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maintained In volatile or persistent memory. Data Is received from the mass analyzer. WWhether the collection contains data records
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recelved records, a new record Is added. |In elther case, the record corresponding to the recelved data record Is updated to reflect
reception of the newly-acquired signal.



wO 2006/128306 A1 I D0 AL AN Y10 0 A0 D 0

CA 02611068 2007-11-30

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f~
International Bureau :

(43) International Publication Date
7 December 2006 (07.12.2006)

(51) International Patent Classification:
GOIN 37/00 (2006.01) GO6F 17/40 (2006.01)
GOIN 30/88 (2006.01) HO1J 49/40 (2006.01)
GOIN 30/72 (2006.01)

(21) International Application Number:
PCT/CA2006/000920

(22) International Filing Date: 2 June 2006 (02.06.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

60/686,918 3 June 2005 (03.06.2005) US

(71) Applicant (for all designated States except US): MDS
INC. DOING BUSINESS THROUGH ITS MDS
SCIEX DIVISON [CA/CA]; 71 Four Valley Dirive,
Concord, Ontario L4K 4V8 (CA).

(72) Inventor; and

(75) Inventor/Applicant (for US only): BLOOMFIELD,

(74)

(81)

(84)

(10) International Publication Number

WO 2006/128306 Al

Nicholas [CA/CA]; 334 Prospect Street, Newmarket,
Ontario L3Y 3V4 (CA).

Agent: TORYS LLP; Suite 3000, 79 Wellington Street
West, Box 270, Td Centre, Toronto, Ontario M5K 1N2

(CA).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR DATA COLLECTION IN RECURSIVE MASS ANALYSIS

NO datermine whether data

in coflection?

Yes

220 Add data to ¢ollection

Update data

200

210

215

225

(57) Abstract: Systems, methods, and
computer programming for collecting data
using a mass spectrometer comprising a
particle detector or other mass analyzer.
A data collection such as a tree or array
structure which includes data records for
storing detected data is maintained in volatile
or persistent memory. Data is received from
the mass analyzer. Whether the collection
contains data records corresponding to
newly-acquired data signals is determined.
If the collection does not contain records
corresponding to the newly-received records,
a new record is added. In either case, the
record corresponding to the received data
record is updated to reflect reception of the
newly-acquired signal.
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System and Method for Data Collection in Recursive Mass Analysis

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States provisional patent application
Ser. No. 60/686,918, filed 3 June 2005 and entitled System and Method for Data Collection 1n

Recursive Mass Analysis.

FIELD OF THE INVENTION

10002 ] The invention relates generally to data collection, and more particularly to

systems and methods for data collection and processing in recursive mass analysis of particles.

INTRODUCTION

10003 ] Mass spectrometry, also called mass spectroscopy, 1s an instrumental approach
that allows for the mass measurement of molecules. Mass spectrometers have become pivotal for
a wide range of applications in the analysis of inorganic, organic, and bio-organic chemicals.
Examples include dating of geologic samples, drug testing and drug discovery, process
monitoring in the petroleum, chemical, and pharmaceutical industries, surface analysis and the
structural identification of unknowns. Further, mass spectrometry is being continually improved
and has recently had significant advances 1n 1ts application to molecular biology, where 1t 1s now

possible to analyze proteins, DNA, and even viruses.

10004 ] A mass spectrometry system typically includes an ion source, a mass analyzer,
and a data collection device interfaced with or integral to a computer, data processor, or other
controller. The combination of such devices enables a mass spectrometer to determine the
molecular weight of chemical compounds by 1onizing, separating, and measuring molecule-sized
particles according to their mass-to-charge ratios (m/z). Ions may be generated in the 1onization
source by inducing either the loss or the gain of charge (e.g. electron gjection, protonation, or
deprotonation). Once 10ons are formed they can be directed into a mass analyzer and detected. The

