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DC Biasing Circuits of JFETs

Vop
1. Fixed-Bias Configuration:
RD
For the circuit of Fig. 16-1, D It oV,
IG EOA, Vl.g; H : UG i V;S Cz
and Vg =IgR;=0V. & v e
o
For the input circuit, e
—Vee —Ves =0, T e
Fig. 16-1
From Shockley's equation: S
> Alp m
Ves e
I D — I DSS - W Device\ D
Network —_|
For the output circuit, Q-point _
VDD . IDRD _VDS _ O ’ (solution) - !DQ
25 l i
A graphical analysis is shown in Fig. 16-2. i Vasp = Vo |° Vs
Fig. 16-2

Example 16-1:

For the circuit of Fig. 16-1 with the following parameters: lpss= 10 mA, Vp=—-8V,
Vop=+16V, Vgs=2V, Rg=1MQ, and Rp =2 kQ, determine the following:
VGSQ, IDQ, Vbs, Vb, Vg, and Vs.

I, (mA)

55 = 10mA

Solution:

From Fig. 16-3:
Vieso =Vee =—2V, and lpg =5.6mA.

————— !;,Q:S.émA
VDS :VDD - IDRD
:16—(5.6m)(2k):4.8V . __%ﬂ.sm
VD —VDS =4.8V |
Ve =Vgs =—2V. . g g Vs
VS =0V . gl %’:_4!; !"GSQ= Vo6 =-2V

Fig. 16-3




2. Self-Bias Configuration:

For the circuit of Fig. 16-4,
I =0A,
and Vg =IgR;=0V.
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ls=1p, )
and Vp =I1pRs. €
For the input circuit,
— Vs _VRS =0,
A1,
From Shockley's equation: o |
> Self-bias line Ipss
Ip = IDSS( _\ﬁ]
Vp _
________ Tpss
. . A 2
For the output circuit, 0-poini
Voo _VRD —Vps _VRS =0, ! K
Vo =i Voso 0 Vis
: .. i Vos = - J2ssRs
A graphical analysis is shown in Fig. 16-5. il
Fig. 16-5

Example 16-2:

For the circuit of Fig. 16-4 with the following parameters: lpss =8 mA, Vp=—6V,
Vop=+20V, Rg=1MQ, Rs=1kQ, and Rp =3.3 kQ, determine the following:

VGSQ, |DQ, Vbs, Vg, Vs, and Vp.
Solution:

Choosing |, =4mA, we obtain
Vgs =—lpRg =—(4m)(1k) =—4V.
At the Q-point (see Fig. 16-6):
Vesg =—2.6V, and lpq =2.6mA.
Vs =Vop = Ip(Rp +Rg)
=20 —(2.6m)(1k +3.3k) =8.82V .
Vs =0V, and Vg =I15Rs =(2.6m)(1k)=2.6V .
Vp =Vpp — IpRp =20 —(2.6m)(3.3k) =11.42V ,
or Vp =Vps +Vg =8.82+2.6=11.42V.

A I, (mA)

18

-6

|
MW B

Q-point A& - > ';";;,Q: 2.6 mA

o e sl

-6 -5 -4 312 -1 [0 Vg(V)
\’?;SQ=“2-6V

Fig. 16-6
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Example 16-3 (Common-Gate Configuration):

For the common-gate configuration of Fig. 16-7, determine the following:
VGSQ, |DQ, Vb, Vg, Vs, and Vps.

12V

1.5kQ

s

VP=—6v

I :
e oVi

68002

Solution:

Choosing |, =6mA, we obtain Vg =—15Rs =—(6m)(680) =—4.08V.
At the Q-point (see Fig. 16-8): Vg5o =-2.6V, and lpq =3.8mA.
Vp =Vpp — IpRp =12 - (3.8m)(1.5k) =6.3V .

Vg =0V.

Vs =1,Rs =(3.8m)(680) =2.58V . § I (mA)
Vps =Vp =V =6.3-2.58=3.72V . 12 Ipss

1
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Q-point St ~:“j~~ Ip, =38 mA
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5 e | O A |
T R S U e, TN 0
V Vs = -26V
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Example 16-4 (Design):

For the circuit of Fig. 16-9, the levels of Vpg and lpg are specified. Determine the
required values of Rp and Rs.

Solution:

R :VRD :VDD —Viq _20-12
g lno 25m

=3.2kQ.

