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The use of semi-insulative ceramics has beén reported for some ESD control
20  applications. In general, semi-insulative ceramics were prepared by mixing conductive or
semiconductive ceramics with insulative ceramics, which is a similar manufacturing method
to those of ESD dissipative polymers. In the past, some semi-insulative materials were
prepared for other applications based on the mixing rule. For example, U.S. Patent No.
. 3,410,728 reports that metal oxide doped stabilized zirconia have both ionic and electric
25 conductivities at elevated temperature. LaCrO; doped stabilized zirconia® has also been tried
for a high temperature electrical conductor. |
Recently, German Patent No. 3743630 C1 (1989)* reported that tweezers made out of
various ceramics having surface resistances of 10° - 10" Ohms can be used to hold
clec&ostaﬁcally sensitive components to protect against electrostatic discharge. The patent
.30  further indicated that partially or fully stabilized, zirconia based ceramics can be used as a
base material. However, the patent did not disclose any information about manufacturing
process and other physical properties. )
Japanese Patent Appiication No. JP62-25404 A (1987)° reported that the resistivity

of stabilized zirconia can be controlled in the range of 7x10? - 5.5x10° Ohm (the resistance
. i ,
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U.S. Patent No. 5,958,813 (1999)% reports that semi-insulating aluminum nitride
20  (AIN) sintered body can be made to the resistivity of 10°to 10'! by forming an intergranular
phase from at least one oxides of Ti, Ce, Ni, Ta, Y, Er and Yb, or from Si to prepare a
member for removing static electricity. '
Most materials described above are not necessarily structurally reliable for high
7 performance ESD dissipative ceramic tools because of low flexural strength, fracture
‘-25 toughness and residual porosities in their microstructure. PCT Patent Publication No. WO
98/49121 (1998) reports that semiconductive zirconia with good mechanical properties can
be prepared using 10 to 40 wt. % oxides of Fe, Co, Ni, and Cr.
Jépancse Patent Application No. JP8-39441 (1996) reported that tweezers with
volume resistivities of 5 x 107 to 1 x 10° Ohm-cm can be used to hold semiconductor parts to
30  avoid ESD problems. |
C. Lam (1996)° has reported that the ESD dissipative polymers and ceramic tweezers
can be used during the manufacturing and handling of MR heads. The test result indicated
that tweezers made out of a "doped" zirconia (vendor proprietary) showed the best

performance.
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satisfying either current ESD dissipative requirements or the predicted future requirements
for ESD dissipative ceramics, for the following reasons:

1. The prior art lacks sufficient high density
20 ESD dissipative ceramic compositions of the prior art to date have not had
sufficiently high density (i.e., 97— 99 % T.D.). This is due to processing techniques used in
the prior art, which have not included hot isostatic pressing (hereinafter “HIPing”). The
prior art has typically not made hot isostatically pressed (hereinafter “HIPed™) materials due
to thermochemical instabilities which during a typical HIPing process. The conductivity

-25 modifiers employed in the prior art ESD dissipative ceramics often undergo a

thermochemical reduction during a HIPing at high temperature (1200° - 1500°C) and high
argon' pressure (100 - 250 MPa) in a HIP using .graphite heating elements. The
thermochemical reaction during the ﬁIPing reduces transitional metallic oxides to oxygen
deficient metallic oxides by releasing gases (CO; or O;) from the body to the surface

30  resulting in bloating and cracking of ceramic bodies.

Pressureless sintered ESD dissipative ceramics have a number of pores (pits) on the
surfaces and inside of bodies. For instance, sintered ceramics with 99 % TD may have a
number of pores of 0.1 - 10 pm diameters. Assuming a square sintered plate with

dimensions of 1 cm x 1 em x 0.25 cm, 99% T.D., and monosized pores of 1 pm diameter the
3
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section a¥dup to over 50 %. Accordingly, HIPing is a preferred processing step to prepare high
strength, mechanically reliable components and enable a thinner cross section and
20 complicated shapes.
In summary, HIPable ESD dissipative ceramics are advantageous for an improved
contamination control in the fab due to the absence of residual pores.
3. The prior art lacks choices of color
Modem manufacturing techniques involve a number of automated processing steps.
25  The efficiency of vision system in such an automated manufacturing system is critical. The
high productivity of vision system can be achieved by a fast optical recognition from
differences in colors and contrast. The color of magnetic recording heads is substantially
black due to the color of slider material (AITiC, a .composite of titanium carbide and
alumina). Therefore, a “non-black” ESD dissipative material is highly preferred in order to
30 ensure higher productivity in vision systems. The color of other microelectronic components
may vary. Therefor it is desirable to have various color capabilities with ESD dissipative
ceramic tools and fixtures. Most prior art ESD dissipative ceramics commercialized to date

have been either black or substantially dark.
4. The prior art lacks tunability
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applications. However, there is a need for a substantially nonmagnetic material to be used in

tools for electromagnetic measurements. Accordingly, for some applications, it is preferable
20  to have an ESD dissipative material made with one or more substantially nonmagnetic
resistivity modifiers.

The surface resistivity is not the only measure to determine the performance of ESD
dissipative materials. In general, it is very desirable to have a fast dissipation of static

‘ charges from the contact at the surface. A more precise measure is a charge decay time in
25 ms as described in the literature. _

PCT Publication No. WO 98/49121 reports that an acceptable decay time from 1000
to 100 V is 0.1 ~ 20 seconds. Further, they reported that materials outside of that range are
not suitable for ESD dissipative ceramics. However, it has been noted that a decay time of
less than 0.1 second is preferred for most ESD dissipative applications.'®

30 Figure 1 illustrates the apparatus employed in the examples to take measurements of
transient current of sample materials.

Figure 2 illustrates the apparatus employed in the examples to measure the resistance

of sample materials in two locations - one stressed and one not stressed.
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spots. ceramics with substantially lower residual porosity compared to the pressureless sintered
ceramics for high mechanical reliability, low contamination, and good machinability.
20 A special object of the current invention is to provide substantially non-magnetic
ESD dissipative ceramics for safer uses for various applications of electromagnetic
measurements. |
Accordingly, the present invention is directed to high-density ceramics (i.e., greater
| than 99% of theoretical density or "TD") suitable for ESD-dissipation applications. Iﬁ more
25 preferred embodiments, the density"of the ceramics is greater than 99.5% of the theoretical
density. Such ceramics hav; a volume resistivity in the range of 10°-10'° ohm-cm, and also
have high strength (i.e., greater than 500 MPa). These ceramics are formed by sintering in
air and then, if necessary or desired, b}" hot isostatic pressing ("HIP" or "HIPing") wherein
the HIP environment is preferably not oxidizing. A second heat treatment (either sintering
30  and/or HIPing) is designed to produce one of the following results:
(N it may raise the fesistance; or
(2) it may lower the resistance;
such that the volume resistivity shifts (or moves higher or lower) into the range 10°%-10° ohm-

c<m.



Anot her object of present .+~avention is to provide a tunable resistiyvi éﬁ/ I n
‘a materi dd(@tl%d.‘%bﬁ’ari ous resistivity needs for a nunber of appl3iQ:§ t O .
15 A further object of this invention is to provide various colored ESD

di ssipative ceramcs, especially with substantially light col ored

ceram cs. A still another object of this invention is to provide H P-able

ESD di ssi pat i vin certaimprefamed dribalitsits, the sérbmidseveprepaet Gomd stibiliosd 230,,
conpared to the pressureless sintered ceram cs for high nechanical
reliabi| i B§Yanfagroesiy Mtk opgtor srpre geriughvriomssatiicandudtive pdditivessebaptedi feom dig ect

of the cu t, ' | . rovhde,subst anti.al non- magnet i ESD
o e CVBERBcoh R bl B APPSR RIS, R rRARGHS T

el ect r onagudeitegeolEBls tohpHRIFhEparRGR/TisiY thesel REAMESEARL, de'aé()‘??f-n'c%'?léﬁ than
~directed to high-density ceramcs (i.e., greater .than 99%7f theoreti cal

densi ty of S€CFD') suitabl e for ESD-dissipation applications. In nore 25
referred enbodj {. S he densit f the ceramcs s ,greater than 99. 5% of

'Ito he theoreti caPA g%%é‘? PV&B%W%O&%F@‘E’sIBWéVém&S Y%ﬁbmﬂggﬁsﬁr?*\ﬁm BIGEE

range of Vidked) WEthoTe gr¥ateANtAnd MPa nh ¥ SndVabhis 2&9?@&%5&1}:% rangf §3135 | han

500 MPa). These ceranmics are fornmed by sintering I alr-an
necessar y (l%dddnitisbireagsnts)dhereboforminga Highs $icolgr Cérkin:, Some préfBired)”) wher ei n

the H P envirannent is.prefergbly not | di zing, A second heat treatnment
(of ther SPHPRFRRGE csnif aRO andioeinggoud Oeledllidie Fursprasne eride.chom ho

foll oypn tsi; | dxi £ ad ' o OF 1 ' .| ower

t he rltlaosi ggﬁg{:, “3?}3: %Sﬁa(%xu%%% %/g?IZﬂe&Jr}gssfng? :t(?/?lt%eﬁs ?f({agk §%%l°r|ﬁ§)\c/’gr§¥wf'gher or

| ower) into th§omarpgﬁ'et’r%embsdimhmwmailfﬁuﬂkgpfﬁferamﬁﬁﬁm%eQOSSU% Ro?ft I n
certain pref.(?rred eF‘o%ﬁj‘lrrent , éhe ceranmi cs are_prepared fromstabilized
zr02, adPaiA depsstis)-y Qingnpretered embpdimeatsrgntain $iC oF basim hexsfermiteinvke

addi tives AL a¢zom the group consisting of netal oxides, netal
raégt g? 38%0l%

car bi des, nitr |°('jes, or conbi nati ons thereof. Advantageously,

conponent par t bn caxthén prefergdteneadimanstheceriiaice havel@CROR didhtdh dfesere ti@n 5
2 sec,.In @, rtaiﬂ preferred enbodi rrentshothe ceram cs have a hardness
great Bt t Al afieshegbireaipent iy watenat 200p280%Y; uades equikibrium perie! presstrand cont ai n

e b Mk Sl Sl R UL
about 10%dmpdsity basedeort Y aFER priodoctist-a40 %dAnteor 30160 % doped-SnO; for light

colored ESD dissipating ceramics. The terms “light colored™ means that the ceramic

material is not black or another dark color. Preferred light colored materials are white, off-
20 white, light grey, tan, and the like.

Unlike most electrically conductive metals, ceramics exhibit a wide range of
electrical conductivities and resistivities, Ceramics are insulative, semiconductive and
conductive in its bulk properties. The electrical resistivity can be tailored by doping

| conductive or semiconductive phases in insulative phases. Accordingly, resistivity modifiers

25 have been widely used to tailor conduction properties of materials. There exist a number of
well-known conductive ceramic families for such tailorability. The modifier could be
reactive or non-reactive with base materials. |

Although there is no single ceramic material that completely satisfies the long ﬁsh
list of properties for ESD dissipation, it is known that zirconia ceramics can satisfy a good

30 number of requirements excluding electrical properties. A number of insulative Y-TZP
(yttria partially stabilized tetragonal zirconia polycrystals) parts have been accepted and used
for various tools to manufacture magnetic recording heads to date due to its reliable
mechanical properties. Other TZPs by other known stabilizers such as rare earth oxides,

MgO, CaO, and mixtures thereof may be used as a matrix material.
7



10 exanpl e, manganese oxide (1-8 vol% works well to produce a "dark"

~col ored r 8L preferred enbodi nents contain Sn02, preferablyycg
range 20%&5%0?7@%&? initial reagents). O her preferred enbodi ngr[lltiEanm
contain ZrC or barium hexaferrite in the range 15-35 vol% 1In certain
preferred enbodi nents, the ceram cs have an MOR retention of nore than 15
50% af ter heat Zire6sia M2 MsuldtivédRer= 20" 200m2pHGitudeRr teffpeiatird! it RhPBEdn wkll
pressure. According to another preferred enbodi ment, ‘there is provided
par ti cul akeowibthsb §icondussive gireeniy crmpogitecian e m3le-bydispersinpconduttive paticks

doped- Sn0 Li aht +._col or ed ESD di SSipati i.cs. The t "1.i ght
colorec (et pleogindRe Fiaehimal @F EIMpEe), SomaR Riso, Tanisthb s e
col or. Pr gfspéridids |dfomktane] e6RMIcTME @ lkBoRhto | L try QbtbctiveD subh tagica'rﬂis&t,

grey, tan, and the like. Unlike nost electrically conductive netals,
ceranmixts bosidesi andasilicides resnljingon typicdaesiptevliescohlgsscthani 1-iQdsn-amgl which is too

resistivitfies.. Ceram'fcs ?.re i ESbI(ﬁt .Lve, sem conductive and conductive in
its bul k tﬁ’%f‘f’é’rsf‘?”é@.s FHRPUINR EPP PSP st i vity can be tail ored by doping

duct i . ! ESTA Ly cal Y
conductive or i?ﬂﬁ(ﬁﬁgu&ﬁlﬂé’sehaWQQESbéggl i;ﬁauﬂoaﬁ?tﬁﬁlze_ §e<§ec%8{elgigfrf:ﬁby of

resistivity no lers 25 have been w used to tailor co
properti egiramiayeduehi @l wansither enetali stides, FepdgrCayD;, WeO| -Oey@yrete onid Uzt i Been
~ceramc fam'li%ﬁ for, such ngi Jorability, The nodifier could be_ reactive or
non- r eact TePETtGH t thas Asel WaobYa PR 0Xife Chibbig RORdSP Ftiria-stabilined grramies tarirevide -
. materjql |.et: I_$hd ] OREho | S opert | for
25D o Csi ELRIcsHRAP rEaVY At 50} Ehol 05 4000 Mo die” kel PR Tt 5

nunber of Appligstionsiedited absee.uiowgver, eoimeioxide qaiditpes taltesthe Aransfobakbifify of Y-
insul ative_Y-TZP (Xttri a partially stabilized tetra?onal zirconia

pol ycryst aEE) deterioratingy thepaciuree tdjghnessandransitign meial \oxides ast tasoralorapt in

cryst & J 2 T idcoLes 2
rechant cal o epar g cERREHRR: BERIDie, R UUE ohBuldnt Tl Sty forp

earth oxi dhite/lighbéalored Mat@dul, m xtures thereof may be used as a matrix
materjal. 7 DocketNo. P4034 3 Q SEP 2004 Zirconia is insulative "Rv = 1013
ohmch) at rookn eddigienathepe transitipm ngbelepxides are Juhisahive fathameehatmicali sedox

zirconia i §.e. i i 0 IV ticles . to form
2 betr o ERRAR drBoe M TRARRtn AELS o SONBHERE W4 BRPLEL) F5t inbinde
parti cul aF&0;dh shessiaddergbes®itathoshesieu vaduction JudiEHKPIAPN irRrthfs VRN as

effective, such as carbides, 5 borides, and silicides resulting in typical
resi stivi desssting da dhe framation of poten onviinaking opogas foomingershetianyi HiRisg fimr

opti mum E%&h%%'aﬁﬁé ng&B prohibits such deleterious reactions but it is not cost effective due to

20 high cost of platinum heating element and special kiln furniture.

a

Both conductive and semiconductive phases can be used as resistivity modifier to
tailor the resistivity and dissipation characteristics. Some resistivity modifier can react with
Y-TZP to form new phases resulting in insulative properties and/or .changing the
transformability of Y-TZP. Such modifiers must be avoided. In addition, the resistivity

25 modifier should satisfy an many requirements as possible listed below to be successfully
used in various applications:

Pressureless sinterability and sinter-HIPability, good machinability, and structural

reliability ' '

Various colors, preferably a light color

30 Lowest particle generation ,
Tunable ESD properties
Lowest corrosion in processing environments,

Substantially non-magnetic or strongly magnetic.



