WO 02/ 081402 PCT/ USO01/ 43649 ESD DI SSI PATI VE CERAM CS Thi s application
clains donestic priority fromtwo commonly owned copending 5 United States
Provi si omab oRagswnz Applications, nanely U S.S. N 60/ 252, 2981/UfSol/exd49 1
Novenber 2000 and U.S.S.N. 60/303,655, filed 06 July 2000. The di scl osures
of these two applications are hereby incorporated herein by reference. An
ext ensi ve background on el ectrostatic discharge (ESD) may be found on the
Internet at the website of theDEIESASSOVEACERAMICKO0 Turin Road, Buil ding
3, Suite 2, Rome, 10 NY 13440-2069. See "www. esda.org" for this

i nformation. A nunber of ESD dissipating tools and contai ners have been

devi sed and . vent n C sitlve .
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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)4 reported that tweezers made out of
various ceramics having surface resistances of 10° - 10'° Ohms can be used to hold
electrostatically 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
1
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Most materials described above are not necessarily structurally reliable for high
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.
Japanese 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.



performance. 2 WO 02/ 081402 PCT/ USO1/ 43649 Japanese Patent Application No.
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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 HIPing 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 cm x 0.25 cm, 99% T.D., and monosized pores of 1 um diameter the
3
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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
Modern 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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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.



not suitable for ESD dissipative ceram cs. However, it has been noted that
a decay tinme of less than 0.1 second is preferred for nost ESD dissipative
appl i cat iwp92/08Q080 Figure 1 illustrates the apparatus enpCogsdl/ids4d he
exanpl es to take neasurenents of transient current of sanple materials.

Figure 2 illystrates the apparatus enpl oyed in the exanples tq neasure the
resi st ance Fg@ﬁéﬁfl, StF?é@e‘E‘E&PE”PWS F%BJOV%‘igﬂhﬁr%‘ampgﬁéo GRENS tghe not
stresse L&k : Figure 3 illustrates the apparatus
enpl oyeg’e!rtﬁrbm&ganpﬁg%“{? nfgigééegﬁgﬁglszect of perturbations on

conduct i vi t y Qife clgeqslof thaprasert|isventne to pjoavide BSDtdissipntive eatamicsvehichame t o

provi de ESD.di ssipatiyve rapi,cs. I ch ar nul tifunctiqnal , an apabl e of
G oo paTIGrEE a0 Ao SaPRIIE OF Y ROVt TERIR o ALV g Mg Tasigfne
senskt i \oF Jhéifi0e iefdeRRtronCdERS,; afdUisssS T8 -is [nowh HRAPWICH IEBD Higipativd

di ssipative materials nust have internedi ate resistivities. For instance,

t he sur fleaerialesiust have intermediaty resighiyities. r a1 1oBince the surfeyenesisiivipr siaddbl v

from 10 ] 1l 1 C st
prefer aé?ﬁ %ffgogl}n%g@fﬁ{ogﬂ%gp {'ﬁ’r# %%a%iﬁﬁ%é% I@a?‘){peqs g)?]elﬁ_glgégﬁ?orrgé eerlmﬁl?oq{r% er to
di ssi pati®’ eb €1ef rOkhain andhavgeprefcfitty $0a0M10° te g’ r @hRrdm.i STlde vhfies are

di ssi pazs{?o,n haracteristics. For instanc%, t he cgarges rust  be di ssi pat ed
fast endGeFRbihARRHer toedisipaigeslestropalie chpsges,ddilhs ofvcondh dequirementis #igt be
suf fiphCi ef; : t {SS)| . [

porl. RSl eRasagREs. RollrsEhRENE chhits FIRY BPRisSHAR fodt rRiR dioligh
resi st i whde yolime afpatte Thalddition, te enatersal st be adfisicnily hymogensus ordissipaterber
of appligcations. 15 A fur, Eer obsj ect of this invention is to provide

vari ous eﬁ@%’&‘?%&‘?lé Py SPAIS- cerani cs, especially with substantially
l'ight color e%xﬁ%&%[)jé%t ofprebdnk invRRRS 8 %o BRIVRdela Rabll 'résiétﬁi‘t?'?ﬁ h Aihtdrial kO
provi de HI P-able ESD di ssipative ceramtcs with substantially |ower

r esi dualmgspvardiusyesissiviamedds for 8 mamperef @pplédasions.si ntered ceramics for hi gh

o htines | e d hi Slicy. 20
Spedsal obj ect e aBfeet, St RGEGT b B orePR PR CRIGRE AR iabinyioe
non- mageetanfics, Espaciill§ siftedubviantialyadiphe colbret cehfi¢s. uses for various

applications of electronmagnetic _nmeasurenents. Accordi n%y, t he present

i nvention i s Adistilcanatharobipgihofythis invgniden dnite preyide HIPgtla(BSD dissipativoos, of

t heoreti . bt D [ . LSS ' ' ' . In
ror e 28 AN LSt ot bl pbfliey it e M SRRIAC SIS 0
99. 5% ofcetahdcd foe hightrhechanidelnslidbility Soehconemanatis,, Aad gocal madhimbilitesi stivity

in the range of 105%-1010 ghmcm and al so . . . .
t20 9 A speccl)a 0 ?ect of tHE cmrrentninvention is to provide substantially non-magnetic

ESD dissipative ceramics for safer uses for variouis 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. In more
25  preferred embodiments, the density of the ceramics is greater than 99.5% of the theoretical
density. Such ceramics have 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, by 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:
(1) it may raise the resistance; or
) it may lower the resistance;
such that the volume resistivity shifts (or moves higher or lower) into the range 10°-10° ohm-

cim.
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materlal 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 wish
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 tetragohal 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



25 have been widely used to tailor conduction properties of materials.
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t ai |d2t¢ }H%hF%Sg i?%f‘?@q’ﬁ BPFCEHE% ics. Some resistivity

modi fier can Be@dCionduétive and semlconductlve 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.
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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  invention further has “tunable” resistivities, namely selectable during preparation, with
mechanical reliability of coﬁlponents, low contaminating 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 CaO, MgO, SrO, BaO, Al,03, Fe;0s, NiO, CuO, SiO,,
TiO,, Nay0, K70, CeO,, 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



the prior art ESD dissipative materials. Accordingly, the present invention
provides a strong ESD dissipative material, having high density,
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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
crystalline form and/or resistivities. When the amount of resistivity modifier is greater than
greater than 60 vol. %, it is difficult to take advantage 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  thusinclude 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
a homogeneous microstructure and uniform electrical properties and desired dissipation

characteristics. Some pre-alloyed powders were milled in a plastic jar with Y-TZP milling
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the densification tenperature and tines. Another conplicati n% reaction
during Vit liffergnt stailigersimay 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, using graphite 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, C0,03, NiO, and TiO,, suffer
11
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often i %ﬁd%\%?ﬁ%ﬁﬁ%@ﬁfgﬁ%ﬁ@gﬁp%ﬁg% e?%e{lﬁéaqra%'?&%ressurel ess sintered

cerarfi cs result nmmbemofi diffigrent ADndissipationi applicationsureghire nakioadiresistivitdesd

machinability. .Qh resigtivit ifiers ma ve a, limted reactiqQn with
30 . To PR 0o TS QR e RSP RS o r o \Poh e ROl g ¢ he

typi cal adihdRing9hé BmbBSY df @ducti9ith modi&e indby ﬁsl?ﬁ%ghiffé?ent WitioR Bf %Dﬁﬁi%i@ dies

heating elfenents. It 1s we nown that such HPing may thernochemcally

reduce seicéonduntpdtindediisrexst hesegasgtetas pcooidiigly, vagouh cgamid comporjtions

reactions |limt the densification caused .bl.oatin swel.l i ng,, and/ or

Cr acki notEhy plopart 1R 50%na0BRANE e o8 Rondi s TienB it cedBBlsons o
and 10 02establikh @methdd WA (SEAARR HRGELSIBAY HSB&SnpdsitRM IS itiee 3fHhple heat
Accordingly, it is very desirable to find a thernochem cally stable,
conduct i Veatgentdar parselipg) efiesramieiBineioss aiBosPhetee I anpsieETamie Aysisrps the

