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Overview – Results from the ANASTASIA+ Project 

n Top-Down Design-Flow

n Symbolic Circuit Analysis and Automated Generation of 
Behavioral Models

n Reuse-Oriented Analog Design Flow

n Sizing and Yield Optimization (Flow, Techniques & Example)

n A Vision
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Top-Down Design-Flow Incorporating Bottom-Up Knowledge 
and Backannotation of Low-Level Effects
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dig. block level

module ctrl (ct, data, load, clk, rst);

output [4:0] ct;
input [4:0] data;
input load, clk, rst;
reg [4:0] ct;

always @(rst)
if (!rst)

ct = #3 0;

always @(posedge clk)
if (rst)
if (load)

ct = #3 data;
else
ct = #4 ct + 1;

endmodule

std. cell/transistor 
level
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Sizing, Design 
Centering, Yield Opt

Symbolic Analysis & 
Modeling

From Block Specification to Sized Circuit Topology
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Symbolic Analysis 

n Insight into circuit behavior –
how does the circuit work?

n Why does the circuit not work?

n Which elements cause circuit 
failure?
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Who Answers these Questions?

How does the circuit work?  
How do the elements influence circuit behavior? („Insights“)

Today: Manually by 
tedious hand-calculations C1
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Who Answers these Questions?
How does the circuit work? („Insights“)

Today:
Let 

Read the 
netlist from 
Composer

Let AI set up 
equations

Let AI solve 
equations

Analog Insydes
do circuit analysis
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Op Amp Schematic - Demo for New Algorithm/Tool

Circuit Examples
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Op Amp Schematic - Real World Example

Circuit Examples
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Folded Cascode CMOS Opamp (C10) 
Failure Analysis by Symbolic Analysis (Analog Insydes)

n Resonance peak near 10 MHz: Why?

n Full symbolic transfer function has 
more than 5*1019 terms 
è printed 2.5*1014 pages 
è 25 Giga km books ~ 1 light-day!!!

n Breakthrough: Symbolic approximation
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Failure Analysis: Transient Response (Unity Gain)

Initial design

after failure 
analysis
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Automated Generation of Behavioral Models

nonlinear model / equations
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Analog & RF specified dataAnalog & RF specified data

nn noisenoise

nn distortiondistortion

nn signalsignal--toto--noisenoise

nn signalsignal--toto--distortiondistortion

nn power supply rejection ratiopower supply rejection ratio

nn common mode rejection ratiocommon mode rejection ratio

nn slew rate (linear dominated)slew rate (linear dominated)

nn slew rate (nonlinear dynamic)slew rate (nonlinear dynamic)

nn bandwidthbandwidth

nn gain [gain [F(frequencyF(frequency, load, bias,..)], load, bias,..)]

nn phase marginphase margin

nn gain margingain margin

nn offsetoffset

nn resolutionresolution

nn spurious free dynamic rangespurious free dynamic range

nn noise figurenoise figure

nn IP2IP2

nn IP3IP3

nn 1dB compression point1dB compression point

nn phase noisephase noise

nn bandwidthbandwidth

nn gain @ frequencygain @ frequency

nn gain over loadgain over load

Challenges

State-of-the-Art : Symbolic analysis

Available for industrial application 
(based on linear analysis)

Topic of research/under development 
(nonlinear analysis)
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Analog Circuit Analog Circuit SynthesisSynthesis

Analog Synthesis

Knowledge based

n Basic idea: solve circuit design equations 
(W, L, R, C,..) = F (gain, bandwidth, ...)

n Examples: IDAC, OASYS, MIDAS

Optimization - equation based

n Basic idea: run optimizer over simplified circuit  behavior
equations (gain, BW) = F (W, L, R,..)

n Examples: DONALD & ISAAC

Optimization - ‘Spice’ based (brute force)

n Basic idea: optimization based on Spice runs

n Examples:  ASTRX / OBLX , some commercial tools

SizingSizing
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M1

M5

M6

M2
M1

Sizing, Yield Analysis, and Design Centering

I let the sizing engine determine W1,

and minimize area and power

I know my topology and specs
I know how to measure my specs 
with SPICE (testbench, characterization)

W2, W3, W4...

and optimize robustness
and yield!

I know how the circuit works

Original idea by Neolinear Inc.
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Sizing and Optimization Flow

Choose a circuit topologyChoose a circuit topology

Set up sizing constraintsSet up sizing constraints

Analyze and optimize yieldAnalyze and optimize yield

Size the design (nominal)Size the design (nominal)

Configure testbenchesConfigure testbenches

Sized Schematic...
To Layout

Circuit Specs

Define circuit goals (characterization)Define circuit goals (characterization)

M1

M5

M6

M2

M2.w = M1.w,
M2.l = M1.l, ...

A0 > 80 dB, PM > 60, 
Slewrate > 1 V/µs, ...

