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Basic Single-Transistor Amplifier {}PE/"\RL

MOSFET

ot

(a) Common Source (CS)

Configurations
3

(¢) Common Drain (CD)
(b) Common Gate (CG) or Source Follower

BJT

=]

(d) Common-Emitter (CE) = - -
e} Common-Base (C
(¢) Common-Base (CB) (f) Common-Collector (CC)
or Emiitter Follower

Figure 6.33 The basic configurations of transistor amplifiers. (a)—(c) For the MOSFET; (d)—(f) for the BJT.
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G, = A
" Rsg+Rin "R, +R,

= In addition to gain, it's important to have

1 E“"‘“f{ proper input and output resistances.
+ - = Procedure to find R,

" » Ground input, remove Ry
8 » Apply a test current source at output
| (conceptually, not experimentally),

(©) 1 H
»
Figure 6.34 Characterization of the amplifier as a functional Flnd VOItage at OUtpLIt te rmi nal )
block: (a) An amplifier fed with a voltage signal vy having a v
source resistance Ry, and feeding a load resistance R;; (b) R _ X
o — .

equivalent-circuit representation of the circuit in (a); (c)

determining the amplifier output resistance R, l X
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Common-Source (CS) Amplifier

= Previously, using MOSFET equation, we derived

Ry | " analytically :
’Hv@ 2 [: ko AV = _anOVRD
= A (The process is combersome, tedious, and will go
quickly out of hand with more complex circuits)
R +— = Using hybrid-pi model, it is almost trivial to solve:

A, =-9nRp
= With load resistance, R, :
Since R, is in paralle with R,
Figure 6.35 (a) Common-source amplifier fed with a signal

G, = -gm(RolIRD)
Vi from a generator with a resistance Ry, The bias circuit is

omitted. (b) The common-source amplifier with the R = o0
MOSFET replaced with its hybrid-p model. n
I:zo — RD

il
i}
||}

(b)
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Common-Emitter (CE) Amplifier L*PE/ARL{

= Again, using hybrid-pi model,

o [ i ~. it can be easily solved:
= & = = R Av:'ngC

= With load resistance, R;:

Since R, is in paralle with Ry
| T
N rTl'
= R = = = R,= R, Rln = rﬂ'
(b) —

Figure 6.36 (a) Common-emitter amplifier fed with a signal vy, from a RO - RC
generator with a resistance Ry The bias circuit is omitted. (b) The common-
emitter amplifier with the MOSFET replaced with its hybrid-p model.
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T-Equivalent Circuit Model for MOSFET
(without r(_))

No change in circuit ~ No change in Same current with
since the additional ~ circuit since no  the dependent
dependent current current will flow  current source
source has the same through the new replaced by
current. connected path ~ equivalent
resistance
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CS with Source Resistance PE/\RL(
(Source Degeneration) {} <

~__ =You can analyze the circuit using hybrid-pi model.

’J 7 (Tryit!)
(2 | ’ = However, whenever there is a resistor connected
- - to source, it is much easier to use the "T-model"

R,

Wy
= .

Figure 6.37 The CS amplifier with a source resistance R (a)
circuit without bias details; (b) equivalent circuit with the
MOSFET represented by its T model.

G
o

(b)
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Continued $*PE/\RL(

Rp Total resistance in Drain

; -1 +R " Total resistance in Source
(a) gm $

= Rs provides negative feedback, which
» Stabilize drain current
» Increase linearity by keeping vy small

Ro=Ro S 1/9m — . Im
9 1/ gm+ Ry 11+ gmRs

» Increase usable bandwidth

(b)

Figure 6.37 The CS amplifier with a source resistance R (a)
circuit without bias details; (b) equivalent circuit with the
MOSFET represented by its T model.
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T-Model for BIT F#PE/ARL{:

Hybrid-pi Model T-Model without T-Model with r,
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CE with Emitter Resistance
(Emitter Degeneration)
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Continued

$PEARL

= Effect of R, (called "Emitter Degeneration"):
» increase input resistance by (1+ g,,R.)
» reduce voltage gain by (1+ g,,R.)
» reduce v, by (1+ g,,R.)

