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The idea of scaling in the third, or vertical, dimension has suddenly 
generated incredible interest across the industry; but electronic 
design automation (EDA) vendors, foundries and early adopter 

customers have been collaborating on solutions for some time. General 
market adoption of 3D-IC will occur in two stages: multi-die packaging 
using silicon interposers with through-silicon vias (TSVs), followed by 
multi-die stacking employing TSVs directly in the active silicon. In 
addition to stable manufacturing processes, the transition to 3D-IC 
depends on extensions to existing design methodologies and tools, 
and new supply chain alignments to maximize the economic potential 
of the technology. Eventually, 3D-IC approaches will place greater 
emphasis on the co-design and co-verification of ICs, IC packages and 
printed circuit boards (PCBs) for overall system optimization. 

Drivers for 3D-IC: Complexity and Cost
Packing more transistors onto a die has been the value driver for the 
entire history of the IC industry. So what’s changing now? While 
system-on-chips (SoCs) at the leading process node provide a great 
value proposition for very high-performance, high-volume applications 
such as mobile communications, networking and transportation, they 
are becoming significantly more costly to develop on an individual 
project basis (the estimated development cost of a high-end SoC is 
over $100 million). They can also be more sensitive to manufacturing 
variation, leakage and stress effects, which affect time-to-tapeout and 
yield. Finally, it’s difficult and time consuming to integrate different 
process nodes and technologies such as CMOS, RFCMOS, DRAM 
and Flash on a single chip, which is typical for many SoC applications.

Conventional multi-die packaging solutions such as wirebond 
system-in-package (SiP) and flip-chip get around some of these 
issues, but they also have some significant limitations. For example, 
wirebond SiP requires long, highly inductive wires, which can limit 
clock speeds and require relatively powerful drivers that consume 
additional power. Flip-chip packages improve off-chip bandwidth, 
but die-to-die connections still require “PCB-like” interconnect 

geometries on the package substrate and physically larger packages. 
Finally, the current multi-die packaging supply chain, in which 
assembly and test operations are performed in a different location 
than IC manufacturing, introduces cost, lag time and uncertainty 
into the overall production process, which 3D-IC approaches may be 
able to avoid if performed at the Fab.

Phase One: Die Stacking with Silicon Interposer 
(2.5D)
Introducing a new type of multi-die substrate fabricated with silicon 
offers a significant first step toward full vertical scaling (this is often 
referred to as 2.5D). A “silicon interposer” uses conventional IC 
processing technology (65 nm seems to be a popular choice right 
now) to provide multiple layers of copper interconnects with TSVs 
implemented in copper or tungsten. Multiple die are mounted to the 
interposer in a side-by-side configuration using micro solder bumps. 
By combining interposers with flip-chip technology, fairly complex 
configurations can be supported.

Figure 1. A Typical 2.5D Package Design Employing a Silicon 
Interposer to Connect Two Die

Today, 2.5D packages are in production that provide one-fifth 
the signal latency of wire bonding; a 100X increase in bandwidth per 
watt (since less drive power is required for the smaller, shorter wires); 
and over 10,000 TSV connections between adjacent die, enabling 
wide input/output (I/O) at extremely high data transfer rates between 
microprocessor and DRAM chips, for example. Silicon interposers 
also have lower heat spreading resistance than organic substrates, 

The Semiconductor Industry Discovers the 
World is Not Flat

Matthew Hogan, Calibre Marketing Engineer, Design-to-Silicon Division, Mentor Graphics Corp.
John Park, Business Development Manager and Methodology Architect, System Design Division, Mentor Graphics Corp.



3

and 20W packages have already been demonstrated. They can also 
incorporate signal redistribution layers to enable signal remapping 
for chips that were not originally designed to be used together or 
to provide system variants using different chip combinations (e.g., 
different DRAM options). As with SiP, 2.5D naturally supports 
the integration of chips manufactured with different process 
technologies or at different nodes. Finally, since silicon interposers 
can be fabricated at the IC foundry using familiar processes, die do 
not have to move outside the controlled environment of the Fab, 
which saves handling cost and delays, and reduces requirements for 
electrostatic discharge (ESD) protection, which further reduces the 
size of output drivers.

Tooling Requirements for 2.5D
By and large, the tooling requirements for 2.5D are already in 
place. Since 2.5D tends to integrate existing IC designs, or designs 
that have been partitioned, implemented and manufactured in the 
same manner as single-chip designs, there is relatively little impact 
on implementation at the chip level. An IC-to-package co-design 
methodology can be used to optimize the off-chip interconnect path 
between the dies, interposer (TSVs) and package substrate. This 
approach can greatly reduce routing challenges and improve signal 
quality across the interposer, package and PCB. The routing of 
passive silicon interposers can be performed by place-and-route tools 
used for IC layouts, or by a package/PCB-like routing solution that 
can support non-orthogonal routes, multiple unique line widths, 
via types and sizes, and tapers and fillets. Depending on the process 
node, the interposer routing is typically taken back into a chip 
finishing tool for final manufacturing preparation.

Figure 2. Silicon Interposer Design Often Employs PCB-like 
Features: Non-Orthogonal Routing, Multiple Line Widths, Tapers 

and Fillets

Extensions to popular IC design tools have also been introduced 
to address the need for multi-die design rule checking, layout vs. 
schematic (LVS) checking, extraction and testing. For verification, 
the approach is to verify die as usual, and then introduce rule decks 
and netlists describing the interfaces between the die (micro bumps, 
silicon interposer, etc.). New verification rules check the physical 
alignment of micro bumps to interposer pads, and trace connectivity 
through the entire multi-die configuration including chip and 
interposer redistribution layers. Automation to support remapping 
of signal names is a key requirement. In addition, extraction of the 
interface requires new models for the interposer TSVs and the ability 
to integrate this new data with traditional extraction data from the 
individual die to enable overall system-level simulation. Tools are 
already available from EDA vendors, and the additional models they 
need are being tested by foundries for 2.5D packages, so neither of 
these elements will be a limiting factor for 2.5D implementation.

Figure 3. Foundries and EDA Vendors are Working on TSV Models 
to Enable Accurate Extraction and Simulation of Multi-die Designs
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Because of the combinatorial impact of assembling multiple die 
into a package, the requirement for better-tested known good die is 
higher at the wafer sort stage (i.e., a lower defect per million (DPM) 
escape rate at wafer test is needed to achieve a given 2.5D packaged 
part yield). In addition, since access to off-chip connects is limited in 
the packaged part, efficient test vector compression and propagation 
support is extremely important for achieving fast and cost-effective 
final testing. For test development, the ability to reuse single-chip test 
vectors and automatically integrate them into a full system test can 
have a big impact on test cost, development cost and time-to-market. 
Solutions that address these additional requirements for testing multi-
die packages are already available from the leading vendors.

In summary, the semiconductor ecosystem is ready to support 
general market adoption of 2.5D solutions today.

Phase Two: Die-on-Die Stacking with TSVs (3D)
Stacking die directly on top of each other using TSVs to make inter-
die connections is an approach that is already in production for 
some specialized applications such as sensors mounted on logic and 
memory mounted on logic, including microprocessors. 3D stacking 
provides a smaller form factor and better performance than wirebond 
or silicon interposers, with the ability to fabricate thousands of 
TSVs per square centimeter. Foundries and EDA vendors are 
actively working on new enabling technology to facilitate the design, 
verification and manufacturing of vertically integrated systems.

Full 3D-IC requires extreme wafer thinning, which requires careful 
processing and handling to prevent excessive mechanical stress that can 
cause delaminating, cracking and fracturing. Mechanical stress can also 
have an effect on the electrical performance characteristics of transistors 
in the base layers. For example, stress can affect device mobility and 
Vt thresholds, resulting in parameter variability that is comparable to 
lithographic variability at 45 nm and below. To minimize stress effects, 
designers can group TSVs together and allocate a “keep away” area 
to separate them from active regions. Eventually, designers will want 
the freedom to put TSVs in active areas and will need extended stress 
models to account for TSV interactions. Since stress affects 3D systems 
at the transistor channel, die and package levels, tools will integrate 
information from low-level physics-based models, GDS-based die 
stress models and package-scale finite element analysis (FEA) models.

See World is Not Flat page 24
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Raymond d. Zinn
President, Chief Executive officer and Chairman of the Board, micrel Semiconductor

GSA’s membership base is made of companies that have established innovation as part of their 
business culture. One such GSA member is Micrel Semiconductor. Their tagline “Innovation 
through Technology” reinforces their commitment to driving innovation for its customers. In 
my interview with Raymond D. Zinn, president, CEO and chairman of the board at Micrel 
Semiconductor, we discussed some of Micrel’s new, innovative analog, Ethernet and high-
bandwidth solutions and how these products drive innovation for its customers; best practices 
implemented by Micrel to enable the company to be “fast on its feet”; which electronics markets 
they see as rich areas for semiconductor innovation, and much more.

— Jodi Shelton, President, GSA

Q: Please explain the significance of 
Micrel’s tagline “Innovation through 
Technology.” How are these three words 
a reflection of Micrel’s mission, vision 
and promise? 

A: First, Micrel is a very technology-
rich company. When compared to 
our peers, we have more patents 
per capita. The Company is highly 
focused on protecting its products 
through intellectual property (IP). 
Second, we have our own wafer 
fabrication facility located in San 
Jose, California. This allows us to 
develop the most sophisticated and 
differentiated processes because 
we are not required to modify our 
needs to be compatible with a 
foundry’s process technologies. We 
can, literally, tweak the process to 
whatever the product requires. This is 
difficult to do if you’re fabless. Third, 
with 70 percent of our revenue 
coming from analog products, 
this requires a lot of innovation 
to differentiate oneself. We have 
developed a very sophisticated analog 
process technology, and this gives us 
an edge. 

Q: Tell us about some of Micrel’s 
new, innovative analog, Ethernet and 
high-bandwidth solutions and how 
these products drive innovation for its 
customers.

A: Micrel’s new family of High-
Efficiency Low-DropOut (HELDO) 
products combines the high power 
conversion efficiency of a switch 
mode convertor with the ease of 
use and superior low output ripple 
characteristics of linear regulators. 
Micrel has combined years of 
experience in developing high-
performance linear regulators and 
innovative approaches to switch 
mode power conversion to bring to 

market these innovative products 
solving unique problems. The 
HELDO family of products finds 
applications in a diverse array of 
equipment, from base stations to 
mobile handsets. 

Micrel’s industry-first Automotive 
Electronics Council (AEC)-Q100 
qualified Ethernet product family 
enables our automotive customers 
to deploy standard Ethernet 
protocol inside cars. Initially, 
customers replace controller area 
network (CAN) devices with our 
Ethernet products for diagnostic 
and software download application 
at service stations. The download 
time is reduced by 100 times, saving 
customers a lot of time and money. 
Ethernet also finds its way into 
the infotainment system to replace 
Media-Oriented Systems Transport 
(MOST), which is a proprietary 
protocol. This allows our customers 
to drive down the cost of ownership 
with a single IP-based network inside 
cars. Furthermore, with Ethernet 
protocol data bandwidth can be 
further expanded from 100 Mbps to 
1 Gbps or even to 10 Gbps to meet 
increasing IP bandwidth demand in 
the future. 

Micrel’s new ClockWorks family 
of timing devices integrating crystal 
oscillator, frequency synthesizer and 
fan-out functions delivers ultra-
low phase noise and integrated 
jitter performance exceeding even 
the most stringent requirements 
in networking applications. The 
ClockWorks family featuring 
the revolutionary rotary wave 
voltage-controlled oscillator with 
programmability enables designers 
to implement their unique clock 
trees with the best performance, less 
components, lower cost and shorter 
time-to-market. Applications for the 

ClockWorks family span from set-
top boxes to wireless base stations 
and optical switching and transport 
systems.

Q: Consumers are demanding 
enhanced capabilities in a smaller 
form factor at an increasing rate, 
therefore shrinking original equipment 
manufacturers’ (OEMs) and chip 
suppliers’ time-to-markets. With time-
to-market becoming increasingly 
important, what best practices 
implemented by Micrel enable the 
company to be “fast on its feet”?

