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This paper presents the development of VV-Shaped Electrothermal Micro
actuators to design a new rotational micro motor (RMM), which consists
of ratchet teeth, an outer ring (or rotor), and four symmetrically V-
Shaped Electrothermal Micro actuators. The rotational micro motor has
an outer diameter of only 2.5 mm and is thermally calculated using the
finite difference method, showing high accuracy compared to simulation
results. Force calculations and working voltage conditions are also
discussed in detail. An improved bulk - micromachining process using
silicon on insulator (SOI) wafer and platinum sputter surface deposition
to reduce the driving voltage has been applied successfully. The
micromotor samples have been successfully experimentally
manufactured. High-resolution images captured by a scanning electron
microscope (SEM) showcase remarkable clarity and closely resemble the
blueprint. In the near future, the micromotor can be applied in different
rotating transmission joints such as micro robot systems, micro -
assembly, micro - transportation systems, micro -integrated systems,
biochemical analysis system, and other applications.
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Bai bao phat trién cac bd vi kich hoat, tinh toan, thiét ké cau triac vi
dong co quay mot chidu sir dung bén bé vi chdp hanh dién nhiét chix V
dat dbi xtmg dé din dong vanh ring rotor bén ngoai. Vi dong co co
duong kinh ngoai 2,5 mm dwgc tinh toan truyén nhiét dya trén phwong
phap sai phan hitu han, cho d¢ chinh xac tuong ddi cao so voi két qua
md phong. Céc tinh toan V& lyc va didu kién dién ap cho vi dong co co
thé 1am viéc an toan ciing dugc dé cap chi tiét. Quy trinh ché tao vi co
khéi cai tién sir dung tm silic kép (silicon on insulator- SOI) va cong
nghé phtn xa bé mat platinum nham giam dién ap dan cho linh kién da
dugc ap dung thanh cong. Két qua chup mau vi dong co tir kinh hién vi
quét (SEM) cho hinh anh céc co cdu c6 do sic nét cao va phit hop Véi
thiét ké. Vi dong co co tiém nang (ng dung trong cac khop truyén dong
quay cua hé théng micro robot hoic trong cac hé thdng vi lap rap, vi
van chuyén cua cac hé théng tich hop micro.
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1. Gioi thigu

Cong nghé vi co dién tir duoc ap dung kha phd bién trong cac nghién ciru vé y sinh nhur phong
thi nghiém trén chip (lab on a chip), hé thong Vi ro bét (micro robot) hay vi phau (microsurgery)
va mang lai nhiéu loi ich thiét thyc. Trong mot sb tmg dung, cac bd Vi chap hanh kich ¢& micro
(mlcro actuator) 1a thanh phan din dong quan trong cta cac vi dong co (micro motor) hoac vi tay
gip, gop phan tao ra cac hé théng tich hop nhu cac hé thong vi van chuyén, hé vi phén tich téng
hop, hé phan tich sinh hoa, robot sinh hoc, thiét bi chuyén mach quang hoc [1] - [3].

Vi dong co la bo chuyén db6i dién nang thanh co ning véi kich thudce ¢& micromet. Theo dang
chuyén dong, chung dugc phan thanh vi dong co tuyén tinh, vi dong co quay hodc hdn hop. Theo
hi€u ung vat ly ta c6 vi dong co kiéu tinh dién, ap dién, dién tur, gian nd nhiét hodc phéi hop mét
s6 hiéu ing khac nhau. Trong dd, vi dong co sir dung hiéu Gmg gidn no nhiét dugc phat trién va
Ung dung kha rong rai. Uu diém ndi bat cta vi dong co nay 1a dién ap lam viée tuong dbi thap
nhung van cung cap luc, md men dau ra 16n, ty trong m6 men cao hon han mét s6 vi dong co
khac [4]. Vi dong co kiéu dién nhiét chu yeu st dung cac bo vi chap hanh dang dim chit V, Z, U
[4] - [9]. V6i cung mot dién 4p 1am viée va kich thude twong ty nhau thi bd chap hanh dang chir
V (V-shaped) cho dap tng vé luc va chuyén vi ddu ra t6t hon so v6i dang chir U va Z, do d6
chung dugce st dung dé dan dong ca vi dong co quay va tinh tién [6] - [9].