Conducti ve oxides have al se been tried to optim ze the.electrical
“resistivi kéﬁ\{o Bypepni a, such as transition netal oxides, Fe203, 3 OcCoPB
NGO O é% etc. ?f has been reported” that 3 - 15 nol.%iron oxide can
be doped to yttria-stabilized ceramcs to provide 10 an el ectri cal
resistivity of -105 Chmcm at 250C. See al so Kyocera's Japanese Patent

Applications, MIihadeahdvend Hundight colorPESRI dissinidive tdev@fic che be tpiépared by
transfornmgbility of Y- _ TZP, deteriorating the fracture toughness.
un%nr
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formng reacti .gnf-‘f%%ﬁ'éceiphgﬁ%ﬁlgga IEEsHYIg “é%fgé"srs pP8ki BalYs s(ile magnetic f
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I stivi | SSi ion characteristics. Sone resistivity nodifier can
iEZ'cf \Imwt%}go?f gﬁglafsl IS?@&HY%WY ¥swalar @%ﬂﬂﬂﬁﬁlﬁglspwtlhﬂstMI(ﬁﬂﬁﬁe&/lm dpémlimel.
d/ sl SAHOT, b Jd .ty Of ZP. . Su nmodi fj.ers nust..be
vor . PG hhad T00 AR B4 BBk Fieh HEp Freeehf sbseFRRRE of
r equi r enegrestenthapnd§2inilieol. | Sdnedmatkialy such hel sMaOs and LhCHO; $hoRmbdiuMAnbRES

- applications: Pressureless sinterability and sinterH Pability, good
marc)hi nabi FPRERELC, pRpceptitibtyy r dhe meodifigss |With lowr megeetisobusceptibilitef év gbby far

| i ght col : |G ' Tupa ES operti Lowest

corr osi oreiphicefihs 88fifhe B ol el o Thdsite b " i )% SEieF i

strongl y highneignetic SisRenibilitive .camasedan@pﬁﬁatiawqﬁﬁingmghwm&:eﬁm. t hat

| i ght, col ored E%FI%; issitpative ceram cs_ can be prepared by dispersing ZnO
At (L)

graing in Y-TZb R fopng that the msistiyitsrmdzome materplsi sigzificantly chavge wftet 0
achi eve aHiPigé'.t F%ﬂlé}[ 1 BBLUREA or PPl bOSnTG ah Y cOREITEd 19 2 tYe'siréEl Lgl\ﬁvesdg);
col ored (or ac

a controlled heat treatment in air or controlled atmosphere.

Finally, the volume percentages (Vol%) of ingredients disclosed herein are based
upon currently available commercial grades of materials. These numbers may be varied if

20  other materials are employed - e.g., nano-size particles would result in lower Vol% values.

As described above, the present invention seeks to solve the problems noted above in
the prior art ESD dissipative materials. Accordingly, the present invention provides a strong
ESD dissipative material, having high density, preferably formed by HIPing, and a choice of
colors, particularly lighter colors than black. The ESD dissipative material of the present

25 inventjon further has “tunable” resistivities, namely selectable during preparation, with

mechanical reliability of corhponents, low contéminating surface, and low magnetic
susceptibility.

Preferably, the ceramic compositions of the present invention have ESD dissipative
characteristics, tunable volume and surface resistivities in the semi-insulative range.

30 Preferably, the ceramic compositions of the present invention may also include a
small amount (e.g., less than about 2 wt.%) of one or more sintering aids or additives
selected from the group consisting of Ca0, MgO, SrO, BaQ, Al,0;, Fe,03, NiO, Cu0, SiO;,
Ti0,, Nay0, K;0, Ce0,, Y03 and mixtures thereof. The amount of additives must be small

enough not to alter desirable properties for ESD dissipative ceramics. In some cases,. limited
9



ESD di ssi pative ceram cs have al so prepared by addi ng-+tawvn03, LaCr03, ZrC
‘and 5 Bgjek&fBOPimdr- TZP. Magnetic susceptibilities of resistivity 0 SEP200K
nodi fiers may vary. (The magnetic susceptibility is defined as the ratio
of the intensity of magnetisminduced in a material to the magnetizing
force or intensity to field to which is subjected.) ZnO, Sn02, Zr02, Y203,
A1203, zr @nawts of hepaeidesmgy beincamostedfigmaavonatende pad/pt ¢antamipatioress t han
. 10-4 rﬂlngl .10 On tdhe' ot her hand, Fe203 and BaFel20ig exhibit high nolar
magneti c ‘H}%‘S’Fipﬂ” Ff@r%?’sgm&r eater than 10-2 mInol . Some materials such

as LaMhO3 andpledérab, SRovirifBié domplitRns ofBERkédt SHRaERT bl dubktintialiepore

nodi fiers with | ow magnetic susceptibility is good for application
r equi ri ngfregpadicadarhomayghative cuinbtsy €.¢r, emre thadbrPh ot fixgr - besad upoporei sizes

with i gh magnetic_susceptihilities can he used,in | i catjons requiring
magnet] ¢ BAEL TGRS BB | A5 bied hsisdh, Tl PRIE Tk o SRBptagally Tore Genoimey

mat eri al s15) gRiiks I t | hst bylebd es of
i Pad  cof SR ULARAYs St Ben oter a0t S T Beraply R B D514, 01
treatment in aPrefeablypnhe etiagdc abnpssitienseof fenptessnt inbentionl have high dhuages
(Vol %9 of ingredients disclosed herein are based  upon currently avail able

commer ci aftrepgd e Sinter-FaPed TEF natamals withu e drinQm faMaQeaandbalrOs arg ssonger
mat eri al S1906 &P %/eag 1.605%Pa N2 %_t?\imi particles would result in | ower
8ed§b§bov%’, {]%3 prg's

Vol % val ues. ’AsS dZSC’I‘I ent invention seeks to solve the

probl {8 not edPadfereblyl, the téremiy t@hpasitionsSIP tHe $8ésent Inventitit Bivedd Selor lighter
Accordingly, the present invention provides a stron ESD di ssi pative

mat eri al , thaghlagk- Hisgesed diesginythe prefemediblightt splesds Bgfingd) a5 bring Yighten thandthe

mater ol SRR G 18 B seal AR BER 3 B n SRSt e e Sig B Pl
namel y sehRedaby Mosttighdnditive adadireRnts\M THe cdfaladintsitionh haxhhinm%%m and

conmponents, |ow contam nating surface, and | ow nagnetic suscepti '
r’f}ﬁ%lé

1t lity.
Pr ef er abl $n0; pempesitiensshew relpsnwhile moshethers ack grwent dak. have ESD

di ssipative characteri,stics..tunable. vol and surface resistivities in
the”sEii | nsul BraeRoPh ot dnid B TiohS of e SRST N5 bEY & holined ke
present i fidRNhindshstiYofahs perfbred anee o AESBIHSsipative dadamli®) Of lesk @%% 300afs,ahewt 2
wt.% of one or nore sintering aids or additives selected fromthe group

consi st i npreferaldydessiban 10§ ms. BaO, A1203, Fe203, N O CuO Si02, Tio2,
20, 20, P Brerda el o R SR  Bho et b
ceram cs. chrier5ieh @8 586 thani 100 hedl, 1Bofteedfertadbly. 1e 8482450 mA.
20 As described above, one aspect of the present invention is the formation of ESD

. dissipating tools using the ceramic compositions of the present invention.

The dense product of the present invention 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

25 like. Some resistivity modifiers were doped with additives or pre-alloyed to desired
crystailine form and/or resistivities. When the amount of resistivity modifier is greater than
greate_f than 60 vol. %, it is difficult to take advénitage of high fracture toughness and flexural
strength of TZP. When the amount of conductivity modifier is less than 10 vol. %, it is
difficult to achieve the desired dissipating properties. Suitable ranges of resistivity modifiers

30  thus include 15-50, 20-40 and 25-30 vol. % and include ranges that overlap these values.

The average particle sizes of all ceramic powders were smaller than 1 pm to achieve

a2 homogeneous microstructure and uniform electrical properties and desired dissipation

characteristics. Some pre-alloyed powders were milled in a plastic jar with Y-TZP milling

10



3 0 SEP 2001, arpunts of these oxides may be incorporated fromraw

‘mat eri al ﬁﬁ‘%’ﬂg%ggﬁﬁ am nation during the powder processing. Pr efge[; gpp Yok

the cera ons of the present invention are substantially pore
free, particularly in relative nunbers, e.g., nore than 90% pore free -
based upon pore sizes 5 greater than 0.5 m As used herein, the terns

; LW , gr eq : _ o .
pore fremediin® obtalRHesidd pirlidle RRES FoRiBrs Werd rﬂx'xﬁd’tbgganggxbgﬁ}gg ﬂ'é? gaﬁﬁé | ve

density greater than 99% 'nost preferably greater erably,
t he cer aninill #othp¥<siZR milding inedivg folloveditty drpingrand granndatienhi gh f | exur al

strength. Sinter-H Ped TZP materials with ZnQ, 02, LaMhO3: .and LaCr(3 are
stronger 1, Oogﬁlegig@,se P ,“C%Hg%'f Heysnigs, 1s P’@B'ﬂ@gt YEoiding @ mixtpee, abh Yy TZPhe
ceramc cC | 3o ok . { V. ' | | .
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. lightey thah dshiry présding] siip @btidd] tapesoastingg iigeapndebdlidingd eiyusicrOandpélafas i)
al so be asured Lsi?ls“itlcregrﬁa color _nmeter_ for nore quantitative neasurenments.
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col ors, | C . . t ef erabl he
ceramc ‘é‘%’t’rﬁ%@é@tgﬁgﬁl@ ?ﬂegﬁg'@é@ﬁ%’ ?’E‘,@é’ﬁ’i’?ﬁg%%%g'{f‘g%gd‘ggﬁ@5@9‘3@%@0%i me (a
measure of theThemisldétheeemivh abtfReschire debialéied @ad aiftésd irPhir b 88sitel 382 2R
nms, nost preferably |less than 100 ns. Preferabl the ceram c conpositions

of the pr8&s&KIt atmasphers o gagaserathpp §5Py IH34 mferaél’:'r toegreates thn 3%%| BHs Than
100 f |yl t .20 d i bed above, t
of t hiD pr Btenfd EerBliY ArcieE B Be PuerHensifa BRI prPiE inoBPE 351

t he ceranmbrygarieasng irRisgaefio fllEddisie.e The kiebtdimd sidtbRddR RERePHAR Ceraplict he
present invention conprises TZP as a base conponent and _particul ate

di sper soi agiclsi ehibitsicn polume resistivity pfefreml &ot & fto drxc HhE Qhracen én ambient

sem condugt i V. i L.carbides, nitri.de 0Xx rbi.des, .oxynpitride,

oxycar bonfeﬁqegaetgféxrgﬂglﬁlﬂ%sabfgw?qn@_at (gt(?ﬁén @?‘sﬁﬁﬁ?@fﬁé&i’w@c@m T e doped
wi th addi t i ves Semepresisabitweifieds 4 fe@6t wRhYSITAP Hikengd SinferaRd4Wor HIPing
resistivities. Wien the anount of resistivity nodifier is greater than
great &Y t fa#h 6oming zirognate compaingls Wkl ery diffeakd cladinival prypeoieshiSyih freamtibor e

t oughness fl r ty: th of TzP., Wien i.he amgunt of conducti.vit)
o 1 o FOf e Aer A AN Rlbefiort 28 gy Rl PRl SRR ot

di ssi pat i figsopfetipstvepSdesiublt ablimit foB @ Heleterons r&ictivh by réRdinki tB¢ SedPhdafus

i ncl ude 15-50, 20-40 and 25-30 vol. % and include ranges that overlap these

val ues. ‘oRpezatareagad phmes.c| dngthesscogppligating ceagtion dutiag:rsintarng isnthat ethe
N ot T LORREILEY SmBaftROARRP AP e BR' iHRLORRa WP LTS SRS Ether
' 20  stabilizing the Y-TZP grains further or destabilize the Y-TZP grains. In this case, the yttria
content in zirconia may be controlled to optimize the transformability or.other TZP systems
with different stabilizers may be used. The degree of reactions during the sintering
significantly vary depending on the particle size, particle size distribution, and densification
] temperatures. X-ray diffraction was used to determine any detectable chemical reactions
: 25  during the sintering. _ .
HIPing of zirconia is a well established method for eliminating strength limiting
pores or cavities. The flexural strength of sintered ceramics are often improved up to 50%
compared to that of pressureless sintered ceramics resulting in a major gain in their structural
reliability and machinability. Other resistivity modifiers may have a limited reaction with
30  Y-TZP. However, the modifiers may be thermochemically reduced during the typical
HIPing in inert gas, e.g., argon or the like, usinglgraphite heating elements. It is well known
that such HIPing may thermochemically reduce such compounds releasing gaseous products.

Such gas forming reactions limit the densification caused by bloating, swelling, and/or

cracking. For instance, most transition oxides, such as Fe;03, C0,0;, NiO, and Ti0O,, suffer
11



characteristics. Sone pre_?a{PI oyed powders were mlledin a plastic_jar wth
Y- TZP ni H&cﬂ%gpﬁﬁketl\b. 4034 3 0 SEP 2001 nedia to obtain desirledEP 200
particle size. Powders were mxed by a wet mlling in a plastic jar mll
wWith Y-TZP mlling nmedia, followed by drying and granul ati on. The dense
product of the invention is prepared by nolding a mxture of Y-TZP powder
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during sintering is that the conductivity nodifier could influence the

t r ansf or M&BSYItY casf change depeadipgLinbe densityrof zharge ghirlers sueh ashintedstiizRagjoas ns
further of. Aestahi!lize the Y-TZP grains. In this case, the yttria content
in zirconia may bé controlled to optinize the transfornmability or-other TZP

systems wi th Hid keyvanthata differért Gest treaimdit 0068 8micEhe hipadeBBerafurd BAFLARRD
duri g the sintering significantly vary depending on the particle size,
¢l

parti'cl e dmeerhere drm theisthenprd Rishsi fdensification ttemperetraicad . atospherc) can

di ffracti : : i  ect ab heni.cal t.i 25
Guri ng_t rndE e RSt RnR BT Qi GRS IR A Sk BRIt IERE b AR EH™t or
el i m nat iregistitityenGhérdégres of blgangp i @iven @it h&Snot THeen khudrdr @k nsdst feaaﬁﬁb of

sintered ceram ﬁf a&g_often, i nprooved up _to 50% conpared to that o
pr essur el ¥EEMS; ntepEQtQN: HARIOBS DHBRIIRRYHIes An AhgyBystam gadynsignifichrtly influence

struct ur akych eRideRB1 IFikt i AT si.stivity.nodifiers.my
have a |imt eﬁ rggac i Oﬁﬁ%ﬂ%ﬁ@ﬁﬁ? HeaPhely di¥ferett a%{rgé Catiers' active in Some ceramic
20 systems. Accordingly, it is very important to establish the control of resistivities by

experiments.

Most ESDAdissipative ceramics tools require machining into precision shapes and
dimensions. Therefore, if there is a compositional gradient on the surface of ceramic body
the ESD dissipating characteristics may vary.

25 It was found that the volume and surface resistivity fall within an order of magnitude
from a sample. Further, the voltage decay time correlates rather well with the surface
resistivity in homogcne_o‘us material. For instance, a sample with a low surface resistivity
(e.g., Rs = 10° Ohm/sq.) exhibits a short voltage decay time, i.e.,, ~50 ms. If there is a
macroscopic compositional segregation in the composite, the dissipation behaviors of

30  material may vary depending on the compositional fluctuation.

Characterization Methods:

Densities of ceramics were measured by the water displacement method with

temperature and atmospheric pressure corrections.'?

12



30 Y-TZP. However, the nod~fiers may be thernochem caky reduced d’fi'qﬁﬁ
- the typi IckedqloP'pQ?%in I nert gas, e.g., argon or the |like, using grap {084
heati ng el enents. is well known that such H Ping may thernochemcally

reduce such conpounds rel easi ng gaseous products. Such gas form ng
reactions limt the densification caused by bloating, swelling, and/or
cracking. For Mistoatreayreno$t cdramitsi Wiern obserded, bys Usphicals anfe2RaningCeRRBon
NN O and Ti02, suffer {_I Docket No., P4034 3 0 SEP 1004 from sucﬁ

react i onsMIGARYOPES gy polished; grogespeetignspt spmplesoprepargd aby e rstandhrshvipolishing
stabl e, lﬁ% dglivity nodifier to avoid such problens. Alternatively, an
oxygen HI'Ping nay be used to avoid such negative reactions. However, the
hi gh cost of ogygwfideRinig pictedivt R meddBRELY MiMiScah

cost effective products. 5pA nunber of different aEg([?ngSa{ﬂggﬁlgg&H{ﬁuﬁfer
appl i dat i desociatesuiLaboratory.olne..r Besten,i Wid,i wsing rdgP mpticalogedd@ry and07Z.6 mm
‘Chmcm The conductivity of ceram cs can be controlled by adjusting the
amount of “REEWHuct i vi ty nodifiers and/or using different ratios of particle
sizes of condiGa iffdctiBiflXREY meitRh R Red R Riddline (FAANHL Bitols of BENAHS
cerami c conpositions may be prepared to cover a vari e range of°
conduct i degsifiEdeemimics, it is very desirable to 10 establish a method.

to tune (or tajlor) th esi, sti vi of conposition by a rather sinple
heat treat rre?#l"t’{sésa’r?ﬁlé@’ﬁ 59" TB?élé\éSr SRS afto o cegpmica MistrspResuEEd bya
nost Hﬁraﬁﬂlﬁe-%rﬁ@ﬁo&Eﬁnghﬁﬁdséﬁib‘{ﬂahéﬁuﬁé’rg_ change dependi ng on the density

of charge carriers such as interstitial cations or vacancies. It is known
that a differ eHardvest off ceeahive merodeteranined by Vitkes hirdhaspatitddistdoadings khopwn
15; at rmsphﬁoggég: omtheir thermal history change the equilibriumdensity of

char ge cal® in ceramc bodies resulting in a different resistivity.

