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of test parallelism. For instance, LCC and QFN are great in terms 
of providing more options for electronic design solutions, but are 
much tougher for multi-DUT applications. Robotic handlers in 
high-volume applications involving LCC and QFN have diffi  culty 
meeting volume requirements. Also, while smaller packages take up 
less space on the loadboard, they also create a much bigger challenge 
in terms of signal routing. As signals converge, electrical isolation 
problems emerge.

Pick-and-place handlers are also facing diffi  culties, especially with 
regard to x-y axis pitch lengths and pin-one rotation. Th e open area 
on the guide plate is the fundamental limitation. Today, 1x4 and 2x2 
quad-DUT confi gurations are used, but in the near future, 8x2 and 
16x1 confi gurations will be needed. What is really needed is handlers 
that can space out parts more to help solve loadboard issues. 

Reality-Testing, Multi-DUT RF Solutions
As previously discussed, in the past, packaging and testing challenges 
were considered from the vantage point of independent solution, 
each addressing a unique problem set without reference to the other. 
Th e industry can no longer aff ord to be myopic with regard to test 
challenges. Th e practical limits described here are real. Business as 
usual won’t work. Th e limits imposed by RF instrument density, 
loadboard layout, processing and packaging, RF testing, package 
dimensions and the mechanical capabilities of handlers must be 
recognized. 

Th e new solution to effi  cient packaging and testing of RF products 
lies in a multi-DUT “test cell” approach. Th is will enable companies 
to address the complicated interrelationship of all elements in terms of 

a system and a testing solution, as it aff ords seamless communication 
and data fl ow between the ATE controller and modules. 

To reiterate, multi-DUT solutions are only eff ective if they can 
execute effi  ciently with a high degree of parallelism. To accomplish 
this, the ATE system architecture must be streamlined for optimal 
data fl ow and communication to the instrument modules. In turn, 
high-density modules are needed with multiple source-and-capture 
resources to assure parallelism. Th e module resources must be 
distributed to accommodate optimal multi-DUT performance board 
layouts. Lastly, the performance board and system need to interface 
with a handler without incurring any electrical or mechanical 
performance penalties that would negate the multi-DUT solution’s 
parallel effi  ciency. 

Only by this kind of thinking can the electronics industry meet the 
industry’s inevitable demands for higher quality and productivity. ▪
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the fi rst prototype is manufactured. Th is is done in the environment 
in which the end product will be used, and includes advanced 
modeling of parasitics that can signifi cantly degrade performance. 
Design enablement tools for AIMS ICs can be classifi ed into three 
categories:

Front-End Modeling:  ▪ Th e need for accurate front-end models 
is essential for AIMS ICs, where the performance trade-off s 
extend to multiple dimensions. Th is is in contrast to digital 
ICs, where optimization is typically limited to speed and 
power consumption. In a mobile communication system, for 
instance, the active devices’ gain must be optimized vis-à-vis 
linearity, noise and power consumption. Advanced front-end 
models, such as PSP2 (surface potential-based MOS model) 
for MOSFETs or HICUM3 (high-current model) for NPNs, 
allow for accurate modeling of active devices. For high-power 
applications, modeling thermal eff ects is critical. Advanced 
characterization capability using pulsed systems allows accurate 
self-heating models to be developed. Likewise, accurate high-
frequency models for inductors and varactors are vital to ensure 
fi rst-time success for RF ICs.

Physical Design Enablement:  ▪ Beginning with scalable models 
and p-cells and extending to accurate extraction of layout 
parasitics, physical design enablement capability allows a 
designer to optimize a device’s performance across the geometry 
space. Modeling isolation modules, such as triple-well, deep-
trench or SOI layers, aids in the optimization of device size for 
noise performance. Without these capabilities, designers often 
end up over designing, which leads to larger die sizes.

Statistical Modeling: ▪  Process variation is inherent in any fab. 
Digital design has long relied on fast, typical and slow corners 
to evaluate the impact on a circuit’s yield. Th ese corner models 
typically target digital-centric fi gures of merit, such as speed and 
power consumption, and have limited use for AIMS designs 
where the targeted fi gure of merit is not known to the modeling 
engineer. A statistical model, which mimics the random 
variation of independent process variables in a fab, is the most 
accurate method of simulating process variation. Statistical 
model extraction techniques, such as backward propagation of 
variance (BPV), allow models to align with fab statistics4.

