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The photodetector receives the collected light
energy anc onverts it into_electrical energy and

'n converted to@pl information.

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

» There are DIFFERENT type of detectors:  ° ,
» Photodiodes

» Photomultipliers
» CCD
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« A CHARGE-COUPLED DEVICE (C&’is a detector
allowing the conversion of incoming photons into

electron charges and thus IMAGE. .

« They are generally less sensitive, but can capture
larger image areas. They are greatly improving in
sensitivity and noise levels.
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lgnal Amplifiers

a .‘ o
A LOGARITHMIC & ifi ps), produce an output signal
proportional t e Iogarlth input signal

iS no gain setting on a logarithmic amplifier

« They have a wider dynamic range and xpand the scale of

weak signals and contracts the scale of strong s?ﬁs.

 They are widely used for measurements of parameters thatvary
over a wide dynamic range that result from the biological
heterogeneity of many samples subjected to flow .
cytometry.e.g., cell surface immunofluorescence.

< BD

BD Biosciences




ales line - log

Logarithmic
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« Moving one unit to the right increr
linear scale and multiplies by a factor of
logarithmic scale.

e LOGARITHMIC scales are used when the actual I@ut
intensities cover such a large range that it would be .
difficult to represent them on a LINEAR scale.
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@neceran electrica aI from a photodetector has been

amplifiedit’s intensity is analyzed and recorded by a

gevicercalled ANALOG-TO-DIGITAL CONVERTER
é\'

ADE). Each channel rep ts a specific light intensity

 Depending on the intensity given from the cell it is
recorded on a different channel. “
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ahg—mmml

measured 10 000 000 times
ayvery second

SAMPLING RATE in megahertz .

Each analog signal coming from the preamp board is
digitized continuously at 10MHz in the chag,nel DAQ

board. Eﬂ BD
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alog — Digital

dlution of the dat
2d In two terr

digitizad into 16,384 levels

RESOLUTION in bit

For example, an 8-bit converter will yield 256 channels, and a
10-bit converter gives 1024 channels resolution.
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Pulse area is a measurement of fluorescence (18 bit resolution)
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("h)tercept Point

™
BD FASCaIIbur The laser is the excitation

light source for BD
cytometers.

Laser Is an acronym for light
amplification by stimulated
emission of radiation,

Lasers generate intense
beams of coherent light.



vent Genesis

Signal Processor

The signal processor creates measured values of pulses as digital numbers,
Measured values include pulse peak, pulse area, and pulse width, Measuraments
that combine results from two or more detectors include fluorescence compensation
and ratios. The measured values may be linear or logarithmic.

laser

M ( ,]{



A Centinuously Digitizse
Cytometer

(1 Seconds)

g

Voltage

w BD

BD Biosciences

Time



Electronics

Signal Amplifiers

— Linear
— Logarithmic
— Scales: linear vs log

* Analog-Digital Converters

Pulse

— Intercept Point

— Genesis

— characteristics: A, H, W

— :I'ypes of Plo
. Compensatib&‘

reshold — Trigger

indow Gate — Windo
Extension

Area Scaling Factor
" Time Delay

Noise
Dat

FMO

epresentation
ion of a Histogram

»

< BD

BD Biosciences




Thresho
eq. 52

Threshold

(eg.52) | I .

BD Biosciences



\/\J\/\A/\A/

BD Biosciences



(fﬁ?)eshold Trigge;

FITC ‘

, Time




FITC ‘

, Time




* Analog-Digital Converters

\rge oupled Device
Signal Amplifiers
— Linear
— Logarithmic
— Scales: linear vs log

Pulse

— Intercept Point

— Genesis

— characteristics: A, H, W

Threshold — Trigger
Window Gate — Window |

Extension

Area Scaling Factor
" Time Delay

Noise
Dat

— :I'ypes of Pléc))i

epresentation
ion of a Histogram

« Compensation '

FMO

»

< BD

BD Biosciences



(—\yvmdow Gate
- '

....................... : D o . " seccccss }threshold

{.‘ baseline
Window gate F .
width e
w BD

BD Biosciences




(‘jNindow Gate

S

............... . . lthreShOm

' baseline
time — | ‘
Window gate .
width o

w BD

BD Biosciences




an'd))w Gate Extensi

threshold

% baseline

— T —  time "'I- =

“Window gate .
extension _

< BD

BD Biosciences

voltage




Wirrd3w Gate Extensit

threshold

% baseline
§Window gate [Me : .
extended .
w BD

BD Biosciences




Signal Ampllflers
— Linear

— Logarithmic

— Scales: linear vs log

* Analog-Digital Converters

Pulse

— Intercept Point

— Genesis

— characteristics: A, H, W

shold — Trigger

Window Gate — Window
Extension

¢ Area Scaling Factor

Noise
Dat

— Types of P
« Compensati

FMO

" Time Delay

epresentation
ion of a Histogram

i

»

