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components that move with respect to one another. Slide bearings specifically provide for
low friction linear motion, and are sometimes referred to as “linear bearings”.

20 Gibs are machine elements associated with slide bearings of the contact type that
help to ensure a high degree of precision and control in this linear motion. Such precise
control of movement or position is required in operations such as machining or
semiconductor fabrication. In the literature, the term “gib” sometimes refers only to a
tapered beam that can be pressed against a slide or linear bearing assembly to take the

25  slack or “play” out of the latter, which can arise due to wear in the bearings, guides or
ways. In the context of the instant invention, however, “gib” may still include this
function, but‘primarily it refers to the entire collection of parts that is responsible for the
low-friction, high-precision straight-line motion of one piece of a machine relative to
another piece. Typically, a plurality of gibs is required in each machine, as motion usually

30  must be controlled in more than one dimension or degree of freedom. In addition,
machines often require more than one gib per travel dimension,

Gibs come in a number of varieties. Some forms feature low friction polymers
such as polytetrafluoroethylene (PTFE) at the contact surface. Other versions have ball
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of the stage. Thus, the gibs may make up a significant fraction of the total mass of the

stage.

U.S. Patent 2050960 discloses a sliding surface for rollers or balls in machine
parts. Strips of hard metal on which the rollers move are attached to light metal
guides. These strips, however, are attached to the guides by mechanical means to
permit movement of the strips relative to the guides.

U.S. Patent No. 3,953,086 to Chaffin discloses a tapered gib for machine tools that
is composed entirely of a plastic material such as an acetal resin containing uniformly
dispersed, finely divided particies of polytetraflucrogthylene to provide reduced friction.
The surface of the gib that is in contact with the table features raised portions such as nibs,
ridges, etc. The gib may be operated without Jubrication and wears in preference to the
metal components with which it is in sliding contact. Thus, €limination of the wear-
induced “play” involved replacement of the gib, rather than replacement of the metal
components contacting the gib, such as the table. This gib, however, possesses frictional
resistance greater than that of a roller or ball type bearing, and the inventors highlight the



metal conponents with which it is in sliding contact. Thus, elim nat2dnAgf 200
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considerably with additions of lubricating oil up to about 10 percent by weight.

In some applications, the requirement for oil lubrication poses a potential
contamination issue. For example, U.S. Patent No. 5,909,705 to Short et al. discloses a
novel gib mount assembly comprising a squeeze seal oil film between the bearing surface

25  of the gib mount and the adjoming slide used to control the clearance between the same.
One or more vacuurn regions age created about the boundaries of the oil film to suction
and capture any oil escaping from the oil fitm region, thereby preventing contact of oil
with the parts being processed by the machine (here, in a pressing or stamping operation).

Thus, efforts to produce lightweight gibs have focused on introducing polymeric

30  materials or composites thereof into the sliding contact portions of the gib. In general,
these gibs generate more friction than do their steel counterparts. For low friction

applications, lubricants may have to be added, which is inconvenient and may pose
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is possible to plasma spray tool steel, such material plasma sprayed onto MMC tumns out
to be too porous to function properly as a guideway for a bearing in rolling contact.
The prior art steel guideways against which the hardened steel bearings run have

excellent low friction and wear resistance properties. Further, a large experience base

25  exists for steels, including those grades suitable for bearing applications. The problem
with steel is,its mass; specifically, tool steel may have almost three times the mass of a
reinforced aluminum composite component of the same volume. What is needed is a gib
that retains the beneficial properties of toof steel, such as low friction and wear resistance,
but features the low specific gravity and high modulus of more advanced materials, such

30  as composites.
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substrate materials include composites having a ceramic and/or a metallic matrix,

20  monolithic ceramics and monolithic light metals. The substrate may be attached to the
steel wear surface by adhesive bonding, mechanical fasteners or other mechanical fit such
as a friction or interference fit. Preferably, though, the substrate is attached by means of a
metallurgical bond, such as by welding, but even more preferably by brazing or soldering.
In a particularly preferred embodiment, a silicon carbide particulate reinforced aluminum

25  composite is metallurgically bonded to a tool steel wear surface using an “active”
soldering composition.

In another aspect of the invention, instead of a separate, discrete lincar
macrocomposite guideway being produced, the macrocomposite guideway is integrated
into some desired machine, specifically into that component of the machine that supports

30  and moves the workpiece.
One application for the present macrocomposite guideway is for a stage or carriage

for wirebonding microproéessor chips. Here, the substrate may be an integral part of the



metal | urgi cal bond, such as by welding, but even nore preferably by Z)éaﬁﬂﬁﬂlﬂt
or soldering. In a particularly preferred enbodi nent, a silicon carbide
particul ate reinforced alum num 25 conposite is netallurgically bonded to
a tool steWOWNRWR4 surface using an "active" sol dering coREOUS4490 | n

anot her aspect of the invention, instead of a separate, discrete |inear

macr oconposi t e gui deway bei ng produced, the macroconposite guideway is
integrated into sonme desired machine, sﬁ)eci fically into that conponent of

the machine t falsisof RRRfaES or SR kntiRY A8patAAE with e RésEIGifg mbd6cofipBiifecat i on for
t he present macéoco osite g#l dgwa Is for a stage or carriage for
wi rebondi ng nPHIBREY SOy beips, ?m{%%‘?ei%' substrate nay be an integral

part of the 2 4 AUG 2004 2 4 AUG 2004 } WD 01t 39924 PCT/ US00142400 6

chassis of the stage, or it may be %@%§eparate, with the resulting
macr oconposite gui deway subsequent | | astened to the stage.
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“Linear guideway”, as used herein, refers to the article or machine element that
20 houses the bearing element(s) and against which the bearing moves.

“Macrocomposite”, as used herein, means a unitary article made of at least two
materials that differ in at least one important property and which are not distributed
uniformly or regularly throughout the article. Here, “unitary” means that the materials are
joined to one another with the intent that the bond be permanent. Thus, in the context of

25  the instant disclosure, a macrocomposite does not require any constituent material to be a

‘composite™ material according to the common meaning and usage of the term,

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a cross-sectional schematic view of a macrocomposite gib according to
30 the instant invention such as might be employed in a motion control application such as
the movable stage of a semiconductor-manufacturing machine;

