1 DYNAM C RANGE | MPROVEMENT FOR MASS SPECTROVETRY Technical field [1] The
present disclosure relates generally to nass spectroneters having inproved
dynam c range. Mre specifically, enbodinents of the present disclosure
relate to nmethods of controlling an ion detector in a mass spectroneter to
m nimse or correct fal se peaks when utflisi ng extended dynam c range
techni ques. Background [2] Mass spectronmetry (MS) is widely used as an
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detected. Thus, the user would traditionally have to manually adjust the detector or multiplier
gain for the two extreme conditions.
[04]  United States Patent nos. 7,047,144 and 7,745,781, the disclosures of both of which are
hereby incorporated by reference in their entirety, describe techniques to address this problem
by monitoring the ion intensities as they are detected and changing the multiplier voltage and
thus the applied gain so that ions of all intensities are detected. In some examples, when the
received ion signal intensity is very high, the multiplier voltage is decreased, and the ion signal
is multiplied by a pre-tuned compensation factor or gain in order to compensate for the
decrease in the voltage multiplier. When the received ion signal intensity is too low, the
multiplier voltage is increased and applied to the ion signal to adjust the ion intensity
accordingly. With this method, both sides of the extremes in received ion signal intensities are

compensated for, which increases the dynamic range of the ion detector (sometimes also



[5] While the nethods described in United States Patent nos. 7,047,144 and
7,745,781 are an advance in the art, a significant limtation of the prior
art is that the nethod does not differentiate between the actual ion signal
and the electronic baseline signal of the ion detector. Specifically, the
sanme conpensation factor is used to conpute the height of all signals, both
the ion signals and the electronic baseline signal. The el ectronic baseline
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Summary

[07] Broadly, the present disclosure relates to correction of false peaks in mass
spectrometry. More specifically, embodiments of the present disclosure relate to methods of
controlling an ion detector in a mass spectrometry system to minimise or correct false peaks
when utilising extended dynamic range techniques.

[08] The inventor has discovered that the electronic baseline signal of the mass spectrometer
system can contribute to false peaks in the resultant mass spectroscopy spectrum when a
compensation factor is adjusted up and down in techniques used to extend the dynamic range

(often referred to as "extended dynamic range" or "EDR") of the ion detector. The inventor has



where baseline average is an average of the plurality of baseline

el ectronic signals, baseline nmax is the maxi num baseline el ectronic signa
nmeasured and baseline nmis the mninmum baseline el ectronic signal
measured; receiving one or nore ion signals at the ion detector; conparing
the ion input signal to the Baseline t ht eshol d val ue; and mul tiplying the
ion input signal by a selected conpensation factor when the ion input
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st eps Oblecirdmit kidhhlymémagdr i ng a plurality of baseline electronic signals
characteristic of the mass spectroneter; 4 setting a Baseline threshold
val ue etfsgivingoene or more ion signals at the ion detector;
comparing the ion input signal to the Baseline threshold value; and
multiplying the ion input signal by a selected compensation factor when the ion input signal
exceeds the Baseline threshold value.
[10] In an additional aspect of the present invention, there is provided a method of
increasing dynamic range in an ion detector, characterised in that compensation factor applied
to the ion detector is adjusted based on the intensity of received ion signals without adjusting a
baseline electronic signal of the ion detector.
[11] In a further aspect, there is provided a method of controlling an ion detector,
comprising the steps of: determining an electronic baseline signal of the mass spectrometry
system; receiving one or more ion input signals at the ion detector; comparing the ion input
signal to the electronic baseline signal; and multiplying the ion input signal by a selected
compensation factor when the ion input signal exceeds the electronic baseline signal. In some
embodiments, the selected compensation factor is determined dynamically based on the
intensity of at least one of the received ion signals. The selected compensation factor may be
adjusted by adjusting a control voltage applied to the ion detector.
[12] In another aspect, there is provided computer readable medium including software for
controlling an ion detector of a mass spectrometer, the computer readable memory comprising
logic configured for implementing the steps of:

initially measuring a plurality of baseline electronic signals characteristic of the mass

spectrometer;



