3 . aa 4 v v a v S
nsuenuifenlagdadlulasngdannassitematindunuai

Blood Plasma Isolation Using Microfluidic Channels

Fabricated by Low-cost Technique

F5nd saaiuy

Cheewarak Rodniam

erfinusiidudrunilavainisineaunangnsusygyn

v

ANYIANEATURITUINN FI1VIIV1IAINTTUYINITUNNE

UNINYIRYFIVATUATUNS

A Thesis Submitted in Partial Fulfillment of the Requirements for the

Degree of Master of Science in Biomedical Engineering
Prince of Songkla University
2559

AVANTVBIUNIINYAYAIVAUASUNS



voaInelinus nsueniidenlagtedlilasigdiniiaisiiemaiiadunuem

KlUeu WedN3nY seniile

#1913 AAINTTUTINITUINEG

(l:l' a a 3 (v

219159NUS ¥ NN USUan AMINTSUNTHDU

..................................................................................................................... UY5¢51UNIIUNNS

(PS80 I5ADNAU) ({eans1anse ns.oaansal umidia)
........................................................ AS5UANT
(AS.aUYA ITANNAY)

AS5UANT

(H98pansIse A9.asnes anug)

AIIUNTT

UnudinIne1de univenduasvaiuasums eydfbiduinendnusaduildudiumis

YOI IANY MUNANFATUITUYINGIMERTUMTUTN @11 IYIAINTIUTINTUNNE

(509A@M517156 AT.55¥Na ASTUL)

Y [y

ANUAUUNN NG



(3)

(%
[y

Y95U58971 HANWITEHUINIINNTFNYITveinAnw e watlalanianuvauAuyARaTIL

AUTIULNA DA

(n5.ause I5aDma)

sl =2 a a s o
919159NUINWIINYIUNUT VAN



Frmd1ve3uses mavideilieedudumiduniseuiisyanluszavlauneu uas

Llagnlalunistuveeudfusayailuvasil



1

Yo Inendinug msusnihideslaedeslilasgdiniainsemaiasuyu

KlUeu We3nY semLiey
8191791 AEINITUTINTUNNG
UmsAnen 2558

unAnga

aa

ULaeadaud1AYsan15951973ATIE RN AR AR TN IZHAUTNTLUD S

[
1A

anstalgeadldusdinisiinlsald msdaueniudenanidenasudiumeisnistumendu

QGMWGﬁﬁWULLGﬂGUL’JaWU’IULLﬁ yUTumsun Ua9 ”u aﬂﬂiﬂjmiﬁﬁlaLﬂi’]%ﬁ%ﬂ’]ﬂlﬁﬂ%ﬂ@’]ﬁ&]

)

szuulallasnigdhavhlivhanlddewas g asmliﬁmumm%w%umuéfmwuﬁéfunu

gauazdudeu n1sAnwn? ”&JﬁdﬂLﬁaﬂﬂiuaﬂ@’lﬂmmwﬂuﬂmia%”m fdunusuazyiladese

9

mﬂmﬂsaammwaammasmamaﬂﬂmwLwﬂuﬂszﬂsmwwLwaaiwwaaluimw a8andmuldAn
o = % L% 3 o./ 6 1 aa a v 'y}

wWUNUADALUUBNUTUAINNTUUSIAIINLD AR gﬂLLUU%@@imIﬂinamﬂmlmaaﬂLLUUQﬂmm

vuuRunaaanlanauazgniadeumeATesasouitelvinsauldiu NANISNARDILARILIALTY

1178 ﬂ’]iu&’]ﬁuﬂ‘iﬂﬁﬁ’]ﬂ%@ﬁ%uqﬂmﬂiN 100 lulasiunslaniedsnisanlaan LLUUﬁﬂVI’]EJ“UEN

[

voslulasgdindmiudanonindenduresiindui-vsefuvuldaunasiidose
aunsuiY 3 SduiloveetuUTImIINwad ldvwn v iisanesian1sARLENTILEEn HANTS

ANLYNUNLADAAILTUAULUUNUINLDNTINITAALINUNLADAUSEUIUSDEAL 1.7 V9IRS

a a d

Wendngseuu wadlusednsanlunisAnuenioadasfiesosas 99 ¥8e31UIUYAR

Y

Mand
Y

=

52UV WiITUAuwuuIsiivssaviamlumsdaueniwadgeuidlausinauinibeniios Ay

Yl o

maideseluTsmminuteslulaswgdRaliisnmnsdauengstu wu mvfulssunemes

FasiufrasnesliflvunndnasiievesdulsaaneadiilngTusazanunsiawenldunn
Fu Judu ImUai‘uLLmmifmauﬂivaummmLiﬂumiwwm%ﬂﬂmw ABAARULUUAMSY

Tdnuentihdenuuueduiuideasnsomadadunusii

[J [

mdfey : szuululasngdia, glsnsm, wIessiandenaes, Auyue, Aakeniiiden

o



(6)

Thesis Title Blood Plasma Isolation Using Microfluidic Channels Fabricated by
Low-cost Technique

Author Mr. Cheewarak Rodniam

Major Program Biomedical Engineering

Academic Year 2015

ABSTRACT

Blood plasma is important for clinical chemistry, because plasma
includes high concentration of biochemical molecules that indicated the pathology
of diseases. The standard blood plasma separation from whole blood by
centrifugation is time-consuming and large-volume required. Nowadays, many
analytical devices based on microfluidic system (MFs) have been performed quickly
and simply. However, the fabrication processes of the MFs prototype are still
expensive and complicated. This study applied a low-cost and rapid fabrication
technique using a cutting plotter known as “Xurography” to address the prototyping
of MFs for passive blood plasma separation from cell-free layers (CFL). Microfluidic
channel patterns were carved into clear and transparent plastic films before bonded
by a laminating machine. The results revealed that the microchannels were able to
be carved down to 100 um with the die-cut technique. The final design of the 3-step
asymmetric contraction-expansion channels was employed to enhance the cell-free
layer thicknesses that are appropriate sizes for the separation process. The plasma
yield was about 1.7% with 99% cell separation efficiency. Although the separation
efficiently was very high, the yield was still low. Therefore the new design of the MFs
should be improved system vyield for example the contraction-expansion channel
should be reduced to make more CFL enhancement and higher plasma yield. To
summary, the low-cost MFs was successfully developed for passive blood plasma

separation.

Keywords: microfluidics, Xurography, cutting plotter, low-cost, plasma separation
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1.2 dngUszasa
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1.3 NIINUNIUITIUNTIU

1.3.1  N19A5793ATIERABE1 AN RIUURNS

1190151973LAT RN TR PR esldiegsden Tudsdnsiauul

‘Vimaﬂzjmm LU N15MIAN9ASER (Blood bank) nsasianislaitainegl (Hematology)

Y

n13nTIImaAiiadlin (Clinical chemistry) WagN13ATIANNRANAWINEY (Immunology)
Hudu  dheghadenasudiu (Whole blood) Bedatfvangiieidudsdinsaiiuseneuly
fowadiindenuns wadiindenun indadon asiuall wazansuuileudnuaneuila
Fadunisldusiegnudennsudulnensdunisnsainseienaldmuizfunisasia
Aengivedseinn  mIsnaiesngimaiesd juanslaeiluadenldausediaden
LLazmuﬂizﬂaumaqoﬁ'ﬁas}NLﬁamiu'gﬂLLUUﬁLLmﬂﬁiNﬁ’uIU WU NSASIIMNeAaLdendeuly

WenasudlunInTIandiionuaznMnsivaauAuiiuldvenden (Cross matching)
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391979 FRUUNITIAAUAIAINTIDTILNINTVUAWATDUSE NISLAUSNE haZA1THSEUF
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AIUALSNAY HAN1TRTIATIERd U uRana1naullaunsaldUszneunsitadelsa
nszuaunsessndendudutunouniswsondedinsandAgd1msun1In AT e

LAeAN1BIUfURNTS mstunen (Centrifugation) A28A1ULTY 1,500 g WU 15 W9 [37]
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BanvAULNAaEen kazulden d1usunisasiamaaiinddnlaeiiluseulvdseaunig
Yuidouvesarsdlulnadu (Hemoglobin) Tulidealaussana 0.2-1 nfusion@ans wsedlan
o o ¢ @ & . v > = T a PN
futin1sunnveagadidadanuas (Hemolysis Index : HI) Hoanindesay 2 \ipsanuiideni
InsUulauresasalulnaduenasuniuNan1snsIInauynluiauaaiaeiaule [38]
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1.3.2  53UUneUfUAn1sunuHudY (Lab-On-a-Chip)

FEUUNIUHURNM UL UT UL T UL WA TIRBINStREEILNTURDUNITYINNU
719 MziviluelJuins laun nsdudiegne n1sidEns NMsARKENETS NHEY
a13 MIMUHATE1 N1905193AT199 Lazn1seuna 1saulilimdeuldnuuuwivivaua
< a & v = 9 a4 A a t% a wa
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HalasInsa wasldansuSunadey Tus 5 YAk uunddimsfnyiwaziamienisldauly
AU DIWNTNVIN LU NITATIVVATIZRAITNNNITUING [7]-[9] N1IRTINIATIZIETT
Tugmamnssuens [10], [11] wazdwindeu [12], [13] 1 Judu  szuvvesluaganianse
szuvlulasvigdfrdumaluladndnlunisimuiiesuufinisunududy eosaindu
walulagfiinnuaiuisalanauaIun1sgadiu N15AIVAN N139533T0 Lagnsiwausaniy
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1.3.3  msfauendndandleszuululasvigdia

nsdnnenindendisssuulilasvigdiadulssfuiiinifonarenguls
arwaula esnmsitadelsamanisunmdnindesas 90 Fonldtoyanndndenlunis
M519daU [1]  N15AN®IVEY Bhagat LarAug lATIUTIVATANSAALYNYAAAIUTEUUUDY
vaganialinangiBnissetu [40] Feanunsadaudady 2 ngulve) Ao wadansfnueni
Aasldndaaunsedu (Active separation technique) wasinalan1sAnuenwUULING1Y
nszdu (Passive separation technique) msdnLeniasnguiifaiduiafosfiuandieiuds
aansoaguldfmsed 1-1 mnfinnsanFosmnududeunazauazainlunisaiionagnis
T nunuimsdaneniuulindanunszduiiamududeudesnitssuuiideddndsnunsesdu
esnmsdausnidoddndsnunseiusidudesdindosdiouargunsaisoviaielrindanu
ufiszuy mafauentindendieislindanunsefuiamnzandonisinyuasiaussuuly
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[14]-[19], [40], [41]

NISARNLYNLUY
1iwasenunszdu

USunaunnslaanseiegnaway

USunautlay USunautiey
aANNAaaU
LASBIUITNITARLEN YU YUA
(Separation markers) Aasan ANl U
AeuauURLAN ANUEAVEY
ANSENLNAVDINES AIURWITINNUURLLAE
UsganSamluniswen
> 90% 80 - 99%

(Separation efficiencies)

A lunsAnLen 10,000 - 100,000 4,000 - 2,000,000
(Throughput) cells/s cells/min
AT UNIZLDNZDY ;
GR #i1
(Sensitivity)
AugnaadlunIsAnuLen .
GY noly
(Detection accuracy)
N13AARAINAI9E4 (Labeled) UNNIALIAINL N
. lidawinisinaain
Jududasfnaain

L4 Y =
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og19BayngUnsal
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AFnun N AFnun N
(Point-of-care testing : POCT)
510 W an




waeuITeinIseenwuuteItivaganiaflidudoukaraunsalinanis
ARLENTIA UITEVee Faivre wazAmglminaueszuuredlnaganimiionseduliminnis
vngunvestulIAnwasivatsuilaglinisinarutedlniadwad (Cell focusing) [42]

[ = Y Y

Falldnwuziduneiugesduai-1e18@ (Contraction-expansion channel) Ana1891U3TY

)

vhanldau 271291 Tamstiondewaransnisivauasuansenuves Fahraeus unalna
ddnlunsvensruavestulsmnead dnvurveseshilamgdingnuuseeniua
dufle Usameduii (Upstream channel) USa9a30UA- 187867 wazusutesUany
1 (Downstream channel) auandlunmdsznaudl 1-1 namazdiuinusnaduiuas
vinaansinaviiifnunirswestemdlailaninuinatesdus suves Faivie uay
anzldoenuuulitemslvausnaduinuasUaeiidiauniravindiud 100 Tulasuns e
Foalwameluevunadnmaniayldsudvsnasnuanseyures Fahraeus SaufULTINTE
nntsvievestastiui (Wall-effect ift force) wadiindenilindour utostusaziinng

WasuwUasluuuduantsuaey (Momentum-change-induced inertial force) vinlvilwaa

(% [
1Y 1

\ndoufiindgudnarsuesiontniu [27) Meomadindaduunanneaditdvunlgiud
Usaeaenedn msesnuuudedlilasngdialufiinnnuniuazanuenvuinnie {u
fuusddglunsinuimsvensrumesiulsmaniead Tasaruemvesuinadesiu
# (1) TannTuteifiunisvereiavestulsmnnead lusuefiiiauniswesuiinutes
. v

