WO 03/ 089192 PCT/ US03/ 11942 1 LAPPI NG CARRI ER FOR USE | N FABRI CATI NG

SLI DERS [01] The present application is related to and incorporates by

r ef er encewOlg/osubj ect matter of patent application serialPCmaso®8e88, 894,

filed Novenber 19, 2001, entitled "ESD Dissipative Ceram cs". BACKGROUND

Field of the Invention [02] The present invention relates generally to

| apping carriers, also known as row tools or row bending tools, for

| appi ng rows of MAGRARING EARRIERFGR EISEINFABRIQATING SLADERShe present

invention relates to a new | apping carrier and nmethod for |apping rows of
magnet o-resi stive elements. Description of the Related Art [03]

Magnet d0HesiThe pigeent anRjication ieistated te giel earparatenby reéerense ectubieetanhtiar ¢ft e heads

ar e producsﬂerhya bAGH Bh%ﬁ‘a‘i . ToloRk 28 ﬁlb@%veﬁsg 19! £RT eandyCE]H chi p

fabrication. 6) ceramc Is used as 'a substrate, and a

plurality oDl&ﬂ@pm@l(fqunlcs I|thogr aphi c and etching steps are carried out to

forma generally repetitive array of MR elenents. As wafer processing is

conpleted, typically the wafer is sliced, such that the array of elenents

is cut into a plurality of |ongitBACKLGRQUNDys —each containing a plurality
of MR elenments. The units which house these read/ wite heads, al so known as
sliders or flying heads, are tedpfitheleyentiomcessed prior to dicing into

i ndi vidual units. [04] As the density of magnetic storage nedia has
i ncreader] bfhepasns irﬂéntimgeihiteygmem\ngrto tapging y@aies, alidinodlinsdsaoe eodls @m whi ch
such heads are offset friﬁglathe i C Sstorage di a uring read/ wite

;
operations Y5 HWEE Pels+RE APRIBE FY % dmagQgtosrﬁsd ivejetemenis. Ja papiEulen eessary to
tightly conpfefdnt tii@nGoH feht@ 1o0MBAaEIPingCORTQUNd B&hIEKdr 1a§p1ﬁéﬂﬁw&il &t ance
from which the MR el enents are spaced apart fromthe storage nedia.

Accor di ngl y magpetEesistiyseeleif@tconvent i onal practice to |ap or machine the
surfaces of the MR elenents that becone the air bearing surfaces or top
surfaces of the sliders, so aSesthptigresitheRMae@Mriol surface contour,

fl at ness, roughness, and critical spacing paraneters. Typically, the

Su{/\,{ aC]f[§3]t h@tagRE r&IsB A QUIRYYelsthédtd, NGpitdls MRuf! &RNLE rbdilorite OMGEdd lare- » the
new y for

produced by techniques similar to those used in semiconductor chip fabrication.
Typically, a ceramic wafer is used as a substrate, and a plurality of deposition,
lithographic and etching steps are carried out to form a generally repetitive array of MR
elements. As wafer processing is completed, typically the wafer is sliced, such that the
array of elements is cut into a plurality of longitudinal strips, each containing a plurality
of MR elements. The units which house these read/write heads, also known as sliders

or flying heads, are then further processed prior to dicing into individual units.

[04] As the density of magnetic storage media has increased by orders of magnitude over the
years, the distance from which such heads are offset from the magnetic storage media
during read/write operations has been further decreased. As such, it has become
necessary to tightly control the surface roughness, contour, as well as the distance from
which the MR elements are spaced apart from the storage media. Accordingly, it has
become conventional practice to lap or machine the surfaces of the MR elements that
become the air bearing surfaces or top surfaces of the sliders, so as to precisely control
surface contour, flatness, roughness, and critical spacing parameters. Typically, the

surfaces that are created by slicing the MR elements into rows (i.e., the newly formed



WD 03/ 089192 PCT/ US03/ 11942 -2 surfaces that extend perpendicular to the

top and bottom surfaces of the wafer), are those surfaces which are

preci sel ywoosnsubd ed by | apping. [05] U S. Patent 6,093, 088T/wed/aiohs a

state of the art process and associated tools used in connection with

| apping rows of MR elements. As is undérstood in the art, typically a row

is bonded to row carrier, which in turn is affixed to _a row tool. The row
Gprscip

carrier is S t xtend petpepdigylarcia thefQp 390 Roliomsugiages 10f (theo WAttt P% bonded.

The row r oWmned sutfedes which@FYricidely éoh@&léa%}dfﬁm c0 the row tool. The row tool
is configured so as to have a plurality o |nd|V|duaIIy adj ust abl e novabl e

el enen ( such as in the formaof fingers) that adjust the relative
hei ght g H%f pagpt f.A% 9/43d3%fpﬂsp%ﬁ&aieoqfsth%fmtpﬁtce%so%d aggpeiged 1pe)s gsdi i ze t he

degree of | aRkdi@n Gthi 18pideBwh epmwae@ér@:e/ssslstuadaglsuﬂeh@ar%?léaﬁ a
resistance in MR row (strip) and flatness. [06] U.S. Patent 274,524

di scl oses elcis beaded e & ray wtiear Waicndwin puaifives t 8 g iRoht Ehefe¥satrier isvar i ous
appl i cat i ongpichieh W1 Gr RBIMRL Ilsaamé 'w?ﬁdhvtﬁe hRAs (BRaLH aﬁéjfo%v/mb&ow , such

conponent s have been found to erformance 1 n practical use. [07] Wile
state of thessemkly py heeberdsd émdlearg\gd@qlatTéra rewdtod inecafiperd ey etlta mvbe

ef flective. - BulfRdor GANAMNP SILGA Rl SRndof el IPTOVRIGBCN aues

and tools for rrying out rows o enment's [ 08]
Accordi ng tﬁnam)e}mbediumluﬁtretatwct hmglproege:mln of mdigitiualqrorticas Ioﬁpplrug, s:aaasrl er is

i ded f { ¢
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an outer sumﬁlateecetllibrqw(atrgeareirfhltﬂeys pI anar nounting surface for the row
of MR elenents. The |apping carrier is generally forned of a ceranmic

rrat eri Zdélhtatyﬁlsn?atgilt 7‘ h%HSICﬁ)SgI C? H’g{tg% (ﬁ&?gg%%ng? ar‘grgb %E)r\ﬂ OI}CB 9&% tl es and

hi gh d urf accor |ng 0 ano & pr esent
i nvention, wearives hpmichtions, inalpdihgugn@netomcsmtwmh@demmmlfaemrst |Hoeve(rd?{R}ucﬁI enment s

i's provided i n i/RF ements is nted to the | apping
carrier des%rm%’é’m%\ avegeen?,v‘éfldttﬂ ac BWf?r@a?%é%praﬁtbcéﬁli‘Sﬁed to remove materi al
t herefrom

[07] While state of the art processes and associated tools are believed to be effective, a need

continues to exist in the art for improved techniques and tools for carrying out lapping

of rows of MR elements.

SUMMARY

[08] According to an embodiment of the present invention, a lapping carrier is provided for
machining a row of magneto-resistive (MR) elements. The lapping carrier includes a
plurality of movable elements that terminate at an outer surface to form a generally
planar mounting surface for the row of MR elements. The lapping carrier is generally
formed of a ceramic material having electrostatic discharge (ESD) dissipative

properties and high density.

[09] Further, according to another embodiment of the present invention, a method for
lapping a row of magneto-resistive (MR) elements is provided, in which a row of MR
elements is mounted to the lapping carrier described above, and the row is then

machined to remove material therefrom.



WO 03/089192 PCT/ US03/11942 -3 [10] Another enbodi nent of the invention
calls for a lapping carrier assenbly, including a |apping carrier for
machi ni ngve ososv1gf magnet o-resi stive el enents, the | appi ngCTaisni/ev42
including a plurality of novable elenents t he novabl e el enents term nating
at an outer surface to forma generatfy planar mounting surface for a row
of magnet o- gﬁlstlv .elements. The | ap @ra carrier is generally fornmed of

[

a cerahlll nApdherambodiumenhef the dwentioarcally PPHErgeiey ESSENdLy; %‘%1%‘&3 ve
properties ppsinficsNed@®PsiatMinind AGow oA RREMNGo-FkiiveesleASHE MR Mpdidd Lags | ncl udes
an actuator assenbly including a plurality of transducers a apted to bias
i ndi vi dual elidBEea E‘P@H%P%HBH@FGIWS@RIWM%‘@ clorEnpRAyiNGBE[at B The
present i vkl QBB AinP§ e flranpiehE RO ing e ts,

feat ures, &gr gg&anfﬁges E% ragggrent tol? ose sEPqug Fﬁgkgft by

r ef er enci ngresibieveadewepanylibndappirgavarmersis geaapllyFf@med dfl4d u@’amat matemalpor ti on
of a magnet S 3] FIG 2
illustrat esgavqr% lf)@%}eo\régnéec%tﬁ% l\l/z{eré)evpaesvﬁvi)o(?g%alfn(/é)g} (ﬁ’eﬁ%’gr%{rﬁlh glrlgh\gg‘g:ng%l n%h to an
enbodi nent bpplnglearpcwmmbly furdert mdudes[amzt]:tuﬁb@ssanbly linchitdirat eplualigrass
sectional ew.of t carr I SLL ted in FIG 2, taken through
one of the &n%l&% e ek terf‘gtﬁt lsasgr[d ?ua':ﬁn@'ab!fe trat es a general sketch of an
equi prent | ayout utilizing a piezoelectric actuator [ 16] The use of the
sane reference synbols  ERI A x Simlar or

identical itenms. DESCRI (S) [17] Accor di ng

to a featurg, of the sent iLhvention n carr nmet hqd for
execut ﬁﬂé I glbep‘f RSO lflpe&%%wa%% Pr%%h‘ér{d(gfsp@g’laél 89‘(1 ‘?QJ%?FFe %‘reé’r 8pr ovi ded.
FIG 1 il aihitagessnads appaaenipkethofe skilledn fhekt ByRefrebmpitte acddniny 89192

PCT/ US03/ 11342 ng§4

[12] FIG. 1 illustrates a portion of a magneto-resistive (MR) row, sliced from a ceramic

wafer.

[13] FIG. 2 illustrates a top perspective view of a lapping carrier according to an

embodiment of the present invention.

[14] FIG. 3 illustrates a cross sectional view of the lapping carrier illustrated in FIG. 2,

taken through one of the movable elements.

[15] FIG. 4 illustrates a general sketch of an equipment layout utilizing a piezoelectric

actuator.

[16] The use of the same reference symbols in different drawings indicates similar or

identical items.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[17] According to a feature of the present invention, a lapping carrier and method for
executing lapping of a row of magneto-resistive (MR) elements are provided. FIG. 1

illustrates an example of a row 1 of MR elements.



[18] As shown, FIG 1 illustrates a portion of a row 1 of MR el enents that
have been sliced froma ceramc wafer after wafer fabrication steps have
been conphetoedssiThe row 1 includes several different por®ecomsps/ine udi ng
MR slider portions 2, which eventually form MR sliders such as disk drive
sliders after execution of additional ‘ﬁrocessi ng steps. The MR slider

portio 2 are off f.rom each other b erf regions 3, which regions are
r em)vezfsc!ur ?ﬁg‘“’év ndll§ @? Hdhbsﬁr@feéf‘ Pt Bé‘f Bl‘r\("eFB MEs qletpentsthafi haye bepn sligedr 1

regi ons 3 nfymbecetange walfer MRee lvaRE Mbficatioh sRPY h&RMNedh BorYiiet8h ehs kGl | appi ng
guides 7, as, shown. T(BF MR el ectrjcal |apping guides may be utilized
during the 1“&153?%?5%%19 farle{lbl?f’%ﬁ"isp't“dt‘@)m%li ST ROTtPBh 2t which iegentughiyi ng
progress regkmiNREsldeEisich RS QGRSFil O GlidershiteBTeRaduti¥E oY ad&ih@na‘vgro%leﬁﬁl%“ cal

| appi ng gui des may be deposited in sonme otherwi se enpty area on tThe M

slider port$tenss, TheHdB sbderstortings 2rase pifses omfeagh ethagby kerpesgians dedhichef or e

| appi ng. [ 1Ql; i -' i Y di rent MR

el ements ar%kﬁolgéljl%{sét llr%gltogfjh. H{I&%g'@ﬁ%ﬂg?@%g?@% P%B%s&n%t?egdgé@aﬁ ![T &ge?(tegr m "~ MR
el enent ( s) ' regiony agy heifiet af MR dergantsepil maseomtain MR eleatdéat &pping ghifler Bnt  t ypes

of MR el enept e I ng J. . sliders. Ln particular,.the MR
el enrents may ?"F{%ﬁuagﬂ see:{nescgrir%t‘sg1 gpblgél@edlé% ngdg l?eegtclilfz\?\fri i(ﬁltram&/%]e %’QQ‘&Q such as
write head eperation priostorditing.to Fonitalthe lapying btogiess teabines ok prbaksibdie t op

o ocesei g SHBEES e VkenRell 8555 B! m e ARESUed WLl Biribie v duml W
sliders. Adanpity @realondbt MR slidek poxtionsy etinisienstding s uefif ¥Ringl ie Feridredsuch as

el ectrical C(?nt %ct. Qorti ons, are not shown here in detail, but are well
under st ood B HBREEof ordinary skill in the art. [20] Turning to FIG 2, a
top view of an enbodi nent of the present |apping carrier is illustrated.

