'OCT 2006 LAPPI NG CARRI'ER FOR USE 1 N FABRI CATI NG SLI'DERS [01] The.present
application is related to and incorporates by reference the subject matter-
of patent application serial no. 09/988,894, filed Novenber 191 g[qoeﬂﬁ
entitled "ESD Dissipative Ceram cs". -I§ACKGRQJND Field of the 1 nvention
[02] The present invention relates generally to | apping carriers, also known
as rowtools or row bending tools, for |apping rows of magneto-resistive

el enents. In partl ew | appi ng
carrier and et hod ffw%mﬂw%?w&%ﬁ@mﬁ%m
Description of the Related Art [03] Magneto-resi stlve (MR) el enents,

typi cal | i n S
R e g S T

ceram c vvaf erpatlem aplchtms wrislubst 0HPES, 89&nﬁle&i Nbvmmbler tl9, @001deptidddt IEBD
Iithographic ﬁt (?ng steps are carried out to forma generally
repetitive a 2 & ements. As wafer processing is conpl eted,
typically the vvafer is sliced, such that the array of elenents is cut into

a plurality of |ongitudinal stri ps%%i ning a plurality of M

el enents. The units which house th te. heads, al so known as
sliders or flying heads, are then further processed prior to dicing into
i ndi vi dual units. [04] As the denEieidpfghelnyention; o storage nedia has

increased by orders of magnitude over the years, the distance from which
such hedB2] ar&e pfepenginventiom relates rgalgemdbﬂ te lmmgagmmdlsa kneir aswgwr teald/onr i t e

operations h her u ego sary to
tightly cont?ayggrﬁlﬂlgs ‘%a@élag% h%@ggfn@%ﬁ?oogermm?selm?s tsb ﬁl% ({}E tﬁgnce from
whi ch t he NMRpeb@urgmtestiar mlaatmmeai napalappifig oarrith ends tnethad dommiagpiag réwsof di ngl y,
it has becone co nventl on ractice to lap or machine the surfaces of the
MR el ements B °Eﬁ§'(§ gﬁ%ur bearing surfaces or top surfaces of the
sliders, so as to preC|ser control surface contour, flatness, roughness,
and critical spacing paranet erBeschipgioicef thy Relapel Agur f aces that are created
by slicing the MR elenents into rows (i.e., the newy forned

03] Mégﬁetof;;gsistive (MR) elements, typically in the form of read/write heads are

pmduced— 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 etchfng 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 newiy formed



1B OCT 1006 -2 surfaces that extend perpendi-cul ar-to the top-and bottom
surfaces of the wafer), are those surfaces which are preci sel‘ygcgrgptzﬁ 'l ed
by lapping. [05] U S. Patent 6,093,083, details a state of the art process
and associated tools used in connection with | apping rows of MR el ements.
As is understood in the art, typi caIIy_aET_ row is bonded to a row carrier,
which in turn is affixed to a rowtool. The row carrier is typically a

metal or cer i i Ch: r j r S rrler
assenbly is mneﬁgﬁ%g’(&é@oﬂ%%&rc %lgv[eit;oo@}y_tbpsrﬁlgp?%q% ?)%f}i%?ss co%n(‘%?,M gfétjhzearr so as to
have a pl ur &los¢ surfatesiwidéhvarelpratibely emiitrod¢diyl leppimgrabl e el enents (e.g., such as
inthe formof fingers) that adjust the relative height or depth of

i nd! vi dl{ﬂ% pﬂé.!ﬁ%t 8,f09§ B§3, M1 E%ta?esof ﬁlg a&pﬁr.l){lgsszgndt gg@ c(il'ﬁgcf E)%lso%ﬁé ap ping
during t | appi ng process’to achieve a desiTe Fesistance In row
(strip) and témecteasvith Bfging koSs dPMR alem6ntR 74 s H2dhdelistood asths as) tgpicaltysd at i C

di scharge di ssi pati conmponents used in . various applications, i.ncluding
magnet o- r esi &1 @g’oﬂ%'%do ﬁﬁ%?aéﬂ?ru}”gl. ﬁﬁb%v& Fg{xsﬁw ro@&%oﬁbﬁf@’ tHaU¥ heen
found to lac ?pwani QIMAAHICH definfd platel toaVhists e bR 43 bdldeli.e Tht 3b®/r& chipRr art
processes and associ ated tools are believed to be effective, a need

“continues t o2¥KMEY 1§ Hep hendedito her ropigploy e rowcRRl 7 Gerfigard 08112 hsra car ryi ng
out | appi ng PHIE 1iP OB irﬁfiviﬁﬁllgllag tﬁBl%-m@JWnex{té)ge}%ﬁﬁfcﬁrﬂ'iﬂgthé 9%;‘31‘8 0¥0r

enbodi nent o € present | lon, a lapping c ler is provi

machi ni ng a fiogerefthatadiusittbe redative height qrMR)thelf éndiidw! partiens efghs royv, saes i er,

i ncludes a i 0 \ e el e t . rogpnate at a t surface
to forma geﬁdepéﬁu%é ¥Ibel ée '&% %atg%ﬁ?lp%éﬂgﬁé ?%fc{elsélgé %{ 8psr E(())V\f11 c%’fevﬁ/% gﬁ%gn%nt s. The
| appi ng car r resistahe: ig MR raw (sytip) bad flsesaf a ceramic material having

el ectrostatic discharge (ESD) dissipative properties and high density. [09]

Furt her ,,acc i her . enbqdi nent of .the present invention,.a nethod
for 1 apifing Ui Patal £2 PRSHIRo RRCAEBERN: fartf RERREY compbSei e i\ "ohr o
a row of MR vaicseppliaticns"idRdRg hagnefaediappibegd aanifh@irededewdegduaibove, and
the rowis then
W components have been found to lack performance in practical use.
[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.



machi ned to renove material therefrom ‘18 OCT 2006 -3 101 Another L
enbodi nent of the invention calls for a lapping carrier assegﬁlﬁ£ b cl udi ng
a |apping carrier for nmachining a row of magneto-resistive @ g , the

| apping carrier including a plurality of novable el enents, the novable
elements termnating at an outer surfage to forma generally planar
nmounti ng surface for a row of nagneto- resistive elenents. The | apping
carrier 10p Qoiv@efbmPodiREnted tif inderi6h @ﬁﬂsqoﬁﬁﬂa@f)in’gbarrﬁﬁﬂs&ﬂblzj meldiaghat i C

di scharge (ESD) dissipative_ properties and high density. The_ |apping
carrier assdafRPRg qmier figy machininge ow af magnsio-tspistiveccdemanys, thedpRIBEGATRETpl ural i ty

of transdu Q%lﬁiﬁg %ﬁ%t&%&%ﬁblen&érﬁérﬁ# qhe ARVAN %1eﬂleﬁ@qgﬁ1§n§igk Bf an

DESCRI PTION OF T The present invention may be bétter

under st ood, cated sittfacentonform us gerisfadlyt panaf eequnting surfaed fondviamt efymegnetde

apparent to th kil]ledn,the art.hy r i t he np. .19

dr awi ngs. [féﬁl&%?éﬁnfn*sl I Eisl rl?P es %nbegrlf iggﬁe%%l?}n gdrﬁlg%r?ztao?‘%g@]ics {;%réﬂ( MR) row,
sliced fromhaviagrekmirostativadiecharge LESDy|dBsipativd propemias asd dighogensity. et | ve vi ew
of a lapping carrier accordi tqQ an, enbodinent af th resent ..j nvention.
V141 FO 3 pmpigaie aemoby e uditen AR ACHH BN T Big HOELBrLor

i 1lustrated tafRsdubdes adhpted k@kiginiRIRLIGHoRBR e®imehtie movabl e el ements. (15] FIG
4 illustrates a general sketch of an equi prment |ayout utilizing a

pi ezoel ectric actuator. [16] The use of the sane reference synbols in

di fferent draw ngs indi GRIEF BESCREFTION OFCEHE DRAWINGSs. DESCRI PTI ON OF THE
PREFERRED EMBODI MENT(S) 171 According to a feature of the present

i nventi gy %'eifb@ér?%v%ﬁ‘ﬁqni Hly BRI 0b @ and ﬁ%ﬁ&ﬁérhﬁ%bﬁ&&?fe&ﬂm@)‘ an@ " OW Of
magneto-resistive (MR) e en@%ts are provided. FIG 1 1flustrates an exanple
‘of a row 1 cflvivRged magmapparent to those skilled in the art by referencing the accompanying

drawings.

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

L

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 piezoeiectric

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 OCT 2006 4 [18] As shown, FIG 1 illustrates a portion of a-row 1 of MR

el ements that have been sliced froma ceranic wafer after wafldiJflatygi cati on
st eps have been conpleted. The row 1 includes several different portions,
including MR slider portions 2, which eventually form M sliders such as
disk drive sliders after execution of agditional processing steps. The MR
slider portions 2 are offset fromeach other by kerf regions 3, which
regions[m)e A@Bﬂb%dFm”thtrﬁtthER gnep@foaaleﬂmb&&%@s Bkt 1fa{4 BdensBRRRI NQ. The
kerf regions 3 may he free of el ements, or contain MR el ectri cal

| appi ng gui dEem? ceragaic Siniterrwafenfeberation ISFCE%.haVIeF;mB‘F aempjeiedie Theresw be
utilized durin@ﬂdés%vérﬂgﬂff%nt s anlﬂdlﬂé N shi@er PoftidRd 2, Wi CHQW: Iyt he

| appi ng progress real -tine during proces AternatlveT & R

el ectri cal I@pleB sligers duch washslb@ndeplmbm ﬁtbrlememqm 06taﬂ<bnwa$@rocmgy ar ea on
the MR slide £ hus _enaBbl i n er

before | appi %19"[g uspgrlﬁrr?émfons areﬁfl% eefac 8hter g’ﬁ?(ergge °en\§§r aﬁ“c |fferent
MR el enent s agmns hiwtetmeédedundgna didings opseeagﬁ)nd beﬁo‘r‘e 1S afiert legbifidiatThe terft er m ~ MR

el enment (s)' is. us a_generic sense indi.cate diff rent types
of MR el erren‘te§1°85r§ ﬁﬁg‘ﬁw MBS RRMY F%&‘%&R ﬂeCtB%ﬂ? S%PE’EH%&P ®the MR

el enents Mayag ﬂfbwdeTﬁé?hﬁ@%&erﬁaﬁlaFﬁﬁngﬁlcﬂes RSy’ BAG Nt @iriYR thd1 @R ?ﬁl such as
wite head 4 as illustrated. For arit it i's understood that the top

surface 6 of OREFASIOR FiPT t§ ditieg, t H}Oﬂé@éhmpﬁlﬁg PEOSresh prakiting dprieg Pragessingt age

processing s n f f i dual MR
sliders. Add{\ﬁﬁgﬁgle@dglte 24? %Cwa élngtglﬁfg%séﬁﬁggk %%%%%R%%n%e%%g% éuch as
el ectri cal c@mt‘a@teapmrthtr Miésll@r @onmns shsvemablingrthei nsediétdiing, is ipatforared wel |
under st ood bgeﬁg 9S8; of ordinary skill in the art. [20] Turning to FIG 2, a
top view of an EbBarment of the present |lapping carrier is illustrated.

