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Example: Input CM Range and Output Impedance

» Find the input common-mode voltage range and closed-loop output impedance of
the unity-gain buffer shown below. Assume Vi, = 0.3V and Vo4 = 0.1V.
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Example: Input CM Range and Output Impedance
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One-Stage Op amps with Higher Gain: Cascode

» Telescopic cascode with single-ended and differential outputs
» High gain at the cost of output swing and additional poles
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Cascode Op Amp

= Difficult to use as a unity-gain buffer: limited output range
= Op Amp design procedure will be practiced during the TP sessions
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Cascode Op Amp

= Difficult to use as a unity-gain buffer: limited output range
= Op Amp design procedure will be practiced during the TP sessions
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Folded-Cascode Op Amp

» Folded structure: To address the limited output swing and difficulty in choosing
equal input and output CM levels for the telescopic cascode
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Folded-Cascode Op Amp

» Folded structure: To address the limited output swing and difficulty in choosing
equal input and output CM levels for the telescopic cascode
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Folded-Cascode: Maximum output swing
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Folded-Cascode: Voltage gain
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Folded-Cascode: Voltage gain
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Folded-Cascode: Voltage gain

/ Viz “ Mslt
H If . 't Iss —o Vouto—
alr-circul
M M PR | l
Vi":_|1 |2_I T M4":
Vb3 .—"g_ 9 I X Y =
Voa Ms M, I'_j_
5 6
Voz e—{[* M, : : = Rop
Gm lout Rout
—o Vout Ms —a—] I Ms ——o
1 Vo1 o[, M3 b Ve[ b Ve[ Rl t
ou
V|n°—| Vin 0—“1-‘ b _L——H:I X
® M, ® = My S

‘ffosﬂfm ‘f ros||ro1 ‘f ros||ro1

|Ay| ~ gm1{l(8m3 + gmb3)ro3z(ro1llros)lI(gm7 + &mp7)T077 091}

MS EE-523 12



Folded-Cascode: Nondominant pole location
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Folded-Cascode with NMOS input pair

» Folded cascode with NMOS input devices: Higher gain
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Folded-Cascode Advantages

» Folded-cascode op amps are used more widely than telescopic because:
(1) Input & output CM levels can be chosen equal without limiting output swing
(2) They can accommodate a wider input CM range
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Two-Stage Op Amps

» |n contrast to cascode op amps, a two-stage configuration isolates the gain and

swing requirements.
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Two-Stage Op Amps
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Gain Boosting

» Motivation: The limited gain of the one-stage op amps and the difficulties in using
two-stage op amps at high speeds necessitate new topologies
» The idea behind gain boosting is to increase the output impedance without

adding more cascode devices
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Gain Boosting

» Motivation: The limited gain of the one-stage op amps and the difficulties in using
two-stage op amps at high speeds necessitate new topologies
» The idea behind gain boosting is to increase the output impedance without

adding more cascode devices
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Gain Boosting: Gm
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Gain Boosting: Rout
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Gain Boosting: Rout
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Gain Boosting: Voltage Gain
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Gain Boosting: Circuit Implementation
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Gain Boosting: Circuit Implementation
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Gain Boosting: Circuit Implementation
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Gain Boosting: Circuit Implementation
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Gain Boosting: Differential
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Gain Boosting: Differential
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Gain Boosting in both Signal Path and Load Devices
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Gain Boosting: Frequency Response
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Gain Boosting: Frequency Response
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Gain Boosting: Frequency Response
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Gain Boosting: Frequency Response
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Gain Boosting: Frequency Response
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Gain Boosting: Frequency Response
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