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M6 phong hoat dong cua linh kien QCM 10
MHz khi hoat dong dudi sy anh huong cua
luu chat theo phuong phap trudong cap doi
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TOM TAT

Bai bao nay trinh bay viéc mé phong hoat
dong linh kién vi can tinh thé thach anh OCM voi
tan sé cong hwong 10 MHz khi hoat déng trong
méi triwong luu chat (mau, nuée, dung dich ¢é do
nhot cao ...). Do linh kién QCM hoat dong trén
chdt nén la tinh thé ap dién nén viéc mé phong
phdi sir dung phan tir ¢ hé tro thudce tinh dp dién
(SOLID 226). Viéc xdc dinh wng xw cua linh kién
trong luu chat 1a rdt quan trong khi hwéng dén
cde tmg dung thuc té. Dua trén phirong phdp

truong cdp doi heu chdt-cau tric, hai phirong
phdp mé phéng phan tir hitu han va dong luc hoc
lweu chat sir dung phan mém Ansys Mechanical va
ANSYS Fluent da dugc thuc hién nham xdc dinh
cdc tin hiéu dau ra. Phiong phdp dinh lwong
chdt tdi trén bé mat linh kién ciing da budc dau
duoe xdy dung nham tao dwong chudn lam co sé
hdng dén g dung trong cam bién sinh hoc va
hoa hoc.

Tir khéa: linh kién vi cdn tinh thé thach anh, QCM, FSI, Ansys Fluent, Ansys Mechanical, CFD

GIOI THIEU

Ngay nay, cac linh kién vi co dién tir dang
duoc nhiéu sy quan tim nho wu diém nho gon, do
chinh xac va d6 nhay cao, kha nang ung dung
rong rai trong hau hét cac linh vuc nhu tw dong, y
té va truyén thong. Céc linh Kién vi co dién tur c6
thé chuyén doi va truyén tai tin hiéu, ciing nhu
kha niang cam nhan dugc moi trudng xung quanh
dua trén sy thay doi céc tinh chat vat ly khéc
nhau. Mot trong sé d6 1a hiéu tmg ap dién khi
chit nén cua linh kién c6 kha ning chuyén doi
nang luong dién thanh dao dong co hoc va nguoc
lai. Céc linh kién 4p dién dugc phan loai dua trén
kiéu dao dong co hoc cua phan tir chit nén, dién

hinh 1a vi can tinh thé thach anh QCM (Quartz
Crystal Microbalance) v6i dang dao dong séng
truot theo chiéu day (Thickness shear mode).
Viéc quan séat cac phan bé wng suit, sy suy hao
nang lugng hay tng xir bé mat caa linh kién
QCM trong diéu kién hoat dong dua trén thyc té
la cac yéu t6 can thiét trong viéc ché tao va
hudng dén ung dung loai linh kign nay trong cam
bién sinh hoc. Md phong ludn la mét qua trinh
can thiét dé giam thiéu thoi gian va chi phi thuc
hién truéc khi ché tao linh kién.

Hién tai, da c6 nhidu nghién ctu vé& viéc md
phong hoat dong cua linh kién QCM, tuy nhién,
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viéc khao sat anh huong truc tiép cua luu chét
dén hoat dong cua linh kién QCM la khong
nhiéu, c6 thé ké dén mot sb nghién ciu tidu biéu
nhu cong trinh “Design and simulation of flow
cell chamber for quartz crystal microbalance
sensor array” cua tac gia Jaruwongrungsee, K ,
hoac “Simulation of sample transport” cua tac gia
Mats Jonsson, cac nghién ctru nay da co6 xem xét
dén dap tng cua luu chat xung quanh va trén bé
mat linh kién, tuy nhién van chua xem xét dén
hién tuong tiéu tan nang lugng gay ra tan sé giam
chin cho linh kién.

