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The evolution of the micro-electro-mechanical systems (MEMS) 
industry is following a path similar to the maturation of the 
mixed-signal system-on-chip (SoC) industry. Demand for 

MEMS features, especially from the consumer market, is driving 
the integration of MEMS functionality into SoCs. The emergence 
of standard MEMS processes, the integration of MEMS design and 
verification functionality into mainstream electronic design automation 
(EDA) tools, and the availability of MEMS intellectual property (IP) 
will enable SoCs with multiple MEMS blocks or features.

The emergence of high-volume, low-cost SoC devices that include 
multiple MEMS transducers in the feature set present a difficult 
challenge for production test. Rather than integrating MEMS test 
capability into traditional SoC automatic test equipment (ATE), the 
diversity and complexity of physical stimuli required to test MEMS 
will result in a pipeline approach to test and a separation of electrical 
and MEMS testing. The need to simplify and reduce the cost of 
MEMS testing will drive innovation in MEMS design for test. The 
key trends driving current SoC testing will also be critical in the 
testing of integrated SoC/MEMS devices. 

Historically, MEMS devices have been low-volume, high-
complexity and high-value products that benefit from a line-based 
manufacturing approach. In a line-based manufacturing model, 
individual value-added manufacturing steps, including test, are 
collocated in a single manufacturing line. Traditional MEMS device 
manufacturing has product-specific test solutions collocated with 
assembly equipment. A key advantage of the line-based approach 
for early MEMS devices has been the early detection of process 
variation and precise functional testing. As MEMS processes mature 
and standard MEMS processes become available, this diminishes as 
a requirement. 

As a product matures and transitions to high-volume, low-margin 
production, the line-based approach becomes prohibitive from a 
scalability and cost perspective. Scaling a line-based manufacturing 
model involves replicating the production line. With respect to 
test, this requires a duplication of dedicated custom test solutions. 
At this point, a cell-based manufacturing approach is advantageous 
from a cost, scalability and support perspective. For mainstream 
ICs, including SoC devices, cell-based manufacturing has long been 

the norm. Wafer fabs, assembly floors and production test houses 
make up a typical supply chain. Even within these major cells, the 
manufacturing flow involves sub-cells (e.g., photolithography, 
diffusion and etch). 

The early stages of a cell-based manufacturing supply chain are 
under development in the MEMS industry as evidenced by the 
emergence of foundry access and MEMS packaging services. As 
the availability of standard MEMS processes and standard MEMS 
IP increases, the evolution of the MEMS industry into a cell-based 
manufacturing supply chain will accelerate. As with traditional 
ICs, assembly and production test will become separate services for 
MEMS devices.

The success of the manufacturing cell approach, with respect 
to test, lies with maximizing capital equipment utilization not 
only during production runs, but also over the entire amortization 
period of the equipment (and beyond). On a production test floor, 
this drives the industry to adopt general-purpose ATE. ATE has 
the benefit of being highly scalable and reconfigurable to manage 
demand fluctuations. In addition, the support costs of a common 
platform of ATE are much lower than a product-specific, custom test 
solution.

What Solution Will Emerge to Test SoCs with 
Integrated MEMS Features?
One approach originates from the integration industry sector that 
historically served the high-value, high-average selling price (ASP) 
MEMS sector by developing a fully customized test solution for every 
new MEMS device. This approach involves standardizing aspects of 
device handling (or probing) and electrical test and overlaying device-
specific environmental interaction systems. This approach works well 
for basic MEMS devices where the electrical testing is relatively simple 
and the focus is on precision functional testing with environmental 
stimulus. However, this approach has numerous shortcomings 
when applied to a SoC device where electrical functionality is more 
complex. And when multiple MEMS features are included in a single 
SoC device, the approach breaks down altogether.

A second approach expands the capability of the current 
SoC ATE systems to include environmental stimulus and the 

MEMS-enabled SoCs Drive Test Innovation

Scott Bulbrook, Vice President, Engineering, DA-Integrated
Mark Gaudet, Director, Business Development, DA-Integrated
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measurement of MEMS transducers. This integrated SoC/MEMS 
tester approach also has numerous drawbacks. The complexity and 
settling time of environmental interactions creates lengthy test times 
and, consequently, high test costs. The use of parallelism (i.e., testing 
multiple devices at the same time) cannot fully alleviate this problem. 
Again, SoC devices with multiple transducers requiring diverse 
environmental stimuli are hardly conceivable.

Independent of the trend towards inclusion of MEMS-based 
functions, the existing paradigm for SoC testing is moving away 
from the traditional SoC ATE. The underlying challenges faced by 
SoC ATE vendors are complex. Larger SoC devices require more 
and more capability (i.e., higher capital) and longer test times (due 
to a higher element count). Adding this increased capability in an 
ATE system drives up both capital cost and test time, resulting in an 
exponential rise in test cost. Increasingly, successful device developers 
are treating production test as a design problem and eliminating the 
need for high-end SoC testers all together. 

The solution for production testing of SoC devices with integrated 
MEMS features is not to adopt the current paradigm for SoC test, 
but rather adopt the emerging paradigm for SoC test. The emerging 
paradigm for SoC devices employs four basic principles that, in turn, 
enable simpler, lower cost ATEs:

 ▪ Built-in self test (BIST) has been employed for embedded 
memory BIST (mBIST) and digital logic (Scan) for many 
years. In general, BIST means including an on-chip circuit 
that verifies the correct structural fabrication of the device and 
provides a highly simplified electrical signature enabling a vastly 
simplified and, often, faster production screen. Embracing the 
reality that the sole purpose of production test is to verify the 
absence of manufacturing defects is often the most difficult 
challenge for SoC developers.

 ▪ Test access ports (TAPs) can be created as a standalone input/
output (I/O) or by muxing TAP functionality with system 
function-related I/O. Fundamentally, electrical access to BIST 
I/O or functional I/O of embedded blocks must be provided to 
enable practical production testing.

 ▪ Built-out self test (BOST) refers to the use of custom circuitry 
or instrumentation that is not fully integrated into either the 
SoC device or the ATE system. Usually, BOST is included 
on loadboards as custom circuitry or modules. Traditionally, 
BOST was frowned upon due to factory floor considerations 
such as scalability, calibration and maintenance. However, with 
SoC ATE instrumentation quickly losing ground to SoC device 
functionality, production test solutions, including BOST, are 
becoming common.

 ▪ Pipelined test flows directly address the mismatch of test 
instrument cost versus utilization by disassembling test into 
multiple stages. A major drawback of highly sophisticated SoC 
ATE systems is that the value and cost of any specific instrument 
is inversely proportional to its utilization and contribution to 
fault coverage. The principles of defect clustering dictate that 
the low-complexity tests such as supply current testing, direct 
current (DC) parametrics and low-speed signal tests capture 
the vast majority of the defect-related dropout and justifiably 
occupy the bulk of test time. The high-performance, high-cost 
instruments provide only incremental fault coverage along with 
a non-linear contribution to test cost while sitting idle for the 
majority of the test interval.

A pipelined approach disassembles testing into stages, each with 
a specialized environment and instrumentation. This enables the 
optimization of cost and utilization. The pipelined test approach is 
not a new concept, and many examples of pipelined test flows exist 
today. Probe, final test, multi-site test, ping-pong test and two-pass 
final test are all special cases of the pipelined test approach.

Pipelined test solutions for SoC/MEMS devices provide 
compelling cost and throughput numbers. Electrical test can be 
executed on traditional style ATE using new, low-cost ATE systems 
followed by environmental testing of transducer elements done as 
separate stages. Execution of the first purely electrical stage is done 
on traditional ATE, with the use of BIST, TAP and BOST, reducing 
the overall cost of test.

The maturation of BIST, TAP and BOST techniques enables the 
subsequent stages, where the environmental interaction is included for 
SoC transducer devices. By adopting the first three principles (BIST, 
TAP and BOST), a well-designed MEMS product benefits from 
simplification of the electrical interface during the environmental 
test, thus reducing the overall capital outlay of the environmental 
system to a negligible portion of the cost of test for these stages. With 
environmental stabilization time being a dominant cost factor, the 
use of mass parallelism during the environmental stage is paramount. 
Rather than using ATE, environmental test stages leverage TAP and 
BOST to configure devices and collect test data. 

Taking into consideration the diversity of environmental stimuli 
required to test MEMS transducers, the use of a pipelined test flow 
becomes a requirement. A SoC with integrated MEMS transducers 
could require the exposure or measurement of any combination 
of pressure, temperature, motion, sound, light, fluids and radio 
frequency (RF). With the integration of multiple MEMS transducers 
on a single device, a single multi-purpose tester becomes a huge 
challenge. 

The cost and complexity of applying environmental stimulus to 
test SoC/MEMS devices will drive innovation. More sophisticated 
BIST circuitry, in combination with empirical data, may support a 
reduced test suite. In the long term, advances in MEMS BIST could 
further reduce the environmental stages of the pipelined test flow 
solution. Ultimately, only characterization and on-going quality 
control would require environmental testing.

The evolution of SoC testing lies in the adoption of four basic 
principles: BIST, TAP, BOST and pipelined test. As traditional SoC 
testing moves in this direction, SoCs with MEMS elements benefit 
from this approach. Emerging high-volume, low-cost SoC devices 
with MEMS transducer elements can find a cell-based, mass-volume 
test solution. ▪
About the Authors
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With costs continuing to increase at each successive technology node, in late 2009, GSA saw the need to form a working 
group focused on 3D IC design to overcome Moore’s Law scaling. Today, this group remains one of GSA’s top initiatives 
and targets its efforts towards cost-effective design and manufacturing of 3D ICs and interposer-based 2.5D products. 
The following is the outcome from a roundtable discussion held with industry experts in the field of 3D.

— Jodi Shelton, President, GSA

Joseph D. Greco
senior Vice president, VLsI engineering

NVIDIA

NIchoLAs Yu
Vice president, engineering

Qualcomm

JohN oseNbAch
Fellow and Vice president

LsI corporation

GSA: With Moore’s Law reaching its 
economic limits, explain why 2.5D or 
3D IC technology is the next logical 
transition and the benefits of each.

Greco: It is not necessarily a 
question of if 2.5D or 3D technology 
will enable the industry to surpass 
Moore’s Law, but rather it is a step 
that will enable the industry to 
reach newer process nodes sooner. 
The integration of mixed-signal and 
memory into a single piece of silicon 
is a very complex process. 2.5D 
or 3D technology will allow for a 
different kind of integration.

Yu: I think the premise of your 
question relates to the apprehension 
people have concerning the cost 
of scaling as the industry moves 
forward. Moore’s Law needs to 
continue. 3D does not contradict 
Moore’s Law. 2.5D or 3D is part 
of the Moore’s Law equation. 3D 
is really a new architecture that 
companies can use to design better 
products. 

Osenbach: I don’t see Moore’s law 
and 2.5/3D as conflicting, rather I 
see them as synergistic with 2.5/3D 
providing additional architectural 
flexibility in such a way as to 
provide newer, better and more cost-
competitive products.

GSA: When making the transition to 
2.5D or 3D IC, how must a company 
alter its business model? As fabless 
companies, what do you need from your 
supply chain to make the transition 
seamless?

Yu: Because a fabless company’s 
supply chain is so complex and 
includes many different players, I 
believe 3D does call for a different 
business model. However, there 

is much that must be done before 
this step is taken. Everyone in the 
supply chain must be comfortable. 
This is something that the industry 
is currently struggling with. Many 
people are hesitant and reluctant to 
invest in equipment and capability 
upfront without first knowing what 
the final business model is and 
because there are many moving 
pieces. This hesitation is stalling 
progression.

Greco: 2.5D and 3D will change 
roles within the supply chain, and 
because 2.5D and 3D are new 
technologies, it is still unclear who 
will ultimately control each piece. 
Integration requires significant 
investment, and because people do 
not necessarily understand what the 
standard flow will eventually be, they 
are hesitant to claim ownership of 
any piece.

Osenbach: 3D is clearly disruptive 
from a fabless supply chain perspective. 
In particular, partitioning and 
ownership of the different devices and 
interfaces will likely require changes 
in the business model. This combined 
with the investment required to enable 
3D as a mainstream manufacturing 
technology appears to be one of the 
prime reasons for the slow adoption.

GSA: At what phase of 2.5D or 3D 
IC integration is standardization 
most necessary and beneficial? Who is 
responsible for driving these standards?

Greco: From our standpoint, 
there is a need for standardization 
at assembly houses and within our 
memory suppliers. Memory must 
be in a standard form so multiple 
suppliers can be used. 

Yu: In addition to standardization 

in the manufacturing supply 
chain, there is also the question of 
compatibility in the design tools 
and design environment. Design 
companies rely heavily on electronic 
design automation (EDA) tools. If 
a 3D product is composed of dies 
designed by different companies with 
EDA tools from different suppliers, 
then standard data exchange formats 
for communicating the relevant 
design information across different 
companies become very important as 
well.

Many companies are focused 
on memory plus logic, and, for the 
most part, our tools today can handle 
that. However, if we eventually have 
mixed-signal, different types of 
logic, assorted dies and maybe even 
a micro-electro-mechanical systems 
(MEMS) sensor coming together, 
how do you make sure that your 
design is correct before you tape out? 
With the high cost of design respins, 
we worry a lot about the upfront 
design compatibility as well as the 
manufacturing standards.

Osenbach: Standardization in 
flows, partitioning, interconnect 
geometry and EDA tools are among 
the most critical to insure both 
design integrity and manufacturing.

GSA: Should we expect standards to 
evolve as an extension or modification 
of existing standards, or is it more likely 
that a set of standards unique to 3D 
integration will be established?

Greco: A new set of standards will 
need to be developed, particularly on 
the manufacturing side. As expressed 
earlier, it is still unknown as to who 
will ultimately own each piece of the 
puzzle and how these pieces will fit 
together. That is where we see the 
biggest issues, in terms of building 

Industry Reflections
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product.

Yu: Going back to my earlier point that 3D is a new design 
architecture for a new product, each company within each end 
market may have a different solution. And as such, the broad range 
of innovative solutions could present a standardization challenge. 

 Considerable effort is now underway in the industry focused on 
standards for 3D, including efforts with SEMI, Sematech, JEDEC 
and other collaborative groups. Standards will evolve over time. It 
is a tricky process because you do not want to present, to the supply 
chain that you are building a “one-off” manufacturing process or a 
“one off” design tool and methodology environment. It goes back 
to the question of how much investment is needed and if the supply 
chain can recuperate the investments they make by only building 
custom products. There is no doubt about the need for standards 
and that standards will evolve, but the whole industry must work 
together to ensure standards are being leveraged.

