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Overview — Results from the ANASTASIA+ Project

B Top-Down Design-Flow

B Symbolic Circuit Analysis and Automated Generation of
Behavioral Models

B Reuse-Oriented Analog Design Flow
B Sizing and Yield Optimization (Flow, Techniques & Example)
B AVision
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Top-Down Design-Flow Incorporating Bottom-Up Knowledge
and Backannotation of Low-Level Effects
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Symbolic Analysis

B Insight into circuit behavior —

how does the circuit work? M
. . I
B Why does the circuit not work? -
B Which elements cause circuit Y.;|
failure?
IBiAS
o Mg |
6 ~
é"i N
H[s] = gn$M2 gn$ME M NL
Dr. Ralf S -
D Relf Sommes (GISSMR + GlsSML) (RISSMG + GIsVF) + QCgn$Ve S
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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 V"K) & —_— —

Nede 4. T, %@f 72
%

/D&GLQZ:&@,’@“%@ o @f?:
/ S

Nood ¢ o, AN SOIVE them :
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Who Answers these Questions?

How does the circuit work? (,Insights®)

Today:
Let
Analog Insydes

do circuit analysis

m Voltage Divider ({ Basics )

1

Ok

Rl

R2

<< AnalogInsydes”

YoltageDivider =
Netlist | Read the
{vo, {1, 0}, w0}, .
(®L, {1, 2], R1}, netlist from
(e 9 R Composer
eqs = CircuitEquations [YoltageDivider] //f DisplayForm
L - L
moH Vel )| Let Al set up
_R_ll P:l_l é ol-| vs2 1] .
1 0 p) ‘IO Vo equatlons
Solveleqs, ¥§82]
((vsz > F2V0 4y Let Al solve
o equations :
100% ~ 4] | v
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Op Amp Schematic - Demo for New Algorithm/Tool
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Op Amp Schematic - Real World Example

T
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CMF
Fig. 4. Overall amplifier schematic.
Dr. Ralf Somr.._.
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Folded Cascode CMOS Opamp (C10)
Failure Analysis by Symbolic Analysis (Analog Insydes)

B Resonance peak near 10 MHz: Why?

] i ]
w = ; E%jl B Full symbolic transfer function has

more than 5+101° terms

(ﬁ => printed 2.5-101% pages
ket i => 25 Giga km books ~ 1 light-day!!!
et N B Breakthrough: Symbolic approximation
= i
Automated P
derivation of N w
symbolic ‘ Stability:
expression increase
here: i Cos_mpis §
parasitic . o L
pole pair ER

(CCO + CL) gnBVNG
2 CCO CL

0 102

4/ Cgs$MP15 g VNG

Cgs$MP15|(CCO + CL)2 gnBMN6 - 4 CC02 CL gnsMP15)

2 CCO Cgs$MP15 CL
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Failure Analysis: Transient Response (Unity Gain)

rﬂ Waveform Window — Affirma Analog Circuit Design Environment {1}
Active 4
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Automated Generation of Behavioral Models

<
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Analog & RF specified data

noise

distortion

signal-to-noise
signal-to-distortion

power supply rejection ratio
common mode rejection ratio
slew rate (linear dominated)
slew rate (nonlinear dynamic)
bandwidth

gain [F(frequency, load, bias,..)]
phase margin

gain margin

offset

resolution

spurious free dynamic range

noise figure

P2

IP3

1dB compression point
phase noise

bandwidth

gain @ frequency

gain over load
State-of-the-Art : Symbolic analysis

Avallable for industrial application
(based on linear analysis)

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

Knowledge based

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

B Examples: IDAC, OASYS, MIDAS
Optimization - equation based

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

B Examples: DONALD & ISAAC

Optimization - ‘Spice’ based (brute force)

B Basic idea: optimization based on Spice runs

B Examples: ASTRX/OBLX , some commercial tools

Dr. Ralf Sommer
CL DAT DFA AMF
9/12/02
Page 14
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| know my topology and specs

| kKnow how to measure my specs
with SPICE (testbench, characterization)

| know how the circuit works
| let the sizing engine determine W1,
W2, W3, W4...
and minimize area and power
and optimize robustness

Dr. Ralf Sommer
CL DAT DFA AMF
9/12/02

Page 15 Original idea by Neolinear Inc.
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Sizing and Optimization Flow

Circuit Specs ‘
Choose a circuit topology %}B

Configure testbenches

M2.w = M1.w,
Set up sizing constraints VRNV kN .