Trong bai b4o ndy, nhém nghién ctru di tién
hanh m6 phong hoat déng cua linh kién QCM
trong moi truong luu chat. Quy trinh md phong
dugc xay dung theo phuong phap truong ciap doi
(Fluid Structure Interaction). Pay la phuong phap
tinh toan két hop giita phwong phap phan tir hiru
han va dong luc hoc luu chat. Phuong phap nay
cho phép tinh toan dwgc qua trinh tuong tac gitra
linh kién vai luu chéat ngoai théng qua céc bién
truong cap doi. Phuong phéap dinh luong chat tai
trén bé mat linh kién ciing da budc dau duoc xay
dung nhiam huéng dén (ng dung trong cam bién
sinh hoc va héa hoc.

VAT LIEU VA PHUONG PHAP
Vit liéu

Dé khao sat anh huong cua luu chit 1én hoat
dong cua linh kién QCM, chdng toi tién hanh
phan tich ning lugng tiéu tan thong qua hé sé
giam chan cua tin hiéu thu duoc tir qua trinh phan
tich qua do (transients). Muc dich cta viéc nay la
nhiam xac dinh su tiéu hao nang lugng do do nhot
clia luu chat anh huéng vao qué trinh hoat dong

Néng luong trong quéa trinh dao dong cua
linh kién tiéu tan dan 1a do anh huéng cua luu
chat xung quanh. Vi vay, muén xac dinh dugc hé
s giam chan thi phai thiét lap dwoc mé hinh
tuong tac giita hai mién luu chit va ciu tric. Bai
toan dugc ching toi dat ra gin véi dap wng thuc
té nhat 12 bai toan cau trdc linh kién QCM khi

hoat dong co twong tac véi mién luu chat xung
quanh ¢ nhiét do on dinh. Day 1a trang thai tuong
tac qua lai hai chiéu (two ways).

Véi ciu triic di c6 duoc ang voi ting ving
tan s hoat dong, nhém tiép tuc sir dung phuong
phap phan tich twong tic giita cdu triic va luu
chat, tuy nhién, trong giai doan nay, luu chét sé 1a
dung dich long va cé cac tac nhan hda hoc bam
vao bé mat dién cuc. Qua trinh nay nham cung
cap cai nhin truc quan vé déap tng cua linh kién
QCM khi hoat dong trong moi truong long véi
vai tro la cam bién sinh hoc, tir day c6 thé lap ra
co so dir liéu nham d6i chiéu két qua do dac sau
nay. Qua trinh phan tich cac dap ng cua tinh thé
khi ¢ dién ap duoc thiét lap véi dau vao 1a diép
ap kich 5 V trong khoang thoi gian 0,39964 pus.
Sau d6 tién hanh cét tai (bo dién ap kich) va phan
tich dap mg dau ra. Twong ng véi thoi gian ldy
mau 1 0,0004 ps. Hinh 1 trinh bay quy luat gia
tai dién &p kich thich vao linh kién QCM 10
MHz.
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—
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I
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Hinh 1. Dién ap kich thich dat vao linh kién

Phwong phap

Quy trinh mé phong linh kién QCM duoc
tién hanh trén co so phuong phap phan tir hitu
han va phuong phap dong luc hoc luu chét. Vai
trd ciia phuong phap phan tur hitu han 1 tinh toan
ra (ng suat, bién dang, chuyén vi cua linh kién
khi kich thich dién &p. Dir liéu chuyén vi s& duoc
giri sang phan tinh toan dong luc hoc Iuu chat voi
vai tro nhu tham sé dau vao. Tai day, phuong
phap dong luc hoc luu chat s& dya trén chuyén vi
va tinh toan ra gia tri 4p suit tai toan bo cac khu
vuc ¢6 lién quan trong mién Iuu chét. Dir liéu ap
suit nay s& duoc gui truc tiép va duge xem nhu
dau vao cua qué trinh tinh toan cau tric. Qua
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trinh tinh toan lap véi su trao di théng tin vé
chuyén vi va &p suét giita hai phuong phap sé
duoc tién hanh lién tuc.

