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Traditional fabrication of microfluidic devices based on photolithography requires
high costs and a cleanroom environment, which significantly limits its accessibility.
Recently, low-cost 3D printing using digital light processing has emerged as a
promising alternative that is easy to operate and does not require sophisticated
infrastructure. However, applying 3D digital light processing printer for microfluidic
mold fabrication necessitates careful optimization of parameters to achieve high
feature fidelity and dimensional accuracy. In this study, we systematically
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investigated the printing capabilities of the commercial Anycubic Photon Mono 4 3D
printer using digital light processing to fabricate microfluidic molds. Our results
showed that features > 200 um could be successfully produced with optimized
exposure time and spacing. Increasing the sample thickness to > 3 mm and
incorporating reinforcement walls > 3 mm in height effectively eliminated warpage.
Other parameters, such as layer thickness, platform lifting speed, washing time, and
post-curing duration, had negligible effects on the printed part quality. Under these
optimized conditions, a microfluidic mold containing 400 um microwells was
successfully fabricated and applied to 3D spheroid cell culture. This work
demonstrates the significant potential of low-cost 3D printing in fabricating molds
for biomedical research.
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Hé vi luu
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Ché tao thiét bj vi Iuu truyén thong dua trén k¥ thuat quang khic doi hoi chi phi cao
va moi truorng phong sach nghiém ngit, diéu nay han ché dang ké kha nang ing dung
rong rai. Gan day, cong nghé in 3D st dung Xt ly anh sang so chi phi thép da ndi lén
nhu mot giai phap thay thé day hira hen, d& van hanh va khong yéu cau thiét bi phuc
tap. Tuy nhién, dé ap dung cong nghé in 3D xir Iy anh séang s trong ché tao khuén vi
Iuu, can t&i wu hoa cin than cac thong sé in nham dat dwoc do trung thuc hinh dang
va do chinh xac kich thudc cao. Trong nghién ciru nay, ching toi da tién hanh khao
sat c6 hé théng kha ning in cia may in 3D Anycubic Photon Mono 4 thuong mai st
dung cong nghé xir Iy anh sang s6 dé ché tao khuén vi lwu. Két qua cho thy céc chi
tiét > 200 pm c6 thé dugc in thanh cong khi tdi wu thoi gian chiéu va khoang cach
gitta céc chi tiét. Tang do day mau > 3 mm va bd sung thanh gia ¢6 >3 mm chiéu cao
da loai b6 hoan toan hién tugng cong vénh. Céc thong s6 khac nhu d6 day 16p, toc do
nang tAm nén, thoi gian rira va thoi gian say sau in, hau nhu khong anh hucmg den
chét lugng chi tiét in. Trong cac diéu kién t6i uu nay, khuén vi uu chira cac vi gleng
duong kinh 400 pm da dugc ché tao thanh cong va ing dung dé nudi cdy khéi té bao
3D. Nghién ctru nay khang dinh tiém ning to 16n cia cong nghé in 3D chi phi thap
trong ché tao khuén phuc vu nghién ciu y sinh.
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1. Gi6i thiéu

Hé vi luu (microfluidics) 1a linh vyc nghién ctru va tmg dung cac hé thong diéu khién dong
chat 16ng cuc nho trong cac vi kénh ¢ kich thudc tir vai chuc dén vai trim micromet. Cong nghé
nay cho phép t6i wu hoa lwong miu sir dung, rat ngan thoi gian phan tng, nang cao do chinh xéac
phan tich va m6 rong kha nang ty dong héa thi nghiém ¢ quy mé vi mo [1] [2]. Hé vi luu da tro
thanh nén tang quan trong trong nhiéu linh vire nhu sang loc té bao [3], chan doan sinh hoc nhanh
[4], [5], phat trién md hinh mé phong co quan sinh hoc trén chip (organ-on-a-chip) [6], [7], va
nghién ciru sinh 1y hoc hé thong trong diéu kién in vitro [8].

