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ECEMEN KuTTOpOUETPLAC POTNG

* Taycmc eCeMooouevn TEYXVOAOYLN
e Alapkmc avcovopevn ypnon oo to 1980 .

e AuvvatOTnTo 0VAALGTNC TOAAUTA®V
TOPAUETPOV GE KVTTOPIKO ETITEDO



Epapuroyec Kvttapouerploc pong

e [t can be used for...

» Immunophenotyping

> DNA cell cycle/tumor ploidy Medline Publications citing "Flow
» Membrane potential Cytometry”
> lon flux

> Cell viability 5000 -

> Intracellular protein staining

> pH changes 0 4000

» Cell tracking and proliferation g

» Sorting .4c:5 3000

> Redox state &)

> Chromatin structure % 2000

» Total protein a

» Lipids 1000

» Surface charge 0

» Membrane fusion/runover

» Enzyme activity Q

> Oxidative metabolism o_,b ON®)
> Sulfhydryl groups/glutathione NN
> DNA synthesis

> DNA degradation

> Gene expression



2mot Emthoyn Kvttapouetpnt Pong

* 4 Baocwad Xnueio AStoAoynong



Boaoika Tunuata Kvttapouetpnt
Pong
> Por) Kutrapwy Alleles
o Xpnon myov Laser, axtivofoAnon xai
LETAO0GT) GNIUATOS POOPIGLOV Optics
* Metatponn onuatog eOopiouov ce
NAEKTPOVIKO GO,
° AvaAvoT NAEKTPOVIKOD GTiLOTOC UE YPTioT) |
SEBIKO')V XO’YE(T]MKO’)V Interpretation

Electronics
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FLUIDICS



2

BAZIKEX AIIAITHXEIX
2Y2XTHMATOXZ POHX

Por| icutthpwy icutt Lovac,

H pon Tov Kuttdpav Ttpenel va gival
OLLOWOHOPON.

H pon tov xuttapwv ntpEmel va elval
EGTIOCUEVT) GTO KEVTPO TNG OLLOPOUNG.

To choTnuo ponc 0EV TPETEL VO UALOLDVEL
TOL PUGLKE, YOPUKTNPICTIKG TWV KUTTOPWY
(oymMuo Ko aKepuoTnTo.)



EXTIAXMENH POH

e 2TOUC TTEPICTOTEPOUC KUTTOPOUETPNTEC PONGC
EXOUME E10aQYWYN TOU OEIYNOATOC OTO UYPO
TTEPIPONC KABWC auTO DIEPXETAI ATTO £VA PIKPO
(50-300 ym) oTouio.

* H eicodo¢ evOC heEYAAOU OYKOU O€ £va UIKPO
OYKO UYpPOU HE TETOIO TPOTTO WOTE VA
ETTITUYXAVETAI EOTIOON KATA JNKOC TOU ACova
ovouadeTal udPOOUVAUIKN ECTIOON.




Fluidics

EoTiaon

E¢apTwpevn atro 1o
onueio 10000V

V. Kachel, H. Fellner-Feldegg & E. Menke - MLM Chapt. 3



YAPOAYNAMIKH E2TIA2H

A: EZTIAZMENA
ANOPQITINA
EPYOPOKYTTAPA

B: PAINOMENO

2 TPOBIAIZMOY 2E
YWHAH TAXYTHTA v>3
m/s.

V. Kachel, et al. - MLM Chapt. 3



YI'PO IIEPIPOHX

YOaTIKO OIGAUlQ
BaoikO cuoTaTiKO yia TNV 0pbn oTiaon

loOTOVO OIAAUUA TO OTTOIO £CaTPaAAIlel TNV
dlaTNPENCN TOU OXNMATOC TWV KUTTAPWYV
AvaAuon Xwpic uypoO TTEPIPONG onuUaivel OTI YIa
Va TTEPIOPIOOUUE KUTTOPA OlauETpou 10um o€
peuua 20um xpelalOUaoTE JOVOTTATI PONC
20um

To YI'PO lNEPIPOHZ2 pac ecac@aAlilel Tov
EVAPUOVIOUO uE Tov 1° kavova Tou SHAPIRO



1°¢ KANONA2 Shapiro

2QMATIAIO 51pum
MIAOKAPEI 2TOMIO 51um!



