NGHIEN CUU - TRRO PO
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Bai bao trinh bay viéc tdi wu thiét ké va mo phdng hoat dong ctia linh kién séng am
bé mat SAW vdi tan sd cong hudng 120 MHz. Phuong phéap chon loc Taguchi, md hinh
phan ti hifu han va mach dién twong dwong da dugc phdi hop st dung dé dua ra cau
tric tdi wu cha linh kién SAW, dép (ing cac tiéu chi vé do nhay va dé chdng nhiéu. Bén
canh dd, phuwang phap dinh lugng tai hap thu trén bé mat ciing da dugc xay dung nhdm
huéng dén @&ng dung linh kién SAW Iam cam bién hoa hoc va sinh hoc.

Tir khéa: linh kién séng 4m bé mat, SAW, cam bién, phuang phap Taguchi, mé phéng,

ANSYS, Matlab.

SIMULATION OF THE; OPERATION
OF 120 MH, 8AW DEVICF, WITH THE,
STRUCTURE &FLECTED FROM THE,

TACUCHI METHOD

Summary

This article presents an optimal design and
operation simulation of surface acoustic wave
(SAW) device with a resonant frequency of
120 MHz. The Taguchi selection method,
finite element model and equivalent circuit
have heen used to figure out the optimal
structure of SAW device, in terms of high
sensitivity and signal/noise criteria. In
addition, quantification of the gas load
absorbed on the device surface has also
been developed, which could potentially open
new ways for SAW devices being used as
chemical or biological sensors.

Keywords: Surface Acoustic Wave (SAW)
devices, sensors, Taguchi method,
simulation, ANSYS, Matlab.

Gioi thieu

Bat dau ti nhiing ndm 70 cla thé ky trudc, linh kién séng
am bé mat (Surface Acoustic Wave - SAW) da dugc s dung
phé bién trong céc thiét bi dién tl vién théng nhu b loc tan
s8, bd dao dong, bd chuyén déi.. Ngay nay, linh kién nay
khong ngling dugc mé rong sang linh vuc céng nghiép, 6 10,
y t€, moi trudng, va dac biét la trong dan dung nhu lam cam
bi&n khi, dd 4m, nhiét do, khéi lugng..[1].

Trong tuing Ung dung khac nhau, céc linh kién SAW phai
c6 tan s cong hudng tuong thich, phan bé trong dai réng ti
0,01 dén 2 GHz, va dugc quyét dinh bdi cac théng s6 cau tric
cla linh kién [2]. Do do, viéc thiét k& cau tric va mo phdng
hoat dong cla linh kién SAW c¢6 cac thong s6 thich hop 1a hét
stic can thiét. Tan s6 cong hudng can phai dam bao do nhay
cta linh kién va khong qua khé khan trong viéc ché tao ciing
nhu xU ly tin hiéu. Cac thong s6 nhu sé cap ngén cla IDT
(Inter-Digital Transducer), khoang cach gilia cac ngén, kich
thudc mang dan séng so véi budc song, bé day va vat liéu
lam chat nén.. 1a nhiing yéu t6 quyét dinh kha nang hoat dong
clia linh kién va ching tac déng qua lai 1an nhau. Trong qua
trinh thiét k&, hé s& phadm chat (d6 nhay va ty 1& tin hiéu trén
nhiéu) cla linh kién la mot trong cac tiéu chi quan trong nhat
dé so sanh va lya chon c4u tric. Bén canh doé, cac nghién
cliu vé hoat dong cla linh kién SAW khi c6 tai trén bé mat
van chua dugc quan tam ding muc. Vi thé, viéc xay dung
mot quy trinh thiét k& chat ché va moé phong hoat dong cla
linh kién trong ca diéu kién c6 tai 1an khong tai 1a mot yéu cau
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cép thiét.

Bai bao nay trinh bay cac két qua nghién cliu cac
van dé néu trén. Quy trinh chon loc céac thong s6
cdu tric dugc thuc hién theo phuong phap Taguchi.
Phudng phap dinh lugng tai trén bé mat linh kién dé
tao dudng chudn da dugc xay dung nhdm huéng dén
ung dung trong cam bién héa hoc va sinh hoc. Hinh 1
la mo hinh cla linh kién SAW c6 trang phu I6p mang
cam bién trong khoang khong gian truyén séng gilia
hai IDT.

