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A Letter from Charlie Pappis
APPLIED FLExIBILITy

In today’s business environment, challenges come in all shapes and sizes, from volcanic 
eruptions to dramatic market shifts to explosive growth in emerging industries. Each of these 
is an inflection point.  And how we capitalize on these disparate challenges really depends 
on just one thing: our ability to adapt quickly to the situation.

At Applied Materials, we understand how critically important that flexibility is—and we 
design our product and service offerings accordingly. In this issue of Nanochip Fab Solutions, 
you will see numerous examples of how Applied Materials helps customers weather the  
bad times, ramp up during good ones and keep pace with new technical challenges  
and innovations. 

you need to manage variable capacity demands and costs, so our flexible service 
programs enable you to reduce costs when factory utilization drops and optimize output 
when demand spikes. For those of you in fast-growing industries like LEDs or crystal silicon 
solar who need to automate operations and manage costs more efficiently, we’ve developed 
an out-of-the-box software offering that delivers all the benefits of advanced factory 
automation in a fast, affordable, scalable solution.

But being flexible also means stretching the boundaries and coming up with new 
ways to help you improve manufacturing productivity. As you’ll read, Applied Materials’ 
comprehensive portfolio of automation software now includes a first-to-market solution that 
enables automated scheduling in the litho cell, the most challenging and expensive part of IC 
manufacturing. And while other OEMs have backed away from 200mm RD&E investments, 
we’ve expanded our range of offerings  in this still-vital market. Products like our new MEMS 
Release Etch HF vapor (HFv) batch tool are great examples of our ongoing commitment to 
bring you world-class production solutions, according to needs that you define.

Adapt and innovate. This simple but powerful approach allows us to give you the 
advanced solutions and global support needed to thrive in a volatile world. So when the 
market or technology shifts or the volcano blows, don’t worry. We’ve got you covered. n

CHARLIE PAPPIS
Group Vice President

and General Manager,
Applied Global Services
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IMPROVING TOOL PRODUCTIVITy 
Critical modules like photolithography have had automated process 
control for quite some time in order to control overlay and critical 
dimensions. As manufacturing complexity increases, we are see-
ing automated process control proliferate to other modules. And, 
manufacturers today are moving beyond process control to real-time 
excursion control. This reduces the impact of excursions and reduces 
tool downtime caused by corrective and preventive maintenance. 
Real-time monitoring of key tool parameters is rapidly becoming 
a standard mode of operation. Applying models against these key 
parameters lets manufacturers:

Reduce mean time to detect excursions.	n

Identify drift of key tool parameters to predict potential  	n

excursions.
Identify mismatched parameters between tools and chambers.	n

Implement run-to-run process control to modify process recipes 	n

to correct for drift.

The data required for excursion control also gives manufacturers a 
bonus: visibility into their tools’ operational performance. This allows 
them to optimize process recipes, identify white space that can be 
eliminated to increase throughput, and perform chamber-to-chamber 
and tool-to-tool comparisons for chamber and tool matching.

Many semiconductor manufacturers now find that maintaining 
good yields and avoiding excursions as they transition to 45nm and 

below is more difficult than it was when shifting to 65nm. This 
is because the process windows for 45nm are smaller and device 
performance and yields are more sensitive to minor variations in 
processing conditions. Previously, the tool and process variation 
could be controlled through point solutions or systems that relied 
on manual monitoring and intervention. To provide satisfactory and 
predictable yields at 45nm, many manufacturers plan to extend their 
point solutions for equipment control and advanced process control 
to fab-wide solutions. Most, however, find that existing solutions 
tailored to a few critical areas do not scale to a large number of 
modules, much less the entire fab.

FAB-WIDE THROUGHPUT IMPROVEMENT AND 
CyCLE TIME OPTIMIzATION
As wafer starts and utilizations increase, manufacturers cannot re-
spond in the short-term by purchasing capital equipment to increase 
capacity. They have to find new ways to maximize output from their 
existing capacity. Traditionally, advanced dispatching rules have been 
used to increase fab throughput without compromising cycle time. 
But today, many manufacturers have reached the limits of what they 
can do with dispatching systems that focus only on lots currently in 
queue. Some are experimenting with advanced scheduling, with a 
special emphasis on short-interval scheduling. This approach offers 
the benefit of being able to look at both upstream and downstream 
WIP  simultaneously and take it into consideration when develop-
ing run plans. In addition, manufacturers can employ scheduling 

Automation Now Mission Critical 
                                as Manufacturers Focus on Maximizing Fab Output

High utilization has returned to the semiconductor manufacturing industry, and with it, all the challenges 
associated with achieving the most output at lowest cost. Tool-based approaches focus on solutions that 
improve tool unit output (wafers/day) through excursion control, process control (Cpk), and throughput 

enhancements. Fab-wide approaches focus on using automation to improve throughput and optimize cycle time. In this 
article, we survey both approaches, and offer our insight into future trends.

  Performance  
     Gains through 
    Automation
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algorithms to produce schedules that are nearly optimal for a given 
set of conditions. The resulting schedules reduce overall variability 
associated with running a tool set or fab and shift the operating curve 
as shown in Figure 1. Short-interval scheduling particularly benefits 
areas of the fab with batch tools (diffusion, wet clean) and constraint 
tools (typically lithography tools).

FUTURE TRENDS
Automation solutions for semiconductor manufacturing have matured 
significantly over the past decade as the demands of 300mm production 
made them mission critical. Still, there are several areas we believe 
will continue to evolve over the next three to five years.

Tool productivity will continue to be an area of significant 
change. Predictive maintenance and advanced process control 
are poised to become standard across all tools. Virtual metrology 
will evolve into a capability that will not only reduce the need for 
metrology tools and non-production wafers, but provide additional 
quality and throughput improvements. 

Data collection rates will increase to >+100Hz with volumes 
increasing more than 100x. As larger amounts of data are able 
to be acquired, new methods will be needed for analyzing this 
data.  Techniques which perform more automated analysis of data 
such as data mining and multivariate analysis will become more 
important in performing fast and efficient analysis of data. Tool 
suppliers will also leverage these techniques to embed intelligence 
into process tools, enabling more automated and “self-aware” 
tool operation. This increase in the volume of data will drive 
demand for a standard tool control platform to provide a common  
robust infrastructure. 