O tai lidu [10], céc tac gia di dwa ra thiét ké, tinh toan mau vi dong co quay sir dung bdn bo vi
chap hanh kiéu chit V. Tuy nhién, ty 18 kich thudc giita cac bd phan chwa duge can dbi, viée tinh
toan lyc nhiét dya trén phuong trinh vi phan truyén nhiét nén do chinh xac chwa cao; quy trinh ché
tao chwa cai tién din dén dién ap lam viéc kha cao (19-24V). Trong nghién ctru ndy, cac tic gia sir
dung cac bo vi chap hanh kiéu chit V, da duoc nghién ciru, tinh toan ky ludng trude d6 [11] - [15]
dé thiét ké va ché tao mot loai vi dong co quay mot chiéu c6 duong kinh 2,5 mm, tinh toan nhiét sir
dung mé hinh truyén nhiét sai phan hiru han cho két qua chinh xac hon, cai tién cong nghé ché tao...
vu diém chinh 1a dién ap lam viéc thip (06-10V), ty trong md men/dién tich cao hon mét sb vi dong
co da dugc dé xuét trude day [4], [5], [7], [10].

2. Tinh tosn, thiét ké vi dong co
2.1. Nguyén ly hoat dong cua vi dong co
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Hinh 1. Cdu tao cua vi dong co
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CAu tao va nguyén 1y hoat dong cia vi ddng co dugc chi ra & Hinh 1b, n6 bao gém 04 bd vi
chap hanh dién nhiét dang dam chit V (2), xen k& voi 04 by chéng dao (6) va vanh rotor bén
ngoai (5). Cau triic cta bd chap hanh dién nhiét gdm 06 cip dam xép song song dang chir V
(Hinh 1c), duoc ndi véi cac dién cuc ¢b dinh (1). Thanh lic (3) ¢6 thé chuyén dong lic quanh
diém dan hdi O. Thanh ring céc dan dang ring cua (4) gan lién v6i ddu trén cta thanh lic, dan
dong vanh rotor (5) quay theo chiéu kim ddng hd va cho phép truot tw do khi noé chuyén dong
nguoc lai. Co cau chong déo (6) gdm thanh cai (7) va toc chong dao (8) chi cho phép vanh rotor
quay theo mot chidu. Céc vau c¢d dinh (9), gitp dinh tim cho vanh rotor (5) khi quay.

Khi cip dién ap vao cac dién cuc cb dinh (1) ctia bd vi chap hanh chit V. O ntra chu ky din
dong, dién ap khac khong, dong dién chay qua hé dam chir V (2) 1am nhiét do ting va dam dan
ng, day thanh lic (3) va thanh rang coc dan 4) lic sang phai, kéo vanh rotor (5) chuyen dong
quay thuén chiéu kim dong hé. O nira chu ky hdi vi, dién 4p dan giam vé 0, hé thong dam chit V
s€ ngudi di va co lai kéo thanh lac (3) sang trai dua hé thong dan dong tr¢ ve vi tri ban dau,
nhung vanh rotor (5) van dung yén nhd co cdu chdng dio (6). V&i két cau nay, dé rotor quay
dugc thi ¢ nira chu ky din dong, chuyén vi tdi thiéu cta thanh ring coc dan (4) phai I6n hon mot
bude ring coc p. Sau mdi chu ky dién ap dan, vanh rotor (5) dich chuyén mot doan s X p: véi
p = 10um, h = 6um lAn luot 1a budc va chiéu cao rang coc; s =1,2.. 1a $b rang coéc dich
chuyén duoc trong mdt chu ky, phu thudc vao d6 1on cua dién ap dan dong.

