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XAC PINH HE SO HINH DANG TRONG MO HINH
TRUYEN NHIET CUA VI CHAP HANH PIEN NHIET DANG CHU'V
BANG PHAN MEM ANSYS WORKBENCH

Hoang Trung Kién'*, Vii Vin Thé!
'Pai hoc Ky thudt Lé Quy Dén
Tém tit
Bai bao dé xuat phuong phap xac dinh hé sé hinh dang trong mé hinh truyén nhiét cta vi
chap hanh dién nhiét chit V bang phin mém ANSYS Workbench. M6 hinh 2D dugc xay
dung dé khao sat nhiét luong truyén tir mat cat dim dén nén qua mot 16p khong khi
mong. M6 hinh nay c¢6 thé dugc ding dé xac dinh anh hudng cia chidu rong va chiéu day
dam dén hé s6 hinh dang. Két qua cua bai bao cung cap mot phuong phap hiéu qua dé xac
dinh h¢ s6 hinh dang trong cdc md hinh truyén nhiét 1y thuyét cho vi chdp hanh dién nhiét

chit V va ciing c6 thé 4p dung cho cac mé hinh truyén nhiét tuong tu.

Tir khéa: Hé sé hinh dang; mo hinh truyén nhiét; vi chd}? hanh dién nhiét chir V.

1. Gi6i thiéu

Vi chip hanh dién nhiét dang chit V 13 bo phan tao ra chuyén dong va luc dé dan
dong céac hé théng vi co dién tt MEMS. Bo chép hanh lam viéc dua trén nguyén 1y dan
nd nhiét ciia hé ddm manh dang chir V khi dugc cép dién. Nhu vy, can ¢6 mé hinh toan
dé mo ta cac qua trinh chuyén d6i nang lugng dién-nhiét. Qua trinh nay thuong rat phirc
tap do su anh huong ciia nhiéu yéu td phi tuyén nhu tinh chat dan nhiét cia vat liéu, moi
truong, khong gian 1am viéc, kich thude cia dam nhiét. Day ciing 1a chu d& nhan duoc
nhiéu su quan tdm cua cac nha nghién ctru va da c6 nhidu cong bd lién quan. Cac phuong
phép toan hoc thuong dugc sir dung dé xay dung mé hinh truyén nhiét bao gdm: giai tich
truc tiép, sai phan hiru han, diém nut, phﬁn tur hiru han, mach dién twong duong.

Mo hinh toan st dung phuong phap giai tich truc tiép duoc nhiéu tac gia ap dung
trong viéc xac dinh nhiét do phan bd trén dam. Trong [1], md hinh truyén nhiét trang
thai 6n dinh duéi dang phuong trinh vi phan bac hai da dugc xay dung mdt cach chi tiét.
Trong md hinh, tac gia c6 ké dén anh hudng cua truyén nhiét qua khe ho khong khi giita
16p cdu tric va 16p nén. M6 hinh truyén nhiét nay da dugc nhiéu tac gia ap dung trong
cong bd sau nay nhu trong cac cong bd [2, 3]. Trong [4], cac tac gia dd ké thém hién
tugng mat nhiét qua thanh diy ¢ trung tdm (shuttle). D& mé ta hién twong truyén nhiét
qua khe hd khong khi giira 16p cdu tric va 16p nén cac cong bd trén déu da sir dung hé
sd hinh dang ctia dam [1-4]. Hé sb hinh dang cua dam 1a mot dai lwong khong thr
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nguyén dai dién cho kha ning truyén nhiét tr dim dén 16p nén qua khe ho khong khi.
Nhu vay, hé s6 hinh dang 1a mot thong ) quan trong trong cac mo hinh todn mo ta qua
trinh truyén nhiét cta vi chip hanh. Dbi v6i hé thong c¢6 kich thudce nhé c& pum thi viée
xac dinh hé s6 nay bang thuc nghiém 1a rat phirc tap va khé khan.

