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SUMMARY

STUDY ON MANUFACTURING A LOW-COST MICROFLUIDIC SYSTEM BASED ON
THE INKJET IMPRINTING TECHNIQUE WITH FLASH FOAM FOR APPLICATION
IN BIOMEDICINE

The microfluidic system has the ability to hold and operate liquid flows varying in size from a few tens to
several hundred micrometers. It is utilized more and more often in research disciplines including testing,
medicine, testing and diagnostics, cell research, etc. In this study, we used flash foam (Flash Foam - FF)
seal making technology to make low-cost microfluidic molds. The microfluidic structure was transcribed
with Polydimethylsiloxane (PDMS) and closed with biosafety adhesive tape used in the PCR procedure. The
results show that the microfluidic system has been successfully fabricated with the size limit of the
microfluidic channel width of 50 um. The cost of materials for a 6 x 6 cm microfluidic system is less than
VND 150,000 (about $6) with a manufacturing time of less than 3 hours. It can be seen that this is a
potential method to manufacture low-cost microfluidic systems to promote research and application of
microfluidic systems in the future.

Keywords: Microfluidic system, flash foam, optical veil, cell culture.

1. Giéi thiéu linh vuc sinh hoc phén ti nhu phéan tich enzyme,
phan tich DNA va proteomic (con duoc biét dén
Véi cai tén “phong thi nghiém siéu nho tich hop
trén mot con chip” lab-on-chip) [1].

Hé vi luu, hay con biét dén véi tén goi
Microfluidic, hién dang 1a mét linh vuc méi tha vi
cua khoa hoc, k¥ thuat. Kha ning cta né trong viéc
kiém soat va phan tich trén quy md rat nho khong  Hé thong kénh vi luu bao gom ba thanh phan chinh

chi mang lai sy thuan lgi vé kich thudc thiét bi ma 14 16i vao (Inlets), 16i ra (Outlets) va budng phan
con giam chi phi mot cach dang ké, ting cuong  @ng. Viéc diéu khién dong chay cua chéat long ¢
hiéu suat so véi cac hé théng thong thuong khac.  nhiing kich thudc siéu nho phu thude nhiéu yéu to

Sy linh hoat cua Microfluidic 13 yéu t6 quyét dinh  khac nhau nhu: Strc cing bé mat cua chét long, su
khi n6 c6 thé dap wng nhanh chéng nhu ciu cia cac  mAt mat ning lwong, sac can chét long, luu lugng
phan ung, théng qua viéc giam kich thudc cac kénh dong chay [2].

dong chay va khong gian phan @ng, ddng thoi han
ché hién twong khuéch tan. Hé thdng nay c6 thé
duoc st dung cho mot loat tng dung nhu dan
truyén thudc, in 4n va dac biét 1a tng dung trong

Cac loai vat ligu dé ché tao hé vi luu co thé ké dén
nhu silicon, polymer, thay tinh, gidy [3]. Mdi vat
ligu déu c6 wu diém va nhugc diém riéng, tuy
nhién, do tinh da dang, dé tiép can, ché tao nén
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trong nghién ciru ndy ching tdi chon Polymer lam
vat liéu ché tao hé vi luu. Vat liéu Polymer pho
bién nhat trong cac tng dung y sinh 1a PDMS do
tinh twong thich sinh hoc cao

Hién nay ciing c6 nhiéu k¥ thuat khac nhau dé ché
tao cac thiét bi vi long nhu ép phun vi md
(micromachining) [4], dap ndi (embossing) [5,6],
dtc phun xay dung tai chd (In situ construction
injection moulding), khic laser.

Nam 2002, T.R.Groves va cong su da dé xuét thiét
ké hé vi luu bang cong nghé tia electron va quang
khic mang khong che, phuong phap cé thé tao cac
chi tiét co do phan giai cao dong thoi d& dang tao
cac chi tiét phac tap [8]. DPiém han ché 1a cong
nghé nay doi hoi chi phi kha cao. Tiép do, vao nam
2004, nhém nghién ctu cta K. Arshak da sir dung
ki thuat khac hoi tu tia ion (FIB) [7], thuc hién céc
quy trinh in thach ban FIB khac nhau. Mac du FIB
cho kha ning tao céc chi tiét véi toe do rat cao,
nhung ria cia céc chi tiét (noi tiép xdc truc tiép voi
chum tia ion) dé& bi nhidm ban do cac ion kim loai
¢6 niang luong cao hap thy vao, va do d6 tinh chét
cua ria dé bj thay doi. Cing nim, F. Romanatoa va
cong su da bao cao vé phuong phap ché tao nén hé
vi luu dya trén phoi nhiém dudi tia X nhiéu lan [9].
Tuy nhién, tia X lai c6 mot nhuoc diém la gay hai
cho co thé khi tiép xdc nhiéu. Ngoai ra, c6 mot
phuong phap khac dé ché tao thiét bj vi luu PDMS,
d6 1a str dung khuon duc. Polydimethylsiloxane hay
con goi 1a PDMS da dugc st dung réng réi trong
nganh y sinh vi kha ning chng phan hiy sinh hoc
cao, tinh tuong thich sinh hoc, tinh én dinh héa
hoc, tinh thim khi, tinh chit co hoc tét, phuong
phép ché tao don gian. Do nhimg dic diém nay,
PDMS di duoc ng dung rong réi trong viéc ché
tao may bom siéu nho (Micro pumps) [10], ong
thong y té [11], van vi md (microvalves) [12], hé
thdng quang hoc [13], trong nghién ciru in vitro vé
bénh lién quan dén dong mach [14], trong cy ghép
y hoc [15].

