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TOM TAT

Bai bao gidi thi¢u phwong phap giam dién tro bé mdt ciia bo vi kich hoat dién nhiét dang chir
V, tir d6, giam dién dp dan, ndng cao chuyén vi, ty trong céng sudt ciia bé vi kich hoat. Céc bé vi
kich hoat dwgc ché tao tir phién silic kép (SOI- Silicon on Insulator) theo quy trinh gia céng vi co
khoi (Bulk — micromachining), trong dé cé cdi tién bo sung thém quy trinh phiin xa bé mat bang
vit liéu platin véi cdc thoi gian phin xa thir nghiém lan heot la 1,5; 3 va 6 phit. Két qud cho
thd'y dién tro bé mat cua bo vi kich hoat giam di twong ung 1,16, 1,55 va 2,4 lan so véi khi chua
thyc hién phun xaq. Bcing thuc nghiém ciing xdc dinh dwoc chuyén vi ciia bé vi kich hoat c6 thé
ting 1,45 lan ¢ dai dién dp tir 8 + 20 V. Piéu dé cho ta xdc dinh hiéu quad va ty trong cong sudt
cua b vi kich hoat tang cao hon so voi khong thuc hién phun xa.

Tir khoa: Bo kich hoat hinh chit V; Hiéu (ng gian né nhiét; Phin xa bé mit; Cdng nghé vi co khéi.
1. MO PAU

Cac bo vi kich hoat dong vai trd quan trong trong viéc dan dong cac thiét bi vi co dién tir
(MEMS- Micro-electro-mechanical System). Ching cung cap luc va chuyén vi dé din dong cac
thiét bi vi co [1, 2]. Mot trong s6 cac hiéu ung kich hoat co ban do la hiéu tng gidn no nhiét.
Hiu g nay co thé cung cap lyc, chuyén vi 16n hon, két ciu don gian hon cac hiéu ung khac.
C6 3 dang két cAu co ban cho cac bd vi kich hoat st dung hiéu mg gidn nd nhiét d6 1a dang chit
U, dang chit Z va dang chit V [3, 4]. Trong d6, dang chit U hay con dugc goi la “hot arm — Cold
arm”, loi dung sy gidn nd khong dong déu giita cac dam, tao nén chuyén dong quay quanh diém
dan h01 trong khi do, cac bd kich hoat dang chita Z, chit V sé& tao ra chuyén dong tinh tién khi c6
su gidn nd cua hé dam. Véi cung kich thudc va dién ap dan nhu nhau thi bd vi kich hoat dang
chir V cho luc va chuyén vi 16n hon nhiéu so véi dang chir U va Z [5, 6]. Do d6, b6 vi kich hoat
dang chir V dugc tng dung rong rii trong thé giGi MEMS. Cu thé nhu, trong cac b vi tay kep
[7], thiét bi kiém tra vét liéu nho [8] vi dong co tuyén tinh [9, 10], vi dong co quay [11]....

Vi muc tiéu tinh toén, phan tich k§ hon qua trinh truyén nhiét trong bo kich hoat dién nhiét,
mo hinh truyén nhiét trong hé théng dim duoc nhidu tac gia dé cip toi. Cu thé nhu trong [12],
tac gia dua ra phuong phép tinh toan luc, chuyén vi cia hé dam mot cach don gian théng qua
nhiét d6 trung binh cta cic dAm don va sau d6 da dugc phat trién, bd sung nhu cong bd [13]. Mo
hinh nay cho phép tinh toan nhanh chong cac dai lugng nhung n6 chi phu hgp khi cac dac tinh
cua vt liéu 1a khong déi, bién do thay di ctia nhiét do trong pham vi nho. Bé khic phuc nhiing
han ché nay, mé hinh truyen nhi¢t dang sai phén hitu han dugc su dung trong [14] va [15] dé
biéu dlen qué trinh truyén nhiét trong hé dam chit V, véi két qua chinh xac hon do c¢6 bo sung
céc hé sd xét t6i su phu thude cta cac thong sb vat liéu vao nhiét do.