A0 > 80 dB, PM > 60,

Define circuit goals (characterization)
Slewrate > 1 V/ns, ...

Size the design (nominal)

Analyze and optimize yield

2d Schematic...
To Layout

Original idea by Neolinear Inc.
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l,

R
= 3
T T =K,
geometrical electrical
g Ll = L2 (1) ‘VdSZ - Vdsl‘ £ Dvds,max (9)
g K :Wz (2) Vis1,2 ~ (Vgsl,2 ) Vth1,2 )3 Veamn (10,11)
= W, Vdsl,23 O; Vigs1,2” Vth1,23 0 (12-15)
7 ;
Q I—1,2 >W1,2 Anmin (3,4)
c
*g L1,2 3 I—min (516) Vgs B Vth1,2 ° Vgsmin (16117)
g W1,2 3 Wmin (7’8)
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Structural analysis: Folded-Cascode-OpAmp

Voltage ref 1

Current mirror load
Simple CM

B W | evelshifter

I M Differential pair

Dr. Ralf Sommer » 30 equations

CL DAT DFA AMF . .
9/12/02 + 160 inequalities

Page 18 =190 sizing constraints



Sizing using Sizing Rules

l:H l:l:' Plé C reufl o} A0 [dB]

=) I"'é 0 HH&H
: L":L _|:||-| L 5 o 7 |
I = T-|':| L o | 2 // \évllztlf;](; urtu|es
HC HD '-"j- 5y e VAdDV]

Sizing Rules / Constraints without
# violated sizing rules 7
#sim

# viol
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Definitions for Design Centering

B Design parameters d (e.g. width, length): b2(s) = (s - S

— Can be tuned by the circuit designer

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

— Describe the process variations

B Operational parameters ( (e.g. Vpp):

— Describe the operating conditions

B Specifications f (e.g. gain, bandwidth,
Input impedance, area ...)

S,|

(

)T Cl(s-sy

0, ¢

o
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Monte-Carlo Analysis

Generation of a random
set of N elements;

Grading elements as

“good” and “violated”

Boundary of a spec

Dr. Ralf Sommer >
CL DAT DFA AMF s
9/12/02 1
Page 21
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Worst-Case Point s, and Worst-Case Distance B,

SAZ The worst-case point s, is

defined as the set of process
parameters with the largest
density of probability for faulty
circuits w.r.t. a selected
performance

B,y defines the
worst-case distance (WCD)

e S1
Dr. Ralf Sommer Yield estimation ﬂwl -1 | O | 1 | 2 | 3

CL DAT DFA AMF

g1202 [Antreich TCAD "94] Y |32.3%| 50.0% | 67.7% | 84.1% | 99.9%
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Cost Comparison: Yield Analysis with WCD vs. Monte-Carlo

10 Billion—

100 Mio —
(7))
_S Monte-Carlo
T 1Mo —
-
£
%)
+ 10.000 —

100 _Lr‘/ I | I I | |
2 3 4 5 6 7 R

w

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

]
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Tasks

1.

Starting point — nominal design
Nominal sizing using NeoCircuit 1.2 (NeoLinear Inc.)

4 corners: LVLT, LVHT, HVLT, HVHT
— Lv=1,4V,HV =1.6V, nominal = 1.5V,
— LT =0°C, HT =50°C, nominal = 27°C

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

Analysis und optimization using WiCkeD (MunEDA)
Yield analysis of nominal sized circuit : 96% = 1.7s-design
Goal: Optimize yield using WiCkeD
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Specifications & Performances of Nominal Design (NeoCircuit)

Performance
Supply voltage

Load

DC Gain

Gain margin

Phase margin
Unity-gain frequency
Slew rate

Overshoot
Power

Specification

1.5V

10 M? || 10 pF

> 80 dB (maximize!)

> 10

> 60°

> 1 MHz (maximize!)
> 0.5 V/us (maximize!)
<10 mV

< 300 pW (minimize!)

