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In the area of electrostatic discharge (ESD) safe ceramics, various compositions have been developed in an

attempt to bring together important electrical, thermal and mechanical properties of materials for end use

applications that are sensitive to electrostatic discharge.

20  Most notably, zirconia-based materials have been investigated for use in environments sensitive to ESD.
Cenerally speaking, zirconia is transformation-toughened, containing a stabilizer to partially stabilize the
zirconia in a tetragonal crystal structure. Among various toughened zirconias, tetragonal partially stabilized
zirconia has balanced properties including high strength, fracture toughness, corrosion resistance, and excellent
machinability. For these reasons, tetragonal partially stabilized zirconia has been used for metal forming tools,

25  blades/knifes, handling tools (e.g., tweezers), and optical fiber connectors (ferrules), and have found recent use

replacing tool steels, stainless steels, special alloys and cemented tungsten carbides (WC).

However, because toughened alumina is an electrical insulator having a volume resistivity greater than 10'2
Ohm-cm, it is not particularly suitable for ESD safe applications. In this regard, a technical background relating to
the need for improved ESD materials can be found by reviewing publicly available information from the ESD

30  association. See www.esda.org., for example.

Recently, a need has arisen in the art for ESD dissipative or ESD safe components which not only have desirable
ESD properties, but which also have desirable thermal expansion properties, flexural strength, toughness, hardness,

wear resistance, and other properties. Some of the demand is motivated by the need to find ESD safe materials
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tetragonal-ZrO,. Of significance, according to one aspect of the invention, the tetragonal-ZrO, contains a stabilizer

which is present and pre-alioyed with the tetragonal-ZrQ, prior to mixing with the resistivity modifier, and of

25  course, prior to forming the ceramic body.

According to another aspect of the present invention, a method for forming an ESD safe ceramic component is
provided in which a ceramic body is sintered including a base material and a resistivity modifier in line with the

foregoing description, and thereafter, the resistivity is adjusted by an annealing operation.

According to another aspect of the present invention, an ESD safe ceramic bonding tool is formed from a

30  sintered composition comprising a base material and a resistivity modifier. The base material is formed from
zirconia toughened alumina, and the resistivity modifier is formed of a transition metal oxide. The tool has a
density not less than about 98% of theoretical density and a volume resistivity within a range of about 10° to
about 10° ohm/cm,



zirconi a toughened alumna, and the resistivity nodifier is fornmed of a
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20  According to one aspect of the present invention, an ESD safe ceramic component is formed of a sintered
composition which includes a base material and a resistivity modifier. In this regard, the base material is formed of
a zirconia toughened alumina (ZTA). The zirconia toughened alumina includes a primary component of alumina
(Al;05) and a secondary component comprising zirconia (ZrO,). ZrO,, in general, includes at least three phases,
including monoclinic, tetragonal, and cubic. Preferably, according to an embodiment of the present invention, the

25  zirconia contains tetragonal zirconia, although monoclinic and cubic phases may be present. In this regard, in
certain embodiments, a certain proportion of the monoclinic phase may be desirable for transformation toughening

properties.

Typically the zirconia contains at least 75 vol% tetragonal zirconia, such as at least 85 vol% tetragonal zirconia.

Since the tetragonal form of zirconia is generally considered unstable or metastable at room temperature, typically
30 a stabilizer is present within the crystal structure, i.e., crystal lattice, of the zirconia material. The stabilizer can be

chosen from one of numerous materials, including rare earth oxides such as yttria, ceria and/or scandia. While the

level of the stabilizer relative to the zirconia varies depending upon the particular stabilizer utilized, typically the
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by use of a fluid, such as a gas or liquid. In one embod1 ent, an inert gas such as argon may be utilized to

achieve a pressure above 100 MPa, such as on the order of 150-400 MPa.

30 Further, optionally, the characteristics of the ESD safe ceramic component may be fine-tuned by later stage
processing. For example, the resistivity of the ESD safe ceramic component may be modified by a late stage
process such as annealing. For example, components subjected to pressureless sintering and HIPing may be then
heat treated in air at a temperature within a rangc of about 600 °C to about 1200 °C for a time period on the order
of 0.5 to 100 hours, such as about 1 to about 5 hours, to reach a desired resistivity such as in a range within about

35 10’10 10" Ohm-cm. According to certain embodiments, the volume resistivity of the ESD safe ceramic

component fails within a slightly narrower range, such as within a range of about 10° to 10°Ohm-cm.
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The final geometric configuration of the ESD safe ceramic component may vary depending upon the intended
use of the component. For example, the component may take on a form of wire bonding tips, wire bonding

30  capillaries, magneto-resistive handling tools, substrates, carriers, slicing tools, dicing tools, de-gluing carrier
tools, pick and place tools, semiconductor device packaging tools, single and two step probes, and test sockets.
Embodiments of the present invention also call for using these tools in their intended environments, such as

executing a wire bonding operation, handling MR heads, packaging IC devices and the like.

Example 1
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The results of resistivity measurements indicate that the desired ESD safe ZTA based ceramics can be prepared

mixing alumina into ESD safe Y-TZP compositions.
Example 2

30 AZ93 powder, a ZTA (zirconia toughened alumina) with 40 vol. % Y-TZP and 60 vol.% Al,0,, available from
Saint-Gobain Ceramics & Plastics in Colorado Springs, CO, is mixed with submicron Fe,O; in a jar mill. The rest
of processing method is same as Example 1. The results indicate that the ESD safe ZTA based ceramics an also be

prepared with AZ93 powder.
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hot isostatic pressing (H1Ping) a ceramic body in a HIPing environment, the ceramic component being
provided in a localized environment containing a processing gas species having a partial pressure greater than
a partial pressure of the processing gas species in the HIPing environment. While description herein relates to
ESD safe ceramics, and more particularly, to ZTA-based ESD safe ceramics, the foregoing method is
particularly suitable for other ceramics, particularly those that benefit from a localized environment during
HIPing.