Figure 2 is a cross-sectional schematic view of a prior art gib;
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bearing guideway made from an ol d material” wel cmown~i'n the art is
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relative to t Qﬁde%&p%ﬁé Bb:A In BB elidlweil kiown in the art is replaced in part with a

material having high elastic modulus but low mass relative to the substituted material. In

particular, a “hybrid” guideway is produced, whereby the “traditional” or existing
20 guideway material is maintained as the wear resistant, low friction surface intended to be
in contact with one or more bearings, and this surface is supported with a stiff yet
lightweight substrate material. Thus, the new hybrid guideway comprises a
macrocomposite material. The substrate may be attached to the steel wear surface by
adhesive bonding, mechanical fasteners or other mechanical fit such as a friction or
25  interference fit. More commonly, though, the substrate is attached by means of a
smetallurgical bond, such as by welding, but more commonly by brazing or soldering. Ina
preferred embodiment, a silicon carbide particulate reinforced aluminum composite is
metallurgically bonded to a tool steel wear surface using an “active” soldering
composition.
30 Among the application areas for such a lightweight gib is in the field of
semiconductor fabrication equipment, and in the motion control systems, ¢.g,, the “stages”

of integrated circuit or semiconductor “chip” wirebonding machines in particular.
p P
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1
are then furt erﬁ:’tdl gE’tenggn tapfs éx%k]e re°§1§s|°\;‘8§ﬂ)r’ce agai nst the

gui deways 2&nd bearforgsist ﬂ@ﬁ@ﬂ@blyundpmlémdmdhngm& ¢fahelimaniiongsferéhbeisimdé vi dual
to Figure 2, which represents the prior art. At first blush, Figure 2 appears identical to
Figure 1. The critical difference, though, is that in Figure 2, guideway 10 is not a

macrocomposite, but instead is fashioned entirely from hardened steel 19. Figure 3, also
representative of the prior art, shows upper 60 and lower 62 stages of a motion control
25  system in isometric view. This Figure in particular shows how the upper stage 60 attaches
« fo the lower stage 62 through a pair of prior art gibs, with each guideway half 64a, 64b,
66a, 66b of each gib fastened by bolts 61 to one of the stages. The lower stage is similarly
attached to the base of the machine {not shown) through a similar pair of prior art gibs and
guideways 68a, 70a. This Figure also shows how the upper stage is responsible for linear
30  motion in one direction, y, while the lower stage is responsible for motion in a direction

orthogonal to that of the upper stage, x. Thus, a workpiece mounted on the upper stage is



setscrews are then carefully adjusted so that the stage travels sngq%h@%
and without play along its intended range of notion. The | oosely é @@
gui deway half is then tightly clanped to the machi ne body, as for exanple,
by means oWOMBMW245 20 To assist the reader in underst aRGTW§HN4340nat ure of
the invention, reference is nade to Figure 2, which represents the prior
art. At first blush, Figure 2 appears |dent|cal to Figure 1. The critical
di fference, though, is that in Figure 2,9 guideway 10 is not a

MRCT OCONPOSi t GpalMit b b@@ﬁtﬂe@mtﬁ%mmﬂneeﬁetﬁaetagmtﬁo?ﬁt Eﬁﬁ?&%@% b}t eel 19.

Figure 3, also representative of the prior art, "shows Upper nd | ower
62 stages of directinnE $AnEBnt rol 25 system in i sometric view This Fi gure in

particul ar shows fh@ﬂﬁo’iﬂ%ﬁasﬁf&@@ﬂ' mmmﬁ&nai%%ﬂ@ﬁcoﬁﬂ51g$tde9§ffs ngfad0e 62
t hrough a pair (af rior ?FIG‘FFgDWIth each %l dewa a, 64b, 66a,

66b of each gi"Hd Bﬁ&"d tegpatad dntg the c s‘i‘l’fé’%‘t"é'ﬂeitageﬂﬁéﬂmeovver st age
is simlarby man.tmeéqaﬁmkmghiy@rdaasmoﬁﬁn cbritRl, rsmtasmﬁd;ﬁceﬁmmﬁd'ﬂgough a

simlar pair rior bs and ui devva S, 68a Thi.s Fi gure al so
shows how the 51‘”%?9’9 m?“@%’%ﬂ’é? 1w°r?é‘<’s{?P1%‘OHﬁfft the sbstRtHne
direction, y,of\ﬂm thardchapdsite\pridesdan gl ﬂtﬁchﬁsﬁﬁpﬂﬂisvvbﬂﬁndlﬁg’smfahﬂﬁdb Bf the

direction orth at o t.he Sta . Thus, a r kpi ece
mount ed on t he up ﬂgiltaﬂﬁpl %cﬁﬁ@%tﬁ%’g‘ff@@@fﬂ’%ﬁ“ﬁﬁ%/ 42400 9
capabl e of besUhgrapoisestnoohnedmelte indepenpaitly dttachet o the chasgiobit barcberigtggrared of t he
Plane, Jof e ntne LR ALLONS 2 nBRbitte. 1 AR BE ARRETE ool iEe bART 20"

i nvention, the macrocomposite gul
i nstead is i nihadnoamertes ﬁtﬁcﬁutdﬁ-eay@hlam Slﬂmf Ianctmabfaepsstcageﬁrhlbsone 5 machi ne

requiring hi glhckinkd Bf ﬁ@cﬂﬂia't@ﬁbc&ﬂrﬂ&&aﬁlme ik o%ﬁara%n@l Sk, R&lﬂ&xefgﬁr% thc

wi rebondi ng nmachine or_a coordinate nmeasurin
exanpl es. HerRearmgfurfacsy The sigebbearing surface W@wméﬁl’td@f@ephrémw umd the

chassi s of tt@,mumg&ggtdl ng stage are nade of the sane |ightweight, stiff
mat eri al %ch as netal matrix conposite material. Thus, the substrate does

not have be i ndEBEdUbsRLs thisasper ofithe ipstant dnventien & ereatgs detaib sHerpdhe nt egr at ed
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or surfaces a’tpe the, alurpipym ?"ﬁé B adSuRE g RFdat e t he
pi ece(s) of tmmld&eiesdrfa:beédmeuhiemtehﬂraﬁmﬂtt»hﬁch foréia theltPassibl bf stuge 14. TAenst eel

bear | 19,511 3l 0 e B S SR Rl 0
gr eat er d@f ai dnto wieehehardehe steel surfaces 8 are brazed or soldered. Not onty would such a
design reduce the mass of the stage by an amount equal to the volume of substrate 6 (of
liner guideway 10) times the density difference between hardened steel and cast aluminum
composite material, but this design further reduces mass by eliminating the need for bolts
16 (see Figure 1). In the prior art steel gibs, the steel bolts may not have added
25  significantly to the total gib mass. With the instant lightweight materials, however, steel
bolts represent significant mass—excess mass, in fact, thatcan be eliminated or
significantly reduced with an alternative attachment means.
To accomplish the purposes of the low mass macrocomposite guideway, in
addition to having low mass, the substrate material to be attached to the hard wear surface
30  should possess high stiffness and reasonable strength. Not only must the guideway
withstand the passive loads and dynamic accelerations during use without fracturing or

plastically yielding, but also the guideway must not distort or deflect excessively.
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material bei nl% to 30 volume percent silicon carbide particulate. Not only do such MMC's meet the

above stiffness and density criteria, but in general, they are also easier to machine than
ceramics or ceramic matrix composites. Moreover, these composites can be formed into
complex shapes, for example by casting. Accordingly, it is possible to fabricate entire
25  motion control stages or chassis from such MMC'’s so that all that is necessary is to clad
« certain regions with the hardened steel that is to be the bearing surface.