Nhung nim gan day, v6i muc tiéu thiét ké va ché tao cac ciu truc vi kich hoat nham giam

dién ap dan dong va chuyén vi 16n hon. Trong [15] dién tr& cua b vi kich hoat duge giam bang
cach ap dung cong nghé san xuat tién tién hodc sir dung vt liéu méi c6 dién tré suét thap hon.
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Tuy nhién, viéc st dung cong nghé tién tién hodc vat liéu wu viét hon c6 thé dan dén quy trinh
san xuat phirc tap hon va chi phi cao hon.

Bai bao nay gidi thiéu phuong phap giam dién tr¢ cua b vi kich hoat dién nhi€t dang chir V
v6i vat lidu silicon dugc ché tao bang cong nghé SOI-MEMS truyén thong. Trong dé, bd sung
thém mot budc phun xa bé mit vat lidu platin vao cudi qua trinh gia cong vi co SOI-MEMS [16].
Két qua 1a, chuyén vi cua hé dam duge phun xa 16n hon dang ké so voi khi khong phtn xa. Bén
canh d6, anh huong cua thoi gian phun xa (tirc 1a d6 day phun xa) dén chét lugng hoat dong cua
bd vi phan tng cling dugc xem xét.

2. MO HINH TRUYEN NHIET VA TiNH TOAN CHUYEN VI
CHO BQ VI KiCH HOAT PIEN NHIET DANG CHU' V

2.1. Céu tao va nguyén Iy 1am viéc

B6 kich hoat ddm chit V ciu tao gém n dam don song song, dugc dat nghiéng 1 goéc (g )
s0 vOi phuong chuyét} vi cua hé dam hinh 1. Ngu?)n dién cép cho h¢ dam c6 dang xung vuong
hodac nuira chu ky sin. O ky dan dong (ntra chu ky déau) dién ép‘duqc dat vao cac dién cyc co dinh
(3), dong dién chay qua h¢ dam (2) sinh ra nhi¢t lam cho h¢ dam néng lén, gidn n¢ tao chuyén vi
theo phuong thang dimg cho ddm trung tim (1. O ky hdi vi (nira chu ky tlep theo), dién ap dan

vé 0, nhiét dugc thoat ra de va khong khi, hé dam duogc lam ngudi, dinh dim B duogc hoi vé va
chuan bi chu ky lam viéc tiép theo.

(1) @

. Device layer . SiO, layer

Hinh 1. Céu tao ciia hé dam chit V ¢ trang thdi chwa bién dang.

Trong d6, 1, =450 um, w, =4,5 um va t, =30 um lan luot 1 chiéu dai, chiéu rong va chiéu
day ctia mdi dam don; |, =125 um, w, =40 um va t, = t, 1a chiéu dai, chiéu rong va chiéu day
ctia dim trung tam; o =2° 1 goc nghiéng giita cac dim don voi phuong ngang (OX); g,=4
um 1a khe ho khong khi gitra cu trac didm véi chat nén (i.e. do day cua 16p SiO2).

Vi két cAu nay, can tinh toan khao sat gia tri dién ap tdi thiéu dé luc nhiét théng duoc luc
dan hoi ctia hé dam méi co thé tao chuyén vi, khao sat tAn so 16n nhat ma hé dam c6 thé dap tng
dugc do quan tinh nhiét [17, 18].

2.2. M hinh truyén nhiét

Trong qua trinh hoat dong, nhiét d6 phan bd trong dam don 1a khong ddng déu (nhiét do cao

nhat ¢ phia gan dam trung tdm va giam dan v€ phia dién cyc). Qua trinh truyen nhiét gilta cac

16p doc theo chiéu dai dam c6 thé duoc mo ta bang phuong trinh vi phén (1) [16], ¢ d6, moi dam
don dugc tach thanh cac phan tir vO cling nho va trong mdi phan tir nhiét d6 phan bd déu. Xeét

qua trinh truyén nhiét trong dim don tuwong dwong c6 chiéu dai 21, nhu hinh 2.

