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4.8

Rg,. is the only unknown in this equation. Therefore,

R;|R 1
RSac = - % - _g_
7 g "’

Suppose now that Rg,. is found to be positive but less than Rgy,.. This is the
desirable condition since

RSdc = RSac + RSZ

Then our design is complete and

Step 10 Suppose that Rg,, is found to be positive but greater than Rg,.. The
amplifier cannot be designed with the voltage gain and Q-point as selected. A
new Q-point must be selected, and we return to Step 1. If the voltage gain is
too high, it may not be possible to effect the design with any Q-point. A
different transistor may be needed or the use of two separate stages may be
required.

Selection of Components

A design is not yet complete when the various component values are specified.
It is still necessary to select the actual components to be used (e.g., choose the
manufacturer’s part numbers from a catalog). Thus, when the design requires
a resistor value, say 102.5 (), the designer will not be able to find this resistor
in a standard parts catalog. Available nominal component values depend upon
tolerances. As an example, a 100-Q) resistor with a 5% tolerance can have any
value between 95 € and 105 . It would not make much sense for the man-
ufacturer to offer another off-the-shelf resistor with a nominal rating of
101 ©, since that resistor could have a value between approximately 96 £ and
106 Q. The distance between adjacent nominal component values is therefore
related to the tolerance, with such distance decreasing as the tolerance decreases
(i.e., higher-precision components). Standard values of resistors and capacitors
are included in Appendix E.

Since component values are not readily available to any degree of resolu-
tion, it would not make sense to carry out design calculations to an unreason-
ably large number of significant figures.

In our design examples, we specify values to at least three significant figures.
This is important to ensure that we still maintain accuracy to two significant
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figures following arithmetic operations. For example, suppose we must add
0.274 + 0.474

If these two numbers are rounded to two significant figures, we obtain
0.27 + 0.47 = 0.74

If we first do the calculation, however, we obtain
0.274 + 0.474 = 0.748

which rounds to 0.75. Rounding the numbers prior to performing the addition
results in an error in the second significant figure. Thus, to reduce accumulated
errors and to increase the confidence that our answers are accurate to two
significant figures, we maintain at least three figures throughout the calculations.

Example 4.5 JFET CS Amplifier (Design)

@ Design a CS JFET amplifier with a voltage gain of A, = —4, R;;, = 100 kQ,
Ry = 20kQ, Ipgs = 6.67 mA, V, = —3.33 Vand Vpp = 20 V. Since we
do not know whether we will need an R, let us start with Figure 4.15(a) and

the dimensionless curves of Figure 4.8.

SOLUTION

Step 1 The Q-point is selected from Figure 4.8 as follows:
Ino = 255 _ 333 mA
DQ = 75 T 9 m
VGSQ = 03Vp = -1V

VDSQ_"‘LZQL—)= 1OV

Then

gm = 1.42 I—f]& =2.86 x 1073 §
P

and



Basic of Electronics

i=350.Q

8m

Step 2 From Step 2 in the design procedure, we have

20V -10V
Ro+ Rse = T353ma ~ 274

Step 3 Using the ac gain equation, we obtain

___ —(20kO || Rp)
(3 kQ — Rp)+ 350 Q)

Ry + (21.65 kQ)Rp — 67 MO? = 0

A, = —4

From the quadratic for R, we select the positive root,

Rp = 2.747 kQ

Step 4 This quantity is less than K;, so we proceed to Step 4. We find Rg
using equation (4.15):

Rs =3kQ — Rp = 253 Q
Step 5 This step now yields
Vog = —1 + 253(3.33 x 1073 = —-0.15V

Since this negative voltage cannot be obtained by dividing the source voltage
using resistors, we skip to Step 7.

Step 7 Let
RZ - 0
Then

Ve = 0 = Vgsg + IpoRsac

-1 + (3.33 x 10" *Rgy,
Solving for Rgy, we obtain

Rgq. = 300 Q
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Example 4.6

Step 8 This step yields

Rp = 3 kQ — Rgy. = 2.7k}
Rg,. is determined from Step 9.
Step 9

1 —(20kQ [ 2.7 kQ
Rsac=-—~———RLJRD—;= = Q_'l‘”k)—3509=2459

The final circuit is shown in Figure 4.16, where the component values are
Rp = 2.7 k)
Rs = Rs,. = 245 Q
Rs; = Rsge — Rsse = 300Q — 245 Q = 55 Q
Rg = Ry, = Ry = 100 kQ »

JFET CS Amplifier (Design)

»

Repeat Example 4.5 for Figure 4.17, but select a Q-point that is not in the
center of the linear region.

