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Equivalent Circuits
. & A
Circuit
Usig
Yig Y
. = - = = 8 B
‘ Definitions
3 d - .
# Input resistance with no load: ®  Output resisiance: N
R, = E Thig 2,
i Ry—eo
8 Input resistance: -
v;
Rin = -
I g O
B Open-circuil voltage gain:
A = E" ‘
o U" RL-M
B Voltage gain:
A = W, 5 Ty
T G, = Y
B  Short-circuit current gain: Ugig [R, =
i, &  Overall voltage gain:
A= 7 ., ge % Relationships
iR =0 G,= — Y R R R
# Current gain: g B 4= ® G, = 2 A, —=
i Usig Rin + Rsig Rin + Rsig RL + Ro
A=2
i i 3 Av = AW_L B Gva = LAW
Short-circuit transconductance: R, +R, it Ry
i = = R
H G," = Lo Eat Ayo GJJ‘!RD =2 Gv = Gm‘: —L
Yy &,=0 RL + Rout
‘ #  Output resistance of amplifier proper:
5. When evaluating the gain A, from the open-circuit value A, R, is the ouiput resis-
tance to use. This is because 4, is based on feeding the amplifier with an ideal voltage
signal v, This should be evident from Equivalent Circuit A in Table 4.3. On the other
hand, il we are evaluating the overall voltage gain &, from its open-circuit valoe G,
the output resistance to use is R, This is because (r, is based on feeding the ampli-
fier with vy, which has an internal resistance R,,. This should be evident from
Equivalent Circuit C in Table 4.3.
6. We urge the reader to carefully examine and reflect on the definitions and the six
relationships presented in Table 4.3. Example 4.11 should help in this regard.
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A transistor amplifier is fed with a signal source having an open-circuit voliage U 01 10 mV and
an internal resistance Ryg of 100 k€. The voltage v; at the amplifier input and the output voltage
¥, ar¢ measured both without and with a load resistance R; = [0 k€2 connecied to the amplifier
output. The measured results are as follows:

:
| Without R, 9 90
{ With R, connected 8 70
H

i
!
!
:
!
!
i
!
H

Find all the amplifier parameters.

Solution
First, we use the data obtained for R; = e to determine
A, = %] = 10V/V
and
90
G,=>==9V/V
vo . 10
Now, since
. 2.
G,=—"—A
ve Rl‘ + Rsig e
R,
9=_—"—x10
R, +100
which gives
R; =900 k€
Next, we use the data obtained when R, = 10 k€2 is connected to the amplifier output to deterntine
A, = % = 875 V/V
and
70
G,= = =7ViV
¢
The values of A, and A4, can be used to determine R, as follows:
A=A, -2
R, +R,
875 = 10— _
10+ R,
which gives
R, =143%kQ
Similarly, we use the values of G, and G, to determine R, from
R
G,=G,,—=—
’ RL + Roul
- 10
10+R

out
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resulting in
Ry, = 2.86 k02

The value of Ry, can be determined from

_ﬂ _ Rin

Ugia B Rm+R51~g
Thus,

_8_ - Rin

10 R+ 100
which yiclds

R;, = 400 k&2

The short-circuit transconductance G, can be found as follows:

= = = = 7 mA/V
w= R T1am T
and the current gain A, can be determined as follows:
_ Um/RL _ v, Riu
P u/Ry T U Ry
= A B 2975540 _ 350 a4
"Ry 10

Finally, we determine the short-circuil current gain A, as follows, From Equivalent Circuit A in
Table 4.3, the short-circuit outpat current is

foa‘c = vai/Ru
However, to determine v we need to know the value of R, obtained with R, = 0. Toward that
end, note that from Equivalent Circuit C, the output short-circuit current can be found as

i.=G

G5e Ve

v / RUU]

sig
Now, equating the two expressions for i, and substituting for G, by
G = R,
W i+Rsig “
and for v; from
o = u Rin‘R,_=n
i SlgRiﬂ|R,‘=O + Rsig

resulis in

= [0 )
=81.8 k€2
We now cau use
ose = Auwhi Rl g 2o/ Ro

to obtain

A= = 10x81.8/1.43 = 572 A/A
L

305

£ 5K,

LELEVEEE R

Prran s T an YE A



sErEELs

IRTLEH AR

e

AR

R RN A R

AR BT RS T

R

TRV AT

4.7 SINGLE-STAGE MOS AMPLIFIERS ;‘iﬂf 307

306 %3\_;3&‘ CHAPTER 4 MOS FIELD-EFFECT TRANSISTORS (MOSFETS)

