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Figure 2. At left is a daily dashboard report showing ion source predictive maintenance (PdM) and beam-tuning status, and the 
health of major assemblies. When a yellow/red indicator shows a tool issue, Applied CEs use the drill-down UVA charts on the 
right to diagnose and quickly address the situation.

With actionable analytics, Applied CEs can observe 
and analyze real-time tool and production data and then 
compare it to known BKM values to pinpoint areas that 
can be improved.

Daily, weekly and on-demand reports provide critical 
information on all relevant conditions aff ecting productivity, 
such as incorrect recipe parameters, inconsistencies in tool 

performance, and mechanical issues arising from a tool’s 
robotic components. Applied CEs use this information to 
optimize the customer’s implant tools and achieve better 
performance and more wafers out.

The daily reports summarize all UVAs and highlight 
tool issues, pointing to specifi c tool modules, recipes, etc. 
(see fi gure 2).

Figure 1. All required parts are included at no extra cost in the new Implant Applied Managed Service, such as alternative-
materials parts that reduce maintenance needs and have a longer MTTF. Shown above are some of the ion source parts that 
may be included as needed.
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Thus the need to achieve higher productivity from 
ion implanters reaches across the industry. In older fabs 
where space constraints prohibit installation of additional 
tools, the focus may be on boosting the output of existing 
implanters. High-volume fabs may be focused on high 
uptime and more wafers out to relieve tool throughput 
constraints. In all cases, manufacturers seeking a higher 
fi nancial return on investment (ROI) from their tools 
recognize that higher productivity is an eff ective way to 
achieve a lower overall cost of ownership.

To help customers increase the productivity of their 
ion implanters, Applied Materials has introduced Implant 
Applied Managed Service.™ This comprehensive service 
off ering provides a 3–5% increase in tool uptime with 
an additional 3–5% increase in productive hours for 
high-current, medium-current, and high-energy Applied 
Materials VIISta™ implanters. The result is a signifi cant 
total increase in wafer output for a customer’s fl eet of 
implant tools.

Applied Managed Service off erings are service 
agreements designed to increase a customer’s operational 
effi  ciency by addressing specifi c corrective and preventive 
maintenance requirements to improve tool performance. 
They provide genuine Applied Materials non-consumable 
parts and managed inventory support. Priority support 
for non-consumable parts is provided, as is rapid on-site 
response for downs.

The two key performance indicators (KPIs) for the 
new Implant Applied Managed Service are uptime and 
output. These are tied to SEMI’s E10 Specifi cation for 
Defi nition and Measurement of Equipment Reliability, 
Availability, and Maintainability, and are commonly used 
to measure and benchmark tool and fab performance.

To illustrate the value of the new service, consider a fab 
with an output of 4.4M wafers/year from its fl eet of 6 ion 
implanters. A 4.2% increase in wafers out per year with 
Implant Applied Managed Service provides an additional 
185,000 wafers per year for the fl eet. If each wafer is valued 
at $10, the benefi t of the wafers out from beam-tuning can 
be $1.8M.

mULtIPLe ProdUctIVIty ImProVements

The higher productivity enabled by the Implant Applied 
Managed Service is a result of the combined eff ects of 
multiple improvements. They include faster and better ion 
beam-tuning, optimized recipes, reduced variability among a 
fab’s tools, fewer potential bottlenecks in downstream tools, 
less downtime (both planned and unscheduled), greater 
predictive maintenance inputs, faster corrective action, and 
faster green-to-green times.

To accomplish all of this, Applied Materials will provide 
a wide array of resources based on customer requirements, 
including:

���Q Advanced analytical solutions that enable more wafers 
out and more productive uptime.

���Q Customer engineer (CE) tool-monitoring dashboards.

���Q Alternative-materials parts that reduce maintenance 
requirements and increase mean time to failure (MTTF). 
(See fi gure 1.)

���Q Guaranteed parts availability at no additional cost (for 
the platen, robotics and processors) and parts repair/
refurbishment services. 

���Q Experienced engineers with advanced training in 
ion implantation applications and tools, enabled by 
algorithms and predictive models from the Applied 
Materials fi eld service server.

