
I N T R O D U C T I O N
Facilities for I.C. chip fabrication and development
are designed, typically, with an economic “lifetime” of
ten to fifteen years or more. Yet the technology of
c i rcuit fabrication develops at a rate that inevitably
outpaces the plans and expectations of the facility
owner. By current reckoning there are more than two
thousand fabrication facilities in current use thro u g h o u t
the world. The majority of these are more than ten years
old and many of them are attempting to push the
technology “envelope” as manufacturing line widths
continue to decrease to, and beyond, the 0.25 micron
value. The cost of fabrication facilities is such that
facilities are rare l y, if ever, consigned to the scrap heap.
Rather, they must be refurbished and often expanded,
to handle new tool sets and processes. 

By Fab refurbishing we mean the process of
adapting an “old” facility to support new technology
p rocessing. Often the process of refurbishing will
include expansion of the process area by utilizing
adjacent spaces not originally intended for the purpose
– such as office space and general support are a s .
Refurbishing might also include the construction of
new building additions adjacent to the stru c t u re to
s u p p o rt processing, process support and central plant
systems, etc. Often refurbishing takes place during on-
going production in other parts of the same building
or in buildings closely adjacent to the area to be
refurbished. Vibration disturbance due to constru c-
tion must be controlled to acceptable levels. 

The purpose of this paper is to discuss the issue of
refurbishment as it relates to the vibration enviro n-
ments necessary for high yield advanced technology
p roduction. Vibration, of course, is only one of the several
contaminants that affect the problem of facility
ageing. 

V I B R ATI ON  C R I TE RI A A ND  FA C I L I T Y P ER FO R M A N CE
The vibration criteria [1, 2] used extensively thro u g h o u t
the industry are described in Figure 1 and Table 1. They
w e re developed many years ago to provide a “generic”
basis for the vibration perf o rmance of an operating facility.
The criteria apply to the floor or rigid pedestals on which
the sensitive fabrication tools are supported. For a
fl o o r, or pedestal, to comply with a particular perf o rm a n c e
category the measured one-third octave band velocity
s p e c t rum must lie below the appropriate criterion
curve of Figure 1. 

Many of the older facilities were designed to crite-
rion curve VC-B which sets a vibration limit of 25
microns/sec in the 8 through 80 Hz frequency range.
In recent years, as manufacturing line widths have
moved downwards, tool requirements have become
i n c reasingly stringent. Now, modern fabs are typically
designed to curve VC-D (6 microns/sec) or VC-E 
(3 microns/sec). 

The first step in a refurbishing project must be to select
the vibration goals to be achieved on the “new” pro c e s s
fl o o r. The goals should be realistic but not overly
conservative. The purpose of refurbishing is to extend
the useful life of the facility, not necessarily to provide
a new facility with all the future promise that a new facility
can hold. 

S I TE  A M B I EN T  V IB RAT I O N
It is, generally, not possible to protect a building from
the ambient vibration conditions on the site on which
it is supported. It is important, there f o re, to measure the
ambient vibration conditions on the building site to update
the data that may have been collected when the original
building was set in place. Conditions on a site can
change substantially over the years as land surro u n d i n g
the site is developed, transportation (rail and auto)
types and routings are changed and as the site owner
develops his property.

M e a s u rements should be taken on the footings of the
building, if these are accessible, or on grade slabs or other
s t ru c t u res close to the footings. In this way one can be
a s s u red that the measurement re p resents the vibra-
tion to which the building structure is exposed. If the
p rocess floor of the building is supported on grade, rather
than above one or two levels of sub-fab, then measure-
ments should be taken at a number of locations on the
slab. Measurements of this sort can often indicate the
condition of the slab in terms of the uniformity of
grade support. Old on-grade slabs can become separated
from the ground as differential settlement occurs due
to time, uneven load distribution, flooding, etc. 
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Measurements should be taken both vertically and
horizontally, in a format consistent with the vibration
criterion selected for the refurbished facility. One would
wish the site conditions – including steady-state and inter-
mittent sources – to lie below the criterion by some
reasonable margin. 

S T RU CT U R A L  DE SIG N  A N D PE R F O R M AN C E
Notwithstanding the acceptability of the site ambient vibra-
tions, the stru c t u re of the building, especially that of the
p rocess floor which supports the manufacturing tools,
must be able to resist the vibration-generating effects
of the many sources of vibration associated with opera-
tion of the building in full production. Such sources include

mechanical systems (pumps, fans, chillers, etc.), pro c e s s
s u p p o rt systems (house vacuum, ultra-pure water,
p rocess cooling water, etc.), certain production tools (ion
implanters, certain photolithography tools, etc.), material
movement systems and the movements (primarily
walking) of personnel. 

The single most important parameter in determ i n i n g
the vibration perf o rmance of a structural floor is the floor
stiffness – its ability to resist applied forces with small
resultant deflections. Both vertical and horizontal stiff-
nesses are important. Vertical stiffness is controlled
primarily by the on-center spacing of the columns
s u p p o rting the process floor and the depth of the
p rocess floor. Horizontal stiffness decreases as the
length of the supporting columns increases. Stiff e n i n g
elements such as shear walls and diagonal braces are
beneficial. 

