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Input Impedances
Into Base, Emitter AC Grounded
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Degenerated CE Stage (early)
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Output Impedance (Early)
Rout1 = [1 + gm(Rellr)]ro + (Rellr)
Rout = RellRout
Output Impedance of CB/CE are same if
under same condition
Emitter Follower (Common Collector)
Output Resistance
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CMOS

Drain Current
Saturation No Channel Length Modulation
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Regions of Operation

N-Channel Cut Off
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N-Channel Linear
N-Channel Saturation
Ves >V, Vps > Vs — Vr
P-Channel Cut Off
Vse < |Vrl

P-Channel Linear (Triode)

Vse > |Vrl,Vop < Vs — |Vr|
P-Channel Saturation

Vse > |Vrl,Vsp > Vsg — |Vr|
Common Source
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Current Mirrors

Output Impedance Bipolar
Rout= [1 + gm(RE”rn:)]Ro + RE”rn:
Output Impedance Bipolar Cascode
Rout = [1+ gm1(roz2||me)]ro1 + 102!l
~ gmiTo1(To2|771)
Maximum limited by beta and ro
Rout,max = ﬁlr01
Improved Cascode using PNP current
source
Rout = gm3aT03(Toallr3) | gmzTo2(To111772)

Output Impedance CMOS

Rout = Rs + (1 + gmRs)1o
Output Impedance CMOS Cascode
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Improved Cascode using PMOS current
source
Rout ® gmaTo3704l|Imz2r02701
Short Circuit Transconductance
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Cascode Amplifier CMOS
Gm = Im1
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Current Mirror
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With an extra transistor to reduce error
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Differential Amplifiers

Bipolar Differential Amplifier

LSA Current
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Linear Operation Mode
[Vin — Vin | < 4Vp = 104mV
Small Signal Mode
Vin — Vi | < 10mV

MOS Differential Pair
Maximum Differential Input Voltage
Vin1 = Vin lmax = \/E(VGS - VTH)equil
Small Signal Mode
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W
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Common mode to Differential Mode

ARj ARp
Acy-pm = 1 = 2Rgs
9Im + 2Rss

Frequency Response

Miller’s Theorem
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Without series resistance
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With resistive divider
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With resistive divider & C,

Av = —g m RC
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COMMON EMITTER | COMMON COLLECTOR
AMPLIFIER TYPE COMMON BASE || COMMON EMITTER it Resistor) (Emitie Followe)
INPUT/OUTPUT PHASE RELATIONSHIP 0° 180° 180° 0°
HIGH MEDIUM MEDIUM LOW
VORIAGRICAIN R, B(Rcr,) BR. B+ (R, NIz,)
R, +1, R, +1, R, +(B+1)(r, +Rg) R, +B+1[r. +(Ry lIr,)]
LOW MESIM MEDIUM HYR
CURRENT GAIN . .
a Re+1, B (B+l)r,+RL
POWER GAIN LOW HIGH HIGH MEDIUM
LOW MEDIUM MEDIUM HIGH
INPUT RESISTANCE
r, r,=B+lr, {(B+1)(r. +Rg) (B+D[r, +(r, IR.)]
HIGH MEDIUM MEDIUM LOW
OUTPUT RESISTANCE Al R
Re Relir, Re LT (B
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Commaon Emitter
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Voltage Gain Equations

Common Emitter
(Degenerated)

Vee
Rc
Vout

in VA =00

Common Source
{Degenerated)
Voo
Rp

Ihl'l:)ul

1“'inO_I =0

Common Base
(Source Resistance)

Vee
Rc
Vout
VA= (s o] Vb
Vino—
E
R
A==
_+R
B ¢

Common Gate
(Source Resistance)
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