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The open-source silicon movement with a community-based, 
open-source platform of easy-to-use, easy-to-access tools is a 
practical and efficient way to ensure innovation and has the 
potential to drive exponential semiconductor industry growth.

THE PANDEMIC, AMONG A HOST OF OTHER 

challenges, affected the global 
semiconductor supply chain 

and created a semiconductor shortage 
just as consumer demand for electronic 
devices exploded. Shipments of cars and 
everyday electronics ground to a halt, 
often for want of a single, sub-$1 chip. 
Chips were front page news … and for 
all bad reasons! 

Naturally, the focus among the in-
dustry, its customers and the public was 
on the supply of chips and on increasing 
fab capacity and removing supply chain 
bottlenecks. What was largely missed 
was the need to position the industry 
to address a powerful long-term trend 
toward customized, special-purpose 
chips and the need to increase design 
capacity.  

This is a secular trend and the cure 
involves addressing three pillars to the 
solution: 
• Expand the designer community
• Reduce the time to design
• Reduce the cost of design

This cannot be done in an incre-
mental way using traditional methods 
because the barriers are too high. 
Instead, open source and community 
are critical to making this happen.  

Open source silicon began many 
decades ago with the advent of open-
source EDA tools was kept alive and 
advanced by a small, enthusiastic cadre 
of talented professional and academics. 

It wasn’t until recently when (i) open 
source was applied to the entire stack 
of chip design and manufacturing, 
(ii) a simple, scalable, streamlined,
cost-effective path was created and (iii)
subsidized programs were launched to
engage a larger global community of
potential designers and chip users, that
the value of this new form of ecosystem
could be realized.

The numbers of designers and designs 
are now growing (FIGURE 1). Open-
source and community are applied to 
software-style fast, simple and af-
fordable design of chips that are “good 
enough” to:
• Serve the need for custom solutions

for new markets such as IoT, ma-
chine learning and automotive

• Prototype novel designs for novel
applications

• Educate a new community to ad-
dress these needs
Software and hardware developers

are now empowered to design chips and 
chip design has become easier and more 
interesting to learn. This revolution 
will also bear fruit for the traditional 
ecosystem as the explosion of designs 
will applicability to new markets. 

Call it the democratization of chip 
design.

Open-source chips: A full stack 
To understand what open-source chips 
mean, why they are important and 
what is required for success, it is useful 
to compare and contrast open-source 

Figure 1. The number of designers in the open-source community is growing and 
those designers embracing an open-source platform are reducing design costs and 
the time to design. Source: Efabless
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chips with their progenitor, open-source 
software.

In both cases, open source refers to 
a form of license that allows anyone 
to freely share, modify, change or use 
the code or design. Both open-source 
chips and software are accessible to 
anyone, anywhere. They reduce cost of 
design, speed the time of development 
(and even of starting a project) and 
make development significantly easier. 
Taken together, this can put customers 
and end-users in the center of the 
development process. In fact, the first 
movers of open source in both chips 
and software have been predominantly 
users, not merchant suppliers.

Both open-source software and 
chips derive value by enabling new 
applications or features that would 
otherwise not be possible with conven-
tional methods based on proprietary 
technologies. Over time, their openness 
allows for testing across wide ranges 
of use cases by a wide range of users, 
regardless of any previous affiliation. In 
both software and chips, the value of the 
ecosystem grows exponentially with the 
size of users in the community.

This brings us to what is different be-
tween open source for chips and that for 
software. Unlike software, chip design 
has interdependencies with critical 
pieces of their creation. These include 
electronic design automation (EDA) 
software, other component blocks and 
the manufacturing processes on which 
they are manufactured. Any open-
source chip must be created with either 
a full open-source stack or interoperate 
with and respect the rights of propri-
etary parts of the value chain. 

Finally, software is a virtual product 
with no production cost allowing for 
rapid cycles of design/fail/redesign that 
accelerate the improvement of code 
and applications. It also has limited 
interdependencies with other software 
and the hardware on which it operates. 
Chips, in contrast, are different. They 
are a physical product so manufacturing 

complexity, cost and time are inhibitors 
to the speed of innovation. Any chip 
ecosystem will not be complete without 
a fast, simple and cost-effective path 
to prototypes and manufacturing. This 
solution must be scalable to the chip 
manufacturer to support a large and 
growing set of designs, many of which 
will not have apparent or immediate 
commercial value. 

The definition of open-source chips 
is much like a layer cake that addresses 
these needs and interdependencies. The 
top layer is high-level, architectural 
design of the chip. The layer below is 
silicon IP, followed by EDA tools with 
process design kits (PDKs) including 
standard cell libraries that link design to 
manufacturing at the bottom. The last 
is an important and not well understood 
piece of the solution. Only by open 
sourcing the PDK, can designers have 
true open-source designs that can be 
shared freely without licensing, short-
ening the time to commence a project 
from six months or more to seconds. 
Significant advances have been made 
on all layers of the cake.

Google and SkyWater partnered 
with a community-based chip design 
platform to address the prototyping 
“last mile” of the open-source chip 

ecosystem, the integration of design 
with a complete path to prototyping 
and eventually volume production. 
This offering gives designers of open-
source intellectual property (IP) and 
chips a path from design to prototypes 
at no cost. Google provided funding, 
branding and energy into promoting 
the program. SkyWater open sourced 
the PDK for its 130 nm process. The 
platform built the infrastructure and 
automation to make it happen and runs 
the service. A follow-on program based 
on the same open-source infrastructure 
supports design to prototyping of 
proprietary designs at extreme low cost. 
For under $10,000, a designer has access 
to an EDA environment, community 
support, a PDK and the prototyping of 
300 packaged parts and five evaluation 
boards.