Trong che tao thiét bi vi luu, cong ngh¢ quang khic (photolithography) 1a k¥ thuat truyén
thng chu yéu, cho phép tao ra cac cau tric vi md chinh xac v6i do phén gidi cao [9], [10]. Tuy
nhién, phuong phap nay doi hoi hé thong thiét bi dat tién, moi truong phong sach dat chuan ISO
5-7, cing voi quy trinh ché tao nhidu budc phirc tap bao gom trang phu chat can quang, chiéu
sang qua mat na, va xtr Iy hau ky bang hoa chat doc hai. Nhitng yéu cau nay da han ché kha niang
mg dung rong rii cua quang khic, dic biét tai cic co s nghién ctru nho hodc cac nhom nghién
ctru mai thanh 1ap.

Chinh vi vdy, trong nhitng nim gan déy, nhiéu cong nghé mai da dugc phat trién nham thay
thé hodc hd tro cho quang khic trong ché tao thiét bi vi luu. Noi bat trong s6 d6 1a cong nghé in
3D chiéu sang k§ thuat so (Digital Light Processing — DLP), cho phép ché tao nhanh chong cac
khuén vi mo hodc mau thiét bi vi luu ma khong yéu cau moi truong sach nghiém ngat [11], [12]
(Hinh 1a). In DLP st dung anh sang UV dé quang tring hop 16p nhua long timg 16p mong lién
tiép, c6 thé dat d6 phan giai dén mirc vai micromet tiy thudc vao chat luong nguon sang, hé
quang hoc, va vat liéu nhya (Hinh 1b). Sy ra doi cua cac may in DLP thuong mai gid ré v6i chi
phi dau tu dudi 400 USD da tao diéu kién cho nhiéu phong thi nghiém, nhém nghién ctru nho,
tham chi cac co so gido duc, tiép can cong nghé in chi tiét vi mé ma trude day chi co thé thuc
hién trong céc trung tdm nghién ctru chuyén sau [13], [14]. Tuy nhién, mac du co tiém nang 16,
cac mdy in DLP thuong mai van d6i mat v6i nhiing han ché vé gioi han d6 phan giai thuc té, sai
s tai tao kich thudc chi tiét, bién dang mau do ung suét trong qua trinh polymer hoa, va cac van
dé lién quan dén xir 1y hau ky nhu rua mau va say UV [11], [13]. Cac yeu t6 nhur thoi gian chiéu
sang, do day 16p in, toc do nang nen va cac bude xir Iy sau in dong vai tro then chdt trong viéc
quyét dinh chat luong san pham cudi ciing.
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Hinh 1. M6 td nguyén Iy hoat dong ciia mdy in: (a) Hinh danh san phdm mdy in Anycubic Photo Mono 4,
va (b) Nguyén ly hoat dong cua may in

Trong nghién ctru nay, chung toi tién hanh khao sat c6 hé thng kha nang in chi tiét vi mo cua
may in DLP thuong mai Anycubic Photon Mono 4, mét may in 3D gia r¢ dé danh gia anh huong
cua cac tham so in t6i d§ chinh xac hinh hoc va bién dang mau. Duya trén két qua khao sat, cac
diéu kién in t&i vu di duoc ap dung dé ché tao hé vi luu chira vi giéng dung cho nudi ciy té bao
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hinh ciu ba chiéu (3D spheroid culture). Nghién ctru ndy nham cung cap di liéu thyc nghiém chi
tiét phuc vu viéc ap dung cong nghé in DLP chi phi thip vio san xudt thiét bi vi luu cho cac tng
dung y sinh hoc va nghién ctru co ban.

2. Phwong phap nghién ciru
2.1. Nguyén vit li¢u

Nhua in Magforms Like ABS110 (Magforms, Trung Quéc, ethanol 96% (Merck, Duc),
Anycubic Wash & Cure 3 (Anycubic Co., Ltd., Trung Qudc), polydimethylsiloxane (PDMS,
Sylgard™ 184, Dow Corning, Hoa Ky), trdn theo ty 1¢ 10:1 (monomer/hardener, w/w).

