FET ac equivalent circuit
lg control by Vs is a current source gmVys connected from drain to source to establish a 180°
phase shift
Z; is open circuit at the input
Z, isrqfrom drain to source
Example 6: y; =3.8mS and y.s =20uS, Sketch the FET as equivalent model
Solution: I .
g, =¥ =38mS and r, S T 2048 50 k€2

Fig9-9 FET ac model for Ex6:

1-JFET Fixed-Bias Configuration (Common-Source)

v
+Von Xclcz{)Q XC,,“UQ
| 2

V,o—= - @ ——oV,
— § Kp
Z .
' Zl’}
Battery Vioer - .. Battery Vpp
Wi replaced by L " replaced by
I. short L short
Fig9-10 JFET fixed configuration Fig9-11 JFET ac equivalent

gm & rq determined from the dc biasing arrangement specification sheet, Vsc & Vpp are set to
zero by a short circuit equivalent
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[9-13]

Fig9-12 Redrawn network
For obtaining Zo Setting Vi = 0V, will establish Vy4s as 0V also, this result gmVys = O0mA

& oD
.%’f,,‘v’w =0mA g ry Rp 4;:..-
i -
[9-14]
[9-15]
L _gmvgs(rdHRu)
Ve = Vi
Vﬂ’ o _gmlfi(rdHRD)
[9-16]
2 =108, 10171

Phase Relationship: the negative sign in A, means 180° phase shift between IP & OP

Example 7: configuration of Ex1: had Vgsq = -2V & Ipq = 5.625 mA, with Ipss = 10 mA & V), = -
8V. The network is redrawn as fig9-13 with an applied signal V,, the value of y,s is provided as
40us, Determine (a) gm (b) ra (¢) Zi(d) Z, (e) A, (f) A, ignoring the effect of ry

Solution:

2Inss  2(10mA)

(a) g.-.wf_] = ’,P| 8 \; = 2.5 lnS
o Vi, . =2
g =l L= v. )= 25mS{ 1 — (=5 V) = 1.88 mS 3
# = . ( +
| 1 z ;
T =—=_— =25k ] Ings=10mA
O e T a0ps = VsV
[C) ‘éx = RG =1 hf[Q o V)
(d) Z, = Ry, |r; = 2kQ25 k(2 = 1.85 kQ Z
(e) Av = _gm(RDHrrﬂ) = _(188 1118)(185 kQ) 2
= =348 = o
o o
() A, = —g,.Rp = —(1.88 mS)(2 k)) = —3.76

Fig9-13 Ex7
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2-JFET Self-Bias Configuration (Common-Source)
Bypassed Rs

Voo
o

Fig9-14 Self-bias JFET configuration

Since the resulting configuration is the same as fig9-12, i.e. Z;, Z, & A, will be the same

X(_-I = g2 Xt‘,{, > o
' ' v,
g g7
Kn
" - Rgbypussed o Von
by Xr.‘l\_. -
Fig 9-15 ac equivalent circuit Fig 9-16 Redrawn network
[9-18]
[9-19]
[9-20]
[9-21]
= 10K, [9-22]

Phase Relationship: the negative sign in A, means 180° phase shift between IP & OP

Un-bypassed R

= | Fig9-17JFET with effect of Rs with ry==0Q
Due to the open-circuit cond/t/on between the gate and the output network, Zj=

[9-23]
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1%
AR

Iy lv=o Setting Vi=0V will result in the gate terminal being at ground potential(0V). The
voltage across Rg is 0V, Rg "shorted out” of the picture. Applying KCL will result

IrJ o ID = gmvgx
Vg = —(l, + Ip)Rs
I,; S J'i[,D = _'gm(‘{a =t !f))RS = _gm"nR_S' - gm-lDR‘

Io[l & ngS} == -_ID[I + ngS]

Vo = MIDRD

V, = _(—IG)RD = Ir_er)

o

d ==

[9-24]
If rqis included in the network, the equivalent will appear as shown in fig9-18
: :
v,
Ry
_ | — 2
ol R Fig9-18 ryeffect in self-bias JFET
LV bR
T Lilvoov ly We try to find an expression for I, in terms of Ip applying KCL:
jr(:l = gmvgs + Ii;, — 1p
V, =V, +V,
vu T vgs
Io = gmvg.s * _m";,d - JEr_-5‘
1 i
fﬁ{&+—)%—ﬂ%—hm@%:—h%
Fa Fa
vgs = _UD + IO)RS

IRy _

i

1
‘{n = _(gm & _)(ID + IO)RS - J'-D
]

