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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date Χ i t £ . t t A

10 May 2012 (10.05.2012) WO 2U12/U61155 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G06F 19/10 (201 1.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US201 1/057747 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

25 October 201 1 (25.10.201 1) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(30) Priority Data: ZM, ZW.
61/406,255 25 October 2010 (25.10.2010) US
61/406,251 25 October 2010 (25.10.2010) US (84) Designated States (unless otherwise indicated, for every

61/406,259 25 October 2010 (25.10.2010) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(71) Applicant (for all designated States except US): AC- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD,
CURI CYTOMETERS, INC. [US/US]; 173 Parkland RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
Plaza, Ann Arbor, MI 48103 (US). DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,

LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,(72) Inventor; and
SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM,(75) Inventor/Applicant (for US only): RICH, Collin, A.
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).[US/US]; 3530 Cloverlawn Avenue, Ypsilanti, MI 48197

(US). Published:

(74) Agent: SCHOX, Jeffrey; 500 3rd Street #5 15, San Fran — without international search report and to be republished
cisco, CA 94107 (US). upon receipt of that report (Rule 48.2(g))

(54) Title: SYSTEMS AND USER INTERFACE FOR COLLECTING A DATA SET IN A FLOW CYTOMETER

FIGURE 1
13

(57) Abstract: Systems in a flow cytometer having an interrogation zone and illumination impinging the interrogation zone in

clude: a lens subsystem including a collimating element that collimates light from the interrogation zone, a light dispersion ele
ment that disperses collimated light into a light spectrum, and a focusing lens that focuses the light spectrum onto an array of adj a
cent detection points; a detector array, including semiconductor detector devices, that collectively detects a full spectral range of
input light signals, in which each detector device detects a subset spectral range of the full spectral range of light signals; and a
user interface that enables a user to create a set of virtual detector channels by grouping detectors in the detector array, such that
each virtual detector channel corresponds to a detector group and has a virtual detector channel range including the sum of subset
spectral ranges of the detectors in the corresponding detector group.



SYSTEMS AND USER INTERFACE FOR

COLLECTING A DATA SET IN A FLOW CYTOMETER

CROSS-REFERENCE TO RELATEDAPPLICATIONS

[0001] This application claims the benefit of US Provisional Application numbers

61/406,251 entitled "Detection system for a flow cytometer" and filed 25-OCT-2010,

61/406,255 entitled "Optical and detection system for a flow cytometer" and filed 25-

OCT-2010, and 61/406,259 entitled "User interface for a detection system in a flow

cytometer" filed 25-OCT-2010, which are each incorporated in its entirety by this

reference.

TECHNICAL FIELD

[0002] This invention relates generally to the flow cytometer field, and more

specifically to a new and useful systems and user interface in the flow cytometry field.

BACKGROUND

[0003] In a flow cytometer, light is directed onto a stream of sample fluid such

that the light impinges and typically excites particles in the sample, causing the excited

particles to emit light. The detection of the emitted light provides data that can be

analyzed for characterizing the particles and the sample fluid, such as count, physical

structure, chemical structure, and other useful information in applications such as for



research and clinical purposes. The detection system is therefore a crucial component of

a flow cytometer and is a factor in not only the quality (e.g., sensitivity, bandwidth) of

the collected data, but also the overall structure and cost of the complete flow cytometer

system. In conventional flow cytometers, the detection system includes photomultiplier

tubes, or PMTs, which have relatively high sensitivity and high bandwidth, and produces

data with relatively low noise. However, PMTs have several disadvantages, such as being

relatively expensive and exhibiting temperature drift.

[0004] Furthermore, a typical flow cytometer detector has a limited collection

range. In simple terms, the collection range of a typical flow cytometer is smaller than

the signal range of the objects being analyzed with the flow cytometer. For this reason,

the typical detector is supplied with a gain level and/or amplifier. Detectors typically

collect data relative to an object's size (light scatter) or brightness (fluorescence); both

types of data are often collected on each object detected in the sample. To collect signals

from small or faint objects, the gain level is increased. With an increased gain level,

however, the signals from large or bright objects are too intense to be collected. To

collect signals from large or bright objects, the gain level is decreased. With a decreased

gain level, however, the signals from small or faint objects are too weak to be collected.

The setting of gain level and other parameters is complicated and difficult. The

limitations of the user interface of typical flow cytometer systems have several

disadvantages, including: (l) the expenditure of valuable user time spent on the gain-

setting process to ensure it is set correctly; (2) the requirement of significantly more

sample to determine the proper gain settings; (3) the potential loss of valuable data



because at least a portion of input signals are outside of the user-set "active" dynamic

collection range and are therefore not collected, and (4) the inability to observe and

"undo" changes in user-set gain/scaling settings without running additional samples.

[0005] The use of detectors in flow cytometers is also complicated by complex

optical systems. To use a conventional optical system, beam splitters and filters must be

arranged in a very particular order to properly direct light of particular wavelengths to

the appropriate detectors. Rearrangement of the optical system is required whenever a

different wavelength detection configuration is required, such as experiments or tests

using different fluorochromes. A user must skillfully perform this rearrangement, or the

detector system will not function correctly. This limitation prevents the easy swapability

of the filters and the easy modification of detection parameters. Further, the particular

arrangement of the optical system decreases the reliability and the ruggedness of the

flow cytometers, since alignment of the various optical components affects the

operability of the detection system.

