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SUPPORT ASSEMBLY FOR AN EXPOSURE
APPARATUS

In light of the above, it is an object of the present
invention to provide an improved support assembly for an
exposure apparatus. Another object is to provide a support
assembly that reduces the in?uence of vibration from the

FIELD OF THE INVENTION

motors of the exposure apparatus on the position of the

The present invention is directed to exposure apparatuses.
More speci?cally, the present invention is directed to a
support assembly for an exposure apparatus and a method
for making a support assembly for an exposure apparatus.

stages, the lens assembly, and the measurement system. Still
another object is to provide a support assembly having a
relatively small footprint. Yet another object is to provide a
support assembly having a reaction frame that is easily
accessible. Another object is to provide a support assembly
that is relatively inexpensive to manufacture. Yet another
object of the present invention is to provide a support
assembly that transfers the vibration from the motors and the

10

BACKGROUND

Exposure apparatuses are commonly used to transfer
images from a reticle onto a semiconductor Wafer during

illumination source to the ground so that the reticle stage and
semiconductor processing. A typical exposure apparatus
includes a support assembly, a measurement system, a 15 the Wafer stage can be precisely positioned. Another object

is to provide an exposure apparatus capable of manufactur

plurality of control lines, a control system, an illumination
source, a lens assembly, a reticle stage for retaining a reticle,
and a Wafer stage for retaining a semiconductor Wafer.

ing precision devices, such as high density, semiconductor
Wafers.

The support assembly typically supports the measurement

SUMMARY

system, the illumination source, the reticle stage, the lens
assembly, and the Wafer stage above the ground. The mea
surement system monitors the positions of the stages. The

The present invention is directed to a support assembly

that satis?es these needs. The support assembly is designed

control lines carry an electrical current betWeen the compo

nents of the exposure apparatus. The Wafer stage includes
one or more motors to precisely position the Wafer relative 25

to the lens assembly. Similarly, the reticle stage includes one

to support a stage assembly above a mounting base. The
stage assembly includes a ?rst component and a second
component. The support assembly includes an outer frame
that supports the ?rst component and an inner frame that

or more motors to precisely position the reticle relative to the

supports the second component. The support assembly and

lens assembly.

stage assembly are particularly useful With an exposure
apparatus for transferring an image from a reticle onto a
device.

The siZe of the images transferred onto the Wafer from the

reticle is extremely small. Accordingly, the precise relative
positioning of the Wafer and the reticle is critical to the

Uniquely, a portion of the inner frame is positioned Within

manufacture of high density, semiconductor Wafers.
Unfortunately, mechanical vibrations and deformations in

a portion of the outer frame. As a result of this design, both
frames can effectively be mounted at the same mounting

the support assembly of the exposure apparatus can in?u
ence the accuracy of the exposure apparatus. For example,
the motors utiliZed to move the stages generate reaction
forces that vibrate and deform the support assembly of the

35

is minimiZed. This alloWs the support assembly to have a

smaller footprint and alloWs the components of the stage

exposure apparatus. Additionally, the control lines carry
vibration from the control system and other items that the

assembly and/or the exposure apparatus to be more acces
sible.
As used herein, the term “noisy components” shall mean

control lines touch on the Way to the exposure apparatus that
also vibrate the exposure apparatus and the support assem

bly.

and include any component of the stage assembly and/or the
exposure apparatus that generates signi?cant vibration, reac

The vibrations and deformations in the support assembly
can move the stages and the lens assembly out of precise

locations to the mounting base. This minimiZes the impact of
vibration of the mounting base in?uencing the support
assembly. Further, the overall space taken up by the frames

45

relative alignment. Further, the vibrations and deformations

tion forces, and resonant forces. As used herein, the term
“quiet components” shall mean and include any component
of the stage assembly and/or the exposure apparatus that

in the support assembly can cause the measurement system
to improperly measure the relative positions of the stages. As
a result thereof, the accuracy of the exposure apparatus and
the quality of the integrated circuits formed on the Wafer can

does not generate signi?cant vibration, reaction forces, and
resonant forces. Importantly, the noisy components typically
generate signi?cantly more vibration, reaction forces, and

be compromised.

resonant forces than the quiet components.