Initial

96.75 dB
10.73
74.8°
2.55 MHz
1.61 V/us
0 mV
80.6 pw
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Analysis and Optimization Flow

]

Main—History

Sta't WiCkeD
No' ninal-Simulation
Se.nsitivity analysis

IV.onte Carlo (yield of nominal design)
“‘olerance analysis (WCDs)

Yield optimization based on tolerance
analysis

Monte Carlo (verification of yield
estimation)
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Automatic Structure Recognition Results

NMOS (3 pins)
PMOS (3 pins)
NMOS (4 pins)

PMOS {4 pins)

"ifxdewvsymhol © ntrans]
"ifxdewaymbol o ptrans
"ifxdewsymbol © bntrans

"ifxdevsymbol c_bptrans

Capacitor "ifxdevsymbol cap_sim't
Resistor "ifxdevsymbol res sim"
Which structures should be recognized ¥ B Al Structures

B HNSimpleCurrentiMirror @ PSimple Currentiitror # NDifferential Pair
B PDifferential Pair

B HLevelShifter B Plevelshifter

Dr. Ralf Sommer
CL DAT DFA AMF

9/12/02
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oK

Cancel

I Ll cliWaoun oun

PDifferential Pair

MLevelshifter
MLevelShifter
MLevelShifter
HLevelShifter
HLevelshifter
HLevelShifter
FPLevelShifter
PLevelShifter
PLevelShifter
PLevelShifter
PLevelShifter
PLevelShifter
FPLevelShifter
PLevelShifter

g Structure Detection
OK | Cancel Help
Device Library Cell

B Results of
automatic structure
recognition

Help

AP TR PP AP

fDUCIPE fDUCIM 2
fl3fM4 N 3fHE6
fM3fM4 N 3/HE
fM3fM4 M3H1
{DUCIH4 [DUCIHE
fDUCIH4 FDUCIHE
fDUCIHNG FDUCIHT
M3FT M3PF
M3FF M3
M3F7 M3rm
fM3fP3 M 3/P6
fDUCIM 7 FDUCIP?
DUCIP 7 fDUCIPI
fDUCIF T FDUCIM
fDUCIPa DUCIPE
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B MC Analysis of Nominal Design = 96% vyield,
dominated by gain margin
Remark: Nominal design is quite a good starting point!

(=] Monte—Carlo (Node 3)

gy ¥
w File Analysis Help m

Display
Yields
Mean Values
Correlations
Sensitivities {pie)
Sensitivities (bar)
Margin Distributions
Performance Distributions J_
Parameter Influences
— S2' 3o 3ZE 32§ S, 2D
Change Specifications o o= o35 o - = S
S = S = o= o =35
o o= o'y =] g o3 (=
m = £ = I [
Variation of the Yield
-
Dr. Ralf Sommer o4 oUW ou o o8B @ o0 O
o8 o2 o oY o wi ws ol
CL DAT DFA AMF 8s 8: 85 82 88 Hz 88 23
5= S S = S= o3 wZ o S5
[ o= =¥ =] % Sz Qs = (=3
9/12/02 e

Page 29
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Determination of WCDs in Nominal Design

B Tolerance
analysis

Advantage: more

efficient and

accurate than MC

for yield > 3s

i

Tolerance Diagnosis (Node 47

% File Masking Simulation Options

&

Find Feasible Point

Explore Dependencies

Parameter Dependency

WCD Dependency

Relevant Parameters

Predict Changes
Drociat Diolt

Tolerance Analysis (Node 4)

=

& File Analysis Options

il ~ € TE &

Power Upper 300 u
gain Lower g0
ugf Lower 1 meg
phaseMargin Lower 60
gainMargin Lower 10 —»
Overshoot Upper 10 m —
sR Lower 500 k

IA" analyses finished.

{5.020)
(6.727)
(5.321)
(7.520)
1.706
0.569
{5.050)

{100.000)
{100.000)
(100.000)
(100.000)
95603
71525

RSN

{100.000)

Parameter Values

1=

B | ) E—

9/12/02
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Reset Parameters

NEN SES g SES pEE MIM JIZ BIB 434 SES AR S-S LGk D
gtz £3e 538 ;g;-fg-fggg SEC BhE 3=z B8228gsiz B s SE5
=U’|== =§§E Eg g: :g?: = = = = = = = = :'5'5;;

Change WP15 by delfa

0.00000
I JA
WCD Values
iy
o PO @g & g 9 WT oW &g &4 09 S5 2og O
RER 323 BEKB BER XEX Bs & B8
Il g Z z g =t =
§ E g 5 E =3 =
2 H [ =
- B =
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Design Centering based on Linearized Performance Model
using WCDs (automatic/manual)

Tolerance Diagnosis (Node 4)