Conclusion
Low cost, performance, integration and modularity are critical 
requirements for AIMS foundry technology off erings. Managing 
costs, during both the prototyping and production phase, is vital in 

enabling low-cost ICs in consumer markets. Foundry technologies 
that off er suffi  cient performance trade-off s (e.g., on-resistance or speed 
vs. breakdown) allow IC designers to optimize and enable multiple 
subsystems on the same chip. Low-cost, yet solid performance 
off erings will often prevail over high-cost, high-performance 
off erings. Highly integrated modular off erings are important in 
allowing foundries to develop, qualify and off er superset technologies 
to support a wide spectrum of IC applications, and in allowing IC 
design teams to customize the technology feature set at the lowest 
cost. To reduce time-to-market and prototyping costs, best-in-class 
design automation tools are essential. ▪
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software, IP and development boards for the consumer, automotive, 
industrial, scientifi c, medical, aerospace and defense industries.

President and CEO of Xilinx Moshe Gavrielov accepted the Most Respected Public Semiconductor 
Company award for the $500 million to $10 billion category. 

Next, the nominees included in the >=$10 billion category 
were presented by Qualcomm CDMA Technologies’ executive vice 
president and president Steve Mollenkopf and ARM’s CEO Warren 
East. Th e nominees in this category included Intel Corporation and 
Texas Instruments. Intel Corporation, the world leader in silicon 
innovation, was named the winner. Tim Lloyd, senior director at 
Intel Corporation, accepted the award. Intel Corporation develops 
technologies, products and initiatives to continually advance how 
people work and live. 

Dr. Morris Chang Exemplary Leadership Award

Th e Dr. Morris Chang Exemplary Leadership award recognizes 

individuals, such as its namesake Dr. Morris Chang, for their 
exceptional contributions to drive the development, innovation, 
growth and long-term opportunities for the semiconductor industry. 
GSA was honored to present this year’s award to Dr. Eli Harari, 
founder, chairman and CEO of SanDisk.

Dr. Harari has been the CEO of SanDisk since 1988 when he 
founded the Sunnyvale-based company with his colleagues Sanjay 
Mehrotra and Jack Yuan. In 1994, SanDisk invented and produced 
the fi rst marketed Flash memory card, the CompactFlash®. Dr. Harari, 
a pioneer of non-volatile memory technology, has been a driving force 
in the electronics industry for over 30 years and holds more than 100 
U.S. and foreign patents. Before founding SanDisk, he co-founded 
Waferscale Integration, oversaw the development and production 
of Intel’s fi rst-generation stepper and dry etch technology, and held 
technical management positions at Hughes Aircraft and Honeywell.

Irwin Federman, a general partner at U.S. Venture Partners, was in attendance to present the Dr. 
Morris Chang Exemplary Leadership Award to Dr. Eli Harari.

Awards Dinner continued from page 7
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Closing and Special Thanks
Th e festivities came to a close with the traditional champagne toast 
lead by Jodi Shelton.

GSA would like to thank the title sponsor UMC as well as 
ARM, Advantest, Broadcom, Cadence Design Systems, Chartered 
Semiconductor Manufacturing, IBM, JP Morgan, MagnaChip 
Semiconductor, Marvell, NVIDIA, Oracle, Qualcomm CDMA 

Technologies, Samsung, SAP, SMSC, Teradyne, TSMC and our 
media sponsor PennWell.

Save the Date
GSA’s 2009 Awards Dinner Celebration has been scheduled for 
December 10, 2009 at the Santa Clara Convention Center. Mark 
your calendar for this premier event and visit www.gsaglobal.org/
events for more information. ▪

See Awards Dinner page 41
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fastest and safest to use the transistor-level circuit thereafter without 
shortcuts that sacrifi ce accuracy. Streamlining AMS/RF verifi cation 
requires tools that provide true SPICE accuracy with much higher 
performance, much higher capacity and the full functionality required 
to address critical nanometer CMOS verifi cation challenges such as 
post-layout and device noise analyses. 

A new generation of PCA tools provides a foundation for 
streamlined verifi cation, including delivering true SPICE accuracy 
5x to 30x faster and with 5x to 30x higher capacity than traditional 
circuit and RF simulation tools — all with full functionality. As 
shown in Figure 2, these tools combine the accuracy of traditional 
SPICE/RF simulators with the performance and capacity that 
behavioral modeling and digital fastSPICE can only deliver along 
with unacceptable accuracy. 