One attempt to solve this problem involves the use of a
support assembly having a main frame and a reaction frame.
The main frame is used to support most of the components

Preferably, one of the frames is utiliZed as a reaction
frame While the other frame is utiliZed as a quiet frame. The
reaction frame supports and secures the noisy components to

of the exposure apparatus above the ground, While the

55

the mounting base. Alternately, the quiet frame supports and
secures the quiet components to the mounting base. With

reaction frame is used to transfer the reaction forces from the
motors of the stages to the ground.
Unfortunately, With this design, the reaction frame occu

this design, the reaction forces from the noisy components
can be easily transferred to the mounting base and isolated
from the quiet components. This alloWs for more accurate

pies space in the exposure apparatus that Was previously
available to other components of the exposure apparatus. As
a result thereof, the exposure apparatus Will be required to
have a larger footprint in order to accommodate the reaction

positioning of the reticle and the device, and the manufac
ture of higher density, semiconductor Wafers.

frame. Further, access to the reaction frame can be limited.

frame includes a ?rst side outer tube, a second side outer

In one of the embodiments provided herein,

Thus, it can be dif?cult to connect each signi?cantly vibrat

ing component to the reaction frame. Moreover, the reaction
frame limits access to the other components of the exposure

apparatus.

65

the outer

tube, and a third side outer tube and (ii) the inner frame
includes a ?rst side inner tube, a second side inner tube, and
a third side inner tube. Further, in this embodiment,
the
?rst side inner tube is positioned Within the ?rst side outer

US 6,646,719 B2
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tube, (ii) the second side inner tube is positioned Within the
second side outer tube, and (iii) the third side inner tube is

FIG. 10 is a How chart that outlines a process for

manufacturing a device in accordance With the present

invention; and

positioned Within the third side outer tube.
Additionally, the outer frame includes an outer base, and
the inner frame includes an inner base that is positioned
Within the outer base. More speci?cally, the outer base

FIG. 11 is a How chart that outlines device processing in
more detail.

DESCRIPTION

includes a ?rst base outer tube, a second base outer tube, and
a third base outer tube. The inner base includes a ?rst base
inner tube, a second base inner tube, and a third base inner

tube. As provided herein,
the ?rst base inner tube is
positioned Within the ?rst base outer tube, (ii) the second
base inner tube is positioned Within the second base outer
tube, and (iii) the third base inner tube is positioned Within

FIGS. 1—3B illustrate an exposure apparatus 10 and a

support assembly 12 having features of the present inven
10

The exposure apparatus 10 is particularly useful as a litho

the third base outer tube.

In another embodiment of the present invention, the
support assembly includes a ?rst tube, a constraining tube,
and a dampener. In this embodiment, the constraining tube
is positioned Within the ?rst tube and the dampener is
positioned betWeen and is af?xed to both the ?rst tube and

15

a semiconductor Wafer. Alternately, as discussed beloW, the
exposure apparatus 10 can be used in the manufacture of

other types of devices 30.
Some of the Figures provided herein include a coordinate
system that designates an X axis, a Y axis, and a Z axis. It
should be understood that the coordinate system is merely

The present invention is also directed to a method for
making a support assembly, a method for making an expo

for reference and can be varied. For example, the X axis can

sure apparatus, a method for making a device, and a method

be sWitched With the Y axis and/or the exposure apparatus 10
25 can be rotated.

The support assembly 12 illustrated in the Figures sup

BRIEF DESCRIPTION OF THE DRAWINGS

ports some of the components of the exposure apparatus 10

The novel features of this invention, as Well as the
invention itself, both as to its structure and its operation, Will

above a mounting base 32. Alternately, for example, the
support assembly 12 can be used to support the components
of another type of machine or apparatus. For example, the

be best understood from the accompanying draWings, taken
in conjunction With the accompanying description, in Which

support assembly can be used in an apparatus

similar reference characters refer to similar parts, and in
Which:
FIG. 1 is a front perspective vieW of an exposure appa

ratus having features of the present invention;

moves a device during a precision measurement operation

(not shoWn), (iii) that moves a device during an inspection
35

The design of the support assembly 12 can be varied to
suit the design requirements for the rest of the exposure

apparatus 10. As provided herein, the support assembly
12 is rigid and includes an outer frame 34 and an inner
frame 36.
The outer frame 34 supports some of the components of

the exposure apparatus 10, and the inner frame 36 supports
some of the components of the exposure apparatus 10.
45

4 Without one outer corner;

Uniquely, the inner frame 36 is mainly positioned Within the
outer frame 34. As a result of this design, both frames 34, 36
can effectively be mounted at the same mounting locations
37 on the mounting base 32. This minimiZes the impact of
vibration of the mounting base 32 on the support assembly

FIG. 5B is a cut-aWay vieW taken on line 5B—5B in FIG.