The |l apping carrier 10 has a generally el ongate shape and has an axis Y (for
frame of19 ef"émre’mgec) theiMR tshdes poei®es 3, devergli difictemaVR akanentsTheillustmdédadncar ri er

10,0105 s B 8t b AR B B s B bt BRI 67 o
connect ed t oindicte )@fﬂerém I’typ@noﬂMR)feleh‘i@ﬁts aJréilﬂMn@afoﬁh@ lin MR \slider§.] eur e
regions 18. partlcu?ar the elemné?l\t/sar?lla}? uf'\clll?drml\%{ s]égsolrss 5, as well as read/write MR

heads, such as write head 4 as illustrated. For clarity, it is understood that the top

surface 6 of the row is that surface which is lapped during later stage processing steps,

and which 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] Tuming 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 genefally 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 .



connected to the fixed portion 16 of the lapping carrier 10 through.its

‘devoted or unique flexure region 18. The novable el enents 12 g r@)m—nqj

forma generally planar elongate surface 19, to which the row 1

el enments is nounted for |apping. The - generally planar elongate surface 19
Is a nounting surface, and generally degl nes an 18CCT2006 -5 active |apping
side of the lapping carrier 10. Each of "the novabl e el enents 12 can be

noved by a [ e I pl ane of
the nounti ?&ﬁi"u{a&aﬁ%“@g"ﬁhg h{ﬁ@ﬁ% eeg?dlslnfj‘%!l%lréef %e@gfﬁ%e%% e %a\%lv%%Accor di ng
to a featurenowf tyhe béaxbfodéeninng dédactium g&meﬁllﬁpeﬂ)entﬂlhlﬁaMI%I pia:el efrgiet s are

i ndependent | vabl | t hou t her rrent ma ve hle el enents
t hat IOare gro Iﬁ % 8Y g’tcﬁé as g‘%?fgmmer?s"@ﬁg?@m&s Gco’%r‘ﬂ? tofaI BWportion'

(al so, st atdf@lﬂbadfn)boﬂﬁxﬁdnt gmr,w)n iAFEG.I % it hov@ble dldihdﬂnﬁs&fré degeh@intly hpvagiepect i ve
portions no or translate with respect to each other. Here, the fi xed
portion is gaitﬁ%‘Igél qt@ﬂffqmbeelmqemam%bﬁienrgo‘fqbia glpraentt that arergrouneditpgetissi t i on,

and the nmovaiHeQerRRM b iblCOtimaS asl Hxed B&thP\@l% est%&ﬁi%‘frﬁo%ndn% drbRlavdli ch is

bi ased. 211 In the enbodi'nent illustrated 2, “the novabl e el’ements
are spaced dpdieating rtbahth@mnec@vmmbys goie Ommatlﬂlf}w avithf resmret i efch ogfer.t he
slider of t r % .Sl . S l. yan ker f

regi on w dt [}I‘?eg%?/%y? %’l‘f"l Ii/o ensl{sg F rgg’ ﬁ nﬁbq%é@ #or egnaglﬁnégﬁspaglﬁ)ogl%n
typically nmémeenbuahleqaemoercor@fmssedmf the noesttleclemerss Bithapmbichuytzibded. el enment to
the centerline of an adjacent novabl e el enent), although different on-center
spaci ng-,qpy specifie pa I onstant .t hr h the
array of2 qu)Igg% g dérpr%nntﬂéusprﬁ’teé i %I% y’ thﬁe %Vﬁgfél%rllegﬂﬁng Br PN Ced(% aép 91(1)1f about
0.4 mmto al:eaclt otﬁer mom'Ehnﬂuglhdﬁcﬂieemdemmdsmgzrbhtheugh (1 I6enhifeed 5@%6r t i on 16
are used to xthe ler in f|xt efor I I n erations.
[22] Turni ng“fl?f Bl an3all°§‘Pag?eog(§ f‘IgEﬂIIaI”‘c@I éW‘B yt fss Iﬂ%?ﬁa(?%@m arrffer 10 is
provi ded. Asoregaﬁg\@pacﬂig\fﬁigb@al@} fieRRted ba-defiteE GIRE b %em&mné BEorel i@ApROr ti on 16
of the lapping carrier t hr oug}{; a flexure reql ons .. A magnetic- el enent

42 is provi dianenbiodhe espterlingf eraiacest mowdlsdemey ba@@&hﬁtf&rm ORLHG a
direction 24,04if) 1AG vordpeQhial.! Qe SPAME IsNgenerally constant through the array of

movable elements. Typically the spacing is on the order of about 0.4 mm to about 2

mm. Through-holes extending through the fixed portion 16 are used to affix the

lapping carrier in a fixture for lapping operations.

[22) Tuming 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



Fig. 3, a vertical direction). The flexure region is forned by provision of
an el ongate notch 22 (and opposing notch) ‘extendi ng al ong the | oridi 800 di0fRAl
axial direction of the lapping carrier 10 (direction Yin Fig. 2). [23] The
| apping carrier assenbly is conbined with an actuator assenbly or structure.
As illustrated, the row 1 of MR elenents is nmounted to the nounting surface
19 forned by the term nating ends of the novable el enents 12. The actuator

structure Ortn? oAl digh 1£rf21rﬂ?é%§§fﬂcﬁfov gﬁgﬁlkrﬁl LEHROL irfthe AL AIARPOS! NY

el ectromagne nent posi t1one configured to precisely nove
nmovabl e el enefithe MV&I@dgmmts (thx vertical dircaﬁpn iaE)BhOVdBnCngd)ﬁlyrdSbmlSdeﬂlﬁd line
24. The el ec A l enent 6 006 6_1np

el ectrical géngﬁ% aﬁ% r|a(a(§tlsvéesan ?lve Ces eﬁ%nn%‘ fgj%m?ﬁ?\?téc ?lﬁmfrﬁ 4l(BaX| al

direction oindtthe andmagetic eleeimmzs Wthhe aweretttcﬁﬁdgndlcraahmran@s nigaste in Fig.
3) in response to that signal, du to agtraftlve and H}é ive forces
Ay e 'E? t P

bet ween t he SFBEL{GEwgPETHTeR| ‘B?@ﬁ 2pouse et 2-higt YBFett 42.

Whil e an el egins@BEmedyl also e QBRI incRidfhg 313REMEhhfical @leBIFRE kudhs Foice BoiRET MaNENt
magnet) are used to effect a biasing force, other tg pes of transducers may

al so be usedor pl%fﬂkﬁeﬁlﬁgleaee@t Which ehalie eErise MmoNeRens based ondnmibiclstrisdi | s or
pi ezoel ectri gqoBi e”ﬁf}é ﬁotea""a{a? @hﬂ@%ﬂhﬁa S V\Eﬁ'a@ﬁa%ﬁ%ﬁ}eg isP@SRA iR RIGNPUL

el ectrical srgnals. I's noted a single actuating
structure i sg@h@umadwotad@ctuztmg srupisreas pypvidedifoy eachdndividuad miavegbls tlementur e i s
provided for;gach individual nmovable element 12. [24] Wile a particul ar
actuator structure has been described above, it is noted that the actuator

structure may be configured in different ways, provided that it effectively
bi ases {2 nPhiblacpagticaine mtwmatofstructurarips cb;:enadnsadhedaetbbvg it Gdnotedy thae the

i ncor por at ed ni cal engage, th vabl e el enent bi ased
by a t ransdu® atoés ‘If}grgclpﬂbgg Cglg%}‘ge%t We&gp%mow%s Qovl&% tﬁ%\fﬁ% tg‘gbvle%me nts.
[ 251 By vi rthi&eoihetlh@vable@léjﬁ@tsf egdrarsmplopdn sumtiagtrod mdy be thaipomuﬁdal e
elements 12 to . the fixed

portion 16 of the | rier t he novabl e
el enent s noVBSShANIEl; preags the “H’ivglgﬁt‘il%'i‘lf’nfsn W@ﬁ&gg‘s@?%& ao.tfag% HEFT B ce
appl i ed t hr oagtitRg hbsve itigebS hidd il WeBmoiabR eltinfisNg

[25] By virtue of the flexure regions that connect individual movable elements 12 to the
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 Tr . 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%. Howeuver, 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 Tr as



or actuating force being generated by virtue of signals sent to the . Pl
actuating structure, and in particular, to the electronagnetic1§m8ﬁ9m% 40.
Here, the flexure regions are made so as to be flexible and allow slight
axi al novenents of the novable elenents 12. In the enbodi mrent shown in FIG
3, flexibility is provided by making the flexure regions 18 to have a
relatively mninmal thickness. In this regard, fixed portion 16 of the

| appi ng car nirgs as?]&)s&iﬁle.s hgr)ﬁgglgfﬁ?ttﬁ@r\éﬁo f mn’rpgﬂﬁlat {dAsKNeRcte icaPlal Radt he

flexure region has a redu hi ckness T The relative choices of TN and
TR are det er*fl Aedipis{erabipat leasivl @il ndm encopasticubyy embedianeat. Tabis en thsoxdertof mat er i al

limtations gang hil | appi ng operation. For exanple, if the
row width is equrjlg?(’ ltégpl\fﬁghit%ﬁoé?{gog %én'pi co slider (1.2m), and the

allowabl e Iength for the flexure is 12nmor nore, then TN=TR=1.2nm m ght be
a possi Bble dheirew I i5rtypiaelbr flitcdly iiondedatot F enevable elements 3. nJhist may ba %%

However, if C]é.lji]igd Blllt%?.qﬁt% ioﬁné_%%;k‘igl ?&qintﬂﬁesﬁ\%\%e- eemtlﬂﬁerﬁou ttlgg 0, € 1§ri ght
choose a larger ratio For Y Eorceram ¢ marerial s it Ts generally
desi rabl e t of tlevmoVdRleaslefnedts OZTand0B6 row 71. | EogexaplyowsinraallyTyyilelde | y, t he
ratio of TN. ;TR is at least 2:1, nore typically at least  4:1 an
preferably ﬁflheflé'ﬁst?pelﬁl%%el ’ﬁtﬁgﬁ% t?)aﬁdﬁ‘7r8L}F%Iro‘%nlb&jiﬂ??eﬁ‘to,vabﬁ?e}eg’ef}'ﬁ &he or der
of 0.3 mMm Typicals, TR combibd IaPﬁnQE:dﬂér 1f and r6WN] aZbHeattld@o fe@iWetaturSsd &b cal |y
directly bonded to the novable elenents 12. This may be carried out by
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adhesive tapé nay be utilized to adhére the row 1 to the novable el enents

