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Example 17 Solution 17
« For the following network, determine: (@) Vosp=—Voe = =2V
(@) Ves, (b) Ipg = IDSS(I - &)7 =10 m.A(l - i)i
)1 ‘ Ve —8V,
pe =10 mA(l — 0.25)> = 10 mA(0.75)* = 10 mA(0.5625)
(¢) Vos
=5.625 mA
(d) Vp (©) Vs = Vop — InRp = 16 V — (5.625 mA)(2 k()
(&) Ve — 16V - 1125V =475V
() Vs > (d) Vp=Vps=4T5V
] € Vo=TVes=—2V
* O Ts=0V
.
Example 18 Solution 18
) The level of 7 is determined as follows:
e For the fqllowmg —T ¥ yo— ATKOA6Y) o
network, ifVp = 12 % siiia ¢ ATk 91k
VandVgg,=-2V, o1 k0 1 e e
determine the value & Rp
of _16v-12V _
RS = 7}.8 K0 222 mA

The equation for Fgg 1s then written and the known values substituted:
Vos= Ve — IpRs
2V =544V — (222 mA)Rs
—7.44V = —(2.22 mA)Rg

.
and Rg= MY 3.35kQ
222 mA

The nearest standard commercial value is 3.3 k().




Example 19

 For the following network,
the levels oVygandl are
specified ad/ps= ¥Vpp

andly = Ipon) -
Determine the level df 5, 10 MQ
andR;.

Yo

Rp

Foson =6 V
Tpony =4 mA
Vesem =3V

Solution 19

Given Ip = Ipem = 4 mA and Vgs = Vs = 6 V. for this configuration,
Vps = Vas = ETVDD

and 6V =13Vpp

so that Vpp =12V

Applying Eq. (6.34) yields

_iy 17,
Vro Voo — Vos Vop — :Vpp :'pD
Rp=—f2=-DD> D3 _

b Ipgen) Ip(en) = Ip(en
6V
. Rp = = L5k
" 27 4mA

which 1s a standard commercial value.

Example 20

The following fixed-bias
configuration has an operating
point defined bygsq= -2V and
Ipg = 5.625 MA, Withlpss=10 mA
andVp = -8 V. The value ofis

provided as 4@S. Ci
(a) Determineg,, 4:3—'
(b) Findry

(c) Determinez; n =
(d) Calculatez, =

(e) Determine the voltage gafy

Vp=-8V

Inss=10 mA

(f) DetermineA, ignoring the
effects ofry

Solution 20

2Upss _ 2(10 mA)

@) gmo Vsl 3V m
% S oyee
S = 8| 1 — %) =25 mS(l <2 ‘,)) = 1.88 mS
13 (=8V)
1 1
b) ry=— = =25KQ
®r=i"=% us

(¢c) Z;=Rs=1MQ

(d) Z, = Rpllra = 2 kQJ]25 kQ = 1.85 kQ

(e) 4, = —gu(Rpllrs) = —(1.88 mS)(1.85 kQ)
=348

() 4,= —guRp = —(1.88 mS)(2 k) = -3.76

As demonstrated in part (f), a ratio of 25 k():2 k) = 12.5:1 between 7, and Rp
resulted in a difference of 8% in solution.

Example 21

The following self-bias
configuration has an operating
point defined bygsq=-2.6 V and
lpg = 2.6 MA, withlpss=8 mA and
Vp = -6 V. The value of/,sis given
as 20uS.

€
(a) Determingg,,, v
(b) Findry
(c) Determinez; =

(d) Calculatez, with and without
effects ofry. Compare results.
(e) DetermineA,, with and without
effects ofry. Compare results.

Ipss=10mA
Vp=—6V
-—

1kQ

Solution 21...

2pss _ 2(8 mA)

(a) gmo = A v 2.67 mS
Vi -y
S =g 1 = ﬂ) =267 mS(l = ﬂ) — 151 mS
g (=6V) )
1
b) rg=—= = 50 kQ
®) ra Vos 20 uS

(c) Zi=Rs=1MQ
(d) With rg:
ry=50kQ > 10 Rp = 33kQ
Therefore,
Z,=Rp=33kQ
fry=woQ
Z,=Rp=33kQ




...Solution 21

(e) With rz

4, ~&uRp _ —(1.51 mS)(3.3 kQ)
1+ guRs + RDI%RS 1+ (151 mS)(1 kQ) + %
-1.92
Without 74
_ _“&nRp _ —(151mS)33KkD) _ iR

A, = =
YT 1+ g.Rs 1+ (151 mS)(1kQ)

As above, the effect of ; was minimal because the condition 7; = 10(Rp + Rys)
was satisfied.