TJud (W,) Munndudswaliinisaeneivestulnangadanas wonanddslldudsdus 7
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|
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ALNUTINS IR lrafiivuiadndasauin 10-300 tulasuns Faduaiaianuis

[

Ussgnaldaulamemalianddunuen uenanildnsinisiva (Flow rate) vasansdeesly

Faslulasngdiatoiduiudsniianudrdgsenanisrnnenvisluduliuiuuazaunin

QY o
£
1

MNSLUUARLINAINITATRISUSRIINNT AN UALT18anTLELLIANUBINTLUIUNTARKEN

Y

N

v A =

PNNTANBIUVDY Faivre wazangiinlARIToldenAnwiaoiuusidanudfy A Al

e
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nevestosdusi-venefisnsdiudie warsnsinisivaveaden [25] deuniivatedi
Fethaures Faivre uazamzaUszgndldlunisdaueninGon wu fuideres Marchalot
LazAldiaunisnsAnuenuuuratd sty (Multi-step  separation)  @atfunsii
wann159 Faivre wazanzlfinausliinuszgndldausmiunansznuues Zweifach-Fung
(Zweifach-Fung effect) Faftuves Yang LLazﬂmzmaﬁwmﬂssqﬂm‘isﬂumu [26] 91UV
Marchalot wagmuzlaanimigAnLen (Separation unit) TIUIUABINUIBUNTEIRDAULUY
auNsu NMIUIMIEANRENUFBIS BT UALABIAILINAILTIRUANATEY (Pressure drop, AP)
dnrnslva wagarwsumulansedn (Hydraulic resistance) U30UA199 LilaAUALINNT
Inavesszuu Tasanunsasuinaimadldludnuasienfunguesten (Ohm’s Law) [43]

ANMUIUANATDULALOMNIINS MadimuFuusTulaelia1Au a1 un1UlensednvaIviaLdnun

NEITee WoTeuLgununguadlaunuINANNAUANATEN 8RTINITING waTAIUAIUNIY

AT 1-2 T9N1TEU A MAEIT0IAUNTVEIBVUINVITUUTIFANLTRE [42]

P . N15VEBFIVDITY
ANSINNVUYDINILYS VDULVAVDIAILUS )
UsiAnwaa
5nsINsiva (Q) 10 - 100 pl/hr. finmsasunastion
fRmnugvasestus (L) 50 — 300 um LNy
JAaunIesdesdui (W) 15— 50 um an
sEauAUduTUTRITadIdadenuas | 0.1 - 2.6% .
L3
9ALUY (Hematocrit)
ANAIUNLAVD TR 20 - 47 cP Y
AuBavguLazUsIasuasaddla | Solid beads
LADALAS Hardened RBCs .
Y
Healthy RBCs
Hypotonic RBCs
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lulaswgdAnvesnuidenanenguseannisit Marchalot wagamztlaue [43] asnsaasy
I¢harseanuuuszuulilienudumuluriedausniidengsnienislnasenvondon
Uszanm 50 i [26], [44] MseeniuvszuuAauenidondiinandesynuiu 2 d1duves
Marchalot uagamzansalinantsfnuentiniangeUszanmudosay 25 Asnsnslua 400
lulasAnsdeuiilagldonadendensiisedu 1:20 IneUsinns wenaniuanisvaaeu

ToyalusiuluiidonainnisAnuendigvesiulasrgdaailssuiisuivinitenainnistu
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fiAduiea (Polydimethysiloxane : PDMS) Tun1sAnaenuuuuteslulasvadfnainuiuuy
Jehanuiudaaou fedefvatsesisuesiitidiuea 1y JusUldie dnaenainansldd &
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Funuy uanedwesyladsdsaunaziinduanldlvdlaild nrsadeuslnuuuuweu
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¥
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Y

NanafNUAR2lAvaATEINNTANARLLAUINAINSB88E 60 LBlAUAINNSEOU NISUAGIUDILAY

=

wanafndsnaliangrvasvesdeanislvaiinefivuinlngndunadidnasuaryuiy

]

auatusalfiduwivuulunisdnasnalefindueanadiuosle ag19lsAn1uisnisidadl

oAU WU N1IAIVANTUINTBITEIINLABIN WHuna1aRnAnn1sinselusening

[

N1SNARIIAGEY SINNINURIVRHUNAERNTAN VTV WERIN1TMAAT wanaInilds
! o 3 [ £
gINFBNIYINT LuAY

nmsasredlilasgdfalagldinsosinnionnesiamaiiaglsnsnaunse

[ 1

afagunulalaslddesasisuwuy [311-34] FFnsildnseenuuuteslulasngdanme
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I5nsiasupunatafnedauTns (Lamination film) [WuASN1sALlEMIN1ILAEAILS D UL
A111509 1A d18waEIIALST [47]-[49] LHpsannupunatafnedaulnsiiian1ieda vl

n¥ouldanu uana N uves Jeon nazauzlanandliiuinnisdamgnnusnaIusay

[
v A a o

anansavaruildds 200 kPa Inglifesuiuiiuintan (48] Jagtuedesiandoninesiil
a‘imu’wammﬁamamﬁmmgﬂaqﬁgﬂLﬂ‘%aqéfmwﬁamma%qmmwgmaxm%qéfmwﬁamma%
dmsufldauinly daeBuduvendssiandenmesdmiudldauiluegiuszanauass
vilium nsltiasessinndennesiaduremsiifinnamnzausenisisouassimun seuy
luTnsvigBRnuuusiumusi

[y

wiI13ensasessuuretaganIALuLsu uAL a1z iivedninviaesu
watalaiUSauilanau fie dadnuazainluniseenuuy sessuianlanainvalevin way
aunsaassgunsaliunuulasimsy NsTUILNITASNTUNUATATUROUNITODNLUUIUIY

- Y v & Y =

nsrvIunsansaasadulaniely 24 Flua [50] daumnliddusiuszegianldlunis
9ONLUU NTZUIUNIHRILITUILAULUUITaIsaasadulaniglunad 2 uid [34] s
Wanngedlulasvgdfaduiuumeniosiandonmnosdadusuivmnaiineausonisvinide
- v a % ] v X v & = awv @ ad v
ian1sUszenaldauaeluiiuniiee gavhetnadnsven1sfneideuasimunisnisasng
goalulasigdinmenataduyudiiazaiunsainlignszuiunisudnniginalulagvugsly

seauanamnssule

1.4  YIULIANISIY

1. Yeslulasngdinruinsiineg afemenisdnaaniniasnisdnladnues

LASDIFANAanLnaS

2. AnununrestulTIAIIneaddiAs1siandeyaninglgatsluges

'
a a A g U

Lulasvigdfnyindusi-venefniifuay ssusyasesieg
3. shegrndanninunldneasurlusegeiliiinisindanas fesiisyeu
FUN9ASH (Hematocrit : Het) AuAAuniavesdentuseauuns

4. nsesaRdeuRunmvesdLienanlianszuululasngdaalinisnsiatdu

Sunwaddudeyandn
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1.5 wWanaadnazlasu

1. deyaanuannsauazdediinlunisasisedlulasngdfinvuinsiigg fe
& (Y < s
\ATDIRANAOALADT

2. szuululasnadRanuwuUNaLNSO bl IARALENULEDA lHa3

Y

3. dndennAnkenmessuululasigdfnlinunininanunsaliluninsia

MU URN3lA

1.6 @3

AMSWAIUITLUUNITATIDIATIZHAISUS LUt ee i linan1snaaaulasinsn

WNHUNUININISUINgNINTY - nsimudeslulasgdfacmewmalaiuruditieide

Y

CY v v

TonalminIemaunszuunsIamseiansUsunudesladawasasminiy  A1SWAILIYDY

aa v ° [y Y v A = k4 v A a o <
1111?’15‘1/\]6E]G]ﬂGIULLUUﬂ’MiUI“UﬂﬂLLEJﬂ‘LJ']Lﬁ@@?ﬁﬂﬂi’]ﬂ@'ﬂEJLV]F’]U?WIU']LEUE)"\]SLUNLLU’JVINI‘UWW

Y
'
£Y o

dimalladunualudszgnaldauasaiunuidenienisunmduazuidesuaug mnges

q

Tulasnadfrdunuuiaiuisavinaulasazaiuisatundusuluudivsunisnanlusesu

Y

gaamnIsula
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uni 2

NOBUAZHANNTT

2.1  nsa¥reszuululaswadfnsieasosfandaninas

Y

i |

nsad1eszuvlulasgdindoiniesdandennoiuiesondndeinis
égiiﬂi’lw (Xurography) Qﬂﬁ’ll,auaiﬂuﬂ A.A. 2005 1y Bartholomeusz WagAmy [31] 334
aunsalfaisesganafifluuinnuniradnaaUszanm 20 bilaswnsasuuusiunediues
gilaseq Wlnensaarlidesdinisaiauinuy waslneirluindesdandennesseadunisen

wHunedlesNilAUrUIYsEIN 25 B9 1000 lulaswms n1sadegusvuInganiInauy

o w

wHunadmaslasldiasassandanimnastudeniivosinnlunisasrsainvatetade Town aun
YoausInankdan Anuwslunisdn autRaubanguvesian (Elastic modulus : E) uaz

dnsndruthwesvesTan (Poisson's ratio : v) usiu wiudanazgndnuinsisanuAusisein

q

=

(Normal Stress : g,,) 1N52YaUURI TARNTIAILLAUAIRINTAZNALNIULABANULAULAD U

9 Y

(Shear stress) vaddagmuduULLINITAA NQuasgaly 2 TF (2D Hooke’s law) lalvllenumn
ANnuAuRIRInvesTanndaudRvindulunnfianis (sotropic material) LiRagaduduius
sEniemnuey () audRnnugangu (E) wagsnsrdiuives (v) lngranuaulussuiu

x Hudnsiasuilasmuuuinnu y dusgiuyuuedluiindn (8) uarsyeeineainsesfnnsai

Y 9

o

H1un (w) Wedndanlusumis x loq daandunmusenauil 2-1 astinanuiusainty

1%
[y

\Wetaniidunida y 109 (0., () muanuduiusiuaunisn 2.1

Ev ytan @
=)

ox(y) =

T a+v)(1-2v) ¢ w

WonaTIueusilglun1sindaiansan A nNATINUYOIAIIALAIRIN (0yy) AINAIINRU

vouHuTan (h) wazAugvediuile (L) muanuduiusluaunisy 2.1 dagandiainuau

Y

]

99A31NYDLIAR (Yield strength) agvilviinsesdnlumuidunwidn uanaintidmusninlu

1%
v v v [y

YUENYINIARAziAnAINAUIRausEnI LU TaRdRdUTand s BaTuuaugaIneseey

q

AUEN NMITNTANANUFNTUSAINa 1 TTeuR T AeldauuRgIunILsInseviluian

Aalayiandiegaduunuiivuiainiy dufuilednguinefiiivuinanuning (w) deyaday

danaliinanuAudeuluiagheBaduiuny (ty,) gwWuruivdigeganianazaiunsnda

9
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Displacement in x caused

by blade wedge

Txx (V)

Cutting direction is

along z axis ' i

Previous Cut

AMUITENOUN 2-1 ULHUATNAIUAIARATINVDIWNUIERARlUNMSFnMmenTosfnnaonmes

Jugunuld fudsidududnlafeniidmanatedidnlunisadiegussuuinsieg de

o

WIBIAANaDALADS ANNANUANNUSTanUA Bartholomeusz way AmgISlALEUDENNTS
dmsuldusmdiunuienunintesiigniisosiandonnesaiuisaadiala (w,) [31] A

AUNSN 2.2

h2E tan Qv
We = \/2(1+V)(1_2V)Tyx—max .......... (2.2)

AsRaiandannaslassluiisn1sdn 2 wuu fe nsdnsnddsv (Half cut)
wazn15AALAfN (Die cut) Taflwewasonsldnu egelsimuiniosdandonnasuiiues
fanuanunsalunsFaiuIu 1wy n1sdawuULtduUsy (Perforation cut) @adunislaisnis

FAF1ANANLATNITAALAANIIUAUAILEASLUAINUTENBUN 2-2 ITN9PmkuULduUsEIaly

B Cutting material
Adhesive material

Half cut Die cut Perforation cut

Amiuszneaudl 2-2 suuuunisdinuineineg veuesewiandennes
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= < v 1 [ d" [ Y1 aa a [ = o & Y
wngauiasnnilunsinedeliddeilosililaveslulasvigdfailiseiios dsunisen
granAnuaznIsinlafndeluieiasdandonneiniluiadugluvunsdailiisamauas

winzaudmsuldaiaeddulasigdan

2.2 wgufuazusngnisaimsivaszavganianlddmiunisAnueniiiien

msdnuenindendessutlilasngdiauuulindsnunssdutuaziosends
Usngmisalsssundsuiesanmndouiivesdeansluiesuingania  windesdy
vadlvafiinginssunisivalivilounisinavesiindu (Non-Newtonian fluid) og1alsfinm
annsofiansaunganssunisivaseaunisvesiaiuld lagauuilviidenfoveslnadsdl
dutsznovtessaddindenunaduamauiuassluthidosdiinginssunisivauvuiiady
(Newtonian fluid) [41] uaﬂmmfmﬂwasuaaﬁwLﬁaﬂmsﬂu‘viammmamﬂﬁﬁmumé’uwm
Augna1alansedn (Hydraulic diameters) Usgainas 10 s 500 lulaswmsagiidnuaznisiva