During use in most precision equipment, the gib is not expected to experience
temperature excursions much beyond ambient temperature, e.g., about 20°C. During
fabrication, however, particularly during soldering of the substrate to the steel surface, the

30 components to be joined may see temperatures of about 300°C. If the bonding comprises
brazing or welding, however, the parts may be exposed to much higher temperatures.
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20  are produced are becoming larger, thus requiring ever-larger stages for the machines that

d
s1u

manipulate silicon wafers. With properly matched CTE's, it is believed that guideways
that are an appreciable fraction of one meter, or possible even one meter or more in length
can be fabricated using the techniques disclosed in these pages. A lightweight
macrocomposite-gib on the order of a meter in length would have a receptive market.

25 The number and ways in which a low mass, stiff substrate body may be attached to
a steel wear resistant body is vast. In general, and to reduce complexity, permanent
attachments such as adhesive or metallurgica! bonding are more desirable than non-
permanent attachment scenarios such as mechanical fasteners or mechanical interlocking
mechanisms. Still-ﬁmher, because the substrate is expected to carry the bulk of the

30  mechanical load, it is desirable that loads imposed upon the wear surface be transferred
effectively to the substrate, Thus, the metallurgical type bonds are preferred over the

adhesive bonding arrangements, their higher stiffnesses permitting more effective load
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because tpe }ebeﬁée%at eu—ﬁ Fgg@ﬁ&% %?‘g:ré{on%%‘? %Hn kto%mﬁueﬁ?r%%e”ec“a“' cal

|l oad, it is &1 Y ab I npose uo’n ace b
transferred delamemting slthe tood tdne substrate. Thus, the netal lurgical type

bonds are preferr ' hi gher
stiffnesses perm ?ﬁ}aﬁﬁgﬁ%%ﬁﬁ%f?g%wgeﬁngggggms Q%&%S%EB?& §§S§é4
PCT/ USOQ/ 424d@cr1¢evelppedrfgrfré¢tallummgbqnﬂres treditgopllyy“diffieult” metetials sushakever

vel di ng may nQl.nh&, AfRRhAaR HiniesP kB i1f His w&WJsluﬁ@' a%mt%ﬁl@oncéﬂfmﬁs' tion
and/or properties of the thin |ayer of hardéned stee may be adversely

affected b tm@cnbaftmraﬁowé%elwamz@ﬁwwmébmbdeWF@mw © tog] gtecbtd

i nstances in whpddtureNgs ﬁxh&bﬁop@-tlﬁom lﬁ{i%nﬁig da®Bedon&R IR i dL. afHid seldePnponent ,
the metal of 5 the substrate o.di fferent chem cal Il;/l fromthe steel

such that thekREPe r?@‘P?FBTaﬁT?O ’é%:’él“l?}'émwnélﬁg‘f’%"“’i‘}?s Ipygmatignpl, Northy - o ot
ghem cal |y cowpies, whlle?]auddpg@meadgmmhﬂrsma& taoﬁvpoemon it ittalle Senththd doima Ul t | es],c
razi ng corrp03|t|ons ave been. deve 0 ni n ariety o
metal s, ceranftd¥ r&ﬁ%F"cB?‘ﬂ%s‘f"P L‘g@ °9“°Ff"rgﬁ°e°x\ﬁ?5gﬂ¥'5te and wear
surface nmae erwa'kplecart@bctmhlcﬂdfTlﬁs‘ghbralstipt'cﬁ'lid&sotba‘rdﬁﬁﬂyle ithibuteesichlased St resses
in the brazed B\évely

ow methg point typical of solders, as well as not needing special atmospheres
protective of the solder or workpiece such as argon or vacuum atmospheres. Because the
joining temperature is moderate, the need to match the CTE of the substrate to that of the
wear resistant surface material is not quite so pressing. Accordingly, acceptable substrate

25  materials for use with this solder inclede monolithic ceramics such as aluminum oxide or
zirconium oxide, monolithic lightweight metals such as beryllium and alloys thereof,
ceramic matrix composites such as reaction-bonded silicon carbide, as well as the above-
mentioned metal matrix composites. Materials Resources International also produces
other so-called “active” soldering compositions, many of which the inventors believe

30  would work in the instant application area of cladding a stiff, lightweight substrate with
hardened steel.



10 be excessive, leading to warping or other distortions, or |eadi 3% to
.cracking or other delam nating at the bond zone. \Wat the instant AUG 2004
i nventors have found effective is a soldering conposition that has been
devel oped MR A24| | urgically bonding traditionally "dif{RGiWS00/4M4P% eri al s
such as ceramcs, alum numand stainless steels. In this way, a 30 vol une
percent silicon carbide 15 particulate reinforced al um num conposite has
been bonded successfully to too] steel al3 a tenperature | ess than 300C.

Mor eover, the bondmgg@mQ%&%\dﬁé@hﬁ%ﬁ%%m{%ﬁﬁﬂa@ﬁﬁmsﬁﬂﬂ% as

"Super Braze 250", avall agl e fromMterials sources International, North
Wales, PAis asssBRLy docated iy the beamng reqedefined by the opppsing Fhanesls. Bat it al so

contai NS SOME instint AMéntioh Ry A6 meaS limited to AR aktchdEfomb Ry ek ReAsE Cal |y
reduce surfacenoxi des ogd. e Zg% vvorekﬁgi 2,ce to be soldered. This solder also
provi des ot her "UB&F FARRLILETEN B RoRRetiss (i crpss-sgetiqny that paydeymplewedig| t i ng poi nt

typi cal of %olcdgjinstiomsithvbe insaft in@htiohdartbrdviitgiegh précistn RIS Slinelt’ Ot ecti ve
of the sol der r?{tio}{m&( iecrgse@%?% aﬁ!ﬁ@.r on or, vacuum at nospher e,is. Because t he
j oi ning tenperature 7sPa0 VPN SARB BT Bha EHUNHGE SEllat he substrate
to that of thedunctierarHaregorsiirgor defining aseofnikites litdar fiided@ys MakingpsA Pr essi ng.
Accordingly, ; b . erjal. or_use, Wth this sol der

i ncl ude nonol ?ogﬁ(%gé%?rlgﬂ?%%%é&%%ﬁaﬁgg%%?%wliﬁ laém‘ﬁ‘?edtfi"}"(‘,’f)f‘ﬁ%m oxi de,
monol i t hi c | i ghesemiegdetof itebeingattachedtoas bisieg y pdri aftheamnsralilt thaysis dffiRrsagd. .