A common platform will also allow the myriad of custom point 
solutions to be standardized into a manageable set of interoper-
able solutions that provide greater value. Just as we have seen 
consolidation of point solutions in enterprise resource planning 

(ERP) and manufacturing execution systems (MES), we expect 
to see similar consolidations in tool control.

Fab-wide throughput improvement and cycle time optimization 
trends will be mainly focused around implementing scheduling. Invest-
ment in this area is in its infancy in the semiconductor industry, but 
has a long history in other industries. The emergence of “giga-fabs” 
will drive a scale and complexity that will require these solutions to 
support incremental improvements in capital asset utilization. The 
initial investment in short-interval scheduling will transition into 
fab-wide and multi-fab scheduling initiatives. At the factory level, 
automated methods for scheduling will also move towards other areas 
that impact productivity. These include optimizing quality control 
sampling and maintenance management.

Even semiconductor test, assembly and packaging fabs are see-
ing the benefits of automation. Material dispatch decisions in these 
fabs are typically manual and vary with operator experience. This 
makes it difficult to manage hot lots and can result in poor on-time 
delivery. Recently, this segment has begun implementing automated 
rule-based dispatching to improve on-time delivery, reduce cycle 
time, and increase fab throughput.

AND WHAT ABOUT 200mm?
The need to increase productivity at 200mm is no different from what 
we see at 300mm. In particular, manufacturers with 200mm fabs want 
to increase output of constraint tools and increase fab throughput 
while maintaining cycle time. These needs are driving them to invest 
in automation solutions that have already been proven in 300mm 
fabs. Consequently, short-interval scheduling and tool control are 
now being implemented in many 200mm fabs.

AUTOMATION IS NOT JUST FOR SEMICONDUCTOR 
MANUFACTURING
Just as automation can help improve tool control in semiconductor 
fabs, sister industries such as MEMS, data storage device, and LCD 
display manufacturing are benefiting from automation solutions. 
MEMS and data storage device manufacturing have challenging 
feature sizes and shapes. The resulting process complexities require 
tight tool and process control. LCD display fabs are adopting tool-
level automation for excursion control to improve yield. In each of 
these industries, scrap avoidance through better tool control is key 
to driving down cost.

THE FINAL WORD: AUTOMATION
The pressure on fabs to be better, faster, and cheaper continues. 
The latest rise in market demand and fab utilization has shifted the 
focus once again to increasing fab output. Automation will play an 
important role in helping fabs maximize output, as well as improve 
yields and process capability. n
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FIGURE 1 	▲  Fab Operating Curve.
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Large semiconductor manufacturers have used sophisticated, customized manufacturing execution systems (MES) 
for some time now, but many manufacturers in growth industries such as solar photovoltaics (PV) and LED 
lighting still use manual systems for managing their production facilities.  These manufacturers recognize the 

value of a more automated approach: it cuts waste, can improve manufacturing efficiency and ultimately contributes to 
signification cost reduction.  However, until now customized solutions have been too complex, too costly, and out of 
synch with the business needs of these companies.

SmartFactory: 
 A Uniquely Integrated 
   Solution for 
Rapidly Emerging Industries
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A DIFFERENT SET OF REqUIREMENTS 
Companies in the solar PV and LED lighting businesses are 

experiencing skyrocketing growth. Solar PV is now the world’s 
fastest-growing energy technology(1), with Gartner forecasting a 17% 
compound annual growth rate (CAGR) through 2013 and a market 
size of $34 billion in 2013. Similarly, Strategies Unlimited predicts 
that LED growth will exceed 20% over the next five years, with total 
market size exceeding $11 billion in 2012(2).

But to meet this rapid upsurge in demand, solar PV and LED 
manufacturers must do more than just scale their processes and increase 
their production. Many of them will have to continually grow their 
operations by opening new assembly lines and production sites. As 
their facilities grow larger and cycle times shorter, they will need to 
integrate multiple automation systems, such as dispatching, schedul-
ing and advanced process control (APC). To effectively manage their 
growing and geographically dispersed operations, they will also need 
to create one unified production environment that integrates tool and 
manufacturing data and then shares it across lines and sites.

At the same time, solar PV and LED manufacturers must find 
affordable manufacturing execution (MES) solutions that match their 
industry-specific business models. For solar PV, the key metric is 
reducing “cost per watt,” a unit of measure similar to the oil industry’s 
“price per barrel.” For LED lighting, the key metric is increasing 
yields for critical higher-margin bins when LEDs are sorted into 
different categories or “bins” based on their intensity, wavelength, 
color and other characteristics.

Now, or in the near future, Solar PV and LED manufacturers will 
require the same functionality offered in the highly customized MES 
configurations used in industries like nanotechnology manufacturing. 
However, they need turnkey, out-of-the-box solutions that are easier 
to deploy, less expensive and much less complex. Only MESs built 
on a standardized, non-proprietary platform with robust performance 
can be deployed quickly enough and at low enough cost to meet the 
business requirements of these emerging industries. Mission-critical 
requirements include:

Standard user interface.	n  The solution must provide an easy-to-
use interface for tracing and viewing data, quickly identifying 
issues and generating reports and dashboards.  
Non-proprietary architecture. 	n The solution must be based 
on commonly used platforms for fast, simple and effective use 
without specialized software training.
Industry-specific, out-of-the-box functionality. 	n The solution 
must leverage data models and proven MES factory and industry-
specific templates for rapid system setup and use.  
Extensible design. 	n The solution must be scalable with the chang-
ing needs of the factory. 
Smaller hardware footprint. 	n The solution must be able to run 
on hardware that’s not as expensive and on a fewer number of 
application servers to help control overhead costs. 
Easy integration with other subsystems. 	n The solution must 
support the ability to add pre-qualified automation components 
to help reduce cost.