The | api¥l ngTwaing itethe MR hder pogene? akeboralaliffrgat\R shaeeats ardillhastaan 1axi s Y

(for frane of reference i hi ase a_l.ongi tudinal axis. The | apping
carrier 10 PRAFEIFLL 5NO %‘% 'f.l?f’teatF? {69“ g"“&%\%?@ @Iq‘é 4N YA GREHC €BtqtRct i vel y
form a novaibdieatpatifféremt hhesobf MR elemaipiafg cEAMOAIS fodkd inl MR RBYAD! anel enent s

12 are connected t i xed portion 16 of the apping carrier 10 via
fl exure red?agffé‘giﬁt%e %f{s %W’i‘% UENS H‘CH\%{Q%BéC’é?O%nQS "I?l?ia% readytifeMBd to the

fixed portii@ads] Gudf ast Whtel RAPIUNG iiaic8" FbP clafyOUOR UnkiSsEEY HaftheOp UNi que
flexure region 18. The npvable elenents 12 termnate to forma generally

planar el oWFfateed lithe svpisthat surfacgpihich is lsapadginring fter pREe Peaessing sieps, nount ed
for | appi NGand Wich forms the air-bearing surface of individual MR sliders. Additional details of

conventional rows of MR elements, such as electrical contact portions, are not shown

here in detail, but are well understood by those of ordinary skill in the art.

[20] Turning to FIG. 2, a top view of an embodiment of the present lapping carrier is
illustrated. The lapping carrier 10 has a generally elongate shape and has an axis Y (for
frame of reference), in this case a longitudinal axis. The lapping carrier 10 includes a
plurality of movable elements 12 that collectively form a movable portion 14 of the
lapping carrier 10. The movable elements 12 are connected to a fixed portion 16 of the
lapping carrier 10 via flexure regions 18. As shown, each movable element 12 is
connected to the fixed portion 16 of the lapping carrier 10 through its devoted or unique
flexure region 18. The movable elements 12 terminate to form a generally planar
elongate surface 19, to which the row 1 of MR elements is mounted for lapping. The

generally planar elongate surface 19 is a mounting surface, and generally defines an



general ly planar elongate surface 19 is a nmounting surface, and generally
defines an WD 03/089192 PCT/ US03/ 11942 -5 active |apping side of the

| appi ng caor3ms919D. Each of the novable el enments 12 can becTrusvgdioby a bi as
force in a direction generally perpendicular to the plane of the nounting
surface 19, as described in nore detaf P ~herei nbel ow. According to a feature

of the enbodinment shown in FIG 2, th vabl e el e ts are j)hdependently
novabl e, a?"[“ﬁ%ﬁaﬁﬂm%tswl&pk Wﬂ%‘i@f@rﬁ%‘%ﬁc ﬂi‘ﬁﬁggﬁ%& efi‘f'@?f’g%lislcafl St are
grouped togebhalr by aThiss f@ten andixatdne gdherally Parpeadiculad tox @@ pladet bOMme (al so,
“stationary portion' ative, |1 noeh{aﬁahté%n that the. respective

re rel
portions mglgurgwgtsyrg%g ﬁgt B ‘%“irlj?eﬁl dspered elgphgrocordipg g a fepures j ed

portion is gEReEdbddmért ¥Rsvi i FAG! AR MevabioddmicBrsadinigpehden@d niRa@si ti on,
and the novabl e portion conposed of the npvable elements is that which is
bi ased. [213!thonsh pllieresRAdimeEtt Mpy (g mayadle lementythabare; gfauned vegsthere| enent s

are spaced 2RakIms FRMLIEAGTHPLAEFHRY pSPBE @b, L5t FRalf pottt Wrdehiof, t he
slider of the rowé@l.qf}il nmfor a 50% slider) plus an all owance for kerf
afl thg

regi on wi dt indicatg; respedive IPRIoDs Bipty or Tiaeslate Gritgissnegt peach wiher.s
typically u - r - } q A el enent
Lo the. cunt et e AR & et SR e D D AR om0
on-center spidbé mgvabkeypoeongpeppsed @f the Thvwaldpeleineys isghag ahehas bigsedonst ant
through the array of novable elenents. Typically the spacing is on the

or der - ofyjabgir e QnodiMehCARAM iR Fig™s, aENLOUER- Hah&ss SYLERMI g, Rbaugh the
fixed portion 16 are used to affix the Ilapping carrier in a fixture for

| appi ng opetashiothes by pa mivliipkd efghe width of thg slider of gregowdd i romdbr ¥ 5e%W of t he

| appi ng car [ ' [ Ok [ onnect ed
to the fi xe@ldgtgrél ?Solrllr§ fg&g%/dcgﬁgr l‘é;}%é?gz% g;gdrﬂ? {(’@}4@%}8&? %%%Sé&?'l Z&h%r e

regi ons 18. fofeguagrspdding ieltymmily mkasursl grauicddbnt theetiftedine ofroneenevableof t he

novabl e el epent 1é‘al ng a direction 2 in t i ent.ation shown in Fig.
3 ver t1 o i B Rein i Akt s e BB BT oTRRE o an
el ongat e ngfacifg 2Zay(Bensheoitipdsi Tig spatind )s getierildi cofstalt am@ugth ehel aragi éfudi nal
axial directi qu,f) of. the Jﬁg‘f i”nghcar rier 10h§di ecgi on g in Fig 2). 1231
The | appi ng™@¥ _tl‘i AFmey o IR Ihe JREPH SPTiME RTd5H © ?:btoﬂé Srmmde Aty or
structure. Asn. iThidugh-halkedxiehdifg tovigh @ MR @oRFANIE aleSuse® U tagfik tHe t he
nmounting surface 19 forned b%/ ) )

lapping carrier in a fixture for lapping operations.

[22] Turning to FIG. 3, a cross-sectional view of the lapping carrier 10 is provided. As

shown, movable element 12 is connected to the fixed portion 16 of the lapping carrier

10 through a flexure regions 18. A magnetic element 42 is provided to effect

movement of the movable elements 12 along a direction 24 (in the orientation shown in

Fig. 3, a vertical direction). The flexure region is formed by provision of an elongate

notch 22 (and opposing notch) extending along the longitudinal axial direction of the

lapping carrier 10 (direction Y in Fig. 2).

[23] The lapping carrier assembly is combined with an actuator assembly or structure. As
illustrated, the row 1 of MR elements is mounted to the mounting surface 19 formed by
the terminating ends of the movable elements 12. The actuator structure or assembly is
composed of magnetic element 42 and an opposing electromagnetic element 40,
positioned and configured to precisely move movable element 12 along its axial

direction, denoted by the dashed line 24. The electromagnetic element 40 receives an



the termnating ends of the novable elenments 12. The actuator structure or
assenbly is conposed of magnetic el enment 42 and an opposi ng

el ect r omreyoaBiogoiet enent 40, positioned and configured toPprasSoyeloy2 nove
novabl e el ement 12 along its axial direction, denoted by the dashed |line
24. The el ectromagnetic el ement 40 recéirves an WO 03/089192 PCT/ US03/ 11942
-6 i nput electrlcal Si.g ﬂ and bi ases the nnva@le el emrent 12 to nove in the

axi al  di r ectPBielechtcat ignangipses b amvalle clemp Lode moran e pEekdisFIRs shown

in Fig. 3) bNtht @RS Blefnend i@t vepabagmﬁkotloﬂu@sﬂ(ﬂmaﬁtm%aqt)I.Neesﬁdh@le {celsl sive
forces between the el ectromagnetic el enent 40 and thé and netic elenent

42. Wi | e apigedlebiertd aigabte andapriern fogmabﬁWﬁangéteie@tml@mﬁﬁmle@@tg*
per manent rrggma)an@ﬁﬁ%&%eql n@z‘;ie ém@aplefé@&mgmr&aemamﬁaatny ﬁélcOf

transducers may al so use I ncl udi ng el ectronechani cal el enents such as
voi ce coi | selementp. @z elerpanencmegnefean used i ieffert @rkitsing foresc pther typeseofent s

based on i nglﬁ{sd? fs%e{)) acfé%l be Lﬁécg r}?c:li.ﬁi&g egeclr§m&%5rﬁgﬂltenmen§2héh ch cn")aﬁlsSI ngl e

actuating structure I's shown enerall'y a vote actuating
structure i sr pepeleded el‘lcmmensa&vﬂuthmiab,lc qhmise mevebernds bdlsedr@ntmplleIeC{r@Zl] While a

par i cular GLHE! B ShEHTRA iR PE SRRRHCHRBROY S b G50 N

the actuato ructure na ways, provi’ded that
it effectlvghwnﬂbaa&eﬁaﬂh&mnmyﬂbkmnebpnwnk&ﬁnﬁmm1mkaﬂpﬂemnaMeabhﬂat|ng r od
may be incoqforated to nechanically engage the novable el enents, which is
bi ased by a transducer as described above thereby biasing the novabl e

el ements. [25] By virtue of the flexure regions that connect individual
novabl 4241 el Aftti¢ubart dematof isectupdrat iboen deScritfedt dbevd, apfs nged drat itter 10, t he

novabl e el enents nove in t ion in respons a pbi asing

force appllgguqﬂ}%ﬁﬁ%r 8?%2?ﬁﬁaﬁ?¥?tg}g¢%mn1ﬁ@y%ﬁﬁ§“§§ 83TgﬁbgﬂﬁF€ng force
bei ng gener aita&d tllibym\tv;iblldjﬂetﬁént§l goraéxampRnNén hcmuatnhg r@d:hiaﬁtbie ngcogiofrdiet wre, and
in particula Ehe el ec ronggﬁgtlc el e the fl exure regions

are made. . SBeUET B EGEEIEIEARG. SFTOW: STRGhe® SRS Dol SHEHEE o ¢ ho

nmovabl e el eg®bfised hBovelthereByRasaiphpelinoRible cidd@a. in FIG 3, flexibility is
provided by making the flexure regions 18 to have a relatively m ninal

hown 28Inabe WEMiseth REReCHP cialg<haeondgnt el Preskiy Bepas R0 e 10 'S
fixed portion 16 of the lapping carrier 10, the movable elements move in their axial
direction in response to a biasing force applied through actuating structure, the biasing
or actuating force being generated by virtue of signals sent to the actuating structure,
and in particular, to the electromagnetic element 40. Here, the flexure regions are made
so as to be flexible and allow slight axial movements of the movable elements 12. In
the embodiment shown in FIG. 3, flexibility is provided by making the flexure regions
18 to have a relatively minimal thickness. In this regard, fixed portion 16 of the
lapping carrier 10 is shown to have a nominal thickness Ty, while the flexure region
has a reduced thickness Tg . The relative choices of Ty and Tg are determined by the
row dimensions, by the available room, by material limitations and by the nature of the
lapping operation. For example, if the row width is equal to the length of a pico slider
(1.2mm), and the allowable length for the flexure is 12mm or more, then
Tn=Tr=1.2mm might be a possible choice for materials with a tolerance to strains of
0.1%. However, if the flexure is shorter and the row is wider, then one might choose a

larger ratio for Tn/Tr. For ceramic materials it is generally desirable to have T as



has a reduced thickness TR . The relative choices of TN and TR are

determ ned by the row dinensions, by the available room by nateri al
limtati owe oangbiby the nature of the |apping operation. Por/ESkamphe, if
the roww dth is equal to the length of a pico slider (1.2mm), and the
allowabl e length for the flexure is 12dmor nore, then T(err)=T(err)=1.2mm
m ght be a possible choice for materials with a tol erance tg strains of

0.1 % Howelese asippssiie TyRisallyethe satiordrive T & leane2: | gUPTE SYRIFX 2L leHen one

m ght choosg gandl jétBr@blyadida® 109" 1N Bartit@hr &GRSR B8 bh @heSorkidr dfS
generally desirable to have TR as WO 03/089192 PCT/US03/ 11942 -7 |arge as
possi bl e. TY-pimmlhile Tvieon the prdedf ST TR is at | east 2:1, nmore typically at
| east 4:1, and preferably at least 10:1. In one particul ar enbodi nent, TR

is on (1@ orklerovefl is @ypicalliNdirsbiyl Bonlibl it tHRNMbVMBIOEIBRENtPN12.5 THRY mhy®E The row

1is typically directly bonded to the novable elenents 12, This may be
carried outcared it BY BEEPIean @poxyr revin pdbssike briwess; themputtingswaced Snount i ng

surface 19 ,©Ofhe &/ apRVAGE Sl LERNHR e RN Q’:’(arﬁﬂ\@{ éomrﬁé?f:ia%%@ia@le
comercially available adhesive tape may be utilized to adhere the row 1

to the novatshesied ¢awermay b utilizggdpiocadhese, the ewe bribi the dndvalplpi aigmentsr £2.er 10 and
row 1 are hf’fﬁi@a‘i’i U Qe Ecﬁﬁﬂ?ﬁéd% ifg c%ﬂie?ﬁ?%ﬁ’d roBr &k QI ANE ¢ i ?tﬁ%tof‘)' | oved
Codl ffect® a d nthis

by subsequen Ing to e uni f or m bondi ng ayer. regard,
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pi ezoel ect riypically connected to a printed circuit board (not shown) and those signals are

processed and sent to individual transducers. In this way, precise lapping operations

may be carried out along individual portions of the row 1, such that optimal magneto-

resistive properties are achieved throughout the entirety of the row 1 of MR elements.

[28] Fig. 4 illustrates a general layout of the lapping toolset that incorporates a piezoelectric
actuating element 50. Fixture 67 supports the piezoelectric actuating element 50, which
in turn is positioned to exert a force on the lapping carrier that supports row 1. The
lapping plate 65 is shown, in a position to lap the row 1. Lapping plate 65 typically

carries an abrasive component to effect material removal from the row.

