1 RADI O FREQUENCY VOLTAGE TEMPERATURE STABI LI ZATION Field [1] Enbodi nments
of the invention relate to mass spectroneters. In particular, enbodi nents
of the invention relate to a tenperature stabilization of a voltage in a
mass spectroneter. Background [2] In nass spectronetry, radi o frequency
("RF") conponents nay be used. Exanplea_ radi o frequency conponents used

inanm ion traps.
Such RFﬁ?:%]?erG(; ?@@@Cg %#ﬁ ?«S‘g i@gb ?de%# {}?&S%T@ﬁf i guration.
Cuadrupﬁlq conponent s such as quadrupole mass filters require a

t enpera ifld- st abl e RF vol tage applied to the quadrupole. Variation in the

RF vol t 3gf rmﬁouﬁnérns afm@amhh&{lreﬁe&@fa &5@ sgé'eiforn?e%@qﬁrp@hicqrar middfments
guadrupol €. For the exanple a quadr upol e mass [ter, variation in the

RF vol t afjtheripwantipos rélate o eaa'mmraltm stabilizesion pbs woitam inp nress spectrsoieteri on whi ch
degrades the performance of the mass spectronmeter. [3] To stabilize an RF
vol t age Bappgroasidt 0 an RF conponent an RF voltage detector circuit is used

to neas e RF volta The RF volt etector circ | udes a
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the RF voltage on the RF conponent is dependent on stability of the RF

vol t age iahetranst Sucht RF etrmmr@ntsrmzpelve mmlgncnt@lmuMg e hafrc@emlqe nortﬂ@lrem@nvol t age.
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Mor eover, changes I n_capacl tance as a result of terrper ature vari ati ons,

huni di t §esiisd operatiamPhide AuAdrppelpl idharsaniealeeuadnasl mass fWterarrrfion bl t age
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speC|f|cat|on appr oxi mat paris per |on per egre sius. For
this re@&ﬁnnmaaebmmehﬂm$QKﬂﬁumemnf the RF vol tage detector changes, so does
t he cap citor.. And, e change in capacitance affects
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capaci tor designs. These designs can i nclude capacitor desligns using air or
vacuum thedilevtltage solfypiocaimmpesitgfis detecled ¢bangss ngthedtevalais o tlehRBs | nvar TM
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custonlcaia0|tor designs is that the size of the capacitors is very |arge
as requit®éd Pwrhiradill woltage detsrioagecwt enrsiem inelydes aerpaeisor uaed wudsiect gledtl ng

these | %1%%6 dﬁ{ Qe 1ty of the RF voltage detector depends on the ability to maintain the
capacitor at a desired capacitance value. Moreover, changes in capacitance as a result of
temperature variations, humidity and contamination problems also reduce stability of an RF
voltage detector. For example, ceramic capacitors have a temperature drift specification of
approximately 30 parts per million per degree Celsius. For this reason, as the temperature of
the RF voltage detector changes, so does the capacitance of the capacitor. And, the change in
capacitance affects the stability of the RF voltage detector.
[05] Because of the high degree of stability needed in an RF voltage detector, some
approaches use custom capacitor designs. These designs can include capacitor designs using air
or vacuum dielectric. Typical designs include using materials such as Invar™ and ceramics
with custom machining which increase the cost of such designs. In addition, these capacitors
are still susceptible to changes in capacitance because of humidity and contamination. Other
problem with custom capacitor designs is that the size of the capacitors is very large as

required to handle the voltage standoff requirements. As such, placing these large detectors



2 close to the RF conponents is problematic. The result of not having the
RF vol tage detector close enough to the RF conponents is that stray

capaci tances can result. These stray capacitances further degrade the
stability of the RF voltage detector. Summary [6] In a first aspect of the
present invention, there is provided an2 apparatus for tenperature-regul ated

radi o f rehyuenty Riacagsients is prodlermsis. Biraetuloofatoe havih§ eherfds solsyge cleteotvet er
havi ng one or re radio frequency conponent,s di sposed in a vacuum
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frequency signal in one”or nore of” sald radi o frequency conponents; and a

tenpera%M@ngﬁgulation apparatus di sposed in said vacuum environnent and
configure 0 “reduce tenperature-induced variations in said radio frequency

det ecti ¢ovici T wifist avpeet €f the prischttievepeoatihiee iy pouldall aeapsysueforitempirafaased
on a radio frequency detection board di sposed at | east partiall%¥in,said
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comprising:

aradio frequency voltage detection circuit configured to provide feedback signal indicative of
a radio frequency signal in one or more of said radio frequency components; and

a temperature regulation apparatus disposed in said vacuum environment and configured to
reduce temperature-induced variations in said radio frequency detection circuit, wherein said
temperature regulation system is disposed on a radio frequency detection board disposed at
least partially in said vacuum environment.

[07] In asecond aspect of the present invention, there is provided a mass spectrometer
comprising:

a vacuum chamber having a vacuum feed-through;

a radio frequency component within said vacuum chamber; and

a radio frequency voltage detection apparatus coupled with said radio frequency component,
said radio frequency voltage detection apparatus disposed at least partially in said vacuum
feed-through and having a capacitor for detecting the radio frequency voltage.

[08] In athird aspect of the present invention, there is provided a radio frequency voltage
detection apparatus for a mass spectrometer, said radio frequency voltage detection apparatus
comprising: a board configured to fit at least a portion of said board inside a vacuum feed-
through of a vacuum chamber of said mass spectrometer; a radio frequency detector positioned
on said board, said radio frequency detector configured to generate a detect signal upon
detection of a radio frequency signal; a rectifier positioned on said board, said rectifier coupled
with said radio frequency detector, said rectifier configured to generate a rectified signal
corresponding to said detect signal; a heating element positioned on said board, configured to
generate a heat flow; and a temperature regulator coupled with said heating element, said
temperature regulator configured to measure a temperature of said board and configured to
adjust said heat flow generated by said heating element to maintain a predetermined

temperature.



