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MOTIVATION
ANALOG IC Design and CAD tools

INSTITUICOES ASSOCIADAS

=

Are available to handle typical
design flows

Cadence and HSPICE are
Schematic and simulation oriented

Designers need to apply their
expertise for simulation and
resizing which is largely crafted by
hand

Assisted simulation and resizing is
considered the most time
consuming process

Lack of commercial DA tools at
both circuit and layout—level
synthesis.
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ANALOG IC DA: OVERVIEW (CIRCUIT-LEVEL SYNTHESIS)

INSTITUICOES ASSOCIADAS:

Tools and Methods Evolution

|
De Bernardinis
| °

5  January 16, 2019

| | [} |
Numerical i i i |
Model ! ! | ‘ |
% w | | Wolfe  Alpaydin Giglen Pradhan |
e | | | e | ® |
3 i i i i !
B [Simulation i FASY ANACONDA i
<& i i i i Alpaydin | Castro-Lopez i
- \ \ FRIDGE MEALSTROM '
§ i Delight Spice:a 'GT T qo‘]n’o
°
oQ 1 1 l Koza! Sripramong | *
- \ \ \ * * : #*Shoou-Jinn :
S i i i ) i : Y. Hun‘gyillg
S | “doix ‘ ' ‘
| |[Equation ' MINLP AMGIE ! ‘
: o T et | =
=3 OPASYN
o i . i GPCA | | Kuo-Hsuan
| | | | |
| | DARWIN | I .
i SSTQIC T i Legend: | :
: BLADES * ' |
o i x| E iSY i * Cell-Level Topology Tool i
S | OASYS Aar ! e Cell-Level Sizing Tool |
% @ | x ! ; + Cell-Level Layout Tool !
Z o i | ISAID | ‘ :
S | ILAC/IDAC | | | }
i I i i i f
1985 1990 1995 2000 2005 2010

instituto de
telecomunicacées




ANALOG IC DA: OVERVIEW (LAYOUT-LEVEL SYNTHESIS)

Tools and Methods Evolution
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CASE STUDIES

AIDA —-Analog IC Design Automation Environment (1 of 3)

* AIDA results from the integration of

AlDA GENOM-POF and LAYGEN-II
DESIGN GENOM_POF
J—> CirClr.l]it-Iécsai\éel - . . .
%[‘ g - t; _  GENOM-POF: Circuit-Level Synthesis
ecs. 5]
DATABASE LAYGENIL | i ® Multi-objective Multi-constraint
A T Genration | & Optimization-based Approach
Topology ® Robust design: Corners validation

Template -

and Electrical Simulation

Extraction
DESIGN KIT
Module
Generator
Desing Rules

VALIDATION

* LAYGEN II: Layout-Level Generation

¢ Template-based Approach

® DRC proved fully automated layout
generation
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CASE STUDIES

AIDA —-Analog IC Design Automation Environment (2 of 3)

* LEVEL of AUTOMATION

A1 DA ® from circuit to layout
DESIGN GENOM_POF
%‘, J—> Circuit-Level ]
- " Sy”t;es's _ * DOMAIN and PROBLEM COMPLEXITY
pecs. ]
LAYGENII | @ ® circuit synthesis and layout generation
DATABASE Layout " o L :
Doy g > Generation | & optimization problem complexity (CL) —
Topology modified NSGA-II Kernel
T ¢ circuit complexity (CL) — SVM models
DESIGN KIT to prune search space
i qeﬁ“e:fi?é? VALIDATION * optimization problem complexity (LL) —
e Hierarchical Template Descrip.

