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The development of three-dimensional (3D) ICs continues to 
steal many of the headlines in the semiconductor industry as we 
head further into 2012. 3D ICs made IEEE Spectrum’s Top Tech 

2012 list, as well as EE Times’ 20 Hot Technologies for 20121,2 (though 
barely making it in at number 20). A “hot” technology could imply 
many things, ranging from real and impactful, to catchy but fleeting. 
Based on the level of attention given to 3D ICs by key players in the 
industry, it seems that 3D ICs are the real deal and will be an important 
enabler for the consumer’s insatiable appetite for more capability and 
bandwidth at lower costs and power. In terms of one growth metric, 
wafer bumping volume, Yole Development expects 3D ICs (as defined 
below) to grow from about five percent of total wafer bumping volume 
in 2012 to 27 percent of volume in 2016, resulting in a very steep 
compound annual growth rate (CAGR) of 84 percent3.

What is a 3D IC?
3D ICs may indeed be taking over the research and conference agendas 
as of late, but the use of the third dimension in chip packaging is not 
a new idea. Figure 1 visually describes the 3D package-on-package 
(PoP) and system-in-package (SiP) solutions that have been in high 
volume production in various configurations for several years now. 
These solutions were developed to address the same space, time-to-
market and technology integration demands as that of 3D ICs, but 
have encountered limitations with regard to bandwidth and power 
dissipation. Some configurations have height issues, as the thickness 
of mobile devices becomes increasingly important. The smartphone 
and tablet craze that surrounds us today was enabled in part by these 
first 3D packages. 

Figure 1. PoP and SiP Packaging Solutions Are 3D4
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If PoP and SiP are accepted as 3D, then what exactly is the “3D 
IC” that is literally being described as the “best thing since sliced 
bread” by ASE, a leading outsourced semiconductor assembly and 
test (OSAT) company and self-proclaimed “sandwich maker”5? At 
the highest, yet still meaningful level, Erik Jan Marinissen, principal 
scientist at IMEC, says that in the area of 3D packaging, “the two 
configurations emerging as industrial products are the 2.5D stacked 
IC (2.5-SIC) and the 3D stacked IC (3D-SIC)”6. Marinissen goes 
on to describe 2.5D-SICs as comprising “multiple active dies placed 
side-by-side on top of and interconnected through micro-bumps, 
and a passive silicon interposer base, which contains through silicon 
vias (TSVs)”, and 3D-SICs as comprising “multiple active dies 
stacked on top of each other and connected through micro-bumps 

and TSVs.” These two common configurations are shown in Figure 
2 and generally comprise what is being referred to as 3D ICs today 
and in this article. 

Contrary to the implications of the name, 2.5D-SICs are not 
only very much still three-dimensional, they are also much more 
than a transitional technology bridge to the 3D-SIC. Herb Reiter, 
former chairman of the GSA 3D IC Working Group and founder of 
eda2asic Consulting, confirmed that “2.5D is a parallel effort to 3D”7. 
Reiter further notes in the GSA’s report on 3D ICs that the “2.5D 
configurations offer most of the benefits of 3D [configurations], 
but simplify design and manufacturing challenges”8. Recent 3D IC 
announcements include 2.5D-SICs solutions for field-programmable 
gate array (FPGA) and mixed-signal applications, and 3D-SICs for 
image sensor and stacked memory on logic applications. As with 
the proliferation of their PoP and SiP predecessors, market forces 
and supply chain economics will determine whether a 2.5D-SIC or 
3D-SIC solution is most viable, considering all associated challenges 
and tradeoffs, including those relating to test.

Figure 2. Most Common Emerging 3D IC Configurations: (a) 
2.5D-SICs and (b) 3D-SICs9
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Old and New Test Challenges
No matter how you configure or “slice” them, today’s emerging 3D 
ICs both amplify old test challenges and introduce new ones to 
the industry. For example, important 3D IC test discussions about 
known-good-die (KGD) and optimal test coverage at various points 
throughout the packaging process, were first brought to the forefront 
back when the PoP and SiP technologies were initially developed. 
3D ICs not only revive these old discussions, but also add more 
complexity and another level of abstraction with the concept of the 
known-good-stack (KGS), driven by the additional intermediate 
steps in today’s 3D IC process. The list of test-related challenges 
considered “new” is also markedly long. Some of the more prominent 

Determining The Optimal 3D IC Test Ecosystem

Dan Hamling, Senior Director, Business Development, IC Test and Assembly Equipment, GE Capital Global Electronics Services 
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issues include discovering cost-effective solutions for thinned wafer/
die and stack handling, die and stack test access, TSV and interposer 
probing, and others. A year ago, test topics may have been pushed 
to the last slide of the presentation, but now 3D IC test is climbing 
the ranks of importance as high volume production is in sight. Some 
notable and collaborative work at various companies and associations 
are already well underway, so confidence is building that the smart 
engineers in the test industry will successfully solve the technical test 
problems related to 3D ICs.

Given that the question of “how” to test 3D ICs may eventually be 
answered, the questions of “who” should test them, and “when” in the 
process they should be tested still remain. Basic test ecosystem questions 
such as these may seem surprisingly fundamental for a relatively mature 
supply chain like that found in the IC industry, but concerns over how 
3D ICs may disrupt the traditional test roles and responsibilities are 
being voiced. Many of the presentations from foundries and OSATs over 
the past several months have highlighted the uncertainties surrounding 
the so-called “mid-end” of the 3D IC process, comprising the new 
processing steps not considered part of traditional front or back-end 
processing. These additional steps not only require new capabilities, 
but also introduce potential yield loss mechanisms and thus impact 
decisions related to test insertion points, test coverage, and ultimately 
test costs and value chain profitability. Once again, the uncertainties 
arise, primarily due to questions regarding who should own each mid-
end task and take on the responsibility and risk of associated testing and 
yields. While obviously an issue in the fabless supply chain, integrated 
device manufacturers (IDMs) must also define the optimal flow and 
allocation of responsibilities for the mid-end tasks of their internal 
3D IC production. There are potentially several ownership allocation 
strategies for the 3D IC process and related test ecosystem, but Stephen 
Pateras, silicon test product marketing director at Mentor Graphics, 
simplifies the choices by describing “three fundamental options for 
handoff between foundry and OSAT (or the IDM group equivalents): 
before mid-end, after mid-end or never. In the latter option, the 
foundry or IDM owns the full manufacturing and test process.” Figure 
3 graphically shows these three options and some of the required test 
insertions that will in part define the optimal solution.

Figure 3. High-Level 3D IC Mid-End Ownership Models and Test 
Insertions
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To Be Determined
The variety of positions conveyed in recent commentary from industry 
stakeholders and experts shows that one 3D IC mid-end ownership 
model may not fit all. At the same time, however, some major players 

have clearly stated their view of the optimal flow. Doug Chen-Hua Yu, 
senior R&D director at TSMC, boldly presented at a recent conference 
that a 3D IC stack sourced entirely from TSMC will be simpler, 
cheaper and more reliable than using multiple foundries, packaging 
houses and other partners10. Others have acknowledged that perhaps 
the most optimal 3D IC test flow is yet to be determined and therefore 
should be more flexible. Raj Pendse, chief marketing officer of STATS 
ChipPAC, says there is a “might vs. right” dynamic that exists right now, 
where bigger players in the supply chain are looking to retain control of 
as much of this mid-end value as possible. Representing a relatively big 
player himself, Pendse believes that “ideally, the process flow should 
be partitioned such that the mid-end processing is performed by the 
OSAT,” but notes that customers need to talk to both the foundry and 
OSAT to facilitate the most ideal solution. Ron Huemoeller, senior 
vice president of advanced 3D IC platform development at Amkor, 
more directly claims the “ownership is clear for all (mid-end) steps,” 
and that the handoff from foundry to OSAT should occur after “TSV 
fabrication and TSV fill.” According to Huemoeller, having one 
company own the entire process will “constrain the supply model, 
prohibiting broad infrastructural growth.” From perhaps a less biased 
perspective, Pateras similarly concludes that having the “handoff before 
mid-end” appears to be the “best choice so far, considering current 
investments and domain expertise.” 

Test equipment and engineering “investments and domain 
expertise” are clearly part of this equation. In fact, the ability to cost-
effectively execute a given test insertion, and the willingness to own the 
resulting yields, will be vital in determining the roles within the test 
ecosystem for a given product. Selection of the proper test insertions 
points (such as those listed in Figure 3) will be the first task, and 
must be done early in the product development cycle. Recognizing 
the importance of this task, several 3D IC test cost and yield models 
are being investigated. One such model is being developed by IMEC, 
under the direction of Marinissen11. Initial model simulations showed, 
among other things, that the optimal test solution is highly dependent 
on 3D IC stack yields and will need to adapt to changes during the 
yield learning process. A 3D TSV test model developed at Verigy, a 
subsidiary of Advantest, led to similar conclusions. Verigy investigators 
found that “each case needs to be analyzed in order to identify the 
optimal test approach from a test cost perspective”12. Thus, in both 
studies, these experts revealed the many complexities and tradeoffs 
related to 3D IC test, and confirmed that the definition of the 3D IC 
test ecosystem is perhaps still to be determined. 

GSA 3D IC Test Working Group
With the GSA’s focus on support of the semiconductor ecosystem, 
the GSA 3D IC Test Working Group (TWG) sees the importance of 
further exploring this fundamental issue of determining an optimal 
3D IC test ecosystem. A key 2012 initiative for the TWG is to 
unpack this issue to discover what lies beneath. Sufficiently defining 
and understanding the problem is the first step in that initiative, and 
this article was meant to launch that effort. But this only scratches the 
surface, and much more discussion and collaboration is needed. The 
TWG will also be working closely with the GSA’s 3D IC Working 
Group, recognizing that 3D IC test is more integrated than ever with 
the overall semiconductor ecosystem, and particularly that of the 
packaging ecosystem. To track future TWG events and discussions, 
or to offer suggestions as to what the TWG can do to support the 
3D IC test ecosystem, please contact Dan Hamling at dan.hamling@
ge.com or Harrison Beasley at hbeasley@gsaglobal.org. ▪

See Optimal 3D IC Test Settings page 24



4

With the increasing use of electronics in a wide range of 
applications, it is imperative to keep the pace of product design 
high, while maintaining the quality of output. Consumer 

electronic gadgets continue to see an increased level of innovation 
as form factors become slimmer, even as multiple features are being 
packed onto the same design. Consumers have come to expect that 
the features seen in multiple gadgets five years ago, be offered in a 
single device today. 

To enable the level of integration demanded, the industry has 
moved to deep-sub-micron (DSM) processes. Older technology 
nodes (0.18um and above) do still find useful applications in precision 
analog and high-voltage applications, including power management, 
audio and display drivers. However, the nature of challenges faced 
in the analog and mixed signal designs have changed with process 
nodes, while some of the design challenges associated with the older 
geometries have increased with more functionality being added.

DSM Challenges
As technology has advanced to DSM, the number of effects on 
transistor characteristics has increased. While one could reasonably 
calculate device parameters, such as transconductance by hand in 
0.25um and above technologies, it is nearly impossible in DSM. One 
has to do with trends and simulations only. This is due to increased 
non-idealities, making the relationship between drain current and 
gate-to-source voltage complex (from nearly a square relationship). 
As gate oxide thickness and channel lengths have reduced, the 
voltage that can be handled across these terminals has come down. 
The core devices, which previously could handle 1.2V in 130nm 
devices, can now handle 0.9V in 28nm. The drop in voltage reduces 
the headroom for analog circuits. The use of dual gate oxides (IO 
and core) has been popular for quite some time (including the 
use of drain extended transistors) to get better signal fidelity. But 
constraints in system design require some of the designs to work off 
of lower supplies. Architectures to work at lower supply have been 
developed, but typically come at the cost of more power and area. 
One of the most important aspects of analog design is the desire to 
maintain or enhance signal fidelity. Noise generated by the circuit 
has to be kept at a minimum at reasonable power consumption 
levels. When the channel lengths were large, the thermal noise of 
a metal oxide semiconductor (MOS) transistor could be derived, 
assuming the channel to be resistive when in deep inversion. This 
led to a fairly simple model, which could be used in hand analysis 
for further optimization. As channel lengths have narrowed, high 
field effects have increased the noise more than that predicted by 
thermal (resistive) considerations alone. The gate leakage current 
also introduces a noise component, which has to be accounted for 

in noise budgets. 
Device matching is another phenomenon needing close 

attention in DSM processes. While matching non-idealities due to 
manufacturing have been reduced in DSM, other electrical issues 
have surfaced. Gate leakage currents have increased considerably in 
28nm and below, and warrant a closer look at how this affects the 
matching of devices. No longer can the designer just scale the gate 
area to improve matching. The increased area increases the leakage 
current, which will introduce some mismatch. Thus there will be a 
limit to the achievable accuracy for a given power level. Circuits that 
depend on current matching, such as digital to analog convertors 
(DACs) or current mirrors, will have to either revisit optimization 
constraints to accommodate increased leakage, or stick to using IO 
devices for current sources. 

The shallow trench isolation (STI) stress effects can change the 
current in MOS devices by as much as 20 percent. This STI effect 
depends on the distance of the active channel to the STI region, as 
shown in Figure 1A. Thus, it is imperative that the transistor be laid 
out as it was simulated. If not, the transistor parameters must be 
extracted post layout and checked for STI effects before doing final 
back annotation runs (which can be time consuming).