5A;
FIG. 5C is an enlarged section vieW taken on line SC in

FIG. 5B;

12. Further, the overall spaced taken up by the frames 34, 36

FIG. 6A is a top plan vieW of an inner frame having

features of the present invention;
FIG. 6B is a cut-aWay vieW taken on line 6B—6B in FIG.

6A;

FIG. 7A is a side plan vieW of another embodiment of a 55

portion of a support assembly;

is minimiZed.
Preferably, one of the frames 34, 36 is utiliZed as a
reaction frame 38 While the other frame 34, 36 is utiliZed as
a quiet frame 40. The reaction frame 38 supports and secures
the components of the exposure apparatus 10 that generate

signi?cant vibration, reaction forces, and resonant forces

(hereinafter “noisy components 42”) to the mounting base

FIG. 7B is a perspective cut-aWay vieW taken on line

32. Alternately, the quiet frame 40 supports and secures the
components of the exposure apparatus 10 that do not gen
erate signi?cant vibration and resonant forces (hereinafter

7B—7B in FIG. 7A;
FIG. 7C is an exploded perspective vieW of the portion of

the support assembly of FIG. 7A;
FIG. 8 is a perspective top vieW of the support assembly
and a stage assembly having features of the present inven

“quiet components 44”) to the mounting base 32. With this
design, the reaction forces from the noisy components can
be easily transferred to the mounting base 32, and isolated
from the quiet components 44 of the exposure apparatus 10.

tion;
invention;

process (not shoWn), or (iv) that moves a device during a

precision manufacturing operation.

FIG. 2 is a rear perspective vieW of the exposure appa

FIG. 9 is a simpli?ed block diagram that illustrates the
operation of a control system having features of the present

that moves

a device under an electron microscope (not shoWn), (ii) that

ratus of FIG. 1;
FIG. 3A is a left side plan vieW of the exposure apparatus

of FIG. 1;
FIG. 3B is a right side perspective vieW of a portion of the
exposure apparatus of FIG. 1:
FIG. 4 is a top perspective vieW of a support assembly
having features of the present invention;
FIG. 5A is a top plan vieW of the support assembly of FIG.

graphic device that transfers a pattern (not shoWn) of an
integrated circuit from a reticle 28 onto a device 30 such as

the constraining tube.

for manufacturing a Wafer.

tion. In addition to the support assembly 12, the exposure
apparatus 10 includes a ?rst stage assembly 14, a second
stage assembly 16, a measurement system 18, a control
system 20, a plurality of control lines 22, an illumination
system 24 (irradiation apparatus), and a lens assembly 26.

65

This alloWs for more accurate positioning of the reticle 28

and the device 30 and the manufacture of higher quality
Wafers.

US 6,646,719 B2
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The components of the exposure apparatus 10, that are
considered to be noisy components 42 or quiet components
44, Will vary according to the design of the exposure

56 and the outer corner sides 58A—58C of each outer corner
48A—48C are preferably manufactured as a unitary structure

for rigidity. The outer corner top is secured to the outer
corner sides 58A—58C after the inner frame 36 is assembled
and positioned Within the outer base 51. The outer corner top

apparatus 10. As provided herein, the noisy components 42
typically generate more vibration, reaction forces, and/or
resonant forces than the quiet components 44. Typically, the
noisy components 42 generate at least approximately 200

60 can be attached to the outer corner sides 58A—58C by a

number of Ways. For example, bolts (not shoWn) can be

percent more vibration, reaction forces, and/or resonant
forces than the quiet components 44. For the exposure

apparatus 10 illustrated herein, the noisy components 42
include a portion of each stage assembly 14, 16, and the
illumination system 24, While the quiet components 44
include a portion of each stage assembly 14, 16, the mea

10

diameters, Welding is often required. This makes the
assembled frame dif?cult to modify.