���Q Advanced preventive maintenance (PM) and best-
known methods (BKMs).

���Q A FabVantage 360™ performance assessment (if needed 
to meet the KPIs specifi ed in the customer agreement).

The Implant Applied Managed Service makes use of a 
suite of sophisticated data analytics enabled by Applied’s 
fi eld service server, such as a proprietary fab dashboard and 
technical data warehouse that Applied CEs use to optimize 
tools for increased output and reliability.

Applied Materials advanced analytics encompass 
univariate analysis (UVA), tool matching, predictive 
maintenance, and advanced troubleshooting techniques. 
These analytical solutions are derived from Applied’s unique 
and extensive tool- and process knowledge base, refl ecting 
the company’s position both as the leading tool OEM and 
as a leading service provider to hundreds of fabs worldwide 
over the past 50 years.

Ion implant tools are essential for semiconductor 
manufacturing because dopants such as arsenic, 
boron and phosphorous must be implanted into 
silicon to fabricate transistor structures such 
as gates and wells. This holds true whether 
customers produce the most advanced 300mm 
digital logic and memory circuits; use 200mm 
processes to build analog, power and other 
products; or make CMOS image sensors.
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and (e) the dedication of specifi c CE skills and resources 
to address productivity issues.

In another case, Implant Applied Managed Service 
helped a 300mm customer meet upcoming production 
demands driven by the ramp-up of a new product. Ion 
implanter uptime was increased by 5.8% over a 3-month 
period by reducing system variability and the time needed 
for preventive/corrective maintenance, and by optimizing 
product recipes and parts (see fi gure 5).

This new managed service helped another customer 
attain a 4.2% increase in overall productive time across 
its fl eet of implanter tools. The result was achieved after 
Applied CEs performed data analytics using Applied’s 
proprietary FSS platform, which determined that the tools’ 
arc-to-beam current ratio was too high, and gas fl ow was 
too low, compared to reference data.

Once the recipe parameters were optimized, the 
beam-tune success rate went from 75% to 100%, and the 

Figure 4. The new Implant Applied Managed Service helped one customer achieve >4% average uptime improvement across a 
fl eet of 6 tools.
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Figure 5. Implant Applied Managed Service helped a 300mm customer increase ion implanter uptime by 5.8% over a 3-month 
period, which enabled the fab to meet upcoming production demands driven by the ramp-up of a new product.
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Figure 6. Actual customer data following an Implant Applied Managed Service engagement. The beam-tune time was driven 
down for all tool recipes, and the beam-tune success rate was increased.
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The weekly reports summarize the beam-tune 
success rate and the duration of beam-tuning, in order to 
localize and fi x tool and recipe issues (see fi gure 3).

demonstrated Performance

Implant Applied Managed Service has been 
successfully deployed at a number of customer fabs 

Figure 3. Above on the left is a weekly dashboard report showing tool performance per tool and per recipe. Red, orange, 
and yellow squares indicate substandard performance. Applied CEs use data transformation at top right to derive tool 
recommendations listed at bottom right.
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around the world. These include fabs that manufacture 
memory devices, analog products, CMOS logic devices 
and CMOS imagers. Some customers mostly want 
to increase uptime from their implant tools, while the 
paramount need for others is to increase wafer output.

Figure 4 shows how one customer achieved a more 
than 4% average uptime improvement across a fl eet of 
6 tools. The improvement over baseline performance 
(88%) was achieved through: (a) the use of beam-tune 
optimization; (b) 10 analytical models and tool health 
checks; (c) “refreshed” parts based on health-check data; 
(d) parts availability and increased inventories of spares; 

time needed for the procedure was cut in half, from six 
minutes to three (see fi gure 6).

concLUsIon

Implant Applied Managed Service can deliver 
signifi cantly improved productivity to customers who use 
Applied Materials VIISta™ ion implanters. It is specifi cally 
designed to help them achieve greater wafer output, 
increased uptimes, reduced variability in uptimes across a 
fl eet of tools, and a greater ability to identify and address 
diffi  cult problems.

This new off ering is part of a broad and ever-
expanding portfolio of fl exible, innovative service 
products designed to ensure that customers’ Applied tools 
and fabs run as effi  ciently and productively as possible.