22 V. V. Hoc, ..., G. T. ThUy, “Gidm thép dién dp din ... bang phwong phdp phiin xa bé mdt.”
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dqcq(x + dx)

@ dgy
Hinh 2. M6 hinh dam thang twong dwong.
. Khi @6, tai mot phén ttr rat nho c6 chiéu dai dx trén dam don c6 toa do 14 x, phuong trinh can
bang nhi¢t duoc viét nhu sau:
qst :ch +qls+qe (1)

Trong do: g 1a nhiét luong dugc tich trir trong phan t6 dam; Q. la nhiét luong truyén qua
timg phan tir dim; 0, la nhiét luong truyén tir phan t6 dam qua khe ho khong khi g .5 0. 1a nhiét
lugng sinh ra trong phan t6 dam khi c¢6 dong dién chay qua.

. dT oT aT k,.S
Véi: g, =C, d E.A.dx; Qg =km.A.& d —k.A.& O =— (T -T,).w.dx ;
2
g, = v > Adx (2)
4p.L

Trong do, C,,d ,k, lan luot 1a nhiét dung riéng, khdi lugng riéng va hé sb dan nhiét cta vat

liu silic; k, ; g,1a hé s6 dan nhiét coa khong khi va khe hé khong khi gitra cAu tric dan dong véi

Ly . \ . t
chat nén; S 1a h¢ so hinh dang va gan dang co6 thé xac dinh: S = 0.6265(—‘)] +1.1188; A=t .w,
Wb
tiét dién dam don; T va T, nhiét do ciia phan t6 dim va nhiét d6 ban dau; t1a thoi gian; V 1a dién
ap dan; p 13 dién tro sut cua silic.
Thay (2) vao phuong trinh (1), ta ¢6 phwong trinh vi phan truyén nhiét (3)
T T k.S V2
cd Mok 9T kS g 5y, V'
dt ox* t,.9 4p.1;
Chung ta nhan thiy rang, nhiét d6 ciia phan t6 dam phu thudc vao thoi gian (t) va vi tri
khéng gian (ox ). Giai phuong trinh (3) bang phuong phép tach bién sé ta c6 nghiém (4):

3)

a

T(x)=T,+q,. tr( g (1+Coe™+C,e ™)+ Y B.e 7 sin(z, x) @)
r=1

a

Trong d6: B, duoc xéac dinh tir cac diéu kién ban dau T(x,t=0)=T,

t,.0 47% 12
B =2q,.222, b [cos(r.z) -1 5
¢ = k,.S |:I".7Z'.(4T2.|s+|"2.7[2):|[ (rm) -] ©)

C,,C,, A dugc xac dinh tir cac diéu kién bién T(x=0,t)=T(x=2l,,t)=T,
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t . -2zl _ t ] 27l _ )

bga' gel —21)| ; C, =—0,. bga- z(e| _zl)l > ﬂr:r_ﬁ (6)
k,.S (67" —e™"") k,.S (7" —e""™) 21,

r 1a s6 bac cua nghié€m nhiét do (T ), thuong ta chon r =1;

k k,.S
m ’ ﬁz a
Cd t,.9,.Cd

C =q..

(7)

7 Va B 1a cac hé s6 dugce tinh theo cong thic: y =

2.3. Tinh toin Iyc nhiét va chuyén vi

Khi c6 dong dién chay trong hé dﬁrp, nhiét ¢ trong dﬁm tang Ién va ching gidn ng doc theo
chiéu dai cua moi dam don, do cac dam don dugc sap xép dang chir V, bén khi gian né dam
trung tdm s€ dich chuyén theo phuong OY. Qua trinh tinh toan chi tiét da dugc trinh bay trong
cac tai liéu [16, 18].

