Vol 3 (3) (2022)

MCGA

Measurement, Control, and Automation

TUDONG HOA T
L e amlnw

20 LUONG, BIEY FHEN VA T DONG 04

Website: hittps:// mca-journal.org

ISSN 1859-0551

Nghién ciru anh hwéng ciia dd Am dén cam bién SAW héa hoc céu tric da 16p
Graphene /AIN/SIi
Studying the effect of humidity on the Graphene/AIN/Si multilayer structure of
SAW chemical sensor

Nguyén Hai Ha'?,

Trwong Ngoc Tuin2, Hoang Si Hong"*

7 Truong Bién — Pién tit, Dai hoc Bach Khoa Ha Ngi, Viét Nam
’Truong dai hoc Su pham Ky thudt Hung Yén, Viét Nam
*Corresponding author E-mail: hong.hoangsy@hust.edu.vn

Abstract

This study presents the 2D FEM simulation method and experimental fabrication of SAW- based on multilayer structure Graphene/AIN/Si
changes with humidity. The chemical SAW sensor is a type of sensor based on the phenomenon of surface acoustic wave changes. Simulation
results show that the center frequency decreases from 127.458 MHz to 127.431 MHz, when the humidity increases from 10% to 100%. This
is completely consistent with the trend of the experimental results, the center frequency is also reduced from 127.634 MHz to 126.578 MHz.
Both simulation and experimental results are consistent with the theory that when the humidity increases, the equivalent sensitivity layer
thickness increases, and the average density of the sensitive layer changes (decreases) leading to a decrease in the center frequency.
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Ky hiéu
Symbols Units Description
Vsaw m/s Vén téc’ song bé mat
f Hz Tan sO trung tidm (cOng
hudng)
A Hz Do dich tan
A m Do dai buédce song
Y Kg/m?3 Khéi lugng riéng

Cic tir vigt tit

SAW Surface Acoustic Wave
IDT Inter-Digital Transducer
FEM Finite Element Method
AIN Aluminum Nitride
MEMS Micro-Electro Mechanical Systems
FFT Fast Fourier Transform
SEM Scanning Electron Microscope
Si Silicon
GO Graphene Oxide
PR Photoresist
Tém tit

Nghién ciru ndy trinh bay phuong phap m6 phong FEM 2D va thuc
nghiém ché tao khao sat cim blen SAW c6 cau truc da 16p Gra-
phene/AIN/Si thay ddi theo d6 4m. Cam bién SAW hoa hoc 14 loai
cam bién dua trén hién tuong thay ddi song 4m bé mit. Két qua mo
phong cho thy tin sb trung tim gidm tir 127.458 MHz xudng con
127.431 MHz, khi d6 4m ting tir 10% dén 100%. Diéu nay hoan toan
phit hop v&i xu huéng cua két qua thyc nghiém, tin s6 trung tim
ciing giam tir 127.634 MHz xudng 126.578 MHz. Ca hai két qua mo

phong va thyc thiém déu phu hop véi ly thuyét khi d6 4m ting thi
chleu day 16p nhay tang, khdi lwong riéng trung binh 16p nhay thay
dbi (giam), dan t6i tan sb trung tAm giam.

1. Gioi thi¢u chung

Nam 1965, hai nha khoa hoc Wohltjen va White da phat minh
1a mot loai cam bién méi, d6 14 cam bién song 4m bé mit
(SAW) [1]. Vi ¢6 mét s6 wu diém ndi bat nhur kich thude nho,
gia thanh ré, d9 tin cdy cao va dac biét rat nhay voi khi nén
cam bién SAW dugc st dung trong nhiéu linh vuc nhu giao
thong, cong nghiép, nang luong, va moi truong [2]. Mit khac,
gin day graphene dugc tim ra va nhanh chéng dua vao tng
dung lam vat li¢u nhay va vat liéu mang nhay trong cam bién
boi vi ty 1é bé mat trén thé tich 16n, do linh dong va mat do
hat tai dién cao [3]. Do d6, viéc dung graphene va graphene
oxide (GO) trong cam bién SAW dugc nhiéu nghién ciru quan
tdm nhu trong bai bao [4][5][6][7][8], d2& dung graphene va
GO lam vat li¢u nhay khi NO,, H,, CO, NH3 va hoi TNT;
trong cong bd [9][10][11] graphene va GO dugc dung lam vat
liéu nhay hoi am. Tyu chung lai, cac cong trinh nay déu 1a
thyc nghiém SAW trén dé ap dién dang khéi quartz, LiTOs,
LiNbOj5 ¢6 véan tdc song am bé mit thip, ma chua dung dé ap
dién dang mang mong AIN c¢6 van tc song cao hon dé lam
tang d6 nhay. Vi vay trong nghién ctru trudc cia ching toi
[12], dd dung ciu trac SAW dang da 16p voi vat liéu ap dién
mang mong AIN dé cai thién d6 nhay, dung graphene lam vat
liéu mang, vat liéu nhay 1a Pd do khi H», tuy nhién viéc khao
sat anh huong cta yéu td méi truong do nhu 1a do am chua
duoc dé cap toi. o 4m cao tai Viét Nam lu6n 13 van dé dugc
quan tim bdi vi gay ra sai sb trong cac phép do ciia cam bién
khi. [13]. Do d9, trong nghién ctru nay, chiing t6i khao sat doc
lap vat liéu nhay 1a graphene v6i cdu trac SAW dang da 16p
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Graphene/AIN/Si. M6 phong 2D co ché anh huong tan sb
trung tdm theo do 4m cua SAW bang phuwong phap phan tir
hitu han (FEM). Péy ciing 14 cin ctr dé loai trir tic dong cua
yéu té d6 4m cho cam bién theo nguyén Iy song am bé mat
véi vat liéu mang 1a graphene do khi.