While STI impact on the transistor is predominantly its 
own property, the well proximity effect (WPE) depends on the 
surroundings of the transistors. The impact of well doping ions 
scattered by the photo resist, as shown in Figure 1B, causes a 
gradation in the doping profile of the wells. This causes both the 
threshold voltage (Vt) to increase and a reduction in current. These 
effects cannot be incorporated into the schematic without knowledge 
of how the layout will be floor planned. Therefore, it is necessary 
to take care of this effect while doing layout for critically matched 
transistors, or for which the absolute drive strength is important. 

With reducing lengths, the drain and source depletion region in 
a MOS transistor accounts for a significant portion of the channel 
charge, as shown in Figure 1C. This causes an increase in drain 
current at a given gate to source voltage. This phenomenon is often 
referred to as drain induced barrier lowering (DIBL). It also reduces 
the output resistance of the device, more than what is predicted by 
the channel length modulation. In turn, this reduces the gain of the 
transistor. Even when the transistor is off (gate to source voltage is 
0), the depletion region caused by the drain source voltage increases 
the current flow. This increase in leakage current increases the power 
consumed in mixed signal designs. Multiple design and process 
techniques have evolved to combat this leakage current increase in 
DSM processes, some of which include back bias, power gating, non-
use of low-length devices in non-critical areas, multi Vt device and 
libraries, among others.

DSM Challenges for Mixed-Signal Designs

C. Srinivasan, Vice President, Engineering, Cosmic Circuits
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Figure 1. Stress Effects

Figure 1.A : STI Effect

Figure 1.B : WPE Effect

Figure 1.C : DIBL Effect
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Layout Challenges
As critical dimensions are reduced in DSM processes, gate lengths 
are also reduced. This brings up another issue in transistor layouts. 
For narrow-length transistors, the gate resistance of the transistors 
has increased. This limits the maximum width of the transistors that 
can be used effectively in high-speed circuits. For large-width devices, 
it becomes necessary to create multi-finger devices, with the gate 
contacted at both ends of the transistor. The resultant WPE and STI 
effects must be given importance at the design phase itself, so as not 
to create surprises in critical circuits post-layout.

With decreasing metal thickness in DSM processes, the resistivity 
of the metal layers has gone up and the electro-migration limits have 
come down. Power networks, high current paths in analog circuits 
and high-speed paths have to be laid out with more care. Similar care 
has to be extended to vias and contacts.

With decreasing oxide thickness, the capacitance-per-unit area of 
MOS devices has increased. For normal circuits, this can be seen as 
a limitation, but for a class of analog circuits, this is a good thing. 
Ability to realize large capacitances helps in filtering applications for 
signals, as well as for power. Effectively used, the area for a given 
capacitance does come down. However, an additional manufacturing 
issue can limit the amount of gain. The poly density in DSM 
processes below 40nm stands around 50 to 65 percent, limiting the 
amount of capacitance per-unit-area. 

Further, the restriction to use gate poly in only one orientation, 
due to better manufacturability, has restricted the amount of gains 
from an area perspective. This also has forced intellectual property 
(IP) vendors to give their IPs in two orientations, forcing an increased 
layout and verification effort.

Simulation Challenges
With the increase in design complexity in DSM processes due to 
physical effects, as well as effects due to feature length reduction, it has 
become necessary to estimate the robustness of the circuit. Typically, 
this has been done by varying the process, voltage, temperature 
and external component value variations, leading to thousands of 
simulation runs. The variability analysis also has to be carried out, 
typically where performance is on the margin. Another approach 
is to use Monte Carlo simulations with global and local variations 

accounted for. Using these simulations, along with advanced 
methodologies, it is becoming possible to reduce the number of runs 
required to find worst case corners and take corrective actions. 

To combat the loss of gain or matching limitations due to gate 
leakage, digital calibration techniques are generally used. These 
are also used to tune oscillators, resistors and capacitors at the 
component level, and channel equalization at a system level. Digital 
aid has helped extend the utility of analog circuits, while helping 
lower power. To verify the functionality of the calibration, checks 
are usually performed with the analog modeled in HDL. To verify 
the performance, mixed-mode simulations are generally used with 
the digital in HDL and the rest of the analog circuit at transistor 
level. These simulations tend to be slow, as the analog is simulated in 
a full accuracy simulator. It is therefore essential to get the behavior 
of the functional models of the analog correct. This is easier said 
than done, as there is no methodology, unlike in the digital world, to 
verify the correctness automatically. It depends both on the accuracy 
of the person developing the circuit and on the behavior model to 
get it right for all of the cases. One approach is to develop functional 
models at smaller block levels. This ensures that the number of 
modes that need to be incorporated in the model are low and that the 
connectivity of the analog portion is also verified. 

Many chips these days have switching power circuits integrated 
with sensitive analog. These need to be simulated with package 
parasitics and external components. Package parasitic is typically 
dominated by inductances, and simulators tend to be a lot slower 
when these inductances are added in the simulation netlist. It is 
common for simulators to take four to five days per simulation when 
there are two switching power converters along with an oscillator, a 
low-resolution data converter, IO and electro static discharge (ESD)  
and small associated logic, shown in Figure 2. These are despite the 
dramatic simulation speed gains in the last few years (with the aid of 
multi-cpu, multi-threading simulators). The gains are not enough to 
be able to run large simulations and use them to improve the design 
further in aggressive tape out schedules. 

Figure 2. Example of a System with Switching and Accurate 
Components with Bond Wires
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ERC Checks
Apart from the parameters that can be simulated, there are a class of 
checks that cannot be caught by simulations (identifying electrically 
floating nodes in the design). It then becomes necessary to develop 
scripts around the simulation netlist to test for these. These issues 

See DSM Challenges page 25
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The year 2011 was terrible for Japanese 
companies. While still in recovery mode 
following the magnitude 9.0 earthquake of 
March 11, companies had to deal with a new 
calamity – flooding in Thailand, before they 
could get back on their feet. Japan’s electronics 
manufacturers not only suffered damage to 
their business results and operations, but 
disrupted supply chains put them under 
enormous pressure in the global market.

Although roughly 70 percent of the 
manufacturers whose facilities were flooded 
have resumed operations, there remain 
companies needing several more months to 
restore heavily damaged plants. But even 
after this experience in Thailand, virtually no 
Japanese companies have decided to withdraw 
from the country. On the contrary, Japanese 
investment in Thailand is trending upward, 
according to surveys by the Japan External 
Trade Organization (JETRO).

Compelled to reduce costs under the 
burden of a strong yen in recent years, Japanese 
manufacturers have been expanding overseas 
operations in a relentless drive to maintain their 
competitiveness. Thailand is surpassed only by 
China as a destination for Japanese investment. 
According to JETRO, Japan has been the largest 
source of foreign investment for Thailand since 
the turn of the century - accounting for 35.9 
percent of investment in 2010. Incentives offered 
by Thai authorities have encouraged Japanese 

companies to set up numerous manufacturing 
subsidiaries in the country, reportedly as many 
as 7,000, turning Thailand into a major offshore 
production base for Japan.

Figure 1. Flooding in Thailand

Source: JETRO, Illustrated by EmergingTech

Thailand Still Attractive for Japanese 
Companies Despite Floods
Yoshiko Hara, Editor-in-Chief, SemiconPortal-Emerging Tech

Global Insights
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Figure 2. Investments in Thailand
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Consequently, Japanese companies 
have established component supply chains 
with the breadth and depth to underpin 
the manufacture of major products such 
as motor vehicles, HDDs and digital 
cameras. The flooding had a direct impact 
on these and other final products, while 
also inflicting shortages of components on 
manufacturers worldwide. 

Thailand is prone to flooding. The Chao 
Phraya River running through the country’s 
Central Alluvial Plain drops just 20 meters 
in elevation before discharging into the 
Gulf of Thailand. The floodwaters benefit 
agriculture, enriching the fertility of rice 
paddies throughout central Thailand. Floods 
are clearly not good news for industry, though 
the more than 30 industrial parks within a 
150 kilometer radius of Bangkok had never 
suffered flooding - until last autumn!

However, a combination of natural 
factors (typhoons and unusually heavy 
rainfall during the monsoon season) and 
man-made factors (failure to control the 
discharge of water from dams, delay in 
flood-control measures and a power vacuum 
attributable to the change of government) 
caused a disaster. 

In the vicinity of Bangkok, seven 
industrial parks were completely flooded 
and one partially inundated. Of the 
887 companies with operations at these 
industrial parks, 469 are headquartered in 
Japan, according to JETRO. The disaster 
began in early October with the flooding 
of an industrial park to the north of 
Bangkok, spreading to other parks over the 

next month. The waters began to recede 
in November and had retreated from the 
industrial parks by December, although 
there was another bout of inundation, 
albeit on a modest scale, around the turn of 
the year. Companies with premises at these 
industrial parks have been working tirelessly 
to restore their operations. 

Concentration or Dispersal?

Thailand is certainly an important offshore 
production base for Japan, with the 
manufacturing of certain products, such as 
motor vehicles and HDDs, concentrated 
in the country. This concentration has 
advantages, but disruption of supply chains 
can be a nightmare for companies in the 
event of a disaster. The Great East Japan 
Earthquake revealed the vulnerability of 
Japan’s supply chains and the Thai floods 
confirmed the issue. Since the floods, 
members of the Japanese media have been 
loudly calling for the review of this heavy 
concentration of manufacturing in Thailand. 

Japan’s automakers have invested 
heavily in Thailand, and component and 
subcomponent suppliers have followed them, 
establishing an impressive supply system in 
Thailand. Thus, the automotive industry has 
been hit particularly hard by the flooding.

The effectiveness of the just-in-time 
production system, which is designed to 
avoid excess parts inventory, is well-known; 
but if the parts supply chain is damaged, it 
can become a source of weakness. Honda, 
for example, lost nearly one month of 
production because of trouble with parts 
supply. Honda Automobile (Thailand) finally 
completed draining its plant and has started 
investigating the extent of the damage. 

Toshiyuki Shiga, chairman of the Japan 
Automobile Manufacturers Association, 
Inc. (JAMA), has said that Thailand is a 
significant market in its own right and 
an important export base for Japanese 
automakers. He doesn’t think the floods 
will change the significance of Thailand in 
automakers’ strategies.

Figure 3. Resumption of Electronics 

Companies’ Operations

Resumption of electronics companies’ operations
Canon Resumed

Canon Hi-Tech (Thailand), manufacturing ink jet printers at 
the Hi-Tech Industrial Estate, Ayutthaya, resumed partial 
operations on December 19, 2011 following a suspension 
of over two months, and was scheduled to resume normal 
operations in February, 2012.

NIDEC Resumed

Of NIDEC’s 10 plants in Thailand, eight halted operations, 
of which five manufacture spindle motors for HDDs. From 
early November to December 1, 2011 these five plants 
successively  resumed operations.  NIDEC’s other plants had 
all resumed operations by mid-December, 2011. 

Nikon Halted

Nikon’s plant at Rojana Industrial Park, Ayutthaya, source 
of 90 percent of the parent’s SLR digital cameras, has been 
halted since early October, 2011. Normal operations are 
scheduled to resume in March, 2012.

ON Semiconductor Closed

The former Sanyo Semiconductor plant at Rojana Industrial 
Park, Ayutthaya, accounting for some 10 percent of ON 
Semi's production capacity, has been halted since October 
11, 2011. ON Semi decided to close the plant. 

Rohm Resumed

Two plants in Thailand, LAPIS Semiconductor (Ayutthaya) 
at Rojana Industrial Park, for LSIs, and Rohm Integrated 
Systems (Thailand) in the Navanakorn Industrial Zone, a 
semiconductor assembly plant for LSIs, transistors, diodes, 
resistors and tantalum condensers, resumed operations in 
mid-November, 2011 after being halted for around a month, 
using the 2nd and 3rd floors, with plants outside of Thailand 
making up for part of the lost production. The company 
announced on December 21, 2011 that it would restore pre-
disaster capacity on January 1, 2012 and resumed normal 
operations in February, including resumption of normal 
inventory levels. The restoration of supply chains, including 
some relocation and substitute production, is underway. 

Sony Digital Cameras: 
Resumed

Image Sensors: Halted

Sony Technology Thailand at the High-Tech Industrial Park, 
Ayutthaya, which manufactures most of Sony’s high-end 
digital cameras, resumed operations on November 7, 2011. 
The suspension led to the postponement of new camera 
releases. Manufacturing of CMOS image sensors at 
Bangkadi Industrial Park has been halted since October 14, 
2011. The water has receded, but operations have yet to 
resume. 

TDK HDD Suspensions: 
Resumed

Rear-Earth Magnets: 
Partially Resumed

TDK has two manufacturing subsidiaries: TDK Thailand 
for rear-earth magnets, recording media and sensors, and 
Megnecomp Precision Technology for HDD suspensions. 
Each company has plants at both Rojana and Wangnoi. HDD 
suspension production at Wangnoi resumed partially on 
November 7, 2011 and is back to normal now. The production 
line on the 2nd floor of the Rojana plant was restarted by the 
end of January 2012. As for magnet production, the Wangnoi 
Plant resumed operations on December 16, but the Rojana 
plant is not expected to resume operations until April, 2012.

Toshiba HDDs: Resumed

LEDs: Halted

Toshiba Semiconductor (Thailand) at Bangkadi Industrial 
Park, for assembly of LEDs and discrete chips, has been 
halted since October 16, 2011. Toshiba Storage Device in 
the Nava Nakorn Industrial Zone, an HDD manufacturer, 
was flooded to a depth of more than 1 meter on October 12 
and remained under water for a long time. The water has 
receded from both plants and a cleanup is underway, but 
the timing of a resumption of operations has not yet been 
announced. For substitute chip production, Toshiba has 
turned to its plant in Malaysia, as well as plants in Japan and 
to outsourcing; and for HDD production, to its plant in the 
Philippines, but volumes are limited.