® circuit complexity (LL) — built-in DRC
evaluation engine
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CASE STUDIES

AIDA —-AnalogIC Design Automation Environment (3 of 3)

e SOLUTION ROBUSTNESS

A1 DA ® account to extreme variations (CL) -
DESIGN GENOM_POF corners validation
Circuit-Level [« .
% [ —»]  synthesis ® parametric module generator (LL)
Z . - . . .
opece: - AY!EN — & * multi-objective multi-constraint
DATABASE Layout o optimization kernels (CL, LL)
%« D@ ™™ Generation 2
Topology
T late -
e * DESIGNER INTERFACE
DESIGN KIT Extraction o )
i file level (CL)
Generator ® GUIin Java™ (LL)
Desing Rules

 DEGREE of INTEGRATION with Ctools

® standard Spice like netlists as entry
¢ standard GDSII file as output
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CS1: Circuit-Level Synthesis - GENOM-POF (1 of 3)

Design-Specs

<3
INPUTS DESIGN STRATEGIES NSGA2 IS . Vet Vdd%
KERNEL K] \%F)’_/ b — Vbpc \’Ld Vbp El 1
t || o= e T
Circuit K] <HN f iﬁﬂc vu{
Testbench "‘ g&/"%))() | » | 3 ——<lM7 mgl— " i
Specs F . e g}—mb Vs
vy ag o o M2 e M9 M1 O L J1bp
f\m(X) 1 d i in al
o0 [Tl o i :LIF s FU—
L bl o Maf L iviamazie | VP
< - o vb
Sized |l rj Corner POF ™ § F T = E%VSS
Circ;‘(i)t: " Typical POF vss -
single-ended folded cascode amplifier circuit testbench
Constraints Measure Target Units  Description
Performance gh =24 MHz  Unit-gain frequency .
I B pean * INPUT to CL Synthesis
ST =10 Vius  Slew Rate . . . .
pm  55<pm=90 °  Phase margin ® circuit and testbench description
Functional ~— ov! =25 mv Vs -Vt ° L
e VIV (Vds— Vdsa/Vdsat search space definition
osp =03 v . . . .
om  £-0.3 v ® optimization variable ranges
Objectives  area minimize um? Area
0 maximize B DCGain : ® optimization problem definition
! The constraint applies to: M1, M4, M3, M7. M9 and M11
. -
R T T D 37773 Bery et performance constraints
17,19,111 w7, w9, wll ® . .
Moc 080c6  4000c o0 00 o4 functional constraints

Min.  0.12e-6 0.24e-6 30 -0.4 0.0
The variables 11 and w1 are dimensions of M1 and M2: 14 and w4 of M4:15 and w3 of M3 and M6: 17

@ and w7 of M7 and M8; 19 and w9 of M9 and M10: 111 and w11 of M11 and M12.
INSTITUTO 2
12 January 16, 2019 :00 | , ;
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CS1: Circuit-Level Synthesis - GENOM-POF (2 of 3)

INSTITUICOES ASSOCIADAS:

TECNICO

Multi-Objective Evolutionary Optimization Kernel

find x that minimize f,, (x) m=12,..M

subject to g; (x) >0 j=12,..J

T

x;-L < X; Sx? i=12,..N

Constraints Measure Target Units Description

Performance gb =24 MHz  Unit-gain frequency
a0 =20 dB DC Gain
ST =10 V/ps  Slew Rate
pm 55=pm=9%0 ° Phase margin
Functional ~ ov! =25 mV Ves -Vt
d! >1.15 VIV (Vds — Vdsat)/Vdsat
osp >03 v
0osn <-0.3 \'%
Objectives  area minimize pm? Area
a0 maximize dB DC Gain

a
! The constraint applies to: M1, M4, M3, M7, M9 and M11

Var. 11,14,15, wl, w4, w5, Ib [uA]  en[V] cep[V]
17.19,111 w7, w9, wll

Max.  0.80e-6 400.0e-6 500 0.0 0.4

Min.  0.12e-6 0.24¢-6 30 -0.4 0.0

The variables 11 and w1 are dimensions of M1 and M2; 14 and w4 of M4; 15 and w3 of M3 and M6; 17
and w7 of M7 and M®; 19 and w9 of M9 and M10; 111 and w1l of M11 and M12.
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-af [dB]

iTgpical Phase {1688 gen,) —+—
. Corner Phase (188 gen.} —+—

5 18 15 28 25 38
area [un2]