According to a particular feature, HIPing of certain ceramic components may be advantageously carried out by
utilizing a localized environment. In the context of ZTA-based ESD safe ceramics, it was found that certain
geometries might be subject to unwanted chemical reactions during HIPing, even when utilizing an inert gas
such as argon. In particular, additional testing beyond creation of relatively large scale working samples such
as tiles was carried out on near-net shaped components that were of a generally fine scale, such as those
demanded in the microelectronic fabrication industry. One such example is the so-called bonding tool notably

including a wire-bonding (ip and capillary.

The bonding tip may be advantageously formed from cylindrical rods having a generally fine structure,
typically having a diameter on the order of 2 mm nominally 1.6 mm. The rods may have a generally high
aspect ratio, such as greater than about 3:1, 5:1 or even greater than about 10:1. The aspect ratio is defined as
the ratio of the length to the next largest dimension of the component, and in the case cylindrical rods, the next
largest dimension is the diameter. Such rods or rod stocks may be formed in a green state by an extrusion
process or injection molding, It was discovered that following HIPing in argon that the properties of the rods
undesirably changed. In particular, the rods emerged from HIPing having a darker color a lowered resistivity,

typically on the order of 5§ X 10* ohm/cm (as contrasted with 5 X 10 ohm/cm), suggesting a thermochemical

LRy bas bl ihgoynlete, Gyl dulgoliohsindiad. 0057 1200
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take place 1n_an enviro pressure,
transition metal oxides, an oxygen gas sources is provided. The oxygen gas source may be desirably provided

25 in powder form, which has relatively hlgh surface area further promoting release of the desired processing
gascous species. In this regard, the components undergoing HIPing may be placed on a powder bed or

embedded within a powder bed formed of the gas source.

In the context of oxygen-releasing sources, it is preferable that the processing gas source undergoes reduction
to establish a desirable oxygen partial pressurc within the localized environment, before any appreciable

30 reduction of the ceramic component. The processing gas source generally undergoes reduction more easily
than the resistivity modifier. This ease of reduction is a function of the free energy change of thermochemical
reduction and oxidation as a function of temperature and may be determined by thermodynamic data from the
Ellingham diagram which is provided, for example, in R.A. Swatin, Thermodynamics of Solids, 2™ Edition,
Wiley-Interscience Publications, pages 114 (1972), hereby incorporated by reference. In a way, the powder

35  actsasasacrificial HIPing agent undergoing reduction prior to any appreciable reduction of the ceramic
component, thereby creating the desired localized environment and protecting the ceramic component.

Generally, the localized oxygen partial pressure is greater than the equilibrium oxygen partial pressure of the
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her eby i ncor por at acts as a
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pressure Ofthet))t}gen%&erma‘hg@l@ﬁg was performed at 1200°C in argon pressure of 207 MPa with

graphite heating elements.

A few oxygen-generating powders were used and found effective. For instance, Pr¢O;;, MnO,, and CoO
30  powders are thermochemically reduced more easily compared to Fe,0s, and thus are effective to prevent or
attenuate the reduction of Fe,0; into Fe;O,. Generally speaking, the oxygen-generating powders are chosen

from those that undergo reduction before reduction of the resistivity modifier during processing.

Most samples HIPed with the oxygen-generating powders showed the same color after the HIPing with the

density mostly higher than 99.8%, and showed resistivities similar to those of sintered values, 5x10° - 108 Q-
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was pr esSecijeﬂsigtop}ﬁ.ﬁxgi‘.g.nﬁ{élreégtivi Iof 19Pedbad BHhindl » @rlat_e asfsﬂJerIe@'%% sty G Ping at
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for I hr in™®r to a sintered density of -98% T.D. The color of sintered
tiles wgs red. The tiles were not attracted to a permanent magnet. The
r esi sti\rslt)}‘:"’ﬂ‘fp'eﬁateri al by the DC resistivity neasurenent was -5x107 0-cm
which is good for the ESD dissipation. 25 Sintered sanples were H Ped in
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1stance.

el ements. A'Tew oxygen-generati ng powders were used and found effective. For
i nstanc 5_{60 , Mh02, and Coo 30 powders are thernochem cally reduced
(i

nore ea W¥idared to Fe203, and thus are effective to prevent or

attenuate the reduction of Fe203 into Fe30'. GCeneral I}y speaki ng, the '
oxygen- gendPEYYeHEeBIE eper ity e HiPirg f Repis e e wied P Qn chevgdeieduct i on
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it back to PrgOy;. Therefore, the oxygen-generating powder can be easily regenerated for repeated use in

processing additional ESD safe components.
25  Example?

Silicon carbide (SiC) crucible is often more durable for industrial applications with good hot strength and |
thermal conductivity. A SiC crucible available from Saint-Gobain Industrial Ceramics of Worcesler, MA, was
used in a HIPing by the same method as Example 1. After HIPing it was found that the HIPed samples were
dark, rather magnetic, and showed a lower resistivily. The crucible was passivated by heating in air at 1,000°C
30 for 5 hr to form an oxide layer. The same cycle was repeated with the passivated crucible. The HIPed
samples from the passivated crucibles were then found to have essentially the same properties as samples
processed using alumina crucibles. 1t is suspected that the oxygen may be consumed in the virgin SiC crucible

during the HIPing creating a reducing environment.
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n R
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For instance, a number of ceramics such as ferrites, varistors (including metal oxide varistors (MOVs)), CeO,,
Ti0,, Ce-TZP, PZT (PbO-Zr02-Ti03), PMN (PbO-MnO-NbQ3), PLZT, BaTi0,, SrTiO;, etc. can be safely

HIPed for desired electromagnetic properties along with improved mechanical reliability.

Further, some ceramics are difficult to sinter due to higher vapor pressure in non-oxidative atmosphere. Such

25  ceramics can be HIPed to near theoretical density by the foregoing HIPing process.
Example 9

A ZTA (AZ93 available from Saint-Gobain Ceramics & Plastics in Colorado Springs, CO, 40 vol% Y-TZP, 60
vol% Al;0;) was mixed with milled Fe,O, powder (milled to a specific surface area of 13 m¥/g, Alpha Aesar
of Ward Hill, MA) in water by milling with zirconia (Y-TZP) milling media, followed by spray drying. The

30  spray dried powder was then used in a hot wax extrusion process to produce thin rods of 2 mm in diameter.