Finally, the full picture has taken 
shape.

The Open-Source Applications 
Various elements of the open-source 
stack are already seeing applications 
across the spectrum of semiconductor 
design (FIGURE 2). In particular, the 
RISC-V Instruction Set (ISA) has been 
adopted by companies large and small 
across applications ranging from chips 

Figure 2. A snapshot of open-source projects highlights the growing number and 
diversity of designs from designers who work for large companies, startups and 
those doing it themselves. Source: Efabless
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based on near leading-edge processes to 
those on mature nodes.

Equally interesting are the appli-
cations that benefit from the compre-
hensive open-source stack and related 
path to manufacturing with adoption. 
Three examples 

of such applications that are early 
adopters include:

Special-Purpose Silicon: The move to 
customized hardware for applications 
like IoT and Machine Learning has 
created rapidly growing demand for 
custom (or special-purpose compute) 
chips. They deliver orders of magnitude 
lower power consumption or higher 
performance when compared to gener-
al-purpose chips. Custom silicon also 
reduces the dependency on availability 
of a wider span of chips in a bill of 
materials, reducing dependencies on the 
supply chain.  

The current ecosystem is geared to 
high-volume standard products, not 
smaller volume or speculative highly 
customized chips. There are not enough 
chip designers, the cost of design is too 
high and the time to design is too slow 
for these classes of applications.

Apple has solved part of the problem 
through multiple acquisitions of chip 
companies, design talent and related IP. 
The Wall Street Journal quoted Carolina 
Milanesi of Creative Strategies as saying, 
“Now they (Apple) can line up the design 
of the silicon, software and hardware to 
deliver one thought-out product that’s 
better in power and performance.” 
Automotive companies are similarly 
racing to build internal capability. A 
recent Economist article titled “How 
supply-chain turmoil is remaking the car 
industry,” notes significant investments 
are being made by leading automotive 
companies in building internal chip 
design capacity in order “to help them 
semi-tailor specifications to make them, 
as one car boss puts it, smarter buyers. 
VW is hatching plans to design its own 
custom silicon, as Tesla does.”  

The acquisition and investment path 
can work for large well-financed com-
panies with large proven markets, but 
what about everyone else? This is where 
the open-source solutions shine. 

Open-source chips represent the most 
viable solution to address the market 
needs. because they can be shared to 
simplify design, speed time to market 
and reduce costs. Advances in open-
source EDA use automation and novel 
approaches to expand the community 
of designers to software and hardware 
developers, growing the potential pool 
of designers by perhaps 500X or more. 
For example, the Open Lane flow built 
on the DARPA funded Open Road 
tools offers fully automated RTL to 
GDS physical design. This turns FPGA 
developers into chip designers. Frame-
works like LiteX offer python-based 
SoC design.  

An open-source platform simplifies, 
accelerates and makes affordable the 
critical path to prototypes and early first 
volumes. They are superior to gener-
al-purpose solutions and offer savings 
in upfront costs to generate a low-cost 
of ownership chip, enabling designers to 
inexpensively prototype and address a 
broad number of applications.
Education: Silicon solutions were 
prohibitively costly for educators. The 
low cost of silicon generation is making 
it accessible to the education field. The 
academic community now is using 
open source for both course work and 
research. In software, students can learn 
by doing and create their own “apps,” 
even beginning in high school. In 
contrast, electrical engineering students 
would typically not be able to fabricate 
their own silicon solutions until entering 
a PhD program or even the workplace.  

Prototyping for Startups: For many 
years, venture funding for startup chip 
companies had all but disappeared 
in large because of the high upfront 
costs of bringing an idea to proof of 
concept. As a result, overall returns 

were depressed and such deals were not 
competitive with other opportunities. 
In recent years, this has improved, 
but largely only for high-profile 
teams undertaking enormous market 
opportunities.

Open Source with a full prototyping 
solution speeds the path to proof of 
concepts (PoCs) at a fraction of the 
cost of using traditional EDA, IP and 
prototyping. Once the PoC is developed, 
follow-on funding can be arranged to 
fund further development and optimi-
zation of the design using traditional 
methods.

This is democratization of chip design 
in action.

Conclusion
Governments and the semiconductor 
industry reacted to the semiconductor 
shortages by making enormous 
investments in the supply chain and by 
formulating plans to build new fabs. 
Intel plans to spend $100 billion in man-
ufacturing in Ohio and up to 80-billion 
Euros in Europe over the next decade, 
assuming government incentives. Gov-
ernments are responding with capital 
of their own. In the U.S., the Chip Act 
allocates over $50 billion to the chip 
industry with much of it earmarked 
to capacity and secure supply chains. 
China has its $170-billion National Inte-
grated Circuit Fund. Europe, India and 
other countries have similarly ambitious 
programs.   

This is all well and good, but there 
are big opportunities that also require a 
new way to approach design to fill fabs 
and meet market needs. One based in 
methods proved in software and content 
creator markets.

The open-source silicon movement 
with a community-based, open-source 
platform of easy-to-use, easy-to-access 
tools is a practical and efficient way to 
ensure innovation and has the potential 
to drive exponential semiconductor 
industry growth. It creates and engages 
a new community of designers that 
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expands to a far broader community in 
all countries and offers flexibility for 
individuals to live and work where they 
chose.  

Editor’s note: 
Efabless is community-based chip 
design platform for custom silicon.
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