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Abstract

This study proposes the transmission matrix model [ABCD] for the FeNi magnetic sensitive layer used in surface acoustic wave magnetic
(SAW-MO) sensors. The center frequency and input excitation to the sensor through the vm-H characteristic are determined by finite element
simulation (FEM) on the FeNi/IDT/ST-Quartz structure. The simulation results of the center frequency and sensor's working response show
that simulations by the FEM method and simulations by the transmission matrix (TM) method are correlated. Furthermore, the survey also
indicates the more reasonable and suitable of the third-order vm-H characteristic curve compared to the second-order characteristic in the
transmission matrix model of the FeNi magnetic sensitivity layer. These accuracy and suitability are expressed through the trend and shape
of the sensor's working response.
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Ky hi¢u IRM Impulse Response Model

Symbols ~ Units  Description Tom tat

::' (I—)é g:r?rslf Sg;ggﬂ;g Nghién ciru nay dé xuit md hinh ma tran truyén [ABCD] cho
f° Hz  Tansé trung tam I6p nhay tir FeNi ding trong cam bién tir dang séng am bé
SO 4B Pap i Bn sé mat ($AW MO). Tan sQ trung tdm va kich thich tin hiéu do
221 7 7 T p ung dén dau vao cho cam bién thong qua dac tinh vip-H duoc xac

mZuZs  Q  Tonglo dinh bing phuong phap md phong phan tir hitu han (FEM)
Om, Ou, Od rad Gocsongam trén cau tric FeNi/IDT/ST-Quartz. Két qua md phong tan s6
Cs F/m  Dién dung trén moi cap ngon tay trung tdm va dap Gng lam viéc cua cam bién cho thdy mo

bién dung vung khe giira dién

Cq F/m oo . : phong theo phuong phip FEM va mé phong theo phuong
, cuc va I6p nhay tir FeNi. phap ma tran truyén (TM) Ia c6 sy twong quan. Vi vay, mo
K HE so co dicn . hinh ma tran truyén [ABCD] da dé xuét cho I6p nhay tir FeNi
Vim m/s Vf-m toc §0rlg a[n lan truyen qua la dung dan va phu hop. Bén canh d6, khao sat ciing chi ra sy
vung phu vat ligu hop 1y va phii hgp hon ctia dudng déc tinh vi-H bac ba so voi
N So ngon tay dgc tinh bac hai trong md hinh ma tran truyén cua lop nhay tir
Cic tir vidt tit FeNi. D6 chinh xac va s phu hop dugc the hign thong qua xu
] thé va hinh dang trén dap (ng lam viéc caa cam bién.
SAW Surface Acoustic Wave
SAW-MO  SAW-Magnetostriction cre paa
IDT Inter Digital Transducer 1. Gi6i thigu
-IIZ—EAM -Ilz—ir:ir']tznglsesr:?enn{\s{lijlr;i(ho d Ngay nay, cam bién hoat dong dya trén nguyén ly séng &m
COM Counling of Modes bé mat (SAW) da va dang dugc nghién cuu, ung dung vao
ECM Crospsed?field Equivalent Circuit Model nhiéu linh vuc cua cudc song tur vat ly, hda hoc cho tagi sinh
5 Single Finger g hoc [1-3], boi nhing wu diém nhu: kich thude nho, khang

day, dap ung nhanh va d¢ nhay cao [4, 5]. Véi su da dang va

Received: 20 May 2024; Accepted: 23 June 2024.



