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Lecture 36: MOSFET Common Drain
(Source Follower) Amplifier.

The third, and last, discrete-form MOSFET amplifier we’ll
consider in this course is the common drain amplifier. This type
of amplifier has the input signal fed at the gate — similar to the
CS amplifier — but the signal output is taken at the source
terminal, as shown in Fig. 4.46(a):

2 (Fig. 4.46a)

Small-Signal Amplifier Characteristics
We’ll calculate the following small-signal quantities for this

MOSFET common gate amplifier: Ri,, Ay, Aw, Gy, Gi, A5, and
Rout- TO begin, we construct the small-signal equivalent circuit:
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ro (Fig. 4.46b)

Because the drain terminal is an AC ground, we shifted one end
of the output resistance r, so it appears in parallel with R.. This
makes the T model particularly well suited for the CD amplifier
since R, || r, appears in series with 1/g,, .

e Input resistance, Rj,. With v; =0 and i, =0, we can see

directly from this small-signal equivalent circuit that
R. =R, (4.99),(2)

e Partial small-signal voltage gains, A, and A,. At the output
side of the small-signal circuit with i, =0
Vo = gmvgs(RL ” ro) (2)
At the input, using voltage division
Vg
V, = R V. (3)
T Vo, +R
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Substituting (3) into (2), gives the partial small-signal AC

voltage gain to be

v RIIT
A=Yo_ Lo (4.102),(4)
Vi RL ” r0 +:I7/gm

Notice that if r, > R_and R_>1/g,, then
A 51

In the case of an open circuit load (R, — ), the small-signal
partial voltage gain becomes

Ay=A

— rO
R —® ro +]7/gm

(4.103),(5)

e Overall small-signal voltage gain, G,. Using voltage division
at the input to the small-signal equivalent circuit

R.
V. =—"=" v 6
i Rin n Rsig sig ( )
Substituting this into

Y V. V V.
G ===t A ™

Vsig Vsig XL Vsig

=A,

and using (1) and (4) gives the overall small-signal voltage

gain of this common drain amplifier to be

G — Vo — RG RL ”ro
" vy, Rs+Ry R +1g,

sig
Again, notice that if r, >R and R >1/g., as well as

Rs > R, then

(4.104),(8)

sig !
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G, 21 (9)
Consequently, this common drain amplifier is often called the
source follower amplifier.

e Overall small-signal current gain, G;. Applying current
division at the output and noting that i, =0 then

R g,V (10)

while at the input
1+ R || T
ii _ VI 3 gm( L” O)Vgs (11)
RG (3) RG
Substituting (11) into (10) gives the overall small-signal AC
current gain to be

G=oo—f G (12)
Ii r-o_|_RL:I'_'_gm(RL”ro)

With a little manipulation, this can be expressed as
gm(RL ” ro) RG

i — (13)
1+ gm(RL ” r-o) RL
If r, >R _and g R, >1, then
G, z& (14)
RL

which likely is quite large.
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e Short-circuit small-signal current gain, Ai. The short circuit
small-signal AC current gain can be easily determined from
(12) with R, =0 as

Ais = Gi‘RL=0 = ngG (15)

e Qutput resistance, Ry To determine Ry, from the small-
signal circuit above we set v, =0 and apply a fictitious AC
voltage source vy at the output as shown:

L (Fig. 1)
Notice that the gate terminal has zero voltage because v, =0
and ig, =0.
By definition

R,.==2 (16)
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We can see that with vy attached, the voltage vy will not
usually be zero. This means the current in the dependent
current source 1s also not zero.

In such instances, we would normally need to analyze this
circuit to find the voltage v, in terms of i, and then apply (16)
to determine the output resistance of this amplifier.

However, in this case both terminals of the dependent current
source are grounded so it makes no contribution to the output

resistance. By inspection, the output resistance is simply

1
Rout =T ” L (17)

I

Summary and Comparison with the CE Amplifier

In summary, we find for the CG small-signal amplifier:

o A non-inverting amplifier.

o Potentially very large input resistance [see (1)].

o Small-signal voltage gain less than one, and potentially
close to one [see (8) and (9)].

o Potentially very large small-signal current gain [see (13)
and (14)].

o Relatively small output resistance [see (19)].
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Similar to the BJT common collector (emitter follower)
amplifier we discussed in Lecture 21, the common drain (source
follower) amplifier finds use in applications that require a unity-
gain voltage buffering function. That is, in applications where a
voltage signal source has sufficient amplitude, for example, but
it has a large internal resistance while the signal needs to be
supplied to a “load” with a much smaller resistance.

Other applications of voltage buffering amplifiers are:

e The output stage of a multi-stage amplifier chain to provide a
low resistance output.

e To separate a filter circuit from a subsequent amplifier circuit
that “loads” the filter with a varying impedance load, which
will likely adversely affect the filter behavior.

Example N36.1 (based on text exercise 4.35). Use the circuit of
Fig. E4.30 to design a common drain amplifier. Assume R =1
MQ, R, =15 kQ, and r, =150 kQ. Computer Ri,, Avwo, Ay, Gy, Gi,
and R both with and without considering r,.

This is the same DC biasing circuit we used in Example N34.1
for the design of a common gate amplifier. Here we’re going to

use it as the basis for a common drain amplifier.

The DC analysis results are shown in Fig. E4.30:
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4.7 MQ

® 0.5 mA

Y

10 (Fig. E4.30)

Using (4.71)
21, 2-05m 1

= =1mS
Voo 25-15

On =

Based on this DC biasing, the corresponding common drain
amplifier circuit is:

Notice the addition of the bypass capacitor on the drain terminal
of the MOSFET. This was added so that Rp will affect only the
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DC functionality of the circuit. In the AC operation, the drain

terminal will be an AC ground, which fits the analysis presented
in this lecture.

The small-signal equivalent circuit for this amplifier is then:

e From (1), R, =R, =4.7 MQ (with and without r,).

e From (17), R, =T, ||i:150k||1o3:o.993 kO (W/ 1p), or

m

R =L _1kawior).

m

r, 150k
r,+1/g,, 150k +1/10°°

V
or =1 — (w/or,).
Ao =1, (wioro)

From (5), A, = =0.9993 % (W/ 1),
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e From (4), A =—ulll __ ISKJISOK 5 557 V
R [T, +1/g.  15k]|[150k +10 Y,
R I, 15k

R |Ir,+1/g., 15k +10°

(W/ rp), or A =

\
=0.938 v (w/o r,).

e From (8),
R; Rlr,  47M 15k || 150k

G = —
"Ry +Ry RUIIT,+1/g, 47M+1M 15k [|150k +10°
RG RL

Rs + Ry, R +1/9,.

=0.768 % W/ r5), or G, =

- AM DK 6773 Y (wior,).
47M+1M 15k +10 v

e From (13),
~ On(RUII,) R, 107°(15k|[|150k) 4TM o100 A
" 1+9, (R IIr) R, 1+107°(15k||150k) 15k A
-3
(Wi ), or G, = dnRL_Re 10 _315k 1M 2938 2
1+9,R R 1+10°-15k 15k A

(W/0 ry).



