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Outline

� Historical timeline and background

� Our technology

� Business perspective



Timeline Overview

� Peter Beerel employed at Fulcrum Microsystems (2002)
� Company doing asynchronous design in a full-custom flow
� Design process was slow and inefficient

� NSF ITR Grant – USC/Columbia (2004)

� Fulcrum gives USC research grant (2006) 
� Andrew Lines joins effort on behalf of Fulcrum (2006)

� Georgios Dimou starts PhD research on automated synthesis 
of asynchronous circuits (2006)

� First demo of research product (2008)

� TimeLess Design Automation Founded (2008)
� Fulcrum Microsystems becomes first customer (2008)

� First Test-Chip (2008)

� Merger (2010)



Motivation
� Power Consumption

� The primary limiting factor to design

� Integrated Circuits (ICs)
� Major power consumer

� Increasing data-rate requirements

� Global Clock and Process Variability 
� Clock accounts for 30% to 50% of power

� Process variability limits performance

� Synchronous is de facto design technique



The Advantage

Manufacturing margin

Clock jitter, skew margin
Worst  case – average case 

Flip-flop alignment

Cycle time of
clocked logic

Cycle time of
async logic

Logic Time

Async logic removes wasteful margins and achieves faster 
delay with lower power consumption



Breaking Flip-Flop Alignment

Flip-to-Flop Critical Path True “Algorithmic” Cycle
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� The solution
� Replace global clock with 

power-efficient asynchronous 
circuits

� Use TimeLess library for 
performance and efficiency

� Advantages
� Up to 3X higher performance

� Up to 20-40% low power

� Seamless integration into 
existing flows

� The problem
� Global clock is power 

hungry and inefficient
� Process variability limits 

performance

The TimeLess Flow
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Motivation for Fulcrum

� Reduce full-custom design effort 
� Less hierarchical floorplaning

� Automatically add slack matching buffers

� Less transistor-sizing effort

� Reduce cost of late design changes
� Re-run P&R rather than ECO full-custom effort

� Re-use CSP designs with new libraries
� Believed possible to start with CSP/CAST instead 

of Verilog

� Enable concurrent chip design efforts



First Technology Pitch
� First pitch to 20 engineers at Fulcrum

� Andrew Lines’ support was critical

� Faced large amount of skepticism

� Concerns about product success
� Schedule

� Quality

� Scalability/runtime

� Addressed concerns by offering contract with milestones

� Original value estimate was
� 3 man-month savings & sporadic use

� Actual outcome
� ~3 man-year savings & daily use by entire engineering team



First Real Test
� 6 months after we started – global economic recession hits

� Fulcrum tightens belt to preserve cash

� How did we remain engaged?
� First test chip success (offered evidence of the promise)

� Remained flexible; helped beyond our contractual requirements

� Over-delivered on all our technical goals

� Kept the cost low



� TimeLess Library

� Domino and QDI control gates

� TSMC 65nm

� Synthesis

� Off-the-shelf commercial tools

� Driven by our scripts

� ClockFree

� Optimization & translation 

� Physical Design

� Off-the-shelf commercial tools

� Driven by our scripts

The TimeLess Flow
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Fulcrum Integration

� New tool useless if not integrated
� Integration often quite involved

� Fulcrum design environment 
� Based on CAST
� Hierarchical and objected-oriented
� Analog/digital verification tools 
� Behavioral models in CSP
� Gate-level models in PRS

� Cast2RTL
� New key technology
� Convert from CSP to RTL

� Import 
� Convert gate netlist back to PRS
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Integrated Flow Highlights
� Complete Integration

� All tools operate under one wrapper

� Commercial tools guided by proprietary software 

� Support of multiple libraries (PCHB, MLD, BD, etc.)