Then with heating cycles the wax was burned out and the rods are sintered in air at 1325C for 1 hr to a density
~97% TD. The sintered rods were further HIPed with oxygen-generating powder bed at 1200°C and 207 MPa
of argon. The HIPed rods were red in color, non-magnetic, and high density of >99.8% T.D. The resistivity of

HiPed rods remained approximately same as sintered rods to 5x10’ Q-cm,
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resistivity of HIPed rods remained approximately the same as sintered rods to 5x107 Q-cm.
Example 12

25 A ZTA (AZ93 available from Saint-Gobain Ceramics & Plastics in Colorado Springs, CO, 40 vol% Y-TZP, 60
vol% Al;05) was mixed with milled Fe,O; powder (milled to a specific surface area of 13 m%/g, Alpha Aesar
of Ward Hill, MA) in water by milling with zirconia (Y-TZP) milling media, followed by spray drying. The
spray-dried powder was pressed into round pellets using a steel mold followed by ClIPing at 207 MPato a
green density ~55% T.D.

30  The ClIPed samples were sintered at 1250°C for 1 hr in air to a sintered density of ~98% T.D.

The sintered samples were further H1Ped with oxygen-generating powder bed at 1250°C and 207 MPa of
argon. The HIPed rods were red in color (non-black), non-magnetic, and high density of >99.8% T.D.
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A magnetic hysteresis curve was measured with a vibrating magnetometer: residual magnetic induction (Mr)

20

25

of 5.8 Gauss , a coercive magnetic field (Hc) of 3.7 E4 A/m, and a maximum induction of 31.7 Gauss at a
magnetic field of 9.5 E5 A/m.

Example 14

A ZTA (AZ93 available (rom Saint-Gobain Ceramics & Plastics in Colorado Springs, CO, 40 vol% Y-TZP,

60 vol% Al,O;) was mixed with milled Fe,O; powder (milled to a specific surface area of 13 m’/g, Alpha

Aesar of Ward Hill, MA) in water by milling with zirconia (Y-TZP) milling media, followed by spray drying.

The spray dried powder was then used in a hot wax extrusion process to produce thin rods of 2 mm in

diameter.

Then, with heating cycles the wax is burned out and the rods are sintered in air at 1325C for 1 hr to a density
~97% TD. The sintered rods were further HIPed with oxygen-generating powder bed at 1250°C and 207 MPa



25 A ZTA (AZ93 avail able from Sai nt-CGobain Ceramcs & Plastics in Col orado
Springs, CO 40 vol % Y-TZP, 60 vol % A12C3) was m xed with nmy4 bngﬁggﬁxioos
powder (mlled to a specific surface area of 13 nR/g, Al pha Aesar of

HIll, MA) in water by mlling with zirconia (Y-TZP) mlling nedia, foIIowed
by spray dWQMW8404928 spray-dried powder was pressed i nPEU/ESRIAHIIFEB| et s
using a steel nold followed by C Ping at 207 MPa to a green density -55%
T.D. 30 The Cl Ped sanples were sinterelfat 1250C for | inair to a

sintered density The sintered s les were f Hrt H Ped with
oxygen- gene;1f £1"h Ehflilpe‘?'égwﬁréﬁ?dﬁf°l°lfwg"wc g RBY °6 988/5#5 phere‘?'ﬁ'é“yﬁ Ped rods
were red i nHIRe|redp remainsthapbrbrmekely samq envsinigredyadsto S¢10” el hi gh denS| ty of >99. 8. D.
13 DECEMBER 2006 WO 2004/049402 PCT/ US2003/ 037528 -14- 2 sanples of 2

di f f erent badhealreds 1.6fhmpcinteersndiene o vephraticatedSpanplbraing tubg imdeeaioa vol une

resi sti Vit YiehRaged Bdhartil Yrelsit@ ofdogdh. PRI Hadt trda@ich) Rrklid@ adpfsimbine S vl cm . Sanpl e

2 showeds a éés%LlHtUE&Or{lnea§in§etfioMiEE%Eﬁ‘@ﬁ?ﬁsw ed by the DC 2 points techni que of

1.2E8 Ghm cm or Was measured Wit h a M ni Scan XE pl us from Hunter |ab
:\Ig talhre L ZaHPl"o measure tEeth]DaT)tF ofﬁlsr@{grlam soﬁp dlv\d)ate ttclvg %ps,%\e romshwere in oon J([ﬁteoaedﬂloen red 40
t r eat ment W‘hélz? pf alymipgmplste Ghapgpd -2 §000Y {lonRygtems Gharagé Flate %M@Pdeb"’éejcp Mix¥npl e 13 A
ZTA (AZ93 asramd tals Ingal Ean@en(tBas) evithe Gbd sidenThED seavligsdedeal?l vastersesd dvr ti@obitirado
Springs, CQighthequie eilbscdgBi2s MEDLMDdy Yo 1041 B3 40008 BELiNE@peM Thbldebdy lihards Fe203

powder M(&? !Jak%gasnhgtl ér&%g tfﬁlegfﬂ%wateﬁ%ecre%r go% d%&z/\?el /g’ Al pha Aeear of Ward

Hill, I n wat er zirconia mlling nmedia, foll owed
by spray drying. 10 The spray-dried powder was pressed into round pellets

using a steel nold followed by A Ping at 207 MPa to a green density -55%
T.D. The C_;Eéma,np.l_ec wer e _diValumgresitivity Ohmpanc f wpgcﬂ)’ tgeMsh ajr to sintered
density of 3 98% b 10Es 0.8

4 10E6 39.6

5 10E7 110.0

The foregoing results are desirable, falling with target decay time between 10 and 500 ms. According to one
feature, the ESD safe component, such as in the form of a bonding tool has a ESD safe characteristic such that
15 21000V on the device with which it is in contact (such as a microelectronic device undergoing bonding

operations) is dissipated to about 100 V in less than 500 ms.