Basel i ne threshol d val ue = baseline average (baseline max - baseline mn)
where baseline average is an average of the plurality of baseline

el ectronic signals, baseline max is the maxi num basel i ne el ectronic signal
measured and baseline mn is the m ninum baseline el ectronic signal
measured; receiving one or nore ion sigﬁals at the ion detector; conparing
the ion input signal to the Baseline threshold value; and nmultiplying the
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Brief description of the drawings

[13] The foregoing and other aspects of the present disclosure will be apparent upon
consideration of the following detailed description, taken in conjunction with the
accompanying drawings, in which like reference characters refer to like parts throughout, and
in which:

[14] FIG. 1 shows a mass chromatograph produced by prior art methods of applying

extended dynamic range techniques to a mass spectrometer;

[15] FIG. 2 illustrates one example implementation of the method according to the present

disclosure;

[16]  FIGs. 3A and 3B show voltage multiplier data and the resulting electronic baseline

signal, respectively, at a voltage multiplier of 1 kV applied to the gain of the ion detector;

[17]  FIGs. 4A and 4B show voltage multiplier data and the resulting electronic baseline
signal, respectively, showing that the electronic baseline signal does not appreciably change

when the voltage multiplier is increased to 2 kV applied to the gain of the ion detector; and

[18] FIG. 5 is a mass chromatograph produced by methods of the present disclosure showing

that false peaks are substantially eliminated in the resultant spectrum.
Detailed description of example embodiments

[19] Example embodiments are described herein in the context of a mass spectrometer and
methods of controlling an ion detector. Those of ordinary skill in the art will realise 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 various implementations of the example



[17] FIGs. 4A and 4B show voltage nultiplier data and the resulting

el ectroni c baseline signal, respectively, showi ng that the electronic
basel i ne signal does not appreciably change when the voltage nmultiplier is
increased to 2 kV applied to the gain of the ion detector; and [18] FIG 5
is a mass chromat ograph produced by nethods of the present disclosure
showi ng that fal se peaks are substantially elimnated in the resultant
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[23] The methods described in FIG. 2 may be implemented by hardware (such as in
analogue or digital circuitry), software, and/or computer readable medium. Preferably the
methods are implemented by software. Computer readable medium may be any medium
known in the art and includes, but is not limited to, signal-bearing medium, electronic,

magnetic, electromagnetic, optical, semiconductor or infrared device, apparatus, or system.

[24] Referring to FIG. 2, a baseline threshold of the instrument is determined at step 202.
The baseline threshold is based on the baseline electronic signal of the mass spectrometer. The

baseline electronic signal (also referred to simply as "baseline") is broadly defined as the signal



[24] Referring to FIG 2, a baseline threshold of the instrunment is

determ ned at step 202. The baseline threshold is based on the baseline

el ectronic signal of the nass spectroneter. The baseline el ectronic signal
(also referred to sinply as "baseline"”) is broadly defined as the signal 6
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and 206 to conpgte a conpensation actor on extracted nultiplier

vol tage values that will then be applled selectlvely to certain of the
recei veq ion si 212 acc he .inventive nethod. In the
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[27] Asdiscussed above, it desirable for the spectrometer to operate over a wide range so
that ions having very low intensities and ions having high ion intensities can be measured in
the same mass scan. Extended dynamic range (EDR) is carried out at steps 204 and 206 to
compute a compensation factor based on extracted multiplier voltage values that will then be
applied selectively to certain of the received ion signals at step 212 according to the inventive
method. In the example implementation shown in FIG. 2, multiplier voltages are extracted at
step 204 and a selected compensation factor is computed at step 206 preferably using the
extended dynamic range (EDR) techniques described in detail in United States Patent nos.
7,047,144 and 7,745,781, the disclosures of both of which are hereby incorporated by reference
in their entirety. The term “multiplier voltage” refers to the control or drive voltage applied to

the electron multiplier of the ion detector.