1onization and detection of a mass using a mass spectrometer can be used to generate a mass-to-

charge ratio (“m/z”) spectrum that can provide molecular weight information.
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|00035] A high resolution mass spectrometer can typically detect ions of hundreds of
thousands of possible mass-to-charge ratios. Typically, data collected during a scan 1s stored in
volatile or persistent memory 1n a large array-type data structure having hundreds of thousands of
bins, or unique addresses, each bin associated with an identifier corresponding to a possible mass-
to-charge ratio that can be detected by the spectrometer. As data is received during a scan, bins
corresponding to detected mass-to-charge ratios are incremented to reflect the detection. This
approach allows for and indeed requires the use of enough memory to hold the largest possible
spectrum. However, 1n a typical scan, only 20% of the total spectrum range is actually detected.
Hence, a scan 1s generally followed by a compression procedure in which the array holding the
scan results 1s compressed to eliminate those bins which hold intensity values below a desired
threshold - for example, those bins for which the 1ons associated with the corresponding nm/z

ratios have not been detected.

[0006] For example, during a typical scan using a spectrometer adapted for time-of-flight
(TOF) mass analysis, a spectrometer will maintain an array of up to 500,000 bins. This can then
result in 500,000 post-scan iterations to compress the array to a more manageable mass intensity
patr list which requires significantly less memory for storage. The storage and processing
demands of a scan can increase dramatically where a scan needs to be acquired in multiple
segments or at higher rates. For example, if a scan has 3 segments and is to be acquired
recursively at intervals of 0.3 second using prior art techniques, then effectively 3*500,000/0.3
post-scan 1terations will be performed to compress the array. Compressions involving arrays of
such magnitude can require relatively large amounts of processor resources, and therefore can
impose relatively long times between scans. Such post-scan processing can therefore result, for

example, in missed scanning opportunities, in which compounds of interest are potentially lost.

SUMMARY OF THE INVENTION

(0007] The invention provides systems, methods, and computer programming useful for
the collection, storage, and other processing of data acquired in mass analyses using mass

spectrometers.

[0010] According to an aspect of the invention there 1s provided a method of collecting
data using a mass spectrometer comprising a particle detector or other mass analyzer. A data
collection such as a tree or array structure which includes bins for storing detected data is

maintained in volatile or persistent memory. Data is received from the detector. Whether the
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collection contains a bin corresponding to a received data record is determined. If the collection
does not contain a bin corresponding to the received data record, a bin corresponding to the data
record 1s added. In either case, the bin corresponding to the received data record is then updated

to reflect its reception.

[0011] In related aspects, the invention provides methods of recording data acquired by
mass analyzer in data sets comprising pluralities of data records. The data records comprise
unique 1dentifiers associated with corresponding mass-related data signals and counters. The
methods are performed by data processor communicatively linked to the mass analyzers, and
comprise receiving mass-related data signals and determining unique identifiers associated with
the mass-related data signals, such as mass-to-charge ratios and./or times of flight of ions detected
by the mass analyzers. If the unique identifiers associated with the mass-related data signals
correspond to unique identifiers of existing data records, counters associated with the existing
data records are increased, so that for example the number of corresponding data signals received
by the data processor may be counted. If the identifiers associated with the newly-acquired data
signals do not correspond to identifiers of existing data records, new data records comprising the
new identifiers are created. Data sets so created may be stored in volatile and/or persistent

memories associated with the data processors.

10012] In other aspects, the invention provides computer programming media and

systems for creating data sets in accordance with such methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The mvention will now be described by way of example only, and with reference

to the accompanying drawings, in which:

Figure 1 is a schematic block diagram of a mass spectrometry system suitable for

use i implementing the invention.

Figure 2 1s a schematic block diagram of a controller suitable for use in

implementing the invention.

Figures 3 and 4 are schematic block diagrams of components suitable for use in

implementing the invention.
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Figure 5 1s a schematic diagram of a data set accordance with the invention.

Figure 6 1s schematic flow chart of a method for collecting data in accordance

with the invention.

Figure 7 is a schematic block diagram of components suitable for use in

implementing the invention.