Osenbach: Given that 3D integration requires new architectures 
and flows, with different companies looking to market their unique 
solutions to their markets, standardization is very challenging. 
It is likely that standards will evolve over time, but it is also likely 
that a base set of standards and flows will be required or at least be 
beneficial to the enablement of the investments needed for a stable 
and accessible manufacturing infrastructure. 

GSA: What are the barriers to the adoption of 3D IC technology? 

Yu: The first and most obvious barrier is the potential cost of the 
end product. The industry has not yet built a product in volume 
and therefore does not know what impact 3D IC will have on 
product cost. Second, is the availability of equipment. Wafer bond 
and debond technology is still immature, and everyone in this area 
is struggling. 

Greco: Some of the biggest barriers include manufacturing, cost 
and productivity. The industry has high volume demands which 
require significant investment, specifically in the right manufacturing 
tools. And because of the unknown, companies are worried about 
cycle time and total capability.

Osenbach: Cost is the first barrier to the adoption of 3D IC 
technology. This is because the investment in infrastructure is, at least 
in part, gated by a perceived market demand. But market demand 
is gated by cost projections. Also, there is a lack of knowledge 
concerning the tools and processes for high-volume manufacturing. 

GSA: What must come first—strong customer demand for 3D ICs or a 
wide range of 3D capabilities?

Greco: Customer demand already exists, so the biggest issue is 3D 
capability from a manufacturing standpoint. 

Yu: In the fabless space, there is already strong customer demand, 
so the question is whether a robust and cost-effective manufacturing 
process can materialize. 

Osenbach: Cost-effective manufacturing remains the single most 
limiter.

GSA: As 3D makes its way towards mainstream adoption, how will the 
semiconductor industry address the matter of ownership (throughout and 
after the manufacturing process)?

Greco: Ultimately, the semiconductor industry will do what 
is necessary to produce these products, but it comes down to the 

question of capabilities and who can deliver the necessary pieces.

Yu: If we talk about memory and logic, for example, the package-
on-package (PoP) model, for the most part, works. So with some of 
the first few applications putting memory and logic together in a 
2.5D or 3D product, can we make it look like a PoP model? It would 
probably help speed the introduction of new products; however, if 
you peel the onion, it is not as easy as molding everything to the PoP 
model. This is where it gets challenging. Most companies are focused 
on memory or logic, and it seems logic companies do not want to be 
responsible for any yield loss due to memory failures and vice versa. 
So while it may be easiest to have a single owner, realistically, it may 
not be fair. When things go wrong, will the end customer accept the 
responsibility for failures, as they do in the PoP model? 

Osenbach: This is one of the more difficult business issues to 
address. One has to plan on failures and possibly yield issues. Clearly, 
the supply base has a vested interest in avoiding responsibility. It is 
likely that agreements between suppliers will have to be developed 
regarding ownership of each part, with the customer or their 
designate ultimately acting as an arbitrator.

GSA: MEMS and 3D IC are both very hot topics right now. We keep 
hearing how they are correlated. Can you explain about the correlation 
between MEMS and 3D?

Greco: With 3D IC, MEMS become more applicable because they 
can be easily integrated   into a single package or a single system. The 
silicon area becomes physically smaller since it does not require a 
separate device on a separate board. 

GSA: It has been suggested that with 3D IC, competitiveness in the 
semiconductor industry will shift to the software and intellectual 
property (IP) side, with an emphasis on system-level tools for integration, 
verification and manufacturability, and that this will put some start-ups 
at a disadvantage. Do you agree with this? If so, why, and what might 
start-ups do to counter such a shift?

Greco: Any change in technology will enable more people to 
participate. Therefore, with the emergence of 3D IC technology, the 
barrier to entry into the hardware silicon space could be lowered. You 
do not actually have to produce a system, but, ultimately, as systems 
become larger, integrators must have the ability to understand and 
procure all manufacturing capabilities and be able to integrate a 
much larger system. 

Yu: The trend of differentiation and product design is shifting to 
software, especially in the smartphone space. Although it may not be 
an environment best suited for start-up companies, 3D IC presents 
a lot of opportunities for innovation for hardware and chip design 
companies. 

Osenbach: This inflection in technology may require more 
investment for a start-up to form; however, it will provide many 
opportunities for software and hardware start-ups.

GSA: What impact, if any, do you think 3D IC integration will have 
on the consolidation of wafer fabs and the fabless foundry model?

Greco: I do not know if 3D IC technology alone is going to change 
the wafer fab or fabless foundry model. I anticipate that it will require 
more technology and innovation and will enable more companies to 
compete. I also expect that there will be a shift in who is best suited 
for this technology. Yet the need for silicon foundries and for fabless 
companies to provide some level of integration will remain.

See Industry Reflections page 32
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Volume production of 3D ICs with through-silicon vias 
(TSVs) is expected within a few years. Early adopters of this 
new technology can expect higher bandwidths, lower power, 

increased density and reduced costs. But without “3D aware” tools 
and a mature supply chain ecosystem, 3D ICs cannot move into 
mainstream IC design flows.

3D ICs are attractive because they enable an assortment of die 
manufactured at various process nodes to be stacked. For example, a 
28 nanometer high-speed digital logic die could be stacked with a 130 
nanometer analog die. Thanks to such capabilities, heterogeneous 
3D ICs with TSVs are expected to have a broad impact in such areas 
as networking, graphics, mobile communications, consumer devices 
and computing.

From a design tool standpoint, production of 3D ICs will not 
require extensive retooling; however, expanded capabilities will be 
necessary. No less important, fabless companies will need the support 
of a robust and well-defined supply chain ecosystem in which 
responsibilities are clearly assigned. 

Above all, however, profitability is the main consideration for 
semiconductor companies pursuing 3D IC design. A holistic end-to-
end silicon realization flow is necessary to maximize potential profits. 
This flow will allow a 3D IC design environment to capture design 
intent, support abstraction and achieve convergence.

3D Packaging
Multiple die packaging technologies, where multiple dice are 
mounted on a common substrate, have been around since the early 
1990s.

However, silicon die have generally been attached to the silicon-
in-package (SiP) substrate using conventional technologies (such as 
wire bond and flip-chip) that pose performance, power and density 
challenges. A newer approach involving a “silicon interposer” 
substrate provides much finer die-to-die connections. A silicon 
interposer with TSVs provides connections from the upper metal 
layers to the backside metal layers (Figure 1). This approach is 
sometimes called “2.5D” stacking.

Figure 1. Die-to-Die Connections for a Silicon Interposer with 
TSVs
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SiP substrate
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Circuit board
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interposer
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(diameter - 10um
pitch - 10um)
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Package bumps

l
l
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Some semiconductor companies are using silicon interposer 
substrates as an intermediate step towards 3D stacks. A “true” 3D IC 
will involve two or more stacked die that are connected using TSVs. 
In a fairly simple scenario, one die containing TSVs is attached to 
the SiP substrate using conventional flip-chip technology. A more 
complex design could involve multiple die stacks on top of a silicon 
interposer (Figure 2).

Figure 2. A Complex 3D IC Using TSVs, a Silicon Interposer and 
Six Dice
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The 3D TSV Advantage
A primary advantage of 3D ICs is the potential they hold for 
significantly lowering development costs. Industry analysts expect 
system-on-chip (SoC) hardware and software development costs 
to reach $100 million at the 32 nanometer process node, putting 
advanced node SoC design out of reach for all but a small group 
of very large companies. Because 3D IC design allows for some 

Moving 3D ICs into Mainstream Design Flows

Chi-Ping Hsu, Senior Vice President, Research and Development, Silicon Realization Group, Cadence
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components, most notably analog, to remain at mature process 
nodes, costs are reduced.

3D ICs, as compared to conventional single-die SoCs, can also:

 ▪ Ease analog/digital integration challenges.

 ▪ Increase interconnect speeds and bandwidth.

 ▪ Save board space and miniaturize the end product. 

 ▪ Reduce power requirements. 

 ▪ Enhance performance. 

 ▪ Speed time-to-market. 

 ▪ Allow integration of advanced technologies such as micro-
electrical-mechanical systems (MEMS) or photonics. 

Compared to a wire-bonded SiP, TSVs offer reduced RLC 
parasitics, better performance, more power savings and a denser 
implementation. Compared to a silicon interposer 2.5D approach, 
a vertical 3D die stack offers a higher level of integration, smaller 
form factor and faster design cycle. Yet a 3D stack also raises design 
challenges.

3D Design Requirements
While 3D ICs with TSVs do not require a new 3D design system, 
they do require a comprehensive solution that supports advanced 
node digital, analog/mixed-signal, package and PC board design. A 
unified representation of design intent should be maintained across 
these domains, and the flow should support high levels of abstraction 
and convergence.

To meet the challenges of 3D ICs, expanded capabilities are 
required in several areas.

System-level Exploration

3D IC system-level exploration, sometimes called “pathfinding,” 
raises the abstraction level and provides specification of design intent 
to downstream tools. As such, 3D IC system-level exploration helps 
users partition designs, select the appropriate silicon technology, 
determine functionality position, choose the most advantageous die 
order and optimize connectivity. 

Floorplanning

A 3D-aware floorplanner should provide an abstraction level to 
capture all die in the stack and present a unified representation of 
intent to the downstream routing tools. A 3D floorplanner must 
function in the X, Y and Z directions and allow visibility into the top 
and bottom of each die. Not only does this optimize the placement 
of blocks, TSVs and micro-bumps, but it also shortens interconnect 
distances. Consequently, performance and power are improved. For 
continuous design convergence, micro-bump and TSV assignments 
should take into account the floorplans on adjacent die. 

Implementation

A digital implementation system that supports 3D ICs must 
be “double-sided aware,” taking into account both the top and 
bottom of each die. This may call for a new modeling and database 
infrastructure, TSV-specific tools and support for a variety of stacking 
styles.

Power planning tools need to support 3D stacks and ensure that 
there is enough power to drive all the die. Place-and-route tools 
should include thermal constraints to avoid hot spots. Routing tools 
need to handle TSVs and micro-bumps properly, route signals across 

multiple die and verify the bump alignment between adjacent die.
Analog/custom implementation environments need capabilities 

such as multi-chip visualization with background views, support for 
bump, TSV and reverse-side routing, and connectivity extraction 
maintained through TSV connections.

Extraction and Analysis

Extraction and analysis tools are crucial for design convergence. 
However, existing extraction and analysis tools need to be extended 
for 3D ICs. For example, the tools must consider RLC parasitics for 
TSVs, micro-bumps and interposer routing. Further, analysis tools 
must be “3D-aware.” Timing, signal integrity, power and thermal 
gradients must be analyzed across multiple die. Multi-die static 
timing must be validated with an understanding of interactions 
between the die and the package.

Because the metal stack creates heat gradients, thermal analysis 
and signoff is critical, especially for die located in the middle of the 
stack. Further, the substrate thinning required for 3D stacks results in 
relatively poor heat dissipation. After placement and routing, thermal 
signoff is needed to ensure hot spots are below specified limits and 
that thermal effects do not have a negative impact on performance 
or leakage.

Test

Test raises many challenges for 3D ICs, including access to die 
inside a stack and proper handling of thinned wafers. Design-for-
test (DFT) architectures for 3D ICs should provide efficient ways 
to control and observe individual die from the chip input/outputs 
(I/Os). Conventional DFT architectural approaches and techniques 
such as on-chip compression, boundary scan, memory built-in self 
test (MBIST), reduced pin count testing and on-chip clocking for at-
speed test are broadly applicable, but they need to be configured and 
optimized to meet 3D goals for control and observation. 

IC/Package Co-design

IC/package co-design is important for 3D ICs due to the large 
number of I/Os and the increased costs for a package with multiple 
die. Without co-optimization, the package could end up costing 
more than the silicon. Important capabilities include I/O feasibility 
planning, connectivity management, 3D visualization, SiP layout, 
and support for multi-fabric analog and radio frequency (RF) 
circuitry. To ensure complete design convergence, the packaging 
tool must decipher the IC and package design intent and effectively 
abstract the IC design database to provide a constraint-driven layout 
of the package substrate.

Further, the board must also be considered. 3D die stacks result 
in additional interconnects that will have to find their way down to 
the board. The board designer needs to know what will be positioned 
near the 3D package. Thus, a “true” 3D IC design solution goes far 
beyond chip design.

Building a 3D IC Ecosystem
While large integrated device manufacturers (IDMs) can develop 
3D ICs on their own, fabless semiconductor companies will need 
the support of a mature supply chain ecosystem. This ecosystem 
must be based on standards and should include semiconductor 
design companies, electronic design automation (EDA) vendors, 
silicon intellectual property (IP) suppliers, foundries and outsourced 
semiconductor assembly and test (OSAT) providers (Figure 3).

See 3D IC page 33
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Recognizing that the traditional business model 
practiced by Japan’s semiconductor companies 
is dead, industry players are compelled to 
reinvent themselves.

Japan’s leading chipmaker Toshiba 
announced last year that it would outsource 
system-on-chip (SoC) large-scale integrations 
(LSIs) at 40 nanometers and beyond. Unveiled 
in the wake of the global financial crisis, 
Toshiba’s restructuring plans revealed it was 
considering a fab-lite business model, but the 
company has yet to articulate a clear strategy. 

Toshiba’s announcement means no Japanese 
chipmaker intends to invest in advanced processes 
for logic devices. Moreover, it signals the end 
of the integrated device manufacturing (IDM) 
business model, long considered sacrosanct by 
Japanese semiconductor manufacturers. 

In the 1980s, Japan’s semiconductor 
industry captured almost half the worldwide 
semiconductor market. One legacy of that 
remarkable success is the conviction that 
outstanding quality sells products. The “soup-
to-nuts” IDM business model—encompassing 
everything from development, design and 
production to marketing—has underpinned 
Japanese semiconductor manufacturers’ quality 
assurance. But while the model may be good 
for quality, it is bad for profitability. Not only 
does the profitability of Japanese chipmakers 
trail that of several major overseas competitors, 
but Japan’s share of the global semiconductor 

market has fallen for two decades, a decline 
that has accelerated since the middle of the last 
decade (Figure 1). 

Figure 1. Japan’s Shrinking Presence in the 
Global Semiconductor Market
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Most semiconductor businesses in Japan 
were run as divisions of diversified electronics 

Market Forces Compel Japan’s 
Semiconductor Industry to 
Abandon the IDM Model
Yoshiko Hara, Editor-in-chief, SemiconPortal-EmergingTech from Japan

Global Insights
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manufacturers. Then Hitachi, NEC and 
Mitsubishi spun off their semiconductor 
businesses. The dynamic random access 
memory (DRAM) business was the first to 
receive this treatment and Elpida Memory 
Inc. was founded. The treatment expanded 
to the logic business, with the merger and 
subsequent restructure of NEC Electronics 
and Renesas Technology last April. Now, like 
their competitors elsewhere in the world, 
Japan’s semiconductor manufacturers are 
forced to stand on their own feet. 

