DYNAMIC RANGE IMPROVEMENT FOR MASS SPECTROMETRY

Technical field
[01] The present disclosure relates generally to mass spectrometers having improved

dynamic range. More specifically, embodiments of the present disclosure relate to methods of

controlling an ion detector in a mass spectrometer to minimise or correct false peaks when

utilising extended dynamic range techniques.

Background
[02] Mass spectrometry (MS) is widely used as an analytical technique to provide qualitative

and quantitative analysis of sample components. Generally, sample components are converted
into ions which are resolved according to their mass-to-charge ratios. The ions are collected at
an ion detector which converts the mass-resolved ion signals into output electrical signals.
Typically, the ion detector includes an electron multiplier stage that applies voltage and thus
provides gain to the output electrical signal of the ion detector. The output electrical signals are
then processed to produce a mass spectrum.

[03] In mass spectrometry 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. The measure of such performance is characterised as the dynamic range of
the ion detector or mass spectrometer, and is generally defined as the range of output electrical
current values across which the electron multiplier will provide a linear response. A wide
dynamic range is difficult to achieve however, because for one voltage setting of the ion
detector gain, either the large ion signals become saturated or the very low ion signals are not
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



referred to as "extended dynamic range" or "EDR"). Because of dynamic range, when we have
high ion intensity, the multiplier voltage is reduced which in tum increases the compensation
factor used to multiply the signal.

[05] While the methods described in United States Patent nos. 7,047,144 and 7,745,781 are
an advance in the art, a significant limitation of the prior art is that the method does not
differentiate between the actual ion signal and the electronic baseline signal of the ion detector.
Specifically, the same compensation factor is used to compute the height of all signals, both the
ion signals and the electronic baseline signal. The electronic baseline signal is independent of
the ion signals, and when extended dynamic range is applied to all of the signals in a spectrum,
meaning that as all of the signals are multiplied up and down by a selected compensation factor
due to the variations in large and small peak intensities of the ion signals, the baseline signal
value is also multiplied up and down which may cause the baseline signal to appear as one or
more false peaks when the output signals are processed. FIG. 1 depicts such a problem. In FIG.
1 a mass chromatograph produced by prior art methods of applying extended dynamic range
techniques to the ion detector is illustrated. As shown, a real peak 102 is present, however
since the baseline signal is also multiplied by the selected compensation factor, a number of
false peaks 104, 106 and 108 are produced. Thus, when the output signals are processed and a
chromatograph of different masses is produced you will still see peak(s) from the baseline
signal, irrespective of whether the ion actually present in the sample or not.

[06] False peaks in the resulting mass chromatograph are a significant problem for the
industry. False peaks can be misinterpreted as real ion signals leading to misidentification of
sample constituents and erroneous results. Such problems limit the use and effectiveness of
techniques for improving sénsitivity and extending the dynamic range of the instruments.

Accordingly, additional developments and improvements are greatly needed.

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



invented methods that address this problem of the prior art by separating the electronic baseline
signal from the actual ion signals when applying EDR, using the observation that the baseline
is independent of actual signal value. Thus, when the compensation factor applied to the ion
detector is adjusted, the baseline value does not change, and false peaks are minimised.

[09] In a first aspect, there is provided a method of minimising false peaks in a mass
spectrometer system, comprising the steps of: measuring a plurality of baseline electronic
signals characteristic of the mass spectrometer;

setting a Baseline threshold value equal to:

Baseline threshold value = baseline ayerage + (baseline max - baseline min)

where baseline ayverage 1S an average of the plurality of baseline electronic signals, baseline yy is

the maximum baseline electronic signal measured and baseline mis 1S 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.

[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;



setting a Baseline threshold value equal to:

Baseline threshold value = baseline ayerage + (baseline max - baseline min)

where baseline ayerage 15 an average of the plurality of baseline electronic signals, baseline may is

the maximum baseline electronic signal measured and baseline min 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.

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



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.

[20]  In the interest of clarity, not all of the routine features of the various implementations
disclosed herein are shown and described. It will 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

undertaking of engineering for those of ordinary skill in the art having the benefit of this
disclosure.

[21] In this description, the use of the singular includes the plural unless specifically stated
otherwise. Also, the use of "or" means "and/or" unless stated otherwise. Similarly, "comprise,"

"comprises,” "comprising,” "include," "includes" "including” "has" and "having" are not
intended to be limiting.

[22] FIG. 2 is a flowchart illustrating one example of a specific implementation of the
present disclosure. The methods described herein may generally be practiced on mass
spectrometers of any configuration, such as for example, without limitation, the mass
spectrometers shown and described 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. Another
example of a mass spectrometer, again without limitation, suitable to carry out the methods of
the present disclosure is described in pending patent application serial no. 13/089,980 filed on

April 19, 2011, the disclosure of which is hereby incorporated by reference in its entirety.

[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



level of the mass spectrometer when there is no ion signal present. In theory, since there is no
jon signal present, this signal value should be zero. However, in practice there is usually

electronic noise and thus there will be some signal level present when the device is powered

on, even when there are no ion signals being received.

[25] To determine the baseline electronic signal, the mass spectrometer is powered on and
the signal level of the spectrometer when no ion signals are present is measured. It is preferred
that the baseline electronic signal is a positive signal, so an offset is applied to the signal level
if needed so that the baseline electronic signal is always above zero. So in this instance, the

baseline electronic signal that is measured and/or processed is in effect an offset baseline.

