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Thiét ké va ché tao hé théng Mini-robot véi cac
Micro-container duatrén cong nghé Vi Co biéntr (MEMYS)
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Tom tit. Bai béo trinh bay cdng viéc thiét ké va ché tao hé théng mini-robot (MRS) dung dé di
chuyén micro-container thdng qua co ciu thanh riang cc va co ciu kich hoat tinh dién kiéu rang
lwoc (electrostatic comb actuator). Cac md dun cia MRS ¢ kich thuéc 6x6 mm? dugc ché tao bai
cdng nghé Vi Co Pién tir (MEMS), c6 thé dugc 1ap ghép dé tao thanh mot hé van tai hoan chinh
sir dung cho nhiéu muc dich khac nhau nhu h¢ phan tich téng hop micro (MTAS) dé van chuyen
va phén loai cac vat mau co kich thuéc micromét. Cac tinh toan vé lyc trong hé théng duoc tién
hanh dé xéc dinh dién &p kich hoat cin thiét. Trong phan thuc nghiém, micro-container dugc kich
hoat thir nghiém véi dai tan sb tir 1Hz dén 40Hz. Van téc do dugc cia micro-container hodn toan

phtl hop véi két qua tinh todn ly thuyét.

Tir khéa: MEMS, co ciu kich hoat tinh dién kiéu ring luoc, MRS...

1. Mé dau

Bai bdo gisi thiéu mot hé thong mini-robot
(MRS) dugc san xuat tir vat liéu silic dung dé
dan dong nhitng container co kich thuéc micro
theo nhitng quy dao dinh sin, duoc cai tién tir
[1, 2]. Céc container (voi chiéu rong co thé thay
d6i) duoc dan dong boi co ciu kich hoat kiéu
tinh dién kich thuéc micro va hé théng thanh
rang coc. Hé thong dan dong tuong tu d4 dugc
dé cap lan dau tién tai phong thi nghiém quéc
gia Sandia, Hoa Ky [3]. Tur c&c médun co ban
la mbédun di thing, quay vong va chuyén
huéng, o6 thé lap ghép, xay dung nhiéu phuong
an khéc nhau caa hé thong mini-robot bang
céch két hop cac modun co ban ké trén. Truéc
cong trinh nghién ctru nay ciing da cd nhitng hé
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thong dung méto tuyén tinh dang sau do [4, 5]
V6i co cau kich hoat tinh dién, tuy nhién nhiing
hé théng d6 c6 nhugc diém |a nguyén tic diéu
khién phirc tap va micro-object chi di chuyén
duogc theo duong thang. H¢ MRS ndy ¢ thé
dugc sir dung trong cac hé phén tich sinh hoa
hoic trong c&c hé phan tich tong hop (MTAS)
v6i nhiém vy van chuyén, phan loai miu valip
rép...

2. CAu tao vanguyén ly lam viéc

Trén hinh 1 mé ta so d6 caa hé théng mini-
robot, trong ¢6 micro-container s& chay thang &
modun di thang, ré trdi hoic ré phai trong
modun quay vong hoic mddun chuyén hudng.
Céc mddun voi kich thusc 6x6mm? déu sir
dung co cau kich hoat tinh dién kiéu riang lugc
tuyén tinh hoic xoay.
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Hinh 1. MRS vé4i ba médun co ban.

Hinh 2 1aso @b cu tao cua co cau kich hoat
tuyén tinh kiéu ring lugc, cac thanh ring coc
hai bén c6 dang ludi cwava co thé chuyén dong
thang nho chuyén dong tinh tién qualai cia ciu
trdc rang lugc. Qua dé ching co thé dan dong
micro-contai ner di theo mot huéng va cho phép
rang coc cua micro-container trugt (ty do)
trong ddi véi ring cia thanh ring odc theo
huéng nguoc lai. Budc ring va chiéu cao ring
cdc lan luot 1a 10mm va 6mm. Khe ho g gitta
phan chuyén dong cia co ciu kich hoat va
thanh rang cc duoc thiét ké véi muc dich tranh
hién tugng mac ket giita phin dong va tinh caa
co cau kich hoat kiéu rang luoc, dic biét trong
truong hop thanh rang coc bi uén cong dudi tac
dung cia phan lyc tir micro-container.

Ph nc dnh

Il Ph ndid ng
Thanh réng céc

D m thanh rang céc

Hinh 2. Co cAu kich hoat kiéu rang luoc.