As processes shrink, compulsory facility 
investment soars. Thus, despite a company’s 
desire to retain the IDM business model, 
keeping up with the industry’s scaling trend 
requires an ample investment, which is 
unfeasible to maintain. Speaking last May, 
President and Chief Executive Officer  
Norio Sasaki of Toshiba Corporation noted 
that the IDM business model imposed such 
a heavy burden that Toshiba would have to 
shift to a fab-lite model. 

Whereas several companies based in 
North America were early adopters of the 
fab-lite model at around the 90 nanometer 
generation, European chipmakers did so 
at the 90-65 nanometer generations. Now, 
Japanese companies are taking the plunge at 
around the 40 nanometer generation. 

Japanese chipmakers’ reluctant embrace 
of a fab-lite approach prompts the question: 
Can Japan keep its technological edge 
without advanced process fabrication? 

In the recession triggered by the bursting of 
the “IT bubble” in 2000, an attempt was made 
to establish a “Japan foundry” so Japanese 
chipmakers could use advanced processes with 
minimum investment. This attempt fizzled 
out as the semiconductor market bounced 
back, restoring manufacturers’ faith in their 
own facilities. Yet following a sense of crisis, a 
Japan foundry has once again become the talk 
of the industry. 

Why Japan’s Semiconductor 
Industry Must Change

New Competition

First, the electronics market has changed 

with the rise to prominence of the original 
design manufacturing (ODM) business 
model. The principal customers of Japanese 
semiconductor manufacturers have 
traditionally been Japanese manufacturers 
of electronic products, electrical gear 
and precision equipment. Based on their 
customers’ demands, chipmakers developed 
high-performance custom LSIs with quality 
and performance often according priority 
over cost. This cozy world is threatened by 
the emergence of electronics manufacturing 
service (EMS) companies as major players 
in Taiwan and China. High-performance, 
high-cost devices do not attract these thrifty 
overseas manufacturers. 

Two iconic consumer products, the 
Apple iPhone and iPad, are manufactured 
by EMS companies. The Japanese media 
frequently lament that teardown reports 
reveal that these popular Apple products 
contain few chips and components supplied 
by Japanese companies. 

Cost-conscious Markets

In the past, Japanese manufacturers’ obsession 
with quality gave the world personal 
computers containing DRAMs guaranteed 
for 25 years. But as many analysts point 
out, excessive quality entails unacceptably 
high cost in a cost-conscious market. And in 
these cost-sensitive markets, manufacturers 
must offer devices attuned to local needs at 
low cost. Traditionally, Japanese companies 
have developed high-end products first and 
low-end products as secondary versions. 
Furthermore, product introductions tend 
to be badly timed and local preferences 
ignored. Consequently, Japanese companies 
are behind their Korean counterparts whose 
grasp of local needs is demonstrated through 
astute marketing campaigns.  

Disadvantaged Geography

Besides changes in the market, executives of 
Japan’s semiconductor manufacturers often 
point out that companies manufacturing 
in Japan are at a disadvantage compared 
to overseas competitors. Some complain of 
what they view as inadequate government 

support for local manufacturers.
Last December, Prime Minister Naoto 

Kan directed ministers to prepare a 5 
percent reduction in the effective corporate 
tax rate, from the current 40.6 percent to 
35.65 percent. However, the tax rate is still 
high when compared to approximately 25 
percent for China and Korea and about 30 
percent across much of Europe. 

Japan’s Top Seven Semiconductor 
Companies’ Business Models

Toshiba announced last December that it 
would outsource 40 nanometer and beyond 
SoC devices to multiple foundries. Toshiba 
owns two 300mm fabs, Nagasaki and Oita, 
for logic devices. The Nagasaki fab will 
be sold back to the original owner (Sony) 
while the Oita fab, which is migrating to 
the 45 nanometer process, will eventually 
concentrate on complimentary metal-oxide 
semiconductor (CMOS) sensors. For Flash 
memory production, Toshiba maintains an 
IDM business model and is continuing to 
invest in facilities in Yokkaichi to shrink 
processes, and 24 nanometer fabrication has 
already started. 

Following a review and policymaking 
blitz in the first 100 days after the merger 
last April, Renesas announced in July that 
it would start outsourcing 40 nanometer 
devices and completely outsource fabrication 
to pure-play foundries for 28 nanometer 
devices and beyond. For 28 nanometer 
device fabrication, two foundries will be 
used, but eventually Renesas purportedly 
intends to integrate processes and use only 
one foundry. 

Sony took the lead in announcing an 
asset-lite strategy back in February 2007. It 
is outsourcing production of 45 nanometer 
chips and beyond. Production of the 45 
nanometer cell processor for the company’s 
PlayStation 3 is outsourced to IBM. The 
Nagasaki 300mm fab, which Sony will 
regain from Toshiba, will concentrate on 
CMOS sensor fabrication. 

Elpida, the sole DRAM maker in 
Japan, maintains an IDM business model, 

See Global Insights page 28
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Compact models are defined as models for circuit elements 
which are sufficiently accurate and simple to incorporate into 
circuit simulators (Simulation Program with Integrated Circuit 

Emphasis (SPICE)). Hence, the outcome is useful to circuit design.
This article will present state-of-the-art high-voltage (HV) 

transistor compact models and new developments. A design should 
define the necessary accuracy of the used compact model which 
directly defines the used model, efforts in parameter extraction, test 
structures and measurement, and the resulting costs for the process 
design kit (PDK). After a short look into the laterally diffused metal-
oxide semiconductor (LDMOS) transistor physics, an overview of 
the main HV transistor compact models will be given. 

Over the last 25 years, a lot of emphasis has been placed on 
modeling MOS transistors and bipolar transistors. Standardization for 
both device types has been pushed extensively, and implementation 
has been executed in the main SPICE simulators. The simulation 
of HV or LDMOS transistors has been unattended because of the 
similar structure of the device compared to that of the MOS field-
effect transistor (MOSFET).

In many new applications such as communication and automotive 
electronics, the use of integrated HV MOS transistors (LDMOS and 
double-diffused MOS (DMOS)) requires highly accurate compact 
models which cannot overlook the drastic differences in the electrical 
behavior.

HV or LDMOS Transistor
The main differences between the LDMOS transistor and the 
standard MOS transistor are shown in Figure 1. Increased junction 
breakdown voltage (BV) of the drain diffusion is achieved by using a 
deep drain well. Light well doping and large radii of the cylindrical 
and spherical junctions at the border increase the BV. Small on-
resistance and high BV are contrary effects. The optimization of the 
tradeoff between both quantities is of major interest. The gate length 
is extended beyond the body-drain well junction, which increases the 
junction BV. The gate acts as a field plate and bends the electric field 
so the critical field strength occurs at increased drain source voltages, 
commonly known as reduced surface field (RESURF) effect. As there 
are high voltages at the drain, the electric field at the end corner of the 

gate electrode becomes quite large due to the small radius. Therefore, 
field oxide or shallow trench isolation (STI) is used to separate the 
critical gate region and the drain region. Furthermore, a so-called 
quasi-saturation is found for short-channel devices at high gate and 
drain bias. One reason for this is the Kirk effect in the drift region.

For reliable compact models, the following physical effects must 
be taken into account:

 ▪ Quasi-saturation.

 ▪ Self-heating.

 ▪ Geometry-related.

 ▪ Graded channel.

 ▪ Bulk current.

 ▪ Impact ionization in the drift region.

 ▪ High-side switch.

 ▪ Parasitic bipolar junction transistor (BJT).

Figure 1. Body-Isolated N-channel HV MOSFET
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Figures of Merit

Figures of merit for LDMOS devices are mainly the on-resistor 
(Ron), gate-to-drain capacitance (also referred to as Cgd or the Miller 
capacitance) and BV. For radio frequency (RF) applications, the 
parameters transit frequency (FT) and maximum oscillation frequency 
(Fmax) are added to the list. These requirements must be taken into 
account for the selected compact model and their capabilities.

High-voltage Transistor Compact Modeling

Ehrenfried Seebacher, Senior Manager, Process Characterization, austriamicrosystems AG
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RF Modeling

An additional challenge is LDMOS modeling for analog and RF 
circuit design. The integration of complex analog and RF functions 
such as RF power amplifiers in state-of-the-art wireless circuits 
requires accurate compact models in the high-frequency range. The 
compact model must account for the additional LDMOS effects in 
digital circuit (DC), analog circuit (AC) and RF large-signal regimes. 
The integration of these devices is done in RF complimentary MOS 
(CMOS), bipolar CMOS (BiCMOS), and bipolar CMOS and 
DMOS (BCD) technologies.

HV Transistor Sub-circuit Models

The lack of HV compact models has driven the development of sub-
circuits. In the 1990s, foundries first offered HV LDMOS devices 
and SPICE realizations that were able to consider the special HV 
LDMOS effects. A sub-circuit of a device is a network composed of 
different active and linear or nonlinear passive components. These 
components are connected in a specific way such that the device 
characteristics are reproduced most accurately. Furthermore, sub-
circuits allow high flexibility. They can be easily adapted by adding 
or removing components in the net list. There is a well-defined node 
interface between the sub-circuit box and the external circuit where 
the sub-circuit appears to be a single device. The major disadvantage 
is increased simulation time due to a larger effective number of 
circuit nodes and components. Furthermore, special attention needs 
to be paid to the convergence in the circuit simulator.

In recent years, numerous sub-circuit solutions have been 
published and sub-circuits for RF LDMOS modeling introduced. 
Inductors and capacitors are included to model the RF behavior, 
and a junction field-effect transistor (JFET) is used to improve the 
DC modeling. This JFET approach is applied in many circuits, 
where improved capacitance modeling has been achieved by 
adding voltage-controlled, gate-bulk and gate-drain capacitors or 
positive channel FET (PFET) devices to a negative channel FET 
(nFET) LDMOS structure. An example using the JFET approach 
in combination with an advanced core FET model (e.g., Berkeley 
Short-Channel Insulated-Gate FET (IGFET) (BSIM) Model or Enz-
Krummenacher-Vittoz (EKV) Model) is presented in Figure 2. A 
model hardware correlation plot is shown in Figure 3.

Figure 2. JFET Approach with an Advanced Core FET Model
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Sub-circuit consisting of a MOSFET device M1, JFETs J1; J2, a resistor R1 and a voltage-controlled 
voltage source V1.

EKV HV MOSFET Model

The EKV HV compact model for vertical and lateral DMOS has 
been developed by the Swiss Federal Institute of Technology. It relies 
on the core of the charge-based EKV 2.6 MOSFET model for the 
intrinsic MOSFET, while the drift region is modeled with a bias-
dependent resistance.

The EKV MOSFET model has the advantage of being physical 
and continuous in all regions of operation. The model is formulated 
on an inversion-charge description, where the voltage versus surface 
potential equation is transformed into an approximate equation 
of node charge versus node voltage drop. Similarly, the current 
versus surface potential equation can also be transformed into an 
approximate current versus node charge equation. Thus, the node 
charges become the independent variables. The single expression 
formulation ensures continuity of first and higher order derivatives 
with respect to any terminal voltage in the entire operating range.

The following physical effects are included in the EKV MOSFET 
model:

 ▪ Basic geometrical and process-related aspects such as oxide 
thickness, junction depth, effective channel length and width.

 ▪ Effects of doping profiles, substrate effect.

 ▪ Modeling of weak, moderate and strong inversion behavior.

 ▪ Modeling of mobility effects due to vertical and lateral fields 
and velocity saturation.

 ▪ Short-channel effects such as channel-length modulation 
(CLM), source and drain charge-sharing (included for narrow 
channel widths) and reverse short-channel effect (RSCE).

 ▪ Modeling of substrate current due to impact ionization.

 ▪ Quasi-static, charge-based dynamic model.

 ▪ Thermal and flicker noise modeling.

 ▪ A first-order non-quasi static model for trans-admittances.

 ▪ Short-distance geometry and bias-dependent device matching.

MM20 HV MOSFET Model

MOS Model 20-level 2001 (MM20) is an asymmetrical, surface 
potential-based LDMOS model developed by NXP Research 
Laboratories (formerly Philips Research). It is aimed to replace the 
macro model as the combination of MOS Model 9 (MM9) for 
the channel region in series with MOS Model 31 (MM31) for the 
drift region under the gate oxide of various HV MOSFET devices. 
Based on the calculation of the voltage at the transition node 
between channel region and drift region, the MOS Model 20 has 
been specifically developed to improve convergence behavior during 
circuit simulation. The model combines the description of the 
MOSFET channel region behavior with that of the drift region under 
the gate oxide. A complete description of all transistor action-related 
quantities is provided. Nodal currents, nodal charges and noise-
power spectral densities are formulated on surface potential, resulting 
in equations valid over all operational regimes (i.e., accumulation, 
depletion and inversion) in both the channel and the drift region. The 
surface potential as a function of terminal voltage is obtained by the 
explicit expression as used for MOS Model 11 (MM11). In addition, 
several important physical effects, especially for the drift region, have 
been included in the model. MM20 includes an accurate description 
of the following important LDMOS device effects:

See Modeling page 30
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ASIA

$2.4 billion – Forecasted revenue for Asia-Pacific application 
downloads by 2013, about 20% of the world’s total available 
market (TAM). – ABI Research

57% – China’s percentage of solar module shipments in 2010. – 
China Renewable Energy Society

45% – Asia-Pacific’s projected share of semiconductor revenues by 
2014. – International Data Corporation (IDC) 

25% – Taiwan’s predicted share of the world’s IC fabrication 
capacity by 2015, with Japan coming in at 18%. – IC Insights

$65.4 million – Estimated chip revenues in 2010 for companies 
headquartered in Asia-Pacific. – IHS iSuppli

$63.8 million – Estimated chip revenues in 2010 for companies 
headquartered in Japan. – IHS iSuppli

$219 billion – Estimated value of China’s consumer electronics 
market by 2014, representing a compound average growth rate 
(CAGR) of about 8%. – RedTech

2.5 million – Estimated number of tablets sold in China in 2011. 
– IDC 

$2.4 billion – Estimated value of China’s radio frequency 
identification (RFID) market in 2014, more than double the $1.1 
billion recorded for 2009. – IHS iSuppli

34.6% – Increase in Asia-Pacific electronic design automation 
(EDA) software and services revenue in Q3 2010 compared to 
same quarter in 2009. – Electronic Design Automation Consortium 
(EDAC)

4% – China’s share of the world medical device market, growing by 
more than 14% annually. – EETimes Confidential

50 – Number of Chinese companies involved in or developing 
bioMEMS devices. –Yole Development

7.1% – Percentage decrease in EDA revenue for Japan in 3Q 2010 
as compared to the $231.2 million reported in 3Q 2009. – EDAC

53% – Growth of power metal-oxide semiconductor field-effect 
transistor (MOSFET) market in China in 2010 over 2009. – IHS 
iSuppli

$8.8 billion – Forecasted value of the fabless IC industry in China 
in 2014, up from $5.1 billion in 2010. – IHS iSuppli

$2.4 billion – Forecasted revenue for RFID in China by 2014, 
more than double the revenue for these devices in 2009. – IHS 
iSuppli

68.5% – Taiwan’s share of global foundry revenues in 2010. – 
DigiTimes Research

$9.5 billion – Projected value of China’s video surveillance and 
security industry by 2014, representing a CAGR of 12.1% for the 
period of 2009-2014.  – IHS iSuppli

6.9% – CAGR for Asia-Pacific’s smart pressure sensors market 
from 2011-2015. – Global Industry Analysts Inc. 