Khuén duoc st dung dé duc PDMS thuong duoc
ché tao bang phuong phép quang khac tiéu chuan
(photolithography), diéu nay yéu ciu can cé cac
thiét bi trong phong sach va dic biét tbn nhiéu cong
sirc trong trudng hop ché tao céc thiét bi vi long 3D
tinh vi [16].

Nhirng phuong phap trén doi hoi nhiéu trang thiét
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bi hién dai, diéu kién phong sach phuc tap, bén
canh d6 chi phi duy tri va van hanh, xir Ii cac loai
tia co lugng buc xa cudng dd cao ciing kha tén
kém, diéu nay gay ra su han ché trong viéc nghién
ctru ché tao hé vi lvu. Chinh vi vay, viéc tim ra mot
phuong phap ché tao hé vi luu c¢6 gia thanh ré va
thuan tién, yéu cau khéng qua nhiéu may moc thiét
bi la v6 cuing can thiét, thic ddy hon nita tiém ning
g dung cua hé vi luu trong thyc té.

Dé khic phuc nhitng van d¢ trén, trong nghién ctu
nay, chiing toi phat trién mot ky thuat ché tao hé vi
luu bang cach sir dung Flash Foam tao khudn dua
trén cong nghé in diu muc chim. Bén canh do, cac
yéu t6 anh huong t6i kha ning ché tao hé vi luu,
cling nhu xac dinh gidi han cua phuong phap nay
cling dugc khao sat nham danh gia tiém ning tmg
dung dé ché tao cac hé vi luu voi gia thanh ré, mé
rong kha nang tng dung hé vi luu cho cac nghién
clru trong thoi gian toi.

Flash Foam la mét loai vat liéu dang xép, duoc
phat minh tir nhitng nim 1990, c¢6 thanh phan chinh
la polyetylen, duoc tmg dung cha yéu trong viéc
san xudt con ddu vai chi phi nguyén liéu thap [17].
Khi bé mit cia FF tiép xtic véi anh sang chop
manh (flash — phét ra tir dng xenon), né s& trai qua
qua trinh tan chdy, dan dén su co lai cua céu tric
x6p. Khi st dung phuong phap nay véi mot 16p
mang che quang (photomask) co cac chi tiét thiét
ké, bé mat tAm bot flash s& sao chép lai thiét ké nhu
mang che, tir d6 hinh thanh cac chi tiét trén bé mat
(str dung lam con déu). Cong nghé nay da dugc
thuong mai hoa va ap dung rong rdi trong cudc
sdng hang ngay, cho thy tiém ning 16n trong viéc
tao khudn nhanh choéng dé ché tao hé vi luu, véi chi
phi thap.

Mang che quang sau khi dugc in trén gidy scan s&
duoc cb dinh trén bé mat flash foam va chiéu xa
bang dén flash cudng d6 cao, tao thanh khubn vi
luu vat liéu flash foam. Hon hgp PDMS dugc pha
theo ty 1¢ trong lwong 10:1 véi su két hop cua chit
dan hdi co ban va chat dong ran. Sau d6 dugc hit
chan khéng trong 30 phat dé loai bo cac bot khi
trong hdn hop, rdi tiép tuc d6 1én cac khudn vi luu
flash foam. Sau khi hdn hop da dong dac lai, hé vi
luu PDMS sg tach ra khoi khudn va dong lai céc
kénh bang tim bang keo PCR. So d6 quy trinh ché
tao hé vi luu duoc thé hién trong Hinh 1.
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Hinh 1. Quy trinh ché tgo hé vi lieu

2. Nguyén vit liéu va phwong phap nghién ciru
2.1. Nguyén vit liéu

Flash foam day 7 mm, duoc san xuat bai cong ty
Haoze Chemical (Trung qudc), gidy can cung cap
boi cong ty Gateway (Trung Quéc)
Polydimethylsiloxane (PDMS) cing chat dong rin
Dow Corning Sylgard 184 c6 ngudn goc Hoa Ky;
bing keo Polyethylene PCR san xuat boi BIOTSS
(Trung Quéc); mau thyc phim mua tir cong ty
Thién Thanh (Viét Nam).