[28] First, an initial nmultiplier voltage is established or extracted or
may be set based on an initial mass scan, or by other nethods, as descri bed
in United States Patent nos. 7,047,144 and 7,745,781. In one exanple, a

| ook-up table or calibration curve havipng conpensation factor verses

mul tiplier control voltage val ues as deScribed in United States Patent no.
7,047,144 is then used to determ ne the sel ected conpensation factor based

on the gx87 adiQd aniitihIRhhlaplidaloltageis esthiB¥hedbot SXtRRIdIR InYay B iRt bABPBASAL | ON
factor may be computed dynamically according to United States Patent no

7, 745, 78uitial massisean, ion By ateemetheds. s deseribad)in Ppit¢deptaigs Patghlenasnd 047,144 and
corresp i C ensatipn factor. are ¢ L ed at S 4 .
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adj ust edegynmmitipiilet YontfodKolgeanales adddsegbadohtiagediSated Baént@o. MOUT i1t iser of
the ion detector is decreased in response to an increase in the intensity
of one risagisgdip derminhibe selegiad rompsnsation fagigs besed pnthespdristedmpulipikicr ease
in the ighensity of another received ion input signal. [30] One or nore
ion input signals are received at the ion detector and extracted at step
208. Ea ion4.n ignal i r o.th | h hol & val ue

Cal 50 ognd | MSPESYe S A RambEn ST AL whd dRBp R Rl AT RO LR S: gna
val ue exigedsStdtdrePdpan abi7iiesi7sn emhbisdnstadceean hial haitipliRpublistegnadl i s
multiplied at step 212 wiith the conpensation factor conputed in step 206.
I'f the COMeSPAPLINE SPFRGNSayRN [Rstor arageompntadias steas 604 W%Qﬁéﬁr@w‘a@wlﬁue, t hen
t hat si ik | £k Dk - , NSt is
ropeat ed s VO B LA TH delddr o R LRy e R T

i nqui ry vbBageedeleatrors teftifit0ofihe ian ddiettdrar dedreasnd xt respomss k@mainciessaindake t he
basel i ne thresEoId val ue, The prochs seque%fe of ste§5(§p8, 210 and 212
are repduesdy Shons respived g 18pysianal. ppd fheccased Wresrepsq 104 Eareashindhe si gnal s
bel ow t fgeas ok bgndHE&INQ ith Hpusigadle excl uded from the conpensation
correction, and thus they are not Increased or decreased. [31] Experinments
were co ct ' . i.pld : : r ondi
conpensggﬁoneﬁg??gﬁﬁag?g égﬁégsgkﬁ%gﬁﬁgi%ﬁﬂfgﬁegFggﬁéﬁﬁgss §%%ﬁ§@pgpé. 3A
shows vé&a¢loioa inms signaleintompiraé &g thee hasalide tgeshold eajec (aldotsopictiares dalleal ther one

experinmgnt. . FI.G 3B shows the resulti el ectronj c, basel i ne, signal when a
Vol ¢ age TRSFlep| #aiena OalghF 108 TMHIcual Yo50q HOeGRNS BRRCH RGO HoPDE: BE
Next, t R iMpits %1ﬁy&hﬁﬂhm%&s%@%lQQﬁﬂﬁﬁé%&mﬁ&F3ﬁ&¥ﬁ%§r%&Bﬁﬁmﬂ%155 ogtAs and

t he resulping € Qctronlc‘basellne signal is illustrated in FIG
Conpar i Hy 61 @put Sgna vdlugBs bidlow e i@selinkAhrsbiold Balug, then dtab vignalhaexdlinded

el ectropi c basel.i ne signal ,does, not reci ab change en t.he .vol t age
i 41 pi e MG sty 1 and Sieer REp 208G hee Yo RIE A bl 27,
mass chgamRtcagit s@p 208 asltRAndiry B8 hiiae ot &€p b hPaPbefRIMier tRVARRE ioisigl is
illustrated. Specifically, a full mass scan was run having a nass range of

50 to 48®vepha bgspline reshiold yplienhlasproprse seanepecd! sigps 208 el Oind2 13rEl  sour ce.
The sa ) I ] hGi .
The scanrsrbEEMERIIBT ERASHERs G R bRl KRR irkld RESL UL R BRI,
are subsdlanireaktlydel fromnhé eshpensitivn doguliérgahd spschdyure nbiint@aded or he
spectrum shows no fal se peaks 504 where they woul d ot herw se have been

pr esent 9955#5¢he i nventive method not been applied. [33] The foregoing

met hods _and description are intended to be illustrative and are not

i nt endeld ! o Experimentsevert sendistadevhareianle malfipliphvoltage end someseapdag ment s and
applicati I i r .1 hose
k111 e dr R e R e R AR TR P oy B R B e bR g