[0006] Thus, there is a need in the flow cytometry field to create new and useful

systems and user interface. This invention provides such new and useful systems and

user interface for collecting a data set in a flow cytometer.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIGURE 1 is a schematic of the optical system of a preferred embodiment;

[0008] FIGURE 2 is a schematic of a signal processing circuit for the detection

system of a preferred embodiment;



[0009] FIGURE 3 is a schematic of the detection system and virtual detector

channels of preferred embodiments;

[0010] FIGURES 4A and 4B are flowcharts of a method for collecting a data set,

enabled by the user interface of first and second preferred embodiments, respectively;

[001 1] FIGURES 5A-5E are schematics of variations of a method for collecting a

data set, enabled by the user interface of the first preferred embodiment; and

[0012] FIGURES 6A-6F are schematics of variations of a method for collecting a

data set, enabled by the user interface of the second preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[001 3] The following description of preferred embodiments of the invention is not

intended to limit the invention to these preferred embodiments, but rather to enable any

person skilled in the art to make and use this invention.

[0014] In a preferred embodiment, systems for collecting a data set in a flow

cytometer include optical and detection systems in a flow cytometer 102 having a flow

channel with an interrogation zone and an illumination source that impinges the

interrogation zone from a particular direction. As shown in FIGURE 1, the optical

system 100 preferably includes a lens subsystem including a collimating element that

receives and collimates light from the interrogation zone, a light dispersion element that

disperses the collimated light into a continuous wavelength spectrum of light, and a

focusing lens that focuses light spectrum onto an array of adjacent detection points. The

detection system 200 for a flow cytometer includes at least one semiconductor detector



device that detects the focused light at a detection point and produces a signal

corresponding to the detected light; a low noise amplifier circuit that amplifies the

signal and is characterized by a high gain-bandwidth product; and a noise filter that

reduces electronic noise from the amplified signal. The detection system 200 preferably

includes multiple such detectors in a detector array that collectively detects a full

spectral range of input signals from the flow cytometer, in which each detector detects a

subset spectral range of the full spectral range. The user interface 300 of a preferred

embodiment enables a user to create a set of virtual detector channels by grouping

detectors in the detector array, such that each virtual detector channel corresponds to a

detector group and has a virtual detector channel range including the sum of subset

spectral ranges of the detectors in the corresponding detector group.

[0015] The systems and user interface of the preferred embodiments eliminate

the discrete and complex system of detectors and filters used in conventional flow

cytometers, thereby simplifying the overall flow cytometer system and enabling a more

compact, easier to use flow cytometer. The optical and detection systems also capture all

usable light, thereby increasing the power and usability of the flow cytometer. Although

the optical and detection systems and user interface are preferably integrated in a flow

cytometer, the systems and user interface may alternatively be used in microscopy

and/or any suitable apparatus or application for collecting and detecting light.

Optical System



[0016] As shown in FIGURE l , the optical system 100 preferably includes a lens

subsystem including a coUimating element n o that receives and collimates light from

the interrogation zone, a light dispersion element 120 that disperses the collimated light

into a continuous wavelength spectrum of light, and a focusing lens 130 that focuses

light spectrum onto an array of adjacent detection points 132, such that a detector array

may collect the focused light at the adjacent detection points 132. The optical system

100 may further include a clean-up element that reduces spurious reflections and/or

other undesired optical artifacts. In one embodiment, the optical system 100 receives

and directs light towards a detection system that includes photodiode light detectors,

but may alternatively receive and direct light toward a detection system that includes

phototransistor light detectors, or any suitable detector.

[0017] The lens subsystem includes multiple lens and/or lens surfaces that

function to manipulate the light from the illumination source into a form and/or to

detection point locations where the light is detectable by a detector array. In a first stage

of the lens subsystem, the coUimating element 110 is preferably a coUimating lens that

aligns light from the interrogation zone, and more preferably an achromatic doublet

lens, but may include any suitable combination of lenses or other coUimating element.

The coUimating element 110 preferably perfectly or near-perfectly collimates the light

into substantially parallel light rays, since the effects of imperfect collimation appear at

subsequent stages of the lens subsystem, resulting in poorly-focused light at the

detection points 132 and thereby degrading the detection of the light originating from

the interrogation zone. As shown in FIGURE 1, the coUimating element 110 may be



coupled to or otherwise optically paired with an aplanatic meniscus lens 112. The pairing

of the collimating element 110 and aplanatic meniscus lens 112 increases the effective

numerical aperture of the first stage of the lens subsystem, thereby increasing the

overall efficiency of light collection from the interrogation zone. The pairing also

reduces the overall focal length of the first stage of the lens subsystem, without

introducing additional undesirable spherical aberrations or other optical aberrations,

which enables the lens subsystem to be made more compact. In one exemplary

embodiment, the collimating element 110 is an achromatic doublet lens with an effective

focal length of approximately 30 millimeters and the aplanatic meniscus lens has an

approximately 50 degree cone, such that the triplet lens combination of the collimating

element and meniscus lens has an effective focal length of approximately 20

millimeters.

