1 FI XED CONNECTI ON ASSEMBLY FOR AN RF DRIVE CIRCU T I N A MASS SPECTROMETER
Technical field [1] The present disclosure relates generally to quadrupole
mass filters used in mass spectroneters. Background [2] Quadrupol e nass
spectronmeters require a large RF voltage with a typical anplitude of

several kilovolts. This voltage nust bq_produced and connected to the
quadrupol e nmass filter that resides inside a vacuum chanber. To efficiently
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conventional arrangenment is shown in FIG 1, in which an RF drive circuit
102 usedBagkgroundof RF coils 104 to generate the large voltages required.
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in all of the connection components, and is specific to the particular configuration of these
flexible components as last established after assembly and after any subsequent adjustment and
handling. Thus, because the flexibility of the components is attended by variability in their
capacitance and/or inductance signatures, the circuit must be tuned into resonance using a
tuning mechanism 118 that will re-adjust either the capacitance or inductance in the circuit.
This tuning, which is arduous and time consuming, must be performed following each intended

or unintended change in configuration of the flexible connection components that inevitably

attends every handling, for example after circuit board removal for inspection or replacement.

Overview



[5] In a second aspect of the present invention, there is provided a nethod
for tuning an RF circuit providing RF sighals to a mass spectroneter

i ncl udes coupling the RF circuit to a first quadrupole nmass filter, tuning
the RF circuit coupled to the first quadrupole mass filter, decoupling the
RF circuit fromthe first quadrupole mags filter, and coupling the RF
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FIG 1is a s herratl c di agram of a conventional arrangenment for connecting

an RF dfY3deinols wasstfilies a quadrupol e mass filter in a mass spectroneter:
[07] In a further aspect of the present invention, there is provided a mass spectrometer

includes a plurality of RF drive circuits, a plurality of quadrupole mass filters, and a plurality
of fixed connection assemblies each configured to deliver RF signals from a corresponding RF
drive circuit to a corresponding quadrupole mass filter, two of the fixed connection assemblies
being substantially identical to one another such that they are interchangeable with one another
without re-tuning.

[08] In a yet further aspect of the present invention, there is provided a mass spectrometer
comprising: a modular and removable RF drive circuit for generating RF signals; a quadrupole
mass filter; and a connection assembly with signal traces that have a fixed length and are
rigidly held in position relative to each other and ground for delivering RF signals from the RF
drive circuit to the quadrupole mass filter with substantially constant capacitance, so that the
RF drive circuit can be disconnected from the quadrupole mass filter and reconnected without

retuning.

Brief description of the drawings



FIG 2 is a schematic diagram of an enbodi nent for connecting an RF drive
circuit to a quadrupole nmass filter in a nmass spectroneter using fixed
connection paths; FIG 2A is a diagramof a contact pin in accordance with
one enbodinment; FIG 3 is a schematic diagramillustrating
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enbodi nents. | 11%5 Exanpl e enbodi nents are described herein in the context
of a fi dewripbnmeteragmplasabpdimpnisoseryntoRrplay the PEnsiples and pmplepgatations of
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this FIG. 4 is a schematic diagram illustrating interchangeability of RF drive circuits of different

mass spectrometers in accordance with an embodiment.

Description of example embodiments

[11] Example embodiments are described herein in the context of a fixed connection
assembly for an RF drive circuit in a mass spectrometer. Those of ordinary skill in the art will
realize that the following description is illustrative only and is not intended to be in any way
limiting. Other embodiments will readily suggest themselves to such skilled persons having the
benefit of this disclosure. Reference will now be made in detail to implementations of the
example embodiments as illustrated in the accompanying drawings. The same reference
indicators will be used to the extent possible throughout the drawings and the following

description to refer to the same or like items.

[12] In the interest of clarity, not all of the routine features of the implementations described
herein are shown and described. It will, of course, be appreciated that in the development of
any such actual implementation, numerous implementation-specific decisions must be made in
order to achieve the developer’s specific goals, such as compliance with application- and
business-related constraints, and that these specific goals will vary from one implementation to
another and from one developer to another. Moreover, it will be appreciated that such a

development effort might be complex and time-consuming, but would nevertheless be a routine