RD

. R Ry
by Lo BpBsoh | = —di L g i Rebe s o = -
Fq Fa Fa
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R R
_ID|i]. it ngS + r_s + "EJ

r
Io _ d d
R
Yy
7= % _ —IpRp = F
¢ —ID(l + g.Rs + — + i)
Fa Fa
RS
1+ ngS calo
Fy
[9-26a]
_ Ry Rp Ry D
Forv, = 1I0Ry, {1 + g R+ — | = —and | + g Ry + o+
Fy Fy Py Fy
. R
=1 gl —aid
Fa
= 1= 10K, [9-25b]

A,: for the network of fig9-18, applications of KVL on the input circuit result in:

Vi Vg = Vg, =0
Vg.s‘ = Wy IDRS

Voltage across rqapplying KVL

Vo — Vr
Vo - Vf{s
I =
Iy
Applying KCL will result
o= i
[D = &m Vgs Ea ",

Substituting for V4 from above and substituting for V, and Vrs we have
o (_IDRD) B (IDRS)

Fy

Iy = S’m[Vs = LJRS]

Ry + Ry

‘I.F) ] g ng.S' ik = r = gmvz'
= 2l
In=—
Ry + Ry
I+ g, R +
. Fa
The output voltage V, is
&V
= —f,R,=—
o R}) + RS
1 = ngS +

Fa
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[9-26]

S = 0 Ry + RS, [9-27]
Phase Relationship: the negative sign in A, means 180° phase shift between IP & OP

Example 8: configuration of fig9-19 has Vgsq=-2.6V & Ipq=2.6mA, with Ipss=8mA & Vp=-6V.
The network is redrawn as fig9-20 with an applied signal V;. The value of y.s is given as 20usS,
Determine (a) gm (b) rq (¢) Zi (d) Z, with and without ryq (e) A, with and without ry

MY
20V 20V

Fig9-19Ex8 Fig9-20 Redrawn EXx8:
Solution:
a) g0 = l:j:T = % = 2.67mS§
Ves, ) o (—28V) -

Lu = gm[,(l — TP) = 2.67 mS(I = e V) ) = 1.51 mS

h) rd—i— ! - = 50 kQ
Yoo 20uS
¢)Z =R;=1MQ
d) With r,:
ry = 50Kk{} > 10R,, = 33 k{)
Therefore,
Z,=Rp=33k0)
Ifr, =)
Z, =R, =33kO
e) With r
e —gaRy —(1.51 mS)(3.3kQ)
oG ¢,.Rs + Rp : B e (1.51 mS)(1 k€2) + ﬂﬁ% :Q] -4
= —1.92
Without r,:
W TEaRn _ —(LSImS)33KY)

"1 +gRy 1+ (L5l mS)1kQ)
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3-JFET Voltage-Divide Configuration (Common-Source)

£
VY
[«

i

R

Fig9-21 JFET voltage-divider configuration

V.o ‘P oV,
oV
0 —— B ]
Z 2y
Kp *7_1 § Ry Ry
= L - = -
Fig9-22 Network under ac conditions

i Fig9-23 Redrawn network

[9-28]
[9-29]
[9-30]
Vgs - Vi
Vr; = _gmvgs(rd‘ RD)
A = V, B _gmvgs(rdHRD)
' Vrﬁ vga‘
[9-31]
v =10, [9-32]
4-JFET Source-Follower (Common-Drain Configuration)

The output is taken off the source terminal and when the dc supply is replaced by it's short-
circuit equivalent, the drain is grounded (hence, the terminology common-drain)
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? Voo ”,_;
D
o &
vo—Jk
62 HG§
?, ———v : T—o\-{.,
H RG
v T
Fig9-24 JFE T Source-Follower configuration Fig9-25 JFET ac equivalent model

T,

v, = o
+
= anae
Z,
Ry v

= = = == . Fig9-26 redrawn the network

[9-33]
Setting Vi = OV will result in the gate terminal being connected directly to ground so that Z,=

Vo=-Vys applying KCL at node S
I + &Y,

28 Iy

[9-34]
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[9-35]

Vo = gmvgs(rdHRS)
Applying KVL around the perimeter of the network of fig9-26 will result in:
v.=V, +V
! s o

Vo=V~ V,
V, = Vi — VardlR)
V, = 2.Vl Rs) = gnVo(rallRs)
V1 + gu(rallRs)] = guVilrallRs)

[9-36]

i it _ [9-37]
Since the bottom of Eq[9-37] is larger than the numerator by a factor of one, the gain can never
be equal to or greater than one
Phase Relationship: since A, is a positive quantity, V, and V; are in phase

Example 9: A dc analysis of fig9-27 will result in Vgsq = -2.86V & Ipg=4.566mA, Determine (a)
gm (b) ry (c) Z; (d) Z, with and without ry (€) A, with and without rq

Solution:

2y 2(16 mA)

Lm0 — |Vp| = RY; = 8mS

(1 . v(,-_gc_,) _ s, %(1 (“286V)\ _ o
& Emly Vp = oI (4 \’T) = o mS

d)

