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MIKROKANALLARIN URETIM METOTLARI
THE METHODS OF FABRICATING MICRO CHANNELS
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OzZET

Mikrokanallar mikro-akiskan sistemlerinin femel unsurlarindan
oldugundan, mikrokanallarin dretimi ¢ok énemilidir. Bircok
farkli dretim metodu vardir: Si ylzey mikroisleme, Si gévde
mikroislerne ve polimer mikroisleme gibi.  Polimerlerin
kullanimi 6zgun  bir dretim  teknolojisi - olusturdugundan,
mikrokanallarin  polimerden yapilmas! ayri olarak
incelenecektir. Secilen uretim teknolojisine gore,
mikrokanallarin - genisligi birka¢ mikromefreden yuz
mikrometre seviyelerinde, ayrica mikrokanalin yJksekligi
birkagc mikromefreden on mikrometre mertebelerinde
olabilir. Mikrokanallar metallerden, camaan, seramiklerden
ve polimerden Urefilebilinir. Genis bir malzeme secenedi
olmasi, her tir malzeme tardntn icerdigi zorluklar da
beraberinde getirir. Mikrokanalin drefim metodunun segimi,
timlesik devre teknolojisi uyumlulugu, Uretimde  ylksek
verime, silisyumn plakasinin ¢ok amagcii kullanimina imkan
vermesi ve O&zel tasarimlarin getirdigi sartlar gibi
parametrelere bagli olarak belirlenir.

Anahtar Kelimeler: Mikrokanal, Si yuzey ve goévde
mikroislerme, Polimer mikroislerne

Giris

ikroteknoloji  Uretim ydntemleri sayesinde

daha vyuksek hassasiyet, daha dusuk

maliyet ve performans, yuksek sistem
verimine sahip mikrosistemler veya
mikroelektromekanik sistemler (MEMS) elde edilir [1,2].
MEMS temelde entegre Uuretim teknolojisinin
yontemlerini degisiklik ve eklemeler yaparak
kullanmaktadir [3-5]. Mikrosistem Uretim  teknolojisi
temelde yapisal malzeme olarak Poli-Si (Cok kristalli
silisyum), yalitkan malzemesi olarak silisyum nitrat
(Si,Ni,), heba malzemesi olarak silisyum oksit (SiO,) ve
iletken malzeme olarakta aliminyum kullanilir [6,7].
Bunun yaninda, entegre devre ve MEMS teknolojisinin
arasindaki en dnemli fark, MEMS Urertiminde ¢ok farkli
malzemelerin  kullanimasidir [8-11]. Ticarilegtirilmis

MEMS UrUnleri yukanda bahsedildigi gibi temel

ABSTRACT

The fabrication of microchannels is very critical part of
microfluidic devices since the microchannels are essential
part of them. There are several ways of fabricating of
microchannels: Si surface micromachining, Si bulk micro-
machining and polymer micro-machining. Since the use
of polymers gives us a unique fabrication scheme for
microchannels formation, it is evaluated as a separate
section in the text. Depending on the choice of the
method, the width of microchannels can be several
microns to hundreds of microns as well as the height of
microchannel can be also tailored in a range from 1
micron to several fen microns. The microchannels are
made of metals, ceramics, glass and polymers, thus there
is @ wide range of selection for materials, but, with some
constraints by fabrication. The IC technology compatibility,
high vyield multi-purpose use of silicon wafer and
customized characteristics are just main parameters in
choosing the fype of methods for the fabricating of
microchannnels.

Keywords: Microchannel, Si surface and bulk
micromachining, Polymer micromachining

InTROdUCTION
icrotechnology is an enabling fechnology
by means of which it is possible to
fabricate microsytems or

microelectromechanical systems (MEMS) to obtain
higher sensitivity, lower cost, better performance and
improved system yield [1,2]. MEMS basically utilize the
integrated circuit (IC) processing with some
modifications and additions of microelectronics
technology [3-5]. The main materials used in the
microfabrication are Poly-silicon (Poly-Si) as a structural
material, silicon nitride (Si,Ni,) as an insulator, silicon
oxide (SiO,) as a sacrificial one and aluminum (Al) as a
conducting material [6,7]. However, one of the main
differences between IC and MEMS technology is
arising in the variety of materials used in the fabrication,

since there are almost all kind of materials being used
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malzemeler kullanilarak Gretilmisti. Uriin- olarak ¢ok
basanll MEMS drUnlerini gérmek mumkundur. Hava
yastiklarnda kullanilan  mikro ivmedlcerler, optik
yansificilarda  kullanilan  mikro aynalar, murekkep
puskurtmeli (inkjet printers) yazicilarda kullanilan micro
nozullar enduUstriyel son drdnlerde kullanilan  birkac
ornektir. Endustriyel Urlnlerde kullanilan mikrosistemler
arasinda, akiskan-MEMS sensorleri % 5 ile 10 arasi bir
market payina sahiptir, bu oran surekli artmaktadir.
Mikro-akiskan sistemleri saglik biliminde (minyatdr sivi
analizinde), mikro laboratuvar sisteminde, mikro
kangtincilarda, mikro sogutucularda, bio-teknolojide
(Mikro-PCR-Polimerize Zincir Reaksiyonu), farmokoloji
gibi bircok alanda kullanildigini gérurdz. Bu sistemlerin
en énemli birimlerinden biri mikroakiskan sistemlerin
farkll bolumlerini birbirine baglayan mikro kanallardir.
Mikro kanallar, rezervuarlar icin  baglanti  elemani
ve/veya reaksiyon alani olarak, kromotografi igin
aynstinci olarak veya mikro sogutucular igin boru islevi
gorurler.

Mikroakigskan uygulamalan icin  farklh  geometrik
ebatlarda olan mikro kanallan Uretmek icin  degisik
teknolojiler vardir. Bunlann arasinda, gévde mikroislerne
fekniginde olan  silisyum plakasini (Si-wafer) asindirma
prosesleriyle, genis ve buylk &lcekli mikro  kanallar
Uretmek mumkdndur [7,12]. Kanallan kapall duruma
anodik bagloma yontemiyle  getirilir. Baglamanin kalitesi
ve hizaya getirimesi gibi dikkat edilecek dezavantajlar
vardrr. Fakat, kolay bir sekilde cam altlikla entegre edilip 3
boyutlu  mikroakiskan  sistemleri  olusturulabilinir. - Son
zamanlarda gdvde mikroisleme  tekniginin - icerdigi
olumsuz yonleri giderecek tfeknikler gelistiriimistir [13].
Elektronik devreyle mikro-akiskan sistemlerin - kolay
entegrasyonunu  saglamak icin  ydzey mikroisleme
kullanilir. YGzey mikroislerme birbirini takip eden kaplama
ve asindirma proses adimianndan olusur [6,14,15]. Fakat,
Uretilen kanallardaki boyut sinilamasi, ydzey mikroislerne
feknigi bozi uygulomarda fercih ediimez. Geleneksel

tekniklerin icerdigi zoruklan asmak igin, hibrit yakiasimi yani
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in the fabrication of MEMS [8-11]. On the other hand,
the commercialized MEMS products are fabricated by
just few materials of MEMS technology as stated
above. There are several successful MEMS products in
the market. The microaccelerometers used in the
airbags, the micromirrors in the optical projectile and
micro-nozzles in the inkjet printer heads are just few of
them. Among the products on the market, the fluidic-
MEMS has a 5 to 10 % market share, and it is growing
substantially each year. The main applications of
microfluidic systems are found in health science
(miniaturized fluid handling), TAS (micro total analysis
systems), micro-pneumatics, micromixers, micro-
cooling, biotechnology (microPCR-Polymerase Chain
Reaction), drug discovery and in many other
applications. One of the crucial components of such
products is the microchannels which connect different
parts of microfluidic system. The microchannels can
be used as connectors between reservoirs and
reaction space or separation columns for several
different types of chromatography, or heat pipes for
micro cooling applications.