surement system 18, some of the control lines 22, and the

lens assembly 26.
The design of the support assembly 12 can be varied to
suit the design requirements of the machine. In the embodi
ments illustrated herein, the inner frame 36 secures the noisy
components 42 of the exposure apparatus 10 to the mounting
base 32, While the outer frame 34 secures the quiet compo
nents 44 of the exposure apparatus 10 to the mounting base
32. With this design, the inner frame 36 is considered the
reaction frame 38, While the outer frame 34 is considered the
quiet frame 40. Alternately, the inner frame could be
designed to be the quiet frame While the outer frame could
be designed to be the reaction frame.
Because the inner frame 36 is positioned Within the outer

15

a ?rst
Referring
base outer
to FIGS.
tube 46A,
4—5B,(ii)the
a second
outer frame
base outer
34 includes
tube 46B,
(iii) a third base outer tube 46C, (iv) a ?rst outer corner 48A,
(v) a second outer corner 48B, (vi) a third outer corner 48C,
(vii) a ?rst side outer tube 50A, (viii) a second side outer
tube 50B, and
a third side outer tube 50C. The three base
outer tubes 46A—46C are connected together With the outer
corners 48A—48C to form a triangular shaped outer base 51.
Further, each of the side outer tubes 50A—50C extend

Each of the side outer tubes 50A—50C has an upper end

66A and a loWer end 66B. The shape, siZe, and thickness of
the side outer tubes 50A—50C can be varied to suit the design

requirements for the support assembly 12. For example, for
an exposure apparatus 10, each of the side outer tubes
20

50A—50C can have an annular shaped cross-section With an

inner diameter of betWeen approximately 10.9“ and 11.1“
inches, and a Wall thickness of betWeen approximately 0.49“

and 0.51“.Although other shapes, siZes, and thickness of the
side outer tubes 50A—50C can be utiliZed.
25

As provided above, the three base outer tubes 46A—46C
are connected together With the outer corners 48A—48C to

form the triangular shaped outer base 51. More speci?cally,

frame 34, the present design provides relatively easy access
to components of the exposure apparatus 10 for assembly,
service and maintenance of the exposure apparatus 10.
Further, the present design provides relatively easy access to
mount the various components of the exposure apparatus 10
to the frames 34, 36.

utiliZed for ease of assembly and disassembly of the outer
frame 34. Alternately, a Weld could be utiliZed.
Preferably, the diameter of the outer tubes 46A—46C,
48A—48C is relatively large so that the outer frame 34 can
be built in pieces and then bolted together. With the smaller

each outer attachment ?ange 54 of each base outer tube
30

46A—46C is attached to one of the attachment outer corner
sides 58C of the outer corners 48A—48C to form the outer
base 51. The outer attachment ?ange 54 can be attached to

the corresponding attachment outer corner side 58C by a
number of Ways. For example, bolts can be utiliZed for ease

of assembly and disassembly of the outer frame 34.
35

Alternately, a Weld could be utiliZed.
Further, each of the side outer tubes 50A—50C extend

upWard and substantially vertically from one of the outer
corners 48A—48C. More speci?cally, the loWer end 66B of
each of the side outer tubes 50A—50C is attached to the outer
40

corner top 60 of one of the outer corners 58A—58C. The

loWer end 66B can be attached to the corresponding outer
corner top 60 by a number of Ways. For example, a Weld can
be utiliZed. Alternately, bolts can be utiliZed.

upWard and substantially vertically from one of the outer

Referring to FIGS. 4, 6A, and 6B, the inner frame 36

corners 48A—48C.

Each of the base outer tubes 46A—46C has a ?rst end 52A 45 includes

a ?rst base inner tube 70A, (ii) a second base
inner tube 70B, (iii) a third base inner tube 70C, (iv) a ?rst

and an opposed second end 52B. Preferably, each end 52A,
52B of each base outer tube 46A—46C includes an outer

attachment ?ange 54 for ease of assembly of the outer frame
34. The shape, siZe and thickness of the base outer tubes
46A—46C can be varied to suit the design requirements for
the support assembly 12. For example, for an exposure
apparatus 10, each of the base outer tubes 46A—46C can

inner corner 72A, (v) a second inner corner 72B, (vi) a third
inner corner 72C, (vii) a ?rst side inner tube 74A, (viii) a
second side inner tube 74B, and
a third side inner tube
50

lar shaped inner base 75 that is positioned Within the outer
base 51, eg the three base outer tubes 46A—46C and the
outer corners 48A—48C. Further, each of the side inner tubes

have an annular shaped cross-section With an inner diameter
of betWeen approximately 10.9“ and 11.1“ inches and a Wall

thickness of betWeen approximately 0.45“ and 0.55“.
Although other shapes, siZes, and thickness of the base outer

