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MO PHONG CAM BIEN GIA TOC AP PIEN TRO BA BAC TU DO
SIMULATION OF 3-DOF PIEZORESISTIVE ACCELERATION SENSOR

Vii Ngoc Hiing, Nguyén Vin Minh, Lé Viin Minh, Trinh Quang Thong
Truong Pai hoc Bach khoa Ha Noi

TOM TAT
Bai béo trinh bay két qua nghién ctru vé mé hinh héa va mé phéng céac trng xt co hoc va dac
trung 16i ra ctia cam bién gia tdc ap dién tré ba bac tw do kich thudc 1x1 mm? trén co sé phwong phap
phéan tich phén t& hitu han (FEA) st dung phdn mém ANSYS. Phén tir SOLID 226 da duoc st dung
dé mé hinh hoéa bai toan két hop hai trurong co dién ctia cdm bién ap dién tré. Phén bd tng suét doc
theo cac thanh dém nhay co da dwoc phén tich va dwoc st dung dé xac dinh vi tri cac &p dién tré.
Tén sb dao dong riéng cta cdm bién tinh toan duoc theo cac phuong x, y va la 600110 Hz, 600110
Hz, va 46494 Hz. D6 nhay cta cam bién ty 1é thuan véi khéi lvong khéi gia trong va ty 1é nghich véi
chiéu rong va chiéu day thanh dam treo. Di véi cdm bién gia téc cé thanh dém kich thudc 340 pm x
60 um x 10 um, dd nhay theo phwong x, y va z dat gia tri twong (ng la 38.8 uV/g, 43 uV/g va 23.3
1VIg. Céc két qua tinh toan sé la co sé dé thuc hién céc nghién ciru vé thiét ké va ché tao loai cdm
bién nay.
ABSTRACT

This paper presents the modeling and simulation results of the mechanical behaviour and
output characterlstlcs of a three degree of freedom (3-DOF) piezoresistive accelerometer with outer
size of 1 x 1 mm? based on the finite element method (FEM) using ANSYS software. The SOLID 226
element is used for coupled-field analysis of piezoresistive sensor. The stress distributions along the
mechanicasl sensitive beams have been analyzed. The obtained results of this analysis were used to
determine the location of piezoresistors.. Corresponding to three space directions, i.e., X, y and z, the
natural frequencies are 600110 Hz, 600110 Hz and 46494 Hz, respectively. The sensor sensitivity
increases with decreasing the thickness and width of the sensing beam. but declines with decrease of
the seismic mass weight. For the accelerometer with sensing beam dimensions of 340 xm x 60 um X
10 wum, the sensitivities are 38.8 mV/g, 38.8 mV/g and 23.3 mV/g corresponding to X, y and z
direction, respectively. The simulation results will be used for design and produce this type of sensor.

. MO PAU p’hl’I’C taP kh(’). igiéli ‘quyé't’ bé“lng phuopg p’hép g{éi
) ; tich. Cong viéc nay giup giam chi phi nghién
Cam bién gia toc vi co silic dang c6 vai clru, tim 101 giai nhanh chong va dang ngay
tro ngdy cang quan trong do nhu cau tng dung cang c6 vai trd quan trong trong nhiéu linh vyc
rat 16n trong cac linh vuc cong nghiép. Ching ky thuat. Thyc hién bai toan md phong dbi voi
han, bd diéu khién tai khi an toan dugc trang bi cam bién gia toc kiéu ap trd s& cho phép xac
Cho cac 0-t6 hién dai, by dicu khién va gilt can dinh duoc vi tri dit ap trg, trén co sé do co thé
bang trong cac may anh, mdy quay phim ky xac dinh duoc d6 nhay cuia linh kién. Trong bai
thuat so hién nay v...v... va v...v... Cac cam b4o ndy, ciu triac co va cac dic trung co ban
bién gia toc vi co thuong hoat dong dya trén ctia cam bién gia tde kiéu ap dién tr¢ ba bac tu
cac nguyén ly vat ly co ban nhu hiéu ung ap do s& duoc trinh bay. O day, hoat dong ctia cam
dién tr6, tu dién, hiéu Ung tunnel, hodc cong bién s& dugc mé phong bang phuong phap phan
hudng [1-4], trong sb d6, cam bién gia_ tbc tng ter hitu han (finite element method - FEM)
dung hiéu mg 4ap tré c6 nhiéu vu diém, nhu thong qua phin mém tinh toan mg dung cua
don gian vé cau tric, d& thu nhan va xir 1y tin phuong phap nay 1a ANSYS.
Elceﬁlilggc biét 1a kha nang tao linh kién MEMS [l MO HiNH LY THUYET

