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Analog Physical EDA:  15 Yrs of Evolution

Trickle of EDA innovations
– CAD frameworks in the early 1990s

• Unified electrical, physical representation

PCells for device layout Database

Schematic Layout Editor

– PCells for device layout
– Schematic Driven Layout in mid-1990’s
– Shape-based routing for top-level assemblyp g p y
– Productivity and usability features in layout tools

Several commercial attempts at radical automation
– Neolinear, Barcelona …

Li it d d ti d i– Limited use on production designs
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You Say You Want a Revolution …

… so why are we still doing it the same old way ?

Not enough value?
A. QoR penalty too large?
B Productivity benefit too small – too much setup/use effort ?B. Productivity benefit too small – too much setup/use effort ?

Cultural ?
“Analog people don’t want tools” (!?)– Analog people don t want tools  (!?)

– Decline of “strategic CAD” emphasis on current-design payoff
• Means quick Design Team adoption is critical

Alt ti i t “d ’t t t ” b t “ t t t ti ”– Alternative is not “don’t automate” but “automate next time”
• Revolution = huge value proposition with no risk



A.  QoR – 3 Components

1. Circuit requirements – matching, symmetry …
Requires experienced designer- Requires experienced designer

2. Device-level optimizations – abutment, well merging …
Automate but accept human designer can usually do better- Automate, but accept human designer can usually do better

3. Optimization to design rules
A t ti t f h d i b l 65- Automation may outperform human designer below 65nm

QoR

Semi-automated

QoR

QoR gap narrows below 65nm !

Process Node



B.  TTM and Productivity

Setup effort
- Create libraries, tech files, PDK’s …
- Constraints
- “Learn to make the tool do what I want”

Circuit designer effort

Project 
Effort

Pure handcraft

Circuit designer effort

Layout designer effortPerceived risk

TimeFinishStart Finish

Semi-automated

Don’t laugh! … this is a big deal to design teams, and CAD groups are 

no longer funded to make visionary methodology investments!no longer funded to make visionary methodology investments!



TTM:  Iterations are Inherent

Example:  communications circuit, 832 devices, 90nm

4 levels hierarchy, 24 subcircuits

Total cycle netlist-to-fully-constrained placement = 11hrsGenerate Layout
(tool)

40-50 total constraint/placement iterations used

- 1-3 runs on each leaf-level subcircuit
Iterate

( )

- 3-5 runs at mid-levels

- 2-4 runs on full design

Placement run times (1 CPU)

Add Constraints
(experienced designer)

Placement run times (1 CPU)

- Full circuit – minutes

- Subcircuits – seconds

Ciranova Confidential



Summary – it’s an ENGINE Revolution

Big setup effort
+

Much intervention on each iteration
Low setup effort

+
Little intervention on each iteration

Automation = QoR + Low Setup Effort + Low Iteration Effort

Designers Don’t Accept … Revolution Fails! Designers Accept … Revolution has Chance for Success

p

Layout engine must be easy to control by designers
– Good QoR from simple (and “imperfect”) geometric constraints

Must do device-level optimization and DRC-correct automatically
– NO manual editing allowed within iterations

Run times must be fast
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This is architecture stuff – not GUI / flow stuff



Target Market:  “Analog” vs “SoC Analog”

SoC Analog/Mixed-SignalTraditional Analog/Mixed-Signal

Start the 
Revolution!

Compete on TTM with More Features
Need “good enough” QoR on analog/mixed-signal IP

Compete on Analog QoR
Need “good enough” TTM

Right target market for automation: integration of analog/mixed-signal
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Automation = trade off a little QoR for a lot of TTM

Right target market for automation:  integration of analog/mixed signal
content into Nanometer CMOS SoC’s



Solve Device and Circuit Layout Together

SRAM

μP

DSP

PLL

Fr
am

er
sH.264

SERDES

No clean division

- Circuit (Schematic)
D i (PC ll /PDK )