74C. The three base inner tubes 70A—70C are connected
together With the inner corners 72A—72C to form a triangu

55

74A—74C extend upWard and substantially vertically from

one of the inner corners 72A—72C Within the side outer tubes
tubes 46A—46C can be utiliZed.
50A—50C.
Each of the outer corners 48A—48C is someWhat box
Each of the base inner tubes 70A—70C has a ?rst end 76A
shaped and includes an outer corner bottom 56, an arched
and an opposed second end 76B. Preferably, each end 76A,
shaped outer corner side 58A, tWo ?at outer corner sides 60 76B of each base inner tube 70A—70C includes an inner
attachment ?ange 78 for ease of assembly of the inner frame
58B, tWo attachment outer corner sides 58C, and an outer
36. The shape, siZe and thickness of the base inner tubes
corner top 60. The outer corner sides 58A—58C extend
upWardly from the outer corner bottom 56. The ?at outer
70A—70C can be varied to suit the design requirements for
corner sides 58B and the attachment outer corner sides 58C
the support assembly 12. For example, for an exposure
are planar shaped. Each attachment outer corner side 58C 65 apparatus 10, each of the base inner tubes 70A—70C can
have an annular shaped cross-section With an inner diameter
includes a corner side aperture 62. Each outer corner top 60
of betWeen approximately 6.9“ and 7.1“ inches and a Wall
includes a corner top aperture 64. The outer corner bottom

US 6,646,719 B2
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thickness of between approximately 0.49“ and 0.51“.
Although other shapes, siZes and thickness of the base inner

Referring to FIGS. 5B and 5C, the support assembly 12 is
secured to the mounting base 32 With a plurality of spaced
apart mounts 92. The design, number and location of the

tubes 70A—70C can be utilized.
Each of the inner corners 72A—72C is someWhat box
shaped and includes an inner corner bottom 80, an arched
shaped inner corner side 82A, tWo ?at inner corner sides
82B, tWo attachment inner corner sides 82C and an inner
corner top 84. The inner corner sides 82A—82C extend
upWardly from the inner corner bottom 80. The inner corner

sides 82B, 82C are planar shaped. Each attachment inner
corner side 82C includes a corner side aperture 86. The inner
corner top 84 includes a corner top aperture 88. The inner
corner bottom 80, the inner corner sides 82A—82C, and the
inner corner top 84 are preferably manufactured as a unitary

mounts 92 can be varied. Preferably, as illustrated in the
Figures, three mounts 92 secure the inner frame 36 and the

outer frame 34 to three mounting locations 37 of the

mounting base 32. With this design, the inner frame 36 and
the outer frame 34 touch the ?oor at the same three locations.
10

If this is not the case, the rigidity of the mounting base
becomes part of the isolation system. In this embodiment,
each mount 92 includes a mounting pad 94, a loWer mount
ing beam 96 and an upper mounting beam 98.
Each mounting pad 94 is disk shaped, contacts the mount

90A and a loWer end 90B. The shape, siZe, and thickness of
the side inner tubes 74A—74C can be varied to suit the design

ing base 32, and is preferably ?xedly secured to the mount
ing base 32. Each loWer mounting beam 96 is rod shaped and
extends upWardly from the mounting pad 94, and through a
loWer opening 100A (illustrated in phantom in FIGS. 5B and

requirements for the support assembly 12. For example, for

SC) in the outer corner bottom 56 of the outer frame 34. The

structure for rigidity.
Each of the side inner tubes 74A—74C has an upper end
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an exposure apparatus 10, each of side inner tubes 74A—74C
can have an annular shaped cross-section With an inner
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loWer mounting beam 96 is ?xedly secured to the inner
corner bottom 80 of the inner frame 36. With this design, the

diameter of betWeen approximately 6.9“ and 7.1“ inches,

mounting pad and the loWer mounting beam 96 ?xedly

and a Wall thickness of betWeen approximately 0.49“ and

secure the inner frame 36 to the mounting base 32.
Alternately, for example, the outer frame can be secured to
the mounting base With one or more vibration isolators (not

0.51“. Although other shapes, siZes, and thickness of the side
inner tubes 74A—74C can be utiliZed.