Note also that the typical gain of a JFET amplifier is less than that generally en-
countered for BITs of similar configurations. Keep in mind, however. that Z; is mag-
nitudes greater than the typical Z; of a BIT, which will have a very positive effect on
the overall gain of a system.

Example 22

The following network has an operating +12V

point defined bygso=-2.2'V and

Ipg = 2.03mA. -

(a) Determingg,,, 10 4F

(b) Findry o,

(c) Calculatez; with and withoutry.

Ipgs=10mA.

Compare results. U A
(d) Calculatez, with and withoutrg. '
Compare results. % /—lo'p}'

(e) DetermineV,, with and withoutr. Vi=s0mv 0\ L1KQ

Compare results.

14
Solution 22 @
Z, = Rpllra = 3.6 kQJ20 kQ = 3.05 kQ
() goo = 2oss _ 200mA) _ 5 g Without 7z
o v, 4v )
17 . Z,=Rp=36kQ
&n = gmo(l T ) =5 ‘-115(1 e Again the condition 7y = 10Rp is nor satisfied, but both results are reasonably
3 close. Rp is certainly the predominant factor in this example.
) ra= nie —_01 520 kQ (e) With ry:
Vos 50 pS Rp 3.6 kQ
. + 5D . y
(©) With 7 &nRp v {(2.25 m$)(3.6 k) + 5 Q]
A, = = x
rat+Rp 20 kQ + 3.6 kO v Rp 36 kO
Z;=R{||[— = 11K ———— 1+ 1+
SH[ 1+ g,,,r,,] ”’7 1+ (2.25 ms)(20 kQ2) Ta 20kQ
= 1.1 kQf0.51 kQ = 0.35 kQ _81+018 __ ..
Without 7 1+0.18 :
Z;= Ry|l/g,, = 1.1 kO[1/2.25 ms = 1.1 k044 kO and a=Te 4y — (70240 mV) = 2808 mV
=031 kQ Vi
Even though the condition, Without 7
r7= 10Rp = > 20 kQ = 10(3.6 k) = > 20 kQ = 36 k() A4, = gRp = (2.25 mS)(3.6 k) = 8.1
is not satisfied, both equations result in essentially the same level of impedance. with Vo = 4,V; = (8.1)(40 mV) = 324 mV
In this case, 1/g,, was the predominant factor. 15 In this case, the difference is a little more noticeable but not dramatically so. 16

Example 23

The following network has an operating
point defined bygsq=0.35V and

lpg= 7.6 MA.
(a) Determineg,, and compare tg,, |
(b) Findry S: 110MQ
(c) Sketch the ac equivalent network
(d) Calculatez, G |
(e) Calculatez, i _.)
(f) DetermineA, 4 >
S 1oma
-

Solution 23

=4mS

2I; 2(6 mA)
(@) g = 8 - 2O

Wl 3V

Ve +035
= Gmo 1 — —2) =4 mS (1 - M) = 4mS(1 + 0.117) = 4.47 mS
13 =3V

—— =100 kQ
G D
+ + ‘ +
—_ -
z 3 < 5 S 3 %
4 QoMo Q10MQ s ’ 447 X107  100k2 S 18kQ 7
< < ‘ <
- s s

(d) Eq. (9.28): Z; = Ry[|R, = 10 MQJ|110 MQ = 9.17 MQ
(e) Eq. (9.29): Z, = r|Rp = 100 k1.8 kQ = 1.77 kQ = R;, = 1.8 kQ
() 4= 10Rp — 100 kQ = 18 kQ

Eq. (9.32): 4, = —g,Rp = —(4.47 mS)(1.8 k() = 8.05




Example 24

In the following network ;

k=0.24 x 16 AIV2, Vgso= 6.4V
and Ipg = 2.75 mA.

(a) Determingg,,,

(b) Findry

(c) Calculatez; with and withoutr.
Compare results.

(d) CalculateZ, with and withoutr .
Compare results. z =
(e) DetermineA, with and withoutry

. Compare results.