HI Pi ng . se i.6: i i ) . Al gh
cost o sBa Afitthehfe Bnfind S5nd AR K hABE bR BN R eI Ba R
ef fecti ver ycabigst s. 5 A nunber of different ESD dissipation applications
require various resistivitjes anging from 103, to 1011 Chmcm_ The
conducti vity BfS E@W@@éﬁ%@é%%&ﬁ&%ﬁp gRfamicapLiEh EReRIULETB admosm
condusct | wro¥pREpdli iR heRNEeRhal URLBE, HidnbBicaHon t@hped f aRflabhGighed) 265  Of
conductivity nodifier over base material. Accordingly, various 'ceramc
conposi t¢hange theagquibiébrpme demsity df change earriery iy cabhie balkyaenfltiopinda diffarenti es.
Therefore,. j.t.. i s.very desirable.to 10 establjsh net hod. tune (or .
Thrl or Ebistivint THE SerGE Bt CBREE i § evoncR G bl st Jot st fimmig, ot
(or anneglsients) Bf addifienl wSious ndhdr MpuEiies 3 IS BRE&ME -rna'ynsiglﬁﬁﬁarfﬂ?r Afuénce
systens the resistivity can change depending on the density of charge
carri er ssushehangssi dugthet theraymag deiadgy differephel easriers active iarfowe qehrmica

G e e S

at nosphegsppriagnts. change the equilibriumdensity of charge carriers in

ceram c bodies resulting in a di f,fereqt . L ..
Most ESD dissipative 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 qharacteristics 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 homogeneous 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



resistivity. The degree of change in a given system has not been studied
for nost ceramc systens. In addition, various mnor inpurities in the
syst em nmewy03R@8i4b2 cantly i nfluence such changes. Further pCrhiSoe43ssy be a
few different charge carriers active in sonme ceramc 20 systens.
Accordingly, 4 1S Very | e F St he: 110l - resjpstiyities
by experi mn@digr&%gﬁu%ﬁ?éa&gﬁ%%t\%e@% @%F&?ﬁ? C%' t%g1c§9p%18uis? e rrrlécﬁlle%r%% into
preci si aficskepms 8 dpolithed ngotARctiol of edadiiptes pfephidr yi 8 aamiard gelishingal
gradient on the surface of ceram c body the ESD dissipating

char act é1PeadiE&s may vary. 25 It was found that the volune and surface
resistivity f # £ hi N i r t he
vol t age decay 1|brrrééaY %egé}riﬂgﬁg?c%é Qfeg ﬁ%?%%sl %ﬁ@ﬁc%h%@&?%{:@hﬁﬁ éﬁs% ?&{sypi\p}fe{ y in
hono§enehsseciars eidt@katofyp rIne.n Reatome, VA, ssing| 45%50°t dptical @eomet cmd 7éshehi vity
(e.g., Rs = 106 Ohnisq.) exhibits a short voltage decay tine, i.e., -50 ns.
| f t her APEEULe. macr oscopi ¢ conposi tional segregation in the conposite, the
di ssi pation behayiefsetidh (XRD)TRUREA Rhs BRY td’@été’nﬂﬁ@@&giaﬂﬁle%akb%fFowders _
conpositional fluctuation. Characterization Methods:” Densities of ceramcs
wer e neaswrdedsifigd ¢dramigat er di spl acenent nethod with tenperature and

at nospheric essure rreﬁti on%. ’éé 1&/ VO 02/ 0&14g2 PCT/ USQ1/ 43649

M cr ost r uct ur 6OBIE SCRPdHYS SHSRE MOTBINE 8RS BAISHRY SIp? ELFeramirs WARRIRY & Retr on

i crmscqﬁﬁ@-ébﬁomtﬂm%cmams@@éﬂs@ﬁbeﬁst sanpl es prepared by a standard
polishing procedure. Col or of ceram c pieces were neasured by M niscan XE

Pl us avai | abl Barfipesmofigetamics weraglotssmined dy \oiskera havdpess) method dings ofno

usi ng 45]0%0%5%5 cal geonetry and 7.6 mm aperture. X-ray diffraction (XRD)
met hod was used to determ ne crystalline phases of powders and densified
ceram cs. Young 4poiddflexsre stbagth ofedtahtics wad dewrsbiod sy a atdthododpecifiedrincs
were nmeasyred by a 10 pul se-echo nmet hod using ultrasoni ¢ transdycers.

Far dnes SASTVE 61 16190 iz S e By Sperigea; sARarReds Wrshulomodyivs 6L ngs

o 35S0 Uy By R AT oS g e
Assumi ngthan Vit ourd nsiog IS Rof 601181 ghpoint flexure ttestsuségt Borammcspanlat Avhiage
met hod rs%%(r)létthsof% tI) llg%lg{s%eres%ép%r&g&.h that is about 20% | ower
Fracture toughness of ceramics were determined by an indentation 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 methods
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 Woburn, MA, was used.
Voltage decay time is émeasure 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 suggested uses include the following:
MR (magnetoresistive) 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) assembly,
13



than that found using JIS R 1601-81 (3-point flexure test using 30 nm
span). Average strength of 5 to 15 bars were reported. Fracture toughness
of ceramwe omesroziet ermi ned by an indentation crack |engtRCTmSOhed4usi ng
Vickers indenter at |oadings of 10 to 40 Kgf. An indentation crack strength

20 ‘met h ' | I a f: esiiSLl.yities
(00 wor PAE LS HRE ok 0TS, QERERANTe. YBIel R THE (SRR T

ot her s aindWitlocarbOfdidxidEhe surface of ceram cs was ground by a dianond
wheel ‘agg (ile ned in._a ultrasonicg gat(g gri,or to the resistivity

measur entPRLS, TRdurgs, and centpingrgdor Wifp Bonding, tipymipg. Pfliged conduct i ve rubber
sheet ab@ii_a0d9NadB e tor TR LRI démg,Chonerics Inc. of Woburn, MA  was
used. Voltage decay time 1S a neasure of charge dissipation and is

det ebm M¥ozzbgs foradimdive aodsaldériskispensing,i t er at ure. 14, 15, 16, 17 Uses of

sem-in tiing,.ESD di ssipative materials: The following is a partial |ist
of the fﬁﬁ?ﬁf&&g@?% tﬂ"seévsenaﬁ%%ﬁBrsEgﬁ“HP’s‘g’i ive 30 materials of the
present IyfiMinSRest fik@s, suggested uses include the foll owi ng: M

(magnet oresi stive) head substrates, Transfer tools for nagnetic head

manuf act Tedlsdixtuapsind gontaineisdhr RYD sensitive dryjces, rul EMQAS,Fafkse §iGeddP, and
contain e'g (head gi nbal assenbly), HSA (head stack assenbly), HDD
(hard di’s rivey assenbly, 13 WD 02/081402 PCT/ USO1/ 43649 Tool s,

f i xt10r esAsserbl¥ fintuedstor iC°§ aid magestichends, i ng, processing, cleaning in water,
sol vent s anfl W th carbon di gxide, Tools, fixtures, and containers for
Wre bon‘%ﬁrﬁﬁ‘,a 1olST AV eRgCTS CSoFaY AGVersSrisgUsadstace nozzles for I C chip

handl i n adhesi ve and sol der di spensing, Wafer handling
fixtur eg?ar%nfgpé)fzokggtﬁg?ér,s’ vacuum chucks, 1C handling/test fixtures, Tools,
fi xt ur esTodsdixtaes,and eostaimens faiSiledmasptic ooetinepiocsss, e.g., CMOS, GAs, Si Ge,
I nP, an MEMS .10 Assenbly .fixtuyres f | C s and magneti c heads,
Personaﬁrqmm?mg@?’g?m%wﬂ?lﬁ tompidsors, blades, Parts for
robatsi ¢ fgneelige. Tool's, fixtures, and containers for electro-optic coating
process,

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 formed from 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



Tool s, fixtures, and containers for reticles (photo mask), 15 and the I|iKke.
In fabricating the conponent parts descri bed above (which is a

non- exhauwwoioeesi4dst) the ESD dissipative material s of theCprisepmed9

i nvention may be enployed as the entire conponent part, or as a portion

hereof . _F | 5D, ¢ SSi_pat | i al into t.h
et oo PUREATIATR Gom 23R CORRIERNA MBS B0l B T ol YOPAPBRR el
20 conpongnturfiee tardali of Y1 ENénd EhQ dowvdeBdwéieomaad 26-9h%/6i iespepavdly cprigit f i al .