ién dp kich thich dau vao

Phan tir 4p
dién

Tinh todn theo thi gian
(Transient analysis)

{

Tin higu thu duoc

|

Hinh 2. Qua trinh thyc hién dya trén phuong phap
truong cap doi

Phuong phap phan tir hitu han véi su hd trg
ctiia phan mém ANSYS Version 15 dugc st dung
dé phan tich dap ng cua linh kién trong truong
hop dinh lugng chat tai trén dién cuc, module st
dung 1& ANSYS Transient va ngdn ngir lap trinh
tinh toan MATLAB dugc sir dung dé xu ly tin
hiéu va phan tich tan s6. M6 hinh dugc xay dung
bao gdm mién luwu chat va mién ciu tric, bé mat
tiép xUc gitra hai mién goi 1a cac interface. Diéu
kién bién cau tric cua cam bién gia téc duoc mo
ta nhu trong mo hinh giai tich, diéu kién bién luu
chat bao gdm hai bién wall thay thé cho phan dé
thach anh, cac bién interface duoc thiét lap tai bé
mit tiép xc vé6i cdu trdc cam bién. Piéu kién
thuc hien mé phéng la & nhiét ¢o 25 °C, mo hinh
dong chay tang, khong khi dugc xem nhu khi 1y
tuong, ap suit du bang 0 atm, 4p suat khi quyén
1a 1 atm, van téc dong khi ban dau bang 0 m/s.
Mo hinh phén tich dugc trinh bay théng qua Hinh
3.

Mass21
Shell
L3
LLAAAL NI AL LAl LAl lh L ",
-
. 3
Solid226
CP Node Support

Hinh 3. M6 hinh linh ki¢n QCM véi chét tai ¢ trén bé
mat dién cuc trong moi truong luu chat

Mo hinh dugc Xy dung trong khdng gian ba
chiéu (3D) va sir dung phan tir bac hai nham ting
dd chinh xéac cua két qua phan tich. Dit liéu dau
ra s€ thdng qua cac phép phén tich va xir ly tin
hiéu nhu phan tich twong quan, phan tich tin hiéu
trén mién tan s (Fourier) dé tao co so dit lidu.
M6 hinh phan tir hitu han cua linh kién QCM
dugc xay dung bang phan tir SOLID226 c6 hd
trg phan tich hiéu tmg 4p dién (Piezoelectric). S6
bac tu do tai mdi nat 1a 3 bao gdm chuyén vi theo
phuong x, y, z (Ux, Uy, Uz) va dién ap (VOLT).
Phan tr MASS21 duoc sir dung dé mé hinh héa
phan tir khi bam trén bé mat mang cam bién va
¢6 xét dén quén tinh cua khéi lugng. St dung ky
thuat rang budc diém (CP Node) ¢é md hinh héa
lién két giira dién cuc va tinh thé thach anh. Qua
trinh phén tich st dung ky thuat dap ung qua dé
(transient) va tinh toan bang phuong phap chdng
chat (superposition). Vat liéu dung trong md
phong dic trung boi cic ten xo bit ding hudng
va phu thudc vao goc quay tinh thé. Két qua toan
bo qua trinh dugc danh gia dua trén d6 su suy
hao ning luong va do dich tan sd.
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Hinh 4. M6 hinh 3D cua céq tric va bién dang luédi
sau khi thiet 1ap

Hinh 4 trinh bay giai doan tién xtr Iy voi hai
bude co ban Ia thiét ké md hinh 3D va chia ludi
mé hinh. Lugi dugc chia theo ciu tric hinh luc
dién voi sé phan tir 1a 20420 phan tir bac nht
(khéng c6 nit gitra) v6i mat do déu nhim tang do
chinh xac nhung kich thudc cdc ma tran khong
I6n nhu ding phan tir tam giac. Tiéu chi chia lu6i
duogc xét dén la skewness nho hon 0,4; aspect nho
hon 2 d tranh hién twong dominate giira c4c ma
tran khi Iip ghép, va jacobian 16n hon 0,8 nhiam
tranh sai sd khi chuyén vé& phan tir cha trong
khong gian tham chiéu, muc dich 1a ting toc do
hoi tu nghiém trong qué trinh phan tich theo thoi
gian va tranh sai s6 do mapping dua trén co s
phan tir tot hon.