a radi o frequency conmponent wi thin said vacuum chanber; and a radio
frequency voltage detection apparatus coupled with said radi o frequency
conponent, said radio frequency voltage detection apparatus di sposed at

| east partially in said vacuum feed-through and having a capacitor for
detecting the radio frequency voltage.3 [8] In a third aspect of the
present [09)Vem h @urth RPER off thelPredehtipdlerdionathiett it F)ﬁﬂﬁkﬁd%/m&‘tﬁb& ageteigtaesdibon
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fourth aspect of the present invention, there is provided a nethod to
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similar elements and in which:
[13] Figure 1 illustrates a block diagram of components in a mass spectrometer including a
temperature-stabilized, radio frequency voltage detection system according to an embodiment;
[14] Figure 2 illustrates an block diagram of a radio frequency voltage detection system
according to an embodiment;
[15]  Figure 3 illustrates a board including a radio frequency voltage detection circuit on a
board according to an embodiment;
[16] Figure 4 illustrates a board including a radio frequency voltage detection system
according to an embodiment;
[17]  Figure 5 illustrates a board with a mould including a radio frequency voltage detection

circuit according to an embodiment;



[ 12] Enbodi nents of the present invention are illustrated, by way of
exanple and not Iimtation, in the figures of the acconpanying drawings, in
which i ke references indicate simlar elenents and in which: [13] Figure
1l illustrates a bl ock diagram of conponents in a nmass spectroneter

I ncluding a tenperature-stabilized, radi o frequency vol tage detection

syst em qcglor tigige b dldfraRsaodhmEntluding 242diFii@Ytidncy volthgesdetation cabuibinack
di agram of a radi o frequency voltage detection system according to an
embodi nAguum feedjthiopgly pecogling fo A ¢naesdimentboar d i ncl uding a radi o frequency
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syst em deqoerdiy aigtetBorasysenbwith meptdrupplt Maskifigpar,and il |l ustrates a board with
a noul d inclﬁdinggﬁﬂradio frequency voltage detection_ circuit according to
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an enbodi nen
Detailed description

[21] Embodiments of a temperature-regulated radio frequency management system for use
in a mass spectrometer such as a radio frequency (,,RF*) voltage detection system are
described. In particular, a radio frequency voltage detection system is described that includes a
radio frequency voltage detector including a temperature regulation system. The temperature
regulation system minimizes temperature variations of the radio frequency voltage detector. In
addition, embodiments of a radio frequency voltage detection system are configured such that
at least a portion of the radio frequency voltage detection system resides in a vacuum chamber
of a mass spectrometer. As such, embodiments of the radio frequency voltage detection system
provide enhanced temperature stability, reduced exposure to humidity, and reduced exposure to
contamination. Thus, less expensive components may be used for an RF voltage detection
system to achieve a stable RF voltage on an RF component of a mass spectrometer.

[22] In addition, locating at least a portion of an RF voltage detection system in a vacuum
environment such as a vacuum chamber disposes the RF voltage detection system in close
proximity to the RF component. This minimizes the need for long wires to connect the RF
voltage detection system to the RF component, which minimizes stray capacitances that may
affect the accuracy of the RF voltage detector.

[23]  Figure 1 illustrates a block diagram of a mass spectrometer including an embodiment of
an RF voltage detection system 112 such as an RF voltage detection circuit. Mass spectrometer
100 includes a vacuum chamber 102 that includes the components of the mass spectrometer.
The vacuum chamber 102 may be further subdivided to include regions at different pressure
levels. The vacuum chamber may also include a vacuum feed-through 110. The pressure of the
vacuum chamber is controlled by one or more vacuum pumps as is known in the art.

[24] Mass spectrometer 100 includes an ion source 104. The ion source 104 may be an
electron ionization source, a chemical ionization source, supersonic molecular beam source,
atmospheric pressure ionization source, or other source for creating ions of a sample for
analysis. The ion source 104 ionizes the sample molecules desired to be analysed. The ions

then exit the ion source 104 and enter RF component 106. For an embodiment, RF component



[19] Figure 7 illustrates a diagram of an arrangenent coupling an

enbodi nent of an radio frequency detection systemw th a quadrupol e mass
filter; and [20] Figure 8 illustrates a flow diagram of a process to
detect a radio frequency voltage of a radio frequency conponent accordi ng
to an enbodi nent. Detail ed description5[21] Enbodinents of a
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Figure 1 jllustrates a bl ock_diagram of ss_spectroneter including. an
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RF conponent, 5 . . . .
known in the art. For an example, the ion trap is used to store ions for subsequent experiments
and/or analysis, as is known in the art.

[28]  As further illustrated in Figure 1, ions flow from RF component 106 to ion detector
108. Ton detector 108 may be an ion detector as known in the art. For an exemplary ion
detector 108, the ions transmitted from RF component 106 are measured. The ion detector 108,
for example, may measure the charge induced or current produced when an ion passes by or
hits a surface of the detector. The ion detector 108 may be, but is not limited to, an electron
multiplier, a Faraday cup, an ion-to-photon detector, micro-channel plate or other type of ion
detector.

[29] The stability of the RF voltage applied to an RF component 106 affects the quality of
the measurement of the mass spectrometer. For example, a variation in the RF voltage results
in a shift in the mass position or the mass resolution of the RF component 106. As such, an RF

voltage detector system 112 is used to enhance the stability of the RF voltage applied to the RF

component 106.



106 may be an ion guide, a nmass filter, ion trap, or other RF conmponent for
use in a mass spectroneter. RF conponent 106, for an enbodi nent, may be a
mul ti pol e device such as a quadrupol e, hexapol e, octopol e or other

hi gher-order pole device. [25] For an RF conponent configured as an ion
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to guide,the.ions,that have. the.deterpn Z ratio thraqu he RE
componei] TR URkRSH Pl RS pEPE BT Plided Fiedob di Tpshg Hscifinen
central ad¥inspdiafent. Tde RF €oHipOaEBEtion dydtéin 1172 dcberdbSO R erdbodi@Bntillagivatddre RF
conmponent _may use an RF voltage source with a DC conponent configured to
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t he i onB32fr ahbenecti et/ filtaprwirREt 20hpoheas a t@6fiar o crpesutheRE Tdlege oreaslet@by or

