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Executive Summary

Semiconductors are an integral part of our daily lives, from computers and mobile phones
to data storage devices and the automotive industry. Millions of chips and integrated circuits
are continuously produced by semiconductor fabrication plants, or fabs, to support our high
demand for electronic products. The production of these extremely sensitive devices requires
high quality power, which cannot be achieved with electrical utility alone. Power disturbances
like voltage sags, surges or complete outages can be devastating to the semiconductor industry,
leading to costly production downtime, material scrap, equipment damage and ultimately profit
loss.
This white paper will illustrate how Active Power’s integrated flywheel uninterruptible power
supply (UPS) can improve the quality and reliability of power protection for semiconductor
facilities and clean rooms, while saving operators millions of dollars in electrical losses and
carbon emissions.
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Semiconductor Production is Mission Critical

The semiconductor industry reached $327 billion in total sales in 2015, and is forecast to grow
to $341 billion by 2018.1 This growth is primarily driven by data processing, communications,
consumer electronics, and industrial, automotive and military applications. This extremely
competitive global industry employs very sophisticated equipment where the quality and yield
of production is highly dependent on the incoming power to the facility.
The fabrication of silicon wafers for integrated circuits requires a very high initial investment
in the billions of dollars, can take up to eight weeks to complete, and involves specialized
mechanical and chemical processes. Since the introduction of the 300 millimeter (11.8 inch)
wafer size nearly 20 years ago, process automation and complexity has significantly increased.
Modern chips are now based on 14 nanometer fabrication processes and have up to 11 metal
levels produced in over 300 sequenced processing steps. Chip sizes will continue to decrease
with plans for 7 nanometers processes to begin commercial manufacturing by 2020.

FIGURE 1 – A 300MM SEMICONDUCTOR WAFER

Semiconductor fabs depend on a variety of automated and computerized equipment to operate
efficiently and continuously. The central part of a fab is the clean room where wafers are
manufactured. This environment must be pressurized with filtered air and the temperature
controlled to minimize static electricity and eliminate all dust that can potentially contaminate
wafer production. Some of the typical processes in a clean room include photolithography, ion
implantation, etching, wafer testing and die cutting. These devices conducting these processes
are extremely precise and expensive, ranging between $1 million and $50 million each with a
typical fab containing hundreds of these units.
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FIGURE 2 – SEMICONDUCTOR WAFER AND CHIP MANUFACTURING PROCESS. SOURCE: SEMATECH

But these facilities are frequently located in remote areas and emerging economies where
reliable power may not be available and multiple power disruptions per day are likely. Any voltage
disturbance to this multi-step process can ruin an entire production batch, affecting overall
quality and generating millions of dollars in losses. An Electric Power Research Institute (EPRI)
study on recurring U.S. power problems revealed that greater than 90 percent of manufacturing
facilities will experience sags of utility voltage greater than 20 percent from nominal each year.2
The study also states there will be in excess of 30 sags over 10 percent from nominal annually.
One Intel fab reported over 100 voltage sag events in 2013, for example.3 Complete outages,
which vary in frequency throughout the world, are also a potential issue.
Power Protection Solutions

With so many critical operations and complex processes, semiconductor facilities have made
it a priority to invest in stable and dependable power sources. Purely relying on the incoming
power source is no longer a viable option. There have been historical attempts at solving
electrical problems with distributed or localized solutions, such as placing specialized voltage
stabilizing equipment in the electrical system or by placing energy storage devices on the
DC bus of motor controllers. While sometimes effective, this has proven expensive to install,
manage, and control, especially in larger fabs.
More recently, the semiconductor industry has turned to centralized UPS systems to provide
power quality and ride-through energy storage to keep the entire fabrication facility running
smoothly.
UPS Selection Considerations