2YZTHMA NEPIPOHZ

H YAPOAYNAMIKH EXTIAZH
E=-APTATAI AITO THN AIADOPA
[MIE2H METAZY TOY AEITMATOZ KAI
TOY YI'POY NEPIPOHX



AEIFMA

YIPO MNEPIPOHZ

KENTPIKO
PEYMA
AEIFMATOXZ

NMEPIOXH EZTIAZHZ

Laser

XAM HI\H AIA®OPA Y\I-'HI\H AIACDOPA



EIIIAPAXH ITIEXHX

H dlapopad 1Tieong JETAgu O€iyuaTog Kal uypou TTEPIPONG
puBuilel Tov pubpo poNng

MeyaAn dla@opa peyaAutepn N OIAUETPOG TOU PEUNUATOC
pong

Edv n dlagopa cival JeyaAn 0Ev EXOUPE avaAuon HOVWYV
KUTTOPWV

Augnon CV's






PuBuion PuBuou Pong

YIIAPXOYN AYO TPOIIOI EAET'X0OY TOY
PYOMOY POHX

— PYOMIXH HHIEXHX ME ANTAIA OI'’KOY

— OI'KOMETPIKH EIXOAOX AEI'MATOX ME
XPHXH XYPIITAX



2Y2XTHMA AIAOGOPETIKQN
[HHIEXECQN

« Xpnon aEpa 1 al®OTOL Y10 ONUIOVPYIOL
TLEGTC GTO OELYLLN KOl GTO VYPO TEPLPONG

« Xpnon puOuot®mv mTeonc Yo EAEYXO TV
cuvOnKwv



2Y2XTHMA AIAOGOPETIKQN
[HHIEXECQN

* H mieon tov vypod mepipong puouiCer Tov puouod
DOTC TOV.

* H olapopd miconc nuetacd vypon meEPLPOoNs Kol
Oelyuatoc puuilel tov puOuod pong Tov
OEIYLUOTOC

* O &leyyog 0V €lval AmOAVTOC - AAAAYEC GTIC
OLVALELC TPIPNC TPOKAAOVY OAAQYEC GTNV POT).



Fluidics - Differential Pressure System

" PINCH VALVE
SANPLE LINE 4
™ "8 =k s il i " A "= ~ T W A - "l o " ™ -‘--.-.----‘-'
PINCH VALVE i
SHEATH LINE LR
7 / !:E‘t"i
| | | B N SHEATH TO SAMPLE St et
il N DIFFERENTIAL RSseEIee
nh, PINCH PRESSURE pzle:izi
- LN SANPEL TUBE
o N
I
[l
N
. Q ':
(" )
[l
b
b
)
h"q
STERILE FILTER | |
N SHEATH PRESSURE SAMPLE T0 SHEATH DIFFERENTIAL.
- -~ N ADIUST PRESSURE ATJUST
- Q
N
TR
: \\\\l“\ l | sTeR, R
1] NN
77777 N -
Z ‘? N 1:
VACIFTH
WASTE CONTAINER SREATH CONTARNER LINF. PRESSURE

C. Gottlinger, B. Mechtold, and A. Radbruch



Oykopuetpikn PoOuion Porg

Xpnon a€pa (1 almtov) yio puOUen tov pvOUOY
POTMC TOL VYPOV TEPLPONC

Xpnon ocvpryyog (Syringe pump) yio Tnv por Tov
OEIYLOTOC

O pvOuog ponc Tov OEIYNOTOS EAEYYETUL ATTO
TNV TOYVTNTA TS GVPLYYOS.
O éheyyog etvan amdAvtoc (Speed = ul / sec).