On the other hand, _small portions of the conponent parts may be all that
requi r e BHlpGDThe ﬁilbﬁtn(\%feﬁﬁ*taé eraanlated bira labrratary methoddo presseblamovalse, one
or mor e PPhw e S GflaAnOpRUAE it st BRIN 3Cud RIBICH IRAUIRMSefifcaif}e ESD
di ssipative naterials o preséent 1nventlon (noté - two Or nore

mat erd al fresyay (dré‘GiBedii) ae207 MPdes formdreemtbddiesbe added to t he conponent part

ei ther 25 permanent .or in a repl bl e mapner) .in the critical_area
Eequi ring Eglﬁhﬂfrgf?%‘&t’gq}?ﬁ werpé}rgqgf:fgatﬁgé?rﬁgl tIBrad{éﬁ‘é‘? ) SIGRTINg teFl}PeEaé‘é‘ﬁ (#3¥Pect i ve
conponentsopst) RN Hr 88 ditidvedr el ABnEFOF g?éa%e?'tﬂﬁatiWA)h”ﬁ% gﬁé&kﬁca@ﬁer}u&fj‘@?.e g

present invention to the specific requirenents of eac nponent

her ei n, He thebietical densityr was oalculated byd mibing ruldfbvesqir s eoltimier?é exftingradientsl be

further jllustrated wth referenge to,the Loll?vm' ng .30 exanpl.es.which aid
P AHe

in the (RTEPREARAAY B OSHECT MOURSeS TRImg: * TS, Sifered bdigs Wegs

constyr ueldired ihiAW 4ta3007G férhey £ to FohiVBle full dafdity A Aft SaHipIBOWERY HERRAt @i Ni ng
about 2.8 nol %gttrl a (YZ110) avail able from Saint- Gobain Ceramcs &

Pl ast i csgreatexiben 99ado h-Remostly exeetsr thanOf-8/adyP.ng anounts of zinc 14 WO

02/ 081402 PCT{\IS 4 | lJ & r A oration rica
inajar ml |ﬂvé ?ﬁ’%{‘@%@z%n%‘fﬁ‘?‘%&?eéiﬁa’. g’?‘l‘eﬁ?%eaﬁ{s@uréb{a%g%ﬁg{n a‘é’grSf‘%Wﬁge@Ag%d Zno
powder s demsiey,7Yamsg'? nodilyg, harinpse sirvedtly, fpctuty tdughndss, phdsg. mibhestiictur€d
powder was granyl ated by, a | aboraj or thod to pressabl e powder.. The
powder UG aRg | SYrjage SrsiRivaies; AR E§iseg1%511%q‘%( tage) difay) aarMmmysized gng

| sosfsat igadsys smdg. essed (or "ClPed”) at 207 MPa to form green bodies. The
green bodies were sintered at 20 mn to a desired sintering tenperature
(1350 - Bff®06f ZhOrcomtent andograinisizeve a sintered density of greater than -97 %

mixi g rule bSO YORBE P GUrCH & TRUet A A5l Zhet Nohbetneen
10 PSP P S oy B SR e SR g RID 2
great er Rnanl (ggosmwm) pan berpehi¢vpd @Wmsﬁmmﬂt%@lswﬁlbzpﬁ vol. % ZnO and
20  85-65 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 (ZnO) 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 No. 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



The resulting densified bodies by sintering and sinter-H Ping were neasured
for density, Young's nodul us, hardness, strength, fracture toughness,
phase m cwosisidure, volune and surface resistivities, 20W/USB3649

di ssipation (voltage decay) as summarized in 15 Tables 5 and 6. Effect of

ZnO content _and RS z a
functi onﬁg e\f%ﬁuhg‘ﬁ%n fnﬁm@teﬁ@g of1§ %’Ee@égé ar? sp%ééhq?é{ag rrp#’ ésn%%fat%

not ed t h@vet A®réadSiafigd uf fdsBEvities f@ﬂwariz‘;SDE)SDS@llsﬁpzttix@rap@mewloﬁs Rwinsalibiglat
Ohmcn) can be achieved by conposite materials with 15 - 35 vol, %ZnO and

20 85 - @bferest atmpsyheros(Saimpla Nos | Hraljosrovide additipral anganp & prhisys theitungble
greater Qgﬁ, 4 1450C for 1- 2 Hr. in air. Sanple No. 16 was
preparedlte %S@Tﬁ?’c B\Af%&{gont aining 3 mol %yttria (HSY3.0) and
sintéred at mm@er-mmeauad isamplOGth mef Stre bé Qinucm wdmaanmallaéla'589(l°61 for 5

m ni m ze, t he grow h of ZnQ is noted a Sistivity
of thi se’éan%&wfféz% SENQTPYERCs r%ﬁﬂtwe%gﬁ £ e BN 1 Rall S e Fese
present @Rl tna@ﬁieqeﬁla%lﬁr@o gﬂopsf ﬂﬁsarhﬁtenaw ?ev@f-ml&l@n%‘é%ﬂdﬁfgl}p M Bk AR DY
| ow t enperature sintering’i avorabl e to achieve a lower "resistivity.

Furt her , thatthe §eij@dir®iséﬂ/iwr¢an be hehievedbytconipositidi,faneealingan laif, dnd/dremeealing | ow
terrperature Sh@itﬁ% d reduced grain growh to achieve the same ESD

di ssi patllr\/ae BETSHPVPRRI® 30 ‘Ef fect of Anneal i ng tenperature and

at noigphere: Surprisi ngly, the resistivity of Sanple No. 8 after HIPing at

1350C/ 207 MPa for 45 min showed a significant reduction from7 x 1011 to 5
x 103 dﬂﬁfihi‘?rﬁ Sanples No. 9 - 14 show the effect of heat treatnent

(anneal Faen €% of 20 VUI —% RO-YZ110
conposi trgs}#s OWI ngty ¢ ﬁ nabi .ID% élﬁéapén es zlr\?:é;tiy Illoy a Si rrplrgvheat

treatmgnt. |15 WO 02/ Q8Ydi0R) PGVIEWTM;SB 491‘em15hmma (Asu) t s f (Olinhem) i ndi cat e
that i tsS—eb heeessany—to—pronare  var-pus—eonpegt+ens—to-goyera broad
range of registivitieg for va tspgggchSD d{ ssi pative applications. Annealing
at di ffErenyZAieosphenes (Sagplsgoddo. 1o5)-al SO prgvi de addiyugnel freans to
achievel theitunable resistivity wth this conposiition. 5 An over-anneal ed
sanple wth | RZ1& 5 x| 2011 OnSVdARas anpeal ed at [890C for |SOEH. in 2%
H2/ N2 Lims:;.“"'L Ifcoulz*si Ag—irR i} eststyty—ef—5x—166—6Ch 5 is result
i ndi catjes thgt“ti%le) resistivi t)? 8?1t rol of this matlerial isj|reversible.
Accor di gl y| 2igyTZze belfzgved Shaboiche desited resifstivity CONEPE achi eved
by conpsitiion. annealling injair, and/or annealinc in a controlled
at nosphief e. | YZ110 30 $/1400°C - 7.9E06

7 2.6Y-TZP 35 $/1400°C - - 6.9E04

8 YZ110 120 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 YZ110 20 H/1350°C 630°C/5Hr | Air 5.0E06

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

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

15 YZ110 20 H/1350°C 810°C/2Hr | 2% H2/N2 | 6.0E06

16 HSY3.0 20 S/1250°C 2.9E06

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

Transient current and voltage decay time:
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10 Table 5 ID # Zirconia type ZnO Densification Heat treatnment Rv (Vol %

(Met hod/ Tenp.) (Tenp/time) (Atm) (Ohmcn) 1 YZ110 15 S/ 1400C* - - 2.0E12
2 YZ110 260032A800C - - 7.4E11 3 YZ110 25 S/ 1400C - 5. 6EL@CTAISBUGIZP 25
S/ 1400C - - 7.6E09 5 2.6YTZP 30 S/1400C - 9.1E07 6 YZ110 30 S/ 1400C - -

V210 20" i 1550PEs ot SPAen 2083 4 ISR e B b S R °

9. 0EO4  fdatdd inl Qir 20 tehpeddilies GO QS Ririge B00°-850°E00 gile the/kiistiviey WildabSown
630C/ 5Hr_ Air 5 0E06 13 YZ110 20 H I350C 680G/ 5H Air 1.3E1Il 14 YZI 10 20

H 1350C kgjowy Measuraments obtransient eurent worexpady wisihe appastnoshowmin Figuwe 1.6 0E06

16 HSY3.0 20 *
H Ping in ar g?n raﬁ% &%&%&?@ét}fepglgﬁsw}ﬁheﬁ eggﬂ{el &%rEéeﬁ @5{3\6‘@% 0(5%31402
PCT/ S0 1¢Rksgetioto HShirgl edtagé. dhirloadd the mlﬂ@%ﬁruﬁo%?/mzr@’ chAiigklat 380 &V.pridypar ed

and were heat.treated in air at tenperatures in the range 600-650C to give
the resi €Hargq is,them dissipated, & groupd by joughing, H}eeﬁgf@ﬁ esWith the g’&%’?@ﬁl""@é‘f"r eHe wer e

made Wit e W@an@ﬁﬂ?ét@ﬁeﬁﬁs%l@fé‘ﬁfmb«? ﬁ'(:)hgﬂl% edkc vg argeﬂﬁ%ﬁ?@{)Pe wgwo' ate