60

Journal of Measurement, Control, and Automation

wu diém nhu trén thi viéc nghién ciru va khao sat cac dic
tinh cuia cam bién SAW néi chung va cam bién tir dang SAW
noi riéng 1a quan trong va can thiét. Theo d6, mé phong la
mot cach tiép can dugc &p dung pho bién trudce khi tinh dén
ché tao thuc nghiém cam bién. Véi phuong phap mo phong
FEM di va dang dugc nhiéu nhom sir dung vi cac uu diém
ctia phuong phap nhu: D& dang xay dung cau tric cam bién
thong qua cong cu dd hoa, ciu triic cam bién duoc xay dung
rat gan vai md hinh vat ly, dé dang thuc hién ti vu héa cau
trdc cua cam bién va dé thiét lap cac diéu kién bién cho qué
trinh mé phong [6-10]. Tuy nhién, md phong FEM con ton
tai mot s6 thach thirc nhu: Can cau hinh may tinh cao, qué
trinh tinh toan mét nhiéu thoi gian, can phuong phéap chia
ludi phi hop vai mé hinh md phong, xtr 1y két qua mé phong
can mot céng cu khac (nhu Matlab) va dic biét 1a khdng chia
ludi dugc khi d6 day Iop vat liéu nhé hon khoang 100 (nm).
Bén canh md phong FEM, phuong phip md hinh mach
trong duong cling dugc st dung de mb phong cam bién
SAW. Phuong phap bao gdm mot sé6 mé hinh nhu: mé hinh
dap ung xung IRM (Impulse Response Model) [11, 12], m6
hinh truong tréo ECM (Crossed-field Equivalent Circuit
Model) [13], md hinh ghép ché ¢6 COM (Coupling-Of-
Mode) [14, 15] va md hinh ma tran truyén TM (Transmis-
sion Matrix) [16]. Uu diém cuia phwong phap 1a cong cu gidi
mach dién duoc trang bi day du, hiéu qua va dé dang duoc
thuc hién thong qua céc phan mem co ban nhu Matlab; thoi
gian tinh toan nhanh ma khéng can may tinh cé cau hinh cao.
Hon nita, vi md phong FEM, md hinh héa céc tinh chat vat
ly cua 16p vat lidu va tac dong cua cac yéu td moi trudng
(nhiét do, do am, v.v) tac dong dén cam bién can mo ta chi
tiét va phuc tap. Trong khi d6, v6i mdé phong mach dién
twong duong thi mé hinh hdéa don gian hon, tuy nhién
phuong phap nay can biét trugc tan sb trung tdm cua cam
bién.

Céc nghién ctu vé phuong phap mé hinh mach dién twong
duong. Nhdm Otto Schwelb va cong su [17] x&y dung mo
hinh ma tran truyén dé md phong va thiét ké bo loc SAW,
trong d6 co xét dén sy anh huong cua ciu tric bo dién cuc
IDT. Bén canh d6, nghién cttu [18] mo6 phong dép ung tan
sb cua céc thiét b1 song am bé mit véi ba loai cau tric SAW
khac nhau bao gdm: cau tric dang delay line, cong huong
mot cong va cong huong hai cong; qua do danh gia sy anh
huong do dién dan, khau 6 &m hoc va sé cap ngoén tay cua
bo dién cuc IDT t6i dap tmg dau ra cua thiét bi. Nghlen cuu
[19] st dung md hinh COM dé md hinh hoa day du cac thanh
phan cua cam bién thu dong khong day dang song am bé
mat, m6 hinh cho phép mé phong do tré pha va c6 thé dugc
str dung nhu mot cong cu dé thiét ké va phan tich cam bién
SAW thu dong mot cong dang duong tré. Mot nghién ctu
nira, nhdm R.C.0O. Jesus va cong su st dung dinh ly Mittag-
Leffler dé xay dung mé hinh mach twong duong cho cau tric
SAW delay-line, nghién ciu cho phép tng dung cam bién
dé phat hién méi truong chat long [20]. Véi mé hinh ma tran
truyén TM n6i riéng, mot nghién ctu [21] da sir dung md
hinh TM bac hai dé téi tu hda bo dién cuc IDT cho cam bién
SAW do bién dang trong linh vuc hang khong vii tru. Bén
canh d6, cdng bd [22] ciing dd s dung md hinh ma tran
truyén dé phan tich cac dap ung cua cam bién SAW hydro
trong mién thoi gian khi xem xét dén yéu té d6 day Iop nhay
khi palladium (Pd).