[0018] In a second stage of the lens subsystem, the light dispersion element 120

functions to disperse the collimated light from the collimating element 110 into a

continuous wavelength spectrum of light. The light dispersion element 120 is preferably

mounted in alignment with the output of the collimating element, such as in a frame,

and may be permanently fixed or adjustable in position relative to the collimating

element. As shown in FIGURE 1, after passing through the light dispersion element 120,

the light is preferably redirected such that light rays of the same wavelength are parallel

and light rays of different wavelengths are nonparallel at relative angles corresponding

to their relative position in the wavelength spectrum. The light dispersion element 120 is

preferably one of multiple variations. In a first variation, the light dispersion element



120 includes a diffraction grating that splits and diffracts light into a continuous

spectrum of light rays towards the third stage of the lens subsystem. In a second

variation, the light dispersion element 120 includes a dispersive prism that breaks up

the collimated light into a continuous spectrum of light rays towards the third stage of

the lens subsystem. In either variation, the dispersed light may follow a fold angle that is

an acute angle, which may enable a more compact lens subsystem, or any suitable angle.

In an exemplary embodiment, the light dispersion element 120 is a diffraction grating or

prism with a grating of approximately 600 lines/millimeter, and the light dispersion

element provides a fold angle of approximately 22 degrees. However, the light

dispersion element may include any suitable structure with any suitable level of grating

and/or fold angle.

[0019] In a third stage of the lens subsystem, the focusing lens 130 functions to

focus the dispersed, continuous spectrum of light onto an array of adjacent detection

points 132. As shown in FIGURE 1, the focusing lens 130 preferably gathers light of

similar wavelength together such that all light focused on the array of detection points

132 is arranged in spectral order, but the dispersed light may be focused in any suitable

manner. For example, beam splitters or additional stages in the lens subsystem may

redirect selected spectral portions of the dispersed light to be arranged in any suitable

spectral order, and/or focus selected spectral portions of the dispersed light onto

detection points in any suitable location. Each detection point 132 may have a spot size

of approximately 0.8 mm2, or any suitable spot size. The array of detection points 132 is

preferably a linear array. For instance, light corresponding to shorter wavelengths is



preferably focused near a first end of the array of detection points 132, and light

corresponding to longer wavelengths is preferably focused near a second end of the

array of detection points 132, opposite the first end. However, the array of detection

points may alternatively be an arcuate array (e.g., an open arc segment or enclosed circle

or ellipse) or any suitable shape. In an exemplary embodiment, the focusing lens 130

has an effective focal length of approximately 160 millimeters and focuses the light to a

linear array of detection points covering a dispersion distance of approximately 43

millimeters long. However, the focusing lens may be any suitable lens or lens surface,

and may focus the light to any suitable arrangement of detection points.

[0020] In some embodiments, the optical system 100 may further include a clean

up element 140 that functions to reduce undesired optical artifacts or other aspects of

the received light, such as crosstalk from spurious grating reflections. In one variation,

the clean-up element 140 includes an optical filter. For example, the optical filter may be

continuously variable, segmented, upper half, lower half, or any suitable type of filter.

The filter may additionally and/or alternatively block one or more specific wavelengths

from reaching the array of detector points 132, such as the wavelength of a laser or

lasers used to excite fluorescent particles in the interrogation zone. For example, such a

blocking filter may include an optical notch filter, or a thin blocking bar that positioned

at a particular detection point to absorb a particular wavelength or mask the detector

from receiving light of the particular wavelength at the detection point, but the blocking

filter may additionally and/or alternatively include any suitable filtering device. In

another variation, the clean-up element 140 includes a slit grid, which may include any



suitable slit grid known to one ordinarily skilled in the art or other suitable slit grid. The

optical system may include any suitable number of clean-up elements 140. One or more

clean-up elements 140 may be positioned after the light dispersion stage of the lens

subsystem and before or after the focusing stage of the lens subsystem, or in any

suitable portion of the lens subsystem.

Detection System

[0021] The detection system 200 preferably includes one or more semiconductor

light detector devices 212 in a detector array 210. Each semiconductor detector device

212 detects the light at a respective detection point 132 (focused by the optical system

100 described above, or any suitable optical system) and produces an electrical signal

corresponding to the detected light. As shown in FIGURE 2, the detection system 200

preferably further includes signal processing circuitry including: a low noise amplifier

circuit 220 that boosts or amplifies the signal from the detector device 212 and that is

characterized by a high gain-bandwidth product; and a noise filter 230 that reduces

electronic noise from the amplified signal.

[0022] The semiconductor detector device 212 functions to convert light into an

electrical signal having characteristics that correlate with the nature of the light received

from the interrogation zone. The wavelength sensitivity of the detector device 212 is

preferably optimized to detect light between a full range of approximately 400

nanometers and 900 nanometers in wavelength, either a subset of the full range or over

the entire full range. Furthermore, the wavelength sensitivity of the detector device 212



may be optimized to minimize detection of light in the infrared range, such as to avoid

responding to sources of heat in the flow cytometer or other instrument in which the

detection system is integrated. However, the detector devices may be optimized to

detect any suitable range of wavelengths of light.

[0023] The angular sensitivity of the semiconductor detector device 212 may be

optimized to receive light in a cone approximately corresponding to the focused cone of

light emanating from the light focusing element of the optical system described above,

while rejecting stray light passing outside of the cone, which may thereby minimize

sensitivity to light traveling off-axis within the optical system. Furthermore, the

semiconductor detector device 212 may be shielded from any backlight or other ambient

light sources to minimize background noise in the signal and improve the accuracy of

the resulting collected data set from the flow cytometer (or other instrument). The

semiconductor device 212 may additionally and/or alternatively be shielded from

electromagnetic fields to minimize induced electronic noise. Furthermore, the

semiconductor detector device 212 may include temperature compensation to minimize

any temperature-induced changes in gain or linearity of the output signal.