108, for ex | e, asure e . charge i nduced o rrent produced when
an 't on it B8Rk fother SCRtbn pARY pireH st hor vt Plhe Rt et 108
may be, tebbitiqiis A kidw e @, A@8uch! £DO Wkaaitat Bl gr&fortiendt 8l A @YeaGlRd an
|on-to-glr:10ton detector, mcro-channel plate or other type of ion detector.
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system 112 i s used to enhance the stability of the RF voltage applied to

the RF tBNpbadrignalgerrespongiinglio therdetssiad ségiisb ghekedt sDCrmligse eetgrspeardivg toor
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system 114. The feedback_system 114 operates to adjust the RF voltage
appl i ed"Vith 2R REPRECUBRPBHEM responsive to the signal fromthe RF voltage

detecti [‘[3@] SYiSr @M etk dinfiG Ahd biiGut SnABet&MBALIEBE coddh& Jvﬁﬁgl?@eﬁ%aéé’@‘sfem 114

causes the magnitude of the RF voltage generated by an RF voltage "source
116 t o deoddgaisingm] circuitry to change the RF voltage applied to the RF component responsive

to the DC voltage from the rectifier/filter circuit 204. For example, if the DC voltage generated
by the rectifier/filter circuit indicates the RF voltage level is lower than it should be, the
feedback system or voltage control circuitry can increase the amplitude of the RF voltage by
adjusting the RF voltage source (not shown) until the DC voltage from the rectifier/filter
indicates the RF voltage is at the correct level. Alternatively, the feedback system or voltage
control circuitry will decrease the amplitude of the RF voltage when the DC voltage indicates

the RF voltage is higher than desired level.



[31] Figure 2 illustrates a bl ock diagramof an RF voltage detection system
112 according to an enbodi nent. The RF voltage detection system 112
according to the enbodinent illustrated in Figure 2 includes an input
connector 201. The input connector is coupled with an RF conponent such as
RF conmponent 106 (Figure 1), which nmay 7be a nmass filter, and with radio

f r equendy4vollh additiogttectmbodMnt dRadiRF Voleagu daeyticrdys@oel ellastaed xFlgsenses
or measuyr.es the magnitude of RF voltage applied to the RF conponent.
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gener at gbasir8 tiRAhpb@Rire bt RAbiafd Y dufthdtlsBhalpropstkibnAQd tHBYeaLRA | ncl ude a
filter (not shown) to condition the DC voltage to nlnlnlze_rlef]e in the
out put $éngpradtuees The tammewrutersensoe 28¢ of threatboflineant illustrated ¢t FiguietZ Beguplad be a
full -wave, rectifier to n te a rectified signal .corres ding to the

dot ect o8 1 EfbiptleBle RBRGIR Pk FeaTh iR R TRET N Srond

vol t age t@theti@sited ccmpremert) suchie afviolth@r orRiyreEsigndl pwppasshal fol th€tenipRrature

m nim ze the high frequency conponents of the rectified signal. The
rectifi8pfYeder circuit 204 is coupled with an output connector 205. [33]
For an odi sct - Y I ] f eedback
system oOr voF?ggﬁp%%¥§$gFQ§%%E%§??y tg%gﬁgﬁagﬁtﬁggﬁg£%%f$ldﬁ%g%%?ied to the
RF conpooesspondsg ot weeatwed feenfotitinelsigagbfrbmahe teleperaakeistnser 206.I'ther ci rcui t

204. For exanple, if t DC vol t age gener at ed he rectifier/filter .
ciroul ¢ TR EHEaREiIHe! S8 DY Page ) Bvarana gt HaRT flpp R e BeeiTeCHds
feedback, syl ehof pré@ibRgRe S RRpeRIuE] A&drdihY tEaDehPSIiRREEC a kétBreabPditdgde of
the RF voltage by adjusting the RF voltage Source (not shown) until tThe DC
vol t agemiay bmuséretorcootipgtie dhd teimperture nepubaerge ndietaiRfthe BlFtvadfegd detedtort fystem
correct vel . t er.nat i vel the feedback system or ,voltage. contro
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addi tion, the enbodi nent of an RF voltage detection system 112 il|ustrated
in Fi gupegmitydseif Hipearignt €emsd ingreases, shavet eongsitedriphibe hastingeclemprignerosss,
nmeasur e e : f i is
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an enbodi nent, tenperature sensor 2 be an_integrated circuit
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r egul at emp8ure, Tdveotdergtemateurtbedmemtll at or recei ves a signal that corresponds

to the sured tenperat.yre, such.as a.vqltage or current signal
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measured tenperature signal fromthe tenperature sensor ‘
t enper atZrigcludigglozadio fRQ8enrayolfegsddtedtionreiicnit atqerding danemnhedimeheth®F

vol tage_detector ¢ircuit is pounted [ term ned .t enperat ur

hocor 418 4G Stndobitiat bt e b Tns PRy AT ER RSB G o
the t enpRiat il e @+ nad@iting QompBomdndl stich Aea PhnkealdiRoR bogieEsony st em 112 at
a predetermned tenperature, According to an enbodi nent, the output signa
gener at@ebasiimente hoardhd P amay Bichudg maie dranjoge dayen forapeunding ampeeerdy-i ve a
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used. TOYBleA ey thaleatiggsloment oezeastect hap How e cardyctve Byen dhe condygtivend
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according to an enbodi nent. [36] The enmbodinent illustrated in Figure 3

i ncl udes exanpl es of conponents used to inplenent a radio frequency voltage
detection circuit. Specifically, Figure 3 illustrates a board 302 i ncl udi ng
a radi o frequency voltage detection circuit according to an enbodi nent that
operates as an RF voltage detection system 112. The board 302 nay be any
board or assenbly known in the art for nounting conmponents such as a

. o - I - v NN PN .



8 [37] In addition, board 302, according to an enbodi nent is configured
such that at least a portion of the board 302 resides within a vacuum
feed-through. For an alternative enbodi nent, the board 302 is configured to
resi de conpletely within the vacuum feed-through. Having a board 302
configured to reside within a vacuum feed-through provides isolation from
cont am nat]i ofn additib oghidt 302! Aabrdigntodednaidinhae iPesfipursnach tat &led3Fa
voltage detection circuit. In addition, |ocating the board 302 inside a

vacuum freeindtripard 302 esidienyithin aypcerpdesdrdeuehpFenanddigriaiac epnadigionbn of
the RF i [ gv i ho di or
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pr oxi m thpatdd0aroRfrgwedmomnsidt withiv avaeant feed-teeat @ovidengolatioe srotrthat may add
stray capacitances to the RF voltage d%t ector ci I‘C%Iit t hat woul d degrade
the st alsPripmynagen apd hppilitythsheap degrade BrpeHpmaATcs of BHRE yosaee ¢riSFtisa

