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Basics: Amplifiers at Low Frequencies
gm*Vbe c
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Left isthe equivalent circuit of abipolar transistor; g, =1./V; =1/r,, V; =kT/q,
e =T =810y Re=(Na+Ve)/ . Ontherightisthe FET modedl. g, =v,c,W,
(short-gate/ velocity saturation model), Ry, =[(1/A) +V ]/ 1,

G gm*Vgs D

Ro
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For the bipolar
Rcc Rin,base = (,B +1)(re + FaEE)

Rin,base r Rin, collector _ RB Mt Roc ~ —RB
Rb I—) Rin,emitter = Te + | *
B+1 r B+1

L Rin,emitter Rin,collector = r'ce{l'l- ngEE #} = rce{l-'- ngEE}

r-be + REE + RB

Ree

For the fet: THE EQUATIONS ARE THE SAME IF Bis
_ Rdd INFINITE!
Rin,gate r Rin, drain R| = = open
| n,gate

o [ Ra*Rs|_( 1
] e 5.

On
Rin,source Rin,drajn =l (1+ ngsg)

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 angl Common Source

Common emitter:
Rin,base R;JRout T}” = RBHRI;_;vbaSE :RB”(,B"']-)(REE + re)
'\/R\(f\: |_) Vout Vge” i Rin + Rgen
Vgen vin RL A :V0ut _ - RLeq _ _(RC”RLHRout,collector)
Rb Vio Te+Rg r,+R,
Rout = RCHROUI,COHQC’[OF

Ree =

R, = Ry

Rin,gate JRout \/in - Rn
I—) Vgen R+ Rge”

Rgen
'\/\/\’ Vin | V - RLeq — - (Rd ”RL HRout,drain)

% Common source:

Vgen RL A = out —

Vi Ro+l/g, R, +1/4,,
%ng = ROUI = RdHRout,drain

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

Rin,base =

for the emitter follower:
no |_> Rout R‘” = RB HRi”vbase =RB H(ﬁ-'-l)(REE ||RL + re)
Ygen l\/\/\l v (J Vin — Rin
Rb Vout Vgen - Rin + Rgen
1 1 Ree RL A :Vout — RLeq _ Ree”RL
= = 1 1 V., RLeq +r, RLeq +r,

Rout = ReeHRin,emitter :Ree

1+
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Rin,gate
Rgen |_> (J Rout
vgen Vin
Vout
Rgg
RL

Rss

Common Base and common gate

Rc

. . Rout
Rin,emitter

Rgen I_) Vout
Vgen M\ vin RL
Ree Rb =
Rin,gate
Rgen I—)
Vgen W\' Vin
Rss

For the source follower:

Ro =Ry
. _ R,
Vo Ry +Rg
A\/ — Vout — RLeq — R$||RL
Vio Rg+l9, Rg+lg,

Ry = Re|Rusouce =Rs]1/ 1)

For the common base:

Rin = REE H Rin,erritter

Riemitter = (re + Re ]( fee * RCHRL ] = (re +i}
’ L +1 M L +1
Vio _ R
Vi  Riot Ry
o Ve Ra _RIR
Vio  Ruente  Rieniter

Rout = Rc H Rout,collector

For the common gate

Rm = $HRn,source
(1) re*RIR ) (1
Rin,erritter _(ng( rds ]~ (gm]
Vi = Ry
Vgen Rin + Rgen
_Vou — R"eq = Ro ”RL
A/ Vin Rn,source Rn,source

Rout = RD H I:{out,drain
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