[0024] The semiconductor detector device 212 may be any suitable semiconductor

device or light detector device. In a preferred variation, the semiconductor detector

device 212 is a photodiode, and more preferably a PIN photodiode, although the

photodiode may be any suitable kind of diode. The photodiode preferably has a very low

capacitance, such as approximately 20 pF or less. Since photodiodes with low

capacitance are generally physically smaller and have a smaller light-sensitive region,



the photodiode detector devices 212 are preferably placed at detection points 132 at

which light is well-focused, such as by the optical system described above or any suitable

optical system. The photodiode is preferably configured to output current that correlates

with characteristics of the received light, but may alternatively be configured to output

another suitable electrical characteristic, such as voltage.

[0025] In an alternative variation, the semiconductor detector device 212 is a

phototransistor. Like the photodiode of the preferred variation, the phototransistor

preferably has a very low capacitance and may have a small light-sensitive region such

that the phototransistor requires placement at a detection point receiving well-focused

light. The phototransistor may be configured to provide an output signal having a

substantially linear gain response across the intended light power range of the input

signals, such as by applying a suitable current bias to the base of the phototransistor,

typically in the range of approximately 10 µ η to imA. Furthermore, the output signal

from the phototransistor may be converted from a current signal to a voltage signal,

such as by feeding the output signal into the low-noise amplifier circuit, a load resistor

or other suitable circuitry components. In some embodiments, the phototransistor may

provide additional current gain that may be leveraged to increase gain of the signal

and/or increase the signal-to-noise ratio. In particular, the use of a phototransistor may

reduce the required resistance value of the gain resistor in the amplifier circuit, and

consequently may reduce the thermal noise contribution to overall detector noise.

[0026] The low-noise amplifier circuit 220 functions to convert current input

from the semiconductor detector device 212 to a voltage output and to amplify the signal



from the semiconductor detector device 212. The low-noise amplifier circuit 220

preferably includes a transimpedance amplifier, but may be any suitable kind of

amplifier. The amplifier circuit preferably has a high open-loop gain-bandwidth

product, such as approximately 1 GHz or more. The combination of a semiconductor

detector device 212 having low capacitance and a transimpedance amplifier having a

high gain-bandwidth product may enable the detection system 200 to have high gain (to

amplify the signal from the detector) while maintaining high sensitivity and high

bandwidth. The amplifier circuit 220 may further be characterized with a high feedback

resistance, low voltage noise and low current noise to reduce overall noise in the signal,

and low input capacitance. In an exemplary embodiment, the transimpedance amplifier

has a feedback resistance between 1-20 MOhms and preferably more than

approximately 10 MOhms, voltage noise of less than approximately 5 nV/rtHz, current

noise of less than approximately 5fA/rtHz, and input capacitance less than

approximately 6pF. However, other embodiments of the amplifier circuit may have any

suitable specifications. The amplifier circuit 220 may additionally and/or alternatively

include any suitable electronic components that perform current-to-voltage conversion,

or the detection system may include any suitable conversion circuitry (e.g., a passive

current-to-voltage converter). The amplifier circuit may additionally and/or

alternatively include digital signal processing.

[0027] The noise filter 230 functions to reduce electronic noise and/or photon-

induced noise from the amplified signal, thereby increasing the signal-to-noise ratio.

The noise filter 230 may include a low pass filter that quickly attenuates higher



frequency noise above a predetermined cutoff point. The noise filter 230 may be

implemented in hardware circuitry and/or digitally. In an exemplary embodiment, the

low pass filter includes 120 dB or better attenuation, preferably with a 500 kHz or

smaller transition band. The noise filter may additionally and/or alternatively include

further signal processing techniques such as a smoothing algorithm.

[0028] As shown in FIGURE 3, in a preferred embodiment, the detection system

200 preferably includes multiple semiconductor light detector devices 212 in a detector

array 210 that collectively detects a full spectral range 250 of input signals from the flow

cytometer, and in which each detector detects a subset spectral range 252 of the full

spectral range. However, the semiconductor detector device 212 (e.g. photodiode or

photo transistor) may alternatively be used in any suitable detection system. In an

exemplary embodiment, the detection system detects a full spectral range 250 of input

signals of approximately 400-900 nm, but may alternatively detect any suitable spectral

range of light. Overall, the detection system 200 preferably is configured to have a

bandwidth of at least approximately 400 kHz. However, in some embodiments, such as

for use in flow cytometers having frequency modulated lasers at light sources in the

interrogation zone, the detection system 200 may have a bandwidth of at least

approximately 2 MHz. Alternatively, the detection system 200 may have any suitable

bandwidth. Furthermore, the detector array 210 preferably detects a wide range of input

signals that includes at least a 1:100,000 ratio, and more preferably at least a

1:1,000,000 ratio, between the faintest objects and the brightest objects. In a preferred

embodiment, the detector array 210 is a linear array, such that a dispersed spectrum of



light may be incident on the detector array, with light of shorter wavelengths detected

near a first end of the linear array and light of longer wavelengths detected near a

second end of the linear array opposite the first end. Alternatively, the detector array

210 may be an arcuate array (e.g., an open arc segment or enclosed circle or ellipse) or

any suitable shape, preferably with adjacent and contiguous detector devices 212.