Turning to the drawings, various embodiments are illustrated. As shown in FIGS. 1 and 2, a bonding tool 1
having a bonding tip 10 is formed of ZT A-based ESD safe ceramic materials as described herein. The
bonding tip 10 having a generally cylindrical base portion and a conical tip portion is formed from sintered and

20 HiPed rod stock having desirable ESD safe properties. The bonding tip 10 may be formed of a monolithic
ceramic-based composition as described herein. The working end 14 is textured for gripping a work piece and
for superior transfer of ultrasonic energy to the work piece for better bonding. Typically, the workpiece is a
wire that is to be bonded to a contact pad in a microelectronic device. The bonding tool is used in a known
manner and generally includes an ultrasonic source 16 coupled thereto for generating ultrasonic vibrations. In

25  use, the working end 14 is placed in contact with and biased against the work piece, and the ultrasonic
generator is engaged so as to impart the vibrations onto the work piece. By mechanical agitation via the
ultrasonic waves and optionally with aid of thermal treatment, bonding of the work piece is carried out. In the
case of wire bonding, the wire is deformed mechanically and thermally so as to bond to an underlying contact

pad.

30 FI1G. 3 illustrates a simple crucible structure for creation of a localized environment during HIPing as already
described in detail above. Here, nested crucibles 30 and 32 are configured such that crucible 32 is inverted

and placed over crucible 30. A singular annular opening is provided between the two crucibles around the



The sintered sanples were further H Ped with an oxygen-generati ng powder bed
at 1250C and 207 MPa of argon. The H Ped rods were red in cqk@®ECEMBER 2006
non- magneti c, and hi gh density of>99.8%.D. The resistivity of 15 materi al
by the DC resistivity nmeasurenent was -5x10" f-cm which is good for the ESD
di ssi pati o0 R0{MIH2t i c hysteresis curve was neasur ed WPEHUS200YBRBI ng
magnet onet er: residual magnetic induction (M) of 5.8 Gauss , a coercive
magnetic field (He) of 3.7 E4 Alm andéa maxi mum i nducti on of 31.7 Gauss at
a magnetic field of 9.5 E5 Alm Exanple 14 20 A ZTA (AZ93 avail able from
Sai nt - Gobai boter REfEEcrgbIopS dierecaeibld0cit Sanc SFPInFS? cegdedihiv ol o Y- TZP, 60
vol % Al 203)progragng gas xoede iniht farmof 4 doadér fe 203 powder (mlled to a specific surface
area of 13 m/g, Alpha Aesar of Ward Hill, MA) in water by mlling with

zi rconi a ( YFIGZR)ustares 4 vatigjorivn the @ycibfeatubtarevamdidaiyg agdpr4a s paviged Bgween thehecilggy ay dri ed
powder was wQenNwith BElprbctssify AQoulMBBpENS thd 4 PiRnRbRER SThe hiRerRf REkiE& thin rods of
2 mmin g di ANELEL: e 23 gl aeniated b S oL k@% Céf%'nes -tmﬂ‘ﬁ.eﬁ@%% én%m%n”gd out and
the rods ar€ S HPeraY &K gt 4t WaSHEC s o RE 2% 60 2 dens vy ™ §7% TD. The
sintered rdgetgingazer ¢} is qresel papeed wi t h oxygen- generating powder bed at 1250C
and 207 MPa 13 DECEMBER 2006 WD 2004/049402 PCT/ US2003/ 037528 -15- of

argon. The MiePeoe-¢ildssd yrpiectmattes i tq b capgidersd illustative. andiphretriciéve andthd apninded  density of
>99. 8% T. D.clailla &e inR&ied3d doVer ElNsuc fodittdtibie (nHaikehGents, eqiRiIAR Anduipr eBlddiardislaly Same as
sintered 1 ogSdiRnbXhOd el iR, THOH Se axbhul BhdnfbicHed YRk Ehe BordS MM 1 ONg

were hegt treated in an alumna tube under various epperatures, and parti al
pressures JfeB e =" eidglerﬁ‘é?gtby?’?%‘%i?eﬁ@ﬁ'f"” 'ér‘"fﬁpfef"gca”’gt&if %&wﬁéﬂ?m&?d t he vol une
5 resi sti viteeanivaienis ppd ghall nohppaestiipted iy lmitedioy theBregofapdletaiied depesipiRBasur e t he capacity
of this material to softly dissipate static charges, the rods were in
contact on one side wth a 20 pf alum num plate charged at 1000V (Ion
Systens Charged Plate Mnitor Mdel 210 CPM and ground by a netal contact
(brass) on the other side. The plate voltage decrease was neasured over tine
with a high frequency oscilloscope at 25 Mz (LeCroy 9310AM Dual 400MHz
Oscill oscope). The decay tine was 10 taken as the tinme for the voltage of
the plate to decrease from900 V to 100 V. Sanple Volune resistivi(Ohmcm
Decay time nms 2 10E4 20.7 3 10E5 20.8 4 10E6 39.6 5 10E7 110.0 The
foregoing results are desirable, falling with target decay tine between IO
and 500 ns. According to one feature, the ESD safe conponent, such as in
the formof a bonding tool has a ESD safe characteristic such that



15 a 1000V on the device with which it is in contact (such as a

m croel ectroni ¢ device undergoi ng bonding operations) is di SSifREwE

about 100 Vin less than 500 ns. Turning to the draw ngs, vafli%ous ERC2006
enbodi nents are illustrated. As shownitn FIGS. 1 and 2, a bonding tool 1
having a bonding tip 10 is forned of ZTA-based ESD safe ceramc materials as
descri bed herein. The bonding tip 10 having a generally cylindrical base
portion anq: nical tip portion is forned fromsintered and 20 H Ped rod
stock havi mﬁig‘%‘gi rabl e ESD safe properties. The bonding tip 10 may be forned
of a nonolithic ™ ceram c-based conposition as described herein, The working
end 14 is text ukaEFRR gramissrmpenest foprsd of e Hiagd comsptiion PEFSRE per i or transfer of
ul trasoni ¢ ener ghsetnageriztvéa sugmk topsheeiluhipg, clpprishgapriponemprgent of whdemllal y, t he
workpi ece is a seMhda® cdmpatbnt bobipris@p RO,, WHRBE BEIZORorrieOBtaaRll ZRAR Mg A