Figures 8 - 10 are schematic diagrams of data sets accordance with the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] Figure 1 shows basic components of a mass spectrometry system 10 suitable for
use 1n implementing the invention. System 10 comprises ion source 12, including for example a
liquid chromatography column, 12 coupled to a mass spectrometer 14 capable of conducting
multiple stages of mass spectrometry. Examples of such a system include the QSTAR®, API
3000™ and API 4000™ LC/MS/MS systems marketed by MDS Sciex, although those skilled in
the art will appreciate that the invention can be implemented using any suitably-controlled system
that has MS and MS/MS or other multi-MS capabilities (e.g., a 3D trap or time-of-flight (TOF)
analyzer). Data acquisition controller 54 enables automated MS to MS/MS acquisition for

maximum efficiency of extraction of information from a single or multiple LC/MS runs.

[00135] Controller 54 is adapted for receiving, storing, and/or otherwise processing data
signals acquired or otherwise provided by mass spectrometer 14, and for providing command
signals adapted tfor the control of operations performed by mass spectrometer 14. Controller 54
can further provide a user interface suitable for controlling the MS system 10, including for
example input/output devices suitable for accepting from the user and implementing system
commands, displaying and otherwise controlling output, etc.. In particular, controller 54 can be
adapted for processing data acquired by mass spectrometer 14 and providing to mass spectrometer
14 command signals for use in controlling mass analyses conducted by the spectrometer,

determined at least in part on information generated by the processing of such data.

[0016] Controller 54 can comprise any data-acquisition and processing system(s) or
device(s) suitable for use in accomplishing the purposes described herein. Controller 54 can

comprise, for example, a suitably-programmed or -programmable general- or special-purpose

-4 -
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computer, or other automatic data processing equipment, with associated programming and data
acquisition and control devices. Controller 54 can be adapted, for example, for controlling and
monitoring ion detection scans conducted by mass spectrometer 14; and for acquiring and
processing data representing such detections by mass spectrometer 14 of ions provided by, for

example, liquid chromatography (LC) column 12, as described herein.

10017] Accordingly, controller 54 can comprise one or more automatic data processing
chips adapted for automatic and/or interactive control by appropriately-coded structured
programming, including one or more application and operating system programs, and any
necessary or desirable volatile or persistent storage media. As will be understood by those skilled
in the relevant arts, a wide variety of processors and programming languages suitable for
implementing the invention are now available commercially, and will doubtless hereafter be
developed. Examples of suitable controllers, comprising suitable processors and programming
are those incorporated in the QSTAR®, API 3000™ and API 4000™ LC/MS/MS systems
available through MDS Sciex of Ontario, Canada.

[0018] Ion sources suitable for use in implementing the invention can comprise any LC
column or other 1on source 12 compatible with the purposes disclosed herein. For example, as
will be apparent to those skilled in the relevant arts, any liquid chromatography or other
sustained-release 1on source(s) will serve. The invention can be particularly effective when
implemented in combination with LC columns and other ion sources that produce sustained or

other streams of 1ons of varying character.

10019] Mass spectrometer 14 can comprise any ion detector and/or other mass
analyzer(s) compatible with the purposes disclosed herein. For example, as will be apparent to
those skilled in the relevant arts, 3D iton traps, TOF detectors, and ‘other types of mass
spectrometers will serve. The invention is particularly useful in combination with mass

spectrometers capable of repeated or recursive scans or other samplings of ion groups.

[0020] Mass spectrometer 14 comprises a detector that allows mass spectrometer 14 to
generate data signals signal in accordance with the ions that have been detected. Such data
signals generally include mass-related signals corresponding directly or indirectly to
characteristics of 10ns detected by the mass analyzer(s) comprised by mass spectrometer 14. For
example, according to an embodiment in which a TOF process is used for mass analysis, different

1ons reach the detector at different times. For example, smaller ions can reach the detector first

-5 .
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because of their greater velocity and larger ions can take longer. Thus, m/z may determined
according to an ions' time of arrival at the detector, through the use of mass-related data signals

representing the time of flight of the ions within the TOF mass analyzer.