� Ability to specify and meet performance constraints
� Slack matching constraints (interface timing)

� Latency and throughput constraints

� Automated addition of scan circuitry

� Ability to integrate with full-custom macros 

� Ability to integrate full and semi-custom blocks



Cast2RTL
� CAST

� Based on initial language developed by Caltech
� Defines objected-oriented and hierarchical netlist of components
� Cast2RTL focuses on three types of CAST components 

� Netlist of smaller components
� Hard macros (SRAM, TCAM, etc..)
� Behavioral models in CSP

� RTL
� Synthesizable by any standard synchronous tool
� Hard macros rely on auto-generated “.lib” definition

� Cast2RTL Features
� Converts rich subset of CSP to RTL
� Instantiates conditional SEND/RECV macros
� Propagates user-defined synthesis constraints



Synthesis

� Synchronous synthesis does not model asynchronous 
implementation
� Example: a clock constraint forces unnecessary alignment

� Unwanted constraints lead to sub-optimal implementation

� Example: tight clock constraint could lead to expensive 
arithmetic units

� Use core synthesis functions to implement random logic

� Do not use constraints unless for very specific needs

� Use asynchronous-aware software to design asynchronous pipeline

� ClockFree clustering engine

� ClockFree slack-matching engine
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ClockFree - Expanded View
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ClockFree - Clustering [Dimou’09]

� Initial cluster graph
� Each gate in the original netlist is a cluster
� Clusters communicate via handshaking
� Handshaking overhead is very area inefficient

� Clustering 
� Increase cluster sizes, reducing handshaking overhead
� Objective 

� Minimize area and cluster fanins/fanouts
� Constraints

� Avoid deadlock introduction
� Prevent algorithmic loops from growing too much
� Adhere to specific template constraints 



� Task
� Map async image gates to pipe stages – “a cluster”
� Each cluster gets own async controller

� Goal
� Create as big clusters as possible while meeting all constraints

ClockFree - Clustering



Clustering Complication I
Avoid Deadlock

Loops w/o a token-buffer yield deadlock and must be avoided



Clustering Complication II 
Algorithmic Cycles

New loops can increase longest algorithmic cycle – beware!



� Task
� Add pipeline buffers to remove performance bottlenecks

� Objective
� Achieve target performance with min extra slack buffers

� Linear-programming based formulation [Beerel’06]

ClockFree - Slack Matching



� Quasi-delay-insensitive design
� Very robust to timing

� Dual-rail channels

� High-performance
� Low-latency domino logic

� Local cycle time =      
18 transitions

� Large control area

� Restrictions
� 1 level of logic

� Up to 4 dual-rail outputs

� Up to 6 dual-rail inputs

� Each logic gate supports fanout to upto 3 clusters

ClockFree Netlist Generation 
Precharged Half-Buffer Template 



Physical Design
� Fully-automated iterative flow

� Run P&R using SOC Encounter
� Generate timing violation reports

� If violations exist, call ClockFree
� Perform netlist modifications
� Re-optimize netlist for new structure
� Emit new netlist and constraints as P&R 

ECO

� Iterate until timing closure achieved
� Number of required iterations varies
� Impacted by location of hard macros

� Minimal designer intervention required
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Ability to add pipeline buffers late in design cycle is key!

Physical Design
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Flow Demo

CAST Definition

CAST2Verilog 
Output

Synthesized Image Netlist

Asynchronous Gate-level Netlist
Final Layout



Flow Status

� Complete flow for PCHB templates

� Tool is mature enough for production

� Capable of designs that run  @ 1.1GHz in 65nm

� Can handle up to ~50K gates flat

� Successful test chip at 65nm TSMC

� Used throughout future Fulcrum product chips

� Other design styles have been tested

� Flow supports them, but not as mature yet



First Testchip

� TSMC 65nm Test-chip with TimeLess Technology
� 1st Pass Success
� TimeLess blocks run at 1.2 GHz 

� 2x+ faster than typical using synchronous techniques



Future Technology Plans

� Increase tool capacity
� Reduce levels of design hierarchy required

� Improve Cast2RTL engine
� Increase subset of CAST that is synthesizable
� Thereby, reduce user design time/intervention

