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Our main reference text books in this course are

: [1] Neil S., Electronics: A Systems Approach, 4th edition, 2009, Pearson
Education Limited, ISBN 978-0-273-71918-2.

[2] Boylestad R. L., Nashelsky L., Electronic Devices and Circuit Theory, 11t
Ed, 2013, Prentice-Hall, ISBN 978-0-13-262226-4.

[3] Smith R. J., Dorf R. C., Circuits Devices and Systems, 5" Ed., 2004, John
Wiley, ISBN ISBN 9971-51-172-X.

However, feel free to use pretty much any additional text which you might find
relevant to our course.
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Learning Objectives

At the end of this, you ought to:

1) Be able to compute the bias points of JFETSs for the following configurations:
1) Fixed bias and
2) \oltage-divider configuration.

2) Be able to compute the bias points of E-MOSFETSs for the Voltage divider
configuration.

3) Be introduced to the small-signal model for E-MOSFETS and thus be able to
compute ac-parameters for a potential-divider bias based E-MOSFET
amplifier.
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FET Equations Summary

JFET:
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MOSFET (enhancement):
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JFET fixed-bias configuration
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JFET fixed-bias configuration

EXAMPLE 7.1 Determine the following for the network of Fig. 7.6:

a. Vs, 16 V
b. Ip,
C. VDS
d. Vp. 2kQ
e. Vc;.
f Vi
oD
+ Vp=-8V
_ VGS
| MQ —b5
_— 2V
+
FIG. 7.6

Example 7.1.

Department of Electrical & Electronic Engineering, School of Engineering, University of Zambia



JFET fixed-bias configuration

Solution:
Mathematical Approach
d. VGSQ = — Voo = -2V

Vos ) —2 V)’
b. [DQ — IDSS(I — VLPS> — 101’[1A(1 - H)

= 10 mA(1 — 0.25)> = 10 mA(0.75)*> = 10 mA(0.5625)

= 5.625 mA

¢. Vps = Vpp — IpRp = 16 V — (5.625 mA)(2 kQ)
16V — 1125V = 475V

d. VD — VDS =475V
e. Vo = Vg = -2V
f VS:OV

oloV

G Ipss = 10 mA
+ Vp=-8V
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JFET fixed-bias configuration

Graphical Approach

Plot using Shockley’s equation. A I, (mA)
Ipss = 10 mA
9
— 8
—7
———:—6———— Ip =5.6mA
-5 ¢
—4
_______3____ Ipss =2.5 mA
19 4
— 1
0 ?GS'
Vp=-—_8YV EJ: Vi =2V
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JFET fixed-bias configuration

Graphical Approach

a. Therefore,
VGSQ - _VGG - —ZV
b. IDQ = 5.6 mA

C. VDS — VDD - IDRD =16V — (56 lTlA)(Z kQ)
=16V — 112V =48V

d. VD — VDS =48V
e. VG - VGS = =2V
f. V=0V

The results clearly confirm the fact that the mathematical and graphical approaches
generate solutions that are quite close.
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JFET Voltage-divider biasing

EXAMPLE 7.4 Determine the following for the network of Fig. 7.21:

m

[DQ ‘cllld VGSQ'

—o < +16 VY
b. Vp.
C Vs.
d. VDS
e. Vpe. Rp §2.4 kQ
R, §2.1 MQ
10uF
D It oV
C Il(j2 v
‘1
Vio = < -I: Ipss =8 mA
5 uF | Vp=-4V
IB
L
R, & 270kQ
Rs g 1.5kQ Cgemm 20 uF
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JFET Voltage-divider biasing

a. For the transfer characteristics, if Ip = Ipgs/4 = 8 mA/4 = 2 mA, then Vg =

Vp/2 = —4V /2 = =2 V. The resulting curve representing Shockley’s equation
appears 1n Fig. 7.22. The network equation is defined by
R,V
Vg = 2 DD
R, + R,
 (270kQ)(16 V)
2.1 MQ + 0.27 MQ)
= 1.82V
and VGS = VG - [DRS

= 1.82V — Ip(1.5k))

When Ip = 0 mA,

Vgg = +1.82V
When Vgg = 0V,
Ip = 182V = .21 mA
[.5 k()

We then plot the input characteristics and the straight line from KVL on the input

on the same axis to determine the intersection point. :
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JFET Voltage-divider biasing

I, (mA)
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JFET Voltage-divider biasing

b. Vp = Vpp — IpRp
=16V — (24 mA)2.4kQ)
= 10.24V
c. Vo= IpRs = (24 mA)(1.5kQ)
=36V
d. Vps = Vpp — Ip(Rp + Ry)
= 16V — (24mA)2.4kQ + 1.5k)
— 6.64V
or Vpg = Vp — Vg = 1024V — 3.6V
— 6.64V
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Biasing of Depletion-Type MOSFETSs

O Generally the same procedure used to determine the operating point of JFETSs is used for
depletion-type MOSFETS consequently they will not be covered here.
O Kindly see examples and questions in the prescribed textbook.
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Voltage-divider biasing for Enhancement-Type
MOSFETSs

O The transfer characteristics of the enhancement-type MOSFET are quite different from
those encountered for the JFET and depletion-type MOSFETS,

O The transfer function is given by:

A I (mA)

Iyl

Ip=k (Vs = Vism)?