Cam bién gia toc silic thuong bao gém
mot khoi gia trong (seismic massS) ¢ vai tro la
bd phan nhay co dugc treo 1€én mot khung co
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Mo phong 1a viée thuc hién phuong phap
tinh toan s0 cac bai toan c6 cau truc hinh hoc
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dinh bang mot hodc nhiéu thanh dim (beam).
DPo nhay cua cam bién phu thuoc vao kich
thudc cua thanh dam va ty 1& voi khdi luong
ctia khéi gia trong. C6 thé mé ta ciu tric nay
bdi mot mod hinh toan 1y bao gom maot 10 xo
dong vai tro 1a phan tir ¢an hoi mic song song
v6i phéan tir giam chan nhu chi ra trén hinh 1.

. Bo giam chén
F=D-v

Khéi gia trong

F=m-a

F=K-x
Lo xo x
Chuyén vi

Hinh 1. Mé hinh todn 1y cau tric cam bién gia toc

Theo dinh ludt 2 Newton ta ¢c6 phuong
trinh dong lyc hoc mot chiéu cua hé nhu sau:

2
m d°x D dx
dt? dt
trong do, K 1a hé s6 do cung hiéu dung
ctia phan tir 10 xo, D 1a hé s6 giam chan, m I3
khéi luong cua khdi gia trong, a 1a gia toc cua
hé. O day, Fex 1a luc tac dung 1én khéi gia trong
dong vai tro 1a luc quan tinh. Luc nay gay ra
bién dang ddi voi phan tir 10 xo va tao ra
chuyén vi cua khdi gia trong. Bai toan nay chi
giéi han xét chuyén vi tinh, tng véi truong hop
thay d6i cham cua gia tdc theo thoi gian.

+Kx=F,, =ma (1)

Dung phép bién doi Laplace ta thu duoc
ham truyen co hoc bic hai tir gia toc sang
chuyén vi cta khéi gia trong [5, 6]:

X(s) 1

trong do, X(s) va A(s) 1a bién doi Laplace
ctia chuyén vi va gia toc tuong ung, o la tan sb
dao dong riéng va Q 1a hé sb pham chét. Tir day
ta s& thu duoc mdi quan hé giira chuyén vi véi
gia toc va tan s6 dao dong riéng cua khdi gia
trong nhu sau [5, 6]:

> ©)

Cac hé thuc trén ciing dting cho bai toan
3 chiéu tirc la truong hop gia toc 3 bac ty do
nhu muyc ti€u nghién ctru cam bién da dat ra.
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I11. MO HINH CAM BIEN

Mo hinh cta cam bién c6 kich thudc
ngoai 1a 1000 pm x 1000 pm (hinh 2). Cac
théng s cau truc khac cuia cam bién dugc cho
trong bang 1.
Bang 1. Cdc théng so hinh hoC sit dung dé mé
hinh hoa cam bién

Cac bo phan chinh Théng s6
Chiéu day khéi gia trong 450 pm
Chiéu day thanh dam treo 60 pm
Chiéu dai thanh dam nhay co 340 pm
Chiéu day thanh ddm nhay co 10 pm
Chiéu rong khung ¢ dinh 220 um

Phan tir SOLID 186 trong thu vién cua
ANSYS da dugc st dung dé mo hinh hoa ciu
truc va thyc hién mo phdéng bai toan co clia cam
bién. Pay 1a phan tir cdu trac c6 ham dang béc
hai v4i hai muoi nit, dung ma tran d6 cing. Vi
vay, két qua tinh toan thu dugc s€ chinh xac
hon so v&i kiéu phan tir sir dung modun dan hoi
vO hudng. Ma tran d6 cung cho hé toa do trén
duogc tinh trén co sé ma tran do cing trong hé
toa do tinh thé chinh tic <100>, <010>, va
<001> véi Cyy = 1,674x10° MPa, Cp, =
0,652x10° MPa, va Cu = 0,796x10° MPa.
Trong truong hop nay, viéc tinh toan dugc thuc
hién khi xoay hé toa do phin tir di 45° xung
quanh truc vudéng goéc véi bé midt cam bién.
Diéu kién bién dugc xac dinh khi ¢ dinh khung
cung bén ngoai.