(As of Jan. 27, 2012)

See Global Insights page 28
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The continued viability of VC funding for semiconductor 
startups has been a subject of debate for the past few years. 
A simple Google search on the phrase “VC model is broken” 

yields hundreds of news articles, opinion pieces and research 
papers analyzing the various reasons behind the weak returns of 
VC investments, particularly those in the semiconductor sector. 
Overfunding, limited exit opportunities and the exorbitant amount 
of the initial investment required to reach cash flow breakeven in 
VC-backed semiconductor startups are some of the reasons leading 
to lackluster returns. This article analyzes the fundamental reasons 
for the weakening of VC funding in the semiconductor industry and 
proposes the Capital-Lite Semiconductor Model as a means to renew 
investment interest in semiconductor startups. 

The Capital-Lite Semiconductor Model enables startup 
semiconductor companies to source intellectual property (IP) 
and capital from more sizable semiconductor companies (i.e., 
$100 million+ revenues). Many sizable semiconductor companies 
have been facing decreasing rates of revenue growth, while at the 
same time accumulating large amounts of excess cash, as well as 
substantial IP that can be monetized. Low growth rates have driven 
these companies to search for additional sources of growth. The 
Capital-Lite Semiconductor Model provides sizable semiconductor 
companies with a way to drive growth by monetizing their IP and 
creating acquisition opportunities, and to increase return on invested 
capital by deploying their excess cash.

Why is Total Investment to Breakeven so High?
Moore’s Law has driven down the cost of silicon and fostered 
innovation and integration in the semiconductor industry for the past 
30 years. Today, its unintended consequences, also known as Moore’s 
Second Law1, have rendered the semiconductor venture investment 
model nearly broken. As semiconductor technology moves to smaller 
geometries, the capital required to develop new products increases by 
27 percent from one generation to the next2. While in the year 2000, 
a typical semiconductor startup needed approximately $10 million 
in investment to bring its first product to market, today a startup 
needs more than $30 million in investment to sample a product. This 
represents a 200 percent increase in the R&D investment within a 
decade—a trend that is obviously unsustainable for a market that is 
not even growing at three quarters that rate. 

As the average sale price (ASP) of silicon decreases and the 

investment required to develop new products increases, the disparity 
between R&D investment and ASP expands with the advancement 
of each technology node. This growing disparity makes it necessary 
to sell a large number of units to recover investment, and thus 
creates an incentive for designing multifunction, complex products 
such as system-on-chips (SOCs) that can be sold across a variety of 
markets. While this approach reduces the risk involved in recovering 
the investment, it requires that semiconductor products integrate 
multiple non-differentiating features and IP to service many 
different markets and add competitive functionality. These days, 
a semiconductor startup must incorporate a whole host of non-
differentiating peripheral IP around its differentiated core IP offering 
to deliver its differentiation as a product and convert its innovative 
idea into revenue. The total R&D investment required to add non-
differentiated features and interfaces is rapidly becoming one of the 
largest components of total R&D investment. In fact, the cost of 
designing, integrating, verifying and testing non-differentiated silicon 
often exceeds the costs of tape-out, electronic design automation 
(EDA) tooling or direct R&D associated with the development of 
the differentiated core IP.

R&D expenses represent the largest part of the total investment 
required by a startup to get to the breakeven milestone. Although the 
costs of sales and support are the second-largest component of total 
investment to breakeven (TIBE) behind R&D, they are not growing 
as quickly as R&D. Lowering the R&D component of TIBE is 
essential to capital-efficient startup execution.

Fixing the “Return on Investment” Problem: 
Partner to Lower Capital Intensity

The return on investment (ROI) in VC-backed semiconductor 
companies has decreased over the past decade. Despite the market 
opportunities available for innovative ideas, concerns over high 
TIBE, associated failure risks and depressed exit valuation to total 
investment multiples have rendered new semiconductor startups less 
attractive for traditional VC investment. Reducing capital intensity 
through a combination of creative deal structures and capital-lite 
execution could significantly improve ROIs, reduce risks, lower 
barriers to entry for new ideas and grow the number of viable startups.

Capital-lite startups could significantly reduce their TIBE by 
working with sizable semiconductor companies that have already 
invested considerable R&D resources into creating and productizing 

The Capital-Lite Semiconductor Model: 
Evolution of Semiconductor Startup 

Investment

Amer Haider, Vice President, Corporate and Business Development, Cavium
Awais Nemat, President and CEO, PLUMgrid, Inc. / Former Vice President, Enterprise Business, Marvell
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non-differentiated IP. With such a partnership in place, capital-lite 
startups could focus on creating value in their differentiated IP without 
having to invest resources in reinventing the existing silicon-proven, 
non-differentiated IP that is required to bring a product to market.

Motivation to Partner: Capital-Lite Startups, VCs 
and Sizable Semiconductors
Creating a sustainable and mutually beneficial partnership among 
investors, capital-lite startups and sizable semiconductor companies 
requires the construction of new deal structures where all parties have 
an incentive to work together. Both VCs and capital-lite startups 
have an incentive to reduce the TIBE, while sizable semiconductor 
companies have an incentive to grow into new markets by sourcing 
innovation from startups.

These new deal structures must re-evaluate the risk exposure 
and accordingly adjust the ROI expectations of both VCs and 
capital-lite startups. They should also incorporate the constraints of 
sizable semiconductor companies, such as Securities and Exchange 
Commission (SEC) rules regarding accounting consolidation. 

Capital-Lite Deal Structures: Hybrid Financing 
Models 
Proven financing models such as private equity, corporate spin-ins 
and IP licensing can be further developed to meet the requirements 
of new capital-lite startups. Figure 1 provides some financing 
and partnership models that can be used to create a mutually 
beneficial relationship among capital-lite startups, investors, 
sizeable semiconductor companies, foundries, semiconductor tool 
vendors and services partners. Entrepreneurs, investors and sizable 
semiconductor companies can use a combination of these strategies 
to achieve their objectives.

Figure 1. Financing and Partnership Models

Relevance Sizable Semi (LargeCo)
Benefit

Capital-Lite Startup 
(StartupCo)

Benefit

Equity for IP 
(EFI)

Focused on low-ASP and 
high-volume markets 

(e.g., consumer)

Opportunity to monetize 
IP 

(balance sheet)

Avoids gross margin 
compression and future 

liability

Triggered 
Royalty and 
License (TRL)

Focused on higher ASPs 
and mid-volume markets  

(e.g., enterprise)

Opportunity to generate 
revenues 

(P&L)

Provides a balance 
between independence 
and capital efficiency

Minimizes dilution

Equity Finance 
with Extra 
Preferences 
(EFEP)

Focused on sharing 
foundational IP, joint 
marketing and R&D

Create spin-in opportunity Minimizes execution risks 
and capital requirements

Equity for IP Model

In this model, a capital-lite startup (StartupCo) sources silicon-proven 
IP components from a sizeable semiconductor company (LargeCo). 
For example, a proven IP component can be a complete processor 
sub-system with Universal Serial Bus (USB), Peripheral Component 
Interconnect Express (PCIe), Gigabit Ethernet interfaces with a 
working software development kit including the operating system 
(OS), drivers and basic applications.

 In exchange for IP components, LargeCo holds IP warrants 
(IPWs) in StartupCo. IPWs are a new class of warrants that are 
issued to an IP provider. They are unique because they only mature 
on achievement of future, uncertain and qualifying events. A 
qualifying event could be change of control, liquidation, duration 

of existence or a qualified IPO. IPWs should be a separate and pre-
allocated pool so dilution can be managed. Furthermore, by having 
IPWs, capital-lite semiconductor startups can source IP components 
from multiple sizeable semiconductor companies. The valuation and 
amount of IPWs in exchange for IP will be determined on a case-
by-case basis with some standard ranges such as a price list. Deferred 
compensation and taxation issues should be evaluated in the context 
of deal goals. The structure of IPWs protects the interests of a capital-
lite startup, while at the same time providing incentives to the sizeable 
semiconductor partner. Some important features of IPWs include:

 ▪ IPWs are a new currency for StartupCo to source IP. 

 ▪ IPWs do not have voting rights; this prevents control by LargeCo.

 ▪ IPWs only mature on a qualified event; LargeCo realizes the 
potential financial benefit only after a qualified event.

 ▪ LargeCo can potentially be shielded from expensing R&D 
costs by investing in IPWs. However, IPWs should be carefully 
structured to avoid periodic re-measurement (mark-to-market 
accounting) of the IPWs.

Triggered Royalty and License Fees

In this model, StartupCo sources silicon-proven IP sub-systems 
and tape-out services from LargeCo and, in return, LargeCo gets a 
deferred fee and/or royalty commitments. These fee commitments are 
only payable upon certain trigger events. These trigger events could 
be revenue milestones, term limits, change of control, liquidation or 
a qualified IPO event.

This model postpones fee payouts and thereby can significantly 
reduce the TIBE of a capital-lite semiconductor company in 
comparison to a traditional semiconductor startup. 

It is worthy to note that this model does not involve an equity 
investment and avoids accounting consolidation if the agreement is 
not so pervasive that LargeCo can be deemed to control StartupCo. 

Equity Financing with Extra Preferences

This is a variant of the classic spin-in model where LargeCo provides 
capital and significant IP components to StartupCo. This variant 
has a feature in that it can potentially exclude consolidating the 
StartupCo’s expenses in the sizable semiconductor company’s non-
Generally Accepted Accounting Principal (GAAP) P&L financials. To 
avoid consolidation, the terms of the preferred stock and other equity 
securities and significant arrangements should ensure that LargeCo 
does not have the power to direct the most significant activities 
of StartupCo. Provided that the consolidation is not required, the 
investment in preferred stock will likely be accounted for at cost; unless 
such preferred stock is in-substance the same as common stock and 
LargeCo can exercise significant influence over the StartupCo. 

In this model, LargeCo obtains non-voting preferred stock in 
StartupCo with extraordinarily high liquidation preference for its 
capital. This high preference overhang gives an advantage to LargeCo 
during a competitive acquisition process. The extraordinarily high 
preference is justified because LargeCo provides significant non-
differentiated IP components. 

Next Steps for the Industry: Institutionalizing 
Capital-Lite Deal Structures 
The semiconductor industry has recently experienced the benefits of 
alternative deal structures that are similar to the models described in 
this article. EzChip (NASDAQ: EZCHIP) is an example of a publicly 

See Evolution page 27
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The standard SPICE model was born as a result of design 
companies needing two things from their foundry partners 
for circuit designs - design rules (created by each fab) and a 

SPICE model (also known as a compact model). The SPICE model, 
which is a set of long equations that reproduces the exact transistor 
characteristics for SPICE simulation, is nowadays likely a free standard 
model created by a university. In 1996, the Compact Model Council 
(CMC), an industry standard organization, was formed to search for 
an industry standard model to replace the dozens of SPICE models 
in use at the time. This Council selected the Berkeley Short-Channel 
Insulted-Gate-FET Model (BSIM) as the industry’s first standard. 
BSIM is provided by UC Berkeley to users worldwide, royalty free, 
following in the tradition of the Berkeley SPICE program.

The compact model is a “contract” between the wafer fab and 
its IC design customers. “First wafer success” has become the norm 
in the past dozen years. This is partly due to the improved accuracy 
of the compact model. If the model does not describe the transistor 
characteristics accurately, no amount of further design effort will be 
able to guarantee success. These model equations contain adjustable 
model parameters, and allow engineers, with the help of automated 
parameter optimization tools, to choose the parameter values so that 
the BSIM model accurately reproduces the current, capacitance and 
noise over many orders of magnitude covering all working terminal 
voltages, gate lengths and widths and temperatures.

With CMOS technology scaled aggressively and short channel 
effects becoming dominant and critical to circuit design, the 
importance of sophisticated and accurate MOSFET models keeps 
growing. While being accurate, a model also needs to be fast to 
match up with aggressive design cycles, ever increasing circuit 
complexity and shortening time-to-market in this competitive 

industry. In addition, a compact model needs to be robust and 
not cause convergence problems when used in a wide range of 
circuits. BSIM met these requirements and has been embraced by 
essentially all foundries and fabless companies and most integrated 
IC companies in the world. Its wide use has greatly streamlined the 
interface between foundries, design companies and electronic design 
automation (EDA) companies.

Figure 1. A Compact Model is a “Contract” Between a Wafer Fab 
and Its IC Design Customers

Simulation Time
■ ~ 10µs per DC data point
■ No complex numerical method 

allowed
Accuracy Requirements
■ ~ 1% RMS Error after fitting
Excellent Convergence

Example: BSIM4
■ 25,000 lines of C code
■ 200+ parameters
■ Open-source software

implemented in all EDA tools

Medium of 
Information
Exchange

BSIM6 – MOSFET Model for Digital, Analog and 
Radio Frequency (RF) Designs
BSIM3 was selected as the standard model in 1996 and BSIM4 was 
released in 2000. These models excelled in accuracy through many 
generations of technology from 350nm to 28nm. Figure 2 illustrates 
how this was accomplished. A compact model is made of a core model, 
which describes the behavior of an ideal simple long-channel MOSFET. 
The core model may represent about 10 percent of the model code. 

Free Standard SPICE Model Supported by 
University Partners

Chenming Hu, UC Berkeley
Christian Enz, EPFL
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The other 90 percent of the model code comprises multiple models 
that describe the numerous “real-device effects”, which are responsible 
for the accuracy of the compact model. Without them, the inaccuracy 
could be 20 percent to 300 percent depending on the device size. 
BSIM introduced original models for such device phenomena as short-
channel effects, output conductance, quantum effects, non-uniform 
doping effects, gate leakage current, band-to-band tunneling, unified 
1/f noise, intrinsic input resistance and strain effect.