Optimization Kernel

® Modified NSGA-II
® Phase 1: Typical Optimization
® Phase 2: Corners Optimization

POF (Pareto Optimal Front)

® Each POF pointis a optimal
sized circuit (Time [s] = 227 (226 sim)!!)
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CS1: Circuit-Level Synthesis - GENOM-POF (3 of 3)

Tracking Optimization Process

gen 90 —+— T ho{a) ‘4.7 ;

on 16 121 hifg) —— 1
e Convergence Measures * NSGA-II Parameters
® POF area ® Population size
® number of POF elements ® Crossover

® Mutation
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CS2: Layout-Level Synthesis - LAYGEN Il

Design-Specs =
Vvdd
M3 L W M4
— —
— Vout+
INPUTS ~ LAYGENI DESIGN KIT Vout-
| B Modul == M1 ~ M2
= [ S | > Ve salt M2 3 M4
Sizes W <4— Module P n
Floorplan L - - Generator
Connectivity £ Merge / Bias |« Desing Rules .
2 Mbias3 =
a Rules -t - > } .
g vb1 Mbias3
& Guard-ring [<# Placer Mbiasa ‘:
Y Y > [
Greed
Gresty — w2
. I'(\'ESS,\’TE'II_ THREAD 3 > M1 Mbias4 M2
3| Phasel | > ‘\ gnd
8 g o Diff ith irror load i
\ | i DRC v iff-amp with a current mirror loa Template view
OUTPUTS Phase Il [TTeg scc v

T * INPUT to LL Synthesis

Verification . .
Layout F@mmmmwypa ® Template description
® Device Type
® Relative Placement

‘ - _ Sizes B )
Objectives Devices Width Length [ DeVl Ce S iZ eS
Estimated Area = 4,7286 pm? M1, M2 17,6 um 270 nm o h I ) .
Power = 1,181 mW M3, M4 17,2 um 350 nm
B T e ——Zum s Technology Design Kit (UMC130nm)

® Design Rules
® parametric Module Generator
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CS2: Layout-Level Synthesis - LAYGEN Il

PLACER
=2
Template )

High Level Floorplan
Devices Sizes
Connectivity

Instantiation

v

First Packing

o= ¢

Library
.
=\

Technology
Design Kit

Design Rules
Module Generator

Pre-processing|®

Template-based Placer
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Abutment

DRC

Guard Ring

e/ [slal=
——— ;
(Cosecthon ]
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[9]POLY1 draving
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(9] VIA1 crawing

7] MET2 rawng

] Eem £ B
oo : s .
[Lasmter ] (st ] smmirer | (st |

(71195 draming [ Oeusaaeg |

7]0FF ey (9] OIFF o

41 POLY3 draming [V]POLYL drawing

] CONT drawing 9] CONT draming

7] vET1 drawng 4] MET1 dawng

7]VIAs dming = 7] ViALdawing -
7] vET2 damng (] MET2 daning

(c) Transistor Mbias3/Mbias4
(W=3.4 um, L =120 nm).

(b) Transistor M1/M2
(W =17.6 ym, L = 270 nm).

Placer
® Instantiation - Packing (Phase 1)
® Device Sizes

® Module Generator for the target
Technology

® Technology Design Kit
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CS2: Layout-Level Synthesis - LAYGEN Il

PLACER
= =D ¢

= ) _ ‘
High Level Floorplan
Devices Sizes First Packing
Connectivity N ———
Pre-processing|® ® Biasing
v Abutment
Packing
|
Post-processing e * DRC
v Guard Ring
Final Packing
Rz
= *  Placer
R\
’ ® Packing (Phase2)
. - -
Biasing

® Abutment

» Overlapped connection between
two cells. Saves space, reduces
wiring length, possible parasitics
reduction.