IDT déu vao IDT dau ra

Mang cam bién

si_”

()

(b)

Khi mu tac

Mang polymer (PECH)
Chét nén (Thach anh)

IDT ngd ra

IDT ngd vao

Hinh 1: mé hinh linh kién SAW. Mé hinh hinh hoc (a), mé hinh
phén ti hiu han (b)

Quy trinh thiét k& cu truc linh kién SAW dugc tién
hanh trén co sG van dung phuong phap chon loc tdi
uu Taguchi nhdm muc dich rut ngan thai gian va khéi
lugng dii liéu can phan tich, ma van dam béao dugc
su lya chon céc thong sé cau tric tot nhat. Viéc tao
co s& dii liéu Ging xU cla linh kién dé tién hanh chon
loc dudgc thyc hién dya trén md hinh mach dién tudng
duang va phuang phap phan ti hiiu han. Ngén ngii 1ap
trinh tinh todn Matlab dugc s dung dé phan tich mé
hinh mach dién tuong duong va x{ ly di liéu sau khi
moé phong, déng thdi phan mém ANSYS dudc ding
dé phan tich (ing x{ c&u tric theo phudng phéap phan
tl hitu han. Quy trinh thiét k& linh kién SAW dudc xay
dung nhu hinh 2.

| PAU VAO | ‘ DU LIEU ‘ | PHAN TicH | ‘ TOI UU ‘ | UNG DUNG |
T T T T
LUA CHQN mmﬁg écso MO HINH MACH PHUONG MO HINH
TAN SO THANH PHAN PIEN TUONG PHAP PHAN TU
THIET KE CAU TRUC PUONG TAGUCHI HUU HAN

Ll—[]—[] ][]

Hinh 2: quy trinh thiét ké c4u trdc linh kién SAW

Lya chon tan sé cdng hudng va théng sé céu
truc
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Trudc tién, nhém nghién cliu xac dinh tan so thiét
k& thich hgp cho linh kién. Tan sé riéng cla dang dao
déng séng Rayleigh trén bé mat tinh thé phu thudc
vao hai théng sé la van toc truyén séng va budc song
theo cbéng thuc:

f device — ”y”a” (1 )

‘design

Trong do, van toc lan truyén song V. POU thudc
vao tinh chat c6 hoc cla tinh thé vat liéu dugc chon
lam chat nén. Do do, doi vdi tling loai vat liéu chat nén,
tan so thiét k& sé dudc chon lya chl yéu dya vao budc
song ldes/ ” hay chinh xac han la phu thudc vao thong

s6 hinh hoc clia bo tao séng. Budc song cang ngan
(tdn s6 cang cao) thi linh kién sé& cang nhay nhung
kém theo do 1a tin hiéu sé giam dan ngang mUC nhiéu,
gay sai léch tin hiéu va khé ché tao. Vi vay can luu vy,
tan sé t6i uu chi mang tinh tugng déi, va viéc lya chon
tan so thiét ké phai phi hgp vdi tiing ting dung va thoa
man cac tiéu chi nhu hinh 3 [3].

Tan s6 cao D6 nhidu
(d6 nhay cao) cao

Khéi lugng cin
phat hién bé (ng)

Kho ché tao
— Cong nghé MEMS

Hinh 3: cac tiéu chi lua chon tan sé hoat déng

P&c trung cla linh kién SAW 1a c6 thé kiém soat
tan sé hoat dong théng qua cau trac IDT, do d6 cé rat
nhiéu tan s cong hudng cé thé dudc lya chon. Nh&dm
hudng dén tng dung trong cdm bién héa hoc va sinh
hoc véi ngudng phat hién thap (ppm), nhom nghién
cliu da chon tan sé linh kién SAW trong khoang 120
MHz lam tan s6 thiét k&. Tan s6 nay dam bao yéu cau
vé do nhay cao, dé& ché tao bang cong nghé MEMS |2,
3] va dac biét la kha nang xU ly tin hiéu [4]. Khi tan s6
cdng hudng qua cao (GHz), viéc thiét ké va ché tao
mach x0 ly sé trd nén phuc tap va tén kém, gay kho
khan trong viéc Gng dung vao thuc t€. Bing cach sU
dung ky thuat dap Gng diéu hoa véi nguon kich thich
la dién ap, gia tri tan sé tinh toan dugc la 120,15 MHz
nhu trong hinh 4.