Because of its accuracy and simulation speed, BSIM has been 
adopted by most IC companies worldwide. However, analog and RF 
designers have complained about a subtle but important asymmetry 
around voltage drain source (VDS) equals zero, whose origin lies 
in BSIM’s threshold-based core model. At the same time, users are 
so familiar with and fond of the real-device effects model of BSIM 
that they want that part intact as much as possible. To address this 
problem, the BSIM group started BSIM6 development in 2010. The 
goal is to introduce a new core model to solve the symmetry issue, 
while maintaining BSIM4’s accuracy, speed and above all, excellent 
user experience.

Figure 2. Core Model Represents 10 Percent of the Model Code. 
Ninety Percent of the Code Addresses the “Real-Device Effects” 

Responsible for a Compact’s Model’s Accuracy
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There are several known approaches in the literature for a 
MOSFET core model1, other than the threshold-voltage based 
approach used in BSIM. One approach is to solve the inversion 
charge density profile in the channel as the first step of the core 
model derivation. Models based on such a formulation are called 
“charge-based models”. EKV2, BSIM53 and BSIM64 are examples of 
charge-based models.

The main reason to choose a charge-based approach in BSIM6 
over others, is its simpler analytical equations. The model equations 
require less computation to obtain desired numerical accuracy when 
compared to solving the surface potential equation5. When compared 
to BSIM4, it differs in the core of the model where the threshold-
voltage approach is replaced by the charge-based analysis. This more 
accurate approach ensures symmetry of the core model from positive 
to negative VDS. As a result, the model provides accurate results 
for modeling harmonic distortion. As a successor of the BSIM4 
model, it inherits a wide array of real-device effects, capturing all of 
the physical phenomena that appear in state-of-the art bulk CMOS 
technologies. BSIM4 users can transition easily to BSIM6, whose 
parameter names are exactly the same as BSIM4, so that there is no 
learning curve required to make the transition. 

BSIM6 is under evaluation at CMC to be the next bulk MOSFET 
model standard. At the December 2011 CMC meeting, Texas 
Instruments reported good silicon verification results and Synopsys 

reported significantly faster speed than another model using the 
surface-potential approach. BSIM6 will be released in Verilog-A, 
an industry standard behavioral hardware description language for 
analog circuits, modeling and simulations, in accordance with a new 
CMC policy.

Two Research Power Houses Join Forces
The modeling groups at University of California, Berkeley (UCB) 
and École Polytechnique Fédérale de Lausanne (EPFL) have agreed 
to collaborate on the long-term development and support of BSIM6 
as an open-source MOSFET SPICE model for worldwide use. This 
is an exciting opportunity to leverage the long history and large user 
base of the BSIM model, with the long experience and active role of 
EPFL for furthering charge-based compact models. This is the first 
time multiple universities have joined forces to support a standard 
model, and both partners are committed to providing the model to 
all users royalty free. Advanced real-device models will also continue 
to be released in an ongoing effort to improve speed. This modeling 
partnership was officially announced at the ESSDERC/ESSIRC’11 
Conference in September 2011 at the MOS-AK Workshop (http://
mos-ak.org/helsinki/).

EPFL, through its leading role in developing EKV has long 
recognized the benefits of using a charge-base core model particularly 
for the design of ultra-low-power analog circuits. Even though the 
complete compact model becomes quite complex in order to meet 
production accuracy requirements, a simplified model can still 
provide help to the experienced designer for doing simple hand 
calculations before jumping to the simulator and designing a circuit. 
For this reason, analog designers appreciate the concept of inversion 
coefficient IC (a measure of the inversion level of the channel) as 
a main design parameter. The inversion coefficient lends itself to a 
simple design methodology where the important transistor parameters 
(including small-signal parameters and noise) can be expressed as a 
function of the inversion coefficient, allowing for the exploration 
of the design space, versus a single design parameter6. A related 
design methodology is the Gm/ID methodology7, which is typically 
applicable to the design of gain stages. This design methodology uses 
the variation of transconductance efficiency Gm/ID with respect to 
the inversion coefficient as the design aid for sizing the MOSFETs, 
selecting the region of operation and the drain current. Through the 
new partnership, BSIM6 will be brought closer to analog designers 
for the design of ultra-low-power circuits taking advantage of this 
design methodology.

Other BSIM Models
While BSIM6 will be the new bulk MOSFET model, BSIM- 
Common-Gate Multi-Gate (BSIM-CMG) shown in Figure 3 has 
passed the uncontested balloting of CMC in January 2012 as the 
standard FinFET model. BSIM-Independent Multi-Gate (BSIM-
IMG) is under consideration by CMC as a standard for ultra-thin-
body silicon-on-insulator (SOI) technology, which is listed in the 
International Technology Roadmap for Semiconductors (ITRS) 
together with FinFET as the two successors to planar CMOS8. 
BSIMSOI continues to serve the partially depleted SOI technologies, 
and BSIMSOI has recently been converted to Verilog-A in a 
collaboration between Analog Devices, Inc. and UC Berkeley. 

See SPICE page 24
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Lantiq is a global provider of innovative 
semiconductor solutions powering broadband, 
next generation networks and the digital 
home. With a long history of industry success 
and leadership, Lantiq’s semiconductor 
and complementary software solutions are 
deployed by major carriers and in home 
networks in every region of the world.

The company is located just outside 
of Munich, Germany and has a global 
team of about 1,000 experts in Europe, 
North America, the Middle East and 
the Asia Pacific regions. Specializing in 
broadband communications, including 
analog, digital and mixed-signal ICs, as 
well as complementary comprehensive 
software suites, Lantiq enables system 
manufacturers to design high-speed data 
and telecommunication systems solutions 
for broadband access and customer premises 
equipment.

We have all experienced it. The cell phone’s 
battery dies halfway through an important 
call. Then, just as we are about to finally 
finish a really difficult level in that popular 
bird game, our tablet goes blank. Or, maybe 
the e-Reader shuts down just as we are about 
to find out “who done it?” Our modern day 
lives have been so thoroughly enriched by 
portable gadgets, that we have become quite 
dependent on them. But how do we ensure 
technology doesn’t let us down when we need 
it the most?

Triune Systems is a rapidly growing 
semiconductor company headquartered in 
North Texas working to answer that question. 
Triune has developed innovative technologies 
and is creating products that charge, 
manage and extend the life of the battery-
powered devices that keep us connected and 
entertained. The company’s nanoSmart® 
technology significantly reduces active power 
and practically eliminates standby power, 
making it ideal for indoor solar and low-level 

Lantiq’s superior solutions build on a 
strong foundation of more than 20 years 
in the telecommunication industry. The 
company continues to drive innovation and 
integration, developing smart technology 
solutions and partnering with key players 
around the world for next-generation access 
and home networks. ▪ 

energy scavenging applications. Adding solar 
charging to portable and standalone products 
is easy with Triune’s MPPT-lite™ devices, 
while providing a cost-efficient solution in 
a small form-factor. In addition to energy 
harvesting, Triune has created feature-rich, 
integrated ICs for wireless charging. These 
flexible products can support both the WPC 
Qi® standard, as well as non-standard direct 
and indirect charging systems, enabling 
customers to match the sophistication of 
the system to the needs of the application. 

“With a focus on challenges and innovation, 

GSA contributes greatly to the semiconductor 

industry by providing a unique platform for 

global exchange of expert information and 

important issues.” 

– Christian Wolff, CEO, Lantiq

Christian Wolff, CEO                                     
Dr. Klaus Gohlke, CFO
Dominik Bilo, COO
Dr. Martin Schenk, Senior Vice 

President, Access Networks 
Hubert Christl, Senior Vice President, Sales
Craig Garen, Senior Vice President, R&D

Am Campeon 3, 
85579 Neubiberg, Germany
(T) +49 (0) 89 89899 70
(W) www.lantiq.com

Triune’s patented BlazeSync™ technology 
also offers a cost-effective way to keep all of a 
user’s portable gadgets connected. ▪
“At Triune Systems, we are passionate about 
helping our customers solve their most critical 
problems, whether it be extending battery life, 
embracing alternative energy sources or helping 
them better manage the power they have. Our 
membership in GSA provides Triune with a 
rich environment for collaboration that sparks 
curiosity and drives the industry forward.” 

– Ross Teggatz, President and 
CEO, Triune Systems

Ross Teggatz, President and CEO
Wayne Chen, Vice President, 

Technology and Operations

681 North Plano Road, Suite 121
Richardson, Texas 75081
(T) 972-231-1606
(W) www.triunesystems.com

Private Showing
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The global electronics market is witnessing the “perfect storm” 
of insatiable consumer appetite for powerful, leading-edge 
portable devices, fueled by the new generation of super-systems-

on-chips (SSOCs) and the availability of advanced semiconductor 
processes that deliver both high performance and low power. Indeed, 
a new report from the Pew Internet and American Life Project found 
that 29 percent of Americans owned at least one tablet or e-reader at 
the beginning of January 2012.

Apple’s phenomenal success with the iPad is another convenient 
indicator of this demand. In the first nine months after product 
release, more than 15 million iPads were sold. For 2011, several market 
research firms estimate that more than 40 million iPads were sold – 
the majority of them the iPad2 model with dual-core processing. The 
next generation iPad, to be released in March, just two years after the 
original iPad release, is rumored to have a quad-core main processor. 
The figure below from the International Technology Roadmap for 
Semiconductors (ITRS) shows the anticipated rapid growth in SOC 
consumer portable design complexity over the next 15 years.

Figure 1. Forecast of Increasing Complexity in Consumer 
Portable Designs (source: ITRS)
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The Evolution of the SSOC
SOCs have continued to evolve over the past 10 years. Previously, a 
typical SOC contained an on-board processor, perhaps one or two 
special processing engines, control and interface logic, input/ouput 
(I/O) and cache memory. Today, we are seeing the emergence of the 
SSOC with multiple on-board processors, many special-purpose 
processing engines, multiple on-board buses or networks, multiple 
on-chip memories and many IP blocks. In essence, the SSOC of 
today is comprised of many individual SOCs (as we used to define 
them), and the IP content of these SSOCs is growing rapidly.

Consumer demand for more sophisticated products is raising the 
competitive stakes in the global electronics market and causing many 
new challenges for design teams, IP providers and semiconductor 
foundries, as they wrestle with the designing and manufacturing of 
these very complex systems. This is true whether the design team, 
IP provider and foundry are all part of the same large company 
or individual entities, as is often the case. For example, smaller 
electronic companies that only do one or two new designs per year 
will often contract the design and manufacturing of their SOCs to an 
independent design or turnkey company and procure much of their 
IP from third-party providers. Even the largest electronic companies 
utilize contract design services and external IP providers as a way 
to address peak demand without bringing on additional in-house 
resources.

The System-Centric SSOC
The development of a new SSOC must be considered in the context 
of the system that it will go into, and this requires tight coordination 
and cooperation between all of the various participants in the 
project. After all, the end value derived in the marketplace is from the 
product or system, not the SSOC itself. 

A rough analogy to SSOC design can be drawn by comparing it 
to the making of a major motion picture. In the case of the motion 
picture, there is a script that describes what the picture is about and 
how it flows. Making a major motion picture requires hundreds 

Consumer Electronic Demand Driving 
Fundamental Shifts in Semiconductor Design 

and Intellectual Property (IP)

Josh Lee, President & CEO, Uniquify Inc.
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of specialists - scenery designers, sound engineers, special effects 
teams and choreographers - each with their own expertise, but all 
working together to create the final product. Likewise, SSOC design 
is becoming so complex that it will require deeper collaboration 
between many different specialists in order to deliver a final product 
that supports the success of the end product in the market. The 
implication is that the successful delivery of an SSOC and the system 
it resides in will be a group effort with many different stakeholders all 
working together toward a common goal. The old way of thinking, 
or the “design-centric” view, must give way to a new “system-centric” 
view that implies close collaboration between all of the participating 
entities in the process.

How does this system-centric view apply to the process? The 
end user of the SSOC – the manufacturer or original equipment 
manufacturer (OEM) who will be delivering the end product to 
market – must provide a functional specification. It needs to describe 
not only how the SSOC is expected to perform in the end product, 
including anticipated use cases and performance targets; but also the 
specified behavior for the entire system. This high-level specification 
becomes the guiding reference for the SSOC design team and IP 
providers. The SSOC design team is concerned about delivering 
a design that is functionally correct, delivers the desired system 
performance, is manufacturable and will provide good system yield. 
Verification of the complete SSOC is one of the most difficult, time-
consuming and critical tasks and must not only prove out the SSOC, 
but also the SSOC in the context of the entire system.

The IP provider(s) needs to supply IP that has been validated for 
both functionality and performance in the chosen process and meet 
the needs of the system high-level specification. Developing and 
documenting the IP so that it is easy to integrate and (if needed) 
customize is also critical. Thorough verification of the IP is required 
but does not, of course, guarantee how the IP will behave once 
integrated in the SSOC with other components. That task falls to the 
SSOC verification team. 

The foundry’s role in this process is to provide the necessary 
process specifications, design rules and limitations, such that the 
SSOC design can achieve the required performance targets and also 
achieve yield targets, not only for the SSOC but also for the entire 
system. An SSOC that is functionally correct and meets performance 
targets, but has poor yield is not acceptable. Close collaboration 
between the design team, OEM and the foundry is essential for 
producing a successful end product.

Figure 2. Developing a Successful Electronic System is 
Dependent on Close Collaboration Among All Stakeholders

IP and the Yield Challenge
Now let’s dive a little deeper into the related issues of increasing 
IP usage and system yield, which is increasingly important at the 
latest (sub 40nm) process geometries. “System yield” implies the 
yield of the end product that encompasses the SSOC – including 
other ICs, memory chips (typically DDR), power supplies, discrete 
components, circuit boards, wiring, etc. Profitability is directly tied 
to yield, so the ultimate success of an SSOC-based product (other 
than its market appeal) is dependent on achieving adequate yield of 
the entire system.

