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Terminal Resistance of Generally Loaded
Transistors
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Without degeneration:
Simply set R, =0
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Single-Stage Amplifiers
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For the gain, R;, R, of the whole amplifier, you need to include voltage/
current dividers at input and output stages
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“Terminal Gain and I/O Resistances of BJT Amplifiers”
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Single-Stage Amplifiers
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For the gain, R;, R, of the whole amplifier, you need to include voltage/
current dividers at input and output stages
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“Terminal Gain and I/O Resistances of MOS Amplifiers”
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Single-Stage Amplifiers
Simplified Characteristics of BJT Amplifiers

R, vy
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v; v Rg Rig Rie g S,
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COMMON-EMITTER COMMON-EMITTER WITH COMMON-
(Re =0) EMITTER RESISTOR R¢ COLLECTOR COMMON-BASE
. ) . Ry ~
Terminal voltage gain —gmRL = —10Vee R 1 +8gmRL = +10Vcc
E
Vo
Ay =— (high) (moderate) (low) (high)
V|
Input terminal resistance rx (moderate) Bo R (high) BoRy (high) 1/8gm (low)
Output terminal resistance r, (moderate) iy Rg (high) 1/gm (low) 15 (Ry||Rs) (high)
Current gain —p, (moderate) — B, (moderate) B, + 1 (moderate) 1 (low)
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Single-Stage Amplifiers
Simplified Characteristics of FET Amplifiers
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COMMON-SOURCE
COMMON-SOURCE WITH SOURCE
(Rs=0) RESISTOR Rs COMMON-DRAIN COMMON-GATE
. . ~ R ~
Terminal voltage gain —8nRL = —Vpp ~Re 1 +8nRL = +Vpp
S
Ay = Lol (moderate) (moderate) (low) (moderate)
vy
Input terminal resistance oo (high) 00 (high) oo (high) 1/8m (low)
Output terminal resistance r, (moderate) 1 Rs (high) 1/8m (low) w5 (Ry||Rs) (high)
Current gain oo (high) 00 (high) oo (high) 1 (low)
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Inverting Amplifiers:
C-E and C-S Amplifier Review

TABLE 14.3

Common-Emitter/Common-Source Amplifier Design Summary

Terminal voltage gain

Signal source voltage gain

Rule-of-thumb
estimate for g, R,
Input terminal resistance

Output terminal resistance
Amplifier input resistance

Amplifier output resistance
Input signal range

Terminal current gain

COMMON-EMITTER
(C-E) AMPLIFIER

ace _ Yo _ _ 8&n R
v Vi 1+ guRE
ACE — Yo _ ,ce_ RsllRis
! Vi " R; + Rg|Rip

10(Vee + Vie)

Rip =rz(1 + guRE)
Ric =1,(1 + gnRE)
RO = Ryl|Rig
R$Y = Rc||Ric

0.005(1 + guREp) V
Bo

Lecture19-Review of Single Transistor

Amplifiers

COMMON-SOURCE
(C-S) AMPLIFIER

acs _ Yo _ __8n Ry
R 1+ guRs
Y, R
ACS = Yo _ pcs
Vi R; + Rg
(Vop + Vss)
Rig = o0

Rip =r,(1 + gnRs)
RES = Rg
R$Y = RpllRip

0.2(Vos — Vrw)(1 + guRs)
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TABLE 14.5

R,

Common-Collector/Common-Drain Amplifier Design Summary

Terminal voltage gain

Signal source voltage gain
Rule-of-thumb estimate for g, R,
Input terminal resistance

Output terminal resistance

Input signal range

L

/ Terminal current gain

COMMON-COLLECTOR
(C-C) AMPLIFIER

oY, gnRr
ACC= 2 — oM - o~
Vi 1+ gnRe
acc _ Yo _ 4cc Rpl[Ris
! A " R+ RplRip

10(Vee + Vir)
Rip =rz(1+ gnRL)

1 R
I & = qp ==
& Po

0.005(1 + g, R.) V

By 41

COMMON-DRAIN
(C-D) AMPLIFIER

ace = Yo _ SR
Vi 1+ guRe
Aco — Yo _ qcp R
v % "R T Ro
(Vop + Vss)
Rig = 00
1
Ris = —
&m

0.2(Vgs — Vrw)(1 + gnRL)




C-B and C-G Amplifiers Summary
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TABLE 14.8
Common-Base/Common-Gate Amplifier Summary

C-B AMPLIFIER C-G AMPLIFIER
Terminal voltage gain A,, = el +guRL +8gmRL

vy

Signal-source voltage gain

v, R R R R
A= Ru=(RilR) Loty o St g
Vi 1+ guRn \ Rr + R 14+ guRn \ R + Rs

. . 1 1
Input terminal resistance —

&m 8m
Output terminal resistance ro(1 + gnRw) =71, + 1ty Rin 7o(l + gmRin) =7 + s Rin
Input signal range 0.005(1 + g Rin) 0.2(Vgs — Vrn)( + g Rin)
Terminal current gain o, = 41 Eil
Lecture19-Review of Single Transistor
Amplifiers 9

Lower Cutoff Frequency (w,)
The SCTC Estimate: C-C Amplifier
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Lower Cutoff Frequency (w,)
The SCTC Estimate: C-C Amplifier (cont.)

Using the SCTC method:

For C;:

RlS = RI +(RB||R1'B)

R, =R, +RB||[rﬂ +(B, +1)(RE||R3)]
For C, :

R
Ry =R, +(R,|R,)=R,+R | ="

B, +1

1"

A
i

Lower Cutoff Frequency (w,)
The SCTC Estimate: C-D Amplifier

Using the SCTC method:

For C;:
R =R, +(R;||R¢) =R, +R;

For C, :
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fo=— +
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1
Rys = Ry+(R|Rs) =R, +(RS||—)
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