2. Co so ly thuyét

Cam bién SAW hoa hoc dang delay-line (hinh 1) gdm 3 phan
chinh: Dé ap dién dung mang AIN; dién cuc rang luge IDT c6
d6 rong cac ngodn tay cach déu nhau, bang mot phan tu lan
budc song, vat liéu lam dién cuc 1a Al; vat li¢u nhay 1a gra-
phene dugc pha & khoang tréng gitra IDT vao - IDT ra [14].

Lép ép dién AIN Dé Si

dang mang mong

IDT vio Séng dm
bé mit

Vathéunhay  [DTra

Hinh 1. Ciu triic co ban cia SAW

Nguyén Iy hoat dong ciia cam bién SAW 14 su dich tan s
trung tim clia séng 4m bé mit khi di tir IDT vao qua 16p vat
lidu nhay dén IDT ra [13][15]. Cu thé, khi cdp cho IDT vao
mot xung dién ap xoay chiéu véi dai tan sé xac dinh, do hién
tugng ap dién nghich dé AIN bi bién dang co hoc lién tuc theo
dién ap, hinh thanh séng lan truyén trén bé mit v4i van tde
xéc dinh, vén téc cua song lan truyén goi 1a Vsaw va toi IDT
ra. Tai day, do hién tugng ap dién thuan, nang lugng co
chuyén ddi thanh ning luong dién, hinh thanh dién 4p xoay
chiéu trén IDT ra. Su chuyén doi qua lai gitra ning lugng dién
sang co nang va nguoc lai trén dé ap dién duoc mé ta qua dinh
luat Hooke [16]:

T, = Cif;cl Sy — e;kI'Ek

D,=e,Sy+6E,

i ijkl

O

Trong d6 T7; la vecto ung sudt, Cij,d 12 ma trdn dan hoi (N/m?),

e;, 12 ma trén ap dién (C/m?), &;1a ma trn dién moi (F/m),

E, 1a vec to dién truong (V/m), S, 1a vec to bién dang, D la

vec to chuyén bj dién (C/m?).

Mit khac, trén IDT ra c6 dién ap xoay chiéu, hinh thanh song

co hoc lan truyén nguoc lai va cong huong voi song lan truyen

thudn tai mot tan sé xac dinh. Tan sé f naygoila tan sd trung

tam (cong hudng).

f‘ — VSAW — VSAW (2)

A 4d

Voi A4 1a budce song, d 1a d9 rong ngodn tay cia dién cuc dugce

giit ¢b dinh. Van téc lan truyén Viaw hoan toan phu thudc vao

ban chét cua vat liéu ap dién.

3. Mo phéng va thuc nghiém ché tao

3.1. Mo phéng

CAu tric cia cam bién SAW diung dé mo phong duoc trinh
bay qua hinh 2

¥
" D
D, IDT
H20 e
Graphene h,

AIN

L \
Hinh 2. Cam bién SAW véi cdu triic Graphene/IDTs/AIN/Si
Véi cac thong s kich thudce hinh hoc duoc tham khéo trong

nghién cuu trudc pﬁa chung t6i thyuc nghiém cam bién SAW
cau truc da 16p, dé ap dién AIN [12], thé hién qua bang 1

Bang 1. Théng s6 hinh hoc ctia cim bién SAW

Kich thuéc Gia tri
Chiéu dai cam bién L 8 mm

Do day ciia 16p dé Si, h, 5 mm

D¢ day ctia 16p ap dién AIN, h, 500 nm
D¢ day cua 16p Graphene, h; 50 nm

D¢ day ctia 16p nude (H,0), hy (1-14) nm
Do rong cua 16p Graphene, D, 1,5 mm
DJ rong cua dién cuc, d 10 um
Khoang cach gitta IDT- IDT 1a D 5 mm

Sé dbi dién cuc IDT vao/ra 25

Céac budc mo phong chinh gom: dung mé hinh, khai bao vat
liéu, chia ludi, dat tai va giai.