Variation has always been a fact of life in semiconductors. Process 
variation (static) is a by-product of semiconductor manufacturing 
processes and has become a major factor in impacting yield for 
designs, at or below, 40nm. Not only does it vary wafer-to-wafer and 
die-to-die, but also across a single die. Coupled with the unavoidable 
dynamic variations in system operation due to temperature and 
voltage fluctuations, the combination of static and dynamic variation 
makes the job of characterizing and verifying a complex SSOC 
difficult and time consuming. With 28nm in production today and 
20nm already well under way, variation and its impact on system 
yield is becoming a challenge for any company building complex 
electronic products based on SSOCs. 

Historically, foundries were responsible for yield. In the world of 
complex SSOC-based products, the foundry must play a strong role, 
but the design and IP community also needs to be just as involved. 
The problem is complex enough that it takes an effort by all of the 
participants to achieve good system yields. 

The design team typically applies design for manufacturing 
(DFM) techniques based on automated tools that rely on detailed 
characterizations and models to help mitigate some of the variation 
problems. Unfortunately, these approaches cannot eliminate all 
variation-related problems and can be time consuming to apply. In 
the end, design teams end up sacrificing some amount of performance 
to make sure that yield is not sacrificed.

The growing use of IP in complex SSOCs is also exacerbating 
the yield challenge. It is not uncommon to find that the content of 
an SSOC is made up of 60 to 70 percent, or more, of IP blocks. 
Therefore, it is reasonable to assume that the IP content of the SSOC 
will have a large impact on the ultimate yield of both the SSOC itself 
and the system.

The origin of the IP blocks and the amount of effort expended in 
designing blocks for high yield in a given process must be considered. 
IP is attractive because it can be dropped into a design and re-used 
multiple times. However, as most users of IP will attest, it is not as 
easy as it sounds. Integration is often more difficult than expected, 
reuse may not be feasible and design for manufacturing is often left 
up to the IP user.

Given the increasing use and role of IP in SSOCs, isn’t there a 
better way to design and deliver IP to make it both easier to use and, 
more importantly, reduce or remove the effect on yield? What about 
the possibility of designing IP that is “variation-aware?”

The conventional methodology for managing yield is to do 
accurate characterization of process variation, as well as parametric 
variation, due to operating temperature and supply voltage. Data 
from these characterizations is then used to build models used to 
predict how the circuitry will behave in the presence of both static and 
dynamic variations. The key words here are “model” and “predict.” 
While there is no disputing the value of having models, they are 
generalized and cannot be relied upon to accurately describe the 

See Consumer Electronic Demand page 26
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Silego was founded in 2001 to develop PC clock chips. Most of the 

management team previously worked together at Cypress and IC 

Works, a clock chip provider that was acquired by Cypress. Silego 

achieved first revenue in 2004 and profitability in 2007 before 

the function it provided was integrated into the processor chipset. 

Many companies fail to survive such a crisis, which makes Silego’s 

successful transformation from a PC clocking company into a 

configurable mixed-signal IC (CMIC) company remarkable.

Silego now develops highly configurable power, logic and timing 

CMICs. The CMIC products integrate medium precision analog 

components, discrete digital logic and passive components into 

highly configurable small, easy to use, low cost ICs. CMICs reduce 

system parts count, lower power consumption, reduce board space 

and reduce bill of material (BOM) costs.

Silego offers several product families including, programmable 

mixed-signal arrays, power control, timing, sensors and interface. 

The flagship product, GreenPAK, is a tiny, one-time programmable 

micro-field programmable gate array (FPGA) with configurable 

analog components. The on-board finite state machine, logic, 

counters, delays, analog-to-digital converter (ADC), voltage 

reference, oscillator and PWM allow for thousands of applications, 

such as interface to sensors, LED drivers, motor controllers, touch 

sensing and over voltage protection. Due to their asynchronous 

behavior, in contrast to clocked microcontrollers, GreenPAK often 

results in lower power consumption.

GreenPAK is the logic and mixed-signal element of Silego’s 

CMIC products, which focus on “cleaning up the excess” for large 

computation and communication system boards. GreenPAK has 

been used to remove power on resets, sensor interface ICs, delay/

timing logic, power good circuits, capacitors, resistors and other 

circuit elements with the end result being a lower part count and 

overall cost savings for customers.

Silego now ships hundreds of millions of CMICs to numerous 

top-tier companies across the consumer electronics market in highly 

standardized packaging. The company was recognized in 2008 as a 

Deloitte Technology Fast 50 Rising Star and as one of the Deloitte 

Technology Fast 500 in 2010 and 2011. Silego was recognized at 

Deloitte’s 2011 Technology Fast 500 event as the second fastest 

growing semiconductor company in North America with 1,127 

percent growth, clearly a very successful transformation. ▪
Dr. Ilbok Lee, President & CEO

Chen Wang, COO 

Kuang-Yu Chen, VP, Product Development

Dan Feier, CFO & VP, Administration 

John McDonald, VP, Marketing 

John Teegen, VP, Sales 

1715 Wyatt Drive

Santa Clara, CA 95054

(T) 408-327-8800

(F) 408-988-3800

(W) www.silego.com

Cliff Hirsch (cliff@pinestream.com) is the publisher of Semiconductor 

Times, an industry newsletter focusing on semiconductor start-ups 

and their latest technology. For information on this publication, 

visit www.pinestream.com.
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3D circuit integration promises well-publicized advantages, 
including reduced system footprint, merging of disparate 
technologies, reduced power budget and increased 

performance. Proponents insist that the size of these benefits is truly 
unprecedented, unimaginable with current system-on-chip (SOC) 
capabilities and far beyond the scope of the next few generations 
of geometric shrinks. The semiconductor industry recognizes the 
valuable potential of this new technology, but a large and looming 
question remains - how are we to enable that potential?

The term “3D semiconductor” is used to describe everything 
from layers of wire-bonded die to the ultimate goal of full multi-layer 
commingled transistors and wire interconnects. Within this broad 
range of visions, the focus here will be on near term opportunities for 
3D integration.

The “Killer App”
Any new technology requires a killer application to seed its adoption, 
and 3D IC technology is no exception. The market choice seems to 
be memory combined in 3D with logic, a combination that offers 
unmatched system improvement. 

For years, gains in memory performance have lagged painfully 
behind gains in processing performance. The processor-memory 
performance gap is now more than 1,000 to one, and with ever more 
execution units and cores, that gap continues to widen by a factor of 
two every three years. If this trend continues, further improvement 
in logic performance has virtually no benefit. The key to improving 
the memory depends heavily, and perhaps solely, on 3D integration.

Memory performance suffers from two fundamental limitations: 

 ▪ Memory process requirements

 ▪  Electrical distance from logic elements

3D integration can address both of these limitations. Electrical 
distance, the less difficult of the two problems, will be addressed first.

Electrical Distance
Distance between memory and processing elements can be measured 
by the bandwidth and latency of the memory. As an illustration, 
adding an SRAM cache places the memory closer to the logic. 
Because it is on-chip, the SRAM cache is immediately adjacent to 
the logic. It can use an extremely wide bus, eliminating the need 
for pipelining and buffering. Because on-chip memory is built in a 
logic process, it can also be very fast. Thus, an SRAM cache provides 
both increased bandwidth and reduction in latency. The limitation, 
of course, is that the size of the SRAM cache is restricted by the size 

of the chip itself. Chip size is limited by yield and ultimately by the 
associated cost of a large area die. The problem that 3D must address 
is how to bring much larger memories physically closer to the logic.

The First Step: 2.5D
The first stepping-stone on the path to true 3D is 2.5D integration. 
This method doesn’t address the process limitations of memory, 
but it does address the physical distance by employing interposer 
technology. Interposer can be built with organics, silicon or glass. 
Each of these materials have their own advantages and drawbacks.

Organic interposers have the advantage of years of experience 
gained by supplying package substrates. The costs are the lowest of 
the three interposer materials and the limitations are probably the 
best understood. Organic substrates also have a robust history and 
methodology for production testing. The drawbacks are the thermal 
coefficient of expansion (TCE) mismatch with silicon and the 
limited reduction in wiring line and space. These limitations restrict 
the amount of die input/output (I/O) and wiring and, thus, they 
limit the total benefit. 

Silicon interposers have the advantage of near perfect TCE 
matching. They can also follow the same wire interconnect scaling 
as ICs. The drawbacks, however, are well known. Silicon wafers, and 
the IC processing techniques that provide the best aspects, are the 
most expensive approach to manufacturing an interposer. Silicon 
substrates for interposers are limited to the same wafers that are 
used for ICs, so the raw material is a 300mm disk. Large rectangular 
interposers will waste large amounts of silicon area, increasing an 
already expensive alternative. Lastly, the very benefit of the fine tight 
pitch and interconnect I/O becomes a testing nightmare. Passive 
silicon interposers are essentially untestable until final component 
assembly. The ultimate solution for silicon interposers possibly lies 
in the introduction of built-in transistors and circuitry that could 
provide test augmentation, and perhaps redundancy-repair yield 
improvements.

Glass interposers are trying for a middle ground; they are not 
quite as good at TCE matching as silicon, but much better than 
organics. They employ semiconductor metallization techniques, 
but glass substrates can be much larger in size, similar to organics. 
Perhaps even more importantly, glass can be built in a rectangular 
format, instead of the round format of its silicon raw substrate 
cousin. The per-unit cost is less than silicon, but more than the 
organic alternative. Depending on the density of the wiring, glass 
might either suffer the same test issues as passive silicon interposers, 
or be more like an organic. If the latter were the case, it would not 
offer as much advantage as an organic option.

3D IC Technology: Adoption and 
Commercialization

Robert Patti, CTP and VP, Design Engineering, Tezzaron Semiconductor
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At this point, it is too early to predict a winner in the interposer 
race. All three options are likely to have a market presence, each 
addressing segments that require a specific advantage. All three 
approaches offer a higher density interconnect with shorter wires, 
yielding higher bandwidth and at least some reduction in latency.

Another reason to use 2.5D interposers as a starting point, is 
that through silicon vias (TSVs) are not required in component 
dies. While the interposer itself has through-material vias, the tenant 
devices do not. Thus, the risk is minimized; at least no new inherent 
risks are added to the manufacturing of tenant dies.

Wide bus DRAM is the industry’s first attempt at providing 
an interposer-based memory improvement. The recently released 
JEDEC standard describes a 512-bit memory bus that is meant 
specifically for use on an interposer solution. The DRAM itself 
is a modest design alteration from a traditional memory device. 
Wide bus memories can employ TSVs, but they don’t have to. First 
products employing these types of devices on interposer solutions 
should appear in the market this year. 

In summary, 2.5D interposers provide a beneficial, and low-risk, 
first step on the 3D IC path. This step can be executed today. TSMC 
and the IME Consortium are just two of the avenues open for early 
adopters. 

Figure 1. Example of 2.5D Interposer with 3D Memory and 2D 
Logic Device
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The second step on the path to 3D goes beyond 2.5D by modifying 
the dies that populate the interposer. True 3D, by definition, employs 
TSVs. Putting TSVs into the dies can reduce the electrical distance 
by a factor of 10 to 1,000 depending on the extent of use. Smaller 
TSVs allow more extensive use, and more optimization of circuit 
elements both by location and by process.

This next step on the 3D path adds real elements of 3D 
integration, but limits them to the peripheral I/Os of the chips in 
a system. Generally, the TSVs in a 2¾D implementation are used 
with fairly normal pads, scaled somewhat to reduce size and power. 
The vertical interconnect is measured in the thousands of signals, 
far more than would be reasonable using traditional packaging. The 
short length of layer-to-layer wiring enables the use of the reduced 
drivers. The circuit edge concept, not to imply that the signals are at 
the edges of the die, allows straightforward partitioning that can be 
easily managed with any of the traditional tools used today. Further, 
the minimized TSV use means that the circuitry can be extensively 
tested in die form, and assembly can take advantage of “probably 
good die”, thus improving yield and reducing cost.

The Hybrid Memory Cube (HMC) is an example of this more 
intense 3D integration effort. In this product, the interposer is replaced 
by a logic device. This device, which can be viewed as a memory 
concentrator, offers much higher performance in terms of bandwidth, 

and also aids further in the reduction of latency. Up to eight layers of 
memory with TSVs are stacked in the HMC. It can be used as a local 
memory, perhaps on an interposer solution, or else it could be grouped, 
providing a larger, faster memory pool to the logic. A straightforward 
derivative of the HMC could employ the same memory devices, but, 
rather than merely connecting them to a concentrator, they could be 
stacked directly onto the ultimate logic device. The host logic device 
would have direct access to an enormous amount of almost-on-chip 
memory, nearly as fast as on-chip memory, but significantly larger and 
at a much lower cost-per-bit.

A 3D Memory Solution: The First True 3D Chips
The third step on our path to true 3D finally addresses the process 
aspect. True 3D chips use small TSVs to enable fine scale circuit 
partitioning. This enables a key property of true 3D ICs: the ability 
to mix differing process technologies. True 3D chips can thus employ 
best-of-class semiconductor processing for each part of the system. 
In the previous step, TSVs already reduced the physical distance 
to memory; in this step system performance is greatly increased by 
leaping over the memory process barrier. 

