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[0002] This invention relates to ion and electron optical systems.
More particularly, this system relates to ion and electron optical systems
comprising a Zirconia Toughened Alumina (“ZTA”) composition.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to ion and electron optical
systems, such as mass spectrometer (“MS”) systems. Mass spectrometer
systems may, for examp]e, be used to analyze the chemical composition of
subject samples. Generally, such systems ionize the atoms and molecules
present in a subject sample. Once ionized, the ions are transferred into a
mass analysis region where they are separated, or filtered, according to their
mass-to-charge ratio (m/z) to create a mass spectrum. A charged-particle
detector of the mass spectrometer system then analyzes the ions in order to
identify their mass and velocity distribution. From this, information useful in
characterizing the chemical composition of the sample can be determined.

[oo04] lon and electron optical systems, such as mass spectrometer

systems, generally require a reduced pressure environment and therefore
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The vari ous conponents of ion and el ectron opti cal
sysi@98! In some other systems, the mass separator includes a

quadrupole mass filter consisting of four parallel rods. For example, two
opposite rods may have a positive applied potential while the other two rods
have a negative potential. The applied voltages affect the trajectory of ions
traveling down the flight path centered between the four rods. For given
voltages, only ions of a certain mass-to-charge ratio pass through the
quadrupole filter and all other ions are thrown out of their original path. A
mass spectrum may therefore be generated by varying the voltages.

[0007]  The various components of ion and electron optical systems
are subject to high temperatures, stress, and contact with any number of
chemical compounds. Traditionally, ceramics have been used for various
components due to their desirable chemical and electrical properties.
However, the ceramics which are presently used often do not provide the
necessary structural strength and are, therefore, prone to fracture damage or
breakage. Often, the thermal expansion of adjacent metal components

causes the ceramic components to break. This can cause misalignment,
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It is also an object to provide a method to isolate
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[00010] It is also an object to provide a method to isolate components
of an ion and electron optical system.

[00011] These and other objectives are achieved by providing a ion
optical system comprising an ionizer for ionizing one or more compounds,
said ionizer comprising a plurality of components, a mass separator for
separating ions of the one or more compounds, said mass separator
comprising a plurality of components, and a detector for identifying the one or
more compounds, said detector comprising a plurality of components, wherein
at least one of the plurality of components of at least one of said ionizer, said
mass separator and said detector comprises a composition of zirconium oxide
and aluminum oxide. In embodiments, the composition comprises at least
approximately 5% zirconium oxide by volume, while in other embodiments,
the composition comprises at least approximately 20% zirconium oxide by
volume, while in yet further embodiments, the composition comprises at least
approximately 50% zirconium oxide by volume. In an embodiment, the
composition comprises approximately 50% zirconium oxide by volume and
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[00013] Other objects, features and advantages according to the
present invention will become apparent from the following detailed description
of certain illustrated embodiments when read in conjunction with the
accompanying drawings in which the same components are identified by the

same reference numerals.
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DESCRI PTI ON OF THE DRAW NGS [00014] FIG 1 is a side
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present i nvention. [00015] FIG IS a perspect ive
view of an ion optics portion of an ion optical system
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[00017] FIG. 4 is an exploded view of an outer ion source of an ion
optical system according to FIG. 1.

[00018] FIG. 5 is another side view of an ion optical system according
to FIG. 1.

[00019] FIG. BA is a cutaway view of electrical connector of an ion
optical system according to FIGS. 1 and 5.

[00020] FIG. 6B is a cutaway view of electrical bead of an ion optical
system according to FIGS. 1 and 5.

DETAILED DESCRIPTION OF THE INVENTION

[00021] FIG. 1 shows an exemplary ion and electron optical system
according to one embodiment of the present invention. The system may be
one or more of many ion and/or electron optical systems or vacuum systems.
For example, the system may be a gas chromatograph mass spectrometer
system. The exemplary system shown in FIG. 1 includes a means to ionize a
sample (e.g., chemical compound), or an ionizer 102. The ionizer 102 may be

one or more of many ionizers, such as an electron ionizer (e.g., electron



according to one enbodi nent of the present invention.
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117. The pre-filter 116 may operate to improve sensitivity of the mass
separator 110 and prevent contamination of the quadrupoles 118 with ion
deposits.