A: First, as stated in my response to 
question number one, the Company 
has its own local, internal wafer 
fabrication facility, while most 
of today’s foundries are located 
thousands of miles away in different 
time zones. Second, we don’t have 
to compete with other companies 
for priorities in the Fab. Third, 
Micrel doesn’t just have a bunch of 
good designers; we’re also a well-
oiled manufacturing machine. 
Organizationally, the Company is 
relatively flat which leads to less 
bureaucracy and lets the Company 
move quickly. For example, there 
are only three layers of management 
between the line personnel and me. 
We have organized our fabs through 
the use of some very sophisticated 
tracking and monitoring capabilities, 
and I have the flexibility to move 
people around to augment areas 
where there is a bottleneck. All of 
these organizational elements have 
helped us reduce our cycle time. 

Q: At GSA’s Semiconductor Ecosystem 
Summit, a common reoccurring theme 
was that the semiconductor industry 
is not dead and will continue to thrive 
with new, exciting electronics being 
introduced into the marketplace and 

See Micrel Semiconductor page 23

Industry Reflections
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BoB ConRad
Executive Vice President, Fairchild Semiconductor

Innovation is the lifeblood of the semiconductor industry. Consumers continually demand more features, 
efficiency and reliability, requiring chip companies to constantly innovate to remain competitive 
and meet demand. No one knows this better than industry veteran Fairchild Semiconductor. In my 
interview with Bob Conrad, executive vice president at Fairchild Semiconductor, we discussed the 
major turning points of change and innovation in the semiconductor industry during the 54 years 
of Fairchild’s existence; the company’s new, innovative high-performance power and mobile products 
and how these products enable engineers to drive innovation in their designs; the importance of 
investing in innovation inside and outside the company, and much more.

— Jodi Shelton, President, GSA

Q: Founded in 1957, Fairchild 
Semiconductor was a pioneer in the 
semiconductor industry and has become 
a mainstay in Silicon Valley. What do 
you believe have been the major turning 
points of change and innovation in the 
semiconductor industry over the last 54 
years?

A: There have been many turning 
points in the evolution of the 
semiconductor industry. One that 
comes to mind was the establishment 
of the foundry business model, as it 
enabled many new semiconductor 
companies to be created without the 
hurdle of building wafer fabs. This 
has helped maintain or increase the 
pace of product-oriented innovation 
for decades.

Another turning point was the 
advent of digital technology in all 
things related to communication. 
This not only improved the power 
efficiency, performance and quality 
of the user experience (think CDs 
vs. albums, and digital vs. analog 
cell phones), but it also put many 
applications on the cost and 
performance learning curve known 
as Moore’s Law.

One turning point we are 
currently experiencing is the use of 
semiconductor technology to improve 
power efficiency. This is very evident in 
the level of functionality we can now 
get in smart phones while maintaining 
good battery life. Additional areas 
include the use of brushless direct 
current (DC) motors instead of 
alternating current (AC) induction 
motors in many industrial and home 
applications, and the use of switching 
regulators instead of linear regulators 
in most all power supplies. In all 
of these areas, new semiconductor 
technology is at the heart of the 
advancement in power efficiency.

Q: Tell us about some of Fairchild’s 
new, innovative high-performance 
power and mobile products and how 
these products enable engineers to drive 
innovation in their designs.

A: Fairchild offers a substantial 
portfolio of semiconductor technology 
that addresses a broad range of 
requirements in power-dependent, 
mobile and other industries.

As a power technology leader, 
Fairchild offers a unique combination 
of functional, process and packaging 
innovation with the industry’s best 
power management expertise. We are 
a global leader in delivering energy-
efficient power analog, power discrete 
and optoelectronic solutions that 
maximize energy savings in power-
sensitive applications.

Some examples of Fairchild’s 
industry-leading solutions 
include SuperFET metal oxide 
semiconductor field-effect transistors 
(MOSFETs) that achieve world-
class Rds(on) and provide higher 
power density reducing heat sink 
size; Green Fairchild Power Switch 
(FPS) devices that offer state-of-the-
art standby power to support the 
industry’s 1W initiative; and power 
factor correction (PFC) ICs that 
increase system efficiency.

Fairchild’s mWSaver technology 
offers best-in-class power savings for 
power supplies by enabling standby 
power ratings below 50 mW. By using 
Fairchild’s mWSaver technology, 
power supply manufacturers can now 
achieve the ultra-low standby power 
performance their customers want, 
while eliminating components and 
lowering bill-of-material (BOM) 
costs.

Fairchild is also a leader in mobile 
technology, with a wide portfolio 
of analog and power IP that can 

provide improved functionality 
while conserving space and power, 
thereby helping customers achieve 
user satisfaction and market success. 
These functions include audio, 
video, Universal Serial Bus (USB), 
application-specific standard product 
(ASSP)/logic, radio frequency (RF) 
power, core power and lighting.

In fact, Fairchild addresses one 
of the most significant challenges 
facing audio applications in the 
mobile industry today—the need 
to meet consumer demand for 
multimedia mobile devices that 
offer smaller speakers that sound 
louder and better, while minimizing 
impact on battery life. Two such 
solutions, the FAB1200 and 
FAB2200 stereo Class-G ground-
referenced headphone amplifiers, 
address this need. The FAB1200 and 
FAB2200 mobile audio ICs make 
handsets, tablets/mobile Internet 
devices (MIDs) and other portable 
audio applications sound louder and 
better while reducing overall systems 
cost and minimizing the impact on 
battery runtime.

Q: While business is ever-evolving, 
what best practices have remained 
static at Fairchild and implemented to 
provide customers with “solutions for 
success”?

A: “Customer Success” is Fairchild’s 
number-one guiding principle. This 
can be seen in the commitment of 
the entire company, from product 
designers to manufacturing experts 
and our field application engineers 
(FAEs), all working to anticipate and 
address customer needs.

The willingness of Fairchild to 
listen and respond to customers is 
key to the company’s ability to meet 
the unique requirements set out by 

See Fairchild Semiconductor page 25
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Innovation has long been both an exciting and a challenging 
proposition. Competition within today’s semiconductor 
industry is becoming more and more difficult in the face of 

increasing company consolidation and technology commoditization, 
yet to survive, companies must find ways to continue innovating. 
The reality is that innovation can no longer occur in a vacuum—
that is, being completely internally focused. Companies must 
innovate openly from the “outside in” rather than from the “inside 
out,” revitalizing themselves by tearing down the walls between 
their organizations and outside companies and innovators. This 
approach of actively collaborating with external partners through the 
innovation process is known as open innovation.

The concept was championed by U.C. Berkeley professor Dr. 
Henry Chesbrough in his pioneering 2003 book “Open Innovation: 
The New Imperative for Creating and Profiting from Technology”1. 
Subsequently, open innovation quickly caught on—first with 
established companies in the consumer sector such as Procter & 
Gamble, then migrating into the high-tech sector via companies 
such as Apple. Apple did not achieve its phenomenal reputation and 
market success alone. Rather, the company has done it not only with 
its manufacturing supply chain partners, but also—pointing up the 
growing importance of applications in today’s industry landscape—
with all the many developers of apps for the iPhone, iPad, etc., as well 
as Apple’s agreements with recording labels, publishers and studios to 
make content available via iTunes.

As Chesbrough notes, this is how products become platforms, 
which is what companies need to be focusing on rather than simply 
developing products or providing basic services. A platform not only 
encourages others to develop on top of and alongside what a company 
is doing, but it also allows the company to give its customers access 
to a much broader set of capabilities and experiences. Open business 
models that encompass a broad scope of complementary products 
and services are the most viable means of remaining competitive and 
escaping what Chesbrough calls the “commodity trap.”

Choosing the Right Path
Every company and every line of business within a company can 
benefit from looking outside its organizational boundaries for 
innovative business ideas, for collaboration in developing those ideas 
and for validation of those ideas in the real world of consumers. 
Researchers from global management and strategy consulting firm 

Booz & Co.2 estimate that companies with robust open innovation 
capabilities—including strong technology-scouting practices and 
cross-boundary collaboration—are seven times as effective as firms 
with weak capabilities and twice as effective as those with moderate 
capabilities in generating returns on their overall R&D project 
investment portfolio.

At the same time, there are companies that have pursued open 
innovation and subsequently deemed it too difficult to establish 
processes to find, capture and commercialize business ideas, all the 
while infusing their corporate culture with a focus on promoting 
collaboration. The problem is not the concept—good ideas from 
outside the R&D lab can be found and made to work—or even 
the “not invented here” attitude that can hamper seeking out and 
integrating innovative ideas from outside the company. Many 
companies are more than willing to build an innovation culture open 
to outside ideas, but don’t know how to make the shift.

According to Booz & Co., successful companies tend to choose 
one of three basic business approaches. They become need seekers, 
technology drivers or market readers; and that choice, in turn, 
determines how they can succeed.

 ▪ A need seeker’s strategy directly engages current and potential 
customers to ascertain their needs, pursues new products and 
services, and focuses on making the company the first to market 
with those offerings. This is a highly customer-driven approach, 
with virtually all the company’s innovation determined by 
specific customer demands.

 ▪ A technology driver’s strategy is led by the company’s 
technological strengths, and so leverages R&D investment 
to drive both revolutionary and evolutionary developments. 
This approach seeks to solve customers’ needs—often 
unarticulated—with new technology, which the company then 
touts to create demand.

 ▪ A market reader’s strategy is more cautious, monitoring both 
customers and competitors while focusing primarily on creating 
value through incremental change and being a “fast follower” 
of proven concepts. Companies successful in pursuing this 
approach are rarely first to market with a new technology or 
product type, but can often achieve greater success with them 
in the long run.

Each of these innovation models requires a distinct set of innovation 

Open Innovation Spurs Ongoing Semiconductor 
Industry Advancements

Suk Lee, Director, Design Infrastructure Marketing, TSMC
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capabilities to succeed, as shown in Figure 1. Companies that develop 
the appropriate innovation strategy must align it with their overall 
corporate goals and assemble a cohesive set of capabilities to gain a 
clear financial advantage. The key isn’t to be good at everything, but 
rather to excel at what matters most to your success.

Open innovation is therefore a critical capability for need seekers 
and technology drivers, whose innovations are rooted in either 
leading-edge technology or new customer insights. Need seekers 
continually seek ideas to drive incremental product improvements 
and brand new offerings. Technology drivers’ models center on 
developing and subsequently commercializing new, often untried 
technologies. Their success depends not only on integrating ideas 
from a range of sources, but also on ensuring that the product they 
invent can succeed in the marketplace.

Figure 1. Key Approaches of Successful Businesses

CATEGORY OF
CRITICAL CAPABILITY

MARKET READERS

ALL THREE

NEED SEEKERS

TECHNOLOGY DRIVERS

Resource-requirement
management
Supplier-partner engagement in the
development process

Application of technologies and trends
to new products
Translation of consumer and customer
needs to product development
Engagement with customers

Product platform management

Detailed understanding of
emerging technologies
and trends
Product life-cycle
management

Open innovation

Technical risk
assessment

Directly generated, deep consumer
insights and analytics

Enterprise-wide product
launch

Pilot-user selection/
controlled rollouts

Rigorous
decision making

Market potential
assessment

IDEATION
PROJECT SELECTION
PRODUCT DEVELOPMENT
COMMERCIALIZATION

Source: Booz & Company; adapted from “the Global Innovation 1000: How the Top Innovators Keep 
Winning.” by Barry Jaruzelski and Kevin Dehoff, s+b, Winter 2010

Open Innovation Demands Open Execution
To successfully implement open innovation necessitates a systematic 
means of capturing the best ideas, whether from within or outside 
the company, and focusing on the specific set of capabilities needed 
to capture, develop and commercialize them. This involves five main 
activity areas: organization, external relationships, culture, processes 
and tools, and incentives.

 ▪ Organization: A senior-level executive championing the 
program is a must. (Ideally, support should start at the top and 
be infused throughout the company.) An office of innovation 
can be established to seek out new ideas, focus on developing 
and managing relationships with external partners, and organize 
cross-functional innovation processes within the company.

