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Micro-container dua trén cong nghé Vi Co Dién tir (MEMS)
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Tém tt. Bai béo trinh biy cong viéc thiét ké va ché tao hé théng mini-robot (MRS) dung dé di
chuyén micro-container théng qua co cAu thanh ring cdc va co cau kich hoat tinh dién kiéu ring
lugc (electrostatic comb actuator). Céc m6 dun ciia MRS ¢ kich thuéc 6x6 mm” duge ché tao bai
cong nghé Vi Co Dién tir (MEMS), ¢6 thé durge lip ghép dé tao thanh mét hé vén tai hoan chinh
sir dung cho nhidu muc dich khac nhau nhw hé phan tich tong hop micro (1-TAS) dé van chuyén
va phin loai céc vit miu cé kich thuéc micromét. Céc tinh todn vé Iyc trong hé théng dugc tién
hanh d& x4c dinh dién &p kich hoat cAn thiét. Trong phén thuc nghi¢ém, micro-container dugc kich
hoat thir nghiém véi dai tin sb tir 1Hz dén 40Hz. Van téc do dugc ciia micro-container hoan toan

phi hop véi két qua tinh toan 1y thuyét.

Tir khéa: MEMS, co ciu kich hoat tinh diénekiéu ring luge, MRS...

1. Mé& dau

Bai béo gioi thiéu mot hé théng mini-robot
(MRS) dugc san xuét tir vat lidu silic ding dé
din dong nhitng container cé kich thude micro
theo nhitng quy dao dinh san, dugc cai tién tir
[1, 2]. Cac container (voi chidu rong c6 thé thay
d8i) duoc din dong boi co chu kich hoat kiéu
tinh dién kich thudc micro va hé théng thanh
rang céc. Hé théng din dong twong tu da dugc
d& cap lan dAu tién tai phong thi nghiém quéc
gia Sandia, Hoa Ky [3]. Tir cic médun co ban
2 modun di thing, quay vong va chuyén
hudng, c6 thé lap ghép, xdy dung nhiéu phuong
an khac nhau cta hé théng mini-robot bang
céch két hgp cac mdédun co ban ké trén. Trudc
cong trinh nghién ctru ndy ciing da c¢6 nhiing hé
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&3

théng dung méto tuyén tinh dang sau do [4, 5]
v&i co cAu kich hoat tinh dién, tuy nhién nhimg
hé théng d6 c6 nhugc diém Ia nguyén tic diéu
khién phiic tap va micro-object chi di chuyén
dugc theo dudng thing. H& MRS nay cb thé
dugc st dung trong cic hé phan tich sinh héa
hodic trong cac hé phén tich thng hop (u-TAS)
v4i nhiém vy van chuyén, phén loai mau va lép
rap...

2. C4u tao va nguyén Iy 1am viéc

Trén hinh 1 mo ta so dd ciia hé thdng mini-
robot, trong d6 micro-container s€ chay thing &
mddun di thing, ré trdi hodc ré phai trong
modun quay vong hodc modun chuyén huéng.
Cac mddun voi kich thuéc 6x6mm’ déu sir
dung co cdu kich hoat tinh dién kiéu rang lugc
tuyén tinh hoic xoay.
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Micro containar
Hinh 1. MRS v¢i ba médun co ban.

Hinh 2 12 so dé céu tao cia co cAu kich hoat
tuyén tinh kiéu rang lugc, cac thanh rang coc
hai bén ¢é dang ludi cua va co thé chuyén dong
thang nho chuyen dong tinh tién qua lal cla cau
tric rang luge. Qua d6 ching c6 thé din dong
micro-container di theo mdt hudng va cho phép
rang céc cta micro-container trugt (ty do)
tuong dbi véi rdng cua thanh ring coc theo
huorng nguoc lai. Budc ring va chiéu cao rang
coc lan lugt 1a 10pm va 6pum. Khe hé g glua
phin chuyén dong ciia co clu kich hoat va
thanh ring céc duge thiét ké véi muc dich tranh
hién tuong mic ket gitra phan dong va tinh cua
co cau kich hoat kiéu ring quc déc biét trong
truong hop thanh ring céc bj udn cong duéi tac
dung ctia phan lyc tir micro-container.

Hinh 2. Co c4u kich hoat kiéu ring lugc.