[00023]I The system according to the illustrated embodiment may
further include a detector 120 (e.g., ion detector). The detector 120 may be
one or more of many types of detectors such as a Faraday cup, an electron .
multiplier or a photomultiplier detector. In the illustrated embodiment, the
detector 120 is a photomultiplier detector. Shown better in FIG. 2, the
detector 120 may include a conversion dynode 122 and phosphor plate 124.
Generally ions emerging from the mass separator 110 will strike the dynode
122 resulting in electrons being emitted towards the phosphor plate 124.
Eléctrons striking the phosphor plate 124 are converted into photons. The
photons are then amplified via a photomultiplier 126 (e.g., at a gain of 10°)

and evaluated. As one of ordinary skill in the art will understand, the detector
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or nore of many types of detectors such as a Faraday
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electrons to the repeller 320 which then directs the ions out of the inner ion
source 104 and to the mass separator 110. The electron trap 310 and
repeller 320 may further include several spacers (e.g., 2mm, 6mm, 12mm
spacers). For example, the inner ion source 104 may include spacers 312,

314, 316 and spacers 322, 324, 326.

[00025] To meet the high temperature, inertness, and insulation
reguirements and exceed the capability of known mass spectrometer
systems, some of the above described components of the inner ion source
104 comprise an optimized composition of zirconium oxide (ZrO;) and
aluminum oxide (Al,O3) or zirconia toughened alumina (“ZTA"). For example,
a composition including approximately 5% to approximately 60% of zirconium
oxide by volume may be used. For example, in embodiments, the
composition comprises at least approximately 5% zirconium oxide by volume,
while in other embodiments, the composition comprises at least approximately
20% zirconium oxide by volume, while in yet further embodiments, the

composition Comprises at least approximately 50% zirconium oxide by
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aluminum oxide by volume and approximately 30% zirconium oxide by
volume. Further, some spacers that require additional electrical insulation but
less fracture toughness and strength may comprise the composition
consisting essentially of approximately 80% aluminum oxide by volume and
approximately 20% zirconium oxide by volume. Spacers comprising this
particular composition may maintain greater than 1x10'? Ohms of resistance

at 350°C.

[00027] It should be noted that the inner ion source 104 according to
the illustrated embodiment may also employ chemical ionization, either alone
or in combination with the above described electron ionization. Such a
chemical ionizer (not shown) may not include the electron trap 310 and
repeller 320. However, any number of ZTA spacers would likewise be used to

electrically isolate components thereof.

[00028] FIG. 4 shows one outer ion source 106 for an ion optical
system according to the illustrated embodiment. As one of ordinary skill in the
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electrical insulation, higher temperature capability, and improved chemical
inertness. For example, the structural rods 410 may comprise the
composition, e.g., consisting essentially of approximately 70% aluminum
oxide by volume and approximately 30% zirconium oxide by volume. The
rods 410 according to the illustrated embodiment therefore provide chemically
inert support for the outer ion source 106 with high electrical insulation
properties. The rods 410 according to the illustrated embodiment thus may .
be less prone to breakage and intermittent shorts as is prevalent in the prior
art systems. |

[00030] As shown in FIG. 4, the outer ion source 106 further includes
numerous spacers, e.g., spacers 412-424. Any one or several of the spacers
may also be made from a composition of zirconium oxide and aluminum
oxide. The use of spacers comprising such composition in the outer ion
source 106 provides superior performance (e.g., electrical isolation
performance) and allows the spacers to resist breaking under thermal
expansion.
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appfaxirhaly 50% zitbemium oxide by volume.