The degree of @H@a%iﬁt(f}[&ugé M?éﬁ\gﬁly of &RARS WRE dBRRRinsA lﬁgiaeﬂlteﬂ@rdsgyﬁgﬁgﬁq rir%y

cerami ¢ systens. I'n addition, various mnor rnmpurities’in
si gni fi caABTM iGIfl60SHcesing dsdx SOhmny 6pe-Fruspedimen. tAsumingny Weiballfmvdulus of

di fferent .ch e.carriers acfive i one ceram c 20 systens. Accordingly,
Tt o ergPorhuf it L PaL I SeBad Fe Aoferure! Rt A s dptbg0% lowe?
experi menghgn thiSfouEPRsHoSHE PRL1IGHE- S 'R BBCRELNgAL

pr eci si on srﬁapes andngiigrrgﬁ;l??()lr?g.F sgl'ﬁ(gfﬁegfugr%%ﬁl?é &tsﬁggggia? a cgh%ﬁgéi{&:vépﬁg?
gr adi ent sirengtheofsutof ickarpwersaeparied. body the ESD di ssi pating

characteristic vary. 25 Lt was found that, t vol yme and surface
resistivity fa?fargde’? Hpqéigﬁssopégyrawcsngam f’%la'éﬂmemy an ‘ndentation crack length

method using Vickers indenter at loadings of 10 to 40 Kgf. An indentation crack strength

20  method was also used in some occasions.
Volume and surface resistivities (DC) were determined according to inethods
specified by the ASTM", and others at 10 or 100 V. The surface of ceramics 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
: 25  Chomerics Inc. of Wobum, MA, was used.
Voltage decay time is a. measure of charge dissipation and is determined by methods
described in literature.'® 1> 1617
Uses of semi-insulating, ESD dissipative materials:
The following is a partial list of the many possible uses of the ESD dissipative
30  materials of the present invention. These suggeéted uses include the following:
MR (rﬁagnetoresistive) head substrates,
Transfer tools for magnetic head manufacturing (lapping, polishing, cleaning),
Tools, fixtures, and containers for HGA (head gimbal assembly), HSA (head stack

assembly), HDD (hard disk drive)_assembiy, '
13



froma sanple. Further, the voltage decay time correlates rather well wth

«the surfagce sistiyity in honogeneous material. For ihstance, a,sa

wth a1 HockeNGRI0 G Y vty o g R 106 ohmisq. ) exhibits 2338 o

. voltage decay tine, i.e., -50 ns. If there is a nmacroscopic conpositiona
segregation in the conposite, the dissipation behaviors of 30 material may

vary depefrgdiiRg itd i r ' ' t hqds:
Donsi 1 oo Ty SR rts; Sl SOHAMCL £ infh HARE, fcesiil PRATHE I Wil Sivae,
t enper at uamd wittl catbvnsiitndde,c pressure corrections. 12 12 Docket No. P4034 30

sep 2004 crostructure of ceramcs werge observed by optical and scanni ng
el ectron %Aﬁ?lérfg@(‘:‘ff'ﬁe%“%ﬁ"?%m@ﬁgd”lé‘?%@%é’ﬂmﬁhngaﬁuéwwl es prepared by a

standard Q@H%ULBQCC%%&%?H#R?C‘%&{I}%]% ceram c pieces were neasured by

M ni scan st aval romHunter 5 Associ ates Laboratory, Inc.,
Rest ory VNozzlss fug adhésiveoptid sobder gpemsing; and 7.6 nm aperture. X-ray
diffraction (XRD) nethod was used to determ ne crystalline phases of
powders dYaferchandling &iytuses; and electorsuvaguemebueiisus,  shear nodul us and

Poi sson' s | 9. of. ¢ mcs were neasured by a' 10 pul se-echo nethod using
ul trasoni %éﬁé’%cﬁwgéﬁlg&r%rdness of ceram cs were determ ned by Vickers

har dness 1TB§ROfixtates! AROEAIUENGS & EID s&Bitk@ideyvilBe e, F@M}" gf [/ U h
of ceramcs were determ ned by a net ho lspegiv%‘i'e’gdg N %ﬁa?gﬁg%é%ﬁ@g?ng
3x4x50 mviRANG MEMSeci men. Assuming a Wi bull nodulus of 15 about 10; it
S es{d mat. e reports.a flexural strength that is about 20%

d t.hat. t hi d
| ower haﬁsﬁ?élfq?ﬁ&tmlassfgnﬁﬁgo@fj@ NgEBReAE (3-point flexure test using 30 mm

span) . AVPERERal t&dl5:an@bierd)kcrew divkrs, BaSdry¥Bl@ed, eported. Fracture toughness
of yceram cs were determined by an indentation crack Iength nethod using

Vi cker s i Ramfosrobaticiforgdrsngs of 10 to 40 Kgf. An indentation crack strength

(00) wor e TR GRS LSOOG S SERDHBHE CoXMEGTPYat by ( ho ASTMIS,  fnd

others at TdQIsOfixthRR, dhd JohBaiiess fRGis BREBTAR),Was ground by
15 and the like,

In fabricating the component parts described above (which is a non-exhaustive list)
the ESD dissipative materials of the present invention may be employed as the entire
component part, or as a portion thereof. For example, ESD dissipative materials may be
shaped into the various components by grinding, machining, or the like - in order to have a

20  component part this is entirely formcdlfrom an ESD dissipative material. On the other hand,
small portions of the component parts may be all that require an ESD dissipative material to
be added thereto. In that case, one or more small machined or ground (or otherwise formed)
segments of the ESD dissipative materials of the present invention (note - two or more
materials may be combined if desired) would be added to the component part (either
25 permanently or in a replaceable manner) in the critical area requiring ESD protection.
Persons having ordinary skill in each respective component art can readily adapt the ESD
dissipative materials of the present invention to the specific requirements of each component
listed herein, as well as others not recited above.
The present invention will be further illustrated with reference to the following
30 examples which aid in the understanding of the present invention, but which are not to be
construed as limitations thereof.
EXAMPLE 1 "ZnO"
A Y-TZP powder containing about 2.8 mol % yttria (YZ110) available from Saint-

Gobain Ceramics & Plastics (SGC&P) was mixed in water with varying amounts of zinc
14



a di anond wheel and cleaned in a ultrasonic bath pri Ok\to t he resi sg VngZDBL
- measure ﬁs ﬁ el ectrode, type 1215 silver-|oaded ‘conductive r tg]b
sheet agﬁ%k‘ﬁ O5PA034 hi ck made by 25 Chonerics Inc. of Wburn, M\ was
used. Voltage decay tinme is a neasure of charge dissipation and S

det ermined by nethods described in literature.14, 15, 16, 17 Uses of

sem -ins ol ' ' |aI Iist
of the. mans Blailappech O Coratlh S hfictic A S i M -1 2P 3nfiit e

present i Tiwesirfare. ardasesieY U0 and Qﬁl().lpmderﬁl@&ewe doide(f fﬂzﬂgo‘i‘és &:tl\M? gnor to
(magnetore5| stive) head substrates, Transfer tools for magnetlc

manuf act upiliae.( IThspmiled prvdes Mﬂﬁ@fﬁ!@ﬂ@aﬁh bR labTraters méthed do pmssaiﬂnjpowder

Chard or cine Py il EReRY ReRss D BRI R el ey 48 33 bem S5 Graptadeaty
- fixtumses, xegs@d‘(&m@m@'r)%ttmMmftsrfomgélehﬁgdlewOCGSS' ng, cleaning in water,
solvents, and with carbon di oxide, Tools, fixtures, and containers for

wire bondi ng, Thé¢ mﬁnbpdlcﬂmrermtereﬁ|atk°@{ndnmadeslmdxuﬂtermgft?hpd:rﬁl\ﬁ&la$lp50°
handl i ng, for .adhesi.ve sol der di spensj Waf er handlin
fixt ur oo 1000CERr 3P eoREveR st iosty SFisesisntann g DeTh Uhserahcasden

fixtures, i [ .S Ge
P, and’ TR R Yy, o2 chiPeRA  elirg | CiSed Snoturid Yot it

Per sonal dsswhig noveagzkoms betgeeetwal phases durisg ﬂmnmtm];cmgll Sﬁma ,smt&éd bediedwere
boti.c fJ Tool.s...Lixtures, and.containers for electro-optic_coating

b ocdds, HRAGE Ax sl fine 05 Ak 46 BhiEve e il dgesion o411 samoics ere HIPed & and

t-11-o- Iérgﬁerdh@nfggtgr%qabl NP S rGRRRESY sR3F pS descri bed above (which is

a non-exhaustive |ist) he ES d| ssipative materials of the present

i nvention may ’th ecqultmgedermsf iedhbodies by esmte:mg)amérsintq&aﬂiﬂ’,mgnﬁwc@g nteapred Ihibfl

t her eof . r. atlvema als may .be shaped .nto the
vari ous c%% §/fﬁ?cﬁ“ ﬁlj“ 8% MNP, ’Eﬁcu{rﬁéo‘llgbr?@” RASe MHETOsTUCti®ve a

volume and surface resistivities, and ESD dissipation (voltage decay) as summarized in

Pk
Lh

Tables 5 and €.
Effect of ZnO content and grain size:

Table 5 summarizes volume resistivities as a function of vol. % ZnO in Y-TZP of
pressureless sintered samples. It is noted that the resistivities for the ESD dissipation (10° <
Rv < 10'* Ohm-cm) can be achieved by composite materials with 15 — 35 vol. % ZnO and
20 85065 vol. % Y-TZP. These sintered materials can be prepared to greater than 99% T.D. at

1400°-1450°C for 1 —2 Hr. in air. _ ,

Sample No. 16 was prepared with a Y-TZP powder containing 3 mol % yttria

(HSY3.0) and sintered at 1250°C, which is 150°C lower temperature than others, to

minimize the grain growth of ZnO. It is noted that the volume resistivity of this sample is 5
:_25 orders of magnitude lower than Sample No. 2. The present result indicates the fine grain

size of conductive phase (Zn0) by low temperature sintering is favorable to achieve a lower

resistivity. Further, it is believed that the amount of modifier could be lower by low
temperature sintering and reduced grain growth to achieve the same ESD dissipative
resistivity.-

30  Effect of Annealing temperature and atmosphere:

Surprisingly, the resistivity of Sample I;Io. 8 after HIPing at 1350°C/207 MPa for 45
min showed a significant reduction from 7 x 10" to 5 x 10> Ohm-cm. Samples No. 9 — 14
show the effect of heat treatment (annealing) in air on the resistivity of HIPed 20 vol. %

ZnO/YZ110 composites showing the tunability of resistivity by a simple heat treatment.
15



20- conponent part this is entirely formed froman ESD di ssipative

TRYeLAy,

‘On the other hand, small portions of the conponent parts nmay be a
require Qﬁ’%&ﬁi"d?é@-’r‘bative material to be added thereto. In that case, one
or nore small machined or ground (or otherw se fornmed) segnents of the ESD

di ssipative materials of the present invention (note - two or nore

(o ther 2EHeag TSI RRE i T 5P ¥ o0l B8 pRemmie v PP tape o
requiri ngccﬁ@DaHfr@icBﬁddg_@ of resPRIVGRRSTOP NG BSTIdRIPALIo& 'hbﬁliciaﬂoﬁs‘?lcﬂpﬁé’aﬁﬁg% lve
conponent art can readily adapt the ESD di ssilgj)atlve naterirals of the

present i $ifierant etmespherss (Sameple Nos 16pajed peavide additionshmiearsctopachient thel tusdtsel
her ei n, as, i\/\EI.I as q&hhers noh recited above. The present invention will be
further i TCPRAYIYL M ISEARPEIEPRnce to the fol | ow ng .30 exanples which aid

R der ot aod; \ o, : ;
I n theg unders Aﬁ?ﬂ%ﬂaﬁﬁe&léﬂ%aﬁfpﬁ@ﬁb%&ﬁk'l@ OHHLCW%%B&?@ esr9b5’C B6: 5

construed as limtations thereof. LE 1 "ZnCO'
cont ai ni ngr.aino2¥e HaBl2naimosphere, riesul(ingg il @) resistavityabf 6 £ rl6fnCBan-otn:  Thlxafesult

Ceram cs &,Pl astjcs, (SGC&P) was mixed in water with varying anmounts of zinc
14 3 0 seBdsg ﬁd’%&é@m%}??tm%@%ﬁ%nﬁ%ﬁai BIPECTsiplem A50rdIngly oib i bslished f

- and Zno i e regitily o WAoo td BPcdiBon. il hEE ARARR Ty RapE
m |l ed pondecontvatied ammosphéred by a | abor at ory net hod to pressabl e powder.

The powder was uniaxially pressed into steel nolds at 40 MPa, and then cold
i sost&icall y 5 pressed (or "ClPed") at 207 MPa to form green bodies. The
green bod—'E%g re sintered at 2Cmn to a desired sintering tenperature
(1350 - 1 %:?Efor 1 hr to achieve a sintered density of greater than -97 %
TD (t heorHx# ¢ dircasiagipe))ZnO The Ddasifitfion Cal] HigNEdainyen@S cal CUIRf €d DY) a
m Xi ng riyle twﬁo %lof ingredients _assunjng no reaction between
two phasles diring the s|i(YeER) idMedfideaph | dTerr/inel LAingr e 10Ohmsa®) j n Ar
at 13004 T7or [ZZmpn o [agni evyg giigpdei I dgnsity. Alf-sanptesagE@ HPed to
greater [than/99.5 % T.D., nostlly greater tlhan 99.8% T.D. Theg resultipg
densi fied badAd0by siideri nd HUNAOW nt er -{HI Pi ng weke neasurletdBIdr
densi ty, |few “IZ'I papdul-us — hardness osirnncf h fracture toughness _phase
mi crost ribt uféZWol umd Bnd sYrYH08°¢ esi stliviti es, pnd ESD dis®fatibn
(vol t age[ HETYRIeYEZFs UNTIes ZeU [igFzh5e0 abt €5 -5 . 7.6E09
5 2.6YTZP 30 $/1400°C - - 9.1E07
YZ110 30 $/1400°C - - 7.9E06
7 2.6Y-TZp 35 $/1400°C - - 6.9E04
8 YZ110 20 H/1350°C*# - 5.0E03
’ 9 YZ110 20 "H/1350°C 560°C/5Hr | Air 4.0E04
10 YZ110 20 H/1350°C 585°C/5Hr [ Air 9.0E04
11 | YZ110 20 H/1350°C 600°C/5Hr { Air 1.7E06
12 YZ11¢ 20 H/1350°C . 630°C/5Hr | Air 5.0E06
13 YZ110 20 H/1350°C 680°C/5Hr | Air 1.3El1
14 | YZ110 20 H/1350_°C 630°C/24Hr | Air 25El
15 YZ110 20 H/1350°C 810°C/2Hr | 2% H2/N2 | 6.0E06
16 HSY3.0 20 §/1250°C 2.9E06

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

Transient current and voltage decay time:

16



O rri  F44. Effect of ZnO-content and grain size: Tahle 5 sunmari zes

“vol unme resi stivit,l as a function of vol. % ZnOin Y-TZP of press SsS
Si ntered%)zogﬁf)lﬁés&ﬁ@ is noted that the resistivities for the ESD§Sfj %ﬂﬂﬁ
dissipation (103 < Rv < 1012 Chmcm can be achi eved by conposite
materials with 15 - 35 vol. % ZnO and 20 85 -- 65 vol. % Y-TZP. These

sintered mater Sahplesam QEnfUsRIAMEY: taAd DSCRZRO/VIRI) e Bréa_?_reﬂt and\}&g{é- HéreOC

for 1 - 2 H. in air. Sanple No. 16 was prepared with a"Y-TZP po
cont ai ni nededvinl aiyoapttemperatufedIwIhe yangar08i660%: ¢ul givie the F&Btivithivalies $hakHC

e R B B S ARG BB 0
magni t ude | overrot it SaARsEreM@nt, 4he g&?cbgﬁllﬁ&?ﬁ@ gﬁﬁ%&' lthe ic Egd”‘ fate Hgl)ﬁlitzsnl) N§

grain size of conductive phase (Zn ow tenperature Sinterin
f avor abl echangeslctoi 2 fimech voltager Thigkiads theiplgte vithr ot 7 0@ of shdvgd ae¥VEA VL kst he

anmount of .nodifier, .could.be |ower by |law tenperatuyre sintering and
reduced gPdrsf ﬁr@ﬁ? Rissipated ip &&‘@ﬂﬁh@' é’éiﬁ@r@ﬁﬁ shmde wath the movablesgontact. y The 30
Ef fect of ,ARneakieROclRmPRS B b 001

resi stivi?y of Slgrrpl e Nog (g&éé?ﬁaeraqﬁnglt ng 255%%@5‘95‘&B§°¥’c€?“t‘§§°berﬁynﬂle
showed a sscgluistepeawhichadeords witage every nanodébiidt o 5 x 103 Chmcm Sanpl es No.
9 - 14 shothg«:eff.ect, of heat treajnent (annealing)_in air on the
resistivity of Defgelmsds \PEﬂa.S“fﬁ/é bzaesﬂfm ﬁ@ V@@aﬁoaﬂﬁp@ggf thesharggd tpiage monitor
tunabjd it j: :nea . P
Docker ho. gk pildkeble ¥ RoSlPLERES TS (8 FERE vollthela duPRopCatily o
prepare V0 duss omwapoed tframsht oscitiescepe aftor rddalr etagging fto r BSHK M, V iThitREndn®r
vagi ous EéD di ssipative applications. Annealing at different atnpspheres
 (Sanpl e NBSCUOICREE 8 BRib 0T 48 MHdHithe Sionesmensurably desny e (The follonibgacsults

r esi StiViﬁ*Xre"Hthéd]i s conposition. 5 An over-annealed sanple with Rv of 5 Xx
101! Ohmcmwas annealed at 890C for 5 .Hr. in 2% H21N2 at nosphere,
resulting in aresistivity of 5 x 106 Chmcm This result indicates that

t he reii s,}i yity control of this material is reversible. Accordingly, it is
bel i eifed T¥N&P the desired resi stivity can be achieved by conposition,

anneal i n S&le%i AN o ARet O  PE Sttt 41 Peak SRR ecay ~  time
resistivity 400V at 500V (ms)
(Ohm-cm) (mA) {mA)
#18 (20% Zn0) 7.7x 10° 1.6 16 less than 25
#10 (20% ZnO) 22x10° less than 1 14.7 less than 25
#11 (20% Zn0) 1.6x10° Not measured | 1 43
#34 (25% ZnO) Ix 107 less than 1 2.0 Not measured

Table 7 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

20  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 éood 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.