LUUSIULSEU (Laminar flow)

£
= U

NsATNIUTINGNITAlAaY Mifnduiuvesinatazeuniaigg Negniely
Hotlulasngdnniiealdanlimize (Dimensionless numbers) lun1silSeuiiey auLsdluan
(Reynolds number : Re) 1luelimiienfiaudrgyuasienldlunisiansundudusunsn
UL TIluanin1NNISHANTUININATENINLTUR0LAZ LI NANUKEnTnanan1TIua
aunafiegnsluretnasslasunsinseyinanusulssazussnauniialiesaineynin

o aaa Y} ¢ Y a o o & ‘:4'
seliuizendurediva wwasdluanuulinuduiusauaunisi 2.3

a? _ Upa®
Di  uDp

Re, = Re,

lneduls Re, Pewautsdluannigludedlulasadia duwds a  Aeawdurugudnalaves

Y

aunA fwds D, Feiduruaudnaslansednvesdeslulasigdin duds U, Aoausy
g9gnv0InTiva uavduds p Aeriaumilnvaumansvesveadiva (Kinematic viscosity)

melanisivauvusuissulueievisvieganiatuiinisasuwladavisdluanaout1aun

§f @

Aaue 0.01 89 100 BedawadAgysiongAnssunisindouivedwadidnidionuwns [41] AdeLneil

] £
ca a [

13139811 30UTEUNUN TN BRENUETE N YRIUTIN NS TuivaynIalalaeTHa

isfluanvessynIa (Re,) AuANN1TH 2.3
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N9LATIEYNSIUA UL YA Tufpg 9@ Tavateaiee deuldia
wALan (Peclet number : Pe) Fadumnuduiusseninsnisiasuudasnaliiosainnisiva

a = P [ [ 1% PN
LAZNNTURULUAILIALUBDIINANTNT "liﬂﬁ’]ll'ﬁﬂﬁ?ﬂLﬂUQ’JWNﬁNWUﬁS‘lﬂWmmJﬂ’WW 2.4

_ Ubn
Pe = e (2.49)

Tnaduus U feranusiedeveinsiia uasfiwls D Aormdudszavsnisunsaeseunia
aelanislvafidmeaanuinndt 1 (Pe >> 1) n1sipfouivetoun1nvzlasudnsnaainuss

WeslilnsanmsiuaidundndlaSouiieusiudnsSnaannisuns

a

Tnemalugedlulasngdfnniinisldnueivssinslfsuuuadifauniing

= | | & a v o= = aa = ' a
AMUEN LazANevesresed 1 liluddy Fanswasuwlasiifimaiidasongfnssy
Y030uNA Lavalnnd (Stokes number) WuelimiednAmilaidenlduszneunsesue
wgAnssuvesayna Temvetavalandidudngndiusenind1aIvein1snaIuresaynIn
(Relaxation time of partical : 7,) fuAIAINIRRdNYAEN1TIVA (Characteristic time of

the flow : Tf) mmammiﬁ 2.5

Tp _ ppd?/18u _ Bd’Up

St = =
Tf Dp/Um 18vDp

— % Re, (2.5)

laefidiuds B AeA1AUE9d NI (Specific gravity) YB4RUNIATINIIINGNTIAIUTENIN

[y

AAUVUIMINYRIBYNIA (p,) AumAuruLLuluiegvedlua (p,) nsdiiavaland

NN 1 (St >> 1) sunevgiingnssumsiadeunlumunisivalaesnwismumiasy

Alimheegtes 2 Mmaziluiiugiudrdydnisnuusngmsalndudou

v
I Y |

899U wWu Usingnisainldlunisdnneniifendiulngiiaainaaniinnidt 1 fauue

I Aov qgyva & I3 ¢ caa o o 1 Y]
li%uﬁawmﬂiﬁjWﬁ]ﬂimﬁﬂﬂaLa“{JLiEJKIuamLaSLaﬁuaImﬂ"U ‘Ui']ﬂaﬂqimwmmaﬁ’]ﬂm@@ﬂqiﬁﬂuﬂﬂ

o

1 4 1

undeauazinanldesnuuudedlulasngdanlunuided laun nmsiedeunididaudnanay

YougadladonuninisluriovuIngan1AduLleotnInuansznued Fahraeus N15uen

v a

aunAlunsivawuudafioasile (Multiorifice flow fractionation : MOFF) kagnisiadiowui

vasaun1nn1eluvieninuenluaeme@slasuinsnaanuansenuves Zweifach-Fung

[

Judu Usingnisalinanunviauadiuiinthilunssuiunisaawenuansnafiuludsil
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2.2.1 mqwﬁwanimwaa Fahraeus-Lindqvist (Fahraeus-Lindqvist effect)

= a [ A . o
NNsAnyIadesNINNISIduaITHYILAREYRRER (Suspension stability)
Tunane ) ATesumeliiunuaniAnsuasuiuassvesionsuuasunlaedns
wiudannslnaninnudunnaseusuaznisivalurievwingania Fahraeus 39lafnwInis
Inavendenniauduanaseumnisluiegania aunuinledenlvanigluvieganiaiil
v 1 s v 1 v 1w | t% ¢ & P
yadurugugnalsiosndt 300 lulasiunsaigrdnsin shraasdamalvivadidlagen
= Ay ¢ ] a & 14 I
LAsAFEUNLAddANENa19eaganIAIUANTUYI AN (Cell-free layer) YuIALEN
uRawandlunmusenaunl 2-3 3038nUTINHNITULINANITNUVBY Fahraeus MINAAITAN
ArAusedsvegaalindenuninisldnisluanuuldanisiluda (Parabolic flow) Tuvie
g ] < A A T A v S Yy o oA a
JaneagdAnnIaustedsluvedlransounien memalddmaliseauduilanse
neluriagania (Tube hematocrit, Hetyy,e) HANtosaaliowsauiisuiuseaudunlansnty
A8E14d00 (Feed hematocrit, Hctrees) MUBWNEYIE HANTENUVDY Fahraeus @13190
a Y o/ (% s v A a ! v A a 0 1 I
asunglainanuduiusvesseausunlansaluvieganiawasseaudunlaasaludiogiuion

(Hetype/ Hetrees) HANNAUEDULNAEURUAUENAYDVIDL N

C i f
Cell-free layer (Plasma) foss section o

Microvascular /

=

the microvascular

Red blood cells (RBCs)

1 6

AmUsEnaun 2-3 Msafauiyudidaudnaravieganinreseadauintulanwas

\H9I9INNANTENUUDY Fahraeus-Lindqvist

AU Fahraeus wag Lindqyist ladn1sAnwiiatuiieiiunisinaauiiniu

o . . s & = i N au vy ]

AAAAYINS (Lateral migration) vedwaddindonuwnifitnanigluviogania Auddelanuin
i = 2 =~ a [y 3 a A

A1AUniavauFeniinsAsuLUawmNIUIALELHIUAUENANYBIRDAREAYIBYIB IANA

waglaaguinluvenfivunadurugudnanaladiiu 300 lulasiuas Aanumiaveuienagil
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[
6 A=

AanaulovuIadur1ugudnalavesioanas Usingnisalidegnisendinansenuees
F&hraeus-Lindqvist (Fahraeus-Lindquist effect) @enpunlaiunldesursanuwuznisiinau
Us1anad (Cell-free layer) ngluviegania nsAnwianwanIsinaauntunIAdauINg
Y990Un1ALTY (Solid spheres) Faluansuwviuassluveanailddoasuieensuiuiluin
nshanegluvieganingunsadmasaiuimureulnnisivaves Poiseuille Miliavisedluad
1NN 1 (Re > 1) uaziliausdluanvatouniatiosndi 1 1109 (Re, << 1) 3ilusenideei
o 1 < . . = = v v & a
nszihseaunALds (nertial lift force : £,) Faannsadinnuduiusnuaunsn 2.6

pU?%a*
ST e

F, «

TnussResiinsgyimeayneaunsawendosiuusinssi 2 vladuandunimdsenaud
2-4 oA wssenmientiiainntaria (Wall induced lift force : F,y,) waguhsagnuiedinen
LASLAEUANLLASYEA (Shear-gradient induced lift force : F,o) @msunsaliliausgluanueg
! A 1 U a d‘ o U ! o a !
BUNIALINNTINTOWINNAY 1 (Re, = 1) asilussenmieninainuiavie (F,) nseyiluianians
v ¢ N~ Yy o o PN
Whmaudnansiedaninsaussanulamuanuduiusiuaunisi 2.7

pU?a®
W

Fow & fi

Tne? f, AeanlsiAvestssen (Lift coefficient) Fenainauduiusszrinavsgluaniua

° | o Y a ° Y aa o I3 S a A Y oA
FALAUINIANRAVINND 1989 (W/h) aqﬂiUmaf\!aﬂqﬁ‘V]Nﬂqﬂﬁﬁm'}qﬁLU‘UEUWiQaLMaHNNUNq%QN

l Channel Wall Channel Wall
Poiseuille g 3 11
% © @8-

-»@4-
@

=) Shear-gradient induced lift force : F;s Equilibrium positions
=) Wall induced lift force : F,y

AMUTENOUN 2-4 UHUNINLAAILSINNTEYINARRUNIANINYEURANSIaTad Poiseuille
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9n918UTENI19AUN T (W) wazangs (h) Tutae 2 fs 0.5 agdlAn f; Uszanas 0.02-0.05

Turuzigatueyninglasuussenuiieatnnnsifeuniueien (Fy) Tufiananadig

Y

NaviaTaE1uNsaUsEINAN e AUANLFURUS luaunISh 2.8

2,43
Fis «f pUlZa” (2.8)

w

L5aNTENeaeErina1eiunIuAINeIvesvieduisganisfiusensyvieaynavivaes

whiwihlvddenumisauna (Equilibrium positions) Aauanslunindsenaui 2-4 yaauna

Y 9
Jusundsiioynalufinisindeunluniadauig usliiesnisiedeuntuaunisinanieluy
io sreenegInauna (L) aunsarwialiainaunisin 2.9 wagdnsinisivaganauna Q)

anansamuInlaanaunisi 2.10

Tuw?

Lf == m .......... (29)
_ 2mphw3
O =i e (2.10)

n1sAnwIdnwaznIsiAfeuntunIadnvIaseynIaluddusousuld

'
=) 1 = o

aun1ANIAUEAngUTITAN TN AR USNBUL YD UYARLIALEDALAILINTY  NITANEN

9 9

A =~ v & a Ay I3 | v o &
QUﬂqﬂmuﬂ'ﬂqﬂJﬂﬂMquuuLUU@QVWH?JVHEJLUU@EJ’N&HﬂLWi’]gﬂqiLLﬂaﬂJﬂqisﬂ@Qﬂqil‘maﬁmLUU

3

¥ 1% a 1

gdoufaunIsnelaveulandanNEavgulas BngnaTiniusenitansiudsuguseiu
[ dﬁld < Ao v & 1 f @ & 3 M Y & =
9n5INTiva uennfiiivsuiaunddgesusiveasadidaienwntiuldloidunsanauwsd
aNuMzIUNINNS 1AUMULUNgInIiNGen (preq cen = 1.09 > ppigsma = 1.02g/cm?)
-~ a | Py Aa W al q' I3 .
wazdiaugangu aeladwlsinnuneninadednuugnisiedounvedsas Abkarian wag
Viallat latausuuifndmsuasuiensanseyinnewas (F,) Tuvauwnnistuaves Poiseuille

MavsdluanA1tosI@un1si 2.11

Fo=mtre) L (2.11)

Tnedls n AsAIANRLA FuUs ¥ Aodnsaou (Shear rate) Auls R Aosallvousad
flUs h Aeszegisserinenilaviaduwes wazdinds f(v) AstlendussuSunnsuewaai

WasukUasanas



21

2.2.2 nsAauenaunafleYadlulasngdfnuuuliaiaaiily (Multiorifice flow
fractionation : MOFF)

nsfnnenaynaredeslulasngdfnuuuiiafeasiense MOFF Wwdunis

Y

£% '
v A

wenlpgldvuinveseunialunionsd FBnstidundeusmausadena 2 glasiudu As usg
sniaee (Inertial lift force) wazusat@nsniieninainnisiasuwladluusnu (Momentum-
change-induced inertial force : mv) sauanslun wuszneauil 2-5 wsteni@esduinduain

aunussiulunipdnvvestadlulasngdiniinsineouniagenuidediulngasfinw

Y

aeldveulwnnisivakuu Poiseuille wse@esfindutunisgosoaniduusinssiin 2 via
= = ° o =i ° = = ] a =2

Ae uwssenilgatinnnilaiaiazisigniniigranninsfeuninieien  Aeu1in1s@ne
WUTWTURREVIANB L AAATIUIIANAAYDINITLARBUNAUAIARAYINVB 1DUNA LABi]

mundsaunasgluszey 0.6 wihvessalnuuIknuveialaeUseaiu [51] Usingniseli

Yy v
a =« a0

AnTuilgniseniinisnseaniinigluvie (Tubular pinch effect) Tngdnuaizn1snsznsiives

Y

BUNATAATUNIUT IV UAUTNIEBIYDINE

'
a

wsaRegtuilelurannisildsunuadlutuudy (Momentum-change-

[
A a

induced inertial force) HUINUFIULIINNAANIINITARDUNVDINTT A bINTINURANTINT

P

\AdeuNvatUNIATUAnTUTIINANvzvadastlulasrigdfinludii-veneds Weounia

a ) v aa & ¢ & 1 ° va
Waswwdadawudunigldnislvaniiiavisdluaduaziavalandaigaagyinlvfianianis

