Ch(6) Small-Signal Amplifiers

FREQUENCY RESPONSE
Frequency response = divided into three frequency ranges
High frequency # Mid frequency % Low frequency
< H.F.R & parallel capacitances = must be considered
< MLF.R & capacitances = can be neglected

< L.F.R & series capacitances Cc = must be considered

Midfrequency Gain

FET

% The general model {
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FET. Since Rg > R, V,, = V, and Rs can be omitted in most cases. If, for
convenience, we represent the parallel combination of R, and R, by R,, the output

voltage is

Vo = —gmVes(Rol|R) = —gn ViR,

(14-3)

and the midfrequency voltage gain is

|2
AVO = ?s = _"ngo

(14-4)

where subscripts V and O are for “voltage” and “midfrequency.” The negative sign
indicates a 180° phase reversal of the output signal with respect to the input.

EXAMPLE 1

A JFET with g, = 2000 uS, C,, = 20 pE,
and Coy = 2 pF is used in an RC-coupled
amplifier with Rg = 1 M}, Ry = 2k(}, and
Rp = 5 k(). Signal source resistance R, =
1 k() and load resistance R; = 5 k{}. Cou-
pling capacitance Cc; = Ce2 =1 uF and
Cs = 20 uF; the load capacitance (including
wiring) C. = 20 pE Predict the voltage gain
V,/Vi at w = 10° rad/s (f = 1590 Hz).

CCl C Cc,'ﬂ

[

d
T
R; <& Tcgs R, CL::RL{

(a) General model

R,
O 0
N J
VS Vgg #gmvm RD"RI. Vo

—
{b) Midfrequency model
Figure 14.7 Midfrequency simplification.

o]

At the given frequency,
1/wCs = 1/10* X 20 X 1076 = 5 Q

Therefore, Rs = 2000 {} is effectively shorted and the model is -
as shown in Fig. 14.7a.

Since Ccy and C, are effectively in series with R and Ry,
1 M{} and 5 k() respectively, the reactances

1/wCc = 1/10* X 107% = 100 ()

are negligibly small (Eq. 14-1).

With Cc; and C., omitted, C, is in parallel with
R, = Rp||R. = 2500 Q and C,, is in series with R,. The
reactances

1/wC, = 1/wCg = 1/10* X 20 X 1072 = 5 MQ

are so large that C; and C,;, can be omitted.
The reactance

1/wCo = 1/10* X 2 X 10712 = 50 MQ

is 8o large that a negligible current will flow in C,q.

In other words, 1590 Hz is in the “midfrequency” range of
this amplifier and the model of Fig. 14.7b is appropriate. The

midfrequency gain (Eq. 14-4) is
Avo = —nga = —=2000 X 10_6 X 2500 = —5

Conclusion: Working from the simplified model, calculation of
the midfrequency gain is straightforward.
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BJT

Ry + Ry Ry
= <p (12-12)
B B

W For stability = Ry << BRg
W R;>>r,

Ry Iy
—-—

Ve Q) Ry Vo

(b) BJT

W The ideal condition &

W The circuit stable and simple to analyze

If Ry is neglected in Fig. 14.6b, r,, andR; constitute a voltage
divider.the output voltage 1s

Fa
V= _ngbe(RC”RL) = _g'"r + R

v

V.
r. t R,

ViR, = -8 R, (14%)
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and the midfrequency voltage gain 1

¥ L R,

AVO:VE=_r +Rg"’R ) ﬁr,,r+1i{s

(14-6)

Performance of these one-stage amplifiers is influenced by the characteristics of the
source (R,) and the load (R;). In the multistage amplifiers discussed later, the source
and the load for each stage are other similar stages.

Practice Problem 14-2

Low-Frequency Response
Below the midfrequencies

W The susceptances of the parallel capacitors neglibly small

- 1 R
e = V(1/R)* + wC \/1+(m(:1?)2

W The reactance of the coupling capacitance increasliy

important ¢

Z.. = VR* + (1/wC)* = RV1 + (1/wCR)’



Ch(6) Small-Signal Amplifiers

Coupling Capacitors

The general model = reduced to = simpler low frequency model

Ry Cg Ceq R, C¢, Ces
+ +
W) Ree Vi DV RV SR, Ve Vie <y {snVie > Be Vo' By
0 -0 O O : O e
(a) FET (b) BJT

Figure 14.8 Low-frequency models of amplifiers.

W R; = retained = significant
W Ry = omitted = large compared to r,

FET % BJT = models are analogous = one analysis = serve

for both
T i i
_"_“_‘O A ©
Y
R{ VYo, R v+ R_i R < RT v+
O 'e] 5 O
(c) Norton form

(a) General circuit (b) Thevenin form

W The general circuit = (a) = replaced by &

Thevenin form = input circuit

OR

Norton form = output circuit

o
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W The two forms = are equivalents => C¢ = effectively shorted
The output of = Thevenin circuit ¢

R
V= Vg = VT
R + Ry
At low frequencies where C¢ is significant, the output of the Thévenin circuit is
R
Vi
R R+R
V= — %= = %1 (14-8)
R+ Ry - 1 —j 1 -
T aC ToCcR+R)  ToC®R + Ry

W The low-frequency output V, related to the midfrequency
output by = complex factor dependent on {
firequency 5 RC product
W As frequency= decreased = large fraction of = Vi =
appears = across Cc = V at the output = reduced
W The cutoff = half - power frequency &

i/Vo = 1/(1 = j1)| = 1/V2
Defined by

1
Cc(R + Ry)

-

Weo —
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® The behavior of = FET & BJT = predicted at low-
frequency !

| 1
*Wu_

" CalR: + Rg) I CoiRs + ry)

W The input voltage = Vs % Vi, 2 down to 70% of V, at &

1 1
or W, =
Ca(Rp + R;) . Ca(Rc + Ry)

Wy —

W The output voltage =V, => down to 70% of g, Ves Ry #% g
Ve R, = the corresponding amplifier gain = reduced

W The overall = low-frequency voltage gain = for &
FET

1 1
1 L I
wCei(R; + R¢) JWCCZ(RD + R.)
W The relative gain for = BJT OR FET

A, = Ay -

1=
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Ao 1 —jou/o 1 — jop/w

" To predict the behavior of a given circuit determine 4

A ! 1

T @ % w;; = the higher is
W To design a circuit calculate &

< CCI *** CCZ

EXAMPLE 2

In the circuit of Fig. 14.8b, R, = 1k{), At midfrequencies the capacitors are effectively shorted and
r=2k0, Re=45k0, R =9k0,

gn=80mS, and Cy = Cey = 1 4F. Pre ko = ~——galReR.)
dict the midfrequency voltage gain and the nt Ry
lower cutoff frequency. )
= “TT1 (0.06)(4500]9000) = =120
The lower cutoff frequencies are
Wy = S = 333.3 rad/s
U Calket ) 1070X300
1 1
Wy = =74.1 rad/s

Calkc T R) 107X 13,50
Therefore, the lower cutoff frequency of the amplifier is

H-W P.P 14-3 op=33ndfs o fu=3983/2r=53He