[29] The use of a piezoelectric actuator reduces the mechanical complexity of voice-coil or
similar mechanical components, with their attendant risks of failure and particle
generation. Piezoelectric actuators usually require relatively high voltages to operate,
and it is more convenient to integrate such components with materials with low

electrical conductivities, such as those described hereinbelow.



actuating elenent 50. Fixture 67 supports the piezoelectric actuating

el ement 50, which in turn is positioned to exert a force on the | apping
carrier twetosssgaports row 1. The |apping plate 65 i s shomar/tisa3/aopnsiti on
to lap the row 1. Lapping plate 65 typically carries an abrasive conponent
to effect material renoval fromthe rof- [29] The use of a piezoelectric
actuator redyces the gechanrcal conpl exi ty of voice-coil simla

mechaniledl Griapteylar gibqdimentjof “‘éth‘@Fl‘Ha’h‘ten‘i“?“s}P?é bggn qeé‘frlbﬁij éb‘a’ﬁd“f?art icle

generation. (dSh&7 a6l BEfing Catieh URL QRS 14pPURI Lribe Gl T BkE Dnaidk®) Walidh
voltages to operate and it is nore convenient to integrate such

conponent s GRHIgUFREORY | Bor examnley tholapping extier mayl bectopmedef WP‘ﬁbEseleW@h as
those descrifggh Ml&ig@g% r%re%og%g%%‘lgagpé:‘gﬂlyég %&ea%gooufﬁ s{ugvo% AMhile a

particul ar enbodi ment present inventlon en descri above
with respeetzgeaen appbfwgamemouen td the staenahagrdixad pertion plethe kpping edkgeron wi del y

varying COUf! BUGRS it Tl FXURbE SGlARPIBGRELhELES HRYcRRgLO o of

movabl e el ements having an e te structure (cross-sectiona spec
ratio great eovethamembost O Ofstbctwca@pdsneccndsgmfem leo\)abwﬁdlerb@tsadrarpnaedtot o join

to the stat Oq{:lllagl ﬁ)é’ral 8,3 glggar lSntII%g S?l];'ffléeh%lolngp\ghlag 152, I ?s{ RorYde +exur €

menbers tha are ener a ite en e e ongate
novabl e rrerrhtemers@nebmfsedt :heng t/ktmrdp:pgmdmel emdailméndnheucrhioﬂnatbdhe opb@mnt S

termnate t forma era anar nounting.surface, n ch the row
< bonded. - trer® iRidsHERE: JoushiPg e ABHPh arf nPORYRL Brrnas PTG

gi recti Ond ﬁi’ﬁﬁhg’[ Jivr\ﬁhraﬁaegr@xpgmﬁg\gan&nl) exnreera;r;e@ eﬂﬁerdelﬁy eeltrlmrdeurgdnhxa the sanme
egree an ex. (whj ch can, be pictur orm par al | el ogram
configurati Hmz’(l‘tg*ﬁel‘?aaﬁﬁ?tﬁbarcda grsidied ﬁ’g‘ifﬁkﬁe GrEgec Fﬂg laéadre it AP, heat
treated anddegnstibivgcanal BE Kloakat€ doriile mBRibersi mhy bélaskiddagdwird siwmg. det ai |
bel ow), and_t he el ongate nopvabl e nmenbers may. be defined by wire saw ng.

Here, the | &S5 My RAPIRE &Arigp togldnkaye aacrerSoeeﬂoeélcrlra%éqakelhaarseleé & Kieen

parallel tody ﬁudlﬁa@ﬁﬂhf[d—ffébtr@ll o%@ple@ﬂéﬁﬁﬁ'aﬁ@ pRh114TRY ﬁr%l;ﬁan‘élaﬁﬁgw}%hand
parallel to the plane along which wre sawing is effected to form

i ndi vi dual Wo¢spVEEd effeardstp form aIFﬂIVIETal wiovplder elemigets) efearnt YR witlorut shent al
ext ensi on Ot:er{tﬂa?hoéontap'éxtgr}smﬁl the “IEnh'[e)lhbﬁE,a rc?a{ﬁ] thj shﬁgg'ﬂzzﬂ'}%l r?lpva% enent S

generally formthe vertical si cfbythese
cross sect i olakents igenealy fpmthmablalemdfe‘vﬁjm SE’t or the 6P $&Sdmpb¢d byhthesst r uct ur e,

while the cross sectional shapes, the movable members form one side of the structure, while the

side opposite may be open to define an exposed void (i.e., the “E” structure) or be

closed but have an internal cavity (i.e. the “D” structure).

[31] Whatever the particular construction of the embodiment, advantageously, the lapping
carrier may have a high density of movable elements relative to MR elements or heads
in the MR row. Typically, the ratio of movable elements to magneto-resistive elements
of the row is at least 1:3, generally greater than 1:2, such as 1:1. In this way, individual
MR head lapping may be precisely adjusted and controlled, in a real time lapping
operation through a closed loop feedback process. In this regard, typically a signal
from individual heads, typically resistance, is measured during lapping to closely
control the degree of lapping. Typically, the transducer to movable element ratio is 1:1

to carry out individual biasing of movable elements.
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about 80wt%, or at least 90 wt% of the braze. In embodiments using materials other

than an ESD dissipative ceramic, most typically at least the mounting surface for the

MR strip is formed of ESD dissipative ceramic.

[34] Preferably, the ceramic material is formed of an electrostatic discharge (ESD) safe
dissipative ceramic. The surface resistivity should range from 10° to 10'' Ohm-cm,
preferably from 10° to 10'® Ohm-cm, more preferably from 10° to 10° Ohm-cm and
most preferably from 10° to 10° Ohm-cm. These values are desirable in order to
dissipate electrostatic charges.  Typically, the material has good dissipation
characteristics, such that the charges are dissipated quickly through the volume of part,
and is sufficiently homogeneous to dissipate the charges evenly to avoid charge

accumulations ‘hot spots’.

[35] The ESD dissipative ceramic may be lightly colored for ease of use, such as by optical
handing equipment. The ESD dissipative ceramic may be adapted for hot isostatic

processing (HIP) having substantially lower residual porosity compared to the
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pressure levels to oxidize components of the lapping carrier that may have been

reduced during HIPing.

[36] The ceramic may be prepared from stabilized (fully or partially stabilized) ZrO,,
advantageously with one or more conductive or semi-conductive additives selected
from the group consisting of metal oxides, metal carbides, metal nitrides, or
combinations thereof. Advantageously, component parts made using these ceramics
have a decay time of less than 2 sec. The ceramic material may have a hardness greater
than 8.5 GPa Vickers; with Klc greater than 4 MPa m™'"? and contain ZnO, preferably
in range 15-25% (vol% of initial reagents) thereby forming a "light " color ceramic.
One embodiment contains ZnO and up to about 10% (vol.) of a transition metal oxide.
For example, manganese oxide (1-8 vol%) works well to produce a "dark" colored

ceramic.
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machinable (or EDMable) compositions. Typically, particulate dispersoids include

nitrides, carbides, borides, and silicides.

[41]  Conductive oxides may also be used to optimize the electrical resistivity of zirconia,
such as transition metal oxides, Fe;03, C0;03, NiO, Cr,0;, etc. For example, 3 - 15
mol.% iron oxide can be doped to yttria-stabilized ceramics to provide an electrical
resistivity of ~10° Ohm-cm at 250°C, noting, however, that some oxide additives alter
the transformability of Y-TZP, deteriorating the fracture toughness. Transition metal
oxides act as colorant in zirconia, forming characteristic dark colors, and may be
subject to thermochemical redox reactions during the high temperature process such as
sintering and HIPing. For instance, Fe,O; in zirconia undergoes a thermochemical
reduction during HIPing in inert gas, such as Ar, resulting in the formation of pores or
cracking from gas forming reaction. HIPing in oxygen bearing gases prohibits such
deleterious reactions but it is not cost effective due to high cost of platinum heating

element and special kiln furniture.
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seni conducti ve dﬁdg@ﬁmcan be used as resistivity nodifier to tailor the
resistivity and racteristics. Sone resistivity nodifier can
react with Y-Ti%hfg&? 8ﬁg§¢€hases resulting in insulative properties
and/ or changi ng TmmbbEEEnSM&MMmblllty of Y-TZP. Such nodifiers should be
avoi ded. The res FIV it nndufler shoul d satisfy as many requirenents as
possi bl e listed Dé'S "? P& essful Iy used in various applications:
[43] Pressur el esBestediinagsdic biopyrtiesnd sinter-H Pability, good machinability,
and structural reliability Coloration Low particle generation Tunable

ESD pr Cfﬁ)tﬁrt &teﬁas been found that light colored ESD dissipative ceramics can be prepared by
dispersing ZnO grains in Y-TZP matrix. Further, doped SnO, in Y-TZP is also
effective to achieve a light colored material with the desired resistivity. A few dark
colored (or black) ESD dissipative ceramics have also prepared by adding LaMnOs,
LaCrOs, ZrC and BaFe ;0,9 in Y-TZP.

[45] Magnetic susceptibilities of resistivity modifiers may vary. (Magnetic susceptibility is
defined as the ratio of the intensity of magnetism induced in a material to the
magnetizing force or intensity to field to which is subjected.) ZnO, SnO;, ZrO,, Y,0s,
Al O3, ZrC and SiC have very low molar magnetic susceptibility of less than 107
ml/mol. On the other hand, Fe,O; and BaFe;;0;9 exhibit high molar magnetic
susceptibility of greater than 102 ml/mol. Some materials such as LaMnO; and
LaCrO3 show medium molar magnetic susceptibility. The modifiers with low magnetic
susceptibility are particularly suitable for the present lapping carrier to minimize

electromagnetic interference.

[46] Finally, the volume percentages (Vol%) of components disclosed herein are based upon

currently available commercial grades of materials. These numbers may be varied if
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[47] The ceram'c conposition may also include a small anount (e.g., less
than a tMb1yd thoeed [if®n Sk Wi ! A o) hi bi tors,
phase gt abi Flezers}/()t o Eﬁlt n\l}%gt el'ect edd¥l fn‘})&%er%r%teg tcgﬁt\é\%agﬁnﬁg of CaQ
MyO, SrO, Ba@icydrRO8, relﬂe@@@mbew ., 18010, tha®j 020 pore @R - NesROupd@ire es?, Y203
and m xture £0 h s | . o,ugh not
to alter grlelrltg € 6p? ;l;) 2y es&%&elg t%lg&j gmlye eFvEIP ‘“ég?sga%“@w ﬂrenﬁgome cases,
limted am)may slsobe ddffms@am(netiese dmwtmgeatmhunwr%ameﬂt freferablyr geateraliamr i al s
and/ or cont (?ati on during the powder processing. [48] Preferably, the
ceramc congéﬂg ‘tion is substantially pore free after that treatnent,

[49] Preferably, the ceramic composition has high flexural strength. Sinter-HIPed TZP
materials with ZnO, SnO,, LaMnOs3, and LaCrOj are strong, having flexural strength of
1,000, 650, 716, and 1,005 MPa, respectively (according to the 4 point bending test).

[S0] The ceramic composition may have a color lighter than black. As used herein, the
preferred “light” color is defined as being lighter than the midpoint of 16 grey scale as
defined by ISO. Color can also be measured using a color meter for more quantitative
measurements. The ceramic compositions containing ZnO and SnO, compositions

show light colors, while most others are black or very dark.

[S1] The ceramic composition may have a voltage decay time (a measure of the
performance of ESD dissipative ceramics) of less than 500 ms, most preferably less
than 100 ms. It may also have a low transient current, such as less than 100 mA, most

preferably less than 50 mA.

[52] The dense lapping carrier generally comprises TZP as a base component and particulate
dispersoids which include at least one selected from conductive or semiconductive

oxides, carbides, nitrides, oxycarbides, oxynitride, oxycarbonitrides, and the like. The



particularly in relative nunbers, e.g., nore than 90% pore free - based
upon pore sizes (greater than 0.5 m As used herein, the terns "pore free"
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properties. Suitable ranges of resistivity nodifiers generally include

10- 60, -5Q, 1.20-40.and 25-30 .val . %.and_ .i.nclude ra hat .overl ap these
val ues 3fTsaf A 1SnALG R 1Y, ot B g L BRSO A9 ¢ he
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ry pressing, shp casting, tape casting, injection molding, extrusion, and gel casting.

An organic binder system may be added into the powder mixture to achieve a high

green strength for handling, green machining, and to maintain shapes during the

densification. Of these techniques, molding, and in particular, injection molding, are

preferred techniques for forming the ceramic green body. Typically, the green body is

in a near-net shape.

[5S] The molded ceramic lapping carrier is debinderized and sintered in air or desired
reactive or inert atmosphere to greater than 95% T.D., preferably to greater than 97%
T.D. The sintered lapping carrier can be further densified by hot isostatic pressing in
inert gas or oxygen bearing inert gas to full density. The thus obtained sintered or
sinter-HIPed ceramic article may exhibit a volume resistivity of from 1 x 10° to 1 x 10'2

Ohm-cm in ambient temperature.

[S6] Final processing is carried out by machining the sintered/heat treated lapping carrier
into its final dimensions and contours. The movable elements made be provided in an

as-molded form, but more typically, the movable elements are formed by slicing via a
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Poisson's ratio of ceramics were measured by a pulse-echo method using ultrasonic

transducers. Hardness was determined by Vickers hardness method at loadings of 5 to

20 Kgf. 4-point flexure strength was determined by a mefhod specified in ASTM

C1160-02b (2002) using 3x4x50 mm type-B specimen. Assuming a Weibull modulus

of about 10, it is estimated that this method reports a flexural strength that is about 20%

lower than that found using JIS R 1601-81 (3-point flexure test using 30 mm span).