2.2. M6 hinh truyén nhi¢t sai phin hivu han

Trong thyc té lam viéc, qua trinh trao d6i nhiét trén dam chir V tuong d01 phure tap va phu
thu¢c vao nhiéu yeu t5. Tuy nhién, dé don gian hon chung 61 dé xuat mot s gia thiét nhu: bo
qua truyén nhiét d6i luu va buc xa cia hé dam; bo qua truyén nhiét tir thanh day sang 16p nén qua
khe hé khong khi, va st dung phuwong phap sai phan hiru han dé tinh toan. Xét mot phan t6 dam
¢6 chiéu dai 1a Ax, phuong trinh can bang nhiét lugng trén phan t dam thir i ¢ dang nhu sau:

A +AG +Aq +Aq, =g, (D
Trong d6 Ag,,, va Aq, | lan luot 14 nhiét luong truyén tir cic phan t6 ddm (i+1) va (i—1)dén
phan tb tht i; Ag,; 1a nhiét luong truyén qua khe ho khong khi dén 16p nén; Aq,; va Aq lan

sti

luot 14 nhiét Jul va nhiét lugng tich trit trén phan t6 dam " tai budc thoi gian ;j”. Cac dai luong
nay dugc xac dinh nhu sau [12]:

le_Tj Tj_le 1_72)
_ i+ [ _ i =1, i .
MGy =k A, s Ag = kA = Ag, =k, S W, AX ;
U2 Tj+l _Tj
Aq, =——A Ax; Ag, =C .d-——A, Ax )
ei 4. . l p At

Trong do6 k va k, 1a hé ) truyen nhiét cua silic va khong khi; T, va T; 1a nhiét d6 khong khi va
nhiét d6 trén doan dam tht i; S 14 hé sd hinh dang ctia mat cit dam; Cp ,dvap 1an luot 1a nhiét
dung riéng, khéi luong riéng va dién Fré’ suét cua silic; 4¢ 1a bude thoi gian; U 1a dién ap dan;
A, =t,.w, 1a dién tich mat cat ngang dam.

O trang thdi truyén nhiét 6n dinh (khi d6 Ag, =0), tir phuong trinh (1) va c4c biéu thirc (2)
nhiét d§ phan b6 trén dam duogc xac dinh theo phuorng trinh:

k 2 2 2 2
T, + K SAx -2 T+T_l— o SAx —T, + o) v =0 3)
! k. hg, ro k hg, L) 4pk

N

P06 dan dai do nhiét A/, luc dan né nhiét ctia mot dam don F,, va téng Iuc dan nd nhiét F, cua
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hé dam chir V tic dung 1én thanh diy duoc xac dinh [12]: Al= Zal.(Tl.— T,).Ax 4)
F =A, E?—l ®)] F =2nF, .sinf0=2nA, .E.?—l.sinﬁ (6)
b b
Trong d6, n 1a s6 cdp dam chit V; ¢, 1a h¢ sé dan né nhiét cua silic; E = 1.69x10° (MPa) la
md dun dan hoi Young ciia silic; I, 1a chiéu dai mot dam don; 6 12 goc nghiéng ctia dam chit V
theo phuong vudng goc véi thanh day. B cung cia hé dam chit V dugc xac dinh theo cong thiic
_ 2.n.E.(121,.cos’ 0+ A, I} sin” 0) @

tur tai liéu [12]:
k
3
L,
Véi I, = tp.wi /12 1a md men quan tinh ctia dién tich mit cat ngang dam. Goi A 1a chuyén vi
(8)

cuia dau thanh day, khi d6 luc dan hoi cia h¢ dim duoc x4c dinh: F, =k - A
2.3. Phan tich lie kp din va hoi vi

2.3.1. Phén tich lyc trong ky dan déng
Nhu mé ta & Hinh 1, vi dong co duoc dan dong bang bon bd chap hanh chir V ddi xtimg va

hoan toan giéng nhau, do d6 khi phén tich lyc ta chi can xét twrong tic trong mot bo nhu trén
d
C

sac

Hinh 2.