m croel ectronic 'ﬁ%j.,&g. The bonding tool is used in a known nmanner and
general ly includes,an ultrasoni c source %"E cougjl ed tber,eto for generating

ul trasoni ¢ vi br HEYBREmodie nag st within prenge e RevHi° BAG AV BEEtR B PR cont act

wi th and bi asedmsiga boestice myplsciggelrisistiyineodbe baysmeferielne ul trasonic  generator is
engaged so as to inpart the vibrations onto the work piece. By nechani cal

agitation via hey. #hihASanl Epkkes AR ARk ARk idleahtla”  her ml

treatment, bondi ndgﬂﬁgef gy‘lgt work piece is carried out. In the case of wre
bondi ng, the wi e s ‘derormed mechanically and thermally so as to bond to an
underlying contact pad. 30 FIG 3 illustrates a sinple crucible structure
for credtion of 3.ahdESDadfd ciremic @mponenOuficiaim? wiehein ihn@ndniid pagoulas cadpisesady  descri bed
in detail aboVematdi s thdBchh Qbkishy diokidds, BbIBN HARE cxddurtiteSorp:@del, gidr €d such t hat
crucible 32 is | ~and placed over crucible 30. A singular annul ar
opening is provide etween the two cruci bles around the 13 DECEMBER 2006
WO 2004/ 049402 PCT/ US2003/ 037528 -16- bottom periphery of crucible 30. Here,
cruci bl e 30 contdheESDeafrcgrpriiecomprnoficizin & wBhndytradidvelpaiiruat iqrompiseot essi ng gas
source in the feohsmoDhetasBoaawder bed. FIG 4 illustrates a variation on the
cruci ble structure. Gettering agent 40 is provi ded between the crucibles,

t hr ough, whi ch the cessin as |.d escape intp the H Pin nvi ronnent .
The guttering a @H&Sgégeé‘ﬂgﬁg%"&?%%%15’%?5%%‘8“%‘5‘1%?& ates the
escape of the p @psitps gili0: MinCp FeePeeCoPy 0P §1 @i ShQurfife IMROLE¥®:,  t he
gettering agent 6r4D;, L&, axer@hs. powder . The above-di scl osed subject matter is
to be considered illustrative, and not restrictive and the appended clains
are intended to V. | | _such i.fi.catio enhancenents.. equival ents, and
ot her enbodi nen?'grget%gtsl&ff%?fw\tﬂf?g%?(ﬁw. gwge(r:e%giém&fm’f gﬁﬁ?‘{él'ésesﬂ i nvent i on.
Thus, to the na®f#tmioEkigMmr=r Gaed™0 | aw, the scope of the 10 present
invention is to be determ ned by the broadest perm ssible interpretation of
t he folipowi ng ct ansmspadcteratib@inpon@ep bk, ks R Behsifdd @bthl oBRE H3O, restri cted or
limted by the foregoing detailed description. 13 DECEMBER 2006 .17

8. The ESD safe ceramic component of claim 1, wherein the pritnary componeat of the base material

is present in an amonnt greater than the secondary component

9. The ESD safe ceramic component of claim 8, wherein the base material comprises AL O, atd Zr0,
in a ratio not less than 55:45 based on volume percent,

25 10, The ESD safe ceramic component of claim 9, wherein said ratio is not less than 60:40.

11. The BSD safe ceramic component of clain 1, wherein the primary component forms a primary
phase of the base material, and the secondary component forms & secondary phase that is dispersed
within the primary phase.



CLAIM 1. An ESD safe cerami c conponent forned of a sintered conposition

conprising a base material of a zirconia toughened al um na, c&ng)ézd
pri mary conponent of A120r and a secondary conponent conpri sing r%ﬁms

wherein the Zi 01 conprises tetragonal.;gzQZ including a 5 stabilizer; and a
resistivity nodifier in an anount within a range of about 5 to about 40
vol % th respect to the base material to reduce an electrical resistivity
of the base nat Br T8 ESDxaf wmmiojcgmyonegtof glaim d}, hgein BORTIRHE Fo R CPeRisE 1, wherein
the resistivit ynanydirégomt Zr@onpri ses a conductive particulate. 10 3. The ESD
safe ceram c conponent of claim2 wherein the conductive particul ate
conprises a najeL) { St f ﬂéi car bi des,
nitrides, oxyca{rgblEﬂ ggsDJa%)%&?‘%pg%!g%gﬁgﬂ%%&éﬂg%%m tr |ng°§f.°°%.rm e ESD safe
ceranic conponeff® 7orPRFEEMI &0 wher ei n t he conductive particul ate is
conprises a transition netal oxide. 15 5. The ESD safe ceram c conponent of
cl ai m 4,5 wher ei . {1 @siwai chblcicotgoldi bitciaih, dbheeini i s@eiRChRfndnt cBiprisst e gr oup

consi sting of T 0% nfl8003, CoO N Q SIC 4503, Sn®2, ZrC, Lavh@3, BaO
6Fe, 3, LaCr@3, and SrCrQG3. 6. The E5D safe ceram c conponent of claim4,
wherein the transition netal oxide is selected from the group consisting of
FenQ,, Ti G3, any- TEBD safp cerapmic copfpencit sfivlaind, shegeisyths picendantramyprotfrthefocledksai m 6, whet
in the transiti gRastoedchéubioawd denodlisic 0L 03. 8. The ESD safe ceram c¢ conponent of
claim1l, wherein the primary conponent of the base material 1is present In
an anmount greater_than fhe secondary ¢ onent 9, The ESD safe ceramc
conmponent of cl IF?Fg?DS é?f”g'f°ﬁ°“fpﬂ‘5“t_ﬁ%°§“é’3%?eénr%?egf’b%ﬁﬁpf'sgseageaﬂf%’ﬁﬁm nd Zr@8 in
a ratiothot | esEmigausgsisine fytiagern i une percent. 25 10. The ESD safe
ceram c conponent of claim9, wherein said ratio is not |ess than 60:40. 11.
The ESD saf e cef7affe gse iR ddmpoHont 64cBin) where\BEA 6 id bred di edObith BBREBILROMPONENT
forms a primary . ph of the base material, and the secondary conponent
forms a seconda?y phas€ that is dispersed wthin the primry phase. 13
DECEMBER 2006 12. The ESD safe ceram c conponent of claim 11, wherein the
secondary conpolefir Eebsaf reramissomperex biiplaing t whertjotheeskrarfe 38a Yob@'s MBiidns ESD saf e