Average strength of 5 to 15 bars were reported. Fracture toughness was determined by

an indentation crack length method using Vickers indenter at loadings of 10 to 40 Kgf.

An indentation crack strength method was also used in some occasions.

[59] Volume and surface resistivities (DC) were determined according to methods specified
by the ASTM, and others at 10 or 100 V. The surface was ground by a diamond wheel
and cleaned in a ultrasonic bath prior to the resistivity measurement. As an electrode,
type 1215 silver-loaded conductive rubber sheet about 0.55 mm thick made by
Chomerics Inc. of Woburn, MA, was used. Voltage decay time is a measure of charge

dissipation and is determined by methods described in literature.



[ 571 Characterization Methods: 1581 Density was neasured by the water

di spl acenent nethod with tenperature and atnospheric pressure corrections.
M cr ost r wouws®saues observed by optical and scanning el ectcarusod/cvescopes
on polished cross-section of sanples prepared by a standard polishing
procedure. Col or was measured by M nisi®an XE Plus available from Hunter
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reports a flexural strength that is about 20% | ower than that found using
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[64] The green bodies were sintered at 2°C/min to a desired sintering temperature (1350° -

1500°C) for 1 hr to achieve a sintered density of greater than ~97 % TD (theoretical
density). The theoretical density was calculated by a mixing rule based on volume %
of ingredients assuming no reaction between two phases during the sintering. Some
sintered bodies were HIPed in Ar at 1300°C for 45 min to achieve the full density. All
samples were HIPed to greater than 99.5 % T.D., mostly greater than 99.8% T.D.

[65] The resulting densified bodies by sintering and sinter-HIPing were measured for
density, Young's modulus, hardness, strength, fracture toughness, phase microstructure,
volume and surface resistivities, and ESD dissipation (voltage decay) as summarized in

Tables 1 and 2.
[66] Effect of ZnO content and grain size:

[67] Table 1 summarizes volume resistivities as a function of vol. % ZnO in Y-TZP of
pressureless sintered samples. It is noted that the resistivities for the ESD dissipation

(10’ < Rv < 10'? Ohm-cm) can be achieved by composite materials with 15 — 35 vol.



1611 The foll owi ng exanples were prepared for characterization. [62]
EXAMPLE 1 "ZnO' [631 A Y-TZP powder containing about 2.8 nol %yttria
(YZ110) awaiobagdig2 from Sai nt- Gobain Ceramics & Plastics PECT&ER)/1Mmes m xed
in water with varying anounts of zinc _oxide available from Zinc
Corporation of Anerica in a jar mll wWth Y-TZP nmilli ng nmedi a. The surface

i ng, The 0 PR TOMER. k120 abea s By e AR 4 GRp o R 0

pressabl e pﬂm@lgg%TTm,atpmqmsmopmaHrahlay pressed into steel nolds at 40
MPa, and then cold isostatically pressed (or "ClPed") at 207 MPa to form

green ies. [,64] The een .badi i ntered at esired

si nter 3?283 tg?'%‘gF I<';\1I%C’u]r ewis%ﬁ%red VYL&‘(?%%)T\??@PW erl’me?’(S"%?}h‘Fé\C/g//é yﬁ“%{}ﬁ%@r@d density
of greater #disinter8d aP/bzmth»\fmrlel509@I10w@@¢3ﬁpetem)re ttﬁh%tﬂehﬁwlatnirﬁ@& tidensi ty
was cal culated by a mi xin ased on vol unme % edi ents assum ng

rul e I ngr
no reacti onSTBEYSREH Of\%ﬁop%d‘éé%‘e‘ﬁ@ﬂ thyvelprae it @hls @é‘f?ge is gjopesy¥d bodi es

were HI Ped jnagi¥ud@lowes R ShapledR. D1 Mhé gre%hfe%?mﬁf&%e; e lfind gAR diYe ofAl |
sanples were H Ped to greater than 99.5 % T.D., nostly greater than 99. 8%

T.D. 1651 TeadpeiygphpssdZa@hBy iq%&mér@t%wyﬂ@a st lavarafye enerhisivme dowad pi ng
were measur gdisfiafy. ERMSH s bARNAD A HKQ‘AHl'on% of*?ﬁc!d@f’i’le?%éuld%%ﬁ&v&tﬂ‘ lowacture

t oughness, phase mcrosfructure, volume and surface resistivities, and ESD
di ssi pat i onte(meuatua@g@m@é@&yr)d eeducsd renain igroadh iton achieys | tess samealB$P issip@bP Ef f ect

of ZnO cont gty \?}Pd grain size: [67] Table 1 summarizes volume resistivities
as a function of “Wol. %znOin Y-TzZP of pressurel ess sintered sanples. It
is noted that the resistivities for the ESD dissipation (103 < Rv < 1012
Chm cmi0% anEffect st Aneoabieg syperaisonil eenasphess:i al s with 15 - 35 vol. WD

03/ 089192 PCT/ US03/ 11942 -17 % ZnO and 85 - 65 vol. % Y-TZP. These

si nter ?ﬂgm&ﬂf)hﬁﬁgqy Ce ré%?stlﬂ &aga%q)let Nogg @@érqlnpnighﬁm?&%qz’m%p@%or34400 1450C
for inair. anp L\4vas§3?(éagoare th a Y-TZP powder

cont al ni ng @imﬂpweé wmﬁaaf(t Fqsvgloe)frorraﬁa e @hmrzsoiampmul\bw s 150C
| ower te”pe[@EHbr\x}athre Q%ct%fhl%ﬁtstrea&%nqaﬂh Nigd ihRg ong&l@'r&lsg(/%ngg{edéao It is

noted that the volune resistivity of this'sanple is 5 or
vol. % ZnO/YZ110 composites showing the tunability of resistivity by a simple heat

treatment. These results further indicate that it is not necessary to prepare various
compositions to cover a broad range of resistivities for various ESD dissipative
applications. Annealing at different atmospheres (Sample No. 15) also provide

additional means to achieve the tunable resistivity with this composition.

[71]  An over-annealed sample with Rv of 5 x 10" Ohm-cm was annealed at 890°C for 5 Hr.
in 2% Hy/N, atmosphere, resulting in a resistivity of 5 x 10® Ohm-cm. This result
indicates that the resistivity control of this material is reversible. Accordingly, it is
believed that the desired resistivity can be achieved by composition, annealing in air,

and/or annealing in a controlled atmosphere.
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[ 69] Effect
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This result [4 ndi.eatzs that the gyrgiesti vitly control-of this7saberi al
reversible. [Accordingly it is]| believed tthat the desired resistiv
be achi eved |By onIdditi dR0 ann$&¥PBE in dir, and{or anneaPilE in|a
control | ed atgmOSPHGHE.  WD3P 37 O8LLT¢oRCT/ U031 119421 - 18- [ 13lpdabl ¢
Zirconia type ZnO Densifilcation Heat treatinent Rv (Vol 9% (Method/
(Tenmp/ time) |(Atnd.4Y-TChm ¢A) 1 |WZABAOC15 S/|14000C* {-- 2. OE12.9E®% YZ
S/ 1400C - - [HAEEL 73 Y2130 25 S H0C, =5 6E10—14-2-6YTR 25 St
7.600 5 2. |&mzP 98y 1400C - BP0 E8Y 6 |vz110 30|s/ 1400c]> % 9kos

9 |YZ110 20 H/1350°C 560°C/SHr | Air 4.0E04

10 | YZI10 20 H/1350°C 585°C/SHr | Air 9.0E04

11 | YZI110 20 H/1350°C 600°C/5Hr | Air 1.7E06

12 | YZ110 20 H/1350°C 630°C/5Hr | Air 5.0E06

13 | YZ110 20 H/1350°C 680°C/5Hr | Air 1.3E11

14 | YZ110 20 H/1350°C 630°C/24Hr | Air 2.5E11

15 | YZI110 20 H/1350°C 810°C/2Hr | 2% H2/N2 | 6.0E06

16 | HSY3.0 20 $/1250°C 2.9E06

S*: pressureless sintering in air, H**: HIPing in argon

[73]

[74]

Transient current and voltage decay time:

Samples of composition 20% and 25% ZnO/YZ110 were prepared and were heat

treated in air at temperatures in the range 600°-650°C to give the resistivity values

shown below.

[75]

To make a measurement, a plate (which is part of a charged plate monitor) is charged to

a fixed voltage. This loads the plate with about 7 nC of charge at 350 V. This charge is

then dissipated to ground by touching the sample with the movable contact. The peak

transient current is determined from the peak voltage seen from the current probe by the

oscilloscope, which records voltage every nanosecond.
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#11 (20% ZnO)

1.6x 10°

Not measured

1

43

#34 (25% ZnO)

3.1x 10°

less than 1

2.0

Not measured

(78]

[79]

[80]

Table 3 summarizes properties of 20 vol. % ZnO/YZ110 composition after HIPing.

The material is highly dense with a relative density of greater than 99.5% T.D. with a

light yellow color (lighter than 50% of 16 gray scale), mechanically strong with a

flexural strength of the material of 1 GPa, substantially safe with low transient current,

and highly dissipative with a decay time from 1,000V to 100V is typically less than 50

ms.

Accordingly, the material should be good for the ESD dissipative ceramics.

Further, the residual magnetic flux density of this material is substantially negligible

due to the absence of Fe, Co, Ni, and Cr-oxides in the composition.

Table 3

Property Name SI Units | (Mean values) Test method

Color Light  yellow- | Visual/color meter

Density o/cm3 5.99 Water displacement

Porosity % less than 0.5% Density and polished surface
Grain size pm 1 Linear intercept

Young's Modulus, 209C GPa 195 Ultrasonic wave velocity
Hardness - Vickers, 20°C GPa 9.2 Vickers hardness at P =20 Kgf
Flexural Strength, 20°C MPa 1000 4-point bending, ASTM-C1161-90
Fracture Toughness, 200C MPam'? 5.9 Indentation crack length

Fracture Toughness, 200C__| MPam'™ | 4.2 Indentation strength at P = 40 Kgf

EXAMPLE 2 "SnO,"



Cmcm(m A # 18 (20%2zZnO 7.7 x 10 1.6 16 less than 25 #10 (20% ZnO
2.2 x 10 less than 1 14.7 less than 25 #11 (20% ZnO 1.6 x 10 Not neasured
1 43 #34 wo3wan@ 3.1 x 10 less than 1 2.0 Not mneasured PCTAJSoFabhre 3
sumari zes properties of 20 vol. % ZnQ YZ 110 conposition after H Ping.

The materi al |s hi ghly dense with a rellative density of greater than 99.5%

T.D. with a 1%(5;[ yel l ow color (lighter than 50% of 16 gray scale),
mechanil8Hl | ¢ ‘ét rRPWAEE HSY 3-0) eorisming ahopehgich /bf’“rtl%é"aﬁﬁltl%lfm&ll Ziggonig' Gpg,

subst anti al kylesaf Ardrich WRWrideaNsie L ﬁlgfzhﬂﬂxtnt of%ﬂldohu‘gf@‘sﬁ(o '151%635“ ve with
a decay tine froml1, OOOVtolovlst glca | ess than 5

Accor di ngl y availaldle fome SC&IEPs iowlier Hdl b -T4P milmepselia sﬂ?pﬁ’wd%h@eram cs.
Further, the,f&si dwéﬁts W%?b 6, IdduxsR e ffoh@gr?wal c%nmhelh; ai’rldrio the

substantlally negligib 1o the absence o , an - oxi des
in the conposiing hadopedgn omtﬂ\easanlmcbp@mfgcemmfsuS mmgt §u(fmameam\&es) Test

nmet hod Col 2y [ g% Wt er

di spl aceman'fIlk 5‘?2&? t‘g\(jl ?Yg-erg “°t89'J5°3%F"ﬁJ§?qt“9 0an er%u s‘?fr?%ce Grain

size m1 Li AdarAdsarf Bfack pill, Mﬂhgﬂlkzdl\mdwhd&e 2AOFARam?Y Q&aUIatso aswini Thewave

vel ocity Hallcple ess Vi ckers 20% 9 2 Vic ers har dn a(& 20 Kgf
P8 5 e

Fl exural St rengt%OWdfb&/%arT&fé 0| ncfratB'gnlgl tna ‘A@ﬁ/ﬁ*’é 18‘1 acture
Toughness 2p&vddrPaat 2nibxifllyl psrel:em mtd ml o RS lat 403119(@& hanHtieat@iPed id0gMRass, 20C
MPaW 4. 2 I ndent ation, stre = 40 "SnoR"

03/ 089192 P G%é?f'i%‘ii%“ nﬁf@“‘[‘“’éff‘j‘% Vg2 eb 2%/?1)(#’4@\? ‘gf"‘f@osmt%ﬁ% ng about
3 mol % ytt enpernad (i@ab0 e 15005Q) BrNaomd AchicSak 8mtedEd AvmBity fogrems thanxed Wit h

varyi ng amoyn f tin oxide ( n02, T1186).18 available fr GC&P in a jar
mll with Y- ”I'%FB '}fpfi Olﬁgaq ad ensl*ﬁ'ewﬂ%\f(‘ﬂlé% latgd by a mixing rule ase§ on the

composition assuming no reaction between two phased during the sintering. Some

sintered bodies were HIPed in Ar at 1400°C for 45 min to achieve the full density.

[82] The resulting densified bodies by sintering and sinter-HIPing were measured for
density, Young's modulus, hardness, strength, fracture toughness, phase microstructure,

volume and surface resistivities, and ESD dissipation (voltage decay).