2.2. Phuong phap nghién ctru
2.2.1. Thiét ké va ché tao mang che quang

Céc kénh duoc thiét ké trén mang che quang sir
dung phan mém CorelDRAW (ver. 2022) véi cac
kich thudc 30 pm, 50 pm, 80 pm, 100 pm, 150 pm,
200 pm, 250 um, bao gom dau ra va dau vao dang
tron dwong kinh 2 mm nham luu théng dong chay.
Mang che hé vi luu sau khi thiét ké duoc mang di
in trén gidy scan bang may in Canon 2900

2.2.2. Ché tao khuén vi luu bang flash foam

Flash foam st dung cong nghé chiéu sang cuong do
cao tuong tu cdng nghé lam con dau. Cu thé, mang
che quang dugc ¢ dinh véi tam Flash foam sao
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cho bé mat in huéng nguoc lai. Bén dudi 16t mot
I6p gidy bong kinh pha Ién trén bé mat flash soam.
Tiép theo toan bo hé thong dugc dwa vao budng
chiéu sang cua may khic dau myc chim (Flash
Stamp Machine H-1409) ¢ cuong do cao véi muac
nang lugng khoang 3000J trong 10s, thuc hién boi
dich vu khic ddu muyc chim (Céng ty khic dau
Khoi Nguyén, Viét Nam) San phiam khuon vi luu
thu duoc sau khi chiéu dugc quan sat bang kinh
hién vi quang hoc (KERN OBS 104, Biic) va kich
thudc hé vi hru dugc quan sat bang kinh hién vi
dién tir (OEM, Trung qudc)

2.2.3. Ché tao hé vi lwvu bang PDMS

Dung dich PDMS dugc pha tron giita chat polymer
nén va chat dong ranvaéi ty ¢ khdi lugng 10:1. Hon
hop dugc tron déu va dua vao buong hdt chan
khéng trong vong 30 phat nham loai bo bot khi.
Sau do, dung dich PDMS duoc d6 1én khudn vi luu
bot flash da duoc cd dinh trong dia petri. Hon hop
PDMS hod rin sau 24 gid ¢ nhiét do thuong va
duoc tach ra khoi khuén. Cubi cung, dé tao ra mot
thiét bi hoan chinh, 16p PDMS duoc kep giita hai
tam PMMA dé tao thanh mot hé vi luu kin voi day
du chirc nang.



2.2.4. Khao sat ddc tinh cua hé vi luu PDMS
Khdo sat khd nang luu déng

Dé khao sat kha ning luu dong ciia hé vi luu, dich
mau thuc phim dugc thém vao nham giam sat
chuyén dong cua dong chay. Gigi han cua hé vi luu
dugc xac dinh dya vao duong vi Iuu cé kich thude
nhé nhit ma dong chay cho thé di qua. Bén canh
d6, hé vi luu sau khi ché tao s& duoc thir nghiém
V6i cac luu lugng dong chay tang dan tir O toi 1000
ul/phat. Van téc 1on nhit ma duong vi luu cho
phép chat long luu dong khéng ro ri s& duoc coi la
la giGi han Iuu déng cua hé vi luu.

3. Két qua va thao luin

3.1. Ché tao mang che quang
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Hinh 2. (A) Hinh anh thiét ké mang che quang; (B)
Biéu do so sanh kich thurde cac dwong kénh theo
thiét ké va thuc té

Mang che quang dugc thiét ké thanh dang céc
duong thing dai 30 mm véi cac do rong khéc nhau:
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30 pum, 50 pm, 80 pm, 100 pum, 150 pum, 200 pum,
250 pm (hinh 2A) va dugc sip xép cach nhau 4
mm. Dé dam bao kha ning chdng ro ri giira cac
kénh vi luu, cac dau ra va ddu vao cia duong vi luu
duogc xép dan xen v6i nhau nham tang khoang céch
gita chiing. D4i véi kénh co kich thuéc 30 um, do
d6 rong quéa nho nén khong thé in 1én gidy scan, cac
kich thuéc con lai cho két qua c6 do chinh xac cao
cling sai s6 thap, do léch chuan la 0,05 cho tat ca
cac gia tri do duoc.

