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Will the Machines Do All of Our Work as Well?
By Christopher Henderson
There have been a number of articles recently about the rise of
automation and the use of robots in our society. Even years ago, Ray
Kurzweil famously used the term singularity to describe the point at
which computers become as smart as human beings. We may be getting close—Watson, the IBM supercomputer, became famous recently for trouncing the two best Jeopardy! players in recent time.
More recently, a number of writers have posited that we may inadvertently be creating a world where there are very few jobs, as robots will be able to perform many of the tasks that humans now
currently perform. How will this impact us here in the semiconductor industry? Let’s take a look and make a few predictions.
Automation is certainly responsible for the loss of many jobs. In
the automotive industry, what used to be done by humans is now
performed by robots. This is true in the semiconductor industry as
well; a modern 300mm wafer fab requires maybe 200 – 400 people
to operate. In the past, high volume fabs required 1500 – 2000 people to run smoothly, with most of those being operators. Most wafer
handling is now robotic with the use of FOUPs (Front Opening Unified Pods). We require very few operators, as most of the workers
are technicians who repair and perform maintenance on the tools.
The military makes increasing use of automation, with drones to
launch attacks and robots to detect bombs and IEDs (improvised explosive devices). This means the military doesn’t need as large of a
force in order to operate. Another area that is likely to see a dra-
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matic increase in automation in the near future is transportation itself. Google and other research teams
have developed autonomous vehicles, and these will likely take to the streets and highways in the near future. I suspect that much of the long haul trucking companies will make the switch to driverless vehicles,
followed by high-end automobiles, and then mass-market vehicles. Even delivery trucks for UPS and
FedEx will likely go this route eventually. Air travel will do the same as well. This will likely displace a lot
of workers. Another industry likely to face this change is education, where new players use Internet technology to deliver courses more efficiently to students and workers (an area that my company is tackling).
Again, the result would be fewer jobs. Health care will likely embrace automation in the years to come. As
robots get smarter, they may be used in a manner that allows elderly people to stay in their houses longer.
Even many general office workers in accounting, insurance, customer support, and other areas lose their
jobs to smart algorithms operating on a company’s servers.