>3.0% – CAGR for Asia Pacific’s microscopes market from 2011-
2015. – Global Industry Analysts Inc. 

9% – Forecasted rise in revenues of major Greater China IC 
foundries in 2011. – DigiTimes Research 

INDIA

$8 billion – Projected India semiconductor industry sales by the 
end of 2011. – India Semiconductor Association (ISA) and Frost & 
Sullivan

13.2 million – Projected India PC shipments in 2011, a 24.7% 
increase from 2010. – Gartner 

$100 billion – Estimated value of India’s telecommunications 
sector by 2015. – Boston Consulting Group (BCG)

Global Market Trends
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132% – Expected growth of semiconductor consumption related 
to India’s telecom infrastructure from 2009-2011. – ISA

50% – Expected growth of semiconductor consumption related to 
smart cards in India from 2009-2011. – ISA

$58.4 billion – Estimated total electronics sales in India for 2011, 
reaching $400 billion by 2020. Currently, local manufacturing 
accounts for 40% of consumption, but could increase to 80% by 
2020. – ISA

$2 billion – Estimated value of India’s medical equipment 
electronics market by 2015, an increase of 17% from $0.8 billion 
in 2009. – ISA

115 million – Number of households in India with a television. – 
DisplaySearch

30% – India’s share of flat-panel TV shipments by 2013. – 
DisplaySearch

EUROPE,  THE MIDDLE EAST AND AFRICA 
(EMEA)

$27.6 million – Estimated chip revenues in 2010 for companies 
headquartered in EMEA. – IHS iSuppli 

0 – Number of European companies to enter the top 20 
semiconductor company ranking over the last 20 years. – Andreas 
Wild, ENIAC

$343.1 million – Europe’s estimated unused IC research and 
development (R&D) money by 2013. – Andreas Wild, ENIAC

27.4% – Year-over-year (YoY) increase for European semiconductor 
sales in 2010 as compared to 2009. – European Semiconductor 
Industry Association 

32 million – PC unit shipments in EMEA for Q4 2010, a 6.2% 
increase from Q4 2009. – Gartner

$224.3 million – Total EDA, semiconductor intellectual property 
(SIP) and services revenue for EMEA in 3Q 2010. – EDAC

18% – Expected CAGR of smartphone sales in Western Europe 
for 2010-2015, dominated by sales in the U.K., France, Germany 
and Spain. Sales in Eastern Europe will grow at a CAGR of 24%, 
and sales in the Middle East and Africa will rise at a CAGR of 19% 
in the same period. – Research and Markets

49.8% – Growth of EMEA semiconductor distribution in Q4 
2010. – Distributors’ and Manufacturers’ Association of Semiconductor 
Specialists (DMASS)

3 – Number of 300mm fabs in Europe. Collectively, Europe has 
the capacity to fab 1,453,679 million 8-inch equivalent wafers per 
month. – Electronics Weekly

THE AMERICAS

19.1 million – PC shipments in the U.S. in Q4 2010, representing 
a 6.6% decline compared to Q4 2009. – Gartner 

9,628 – Robot units purchased by North American companies 
over the first nine months of 2010, valued at $618.4 million. – 
Robotics Industries Association (RIA) 

15 – Number of U.S. government agencies contributing to the 
U.S. National Nanotechnology Initiative which provides funds 
worth about $1.7 billion to support semiconductor R&D. – 
Andreas Wild, ENIAC

48% – U.S. share of the semiconductor industry. – Andreas Wild, 
ENIAC

$577.2 million – Value of EDA products and services for the 
Americas in 3Q 2010, up 12.9% compared to 3Q 2009. – EDAC

38.4% – Expansion of chip sales to the Americas in 2010. – IHS 
iSuppli

3.2 million – Number of 3D TVs shipped in 2010, half of which 
were in North America. – DisplaySearch

6% – Anticipated CAGR of the defense semiconductor market in 
the U.S. between 2010 and 2015. – Strategy Analytics

21% – Anticipated CAGR of smartphone shipments in North 
America for 2010-2015. Central and South America are expected 
to reach a CAGR of 32% for the same period. – Research and 
Markets

10.8 million – Number of e-reader units shipped worldwide in 
2010, with the U.S. representing 72.4% of global shipments. The 
number of units shipped is forecasted to reach 14.7 million in 
2011 and 16.6 million in 2012. – IDC

24 – Number of U.S. companies that have executed initial public 
offerings (IPOs) from Jan. 1 through Feb. 24, 2011, an increase 
of 85% from the same time period in 2010. – Renaissance Capital 
LLC

15% – Percentage of Americans using mobile wireless broadband 
on laptops. – Federal Communications Commission (FCC)

13% – Percentage of U.S. households that have satellite 
radio. – CEA Market Research

$1.54 billion – Posted orders for North America-
based manufacturers of semiconductor equipment 
in January 2011 (three-month average basis), 
with a book-to-bill ratio of 0.85. – SEMI

32% – Percentage of the 150 organizations 
developing printed transistors that are 
based in the U.S. – IDTechEx ▪
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Seasoned semiconductor professionals have experienced many 
business cycles. As the test capacity utilization history in Figure 
1 indicates, the frequency and depth of downturns vary, but the 

fact that downturns continue to exist does not. The average data for the 
entire industry displayed in Figure 1 does not always reflect the more 
dire realities of even lower localized utilization drops for that particular 
tester model or configuration, or for that set of tester options.

Even in a growing market, test capacity—with its variable, device-
specific nature—is difficult to consistently load at high-utilization 
levels. Every device seems to demand a slightly different set of options 
and has margins that cannot tolerate the added test cost of “someone 
else’s” unused options. As new devices come to market at a “more than 
Moore’s Law” pace, this demand for unique test system requirements 
varies even more broadly and frequently. The test provider, whether a 
test subcontractor or an integrated device manufacturer’s (IDM) test 
floor, must navigate this difficult capacity planning equation, typically 
with less than perfect data and few software tools. Even the pure test 
specifier (e.g., a fabless company) is a stakeholder in this challenge, as 
all strive to optimize utilization in efforts to reduce the cost of test.

Multiply these challenges of a “normal” market by the industry 
downturn and unprecedented global economic turmoil recently 
experienced, and the need for more effective test capacity management 
solutions is greatly amplified. Much like the 2001 downturn drove 
more disciplined test capital spending and test service pricing, 
the 2009 downturn is expected to drive another new test capacity 
management paradigm in the semiconductor industry.

Figure 1. Test Capacity Utilization 1995-2011F
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If Only…
This move to a new test capacity management paradigm will start 
with good managers reflecting on what decisions or information 
would have allowed them to better predict and manage through that 
difficult downturn. For example, one may wonder: “If only I had 
foreseen the financial crisis coming” or “If only I had better long-
term sales forecast data.” Many are perhaps simply saying: “If only I 
could have returned those unused test systems!” 

Even the best and most respected business leaders from around 
the world have said they did not see this global economic crisis 

coming, indicating that the timing and extent of the next downturn 
will be difficult to predict. Similarly, more accurate and forward-
looking sales forecasts are challenging to provide due to the myriad 
future uncertainties, particularly as semiconductor markets become 
increasingly consumer-driven. What remains, then? Perhaps, 
surprisingly, the option to eliminate unutilized test equipment during 
periods of low utilization is actually a very tangible and powerful 
weapon available to any test capacity manager.

How is this accomplished? Equipment leasing is the most 
prominent means for providing the option to return equipment. 
While many consider leasing as only a financial solution for 
managing cash flows and balance sheets, it is also a very powerful 
tool for managing demand fluctuations and technology transitions 
across the variety of equipment on the test floor. For semiconductor 
test equipment, in particular, the risk management benefits of leasing 
are often the most valuable to the lessee. That is, the risk associated 
with the device-specific loading and configuration of the $1 million 
test system is more of a burden to the business model than raising 
the capital to purchase it. Ultimately, through improved utilization 
and thus reduced cost-of-ownership, the risk management benefits 
of leasing add to the traditional cash flow and balance sheet benefits, 
further enhancing a company’s overall financial performance.

The Value of Options
The typical lease contract will not only provide the option to return 
equipment at the end of term (EOT), but also the options to purchase 
the equipment at fair market value (FMV) or extend the lease term. 
Many other options (e.g., early buyout options and fixed purchase 
options) can also be added to the deal structure. According to real option 
theory, this flexibility to make different decisions at a future point in 
time, where uncertain market conditions exist, has a real and measurable 
value. While the methods for valuing real options are relatively complex 
and beyond the scope of this work, the theory can still be applied 
conceptually here to communicate the strategic value of leasing.

The value of the options provided by leasing is driven primarily by 
new information that becomes available over the lease term, reducing 
the uncertainty at the option decision point. Even seasoned test 
business executives rarely know with complete confidence at the time 
of initial procurement of new test capacity that the equipment will 
be consistently and highly utilized for the long term (i.e., five years 
or more). In today’s world of three or, at most, six months of demand 
visibility, capacity purchase decisions are more often made with some 
degree of long-term demand information uncertainty, driven not 
only by large-scale industry demand cycles but also localized mix 
variations, new test technology transitions and the like. Where a 
company falls on the spectrum of long-term demand uncertainty will 
therefore determine its appetite for leasing as a risk mitigant.

The Value of Leasing Options in Managing 
Test Capacity

Dan Hamling, Director, IC Test Equipment, GE Capital Global Electronics Services
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Decisions, Decisions

To quantify the value of leasing options and their relationship to 
information uncertainty, a decision-tree analysis is performed. The 
decision tree in Figure 2a compares lease and buy alternatives for 
procuring the equipment (e.g., test system and wafer prober) for 
a single test cell of capacity given the uncertainty of two possible 
future scenarios: three-year loading of the test cell (with no further 
loading beyond year three) and six-year loading of the test cell. The 
relative utility of each of the four resulting permutations is equal to 
the present value of the discounted equipment financing cost cash 
flows. For the buy alternative, the cost will be independent of the 
loading scenario and therefore a fixed value. For the lease alternative, 
the cost will reflect a return of the equipment at EOT for the three-
year loading scenario and a FMV purchase of the equipment at 
EOT for the six-year loading scenario. Figure 2b summarizes the key 
assumptions for the discounted cash flow (DCF) and overall analysis 
(see also sidebar Cost of Capital: Theory vs. Reality).

Cost of Capital: Theory vs. Reality

The outcome of a DCF analysis is typically most sensitive to the 
discount rate used, so it is prudent to spend some time finding 
the right value. Most DCF analyses use a weighted average cost 
of capital (WACC) since it is meant to represent the cost of 
funds, either from equity or debt, for the company or industry 
being investigated.

A recent brief survey of WACC estimates reveals that 
semiconductor or technology companies have a general WACC 
range of 10 to 12 percent. This is mostly driven by the cost of 
equity since many companies in this space have low debt-to-
equity ratios. Although some would call this range conservative, 
using even the lower 10 percent number in the present case study 
would conclude that leasing is always better than buying. While 
this may theoretically be correct, buying is still much more 
prevalent than leasing. So what do potential leasing customers 
use, either consciously or subconsciously, for the discount rate 
when they consider leasing? 

Potential lessees will often use their perceived cost of debt 
(i.e., the effective rate a company might pay on incremental 
debt) as the discount rate. This position appears to be driven 
by a comparison of leasing to having to borrow (i.e., use 
debt financing) for a purchase. Whether right or wrong, this 
comparison and use of the cost of debt seems to be a “reality” of 
the leasing market and presents a much more challenging hurdle 
for the leasing company. Thus, assuming the range of after-tax 
cost of debt is 5 to 6 percent for the semiconductor industry, an 
average of 5.5 percent is used in this analysis.

Figure 2. Lease vs. Buy Decision Analysis

 
DECISION            ALTERNATIVES             UNCERT AINTY PROBABILITY PV (COST)

60.0% $1,056,828

LEASE Combined Cost    
$909,095 $909,095

40.0% $687,495

Select MINIMUM
Combined Cost
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BUY Combined Cost    
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40.0% $981,432

Select Lease v. Buy

Lease

Buy

6-Year Loading?

3-Year Loading?

6-Year Loading?

3-Year Loading?

Cash / Corporate Tax Rate
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Tax Depreciation
Corporate Depreciation
Equipment Acquisition Cost
Fair Market Value @ EOT

35.00%
5.50%
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5 -Year SLM

US$ 1,420,000
US$ 630,000

Lease Funding Amount
Lease Term
Monthly Rent
Rental Rate
EOT Action: 3 - Year Loading
EOT Action: 6 - Year Loading

US$ 1,420,000
3 Years

US$ 31,714
2.23%

Return
Buy  @ FMV

a.

b.

The probability that each scenario will occur, established by 

the decision-maker(s) at the time of initial procurement of the 

equipment, will drive the combined cost of each alternative and, 

ultimately, the best choice between lease and buy. Since this analysis is 

comparing costs, the minimum value among the two alternatives will 

be preferred. For the example case shown in Figure 2, the decision 

maker expects the six-year loading scenario to occur with 60 percent 

probability. The model shows that this level of certainty results in 

lease costs that are lower than buy costs, thus specifying leasing of the 

equipment as the best option.

High Confidence Needed

The case revealed in the decision tree of Figure 2a says that even with 

60 percent confidence, standard loading will extend to six years; the 

remaining uncertainty dictates that a three-year lease with its option 

to return at the end is still a better economic choice. So at what 

confidence level should one buy?