10021] Referring to Figure 2, a controller 54 and its relation to a mass detector 50 of
mass analyzer 14 is shown in greater detail. In an example embodiment detector 50 of mass
spectrometer 14 comprises a four-anode detector, each anode shown as 50;. 50,, 50; and 504, such

as is often incorporated in a TOF mass analyzer; a constraint fraction discriminator (CFD) 62; a
time digital converter (TDC) 66, and signal collection device 58 When one or more ions strike
any of the four anodes 50; through 50,, they cause an electron cascade which generates
corresponding pulses, i.e., a mass-related data signals, which can be sent though a constant
fraction discriminator (CFD) 62. In other embodiments, detector 50 can operate by inducing a
current generated by a moving charge to produce such signals. In yet other embodiments detector

50 can include an electron multiplier, or a scintillation counter, and convert the Kkinetic energy of

incident ions into a cascade of secondary electrons to provide such signals. These and all other

suitable types of detectors are within the scope of the contemplated invention.

[0022] It has been found that NIM, TTL, and other pulses serve well for providing data
signals suitable for use in implementing the invention. NIM signals can be triggered, for

example, at -0.8 volts, while TTL signals generally provide +5 volt signals.

[0023] For many types of analysis now conducted using systems according to the

imvention, NIM pulses are found to be particularly efficient, particularly where high speed is

required. Thus in one presently-implemented embodiment, the output signal from CFD 62 is a

single-15 nanosecond NIM pulse which is routed into the time digital converter (TDC) 66. In

other embodiments the mass-related signal output of CFD 62 can take different forms. TDC 66

stores the time of arrival relative to the pusher pulses in mass analyzer 1 4 in a short (First In First

Out) FIFO queue Q.

[0024] A number of CFDs suitable for use in implementing the invention are now
available commercially. One example is the Ortec 975 Quad CFD, which provides a pulse width

or signal duration of approximately 5 - 20 nanoseconds. For many types of analysis using

equipment of the type described herein, 15-nanosecond pulses have been found to serve well.
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10025] A number of TDCs suitable for use in implementing the invention are currently
available commercially. One example that has been used successfully is provided by Ionwerks. It
is noted that ADCs are also suitable for use in implementing the invention, particularly where
suitable hardware or digital signal processing (DSP) thresholding is applied to data signals

provided by the mass analyzer.

[0026] In the example shown, connection 70 transfers the arrival time signals from the
FIFO queue 1n TDC 66 to an input device 74 located in or otherwise communicatively associated
(1.e., communicatively linked) with signal collection device 58. In a present embodiment, input
device 74 comprises a HotLink high speed senial controller and connection 70 comprises a
HotLink high speed serial cable operable to connect properly equipped peripherals to computing
devices. In other embodiments, input device 74 can comprise other types of input controllers,
such as a FireWire, universal serial bus (USB) or high speed parallel port controller; and
connection 70 can include other types of cables or connections that are suitable for the type of
input device used. Referring back to Figure 2, a single mass-related data signal representing time
of thight stored in queue Q is depicted as oval A, and its movement in the system i1s shown by the
dotted arrow. In a present embodiment, the digitized data includes a value representing the arrival

time of an ion and is represented as the oval A in Figure 2.

(0027} Referring now to Figure 3, a block diagram of internal components useful in
implementing a data collection device 58 are shown. In a present embodiment, the collection
device 58 comprises a standard dual processor micro computer such as a Dell Precision 670
manufactured by Dell corporation of Round Rock, Texas. It should be noted that in other
embodiments, other types of equipment such as single or multiple processor micro computers,
mini1 computers, or dedicated proprietary electronic boards could be used as collection device 58.
Any computer or other data processor suitable for use in accomplishing the purposes disclosed

herein will serve.