There are different techniques to construct
microchannels with  different sizes for micro-fluidic
applications. Among micro fabrication techniques, the
bulk micromachining is the processing of efching the
substrate so that wide and bigger size open channels are
fabricated [7,12]. In the bulk micromachining, the closed
microchannels are also obtained by means of anodic
bonding of two substrates. The main disadvantages are
the quality of bonding and alignment of microchannels.
But, it is easily integrated with glass substrates to form 3-D
micro-fluidic devices. However, there are some new
methods developed recently to overcome drawlbacks of
the bulk micromachining [13]. The need of an easy
integration of electronics with  micro-fluidic devices
requires the use surface micromachining. The surface of
micromachining is the processing of sequence of
deposition and etching steps [6,14,15]. On the other
hand, the lmit on the size of channels makes it
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govde ve ylzey mikro-isleme tekniklerinin  beraber
kullanimi, veya yeni gelistirlen teknolojiler (LIGA, MIMIC
veya polimer mikro-isleme) mikroakiskan  sistemleri
Uretmek icin kullanilir. Bu makalede, Uretim teknolojilerin
detayll bir sekide verimesi yerine, Ozellikle mikrokanal
Uretiminde kullanilan teknolojiler émeklerle detaylandinlip
anlatlacakir ve bdylece, ilgili teknikler makale icinde

verilecekiir,

Silisyum Govde Mikroisleme

Silisyum gbvde isleme mikrosistern  Uretiminde
kullanilan ilk MEMS Uretim teknolojisidiir [4,7,12] ve silisyumn,
cam ve diger yaltkan altikiara uyaranabili. Bunun
yaninda, ylzeyde fazla alan kullanimasi ve kapali kanal
olusturmak icin fazladan Uretim adimiarnnin olmasi govde
mikroislermenin  dezavantajlandir.  Anodik  baglama
yontemiyle kapatian kanallann ara yuzeylerinde bogluk
olusma ve hizaloma sorunlar vardrr. Fakat, yeni gelistirilen
gdémulu kanal teknolojisi (BCT), bu sorunlann Ustesinden
gelmesinin yaninda, silisyum pulunun Ust ylzeyinin baska
mikrosistemlerin Uretimi icin kullanilir kimaktadir [13,16].
BCT teknolojisi on adimdan olusmaktadrr,  sirasiylo;
litografik yluzey sekilendirmesi, silisyum plakasinda derin
siper asindirma, siperin yan duvarlarnna uygun
malzemenin kaplanmasi ve tabanindaki malzemenin
kazinmasidir, silisyumun gdvde icinde asindinimasi, son
olarakta kanalin temizlenip, kapatimasidir.  Uretim
yontemi  silisyum  plakasinin - icinde  olusturulan  kanal
profilini asindirma kimyasalina bagl olarak degistirmeyi ve
kanalin merkezinin yuzeye uzakigini siperin derinligiyle
belireme imkanini verir. Siper, Derin Reaktif ion Asindima
(DRIE) yontemiyle SF, gazi kullanilarak olusturulur. Farkl
geometrik kanal profilleri Sekil 1'de gosterildigi gibi farkl
kimyassallar kullanilarak kazimna sonrasinda elde ediilir.

Sekil 1'deki birinci profil, silisyum gdvdesi icinde yar-
kresel bir kanaldir, bunu reaktif ion asindirma
yonteminin SF, gazi kullanarak, veya HF-HNO,

solusyonuyla islak asindirma  ydntemiyle veya

undesirable for some applications. To overcome
problems associated with the previous methods, the
hybrid approach, use of bulk and surface
micromachining at the same time, or newly developed
technologies (polymer micromachining, LIGA and MIMIC
efc) are utilized 1o satisfy the need for micro-fluidic MEMS.
In this article, the fabrication techniques wil not be
explained in details, but the fabrication methods used in
constructing of microchannels for micro-fluidic systems
will be infroduced with many examples so that the review
of such methods will be presented.

Silicon Bulk Micromachining

The bulk micromachining is the first MEMS
technology used for fabrication Microsystems [4,7,12].
It is adaptable to Si, Glass and other insulating
substrates. However, it has some limitations due to the
use of large substrate surface area and the need for
additional steps to cover the channel to form pipes. It
requires anodic bonding with other substrates to form
micro pipes, but there are some misalignment and
pbonding quality problems in the process. However,
there is a new method which utfilizes bulk
micromachining but it also gives possibility of using
substrate surface for additional micromachining and
free of assembly due to fabrication on the one surface
of substrate. The process is called buried channel
technology (BCT) [13,16]. The BCT is composed of ten
steps, including, lithographic pattemning, a deep
french etching through Si substrate, and then
conformal deposition of suitable material on the
sidewalls of french and etching of it at the bottom, and
etching Si in the bulk by an appropriate solution, and
finally etching away the material on the sidewalls and
then seal the trench. The fabrication scheme gives us
to change the shape of the channel at the bottom of
french by an etchant chemistry as well as the location
of center of the channelin the Siwaferis determined by

the depth of the trench. The trench is defined by Deep

Muhendis ve Makina = Cilt : 47 Sayi: 556

30



b

1 2 3 4

Sekil 1. Ince fim kaplama teknolojisi ve BCT teknigi
kullanilarak  farkl - sekillerde  drefilen mikrokanallar (1)
yuzeyde yari dairesel (2) gbvdede dairesel (3) gbvdede V-
oluklari (4) ylzeyde V-olukiari [13]

Figure 1. Different Shapes of micro channels made by
thin-film techniques and BCT process schemes. (1) hemi-
circular at surface. (2) circular in bulk. (3) V-groove in bulk.
(4) V-groove at surface. [13]

elekirokimyasal olarak HF yardimiyla Uretebilirsiniz. EGer
yukandaki ydontemleri (izotropik asindirma) kanal
olusturduktan sonra uygularsaniz silisyum gdvdesi icinde
dairesel profile sahip bir kanal Uretebilirsiniz, iki numarali
profilde goérildugu gibi.  Anisofropik KOH  kimyasall
kullanarak asindirmayi  uygularsaniz, hemen  yUzeyin
altinda veya siperin altinda V-oluklarni Uretirsiniz.