Must automate at both 
levels at once, in full 

Process Design Rules

- Devices (PCells/PDKs)
- Design rules

context of design rules

ocess es g u es
(foundry)
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Nanometer PDKs – Revolution is Underway

Traditional PCells
(Manual‐intensive)

PyCells
(Heavily automated)

Design rules

PyCell APILanguage API

User PCell Code

Thousands of
Design Rules

Thousands of
Design Rules

User PCell Code
(Python)

Design rules 
handled here by 
PCell author

DRC-correct 
device layout

Geometry
Engine

Drawing cmds;
relative spacing …

Tech File
(from DRC)

Design rules handled 
here by Geometry Engine

DRC-correct 
device layoutdevice layout

PyCells – intelligent PDK’s

device layout

y g

<< ½ the lines of code at 65nm and below

Fast to port PyCells to new process nodes essential for porting higher-level IP

F ilit t hi h l l PDK IPFacilitates higher-level PDK IP



Nanometer PDKs – Revolution is Underway



Automated-Placement Architecture

Netlist Constraints

Constraint CompilerNetlist Compiler

Geometry
Engine

Placement
Engine

Tech File
(from DRC)

Process Design 
Rules

OpenAccessPCell Plug-In
PCell 
library OpenAccessg

Placed Design(s)

library

- LVS and DRC correct
- Device-level optimizations
- Meets user constraints



Placement QoR

Device-Level 
Optimizations

Well Merging Row StackingDevice Abutment

Optimizations
(automated) Circuit Requirements

(designer defines, tool implements)

Constraint CompilerNetlist Compiler

DRC 

OpenAccessPCell Plug-In

Geometry
Engine

Placement
Engine

- Align inverters XINVA1-5 in a row
- Align inverters XVINB 1-5 in a row
- Stack the two rows in a column

Optimizations
(automated) Symmetry

- Flip the top row vertically

Your Backbone Schematic/Layout Flow
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Spacing
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Analog/Mixed-Signal IP Re-Use

Analog/MS IP Reuse in New Technology g gy

• Same constraints
• Same netlist

- active devices resized if necessary; by hand or
possibl b a circ it optimi erpossibly by a circuit optimizer

- At least one of our SoC customers is designing 
circuits to work at multiple process nodes w/o 
resizing … trades off some die area for TTM

• New tech file
• Same PyCells w/ new tech file

Not a geometric shrink, but a full re-layout 
of the same circuit optimized for newof the same circuit, optimized for new 
design rules

(ie the same way a layout team would do it!)

Port takes 1 iteration not 50!
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Port takes 1 iteration, not 50!



Trial Routing

Routing isRouting is 
complicated!

– But less important 
than placement

Placement 1 Placement 2

p

“Trial” route – first-
pass interconnect

L t iti– Layout parasitics
– Routability
– Not enough 

experience yetexperience yet
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Critical signal



Experiences with Users

Capacity is important – 20,000+ devices

Routability hasn’t been a practical issueRoutability hasn t been a practical issue

Floorplanning is a big win

Most power users drop the GUI and hack the constraint fileMost power users drop the GUI and hack the constraint file
– Still need the GUI for learning (and probably re-learning)

There is a mental shift
“Make all the decisions” s “make the ke decisions and let the comp ter do– “Make all the decisions” vs “make the key decisions and let the computer do 
the rest”

Golden netlist often isn’t; golden PDK’s often aren’t

It doesn’t take much “tool overhead” to make a big difference in designer 
enthusiasm

Resist the temptation to add new constraint classesResist the temptation to add new constraint classes



Long Live the Revolution

Tools:  automation formula =
– Very good QoR:

1. Circuit level – assist designer; use model critical
2. Device level – automate
3. DRC correct – automate

L t ff t l it ti ff t hi h d d it– Low setup effort, low iteration effort, very high speed and capacity
– Solve both device (PDK) and circuit levels concurrently

Market
– Integration of mixed-signal content into nanometer CMOS SoC’s

EDA revolution
– PDK’s – now

Database

Schematic Automation Layout 
Editor

– Layout – now ?
Database