Y ToAOY1GLOG KVTTUPIKTC GLYKEVTPMOTG AUEC
YOPIC ETTAEOV O1001KAGTO



Volurneiric Counting

e Syringe Principle c=N/(s x t)=N/V

Computer Controlled  Syringe Pump Flow Cuvette

Motor
o 1 QC Id | } ——
O (. _} / Air [ tSample/
| v AN, At
Digital Velocity Meter
=>V c
AN _ __AN N
— = | AV
CTAVT AMvn(d2)  Sample Tube b



Volurneiric Counting

PARTEC
PATEND:
Mnxavikni
MeTpnon
Oykou

> Start y
N
> Stop

N

Sample Tube

Run

F'Iow Cuvette

c=N/V

J

Start Count

|




Flow Chambers

* POAog
— P0Ouion dEova kol 0106TAGEMY PONC VYPOV
TEPLPONG KOl OELYLOTOC
— PO0Ouion onueiov vopooLVOUIKNG EGTIOGTG

— P0Ouion onueiov ectioong



Fluidics - Flow Chambers

* Yndpyovv 4 Bacikd €idn Flow Chambers
— Jet-in-air
e sorting
— Flow-through cuvette
o [davikéc omtikég 1010TNTEC, Sorting
— Closed cross flow
» KaAvtepeg omtikég 1010TNTEG, OYL Yo Sorting
— Open flow across surface
« KaAUTEPEC OTITIKEG 1010TNTEG, OX!I YIa sorting



XAPAKTHPHZTIKA

[lapatipnon dciyuaTog oTOV
agpa PETA TNV ££000 aATTO TO
oTOMIO TOou O€iyuaTog (orifice)

*Téoo 1o Kavahl Pong (flow
chamber) 6co kai T0 aTOUIO TOU
ociypartocg (orifice) avagEpovral
w¢ aTouIO (nozzle).

 Quartz, Ceramic or Capilaries.

*Mikpr} atréoTaon atro 10
onueiou 10000V OTO ONUEIO
£€O00U TOU OEiyuaTOC.

*Mikpr} atréoTaon pong dEiyuaTog
MEiwan emuoAuvong delyuATWY
OUVETTWG evOeikvuTal yia high
throughput e@apuoyEc.

Jet In Alr

SAMPLE INLET

SHEATH {
INLET ™ /—PIEZOELECTRIC
CRYSTAL
§\
77
| SIEVE
NTH s AMPLE TUBE
LIGHT
ORIFICE COLLECT-
(70-100 pm} ING LENS

CYLINDRICAL JET—
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)
¢
b

H.B. Steen - MLM Chapt. 2



Kuyeiideg Pong (Flow Cuvetes)

|

SAMPLE TUBE
/

XAPAKTHPHZTIKA

« 2U0TNMa KAEIOTO XWPIC agpa

 Capillaries , Quartz

Terpaywveg n OpBoywvieg EL?.TEC“NG
*YynAn euaiobnoia avdAuong  FLOW LENS

OI10TI oXedIAOTNKAV VIO QVAAUON CHANNEL

PARRRERRRRN AN

"

SORTING

ORIFICE

H.B. Steen - MLM Chapt. 2



Jet In Air vs Flow Cuvvete

JET In Air

[lapatipnon dciyuaTog oTOV
agpa PETA TNV ££000 aATTO TO
oTOMIO TOou O€iyuaTog (orifice)

‘[Tapatripnon atreubeiag xwpic
ETITTAEOV ONUEIQ TTOU ATTAITOUV
TTpoooxn (oKOvVN, YPAT{OUVIEQ)

* YWnAn Taxutnta pong

Flow Cuvettes

*KA€I0TO oUuoTNUa PONG
«AuvaToTNTa AOKNONG UWNANG
TTieong oTo deiyua KAAUTEPOGS
eAEYX0G PONG

* YWwnAr duvatotnta auAAoyng
PWTOG — YWwnAOTEPN euaioBnaoia.