[83] The pure SnO; is an insulative material. It was confirmed that compositions of 10-50%
SnO,/Y-TZP are insulative, Rv = 10'* Ohm-cm, as shown in Table 4. A limited heat
treatment in Ar and N, in a tube furnace did not show a significant decrease in the
resistivity. The color was remained as light grayish, lighter than 50% of 16 gray scale.
A HIPed sample at 1400°C/207 MPa/60 min in Ar turned into a medium gray and

showed resistivities of ~10” Ohm-cm.



nom nal dopants of 1% Sb203 and 0. 5% CuO for inproved conductivity. Prior
to the mxing the doped tin oxide was mlled to surface area of -15 n2/g.
Surface awea3wn$91y2 TZP was 7 n2/g prior to mlling. AnothecTamsosemetal tin
oxi de powder (available from Alfa Aesar Ward Hill, MA) milled to a
surface area of 12 n2/g was al so used: 2 The m |l ed powder was granul ated by
a | aboratory nethod to pressable powder. The powder was uni axially pressed
into stgﬁl Id% at 40 MPa, and then ClPed at 207 MPa to form green

bodi es.! hel@?J n bodies were sintered at 2Cmn to a desired sintering
tenperature (1400 -|1500C) fgmsnd, hr to|@ehifiemien a SIRRL er ed density of

reater than -95 W T DHB—TFhert{ etica ) n,latedb a mxin
?ul e based on the “nmljncl'rlrll'(ybzzzum khﬁ\éﬁjﬁoﬂg‘gﬁgl an lﬁrqb\ppn t wo p%ased J
during the sintering' e si'htered bddi'®8 Gere HI'PEE in |Ar at 1400C for
45 min to achieve thendpeli|l deneity. [82F/180® resulitiseg densified bodies by
sintering and sintefgtRIMY Wepe TEaSUNRH0&  JdeNskER, rgung’ s nodul us,
hardness, Strengt h, fracture fmlghnpcc nhase m cnagastruct re, vol une and
surface resistivitie¥°%Ad ESE di ssi pat rsg‘hso(cvol t age“*lidcay). [83] The pure
Sn®2 is an insul atiyeopadat eri also It was | 8040i0 ned thaﬁlzcorrposi tions of
10-50% SnQ(err)/ Y- FgEgre TsgatTve, 1350°GWJ.J ORREG ds shown in Table
4. Alimted heat t{reatnmenttin Ar andiN2 1n g tube furnace did not show a
significant decreask? the |r®sistivi t§1/139[9h<"e col o%¥s remained as Iight
grayi sh, lighter than 509bbrest@clgs dnerisgmbie H**: AlfdgRedos anpl e at 1400C/ 207
MPa/60 mn in Ar turned into a nediumgray and showed resistivities of

- 10" Ongsjc o136 08 A 309 ddpb830 /li8%2.0 wetd mehBfell abaRh@natizedbdow.
Densification Rv (Vol ¢ gl\/bt hod/ Terrpa) (Chmcm Undo%ed 10 S/ 1450C*

1. 2E13  Undépetmatznal shausight to medinm grgye ﬁéwa@@'abﬁ $uitpy@ng handerghan fhasped 35

S/1450C 3. 454 %) vEOPEEh SR 7P d dRRfr afe sslt#r to those of typical Y-TZP's. In addition,

the material is also substantially non-magnetic.

sl

[86] Table5

Property Name ST Units (Mean values) Test method

Color Light gray Visual/color meter

Density g/cm3 6.43 Water displacement

Porosity % less than 1% Density and polished surface
Grain size pm 1 Linear intercept

Young's Modulus, 20°C GPa 224 Ultrasonic wave velocity
Hardness — Vickers, 20°C GPa 11.4 Vickers hardness at P = 20 Kgf
Flexural Strength, 20°C MPa 650 4-point bending, ASTM-C1161-90
Fracturc Toughness, 20°C MPaml/2 |39 Indentation crack length

Fracture Toughness, 20°C MPaml’2 {3.9 Indentation strength at P = 40 Kgf

[87] EXAMPLE3 "LaMnO;"

[88] A batch of LaMnO3; was prepared by the solid-state reaction of an equimolar powder
mixture of La,0O; and Mn,O; at 1400°C for 2 hr in air. The XRD of reaction formed
powder indicated a well developed LaMnO;, a perovskite family. The reaction formed
powder was milled in a plastic jar mill with Y-TZP milling media to BET surface area

of 15 mz/g. A batch of 30 vol % LaMnO3/3Y-TZP was processed using mixtures of



Doped 50 H 1350C** 6. 1E07 Doped 50 H 1300C* 2.6EQ07 S*: pressurel ess

sintering inair, H*: HPing in argon 1851 Properties of H Ped 50%

doped- SnOROHS¥®102 wer e neasured as sumari zed bel ow. The poatuspd/alo4shows

light to nediumgrey. The material is stiffer and harder than those of 20

vol . % ZnQ YZ 110 which are simlar toXhose of typical Y-TZP's. In

addition, the material is also substantially non- maﬁnet({_% 1861 Table 5
B¥eLi%h

Property Nah@MaPs @At t 5 Tl AWZ U4 L&g&&eﬂorWEOMA)Cﬁ the gtagyp

Vi sual / col oprepih®in mddefisdebtibdd mkafpftd. VAt er di spl acenent Porosity %/l ess
than 1% Den5| ty and poI i shed surface Gain size m 1 Linear intercept

Young' s_ Mod 20C GPa 224 UItrasoonl C wave ve 0 rdness_ - Vickers,
20C GPASdim R HTTE SR b4 250 S 1BIE I sregier thep 88 a% §F‘a S‘H‘@%Ofl%c MPa 650

4- poi nt  benginfperanfSIve ST @IS sﬁ{;ﬁ&twsegréfa@éagmessm TA9Csiit@edbdndpld- 9
| ndent ati on crack Iengith Fracture Toughness, 20C MPa nl/2 3.9 Indentation
f

strength at Were=HIftgd Ryl 177 sl BRANPRE2 MPanfcBeo Befulladessteh The higivn O3 was

prepared by heraged | @s@@%ﬁw; ?@ﬁéd' QRpRE SRR aeggmﬂpinagrap@w\efh forhationr e of
La203 and Mh203 at 4OOC or hr 1n air. he” XRD of reaction forned

powder i ndi ehteaefion ruase l@mvmg@aor@sﬁw{@ﬁrz% pad oy &l manor asmfw crfle reaction

f d nmedia to
B s f hoe T IobPEmtrybfecipB SR AhoS ol lon Thislerdhffl ke Iyl

processed usf blgatngxeruaraskingf MGW@@D&WHM/SEJSQM weeAblack. 2WHhilaMB3 and
Y-TZP (YZl1 gla(&%[? I , sane ion
nmet hod desc&l’ Bé’ I rt1 Sﬁéﬁgﬁgﬁ%zg@.re tyfgg%onﬁg%dlg\gg&mg%ﬁé;@ﬁ%{ er e elt’Oe %g{}g& 1350C
to greater theancal@%tableDin ddmebinkeioss twythofartiablyy stetbe'i'rzpérza’cmzis $ii28a5gpicdi nt er ed
sanpl es was sﬂtregr?gt ?erm;}epa?ur}esggorm-rse[gonas Iryntzﬁcro%% comrg)oun(?s such as La,Zr,0O; thus

affecting the phase stability of the remaining zirconia alloy, the present results indicate

that LaMnOj3 can be successfully used to prepare a composite with Y-TZP with a low

temperature sintering.

[90]  Microstructural observations by SEM from a polished cross section of low temperature
sintered sample indicates that the grain size of the material is less than 1 um. The
XRD from a polished cross section also indicated that the majority of tetragonal
zirconia was retained with negligible reaction to form lanthanum zirconate (La,Zr,07),
which is an insulator. The present results indicate that a tough, black ESD dissipative

zirconia can be prepared by mixing LaMnOs in Y-TZP by a low temperature sintering.



were Hl Ped at 1175 and 1350C at 207 MPa of argon to full

density. The high

tenperature (1350C) sinter-H Ped sanples show a significant grain grow h,

f or mat i orwoaB/og@Earti on phase,

m nor surface cracks.
smaller grain size and no indication-

| ant hanum zi rconat e (La2Zr 2@Cxjusasidivae f ew

The | ow tenperature H Ped sanpl es show a nuch
D bl oati ng

or cracking. Both

sintered and Hl Ped sanples were black. Wile it is thought that sone
perovsl@]:l| t%ﬁe conmpounds such as LaWMhO3 and LaFeC3 are not chemcally
stable™i'n c fations with partially stabilized zirconias and at typical
sintering tenperatura®,fypem %Q@Mﬁ(d;ary xDeltsmahtabncorrm@unds such as La2zr 207
thus affecting the—phase—stabitity—of SR Hhg zi+egni a all oy, the
present results indicate tha 9 Wncs (gMéﬁbOd SRS SUTFTY Jused to prepare a
conposite with Y-TZPY@iloh a I} @Ov terrper at12508Csi nt erlizﬁgl 1901

M crostructural obs by—SEM-f+om-a—pol-i-shed—eross—section of |ow
tenperature sinter JE{IZﬂerpl e ?f{ldl cates )Hg Oh-@j’he grglsﬁbgsl ze of the materi al
is less than 1 m Thez11¥RD fram a poli $kaokeer 0ss $8@Epon al so i ndi cated
that the mpjority of_tetragonal zirconia was retained with negligible
reaction to form | an¥hdAum ziPRonate (LHPAFTETY, |@HFRh ig an insulator.
The present resul tsfypdpcategiat a tolgh, Brack ESgepf sSTipative zirconia
can be prepared by xing LaWh@B in Y-TZP %v a |low tenperature sintering.
WO 03/ 089192 PCT/ USP8Z110942 3Q3 [91] $am0éces Zr(Z-SEylpe LaMhO3

Densification Rv (VDiI,%g% (Metrhpdf Tenp TG IT) YZ+E0—269 S/ 12500C 1. 2E11
YZ110 25 S/ 1250C 1 YZI ]80’30 S/ 12‘)6%\'%d {;EO7 é%%% H 1175C** 6. 1E07
YZ110 30 H12000C" 3 0F0L Tl 414900 fplggﬁrér%\(lzllo 30 H 1350C**

6. 4E12 S*: pressureless sintering I'™n air g in argon

[92] Table 7
Property Name SI Units | (Mean values) Test method
Color Light gray Visual/color meter
Density o/cm3 6.13 Water displacement
Porosity % less than 0.5% Density and polished surface
Grain size pum 1 Linear intercept
Young's Modulus, 20°C GPa 182 Ultrasonic wave velocity
Hardness - Vickers, 20°C GPa 11.8 Vickers hardness at P =20 Kgf
Flexural Strength, 20°C MPa 716 4-point bending, ASTM-C1161-90
Fracture Toughness, 20°C MPam'? |42 Indentation crack length
Fracture Toughness, 20°C MPam'” [3.6 Indentation strength at P = 40 Kgf

[93] The effect of HIPing on the volume resistivity was also determined. Unlike other
materials described in Examples 1 and 2, the volume resistivity of the material was not
changed before and after sintering. It is believed that various doped LaMnO; and
LaBO; (B = Al, Mn or Co)'* ?® family can be used as semiconductive dispersoids in
zirconia.

[94] EXAMPLE 4 "LaCrO;"

[95] A batch of LaCrO; was prepared by the solid-state reaction of an equimolar powder

mixture of La;O; and Cr,O; at 1400°C for 4 hr in air. The XRD of reaction formed
powder indicated a well developed LaCrOs. The reaction formed powder was milled in

a plastic jar mill with Y-TZP milling media to BET surface area of 15 mz/g. A batch of



[92] Table 7 Property Nane SI Units (Mean val ues) Test nethod Col or Light
gray Visual/color neter Density cnB 6.13 Water displacenent Porosity %

| ess t harw0.03884ensi ty and polished surface G ain size mPLTIISN®aIV42

i ntercept Young's Mdulus, 20C GPa 182 U trasonic wave velocity Hardness -
Vi ckers, 20C GPa 11.8 Vickers hardness?at P = 20 Kgf Flexural Strength,

20C MPa 716,4- Q) pt ~ bendi ASTM C1161-90. Fracture Tou ess, 20C MPani2
4.2 Indentat! gﬁ ) &E%%rg)f’)lggh]%‘”f@rlﬁe‘feaﬁeéusl*%’?j‘ﬁ‘t’i‘érgssc?f%Wﬁ%&%%ﬂ%ent ation
strength at 3B, ZircéRialSgfes of Adkridh A tiekth,&CA) Bilowddiynle Mind fHpayRloH MR HASI StiVvity
was al so deﬁgjer nned._ Unlike other materials described in Exanples 1 and 2,

the vol ume Psqtetiin Fxampds |1Sampleamiers sarterghat 1969° - EHAMg EtribierEmater dsa af t er
sintering. $1%irsD.habiskued 4 ik geas EQUSwHPRSOukR MRy AN er 9:LidBeRm(dh.= A, M

or CO 19, 20 famly can be used as sem conductive di'spersoids in

zi rconi a. [ SinjeredxamplesvareHIBet avd459°51 207 MEe ehargen tofdl dBisitasThw eopar ed by
the solid- st@aliped SAGIds BBcaBle sBBLBAMKP HRR (HRPYEL ixture of La203 and Cr203
at 1400C for 4 ﬁr In esli r.a 'Ighseghxﬁ?)%og@react |Pon teor(ra(?r%lg;' powder indicated a
wel | devel oped LaCrO3. The reaction forned powder was mlled in a plastic
jar ni 1961w Mhcrestrpstprahpbservagionselli REMolr@pT roliphed csosa seatiopfindicitqthpigthe A’ bat ch
of WO 03/ 08949%iRGEF IRl Wbour RAm3Orne R IYoroB T SBRsRelr Zﬁ% s RI;BCESSES
using mxtures of Lawh03 and Y-TZP (HSY- 3.0, Zirconia Sales of “Amer i ca,
Atl anta, GApdigrd dhoedhdipaloney shiriragenapairepnizowasrettidiond wilk 9or ingrsarable Exanpl e
1. Sanples welf,$d MENSHhA fe. I ' ' - r an 97% T. D.
and showed a dalr'lk green.cpPrggzﬁmQr%aﬁe' aﬁ%%?eusrkr@ r?gélgtls an;afc\g){eﬁ@attgfdegxlﬁgg%m cm