Figure 3 shows a sensitivity analysis of this case to answer this 

vital question. The chart shows the cost of a buy decision and the 

cost of a lease decision against the decision maker’s confidence that 

loading will extend to six years. From the chart, one can see that it 

will take about an 80 percent confidence level to drive a purchase 

decision. A confidence level lower than 80 percent should result 

in a decision to lease the equipment. Again, this shows the value 

of not only the spreading and alignment to revenue of equipment 

expenses via a monthly lease payment, but more importantly 

the value in the option to return the equipment if new market 

information shows that loading will not continue past the end of 

the lease term. With renewal, purchase and continuing month-

to-month options, the decision-maker has additional flexibility to 

align with market demand.

See Test Capacity page 29
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Analogix Semiconductor is a world leader 
in high-performance digital media interface 
solutions focused on high-speed serializer/
deserializer (SerDes) technologies such as 
DisplayPort and High-Definition Multimedia 
Interface (HDMI). Offering standard products, 
custom application-specific IC (ASIC) design 
services and intellectual property (IP) solutions, 
Analogix has successfully ported and proven 
its analog and mixed-signal IP solutions in a 
variety of process nodes from 180 nanometer 
to 28 nanometer. Analogix partners with 
all the leading foundries, including TSMC, 
GLOBALFOUNDRIES, UMC, Fujitsu, 
Samsung, SMIC and many leading assembly 
and test houses. 

Analogix has pushed the boundaries 
of ultra-low power design with its award-
winning CoolHD technology, the world’s 
only zero power HDMI Tx. Leveraging the 
success of CoolHD in mobile applications, 
Analogix developed SlimPort which delivers 
uncompressed HD audio-video over existing 
mobile universal serial bus (USB) connectors 
to large screen displays. By removing the 
need for extra connectors and offering the 

2010 was an exciting year for Netronome. 
It was their third consecutive record year of 
growth, fueled by several of their early design 
wins moving into full-scale production based 
on the general availability of their network 
flow processor, the NFP-3240.

Netronome’s NFP-3240 brings breakthrough 
performance to a broad range of demanding 
networking applications, including shared 
service blades in switches and routers, 3G 
and long-term evolution (LTE) wireless 
infrastructure, cyber-security appliances 
and virtualized servers. The NFP‐3240 is 
powered by 40 programmable networking 
cores running at 1.4 GHz to deliver 56 
billion instructions per second for L2‐
L7 processing. It is the first network flow 
processor to combine high‐performance 
network, content and security processing into 
a fully programmable device. This provides 
over 40 Gbps of line-rate L2‐L7 processing 
and deep packet inspection. The NFP’s high‐
speed Peripheral Component Interconnect 
Express (PCIe) 2.0 interface offers enhanced 
input/output virtualization (IOV) support 
for the tightest coupling with virtualized 
Intel multicore processors in embedded 

benefits of CoolHD and SlimPort, Analogix 
enables innovative device manufacturers 
to deliver HD multi-media content and 
productivity solutions in a cheaper, slimmer, 
lighter form factor. With the addition of 
CoolHD technology, consumers can enjoy 
on-the-go HD content without draining the 
handheld’s batteries, resulting in an enhanced 
end-user experience. SlimPort is compatible 
with existing displays and offers a variety of 
connection options through a single thin 
cable with an embedded converter.

Analogix has successfully deployed its 
HDMI and DisplayPort products across 
multiple high-growth markets such as mobile 
phones, tablets, digital cameras, notebooks, 
PC graphics and game consoles. Working with 
leading customers across the world, Analogix 
offers a uniquely flexible engagement model 
ranging from standard product to ASIC and 
IP licensing. ▪ 

communications designs. The NFP is backed 
by the industry’s largest suite of development 
tools including an optimizing C‐compiler, 
and it is the only processor that is backward-
compatible with the market‐leading Intel 
IXP‐28XX network processor.

In addition to the new technology and 
strong leadership, Netronome is surrounded 
by an extensive ecosystem of partners offering 
support of the NFP-3200. Additionally, 
Netronome has amassed several prestigious 
awards for technology, innovation and 
business growth—most recently being named 
a winner of the Red Herring Global 100. ▪
“As a young fabless semiconductor company, our 
new GSA membership will allow us to benefit 
from the vast industry experience of the member 
companies and build relationships that expand 

“Analogix deeply appreciates the broad reach and 
access to information that GSA offers.  Spanning 
the entire semiconductor industry, GSA and its 
members offer valuable information and insight 
that helps companies to continually enhance 
their products and supply chain to ultimately 
better serve their customers.”

– Graham Loveridge, Vice President, 
Marketing, Analogix Semiconductor
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Ning Zhu, CTO
Graham Loveridge, VP, Marketing
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3211 Scott Boulevard 
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Santa Clara, California 95054
(T) 408-988-8848
(F) 408-988-8686
(W) www.analogix.com 

our ecosystem. The opportunity to network 
with other fabless semiconductor companies 
is invaluable and provides us with a broad 
perspective for which to develop our products for 
next-generation networks.” 

– Jarrod Siket, Senior Vice President & General 
Manager, Marketing & Sales, Netronome

Niel Viljoen, CEO
Gavin Stark, CTO
Jim Finnegan, Senior VP, Silicon Engineering
Mike Benson, Senior VP, 

Platform Engineering
Johann Tonsing, Chief Architect & 

Senior VP, Software Engineering
Jarrod Siket, Senior VP & GM, 

Sales & Marketing
LL Cheok, President, Asia-Pacific Operations
Phil Compton, Senior VP, Finance

144 Emeryville Dr. 
Suite 230
Cranberry Twp., Pennsylvania 16066
(T) 724-778-3290
(F) 724-778-3295
(W) www.netronome.com
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Perfect timing requires speed and precision, 
particularly in the noisy universe of digital chips…

True Circuits offers a complete family of standardized PLL and DLL 
 hard macros that have been specifically designed to meet the precise 
timing requirements of the latest DDR, SerDes, video and other  
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These PLLs and DLLs are available for delivery in a range of frequencies, 
multiplication factors, sizes and functions in TSMC, GlobalFoundries,  
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For about four centuries, watchmaking was the dominant 
business in the Jura region that surrounds the town of Neuchatel 
in central Switzerland. Then, about 40 years ago, a technological 

tsunami blew Neuchatel’s watchmaking industry into the history 
books. 

Today, watchmaking is still a big business in Neuchatel. 
Modern watchmakers have trained as complementary metal-oxide 
semiconductor (CMOS) design engineers and have a profound 
understanding of sub-threshold CMOS parameters.

From a quiet beginning, the crisis in Neuchatel triggered radical 
and excellent circuit innovations that have changed the world. 
Swiss design engineers Christian Enz, Francois Krummenacher and 
Eric Vittoz noticed that standard MOS models had unfortunate 
discontinuities that tended to generate misleading results, especially 
for the simulation of analog circuits such as operational amplifiers 
(op amps). This young team responded by creating the model now 
referred to as the Enz-Krummenacher-Vittoz (EKV) model. 

With the EKV model, they had an elegant mathematical 
framework that allowed for the efficient and accurate simulation of 
transistors operating at very low current. The team was able to extract 
orders-of-magnitude improvement in speed/power performance. 
Note that this revolution came only from communicating facts in 
a new and different way, not from making any actual change in the 
fabrication processes. This is an old, happy and often repeated story. 
And with each repetition, the problem of communicating basic 
process parameters becomes a little more daunting.

Vittoz realized that sub-threshold MOS devices delivered many of 
the advantages of bipolar devices at a smaller size and a much lower 
price. All he needed to achieve these results was characterization of 
what was already available in many production lines. A second wave 
of breakthrough products became available when he figured out a 
way to build gigohm resistors. Vittoz was not the first person to do 
this. Engineers at several foundries had found that it was possible 
to modify resistor fabrication technology so standard random access 
memory (SRAM) designers could use it to build simple nanopower 
SRAMs—a concept that was easy on the brain, but hard on the 
treasury. However, there was a cheap way to build gigohm resistors 
by exploiting the leakage of bridges built with the parasitic diodes 
formed where highly doped P+ and N+ poly regions come together. 
As a bonus, these devices could be used to provide monolithic bridge 

rectifiers that harvested energy from radio frequency (RF) fields 
used in early RF identification (RFID) chips. The combination of 
these innovations led to products such as 200nA crystal oscillators. 
CMOS watches were the killer application that quickly exploited the 
availability of such low-power oscillators.

Another parasitic that has become quite important is the metal-
metal capacitor. During the 1970s, design engineers and professors 
at University of California, Berkeley and other institutions saw the 
potential of using CMOS devices to build versatile amplifiers that 
could accomplish analog processing at vastly lower power. Again, 
resistors were a big bottleneck. The discovery that switched capacitors 
could function as highly accurate resistors unleashed another wave of 
innovation. 

In the era of that discovery, there was a tendency to use multiple 
layers of polysilicon. So it was logical to use poly-poly resistors as a 
capacitor. Due to the economics of dense digital chips, single-layer 
poly processes became ubiquitous. Foundries generally responded 
to the unmet need for poly-poly capacitors by adding metal-
insulator-metal (MIM) capacitors. This was technically acceptable, 
but expensive. Again, designers started to cut costs by using another 
“free” parasitic. This free parasitic is the metal-oxide-metal (MOM) 
capacitor. As recently as 10 years ago, the big risk factor with MOM 
capacitors was the lack of a good understanding of tolerances. It was 
quite difficult to get process control monitoring (PCM) parameters 
to ensure that MOM capacitor values were sufficiently controlled so 
designers could safely use them in analog circuits. Gradually, foundry 
support for such structures has become satisfactory. Cooperation 
between foundries and designers has become good enough to allow 
for the routine use of MOM devices. This eliminates the extra mask 
costs and process steps required for fabrication of MIM capacitors.

As RF has become economically important, a surprising set of 
peculiar parasitics has become essential. Who would have thought 
that high-cost external transformers and ceramic filters could have 
been replaced by on-chip poly resistors that happened to have very 
useful capacitive parasitic? But that is exactly what happened when 
Jan Crols and his colleagues at K.U. Leuven came up with the double 
quadrature topology (DQT). DQT allows Bluetooth radios (among 
others) to be built using only on-chip devices and “free” parasitics 
in the signal path. Now, billions of chips have been built using this 
approach.

Communicating Basic Process Parameters and 
Criteria for Mixed-signal and RF Processes

Dariusz Pienkowski, Analog Group Manager, Evatronix
Tomasz Borejko, Analog Design Engineer, Evatronix

Harry Peterson, CEO, Mohagi LLC
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All sorts of novel “free” structures on digital CMOS chips are 
being used to perform R F functions with surprisingly high levels of 
effectiveness. As the roadmaps of the big foundries push lithography 
toward 10 nanometers, this trend toward the exploitation of 
increasingly strange, but helpful, parasitics is expected to intensify.

As RF products rapidly move to 60 GHz and beyond, the 
workhorse devices become quite strange to most designers. 
Electromagnetic analysis becomes a tough challenge for electronic 
design automation (EDA) vendors. It is similar to the challenge EDA 
vendors faced 30 years ago when sub-threshold transistor behaviors 
became important. One key difference is the benefit gained from 
sophisticated cooperation fostered by the Global Semiconductor 
Alliance (GSA). Now, multiple fabs can collaborate so everyone can 
benefit from a better understanding of fundamental engineering 
issues. This allows foundries to add value to their processes and 
designers to more rapidly convert these opportunities into higher 
value products.

Process evolution in the z-axis is currently driving more waves 
of change. One of these is the through-silicon via (TSV) initiative. 
Turning TSV into an economically viable proposition requires 
technical cooperation and careful coordination of the manufacturing 
infrastructure. Another z–axis development is antenna technology 
for 60+ GHz RF chips. At this level, the relevant characterization 
includes material parameters that were quite foreign to the 20th 
century foundry environment. Development of quality and process 
characterization standards that will allow such chips to achieve their 
potential is essential and difficult. 

Built-in self test (BIST) becomes an interesting challenge when 
millimeter wavelength signals are involved. BIST is very cost-
effective for testing these extreme devices. Indeed, there is a class of 
microwave phase array radar chips where testability at competitive 
cost is achievable only by using the multiple radios on a given 
chip to test each other. The convergence of test requirements for 
package and chip is one of the qualitative differences between RF 
testing and ordinary mixed-signal testing. Many chips integrate 
performance-critical inductors within their chip package structure. 
This complicates specification and management of process parameter 
distributions because it is not always possible to separately measure 
the process and package parameters.

Designers who survive today’s competitive environment must 
meet standards of accuracy, speed and energy efficiency that are 
substantially higher than those of the 20th century. And they must 
do it with devices that are inferior in numerous respects. Successful 
foundries have had to think hard to help designers offset these 
disadvantages. 

Successful tactics include: 

 ▪ Provide good information about statistics. 

 ▪ Provide accurate and detailed back-annotation information. 

 ▪ Establish improved links with simulation tools.

Meanwhile, designers have stopped using many of the 20th 
century topologies that do not work well in the world of 21st 
century devices. For example, matched devices are out and dynamic 
element matching (DEM) devices are in. More often than not, these 
new devices are quite a bit better than the devices they replace. For 
example, untrimmed 12+-bit digital-to-analog converters (DACs) 
built with statistical techniques such as the “quad-quad common-
centroid” structure work far better than previous generation devices 
built in processes that used transistors that were big enough to be 

well-matched.
For the last five years, the Japanese Semiconductor Technology 

Academic Research Center (STARC) consortium has encouraged 
large-scale cooperation among many fab facilities to gather 
comprehensive statistical parameter variation information on 45 
and 65 nanometer CMOS processes. Details of this effort have been 
presented at numerous conferences, including ESSC 2008.

Stability of basic process parameters becomes much more 
important than the spread of such parameters, and the conversation 
between designer and foundry changes accordingly. Topologies that 
rely upon “stability” rather than “spread” often exploit the fact that 
digital resources have become very cheap relative to analog resources. 
So it becomes almost axiomatic that designers win when they replace 
analog with digital. Indeed, this is the central proposition behind 
research initiatives such as Stanford University’s Rethinking Analog 
Design (RAD).

