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The Business of Design 
Automation
This section is an essay on the business of Design 
Automation. It is not an exhaustive history, but a set of 
postcards that depict the evolution of this small, but 
meaningful segment of the Semiconductor Industry and 
some thoughts on where it may go next.

Moore’s Law and Design 
Automation
The Semiconductor Industry is aware of and has 
admired Gordon Moore for 50 years for identifying such 
an incredible trend and opportunity. Dr. Moore noted 
that chip complexity was growing exponentially and 
expressed his vision that this is what would characterize 
the growth of the industry for the foreseeable future.

A consequence of Gordon Moore’s vision becoming a 
reality is that other areas of the industry had to change 
and adapt as rapidly. That was the case for Design 
Automation.

In a sense, we could say that there’s a corollary to 
Moore’s Law. Design Automation has to provide to the 
Semiconductor Industry the methodology and tools to 
design the next-generation chip. That chip will be twice 
the complexity and will be designed in the roughly the 
same time at the roughly the same cost. The Design 
Automation industry evolved just to address and meet 
the challenge of the technology and advanced it to 
become real and effective. Technology without designers 
doesn’t have the impact. Technology has to be brought to 
fruition by designers. This is Design Automation.

The complexity of one 
SoC designed today 
would have been 
impossible in the early 
1980s. It would have 
been impossible then 
to conceive of billions 
of silicon transistors 
designed in months. 
An industry pioneer 
contributed significantly 
in making the use of the 
technology possible — 
Aryeh Finegold of Daisy 
Systems.

The Emergence of Powerful IC 
Design Tools for the Design of 
ASICs
In the early days, Design Automation was known as 
CAE or computer aided engineering. CAE systems were 
specialized computers with both hardware and software 
to support IC design. Daisy Systems and Valid Logic, 
two of the “Big Three” vendors from those days, sold 
proprietary hardware/software systems. Mentor Graphics, 
the third, developed software that worked only on Apollo 
Computer workstations.

All three 
contributed 
significantly to 
the creation of 
this innovative 
segment of the 
industry. A more 
complete history 
of EDA would be 
needed to fully 
express how 
meaningful the 
contributions 
were in the first 
stage of EDA and 
it was not just 
software. It also 
was a new generation of specialized graphics systems 
that was a complex mix of hardware and software and 
that helped Design Automation take off. It happened in a 
way that’s often common with new technology and ideas.

Designing ICs was done within powerful and successful 
Semiconductor companies with computer-aided design 
(CAD) groups full of highly skilled designers accustomed 
to the complexity of logic and physical design, library 
and process development, packaging and several other 
specialties. New tools to support the growing design 
challenges were developed in-house at the time as well. 
Replacing internal tools with external tools has never 
been an easy task, especially when so much company-
specific expertise is available internally.

That scenario changed when application specific ICs 
(ASICs) were introduced. ASICs weren’t all that different 
from ICs, but their designers were. This new community 
of designers didn’t need to understand the physical 
layout, process technology or indeed any non-digital 
aspects of an IC. They were designers working on 
the next-generation product in the system design 
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environment who wanted to ride the same wave of 
Moore’s Law. The way to get a system to ride Moore’s 
Law was to make it possible to access new technology 
without a major change to their know-how.

The Design Automation industry realized this and 
created semi-custom and custom methodologies so the 
system designer didn’t need to have the same level of 
understanding as a CAD engineer to write silicon. Moore’s 
Law became meaningful to a much larger community.

CAE workstations and EDA systems rapidly expanded 
by supporting ASIC design because the volume was 
far higher and demands easier to satisfy than those 
of internal CAD teams of silicon companies. System 
designers were far more open to this than an internal 
CAD group.

Many notables in Design Automation were at the time 
working for Daisy Systems, including Harvey Jones, who 
became CEO of Synopsys, and Tony Zingale, former CEO 
of Clarify and Mercury Interactive and, most recently, Jive 
Software, where he serves as Executive. While at Daisy, 
they recognized the power of the system and ASIC design 
community and rolled this into what became tremendous 
market growth.

Increasing Levels of Abstraction 
Enable the Continuation of IC 
Design
The challenge of new products increased the level of 
abstraction, and higher levels of abstraction became a 
way for designers to cope with the exponential growth 
of technology complexities. Early IC design was labor 
intensive — physical designers dealt with each and every 
transistor in the design, even transistors that comprised 
logic gates, such as NAND, NOR and other logic functions. 

IC area was sacred and “hand packing” a design at the 
basic polygon level was “the way to do it” in the early 
days.

As semiconductor processes improved and allowed for 
larger die that had more capacity, it became impractical 
for designers to deal with every transistor. Working at 
that level required too many engineers making too many 
low-level decisions, which was too error prone to bring 
a product to market on schedule. The industry turned 
to abstraction — the concept of designing at a higher 
level and relegating lower-level details to libraries and 
CAE tools, a similar model to what the software industry 
has done. Cell libraries, libraries of pre-designed logic 
gates with characterized properties, were born and 
designers could design larger circuits in less time and 
with less effort. Credit for leading this charge goes to 
Mark Templeton, president of VLSI Libraries Inc. that 
later became intellectual property (IP) success known as 
Artisan Components.