SOLUTION Let us arbitrarily select the new operating point as follows.

Step 1
VGSQ = —0.8V
VDSQ =6V
Then
Qw* S
and . |

= 500 O

£l=
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Step 2 This step in the design'prgcedure yields

20 — 6
Rp + RS—————3.5 < 103 4 kO = K,
Step 3 Then we find
—Rp || 20 k)

Av=—4z

4kQ — Rp + 500 Q
from which we obtain, after solving the quadratic equation,
Rp = 3.716 kQ
This quantity is less than Ky, so we proceed to Step 4.
Step 4 From equation (4.17), we obtain
Rg = 4k — 3.716 k(2 = 284 O
Step 5 Using the bias equation of this step, we find
Voo = —0.8 + 284(3.5 x 1073) = 0.194 V
Step 6 To determine R, and R, with R;, = Rg, we use Step 6, since Vg is

the same polarity as Vpp. (This contrasts with the situation in the previous
example.) Thus,

100 kQ
Ry = 1 — 0.194/20 101 kO
20
R, = 100 kQ (0 194) = 10.3 MQ

The final circuit is shown in Figure 4.17.

Figure 4.17 fVep = 20V
CS amplifier for _
Example 4.6. Ry =103 MQ $Ro _31,7,[2 ke

[ 1

R, = 20kQ
R1—101kQ Ry = 2840
—<
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Example 4.7 JFET CS Amplifier (Analysis)

@ Analyze the single-stage JFET CS amplifier shown in Figure 4.18 and determine
Ay, A, and R;,,. Assume Ipgs = 2 mA and V, =<2 V.

SOLUTION Wee first calculate the Q-point, from which we determine g,,,; both
A, and A, depend upon this parameter. Remember that the value of g, depends
upon the Q-point location. We need two equations in order to find Ipg and
Visg, as follows:

VGSQ = —'Rslpg = —0'4IDQ

and from equation (4.1),

2
_IQQ_(l__QVGS)

Ipss Ve

When we solve these two equations, we obtain a quadratic equation in Ipg.

where Ipg is in milliamps.
This reduces to

Ipg® — 22.5Ipp + 25 = 0

We solve this quadratic equation and obtain two values: 21.33 mA and 1.17
mA. Since Ipss is only 2 mA, we discard the larger value and obtain

Ipg = 1.17 mA
=20V
Figure 4.18 ‘;giﬂ 20
CS amplifier for
C
Example 4.7. 5 == °
o—
+ S
| 1000 2.67kO ’
i 330k0 °
R
<

. =
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Hence
Vesg = (—0.4)(Ipg) = —(0.4)(1.17) = —0.469 V

We use equation (4.3) to find g,, as follows:

gmn = —2Ipss 1 - Vaso _ (2)(2) 1 - —0.462 = 1.53 mS
Ve Vo 2

and

l=653Q

8m
We now find the voltage gain from equation (4.16a):

RpllRy _ 10kQ]2.67kQ

Av = - Rse + 1/g,, 1000 + 653 Q 2.8
and
Rin = 30 kO
ARy,  —2.8(30,000)
. o= — = — 1'
A =R, 2670 315

Drill Problems

D4.1 Design a CS JFET amplifier that has an Ry of 10 kQ, Vpp = 12 V, R,
= 500 kQ, and A, = —2. Use the circuit of Figure 4.15(a). Select the Q-point
as VDSQ =6 V, VGSQ = —1 V, IDQ =1 mA, and 8m = 2500 |.LS
Ans: R = 1.22kQ; Rp = 4.78 kQ;
R, = 509 kQ; R, = 27 MQ;
A; = —-100

D4.2  Redesign the amplifier of Problem D4.1 for a Q-point at Vpgo = 7V,
VGSQ = —1.2 V, IDQ = (0.5 mA and En = 3330 }LS
Ans: R1 = 500 kQ, Rz = o0,

RD = 7.6 kQ, RSdc =24 kQ,
Rsoe = 1.86 k) A, = —100
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4.9 Analysis of CD (SF) Amplifiers

The CD (SF) JFET amplifier is illustrated in Figure 4.19(a) and the equivalent
circuit is shown in Figure 4.19(b). Our approach to the analysis of this amplifier
parallels that of Section 4.7. The input resistance is Ri;, = Rg. Note in the
equivalent circuit that we ignore rpg, since it is usually much larger than Rg.