(which is part of the charged plate rm Itor | Xe
vol tage.Osbhil®0¢p§awahm®0pdsat0£agdQwr)awusewn&ac of charge at 350 V. This

charge is the d| S ated to oun tou n e t he vabl e
cont act . The ?@Eé%g}egwecg[w %’ 3'8 r’r?qﬁg‘% orﬁﬁ?n #ﬂgv%gg? %Plt%{ge
seeni(f r omlbheglfaw bcHldschpietize fMctidiof thes: | ThOHGO RS theWdle t& &Y fsn \V0b age
every nanosecond. Decay tinme is neasured by reading the voltage output of

t he char & \plisateashsed tﬁ@m thep ospillescepypfien ingind jobpigans pre 1490aV§ ulnstringantof
tine. Tht?le&ﬁ*&ﬁcsf 4t athnﬁt (onist 9 %s bR sfh%l‘tlestfrﬁe%gﬁrgﬁg dgcely time. The following results

were obtained:

15 Table6
Sample Volume Peak cutrent at | Peak current | Decay time
. resistivity 400V at 500 V (ms)
(Ohm-cm) (mA) (mA)
#18 (20% ZnO) 7.7x10° 1.6 16 less than 25
#10 (20% ZnO) 22x10° less than 1 14.7 less than 25
#11 (20% ZnO) 1.6 x 10° Not measured | 1 43
#34 (25% ZnO) 3.1x10° 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 good for the ESD dissipative ceramics. Further, the
residual magnetic flux density of this material is substantially negligible due to the absence

of Fe, Co, Ni, and Cr-oxides in the composition.
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100 V is neasured fromthe oscilloscope after initial charging to 1,000 V.
Instrunent electronics set alimt of 25 ns as the shortest neasurable
decay ti w0 oThgl4bDdl | owi ng results were obtained: 15 Tabl @Cé/uSanmpdesd Vol une
Peak current at Peak current Decay tinme resistivity 400 V at 500 V (ms)
(Chmc a{)ﬁﬂ) (my) #18 (20% 2ZnO) 7.7 x 10 1.6 16 less than 25 #10 (20%
Zn0O) 2.2 X 10 less than 1 14.7 less than 25 #11 (20% Zn0O) 1.6 x 10 Not
measur d@rdpedgNamé (25% ZNSI Baids ¥ (Ménhvekies)T NpMesImeth& Not measured Table 7

sunmar i roperties—of—30—vot: Y201 - after—HtPrng. The
ateri a@?ﬂ’or“ o P . ofit Vellow . Y égdfigylbt?&b'r 06 T. D,
with a|RGHY  vell ow col or| gailgh &7 t han 5004 Bl gispcgmette o) ¢)
mechani|®atdsify st rong with g% | exul kebs thth %engDensvy andrpolished ewrfagé of ] GPa,

subst arfiGraihkeSal € W Th T QWnf rang$ient CUrT entLinediGnteieeptl y O Ssipatijve with
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from Zi HERARK&C&P in a jar mill with Y-TZP milling media. The powder has nominal dopants of

1% Sb,03 and 0.5% CuO for improved conductivity. Prior to the mixing the doped tin oxide

s

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°C/min 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 resulﬁng densified bodies by sintering and sirﬁer-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 SnO; is an insulative material. It was confirmed that compositions of 10-
50% SnO,/Y-TZP are insulative, Rv = 10"> Ohm-cm, as shown in Table 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 ~107

25 Ohm-cm.
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6. 1E07 iPalsedubdiaritiallgMof-@idgn2ic6EQ7 S*: pressurel ess si nt ering in air, H*:
H Ping in argon
10  Table 10
Property Name SI Units (Mean values) Test method
Color Light gray Visual/color meter
Density g/em3 6.43 Water displacement
Porosity % less than 1% Density and polished surface
Grain size {m 1 Linear intercept
Young's Modulus, 20°C GPa 224 Ultrasonic wave velocity
Hardness - Vickers, 20°C GPa 114 _ | Vickers hardness at P =20 Kgf
Flexural Strength, 20°C MPa 650 4-point bending, ASTM-C1161-90
Fracture Toughness, 20°C MPaml’2 |3.9 Indentation crack length
Fracture Toughness, 20°C MPaml/”2 |3.9 Indentation strength at P = 40 Kgf
EXAMPLE 3 "LaMnOs"
A batch of LaMnO; was prepared by the solid-state reaction of an equimolar powder
15  mixture of La;O3; and MnyOj3 at 1400°C for 2 hr in air. The XRD of reaction formed powder

indicated a well developed LaMnO3, a perovskite family. The reaction formed powder was

milled in a plastic jar mill with Y-TZP milling media to BET surface area of 15 m*/g. A
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perovskite-type conpounds such as Lavh@3 and LaFeG3 a
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sinteri anperature sintered sample indicates that the grain size of the material is less than 1 pm.

The XRD from a polished cross section also indicated that the majority of tetragonal zirconia
was retained with negligible reaction to form lanthanum zirconate (LayZr,O;), 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
71O, type LaMnO; Densification Rv
(Vol %) (Method/Temp.) | (Ohm-cm)

YZ110 20 S/1250°C* 1.2E11
YZ110 25 S/1250°C 1.5E08
YZ110 30 S/1250°C 3.7E07
YZ110 30 H/1175°C** 6.1E07
YZ110 30 H/1200°C** 2.6E07
YZ110 30 S/1400°C 2.8E11
YZ110 30 H/1350°C#* 6.4E12
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tenperatures form secondary zirconia conpounds such as La2Zr207 thus
effecting the phase stability of the remaining zirconia alloy. The present
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Application indicates the amount of Mn;O3 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 LaMnOs and LaBOj3 (B
= Al, Mn or C0)"?® family can be used as semiconductive dispersoids in zirconia.
EXAMPLE 4 "LaCrOs"
A batch of LaCrO; was prepared by the solid-state reaction of an equimolar powder
mixture of La;O3 and Cr,0; at 1400°C for 4 hr in air. The XRD of reaction formed powder
15 indicated a well developed LaCrOs. The reaction formed powder was milled in a plastic jar
mill with Y-TZP milling media to BET surface area of 15 m*g. A batch of 30 vol %
LaCrO3/3Y-TZP was processes using mixtures of LaMnO3; 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°> Ohm-cm. Sintered samples
were HIPed at 1450°C at 207 MPa of argon to full density. The color of HIPed 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 pm. 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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a dense; tougt, dark ctofore ESDdissipative zitconia can be prepar ed by
mxing LaCrG3 in Y-TZP by sinter-H Ping. Table 13 ZrQ2 type LaCr O3

Densi fi cHt Ppsursdess sinteeng vy HY): HiDie ingreomvet hod/ Tenp. ) (Tenp/time) (Atm)
(Chmcm 3.0Y-TZP 10 S/ 1550C 1.0E11 3.0Y-TZP 20 S/ 1550C 3.5E10 3. OY-TZP
30 S/1550C 1. 7E07 3. 0OY-TZP 40 S/ 1550C 2. OEO6 3. OY-TZP 30 H 14000C** - -
1.2E12 Tablvi4zP 30 H 14000C** 14000/ 1H Air 5.4E06 5

Property Name SI Units | (Mean values) Test method
Color Dark green Visual/color meter
Density g/em3 6.27 Water displacement
Porosity % 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 AB,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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S*. pressureless sintering in air, H*: HPing in argon Table 14 Property
Name SI Units (Mean val ues) Test nethod Color Dark green Visual/color
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MPami 5 of the conposite. with 2Y-TZP. EXAMPLE 5 - Zirconi um Car bi (Zr©

Si mi | ar ISym-selagiag r%erml&wh\&r%s ftightlp stiffeppnsiharderdbais ¥; TaRean bemgpared ve,
ESD 1510 yspiati ve ceranmics as |listed in Table 16. The sem -insul ating
conpositions were prepared by mxing 10 to 20 vol %of ZrCin Y-YZP
(HSY3.0). ZrC does not react with ZrQ2 during

Table 16
ZxC 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 5.2E11
13.5 86.5 1550°C/1H 3.7E09
15 85 1550°C/1H 5.4E04
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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the hot pressing at.1550C / 20 MPa in argon using graphite dies. The col or
of hot pressed ZrC was black. The resulting .conposite is stiffer and
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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 ProStat Corporation of Bensonville, IL) was found to be over 100MQ.

20  One side of the bar was ground. This lowered surface resistance below 1MQ, as measured
with the same probe. Electrodes were then attached with silver paint to two locations on the
ground face of the bar about 7mm apart along the lengﬂ{ 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 e was found to follow the equation o
InR/8 e = 100. This value is unusually high - for most conductors 8 InR/d ¢ 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.