[0029] Each detector device 212 in the detector array 210 preferably detects a

respective portion or subset of the full spectral range 250 of the detection system 200.

In particular, the detector array 210 is preferably capable of detecting a continuous

spectral range of light, and each detector device 212 may be configured to detect a subset

spectral range based on its individual characteristics, and/or by its relative position in

the detector array 210. For example, the detector array 210 may include 50 detectors

that each detects light of approximately 10 nm wavelength increments, from

approximately 400-900 nm. The subset spectral ranges 252 of the detectors 212 may be

of equal span (e.g. each detector detects, as a result of capability and/or respective

position in the detector array, a subset range of 10 nm in the full spectral range), or may

be of unequal span. In some embodiments, some or all of the detectors may detect light

of overlapping spectra. For example, one detector may detect light of 510-530 nm, and

an adjacent detector may detect light of 520-540 nm, such that the two adjacent

detectors both detect light of 10 nm (520-530 nm). However, the detector array 210 may

include any suitable number of detectors, and the detectors may detect any suitable

wavelength ranges of light and/or overlapping wavelength ranges of light. The

"spillover" spectral overlap resulting from detection of a particular wavelength of light



by multiple detectors may be automatically compensated by techniques known and used

by one ordinarily skilled in the art, compensated by user-controlled techniques, and/or

any suitable compensation methods. Although the detector array 210 preferably detects

a continuous spectral range of light, the detector array may alternatively detect a

discontinuous spectral range of light, or selected subsets of the full spectral range 250 of

light.

[0030] As shown in FIGURE 3, individual detectors may be grouped into virtual

detector channels 240, and/or actual detector channels, through which the data set from

the flow cytometer or other instrument may be collected. Each virtual detector channel

240 corresponds to a detector group and has a virtual detector channel range 242 that

includes the sum of the subset spectral ranges 252 of the detectors in the corresponding

detector group. In other words, each virtual detector channel 240 includes the summed

or combined input signals collectively detected by the individual detectors 212 in the

detector group corresponding to the virtual detector channel 240. Some or all of the

virtual detector channels may include substantially equal virtual detector channel

ranges or unequal virtual detector channel ranges. In particular, the detectors may be

grouped in a first configuration corresponding to a first set of virtual detector channels

240 and in a second configuration corresponding to a second set of virtual detector

channels 240, where the first and second configurations are different. In other words,

the grouping of signals from the detectors may be arranged and repeatedly rearranged

in different groups between uses and applications, without requiring physical

rearrangement of the components of the optical system and detection system.



User Interface

[0031] The user interface 300 for a flow cytometer is used to enable the grouping

of detector signals to form virtual detector channels through which data is collected and

organized. As shown in FIGURES 4A and 4B, in preferred embodiments, the user

interface 300 provides a method for collecting a data set for a flow cytometer sample in

a flow cytometer including the steps of: providing a detector array S310 having a

plurality of detectors that collectively detect a full spectral range of input signals from

the flow cytometer, in which each detector detects a subset spectral range of the full

spectral range; creating a set of virtual detector channels S320 by grouping detectors in

the detector array, and collecting the full spectral range of input signals S370 from the

flow cytometer sample with the detector array. Each virtual detector channel

corresponds to a detector group and has a virtual detector channel range that includes

the sum of subset spectral ranges of the detectors in the corresponding detector group.

The step of creating a set of virtual detector channels S320, which may include one or

more of several variations of substeps, may be performed before and/or after the step of

collecting input signals S370. The method may further include storing an initial data set

based on the collected input signals S380 and/or storing a configuration file of the

configuration of the virtual detector channels S390. The user interface 300 enables

extraction of data from a flow cytometer system having the optical and/or detection

systems as described above, or any suitable instrument having an array of multiple

detectors that each detects a portion of a full spectrum of light input signals. The user



interface 300 enables a more comprehensive collection of data, and simplifies the

process for setting up and configuring the detector system of the flow cytometer.

However, the user interface and method for collecting a data set may alternatively be

used in any suitable system requiring detection of a substantial spectrum of signals,

such as microscopy.

[0032] The step of providing a detector array S310 preferably includes providing a

system that detects known subsets of an entire light (e.g., fluorescence) spectrum

detected by the flow cytometer. The detector array is preferably similar to the detection

system described above and shown in FIGURES 2 and 3, but may alternatively be any

suitable detection system. In particular, the detector array includes separate individual

detector devices that detect a dispersed full spectrum of light such that adjacent

detectors may detect portions or subset spectral ranges of the full spectrum of light, and

more preferably such that adjacent detectors detect contiguous subset spectral ranges of

the full spectrum of light. For example, within a group of adjacent detectors in the

detector array, each detector may detector light in 10 nm increments, such that a first

detector may detect light having a wavelength of approximately 491-500 nm, a second

middle detector may detect light having a wavelength of approximately 501-510 nm, and

a third detector may detect light having a wavelength of approximately 511-521 nm. The

detector array may include photodiodes, phototransistors, or any suitable kind of light

detector.