 ▪ External relationships: Successful open innovation hinges on 
developing strong relationships with outside partners and 
developing processes for surfacing and vetting ideas. Adequate 
intellectual property (IP) policies must be agreed on to allow 
for proper licensing of external ideas and establish conditions 
under which external partners can use the IP.

 ▪ Culture: To build a collaborative culture and move away from 
the “not invented here” syndrome, the company must start by 
changing behaviors. Companies that do this well have typically 
established a team for designing new practices to ensure 

employee buy-in and, at the same time, give innovators better 
reasons to share their ideas.

 ▪ Processes and tools: To make the most of open innovation, 
companies must be highly disciplined in their use of technology 
and process innovation. They need to communicate frequently 
and use consistent processes to track and select new ideas, manage 
development, and link R&D with manufacturing and marketing.

 ▪ Incentives: Once discovered, good ideas need to be captured 
effectively. Creating solutions that benefit both the company 
and its partners is critical to successful development and 
execution of ideas. Incentives should be offered based on 
achievement of key innovation metrics.

The bottom line is that open innovation offers companies a wide 
range of benefits—if they view this approach as an innate part of 
their R&D arsenal—a capability that can give them a distinctive 
edge in their industry and target markets.

New Foundry Ecosystem Paradigm
Let’s expand this concept out and look at the semiconductor foundry 
model, wherein customers design the chips and bring the designs to 
the foundry, and then the foundry creates chips from the designs. It 
used to be that integrated device manufacturers (IDMs) had to build 
their own fabs, so starting a chip company was very capital-intensive. 
While the design process was by no means cheap, the greatest costs 
lay in manufacturing.

The rise of the foundry model enabled many new fabless chip 
start-ups, empowering them to concentrate on creating unique and 
differentiated new chip designs. Instead of committing resources to 
building their own manufacturing facilities, they can outsource to the 
foundry the manufacturing capacity they need for the volumes they 
have. Via this collaborative model, chip designers employ products 
from electronic design automation (EDA) and IP vendors, as well 
as from the foundry in some cases to design the chips. The foundry 
verifies that the design works and then builds the chips utilizing its 
proprietary fabrication processes developed in tandem with all the 
aforementioned parties to ensure the best possible manufacturability 
of the designs with the highest yields.

In today’s ultra-competitive environment, foundries must 
combine EDA tools, IP and back-end services when they develop 
advanced technologies for chip design companies to enable speedy 
completion and time-to-market for new product designs. Like the 
mobile devices industry dominated by Apple, Android and Amazon, 
semiconductor makers are not only competing in technology but 
also in setting up a complete industry ecosystem, through which the 
entire semiconductor supply chain can efficiently speed innovation 
and create greater value. An open innovation platform must be 
established to allow for inward and outward flow and collaboration 
of ideas and technologies, while enabling each of the participants 
to continue innovating and building on their respective core 
competencies.

A successful ecosystem creates a positive feedback loop that builds 
upon itself. An open innovation platform creates such a feedback loop 
within a comprehensive ecosystem—everything is interdependent, so 
everything flourishes. An open innovation platform design ecosystem 
encompasses all critical IC implementation areas, with the goal of 
reducing design barriers and improving first-time silicon success. 
It helps to promote speedy implementation of innovation among 
semiconductor designers and their ecosystem partners, encompassing 

See Open Innovation page 27
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Earlier this year, the China Ministry of 
Industry and Information Technology publicly 
announced that in 2010 China’s IC trade 
deficit topped US$100 billion for the first time. 
The deficit was more than 10 times the figure 
of 10 years ago. IC products have become the 
nation’s number-one import—more than oil 
and steel imports combined. This finding was 
a wakeup call for key Chinese policy makers.

Figure 1. 2004-2010 China IC Imports vs. 
Domestic Sales
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Since the release of the landmark #18 State 
Council Rule in 2000, which offers a slew of 
preferential policies to spur rapid growth in 
China’s domestic semiconductor industry, 
China IC output has risen from US$2.4 
billion (1.2 percent of global IC output) in 
2000 to US$21.6 billion (8.5 percent of global 
IC output) in 2010—a compounded annual 
growth rate (CAGR) of more than 20 percent. 
This impressive record, however, has been 
outpaced by the rapid growth of domestic IC 
consumption as a result of the global relocation 
of electronics manufacturing into China in the 
past decade. Since 2006, China has surpassed 
the United States and Japan to become the 
number-one IC consumer worldwide. Today, 
about 50 percent of ICs produced worldwide 
is consumed in China. 

Reversing the monumental deficit has 

become one of China’s top priorities in its 12th 
Five Year Plan. In January 2011, the Chinese 
central government issued a new State Council 
Rule (#4 of 2011) to extend the #18 rule of 2000 
and launched a “China Chip” initiative that 
calls for doubling IC production by 2015 with a 
significant increase in research and development 
(R&D) funding. The Chinese government 
points to the lack of domestic capability in 
design and production of high-end ICs such as 
microprocessors and systems-on-chip (SoCs) as 
the primary cause of the deficit. The renewed 
State Council Rule and R&D funding will serve 
as new catalysts to promote innovation and 
development of an infrastructure for advanced 
IC design and manufacturing.

In recent years, China’s government has 
created various incentive polices to attract 
overseas talent to China. Almost every week 
there is a Chinese government delegation 
pitching China’s local talent programs to Silicon 
Valley engineers, showing China’s determination 
to get entrepreneurs from the U.S. and other 
parts of the world. Together, these policies have 
resulted in a surge of about 500 IC design houses 
spread throughout Shanghai, Beijing and the 
Pearl River Delta regions. While, collectively, 
they represent a sizable talent pool, most of 
these design houses are too small and lack the 
technical resources and capital necessary to have 
a significant impact. 

The “China Chip” initiative, a key part of 
the 12th Five Year Plan, will focus not only on 
IC design, but also on building a well-balanced 
ecosystem for developing advanced chip 
technologies, including advanced fab capabilities, 
packaging processes and design tools. While 
Chinese policy makers recognize China’s lack 
of innovation as the key inhibitor, they also 
partially blame the west for restricting the export 

Closing China’s Chip Gap Offers 
Opportunity for Global Collaboration
Dongmin Chen, Ph.D., Chairman and President, Chinese American Semiconductor 
Professional Association

Global Insights

See Global Insights page 22
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All technical product markets evolve to provide differentiation 
and variety for the end customer. This evolution often involves a 
period of increased vertical integration in an attempt to control 

the customer experience and provide all the necessary elements of a 
product’s supply chain. Looking historically at the personal computer 
market and most recently at Apple and Google in the mobile market, 
the aggregation of software, silicon, services and sometimes patents in 
an attempt to control the customer experience takes place. This level of 
vertical integration usually signals that a market is seeking to stabilize 
the customer experience and will enter a period of rapid growth. This 
period of growth can also lead to unique challenges and increased 
opportunities for emerging silicon providers and their partners. In 
today’s technical markets, vertical integration of an end product means 
greater emerging silicon integration of complex analog and digital 
mixed-signal technology. Success in these technical markets favors 
design software suppliers who can provide fully integrated solutions to 
these ever-increasing silicon integration challenges.

Vertical Integration and Technology Market 
Evolution
Early in the evolution of technology markets and before a full range 
of contributors emerge to create a supply chain, some of the market 
players will inevitably attempt to vertically integrate. This vertical 
integration involves encapsulating all of the product development 
and product integration under one company. Vertical integration can 
lead to a more uniform customer experience, a reduced development 
schedule and the improved coordination of a complex product 
development. On the downside, vertical integration can lead to 
higher costs since not every step of the supply chain experiences 
competition. Vertical integration can also lead to a decrease in product 
variety if the vertically integrated company driving the end product 
lacks investment capital. As a technology market further stabilizes, 
a period of specialized integration begins. At this stage, market 

participants understand the needs of the customers and emerge with 
specific core competencies such that the end product can be created 
with highly optimized components. Finally, as a market matures, the 
virtual integration state is reached. Here a single company will often 
manage a tightly coordinated supply chain to allow for the greatest 
degree of product variety and cost tradeoffs.

For a historical example, please refer to Figure 1 regarding 
the PC market. The PC market circa the late 1970s, by necessity, 
started out extremely vertically integrated. The Tandy TRS80, 
Commodore PET and Apple II were all largely self-contained, with 
hardware and software primarily created and integrated by these PC 
manufacturers. This era of vertical integration in the PC market led 
to a period of rapid growth. As the PC market entered the 1980s, 
specialized integration began to take shape. The IBM PC was a 
good example of the use of specialized integration. The Microsoft 
and Intel combination (Wintel) helped IBM specialize on other 
aspects of the overall PC design. Finally, in the 1990s, the PC market 
moved towards virtual integration, the approach typically deployed 
today, where most PC manufacturers manage a tightly coordinated 
supply chain of specialty providers to assemble the PC hardware 
and software. In many cases such as at Dell, the provider within the 
supply chain actually performs the hardware assembly, integration 
and testing onsite at the PC manufacturer.

Another example of a vertical integration approach within a 
present emerging market is the smart phone and tablet markets in 
the mobile space. There is a spectrum of different approaches in this 
quickly evolving space, with Apple and Research in Motion (RIM) 
participating using more of a vertical approach. Apple’s latest iPhone 
4 design uses intellectual property (IP) from ARM Holdings and 
Imagination Technologies, but the integration and design of the 
application processor chip and the development and integration of 
the software OS is performed by Apple. RIM supplies its own software 
operating system (OS) but typically uses application processor chips 

Seizing the Emerging Silicon Opportunities 
Created by Vertical Integration

Phil Bishop, Corporate Vice President, Worldwide Marketing, Magma Design Automation
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from suppliers such as Texas Instruments. It is expected that until 
the customer experience and demands stabilize in these mobile 
markets, vertical integration will be the favored approach. There 
are some recent specialized integration mobile players, however, 
with HiSilicon Technology Corporation and Motorola Mobility 
Incorporated being good examples. Their expertise is in the system 
specification and integration of smart phones or tablets, with the 
software coming from Google and the application processor chip 
coming from a Qualcomm or NVIDIA. It will be interesting to see 
if the latest merger of Google and Motorola Mobility leads to a more 
vertical approach for both players in the mobile space.

Figure 1. Vertical to Virtual Integration in the PC Market
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Vertical Integration and Emerging Silicon Market 
Opportunities
Vertical integration within a technology market drives the demand 
for more of a platform approach to building silicon devices. Today’s 
emerging silicon opportunities involve complex digital, analog and 
memory-based system-on-chip (SoC) platform designs. These SoC 
platforms have insatiable performance, storage, energy efficiency and 
connectivity demands. As shown in Figure 2, three major technology 
market opportunities are proving instrumental in driving the demand 
for these emerging silicon systems: mobility, cloud computing and 
consumer electronics. 

As mobile products continue to see an astronomical increase 
in consumer and user-generated video, outstanding graphics 
performance is at a premium. In a typical mobile user profile, 
YouTube alone averages as much as 20 percent of the existing mobile 
bandwidth. The advent of mobile gaming and picture quality video 
on mobile devices is also creating an increasing desire for greater 
graphics resolution. Many tablet and smart phone products have a 
graphics resolution trending between 720p and high-density 1080p. 
Along with outstanding graphics performance, mobile products 
need increasingly greater levels of connectivity. Data network 
interconnectivity via Wi-Fi and 3G/4G cellular is now imperative for 
all high-end mobile devices. Most mobile devices can now network 
to standalone servers and PCs to be able to access permanent user 
information and to enable file sharing and data downloads. This 
level of graphics performance and connectivity demands SoC 
platforms that integrate multi-core central processing units (CPUs), 
graphical processing units (GPUs), Universal Serial Bus (USB), radio 
modems and multimedia processing. These SoC platforms use multi-
core processors and symmetric multiprocessing to help optimize 
performance and power. 