ceram c nmejfy i Jyjelelsy : Lon-honded siljcon carbide as well
as the above- er:’rrgﬁt | onée(glg%el?? g eq%ﬂr%%%%ﬁﬁpqgrsa?'%g? % %*H'%‘:Ieéc’ %ﬁgﬁﬁ?r el

| nt er nat i onal 2&p Bt grserevchus thesgiateaot showw inlahe of PiguresiSAeIC. ddbrableilingpr

conposi tions, B¥ayHa1r W e Birds ASrdd | | rk in the
I nstant appl i cgfgtﬁi o?rlfq{aar ea of cl_ag | nﬁ%&g’?ﬁ?,sﬁﬁgﬁﬁﬁﬁ%&su%t rate with
har dened st eellightyeightsupstratg rpaterig) 241 i dineaysndavey 20,0251 @gethen with ger es  1- 4,

the gib takes fidendvabiNi@éar @RSy W fineY the RS thcE DPRARS Heh A ing
assenbly | ca{zgd in th beg{rﬁi ﬁ?yr,acg deefi ne lgy t he op%oago%&%ﬁgﬁﬂ%sl s. The

| .ned by ! g9
i nstant i n\Ventr 8% 915Bosss Meansfor rriaimingthe bearings in theisrepngptivie sagesare o shrowyr v .
Fi gures 5A- 5Cin thtde figlirea t Refefngspedificalilyf b PigaRt 5B hkd A ARG fdi&Sval hSjs

cross-section) that e empl qyed. in conjunction wth the 1 nstant
i nvention for PP °ﬂfrzﬁ°é'°af°gﬁap?"gci°§4 B3y, maks HP.foF pe-attached tq 4 nomzmovingpest o,

Conponent s | alielngghing. t Accbidinglyasieh DubhtrRsvingQinksd Riltiéw 29 HEYBE fBFicabdd TokAr _
Up an opposed s Bl miuo ae5E Sag i el ot 3 o
i nt ended t29 nspesifiaallyaeferring to Figure 5A, linear guideway 23 is depicted as a thin body of
hardened steel 22 for contact with steel bearings 29, but is backed up by lightweight
material 24. Thus, linear guideway 23 itself may be part of, or be attached to some other
component of the machine that is in motion. The situation illustrated by Figure 5A is
common in, for example, semiconductor wircbonding equipment, where typically the
25  stage that supports the electronic chip to be wirebonded has at least two subunits, or
chassis. A first chassis is responsible for linear motion in one direction, and a second
chassis, mounted or otherwise attached to the first chassis, is responsible for linear motion
in a direction substantially orthogonal to the direction of motion of the first chassis.
Although the instant inventors have focused on macrocomposite linear guideways,
30 the concept should extend to other bearing geometries. For example, it should be possible

to make a macrocomposite guideway that is circular to accommodate a bearing that runs in

a circular track for low friction rotational motion.



consequence of its being attached to, or being a part of the rmvaﬁtg 6
.chassis of the stage. 10 Typically the chassis or stage features HASU fZQ)UIL
attaching the workpiece to the stage, such as a bolt or screw, but these
are not shwOA13%M24any of Figures 5A-5C. Movabl e |inear gBCTHESMA2400] f 21

features hardened steel surface 22 supported by and bonded to |ightweight
substrate material 24. The opposing |linear guideway 23, 25, together with
the first, novable, |inear guideway, d&fines the bearing race 27 into

bt nos O ohee) TRERmR ierion & Bbe HAROAEH el BURe bPhe BpRI| 19 N

bearings in their respective races are no ese res.
Referring spdixpmpleal |y to Flgures 5B and 5C, |inear gui deway 25 S
sonetinmes referred to as a "rail", and may nake up, or be attached to a
non-novi ng part of the machine. Accordin I{ such a non-noving |inear
gui deway may be fabricated from hldﬁﬁﬂﬂﬁﬁh ic gravity materials |ike

har dened sf eel s SRGf@nﬁgtJFlQJre§tn$€eltalmhﬂx%ﬁﬁsﬁbsmgzgglwwwhﬁﬁﬁody of

referring to F|gure 5A, linear gui deway depicted as a thi
har dened st edfd 2‘2“%‘?3”(Pﬁ?ftléé’cm\ﬁﬁsﬁﬁpéé‘l‘d@é‘&rlﬁﬁ’@§°“39vasb¥ltﬁ°ﬂsﬂ%@e‘ked up by

l'i ght wei ght caawcryi The MMC .«Iktu@coﬁlpraaﬂfy \amhﬂawﬂ&réewsﬁtc%n BRYigbe part of,
or be attached t n;g'l'lgéﬂ %ronent of. . the machine that is in notion.

The situati ori"‘?’l'"ll E“’%WW’?“S‘ um, silicengnd magpesium

sem conduct or(Gmeabondl,ngoawdlmemabg:esamrMohmlaml ly the 25 stage that
supports fhe el ectronic chip to be wirebonded has at |east two subunits, or
chassi s. first chassis is responsible for linear notion in one direction,
and a second cha@‘wbstrips“mmﬁng&uge)(aban\MGSﬁnaiidk;mhedmmoth&l&dchst chassi s,

IS responsi bl“?eai“%ﬁl‘li"’rﬁf?ﬁgcﬁmét ?’hb"‘ftqlﬁa di rect%rle evc f‘h ﬁ%l fllﬂllél or t hogonal

to the direction o PRst ant
i nventors ha\fétﬂmab@dtmmmmmtheFigixrne'ﬁhengCchabm&andﬁetdohe concept

shoul d extenqt&ﬁu%%&n%%mgug@%%@ﬁmﬁ 3R PheSitrigls wert 1R 1lac2®

possi ble to nake macr oconposi t I's clroular 10 accomodat e
a beari ngl5t h&xeated pefollqws: heaéms mightnwwtaekout 2ﬂ0°¢ @ﬁeﬁmalmmma tetpatiatupm al

motion. 2 4 Aghbogdibhe d\@r%o%?’f?ﬁ%ﬂ hExtg H@Q&{t 4@04@% a]fﬁtc of ffou ié??@(‘:}amht@vem | on

wll now be further describ in terns of | owm ng EXAMPLE
1 5 Referri ng‘ﬂF’d“Wtb‘H‘l“éaB’mpa‘aWﬁ%PWP G(fOEMUélW@‘%MWHS émslzlphaw ng a
"V' channel mﬁhwmgu indrcmin cross-section and about 15 cm |l ong

was cut froma | c st y. The MVC casting conprised by vol unme about
30 percent sili Cgﬁ tee smpsweresolderedtotheMMC substrate in accordance with