Clearly, meeting all these disparate MES requirements for the solar 
PV and LED industries is a very tall order; but it is a challenge 
that Applied Materials’ new SmartFactory solution is specifically 
designed to meet.
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INTRODUCING APPLIED SMARTFACTORy™—  
ONE qUICk STEP TO AUTOMATION
Applied SmartFactory is a new MES offering for emerging industries 
that is built on Applied’s proven framework of automation solutions, 
including our leading FAB300® MES technology. This framework 
has been tested around the world in more than 40 nanomanufactur-
ing facilities under the most demanding conditions. By selecting the 
best-of-breed elements from these sophisticated installations, Applied 
Materials has developed an affordable manufacturing solution that 
reduces deployment complexity and can be up and running in less 
than 60 days.

The unified framework underlying Applied SmartFactory gives 
customers a significant advantage as they automate their operations. 
Unlike other MES providers who may rely on third-party software 
and hardware to further extend their solutions, SmartFactory is built 
exclusively on Applied Materials’ extensive portfolio of factory-proven 
automation products. The result is faster and more cost-effective 
solutions integration. Each piece of Applied SmartFactory is ready 
to go right out of the box, with no time-consuming and costly custom 
work required. 

SmartFactory also makes it easy for customers in emerging 
industries to expand and upgrade as their operations grow. They can 
quickly add servers, assembly lines and production sites, and with 
our optional SmartFactory APC capability, customers can integrate 
their tool-control and manufacturing software, and share this data 
across production lines and sites. The result is a single, unified 
production environment across the customer’s operations, which 
reduces hardware and software requirements, as well as the risk of 
incomplete analysis because of poorly organized or missing data. 
In bottom-line terms this means: fewer servers to buy and support, 
less risk of software failure, faster, more efficient deployment and 
greater process improvement.

ADVANCED SMARTFACTORy FEATURES
Applied SmartFactory consists of ready to deploy, standard tracking 
of work-in-process (WIP) and equipment, as well as standard reports 
so customers can immediately manage their factory operations more 
effectively. SmartFactory integrates components from all areas of the 

fab; it provides connectivity to other CIM and business systems and 
includes preconfigured use cases (workflows) for typical functions 
such as tracking and batching.

SmartFactory is a turnkey MES that integrates the powerful 
functionality of Applied E3™ equipment engineering, APC and other 
automation capabilities. It also leverages proven Applied FAB300 
technology, and incorporates scalable Microsoft software.

Applied SmartFactory features include:
A standard user interface	n  to provide easy access to fab-wide 
information, enabling faster, smarter decision making. For manu-
facturers looking to replace paper-based systems, this user interface 
can help improve compliance, streamline processes and improve 
quality. Highlights include:

Traceability and audit trail.	n  The SmartFactory user interface 
provides immediate traceability and visibility for quick access 
to lot details and issue identification. The interface features 
lot details, lot history, equipment details, and equipment 
history. Figure 1 shows an example of the SmartFactory 
Lot History window.
Quality analysis and correlated data. 	n The user interface 
offers a single system for generating multiple reports and 
dashboards, enabling faster, improved decision making. The 
interface includes data collection and integration with SPC, 
view history, and corrective action plan management.

Non-proprietary architecture	n  based on the Microsoft  
Windows platform, which enables customers to leverage inter-
nal resources and better implement changes on their own. To 
provide integration solutions between legacy and other software 
systems, SmartFactory uses Microsoft Smart Client technology 
and WCF Web Services. For data integrity, SmartFactory relies 
on Oracle technology. 
Industry-specific, out-of-the-box functionality,	n  which includes 
data models and proven MES factory and industry-specific tem-
plates for rapid system setup and use. With the reusable framework 
components provided with SmartFactory, customers can quickly 
transition from in-house solutions to an out-of-the-box product. 
The basic SmartFactory solution offers both lot and equipment 
operations and logistics functions. Industry-specifc functionality 
include: semiconductor (front-end and assembly and test), LED, 
c-Si, and others. For each of these industries, SmartFactory  
leverages the following FAB300 components:

Engineering data	n

Framework 	n

WIP management	n

Entity management	n

Generic job objects	n

Advanced dispatching	n

Data warehouse	n

Recipe management (optional) 	n

An extensible design. 	n SmartFactory includes add-in modules and 
a simple configuration, customizable and re-directable business 

Required Capabilities to Achieve 
Rapid Deployment at a Lower Cost

Standard user interface 3

Non-proprietary architecture 3

Industry-specific, out-of-the-box functionality 3

Extensible design 3

Smaller hardware footprint 3

Easy integration with other subsystems 3

TABLE 1 	▲  Summary of required MES capabilities to achieve rapid deployment 
at a lower cost.
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services and industry standard best practices, so the system can 
grow as factories continuously improve manufacturing procedures 
or as lines or facilities are expanded. A cross-line tracking feature 
also helps customers who run multiple small lines with one MES.  
The result is a system that grows with the customer, but helps 
manage the incremental costs of future expansion. 
A smaller hardware footprint. 	n SmartFactory incorporates 
many of the best features of our proven FAB300 offering, but 
in a smaller hardware footprint. It can run on less expensive 
hardware,  requiring only two or three application servers, The 
system architecture is proven for scalability, reliability and high 
availability. It also supports load balancing.   
The ability to easily integrate with other subsystems, 	n such 
as SPC and dispatching solutions (for better quality control and 
material handling) and ERP systems (for faster business decision 
making). SmartFactory also provides seamless integration to other 
pre-qualified Applied Materials products, including Applied E3 
(for automation scenarios and process control), Applied APF™ 
(for real time dispatching), and Applied CLASS MCS 5™ (for 
material transport, storage, and control). This ability to add pre-
qualified automation components helps reduce cost.

Author: Phil Walker. 
For additional information, please contact Phil_Walker@amat.com

FIGURE 1 	▲  The user interface allows easy access to fab-wide information, enabling faster, better decision making.

CONCLUSION
Applied SmartFactory offers solar PV and LED customers all the 
benefits of an MES, designed and scaled to their unique needs: 
accelerated cycle time, improved product quality, lower costs, 
reduced waste, and greater manufacturing efficiency overall.  
In less than 60 days, these customers can go from using spread-
sheets to using a powerful automation solution based on proven 
Applied products. As their operations grow to meet market demand,  
SmartFactory lets them keep pace easily by providing a diverse 
family of customizing components that can immediately plug into 
their manufacturing facilities. n

REFERENCES
(1) Robert kropp, “Solar Expected to Maintain its Status as the World’s Fastest- 

Growing Energy Technology,” Sustainability Investment News, March 3, 2009.
(2) Robert Steele, director of optoelectronics programs, Strategies in Light, quoted in 

“LED market growth predicted to exceed 20% over next five years,” LEDS Magazine, 

April 2008.
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Predictive Approach    
    Improves
        Litho
  Scheduling

According to the ITRS, lithography tools now account for about a 
third of the cost of manufacturing an integrated circuit. Litho pro-
ductivity dictates the output of the entire fab and is a gating factor 
for moving products through a fab more quickly, thereby improving 
the all-important time-to-market metric. 