Closed Cross Flow Chambers

Axial Flow System:

[Nlapathpnon Aciyuartog
ME XPrioN QVTIKEIMEVIKOU
dakou MiKpooKoTTiOU
®Bopiouou

*YynAn akpifeia kai
geualoOnaia Adyo xpnong
QAVTIKEIMEVIKWYV PAKWYV YIO
TN oUAAoyn Kal TV
avaAuon Tou OrjuNaTog

* [1pwTnN €appoyn oTo
ICP amé tov Wolfgang
Godhe.

«AuvartoétnTa xprnong
OIAPOPETIKWV
QAVTIKEIMEVIKWYV PAKWY
(gel-coupled, oil-
immersion, different N. A.
etc.).

« AuvatoTtnTa eoTioong
O£ OIQMOPETIKA onusia

lamp beam (UV)

fluorescence
side scatter

laser beam

sheath fluid

= i ——

sorted cells

sorted cells

piezo activator

4 P |~ 1| forward scatter
—>% |

sample

(hydrodynamic focusing)




MHXANIKH YI'PCQN

uociicr) Por): Oray £va opoloyeveg pedu vypoo
g [ 0 £v0OC GALOL PEDLLLTOC VYPOD
T 000 peEdULTO oLt PODY Ty DECT] TOVS YWOIC VL
‘ YIPO 1 (CORE STREAM):

v
=

AidAupa Agiypatog
e
| YI'PO 2 (SHEATH FLUID): Yypo
AR ) .
TTEPIPONG
R | B

Purdue University Cytometry Laboratories



REYNOLDS NUMBER

Re - %Y/

d = Awpuerpog
pr = lloxKvotnraY ypod
vV = MeonTayd tnraY ypod

n = 1&w0oecY ypod

Tooo 1O UYPO
TTEPIPONS OCO KAl TO
OEiyud TTPETTEI VA
EXOUV VNMOATIKN pON —
2HMANTIKO POAO
EXElI H OEPMOKPAZIA
NMEPIBAAAONTOZ

* When R, <2300, flow Is always laminar
« When R, > 2300, flow can be turbulent



POH 2E KANAAI

° To vepo6 amotelel trv Ppaon 1660 ToL VYPOL
TEPPONC OGO KUl TOV OEIYUUTOC

° "Eyer 1€moeg to onoio onuaivel 6t anoiteiton mieo)
Y10 TV TPOGUPLOYT] TOV GYNUNTOC GTO KOVEAL

° Agv givar 10 100viKO VYPO Y10, GLGTHUOTO POTC
wot0c0 anoterel tn Paon mov pog e€ucpuiilel tnVv
OKEPULOTNTO TV KVTTAPWY

° H pon} 6Tov KuTTOPOUETPT|TH TPEREL VO EIVOL
otoOepPC TOYOTNTOG WE TO TEPUC TOV YPOVOL



POH 2E KANAAI 3 BAXIKA
XHMEIA

. ~ SHEATH INLET NECKDOWN REGION:
| [Mepioxn €100d0u uypou —
Augnon TaxuTtnTag

CORE INLET ~_ |

| _CORE SLUG FLOW: lNepioxn
[T INECTOR OMOIOOPPNG PONG

SHEATH Parabolic Profile: lNepioxn
CONSTRICTS , .
S CORE OTTOU TTapPATNPEITAI
NECKDOWN l W 6|a(popaT|K’r] TaxuTNTa ATTO
REGION CURRREW TNV TTEPIPEPEIN TTPOG TO
KEVTPO JE BAonN Tov TUTTO
" V=(R=r)206mou Rn
l ll ll"~~~ LAMINAR FLOW SIGUETPOC Kal I 1 ATTOOTOON
WITH PARABOLIC 2 z
= = VELOCITY PROFILE QTTO TO KEVTPO.