Sekil 2'de elipsoid profile sahip izotropik RIE
kullanilarak  silisyumn  gévdesinde olusturulan agik ve
kapal kanallan gorebilirsiniz. Mikrokanallann  genigligi
birkac mikronmetreden ylz mikronmetre seviyelerinde
ve derinlik ise bikkag mikrondan on mikronmetre
mertebelerinde Uretim akisina bagl olarak
degismektedir. Bu tasanm esnekligi BCT teknolojisi
yardmiyla silisyum plakasinin gévdesinde 3 boyutlu
mikrokanal agi olusturmak mumkundur [13].

Elektronik butUnlesik devrelerde asirn 1sSinmayi
engellenmek icin gdvde mikroisleme  ydntemiyle
Uretiimis  mikrokanallar  kullanilimaktadir [17-21]. En
temel metotlardan bir tanesi, KOH izotropik
asindirmayla olusturulan V-oluklar anodik yapistirma
sonrasinda kapall kanal halinde getirilerek, 3 boyutlu
olarak tasarlanip elektronik sogutma isleminde
kullaniimaktadir.  DRIE  ydntemiyle silisyum plakasi
Uzerinde Uretilen periyodik dikit dizileri sayesinde de isi
dagilimi homojenlestirilerek, elekironik sogutma
amagcl kullanimigtir [20]. Bu islemle acik kanallar,
gbvde mikroisleme yéntemiyle olusturulmus, 1si kaybil
fazlasiyla artinimigtir. Silisyum plakasinin ydzeyinin (110)

duzlemine sahip olmasi ve agindirmanin KOH ve 2-
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Reactive lon Etch (DRIE) plasma system with SF, gas.
The different shapes of microchannel obtained by an

appropriate chemical etchants are showninthe Fig. 1.

The structure 1 in the Fig. 1 is the hemisphere
channel on the sub-surface, it is obtained by isotropic
etfching of Si with reactive ion etching (RIE) in SF, gas, or
etching in HF-HNO, solutions or electrochemical
etching in HF solutions. If the isofropic etching is
performed after french forming, the structure 2, a bulk
sphere in the Si wafer, is fabricated. The use of
anisotropic etchant like KOH gives to produce V-
grooves at the sub-surface or in the bulk Si depending
onusing it after french forming.

Inthe Fig. 2, the ellipsoid microchannelin the bulk of
Si wafer by isotropic RIE is shown in Fig. 2a and the
sealed oneis showninFig 2 b. The size of microchannel
varies from couple of microns to 100 ums and the
depth of channel is also changing from several
microns to 10s microns depending on the length of the
french. Such a design flexibility of BCT makes it possible
to obtain the microchannel network underneath the Si
surface [13].

To overcome excessive heat problem in the
electronic components, bulk micromachined micro
channels are utilized [17-21]. One common method is
the fabrication of V-grooves by KOH isotropic etching on
the Si surface and then use of anodic bonding to form 3-
D micro channel network for electronics cooling. The
development of wick patterns on the surface of Si wafer
is also utilized by DRIE to evenly distribute heat dissipation
[20]. In this method, there is a formation of open
microchannel network by bulk micromachining, so that
the improved heat dissipation is achieved. It is also
possible to fabricate vertical U-shaped micro channels
by wet etching chemistry based on KOH, water and 2-
proponal on the (110) Si wafer [17]. The anisotropic

etching characteristics of the crystalline surfaces ensure
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Sekil 2. (a) Silisyurn plakasinin gévdesinde asindiriimis bir mikrokanal (b) Si;Ni, ile kapatiimis mikro kanal [2]
Figure 2. (a) The micro channel efched in the bulk Si, (b) sealed microchannel by Si;Ni, [2]

proponal kullanilarak yapilmasi halinde U-gekilli dik
kenarl derin siperler elde edilir [17]. Uygun asindirma
kosullarinda, silisyum kristalinin asindirma
karakteristiklerinden dolayr dik ve purlzsuz yuzeyler
elde edilir. Sekil 3'te goruldugu Uzere, 400 um derinlige
sahip, agik mikrokanallar Gretilmistir, bu kanallar anodik
baglama yéntemiyle kapatilabilir. V-oluklan TMAH
kimyasal solusyonu kullanilarak tam anlamiyla timlesik
devre Uretimine uyumiu olarak tretilebilir [22]. ik olarak
silisyum plakasinin 6n yldzdnde butunlesik devre veya
mikrosistemler Ureftilir, diger ylzeyde go6vde
mikroisleme teknigi kullanilarak V-oluklarn olusturulur.
Yazeyi 1 um silisyumn nitrad kapl ikinci bir silisyum
plakasi, V-oluklarnin Uzerine flzyon baglama
yontemiyle yapistirlir, ikinci silisyum plakasi silisyum
nitrad ince film katmanina kadar agindinlir. Béylece,
entegre devrenin altinda, kapal mikrokanallarin
olugsmasiyla mikro-isi kanallarinin  dretilmesi
gerceklenir.

Baska yeni bir metotta, mikrokanallar iki-adimii bir
elektro-kimyasal asindirma  ydntemiyle silisyum
gdvdesinde olusturulur [21]. Bu metot silisyum gdvde
mikroisleme teknolojisinin dzellklerini icermekle beraber

daha avantajlidir. Uretim islemi entegre devre

38

to get vertical walls and flat surfaces at the optimum wet
efching conditions. As seen in Fig. 3, 400 um deep
microchannel is seen and the micro structure can be
sealed by glass by means of anodic bonding fo form
closed channels. The V-Grooves etched by TMAH
solution are also fabricated by a fully IC compatible
processing [22]. In the first step, IC or/and other
microsystems are fabricated on the surface of Si wafer,

and then the V-grooves are formed by bulk

—_—

Sekil 3. Islak agindirmayia olusturulan dik U mikro kanallar [17]
Figure 3. The vertical U-shaped micro channels by wet etching [17]
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teknolojisine uyumludur ve silisyum plakasi Uzerinde duz
bir yuzey olusturur, bdylece daha farkl mikrosistemlerin
Uretimesi mimkanddr. ik adimda, maske kullanilarak,
HF:Etanol solusyonunda silisyum plakasi Uzerinde
elekiro-kimyasal olarak nano-kristal gézenekli silisyum
olusturulur. Ikinci adim olarak, anodik akm degerini
degistirerek, gdzenekli silisyumun altinda  tercihen
asindirma yapillir, bu bir boslugun olusmasini saglar. Sekil
4a ve b'de goruldugu gibi, asili duran gézenekli nano-
kristal silisyum katmaninin mekanik dayanikliigi, fosfor
katkil alan ve Uretim tasarmindan dolayr yeterince
yuksek, bu ylzden kopma veya aynsma diye bir sorun
yoktur. Kanalin genisligi ve derinligi elektro-kimyasal
isleminin parametrelerine bagli olarak 100 um ve 10 um
mertebelerindedir.