Fig. 1. IBM's Watson supercomputer.
IEEE Spectrum recently published a podcast, “What will we do when machines do all the work?” Robots can work 24/7, don’t need a break, certainly don’t complain, don’t require health insurance, and
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don’t require Social Security or Medicare. This raises an interesting point, and is worth discussing as a society. There is certainly a lot of discussion in political circles about creating “jobs,” but what if our work is
simply eliminating jobs faster than we can create them. As you well know, the semiconductor industry is a
big enabler of this automation trend.
We’re not going to solve that problem in this article, but we can draw some insights about the trend
and our careers in failure analysis and reliability. Automation will benefit the semiconductor industry
through new chip sales. Microcontrollers, sensors, and chips to process artificial intelligence should all
benefit significantly. While we certainly use a lot of equipment in the semiconductor industry, some things
are more difficult to automate than others. For instance, we can automate a factory to operate with few
operators, but we don’t yet have the ability to completely automate the design process or the failure
analysis process. We’re certainly not going to automate the sales process anytime soon either. Some areas
that are likely to see increased automation are in assembly and test. The industry currently uses significant manpower in these activities, but many of these activities could be automated with further investment. This will not likely occur overnight, but will be a trend over the next decade. What about reliability?
This is a tougher call. Reliability testing, especially that done for qualification, could be automated further,
but developing new tests may be more difficult to automate. While we have reliability prediction software
are tools, someone needs to develop models for new failure mechanisms and refine existing models for
different use conditions, or modify them as new information becomes available.
Does that mean that the growth days of the semiconductor industry are over? Certainly not when it
comes to number of devices shipped each year, or even total revenue per year, but what about in terms of
total jobs? I believe that the new jobs will likely be at the interfaces between the semiconductor world
and the real world. For instance, the industry is developing numerous types of sensors to provide us information about the environment. This is likely to be a big growth area for jobs. Witness the rise of MEMS
as a discipline within the semiconductor industry. Another more significant interface is the semiconductor/biology interface. This is an area where we are likely to see many jobs arise. The challenge here is the
level of knowledge required to be effective. This will require knowledge of both semiconductor physics
and biotechnology—a combination that is very rare right now. So there will be jobs moving forward, but
they will require exceptional skills. The challenge for us is “are we up for it?”
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Technical Tidbit
Types of Plasmas in Semiconductor Processing
There are two types of plasmas: thermal and cold. Thermal plasmas are naturally occurring. For
instance, the sun or lightning generates a plasma, since they develop temperatures in excess of 4000
degrees kelvin. All of the particles will gain energy and are in thermal equilibrium. In contrast, cold
plasmas are artificially created and exist in items like fluorescent light bulbs and plasma TVs. In a cold
plasma, the gas is at ambient or near-ambient temperature, but under reduced pressure. The plasma
gains energy from electric and/or magnetic fields instead of heat. In this scenario, only the charged
particles gain energy, not the neutral atoms. In a cold plasma, the particles are not in thermal equilibrium.
This type of plasma can be self-sustaining and emit visible light. A cold plasma has a weak degree of
ionization. The most common configuration is the glow discharge tube, and it is used extensively used in
wafer fabrication tools.
The DC Diode glow discharge plasma is the most common technique for generating a plasma. The
reactor design is straightforward. Engineers place the system under vacuum and then introduce a lowpressure gas, like argon. The system contains two electrodes, a cathode and an anode, separated by some
distance d and some voltage V. For example, one might design a tube with an electrode separation
distance of 15cm and a voltage of 1500V. This produces a 100 V/cm field within the tube. If the field is
high enough, the gas will ionize and create the following regions of behavior. Closest to the cathode is the
Aston Dark Space, followed by the cathode glow, the cathode dark space and the negative glow region.
Beyond that lies the Faraday space, the positive column, the anode glow region and the anode dark space,
like we show in Fig. 1.
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Fig. 1. DC Diode Glow-Discharge Plasma Reactor.
Now that we understand the basic configuration of a glow discharge system, how does the plasma
initiate? Figure 2 helps to illustrate this process. In its initial state immediately at the start, there is no
current flow since all of the atoms are uncharged. The field between the electrodes is also uniform at this
point. A free electron, from an outside source like a cosmic ray, then enters the tube. This electron is
accelerated by the electric field and collides with a gas atom. If we’re using argon at a pressure of 1 Torr,
the electron will travel, on the average, one-tenth of a millimeter before impacting a gas atom. Elastic
collisions occur quite often, but they don’t create or sustain the plasma. There is almost no energy
transfer since the electron is so much lighter than the atom. The inelastic collisions are less common, but
they’re more useful.
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With inelastic collisions there is energy transferred to the atom under certain conditions. The
minimum travel distance for these reactions is approximately ten times the typical mean-free path. If the
energy is less than the ionization potential, then the atom is excited, producing a photon, which
contributes to the glow discharge. For argon, the ionization potential is 15.7 eV. If the energy is greater
than the ionization potential, then the incoming electron will strip an electron from the outer shell of the
argon, creating an ion and another free electron. One can also create ions and radicals by the dissociation
of gas molecules. For instance, molecular oxygen can be broken apart into elemental oxygen. The
concentration of radicals is typically much greater than the concentration of ions. Furthermore, energized
electrons require less energy to break apart molecular bonds as opposed to electron-shell bonds to the
nucleus.
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Fig. 2. Process associated with energy transfer and ionization of Ar in a plasma system.
Once the gas molecule is excited, it can release energy. This energy can be in the form of an energetic
photon, or light. In fact, if you can view the chamber during its operation, you can see a blue glow if
oxygen is present, or a violet glow if freon is present. Other gases lead to other shades of colors. After a
molecule is excited or ionized by the incoming electron, the electric field then accelerates the electron
again towards the anode, where the reaction occurs again. A cascading of free electrons will cause the gas
to break down, and current between the anode and cathode to increase. This reaction is sustained by the
secondary electrons, which are emitted from the cathode when the positive ions reach it. The cathode
material must be conductive for this to work.
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Spotlight on our Courses: MEMS Technology
MEMS continues to be a fast-growing segment of the semiconductor industry. There are a number of
new applications in sensors, microfluidics, inertial devices, and a host of others. This is a great
opportunity to hear from an expert in the field about the design, fabrication, and packaging of these
devices. If you are interested in attending this course, or if you are interested in having this done as an inhouse course for your staff, please feel free to contact us at (505) 858-0454, or at info@semitracks.com.