There are many considerations in choosing a UPS that offers the best set of features for
semiconductor and industrial applications:
Power protection • Energy storage type • Reliability
Footprint • Sustainability • Total cost of ownership
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Power Protection
The semiconductor industry utilizes very sensitive equipment for the fabrication of chips and
integrated circuits. Any power disturbance may be catastrophic to a wafer production line and
potentially cause an entire batch to be scrapped. Some of the major concerns are voltage sags,
surges, harmonic distortion and low power factor.
Active Power’s CleanSource® UPS and CleanSource HD UPS feature a true parallel online
topology enabled by the flywheel, addressing all types of power quality issues. The output of
the UPS is directly connected to a high speed IGBT (insulated-gate bipolar transistor) inverter
that produces voltage for the load. Since the inverter switches at a rate that is over 100 times
faster than 60 Hz, it can make corrections to the output voltage sine wave on a sub-cycle
basis. This means that when any of the nine IEEE-defined power disturbances are detected
by the CleanSource UPS input, they are actively corrected by use of transient voltage surge
suppressor (TVSS), line inductance, active filtering, power converters, and load-tolerant
flywheel energy storage.
Figures 3 and 4 below show an example of an input voltage disturbance detected by a
CleanSource UPS and immediately corrected, thus ensuring clean and constant output voltage
to sensitive loads.

FIGURE 3 – UTILITY INPUT SOURCE WITH A TRANSIENT VOLTAGE DISTURBANCE IN ALL THREE PHASES

FIGURE 4 – CLEAN AND STABLE OUTPUT POWER SOURCE FROM CLEANSOURCE UPS
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The most common and costly power quality problem for semiconductor facilities are voltage
sags. These are the kind of disturbances that cause wafer manufacturing equipment to be
momentarily interrupted or tripped off-line. Power quality standards SEMI F47 and IEC 610004-34 describe the specification for semiconductor processing equipment voltage sags and
short interruptions. While most voltages sags are in the 10 to 30 percent below nominal range
and last from three to 30 cycles, according to EPRI, power quality standards require voltage
sag protection up to 80 percent below nominal for up to 50 cycles. Any voltage sag below 15
percent is considered a disqualified voltage source which is equivalent to a power outage.
CleanSource UPS continuously operates to ensure output voltage is within 1 percent of nominal.
The integrated flywheel UPS system will correct voltage surges or sags up to 10 percent above
and 15 percent below nominal for any duration without use of the flywheel energy storage. For
deviations outside that range, the UPS will disconnect from the utility source and immediately
begin to supply the load with flywheel energy with no change to output voltage, and reconnect
to the source when voltage returns to nominal. The flywheel energy storage is able to carry
the load for up to approximately 60 seconds or 3,600 cycles, depending on load and UPS
configuration, far exceeding the standards for semiconductor equipment.
Figures 5 and 6 below show an example of a input voltage sag which was detected by the UPS.
Figure 5 shows a sag that lasted for 90 milliseconds or 5 cycles and had a magnitude of about
30 percent below nominal. As seen in Figure 6, the CleanSource UPS discharged the flywheel
energy storage in order to maintain the output voltage consistent to prevent any equipment
shutdown and keep the fab running.

FIGURE 5 – UTILITY INPUT 30% VOLTAGE SAG FOR 5 CYCLES DETECTED BY THE UPS
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FIGURE 6 – CLEANSOURCE UPS MAINTAINS A CLEAN AND CONSTANT OUTPUT TO THE LOAD

Figures 7 and 8 below show a highly distorted input voltage and the corrected output voltage
from the UPS to the load, continuously protecting and ensuring quality power supply to clean
rooms.