conf i guiced it n LESLGE 1b&tiRe RCHHAR 8@LLsly r%&ﬂlnﬂ'ﬁééﬁlt R RcHAfgUashanber
or a mar?? olf gncouﬁﬁi’(} %lt% t he vacuumSIClggnber t hat ﬁ%u%e’npgrat rear egul at ed
t 0 enharowodinenstpadwitléstthie ofnnetigorRH tho Rt agiagtedeedttion cotuit aither difectlystocin an
enbodi t he vacuum mani fol d _may be regulated to maintain a tenperature
to withi ‘i‘oglﬂona%td)rrég}?.cer}%‘?a ﬂ'gtcﬂé‘rpog?%odi ment, the vacuum manifold may be

regul at egRt o BBt ahdbéard SOP R @b Bokithity th Ah RO SRGHERININELOTRINREd tR
anot her enbodi ment the vacuum manifold tenperature is naintained to

appr oxi hngeviyesithatingay asldrstigi garasdagss &1 ihs. tage flgectanciesgvbidhatieeild t he
vacuum ni f ol d, uup).feed-t hrou and F | ctor circujt
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conponerdside ih 39hcireih &etitigpupretouhdid gwauus chanibér of @ @b coaplkd evithxbar d
302 may be used to connect radio frequency detector 305 to an RF conponent.

For an S3EE! hember Higtis temparaletoiegalaed e givace Herstabils @f ths Riomelkage directly
to an R At [ : ' ' i act
wth a oePAPPARER. FoSHER o SbBienE AIRRELRE nfoRBhRoh: Reflylh ARl o

i nput compecitar t8OAthtofopt depredst Romanuter apbodintead ttior vdcovateahifoddmagbe RF
conponent and coupled wth the RF conponent. 40]. Accordi n 0 .f he
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detector 302 Is a capacitor having a capacitance of |éss than 100

pi cof ar &bies, féan epbodrmentiviodvacemngnanifodd, vaclivm feed gwongl, agd tRICr@raggdstetter a

capacitor _having a capacitance of appr.oxi e 1.picofarad. For t

anot her &g e@%?ﬁaff}ﬁgen? off al??eetaﬁgtﬁ%’&tyd‘gﬁéﬁﬁrv%%yP a ﬁEﬁB@BP?‘%‘?‘ havi ng
a capacj39ancrefRfridgtStk thBiguie RiikMlt RbAbctoAS 01 Sn OMAB 0246 @ell to Editect
appropriate value of the capacitor depends on the magnitude of the RF

vol t ageradip Bequepersdateaior Jrto so ke’ eamtisicpte Hosan erabpdmenidgpeireypneséare@ior 305
\ e _ . .
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or | essin decoédhitaeg with aafetaBrogifadhurgpdle devite. Othpamniddimentd o0l mantinclide RF
detector is configured to sense an RF vol ta?e havi ng an_ anplitude of
appr oxi watetopneteD’ Ui ogplsdivgth g majing-epnngefep osalsd aparent Kt cerRponentang

freque”&}ﬁpije‘?it\%ﬁ@{elﬁﬂéong@ﬁe}fée a capacitor having a tenperature coefficient

rati ng of greater than equal to 30 parts per mllion/degree Celsius. The
t enper a4t e Aegudiag t@the@iboliandm dhdtr302 ipFeurddshe tdiabeduchyy daeatse305 is
capaci tor [ erature coefficie ratin with(r)%z%fgecting

havi a higher te t
t he st alﬁl?liﬁ?lflgﬁt%cp gst N tq,‘ro.{%{:%% ngde an ey o@fnreg[i irr[uﬂo frequencg detecto

capacitor having a capacitance of less than 100 picofarads. For other embodiments, the radio
frequency detector 305 is a capacitor having a capacitance of approximately 1 picofarad. For
yet another embodiment, the radio frequency detector 302 is a capacitor having a capacitance
of less than 1 picofarad. As is known in the art, the appropriate value of the capacitor depends
on the magnitude of the RF voltage to be measured. For some embodiments, radio frequency
detector 305 is configured to measure RF voltages one or more kilovolts. For measuring RF

voltages in the kilovolt range the capacitor value would be 1 picofarad or less, according to an



[42] Moreover, the enbodinent illustrated in Figure 3 includes a
rectifier/filter circuit 304 coupled with RF detector 305. For such an
enbodi ment, the rectifier/filter circuit 304 receives the detect signal
from RF detector 305 and generates a DC voltage, as discussed above. To
generate a DC vol tage corresponding to%he detect signal from RF detector
305, thentbedinmdnt.erorfaispeefic embodinient Gt RE detegbeizenhgurtd tngnsoapRA&DItSge

i ncluding an operational anplifier 306, r?sistors 308 and 310, and di odes
312. [ 48yingRaa erfd apPigkinpately SPPRKIgYalser circuit 304 may be

i npl ene i i I L r DC
Vol t age 14 i R B e g R B T b S e aRaRYeR,
vi ew of t¢rhpeatdiesaletisuend ratgignd greacdrbauassqhaldodOiparts he million/&gede Celsius.

fi ti i ncl ud f t.i. I lifi ..
confl oUrgL ons. TRY, LCLude. ofe or, o Cf C0er ot 12l TR Siing
cor r espoheP@niRrdiite clefRfcht Mitielp Hithbhedting ﬁfe%@ib@lﬁt%/ 30the RINQoliec\ielebRge | S

t hen present across output connectors 314 and 316 of the rectifier/filter
circuit cgodt. according to an enbodi ment. Qutput connectors 314 and 316, for

nbodj .ed feed K _Sy. .
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sensor icoisted dith RICddi€diort 303 LBoraicih ah empediaicut, hSRosdr/faRe ciraded04ticbgivéL t he
enbodinent illustrated in Figure 3. Such a tegferature sensor | ntegrated

ci rcui t IP1deiephgizpal fewmRigletestprdlS gad epraracsa Dbl Yagae.os disciwed abrvesilgnal

cor respanel g 4t {,hf, Qﬂﬂggaohaingngkﬂge&%& %ﬂnﬁ%ﬂ?ﬁk@td&e%tor%§%ee”b°d' ment s
i ncl ude~usi ng ot her conponents ds known In-the art to nmeasure the

t enper atrectiedfiltaitarege 304 i iempanatied esisgiadmpseatstifduding hio bperstidriat amplhfierd- gap