Figure 2. PCA Tool Accuracy, Performance and Capacity

Using PCA tools, designers can focus on adding value during 
design rather than on making complex verifi cation tradeoff s. 
Simulations that always provide true SPICE accuracy require no 
tradeoff s, no special tool setup or tuning, and no detailed checks 
of the verifi cation results to try to determine if they are “accurate 
enough.” With 5x to 30x higher performance, PCA tools slash 
runtimes from hours to minutes, days to hours, and weeks to days. 
Th is enables rapid turnaround times, less designer down time and less 
designer context switching. Th e result is a proven 30 to 40 percent 
decrease in overall design cycle time versus methodologies based on 
last-generation tools.

Block-Level Verifi cation Results

At the block level, PCA tools enable higher productivity through 
faster design iterations, especially for more challenging blocks. 
Increased performance makes it possible to rigorously characterize 
blocks through extensive post-layout, device noise, PVT and process 
parameter analyses. In addition, PCA tools have capabilities, such 
as robust RF analysis, that never sacrifi ce accuracy for performance, 
enabling RF designers to optimize the silicon implementation. PCA 
tools enable:

>5x faster iterations for complex blocks. ▪
Rigorous block characterization with parasitics, device noise  ▪
and variations.

Robust RF analyses with true SPICE accuracy on blocks with  ▪
>100,000 elements.

Complex Block Verifi cation Results

Combining true SPICE accuracy, much higher performance and new 

features, PCA tools enable verifi cation of critical emergent properties 
even on highly complex and sensitive circuits. One example is 
closed-loop, transistor-level noise analysis (including device thermal 
and fl icker device noise) for integer-N and fractional-N PLLs. 
Applications such as these are literally impossible without PCA tools. 
Another example is ADC verifi cation, including the eff ects of device 
noise, with a simplifi ed transient noise analysis rather than a complex 
block-level approach that yields only approximate results. Example 
applications include:

PLL closed-loop, transistor-level noise analysis that includes  ▪
device noise.

ADC signal-to-noise-and-distortion ratio that includes device noise.  ▪
Transistor-level memory characterization that includes  ▪
parasitics.

Full-Circuit Verifi cation Results 

Capacity becomes essential for full-circuit verifi cation. PCA tools 
robustly generate DC operating points and perform transient analysis 
on multi-million element circuits. Unlike behavioral or digital 
fastSPICE approaches, all waveforms have true SPICE accuracy, so 
design teams get realistic full-circuit performance waveforms and 
circuit metrics every run. PCA tools support package models and 
integrated co-simulation with digital logic and behavioral Verilog-A, 
enabling full-circuit verifi cation that was previously impossible. 
Example applications include:

DC operating point simulations for circuits with over fi ve  ▪
million elements.

Full-transceiver, transistor-level inter-block interface validation. ▪
High-speed interface performance simulation with parasitics  ▪
and packaging.

Summary
Design teams developing nanometer-scale AMS/RF circuits 
have been forced to create complex, time-consuming verifi cation 
methodologies due to fundamental limitations in traditional SPICE 
and RF simulation tools. Such approaches have become extremely 
burdensome, introducing substantial risk and keeping designers from 
what they do best — adding value through architectural tradeoff s, 
superior circuit design and hand-crafted implementation. 

A new generation of PCA tools makes no comprises. PCA tools 
deliver true SPICE accuracy with full functionality 5x to 30x faster 
and with 5x to 30x higher capacity than traditional circuit and 
RF simulation tools. Th ese capabilities enable a systematic 30 to 
40 percent reduction in the overall AMS/RF design cycle, and the 
ability to perform verifi cation tasks that were otherwise impractical 
or impossible. A growing number of companies, from the largest 
semiconductor suppliers to leading-edge start-ups, have already used 
PCA tools to verify thousands of circuits in record time, using less 
eff ort and with unprecedented confi dence. ▪
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From RF SOCs to RF MEMS SOCs 
Th e SOCs described in the previous sections embed a wide set of 
functions (i.e., RF, microcontroller, SRAM, DSP, analog sensor 
interface, vision sensor, power management unit, etc.) on a single 
CMOS chip, enabling interesting miniaturization levels for the 
targeted applications.

For wireless applications where extreme miniaturization is required 
in addition to low-power consumption, such as for implanted medical 
devices or hearing instruments, innovative approaches need to be 
investigated beyond CMOS SOC integration. Th e combination of 
RF MEMS technologies, such as RF bulk acoustic wave (BAW) 
resonators and fi lters, with CMOS technologies provides excellent 
perspectives for realizing MEMS-based RF SOC solutions4 fi tting 
within a few mm3 instead of a few cm3.