Solution 24

(@) gm = 2kVes, — Vosem) = 2(0.24 X 1072 A/VH)(64V — 3 V)

=1.63 mS
= =50 kQ
Yos 20 uS
(c) With r:
Re+ o 10 MQ + 50 kQJ2 kQ

T 1+ g R) 1+ (163 mS)(50 k2 k)
_ 10 MO + 192 kQ

1+3.13 = REMO

Without 74

Re  _ 10 MQ
1+g,Rp 1+ (1.63mS)2 kD)

revealing that since the condition r; = 10Rp = 50 k() = 40 k() is satisfied. the
results for Z, with or without 7, will be quite close.

t

=2.53 MQ

Z=

(d) With 7
Z, = RelrdlRp = 10 MQJ[50 kQJ2 kQ = 49.75 kQ|]2 kQ
=1.92 kQ
Without 74:
Z,=Rp=2kQ
again providing very close results.
(e) With 7
4y = —gnRelrdlRp)
= —(1.63 mS)(10 M50 kQ]2 k)
= —(1.63 mS)(1.92 kQ)
=—321

Without 74
—gnRp = —(1.63 mS)(2 k)
=-3.26

which is very close to the above result.

Example 25

* In the following network ; Vo (+30 V)
Determine the value &,

Ipgg=10mA
V; 4V

Solution 25

Since Vs, = 0V, the level of g, is g0 The gain is therefore determined by
Ay = ~gu(Rpllra) = —gmo(Rollra)
2pss _ 2(10 mA)

with = =5mS
&Emo 74l v
The result is —10 = —5 mS(Rp|ry)
10
and Rplra = oS 2k
From the device specifications,
= ! L =50 kQ

Ve 20X10°°S

Substituting, we find
Rpllra = Rp|l50 kQ = 2 kQ

Rp(50 kQ)
d ———— =2k
= Rp + 50 KQ
or S0Rp = 2(Rp + 50 kQ) = 2Rp + 100 kQ
with 48Rp = 100 kQ
100 kQ)
and D=TEZOS kQ

The closest standard value is 2 kQ (Appendix C). which would be employed for this
design.
The resulting level of Vps, would then be determined as follows:

Vps, = Vop — Ip Rp = 30 V — (10 mA)(2 k)=10V
The levels of Z; and Z, are set by the levels of Rg and Rp, respectively. That is,
Z, =R = 10 MQ
Z, = Rpllra = 2 Q|50 kQ = 1.92 kQ = Rp = 2 kQ.




Example 26

* In the following network, chose the valuesRyfandRsthat will
result in a gain of 8 using relatively high levelgpffor this
device defined &fggo= YVp

Ry

10MQ
Ipss=10mA
Vp=-4V

40pF  Yos=20pS

%
b gmo=5mS

Solution 26

The operating point is defined by

1 1 "
Vi =—Vo=—(—4V)= =1V
GSe = 4P 4( i

o5, \? =19y
aiid IDZIDSS( 775?) ZIOmA(l —ﬁ) = 5.625 mA
Determining g,,.
T,
En = Emo| 1 — )
"
=5 mS( L V_)) =3.75mS
(—4V)

The magnitude of the ac voltage gain is determined by

|4, = gm(Rpllra)

Substituting known values will result in

= (3.75 mS)(Rp|r)

so that Rpllra = ﬁ =213k0
The level of 7 is defined by
ry= ‘i = 201”5 =50k0
and Rp|50 kQ = 2.13 k()
with the result that
Rp=22KkQ

which is a standard value.

Example 27

 For the following single stage
amplifier, withRy = 4.7 IQ
andRg = 0.3 K2, determine:

@A e
(b) A, =VyV, Somnoyle B=100
(©)A ny g

The two-port parameters for ~ L
the fixed-bias configuration
areZ;=1.071K2,Z,= 3 kQ

andA,, =-280.11

Solution 27

Vs Ry Ry
7, TRt R Rot R, e
1.071 kO 17kQ
= (1 071 KQ + 0.3 kQ )( 17K+ 3k0 (72801
= (0.7812)(0.6104)(—280.11) '
= (0.4768)(—280.11)
- 13357
Vo | Rpdy, (47 kQ)(-280.11)
7, "R+ R, A7kQT3EKQ
= (0.6104)(—280.11) = —170.98
1071 kQ)

(a) Eq. (10.14): 4,, =

(b) 4y =

R, .
@ 4=~y ==~ 098)( = )
= 38.96
R+R 1071 kQ + 03 kQ
or A, = =, ~p— = —(~133 ﬁ(W

= 38.96
as above




