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Design Automation of High-Performance Operational Amplifiers
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Abstract

Based on a new search strategy using circuit simulation and simulated annealing with local search,
a technique for design automation of high-performance operational amplifiers is proposed. For arbitrary
circuit topology and performance specifications, through discrete optimization of a cost function with
discrete design variables the design of operational amplifiers is performed. A special-purpose circuit
simulator and some heuristics are used to reduce the design time. Through the design of a low-power
high-speed fully differential CMOS operational amplifier usable in smart sensors and 10-b 25-MS/s
pipelined A/D converters, it has been demonstrated that a design tool developed using the proposed
technique can be used for designing high-performance operational amplifiers with less design
knowledge and less design effort.
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Adaptive Simulated Annealing() {
T=T,, x=x5 Cy=C(x);
while ( & < frozen ) {

generate a new point by g(x, T);
evaluate cost change 4C;
if ( 4C < 0) ¢
accept the new point;
}else if ( e T > yandom(0..1) {
accept the new point;
} else {
reject the new point;
}
rescale the temperature or reannealing;
reduce the temperature by sk, 7);
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Direct Search() {
x=2xy, dx=4dx; Cy=C(xp);
while ( step size changes ) {
neighborhood search( x, 4dx );
4C=C(x)—Cy
while ( 4C < 0 ) {
d=x—2x5 xy3= x,
x=x+d Cy=C(x);
neighborhood search(
AC=C(x)—Cys

x, dx %

}
reduce the step size 4x;

}

7]4 ¥4 neighborhood search()® &9
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Fig” 2. Design flow of operational amplifier using
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* spec ugf > 20 MHz
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Fig. 4. A folded-cascode CMOS operational
amplifier.
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Table 1. Specifications and design results of the folded-cascode CMOS operational amplifier

Performances Units Specs 0AC SAFICE Specs ASTRX SAPICE
Results Results Results Results

G pF 1 - - 125 - -

Power supply v *25 - - +5 - -

Dc gain dB > 55 56 570 > 70 70.1 70.8
Unity-gain frequency MH:z > 200 200 1999 A 721 80.0
Phase margin degree > 45 45 59.9 > 60 80.0 59.8
Input CMR ) - - 0.7 - - 2.0
Slew rate V/ius > 500 517 504.7 > 50 57 63.2
Offset voltage uV - - 1417 - - 10.7
Power mW <1 11 3.0 <15 10 114
Active area kpm’ v 36 % 110 v 46 46 159
Output swing \4 - - 05 >1 1.5 14
Settling time ns - - 210 - - 36.7
Input 1/f noisetlkHz) nV/Hz'? < 300 297 2870 - - 436.1
CMRR(60Hz) dB - - 89.3 - - 100.9
PSRR (60Hz) dB - - 95.3 > 106 125 1148
PSRR (60Hz) dB - - 674 > 105 107 109.7
No. of design variables - - 20 - - 20
No. of cost evaluations times - - 3029 - - 3669
Design time min Sun3 < 30 2% RS6000 120 40
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Fig. 5. A fully differential folded-cascode CMOS
operational amplifier with regulated cascode.
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Fig. 6. Simulated frequency characteristics of
the fully differential folded-cascode CMOS
operational amplifier with regulated

cascodes.
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