Qua khao sat trén, nhém ching ti nhan thay cac cong bé vé
ing dung md hinh ma tran truyén TM trong nghién ctru cam
bién SAW n6i chung va cam bién SAW-MO noi riéng la rat
it. Vi vay, viéc dé xuat thir nghiém phwong phap mé phong
ma tran truyén TM cho 16p nhay tir FeNi két hop cing mo
phong FEM cho cam bién SAW néi chung va cam bién do
tir truong dang SAW noi riéng 1a can thiét. Néu thanh cong
s& cung cap thém mot phuong an md phong don gian va
nhanh hon so véi md phong FEM truyén théng. Thém nira,
viéc dé xuat va xay dung mé hinh ma tran truyén cho 16p
nhay ving delay-line chwa dugc quan tdm nhiéu va dic biét
la cam bién tir dang séng am bé mat. Vi vay, trong nghién
cau nay, bai bao thyc hién xay deng mé hinh mé phong cam
bién SAW tir dang delay-line véi cau tric FeNi/IDT/ST-
Quartz bang md hinh ma tran truyén TM. Trong do, tién
hanh d& xuit mo hinh ma trén truyén [ABCD] cho 16p nhay
tr FeNi véi tan sb trung tdm (fo) va quan hé giira van téc
s6ng am bé mit tai 16p nhay véi cuong do tir truong do (V-
H) duogc xé4c dinh théng qua md phong FEM. Két qua mo
phong bang phuong phap ma trén truyén duoc so sanh véi
mb phong FEM d¢é kiém tra tinh hop Iy va phi hop. Vi do
tin cay cua phuong phap moé phong FEM da dugc chang
minh qua céac cdng trinh cuia nhiéu tac gia ciing nhu 1a nhém
ching t6i [6-10].

2. Mo hinh mo phéng

CAu tric va nguyén ly hoat dong caa cam bién SAW-MO
duoc thé hién trén Hinh 1 va kich thudce duoc thé hién qua
Bang 1. Hoat dong cua cam bién, dat xung dién 4p (hoic mot
phé tin hiéu hinh sin quanh tan sb trung tdm) vao IDT-in.
Tai day, song am bé mat dwoc tao ra do hiéu tng ap dién
nguoc. S6ng nay truyén qua vung delay-line c6 su twong tac
gitra l6p nhay tir FeNi véi cuong do tir truong do (H) lam
thay d6i van téc séng &m hay tan s6 cong huong. Tiép theo,
s6ng am bé mit lan truyén tGi IDT-out, tai day tin hiéu dién
ap duoc hinh thanh do hiéu ung ap dién thuan. Tan sé cong
huong duge xac dinh bang cach phan tich phé tin hiéu dién
ap tai IDT-out, tir d6 suy ra gia tri cia cuong do tir truong
do.

H (Oe)
FeNi
Quartg Substrate

L
Hinh 1. CAu tric va nguyén Iy cam bién SAW-MO.

Bing 1: Cac thong s kich thudc cia cam bién.

Théng sb Ky higu Gia tri (um)

S6 cap ngon tay n 25 (cap)
Do day dé ap dien h1 400
D¢ day 16p nhay tir h3 200
Chidu rong mdi ngén tay d 10
Chiéu dai ving delay-line D 5000
Chidu dai mép tréi L1 2000
Chiéu dai mép phai L2 2000
Chiéu dai 16p nhay tir Ls 4960
Chiéu dai cua cam bién L 10980
Budc séng A=4*d 40
Khau d6 séng am w 2399.3
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2.1. M6 hinh ma tran truyén

Ma tran truyén 12 md hinh bac hai sit dung mé hinh mach
tuong duong. M6 minh cho phép xem xét d¢én céc hiéu ung
bac hai bao gém: tin hiéu phan xa, nhidu xa séng, phan bd
dién tich va phan tan. M6 hinh dwoc xay dung bang cach
thira ké cac mo hinh thiét lap trudc d6: ma tran P, COM va
ma tran truyén théng. Tuong ty nhu cach tiép can COM va
ma tran P, md hinh xem IDT 1a mang ba cong va ma tran
truyén cia mdi ngon tay co kich thuge 3x3, trong khi dé
vuing delay-line dugc coi 1a mot mang hai cong va duoc dai
dién boi mot ma tran truyén 2x2. Hinh 2 thé hién ciu tric
mo hinh ma tran truyén cia cam bién SAW dang ndi tang

[18, 23].
L‘_ﬂ Iou(
ug U Ui ' q Ut
B Ain Bin] 1_ Adl Bdl] _ Aout Bout _
4UL Cin Din Uy Caq Dy U Cout Dout | 4&
IDTy D: delay-line IDT oy

Hinh 2: M6 hinh ma tran truyén cia cam bién SAW-MO.