tenperatyre sensaqr, or _other conpgnents that generate an out put
correspgﬁéirﬁﬁ“f’ﬁ%ggta@ﬂﬁg{)’a?ﬂldrdé(’(ggghi or in conbination with other
conponefs aghé smb&@HichYoBAYRL RN 1ePEBc K (4 BEY bOihNEmakEd u?iiel%“é%&i(%:dﬁg)‘glﬁ& 3

illustrates tenperature sensor integrated circuit 316 coup

t enper atemponeatcdrdigurati®syto ginewtak DG tadtaghsigeatbadineskilled|in thetarawveddi n
Figure 3, . the te rature regyl.ator. 317 i.ncl udes an oper.atjonal_, applifier
53" confhistaiae BT GetePaiey 3 S Perip opHES SSHERHE oere bf GRa R om

t enper atoHBUSRIHO Maly I @GIARDr Ghdre BF bpdd®onal AEpLE&E | g4ikBEs 8ldded ordiRrat i onal
anplifier 323 includes conponents suc% as resistors 322 and 324 to set a

r ef er ene@np@icntige gerprate@ D apltagemoagenoagdingrie tha dotgsé pighalrfeorn Rt detgséor 305.

t enpera | 317 Wil C i i S

coupl cd hy B keI Ben s ppREhuchS SR b e SR NG he SREREDARLS, o,
319 to cigsuli 3040accohding tomadmbddidteOpguateHnect® ey Elarand it 6 gfoate emdodigisnt, 316

as an input to gperatjonal anplifier 323. Resistor 320 and capacitor 321
cont r ol MRHRE §ORRIKT 1P Disedbick sydem grppltagesonolricapt s digusrdRges-in a si gnal
receive r I i i i & 316, J in the
ool ) e gy A A A LA R Lt 16 RR S SR "o
necessasepstrd 00parcatdngiot the ambpdiaicht dlusirgoadin KgmerlaSech biengrerantecdnsvent of a
t enper at ure sensor '%’\t}g%irﬁéed circuit 316. Chi skilled in the art would

al so undEESHEhe WGt OnbiEHER 1R RPRATRIE adOLPHHY LU BESERle to generate
a si gnaéoﬁe@ﬁorﬁliﬁge@tth@gla@x%g IRMRE nSQ5hres ROMSHAGred OttRer %hﬂ)@éi'rnern%‘ﬁbmﬁguiiﬁ?m a
tenperature sensor. [46] Other conponents of the tenperature regulator
317, acetbertiomponents hekeavyodi theatt to easire Hiedemperatuneothgugeindempratiirerent |

i ncl ude téansi st ot 32? anﬁgg}?BO. tAccor di n%nto an tgrrbodi msntt t ransi stt ors
328 and’‘53@° 3}}«5@%%0& FHCUROFTER TPAAEILE T80T She P HUPEP PE g L ARE /ARt to
mai nt ai suthiofresRAERELUS 8 téhpdfardhlsiPordh camPiR€6h Sl Jlled cbeippeéAl Aig. One
skilled in the art woul d understand that other conponents in conbination or
al one stigedilyalsnovogpemg skillediigthrat. or ot her heating el enents which convert
electrigiiy 4. | o AT .Sk 3 i he
base. of Lo} ar P AR aApaRdE syt CEGHRIEY 16 R pled bl

t ransi skegiila®3017.ac@ordihhi® the einbediatepoiliudeamtd id Figater Rtiediempefatigt Fgubitor

Resi stor 326 and 332 are used to _bias transistors 328 and 330 for an

oper at | Yrfdnclgdestan apsragepdaanlifise 423 eqRurakieisgnegteRusnperarespesiing todhe

(i . . [ : : ¢
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vol ts.



[ 48] For an enbodi nent, operation anplifier 323 increases a current signal
that results in transistors 328 and 330 increasing the anount of heat
produced or generated by transistors 328 and 330. Mdreover, as the

magni t ude of the current signal fromoperational anplifier 323 decreases,

t he amount of heat produced or generatgg by transistors 328 and 330

decr easgsta eddisttined bRpERAMREO IRDIR tehpérefiiRefegtildior 31 Bghll attas ndlmtai@pEhat e to
generate a heat flow responsive to the output of a tenperature sensor. One
ski | | ed other eprapencntsgeuplgd apbrenerasiosaliamplifist Aat incbideerister & bicapaséor 319
substit £ I s I : .

cmbodi minf 2Rk SRRIERT BT SRR Falc oS 1 it b dBprational
devi ces asiplifie o3t ReFiSOABRY snds@padcitor 3Dt egitail ddwajuidkly dbpddttonahamplpsraPBonal
anplifiers 306 and 323. However, one skilled in the art would ](Lﬁlsn er st and
power afdcHite GhIees Hiretenad receisd fpnb nistadws spyson Hiegraed eiebd - f%Sctice in
the art geinddid di@hr Sl favk thd kMSEALES RAAIRANL RN Afih@chRHn0R

confi gurseldlé%%) tfilgt]aﬂat(g#%a%\{t% a porti?% of tl‘:llgl%oard 3052 insfde a Sacuum

f eed- t hneeegdarpio epevae withn acdpacitie signlsgesamted tptanl edsdimegof pitgnpaoftuloar d 302
can reside inside the v um feed-t hrough. Positioned on board 302 are
cbod mfer Bl lrest g (Ton e LBt O B 4130 PR PREAR iear OB cui ¢
204, a tRENEIALME BasBOAle R ncRitd £UPR Fb1H KeatiBf dletdedt co?RBporinth toeadi s

el ement 210 as described above. According to an enbodi nent, conponents as
descr i begewbdironmaienipsratwederset or ot herwi se nounted on board 302, as is
known i heart. Board.3 be . any t f r Lhg or
cont ai nr4n63 cgr?rlpl@e(r) qent (s)netnﬁsa(%%}é%ﬁ%l \?eat'tlrﬁée%dueﬁg ?107 ngg%f (Hg%}/%{}—lg\%{%?gfg&eén etection

syst em {fikdtraed demhe Fihige 3 Raibotiment acladdegtisisest 308 hubs3 3R tRDoidingHogur e 4 al so
i ncl uded connectors 402 mounted or otherw se attached to_board 302. The

connect enBodEENE AnBEotsEd ang 3é8 afst bipel el UrFIQROras T eobaUERd Q\BsPeiRlc1 12
with ong.Q (%fgigglgaiﬂftheat@m rafPOBPRGR §?2 gt';] &le\;te W& teRPEEhse. YU §lﬁlger¢i gont r ol

circuitry, ack systemto contro ol tage source or ot
conponetiesyt wydd anderstand thatother gomfeacntaim esrblaidatiendr,alate suelags MM EIsnnect or