(©

(0]
@ (b)
a) So do mét vi chdp hanh; b) Phan tich lyc tai diém dan hoi B; ¢) M6 hinh hod thanh lic (3)
Hinh 2. So do phan tich lyc va chuyén vi ciia mot bo dan dong
9)
(10)

Theo Hinh 2b, tach diém dan hoi B ta ¢6 cac luc tac dung 1én thanh day gom:

- Luc dan dong Fp: F,=F —F,
- F’g = Fgla phan lyc tir thanh lac tac dung lai vao thanh drfly cua vi chép hanh.
Phuong trinh c4n bang luc trén thanh day s& 1a: F, - Fé =0
Theo Hinh 2c, cac lyc va mdé men tac dung 1én thanh dan gom: Phan lyc F’ tur thanh day tac
dung 1én thanh lac; Luc can Fc¢ tir vanh rotor tdc dung 1én rang coc dan; Mg va Mg, 1an luot 1a
cac mo men dan hoi tai ¢b dan hoi O va B: M, =k.d-r (11)
M,, =k, Arn (12)
Trong d6, k; va k, 1an lugt 1a d clrng theo phuong ox ctia ¢6 dan hoi tai O va B; d 1a chuyén

vi theo phuong ox cua diém C trén thanh lic (hinh 2¢); ry va r1a khoang cach tir ¢ dan hoi O dén
6 Email: jst@tnu.edu.vn

diém B va C. Dua vao kich thugc thanh lic cho trudce, do ctng k; dugc xac dinh bang mé phong
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va co gia tri 2,79 uN/um. B cing k, nho hon rat nhiéu so véi k; do dau thanh day chuyén dong
tinh tién va udn ngang : rat nho nén Mg, ¢6 thé bo qua.
Phuong trinh can bang moé men trén thanh lic vé6i diém O:
Fy,rn—M, —F.r=0 (13)

Bl
Fu/4 Foa

Ff3

FeI+FeI1

Fro

o)
Hinh 3. So do phan tich luc trén thanh chéng ddio Hinh 4. So dé phdn tich luc
va thanh rang coc dan trong qud trinh hoi vi

Theo Hinh 3, hé lyc tac dung 1én vanh ring coc bao gom: F'c = = Fc 1a phan lyc tir rang coc
dan tac dung 1én vanh ring céc; Fy 14 lyc ma sét giita vanh ring coc va nén:

F =pm.g (14)
Fa, F2 1an Tuot 1a phan luc phap tuyén, luc ma sat giita vanh ring coc va thanh chdng dao:
E .t.wj
F =k, = TR (15) F,=F.u (16)

Trong d6, my 1a khdi luong ciia vanh ring coc; p 1a hé sé ma sat gitra bé mit silic véi silic; g 1a gia
tdc trong truong; ks 13 d6 cting u6n ctia thanh chdng dao; 5, 1a Chuyén vi cia dau toc chong dao va co
gia tri 16n nhat 8, = & = 6um; t, W, va |, 1an luot 1 chiéu day, bé 10ng co va chiéu dai cua toc chdng
dao. Phuong trinh can bang luc trén vanh ring coc theo phuong tiép tuyén ciia vanh riang:

" Ffl .
FC—T—}}Z.cosﬂ—Fa.smﬁzo 17)
Véi, B 12 goc nghiéng cua mit ring coc so voi phuong tiép tuyén cua vanh rang coc (hinh 3).
. M, | Fn T
Theo (10), (13), (17) taco: F, —F, Ty +F,,.cos f+F,.sinf8 —= 0 (18)
1 1
biéu kién vé luc dé vi dong co chuyén dong duoc la:
M F
E2F1+—e”+(i+Ff2.cosﬁ+F.sin,B r (29)
Ton 4 ’ i