Dé xac dinh duoc gia tri ciia hé sb hinh dang, phwong phap mé phong sé da duoc
dé xuét trong [1]. Trong d6 hé sd hinh dang da duoc xay dung dudi dang cong thirc tong
quat thong qua mo phong sb cho dai khe hé tir 0,5 pm dén 3 pm. Cong thirc nay da
dugc sir dung phd bién trong mo hinh truyén nhiét ctia cac cong bd sau nay nhu [5, 6].
Nhu vay, cong thirc da dé xuat chi ap dung cho khoang khe hé 16p khong khi dén 3 um.
D6i v6i vi chdp hanh dién nhiét chit V dugc ché tao bang cong nghé SOI-MEMS [7] thi
khe h 16p khong khi phu thude vao 16p dém SiO2 ciia phién SOI (Silicon On Insulator)
c6 thé 1én dén 4 um. Do d6, bai bao tap trung nghién ctiru xay dung cong thirc tinh hé s6
hinh dang cho cau trac vi chdp hanh c6 khe hd bang 4 pm va chiéu day 16p céu trac
br:ing 30 pm. biéu nay dugc thuc hién dua trén céac két qua tinh toan va khao sat béng
phan mém ANSYS Workbench.

2. M6 hinh truyén nhiét ciia vi chiap hanh dién nhiét chir V

CAu tric cua bd vi chip hanh dién nhiét chit V duoc biéu dién nhu trén Hinh 1.
Céu tao clia bd vi chap hanh gdm ba phan chinh: thanh day (1), h¢ dim nghiéng (2) va
cac dién cuc ¢d dinh (3). Thanh day ¢ trung tdm ctia bd chdp hanh va duoc treo boi hé
dam dbi ximg c6 dang chit V. Cac thanh dam tao v6i phwong OX mot goc nghiéng 6 (dé

dinh hudéng chuyén dong) va dau con lai cua dam ngam véi hai dién cuc co6 dinh.

L6p nén . Lép SiO, Lép ciu tric

Hinh 1. Cdu triic b6 chap hanh dién nhiét chir V.
Céc thong s kich thude clia vi chap hanh trén hinh v& dwoc cho nhu trong bang 1.
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Bang 1. Cdc théng so kich thude [8]

Ky hi¢u Y nghia Gia tri
L Chiéu dai ddm don 750 pm
W Chiéu rong dam 6 um
h Chiéu day dam 30 um
% Goc nghiéng dam so voi phuong X | 2°
Ls | Chiéu dai thanh day 300 pm
ws | Chiéu rong thanh day 50 pm

ga | Khe ho gitra 16p céu trac va 16p nén | 4 um

Nguyén ly 1am viéc: Khi dat dién ap vao hai dién cuc (3) s& c¢6 dong dién chay
qua cac thanh ddm manh va sinh nhiét. Cac dam s& néng 1én va dan ng dai theo phuong
doc truc tao thanh hop luc déy thanh déy chuyén dong theo phuong OY. Khi dién 4p
béng khong, nhiét d§ trén c4c thanh dam giam dan vé nhiét do moi truong lam cho dam
co lai va kéo thanh déy vé vi trf ban dau.

Pé don gian hoa viéc xdy dung mé hinh toan hoc, cac gia thiét cho mé hinh truyén
nhiét theo phuong phap giai tich dugc sir dung gdom:

- Coi céc tinh chat vat liéu 1a hing s6 trong qua trinh thay doi nhiét do;

- B6 qua su truyén nhiét tir thanh day (1) dén nén qua khe ho khong khi ga;

- Coi nhiét do trén cac dién cuc @ va nén béng nhi¢t do moi trudong;

- Bo qua truyén nhiét do ddi luu va birc xa nhiét trong méi truong khdng khi;

- Truyén nhiét duoc coi 1a mot chiéu, doc theo chiéu dai cua cap dam chir V
(khong ké dén anh huong cua goc nghiéng dam).