17



TabI e 5 ID #Zirconia typeZnODensi fcati onHeat treatnentRv (Vol

- 9% ( Met ho )i);'e /tinmé) (Atm)(Chmcn) 1YZ11015. S/ I2000C*--2. 0E48 SEP 2004
2Y211020g§°f§g‘8’@ U3E11 3YZ11.025S/ 1400C- - 5. 6E10 42. 6YTZP25S/ 1400C- - 7. 6E09
52. 6YTZP30S/ 1400C- 9. 1E07 6YZ11030S/ 1400C- - 7. 9E06 72. 6Y- TZP35S/ 1400C- - 6. 9E04
8YZ110 . 20H 1350C *5. 0E03 9YZ11020. H 1350C560C/ 5Hr Ai r 4. 0E04
10Y211020|[:%5I1§50C585C/ 5Hr Ai r9. 0EO4 11 :YZ11020H 1350C600C151-1rAi r1. 7E06
12YZ11020H 1350C . 630C/ 5Hr Ai r'5. 0E06 13YZ11020H 13500680C/ 5Hr Ai r 1. 3E11

14YZl 102 %ﬁaﬁaﬁﬂad Z4H A8l 85131 (l\ﬁe%ﬁlvalla&bgUH TRPRIEthed 0T 2Hr 296 H27 2. OEO06
© 16HSY31 g Sr1250€C29E6— 5= PrEssireres 3¥~- nt er i na—i-n

alr——HE*
H Pi ng i gon Transient ci rrpn'r a“léﬁt\))’e ?age 5%}"’{’1%‘8 3&6 Docket No.
P4034 3 b@ﬁﬁymm Sanpl es Qi/eadnpodPii on 20% hWatepdisplaZmentyZl 10 wer e
pr epar ed|Bardsityer e heat treal%gd I n lassrthza:to.i%rrpanafsuyﬁﬁponsﬁeagurraagge
- 1 H | VdaiuesS STIrowWT

??gng;sgg.%@ﬁ"gglﬁe [*ﬂAeeF e[ e:ml bdel )gn:{\ t 1]g_:qnnar at us QI na\/\/n_t?r“ lgure 1. To freke a
measur enpXeungispoduluss 200Cwhi ¢FPRs phHY of the chdl@saicoraveaclagi tor) i & 5

char ged {Hardndsk x¥ibkw@) J0age. |GRas | p@dls t he pl-afCickers hardesstt P~ 300 &7 char ge

at 350 VITTHIR Strength, 200C | MPa [ 1000 4-point bending, ASTM-C1161-90
Fracture Toughness, 200C [ MPa 59 Indentation crack length
Fracture Toughness, 200C | MPa 42 ' Indentation strength at P = 40 Kgf

EXAMPLE 2 "SnQ,"
A Y-TZP powder (HSY3.0) containing about 3 mol % yttria available from Zirconia
5 Sales of America was mixed with varying amount of tin oxide (SnO,, T1186)"® available
from SGC&P in a jar mill with Y-TZP milling media. The powder has nominal dopants of
1% 8b,03 and 0.5% CuO for improved conductivity. Prior to the mixing the doped tin oxide
was milled to surface area of ~15 m%g. Surface area of Y-TZP was 7 m?*/g prior to milling.
Another commercial tin oxide powder (available from Alfa Aesar, Ward Hill, MA) milled to
10 a surface area of 12 m¥/g was also used. The milled powder was granulated by a laboratory
method to pressable powder. The powder was uniaxially pressed into steel molds at 40 MPa,
and then CIPed at 207 MPa to form green bodies. The green bodies were sintered at
2°Cfmin to a desired sintering temperature (1400 - 1500°C) for 1 hr to achieve a sintered
density of greater than ~95 % T.D. The theoretical deﬁsity was calculated by a mixing rule
! 15 based on the composition assuming no reaction between two phased during the sintering.

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

- 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).

20 The pure Sn0O, is an insulative material. It was confirmed that compositions of 10-
50% SnOy/Y-TZP are insulative, Rv = 10"’ Ohm-cm, as shown in Table 9. A limited heat
treatment in Ar and N; in a tube furnace did not show a significant decrease in the resistivity.
The color was remained as light. grayish, lighter than 50% of 16 gray scale. A HIPed sample

at 1400°C/207 MPa/60 min in Ar turned into a medium gray and showed resistivities of ~10’
25 Ohm-cm.
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charge is then dissipatedt0 ground by touching the sample wth t{}eq[ggpzdﬂ
-contact. The peak transi ent current is determned fromthe peak vo g
seen froRockeiNouPA@Ht probe by the oscilloscope, which records voltage
every nanosecond. Decay tinme is neasured by reading the voltage output of

t he charged plate nonitor 10 on a digital oscilloscope as a function of
tinme. Th lgF for the voltage to fall from900 Vto 100 V is neasured
fromthe OSCIfl oscope after initial chargl ng to 1,000 V. Instrunent

el ectronics set a |ifMT of Z5TRROAS TNE §Desifieation "EApRy abt e decay tine. The
following results \were obtaiged. 15 Table 6 Vol unme Peak currlent at Peak
current Sanpleresistivity 400 Y8} 500 sthedTempae| Qe | (ma) (M) (ms)
- 18 (20% ZnO) x 10 Iimddpk®€ss fhan 25 77 1W45(02{§}% ZNO P2ri3X 10] ess t han

114. 71 ess than 25 #313{20%Zrdt—6—x—10N6t mmcuredl 3 #34(26% Zn0) 3. 1 X
10l ess than 12. ONot ﬁ“a drled 'Iggl e 7 surrn%”sges propar'fl’?]és of{ 20 vol . %

- ZnQ'YZ 110 corrpositllbchopadter BiP Pi ng. Theismtcer i al sm‘ithI y| dense with a
relative density of r—t 99—5%T thr—a—t ye+How col or
(l'ighter than 50% of wi]g@gfav <ggl e), nec %’r’n‘.’% lLy_st r%?l%l?'vmth a flexural

20 strength of the mioB&di al off 54 GPa, sub®44MiG al |y E&f2with| | ow transi ent
current, and highly _@gﬁﬁl patiyggwWi T a OFpAYSePEa¥E 1 T PETEDT to OOV is
typically less than ns. Acgordingly the nat tiri all should be good for the
~ ESD di ssi pative cer:R"B‘é’. FuryR8r, the [BE?UGE] rragh%?FrO&' flux density of
this material is substantialTy neglrgible due to the absSence

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

5 ~ Properties of HIPed 50% doped-SnO2/HSY3.0 were measured as summarized below.
The material shows light to 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.

10 Table 10
Property Name SI Units {Mean values) Test method
Color Light gray Visual/color meter
Density glem3 6.43 Water displacement

| Porosity % less than 1% Density and polished surface

Grain size pm 1 Linear intercept
Young's Modulus, 20°C GPa 224 Ultrasonic wave velocity

* _ | Hardness - Vickers, 20°C GPa 11.4 _ | Vickers hardness at P = 20 Kgf
Flexural Strength, 20°C MPa 650 - 4-point bending, ASTM-C1161-90
Fracture Toughness, 20°C MPaml?”2 |39 Indentation crack length
Fracture Toughness, 20°C MPam!”2 |3.9 Indentation strength at P = 40 Kgf

EXAMPLE 3 "LaMnO;"

A batch of LaMnO;; was prepared by the solid-state reaction of an equimolar powder
15  mixture of La;03 and Mny0; at 1400°C for 2 hr in air. The XRD of reaction formed powder
indicated a well developed LaMnOs3, 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 mzlg. A
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of Fe, Co, Ni, and Cr-oxides in the conposition. 17 DocketNo. P403% (Tedd @07
-3 0 SEP 2004 Property NanmeSI' Units(Mean val ues) Test nethod Col orLi ght

yel | ow VIDogketNooP4034et er Densi tyg/ cnB5. 99Wat er di spl acenent Porosity% ess
than 0.5%ensity and polished surface G ain sizenilLi near intercept Young's
Modul us, 20CGPal95Ul trasoni c wave vel ocity Hardness - Vickers,

ZoceasoothEsal 10 BLARERR T e it bt 1561 o e v
200CWPa5. BY NOENISBC R, Wtkstdre MA Nfotlodel lyxemz%&%g;g eart%?%gtgég)%wﬁ)@&%i on

strength at P = 40 Kgi EXAMPLE 2 *Sn02" Y- TZP
cont ai ni ngxabpletl.3 nol % yttria available fromZirconia 5 Sales of Anerica

a2 e Wt e e (S0 A 8 ol e
dopantss Ofow icfaphAlle (1229°C) sifffefddQanled WRE Pieatkr GRIHI YR, '%"'Dt { glrﬁé}:&g’ rsaxfggle% he

m xi ng the doped tin oxide  was mlled to strface area o rface
area of YwEHIbed a7 1iP3°andr 1360°C at 207 MPagf arganab el desitye The digh temperatule

powder (ayai le fr fa Aesar, Ward _Hill,- MA) nmlled to 10 a surface
area of 1@%%3) %@r-ﬁqﬁ@ Hopes @farﬁlzm’éaa%m@mﬁb, %mﬁmra@@aawn@hase,
| abor at or (o} r uniaxial | d
o ot o MUBRHEC At A2SAA0D RIS foy KRl 3R (B0 THE 18 Bt ARIE
bodi es. THEPal smmpleoshoy aweneh shalieergesinaize 2@/ w9 indication &€ i datiflg O trRking

tenmperature (1400 - 1500C) for.1 hr o achieve a sintered density of
r ontUr ¢ gk Shigres o IPeH sampled wore bl dlis Fepgriohin Ul Fateat 636,15 (2408 ng

rule 15 b | 1. ) heCt | we t

uryi ngt nERerofiE betbvERAN Lhilfotng Lk NEIT Hh 1470 b RyBRRaRS,
45 min tostablbi ¢ ecdribinhtidds deitisi partially BepiliRdukirtaiadiand fat egphari Gatelivp
sintering and sinter-H Ping were neasured for density, Young"s nodul us,
har dness, teginetatgen fomn seeondary zioema sempos suchackadraQrdhug effecting ithavphasad

oo s aEERb P eRmaRify EPo BRGEL Thd Bros R AT nARER o IRG: B .

r¥ ormrrm *

15 successfully used to prepare a composite with Y-TZP with a low temperature sintering.

Microstructural observations by SEM from a polished cross section of low

temperature sintered sample indicates that the grain size of the material is less than 1 um.

The XRD from a polished cross section also indicated that the majority of tetragonal zirconia

was retained with negligible r\eaction to form lanthanum zirconate (La,Zr,05), which is an

20  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.

Table 11

Zr0; type LaMnQO; Densification Rv
) (Vol %) (Method/Temp.) | {Ohm-cm)

YZ110 20 I 8/1250°C* 1.2E11
YZ110 25 $/1250°C . 1.5E08
YZ110 30 | §/1250°C 3.7E07
YZ110 30 H/1175°C#** 7 6.1E07
YZ110 30 Hf]200°C"‘* 2.6E07
YZ110 30 $/1400°C 2.8E11
YZ110 30 H/1350°C** 6.4E12
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50% SnQ2/ Y-TZP are insul ative, Rv = 1013 Chmcm as shown in Tablﬁ/ﬂgsﬂﬁm
limted i( in Ar and N2 in a tube furnacé did not sho a 04
S gnificm" ﬁgt?rggégl n the resistivity. The color was remained as |ight
grayish, lighter than 50%of 16 gray scale. A Hi Ped sanple at 1400C 207
MPa/60 mn in Ar turned into a nedium gray and showed resistivities of

107 25 Ohmcm 18S8. ﬁ-eﬁﬁfélgggfht@gfglq Ing‘%Ela%oﬁ Sn2Densi | cati onRv
(Vol 9% (Met hodi Tenp.) (Chm cm) Undoped10S) 145000*1 2

Undoped20S/ 1450C1. 5E13 Undoped30S/ 1450C3. 7E13 Undoped35S/ 1450C3. 4E13
DopedSOS/tAth? SE12 Doped50H 1350C**6. 1E07 Doped50H 1300C**2. 6E07 S*:
pressurel aLe ntering inair, H*:. HPing in argon 5 Propertles of HI Ped

0 Wm = 7 Fhe
?rgtme??gle —§JA1UV\D 6 ht—t-o—Redi-tn “rs':“’ (maﬁwh&%j | ﬁmcmﬁlgf fer_and harder
vol

than thok&.0f 20 % ZnQy Y7110 MHBPEESr e si-fisaploolr pRbsse of t ypi ca
Y-TZP' s. | Pepsidi ti on, the mhpemPal [68 al so subsWater daplasentean- magnetic.] 10

Tabl e 10/ Porb¥igperty NameSl Ly TSTVEGEss Hh 0390 |é> e stff, |
gr ay\ﬁ Su :‘GfathdliE' +eter—Denst "g,’cr.“o —A43Aater —— P

fhan 19DbAAME 4 nol i shed | Bt ace ‘G ain si zeunF“F?Té%meFH{tercept Young S
Modul us, ‘éﬂwmwt%@om ¢ORave VjdBdcity Har dhbYmsonisAvalesebyity

20CON11. fi¥ardhess sVRRe) 2088 al GPa= 20 K@ exur al vidkes Aetikess FPITFRPP4-Ppi nt

bendi ng, rASHHTRELRR $¥°C MPa 716 4-point bending, ASTM-C1161-90
Fracture Toughness, 20°C | MPa 42 Indentation crack length
Fracture Toughness, 20°C | MPa 3.6 Indentation strength at P = 40 Kgf
.} _
5 The present result is different from others. For instance, Kyocera’s Japanese Patent

Application indicates the amount of Mn;O; must be limited to less than 2 Wt. % in order to
achieve a good zirconia ceramics.
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
10 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.
EXAMPLE 4 "LaCr0;" |
A batch of LaCrO; was prepared by the solid-state reaction of an equimolar powder
mixture of La;03 and Cr,0; at 1400°C for 4 hr in air. The XRD of reaction formed powder
' 15 indicated a well developed LaCrO;. 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 %
"~ - LaCrOy/3Y-TZP was processes using mixtures of LaMnQO; and Y-TZP (HSY-3.0, Zirconia
Sales of America, Atlanta, GA) followed by the same preparation method described in
Example 1. Samples were sintered at 1450° — 1500°C in air to greater than 97% T.D. and
20  showed a dark green color with a volume resistivity of 9x10° Obm-cm. Sintered samples
were HIPed at 1450°C at 207 MPa of argon to full density. The color of BIPed samples
became slightly lighter than that of sintered only.
Microstructural observations by SEM from a polished cross section indicate that the
grain size of the material is about 1 ym. The XRD from a polished cross section also

25  indicated that the majority of tetragonal zirconia was retained with no measurable reaction to
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Fracture Toughness, 20CWPa—-m 1 /23.9lndentation crack Length Fr acmﬁs P 2004
-Toughnesﬁ%{o‘%(O&/Pzi)@l3 /23. 91 ndentation strength at P = 40 Kgf EXA g
~"LaMh3" Steh o aMn3 was prepared by the solid-state reaction of an
equi nol ar powder 15 m xture of La203 and Mn2Q3 at 1400C for 2 hr in air.
The XRD of reaction fornmed powder indicated a well devel oped Lavn(3, a
per ovsKi t orirtntlyanuih @iré @6, | The fpPéseBOreRANOIRI ¥ bl i 16 rdq@r
N IT i th Yo TZP mLling media to BET surfacﬁ’“ad?ﬁ‘hé?h1d§ﬁ%é/‘8?@’A“f§§é‘?}8ré§Ep
2004 Dock &SRbdissipaiee 2ieconia can be prapatreddbylraiingRlaO; T ¥-TAR byrsimeasingisi ng

m xtures of Lavh@3 and Y-TZP (YZ110, SCC&P, Wrcester, MA) fol |l owed by
the sane. preparation nethod described in Exanple 1. Sanples were sintered
at 1250 - TahRHQC to greater than 98% T.D.. The density of 5 |ow
tenperature (1225C) sintered sanples was greater than 97% T.D. Sintered
sanpl es | P=ypd Ped laCrQi175 andeadhb@Gomt 20EatMeatmeht ar gon 1 o] Rul 1 denkity.

