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1 AC Parameters

Transconductance: gm = I
(DC)
C

VT
, tens of mA/V typical.

Pi resistance: rπ = β VT

I
(DC)
C

. few kΩ typical.

Emitter Resistance: re = rπ

β+1 , tens of Ω typical.

Early–Voltage resistance: r0 = VA

I
(DC)
C

. tens to hundreds of kΩ typical.

2 Amplifier Characteristics

Voltage gain: AV = v
(ac)
out

v
(ac)
in

.

Input impedance: Rin = v
(ac)
in

i
(ac)
in

.

Output impedance: Rout = v
(ac)
out

i
(ac)
out

.

Open–circuit Voltage gain: AV o = AV with RL/Rout →∞.

Voltage gain relative to source measured in open–circuit conditions:

AV s = AV
Rin

Rs + Rin

.

Current gain: Ai = i
(ac)
out

i
(ac)
in

.
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Common Emitter Amplifier

Rin = RB ‖ rπ

Rout = RC (RC = R3 in Figure)

AV = −gm (r0 ‖ RC ‖ RL)

AV o = −gm (r0 ‖ RC)

AV s = AV
RB‖rπ

RB‖rπ+Rs

Ai = Rin

RL
AV

Common Emitter Amplifier with RE

Rin = RB ‖ [rπ + (β + 1) RE ]

Rout = r0 ‖ RC

AV = −αRC‖RL

re+RE
where re = rπ

β+1

AV o = −α RC

re+RE

AV s = − β(RC‖RL)
rπ+(β+1)RERs

Ai = Rin

RL
AV

Common Collector Amplifier

Rin = RB ‖ [rπ + (β + 1) (r0 ‖ RL)]

Rout = r0 ‖
(
re + Rs‖RB

β+1

)

AV = r0‖RL

r0‖RL+re

AV o = r0
r0+re

≈ 1

AV s = Rb

RB+Rs

ro‖RL
Rs‖RB

β+1 +re+(ro‖RL)

Ai = Rin

RL
AV
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3 Applications

Common Emitter Amplifier
For Voltage Gain

Rin = RB ‖ rπ Want large 1.5k typical

Rout = RC Want small 10k typical

AV = −gm (r0 ‖ RC ‖ RL) Want large 100s typical

AV o = −gm (r0 ‖ RC) Want large 10’s to 100’s typical

AV s = AV
RB‖rπ

RB‖rπ+Rs

Ai = Rin

RL
AV

Common Emitter Amplifier
with RE

Lower Gain, Higher Rin

Rin = RB ‖ [rπ + (β + 1) RE ] Want very large 100’s k typical

Rout = r0 ‖ RC ‖ r0 Want small 10k typical

AV = −αRC‖RL

re+RE
where re = rπ

β+1 Few to 10s Typical

AV o = −α RC

re+RE

AV s = − β(RC‖RL)
rπ+(β+1)RERs

Ai = Rin

RL
AV

Common Collector Amplifier
for Voltage Buffer

Rin = RB ‖ [rπ + (β + 1) (r0 ‖ RL)] Want large (β + 1) RL typical

Rout = r0 ‖
(
re + Rs‖RB

β+1

)
Want small Rs/(β + 1) typical

AV = r0‖RL

r0‖RL+re
Want Unit Gain

AV o = r0
r0+re

AV s = Rb

RB+Rs

ro‖RL
Rs‖RB

β+1 +re+(ro‖RL)

Ai = Rin

RL
AV

Common Base Amplifier
for Current Buffer
(Not shown)

Rin = 1
gm

β
β+1 Want small 25Ω typical

Rout = RC Want large kΩ typical

AV = β
β+1

RC‖RL

Rs+ 1
gm

AV o = −gm (r0 ‖ RC)

AV s = Rb

RB+Rs

ro‖RL
Rs‖RB

β+1 +re+(ro‖RL)

Ai = β
β+1

RC

RC+RL
Want Unit Gain
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