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Ideal opamp
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Basic 2-stage opamp
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PMOS input 2-stage opamp
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Constant gm bias generator
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Simplified 2-stage model
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Frequency compensation using nulling

resistor
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Frequency compensation using nulling
resistor

o The zero-nulling resistor A, is realized by M10 in the triode region.
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e Do/z2, = (g.sA. — 1)C./(Cy + C5) is independent of process and temperature
variations.
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Voltage and current range
Input Common-Mode Range
Vieimax) = Voo — Vgga + Vi Vietminy = Ves + Vpsars + Vgs1
e The range is limited to the voltage levels where any transistor goes out of saturation.
Output Voltage Range
Vo[max} = Vop = Vpsare Va(ma‘n} = Vg + Vpsars

« Output resistive load can also limit the voltage range, if the available output current is
insufficient.

Maximum Output Current
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gs6(max) = Voo = Vi + Vo
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Slew rate
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Slew rate

The internal slew rate is generally limited by current available to charge and discharge
C, from input stage. Therefore,
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The external slew rate is limited by the available current to charge and discharge C;.

Thus, e
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Settling time

The frequency response and step response of a single-pole amplifier is

AlS) = —2—

C1+5/w, (t) =4, (1-e7%)

The settling time can be written as

te) = In

m| =

A
@, € @,
« @, = A, ®, is the dominant-pole unity-gain frequency.
e ¢ =1-|V,(t.)/A,|is the error when settling occurs.

The 10% to 90% rise time is

t, = lInl[E!} _22_ 0% @, = 21f,
@, @, f,
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Two-Stage cascode Operational
Amplifier
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Folded-Cascode Operational Amplifier
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Current-mirror opamp
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Current-mirror opamp
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e For a given power dissipation, the current-mirror opamps have larger bandwidth and
SR than the folded-cascode opamps. But they also suffer from larger thermal noise.

e For small C;, K may have to be reduced to prevent the nondominant poles from
degrading the phase margin.

o A practical upper limit on K is around 5. For a general-purpose opamp, K = 2.
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