UF, U7 1a cac tin hiéu séng am truyén theo chiéu thuan va
nguoc qua cac b phan caa cam bién; Vin, lin VA Vour, lout: 12
dién ap va dong dién vao va ra tai cac bo dién cuc IDT. Moi
ngén tay trong cac bo dién cuc co mdi quan hé (1) [23, 24].

Uity Ui
1| =[O U7 1)
I; Vi

Trong d6 cac ma tran truyén 3x3 ciia mdi ngén tay c6 dang
(2), vai f la tan s6 cua pho séng am.

t11(f) ti2(f) t13(f)
T;(f) = |ta1(f) t22(f) t23(f) (2)
t31(f) ts2(f) t33(f)
Trong biéu thic (2), cac chi s61va 2chira méi quan hé gitra
céc cong séng am, chi sé 3 chi ra mdi quan hé gitra cac cong
dién.
Mat khéac, cac ma tran truy{%n [ABCD] c6 kich thuéc 2x2 cua
dién cuyc IDT-in, IDT-out lan luot la:

A, B;
IDT — m Ln] 3
DTl = g ©
B
(DTl = [ 5] @
out out

va (5) md ta ma tran truyén [ABCD] cua I6p nhay (ving de-

lay-line):

Ag Baz]
5

Cai Day ©®)

Cac ma tran (2), (3), (4) va (5) s& duoc xac dinh ¢ cac phan

tiép theo.

[D] =

2.2. Xac dinh ma tran truyén [ABCD] cho c4c bd dién cuc
IDT

Theo md hinh trudng chéo ECM, mdi ngon tay trong cac bo
IDT dugc chia thanh ba ving nhu Hinh 3, bao gom hai ving

khong phi kim loai ¢6 d6 rong A/8 va mot vang ¢6 pha kim
loai ¢6 do6 rong A/4 [23].

(b) Ngon tay
(a) Pé ap dién ST-Quartz
Sl JZmtan (ﬁ)

L PR L
C{I{R Zcse(6 AR
= £ 2 g
2 = |& W V22
(=7 . ] ol
2 = 88 m 5
HE h :

3

Vi & Cong mach dién

Hinh 3. M6 hinh ECM cho mdi ngon tay.
(a): Vung ngon tay, (b): M6 hinh ECM

Theo d6, cac ma tran truyén duoc xac dinh nhu sau:
Ma tran truyén [ABCD] cho viing pha kim loai la:
cos(6m (f))

BV =1L sin(o () a0 ©
Vi Z,, la téngmtrc"y, 0.,(f) lagdc séng &m trong vung pha kim
loai va lan lugt dugc tinh theo cong thuc (7), (8):

Zm(f) = m ()

MOEE— ®)

trong d6: 1 tan s6, vm 1a van toc song am bé mat khi dé ap
dién da duoc pNhﬁ cac lop vat liéu, w la khau d6 cua bo IDT,
dlado rcf)ng moi ngén tay, Cs la dién dung grén moi cap ngon
tay trén moi don vi d6 dai (hay khoang trong giira hai ngon
tay) va k2 la hé so6 co dién cta vat ligu dé ap dién.

Theo [25], hé s6 co dién cua dé ap dién Quartz k2 = 0.0016.
Va theo [26]:

Cs = Co/W (9)
Vi Cp = &g (10)
trong do, d: la chiéu rong ngon tay

t: la khoéng‘céchrgiﬁfa 2 ngoén tay (t=d)
&, = 4.6: Hang s6 dién moi cta dé ap dién Quartz
£y: Hang s6 dién co6 dinh ¢y = 8.854 (PF/m)

Ma tran truyén [ABCD] cho viing khdng phu kim loai 1a:

cos(0u(f))  jz sin(8,(f))
[Ru(N)] = Zf_usin(eu(f)) cos(6,(f)) 4y
V6i tong tré: Z,(f) = m 12

va géc séng am trong vung khdong pha kim loai:
6.(f) =% (13)

trong d6: fc 1a tan s6 duoc tinh theo van toc song &m bé mat
khi d¢ ap dién chua phu vét liéu nhay tir (hay trong duong tan
s6 trung tam fo khi phu I6p nhay nhung cuong do tir truong H
=0).