3.2. Ché tao khuén vi luu bang flash foam

Tam bot flash trugc khi dem di chiéu anh sang
flash c6 mau ghi, kich thudc 18 trong cau trdc bot
nam trong khoang 10 — 30 pum (Hinh 3Ab). Khi
duogc chiéu anh sang flash & cuong d6 cao, nhing
viing trén bé mat tim bot flask bi phoi nhidm véi
anh sang s& chay ra, khién cac 15 cua ciu tric bot
co lai con 1-3 pm (Hinh 3Ad). Bén canh do, sb
luong 16 quan sat duoc trén mat bé mat tam bot
flask ciing bi giam di dang ké. Sy hién dién cua céc
duong thang trén mang che quang gay ra su can
anh sang, lam cho vung dudi ching khong dwoc
tiép xUc v6i anh sang cuong do cao, do do khong bi
co lai khi chiéu. Piéu nay gidp hinh thanh céc
duong noi trén bé mat tao thanh khuén cho viéc sao
chép kénh vi lvu PDMS

Pé nghién ctru sdu hon vé kha niang tao khudn trén
thm bot flask, khudn duogc cit ra sau d6 dem di
khao sat cdu triic cua cac duong kénh. Cau tric trén
mit cit tim FF c¢6 dang hinh thang vé6i dinh nho
hon day. Po rong phan dinh ¢6 xu hudng ting din
theo d6 rong cia dudng thiét ké va c6 thé quan sat
dugc tir dudng kénh co kich thudée 100 pm. Céac
kich thude nho hon khong cho thiy chi tiét do rong
phan dinh kénh. Do rong phan day co xu hudng
tang theo do rong thiét ké vai kich thudce tir 148,76
toi 814,59 um va dg cao ting tr 6,24 dén 93,27
um. Gidi han dé quan sat rd rang 1a tir 100 pm tré
1én, cho thiy c6 nép gap nhe khi nhin tir dinh xu6ng
day v6i phan day nhoé hon, c¢6 kich thude tir 217,07
dén 237,43 pm.



W1: d6 rong dinh; W2: d6 rong day 1: W3: d6 rong day 2: h: chiéu cao
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Hinh 3. (A) Hinh dnk SEM Flash Foam trieéc va sau khi diroc chiéu flash [5]; (B) Két qua cdc dwong kénh
cia khuén vi luu doc chup bang kinh hién vi quang hoc; (C) Hinh anh md phong dirong kénh cia khudn
flash foam; (D) Biéu do kich thwéc vé chiéu cao, do réng dinh va dg réng ddy ciia kénh

3.3. Ché tao h¢ vi lvu bing PDMS
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Hinh 4. (4) So do cdc kich thiée cua kénh trong hé
vi luu PDMS; (B) Két qua ché tao hé vi luu PDMS
Hé vi lwu dwroc sao chép tir khudn vi heu tam bot
flash

Hé vi luu PDMS sau khi dugc tach ra khoi khudn
s& dugc dén bing keo Polyethylene PCR dé dam
bao cac dwong kénh khéng bi bui bam vao. Qua
qua trinh sao chép cau trlc tir khudn Flash Foam,
d& dang nhan thdy hé vi luu PDMS cho ra nhitng
duong kénh tuong ung theo cac duong trén khubn.
Céu triic duoc sao chép c6 dang hinh thang nguoc
v6i phan miéng kénh I6n hon phan diy. Pay kénh
PDMS tng véi phan dinh cua khuon Flash Foam,
céc kich thude ciing theo xu hudng ting dan tuong
g vai khuon, tuy nhién chi cé thé quan sét rd tir
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kich thudc 150 pm tré di. Miéng kénh ng véi day
khuon c6 kich thuéc ting manh tir 149,96 dén
815,34 um. Céc nép gip trén khuodn chi sao chép
dugc ¢ kich thugc 150 pm va 250 pm véi do rong
lan luot 14 275,30 um va 327,58 pm. Sai s6 cua day
kénh so vai kich thuéc thiét ké 12 —90 pm, sy sai s6
nay c6 thé do tir budc chiéu Flash, cuong do anh
s&ng manh lam cho hai mép cua kénh trén tam FF
bi co lai, din dén khi sao chép bing PDMS thi
chiéu rong day kénh nhé hon so véi thiét ké.