Hinh 3 va hinh 4 md ta ciu tric va nguyén
Iy ldm viéc caa micro-container trong médun di
thang.

Xuwong séng

Prar s aire [l Princigrg

Hinh 4. Mddun di thang.

Do céc rang coc trén container c6 hudéng
ngugc véi cac rang trén thanh ring cdc nén
chuyén dong tinh tién qua lai duogc truyén tir co
cau kich hoat qua thanh ring cdc cho phép
micro-container tinh tién theo mot huéng va
truot ty do theo chiéu nguoc lai. Cac khe ho gs
va 10 xo gilp cho micro-container co thé thay
doi chiéu rong ciia nd trong qua trinh hoat dong
(hinh 3). Khi dat mot dién 4o xoay chiéu Vo,
gitta cac ban cyc tinh (2) va dong (1), thanh
rang coc duoc dan dong tir céc ban cuc dong s&
chuyén dong tinh tién qua lai do tac dong cia
lyc tinh dién va lyc dan hoi cua hé théng dam
treo. Trén hinh 4 thanh ring coc bén phai
chuyén dong huéng Ién phia truéc kéo theo
micro-container, cung ldc do, thanh ring coc
béntréi di chuyén theo huéng nguoc lai S8 truot
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tuong d6i so véi rang coc ciia micro-container
vado d6, s khdng anh huong dén chiéu chuyén
dong cua xe. Hinh 5 md ta so d6 caa médun
quay vong. Vai co cau kich hoat kiéu rang lugc
xoay, micro-container cd thé ré phai hoac ré
tréi.

Hinh 5. Modun quay vong.

3. Tinh toan luc cho hé thong

Xé hé thong & nira dau chu ky chuyén
dong, khi thanh ring coc bén phai tinh tién Ién
trugc va thanh rang coc bén tré chuyén dong
nguoc lai. Hinh 6 biéu dién céc luc tuong tac
gitta co cau kich hoat véi micro-container.

@ Ring cia thanh ring coc

@ Riing cisa Container

Hinh 6. C&c lyc tac dong trén hé théng.

O phia bén phai cia micro-container ta co
Fe 1a lyc tinh dién tong hop, Fs 1a luc dan hoi
ciald xo micro-container, Fy, 1aluc dan hoi caa
hé thong dam co cau kich hoat — F, tc dong |én
rang cia thanh ring coc cua co cu kich hoat,
F. la lyc ma sét gitra micro-container va nén
silic. Tacd thé xac dinh dugc luc Fy = Fe - Fy S8
chinh 1a luc dan dong cho micro-container.

O phia bén tréi cua micro-container, khi xe
chuyén dong s& xay ra truot twong ddi gitra cac
rang cia hai thanh rang coc. Do d6 ¢ ddy sé
xuat hién hai lyc laluc phép tuyén F, valyc ma
sét F, gitra c&c rang. Tiép theo cd thé phan tich
F, thanh hai lyc thanh phan F, va F theo hai
phuong y,x. Dugi day la cong thuc tinh toan
cac luc néu trén;
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d D
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Trong céc phuong trinh tir (1) dén (6), cac
thong s6 lan luot dwgc chon nhu sau: goc
nghiéng cua rang a=30° sd ban cyc di dong
n=100, chiéu day caa ban cuc h=30rmm, khoang
céc giira hai ban cyc g=2nm, e va & lan luot 1a
hiang sd dién mdi cia khéng khi va chan khéng,
ke vax lado cirng va chuyén vi caa hé thong 10
X0 ctia micro-contai ner theo phuong x, céc kich
thugc cua lo xo lan luot 1aB;, = 50nm va B, =
10mm (hinh 3), E = 169GPa la modul dan hoi
caa silic. I, val, |a md men quén tinh cua tiét
dién cua 1o xo xe va dim cua co ciu kich hoat.
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ky vay 1a do ciing va chuyén vi caa hé théng
dim theo phuong y, bw = 2.5nm, L, = 450mm
vaL, = 20nm la c4c kich thuéc caa dim cia co
cAu kich hoat. L = 450nm va b = 3nm lan luot
|& chidu dai va chiéu rong cua dim cua thanh
rang coc. Hé sb ma sé& giiia silic - silic f, =
0.38, mlakhdi lugng ciia xe micro-container va
G lagiatéc trong truong.