2.2. Thiét bi

‘May in 3D c6ng ngh¢ DLP Anycubic Photon Mono 4 (Anycubic Co., Ltd., Trung Qudc), kinh
hién vi quang hoc Olympus CX23 (Olympus, Nhat Ban) c6 tich hop hé thong thude do dién tur, tu
say (Memmert, Durc).

2.3. Phwong phap nghién ciru
2.3.1. In va xit Iy mdu

Céc chi tiét thiét k& duoc xay dung bang phin mém FreeCAD (Version 1.0, Open Source),
sau d6 chuyén dbi sang file in dang photon sir dung phin mém Anycubic Photon Workshop
(VerS|on 3.6.2, Anycubic Co., Ltd., Trung Qudc). Trong qua trinh in, mau dugc dat 6 vi tri trung
tam tAm nén dé dam bao sy dong deu vé d6 phan giai va chiéu sang. Cac miu duogc in bing may
Anycubic Photon Mono 4 véi resin Magforms Like ABS110 theo thiét 1ap mic dinh, voi diéu
chinh nho: dg day 16p 0,05 mm, thoi gian chiéu 16p 3 gidy, thoi gian chiéu 16p day 30 ) gidy (5 16p
day), tbc do nang/ha tim nén 5 mm/s, khoang cach nang/ha 5 mm. Sau khi in, cdc mau dugc rira
trong ethanol 96% (Merck, Pirc) trong 3 phiit dé loai bé nhua du, sau d6 dugc xir 1y bd sung dudi
den UV trong 3 phut bang thiét bi Anycubic Wash & Cure 3. Déi Vv6i cac bai kiém tra anh huong
cua cac thong s6 in 1én chat luong in, cac thong s6 twong ung duoc thay d01 cho phu hop, va
thong s in & cac bai kiém tra sau d6 dugc diéu chinh dya trén thong sb in tdi uu truge do. Cac
ban sao tir khuon in duoc thuc hién bang cach d6 PDMS (Sylgard™ 184) da tron sin ty 16 10:1
va khir bot. Cac khuén PDMS duogc boc tach can than, cit thanh cac lat mong, va chup anh mat
cit bang kinh hién vi quang hoc Olympus CX23 dé do dac cac tham sd kich thugc. Cac diéu kién
t6i wu s& duoc ding dé in mot khudn hé vi luu chira vi giéng dung dé nudi spheroid.

2.3.2. Xdc dinh kich thudce cdac chi tiét

Kich thudc céc chi tiét in dugc dénh gia gian tiép thong qua cac ban sao PDMS dic tir khuon
in 3D. Cac mau PDMS sau duc duoc cit thanh céc lat mong b::ing dao phau thuat dé 16 mat cat
ngang, sau d6 chup anh bang kinh hién vi quang hoc Olympus CX23 tich hgp hé thdng thudc do
dién tir. Cac tham s6 kich thudc bao gém d6 rong, do cao (chi tiét néi) duoc do truc tiép tir anh
hién vi. Mdi thong s6 duoc do 1ap lai nam 14n tai ndm vi tri khac nhau dé dam bao tinh dai dién
va d6 lap lai cua dir liéu.

Kha ning phén tach giira cac chi tiét dugc danh gia bang cach in cic mau c6 khoang cach
giam dan tir 1000 pm xudng 100 pm, va ghi nhan hién tuong dinh hodc khong dinh giita cac chi
tiét bang quan sat hinh anh.