12. Typi calldmperafiye teeaimisnh el ab dp pinsige darmatier of @ berdlitgoleyer af 8 uséarmed to
tenperatureysg.as to re-flow the epoxy tape, followed by subsequent cooling
to effect a uniformbonding layer. In this regard, the row 1 may be

wei ghted or | oaded during the elevated tenperature treatnent so as to
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ef fects novenen y gene i ng grretic trelds that are repulsive or
attracti ve pemtahent magnet, through signals that are processed from the row of MR elements. In
particular, the MR electrical lapping guides provided in the kerf regions of the row are
typically 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.
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an el ongate f@ﬂnmgtmp@al(egqg@@@@@ﬁﬁwwa)- dbpdapingatardergnaabe madp fremalbout 2,

such as 4 O%g&{lﬁﬁé ekt é&gedb&da&ﬁghg? Pfogk Jog'c%g%lgce%ngé{lﬁlg@gégﬂggdr % Qbrel 1 xed

portion of t appging carrier via tlexur re di sposed
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opposite endlfﬁ of .t he novabl.e el nts termnate .t farma al,ly pl anar
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a central horizontal extension of the “E,” or of a “D.” In this regard, the movable

elements generally form the vertical side of the “E” or the “D.” As implied by these

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 feedt;ack 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.



monol i thic, heat treated and densified bl ock of ceréﬁrﬁwéwr'rﬁt?eri al. (described .
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example of which is a Sn braze with added active components to aid in adhesion such
as Agand Ti. In this case, typically, Sn is the majority component, and forms at least
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" Ohrh—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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for ESD-dissipati on applications. In certain enbodinents, the density of the
ceranic is sintering and/or HIPing) is designed to raise or lower the resistance such that the

volume resistivity shifts (moves higher or lower) into the range 10°10° chm-cm. This

secondary heat treatment may be carried out with predetermined oxygen partial

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 K1c 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.



greater than 99.5% of the theoretical density. Such ceram cs have a .vol une
resistivity in the range of 105-1010 ohmcm and -al so have high strength'
(i.e., greater than 500 MPa in the four point bending test; q%lﬁﬁs

ot herwi se indicated here, flexural strength is neasured by the |nt
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a "li ght " co ceram c.. One enbodinent contains ZnO and up_.to about 10%
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wor ks wel | {QqpE@dyce a "dark” colored ceramc. 16 QCT T1Jt6 -11 371 The
ceramc material may contain SnQ2, preferably in range 20-80% (vol % of

initial
40] Zirconia is generally insulative (Rv = 10" Ohm-cm) at room temperature, but may be

made more conductive by dispersing conductive particles to form electrodischarge
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;0s, etc. For example, 3 - 15
mol.% iron oxide can be doped to ytiria-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;Os 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.



reagents). Qther enbodi nents may contain ZrC or bar| um hexaf erri te in the
range 15- 35 vol % The ceramic may have an MOR retention of nore than 50%
after heat treatnment in water at 200-250C under equilibrium ﬂ%oﬁﬂg%ﬂh
pressure. 381 According to another enbodinment, there is provi

particul ate conposite based on Y-TZP (pttria partially stabilized
tetragonal zirconia polycrystals) product 15 - 40 % ZnO or 15 - 60 %
doped- Sn{)3 fBamlcbﬂdﬁktl&%e%&&c&@cmeﬁﬁh&@am We6d &"s%ﬁ&mt-yr diRF WBtailor! | ght
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el ectrodi scharge nachi nabl e (or EDMabl e) corrposi ti ons. Typically,
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resistivity efiatiiityconi a, such as transition netal oxides, Fe203, Co2C3,
Ni O Cr203, etc. df r example, 3 - 15 ol % iron oxide can be doped to
yttria-stabilizedC¥rUMWi cs to provide an electrical resistivity of -105
OChm cm at 250C, m%@gucl@ MB6n that some oxide additives alter the
transformability deteriorating the fracture toughness. Transition
metal oxi des actTlJaébl@ESBrPéﬂwﬂieﬁ zirconia, formng characteristic dark
colors, and may ernochem cal redox reactions during the

hi gh terrperatureqﬁggg%@ggghﬁﬁﬁnw sintering and H Ping. For mstancg Fe2(3
in zirconi a underRpeel magnkte propdreesi cal  reduction during HIPing in inert
gas, such as Ar, resulting in the formation of pores or cracki ng from gas
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el enent and dipecing ZkO| graihsiimi¥-TZR . mdtSx. Cﬂ’lﬁrmenﬁiOped 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,

LaCrQs, ZrC and BaFe 2019 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,0s3,
AlOs, ZrC and SiC have very low molar magnetic susceptibility of less than 10"
ml/mol. On the other hand, Fe,O; and BaFe;;0;9 exhibit high molar magnetic
susceptibility of greater than 10> ml/mol. Some materials such as LaMnO; and
LaCrOs 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



nodi fier to tailor the resistivity and di ssipation characterl stics. Sone’
resistivity modifier can react with Y-TZP to form new phases! 8 88LI0GNgG i n
i nsul ative properties and/or changing the transformability of Y-TZP. Such
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t he pr e app| carrier magnetic in erence. [461
Finally, t hepamhﬂmb ipe¢labrinagdsrs( &/l fpreaharcyp pore rftes dased lupsreporbisizes N ar e

based upon greater than 0.5 um. As used herein, the terms “pore free” and “substantially pore free”
may also be defined as a relative density greater than 99%, most preferably greater than .

99.5%.

[49] Preferably, the ceramic composition has high flexural strength. Sinter-HIPed TZP
materials with ZnO, SnO,, LaMnQOs, and LaCrOj3 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

-12 421 Both conductive and sem conductive phases can ‘be used as resistivi ty_-



currently avail able comerci al grades of: materials. These: nunbers may be
varied if 18 OCT 2006 - 13 other materials are enployed - e.g:., nhano-size -
particles would result in lower Vol % values, as low as 5 vol %§ 4flgihe
ceram c conposition may also include a small anobunt (e.g., |ess than about 2
w.% of one or nore sintering aids, grgin growth inhibitors, phase
stabilizers, or additives selected fromthe group consisting of CaO MO,

SrO BaO, Al2QRiiviEEdtBifiers Mid ’bggb%d §Etf9_%dditﬂ}e%r pﬁ?jﬁ@ge@%ﬁ@ﬁir@ﬁ%ﬁﬂ&mg and

m Xtures thereof. "The amoun dditives shpu _ not to
al ter desiralfirm gndpaesistigigies. o Whesthedameinp af resistivityemadifiesis greates dhen @ases,
i mted anounis,of, . i S ecd.N ed fro r aw terials
and/ or cont a%ﬂhé Etd%gﬁcﬁtﬁéﬁﬂggd%éﬁgf)f %g%gré%g{e%qgﬂfefﬁﬁq?g%@éarl n%ﬂg,{h t he
ceram ¢ conpoSTEP.OoWlhea tharadmnbdf edndyctivity enddifee islie§sethart habvolt Voo &ttm@nte,

particularly . ijp relative nynbers, c,.ore than 90% por.e free - based upon
pore sizes Spﬁ fefo taﬁﬂ?\"eo'.d’g ﬁ‘?sui%%#edhsﬁ‘@?t&gn?m?ﬁ@ei‘er tab]ﬁo‘iaégqsr%é" and

"subst anti al kegispate nloliigiers gdiemliiplisdudee16166,i nesh,am-40 bl asiRyevdllensiddy greater
than 99% nost_ preferably greater than 99.5% [49] Preferably, the ceramc

conposi ti on H§¥dpraggesithatoyeriap thase ¥HEh. Sinter-H Ped TZP materials with
ZnQO, Sn02, Lawvh@3, and LaCr(G3 are strong, having flexural strength of

1,000, G54, Tﬂ@ave@d%@ drti018 BizMPGE, ceFaBBP G de¥sttodmit 2 e QUphidGatrRr 3G eferfIGi Nt
bendi ng test). [50 he ceram c conposition may have a color |1ighter than
bl ack. As usé&®elisetlannl pimie adhicge arhompgencpynmicregugture apdgatiora ¢legicalei ng
l'ighter than %g%ngg zglﬁ(a%ﬁltedgfssigagti(ﬂrcﬂXratfst&%ﬁ@s. @?e-alg)ggd eRVmAySiQ- mied @ can

al so be neaslr using a colof nmeter for nore quantitative ™ measurenents:
The cerani c eotpiisiat wathsy-F6R tnaillimg mgedEniO obtedn Srsii2d patiplesizei Gnwdersew | i ght
colors, while. ot hers.,.are black or ver 1] Th ran
conposition ﬁlé)&laﬁoé'vae{’vgt I\T/@P?gdléea Hrgagtgy’g{ fnrlrlg“?,tgd&arfe&]gg u’lrnglrlgfm% aéctglpl)%“fefdgbrynance of
ESD di ssi pat dwyingead granglaiorof | ess than 500 ns, nost preferably | ess than
100 nms. It may al so have a low transient current, such as |ess than 100 mA

most pr[gjler %b&%sel lggpsingt pa?r@eré&ay%‘ prepared by molding a mixture of Y-TZP powder and
conductivity modifier powders into any desired shapes by any molding methods such as
dry pressing, slip 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.

[55] 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.

[56] 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



[521 The dense | apping carrier generally conprises TZP as a base conpon
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pl astic jar th Y-TZP milling nedia to obtain desired particle size.

Powder s wereél\f"ﬁixed by a wet mlling in a plastic jar mll with Y-TZP
mlling media, followed by drying and granul ation. [54] A dense | apping
carrier STay bDearptapati@dMbyod®l di ng a m xture of Y-TZP powder and
conductivity nodifier powders into any desired shapes by any nol di ng net hods

such as o dry.pressing, slip .castin t castin L nj.ection | di ng,
extrusi 6 r§fi a]%%sﬁ'%lwaé a@falsﬁrﬁ.g byAﬁheo Wé&?ﬁi‘ﬁppﬁ'ﬁ‘a&‘}t %’g@t’% r#’ ’ﬁh)}er‘ﬁ%eraglg‘ﬁeﬁ‘%i nto the
powder mi Xt wtBodpheriC picssige aolte@lons.Or BHerosthucaing twasl ObseR@adby RPticayr S@AN

machi ning, and to maintain shapes during the densification. O, these

t echni ques, STHITHIENGISCURAAMICFPSERRCE 0B LRoAished; GPSSesertion Shotaenplg, prapazed BY éf err ed

t echni ques fs%ldzirﬁrﬁfﬂiﬂﬁhs% cERFAM o8 KRN mBAME] blyMifiehh WKE PR 04iR6R body is
in a near-net shape. | The nol ded ceram c |apping carrier is debinderized
and si nt er ed™qm Hanter dssagiatas Lealiorafosn dng.y Besson, i e rusingt Hfo9p Rptical gepmptzat er t han

95% T.D., prghera eat ef. R0 i YR Dvas T4 b el | AphRg carri er
can be further delr%gsl?{fa?ggg%y%%oty ?lsostlgt i(c pr)esassi ng i nQi bifhe A
phases of powders and densified ceramics. Young's modulus, shear modulus and