Dé vi dong co hoat dong duoc thi ngoai diéu kién (19), cin phai dam bao diéu kién dién ap
dan dé thanh ring céc cta thanh din sinh lyc ddy vanh ring coc bén ngoai dich chuyén duoc it
nhat 1 budc ring, tirc 1a chuyén vi d tai diém E trén thanh ring coc dan phai 16n hon (s.p + go);
véis=1,2, ... 1asd bude rang coc, khi do diéu kién dong hoc dé vi dong co chuyén dong duogc:

d>s.p+g, hay Azr—l(s.p‘i'go) (20)
r

2.3.2. Phan tich luc trong ky hoi vi

Trong qua trinh hi vi, dudi tac dung cua cac luc dan hdi, thanh ring coc dan bi ép va trugt
trén bé mit rang coc ciia vanh rotor. So dd phan tich lyc qua trinh hdi vi nhu chi ra trén Hinh 4,
hop luc tac dung 1én ring coc dan quy vé diém E bao gdm: Luc kéo Fe ctia hé dam chit V theo
phuong ox; Luc kéo do ¢b dan hoi tai O gay ra theo phuong X tai E 1a: F,=kd (22)
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Luc dan hoi Fey ctia dim rang coc dan theo phuong y quy ddi vé diém E:
F,, =k, 5, =k,h (22)
Trong d6, ks va 8, = h = 6um lan luot 1a d6 ctmg clia ddm riang céc dan va chuyén vi 16n nhat
clia rang coc dan theo phuong y. Véi kich thude ¢o dan hoi cta thanh rang coc dan Wy, = 2um va
chiéu dai I, = 220um (hinh 4) ta xac dinh dugc d6 ctng ks = 4,88uN/um thong qua md phong.
Thay vao (22) ta c6 Feq = 29,28uN. Phan lyc va lyc ma sat tir vanh rang cdc ngoai tac dung lén

ring coc dan lan luot goi 1a Fre va Fg: . f3 =uk, (23)
Can bang hé luc trén hai phuong X va y ta duoc: F, cosf+F sinf—F —F, =0 (24)
F;l4+Ff3sin,8—E1Ecos,8=0 (25)
F,+F,
Theo (23), (24) va (25),taco: F, = —d (26)
Hcos f+sin

F, —F  (cosf—usinf)=0 (27)

Theo (26) va (27) diéu kién dé ring coc din hdi duoc vé vi tri ban dau s& la:
F, <(F,+F,) cosf-pusinfp (28)

T\ pcos B +sin S

Vi chuyén vi 16n nhét cia diém E theo phuong y: 84 = h = 6 um, gbc p = 30°, hé sb ma sat p

cos S — usin
ucos B +sin 3
16n hon luc dan hi F,, =29,28uN . Tc la thanh rang coc dan s& ludn bi truot vé vi tri ban dau.

= 0,3. Ta tinh duogc hop luc vé bén trai cua (28): (F, + Fell)( j 396,5uN ludn

3. Két qua va thao luan
3.1. M6 phéng kiém chirng va xdic dinh diéu kign di¢n dp dé vi dpng co hogt djng an toan

B¢ vi chép hanh dién nhiét dang chit V duoc thiét ké véi cac kich thude hinh hoc: 1, =450 um,
t,=t =30 um, w,=4,5um, g, =4 um, & =2° n=6 dam, 1. =125 um, w =40 um va cac thong s6 tinh
chat vat liéu cua SlllC d=2330 kg/m’, E=1,69x10° MPa, k,-0,0257 W/m.K, C,=712 J/kg.K, p,~148x10°°
Q.um, 1=1,25x10° 1/K [14].

Mo hinh 3D cua vi chap hanh chit V cung véi céc kich thudc, tinh chét vat liéu nhu trén da
dugc mo phong trong phan mém ANSYS. Két qua mé phong phan bd nhiét do va chuyén vi ciia
vi chép hanh tai dién ap 10V dugc trinh bay nhu trong Hinh 5.

Két qua so sanh chuyén vi ctia vi chap hanh gitra phuong phép sai phan hiru han va mé phong
dugc trinh bay nhu trén Hinh 6. Theo d6 thi, sai s6 chuyén vi trong hai trudng hop 1a khong dang
ké, nhat 1a ¢ vung dién ap lam viéc (U<I0V). Diéu nay chiing minh d6 chinh xac twong ddi cao
ctia md hinh truyén nhiét sai phan hitu han di duoc xay dung o trén so v6i md phong. Tuy nhién,
trong tinh toan ta bo qua qué trinh dbi luu, _buc xa nhiét, viéc 16p platinum phin xa trén bé mat
khi md phong ta chi khai bao su thay d6i vé dién tro suat, con cac thong sb vat liéu khac co ban
van sir dung cua vat lidu “gdc” (silic)... din dén sy sai léch nhu trén.