Do cong ciia miu in dugc khao sat bang cach dé mau tu do trong diéu kién méi truong phong
thi nghiém (25 £ 2 °C, d6 a am 50-60%) trong 3 ngay sau in. Mirc dg cong dugc danh gia so bd
bang hinh anh chup ngang mau in, va ddi chiéu gitra cdc mau c6 do day khac nhau hodc c6/khong
c6 thanh gia co. Déi véi cac miu co thanh gia cd, anh hudng cua chidu cao (1 mm, 3 mm, 5 mm)
t61 sy 6n dinh hinh dang ciing dugc ghi nhan va so sanh. Tat ca cac phép tht dugc thyc hién voi
ba mau lap lai doc 1ap cho mbi diéu kién, nhim dam bao do tin cdy va tinh nhét quan cua két qua.

http://jst.tnu.edu.vn 266 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(10): 264 - 271

3. Két qua va thao luin
3.1. Khd néng in cdc chi tiét ciia mdy in DLP
3.1.1. Anh huong ciia thoi gian chiéu téi kich thuéce chi tiét noi

Dé xé4c dinh kha ning van hanh cia may in 3D DLP (thoi gian chiéu) d6i véi céc chi tiét thanh
pham, mot mau in dugc thiét ké gdm 3 duong n6i dai 1 cm song song v6i nhau, mdi dudng c6 do
rong va do cao bang nhau, cac gia tri ndy lan Iuot 13 400, 300 va 200 pm va thir nghiém voi 8
thoi glan chiéu khac nhau. Mdi mau in nay sau d6 duoc in & cac thoi glan chiéu 16p tir 2,5 t6i
4,25 giay, gian cach 0,25 gidy, sau d6 do rong va do cao clia mdi duong noi dugc do dac va danh
gia so voi thiét ké ban dau. Hinh 2a va Hinh 2b trinh bay su thay ddi do rong va do cao cua cac
chi tiét n6i voi chiéu rong thiét ké 400 wm, 300 pm va 200 pm khi thay dbi thoi gian chiéu 16p.
Két qua cho thiy d6i voi do rong (Hinh 2a), khi tang thoi gian chiéu tir 2,5 glay lén 4,0 glay, do
rong thye té cuia cdc chi tiét déu ting so voi thiét ké ban dau. Dic biét, & thoi gian chiéu 4,0 gidy,
do6 rong chi tiét 400 pum tang 1én khoang 10% so véi gia tri thiét ké. Doi voi do cao (Hinh 2b), cac
chi tiét dat dg cao gan vai thiét ké khi thoi gian chiéu lop dat tir 3,5 gidy tr¢ 1én. Tuy nhién, dbi
v6i chi tiét 200 pm, ngay ca ¢ thoi gian chiéu t6i wu, d6 cao van thap hon thiét ké khoang 10—
15%. Két qua cho thdy sy lan rong vung polymer hoéa nhya in khi thoi gian chiéu tang, dan t&i
hién tuong mo rong chiéu rong chi tiét. Pong thoi, d6i véi cac chi tiét nho hon (200 um), do
chinh x4c vé chiéu cao suy giam rd rét, phu hop véi nhdn xét trong nghién ctu cua
Vedhanayagam va cong su [13].

Anh hudng ciia khodng cdch giita cdc chi tiét

Hinh 2c cho thy céc chi tiét ndi dwoc in voi cac khoang cach giam dan tir 1000 pm xudng
100 pm. Trong thir nghiém nay, mdi mau in gdm cac chi tiét duong giéng nhau nim cach nhau
véi cac khoang cach giam dan, tir 1 mm t&i 0,1 mm, va dd rong cua 3 mau lan Iuot 1a 400, 300,
va 200 pm. Cac miu in dugc in véi thoi gian chiéu 16p pht hop tuong ing di dugc tim & trén.
Dbi vé6i chi tiét rong 400 pum, hién twong dinh chi tiét bat diu xuat hién khi khoang cach giam
xudng dudi 500-600 pm. Tuong ty, d6i voi chi tiét 300 pm va 200 pm, ngudng khoang cach cho
phép phan biét 1an lugt 13 500 pm va 400 um. Khi khoang cach giam xu6ng 300 pm, cac chi tiét
200 pm khong con phan tach r6 rang. Nhimg quan sat nay ddng nhit voi cac nghién ctru trude do
[13], [15] cho thdy khoang cach tbi thiéu can duy tri dé dam bao phan tach chi tiét 1 it nhat 1,5-2
lan chiéu rong cua chi tiét.