ceram c conponegdsaafa shdricddl, wherein the secondary conponent conprises at

| east 75 vol % tetragonal Zr@2. 5 14. The ESD safe ceram c conponent of claim

13, wh eff)e inth e19.S '?‘h% %@sﬂe% m%gx%pt E»f cﬁ:?nq})\xl"h!srat? tﬁe ogxglponmt has a Vickers Hardness

preater then about 13 GPa,

20. The ESD safe ceramic component of claim 1, wherein the component has a thermal expansion
coefficient less than about 10.0 x 10K,

21. The ESD safe ceramic component of claim 1, wherein the component has a density at least 98%
20 of theoretical density.

22. The ESD safe ceramic component of claim 21, wherein the component has a density af least 99%
of theoretical density.

23. The ESD safe ceramic component of claim 22, wherein the component has a density at least
99.5% of theoretical density.

25 24, The ESD safs ceramic component of olaim 1, wherein the component bas an average grain size
Tess than about 1.0 pm.

25. The ESD safe cetamiv component of claim 1, wherein the component is selected from a group
consisting of wire bonding tips, wire bonding capillaries, magneto-resistive handling tools, substrates,



| east 85 vol % tetragonal 7rO2. 15. The ESD safe ceram c conponent of claim
13, wherein the secondary conponent further includes at |easspeBemBERSYEE C
and nmonoclinic ZrQ2, 16. The ESD safe ceram c conponent of claim], wherein
the stabilizer conprises at |least on ngterial 10 fromthe group consisting
of ythia, ecru, scandia. 17. The ESD safe ceram c conponent of claim1,
wherein the Zr03 is pro alloyed with the stabilizer prior to sintering. 18.
The ESD saf e cermbiclicoehls ficirettoolsf de-ghipg cppried toolsriekaedi placettypls, sergromdnitec debises a Young' s
Modul us  gr eat epacliaghiziooR,BREIE @S0 stépipbes, M ted ucketthe ESD saf e ceram ¢ conponent
of claim1l, wherein the conponent has a Vickers Hardness greater than about
13 ON. 20. The ES e_ceramc co nent. of claiml1, wherein, the conponent
has a thermal e g’?f?@%ﬁ’fe TEet ?F%W%%Faﬁgghefeﬂ&ﬁmﬁ'ﬁ%m BB 1C1. 21, The
ESD saf e cer ani Fite@mpeséaewt HY oaogiitn ofmcmper ei n t he conponent has a density
at least 98% 20 of theoretical density. 22. The ESA safe ceram c conponent

of clain2l, wher ¢j R lEiB s:SQERRNRASmddAS stin geﬂzﬁhww&fmgﬁm;wﬁﬁé’/ﬁsis@&y theoreti cal
density. 23. Th% ESD se%;.g ugﬁ)n%g%o&lgg%nent of claim 22, wherein the
conponent has a enéﬁy at 1 eas . 9% of theoretical density. 25 24, The
ESD safe ceram c conponent of claim11, wherein the conponent has an average
grain size | es8s TheXAD safeeramidcoBpodent of Qfim 1, Fieein ESBmg@mtnthageLagraer @nponent  of
claim1l1, whereigolthe conponent is selected froma group consisting of wire
bonding tips, wire bonding capillaries, nagneto-resistive handling tools,
substrates, 13 DECEMBER 2006 -19 carriers, slicing tools, dicing tools,

de- gl ui ng can f & ThedSP &fe cppmppcomppgentof lgiml, Fhstsio the comppbnt ben QT MegE | ce

packagi B¢ t ool s feldHemofleroaten theh oyt BdtAdp pr obes, and test sockets. 26, The ESD
safe ceram c conponent of claim1, wherein the conmponent has a vol une

resistivity WiB@msﬁw&oa{mm&ﬁni,ghe@mutommanlm@mawhag@ﬁﬂ- The ESD

safe ceram c copponent alLm wherei n the conponent has a vol une
resistivity vvif'l"ii”""gk?f&?fé’é“%'ﬂmal S8 10 to about 109 ohmcm 28. The ESD
safe ceram c conponent of claim11l, wherein the conponent has an L; greater
than about 35. 312%nESTHet Ebbichakieg o foaad fpme cinpalneipbsitoh codpriziogn 1, wherein t he

conponent has aa%%ﬁﬂiﬁl’&am&mmdalm comprising a primary coaponent of Al;O3 and a
15 secondary component comprising ZrQ,, wherein the ZrO, comprises tetragonal ZrO,; snd
a resistivity modifier to reduce an electrical resistivity of the basa material, the resistivity modifier
comprising a trausition metal oxide, wherein
the tool has 2 density not less than 98% of theoretical deusity, a volume resistivity within a range of
about 10° to about 10° chm-cm,

20 32, The tool of claim 31, bonding tool has a tip portion that is textured for gripping a workpiece.

33. The tool of claim 32, bonding tool further comprises zm uitrasonic generator for vibrating the tip
portion.

34. A method of formning an BESD safe ceramic component, comprising:

25 densifying a ceramic body by heat treating, the ceramic body comprising (i) a base material of a
2Zjrconia toughened atuming, the base material comprising & primary component of ALO; and 3
secondary component of ZrO,, wherein the 230, comprises tetragonal ZxO, including a stabilizer, and
(ii) a resistivity modifier in an amnowmt within a range of about 5 to about 40 vol% with respeet to the
base material to xeduce an electrical resistivity of the base material, wherein heat treating is oatried

30 out at a temperatire less than alout 1400 °C by hot isostatie pressing (HYPing).