—

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.

ent



inert gas or oxygen bearing inert gas to full density. The thus obtained
sintered or sinter-H Ped ceranmic article may exhibit a vol une reS| stivity
of from1 x 103 to 1 x 1012 GChmcmin anbient tenperature. [56] 8FiCAal0s
processing is carried out by machining the sintered/ heat treated | apping
carrier into its final dinmensions and jgaentours. The novabl e el ements nmade
be provided in an as-nplded form but nore typically, the novable elenents

are forpgaq bm BlricalinpOthy | laﬁplﬁg Barfkr [ thé B8 dlSS;lfﬁtlw hSteSAW %Héertaﬁﬁ BRbBY&: asWhi ch has
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200 m The flatn nou t| ng sur ace my a e preci’se machi ned
accordi ng toskéhbwphTmpwtlvﬁ conipengnt egean rwdxheadapbﬁxe B3Tefissipdtivy matdnielsmount i ng
surface has e&}-g&a S | ess than about 10 m nore preferably not greater
t han about ? aracterl zation Methods: 58] Density was neasured by
the water displacenent nethod with tenperature and atnospheric pressure
corr ect [@hs. Thd foll@xing excimples weessprefps@l foechaagtedpdtiosal and scanni ng el ectron
m croscopes on poI i shed cross-section of sanples prepared by a standard
pol i shi @ Prggs % (?r was neasured by M niscan XE Plus available from
Hunt er éom ates Laboratory, Inc., Reston, VA, using 45/0 optical geonetry
and 7.6 mm aperture. X-ray diffraction (XRD) was used to determ ne

cryst al [63he A@ﬁé‘iéQO@/ﬁelpmwbérﬁsg abmiit dénmiot Vepittriae (64 103 avaylebladtosn Seidtil us,

shear Modu! UsoRNiceERl 3PN ARERB ETARLED YRLEy TR IouBRR iU} Se; con°
nmet hod using u ' aSoM R ransducer s Ahess Vag g& ckers

har dness netimdoﬂtie laoakble ofsorn fZifc Oorpo&&lngif.Axﬂeqml inta fidrexillr @its t¥-8@9t h was

det er m ned od ecified in C 6 -02 2002 x4x50 nm

type- B specﬁﬁ'@ﬁ" 'TﬁgS‘éffW|aEﬁﬂf Pfﬁzﬁﬁ 8y gﬁ"% Ve |at"3 2@%22% mat ed

that this n&%ﬁﬁdl«e@p%bﬁ to':lnﬁlhlﬁg(urﬁie ﬁllfe@ﬁﬁMdeﬁ bvaé gtamuRkRa@Wy 20%ordteryer than

that found using JIS R 1601- 81_{( point flexure test using 30 mﬂsgan)
method to pressable powder. The powder was uniaxially pressed into steel molds at 4

MPa, and then cold isostatically pressed (or “CIPed”) at 207 MPa to form green bodies.

[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

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



Average strength of 5 to 15 bars were.reported. Fracture toughness was :
determ ned by an indentation crack |ength nethod using Vickers indenter -at

| oadi ngs of 10 to 40 Kgf. An indentation crack strength nethbd;mamsal so
used in sonme occasions. [59] Volume and surface resistivities (DC) were
determ ned according to nethods specifipd by the ASTM and others at 10 or
100 V. The surface was ground by a di anond wheel and cleaned in a

ul trasoni ¢ bed mkddys 65 Jdne, esist 'THésEmeE?e’@StHJt@r'im{'@an b@%ré%@re@k@ﬁ%it&de type
1215 silver-1oaded conductive rubber sheet about 0.55 nm thick hade
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(SCGC&P) was mbix@dtyl Funhdreft igvbélfevidinyi thy aﬁiasmurttfsmzifiﬁeﬂcbmla eXbele Bviaiv abl e
from Zinc Corporation of Anerica in a jar with Y-TZP_ m ] |jng nedia.
The surface GBS swzrir&goawdtzﬁégﬁ%wvgh \R%P@leweéhfdsaz’ef kil glissipative
respectivel yﬁes@ﬁ\h@.r to mlling. The mlled powder was granul ated by a

| aboratory nethod to pressabl e powder. The powder was uniaxially pressed
into steel nplds at 40, MPa, and then cold isostatically pressed (or

" Cl Ped" 6%t @@eﬁR%mteéhf?gd?fﬁwg?té@r?nﬁé@il%gher%64l The green bodies were
sintered at 2C/mn to a desired sintering tenperature (1350 - 1500C) for |
hr to agfeveurprisiigdly, SRersidBNS §1YSaalplINeas eftertﬂmmgata?,s@@cﬁéﬂm@q;crﬁw cal
density). The theoretl cal. density was cal cyl ated % a mxi ng rul e based on
vol ume” % of mitrpwer @ﬁg@ﬁ%@éwﬁvﬁ@nﬁ@méadf’ &S pdp -during the

sintering. SMhow the effect of heat treatment (annealing) in air on the res1st1v1ty of HIPed 20
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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[ 65] The resulting densified bodies by si ntqg

sinter-H Ping were neasured for density, Young's nodul us, hardness,
strength, fracture toughness, phase m'ciggostructure, vol ume and surface
resistivities, and ESD di ssi pation (voltage decay) as sunmarized in Tables

1 and 2. 1661 Effect of ZnO content and grain size: [67] Table | summari zes
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H. in air. [|68]] Sanple No(VO!L%) nEethnddisap & d (Temptime) MATEP powtiim-gant ai ni ng 3
mol % yttria[(ASYE P9 anpsSTNUeERRAE+ 1250C, whirchiTs 150Chg
tenperature thhan others, to nminimze the g@grain growth of chiﬁ\ﬁ i
that the vol uge rY@slil(sti VI t30 of tEMl$00§@rrpI e|ts 5 ordprs of négRllt ud
t han Sanmpl e N Ye Sent— —t—hth-cates—therH-he—gra-p—si-ze
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from7 x 10117t g 28YXTZR03 (Ofm cm ¢ Smﬁd:es No: 9 - 14| show t he6é&Ed4ect| of heat
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ZnQ YZ110 corréos thZégd shovﬁ%)g t he i“f é?Pai?. lity of resi

treatment. These vwasults [aort hef gypehceat e 1
ons _t

s not ed
e | ower
of

WA=\ 0
stivity b?fﬁg(bsi npl e heat
b@bciiir T BAROT Necess@ry o

pr epare vari aus | conpaositi cover a broad range of resjstivities for
various ESD {lil&4iYFat{ ve |20 H/1350°C 585°C/SHr | Air 9.0E04
11 } YZ110 H/1350°C 600°C/5Hr 1.7E06
H/1350°C 630°C/5Hr 5.0E06
H/1350°C 680°C/5Hr
H/1350°C 630°C/24Hr
H/1350°C

810°C/2Hr

20 Air

12 | YZ110 20 Air

13 ' YZ110 20 Air 1.3E11

14 120 Air

2% H2/N2

2.5E11
6.0E06

YZ110

15 [ YZ110 20

16 | HSY3.0 20 $/1250°C 2.9E06

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

[73] Transient current and voltage decay time:

[74] 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.



applications. Annealing at different atnospheres (Sanple. No. 15) alse
provide additional nmeans to achieve the tunable resistivity w th this
conmposi tion. [71] An over-anneal ed sample with Rv of 5 x 10118d0Mm8Hh was
anneal ed at 890C for 5 H. in 2% H2/ N2 atnosphere, resulting in a
resistivity of 5 x 106 Ohmcm This resit indicates that the resistivity
control of this material is reversible. Accordingly, it is believed that
the desi[T@d DesiySimieMs fgasard bbeea@ﬁigitﬁa/ﬁﬂtage/o&m@ﬂietcha}@ed pmeetainit&gmizn air,
and/ or annealjng in a contrqlled atnosphere. OCT 2006 18 72 TabI el ID

Zi rconi a typ&issHesqaloresneias adinsHonelHms. rB’ﬁﬂ‘i’?é”rfPr veiage tofall fiogt YOAY teenp. )
(Tenp/ tine) (d&‘mlé me£8 Gk tht o¥didsBopkafief M&Qggrglng% PBa@ V. dnstimeho 20
S/ 1400C - - 7.4E11 3 YZ110 25 S/ 1400 5. 6E10 6YTZP 25 S/ 1400C -
7.6E09 5 2. dmmcsgetylmot:zs ms 2 theedprtess rrmzsurqbl@@ec@' im0 Ghe followirgE0s 7
2.6Y-TZP 35 EO04 8 YZ110 20 H 13500C** - 5.0E03 9 YZI| O 20
H 1350C 56005%@‘&{%%%&’}??‘5 4 10 YZI 10 20 H 1350C 585C/5Hr Air 9.0E04 11
YZI 10 20 H 1350C 600C/ 5Hr Air 1.7E06 12 YZ110 20 H 1350C 630C/ 5Hr Air

5. CE06 [ YPable® 20 HJ1350C 680C/ 5Hr Air 1.3E11l 14 YZ110 20 H 1350C

630C/ 24Hr Aga 5E+t—15 ?g—{) 26—HI% 43a§’<6f§me}1?’£i P 292 N UI¥:)UU tlme HSY3. 0
% . & .
20 8/12500G 6 S*: pI resmﬁf‘tlg} ess$ 4§d{} ering E;rszabrv X ?—clf I ng 1 h| argon
(Ohm-cm) | (mA) (mA)
#18 (20% ZnO) 7.7x 10° 1.6 16 less than 25
#10 (20% ZnO) 22x10% less than 1 14.7 less than 25
#11 (20% ZnO) 1.6x 10° Not measured | 1 43
#34 (25% ZnO) 3.1x10° | lessthan1 2.0 Not measured

[78] 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.