FIGURE 7 – HIGHLY DISTORTED INPUT VOLTAGE TO THE UPS

FIGURE 8 - CORRECTED OUTPUT VOLTAGE FROM CLEANSOURCE UPS
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Energy Storage Type
The energy storage system used by a UPS to provide backup power can have a significant
impact on the cost and performance of the facility. Even though most conventional UPS
systems use lead-acid batteries to store many minutes of emergency power, batteries have
significant limitations in semiconductor facilities, such as:
Frequency of use
Batteries wear out faster with frequent use, and must be replaced every three to five
years in order to retain their energy storage capability. In a semiconductor manufacturing
facility, where a UPS is called upon frequently, batteries will have to be replaced more
often. Battery replacements are expensive, leave the load unprotected during the change,
and risk disruption due to human error and battery quality.
Climate control
Batteries must be installed and maintained in a climate controlled environment at precisely
25°C (77°F). Variations above or below this temperature may significantly degrade the
battery’s useful life. This generally requires the addition of cooling systems for the room
where the batteries are located, and increases electricity costs to operate that cooling
system.
Safety and regulatory
Special care must be taken to install and maintain batteries safely. Lead and sulfuric
acid are both hazardous materials, and require ventilation, fire safety, monitoring, and
personnel safety systems specific to their operation. In many jurisdictions, battery
installations may require extra permits or approvals from regulatory and permitting
agencies due to these concerns.
Compared to batteries, the CleanSource integrated flywheel UPS offers significant advantages
to the semiconductor industry:
No degradation with use
The CleanSource flywheel suffers no degradation of runtime when discharged. The
flywheel can be called upon to protect the load frequently for its 20-year life and still
provide the same amount of stored energy as on day one. This provides significant
convenience and cost savings. In the case of a semiconductor application with frequent
sags and flywheel discharges, this makes for a much more reliable and more economical
solution than a typical battery-based UPS.
Wide ambient temperature range
The CleanSource flywheel supports a wide ambient temperature operating range from
0°C to 40°C (32°F to 104°F) without any impact to performance. This allows the UPS to
be placed in locations where cooling is expensive or not available, such as directly on the
factory floor or in electrical rooms. CleanSource UPS can also operate at higher ambient
temperatures with less heat rejection, measurably improving cooling loading and costs.
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No replacements
Finally, the product’s battery-free design does not need to be replaced throughout the entire
life of the product, providing a staggering amount of savings. This reduces installation
and operating costs, such as ventilation and fire safety, compared to conventional UPS
solutions. This simplifies and improves the flexibility of the UPS and may ease concerns
of regulatory and permitting agencies.
Reliability
Given the economic stakes riding on the availability of a UPS in an industrial facility, the
reliability of the system is critical to evaluating its use.
In most conventional UPS systems, batteries are the most prone to failure of any component
or subsystem. Battery failures are the leading cause of UPS load loss and system downtime,
causing more than one-third of all outages.4 Batteries fail unpredictably due to aging, state of
charge, charge and discharge events, and rest periods, resulting in diminished reliability.
The integrated flywheel energy storage at the core of CleanSource UPS makes it inherently
reliable, delivering predictable, consistent backup power. The normal state of CleanSource
UPS is with the flywheel spinning constantly, storing kinetic energy. When called upon during a
utility outage or other power quality event, the flywheel is ready to assume the load. A study by
risk assessment firm MTechnology, Inc. shows that CleanSource UPS is 12 times less likely to
fail compared to to a conventional UPS with batteries, owing primarily to the superior reliability
of the flywheel compared to the batteries.5
Footprint
The physical space that a UPS requires is also a key consideration. The footprint required for
a UPS and other backup power systems may, in many cases, be better used by equipment
more central to the mission of the facility or may cause the facility to incur extra costs to
accommodate the UPS.
CleanSource UPS and CleanSource HD UPS are significantly more power dense than
conventional UPS technologies with batteries. As illustrated in Figure 9 below, CleanSource
HD takes up about half the floor space of the leading conventional UPS. The benefits of power
density for industrial facilities are significant. Operators can reduce the amount of space
required for electrical infrastructure, freeing up room for additional equipment or employee
space. If identified early in the project, a smaller UPS may result in a smaller land purchase or
building construction, resulting in tremendous savings. A smaller footprint also makes it easier
to add a UPS to an existing facility that is looking to upgrade its power protection.
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FIGURE 9 – COMPARISON OF ACTIVE POWER CLEANSOURCE HD FOOTPRINT WITH LEADING 750 KVA COMPETITORS