24
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30

nce, tAiptier\fitddinf@eiting déhdaepdtytio thedetpehture UTARC spekinian. In cases

form In the exanmple, grinding the surface of the sanple was used to

whete thisoyariss: it mayybeotdvenias mepsirp e Tesisiancapbthe spenimen dutwo
'T(péa’ti&lfhe-do&y stﬂegsceﬁl Jnﬁ 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 identical, then the
ratio of their resistances will be independent of tempefature and will be proportional to the
bending stress in the 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
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

25

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

expensive processing equipment. Further, contaminated particles may contribute for latent or
delayed damage in finished products, contributing to costly warranty 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 particle
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  onthe 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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Polishing 20 20
i5 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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Col or neasur dneReasuEsAightagsandsvasigs betweasphandil Q) (P Avwhite/Eiig black)] | ght ness
of color wasgsj ' I angl ng..f l,le. 19

bl ack. _Neasuremnre s Sas Ghchbdo i, erdl e B Solt B Ets R RplVR: b

col obi net er, mederebyeltdwriess whes positites graly stienatrand bdfeneesswhen, VA. The
instrument illumnates the sanple target with diffuse illum nation and 25
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-

correspanded to values of |* higher than 50. Table 19 - Cl E Measurenent
Resul t § SEOWPEanpl e Pt Beassssingy Densi { PepsityRS4i| Resis* a*| Ig*  t hafor ef|ib¥al )
tivity [((M>-cn) A 1R50C/ | hr sint ey theo@tiGal).|00kp 75./28 -6.07 10,63 12000/
45 mn |H P MQ-cm)
A 1250C/ 1hr sinter, | 99.0 0.0012 75.28 |-6.07 | 10.63
1200C/ 45 min HIP
B 1250C/ 1hr sinter, | 99.0 0.0014 69.06 |[-5.1 |[2.53
1200C/ 45 min HIP
As above, after , 10.7 86.07 |-4.81 |15.94
4 hrs/580C in
air
C 1400C/ 1hr sinter, | >99% 3 79.61 |2.62 |48.21
1350C/ 45 min HIP
Kyocera (As supplied) 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:

15 The following references are cited herein as background information. To the extent
necessary for a full understanding of this invention,. the disclosures of these references are
hereby incorporated herein by reference: |

L. A.J. Wallash, “Electrostatic Discharge (ESD) in Magnetic Recording: Past,
Present and Future,” Proc. Of Understanding ESD in Magnetic Recording, IDEMA, pp. 3-

20 20, 2000.

2. AJ. Wallash, T.S. Hughbamks and S.H. Voldman, “ESD Failure Mechanisms
of Inductive and Magnitoresistive Recording Heads,” EOD/ESD Symposium 95, 322 — 330
(1995).
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Toos. 1 Fadacnie [herdR aroREver. vl e anneecaatat Dl M v g BB SE. FBSR | 4l s
f or 10Us @odildtat\rOBE R Sl l&@ldgaﬁohﬁgﬂﬁaﬂéeﬁééiﬁbatﬁ%/ AR rIROFmsmsddn PP-
373-81, 1997. 29 WD 02/081402 PCT/ US 1/ 43649 18. E. A Bush,.U.S. Patent

No. 3, 5@bisgnventipnend 34l beowithin the \gsepsorndospiriy adhthis inygntion agseiclorthdalthe
Conduct iﬁ{ﬁ‘;‘%ﬂg% aﬁhgtered Tin Oxide Electrodes”. 19. MJ. DeBarr, et al.,

" Conduct1on c%anrsnlin the La(Al,W)3 System"” Point Defects and Rel at ed
Properties of Ceramcs, Ed. T.O Mson, et al, Ceramc Trans. 5 Vol 24,

Am Ceram Soc., pp. 229 - 238, 1991. 20. MS. Islam M Cherry and
L.J.Wnch, "Defect Chem stry of LaBB (B = La, N or Co) Perovskite-type
xi des," J. Chem Soc., Faraday Trans, 92930 479-482 (1996). The present

i nvention has been described in detail, including the preferred enbodi nents
thereof. However, it will be appreciated that those skilled in the art,
upon
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10 consideration of the present disclosure, may nmake nodifications and/or

I nprovenents on this invention and still be within the scope and spirit of
this i nvewoioenswas2 set forth in the follow ng clains. 30 WOTOROO&b492

PCT/ US01/ 43649 CLAIMS 1. An ESD di ssi pative ceram c conposition forned by
sintering a mxture conprising a bqgf erial and one or nore resistivity
nodi fiers for a sufficient tinme and a sufficient tenperature to
achieve at |east 99 percent of the theoretical density, mherein t he base
material conprises a_tetragonal zircaqgnia polycrystal &UZ Wwherein the
resistivity redififdy ESdhdissinative csramie sompgsifion | f%m%d ginfering &f miN@Ire hase

mat eri al 4 |

cerm condaip oo B EfRfial AATLICE MR BUERRTAbGRt: T (AT e Ml

di ssb patai suéficient temperatorgto achiconatiesst 9N pertait bﬁt/liertlgeqaét)ml dalsity,pr opert ies: (a)
volume resistivity ranging from103 - 10i1 Chny flexur strength
of at |east SHETSRLe b mg@flaﬂeq%r&ssamgml Aucagia P‘élé’%fyﬁtﬁhﬁrzé’ 0 ms. 15 2.
The ESD di ssiyaatdiy ehe RERTVy SRORAS édngahse; PRt 5 Wn% &b 50t Vit of OF the
conprises yttria stabilized TZP (Y-T wherein the yttria i s present at
from abcbase magrinbantl B seimt@ frem mgroup combistieSDE dorsluictive and: samicamductive
conposi ti (?f d ai fl’el n the Y-TZP conprises 2.6 nole percent
yttria. erhas Hglxggbsﬁ]lelég pative ceram c conposition of Claim2, wherein
the1d- TZP coapwiResin 2hé BYY Qiipatied terdinid & f&itloﬂqﬁaﬁfﬂ@ ﬂllﬁﬁir@aﬁh}%éﬁzal
ceram c conposition of Caim2, wherein the Y-TZP conprises nol'e percent
yttria. PEOPeTiRs: ESD di ssi pative ceramic conposition of Oaim 1 wherein the
resistivity f bqut1 v %to 50 vol.% of the
base materi al(fg) 7%%‘@%@8%@#%§%‘?%%‘?a%%¢ (é%ﬁpgl{%’l tion of Caim1l,
wherein the rBkpi stﬂexmfaystrdmdiéﬂaﬁﬂeaewmrMBa&nﬂrom about 20 vol.%to 40 vol . %

of the base nmmteria di ssi pative ceram c conposition of Claim
1, wherein tK® reé’PE?ge\Aef’?/Y“ ?#?Séfiha@é AlMSses from about 25 vol.%to 30

vol 186 of the sbase pgt Daéhss geglv% ceTglﬁlcE%ﬁgsﬁﬁinp@f IC15inf 8" Wflefeify AP OSZE | ON

of aim1, V\/nerelnt e resisStivit
comprises yttria stabilized TZP (Y -TZP) wherein the yttria is present at from about 2.5 to 4.5

mole percent.
3. The ESD dissipative ceramic composition of Claim 2, wherein the Y-TZP
comprises 2.6 mole percent yttria.

20 4. The ESD dissipative ceramic composition of Claim 2, wherein the Y-TZP
comprises 2.8 mole percent yttria.

5. The ESD dissipative ceramic composition of Claim 2, wherein the Y-TZP
comprises 3 mole percent yttria.
6. The ESD dissipative ceramic composition of Claim 1, wherein the resistivity

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

7. The ESD dissipative ceramic composition of Claim 1, wherein the resistivity
modifier comprises from about 20 vol.% to 40 vol.% of the base material.

8. The ESD dissipativeAceramic composition of Claim 1, wherein the resistivity
modifier comprises from about 25 vol.% to 30 vol.% of the base material.

30 9. The ESD dissipative ceramic composition of Claim 1, wherein the resistivity
modifiers is selected from the group consisting of oxides, carbides, nitrides, oxycarbides,
oxynitrides, and oxycarbonitrides.