Figure 3. A Next-Generation, Ultra-Miniature Radio Platform

On the left, a 2.4GHz RF IC assembled with a BAW RF MEMS fi lter chip is shown. On the right, a 
silicon resonator MEMS co-assembled with a CMOS timing IC.

Figure 3 shows a next-generation, ultra-miniature radio platform 
where a BAW MEMS chip is co-assembled with a 2.4GHz RF 
CMOS IC. Whereas traditional integrated radio solutions rely on 
bulky external components (e.g., RF SAW fi lter, RF matching devices 
and low-frequency crystals), the MEMS and CMOS SOC strategy 
shrinks these functions by using the miniature BAW RF MEMS 
and the silicon resonator MEMS counterparts to achieve an order of 
magnitude reduction in the volume of the radio solution as a result 
of co-assembling the MEMS and the CMOS SOC by fl ip-chip or 
wafer-scale assembly.

Compared with the purely CMOS RF SOC previously discussed, 
the heterogeneous co-assembly of the RF CMOS functions together 
with the MEMS devices presents additional design challenges.

At the system level, the interaction between MEMS and CMOS  ▪
calls for novel architectures and signal processing algorithms to 
accommodate the imperfections and limitations of the MEMS 
devices.

At the assembly level, dedicated wafer-level packaging or  ▪
system-in-package (SiP) technology platforms need to be 
developed to co-assemble the MEMS devices with the CMOS 
SOC. Th e subsequent connectivity-related constraints also 
need to be accounted for when designing the MEMS and the 
circuits, especially when a variety of MEMS are included (e.g., 
BAW MEMS; silicon-based, low-frequency resonators; and RF 
switches).

Conclusion
Th is article described a selection of innovative, low-power SOCs, 
ranging from pure CMOS SOCs to heterogeneous SOCs combining 
CMOS and MEMS. Th e design of such miniature and highly 
integrated circuits and systems off ers a variety of design challenges and 
innovation fi elds. In the context of low-power consumption, the SOC 
examples presented highlight the importance of multi-disciplinary 
approaches when designing and combining analog, digital, vision, 
RF and even MEMS within a single miniaturized SOC. ▪
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available that are up to the job, and many mixed-signal IC designers 
have used them eff ectively. Again, the widespread support for Graphic 
Data System (GDS) II means that a company does not have to resort 
to proprietary unifi ed databases used by high-end tools to perform chip 
assembly. Good practices in partitioning and port naming are far more 
eff ective than complex, dedicated chip assembly tools.

A low-cost tool has one further saving on its side. Ongoing 
support costs form a major feature of high-end tools. High-end tools 
are often designed for large, often geographically separated, design 
teams. To deal with the complexities of such an environment often 
demands the support of a dedicated computer aided design (CAD) 
department or the involvement of expensive maintenance contracts. 
If a company is working with a smaller mixed-signal design team, 
it must ask itself whether it needs to incur the cost of this type of 
CAD support, especially when more cost-eff ective tools are designed 
to work straight out of the box.

For mature processes, IC design is becoming more accessible thanks 
to the readily available production capacity and lower non-recurrent 
engineering costs made possible by low-cost tools and lower priced 

masks. Th ere is no need to feel that FPGAs or structured ASICs and 
board-level analog circuits that cannot be squeezed onto these digital-
only parts are the company’s only options. Mature processes allow a 
company to save costs and improve performance by putting the key 
diff erentiating elements of a product design on one IC. Custom ICs 
are no longer the preserve of those companies with deep pockets. ▪
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Swindon site successfully passed its audit for the ISO/TS 16949: 
2002 standard certifi cation – its third period of registration since 
February 2003. Although foundries can apply for and meet the 
rigorous requirements for TS certifi cation, fabless companies have yet 
to demystify the value-added approach for meeting the certifi cation’s 
requirements. What are the factors contributing to the inability of 
fabless companies to achieve TS certifi cation? How can foundries 
help their fabless companies demonstrate their commitment to 
rigorous quality standards with the certifi cation bodies? 

A: Both the Nantes and Swindon manufacturing sites have 
successfully fulfi lled the requirements of the most severe standards 
(Automotive ISO/TS 16949, Avionics EN9000 and Environment 
ISO 14001). One barrier to entry for fabless companies is the 
requirement to manufacture a product that is physically installed in 
a motor vehicle. Th us, fabless organizations cannot obtain a stand-
alone certifi cation, and would need to become an integral part of 
the supply chain by forming a strong partnership with a foundry. 