V6i cac gia thiét nhu trén, mo hinh ddm manh tuong duong véi chidu dai bang
tong chiéu dai cta cip dim chir V nhu trén hinh 2.

i

30+ dqeq(x + dx)

0 L

dch
(b)

dqls

Hinh 2. Dam mdnh twong dwong (a) va phdn té dam (b).
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Phuong trinh mé ta qué trinh truyén nhiét trong mot cap dam twong duwong (Hinh 2)

c6 dang nhu sau [9]:

2 2
c,D, T kIl K3 gy, U
ot ox® hg, 4p,L

1)

trong d6: Cp, Ds Va ks 1an luot 1a nhiét dung riéng, khdi lugng riéng, hé sb truyén nhiét
ctia vat lidu; h - d6 day ctia dam; Ka, ga 1an luot 14 hé sd truyén nhiét cua khong khi, khe
ho 16p khong khi gitra dAm va nén; S - hé sb hinh dang cua dam (x4c dinh bang mé
phong); U - dién ap dan; po - dién tré sut tai nhiét d6 moi truong; T va T, lan luot 1a
nhiét d6 phan bd trén dam va nhiét d6 méi trudng.
Hé s6 S dugc suy ra tir s6 hang thir hai ¢ vé phai cua (1):

4= T = =¥ @
trong do: gs 1a mat d¢ nhiét lugng trén mat cit dam. Theo (2), khi biét trude cac thong
s6 kich thudc ga, h, hé s truyén nhiét ctia khong khi ka, nhiét do trén mat cit dam T,

nhiét d6 moi trudng va mat do nhiét lugng gs, hé s6 S hoan toan duogc xac dinh.

3. Xay dung mé hinh trong phan mém ANSYS Workbench

Trong ANSYS, phan mém Workbench cé thé duge ding dé xay dung mé hinh hinh
hoc dang 1D, 2D va 3D cung voi hang loat cac md dun dé xay dung mé hinh va mé
phong khac nhau. Bé xac dinh hé s6 hinh dang S trong phwong trinh truyén nhiét (1),
cong cu Steady-State Thermal (m6 phong trang thai nhiét 6n dinh) s& dugc s dung. Céc

thong sb tinh chét cia vat lidu dam va moi truong duge cho nhu trong bang 2.

Bdng 2. Cdc thong s6 ding trong tinh todn

Tén goi Ky hiéu Gia tri
Heé s6 truyén nhiét cia silic Ks 148x 108 pW/um [1]
Heé sb truyén nhiét ctia khong khi ka | 0,0257x10° pW/pm [9]
Nhiét d6 méi truong To | 25°C
Mat d6 nhiét lugng gs | 5x10° pW/um?

M6 hinh hinh hoc dang 2D mo td mdt mat cit dim hinh chir nhat dat trong khéi
khong khi c6 ban kinh 1a Ra dugc xay dung nhu hinh 3.
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|
Hinh 3. Mé hinh 2D ciia mdt cdt dam trong méi trwong khéng Khi.

Trong mé hinh mé phong, ban kinh cua khdi khong khi Ra néu qua nho din dén
khéong phi hop véi yéu cu bai toan (chi xét truyén nhiét qua khe hé ga), néu qua 16n s&
lam tang s phan tir va ting thoi gian tinh toan. Vi vay, gié tri ciia ban kinh R, can duoc
khao sat va Iya chon cho phit hop véi yéu cau bai toan.

Chon chiéu rong ciia mit cit ddm w = 10 pm, cac thong s kich thude va méi
trudng nhu trong bang 1, anh hudng cua ban kinh khong khi Ra dén nhiét do trén mit
cit dim duoc md phong va cho két qua nhu hinh 4.

— 815 q

805 1

Nhiét d6 T [C]

B0O

—1795 - - - —_— - - — - e |
120 130 140 150 160 170 180 190 200 210 220 230 240 250

) Ban klnh,Ra [um] ) .
Hinh 4. Anh huong cua ban kinh den nhiét do trén mat cat dam.