[79] Table3

Property Name SI Units | (Mean values) Test method

Color Light  yellow- | Visual/color meter

Density g/em3  |3599 Water displacement

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

Young's Modulus, 20°C GPa 195 Ultrasonic wave velocity
Hardness - Vickers, 200C 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

[80] EXAMPLE 2 "SnO,"
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20% and 25% ZnQ YZI 10 were prepared and were heat treated. in air at .
tenperatures in the range 600-650C to give the resistivity ;{@Il]me%ggshovm

bel ow. [751 To nmake a neasurenent, a plate (which is part of a charged plate
monitor) is charged to a fixed voltage20This |oads the plate with about 7
nC of charge at 350 V. This charge is then dissipated to ground by touching
t he sanp8H wiAt H-TARepavndea HEY S.ONtcatiningl lmup@akol % Iyaris hedtilable frome Aircana

determ ned fromthe, peak volta seen fromthe cyrrent. prab &
osci | | oscope,%%%ioghmg%rlf&rﬁ%s W&ga‘ﬁ S0PE ALAYY R ot?f'bl.ox‘iig (&,@z’%}dgg 19 1761
Decay time i svailelsfted SOC&readhng mhewthl Y-age allipumeoh. tTiR shakoas pl ate

monitor on a_ djgital oscilloscope as a function of tine. The tinme for the
vol tage to fé?’?’mgfréﬂ*??’@ﬁ)ﬁfvﬁt%zoﬁw Q‘/M’sc‘ﬁ%g?éﬂﬂ“%rav? ity s e t9dhsope after

initial char gfifgg e d%?éml Heidel Wthit BB R surfRdeSfld SIS T2 RESRfabd &Fed of0f- 25 M8 as |

t he shortest measur%% e decay, tine. The followng results were obtained:

1771 Tabl e 2TZB & M/ rrive tembkng dnpiler commapeialdingakidedior dex@eajlable fgom
resistivity \A ( 9 Xm0 1.6 16
| ess than 259&@%&%%&%@%&&, l\lﬁka gﬁ?ﬂ:@tij%‘ Slqggéenﬁaaﬁfl% %%%@9588% danT 5 #11
(20% ZnO) 1. GuibledlpoviNist wasagramMiedlpﬂfa bﬁ@@at@%%%nd))to@rdssabld@mh@s Thean 1 2.0
Composi t1 o RIVET ap BRRGey SHECRikE e ors o b tratlie e A7 B e
density of greftrprdehdodi&d. BioglceDboiicd Wera sinltdrghdt 29@liovw £adsived {htergdyt er t han
50% of 16 gray scal e), hanically strong with a  flexural strength of the
mat eri al of feyntggg}urgbﬁgggﬁﬁ%ah g’rs}eh‘ do Gﬁ?‘l“%{e Iacﬁwt‘?rf’%ﬂﬁs@hi”{ %rﬁﬁ't?reth‘in, g95and
Pihghl )éodi ssi patiiiye Whd Mhedredi8s a¥enbityTab rc@RUlacd OBV at RixifdOMi1é DadePbL Mhd Y | €SS
an

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 ~107 Ohm-cm.



ms. Accordingly, the material shoul d be good for the ESD d| ssi patlve o
ceram cs. Further, the residual magnetic flux density of this material is
substantially negligible due to the absence of Fe, Co, N jjap -oxides in
the conposition. [791 Table 3 Property Nane SI Units (Mean val ues) Test

met hod Col or Light yellow Visual/coloenrnimeter Density cnB 5.99 Water

di spl acenent Porosity %l ess than 0.5% Density and polished surface Gain
size m1l Linear intercept Young's Mdulus, 200C GPa 195 U trasonic wave

vel oci t yl84Harldhledls - Vi ckers, 200C GPa 9. 2 \/ ckers hardness at P = 20 Kgf

Fl exural Strength 20m pot-ht enc?. - AS.K’FQMN 90 Fracture Tou
hness 200C MPam 5. 9 | "Ctack length EBractuté Toughmess. 2000
MPant' 22 4.2 I ndentatilon strengt®oldt) P = Wemgﬁffefr[PQOl((EMWLF 2 "Sn2" 10 O]
2006 -20 811 A Y- TZPUp&p&er (HbYd UTcong/alsmcng abpuie13 rmlj % yttria

avai | abl e from Zi r comt-as eCaI es AFer-€ YRS fxed ‘fv-sﬁﬁ va# yi ng anount of
tin oxide (SnC2, T1186) LB Lzlablefro Pin ' TAF nilll with Y-TZP
mlling media. The po\Nﬂ@Pedhas Xomi nal dopHA’S of 1p8-BB203 and 0.5% CuO for
i mproved conducti vi t) Undﬁﬁddor t[gsthe m Xjig@s°0€ dopesiagisn oxi de was m |l ed

to surface area of - yface—-area—of _Y-—FZPwas—7+n®/ g prior to
ml1ing. Another con‘?rrg? aI tﬂﬁg oxi de po&%gﬁo i’ravai | abie2from Afa Aesar ,
Ward Hill, MA) nilledbtmda surifSce area |0V13BPCHR/ g WaE0al sojused. The

mlled powder was gr apil.gt €d O¥oa | abor atgiocted Mod[ 3 gropr essabl e powder. The
powder was uni axi all i-nto-steellmplds at40 MPa, and then Cl Ped at

V—ppe—s,sg-d—
207 MPa to form green bodiSed™REsJreEBa"Bodte tHIRBs B gt ered at 20/ nin to a
desired sintering tenperature (1400 - 1500C) for 1 hr to achieve a sintered
densi ty [8%] glPewesies phHIPeddH% dopEdBSnOHEES Y3l wert meaabred en sirmanvad belalvcul at ed

by a m xing ‘rﬂl; S‘la%?igle 8%0\99 Iiéhr%?o medium grey. The material is stiffer and harder than those
of 20 vol. % ZnO/YZ110 which are similar to those of typical Y-TZP's. In addition,

the material is also substantially non-magnetic.

[86] Table 5

Property Name SI Units (Mean values) Test method

Color Light gray Visual/color meter

Density | g/cm? 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 114 Vickers hardness at P = 20 Kgf
Flexural Strength, 20°C MPa 650 4-point bending, ASTM-C1161-90
Fracture Toughness, 20°C MPaml/2 |39 Indentation crack length

Fracture Toughness, 20°C MPam!/2 |3.9 Indentation strength at P = 40 Kgf

{871 EXAMPLE 3 "LaMnO3"

[88] = A batch of LaMnQ; was prepared by the solid-state reaction of an equimolar powder
mixture of La;O3; and Mn,0; at 1400°C for 2 hr in air. The XRD of reaction formed
powder indicated a well developed LaMnQOs, 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 m*/g. A batch of 30 vol % LaMnQ3/3Y-TZP was processed using mixtures of



conposi tion assum ng no reaction between two phased during the sintering.
Some sintered bodies were H Ped in Ar at 1400C for 45 mn to achieve the
full density. [821 The resulting densified bodies by sinteri E% ﬂg@@
sinter-H Ping were neasured for density, Young's nodul us, 8

strength, fracture toughness, phase m cipstructure, volune and surface
resistivities, and ESD di ssi pation (voltage decay). [831 The pure SnQ2 is an

i nsul ative I I fo r h 0] i 0
SnCR/ Y- TZP ar Eﬁflﬁgu a4 ?v]\éﬁs g@@diosg@%ﬁm@%%&@gg &Aamm?ﬁ%ra"j& feké4s/é‘)mAe linited

heat treat nereparRiipnancthovddesditiod ineEtagtpée ¥.ur nace di d not show a si gni fi cant
decrease in the resistivity. The color was renmai ned as |ight grayish,

Lahter pdjansalifh Ofert Sifkala §53)2 1350oc \g%te?ﬁ{mlﬁ'yaf Dlﬂggéx?sﬁ{é}{??gfo m n

in Ar turned 0 a nediumgray a resistivities mcm 18
OCT 2006 - 2fenjpajurd 41326°Q) sBri@2d Bemseésf Wasagreaser thRwn 9TWA1.D %Sir(téved koulpldenp

S 14500 3. 7ETSR B sbd MR s 3 s SRR whon B B Sl 5%&@’1”%8823 30
H 13500C** 6 tehfpetur0pserC) QinteHIBADAG tes BaMED TigSicand pRESLOSIE SBmatioht er i ng i n

air, H*: HPLn 0 851 Pro erties Hl Ped .50%.dop ed Sn021HSY3. 0
wer e nmeasur ea% &gc nﬁ%ﬁ?‘? %rthhaB@%WC %Q‘%%rﬁé?)a apd %Iﬁ%\’/\é&?‘?rg‘?ﬁ A¢CCTREdi um gr ey.

The materi al Thlow tefb@buAAIPRALARS s MBN ol BB mafér g28ln ¥Rk andaddR@cYddn 10 which
are simlar to those of typical Y-TZP's. In addition, the material is also

subst ant i al | §f Rleptingegjreecking. [ Beth smspdea@ HIPed samples were black. While it is

thought that some perovskite-type compounds such as LaMnO; and LaFeOs are not
chemically stable in combinations with partially stabilized zirconias and at typical
sintering temperatures form secondary zirconia compounds such as La;Zr,O; thus
affecting the phase stability of the remaining zirconia alloy, the present results indicate
that LaMnO; 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 pm. 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 LaMnO; in Y-TZP by a low temperature sintering.



Property Nanme SI Units (Mean val ues) Test nethod Col or L| ght gray _

Visual /col or nmeter Density g/cnB 6.43 Water displacement Porosity % ess
than 1% Density and polished surface Gain size pm| Linear intercept
Young's Mbdul us, 20C GPa 224. U trasonic wave velocity Hardhfegg] 700)i ckers,
20C GPa 11.4 Vickers hardness at P = 20Kgf Flexural Strength, 20C MPa 650
4- poi nt bending, ASTM C 1161-90 Fracture Toughness, 20C MPa m /2 3.9

| ndentati on crack | ength Fracture Toughness, 20C MPa m /2 3.9 Indentation
st rengt hogt Rable 40 Kgf 1871 EXAMPLE 3 "LaMWh(OB8" [88] A batch of LaMhCB8 was
prepared by the solid-state reaction of an equinolar powder mxture of
La203 and Mh703 at 1488ctper 2 LaMnPn ai r| DeyvificatisiD of RY eacti bn formed powder
indicated a wel|l devel'oped LaNq{B.%@ PerQueikbd Eendd lO¥m-cH)€| r eaction forned
powder was mlled in _j_ar mll with Y-T2P mlling media to BET
surface area of 15 1@?&0 A bat®h of 30 \ﬁéﬂ”%ﬁfaNhCBy%WITZP was processed
using mxtures of 10/ (200067| 522 LavhQg, geghcY- TZF { %68 10, SGC&P,

Worcester, MA) followed by the same prdparation nmethod deseribed in Exanple

1. [89] Sanples were| ¥EZhtOer ed axp 1250 - BBIBGQ‘BCto gr epiid7 than 98% T.D. The
density of |ow tenmpeggture—{32256—sint Sanpte W,at.er than 97%
T.D. Sintered sanpleg JYZL\@re HI ggd at 1175{/5123 C?CS,SOC 6& 07 MPa of argon to
full density. The hi ghzienper|apure (1353Qf)08iker-H éwd saphpl es show a

significant grain grpwth,_formation of reaction phase | anthanum zirconate

(La2zr207), and a few'fllRor syPPace craqkesl400°€nhe iom?-%Eér#per at ure H Ped

sanmpl es show a much syg{{er gngym—stze crghngpoa*uuu {J@y of bloating or
cracking. Both sintefed and HiiPed sanpl s vere bl ack. ilejit is thought
t hat some perovskite- tgwp e&g{%ygg@lﬁ#ﬁgl@ﬁ%%% i?agdoaFe® are not
chemcally stable in conbinations wth partiall tabi'l'1zed zirconias and at
typi cal
[92] Table7