Hinh 3. Biéu dién lirc nhiét tac dung lén dam trung tam.
Téng luc nhiét tai dinh ddm trung tdm duoc xac dinh
. Al .
F =2n.Fb.sma=2n.A.E.|—.sma (8)
b
Trong d6: F, 1a luc sinh ra doc theo mdi dam don; Al 1a téng gidn nd dai doc theo chiéu dai
dam don l,, & 1ahé $6 gian nd nhiét cua vat li€u silic; E = 1.69x105 (MPa) 1a hé ) Young cua
vat liéu silic.
Al

F, =AE.— 9)
L,
Al=> "0 (T,-T,). Ax (10)
Chuyén vi ctia dinh dim trung tam B (goi 1a Ad, ) dugc biéu dién nhu hinh 4 [17].
B/
I,+Al
Ad;
B i
R lb
A a H

Hinh 4. Chuyén vi ciia dinh dam trung tam.

Tir hinh v& 4, ¢ thé xac dinh dugc chuyén vi theo phuong thing dimg ciia mdi dam don:

Ad, = (1, + Al — (I, cosar)’ 1, sina (11)

24 V. V. Hoc, ..., G. T. ThUy, “Gidm thép dién dp din ... bang phwong phdp phiin xa bé mdt.”
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Do hé n dam song song, nén chuyén vi cia h§¢ dam chinh la chuyén vi cia 1 dam don cong
v6i do gidn nd cua dam xwong ca (dam xuong cé duogc gia thiét la gidn nd deéu ve 2 phia).

Ad = (1, + AlY’ (12)

—(1, cosex)’ —I,Jsinoch%Als

3. QUY TRINH CHE TAO SOI-MEMS VA PHUN XA BE MAT

Céu trac bo vi kich hoat duoc ché tao tir tAm silic kép (SOI-Silicon on Insulator) dya trén
cong nghé vi co khdi, gdm 05 budc tiéu chudn nhu da trinh bay chi tiét tai [16]. Tam SIO gom 3
16p: Lop Silic trén cting day 30 um, 16p SiO, ¢ giita day 4 pm va 16p nén dudi ciing day 450 um.
Sau khi ché tao bang cong nghé SOI-MEMS truyén théng, nhom nghién ctru da thuc hién bd
sung thém budc thir 6 (phiin xa bé mat bang vat liéu Platinum), cac théng sé co ban duoc chi ra
nhu bang 1.

Bing 1. Cdc thong s6 co ban ciia quy trinh phiin xq.

Tham sb Gia tri va don vi tinh Tham s Gia tri va don vi tinh
Vat liéu phin xa Platinum 99.99% Dong khi Ar 30 (sccm)
Ap suit budng hat 5 x 10° Torr Ap suat phan xa 5 x 10 Torr
chan khéng
Nhiét o 25°C Cong suat nguon 60 W

Véi 03 mau vi kich hoat dugc phin xa & cac thoi gian kha nhau (1,5 phat, 3 pht va 6 pht);
I6p vat liéu Platinum phu lén bé mat u6e lugng chiéu day twong ung khoang 10 nm, 20 nm va 50
nm [19]. Dién tro trung binh R; cta tung mau sau phdn xa tuong g 1a 220 Q, 164 Q va 107 Q.
Dién tro suat trong dwong ctia Cac Mau p,,, p,, VA p,, duge xac dinh theo cong thic:

A
=nR.— 13
Poi 2, (13)
Bing 2. Cac thong so ddc tinh cua vat liéu silic.
d E Ka Co Po po1 Po2 P03 A
(kg/m®)  (MPa)  (W/m.K) (J/kg.K) (Q.m) Qm) (Qm) (Qm) (1/K)
2330  1.69.10° 0.0257 712 230.10°  198.10°  148.10°  96.10° 1.25.10°

Hinh 5. Hinh anh bé vi kich hoat 6 dam chi V sau khi phin xa.