An eff ective way for foundries to help their fabless partners 
achieve TS certifi cation is for both parties to share the burdens 
associated with the requirements by contracting service and foundry 
agreements, and to mutually demonstrate a commitment to 
rigorous quality standards. To implement this innovative approach, 
fl exibility from the registration body and a great deal of trust and 
effi  cient communication between the fabless company and the 
foundry is required. To demystify the value-added approach of 
the certifi cation, one must understand that the ISO/TS standard 
is focused on the customer/supplier relationship, aiming to 
enhance customer satisfaction through continuous improvement, 
a zero-defect culture and mastery of the manufacturing process.

Q: To reduce the costs and risks of new IC designs, MHS Electronics 
provides foundry process design kits (PDKs) to its customers. To 
further this eff ort, in March 2004 GSA teamed up with industry 
leaders to develop the Mixed-Signal/RF PDK Checklist, which helps 
fabless companies secure a clear understanding of the source data, 
completeness and quality of a PDK before using it to design ICs. 

Th e MS/RF PDK Checklist Working Group is further improving 
the Checklist by adding a section that contains an overview of the 
portability of the PDK (i.e., database, Pcell language, callback 
language and layout transfer format). Have you adopted the Checklist? 
(If yes) How does this checklist help MHS and its customers? (If no) 
What needs to be improved to make this checklist robust enough 
for MHS to adopt the checklist and provide to its customers? 

A: We have reviewed and adopted GSA’s Mixed-Signal/RF 
PDK Checklist and believe it is a common platform which can 
help initiate conversation with new customers. We continue to 
work with our customers and EDA suppliers to ensure we have 
the most up-to-date PDK support. Currently, we are looking at 
the provision of intellectual property (IP) in our CMOS PDKs, 
simplifying the design kit data and evaluating how customers 
use our design kits. We generally receive very positive feedback 
regarding our design kits, models and design manuals.

Q: Industry claims indicate serious challenges for the European 
semiconductor industry. Competition in Europe’s chip industry 
is lagging, signaling that greater innovation must occur. As a 
company that values technological innovation, what steps do you 
feel industry leaders must take to restore Europe’s competitive 
advantage on a worldwide scale and foster innovation in Europe?           

A: From our perspective, we believe that it is not the ability, but 
the will of leaders in the industry and government that will help 
regain our status as a leading global provider of semiconductor 
and electronic technologies. By supporting semiconductor 
associations and improving the coordination of R&D programs 
to foster innovation, Europe’s competitive advantage could be 
restored. We agree with Semiconductor Equipment and Materials 
International’s (SEMI) recent whitepaper “Recommendations to the 
European Union and National Governments to Increase Europe’s 
Microelectronic Industry Competitiveness” that strong support 
to dedicated fabs, such as MHS, is necessary to create “more than 
Moore” innovative devices for new and emerging applications. ▪

MHS Electronics continued from page 25

greater eff ort must be put forth to use off -the-shelf IP solutions.

Q: On the other hand, despite the challenges that exist in this 
fl edgling infrastructure, there are a number of emerging growth 
companies focused on analog design services and EDA tools that 
many in the industry appear to be unaware of. With start-ups 
traditionally being a valuable source of innovation, how can 
the industry strengthen their support for these companies and 
bring them to the forefront during the economic downturn?

A: In today’s tough economic climate, it is vital for 
organizations to outsource what they can and focus their 
internal resources on core competencies. Start-up companies 
providing analog design services and EDA tools can help chip 
companies, both fabless companies and integrated device 
manufacturers (IDMs), make the best use of their assets. 

A critical challenge facing small start-ups is limited access to 
funding, which is threatening their future. To ensure start-ups 
have effi  cient funds, there has been a fl ow of funding from large 
original equipment manufacturers (OEMs) and semiconductor 
companies to the supply chain. Most of these large companies are 
funding non-recurring engineering (NRE) eff orts, paying for the 
development of IP they need. Th ese large companies understand 
that this funding helps build a sustainable supply chain and gives 
them access to innovation. Without aid from these large companies, 
start-ups must source funds externally, which may not be presently 
available, and if they are, are only available at a high-risk premium.

Q: As mentioned previously, over-customization has long been a 
technical challenge in the analog/mixed-signal design infrastructure. 
Th ere continues to be a lack of standard electronic, voltage, power, 
quality and verifi cation specifi cations, as well as system partitioning 
models. Are there areas where standards could be developed to 
aid the market development for analog/mixed-signal devices that 
would address some of these areas? If so, where do you see the 
initiative forming to take responsibility for these standards?