Cloud computing is the convenient on-demand service 

provisioning of a configurable pool of computing resources. Cloud 
computing is growing very quickly in enterprise and service provider 
networks and is a factor driving the demand for intelligent high-
speed network processing SoC platforms (NPSP). A NPSP for cloud 
computing must work in concert with traditional x86-based compute 
sub-systems. This multi-core heterogeneous approach allows the x86 
sub-system to run application software, while the NPSP manages the 
high-speed network and data center security provisions. Managing 
a high-speed network means that network processing involves the 
need for fast and efficient multi-threaded architectures and interfaces 
to high-performance double data rate (DDR) memory sub-systems 
for packet processing. Additionally, network processing platforms 
must allow access to the cloud computing infrastructure via cellular 
networks and wireless devices.

Consumer electronics is a broad category that can include 
mobile devices and also extends into high-end computer gaming 
devices, high-definition television, digital cameras, media players and 
advanced home appliances. Once again, the need for greater levels 
of performance and connectivity are dominating today’s consumer 
products. Similar to the mobility market, in consumer markets, there 
is an emerging silicon design need created by vertical integration. 
These emerging silicon SoC platforms must handle high-resolution 
video processing, while balancing the need for connectivity, 
performance, area and energy efficiency.

Figure 2. Emerging Silicon Market Opportunities
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Vertical Integration and the Challenges of 
Emerging Silicon Designs
Emerging silicon devices help to enable greater vertical integration 
by bringing together high-performance digital, analog, memory and 
radio frequency circuitry on a single silicon platform. The complexity 
of these platforms gets compounded by the integration opportunities 
available at advanced processing nodes such as 28 nm. A high-
level design flow for silicon platforms is shown in Figure 3. The 
key functions of an integrated design flow for vertically integrated 
silicon devices includes full-chip simulation of mixed-signal designs, 
IP characterization, digital sign-off, and analog and digital design 
implementation all operating on an integrated data model. 

As mixed-signal designs increase in size and grow more complex, 
the ability to achieve correct functional verification becomes very 
challenging. Verification becomes virtually impossible for current 
simulation solutions once fully extracted parasitics are introduced. 
Full-chip simulation of large analog and digital mixed-signal designs 
is a challenge in terms of run time and capacity for traditional 

See Vertical Integration page 26
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This article will discuss best practices that could be used to peak 
students’ interest in analog, mixed-signal and radio frequency 
(RF) IC design; encourage universities to have stronger 

education in this field; and to keep and strengthen the analog and 
mixed-signal talent in Europe. 

About Engineers
More talented engineers are needed in Europe. To achieve this, 
young people need to have a correct image of what engineering is all 
about. Engineers often fall short in realizing the importance of their 
job towards society. Basically, engineers create innovation. Engineers 
make new devices, which improve life and provide comfort. 
Engineers are also creative. A talented engineer is a creative engineer! 
An engineer also strives to make a good compromise. After all, an 
engineer does not strive for a final solution that is mathematically 
correct—that is for the scientist. A talented engineer can find the 
perfect trade-off between the technical specifications, the economical 
restrictions and the societal needs.

How to Attract More Creative Engineering Talent 
in Europe in the Field of Analog/Mixed-signal/RF 
Design 
Quite often, teens simply don’t have the right image about 
engineering. It is often considered a bad job, where you sit behind 
a computer all day doing…something. And the result of all this is a 
product that pollutes the world and causes much misery to mankind. 
They believe it is the occupations such as medical doctor, musician or 
sociologist that bring prosperity and growth to society. While this is 
true to some extent, the recent progress in these fields has been made 
possible by engineers. In fact, it could be said that this is the case 
for almost any sector or industry. However, the fact that engineers 
are creative and that this creativity gives improvement to daily life is 
simply not the image the broad society has. Therefore, the first step 
in attracting talent is to reach out to teens and provide them with a 
correct image of engineering.

Universities have a big responsibility in this regard. They are 
in the perfect position for such an outreach and promotion to 
get teens enthusiastic about engineering. But the competition is 
tough; everyone from the local sports club to the online gaming 
community and their favorite music channel is trying to get teens to 
be enthusiastic about something. So just trying to get them excited 
about engineering won’t be enough. 

European universities need to be more ambitious and teach 
engineering skills in elementary (six-12 years) or middle school 

(12-18 years). As a matter of fact, one related problem is the lack of 
engineers teaching in elementary or middle schools. Math, science, 
physics and chemistry are not being taught by engineers but rather 
by scientists. While the basic concepts need to be taught by persons 
with a profound scientific education, the important question that 
needs to be asked is whether scientists are projecting the right image 
of how one can be creative with science for the benefit of society. As 
said in the beginning of this article, engineering is all about creativity! 
Engineering is about using science for the benefit, prosperity and 
growth of society. 

How to Get Better Students in Electrical 
Engineering
One would expect electronics to be quite popular. After all, 
electronics are used everywhere, from biomedical to automotive, 
chemistry, production, food control and security. There is not a 
single industry that does not make use of electronics. If students 
know electronics, they have a guaranteed job in any industry. That 
should be an important message to young people that are starting 
to make important decisions about their future. However, the chips 
inside these electronics are invisible. Teens have no idea what is 
inside an MP3 player, a tablet or a smartphone. This is a drawback 
of technology scaling and Moore’s Law. Electronics has become less 
handable. The old days when teens built their own radio or TV are 
over. Today, nobody makes their own cellphone, MP3 player or 
laptop. As such, teens seem to have lost the connection with the 
hardware that is inside all these electronic devices used in daily life. 
The user experience is now more strongly connected with the software 
and applications, than with the actual hardware. Nevertheless, it is 
hardware that enables more functionality and hence an improved 
user experience. Because of this hidden hardware problem, teens 
take it for granted, and thus hardware has become less appealing. 
However, many of the basic electronic principles are still the same 
as before, and these principles can be demonstrated with electronic 
circuitry that everybody can build. Therefore, universities should 
incorporate more project-oriented lectures and problem-solving 
sessions in their teaching programs. Such student projects should (1) 
make use of both software and hardware and (2) have a strong and 
obvious relation with a real-life problem and be appealing towards 
young people.

Electronics is about both software and hardware. Students should 
be taught how a smart combination of software and hardware results 
in power-efficient and flexible solutions. They should experience the 
pros and cons of both hardware and software, and understand that 

The Role of Universities in Producing and 
Attracting IC Design Talent in Europe

Patrick Reynaert, Professor, Department of Electrical Engineering, Katholieke Universiteit Leuven
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electronics is about platforms where signal processing and transistors 
meet each other and, more importantly, that a strong background 
in both domains is needed to be a successful and creative electronics 
engineer. They should write software, not just on a PC with unlimited 
resources, but on a field-programmable gate array (FPGA) or a small, 
low-power microcontroller. They should develop software that is 
strongly related to, and restricted by, the actual digital hardware. They 
should also build analog circuitry and sensor interfaces that work 
together with this digital hardware and software. They should realize 
that ones and zeros of the software in the end represent voltages and 
currents that come from sensors, and thus have a physical meaning.

Secondly, student projects in undergraduate programs should be 
related to their own lives. They should have something to do with 
music, movement, sounds or vision. For example, a project should 
not be about writing software to make an inverted pendulum stable, 
but about programming and building an entire Segway. These 
types of projects should trigger the interest of junior undergraduate 
students in electrical engineering.

Projects completed within graduate IC design programs should 
allow students to go a step further so they can actually make their 
own chips. What can be more satisfying and rewarding than holding 
your own chip and realizing that your ideas, design and circuit is 
baked on a chip of a few square millimeters? And again, the chip 
should not be just an op-amp, a digital decoder or an analog/digital 
converter (ADC) that only works in a lab environment. It should be 
a radio receiver so students can receive their favorite radio station 
by making use of their chip, or a chip that can measure their own 
heartbeat rate from an electrocardiogram (ECG) sensor and display 
it. These projects should also include a combination of both analog 
and digital design, hardware description language (HDL) code and 
analog amplifiers on the same chip. Manufacturing a chip is an 
expensive process, so the latest technology is not necessarily needed. 
A 0.70μm or 0.35μm CMOS process is more than sufficient for 
these types of projects. The industry has a responsibility here to 
encourage and strongly support such initiatives. It is a big effort, but 
both universities and industry will benefit from it in the long run. 

Importance of Research-oriented Education
At the undergraduate level, courses should provide a broad and solid 
foundation in engineering. At the graduate level, apart from courses 
on analog, digital and RF IC design, the program should cover 
important aspects on signal processing, electromagnetics, technology 
processing and packaging. Furthermore, all these courses should be 
heavily intertwined with IC design research. And while writing their 
thesis, graduate students should get the opportunity to perform some 
real research themselves. Obviously, this requires universities that are 
excellent in analog, mixed-signal and RF IC design research. Europe 
has a strong reputation in this regard which should attract talent. But 
there is a lot of pressure on true academic research. The trend toward 
more valorization and dissemination has become so prevalent that 
a lot of research has become “development for a company.” Again, 
the European semiconductor industry should realize that supporting 
university research is of prime importance not only to produce 
needed research findings, but also to create talented engineers.

Innovation
In the end, universities have a responsibility to society—not only to 
deliver excellent students, but also to valorize research results. This is 
where the semiconductor industry can benefit by collaborating with 

universities. Universities are the ideal environment to develop and 
investigate novel concepts and ideas—research of which the outcome 
is unknown. University interaction with industry is important to 
ensure ideas are transferred to company research and development 
departments. As said before, product development itself should not 
take place in a university. Universities simply cannot do this. 

Fundamental academic research has strong innovation potential, 
creating opportunities for start-up companies. Europe has a rather 
weak position in this regard. Entrepreneurship is far more present 
in U.S. universities. European master’s degree and Ph.D. candidates 
seem to be more prudent and more risk-averse. Several European 
countries try to improve this position with various initiatives, often 
coordinated by the national government, to support young engineers 
in start-up or spin-out activities and to provide a good framework 
to guide ambitious people. All these initiatives are important to 
improve the position of Europe. But it should be realized that in the 
beginning, new ideas need to be created. As said before, this requires 
a long-term vision and support of academic research so universities 
can deliver talented engineers and novel electronic circuits.

Conclusion
So how do universities produce more engineers in Europe? First, going 
to elementary and middle schools and getting students enthusiastic 
about engineering. The main message should be that engineering is 
about creativity. Second, teaching them the engineering spirit and 
attitude. Teens should learn how math and science can be used to 
solve problems in society. Study programs within elementary and 
middle schools need to change.

How do universities produce more talented engineers with a 
strong background in IC design in Europe? First, universities must 
engage undergraduate students in electronic circuit design projects. 
These should be simple but relevant projects, include both hardware 
and software design, and have a strong connection to daily life. They 
need to realize that electronics can be used everywhere. Graduate 
student design projects should go further, and students should have 
the ability to design their own chip, a chip that includes both analog 
and digital design. 

Finally, academic research should lead to innovation and start-up 
activities. This requires young master’s and Ph.D. students to have 
strong entrepreneurship spirits and universities to provide sufficient 
support for long-term academic research. The combination of both is 
needed to strengthen Europe’s position in analog, mixed-signal and 
RF IC design. ▪
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Semitech Semiconductor provides power line 
communication (PLC) semiconductor devices 
that enable the transformation of the electricity 
grid into a smart grid that connects utilities to 
their customers. By connecting utilities to their 
customers, Semitech’s devices enable a worldwide 
communications network over the existing 
power grid. Semitech’s products are used in 
smart meters, smart grid monitors, solar panels 
and inverters, and street lighting, implementing 
a connected system that is more reliable and 
flexible than existing approaches. Semitech is 
based in Singapore and Melbourne, Australia.

Semitech’s family of PLC devices delivers 
a range of solutions and bandwidth for smart 
grid communications. Semitech’s products 
have consistently proven to be the most robust 
solutions for broad deployment in noisy power 
grid environments. 

Semitech’s SM2200 enables communications 
over noisy power lines where other parts fail. As 
a result, the SM2200 is used in PLC applications 
where reliability, distance, data rate and noise 
immunity are required, including China’s 
power grid where Semitech has been used since 

Cavendish Kinetics designs, manufactures and 
markets tunable radio frequency (RF) circuits 
based on third-generation microelectromechanical 
systems (MEMS) technology and innovative 
semiconductor processes. Cavendish’s products 
are designed to address a serious challenge facing 
the wireless industry: how to pack more features 
and services into wireless devices without adding 
more radios or increasing the device size.