Khi thuc hién bai todn phan tich u'ng
suat, mo hinh phan tir hiru han ciia ciam bién
dugc chia sao cho & khu vuc thanh dim nhay
co, ludi c6 d6 min ¢& 1 pum (hinh 3), con phan
khung va khéi gia trong dugc chia thd hon dé
giam s luong cac phuong trinh tinh toan. Péi
v6i bai toan mode, c6 thé khong can thyc hién
viéc chia ludi nhu vay dé giam thoi gian tinh
toan. Trong pham vi ctia nghién ctru ndy, yéu t6
giam chan tam thoi chua dugc xét téi.
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Dam nhay co g p; gia trong

Dém treo ciing

@)
Khung cing

Hinh 2. M6 hinh cam bién gia toc: mdt trén (a),
mat duoi (b)

hoa & hinh 4. Két qua tinh toan xac dinh tan s6
dao ddng riéng dugc trinh bay trong bang 2.
Cac mode twong mg voi dao dong xoay khi
chiu tac dung cua cac gia tbc gbc xoay chidu
chua duoc xét dén trong bai toan nay.

(b)

Hinh 4. Két qud phdn tich FEM vé mode dao
dong cua khoi gia trong theo phuong Z (a) va 'y
trong mat phang x -y (b)

Bdng 2. Tan sé dao ddng riéng twong img cdc
mode

Tan o
Mode Sé(H) Mo ta
Hinh 3. M6 hinh phan tir hitu han (phan khéi | Mode 1 46494 | Dao dgng theo phuong Z
gia trong va cdc dam nhay co bén trong) cua Mode 5 600110 | Dao dong theo phuong X
cam bien
Mode 6 600110 | Dao dong theo phuong Y

Dbi voi bai toan phan tich do nhay, cac
ap dién tr¢ kich thudc 2 pm x 30 ym x 1,8 pm
dugc dua vio m6 hinh dé tinh toan tin hi¢u dién
ap ra mot cach tryc tiép. Ma tran hé sb ap tro
theo cac phuong tinh thé chinh tic <100>,
<010>, va <001> duoc cho nhu sau: my; =
6,5x10° MPa™, m, = -1,1x10° MPa’, my =
138,1x10®° MPa™. Ciing twong tu nhu ma tran
dd cung, ma tran hé sb ap tré cling dugc tinh
toan trong hé toa do thuc té bﬁng cach xoay hé
toa d6 phan tir di 45° xung quanh truc OZ. Kiéu
phan tir SOLID 226 duoc dung lam phén tor &p
dién tro, co vai tro chuyén d6i su thay doi mg
sudt gdy boi gia toc thanh tin hiéu dién trén cau
Wheatston.

IV. KET QUA
Phén tich mode

Céc dang mode ctia cam bién can quan
tam 1a dao dong theo cac phuong nim trong
mit phing x-y va truc z. Hinh anh dao dong cua
khdi gia trong theo cic phuong trén dugc minh
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Khi khdi gia trong dao dong voi tan sb
gan tan sd dao dong riéng, bién do dao dong s&
rat 16n, dan dén c6 thé giy pha huy ciu tric. Vi
thé, két qua nay giup ta xac dinh duoc dai tan
lam viéc cho phép cua cam bién trong sir dung
cling nhu cho phép thuce hién céc tinh toan ty s6
giam chén cta ciu tric.
Phdn tich itng sudt