35. The methed of claim 34, wherein the temperature is not preater than about 1350 °C,



10 field. He not greater than about 5E4 A/m 30. The ESD safe ceram c
conponent of clain], wherein the conponent has a residual ma ER

i nduction M of not greater than 10 Gauss. 31, An ESD safe c&e):?g%%“ ?or?g
tool fornmed froma sintered conposition conprising. a base materi al of a
zirconi a toughened al um na, conpri si ﬁé“'a pri mary conponent of Al =03 and a
15 secondary conponent conprising ZrOn wherein the ZrQ2 conprises tetragonal

ZrO,; and a resgss;_hmgdgfﬁggé,{nlggmsaﬁw ,@e@m};ﬁﬁlrl cal resistivity of the
base material, the %geg? %ase\ga&%l dv% fhge? Am%ﬁp%mﬁé ranuk eon nmet al

oxi de, wherein The ess t retical
density, a vol W@éﬂﬁ*ﬁ?ﬁ”%?ﬁf“ﬁmé" obpsg BT CompHig A H Y about | OP
ohmcm 20 32. Wheein the O, winprisds pertially3idbiliz4d ¢etragprald@: @] contplns 2 spbifizersuch gt the on t hat i s
textured for grippsémpgasyeor kpi ece. 31. The tool of claim 32, bonding tool

fir fiber conprisgsa, émmsebsd&%gﬂmm@&wuemavah&ﬁﬁzsm&o&ﬁawep portion

34. A nethod of a nent, conprising; 25
densifying a ce%'é’m rg”f)"ga’ﬂqﬁﬁu?@m{%" Pre ecm"‘f ??’é geram ¢ body conprising (1)

a base materi al S’DEff’ngéh“?‘i“F ia toughened aI um na, the base materi al
conprising a primary conponent of Alr03 and a secondary conponent of ZrQ2,

wherein the ZrQg, gg,@wdlomngﬁtggﬁgﬂmc&m@nm@mpgmgng a stabiliser, and (ii)

aresis ity np I8l y feod o about 40
VO|%WI% respeé”tgm{ #’&%g"%% )tearb%#@o d '?ﬁr)lem%hg%st resistivity
of the base mnat 2l Fompiiyg f BITFY Has “i’?fﬁ“di“%phf,‘a? ®f%at a

t enperature Ies@nmrh'ammtﬁroz,lmﬂ@)ﬂ@wvmﬁw%mpmpﬂemugf%bgg. 35. The
met hod of cl ai nuaBAal, ol stntifidd Baty;t@nper at ure i s not greater than about 1350
C, 13 DECEMBER 208 s :2s8iit the bnsiiBl B8y Rleahpr M ng an ESD safe ceramic
conponent, conprising: mXxing together a base material and a resistivity
m)dlfler In an anount within a range of about S to about 40 vol%wth
respect?t o the Hasemsdedefdan 37, whpen Bdies hwvied it 2 cap Fmsigeiemes and ZxQ2
wherein the Zr Gaingoinpreesedogpantt i al |y stabilized tetragonal 2r01 and contains
a stabilizer such that the 5 Zroa is pre-alloyed; formng a ceram c body

conpri si ng the ur er i al e [esi St m)dl fier,
the ZrQ2 contal nlﬂr?g E%afmhﬁ vQxfrfzer p%l oreat glufjor i ng mXegFJ)rélbc body; and

sintering the c®f#ip#e €-37. A nethod of forning an ESD safe ceram c
conponent, conpri sing: 10 5| ntering a ceram c body conprising (1) a base

materi agg of a ZMR%@&@&MQ?&?&%MM&M@ bade material conprising a
primary phase. of 303 3N et s SRR 8oy m RBRRE cHondlot Be SASE Shfhukil® 27 2

being provided in a localized environment containing a processing gas species having a partial -

._(IJ

pressure greater than the processing gas species in the HIPing environment and comprising zirconia
toughened alumina, which includes a primary component of Al,O; and 2 secondary cotoponent of

25 Z1Q,, wherein the Zx0; is comprised mostly of tetragonal Zx0,.
41. The method of claim 40, wherein the HYPing environment contains a noble gay, and the localized
environmeng comprises oxygen, wherein the localized environment is oxygen-rich relative ta the

HIPing environmett,

30 42, The method of claim 40, whetein component is provided in a erucible conteining processing gas
source, the crucible defining a volume that is the localized envirowment.

43, The method of claim 42, wherein the crucible i$ configured to attenuate gas flow therethrough,
44, The method of claim 43, wherein the erucible has a single opening dnring HiPing.

45, The method of claim 44, wherein the processing gas source comuprises a powder.



conprises tetragonal ZrQ2, and (ii) a resistivity nodifier to reduce an
electrical resistivity of the base material, to form a densi3fDEoEMBER2006Nd
adjusting a resistivity of the densifled body by annealing. 15 38. The

met hod of claim 37, wherein annealing_|s carried out in an oxygen contai ning
environment - or in an inert gas envi réhivent 39. The met hod of cl ai m 37,
wherein annealing is carried out at a tenperature wthin a range of about
600 C to about 4k29R meihoddfhiahiss, vherbhdtashotit isle@lefdedid thapor@k.am ¢ conponent ,
conprising; hot isostatic pressing (HHPing) a ceramc body In. a HFPing
environnment, the ceram c conponent being provided in a |ocalized

envi ronnent cont’afFetRg cEorpingtwask rgrEEEcoBpEEs es having a partial pressure
greater than thetipsaipesihgFPY2S ceqixdbip & 8 HIPing ineirokined, @grerediv tofepasae Nt and
conprising zir C&B§prov§d5\ﬁﬂmmﬁhxbﬁiﬂeﬂ@mtaﬂﬁ'a%ﬁceksﬂ%ab@&_&sﬁﬂﬂg‘a'ﬁ@ﬁay conponent

of A1l,, O, and a ndar 2 Z&é% rein t ZrQa is conprised
nostly of tet ra%%%g%&%ﬁg%ﬁés %{Iecﬁéo%e ot el ar m_erg’dmm qg"r“e‘?“%‘f the I Mng

envi ronnent  contPRPORE: ispn FEIR fafs cqamic companat pyrvgrising pbafematEal anda eSS EEHPRSISY toc onpr | ses
oxygen, wher ei rredutpan ¢legtricel jesistivity efthe besompieisht i s oxygen-rich relative to the