402 is configureqd to couple direct]y with an.RF conponen According to an
enbodi nﬁﬁ%ﬁ?"%&ﬁﬁg@f ﬁ?aé{ng@ %w@ﬁ{’a&%& SHEFTb AR FOB 0% fiis ¢ hat ar o
resilienAy RLESEDHRORHSE R he BRRNHHAGISBPSAEInddR8Sof B9 isTOAWRY td B

maki ng contact therewth.” [50] Figure 5 illustrates an enbodi nent of an RF

vol t ageediteeof iramisys3émctorlingiol thelembodimentillystsned inAdgursrd. Bebisidi Aghand t he
nmoul d be an, epoxy fored 0 the board.302. Any material may be used
To't or mi2 HEuRG ROlernSrn BhS M OUAT o Srsritial st W el iR bR BB oS00 ° T
fit insidevimgResgmifiens tHeiper@idnal BiglifREB2E. Higire SAURhENDQMIatRMS, 1S

formed frominsulation nmaterial. The nould 502, according to an enbodi nent,

covers e@lestosorfgtansistoss 38 e’ Wrarpled odthstptva SUPRIY ittt Raatieilarcui t s,

resi stog nsSonS.,...C citors, r . o inplement the
RF vol t%%l’é()dé%te lztcE}}eé)r?“%gglfpé)szfzs.c’%{c[eg&%l%&?%g{rggg%&QPI@%%&??atgés a board 302

i ncl udi pig] a FarndnHdAirman sspeRgioataniptidist 328 Pofdaban @irehhdgmod arad rS0Rs ivesi di ng
in a vacuum feed-through 602 of a vacuum system of a nass spectroneter

accor di Figpststpran 2@ aasbelt hispicasing ihovamaihd t estiProskesigh esperated by drasiaigry $%n
erbod! MR 33 0RO cl. A Mciladituib B URTHHER Y ngﬁpop%%hglgao k3297 the RF

vol t age detection system ose proximty to an RF onent in the
vacuum deereasesatherammugnt bichaaaproidticcdeor@endrhted Ry traokist@oe3 280midi 380 dearctdes. AR

conmponent 52] Figure 7 illustrates i agram of an_ ar.rangenent couplin
o PR vikch dl Cabpeer st ey berah B G Y 2 oetah b dsr e adiedl fEY EpaB Rt i no
to an ehrdbiBitof a BRpEatOLdnaGe Ode LRIkl APl Wwil1d ABpreSiaeQha @tk t h rods

720 of the quadrupole mass filter through at |east one of boards 716 (upper
boar d) @mehont®s cowde shibsitapd foxdhere diesrgibed tagenenio HeardaicribREontbe t age

gieagcglzegnnbos rsﬁgr%g}qg'r]éizn. IFlsgu(%eo 5 r(])r%?tts %gnrtle%tigrrl]setol’;lj%gv%g sgp%?ireg fozjagti\pé/ dVRks %)Ilchcaosnt act
temperature sensor integrated circuit 316 and operational amplifiers 306 and 323. However,
one skilled in the art would understand power and ground connections would be necessary and

is standard practice in the art.



Contact pins 722, for exanple, may be spring-loaded and have a prescri bed
anount of travel and axial bias in order to maintain contact with
correspondi ng pads (not shown) provided on board 716 and 718. The

prescri bed amount of travel and axial bias provide the contacts pins to
establish an el ectrical connection wthlthe boards 716 and 718 w t hout
exerti ng49i storuré Adllyziass i embbdin®ddot 4 bonrd 8ONt@ETIgupddns 7 ddleadt@ posiash 60

coupl e upper board 716 with rods 720, For an enbodi nent, contact pins 724
are si mtheapoard3oimsidea vigrwun fepd-thoygh phe yaaysydiamet: Ky wehead {eata ParleR ng of

the pi .”%fﬂg%h g%ﬁ cﬁ&%id%%%idedtﬁfe QLR %@d-ﬁ%o%ﬁ ﬁo%ﬁn&?ﬂ%@&%@f afehat shoul d

be mnimz ecause o S 1npact on t gnetic an ectric behavi our
of the fkimbbdsncast @l mdibdbqdendynigtcopera? | orctifigrEdier Encuin®®s aggepdratonet er s

using a nmultjpole RF conponent di scussed .above, nore thap one RF voltage
det ect | a?flsgpéfi ﬁée@a%rawgr%@a%%& aﬁgﬁie@%%%?nt?ﬂoﬁﬁd%rlggg%b% ection
system JAJe%oﬂ’@lm% BEn LA AR RARHoReRE aSEREELIINDREMUQ bk 88 lcalor BBRAVvREase of
RF voltage applied to an RF conponent. For a mass spectroneter using a

quadr upoicanfedn Hoard HF2, ag iskngwadn theaire Bioar 103esat bwanydsippel asseriplydoch an
exanple. Each rod pair, according to,so i mpl enent.at Lons, has an. RF

Vol t nge PG T SpERRGh P DR RS Do gkt R TRbapr Lo ¢t ne re
vol t age s@ipdth il 2 ad @esthbed hdidih. TIRCeBddimb® idudtfa@danFidur@Matsbended@nd rod
pair, as is known in the art. As such, one RF voltage detection system 112

may be GEWClos HEapawEed preotirwisst atiagheddp hopdd (o Thheompetgrs 408¢apae usethd a
second RF. ?)Let 1#g %ﬂ%‘gﬁ% %é%gctgry@rst%ﬁ)sﬁlllzz\gt% oﬂé&gnl&l%l o&%ﬁ%ﬁ &Iﬁﬁ;b%teﬁgvgrghﬁcﬁge

appliedto e secon air. ure rat es I'agr am
for a ppowessufwe, dedtage tomrol Rircwialy! fegébaok sasterifo cattpdae REF wafltage sASS or