pr ovi deidsth@n&it valuefidhcloding Kol rhulcipli¢ralasa ©F oaPpxpRaiattas FGe3Pehswihe
w t hout deParting fromthe inventive concepts disclosed herein. The
i nvent i §illiRg eleefgre baseinggenal gvhea arvediags ulipplier of NgXiis prplieddp Mseaiof

the ion detector. Next, the voltage multiplier was increased to 2 kV as shown in FIG. 4A, and
the resulting electronic baseline signal is illustrated in FIG. 4B. Comparing FIGs. 3A and 3B
with FIGs. 4A and 4B it is shown that the electronic baseline signal does not appreciably
change when the voltage multiplier is changed from 1 kV to 2 kV.



1. Anethod of mnimsing false peaks in a nmass spectroneter having an ion
detector, conprising the steps of: neasuring a plurality of baseline

el ectronic signals characteristic of the nass spectroneter; setting a

Basel ine threshol d val ue equal to: Baseline threshold value = baseline
average + (baseline max - baseline nin)smhere basel i ne average is an
average of the plurality of baseline electronic signals, baseline max is

t he maxirgpm tm@hhgeo BIE Gt h alis€ cifbRRIsrdpRFToIRE] B tholRIg bt R piéRnt I S the

m ni nrum basel i ne el ectronic signal neasured; recelving one or nore ion

si gnal s imtentipe is idnsteieede Spenificatlynp &rll mgsstsaan enrtindpuingst massirangs afllie B48@1 i ne
t hreshol d. val ue: . .and nul tiplyi the ion.in si gn by a.sel ected
conpensdl e FE SR mrERER e Sitsed SRR Rt b R

t hr esholvdgatableextrabt (sjﬁh&i weh pedicie stdrabms ITNRBR bR duba] SRhEdRGL SOENSat i on

factor is determ ned based on the intensity of at |east one of the received
i on si giartisulag advepagaeialse e ast sbsantalpy climingigd imthe restRt speefgim.dajfedt i ng

t he sel ' f ' ' hed to
e on L B4 FARRIREL Bl GLCSo M adhi o s Bpepe B L plserBl
si gnal s invntiTdmetheot motbazh appiiedone of clains 1 to 3, further conprising
establishing or extracting a nultiplier voltage and determ ning the

sel ect e3zjonressatiding hreiods ahd Q&BcApti QO itedddidlt@ boillgahiivy @idi @ansur ve

havi ng conpensation factor verses nultiplier voltage values. &
intended to limit the disclosure in any way. While certain embodiments and applications have
been shown and described, it may be apparent to those skilled in the art having the benefit of
this disclosure and the teachings provided herein, that other modifications or approaches are
possible without departing from the inventive concepts disclosed herein. The invention,

therefore, is not to be restricted.



5. A nmethod of controlling an ion detector, conprising the steps of:

determ ning an el ectronic baseline signal of the ion detector; receiving
one or nore ion input signals at the ion detector; conparing the ion input
signal to the electronic baseline signal; and nmultiplying the ion input
signal by a selected conpensation factof when the ion i nput signal exceeds
the electronic baseline signal. 10 6. The nethod of claim5 wherein the
sel ect ed_ conpensation factor is determ ned based on the intensity of at

| east on¥hgfiscldmeddsi ved i on signals. 7. The method of claims 5 or 6,
further conprising: adjustin? t he sel ected conpensation factor by adjusting
a contrdl $ongthesbolapimimising felse pealisdn a geass sResHOMAter BB 3 iAnFletqetori nt ensi ty

of the one i i pput signals. 8. The nethod of any one of clains 5
to 7, furtﬁ%émboﬁ%$%g@9%&£stablishing or extracting a nmultiplier voltage
and det er ninsasngng helsalitg of Baketineplecsatic signdlachasctémwinod theonkssispedtabieteror
cali bration curve having conpensation factor verses nultiplier voltage

val ues. 9. Seingst Resgling thigrapda@iusgadyiiani ¢ range in an ion detector

char act er i sediheiRbIdCAIRENGALIR LACE Rl edhdaifde i on detector is

adj usted based on the intensity of técerved ion signals W thout adjusting a
basel i ne eWkat baswlioe si.gnalancivetahe of tha plietléytodbaseline electronic signals,

bascline yay is the maximum baseline electronic signal measured and baseline p;, is the
minimum baseline electronic signal measured;

receiving one or more ion signals at the ion detector;

comparing the ion input signal to the Baseline threshold value; and

multiplying the ion input signal by a selected compensation factor when the ion input

signal exceeds the Baseline threshold value.