[0033] The step of creating a set of virtual detector channels S320 functions to

organize the signals collected by detectors in the detector array into designated data



channels. As best shown in FIGURE 3, creating a set of virtual detector channels S320

includes grouping detectors in the detector array S322. Each virtual detector channel

240 corresponds to a detector group and has a virtual detector channel range that

includes the sum of the subset spectral ranges of the detectors in the corresponding

detector group. In other words, each virtual detector channel 240 includes the summed

or combined input signals collectively detected by the individual detectors in the

detector group corresponding to the virtual detector channel. One or more detector

groups may include detectors that are physically contiguous with each other (e.g., a

"block" of detectors and/or detect contiguous subset spectral ranges of light, such that

the corresponding virtual detector channel range collects light of a continuous spectral

range (as in virtual detector channels 240a, 240b, and 24od). Furthermore, one or more

detector groups may include detectors that are not physical contiguous with each (e.g., a

"split block" of detectors) and/or detect not contiguous subset spectral ranges of light,

such that the corresponding virtual detector channel range collects light of a

discontinuous spectral range, as in virtual detector channel 240c.

[0034] The step of collecting the full spectral range of input signals S370

functions to gather raw data with the detector array. Collecting input signals S370 may

include collecting a full dynamic range of input signals that provides at least a 1:100,000

ratio, and more preferably at least a 1:1,000,000 ratio, between the faintest signals and

the brightest signals from the flow cytometer sample. In a preferred embodiment, the

data is collected in a raw, unmodified format without adjustment in gain level of the

detectors, but may be collected in any suitable manner.



[0035] As shown in FIGURES 5 and 6, the step of creating a set of virtual detector

channels S320 may be performed before and/or after the step of collecting input signals

S370, such as before and/or after performing a sample run on the flow cytometer. In a

first preferred embodiment, the step of creating a set of virtual detector channels S320

is performed before collecting input signals. As shown in FIGURE 5A, in a first variation

of this embodiment, the step of creating a set of virtual detector channels S320 includes

receiving a user selection of detector groups S330 in which the user manually enters or

indicates detector groups that make up the detector channels. For example, each

detector may be labeled or numbered, and the user may specify that detectors "x"

through "y" is a detector group. Since each detector is designated for detecting a

particular subset spectrum range of input signals, the user selection of detector groups

in turn creates virtual detector channels corresponding to the detector groups. For a

flow cytometer system having multiple lasers, the user may further specify which laser is

assigned to each detector, detector group, and/or virtual detector channel.

[0036] As shown in FIGURE 5B, in a second variation of the first preferred

embodiment, the step of creating a set of virtual detector channels S320 includes

receiving a user selection of desired virtual detector channel ranges S340 (or summed

subset spectrum ranges of input signals) and grouping detectors into detector groups

that correspond to the selection of virtual detector channel ranges S342, thereby

forming a set of virtual detector channels that define the desired virtual detector

channel ranges. For example, the user may specify a range of wavelengths, such as that

between wavelength "a" and wavelength "b", to assign to a particular virtual detector



channel, and the user interface 300 may automatically correlate the range of

wavelengths to specific individual detectors, by determining which individual detectors

to group together to form a virtual detector channel that detects light between

wavelengths "a" and "b". In some embodiments, the user interface 300 may

automatically exclude certain detectors from any detector group or virtual detector

channel, such as in scenarios in which lasers in the optical system are active.

[0037] As shown in FIGURE 5C, in a third variation of the first preferred

embodiment, the step of creating a set of virtual detector channels S320 includes

receiving one or more configuration parameters S350 and optimally grouping detectors

based on the configuration parameters S352. In an example of this variation, the step of

creating a set of virtual detector channels includes receiving a user selection of a set of

fluorochromes S354 that tag a flow cytometer sample, determining an optimal detector

group for each fluorochrome based on at least one configuration parameter, and

assigning the optimal detector group to each fluorochrome S356 and thereby providing

a virtual detector channel for each fluorochrome. Between different sample runs and/or

sets of fluorochromes, the detector groups may be reassigned to provide different

suitable virtual detector channels for different applications. Optimally grouping

detectors S352 may be dependent on one or more of several configuration parameters,

including: minimizing spillover (overlapping detection of a fluorochrome between

multiple detector channels), simplifying requirements for spillover compensation

(typically algorithms to compensate for spillover in the data), instrument-specific

calibration parameters, maximizing sensitivity of the detector channels (such as based



on previous sample runs with a particular set of fluorochromes), any suitable

configuration parameter based on the user-selected set of fluorochromes or

instrumentation, or any suitable parameter. Optimally grouping detectors S352 is

preferably performed automatically by the user interface 300, but may additionally

and/or alternatively be performed manually by the user. The user interface and/or user

may further determine the optical laser configuration in the flow cytometer for each

fluorochrome.

[0038] As shown in FIGURE 5D, in a fourth variation of the firs preferred

embodiment, the step of creating a set of virtual detector channels S320 includes

receiving a configuration file S360 that defines a predetermined group of detectors,

arrangement of virtual detector channels, laser configuration, and/or any suitable

settings for the flow cytometer system. In this variation, the step of grouping the

detectors preferably incorporates the settings in the configuration file, and/or may

include further modifications by the user or system. The configuration file may be

directly provided by the user such as on portable media, selected from the user interface

300, selected and downloaded from a network or server, provided in a machine-read

sample label such as a bar code, or by any suitable means. The configuration file may be

a saved configuration file from a previous sample run from the same or different flow

cytometer system or other instrument, or may be a template configuration file. A

configuration file defining the virtual detector channel settings and/or other instrument

settings may help increase usability of the instrument, and help ensure consistency in

analysis for similar experiments or tests. This consistency in analysis for similar



experiments or tests may be particularly important in some applications, such as clinical

applications.