[00032] Also shown in FIG. 5, the system according to the illustrated
embodiment may include different numbers of heaters, or heater cartridges
502 and 504, for providing heat to the quadrupoles 118 and/or ionizer 102.
The wiring for the heater cartridges, as well as for other components of the
system, generally requires an isolator means to provide wire mobility,
insulation and electrical isolation. In the illustrated embodiment, the system
therefore includes one or more beads, such as beads 510-516 and 520-522.
As shown, multiple beads may be employed in series, e.g., on a heater lead
or other wire of the system. FIGS. 6A and 6B show additional exemplary
beads 602-606 according the illustrated embodiment. The beads comprise a
composition of zirconium oxide and aluminum oxide as disclosed herein to
provide insulation/isolation without being prone to breakage. For example,.a
composition including approximately 5% to approximately 60% of zirconium
oxide by volume may be used. In one embodiment, the composition includes

approximately 80% aluminum oxide by volume and approximately 20%



numer ous spacers, e.g., spacers 412-424. Any one or

several of the spacers nmay also be nade from a
woanpase4od on of zirconi um oxi de and al um num ORCUAIS20Dh/804316

use of spacers conprising such conposition in the

outer ion source 106 provi des superior performance

(e.g., electrical isolatioeniperformance) and al |l ows

the spacers to resist breaking under thernal

expansi on. [00031] FIG 5 shows a side view of a
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essentially of approximtely 70% al um num oxi

vol unme and approxi mately 30% zi rconi um oxi de by

volunme. In some other enbodi nents, the supports 112/1
14 include a conposition of approximtely 50% al um num
oxi de by vol unme and approxi mately 50% zi rconi um oxi de
by vol une. [00032] Also shown in FIG 5, the system
according to the illustrated enbodi nent may i ncl ude

di fferent nunbers of heaters, or heater cartridges



502 and 504, for providing heat to the quadrupol es 118
and/ or ionizer 102. The wiring for the heater
woanderosdges, as well as for other conponents oPCThS2006/004316
system generally requires an isolator neans to
provide wire nobility, insulation and el ectrica
isolation. In the illustratesd. enbodi nent, the system
t herefore includes one or nore beads, such as beads
510-516 and 520-522. As shown, multiple beads may be
0 [ h..series, e.g., on a heater |ead or other
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3. The ion optical system according to claim 1, wherein the composition
includes at least approximately 20% zirconium oxide by volume.

4., The ion optical system according to claim 1, wherein the composition

includes at least approximately 50% zirconium oxide by volume.

5. The ion optical system according to claim 1, wherein the composition
consists essentially of approximately 30% zirconium oxide by volume and

approximately 70% aluminum oxide by volume.

6. The ion optical system according to claim 1, wherein the composition
consists essentially of approximately 50% zirconium oxide by volume and

approximately 50% aluminum oxide by volume.



a plurality of conponents; a mass separator for
separating ions of the one or nore conpounds, said
waors®/separ at or conprising a plurality of conmpBaemiSs406/004316
and a detector for identifying the one or nore
conpounds, said detector conprising a plurality of
conponents, wherein at |eastzgone of the plurality of
conmponents of at |east one of said ionizer, said nass
separator and said detector conprises a conposition of

zir ' ' ' xi.de., 2., The jon tical
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cannponetitds atspbeasfor afgutidedlyassihling ¥né ior ¢RvYewthexi de by

volune. 3. The ion optical system according to claim

COMPQIIEYRi n t he conposition includes at | east
approxi mately 20% zi rconi um oxi de by volune. 4. The
ion optical systemaccording to claim1l, wherein the

8. conplds ioh@pticatsystiers axtcording to alairn ol iwrareintheeast one
syst em

[.rconi um oxi d vyol.une, 5. The ion optical
°°§’55‘§:°8\9 itﬁgatsﬁ'ugﬁégﬁpg,o‘cmp@i@?rt he conposition consists
essentially of approximately 30% zirconi um oxi de by
vol unme and approxi mately 70% al um num oxi de by vol une.
9.6. Tihe ipa@pYpal systensasceording tocldimd, ikhetéiaithe bt least one

N t itiaon consists essentjally of
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optical, system according to claim1l, wherein the at
10 eadhedar oplisplcivstam ascardinmiceelaimd , wihereinitbalat feast one

cofmipoh@ht R%PRSuRfor My, Ot her conponents.

