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NGHIEN ClrU ANH HWONG CUA TAI TRONG NHO PEN HE SO MA
SAT CUA CAP VAT LIEU SILIC - SILIC TRONG THIET Bl MEMS
BANG MO HINH CHOT TREN TAM PHANG

RESEARCH ON THE EFFECT OF SMALL LOAD ON THE COEFFICIENT OF
FRICTION OF SILIC-SILIC MATERIAL PAIRS IN MEMS BY LATCH MODELS ON
FLAT PLATES
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TOM TAT

Bai bao nghién curu anh hwong cua tai trong nho co' mN toi hé $6 ma sat cia cap vat liéu
silic — silic, diing trong hé thong MEMS bang mé hinh tinh tién dang chot trén tam phang. O ché do
tai 5 mN, cap vdt liéu SiO, - SiO, cho h¢é $6 ma sat bcing 0,4251, cao hon nhiéu so véi hé s6 ma sat
o ché do tai thong thuong 5 N. Trong ché do tai nho, anh huong cua cdc luc bé mat den dac tinh ma
sat la dang ké va phai duoc tinh dén khi duw dodn wng xu ma sat cua vat lieu. Trong ché dg tdi nhé,
khi tang dé nham bé mat, hé s6 ma sdt giam xudng con 0,2943. Nham bé mat lam giam dién tich
tié}) xuc giita cdac bé mat, tir do lam giam h¢ $6 ma sat. Sy khdc biét gitta ung xw ma sat cua vdt liéu
silic gitta tdi nhé va tdai thong thwong ciing diege so sanh va danh gid bang cdc thi nghiém & cing
diéu kién.

Tw khoa: Ma sat trong MEMS; Tai trong nho, Hé s6 ma sat; Vat liéu Silic.
ABSTRACT

This paper studys the effect of low-load on Silicon’s Coeficient of Friction (COF) used
in MEMS by the reciprocating pin-on-plat model. At the load of 5 mN, the COF of SiO, - SiO, is
0,4251, much higher than one at the normal load’s case. At the low load, the influence of surface
forces on frictional properties are significant and must be taken into account when predicting the
frictional behavior of a material. In low load regime, when the surface roughness increases, silicon’s
coefficient of friction is reduced to 0,2943. Surface roughness reduces the contact area between the
surfaces, thereby reducing the coefficient of friction. The different frictional behavior of silicon
between low and normal load are also compared and evaluated by experiments under the same
conditions.

Keywords: Micro-tribology; Low load; Coefficient of friction, Silicon material.
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1. PAT VAN PE
Ngay mnay, vi co dién to -
Microelectromechanical ~ System (MEMNS)

dang la mot trong nhiing linh vuc khoa hoc
lién nganh phat trién manh mé&. Cac thiét bi c6
kich thuéc nhé giup tang kha nang tich hop,
giam kich thuoc, khdi lugng cho cac h¢ théng.
Pong thoi, véi cac cong nghé tién tién, cho
phép ché tao hang loat cac linh kién, thiét bi c6
kich thudc micro voi d§ chinh xac cao va gia
thanh ré. Thiét bi MEMS dugc tmg dung rong
rdi trong nhiéu linh vuc nhu ty dong hoa, kham
pha khong gian, sinh hoc, y té...

Nhiéu nghién ctru da chirmg minh rang,
nhiing van dé vé ma sat cua céac cap vat li¢u
gdy ra can trd rat 16n dén su phat trién va mo
rong cua cong nghé¢ MEMS [1, 2, 3]. Hoat dong
ctia thiét bi bi anh huong rat nhidu boi cac van
dé nhu bam dinh, ma sat, mai mon gdy nén sy
hong hoc (hodac khong hoat dong), lam gidm
tudi tho va do tin cdy cua thiét bi. Viéc nghién
ctru nhitg van dé vé ma sat trong céac thiét vi
MEMS 1a v6 cung quan trong, n6 anh hudng
16n t&i viée tinh toan thiét ké, kha ning lam
viéc va do tin cay cua hé théng. Céc kién thirc
chung vé Tribology liéu c6 con ding va c6 thé
ap dung dé lam giam ma sat va mai mon cho
cac thiét b siéu nho hay khong? Viéce giai dap
thic mic nay di thuc ddy mot hudng nghién
clru méi vé ma sat trong thé gidi vi mo. Can
thiét phai c6 mot hé thong 1y thuyét méi vé dac
tinh ma sat ctia cip vat liéu trong thé giéi micro
(hodc nano) dé dua ra cac bién phap nham loai
trir hodc han ché anh hudng cta ching dén kha
ning 1am viéc cta thiét bi. Nghién ciru vé cac
hién tuong ma sat, mai mon & cac thiét bi vi
mod da md ra mot linh vuc khoa hoc méi goi la
Micro/Nanotribology (ma sat vi mo) [4, 5].