Sustainability
Over 60 percent of the electricity produced in the United States and in the world is generated
using fossil fuels, such as coal, natural gas, and oil.6 A major shift away from fossil fuels may
still take decades, considering that fossil fuel and energy consumption continue to increase at
a very rapid rate.
More and more companies, organizations, and governments are adopting policies to mitigate
the impacts of carbon emissions and associated climate change. Today’s industries and
businesses have a responsibility to respect the environment and to innovate in their operations
and policies to promote changes that allow for both commercial success and environmental
sustainability.
Battery-based UPS products waste too much electricity and require thousands of pounds of
lead to be installed, replaced and recycled over their life span. This generates an enormous
amount of pollution and carbon emissions from fossil-fuel based power plants and risks the
long run health of those that interact with batteries.
Active Power’s flywheel UPS is able to reduce embedded carbon emissions by approximately
10 times and operational carbon emissions by 40 percent with high efficiency, lower cooling
requirements, and permanent energy storage over the life of the product.7 These inherent
characteristics make Active Power’s flywheel UPS products an ideal solution for semiconductor
facilities to achieve their sustainability goals and lower their overall carbon footprint.
Total Cost of Ownership
The most important measure of the economic value of a UPS system is the total cost of ownership
(TCO), which allows decision-makers to objectively assess purchase costs, installation costs
and long term operating expenses over the appropriate time period for the facility. TCO is
normally evaluated over 10 to 15 years, and the full economic impact of the system can be
estimated and divided into the following categories in Table 1:
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CapEx

OpEx

UPS / Energy Storage

Power Consumption (UPS)

Start-up / Installation

Power Consumption (Cooling)

Cooling Equipment
Space

Preventive Maintenance
Energy Storage Replacement

TABLE 1 – KEY CATEGORIES OF CAPITAL AND OPERATING EXPENSES ASSOCIATED WITH UPS TCO

The purchase price of the UPS is only a small factor in the overall ownership costs of the
system. One of the biggest initial benefits of the flywheel UPS is the fact that it does not need
specialized cooling. Not having to provision for additional air conditioning units and dedicated
battery rooms will generate significant upfront cost and space savings.
From an operational perspective, the two main advantages of an Active Power flywheel UPS
versus the competition are its energy efficiency and lack of battery replacements. Most batterybased UPS products have efficiencies in the 94-96 percent range, while CleanSource UPS
operates at up to 98 percent efficiency at full load. This difference in efficiency plays a huge
role in the operating costs of a UPS over the life of the product. For example, a 1 MW facility
operating at 97 percent efficiency at 7 cents per kWh with a 2 percent efficiency advantage
will save over $200,000 in energy costs over a 15 year period. Further energy savings are
achieved through elimination of cooling required to maintain a fixed temperature for batteries
and to eliminate the waste heat from UPS inefficiency, adding another $60,000 in electricity
savings.
The flywheel energy storage device in CleanSource UPS has a design life of 20 years, which
means that it will usually outlive the facility in which it is installed. By contrast, lead-acid
batteries typically have to be replaced every three to five years to maintain their performance.
A 1 MW facility with a UPS with 5 minutes of battery runtime will spend approximately $400,000
for battery energy storage in a 15-year period, including the initial battery purchase and
replacements every five years.

FIGURE 10 – TCO COMPARISON BETWEEN TWO CLEANSOURCE HD 750 UPS AND TWO LEGACY 750 KVA RATED UPS WITH
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5 MINUTES OF BATTERY RUNTIME.8
8

Key assumptions: 1 MW load; CleanSource UPS at 97% efficiency; legacy UPS at 95% efficiency; 5 year battery replacement cycle; $0.07 cost per kWh.