10.  The ESD dissipative ceramic composition of Claim 1, wherein the flexural

strength is at least 600 MPa.
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nodifiers is selected fromthe group consisting of oxides, carbides,
nitrides, oxycarbides, oxynitrides, and oxycarbonitrides. 10. The ESD

di ssi patiwe oeesant c conposition of Claim1l, wherein the flPexarsal/436s4rength
is at |east 600 MPa. 31 WD 02/081402 PCT/US01/ 43649 11. The ESD

di ssi pative ram CWO' ' f..C.aim 1, .wherepn.the flexural o strength
Is at | east ;@o M:’,l;h'e‘ : %@a&%&%&ga&?&pp@%ﬁ%%ng?aéﬁxcgnvgiaesrleﬁ tglﬁ f!)&IX aim
1, wher esitrengthés Atlleast7@0 MPat rength is at | east 800 MPa. 5 13. The ESD

di ssipative ceram ¢ conmposition of Claim1l, wherein the flexural _strength

is at |east 980 M BSD dissapative cgragis sampositine phfraime bnyberein e flsrual ai m

1, wher gi2,408s mpitrength is at Ieast 1000 MPa. 15. An ESD
di ssi pat 1 v%étcgsn%oﬁieg%(ﬂjpart' made froma ceramc of Claiml, where 10 the

conpénent hasl3l essTheE8D GliGipadive icetani¢ copositidarhef Léaimi L) whereinethatflexaral est
and wher? thtg. cg%o t _has an Ra of |ess than 3000 A. 16. The ESD
di ssi pat RS & Hsh - of Claim 15, wherein the surface finish is

produced by tunbl img. £SE3 - dissiftiFSLefhis coabbsifort SIERREN , WAEinOhe Al 15,
wherein the color of the 15 ceramc is lIight. 18. The 'ESD di ssipative

conponerdtrepgthiis gfleast H0H MBa. wherein the color- of the ceramc is dark. 19.

An ESD di ssipative, c .C. C gQsition, fornme sinterin .m Xt yre
conpri si ng a base % %ﬁirgéﬁsmgﬁgg SHeP %}enh%q,rgmg.cgesﬁéqaia\ﬁe{agyn%gl(ﬁa}%g V’FLi'lS’Fe a
suf floci ahé cérmpaneatithsdss R4 600paktidled/@iftin HRIREHGN péRrdtidnaciiafd Whate theast

99.5 percent of the thegretical density; wherein the base material

conpr i s&9mpopeit hayghRa of lesy W8RBA0MAL yerystal (TZP): wherein the resistivity
nodi fier conprd se HYP : 0 7 | al and
I s sel ect ednﬁr%m I?I:nee gr ogggg%%\%éé |pr?é%1](i)t3) a@%ﬁgﬁ%ﬁ f\)/S(é)t’%lt?l ?%g?h%gﬁ%%@%e

mat er i alis prducdddyunmblingier eof ; 25 and whérein the ESD di ssipative ceramc

Fanging from o5 AREGBTRARERYE CBIPONFRaH A CHFclgthebin B SBEeE 500 NP,
and 15 ceramic is light.
18.  The ESD dissipétive component part of Claim 15, wherein the color of the
ceramic is dark.
19.  An ESD dissipative ceramic composition formed by sintering a mixture
comprising a base material and one or more resistivity modifiers for a sufficient time and at

20  asufficient temperature to achieve at least 99.5 percent of the theoretical density;

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;

25 and wherein the ESD dissipative ceramic composition has the following physical
properties:

(@  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.

30 20.  The ESD dissipative ceramic composition of Claim 19, wherein the TZP
comprises yttria stabilized TZP (Y-TZP) wherein the yttria is present at from about 2.5 to 4.5
mole percent.

21.  The ESD dissipative ceramic composition of Claim 20, wherein the Y-TZP

_comprises 2.6 mole percent yttria.
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(c) voltage decay tine of less than 500 ns. 30 20. The ESD di ssi pative
ceram c conposition of Claim 19, wherein the TZP conprises yttria

stabi | i zewOTZP814Y2 TZP) wherein the yttria is present at fPemEsboWe4®.5 to
4.5 nole percent. 21. The ESD di ssipative ceram c conposition of C aim 20,

wherein the Y, TZP i erce yt 02/08

e Sb ) 4a608 - FHeHED d¥bafiue e %%ﬁ?%g Fllar ft:@‘r?%%s%%tg VAT 6’?“6?%30,
wher ei ncbh@nyestzg’mow;baiéélﬁgaxa 8 nol e percent yttr| a. 23. The ESD

di ssi pative cer am ¢ cor}goa tign of Claim 20, wherein the Y-TZP co r| ses 3

nol e percent 23t t r iThe B3 @ISSWEVES@W%WBERSNP@ el 20z srhsein theoX-HEP A ai m
19, whergj ”urs‘%e_,, &g%ﬁ}éeﬁ{%wzmdl fier conprises fromabout 10 vol.%to 50

vol . % of teria 5. The ESD di ssipative ceranm c conposition of

Cl ai in 19, wh@ztel n "EH&EESIbdisspatWetoprammodbmpemtmmﬁﬁﬁaﬁﬂs9)‘wberemllheltesiéﬂvttpl . %
ssi pati,ve ceramc

to 40 val of the b terjal Th
COMpoSi tnil% BrCORINLISGS @n ‘étrl&YPlt hEo §%gq?fp€t,h@3:ase1 atsdal fi er conpri ses
f rom about 2%svol fﬁetgsﬁelsﬁ?hw@&mlb%oﬁgéﬁu&%maﬁh 192\7«herlmem15§e@isumy

di ssi pative ceram c conposition of 19, wherein the resistivit
modi fi enmdlﬁers'@hmwacmﬁm@hvmtr?é) WlSuty Hov % of thg bage mattr:rials car bi des

nitrides, ar bi nitrides,. and ox ar ni t
di ssi pati ve ram'@1 i:“@,]%glgﬁ)?tbvr; c(?fa‘r%f:é‘tf’???‘lsé ﬁ“F]élgB? (rﬁswtl%
streogt hnédiﬁé{cohﬁﬁi%és 861 abbia. 2531.99 Re3(RRIR% btk Ibaée' ﬁd@ceﬁ@lr am c_conposi tion

of Caim19, wherein the flexural strength is at |east 700 MPa. 30. The
ESD di ssi pat i?/e cdhghiS® él@ﬁp@svetqemmlém@wmm@ Claine 18 wherpia the eosistiuity

composi tnostidh it FReERallR, effo thusi i B ShbRlesy eI Pfuamtitesn o

MPa. 32 oxyﬂlmcESJIhxﬂch@carhbmbraieeer am ¢ conposition of CI a| m 19, wherein the

fl exural rength i | east, 1000 MPa. 33, An ESD di ssipatjve conponent
part made fr@%r %\ﬁ% dissipefing meramic qarapositionofilaim A whenstn thgdlexud  han

6001par ts{rSﬁngﬁ‘IisCﬁffeds{;%ddl@[PQa”' cle generation test and where the conponent
has an of less than 3000 A

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

30.  The ESD dissipative ceramic composition of Claim 19, wherein the flexural
strength is at least 800 MPa.
20 31.  The ESD dissipative ceramic composition of Claim 19, wherein the flexural
‘strength is at least 900 MPa.
32.  The ESD dissipative ceramic composition of Claim 19, wherein the flexural
strength is at least 1000 MPa.
33.  An ESD dissipative component part made from a ceramic of Claim 19, where
25  the component has less than 600 particles/cm? in the paﬁicle generation test and where the
component has an Ra of less than 3000 A.
34, The ESD dissipative component part of Claim 33, wherein the surface finish
is produced by tumbling.
35.  The ESD dissipative component part of Claim 33, wherein the color of the
30  ceramic is light.
36.  The ESD dissipative component part of Claim 33, wherein the color of the

ceramic is dark.
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34. The ESD di ssi pative conponent part of C aim 33, wherein the surface
finish is produced by tunbling. 35. The ESD di ssi pative conponent part of
Cl ai m 33,wateengism t he col or of the 30 ceramic is |light. BET/UBaE43ES8D

di ssi pative conponent part of O aim33, wherein the color of the ceramc
s dark. 33 02/ 08 PCI/ US01/ 43649 37...An ESD.di ssj pat ramc
conposi tion cohpri %%Id&ﬁﬂpéﬁ}ﬁtcer@?w GOBBOSitgN GoRpPHIRE 1"’1" %&16015 to