2. The method of claim 1 wherein the selected compensation factor is determined based on

the intensity of at least one of the received ion signals.

3. The method of claims 1 or 2, further comprising: adjusting the selected compensation
factor by adjusting a control voltage applied to the ion detector in response to the intensity

of the one or more ion input signals.

4. The method of any one of claims 1 to 3, further comprising establishing or extracting a
multiplier voltage and determining the selected compensation factor from a look-up table

or calibration curve having compensation factor verses multiplier voltage values.

5. A method of controlling an ion detector, comprising the steps of:
determining an electronic baseline signal of the ion detector;
receiving one or more ion input signals at the ion detector;
comparing the ion input signal to the electronic baseline signal; and
multiplying the ion input signal by a selected compensation factor when the ion input

signal exceeds the electronic baseline signal.



10. A computer readable nediumincluding software for controlling an ion
detector of a nmass spectroneter, the conputer readable nenory conprising
| ogic configured for inplenenting the steps of: initially nmeasuring a
plurality of baseline electronic signals characteristic of the mass
spectroneter; setting a Baseline t hresh8l d val ue equal to: Baseline

t hreshol d val ue = baseline average (baseline max - baseline mn) where

basel i ng. ayRs @eoll Bt 8RR % &1 1RSEN He sfefh%teE'chrf;‘)lehstaMoQ?achﬁﬁ@hét&%lﬁéc%ésé@BhC
signals, baseline max is the maxi nrum baseline el ectronic signal neasured

and basel i the intensity of heleastwnerafihisasewiveddowbignals.oni ¢ si gnal measur ed;
receiving one or nore ion signals at the ion detector; conparing the I on
i nput signal to the Baseline threshold val ue; and nultlply|ng the ion input

si gnal By "éhesmbtéod eﬂclamm)% ns@,tfuﬂhnerfcamposmgh@huititmg thmlecrqdmonmegmonex ceeds
readabl e nedi

t he Baselipe .hol d va ut er of. m 10
Furt hor _coltier BY RYURut il v e aPris PR BhahERRg M Rertoe b nensth™
establ|shl@gh@5m§%yﬁgﬁnb@gqﬁtggﬁﬂgpI|er vol tage and determ ning the

sel ected conpensation factor froma | ook-up table or calibration curve

havi ng conpensation factor verses nultiplier voltage val ues.
8. The method of any one of claims 5 to 7, further comprising establishing or extracting a

multiplier voltage and determining the selected compensation factor from a look-up table

or calibration curve having compensation factor verses multiplier voltage values.

9. A method of increasing dynamic range in an ion detector, characterised in that
compensation factor applied to the ion detector is adjusted based on the intensity of

received ion signals without adjusting a baseline electronic signal of the ion detector.

10. A computer readable medium including software for controlling an ion detector of a mass
spectrometer, the computer readable memory comprising logic configured for
implementing the steps of:
initially measuring a plurality of baseline electronic signals characteristic of the mass
spectrometer;
setting a Baseline threshold value equal to:

Baseline threshold value = baseline gyerage + (baseline max - baseline yin)

where baseline ayerage 1S an average of the plurality of baseline electronic signals,
baseline 1.« is the maximum baseline electronic signal measured and baseline y;, is the
minimum baseline electronic signal measured;

receiving one or more ion signals at the ion detector;

comparing the ion input signal to the Baseline threshold value; and

multiplying the ion input signal by a selected compensation factor when the ion input

signal exceeds the Baseline threshold value.

11. The computer readable medium of claim 10 further comprising logic configured for
implementing the step of: establishing or extracting a multiplier voltage and determining
the selected compensation factor from a look-up table or calibration curve having

compensation factor verses multiplier voltage values.



