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Basics: Amplifiers at Low Frequencies
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Left is the equivalent circuit of a bipolar transistor; g, =1./V; =1/r,, V; =kT/q,
r,=le=019,. Ry =V, +Ve)/Il;. On the right is the FET model. g,, =VvC,W,

sat™o

(short-gate / velocity saturation model) or g, = (1€, W, /L, )V, —V,,) (long-gate /
mobility limited model) Ry, =[(1/ 1) +V]/ 1

For the bipolar
Rcc Rin,base = (ﬂ +1)(re + REE)
Rin,base

Rin, collector
r ’ R r.+R R
I—) I:ein emiter — | e + ; ot e AR :
Rb ! pB+1 r B+1
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r-be
L Rin,emitter Rin,collector =T {1"_ O REE M} ~ M {1+ O REE }

For the fet: THE EQUATIONS ARE THE SAME IF B is

Rdd INFINITE!

Rin,gate Rin, drain R =open

in,gate

.|}—'$/g\g/\/—{ Rin,source = (gij(wj ) (gi]
L m ds m

Rss

Rin,source Rin,drain =T, a+ ngss)

Be warned that in the equations above Rcc, REE and RB are the equivalent resistances
seen by the transistor. So in, the amplifier circuits below, THINK: "what is the effective

resistance seen by the transistor?", before plugging into the equations.
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Amplifier Stages

Common Emitter and Common Source

Common emitter:
in =R HRm base ™ RB||(ﬁ+1)(REE + re)

. Rc
Rin,base Rout
(J Vin _ Rin
Rgen |—) -

Vout V I:\>in + Rgen

gen

Vin

Vgen RL Ry - (Rc”RL‘ Routcottector)
1 A= v rL+R, r,+R,
= = Rout ¢||Routcollector
T Common source:
_ % Rd Rin = Rag
Rin,gate (JRout Vin _ Rin

Rgen |—> | Vout Voo R+ Ryen

Vgen VW vin| e A =VOUt _ R —(Ry "R ”R"”tdra'”
o V., R +1/ gm R, +1/9,
Rout = Ry ‘ Routdrain

% Rss

Common Collector (emitter follower) and common drain (source follower)

Rin,b
e for the emitter follower:
Rgen Rout =R HRm base — H ﬂ +1)(REE ”RL + re)
Vgen Rm
Vout v "Ry +Ry,
Ree out — R'—eq — Ree "RL
Rigg tle Rigtle
RB
Rout = Ree in,emitter :Ree (re + 1+ ﬁJ
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Common Base and common gate

Rc

. . Rout
Rin,emitter
Rgen |—)

MV

Vgen

Vout
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For the source follower:

R, =R,

Vin Rin

Voo Ry +R

&zwm: R _ Re|R[Res
Vi Rig+1/9, R, [R Ry +1/9,

Rout = R Rinsource =Res||(1/ 91n)

For the common base:
Rin = REE iiRin,emitter

Ri emitier = (re + R ]( o +RRy J ~ (re +
’ p+1 Il
Vin Rin
Voo Ry +R
A/ — VOUI — RLeq — RC iiRL
Vin Rin,emitter Rin,emitter
Rou = R Rout,collector

For the common gate
Rin = RSS iiRin,source

in,source g, e O
Vin _ Rin
Vgen Riﬂ + Rge”
_Vout _ RLeq _ I:eDiiRi—
A/ - Vin - Rin,source - Rin,SOUfCe

Rou = RDi

Rout,drain