OVERVIEW

Microelectromechanical Systems (MEMS) have captured the interest of the public with their promise
to miniaturize existing systems. Although much of the excitement surrounding MEMS has died down, real
applications are beginning to emerge. MEMS accelerometers for games, automotive, and wireless
applications have emerged. MEMS inkjet chips are now ubiquitous, and new applications for RF and
sensors are in development. One of the most challenging aspects of MEMS is packaging. Forces that
normally do not affect meso-scale objects must be understood and controlled at the micro-scale. This has
created a number of challenges related to the packaging of these components. MEMS Technology is a 2day course that offers detailed instruction on the design, processing, packaging, and reliability of MEMS
devices. We place special emphasis on DRIE, surface-to-volume ratio issues, electrostatics, liquid wetting,
inertia, and other parameters. The course also contains a number of models and simulations used in
conjunction with MEMS devices. This course is a must for every manager, engineer, and technician
designing MEMS devices, using MEMS components in high performance applications or new packaging
configurations, or supplying packaging tools to the industry.
By focusing on the fundamentals of MEMS devices and packaging, participants will learn why
advances in the industry are occurring along certain lines and not others. Our instructors work hard to
explain MEMS Technologies without delving heavily into the complex physics and materials science that
normally accompany this discipline.
Participants learn basic but powerful aspects about these unique devices. This skill-building series is
divided into four segments:
1. Device Design and Processing. Participants review the basic wafer processing steps for MEMS
devices, including deep reactive ion etching, wet etching, patterning, CMP, and more.
2. MEMS Packaging. Participants learn the fundamentals of packaging concepts for MEMS devices.
They learn about structural release, cleaning, encapsulation, and basic testing. They also discuss
the challenges associated with packaging.
3. MEMS Reliability. Participants learn MEMS reliability issues and associated analysis and
simulation techniques. They also learn about the physics and mechanics issues involved in
reliability degradation of MEMS devices.

COURSE OBJECTIVES

1. The seminar will provide participants with an in-depth understanding of MEMS and its technical
issues.
2. Participants will learn the unique processing steps related to MEMS technology, including deep
reactive ion etching, non-standard silicon orientation wafers, and special thin-films and coatings for
moving components.
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3. Participants will understand the basic concepts behind thermal and mechanical simulations of MEMS
packages.
4. The seminar will identify the key issues related to the success of MEMS packaging. This includes the
need for understanding charge, release, and package environments.
5. The seminar offers a wide variety of sample modeling problems that participants work in class to help
them gain knowledge of the fundamentals of MEMS packaging.
6. Participants will be able to identify basic and advanced principles for mechanical stress, charge, and
thermal diffusion.
7. Participants will understand how process, release techniques, and packaging are interrelated.
8. Participants will be able to make decisions about how to construct and evaluate new MEMS packaging
designs and technologies.
9. Participants will also be introduced to wafer-level simulations, which are important to MEMS
packages.

INSTRUCTIONAL STRATEGY

By using a combination of instruction by lecture, classroom exercises, and question/answer sessions,
participants will learn practical information on semiconductor packaging and the operation of this
industry. From the very first moments of the seminar until the last sentence of the training, the driving
instructional factor is application. We use instructors who are internationally recognized experts in their
fields that have years of experience (both current and relevant) in this field.