A manufacturing strategy that maximizes productivity and mini-
mizes operational losses is essential to competitiveness, particularly if 
it targets the losses caused by a non-optimal lot processing sequence 
and an ineffective reticle management plan. 

SmartSched™,  Applied Materials’ breakthrough predictive sched-
uling software, helps customers achieve measurable improvements 
in cycle time, equipment utilization, and capacity. One customer 
has seen tool throughput improve by 2.1%, resulting in an annual  
revenue increase of $7.8 million by using the litho tool set more 
efficiently. The return on investment has been greater than 4X, and 
payback came in just three months.   

Efficient lithography utilization has always played an important role in gaining a competitive advantage in the 
semiconductor industry.  With litho tools costing $40 million each and heading sharply upward, improvements 
are now even more critical to a company’s survival.  

At the heart of SmartSched is the capability to predict WIP, based 
on orders and fab-component cycle times, then use this information to 
create optimized schedules for dispatching. Benefiting from its seamless 
integration to the dispatch engine, SmartSched is an iterative real-time 
scheduler that generates a new schedule every few minutes.  The end 
result is higher fab capacity and a much-improved utilization rate [1].

Because it is intimately connected to Real-Time Dispatcher 
(RTD™), the new schedule from SmartSched is added to the RTD 
cache instantly.  Applied is the only vendor able to seamlessly add 
a new schedule directly into the RTD system; solutions from other 
vendors are not built on the same platform and do not have this im-
mediate transfer capability.

SMARTSCHED AND PHOTOLITHOGRAPHy
SmartSched’s predictive scheduling techniques uncover issues in 
the fab due to so-called “bad white space.”  Bad white space is an 
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FIGURE 1 	▲  A customer boosted litho utilization by using SmartSched’s 
predictive scheduling.

SmartSched reduces tool white space to enable higher wafer output, moving wafers 
more efficiently through the litho module. One early customer used SmartSched 
to achieve a >1% improvement in litho utilization.  SmartSched also significantly 
improves the utilization variability by systematizing the workflow through the litho 
module. This increases the predictability of wafer movements through the litho cell, 
enabling a smooth post-litho process flow.

Authors: Keith Pare and Nick Ward. For additional information, please 
contact Dave Hanny at David_Hanny@amat.com

ineffective use of available tool processing time, characterized as 
non-productive time when there is WIP available to be processed.   

SmartSched, in real time, looks upstream and downstream 
to see the status of the WIP in the fab in order to better plan and 
schedule work in the litho area. One common source of bad white 
space in lithography occurs when WIP is available at a tool, but the 
reticle required for processing of that WIP is not yet available.  This 
often happens in a traditional dispatch system because, although 
the system can quickly respond to changes in the environment, it 
has difficulty “looking ahead” to select the optimal lot. 

By looking ahead, SmartSched helps prevent a reticle from being 
“locked down” for processing on one tool, when a less flexible tool 
requiring the same reticle could soon become idle. This look-ahead 
capability also allows SmartSched to properly link the schedule of 
reticles for inspection to reticle dispatching for processing wafers. 
Knowing where a particular reticle needs to be at a future time is 
a useful way of increasing the effectiveness of a fab’s expensive 
lithography equipment.

SmartSched groups lots better, reducing tool white space and 
processing more wafers (2.1%) through the litho module.  One early 
customer used SmartSched to achieve a >1% improvement in litho 
utilization (see Figure 1).  SmartSched also significantly tightened the 
equipment variability by optimal scheduling of the workflow through 
the litho module.  This increases the precision of wafer movements 
through the litho cell. 

LOOkING AHEAD
Applied is continuing to enhance SmartSched’s prediction capability 
and flexibility.  For example, in lithography, the one-hour fixed lead 
time scenario for reticle scheduling is being replaced with a load-
port-availability (LPA) calculation, which helps determine more 
precisely the time a reticle is required on the tool.  In most fabs, the 
reticle is required to be on the scanner before the lot is delivered to 
the track.  Knowing when a lot will be removed from a load-port (or 
when a load port is available), is critical information for an effective 
reticle delivery schedule.

And SmartSched is by no means limited to photolithography. 
The predictive technique at the core of SmartSched can be applied 
to minimize the costly setups in final test, improve batch sizes in dif-

fusion and decrease the idle time caused by queue time limitations in 
areas such as wet sinks, diffusion, and other complicated dispatching 
areas, including implant.  

The movement from reactive to predictive operations in the fab 
represents the next generation in fab productivity and waste reduc-
tion.  In today’s economy, where reducing waste time is essential to a 
company’s survival, SmartSched represents one of the newer innova-
tions from Applied that will help today’s fabs migrate to a predictive 
approach to production and better use of capital assets. n

REFERENCES
(1) D. Muller, M. Anderson, D. Norman and D. Hanny, “Solving Complex Fab 

Challenges with Real-Time, Short Interval Scheduling,” Nanochip Fab Solutions, 

Vol. 4 No. 2, (2009).
(2) D. Norman and M. Anderson, “Technological Approach to Short-Interval 

Scheduling in Photolithography,” Proceedings of the SPIE Metrology, Inspection, 

and Process Control for Microlithography xxIV Conference, San Jose, CA, 

(February 2010).
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access to real-time information across the 
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in manufacturing and deploying factory-level 
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in the semiconductor, display, LED, crystalline 
silicon (c-Si) solar, and glass and web industries. 
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MEMS: 
   Going 
Mainstream to Serve 
    Consumer Markets

|  V o l u m e  5 ,  I s s u e  1 ,  2 0 1 0  |  N a n o c h i p  F a b  S o l u t i o n s1 2



N a n o c h i p  F a b  S o l u t i o n s  |  V o l u m e  5 ,  I s s u e  1 ,  2 0 1 0  | 1 3

MEMS-based accelerometers soon moved into the mainstream, first 
in mobile devices such as the Apple iPhone, and now in nearly all 
mobile devices. Likewise, the accelerometer’s more axially astute 
cousin, the MEMS-based gyroscope, has expanded its penetration into 
consumer electronics via mobile handsets, digital still cameras and 
new products for the console gaming market. So successful has this 
penetration been in fact that analysts now estimate 50% of MEMS 
volume will be in the consumer market by 2015—and most of that 
volume will be accelerometers and gyroscopes.