For additional information, contact daniel_simon@
amat.com

HIGHER PRODUCTIVITY
FOR APPLIED VIISta
ION IMPLANTERS
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WHat’S
NeW iN
mems?

While the MEMS market 
has matured in recent years, 
there’s still a lot of healthy 
growth ahead as new 
device technologies come 
to market and segment 
stalwarts (IMUs, RF MEMS, 
etc.) see device volumes 
rise with further adoption 
in end-user applications. 
Here, we briefl y review 2016 
and discuss some recent 
additions to the MEMS 
segment: MEMS-based 
fi ngerprint sensor (FPS) and 
light detection and ranging 
(lidar) devices.

In 2016, MEMS device 
segment revenue was around 
$13 billion (CAGR ~ 13%, 
through 2021) with unit volume 
at just under 17 billion (CAGR ~ 
21%, through 2021), as shown 
in fi gure 1. The majority of that 
device revenue was generated 
by growth in the consumer 
and automotive markets, 
each representing >50% and 
25% of total device revenues, 
respectively. This is hardly 
surprising as mobile applications 
of MEMS have increased 
dramatically in recent years and 
the push towards advanced 
driver-assistance systems 
(ADAS) has also bolstered the 
use of MEMS in automotive 
applications.

fIngerPrInt sensors 

Let’s fi rst take a look at 
the consumer segment and 
specifi cally, the increasingly 
prolifi c FPS device found on 
so many of today’s mobile 
devices. FPS devices are used 
in a number of security-centric 
applications. According to Yole 
Développement, their 2016 
market value was $2.9B with 
roughly 800M units shipped. 
FPS devices are forecast to 
increase to over 2 billion units 
with a market value approaching 
$3.7B by 2022.

Currently, there are 
four diff erent fundamental 
operating FDS technologies: 
optical, capacitive, thermal 
and ultrasonic (see fi gure 
2). The most prolifi c device 
technologies used today are 
capacitive-based. You’re 
probably most familiar with the 
capacitive FPS device in your 
smartphone or laptop computer.

Figure 1. Gyroscopes, accelerometers and the digital compass once led the MEMS revolution, but today’s device 
volume forecasts are dominated by the consumer communications sector, with microphones and RF fi lter 
devices constituting greater than two-thirds of all MEMS device volume by 2021. (Source: Yole Développement, 
2016, “Status of MEMS Industry”)
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Figure 2. There are four well-known techniques for making FPS devices: optical, capacitive, thermal and 
ultrasonic. For today’s mobile applications, the capacitive type is most widely used, although piezo-based 
ultrasonic technologies are quickly gaining share in those markets. (Source: Yole Développement, 2017)
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Figure 3: Automotive applications are forecast to grow substantially by 2022. (Source: Yole Développement, 3D Imaging and Sensing Technologies 
Report, 2017)
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While each FPS technology 
has diff erent pixel counts and 
densities and overall levels of 
eff ectiveness, it’s the sensing 
area that ultimately determines 
utility and volume adoption in 
the consumer market. In this 
regard, capacitive and ultrasonic 
technologies beat out the 
competition with somewhat 
conservative sensing areas 
of ~28mm2 and ~36mm2, 
respectively. Combined with 
pixel counts north of 10K, pixel 
densities >500 ppi and extremely 
low power consumption in stand-
by mode, it’s easy to see why 
these two technologies are prime 
candidates for use in mobile 
products.

Although capacitive devices 
already enjoy broad adoption, 
piezo-based ultrasonic devices 
are just now entering the market. 
With increased sensitivity 
capable of imaging both 
epidermal and dermal layers of 
the fi nger, piezo-based devices 
off er greater security and are 

impervious to the eff ects 
of dust and moisture on the 
scanning surface.

Today, piezo-based 
FPS chips can be fabricated 
using either aluminum nitride 
(AlN), scandium-doped 
aluminum nitride (ScAlN) 
with scandium concentrations 
in the range of 20–30%, or 
lead zirconium titanate (PZT) 
piezo-materials, each with an 
increased electromechanical 
coupling coeffi  cient (kt2). 
While the CMOS compatibility 
of the AlN family of fi lms is 
preferred, there are device 
architectures that might 
enable a PZT-based device by 
taking advantage of CMOS/
sensor integration based 
on wafer bonding. Various 
deposition technologies can 
be utilized depending on the 
fi lm parameters of interest, 
but FPS chips will likely rely 
on physical vapor deposition 
(PVD) as a high-productivity 
manufacturing approach.