COURSE OUTLINE

1. Introduction to MEMS Technologies
1.1. Basic Concepts
1.2. MEMS-related Definitions
1.2.1. MEMS Mechanics
1.2.1.1. Mechanical/Thermal
1.2.1.2. Microfluidics
1.2.2. MEMS Physics
1.2.2.1. Electrical/Optical
1.2.2.2. Joule Heating
1.3. From MEMS to NEMS
2. MEMS Device Design & Function
2.1. Piezoelectric Inkjet Heads
2.2. Accelerometers & Gyroscopes
2.3. Flow & Pressure Sensors
2.4. Micromachines & Micromotors
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2.5. Optical Display & Switching Devices
2.5.1. RF-MEMS & MOEMS
2.6. Designing & Simulating Operation
2.7. Linear Actuation, Comb-Drive Actuation, & Resonators
3. MEMS Device Processing
3.1. Lithography, Patterning, & Lift-off
3.2. Etching
3.3. Deposition
3.4. Sacrificial & Structural Layers
4. MEMS Assembly, Packaging, & Testing
4.1. Packaging Types & Options
4.2. Structural Release
4.3. Die Attach Process
4.4. Interconnects
4.5. Gettering
4.6. Encapsulation & Capping
4.7. When and How Should We Test?
5. MEMS Reliability
5.1. Device-Level Failure Mechanisms
5.1.1. Stiction (Release- or Shock-related) and Wear
5.1.2. Particle Contamination
5.1.3. Electrostatic discharge (ESD) & Electrical Overstress (EOS)
5.2. Package-Level Failure Mechanisms
5.2.1. Thermomechanical Stress & Fatigue
5.2.2. Shock & Vibration
5.2.3. Moisture/Corrosion
5.3. Use Condition Failure Mechanisms
6. MEMS Device Trends
6.1. Increased Functionality
6.2. Spin-off Opportunities
6.3. New MEMS Products
7. Conclusions
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Semitracks will be present at the 2013

IEEE International Reliability Physics
Symposium
April 14 – 18, 2013

Hyatt Regency Monterey Resort & Spa • Monterey, California
http://www.irps.org
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Upcoming Courses
(Click on each item for details)

Wafer Fab Processing
March 26, 2013 (Tues)
San Jose, California

Fundamentals of Yield
(co-sponsored by SEMI)
March 27, 2013 (Wed)
San Jose, California

Semiconductor Reliability
April 3 – 5, 2013 (Wed – Fri)
San Jose, California

Failure and Yield Analysis

April 8 – 11, 2013 (Mon – Thurs)
Penang, Malaysia

Photovoltaics Reliability
(co-sponsored by SEMI)
April 18, 2013 (Thurs)
San Jose, California

Feedback

If you have a suggestion or a comment regarding our courses, online
training, discussion forums, or reference materials, or if you wish to
suggest a new course or location, please call us at 1-505-858-0454 or
Email us (info@semitracks.com).
To submit questions to the Q&A section, inquire about an article, or
suggest a topic you would like to see covered in the next newsletter,
please contact Jeremy Henderson by Email
(jeremy.henderson@semitracks.com).
We are always looking for ways to enhance our courses and educational
materials.
~
For more information on Semitracks online training or public courses,
visit our web site!
http://www.semitracks.com

Advanced Thermal Management
and Packaging Materials
April 22 – 23, 2013 (Mon – Tues)
Philadelphia, Pennsylviania

IC Packaging Design and Modeling
April 22 – 24, 2013 (Mon – Wed)
Penang, Malaysia

Semiconductor Reliability
May 6 – 8, 2013 (Mon – Wed)
Munich, Germany

Copper Wire Bonding Technology
and Challenges

To post, read, or answer a question, visit our forums.
We look forward to hearing from you!

May 13 – 14, 2012 (Mon – Tue)
Munich, Germany
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