The hi ghterperattieg{3500sHhter-—H-Pad_sanples-show a sipni ficant] grain
growt h, {ormation 4 VPERL i on QH&@%‘?’%T%& H&H&#ﬁ%ééﬁaﬂe (LESHmeem) | and a
few mi nof 39WtTAEe |ri@cks. The|Rass@°enper ajure HI Pgd sanpt es[ 3P & nuch

in sizeland no indijcation of bloating or] ¢crackingl 10 Both

smal | er

si ntered Fa_ﬁéf'ﬁfbed KAl es wel /BFEEk. 1t]is reportled in U S| 3BFBtknt
- 6,136, 23730%0FEF [ 1I@T SONE PERAVEHRCL e- Ly peconpourds such—apyk and
LaFeO3 afe not cheically stable in conblinations with parti ar'ly stabjilized
zirconi as3QXdIA tyd0cal si nt e5{1480°CG enpefat ures fdrm secondpZ9EGE r coni a
conpound$IpycizEs HagZr 20—t ghdcast Hhy—thephagse—stabi1y e
remai ni n 13'zi rc%iﬁi alalloy. The glr?le@gn restlit indicates that ?_3 clan be
15 isucce$SOWHTZP usq¢d0t o prepalf @/H00WN oS { R400CHTHrY-| AP Wi t h RS .HB0%
. t enper at b-e—s+nterhrg—M-erostructural—observationd by SEMfrom a polli shed
cross section of low tenperature sintered sanple indicates that the grain
si ze of tB& presswelesd sintarinlgds sir,t H&M HIPR@gin arddhe XRD from a pol i shed cross
section also indicated that the najority of tetragonal zirconia was
retained with negligible reaction to form | anthanum zirconate (La2Zr207),
which is ggpieQ4i nsul ator. The present results indicate that a tough, black
ESD di ssipative zirconia can be prepared by m xing LaVMhG3 in Y-TZP by a

| ow t enpéPepemtyeNamat eri ng. TabUsitd 1| GI@R valyge L aNiTel megingi 11 cat i oNRV

Color Dark green Visual/color meter
Density g/em3 6.27 Water displacement
Porosity Yo less than 0.5% | Density and polished surface
Grain size pm 1 Linear intercept
Young's Modulus, 20°C GPa 228 Ultrasonic wave velocity
Hardness - Vickers, 20°C GPa 12 Vickers hardness at P =20 Kgf
Flexural Strength, 20°C MPa 1020 4-point bending, ASTM-C1161-90

) Fracture Toughness, 20°C | MPa 4.8 Indentation strength (3.0Y-TZP)
Fracture Toughness, 20°C | MPa 5.7 Indentation strength (2.5Y-TZP)

) Fracture Toughness, 20°C MPa 8.9 Indentation strength (2.0Y-TZP)
ESD voltage decay time ms 70 From 1000V
10 The resistivities were measured before and after HIPing. Surprisingly, we have

found a significant increase, up to 3 orders of magnitude, in resistivity after HIPing. The
thermal annealing in air at 1400°C/60 min in air reproducibly recover the resistivity back to
the sintered value as summarized in Table 13. The present finding on the reversible
resistivity has not been reported in the literature. U.S. Patent 6,136,232 (2000) reports that
15 complex chromate A,B,CrO; can be used to prepare electrostatic dissipative ceramics.
Further, it is stated that the material can be HIPed for higher density. However, it was not
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- YZ110305

(Vol 9% (Method/ Tenp.)(Chm~cm) YZ11020S/ 1250 Cr1. 2E11 ¥ZI 10255/ 12% %JE %EOB
‘YZHO?’OS;D’IOS%%%’ gg@% YZ11030H 1175C **6. 1E07 YZ11030 H 1200C**2.6 9’ P 2004
1400C2. YZ11030H 13500C**6. 4E12 20 Docket No. P4034 S*:
pressurel ess sintering in air, H *: HPing in argon Table 12 3 0 SEP 2004
Property NaneSl Units(Mean val ues) Test method Col orLi ght grayVi sual / col or
net er DendistlpggdcthBtthe Sevistivityifspélameteeial didsticadly cjifdfges svithaIPifg RdRRséd forand
pol i shed syurface ai n_sizemLinear_intercept Young' s Modul us,
200GPa182ipstaeshplresistiuty by Beicoptrollsdheattseatmente ker s, 20CGPall. 8Vi ckers

hardness at P g - Flex. e . 164-pei nt . hendi ng,

ASTM C1161- 90 Pragcgf’%% ‘6"%‘%%‘3"?"%0%@?: %ﬁngﬂaﬁ‘\éﬁ {mgl ﬁ?&’ﬁ[ﬁ prepared
Fract ure isiighnbasres 2TCNBY3.(6fd DK al (0% YLOLZE0N Bircdhic SAksKSf AAnd) to
present result is different fromothers. For instance, Kyocera's Japahese
Pat ent® ABGIEIRIAE| B opHmEs etabilivatigpoohtzitepnivn 20themisactupe tfobghressi dfo theses
than 2 W, % jn.order to..aghieve .a good ,zircqonia ceram cSgsThe effect  of
HI Pi ng onc?rﬁ%&\%ﬁ“ﬁnagc théfs%fisf?ﬁgbﬁyf 5\%103"%553&1%15’_ i5URea 9 P{Tkeogg)preq:omposxte
mat er i al switay-TZed in Exanples 1 and 2, the volune resistivity of the
material was not 10 changed before and after sintering. It is believed
that vari GUcANEP&HES t ineoBunx{CarbilBBr¢{)B = A, M or Co)19, 2a fanily can be

d ' dugt | ' i.ds, i Lreonia. EXAVRLE 4 "LaCr (8" A batch
of - Lacr 0o was BT Bb LRt RE FFI S0 XTEER o prevare BrssnsemorbRaYS doder
m Xt ur@ OffissibadiScarilics @k #Rdah TR, e smiVinsulbtid 'compBS SR WRe Hitffkl ON

formed powder .
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

15 with ZrC.
Table 16

ZrC 3Y-TZP Hot Pressing | Rv
_ {Vol. %) (Temp./Hr) (Q-cm)
10 90 1550°C/1H 1.3E12
11.5 88.5 1550°C/1H 7.0E11
12.5 87.5 1550°C/1H 5.2El11
} 13.5 86.5 1550°C/1H 3.7E09
15 8BS 1550°C/1H 54E04
ST 20 80 1550°C/1H 3.7E04
25 75 | 1550°C/1H 2.3E00

EXAMPLE 6 - Aluminum Nitride (AIN)

20 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
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15 indicated a wel|l devel oped LaCr 3. The reaction form?d powder was m |l ed
in a pl aﬁé{cg#\@ g@% with Y-TZP milling media to BET surface area off (L5EP 200!
n2/g. A P ol % LaCr@3/3Y-TZP was processes using m xtures of
LaMhO3 and Y-TZP (HSY-3.0, Zirconia Sales of Anerica, Atlanta, GA)
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tough, datlke senbisylatingrecmpositions i were zprepared dyc mixing 2 aph%e bfbBa@i 6Fead;
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polyi shed surface Gain sizegmLinear intercept
' ESD dissipative, zirconia ceramics for potential applications.
EXAMPLE 8 - Effect of Perturbations on Conductivity:

A 50 mm x 4 mm x 3 mm bar of composition Zr0,-20%Zn0O was prepared by

y—
Lh

mixing powders of Zr0,-2.6%Y;0; and ZnO, milling them together, sintering and then hot
isostatic pressing, as in the earlier examples.

Figure 3 illustrates the test apparatus used herein. The bar was heat treated in air in
the range 600° - 700°C and the surface resistance of the bar, as measured with a PRF-912
probe (from ProStﬁt Corporation of Bensonville, IL) was found to be over 100Mg.

20 One side of the bar was ground. This lowered surface resistance below 1M(, as measured
with the same probe. Electrodes were then attached wit.h silver paint to two locations on the
ground face of the bar about 7mm apart along the length of the bar.

The bar with electrodes was loaded into a standard 4-point bending fixture (with
supports 40 mm apart on the tension side and 20 mm apart on the compression side) with the
25  electrodes on the compression side. -

Load was applied to the bar and the resistance between the electrodes was measured.

~ The dependence of resistance R on compressive strain ¢ was found to follow the equation 8
InR/2 ¢ = 100. This value is unusually high - for most conductors 8 InR/9 e is less than 5.
Although the present invention is not limited by theory, it is believed that this behavior

30  results from the fact that only just enough conductor has been added to the insulating
zirconia ceramic to make it conductive, and that small perturbations to the material therefore

have disproportionately large effects on conductivity.
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reversi ble ,resi,sti,vi.ty has,not b reported in the Jiterature. U S
bt ont 0. kb STEby SshYI SRR LospERoAC A Sfecl ol Pohdu i Rense i be e
used t50 pegvenienty dekéest ati c dissipative ceramcs. Further, it is stated

“that the material can be H Ped for higher density. However, it was not 22
Docket No. P403in thg3 egamplepP thx Gamples wiap ieliberately tfilricatedi &t huve v nbn-aniférm

mat eri al drastical lw.changes wi.t,h, H Ping and ‘a need fo adj ust nenf  of
resi slt i vi SQPIBGH YR %t“faﬁlgqe Efﬁni@ra}?ec?‘r‘%alﬁ ?%Bﬁ’f‘% g e‘i\n{q Eobﬁwgﬁéf‘%rﬁﬂfﬁt s
f Y203: ' 1t -0f .- HSY3. 0
ond o1 bl ssediBglon b HDlampld, HRESy RRRARIRE elfshheg I o et

opt i mum se¢.ghialliaz an ipure tehsion r tionsteess Ty Her moreunnsformuanidn barxepthetehwsald be no

conposj tiong are listed . in, Table 8 showi ng a higher Kick up to 9 MPanis of
t he o éonwkﬁﬁﬁ@zﬁﬂﬂﬁzﬁim OgM. Zirconium Carbide (ZrC) Sinilarly,

arC can be m XGfl i tehanlplbe oinidf BRALGIABNGE the SlhpleNSAlL Ld%géﬁ!%nc&%e

di ssipative ceramcs as listed i'n Table 16. The sem -insulatin

conposi t | consluvtivity pf dpasaatple iy one Yocab afk@. This2@ulkb hlséobefacZoplished-byZdcally
(HSY3.0). ZrC doges not react with .ZrQ2 during the_ hot pressing at. 1550C
10 WP | UGS A, QTGS BY dh GEmIcah BeaRT o OBRC FRYSroph Ly GUARPIC 0GEy

bl ack. Tham%gliﬁ iaﬂgldﬂﬁi%(?ﬁdt??oﬂ;&é E&x{dfu_@fixlri%nﬂx thﬁe&?duchbégPasZKQ&mna in zinc

Accordingly, the sem-insulating materials wwth ZrCis I ghtly sti

and hifr deexidyafior ¥xa@pled.aor be lpradlydowdring Sherconced@irgionTabh eofbuctivity inhibitor
(lithium oxide in zinc oxide reduces conductivity and the lithium concentration in a lithium
doped sample might be reduced by heat treatment in an HCI atmosphere)
Another factor influencing conductivity is the temperature of the specimen. In cases
where this varies, it may be advantageous to measure the resistance of the specimen in two
20  locations - one stressed and one not stressed and use the results from the not-stressed area to
correct for the influence of temperature (See Figure 2). The case of a beam in flexure allows
a slightly different approach:
The two resistance sensors are fabricated by locally increasing the conductivity of the
material on opposite faces of the beam. If the two resistance sensors are identiéal, then the
25 ratio of their resistances will be independent of temperéture and will be proportional to the
bending stress in ihe beam.
EXAMPLE 9 “Low Temperature Degradation (LTD) Resistant ESD Safe Ceramics™
Y-TZP has long been known as tougher and stronger than most other ceramics. It’s
low temperature degradation (LTD) behavior is, though, a significant limitation for some
30 wear resistant applications at low temperature regime (150° — 300°C). The tetragonal
zirconia polycrystals (TZP) transform to monoclinic zirconia polycrystals resulting in
volume expansion and microcracking at the low temperature regime. Such transformation

can be worst in the presence of humidity, especially under equilibrium steam pressure. An
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Zr CSY— TZP Hot Pressing RvAVol. % (Tenp./H)(Qcm 10981550C 1HL. 3%6 SEP 200
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Alum num Nitride (AIN) 20 This exanple shows another ceram c material -
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ohns. Thi ¥.5.Patend 616681 UBoWhlehaﬁﬂmehyundmr;;elamit}emhbygefcmhtect ively. The

sanpl e was the at treat d|n ar C f,or 20.m nutes and co
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1300 - 14'(D‘EE1§ desirhblehising BSIdissipati vy, edt@tia téramic38fadddadihh enviedrments.
~resistivity of the sintered disks was 2 x 107 GChmcm Barium hexaferrite
is known as a strong magnetic material. The sintered 10 conposite was

easi | yp at ted JR&A od retainablilty of
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EXAMPLE 10 - Low Particle Generation:

ESD safe ceramics are often used in clean room processing environments of

magnetic heads, semiconductor components, and IC manufacturing. If ESD safe ceramics

15  shed particles during their use, sensitive electronic components might be damaged. In

addition, those contaminated particles must be cleaned, resulting in a costly down time of

expenéive processing equipment. Further, contaminated particles may contribute for latent or

! delayed damage in finished pro’duéts, contributing to costly wafranty repairs. Therefore, it is

very desirable to develop a material with drastically reduced particle generation, In addition,

20 an improved surface finish process of such material is highly desirable for low particie
generation. |

Twenty (20) ZnO/YZ110 samples of disk and square shapes were tumble finished by
rolling in a ten sided mill for 72 hours with quartz or silicon carbide media. Some samples
were lapped or polished to smoother surface finish to determine the effect of surface finish

25  on the particle generation. A white light interference microscope, Zygo NewView 100, was
used to measure surface roughness (Ra) after this tumble finish treatment.