While this is an exciting shift for the MEMS industry, 
meeting the demands of the consumer electronics market also 
poses significant economic and technological challenges for 
MEMS manufacturers.

THE CHALLENGES OF GOING MAINSTREAM
First, the downward price pressure on consumer electronics is 

relentless. That pressure inevitably affects the price of components 
inside the devices, resulting in a race to the bottom where MEMS 
manufacturers must deliver the greatest possible performance at 

the lowest possible price. This scenario has played out several 
times already, most notably in the microprocessor industry.

In response, MEMS manufacturers around the world will add 
capacity, move to greater wafer diameters, shrink the die size 
and height, and implement advanced processes such as CMOS 
integration—all in an effort to keep their component prices low 
and their form factor small for the handheld consumer market.

Second, unlike the traditional downward scaling of integrated 
circuits (ICs), the current physical sensing capabilities of today’s 
MEMS devices pose fundamental scaling limitations on physical 
size. Hence, there is currently a finite limit on how many MEMS 
devices can fit onto one wafer. To cope with this technological 
constraint and remain competitive, MEMS manufacturers must 
focus on making their process efficient and producing the highest 
possible yields. 

Consequently, deploying reliable, high-yield, production-
worthy tools is mission-critical for MEMS manufacturers, par-
ticularly when it comes to deep reactive-ion etching (DRIE) at 
the 200mm substrate level and lower.

FIGURE 1 	▲  Gyroscopes and accelerometers have a forecasted CAGR for 2009 – 2012 of 25% and 30%, respectively, and because of consumer pull, continue to 
represent an ever-increasing percentage of the overall MEMS market. The MEMS market as a whole, worth approx. $7B (as at the end of 2009) has a CAGR of 23% 
and is forecasted to swell to $13B in 2012(1).
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In 2006, the introduction of Nintendo Wii changed the MEMS world forever. For more than 30 years, MEMS have 
slowly increased in volume, with most devices being used for ink-jet print heads for the small office/home office 
printing market and pressure sensors for the automotive and industrial markets. But the immersive experience 

offered by the Wii’s accelerometer-enabled motion controller marked the beginning of the public’s fascination with 
gesture and motion control in consumer electronics.
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DRIE: MISSION-CRITICAL FOR MEMS
While there are a number of fundamental design and fabrication tech-
niques used to produce MEMS-based accelerometers and gyroscopes, 
most accelerometers and gyroscopes commercially available today 
rely on DRIE as their critical process technology. The key metrics 
for a successful DRIE process are: 

High productivity and reliability	n

Within-wafer uniformity 	n

Side-wall profile control	n

Etch rate 	n

Some MEMS manufacturers now focus on etch rate as the most 
critical factor in evaluating a production tool. But the etch rate alone 
does not reveal much about the manufacturers’ real needs: total output 
and overall productivity.

For example, a fast etch rate won’t increase yield if the 
uniformity and etch quality of the wafers produced are poor. It 
also won’t increase yield if the tool frequently has to be taken 
down for cleaning and repair. High-quality output and highly 
responsive service and support are essential to overall tool 
productivity—and therefore to a MEMS manufacturer’s ability 
to meet market demand.

Finally, manufacturers need to consider whether their tool pro-
vider has a long-term commitment to providing MEMS solutions 
in the 200mm and lower market space, as well as a commitment to 
ongoing MEMS R&D. Without those commitments, manufacturers 
run the risk of investing in expensive equipment that may become 
orphaned or obsolete before its time.

THE APPLIED ADVANTAGE 
IN MANUFACTURING MEMS
As an industry-leading provider of high-performance nano- 
manufacturing solutions, Applied Materials is com-
mitted to supporting the MEMS market. Applied of-
fers a comprehensive portfolio of MEMS equipment  
solutions, including DRIE, PVD, Metrology, CMP, Release Etch  
and CVD.

FIGURE 2 	▲  A typical MEMS-based accelerometer (a) and inter-digitated 
comb-fingers (b), used to capacitively sense physical movement(2).  While 
accelerometers are designed to sense any movement along a particular axis, 
gyroscopes, which appear physically similar, are designed to sense the rate of 
movement, often around multiple axes. DRIE technology, usually produced on 
150mm or 200mm substrates, is a critical process technology in the fabrication 
of both accelerometers and gyroscope devices.

(a) (b)
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Authors: Durga Chaturvedula, Mike Rosa.  
For additional information, please contact Mike_Rosa@amat.com

FIGURE 3 	▲  The Applied Centura DPS DT+ is our solution for DRIE applications 
in the 150mm and 200mm space. Lithographically-defined MEMS-based 
accelerometer and gyroscope devices, just prior to etch, typically have up to 
15% exposed silicon (based on design), commonly referred to as “open area.” 
Offering < 6% uniformity and etch rates up to 13um/min at these open areas, 
the Centura DPS DT+ is a best-of-breed choice for DRIE, and is backed by 
Applied Global Services (AGS).

FIGURE 4 	▲  Applied Materials MEMS Release Etch Tool is a new addition 
through the 2009 acquisition of Semitool.

A recent addition to the Applied Materials MEMS portfolio is 
the new Applied MEMS Release Etch HF vapor (HFv) batch tool. 
Some key features of this new tool are:

HF (49%) Vapor / IPA gas phase etch process	n

Small footprint approx. 13.8 ft	n 2  (approx 1.38m2)
Up to 25 -  150mm or 200mm wafer loads	n

Etch rate approx. 400Å/min (based on 25 wafer load)	n

SiO	n 2 : SiN selectivity of >500:1
CVD Oxide : TOX selectivity of >60:1	n

Lowest COO of any MEMS production Release Etch tool	n

Currently, Applied’s MEMS Release Etch tool is the only  
HFv tool available with in-chamber wafer rotation, ensuring 
greater wafer-to-wafer and within-wafer uniformity than com-
peting solutions. 