1 1
. B 40 kO

¢) Z, = R;=1MQ
d) With ru + 0.05 1

b) ry =

Z, = ry|Rs| 1/g,, = 40kQ[2.2 k[ 1/2.28 mS
= 40k02.2 k€2[438.6 Q
= 36252 0Q " me

Without ry Fig9-27 Ex9-

Z, = Rgll1/g,, = 2.2 kQ2]|438.6 2 = 365.69 O

e) With rq

4 &R (228mS)40 kO[22 k)

L+ g(rlRs) 1+ (2.28 mS)(40 k€| 2.2 k)
(228 mS)(2.09 kO) 4.77
T+ (228mS)(2.00kQ) 1+ 477

005 ulf
22K -— T
Z,

—)

0.83
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Without ry:

Pt E— (228 mS)(2.2k0)
" 1+g,Ry L+ (228mS)(2.2k0)
.. W 0.83
1 +5.02

Depletion-Type MOSFETs

The ac equivalent model for D-MOSFETs is exactly the same as that employed for JFETs as
shown in fig9-28, the only difference is that Vssq can be positive for n-channel and negative for
p-channel devices, the result is that g, can be greater than gmo

Go

Fig9-28 D-MOSFET ac circuit

Example 10: The network of fig9-29 was analyzed, resulting in Vgsq = 0.35V & Ipq = 7.6mA,
Determine (a) gm and compare to gmo (b) ra (c) Sketch the ac equivalent network (d) Z; (e) Z,

(f) A,
Solution:
o 18V
oo 2(6 mA)
(a) g0 = aDiy 7( — =4 mS§
m | rP| 3 V
= (1 VGS”\) =4 S(l Lo V:}) = 4mS(1 ~ 0.117) = 447 mS ) L
Lo = &ud \ Vi =4m (=3 V) = 4 ms A7) = 4.47 mS , § 2
10 MG ilso Q
] 1
byry=—=——= 100k}
( ) ' ¥ 10 ‘[LS _— =

Fig9-29 network for Ex10:
(C) See fig9-30 the similarities with the network of JFET fixed bias, self bias (bypassed) &
voltage divider configuration so that the same Equation applied

G D
+ i . +
—lmn 1 i
Z o5 : Lo o
Vi * 10 WL 110 M L) § 1.8 £} v,
i s IS‘ 2 ] "
= Fig9-30 ac equivalent

Enhancement-Type MOSFETs
For the E-MOSFETs, the relationship between output current and controlling voltage is

In = k(Vgs — VGS‘[Th})Z
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PMOS

P
)
aMQs
Fig 9-31 E-MOSFET ac circuit
ddi d . d ,
8w = '&V:‘s = chSk(Vm - VG.?(T}I‘_])z = k%(VGS - VGISr,fth)“
_ d
= 21{( VGS - VG.?["TH))F(VGS o V(?.S‘(T‘h}) = Ek(“’rc;s -V L;S{'i'h})(] - 0)
i

Can be determined from a given typical operating point on a specification sheet

1- E-MOSFET Voltage Divider Configuration

Fig9-33 ac equivalent circuit

[9-38]

[9-39]

[9-40]

[9-41]

[9-42]

[9-43]
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Designing FET Amplifier Network
Example 12: Design the fixed-bias network of fig9-34 to have an ac gain of 10, that is

determining the value of Rp
Vion (430 V)
?
5
S R
> L

Fig 9-34 circuit for desired voltage gain in Ex11:

Solution:
* Vs, = 0V, the level of g, is g,0. The gain is therefore determined by
Ay = —8uRollrd) = —8mo(Rp|lry)
2Ines  2(10mA) g
o = = =5mS -
4= ) 4v "
=10 = =5 mS(Rp||r,)
10
Rolley=——>=2%0
ol 5mS
T 5 Xi0s T
Rylry = R[50 kQ = 2 kO
R,,(50 k)
L NS
R, + 50kQ

50R, = 2(R, + 50kQ) = 2R, + 100 kO
48R, = 100 k()

100 k)
LR
The closest standard value is 2KQ, which would be employed for this region, the resulting level
of Vpsq would then be determined as follows:

Vs, = Vop — IpRp = 30V — (10 mA)(2kQ) =10V

Z; and Z, are set by the levels ol R, and R, respectively. That is,
Z, = R, = 10 M

Z, = Rp|r; = 2k0Q|50kQ = 1.92kQ =R, = 2 k()