Trong khi Macro-tribology da duoc
nghién ctru trude day rat lau va cho nhiéu két

qua dang ké thi cung voi sy ra doi cua cong
nghé vi co (MEMS), Micro/Nanotribology chi
maoi duge nghién clru vai chuc nam trd lai day
[6] va da dat dugc mot s6 két qua cha ¥. Tuy
nhién, s lugng cac tac gia va cic cong trinh
nghién ciru con khiém tén. Phan 16n céc nghién
ctru trén thé gidi vé ma sat & kich thude vi mé st
dung kinh hién vi nguyén tir lyc AFM (Atomic
Force Microscope) hodc kinh hién vi lyc ma sat
FFM (Friction Force Microscope). Dya vao co
ché tiép xtic 1 dinh nhap nho (single — asperity
contact), lyc ma sat hoac lyc bam dinh dugc do
dac va tinh toan théng qua cac hé sé chuyén doi
[7, 8]. Tuy nhién, co ché tiép xtic nay khong thé
hién dung ban chit cua tiép xuc trong linh kién
MEMS (gém nhiéu cic nhip nho bé mit tiép
xtc v6i nhau), di lam don gian hoa diéu kién
tiép xuc va do d6 da khong tinh dén anh huong
ctia 46 nham bé mat toi dic tinh ma sat. Hon
nita, ap luc tiép xuc trong thiét bi AFM, FFM
qua cao, thuong cd GPa, trong khi theo nghién
ctru [1], 4p suat tiép xtc trong MEMS 16n nhat
chi c& 400 MPa. Mot sb tac gia khac trén thé
gidi da tao ra cac thiét bi do ma sat dang on —
chip st dung chinh cong nghé¢ MEMS [9]. Cac
thiét bi ndy mo ta tot hon diéu kién tiép xuc
trong linh kién vi co va cho d¢ chinh xéc cao,
tuy nhién, ché tao kha phtic tap va trong diéu
kién cong ngh¢ cua Viét Nam la kho thyuc hién.

Tai Vi¢t Nam, cong nghé vi co la linh
vuc nghién ciru con méi meé, s6 lugng cac cong
trinh nghién ctru cong bd con it. Pic biét hon,
rat hiém nhitng nghién ctru vé ma sat trong thé
giéi vi mo. Day thuc sy 1a van dé can thiét va
¢6 y nghia khoa hoc. Bang trang thiét bi thi
nghiém hién co, bai bdo nay trinh bay nghién
clru anh hudng cua tai trong nhé (5 mN) dén
hé sb ma sat cua cap vat liu silic — silic don
tinh thé dung trong hé théng vi co dién tir bang
mo hinh truot dang chdt trén tim phang. M6
hinh nay, mé ta tot vé ban chét tiép xuc cla cac
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bé mit trong MEMS, c6 ké dén anh huong cua
nham bé mat td1 hé s6 ma sat.

2. THIET BI, MO HINH VA DPIEU KIEN
THi NGHIEM

2.1. Thiét bi va mé hinh thi nghi¢m

Cac thi nghiém do ma sat duogc thuc
hién trén hé thong thir nghiém miu da ning
UMT (Hinh 1) do hiang CETR ciia My ché tao,
hé théng nay duoc xem la hi¢n dai va kha tién
tién hién nay. Thiét bi dugc dung dé thi nghiém
do ma sat, kiém tra vét xude té vi, chup lai anh
cAu trac vat liéu, thu nghi¢m vé co tinh (bao
gdém kéo, nén va xodn) cho kim loai den, kim
loai mau, nhua, gém, giéy, vat liéu téng hop,
16p pht mong, ciing nhu cac chat boi tron & thé
ran, du va md béi tron. Thiét bi duoc két nbi
va diéu khién bang may tinh c6 do chinh xac,
d6 phan giai cao, hién thi va phan tich két qua
bang phan mém tich hop hién dai [10].

e,
—~

Hinh 1. Thiét bi do UMT

Vat lidu thi nghiém 1a tam silic don
tinh thé hudéng 100 (100-single crystal silicon
wafer) c6 duong kinh 4 inch, chiéu day khoang

500 pm. Téam silic nay c6 mot mat c6 do nham
rat nho (RMS = 0,1 — 0,2 nm) goi 1a mit tinh
va mat con lai ¢c6 do nham kha 16n (RMS = 0,5
um) goi la mat tho [11]. Nhom tac gid st dung
vat liéu silic (100) duoc sir dung phd bién trong
ché tao linh kién MEMS do cong nghé ché tao
(dn mon) vi co theo huéng mang tinh thé nay la
dé nhat [12].