The family of digitally-controlled, variable 
capacitors offers the highest quality factor and 
best tuning range in the industry and are ideally 
suited for handset antenna tuning, impedance 
matching circuits, power amplifier (PA) load 
adjustment and tunable RF filters.

Cavendish’s unique technology enables the 
design of cellular handsets, laptops, netbooks, 
tablets and other consumer wireless devices with 
improved performance, lower power and smaller 
RF systems.

Products incorporating Cavendish Kinetics’ 
semiconductor products:

 ▪ Deliver a more satisfying experience for the 
end user while significantly improving the 
network efficiency of the cellular operators.

2008. The SM2200 uses modulation and signal 
processing technology that is adjustable in speed 
but also “frequency agile” to deliver highly robust 
and reliable communications. The SM2200 
adapts to noisy environments, choosing the most 
effective transmission frequency. It also employs 
a multi-access scheme to provide additional 
robustness and enables communication with 
multiple nodes simultaneously, thus providing 
the customer with better results via the highest 
throughput and the most reliable communication 
available.

Semitech recently announced its SM2400 
multi-standard orthogonal frequency-division 
multiplexing (OFDM) narrowband PLC modem 
to provide reliable communications for IEEE 
1901.2, PRIME, G3 and proprietary smart grid 
metering deployments.

 ▪ Provide 3G and 4G systems with improved 
RF signaling, which dramatically increases 
data throughput and reduces call re-tries and 
dropped call rates.

 ▪ Reduce component counts, which make it 
faster and less expensive to design better-
performing wireless devices.

 ▪ Use less power to get the same transmission 
power since the antenna and RF systems can 
be tuned to remain in their design windows 
regardless of the environment.

 ▪ Have smaller form factor since the devices are 
the smallest in the industry and can be used 
as bare-bumped die when incorporated into a 
tuning module. ▪

EE Times ACE selected Semitech as a 2011 
Start Up of the Year Finalist. ▪ 

“Semiconductor companies are global from day one. 
Our GSA membership helps keep Semitech connected 
to the global fabless semiconductor community with 
the information, contacts, visibility and tools that 
we need as a leader in smart grid communications 
devices.” 

– Mike Holt, VP of Marketing and Sales, Semitech 
Semiconductor

Matt Rhodes, CEO
Mike Holt, VP, Marketing and Sales
Zeev Collin, VP, R&D
Dr. Song Cui, Director, Product Development

67 Ayer Rajah Crescent Unit 03-20/22
Singapore 139950
(T) +65 6777 9750
(W) www.semitechsemi.com

“GSA provides a unique, focused forum on issues 
that affect the semiconductor industry supply 
chain and hosts events where current information 
and issues are discussed by industry experts.”  

– Larry Morrell, Executive Vice President, 
Marketing & Sales, Cavendish Kinetics

Dennis Yost, President & CEO
Dr. Richard Knipe, Ph.D., CTO 

& VP, Engineering 
Larry Morrell, Executive Vice 

President, Marketing & Sales
Dr. Rob van Kampen, Director, 

MEMS Design & Architecture
Lewis Boore, Vice President, Sales
Dr. Charles Smith, Founder & Chief Scientist
Ms. Ainslie Mayberry, CFO

3833 North 1st Street 
San Jose, California 95134
(T) 408-240-7370
(W) www.cavendish-kinetics.com
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Semiconductor and electronic component manufacturers 
are bracing themselves for the uncertainties that 2012 
holds. Much has been said about the cyclical nature of the 

semiconductor business, yet there are significant differences between 
recent downturns. The 2001 downturn was driven primarily by 
high inventory levels and a sharp drop in demand, which led to a 
significant investment in supply chain management processes and 
tools. This investment paid off when credit dried up during the 2008 
financial crisis, allowing companies to respond quickly and enable 
a fast recovery in 2010 and 2011. This time, the driver is different; 
sovereign debt in both the U.S. and in Europe is unnerving markets, 
but unlike 2008 when the scope of the problem was unknown, the 
scope is well-defined and corporate balance sheets are actually doing 
well. It is for these reasons that analysts are predicting a soft start to 
2012 and a return to moderate growth by the second half of the year.

The open question is what can semiconductor and component 
companies do in 2012 to allow them to grow their business profitably 
and install an infrastructure that will enable them to gain more 
market share in 2013 and 2014?

Re-thinking Demand and Inventory Tracking
The global and multi-channel value chain in which semiconductor 
and component manufacturers operate presents significant growth 
challenges, especially for emerging companies with new offerings. 
To increase design wins, gain mindshare from distributors and 
manufacturing reps, and increase the ease of doing business with 
these critical partners, manufacturers need to rethink their approach 
to demand creation and the infrastructure they use to manage their 
business. Many companies have revamped their sales processes and 
invested in working closely with their end customers, but some 
growth inhibitors still remain. 

A 2010 survey of 60 semiconductor and component companies 
by AMR Research revealed that the top two issues for these 
companies were demand tracking and linking opportunities and 
registrations to transactional data. There are significant process and 
infrastructure gaps that prevent companies from performing these 

tasks well, including managing one-to-many relationships, gaining 
global visibility, effectively tracking transfer business, registration 
programs and inventory tracking.

Managing One-to-Many Relationships

Most standard enterprise resource planning (ERP) and customer 
relationship management (CRM) applications are designed to 
manage a one-to-one relationship: a manufacturer selling to a 
customer. In an industry where it is common for a distributor to 
purchase product and ship inventory to a contract manufacturer 
that is building a product for the actual end customer (which has an 
agreement with the manufacturer), commodity tools and processes 
are not sufficient. 

Global Visibility

Demand signals that may be generated by a single end customer for 
a specific project may appear as multiple demand signals coming 
in from different sales locations and different channels. Many 
companies find it difficult to systematically identify and resolve 
duplicate opportunities.

Transfer Business

Over the past decade, transfer business has grown fivefold; it is 
very common to see business move around the globe, with design 
happening in one location, manufacturing in a second location, then 
shipping to a third location to a contract manufacturer that in turn 
ships to another location. Tracking transfer business and applying 
the right external and internal teams is a challenging task for many 
companies.

Registration Programs

Registration programs are an important component in the relationship 
between manufacturers and their distributors, providing distributors 
with protection and incentives to drive demand generation. Yet few 
companies can easily manage the entire process, including embedding 
programs automatically into their transactional systems, leading to 
contention and dissatisfaction from their channels partners.

2012 Strategies for Enabling Profitable 
Growth: Increasing Design Wins and Gaining 

Channel Mindshare

Chanan Greenberg, Senior Director, Business Development, Model N
Marc Gsand, Senior Director, Worldwide Channel Sales, AppliedMicro
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Inventory Tracking

Tracking inventory levels (especially with channel partners), 
shipments, calculated quantities on hand and reported quantities, 
and then reconciling that data with point-of-sale (POS) data is an 
arduous task that often involves manual error-prone processes.

The common denominator of all the issues previously listed is 
infrastructure; in the same AMR survey mentioned earlier, only 30 
percent of companies rated their own tools as sufficient in addressing 
the challenges listed. For most companies, managing one-to-many 
relationships, gaining global visibility, effectively tracking transfer 
business, and leveraging transactional tools that tie contracts, 
registrations and quoting into a seamless flow are out of reach. 
Companies often address these challenges by throwing more people, 
processes and manual work at the problem, but this approach does 
not scale and cannot produce systematic and repeatable results.

Understanding the Business Impact of Process 
and Infrastructure Gaps
The challenges listed can have a material and measureable impact on 
growth, market share and margins.

Poor global visibility into demand and transfer business 
management translate into lower rates on design wins, misalignment of 
sales resources and can even result in inaccurate incentive calculations. 
Additionally, low channel satisfaction with registration programs and 
transactional issues around quoting, debits and processing credit claims 
also impact channel mindshare and market share.

The inability to systematically remove duplicate opportunities 
across channels and regions can also result in inflated forecasting and 
misalignment between capacity, inventory and demand.

Last but not least, poor identification of end customer, cross-
channel and cross-regional bidding wars and the inability to correctly 
map orders and shipments back to their original demand source 
leads to significant margin erosion. Companies experience as much 
as 3 percent to 4 percent in gross margin erosion due to poor price 
execution and incorrect win/loss analysis needed to rationalize price 
concessions. 

Integrated Infrastructure
Numerous companies have embarked on projects to address some 
or even all of the issues listed earlier. Most have ended up with a 
point solution for one of the problems or a multitude of homegrown 
systems and ERP extensions that are not well integrated and do 
not solve many of the problems, and a seven-figure price tag with 
considerable on-going costs. It is, therefore, important for companies 
to first determine and understand their main requirements and 
select a solution that is truly designed for this industry. The main 
capabilities companies should consider are:

 ▪ Customer/end-customer management: the ability to map 
an opportunity and registration to the correct end customer 
and location regardless of other purchasing entities that may 
be involved. This capability needs to permeate the entire 
process, from opportunity to quote or contract through to 
debit approvals and processing credit claims and calculating 
commissions.

 ▪ Transfer business: systematic tools to manage transfer business 
around the globe, ensuring the correct resources both internally 
and externally are aligned, and mapping this information to 
sales reports and incentive management tools.

 ▪ Registrations: global visibility into registrations to avoid 
duplications, and the ability to tie registrations to price 
conversion rules to assure automatic and correct price resolution 
for channel partners.

 ▪ Quoting: Automated pricing capabilities that allow people to 
focus only on high-value special price requests as well as enable 
self-service on quotes are key to improving channel ease of 
doing business.

 ▪ Deal analysis: the ability to analyze past deals and accurately 
understand win/loss data to enable fast and data-driven 
decisions on price concessions.

 ▪ POS and inventory tracking: the ability to collect and cleanse 
POS and inventory data and automatically reconcile it with 
shipments, debits and credit claims.

 ▪ Calibrating demand signals and aligning with inventory levels: 
the ability to adjust demand signals after reconciling data from 
distributors, manufacturing reps and direct sales and then 
track how this adjusted demand is trending against cleansed 
inventory data.

The key to success is integration. With customer and end-
customer information flowing through the entire process, orders 
and shipments need to be used to track win/loss and consumption 
against quotes, contracts and POS data. The power of an integrated 
solution is that it truly enables a company to gain full visibility into 
its business and have the tools to make timely, data-driven decisions. 
Integration is the key differentiator from running multiple point 
solutions that still require manual work and more people to connect 
the dots.

Understanding the Benefits 
Leading companies including STMicroelectronics, NXP, National 
Semiconductor, ON Semiconductor, Micron, Linear Technology, 
Atmel, Marvell and Microchip have made the investment to install a 
single integrated platform that can address all these requirements. The 
benefits were easily measured: significant reduction in the number of 
homegrown systems and fewer points of integration to their ERP 
backend. These savings alone would justify their investments, but 
more impressive is the public data they have shared, including:

 ▪ Increasing the number of opportunities managed.

 ▪ Increasing the number of design wins.

 ▪ Reducing price erosion by 2 percent to 3 percent.

 ▪ Reducing quote cycle times by 50 percent.

 ▪ Reducing special price requests by 38 percent.

 ▪ Improving quote-to-order conversions by more than 10 percent.

 ▪ Eliminating overpayment of channel incentives.

Case Study: AppliedMicro Installing the 
Infrastructure for Profitable Growth
AppliedMicro (APM) is a $250 million dollar global semiconductor 
supplier supporting products ranging from consumer-grade 
processing to high-end data centers and telecom carrier networks. 
Their products are highly complex and require early access to system 
architects and design engineers. APM is often at the core of the 
system; customers count on APM to supply products for long periods 
of time. This dynamic requires that APM tracks programs from 

See Profitable Growth page 27
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Now that leading-edge chipmakers are beginning to manufacture 
devices with linewidths of 32 nm or less, manufacturing 
tolerances are becoming alarmingly small. In some cases, the 

best-known methods for process control—methods that have relied 
on independent data from the latest metrology and inspection tool 
models—may no longer be enough to ensure that devices can be 
manufactured with the yield, reliability and performance that chip 
manufacturers have achieved with previous device generations.