Digitally-assisted analog began as a means of working around the 
lousy performance characteristics of analog transistors. But now it is 
a means of getting superior performance out of even the worst analog 
transistors. The superior performance is a fundamental consequence 
of simplicity. For example, consider the problem of building a 
pipeline analog-to-digital converter (ADC). In the 20th century, 
engineers invested huge effort in complex circuits that compensated 
for the poor performance of transistors. That extra complexity burned 
extra power and created extra noise. Lithography evolved toward 
deep-submicron dimensions, and the transistors kept getting worse. 
But the clocks became much better, and the transistors became much 
cheaper. Innovative designers observed that the poor performance of 
the transistors was at least quite consistent. Using large numbers of 
cheap transistors to digitally compensate for bad performance turned 
out to be a very successful strategy. 

There are a lot of good ways to implement digital compensation. For 
example, it is often possible to do pseudo-continuous compensation 
by interleaving cycles of normal operation and calibration. Pipeline 
ADCs operate by interleaving their basic functionality. So it is 
fairly simple to interleave the additional functionality required for 
continuous calibration.

The biggest problem of 21st century design is power dissipation. 
It does no good to build a billion-transistor circuit in a nano-scale 
volume if the circuit cannot be turned on without melting the 
silicon. This is true for both digital and mixed-signal design. As the 
boundary of energy-efficient design is pushed, the typical problems 
of mismatch and non-uniformity surface. Clearly, this results in a lot 
of mandatory design for manufacturability (DFM) in design flows at 
advanced lithography nodes. This trend increasingly complicates the 
process parameter dialog. Simply establishing limits for the allowable 
range of PCM parameters does not ensure quality and efficiency. 
Distributions and drift become relatively more important. Drift is, 
in large measure, determined by stress integrated over the operational 
lifetime. The fact that power dissipation is spatially nonuniform, 
even over microsecond time scales, will make the thermal parameters 
of foundry silicon more important for many foundry customers.

It is nearly certain that the dialog between foundry and designer 
will continue to become more complex. There are competing trends. 
As technology scales to smaller process nodes, the “bad” trend brings 
us transistors with worsening analog performance. But the “good” 
trend brings us increasingly effective digital means for correcting 
analog deficiencies of the transistors. The paradox of recent decades is 
that chips have been getting better while transistors have been getting 

See Process Parameters page 33
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Microsoft’s Kinect (originally known by the code name Project 
Natal) is a full-body controller-free gaming device for the Xbox 
360 video game platform. More than any other product, Kinect has 
brought gesture recognition-based user interfaces to the forefront.

Kinect is based on 3D sensing technology from PrimeSense, a 
company founded in 2005 to develop 3D sensing and recognition 
solutions, enabling consumer devices to “see” environments and 
allowing users to control and interact naturally with those devices 
in a simple and intuitive way. PrimeSense has received funding from 
Gemini Israel Funds, Genesis Partners and Canaan Partners Global.

PrimeSense’s technology for acquiring a 3D depth image is based 
on Light Coding, which works by coding the scene volume with 
near-IR light. The solution then utilizes a standard complimentary 
metal-oxide semiconductor (CMOS) image sensor to read the 
coded light back from the scene. The PrimeSense system-on-chip 
(SoC) contains highly parallel computational logic that calculates 
the depth value of every pixel, based on the signal from the image 
sensor, producing a depth image of the scene.

The company’s NITE middleware translates raw visual data, 
such as depth and color, into meaningful application commands. 
The NITE engine contains the algorithmic infrastructure for user 
identification, features detection and gestures recognition, as well as 
the control framework that manages the tagging of users in the scene 
and the acquisition and release of control between users. Control-
by-gesture software enables users to naturally and intuitively control 
living room consumer electronics with their hands. Developers can 
instantiate a variety of controls and detectors that correspond to 
such gestures as push, click, circle and wave as well as slider, touch 
point and trackpad controls.

PrimeSense is focused on markets such as consumer electronics, 
gaming, living room entertainment and security, with Microsoft 
Kinect serving as the company’s flagship design win.  Many other 
companies are working on gesture recognition solutions at both the 

hardware and software layers. Several techniques exist for capturing 
3D depth information, using standard 2D image sensors as well as 
specialized 3D time-of-flight image sensors. A variety of companies 
are developing middleware software to hide the algorithmic 
complexity from end-application developers, enabling them to 
incorporate gesture recognition-based user interfaces easily.

Gesture recognition makes digital entertainment immersive, 
engaging and fun by enabling users to participate in a natural way, 
simply by using body movements and gestures. Today, we are in 
the early stages of adoption and acceptance. In the future, we can 
expect to see gesture recognition solutions incorporated into myriad 
electronics devices and applications. ▪
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Investment requirements for semiconductor companies are 
steadily escalating. Capital-intensive foundry investment often 
requires large company backing and government incentives, 

while fabless companies require funding of $25 million to $100 
million or more and up to five years to develop and execute a cutting-
edge chip design. 

Additionally, as emerging semiconductor companies grow, they 
often reach a stage when the need to expand business operations 
surpasses the investment owners are able or willing to provide. In 
other cases, owners may need to sell their stake in exchange for cash 
or other more liquid assets. 

Yet despite escalating needs, changes to the funding and exit 
strategies of these companies have been insubstantial, with venture 
capital (i.e., “multiple-round” funding), initial public offering (IPO) 
and acquisition being the most prevalent options. This suits many 
emerging semiconductor companies since they are typically fabless 
and structured as corporations with equity investment from venture 
capitalists or “sweat equity” from the founders and management 
team. 

However, alternate exit strategies are gaining more interest, as 
semiconductor IPOs do not attract the valuation multiples of the 
boom years, and potential acquirers have become reluctant to make 
large capital allocations to acquisitions in emerging technologies.

Common Strategies

IPO

Most often, IPOs are offered during stock market peaks when 
business valuations are high and capital market sentiment bullish. 
This allows the company to sell at a higher selling price, consequently 
augmenting more funds.

An analysis of the correlation between the annual average of the 

NASDAQ composite index and total value of venture-backed U.S. 
IPO offerings (Figure 1) shows that more capital is raised during 
such peaks. Consequently, high valuations may justify an IPO exit 
independent of a company’s funding needs. Under the Securities 
Act of 1933 temporary restrictions may be placed on the exchange 
of shares, but the establishment of a market for company shares 
provides investors with the liquidity required for an exit.

Figure 1. U.S. IPO Market Value and NASDAQ Composite Index 
1990-2009
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Acquisition

Acquisitions revolve around intellectual property (IP) rights, 
the engineering team and end-market knowledge. As such, a 
semiconductor product company is naturally attractive to the systems 
companies or original equipment manufacturers (OEMs) it serves. 

For the buyer, the asset being purchased represents a product or 
capability that would have been difficult to build and may serve as a 

Alternative Exit Strategies for Emerging 
Semiconductor Companies

Sanjay Krishnan, Consultant, Keystone Strategy
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competitive advantage by blocking a rival’s access to technology. For 
the seller, the acquisition circumvents a lack of financing and offers 
venture capitalists a return on investment. 

However, only a small set of potential buyers has the need, 
the capital and the willingness to make these types of purchases. 
Furthermore, the semiconductor supply chain is becoming 
increasingly compartmentalized, leading to systems companies 
that have no interest in acquiring the capabilities of semiconductor 
companies. 

Consequently, the average value of venture-backed acquisition 
deals varies. For semiconductors, the average value has remained 
close to $50 million through the last decade. With the recent decline 
in average acquisition deal size, an exit through acquisition is less 
favorable for a traditional semiconductor start-up. 

Either or

When considering an IPO or acquisition, it is important to note the 
correlation between the number and value of IPOs and acquisitions. 
In Figure 2, the negative correlation between the number of venture-
backed semiconductor acquisition exits and their mean value 
demonstrates the buyer’s market power. In Figure 3, the positive 
correlation between the number of IPOs and their mean value 
indicates the seller’s ability to set a more favorable price. 

Figure 2. Number of Acquisitions Compared to Average 
Acquisition Value
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Figure 3. Number of Semiconductor IPOs Compared to Average 
IPO Value
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While a successful IPO requires a large revenue base, acquisitions 
are more concerned with high revenue growth rates. Ultimately, the 
choice of exit strategy is guided by this implicit difference.

Alternative Strategies

Venture Debt

Most fabless companies take on debt at some point, either as venture 
debt or financed receivables. This trend can be traced back to the dot-
com bubble in 2000, after which the major foundries have required 
payment in advance for wafers, while systems customers typically pay 
30-60 days after receipt of the chips. This arrangement can cause cash 
flow problems for a growing start-up.

Venture debt is a form of loan for emerging companies without 
positive cash flow. Typically, banks are reluctant to venture into 
these loans, hence the name. With venture debt, the lender requires 
a warrant (typically 3-10 percent of the value of the loan), which 
allows them equity participation in any potential upside from the 
investment. This type of financing is more common in Wall Street 
transactions, such as Warren Buffett’s $5 billion preferred share 
investment in Goldman Sachs in 2008. 

For semiconductor companies, venture debt can fill the need for 
cash; however, it will not provide an exit strategy for the original 
equity investors. In fact, they will experience some dilution from the 
exercise of the warrants that were issued to the lenders.

Buyout

A management buyout occurs when the management team buys 
company shares from current majority owners. The resulting 
governance structure of owner-managers provides an alignment of 
interests and incentives, creating a partnership. An owner-manager 
business structure is quite rare in the semiconductor industry, due to 
the large scale and long payback period of the up-front investment. 
Additionally, management in a venture-backed semiconductor 
company usually possesses a small percentage of ownership, and 
would find it difficult to raise the necessary capital to execute a 
buyout. 

Large semiconductor buyouts led by private equity firms 
have occurred in the last decade (e.g., Freescale and NXP). These 
deals provided exits to corporate owners who no longer wanted 
semiconductor businesses in their portfolios, as with Motorola and 
Phillips, respectively. However, these leveraged buyouts are usually 
unattainable for small chip companies. 

Sellout

Management-owned fabless semiconductor companies do exist. 
A chip business that has a revenue stream and is cash flow positive 
from inception (the dream of many a start-up) could be 100 percent 
employee-owned. 

In pursuit of this goal, fabless chip companies often start as design 
services companies with the intention of moving into product areas 
once they grow. Thus far, the track record for this type of transition 
has not been encouraging since the demands of design services tend 
to consume all available engineering time.

In these situations, an owner of an employee-owned company 
may find selling his or her share to the other owners to be the best 
option for an exit. 

Conclusion
From the entrepreneur’s point of view, building a strong company 

See Exit Strategies page 29



24

With many European integrated device manufacturers (IDMs), 
foundries and fabless semiconductor companies focussing on 
analog electronics, it is no surprise Europe is backing analog 

electronics as one of the key industries to drive growth in the coming 
years.

Analog Set for Growth
Thanks to the success of existing markets (e.g., smart mobile devices, 
gaming, personal computers, televisions and solid state lighting) 
and the emergence of analog-intensive applications such as smart 
energy, telemedicine and touch-less transactions, industry analysts 
are predicting stronger than average short- to mid-term growth for 
the analog sector (Table 1).

Table 1. World Semiconductor Trade Statistics 2011-2012 
Forecast

Autumn 2010
Amounts in US $M Year on Year Growth in %

2009 2010 2011 2012 2009 2010 2011 2012

Americas 38,520 54,179 56,820 59,962 1.7 40.7 4.9 5.5

Europe 29,865 37,801 38,652 40,692 -21.9 26.6 2.3 5.3

Japan 38,300 46,618 49,039 51,553 -21.0 21.7 5.2 5.1

Asia Pacific 119,628 161,799 169,326 179,290 -3.5 35.3 4.7 5.9

Total World - $M 226,313 300,398 313,837 331,497 -9.0 32.7 4.5 5.6

Discrete
Semiconductors 14,175 19,780 20,612 21,584 -16.3 39.5 4.2 4.7

Optoelectronics 17,043 22,827 25,010 26,830 -4.8 33.9 9.6 7.3

Sensors 4,753 6,811 7,437 7,941 -7.0 43.3 9.2 6.8

Integrated Circuits 190,342 250,979 260,778 275,142 -8.8 31.9 3.9 5.5

Analog 32,001 42,409 45,240 47,345 -10.2 32.5 6.7 4.7

Micro 48,330 60,552 66,455 71,727 -9.1 25.3 9.7 7.9

Logic 65,215 77,471 82,850 88,045 -11.3 18.8 6.9 6.3

Memory 44,797 70,548 66,234 68,024 -3.3 57.5 -6.1 2.7

Total Products - $M 226,313 300,398 313,837 331,497 -9.0 32.7 4.5 5.6

Source: WSTS, 2011

It is these emerging markets combined with the strength of existing 
markets such as automotive, mobile communications and industrial 
control that are leading to the further development of mixed-signal, 
radio frequency (RF) and high-voltage (HV) process technologies 
and micro-electro-mechanical systems (MEMS) technologies.

Only with a high technology focus can Europe expect to compete 
with the technology superpowers of the U.S., Japan and Korea in 
securing their share of growth that will come from the emerging 
applications mentioned above and in the emerging markets of China, 
India and beyond.

Growth Can Come Today
The recent slump in the electronics industry and record recovery is 
a testament to the fact that it was not the traditional industry cycle, 
but rather the wider economic downturn that lead to this slump. The 
electronics industry is actually in very good shape. 

Moreover, China is importing huge quantities of ICs. According 
to iSuppli, nearly half the $310 billion worth of ICs produced in 
the last year were used in China, of which only $22 billion were 
produced locally. This creates a huge opportunity for European chip 
producers to export into these emerging economies.

Europe does not need to wait for these new markets to emerge 
to see growth. Examples of success can be seen in the “Mittelstand” 
enterprises, mainly from the German speaking countries of Europe 
and to a lesser extent Scandinavia. These middle-sized companies, 
effectively the “M” of small and medium enterprises (SMEs), hold 
leading positions in fields as diverse as printing presses (e.g., Koenig & 
Bauer) and high-pressure cleaners (e.g., Kärcher), with many of them 
developing niche electronic products in fields such as automotive and 
industrial. It has been said that although China’s factories will build 
the products of tomorrow, it is Europe’s Mittelstand enterprises that 
are building those factories today. 

In electronics, one can see such growth for companies such as 
Sick (auto/industrial sensors), Contrinex (industrial) and MED-EL 
(medical)—all developers of analog electronics. Surely, following 
their example and producing high-quality, generally high-margin 
products for specific technical niches is the way for Europe’s higher 
wage economies to compete with the East.

Looking Ahead
As the world becomes ever more connected, its populations older and 
its energy resources more precious, analog electronics will be key to 
addressing the markets that emerge, with such functions as sensing, 
actuation, communication, imaging and display. 

