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Photodetection
•• Required in almost all electroRequired in almost all electro--optic systemsoptic systems

•• The The photodetectorphotodetector receives the  collected light receives the  collected light 
energy and converts it into  electrical energy and energy and converts it into  electrical energy and 
this in turn converted to digital information.this in turn converted to digital information.

•• It gives a measure of the intensity or irradiance of It gives a measure of the intensity or irradiance of 
the incident light.the incident light.

•• There are DIFFERENT type of detectors:There are DIFFERENT type of detectors:
 PhotodiodesPhotodiodes
 PhotomultipliersPhotomultipliers
 CCDCCD



Photodiode
A A PHOTODIODEPHOTODIODE isis a a typetype ofof photodetectorphotodetector used for used for 
strong signals and when saturation  is a problem (FSC strong signals and when saturation  is a problem (FSC 
detectordetector))



Avalanche Diode
•• The The Avalanche Diode (APD)Avalanche Diode (APD) detector provides detector provides 

enhanced performance in the long wavelength enhanced performance in the long wavelength 
region.region.



Photomultiplier
••A A PHOTOMULTIPLIERPHOTOMULTIPLIER, is more sensitive than a , is more sensitive than a 
photodiodephotodiode
••It is useful for light detection of very weak signalsIt is useful for light detection of very weak signals as as 
are SSC and fluorescence parametersare SSC and fluorescence parameters



Photomultiplier

•• Video Video …………………………....



CCD

•• A A CHARGECHARGE--COUPLED DEVICE (CCD)COUPLED DEVICE (CCD) isis a a dedetectortector
allowingallowing thethe conversionconversion ofof incomingincoming photonsphotons intointo
electronelectron chargescharges and thus and thus IMAGEIMAGE..

•• They They areare generallygenerally lessless sensitivesensitive, , butbut cancan capturecapture
largerlarger imageimage areasareas. . TheyThey areare greatlygreatly improvingimproving inin
sensitivitysensitivity andand noisenoise levelslevels..
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Signal Amplifiers

An An amplifieramplifier is an electronic device that increases the is an electronic device that increases the 
voltage, current, or power of a signal.voltage, current, or power of a signal.



Signal Amplifiers 
Applications



Signal Amplifiers

An An amplifieramplifier is an electronic device that increases the is an electronic device that increases the 
voltage, current, or power of a signal.voltage, current, or power of a signal.

Flow Flow cytometerscytometers are equipped with two types of are equipped with two types of 
amplifiers:amplifiers:
••Linear amplifierLinear amplifier
••Logarithmic amplifierLogarithmic amplifier



Signal Amplifiers

•• A A LINEARLINEAR amplifieramplifier isis anan electronicelectronic circuitcircuit whosewhose
outputoutput isis proportionalproportional toto itsits inputinput, , butbut capablecapable ofof
deliveringdelivering moremore powerpower intointo a a load.load.

•• The gain of the amplifier can be adjusted.The gain of the amplifier can be adjusted.
•• It is used in cases where there is NOT  a broad It is used in cases where there is NOT  a broad 

dynamic range dynamic range rangerange e.ge.g DNA analysis DNA analysis 



Signal Amplifiers

•• A A LOGARITHMICLOGARITHMIC amplifieramplifier ((loglog ampsamps),), produceproduce anan outputoutput signalsignal
proportionalproportional toto thethe logarithmlogarithm ofof thethe inputinput signalsignal

•• There is no gain setting on a logarithmic amplifierThere is no gain setting on a logarithmic amplifier

•• They have a wider dynamic range and can expand the scale of They have a wider dynamic range and can expand the scale of 
weak signals and contracts the scale of strong signals.weak signals and contracts the scale of strong signals.

•• They They areare widelywidely usedused forfor measurementsmeasurements ofof parametersparameters thatthat varyvary
overover aa widewide dynamicdynamic rangerange thatthat resultresult fromfrom thethe biologicalbiological
heterogeneityheterogeneity ofof manymany samplessamples subjectedsubjected toto flowflow
cytometry.e.gcytometry.e.g., ., cellcell surfacesurface immunofluorescenceimmunofluorescence..