Ters mikrokanallar ayni zamanda gévde mikroisleme
ve anodik baglama ydntemlerini  kullanilarakda
olugturulabilir [16]. Oncelikle kanalin profiinde istenen
geometrik sekil, dairesel, yan-dairesel veya V-olukiarn
biciminde, farkli kimyasallar kullanilarok elde edilir.
Olusturulan  sekilli yuzeyin Ustlne  silisyum nitrad
kaplanarak, cam plaka ydzeye yapistinlir. Silisyurn plakasi
kazindiktan sonra, cam Uzerinde 100 nm kalinliga sahip
siisyum nitrad kanallar  Gretilir. Bu sekilde yalitkan

malzemeden uretilen mikrokanallar &zellikle

PS Layer
Masking Layer PS fabaka

Maske fabaka

Phosphorous doped area
Fosfor katkili alan

Cavity
Bogluk Silicon

Silikon

..... Pomakale

micromachining at the other side of the wafer. A low-
stress silicon nitride is deposited on another Si wafer
which is bonded to cover V-grooves by fusion bonding.
The second Si wafer is etched up to silicon nitride so that
V-grooves are capped by T um silicon nitride. Thus, the
micro heat pipe system under the electronic circuitry is
fabricated by this method.

The other novel method is the buried channel
processing in which the microchannel is formed by a
two-step electrochemical etching of Si [21]. It has the
features of bulk micro machining with some additional
benefits. The process is IC compatible and it leaves a
flat surface on which fabrication of IC and/or other
microsystems are possible. In the first step, the
formation of nano-crystalline porous silicon (PS) is
formed by relevant electrochemical anodization of Si
in a HF:Ethanol through a masking layer. With the
change of anodization current density, it is possible to
obtain preferentially electropolishing of Si which is a
cavity undermeath. As seen in the Fig. 4a and b, the
mechanical stability of suspended PS is high enough
that there is no risk of collapsing since phosphorous
doped area and design of fabrication prevents any
risk of detachment. The width and depth of

microchannels is dependent of electropolishing

Sekil 4. [ki adimii elektrokimyasal asindirmayia dretilen (a) dikddrigen ve (b) fkiz yarim-daire mikrokanallar [21]
Figure 4. The rectangular (@) and double-half-circular micro channel by two-step elecfrochemical etching of si [21]
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elektrophoresis uygulamalarinda ve optik

karakterizasyon agisindan dnemilidir.

Silisyum Yizey Mikroisleme

Mikrokanallar Uretmek icin kullanilan diger dnemli
teknolaji silisyurm ylzey mikroislermedir [15]. Son yirmibes
yildir,  kapasitif - mikro-hizdicerleri, mikroaynalar, RF
MEMS'leri ve daha birgok mikrosistern sistemlerini Gretme
de kullanimugti. Mikroakiskan uygulamalanna yonelik
mikrokanallar Si-ydzey mikroisleme ydntemiyle basarnyla
Uretilmislerdir. Temelde Poli-Si yapisal malzeme olarak ve
Silisyum oksit heba malzemesi olarak kullanilir. Uretim
sureci birbirini takip eden kaplaoma ve asindirma
adimlanndan olusur. Asindirma  heba malzemesi

Uzerinde secici bir sekide tasanmin kisitlan iginde

Substrate
Alftabaka

(a) Silisyum nitrdr Gzerinde pollio  (a) poly O deposition (0.5 um)
depolama (0.5 um) ve drnekleme on silicon nitride and patteming

[ ]

Substrate
Alttabaka

Substrate

Alftabaka

(b) PSG1 depolama (2 um) (b) PSG1 deposition (2 um) I:I

ve drnekleme and patterning Nitride
Nitrdr
?’
)
- - Poly Si
Substrate Poli Si
Alffabaka

(c) Poli 1 depolama (2um) (c) Poly 1 deposition (2um)  PSG
ve drnekleme and pattemning

Substrate
Alftabaka

(d) PSG 1 remowall

(d) PSG 1 tasma

Sekil 5. MUMPS kullanilarak Poli-Si mikrokanallarin dretim akisi [23]
Figure 5. The fabrication of Poly-Si microchannels by MUMPS
[23]
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process parameters, they can be as high as 100 uand
10 u, respectively.

The inverted microchannels can be also
fabricated by combination of bulk micromachining
and anodic bonding [16]. The desired shape of micro
channel first is defined in the silicon wafer by an
appropriate etching chemistry so that circular, semi-
circular or friangular geometries are developed. And
then, the surface is conformally coated by silicon
nitride and it is bonded to glass plate. After removing Si
wafer, there are 100 nm thick-wall Si;N, channels on
the surface of glass. It is particularly important for
electrophoresis applications in which there is a need
for micro channels made of insulating material. This
design of insulating microchannel fabrication ensures

to utilize optical detection methods.

Silicon Surface Micromachining

Another potent technology for fabricating micro
channels is the Si Surface Micromachining [15]. It has
been used for the last 25 years in the microsystem
fabrication to produce capacitive
microaccelerometers, micromirrors, RF MEMS and so
many other microsystems structures. Microchannels
are also successfully developed for micro-fluidic
applications by surface micro machining. The poly-Si
and Si-based oxide are commonly used as structural
and sacrifical materials, respectively. The main
purpose is the sequential deposition and then selective
etching of the materials. The etching processing is
performed on the sacrifical material which is
determined by the design of microstructure. There is no
restriction on the choice material, but people tend to
use well characterized and processed materials in their
fabrication due to importance of vyield and
repeatability of production. Therefore, there are some
standard Si micromachining processes like MUMPS

(Multi User MEMS Process) by which it is possible to
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gerceklenir. Teoride, kullanlan malzemede bir kisit
olmamasina ragmen, Uretim icin denenmis ve yi
karakterize edilmis malzemeler verim ve ftekrar
edilebilirlik agisindan tercih edilirler. Bu yuzden standart
Uretim sureclerinden olan MUMPS teknolojisi yuksek
verimle Uretim yopma olanagl sundugundan, tercih
edilmektedir. MUMPS teknolojisinde, heba malzemesi
olarak Pali-Si, Fosfosilikat cam (PSG) veya silisyum nitrad
kullanma secenegi oldugundan, tasanma bagli olarak,
mikrokanallar, PSG veya Poli-Si yapl malzemesinden
yapilabilir [23]. Sekil.5%te Poli-Si  yapisal malzemesi
kullanilarak Uretilen mikrokanallann fabrikasyon sureci
sematik olarak gdsterilmistir. ik dnce, Silisyumn Nitrad
yalitkan malzemesi olarak kaplanmis, birinci seviye Poli-Si
kaplanarak  sekillendirilmistir. Kaplanan Poli-Si- kalinhigi
sadece, standart Uretim hatt oldugu icin, 2 mikrondur.
Daha sonra, 0.75 mikron kalinliginda PSG kaplanmigtr,
bu malzeme helbba malzemesi olarak kullanilacaktir,
dolayistyla mikrokanalin i¢c hacmini olusturacaktir. Daha
sonra ikinci Poly-Si kaplanarak, asindirmaigin gerekli olan
delik olusturacak sekilde, fotolitografiyle
sekillendirilecekti. Heba malzemesi olan PSG, HF
banyosunda delik yardmiyla kazinacak, sonrasinda
yap! yikanip kurutulacaktir, Buradaki en temel sorun,
mikrokanalin boyutlan MUMPS tarafindan belirlenmesidir.
Fakat, MUMPS yuksek verimde coklu Uretim imkanini
tanidigindan avantajli bir yond vardrr, PSG'den Uretilmis
70 um x 4 um ebatinda, ve Poli-Si olugsan 70 um x 2um
kesit boyutlanna sahip prototipler basanyla Gretiimistir.
Asindirma icin kullanilan delik Uretim streci sonunda
kapatimasa bile, mikron boyutlannda akiskanlarda (su
ve kan) olusan yuzey gerilimi herhangi bir olasi sizintiyi
engellemigtir.