Memory is ideal as a first circuit for 3D integration due to its highly 
uniform and simple organization. The electronic design automation 
(EDA) tools needed for physical implementation, simulation and 
verification are already available in 3D enabled versions. The EDA 
tools for path finding and synthesis are not fully 3D-ready today, but 
memory designs don’t require these. In addition, the 3D application 
of mixed silicon technologies can significantly improve DRAM 
performance, density and power savings. If DRAM is dis-integrating 
into its constituent parts, the memory cells can be separated from 
the I/O, sense amplifiers and other peripheral circuitry. The DRAM 
cells can then be built in a different process from other circuitry. As 
a result, array efficiency can be improved and latency can be reduced 
by a factor of five. 

The DRAM memory cells must be fabricated in a DRAM process 
due to their need for extremely low leakage; however, virtually every 
other circuit would benefit by being built in a high performance 
logic process. This 3D design methodology, using DRAM process 
for the cells and high-performance logic for other circuits, has 
been shown to achieve significant improvements. A DRAM of this 
construction provides SRAM-like performance with better than 
normal 2D DRAM densities at a modest cost tradeoff. Key to the 
implementation of this split manufacturing was the implementation 
of two million TSVs, per device, per layer. 

Figure 2. SEM Cut-Away Showing a 2-Layer Device Stack with 
5µm Pitch TSVs

See 3D IC Technology page 23
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The J.P. Morgan/GSA Semiconductor Index of Leading 
Indicators was created in January 2009 and has been a valuable 
predictor of the key turning points and near- to intermediate-

term growth potential of the global semiconductor industry. The 
Index is based on ten questions that create a diffusion index that 
oscillates around 50, where readings above 50 forecast expansion and 
readings below 50 predict contraction (Figure 1). 

Figure 1. Ten Questions form the Basis for the Monthly Index

GSA Survey Questions

1.  Please compare your level of net new bookings with the same month last quarter.

2.  Please compare your lead times with last month.

3.  Please compare your level of inventories with the same month last quarter.

4.  Please compare the level of customer and distributor inventories with the same month last 
quarter.

5.  Please compare your average selling prices with last month.

6.  Please compare your raw material costs with last month.

7.  Please compare your level of open job requisitions with last month.

8.  Please compare the health of demand in the end markets you serve with last month.

9.  Please compare your current view of the global economy with your view last month.

10. Please compare your current view that the health of the semiconductor industry will improve in 
the next three months relative to your view last month.

Source: J.P. Morgan and GSA

Although the Index is only three years old, its predictive value has 
been impressive, and the approximately 130 companies that routinely 
participate in the survey have benefitted from its existence. The Index 
was created to provide a tool to help companies better manage their 
business during periods of expansion and contraction. Its predictive 
nature enables companies to ensure they have ample inventories and 
resources during periods of growth, as well as help keep companies 
from over-expanding and to quickly cut back on wafer starts and 
operating expense growth ahead of contraction phases.

The Index debuted at 28.9, but despite what appeared to be a very 
deep and potentially long-lasting contraction phase for the industry 
and the global economy, it enjoyed a monotonic increase to surpass 
50 in May 2009. Figure 2 illustrates how the Index has compared 

against global semiconductor industry revenues since the beginning 
of 2009. The correlation with forward revenues within three to six 
months has been reasonably high when analyzing turning points and 
crosses above and below 50. 

Figure 2. J.P. Morgan/GSA Semiconductor Index of Leading 
Indicators versus Global Semiconductor Industry Revenues and 
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The Index remained in positive territory until July 2010, during 
which, global semiconductor industry revenues increased 80 percent 
between the first quarter of 2009 and the third quarter of 2010. 
Following that period of solid growth, the Index declined below 
50 in July 2010 after peaking three months earlier at 64.5 in April. 
The Index remained in negative territory during the remainder of 
2010 and global industry revenues declined 4 percent sequentially 
in the fourth quarter of 2010. The Index bottomed in November 
2010 and increased above 50 in January 2011. While it dipped below 
50 during the month of March, it quickly moved back into positive 
territory before peaking at 55.2 in May of last year. During the first 
half of 2011, the industry was mixed, with 1 percent sequential 

The J.P. Morgan/GSA Semiconductor Index 
of Leading Indicators Suggests that 

Industry Fundamentals Are in the Process of 
Bottoming

Mark Edelstone, Managing Director and Global Head, Semiconductor Investment Banking, J.P. Morgan
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growth in the first quarter and a 2 percent sequential decline in the 
second quarter. The inability for the Index to show true direction 
and the oscillation above and below 50 during the first half of 2011 
was indicative of the lack of growth and the industry’s directionless 
fundamentals during that time.

Industry fundamentals became very weak once the Index peaked 
in May and declined below 50 in June 2011. During the move into 
negative territory, most semiconductor management teams and 
industry observers were still upbeat about growth prospects for the 
second half of 2011. However, the Index proved to be very accurate, 
and the sharp decline in June was foretelling of the impending 
industry weakness. The Index reading in June represented the single 
largest sequential decline on record and sharp declines continued in 
July and August. Following a slight increase in September, the Index 
declined to the third lowest level on record at 35.3 in October. Based 
on the Index trends during the second half of 2011, it isn’t surprising 
that most semiconductor companies preannounced negative 
earnings in the third quarter, followed by very weak fourth quarter 
guidance and actual results. Despite normal seasonal strength, many 
semiconductor companies experienced a double-digit decline in 
revenues during the second half of 2011, and the overall industry 
declined 8 percent sequentially in the fourth quarter. 

The Index has Remained Below 50 Since June 
2011…
While the Index reading of 43.9 in January 2012 was still below the 
all-important level of 50, it appears to have bottomed in October 
2011, as all of the Index’s components either improved or became 
less negative in January. Based on the inputs in January from the 
Index, the outlook for the global economy and the health of the 
industry experienced the strongest sequential improvement. While 
new order trends continued to become less negative, lead times were 
very stable and inventories continued to be flat to down. When 
combined with broad-based commentary during fourth-quarter 
earnings season, it appears that industry fundamentals are bottoming 
in the first quarter, and it is reasonable to assume that the Index will 
improve into positive territory during March or April. If this proves 
to be correct, then the Index will have remained in negative territory 
for at least nine months, which would represent the longest stretch 
that is has been below 50 since its inception. Once the Index moves 
back into positive territory, limited channel and customer inventories 
should combine with easy comparisons for the overall semiconductor 
industry to enable sequential growth rates to quickly reaccelerate. 

…And the Economy has been the Primary Driver 
Behind the Weakness
It would appear that the weakness experienced in the Index and the 
global semiconductor industry has largely been caused by weakness 
in the global economy. Global gross domestic product (GDP) only 
grew 2.6 percent last year, which was well below the 4.9 percent rate 
in 2010 that followed on the heels of the global recession in 2009. 
Bruce Kasman, J.P. Morgan’s Chief Economist, expects global GDP 
to grow 2.2 percent in 2012 and 2.6 percent in 2013. Within the 
forecast for 2012 and 2013, the developed market economies are 
expected to grow 1.2 percent and 1.5 percent, respectively, while the 
emerging market economies are expected to grow 4.8 percent and 
5.7 percent. While growth in the US is expected to improve nicely 
from last year, and solid growth is expected from China and India, 
the Euro area is expected to be in a recession. Although the global 

economy can be expected to remain sluggish, the semiconductor 
industry should outperform as end demand improves and a recovery 
in inventory levels supports a return to solid sequential revenue 
growth in the second quarter and beyond. 

The Index has Proven to be a Solid Leading Indicator
During its first three years of existence, the J.P. Morgan / GSA 
Semiconductor Index of Leading Indicators has proven to be a 
predictive tool in helping to determine the three to six month 
outlook for global semiconductor industry revenues. Thus far, the 
Index has only crossed above or below 50 on six different occasions, 
so the amount of data available to confirm the accuracy of the Index 
is still limited. Figure 3 illustrates the predictive nature of the Index 
by offsetting global semiconductor industry revenues by five months, 
and this figure makes it clear that the most meaningful Index peaks 
in August 2009, April 2010 and May 2011 all marked periods where 
industry revenues peaked one to two quarters later. Following those 
peaks, the Index bottomed in October 2009, November 2010 and 
October 2011. While the results are somewhat less impressive and 
one could argue that seasonal factors played a role as well, the data 
suggest that industry revenues began to increase within one to two 
quarters of seeing the Index bottom.

Figure 3. The J.P. Morgan / GSA Index has Led Semiconductor 
Revenue Trends by 3-6 Months
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While the direction of revenues one to two quarters after the 
Index reaches an inflection point has solid correlation, the sequential 
growth rate of the industry has reached an inflection point one to 
two quarters after the Index crosses above or below 50. For example, 
the Index declined below 50 in July 2010, March 2011 and June 
2011. While the quick recovery to exceed 50 in April 2011 makes 
the negative cross in March inconclusive, the other two periods led 
to sequential revenue declines within six months. During 2010 and 
2011, the Index and global semiconductor industry revenues offset 
by five months had a correlation of 0.67 and an R-square of 0.45, 
while the three-month average revenue growth rate offset by five 
months against the Index had a correlation of 0.84 and an R-square 
of 0.71 (Figures 4 and 5). Although more data will help to solidify 
the validity of the Index’s predictive capabilities, these correlations 
are solid and the GSA would like to see more companies participate 
in the survey on a regular basis. Provided the Index moves above 
50 in March or April of this year, then sequential growth should be 
expected to resume in either the second or third quarter. 

See GSA Index page 28
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Marco IansItI
David sarnoff Professor of Business administration, Unit Head, technology and operations 

Management, Harvard Business school

In these uncertain economic times, semiconductor companies are faced with a multitude of issues. 
In my interview with Marco Iansiti, David Sarnoff professor of business administration and 
unit head, technology and operations management at Harvard Business School, we discussed the 
impact of semiconductor companies on emerging and advanced economies; the increasing value of 
semiconductor intellectual property (IP); alternative funding for semiconductor companies, and 
much more.  

— Jodi Shelton, President, GSA

Q: How will semiconductor companies 
impact the economic progress of 
emerging economies in 2012, and how 
will their growth contrast with the 
growth of advanced economies such as 
the US, Japan and the EU?

A: The semiconductor industry 
impacts the economy in two key 
ways: 1) through direct effects of 
investment and employment and 2) 
through the multiplier effects that 
these activities have on the local 
economy. Semiconductor clusters 
are associated with R&D-related 
job growth, higher education levels 
and high value-added activities that 
many emerging economies are keen 
to establish.

Advanced semiconductor 
manufacturing is concentrated 
in areas of the world with well-
developed infrastructure such 
as Japan, the US and Taiwan. 
However, emerging economies also 
have a significant presence in the 
semiconductor value chain in design, 
assembly, packaging and software 
development. Semiconductor clusters 
in these countries have developed 
with government support, attract 
foreign investment and contribute to 
economic progress. Examples include 
Ireland, Singapore, Korea, Thailand, 
Bangalore (India) and Shanghai 
(China).

Semiconductor companies 
headquartered in the US and Japan 
continue to be engines of exports 
and we are likely to see this industry 
continue to attract tax and R&D 
incentives given the economic and 
security importance of the sector. 
Emerging economies are nurturing 
similar or complementary clusters 
to achieve high-wage employment 
and export-led economic growth. 
Taiwan’s economic transformation 

and development of several leading 
foundries provide an excellent 
example of the economic impact that 
other emerging economies hope to 
emulate.

Q: Will there be a long-term effect 
on the EU’s ability to compete in 
semiconductors due to the financial 
issues surrounding many EU members?

A: Europe’s economic issues could 
have a detrimental impact if they 
depress the overall economy in those 
countries, as the semiconductor 
sector is closely linked to the overall 
economic health of a country. 
However, Europe’s current issues 
have not yet impacted multinational 
technology corporations, including 
semiconductor firms headquartered 
in Europe. These companies are 
often able to weather regional 
economic issues with cash and 
credit worthiness intact, given that 
their revenues are tied to the global 
economy. Longer term, the strength 
of European technical education 
and R&D funding will determine 
Europe’s ability to compete in the 
semiconductor industry beyond the 
current economic cycle. Both of 
these look to be strong in the future.

Q: Will semiconductor intellectual 
property (IP) play an increasing role in 
the industry in the coming years? If so, 
how will it play out in different parts of 
the value chain?

A: IP has become one of the most 
important assets and drivers of value 
across the semiconductor stack. IP 
in advanced manufacturing and 
fabless design companies is especially 
important to their businesses. In fact, 
IP is becoming a key differentiator 
as the process becomes more tightly 
integrated between design and 

manufacturing at smaller geometry 
nodes. A successful foundry today 
needs a large library of design IP, 
and most foundries have funded 
the development of design IP, either 
within the company or through an 
ecosystem of outside companies. 
Within the fabless world, IP has 
enabled companies such as ARM 
to make a huge impact on digital 
processor design, while leaving the 
physical implementation of their 
designs to ecosystem partners. 
Players like Synopsys have focused on 
developing and acquiring important 
IP assets. 

Design IP today plays the role 
of the application programming 
interface (API) in the software 
world, and is indispensable for 
efficiently building a large processor 
or system-on-chip (SOC). IP is also 
an important part of manufacturing 
itself, with deep submicron foundry 
development relying on a few global 
sources of manufacturing process 
technology. IP is becoming equally 
important in the assembly and test 
aspects of the value chain, as well as in 
the embedded software content that 
enables user interface. Some of this 
IP could even be open sourced (such 
as Linux-based operating systems), 
which enables rapid building of 
ecosystems around them with key 
players controlling the evolution of 
these IP-based ecosystems.

Q: What will be the role of China and 
India in the semiconductor ecosystem, 
and what kinds of IP will be created in 
these regions?

A: China and India currently have had 
a limited impact on the semiconductor 
ecosystem, but are keen to change that 
situation. China has been developing 
domestic capabilities through joint 

Industry Reflections

See Harvard page 29
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Dr. Leo LI
 chairman, ceo and President, spreadtrum communications Inc.