Bing 2. Thong sb vét liéu cia cam bién SAW [17], [18]

Si AIN Graphene

Ma tran d¢ clmg, ¢ | ci 165.64 410.06 800
(GPa) ci2 63.94 100.69

Ci3 83.82

C33 386.24

C44 79.51 100.58

Co6 154.70
Ma tran ap dién, e; | es -0.48
(Cm?) e -0.58

€33 1.55
Hang so dién moi, & | &, 11.7 9 20

€3 11.7 11 20
g(hg(/)rln%mg rieng. p 2329 3260 2267
H¢ so Poisson 0.272

Sau khi xay dung xong mé hinh hinh hoc, khai bao vt li€u la
chia ludi. Bé dam bao d6 chinh xac cho qué trinh giai thi
khuyén céo chia tir 20-50 phan tir trén mot bude séng, tit
nhién viéc chia nho hon thi cang tét. Do séng Rayleigh truyén
chu yéu trén bé mit nén chia cac ving vat liéu ap dién, vat
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liéu nhay 1a nho c& 40 phéq t/ budce song (twong ng voi do
dai 1 phan tir ¢& 1pm), phan 16p Si cac phén tir l6n hon rat
nhiéu, nhu hinh 3. Ca m6 hinh chia lam 228203 phan tt.

Graphene

!

+—Dési

Do d6 day hs 16p nudc rat mong so voi d6 day 16p vat ligu
chét nhay h; cua graphene va phan mém mé phong gip giGi
han vé kich thudc vat 1y khi chia lui (chi t6i1 ¢& 50nm), vi
vay ta co theé quy doi 16p hai 16p hs, hy thanh mét 16p vat lidu
nhay tuong duong graphene-nudc c6 khoi lugng riéng trung
binh twong duong 1a p, . M0t so thong so vét liéu khong thay
ddi theo bang 2, trong d6 d6 day twong duong h dwgc xéic
dinh:

h=h+h, 3)
Tir d6 suy ra khdi lugng riéng p,, trung binh twrong duong biéu
dién theo cong thirc d& xuit sau:

plb — h3pgraph@ne x h4pH20 (4)

hy +h,

Ttr hinh 4, tra ngugc duge d day hs 16p nude tuong quan vai
do am. Két hop vai cong thuc (4) ta c6 bang 4.

Bang 4. Thong sb 16p nhay tuong duong

Do | Doday | Doday | Doday | Khéi Khéi Khdi
i dm | 16p vat 16p tuong lugng luong lugng
Hinh 3. Qua trinh chia luéi SAW véi cau triic Graphene/AIN/Si (a); (%) liéu nuéc duong riéng riéng 16p riéng
phong to tai md hinh (b) nhay hy(nm) h(nm) 16p vat nudc trung
gra- liu Pro binh
Phuong phap phan ttr hitu han chia mién bai toan thanh cac phene nhay & /;n3) tuong
mién nho hon, dé dang giai. D¢ giai bai toan ta phai gia thiét hs (nm) Praphene ® duong
cac diéu kién bién vé co hoc va dién ap. (kg/m®) P
. A a s (kg/m’)
Béng 3. bicu kién bién
10 50 1 51 2267 1000 2242
Diéu kién bién vé co hoc Diéu kién bién ve dién ap 20 50 1.5 51.5 2267 1000 2230
Bé mat cam Tu do 0 30 50 2.5 52.5 2267 1000 2207
bién ’ 40 50 3 53 2267 1000 2195
Dudi da " FOp 50 50 4 54 2267 1000 2173
cim bidn € dinh o dat 60 50 5 55 2267 1000 2152
Duong tiep 70 50 8 58 2267 1000 2092
giap 2 lop Tu do Lién tuc 80 50 10 60 2267 1000 2056
vt liéu 90 50 12 62 2267 1000 2022
Canh bén Tud Tu d 100 50 14 64 2267 1000 1990
cam bién wdo wdo

Bai toan duoc giai dudi ché do transient (bién ddi theo thoi
gian) dé tim ra dap mg xung ciia mo hinh va cac thong sb
quan tam. M6 phong 16p vat liéu nhay graphene hap thu hoi
am nén khoi lugng riéng va d¢ day thay ddi. Theo [19] [20]
[21], cac phan tir nuéc (hoi 4m) dong trén bé mit cua 16p vat
liéu nhay graphene, khi mé hinh héa vat 1y ta c6 thé coi lugng
nudc trén bé mit nay nhu mot 16p vét chat dong nhat va phu
thudc vao ndng do hoi 4m nhu hinh 4.