di sclosure. [13] FIG 2 is block diagramof an arrangenent for providing
RF voltage to a quadrupole nass filter that m nim zes capacitance
variability and reduces the need for repeated tuning, or exanple follow ng
circuit board renoval for inspection or replacenent. In this arrangenent,
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6 instrunment that requires m ninmal conmponent re-tuning or other adjustnents
when the conponents are swapped out for maintenance, testing, or other
handling. [19] Sim | ar advantages are realized when such swappi hg out or
handl i ng i s conducted between different nmass spectronmeter instrunents, and
not just within one instrunent. This issillustrated by the doubl e- headed
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or replacement of components. Moreover, the configuration can be duplicated for multiple
quadrupole mass filters that are disposed in line in the same spectrometry instrument, or even
in different instruments, and the parts can be interchanged without substantial change to
physical and electrical characteristics, in effect modularizing the combination of components
used and making for a scalable configuration. The need to re-tune is particularly minimized
when components in one location in one instrument are swapped out with components in the
corresponding location in another instrument. Within the same instrument, however, some re-

tuning will likely be required to account for stray capacitances that differ from one location to

another.

[18] With reference to FIG. 3, such a modular configuration within a single mass
spectrometer instrument is shown, with some details omitted for clarity. It should be noted that
modularization naturally extends to multiple instruments, and particularly to locations that
correspond with each other in different instruments as explained above. In the arrangement of
FIG. 3, vacuum chamber 300 of mass spectrometer 302 includes three quadrupole mass filters
304a, 304b and 304c (collectively 304). Each of these receives RF signals from its respective
RF drive circuit 306 (306a, 306b, and 306c), coupled thereto for delivery of the RF signals
from the atmospheric environment of the drive circuits to the vacuum environment of the mass
filters in the manner described above. The RF drive circuits 306 are substantially identical to
one another in electrical and physical characteristics, including dimensions, materials,
flexibility/rigidity and the like, and their connections to their respective quadrupole mass filters
304 are similarly substantially identical, affording interchangeability of all these components
and connections. Such interchangeability is indicated by the double-headed arrow between RF

drive circuits 306b and 306¢ for example. The resulting arrangement thus realizes an



is devoid of flexible conmponents; is |ocated between the RF drive circuit
and the quadrupole nmass filter; and includes one or nore spring-I|oaded
contact pins that extend longitudinally to electrically connect the RF
drive circuit to the quadrupole mass filter. 2. The nethod of claim1,
wherein the fixed conductor path includgs one or nDre contact pins
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2, wherein the fixed conductor path delivers the RF signal from an
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each instrument (that is, from corresponding positions in the two instruments). Of course

while this interchangeability and modularity is explained with respect to the RF drive circuits,

it is also applicable to the quadrupole mass filters since they and their connections can be

substantially identical within the same instrument or from instrument to instrument.

[20] While embodiments and applications have been shown and described, it would be
apparent to those skilled in the art having the benefit of this disclosure that many more
modifications than mentioned above are possible without departing from the inventive
concepts disclosed herein. The invention, therefore, is not to be restricted except in the spirit of

the appended claims.



5. The method of claim4, wherein the first and second quadrupol e nmass
filters are associated with the sanme nmass spectroneter. 6. The nethod of
claim4, wherein the first and second quadrupole nmass filters are
associated with different mass spectroneters. 7. A nmass spectroneter
conprising: an RF drive circuit for generating RF signals; 8 a quadrupole
mass filter; and a rigid connection assenbly for delivering RF signals from
t he RF dWhakiselaimgdtis:t o t he quadrupole mass filter, the connection assenbly
representing the entire delivery path of RF signals fromthe RF drive
circuit It oAtrhehefifod dulpadrimg RS sighdls from arRIEF dried cidiufigo an@admpolemeass filter,
spring-| oaded Clgquit act pins that extend longitudinally to electrically
connect t hECRIFTRAG GPERISIEi t to the quadrupol e nass filter. 8. The mass
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plurality of rods each of which s couplfed to the RF drive circuit by the
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an RF detector .gﬁgrd gi scﬁosed?(@t_ | east partially in a vacuum environnent of
the mass spESYPERE{EFPIGRIRONGUY connection assenbly incl udi ng one or nore

rigid conngesrcd et tRIRSIdBR cEcihif /8 thBquiRiruplt efkofilt9aid into the
vacuum environnent. 10. The nmass spectroneter of claim9, further
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RF signals'to

2. The method of claim 1, wherein the fixed conductor path includes one or more contact pins
electrically connecting together a pair of components selected from an RF coil holder
board, an RF base board, an RF detector board, an upper quadrupole board and a lower

quadrupole board.

3. The method of claims 1 or 2, wherein the fixed conductor path delivers the RF signal from

an atmospheric pressure environment to a vacuum environment.

4. A method for tuning an RF circuit providing RF signals to a mass spectrometer, the method
comprising:
coupling the RF circuit to a first quadrupole mass filter;
tuning the RF circuit coupled to the first quadrupole mass filter;
decoupling the RF circuit from the first quadrupole mass filter; and
coupling the RF circuit to a second quadrupole mass filter for operation with a second mass

quadrupole filter without further tuning.