Theo d0 thi khao sat, nhiét do trén mat cit dam ting theo ban kinh 16p khong khi
va dat trang thai bao hoa khi ban kinh khong khi 16n hon 180 pum. Nhu vay, gié tri cia
ban kinh 16p khong khi phu hgp véi md hinh mo6 phdng duge chon 1a Ra = 200 pm.

Dua trén mo6 hinh hinh hoc dugc xay dung, viéc gan vat li€u, chia ludi va dat diéu
kién bién 1an luot dugc thuc hién trong khoi Steady-State Thermal. Piéu kién bién 1a
nhiét d6 trén toan bd phan mép ngoai cia 16p khong khi dugc gia thiét bang nhiét do
ctia moi truong To, mat do nhiét lugng gs dugc gan trén phﬁn mat cat dam.
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4. Két qua tinh toan h¢ s0 hinh dang dam va thio luan

Theo cong thirc (2), v6i cac thong sd di cho nhu trong bang 1, hé s6 hinh dang S
s& hoan toan xac dinh khi biét thém nhiét do cta mat cat dam T. Nhu vay, chi can mo
phong x4c dinh nhiét 6 ciia mit cat dam c6 thé tinh dugc hé s6 hinh dang S théng qua
cong thue (2). Két qua mo phong xac dinh nhiét do ciia mit cit dim khi chiéu rong dam
duogc tham sb hoa trong khoang tir 3 pm dén 10 pm duoc chi ra nhu db thi trén hinh 5.

750
650

550

Nhiét do T [C]

450

350

3 4 5 & IT 8 =] 1.‘0
Chiéu rong dam w [um]
Hinh 5. Anh huéng ciia chiéu rong dam dén nhiét dg trén mat cdt dam.

Theo d6 thi md phong, nhiét do cua mat cit dam tang kha nhanh khi tang chiéu
rong dam. Piéu nay cho thiy chiéu rong dam anh hudng rt 16n dén kha nang truyén
nhiét qua khe ho khong khi giita 16p céu trac va 16p nén. Véi chiéu day 16p cau triic
(chiéu day dam h) va 16p dém SiOz (khe ho khong khi ga) phu thudc vao phién SOI
dung dé ché tao vi chép hanh, thi hé sb hinh dang chu yéu phu thudc vao kich thudc
thiét ké chiéu rong dam w.

Ttr s6 lidu nhiét d6 duge xac dinh tir mo phong, hé s6 hinh dang S duoc tinh toan
theo cdng thic (2) va co gia tri nhu trong bang 3. Méi quan hé gitta hé s6 hinh dang va
chiéu rong dam duoc biéu dién nhu trén hinh 6.

Bdng 3. Két qud tinh todn hé sé hinh dang theo nhiét d¢

w (pUm) T (°C) S
3 342 7,36
4 431 5,80
5 515 4,86
6 579 4,24
7 645 3,78
8 709 3,44
9 760 3,18
10 810 2,97
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Hinh 6. Moi quan hé giita hé s6 hinh dang va chiéu rong dam.

Nhu vy, hé s6 hinh dang giam khi ting chiéu rong dam diéu nay dong nghia véi
kha ning truyén nhiét tir 16p cau trac dén nén bi giam xubng. Mbi quan hé giira hé s6
hinh dang véi ti s6 kich thudc chiéu day trén chiéu rong dam h/w dugc biéu dién nhu
trén d thi hinh 7.

8
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Hinh 7. M6i quan hé giita hé s6 hinh dang va ti s6 kich thude hAw.

Theo db thi, hé s6 hinh dang phu thudc tuyén tinh véi ti sé kich thude h/w. Bang
cach st dung phuong phap hdi quy tuyén tinh trong EXCEL, mot ham s6 gan dung (v6i
hé s6 phil hop R nhu trén d6 thi hinh 7) m6 ta mdi quan hé gitta hé s6 hinh dang S va
ti sb kich thude dam duogc xac dinh nhu sau:
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S =0,6274 +1,0031 (3)
W

Nhu vay, hé s6 hinh dang S dugc xac dinh trong truong hop nay khac voi cong
thire tinh S d4 dugc dé xudt va st dung trong [1, 6, 9].
D6 thi so sanh két qua tinh toan hé s6 hinh dang theo cong thirc (3) véi cac cong

thirc trong cac cong bd trude duoc biéu dién trén hinh 8.