spectroneter according to an, enbodjinment. The process includes detecting an
RF voItgg@r6¥nﬁﬁwﬁﬁﬂﬁﬁﬁﬁ§ﬁm&HHPPEdFWHméﬁl Hﬁﬁﬁﬁﬁﬁ%ﬁim%U@“H?FWﬁKPéEhniques

di scuss @(qqf%tﬂﬁ%ﬁo colifle Bﬁe&Wﬁ‘h ah R éﬁeﬂﬁyt%n&?eA%ré{ﬁgtt@% eBBYihRA:, LOnddfor

conponent by an RF Vol tage source. he procéss generates a vol t age
cor r es pébiiamegontactgpivekmoted ,RPgybpinathat 864ecdlenilyimased eghnstgquesspdediogi bed
above. In . addition, .the process includes regulating a tenperature of an RF
et ect | B &) SrdyPBbWouS fiy Tanmi il Wit beq above. [Be] In the
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have been described. It will, however, be evident that various

modi f i caobldnd2aker anhambpsiementy ths enovddimay e ra poxyTivemseh awwund gettioord HiRd
drawi ngg._are, accordingl 0. _he regarded,in ill.ystrative rather,than in
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Clains 1. An apparatus for tenperature-regul ated radi o frequency managenent
in a maemdpuiationreaterial Thremealdss 03pacorditbioan wrkAdigerneovsrs Witce radi o
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conprising: a radio frequency voltage detection circuit contfigufed to
pr ovi decdngmahbars kisal grimiplenteaht drtR IV eolafge deteativrosyisteaquEncy si gnal in one or

mor e of [S%f'f‘i dFi[gl?r%i60i11{1£t?a(%euseanlg:o¥arg %’}) 1%% ur(]isnsg a r%ggld 502 covering at least a portion of the
board 302 residing in a vacuum feed-through 602 of a vacuum system of a mass spectrometer,
according to an embodiment. The vacuum feed-through 602, according to an embodiment, may
be located in the vacuum system to provide access of the RF voltage detection system 112 in
close proximity to an RF component in the vacuum for measuring the magnitude of the RF
voltage applied to the RF component.
[52] Figure 7 illustrates a diagram of an arrangement coupling an RF voltage detection
system 112 with a quadrupole mass filter according to an embodiment. The RF voltage
detection system 112 is coupled with rods 720 of the quadrupole mass filter through at least
one of boards 716 (upper board) and 718 (lower board). According to an embodiment, RF

voltage detection system 112 is connected to the upper board 716 by way of contact pins 722.



a tenperature regul ati on apparatus di sposed in said vacuum envi ronnent and
configured to reduce tenperature-induced variations in said radio frequency
detection circuit, wherein said tenperature regulation systemis disposed
on a radi o frequency detection board disposed at |east partially in said
vacuum envi ronnment. 2. The apparatus a2 claim 1, wherein said radio

f r equen@onyt hrg g22labestantle, GhdycBd dpring-16Hden as@Ha @ $aictibe@BmouhitoFqtaeiCy
detection board. 3. The apparatus of clainms 1 or 2, wherein said,feedback
si gnal iagd apigl biaglin gyder tp appinfamrcogisehwith verrespgedisg padsdnelohprgupwyided oguppl y
a radio.f I | ' sto
her eby (SRR HEMAE 718 LRGR RSP b INDO R SRS oLAPL S bSRRIRE Vo RIERRCRY °
wher ei n establikht rgdetiidal eenreegod aith die ardsUl 16 and Gl B dehoonexettingndistertingat i ng

el enments that are selectively activated to raise a te rature. of
conponeMEsye- Wadditiongsantact Bigdht prosse &g@l@@q HPES Bﬁlr@? f@ with rods 728. s s
spectro I SHAG : ' d; ta
i o P D B R R emcy
vol t age talbiasiog iob thegimeagatnssrode UP0,.ektfarintatios af dhe radhiio a factoptbatchoddiponent ,

par 1 a1 YRGB OB SR AR AGF G SRl gt T85  det ecti ng

the radicgabli@eyaRsYs yRiritRge. 6. The nmass spectrometer of claim5, wherein

said radi o frequency vol tage detecti on apparatus includes a board

confi gul®d t Hof inpssepettecantters uping wimvltipple S epnprsment dsridicyesed abelvey goueithan

feed-t h'bgg ﬂ%'voltage detection systems 112 may be used. For example, an RF voltage detection
system 112 may be used to measure or sense the RF voltage for each phase of RF voltage
applied to an RF component. For a mass spectrometer using a quadrupole mass filter, the
quadrupole includes two rod pairs in such an example. Each rod pair, according to some
implementations, has an RF voltage of similar magnitude applied to each rod pair. The phase
of the RF voltage applied to the first rod pair is different from the second rod pair, as is known
in the art. As such, one RF voltage detection system 112 may be used to measure the RF
voltage applied to the first rod pair and a second RF voltage detection system 112 is used to
measure the RF voltage applied to the second rod pair.
[54] Figure 8 illustrates a flow diagram for a process to detect an RF voltage of an RF
component of a mass spectrometer according to an embodiment. The process includes
detecting an RF voltage of an RF signal applied to an RF component 802 using techniques
discussed above. The RF signal includes the RF voltage applied to the RF component by an RF
voltage source. Next, the process generates a voltage corresponding to a detected RF voltage
804 by using techniques described above. In addition, the process includes regulating a
temperature of an RF detection system 806 using techniques described above.
[55] Inthe foregoing specification, specific exemplary embodiments of the invention have
been described. It will, however, be evident that various modifications and changes may be
made thereto. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than in a restrictive manner. Other embodiments will readily suggest themselves to a

person skilled in the art having the benefit of this disclosure.



14 7. The mass spectroneter of claim®6, wherein said radio frequency

vol tage detection apparatus further includes a radio frequency detector
positioned on said board, said radio frequency detector configured to
generate a detect signal upon detection of a radio frequency signal. 8. The
mass spectroneter of claim7, wherein said radio frequency voltage

det ection apparatus further includes al3ctifier positioned on said board,
said re&t!"™er coupled with said radio frequency detector, said rectifier
configured to generate a rectified signal corresponding to said detect
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further includes a tenperature regulator coupled with _sajd heating,.elenment,
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el enent to maintain a predeterm ned tenperature. 11. ‘A radi o frequency
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board, said radio frequency detector configured to generate a detect signal

upon det eclisposedt least paitially mesgisbyasyum;egrapnment.