e Fa ]

Hinh 4: phan tich dap (ng diéu hoa bang phuong phdp phan ti
hdu han



Duya trén cac tai liéu tham khao [2, 3], nhdm nghién
cliu dua ra céac thong s6 cau tric can dugc phan tich
dé xac dinh ban thiét k& t8i uu cho linh kién SAW. o)
day nhom chi tién hanh so sanh hai vat liéu ap dién
phé bién dung cho linh kién SAW 1a Quartz ST cut X
va LiNbO, cut Y.

Béng 1: céc théng s6 c4u tric cdn xem xét

Théng s8 cdu tric | Ky hiéu Lua chon 1 Luachon2 | Luachon3
Chét nén A Quartz ST cut X | LiNbO, cut Y
Bé day chét nén B 104 201 401
S6 cap ngon IDT (o] 20 40 80
Chiéu dai mang D 501 50;& 50;%
Chiéu rong mang E 25K 257& 25;%

Linh kién SAW c6 5 thanh phéin cdu tric quan
trong can xem xét ky hiéu ti A dén E, va mdi yéu to
sé cO tu 2 dén 3 lya chon nhu liét ké trong bang 1. o)
day, khoang cach gilia cac ngdén dién cuc co gia tri
bang vdi kich thuéc ngdén nham dam bao bién dang
séng Rayleigh tao thanh. Cu hai c&p ngén ké nhau sé
tao thanh mot budc song, vi vay bé rong va khoang
cach ngon co gia tri bang nhau va bang A/4. Chiéu
dai ngon (do chéng dién cuc) va bé day dién cuc ty 1é
thuan véi ty 1é tin hiéu trén nhiéu [3] nén dugc chon
séat bién cla chat nén. Bén canh do, khéng gian lan
truyén song (khoang céach gilia hai IDT) ty 1é nghich
vGi s6 cap ngén. Theo nguyén téc thong thuong can
phai ti€n hanh mo phong dap tng dau ra clia mot t6
hogp 2 x 3 cdu tric dé xac dinh thiét k& t6t nhat. Tuy
nhién, phudng phap Taguchi chi chon cac cau truc
chli yéu dé khao sat ma van dam bao dugc tinh téng
thé clia nghién cuiu [3]. Theo bang Taguchi, ching ta
chi can ti€n hanh mo6 phong va so sanh két qua ciia 18
cau tric nhu trong bang 2.

Bang 2: danh sdch cédc c4u tric can tién hanh so sanh
theo Taguchi

Cau tric
01020304 /0506|0708 09|10 111213 [14]15/16[17 |18
Attt )ttt 1ttt p21212(2(212(112|2
2 Bt |1 |1 222|333 |1 |1|1]2]2|2|3|1]1
= | C 11213 (11231231283 |1]2[3[3|1]|2
x D123 1|2 83|2 |3 |1 |3 [1]2]2[3]1|1|3]|1
Ej1 (2323112331 |2[3|1|2[3]3]1

Phén tich sé liéu va lua chon céu triuc

Co sé dii liéu cho qua trinh phan tich va lua chon
la do dich bang théng tan s cla cac cu tric dudc
dé ra trong bang 2. Mé hinh mach dién tuong dudng
dugc thiét lap vai tham khao ti [5], bao gdm ba thanh
phan chinh: hai thanh phan cta IDT (m&c dinh la giéng
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nhau) va thanh phan cGa mang cam bién. Ngoai ra
con ¢é mach dién cung cdp ngudn cho IDT ngd vao
nhu trinh bay trong hinh 5. Trong d6é R va Lcla dién
tré va cam khang tudng derng nguon C E} dlen dung
gan cac cap ngon, G, va B, la gla tri do dan dién va
gla tri do nap dién cla IDT Z la trg khang bé mat tinh
thé, Z_la tré khang bé mat Idp chat tai.