[0039] In a second preferred embodiment, the step of creating a set of virtual

detector channels S320 is performed after collecting input signals S370 (such as after a

sample run with the flow cytometer system). As shown in FIGURES 6B and 6C, in first

and second variations of this embodiment the step of creating a set of virtual detector

channels S320 include receiving a user selection of detector groups S330 and receiving a

user selection of desired virtual detector channel ranges S340, respectively, similar to

the first and second variations of the first preferred embodiment.

[0040] As shown in FIGURE 6D, in a third variation of this embodiment, the step

of creating a set of virtual detector channels S320 includes receiving one or more

configuration parameters S350 and optimally grouping detectors based on the

configuration parameters S352, similar to the third variation of the first embodiment.

Furthermore, the user interface 300 may additionally and/or alternatively optimize the

detector grouping based on bright and/or dim (or blank) peaks of a multi-intensity flow

cytometer sample, which may be identified automatically by the user interface and/or

manually by the user. This optimization may occur after a sample run, or after the user

runs a set of experimental controls but before the actual sample run.

[0041] As shown in FIGURE 6E, in a fourth variation of the second preferred

embodiment, the step of creating a set of virtual detector channels S320 includes

receiving a configuration file S360, similar to the fourth variation of the first preferred

embodiment.



[0042] Although the step of creating a set of virtual detector channels S320 is

preferably one of the above variations, in other embodiments the step of creating a set of

virtual detector channels S320 may be any suitable combination or permutation of the

above variations and/or any suitable processes for forming virtual detector channels.

For example, one or more of the variations of creating a set of virtual detector channels

of the first embodiment may be implemented in some manner after the step of collecting

input signals. Similarly, one or more of the variations of creating a set of virtual detector

channels of the second embodiment may be implemented in some manner before the

step of collecting input signals. Furthermore, through the user interface 300 or other

means, the virtual detector channels may be created in multiple configurations for a

single sample run (e.g. in a first configuration before collecting the input signals and in a

second configuration, different from the first configuration, after collecting the input

signals) and/or between different instances of sample runs (e.g. in a first configuration

for one sample run and in a second configuration, different from the first configuration,

for another sample run).

[0043] As shown in FIGURES 4-6, the user interface 300 may further enable

storing the collected input signals from most, if not all, available detectors. Storing the

collected input signals may include storing an input signal as the signal individually

collected by each separate detector in the detector array S380 (e.g., FIGURE 6A),

and/or may include storing the input signal as the signal collected by each separate

detector group through the virtual detector channel S380' (e.g., FIGURE 6F). The data

set of collected input signals may be saved to a local memory, portable media, server,



network or any suitable memory. The stored data set preferably includes the full spectral

range of the detectors, but may include any suitable portion of the spectral range or

collected signals. The stored data set may also be useful for analysis and other

manipulations, as described in U.S. Patent No. 7,996,188 entitled "User interface for a

flow cytometer", which is incorporated in its entirety by this reference.

[0044] As shown in FIGURES 4-6, the user interface 300 may further enable

storing a configuration file S390 that defines a predetermined grouping of detectors,

arrangement of virtual detector channels, laser configuration, and/or any suitable

settings for the flow cytometer system. The step of storing the configuration file S390

may include saving to a local memory or portable media, saving to a server or network,

or any suitable saving step. The stored configuration file may be used for future sample

runs, as described above, and/or as a template. Multiple configuration files may be

stored. For example, a first configuration file may be stored immediately after a sample

run to save an initial configuration of detector groups and virtual detector channels, and

a second configuration file may be stored after optimizing the grouping based on

characteristics of the collected data. In this example, the first and second configuration

files may be compared or analyzed for future reference. The user interface 300 may

additionally and/or alternatively include exporting the configuration file to a different

medium, such as a printout.

[0045] As a person skilled in the art will recognize from the previous detailed

description and from the figures and claims, modifications and changes can be made to



the preferred embodiments of the invention without departing from the scope of this

invention defined in the following claims.



CLAIMS

I Claim:

1. A system for collecting a data set for a flow cytometer sample in a flow cytometer,

comprising:

• a detector array, including a plurality of detectors, that collectively detects a full

spectral range of input signals from the flow cytometer, wherein each detector

detects a subset spectral range of the full spectral range; and

• a user interface that enables a user to create a set of virtual detector channels by

grouping detectors in the detector array, such that each virtual detector channel

corresponds to a detector group and has a virtual detector channel range

including the sum of subset spectral ranges of the detectors in the corresponding

detector group.

2. The system of Claim l , wherein the plurality of detectors may be grouped in a first

configuration corresponding to a first set of virtual detector channels and in a second

configuration corresponding to a second set of virtual detector channels, wherein the

first and second configurations are different.

3. The system of Claim 2, wherein the detector array collectively detects a wide

range of input signals that includes at least a 1:1,000,000 ratio between the faintest

objects and the brightest objects.



4. The system of Claim 1, wherein the detector array is a linear array of detectors.

5. The system of Claim 4, wherein the linear array of detectors includes a plurality

of photodiodes.

6. The system of Claim 4, wherein the linear array of detectors includes a plurality

of phototransistors.