Céc thong so dic tinh cta vat liéu silic duoc liét ké tai bang 2. G d6, p,, Py, Py VA Py laN
luot 1a dién tr suat, & nhiét do phong 25 °C, ciia dim don twong ing Vi cAc mau: chua phun xa,
phtn xa 1,5 phit, 3 phit va 6 phat. Két qua thuc nghiém cho thay, dién tré sut cua hé dam giam
tuong (g 1,16; 1,55 va 2,4 1an so véi khi chua phtn xa. Tuy nhién, d6i voi mau phan xa 6 phat
xay ra hién tuong bi dinh, phai dung tac dong co hoc dé loai bo trude khi cap ngudn thi nghiém.
Dién trd suit cua vat lidu phu thude vao nhiét d6 va dugc xac dinh:

p=po[l+ AT -T))] (14)
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Trong do, A 1a hé s6 nhiét cua dién trd suat.
Anh chup tir kinh hién vi miu vi kich hoat sau khi phdn xa nhu hinh 5.

4. KET QUA TiNH TOAN, MO PHONG VA THUC NGHIEM

4.1. Két qua tinh toin va mé phéng

M6 hinh 3D cua b vi kich hoat c6 céc thong sé va dic tinh nhu trong bang 1, 2 va 3 duoc

thiét ké, mo phong bang phan mém ANSYS. Vi du vé két qua md phong nhiét do, chuyen vi cua
hé dam ng véi dién ap 14 V duoc minh hoa nhu hinh 6, két qua so sanh gitra tinh toan va mo

phong duoc thé hién nhu hinh 7.

0,00
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0,00 150.00
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Hinh 6. Két qud mé phong nhiét @6 va chuyén vi

ciia mau phiin xa 3 phit, dién dp dan cé bién @6 10 V.
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Hinh 7. Do thi so sanh két qua tinh todn va mé phéng giita cdc mau phin xa va khéng phiin xa
(a) Két qua chuyén vi theo tinh toan; (b) Két qua chuyén vi theo mé phong.

Chuyén vi 16n nhit ctia cic mau tuong Gng véi dai dién ap tir 8 V dén 20 V duoc biéu dién
thong qua cac d thi hinh 8. Két qua tinh toan va mé phong cho thay, chuyén vi 16n nhét giita cac
mau phun xa 1,5 phat va 3 phat cao hon mau khong phiin xa tuong ung khoang 15% va 45%.
Péi v6i mau phun xa 3 phut, ¢ bién do dién ap 20 V chuyén vi 16n nhat theo tinh toan va mo

26
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phong 14 54 pm va 52 pm, trong khi d6i v6i mau khong phiin xa trong diéu kién twong tu chi dat
chuyén vi 1an luot 14 37 um va 36 pm. Nhitng két qua nay khang dinh rang, khi thuc hién phin
xa thi hiéu qua lam viéc cua cac b vi kich hoat tang 1én dang ké. Thoi gian phtin xa cang lau thi
16p platin cang day, dién tr¢ cang giam, tuy nhién, néu phun xa qua lau s€ xdy ra hién tuong bi
dinh gilra cac cau trac chuyen dong vai chat nén. Voi cau tric va kich thude nhu da trinh bay &
trén, cac thi nghiém cho thay, thoi gian phun xa khoang 3 phut 1a phu hop.

4.2. Két qua thye nghiém

30 r
@ Exp. (non-sputtering) 26

25 | @EXxp. (sputtering with 3 min.) 23 §
= 19
:gzo - . 3 10
S 15 { 16
5T o ®
‘—;L ) $12
807 % %9

5 $7
5 F g $5
3

O L 'l Il 'l 'l Il 'l J
6 8 10 12 14 16 18 20 22
Driving voltage (V)

Hinh 8. Do thi so sanh chuyén vi l6n nhdt ciia mau chira phiin xa va mau phin xa 3 phiit.