Contraction | Expansion channel | Contraction

channel channel

+
direction ----1 T S ——— A 4
s
—) \f—
=) F . Q) Vortex flow
— Amv
= Fun — mv

ANUSENBUN 2-5 N5akuulafoos Nt uLAR UM LS IADULAS LT LRSI TEI1N91N

AMsAsULUaslUIUAUAIgY I UR- V18 F
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d‘ d‘ 1 [ a Q‘I LY (v [~3 LY o [
wReuveseynalinssiufianienisiva nsiudsusUadlamududaluiiuusdifny
dmsumsldAnuenaunIAmeuIn MINAANTUININNYTeN 2 vasilifiuwdinisiasunlad
Ty UA T U198 IR RIT ALY A ULSITULARBUANNLTILRBE FUAINITOLTIUBTUNY

ANANNUS ISR (F;) warnsiUdsuiladluuudy (Amv) lasuaunisy 2.12

dv Av Amv
Fi —ma—ma~mﬂ— DV (2.12)

ameldaunfgiuiiineyniafinsinadieanusdufertuanuiiedeveanisina (U) nelu

PoslulasngdRanTiduNIUALENaS (D)) TUIARIEY UATNAANTDIIAT (At) @1UITOVALNL

Y Y

1 s

Iemednsdiussniraduiugudnalsuazainuinadeveansiva (D, /U) anuduius
SIS TIE T suaS U lnllaeuann1sh 2.13 wazWaussurelndlunsdi

auMAlsUnsSlanuauns 2.14

U2
Fo~mg (2.13)
3772
F, ~2 :‘;h” ....... (2.14)

2.2.3 wqwﬁwaniz‘vm“uaa Zweifach-Fung (Zweifach-Fung effect)

v

v ’0’ = ¥ aa 1 B3 (-
nsAnkenuudenseszuululasvigdandiulvguegiungnisivanenly

@99n19 (Bifurcation law) fanandlunmusenaud 2-6 Fafeusaniumluinnansenues

Zweifach-Fung ngnistvatignihunldesuienginssunisindeuiivessadidadonunsie

Main flow

AMUsENOUN 2-6 AnuansngnIstraweniiasanig (Bifurcation law)
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A a

luanunasaldendssniinisenlianinis Faugaduuinlngazdngfinssunisindouiiiou

S v

= = A ! I | a aa Y]
L@ENIU‘W'NW&@@L@@@V] mﬁqﬂqi‘lﬁﬁﬁﬂﬂﬂqqLWT]SLGUaa‘SUU'WIGLWQJJQZQﬂ‘UiL'JmVIlIﬁu’]ﬂJLL?Q@I‘UQQ

N v

muaulaing dawadniivuindnagivaguasadonniisnsinisivasindt msedeuiives
wadludnuvariaviinfuilednsdiusenindnsinisinaluviensassdainuunned1eiu

Useanad 2.5 09 1 1ngdonsaiuseninauunnvasgaanuvianiesnuussuna 1 win [26]

2.2.4  msamunAnudiiunmulansedaneludeslulasngdaa

=] = A o Y & [ o v ° [ v
duillosnnngmistuanenlvasamsinhanldilundnnisdidgydmiunisen

£
= [

weniiden uilumseenuuuszuulilasgdfafidudouduindudeiniesiodmiuns
Useiuvuannuniislufifene vesweadielildnanisinwenaufidesnis ndesiodmsu
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Useanas 1.5 wufnesd (Centipoise : cP) lunisduindiannisit 2.16 1¢ [43]
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3.1 N19219LHUNITNADDY

3.1.1  n1sneaauianisanutadslunisadiediuaudunuudianIasdandaninas

miwmaaﬂuﬂammml,l,mt,ﬂu 2 @1 Ao nsnnassassdeslulasia Qaﬂ MY

X s

FBnsdneandn  waznisveassaiireslulasngdfnauniseeniuumieisnisdaladn
mAteilidenldnuaiesiandennes 2 u Ao idoswinndennes Sihouette Cameo” dail
59P1UsE8NA) 20,000 U WazlATeafinwdonines Graphtec CE6000-60 FeilsAuszanal
50,000 UMW LAasaiisansgudianuannsamuseazdealunanuan n. Jauanideya
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ANuanIaniieg veansesiionudeyatifuanldsyyly endlsfnanaiesiiovianiiudiy
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(Cutting material) wazUaT8ANUUILNUAR (Cutting axis) muumsmaaqmaaaﬂamw
nsneaeuladvainiagdauazdadeanuuinnudaaivdluiunisnaasuladenaniaed

SNUALLDUABNUNITNADDININ

uHuNIMAaesdl 1 msaeveshilasngdinmeiSmsdaendndn 8nnsilld
ANuEINTalUNIAIUANTLIALIINA (Cutting force) YaanTasinndonineslunisainetes

a a

lulasvigdfnvuinmiie asuuiiuivestandn nmaveaesidnudviwafiiinasevuineiiu
N8N 3 Uade Ae Jaduannusane Yadeaniandn wazladeanuuinnusn Jady
NnusInaifinasevuIanNnivesdeslulasigdinieidulladendnlunmaass dau
Haduaniagfanazdadeainuunudaduiafosiuitidimiansamioutuiladendn
Hadsanusanaiinismnassdienmsldusnadusssdutiosanluiasedu guaniiedosingu
g anansavild Wy msnnassieeiessin Sithouette Cameo” dvanunsaldusenaldsaus
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Graphtec CE6000-60 Gsanunsndnousanalddaud 20 fa 300 n3uvefey wazaunsomua
seduusanald 31 s¥du nsveaedenldusanaiaun 8 sz (1,3,5,7,9, 11, 13, 15)
A1INAROULASEISA Graphtec CE6000-60 dapn1sldusenaiiiesszdiu 15 duiifosnainns
npgouLdesfunuITLTINAsERy 15 anunsosawunataintaldvinauysel senndudedy

)
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ndandngadl 2 Yalasnidenidwivlanundnainnediwesinviiaiu Ae wedlilanaslsd
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(Polyvinylchloride : PVC) wagwadioaines (Polyester : PET) uarUaduanvingpiedianianie
wwwnuilddngd 2 gauiu Wesannlaenaluiesewandonmesviaiunigld 2 wwiunu fie
WNUUBU (x-axis) WagWNURY (y-axis) INN150BNKUUNITNAGRIIYLFNGUN1TNAaaIIavIA

) 9 = LY . ® ' ° ) (% d" Y
48 naudmSULATONR Silhouette Cameo WAZNALNITNARBITILIY 32 NaudMSULATRIAA

Graphtec CE6000-60 usiazngunisvaassazinuldaiiadeslulasngdaaniaiiuety 10
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Y] ke & o e ~ = | aa =

INTUTENRUTULLAVTUTInn MRSt Aina1sesdatlulasngdinnusigasidenly
v v a ¥ =~ o a v v | ) ¢ &

WdeN 3.3 annennImilauIngIaaeuIuInAIINNINDITRIRI8FaNARIS Image)
ANUS18ALLRENIUINITON 3.4.1 HALYININITIATIEIRANIIEDA LA N1TNAFBUAINULANGS
YosAnadeilaannguiiegsasnquitludaszuniu (Unpaired 2-Sample t-test) tion1s
WSS UEUAINULANANITEIRINVUIAAINUNI VDI DITLNATUINNATAANILTINATL AU

FiN9°) VULLawaafn PVC Laywanasin PET

10 mm
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”mLLm'u‘wmaaﬂiﬁlﬁsumamymﬁ%ammmﬁmimiﬁmﬂmamﬁmaaqﬁ1 NMINARBILANY
Snsnafinaneru1nvestesain 2 Jadendn fe Jaduainnisesnuuy wazdladeain
wnunuiildsn dasuarnnsesnuuulufidldniseenuuutesmssmasuiiuditvunanny
nHrakaust 50 9 500 lalasnsudadnadluvuile¥an Insusaztosdinanuens 10 fadums
aunvuslunwUsEneudt 3-3 TnsenAdedulwueanuninady 6 4n LawA 50 100 200

300 400 wag 500 lulasiuns d@nsutadearnuuinnudnazusenauluaig 2 hulwnusn
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Fununfutufinnmivinafnansdedlulasigdiemuneasdesluited 33 aafe
F9179YANNAUIATIAABUVUINAIUNTVBYBINELONAKIS Image) MuTwaziBenly
Wadefl 3.4.1 wdwhnTleTIeinan1adfsie Unpaired 2-Sample t-test iiieiUSeuiiou
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3.1.2 AISNAABBNBANEIITNISVEILVUINVDITUUSIARINLYAE
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lafinvadlsangrviaaevaiuniuns Jsdregrudenivunldruezdiongnisivuiudiogng
ey 1 Fullssaniludenivlidrsesfionisaeumuresioadjifinis deyavinnis

NUYIUITIUNTIUNUIFE 1 Aa U 3 TulaelSutuaintundaAvaziiseAuALTUTY
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a

vosansdlulnaduanasliiiudosas 2 uaslarumninegluseduund (521 ¢uidelidsdien
fegrudenlutig 3 Jundsainnisdaiuduiedindeni Tauaudiiiisuindudiedng
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LWUASNAADST 3 N1SANETIRIENE IR eIt uUT AR NadnY
Yodlulasigdinvdadiud-venfuuuaumins nismaaesildoonuuuteslulasgdanli
n1sdumuagagreiluaneuslagIfun1sANYIV0Y Faivre LagAtg [42] N151ARB99Y
fosandnswaiinasensvenefivestuUsrnwadlnaisuiiouan 2 Jaseudn Ao
PRTIAIUTEMINANUNINBYBITUR IR BYDIVENs Y (W Ws) wazdnsinisiva (Flow rate)
YBIAIDYINTDN  BNTNAIINTNTAIUTENINAMUNTNVRIYRITUAIFRY DM IAIUAY
MIEN15RONLUUYRIALINTIdIULANA1TY 3 4a AB 0.10 0.15 uag 0.20 tneldvesvenedi
(W) fifimnuniag 1000 650 wax 500 lulpswnsauddu dwmiuresdudtuazivuis

ANUATIE (W) windu 100 lalasiumsiasdiaanuend (L) 1000 lulasiuasaanuusnaguaulu

AmUsEnauil 3-4 MnduIaasenduuangluuudedlulasngdaang 4 wuu wuvay 3

Y
[ 2 2
a v

FUIU MIUUNITNAFDINADITTUNUNIMLA 12 TR AN TULNTUNUNIAUANMAFDUNIS
Tnamefe81uaanNons NS afaws 50 100 200 300 400 way 500 tulasansdauli
IINNITORNKUUNIINARBINELANAUNITNARDININUA 24 NEN KALYNNAUNITNARBIGNUIN
naaaunsmalagldfegnadaniniunisiaaanesigtings (Normal saline solution : NSS
0.9% Sodium chloride) 19518314 1:10 1A8USUINT  SNWULASAARALNITAADUNYD
¢ & A | aa A a | Y ) 2 o = &
wadladeauasludaslilasvgdfnlagianiziusiangesiuii-veneirazgninuiuinidy

a A ‘:4' Y ¢ ¢ = v v
ﬂqWU\TLLagﬂ’]WLﬂﬁ@uvhﬁ?LW@IGﬂUﬂ"Iimi'ﬂﬁlﬁ@UWQU%@WWLlﬂi ImageJ unﬁqﬁaglﬂﬂﬂiu‘w}sﬂ@

a

7 3.4.2 gane3alINan1InTIaauInIAsIEinan1saifiie lSeuliisunsnasin
FNTIAIUTLIINIANUNINNVDITBITUFIFDBDIVY8FI WAL D NTINT A LALNITILATIZITAINY

LUsUsIU (ANOVA)

WAUNISNAAD 4 N1SANYIIDVENEVUINAIINUNINVBITUUIIANLLARAY

LY

Haslulasrgdanylinduii-verednuuliauuing nsveassidesn1s@nw1isnisueny
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.____Tf_ ______ T ____ |
Contraction-expansion channel w, W, W;
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b s v Y =t | 44' Y = a o saly 1
FuUsIAINaanaulanurilaivesteuiesessunsaldymnsiintuusiaaneaanly
anunsdsaInsafindulalunisveas 3 nsldnseenwuudeslulasngdaalyinistusa
LAZUENUAILYUAEINUAUNITNAABITEILLN WAUTUUTINTTRMeiuUIvadasduiiuas
Yosweemiminauliauunsduandunindsenoun 3-5 nsidenldruinmiuninawes
Yove18i (Ws) 888N INFULUUNAINTA818TUUTIAANLYAE bR L8 e198391n21NN15
NAaeIn 3 @ msuresluAiazdivuinaundng (W) waga1deny (L) vesradiidud 100
ez 1000 WIATUATINEIAY N15NAaRINAITUNBNSHaNiNado vuIAYRItUUTIFAANYAS
lngluTguiiuan 2 Yady e drdueunsu (Step) vesdaslud-venedd uazdnsinisiva
nsneaesiildesnwuulivesiui-veemdesynsudududiuiu 5 aduluduanuieaiy
WBANYIINTINITVEIUAIVRITUUTIAINLLAGNOYNTURIAUAI IINUUTNATEUTUIY
= 2 - o Ao [y 1 Y] < [