124

114 o

_ 104 o
E o .
7Y g
gL 7
22 64 o
E‘E 54 o
éi‘ i_ -
O: — o
"5 ) T
= 14 °

0_

0

20 40 60 80 100
Relative Humidity (%)

D6 am

Hinh 4. Quan h¢ giita d6 day 16p nudc va do 4m [21]

Dung thong sé d6 day h va khdi lugng riéng p, cua vatliéu
nhay graphene-nudc theo bang trén nhap vao khai bao ban dau
cho moi lan m6 phdéng bang ANSYS

3.2. Thuc nghiém ché tao dién cuc, phii graphene va cai
dat hé do

3.2.1. Ché tao dién cuc

Cam bién SAW dugc ché tao theo cong nghé MEMS tai
phong sach Vién ITIMS, Pai hoc Bach Khoa Ha N¢i. bé cong
huong SAW theo ciu triic hinh 2 va kich thudc hinh hoc theo
bang 1. Quy trinh ché tao gdm 7 budc (hinh 5), sau d6 méi
phii vét liéu nhay 1a graphene. Bugc 1: Dé Si/AIN dugc rira
béng axeton, nudc sach va sau do séy kho & nhiét do 100°C.
Budc 2: Phu Al bang may phiin xa v6i cong sudt 150W, trong
20 phut, d6 day dugc 300nm. Bude 3: Phu PR dét trén may ly
tam toc do 1000 vong/phut, trong vong 15s. Sau d6 say ¢ 95°C
trong vong 90s. Budc 4: Chiéu chum dién t& hoi tu 18n mask
véi thoi gian 15s. S?iy tai nhiét d6 la 125°C, sau khi quang
khic trong 10-15 phut. Budc 5: Loai bo phan PR khong duoc
chiéu, sau do rira sach bﬁng nude va dé khd. Bude 6: An mon
Al bang hdn hgp axit theo ti 1¢: CH;COOH/HNO3/H;PO4/
H,0:1/4/4/1. Bu6c 7: Tay PR bing aceton
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Hinh 5. Ché tao dién cuc Al trén nén AIN/Si
3.2.2. Phii graphene

Graphene dugc dung 1am vat li¢u nhay duogc khr tir graphene
oxit (GO) thwong pham [12]. Khudy 25mg GO trong 25 mL
nudc cat, sau d6 thém vao 3mL Benzylamin. Pun néng va duy
tri hdn hdn hop & 90°C trong 120 phiat. Sau d6 lap gan bang
ly tam, rira huyén phii bang nudc khir ion, qua trinh lap lai 3-
4 1an. Chat ran thu dugc thi phan tan trong dung dich bang
siéu am, thém 2g NaBH, va 1 g KOH vio hon hop. Sau d6 gia
nhiét d&én tam 70°C duy tri trong 120 phut, sau d6 rira sach thi
thu duoc graphene tai to hop (reduce graphene oxide = rGO =
graphene) ¢ dang rin, sau d6 phan tan trong dung dich N-
methylpyrriolidon. Nho dung dich graphene nay véi nong do
thich hop 1én & SAW, sau d6 1am kho, gia nhiét thi thu duoc
cam bién véi 16p phi graphene (hinh 6).

Hinh 6. Nhé hdn hop dich graphene 1én dé SAW

3.2.3. Xdy dung hé do

Network Analyzer

Cim bién SAW

Chiit hit 4m

Bufmg kin

May tao im

Thiét bi do chudn

Hinh 7. Thiét lap hé do do am tai diéu kién phong

Tién hanh khao sat cam bién SAW sau khi ché tao dugc béng
hé thng cac thiét bi gdm: May phan tich phd Network Ana-
lyzer, hop nhya kin tao moéi trudng chua cac hat hit am va
thiét bi chuén do d6 4m, may tao hoi 4m nhu hinh 7. Cam bién
dugc ndi véi hai ddu day do cua may Network Analyzer dé
phan tich tan s6 trung tim. Bom hoi 4m vao hop kin dat do
am 100% thi dung lai, khi d6 do cac hat hut s¢ tac dung lam
d6 am bén trong hop giam dan theo thoi gian. Véi moi nac
giam cua do 4m thi may Network Analyzer do duoc tan sb
trung tAm ctia cam bién SAW.