]g’_) on) — ~|~~—~—"~~—~F~F~>~—>"~"—">">"—7"7>7>—7 7777 7™

/ ,
/ | GS(Th) VGS] ]
[D=OIHA 1(}'5::![]:

Ip = k(Vgs — Vosem)®

Where, Ipem = k(Vason — Vesam)’
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Voltage-divider biasing for Enhancement-Type

MOSFETSs
EXAMPLE 7.11  Determine Ip,. Vgs,,. and Vpg for the network of Fig. 7.44.
T 40V
3kQ
22 MQ JVID
D Q
+ 2N4351
Vesam =3V
vV GS (Th)
0 g I DS ID (on) =3mA
Vosg — 0
18 MQ
0.82 kQ
FIG. 7.44
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Voltage-divider biasing for Enhancement-Type
MOSFETSs
EXAMPLE 7.11 Determine Ip,. Vs, and Vpg for the network of Fig. 7.44.

T40v Network
R,V 18 MQ)(40 V
V= —2/op OV _ ey
. R, + R, 22MQ + I8MQ
MO {io Ves = Vg — IpRs = 18V — Ip(0.82 kQ)
D
" NGSL - When T = 0 mA,
_ B [ A, Ves = 18V — (0mA)(0.82kQ) = 18V
S - at VGS(OH)= 10V
Visg — o8
18 MQ When VGS — {:}V
0.82 kQ Vs = 18V — Ip(0.82 k(D)
0 =18V — I0.82kQ)
aa 18V
= Ip = = 21.95mA
D= )82k .
FIG. 7.44
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Voltage-divider biasing for Enhancement-Type
MOSFETSs

EXAMPLE 7.11  Determine Ip,. Vgs,,. and Vpg for the network of Fig. 7.44.

T oY Device
3kQ Veserny = 5V, Ipen) = 3 mA with Vggon) = 10V
22 MQ J I
D Q ,
+ 2N435] r — D(on) :
7 Ves (Th) = 5V (VGS{DH] — VGS{Th})H
g bs Ip (ouy =3 MA
[ ‘;fc’m) =10V 3 mA | » ,
=+ o al Vs (on) = = 7 = 0.12 x 10 A/V
W’:SQ — ¢S (I0V —5V)
18 MQ
0.82 kQ B

Ip = k(Vgs — Vs’
= 0.12 X 10> (Vgs — 5)°

L

We then plot the input characteristics and the
straight line from KVL on the input
on the same axis to determine the intersection point.
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Voltage-divider biasing for Enhancement-Type
MOSFETSs
EXAMPLE 7.11 Determine Ip,. Vs, and Vpg for the network of Fig. 7.44.

A Ip(mA)

30 —

Ve -
26 _21.95mA
Rs 20

10 —
In =6 7TmMAF———"""—"—""————=
Do

|
15 | 20 25

0 5 10
Vosam  Vosp=125V Vg=18V
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Voltage-divider biasing for Enhancement-Type
MOSFETSs
EXAMPLE 7.11 Determine Ip,. Vs, and Vpg for the network of Fig. 7.44.

T“OV Ip, = 6.7mA
VGSQ = 125V
3kQ VDS — VDD - [D(RS + RD)
22 MQ , VDQ =40V — (6.7 mA)(0.82 k) + 3.0k())
g =40V — 256V
Vesam =3V = 144V
| o i s oI
S - at VGS(OH)= 10V
Visg — o8
18 MQ
0.82 kQ

FIG. 7.44
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Small Signal Analysis Enhancement-Type MOSFETs

E-MOSFET can be either an n-channel ( nMQOS) or pMOS device.
The ac small-signal equivalent circuit has an open-circuit between gate and drain—source

channel.
A current source from drain to source having a magnitude dependent V¢
Output impedance from drain to source ry is usually provided on specification sheets as a

conductance g, or admittance y, .
The device transconductance g, is provided on specification sheets as the forward

transfer admittance v, .

o 00 00

G D
S o——0 ? 1 ©
+
> ‘ gmvgs Ta
Vgs
D =4 ¢ °
- ) >
G IH nMOS I L _ L
— S Em = gﬁ_l}f"l Ta = 8os |'V03|
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Small Signal Analysis Enhancement-Type MOSFETs

Since g, is still defined by

Al

we can take the derivative of the transfer equation to determine g,, as an operating point.
That 1s,

g:dID: k(Ves — Vaorm)? = k (Ves — Vo)
M Vs | dVes VG T Vasam v Vs~ Vasam
= 2k(Vgs — Veserny) 5, (Ves — Vasiny) = 2k(Vgs — Vasen)(1 — 0)
and gm = 2k(Vgs, — VGscn) (8.45)
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Small Signal Analysis Enhancement-Type MOSFETs

O In every other respect, the ac analysis is the same as that employed for JFETs or D-

MOSFETSs.
O Be aware, however, that the characteristics of an E-MOSFET are such that the biasing

arrangements are somewhat limited.
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Small Signal Analysis Enhancement-Type MOSFET's

O Just as with BJTs you substitute the FET with the small-signal model and short out all
capacitors and DC voltage sources.

VDD
D
V.o - oG 5 - oV
o
—_— —
Z Z,
R, R, VgS ‘ gmvgs Td Rp
L
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Small Signal Analysis Enhancement-Type MOSFET's

V.o ; 1 °G . ° Vo
o —
e
:/:- er
R, R, Vgs ‘ gmvgs § Td § Rp
}_S — —
Z;
Zi = R|Ry
Z,
Zy, = rd”RD
For ry = 10Rp,
ZO — Rd =
ra=10Rp and if r; = 10Rp,
Ay
0 A, = E = —g,R
A, = 7{ = _gm(rd”RD) v Vi - S
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End of Lecture 7

Thank you for your attention!
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