If the facility was originally designed to a criterion
that is much less stringent than the one which the
refurbished facility must achieve, it is likely that the stiff-
ness of the structural floor supporting the process is
inadequate. In this case, it will be necessary to incre a s e
the floor stiffness. There are various ways in which this
can be done including addition of columns and shear-
walls, installation of additional beams, extension of
beams and thickening of topping slab. 

Major structural changes can be difficult to engineer
and construct, and inevitably one has to deal with
problems of interference and space constraints. The
addition of columns will generally re q u i re new column
footings which must be set in place within an enclosed
space (the sub-fab) with the constraint of limited head
room. New columns must be adequately stiff and must
rigidly support the process floor to which they are
attached. Properly designed and installed they can be very
effective. 

Floor stiffness can be calculated with some pre c i s i o n .
It can also be measured using a shaker or impact
h a m m e r. It can also be inferred from the measure d
p e rf o rmance of the floor as an operating facility. When
the possibility of a refurbishing project is being consid-
e red it would be well to determine the floor stiffness and
to compare this with the stiffness that will be re q u i re d
to achieve the new perf o rmance criterion. This exerc i s e
will, immediately, indicate the “scale” of the stru c t u r a l
p roblem and perhaps lead to reconsideration of the goals
for the refurbished facility.

FAC IL IT Y  L AY O U T
Even with an entirely adequate structural system, the vibra-
tion perf o rmance of a facility is affected by its layout –
p a rticularly the location of major vibration sourc e s
relative to the vibration-sensitive process floor. Vi b r a t i o n
s o u rces include mechanical systems in the central utility
plant, re c i rculation air and make-up air handlers,
exhaust systems, process cooling water systems and ultra-
p u re water systems. They also include emerg e n c y
generators and certain UPS systems. Nitrogen plants are
also a major source. Material handling activities associ-
ated with truck deliveries to the facility and material
movements within the facility can also be a significant
s o u rce of vibration. Finally, tools and processes can also
generate significant vibration. Implanters are a known
s o u rce of vibration. CMP processes appear, incre a s i n g l y,
to pose vibration problems. Sensitive tools themselves,
such as stepper scanners, currently in development, can
prove to be their own “worst enemy”, as it were, since
they can generate vibration as reticle and wafer stages
are moved between exposures. 
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CRITERION CURVE 8-80HZ DETAIL SIZE DESCRIPTION OF USE
(SEE FIGURE 1) LIMIT µM/S MICRONS

Workshop 800 N/A Distinctly feelable vibration. Appropriate to 
(ISO) workshops and nonsensitive areas.

Office 400 N/A Feelable vibration. Appropriate to offices and 

(ISO) nonsensitive areas.

Residential Day 200 75 Barely feelable vibration. Appropriate to sleep areas 

(ISO) in most instances. Probably adequate for computer

equipment, probe test equipment and low-power

(to 20X) microscopes.

Operating 100 25 Vibration not feelable. Suitable for sensitive sleep 

Theater (ISO) areas. Suitable in most instances for microscopes

to 100X and for other equipment of low sensitivity.

VC-A 50 8 Adequate in most instances for optical micro-
scopes to 400X, microbalances, optical balances,
proximity and projection aligners, etc.

VC-B 25 3 An appropriate standard for optical microscopes to
1000X, inspection and lithography equipment
(including steppers) to 3 micron line widths.

VC-C 12.5 1 A good standard for most lithography and inspec-
tion equipment to 1 micron detail size.

VC-D 6 0.3 Suitable in most instances for the most demanding
equipment including electron microscopes (TEMs
and SEMs) and E-Beam systems, operating to the
limits of their capability.

VC-E 3 0.1 A difficult criterion to achieve in most instances.
Assumed to be adequate for the most demanding
of sensitive systems including long path, laser-
based, small target systems and other systems
requiring extraordinary dynamic stability.

TA B L E 1. AP P L I C AT I O N A N D I N T E R P R E TAT I O N O F T H E

G E N E R I C V I B R AT I O N C R I T E R I O N C U RV E S O F FI G U R E 1

Figure 1 
Generic vibration criterion curves
for vibration-sensitive equipment,

see Table 



It is important, there f o re, in any refurbishing pro j e c t ,
to be aware of the importance of layout as a design
p a r a m e t e r. It may be hard to believe, but in some early
facilities the energy center was placed in a basement dire c t l y
below the process floor. Even today, it is not unusual to
find central utility systems immediately adjacent to
critical floors. And, of course, in the process of tool hook-
up we inevitably must cope with the fact that the
sub-fab will be replete with pumps, chillers and scru b-
bers of significant mechanical power.

Layout is important there f o re. When undertaking a
refurbishing project the issues of layout, coupled with
the fundamental re q u i rement for space to accommodate
m o d e rn tools, may dictate the need for additional build-
ings to provide spatial separation. 