Property Name SI'Units | (Mean values) Test method

Color Light gray Visual/color meter

Density g/cm3 6.13 Water displacement

Porosity % less than 0.5% Density and polished surface

Grain size pm 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 "LaCrOs"

[95] A batch of LaCrO; was prepared by the solid-state reaction of an equimolar powder
mixture of La;03 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 m?/g. A batch of



sintering tenperatures form secondary zirconia conmpounds such as La2zr207 . .

thus affecting the phase stability of the remaining zirconia allo t he
present results indicate that LavhG3 can be successfully usdd §d ﬁ fepare a
conposite with Y-TZP with a low tenperature sintering. [90] M crostructural
observations by SEMfrom a polished crogs section of |ow tenperature
sintered sanple indicates that the grain size of the material is less than 1
m The XRD i§ Qv RYD,SREEZEY oBEet PR aixmeg 8RR And afzit fifyTRI Ori ty
of tetragonal zirconi a was ret wth negligible réaction to form

| ant hanum zi $.8.0fiesopiaSelge Bf 2DRica, A\ﬂhmt@rGA)SfOchrdrisuthasme prérmatpne@@rm results

i ng. Lavnci g6 Sobgds QR BBk Kot £ PR s AR FAERA 05 o1y

Tabl e 6 Zr 0297% fieD. LmM@ﬁBerlf umsr With @vGuun&@res@mmoﬂM@i‘roh)n doohm cm)
YZ110 20 S/ 12500C* 1.2FE11 E08 0 30 0C 3. 7E07
YZ110 30 H 1% sagplegysre *{}é‘i‘%ﬁ 1%80 Q’%%@O@m °gar§%b‘f’ “Zli%i‘}ftfy 33?{‘%*,7 %oocC

2. 8E11  YZ116f iB@edatipdd Gedanfe sAEKE) lighter tHah @Bsof@lt@s&ofyNtering in air, H*:

H Ping in argon [92] Table 7 Property Nane SI Units (Nban values) Test
meter . Density cnB 6

hod | Li Vi |/
oot ac i Mriceesttndl SYieralom hoSEH 0% Bty G SeiRendeie I B6e o ain

size m 1 Li ngam siZetoEkieSRiterial is about 1 pm. The XRD from a polished cross section also
indicated that the majority of tetragonal zirconia was retained with no measurable
reaction to form lanthanum zirconate. The present results indicate that a dense, tough,
dark colored ESD dissipative zirconia can be prepared by mixing LaCrO; in Y-TZP by
sinter-HIPing.

[97] Table 8

Zr0O, type LaCrO, Densification Heat treatment Rv
(Vol %) (Method/Temp.) | (Temp/time) | (Atm.) (Ohm-cm)

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

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



Young's Modul us, 20C GPa 182 U trasonic wave velocity Hardness - Vickers,
20C GPa 11.8 Vickers hardness at P =20 Kgf Flexural Strength, 20C MPa 716°
4-poi nt bendi ng, ASTM C1161-90 Fracture Toughness, 20C MPanU 2 4.2

| ndentation crack |ength Fracture Toughness, 20C MPant'2 3.6 [ Ahdenygwki on
strength at P = 40 Kgf [931 The effect of H Ping on the volune resistivity
was al so determ ned. Unlike other matetials described in Exanples 1 and 2,
the volune resistivity of the material was not changed before and after
sinterin It is believed that various doped LaMhO3 and LaBO3 (B = Al, M
or Co)1l 120T’Ftﬂ¢ﬁ’l y can be used as semi conductive dispersoids in zirconia.
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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.



[97] Table 8 Zr02 type LaCrO3 Densification Heat treatrrent Rv (Vol- %9 .

(Met hod/ Tenp.) (Tenp/tine) (Atm) (Chmcm) 3.0Y-TZP 10 & 1550C 1. CE11 - :
3.0Y-TZP 20 S/ 1550C 3.5E10 3.0Y-TZP 30 S/ 1550C 1.7E07 3.0Y-TZP 40 S/ 1550C
2.0E06 3.0Y-TZP 30 H 1400C** 1.2E12 3.OY-TZP 30 H 14000C+* 18460a06H A r
5.4E06 S*: pressureless sintering in apg, H™*: HPing in argon 1 B OCT 2006
-25 [981 Table 9 Property Nane SI Units ?I\/Ean val ues) Test nethod Col or
Dark green Visual/color neter Density g/cn8 6.27 Water displacement

Por osi t y{16%)! gasletipan 0. 5% Density and polished surface Gain size gml-

Li near intercept Young's Modulus, 20C GPa 228 U frasonic wave velocity

Har dness - Vi cker $Zr©0C GPd 32TP cker s | filot Bressing af RP = 20 Kgf | Fl exur al
Strength, 20C MPa|1020 4- pai(Wpl.Be@ndi ng,| (RSTMHEL 16[1¢®0m) Fr act ur g Toughness,
20C MPani'2 4.8 | ngdeatation [Sorength (3. G)YSOFZH)H Fr agELd e Toughhess, 20C MPam
5.7 Indentation strepgth{2-5¥TZP)—Fracture—Foughnress—20G-Mani'2 8.9

| ndent ati on st rené Fr (2. OY-‘I% ESD vol Qgr7 79Eh‘e nms 70 From | 000V

[ 991 The resistiviipes wer¢g gygasur ed bﬁ lgg(gcm{j a ggElﬂ'-lIP ng. significant
increase, up to 3| orders af magnitude] in resistjvity after H Ping was
found. The thernal &fneal i AP6in air atl 1596640 [B-AE0h air reproducibly
gecove_r the resis 'lgi ty deK85LU the—si 'Ll'i'gd"%/l Fu S 4Bgs SUnMTH zed in Table

20 80 1550°C/1H 3.7E04
25 75 1550°C/1H 2.3E00

[103] EXAMPLE 6 - Aluminum Nitride (AIN)

[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;0s

[106] Complex oxide compounds such as barium hexaferrite (BaO 6Fe;03) 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;0;
.(BaFequ)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 (LTD) Resistant ESD Safe Ceramics™



11001 EXAMPLE 5 - Zirconium Carbide (ZrC) [101] Siml arly, zrC can be mxed

with Y-TZP to prepare dense, sem-insulative, ESD dissipative ceramni cs as
listed in Table 10. The sem -insul ating conpositions were rBe@j @ﬁh

mxing 10 to 20 vol %of ZrCin Y-YZP (HSY3.0). ZrC does not C W th
Zr2 during the hot pressing at 1550C /,20 MPa in argon using graphite dies.
The col or of hot pressed ZrC was bl ack. “The resul ti ng conposite is stiffer

d h th ZrC
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al um num ni t geflg pred@ise. I%PEdéél@ﬂteH&&ﬂha%@@Eﬁ dse@EPRidipsiethe LU LERG R bEEL St ance
was neasured to 8 greater than 1010 ohnms. This is too high to be able to

di ssi pate chdrBeaefi¢seihadiiallyS. Faent W30S whish inbereeeorppaigd dgraimbur gon at
1900C for 20 iBu.es and cooled rapidly to roomtenperature at a rate nore
than | 0C/ nminute. The surface resistance was neasured again on both sides.

It was about 2 x 109 ohns, which is in the range suitable for dissipating
static di@dt MQR bars were autoclaved at 200° and 250°C under equilibrium steam pressure for 48

hours in an autoclave, followed by 4-point bending strength measurement. Table 11
shows flexural strehgth of 20 vol. % ZnO/YZ110 after the autoclave treatments. The
results indicate that the resistance to LTD of 20ZnO/YZ110 is significantly better than
that of typical Y-TZP (TZ-3Y, available from Tosoh, Japan). The improved LTD
resistance over Y-TZP is desirable using ESD dissipative, zirconia ceramics in

degrading environments.

[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
E 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 surfaqe 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



[ 1051 EXAMPLE 7 - Conpl ex Oxides - BaO 6Fe2Q8 [1061 Conpl ex oxide conpounds
such as barium hexaferrite (BaO 6Fe2(3) can also be nmixed wth Y-TZP o
(YZ110) to prepare dense, sem -insulative, ESD dissipative Cﬁra@'te[c 6 The %
conpositions were mxing 25 vol /o of BaO 6F O sem -insul ati 5 ZBQ epar ed
by g eZz 3 (BaFel2019)in Y-YZP (YZ110).,Jhe conposition can be sintered at

1300 - 1400C for 1 Hr. in air to.greaf% than 98% TD. The vol une . .
resi stivity glel0gosh 0 8% GLoks, (IPSAink SODISUR ML BRLINM hexalerrite is
nown as a strong nagnetic haterral. € ‘sintered coORposSI was easily
attracted by pscpiiteranainto nagnetburhisidgléiat heads dogomgneticetivk naddia. | AyCast BaO
6Fe2C3 phase | n fine zirconia rix. [.107 MPLE 8."Low T ture
begr adat i on PR hs e e el bisIey ot derigrigler imBoRter (PREToR1 v- T2P
| ow t enper at 80 ecte WidAitbpar@dle Eduhtl)wddeaRet fadm ths Ratsi Witigfana@00IiMS t Blid on for
sonme wear resistant applications at |ow tenperature regine (150 - 3000).
The t et r agon&isults, WeeoirRalizef Jayr p&fes arep pHgst spmapls 8¢ (FERBteAGR SRMPES &f zi r coni a
pol ycrystal s p@sidl pdrRg2i n  vol ume expansion and mcrocracking at the |ow

tenperature regime. Such transformation can be worst in the presence of
hum dity, especially under equilibrium steamlfr essure. An accelerated test

has beerlliedhe basghnesamiptee with &al of srepids 444001008 A yhowrgpbouiserepterdthamedf i n U, S.
Pat ent 6, 069 3 i Chpk i aREAR LR INEREIIMHY of" i [ 109)
MOR bar s merggrguf?%waveg Z%eggggsggmp%%%c uné'gr equﬁ‘il?%rl}lt?mpg{ngg%qg%essure
for 48 hour $unctioraef sofacecfizisteas shovhomddblby24 Reoglhrer sindavds rygicsliy gengtate
measurenent. Table..11 .shaws flexural, str,ength of,. vok . %.7nQQ YZI 10 after
t he autocl ave™ er%%ﬁlgl sn’tnssm(a etfrw{r?oens%rl ?hsy Sllc?ll I 3(?eap P lﬁ%?l Ol%sh%uertgsﬂllzesgar?lsévee to LTD
of 20ZnQ YZ1i8uiteSofshgmirface aind thy rwedriab nsddhabecrdakiag thof sukfapd maghn¥éssTdR0 TZ- 3Y,

avai l able fr h, Japan). .The inproved LTD resistance over Y-TZP is
Gos rabl o useRy R0 by SRR ik, o SEEa 2eBPG or BN E THGFOR PP

envi ronnment s forbidRle gbakhteonll - Fl exural strength after autoclave treatnent
for 48 hours. ' -