Qua trinh mo phong sir dung trinh giai MFX
trong méi truong ANSYS Workbench thdng qua
module phan tich Transient — dic trung cho céu
trdc va module phan tich CFX — dic trung co luu
chit nhu Hinh 5.

Project Schematic * X
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Hinh 5. Luu db phén tich va tinh toan trudng cap doi (FSI)
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KET QUA

Két qua toan bo qua trinh dwgc danh gia dya
trén phd tng suét - chuyén vi cua linh kién QCM,
tin hiéu chuyén vi thu dugc theo ba phuong va
phd tan sé dap tng cua linh kién.

L4EIE-13 _Z65E-03 _522-03

38TE-02

T84E-03 LOEE-17
EE1E-13 LBZEE-13

Hinh 6. Phd chuyén vi cta linh kién

132208

115217

Hinh 6 cho thiy két qua phan bd chuyén vi
cia linh kién QCM trong diéu kién co tai, ké
dén, tién hanh phan tich tin hiéu thu duoc tir mot
diém trén dién cuc, gia tri va dang cua tin hiéu
dau ra dwoc trinh bay trong Hinh 7.
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Hinh 7. Dang tin hiéu thu giuqq tir dién cuc theo ba
phuong cta linh ki¢én QCM tan s6 cong huong 10 MHz

Két qua cia quéa trinh md phong truong cip
d6i duoc trinh bay trong hinh 7, dir liéu chuyén vi
theo thoi gian ké tir sau khi kich thich dao dong
c6 dang ham diéu hoa voi bién do tat dan. Bién
d6 dao dong cua linh kién QCM bi tit dan trong

5

«10°

mot chu ky dau tién ké tir khi kich thich. Bén
canh d6, nhém ciing phén tich va tinh toan ra gia
trj tan s trong truong hop c6 tai va khong tai vai
mot hang sé d6 nhét ¢d dinh. Két qua duoc trinh
bay & Hinh 8

s Loading

Non-Loading

08 [
06

04 .-

Amplitude (m)

02

TR Y O W PSS RO i

0.0 i i

090 092 094 09 098 100 102 1.04 106 1.08

Frequency(Hz)
Hinh 8. Phé tin s ctia linh kién

Phé tan s6 thu duoc sau khi phan tich cho
thay két qua tan sé cong huong hoi tu tai 9,9965
MHz, xap xi gia tri tan sé lya chon thiét ké ban
dau theo phan tich dap ung diéu hoa. Do d6, mo
hinh phan tir hitu han sir dung dé phan tich tng
xur cua linh kién c6 thé chip nhan dugc. Ké dén,
nhém tién hanh phan tich trudng hop linh kién da
phi mang cam bién va hoat dong trong cac moi
truong luu chat khac nhau.

Dé x4c dinh cu thé gia tri hé s6 giam chin
tng vai ting hé sé do nhét luu chat, nhom tién
hanh phan tich nhiéu thong sé do nhot. Két qua
duoc trinh bay trong Bang 1.

Béing 1. Gia tri h¢ s6 tit dan, tan sb giam chan, sb
squeeze va d6 dich tan sét theo do nhat