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
surface finish of 3800 A was used as a baseline. Samples were cleaned using a standard
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A 50 mMm x 4. mmx 3 nmm bar—of conposition Zr02-20%nG-was prepare§ G’?F}P 2004
- isostati ?"%ﬁ@m gg zﬁs in the earlier exanples. Figure 3 .illustrat e
test app % % @3 erein. The bar was heat treated in air in the range
600 - 700C and the surface resistance of the bar, as neasured with a
PRF-912 probe (fromPro Slat Corporation of Bensonville, IL) was found to
be over 1pdMRlure uséll O feanitilenisi/glidicheRas forasa |(]9;\@!§ﬂ
resi stancg&bel ow | M5Z, as rreasured Wi til’.l thegﬁggéjngiglép-oggieasA El ectr ds%ﬁfé@a‘f}?
then att awma@ls&d tch daslddgerpapmlm from thecsampleatintnsvaten (68icHz GirodMded aceigfid t he
bar about ar aI on t he Ienﬁ]th of the bar g%b?r w th el ectrodes
was | oadeﬂ"‘1 Q&’ 'i‘)keﬂ f5Bmn fhis vier gsing yanu k- MS. s Misoresults ovesen

apart on ﬁcﬂ'ﬁha‘l%&% euﬁacté%r@aruhes@ 12RAd e ' kfigh2 W th the

25 el ectrodes 1on tﬁe conpr essi onsg{lﬁ }fgﬁ\?\ggggﬁg@e ?’?}59’&@ g‘gr%l ‘and t he

resi stdance bet Wbeha&ehaeemmemdeﬁawésgrmshmemoo rshovred absle peeat@fthan 600
strain e. was foynd to follow the equatigon 8

|r ﬁsﬁe% 5 o PaieioNeft s 1D Fees sTuplES Ei&P‘Iﬁ;?a‘PﬂYg‘I‘?H“ceﬂdWWSP Ppaficlee evh BBUPRRE 8 o
i's less tf{aface finidl ds"PYaR: ih&bR PSSGRBU%HEY% t"ﬂ@t géne{yu% ﬁl%{é)é%rh@%? Hi :

it is believed that this behavior 30 r sults

enough coslidling ﬁ'lctimasarlphgmcaidmpdcttapphd:mwm dud at lha@bra&iWeQﬁmra of Eieddiirfacé andreke
it condutﬁlf3 %f%iﬁs I:gat smal | rtur ations to the material therefore have

di spr opor RecEsing! 6 SHTRIERICSH Of 0GRS0 Ny, Tk finisho

SEP 2004 Sevehdin@ARblirg bt MRhRRIERR | the resistance

of a corrponent1 n?r% %ﬁlr%m@ﬂ assk%#tgﬁg't&gﬁ{g%sp%% E%{regé\}% e an

i ndication of the stress in the rraterl al. For heavily |oaded conponents,

. this may lLead.}o | y .detection of cipient failures. Vibrations in the
mat eri al tﬁﬁﬁﬂ&'ﬁ%ﬁg@tsﬁé’i %t’cqnd?%“‘ir}‘f‘PettlHBS |l ectrical conductivity and

hence nay be 5 conveniently detected. In the exanple, the sanple was

deliberately fabricated to have a non-uniform conductivity. This was

beneficial becqubefactéinshr r ent | RagAj or ced to daRdpariesfdae) nost |hi ghly
stressed reg| on—of the an‘nl e ltherehy maxim 2ing the_response. |n other

situations - e. d3aselé"°oar in puf @'eﬂ@hﬂla@ﬁooot he %Q&tféébafh@%@ be more|uniform
and, hence, thE © 11U IUUu LU TTeN € \,unuuul.; \H t]
non-uni form I ;Ee exarﬁtail e, gri ncsj ng the surfz;é of the sanple was used to

enhance the Tumble finish 1500 120
Fine grinding 1000 78
Lapping 500 37
Polishing 20 20
15 . 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. For instance ESD dissipative, ceramic tweezers tips can be tumble finished to low
LPC. |

20 EXAMPLE 11: Color Measurements .

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 Associates Laboratory
of Reston, VA. The instrument illuminates the sample target with diffuse illumination and

25  observes the reflected light at an 8 degree angle with a spectrophotometer covering the range
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conductivity of the sanple-.n one local area. This coukd also be 0 ;
~acconpl i fﬂ’%get% bggﬂ ly reducing the conductive phase by a chem ca-‘ll rﬁ‘ggﬂ.@
- atom c hydrogéen for exanple - or by diffusing in an additive that
pronotes conductivity in the conductive phase (alumna in zinc 15 oxi de,
for exanple), or by locally lowering the concentration of a conductivity

i nhi bi t or 40G-70@rm ubutpui drem thezdoberimeteriwas prhserted asinguhd CVE 1976 htatbrescale,
lithiumconcentration in a lithium doped sanple m ght be reduced by heat
treat ment WOFeHK HCl atnosphere) Another factor influencing conductivity is
the tenperatures L ?]\/g&f NG 0% 1 y be
advant ageous tg gﬂe%agﬂﬁgﬁgﬁfg%@fisv% gﬁ%@‘ﬁ%ﬁm{ e sg%%pr?gﬁyﬁﬁit?\?\gs blaf)ﬂ?ocati ons
- one stressedatnttasnes redhesstwieayeditizodrag evheh eerbesd|granheéss Whdnenegative; b*
not-stressed area to cqrrect for the,influence of tenperature (See Figure
2). The case omeasyenysllowvnesewhercpostivewaray avhenizgrn and thuaness when appr oach:
The two resi stanﬁﬁ ARjASOrs are fabricated by locally increasing the
conductivity of & aterial on opposite faces of the beam If the two
resi st ancWessisditut thee50%6point erathe grinesealeh@rredfondad toovadhestdf@i*rhigles tisdnagices

wi |l be independent of tenperature and will be proportional to the bending
stress in the beam EXAWPLE 9 "Low Tenperature Degradation (LTD) Resistant
ESD Saf e WCS | been known as tougher and stronger than
nost ot he?glcgzlgggm%clg.MFgégcrH%gv%e?‘g%per ature degradation (LTD) behavior is,
thougiy a significant imtation for some 30 wear resistant applications at
| ow tenperature regine (150 - 300C). The tetragonal . zirconia polycrystals
(TZP) trpf@mplem t o nohBEICEHIRE zi r coni Reputy €y Resiss rddul tinpatn Mol une
expansi oh .and mi crocracki ng at the | pthepmtipa) gttivity r egi me. Such
transforpation can bg worst in the presence gf(Mmngity, especiallly under
equi | i br (@M STeam pres$80T/, 1R saiers| 99.00F  ZUWRO(IQRCKETTNI8 PRIERT | 10.63
accel erated test has J@mcf!s‘ﬁguihqi@m erm ne the LTD behavior|of Y-TZPs ab
descri befpgti—Y—S—PatesirA; 3 ?@geh—r? i Fehy—HRepEporatethegsetn| by
referenc aB MOR bar s wa%%t‘éﬁa{%% h{ " 200 and 2 33 under déquﬁ'}“brizgs st pam
pressureffor 48 hqours ot QYLE.,_f_O-LLOMEd_h.y_A%QCU_D.\_bE.ﬂdJ_Dg—
strength ﬁéa%hﬂ"én@ﬁf? Table 16. 5 shows flexurd0-%trengddV%f | 20810 15.94

ZnQ YZ11p4afw€p8QGeimyt ocl ave treatmpnts. The [results |indicate that the
resi stangeirto LTD of 20ZnQ' YZ 110 is|significantly betfter thhn that of
typi cal YCIZP (TZ-3Y, | a4@00/abhe simtan $08%h, Jgdan) . The7d.4pr p2ed LT43.21
resi stange over Y- TZPi13so@eSimadE Usi ng ESD |di ssi patili ve, z|rconija
ceram Cs R oE&Er a0t T EAVEIPIE®™ S | unknown 10 44.03 {-0.04 |-0.32
(comparative) _

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.
References: |
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hereby incorporated herein by reference: .
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10 Table 17 - Flexural strength after autoclave treatment for 48 ho%rlfSEPZUBL
-Fl exural _strength (MPa) Autoclave tenperature (C) 20 zZnQO'YZI 10TZ3Y
20105015&pck k4934 250744590 EXAMPLE 10 - Low Particle Generation: ESD
safe ceram cs are often used in clean room processi ng environments of
magneti ¢ heads, sem conductor conponents, and |IC manufacturing. If ESD safe

ceram cs 15 shed parghgles ' S hepr , | el | ectroni .
conponents i gE’t bega?%%g‘gd?%%‘hg%‘ﬁh %nl,{&?’ﬁosszcﬁ oﬁ&ﬁhﬁ?@ﬂerﬁ@ﬁ }%é?cégcqlrust
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del ayed dMegaetohydmdynamie Elentienl Power Gonarationupi Hip 1t 38%-463,11966ar r ant y

G et ol 1y r eiuced PoPY ¥ WAREente S iR fostin Sfnsboghs ai Ponsttsimgtati
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. particle eneration. Tvven'{ﬁ/ (20) znQ'YZ 7110 sanpl es squar e
shapes wePE 374368 C MardBelP8y rolling in a ten sided mll for 72 hour

with quartz or_.siligan carbjde i,a. l.es, re | apped or polished
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finishes re.tes | a i qui article counter (LPC). A sanple with 3
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di sk nmedi §998A Crest ultrasonic bath was used to dislodge particles from

the sanples in{o water,. k 30 sec. )., Liquid  particle counts were
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surface f| ni sh as shovvn- (2N TabI e 18 Rougher surfaces«typl cally generate
.more particles in sliding friction or physical inpact applications3dusR0t
t he abr aslogkethigt B#@34%f the surface and the material used. Decreasing the
surface roughness of 20 zZnQ'YZlI 10 by tunble finish, 10 fine grinding,

| appi ng or polishing reduces i ts potential for particle generation. Table
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3 0 SEP 2DO 400 700t21 Qut put, . fromthe col orlngter was presented using the
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point on the gray scale corresponded to values of L* higher than 50.
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Table 19 - CIE Measurenent Results 10 Sanpl eProcessi ngDensity

(%esi s-L*a*b* theoretical ))tivity.. (Ma-cm A1250C 1hr 30 SEP 2004
sinter, 99.00.001275. 28-6.0710. 63 1200C/ 45 m n H P B1250C/ 1hr

sinter, 99.00.001469. 06-5. 12. 53 1200C/ 45 min H P As above,

after10. (g s 4. 8115.94 4 hrs/580C in air Cl400Cl 1lhr

sinter,>99%379. 612. 6248. 21 1350C/ 45 mn H P Kyocera(As

suppl i ed)unknovvnlO44 03-0.04-0.32 (conparative) } The first tvvo sanples (A

and B) éﬁ\éﬂhe HSY3.0 zirconia sou%%e and, sanEJF from YZ110.
The Kyookra o ATFSD RS BECYS RFFAIS SPTRPTBE G HEG 08 RGO REVENE RIS The
fol | ow ng gel &L4BG Saxﬂ{ © 8'%%05@ r@éné?wgf rﬁ&ﬁﬁé}% opd, bﬁﬁi&eﬂ?ﬂfnh@” d'qt Lhe

ext ent necessary ]p erstan ng o this 1 nventl 1 on, %[he

di scl osusdBcieit tempsaturefcea@rmreat kag 99herehyof thedrepmtmaleténhqr, e| n by

reference: 1. A J | 1 ash, | ectrostatic D scharg SD) Magneti c
Recor di ng: pawerem\{%&mm%ﬁaa [EQMpFiges-a tpragona lmeﬁ@éwixc lﬁBZIE)sD in

Magneti c Reco o
Hughbanks 5 et e Peiivieh Prodtier cdmblises il antut St LT 6830 o obin
Magni t or bsseshdtexal Radds sélegedfransthe ghélpy &Sisistiynphsonductve amPsmicahdictivel 995) .

28 3 0 SEP 2004 Dacket No. P4034 3. J. Elston; Z Mhailovic, M Roux, "Study
of Hi gh- Metepalsar mnstuggsdheref |

and wherein the ESD dissipative ceramic component has the following physical

properties:
{a) volume resistivity ranging from 10% -10"" Ohm-cm;
{b) flexural strength of at least 500 MPa; and

(¢) voltage decay time of less than 500 ms.
2. The ESD disstpative ceramic component of claim 1, wherein the TZP comprises
yttria stabilized TZP (Y-TZP) wherein the yttria 1s present at from about 2.5 to 4.5 mole

percent.

3. The ESD dissipative ceramic component of claim 2, wherein the Y-TZP comprises

2.6 mole percent yttria.

4. The ESD dissipative ceramic component of claim 2, wherein the Y-TZP comprises

2.8 mole percent yttria.

5. The ESD dissipative ceramic component of claim 2, wherein the Y-TZP comprises

3 mole percent yttria.

6. The ESD dissipative ceramic component of claim 1, wherein the resistivity

modifier comprises from about 10 vol. % to 50 vol. % of the base material.

31



Properties of Zirconia and Lanthanum Chromte Sinters,"” Proceedi ngsolgq S%P 200
Synposi um on Magnet ohydr odynam ¢ El ectrical Power CGeneration, p. 1 ,
389-403, 1966. 4. Popp; V. Werttenbe, "Tweezers protecting conponents

agai nst electrostatic 5 discharge -- has handling surfaces of non-chafing
ceram ¢ 9f hi gheSPSDI Uissipativef @6@amiE dofipaneat” of RRiM7436:3eréin Mar rebbtivify089.
5. "Tape @uides and Method of Manufacturing", JP 3-5363 A,_ Jan. 11, 1999, -
Kyocer a. medifier canprgss drom ahawt 80 kpk %o 1o 49 welt ¥4 ¢fi thebasganatenitdyvi ng Conponent s”,
US 10 Patent No. 5,612,144 Mar. 18, 1997. 7. K. Shi kada, et al.,

"Alumi na Sintered Product", U S. Patent 5,830,819 Nov. 3, 1998. 8. H Aida,
Y. Ito, §. FulytopsD aRsipltiveMckftic compeftnti BS Wi Mg vilerdih nhe rddistivityde
Sintered Body", U S. Patent No. 5,958,813, Sept. 28, 1999. - Kyocera. 15 9.
C. Lam moddieaceompriseadiognabsiut ESmomie ey volf b ofitthe basetrataalnet or esi sti ve
Recor di ng Heads," EOS/ ESD Synposi um 1996, 14-21 (1996). 10. K J. Kim et

al ., "Advancenents in Inherently Dissipative Polyner (I1DP) Alloys Provide
New Levebs of TGbeBOD dREiphtiiceRbralmiD dBhipoa&dti 6, clailaCb/ Ederdy Mpes tadiiivig000,
pp. 132-38, 2000. 20 11. RV. Wlhelm D.S. Howarth, "Iron Oxide-doped

Yt tri a- Smadiflersiscseleicied oo thegraupi eonsisting oSexides, [catbydesn aitmilesc pxycarhides,
Conducti vit d Am Cerarr% Sfog. Bull., 58;(2) 228 32 (1979). 12. N A
Pratten, © W gmanq-ﬁgyciaf EEeasur ement of the Densi ty of Small -

Sanmpl es," J. Mater. Sci., 16, 1937-47 (1981). 25 - 13. ASTM D257-93,
"Standard Test Method for DC Resjstance or Conductance of Insulatin

Mat eri al 0. 1Zhe HSD dissipetiveeessemicSiomponent afpdaim k| whereigsthe dlesurpl gpogth es of
Materi al s, ,Rev 00 Met hod 4046, Jan. 1969; Rev. C, Method 4046.1, Cct.
1982, Chbsr?ééeaﬂo?l ce T, 15. N Jonassen, "Static-Electric Characterization
of Sem -insulating Materials,” 30 EOS/ESD Synposium ECS-6, 1984. 16. G
Baungartner, "Electrostatic Decay Measurenent, Theory and Applicatiaons,”
ECS/ ESD $ynpodiha B} disgipatiesegramic cpgponent7of qaim 1, whereig, thedlgwgral strsaghy - Ti ne
Char act ex [ SD Materials for Use with Magnetoresistive Recording
Heads, " Edé ynposi um 97, pp. 373-81, 1997.

12.  The ESD dissipative ceramic component of claim 1, wherein the flexural strength
15 at Jeast 800 MPa.

13.  The ESD dissipative ceramic component of claim 1, wherein the flexural strength
is at least 900 MPa.

14.  The ESD dissipative ceramic component of claim 1, wheremn the flexural strength
is at Jeast 1000 MPa.

15.  The ESD dissipative component of claim 1, where the component has less than 600
particles’em® in the particle generation test and where the component has an Ra of less

than 3000 A.