[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



Fl exural strength (MPa) Autoclave tenperature (C) 20 ZnO’ YZI 10 TZ3Y 20
1050 1507 200 574 474 250 744 590 [1111 EXAMPLE 9 - Low Particle
Generation: [1121 Twenty (20) ZnQ YZ110 sanpl es of disk and E@mﬁ?%ﬁhapes
were tunble finished by rolling in a ten sided mll for

quartz or silicon carbide nedia. Sone Zerrpl es were Iapped or polished to
snmoot her surface finish to determ ne thé effect of surface finish on the
particle gen ht terfer ros Wi ew
100, was use oma(r?rée}au%%\@s rfgggto?o%ghﬁ@gs}n% ptﬁé “ﬁ? gr??msh
treatment. [ M@y dﬁasepllasm@ﬁortfmel &@exﬂfﬂhé@ﬂeﬂ:@d\hghﬁat\aara cbetg&seesamgfeaseﬂq fi ni shes

were tested with UId art cl e coynt C Ievmt 3 x 4 x 25
o o el Matsihofhle e i eneS AoR DBt bt SaPriR ol e Y3 3800 A
was used as @rdgaaaimsﬂ%tmf@migas W ¥ S@;h@aﬂ@dmuy ng a standard pr ocedure
used to clean burnish/glide heads for nmagneti med

ul trasoni c bath whs “t?é%‘dﬁstl’éh’dP%IaBQiﬁ@%QF‘t"'e@} %%ndf %MQ%“@&%I‘%@N@HO wat er
(68kHz for 30 seg* JymeakiirfUtednfdr Whdn Sos@t%mg&yv‘@'h&t ke ind LRI yHeRt er
using an LS-200 PMS. The results were normalized by surface area of test
sanpl e and repor t BeBative; hiimwesurest yellpwness eihels ppwilivee gy wihen 2¢ropne bbgsesk i ne
sanple with Ra ofwgﬁa gg? than 3000 A showed about greater than 600

particl es/cnR. The sanpl es significantly reduced nunber of particles
as a functi d¥e mcitecsthatfths:ﬁ)% poihsdn ths grai cvate donredpmintial th 2aluBoafgltdrigteutibaces
typically gerggrate nore particles in sliding friction or physical inpact
applications~due to the abrasive nature of the surface and the nateri al
used. Decreasing the surface roughness of 20 ZnQ YZI 10 by tunble finish,
fine gri@at¥]nFabledppiOlfMaasupsphens Resulis r educes its potential for particle
generati on.

Sample Processing Density (% | Resis- L* a* b*
theoretical) | tivity
(MQ-cm) ]
A 1250C/ 1hr sinter, | 99.0 0.0012 75.28 | -6.07 | 10.62
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 | 15.9¢
4 hrs/580C in
air
1 C 1400C/ 1hr sinter, | >99% 3 79.61 |2.62 |48.2°
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 optidal and contact measurement equipment. If one or

more movable elements are out of flat or straight greater than 10 pm due to permanent

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



Ra (A) LPC (particles/Grn) Baseline greater than 3000 greater than 600
Tunbl e finish 2250 250 Tunble finish 1500 120 Fine grinding 1@(&?@@05

Lappi ng 500 37 Polishing 20 20 [1161 Tunbling is a | ow cost, industrial
process to clean asperities and burrs. ram c thread guides are tunble
finished to Ra of 100 A. The present re3dults indicate that ESD dissipative

ceram cs can t P ' [ 4 surface
Finsh. [ 117 TEReRRReEy b B L Seoriebobk A A AR ININONTC® o
made usi ng twylhsepdetas,ecunhiké hexehnics,Fire sibjeckddghtpesssentf defpination faers highdged usi ng
a 16 level gray.scal.e ranging fromwhite to.bl ack. Measurenent were al so
made with a ﬂl?ﬁtt‘?éw‘%{gpf{}f’ﬂ%é%@ﬁ O&f@a\éﬁl %lroleﬁgf“ésrﬁscﬁﬁﬁg%@a@ﬁ]ﬁ gr_%fg 2006
-29 Associ at eghibidBRr miQintnolcfhiaation at MAbienthempdrstleU NEHatefdrt | EyRat RSs t he

sanple target, with diffuse illum nation and observes the reflected |ight at
an 8 degree aNg) ¢lefgrmption (EheRIMBBHbt BHEPR! Eoverebg elkmentsnd@ingodberoonm

Qut put from hﬂﬁuﬁ&hﬁﬁ% SEIRE IYASymeRF SREME R YS tdadediNRcdrlife IPRbddiacds scal e,

wherein: L* nmeasures 1ightness "and varies between 0 and 100 (100 is white/l
is black); afthapeesent swentstiness when positive, gray when zero and greenness
when negative; b* measures yell owness when positive, gray when zero and

bl ueness when negative. W noted that the 50% point on the gray scale

cor r esponded ACEPI¢AE (@ gmbgdiments, pfythe praseps fnveniion, appigp cqsIserg providey that

Measur ement B@\%Lgubérior properties as compared to state of the art lapping carriers, such as those
made from metals and metal alloys such as stainless steel. The lapping carriers
according to embodiments herein have superior electrostatic 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.



Sanpl e Processing Density (% Resis- L* b* theoretlcal) tivity Ms2-cm A
1250C/ | hr ‘'sinter, 99.0 0.0012 75.28 -6. 07 10.62 1200C/ 45 nin H P B 1250C/
| hr sinter, 99.0 0.0014 69.06 -5.1 2.53 12000 45 min H P As 1 e, .after
10.7 86.07 -4.81 15.9 4 hrs/580C in air C1400C |hr sinter, 0/%0 79.61
2.62 48.2: 1350C/ 45 min H P Kyocera {35 supplied) unknown 10 44. 03 -0.04
-0.32 (conparative) [120] The first tw sanples (A and B) were nade from
the HSY3.0 zirconia source and sanple C from YZl 10. The Kyocera sanple was
a comercially obtained sanple. [121] The | apping carriers can be

manuf actured wi th ESD di ssi pative ceram c€LAIMS:0sed in Exanples 1 - 7. An
exanpl e of such material is 20 Vol %ZnO YZ110 disclosed in Exanple 1. The

pr epar ed nks are chlned | t act S and tol er.ances u3|n dlanond
gri ndi nglmhgel s- an P‘é‘g%'weﬁ Fﬁ“&n&ﬁ f%’?ﬂiﬂém-ﬁé%"? R

tical i f
optica lag)i?‘grrent Tl g%énﬁf’m%vﬁm@ ERAleflsOfhe iddd gjr govaRe %leﬂ{éﬂts thAiRRH

novabl e I'so” i nspected by opfic contact neasurenent
equi pnentt an butensurface torform agemendlly pihnantmtlag esuxfade fof afrbwtof anagattoaegibive
greater t an 10 dye ermanent deformation the yield tLr om t he | appi

ng
carri er s “EHEPE: e&“é‘? éi‘? d BRIRG) CATISH; OMPESEY 9. CorynteCmatenpls the ggramig; malyay g

gener al | Jd I nd
aryi o, LB 38 ARbeBedt Bclabl ML RRAE el e Sk el A o
hi gher h-zh@aofﬂlﬁ? twlél‘d)kpmcmtand@ﬂehhq Gftahea‘stﬂi%@fﬂmbtetmﬂrcbmlqs di scl osed in
Exanpl es 1- 7 do not

2. The lapping carrier of claim 1, wherein the density is af least 97% of theoretical density.
3. The lapping carrier of claim 1, wherein the density is at least 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 pressirg

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

environment.

7. The lapping camier 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 carier 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.



" under st ddd Tha

exhi bit the permanent deformation at anbient tenperature. Therefore, the
yield loss fromdefornmation (or permangnt nenory) in novable qlgegm(r]%ﬁ;ﬁ
during the nmanufacturing or after deploynent and use can be reduce

.according to enbodiments of the present invention. According to enbodi nents

of the present invention, |lapping carriers are provided that have superior
properties as conpared to state of the art |apping carriers, such as those
made from nmetals and nmetal alloys such as stainless steel. The | apping
carriergg ' ferg : | ' I . Al C .
G Schar o e Hppiabfs SF P ToRhapCH Rl (P oy Bt R Elchhs ToipHA R0 bpfnc
addi t i omatéréal.pr esent i nventors have found that the |apping carriers offer
superior menory. That is, the novable elenents of the present, |apping
carriers nore consistently and resiliently nove back to nom nal, unl oaded
posi ti ond, ihetappitie dairi 8flclaiim 1 hWhértinMRAMESIRS carfibis 'f&ﬁ{édﬁ% acrﬂélr'ili_lrgrprbéess to
resistant to plastic defornmation after Trepéated actuation. Thi
char act dpims aingarj nst-shiaped ceramic green bodyngnd heat tigstixigithe Icefami¢ preeh Apgy togform a :
carriers, EWrther.. the use of. mterials as detailed herein provide inproved
rigidi tﬁenﬂﬁ?ctﬁrmc&)a&* enabl es nore precise machini ng operations,
particularly with respect to the nounting surface of the carrier. [1221
Wi | e enhodi nments, _have, been described herein with particularity, it is
ﬂlpplp& Gargies Rf clagm 1Ly whereingihe %yﬁ%fz@amtfdquycxamsﬁmeg} o fipal | |
fall Wtdﬂn@nsti(ﬁﬁ scope of the present clainms. 18 OCT 2006 3k CLAIMs: 1.
i't A lapping carrier for machining a row of magneto-resistive el enents,
conprising a plurality of independently novable elenents, the independently

novabl e gl ts.term,nnatl t an outer, .surface tq forma generally planar
ToUnti ng b ARG FET 4 AR o gHEreth Pans i des SEBRE he pHBRBRE R et
| 'appi ng wakikd SlwisNPrises a ceramc material, the ceramc materi al

conprising an electrostatic discharge dissipative material having a surface
resistivity with n e, range of 103 to 1011 Ohmcmand a density of a |east

053 DL e CGOR AP 0Pt L b W £

monolithic body formed of said ceramic material.

15 The lapping carrer of claim 1, wherein the lapping carrier is composed of individually

fabricated subcomponents that are bonded together.

16 The lapping carrier of claimll’S, wherein the subcomponents are heat treated and densified

prior to bonding.

17 The lapping carrier of claim 16, wherein the movable elements are bonded to a main body

portion:
18 The lapping carrier of claim 17, wherein bonding is carried out by brazing.
19 The lapping carrier of claim 18, wherein the carrier further includes a braze.