3.1.2. Kha nang in theo chiéu doc

400
300
200

600 Bisu d5 thé hidn d6 réng che chi st ndi &
‘cac thin gian chiu (6p khae nhau

B016ng

Hinh 2. Két qua kiém tra chi tiét néi: (a) Do thi the hlen do rong, (b) Do thi the hién do cao,
(c) Anh chup khodng cach, (d) Mo hinh CAD khdo sat kha nang in theoachzeu doc, gom cde chi tiét doc
va bdc thang, (e) Anh chup mat cat chi tiét co do dai tong la 1,25 mm
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Danh gi4 kha ning tai tao chi tiét theo phuong Z dugc thyc hién thong qua cic miu doc va
bac thang nhu the hién trong Hinh 2d va Hinh 2e. P61 véi chi tiét noi (Hinh 2e), cac bac thang co
thé dugc phan biét 16 rang, khong xuat hién hién tugng bo tron canh.

3.2. Anh hwong ciia dp day méu va thiét ké gia cé lén bién dang mau in

Do cong clia cc ban in sau in 3 ngay dugc ghi nhin bang anh chup ngang nhu trinh bay trong
Hinh 3a. Cac méu c6 do day tir 2,0 mm dén 4,0 mm duoc so sanh. Két qua cho thiy mau in c6 do
day 2,0 mm bi cong rd rét voi d6 vong lon. Khi d6 day tang 1én 2,5 mm va 3,0 mm, dg cong giam
dang ké. O do day 3,5 mm va 4,0 mm, mau in gan nhu duy tri hinh dang phang, d6 cong rat nho
va kho nhén biét bang mit thuong. Hién twong nay dugc 1y giai do ndi ung suét sinh ra trong qua
trinh trung hop va lam ngudi resin sau in. Cac mau mong dé bi anh hudng hon do kha ning phan
bd ung suat thap Xu hudng giam cong khi tang d6 day phu hop voi nghién ctru [13], cho thiy
tang d6 day mau 12 mot bién phap hiéu qua dé on dinh hinh hoc san pham trong in 3D DLP. Ti
két qua nay, dé ché tao khudn duc vi luu voi yéu cau bé mat phing, do day tbi thiéu khuyén nghi
nén tr 3,0 mm tré 1én.

Anh huéng cua thanh gia ¢ dugc khao sat bang cach bd sung cac thanh bao quanh 1én trén
ban in, voi d§ day cta thanh la 4,0 mm va d¢ cao cua thanh lan luot 14 1,0 mm, 3,0 mm va 5,0
mm, két qua thé hién trong Hinh 3b. Mau khong c6 thanh hodc thanh cao 1,0 mm van xudt hién
cong nhe. Khi chidu cao thanh dat 3,0 mm tr& 1én, d6 cong hoan toan bién mét va bé mit mau in
duy tri hinh dang phang sau 3 ngdy. Viéc b sung thanh gia c¢b giup ting kha ning chdng bién
dang bién ctia mau in, bang cach phan bd lai tng suat du sinh ra trong qué trinh polymer hoa va
lam ngudi. Ket qua nay phu hop vdi quan sat cta Vedhanayagam va cong sy [13] trong dé thiét
ké cac yéu té gia c¢b nhu vién day hoic gén gia cudng gitp han ché bién dang mau in trong cong
nghé in DLP va SLA. Tu khao sat nay, dé dam bao 6n dinh hinh dang khi ché tao khuon duc hé
vi luu, mau in ngoai viéc dam bao d6 day tdi thiéu nhu da néu bén trén nén co thanh gia c¢b véi
chiéu cao it nhat 3,0 mm.