20  the solder manufacturer s recommendations, a key feature of which consisted of a bonding
Jig consisting basically of a base that could be heated or cooled, a crosshead for applying a
compressive load, and an ultrasonic transducer built into the crosshead for applying
vibration. The surfaces to be bonded 53, 55, 57, 59 were roughened with the abrasive
supplied in the SuperBraze 250 kit (Materials Resources International, North Wales, PA),

25  then these surfaces were cleaned with the cleaning agent supplied with the kit. A quantity

« of SuperBraze 250 soldering pellets was placed into a crucible. Specifically, the crucible
and tool steel strips were placed onto a separate hotplate and heated to a temperature in the
range of about 253°C to about 274°C. Similarly, the MMC substrate was placed into the
bonding jig, specifically on the base of the jig and with the V-channel facing up toward the

30  crosshead. The base was also heated to the above-mentioned temperature range.

When this temperature zone had been reached, some molten solder alloy was
scooped out of the crucible and placed into the V-channe! of the MMC substrate, The



particulate and the balance a matrix netal conprising alumnum si I2i43935r@g‘d
.magnesi um (G ade ASC-301, M Cubed Technol ogi es, Inc., Monroe,

strips 54, 56 of 16 gauge (about 1.6 mmt hick) Grade D2 tool steel each
measuri ng HOPIBINE cm | ong by about 1.3 cmw de were bev@CEYSHM2HWMat t hey
could be fitted together at a right angle as shown in the Figure. The MMC
substrate and the tool steel strips were machined to the approxi mte final
di mensions. The strips were then heat 1B treated as foll ows: heating

strai ght avay drfls 3R0ptshel 9&{ 2 el R AbIRL s ndafRRO Al WG BacBhgL  790C

for about 1 hour,_ heatin a rate of about per m nute,
after mmint aiYsiaued with m%toalrre%ewluwm@vs%m@ f Jhe @blsteel stpsyyone thers |

removing t he pckd Ao thd V-2Ranhé1dn toploP A6 thoRebofie ML EdEihdaA ofihk predEvtds: the tool
steel strips were soI dered to the MMC substrate in accordance with 20 the

sol der manuf e prevehtdorn e cRaRgtYIthJhastring, ed {herceniach vas mFintaiRed¥ndeidnsi st ed of
a bonding 5 j |pgesamsﬂasamsgo na.ssi @aduws temeat;aﬂen kAl raeeHid ehnbdichaaied or

cool ed, a crosshe { &5 ﬁggsﬂ S r’g){g sive | oad, and an ultrasonic
transducer b(fPfEZ 8s°tf8 ¥ nig, yibragy b%ﬁ"%%‘gWBFe&P‘?dén Therpresswiir f aces to
be bonded 53 wassmn&ﬁ;edmxlmmm toahHags Rstennint haﬁsmﬁaawsamru@tedﬁﬂ:a%teed in the
Super Braze 25 | terials Re urce Intern | es, PA),
golhi f &'ngase Wag S ?V?l t\%lefeﬂipfrﬁlgre (? 5Fﬁ % écd éésgm%psl{% ; 4

25 then thes€ SuUffaces were ¢ eane plied with
the kit. A quizeppédty abdut Sif6 thr messur® 58s rembad pdthe pileted macrob@npokiteced i nto a

cruci bl e-l@"%ﬁid@ﬁ%ﬁqs%m&@? %Ibgcf%l‘gd nd tool steel strips were placed

onto a separ ate an eate a tenperature in the range of about
253C to about 274@tﬂ8h'hﬁﬂ|@rﬂokﬂmdh€lthmoslad)t9tabmmbiagtqnipammtb thet 0 t he

pondi ng 119, rfEdi il SinRAaetiedtd e il aRfifkioNs bl dieceV” Channel

facing up toward Cross fie Dase was a o the
above- nentlor@&hﬁsé’ﬁﬁ@ﬂ‘a?aﬁg'éd'?"‘&ﬁgl@ﬂWn“t’ﬂfﬁlﬂydﬂeﬁperature zone had been
reached, sone nolten solder alloy was scooped out of the crucible and
pl aced into t he V-channel of the MMC substrate. The 2 4 AUG 10x4 WO
01/ 39924 BC | US00/ 42400 15 dross wWESAMREHEY away, and then the nol ten

sol der was snear ed nﬁ\iﬁ&orﬂdolmel% Sdpfeﬁ@faﬁ{ie 4f@ hyRf IReRgaidewdylvhs Fatighd-al  t ool
resenbling a.d % steel strips were than placed into

the V-channel™® Qf”ﬁ%th%'l"géﬁ“ BY Ry Smght ppderee pgTapent distgriop fiemy ess was
t hen brought bdng\lsubjented)tocaydicaﬁdsMﬁokbdtoh&pﬁﬂdﬂgﬂﬁpcn&d%d t he contact was

mai nt ai ned under [ f Qut about 35 tp 70 kPa).
Then, the ult raso%i:t%mﬁ %SPS ?é&c quue o?Examp}eol \Bas sub(stann yrepeatec? to )

20 solderan approx:mately 20 cm by 1.2 cmi strip of 16 gage (thickness of about 1.6 mm) tool
steel 32 to an MMC bar 34 measuring about 20 cm by about 2.5 ¢m by about 1.2 cm,
thereby producing a macrocomposite beam. The solder joint was dye penctrant tested.
The test was negative, indicating no debonded regions accessible to the surface of the
beam.

25 A test rig was designed and fabricated to imitate the stresses associated with near
dinear contact of a loaded roller bearing. In particular, eight equally spaced, 6mm diameter