5. The method of claim 4, wherein the first and second quadrupole mass filters are associated

with the same mass spectrometer.

6. The method of claim 4, wherein the first and second quadrupole mass filters are associated

with different mass spectrometers.

7. A mass spectrometer comprising:

an RF drive circuit for generating RF signals;



11. The mass spectroneter of any one of clains 7 to 10, wherein the fixed
connection assenbly is devoid of flexible conponents. 12. The mass
spectroneter of any one of clainms 7 to 10, wherein the fixed connection
assenbly is devoid of freestanding wires or flexible circuit boards. 13. A
mass spectroneter conprising: a pluraligy of RF drive circuits; a plurality

of quadrup %a? i ..and a plurality of rigid connection assenblies
each config ?% 63%g%$@%%’ﬁ@'signals froma corresponding RF drive circuit
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8. The mass spectrometer of claim 7, wherein the quadrupole mass filter includes a plurality

of rods each of which is coupled to the RF drive circuit by the contact pins.

9. The mass spectrometer of claims 7 or 8, further comprising an RF detector board disposed
at least partially in a vacuum environment of the mass spectrometer, the fixed connection
assembly including one or more rigid connectors coupling signals from the RF detector

board into the vacuum environment.

10. The mass spectrometer of claim 9, further comprising a quadrupole board, wherein the
rigid connectors coupling the signals from the RF detector board into the vacuum

environment deliver the RF signals to the quadrupole board.

11. The mass spectrometer of any one of claims 7 to 10, wherein the fixed connection

assembly is devoid of flexible components.

12. The mass spectrometer of any one of claims 7 to 10, wherein the fixed connection

assembly is devoid of freestanding wires or flexible circuit boards.

13. A mass spectrometer comprising:
a plurality of RF drive circuits;
a plurality of quadrupole mass filters; and
a plurality of rigid connection assemblies each configured to deliver RF signals from a
corresponding RF drive circuit to a corresponding quadrupole mass filter, two of the rigid
connection assemblies being substantially identical to one another such that they are

interchangeable with one another.



16. The mass spectroneter of claim 14, wherein the rigid connection
assenblies are devoid of freestanding wires or flexible circuit boards. 17.
A mass spectrometer conprising: a nodular and renovable RF drive circuit
for generating RF signals; a quadrupole nmass filter; and a connection
assenbly with signal traces that have & fixed length and are rigidly held
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conduct dp- bt MagsRectiamgenfichin 4 PagicH) Be sigihennaagion asgem@teéta geidwlen
the RF driﬁéﬁgkrggbgnggg t he quadrupole mass filter, and includes one or
nore spring-loaded contact pins that extend longitudinally to electrically
connect the conductor path to the quadrupole nmass filter. 19. A nass
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17. A mass spectrometer comprising:
a modular and removable RF drive circuit for generating RF signals;
a quadrupole mass filter; and
a connection assembly with signal traces that have a fixed length and are rigidly held in
position relative to each other and ground for delivering RF signals from the RF drive
circuit to the quadrupole mass filter with substantially constant capacitance, so that the RF
drive circuit can be disconnected from the quadrupole mass filter and reconnected without

retuning.

18. A method for delivering RF signals from an RF drive circuit to a quadrupole mass filter,
the method comprising:
electrically coupling RF signals generated by the RF drive circuit to the quadrupole mass
filter using a rigid conductor path that is devoid of flexible components, is located between
the RF drive circuit and the quadrupole mass filter, and includes one or more spring-loaded
contact pins that extend longitudinally to electrically connect the conductor path to the

quadrupole mass filter.

19. A mass spectrometer comprising:
an RF drive circuit for generating RF signals;
a quadrupole mass filter; and
a rigid connection assembly for delivering RF signals from the RF drive circuit to the
quadrupole mass filter, the connection assembly representing the entire delivery path of RF

signals from the RF drive circuit to the quadrupole mass filter and including one or more



a rigid connection assenbly for delivering RF signals fromthe RF drive
circuit to the quadrupole mass filter, the connection assenbly representing
the entire delivery path of RF signals fromthe RF drive circuit to the
gquadrupol e mass filter and including one or nore 10 spring-loaded contact
pins that extend longitudinally to elggfrically connect the conductor path

to the qua&frfﬂ@ﬁ&fdeﬁ%ﬁﬁta&j ﬂiltlsetrhat extend longitudinally to electrically connect the conductor
path to the quadrupole mass filter.