File Masking Simulation Options

&

Find Feasible Point

|

Explore Dependencies

Parameter Dependency
WCD Dependency

Relevant Parameters

Predict Changes

Parameter Values

ﬂnilﬂjﬂnnlnnnnj

Predict Delta Mew SrFre Sea oS NE- == BT =0 SCS M a == en
e e I P P I P
PredictSteep =m==ﬂ"=g ] gg“gcmgghgc = £ = =££ E£ =% 74
Find Independent WCD Change
Set Goals for Worst—Case Distances . .
Choose your trust region for improvement:
1.060(
Steepest Yield Improvement I L
WCD Values

4s

‘ Reset Parameters

s

Jaddn samod

[I1]

££9

f

A3no| une

o'r

s

Janof Jbn

o'r

5L

[T mEnepaseyd

o'r

[ 8

e & = g &
g = = 2 =
& 5
£ Z
T g

s

Aano

Hm all WCDs
normalized

B New yield
estimation:
~ 100% (4s)!
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Verification of Centered Design by Monte Carlo

J"'LI

Monte—Carlo (Node 7)

e
» File Analysis

Display

Yields

Mean Values

Correlations

Sensitivities (pie)

Sensitivities (bar)

Margin Distributions

Performance Distributions

Help

&

Yields [%]

Parameter Influences - - 0 oy _—r. — 0 =0 aw
— on [=Ne] (=} [=1a] o= (=28 (= (=R
Change Specifications 2 &5 o= e3 2= =5 o3 ] O
= (=2 (=T oF =31 oz (=2 =3
" < - J_'LI Tolerance Analysis (Node 5)
Variation o ; -
* File Analysis Options “ 7('/ é n-[f-Eﬁ @
_ LS W
Power Upper 300 u (5.084) (100.000) .
gain Lewer 80 — 6.690 100.000 W
ugf Lewer 1 meg (5.261) (100.000) .
= (=T o (== ;
3 ) 3 g S %_ 82‘ phaseMargin Lewer 60 (6.473) (100.000) .
Dr. Ral = T,_( S 8% 8% gainMargin Lower 10 — 4.086 99.998 v
. = _ =
CL DAT| " = = ~ Overshoot Upper 10 m (5.900) (100.000) ./~
9/12702 sh Lower 500 k — 4.906 100.000 W
Page 32 -
I;illl analyses finished.
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180G

benchmark testhench_all schematic : Overlaid Results
Transient Response il AC Response
a; Jfout v, dBZ2AHVF" fout_aoc'"
1.8 - Jout 196 - dB2ACVFL fout_oc™”
i I
] BE. I —
0@ ! \\
¥ i e [
C H [
=. w 208 : =~
BAGr -28.8 [
- ; AN
_ / —60.8 o ™~
- Fo
= 78@m L a; phase{VF("out_ac”
— L pap 0 phassWF("out_ac”
_ ] =
EAG 1 — 168 \+_
. o _ 3G ‘\
; _|i = \
SAdm ) — \‘\h‘
r — 30 o
AATE — 4
2.9 508N 1.8u 1.5u 2.8u 192 18K 1M 182
time [ 5} freq { Hz )

4

Nearly no deviation in circuit performance, but yield
iImprovement from 96% to 100%
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Hierarchical Sizing: Bringing Together ABM and Sizing

circuit simulation without BM » 20h

optimization » weeks ™

‘llll"‘-‘ . . .

3 system-level properties

Z,TL,

Wn ref_in

sizing |simu|ation

v

14 system parameters

f,t,... “\
\

PLL

system level

[DIV]

HDL

\

» 20 circuit parameters

\ —
8 circuit-level properties/specs circuit level LF
f,t,... CCO oD
: ctrl_in r 6
sizing |simu|ation % H —r .y

Wl,ll,




o
!nflneon

echnologies

Dr. Ralf Sommer
CL DAT DFA AMF
9/12/02
Page 35

Hierarchical Sizing: Bringing Together ABM and Sizing
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to higher level

l —
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Layout
verification




@ A Vision:
——  Seamless Flow Integration — Analysis Management Cockpit

.....

Fully sized,
robust circuit

»

Circuit data,
constraints
(reusable,

also for layout)

PR

oL

Specs

es | variables | Sinuiat s | Computations | Goals |

he s value:
Avallable Variales

C_compensation |41

Gain 60dB
UGF  74MHz
Phase 60°
THD 1%
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Page 37 Rem.: Most parts of this vision are already reality: Graphs taken from NeoCircuit (Neolinear Inc.).
Original idea by Neolinear Inc.