Semiconductor processes 
continued to improve with 
die capacity following 
Moore’s Law. Cell libraries 
had many desirable 
properties. They allowed 
designs to be more easily 
ported from one fab to 
another and larger designs 
could be brought to market, 
giving the industry some 
independence from the 
challenge of having to 
cope with the increasing 
complexity of process technology details.

Even so, designing large circuits continued to be a 
daunting task. Another level of design abstraction was 
needed to get to the next level of productivity. This one, 
however, was much more difficult to accomplish because 
it affected design style. At that time, many designers were 
printed circuit board designers using transistor-transistor 
logic (TTL). To minimize gate count, they often used JK 
flip-flops and RS flip-flops in asynchronous and self-timed 
circuits. As designs grew, this asynchronous design style 
became error prone because it was difficult to ensure that 
a circuit would function over the entire process range.

Once the design community made the transition to 
synchronous design using finite state machines (FSMs) 
to implement the logic in a circuit. Designers had not 
only cell libraries but synchronous FSMs with which to 
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continue filling the rapidly expanding die that newer 
processes were able to manufacture.

When the design community turned to synchronous 
design and FSMs, the CAE community was able to further 
improve productivity with two key computer-based 
tools — logic minimization and optimization, and logic 
synthesis from a higher level representation of a design.

General Electric and GTE were pioneering companies in 
logic minimization, optimization and synthesis. Silc spun 
out from GTE Labs in 1987 and was acquired in 1990 by 
Racal Redac.

Dr. Aart de Geus and a team of engineers from General 
Electric’s Microelectronics Center started Synopsys in 
1986 with the synthesis technology they developed at 
GE. Synopsys moved up in unbelievable fashion, took 
the market by storm and a new level of abstraction, 
introduced by the design community but made 
productive by CAE, became standard in the industry. 
This became known as the Register-Transfer Level (RTL) 
of abstraction. Existing Design Automation companies 
realized they needed to move to RTL and were dedicated 
to the movement to make designers more productive. 
The move to RTL had an enormous impact on the 
quality of design and allowed new contributors and 
technologists to be effective chip designers without 
the need to be experts in semiconductor technology. 
RTL further expanded the chip design community, 
much as system design tools expanded the ASIC design 
community.

Synopsys made a tremendous contribution to the 
industry by pushing the frontier of abstraction forward. 
Its leadership role is obvious today, but the creativity 
of this company strategy and execution cannot be 
overstated.

While the need for design to move to a higher level 
of abstraction has been widely recognized, a single 
approach has yet to be adopted. 
High Level Synthesis is one strong 
contender, and design using IP 
building blocks is another. Object-
oriented constructs have been 
added to RTL languages such as 
SystemVerilog but these have had 
more impact on IC verification. At 
this writing, while progress has 
been made in behavioral synthesis 
as applied to specific domains, RTL 
continues to be the main abstraction 
level workhorse.

Verification — Simulation and 
Emulation
With increasing complexity, all the previous methods of 
prototyping a chip became completely inadequate. The 
Semiconductor Industry had to find a way to describe 
a chip and simulate a description of it. And, it did. The 
tool was called a simulator. This was a new world for 
electronics and the challenge was existential.

The innovators in Design Automation worked hard to 
develop verification tools. The demand was growing 
exponentially. A new company, Gateway Design 
Automation, came out moving faster and more 
deliberately, introducing the simulator known as Verilog. 
Gateway was acquired in 1989 by Cadence whose chief 
executive Joe Costello had an unstoppable vision. He 
devised a way to build the company by recognizing 
external contributions, merging competent people and 
their companies into one successful Design Automation 
powerhouse. The Verilog simulator became part of the 
Cadence ecosystem and the success continued. The 
contributions of Prabhu Goel and Phil Moorby at Gateway 
cannot be overstated.

At the same time, one of the challenges for simulation 
was that it ran at an intrinsically slower speed than 
hardware. Software simulation might run 10,000 or more 
times slower than hardware, making simulation of large 
designs impractical. In order to get closer to the speed 
of hardware, the application needed to run on exiting 
silicon.

Design Automation had to come up with something 
other than simulation and it was hardware emulation. 
Emulation appeared in two guises — field programmable 
gate array (FPGA) emulation where the circuit was 
synthesized or compiled onto a network of FPGAs, and 
simulation acceleration where the circuit was compiled 
to run on a hardware-based processor. In the former 
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category, leading companies were Quickturn Design 
Systems, now Cadence and IKOS Systems with VStation, 
now Mentor Graphics Veloce Emulation Platform. The 
latter were IBM with its proprietary EVE 
hardware accelerator, now Cadence 
Palladium, IKOS Systems had NSIM, 
Daisy Systems offered MegaLogician 
and Zycad offered the LE and FE 
machines.