16. The ESD dissipative component of claim 15, wherein the surface finish is

produced by tumbling.
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29 Docket No. P4034 3 0 SEP 200L 18. E.A. Bush,.U S. Patent No. 3,505,5&7,,
Mar. 24, 1970. - "Method of Inproving the Electrical Conductivity 1[] P20
Sintered Tin Oxide El ectrodes”. 19. MJ. DeBarr, et al., "Conduction
Mechanismin the La(Al,M)3 System " Point Defects and Rel ated Properties

of . Ceram.cs, TR ESD @issipap@nconionsht, of (@i §, Whéred: the ToM?lofdfle c&inicCRr am
Soc., pp. 229 - 238,1991. 20. MS. Islam M Cherry and L.J. Wnch, "Defect

Cheni strghdf LaBO3 (B = La, M or Co) Perovskite-type Oxides," J. Chem
Soc., Faraday Trans, 92930 479-482 (1996). The present invention has been
described in detail, including the preferred enbodi nents thereof. However,

it will pe apphe®ss alsiphitle ddfpeskot (igith 15 Wh&eRl the cBRRLS thE ceramic is

?

consideration of the present disclosure, may nake nodifications and/or

i nproven®dtks on this invention and still be within the scope and spirit of
this invention as set forth in the following clains. 30 3 0 SEP 2004
CLAIM5S 1. An ESD di ssipative ceram c conponent fornmed by sintering a

m xture pONPrASIEED dsshafite BRhAId @mRMEOREMEd biRinteringS] Sltiet donffRRingi €r S
for a sufficient time and at a sufficient tenperature to achieve at | east
99 per centbasd material handr oné el mdren sésisyiyityvmerdifiers tthe abagbcinmtt tmeadndcepar i ses

tet . zi i | t al R): wherein the. tivit di fi
conpr | oo GBRTeREl B plest S5 peregfbpt in dreopdicaThase | al and 15
sel ected fr omvhBRinithe YRseGRASHA LhMprifds aGersbinbl N oA HoRRFstO [HzmY | ve

materials or mxtures thereof; and wherein the ESD di Ssi‘pative Ceranic
conponent haswherginf the [residtivily progefies sbmprisesgeom abeut J w)l. Yotaud®e veoleds sf thei ty

ranging froml 0O 011.h b) flexural strength of at lLeast 500 MPa
(48 Gl apd S the Slovr G ShEHMBERecindomiBBl e, ve
ceram c GrRR R miALréthdridfl, wherein the TZP conprises yttria stabilized
TZP (Y-TZP) wherein the yttria is present at fromabout 2.5 to 4.5 nole
percent . and wherein the ESD dissipative ceramic component has the following physical
properties:
(a) volume resistivity ranging from 10° -10° Ohm-cm;
(b) flexural strength of at least 500 MPa; and

(c) voltage decay time of less than 500 ms.
20.  The ESD dissipative ceramic component of claim 19, wherein the TZP comprises
yttria stabilized TZP (Y-TZP) wherein the vttria is present at from about 2.5 to 4.5 mole

percent.

21.  The ESD dissipative ceramic component of claim 20, wherein the Y-TZP

comprises 2.6 mole percent yttria.

22.  The ESD dissipative ceramic component of claim 20, wherein the Y-TZP

comprises 2.8 mole percent yttria.

23.  The ESD dissipative ceramic component of claim 20, wherein the Y-TZP

comprises 3 mole percent yttna.
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3. The ESD dissipative ceram ¢ conponent of claim2, wherein the Y-TZP SEP 004
conprises 2.6 nole percent yttria. 4. The ESD di ssipative ceramc

conponent of claim2, wherein the Y-TZP conprises 2.8 nole percent yttria.
5. The ESD di ssipative ceram c conponent of claim2, wherein the Y-TZP

conpri seg4. 3 MhAkEERBr gRsipativiet Edramicd cofﬁb@&ﬁfbfdtlaﬁﬂ pla)t I wikergiai! thel f-‘esﬁﬁﬁgpnent
of claim1, wherein the reS|st|V|t)r{/ nodi fi er rrBrlses from about vol .
(] |24

%to 50 wwidifieysomprses fieasabavaievph tg30 solo‘%sa“nh &4 materfle ESD di ssi pati ve
ceram c conponent of claim1l, wherein the resistivity nodifier conprises
fromabout 20 vol. %to 40 vol. % of the base material. 8. The ESD

di ssi pat bye CcahankSDCORNPRRRL c@hmi! 2bmMpdnenMuIT Bl 1198 WERGEIAT theél Féélstlﬁ%d' f' er
conprises fromabout 25 vol. %to 30 vol. % of the base material. 9.

ESD di ssnwdtﬁeveomgnmfmrrcdm@ﬁ@rwl & tcd@veh % ofthe basermateréalr esi st i vi ty
nodifiers is selected fromthe group consisting of oxides, carbides,
nitrides, oxycarbides, oxynitrides, and oxycarbonitrides. 10. The ESD :

di ssi pat hye C%@”ESDCQHHﬁﬂ%t c&@hmfl @blﬂbéﬂenwf'tﬁT Blhin 1196 Wha%H" e RdisBGEh 1S
at |east 600 MPa. 11. The ESD dissipative ceram c conponent of claim,

wher ei n wodiffer eamprases Stoneatgriuin 25 ivel. & td 3Giwel. 700f theehase ndaterfile ESD di ssi pat| ve
ceram c conponent of claim1, wherein the flexural strength is at |east
800 MPa. 13. The ESD di ssi pative ceram c conponent of claiml1, wherein the

flexural 23t r engkhESDHS dRfipdtR@SEerfi Mﬁﬁpoﬂé‘lt ofhglaiPodi whdreiat { th\éeré%ﬁﬁﬁ(f)? c
conponent of claim1, wherein the flexural strength "is at |east 1000 MPa

15. The E®Diftrssi qmbactealefrmnrtb@ngm afnsisting nf oxideh @adiddse nidadgsonxyvartides, | ess
t han 600 aril cleg/ cn? the particle generation test and where the
corrponenf’xﬁ'ﬁ oéYcaF'%‘:g’ém Phan 3000 A '16. The ESD dissipative conponent
of claim 15, V\,herel n the surface finish is produced by tunbling. 32

28.  The ESD dissipative ceramic component of claim 19, wherein the flexural strength
1s at least 600 MPa.

29.  The ESD dissipative ceramic component of claim 19, wherein the flexural strength
is at least 700 MPa.

30.  The ESD dissipative ceramic component of claim 19, wherein the flexural strength
is at least 800 MPa.

31.  The ESD dissipative ceramic component of claim 19, wherein the flexural strength
is at least 900 MPa.

32.  The ESD dissipative ceramic component of claim 19, wherein the flexural strength
is at least 1000 MPa.

33.  The ESD dissipative component of claim 19, where the component has less than
600 particles/cm’ in the particle generation test and where the component has an Ra of less
than 3000 A.
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3 0 SEP 2001. 17. The ESD di ssi pative conponent of claim15, wherei AL s 0
color of the ceramc is light. 18. The ESD dissipative conponent of" ¢ ?P.
15, wherein the color of the ceramic is dark. 19. An ESD di ssipative
ceram c conponent fornmed by sintering a m xture conprising a base material
and one o4 muﬁerEsttdismphavmafnbb@én% $Oklafn S84, f WheRY thé NRAAHE Mishais
sufficient tenperature to achieve at |least 99.5 percent of the theoreti cal
densi t y; piidecest by tumblibgse mat erial conprises a tetragonal zirconia

pol ycrystal (TZP); wherein the resistivity nodifier conprises fromabout 5
vol. %to 60 vol. %of the base material and is selected fromthe group
consi stigg of TRENRIS iR R SRPERANENEkINY 83, WRERI ﬁa'e%oﬁfr (5}“&’1& We@id fer eof ;
and wherein the ESD di sSipative ceramc conponent has the | ow ng

physi cal liglgr operties: (a) volune resistivity ranging from 105 109 Ohmcm
(b) flexural strength of at |east 500 MPa; and (c) voltage decay tine of

| ess than 500 ns. 20. The ESD di ssipative ceram c conponent of claim19,
wherein she TZRe Wﬂiﬁi?ﬁtweyéérﬁﬁ(ﬁleﬁtt @pbllain?gﬁl &gg)re(nYﬂlI%%)or"m'h@'c@raH"@ yitria
is present at from abou 5 nole percent. . The ESD di ssi pative
ceranm c daokponent of claim 20, wherein the Y-TZP corrprl ses 2.6 nole
percent yttria. 22. The ESD di ssipative ceram c conponent of claim 20,
wherein the Y-TZP conprises 2.8 nole percent yttria. 23. The ESD

di ssipatbye CAnAR GQIFRGRSaka hbiid SompREhE ibrt Mout 8145 60GRIPRIVES 3

nol e percent yttria. 3 3 0 S E P 2004 SD di ssi pative ceramc
conponenTZBfamd fibm dt®ut ilietoetth voh & rZa) densifiedyto noldas‘tl%% obrthe theeseticalom
about 10,vol. % t.0 50 vol. % of the base material. 25. The ESD di ssipative
cerami c BYBEBREROMIFY %‘}da‘ieﬁ?rf%ry BLIedMePite resistivity nodifier conprises
from about 20 vol. %to 40 vol. % of the base material. 26. The ESD
di ssi pative ceram c conponent of claim19, wherein the resistivity

38.  The ESD dissipative ceramic component of claim 71, wherein the composition has

an L* color measurement of at least 50 using the CIE 1976 L*a*b scale on an LKE

colorimeter.

39.  The ESD dissipative ceramic component of claim 71, wherein said Y-TZP is
present in an amount of about 90 to 50 vol. %, and said resistivity modifier comprises

from about 10 to 50 vol. % semi-conductive SnO,.

40. The ESD dissipative ceramic component of claim 39, wherein the composition has
an L* color measurement of at least 50 using the CIE 1976 L*a*b* scale on an LKE

colorimeter.

41,  The ESD dissipative ceramic component of claim 71, wherein said Y-TZP is
present in an amount of about 80 to 70 vol. %, and said resistivity modifier comprises
about 20 to 30 vol. % LaMnOs.

42,  The ESD dissipative ceramic component of claim 71, wherein said Y-TZP is

present in an amount of about 90 to 60 vol. % Y-TZP, and said resistivity modifier

comprises about 10 to 40 vol. % LaCrOs.
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nodi fier conprises fromabout 25 vol. %to 30 vol. % of the base rratyniﬁlp.zm
27. The ESD di ssi pative ceram c conponent of claim 19, wherein the
resistivity nodifiers is selected fromthe group consisting of oxides,
carbides, nitrides, oxycarbides, oxynitrides, and oxycarbonitrides. 28.

The ESD di ssi pative ceram c conponent of claim 19, wherein the flexural
strength is at |east 600 MPa. 29. The ESD di ssipative ceram c_ conponent

of clainfio, WhekSkh disppative agragic ssompegent of slaim TleawhergigosapY-TZB0is The

ESD di ssj [ ' l,apm 19, i he l.
D ot bRk 45 oGRG S HBA0S o FU°L, wl BEI D Beli ESEBhien
of cl ai mpbk@t 10henevel thgrdl exural strength is at |east 900 MPa. 32. The

ESD di ssi pative ceram ¢ conponent of claim 19, wherein the flexural
strength is at least 1000 MPa . 33. The ESD di ssi pative conponent of claim
19, whereg, the. co nt. has 1 ess than 600, particlesicn®, . he particle
generati S 1 o50e BN GREPEIS R OMERRETR ALTE | R G Bad Y-E7R S BB A 34
3 0 SEP 20f3Ganfunt b ab&Dy oot Sdonaidl ¥R ﬁmaﬁﬂ%y RbdikPtdhpkes Whaf 2isRvol he
surface finish is produced by tunbling. 35. The ESD di ssipative conponent
of cl ai n¥3B30whesdi n the color of the ceramic is light. 36, The ESD
di ssi pative conponent of claim 33, wherein the color of the ceramc is
dark. 37. An ESD dissipative ceram c conmponent conprising fromabout 85 to
60 vol . §§Y- AZR:SdidsipRiivébadicleohpontt ¥ohpristag/ ARNARAE tlehted ih Qrgdin dreast
99% of the theoretical density by primary and secondary heat treatnents.
38. The EXI9°Qifeliiwest hwrepdacaimgtocenponmperabire 8l aifate FreatenthandiOfCimeute.
conposition has an L* col or neasurenent of at |east 50 using the C E 1976
L*a*b scale on an LKE colorineter. 39. The ESD dissipative ceramc
conponensg of ThaiERD ldisdpeive seramicdcompofient of dMiRSTN! whereh theDekktivady about
90 to 50 vol. % and said resistivity nodifier conprises

modifier comprises and semi-conductive SnO,, said ceramic component having the

following physical characteristics:
(a) predetermined decay time; and

(b) hardness greater than 10 GPa Vickers.

47.  An ESD dissipative ceramic component formed by sintering a mixture comprising
a base material and one or more resistivity modifiers;

wherein the base material comprises a tetragonal zirconia polycrystal (TZP);

wherein the resistivity modifier comprises from about 5 vol. % to 60 vol. % of the
base material and is selected from the group consisting of conductive and semiconductive
materials or mixtures thereof,

and wherein the ESD dissipative ceramic component has the following physical
properties:

(2) volume resistivity ranging from 10° -10° Ohm-cm;

(b) flexural strength of at least 400 MPa, and

(c) voltage decay time of less than 500 ms.

48 The ESD dissipative ceramic component of claim 47, wherein the sintering is

conducted in air.
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fromabout 10 to 50 vol. % sem -conductive SnQ2. 40. The ESD di ssi pat@)\rgfpym
ceram c conponent of claim39, wherein the conposition has an L* c :
nmeasur enent of at |east 50 using the CLE 1976 L*a*b* scale on an LKE
colorineter. 41. The ESD di ssipative ceram c conponent of claim71, wherein
said Y-TZP is present in an anmount of about 80 to 70 vol. % and said
resistivity nodifier conprises about 20 to 30 vol. % LaMhG3. 42. The ESD
di ssi pat #%e céradSD diwipetien cergmic camperent ofitsainai48, seliegeily-aTRRopdary feats ent

in an a f .about 90 Q0 vol. 9% Y-TZP, and said resistivity nodifier
conpri sgﬁgialh?gﬁ}st%bg%priﬁswﬁ ‘ggﬁ*/%‘fd%ﬁ"‘%@.g- 35 3 0 SEP 2004 43. The ESD

di ssi pative ceram c conponent of claim71l, wherein said Y-TZP is present
in an anount of about 90 to 75 vol. % and said resistivity nodifier

conpri se80. abdbe ESD dissipBiveateramis Zomponent of lekairE 3P, avhersipthei Srd)cie ipsasent
conponent ¢laim?7 in.said.Y-TZP is present in an anount of about 75
vol . %aW&,ﬁeéﬂ‘&egé?%%?%ﬁ%Y?lﬁ?ﬁv IH’(S‘&IereF%‘?mgorrpri ses about 25 vol. % BaO
6Fe2C3. 45. An ESD di ssipative ceram c conponent conprising Al N heat
treated in argon at 1900C followed by rapid cooling to roomtenperature at
a rate gbbat eA méthed ebpyosessingdiSIX dissifateveESRndcsssimpasingshe stepiefc  conponent

of claim?71, ereint resistivit nodi fi er conprises and

seni - conduct i @g Sn@soggqt@gctgroa?ﬁ Igogeo%%cﬂ%ﬁo ﬁﬁ?gge“ts%%y PBF 196 RNE My si cal
char act efrbfitieifs: arfd@@) predeterm ned decay tinme, and (b) hardness greater
than 10 GPa Vi cker s. 47. An ESD di ssipative ceram c conponent forned by
sintering a n{bit ur usisgrepfingli hept tacdtmens tetperduse ainidassne 2006 rebanger msthet i vity
nodi fiers;. whggg D t he. base material conprises a tetragonal zirconia

pol ycr ysTeRsuYyHthe resplungicaramic, ™, osi stivity nodifier conprises from about 5
vol. %to 60 vol. %of the base material and is selected fromthe group
consi sting of conductive and sem conductive materials or m xtures thereof,

and wher &.n t Kbe paDesH efsilginy § v avhersimthedinebhgsd treatmentis condudted inoaii atdess
physi cal 4, R680LLH thé Sintering temperature,

53.  The process of claim 51, wherein the final heat treatment is conducted in oxygen at

a partial pressure less than that of atmospheric oxygen.

54, The process of claim 51, wherein the final heat treatment increases the resistance

of the resulting ceramic.

55.  The process of claim 51, wherein the final heat treatment decreases the resistance

of the resulting ceramic.

56.  The process of claim 51, wherein the final heat treatment moves volume resistivity

into the range 10 - 10° ohm-cm.

57. A method of forming light colored ESD dissipative ceramics comprising the steps
of:

(a) forming a mixture comprising from about 85 to 60 vol.% Y-TZP and from
about 15 to 40 vol.% Zn0; and
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(a) volume resistivity ranging from 105 -109 Chmcm (b) flexural sk0 &GBE00:
of at least 400 MPa; and (c) voltage decay tinme of |less than 500 ns. 48.

The ESD di ssi pative ceram ¢ conponent of claim47, wherein the sintering is
conducted in air. 36 3 0 SEP 2004 49. The ESD di ssi pative ceram c conmponent

of claim48, wpher eldansify %Cm@dﬁ\ﬁ)&uﬂéeﬁi at 16280 05%N of TheRhéReival FRAsityOby a
| sostatic pressing he ESD di ssi pative ceram c conponent of claim 46,

wher ei n pmmsﬁwattrgatmeetsent in the range of 20-80% by vol of the initial
reagents. 51. A nethod of processing ESD dissipative ceram cs conprising
the steps of (a) consolidating two or nore powders to a final density by

one or nege hgaé methiRPSNERNNS 57 AfhértDomiFisihg ednpllod ym% a ReindiryaRbi B Btmiet
produce at |east a 25% change in the resistivit the reSulting ceramc.