Mo hinh thi nghiém dang chét trén tam
phang dwgc mo ta trén Hinh 2. Mau trén la
miéng silic (100) c6 kich ¢& 2x2 (mm?) duoc
cit ra tir tAm silic bang miii dao kim cwong va
duoc dan chat vao mat dudi caa chdt. BE mit
tham gia thi nghiém ctia mau trén c6 thé 1a mat
th6 hodc mat tinh. Mau dudi 1a tm silic (100)
dugc kep chat vao ban trugt béng vit kep. Bé
mit thi nghiém cua mau dudi 1a mat tinh. Khi
lam viéc, truyén dong dudi (gdm dong co, giam
tdc, co cAu tay quay con truot va b truyén dai)
truyén chuyén dong tinh tién cho ban truot, lam
mau dudi trugt qua lai. Truyén dong trén (b0
truyén vit dai ¢c) tao chuyén dong 1én xudng
lam cho mau trén ép xudng mau dudi voi gia tri
lyc tuy chon.

Dé khao sat anh huong ctia ma sat trong
ché do tai nho, nhom str dung loai sensor do luc
FLV_Gold c6 dai do luc tr 2 mN dén 100 mN,
d6 chinh xac 12 £102 mN. Trong ché d6 tai thong
thuong, str dung sensor DFM 05-0803 c6 dai do
Iyc tlr 0,5 N dén 50 N, d¢ chinh xac +102 N.

2.2. Piéu kién thi nghiém
Céac mau thi nghiém gom:

- Mau 1: Cap vat liéu silic — silic (mat
tinh — mat tinh) dugc rira sach bé‘mg dung dich
axeton dé loai bo céc tap chét va bui ban bam
vao bé mat, sau d6 rira sach trong nudc cat va
dé kho tu nhién. Do trén bé mit vat lidu Silic
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luén ton tai 16p oxit SiO, nén mau 1 duge coi la
cap vat li¢u Si0,/Si0,,.

- Mau 2: Cip vat liéu silic — silic (mat
thd — mit tinh) dugc xir Iy nhu mau 2, tuy
nhién, mau 3 nay (R_ Si0,/SiO,) c6 mit trén
(ky higu R_Si0,) la mit thd c6 do nham be mt
cao hon han so vdi mat tinh.

Tai trong

yén déng trén

Loxo
Kep chétvachét  ~ \\"‘\,
Vitkep .

Tam Silic

Sensor lyc

Truyén d¢ng tinh tién qua lai /

Hinh 2. M6 hinh thir nghiém chot trén tam phdng

Dé phan biét g xir ma sat ctia vat lidu
silic khi tai nhé va tai thong thuong, cac mau
duogc thi nghiém véi tai 5 mN (tai nho) va tai
5 N (tai thong thuong). Piéu kién thi nghiém
dugc mé ta day du trong Bang 1. PO 4m moi

3. KET QUA THi NGHIEM VA NHAN XET

truong do trong ngay lam thi nghiém dao dong
tir 73 dén 75 %, nhiét do thi nghiém tir 25 —
27°C. o 4m va nhiét do dugc xem 1a khong
d6i trong mot 1an 1am thi nghiém.

Bang 1. Diéu kién thi nghiém xdc dinh hé so ma
sat cua cap vat liéu silic — silic:

Piéu kién thi nghiém

Gia tri hodc mo ta

Mau thi nghiém

+Mau 1 (Si0,/Si0,)

+ Mau 2 (R_Si0,/SiO,)

Nham bé mat

+8Si0,: RMS = 0,1 -
0,2 nm

+R_Si0,: RMS =0,5
um

+ Thi nghiém 1:

T4i tron Tai khong d6i 5 mN
ong + Thi nghi¢m 2:
Tai khong doi S N
Téc d6 vong 1 Hz
Van tdc truot 0,333 mm/s
Thoi gian 30s
D06 am trung binh 73 %
Nhiét do trung binh 26 °C

Do thi hé s6 ma sat ciia mau 1 (Si0,/Si0,) va mau 2 (R_SiO,/Si0,) trong ché d tai nho va
tai thong thuong dugc the hién trén Hinh 3 va Hinh 4. Céc gia tri trung binh cta h¢ s6 ma sat duoc

thé hién trong Bang 2.