Emulation supported the ability to 
rapidly evolve electronic systems into 
new generations. Without emulation, 
the speed of creating new electronic 
systems compatible with previous 
generations before committing 
to silicon would have been much 
slower. The speed of moving to new 
generations of chips was supported 
by the ability to do emulation in a 
satisfactory way.

In the early days, emulation was based on in circuit 
emulation (ICE) where the emulator was connected to 

the real world through an 
adapter. Today, a variety of 
techniques are available, 
including the use of high-
level testbenches that run on 
the emulator.

And, with emulation, the 
industry can’t forget the 
immeasurable contributions 
of Mike D’Amour and Phil 
Kaufman for today emulation 
is in every successful Design 
Automation ecosystem.

The Development of the IP Market
IP was a hugely successful and meaningful step forward 
in the design of systems in silicon. The introduction 
of silicon IP offered designers pre-designed blocks of 
functionality guaranteed to work in silicon. For example, a 
designer could use an arithmetic unit as a piece of IP that 
becomes a block of working silicon that can be reused 
over and over again.

IP has several basic components. Gate libraries 
guaranteed to work in a given process freed the designer 
of electronics systems from being concerned with the 
fundamental knowledge of the silicon process. Silicon-

proven IP could be reused and would be the same in each 
design, enabling the design of the next-generation chip 
and further raising the level of abstraction.

ARM Holdings and Artisan Components, 
a company originally designing libraries 
every designer employed, independently 
were devising a new business and business 
model that became the standard IP business 
model, forever virtualizing components. 
ARM acquired Artisan Components in 2004.

It was innovative for a company to decide to 
make a processor delivered not as a physical 
implementation but as an IP block. The 
processor was the IP block becoming most 
important to the VLSI and SoC designers for 
a broad variety of applications. That’s why 
having an IP provider take responsibility 
for a more and more powerful processor 
and the infrastructure to support it, such 
as compilers, runtime libraries, debuggers, 

protocol stacks and bus interfaces, with increasing 
capabilities in silicon became a humongous contribution 
to the industry. Consequently, the impact of Sir Robin 
Saxby, former chief executive and chairman at ARM 
Holdings, is difficult to match. And, Mark Templeton, as 
well.

Of course, other IP blocks 
for communications, 
graphics and memories 
became part of an SoC 
ecosystem, which made 
designing any SoC more 
of an assembly process. 
The designer could now 
concentrate on the unique 
and differentiated portion 
of the chip.

The concept of IP was to 
reduce the number of 
things to allow Moore’s 
Law to continue unabated 
by making the most of 
a complicated SoC not 
requiring redesign. From 
this standpoint, IP is a 
huge contributor to Design 
Automation into the 
Semiconductor Industry.

Michael D’Amour

Sir Robin Saxby
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The Next Challenges
There is no doubt that a demand from society to the 
Semiconductor Industry to provide more powerful 
computing capabilities will be a continuing challenge, 
especially as new steps of Moore’s Law become more and 
more difficult to achieve.

Many times we have heard industry watchers forecasting 
the slowdown and maturing of the Semiconductor 
Industry or of the tiny Design Automation segment. 
We should wonder whether this is really happening or 
whether we just are not creative enough to see different 
avenues of growth.

Today, the entire IP phenomenon can be seen as an agent 
of growth for the Semiconductor Industry and for the 
ability to design more complex devices. And, there are so 
many more challenges to be met! For instance:

•	 The move to 2.5 and 3D is already showing another 
dimension of growth

•	 Silicon will need to support the full SoC, not just 
hardware on chip, but software as well

•	 Software productivity will have to grow exponentially 
to keep development costs under control

•	 The interaction of the changing requirements, along 
with systems and silicon complexity, will push the 
industry to produce programmable versions of silicon 
in which a capability, such as evolving security, will 
be supported

•	 Flexible and reconfigurable systems will become a 
reality

•	 The ability of computers to control different physical 
variables needs to expand dramatically

•	 All layers of incredibly complex silicon will become 
more flexible, and have the ability to learn and adapt

•	 Systems will be supported by all levels of the 
technology deck, from learning machines to the 
cloud

•	 Sensors will bring in more and more phenomena for 
computers to manage

•	 The evolution of computing capabilities will allow 
more and more applications to improve society, the 
obvious being self-driving cars and personalized 
healthcare

And, true new computers will appear. Twenty years 
from now, we will look back at today’s silicon and 
computer industry and be amazed at how primitive we 
were. Revolutionary learning systems will be created 
and capable of solving human problems in an intuitive 
way with one-millionth the power now required. The 
intelligent computer will be a reality.

I know that this excursus on Design Automation has 
missed people and companies, but I hope that these 
postcards have helped paint a picture of this great 
journey and a flash into the future. 
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