Silisyum yUzey mikroislernede  mikrokanal  Uretimi
gelistilen baska bir teknoloji kaldirmadir  (lift-off).
Gdzenekli-Silisyum  kaldirma  teknolojiyle beraber
kullanildiginda 3 boyutlu  mikrokanallar  Gretmek
mMUmkundur [24]. Bu ydntemin en dnemli avantaijlan cok

basit olmasi ve silisyum pulu Uzerinde gayet duzgun bir
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manufacture microchannels with a high yield. In the
MUMPS, the Poly-Si, Phosphosilicate Glass (PSG) and
silicon nitride are deposited and etched away in a
defined manner, so that microchannels are made of
by PSG or Poly-Si depending on the design [23]. In the
Fig.5, the schematic of a processing sequence is
presented for the Poly Si-based micro channel
fabrication. First, Si;N, is deposited as an insulating
material, and then first level of Poly-Si is deposited and
patterned to increase the depth of micro channel. The
thickness of deposited Poly-Si in the MUMPS is only 2
microns since it is a standard processing. Then, 0.75
um-thick PSG is deposited and patterned, it is the inner
volume of microchannel. On top of that, the second 2
um-thick Poly-Si is deposited and an etch hole is
patterned ontop of it. The second Poly-Si later forms the
top surface of channel. The sacrifical PSG is removed
by HF solution via the etch hole and then the structure is
rinsed and dried. The main disadvantage is the size of
micro channel which is limited by the MUMPS
technology. However, the MUMPS gives us highly
repeatable and reliable processing as it is very critical
for mass production. The prototype glass
microchannel with a cross section of 70 umx 4 wum and
the polysilicon micro channel with a cross section of 70
um x 2 um are successfully manufactured. Although
the etching holes are not sealed at the end of the
processing, there is no any risk of leakage for the
working fluids (blood and water) in the micro channels
dueto high surface tension at the etching holes.

The other important processing in the surface
micromachining is the lift-off technique to create
microchannels on the surface of the Si wafer. The
porous-Si coupled with lift-off processing is used to
fabricate 3-D micro channel network [24]. The
advantages of the processing are being simple and
leaving very flat surface on top of the micro channels

so that it is possible to infroduce IC or/and integrated
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yUzey olusturmasi, bdylelikle tumlesik devre Uretimi veya
baska bir mikrosistem geligtiriimesi olasidir. Buna ek
olarak, gbézenekii-Si kazma iletken bir altlik gerektiren
elektrokimyasal kazima ile yapilmaz ve gdzenekli-Si
elektron siklotron rezonans (ECR), plazma zengin
kimyasal buhar kaplama (PEVD) yéntemiyle 100 °C
altinda depolanir. Gézenekli Si helbba malzemedir ve HF
tabanli  solusyonla asindinli.  DUsuk  sicakliklardaki
depolama ve oyma islemi herhangi bir altikda hatta
plastikte 3 boyutlu kanal Gretimini mumkdn kilar. Bu
calismada, 100 um genislige kadar ve 0.5 um
kaliniginda 3 boyutlu mikrokanal sistemleri yapmak
mumkdndudr, bakiniz Sekil 6a. Si-ylzey mikroislemede
heba malzemesi kullanarak mikroyapilarn dretimi ¢ok
uygulanan bir yontemdir, hafta  polimer sikca heba
malzemesi olarak kullanilir. Polimerlerin heba malzemesi
kullanilarak Uretilen mikrokanallann genisligi 100 um ve
yUksekligi 10 um seviyesindedir [25,26]. Termal ¢dzlnen
bir polimer olan polikarbonatlar, heba malzemesi olarak
kullanilarak mikrokanallar Gretilmigtir. Polikarbonatiar 200
- 300 °C araliginda kimyasal olarak ¢oziintrer. Ug farkli
malzeme mikrokanallan Gretmek icin kullanilir: inorganik
cam (silisyumn oksit), termoplastik polimer (Avatrel
dielektfrik polimer) ve termoset polimer
(bisbenzilsikiobutan sikioten 3022-57). Bu yéntemle 3
boyutlu bir mikrokanal Uretimi mimkin degildir, ama
farkl malzeme turlerinden mikrokanal  olusturuimasi
olasidir.  Sekil 6b elipsoid profile sahip PECVD silisyum
oksit malzemesinden olusan 5 um yuksekliginde ve 25
um genisliginde bir mikrokanali gdstermektedir.
Polynorbomene malzemesi 375 ila 425 °C aralidinda
¢OzUnebilir, bu ylzden silisyum nitrad ve silisyumn oksit
malzemlerinden mikrokanal olusturulmasinda
kullanilmaktadir. Bu yaklagsimla 10 um yUksekliginde ve
100 um genisliginde cok katl olarak silisyum oksit ve
silisyum nitrad malzemesinden mikrokanallar Uretilmistir
[27]. Bu metotta, polimerin R-grubunun degistirimesiyle,
kanalin ici hidrofobik veya hidrofilik yapilir, bu durum

kanalin icinden akan sivinin  akis rejimini  etkiler.

micro systems with 3-D microchannels. Moreover,
efching of Porous-Si is not done by electrochemical
etching which requires a conductive substrate and the
porous-Siis deposited by electron cyclotron resonance
(ECR) plasma enhance chemical vapor deposition
(PECVD) at temperature lower than 100 °C. The porous-
Siis a sacrifical material and etched away by HF-based
solution. The deposition and etching processing at low
temperatures makes it possible to fabricate 3-D
channels on any substrate, even on plastics. In this
work, the channels width up to 100 um and height
around 0.5 um in the 3-D network are fabricated on Si
wafer as seenin Fig. 6a. The use of sacrifical material in
the micro-fabrication technology is very common and
it is even including polymer materials. The use of
polymer-based sacrifical material in the Si-surface
micromachining enables o fabricate microchannels
with width up to 100 um and heightup to 10 um [25,26].
The polycarbonates as thermally decomposable
sacrifical material are used for the formation of
microchannels. Polycarbonates decompose in the
temperature range of 200-300 °C. The three different of
materials are used as a cover of microchannel: an
inorganic glass (silicon dioxide), a thermoplastic
polymer (Avatrel dielectric polymer) and a thermoset
polymer (bisbenzoycyclobutene Cyclotene 3022-57).
It is not possible to create 3-D network of
microchannels but, it is an easy fabrication scheme to
produce microchannels from different materials. The
Fig. 6b presents the dome shape and PECVD silicon
oxide based micro channels with size of 5 um in height
and 25 um in width. The polynorbornene as a sacrificial
polymer material can be also used and it is
decomposed thorough silicon oxide and silicon nitride
capping layers at temperatures between 375 to
425°C. The micro channel made of by silicon nitride
and silicon oxide with 10 um-height and 100 um-width
are fabricated in a multilevel manner [27]. In this

method, a polymer material (polynorbornene
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Polimerlerin ozellikleri, ylzeye yapisma gibi, opsiyonlu
olarak degistirilebildiginden polimerle ¢alismak
mikrokanal dretiminde énemli avantajlar saglar. Bu konu
bir sonraki baslikta daha detayli incelenecektir.