If rps is not much larger than R, we modify the following equations by replac-
ing RS Wlth ps ” Rs.
Writing KVL equation around the gate-to-source loop, we have

Vgs = Vi — &m(Rs I R )vgs
from which we obtain

V; = Vg [1 + gm(Rs || Ryp)]
The output voltage is

Vo = gm(Rs |l Rp)vg

and the voltage gain is the ratio

Vo _ _ 8mRslRp) Rs || Ry

a, =" _
vi 1+ gu(RslIRr) (Rsl|RL) + 1/gp,

(4.19a)

Note that since Rg || Ry is of the same magnitude as 1/g,,, the voltage gain of
a SF amplifier is less than unity.

We find the current gain using the gain impedance formula as follows:

A,‘ = Av%
L (4.19b)

Rs | Ry Rin Rs Rc

" (Rs| Ry + 1/g, Ry~ (RsllRy) + 1/g,, Rs + Ry

Figure 4.19 JFET SF amplifier.
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4.10

CD Amplifier Design Procedure

Figure 4.20
CD amplifier.

In this section, we present the design procedure for the CD JFET amplifier.
This procedure is the same as that used to design depletion MOSFET ampli-
fiers. The following quantities are specified: current gain, load resistance, and
Vpp. Input resistance may be specified instead of current gain. With A; (or
R;,) specified, we have three equations (two loop equations and the A; equa-
tion) in three unknowns, Ry, R, and Rg. In this case, we refer to Figure 4.19(a).

If both A; and R, are specified, then we have four equations and only three
unknowns. With one more equation than the number of unknowns, it usually
will not be possible to find a solution without modifying the circuit. In such
cases, we introduce a bypass capacitor across a portion of R, as shown in
Figure 4.20. With that change, we now have four unknowns, Ry, R», Rgy, and
Rs3, so the circuit can be solved.

Step 1 Select a Q-point in the center of the FET characteristic curves with
the aid of Figure 4.8. This step determines Vpsg, Vasg, Ipg, and g,,..

Step 2 Write the dc KVL equation around the drain-to-source loop.

Vop = Vpsg + Rslpg

from which we find the dc value of Rg,

Vpp — V.
Rgy = 22250 (4.20a)
I DO
Step 3 Find Rg,, from the rearranged current gain equation, equation (4.19b),
as follows:

_ Rp
Rsec = Ro/A; — Rilgn — 1 (4.200)

¢ Voo
R,
o—} G D
+ S I o
, e +
v, R Rsy >
i 1 <: RL Vo
o— | T <

||}-<
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where
RG = Rin

If the input resistance is not specified, let Rs,. = Rsg. = R and calculate the
input resistance from equation (4.20b). If the input resistance is not high enough,
it may be necessary to change the Q-point location.

If R;, is specified, it is necessary to calculate Ry, from equation (4.20a)
and Rg,. from equation (4.20b). In such cases, Ry, is different from Rgy,, so
we bypass part of Rg with a capacitor.

Step 4 Determine Vg using the equation
Vee = Vgso + IpgRs

No phase inversion is produced in a source-follower FET amplifier, and Vg
is normally the same polarity as the supply voltage.

Step 5 Determine the values of R; and R, from equation (4.12):

R, = ___RG_
1 = Vge/Vpp
R, = RcVpp

Vee

There is usually enough drain current in an SF to develop the opposite
polarity voltage needed to offset the negative voltages required by the JFET
gate. Therefore, normal voltage division biasing can be used.

We now return to the problem of specifying the input resistance. We can
assume that part of Ry is bypassed, as in Figure 4.20, which leads to different
values of Rg,. and Rg,,. Step 2 is used to solve for Rgg.. In Step 3, we let R
equal the specified value of R;, and use equation (4.20b) to solve for Rg,,.