- hardened steel pins 36 were held in place by rubber bands 38 within equally spaced
notches 33 in a tool steel beam 35 that measured about 17 cm by about 2.5 cm by about
1.2 cm. The tool steel beam was then brought into contact with the macrocomposite
30  beam, specifically with the hardened steel pins contacting the tool steel surface of the

macrocomposite beam. The macrocomposite beam was strain gaged across the solder



energi zed so as to supply ultrasonic vibration for about one to tva)4 AUG 20
.seconds. The pressure was maintained while power to the base heater and
transducer was interrupted, and water- cooling of the base was started.
When t he t 9aR¥24re of the sol dered assenbly had dr opp@ETUSKMINY 165C,
the pressure was renoved and the sol deltfd macr oconposite 10 gui deway was

removed fomg:iyg1 BABLD gk lock oty iR 1 p Ok etk 09 éandind coOl € o
n

about anbient tenperature, the macroconposite guideway was finish machined
to the final MgYRYNST™EPRPBEnd surface finishes of the |inear gui deway upon

which it was nmodetigda st 156AMELFplidd 1 HERS RO Hetin Roaeasie eesent at i ve of
a hybrid Iinear guideway was fatigue- tested to determ ne gj@ither such a

gui deway i gSeflegPRIGNEY apheterse AE PRS- SIRsritigaly 2piakiel ETPRGSREBPE®2d to cyclic
! ]9ads i Mas € Gpphieto a%ligﬂtﬁét@@lﬁioﬂmdeﬂdﬁd orRaé arcré%degffrmda gyl beatn. Itobds olfef:hn |2 que
of Exanple 1 _was subs i a repeated .0 sol der. appr oxi mat el y cm
by 1.2 cm st PF?JNE)‘?t°’1s6£3§ﬁ§e‘“€%#ogfﬁgggppg?dtlﬁﬁﬁﬂfmi.%ew tl%%l steel 32 to an
MMC bar 34 neasddpondg sppoxima t6 the byticiphediloa®ortanaemdl Yinge guilewlay2n cm t her eby
produci ng a macroconposite beam The sol der joint was dye penetrant tested.

The test was *H&§4ti ve, indicating no debonded regions accessible to the
surface of the bEem/faRhe fstingstas parfyrmmeds Ustag the sront setnplast fabthe staticdepds.e i nit at e

the stresges associ M | 6 15 @k ! er
bearing. Thn f)“e’fr lglccﬁ%%js")é?%ﬁtcﬁg%% ;ﬂg{gg@g@%ﬁ i%ﬁ? ﬁar dened st eel
pi Ns 36 wer e nelocomposips bagre atmfrequenticaf abdvh HDGingjapragramaealle Insfros B2l e d

not ches 33 i e 4phuid 8P 0AoR EofpbkenTERMY k) ARAMabdut 10 THioh about 2. 5

cm by about he tool steel beam was then brought into contact with
t he macr oconsydés; e Paxipumbeansfraflection appesred tahave incprasel by gely abeus 8% pins

contacting t hgerhRObyeehddantisslifAihOwalinobiRs of MEdnAME RN Sib@nleaatin The
macroconposite beam was sfrain gaged across the sol dgr 2f§ QK%OJ WO
01/ 39924 PCTIPeriowarg® Aptren ghoys;shyerabight gofs suggsatmg some kind pljpcalized i r ect | y
under a st eeladfirdd phédfleriol @ccairit@berdsh hecafseclof i bdway between pins. First, a
static | oad was lied to the nmacro osite h t asuy e e
def |l ecti on under S3Cim X-toe W&Wﬁ‘ggp%ﬁ@gi @i“&@?%?gggﬁcﬁfn%ﬁ féoltl%fz
conpr essi ve |fiaqeknyyg this time with loads cycling between about 1990 N and 19,900 N (equivalent to

the rated load of the bearings). Here, although the total beam deflection was greater

20  because of the greater load, there was no change in maximum deflection as a result of the

Q

fatigue testing. Further, dye penetrant testing still showed no gaps in the bond zone. The
ultrasonic C-scan, however, showed additional light spots, and visual inspection showed
that some of the solder had been squeezed out of the bond region. Nevertheless, the

macrocomposite beam survived cycling at this extreme loading without visible

25  deterioration.

EXAMPLE 3
A compression test was devised to determine whether the adjusting setscrews
would distort or otherwise mar the surface of the metal matrix composite substrate portion
30 of the instant hybrid guideway. Specifically, and with reference to Figure 8, about five
setscrews 42 were threaded into a beam of tool steel 44 measuring about 25 cm by 1.2 cm

by 1.5 cm. The beam was then placed in contact with 2 metal matrix composite beam 46



5 applied to a slight depression 30 centered on the backside of thepy 91%
.steel beam Loads of 770 Newtons, 2300 N and 7670 N were applied in 2004
sequence. The 770 N | oad corresponded approximately to the anticipated

| oad on arWV@81¥PAM | i near gui deway in service. Then, fatPglUsSME24ng was
perfornmed. Using the sane setup as for the static |oads, a 10 uniaxi al
conpressive | oad cycling between about ,470 N and 7670 N was applied to the
macr oconposite beam at a frequency of about 50 Hz using a progranmabl e

I nst ron 8501having a\ideknys bfiaboutl dn€ 2id the sexserefd wa'elad;ustﬁcsbmt eich contactednt on, MA).
Af t er about II| n, cv.cl. t i am def ed to have
I ncr eased byﬁgﬁ?ﬁ qéu%%ag%rﬁﬁogrg%oﬁ?ﬁ&wg% %ﬁf& |ng H%%d no zones
of debondi ngfor fwutdne seond) ifumingaﬂae five satsdrSwgrgainst the MIVIC sarfébe} Tafetcedéfoned

several ligh ﬁ@ﬁﬁs | 4 phenomenon
occurring be%gﬁﬁqf{?ﬁbéﬁg ce 0 lE‘eam as%?%gemt%egflc?\%\é%gﬁt hen resuned
for anot h&r deformed kdne took decthapy of andncgmpletesirgle, pagtially replipatnechs tinsief thet i ne wit h
loads cycli n%é”g‘r%f”n B A fand; d&@&%ﬂ&&ﬁ@ﬂd méevﬁfo‘?&tcgélﬁ the rated

| oad of the "Here, although the total beam defl ection was greater
20 because obewweOgrnwzoeﬂlpwdmméﬁfbumaéhmmemﬁg@cmdﬁhﬁxamm?def|ect.on

as a result @i jobéin mtdpaseaawﬁéqwﬁyommthsnzfamotn%na;on%nﬁ&stI ng still
showed no gaps in t%‘l zone. The wultrasonic C-scan, however, showed

addi tional | f¥§lee Evd?@nmawwsée%w ‘Ph%“b‘é‘&‘f"? hthe Mo srriae e BUMEFeOf ¢ he
sol der hag bgeée aﬁﬂaﬁm%awcoﬂf li&h&ﬁ(wdnsﬁwloﬁﬂumé\'ewl xbhxglseggest_s ihEte
macroconposit e hea at this extre oadi,ng w t hout
visible 25 d%qcéﬁﬁ‘ g’/"—ﬂ“?;‘iﬁ'f?ﬁ?@ Y BPPOf n%é?ad\ﬂﬁgl &t sed to

det er m ne whemircohtag mmmﬁmmmmmrsmmﬁlxﬁ@tt@mﬁs ledd. ot her wi se nar
the surface of the netal matrix conposite substrate portion 30 of the

I nstant hybrid gui deway. Specifically, and with reference to Figure 8,
about five setscrews 42 were INDUHREAL ARPICABIdAM of tool steel 44

measurin about GIRLRY . . ed in
cont act \E/]\nth a rrezlfhgl nattl?‘?cggf:sg’rg&peo@‘%ce%ewiy@ac%%%%%%ﬁ% E'LO? g9924