� Improve synthesis
� Guide synthesis using better constraints

� Enable mixing of design styles
� Each one has its strengths
� Increase area efficiency



Business Highlights

� Getting started

� Funding

� Merger

� Lessons learned



Getting Started

� Received a lot of help from the University of Southern California

� Introduction to mentors from industry/investment community

� Helped get started with funding and other contacts

� Mentors helped us build/verify business plan

� With right contacts it was all setup fast
� Legal

� Business plan
� Administrative

� Benefits



Mentors

� Calling a mentor and getting feedback on critical 
business decisions is key

� This is particularly important when your team, like 
ours, has little start-up experience

� We owe our thanks to our set of fantastic mentors
� Ivan Sutherland, Portland State

� Aiguo Xie, Calypto Design Systems

� Bill Collins, Tech Coast Angels

� Ken Deemer, Tech Coast Angels



Financing

� We were self financed and profitable from the start
� Customer contracts

� Our intent was to get financed
� We used several channels to generate leads

� USC

� EvoNexus incubator

� Other contacts

� Timing was not the greatest (started May 2008)

� Merger talks started before financing materialized



Investor Feedback – Interesting Q&A

� Who are your first ideal customers?
� Real meaning: Have you thought seriously about the market 

opportunities or are you just academics?

� Who are your first hires and how will you use the 
investment money?
� Real meaning: Would you be easy to work with and can we 

recommend our own executives?

� What successful companies in EDA/IP do you know other 
traditional forces in the space
� Real meaning: Do you realize how challenging it is to be successful 

in this space?

� Why should I invest in you rather than the next World-of-
Warcraft that could reach 1B in revenue in 6 months?
� Real meaning: You guys need to be thinking big and/or quick 

revenue to attract VC funding!



Investment Feedback – Lessons Learned
� Pick your funding targets carefully

� Asking for a small amount is not always better!

� Large VC firms prefer larger deals

� Angel investors cannot go over a certain amount

� Not interesting to us as amounts were comparable to our revenue

� We were finding ourselves in the middle

� Revenue is the word

� Investors were happy to see we had revenue

� These days, VCs will not fund a pre-revenue “idea”

� VCs looking for 4/5-year target revenues above $100M/year and profitable

� This is tough to achieve in EDA

� Magma 2009 revenue was $147M (but net income was -$128M)

� Possible exits in EDA are in the $25M range

� Likely bought by a big EDA company (3-4 exist) who can’t afford more



Customers

� EDA has long, arduous sales cycles

� Getting a customer requires a lot of time/effort

� Trial/evaluations could take time

� Hard to convince people to change their flow
� High inertia in engineering teams

� Even within Fulcrum!



Merger

� Both companies had contributed to the technology
� Joint IP
� Customized tool became integral to Fulcrum’s design flow

� Made sense for both
� Fulcrum gets

� Exclusive attention by team (including doing design)
� Guaranteed access and control of technology

� TimeLess gets
� Early exit
� Entry to semiconductor space
� Ability to advance technology with bigger team



Conclusion: Student Perspective

� Locate potential opportunities early

� Helps guide the goals of your research

� Do not be afraid of the logistics of the start-up process

� Easier than it seems

� Ask for help and advice

� More available than you would imagine

� Boot-strapping is a viable option

� It is a lot of fun

� If it sounds like a good idea to more than just yourself...

… do it!



Conclusion: Professor Perspective

� Get good students!

� Be afraid of the start-up experience

� Its harder than it seems

� Do it anyways!



Thank You!



A bit of self-promotion

� New text-book for 
asynchronous design

� Covers many different design 
styles and methods

� Simulation exercises based on 
Verilog and VerilogCSP

� Used for 3 years in USC 
EE552 class (~140 students)

� Some power-point available

� Available on amazon.com

� Limited-time discount flyer 
available



Contact Information

TimeLess Design Automation, Inc.

Peter A. Beerel

Email: pabeerel@gmail.com

Georgios D. Dimou
Email: georgios.d.dimou@gmail.com
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