a D6 day ban in b D6 cao thanh gia cé c

Hinh 3. Két quad khdo sdt anh huéng 1én dp cong ciia mau: (a) Anh chup ngang cdc mau dwoc in & cic do
day 2,0, 2,5,3,0,3,5, va 4,0 mm (tir trén xuong), (b) Anh chup ngang cua cdc mau cé thanh cao 1,0, 3,0, va
5,0 mm dwoc dat trén tam nén, va (c) M6 hinh CAD ciia tam ¢é thanh gia c6 véi @6 day 4,0 mm va do cao
thanh 3,0 mm

3.3. Anh hwong ciia cdc thong sé in téi chat liweng san pham

Anh huéng cta cac théng sd in nhu do day 16p, toc do di chuyén tim nén, thoi gian rira va
thoi gian say 1én chat lugng ban in dugc khao sat va thé hién trong Hinh 4.
3.3.1. Anh huong ciia dg day 16p in

Hinh 4a trinh bay cac miu in v6i d§ day 16p 0,05 mm, 0,04 mm va 0,03 mm. Quan sat cho
thay cac chi tiét p()i‘ ¢0 kich thude 200 pm duoc tai tao d()ng déu & ca ba ,diéu kién, khong c6 su
khac biét dang ké vé do nét bién hay do sac nét hinh hoc. Diéu nay cho thay trong khoang d6 day
16p khao sat, sai so tao hinh do hiéu Ung stair-stepping (nac bac thang) khong anh hudng nhiéu
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dén chi tiét c& trung binh (~200 um), chi ra rang do day 16p duéi 50 pm khong tao ra khac biét &
rang doi voi céc chi tiét 1on hon 100 um trong in DLP.

3.3.2. Anh heong cia toc dg nang/ha tam nén

Hinh 4b trinh bay cac mau in véi tbe do nang/ha tAm nén 1a 1 mm/s, 3 mm/s va 5 mm/s. Céac
chi tiét in déu duy tri hinh dang t5t, khong quan sat thiy hién tuong gy, niit hodc mon chi tiét do
dong nhya gay ra khi thay déi toc d6. Piéu nay cho thy trong dai toc d6 khao sat, tac dong co
hoc cta nhya dich chuyén khong da 16n dé 1am hong cac chi tiét co kich thudc trén 200 pm.

Hinh 4c thé hién cac ban in sau khi rira bing ethanol 96 d6 trong cac khoang thoi gian 3, 6 va
9 phuat. Cac chi tiét in gitr nguyén hinh dang, khong xut hién hién twong mo nét, troc bé mat hay
giy v& & ca ba diéu kién. Diéu nay cho thay thoi gian rira trong khoang khao sat khong gy hu
hai cho chi tiét, mién la dung moi rua (ethanol) dugc kiém soat néng d6 va mau in khong bi
ngam lau qua muec.

3.3.3. Anh huong ciia thoi gian sdy mau

Hinh 4d trinh bay cac ban in sau khi sy dudi tia UV trong 3, 6 va 9 phit. Cac chi tiét duy tri dugc
hinh dang va bé mit min, khong quan sat thiy hién tuong nit, bong 16p hay san sui. Tuy nhién, hién
tuong co nhe bé mit dugc ghi nhin sau 9 phat sy, pht hop v6i du doan rang gia ting thoi gian sdy c6
thé gay ra co riit nhe do tiép tuc hoan thién phan (g polymer héa. Mic du vay, mirc d co nay khong
anh huong dén kich thudc tong thé cua chi tiét trong pham vi img dung khéo sét.