7. The system of Claim 1, wherein the subset spectral ranges of the plurality of

detectors are contiguous.

8. The system of Claim 1, wherein the subset spectral ranges of the plurality of

detectors overlap.

9. The system of Claim 1, wherein the detector array detects a full spectral range of

input signals of approximately 400 nm to 900 nm.

10. The system of Claim 9, wherein the subset spectral ranges of the plurality of

detectors are of approximately equal span.



11. A method for collecting a data set for a flow cytometer sample in a flow

cytometer, comprising the steps of:

• providing a detector array having a plurality of detectors that collectively detect a

full spectral range of input signals from the flow cytometer, wherein each

detector detects a subset spectral range of the full spectral range;

• creating a set of virtual detector channels by grouping detectors in the detector

array, wherein each virtual detector channel corresponds to a detector group and

has a virtual detector channel range including the sum of subset spectral ranges

of the detectors in the corresponding detector group; and

• collecting the full spectral range of input signals from the flow cytometer sample

with the detector array.

12. The method of Claim n , wherein collecting input signals includes collecting a

wide range of input signals that includes at least a 1:1,000,000 ratio between the

faintest objects and the brightest objects.

13. The method of Claim 11, wherein creating a set of virtual detector channels

includes receiving a user selection of detector groups.

14. The method of Claim 11, wherein creating a set of virtual detector channels

includes receiving a user selection of virtual detector channel ranges and grouping



detectors into detector groups that correspond to the selection of virtual detector

channel ranges.

15. The method of Claim 11, wherein creating a set of virtual detector channels

includes receiving at least one configuration parameter and optimally grouping

detectors based on the at least one configuration parameter.

16. The method of Claim 15, wherein optimally grouping detectors based on the

configuration parameter includes at least one of: minimizing spillover between virtual

detector channels and maximizing sensitivity of the virtual detector channels.

17. The method of Claim 15, wherein creating a set of virtual detector channels

includes receiving a user selection of a set of fluorochromes and assigning a virtual

detector channel for each of the selected fluorochromes.

18. The method of Claim 11, wherein creating a set of virtual detector channels

includes receiving a configuration file specifying virtual detector channel settings.

19. The method of Claim 11, wherein creating a set of virtual detector channels is

performed before collecting input signals.



20. The method of Claim n , wherein creating a set of virtual detector channels may

be performed after collecting input signals.

21. The method of Claim 20, further comprising storing the collected input signals.

22. The method of Claim 21, wherein storing the collected input signals includes

storing the input signals as that individually collected by each separate detector in the

detector array.

23. The method of Claim 21, wherein storing the collected input signals includes

storing the input signals as that collected by each separate virtual detector channel.

24. The method of Claim 11, further comprising allowing a user to group the

detectors in a first configuration corresponding to a first set of virtual detector channels

and in a second configuration corresponding to a second set of virtual detector channels,

wherein the first and second configurations are different.



25. An optical and detection system for a flow cytometer having a flow channel with

an interrogation zone and an illumination source that impinges the interrogation zone

from a particular direction, the optical system comprising:

• a lens subsystem including:

o a collimating element that receives and collimates light from the

interrogation zone;

o a light dispersion element that disperses the collimated light into a

continuous wavelength spectrum of light; and

o a focusing lens that focuses the spectrum of light onto an array of adjacent

detection points; and

• a plurality of contiguous detectors that detect light at the adjacent detection

points.

26. The optical system of Claim 25, wherein the collimating element includes an

achromatic doublet lens.

27. The optical system of Claim 26, wherein the achromatic doublet lens is optically

paired with an aplanatic meniscus lens.

28. The optical system of Claim 27, wherein the combination of the doublet lens and

the meniscus lens has an effective focal length of approximately 20 millimeters.



29. The optical system of Claim 25, wherein the light dispersion element disperses

the collimated light with an acute fold angle.

30. The optical system of Claim 29, wherein the light dispersion element includes a

dispersive prism.

31. The optical system of Claim 29, wherein the light dispersion element includes a

diffraction grating.

32. The optical system of Claim 25, wherein the plurality of contiguous detectors are

arranged in a linear array of detectors.

33. The optical system of Claim32, wherein the linear array of detectors includes a

plurality of photodiodes.



34. A detection system for a flow cytometer having a flow channel with an

interrogation zone, an optical system that collimates light from the interrogation zone,

and a focusing lens surface that focuses the collimated light to a detection point, the

detection system comprising:

• a plurality of semiconductor devices that each detects the focused light at the

detection point and produces a signal corresponding to the detected light;

• a low noise amplifier circuit that amplifies the signal, wherein the amplifier

circuit is characterized by a high gain-bandwidth product; and

• a noise filter that reduces electronic noise from the amplified signal.

35. The detection system of Claim 34, wherein the plurality of semiconductor devices

are arranged in a linear array to detect light at a plurality of adjacent detection points.

36. The detection system of Claim 34, wherein the plurality of semiconductor devices

includes photodiodes.

37. The detection system of Claim 36, wherein the photodiode has a capacitance of

approximately 20 pF or less.

38. The detection system of Claim 34, wherein the semiconductor device is a

phototransistor.



39. The detection system of Claim 34, wherein the amplifier circuit has an open loop

gain-bandwidth product of at least 1 GHz.

40. The detection system of Claim 39, wherein the amplifier is a transimpedance

amplifier.
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