— lower nonlinear distortion

» voltage gain less dependent on 3

» improved high frequency response
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ShanghaiTech University

R,y connected to source

— Use the "T-model"

(b)

Figure 6.39 (a) Common-gate (CG) amplifier with bias arrangement omitted. (b)
Equivalent circuit of the CG amplifier with the MOSFET replaced with its T model.
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Common-Base (CB) Amplifier {}PEARL{,;E;:;

— = R,y COnnected to source
[ v o — Use the "T-model"

llH ;:. H
T

Figure 6.40 (a) CB amplifier with bias details omitted; (b) amplifier
equivalent circuit with the BJT represented by its T model.
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Unity-Gain Buffer Voltage Amplifier %¢PE/\RL{ )

Driving low impedance load directly

Ry=1MQ Ry =1MQ

zL.;'lV(i; |I:<I;% o (? l’ili% i
(a) (b)
Driving low impedance load with unit-gain buffer
R,,:I()UQ
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Common-Drain (CD) Amplifier {}PE RL

(Source Follower)
j R, connected to source
. — Use the "T-model"

|
Q) = !

Figure 6.42 (a) Common-drain amplifier or source follower with the bias
circuit omitted. (b) Equivalent circuit of the source follower obtained by
replacing the MOSFET with its T model.
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Common-Collector (CC) Amplifier PE/RL
(Emitter Follower) &

R, connected to source
— Use the "T-model"

)
Figure 6.43 (a) Common-collector amplifier or emitter follower with the bias circuit omitted. (b) Equivalent circuit obtained by replacing the BJT with its T model.
ShanghaiTech University
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Input and Output Resistance of Emitter {}PE RL¢
Follower '

= [ntuition:

» Resistance on emitter side is multiplied
by (1+B8) when “seen” from base (input
B+ side)
— High input resistance

» Resistance on base side is divided by
(1+B) when “seen” from emitter side
— Low output resistance
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Comparison of Different Amplifier
Configurations

= MOS has higher input («) impedance

= BJT has higher gain (g,,)

= |C uses MOS, discrete circuits favors BJT
= CS / CE provides the bulk of the gain

= CD / CC used as voltage buffer in output stage

© Power Electronics And Renewable Energies Lab ShanghaiTech University



Summary of MOSFET Amplifiers {}PEARL

Table 6.4 Characteristics of MOSFET Amplifiers
Characteristics”
Amplifier type R, Ay, R, A, G,
Common source (Fig. 6.35) 00 -8R R, -2, (R, IR, —2.(RyIR,)
R —2,(RyIR 2, (RyIR
Common source with R, (Fig. 6.37) o TR i"g":)R‘ D glm-f- S:jn]l(‘ : = |(+Ills'y|,|yk.’ :
_ RylIR, _ RylIR,
g, +R, 1g,, +R,
) 1 R,IIR,
Common gate (Fig. 6.39) Y 2.Ry R, g (RyIR,) m
1 R, R,
Source follower (Fig. 6.42) o0 1 — L L
8 R, +1/g, R, +1/g,
# For the interpretation of Riy, Ay, and R, refer to Fig. 6.34(b).
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Summary of BJT Amplifiers

Table 6.5 Characteristics of BJT Amplifiers"
R Ay R, Ay G,
Common B+, —g,Re R, —&,(RIR,) —p—RelBy
: ‘ - Ry +(B+Dr,
emitter R HR g
(Fig. 6.36) —a <L
T
¢ R —g.(RCIR, RAIR

Common (B+1)(r,+R,) - ]"—‘R R, kl(—(L’l) = #
emitter with +8.K, +8.R. R, +(B+D(r,+R,)
R, (Fig. 6.38) R.IR,

—g—cit

r,+R,
R.IIR,
Common base ", &R, R, & (RCIR,) aRR
(Fig. 6.40) Ry +r.
RCIR,
e
e
R, R,
Emitter B+D(r,+R,) 1 I, ! —_—
follower R+, R, +r 4R JIB+1)
(Fig. 6.43) G, =1
Ry =r, +—%
o = Te + B+1
“ For the interpretation of Rin, Ao, and R, refer to Fig. 6.34(b).
b Setting f = oo (« = 1) and replacing r, with 1/g,,, Rc with Rp, and R, with R, results in the corresponding formulas for MOSFET amplifiers
(Table 6.4).
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