Si ntered sa#gk egorge EEDIiPmdtivet zirtdiH@ Caralpe REpardiPy roikingrigerO1 in Y-TIZP bdensi ty.
The col or ﬁteﬂ{ﬁ’? sanpl es becane slightly lighter than that of sintered
only. [96] crostructural observations by SEM from a polished cross
section indicate that the

[97] Table 8
Z10O;, type LaCrO; Densification Heat treatment Rv
(Vol %) (Method/Temp.) | (Temp/time) | (Atm.) (Ohm-cm)

3.0Y-TZP 10 S/1550°C 1.0E11
3.0Y-TZP 20 $/1550°C 3.5E10
3.0Y-TZP 30 S/1550°C 1.7E07
3.0Y-TZP 40 $/1550°C l 2.0E06
3.0Y-TZp 30 H/1400°C** - - 1.2E12
3.0Y-TZpP 30 H/1400°C** 1400C/1Hr | Air 5.4E06

S*: pressureless sintering in air, H**: HIPing in argon



grain size of the material is about 1 m The XRD froma polished cross
section also indicated that the majority of tetragonal zirconia was

r et ai ned wibtob/osraoneasur abl e reaction to form | ant hanum zipcaarsas/elv4he
present results indicate that a dense, tough, dark colored ESD dissipative
zirconia can be prepared by m xing La@ft}S in Y-TZP by sinter-H Ping. [97]
Table 8 Zr02 type LaCr03 Densification Heat treatnment Rv (Vol %

(Met hOdéB mg; Temp/tinme) (Atm) (Chmcm 3.0Y-TZP 10 S/ 1550C 1. CEl1

3. ov- 12820 d14850C 3. 5E10 3. OY- TZP 30 S/ 1550C 1. 7E07 3. 0OY-TZP 40 S/ 1550C
2. 0E06 3. O Prog&rtyMnkel T4000CF 3] Uhnits M)eEr;L&lue§. O -T%&%eé&id H 14000C** 1400C/ | Hr
Air 5.4E06 [§5, Pressuretess|simter £ pLAC L g 'Vlsual/d"ql?'h]%'tgr rT—argom YO

03/ 089192 PEH UC‘“”’“942 25—1-98] —9—F¥F re—SH—Unaits—(kan
val ues) Test S81%od__Col or / 3nrpﬂ§1 \i lel /P gerndisplagemerancity qJ 8
6.27 Water dPepiBicenent Por 0%ity 94 Feden Opin 0'.@%1Déﬁ%l?°ﬂl§1‘eéﬂ’€faﬁfol i shed
surface G alGmisdiize m 1 Li neaumi ntercept Young' [ditdbdotemwept 20C GPa 228
U trasonic ww@]g\g@,{o@gm yoocHa amess 122%1 ckers, ZQ@tr;ﬁ?,ac &&evblgdﬁgrs har gness

at P = 20 Kdgt X enab T, 206 VPa 1020 I
ASTM C1161_('Hard élsgn\*')%l&lrs R}"C gpd! o 4\71, s'ﬂﬁ dﬁ)e(:sl !P QO Kjgf . ith

DOAC MNDA V.
(3. OY-TZP) ' gfﬁa?ob H:TEA,E‘ gér m2 5 7 4rPr?§\R 5‘5 E\SE%SQE 207
(2.5Y-TzP) |ErgurdeeehtsnghitesdPamoc]dbam 12 8. o Indraatnatrensth GOY-dARk h
(2. OY-TZP) |ESDuxdbtghges,d8€ayMPame %7 70 Fr om 1{J8@Mation strength (2.5Y-TZP)
Fracture Toughness, 20°C | MPam'* |8.9 Indentation strength (2.0Y-TZP)

ESD voltage decay time ms 70 From 1000V

[99] The resistivities were measured before and after HIPing. A significant increase, up to 3
orders of magnitude, in resistivity after HIPing was found. The thermal annealing in air
at 1400°C/60 min in air reproducibly recover the resistivity back to the sintered value

as summarized in Table 8.
[100] EXAMPLE 5 - Zirconium Carbide (ZrC)

[101] Similarly, ZrC can be mixed with Y-TZP to prepare dense, semi-insulative, ESD
dissipative ceramics as listed in Table 10. The semi-insulating compositions were
prepared by mixing 10 to 20 vol % of ZrC in Y-YZP (HSY3.0). ZrC does not react
with ZrO; during the hot pressing at 1550°C / 20 MPa in argon using graphite dies.
The color of hot pressed ZrC was black. The resulting composite is stiffer and harder
than ZrO,. Accordingly, the semi-insulating materials with ZrC is slightly stiffer and
harder than Y-TZP can be prepared with ZrC.



[99] The resistivities were neasured before and after H Ping. A significant
increase, up to 3 orders of magnitude, in resistivity after H Ping was
found. Thwotohessret annealing in air at 1400C/ 60 mn in aPCTrESps/oduzi bl y
recover the resistivity back to the sintered value as sumuarized in Table
8. [100] EXAMPLE 5 - Zirconium Car bi d‘ezG('Zr C [101] Simlarly, ZrC can be
mxed wth Y-TZP to prepare dense, sem -insulative, ESD dissipative

ceram if]OZESTl 'IS} d in Table 10. The sem -insul ating conpositions were
prepar &2hy 8% {hg 10 to 20 vol %of zZrCin Y-YZP (HSY3.0). zrC does not
react with Zr Q2| guy i ng thgybptp pr ess| Hgt BessibgdJ@RyY 20 MPa i1 argon using
graphite dies. [The col or Q{/(,]h%t) press 5 endl/Brnas (bj @@k The rlesul ting
conposite is stiffgr and Napder tnan| Z&§gc/(ACCardigigry, the
sem-insulating materials|wth ZrCis|slightly t| ffer and harder than
Y-TZP can be prepaled with885C. WO 03 @@@i@QHPCT/W:%/ 11942 |-26- [102]

Tabl e 10 Zr C 3Y- [FZP-Hot g—Rv H)—6©<m 10 90

1oo00/ 1H 1 SE1s | T b gs 518608 11 7 gﬁf C/ﬁfz %181;31% 1550C/ 1H 5. 2E11  13.5
86.5 1550C/ 1H 3. VEQ® 15 838635550C/ 1H 315559@/1H20 807EDS50C/ 1H 3. 7TE04 25 75
1550C/ 1H 2. 3E00 :iTQ—HSJ—BN’D' E6 Ay g deLAIN—304] This exanple
shows anot her cefam c matersFaI - al um mq‘{{rld;&‘l hat can |[be heat -
treated to be su[p@ble Torggtatic dissipmbcan. A3LHo412x T mn square of
alum numnitri delwas progur ed from SCCP (Car hnrundurr) Surfdce resi stance

was neasured to bd greatérSthan 1010| 6HWRC/1Hhi § 3¥WM00 high|to be able to
di ssi pate charge effectivety. The sanple was then neat treated in argon at

1900C fiay3) 20x MMt - ARchiGRPNAAdd @akgll y to

[104] This example shows another ceramic material - aluminum nitride - that can be heat-
treated to be suitable for static dissipation. A 12x12x1mm square of aluminum nitride
was procured from SGCP (Carborundum). Surface resistance was measured to be
greater than 10'° ohms. This is too high to be able to dissipate charge effectively. The
sample was then heat treated in argon at 1900°C for 20 minutes and cooled rapidly to
room temperature at a rate more than 10°C/minute. The surface resistance was
measured again on both sides. It was about 2 x 10° ohms, which is in the range suitable

for dissipating static electricity.
[105] EXAMPLE 7 - Complex Oxides - BaO 6Fe,0;

[106] Complex oxide compounds such as barium hexaferrite (BaO 6Fe,O3) can also be mixed
with Y-TZP (YZ110) to prepare dense, semi-insulative, ESD dissipative ceramics.
The semi-insulating compositions were prepared by mixing 25 vol % of BaO 6Fe;03
(BaFe2019)in Y-YZP (YZ110). The composition can be sintered at 1300° — 1400°C
for 1 Hr. in air to greater than 98% TD. The volume resistivity of the sintered disks
was 2 x 10’ Ohm-cm. Barium hexaferrite is known as a strong magnetic material. The
sintered composite was easily attracted by a permanent magnet indicating a good

retainablilty of BaO 6Fe,03 phase in fine zirconia matrix.

[107] EXAMPLE 8 “Low Temperature Degradation (LLTD) Resistant ESD Safe Ceramics”



roomtenperature at a rate nore than 10C/ m nute. The surface resistance was
nmeasured again on both sides. It was about 2 x 109 ohns, which is in the
range suiwebBm®sotbor di ssipating static electricity. [105] PEXANRYLE T -

Compl ex Oxi des - BaO 6Fe2(3 [106] Conpl ex oxi de conpounds such as barium
hexaferrite (BaO 6Fe2C3) can al so be M&ed wth Y-TZP (YZ110) to prepare
dense, sem -insulative, ESD dissipative ceranics. The sem -insulating
conposill8ny-Tt ewssrepsanter degragdtion et DEPeh#iorgs ssigBicang Festeien foERMme12019) i n
Y-YZP (YZ11Q)ar Lfi&arft APRRGdrs qplo%ﬁ@mB@rat%k%@ﬁﬁQl%° flﬁﬁpC)f'. %ﬂot@gagoflgr 1 Hr.

in air to greater than 98% TD. The volune resistivity of the sintered disks
was 2 x 107zicemagelycBatalsufiZie safséermi t engngclino aircoai polyerystatigresidgizeni c

material. T i i i t b per ent
magnet i ndi CapE PR EhE, SATERT SRR, ST oB) Lkl gt RIS

zi rconi a nmatransformptidi7dan BXANPitEn &he'drevancEarfhematityy espBedg)lyaddlei amilibtiTb)

Resi stant ESD Safe Ceranics" 03/ 089192 PCT/ US03/ 11 - 27. ] Y-TZP
| ow t enper aftﬁ?r%pﬁésﬁfeadgr{ ?CS%Cr(ai\é\qqﬁ)S%)aéﬁg‘??i ug?ﬁlos({egmélln&r%\leﬁ“ @a%?h%Y'P%l&?’gti on for
some wear MEZBs & ddstritedphiltat Paers 63069, 03y vitdctpiariataby encoggprarad (k6@ by 300C) .
The tetragonal zirconia polycrystals (TZP) transformto nonoclinic
zirconia pof‘???ff’?f& als resulting in volume expansion and mi crocracking at
the | ow tenperature reginme. Such transformation can be worst in the

pr esenq®&0nf MORbats twre aaspreeddt290Uand @50€huider duilibnumste@anprpsses Surd8.  An

accel erated, test has been ed eterming the LTD behavi qr Y- TZPs as
descri bed i Ao & arpﬁ%t%“ﬁiv%?%‘ggf?élglf‘ﬁ'wt @ﬁn(ﬁ'ﬁg ﬂ%e%%))n?aﬁ%%’?’f)%'r élt% Elﬁ Yerein by
reference. EHAR] MRl QangthweEne val 9% Zhanetl 1atafid0fe amdcldbOteatmeahes. Egui | i bri um
steam pressure for, 48 hours. in an autoglave, | I .owed. by 4-point bending
strengt h me&SuischdRte th?ég‘F éesisianc%%'ﬁ) Pfé@%&ﬁéﬁ& Eltor‘é ﬁ‘éf“li?c%’fﬂyé’ﬁttv&éa.n % ZnQ YZ
110 after that dot@hdaReTEP qatzmNt &ailabRe fromEBssbh,SJapai ThE émploasd LITD

resi stance to LTD of 20ZnQ YZ 110 is significantly better than, K that of

typi cal Y- TZPistarse gyer Xyb4l db|dssirablsnitstos S0 SLgiRpve: PHEOMSFBIG 1D
resi stance Qu&lding déohmed€si rabl e using ESD dissipative, zirconia ceramcs
in degradi ng environnents.

[110] Table 11 - Flexural strength after autoclave treatment for 48 hours.

Flexural strength (MPa)
Autoclave temperature (°C) 20 ZnO/YZ110 TZ3Y
20 1050 1507
200 574 474
250 744 590

[111] EXAMPLE 9 - Low Particle Generation:

[112] Twenty (20) ZnO/YZ110 samples of disk and square shapes were tumble finished by
rolling in a ten sided mill for 72 hours with quartz or silicon carbide media. Some
samples were lapped or polished to smoother surface finish to determine the effect of
surface finish on the particle generation. A white light interference microscope, Zygo
NewView 100, was used to measure surface roughness (Ra) after this tumble finish

treatment.