Sau khi ché tao, cac miu da phun xa va chua phun xa da dugc kiém nghiém, do dac can than,
két qua chuyén vi thuc nghiém dugc so sanh nhu d6 thi hinh 9. N6i chung, cac chuyén vi thuc
nghiém ctia mau dugc phin xa 16n hon so véi me~1u khong phin xa tang dang ké trong dai dién ap
tir 8 V dén 20 V (D6 léch trung binh giita 2 mau 14 57,7%). Hon nita, két qua do thyc nghiém
thap hon so voi tinh toan va m6 phong, nguyén nhan 1a do sut ap tai cac diém tlep xuc cling nhu
tinh phi tuyénctavat liéu silicon. Cac két qua thi nghiém di khang dinh chéc chan hon hiéu qua
cua qud trinh phun xa ddi véi céc vi kich hoat s dung vét liéu silic.

5.KET LUAN

Bai b4o nay trinh bay phuong phép tinh toan truyén nhiét trong hé dam chir V, xac dinh lyc
va chuyén vi ciia bd vi kich hoat. Thir nghiém bd sung quy trinh phiin xa sau khi cac bo vi kich
hoat duoc ché tao bang quy trinh SOI-MEMS truyén thong. Ba mau vi kich hoat dang chir V
dugc thir nghiém phiin xa bang vat liéu platin véi thoi gian twong tmg 1,5 phat, 3 phuat va 6 phut .
Hiéu qua cua phwong phap nay duoc xic dinh théng qua két qua tinh toan, mo phong va thuc
nghiém. Cac két qua tinh toan 1y thuyét cho thiy, mau phin xa trong 3 phiit c¢6 thé tao ra dich
chuyén 16n hon khoang 45% so v&i mau khong phiin xa & dai dién 4p tir 8 V dén 20 V. Két qua
thi nghiém cho thdy hiéu qua t&t hon véi chuyén vi ting hon 57,7% so voi mau khong phun xa.

Tuy nhién, két qua thuc nghiém ciing cho thay thoi gian phtn xa can dugc tinh toan phu hop
v6i chiéu day ciia 16p thiét bi cling nhu khe ho khi g, giita 16p silicon va 16p chit nén. Véi kich
thudc va két ciu cia bo vi kich hoat trinh bay trong bai viét, thi thoi gian phun xa khoang 3 phiit
la phu hop, khi thyc hién phun xa 1au hon c6 thé xay ra hién tuong bi dinh.

Trong cac nghién ctru tiép theo, nhom nghién ciru s& tiép tuc nghién ciru, danh gia hidu qua
ciia phuong phap va xem xét ap dung dbi véi cac ciu tric khac nhu dang dam chir U, chir Z.
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Danh gia va xdy dyng quy trinh chuan ché tao cac vi co cau phu hop vdi cac didu kién may moc
tai Viét Nam va gidm chi phi san xuat.
Loi cam on: Nghién ciu nay duoc tai tro boi Tap doan Vingroup — Cong ty CP va hé tro béi Chwong

trinh hoc bong thac si, tién si trong nudc cia Quy Poi méi sang tao Vingroup (VINIF), Vién Nghién citu
Dit liéu 16m, md so: VINIF.2021.ThS.102".
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ABSTRACT

Lower driving voltage for V-shaped Electrothermal Microactuator
based on the surface sputtering process

This research proposes a method to reduce the resistance of silicon-based V-Shaped
Electrothermal Microactuator (VEM) by applying a surface sputtering process. Four VEM
counterparts are fabricated by the traditional SOI-MEMS technology, three of them are
processed additionally by sputtering technique to deposit a thin layer of platinum on top
surface with different sputtering time, and the other is non-sputtering. Measured results
show that the average resistance of sputtered structures is approximately 1.16, 1.55 and
2.4 times lower than the non-sputtering sample, corresponding to the sputtering time of
1.5, 3 and 6 minutes. The displacements of the VEM are calculated and simulated to
evaluate the advantages of the sputtering method. The simulation result confirmed that the
maximum displacement of sputtered VEM is almost 1.45 times larger than that of non-
sputtering ones in the range of voltage from 8 V to 20 V. The experimental displacements
are also measured to validate the better performance of sputtered samples.

Keywords: Surface sputtering process; Resistivity; V-shaped Electrothermal Microactuator; SOI-MEMS
micromachining.
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