U 3 U WU MedEUNSIMandnsINsraseausa tnswuidnsinsiuadu 6 seeu
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lengunisvnaesianun 30 nqu NnguMmeassgniEmagaunisualaglidiegiadont
1n15139919978UNED (Normal saline solution : NSS 0.9% Sodium chloride) N9ns1au

a Y 44' = ¢ 2 A a a ]
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gaslulasngdanazgninuiuiinidunmilawaznimadeulnaiieldlunisasisaaudieg
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s I3 = | D= a ¢
BoNAWIS Image) MUTIEaLBenlWiIteN 3.4.2 aATNETIUIHNANITATIVEBUNNIIATIZNE
meadiiaIeuisuBnsnanaiuaynsuvestesduii-venefiwardnnisivalaenis

AR NUKUTUIIY (ANOVA)

1 |
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- - __ 1 [ - L —e | 1
1 1 | | 1
T 11 I [ 1 | | 1
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by’ ullaie 1 [ [ |
1 [ | [ I
1 1
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3.1.3  nmaaaunafaugnifenfledaslulasngdfa

nsneaesiiiunisdesonnmmasesfiiuiieUsuUsuazeanuuuYes
lulaswgdRndudulddausntndon lunudezdosdinnsesnuuudesmslmaveninden
(Plasma Channel) wfisnfsidnanluszuudanandluninuseneudl 3-6  n1seonuuutoImIg
lwamaqﬁmﬁamﬁ’wLﬂuﬁaqﬁmsmé’maumméhumulm5a§ﬂmaslu°tiaq1miﬂsv\1aﬁaﬂLLGiaz
Ushasuiu  a1nnsAuinaiauisuniunslugedlilasngdfnvesnuidudie fae
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NMelutom90enNaNVeNAN (Rawor) Usenas 50 win [26], [44] Jeyalunianwin . 1
LARITIBaLIBEANANSAUIMAIANF I UNTuAEluYene vasnTesnuuuluaAFed
Aeadeaaznseenuutlucddel  anfufusdsuiununuseasdoaniseenuuy
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#etnde (Normal saline solution : NSS 0.9% Sodium chloride) Wusmsidau 1:10 Ine
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o =

zAnAUATIay 2 wiiidudiuiu 3 a3e 9ntudsilumuinlsunaasasatiusuuwas

ANUIIYALLDYA L UTTEN 3.4.3 WAy 3.4.4 MUaIRU

- L

|
S

o

|

AmUsEneaui 3-6 uuuiveslulasvigdiaiielddnuaniiion

32  msadetuauszuvlalasva ABAARULUY

(%
o

Asas1avuuszuvlulaswadiatuivatsisnisaalanaidlAlunisnuniu

Y

=

I3780UNITU ﬂ’]ﬂﬂlLﬂi@ﬂmﬂwa@(ﬂL@@iﬁi’]ﬂﬂiuﬂ"IUWULL‘UUL‘U‘L!’Jﬁﬂ"liﬁfl FuY] Num QWLLagllﬁ']']ll

agosilunseenuuy Tnefitadeiiuguiidesiansan loun Janda (Cutting Material) Tuiln

fn (Blade) N1sidontiuausasiniuiandnduduany (Cutting Mat) Larn5UsENOUTUMLY



32

A1usunssuisnisassiunususuulagldiasosdandenmasiulsenaulusie 6 Tunau
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3.2.1 n158nkuuYastulasnadnanglustnsunaunnes

v

aov A« v A Y] Y U A A Y] . ®

nuITpildenldnunIesdn 2 Jumeiufe 1A3aAA Silhouette Cameo
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o v o A I3 ¢ A ) & . . ®

naNe  iAseRAvsaRIsuilTeandLIsAIUANATOIRALALLIANILAD Silhouette Studio uag

. ® o W 1 aa v a 4
Graphtec Studio” muadu nseenuuutedlulasgdfamelusunsupsuinesaIuITe
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Wenldgonduifdmiudielsunuunsessumsduiinenarslugliuuiiveniwisaniuay
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[
S A

wazddnuaznisldauiadieiu nseenuuudedlulasgdfalunuifeilifenldau
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a

iwseslatislunmalsunuuiisuwiiugenduwisdiediouwuudug susuudeslulasngdan
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AmUsenaun 3-8 Tandnuariiuiiniseenuuudeslulasngdia

3.2.2 n1snseudanaa (Cutting Material)
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3.2.4  a1siaenldunusaIRnLazdIdndndudueu (Cutting Mat)
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325 n15BaUsznauTueIu (Chip Bonding)
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n158aUszneutunulunisiukutusnuluddudusieg unUszneuia
Anfuauneliintesllasgdinfiauysaiamsmilulfonlsd  suafedidenldauusin
\deunufeu (Laminating Fitms) {ufandauszneutusu Ineldiduusiudadunonanits
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Fedesinaudeu (FGK-320 Laminator) sauanslunmusenauil 3-10 winduaui
9eNUUUISIUINTUUYsENOURULINTT 3 FutulusuTudes Taudsddunmsinanudeu
dosnmsiamnufeuiigumnd 120 °C Sumngdmiunisineufeuniunatainidey
fuldiAy 3 Fulpetiusiuurundeunnudoudis Fetuminiisiuiudusuainnii 3 du
wipsinmuiouluiargaunsusuutuiieonuuy nsldusunszwiefutusnunounis
3apufouraslitunuiinnulusddaimnsznsemethedestuliliunulauaudou
1agnss ﬁaaﬂﬂgumaumsﬂssﬂaU%’umuﬁu’wmﬁﬂﬁﬂ'ﬁUszﬂauﬁuaﬁu%ﬂlmimmaaﬂﬁﬂé’

SELaEIINGD

ANUSENBUN 3-10 LATBILAFBUUAT FGK-320 d@115UN15USENaUTUNUMIENITINAUSOU

3.3 N1SURINAINReaznA N aaululia LY lun1snsIadau

o
[

nsnnaesrsitidenldiundesidnearinaondsuaudly (Digital single-
lens reflex camera : DSLR) $1uau 2 Ju telflumsifuduiinamiauaznmadeulmisiiy
N&I9anssAl (CKX-41 Olympus) taun ndas Nikon D90 uagnaas Canon EOS 7D Mark ||
Fauandlunmuszneud 3-11 mslindesddneasuiundesanssmilunmaiuiufinamn
fuldlfifutufinnminuaudvesanlnensnihlliamsausuasiunads udlunsdd
annsamuauuvasiidauawesndesgansimiliiadwuasiiainannvietesldnudomnis
wonanin1sldundas DSLR avarunsausuAtmusadames (Shutterspeed) wazn
arallasiouas (50) lunsdrenmlfidudertumsldrundas DSLR Tnevialy deduglday

au1savsuAIAUSITaLs LarA1AL I IdaLaL NN IS AUTURN AN LAR LA DINT W
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NADIADINAIMUANNNTONWANFANAULALLRNIZDENEIANULANANATUAITUALLDEAVDININ

Fandes Nikon D90 AxilANazidenveInINegfl 12.9 A1uAniea wazndes Canon EOS 7D

¥
a o =

Mark Il Imnuaeidenvesninegi 20.2 aufinea 11uTeldsddnundesidneansasite

a

Wudufinainiiundssganssaduintulddesnisiiiauiisuaiiuaiuisavendss

[

Fwazdeanisinuduiinamiteldluanidedanusaasulail

A. N@e9 Nikon D90

)

A. N151Na99 DSLR u1lgsauniu

<. ﬂéJEN Canon EOS 7D Mark I ﬂayaqqatﬂiiﬂﬁ

amUszneun 3-11 msldndesidneasiuiundesqanssailunisiiuiufinam

3.3.1  nasshuduiinaIngaendas Nikon D90

n15uINdes Nikon D90 anldsufundesganssatazedldaunaesdulun
Auaudeile (Manual Mode : M) wiviu uastiionistufinnmiidanningsliuudinas
Gufinamdulng JPEG fiflvunslve) @ydnwel L) avldnmdifawin 4,288 x 2,848 finuea
v3o 12.9 &ufniga  ddeilaldndas Nikon D90 Tumaifutiufinnmilsuasnimmaaes
usdlagldguuuulildnminnsgiu (Standard Picture Style) lunisifiunm amanedilsd
avihnlglunnsiinvuinvesdeslilasngdanlaeiseuiisuaingnsndiuse ninediuiu
finwasioszoymeauanslumsedl 3-1 MInsIRaeUYIAANLNIIvDITBIIINANE B

waAlIg Image] azosuleTIBavdunIsn1snsIvdeulluimived 3.4.1
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A5197 3-1 UIUNNBARDTLELNVOININAINNGDY Nikon DO

Masvenevadauding URNEanasEeEna (pixel/um)
ax 0.867
10x 2.060
20x 4.160
40x 8.240

3.3.2  nshuduinAIngl8naas Canon EOS 7D Mark II

n15UNde9 Canon EOS 7D Mark Il inlgsiuiunassqanssatazaasldau
naesluluuamuauaisie (Manual Mode : M) wWuiediu uaziivenisUuiinainii

o (Y L3

A mgdliusuAmmstuiinamdulnd JPEG Aflvunnlng Eaydnwal L) eazldnmeediil
vuanmdy 5,472 x 3,648 Anwanse 20.2 awiniea 1u3delaldndes Canon EOS 7D
Mark Il Tunsiiutuiinamdauaznmiadeulmilagldzuuuulndamdlivinnsusuuse
Tngianiz (Custom Picture Style) Tunsifiunin nsiiviufinanfeuaznimedeulviie
msIdeutaduaasguuuy Ao mstufinandienuditmnesidddrnnusdmnes 1/20
04 1/60 U LLazmiﬁ’uﬁﬂmWﬁmwm%’;%’mma%a\ja%{ﬂ%mmmL%d%’@L@@% 1/2,000 94
1/8,000 U9 ﬂmﬁlé’%ﬁmﬂﬂumimimi’mmmaw'aﬂmimvxlqﬁaﬂLLazsummm%y’u
Us1AanaslaetuTouliiouann snsnaiusesnites I URNwan 053 oE NIRInI5197 3-2

NNIATIVEOUVIUINAINNINRELTNULONALIS Image) mus1vaztdunlumden 3.4.2

AN 3-2 INUIUAIRNLYAFDTLEENNVDININIINNADY Canon EOS 7D Mark |l

MAsvenevauauding UIURNLARBTEEENIY (pixel/um)
4x 1.160
10x 2.707
20x 5.600
40x 10.800
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NI5ITALALN1INTIRABUTRYAANY INN1TVARBIUTENBUAIY 4 FULUY
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3.4.1 N1IATEUIUIAANNTINvRsYaslulasHgdARdIBwaNALIS Image)

N13nTIvdRUYLIAAIINNIvesedlulasrigdinniugensduls Image) Uy

I3 v I vy aa & o < = v v A
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ANUTENBUN 3-12  NISHSIIAVUIATITAAINUNINVDITDINUS LI URNUIATUUDNNI DN UR?
AUUU (@) waenianulunsausnUNURIAIUE1S (b) TAED19B99INKIATN N1SATIEBU
Y19A1NUNINVRITRlUlATNgBRRMIETENALIS Image) ansaasuld 7 Juneudnansly

Y

AMMUIENBUN 3-13 13unllan nanemieeendaunls Image) udlivinnsidonusiuaes
lulpsvigdfnfisiesnsnsiadeu anntiulidnaendunwlmilaglidesdudan miiensiuay
a D v @ 1 = o v v o a a P

Anwaliyiiuamauatu seundawdasnniidaaenlilmdunmsedvdinile 8 On Lite
Tdlunisuszarananinluduneusiold am 8 dafilaazgniunfinnsanuinaiiluniiges

A ¥ U a 1 A a 1 A

o mlagldnannistauwderdvesnn (Threshold)  lagn1siauuidA1dveInInmiy
sULUU Minimum  (Minimum ~ Threshold) a@ansalddauenuivuidunisteosnain

Usnaiduiuianaradnled Weriunisiauwdsadazlayadelndidunindnwalgiuaes

q

[

(Binary Image) fflaududaesssdiv fie 917 wazdn A mdnwalgiuaesiilalugadeya
[ o U Y I d' ) 1 v YV
nandmsunisussarananin laglvanasndu 2 gavieldlunismdmumvisvesmifaniuuy
HYALAZHTINUANDNNTEYA  N1IMIIMNLLIvRINTIRuULkaAua 19T LETY
¥o Analyze Stripes UawaN#LIF Image] FalunuideiildiinisuSuuigaduantoss
wanalilunianudn 9. Mdielraiuisaiunanisnsiataduenansuseennalsnin

(Spreadsheet) Mflwana .csv 38 xls b
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1. l@9NUSIUNABINTS

$339¢U

m:

m

2. Anasnduninluy

1

3. wlaandunnseauding 8

U# (8 bit grayscale image)

m

4. wsdalaannn (Threshold)
#835115 Minimum %38
Moment wadfnaantdunin

Tusiduau 2 nn

w3540 pinels RGB, 7

LI

N

5. ASIFDUAMUNINVDILIN
muuantaelgdiuasy

Analyze Stripes ffunmi 1

m

6. ATIVAOUAUNTIIVBIL
sululngldaiuasu Analyze

Stripes AU 2

¢ 9MIAB877-1JPG (12.5%) = o X 9IM1AB877-1JPG (12.5%) = o X
3112x2074 pixels, RGB, 25MB 3112x2074 pixels; 8-bit, 6.2MB
¢ 9M1A8E77-1JPG (12.5%) = a X ¢ 9M1A8ET77-1JPG (12.5%) o a X

3112x2074 pixels; 8-bit (inverting LUT); 6.2MB

3112x2074 pixels, 8-bit (inverting LUT); 6.2MB

(4.1

(4.2.)