[113] Samples of the 20 ZnO/YZ110 with various surface finishes were tested with a liquid
particle counter (LPC). A sample with 3 x 4 x 25 mm in size (machined MOR bar) and



[ 110] Table 11 - Flexural strength after autoclave treatnment for 48 hours.
Fl exural strength (MPa) Autoclave tenperature (C 20 ZnQ YZ 110 TZ3Y 20
1050 150WO02008692 474 250 744 590 [111] EXAMPLE 9 - LowcParsnd/cive2
Generation: [112] Twenty (20) zZnQO Yle%% sanpl es of disk and square shapes
were tunble finished by rolling in aten sided mll for 72 hours wth
quartz or siljco nmedi a., So wer e . | apped or | i,.shed to
snoot her su?“l‘rgﬁe PI”’ tbgf%gﬁ b sushd A g)e ?ehl re%f“@@f wGte Cleé‘ﬁ&f‘&é‘@ afsq%ggrﬁ on the
particle gepleédiihteomsedAth’dleble HuhgﬂﬁglidatlﬁadsefﬁnﬁﬁgM16r(ﬁgc(hm;a. 2y gorestNeWi ew
100, was us to sure s ce rou after this | e finish
treat ment . [?lgri@]‘“cgg YV%SS“SS élc’% %6516?%5&01% Sﬁfﬁpk?%mt%wete%{?%ﬁ%g‘”fi ni shes
ver e test ed3géeh. a,lqbidqsamile cmﬁt%w}eaaleeaumxems(\kd?&)umné\ammmepmsi hrhd x 4 x 25
mmin size (machined MOR bar) and WO 03/ 089192 PCT/ US03/ 11942 -28 surface
finish of 3%@tSAW%§OU§%&e%§yéu%&eeqr%e (o8 FAFIRIS At F@OEFbah 8RR g a
standard ppRgaeYeectsed to clean burnish/glide heads for magnetic disk

media. A Crest ultrasonic bath was used to di sl odge particles fromthe
sanples_intg water (68kHz for 30 sec Kd partjcle counts were taken

from ¢ A1) @%%Pasa@eﬁgnﬁw vidh Bt @mterﬁ*ﬁé 309% phoyedapt weratra thap Oy
surface aregar@fled/ @t $We&e@@&n£@@9@ﬁﬁ@arﬁl§ RUNRE mutber PRDAiGELEs REr CnB.

[ 114] The baseline sarrpl e wth gqaeater t han 3000 A showed about
greater thafineie ofpyrfeqechingy rpowmieTiNe 42 e Bouglshrutaces typic3lo3sAePY r educed
nunber of Pabld fr@Sestin s‘ﬁdmgl'fﬂgﬁdnod? Pl siSH inpaes® af)ﬁlf&b§@134§w§$‘%b'rd§1v-gabl e 12.
Rougher surfaces pically generate "nore particles in sliding friction or
physi cal i npige Oépgﬂ juciaeqd omsthe matariel vise. dlvcreasiingthesutfepegoughnesieof 20r f ace and
the materia t C 110 by
tunbl e fini g’ﬁ@ﬂ?ﬁne@grl ?Eg?’hléa}%p%ﬁﬁmng ﬁ%ﬁ F%lglﬂ nléﬁlf1 f(rjet?égess lggge[})%%lentl al

for parti cl érgenelegtneniion.

[115] Table 12 - LPC results as a function of surface finish.

Surface finish Ra (A) LPC (particles/cm®)
Baseline greater than 3000 greater than 600
Tumble finish 2250 250

Tumble finish 1500 120

Fine grinding 1000 78

Lapping 500 37

Polishing 20 20

[116] Tumbling is a low cost, industrial process to clean asperities and burrs. Ceramic thread
guides are tumble finished to Ra of 100 A. The present results indicate that ESD
dissipative ceramics can be prepared to very low LPC by HIPing and optimum surface

finish.
[117] EXAMPLE 10: Color Measurements

[118] Color measurements were made using two separate methods. First, lightness of color
was judged using a 16 level gray scale ranging from white to black. Measurements

were also made with a Hunterlab Miniscan XLE colorimeter, made by Hunter



[ 115] Table 12 - LPC results as a function of surface finish. Surface
finish Ra (A) LPC (particles/cm) Baseline greater than 3000 greater than
600 Tuniwe oBiogdish 2250 250 Tunble finish 1500 120 Fine @cirnsosgoino0 78
Lappi ng 500 37 Polishing 20 20 [116] Tunbling is a | ow cost, industrial
process to clean asperities and burrs.29eranic thread guides are tunble
finished to Ra of 100 A. The present results indjicate that ESD dissipative

ceram cs caftSHeass Ladpraiarytf Restop, Véw Tisansirmgopi igninates BHSmRIm¥Estf ace
finish. [11{}h GHWPHRmEFRhPbbMRAS teatRt lighl 8] an(P e BRARUKAREBNL S Were
made using two separate nethods. First, |ightness of color —was judged
using a 16 $rs¢iEdphelormgtes ceeang irgiange #OGHMAL Quitpub figpa e colgsimeter svdint s were
al so nade w I I 56 orimeter, nade by Hunter WO
03/ 089192 %%ﬁssgﬁ%gﬁgqg}%ﬂA?sgg?cgiteg‘gﬁéﬁggbr atory of Reston, VA The
i nstrument il | uni‘haeaseres hghtreanpideatigsrgbveen @ianth 1 il @ PQisevhite/lusblagdtdi on and
observes the refl.e i . r i t hot onet er
covering the ranége&g%g{egorgﬁry%ssa htngLFt s@?%n?‘%ﬁ?@%%&% hg(% rreea/’gegg \{)ﬁr%gsent ed
usi ng the Cl E 19#gatlveabbmesomb gcllommesseilren positing @sayrweeenl deghandédeenessd vari es
bet ween 0 and 1oohe§11nooatiives white/ 1l is black); a* nmeasures redness when
positive, gray when "28r 8 and greenness when negative; b* neasures
yel | owness Weantagdalsit the\s6% m@im yn wWeetayzsesle candpildeenesiics oflehhigiegdtanve. W
not ed t hat g(pe 50% point on the gray scal e corresponded to val ues of L*
hi gher than”*50. 11191 Table 13 - CIE Measurenent Results Sanple Processing
Density (% Resis- L* a* b*

[119] Table 13 - CIE Measurement Results

Sample Processing Density (% | Resis- L* a* b*
theoretical) | tivity
(MQ-cm)

A 1250C/ 1hr sinter, | 99.0 0.0012 7528 |-6.07 | 10.63
1200C/ 45 min HIP

B 1250C/ 1hr sinter, | 99.0 0.0014 69.06 |[-5.1 |2.53
1200C/ 45 min HIP

As above, after 10.7 86.07 | -4.81 |15.94

4 hrs/580C in

air

C 1400C/ 1hr sinter, | >99% 3 79.61 [2.62 |4821
1350C/ 45 min HIP

Kyocera (As supplied) unknown 10 4403 |-0.04 |-0.32

(comparative)

[120] The first two samples (A and B) were made from the HSY3.0 zirconia source and

sample C from YZ110. The Kyocera sample was a commercially obtained sample.

[121] The lapping carriers can be manufactured with ESD dissipative ceramics disclosed in
Examples 1 — 7. An example of such material is 20 Vol% ZnO — YZ110 disclosed in
Example 1. The prepared blanks are machined into exact shapes and tolerances using
diamond grinding wheels and wire sawing. Critical dimensions are inspected with
optical instruments down to 1 pm precision. The straightness and flatness of movable
elements are also inspected by optical and contact measurement equipment. If one or
more movable elements are out of flat or straight greater than 10 um due to permanent

deformation the yield from the lapping carriers could be deteriorated significantly.



theoretical) tivity (M>}cm) A 1250C | hr sinter, 99.0 0.0012 75.28 -6.07
10.63 12000/ 45 min HP B 1250C | hr sinter, 99.0 0.0014 69.06 -5.1 2.53
12000/ 45woios/0sd1p2 As above, after 10.7 86.07 -4.81 15.94 PLThIS®3/5R@LC in air
C 14000/ | hr sinter, >99% 3 79.61 2.62 48.21 1350C 45 nmin H P Kyocera
(As supplied) unknown 10 44.03 -0.04 =¥.32 (conparative) [1201 The first

two sanpl es {A and B) ﬁere made fromthe HSY3.0 zirconia source and sanple
C from Yz11blatmesids ggpgrady Meanis) by adasst ilSamery o profilogiaivida dameide. [ 121]

The | appi ngsiGRE." Mkdls, @Ak rdRibd farCiublcedd ¥ bérmERiAt dbpahARhi e fRH&M CS
di sclosed in Exanples 1 - 7. An exanple of such material is 20 Vol % ZnO -

YZ110 di scl Beegheiyield mintmiingha othariengs al serpigs Bisglased imExamaiesn nédo noft o exact

shapes and LGl B GERnAeh B forBhfPRLHidnP tn}rathe e Tfeidftte, Whe GeRAVisNI-
Critical dinensions are inspected with optical instrunents down to 1 m

preci si on. The slefornajionnéers permanentatmesepsylofin nowsdille clehentendusingr geal so

i nspected b i t ! . f . nor e
movabl o ol ofinraifly HeCRBPEnTERE SR Bl RESRng lo opiRBinhe, 01 G

per manent deéthepmesni omerttior. yi el d fromthe | apping carriers could be
deteriorated significantly. W 03/089192 PCT/US03/11942 -30 Flatness is
general ly neasured by a |aser interferonetry or profiloneter wth a di anond
stylus. Met Areordipg g @abadinety efsthe piesens iippreiencldprieg prsviera aeerrroidsdohs#tat i on

o Sl oseq | R EALgopb AL Gufared Ry M fhend et S8 ATRER on at
anbi ent t enpedatiomememhearsf metl atlows spicklad stavgess steebm Thef Bpping icemiesor
per manent n?&BFdYrPg t!) Qm%&r@l?rﬁt?h&lﬂﬁ e s%péw)rr iefé&rc;sa?lc discharge properties due to
use of materials as detailed herein. In addition the present inventors have found that the
lapping carriers offer superior memory. That is, the movable elements of the present
lapping carriers more consistently and resiliently move back to nominal, unloaded
positions when not biased by the transducers. The lapping carrier is resistant to plastic
deformation after repeated actuation. This characteristic is effective to prolong the
useful life the lapping carriers. Further, the use of materials as detailed herein provide

improved rigidity, which in turn enables more precise machining operations,

particularly with respect to the mounting surface of the carrier.

[122] While embodiments have been described herein with particularity, it is understood that
those skilled in the art may make modifications yet still fall within the scope of the

present claims.



manuf acturing or after deploynent and use can be reduced according to
enbodi nents of the present invention. According to enbodi nents of the
present iwoadsam | apping carriers are provided that hareTaspHI1902
properties as conpared to state of the art |apping carriers, such as those
made from nmetal s and netal alloys sucklas stainless steel. The | appi ng
carriers according to enbodi nents herein have superior electrostatic

di scharge properties due to use of ials as detailed herein. In
addition the present inventors havegﬂg‘ttlxﬁé—that the Ilapping carriers offer
superior menory. That is, the novable elenents of the present |apping
carri ers nofeAdepnsigstaener |fgr aavdiningsd toiweeithagnptovesittiae kletrlontﬂ,drfmmabing anl oaded
posi tions 0 is

Fosi stant tooRBrRhARE R 16 MpRRCHERLE: TRl BREMT GuEA A o

charact eri sformo a gerefaileqilanaenmontmgoduofa@p fdnea rqwsef uiagrhertcf-emshea d:laxpgntsng

car ri ers. Fuﬁe €1 t’het he carr m I'ISC ceramlc rr?‘al l e erceell" r}nl OVIed

i mproved rlgld ty' WﬁP IIlfgl 'Fﬁ ﬁ 8H f)l es nore ?% 'se b I ni n@tré erations,
parti cul ar | gonwirising rag Sdpeeabstitio dldrbeangmdrstsmtgzesmtémelaaﬁg Tahibns}@rdiﬂ ®least11221
VWi | e errbod%?nﬁ1 have1 een described herein with particularity, it is
under st ood t1aP! PEHEEE CR P ed in the art may nake nodifications yet still
fall within the scope of the present claims. WO 03/089192 PCT/ US03/ 11942
-31 CLAI Vs: rie n o e reS|st|ve
el enent s, corrérpfi\lpﬁﬁg Ca” %1?%11 Lln%li 0 ere'mﬁ FCHSI I lffast 51;/I91(ran?grgrllloe\c/’a?lfe el enent s
t er m nat i ngdeasityan out er surface to form a general |y planar nounting
surface for a row of nagneto-resistive elenments, wherein the |apping
carrier conprises a ceramc material, the ceramc material conprising an
el ect r ost at 3.c TH¢ daphme garrgi oE¢lpiat il vehereindhd dénsiaisi stdeaat Mn il theorstical | east
95% of theo&e tcal density. 2. The |lapping carrier of claiml, wherein the
density is at [‘éast 97% of theoretical density. 3. The | apping carrier of
claiml1, wherein the density is at |east 98% of theoretical density.

4. The lapping carrier of claim 1, wherein the density is at least 99% of theoretical

density.

5. The lapping carrier of claim 1, wherein the lapping carrier is formed by hot isostatic

pressing.

6. The lapping carrier of claim 5,wherein hot isostatic pressing is carried out in a non-

oxidizing environment.

7. The lapping carrier of claim 6,wherein hot isostatic pressing is carried out in an

environment consisting essentially of an inert gas.

8. The lapping carrier of claim 6, wherein hot isostatic pressing is carried out in an

environment having an oxygen partial pressure of less than 10 torr oxygen.

9. The lapping carrier of claim 1, wherein each movable element is adapted to be
biased and move in a direction generally perpendicular to the plane of the mounting

surface.