Original idea by Neolinear Inc.
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Research Result: Sizing Rules (Current Mirror)
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Structural analysis: Folded-Cascode-OpAmp

Differential stage 
(Type 4)

Cascode-CM -bank

Cascode-CM

Differential pair

≈ 30 equations
+ 160 inequalities
= 190 sizing constraints

CM(-bank)

Simple CM
Levelshifter

Voltage ref 1

Current mirror load

4-transistor-CM

Levelshifter(-bank)
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Sizing using Sizing Rules

2.040705575Goal

0.44358100Initial
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[mW]

SRP
[V/µs]

PHM [o]fT [MHz]A0 [dB]Performances

yes

126
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no

45

0

withSizing Rules / Constraints

# violated specs (operating regions)

# simulations (incl. sensitivity)

# violated sizing rules

without
sizing rules

with

Physically meaningful element sizing

Shorten design time

Improved robustness
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Definitions for Design Centering

θ2

θ1

θ0

Tθ

β2(s) = (s - s0)T C-1 (s - s0)

s1

s2

s0

n Design parameters d (e.g. width, length):

– Can be tuned by the circuit designer

n Statistical parameters s (e.g. tox):

– Describe the process variations

n Operational parameters θ (e.g. VDD):

– Describe the operating conditions

n Specifications f (e.g. gain, bandwidth, 
input impedance, area ...)
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Generation of a random 
set of N elements; 

Grading elements as 
“good” and “violated”

Monte-Carlo Analysis

s1

s2

s0 Boundary of a spec
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Worst-Case Point sw and Worst-Case Distance βW

s1

The worst-case point sw is 
defined as the set of process 
parameters with the largest 
density of probability for faulty 
circuits w.r.t. a selected 
performance

sw

s2

s0

βW defines the 
worst-case distance (WCD)

βW

Y
βW

32.3%

0 1 2 3

50.0% 99.9%67.7% 84.1%

-1Yield estimation
[Antreich TCAD ‘94]
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Cost Comparison: Yield Analysis with WCD vs. Monte-Carlo

2 3 4 5 6 7

100

10.000

1 Mio

100 Mio

10 Billion

wß

# 
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ti

o
n

s

Monte-Carlo

Yield analysis with WCDs

Advantage WCD: more efficient and accurate than MC for yield > 3σ
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Benchmark Example: CMOS Folded-Cascode Amplifier
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Tasks

1. Starting point – nominal design

n Nominal sizing using NeoCircuit 1.2 (NeoLinear Inc.)

n 4 corners: LVLT, LVHT, HVLT, HVHT

– LV = 1,4V, HV = 1.6V, nominal = 1.5V, 

– LT = 0°C, HT = 50°C, nominal = 27°C

n Operating regions of transistors as constraints 
(specs must  be satisfied for all corners) 

2. Analysis und optimization using WiCkeD (MunEDA)

n Yield analysis of nominal sized circuit : 96% = 1.7σ-design

n Goal: Optimize yield using WiCkeD
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Specifications & Performances of Nominal Design (NeoCircuit)

Performance Specification Initial 

Supply voltage 1.5 V  

Load 10 M?  || 10 pF  

DC Gain > 80 dB (maximize!) 96.75 dB 
Gain margin > 10 10.73 

Phase margin > 60° 74.8° 

Unity-gain frequency > 1 MHz (maximize!) 2.55 MHz 

Slew rate > 0.5 V/µs (maximize!) 1.61 V/µs 

Overshoot < 10 mV 0 mV 
Power < 300 µW (minimize!) 80.6 µW 
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Analysis and Optimization Flow

0.    Start WiCkeD
1. Nominal-Simulation
2. Sensitivity analysis
3. Monte Carlo (yield of nominal design)
4. Tolerance analysis (WCDs)
5. Yield optimization based on tolerance 

analysis 
6. Monte Carlo (verification of yield 

estimation)
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Automatic Structure Recognition  Results

n Results of 
automatic structure 
recognition



9/12/02
Page 29

Dr. Ralf Sommer
CL DAT DFA AMF

Yield Analysis of Nominal Design by Monte Carlo

n MC Analysis of Nominal Design Ô 96% yield, 
dominated by gain margin
Remark: Nominal design is quite a good starting point!
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Determination of WCDs in Nominal Design

n Tolerance 
analysis

 Advantage: more 
efficient and 
accurate than MC 
for yield > 3σ
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Design Centering based on Linearized Performance Model 
using WCDs (automatic/manual)

n all WCDs
normalized

n New yield 
estimation:
~ 100% (4σ)!

4σ



9/12/02
Page 32

Dr. Ralf Sommer
CL DAT DFA AMF

Verification of Centered Design by Monte Carlo
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Simulation Results: Nominal vs. Yield Optimized Design

Nearly no deviation in circuit performance, but yield 
improvement from 96% to 100%



9/12/02
Page 34

Dr. Ralf Sommer
CL DAT DFA AMF

Hierarchical Sizing: Bringing Together ABM and Sizing

circuit level

…,l,w 11

≈ 20 circuit parameters

8 circuit-level properties/specs
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Hierarchical Sizing: Bringing Together ABM and Sizing

circuit level

…,l,w 11

≈ 20 circuit parameters

8 circuit-level properties/specs
…,f, τ

6
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Reuse-Oriented Hierarchical Analog Design Flow

Topology
database

unsized
schematic

sizing
constraints

Constraint &
specification

entry

Layout 
verification

Layout generation

sized
circuit

layout

Yield analysis

Behavioral model
(generation)

W/L, R, C := f(specs)

Sizing engine

specs = fsimp(W/L, R, C)

Hierarchical sizing & optimization

to higher level
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Global
Optimization

Engine

Local
Optimization

Engine

Sensitivity
Analysis

Yield Analysis
and Design
Centering

Statistical
Analysis

Symbolic
Analysis
Engine

A Vision:
Seamless Flow Integration – Analysis Management Cockpit 

Analog Artist
AA & Composer

Cockpit  (constraints & characterization)

Gain    60dB
UGF  74MHz       
Phase  60o

THD 1%
…

Fully sized, 
robust circuit

co
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t s
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ec 

sh
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Circuit data,
constraints
(reusable, 
also  for layout)

Specs

Rem.: Most parts of this vision are already reality: Graphs taken from NeoCircuit (Neolinear Inc.).  
Original idea by Neolinear Inc.