[l

m

7. WuduinAIN1sAII9daUad

Tuenans Excel

¢ tmp_cropped.tif (12.5%)
3112¢2074 pixels; 16-bit (inverting LUT): 12MB

4 tmp_cropped.tif (125%) - o X
3112x2074 pixels; 16-bit (inverting LUT); 12M8

(6.)

f Results — O X
File Edit Font Results

|Area |Mean |Sthev |Min hax i b Major |Minnr |Angle \ =
1 3145 577468  11.209 561508 628894 1530004 575553 567416 7.057 0.154
2 3112 1418380 8177 13866358 1431658 1556 1417.801 662386 £982 0.020
(7) Rd
4 »

ANUSENBUN 3-13 NIATIVEBUTLINANNNTINVDRlulATHaBARMELeNRALIS Image)

Y



42

WURIAUVURATNURIAINEE N1TAANTUFAIUNUITDIUSIUNTLYAG 98 TNATUIINNE Y

¥ |
a1 ! av A

a d' aa o = ] ¢ = Yo d X a v
NALLANUAIFNAININANEVDITUUTIAINNLYAR qjﬂﬂqujsﬂﬂuehjﬂ']ﬂiﬂﬂLaaﬂﬂaﬂwuwjﬂquu@ﬂ

v
1 1 a o v o

godlulasngdfaduarddnsdad msutuunmanead WewinamaulsiAnneasiiy

v
A a

JunnlatAAlnaAs i UUS I UNURIIIULEN

N13ATIVFBUIUINANNNTIVITUYIIANNLIAR A8 NALIS Image)
aw1saasula 6 Juneudwmandlunindsznaun 3-15 BuanUanmarenggansinls
ImageJ uwandanuiiintotlulasigdfniifeinisnsivaey andudnaendunminadlagll

#990UIR NN DS NYIORSIEIUVDIINUIURNAR DT LN AN LALLM BUAUNNAURTY

[y a

faunwinsUasn mdraenAdunmseauamivie 8 On wisldlunisuszanananinlu

Tuneusoll nmszAvdmnliasgninnfinnsanusnanidundedagldndnnislawds

A

A1AY89N M (Threshold) AugUluy Minimum (Minimum Threshold) lunisfnuenusiamn

a )

Mdundsossonanuinaiiiduiuinatain ek unisTawdsrdazldyadelmilu

v o

amdnuaigiuaesiifinududassssdu eyanmgruansiiugndoyandndiniunis
Uszananann lnglidnasnidu 2 yarfieldlunismduvtswesnifsfuvunisyauay
s'hLmu'qsuaw‘%L’Jm%umaé%ﬂwﬁqsqm nsmustesaesduarlddiaiude Analyze
Stripes vaswaiuas Image) AdlusmAdeiliusuudynsdadniosdauandliluniamuan <.

wilielianusaiiunanisasiaiaduenarsussinvaUsadiviiuvivana .csv wie xis 1a
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1. HONUNUNMTIATEUARLYA A;, A, B, %50 B; ialtlunisnsivdey

A 4

2. fimaaniJuninlnal

W

3. wlasmmdunnseaudinn 8 On (8 bit grayscale image) udAnasniduninlvg

U 2 NN

~ w

5. ¥ASwsaleannIni 2 aleAaad

4. $N15NSAlaannIng 1 A2e35n1s

- 4 y veauiIiuueandeslulasngdnaLi
Mini-mum {#8ATI9e8UTLIAAIUNTIS ) .
. an M32989UAUNTIIVOIUTLIMTY
vosaslulasvgdan

Usiennieaa

4 W

6. WHuTUTNAIN1IASIvEavaslulenans Excel

§ IM1AS089pg (125%) - o x 4 9M1A6089,pg (125%) - g %
547203648 pixels. ROB. 76MB 547213648 pixels. RGB, 76M8

- a o
1. ldenuSnanmiinsaunauan A, A, B, ¥3e B;

4 Resuas - o x|

[+ o x [+ x|[+= o x|[+ o x
s = Jou2sad s Do | haszsed e vt RS
[Tavea [mean [swbev | S 2 [angie T
400 420909 1426 425706 433090 183 426650 195606 2604 D00
2 3 47876 1193 476512 4173 192 476526 210513 2328 0877
(3 o
E 1 hess - o x
E Flo Ed_Font
[ Twea] Major | Ange |
— 650 679373 15027 567260 616325 163405 567409 135603 6103 12840
-2 > ame 207842 23367 2040251 2122680 157168 2062560 116821 4207 169791
==
[

6. UTUNNAINITAINEDY

a v

WURNINTUUDNYDY

&

5. n9I9ddUY

|

I

4. #59aU \ |
1

2. Anaan \ 3. NMNSTAUAWN

ANUSENDUT 3-15 LHUATNAIAUNIIASINEDUIUIAANUNINBITUUTIAIINLTAaRY

foWAWIS Image)
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3.4.3 N15A5298BUUSUIUUILFIATNRIINNISAALEN

nanaeuUinamnideniildannisdanenliiininuisuiieutiinasie
hwiin deunsasiaseuazdensieunsminnsgiudmiuldivioudeoy vuAtedlddona
msfaniinvesindendaldnnismsdunisaiudoyasats dndesiiugunsdieg daud
2 4 30 lalasdns WinwdonUTunses 3 feg1s udhandainiingendsansiioiudn
nedeon 3 duddls deyadldhueSeudunsmumsgudmiuldlumsasisaouuiinm
hidendauandlilunenuan a. deyauimnaniidesildannisdauendaetoslslagdin

v ldUsziliunadnsIn1spawenkazUsansnmlunisaanenludisusaly

v o ] = 3 o
3.4.4 N15ASIUVIIUIULTAALIALRaALASIULILREN

msameiususadidadeaunduindeslfifionisnsaaeuamninves
ihideafildnnnszuaumsdauen dmiunmmaiueedidadorunmsduiuiueadion
Tuuitdmdendnga (Ui R) ¥ 5 9aveundesdlilelnfine (Hemocytometer) dauandlu
amdsenoudl 3-16 - anuldduaueadiiuldlumsnenunassfumslutousaduas

nsAIMUTEaNSAluNSARLENYBITEUL (Separation efficiency : n) A NaNA1TH 3.1

Small square = 17400 5q. mam. 1/255q. mm.

ynsrdrumeluesesdlulylnlines

2

- fuiludviaeu R = 1/25 mm?

- AURUNYDIYDIINN = 0.1 mm

R NSATUIMIUIUAARBUTUINS

Total cells x Dilutation Factor
(0.1 mm) x (5 x 0.04 mm?)

3:

cells/mm

cells/uL = cells/mm3

¥
1 millimeter — Counting grid (central area)

ANUSENaUN 3-16 NsaTItiuIILILTadialdanune Slulelniines



lisi dpl
Separation ef ficiency(n) =1— Cellsinseparatedplasma (3.1)

Cells in source blood

anihedeyansematuinueedidaidoanduiideadldnnssuiunmsdauendiedes
lulasigdiatuismstiunisnsgninuiieudieuiufiotuiuamunmeeningen  ms
Vuideuveawadlutinidenannsaldmummdndiuanududuvesansslulnaduesduld
dosnnlpeiluwdrnnududuvesasdlulnadududndiulnensatusuueadiingen

LANWALSEAUTULAASAMIUAUNIST 3.2 hay 3.3

Hb (g/dL) = RBC Count (X 10%cells/uL) X3 .. (3.2)

Hb (g9/dL) x3 =Hct(%)+3 L. (3.3)

Tngluudinisuszsuanududuvesansdlulnadulesaudenldngnis
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Lensgth Depth Resistance
Channel No. Width (mm) -
(mm) (mm) (Pa-s-pum™)
Main blood 1 0.300 1.000 0.150 2.667E-09
channel at 2 1.200 20.000 0.150 7.500E-08
downstream Total channel resistance 7.767E-08
1 0.075 1.00 0.150 4.267E-07

Plasma
2 0.220 80.000 0.150 3.657E-06

channel
Total channel resistance 4.084E-06
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5'1UazLaﬂﬂﬂjagamwmmimmLﬂiamﬂwaammai Silhouette Cameo

ITEM

DETAIL

MAXIMUM CUTTING
AREA

COMPATIBLE MEDIA
WIDTHS

MAXIMUM MEDIA
THICKNESS

MAXIMUM CUT SPEED
PROGRAMMABLE
CUTTING FORCE

CUT THRU MEDIA AND
BACKING

SD CARD

12 in x12 in (304.8 mm x 304.8 mm) with carrier sheet,
11.6 in x 10 ft. (295 mm x 3048 mm) in expanded
mode with roll media

2into 12 in

(50 mm to 305 mm)

20 mils (0.5 mm)

3.9 in/sec (10 cm/s)
7 of - 230 ¢f in 33 steps

When using Carrier Sheet only h

Read only. 16GB, SDHC compatible
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ITEM DETAIL
COMPATIBLE Film media 0.1m or less in thickness, Heat transfer,
MEDIA TYPES Paint Mask, Postcards, Scrapbooking paper, Inkjet

photo paper, Chipboard, Rhinestone template

material.
INTERFACE USB 2.0 High-speed
COMMAND MODES GP-GL™, HP-GL®
DISPLAY PANEL Graphical Liquid Crystal Display
UNIT DIMENSIONS 20.9inx5.0inx6.5in

(532 x 128 x 164.6 mm)
SHIPPING WEIGHT 11 Wbs (5 ke)

SHIP DIMENSIONS 240 inx11inx11in
(610 x 280 x 280 mm)

WARRANTY 1 Year Parts & Labor

*

' Must use Carrier Sheet for all cut thru applications : cutting paper, cardstock, and

cutting thru sticker plus backing.
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318821880 TaLARNAINITAVDATDIRANADALNDS Graphtec CE6000-60

ITEM DETAIL

MAXIMUM CUTTING 32.7 in x 164 ft

AREA (603 mm x 50 m)

COMPATIBLE MEDIA 2into 28 in

WIDTHS (50 mm to 712 mm)

MAXIMUM MEDIA 10 mils (0.25 mm)

THICKNESS

MAXIMUM CUT SPEED 35 in/sec (90 cm/s) at 45° direction
PROGRAMMABLE 20 ¢f — 300 ¢f in 31 steps

CUTTING FORCE

CUT THRU MEDIA AND
BACKING

SD CARD

INTERFACE

COMMAND MODES

DISPLAY PANEL

When using Cutting Mat/Carrier Sheet only h

USB 2.0 High-speed / Serial RS-232C

GP-GL™ : 0.01, 0.025, 0.05, 0.1mm

HP-GL® : 0.001 in (0.025mm)

Graphical Liquid Crystal Display with blacklight (240
dots x 128 dots).