So, that leaves one big 
question: is this a 200mm or 
300mm play? For now it seems 
200mm (and small gen panel) 
is the way forward; however 
a 300mm play in the future 
should not be ruled out for 
this high-volume, increasingly 
ubiquitous device.

mems-Based LIdar

Light detection and ranging 
(lidar) mechanisms are another 
device-type in growing demand. 
They are currently used in 
geographic information sensor, 
military, CMOS image sensor 
and robotics applications. 
However, Yole Développement 
forecasts signifi cant growth 
over the next fi ve years in lidar 
mechanisms being widely used 
in the evolving autonomous 
vehicle area (see fi gure 3). 

Lidar is a technique whereby 
laser light is used to illuminate 
a specifi c target and measure 
its distance from the source. 

WHat’S
NeW iN
mems?

Encased in a spinning “can” 
mounted on the roof of a car, 
it is the mechanism by which 
many present-day autonomous 
vehicles “see” their surroundings. 
While eff ective, these “cans” 
are not attractive. Nor are 
they cheap: prices range from 
$10K–$30K per unit, and can 
climb up to $75K for the most 
advanced models.

To address this cost 
issue, several companies are 
touting discrete, MEMS-based 
lidar solutions with price 
points targeted below $100. 
With die sizes on the order 
of 25mm2, these devices are 
small 2D-scanning mirror 
architectures operated by a 
series of electromechanical 
comb-drive structures. There are 
several R&D eff orts underway 
to develop new and interesting 
technologies in this space. The 
Berkeley Sensor & Actuator 
Center (BSAC), for example, has 
its own approach for MEMS-
based lidar.

Another lidar solution 
is an optical phased array 
(OPA)—a die-based mirror 
composed of many smaller 
refl ective micromechanical 
elements—which can carry out 
sophisticated beam forming, 
steering and tracking of multiple 
objects. Each mirror element in 
the OPA is ~2µm wide and 35µm 
long. The full 1D mirror device 
is capable of scan angles >22° 
at scanning speeds in excess of 
500 kHz with operating voltages 
<10 V. While similar to the 
MEMS-based lidar devices with 
mirror elements manipulated 
by electromechanical comb 
structures, these comb-drive 
structures can be as thin as 
300nm with equivalent 300nm 
spacing.

So, while metal deposition 
will be important in forming 
high-quality mirror surfaces 
for OPA devices, it seems that 
deep reactive ion etch (DRIE) 
will be the key enabling process, 
especially if device designs call 

for reliable submicron 
process control.

While the future of 
lidar looks bright, there is 
ample competition between 
component OEMs looking to 
enable this exciting segment of 
the automotive industry. There 
is much work underway in this 
sector involving detection of 
vehicles, objects, pedestrians 
and even occupants. For 
example, recently, Bloomberg[1] 

reported that Texas Instruments 
is introducing new automotive 
chips using radar technology that 
could challenge technologies 
such as lidar. So we will likely see 
many players in this fi eld with 
chip-based detection systems, 
from large suppliers to new 
upstart companies trying to 
leverage new technologies.

For additional information contact 
mike_rosa@amat.com
[1] https://www.bloomberg.com/

news/articles/2017-05-16/ti-
aims-to-replace-big-radar-box-in-
cars-with-tiny-chip
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When I set out this spring to interview several Applied 
Materials engineers for a Nanochip Express article about 
the company’s annual Engineering Technology (ET) 
conferences, I didn’t realize I would learn so much about 
how engineers think—and relate. I’ve been writing about 
the semiconductor industry for several decades, but most 
of my interviews have been with marketing people, industry 
analysts, and executives. With the ET conferences story, 
my assignment was to talk to engineers who had submitted 
papers about their work. The papers are delivered at one of 
several international regional ET events, or at the main US-
based ET Conference, held this past year in Las Vegas. 