Scales line - log

•• MovingMoving oneone unitunit toto thethe rightright incrementincrement byby 1 1 onon thethe
linearlinear scalescale andand multipliesmultiplies byby a a factorfactor ofof 10 10 onon thethe
logarithmiclogarithmic scalescale..

•• LOGARITHMICLOGARITHMIC scalesscales areare usedused whenwhen thethe actualactual lightlight
intensitiesintensities covercover suchsuch a a largelarge rangerange thatthat itit wouldwould bebe
difficultdifficult toto representrepresent themthem onon a a LINEAR LINEAR scalescale..



Scales line vs log
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Analog - Digital Converters 
•• Once an electrical signal from a Once an electrical signal from a photodetectorphotodetector has been has been 

amplified itamplified it’’s intensity is analyzed and recorded by a s intensity is analyzed and recorded by a 
device called device called ANALOGANALOG--TOTO--DIGITAL CONVERTERDIGITAL CONVERTER
(ADC). (ADC). Each channel represents a specific light intensity Each channel represents a specific light intensity 
rangerange

•• Depending on the intensity given from the cell it is Depending on the intensity given from the cell it is 
recorded on a different channel.recorded on a different channel.



Analog – Digital 

SAMPLING RATE in megahertzSAMPLING RATE in megahertz
EachEach analoganalog signalsignal comingcoming fromfrom thethe preamppreamp boardboard isis
digitizeddigitized continuouslycontinuously atat 10MHz 10MHz inin thethe channelchannel DAQ DAQ 
boardboard. . 

The voltage pulse is given a digital value by the The voltage pulse is given a digital value by the 
AnalogueAnalogue--toto--Digital Converter (ADC). Digital Converter (ADC). 

The resolution of the data will depend on the ADC and is The resolution of the data will depend on the ADC and is 
described in two terms:described in two terms:



Analog – Digital 
The voltage pulse is given a digital value by the The voltage pulse is given a digital value by the 
AnalogueAnalogue--toto--Digital Converter (ADC). Digital Converter (ADC). 

The resolution of the data will depend on the ADC and is The resolution of the data will depend on the ADC and is 
described in two terms:described in two terms:

RESOLUTION in bit
For example, an 8For example, an 8--bit converter will yield 256 channels, and a bit converter will yield 256 channels, and a 
1010--bit converter gives 1024 bit converter gives 1024 channelschannels resolutionresolution..



A Continuously Digitizing 
Cytometer

5.8 s

Extended Window

0 volts

10 MHz ADC: 5.8 10 MHz ADC: 5.8 sec pulse has ~ 58 observationssec pulse has ~ 58 observations

218

Pulse area is a measurement ofPulse area is a measurement of fluorescence (18 bit resolutionfluorescence (18 bit resolution))
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Window Gate Extension

heightheightareaarea

WindowWindow gategate
extensionextension

timetimevo
lta

ge
vo

lta
ge

thresholdthreshold

baselinebaseline



Window Gate Extension

heightheightareaarea

WindowWindow gategate
extendedextended

timetimevo
lta

ge
vo

lta
ge

thresholdthreshold

baselinebaseline



•• PhotodetectorsPhotodetectors
–– PhotodiodePhotodiode
–– Avalanche PhotodiodeAvalanche Photodiode
–– PhotomultiplierPhotomultiplier
–– Charged Coupled DeviceCharged Coupled Device

•• Signal AmplifiersSignal Amplifiers
–– LinearLinear
–– LogarithmicLogarithmic
–– Scales: linear Scales: linear vsvs loglog

•• AnalogAnalog--Digital ConvertersDigital Converters
•• PulsePulse

–– Intercept PointIntercept Point
–– GenesisGenesis
–– characteristics: A, H, Wcharacteristics: A, H, W

Electronics
•• Threshold Threshold –– TriggerTrigger
•• Window Gate Window Gate –– Window Window 

ExtensionExtension
•• Area Scaling FactorArea Scaling Factor
•• Time DelayTime Delay
•• NoiseNoise
•• Data RepresentationData Representation

–– Creation of a HistogramCreation of a Histogram
–– Types of PlotsTypes of Plots