New, advanced process control methodologies leverage the speed 
and dense sampling of inspection systems in concert with the precision 
and reliability of metrology systems to provide improved process 
control. This article explores the first steps towards interdependent 
metrology and inspection technologies and methodologies.

Distinguishing Metrology from Inspection
Metrology and inspection are not entirely distinct; in fact the 
line between them is blurring. In general, an inspection system is 
designed to identify locations at which a defect or an anomaly exists 
anywhere on the wafer or mask. As such, an inspection system must 
allow very high sampling, which typically is accomplished through 
some kind of scanning architecture. In contrast, a metrology system 
drives to pre-determined locations, stops, and performs a precise and 
accurate measurement. Normally, the performance specifications for 
a metrology system are so stringent that its throughput is constrained; 
it samples discrete points relatively slowly. It is not designed for full 
coverage of the wafer or mask, but rather for precision, repeatability 
and accuracy.

An inspection system’s main output is a set of coordinates at 
which anomalies were found. Today’s inspection systems do more 
than that, however; many also use sophisticated imaging and post-
processing to sift out anomalies that for one reason or another are 
not defects of interest (DOI). These anomalies may be measurement 
artifacts (“false defects”) or variations on the chip that do not affect 
its performance or yield (“nuisance defects”). 

Some inspection systems also provide rough classification or 
“binning” information about the defect, such as its approximate size. 
Once the inspector generates a filtered, annotated coordinate set, 
the wafer or mask is transferred to a separate defect review station, 
usually a stand-alone tool. The review station re-visits the sites of the 
anomalies, and classifies or sizes the defects so appropriate corrective 
action can be taken by the defect or process engineers. In some cases, 
review is post-inspection metrology. 

In the past, the majority of anomalies detected by inspection 

systems were “random,” mostly arising from contamination. 
Increasingly, though, yield-limiting defects are “systematic”—a 
result of critical dimension (CD) variations, design hot spots and 
mask writer pattern placement errors. Systematic variations have 
been controlled by metrology tools measuring targets at pre-defined 
locations, but shrinking process windows are driving the need for 
data from the entire wafer or mask, thus blurring the distinction 
between inspection and metrology systems.

Surface Roughness Maps: First Application of 
Hybrid Metrology/Inspection
Perhaps the first industry example of an inspection system being used 
for metrology-like measurements is a tool called SURFmonitor, first 
introduced a few years ago1. SURFmonitor taps into the background 
scattering (“haze”) of an unpatterned wafer inspection system—the 
portion of the signal that is below the threshold for determining 
a defect. The SURFmonitor map is sensitive to surface and near-
surface conditions, such as roughness and residues, and film thickness 
variations if the film is transparent to the incident wavelength. The 
surface roughness sensitivity is at the sub-Angstrom level with sub-
Angstrom repeatability as well. For opaque films, such as polysilicon 
and copper, SURFmonitor maps of surface roughness variation 
correlate strongly with the industry standard: atomic force microscopy 
(AFM) measurements (Figure 1). Advantages of using SURFmonitor, 
referenced to AFM, is that a full wafer map representing millions of 
measurements of surface roughness can be generated simultaneous 
with the standard defect map for a nearly undetectable investment in 
throughput. Statistical process control can be performed on the maps, 
and repeatability is far superior to that of AFM. 

Figure 1a. Sample Maps Corresponding to Excursions in Silicon-
on-Insulator (SOI) Surface Roughness

Excursion Type #1 Excursion Type #2

These excursions became evident only after SURFmonitor was used routinely, with full-wafer sampling 
of many wafers.

Utilizing Interdependent Metrology and 
Inspection Technologies for Improved 

Process Control

Becky Howland, Senior Director, KLA-Tencor Corporation
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Figure 1b. Correlation of AFM Surface Roughness to 
SURFmonitor Proxy Measurement for SOI Wafers2
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Importance of Critical Dimension Uniformity
For advanced lithography, CD uniformity (CDU) is a top concern. 
CDU, a measure of how well-controlled the dimensions of the 
patterns are, is critical for overall device performance, reliability 
and yield. As such, CDU has a direct and profound effect on a 
chipmaker’s profits. Furthermore, today’s best-known methods may 
no longer be sufficient for providing the control that will be needed 
into the 2X nm and 1X nm nodes.

Variations in CD can arise from a multitude of sources: 
nonlinearities in the scanner optics and stage; scanner drift; localized 
variations in the top surface of the chucked wafer arising from inherent 
wafer shape, backside and frontside nanotopography, and backside 
particles; process variation; and CD variations in the mask itself. Mask 
CD variations, in turn, can arise from nonlinearities and drift in the 
mask writer; mask manufacturing process variations; the shape of 
the mask as it is held in the scanner; and possibly even stress-induced 
shape changes due to pellicle mounting. All these mechanisms have the 
potential to contribute to CD variations on the printed wafer.

To determine CDU on the product wafer, a combination of 
metrology techniques is used. First, specialized scanning electron 
microscope (SEM) tools are used, normally measuring artificial 
targets comprised of lines and spaces in the scribe lines. Several 
hundred CD-SEM measurements are taken per wafer during process 
development, but during production monitoring about 20 sites are 
measured on one wafer per lot. Scatterometry-based optical CD 
(SCD) technology is also used for production monitoring of CD, 
sampling about 20 sites on three wafers per lot. Like CD-SEM, SCD 
uses artificial measurement targets, typically gratings. 

Gaining better control of CDU requires the following: (1) 
characterizing and monitoring the sources of CD error, (2) addressing 
each known source independently to minimize erroneous inputs to 
the scanner, (3) feeding forward any known residual errors from the 
mask to the scanner so it can compensate for these errors, and (4) 
feeding back results from printed wafers to the scanner so additional 
tweaks to the scanner’s error compensation mechanisms can be made. 

Correcting CDU Error
In the past, CD measurements were used principally to make dose 
and focus adjustments to the scanners to compensate for average 

CD values per exposure field. Today’s scanners, however, have many 
more sophisticated mechanisms to control wafer CDU. Scanners 
can make adjustments to exposure intensity in the direction of the 
scan and across the slit to correct up to fifth-order variations within 
the exposure field. The form of this dose correction is based on 
residual errors fed forward to the scanner from each of the known 
error sources plus feedback results from post-exposure metrology 
measurements of multiple product wafers or test wafers. The success 
of the scanner compensation depends upon receiving highly dense, 
precise and repeatable interfield and intrafield CD measurements. 
Without these inputs it is impossible to correct for any CD errors 
other than at low spatial frequencies.

Hybrid Metrology/Inspection: Application to 
Mask CDU Maps
Because mask CDU has a direct impact on wafer CDU, it is an area 
where improvements to metrology technology and methodology 
can be particularly valuable. Mask CDU is also an area where the 
inspection system is already beginning to be used for metrology-like 
measurements. The technology of record for CD metrology in the 
mask shop is a mask CD-SEM. These tools typically make a few 
tens of measurements on every mask to ensure that the mask meets 
outgoing quality control (OQC) specifications. 

The incumbent technology mask CD-SEM has some drawbacks, 
however. The pattern on the wafer is not a simple de-magnification 
of the pattern on the mask because of optical proximity effects that 
have to do with pattern density and the interaction between photons 
at the lithographic wavelength and pattern elements whose size is 
far sub-wavelength. In fact, a mask pattern normally includes optical 
proximity correction (OPC) features that do not print on the wafer, 
but exist to engineer the correct pattern on the wafer. 

Therefore, if the dimensions of the pattern are measured using an 
electron beam tool, the wafer CD—the parameter that directly affects 
performance and yield of the device—must be estimated through 
complex simulations. On the other hand, optical measurements of 
the pattern dimensions as transmitted through the mask would be a 
more reliable representation of the true contribution of mask CDU 
to wafer CDU. 

A second drawback of a mask CD-SEM-based solution is 
its sampling limitations. As a metrology tool, the CD-SEM has 
throughput constraints that limit its data sets to a few tens of 
measurements per mask. The measurement sites are normally chosen 
according to a pre-established plan. This means that CDU variations 
that fall between CD-SEM metrology sites would be missed at the 
mask shop. Such an error could remain undetected until several lots 
of wafers were printed and discovered to contain several die with 
poor performance or yield. 

A potential solution can be found in a hybrid metrology/
inspection approach. A product called iCDU uses high sampling 
and optical technology to generate a precise and repeatable CDU 
map based on the intensity of light transmitted through or reflected 
by the mask (Figures 2 and 3). Because the intensity is sensitive 
to pattern density, the iCDU map is most easily interpreted when 
only repeating areas of the mask are included in the map. Showing 
a strong correlation to the technology of record, wafer CD-SEM has 
been demonstrated for iCDU on repeating patterns.

See Process Control page 22
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Today, it is increasingly challenging to find truly disruptive 
semiconductor products. Certainly, there are disruptive solutions 
and, by default, most new semiconductor solutions are innovative. 
However, most semiconductor companies and products are caught 
up in the game of leapfrogging each other. SensL is different because 
its semiconductor solutions replace large, heavy and expensive 
photomultiplier tubes (PMTs), which look like something out of a 
1950s-era components catalog.

SensL was founded in 2004 to develop silicon photomultipliers 
(SPMs): sensors that are used to detect and measure low light. The 
company has more than 25 employees, of which more than half have 
Ph.D. degrees. More than 1,000 commercial customers have utilized 
SensL products, which has resulted in an annual doubling of revenue 
during the last three years.

Applications such as medical imaging, biophotonics, hazard and 
threat detection, and light detection and ranging (LiDAR) require 
low-light detection devices. Typically, these products have utilized 
older 1950s-era vacuum tube-based PMT technology; however, due 
to high costs, poor availability and complex engineering requirements 
most next-generation products are moving to solid-state versions of 
low-light detectors called SPMs.

SensL is the only vendor that has successfully built SPMs on a 
standard 8-inch CMOS process and argues that it offers the first SPM 
direct replacement for linear PMTs. SensL’s SPMs have performance 
characteristics similar to a conventional PMT, while benefiting from 
the practical advantages of solid-state technology: low operating 
voltage, robustness, compactness, insensitivity to magnetic fields and 
light overexposure.

Unlike other SPM vendors, SensL manufactures in a standard 
CMOS process, providing the benefits of high-volume manufacturing, 
low cost, high uniformity, reliability and security of supply. SensL’s 
SPMs are replacing PMTs and PIN diodes because the underlying 

CMOS technology offers benefits in terms of operating voltage, 
robustness, compact size, uniformity and insensitivity to ambient 
light and magnetic fields.

The company recently introduced the second-generation SL 
family of SPMs fabricated on 8-inch wafers, which feature the highest 
signal-to-noise ratio of any SPM (4x higher than previous-generation 
SensL products) and industry-leading output uniformity. SensL offers 
several families of detectors for a range of applications as well as 
system-level photon counting and timing instruments.

SensL technology is used in the commercial medical imaging 
market in areas such as diagnostic full-body scanning, blood and fluid 
analysis, radiation detection and to generate X-ray-type images in 
a wide range of baggage and cargo screening systems. In a medical 
imaging system, the detector subsystem is 80 percent of the bill-
of-materials (BOM). Of that, roughly 30 percent or $100,000 is 
attributed to the light detector. ▪
Bryan Campbell, CEO 
Carl Jackson, Founder, CTO & VP, Engineering 
Wade Appelman, VP, Sales & Marketing 

6800 Airport Business Park Avenue 
Cork, Ireland 
(T) +353 21 240 7110 
(F) +353 21 240 7119 
(W) www.sensL.com
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Global Insights continued from page 9

of advanced processing equipment into China. During the 11th Five 
Year Plan, China enacted a special funding program distributing billions 
of dollars to stimulate domestic semiconductor equipment R&D as 
an effort to move away from its dependency on western technologies. 
Unfortunately, this money was invested in inventing “old wheels” for the 
purpose of catching up and fighting the war of “containment.” 