Silisyum yUzey mikroislemede mikrokanallarda
olusan boyut sikintisi, elekiro-kaplama  yontemiyle
asllabilir [28]. 30 um'dan 1.5 mm geniglige sahip, 0.5
mm'den birkac cm uzunlugunda ve 5-100 pum
yUkseklige sahip Cr ve Altin metallerinden mikrokanallar
yapilabilir. Uretim dustk sicaklikta yapiimakta, bitinlesik
devre teknolojisi uyumlu, silisyum plakasinin asinmasi sz
konusu degildir ve kanallarn i geperiistege bagl olarak
bir malzemeyle (yalitkan, plastik ve metal) kaplanabilir.
Uretimin temel adimlan Sekil 7a'da sematik olarak
gosterilmigtir. ilk olarak, cekirdek Cu ve yapistinct olarak
kullanilan Ti kaplandiktan ve  sekillendirildikten sonra,
elekfro-kaplamayla mikrokanalin  tabani  olusturulur.
Daha sonra 5 - 100 um kaliniginda foto-direng polimeri
kaplanir, bu katman mikrokanalin i¢c hacmini
olusturmakta heba malzemesi olarak son adimda
kazinacaktr, Benzer bir elektro-kaplama ydntemiyle
kanalin yanal ve Ust duvarlarn da olusturulur. Sonunda,
kanalin icindeki heba malzemesi olarak kullanilan
polimer malzemesi uzaklasgtinlarak, Sekil 7b'deki
mikrokanal Gretilir. Girig ve ¢ikis kapilan kanalin Ustinde
veya altinda silisyum gdvde isleme ydntemiyle
olusturulur. Hatta, &zel bir tasanmla olusturulan
mikrokanal havada asili kalacak bicimde de
olusturulabilinir. Bagka yeni bir metotta, kalipsiz elektro-
kaplama ydntemiyle dairesel mikrokanallar Uretilebilir
[29]. Mikrokanallarin capi elektrokaplama
parametrelerine baghdi. 40 um capli dairesel
mikrokanallar basanyla Gretilmigtir.

Fosfor-katkil cam (PSG) heba malzemesinin
kullanilarak mikrokanal dretilmesini mikroigne sisteminde
Qorebiliiz [30]. Aslinda, mikroignenin tamami silisyum
yUzey ve gévde mikroigsleme teknojilerinin kullaniimasiyla
Uretilmigtir, fakat &zellikle mikrokanal silisyum  ydzey
mikroislemeyle olusturulimustur [31]. Mikrokanalin ebatl
PSG ile belilenmisti, daha sonra bu silisyumn nitrad ile
kaplanmigt. PSG heba malzemesi HF banyosunda
acllan bir delik sayesinde uzaklastinimig, sonrasinda bu
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chemistry) is used as a sacrificial material and by
changing R-group attached to polymer makes it
possible to design inner surface of channel as being
hydrophobic or hydrophilic characteristics for
movement of fluid through channel. Since the
materials properties of polymers i.e. adhesion to
specific surfaces can be tailored, it is important to work
with polymer materials to fabricate micro channels.
The topic will be explained in details in the next section.
The size limitation of microchannels by surface
micromachining can be extended by metal
electroformimg processing [28]. The microchannels of
30 um to 1.5 mm in width, 0.5 mm to several
centimeters in length, and 5-100 um in thickness are
fabricated by Cr and gold metals. The process is low-T,
IC compatible and free of substrate etching as well as
the inner surface of channels can be covered by any
low-T deposited films (electrical insulators, plastics and
metals). The main processing steps are schematically
shownin Fig 7a. Inthe first step, the bottom wall of micro
channel is fabricated by electroforming after
appropriate adhesion (Ti) layer and seed layer (Cu)
being patterned. And the 5-100 um of positive
photoresist is spin coated and lithographically
pattemned on top of the bottom wall. Next, the thick
photoresist is used to precisely define the inner
dimensions of the microchannel and serves as a thick
sacrificial layer to be removed later in the process. The
same electroforming forming procedure is followed to
construct the top and side walls of micro channel. In
the final step, the photoresist materials inside the
channel is removed so that the structures as shown in
Fig. 7bis fabricated. The input and output ports are also
introduced either on the top of the channel or at the
bottom from the Si wafer by bulk micromachining. It is
also possible with an appropriate design to suspend
the microchannels on the air. Another new method
based on moldless electroplatfing is developed to

make circular microchannels [29]. The size of the
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(a)

1* channel
1. Kanal

2" channel
2. Kanal

Si substrate
Si alttabaka

Sekil 6. (a) gbzenekli silisyum kullanilarak dretilen 3 boyutlu mikrokanallar (b) PECVD ile kaplanarak ve poliefilen karbonat

heba malzemesi kullanarak elde edilen mikrokanallar [25]

Figure 6. ) 3-D Network of microchannels by porous-si [24] b) polyethylene carbonate encapsulated in pecvd deposited

silicon dioxide [25]

delik kapatimistir. Mikrokanal icinde akiskanin hareketi
Poli-Si  direncleriyle balon olusturulmasi  sayesinde
gerceklenmistir.

Polimer Mikroisleme

Ylzey ve gbvde mikroisleme bircok sirall dretim
adimlan igerir ve bazi adimlann yaplmasi uzun sure
gerekmektedir. Bu tip sorunlan engellemek icin
polimerler yapisal malzeme olarak mikrokanal
Uretiminde kullanilir. Bu teknolojide, Si yuzey isleme
mikrosistem  olusturulmasinda kullanilsa bile, polimerin
sekillendirilmesi  Uretimin  ana adimlarnni  olusturur.
Mikrokanal Uretiminde polimerlerin kullanilimasindaki en
6nemli avantaj, coklu uretime imkan taniyan
yontemlerin  kullanilabilmesidir, yani, kaliplama,
baskilama, plazma asindirma veya lazer kazima
yontemlerini  kolaylikla polimer tabanl  mikroislerme
Uretiminde kullanilabilir. Polimerlerin optik gecirgenliginin
olmasi, ylzey &zelliklerinin degistirilebilmesi ve tasanma
bagdli olarak gelistirilebilmesi tercih edilmelerine yol acar.
Bununda 6tesinde, yuksek i¢ ylzey alanina sahip farkl
geometrik mikrokanal profillerin (dikddrtgen, dairesel ve
yuksek derinlik oranina sahip) akiskan  &zelliklerinin

calisimasinda énemli avantajlar getirmektedir.
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channel varies depending on the electroplating
conditions. The circular channel with a diameter of 40

umis successfully fabricated.

A sacrificial layer of phosphorus-doped glass (PSG) is
used to form in the microchannel to fabricate a
microneedle [30]. Actually, the whole structure is created
by a combination of surface and bulk Si micromachining
[31], but the channel is formed by the surface
micromaching. The dimension of the channel is defined
by PSG, and it is covered by Si,N,. The PSG is removed by
HF solution via efch hole that is closed affer the etching.
The fluid motion through channel is facilitated by bubble

formation with use of Poly-Si resistors.