[0028] In the embodiment illustrated in Figure 3, device 58 includes at least one
processor 78. Processor 78 1s connected to a read-only-memory (“ROM”) 82, which can store
programming media suitable for use in causing processor(s) 78 to execute a plurality of
applications that enable device 58 to perform the various functions disclosed herein. Processor(s)
78 are also connected to a random access memory unit (“RAM”) 86 and a persistent storage
device 90 which is responsible for various non-volatile storage functions of device 58. Processor

78 can send output signals to various output devices including display 94. Processor(s) 78 can

-7 -
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comprise any digital signal processors suitable for use in implementing the processes disclosed

herein.

[0029] Device 58 can also receive data from connection 70 through controller 74 as
described above, so that for example processor(s) 78 are communicatively linked, via any

intermediate devices such as TDC 66 and/or CFD 62, to detector 50 of mass analyzer 14, Thus

controller 54 and/or processor(s) 78 are operable, among other purposes, to transfer the mass-

related data signals received from mass analyzer 14 directly to RAM 86. In some embodiments,
controller 54 is operable to transfer the data signals to RAM 86 directly, without going through

processor 78. In a present embodiment controller 54 further 1s operable to access memory

directly using the direct memory access (DMA) protocol. In other embodiments, other protocols

could be used for accessing RAM 86 directly. Accordingly, in a present embodiment, controller

54 receives time data A through connection 70. Referring back to Figure 3, controller 54 is
operable to move data A into a first in first out (FIFO) buffer B which can reside in memory 86.
In a present embodiment, buffer B is 2 megabytes, but in other embodiments size buffer B can be
varied according to various parameters such as length of scan, speed of data arrival into buffer B,
and speed of removal of data from buffer B. All these and other variations are within the scope of

the invention.

[0030] Thus, as will be understood by those skilled in the relevant arts, processor(s) 78
can receive mass-related data signals from the mass analyzer 14 and determine unique identifiers

corresponding to characteristics of the data signals. For example, using appropriate mathematical
relations, which are well known to those skilled in the relevant arts, data signals representing time
of flight within a TOF mass analyzer can be converted to values representing mass-to-charge
ratios, each distinct m/z ratio being useful as a unique identifier associated with a data record
corresponding to that m/zratio and useful for determining a number, or charge intensity, of ions

of that m/z ratio detected by mass analyzer 14, as described herein.

(0031} Referring now to Figure 4, device 58 also assembles and maintains in RAM 86 a
collection or set C of data which can include, for example, data records corresponding to or
otherwise associated with data signals provided by or otherwise acquired from mass spectrometer
14, as described herein. Data signals from buffer B can, for example, be transferred into set C
from mass spectrometer 14 during the course of an ion scan. In a present embodiment, each scan
typically lasts from approximately 100 milliseconds to 2000 milliseconds. Accordingly, in a

present embodiment, set or collection C contains a spectrum of values representing ion arrival
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times corresponding to a m/z spectrum that can be collected by spectrometer 14 during a 100-to
2000-millisecond scan. Moreover, in a present embodiment, the resolution of spectrometer 14
can be such that up to 5,000,000 distinct possible arrival time values at which ions can be detected

in a scan.

5 [0032] As will be appreciated by those skilled in the relevant arts, once they have been

made familiar with this disclosure, data set C can be implemented in a wide variety of ways. In
one presently-implemented embodiment, for example, data set C is implemented in the form of a
binary tree. For example, collection C can be implemented using binary tree templates provided
in Standard Template Libraries (STL) as published by SGI Inc. As shown in Figure 5, each node,
10 or data record, of binary tree collection C comprises two elements corresponding characteristics of
a mass-related data signal acquired from mass spectrometer 14, namely, in the example shown,
to mass intensity pairs comprising mass-to-charge ratios and cumulative signal intensity. The left
element, in the embodiment illustrated, comprises a value representing arrival time values, which
correspond to m/z ratios, and are also used as keys, i.e., as unique data signal identifiers. The
15 right element stores an ion count associated with that arrival time value. In a present
embodiment, the data in binary tree collection C is stored according to known binary tree
protocols, in an ordered fashion according to the key, or unique identifier, e.g., m/z ratio. For
example, the left descendant or child of a node has a larger key value than the right descendant. It
should be noted, however, that in other embodiments, other data structures such as hash tables,

20 and linked lists can also be used. All data structures consistent with the purposes and processes

disclosed herein are considered to be within the scope of the invention.