3.4. Khdo sat dic tinh cia hé vi luu PDMS

Khdo sat khd nang luu déng

Dé khao sat kha nang luu dong cia hé vi luu, dung
dich mau thyc pham duoc lan luot bom vao hé voi
cac kich thudc kénh khac nhau. Két qua cho thiy
cac dong chay hoat dong tét ¢ nhitng kénh cé kich
thudc thiét ké tir 50 um tré 1én (Hinh 5). Do d6 co
thé thiy, gioi han kénh vi luu duoc ché tao theo
phuong phap nay 1a 50 pm, kich thuéc miéng kénh
twong wdng 1a 149,96 um. Nam 2019, mot nghién
cttu ché tao kénh vi luu dya trén cong nghé in 3D
da bao céo vé két qua cua ho véi chiéu rong nho
nhat 12 220 pm [18]. Nam 2022, Hyeonjeong Ji da
sir dung phuong phép quang khac voi vat ligu l1a
sillicon dé ché tao hé vi luu cho ra san pham c6
kich thuéc 1a 62,4 um [19]. Trong nghién ciru nay,
tuy kich thuéc cua cac kénh trong hé 16n hon so véi
phuong phap khic quang st dung phdi silicon,
nhung t6t hon kha nhiéu so véi cac phwong phép
khéc véi gia thanh dét do.



Hinh 5: Hinh anh dung dich mau thuc pham duwoc
bom vao cac kénh vi lvu

Gigi han hogt déng cua hé vi luu

Dé khao sét kha nang luu hanh ctia hé vi luu, dung
dich dugc bom qua kénh 50 um véi cac tée do khac
nhau tir 0 pL/phat ti 1000 pL/phit. Két qua cho

thiy & moi toc do, dung dich mau khéng bi rod ri. Vi
vdy c6 thé tam thoi xac nhan rang gidi han hoat
dong cua hé dat mac 1000 pL/phat.

Chi phi va thoi gian ché tao hé

Theo dinh gié tr trang web dich vu uFluidix, “gia
cho mdi hé vi luu va thoi gian thuc hién phu thudc
vao thiét ké cua thiét bi. Vi dy: phai mat hai tuan dé
ché tao 100 thiét bi vai gid 60 USD mdi hé”. Téng
gia tién dé san xuat hé vi luu bang phuong phap
dic PDMS khuon FF roi vao khoang 150,000
VND, mét khoang 48 tiéng thyuc hién. Véi gia thanh
may chiéu flash tir 3 dén 10 triégu VND cung kich
thude nho gon s& gidp viéc trién khai san xuat & cac
phong lab dé& dang va thuan tién hon. Viéc ung
dung ki thuat dtc hé vi luu khuén FF mé ra nhiéu
tiém nang cho viéc nghién ciu tng dung hé vi luu.
Trong tuong lai co thé thir nghiém phat trién cac
hé vi luu phtc tap, vi du nhu cau trdc hinh sin gidp
6n dinh dong chay, hinh xoin ¢ dung cho phén
tach chat.

Bdng 1. Chi phi ché tao hé vi luu theo phirong phdp chiéu quang sir dung Flash Foam cho mét hé vi luu

6x6cm

Pon gia vat liéu Gia cho m¢t hé + hao phi
Flash Foam 500 vnd/cm? 20.000vnd
In Flash Foam 40.000 vnd/1 tim 40.000vnd
In mang che
quang 25 vnd/cm? 1.000vnd
Gidy can 35.000vnd/50 to Ad 50vnd
Nhya PDMS 2tr vnd/500g base+agent 80.000 vnd
Tam PCR 5.000 vnd/1 miéng 30x80x0,05mm 2.500vnd
Téng 143.550vnd

4. Két luan

Hién nay, cic phuong phap san xuat hé vi luu dang
phd bién trén thi truong nhu khic quang hoc, dap
nodi néng siéu nho, khic nano, khic hoéa hoc, ép
phun vi md déu con tén dong moét nhugc diém
chung, do6 chinh 1a gia thanh cao. Do d6, nghién
clru trén dd mang dén mot giai phap mai cho viéc
san xuat hé vi luu véi gia thanh binh dan do 1a st
dung Flash Foam. Hé vi luu tir phuong phap dac
khudn bot flash dd cho thiy tiém ning trong viéc
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g dung va nghién ciru thiét ké hé vi luu voi gia ré
va nhanh. Nghién ctru di ché tao thanh cong hé vi
lwu véi d6 rong kénh tir 149,96 pm, gia thanh thap
va thoi gian ngén, quy trinh san xuat don gian. Ung
dung Flash Foam trong nghién cttu mang lai uu
diém vé rat ngan qué trinh nghién ctu, thiét ké he
vi luu. Trong tuong lai, khuon Flash Foam sé dugc
g dung vao viéc ché tao nhirng hé vi luu co cu
trdc phuc tap, mang kha nang ttng dung cao.
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