Technology
Design Kit

Design Rules
Module Generator

Template-based Placer

hover |
N\
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CS2: Layout-Level Synthesis - LAYGEN Il

PLACER
= =D ¢

[ ] Instantlatlon Technology
Template ) Design Kit
High Level Floorplan Design Rul
Devices Sizes First Packlng Modiféggen‘::astor
Connectivity
Pre processmg O ® Biasing
Abutment
Packlng
Post- processmg O DRC
Guard Ring
Flnal Packlng

4| . Placer

hd ® Packing (Phase3
acking (Phases3)
Minimum distances

® Guard ring

« Enhanced Immunity against
latchup

*  Minimum convex polygon

Templa te-based Placer
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instituto de
telecomunicacées

19 January 16, 2019 O ‘



CS2: Layout-Level Synthesis - LAYGEN Il

Router

Floorplan .

| Designer | LAYGEN I |
renaes || 9 —|

Connectivity
Constraints

|>

Technology
Design Kit

Design Rules

‘V

Optlmization-based Router

GDSII File l

Constraint Target

scc =0

DRC =0

ERC =0

Objective Target

Wiring Lengh minimize

Contacts minimize
INSTITUICOES ASSOCIADAS Distance maximize

20  January 16, 2019

M3 :‘ \: M4
— Vout+

M1 ~ M2
ip in
Mbias3

Sl &

vbl

Evaluation
Procedure

Evaluation
Procedure

@ /
Detailed
Routing

N —

Minimum distance violations.

Number of contacts or vias used.

Distance between noisy and sensititve nets.

Mbias4 |
= -

vb2

gnd

Crossing between neisy and sensitive nets, or running on top of devices. P

Total wiring length computed with the associated conductors cost.

Router
® |nitialization

® Template (connectivity, symmetry
and sensitivity constraints)

¢ Optimization (NSGA 1l Kernel)

® Built in checkers (DRC - Design Rule
Checker; SCC — Short Circuit Checker; ERC

— Electric Rule Checker)
Phase 1: Global Solution (faster)

® Phase 2: Detailed Solution
(accurate)
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CS: LAYGEN Il

INSTITUICOES ASSOCIADAS:
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Case Study I:-Hierarchical Layout Generation

oo S TaTE Torewed? TS TaTE e ==
s [ammns e o J[ e [ ree ] (o om0 P i)

1 1

o]

M1

|

fully-dynamic comparator [Goes et al, 2011] Hierarchical Template Description
[Eeompmnorzen e |
= — .
bt | [ bt |
i
. . [¥] NTUB draming.
device sizes Brunems
- x |==
Width Length Gates 7] o gaws
Inverter MNO 4 um 120 nm 2 LIJ J'“_,::_'f’
Inverter MPO 12 ym 120 nm 4 ( ) B dmg
MNO, MN3 4um 260 nm 2
MN1 8 um 640 nm 4 <
MN2, MN4 6 um 120 nm 4 |
MPO, MP2, MP3, MP5 820 nm 120 nm 1 D_
MP1, MP4 12 ym 120 nm 4

instituto de
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CS: LAYGEN I

Case 'Study I Hierarchical Layout Generation

PLACER

fully-dynamic comparator [Goes et al, 2011]

ROUTER

Routing time \
" " Total
Phase | Detailed Routing

handmade layout [Goes et al, 2011]

Partition 1 83 ms Not performed. 83 ms
Partition 2 39 ms Not performed. 39 ms
Top Partition 50 ms 97,571 s 183,286 s 280,907 s

INSTITUICOES ASSOCIADAS
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CALIBRE®

Case Study I:-Hierarchical Layout Generation

Transien 1 Respanse

w PUOP_SCHEMATIC = [VOP_LAYCEN 4 {VOP_MANUAL ek

.
3 wosg

o tea-ea-s ]

€0
ime (19

fully-dynamic comparator [Goes et al, 2011]

