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Low Frequency gain =

dominant pole =    next pole =        RHP zero =

stability:  and  must be beyond UGBW enough so total phase shift due to  and .

Rules of thumb: Gregorian and Temes  phase margin

Allen and Holberg: ,  phase margin

,  Slew Rate = ,  Increased load capacitance reduces stability since  moves to lower  frequency.

Additions to P ole Splitting: The zero in the RHP can result in instability. Can remove, or compensate for with feed-

back buffer, or resistor in series with .

Buff er, typicall y sour ce follo wer, to allow feedback only (removing feed forward) This removes the zero, and the
system is left with two poles. These should be separated by the DC gain, or more for stability.

Series Resistance adds , changes  to , this allows one to move , or bring

it into the LHP where it can cancel out  approximately.

Offsets for opamp gain : .

Gain Error with Feedback: For high A, , here, desired gain , Gain error=  where

 = loop gain Open loop gain in dB, Closed loop gain is  in dB

Folded Cascode Amplifier

- single stage (output is directly ) high frequency capability  - gain = ,   typical gain

about 1000 or 60 dB.  is high due to cascodes- Dominant pole, UGBW is set by load capacitance

thus larger load results in more stability
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Diff erential P air with Resistor s sm. sig: , ,  where  of .

, .

Common-mode gain ,    where .

Diff erential P air with Current Mirr or Load

 is mirrored to  thus doubling output current and gain. difference mode gain ,   or ,

where     common-mode gain ,   CMRR =

Two-sta ge opamp with pole splitting compensationl

Where: , , , ,  =parasitic cap,  load cap.

Exact Gain is:
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Gain Sta ges (Sho wn with NMOS Driver s)

 Resistive Load               Diode Load                    Digital Style       Current Source Load      Source Follower

Gain Sta ges (Sho wn with PMOS Driver s)

Resistive Load           Diode Load                    Digital Style          Current Source Load       Source Follower

Small Signal Model

The gain of each, except for the last two is   where , and model is as below

where  and  are determined by the load

                                  Digital Style                                                            Source Follower

                   low frequency gain =                                         low frequency gain =

Slew Rate   . Use current into capacitor, calculate  where  is the slew rate.

Pole Frequenc y.         where                 Unity Gain Bandwidth:
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Transistor Characteristics (N Channel)

Channel Length Modulationt slope factor : , .

Transistor equations inc luding c hannel  length modulation :

Triode:          Pinch Off:

Bod y Eff ect  - nonzero  changes the threshold voltage as:

 typically     Result: threshold is increased

Small   Signal P arameter s in Pinc h-Off

Diode Connection and Current Mirr ors: Diode Connection: as  below, connect drain and gate, hence

, if , then always in pinch off. Small signal model with .

Cuurent Mirror:  if .Otherwise currents will not match exactly because of output

impedance e.g., at  it is given by  of . Can increase by using cascode or other types of mirrors.

pinch-off regiontriode region

vDS

VG3

VG2

VG1

VDS = VGS - VT

iDS

Simple Square Law Equations

Triode:

Pinch Off: n:

(use  for pmos)
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