20. The lapping carrier of claim 1, wherein said resistivity is volume resistivity.



3. The lapping carrier of claiml, wherein the density is at |east 98% of
theoretical density. 4. The |lapping carrier of claiml1, wherein the density
is at least 99% of theoretical density. 5-3%he |apping carrierf 0FT H0Ri mi 1,
wherein the |apping carrier is formed by hot isostatic pies sir 6. The

| appi ng carrier of claimb5,wherein hot isostatic pressing is carried out in
a non-oxi dixng environnent 7. The |apping carrier of claim.6, wherein hot
isostatic pressing is carried out in an environnent consisting essentially
of an inert gas. 8. The lapping carrier of claim®6, wherein hot isostatic
pressing is carried out in an environnment having an oxygen partial pressure
of less than 10'2 torr oxygen. 9. The | apping carrier of claim1, wherein
each novabl e el enent is adapted to be biased and nove in a direction
general |y perpendicular to the plane of the nounting surface. 52 ? 8 CCT = .
2006 125 The | appledapging cagriendf addimi Inwhereintthe mirfaca resistinity ist withina\adgeef
elenentztcogﬁmi e said ceramc material. 11, The lapping carrier of claim
-1, wher 9&0 e(ﬁgﬁﬁphg carrier is forned by a nolding process to forma
near net-'shaped ceram c green body, and heat treating the ceram c green body
to fornbf densified ceram c body. It The | apping carrier of claimlt,

wher ei n2the densi f T@l@mﬂameb@é@mmm%mmwmm vafhime rangg. The
| appi ng L1 RO claim1l, wherein machining includes formng the novabl e
eIenentgfﬂg§63?#§&gg&%ng. 1* The lapping carrier of claim1l, wherein at

| east a portion of the lapping carrier conprises a nonolithic body forned
of said.ce 1 c faterial. .15 The |l apping carrier, of claim1l, wherein the

| appi ngzéa{rﬁ‘? PPing cagerpfclamds Whesin, G%N“}F CHYBISPE AR ubconponent s t hat
are bonded together. 16 The | apping carrier of claim15, wherein the
subconponents are heat treated and densified prior to bonding. 11 The

| appi ng2t-alhe lappiag carien of clam 28, whetein the gireapiatampriseeictragenabphase ginehndd.t o a
mai n body portion:

2. The lapping carrier of claim 24, wherein the zirconia is stabilized with a stabilizing

component.
2&. The lapping carrier of claim 25, wherein the stabilizing component comprises yttria.
2%. The lapping carrier of claim 23, wherein the ceramic further comprises a resistivity modifier.

73 The lapping carrier of claim 2, wherein the resistivity modifier comprises 5 to 60 vol %

with respect to the zirconia.

29 The lapping carrier of claim 23, wherein the resistivity modifier is selected from the group
consisting of oxides, carbides, nitrides, oxycarbides, oxynitrides, oxycarbonitrides, and

combinations thereof.

30. Thé lapping carrier of claim 29, wherein the resistivity modifier is selected from the group
consisting of SnO,, ZnQ, LaMnO3, LaCrO; and ZrC

3\ The lapping carrier of claim 1, wherein the ceramic has a flexural strength of at least 500

MPa according to a 4-point bending test.



18 The | apping carrier of claim19, wherein bonding is carried out by ,
brazing. 19 The lapping carrier of claim1% wherein the carrier_ further
includes a braze. 20. The lapping garrier of claim1, wherei h8$al dllb
resistivity is volume resistivity. - 18 OCT 2006 21, ; The | apping
carrier of claiml1 wherein the surface resistivity is wthin a range of 104
to 1010 Ohmcm 21. The lapping carrier of claim2., wherein the surface
resistivjty.is w.thin,a range_ of 105 to_109 Chmcm 25. The | apping carrier
of cl ai n#l,Thﬁﬁ%epé%cw ofégﬁﬁif‘& vhsrpinitheHexiral seensth isak lpasti® MBapi ng carri er
of claim 23, wherein the zirconia conprises tetragonal - phase zirconia. 15.
The | appi carrier of claim2~, wherein the zirconia is stabilized with a
stabil | zﬂ~£8fhed@mﬁwmerlof claina 31 awhdreiy theaflexueal stréngth isi atlcass 806MdP=i n t he
stabilizing conponent conprises yttria. 29. The lapping carrier of claim22,
wherein the ceramc further conprises a resistivity nodifier. O The |apping
carrier 3% TDiedappiiicaridraifelaimtlheheeii the cethini KR divoltage deeaptins oF 1dzs itan 86 Vol
% wth respect to the zirconia. 29 The lapping carrier of claim.2, wherein
the resi®¥ivity nodifier is selected fromthe group consisting of oxides,
carbides, nitrides, oxycarbides, oxynitrides, oxycarbonitrides, and

conbi nations thereof. 30. The lapping carrier of claim.24, wherein the

resi st i 3% yThedapringeaniier of elairotlewherebmthe keppingaarrier bams siwface gpughndds B2, of B3O,
Lavn(Q3, tha%@ and ZrC 3i The lapping carrier of claim1, wherein the
ceram ¢ N&Y ‘ﬁ\‘exur al strength of at |east 500 MPa according to a 4-point
bending test. -34r 1B OCT 2006 32. The | apping carrier of claimat, wherein
the flexural, strength |s at | east 700 W. 33 The |apping carrier of claim
31, wherdi nlhéEppmg,carrir of claim oy (Wherein the planar meyotingpsurface hpga flaingss of less
carrier tﬂ;ﬂ%aﬁlm 1, wherein the ceram c has a voltage decay tine of |ess
than 560 s "c. The lapping carrier of claiml1, wherein the |apping
carrier has a surface roughness Ra of |ess,

37 The lapping carrier of claim 1, wherein the planar mounting surface has a flatness of lesg
than 2 pm.

38 The lapping carrier of claim 1, wherein a gap extends between movable elements, each gap
having a width of not greater than 200 pm.

3 - » 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 camier

comprising plurality of independently movable elements, the independently
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 having a sutface resistivity within a range of
10° to 10" Ohm-cm, the ceramic material comprising an electrostatic discharge
dissipative material, and wherein there is at least one movable element for three
magneto-resistive elements s0 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.

40 The method of claim 49, wherein the ratio is at least 1:2.



than 3000 A. 3L . The lapping carrier of claim1, wherein the planar - ,
nmounti ng surface has a flatness of |ess %{uan 10 pm 31 The | apping carrier
of claim1, wherein the planar nounting Sthface has a flatness of Iest than
2gm 39 The |l apping carrier of claiml, wherein a gap extends]bétWeih

novabl e el ements, each gap having a width of not greater than 200 gm 3j, A
nmet hod for | apping a row of magneto-resistive el enments, conprising nounting
a row of a magneto-resistive elenents to a |apping carrier, the |apping
carri er 4lcdipmeghodpfplaima#j whereih thewheipénstdedst J:1novabl e el enents, the

i ndependently novable elements termnating at an outer surface to forma
generally planar nounting surface for a row of magneto-resistive el enents,
wher ei n 49hdhe aqeioddf chéh B ewh&eimRké SE8 i@1.¢eram ¢ material having a surface
resistivity within a range o 103 to 1011 Chmtcm the ceram c nateri al
conprising an electrostatic discharge dissipative material, and wherein

t here i gzat n e or t -resistive.el.enents
So at 1 aSpr i qendnfr PRR T ARE R okg RS, b BIOME eldiinl o'y

el ement $nsiﬁgmefpmiem'c£ﬁthém&iriﬁgehﬁlappiﬁ%ﬁrd&mhi ning the row to renove
material fromthe row 40 The nethod of claim!9, wherein the ratio is at

| east 1:2. 10 OCT 2096 41. The nethod of claim 311, wherein the ratio is at
| east 144 Th@mels) arRild@dyzs ' o S | Q chSiad okt nAd e
moerod o claim 3%fur?h§y)§v§%ﬂ gi}aﬁ’} B?‘?Ea“ﬁdg“a ?fﬁgﬁ%@gb?gh%%r?étn’tngé%pgﬁgedj ust
a posi ¢ asigedl fne af leass ong magnete-reeistive ¢lementiventaimsdimthepowcess, 44 The net hod
of claim43, wherein biasing of the novable elenents is carried out in
response to a signal fromat |east one magneto-resistive el enment contained
in the #gwThésnethiddeofrabaitnoth, sfherdimthe sighalvser Riistahdteorangu@lordsistance ealué famce or
magnet or esi st ance valye from a magneto-resistive elenent of the row. 4'.h
The met REBAEDPIOFESISReFIcmephet BeHoWnhe novabl e el ements are biased by

energi zing at | east one

4(, The method of claim 37, wherein the movable elements are biased by energizing at least one
transducer.

49 The method of claim 4¢, wherein the at least one transducer comprises a piezoelectric

element.

43. The method of claim 46, wherein the at least one transducer comprises a magnetic element.
4. The method of claim 39, wherein the row is adhered directly to the lapping carrier.

50. The method of claim 44, wherein the row is adhered to the lapping carrier by a adhesive

material.

51 . " A lapping carrier assembly, comprising
a lapping carrier for machining a row of magneto-resistive elements, comprising

pluwality of independently movable elements, the independently movable

elements terminating at an outer surface to form a generally planar mounting
surface for a row of magneto-resistive clements, wherein the lapping carrier

comprises a ceramic material, the ceramic material comprising an electrostatic



transducer. 49. The nethod of clai'm 46, ‘wherein-:the at | east one transducer
~conprises a piezoelectric elenent. 4$,, The nethod of clai mi4@LT @kérein the
at | east one transducer conprises a nagwetic elenent. 44. The nethod of
claim 34, .wherein the rowis adhered directly to the |apping carrier. 50,
The nethod of claim4% wherein the rowis adhered to the |apping carrier by
a adhesive material. 51 A lapping carrier assenbly, conprising: a |apping
carrier for machining a row of magneto-resistive el enents, conprising
plurality of indepkéscharge Hissipativeonateraldmmping sutface fesidtyignerithinl arangs/efbl (8 to

el ements term nating &t an outer surface or,m a_generally planar nounting
surface for a rOWI@f @Hﬁ?‘f@’t@tﬁraeiqné @?%%%@&%%Fgﬁ?“’? e | apping carrier
conprises a G&l s : r [ ;

el ectrostati gﬁOCT 2%%?5%3 éﬁcg{aﬁég?geﬁg}lagyggtqfa\&}gduﬁa&?% a@%vi%n lu?héyuro ? ace
resistivity w thi mespectivegeovablelddnents. 1011 Ohmcm and a density of a | east
95% of theoretical density; an actuator assenbly including a plurality of
transducers for biasing a plurality of respective novable elenments. SQ The
| appi ng SparThedsppigt@itiknrasRntly af daimls], Whefe fhe tAtsdutas sopRicSvoi@Beilsse voi ce
coils. 53 The lapping carrier assenbly of claim52, wherern the transducers
conpri se piezoelectric. elenents. 54 The lapping carrier assenbly of claim
51, wherein i B) i I bdAG:
carrior Do tng TepblB e A arATIOE cBfin oWk 1 GERIch rlBE pasRROgic )
rati o vélétherithe novabl e el enents, such that a single unique transducer is
associated with a single. novable elenent for individual head control,

54 The lapping carrier assembly of claim 51, wherein the transducers comprise magnetic

-elements.

5% The lapping carrier assembly of claim 54, wherein the transducers are provided in a 1:1 ratio
with the movable elements, such that a single unique transducer is associated with a singje
movable element for individual head control,