H@Bi ng environnment 30 42. The nmethod of claim 40, wherein conponent is

provi deg) in a C‘{?gﬁi b%oﬁ ffon__, ai ni n,g processi ng gas source, the crucible
defining a vol uffe™ FREE HEPRETEREIP LR BT F onment . 43. The nmethod of claim
42, wherein t hebotifogic prpssing EPEghspysgpipbedy ine HIPive ersippammmiethergemit tomponaahier et hr ough.
44. The net hod g gbvilkdin Aidqalizedrayigintant tdnginigapoiizing cehpeieghaghgaghtal openi ng duri ng
H Ping. 45. Thepyditefe in telpRbdBng ths ook 6 mrild 16/ rPHRE S8 & (dad. Sour ce

conprises a powle 3 D o3 QE!H{ .0l a5, wherein
the co nent is %ﬁ%é%“&@%%ﬁn t he, Q%gt e}%ﬂ%%’w} net %f%g%f’%?rime‘!’r?ma ceramc
conponeftt, conptPeFiigs: HOELP- 3’[“?9%’ FRMIGRPORM RGPy T8 ani ¢ body in a
Bl Pi ng environnent, the ceram c conponent 5 being provided In a |localized
envi ronnment  CoNdoAiHR imeEhddf JRirdMDEESkiGe WBHneRBYRVIBS AAMibIIndng BPing @]  pressure
greater than th&cﬂfe%éﬁﬂﬂ?&es&%%as%ﬂ{%&i es in the FIIPing environnment, wherein
the ceramic conponent IS an D safe ceram c conponent conprise" a base
material and a resistivity nodifier to reduce an electrical resistivity of
t he base mat er i ¥t Thepethod@f claj 4Pebrreptherocdsing gs FotyeporBrEea fintteriel SFcneent |

conpri si ng: hot eatilg edkg thacthqresbddy mgitigrl [ Ping) a ceram ¢ body In a H Nng
environment, the ceram c conponent' being provided in a |ocalized

envi r onggent cong.aini L Oressi. . cies Vi rtial pressure
greater”than thgel' pregg%él?ff%“?%a‘g‘%’é‘gg%‘ig%%“ﬁ%%gf"ﬁ%“’ﬁ?. a}r?g%ref:%\xf?t?%ﬁl#glﬁ , Wherein
the ceranic them about 0.1 atm in. the localized enviromment.

52. The method of claim 40, wherein the processing gas speeies has a partial pressure thet is not Jess
that about .5 atm in the localized enviropment.

53, The method of claim 40, wherein the processing gas species is oxygen, the localized environment
25 having a greater than an equilibrivm oxygen partial pressure of the HIPing environment,

54, The method of claim 40, whetein the ceramio component is a rod.
55, The method of claitm 40, wherein the rod has an aspect ratio greater than about 5:1.

56. A method of bonding a microelectronic device, comprising!

eomtacting the device with a bonding too] formed of 2 sintered composition comprising (i) a base
30 material of a zirconia toughened aluming that comprises & primary component of AL Oy and 2

secondary component of ZrO;, wherein the ZrO, comptises tetragonal ZrO,, aud (i) 4 resistivity

modifier to reduce an electrical resistivity of the base material, the resistivity modifier comprising a

transition metal oxide; and



conmponent is conprised of at |east one material fromthe group consisting of
ferrites, varistors, CeQ2, 15 Ti 2, Ce-TZP, PZT (PbO ZaQ2. Ti B)pedt ER 2006
0?bO MnO NbB), PLZT, BaTi O3, SrTi 8. 49. The nethod of clai m4[E)E erern
the conponent is provided in a cruciblg during HIPing, the crucible

cont ai ni ng processing gas source. 50. The nmethod of claim49, wherein the
processi ng gas source conprises a material that is nore easily reduced than
the resistivity sk theitw@}to ef2Q bidding ofitwanioneledtrondh depce.cl ai m 40, wherein the
processi ng gas species has a partial pressure that is not Iess t han about
0.1 atmin the lgc tmﬂ ﬁlg‘ wherein the
processing gas s%e?%ees 3%%5%2@“ aasn%r%’ggg%?g t hat ot ess than. about
0.5 afro in the localized environnent. 53, The net hod of claim40, wherein

t he processing gﬁs%pe@qdeédwﬁd%?g‘é#,mﬁm@ﬂm&aﬁ*hé!ﬂesemwmmmma 25 having a
greater than an gt i adigBRid e sut 9 Bund therhics PR sdatagte of the Di ng environnent
54, The nethod of cl ai m40 wherei n the ceramc corrponent is arod. 55. The
nmet hod of cl ai m 40 vvhere e rQd. has. an_ as ratl 0 at er than about
5 1. 565 A met HSdTEPRUe" ’aY"“?ﬁ“t: g&‘t“%‘f‘t"tj"h ‘%Bﬁt)f’?%?‘}r?@
contacting the d@qﬁewm\ﬂkﬁm&d&n%ﬁuﬁwstwﬂ%‘f med of a sintered conposi tion
conprising (1) a base 30 material of a zireonia toughened armina that
conprises a primry conmponent of Al 203 and a secondary conponent of Zi G3,
wherein the ZrGs conprises tetragonal ZrQ2, and (ii) a resistivity nodifier
to reduce an electrical resistivity of the base material, the resistivity
nodi fier conprising a transition netal oxide; and 13 DECEMBER 2006 bi asing
the tool to effect bonding of the mcroel ectronic device. 57. The nethod of
claim 56, wherein biasing is carried out by vibrating using ultrasonic
waves. 58. The nethod of claimb56, wherein the mcroelectronic device
includes a wire to be bonded to a contact, the bonding being carried out to
bond the who to the contact. 5 59. The nethod of cl ai m 56, wherein the

bondi ng tool has a ESD characteristic such that a 1000V on the device is

di ssipated to | ess [ban 500 ns to about 100 V.