Innovation does not happen overnight. Mainstream IC 
technologies have been developed by companies in the U.S., Japan, 
Europe and Taiwan for several decades. Historically, China has 
been purely on the receiving end of technology development, and 
some may argue that restriction on the access of the most advanced 
technology is warranted. But the world is changing fast. Financial 
turmoil in the U.S. during 2008-2009, the tsunami in Japan in 2011 
and the banking crisis in Europe today have accelerated the shift of 
the semiconductor landscape and have caused huge contraction in 
semiconductor investment in recent years. The number of start-up 
companies in all semiconductor sectors has drastically decreased 
which threatens western leadership in future innovations. 

It is clear that China will do whatever it takes to close the “chip 
gap,” leveraging its manufacturing scale and sheer volume of IC 
consumption, as well as its huge cash reserve. It is a matter of when, 
not if. China’s desire to reverse its IC deficit offers an opportunity 
for global collaboration. The global semiconductor industry will be 
far better off if China’s new investment is directed towards future 

technology innovation with the help of companies in the U.S. and 
other parts of the world. 

Various regions in China are embracing the notion of investment 
and collaboration in innovation. Suzhou Industrial Park, one of 
the most successful technology parks in China, recently announced 
that it plans to invest 50 billion RMB to setup a new ecosystem 
called Nanopolis Suzhou (www.chinanosz.com) to facilitate the 
commercialization of nanotechnology research. The seed funding 
will be used for building R&D infrastructures, training engineers 
and establishing start-ups. In particular, it will invest 10 billion RMB 
towards a new state-of-the-art R&D fab to accommodate more start-
ups. It actively seeks to collaborate with companies in Silicon Valley 
and other parts of the world. We live in a world of greater mutual 
dependency, and there is a common ground for global collaborative 
innovation. What is needed are open-minded and creative-thinking 
policy makers and business leaders to enable this paradigm shift. ▪
About the Author
Dr. Dongmin Chen is a board member and 2010-2011 chairman and 
president of Chinese American Semiconductor Professional Association 
(CASPA). CASPA is the largest Chinese American semiconductor professional 
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Figure 2. Mask iCDU Images

Mask iCDU images before (left) and after (right) the mask has been corrected by feedback of the iCDU 
map to the mask writer.3

Figure 3. CDU 3s Values
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CDU 3s values before (left) and after (right) the mask in Figure 2 was corrected by feedback to the 
mask writer.3

The iCDU technology has the advantage of capturing localized 
variations in CDU—which could then be investigated further using 
CD-SEM. Also, as with SURFmonitor, CDU data can be collected 
simultaneously with defect inspection. Thus, inspection-based 
CDU mapping does not add appreciable cycle time to the mask 
manufacturing process. 

Extensions to more pattern types are currently under investigation.

Conclusion
Hybrid metrology/inspection technologies are already in use for surface 

roughness and mask CDU applications. The hybrid approaches take 
advantage of the high sampling, full wafer or mask coverage capabilities 
of the inspection system. Typically, they produce a differential data 
set, displaying variations in a process parameter. The inspection-
based metrology data can be used as a proxy for the established 
metrology system or to guide smart sampling on the metrology system. 
Correlation to results from the established metrology tool is critical. 

As process control continues to grow more challenging, 
finding new ways to sample process parameters at a higher density 
may become critical. The surface roughness and mask CDU 
examples given here may signify the beginning of a trend towards 
interdependent metrology and inspection measurements. ▪
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semiconductors being the engines of these electronics. Which electronics 

markets do you see as rich areas for semiconductor innovation?

A: This is a very good question and highly depends on the core 

competencies of the company and its operating model. All markets 

have their pros and cons, and the objectives of the company will 

highly determine what markets a company goes after. Micrel has a 

very diverse market portfolio (possibly, too large of a portfolio). In 

fact, we are virtually in every market served by the semiconductor 

industry; with tens of thousands of customers and thousands of 

products. We derive nearly half of our revenue from distribution 

sales, which tends to favor many customers but with lower volume. 

This helps to mitigate the risk of any one market fluctuation. 

In addition to the consumer market, which has good growth 

but tends to be a low-margin market with short product cycles, the 

green power initiative is beginning to get traction and favors power 

analog companies such as Micrel. While pure-play digital companies 

look to reduce feature size to incorporate more logic, the power 

analog space does not rely on expensive wafer fabrication tools to 

produce the high-power, high-voltage products required by emerging 

green power markets such as automotive. Furthermore, systems are 

becoming more complex, requiring numerous power rails to improve 

the system’s efficiency. All of these applications favor companies that 

have analog high-voltage and power management capability. We 

also see great opportunity in the microelectromechanical systems 

(MEMS) market. Micrel receives half of its foundry business from 

MEMS customers. 

Q: Linley Group estimated the Ethernet silicon market to expand to 

$3.4 billion by 2014 from $2.8 billion in 2010. Describe the expansion 

of the Ethernet market and how Micrel plans to take advantage of this 

opportunity.

A: We have seen the Ethernet market grow within the consumer 

and automotive segments. 

In the consumer segment, we have seen more and more 

consumer products become Internet protocol (IP)-based. For 

example, the set-top box was a stand-alone product; but now it 

is an IP set-top box. You can connect your IP set-top box to your 

home router or computer. Your digital TV, HDTV and 3DTV 

now have Ethernet connections. IP phones at home are also quite 

popular now. To improve cellular coverage inside the house, many 

service providers are offering femtocell to users. They can connect 

your call to your home router. In addition, the growing demand for 

Internet connection and bandwidth at homes and offices is driving 

the deployment of the gigabit Ethernet passive optical network 

(GEPON). The number of Ethernet ports inside the house has 

increased dramatically over the years. Micrel has enjoyed success 

in the consumer segment, especially in China. We have very close 

relationships with local vendors, which allow us to provide features 

that customers need for their systems.

Automotive Ethernet is another example of converting a non-

IP-based system into an IP-based one. We expect the number 

of Ethernet ports inside cars to reach the number that we see 

inside our living rooms today. Innovation beyond the standard is 

our recipe for success. Micrel was the first automotive Ethernet 

semiconductor provider. We have been shipping automotive 

Ethernet products for more than two years. We believe Micrel is in 

a very good position to capitalize on the expansion of the Ethernet 

market.

Q: While many chip companies have reported reductions in quarterly 

revenue, GSA has observed that many leading companies such as 

Micrel have maintained strong balance sheets. What flexibility does 

this provide Micrel? 

A: Micrel has always maintained a strong balance sheet. You can’t 

be a good company without a strong balance sheet. The benefits of a 

strong balance sheet are rather obvious:

 ▪ Operating costs are reduced as you are not required to borrow 

money. 

 ▪ Turnover is reduced as employees prefer a company that is 

financially sound. 

 ▪ It allows a company to be shareholder-friendly through stock 

buybacks and dividends. 

 ▪ Opportunities to acquire are enhanced, especially since most 

companies that are looking to be acquired have poor balance 

sheets. 

 ▪ Large customers are more willing to do business with you 

because a strong balance sheet gives them the assurance of 

continuity of supply.

Q: As a recently joined member of GSA, what issue(s) would you like 

to see GSA tackle that could help ensure the growth and profitability of 

Micrel?

A: We’re hoping that GSA will enhance the Company’s overall 

image, not only amongst our peers but also with our customers. 

Consolidating the industry into a family gives the industry more 

political clout—we hope. ▪
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TSV models include traditional resistance (R) and capacitance 
(C) parasitics, and add inductance (L) for high-speed circuits due to 
the relatively large physical size of TSVs. Coupling effects between 
dense fields of TSVs affect signal propagation whether they are close 
to active areas or isolated, so field effects must be modeled in three 
dimensions. In addition, researchers have noticed non-linear effects 
such as capacitance dependency on voltage, which may also have to 
be included in TSV models. For RF circuits, models may have to 
account for skin effects (the tendency of alternating electric current 
to distribute itself, with the current density being largest near the 
surface of the conductor) in TSVs.

Beyond the effects on each die, modeling the interactions across 
die will assume greater importance for stacked die. With the addition 
of front- and back-side redistribution layers and TSVs, and the close 
proximity of extremely thin die without intervening enclosures, 
inter-die coupling is significant in full 3D configurations. Designers 
also need to pay attention to “vertical IR drop” for the entire power 
distribution network across all levels, considering how concurrent 
switching impacts dynamic supply levels and noise across the network.

Figure 4. TSVs Introduce Both Mechanical and Electrical Stress 
Effects That Must be Modeled by Design Tools

Source: “Comprehensive Analysis of the Impact of Single and Arrays of Through Silicon Vias Induced 
Stress on High-k/Metal Gate CMOS Performance”, A. Mercha et al, International Electron Devices 

Meeting, 2010. Used by Permission of IEEE Proceedings.

Perhaps the biggest challenge in full 3D-IC is how to deal with 
the thermal issues inherent in stacking die in more than two layers. 
Since the “sandwiched” die have a reduced path for heat dissipation, 
many 3D-IC research and development (R&D) efforts are focused 
on new heat transfer approaches, such as heat-efficient adhesives for 
mechanical bonding, micro heat pipes and using TSVs for heat transfer. 
Consequently, modeling thermal characteristics is critical at every level 
of 3D system design, starting with the individual die. Beyond the 
need to eliminate hot spots that could damage the die or affect circuit 
behavior, designers need tools that show temperature alignment across 
multiple stacked die so they can prevent undesirable reinforcement 
that might be discovered too late in the development process.

Future Evolution: 3D Systems Design
Practically speaking, most 3D systems today involve repackaging 
existing chip designs to achieve better performance, power and form 
factor attributes, but they are not fully optimized at the system level. 
This is the goal of true “vertical scaling”—the concurrent design of 
IC(s) and package(s) within the context of their PCB interfaces and 
requirements to maximize specific system parameters.

EDA vendors are working on tools to do physical architecture-
aware exploration to make early tradeoff decisions about the best way 
to partition a system in to ICs, multi-die packages and PCBs. Such a 
“cross-domain” or “cross-fabric” design environment will up-level and 

abstract design data into appropriate high-level representations such 
as virtual die models (VDMs), and will track, manage and optimize 
interactions across all interface levels. They will provide ways to 
visualize signal paths across all these levels to help designers make the 
best partitioning and packaging choices. The tools will also manage 
signal assignment and routing all the way from the PCB to the IC 
layout floorplan. In contrast to today’s typical design methodology, 
optimization of the PCB may help drive the IC layout rather than 
assuming it is a given—an approach referred to as “outside-in design.”

Partitioning and packaging decisions affect maximum clock speed, 
thermal gradients, signal integrity, IR drop and virtually every other 
aspect of system performance. Consequently, to truly achieve vertical 
scaling, a 3D design environment will need to integrate data across 
domains (IC, package and PCB) and provide optimization algorithms 
that can sort out these interactions. For example, it would be great 
to have automation to support the design of effective clock trees that 
minimize skew and maintain synchronization across multiple die, 
while providing feedback on the best way to partition and align the 
die in stacks, and where to reduce or eliminate redistribution layers.

Although full 3D-IC designs are being developed and shipped 
today, to drive the mainstream adoption of true vertical optimization 
like with two-dimensional SoC design, the industry will need to 
continue developing and innovating solutions to address these 
unique, new challenges.

Supply Chain Impacts
The merging of previously separate design domains implies ever-
closer collaboration among designers, foundries, EDA vendors and 
other semiconductor supply chain participants. Vertical integration 
will force the industry to evolve the notions of process responsibilities, 
metrics, success criteria and cost structures. Broad R&D partnerships 
on silicon interposer development are already seen. Customer needs 
will also drive new standards development in areas such as die 
connection patterns, test controls and pattern propagation, TSV 
sizing, and spacing and modeling. 

Conclusion
Given what the semiconductor industry has been able to accomplish 
with only two dimensions, it will be interesting to see what can be 
produced when the third dimension of scaling is unleashed. Perhaps 
it will be as momentous as the discovery that the world is not flat! ▪
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power and mobile manufacturers and design engineers. We work 
closely with customers to address the critical business issues they 
face—from challenging design problems and accelerating time-to-
market to differentiating their products. 

Another time-tested best practices area is the supply chain. A 
comprehensive, responsive and efficient supply chain is critical to 
our global customers. While it’s easy to agree that customers need 
products to be delivered where and when they want them, it’s not 
easy to do day in and day out. A dependable supplier is a valued 
supplier, which remains a competitive advantage in all market 
segments as product trends come and go. 