Diéu kién dién ap dan tdi thiéu duoc tinh toan theo cac didu kién vé luc (19) va chuyén vi
(20). Vi cac s lidu va yéu cau nhu trén ta c6 thé xac dinh duoc, khi bude ring dich chuyén s =
1 s€ 1a Upint = 7,46V va khi s=2 ta tim duogc 1a Upyin, = 9,71V.

Gia st dung dién ap dan U = 10V 16n hon Upin, & trén, sir dung cong thirc (3) ta tinh duoc
nhiét 6 16n nhat trén dam T, = 408°C, con theo md phong Te, = 397°C. Nhu vy, khi dién ap dat
vao 16n hon cac dién ap theo diéu kién chuyén vi 12 Uping va Upin, thi nhiét d6 16n nhét trén dam
van dam bao diéu kién én dinh nhiét nhu da chi ra trong [13], tirc 1a: Tgsm < Ter = 1200°C.
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Hinh 5. M6 phong nhiét @6 va chuyén vi ciia vi chdp hanh chiv V tai U = 10V

40 e .

35 Tinhtoan |- TR R
— — = = M0 phén

30 |- phong |

Chuyén vi (um)
N
o

0 2 4 6 8 10 12 14 16 18
Dién ap din (V)

Hinh 6. So sanh chuyén vi giita tinh todn va mé phong

3.2. Két qud ché tao vi dpng co

7

Hinh 7. Anh SEM ciia vi dong co dién nhiét sau khi ché tao bcfng cong nghé SOI-MEMS

Vi dong co dugc ché tao bang quy trinh céng nghé vi co khdi truyén théng SOI-MEMS, bao
gém 6 budc chinh: 1am sach tim SOI, quang khéc va hién hinh, &n mon ion hoat hoa su, ph 16p
cam quang bao vé va cit chip, lam sach va dn mon hoi HF, phin xa phu Platinum (chi tiét duogc
gi6i thiéu trong [14]). Budc phun xa duoc st dung nham giam dién tré ciia hé dam chir V, tai
budc nay vi dong co duge pha mot 16p platinum 1én bé mit bang cong nghé phiin xa. Lép phu
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platinum trén bé mit vi dong co sau khi phin xa c6 chi‘éuq day tir 50 dén 100 nm tuy thudc vao
thoi gian phin xa trong khoang tir 3 dén 6 phut [14], [15]. Anh chup qua kinh hién vi dién tir quét
(SEM) duoc thé hién trén Hinh 7.

4. Két luan

Bai bao nay ké thira cac két qua tinh toan, ché tao b vi chip hanh dién nhiét kiéu chir V, dé
thiét ké, phéan tich lyc, mé phong kiém chung Chuyén vi va ché tao thanh cong mot mau vi dong co
quay mét chiéu. Cac diéu kién dién ap dé vi dong co hoat dong va khong bi qua nhiét da duoc
phan tich, tinh toan k¥ ludng. Quy trinh ché tao vi co khdi dya trén vat lidu tim silic kép SOI
(Silicon on Insulator) b6 sung budc phin xa ciing da dugc dé xuat cy thé. Budce dau cac cau triic
vi dong co bang silic voi dudng kinh ngoai khoang 2,5 mm da duoc ché tao thanh cong. Viéc do
dac va kiém tra hoat dong cia vi dong co nay s& dugc thuc hi¢n ¢ giai doan tiép theo.

Tuong lai vi dong co dién nhiét c6 nhiéu tiém ning tng dung trong cac khop truyén dong
quay cua hé thong micro robot hozc trong cac hé théng vi lap rap, vi van chuyén cta cac hé thong
tich hop micro.
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