The new MEMS Release Etch tool is  significantly less  
expensive than competitive products, and is the only HFv tool 
that uses 49% HF, making it safer and cheaper to run. 

In addition to our existing suite of high-performance  
MEMS solutions, Applied is the only large OEM that continues 
to expand its portfolio for the 200mm and lower market. Applied 
Materials recognizes that the 200mm wafer node is cutting edge 
in the MEMS world today and we are excited about delivering 
competitive, newly developed solutions in this market.  Further-
ing our commitment to MEMS we are now exploring solutions 
in the wafer bonding / materials integration space. As part of  
our ongoing MEMS development efforts, Applied has part-

nered with leading universities and industry groups, including;  
Georgia Tech, University of California, Berkeley, Sandia National  
Laboratories, and the MEMS Industry Group.

By working closely with them, Applied is able to develop 
broad insight into how our equipment and processes perform at the 
device level. We understand the materials and processes required 
for MEMS manufacturers to thrive in a consumer electronics mar-
ket with razor-thin margins. Customers who need the flexibility 
to manufacture components that reach the broadest possible set 
of MEMS-based devices can move forward with the confidence 
that we have already successfully demonstrated Applied MEMS 
solutions across a range of similar devices. Coupling this device-
level understanding with the comprehensive support solutions 
from Applied Global Services helps ensure optimum equipment 
performance and uptime.

And, by leveraging the Applied advantage, manufacturers 
can deploy an expanding portfolio of high-performance tools 
that deliver the high-quality yields they need to compete in  
the ever price sensitive MEMS device marketplace for con- 
sumer applications. n

REFERENCES
(1) yole Development, March 2010.
(2) Berkeley Sensor and Actuator Center (BSAC), 2009.
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The semiconductor industry is notoriously cyclical. 
Upturns in the marketplace can occur so rapidly 
they may catch manufacturing companies off 

guard. Although chipmakers need to respond quickly, 
there is a potential to fall behind the business recovery 
curve and lose millions of dollars if they are saddled with 
poor-performing, idled or cannibalized systems that are 
far from production-ready.

To help customers respond quickly to dynamic utilization shifts, 
Applied Materials has developed Applied Tool Revitalization  
Service. This uniquely flexible service brings the system expertise 
and global resources of Applied Materials—the equipment OEM—to 
the customer site to help bring idled or underutilized Applied tools 
back on line and running at peak performance in time to support 
increased factory demand. Tool Revitalization Service includes audits to identify the parts 

and labor needed to bring tools back to production standards. These 
audits also identify safety issues and available tool enhancements.  
Enhancements can increase efficiency and capability as well as 
extend the tool lifetime through reconfiguration, refurbishment, and 
the latest product upgrades.  Applied Materials leverages its global 
infrastructure and experienced field engineers to deliver a turnkey, 
on-site capability that is timely, efficient and cost effective. 

Applied Materials has helped a number of customers meet chang-
ing product requirements through tool revitalization. Over the past 
five years, Applied Materials has successfully relocated, restarted, 
and in many cases, revitalized, more than 1,200 tools in over a dozen 
customer facilities worldwide. The experience gained has enriched 
our large and growing knowledge base, making Tool Revitalization 
Service an expert solution to customers’ needs for rapid increases 
in production capacity.

Here’s how Applied Tool Revitalization Service worked  
for two customers:

Faster Time 
  to Production with Applied Tool Revitalization Service
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Author: Peggy Marcucci. For additional information, please contact 
Kaven_DeShane@amat.com

Faster Time 
  to Production with Applied Tool Revitalization Service

CASE STUDY 1

Dial Back Tools and Service.
During last year’s industry downturn, one 

customer company experienced lower fac-
tory loadings and decided to reduce spend-
ing by idling some tools on their production 
line.  However, this company needed to stay 
flexible if demand increased and they had to 
expand production capacity quickly. 

Their tools were covered under an 
Applied Performance Service Agreement 
with full parts and 7x24 labor coverage. 
To keep costs down, Applied Materials 
and the customer agreed to deactivate 

service contract coverage on seven tools 
while utilization rates were low, a standard 
feature of the Applied Performance Service 
product. Applied Materials engineers then 
assisted the customer with tasks to enable 
the “hot idle” mode on each tool.  In this 
mode, tools are minimally powered and in 
stand-by state, but not fully production-
ready. The advantage is that hot idled tools 
can be brought back on line much faster—
in hours rather than days—compared 
to tools that have been completely shut 
down.  Months later, when utilization rates 

began to climb, the customer and Applied 
Materials worked quickly to bring the 
hot-idled tools back into production and re-
established coverage of the tools under the 
Applied Performance Service Agreement 
with normal billings and no extra charges 
to the customer.  

As a result of this program, the customer 
was able to lower maintenance costs and, 
by idling under-used tools, reduced energy 
and resource usage costs as well—all 
without compromising the ability to respond 
quickly when business conditions improved.

CASE STUDY 2

Expedite the Ramp.
Another customer company saw rapid 

declines in utilization because of deteriorating 
market conditions. They decided to power 
off three etch tools, one implanter, and three 
CVD systems and remove them from cover-
age under their Applied Materials service 
contract. In the face of uncertainty about the 
timing of an upturn in demand, the customer 
determined that a cold-idle state was a better 
strategy for quickly achieving a significant 
reduction in costs.  In cold-idle mode the 
tools are shut down completely, with obvious 
savings on maintenance, materials usage and 
energy. This customer’s tools remained in cold 

idle mode for almost 24 months. During that 
time, aggressive cost management practices 
were implemented, so the customer saved on 
spare parts costs by using parts from some 
of these idled machines to repair those tools 
that remained running in production. 

When market demand began to pick up, 
the customer needed to expand capacity 
quickly and called on Applied Materials to 
revitalize their idled tools and put them back 
on line in production.