Tu (6) va (11) ta xac dinh duoc ma tran truyén [ABCD] cho
moi ngdn tay [R(] la:
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_ _ Asf Bsf
[R(H] = [RuDI[Re (DIRu(DI = | " p (14)
sf sf
Két hop cac phuong trinh (1) va (14) ta xdc dinh dugc quan
hé ctia cac phan tur trong ma tran truyen [Ti(f)] theo cac phan
tir trong ma tran truyén [ABCD] cho mdi ngén tay trong cac
b6 dién cuc IDT nhu sau [24]:

ti1 = (ZASf + +Z uCsf)

tip = %(Zucsf - Bziuf)

ti3 = %jtan%\/Z_u(—Asf —1- Bsf)

ty = (ZAsf -2tz uCsf) (15)
tys = ;zjtaanZ(Asf +1-2h

tay = —tip 5 t31 = 2ly3; tzp = =21y

tyy = jeoCs + jzr;:ez—e B jtanzzz—:sinﬂe

Voi:

0, = cos Y (Agr); Zo = jj;;e

Cac ma tran truyén [ABCD] cho bo dién cyc IDT-in [ID-
Tin(f)] va IDT-out [IDTou(f)] duoc tinh bang cach xép chong
ma tran truyén caa cic ngon tay, vai N, la s6 ngon tay trong
mdi bo dién cyc IDT.
[IDTin ()] = [R(IN
[IDTout(f)] = [R(f)]Nt

2.3. Pé xuit ma tran truyén cho Iép nhay ving delay-line

(16)
(17)

Ma tran truyen [D(f)] 16p nhay viing delay-line dé xuat dugc
xac dinh giong nhu ving dugc phu kim loai cia mot ngoén tay
khi b6 qua hai viing khéng phu kim loai nhu sau:

cos(84(f))

[ iZasin(84())
PN = Lsin(0a(1)  cos(@ua(f) (18)
véi tong tro:  Zy(f) = W (19)

Cq la dién dung vung khe ho gitra cac bg dién cuc IDT véi l6p
nhay tir FeNi. Xét truong hop nay, lay gan ding Cq = Cs. GAc
song am trong vung delay-line 8, dugc tinh theo cong thuc
(20):

6a(f) =70 (20)
trong do: dm 12 chiéu dai cua 16p nhay, v 12 véan téc séng &m
trong vung delay-line va bi tic dong béi cuong do tir truong
do va dugc xac dinh théng qua moé phong FEM.

Két hop cac ma tran truyén (16), (17) va (18) ta xac dinh dwoc
ma tran truyén [SAW(f)] cia cam bién SAW-MO bang céach
nhan céc ma tran truyén cua hai bo IDT v6i ma tran truyén
cua vung delay-line.

[SAW ()] = DTy (NID (NIUDT g ()] (21)

2.4. Xay dwng quan hé vm-H bing mé phéng FEM

Theo nguyén Iy hoat d6ng caa cam bién, 16p nhay tir FeNi do
tac dong cua cuong do tir trudng ngoai lam thay d6i van téc
s6ng am bé mat khi truyén qua ving nay (V). Vi vay, dé thuc
hién md phong dap ung lam viéc cua cam bién bang phuong
phap TM ta can xac dinh dugc méi quan hé giita van toc song
am bé mat véi cuong do tir truong (dac tinh vm-H). Dic tinh
nay dugc xac dinh bang phuong phap mé phong FEM trén
phan mém ANSYS.