ZHTOYMENO ANA 2HMEIO

NECKDOWN REGION: lNepioxr el06dou uypou — Aucnon taxutntag — ANMODYIH
OAINOMENOY XTPOBIAIZMOY

SLUG FLOW: lepioxn opoidpopeng pong — NEPIOXH EXTIAZHXZ 2E 2Y2THMATA ME
KYBETA POHx

Parabolic Profile: lNepioxn 61ToU TTApATNPEITAI DIAQPOPETIKA TAXUTATA ATTO TNV
TTEPIPEPEIN TTPOG TO KEVTPO Pe Bdaaon Tov TUTTO V = (R —r)? 6110U R N SIGUETPOC KAl I N
atmréotacn ammd 1o kEvTpo - MEPIOXH ANMO®YIHX EXTIAZHZ ZE 2Y2ZTHMATA ME
KYBETA POHX

Xp =6x10>d?v - AlMNOZTAZH AINO TO ZHMEIO EIZOAOY EQZX TO XHMEIO
AHMIOYPTIAZ TOY NAPABOAIKOY NMPO®IA



OAINOMENO 2TPOBIAIZMOY

* EupavileTal oTo onpeio e1I0600U TOU UYpoU TTEPIPONG OIOTI AUTO odnyeiTal aTrd
MIKPO CWANVA O& HEYOAUTEPO KOVAAIL.

* TO @AIVOUEVO OTPORIAICHOU CUVETTAYETAI NN OTOBEPR PpON Kol aKOAOUBEI TNV
Bswpia Tou Yaoug: lNivetal avTIANTITO ATTO TO XAOG TWV ATTOTEAECHATWYV

* 2NMAVTIKO pOAo TTailel N ywvia £1I0000U TOU UypouU TTEPIPONSG OTO KAVAAI PONG

= 8 v = N

BAD BETTER BEST

Figure 932 Minimizing turbsslence senerated art the
sheach inler to flow chambers.



Stream Width

RO

'f'l'n'{u"c‘-.

i |+ Kard v vnuarikA por| akoAouBeital n apxn

' dlaTAPNONG TwV pJalwy, TToU onUaivel 0TI 0
i010G OYKOG HAlaG TTEPVAEI ATTO OAQ T CNUEIN
NG POng.

*H peiwon TnG TaxuTnTOg ONUaivel au¢non Tou
TTAATOUG KAl TO AVTIOETO

*TeAIka eTTITUYXAVETAI N ONMIOUPYIQ EVOC
KEVTPIKOU PEUMATOG PONG TOU OEiyUaTOG.
*Ou0I00TIKG auTo TO OTToI0 PUBICETAI €ival N
TaxuTNTa PONG TOU OEIYUATOC 1 KAl TOU Uypou
TTEPIPONG UE ATTOTEAEOMA VO AUEAVETAI TO
TTAQTOG TOU KEVTPIKOU PEUMATOGC N VA MEIWVETAI
avaAoya Pe TNV avaAuaon.

«AUucnon TTAATOUC onuaivel au¢non apiBuou
KUTTAPWYV T OTToia DIEPXOVTAI OTTO TO ONUEIO
goTiaong.




Acoustic Focusing

XpNon UtrepNXwyv
Yia ECTiOON

YynAn Taxutnta
avaAuong Xwpig
au¢non Tou TTAATOUG
PONG TOU OEIYMATOG




Kuttopootoympiotec

Closed Fluidics

*Mnxavikog KUTTapOdIaXwWPIOTNG
«Xpnon medonAeKTPIKOU EUBOAOU

*TaxutnTa diaxwpiopou 500
cells/sec

*AlaXwPICUOG EVOC TTANBUCOU

Open Fluidics

*Droplets

*XprNon NAEKTPOCTATIKOU
dlaxwplouou

*Taxutnta 100.000 cells/sec.