PCT/ US00/ 424 6@petcent lighter than the alhptedt gib shat i feplagrsu When faguedgsedfote set screws were
adj ust ed_ 20§10 A EhIASE Hk S Mke WRARE R machobh A Backal co Of about

1100 N was then ap to the tool steel beam for about one second,
forcing the FQW“%P%‘&? gihshoygd pegsible Aeteripration, 3pd had @ permipent f8 pELY ef t

about 0.06 micron. Thus, the hybrid guideways of the instant invention should function in

20  the most demanding applications of load or contact stress. The instant gibs should find
application in motion control stages such as those employed in CNC machining or
metrology. The instant gibs should be particularly desirable in certain machines used in
semiconductor fabrication, where the lighter the platform or stage holding the
semiconductor can be made, the faster the platform can be moved around undemmneath the

25  work area, One immediate use contemplated is in semiconductor chip wirebonding
machines, but perhaps the instant gibs also may be of utility in lithography, particplarly
lithography that must be done under vacuum, where gas bearings cannot be used.

An artisan of ordinary skill will appreciate that numerous modifications can be
made to the invention herein described without departing from the spirit or scope of the

30 invention, as set forth in the claims appended hereto.



slight but visible, permanent indentations in the MMC surface. More
.specifically, the 5 defornmed zone took the shape of an inconplete Qi4rgﬂgp2 0
partially replicating the tips of the setscrews. Then, on an undi stur e(g
region of the sane MMC surface, a force cycling between 0 and about 1100 N
was applied using the equi pnment descripgd in Exanple 2. This |oading was
applied at a frequency of about 50 Hz for a total of about 5 mllion
cycles. The indentation marks left by the setscrews on the MMC surface were
no nore WhsesiSnidyg: for the one-second application of this [oad one
time. This result suggests that after the initial plastic deformation
accommodates a newl y i nposed Ioad applied to a I|mted cont act area, no

further deformatjion occurs u c clin this I STRI AL
APPLI CaBiE 1 Tv R i2gR4OF Rigcisg s diotian Of A Workpisge inpbR aat frgegsion,

NMaCr oCONRAH @ glée,wﬁlﬁqnéas about 50 percent lighter than the all-steel gib
that it repl acg en tigue tested for 10,000,000 cycles at the | oad

limit of the lauaeastgme hardened steed lipeari gtddquaxdmmhysinatrpontactwith ahe gib
h d bl t h t t of bout

5. 06 i ¢ DERIMGRAY S PDPRNG st one At SEBCS Mevingie HiFsTesshoul ¢

function gré‘ataPHH?%IOU t10t?ﬁ%?€hé‘§néﬂ@éd fhainl aBbUt A0 MMffefers,cont act stress.

The instant d find application in notion control stages such as
t hose enpl oyeeh ¢hassiscomphising igmateriahivavisiga bulk density soagreatgrdbas houl d be

ticul arl bI ta {
P ot At B S B RERS 5B hoe SR iR T
sem cond§kaid ﬁﬁaehéd@é@ link&e &unﬂ&%ﬂf §4i8 dMadsETuRhEMRolecampRsing apund
underneath the 25 work area. e inmmedi ate use contenplated Is in

sem condtaastroneﬁapd\fwwebewmgwgnd suppontiog sat:hgmpewaatpend he instant gibs al so

done. under vacRllgURiRYRk KNG Beitparith Stacdiote spid eRES &Y stidond > °°

ordinary skill will appreciate that nunerous nodifications can be made to
the invention_herein described without departi |g‘& fromthe spirit or scope
of the 20 inJherstage oficlaimt1,wherpin said material ofssaigh sbassis CRERASES £ 4 AUG

2004 18 stage for precise linear notion of a
wor kpi ecﬁb%%' @%tﬁégéﬁgﬁ%émaﬁr@ﬂ@ said stage conprising: at |east one
har dened steel |inear guideway for physi cal contact with a bearing, said
gui deway conprising at |east one flat surface having a thickness

3. The stage of claim 2, wherein said metal matrix composite material

comprises silicon carbide distributed in a matrix comprising aluminum.

4. The stage of any of claims 1 to 3, wherein said guideway is attached to
said chassis by at least one of soldering and brazing.

5. The stage of any of claims 1 to 4, wherein said material of said chassis has
a bulk density no greater than about 5 g/cc.

6. The stage of claim 2, wherein said metal matrix composite material

comprises beryllium,

7. The stage of any of claims 1 to 6 wherein said guideway is attached to said
chassis at said land with a solder comprising tin, silver and titanium.

8. A macrocomposite gib, comprising:



greater than about 100 microns and |l ess than about 10 mllineters; a
.chassis conprising a material having a bulk density no greater than 7 abaon;
6 g/cc, and having a specific stiffness at |east 50 percent greater than
that of said hardened steel |inear guideway, said chassis furthernore
conprising at |least one |and for rece9ing and supporting said gui deway;
and sai d gui deway being permanently attached to said chassis at said | and.
2. The stage of claim1, wherein said material of said chassis conprises a

metal matrix GRIRATIWS Ilﬁéhﬁghlabwa§s affangatiagith Rfspeteiodre aHbperss asabd
metal matrix conposite materi al rises sili con carbide distributed in a

matrix coefines bearagirace. ot Iaastm sayd lingarguideways aomprigsingea 3, wherein

br ol g, MERCramepstE SRR cRbRsifa T 3 Hardindd el Byr8lS shimst ol ' OF °"
sai d Cha%’éljéce'ﬁ@%ald%é&rlﬂ(? RBS ki (7)a BNt IcBRTpORRE SubStste pernfanctiiy St age

of claim2, wherein said netal natrix composite materi al conpri ses

beryl |h i gmdheredrt;eam agep@mnarsﬁld)hatdemednsteeltaurtaoam!e@ent §aldjsgb|$ttataay i s
tt t h d |
ona-t1 ¢ o edind %Spacniaafiitedt aCRast o Reradol BreuritPinaP A taiiatty, °| cuct

t wo Imegteeglguﬂga@)égferﬂéﬁg%gd with respect to one another so as to define
a bearing race, at |east one of said |inear guideways conprising a

Macr 0conposi t @t ipast one\baasingrelement disposed in saiddeasinggaceur f ace el enent
adj acent said bearing race, and (ii) a lightweight conposite substrate
pernmanently adhered to and supporting said hardened steel surface elenent,

sai d subgir at ThehRtRibompdtRel dib of elairm 8 whereih shrRPIGghtWBighe teRiposie eat er
than that of said hardened steel surface elenent; and at |east one bearing

el enent gubpisatechasa spedifissiifinass atieast 50 pemntmeai@bthmmaéogs@dof claim8

'east 5o BryenssPSGEEL oL MR ke B 1575 8hR i SaRBRe ok IRblgralis ]

i ncl udes cohsisfing bf aenimirang eeadliwd. from the group consisting of al um num
and beryllium

10. The macrocomposite gib of claim 8 or 9 wherein said hardened steel

surface element is adhered to said lightweight composite substrate by an

adhesive.