If the R, calculated above is smaller than Rg,,, the design is accomplished
by bypassing Rs, with a capacitor. Remember that Rs,. = Rg; and Ry, =
Rs1 + Rg. If, on the other hand, R, is larger than Rgy,, the Q-point must
be moved to a different location. We select a smaller Vg0, thus causing increased
voltage to be dropped across Rs; + Rs;, which makes Rg,, larger. If Vpggo
cannot be reduced sufficiently to make R, larger than Ry, then the amplifier

cannot be designed with the given current gain, R;,, and FET type. One of

these three specifications must be changed, or a second amplifier stage must’
be used to provide the required gain.
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Example 4.8

CD Amplifier (Design)

»

Design a CD JFET amplifier with the following specifications: A; = 12,
RL = 400 Q, IDSS = 20 mA, Vp = —6.67 V, and VDD = 12 V.

SOLUTION

Step 1 Select the Q-point as follows (see Figure 4.8):
Ipss
IDQ = T = 10 mA

V
VDSQ"—-%=6V

Vesg = (0.3)(—6.67) = -2V

Sm = % = 426 mS

p

and

l=23SQ

Step2 Since no value of Ry, is specified, Ry = Rs,. = Ry, and we use Figure
4.19, with the result

Vop — Vpsp 12 -6

Rc = =
> Ipo 10 x 1072

= 600 Q)
Step 3 We use this step to find R by rearranging equation (4.19b):

Re = A | R, + 1 + Ri/Rg — 12 | 400 + 1 + 400/600
4.26 mS

] = 9.5k

m

Since Rg is greater than the minimum specified R;,, the design is acceptable
and we can continue to Step 4.

Step 4

Ve = —2 + (10 x 1073)(600) = 4V
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Example 4.9

Step 5 Finally, from this step we find

9500
R, = iT/lZ = 14.25 k)
R, = 200X 12 _ 010
4
. R 400
A,,—A,-Rin— 129500 = 0.51 : »

CD Ampilifier {Design)

>

Design a CD amplifier (see Figure 4.19) to meet the following specifications:
A,’ = 20, Rin = 50 kQ, RL =1 kQ, VDD =12 V, IDSS =20 mA, and Vp =
—6.67 V. Determine all component values for the circuit.

SOLUTION The Q-point is selected as

VDSQ=V—§Q=6V

I
Ipg = 22 = 10mA
VGSQ = 0.3(Vp) = =2V
We find g,, from the dimensionless curve of Figure 4.8 as follows:

Ipss
&n = 142 — = 426 m$
[Vl

and

1

8m

230 Q

We use Step 2 to find Rgy,.. Note that since Ry, is given, we will probably need
values for Rgy, and Rg,,.

12 -6

10 x 103 ~ 6000

RSdc =
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Since Ry, is specified, we use Step 3 to find Rg,,; from equation (4.20),

R(; = Rin = 50k

1000
= = 186
(50,000/20 — 1000/426 ms — 1 '°°

Since Ry, is less than Rgy,, we find Rg; = 186 ) and Rs; = 414 Q in the
configuration of Figure 4.20. We continue to Step 4.

Veg = —2 + (10 x 1073)(600) = 4 V
Finally, we use Step 5 to find Ry and R;:

50,000

R, = 1= 412 - 75 kQ s
R, = 20000 ¥ 126610
4
The design is complete, P

Drill Problems

D4.3 Design a CD JFET amplifier as shown in Figure 4.19, with R, = 10
kQ, Ri, = 200 k), Vpp = 12 V and a Q-point selected to be at Vpgg = 6
V, Vgsg = =1V, Ipo = 1 mA, and g,, = 4 mS. Determine the value of
resistors and the current gain of the amplifier.

Ans: Rg = 6kQ; R, = 342k
Rz = 480 kﬂ, A,‘ = 18.8

D4.4 Design a CD JFET amplifier as shown in Figure 4.21 to provide a
current gain of 15 to a load of Ry = 20 k) using Vpp = 12 Vand R;, =
400 kQ. Select a Q-point at VDSQ =6V, IDQ = 2 mA, VGSQ = —0.5V, and
&n = 3330 puS.

Ans: Ry = 3 kQ; Rg, = 942 Q)
R, = 873 kQ; R, = 738 kQ



