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T6m tit. Bdi b6o trinh bay c6ng viQc thi6t ki5 vd

chuy6n micro-container th6ng qua co cdu thanh r
lugc (electrostatic comb actuator). C6c m6, ti

c6ng nghQ Vi Co DiQn tu (MEMS), c6 th6 van tii
AS) dC

hQ th6n
phAn thlrc nghiQm, tluo. c kich

0n t6c do clugc cria hodn toan

Ti kh6a: MEMS. co c6u kich hoat tTnh di€n,ki€u rdng lugc, MRS...

1. M&ildu

Bdi brlo gi6i thiQu mQt h€ th6ng mini-robot
(MRS) dugc sin xu6t tir vat lieu silic ding d6

dAn dQng nhirng container c6 kich thu6c micro

theo nhtng qu! cl4o <tinh sin, <lugc cdi ti6n til
11,21. C6c container (v6i chi€u rQng c6 th6 thay

eOi) auqc d6n dQng bdi co cAu kich hoat kitiu

tinh diQn kich thudc micro vir hQ th6ng thanh

rdng c6c. HQ thdng d6n d6ng tuctng t.u cl5 dugc

dC cip lAn dAu ti6n t4i phong thi nghiQm qui5c

gia Sandia, Hoa Kj' [3]. TiI c6c mddun co bdn

ld m6<lun cli thing, quay vdng vd chuy6n

hudng, c6 th€ l6p gh6p, xdy dpg nhi6u phuong

6n kh6c nhau cia hQ th5ng mini-robot bing
c6ch kt5t hqp c5c m6dun co bAn kC tren' Tru6c

c6ng trinh nghiOn cr?u ndy cflng dd c6 nhtng hQ

thiSng dirng m6to tuyi5n tinh d4ng sdu do [4, 5]

v6i co c6u kich ho4t tinh tliQn, tuy nhi€n nhtng
hQ thdng cl6 c6 nhugc di6m ld nguy6n tlc diAu

khitin phfrc t4p vd micro-object chi di chuy€n

dugc theo tludng thing. HQ MRS ndy c6 thd

dugc sir dpng trong c6c hQ phAn tich sinh h6a

hoflc trong c5c hp phan tich t6ng hqp (p-TAS)

v6i nhiQm vq vfn chuy6n, phdn lopi m6u vd lip
r6p'.'

2. Cfu t4o vir nguyGn lf tirm viQc

Tr€n hinh I m0 ti so tl6 cria hQ th6ng mini-

robot, trong d6 micro-container sE ch4y thing o
mddun ili thing, r€ trSi ho{c rE phii trong

mddun quay vdng ho{c mdclun chuy€^n hy*g'
C6c m6dun v6i kich thu6c 6x6mm' d6u sti

dgng co c6u kich ho4t tinh diqn kiCu ring lu-o. c

tuy6n tinh ho{c xoay.
' T6c gid liOn hQ. DT: 84-4-38680101.
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Hinh 3 vd hinh 4 mO te c6u ttic vd nguy€n
If .ldm vi6c cria micro-container trong m6cfun tli
th[ng.

Hinh l. MRS vdi ba m6dun co bdn.

trric rdng lugc. Qua cl6 chring c6 thi5 d6n tt6ng
micro-container cti theo mQt hu6ng vd cho ph6p
rdng c6c cta micro-container truqt (tU do)
tuong d6i vdi rlng cia thanh r6ng c6c theo
huong ngu-o. c lai. Budc rdng vd chidu cao ring

dung cta phin lgc t& micro-container.

Hinh 3. Micro-container.

Hinh 4. Mdrlun iti thing.

Do c6c ring c6c tr€n container c6 hu6ng
ngugg vdi cdc rdng tr6n thanh ring c6c n6n
chuy€n clQng tinh ti6n qua lpi ctugc truydn tir co

treo. Tr6n hinh 4 thanh r6ng c6c b6n phAi
chuyi-ln dQng huong l€n phia tru6c k6o theo
micro-container, cr)ng hic cl6, thanh r6ng c6c
b6n tr6i di chuy€n theo huong nguo. c l4i s€ trugtHinh 2. Co cAu kich hopt kiiSu rlng lugc.
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tuong tttii so v6i rdng c6c cria micro-container
vd do d6, sE kh6ng inh hucrng cl6n chi6u chuy€n
tlQng cria xe. Hinh 5 mO te so d6 cta m6dun

t'quay vdng. Voi co c6u kich h.oat ki6u ring lugc
xoay, micro-container c6 th€ r€ phii ho{c r€
trili.