< BD

BD Biosciences




Side Scatter

smallest and least
granular population

400 600 800 1000

200

o

largest and most
granular population

—- Granulocytes

£

— Monbcytes

 Lymphocytes

200 400 600 800 1000

Forward Light Scatter v BD

BD Biosciences



rea Scaling

ey |

Height = 15K Height = 15K
Area = 40K Area = 60K



‘||||||||||||||||||||||||||
50 100 150 200 250

FSC-A {x 1,000%

Height signal is
saturated

rea Scaling

L L L L L L L L L L
50 o0 150 200 250

FSC-A f 1,000

Area scaling is
adjusted for smaller
population in mixture

LIS IO Y O
50 00 150 200 250

FSC-A 2 1,000
-

Area signal is .

not linear

w BD

BD Biosciences



reg Scaling

< BD

BD Biosciences



1.00

50

200 250
e 1,000)

g

Al

specimen 001-Tube 001

I

200

2450

1,000y )

BD Biosciences



1.00

Al

100 150 200 250

e 10000

50

200 250
1,000

Count

Specimen 001-Tube 001

150 200 251
b 1,000

3D

D Biosciences




1.00

1.25

Specimean 001-Tube 001

50 100 250
e 1,000

Al 100

280
FSC-A i 1.000)

Count

240
FSic-A

i 1,000

7 BD

BD Biosciences



Are) Scaling Easte




Electronics

Iotodiode

»~~~C6upled Device

Signal Amplifiers

— Linear

— Logarithmic

— Scales: linear vs log
* Analog-Digital Converters

* Pulse

— Intercept Point

— Genesis

— characteristics: A, H, W

«fres'hold — Trigger

 Window Gate — Window

Extension
Area Scaling Factor

- Time Delay

Noise

DatagRepresentation
— ion of a Histogram

— :I'ypes of Plo
Compensatib&‘

FMO -

< BD

BD Biosciences




blue laser
(488 nm)

red laser
(633 nm)

BD FACSCalibur™

blue-excﬂted signal

—

| |
/:\— time dalay>—/|r\
|

red —Exx'l:itel:l signal |

time “

w BD

BD Biosciences



(H)Time Delay
- |

BD FACSAria™
cell enters and leaves /\ red
//ths first laser intercept [\

_, the second laser intercept blue
Eample e third laser intercept i
strearm violet

. b
time .

w BD

BD Biosciences



Extension = 2

Window
Extension =0

Time =0 « » 35 usec

>
‘ Blue Violet




"Window Extens

Rainhow beads-Hinh Sort Setup

A

30 35

Zount
i} %5

10 15

i

TTT T[T T 1T ]T LI L
a0 100 150 200 241
APC-A e 11,0007

Fainbow bheads-High Sort Setup

AH

Count
0 25 30 38
ﬁIIIIIIIIIIIII

10 15

fd

LI B O LI L O I
a0 100 150 200 250
AP i 1,0007%

Tube Mame: High Sort Setup
Fecord Date: Mar 28, 20068 12:87.26 P

FOP: Administratar

APC-A APC-H
Fopulation Mean fean
[ 124,472 127,868

Tuhe Mame: High Sart Setup
Recard Date: Mar 23, 2006 12:57:.26 PM

FOP: Administrator

APC-A APC-H
Fopulation Mean Mean
B i 124 472 127,868

BD Biosciences



Window
Extension =0

Time = 0« » 37 Usec

>
‘ Blue Violet




Iv’ncérrect timeudel
-

Fainbhow beads-Hinh Sort Setup

indow Ext
=2

Zount
IIII?IIII1|I:IIIII1|IIII%DIIII%5I

1

TTTT[TTT TTT[TT I T [TT T[T
il 100 1460 00 a0
APC- e 1,000

Rainbow heads-High Sor Setup

¥3
73
R
=
S 3
o
N
.
o

':'_||||||||||| L L B

an 100 1560 200 2450

APC-A e 1,0007

Tube Mame: High Sort Setup
Recard Date: Mar 28, 2006 12:97:26 PM

S0P Adrministrator

APIC-A APC-H
Fopulation Mean Mean
[ = 101,398 127,188

Tube Mame: High Sort Setup
Fecord Date: Mar 28, 20068 128726 P

FOP: Administratar

APC-A APC-H
Faopulation Mean Mean
H F1 124,572 127 868

BD Biosciences




@rameters Las

el Setti e

e
Cytometer - FACSAria (1)

-38.38 1.52)
38.38 1,52

: BD Defaults ] .

ICytu‘mterCcrmnctad EEEED a3

< BD

BD Biosciences




f*)Time Delay
-

e from microscope g
!
ig

w BD

BD Biosciences



Electronics

— Linear
— Logarithmic
— Scales: linear vs log

* Analog-Digital Converters

Pulse

— Intercept Point

— Genesis

— characteristics: A, H, W

- Time Delay

=:res“hold — Trigger

Window Gate — Window
Extension

Area Scaling Factor

Noise

DatagRepresentation
- % ion of a Histogram
— Types of P

lo
Compensation

FMO -

< BD

BD Biosciences



Harmful noise is reduced to minimize damage. .
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« Two Color Contour Plot ’
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 FMO controls are a much better way to
identify positive vs. negative cells

 FMO controls can also help identify problems
In compensation that are not immediately
visible

« FMO controls should be used whenever
accurate discrimination is essential or when

antigen expression is relatively low
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