Engineers, I am convinced, have a strong desire to tell 
their stories, to communicate the value of their work, no 
matter how technically arcane it might be. In a sense, that 
is what the ET conferences are all about: breaking down 
the silos that prevent knowledge from being more widely 
shared within Applied Materials, and then applying that 
knowledge to help customers run their tools and fabs 
more eff ectively. 

A good example of this type of knowledge sharing 
comes from Kevin Sannes, who works in what is now a key 
area: matching the performance of multiple tools in a fab. 
“It is always competitive to get a paper accepted to the ET 
conferences,” said Sannes, who works in the FabVantage™ 
Consulting group at Applied Global Services (AGS). After 
27 years at Applied, “I know a lot of people out in the fi eld 
for AGS, but Applied is a large company now and there are 
so many engineers in Santa Clara and elsewhere that I don’t 
interact with.”

Listening to Sannes describe the diff erent skills his 
team brings to bear to improve the performance matching 
of a fl eet of etchers, for example, is nothing short of 
inspiring. It makes me glad to be part of an industry 
unfazed by the technical challenges ahead of it.

Dermot Cantwell is another 
long-term Applied engineer who 
had a paper accepted for the 
2016 Las Vegas event. He is part 
of the Common Systems Software 
group, which developed an 
application to aid the company’s 
process development teams by 
extracting more information from 
the data generated by Applied 
tools. The goal is to look, for 
example, at trace data about 
pressure—which by itself might 
have limited information on how 

it impacts on-wafer performance—then determine 
how that data can be further analyzed and leveraged by 
process- and engineering teams.

Cantwell’s data mining work is at the center of the 
data-analysis movement sweeping multiple industries. 
An Irishman, he transmits enthusiasm for the work and 
delights in making it possible for other engineers to 
achieve their goals just a bit quicker than before.

“We created a piece of software where we take data 
already developed and extract a lot more information 
from it,” Cantwell said. 

David Lammers is 
an Austin-based 
technology journalist.
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FOSTERING ENGINEERING
COLLABORATION

Dermot Cantwell, 
Director, 
Applied Materials 
Common Systems 
Software Group

His comments bring to mind a recent McKinsey & 
Company study, a well-researched piece that concludes 
that the semiconductor industry needs to get its act 
together when it comes to data analytics, machine 
learning, and artifi cial intelligence. The study’s authors 
conclude that the industry needs to overcome its 
tendencies for companies to go it alone, operating in 
secrecy, and investing relatively little in data analytics. And 
with an estimated 10,000 data analysis engineers in all of 
the United States, they point out that the semiconductor 
industry faces a worsening shortage of just the kinds of 
software engineers it needs to improve its manufacturing 
effi  ciencies.

This is a tremendously important subject. Historians 
of technology believe that it was the relatively free 
interchange of knowledge between scientists and 
engineers in Renaissance-era Western Europe that led to 
the Industrial Revolution there. The early iron makers in 

England, for example, learned from the early science of 
metallurgy well ahead of other regions of the world. But 
once developed, they fi ercely protected their methods, 
slowing the spread of information and innovation. 

Wendell Boyd is a senior 
AGS engineering manager who 
seems to intuitively understand 
these oft-opposing forces: the 
desire to share the technical 
advances he has come up with 
(for electrostatic chucks, or 
ESCs) while understanding that 
the intellectual property needs 
to be protected. His work has 
been awarded several patents for 
the development of sensors that 
measure changes to the dielectric 

thickness, uniformity, and resistivity of the ESCs. 
“I believe our chucking-force sensor is going to 

change our industry. It can really lower defects,” Boyd 
said. Being selected to tell his story in front of his peers 
means as much as the patent awards or customer 
adoptions. “Attending the ET conferences gives us a 
chance to share some of our successes, or even failures, 
so others don’t repeat the same mistakes. It helps us as 
engineers to grow and excel.”

Wendell Boyd, 
Applied Materials 
Senior AGS 
Engineering Manager

“I believe our chucking-force sensor 
is going to change our industry. 
It can really lower defects.” 

— wendell Boyd, applied materials 
senior ags engineering manager
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