Hinh 3 va hinh 4 mé ta ciu tric va nguyén
ly 1am vi¢c cia micro-container trong médun di
thang

L 28,

Hinh 3. Micro-container.
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Hinh 4. Médun di thing,

Do céc riang céc trén container cé huong
nguoc voi cac rang trén thanh ring coc nén
chuyen dong tinh tién qua lai dugc truyén tir co
cdu kich hoat qua thanh ring céc cho phép
micro-container tmh tién theo mot huéng va
truot tu do theo chiéu nguoc lai. Cac khe hd g,
va 16 xo gitp cho micro-container c¢6 thé thay
dbi chiéu rong cua né trong qué trinh hoat dong
(hinh 3). Khi dat mt dién 4p xoay chiéu V,,
gita cac ban cuc tinh (2) va dong (1), thanh
ring c6c duge dan ddng tir cdc ban cyc dong s&
chuyén dong tinh tién qua lai do tac dong cua
lye tinh dién va luc dan hdi cua hé thong dam
treo. Trén hinh 4 thanh rang céc bén phai
chuyén dong hudng 1én phia truéc kéo theo
micro-container, cing lic d6, thanh ring céc
bén trai di chuyén theo hudng nguoc lai sé trugt
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turong d6i so v&i ring coc clia micro-container
va do do, s& khong anh hudng dén chiéu chuyén
dong cua xe. Hinh 5 m6 ta so d6 ctia médun
quay vong. V&i co clu kich hoat kiéu ring lugc
Xoay, micro-container cd thé re phai hodc ré
trai.

Hinh 5. Modun quay vong.

3. Tinh toan lyc cho hé théng

Xét hé théng & nira diu chu ky chuyén
d6ng, khi thanh ring céc bén phai tinh tién 1én
trudc va thanh ring coc bén trai chuyén dong
nguoc lai. Hinh 6 biéu dién cac luc tuong tac
giita co cdu kich hoat v&i micro-container.

O Réng cda thanh riing c6¢

Q Ring cia Container

Hinh 6. Cac luc tac dong trén hé thong.

O phia bén phai ctia micro-container ta cé
F. 1a luc tinh dién tdng hop, F; la luc dan héi
cuia 10 xo micro-container, F, 1 luc dan hdi cua
hé thong dim co ciu kich hoat — F,, tic dong lén
ring cua thanh ring céc cia co ciu kich hoat,
F; 1a luc ma sat gilta micro-container va nén
silic. Ta c6 thé xac dinh duge luc Fy=F, - F, s&
chinh 1 lyc d4n dong cho micro-container.

o] phia bén trai ciia micro-container, khi xe
chuyén dong s& xay ra truot twong dbi giira cac
rdng clia hai thanh ring coc. Do d6 ¢ ddy sé&
xuit hién hai luc 13 Iyc phép tuyén F, va lyc ma
sat F,, gitra cdc rang. Tiép theo c6 thé phan tich
F, thanh hai luc thanh ph?xn F. va F, theo hai
phuong y,x. Duéi ddy la cong thirc tinh toan
cac luc néu trén:

F - nhee, P2
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(4)
F,=F, sina =F, tana (5)
B
Foy = fuFy = fn—
cosa (6)

Trong cac phuong trinh tir (1) dén (6), cac
thong sb 1in luogt dwgc chon nhu sau: goc
nghiéng cia ring a=30° s6 ban cyc di dong
n=100, chiéu day ciia ban crc h=30pm, khoang
cac giira hai ban cuc g=2um, gva & l4n luot 12
hing sb dién méi cua khong khi va chan khéng,
ky va x 1a d6 cting va chuyén vi ctia hé théng Io
X0 cuia micro-container theo phuong x, cac kich
thudc cua 10 xo lan luot 14 B; = 50pm va B, =
10um (hinh 3), E = 169GPa 1a modul dan hdi
cua silic. I; va I, 12 m6é men quan tinh cia tiét
dién cua 16 xo xe va ddm cia co ciu kich hoat.
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ky, va y la d6 ciing va chuyén vi ciia hé théng
dim theo phwong y, bw = 2.5um, L, = 450pum
va L, = 20um la céc kich thuéc cia didm cua co
c4u kich hoat. L = 450pm va b = 3pum lan luot
1a chiéu dai va chiéu rong ctia dim cua thanh
ring céc. H¢ sb ma sat giita silic - silic In=
0.38, m 1a khéi hrong cia xe micro-container va
G la gia téc trong trudng.

Tir hinh 6, ta ¢6 thé tinh dugc tdng luc can
Fy tdc dong vdo micro-container theo phuong
trinh sau:

B =B+F,+F +F,cosa

%
SF =E+F+Fmatff

Chuyén vi t6i thiéu cin thiét cta co ciu
kich hoat dé xe c¢6 thé chuyén dong 1én phia
truée phai théa man diéu kién:

y2(gr+2gs+ pl2)

Trong do: .

- g:= 2pum, g, = 2.5um (Hinh 2, 3)

-p = 10 pm - budc ring cia thanh ring

Twr d6 ta tinh dugc luc him F, béng
174.14uN. Nhu viy dé dam bao chuyén dong
1én phia trudc cia xe, luc tinh dién F, cin phai
16n hon lyc ham Fy, hay néi mét cach khac, qua
tinh toan ta thdy dién 4p V cin thiét phai 16m
hon hoic bang 114.5(V).