(0033] Referring now to Figure 6, a method for collecting data using a mass

spectrometer scan 1s indicated generally at 200. In order to assist in the explanation of the

method, it will be assumed that method 200 i1s performed by a system 10 including a spectrometer
25 14, as described herein. Furthermore, the following discussion of method 200 will lead to further
understanding of system 10 and its various components. However, it 1s to be understood that
system 10 and/or method 200 can be varied, and need not work exactly as discussed herein in

conjunction with each other, and that such variations are within the scope of the present invention.

[0034] At the beginning of a scan, binary tree data set C is empty. Performance of
30 method 200 can start at any time during a scan or after a scan is complete, as for example where
all scanned data is stored in a suitable buffer. In a present embodiment, performance of method

200 starts as soon as data is available in buffer B. To simplify the explanation of the method,
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however, it will be assumed that a scan has already started and collection C has already received a

number data points and has been built up to the point shown in Figure 5.

[0035 ] Referring back to Figure 6, at 210 a mass-related data signal_is received by_a
processor(s) 78 from mass analyzer 14. As shown in Figure 7, in a present embodiment, data
signal A;, which represents an arrival time value of 875,000, is read from buffer B by the
processor(s) 78 and becomes the received data. At 215, it is determined whether any data record
comprising information corresponding to the time value 875,000, which may be used within the
data set as a unique identifier of a corresponding data record, already exists within data set C.

Specifically, collection C is searched to determine whether a node, or data record, corresponding

to the key value or unique identifier of 875,000 exists. In the current example, such a node does

not exist, and processor(s) 78 proceed to step 220 of method 200.

[0036] No corresponding data record being found within the existing data set, at 220 a
new node is added. Specifically, as shown in Figure 8, a node corresponding to time value (and
thus key) 875,000 is added. Also, shown in Figure 8, the newly-created data record

comprises an associated counter value with an initial value of 1. At 225,node corresponding to the
newly-received data signal is updated. Specifically, as shown in Figure 9, the counter of the node

is incremented to reflect that an ion with the corresponding time, m/z, or other mass-related

value has been received.

[0037] In another performance of method 200, it can be assumed that a data signal
received at 210 corresponds to time value 250,000. Accordingly, as shown in Figure 9, during the
performance of 215 it will be determined that a data record or node corresponding to the

received signal already exists, advancing the performance of method 200 to 225, thus skipping the
performance of 220. Performance of 225 can then result in the increment of count value at node

250,000, as shown in Figure 10, from a value of 17 to a value of 1 8.

[0038] Performance of method 200 can be repeated as many times as there are data

signals in buffer B. In an example embodiment, a data signal is received from buffer B every 5
milliseconds. However, as it will be apparent to those skilled in the art, the frequency of method

200's performance can be adjusted according to various parameters such as scan speed, speed of

processing and connection speeds. These and other variations are within the scope of the

invention.

10 -
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[0039] In other aspects, the invention provides computer programming media adapted for

causing one or more data processors to record data acquired by a mass analyzer in accordance with
the methods and processes described herein. As will be readily appreciated by those skilled in the
relevant arts, a wide variety of programming languages and structures may be used to

5 implement the invention. For example, assembly language codes or high-level languages such as
any of the C variants, FORTRAN, or COBOL could be used to implement a wide varicty of
suitable routines, modules, and applications comprising suitably-adapted machine instructions.
The selection of suitable language and programming structure combinations will not trouble those

skilled in the relevant arts, when they have been made familiar with this disclosure.