Applied Materials quickly designed a 
project plan, including carefully estimated 
costs and an aggressive revitalization time-
line, so the customer could plan and budget 

accordingly.  This included a thorough 
audit of each system, including pump and 
cryo systems. New parts were ordered and 
installed, systems were decontaminated, 
chambers were cleaned and seals and other 
fittings were replaced.  Applied Materials 
support teams successfully completed the 
entire project on time and within budget, 
from ordering spare parts and performing 
corrective maintenance to accommodating 
process shifts on the systems. As a result, 
this customer was able to increase produc-
tion capacity quickly, with manageable costs, 
and respond effectively to their aggressive 
product commitments to their customers.

Applied Tool Revitalization Service—just one of many other 
Applied Materials service offerings that help you expertly man-
age tools and production facilities with greater efficiency and 

lower costs—regardless of the prevailing business cycle. n
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Beginning in 2011, new U.S. government regulations will man-
date reporting of Green House Gas (GHG) consumption and 
manufacturers in the State of California will be required to report 
demonstrated GHG reductions (see box). U.S. companies operating 
in Asia, Europe and Japan will also face regional carbon taxation 
and carbon accounting requirements.  

Compliance has already begun.  In September 2009, UMC be-
came the first major device manufacturer to conduct carbon footprint 
inventory on its 200mm wafers according to international carbon 
footprint standard PAS2050, with the results receiving third-party 
verification by Det Norske Veritas (DNV). 

The challenge for device makers is to reduce energy consump-
tion and therefore, carbon emissions, without compromising 
on-wafer performance, throughput and environmental health and 
safety compliance. 

Authors: Phil Chandler, Andreas Neuber. For additional information, 
please contact Phil Chandler at phil_chandler@amat.com

The subfab area represents a key opportunity to reduce energy 
consumption per wafer pass without incurring process tool devel-
opment costs or compromising on-wafer performance.   Significant 
energy savings as shown in the ITRS roadmap are certainly feasible 
in this area, but it will require new strategies based on systems think-
ing and systems practice to maximize those savings at the lowest 
technical and business risk.

In the conventional subfab, the process pump and the abatement 
tools are remote from the chamber. The energy penalty is that vacuum 
pumps grow larger as the foreline pipeline length grows, resulting 
in higher energy costs to overcome conductance losses. Traditional 
abatement is designed as a trash can for worst-case scenarios, as-
suming that vacuum pumps discharge intrinsically safe gas flows. 
The energy penalty is that such one-size-fits-all abatement results in 
higher energy costs to overcome 50 L/min N2 to target and destroy 
0.2 L/min SiH4.

Applied Materials is systematically challenging traditional as-
sumptions about how to transport gases from the process chamber 
and transform hazardous process gases into a benign state.  Our 
recently announced iSYS™ subfab solution systemizes the subfab, 
demonstrating that integration and synchronization of discrete subfab 
components and integration with process tool interfaces can deliver 
>20% energy and carbon equivalence reduction.

In summary, solutions like the Applied Materials iSYS system 
support the new paradigm emerging in subfab, which challenges 
the traditional one-size-fits-all model with new systems thinking 
that matches energy expenditure to energy need, realizing step 
reductions in subfab cost per wafer pass, all without compromising 
on-wafer performance.  n

New GHG Regulations 
                       Add Pressure to Efforts to 
 Lower Energy Costs in the Fab

M acro energy costs and the environmental impact of manufacturing are large and growing 
concerns for electronics companies and now, new legislation will impose even more stringent 
regulatory controls.  

USA GHG Regulatory Environment

Current
California leading with AB32, Global Warming Solutions Act
       Regulation of GHG emissions from semiconductors and related devices
       http://www.arb.ca.gov/regact/2009/semi2009/semi2009.htm

Waxman-Markey Bill: Reduce GHG emissions 17% below 2005 levels 
by 2020

18 states with manfatory GHG emissions reporting requirements.

23 states with voluntary GHG emissions reporting requirements.

9 remaining (including Texas) have no policy.*

Federal EPA Mandatory Reporting Rule
http://www.epa.gov/climatechange/emissions/ghgrulemaking.html

Published April ‘09, final comments June ’10; reporting in effect 1/1/2011

Any regulations like US cap and trade likely to coincide with renewal of 

Kyoto Protocol’s cap and trade program expiring in 2012

Coverage
       Threshold reporters: > 25,000mtCO2e
       Capacity reporters: > 1080m2 Si per year
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Introducing Applied 
Parts On Demand™ 
Service: 
Parts Delivery 
You Can Count On

Applied Parts On Demand (POD) Service is a new way for semi-
conductor or c-Si customers to get the parts they need when they 
need them.

keeping pace with fab conditions can be challenging for manufac-
turers. They must maintain a sufficient stock of fast-moving parts, 
and be able to get slower-moving but critical parts on an emergency 
basis. This requires that manufacturers either stock up on parts—
which slows inventory turnover and consumes valuable warehouse 
space—or take the risk of waiting for critical parts to arrive, which 
increases tool downtime and impacts fab productivity.  

With Applied POD Service, manufacturers can now keep their 
inventories lower and leaner, while still receiving the parts they need 
at dependable intervals. Applied POD Service provides a committed 
lead time of 14 days on consumable parts that customers regularly 
order. Customers place orders at their convenience through Applied 
Materials’ online SparesSolutions® system, with no minimum quan-
tity or committed forecasts required. Because Applied POD Service 
ensures consistent delivery times for fast-moving consumable parts, 
customers can pace their purchases according to fab conditions, 
maintaining a low inventory of fresh stock instead of overstocking to 
ensure the parts they need will be available.

Applied POD Service also includes an emergency parts support 
option for critical parts such as heaters and pumps that are replaced 
less frequently. For a low monthly fee, customers can identify their 
vital parts and have them reserved in Applied inventory. When a tool 
goes down, customers order the emergency parts they need, using 
SparesSolutions for automated shipment within 24 hours. 

By providing committed, predictable delivery times for parts,  
Applied POD Service gives customers the flexibility to run lean with-
out the risk of running out. Although the parts requirement of each 
manufacturer is different, all will benefit from fresher inventories that 
turn over faster—and from reduced downtime while waiting for parts.