Already, European companies are leaders in these fields (e.g., 
CSR in wireless communications and STMicroelectronics in MEMS 
motion sensing). European academics are also playing a leading role 
in developing these new technologies. IMEC in Belgium works with 
many of the world’s leading semiconductor companies in developing 
the processes required to manufacture these next-generation 
devices. Institutions such as Danish Technical University (DTU) in 
Denmark and University of Southampton in the U.K. are world-
leading developers of MEMS and electro-optic technologies. This 
momentum must be maintained to further facilitate the development 
of new start-ups to exploit these technological developments and 
new market opportunities.

Analog the Key to European Success!?

Paul Double, Founder and Managing Director, EDA Solutions Limited



25

Challenges Faced
In developing these technologies, applications and, ultimately, the 
successful products they require, challenges are faced on several 
fronts—technological, financial and competitive.

Technological

Analog design is notoriously intellectually challenging and time-
consuming work, and the products created are both difficult to reliably 
fabricate and exhaustively test. New design tools and methodologies 
are being developed but, more importantly, need to be adopted for the 
analog industry to fully exploit the opportunities on offer to it.

Design Tools

On the design side, engineers need to make more use of the emerging 
analog acceleration tools available from many of the leading vendors. 
These have the potential to reduce cost and timescale in design 
while improving performance and yield in manufacture. Electronic 
design automation (EDA) vendors such as Synopsys and Magma 
are pushing their new offerings for analog design, whereas more 
traditional analog vendors such as Tanner EDA are launching new 
products to improve efficiency in analog design.

Foundries are working hard to improve conditions for the 
designer. Much effort is put into improving the quality and usability 
of models for analog simulation, including the wider use of Verilog-A. 
This coincides with new products from vendors such as MunEDA 
aimed at making it easier to analyze and optimize analog circuits for 
performance and yield.

Process

The biggest problem for IC design engineers today is process scaling. 
This refers to the ever-shrinking process geometries needed to provide 
the higher performance and functionality at the lower power and 
cost demanded by the markets. As processes shrink, so do the supply 
voltages available. This greatly reduces the dynamic range designers 
have at their disposal. At the same time, new process-related effects 
arise that can detrimentally affect circuit performance. Many of the 
tools mentioned above are aimed firmly at solving the difficulties 
arising from these new process-related effects. Figure 1 summarizes 
these issues.

Figure 1. How Shrinking Processes Lead to Growing Design 
Challenges
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That said, there are advantages too. Designers can take advantage 
of the possibilities digital circuits and techniques offer for trimming, 
control and processing made possible by the small-geometry, mixed-
signal processes offered today.

Another major initiative aimed at improving design efficiency, 
particularly in the full customer arena, is the development of 
interoperable process design kits (iPDKs). These offer the benefit 
of using the same database, parameterized cells (PCells), design 
rule checking (DRC) rule files and more. Leaders in this field have 
been quickly followed by other foundries large and small, including 
European analog specialist foundries (e.g., LFoundry and X-Fab). 
Figure 2 outlines the main content of an iPDK and how it feeds into 
the analog design flow.

Figure 2. iPDK and How It Fits into the Analog Design 
Methodology
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The Global Semiconductor Alliance (GSA) has played a leading 
role in the development of this activity, bringing together the major 
parties—the Interoperable PDK Libraries (IPL) Alliance, Silicon 
Integration Initiative (Si2), EDA vendors, foundries and users.

Testing Times

Despite the efforts mentioned above, test engineers still commonly 
complain that too little has been done too late to aid the quick and 
easy testing of analog circuitry. Designers should therefore take the 
testing of analog devices into account much earlier in the design cycle. 
Often, the solutions are simple to implement. And when considered 
at the early stages of system design, they can result in faster test 
times and higher yields. Though, it is also fair to say that while the 
EDA vendors have for many years offered support for testing digital 
circuits with automatic insertion of scan chains and automatic test 
pattern generation (ATPG), little support has been offered for the 
automatic generation of analog test programs.

Competitive Environment

Western companies cannot sit on their laurels for long. The U.S. 
has long been a fierce competitor in the analog arena, and this 
competition will only increase going forward. In addition, Europe 
faces growing competition from Korea and Japan as well as the 
emerging economies of India and China. Support from national 
and European government to stimulate and support these new 
applications is important, as examples have shown that legislation 
or standards leadership can benefit regions. While not advocating a 
return to the protectionist practices of the early days of TV or mobile 

See Analog page 32
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Despite a 20-year history, the semiconductor intellectual property 
(IP) industry remains the most difficult and misunderstood 
sector with the least embraced business model in the 

semiconductor ecosystem. 
Although both IP vendors and semiconductor manufacturers 

work towards the same end goal, their business approaches often 
diverge. For example, in a tier-one fabless company, the boundary line 
that separates in-house IP development and third-party IP is often 
blurred, which inevitably results in mistrust, a “not invented here” 
attitude and awkward, if not meaningless, benchmark comparisons. 
Thus, for the semiconductor IP industry, “best practices” remain 
elusive, especially ones that both IP vendors and semiconductor 
manufacturers can agree on. Consequently, neither the IP vendor 
nor the semiconductor manufacturer is happy in this growing $250 
billion industry. 

In this sector, successful relationships require that the 
semiconductor manufacturer and the IP vendor’s stance on 
two rudimentary elements be aligned (Figure 1). Firstly, the 
semiconductor manufacturer’s product vision must be aligned to 
the IP vendor’s product offering. Secondly, the semiconductor 
manufacturer and the IP vendor must embrace similar philosophies 
in regards to operational ethics (i.e., business integrity). Only by 
aligning these elements will semiconductor manufacturers and IP 
vendors be in a position to identify and pursue the “best practices” 
that will benefit each of them. 

Figure 1. Aligning Divergent Business Visions
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Alignment of Product Vision
An IP vendor must understand its customer’s product vision and 

accurately identify associated requirements so the vendor can align its 
product offerings with its customer’s product vision.

For example, in the mid-1990s, central processing unit (CPU) 
cores from ARM, specifically ARM7TDMI and ARM9, as well as 
MIPS R3000 were hard macros (GDSII). As chemical mechanical 
planarization (CMP) polished metal layers and solved a big hurdle, 
industry professionals expected a smooth transition from 0.50 
micron to 0.10 micron. This process node saw a several fold increase 
in gate density. Thus, soft processor cores sold as RTL code became 
more desirable to semiconductor customers than the hard cores sold 
as GDSII layout. 

With the knowledge that semiconductor customers desired soft 
processor cores over hard cores, acquired IP company Lexra was 
founded. Lexra understood that not only did its customers’ system-
on-chip (SoC) designs require malleable, easy-to-use CPUs, but they 
also required a CPU that could easily migrate to the newest process 
node, thus enabling fast technological adoption. 

In this way, Lexra aligned its vision with that of its customers’ and 
anticipated the associated requirements—hallmarks of its success. 

Yet aligned product vision extends beyond the traditional 
tradeoffs (i.e., area, power, speed, functionality and time-to-market) 
into development approaches, target customers and business models. 

Consider the evolution of three semiconductor library companies 
Compass, ASPEC and Artisan that supplied IP in the form of 
standard cell libraries, input/output (I/O) pads and static random 
access memory (SRAM) blocks. 

Compass

While Cadence and Avanti, which later became Synopsys, supplied 
standard tool flows to IC manufacturers in the mid-1990s, Compass 
opted to provide its own proprietary tool flow. Consequently, as 
standard electronic design automation (EDA) tools advanced, 
Compass’ dependency on poor, in-house EDA tools prohibited the 
company from competing, thereby allowing Cadence and Avanti to 
gain the advantage. 

ASPEC

Because of ASPEC’s focus on large integrated device manufacturers 
(IDMs), ASPEC had a fast ramp in revenue. However, its IDM chip 
customers had custom requirements. Thus straddled with producing 
one-off custom IP, the company could not develop the lower cost 
standard IP products favored by the growing number of fabless 

Semiconductor IP Licensing: Prelude to Best 
Practices

Charlie Cheng, Chief Executive Officer, Kilopass Technologies Inc.

See IP Licensing page 31
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Global Insights continued from page 9

advancing the process generation with a relatively small amount 
of investment. It began mass production of 30 nanometer DRAM 
chips in January. Though a certain amount of DRAM production is 
outsourced to Taiwanese partners, Elpida is largely dependent on its 
own Hiroshima fab and subsidiary Rexchip in Taiwan for its DRAM 
capacity. 

Panasonic announced the start of mass production of 32 
nanometer Uniphier LSI chips last November. The company has 
partnered with Renesas for advanced process development. Their 
project, covering development up to the 28 nanometer generation, 
is almost complete. Beyond that, Panasonic has not disclosed its 
strategy. In May 2010, the company announced a three-year 
management strategy covering 2010 to 2012 without mentioning 
the semiconductor business. 

ROHM maintains an IDM business model. It acquired Oki 
Semiconductor in October 2008. ROHM does not pursue cutting-
edge processes but focuses on specific markets with devices one or 
two generations behind the scaling trend. It also concentrates on 
“more than Moore” technology, such as power chips fabricated on 
silicon carbide (SiC) wafers. 

Fujitsu Semiconductor announced a fab-lite strategy in April 2009 
and started outsourcing to Taiwan Semiconductor Manufacturing 
Company (TSMC) for 40 nanometer devices and beyond.

ASSPs and Emerging Markets Loom Large

How will Japanese chipmakers refocus their businesses as they 
embrace a fab-lite business model? Most are trumpeting a shift to 
application-specific standard products (ASSPs) and a reinforcement 
of overseas marketing. 

Japanese semiconductor companies’ main SoC LSI products 
have been application-specific ICs (ASICs), which are developed to 
comply with each customer’s specifications. In contrast, ASSPs are 
standard products that semiconductor vendors propose based on 
marketing designed to reveal various users’ needs. 

In recent years, Japan’s chipmakers have discussed the importance 
of ASSPs, but movement has been slow. Now, amid the competitive 
global market, they are seriously tackling ASSP development.

Renesas’ target, for example, is the mobile communication LSI 
market. The company acquired a mobile communication modem unit 
from Nokia, and deploying the newly gained resources, established 
Renesas Mobile Electronics last December to develop and promote 
its LSIs for mobile phones. Renesas intends to be among the first 
to offer ASSP LSI chips for the coming long-term evolution (LTE) 
communication standard. The company expects mobile phone LSIs to 
be one of its growth engines and is challenging leadership in this field. 

Toshiba intends to reverse the ratio of custom to standard 
product sales from the current 6:4 to 4:6 by 2012. It plans to 
promote an image processing engine, originally developed for the 
company’s Regza liquid crystal display (LCD) TVs, as the core of 

its ASSP products. Consequently, the ratio of custom chips for 
game consoles and digital consumer products will decrease. The 
company formed a new marketing team last summer to push its 
ASSPs overseas. 

Japanese SoC chipmakers have concluded that the vertical 
integration model is no longer sacrosanct. But because emerging 
markets are already crowded with competitors and overseas 
competitors are already leading in the ASSP market, prospects remain 
unclear. To gain ground, Japanese companies must deploy powerful 
marketing and show they have the capability to propose products that 
captivate local customers. Yet analysts and industry insiders suspect 
marketing may be a weak point because the marketing approach for 
the ASIC business is dramatically different than that required in the 
ASSP business. 

Tsukuba Innovation Arena Has Global Ambitions

To support Japan’s evolving semiconductor industry and spur growth, 
Tsukuba Innovation Arena (TIA), a research and development 
(R&D) umbrella organization, is taking shape in Tsukuba, Ibaraki 
Prefecture.

Two national research organizations—the National Institute 
of Advanced Industrial Science and Technology (AIST) and the 
National Institute for Materials Science (NIMS)—and Tsukuba 
University together with Nippon Keidanren, an industry lobby, 
announced in June 2009 their conception of TIA as a center for 
nanotechnology development involving the industrial, academic and 
government sectors.

In March, Japan’s two big semiconductor-related projects, 
Millennium Research for Advanced Information Technology 
(MIRAI: meaning “future” in Japanese) and Semiconductor Leading 
Edge Technologies Inc. (Selete), an industry R&D consortium, will 
conclude. 

MIRAI is a 10-year national R&D project launched in 2001 
in response to the decline of the Japanese semiconductor industry 
during the 1990s. Selete is a consortium founded in 1996 by 10 
semiconductor manufacturers to develop production technologies 
using 300mm wafer equipment. Since completing development 
for the 300mm wafer transition, Selete has played a major role in 
semiconductor R&D projects in Japan. TIA will take over some 
elements of these projects.

The TIA project is a national project funded mainly by the 
Ministry of Economy, Trade and Industry (METI). The distinction 
between the TIA project and conventional national projects is that the 
TIA project welcomes participation from overseas research institutes 
and manufacturers. Though national project policies do not explicitly 
prohibit overseas participation, practice has dissuaded it. 

Tamotsu Nomaguchi, president of AIST, said that the organizers 
of TIA aim to foster TIA as a nanotechnology R&D base with global 
reach on par with the likes of IMEC, Albany and Minatech. 

See Global Insights page 29
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Figure 2. TIA Focuses on Six Core Research Domains Using Three 
Facilities
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With a new business model and a new R&D scheme, Japan’s 
semiconductor industry is on the move. Japanese engineers remain 
confident that their technology has much to offer the world, yet the 
task of developing capabilities that correspond to market realities 
remains, and the market will not wait for Japanese vendors to 
complete this transformation. Japan’s semiconductor companies 
have a tough fight ahead and will need strength and skill to stage a 
comeback. ▪
About the Author
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Exit Strategies continued from page 23

with a clear focus and selecting good management and compatible 
investors takes precedence over planning for an exit. The stronger 
and more successful a company is, the smoother the exit process will 
be. 

Nevertheless, due to the nature of new technology venture 
investments, many owners do not recoup their investment; 
however, knowing the risks and planning for contingencies remains 
a good business practice. By considering alternative strategies, 
semiconductor shareholders increase their odds of cashing in or out 
successfully. ▪
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Test Capacity continued from page 16

Figure 3. Lease vs. Buy Sensitivity Analysis
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Getting Started
Knowing that “downturns happen” and that a company won’t 
always have perfect information, this analysis suggests that a 

company should strongly consider leasing a portion of its fleet of test 
equipment as part of its test capacity management strategy. Ideally, 
the company already has a pipeline of leasing option points spread 
throughout the mid-term to leverage. If not, some urgency should 
be placed on integrating leasing into its test capacity management 
strategy to prepare for the next localized or global drop in utilization. 
Working with a leasing partner who has strong test industry domain 
expertise on a test capacity evaluation and management plan is a 
great place to start. This collaborative effort to more broadly leverage 
leasing to optimize utilization and thus test costs will perhaps be the 
aforementioned new test capacity management paradigm that will 
establish a new level of test capacity management performance. ▪
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 ▪ Weak and strong inversion in the channel region.