COF
0.72

0.64
0.56
0.48
0.40
032
0.24
0.16

Tai 5 mN

0.08

M

o H 8 12

16 20 2

Time,sec

28

Hinh 3. D6 thi hé s6 ma sdt ciia mau 1(SiO /SiO,) 6 ché dp tai nhé va tdi thong thiwong
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Hinh 4. D6 thi hé s6 ma sat ciia mau 2(R_SiO /SiO,) ¢ ché dg tai nhé va tdi thong thiong

Bang 2. Gia tri hé s6 ma sat cua mau 1 va mau 2:

Tai trong S mN SN
Mau 1(S10,/810,) 0,4251 0,083
Mau 2 (R_Si0,/8i0)) | 10,2943 0,1903

D@ dang nhén thiy rang, hé s6 ma sat
& ché d tai nho (5 mN) déu cao hon so voi hé
s6 ma sat & ché d¢ tai thong thudng (5 N) trong
ca 2 truong hop (Hinh 3 va Hinh 4). Bac biét,
v6i miu 1 (miu c6 do nham bé mit bé - mat
tinh) hé s6 ma sat & ché do tai nho bang 0,4251,
cao hon nhiéu so voi ché do tai thong thuong
(0,083) (Hinh 3). Trong ché d6 tai nho, khi do
nham bé mat tang, h¢ sb6 ma sat lai giam xuéng,
tir gia tri 0,4251 con 0,2943. Ung xur nay la
hoan toan khéac biét khi so sanh véi ché do tai
thong thuong, khi d6 nham bé mit ting thi hé
s6 ma sat tang, tir 0,083 dén 0,1903.

Diéu nay duoc giai thich bang anh
huong cua cac luc bam dinh trong ché do tai
nho. Luc bam dinh trong MEMS 1a két qua cta
cac lyc bé mat nhu: Lyuc cing bé mat (Capillary
force); Luc Van der Waals (Van der Waals
force); Luc tinh dién (Electrostatic force); Luc
lién két Hydro...Trong nhiéu trudong hop, luc
cang bé mit ¢ gia tri 16n hon nhiéu so véi cac
luc con lai (tham chi 16n hon luc tai trong) va

I1a luc chi phéi dén dic tinh ma sat cua vt liéu
[13]. Theo nghién ctru [14], d6i v6i tam wafer
Silic, luc cang bé mat dong vai tro chu yéu do
dic tinh hit Am ctia bé mat wa nudce (16p oxit bé
mit). Ta biét rang, ¢ diéu kién thuong, vat lidu
silic ludn ton tai mot 16p oxit SiO, trén bé mt.
Lop oxit nay c6 dac tinh hut am 16n. Khi dugc
phoi ngoai khong khi, trén bé mit silic ludn ton
tai mot 16p nude ngung tu. M.Binggeli va C.M.
Mate cho rang, chiéu day 16p nudc khoang 10
nm [15]. M. Scherge va cac dong nghiép lai cho
rang c6 khoang 50 16p nudc ¢& nguyén tir hoic
hon nita trén bé mit silic [16]. Lép nude tao ra
luc cing bé mat chic chan s& anh huong dén
ung xUr ma sat cua vat liéu. Luc cang bé mat
cua nudc gay ra sy bam dinh do hinh thanh cac
cau chat long gitta cac map mo bé mat ctia mau
trén va mau duéi. B& mit c6 d6 nham cang nho,
dién tich tiép xuc gitta 2 bé mat cang lon, luc
cing bé mit cang cao. B& mit tiép xtc clia mau
1 12 mat tinh — tinh, do d6 danh huong cua luc
cang bé mit t6i ma sat trong ché do tai nho 1a
dang ké. Sy xuat hién ctia do am trén bé mait
mau 1 1am phtc tap hoa dic tinh ma sat va lam
d6 thi hé s6 ma sat cuia mau 1 trong ché do tai
nho bién dong 16n hon rat nhiéu so vai ché do
tai thong thuong.