Qua trlnh mo phong FEM gdm cac budc co ban nhu sau: xay
dung cAu tric, nhap cac ma tran hé sb ap dién, hé sb vat liéu,
chia ludi, ddi 16p vat ligu, dat dién ap 1én IDT va dét diéu kién
bién. Qua trinh nay duogc thyc hién trén phin mém ANSYS
tuong tu theo nhitng cong bd trude ddy cta nhom [9, 10].
Trong nghién ctru, FeNi dugc st dung lam vét liéu 16p nhay
vi ¢6 mot s6 wu diém nhur @6 phi tuyén thap, luc khang tir nho
va c6 d nhay cao [27, 28]. Bén canh d6, ST-Quartz dugc lya
chon lam dé ap dién vi c6 hiéu tng soéng am bé mat tot nhat
50 v6i cac loai goc cét khac [29, 30]. Kich thudc cua cam bién
SAW-MO dugc thé hién ¢ Hinh 1 va Bang 1. Cac bo thdng
sb vat 1y cua cac 16p vat li¢u dugce trinh bay & Bang 2.

Bing 2: Thong s vat ly cua céc 1op vat liéu [8, 28, 30].

: Gia tri
Thong so Ki hi¢u =
ST- Quartz FeNi Al
Mat d6 (kg.m™) p 2651 8380 2697
Ci 87.26
C1z 6.57
Cis 11.95
Hé sb d ctng (GPa) Cis -17.18
G 105.8
G 57.15
G 40.35
e 0.17
e, -0.04
e3 -0.13
Hé 56 4p dién (C.m?2) €14 0.08
e 0.07
ez -0.10
€35 -0.07
ess 0.11
B 443
Hang s6 dién moi B 4.54
£33 4.52
Module Young (GPa) E E-H 70.3
Hé s6 Poison v 0.3 0.345

Két qua md phong FEM cho cam bién FeNi/IDT/ST-Quartz
co tan so trung tam dat fo = 85.693 (MHz). Bang 3 va Hinh 4
Ia moi quan hé vin-H

Bang 3: M&i quan hé gitra vi, va H.

TT H f (Hz) Vm (M/S)
1 0 85,693,359 3427.734
2 15 85,693,359 3427.734
3 30.7 85,683,594 3427.344
4 60 85,659,179 3426.367
5 90 85,595,703 3423.828
6 120 85,551,758 3422.070
7 150 85,537,109 3421.484
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3428

3427 A

3426

(%)

=

o

23]
1

Vm (m/s)

3424

3423 A

3422

M2 T
0 20 40 60 80 100 120 140 160

H (O¢)
Hinh 4: Két qua mo phong FEM dac tinh vi-H.

Str dung phwong phéap hdi quy ta xéc dinh dugc cac ham sb
bac hai (B2) va bac ba (B3) cua moi quan hé gitra vim va H nhu
sau:

m = —8.1075H2 — 0.0359H + 3428.2 (22)
m = 5.107°H3 — 0.0013H2 + 0.0318H + 3427.6  (23)

Cac phuong trinh (22) va (23) duoc dung dé kich thich cuong
do tu truong dén cam bien SAW-MO trong mé phong TM.

3. Két qua va thio ludn

M6 hinh md phong trén dugc viét bang phan mém MATLAB
dé tinh toan cac dap ung lam viéc ciia cam bién FeNi/IDT/ST-
Quartz, cuong do tir truong tac dong vao cam bién thong qua
phuong trinh (22) va (23), két qua duoc so sanh véi md phong
FEM. Hinh 5 chi ra tan sb trung tam cua cam bién, gié tri tan
s6 trung tam dbi voi md phong theo phuwong phap FEM, mo
phong theo phuong phap TM (B2) va m6 phdng theo phuong
phap TM (B3) lan luot la 85.693 (MHz), 85.747 (MHz) va
85.728 (MHz). Két qua cho thay phuong phap TM va FEM
déu cho tan sb trung tam gan giong nhau, cé sy sai léch nho
nhung c6 thé chap nhan duoc. Sy sai léch nay cé thé do nhiéu
nguyén nhan gay nén, nhung phan 16n 1a do cac diéu kién gia
dinh ciia mdi phuong phap c6 tinh don gian héa riéng. Voi
phuong phap TM don gian hoa bang cach gia dinh rang séng
truyén di ma khong mat mat h0ac phan tan. Trong khi FEM
cho phép tinh toan chi tiét hon vé su phan bé trudng va phan
hoi ciia vat liu, dan dén két qua chinh xac hon nhung ton kém
vé mit thoi gian tinh toan ciing nhu 1a dung lugng bo nha.