431 (@) If in the amplifier of Example 4.1, R.;#s doubled, find the values for R, G, and R (b) Repeat
for R{ ‘doubled (but R imchanged; i.e., 100 k). (©) Repeat for hoth Ryq and RL doubled: ;

Ans (a)400kQ 583\7,: 403kQ (b) ‘5381{9 7.87: VIV, "861(9 (C)538 KO, 68V/V 403 kﬂ

Rsig

4.7.3 The Common-Source (CS) Amplifier ; ;

The common-source (CS) or grounded-source configuration is the most widely used of all ; s
MOSFET amplifier circuits. A common-source amplifier realized using the circuit of s ”

Fig. 4.42 is shown in Fig. 4.43(a). Observe that to establish a signal ground, or an ac ground B _J_
as it is sometimes called, at the source, we have connected a large capacitor, Cs, between the ! =
source and ground. This capacitor, usually in the 4F range, is required to provide a very smali

impedance (ideally, zero impedance; i.e., in effect, 4 short civeuit) at all signal frequencies of

interest. In this way, the signal current passes through C, to ground and thus bypasses the out-

put resistance of current source [ (and any other circuit component that might be connected to : (a)
the MOSFET source); hence, Cy is called a bypass eapacitor. Obviously, the lower the sig- -
nal frequency, the less effective the bypass capacitor becomes. This issue will be studied in
Section 4.9. For our purposes here we shall assume that Cy is acting as a perfect short circuit
and thus is establishing a zero signal‘voliage at the MOSFET source.

In order not to disturb the dc bias current and voltages, the signal to be amplified, shown
as voltage source v, with an internal resistance Ry, is connected to the gate through a large
cupacitor C,. Capacitor Ce;, known as a coupling capacitor, is required to act as a perfect
short circuit at all signal frequencics of interest while blocking dc. Here again, we note that
as the signal [requency is Iowered. the impedance of Cq (i.e., 1/joC)) will increase and =
its effectiveness as a coupling capacitor will be correspondingly reduced. This problem too
will be considered in Section 4.9 when the dependence of the amplifier operation on fre-
quency is studied. For our purposes here we shall assurhe Cy is acting as a perfect short

k)

Ry

ont

circuit ds far as the signal is concerned. Before leaving C.;, we should point out that in sit- (b)
uations where the signal source can provide an appropriate de path to ground, the gate can
be connected directly to the signal source and both R; and C,, can be dispensed with. =
The voltage signal resulting at the drain is coupled to the load resistance R; via another
coupling capacitor Ce,. We shall assume that ., acts as a perfeet short circuil at all signal <
]

frequencies of interest and thus that the output voliage v, = ©,. Note that By can be either an
actual load resistor, to which the anipiifier is required to provide its output voltage signal, or
it can be the input resistance of another amplilicr stage in cases where more than one stage
of amplification is needed. (We will study nultistage amplifiers in Chapter 7.)

To determine the terminal characteristics of the CS amplifier—that is, its input resis-
tance, voltage gain, and output resistunce—we replace the MOSFET with its small-signal
model. The resulting circuit is shown in Fig. 4.43(b). At the outset we observe that this
amplitier is unilateral. Therefore R, does not depend on £,, and thus R, = R,. Also, R,
will not depend on Ry, and thus R, = R,. Analysis of this circuit is straightforward and
proceeds in a step-by-step manner, from the signal source to the amplifier load. At the input

b= T Emls (ru " RD " RJ')

i, =10
in — RG (478) . = ) ) . ] ] i o
s FIGURE 4.43 (a) Common-soutce amplifier based on the circuit of Fig. 4.42. (b) Tquivalent Cn'.c-mt' of t.he
Rin Ry X e amplifier for smafl-signal analysis. (¢) Small-signal analysis performed dircctly on the amplificr cireuit with
nE ”‘*igR.m +R, Usig R;+R, : (4.79) . the MOSFET model implicitly utilized.