Though the Semiconductor Index of Leading Indicators closed with a reading of 38.6 in December 2011 - 
remaining in negative territory for seven months and representing the longest period of negative readings since 
the Index was established in January 2009 - some companies have managed to enjoy tremendous growth 
and success in these uncertain times. GSA member Spreadtrum Communications is one such company. 
In my interview with Dr. Leo Li, chairman, CEO and president of Spreadtrum Communications Inc. 
we discussed how Spreadtrum has managed continuous growth; what’s next for the smartphone market 
worldwide and in China; issues facing semiconductor companies today, and much more. 

  — Jodi Shelton, President, GSA

Q: Smartphones registered exceptional 
unit growth of about 60 percent in 
2011, and have again been identified 
as a growth driver in 2012, with unit 
growth of about 40 percent (Source: 
DIGITIMES Research of Taiwan). 
Tell us how Spreadtrum has taken 
advantage of this growth with the 
expansion of its smartphone platform. 

A: Until now, most of the explosive 
smartphone growth has occurred 
in developed markets. In 2012, 
analysts are expecting smartphone 
units sales in domestic China to 
double to more than 100 million 
units. To take advantage of this, 
Spreadtrum introduced two new 
Android smartphone platforms at the 
beginning of this year – a 600MHz 
solution for entry-level smartphones 
and a 1GHz solution for mainstream 
smartphones. These are low-cost 
platforms that can enable original 
equipment manufacturers (OEMs) 
to target unsubsidized retail prices of 
$100 or less. Both of these solutions 
are being offered for TD-SCDMA 
in China, as well as for EDGE/
WiFi for consumers in emerging 
markets where EDGE is still more 
broadly deployed than 3G. Both 
of these platforms are delivered as 
full turnkey solutions including 
complete hardware and software 
reference designs, which enable 
customers to focus their resources on 
customization and deliver products 
more quickly to market. Later this 
year we will expand our smartphone 
portfolio to include W-CDMA and 
long-term evolution (LTE) standards 
as well.

Q: Smartphone penetration in China 
has grown exponentially over the last 
year as a result of carriers offering low-
cost smartphones supporting 2G and 
3G wireless communication standards. 

Do you think China will fall behind 
the other developed markets as they 
move to 4G, allowing for faster, but 
pricier, data services? When do you 
predict China will launch commercial 
4G mobile services nationwide?

A: We are just now beginning to see 
the transition from 2G to 3G taking 
place in China. This year China 
Mobile is starting to invest in 4G 
TD-LTE base station infrastructure 
to support trials, but we still expect it 
to be a couple of years before we see 
commercial launch. In preparation 
for this, Spreadtrum has introduced 
a 40nm single-chip multimode 
TD-LTE/TD-SCDMA/EDGE/
GPRS/GSM baseband modem that 
is sampling to support the trials 
domestically and to support OEMs 
shipping to LTE networks overseas. 
In China, the multimode support is 
important to enable consumers to 
use TD-SCDMA where TD-LTE has 
not yet been fully deployed.

Q: At the end of 2011, John Wong, 
portfolio manager for the Oberweis 
China Opportunities Fund, listed 
his favorite Chinese stocks for 2012, 
which included Spreadtrum. What 
are some exciting developments within 
Spreadtrum that you can share with 
us that will continue to boost investor 
confidence? 

A: In 2012 we see three key growth 
drivers for the company. The first 
is the introduction of both 3G 
and EDGE-based smartphones. 
These new products will enable 
us to participate in the rapidly 
growing mobile market segment 
as the handset mix shifts in China 
and other emerging markets from 
feature phones to smartphones. The 
second is the growth of TD-SCDMA 
in general. In 2011, we were a 

dominant supplier of TD-SCDMA 
basebands for feature phones, and we 
expect to see further growth in this 
segment in 2012. Finally, we have 
very successfully grown our market 
share position in 2G over the last two 
years, and we plan to continue to fuel 
this trend further with low-cost, high 
performance products based on the 
40nm process node. During the year 
we will also deliver WCDMA and 
LTE products that will enable us to 
accelerate growth further into 2013.

Q: Implementing a successful exit 
strategy as Spreadtrum did in 2007 
is more difficult now than ever 
before with mergers and acquisitions 
(M&As) and initial public offerings 
(IPOs) showing lackluster results not 
in line with investors’ expected return 
on investments. In today’s current 
environment, what does it take to 
lead a company from the initial 
funding phase to the completion of an 
exit strategy? What happens after a 
successful exit? 

A: Although an IPO provides 
liquidity for a company’s private 
investors, it is not really an end 
game, but rather a starting point. 
To be successful, companies need to 
have defensible market positions and 
execute growth strategies that can 
lead to long-term market success. 
For Spreadtrum, our position as a 
leading mobile IC supplier in China 
gives us a strategic advantage with 
China-based and global handset 
manufacturers. We have provided 
differentiated products through 
continuous innovation in areas such 
as single-chip multi-SIM products, 
40nm multimode 3G basebands 
and highly integrated multimode 
radio frequency (RF) transceivers. 
Our attention to product quality and 
customer service over the last two 

See Spreadtrum page 25
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3D IC Technology continued from page 18

Because of the benefits reaped by  optimized semiconductor 
process separation, 3D memory can be further enhanced to yield 
“smart” memories geared to particular application needs. These 
smart memories could handle any number of tasks to off-load other 
traditional logic. As a low-risk approach, existing 2D devices could 
be minimally redesigned and then coupled to 3D memories on an 
interposer as illustrated in Figure 1.

Further design modifications to the host device would allow 
intimate combination with these smarter, faster, larger 3D memories. 
By connecting memory to logic through TSVs, the interface 
becomes nearly equivalent to on-chip memory. In fact, the vertical 
interconnect likely reduces the true average electrical distance to less 
than what would be possible with memory built on the same die. All 
told, direct attachment provides another 10 to 50 times improvement 
over an interposer solution.

3D Chip Implementation
Up to this point, our discussion of phased-in 3D adoption has 
addressed memory manipulation, with the design and implementation 
risk being largely carried by memory manufacturers. Ultimately, the 
greatest gains will come when 3D chips also incorporate 3D logic. 
This ultimate game changer comes with the addition of TSVs and 
3D improvements to the logic devices in the system. 

Optimized 3D memory, as previously described, is just one piece 
of the solution. Fully realized 3D chips will optimize both memory 
and logic. System improvement can be extended to other functions 
via process separation, such as separate fabrication of analog elements, 
Flash memory, etc. True best of class process can be applied to each 
part of the circuit design. This reduces the overall processing and 
process complexity while yielding superior performance.

Not surprisingly, this 3D panacea comes with new challenges 
and risks. First and foremost is the issue of design. As mentioned 
earlier, the back-end flow is fairly well defined and the EDA tools are 
available. The flow outlined in Figure 3 illustrates how current tools 
are already 3D enabled to handle these tasks. However, a much more 
sophisticated 3D chip will require additional EDA advances.

Figure 3. Example of a Complete 3D Enabled Back-End Design 
Flow
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Future 3D flows would include a smart partitioning tool that 
could look at high-level goals and provide guidance as to the tradeoffs 
of performance and cost in different integration alternatives. The 

path-finding tool would floor plan the chip and map it into various 
process technology types and geometry nodes. It should target 
the least aggressive technologies and the best performance, while 
minimizing cost, based on an understanding of both the silicon cost 
and the 3D assembly cost. The second tool largely missing today is 
a 3D synthesis tool that would work in a closed loop with the path-
finding tool. Together, the tools could synthesize register transfer level 
(RTL) or an even higher-level description into circuitry optimized by 
process across several layers of varying types of silicon. These two 
tools are still years away, so today’s designers must rely on hard effort 
and hard-won experience. 

The last bit of risk reduction comes from practice. There is a 
huge need to gain 3D experience. No company is likely to start a 
3D chip system requiring millions, or tens of millions, of dollars 
in engineering and masks without first trying out concepts and 
evaluating differing 3D techniques. It is crucial for the evolution 
of 3D that there be multi-project or silicon shuttle services that 
allow designers and system architects to test out their concepts. 
Today MOSIS in the US, CMP in Europe and CMC in Canada 
provide access to 3D IC processes. These services are critically 
important to easing adoption and can provide access to a real 
silicon workbench where developers can access mixed 3D logic 
and memory. These services provide complete design kits for 
developers and can arrange for the direct attachment of optimized 
logic to large DRAM memory devices, thus allowing cost-effective 
experience development and risk reduction, and providing a path 
to tomorrow’s ultimate 3D devices. ▪
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Optimal 3D IC Test Settings continued from page 3
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SPICE continued from page 12

Figure 3. BSIM6 for Single-Gate and BSIM-MG for FinFET and 
UTB-SOI Bring the Original Free Standard Model into the Future.
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The free standard compact model movement has attracted many 
universities and corporations to contribute their effort. The first 
university partnership, between UC Berkeley and EPFL, should 
bring the standard model to another level of excellence. ▪
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DSM Challenges continued from page 5

Spreadtrum continued from page 22

typically arise in designs that use multiple voltage domains to reduce 
power. If the designer is not careful, the design will end up taking 
more current than it was designed for. 

For circuits that interact with the external world, it is necessary 
to understand the ESD and latch-up (LU) requirements before the 
design is started. These do place several restrictions on the output 
and input stages of the design. However, these are well known, and 
guidelines are generally provided in process documents. It is also 
necessary to check the internal components of the circuit for ESD 
tolerance, and if there is a high-frequency path from the output or 
input to some intermediate node of the circuit. Simple simulations 
can show the ESD tolerance, and it is advisable to incorporate these 
early into the design cycle to avoid surprises later. Apart from these, 
the choice of ESD circuits and interaction with other circuits due to 
the ESD ring, have to be accounted for. Only simulations at the top 
level can help understand these, provided a good model of the ESD 
circuits is available. 

Conclusion
With movement to 20nm and then onto 14nm technologies within 
the next five years, the complexity to mixed-signal designs will 
increase. Specifically, analog circuits will have to deal with lower gain 
leaky devices, which will necessitate active digital calibration circuits. 
Reliability and variations will need closer attention, as these will 
dominate the design process and performance. Tools for critical analog 
layout to aid in better matching and to reduce variations directly from 
the schematic will be needed. As the resistance of metals increase, 

resistive back annotation will also be essential to close the design. 
Algorithms to predict performance degradation at the schematic 
level itself will be needed. In fact, more layout non-idealities will be 
annotated in the schematic itself to help reduce post layout issues. 
Simulation times will increase with an increase in design complexity. 
Hardware accelerators for analog simulators or simulators optimized 
for GPUs to get speed advantage will be required. On the digital side, 
and apart from known issues, high-energy particle radiation related 
issues will start to appear. Designs will see more upsets due to the 
smaller critical charge. Design techniques to deal with these will also 
become mainstream (from the more esoteric areas of space hardened 
designs today). In summary, there will be plenty of opportunities to 
innovate and make interesting advances in mixed-signal designs. ▪
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years has helped us gain market share. Looking ahead, we will be 
able to grow our business further through expansion of our product 
portfolio to peripheral silicon content and by developing a mobile 
Internet and content ecosystem around our mobile platform.

Q: Since you joined the company in 2008, Spreadtrum has enjoyed 
tremendous success. What internal changes were made that enabled the 
company to achieve a dramatic transformation during difficult times?

A: After our IPO in 2007, Spreadtrum did struggle a bit with 
product quality, which impacted our ability to retain customers. 
After I joined the company in 2008, we made changes to our 
R&D and sales processes in order to ensure delivery of high quality 
products and customer service. We now have several proof points 
that these efforts succeeded: our revenue has grown very rapidly 
over the last three years, we have had zero returns under our product 
quality assurance program and have secured design wins and 
platform certification with global tier-one handset manufacturers 
and operators. One of these design wins is for the TD version of one 
of the most popular high-end smartphone models globally.

Q: From a fabless perspective, what are the on-going issues today that 
need the most attention from the industry?

A: The most critical item these days is probably natural disaster 
planning. The consumer electronics industry has been impacted 
recently by both earthquakes and floods. As a mobile IC designer, 
capacity and cost are key components of our manufacturing supplier 
relationships, and knowing that these suppliers are able to work 
through unforeseen events is important not only for us, but for every 
fabless semiconductor company.

Q: It has been reported that China is home to over 500 fabless 
companies. What is it about China that makes it an ideal location to 
launch and grow a fabless business? 

A: The China manufacturing ecosystem is very dynamic and in the 
mobile industry, the China ecosystem now produces a very large 
portion of handsets shipped globally. Our handset customers are able 
to create and roll out designs in a very short period of time, which 
allows them to rapidly test and respond to changes in consumer 
preferences. In this type of dynamic environment, close proximity 
to the customer is useful in order to understand and address product 
requirements and to provide a high level of customer service.

Q: Each month, GSA and J.P. Morgan release the Semiconductor Index 
of Leading Indicators—a valuable predictor of the key turning points and 
near- to intermediate-term growth potential of the global semiconductor 
industry. 2011 closed with a reading of 38.6 in December, remaining in 
negative territory for seven months and representing the longest period of 
negative readings since the Index was established in January 2009. Do 
you see the industry continuing to contract (or expand) over the next few 
months? What will be responsible for the contraction (or expansion)?

A: This may be true for the semiconductor industry as a whole, 
but the industry covers a fairly diverse set of products and market 
segments. We’re focused on the handset market which is still growing 
globally, and we are expanding our business within this segment. 
TD-SCDMA and smartphones in China are just beginning a 
period of explosive growth, so we are increasing the communication 
standards that we support to WCDMA and LTE and we still have 
room to gain market share in 2G. So our experience at Spreadtrum 
may be different from the industry as a whole. ▪
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operation of a given device. This is why designers end up sacrificing 
performance – the models enforce a “one-size fits all” situation, such 
that they are forced to design for the worst case.