*AlaXWPICPOG £WG Kal 4
TTANBUC WV



sheath —>»

Open fluidics

BA2ZIKA BHMATA

* Droplet Formation.

scattered ligt @ D ro p C h arg | N g - D e I ay

'
| droplet generation

* Drop Deflection.



Droplet Formation

* To pevupa pong (Stream) otrael oe otayovidla
(Droplets).

* TO OTTOCIMO YIVETOI OE€ OUYKEKPIUEVO ONUEIO ATTO
TO onMeEio TTapatnenong trou ovopdadleTal Droplet
breakoff point.

* Ta oTAyOVIOIO EMUTTEPIEXOUV TA KUTTAPA

» ATTQITEITAI N OTABEPOTTOINON TWV OTAYOVIOIWV
KAl aQUTO ETTITUYXAVETAI PUE XPNon OOVNOEWYV OTO
OTOMIO poNnc (nozzle).

* AUTO ETTITUYXAVETAI UE XPNON TTIECONAEKTPIKWYV
OTOIXEIWV



Droplet Formation

* Ta OTAYOVIOIO £XOUV OUYKEKPIMEVN
dlaoTacn A n otroia ecapTaTal ATTO TNV
ouxvotnTta dovnonc f kal Tnv TaxutnTa Pong
v (V=fA)

*Anuioupyouvtal atayovidla otav A>TD (D =
OIAUETPOC PEUMATOC PONG)

* TO TTPOTUTTO ONMIoOUPYIaC OTAYOVIOIWV
(Droplets) TTapauevel oTa0ePO
aKOAOUBWVTAC TOV £¢NG Kavova: 4D<A<8D



Droplet Charging

* OTav €va KUTTAPO TO OTT0I0 BEAOUNE VO
OlaXWPIOOUUE DIEPXETAI OTTO TO ONMEIO
TTapaTnENonG OiveTal EVTOAN €QAPUOYNC
NAEKTPIKOU TTEDIOU.

*To OTOYOVIOIO TTOU EUTTEPIEXEI TO KUTTAPO
popPTICETAl.

*2 UVETTWC TO PEUUA TWV OTAYOVIOIWV PEPEL
(POPTIOPEVA KAl APOPTIOTA aTAYOVIdIA.
*AuvaTtoTnTa BETIKNC KAl apVvNTIKNC POPTIONG
*Tpia €idn (BeTIKA, apvNTIKA KAl APOPTIOTA
oTayoviola)



Droplet Charging

* H @OpPTION EVOC OTAYOVIOIOU BETIKA
ONUIOUPYEI Eva EAAPPWC APVNTIKO POPTIO
OTO ETTOUEVO OTAYOVIOIO KAl TO iOIO
TTAPATNPEITAI KATA TNV APVNTIKN QOPTION.
*2 UVETTWG E£XOUME 4 DIAQPOPETIKA oTayoVvidla
DETIKA, EAA@PWC apvNTIKA, ApVvNTIKA KAl
eEAQPPWC BETIKA.

* YTTApXEl N duvaTtotnTta pubuiong Tou
OUVOMIKOU WOTE VA ONUIoUpyouvTal
OIAPOPETIKA peUupaTa dlaxwpiouou (100V
PoPTICEl TTIO IOXUPQ O€ axeon pe Ta S0V)



Droplet Charging

* AuToO atroteAel TNV Baon Twv four-way-shorters.

e 2NUAVTIKN TTAPAPETPOC KATA TNV POPTION TWV
oTayoVIOiwWYV gival o uttoAoyiopuoc Tou DROP DELAY
OnAadrn Tou XpOVOoU TTOU ATTAITEITAI YIO VO PTACEI EVA
KUTTOPO ATTO TO ONMEIO TTAPATAPNONS OTO CNUEIA
OnuIoUpPYiag OTAYOVIOIWV.

*O00 TTI0 yEYAAN gival N atTéoTa0N TOOO HEIWVETAI N
akpiela

DopTion 3 oTayovidiwyv ecac@alilel To KUTTAPO TTou Ba
OIaXWPICOUE.