— FEM Simulation
—e— TM Simulation, B2
—a&— TM Simulation, B3

21 (dB)
5

704 ¥

75M 80M 85M 90M 95M
Frequency (Hz)

Hinh 5: Két qua mo phong tan sé trung tam.

Sau khi thuc hién mé phong tan s trung tam, ching toi tlep
tuc thuc hién mo phong cac dap tng lam viéc cua cam bién
bang phuong phap TM trén co s& quan hé bac hai (22) va bac
ba (23). Két qua dugc thé hién trén Hinh 6 va Hinh 7 va két
qua nay cling dugc so sénh vgi moé phong FEM.

Két qua md phong cho thiy mé hinh dic tinh viy-H bac hai vé
co ban c6 xu hudéng giam theo so vi mé phong FEM nhung
khéng pht hop bang mo hinh bac ba vi ngoai xu huéng giam
theo thi mé hinh bac ba con ¢ dang dudng cong tuong dong
vai mo phong FEM. Ngoai ra, ca hai phuong phap mé phong
déu cho dai 1am viéc tir 0 dén 150 (Oe). Bén canh d6, bién do
gitra hai phuong phap c6 sy khac biét [a do mé phong TM st
dung mé hinh thong sé tap trung nén kém chinh xéc hon mo
phong FEM sir dung md hinh théng s dai. Mat khéc, Trén
céc Hinh 8 va Hinh 9 chi ra 16 hon qua trinh dich tan sb cua
cam bién khi mé phong bang phuong phap TM.

T
8a7oM FEM simiilation
TM simulation, B2
85.70M % TM simulation, B3
":I\ 4
= 85.65M \'k
> \\\
=
2 g560M \
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85 55M
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Hinh 6: Pap ng l1am viéc cia cam bién FeNi/IDT/ST-Quartz.

——=— FEM simulation
——+— TM simulation, B2

Qk'\, ——4— TM simulation, B3
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Hinh 7: Pap ting dich tan caa cam bién FeNi/IDT/ST-Quartz.
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Hinh 8: Pap ung tan s6 vai dic tinh viy-H bac hai.
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Hinh 9: Pap ting tin s6 vai dac tinh vi,-H bac ba.

Nhur vay, két qua cho thay md hinh ma tran truyén dé xuat cho
I6p nhay FeNi cua nghién ctru 1a dung dan va pha hop. Két
qua gan tuong dwong nhu nhau nhung véi phuong phap ma
tran truyén cd thé giam thoi gian tinh toan va don gian hda bai
toan di kha nhiéu. Trong khi, && mé phong xong mét dap tng
lam viéc vé6i 7 diém nhu Bang 3 thi md phong FEM can thoi
gian 1a khoang 70 gio, trong khi vai md phong TM thi chi can
khoang 105 phdt, véi trén cling mot cau hinh may tinh. Tuy
nhién mod phong TM can biét trudc tan sé trung tam, nhung
mo phong FEM thi khdng can.

4. Kétluan

Nghién ciru nay da thanh cong trong viéc d& xuat md hinh ma
tran truyén [ABCD] cho I6p nhay trén cam bién SAW-MO
delay-line voi cau tric FeNi/IDT/ST-Quartz. Phuong phap
ma tran truyén da dugc 4p dung dé nghién ciru anh huong cua
I6p nhay tir &én tan sé cong hudong khi cudong do tir truong
thay d6i. Hon nita, mo hinh di dwoc thuc hién théng qua phan
mém MATLAB, ching minh tinh &ng dung va hiéu qua cua
no trong viéc mod phong va khao sat dap (tng lam viéc cia cam
bién SAW-MO. Ngoai ra, nghién ctru nay ciing la co so dé
ng dung md phong cac mé hinh cam bién SAW khéc nhau.
Tuy nhién, md hinh van con mét s6 han ché nhit dinh nhu:
chua tinh toan thé hién dwoc sy anh huong cua do day 16p
nhay téi md hinh ma tran truyén va chua moé ta dwoc sy tuong
tac cua tir trudng H téi cam bién do hiéu tng tir gido cua vat
liéu nhay FeNi. Pay ciing la hai huéng phat trién ma nhém
chdng tdi sé nghién curu trong turong lai.
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