4. The lapping carrier of claim1, wherein the density is at |east 99% of
theoretical density. 5. The |lapping carrier of claiml1, wherein the

| appi ng cwor3ess1vs forned by hot isostatic pressing. 6. Pag/usappiony
carrier of claimb5,wherein hot isostatic pressing is carried out in a non-
oxi dizing environment. 7. The |apping ¥arrier of claim6,wherein hot
isostatic pressing is carried out in an environment consisting essentially
of an inertl%aghegmpT%émFﬁbeﬁ@“%arWP@PHG?C May3hleselemprie inepradentiyost at i ¢
pressing i smeibld €d out in an environnent having an oxygen partia

pressure of less than 10"2 torr oxygen. 9. The lapping carrier of claiml,
wherei n each novabl e elenent is adapted to be biased and nove in a

direction generad laypingreperebe tlhiad 11 Whdréig apleasieh®ob/ige BRMBAL REMpSser f ace. WO
03/089192 PCT/US03/11942 -32 10. The lapping carrier of claim9, wherein

each novabl &i&scafphmafesial ndependent |y novable. 11. The |apping carrier of
claim1, wherein at |east the novable elenents conprise said ceramc

material. 1 he | apping carrier of claiml, wherein.the | appi carrier

1S Formed by alHORRH B gy GLBBUT { o bessin s Tbie RELer Saeel bar B Degs con

body, and hgmtest f® firmngndah@etchtimd @ranfid g@en badly ahdhéa0 tdatthgdbn sérbmied ceram ¢

body. 13. The | ap in9 carrier of cl '@ 12, wherein the densified ceramc
d'§6° A, e“%%[‘ 04y

body is racHEHLR HESTEMKR0dY14, The | apping carrier of claim 13,
wher ei n machining includes formng the novable elenents by wre saw ng.

L appi ng.car FoP s ug oE Rz R Gty Shel Faa s ol elndho -

mat eri al . 16nal Uheenbiappi ng carrier of claim1l, wherein the |apping carrier
is conposed of individually fabricated subconponents that are bonded
t oget her.

14. The lapping carrier of claim 13, wherein machining includes forming the movable

elements by wire sawing.

15. The lapping carrier of claim 1, wherein at least a portion of the lapping carrier

comprises a monolithic body formed of said ceramic material.

16. The lapping carrier of claim 1, wherein the lapping carrier is composed of

individually fabricated subcomponents that are bonded together.

17. The lapping carrier of claim 16, wherein the subcomponents are heat treated and

densified prior to bonding.

18. The lapping carrier of claim 17, wherein the movable elements are bonded to a

main body portion.
19. The lapping carrier of claim 18, wherein bonding is carried out by brazing.
20. The lapping carrier of claim 19, wherein the carrier further includes a braze.

21. The lapping carrier of claim 1, wherein the ceramic has a resistivity within a range

of about 10° to 10'! Ohm-cm.



17. The lapping carrier of claim 16, wherein the subconponents are heat
treated and densified prior to bonding. 18. The lapping carrier of claim
17, wher ewo oshgiapvabl e el ements are bonded to a nain boegTases/iom 19.
The | apping carrier of claim 18, wherein bonding is carried out by brazing.
20. The lapping carrier of claim19, wherein the carrier further includes a
braze. 21. The lapping carrier of claim1, wherein the ceramc has a

resi stivity2%i Teileppangrearvise of daimalotrbergin3aif gesisyivity EAHEIresigvt8/ 089192

PCT/ US03/ 11942 -33 22. The lapping carrier of claim?2l, wherein said
resistivity_js vql une resi s}i Vi t%l. h23.. The | ae.pi n arrier. of claim 21,
wher ei n sai & B '@RRAING @yfier oF dajpy 2o Whergiisaifirqsishyity 15 qurlapg LesiSyity. ng ' carri er of
claim21 wherein the resistivity is within a range of about 104 to 1010
OChmcm 25.,The, | ing carrier. clai.m 24, wherein.the resistivity is
Wihin o rate s PREBA P AE0E Fim o bRHI R oM M R o
claim1, wheg‘abno'f bdmeen.ani ¢ conprises zirconia. 27. The | apping carrier of
cl aim 26, wherein the zirconia conprises tetragonal -phase zirconia. 28.
The | apping carrier of claim27, wherein the zirconia is stabilized with a
st abi | i zi ng25.cdhgplpging carfiér. of Theem|2dppherginabe resistivigfis elithinm 28ge offwboei N t he
stabili zi ngl(?%rp nr;t]_c%orrpri ses yttria. 30. The lapping carrier of claim
26, wherein thé ceframc further conprises a resistivity nodifier. 31. The
| appi ng carrier of claim30, wherein the resistivity nodifier conprises
about 5 to i C I I : : | appi ng carrier
of claim3 %éorvx%g%%pﬁﬁﬁawgr Fgglaglt 1|t\%htg g/eﬁ%cgjﬁr%rﬁ@@%)@pg%?gg%@% from the group
consi sting of oxides, carbides, nitrides, oxycarbides, oxynitrides,

oxycar boni t by dgge 1pPitg CHMRE HELIAiIRNSS, tWHRFeRPthe zirconia comprises tetragonal-phase

zirconia.

28. The lapping carrier of claim 27, wherein the zirconia is stabilized with a stabilizing

component.

29. The lapping carrier of claim 28, wherein the stabilizing component comprises

yttria.

30. The lapping carrier of claim 26, wherein the ceramic further comprises a resistivity

modifier.

31. The lapping carrier of claim 30, wherein the resistivity modifier comprises about 5

to 60 vol % with respect to the zirconia.

32. The lapping carrier of claim 31, wherein the resistivity modifier is selected from
the group consisting of oxides, carbides, nitrides, oxycarbides, oxynitrides,

oxycarbonitrides, and combinations thereof.

33. The lapping carrier of claim 32, wherein the resistivity modifier is selected from

the group consisting of Sn0O;, ZnO, LaMnO3, LaCrO; and ZrC



33. The lapping carrier of claim32, wherein the resistivity nodifier is
selected from the group consisting of Sn02, ZnO LaWw03i LaCr3, and ZrC
WO 03/ 08M0230MH1JS03/ 11942 -34 34. The | apping carrier etCTalsas/m9ly
wherein the ceramic has a flexural strength of at |east 500 MPa according
to a 4-point bending test. 35. The |ap¥fing carrier of claim34, wherein the
flexural strength is at |least 700 MPa. . 36. The | apping carrier of claim
34, wherei n%-hghff [agRifg SRrrist plefiginl.j vehergin fhs£eranie pasypplexurad strengifpof aippi ng
carrier of glaisp MPa‘ﬁ'&%Fcﬁﬁg‘totahﬁp&ﬁrb@ﬁGiﬁg fas a vol tage decay tine of less
than 500 ns. 38. The lapping carrier of claim1, wherein the | apping
carrier has a surface roughness Ra of |ess than about 3000 A 39. The

| appi ng car 8§ .eTheQdpp@lgafiict of MBI R Whérbia 1R MRafl sRuphiing & f0a0gpahas a
flatness of |ess than about 10 m 40. The | apping carrier of claim1,
wherein the planar nounting surface has a flatness of |ess than about 2 m
41. The | appé.nThedappirgatarret ofdlam@4] whavbiatied fiexaragsupngtti endsasi8O0 Wean novabl e
el enents, each gap having a width of not greater than about 200 m 42. A
met hod for | apping a row of magneto-resistive elenments, conprising nounting
a row of a Bhgilkt bppiegicarieyef dhianbntlsrdiothe derappé hap © weltage decay ienel ppi ng
carrier corr[%rsit%nn%oplsural ity of novable el enents, the novable el enents
term nating 3t "4 ouler surface to forma general |y planar nounting
surface for a row of magneto-resistive elenments, wherein the |apping
carrier co [ - ~ [ : : ing an

el ect rosta’?? % 3‘?’?3 ér%@%@é?@@ﬂ’v@eﬁ%‘? g?il%??&?ﬁgle%%%uﬁﬂa%ﬁg?@an a'? | east
one novabl eRepglgssrthanfabputt39P@d. magnet o-resi stive el ements so at to provide
at least a 1:3 ratio of novable el enents: magneto-resisitive elenents; and

machining the row to remgve material fromthe row W 03/089192
PCT/ US03/ 119%2The lapping carrier of claim 1, wherein the planar mounting surface has a flatness

of less than about 10 pm.

40. The lapping carrier of claim 1, wherein the planar mounting surface has a flatness

of less than about 2 pm.

41. The lapping carrier of claim 1, wherein a gap extends between movable elements,

each gap having a width of not greater than about 200 um.

42, A method for lapping a row of magneto-resistive elements, comprising

mounting a row of a magneto-resistive elements to a lapping carrier, the lapping
carrier comprising plurality of movable elements, the movable elements
terminating at an outer surface to form a generally planar mounting
surface for a row of magneto-resistive elements, wherein the lapping
carrier comprises a ceramic material, the ceramic material comprising an
electrostatic discharge dissipative material, and wherein there is at least
one movable element for three magneto-resistive elements so at to
provide at least a 1:3 ratio of movable elements:magneto-resisitive
elements; and

machining the row to remove material from the row.



-35 43. The nethod of claim42, wherein the ratio is at least 1:2. 44. The
nmet hod of claim42, wherein the ratio is at least 1:1. 45. The nethod of
claim42,watengiim the ratio is 1:1. 46. The method of cl aiPerA®p3/iwet her
conprising biasing the novable elenents to adjust a position of portions
of the row during the |apping process*347 The net hod of cl aim46, wherein
bi asi ng of the novable elenents is carrjed ut response to a signal
fromat |eatt Hﬁémr%r?éfb”?éélvgﬂ%thépé‘ﬁéﬁt nltgl ned in the row 48. The
met hod of claim47, wherein the signal is a resistance or magnetoresi stance
val ue from net o sjstiye ele nt of. the ro 49. The nethod of claim
42, wher ei n‘% m@%r%‘?}]éoéilg L? NPSTelt e UQdL Y 165 lebier gi zi ng at | east one

transducer. 50. The method of claim49, wherein the at |east one transducer
conpri ses s pILhee ezho% la?m ) TR 4 thg’?'atioT{‘ﬁl.WEt hod of claim49, wherein the
at | east one'trans er conprises a magnetic elenment. 52. The method of
claim42, wherein the ceramc has a resistivity wwthin a range of about

103 to 1011 @m&mm&%mmﬁwﬁtﬁw cmlpr%k@g'msﬂf%,mMGvra%leruémtsrte% L§ adhered

directly to the lapping carrier. he nmet hod of cl aim 53, wHerei n t he
row is adhe@ywﬂum(ﬁh@ﬁpmvﬁﬂwgowaWﬂn&ﬂwbwpmgp&&ﬁ§5|ve material. WO 03/089192
PCT/ US03/ 11942 -36 55. Iapping carrier assenbly, conprising a | apping
carrier for nachlnlng row of magneto-resistive el enents, nprising a

plurality of7 nbieaBetBodeiciaim’s, Whaien Bisyias PEthe mavahe §le¥1%?t?ﬁsrféfrleﬁ@“b‘€1 an

outer surfaggdne foAlsPndl ARG 1Es! dhcRhAAAEAD-rERUDE £1BGerd YEHREEI fn@he Rw OW Of
magneto-resi stive el ements, wherein the lapping carrier conprises a

ceramic material, the ceramic material conprising an electrostatic
di scharge digsiTRatieded FRLRM: A, WisvdinthetsigRNSid Msighn@ dr eRphetBRYst@ice

value from a magneto-resistive element of the row.

49. The method of claim 42, wherein the movable elements are biased by energizing at

least one transducer.

50. The method of claim 49, wherein the at least one transducer comprises a

piezoelectric element.

51. The method of claim 49, wherein the at least one transducer comprises a magnetic

element.

52. The method of claim 42, wherein the ceramic has a resistivity within a range of

about 10 to 10'' Ohm-cm.
53. The method of claim 42, wherein the row is adhered directly to the lapping carrier.

54. The method of claim 53, wherein the row is adhered to the lapping carrier by a

adhesive material.



t heoretical density; an actuator assenbly including a plurality of
transducers for biasing a plurality of respective novable el enents. 56.
The | appiwQ ocasqiper assenbly of claimb55, wherein the tramsuses/si9ennpri se
voice coils. 57. The lapping carrier assenbly of claim56, wherein the
transducers conprise piezoelectric el¥rrents. 58. The | appi ng carrier
assenbly of claimb55, wherein the transducers conprise nagnetic el enents.
59. The | apping carrier assenbly of claimb55, wherein the transducers are
provi ded ins53a A lappingairrier abdnlibly,ltempiisiahl e el ements, such that a single
uni que transduceH I S assoc%atedh.mdth a ingl? nvvgbl? el?nent for
i ndi vi dual head acamlq%cia}‘ner Oor machining a row 01 magneto-resistive elements, comprising

a plurality of movable elements, the movable elements terminating at an

outer surface to form a generally planar mounting surface for a row of

magneto-resistive elements, wherein the lapping carrier comprises a

ceramic material, the ceramic material comprising an electrostatic

discharge dissipative material having a density of a least 95% of

theoretical density;

an actuator assembly including a plurality of transducers for biasing a plurality

of respective movable elements.

56. The lapping carrier assembly of claim 55, wherein the transducers comprise voice

coils.

57. The lapping carrier assembly of claim 56, wherein the transducers comprise

piezoelectric elements.

58. The lapping carrier assembly of claim 55, wherein the transducers comprise

magnetic elements.

59. The lapping carrier assembly of claim 55, wherein the transducers are provided in a
1:1 ratio with the movable elements, such that a single unique transducer is associated

with a single movable element for individual head control.