Supports 10 languages
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ITEM DETAIL

UNIT DIMENSIONS 35.4inx23.2inx41.2in
(900 x 593 x 1046 mm)
SHIPPING WEIGHT 66 lbs (30 keg) with stand
WARRANTY 1 Year Parts & Labor

*

Must use Cutting Mat/Carrier Sheet for any/all cut thru (media and backing)

applications.
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n1sAuInA1IANdIunulansedansludaslulasngdfnvuas Yang uasame

UITved Yang  uavamzlieanuuussuululasngdfnd msudaueny

\Aonlngofanansenuues Fahraeus-Lindquist (F&hraeus-Lindquist effect) iundn [26]
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n1seanuuudadlulasngdiaiiseazideanunmisenoun 9-1 Auudsausaaguauie

| 1 a

Aundsludifisngg wazArmnuduniulansedanisludedlulasngdaausiiusieg lad

A15197 2-1  INNISATUIUNUIIAIAIILA WU UTRIAALENUILEDA (Re) AAIUINAIN

Yaamalnananusianlanaun (Ry) Usyanad 58 0

157991 -1 Toyaruinaunindhulifisne wazranudumulensedanialuges

lulaswigBhnves Yang uazaoe

deslulasngdan AUNA9 AU GRQHEN AUAIUNIU
lansodn
faanelvanan
- y 154 pm 5 mm 10 pm 4.419E-04
ustalaneun (Rg)
YaeAALENULADA
®) 9.6 um 5mm 10 pum 2.605E-02
P.

n1sAuInAIANdunulansedaneludaslulasngdfnvas Rodriguez-Villarreal

LasAtuUs

11U398ve4 Rodriguez-Villarreal  wazamzlaraniuuszuululasngdia
dusuAnueniden lngldnansgnuwes Fahraeus-Lindquist Sasdudesiud-agnesa [44]
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115799 9-1 Joyanistaimiinvesiiegudndenitlaannstumies

Plasma Plasma Weight (g)
Volume (uL) . ) 3 Mean Std. Dev.
2 0.004 0.004 0.005 0.004 0.001
5 0.008 0.007 0.007 0.007 0.001
10 0.013 0.013 0.012 0.013 0.001
15 0.018 0.018 0.018 0.018 0.000
20 0.025 0.026 0.023 0.025 0.002
25 0.032 0.032 0.031 0.032 0.001
30 0.037 0.038 0.038 0.038 0.001
35 0.043 0.042 0.041 0.042 0.001
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Plasma volume (uL) = 833.94 X Plasma weight (g) —0.9094 ... (4.1)

(%
o

° v & a T A A o 1Y aa a =P a
AU ﬂﬂuuﬂill']miqua@ﬂﬂﬂﬂLLﬁJﬂﬂﬁﬁJﬁgU‘U‘lﬂJIﬂi‘V\laaﬂﬂlu@']U'} g1391191N1SUTELUU

feaEun1sn 1.1 1Wunan



103

AARNUIN 3

F8asBeANTUTULAYAATES Analyze Stripes dmSugandAwIs Image)



104

n13USunfyamae Analyze Stripes dmiuganauls Image)
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1 macro "MFs Analyze Stripes" {

2 /* Edited note by xZer@ [Nov 1, 2815]

3 - Change roi color of two different lineJ

a4 */

5

6

7 /* Written by Justin Bickford

8 * T suggest running in Fiji, although this macro will certainly work in ImageJll.

[+] *

10 * y2.4.4 (20140707) now converts all images to 8-bit grayscale after opening. This will
11 * lower the dynamic range of any 16-bit grayscale images, but will convert any color
12 * images to grayscale. I have yet to analyze a 16-bit image anyway.

13 *

14 * y2.4.3 (20140123) fixed an error in my rms edge roughness error propagation.

15 *

16 * v2.4.1 (20130610) found a more efficient and more stable way of correcting the

17 * nearly horizontal line bug.

18 *

19 * w2.4 (20130607) bug fixed regarding nearly horizontal lines.

20 *

21 * y2.3 (20130415) bug fixed regarding when script attempts to close windows that are
22 * already closed by user. Added instructions output to the Log window.

23 *

24 ¥ y2.2 (20130401) writes a tab-delimited file with the results for import into Excel.
25 * Tt always appends to the same file in the same directory as the last opened image.
26 *

27 * w2.1 (20130328) uses gradient”4 and selects a threshold based on the mean value. Tt's
28 * pretty robust, but I still kept in the part that allows the user to choose a different
29 * threshold value if they desire.

30 *

31 * v3.0 (20130328) SPUR attempted to implement a wand method, but stopped after success
32 * with v2.1.

33 *

34 * v2.0 (20130327) gives a slightly better estimate for the threshold and lets the user
35 * decide the final threshold value. It no longer keeps lowering the threshold.

E-

37 * vl.2 (20130320) keeps lowering the threshold until it finds at least two distinct

38 *  edges.

39 *
40 * yl.1 (20130320) makes sure there are at least two edges to avoid errors.
41 *
42 * y1.8 (20130320) first port of my Matlab script.
43
44  Copyright 2013 Justin R. Bickford.
45

46 Permission is hereby granted, free of charge, to any person obtaining a copy of this

47 software and associated documentation files (the a€eSoftwarea€?), copy, modify, merge, publish,
48 or otherwise alter this software for educational or academic purposes subject to the

49 following conditions:

51 The above copyright notice and this permission notice shall be included in all copies or
52 substantial portions of the Software.

54 The copyright holders of other software modified and included in the Software retain their
55 rights and the licenses on that software should not be removed.

57 (ite the author (above) of this macro in any publication that relies on the Software. Also
58 cite those projects on which the Software relies when applicable.

60 THE SOFTWARE IS PROVIDED a€eAS IS&€?, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
61 INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITMESS FOR A PARTICULAR
62 PURPOSE AND NONINFRINGEMENT. IM NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE
63 FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AM ACTION OF CONTRACT, TORT OR

64 OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER

65 DEALINGS IN THE SOFTWARE.

66 *f
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// house cleaning
if (isOpen("Results")){
selectWindow("Results");
run("Close"); // closes the Results window only

if (isOpen("ROI Manager")){
selectWindow("ROI Manager");
run("Close"); // closes the ROI Manager window only

// output instructions if the Log is not open (ie: only for the first session of this script)
if (lisOpen(“Log"))
print("Instructions:\n When drawing the ROI, note that only the outermost edges will be analyzed, inner edges will be

/* prompt to open an image
Imagename = File.openDialog("Open an Image to analyze");

if (Imagename=="")
exit();
write("Image name = "+Imagename);
open(Imagename);
*/
getPixelSize(unit, pw, ph, pd);
|| unit==""" || unit=="pixels" ) {
unit = "pixels";

print("To calibrate units: 1) open a calibration image, 2) draw a line along a known distance, 3) choose Analyze/Set Sc

run("8-bit"); // This is a quick fix for color images, but will downconvert any 16-bit grayscale image resulting in lower

// prompt to crop to ROI

setTool("rectangle”);

run{"Select All"); // just prevents errors if nothing is selected by the user

waitForUser("ROI Selection™, "Draw a Region of Interest and click OK\n \nNOTE- all closed shapes are valid including:\n re
run("Crop");

run{"16-bit"); // normalize equalize requires a maximum of 16-bit

run("Enhance Contrast...", "saturated=8");// egualize");

saveAs("Tiff", getDirectory("temp")+"tmp_cropped.tif"); // saves image to revert to later

// find edges

run("Set Measurements..."
roiManager("reset");
run("32-bit");

run("Find Edges");
run("Square"); // turns the gradient into gradient squared
run("Square"); // further enhances the good edges
run(“Enhance Contrast", "saturated=0");

, "area mean standard min centroid fit redirect=None decimal=3");

run("Select ALl");
getStatistics(area, mean, min, max);
setThreshold(8*mean,max);

//* This part allows the user to tweak the threshold if necissary
run("Threshold...");
waitForUser{"Adjust the threshold to highlight only\nedges of interest, then click OK.");
run("View 100%");
if (isOpen("Threshold")){
selectWindow("Threshold");
run(“Close");
}
1*/

run("Convert to Mask"};

J/run("Dilate");

run("Skeletonize");

run("Analyze Particles...", "size=0-Infinity circularity=0.00-0.10 show=Nothing clear include add");
run("Clear Results"); // makes sure the Results are cleared before analyzing
roiManager("Measure");

// determine the average angle orientation
cumarea = @;

sina = @;
cosa = @;
for (n=0;n<nResults;n++) {
area - getResult("Area”, n);

angle = 2*getResult("Angle", n); // original range: @A° < angle < 180A° changed to BA°-368A°, for which it is far ea
sina = sina+area*sin(angle*PI/188);
cosa = cosa+area‘cos(angle*PI/180);
cumarea - cumareatarea;
}

aveangle = abs(0.5%(188/PI)*atan2(sina/cumarea,cosa/cumarea)); // this is the area weighted average angle

print("average angle = "+aveangle+" degrees");



// rotate the data (not the image itself)

run("Select All");

run("32-bit"); // this allows the v=... pixel math to generate 32-bit values rather than 8-bit integers
run("Macro...", "code=[v= x*cos(PI/180*(908-"+aveangle+"))+y*sin(PI/180*(90-"+aveangle+"))]");

run("Clear Results");

roiManager(“Measure™);

// collect data

n = nResults;

roiindex = newArray(n);

mean = newArray(n);

rms = newArray(n);

extrema = newArray(n);

for (1=0;i<n;i++) {
roiindex[i] = i;
mean[i] = getResult("Mean”, i);
rms[i] = getResult("StdDev", 1i);
extrema[i] - getResult("Max", i)-getResult("Min", 1i);

}
// sort data by Mean
do {

newn = @;

for (i=1;i<n;i++) {
it (mean[i-1]:mean[i]) {
// swap mean[i-1] with mean[i]
tmp = mean[i-1];
mean[i-1] = mean[i];
mean[i] = tmp;

// swap rms[i-1] with rms[1i]
tmp = rms[i-1];

rms[i-1] = rms[i];

rms[i] = tmp;

// swap extrema[i-1] with extrema[i]
tmp - extrema[i-1];

extremal[i-1] = extrema[i];
extrema[i] = tmp;

// swap roiindex[i-1] with roiindex[i]
tmp = roiindex[i-1];

roiindex[i-1] = roiindex[i];
roiindex[1i] = tmp;

newn = i;

}

n = newn;
} while (n != 8);
//Array.print(roiindex);

// analyze data
similarity = 5; // controls how wide to cast the net of similarity

// collect ROI's to combine into groupl
groupl = newArray(l); // though not necissary, this is the most compatible method

Array.fill({groupl,roiindex[@]);

for (i=1;i<(nResults-1);i++) {
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if ( (mean[i]-similarity*rms[i]) < (mean[@]+similarity*rms[@]) ) { // if the lines are similar to the minimum line, ad

groupl = Array.concat(groupl,roiindex[i]);
1
}
//print("Group 1:");
//Array.print(groupl);

// collect ROI's to combine into group2
group2 = newArray(l);

Array.fill({group2,roiindex[nResults-1]);

for (i=(nResults-2);i>1;i--) {

it ( (mean[i]+similarity*rms[i]) > (mean[nResults-1]-similarity*rms[nResults-1]) ) { // if the lines are similar to

group2 = Array.concat(roiindex[i],group2);

}
J/print("Group 2:");
//Array.print(group2);

// measure all ROI's in each group, exclusive of ROI's outside both groups

run("Select None"); // deselects everything in the image window

roiManager("Deselect"); // deselects all ROI's

roiManager("Select”, groupl); // I can only get this to work with Save Selected, so...
roiManager(“Save Selected"”,getDirectory("temp”)+"roi_groupl.zip");

roiManager("Select”, group2);

roiManager("Save Selected",getDirectory("temp")+"roi_group2.zip");

run("Clear Results"); // clears contents of Results

roiManager("Reset"); // clears contents of ROI Manager
roiManager("Open",getDirectory("temp")+"roi_groupl.zip");
roiManager("Combine™); // OR's all roi's

run("Add to Manager");
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roiManager(“Select”, roiManager(“count")-1);
Roi.setStrokeColor(“green");
roiManager(“Measure");

roiManager("Reset");
roiManager("Open",getDirectory("temp")+"roi_group2.zip");
roiManager("Combine");

run("Add to Manager");

roiManager(“Select”, roiManager("count”)-1);
Roi.setStrokeColor("red");

roiManager(“Measure");

roiManager("Open",getDirectory("temp")+"roi_groupl.zip"); // re-display groupl with group2
roiManager(“Show All1"); // removes the labels, which a user may find confusing in the context of this macro

// analyze data

linewidth = getResult("Mean", 1) - getResult("Mean", 0);

RMS_edge_roughness = sqrt( ( pow( getResult("StdDev", 1), 2 ) + pow( getResult("StdDev", @), 2 )} )/2 )}; // this is the corr
pkpk_edge_roughness = maxOf(getResult("Max", 1) - getResult("Min", 1),getResult("Max", @) - getResult("Min", @));

// output data
toScaled(linewidth);
toScaled(RMS_edge_roughness);
toScaled(pkpk_edge_roughness);
print("linewidth = "+d2s(linewidth,-3)+" "+unit);
it (linewidth--8)
print(“"Failed to find distinct edges.");
print("RMS edge roughness (Rg)= "+d2s(RMS_edge roughness,-3)+" "+unit);
print("peak-to-peak edge roughness (Rt)= "+d2s(pkpk_edge_roughness,-3)+" "+unit);
print(" ");

// reverts to the cropped image and overlays the ROI's
run("Revert");
run("From ROI Manager");

e

* This area is disabled to show
* the results and ROI tables.
KRR KKK KRR KRR R KRR R R R R
if (isOpen("Results")){
selectWindow("Results");
run{"Close"); // closes the Results window only
}
if (isOpen("ROI Manager™)){
selectWindow("ROI Manager");
run{"Close"); // closes the ROI Manager window only
1
*/

// write output to file

shortimagename = File.nameWithoutExtension;

logfile = File.directory+File.separator+"Analyze_Stripes_log.txt";
if (!File.exists(logfile))

File.append("image name \tlinewidth \tRMS edge roughness (Rg) \tpeak-to-peak edge roughness (Rt) \tunits",logfile);
File.append(shortimagename+" \t"+linewidth+" \t"+RMS_edge_roughness+" \t"+pkpk_ edge_roughness+" \t"+unit,logfile);
//File.close(logfile); [/ file will close automatically when macro exits
¥
\
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Abstract: This study applied a low-cost and rapid
fabrication technigue using a cutting plotter to address
the prototype of microfluidic device for blood plasma
separation. Microchannels were carved into commercial
clear plastic films made from polyvinyichloride with
plasticizer and polyethylene terephthalate. The results
revealed the capability to create negative microchannels
whose sizes less than 100 um on to the films. The channel
distortion occurred on the horizontal cutting axis more
than the vertical one. The final microfluidic device
established the drift or cell-free layer (CFL) enhanced at
downstream channel about 10 um thick, which provided
the region to separate blood plasma.