Comparator

Simulation

* Schematic (Red)

*  Handmade (Black)
* LAYGEN Il (Green)

File Wiew Highlight Tools Setup Help

3

=+ «H»cC W 2

Topcell layoutRouter__nsgaZ : 1 Result (in 1 of 1 Checks) ]

B Cell layoutRouter__nsga2 - 1 Result
[ Check 44,19 - 1 Result
o

4-Vertex Polygon

-2.82, -2.82
i85, -2.82
i85, 1314
-2.82, 13.14

Fule File Pathname

1
The P01 coverage must be larger than 15% of POLY1 DUMMY BLOCK.

/home/rmar tins/cadence_mc13/_B-0F -MIXEDMODE_RFCHOS13-1P8MIT-MMC-L130E_Calibre-drc-2.5-B J

Cell layoutRouter__nsgaZ : Check 44 19F : 1 of 1 Result

Eile View Layout Source Setup

2
= »

y B2

Input Files ?_l LVS Results: Designs Match
Rules File - [ layoutRouter__nsga2 / Comp_difl_R

Source Netlist
Output Files.

Layout Netlist

Extraction Report

LVS Report

ERC Files

ERC Database
ERC Summary

Discrepancy Information

Query Cell: layoutRouter__nsga2

DNaBEr @ §xT

D 5%

\la
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CS: GENOM-POF and LAYGEN Il

Case Study Il:'From Circuit-Level Specs to GDSII Description
Design 1

-54 T T
\I/ili Estimated Area = 6,241 um2
I 66 [ DG gain = 54,42 0B RSP -
Vb,
P _53 ... PO ......................... tesssasmssssssssessassssssnsasssal po—

M5 Mmel>—

80

1 Design 2 |
i  Estimated Area = 10,124 um2 ‘ ]
w7 el L - DC gain = 64, 231 dB ) ) - ]
= : )
— out : Pareto Front of Optimal 4

) M M2 —[M9 M10~— Sizing Solutions
C in = Design 3
o 70+ ‘
Vbnc

Estimated Area = 27,936 um2 |

8

-a0 [dB]
4

8

— !
%ME =M11M12<— 22 DC gain = 72,813 dB
— 74 | I 1 I
Vss 5 10 15 20 25 30
single-ended folded cascode amplifier area [um2]
Objective Device =
Width Length
. M1, M2 14,67 pm 480 nm
Design 1 M4 3,84 um 530 nm
Estimated Area = 6,241 um? M5, M6 13,4 pm 140 nm
DC gain = 54,42 dB M7, M8 17,77 um 370 nm
M9, M10 5,72 um 310 nm
M11, M12 2,53 um 470 nm
. M1, M2 13,2 um 490 nm
Desi agn 2 M4 11,33 pm 400 nm
Estimated Area = 10,124 pym? M5, M6 27,29 ym 290 nm
DC gain = 64, 231 dB M7, M8 36,86 pm 530 nm
M9, M10 17,61 pm 540 nm
M11, M12 7,61 um 730 nm
. M1, M2 41,22 ym 760 nm
Design 3 M4 69,09 pm 670 nm
Estimated Area = 27,936 pm? M5, M6 153,37 pm 570 nm
DC gain = 72,813 dB M7, M8 249,84 um 780 nm
M9, M10 55,29 ym 790 nm
M11, M12 12,21 pm 800 nm
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CS: GENOM-POF and LAYGEN Il

Case Study Il:'From Circuit-Level Specs to GDSII Description

vdd

[ S -
Vbp

——
w\_/f: Vbpe
M7 mgl—

—

out

M1 M2 —~[M9 M10—
ip :1__'_{: in
Vbnc

M4~ —iM11M1

i

vb

<
Vss

single-ended folded cascode amplifier

-a0 [dB]

: Routing time
Template Placement time s ——— v r—— Total
Phase | \ Detailed Routing