M E C H A N I C A L
Mechanical systems are the single, most dominant,
source of process floor vibration. A typical state-of-the
a rt micro e l e c t ronics facility consumes about one-hundre d
times the mechanical energ y, per unit area of clean-
room floor, than does a conventional commercial building.
This fact, coupled with the fact that modern pro d u c t i o n
tools can be one-hundred times more sensitive to vibra-
tion than the human occupant of a conventional building,
explains why control of mechanical system vibration is
such a critical element of successful facility design. 

In a refurbishing project many items of the existing
mechanical system may be reused. Often, however,
they must be augmented or replaced by new, larger or
m o re efficient systems. In the case of an existing system
it is important that the condition of the equipment
and of installed vibration isolation hard w a re be checked
and corrected, if necessary. The rotating unbalance of
equipment can often deteriorate as the equipment ages
and alignments change. Certain equipment that was appro-
priate for older facilities, such as re c i p ro c a t i n g
compressors, may be entirely unsuitable for the vibra-
tion goals of the refurbished facility. Such equipment may
have to be replaced. Vibration isolation systems, such
as spring or neoprene mounts supporting the equipment,
may have deteriorated and/or become misaligned. Pipe
and duct isolation hangers may need to be replaced. 

Vibration measurements on the process floor will gener-
ally show the effects of inadequately isolated mechanical
systems. Narrowband spectrum analysis can often be used

to positively identify faulty installations. An example of
such a spectrum is shown in Figure 2.

New mechanical systems to be installed in the re f u r-
bished facility must be specified and isolated to the high
standards required to meet the selected criterion. The
re q u i red balance specification for fans (re c i rculation, make-
up and exhaust) will probably preclude the use of
belt-driven systems. Present day availability of variable
f requency drives makes direct drives (non-belted)
systems attractive in terms of vibration, noise and
operating efficiency.

Often, in older facilities, major piping and ducting
systems are supported directly from the underside of the
p rocess floor. Such supports, even in combination with
spring hangers, may be incompatible with the revised
goals. In this case a solution may be to support these and
other systems from the sub-fab floor or from the pro c e s s
floor columns. 

C O NS T RU C T I O N CON T R O L A N D M O NI T OR I N G
C o n s t ruction activities involved in a refurbishing pro j e c t
can generate significant vibration. If refurbishing takes
place close to on-going production, either in the same
building or in an adjoining building, construction pro c e-
d u res must be selected so that vibration amplitudes are
limited to acceptable levels. Product “yield” is one of the
p r i m a ry “drivers” of the micro e l e c t ronics industry.
Significant loss of yield is always unacceptable. 

A number of steps can be taken to minimize the eff e c t s
of construction on on-going production. These have been
used successfully by the author on a number of pro j e c t s .

• C o n s t ruction Equipment and Methods: Work with
the contractor to quantify the vibration affects of equip-
ment options for the project. This generally entails
m e a s u rements on site using the types of equip-
ment – concrete breakers, excavators, compactors,
etc. – that are candidates for the project. In this way,
“ a reas of influence” of various equipment can be devel-
oped and alternative equipment or methods selected
when acceptable areas of influence are exceeded. In
one project for instance, construction of a small tre n c h
immediately adjacent to operating photolithog-
raphy tools dictated that the trench be dug by hand
and that small “pogo” compactors be used. 
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Figure 2
Narrowband spectrum showing
effects of poorly specified or 
isolated mechanical systems



• C o n s t ruction Guidelines: Pre p a re a guideline
document for the contractor in which “good practice”
methods for the control of vibration are set down
to augment equipment-specific information. Such
a document covers road maintenance, crane
movements, concrete removal, etc. 

• C o n s t ruction Scheduling: Schedule constru c t i o n
so that the use of heavy vibration-generating
equipment can be accommodated with minimal
impact – perhaps during a down-period in the
operating facility.

• Vibration Monitoring [3]: Install a single- or
multi- channel PC-based Microvibration Monitoring
System at critical locations in the operating
f a c i l i t y. The “output” of the system should have
a form that is compatible with the vibration
re q u i rements (criterion) for the operating facility.
A screen capture from a monitoring system that
accommodates up to eight data channels is shown
in Figure 3. This system allows “yellow” and
“ red” alarm settings to be pre-set based on the vibra-
tion needs of the operating facility. A modem
connection can be used to monitor and control the
system re m o t e l y. The modem can also be used to
a l e rt the contractor in the event that alarm levels
a re exceeded. With this system, data are acquire d
and archived continuously over a period of
months, or years, if necessary. 

C O N C L U S I O N S
The growing cost of new fabrication facilities, coupled
with the present state of the world economy, dictates the
need for constant refurbishing of existing facilities.
This paper has outlined some of the ways in which facility
vibration can be controlled.
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Figure 3
Screen capture from PC-based

vibration monitoring system,
(courtesy of Signalysis, Ohio)