As shown in Figure 10 above, the CleanSource HD UPS reduces TCO by over $700,000, or
38 percent, over 15 years of operation compared to a battery-based UPS. Combined with
a competitive first cost, smaller footprint, higher efficiency and lack of battery replacements,
CleanSource UPS product line is the ideal choice for semiconductor facilities.9
UPS Considerations
Table 2 summarizes many of the key decision points when deciding between flywheel and
battery energy storage for your semiconductor facility.
Category

Flywheel

Lead-Acid Batteries

20 years

3-5 years

Degradation

None

Frequent use and high temperature
degrades lifespan

Maintenance

Limited

Extensive

Built-in UPS

Separate costly system

Operating Temperature

Up to 40°C (104°F)

Must be kept at 25°C (77°F)

Footprint

Compact, enclosed

2-3x larger

Built-in features

Requires external safety systems

Very high (12x less likely
to fail than batteries)

Most common reason for data center
outage

None

Lead, Sulfuric Acid

Life

Monitoring

Safety
Reliability
Hazardous Materials

TABLE 2 – SUMMARY COMPARISON OF FLYWHEEL VS. BATTERIES

CleanSource UPS in Action

Vishay Intertechnology

Vishay Intertechnology is one of the world’s largest manufacturers of discrete semiconductors
and passive electronic components including rectifiers, diodes, integrated circuits, resistors,
and capacitors. A multibillion dollar organization headquartered in Malvern, Pennsylvania, the
manufacturer has production facilities in Israel, Asia, Europe, and the Americas with more than
20,000 employees worldwide.
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One of Vishay’s production facilities near Turin, Italy, was experiencing micro-outages due to
interferences from industrial sites nearby. These anomalies created downtime periods with
each outage costing an estimated $170,000 in operating losses. Vishay required a rugged,
critical backup power solution insensitive to ambient temperature that could support a frequent
number of charge and discharge cycles.
Vishay deployed its first Active Power CleanSource 250 kVA UPS in 2007 to protect the facility’s
mission critical machining equipment on the production line against power disturbances.
Based on the success of this system and increasing power demand due to production capacity
expansion, Vishay deployed Active Power’s CleanSource 625HD UPS in 2014 to support one
entire production line. The two systems protect production tools such as furnaces, photomasking
equipment, and electronic components.
Both flywheel UPS systems experience on average more than 15 discharges a day with no
interruption to operations, saving the manufacturer nearly $200,000 annually in operating
expenses. These savings are due to the systems’ high operating efficiencies, lower cooling
requirements and less maintenance versus a conventional battery UPS.
Conclusion

Semiconductor fabrication facilities employ some of the most sophisticated and sensitive
equipment in the industry which can be highly affected by any power source disruption. They
simply cannot be at risk of potentially losing millions of dollars in scrapped inventory and
profitability in this very competitive industry.
The integrated flywheel UPS system is the ideal solution to protect your investment and
production yield against major causes of downtime, such as voltage sags and power outages.
Due to its small footprint and absence of batteries, it can be placed virtually anywhere, even
in unconditioned rooms or in close proximity to fabrication equipment. Since it doesn’t require
battery replacements and it can operate at up to 98 percent efficiency, CleanSource UPS
provides significant TCO and carbon emission savings over the life of the facility versus
competitive technologies. Lastly, the flywheel has been proven to be more reliable than
batteries, reducing the risk of failure by 12 times and giving you the peace of mind to run your
facility continuously and safely.
The integration of flywheel energy storage into UPS systems for semiconductor manufacturing
facilities addresses the central concerns of this industry. With nearly 5,000 flywheels deployed
worldwide, Active Power has saved mission critical operations an estimated $250 million in
total costs due to the high efficiency and permanent energy storage of our CleanSource UPS,
and has reduced global carbon emissions by approximately 850,000 metric tons.
About Active Power
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Active Power (NASDAQ: ACPW) designs and manufactures flywheel uninterruptible power
supply (UPS) systems, modular infrastructure solutions (MIS), and energy storage products
for mission critical and renewable applications worldwide. For more information, visit www.
activepower.com. To offer feedback and comments on the content of this white paper, please
visit www.activepower.com/ask-an-expert.