O phfa b€n phdi cia micro-container ta c6

F. ld lgc tinh <liQn t6ng hqp, F, li lgc <tdn hdi
cria ld xo micro-container, F6 ld lgc tldn hdi cria

hQ th6ng dAm co c6u kfch ho4t - F6 tdc tlQng l€n

rdng cria thanh rdng c6c cta co c6u kich ho4t,

F,1 ld lpc ma s6t gita micro-container vd nAn

silic. Ta c6 th6 x6c clinh ilugc lpc Fa = F" - F6 sE

chinh ld lUc d6n dQng cho micro-container.

O phia b6n tr6i cta micro-container, khi xe
, l !t.

cnuyen o9ng se xay ra rrugr tuong oor glua cac

rdng cria hai thanh ring c6c. Do cl6 d cl6y s€

xu6t hiQn hai lpc ld lyc ph6p tuy6n F" vd lpc ma

s6t F,2 gifra c6c rdng. Ti6p theo c6 th€ phAn tich
F" thdnh hai lgc thdnh phAn F. vir F, theo hai
phuong y,x. Du6i d6y ld c6ng thr?c tinh to6n

c6c luc n6u tr€n:

F" =nh€€o Y'
g

. 3EI,Irs=k,.x= 

"i LBi l26Bi +8rBp2+s2Bl

Hinh 5. Modun quay vdng.

3. Tinh todn lu. c cho hQ th5ng

X6t hC thting d nria tlAu chu lcj, chuyi5n

ctQng, khi thanh ring c6c b€n phni tinh tia5n l€n

tru6c vd thanh rdng c6c b€n tr6i chuytin tlQng

ngugc lai. Hinh 6 bi6u di6n c5c lgc tuong t6c
t t,tlgifia co cdu kich ho4t vdi micro-container.

O RtEGt.|hrt|rtrgc6c @Rfr{chconbhr

Hinh 6. C6c lgc t6c ilQng tr6n h9 th6ng.

(1)

I,r (2)

2Bl +3BrB, + Bl

Fn= f,mG
Fo = Fnsina- F,tana

tr
FrZ -- f^Fn = .f- ' t

cosa

(4)

(5)

(6)

Trong c6c phuong trinh tu (l) di5n (6), c6c

thdng sii lAn luqt dugc chgn nhu sau: g6c

nghi€ng cria r6ng cr:300, si5 ban cgc di elQng

n=I00, chi€u ddy cia bAn cgc h:30pm, khodng

c6c gita hai bdn cyc g:2pm, tvd ts Dn luqt ld
hang sd tli6n m6i cria kh6ng khi vd chAn kh6ng,

k* vd x ld dQ cung vd chuyiin vi cria hp th6ng ld
xo cta micro-container theo phucrng x, c6c kich
thu6c cria ld xo lAn luqt ld.B; = 50pm vd 82:
10pm (hinh 3), E : l69GPa ld modul ddn h6i
cria silic. 11 vd 12 ld md men quSn tinh cria ti6t
di€n cta ld xo xe vd dAm cta co c6u kich hoat.
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k, vit y ld <tQ cung vd chuyi5n vi cria hQ th5ng
dAm theo phuong y, bw - 2.5pm, L1 = 450pm
vd L2 = 20pm ld c6c kich thudc cria dAm cria co
c6u kich ho1t. L:450pm vd b:3pm lin luqt
ld chi6u ddi vd chidu rQng cta dAm cria thanh
ring c6c. HQ s6 ma s5t gifia silic - silic f^ =
0.38, m ld kh6i lugng cta xe micro-container vh
G ld gia t6c trgng truong.

Tir hinh 6, ta c6 thri tinh <tugc t6ng lgc c6n
F1 t6c tlQng vdo micro-container theo phuong
trinh sau:

F^=Fo+1r+1+\rcea

=4 =Fr+Ir+Ttiltd+f,4 Q)

ChuyiSn vi t6i ttri6u cAn thiiSt cria co c6u
kich ho4t di3 xe c6 thti chuyOn tl6ng l6n phia
tru6c phdi th6a mdn cli6u ki6n:

y>@f +2g,+ p/2)

Trong <16: r

- Er=Z1tm, g.:2.5pm (Hinh 2,3)

- p : 10 pm - bu6c ring cta thanh rdng

Tt d6 ta tinh tlugc lpc hdm F1 bing
174.14pN. Nhu vfy dC eam b6o chuyi5n dQng

I6n phfa tru6c cria xe, lgc tinh itiQn F" cAn phAi

lon hon lgc hdm F6 hay n6i mQt c6ch kh6c, qua

tinh to6n ta thly diQn 6p V cAn thi6t phai lon
hon ho{c bing I14.5(V).