40 vol . %@f@@ydm lahdl &0t aa)oa{ 14 §R%0 v&fo/%mb &eﬂefw apatq& 5@ 95% STRS iedrel¥al

sintering as the prinmary heat treatnent. | Ssi pative ceramc
conposi t mtwbysihwmtgagthmmn@yﬂnedtmetrmmiary 5 heat treat rrent is errpl oyed

to increase t ns t eater t ?éo a)

di ssipative ¢ S RRe sthesi R a1 i 3 RSB 7RG Y has
an L% caheat trsa%alemne eﬁgtoy@a t@incfeegesﬂle%obaicmgdehﬁ@ fol dreat&Afiat Y904b* scal e on
an LKE col orineter. An_ESD di ssi pative ceran c conposition conprising

from about 903%o 5bhe ESLY odissipativezpetanic fqommositiont off (Claim 587,y gyhesgin the

semi - co %ﬁ}osﬁﬁm%ﬁg g% gf"‘ %éirofr I.Ergltnr ea({f%@fe%st%i%m thé ngjtl g%) nglﬂjbq‘aslc:alg 1S it Y

by sinterl as 't | SSipati've ceram c
conposi tarDInKEfcoGrmmMO \/\herel n the conposition has an L* coI or
measurenment of at |east 50 using the CIE 1976 L*a*b* sc?l e an LKE

colorimeter. 4% 42An,@$%§§smaggq ﬁﬁﬁaﬁ\}% CE’@P%WQ? EHRPHLNG | @Bﬁ‘ﬂr ?¢tng0f r om

aboyly 80yd19, YTZP9hd %b% bbb e, 56 QuétRfe%OéQfensﬁl?@WeﬂFQ@%f i ed
to at |east 95% o0 eoretlca nSIty y sintering as the prinary

heat t re(zfttheﬂteoreﬁeal dansityHy sin‘@sng)mtheearmnaheaﬁ:treaimn’m tion corrpri sing from
about 90 to 6 o,i, % él'z‘lf f rom about 10 0 40 V&@ %g dengi fi ed
to at |east 999 of [ihd ISYIRHI St |°8r§‘Fm%le‘f?§‘?p[°§‘ ) of s 1B pFerar y
heat tr Qﬁﬁxﬁ?ﬁﬁ{tmnflﬁk bR doRyY nltaburement oHak feastB0aSRIgNHe &FE 11D%6 E@W%ﬂ){é ofeat
tret ment An ESD di ssipative ceram ¢ conposition conprising from about

90 to 7Sanh16E0%0YuﬂeZ@ and fromabout 10 to 25 vol.% ZrC densified to at
2835957 O S LRSS 58y kbt B L EOBpSnd IR by %,
t r eat menvol.% 5¢-TXP ﬁﬂDErdmsﬁbdm&t?JOV’@ 3@ ANV LEMADY slehdified €@ rip1dasi Bg%a@iome 75
vol . % theoretical density by sintering as the primary heat treatment.
43.  An ESD dissipative ceramic composition comprising from about 90 to 60
vol.% Y-TZP and from about 10 to 40 vol.% LaCrO; densified to at least 99% of the
20  theoretical density by sintering as the primary heat treatment, followed by hot isostatic
pressing as the secondary heat tretment. |
44,  An ESD dissipative ceramic composition comprising from about 90 to 75
vol.% Y-TZP and from about 10 to 25 vol.% ZrC densified to at least 95% of the theoretical
density by sintering as the primary heat treatment, followed by hot isostatic pressing as the
25  secondary heat treatment.
45.  An ESD dissipative ceramic composition comprising about 75 vol.%
Y-TZP and about 25 vol.% BaO 6Fe;03 densified to at least 95% of the theoretical density
by sintering as the primary heat treatment, followed by hot isostatic pressing as the
secondary heat treatment.
30 46. An ESD dissipative ceramic composition comprising AIN heat treated in
argon at 1900°C followed by rapid cooling to room temperature at a rate greafer than
10°C/minute. |

47, An ESD dissipative ceramic comprising ZrO; and semi-conductive SnO,,

said ceramic having the following physical characteristics:
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Y-TZP and about 25 vol.% BaO 6Fe2C3 densified to at | east 95% of the
theoretical density by sintering as the prinmary heat treatnent, foll owed
by hot i swetlawsm@opressi ng as the secondary heat treat menPCTAGIHEE49N ESD
di ssipative ceram c conposition conprising AIN heat treated in argon at
1900C fol | owed by pid | enperature at a rate greater than
10C/ m nute. 47. AnE%SD %ﬁ%gg%]ggﬁgf{l/ge{:agﬁgﬁn@};c conprising ZrQ2 and

sem -conductive Sn@, hatlnessgreaerchdnaMiGRa Yibker$;eindowi ng physi cal
characteristics: 34 WD 02/081402 PCT/ 880%{ 43649 (a) predeterm ned decay
time: (b) hardness(@r eat 55 o atlsegsI¥ litheaseticghy ~ (c) a density of at

| east 99% of 4heor ahi Bah. aitfipatt Filinfl SShPAIGNE (GE{ATHE FRORGSTAl ludftulcor Ted
by sintering a mxture 5 cohprising a base nmaterial and one nor e

resi sti veangpnisiog 4 basesyatevied aed nn¢ biembresresistitiymadifiersypri ses a t et ragonal

zi rconi a pol ycryst TZP) ; erein the resisfi.vit) difier prises from
about 5 vol . %Wb%'eggtlh?/g?se%l%f%ﬁgmpﬁlﬁ?e? PR .“cﬁﬂé H@Y%@&@ﬁ *from the
group consi st {vRereRf the aBssEityY ModiTir TBMpFSRdf6Hh i abBut FBOLEY &) 80 Q619 ¥t tees

t hereof; 10 and wherein the ESD dissipative ceram c conposition has the

f ol | owi nbasghyaipiall andgs seleeted diom (lze) grpup wausistingi oft dondugtivezangdi ssmi¢andnetives

-109 GCh . . | strength of at |east 400 MPa; and (c) vol tage
decay t?hln%{%l?lsl(og)é%&ﬁ@aé#ﬁ%%én& 15 49. The ESD dissipative ceranmic of Oaim
48, Mherein thel sihetedl tHegESD disdipatbleesbramid ddiniposifion hhEah&EIRSing i ihgticale
ceramic of Caim49, wherein a secondary heat treatnent step conprises hot
i sost at | POPPESEi ng. 51. An ESD di ssipative ceranmic conprising ZrQ and

sem - conduct i SneR - SAl - am v _faollow ng physical
characteristi @: (g?u%lsg%é%@?gir%%ﬁ%gg%;ﬁti ?rg);éﬁ)ctnﬁar dness greater than |
OGPa Vi ckers; (land fleduradmstretigth of ar least 400 MItapand of at | east 50 using the CE

1976 Lrarbr  scale gn Al b Pl B S500 ms.

i5 49.  The ESD dissipative ceramic of Claim 48, wherein the sintering is conducted
in air.
50.  The ESD dissipative ceramic of Claim 49, wherein a secondary heat
treatment step comprises hot isostatic pressing.
51.  AnESD dissipative ceramic comprising ZrO, and semi-conductive SnO,,
20  said ceramic having the following physical characteristics:
(@)  predetermined decay time;
(b)  hardness greater than 10GPa Vickers; and
(c)  anL* color measurement of at least 50 using the CIE 1976 L*a*b*
scale on an LKE colorimeter.
25 52.  The ESD dissipative ceramic of Claim 51, wherein the SnO, is present in the
range of 20-80% by vol of then initial reagents.
53. A method of processing ESD dissipative ceramics comprising the steps of:
(a)  consolidating two or more powders to a final density by one or more
heat treatments, and
30 (b)  using a final heat treatment to produce at least a 25% change in the
resistivity of the resulting ceramic.
54.  The process of Claim 53, wherein the final heat treatment is conducted in air

at less than 90% of the sintering temperature.
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25 52. The ESD dissipative ceramc of Caimb51, wherein the Sn02 is present
in the range of 20-80% by vol of then initial reagents. 53. A nethod of
processi yOBESMBWEISESi pati ve ceram cs conprising the steps ®@CI/US(E)3649
consolidating two or nore powders to a final density by one or nore heat

treatnments, apd 30_(b) usin fipal heat treatnment to produce at |east a
25% change ingg-he Tg%élioﬁ?ﬁs\f’?@m@fﬂ’lﬁ@eﬁé%ﬁ?tﬁnﬁ e@Eﬁr‘éﬁﬂn@B“ﬁ&?.on #ddpocess of
a1 ai m 5Sox AR LEL BartilPprbdsIAl 1cliAfhn IaPof 0LpeRe EOAAAC od 1 air  al | ess
than 90% of the Sintering tenperature. 35"W) 02/°081402 PCT/ US01/ 43649 55.
The process 056.0 ailhe p®cessio Cddim 53 avheiemathe Himak heat ereatment incrsassotluct ed i n
oxygen at aggarhf‘%ll% é)s\g*ﬁssure l.ess than that of atnospheric oxygen. 56. The
process BPISEREY ISR &SP ™ M'fre final heat treatment increases the

resi g ance of 57.he TRSPlobéRGf CRIMS L whered the Finel iabeeftmerf ddetaabddthsd, wherein
the final heat treatnent decreases the resistance of the resulting

ceram c. restangef the seseliingseragtiai m 53, wherein the final heat treatnent
noves vol une esi i1 Vi [ . 1, od of
formng |ight Séc'oI o?é%g ‘l@%%scc#g%l}f}a |’\R/@g%zl} éj%%géﬂgeg{r)r%gt@?}ﬁtg'ggﬁees'%oﬁagt eps of:
(a) for nieaptigityriné theearpermofi16f signfonem about 85 to 60 vol . % Y-TZP and from
about 15 to 40 vol . % ZnQ, ?nd (b) ..densifyi rﬂ:g the mxture to at | east 95% of
the theoretical deAspethodof forping it colorsd ESPdissiative cerngies camprisiag tsd of
Q ai 19 S9%efdist her conprising enpl oying a secondary heat treatnent step to
I ncrease the theoretical density to greater than 99% 61. A nethod of

form ng |i ght (ol ofenhifgSDnukssé panprising doantlosit 86 rtpraOsveldet W ZPstiebfomf .
(a) formn m xt ur ori sing fromabout 90 to 50 vol.% Y-TZP and from
20 aboutal%g‘tﬁ‘%t%ﬂ)éyl%@P;o%@Dﬁ?‘iconductive Sn2; and (b) densifying the
mxture to atg)easf fihd BExthiee@lae1da ofl B el el il Bén

treat nent. 62€H)The er%eg%g ofh%(ai m ﬁ,é fgt?rst/ﬂer c'?orr%&ril?,tsci%ng (asﬁﬁi};{b\éfya}%gﬂgry
secondar hedtggatment.