Polymer Micromachining

The surface and bulk micromachining are the
processes with several sequential and time
consuming steps. To overcome such concerns,
polymers are employed as a base material for the
fabrication of microchannels. In this technology, the
Si micromachining and/or new techniques are also
utilized to fabricate microsystems, but the main
processing is based on the sfructuring the polymers.
One of the most important advantages of using

polymers in the microchannel fabrication is the
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Kaliplama yontemi polimer tabanl mikrouretimde
sikiikla kullanilir [32-35], burada cam veya silisyum kaliplar
polimer malzemesinde mikrokanallann  Uretiminde
kullanilir, Polimer talbanli kaliplar da mikrokanal dretiminde

kullanilabilinir ve bu tar kaliplann esneklikleri  fazla

Bottom Shell Alt kabuk

. —— —
Substrate
Alt tabaka

(@)

Thick Photoresist  Kalin fofodireng
Sacrificial Layer  heba fabakasi

AALL1LLL

Substrate
Alt fabaka

(o)
Top Side Shell Ust kabuk

e
gooEa

| Substrate ‘
Alt fabaka

)

Hollow Metallic
Microchannels

ici bos metalik
mikrokanallar

Substrate
Altfabaka
(@)

(@

(o)

Sekil 7. (a) Elektokaplama ile mikrokanal dretim akigl, (b)
bu metodia Uretilen bir mikrokanalin (50X20 um?) SEM
fotografi. Kesit alani 50X20 um?’ ve cidar kalinhigi 8-um dir,
Yapisal malzeme olarak elekirokaplama  nikel ve ici
alfinla kaplanmig duvarlardir [28]

Figure. 7. Q) Fabrication scheme of microchannel by
electroforming, b) scanning electron micrograph of a
single microchannel fabricated on fop of a silicon
substrate. the cross-sectional dimensions are 50X20 urm’
with 8-um -thick walls. the sfructural material is the
elecfroformed nickel with gold covering the inside walls [28]
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suitability for mass fabrication using low-cost
fabrication methods such as molding, imprinting,
plasma etching or laser ablation. The other
characteristics of using polymers are capability for
surface modification, good opftical transparency
and being available for the customized material
design. Moreover, the use of polymers makes it
possible to obtain variety of different geometries
(rectangular, circular and high aspect ratio) with high
surface area that enables us to explore behavior of
fluids.

One of the commonly used method in polymer-
based microfabricaton is molding [32-35] in which a
glass or silicon based molds are used to create
microchannels in the polymer materials. It is also
possible to use polymer-based mold to fabricate
microchannels. The ease of bending for the polymer
molds make it attractive for curved applications. The
polymer mold is formed as seen in the Figure 8.
However, there must be glass mold to define polymer
mold. The glass is first etched by a surface
micromachining, then it is used to induce PMMA
(polymethyimethacrylate) molds. The PMMA replica
masters from the original glass master are formed by
thermal printing [32]. The channels with 100 um in
width and 25 um in depth are successfully fabricated

from PDMS.

The microchannel fabricatfion based on PMMA
and Polycarbonate (PC) is also possible by hot
embossing in which the mold (glass or Si) is brought in
contact with thermoplastic polymer at above glass
fransition femperature (TG) [32]. But, the difference in
coefficient of thermal expansion between polymer

and mold materials may cause peeling of the
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oldugundan egimliylzeylerde de uygulanabilir. Sekil 8, bir
polimer kalibin Uretiimesini gostermektedir. Fakat, polimer
kalibr olugtururken cam kalibin kullanimasi gerekir. Cam
once yuzey mikroisleme yontemiyle sekillendirilir, sonra
olusan kalip PMMA (Polimetil metakrilat) kalibinin
olusturulmasinda kullanili. PMMA kalip mastirlan termall
basklama yéntemiyle elde edilir [32]. Bu ydntem
kullanilarak, genigligi 100 um ve derinligi 25 um olan PDMS
mikrokanallan basarnyla Uretilmigtir.

Polikarbonatiar (PC) ve PMMA polimer malzemeleriyle
sicak presleme yontemiyle mikrokanallar dretilebilinir. Bu
Uretim sUrecinde termoplastik olan polimer camsi gegis
sicakliginin (cam sicaklig) Uzerinde istilarak kalipla (cam
ve silisyumn) sekillendirilir [32]. Fakat, kalipla malzemenin isil
genlesme katsayllanndaki fark termal gerilme olusturur, bu
durum mikroyapinin aynsmasina sebep olabilir. Yukseklik
oraninin 19 oldugu yapilar gergeklenmistir.  Kalibin
iIsinmastyla ortaya gikan problemileri orfadan kaldirmak
icin, kallbin hava puskartme yontemiyle aynstimimasini
saglayan yeni bir metotla, mikrokanallar oda sicakiginda
Uretilebilir [36]. Bu durum, kalibin kullanimasi 10 kot
arfirmig,  dolayisyla maliyet  azalmisti.  PDMS  kaliplar
kullanilarak cam-tabanl mikro-akiskan sistemler (kanallar)
Uretilebilinir. Polimerlerin kullanilamayacagr durumlarda,
hem maliyet hem de hizli Uretim sagladigindan, PDMS
fabanli kaliplar gelistirlerek, cam  plakalann  Gzerinde
mikrokanallar dretilmigtir [37].

SU-8 polimerinin yapisal malzeme olarak
kullaniimasiyla 3 boyutlu mikrokanallar  Gretmek
mUmkUnddr [38,39]. Calismalarnn bir fanesinde, kanal ici 3
boyutiu mikroag olusumu geleneksel lifografiyle yapilmigtr.
SU-8 polimeriyle dolu olan metal mikrokanallarnn oldugu ve
bu kanallann farkii agllardan plakanin dbudr farafindan UV
isnimiyla farkl dozajlann etkisine  birakidiginda, istenen
boyutiarda mikroaglann olusmasi saglanmistir [38]. Uretilen
mikroaglarla mikron total analiz sistemleri gelistiriimistir. Tam
dairesel mikro kanallar SU-8 mikro islemeye baglh olarak
gerceklestirli. Optik fiberler sirall olarak SU-8 polimerinin
icine yerlestiridikten sonra, optik fiber HF lbanyosunda

kazinirsa, ortaya 3 boyutlu dairesel polimer malzemesinde

structure due to thermally induced stresses. The
aspect ratio as high as 19 is realized. Another method
tfo obviate the heating of molds during thermal
imprinting is to remove mold by blasting air so that the
polymer is released from the mold at room
temperature [36]. The use of mold is increased by ten
and consequently the cost of fabrication is reduced
dramatically. It is even possible to fabricate glass-
based microfluidic devices by using PDMS molds.
When the organic molecules or solvents are used or
when the conditions are extreme, the use of polymer-
based microfluidic structures is not desirable, thus a
rapid prototyping technique by PDMS mold to
fabricate glass-based microfluidic systems is
developed for applications which speed and cost of

production are very critical [37].