•• CompensationCompensation
•• FMOFMO



Area Scaling Factor

S
id

e 
S

ca
tte

r

Forward Light Scatter
0 200 400 600 800 1000

0
20

0
40

0
60

0
80

0
10

00

Lymphocytes

Monocytes

Granulocytes

largest and most 
granular population

smallest and least 
granular population



Area Scaling
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NOISE



Detectors:
Specific signals vs background

•• Not all electronic signals represent valid data !Not all electronic signals represent valid data !
Photons reaching the PMT create two types of Photons reaching the PMT create two types of 
signalssignals::

•• Nonspecific signalNonspecific signal
•• Specific signalSpecific signal

488nm 

PhotonsPhotons of FSC /  SSC of FSC /  SSC 
or emitted from or emitted from 
fluorochromesfluorochromes

2) Cellular 2) Cellular autofluorescenceautofluorescence

3) Raman scatter3) Raman scatter

1) 1) Scatter from the flowScatter from the flow
cell and ambient light.cell and ambient light.

4) Unbound antibodies and    4) Unbound antibodies and    
fluorochromesfluorochromes

Relative Background (Br)Relative Background (Br)



NOISE
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Creation of a Histogram
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Types of Plots
•• Single Color HistogramSingle Color Histogram

–– Fluorescence intensity (FI) versus countFluorescence intensity (FI) versus count
•• Two Color Dot PlotTwo Color Dot Plot

–– FI of parameter 1 versus FI of Parameter 2FI of parameter 1 versus FI of Parameter 2
•• Two Color Contour PlotTwo Color Contour Plot

–– FI of P1 versus FI of P2.  Concentric rings form FI of P1 versus FI of P2.  Concentric rings form 
around populations.  The more dense the population, around populations.  The more dense the population, 
the closer the rings are to each otherthe closer the rings are to each other

•• Two Color Density PlotTwo Color Density Plot
–– FI of P1 versus FI of P2.  Areas of higher density will FI of P1 versus FI of P2.  Areas of higher density will 

have a different color than other areashave a different color than other areas



Electronics:
The Results

•• Different Different formsforms forfor Data Display Data Display –– ChooseChoose the most the most appropriateappropriate

Dot Plot -
Each cell is
one Dot

Histogram Plot –
Each cell a dot in a 
channel

Density Plot
Each cell a dot.
Cell-densities
are represented
by colours.

Contour Plot 
Each cell a dot.
Cell-densities
are represented
by density-lines.



Optimized BiExponential



Optimized BiExponential
Algorithm self-adjusts and is automatically scaled
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Compensation

•• Basic assumption of flow Basic assumption of flow cytometrycytometry::
Exciting a FITC / PE labeled cell with a 488nm laser Exciting a FITC / PE labeled cell with a 488nm laser 

only photons emitted by PE reach PEonly photons emitted by PE reach PE--detector detector ((585 / 585 / 
42 BP and 556LP)42 BP and 556LP)

only photons emitted by FITC reach FITC detector only photons emitted by FITC reach FITC detector 
((530 / 30 BP and 502LP)530 / 30 BP and 502LP)

and create electronic signals and create electronic signals 

•• Not true for unprocessed data !Not true for unprocessed data !



Compensation
•• Photons reaching a specific detector are coming from Photons reaching a specific detector are coming from 
 optical background (especially cellular autooptical background (especially cellular auto--fluorescence)fluorescence)

 photon spill over from all fluorochromes present in photon spill over from all fluorochromes present in 
experimentexperiment

 the fluorochrome specific for this detectorthe fluorochrome specific for this detector
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•• Compensation is a procedure toCompensation is a procedure to
 determinedetermine forfor eacheach detector detector electronicelectronic background background 

signalsignal duedue toto
a) relative background = Br a) relative background = Br (especially cellular auto(especially cellular auto--fluorescence)fluorescence)
b) photon spill over from all fluorochromes present in b) photon spill over from all fluorochromes present in 

experimentexperiment

 substractsubstract fromfrom
•• the the specificspecific electronicelectronic signalsignal inducedinduced by the by the photonsphotons of a of a 

fluorochromefluorochrome
•• the the nonspecificnonspecific electronicelectronic signalsignal fromfrom relativerelative background background 

and and spillspill overover

Compensation



Compensation
……in linear domainin linear domain



Compensation
……in log domainin log domain



What you seeWhat you see What you wantWhat you want What you getWhat you get

by by compensationcompensation

Compensation
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