A: S3 primarily delivers high-performance ADCs, DACs, PLLs and 
analog front-ends (AFEs). Th ere are a number of key parameters (e.g., 
signal-to-noise ratio (SNR), signal-to-noise and distortion (SINAD) 
and spurious-free dynamic range (SFDR)) that are generally used to 
specify this IP. Th ere can be elements of specmanship that make it 
diffi  cult for the purchaser to compare apples with apples. GSA can 
reduce this diffi  culty by setting guidelines to assure users of mixed-
signal IP that what they are licensing is indeed what they need. 

Eff ective customer education is needed. IP customers are 
often applying considerable pressure to have variants of what 
an IP vendor is off ering. Th is is often driven by technical 
requirements, and the cost and risk associated with these 
requirements is not fully appreciated. During the current 
economic downturn, customers will be more interested in the 
cost- and risk-reduction benefi ts of buying off -the-shelf IP rather 
than customization. And those customers who don’t make this 
shift run the risk of becoming a casualty of the downturn.

Q: In July 2008, GSA released its Analog/Mixed-Signal/Radio 
Frequency (AMS/RF) Process Checklist to specifi cally address the topic 
of selecting an appropriate process and process options for a specifi c 
design application. While the Checklist is benefi cial to semiconductor 
companies in choosing the right process, going even further, do you 
believe the industry will be able to streamline a few common processes 
despite the analog/mixed-signal nature of unique process design?

A: Economic pressure will force the industry towards a 

convergence of processes. An element of this has already happened 
with the convergence in the fab sector, where groups of major 
semiconductor companies and fabs have aligned their processes. 
On the other hand, there is pressure to diff erentiate and add 
value. To have a viable, vibrant industry, there must be balance.

Q: Th e design loop for analog/mixed-signal is often six to eight 
times, and often, the schematic must be re-architected to go 
into an optimization process. What advice can you provide to 
companies to manage or even decrease these loop backs?

A: At S3, we own an optimization tool that is used for front-
end design, allowing us to very quickly get to the schematic stage. 
In one design loop, this optimization engine ensures that the 
architecture chosen and combined with the technology process 
in question will lead to a silicon implementation that meets the 
stated specifi cations. In addition to the tool, a company must 
have experienced engineers who know the architectures and have 
deep sub-micron (DSM) experience at leading-edge geometries. 
Also, a company must enact a rigorous review process that is 
based on years of analog/mixed-signal design. To compete, a 
company must have signifi cant experience in analog/mixed-
signal design. If they do not have the necessary experience, they 
are better off  simply licensing-in the analog/mixed-signal design 
in the form of IP from an analog/mixed-signal IP vendor.

Q: Analog/mixed-signal design needs more EDA support; however, 
the EDA industry is suff ering. While the semiconductor industry 
largely depends on the EDA industry, there is little investment from 
semiconductor companies into EDA. From the perspective of an IP 
company, how crucial is it that the EDA industry continues to innovate?

A: We absolutely need innovation from the EDA sector, particularly 
in the area of analog/mixed-signal design. Compared to digital 
design, analog/mixed-signal design tools have not brought the same 
productivity gains. However, with analog/mixed-signal circuits now 
occupying such a signifi cant portion of a typical SOC, there will 
be increased eff orts in this area. While S3 has its own optimization 
tool, it is not our core business, and our preference would be to 
fi nd suitable tools from EDA vendors. With the various recent tool 
developments, such as M-Design from Mephisto Design Automation 
(MDA) and the custom productivity enhancement and quality 
standardization tool from IC Mask Design, we do see progress being 
made. One common benefi t of these innovative, new tools is that 
they provide productivity enhancements through semi-automation.

Q: It is widely known that business success is largely driven 
by creativity and diff erentiation. From your standpoint, what 
factors need to be considered in establishing creativity to enhance 
IC performance and yield, specifi cally in the analog realm?

A: Four important points need to be addressed here. First, a 
company must acknowledge that creativity adds value. Secondly, 
it needs to decide what creativity it desires to keep for itself. 
Th irdly, after reaching this decision, a company should feel 
confi dent that they can attract, retain and reap the rewards from 
this creativity. Finally, a company must recognize that there will 
be times when they will be unable to confi ne the world’s best 
creativity in-house. However, it is better to have access to the 
world’s best, than have a sub-standard team in-house. Th is is not 
so much outsourcing, but rather licensing-in the best talent. ▪
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below the thin oxide and exhibits very consistent characteristics from 
bit cell to bit cell within a memory array. Th is simplifi es the task of 
porting OTP memory arrays based on the split-channel architecture 
from foundry to foundry, and also makes split channel-based OTP 
arrays more easily scalable to shrinking process nodes.