3-D network of microchannel fabrication is done by
using SU-8 polymer as a structural material [38,39]. In
one of the studies, the fabrication of in-channel three-
dimensional micromesh is achieved by the
conventional lithography. The micromesh is realized by
exposing UV light from backside of the SU-8 coated
metal-patterned glass substrates for different angles so
that shape and size of the micromesh is obtained by
numbers of exposure and iradiation angle [38].
Microfilters were successfully fabricated for the
application of micro total analysis system. Full circular
micro channels are realized based on SU-8
micromachining [39]. The optical fibers are embedded
into to SU-8 polymer in a sequential manner, and affer
etching optical fiber by HF, it is possible to achieve 3-D
network of circular micro channels by a polymer SU-8

material. Fig. 9 presents the fabrication scheme of
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yaplimig mikrokanal agini olusturabilirsiniz, Uretimin adimlan
Sekil 9'da gosteriimigtir. ki boyutta sekil verilmis 100 um
kaliniginda PDMS  katmanlanni kullanarak,  3-Boyutiu
mikroakiskan sistermler yapilabilir [40]. Katmanlann yazeyleri
plozma ile akiif hale getirldikien sonra bir kalin plaka
Uzerine yerlestirlerek mekanik olarak yapistiriliiar. Negatif
foto-direnc polimerin UV veya X-igini alfinda  caproz
baglannin arfmasi sonucu yapisal malzeye donusmesini
ve heba malzemesi olarak pozitif foto-direng polimerinin
sekillendiriimesiyle, tamamen polimer tabanl  bir
mikrokanal Gretimi gerceklenebilir [41]. ik olarak 0.5 - 0.2
nm dalga boyuna sahip bir X-isini litografisiyle bir pozitif
foto-direnc polimeri, PMMA, siisyum plakasi Uzerinde
sekillenir. Bunun Uzerine baska bir negatif foto-direng
polimeri olan SU-8 dokullr. Mikrokanallann giris ve ¢ikis

kapilan KOH banyosunda silisyum plakasi Uzerinde acilir ve
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circular microchannel and some examples of them.
Multi-layer micro fluidic system is constructed by
complex 3-D channel paths based on the stacking of
thin (100 um) 2-D patterned PDMS layers [40]. The layers
are placed on a thick substrate and bonded by either
mechanical force or self bonding after freated surfaces
of layers by oxygen plasma. By means of UV or X-ray
lithography on the positive photoresist, complex 3-D
microchannels are also fabricated from cross-linked
negative photoresist [41]. First, positive resist, PMMA, is
patterned on Si substrate by a soft X-ray lithography with
awavelength of 0.5-0.2 nm, and then positive resist, SU-
8, is poured onto the substrate and sealed by a glass

layer. The Siis etched for the inlet and outlet by KOH and

A Glass mold
Cam kalip
Metal block
- Metal blok
B 'mprinting PMMA kalip Blank i
E glass slide
PMMA template  baskilama Bl Ici bos cam plaka
& puma

[

- Metal block

)
=g
LN\

Metal blok

PMMA template  PMMA kalip I

J

PDMS prepolymer
- ol prepoly!

C Molding PDMS  PDMS kaliplama

Onpolimer

PDMS replica PDMS kalip

Sekil 8. PDMS mikroakigkan sisteminin Uretfim akisi: (A) Negatif cam mastirin asindirlmasi, (B) Cam mastirin
kullanilarak PMIMA replikasinin dretimi, béylece pozitif bir PMMA kalibi elde edilmistir, (C) PMMA replikasini
kullanarak PDMS mikrokanalin tretimi, PDMS sekli PMMA kalibindan siyrilarak uzakiastirilir, [33]

Figure 8. Fabrication of PDMS microfluidic systems: (A) Wet-etched original glass negative master, (B) Imprinting
PMMA replica master against the glass master and obfained pmma replica master with positive surface Relief;
(C) casting pdms against the PMMA replica master and peeling the cured pdms replica off from the PMIMA

replicamaster. [33]
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Wafer cleaning
Plaka temizleme

Coating and cross-linking
165um thick SU-8

Kaplama ve ¢apraz
baglama 165 um kalinlik SU-8

Fixing fibers
Fiber sabitleme

Coating 165 um thick SU-8
Kaplama 165 um kalinlik SU-8

Coating 75 um thick
SU-8 and UV exposure
Kaplama 75 um kalinlik SU-8 ve UV

Chip dicing
Yonga kesimi
NN . -
!“\._... HF etching of optical fibers
\.= Optik fiberlerin HF asinmasi
Rt ahapanazaa xniiiiasl
I = | |
Silicon wafer SU-8 Optical fiber
Silisyum plaka Optik fiber

s

Sekil 9. (a) Uretim adimiari, (b) 36, 80 ve 125 um ¢apli dairesel mikrokanallarin SEM fotografiari [39]
Figure 9. (a) The fabrication process, b) SEM photographs of micro channels with different diameters of 36, 80

and 125 ums[39]

sonra bu delikler araciidyla PMMA aseton  yardimiyla
uzaklastirlir, boylelikle bir polimeri hebba malzemesi olarak
kullonarak, bagka bir polimerden ¢ok ucuz ve hizli bir
sekide akiskan mikrosistemi gergeklenmis olur. 50 mikron
genislige sahip mikrokannallar X-isinlan kaynadi kullanilarak
basanyla  Uretilir, fakat X-iginlannin - litografide  kullanim
Uretim maliyetini arfirmaktadir.

Sonug
Mikrokanallar mikroakiskan sistermlerinin femel unsurlondr,
Bunlan Uretmek igin birgok farkli yéntem vardr. Urefimin
secimi uygulomaya ve sistemin karmasikigina  baglidir.
Polimererin mikro-akiskan sistermlerin Uretiminde kullaniimaosi

48

then PMMA is etched away by acetone. The micro
channels with 50 um in width are successfully fabricated
but the use of X-ray source for the lithography increases

the cost of fabrication.

Conclusion
The microchannels are the essential part of micro-
fluidic systems. There are several ways of fabricating
them. The choice of fabrication method depends on
the application and complexity of the system. The use of
polymer as a structural material increases the degree of

freedom on the use of fluidic-MEMS, but the CMOS
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belil bazi ydnlerden avantajll ve esneklik kazandirabilir, fakat
butinlesk devre entegrasyonu ve Uretimde yuksek vermi
mikrokanal  Uretim

yakalama endisesi  gibi  durumlar

mefodunun seciminde belifeyici olabili. Eger kullanion
Uretim yontemi kolaylikla cokiu Uretime  adapte  edilebilir
degilse, laboratuvar orfaminda yapllan basanl mikrokanal
calismalannin - ficariestiiimesinde  dnemii sorunlar - orfaya
Glkar. BU yuzden, mikrosistem tasanminin daha ik gunlerinde
hangi tUr Uretim mefodunu sececeginizi belilemelisiniz.
Makalede butin olasi Urefim  feknikleri alan darigindan
anlatimasada, mikrokanal Uretiminde kullanilan en dnemli
feknolojler dmeklerle verimigtir. Yukanda, silisyum ylzey ve
gbvde mikioislermeyle beraber polimer mikioisleme  ayn
baglkiar olarok veridi. Fakat, Uretimde tek bir yonfem

kullonmaokiansa, farkl yontemlerin  en  opfimum  sekilde
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