 ▪ Accumulation and depletion in the drift region.

 ▪ Mobility reduction in both the channel and the drift region.

 ▪ Velocity saturation in both the channel and the drift region.

 ▪ Conductance effects of the channel region (CLM, drain-
induced barrier lowering (DIBL) and static feedback).

 ▪ Weak avalanche currents in the channel region.

HiSIM-HV MOSFET Model

In 2008, the Compact Modeling Council (CMC) selected the 
Hiroshima University STARC IGFET Model (HiSIM-HV) as the 
first standard HV MOSFET model. HiSIM-HV was developed as an 
extension of the advanced low-voltage MOSFET model (HiSIM2). 
The model concept is based on the drift diffusion theory using charge 
sheet approximation of the inversion layer with zero thickness including 
gradual channel approximation. Unlike other surface potential-based 
models that use simplified analytical equations, the HiSIM2 model 
solves the Poisson equation iteratively. Less smoothing functions are 
needed due to smooth model equations, which result in fewer iteration 
steps. The applied iteration procedure ensures no run time penalty. The 
surface potentials at the source, the pinch-off point, the channel/drain 
junction and the drain contact are determined, and, at the same time, 
are implicit functions of the applied terminal voltages referenced to the 
source node. Thus, model-internal iteration procedures are required 
only for calculating the surface potential. 

The device physics-based approach makes the model easily 
adaptable to special MOSFET devices such as LDMOS. HiSIM-HV 
solves the Poisson equation along the MOSFET channel iteratively, 
including the resistance effect in the drift region. The complete 
surface potential-based compact model offers a unified description 
of device characteristics for all bias regions. Model options can 
be selected by more than 20 model flags, offering high flexibility. 
HiSIM-HV scales with the gate width, the gate length, the number 
of gate fingers and the drift region length. In addition, HiSIM-HV is 
capable of modeling symmetric and asymmetric HV devices. Figure 
3 shows a LDMOS output characteristic comparing measurements 
and the HiSIM-HV model. 

The following effects are also included:

 ▪ Depletion effect of the gate polycrystalline silicon (poly-Si).

 ▪ Quantum mechanical.

 ▪ CLM.

 ▪ Narrow channel.

 ▪ STI.

 ▪ Leakage currents (gate, substrate and gate-induced drain 
leakage (GIDL) currents).

 ▪ Source/bulk and drain/bulk diode models.

 ▪ Noise models (1/f, thermal noise, induced gate noise, coupling 
noise).

 ▪ Non-quasi static (NQS) model.

Figure 3. HV CMOS Transistor Output Characteristic

x 10

4.5

4

3.5

3

2.5

2

1.5

1

0.5

0 1 2 3 4 5 6 7 8 9
VDS [V]

ID
S 

[A
]

-3

Dashed line HiSIM-HV model, full line BSIM3v3 sub circuit (-) v. measurements (+).

Modeling of HV MOSFET Parasitics in HV CMOS 
Technology
The complexity of a HV LDMOS transistor structure introduces 
parasitic junctions which can significantly influence device 
performance. Depending on the architecture of various ICs, the 
relevance of the different parasitic effects varies. Three main parasitic 
effects can be identified: leakage currents, forward-biased bipolar 
transistors and capacitive.

Leakage currents flow through different wells down to the 
substrate. These currents are always present and are strongly 
temperature-dependent. Low-power applications are most 
sensitive to such currents, but due to their relevance for stand-
by power consumption, leakage currents are of interest to all 
applications.

Possible forward bipolar action also provides a current path 
down to the substrate. To prevent this action, switched devices 
must be treated with great care. Applications such as DC-
DC converters or H-bridges can be mentioned here. There are 
two types of parasitic capacitances—the MOS overlap and the 
junction depletion. The first one (gate-to-drain or gate-to-source) 
can couple a signal from one terminal to the other, causing large 
problems regarding signal distortion and speed loss. The second 
one (well-to-well or well-to-substrate) can result in circuit speed 
reduction. The design approach generally used to simulate 
parasitic effects after parasitic extract can fail. A more advanced 
strategy in parasitic modeling is to provide a solution during 
the circuit design phase. Therefore, all parasitic effects should 
be covered by the device models. For the covering of substrate 
currents, no possibility for implementation is given so far. The 
lack of compact models including parasitic effects implies the 
usage of sub-circuit solutions. Figure 4 shows a cross section of a 
LDMOS transistor where the parasitic devices are demonstrated.

See Modeling page 31
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Figure 4. Cross-section of an Isolated N-MOS Transistor
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Further Developments
Hiroshima University is working on the next generation of the HiSIM-
HV model. Inputs for further model requirements are given from the 
industrial partners of the CMC. HiSIM-HV 2.0 will be released in 
the first quarter of 2011 and will include the following improvements:

 ▪ Enhanced treatment of drift region model, including better 
Ldrift scalability.

 ▪ Improved drift region impact ionization model. 

 ▪ Improved substrate current (ISUB) model.

 ▪ Greater control of gate voltage on drift region.

Another very interesting HV transistor development activity is 
ongoing in the EU FP7 People project and the Compact Modeling 
Network (COMON). Several leading European companies such 
as Infineon and austriamicrosystems are cooperating with small 
and medium enterprises (SMEs) such as ADMOS and Dolphin 
and several universities (Swiss Federal Institute of Technology in 
Lausanne (EPFL) and Technical University of Crete (TUC)) in 
the development of advanced HV transistor models. The modeling 
activities are concentrated on a new approach and rely on the core of 
the charge-based EKV3.0 model. ▪
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IP Licensing continued from page 26

chip companies. Therefore, ASPEC lumbered its way up toward 
$50 million in revenue with a research and development (R&D) 
engagement too large to manage. 

Artisan

On the other hand, Artisan chose to adapt its product offerings to its 
customer’s needs. The company created standard products, focused 
on fabless customers, signed a landmark agreement with Taiwan 
Semiconductor Manufacturing Corporation (TSMC) and never 
looked back.

In retrospect, it is easy to see that what mattered most to customers 
was not 5 percent of area, route-ability or even a Simulation Program 
with Integrated Circuit Emphasis (SPICE) model, but rather the 
relevance of each IP company’s product offering to the desires of its 
customer base. 

Only Artisan with its course set on standard products and fabless 
customers was successful. 

Alignment of Philosophies
The concept of aligning business philosophies is simple to understand, 
yet difficult to ascertain and even more difficult to implement. 
Unfortunately, the engineering statement of work (SOW) and license 
agreement cannot contemplate all the unforeseen changes that may 
occur over the life of the vendor/customer relationship. Even with the 
best of intentions, the contract cannot cover unanticipated changes 
in business requirements or the ecosystem. 

When implementation starts, chip customers are completely 
committed, and, consequently, when requirements change, these 
customers are solely dependent on the IP vendor’s willingness 
and ability to adjust to these changes. Assuming the customer 
has established some semblance of “win-win” goodwill during 
negotiation, it still must count on the IP vendor to execute. 

Therefore, it is essential that the semiconductor manufacturer ensure 
the integrity of the IP vendor prior to signing a contract. 

To determine an IP vendor’s business integrity, semiconductor 
manufacturers can consider the IP vendor’s viability. The IP space 
is a large one and includes multiple foundry, process node, feature 
options and specification variations. As such, the IP industry 
struggles to meet customer needs. 

Unless the IP vendor takes deliberate steps to create a sustainable 
number of projects, minimize the support burden on its operations 
and provide a means to automate operations, it will eventually weigh 
down its engineering operation and fail to deliver on or support 
commitments—let alone manage surprises. When this occurs, the IP 
vendor cannot afford to place business integrity as its highest priority. 
However, when the IP vendor is not in a state of chaos, it is better 
able to afford the cost. 

All chip customers want a customer-centric, friendly and flexible 
IP vendor. The semiconductor business is expected to grow from 
$250 billion to $350 billion in less than 10 years, and the IP segment 
is expected to grow along with it. 

However, challenges abound. IP vendors struggle to meet diverse 
and sometimes diverging customer needs, which require a meeting of 
minds, in both product vision and business integrity. Aligning these 
two elements maximizes the value of an efficient semiconductor IP 
business, thus initiating the pursuit of “best practices.” ▪
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Yu: It is hard to say if 3D IC will cause any consolidation at the 
wafer fab level. To start, one might compare TSMC and Samsung. 
Samsung is not really just a wafer fab. They are an integrated device 
manufacturer (IDM). IDMs have a lot of the pieces needed, so one 
could argue that IDMs are in a more favorable position to enable 3D 
products, but that is yet to be seen.

Osenbach: It is difficult to conclude that there will be a causal 
relationship between 3D and consolidation. Clearly, if the cost 
structure favors foundries, then their share of the 3D product space 
may, in fact, increase. 

GSA: Is there anything else that you would like to add?

Greco: 3D IC is a very important emerging technology. The 
demand is there, but timing is still an issue. We have a lot of product 
ideas, but we are still unsure who has the manufacturing capabilities 

to develop our products.

Yu: Engineers have been working on this technology for a few years 
now and feel they have a pretty good handle on the technical and 
manufacturing challenges ahead. However, some of these issues 
cannot be solved by just pushing from the engineering or technical 
side because, eventually, when it comes to capital equipment 
investments, capacity investments and understanding ownership, it 
is tightly coupled with the business model. The industry needs to 
solve the business model challenges in parallel with the engineering 
challenges. Success will only come if 3D-designed products are 
accelerated into the market.

Osenbach: The fundamental research and development (R&D) for 
this technology has been under development for more than a decade. 
The challenges are largely tied to the economics – investments in 
tools, ownership and business models. ▪

Analog continued from page 25

phone standards, it is clear that strong leadership in new applications 
(e.g., telemedicine, smart metering or touchless transactions) 
could greatly improve the competitive landscape for European 
companies in these fields. More importantly, legislation in the 
form of mandatory adoption, standards development and targeted 
development expenditure would not only accelerate development of 
these new products, but also ensure ready markets once developed. 
How many times has a great product died due to the lack of a readily 
serviceable market?

Financial

As with any growing industry, new or old, money is required to fuel 
growth. Whether it is the academic spin-off seeking venture capital 
(VC) funding or the established Mittelstand seeking funds for 
expansion, financial institutions need to step up support for what is 
sure to be an above-average growth sector in coming years.

Of course, venture capitalists are not sentimental, so no funding 
will be given for ideas or companies seeking indigenous growth in 
stable markets. However, there will always be forthcoming VC 
investment for disruptive technologies in rapidly growing markets. 
This means Europe must continue its strong focus on research and 
development (R&D) of new technologies and ideas in universities 
and research institutes, and work harder to commercialize the 
resulting products. Much can be learned from the success IMEC has 
had in supporting spin-off businesses.

Academic

Look around the room at any analog networking event, and it is clear 
what a “mature” industry this is. With many universities struggling 
to fill analog courses or, worse, dropping analog courses altogether, it 
is hard to know where the analog engineers of tomorrow will come 
from. Various companies and institutions are doing what they can 
to promote microelectronics and, in particular, analog design. In the 
U.K., the National Microelectronics Institute (NMI) has formed 
the UK Electronics Skills Foundation (UKESF). This body aims to 
promote electronics as a study choice over and above other subjects 
by offering additional funding, guaranteed summer vacation work 
in leading electronics employers and overall better job prospects 
going forward. Taiwan Semiconductor Manufacturing Corporation 
(TSMC) has established a European design competition to stimulate 

interest in IC design. The inaugural winner will be announced at this 
year’s GSA & IET International Semiconductor Forum taking place 
in Munich this May.

Many companies work hard to develop pregraduate and 
postgraduate recruitment and development programs, but again 
these programs focus on students who have already chosen the 
path of electronics. The industry needs to put more emphasis on 
attracting younger students. One solution could be the resurgence of 
traditional apprenticeships, where companies take school leavers at a 
younger age, with the promise of well-planned academic and career 
progression over the coming years. While this may be easier for the 
bigger companies with large human resource (HR) departments, a 
ready supply of mentors and the momentum to soak up slow starters, 
smaller companies simply do not have such resources. It is here 
too that governments and industry bodies could step in to provide 
practical and financial support for such initiatives.

Conclusion
With plenty of promise from new markets and applications, coupled 
with the continued success of the many market leaders in traditional 
markets such as automotive and industrial, it is clear that analog 
electronics has a rosy future ahead. However, the challenge for the 
European analog electronics industry going forward is to ensure 
that it continues to develop the innovative ideas emerging markets 
need while preserving its reputation for high quality. This task can be 
eased if the industry embraces new technological and methodological 
developments. Yet national and regional support from academia 
and governments is critical to ensure the longer term needs of the 
industry are met. ▪
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Figure 3. A Well-defined Ecosystem
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Foundries need to establish design rules, create models and 
libraries, and provide process design kits (PDKs). EDA tools must be 
aware of foundry-recommended TSV diameters and pitches, required 
distances between TSVs and the width of metal routing to TSVs. 

Some companies are already responding to these needs. 
In 2010, Taiwan Semiconductor Manufacturing Company 
(TSMC) announced Reference Flow 11.0 with support for 3D 
ICs. This flow includes TSV design and analysis capabilities. 
GLOBALFOUNDRIES is also actively working on support for 3D 
ICs.

Standardization efforts are just beginning. In late 2010, the 
Semiconductor Equipment and Materials Industry (SEMI) 
association announced the formation of a 3D IC standards 
committee, and Sematech set up a 3D enablement program with the 
Semiconductor Research Corporation (SRC). In addition, the 3D-

IC Alliance has released the Intimate Memory Interconnect Standard 
(IMIS) with the intention of standardizing vertical interconnect 
requirements.

Moving Forward
3D ICs with TSVs represent a major new trend in the semiconductor 
industry. They offer compelling power, performance and form factor 
advantages in many applications, and they promise to curb the 
escalating costs of SoC development at advanced nodes. Large IDMs 
and early adopters are certain to take advantage of 3D ICs.

However, to enter the IC design mainstream, 3D ICs must offer 
acceptable design and manufacturing costs. They must also come with 
a usable design flow and be supported by a well-defined, standards-
based ecosystem. An end-to-end 3D IC design flow that provides 
integrated support for analog/RF, digital, package and PC board 
design is crucial. Existing toolsets do not need to be replaced, but 
their capabilities do need to expand so a new era of semiconductor 
design can emerge. ▪
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worse. With hard work, good will and a little luck, it seems likely 
that the “good” trend will continue to be stronger than the “bad” 
trend. ▪
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