10 [0040] While only specific combinations of the various features and components of the
present invention have been discussed herein, it will be apparent to those of skill in the art that
subsets of the disclosed features and components and/or alternative combinations of these features
and components can be utilized, as desired. For example, a scan can comprise multiple segments,
each requiring a different collection C. Moreover, spectrometer 14 could contain multiple

15 detectors, as in the case of a quadripole spectrometer, each feeding data into separate channels in
one controller or a single channel in separate controllers. Each of these channels can then feed
data into a different buffer, and the data from different buffers can be collected in different
collections C. Hence a scan can yield multiple data collections C. For example, if a spectrometer

has four detectors and a scan is completed in 3 segments, a total of 12 separate collections C will

20 be generated per scan.

(004 1] In further wvariations, detected data signals could include an intensity wvalue
representing the detector response caused by single ions, or by groups of i1ons detected
simultaneously. Accordingly, data signal A transmitted to collection C would have an additional

associated value corresponding to a value by which to increment the counter of a node.

25 [0042] In yet another variation there may be no buffers, and method 200 could be

applied to data as they are received by input device 74.

[0043] The above-described embodiments of the invention are intended to be examples
of the present invention and alterations and modifications may be effected thereto, by those of
skill in the art, without departing from the scope of the invention which is defined solely by the

30 claims appended hereto. The invention is therefore not to be limited to the exact components or

details of methodology or construction set forth above. Except to the extent necessary or inherent

-11-



CA 02611068 2007-11-30
WO 2006/128306 PCT/CA2006/000920

in the processes themselves, no particular order to steps or stages of methods or processes
described 1n this disclosure, including the Figures, is intended or implied. In many cases the order

of process steps may be varied without changing the purpose, effect, or import of the methods

described.

- 12 -
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What is claimed is:

1. A method of recording data acquired by a mass analyzer in a data set comprising a

plurality of data records, the data records comprising unique identifiers associated with
corresponding mass-related data signals and counters, the method performed by a data processor

communicatively linked to the mass analyzer and comprising:

a. receiving a mass-related data signal;
b. determining a unique identifier associated with the mass-related data signal;
C. if the unique identifier associated with the mass-related data signal corresponds to

a unique identifier of an existing data record, incrementing a counter associated
with the data record;
d. else, creating a data record comprising the unique identifier and an associated

counter, the data record stored in a tree data structure.

2. The method of claim 1, comprising storing the data set in persistent memory.

3. The method of claim 1, wherein the mass-related data signal represents a mass-to-charge

ratio of an ion detected by the mass analyzer.

4, Computer programming media adapted for causing a data processor to record data
acquired by a mass analyzer in a data set comprising a plurality of data records by causing the

data processor to:

a. recelve a mass-related data signal;
b. determine a unique identifier associated with the mass-related data signal;
C. if the unique identifier associated with the mass-related data signal corresponds to

a unique 1dentifier of an existing data record, increment a counter associated with

the data record;

d. else, create a data record comprising the unique identifier and an associated

counter, the data record stored in a tree data structure.

5. The programming media of claim 4, adapted for causing the data processor to store the

data set in persistent memory.

6. A system useful for recording data, comprising:

- 13-
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a mass analyzer adapted to detect ions provided by an i1on source;

a processor and memory associated with the processor, the processor adapted to:

a. receive a mass-related data signal;
b. determine a unique identifier associated with the mass-related data signal;
C. if the unique identifier associated with the mass-related data signal

corresponds to a unique identifier of an existing data record, increment a

counter associated with the data record;

d. else, create a data record comprising the unique identifier and an

associated counter, the data record stored in a tree data structure.

7. The system of claim 6, wherein the mass-related data signal represents a mass-to-charge

ratio of an ion detected by the mass analyzer.

8. The system of claim 6, wherein the mass analyzer comprises a time-of-flight mass
analyzer.
0. The system of claim 8, wherein the mass-related data signal corresponds to a time of

flight of an ion detected by the mass analyzer.

10. The system of claim 6, wherein the ion source comprises a liquid chromatography

column.

- 14 -
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