Tur hinh 6, ta 6 thé tinh dugc tong luc can
F, tdc dong vao micro-container theo phuong
trinh sau;

R =FKR+F,+F +F,cosa 0
P F =R+F,+Rtana+f F
Chuyén vi téi thiéu cin thiét cia co ciu
kich hoat dé xe co thé chuyén dong 1én phia
truge phai thoa man diéu kién:
¥ (G +29s+ pi2)
Trong do:
- = 2mm, gs= 2.5mm (Hinh 2, 3)
- p =10 nm - buéc rang cuathanh rang

T d6 ta tinh dugc lyc hdm F, bing
174.14nN. Nhu vay dé dam bao chuyén dong
|én phia truéc caa xe, luc tinh dién F, cin phai
[&6n hon luc ham Fy, hay néi mét cach khéac, qua
tinh todn ta thiy dién &p V can thiét phai 16n
hon hoic bang 114.5(V).

4. Ché tao va danh gia cac dic tinh

Hé MRS dugc ché tao tir tim silic kép
(Silicon On Insulator — SOl wafer) sir dung cac
cdng nghé MEMS tiéu chuan. Sau khi thuc hién
qua trinh an mon khd ion hoat hda sau (Deep-
RIE) dén d6 sau 30 nmtai 16p oxid silic (SiOy),
quatrinh an mon bang khi HF bay hoi s& dugc
thuc hién dé boc di 16p SiO, véi muyc tiéu tao ra
céc phan chuyén dong cia co cau kich hoat nhu

Displacamani jurm)

céc ban cuc dong, dim va thanh rang coc. Téc
d6 an mon cua dung dich HF dam dic ndng do
46% dat dugc khoang 0.2mm/ph(t tai nhiét do
40°C [1]. Duéi day laanh chup SEM (Scanning
Electron Microscope) cac két qua dat dugc:
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Hinh 8. Co cAu kich hoat kiéu rang lugc
vathanh rang coc.
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Hinh 9. Quan hé chuyén vi véi dién &p
kich hoat.
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Do thi trén hinh 9 thé hién két qua do dac
quan hé gitta chuyén vi cua bo kich hoat tinh
dién vadién &p kich hoat.

Sau khi an mon bing axit HF, hé thong
MRS da dugc kiém tra bang cach cho micro-
container chuyén dong trong mddun di thiang
rng véi nhitng tan sb khac nhau. Trong chuyén
dong di thang, van téc cua xe phu thugc vao
bién d6 va tan sb cua dién & kich hoat. Mdi
quan hé d6 duoc thé hién ¢ d thj trén hinh 10
sau day:
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Hinh 10. Quan hé tdn sb kich hoat vai véan tc
cua micro-container.

Céc két qua thi nghiém dugc do tng véi dai
tn sb tir 1+40Hz va dién &p Vp, =150V hoan
toan phi hop véi nhiing két qua tinh toan ly
thuyét.

5. Két luan

Trong bai béo, cac tac gia da giai quyét bai
toan tinh todn, thiét ké va ché tao hé mini-robot
MRS bang vat liéu silic. Co cau kich hoat tinh
dién kiéu rang lugc ciing nhu ca hé MRS duoc
ché tao bang cac cong nghé quen thugc cia
nganh Vi Co Bién tr nhu quang khic

(Photalithography), an mon khé ion hoat héa
sau (D-RIE), an mon hoi HF ... H¢ MRS sau
khi ché tao da duoc do kiém tra cac dic tinh
lam viéc nhu quan hé chuyén vi - dién ép cua
bo kich hoat, van toc caa xe container. Céac két
qua do dac thu dugc déu phil hop vai tinh toan
vamd phong ly thuyét.
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Design and fabrication of Mini-Robot System with
Micro-containers based on MEM S technol ogy
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This paper presents the design and fabrication of Mini-Robot System (MRS) with movement of
mi cro-contai ners based on ratchet mechanism and d ectrostatic micro comb actuators. Each modul e of
MRS has dimension of 6x6 mn?, is fabricated by using MEMS (Micro Electro Mechanical Systems)
technology, can be assembled to create more complex conveyance systems for different applications,
such as in micro total analysis system (mTAS) to transport and classify micro samples. Calculation of
forcesin the MRS was also carried out to find an appropriate applying voltage for the micro-contai ner.
In our experiments, the movement of the micro-container has been tested with driving frequency
ranges from 1Hz to 40Hz. The veocity of the container measured in the experiments matched very
well with theoretical calculation.

Keywords. MEMS, Electrostatic comb actuator, MRS.