Mang cam bién

Hinh 5: mé hinh mach dién tuong duong cua linh kién SAW

Theo mé hinh trén, ta sé tinh toan dugc gia tri thay
déi tan s6 khi c6 tai va khong tai [5] 1am dau vao cho
phuong phap ANOM va ANOVA theo cbéng thuc:

AW =2 5 n Jo M, (2)
N N-p, h 4

Phuong phap ANOM dugc st dung dé xem xét sy
anh hudng cla tling thanh phan c&u trdc 1én do nhay
va ty 1é tin hiéu trén nhiéu cuta linh kién theo coéng
thuc: n )

2 (x; =)
ssT=SS i (3)
n n

Trong do, x; la do nhay ho&c ty 18 tin hiéu trén nhiéu
trung binh cla tling Iya chon c&u tric (4;,4,...), x la
gia tri trung binh cla (4 +A2%, n la sd bac tu do

(dudc tinh bai s6 lua chon cta thanh phan cau truc tri
di mét), SS 1a téng d6 anh hudng dén gia tri d6 nhay
hodc ty & tin hiéu trén, SST la d6 &nh huéng trung
binh dén gia tri dd nhay hodc chéng nhiéu.

Thuat toan ANOVA dung dé tinh toan &nh hudng
cla tiing lua chon théng s6 cdu tric Ién hé s6 phdm
chat clia thiét k&. Hé s6 pham chat dugc thé hién qua
hai gia tri 1a d6 nhay va ty |& tin hiéu trén nhiéu.

Do nhay cla tling cau tric:

J
Zijij
B; S (4)

J
DM

J=1

Ty 18 tin hiéu trén nhiéu:
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i@AM%iﬁJMﬁ=22@f&Mj (5)

i=l j=1

VGi jla s6 thi tu bac lya chon gia tri dau vao (khoi
lugng), Yy la gia tri bang thong & lan md phong thi i X j
va B, du’dc xem la dd nhay cla ban thiét k& thd / [3].

Khao sat ung xir khi c6 tai

P& nghién ctu hoat dong cua linh kién SAW khi ¢
tai, mang mdng polymer PECH (Polyepichlorohydrin)
dugc trang phu trén bé mét linh kién nham hap thu khi
luu huynh mu tac (C,H,CLS) [6]. Day la mot chat doc
t€ bao, tac nhan lam phong da, hinh thanh mun nuéc
trén da khi tiép xdc. Khai lugng chat tai 1an lugt la M, =
11,8 ng, M, = 47,4 ng va M, = 106,6 ng tuong Ung vGi
néng do khi mu tac trong khong khi 1an lugt 1a 10 ppm,
40 ppm va 90 ppm nhu bang 3. Céc gia tri khdi lugng
chat tai nay han kém nhau nhiéu 1an c6 tac dung ting
do chinh xac khi théng ké két qua md phdng, dong thoi
xem xét anh hudng cla sy gia ting khéi lugng 1&n do
bién thién bang thong tan s8. Cac hé s& pham chat
cla tiing ban thiét k& bao gom dé nhay (B) va ty 18 tin
hiéu trén nhiéu (%V . Nhiing hé s6 nay dudc tinh toan
dya trén gia tri do giam bang théng thu thap dugc qua
cac lan mo phdng. Bén canh viéc hiéu rd hoat dong
cla linh kién, budc phan tich nay con minh chiing kha
nang s dung SAW trong viéc cam bién dinh lugng
cac tac nhan hoa hoc va sinh hoc. Khai lugng tuong
duong khi mu tac dugc tinh toan theo cong thuic:

Cx(m,,
Mgy = 6( : )
(10°-C)
Véi C 1a ndng dd khi mu tac trong khong khi, m, 1a
khéi lugng tudng duong cta 1 ml khéng khi.
M6 hinh phan ti hitu han linh kién SAW