11. A macrocomposite linear guideway, comprising:

a substrate body comprising a composite material;

a hardened steel body comprising at least one surface to be in physical
contact with a bearing, and at least one surface other than said physical contact
surface, said at least one other surface to be a bonding surface; and

a bond permanently attaching said hardened steel body to said substrate
body at said bonding surface.

12.  The linear guideway of claim 11, wherein said composite material
comprises a hetwork structure comprising silicon carbide, and a phase comprising
elemental or alloyed silicon distributed throughout said network structure.

13.  The linear guideway of claim 11, wherein said composite material

comprises at least one metal in elemental or ailoyed form selected from the group



10. The macroconposite gib of claim8 or 9 wherein said hardened St%‘?'AUG 2004
.surface elenent is adhered to said |ightweight conposite substrate by an
adhesive. 11. A nacroconposite |inear guideway, conprising: a substrate
body conprising a conposite material; a hardened steel body conprising at

| east one surface to be in physical cpptact with a bearing, and at | east
one surface other than said physical contact surface, said at |east one
ot her surface to be a bonding surface; and a bond permanently attaching

sai d har @Bﬂﬁgtiﬁ%ﬁfélt}?ﬁiﬂl’l '(B(fle@!ignni efiufn aR8%Yicah. sai d bondi ng surface.

12. The I'Inear eway o 1, erern sald conposite materia
conprises a network structure conprising silicon carbide, and a phase

conpri si e ntal or,alloyed silicon distributed.throughout said
et nor k- 3 uciedmess ureay JEanY G eiaBRg " 3o 187 Whereih Saf Haciened Hice!
conposi t | Laes at | east one netal in elenmental or alloyed
form sel z’&agg%m@ﬁetsﬁgaﬁ%gg 2 4 AUG 2006 20 consisting of alum num

beryllium magnesiumand silicon. 14. The |inear guideway of any of clains

11 to 13, _wherein. said hardened stegl . bo c rises too|, steel. 15. The

| i near gJﬁdewﬁ‘egf"eéﬁ)gulF%"@ya? rﬁ"yl‘ife‘flﬁ'"lﬁ?)(mgrqg\'vheged? 331401?1%“‘?? real i zed

by neans r@ﬂg@dqﬁpﬁ,@hns@am,{i near gui deway of any of clainms 11 to 15,
co

wherei n sal osite material conprises at |east one material selected
fromthe group consisting of a ceramc matrix conposite and a netal matrix

conposi t 17__The linea ui deway of clajm 1 erein_said al matrix
conposi tga matl&e &e%g%@s(géa%ye?g?l?@%iﬂ?ga! %Qr?%islﬁl@?%%é?%m num
18. The lhdigAal SthERYEY atbalt Ghémbterialeited fdntltHecgdiicotistingfad ©
conprises at |east one material selected fromthe group consisting of
silicon ceramicdeatrixatampaesitebanid a metakmatrix opinpeséd al umi num nitride. 19.

The linear guideway of any of clains 11 to 18, wherein said conposite
material has a specific stiffness at |east 50 percent greater than that of

sai d hargenedhet|pRlargRfeway of claim 16, wherein said metal matrix composite
material comprises a ceramic particulate reinforced aluminum.

18.  The linear guideway of claim 17, wherein said ceramic particulate
comprises at least one material selected from the group consisting of silicon
carbide, boron carbide, aluminum oxide and aluminum nitride.

19.  The linear guideway of any of claims 11 to 18, wherein said composite
material has a specific stiffness at least 50 percent greater than that of said
hardened steel body.

20. A guideway for a bearing, comprising:

a tool steel layer comprising at least one surface intended to be in contact
with a contact-type bearing, and wherein said at least one surface defines a linear
path for travel of said bearing; and

a substrate permanently attached to said tool steel layer, said substrate
comprising a material having a butk density no greater than about 60 percent that

of said tool steel layer.

21.  The guideway of claim 20, wherein said substrate comprises a composite



20. A guideway for a bearing, conprising: a tool steel |ayer conpri ZT% €t
.l east one surface intended to be in contact wth a contact-type bedr Q,ZUU&
and wherein said at | east one surface defines a linear path for travel of
said bearing; and a substrate permanently attached to said tool steel

| ayer, said substrate conprising a mage¢rial having a bul k density no
greater than about 60 percent that of said tool steel |ayer. 21. The

gui deway of claim 20, wherein said substrate conprises a conposite 2 4 AUG

2094 21 ateAbl @mBASTRY st Idkht ¥ne! @ASMIOMItEAIAN ¢ material . 22. The
gui deway of and of clains 20 to 21, wherein said substrate conprises a

i ght wei ght netal. 23. The guideway of clainms 20 to 22, wherein said

substrate.material . conpri.se ervl|i .. The. gui. ' :
wherei n 22ra (MsrRvigPaAY of 2R3 ot S ALl ZE Bt 3iBkdln fRfbMed 1.
gui deway gfghtivaight Afstamher ei n sai d substrate conprises at |east one
ceram c material selected fromthe group consisting of silicon carbide,

boron carbide, alumnumnitride, silicon nitride, alum num oxi de and

car bi de. apr 1EEodsey o AP A%, vidtel el BSLS R ey of any
of cl ai mgoifprisesderyiemei n sai d permanent attachment conprises an

adhesive. 28. The guideway of any of clains 16 to 24 wherein said pernanent
attachnment conprises a solder conprising tin, silver and titanium 29. The

L1 17 nos iy " heljuilisRale bz wiiter (il JifheiphihbGl Bofigrisps FPoc! ' ©

beryllium and aluminum.

25. The guideway of claim 20, wherein said substrate comprises at least one
ceramic material selected from the group consisting of silicon carbide, boron
carbide, aluminum nitride, silicon nitride, aluminum oxide and zirconium dioxide.

26. The guideway of claim 25, wherein said silicon carbide comprises reaction
formed silicon carbide.

27. The guideway of any of claims 16 to 24 wherein said permanent
attachment comprises an adhesive.

28. The guideway of any of claims 16 to 24 wherein said permanent
attachment comprises a solder comprising tin, silver and titanium.

29, The guideway of any of claims 16 to 26 wherein said substrate has a
specific stiffness at least 50 percent greater than that of said tool steel.



