Electronics Circuits

Lecture Three

Lecturer:Ahmed H. Alzaidy

DC Biasing Circuits of JFETS
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1. Fixed-Bias Configuration:
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Example 16-1:
For the circuit of Fig. 16-1 with the following parameters: Ipss= 10 mA, Vp=—8V,

Vop==+16V, Vge=2V. Rec=1MQ, and Rp=2kQ, determine the following:

VGS_C} IDQ. VDS‘-. VD, V(}. and Vg.

Solution:

From Fig. 16-3:

Veso = Voe =—2V. and Iy, =5.6mA.

VDS = VDD -1 DRD

=16—(5.6m)(2k) = 4.8V .
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2. Seli-Bias Configuration:

For the circuit of Fig. 16-4.

Io=04,
and Vp =I,R;=0V.
Ig=1Ip.

Ellld I]R,S :ID‘RS .

For the input circuit,
_I7 V., =
Ves — Vg, =0.

Hlld IIGS = _IDRS

From Shockley's equation:

¢ \2
V-
Ip=1pss 1--=
|K £

Self-bias line

For the output circuit,
VDD - VRD - I;DS - VR& = 0-_

and \Vps =Vpp —Ip(Rp + Rg)

A graphical analysis 1s shown in Fig. 16-5.
Example 16-2:

For the circuit of Fig. 16-4 with the following parameters: Ipss= 8 mA. Fp=—6V,
Vpp=+20V, Re=1MQ. Rs=1kQ. and Rp= 3.3 kQ. determine the following:

Veso. Ipo. Vps. V. Vs, and Vp.
A 1, (mA)

Solution:

Choosing I, =4mA. we obtain
Vs =—I R =—(4m)(1k) = —4V.
At the O-point (see Fig. 16-6):

Veso =—2.6V, and Ip, =2.6mA. i, =26mA
Vs =Vpp —1p(Rp + Rg)
=20 — (2.6m)(1k +3.3k) =8.82V . i

Ve =0V, and Vi =I,Rs =(2.6m)(1k)=2.6V.
Vo =Vpp —IpRp =20—(2.6m)(3.3k)=11.421",
or Vp=Vps +V5=8.82+2.6=1142V.
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3. Voltage-Divider Bias GConfiguration:

For the circuit of Fig. 16-11,
IG 50{1 = IRI =IR3'

Vop - Ry

R +R,|

and [V, =

For the input circuit.
Ve —Ves —Va, =0,
Vg, =1sRs =IpRs.
and Vg =Vs —IpRs

From Shockley's equation:

, 2
_
Ip =IDss{l_iJ
. Tp

For the output circuit,
Voo~ ¥a, —¥psi= Vg =0;

. .. . . V
A graphical analysis is shown in Fig. 16-12.7°

Example 16-5:
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Voltage-divider  $lpss

bias line

Vgs =0 V. Ip = VG/Rs

Vgs = Vg~ Ip Ry

e

For the circuit of Fig. 16-11 with the following parameters: Ipss=8 mA. Vp=—4V,
Vop=+16 V. R;=2.1MQ. R,=270kQ. Rp=2.4kQ. and Rs= 1.5 kQ. determine
the following: Vgso, Ipg. Vp. Vs. Vps. and Vpe.

Solution:

Vop - R, (16)(270k)
R +R, 2.1M +270k
Vgs =Ve —IpRg =1.82 - I (1.5k).
when I, =0mA: Vg =1.82V, and

when V..=0V: I 02
GS ™ " DT sk

VG =

=1.21mA.

At the O-point (see Fig. 16-13):
Voso =—1.8V, and Ipp =2.4mA.

=1.82FV .

ln (mA)

Fig. 16-13
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Vo =Vpp — IpRp =16 — (2.4m)(2.4k) =10.24V .
Ve =I,Rg =(2.4m)(1.5k)=3.6V .

Vs =Vpp —Ip(Ry +R) = 16— (2.4m)(2.4k +1.5k) = 6.64V .
or Ve =Vp -V, =1024—3.6=6.64V .

Ve =Vp — Vg =1024-1.82=8.42V .

Example 16-6 (Two Supplies):

Determine the following for the circuit of Fig. 16-14:
V(}'Sgh IDQ. Vpg, VD._ and VE. tf

! gﬂﬁ-=l.5 kQ

Fig. 16-14 O Vig=-10V

Solution:

For the mput circuit of Fig. 16-14,
—Ves —IgRs + Vs =0 (KVL)
and [o=04 = I,=1I;.

Ves =Vss —IpR;
Vs =10 —I5(1.5k),
for Ip=0mA: Vg =10V, and

10
for Vg =0V, Ip=—>r=06.07mA.

-

1.5
At the O-point (see Fig. 16-15):
Vasg =—0.35V, and Ipg=6.9mA.

Lecturer:Ahmed H. Alzaidy

For the output circuit of Fig. 16-14,
Vop —IpRp —Vps —IgR¢ + Ve =0,
Vps =Vpp +Vss —Ip(Rp + Rs)
Vps =20+10—(6.9m)(1.8k +1.5k)=7.23V .
Vo =Vpp —IpRp =20—-(6.9m)(1.8%k)=7.58V.
Ve=Vp—Vp =7.58-723=035V.
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Example 16-7 (p-channel JFET):

Determine Vgsg. Ipp. and Fps for the p-channel JFET of Fig. 16-16.

Fig. 16-16
Solution:
yy=top R (2000 _ 55
Ry + R, 20k + 68k
VGS = VG + .IIDRS = _455 + JrD[:].SRr) .
when I, =0mAd: V,; =—-4.55V, and
—(—4.55
when Vg =0V: Ip= % =2.53mA.

At the Q-point (see Fig. 16-17): V5, =147, and Ipg =3.4mA.
Vg =—Vpp + Ip(Rp + Rg)=-20+(3.4m)(2.7k +1.8) =471 .

Iy (mA)

Fig. 16-17