(6)

Bang 3: néng dé va khéi lugng tuong duong cla khi mu tac
phén tan trong khéng khi

Nongdo (ppm) | 0 | 10 [ 20 [ 30 [ 40 [ 50 |60 | 70 [ 80 | 90 | 100

Khéi ligng tiong | 0 | 11,8 | 23,7 | 355 | 47,4 | 59,2 [ 71,0 | 829 | 94,7 | 106,6 | 118,4
duong (ng)

Phuong phép phéan ti hiju han véi su hé trg cla
phan mém ANSYS dudgc s dung dé phan tich tng xd
cla linh kién trong truéng hgp cam bién khi. M6 hinh
dudc xay dung trong khéng gian hai chiéu (2D) nham
giam thiéu thai gian tinh toan va phan tich. D liéu dau
ra sé thong qua cac phép phan tich va x{ ly tin hiéu
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nhu phan tich tuong quan, phan tich tin hiéu trén mién
tan s& (Fourier) dé tao co s& dii liéu. M6 hinh phan
ti hiiu han cia linh kién SAW dugc xay dung bang
phéan ti PLANE13 c6 hé trg phan tich hiéu ting ap dién
(Piezoelectric) nhu hinh 1b. §6 bac ty do tai méi ndit
la 3, bao gom chuyen vi theo 2 phuong x, y (U U)va
dién ap (VOLT). Phan ti MASS21 dudc su dung dé
mo hinh héa phan ti khi bam trén bé mat mang cam
bién va c6 xét dén quan tinh cla khoi lugng. S dung
ky thuat rang budc diém (CP Node) dé mé hinh héa
hai IDT dau vao va dau ra. Giai doan tién x{ ly st dung
phan mém chuyén dung la HyperMesh, lugi dugc chia
theo cAu truc hinh ti gidc véi s6 phan tl 1a 20420 phan
tli bac nhat (khdng co6 nut gitia) véi mat dd déu nham
tang doé chinh xac nhung kich thudc cac ma trdn khéng
I6n nhu dung phan ti tam giac, tiéu chi chia lugi dugc
xét dén 1a skewness nhod hon 0,4, aspect nho hon 2
dé tranh hién tugng dominate giia cac ma tran khi lap
ghép, va jacobian 16n hon 0,8 nhadm tranh sai sé khi
chuyén vé phan ti chl trong khong gian tham chiéu,
muc dich la tang té¢c do hoi tu nghiém trong qué trinh
phan tich theo thdi gian va tranh sai s6 do mapping
duya trén cd s& phan tl tot hon. Qua trinh phan tich
s dung ky thuat dap tng qua do (transient) va tinh
toan bang phudng phap chéng chét (superposition).
Vat liéu dung trong m6 phéng déc trung béi cac ten xo
bat dang hudng va phu thudc vao géc quay tinh thé.
K&t qua toan bd qua trinh dugc danh gia dua trén do
giam bang théng, sy suy hao nang lugng va do dich
tan so.

Kétqua
Cé4u truc t6i uu cua linh kién SAW

Dya vao di liéu tng x0 cla tling cu tric, nhém
nghién ctiu ti€n hanh chon loc t6i uu theo phuong
phap Taguchi. Bang 4 trinh bay két qua thu dugc sau
khi st dung thuat toAn ANOM va ANOVA. Trong do,
vat liéu chat nén (ky hidu A) Ia yéu t6 c¢é anh hudng
quan trong va ro rét nhat 1én do nhay va ty 18 tin hiéu
trén nhiéu clia cam bién (SSTgupsyiuy = 2,544 va SST
= 124,84). DAy chinh la van dé can quan tam dau tién
khi ché tao. Hai yéu t6 quan trong tiép theo 1a bé day
chéat nén (ky hiéu B) va sé cap ngon IDT (ky hiéu C).
Viéc lya chon cdp ngdén cé anh hudng SST= 1,991 va
ty I8 tin hiéu trén nhiéu 1a 46,333. Trong khi d6, thong
s6 bé day c6é anh hudng 1én doé nhay la SST =1,950
va ty | tin hiéu trén nhiéu la 1&n dd nhay tudng Ung
vGi SST = 38,697. Qua do6 cho thay, anh hudng cla
s6 cap ngon IDT nhiéu hon so véi anh hudng cla bé
day chat nén. Yé&u t6 chiéu dai (ky hiéu D) va chiéu
rong (ky hiéu E) mang cam bién dong vai trd cudi cling