15 60.  The method of Claim 59, further comprising employing a secondary heat

treatment step to increase the theoretical density to greater than 99%.

61. A method of forming light colored ESD dissipative ceramics comprising the
steps of’

(a)  forming a mixture comprising from about 90 to 50 vol.% Y-TZP and from

20  about 10 to 50 vol.% semi-conductive SnO,; and 4

(b)  densifying the mixture to at least 95% of the theoretical density by a primary
heat treatment.

62.  The method of Claim 61, further comprising employing a secondary heat
treatment step to increase the theoretical density to greater than 99%.

25 63. A method of modifying the resistivity of ESD dissipative ceramics
comprising the step of hot isostatic pressing said ceramics under controlled conditions of
heat and atmosphere.

| 64. A method of forming ceramic-based components for ESD-dissipative
purposes comprising the steps of:

30 (a) forming an ESD dissipative ceramic composition;

(b)  forming the desired surface finish on said ceramic composition; and
(c)  forming a component, either in whole or in part, from said ESD dissipative
ceramic composition.

65. ° The method of Claim 64, wherein the surface finish is formed by tumbling.
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treatment step to increase the theoretical density to greater than 99% 25
63. A nmethod of nodifying the resistivity of ESD di ssipative ceramcs
conpri si yotopessbep of hot isostatic pressing said ceramnm @STUSAE#3649
controll ed conditions of heat and atnmosphere. 64. A nethod of forrri ng

ceram c- based orrp ent for. ESD- | patjve ur ses coppri he steps
of : 30 (a) fo?én fgf%'ﬂ}a({d Z"%@?%eeu Q??qtbsn%ﬁ§ ng the
desired ESchﬁé“sﬁ) {llv@bé}gn&rboﬁgjogﬁﬁﬁr am ¢ conposition; and (c) formng a

er

conmponent, ei t I N In part, fromsaid ESD dissipative ceramc
conposi tion. . Tl‘r¢1meﬂned o6 €laim 63! aiherebronlyiagorion af e emponest i formsd | s

f ormed b% %ﬁgbbﬁﬁq} WO 02/ 081402. PCT/ US01/ 43649 66. The net hod of

Cl ai m 64.° lﬁépa 1t F?&‘“&%‘E%%Wém fs formed fromthe ESD dissipative

cerarg ¢ conpogs.ti OAn K¥D dibkipativet oREntChinetl &4 tha\RRIRD ki 84 PRRdreRN Of
the conponent is formed fromthe ESD di ssi pative ceram c conposition. 5

68. An EbP enmpinsat iy scledad ofiemt thet sroypdcansisting: ofeM¥o dmagnatprgrisiied), hegder ei n
the conp %@ﬂét{eé %ra??ijﬁxeﬁ)éﬁqut @%Eﬁét{&%eﬂ& nga&ehthg%ﬂo ﬁ}f(ml}é? and containers for

(rmagnet oresi strve
manuf actHGAng(heetd)(gﬁrﬁbalf assémbled, HSXd (beadt atabler&sér@hsly), HEOD r(haﬂl diskbdtive)

assenbl st ack assenbl HDD ( d disk drive assenbl

t ool s, fy%%@?rma@ %X%% ariqq%qr%alwg)fwa%fﬁr mﬁ[anwgoceﬁﬁ% ) cllf'gmngndogls

cl eapy I

cut thing T %addf?‘%t%%éég S e BB (R ol MCaROREEDSorkls BIIES. e

and sol d@iup diaadkmgs i nvgzles'vicble adl’(mvdl amigsdldert dlsmsmg,nd/afeefﬁaadhmg sﬁxtwras; ugnch

chucks, handl i n d.t fixtures, fIX res, and containers for
5D senstediSaesdedhigss Krpding e Poier. a0 e onbaas o

t weezer SESPCEAWtivelldeVRES . as§éihl§l§ OfitureR| fBF1867s RRY hfagﬁ&fc hORR! kkedzbRY8ERW
tools, fixtures, and containers for electro- 15 optic coatlng process,

tools, fdniyeas,ssissarnchledont parisdforrabetic fingers) tools( fotes, ardkontaigers for eleetee-r i cal

oo o SRy int BloPER BhisoRtes Rt Pl IR IR, 71 rer

conpri SI ng at 9.l eaatelebBioadbelisibiQlematd Eorfied ableaglii padkrofOngivesniabdsg of the
ceramic is provided by a non- zjrconia phase additive, 20 70. The, sensing

el enent Bructyral; Geragmic haviap astrength opat least 69% MPay sm%w&ﬁi@th@t Gpmprisingjat The.
sensi ng RL&TBVoIR 78, WiBr8R efletricd cAROERE JtUe FRARIS POVIRARG AlJA. ©-

zirconia phase additive. '
20 70.  The sensing element of Claim 69, adapted for or service at room temperature.
71.  The sensing element of Claim 69 or 70, adapted for measuring temperature,
force, or both temperature and force.
72.  The sensing element of Claim 69 or 70, where the non-zirconia phase additive
comprises ZnO.
25 73.  The sensing element of Claim 69 or 70, where the conductivity of the ceramic
is adjusted so that the sensing region(s) is only part of the whole.
74.  The sensing element of Claim 69 or 70, where the responses from two or
more sensing regions are detected independently.
75. A nonmagnetic ESD dissipative ceramic composition formed by sintering a
30 mixture comprising a base material and one or more nonmagnetic 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;
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force, or both tenperature and force. 72. The sensing el enent of C aim 69
or 70, where the non-zirconia phase additive conprises ZnO 25 73. The
sensi ng ewerensgi40f C aim 69 or 70, where the conducti vityPofi/ttShe43sey ani ¢
is adjusted so that the sensing region(s) is only part of the whole. 74.

mor & sonsi ng PRov RGNS 0 v dertilEis b8 B RRE Rl ek it

di ssi patprugerties:anm ¢ conposition fornmed by sintering a 30 mxture
conprising a base terial .and one of more ngnmagnetic resistivity
nodi fiers; v@)&r ei‘g)?‘flﬂ"ereéléﬁlﬁlt}‘r’éﬁnémgaﬁo@éﬂ‘pTlgmcﬂét ragonal zirconia

pol ycrystal (f4<P); 1 1B HAVAAPY- ifier conprises fromabout 5

vol . % to 60 v@ . %%%ﬁ?%@?%?%??%qué7% 02/ 081402 PCT/ US01/ 43649

and vherein t(ap ESDesidsalifluxtdensityceor greater thanpbmitld @aukas t he fol | owi ng

physi cal pr rtigs: (a) vol resjstivity ranging.from 106 - 109 Chmcm

(b) flexural 0}36? ren etpog.p?ag{let}c d aﬂﬁa‘fer%?ﬂﬂ CS%PB%“%“ Pg_éfaéngli Phegein

densi ty tAOredfsAMtPmoliTREs BREWmdiar aRSSic sﬁ@:ﬂ?‘t—ﬁhﬁ ERINEL 165 Ig offi ssi pative
er i

ceram c conposition of Caim75 wherein resistivity no ers have a
nmol ar magnet i /- susbBepronpiagnetic BYD Idissipativeagerdmic 3omippsitibn off Claimiye, whenebgnet i ¢

moai 1 or® Rslstfiey EoRMs® 48 TEREA EBRBe etnll Bhiipel b Snch B0 Reds.' vood,
10 AD20A1,8%,ZrCamsh mixtirgs derdofer eof . 38 :
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