Bai toan phan tich ing suét gitip xac dinh
vi trf tdi wu cta céac ap dién tro trén thanh dam
nhay co. Khi chiu tac dong cua tai gia tde voi 3
thanh phan gia toc: phap tuyén (Az) va phuong
nam ngang (Ax) va (Ay), khdi gia trong s&
chuyen dong thang dung 1am cho thanh dam bj
bién dang. Su bién dang gdy boi cac thanh phan
gia tbc dan t6i thay dbi ung suét trén thanh
dam. Hinh 5 13 két qua phan tich phan bd cua
cac thanh phan tng suat doc theo cac thanh
dam khi chiu tac dung boi gia tbc theo phuong
0Z, OX va OY. €6 thé thay, ing suit doc gay
boi gia toc theo phuwong Z 1a nhu nhau va dbi
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xtng trén bon thanh dam, trong khi do cac
thanh phan ng suét vudng goc déu rat nho, va
vi vy c6 thé bo qua. Pbi v6i bién dang trong
mit phing chira phuong OX va OY cia cam
bién, tmg sudt doc cuc dai trén cic thanh dam
c6 phuong vudéng goc 16n hon so véi trén thanh
dam song song v6i phuong gia tdc tac dung.
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(c)
Hinh 5. Phdn bo img sudt doc theo cdc thanh
dam nhay co chiu tac dung cua gia toc theo

phuong 7 (), Y(b), va X (c) nhdn duwoc tir phép
phan tich FEM
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Pé dam bao tin hiéu trén cac cau dién tré
khong anh huong chéo 1an nhau, cac ap dién tro
do gia toc theo phuong OX s& dugc dat trén
truc nam theo phuong OY, va tuong tu cac ap
dién tré do gia toc theo phuong OY duoc dat
trén truc nam theo phuong OX.

Y <170>

X <110>

Hinh 6. Cau hinh phéi tri cdc dp dién tro

Trén co so cic két qua trén day co thé
dua ra mot phdi tri cdu hinh ciu dién tré
Wheatstone dé lay dién ap tin hiéu ra (hinh 6).
Gia tri cuc dai ciia ing suat xuét hién trén thanh
dam & cac vi tri cach khung ctig c& 10+15 pm.

Phan tich dj nhay

Phép phan tich nay cung cdp su phu
thudc ctia @6 nhay linh kién vao su thay ddi cua
chiéu day, chiéu rong cac thanh dam va khoi
luong khdi gia trong. Két qua mo phong trén
hinh 7 cho thay do nhay ty 1& thuan vé&i khdi
luong khdi gia trong, ty 1¢ nghich véi chiéu day
va chiéu rong thanh dam.

Dé& dang nhan ra rang, day la sy phu
thudc phi tuyén, trong d6, d6 nhay thay doi rat
manh theo chiéu day thanh dam. Ciing tir cac
két qua nay ta thiy do nhay cua gia toc theo
phuong Oz nho hon d§ nhay theo phuong Ox
va Oy (hinh 7a va 7b). B9 nhay theo phuong
Ox va Oy c6 su chénh Iéch 1a vi trong thiét ké
vi tri cua cac ap dién tr¢ trén bé mat cam bién
khong nhu nhau do déi hoi cua viéc chay day
dan trén bé mat ciu trac nhay co khi thiét ké
cAu tric thuc. Trong khi do, khi khéi lugng
khdi gia trong nho thi d6 nhay cua gia téc theo
phuong Oz I6n hon theo phuong Ox va Oy
(hinh 7c). Tuy nhién, khi ting khéi luong khéi
gia trong, do nhay theo phuong Ox va Oy tang
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nhanh hon va dan téi do nhay theo cac phuong
d6 16n hon do nhay theo phuong Oz.
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Hinh 7. Sy phu thugc cua do nhay theo chiéu day (a), chiéu rong thanh dam nhay co (b), va khoi lwong
khoi gia trong (c) nhdn dwoc tir phép phan tich FEM

V.

KET LUAN hoc ctia thanh dam va khéi gia trong anh huong

A A R . ., manh t&i d6 nhay cua cam bi€n gia toc.
Tan s6 dao dong ri€ng cuia cac mode dao

dong theo phuong vuong goéc va song song
v6i bé mat khoi gia trong di dugce xac dinh.
Két qua mod phong phan bd mg suét trén cac
thanh ddm d3 dinh huéng cho thiét ké b tri cac
ap dién tr& mot cach tdi wu. Kich thuge hinh
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