Plotting the transfer curve as shown in
Fig. 16-10 and drawing a horizontal line at
IDQ = 2.5 mA will result in VGSQ =—1 V,
and applying Vg5 =-I1pRs will establish

the level of Rg: 4
V "‘Z““’ IDQ= 2.5 mA
Ry =2 _—CD _gu0 fioiid
=3 3 1 T
Ve E

(0]
Fig. 16-10
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3. Voltage-Divider Bias Configuration:

For the circuit of Fig. 16-11,
Il =0A = Iz =1lg,

V R
and NVg=-22—2|
Rl Rz V;-o__’

For the mput circuit,

From Shockley's equation: e
2 Voltage-divider — $Ipss
|- =1 _ \ﬁ bias line
D = 'Dss v,

Vgs=0V,Ip = VgiRs

For the output circuit,
Voo =Vr, =Vps = Vg, =0,

Vgs=Vg-IpRs

Ip=0mA, Vgs=Vg

0 +Vg Ves

Fig. 16-12

A graphical analysis is shown in Fig. 16-12."

Example 16-5:

For the circuit of Fig. 16-11 with the following parameters: lpss =8 mA, Vp=—4V,
Vop=1t16V, Ri=2.1MQ, R, =270kQ, Rp=2.4kQ, and Rg=1.5kQ, determine
the following: Vgso, Ipg, Vb, Vs, Vps, and Vpg.

I, (mA)
8 (Ipss)

Solution:

Voo -R,  (16)(270k)

® R +R, 2.IM +270k
Vg =Vg — I,Rs =1.82—1,(1.5k),
when |5 =0mA: Vg =1.82V, and

1.82
when V.c=0V: I =——=1.2ImA.
Gs ° 1.5k

1.82V .

............ I, =24 mA
Pq

Ip=121mA(Vgg=0V)

v | |

l | >

At the Q-point (see Fig. 16-13): R R e R

Fig. 16-13
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Vp =Vpp — IpRp =16 — (2.4m)(2.4k) =10.24V .

Vs = I5Rg = (2.4m)(1.5k) =3.6V .

Vps =Vpp — Ip(Rp + Rg) =16 — (2.4m)(2.4k +1.5k) = 6.64V
or Vps =Vp —Vs =10.24 —3.6 = 6.64V .

Vpe =Vp —Vg =10.24 —1.82 =8.42V .

Example 16-6 (Two Supplies):

Determine the following for the circuit of Fig. 16-14;
Veso, Ibg, Vos, Vb, and V.

L §RS = 1.5kQ

Fig. 16-14 O Veg=—-10V

Solution:

For the input circuit of Fig. 16-14,
—Vgs —IsRg +Vgs =0 (KVL)
and I5=0A = Iy=Ig,

Ves =Vss — IpRs
Vgs =10—-15(1.5k),
for I =0mA; Vg =10V, and

for Vg =0V; Ip :%:6.67mA.

"D (mA)

9 (Ipss)
8

-~ Ip,=69mA

At the Q-point (see Fig. 16-15):
Vesg =—0.35V, and o =6.9mA.

For the output circuit of Fig. 16-14, -3 -2 -1 s
Vob = IpRp =Vps = IsRs +Vgs =0, " s =-0.35V =10
Vbs =Vpp +Vss = Ip(Rp +Rs) Fig. 16-15

Vps =20+ 10— (6.9m)(1.8k +1.5k) =7.23V .
Vp =Vpp — I5Rp =20 — (6.9m)(1.8k) = 7.58V .
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Example 16-7 (p-channel JFET):

Determine Vgsg, Ipg, and Vps for the p-channel JFET of Fig. 16-16.

0 20V
o
27kQ
p +
Ipes =8 mA
D5 Vp=4v
s _
1.8kQ
+JJAIS
Fig. 16-16
Solution:
. _Vop "R, _ (—20)(20k) 455
R, +R, 20k + 68k
when |5 =0mA: Vg =—4.55V, and
when Vg =0V : I, :$:2.53mk

At the Q-point (see Fig. 16-17): Vgso =14V, and lpq =3.4mA.

Fig. 16-17
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Exercises:;

1. For the common-drain (source-follower) configuration of Fig. 16-18, determine
the fOHOWil’ng VGSQ, IDQ, VD, VG, Vs, VDG; and VD5.

Vob +9V

Fig. 16-18

2. For the voltage-divider bias configuration of Fig. 16-19, if Vp =12 V and
Vs =— 2V, determine the value of Rs.

r—ol6V
1.8kQ2
91 kQ
12V
+ Lol
Vs _
47kQ Rg

Fig. 16-19
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