trong kha n&ng anh hudng Ién phdm chat cam bién.
Do mdi thanh phan déu &nh hudng dén ph&dm chét cla
c4c cau tric nén dé phan tich do nhay hoac ty 1é tin
hiéu trén nhiéu cla mét thanh phan cdu tric bat ky,
ta can thdng ké két qua cla cac ciu tric dugc dé ra
theo bang Taguchi ma c4u tric dé co sy dong gop cua
thanh phan can xét, cac thanh phan con lai khong cé
dinh ma co6 gia tri phu thudc vao bang Taguchi.

Bang 4: két qué tinh todn su &nh hudng 1én phdm chét linh kién

cla ting thanh phan céu tric

Ky hiéu A B C D E
Do nhay (SST) 2,544 1,950 1,991 0,542 0,347
T§ 16 tin hiéu trén nhidu (SST) | 12484 | 38697 | 46,333 1,691 6,576

Nhém nghién ctu cling xem xét &nh hudng cla
tiing lya chon théng s6 cau truc 1&én hé s6 phdm chat
clia cac ban thiét ké. Yéu t6 A c6 hai lya chon 1a A,
(Thach anh ST-cutX) va A, (LiNbO,-cut Y). Theo hinh
6a va hinh 6b, ban thiét ke véi yeu t6 A, cé do nhay
trung binh va ty 1& tin hiéu trén nhiéu dat g|a tri cao hon
han so v6i cac ban thiét ké sl dung yéu t6 A,. Vi thé
yeu t6 A, dugc lya chon. Thuc hién tuong tu vdl cac
yeu t6 con lai, nhém nghién ctu da chon ra ban thiét
ké c6 thong so6 tot nhat la A B,C,D,E, (bang 5). Piém
dac biét khi s dung phUGng phap Taguchi la chi véi
18 1an mé phoéng, ta da chon ra dugc c4u tric tét nhat
trong téng thé 2 x 3¢ c4u tric can xem xét.
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Hinh 6: d6 nhay trung binh cla céc théng s6 (a) va ty Ié tin hiu
trén nhiéu trung binh cla céc théng sé (b)

Chat Vat liéu Thach anh ST cut X
nén Day 101X = 263 um
Ngén 20 (cap)

Khoang cach ngon A /4 =6.575 um

DT A /4 = 6.575 um

2021 /4 = 1.328 mm

Bé réong ngén

Khoang cach hai IDT

1
Dai 5027\, =1.324 mm

Mang
Roéng

1
2527» = 0.66 mm

Bang 5: théng sé thiét ké dugc lua chon tuong Ung vdi tan s6
120,15 MHz
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Hoat déng cua linh kién SAW va ung dung lam
cam bién khi

Hoat déng cla linh kién SAW: sau khi tim dudc céu
tric t6i uu, nhdm nghién cdu ti€n hanh mo hinh hoa
va phan tich hoat dong cua linh kién SAW khi c6 dién
ap kich thich £5(mV). Hinh 7 biéu dién sy lan truyén
séng trén bé mét tinh thé tai cac thai diém khac nhau
sau khi ngling c&p dién ap. Dua vao phé mau theo
chuyén vi cia mé hinh phan ti hiiu han, ta cé thé
quan sat dugc sy phan bé bién dang cla tinh thé theo
hai phuong x va y la khac nhau. Séng lan truyén theo
phuong y (tic thanh phan séng thaAm nhap vao bé day
tinh thé) bi suy hao nhanh chéng trong khodng mot
dén hai budc song. Thanh phan séng theo phucong x
thi lan truyén theo thdi gian va dén IDT dau ra.