As provided above, the three base inner tubes 70A—70C

25

shoWn).

are connected together With the inner corners 72A—72C to

Preferably, the outer frame 34 is secured to the inner

form the triangular shaped inner base 75. More speci?cally,

frame 36 With a plurality of spaced apart, dynamic, frame
isolators 102. In the embodiment illustrated in the Figures,

each inner attachment ?ange 78 of each base inner tube
70A—70C is attached to one of the attachment inner corner
sides 82C of the inner corners 72A—72C to form the inner
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the outer frame 34 is secured to the inner frame 36 With three
frame isolators 102 (only one is illustrated in FIGS. 5B and

5C). As provided herein, each upper mounting beam 98

base 75. The inner attachment ?ange 78 can be attached to
the corresponding attachment inner corner side 82C by a

extends upWardly from one of the inner corner tops 84 of the

number of Ways. For example, bolts (not shoWn) can be

inner frame 36 through an upper opening 100B (illustrated

utiliZed for ease of assembly and disassembly of the inner
frame 36. Alternately, a Weld could be utiliZed.
Further, each of the side inner tubes 74A—74C extends
upWard and substantially vertically from one of the inner

in phantom in FIGS. 5B and SC) in the outer corner top 60
of the outer frame 34. Each of the frame isolators 102
extends betWeen one of the upper mounting beams 98 and
the outer frame 34. More speci?cally, each frame isolator
102 extends betWeen one of the upper mounting beams 98
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corners 72A—72C Within one of the side outer tubes

50A—50C. More speci?cally, the loWer end 90B of each of

and a frame box 103 that is secured to the outer frame 34.

the side inner tubes 74A—74C is attached to the inner corner
top 84 of one of the inner corners 72A—72C. The loWer end
90B can be attached to the corresponding inner corner top 84
by a number of Ways. For example, a Weld can be utiliZed.
Alternately, bolts can be utiliZed.
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In summary, With the support assembly 12 provided
herein, the ?rst base inner tube 70A is positioned Within,
spaced apart from, coaxial and concentric With the ?rst base
outer tube 46A, (ii) the second base inner tube 70B is

45

isolators are sold by Integrated Dynamics Engineering,

positioned Within, spaced apart from, coaxial and concentric
With the second base outer tube 46B, (iii) the third base inner
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tube 70C is positioned Within, spaced apart from, coaxial
and concentric With the third base outer tube 46C, (iv) the
?rst inner corner 72A is positioned Within and spaced apart
from the ?rst outer corner 48A, (v) the second inner corner

72B is positioned Within and spaced apart from the second

The frame isolators 102 reduce the effect of vibration of
the inner frame 36 causing vibration on the outer frame 34.
Further, the frame isolators 102 isolate the outer frame 34
from the inner frame 36. Each frame isolator 102 can include
a pneumatic cylinder 105A that isolates vibration and an
actuator 105B that isolates vibration and controls the posi
tion With at least tWo degrees of motion. Suitable frame
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located in Woburn, Mass.
Preferably, the actuator 105B of each of the frame isola
tors 102 is a force transducer that adjusts the position of the
outer frame 34 relative to the inner frame 36. With the design
provided herein, the three frame isolators 102 can adjust the
position of the outer frame 34 relative to the inner frame 36,
With six degrees of freedom to maintain the relative posi
tions of the components of the machine. With the force
transducers there is essentially no change in force as the

outer corner 48B, (vi) the third inner corner 72C is posi
tioned Within and spaced apart from the third outer corner

position changes.

48C, (vii) the ?rst side inner tube 74A is positioned Within,
spaced apart from, coaxial and concentric With the ?rst side

As a result thereof, the frames 34, 36 can be alloWed to
bend and move, and the frames 34, 36 can be made lighter

outer tube 50A, (viii) the second side inner tube 74B is
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positioned Within, spaced apart from, coaxial and concentric
With the second side outer tube 50B, and

and/or With less reinforcing.
Additionally, the support assembly 12 can include one or

a third side

more outer frame position sensors 107A and one or more

inner tube 74C is positioned Within, spaced apart from,

outer frame accelerometers 107B. The embodiment pro
vided herein utiliZes three position sensors 107A (only one

coaxial and concentric With the third side outer tube 50C.

Further, in the embodiment illustrated in the Figures, the
side inner tubes 74A—74C are slightly longer than the side
outer tubes 50A—50C.
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is illustrated) and three frame accelerometers 107B (only
one is illustrated). More speci?cally, one position sensor
107A and one frame accelerometer 107B is positioned near