= 2.08 k(2

Example 13: Choose the value of Rp and Rs for the network of fig 9-35 that will result in a gain
of 8 using a relatively high level of gn, for this device defined at Vgsq = 1/4 Vp
Solution:
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- IV’{}.\_'(_; 2 3 ( = \.f)\ 2 .
= ]m,b.(l = v, =10mAl 1l — = V),) = 5.625 mA
Ung g,
o
] lbe ‘*’.—-9—)
S Smi 1 v [ARNTIY
5 ?('l - V)) 3.75 mS
= 3m¢ = =375m '
S (-4V), -
L e

‘A»‘ - gm(R!) ll.l rf..l')

8 = (3.75 mS)(Rpl|r,)

8
Ryllr, = T = 213K0
1 1
! Fos 20 MS .

Rp||50kQ = 2.13 kO

Ry =22k
VG'SQ = —IpRy
= 1V = —~{5,025 mAIR,

= Y = 17780
55625 mA o

Fig9-35 network for desired voltage gain

The closest standard value is 180Q), in this example; Rs does not appear in the ac design

because of the shorting effect of Cs

Example 13: Determine Rp and Rs for the network of fig9-35 to establish a gain of 8 of the by-

pass capacitor Cs is removed

Solution: Vgsq and Ip are still -1V and 5.625mA, and since the equation Vgs=-IpRs has not

changed, Rs continues to equal the standard value of 180Q
_ . 8nRp

' L. g Re

8 = | —(3.75 mS)R,, N _ (375 mS)RE

|1+ (3.75 mS)(180 Q) 1 + 0.675
8(1 + 0.675) = (3.75 mS)R,,
e L1 T
3.75 mS

3.573 k1)

2]

With the closest standard value at 3.6KQ, we can now test the condition:

ra = 10(Ry + Ry)
50k = L0(3.6 k2 + 0.18 k() = 10(3.78 kQ)
50k = 378 kKO

177



SUMMARY TABLE

Comfiguration

N
[~

Fixed-bias
[TFET ur D-MOSFET]

Medium (2 k(1)

High (10 Mf)) | T

[FERLE|

Medium (—10)

it

N TR

Sell-bias
bypassed Ry

[JFET ar D-MOSFET] .y

Sclt-bias
unbypassed R
[JFET or D-MOSFET]

Vollaze-divider bias

| High (10MQ) | =

Medium {2 k¥)

High (10 M} —

A (=108

=0 Ry, =0

Medium (—10}

= (=R

Low {—2)

r= 10 Ry + Rel]

JFET or D-MOSFET]

High (10 M{2)

Medium (2 k€1}

=10 R

Medium (— 10}
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Comnfiguration Z 2 A,

Source-follower ‘

[JFET or D-MOSFET] _ _ ' Low (< 1)
Low (100 k{1) |

+Vpp
it

High (10 M) =

Voltage-divider bias
E-MOSFET

Medium (2 k(2) Medium (—10)

Medium (1 M{})

Important Conclusion and Concept

1- The trans-conductance parameter gn, is determined by the ratio of the change in drain
current associated with a particular change in gate-to-source voltage

2- On specification sheets, gm is provided as ys

3-When Vs is one-half the pinch-off value; g, is one-half the maximum value

4- When Ip is one-fourth the saturation level of Ipss , gm iS one-half the value at saturation

5- The output impedance of FETs is similar in magnitude to that of conventional BJTs

6- On specification sheets the output impedance rq is provided as 1/ yos .

7- The voltage gain for the fixed-bias and self-bias JFET configurations (with a by passed
source capacitance) is the same.

8- The ac analysis of JFETs and depletion-type MOSFETs is the same.

9- The ac equivalent network for E-MOSFETs is the same as that employed for the JFETs and
D-MOSFETs, the only difference is the equation for gn,

10- The magnitude of the gain of FET networks is typically between 2 and 20. The self-bias
configuration (without a bypass source capacitance) and the source follower are low-gain
configurations

11- There is no phase shift between input and output for the source-follower

12- The output impedance for most FET configurations is determined primarily by Rp For the
source-follower configuration it is determined by Rs and g,
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Equations

Al
o AV
Smp = L
[Vl
&n = &m {l - E}
Ve
Em ™ &m0 ;i
DSS
1 AV,
e B e
JFETs and depletion-type MOSFETS (r; = 10R,, r; = 10Ry):
Fixed-bias:
Z, = Rg
Z, = Ry
A, = —g,Rp
Self-bias (bypassed Ry):
Z. = Rs
Z, = Ry
A, = —g.Rp
Self-bias (unbypassed Rs):
Z; = Rg
Z, = Rp
W= 1 +g;i?es
Voltage-divider bias:
Z, = Ry||R,
Z, = Ry
A, = —gufp
Source-follower:
Z; = R;
Z, = Ry|1/gn
A = 8nks
1 + g.Rs

Enhancement-type MOSFETs {( &m — Zk(VGSQ = VGS(Th))
Voltage-divider hias: |
Z; = Ri|\R,
Z, = R,
A, = =g Ry
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