Mang cam bién

Hinh 7: séng lan truyén trén bé mat tinh thé thach anh ST Cut X
saul5 ns (a) va 90 ns (b)

Tién hanh 14y dii liéu dao dong tai cac nut trén IDT
dau vao va IDT dau ra dé tao co s di liéu cho qua
trinh phan tich tin hiéu. VGi dién ap kich thich la mot
xung +5 (mV) tai IDT d4u vao, sau khi ngét nguén kich
thich, bién d6 dién ap tat dan theo thdi gian (hinh 8a)
va tao tin hiéu & IDT dau ra nhd sy lan truyén song
trén bé mét tinh thé (hinh 8b).
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Hinh 8: tin hiéu dién dp cla IDT ddu vao (a) va IDT dau ra (b),
vdi 1 time step = 1,67 ns
Dua trén tin hiéu thu dugc tu IDT dau ra cla hinh
8b, st dung thuat toan bién d6i Fourier nhanh (FFT)
dé phan tich phé tan s6. Trong bai b4o nay, phé dugc
phan tich theo muc suy gidm logarith clia nang lugng
tin hiéu dao dong.

Pa6i véi linh kién SAW chua c6 mang polymer, phé
tan sd thu dudc cho thdy tan sd cong hudng hoi tu tai
121,01 MHz (hinh 9). Gia tri nay x&p xi gia tri tan s6
lya chon thiét k& ban dau theo phan tich dap ting diéu
hoa (120,15 MHz). Do d6, mé hinh phan ti hitu han st
dung dé phan tich ting x{ ca linh kién 1a c6 thé chédp
nhan dugc. K& dén, nhdm nghién clu ti€n hanh phan
tich trudng hgp linh kién c6 phl mang cam bién.

FREQUENCY SPECTRUM
14 e g

! Frequency : 121.008 MHz |

Insertion Loss (dB)

AT L4 AN TR I L Y
W:v'wv W ‘WWV\JM 'Wv

ol

7 9 11 13
Frequency (H2) x 107

Hinh 9: phé tan cda linh kién (chua cé mang cdm bién PECH)

Ung dung lam cdm bién khi: dé ting dung lam cam
bi€n khi, mang polymer PECH dugc gia dinh trang phl
|&n trén bé mat linh kién SAW trong vlng gitia hai IDT,
nhd kha nang hap thu khi mi tac véi cac néng do khac
nhau. Qua trinh m6 phong mang PECH ciing st dung
phan ti PLANE13 tham chiéu dén cac nut trén cung
cGia mo hinh phan tl chat nén thach anh, tuy nhién,
vat liéu dugc thay déi cho phu hgp véi thude tinh 16p
mang, chi st dung ten x6 hang sé dan hoi, loai bd ten
X3 hang s6 ap dién va phi dién. Van s dung phuong
phap phan tich tin hiéu da dé cap, két qua phan tich
phé tan s6 trén hinh 10 cho thay, linh kién khi c6 mang
polymer bi gidm tan sd khoang 0,572 kHz so vGi khi
chua pht mang. Nguyén nhan sy giam tan sé nay la
do &nh hudng cla hiéu (ing khoi lugng mang polymer
tac dong lén bé mat tinh thé [7].
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Hinh 10: phé tan s& bi dich khi cé6 mang polymer PECH

Nhom tiép tuc tién hanh phan tich tuong quan tin
hiéu nham xac dinh mic ndng lugng ciing nhu thgi
gian lan truyén so6ng. Phan tich tuong quan chéo cho
k&t qua thdi gian lan truyén cla song ti IDT dau vao
sang IDT dau ra. Hinh 11 cho thdy thai gian lan truyén
c6 gia tri 424,7 ns khi khéng cé mang va 444,1 ns khi
c6 mang cam bién PECH. Qua trinh truyén song khi
c6 mang cham di mot khoang thoi gian 19,4 ns. Tién
hanh tinh toan gia tri van toc trong ca hai truéng hop,
ta thdy van téc lan truyén song giam di 4,377% khi
linh kién SAW dudc phd I6p mang PECH. Tinh toan
cu thé nhu sau:

s 1,338:107
v o == - =3150,6(m/5)
PR 424.681-107
s 1,338:10°
Vopey =— =——————— = 3012,7 (m/s)

t 444.119-10°

Trong do, s la khodng céach gitia hai IDT, t |a thoi
gian lan truyén song.
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Hinh 11: phan tich tuong quan chéo dua trén tin hiéu chuyén vi,
vGi 1 time step = 1,67 ns