Feature Applied  
POD

Emergency parts  
support option*

Service Level 
Commitment

95% contract parts 
ship within 14 days

95% contract parts 
ship within 24 hours

Program Parts 
Criteria

>4 usage /year >1 use / year

Customer 
Forecast

quarterly quarterly

Pricing No additional fees:
volume based 
discounting

Monthly fee based 
on contract inventory 
value 

For more information: contact your local AGS sales representative or 
Oron_Maymon@amat.com
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*This option is not available as a stand-alone offering.
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     Automation: 
Knowledge is Power  
     in the Fab

Consider the common system controller, and how difficult it is to  
set up new tools in a fab. The interfaces are different from tool-to-
tool, and the standards for event messaging are nearly non-existent. 
How many months, and how many engineers, does it take to build 
the interfaces to the equipment? For each new fab, time and money 
are wasted setting up tools. 

By asking a tool for metadata, tool configuration could be semi-
automated. One piece of good news is that a new version of the 
Interface A standard is coming soon that will make this easier to 
accomplish. Marlin Shopbell, Next Generation Factory project  
manager at Sematech’s ISMI subsidiary, argues: “Perhaps the industry 
is still searching for that critical application that makes Interface A 
absolutely necessary for everyone,” much as recipe checking was 
a key motivator to add the SECS/GEM interface. Once tools are 
up and running, there is the opportunity to improve the availability 
of the process equipment. Predictive maintenance, with a better 
overall set of maintenance models, is an area where improvement is 
occurring more slowly than it could be. Maintenance programs, and 
maintenance engineers, don’t get the respect they deserve, argues 
James Ignizio, author of “Optimizing Factory Performance.” Chip 
vendors need to do a better job of coordinating the time needed for 
regular maintenance with lot scheduling.

As the processes needed to build ICs become steadily more com-
plex, scheduling and dispatching need more attention. With 500-700 
process steps and larger mask sets, improving or maintaining cycle 
time is a tall order, requiring improved scheduling. “The factories 
are getting larger and the processes increasingly complex, with more 
masks,” Shopbell says, adding that that calls for better tool interfaces 
and more intelligent dispatching/scheduling “just to keep the cycle 
times under control.”

All of this complexity is leading semiconductor companies 
to implement high-level fab management tools, such as the E3 
automation and equipment engineering system software from  
Applied Materials, to collect data and present it to fab engineers in 

an intelligent manner. Additionally, Tom Sonderman, vice president 
of manufacturing systems and technology at GlobalFoundries, said 
his company and several other large semiconductor companies have 
developed their own internal systems. Whether it’s a commercial or 
internal solution, Sonderman calls these software tools “immensely 
valuable” and a “huge missed opportunity” for the IC manufacturers 
that are hanging back. 

Sonderman believes the industry now has the opportunity to move 
from “turning data into information to a new phase, using information 
for knowledge computing based on lots of pieces of information. That 
form of artificial intelligence is the next big wave.”

With remote diagnostics becoming more viable and secure,  
Sonderman calls eDiagnostics “another adder” for GlobalFoundries 
and its vendors to keep track of “tools located all over the world.”  

A well-run semiconductor fab has layers of control that build up 
from individual tools to islands of control in the front end of the line 
(FEOL), middle of the line, and the interconnect. When the tools are 
kept in good maintenance and information is flowing up and down 
the layers of control, fabs can be  impressive examples of industrial 
productivity. The glass is definitely half full.

One telling indicator is zero footprint storage. Sonderman estimates 
that the GlobalFoundries Fab 1 in Dresden, Germany has about 100 
wafer stockers, while the goal for Fab 8 now under construction in 
Malta, N.Y., is to use only 20.

Semiconductor companies must invest in the automation tools 
and people to move from data to information to knowledge-based 
decision-support systems. As Francis Bacon (1561-1626), considered 
a father of the scientific method, famously observed: “Knowledge is 
power.” To that we might add: But only if it is put to use. n

Author: David Lammers. 
Journalist David Lammers has been writing about the semiconductor 
industry since 1980 at the Associated Press, EE Times and Semiconductor 
International. He is based in Austin, Texas.

The Last Word

T here is plenty of room for improvement in semiconductor fab automation. From tool  
set up to maintenance scheduling to integration with the EES tools, much remains to 
improve fab efficiency.
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Now that we have had our say,  
it’s your turn to talk— 
and claim your reward! 

Tell us what you think about Nanochip Fab Solutions by 
taking our online survey at https://survey.amat.com/survey/
s?s=nanochipsurvey. We are committed to continuously 
improving our publication, so your comments are encouraged. 
To thank you, we’ll send you a FREE mini-mouse*, a perfect 
travel companion. 

Applied Materials is also committed to protecting  
the environment. So if you’d like to save some trees by 
receiving Nanochip electronically, check the appropriate  
box on the survey, or email your request to us at  
Nanochip_Editor@amat.com .

Finally, can you help us spread the word? If you have friends 
or colleagues who would like to receive Nanochip, they can 
sign up at NanochipEditor/AppliedMaterials@amat.com. 

*While supplies last
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When Iceland’s Eyjafjallajokull volcano began spewing ash 
across Europe’s skies, air traffic stopped and so did the flow of 
parts from Applied Materials—but not for long.

Applied Global Services immediately launched a Business 
Continuity Plan, and over the next several days, a dedicated 
team tracked all incoming parts orders and made real-time 
decisions about when and where to move parts. AGS’s main 
European hub is in Frankfurt, but with the airport there shut 
down, parts had to be rerouted quickly through airports that 
Applied does not normally use.  Spain remained relatively 

Supply Pain 
Management

untouched by volcanic ash, so Madrid’s airport was used to 
route parts between the U.S. and Europe; parts coming in from 
Asia were flown to Moscow.  From Spain and Moscow, parts 
were then routed by truck for ground delivery across Europe.

While the logistics were complex, the goal was simple: 
get parts to customers as soon as possible. With so many 
manufacturers struggling to keep up with demand, there was 
no time for a “part down, waiting for tool” situation.

And the results were impressive.  During this extended 
period of time, no major interruptions of customer operations 
were reported as the result of delayed parts deliveries.

Eyjafjallajokull continues to rumble and could disrupt 
European air transport and travel again. If it does, AGS has  
the proven flexibility to keep the parts supply moving for  
our customers.
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