Split channel-based OTP macros can also be used in a diff erential 
read mode, which increases both the voltage and temperature 
operating ranges of macros (Figure 3). Th is is very useful for 
high-temperature operating environments such as those found in 
automotive applications. 

Figure 3. A Differential Read Mode
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A diff erential read mode (right fi gure) is available for split channel-based OTP arrays. Using two 
physical bit cells for each addressable memory location eliminates the need for a read reference voltage 
and increases the read margin, thus increasing both voltage and temperature operating ranges of the 
memory array. 

Table 1 shows a comparison between eFuse, ROM, embedded 
Flash and split channel-based memory for several desirable design 
characteristics. Th e table shows that a storage technology based on a 
split-channel, bit-cell architecture provides many of the benefi ts that 
analog and mixed-signal designers need to enhance the operation and 
yield of their IP cores. 

Table 1. A Comparison between Traditional Memories

Std. 
CMOS

Process 
Scalable

High-Temp. 
Reliability

High 
Density

Field 
Programmable Low Cost

eFuse Yes Yes No No No No

ROM Yes Yes Yes Yes No No* 

Emb. Flash No No No Yes Yes No

Split-
Channel 
Antifuse

Yes Yes Yes Yes Yes Yes

Th is table shows a comparison between traditional memories used to calibrate analog circuits and 
condition sensor signals, and a memory array based on the split-channel architecture. If a ROM 
redesign is needed, it will result in substantial mask and engineering costs.

Designing and implementing foundry-friendly IP just makes sense. 
Such IP allows an IP vendor to provide their products to a broader range 
of IP integrators and better serve their customers. IP integrators have 
enhanced fl exibility to have their chips processed at multiple foundries 
and to take advantage of the reduced cost and higher integration 
capabilities associated with moving down the process node curve. ▪
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should comprise digital and I/O libraries, and analog building blocks 
such as bandgap, bias cells and NVM macrocells.

Different Business Models 
Beyond diff erences in the technical side, there also are diff erences 
in the digital and analog business models. Th e digital world has 
fewer designs, but high volume. Fewer process variants are seen, 
and the designs are easily transferable between fabs. First-time-right 
is standard, enabled by comprehensive EDA support. Abundant 
transferable digital IP can help shorten the design process. Product 
lifetime and availability are consumer driven, and are relatively short 
compared to the analog world.

 Analog foundry business leads to more tape-ins, and each one often 
requires its own process variant. In contrast to digital designs, fi rst-time-
right typically is not achievable. In addition, transfer from fab to fab 
is quite diffi  cult and requires substantial eff ort because the designs are 
fab-specifi c. Again, that’s because analog designs must cope with much 
more complex specifi cations and the physics of the devices, making fab 
transfer extremely diffi  cult. Extended product lifetime requirements – 
in some cases up to 15 years – are typical for analog circuits. 

Moving from Digital to Analog: Invitation to Fail 
Compared to digital foundries, analog foundries must expand 
their operations well beyond developing processes and providing 
manufacturing capacity. Th ey need to deliver extensive process 

characterization data, analog IP and design support. And they must 
support more customers with multiple small-volume designs. Multiple 
re-spins lengthen development cycles to typically two years or more. 
Th e analog design ecosystem provided by the foundry is intended 
to help avoid redesigns and accelerate time-to-market. Product ramp 
schedules of more than two years make business development a 
lengthy process, requiring patience and fi nancial strength.

With longer development and product lifecycles of up to 15 years, 
analog foundries must be fi nancially stable and have a sustainable 
business model. Th ese technical and business requirements, as well as 
the amount of time and depth of expertise needed to transform from 
a digital foundry model to an analog foundry model – both of which 
the digital world lacks – make such a move an invitation to failure in 
today’s already challenging business environment. ▪
About the Authors
Dr. Jens Kosch, CTO and director of design support and technology development, 
drives all technology directions for X-FAB Silicon Foundries, which focuses on 
manufacturing silicon wafers for analog-digital ICs. Prior to X-FAB, Dr. Kosch 
served as director of the design center at Th esys Gesellschaft für Mikroelektronik mbH. 
He holds both a Master of Science and Ph.D. in electrical engineering from Ilmenau 
Technical University, Germany, with a concentration in electronic components.