2. The apparatus of claim 1, wherein said radio frequency voltage detection circuit is disposed

on said radio frequency detection board.

3. The apparatus of claims 1 or 2, wherein said feedback signal is applied to a radio frequency
voltage source configured to supply a radio frequency voltage to said one or more radio

frequency components to thereby control said supply.

4. The apparatus of any one of claims 1 to 3, wherein said temperature regulation circuit
includes one or more heating elements that are selectively activated to raise a temperature

of components of said radio frequency voltage detection circuit.

5. A mass spectrometer comprising:
a vacuum chamber having a vacuum feed-through;
a radio frequency component within said vacuum chamber; and
aradio frequency voltage detection apparatus coupled with said radio frequency
component, said radio frequency voltage detection apparatus disposed at least partially in

said vacuum feed-through and having a capacitor for detecting the radio frequency voltage.

6. The mass spectrometer of claim 5, wherein said radio frequency voltage detection
apparatus includes a board configured to fit at least a portion of said board inside said

vacuum feed-through.



a rectifier positioned on said board, said rectifier coupled wth said

radi o frequency detector, said rectifier configured to generate a rectified
signal corresponding to said detect signal; a heating el ement positioned on
said board, configured to generate a heat flow, and a tenperature regul ator
coupled with said heating el ement, saiid tenperature regulator configured to

nmeasur e 7a Tmsgs%ﬁa@étﬁorﬁéteﬁﬁic%i&%memsmfﬁdﬁ&ﬁé@%ngpvmg{é%te@ﬁ&d heat flow
generated by said heating element to maintain a predeterm ned tenperature.

15 12. Theappadite firrtbepiadlogeseoiadindecqgenaycdetastorpopitioatden sid boarilpaidiraglior t her

conprising.a moul d formed.around a rti.on of said board. 13, The radio
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f or med arogagwﬁqu%ﬁﬂpn of said board is configured to fit inside said
vacuum f eed-t hrough. 14. The radi o frequency voltage detecti on apparatus of
any one of clainms 11 to 13, wherein said radio frequency detector is a

capaci t @r . THOmaskBedtRtherd JTRUHATS WheRit 208 A8 B6ducaly AplRat Akkstiaf cl ai m 14,
wherein said capacitor is a ceramc capacitor. ) )

apparatus further includes a rectifier positioned on said board, said rectifier coupled with

said radio frequency detector, said rectifier configured to generate a rectified signal

corresponding to said detect signal.

9. The mass spectrometer of claim 8, wherein said radio frequency voltage detection system
further includes a heating element positioned on said board, configured to generate a heat

flow.

10. The mass spectrometer of claim 9, wherein said radio frequency voltage detection
apparatus further includes a temperature regulator coupled with said heating element, said
temperature regulator configured to measure a temperature of said board and configured to
adjust said heat flow generated by said heating element to maintain a predetermined

temperature.

11. A radio frequency voltage detection apparatus for a mass spectrometer, said radio
frequency voltage detection apparatus comprising:
a board configured to fit at least a portion of said board inside a vacuum feed-through of a
vacuum chamber of said mass spectrometer;
a radio frequency detector positioned on said board, said radio frequency detector
configured to generate a detect signal upon detection of a radio frequency signal;
a rectifier positioned on said board, said rectifier coupled with said radio frequency
detector, said rectifier configured to generate a rectified signal corresponding to said detect
signal;
a heating element positioned on said board, configured to generate a heat flow; and
a temperature regulator coupled with said heating element, said temperature regulator
configured to measure a temperature of said board and configured to adjust said heat flow

generated by said heating element to maintain a predetermined temperature.



16. The radio frequency voltage detection apparatus of any one of clainms 11
to 15, wherein said board includes a netal |ayer and said heating el enent
is configured to generate said heat flowin said netal layer. 17. The radio
frequency voltage detection apparatus of any one of clainms 11 to 16 is
configured to provide a feedback signed corresponding to said radio

f requenay. VIeJ haverdq@ercyl weEBaske&ioatapparhak offbiafth aill Mg sain@risiagdaanduléquency
voltage at a predeterm ned voltage. 18. A nethod to detect a radio
frequency orgeharoupp peidionef said ®g#¢- f r equency conmponent of a mass
spectroneter: detecting a radio frequency voltage of said radio frequency
signal applied to said radio frequency conponent of said nass spectroneter
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frequency voltage of said radio frequency signal applied to said radio
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ceramic capacitor.

16. The radio frequency voltage detection apparatus of any one of claims 11 to 15, wherein
said board includes a metal layer and said heating element is configured to generate said

heat flow in said metal layer.

17. The radio frequency voltage detection apparatus of any one of claims 11 to 16 is configured
to provide a feedback signal corresponding to said radio frequency voltage to a feedback

system for maintaining said radio frequency voltage at a predetermined voltage.

18. A method to detect a radio frequency signal applied to a radio frequency component of a
mass spectrometer:
detecting a radio frequency voltage of said radio frequency signal applied to said radio
frequency component of said mass spectrometer using a radio frequency voltage detection
apparatus, said radio frequency detection apparatus configured to reside inside a vacuum
feed-through of a vacuum chamber of said mass spectrometer;
generating a voltage corresponding to said detected radio frequency voltage of said radio
frequency signal generated by said radio frequency component; and

regulating a temperature of said radio frequency voltage detection apparatus.

19. The method of claim 18, wherein detecting the radio frequency voltage of said radio
frequency signal applied to said radio frequency component of said mass spectrometer
using said radio frequency voltage detection apparatus includes detecting a voltage of a

quadrupole mass filter.



20. The nethod of clainms 18 or 19, wherein said radio frequency voltage
detecti on apparatus includes a ceramc capacitor. 21. The nethod of any one
of clains 18 to 20, wherein regulating said tenperature of said radio
frequency detection apparatus includes sensing said tenperature of said
radi o frequency vol tage detection systgm and maintaining said tenperature

at a pregetiey fkimed of SARS B &Y B, wherein said radio frequency voltage detection apparatus

includes a ceramic capacitor.

21. The method of any one of claims 18 to 20, wherein regulating said temperature of said
radio frequency detection apparatus includes sensing said temperature of said radio

frequency voltage detection system and maintaining said temperature at a predetermined

temperature.