Key Words: Microfluidics / Rapid Prototyping /
Cutting plotters / Cell-free layer

1. INTRODUCTION

The development of microfluidics has grown rapidly
over the past decade. Microfluidic devices (uF) have
been widely applied in many fields including scientific,
industrial, and biomedical fields. Most of the micro-
fluidic devices are made from the method based on a
microelectronic fabrication technique, called photo-
lithography, on materials like glass, quartz, or silicon and
poly(dimethylsiloxane) (PDMS). However, this tech-
nique is quite complicated and required expensive
apparatus.

For developing countries, the major challenge is how
to fabricate the devices in a rapid, simple, and inex-
pensive way. Numerous of unconventional low cost
fabrication techniques have been presented, such as
patterning SU-8 photoresist and wax onto papers[1], x-y
desktop plotting[1] and xurography[2]-{4], to address
these challenges. Some drawbacks, e.g., less precise,
unsmooth surface, low resolution, appeared among the
fabrication methods. Xurographic prototyping is a useful
and inexpensive research tool to focus on the micro-
fluidic device development before moving to higher
qualitative techniques[2]. The hardware resolution is
specified by the resolution of motors, while the software
resolution is limited with the resolution down to 25 pym
of step size[2]. Craft cutting plotters, with thin cutting
blade, are presented to carve microchannels directly to
the surface of various materials[2]. This easy—to—

24

prototype, inexpensive, method enhances the micro-
channel fabrication without clean room facilities.

This study applied the low-cost fabrication technique
using a cutting plotter with inexpensive materials of
transparent plastic films to address the microfluidic
device for blood plasma separation. Because blood
samples are usually separated into blood plasma before
performing blood tests, separating plasma on micro-
fluidic devices would be a challenge. Many researches
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Fig. 1. Layout of microchannel for the microfluidic
cell focusing device., where w, is the width of the
main channel upstream and downstream. The length
(L) and width (w) were geometry of rectangular
constriction channel.
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reported that manipulating geometry of microchannel
affected the hydrodynamic separation of red blood cells
(RBCs) and plasma. Faivre et al. presented the mani-
pulatation in width (w) and length (L) of the rectangular
constriction channel shown in Fig.1 to enhance CFL or
drift 4 at downstream[5]. Then, the enhanced CFL was
applied to separate blood plasma in microfluidic
devices[6]. This passive techinque was possible to
extract plasma 10-25% out of the injected volume, with
an excellent purity, low contamination rate, even for 1:10
and 1:20 diluted blood[6], [7]. For this study, the
microchannel based on the xurographic technique was
investigated. Finally, the prototype of the microfluidic
device for enhancing the CFL thinkness, which provided
the region to separate blood plasma, was developed.

2. MATERIALS AND METHODS

2.1. Choice of materials

Two types of clear plastic films, Polyvinylchloride
with plasticizer (PVC) and Polyethylene terephthalate
(PET) were sclected for carved material in this study.
Their advantages also include lightweight, flexibility,



smooth surface, good optical transparency and
inexpensive material. The A4 sheet of the films which
normally used for presentation and laser printing were
purchased from OfficeMate Co., Ltd. Thailand (~$10 per
100 sheets). Although the nominal thicknesses of both
films arec ~100 pm, other mechanical propertics arc
different. Young's modulus of PVC and PET films are
25-1600 MPa and 2100-3100 MPa, respectively.
Moreover their thermal properties are also different.

2.2. Fabrication of clear plastic microfluidic devices

The craft cutting plotter (Silhouette Cameo™,
Silhouette America Inc.), with commercial thin cutting
blade and cutting met, was introduced to carve micro-
channels directly onto the surface of the plastic films.
Computer-aided design software (Solid Edge 2D
Drafting ST6 Free License, Siemens Product Lifecycle
Management Software Inc.) was used to design the
layouts of microchannels. The layouts were saved as the
DXF file format and imported to the plotter software of
Silhouette Studio® V3 for cutting control. The plotter
software has the ability to assign cutting parameters such
as cutting speed, cutting force, cutting style and etc. The
rapid fabrication processes from carving the designed
layout to the completed chip have shown in Fig. 2. A
piece of plastic film was adhered onto a recyclable
cutting met and then carved the designed layout. After
peeling off the layer from the met, the layer was sealed
using double layers ofthermal laminating films
(Laminating pouch film 125 um thick, Value Choice®,
OfficeMate Co., Ltd.) with pre-cut inlets and the outlets
to finish the microfluidic chip. A roller thermal laminator
was preheated at 140°C before the chip bonding. Finally,
a custom acrylic chip holder, with tubing connectors and
rubber plugs of continuous ink supply systems (CISS)
for an inkjet printer, polyethylene tubing (I.D. 0.58 mm,
0.D. 0.965 mm), was used to connect the fabricated
microfluidic chip to a syringe (I mL, Terumo Inc.)
during experiments.

L) Design and carve the film.

11.) Peeling of the unselected area.

1II.) A microchannel layer.

&

V.) Lamination bonding. VL) Final microfluidic chip.

e

Heat

IV.) Multi layers of microfluidi chip.

Fig. 2. lllustration of the microfluidic fabrication
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Fig. 3. Plot of microchannel width specified by
different cutting forces on to both plastic films.

2.2. Blood sample preparation

Blood sample used in the experiments was obtained
from a healthy hamster in EDTA tubes (Vacutainer, BD).
The hematocrit percentage of blood sample was 41%.
The sample was diluted to 1:10 by normal saline solution
(NSS) with heparin (IP, 1000 USP/mL). Experiments
were conducted on the same day of blood collection.

2.3. Experimental procedures
2.3.1. Characterization of microchannels

To investigate microchannel feature size, the straight-
carving lines of 10-mm-long at various applied forces
(Level 1 to 33 as maximum cutting force of 210 gf) and
the rectangular-carving patterns of 10 mm long and 100
pm to 1000 pm width were cut onto the surface of both
types of plastic films. The microstructures on the
surfaces were captured using a CCD camera (D90,
Nikon) attached to a light microscope (CKX41,
Olympus). Finally, the feature size was measured, at the
microchannel positions of 2.5, 5.0 and 7.5 mm length,
using the image processing software of Imagel.

2.3.2. Enhancement of the downstream CFL after the
constriction

The layout of the microfluidic cell focusing device
has shown in Fig. 1. This device geometry and drift
parameter d were reported by Faivre et al.[5] as shown in
equation (1) below. The following layout: =300 pm,
we=500 um, w=100 pm was designed with the predicted
drift d more than 10 pm using equation (1). The channel
height was 100 pm.

d=026+024 1%
w

8]

The fluid flow in microchannels was controlled by a
standard motor-driven pump (Harvard 33 Twin Syringe
Pump, Harvard Apparatus) with constant flow rate of 10
pL/min. Movies and images were taken with the CCD
camera.
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3. RESULTS AND DISCUSSION

The rapid fabrication steps from carving the designed
layout to the completed chip was able to be finished less
than ten minutes like previous study[4]: Step-I, a
complete carving of individual microchannel layer can
be done in a minute. Step-1I, approving the microchannel
layer with light microscope and image processing
software would take ~5 min, and Step-III, the assembly
and bonding of the final device spent ~1 min. Though,
this low cost microfluidic chip could be achieved simply
and rapidly, channel distortion and dimensional variation
were typically occurred during the fabrication process.

The smallest feature size of negative microchannel
was obtained, approximately 30 pm both on PVC and
polyester films, by the minimum nominal applied force
of level 1. As shown in Fig. 3, numerous feature size of
microchannel oceurred when applied the different cutting
forces. The feature size was low deviation, when half
cutting (not carving through out the thickness of
materials). Die-cutting (carving through out) the PVC
and PET films occured when the applied force more than
level 20 and 30, respectively. The different Young's
modulus of plastic films affected the variability of

> . L]

d: { i

[ . e

e i ——
50 pm |

Fig. 4. Light microscope image of microchannel: the
microchannels were obtained with an apply force level
9 onto the surface of PET(a) and PVC(b). Size of the
microchannels on PET(c) and PVC(d) have changed
after bonding with thermal lamination film.

feature size. However, this results have shown the
capability to create negative microchannel whose size
less than 100 pm onto the PVC and PET.

The negative microchannel size close to 50 um was
found in PET and PVC shown in Fig. 4(a) and Fig. 4(b),
respectively. Some roughness on the channel edge of
both materials was appeared. It would be a key factor of
the change in velocity profile as a result of increasing in
average velocity[8]. Moreover, the laminated channels
after bonding were narrower than the channels after
cutting. This could be the bonding temperature of 140°C
was higher than the glass transition temperature (70-
80°C) so that the channels were creep during pressed.
Despite these size changes, the laminated PET channel
width in Fig. 4(c) was less deviated than that of PVC
shown in Fig. 4(d). The thermal expansion property of
the PET films promoted the stability over the PVC. The
other bonding technique with glue[9] should be more
suitable for the PVC. Although chip bonding with
thermal laminating films affect the channel width on
plastic, this technique provide rapid bonded in a minute.

111

a. 12004 b. C:
g
§ ¥
e e ———
1000+ B — =
4 o
a P s
I,
¥ 5%
- 8004 ¥ P
: /
4
=z s 1
S v
2 6004 o b
g /”
= v 4
“ /’
< g
i -
400 i
”
I’
i B =-=-=Baseline
7
200+ i A o Horizontal
/’ v Vertical
d
I,
/l
c L) L) L) L] L
0 200 400 600 800 1000

Layout size (pm)

Fig. 5. A compareation of actual microchannel width
from horizontal and vertical cutting axes; (a) Plot of
the drawing versus actual sizes of microchannels and
the light microscope images of 400-um-wide
microchannel by die-cutting in (b) horizontal and (c)
vertical axes, respectively. The scale bar is 400 pm.

The other cutting study was the die-cutting 10 mm
long of rectangular channels with varying the width
sizes. Fig. 5(a) shows the comparison of the actual sizes
and the drawing sizes of the rectangular channels. The
baseline (dash line) was the target width. However, the
carved channels were overcut. It was found that the
width of carved channels was about 10% more than
which of the drawing. Because of the certain overcut,
therefore drawing a layout 10% smaller than the target
size could fit the final target width.

The carving directions of rectangular channels were
also examined, i.e. along the horizontal and vertical axes
of the plotter. The plot of varies target channels on
horizontal (opened square dots) and vertical cutting
(rigid triangular dots) has also shown in Fig. 5(a). The
phase contrast images in Fig. 5(b) and Fig. 5(c), were
carved from 400 pm layouts on PET films along the
horizontal and vertical axes, respectively; however, the
target channels were different. It found that cutting along
the wvertical axis was occurred less distorted than the
horizontal one. Therefore, the more accurate channel size
to the drawing would run in the vertical. This issue may
cause by the different motion control system and motor
drives on the horizontal and vertical or x-y axes.
Normally, the cutting plotters work with different motion
control system on X-y axes. For this study, the cutting
plotter was a motion shaft control system on x-axis and a
machine rollers system on y-axis. It was noticed that the
channel distortion occurred on a single cutting plotter. It
may provide the distortion less than 10% if working with
other resolution plotters or higher grade cutting plotter.
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For approaching to a microfluidic device for blood
plasma separation, the sample channel geometry reported
by Faivre et al[5] was chosen. Although the designed
was very small constriction channel at 15 um, this
research extended the constriction to 25 - 100 pm like
previous research[6] with the predicted drift ¢ more than
10 pm. The final device with the constriction area was
shown in Fig. 6(a). The geometry of laminated micro-
fluidic device was measured as L=396 um, w¢=558 pm,
and w=78 pm as shown in small figure of Fig. 6(a). The
constriction channel was slightly deformed at the end of
the channel. As shown in Fig. 6(b), the picture of 1:10
diluted blood at the flow rate of 10 pL/min was captured.
The thin layer of CFL or the drift d of ~10 pm, occurred
clearly on a side of the downstream channel. The single
side CFL could be affected by the deformation at the end
of the constriction channel. However the channel
deformation could not be control during the thermal
lamination process. The uncontrollable channel deforma-
tion would possibly be improved by eliminating the
surface roughness of the channel before bonding process.

4. CONCLUSION

The microfluidic fabrication processes from the
drawing layout to the final device could be finish within
ten minutes by xurography with thermal lamination
films. The small negative microchannels, from 100 um
to 30 um width, were fabricated with line carving. To
fabricate bigger channels more than 100 um, die-cutting
along the vertical axis was applied to obtain more
accurate feature sizes than the horizontal one. However
the actual microchannels were distorted 10% more than
the drawing ones. The cell focusing chip using this fabri-
cation technique was presented. Despite the uncon-
trollable channel deformation, the enhanced CFL at
downstream was ~10 pm thick. For the future works, the
channel geometry to get the appropriate enhancement of
CFL for blood plasma separation would be varied as well
as an improvement of surface roughness of the
constriction channel.
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