Linh kién SAW véi mang PECH dugc khao sat hoat
dong lam cam bién khi, véi ndng dd khi mu tac thay
déi tir 0 ppm dén 100 ppm. Do qua trinh x&y ra nhanh
nén cac phan tl khi chi tao lién két trén bé mat I6p



mang ma khong lam thay déi tinh chat co hoc va vat
ly clia I6p mang [7], vi vay, su thay ddi néng do sé
tuong Ung vGi thay déi cac gia tri hang sé dac trung
cla phan t& MASS21 trong bang 3. Do dé dich tan
s6 kha nhd nén do phan giai phai dugc chon rat min,
trong nghién ciu nay, tan sé 1ay mau dugc ldy gédp 10
lan tan s6 co ban, do phan gidi tuong tng 1a 100 Hz
véi s6 mau 1a 12 triéu mau. Phé tan sé dudc trinh bay
trong hinh 12.
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Hinh 12: phé tan s6 cdm bién theo cdc néng dé khi mu tac

x 107

Quan sat phd tan s6 ta thdy trong trusng hop cé
tai, tan sd cong hudng va nang lugng cua tin hiéu dao
dong (dién ap, chuyén vi) c6 xu huéng gidm dan. Pé
lam rd hon anh hudng cla khoi lugng tai 1én hoat dong
clia cdm bién, nhom nghién cuu ti€n hanh loc di liéu
va lap dudng chuén theo dé dich gia tri tdn sé (hinh
13a) va dd suy hao nang lugng (hinh 13b).
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Hinh 13: dudng chuén dé dich tdn sé theo néng dé
khi mu tac (a) va su suy giam nang lugng (logarith)
theo néng dé khi mu tac (b)

Duya vao dudng chuén clia cdm bién déi véi su thay
déi néng dod khi mu tac, ta cé thé danh gia dugc &nh
hudng cla khdi lugng tai I1&én cdm bién mot cach rd
rang. Dudng chuén theo ca hai tiéu chi déu don diéu
va c6 dang ham déng bién. Tuy nhién, dudng chuén
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thé hién trén hinh 13a va hinh 13b khong that su tuyén
tinh. Diéu nay cé thé khac phuc bing ky thuat tuyén
tinh hoa tiing doan khi hién thi ra thiét bj do.

Bai bao da trinh bay nguyén ly hoat ddng, quy
trinh tinh toan va tim ra cdu trdc t6i uu véi tan sé cong
hudng thich hgp cho linh kién SAW. Nhém nghién ciu
da sl dung két hgp hai phuong phap phan ti hiiu han
va mach dién tuong dudong dé khao séat Ung x{ cla
linh kien SAW & nhiéu mo hinh céu tric khac nhau.
Phuong phap chon loc Taguchi dugc st dung dé dua
ra cau tric t6t nhat. Ban thiét ké nay dap lng dugc
c& hai yéu cau vé dd nhay cao va dd nhiéu tin hiéu
thap. DAy la hai tiéu chi rat quan trong doi vai linh kién
SAW. Bén canh dé, nhém nghién ctu ciling da khao
sat hoat dong cla linh kién SAW trong diéu kién co tai,
trong méi trudng mdé phdng ANSYS va ngon ngili 1ap
trinh Matlab. Vé&i két qua nay, nhom nghién ctiu budc
dau xay dung dudc phuang phap dinh lugng tai théng
qua tin hiéu tan sé ngd ra cla linh kién. Day la tién dé
hudng dén tng dung linh kién SAW vao linh vic cam
bién héa hoc va sinh hoc =
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