Volker Herbig is the technical marketing manager responsible for strategic business 
model development at X-FAB Silicon Foundries. Previously, he held engineering, 
marketing and management positions at Siemens, Inkjet Technologies and Carl Zeiss. 
He holds a master’s degree in physics from Humboldt University, Berlin, Germany.

and timing signals are routed effi  ciently. As a highly automated 
process – at least for technologies above 90-nanometer – it leads to 
variable, fab-independent netlists and easily generated layouts that 
usually are right the fi rst time. 

In contrast to digital design – in which only a few device parameters 
such as threshold voltage, leakage and saturation currents need to be 
considered – analog/mixed-signal design must cope with far more 
complex specifi cations. Th e physics of the devices are a primary 
concern. Parameters such as gain, matching, noise, voltage and 
temperature coeffi  cients, power dissipation, resistance and the analog/
digital interface are especially crucial if there are diff erent internal 
supply voltages. Additionally, parasitic devices and eff ects, such as 
crosstalk and substrate noise, and interface issues with the environment 
(e.g., electromagnetic compatibility) are major design challenges. Each 
device in the analog world must be carefully characterized and modeled 
across a very large parameter space to ensure a reliable circuit design. A 
wide range of statistical models is needed, such as worst-case models, 
statistical corner models and Monte Carlo mismatch models, to enable 
circuit design sizing and design-centering techniques that achieve high-

yielding, robust designs. 
Extensive verifi cation routines are crucial in the design fl ow to 

guarantee the analog/mixed-signal design functions well, can be 
manufactured and is reliable. Th ese verifi cation routines must include 
safe operating area (SOA) checks for HV MOS transistors, pre- and 
post-layout parasitic extraction, design rule checks (DRC), layout versus 
schematic (LVS) routines and electrostatic discharge (ESD) checks.

In addition, the foundry must support a wide range of electronic 
design automation (EDA) platforms, enabling designers to choose 
best-in-class tools for optimizing their design fl ows. Setting up such a 
comprehensive design support and process characterization ecosystem 
is a major precondition for a successful analog foundry. 

Although reusable IP is available on the digital side, reusing IP in 
the analog world that deals more with the physics of the design is far 
more diffi  cult. It is necessary though for analog designers to be able to 
reuse their IP to shorten design time, given the smaller volumes and 
design complexity. One established solution for dealing with this type 
of problem is having the foundry provide a wide range of analog IP 
optimized for its processes. Analog IP provided by an analog foundry 
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software can be used to establish the appropriate PA settings at the 
beginning of each pulse, whether it is a Wi-Fi, WiMAX, Bluetooth 
or cellular one.

With a SiGe BiCMOS process, it is also possible to integrate 
analog passive devices, including metal-insulator-metal (MIM) 
capacitors, interconnects, matching circuitry and fi ltering elements. 
It is important to note that the SiGe matching circuitry is actually 
on the die and is not a post-processing technology. Integrating the 
complete front end (Figure 3) into the RF SOC reduces the generation 
of spurious signals such as harmonics. As a result, designers can 
eliminate the need for a grounded shield. Th is is a signifi cant cost 
and size savings.

The Future of RF Integration
A major requirement for the success of a RF SOC is to allow multiple 
PAs on a single die without having the RF chains interfere with each 
other. Th is requires good isolation, which has been challenging for 
silicon to achieve. However, it is possible with SiGe, where using 
recently developed novel isolation techniques results in reduced 
harmonics. For instance, ~35dB of isolation has been demonstrated 
between two front-end chains operating concurrently at +20dBm 
(Figure 3). In the future, the industry can expect to see a RF SOC 
combined in a multi-chip module (MCM) with a baseband transceiver 
SOC, making MCMs simpler and more cost eff ective to implement. 

Figure 3. A Block Diagram of an RF SOC
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Using novel isolation techniques and integrated matching and fi lters, this SiGe RF SOC achieved 
~35dB isolation between two front-end chains operating at +20dBm.

Th e use of SiGe BiCMOS technology off ers the optimal balance 
of cost, performance and size for multi-function portable or handheld 
radios. By separating the RF front end from the baseband/transceiver, 
the designer is free to continue migrating to smaller nodes. Th e 
evolution of the RF SOC greatly simplifi es the wireless radio’s active 
component bill of materials, which invites the development of low-
cost system-in-package (SiP) solutions for complex radio needs. ▪
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