4. Ché tao va dénh gia cc dic tinh

Hé MRS dugc ché tao tir tAm silic kép
(Silicon On Insulator — SOI wafer) sir dung cac
cdng nghé MEMS tiéu chuan. Sau khi thuc hién
qua trinh &n mon kho ion hoat héa sdu (Deep-
RIE) dén d6 siu 30 pm t6i 16p oxid silic (Si0,),
qua trinh &n mon bang khi HF bay hoi s& duoc
thuc hién dé boc di 16p SiO; v&i muc tiéu tao ra
céc phan chuyén dong cia co cdu kich hoat nhu

cac ban cuc dong, dim va thanh ring céc. Tée
d6 &n mon cua dung dich HF d4m dic néng a6
46% dat dugc khoang 0.2um/phut tai nhiét do
40°C [1]. Duéi ddy 1a anh chup SEM (Scanning
Electron Microscope) cc két qua dat dugc:

Hinh 8. Co c4u kich hoat kidu rang lugc

va thanh riang céc.
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Hinh 9. Quan hé chuyén vi v&i dién ap
kich hoat.
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D4 thi trén hinh 9 thé hién két qua do dac
quan hé gifra chuyén vi cia bd kich hoat tinh
dién va dién ap kich hoat.

Sau khi &n mon bing axit HF, hé théng
MRS di dugc kiém tra bang cach cho micro-
container chuyén dong trong mddun di thing
g voi nhimg tin s6 khac nhau. Trong chuyén
dong di thfmg, van tdc cia xe phu thudc vao
bién @5 vi tin sb cua dién ap kich hoat. Méi
quan hé d6 dugc thé hién & db thi trén hinh 10
sau day:
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Hinh 10. Quan hé tin sb kich hoat véi vén téc
cua micro-container.

Céc két qua thi nghiém duoc do tng véi dai
tAn sb tir 1+40Hz va dién ap V,, =150V hoan
toan phu hgp véi nhimg két qua tinh todn ly
thuyét.

5. Két luin

Trong bai bao, cc tic gia da gidi quyét bai
toan tinh toan, thiét ké va ché tao hé mini-robot
MRS béng vat liéu silic. Co cdu kich hoat tinh
dién kiéu rang lugc cling nhu ca hé MRS dugc
ché tao bing cac cong nghé quen thudc cua
nganh Vi Co Dién t&r nhu quang khic

(Photolithography), an mon kho ion hoat héa
sdu (D-RIE), &n mon hoi HF ... H¢ MRS sau
khi ché tao di dugc do kiém tra cic dic tinh
lam viéc nhu quan hé chuyén vi - di¢n 4p cla
bo kich hoat, van tdc ctia xe container. Cac két
qua do dac thu dugc déu phil hop véi tinh toan
va mé phong ly thuyét.

L&i cam on

Céc tic gia xin chan thanh cam on Trung
tdm cong nghé hé théng Micro, truong Pai hoc
Ritsumeikan, Nhat Ban di giup d¢ ché tao va
quy Phat trién khoa hoc va cong nghé qudc gia
(NAFOSTED) d4 tai trg cho nhém nghién ciru
(M s6 dé tai: 107.01.26.09).

Tai liéu tham khao

{1] Phuc Hong Pham, Ph.D thesis, Ritsumeikan
University, Japan, September 2007. ¥

[2] Phuc Hong Pham et al, Straight movement of
micro containers based on ratchet mechanisms
and electrostatic comb-drive actuators,
Journal of Micromechanics and
Microengineering 16 (2006) 2532.

[3] Danelle M. Tanner et al, Reliability of a
MEMS Torsional Ratcheting Actuator, /EEE -
39th Annual International Reliability Physics
Symposium, Orlando, Florida, 2001, 81-90.

[4] R. Yeh, S. Hollar and Kristofer S. J. Pister,
Single Mask, Large Force, and Large
Displacement Electrostatic Linear Inchworm
Motors, J. Microelectromechanical Systems,
11 (2002) 330.

[5] S H Kim, I H Hwang, K W Jo, E S Yoon and
J H Lee, “High-resolution Inchworm Linear
Motor Based on Electrostatic Twisting
Microactuators”, J. Micromech. Microeng 15
(2005) 1674.



88 V.N. Hiing va nnk. / Tap chi Khoa hoc PHQGHN, Khoa hoc Ty nhién va Céng nghé 26 (2010) 83-88

Design and fabrication of Mini-Robot System with
Micro-containers based on MEMS technology
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This paper presents the design and fabrication of Mini-Robot System (MRS) with movement of
micro-containers based on ratchet mechanism and electrostatic micro comb actuators. Each module of
MRS has dimension of 6x6 mm?, is fabricated by using MEMS (Micro Electro Mechanical Systems)
technology, can be assembled to create more coinplex conveyance systems for different applications,
such as in micro total analysis system (u-TAS) to transport and classify micro samples. Calculation of
forces in the MRS was also carried out to find an appropriate applying voltage for the micro-container.
In our experiments, the movement of the micro-container has been tested with driving frequency
ranges from 1Hz to 40Hz. The velocity of the container measured in the experiments matched very
well with theoretical calculation.

Keywords: MEMS, Electrostatic comb actuator, MRS.