14

Hé 56 hinhdang S

2 3 4 5 6 7 8 9 10 11
Chiéu rong damw (um)

Hinh 8. Do thi so sanh hé sé hinh dang.

Theo db thi, gia tri h¢ s6 hinh dang dugc xac dinh theo cong thirc (3) va theo cac tai
liéu da cong bd co su sai khac déang ké. Sai sé twong dbi trung binh so véi cong thirc (3)
(trong khoang chiéu rong dam dugc chon dé khao sat) 1an luot 1a 13%, 66% va 62%.
Nguyén nhén ciia cac sai s6 nay 1 do cong thirc tinh hé s6 S duoc xay dung trong [1, 6,
9] cho cdu tric ¢6 khe hd ga thay ddi tir 0,5 pm dén 3 pm, véi cong thie (3) duge xay
dung cho truong hop ga = 4 pm. Cac cong thirc tinh S dd cong bd trude d6 ciing ¢ su
sai khac khi xét dén anh hudng ctia khe ho khong khi. Diéu nay cho thay khe hé khong
khi gitra 16p c4u tric va 16p nén c6 anh huong dén cac hé sd trong cong thirc tinh S, do
d6 cac cong bd sé& lya chon mo hinh tinh S sao cho phi hop véi cac théng s6 cau tao cua
vi chap hanh. Nhu vay, cong thirc (3) cho gia tri hé sb hinh dang phu hop hon khi 4p
dung cho truong hop vi chip hanh dién nhiét chit V duoc ché tao tir phién SOI ¢ chidu
day 16p cau trac h = 30 pm va 16p dém ga = 4 pm.
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5. Két luan

Bai bao dd nghién clru cau triic va mo hinh truyén nhiét cua vi chdp hanh dién
nhiét chit V. M6 hinh hinh hoc dé x4c dinh hé sb hinh dang ctia mot mit cat dam véi
ban kinh gi61 han da duoc khao sat va lua chon mot cach phu hop. Theo cac két qua tinh
toan, hé s6 hinh dang phu thudc vao chiéu rong dam (khi ¢ dinh chiéu day va khe ho
16p khong khi). Cong thirc hdi quy cua hé s hinh dang theo ti s6 kich thudc chiéu day
trén chiéu rong dam d3 duoc xac dinh. Cong thuc nay cé thé duoc ap dung dé xac dinh
hé sb hinh dang trong m6 hinh truyén nhiét cua vi chép hanh dién nhiét chit V mot cach
nhanh chéng va twong ddi chinh xAc.

Dua trén mo hinh hinh hoc, cac cai dit va diéu kién bién cia mé hinh tinh toan
trong ANSYS Workbench da duoc xay dung c6 thé 4p dung dé mo rong hon pham vi
khao sat nhu anh hudng chiéu day dam, khe ho, sé luong mit cat dam va khoang cach
giita cac dam.
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DETERMINE THE SHAPE FACTOR IN HEAT TRANSFER
MODEL OF MICRO ELECTROTHERMAL V-SHAPED ACTUATOR
USING ANSYS WORKBENCH SOFTWARE

Abstract: This article proposes a method to determine the shape factor in heat transfer
model of micro electrothermal V-shaped actuator using ANSYS Workbench software. The 2D
model was built to investigate the heat transfer from a beam cross-section to the substrate
through a thin layer of air. This model can be used to determine the influence of beam width
and thickness on the shape factor. The results of this work will provide an effective method to
determine the shape factor in theoretical heat transfer models for micro electrothermal
V-shaped actuator and can also be applied to similar heat transfer models.

Keywords: Shape factor; heat transfer model; micro electrothermal V-shaped actuator.
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