Rail-to-Rail Opamps
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Low Voltage Design Goals
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Optimize Performance

Rail-to-Rail Input Common-Mode Voltage
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Opamp voltage limitations:
PMOS Diff pair Input CM Voltage
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Vb2 can be close to VSS
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Opamp voltage limitations:
NMOS Diff pair Input CM Voltage

VDD
M3 | | M4 can be close to VDD
or even beyond !
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Rail-to-Rail Input Stage (S.E.)
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Here: folded cascode type amplifier structure (S.E.) gth gm
=— Rail-to-Rail Input CM Range /

—> Non-constant Gm !!!
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Rail-to-Rail Input Stage (diff.)
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Constant Gm Input Stage
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Vew > Vmaxp : NMOS Diff pair, bias =4 x 10
Vmax, > V¢, > Vmin, : NMOS Diff pair + PMOS Diff pair, bias = 10
Ve < Vmin, : PMOS Diff pair, bias = 4 x 10
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Constant Gm Cascode Amplifier
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Vpp = 3.3V, 1.2u CMOS Technology
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2-stage Amplifier Rail-to-Rail
Structure

Class A-B Gain stage
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same gm !!
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Floating Constant \Voltage Source
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==) Low quiescent power
==) High slew rate (capacitive load)
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Complete class A-B amplifier
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Bias currents fixed by loops M21-M22-M28-M11 and M24-M23-M27-M17
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Rall to-Rail Class A B Amplifier
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Ron Hogervorst, John P. Tero, Ruud G. H. Eschauzier, Johan H. Huifsing,;

A compact power-efficient 3 VV CMOS rail-to-rail input/output operational amplifier for VLSI cell libraries,

IEEE Journal of Solid-State Circuits, vol. 29, pp. 1505 - 1513, December 1994.
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Opamp Performance

Parmmeter

Die area

Supply voliage mnge

Qubestent curresd

Peak DOpUL curem

Comeion-mods imput range
Vi from 3V w0 6V
Vigp: from 2.5 V w0 29V

Vord o Vpgt3
Ver A D ¥ppeld

Verd 10 VpptS
Vord 10 Vpgrl 4

Output voliago swing

Ves#0.1 10 Vo2

Ofset voltage

Vegt0.d 10 V02
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Tepal nodse voluge® 10 kHe
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Vismman: from Vig- 4V 10 Vigpt 1V
and from: Vet 1.3V m Vg 1Y
20d from Vope 1V 0 Vpprh.S

Viprmmen from Viggs1 Vi Vgpe LIV
and from Vipg- 13V 1 Vg 1V
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Open-loop gain
[y ity

MHz

Unity-gain phase-siargin

BRE]

Slew-raie
Vopmmn From Vgh 13V 10 V- 1.3V

Veommoa: from Ve AV 10 Vet IV
and from ¥ng-1V 10 Vg5

Vi

Large signal secding tme (1%} Vo= IV

Small slgeal seailing tme (1%} Ve 100 mV
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TABLE 1
MEeasursEnT RESUTS Venpply = 3.3 W, Rload = 10 kf1,
Cload = 10 pf, TA = 27°C, Usuxss OTHERWISE STATED
Cload=10 pF, TA=IT'C,

Tuble 1: resuas vapp
usless otherwise stated

Opamp | refess t the compact opamp with Milles compensation
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