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Agenda 

• Preliminary material 

• Macromodel references 

• Networks for poles and zeros (and their efficiencies) 

• Operational amplifier open-loop response 

• Operational amplifier macromodel example 

• Conclusion 
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Automatic Implementation 

• Starting point – Laplace transform extraction as ratio 

of polynomials is s 

• Laplace transform formats or pole/zero formats not 

interchangeable between EDA tools 

• Lowest common denominator – Berkeley SPICE RLC 

elements and controlled gain elements 

• Implementation based on solving for poles and 

zeros and then cascading unit gain stages with 

efficient grouping. 

• Automatic node numbering 

• Stages referenced to one megohm (MW) resistor 
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SPICE Macromodels  

• G. Boyle, B. Cohn, D. Pederson, J. Solomon, “Macromodeling of 
Integrated Circuit Operational Amplifiers”, IEEE Journal of Solid-
State Circuits, Vol. SC-9, No. 6, Dec. 1974, Pp. 353-363 

o Dominant and second real pole 

o A commercial vendor macromodel adapted to illustrate a 
general behavioral macromodel generation strategy 

o Strategy can be applied to high-speed networks 

• Cascaded SPICE elements are common practice from several 
vendors, but some macromodels use: 

o Real left-hand plane (LHP) poles and zeros 

o No right-hand plane (RHP) zeros 

o No complex poles or zeros 

o Extractions often based on frequency domain magnitude and 
phase measurements 
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Networks 

• Basic Stages (simple poles and zeros or 

combinations) 

• Constructed Stages (combining several basic 

networks for an overall set of poles and zeros 

• Utility Networks for pole/zero cancelation 

• All-pass Networks for cancellations 

• Efficiencies relative to a single-pole stage 

(combined P+Z stages usually more efficient) 

o Parts per pole+zero relative to 3.0 

o Nodes per pole+zero relative to 1.0 
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Basic Stages 
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Basic Stages 
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Real Pole 



Basic Stages (Continued) 
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Constructed Stages 

9 



Utility Networks and 

Combinations for Construction 
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Utility Networks for Construction 
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Utility Networks (Continued) 
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p2 = 1/RC 



All-Pass Networks (Mirrored P/Z) 
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Open Loop (OL) AC Model from 

Closed Loop (CL) Response 
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A(s) 

Vin    + Vout 

– 
R2 

R1 

Extracted H(s) = Vout/Vin from 

time response = N(s)/D(s) 

 

G = (R1 + R2)/R1 

 

H(s) = A(s)/[1 + A(s)/G] 

 

A(s) = H(s) + H(s)A(s)/G 

A(s) = H(s)/[1 – H(s)/G] 

 

A(s) = [N(s)/D(s)]/[1 – N(s)/GD(s)] 

A(s) = N(s)/[D(s) – N(s)/G] 

 

Poles and zeros of A(s) produces 

OL AC Model 



Operational Amplifier 

AC Model Example 
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Open Loop Poles and Zeros Closed Loop Samples 

and Response 
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Generated 

SPICE 

Macromodel 

Poles and zeros 

shown in radians 

and MHz in the 

macromodel 



Low Frequency Pole 
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5 Poles, 5 Zeros, 4 Cancelled P/Z 
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Cancellation 

(9) 

(14) 

(2) 

(12) 

(11) 

Cancellation 



Last Pole and Last Stages 
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Build Strategy Demonstrated 

• Sort (by magnitude) poles and zeros in four bins: 

o Real poles (lowest may be in early stage of operational 

amplifier) 

o Complex-conjugate poles 

o Real zeros 

o Complex-conjugate zeros 

• Model complex-conjugate RHP zeros by all-pass networks 14 

or 13 and then in priority order use 9, 8, 7, and 6 

• Model real zeros in priority order 5, 4, and 2 

• Model remaining poles by 3 and 1 

• Apply pole/zero cancellation for any “new” or “fixed” poles or 

zeros 
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Frequency Plots from 

Laplace Transform 
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“SS” is small signal 



Conclusion 

• SPICE macromodel generation strategy shown using 

unity gain, cascaded RLC pole and zero stages 

• Pole/zero cancellation is effective for adding RHP 

zeros 

• Operational amplifier macromodel illustrates the 

process 

• Process can be applied to any macromodel 

including those for high-speed applications 
 

22 