Partition 1 64 ms Not performed. 64 ms

Partition 2 16 ms Not performed. 16 ms

Partition 3 15 ms Not performed. 15ms
Top Partition 41 ms 40,438 s 71,060 s 111,539 s

g ¢

-58

-80

e 8

Design 1
T T T
Estimated Area = 6,241 um2
oo =1y B T T S -
X
Design 2
i Estimated Area = 10,124 um2 h
DC gain = 64, 231 dB i i
L S Pareto Front of Optimal 4
\\\\ Sizing Solutions
~ Design 3
- . TR . N
K Estimated Area = 27,936 um2
. DC gain = 72,813 dB
1 L 1 |
5 10 15 20 25 30

area [um2]

s

AT P g e e g,

o
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CONCLUSIONS

* AIDA, based on GENOM-POF and LAYGEN II, achieves
competitive results with existing SOA solutions
in the area of Analog IC Design Automation

®* @ Circuit-Level
® Multi-objective multi-constrained optimization based on modified
NSGA-II optimization kernel
® High accuracy by implementing an optimization based approach
using an electrical simulation as the evaluation engine
® Robust solution by considering Corners validation

® @ Layout-Level

® Fast prototyping based on a template based approach and on built-
in DRC, SCC, ERC modules.

® Robust solution by including simultaneously multi-objective

optimization together with final validation with CALIBRE® DRC a
main reference in the ICs design intended for fabrication.

Future work, mainly, moving to system-level synthesis and deep
@ nanometer technologies.
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MOTIVATION

= Electronic Design Automation

10000
| NEC DRAM development
. ¥ A
ICs Market Trends ) The Moore's M S ge—
- samo DRAMM®
—~ 80% - _ Law ¥ 16Mb DRAM AMD
Ed 2 w =y 4Mb DRAM Sparc
= @ DRAM Production ki RosetPE
z trend 1.68x/year  1Mb DR 0
€
g\ 60% z v 256Kb DRAM
g 3 01 84KD DRAM
T 40% H 16Kb DRAM
£ c 0.01 8008 Microprocessor
H &
5 § oo L 4Kb DRAM  trend 1.38xiyear
@ 20% £
8 = 00001 256bit MOS SRAM
0% T T T T T T T 1 SBssE o G4bit Bipolar RAM )
1998 2000 2002 2004 2006 bt Early ICs
Process technoloay g8 8 8 § 8 8 8 8 8 § § 8

®  |ntegration & Functinalities
Mixed-Signal SOC

= Analog IC Design Effort Digital CAD

[T Auto synthesis
[¥1 Auto layout
[¥IReuse/IP support

Mixed-Signal SOC

-] i

% Design Effort
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ANALOG IC DA: OVERVIEW (CIRCUIT-LEVEL SYNTHESIS)

Knowledge-Based VS Optimization-Based
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° Pros and Cons ¢ Pros and Cons

(+) short execution time (+) high accuracy, scalable, no need for
design plan

(-) time consumption

(-) difficult to scale
(-) design plan too complex
(-) low accuracy
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ANALOG IC DA: OVERVIEW (LAYOUT-LEVEL SYNTHESIS)

Optimization-Based, Template-Based and Procedural Approaches

Layout Tool

ALSYN [30]; Jingnan [31].

(+) Fast processing basic cells;

(-) Lack of flexibility, technology migrations force complete cells
redesign; high cost of the generation task.

Procedural

IPRAIL [32]; LAYGEN [13]; ALADIN [33]; ALG [34]: Zhang [35].

(+) Places modules in a short period of time; higher level than
procedural; useful for small adjustments like technology migrations;

Template

(-) Still limits the search space; designer must add knowledge.

ILAC [36]; KOAN/JANAGRAM I1 [37]; LAYLA [38]; Malavasi [39];
ALDAC [40].

(+) Higher level of abstraction;

Optimization

(-) Slow; not always optimal solutions in terms of area and performance.
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