Ddi véi mau 2, 36 nham bé mit ciia mat
trén (mat tho R_Si0O,) 16n hon rat nhi€u so voi
mat dudi (mat tinh), do d6 dién tich ti€p xuc
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giita hai bé mit giam di rat nhiéu so v6i mau 1.
Anh hudng cua bam dinh gitra 2 bé mit duoc
loai bo kha nhiéu, tir 6, gia tri hé s6 ma sat
trong ché do tai nhé 5 mN ciing giam xudng (tir
0,4251 con 0,2943).

Trong ché d¢ tai théng thudng, do 16n
cua luc cang bé mit so vai gia tri lyc tai trong
(c& N) 1 khong dang ké, do d6, anh hudng cia
luc cang bé mat coi nhu khong co6. H¢ s6 ma sat
trong ché do tai thong thuong 13 kha bé (0,083
cho mit tinh va 0,1903 cho mit thd), d6 thi hé
sc‘é ma sat cing it bién dong va gan nhu khong
doi.

Dé khang dinh lai nhitng diéu da nhan
xét trén day, ta tien hanh thém thi nghiém thu 3.

COF
LA

n.ﬂsi
n1al
LRPE i W s tal”

0104
i

O thi nghiém nay, cdp vat li¢u silic — silic (mat
tinh — mat tinh) dugc ngdm 2 phtt trong axit HF
40% r}hém loai bd IQp 6 xit SiO, ¢& nanomet
trén bé mat, sau do6 lay ra rira sach trong nudc
cAt va duoc sa‘iy trong 10 sa‘iy tai nhiét do 100°C,
trong vong 30 phiit dé lam khé hoan toan. Mau
3 (Si/Si) nay dugc xem 1a mau khong hut 4m
do khong con 1§p Si0,. b ghém bé mit sau
khi bi an mon bang HF thay do6i khong dang ke,
coi nhu khong ddi so voi trude khi bi dn mon.
Hé s ma sat ciia mau 3 & ché d6 tai nho 5 mN
duoc thé hién trén Hinh 5. Gid tri trung binh
ctia hé s6 ma sat mau 3 14 0,112. Gia tri nay kha
tuong dong véi gia tri 0,0803 (Bang 2) so v4i &
ché d¢ tai thong thuong. Két qua thi nghiém 1an
thtr 3 nay 1a hgp 1y va hoan toan phu hgp véi
nhiing phan tich va nhan xét ¢ trén.

] 4 L] 1z

18 0 4 o

Time sec

Hinh 5. D6 thi hé $6 ma sat ctia mau 3 trong ché do tai nho

4. KET LUAN

Bai bdo nay trinh bay mdt nghién ctru
thuc nghiém do hé s6 ma sat cua cap vat li¢u
silic — silic khi tai nho 5 mN. Dé so sanh g
XU ctia vét lidu so v6i ché do tai thong thuong,
cac mau duoc thi nghiém voi ché do tai 5 N
voi cung diéu kién. Ba mau vat liéu dung thi
nghiém la mau SiO,/SiO,, mau R_SiO,/SiO, va
méu Si/Si (vat liéu Silic da loai bo 16p SiO, trén
bé mat). Két qua thi nghiém cho thay, ¢ ché do
tai nho, he s6 ma sat 13 16n hon so véi ché d¢ tai

thong thuong. Do thi hé sb ma sat ciia cac mau
& ché d6 tai nho ciing bién dong dang ké. Pidu
nay duoc giai thich 1a do lyc cing bé mit 1am
tang h¢ s6 ma sat do hién tuong bam dinh xuét
hién trong ché do tai nho. Nham bé mat 1am
giam dién tich tiép xuc giita cac cip ma sat, tir
do lam giam anh huong cua luyc bam dinh.

Bai bao khang dinh tng xir khac biét

cua cung vat li¢u silic & ché d6 tai nho (ap luc
cd mN) va tai thong thuong (ap luc cd N).

Trong ché do tai nho, anh huong cua cac luc bé F
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mat 13 dang ké va nén dugc ké dén khi tinh toan
ma sat trong cac linh kién vi co dién tir. Cac
gi4 tri trung binh cua hé s6 ma sat mau Si/Si
(0,112) va Si0,/Si0, (0,4251) ¢ ché do tai nho
c6 thé dung trong tinh toan ma sat cho cac cau
trac trong linh kién MEMS nhu vi cam bién
hodc vi dong co.

Ngay nhan bai: 05/5/2022
Ngay phan bi¢n: 18/5/2022
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