4. Ch6 t4o vir tl6nh gi6 cic ttic tfnh

He MRS ttugc ch6 tao tu t6m silic k6p
(Silicon On Insulator - SOI wafer) sri dpng c6c
c6ng nghg MEMS ti6u chuAn. Sau khi thgc hiQn

qu6 hinh 6n mdn khd ion ho4t h6a sAu @eep-
Rts) ittin dQ sAu 30 pm t6i lop oxid silic (SiO2),

qu6 hinh in mdn bing khi HF bay hoi s€ ducy. c
thqc hi€n aC UOc di l6p SiO2 v6i mpc ti6u tAo ra
c6c phAn chuyiSn dQng cria co c6u kich ho4t nhu

c6c bdn cgc dQng, dAm vd thanh rdng c6c. T6c
tlQ 5n mdn cria dung dich FIF clfm <t[c ndng dQ

46% dqt du_o. c khoing 0.21m/phrit tai nhiQt dQ

400C [1]. Dudi ttay ld 6nh chpp SEM (Scanning
Electron Microscope) c6c ki5t qui <l4t dugc:

Hinh 7, M6ttun di thing vd Micro-container.

Htnh 8. Co c6u kich ho4t ki6u rdng lugc
vd thanh ring c6c.

o 25 so 75 t(n
Driving voltage (V)

Hinh 9. Quan hQ chuyiin vivdirtiQn 6p
kich hoat.
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od ttri tr€n hinh 9 th6 hiCn kiit qui do tl4c

quan hp giira chuy€n vi cria bQ kich ho4t tinh

ili€n vd diQn 6p kich ho4t.

Sau kfri 5n mdn bing axit HF, hQ tht5ng

MRS da duqc ki6m tra bing c6ch cho micro-

container chuyila dQng trong m6dun tli thing
ung vdi nhiing tan s6 kh6c nhau. Trong chuytin

tlQng tti thing, vfln t6c cta xe phg thuQc vdo

bi€n dd vi tin sti cria <ti€n 6p kich hoat. M6i
quan hQ ct6 tlugc thC hien d dO thi tr6n hinh l0
sau d6v:

(Photolithography), 6n mdn kh6 ion ho4t h6a

sdu (D-RIE), 6n mon hoi HF ... H9 MRS sau

khi ch6 tpo tld tlugc do kiiim tra c6c d{c tinh

ldm vipc nhu quan hQ chuyiin vi - ttiQn 6p cria

bQ kich hopt, vfn t5c ctia xe container. C6c k6t

qui clo tlpc thu <tugc ddu phil hqp vdi tinh toan

vi mO phong lj thuyi5t.

Lcri cim on

C6c tfic gid xin chen thdnh c6m on Trung

tAm c6ng ngh€ hQ th6ng Micro, trudng Dai hqc

Ritsumeikan, l.Ihat Bin d6 girip dd ch6 t?o vi
qu! Ph6t tri6n khoa hgc vi cdng nghQ qu5c gia
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*e* Calculation

I Measurement

0 5 10 '15 20 25 30 35 49

FrequoncY (Hz)

Hinh 10. Quan hQ tAn s6 kich ho4t voi vdn trSc

cria micro-container.

C6c k6t qua thi nghiQm dugc tlo ung v6i ddi

tin sti tir l-40H2 vd cli€n 6p Voo :150V hodn

toin phir hgp vdi nhirng k6t qu6 tinh to6n ly
thuytit.

5. K6t tufn

Trong bdi b6o, c6c tAc gi6 da gidi quytit bii
to6n tinh to6n, thi6t k6 vn chti tao h€ mini-robot

MRS bing vdt liOu silic. Co c6u kich ho4t tinh

dign ki6u r[ng lu-o. c cfrng nhu ci hQ MRS dugc

chi5 tao bing c6c c6ng nghQ quen thuQc cta
nginh Vi Co DiQn tt nhu quang khic
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Design and fabrication of Mini-Robot System with
Micro-containers based on MEMS technology

Vu Ngoc H*gt, Dang BaoLam2, pham Hong phuc2,*
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of Mechanical Engineering, Hanoi Llniversity of Technologt, I Dai Co viet, Ha Noi, Vietnam

This paper presents the design and fabrication of Mini-Robot System (lvIRS) with movement of
micro-containers based on ratchet mechanism and electrostatic micro comb actuators. Each module of
MRS has dimension of '6x6 mmt, is fabricated by using MEMS (Micro Electo Mechanical Systems)
technology, can be assembled to create more complex conveyance systems for different applications,
such as in micro total analysis system (p-TAS) to transport and classifo 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 lHz to 40H2. The velocity of the container measured in the experiments matched very
well with theoretical calculation.

Keywords: MEMS, Electrostatic comb actuator, MRS. c