[26] The baseline threshold value is generally set at a value above the average baseline
electronic signal and the standard deviation of the average baseline electronic signal. In one
example, to determine the baseline threshold value, a plurality of measurements of the
electronic baseline signal is taken, and the average is calculated as well as the maximum and

minimum signal values. The Baseline threshold value is then determined as:

Baseline threshold value = baseline ayerage + (baseline max - baseline min) (1)

where baseline ayerage is the average of the plurality of baseline electronic signals, baseline p,y is

the maximum baseline electronic signal measured and baseline ni, is the minimum baseline

electronic signal measured;

[27] As discussed 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 multiplier voltage is established or extracted or may be set based on an
initial mass scan, or by other methods, as described in United States Patent nos. 7,047,144 and
7,745,781. In one example, a look-up table or calibration curve having compensation factor
verses multiplier control voltage values as described in United States Patent no. 7,047,144 is

then used to determine the selected compensation factor based on the extracted multiplier
voltage.

[29] Alternatively, the compensation factor may be computed dynamically according to
United States Patent no 7,745,781. In this instance, an initial multiplier voltage and
corresponding compensation factor are computed at steps 204 and 206. Thereafter, the
multiplier voltage applied to the ion detector may be adjusted dynamically. For example, drive
voltage to electron multiplier of the ion detector is decreased in response to an increase in the

intensity of one received ion input signal, and increased in response to a decrease in the

intensity of another received ion input signal.

[30] One or more ion input signals are received at the ion detector and extracted at step 208.
Each ion input signal is compared to the baseline threshold value (also sometimes called the
"baseline") at step 210. If the ion input signal value exceeds the baseline threshold value, the
ion input signal is multiplied at step 212 with the compensation factor computed in step 206. If
the ion input signal value is below the baseline threshold value, then that signal is excluded
from multiplier step 212, and instead step 208 is repeated. That is, the next ion signal is
extracted at step 208 and the inquiry is made at step 210 as to whether the next ion signal is
above the baseline threshold value. The process sequence of steps 208, 210 and 212 are
repeated until all ion signals in a scan are evaluated. Thus, signals below the baseline threshold

value are excluded from the compensation correction, and thus they are not increased or
decreased.

[31] Experiments were conducted wherein the multiplier voltage and corresponding
compensation factor were varied and applied to various mass scans. FIG. 3A shows various
instrument values, including voltage multiplier data for one experiment. FIG. 3B shows the
resulting electronic baseline signal when a voltage multiplier of 1 kV is applied to the gain of
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.



[32] Referring to FIG. 5, a mass chromatograph produced by methods of the present
invention is illustrated. Specifically, a full mass scan was run having a mass range of 50 to 450.
A triple quad type mass spectrometer was used with an EI source. The sample tested was
vegetable extract spiked with pesticide standards. The scan produced a real peak at 502. Of
particular advantage, false peaks are substantially eliminated in the resultant spectrum. In fact,

the spectrum shows no false peaks 504 where they would otherwise have been present had the
inventive method not been applied.

[33] The foregoing methods and description are intended to be illustrative and are not
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.



What is claimed is:

1. A method of minimizing false peaks in a mass spectrometer having an ion detector
that uses extended dynamic range techniques in forming a detector output signal, the
method comprising the steps of:
initially measuring a plurality of baseline electronic signals characteristic of the mass
spectrometer;
setting a Baseline threshold value equal to one of:

(i) Baseline threshold value=baselin€aycraget(baselinema—baselinemn)
where baselineayverage 1S an average of the plurality of baseline electronic signals,
baselinem,y is the maximum baseline electronic signal measured and baselinep, is the
minimum baseline electronic signal measured; and

(i) Baseline threshold value = baselinegyerage +SD
where baselin€ayerage 1S an average of the plurality of baseline electronic signals and
SD is a standard deviation of the average of the plurality of baseline electronic
signals;
receiving one or more ion input signals at the ion detector;
comparing each ion input signal to the Baseline threshold value; and
multiplying each ion input signal by a selected compensation factor when the ion
input signal exceeds the Baseline threshold value while excluding those ion input
signals which are below the Baseline threshold value from the multiplication, such
that the output signal includes ion input signals that have been multiplied by the
compensation factor and ion input signals that have not been multiplied by the

compensation factor.

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 claim 1 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.
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4. The method of claim 1 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 non-transitory 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 one of:

(i) Baseline threshold value=baselin€ayerageH(baselinemax—baselinemin)
where baselineaerage 1S an average of the plurality of baseline electronic signals,
baseliney,y is the maximum baseline electronic signal measured and baselinep, is the
minimum baseline electronic signal measured; and

(ii) Baseline threshold value = baselinegyerage +SD
where baselineayerage 1S an average of the plurality of baseline electronic signals and
SD is a standard deviation of the average of the plurality of baseline electronic
signals;
receiving one or more ion signals at the ion detector;
comparing each ion input signal to the Baseline threshold value; and
multiplying each ion input signal by a selected compensation factor when the ion
input signal exceeds the Baseline threshold value, while excluding those ion input
signals which are below the Baseline threshold value from the multiplication, such
that an output signal of the detector includes ion input signals that have been
multiplied by the compensation factor and ion input signals that have not been

multiplied by the compensation factor.

6. The non-transitory computer readable medium of claim 5 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.
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7. The non-transitory computer readable medium of claim 5 wherein the selected
compensation factor is determined based on the intensity of at least one of the

received ion signals.

8. The non-transitory computer readable medium of claim 5 wherein the steps
implemented by the logic of the computer readable memory further comprise
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.

9. The method of claim 5 wherein the steps implemented by the logic of the computer
readable memory further comprise establishing or extracting a multiplier voltage and
determining the selected compensation factor from a lookup table or calibration curve

having compensation factor verses multiplier voltage values.