Q: In the first half of 2011, Fairchild held its annual Fairchild Paper 
Contest “to encourage innovation and identify technology opportunities and 
individuals (undergraduate and graduate students) who can help shape the 
future of the company.” While investment at the university level is important 
to drive the next wave of innovation, do you also feel that investment by the 
larger, more established semiconductor companies in today’s start-ups is also 
required with most venture capitalists exiting the industry? 

A: While the number of venture-backed start-ups in the 
semiconductor industry is down significantly, they remain an 
important source of innovation and new products. While we do 
not have a formal “venture fund,” Fairchild seeks out and engages 
start-ups in a couple primary ways. One is to partner with them 
in a complementary manner to help with elements of the “whole 
product” or to become an additional channel to the market. A 
current example of this is the partnership with ZMDI in Germany, 
where Fairchild’s driver MOSFET (DRMOS) power train was 
engineered concurrently with their digital power controller, and now 
we are both channels to the market for the technology. Another way 
we engage start-ups is as an investor, usually in conjunction with a 
development or marketing activity.

Fairchild is constantly monitoring the start-up space, and we 
make acquisitions to fill technology needs and accelerate growth. 
Two acquisitions in the last year alone were Jyve, an inertial sensor 
(gyro and accelerometer) company in the mobile space, and 
TranSiC, a silicon carbide company in the power management 
space. A successful exit is a fundamental motive for venture-backed 
start-ups, and Fairchild looks for successful start-ups that can help 
accelerate growth.

Q: Many argue that the steep increase in chip design costs is stalling 
innovation. Which of these factors contribute most to the high cost of 
design: mask costs, electronic design automation (EDA) tools, deep 
submicron design, complexity? Why?

A: The dynamic of increasing IC chip design costs is most acute 
in large digital very large-scale integration (VLSI) products. The 
vast majority of Fairchild’s products is analog and mixed-signal 
and contains less than 50,000 gates—so this is less of an issue for 
us. That being said, EDA costs remain a significant portion of IC 
development for analog products, and masks costs go up with each 
technology node, even in the 0.35μm to 0.13μm range.

Q: Fairchild used the popular tagline “No matter where you go, there 
we are,” highlighting the many end markets it serves. However, what end 
market is Fairchild most excited by, and which do you consider to hold 
the greatest opportunity?

A: There are a few markets where Fairchild expects continued 
growth. Fairchild is excited by the motor drive end market. 
According to the United States Department of Energy (DOE), 
appliance motors take up approximately 20 percent of all electric 

energy consumption in a typical household. As a result, the industry 
is addressing this concern with new, energy-efficient products, and 
semiconductor manufacturers are aiding in this transition with 
innovations in motor drives. 

As they become more popular, inverter-based systems are expected 
to be more compact, have built-in control and a lower overall cost. 
Inverter drive modules meet those needs and are a conventional 
alternative to discrete-based inverters. Fairchild addresses this need 
and has developed innovative motor solutions that ensure high 
efficiency, reliability, smaller packaging and greater design flexibility 
for energy-restricted applications. 

Mobile is another market with great opportunity, specifically 
smart phones and tablets. 

The replacement market for handsets drives a significant portion 
of handset sales, as users—and many mobile calling plans—
look to upgrade phones, features and technology every two years. 
For handset developers, this creates a design cycle that introduces 
multiple phone models every year, with most custom-tailored for a 
highly targeted niche.

Unlike other markets such as televisions and computers, 
mobile phone suppliers have mastered the art of identifying the 
needs of a specific market segment and developing products that 
make their customers feel as though the product was developed 
specifically for them. To do this, phone suppliers have designed 
phone models around a specific baseband, application processor 
and chip set. They then customize that design with add-in features 
using Fairchild solutions, resulting in multiple variations from a 
base design. This allows them to add in features without the need 
for major design changes.

To meet these demands—rapid design cycles, increased 
functionality and decreased power consumption—handset designers 
require partners that can offer the latest technology that meets their 
specific challenges.

By listening to the major mobile manufacturers and, in fact, 
anticipating their needs with customized silicon solutions, we enable 
leading handset brands to maintain a competitive edge.

As an innovator in the market, Fairchild combines silicon IP 
building blocks and system-level expertise for solutions enabling 
mobile manufacturers to quickly customize their designs, bringing 
an array of products to meet their needs. And with the increasing 
popularity of smart phones and the rate at which consumers are 
upgrading their mobile devices, we see un-ending potential in this 
market.

Q: According to Semico, the analog IC market will not follow the slow 
growth trend of the overall chip industry in 2011, growing 13.8 percent. 
Is Fairchild seeing evidence of this growth within the company? If so, 
what is driving this growth? 

A: As we reported in our latest earnings announcement, we are 
seeing demand continue to grow in the mobile segment using 
signal path and power management analog products. We also know 
the rate of conversion from single-speed AC motors to variable-
speed inverter-type motors will drive continued growth, even in 
a weak unit sales environment for major home appliances. This is 
also true for automotive and industrial markets where increased 
silicon content continues to be the primary growth driver. Solar 
inverters are another market that will eventually be a source of 
strong growth.

Q: Gartner reported that semiconductor inventory entered Q3 at 
“worrisome” levels and that balance won’t be restored until Q2 2012. 

Fairchild Semiconductor continued from page 5
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What is Fairchild doing to ensure they finish 2011 with a leaner 
inventory position?

A: While industry inventories are at a local high, they are not 
worrisome from a historical perspective. Compared to past 

business cycles, Fairchild has instituted new distribution resale 
information processes and is already more aggressively managing 
channel inventory. So without further negative macro-economic 
developments, this is an inventory correction cycle in the normal 
range, and we are proactively limiting inventory levels. ▪

Simulation Program with Integrated Circuit Emphasis (SPICE) 
simulators. What is needed is a fast multi-CPU circuit simulator 
that handles full-chip capacity while maintaining SPICE levels of 
simulation accuracy. These circuit simulation tools must deliver 
silicon-accurate results for very large complex systems (5M transistors 
and more) such as wireless SoCs and full-chip memory designs. IP 
characterization in vertically integrated silicon devices must deal with 
standard cells, complex input/output (I/O) and embedded memory 
models to eliminate additional pessimism in the design margins. 
IP characterization needs embedded multi-CPU circuit simulation 
and efficient standard cell, I/O and memory models to create silicon 
predictability and design productivity. 

Current large integrated SoC designs have hundreds of design 
modes and analysis corners and a general lack of accuracy between 
implementation and sign-off tools. Sign-off solutions for vertically 
integrated silicon will need to handle multiple timing, extraction 
and physical verification scenarios with an efficient use of hardware 
resources. Concurrency, in terms of handling all of these design 
modes and analysis corners, is imperative for these sign-off solutions. 
The timing, extraction and physical verification solutions need to 
work together as an integrated platform to speed overall digital sign-
off turnaround time and accuracy. Timing and extraction should be 
correlated to SPICE and 3D field solvers, respectively.

Design implementation solutions need to have the capacity to 
handle increasingly large analog and digital SoC platform designs. 
Design implementation software must deal with clock tree design, 
timing-driven placement scenarios, routing congestion, analog 
shape-based routing, memory routing and multiple scenario place-
and-route optimizations. Increasingly, sign-off in the loop is needed 
to improve optimization accuracy and to reduce the number of 
place-and-route implementation cycles. Many of the SoC platforms 
reviewed in this article are entering markets that have severe power 
requirements. State-of-the-art design implementation solutions must 
handle dynamic voltage frequency scaling, multi-voltage islands and 
provide power optimization via clock-gating technology. 

Each of the design flow functions of full-chip simulation, IP 
characterization, digital sign-off and design implementation are 
needed to address a single-chip application processor SoC design 
as shown in Figure 3. This design has multiple ARM cores, 3D 
graphics processing, audio and video digital signal processors (DSPs), 
multimedia and image processing, USB, I/O and a complicated 
memory sub-system. This is the type of application processor one 
might see in a typical vertically integrated mobile or consumer device.

Figure 3. Fully Integrated Solutions for Emerging Silicon

Complex Digital, Analog and Memory Components
Integrated onto a Single System-on-Chip Design

Full Chip Simulation
&

IP Characterization

Digital Signoff

Multi-core
ARM

Processors

HD
Multimedia

&
Image

Processor

USB
&

I/O

Memory &
Storage

Subsystem

Multi-core
3D-Graphics

GPU

Audio/Video DSP

Design
Implementation

Integrated Data Model

Summary
All technology markets evolve to create more differentiation for end 
customers. Creating this level of product differentiation includes 
periods of vertical integration, where suppliers increase their level of 
hardware and software development and integration. In particular, 
increased hardware integration with a vertically integrated approach 
can lead to the integration of digital and analog/mixed-signal 
systems into single-chip SoC platforms. These single-chip silicon 
platforms are necessary to address the performance, power and area 
requirements that are essential to technology market success. These 
complex silicon platforms are now critical to seizing key market 
opportunities such as mobility, cloud computing and consumer 
electronics. To be successful in today’s technology markets, electronic 
design software suppliers must provide integrated full-chip solutions 
to enable the design of these complex silicon platforms. ▪
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early discovery to end-of-life and all phases in between, including 
registrations, quotes, debits, samples and revenue data. As APM 
grew, connecting the various phases became increasingly complex. 
Excluding ERP, APM had four different tools supporting this flow, 
including spreadsheets, e-mail, a homegrown opportunity database 
and a custom module built to live inside ERP. None of them were 
automated or connected and accessible to external channel partners. 
This created a lot of manual activities that were prone to profit leaks.

As APM looked for solutions, the complexity and cost of the 
solutions were overwhelming. APM also found that the ongoing 
IT infrastructure fees would seriously add to this investment. APM 
found an out-of-the-box revenue management system that focused 
primarily on its high-tech business environment; had scalable costs, 
allowing APM to grow into the tool at its own pace; and could go 
live in less than six months.

With a short implementation timeline, APM leveraged business 
and IT experts from the revenue management system provider 
along with internal APM resources. In addition to the core team, 
APM selected key business users to be part of the project definition 
and testing process so they had early buy-in on functionality, and 
then used these members to provide training to other teams as 
APM went live. As with any implementation, clean data and 
diligent scope management are critical to success. Today, APM uses 
the revenue management system provider as its account master, 
opportunity tracking database, registration database, quoting engine 
and debit interface, as well as for sample entry and approval. APM 

also uses territory mapping to drive commission payments and an 
opportunity management tool to drive design win incentive plans. 
APM is one year into the tool and has more than 3,000 customers, 
3,000 opportunities and 2,000 quotes in the system. The revenue 
management system is now a vital data tool for APM’s executive sales 
management review meetings and annual planning sessions. APM is 
currently planning to analyze the full impact that the system has had 
on the business. ▪
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IP, design implementation and design-for-manufacturing (DFM) 
capabilities, process technology and back-end services.

In this model, the foundry creates its own “IP” to support its 
manufacture of customers’ chips, as well as enables tool and IP 
vendors to provide their unique offerings to the foundry, creating 
a jointly beneficial environment that helps sell the whole “package,” 
so to speak. An open innovation platform design ecosystem more 
efficiently empowers innovation throughout the supply chain to, in 
turn, drive the creation and sharing of newly created revenue and 
profits (Figure 2).

Figure 2. Mutual Benefits of the Open Innovation Platform
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An open innovation platform provides:

 ▪ A comprehensive, silicon-proven IP and library portfolio.

 ▪ Advanced design methodology delivery through reference 
flows, DFM and process design kits. 

 ▪ Comprehensive design ecosystem alliance programs covering 
market-leading EDA, IP and design services suppliers.

The limitations of Moore’s Law will be challenged more than 
ever as the IC market continues to evolve, with the development 
and implementation of new device materials, structures and 
packaging schemes intensifying the need for collaboration. The open 
innovation platform is an example of an approach that can help foster 
sharing and achievement of the greatest mutual benefits from these 
collaborative efforts, empowering continued innovation throughout 
the semiconductor supply chain. ▪
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