Téc a6 di ; - =
a Do daylép b uvén A c Théi gian rira d  Thaigian sdy

Rira 6 phat

Hinh 4. Két qua khao sat anh hwéng ciia cdc yéu 6 lén chat hrong ban in: (a) Anh chyp cdc ban in in ¢
cdc dg day I6p 0,05, 0,04, va 0,03 mm, (b) Anh chup cdc ban in in & cac toc do di chuyén tam nén 1 mm/s,
3 mm/s, va 5 mm/s, (c) Anh chup cdc ban in dwoc rita bang ethanol 96 dé trong 3, 6, va 9 phiit,
va (d) Anh chup cdc ban in dwoc sdy trong 3, 6, va 9 phiit

3.4. Ché tao h¢ vi luu chira vi giéng

Dua trén cac két qua khao sat & cac phﬁn trude, mot mo hinh hé vi luu chira vi giéng da duoc
thiét ké va ché tao nham kiém tra kha ning ing dung thyc tién ciia quy trinh in DLP t6i uu hoa.
Mo hinh hé vi luu dugc thiét ké gom hai kénh dan chinh c6 tiét dién 200 pm x 200 pum, két ndi
v6i 20 vi giéng hinh tru, mdi vi giéng c6 dudng kinh 400 um va do sdu 400 um. Thiét ké chi tiét
ctia md hinh dugc thé hién trong Hinh 5a. Cac thong s6 hinh hoc duoc lua chon dua trén kha
nang in t8i wu da xéac dinh: do rong va dg sau tdi thiéu dat yéu cAu phan giai tir khao sat 3.1 va d6
6n dinh miu in tir khao sat 3.2 va 3.3. Anh chup thuc té mau ché tao dugc trinh bay trong Hinh
5b. Cac vi giéng thé hién hinh dang d(‘Sng déu, do tron déu tdt, khong ghi nhéan hién tugng téc
nghén kénh hoic bién dang vi giéng trong khuon dic.
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Hinh S. Ban in thir h¢ vi luu chira vi gleng (a) Hinh anh mo hinh CAD cua ban in,
(b) Ban in thiee té, va (c) Anh cdt ngang ciia thiét bi

Két qua ché tao cho thay hé thong kénh va vi giéng dat chat luong hinh hoc t6t & quy mo vai
tram micromet, phu hop voi cac yéu ciu co ban trong (mg dung nudi cdy té bao ba chiéu (3D
spheroid culture). Két qua nay twong ddng véi cac nghién ctru trude do sir dung in DLP cho ché
tao nén tang vi luu ma trong d6 cac hé thong véi kich thude vi md twong tu dugc bao céo dat
hiéu qua cao trong cac ing dung sinh hoc.

4. Két luan

Nghién ctru ndy di danh gi4 toan dién kha ning in chi tiét vi mé ctia may in DLP thuong mai
Anycubic Photon Mono 4 khi ché tao khu6n diic cho hé vi luu. Két qua cho thiy céc chi tiét c6 kich
thude > 200 um co thé duoc tai tao véi dd chinh xac hinh hoc tét néu Iva chon dang thoi gian chiéu
va khoang cach giita cac chi tiét. Do rong ctia chi tiét co xu hudng ting khi thoi gian chiéu 16p 16n
hon 3 gidy, trong khi d6 cao dat gan gia tri thiét ké khi thoi gian chiéu > 3,5 gidy. Cac chi tiét noi
dat do phan tach tot khi khoang cach gitra cac duong in khéng nho hon 1,5 lan chiéu rong.

Hién tugng cong mau sau in giam dang ké khi ting d6 day ban in 1én tbi thleu 3 mm, va dugc
loai bo hoan toan khi b6 sung thanh gia ¢6 cao tir 3 mm tr6 1€n. Céac thong s6 in khac nhu d¢ day
16p, toc do nang/ha tam nén, thoi gian rura va thoi gian sdy trong khoang khao sat khong gdy anh
huong dang ké t6i chit luong chi tiét in. Dya trén cac thong sb t01 uu, mot hé vi luu chira vi
giéng da duoc thiét ké va ché tao thanh cong, v6i hinh dang va cu trac dap ung yéu cau vé do
chinh xac va tinh dong déu. Két qua nay khang dinh tiém ning mg dung ctia cong ngh¢ in DLP
thuong mai trong ché tao khudn dtiic PDMS cho hé vi luu, hudng t6i phat trién thiét bi y sinh chi
phi thap, linh hoat va d& tiép céan.
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