bonhét | o5 | 505 | 001 | 0005
(kg/ms)
Tén s6 giam
chin (MHz)| 9887 | 9901 | 9928 | 9,977
S6 Squeeze | 2,556 | 2,246 | 1,989 | 1,775
HEsotat | g a53 | 0784 | 0632 | 057
dan
Pj dich tin
s& (MHz) |0,1095 | 0,0955 | 0,0685 | 0,0195
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M&bi quan hé giita do dich tan sé va do nhat
cua chit tai. Do nhét thay do6i trong khoang tir
0,005 dén 0,1 kg/ms. D6 thi do dich tan sb so Vi
tan sé cong huong cua QCM vaéi gia tri ¢ nhat
ludn lién tuc, va vai cung véi mot gia tri do nhot,
d6 dich tan s ludn I6n khi QCM dang hoat dong
& tan s6 cao hon. Ngoai ra, ti 1¢ gia tri I6n nhét va
nho nhit caa d6 dich tan sé & cing maot hai trén
cung mét linh kién QCM luén trong khoang gan
bang 10 twong tng véi do6 nhot 0,1 kg/ms la
0,1095 MHz va dd nhét 0,005 kg/ms la 0,0195
MHz va, diéu dé cho thiy ti 1¢ anh huéng cua do
nhét 1én linh kién QCM a khé& gidng nhau khi
linh kién QCM chiu tai khac nhau. Nhu vay, c6
thé két luan, do dich tan sd cong huang cua linh
kién QCM phu thudc vao tan sé cong hudng co
ban ciia nd. Khi tan s6 cong huong co ban cang
Ién thi d6 dich tan sé cang Ion. Diéu nay phi hop
véi ly thuyét cua Sauerbrey va Kanazawa [5, 6].

Nhu vay, véi mdi linh kién QCM c6 tan sb
cong huong co ban khac nhau, ¢ thé xay dung
dugc cong thuc tuyén tinh gan dung nhat, va khi
tién hanh sir dung QCM trong thyc té, théng qua
viéc tién hanh do dac téi thiéu it nhat bon lan két
hop v&i cac phuong phap chon két qua s& dua ra
gia tri do nhét cua chat tai gan ddng nhat. Nham
hudng dén ng dung trong sinh hoc, bén loai luu
chat duoc chon 1a méu, nuéc, dung dich véi cac
d6 nhét khéc nhau véi cac gid tri lan luot 12 0,003

kg/ms, 0,0032 kg/ms, 0,0034 kg/ms va 0,0036
kg/ms. Két qua duoc trinh bay ¢ Hinh 10.

QCM 10MHz

— Load 1}
-~ Load 2}
Load 3

——Load 4|

Frequency s hift Hz]

Hinh 10. D4 thi thé hi¢n sy thay doi do dich tan s6 cia
linh kién QCM tan so cong hug’mg 10 MHz véi bon
loai Iuu chat

KET LUAN

Nhom nghién ciru da trinh bay dwoc quy
trinh mé phong (ng xir cua linh kién QCM trong
mdi truong luu chit. Nhom ciing di khao sat
dugc hoat dong cua linh kién QCM trong diéu
kién binh thuong va khi c6 tai voi két qua gan
dung trong mbi truong md phong  Ansys
Mechanical va ANSYS CFX dua trén phuong
phap truong cap d6i FSI. V&i thanh qua nay
nhém da bude dau xay dung duoc phuong phap
dinh lugng chit tai théng qua xir ly tin hiéu s6
ngd ra cua linh kién QCM. Pay chinh 1a tién dé
quan trong dé nhom nghién ctru hudng dén viéc
{ing dung vao linh vuc cam bién trong tuong lai.
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Simulating the operation of 10 MHz quartz
crystal microbalance under the effection of
fluid used couple field method
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ABSTRACT

This article presents the simulation of
operation of 10 MHz resonance frequency quartz
crystal microblance device QCM in case of fluid
domain (blood, water, high viscosity fluid ...).
Because QCM device operates in piezoelectric
substrate, simulation has to use the structure-
electric couple field element (SOLID 226).
Determination of behaviors of device in the case

of fluid domain is important for applications.
Couple field method (structure-fluid) including
finite element method and computational fluid
dynamic method was used to determine output
signals. The loading quantitative method on
surface’s devices was built for the applications in
biological and chemical sensors.

Key words: quartz crystal microbalance device, QCM, FSI, Ansys Fluent, Ansys Mechanical, CFD
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