11. An ion optical system, comprising:

an ionizer for ionizing one or more compounds, said ionizer comprising
at least one structural rod, at least one spacer, and at least one bead;

a mass separator for separating ions of the one or more compounds,
said mass separator comprising at least four quadrupoles and at least one
support for the quadrupoles; and

a detector for identifying the one or more compounds;

wherein at least one of the at least one structural rod, at least one
spacer, at least one bead, and at least one support comprises a composition

of zirconium oxide and aluminum oxide.

12. The ion optical system according to claim 11, wherein the composition
includes at least approximately 5% zirconium oxide by volume.

13.  The ion optical system according to claim 11, wherein the composition

includes at least approximately 20% zirconium oxide by volume.



8. The ion optical systemaccording to claima1,

wherein the at | east one conponent is a structural rod
wohodslvsedooni zer. 9. The ion optical system accecdiusgos004316

claim1, wherein the at |east one conponent is a

support of one or nore quadrupol es of the nass

separator. 10. The ion optifgal system according to

claim1, wherein the at | east one conponent is an

i nsul ator bead. 11. An ion optical system conprising:
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separator for separating ions of the one or nore
conmpounds, said mass separator conprising at | east
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quadr upo etecto or identifying the one or
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one structyral rod. at..|east one spacer, at |east one
appﬁg)gmatglxgoéé a#"gﬁ'gf'hb%dﬁ)ﬁfp"(ﬂhﬂm@onpri ses a conposition
of zirconi um oxi de and al um num oxi de. 12. The ion

optical systemaccording to claim1l, wherein the
16. c onfiss fioni epticehsysiemsaceording 4o clgimr bkiwhkarein thsogomposition
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approgimdely 50% lahaginuapoxidsivyaiailime20% zi r coni um oxi de by

vol une. 14. The ion optical systemaccording to claim
11, wherein the conposition includes at |east
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cononiging ithe steps of:

providing an ionizer for ionizing one or more compounds, said ionizer
comprising a plurality of components;

providing a mass separator for separating ions of the one or more
compounds, said mass separator comprising a plurality of components;

providing a detector for identifying the one or more compounds, said
detector comprising a plurality of components; and

providing at least one isolator comprising a composition of zirconium
oxide and aluminum oxide for at least one of the plurality of components of at
least one of said ionizer, said mass separator and said detector.

18.  The method according to claim 17, wherein the composition includes at

least approximately 20% zirconium oxide by volume.

19.  The method according to claim 17, wherein the composition consists
essentially of approximately 30% zirconium oxide by volume and
approximately 70% aluminum oxide by volume.



consi sts essentially of approximately 30% zi rconi um
oxi de by volune and approxi mately 70% al um num oxi de
woyoosoisesor. 16. The ion optical system accordi RGTUS2006/004316
claim1l, wherein the conposition consists essentially
of approximately 50% zirconi um oxi de by vol une and
approxi mately 50% al um num t&+de by volune. 17. A
nmet hod of isolating one or nore conponents of ion
optical system conprising the steps of: providing an
20.0Ni 7S nfehod 88&6&1(@ Rai 1700 ReATRANLSIattdprises at
I oni zer conpri sing plurality o? conponen?s;
lepsicwneaiohe spacers 8 beadsand arsupportsepar ating i ons of the
one or nore conpounds, said mass separator conprising
a plurality of conponents; providing a detector for
identifying the one or nore conpounds, said detector
conprising a plurality of conmponents; and providing at
| east one isolator conprising a conposition of
zi rconi um oxi de and al um num oxi de for at |east one of
the plurality of conponents of at |east one of said
ioni zer, said mass separator and said detector. 18.
The nethod according to claim17, wherein the
conposition includes at |east approxi mately 20%
zi rconi um oxi de by volune. 19. The nethod according to
claim 17, wherein the conposition consists essentially
of . approxi mately 30% zi rconi um oxi de by vol une and
approxi mately 70% al um num oxi de by vol une. 20. The
met hod according to claim 17, wherein said isolator
conprises at | east one of a spacer, a bead and a
support.