52. The peptensrease diedhenrgical gansitetogreser fhﬁmQP‘VMeat treatment is conducted
in air at less than 90% of the sintering tenperature. 53. The process of
claimb51, wherein the final heat treatnent is conducted in oxygen at a

partial pgessurmeln®dofifbafing Might edlot ERIP IRGIpat X ydftics 28mprisifig REOQessS of
claim51l, wherein the final heat treatnent increases the resistance of the

resul tingficeram c. 55. The process of claim51, wherein the final heat
treatnent decreases the resistance he LesH I ng.ce ' 6., fhe

bt ocess of ol Kim sTomiiep ARG ETRrhe FR BRLA) horp R TeL AR bR
resisti vaboat 1076 80WBEYY *RBRoAdRtive $RG,; QA8 cm  57. A net hod of formng |ight
col ored ESD di ssipative ceram cs conpri sSi ng t he steps (a) formng a

m xture conpr (Wi ng dﬁmsefmnstibwmsgretf@ @ (easb P9 of - thzﬂleafﬂilcﬂrwlthbbﬂﬂmﬁa’ to 40
vol . %Zn%d and ci3 ﬁ Q F %.004
Secondary heat treztments

60. A method for forming ceramic-based components for ESD-dissipative purposes
comprising the steps of:

(a)  forming an ESD dissipative ceramic composition;

(b) forming the desired surface finish on said ceramic composition by tumbing;
and

(c) forming a component, either in whole or in part, from said ESD dissipative

ceramic composition.

61.  The method of claim 60, wherein the entire component is formed from the ESD

dissipative ceramic composition.

62.  The method of claim 60, wherein only a portion of the component is formed from

the ESD dissipative ceramic composition.

63.  The ESD dissipative component of claim 71, wherein the component is selected
from the group consisting of MR (magnetoresistive) head substrates, transfer tools for
magnetic head manufacturing, tools, fixtures, and containers for HGA (head gimbal
assembly), HSA (head stack assembly), HDD (hard disk drive) assembly, tools, fixtures,

and containers for wafer handling, processing, and cleaning, tools, fixtures, and containers
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(b) densifying the mxture to at |east 95% of the theoretical densii} EP{ [ﬁ
primary heat treatnent. 58. The nethod of claim57, further conprisi %S 200t
enpl oyi ng a secondary heat treatnent step to increase the theoretical
density to greater than 99% 59. A nmethod of formng |ight col ored ESD

di ssi patfoy §ifeShHMifpS tAMHMd, Suftthe! P&k»"abﬁ ace Hozkidd fcfrqm}ﬂﬂ héndling! Ko3les
conprising fromabout 90 to 50 vol.% Y-TZP and from about 10 To 50 vol.%

sen - corfduadhesiye a0 Zplden dispdrisinge wafef iamtiing Hiextures tend effectoes; vhamst cloks, of t he
t heoreti density b rimar nd. second heat tre nts.. 60, A nethod
for Ot or MR AT B B foto d e, Sitotirats Jat £ Sjisedevices

conpri si f1ct } LSSI | V& eRl aun ition;
(b) " or ity TRLEES £ 1 Ehpd BBRAR, ARSI R e Sy SRRgS

t unbi ng; paansdof chbdtimrfiigers, aods nfpaurest andeddnkeamers forvwdledte-optid cogtiag tprodesgm sai d

ESD di ssi patve ceram c.conposition. 61. The nethod of claim 60, wherein
the ent i@@ﬁc}%‘ﬁ’éﬁﬁeﬁd ‘ioé‘tqnﬁ‘f?'gg’& r?tl"ltlﬁﬁqt’]i’fgo -di ssi pative ceramc
conposition. 62. The nethod of claim 60, wherein only a portion of the
conponent is fornmed from the ESD dissipative ceram c conposition. 63. The
ESD di ssé4oat i Tiee aonmagretit ESD alisipativel cenatnie epmpotent cdngame68, whersml thet ed
fromthe_group. consisting of MR éma net oresi sfiye) head, substrates,

t r ansf erE}I3 @IssiPRitYe CERaiBigSOMPORRY ah%ﬁg‘?] 08 PRY§ICat BFOPET IR xt ures, and

cont ai ners f?qa?/HGAvélmgg?sg_gﬁq?%t gﬁlﬁﬁﬁ(ﬁ?hw‘ld‘)‘%fﬂeﬁ@d stack assenbly), HDD

(hard disk d e) asse ures, and céntainers for wafer
handl i ng, probgssi fexurdnttendtk afiatriggst #00MPa; andt ures, and containers 38 3 0

SEP 2004 for wre bonding, trimmng, cuttin i ck-and-pl ace nozzles for IC
chip handl i ng¢ hozaTeduak ypx deapBLac brestehthep phet fﬁ’.%@ﬁsi ng, wafer handling
fixtures, end effectors, vacuum chucks, |C handling and test fixtures,
tools, fixtures, and containers for ESD sensitive devices, assenbly

fixtureséSor T2 sosmeagneagiESD dissipativg ceramiv eomponant eoff daiimvé4,swheeinsther s,

bl ades, resistivity modifiers have a molar magnetic susceptibility of less than 10° ml/mol.

66.  The nonmagnetic ESD dissipative ceramic component of claim 65, wherein the
resistivity modifiers are selected from the group consisting of ZnO, SnO;, LaMnOs;, BaO

6Fe;05 and mixtures thereof.

67.  The ESD dissipative ceramic component of claim 68, wherein the component is a
transfer tool for magnetoresistive head manufacturing, wherein the ESD dissipative

ceramic transfer tool has a residual flux density no greater than about 10 Gauss.

68. An ESD dissipative ceramic component formed of a sintered composition
comprising:

a base matenial comprising tetragonal zirconia; and

a resistivity modifier comprising about 5 vol % to about 60 vol % of the base
material, the resistivity modifier selected from conductive and semiconductive materials

and mixtures thereof, wherein
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parts for robotic fingers, tools, fixtures, and containers for

el ectro-optic coating process, tools, fixtures, and containers for 50 SEP 2004
reticles (photo mask). 64. The nonmagnetic ESD di ssipative ceramc

conponent of claim 68, wherein the ESD dissipative ceram c conponent has

the fol I ow ngtmmbQi?émpafi&m&rrirhﬁ%on{pehemhymu %§lo$frﬂe\é!sdr¥mélﬂrtﬂ"aﬂ&a§trﬂmm 106
- 109 Omcm (b) flexural strength of | east 400 MPa; and (c)

r esi dual ufihgithed6Hs |19§’/6 h3athr*estaleront hahKi‘omlmrlrmﬂem&tﬁﬁot Tﬂiﬁethn@ﬁﬁ%wfet ic
ESD di ssi,pativ m c, conponent. of ¢ rein.{he res ptivity
modi £ or LEREREASeRTARTG A n@ﬂ‘*é"%ﬂ%’&,‘wl?’m‘i‘fﬁ“&e\{lﬁ\?e‘r"é’ééot‘r?a”r‘? o9HT% i / ol

66. The nonmagneti c ESD di ssi pative ceram c conponent of claim®65, wherein
the resistivity nodifiers are selected fromthe group consisting of ZnQ,
Sn2, LaRhOB, ABa@hobBEpMBesing awafbycemptisisgeof . 67. The ESD di ssi pative
ceram ¢ conponent .of claim.68, wherei E]Efthe co onen IS a. ﬁ.‘gsfer t. 00l

f or magnetoregf%’fq‘% hdad HRIn BFOLETSE Waiehy &R 108 c@%“ﬁ’ings afipigeed

ceramc % im@®S afy r €si dual flux density no greater than about 10
Gauss. 6 Eé‘D I Ssi pative ceramic conmponent formed of a sintered
conposi tion pmqasmrgthgwaﬁermahangﬂmaoolal conprising tetragonal zirconia,;
and a resistivity nodifier conprising about 5 vol %to about 60 vol % of
the base naterial, the resistivity nodifier selected from conductive and

sem condygt i V?h@%ﬁ{ ofie®t offAFinT6K! Wh@l%xﬁ b ?%stw%‘%@dlﬂers’&)rﬁ’pr%essﬁp 1eaQ04 the

ESD di ssi pative ceram ¢ conponent’ has an L* col or” nmeasurenent of at |east
50 usi ngn¢ b£Z@D End 870..L*a*b* scale on an LICE calorineter, a density not
| ess than 95% of theoretical density, and a volune resistivity within a
range of about 103 to about 10". 69. A nmethod of processing a wafer,

conpri si RY:  PAQY IEHR AdigsigaBob éé?imﬂér ﬁﬁ@gmwgcﬁm WRfRE . fobhed t@oh GigMERed Si ng
the sintered conposition of claimé68;” and processing the wafer utilizing

t he tool cor?lﬁomﬂ'cbmccunmpmgent of cl a| m 68, wherein said resistivity nodifier

t t f ZnO 2. 71. ESD di i ti i
Rt ed i Piass madn sl e iine SFagBnd] zircdiie, 408 |estpative cerame

a resistivity modifier comprising about 5 vol % to about 60 vol % of the base
material, the resistivity modifier selected from conductive and semiconductive materials
and mixtures thereof, wherein

the ESD dissipative ceramic component has a density of at least 99% of the

theoretical density of the component.

72.  The ESD dissipative ceramic component of claim 47, wherein the resistivity
modifier is selected from the group consisting of ZnO, SnO,, ZrC, LaMnOs;, BaO 6Fe0s.

73.  An ESD dissipative ceramic component formed of a sintered composition
comprising;

a base material comprising tetragonal zirconia; and

a resistivity modifier comprising about 5 vol % to about 60 vol % of the base
material, the resistivity modifier selected from conductive and semiconductive materials
and mixtures thereof, wherein the component has less than 600 particles/cm’ in a particle

generation test.
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conposi tion conprising: a base material conprising tetragonal zirconifl SER#0
a resistivity nodifier conprising about 5 vol %to about 60 vol % of the
base material, the resistivity nodifier selected fromconductive and
sem conductive materials and m xtures thereof, wherein the ESD dissipative
ceram c conponent has a density of at |east 99%of the theoretical density
of the conponent. 72. The ESD di ssipative ceram c conponent of claim 47,
wher ei n The r dsingthpd iof procassifigfd wafer, comprisioged from the group consisting of
ZnO, Sn02, zZrC, .LalMh BaQ 6Fe2(3. 73. An. ESD dj ssipative cgram c
conponent for ‘h’f’g aaoip‘r‘llt Z?reamc%%it%o r}Perﬁo J"é’fﬁ%@é‘s‘l&&sﬁ‘enﬁ{“&ﬁda|
conpri si pEmpEStiGHIONMimz13F g a; and a resistivity nodifier conprising about
5 vol %to about 60 vol 9% of the base material, the resistivity nodifier
sel ect ed fronmpusashing the evafgratiligiegihedpdlcti ve materials and m xtures
t hereof, wherein the conponent has |ess than 600 particles/cn2 in a
particle generation test. 40 3 0 SEP 2094 74. A nethod of processing a
vaf er, coFpri §haGompoRMit BiMthid 10hef@h IR PEASE igRferhfich YA{ R carfidiLodtas
conprising the sintered conposition of claim73, and processing the wafer
utili zi neutyénting othk . confpon@iteta anpotiasenicobatb| tai disipdge \plagrodsnintdrovapers tak &l e
generatign test | rried out by subjecting the conponent to an
ul trason Eq‘beé‘f:ﬁofgsgﬁélf%r %% cles into water, at a frequency of 68 kHz
for 30 seconds. 76. A nethod of form ng an ESD di ssipative ceranc
conponent, conprising the steps of heat treating a ceram c green body to
densi fy 7he gremathoddf forming an IBSEH diesipative sdrango apoperent, comprigingdhe $ophy
conprisin? a base material conprising tetragonal zirconia and a
resistivP 'y nodifier; and adjusting a resistivity of the densified
conponent by apfaadating aldefansle Rpdehi Ry t6 AeRRRERE greeh bolh QndEoMmed dehsifiddi M
76, wherein the resistivity nodifier conprises about 5 vol %

component, the green body comprising a base material comprising tetragonal zirconia and

a resistivity modifier; and
adjusting a resistivity of the densified component by annealing the densified

component.
77.  The method of claim 76, wherein the resistivity modifier comprises about 5 vol%
to about 60 vol% of the base material, the resistivity modifier selected from conductive

and semiconductive materials and mixtures thereof.

78.  The method of claim 76, wherein the step of adjusting the resistivity is carried out

by annealing to change an equilibrium density of charge carriers.
79.  The method of claim 76, wherein heat treating is carried out by sintering.

80. The method of claim 79, wherein the sintering step is carried out by pressureless

sintering.

81.  The method of claim 76, wherein heat treating is carried out by sintenng and hot

pressing.
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to about 60 vol % of the base material, the resistivity nodifier sel e%%[??EPZUﬂ‘
from conductive and sem conductive materials and m xtures thereof. "78.
The net hod of claim 76, wherein the step of adjusting the resistivity is
carried out by annealing to change an equilibriumdensity of charge
carriers. 79. The method of claim 76, wherein heat treating is carried out
by sintering. 80. The nethod of claim 79, wherein the sintering step is
carried 8t byhemethodradiclais 81swhereinihag pregsing quaprines holdsemtatis RIEHNB6, wherein
heat treating is carried out by sintering and hot pressing. 41 3 0 SEP
7004 82. The method of claim81, wherein hot pressing conprises hot
i sost at i g3.pr eThé Rathodof cldid TEWNREEIPhest hRhIMg B, calRQY &t ht AGREt températung 1S
carried out at a first tenperature, and annealing is carried out at a
second tanhamgalingeis ¢dnded evlonida seappd rtemperatubeithg seennd tempenatgo ke lesse
first te ergﬁg Uéﬁp g4.t The net hod of claim 83, wherein the second
t enper at é’ i PR PR Cof about 560 C to 890 C. 85. The method of
claim76, wherein the resistivity is adjusted by at |east 25% 86. An ESD
di ssipative ceramc integrated circuit fixture forned of a sintered
conposi t $n cEhpmetiodpf caibfle whetesr thalsecomdpemnpéragre istwithyo a sangeiof gbenta ;
and a re?é(fr{{'it vi@/ JH)di fier conprising about 5 vol %to about 60 vol % of
t he base o aﬂ ,"the resistivity nodifier selected fromconductive and
sem conductive materials and m xtures thereof, wherein the fixture has a
density of at |east 99%of the theoretical density. 87. The fixture of
cl ai m 8683.whe¥h¢ methed dficltra 76, whereialthe resigtivinomadineted by ableas@8¥st i ng of
handling, test, and assenbly fixtures for integrated circuits. 88. The
fixture of claim86, wherein the fixture is a test fixture for integrated
Circui t s86.89. AANESED disipatiPéll de¥dni€ Cintiirdted NdiRGit afivdre ifomdd ofi ¥t diftereldor med
of a sintered conposition conprising: a base material conprising
t et r agon€@MPISHIHAOMPIEME: a resistivity nodifier conprising about 5 vol %to
about 60 vol %13953 ‘%ﬂgﬂg%g& ﬁgﬁéfertxiaglmal%ﬂgorﬁz}e%yi vity nodifier selected
from conducti véan e CBndlet Ve e rerTar &

a resistivity modifier comprising about 5 vol % to about 60 vol % of the base

matenal, the resistivity modifier selected from conductive and semiconductive materials
and mixtures thereof, wherein the fixture has a density of at least 99% of the theoretical

denstty.

87.  The fixture of claim 86, wherein the fixture is selected from the group consisting of

handling, test, and assembly fixtures for integrated circuits.
88.  The fixture of claim 86, wherein the fixture is a test fixture for integrated circuits.

89. An ESD dissipative ceramic integrated circuit fixture formed of a sintered
composition comprising;

a base material comprising tetragonal zirconia, and

a resistivity modifier comprising about 5 vol % to about 60 vol % of the base
material, the resistivity modifier selected from conductive and semiconductive materials
and mixtures thereof, wherein the fixture has less than 600 particles/cm’ in a particle

generation test.

42



and m xtures thereof, wherein the fixture has |less than 600 particlgﬁ#ﬁg§ML
in a particle generation test. 42 3 0 SEP 200 90. The fixture of clai ,
wherein the fixture is selected fromthe group consisting of handling,

test, and assenbly fixtures for integrated circuits. 91. The fixture of
claim89, wherein the fixture is a test fixture for integrated circuits.

92. The conponent of claim®68, wherein the density is not |ess than about
98% of  PBeor dhe diaturel of shainy 89.98herginghe txtponis selected floai the@Bouprtmsisting ofie

. . 0 ) .
density hgndﬁ‘xgé, tles sgndt nggml%%? %gtturegsgf({? %ftegrzgtgg 8irrc6utitls.c al density. 43
91.  The fixture of claim 89, wherein the fixture is a test fixture for integrated circuits.

92.  The component of claim 68, wherein the density is not less than about 98% of

theoretical density.

93.  The component of claim 68, wherein the density is not less than about 99% of

theoretical density.
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