Instead of relying on models, why not consider measuring the 
inherent variation in a given circuit and then actively compensating 
for it? This is the concept behind the idea of variation-aware IP – 
architect the IP in a way that it can measure the variation in situ and 
then automatically adjust for it.

It will be helpful to use a real world example of a particularly 
difficult problem. Although most SSOCs contain internal cache 
memory, many also utilize external DDR memory. One of the 
most time-consuming activities in bringing up a new SSOC is in 
calibrating the SSOC memory subsystem so that it works with the 
external DDR memory. The interaction of the SSOC with the DDR 
memory is a key component of achieving good system yield. A 
simplified generalization of the problem follows.

An SSOC’s DDR memory subsystem interacts with the external 
DDR memory chips. No two SSOCs will exhibit exactly the same 
response to static and dynamic variation, and the same applies to 
the DDR memory devices. Variation also exists in the physical 
interconnect (package, board and traces) between the devices 
and there will also be fluctuations during system operation, such 
as temperature, that affect all components to some degree. The 
interaction of all of these effects is complex and has a direct effect 
on system yield. The goal is to achieve optimal system performance 
without compromising system yield.

Figure 3. The Complex Phenomena of Static and Dynamic 
Variation Affect System Yield

Let’s consider the DDR read cycle. The SSOC sends the 
appropriate signals to the DDR memory chip and the chip (after 
some time delay – which varies from chip to chip) sends the data 
back to the SOC, along with a strobe signal. DDR data is clocked 
on each edge of the strobe. The challenge is that the SSOC memory 
subsystem must establish a timing relationship with the incoming 
data and ultimately synchronize it to the internal SSOC system 
clock. It is also compounded by the issue that the strobe and data 
coming from the DDR memory may not be perfectly aligned with 
each other. 

To solve this problem and achieve good system yield, the SSOC’s 
memory subsystem interface must be calibrated for the DDR 
memory. This calibration must take into account the variation 
inherent in the SSOC, the DDR memory and the interconnect 
between the SSOC and the DDR memory.

During a typical SSOC bring up, engineers may spend weeks 
calibrating the SSOC to work with the DDR memory. This is done 
through incremental design refinements and programming on-chip 
delay lines and a few register settings with the goal of achieving a 
final SSOC memory controller that will work with a large population 
of DDR memory chips. Of course, this one-size fits all approach 
means that some performance is sacrificed, since the calibration 
solution needs to be broad enough to cover the expected range of 
variation across a large volume of SSOCs, memory devices and 
system operating parameters.

This is a good example of how variation-aware IP can have a 
huge impact on improving system yield and also time-to-market. A 
variation-aware memory subsystem IP would automatically calibrate 
itself to the external DDR memory during system power-up to 
establish the optimal timing relationship with the memory. Ideally, 
it would also periodically re-calibrate itself during system operation 
to mitigate any degradation due to fluctuations in both operating 
temperature and supply voltage. This system-to-system “customized” 
approach of solving numerous system variations is the true solution 
to the system yield problem. Instead of spending weeks of effort to 
make sure that one-size fits all, the variation-aware IP would ensure 
that each unique combination of SSOC and DDR memory is 
calibrated for optimal timing. The benefit of such an approach is the 
ability to achieve better system yield. Elimination of days or weeks 
of manual calibration is an additional benefit in both schedule and 
resource costs. 

This concept of “variation-aware” IP does not apply just to 
memories, but can be extended to include any interactions between 
an SSOC and the rest of the system. IP developers can play their part 
in the role of achieving better system yields by adopting the concept 
of variation-aware IP as they develop their IP portfolios.

Consumers have an insatiable appetite for powerful, leading-
edge portable devices, as well as blockbuster motion pictures. 
Both the electronics and film industry rely on a variety of experts 
and specialists to create the final product that will appeal to their 
discerning consumers. SSOCs are forcing electronics design teams 
to collaborate to improve product delivery with higher quality and 
faster-time-to-market. To meet this demand, IP providers must also 

rise to the challenge by supplying IP that enhances system yield. ▪
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traded capital-lite semiconductor company that has partnered with 
Marvell Technology to reduce its capital intensity by sourcing IP 
and supply chain operations3. Another example of the success of the 
capital-lite model is the acquisition of Dune Networks by Broadcom. 
Dune Networks leveraged IP and supply operations from Broadcom’s 
competitor—Marvell Technology4—and paired its fabric and traffic 
management technology with Marvell’s serializer/deserializer (serdes) 
technology to survive the worst economic downturn in modern 
history5. Dune eventually built an ultra capital-efficient operation 
with an attractive customer and revenue base that lead to its $200 
million dollar acquisition by Broadcom. 

There is an opportunity to institutionalize capital-lite deal 
structures to streamline innovative financing and partnership 
models. Streamlining capital-lite deal structures includes publishing 
widely accepted deal term precedents, legal document templates and 
standard deal flow processes. In addition to individual corporate 
participation, the proposed institutionalization of capital-lite 
deal structures can take the form of a consortium among sizeable 
semiconductor corporations, turn-key silicon service houses, fabs, 
VCs and EDA tool vendors. 

Conclusion
High TIBE is a barrier to innovation in the semiconductor industry. 
Partnering among VCs, capital-lite startups and sizable semiconductor 
companies lowers TIBE. Sizable semiconductor companies have an 
opportunity to grow revenue and market share by enabling capital-
lite startups. Semiconductor startups can use the capital-lite model 
to minimize capital intensity, development time and execution risks. 
VCs can improve ROI using the capital-lite model. 

New financing models for semiconductor startups such as capital-
lite structures are required to enable a new set of opportunities 
for entrepreneurs, VCs and sizable semiconductor companies. In 
some ways, as fabless semiconductor startups held the promise of 
innovation in the late nineties, capital-lite semiconductor startups 
have the potential to hold a similar promise of innovation for the 
semiconductor industry through the next decade. ▪
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In terms of concentration, electronics manufacturers are in 
the same boat. Everything from digital still cameras, HDDs and 
audio components, to LSI assembly operations has been swept 
up in the disaster. Disruption of parts supply chains is delaying 
production of various items, even outside of Thailand.

The damage to Western Digital’s HDD production facility in 
Thailand has been widely reported. Players in the HDD market, 
with the exception of Samsung, are heavily dependent on Thai 
production. According to Techno System Research, Western 
Digital produced 59 percent of its HDDs in Thailand, Seagate 
produced 46 percent, Hitachi GST 63 percent and Toshiba 38 
percent prior to the floods. This level of concentration is a magnet 
for component suppliers, as well. 

NIDEC, which accounts for 80 percent of the HDD 
spindle motor market, is dependent on Thailand for about 60 
percent of its motor production. Despite substitute production, 
NIDEC’s motor shipments in the fourth quarter are expected 
to be about 20 percent lower, because of the flooding. Whereas 
NIDEC’s production was spread between Thailand 62 percent, 
the Philippines 23 percent and China 15 percent prior to the 
flooding, it will adjust these figures to 50 percent, 32 percent and 
15 percent this year. 

NIDEC estimates that HDD supply in 2011 fell 70 million 
units short of demand (692 million units), because of the 
flooding. On the rebound, the company expects shipments will 
jump to 775 million units this year. 

 Following the flooding in November, JETRO conducted a 
survey of companies that had suffered damaged, to determine 
if they were considering a shift in production away from 
Thailand. Over 73 percent of companies said they would 
continue operations at the same sites. About 10 percent are 
considering a move within Thailand. None of the companies 
said they were planning to leave Thailand altogether. A second 
survey conducted in early January revealed a similar tendency: 78 
percent will stay at the same site and 16 percent will move within 
Thailand. The 78 percent, however, includes those that cannot 
afford to move. And 50 percent of the companies intending to 
stay in the same place will maintain the same capacity, though 
38 percent are considering reducing capacity to 60 percent of 
the pre-flood level. Junichiro Haseba, a researcher with JETRO’s 
Asia and Oceania Division, said this tendency does not seem to 
have changed since the earlier survey.

This may be due to the restoration of supply chains currently 
being the most urgent issue for manufacturers, which can be 
done much more quickly if companies stay where they are. 

Furthermore, more Japanese companies entered Thailand in 
the fourth quarter of last year than in any other quarter during 
the past four years, according to the Thai Board of Investment’s 
statistics. 

As if confirming this preference, Canon and Sony are both 
reinforcing their manufacturing presence in Thailand in the wake 
of the floods. A Sony spokesperson referred to the importance of 
the company’s operations in Thailand, as Sony has invested to 
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Figure 4. The J.P. Morgan / GSA Index has been Nicely 
Correlated with Industry Revenues…
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Figure 5. …And Highly Correlated with Revenue Growth
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ventures and local R&D through university and private sources. The 
Indian government and regional governments have offered incentives for 
the semiconductor industry for several years and are currently working 
on updating those policies to attract manufacturing to the subcontinent. 
IP created in these regions will ultimately reflect the types of investment 
in R&D and local needs. China has invested heavily in some sectors, 
such as solar cell manufacturing, while Indian R&D output has come 
primarily through foreign companies setting up design centers in India. 
There is no question that both of these emerging economies will become 
important engines of IP creation, as well as manufacturing, for the 
industry.

Q: Will patents become more important as IP becomes more marketable? 
Will this trigger the acquisition of patent portfolios and litigation?

A: Patents are a key way of protecting and enforcing IP ownership 
and are certainly becoming more important. Some semiconductor 
companies such as ARM and Qualcomm have significant revenues 
coming from their IP and patent portfolios. Notably, these patents 
are not only related to semiconductor design and manufacturing, but 
also cover end market (processors, telecommunications) technologies. 
Semiconductor companies have been among the leading US patent 
filers, and I expect this trend to continue. However, given rapid 
evolution of technologies and markets, patents will not play the huge 
role they do in some other industries, such as pharmaceuticals. We 
will continue to see assertions of patent rights, as well as antitrust 
concerns in the semiconductor industry, but these are not likely to 
overwhelm the innovation and new venture creation in the industry.

Q: You are the creator of the Harvard Business School course 
“Starting New Ventures.” With venture capitalists investing less in 
the semiconductor sector, what alternative funding models do you see 
emerging in the future that will enable start-ups to innovate and prosper?

A: Large cash-rich semiconductor companies are an obvious 
alternate source of semiconductor startup funding. Starting a fabless 
design company isn’t as capital intensive as it used to be, and part 
of the reason is the off-the-shelf IP now available. This enables 
firms to design and build circuits that would otherwise have taken 

a large amount of time and effort. Venture capitalists are still active, 
if cautious, in the semiconductor space. In addition, private equity 
players are funding larger spin-offs from semiconductor companies, 
and government agencies in emerging economies are interested in 
providing incentives to make new electronics and semiconductor 
companies emerge, especially if it involves creating IP that will 
benefit their entire portfolio.

Q: You also created the course “Managing Product Development.” 
Consumer electronics producers can currently design and develop 
their own products considerably faster than IC suppliers can design 
the necessary chips. How can semiconductor companies and consumer 
electronics original equipment manufacturers (OEMs) better partner to 
improve time-to-market and product quality?

A: There are several aspects to market timing that are involved in 
this supply chain. The longest times involved, as you mention, are 
in the design phase, which may include prototype manufacturing. 
There are also significant times involved in the supply chain itself, 
with risky bottlenecks that have recently come to light in the 
unfortunate natural disasters in Japan and Thailand. In some areas 
such as memory, fast-moving market prices can complicate matters 
further – the value of inventory and company profitability can 
depend on fab cycle times.

Partnerships between OEMs and semiconductor companies are 
critical for overall system performance and highlight the need for 
ecosystem strategies that I focus on in my research. The ability of 
companies to form networks of partnerships where they enable each 
other will determine the success of the entire ecosystem. In addition, 
companies that play a keystone role within these ecosystems will 
be able to play an influential role in the evolution of technologies 
and the profitability of themselves and their partners. I have seen 
several cases within the semiconductor industry where companies 
that define their roadmaps keeping in mind the capabilities of their 
ecosystem partners – complementary companies, suppliers and 
OEM electronics companies – are able to achieve superior time-
to-market and product quality. They also deliver superior results 
compared to their competitors, highlighting the importance of 
thinking of strategy in the framework of the ecosystem. ▪

expand the capacity of another plant, which was not flooded. This 
plant started production of digital cameras, compensating to some 
extent for the halted Ayutthaya plant. 

Canon Hi-Tech began ink jet printer production at a new plant, its 
second in Thailand for printers, in the Nakhon Ratchasima province in 
November, without revising its original plan announced in September 2010. 

Haseba’s interpretation is that even though companies recognize 
the risks, with supply chains so firmly established in Thailand, it is 
difficult to see any advantage in moving somewhere else. 

The Thai government is successively announcing various 
incentives and countermeasures following the disasters. These include 
constructing dykes, and government endeavors to attract foreign 
investment by offering exemptions from corporate tax and customs 
and import duties for certain periods. There are also disincentives to 
note. Following last year’s floods, flood damage will no longer be fully 
covered by insurance. If such flooding happens again, companies may 

face a risk of bankruptcy. 

In any event, the repeated disasters revealed that Japanese 
manufacturers were not adequately prepared. Manufacturers are 
victims of disasters, but from a supply chain perspective, if they fail 
to implement effective risk management, they make victims of their 
customers, too. So long as they are still concentrated in Thailand, 
Japanese companies should be preparing much more robust risk 
management systems. ▪
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