*To DROP DELAY opicetal €iTe Ye Xpron monitor €ite pe
opaipidia pBopilovTta Kal avaAuon o€ JIKPOOKOTTIO
¢Bopiouou



Droplet Deflection

* Ta oTayovidla PE TA KUTTAPO
EVOIQPEPOVTOC DlaxwpidovTal atro To KUPIO
pevpa.

‘EicEpyovTal o€ TTAOPAAANAEC TTAOKEC BETIKA
N ApPVNTIKA POPTIOPEVEC.

*2 UNAEYOVTOI aVAAOYA E TO POPTIO TOUC
(OETIKA, ApVNTIKA).

*YTTapXEl N OuvVaATOTNTA OPICHOU TOU
KUTTOPIKOU OlaXwpPIoHoU aTro povhen
KUTTOPO £WC ATTAO EUTTAOUTIONO.



TAXYTHTA AIAXQPIZMOY

« ECapTaTal aT1ro TNV Trieon Kal Tnv TaxutnTa
pong
Table 1

The Number of Drops That Can Be Produced Per Second for a Variety
of Nozzle Sizes at Low and High Sheath Fluid Pressure

Nozzle size Pressure Frequency Pressure Frequency
(LLm) (ps1) (drops/s) (psy) (drops/s)
50 15 37.000 80 160,000
70 12 26,000 60 100,000
100 10 15,000 40 50,000

Cell Sorting by Flow Cytometr
& by Y Y From: Flow Cytometry: Principles and Applications

. Edited by: M. G, Macey © Humana Press Inc., Totowa, M
Derek Davies ed 0y ! ) e v |



MrAAANTIKO SHORTER

Laser Beam

Roint of Analysis

~

o Q\%\;m

Sorted Cells Waste

<




MrAAANTIKO SHORTER

- XPHZH MNMIEZOHAEKTPIKOY EMBOAQOY
KAEIZTO 2Y2THMA

‘MEIQ2H INMNIOANOTHTAZ EMNIMMOAYNZEQN
«300 — 500 Cells/sec

*PuBpuoc avaAuong 15.000 cells/sec

sorted cells
=1~ sorted cells

lamp beam (UV)

piezo activator
fluorescence ’
side scatter

// i /,' ’ /
S = // > ; " ‘1/,,‘,7 :ii: /
[ ¢ /|~ forward scatter
= >
\\ 4
X g
& 7 I

laser beam

sheath fluid I (hydrodynamic focusing)

sample




FLUIDICS TROUBLESHOOTINGS



 CLOGS: 1° KANONAXZ SHAPHIRO
(2wpuaTidlo 5S1um BouAwvel oToHIo STum)

AY=H2H AIAMETPOY 2TOMIOY
*XPHZH ®IATPQN TO2ZOIN'A TO YI'PO
MEPIPOHX O20 KAITIA TO AEITMA
‘[IPOTEINETAI TO ®IATPAPIZMA TOY
YI'POY NEPIPOHZ OTAN AOYAEYOYME
ME MIKPA 2QMATIAIA (I1.X.
MICROPARTICLES)



« QYZAAIAEX: ©aivopeva oTpoBIAIouoU

XPHZH EZOAOQY AEPA
‘EI2O0AOZ YI'POY MNEPIPOHZ AINMO TH
BAZH NPOZ THN KOPY®H



* ENMMIMOAYNZH: Anuioupyia AaBoc¢
QATTOTEAECUATWYV

. MEIQZH ANOZTAZHZ METAZY
EIZOAOY TOY AEIFMATOZ KAI TOY
YHMEIOY NMAPATHPHEHX

-TPESIMO NEOY AEIrMATOZ XE YWHAH
TAXYTHTA (PRERUN or BOOST) ZE
SYZTHMATA ME XPHZH ZYPIITAZ lNA
THN NPOQOHZH TOY AEIFMATOZX
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