4. Két qua va thao ludn

4.1. Két qua ché tao cam bién

Graphene

Vo
10.0KkV 8.4mm x35.0k SE 1.00um

Hinh 8. Anh SEM ciia cam bién: AIN/Si (a), Graphene (b)

Hinh 8a 14 anh SEM cuia dé 4p dién bao gom 16p ap dién
AIN/Si. Hinh 8b 14 anh SEM cua graphene tong hop duoc, ta
quan sat thdy gdm nhiéu 16p xép chdng 1én nhau. D6 day cua
mot 16p ¢& vai chuc nm. Hinh 9 14 phd Rama ctia 16p graphene
tai dai G & vi tri 1593 cm! twong 1’1ng v6i cac dao dong muc
Eog ¢6 trong cdc nguyén tu lai hoa sp? trong cAu tric luc lang
cua graphene. Cuong do giai D co xap xi 1350 cm’!, twong
quan tryc tiép voi s6 lugng lién két sp® c6 mit trong graphene
cling nhu cac khuyét tat trong cac nguyén tir cac bon (C). Day
1a cac dic trung phd cia graphene.

==

D-band

Graphene
direcred reduced 2h

2D-band

Intensity (a.u.)

1000 1500 2000 2500 3000

Raman shift (cm™)
Hinh 9. Phé Rama cua graphene
Hinh 10 14 két qua ché tao cam bién SAW, bién dang vat liéu

16p nhay graphene c6 dang tron. Phong to dién cyc IDT ta
thay cdc ngoén tay rat déu va khong cé di tat.
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Dé AIN/Si

Vat liéu nhay Graphene

Dién cuc
IDT

Hinh 10. Cam bién SAW duoc ché tao thanh cong va phii graphene ding dé
khao sat do am

4.2. Két qua md phéng

1.2 -‘l]‘ x10%

/m/v \J\

521(#&)

12 125 13 135
Tén sb (Hz) «10°

Hinh 11. T4n s6 trung tdm khi mé phong SAW tai d6 4m 80% bang FEM

Két qua md phong bang phan mém ANSYS ddi voi cam bién
SAW ¢ truong hop cé 16p graphene thi thu duoc trén IDT ra
b6 s6 liéu dién ap theo thoi gian. Sau d6 tién hanh phan tich
phd FFT trén phan mém Matlab bo s6 li¢u nay thi dugc tan s6
trung tim clia cam bién SAW tai d6 4m 80% la 127.435 MHz
(hinh 11)

Hinh 12 chi ra ring khi d6 4m tang thi tin s6 trung tim giam,
cu thé do am tdng 10% dén 100% thi tan sb trung tam cua
SAW giam tir 127.458 MHz xubng con 127.431 MHz, d6
nhay trung binh 1a S = 0.298 kHz/%.

127.460
—E——n

127.455
127.450 4

¥
£
E [
o 2 127.445
5L
2 %127 440 u
cO i
-0
g
127.435 \.
127.430 o
; ; ; .
0 20 40 60 80 100

D% &m (%)
Relative Humidity

Hinh 12. TAn s6 trung tim cam bién SAW giam khi d6 4m ting

.
R

4.3. Két qua thyc nghiém khio sat dp 4m

TS AR TT7 O e
Stop 128MH

Hinh 13. Tan sb trung tdm khi do thuc nghiém SAW tai d am 80%

Start 125MHe 200 un 30H: 0em

Hinh 13 1a két qua chup man hinh trén may phan tich phd
Analyzer, chi ra rang tan so trung tdm cta cam bién SAW tai
do am 80% co gia tri la 127.235 MHz.

127.800

-— .

™~

127.600
127.400
127.200
127.000

126.800

Tan sb trung tam (MHz)
Center Frequency

126.600

126.400 T T T T T
0 20 40 60 80 100

D6 &m (%)
Relative Humidity

Hinh 14. Sy phu thudc tan s trung tam vao do dm

Hinh 14 chi ra ring khi d6 4m tang tir 10% dén 100% thi tin
s6 trung tAm ciia cam bién SAW giam tir 127.634 MHz xudng
126.578 MHz, trong d6 d am doan tir 10% dén 50% tan s6
trung tdm thay d6i khong dang ké, doan tir 50% trg di thi do
am tang, tan sd trung tdm giam rit manh. RG rang diéu nay
hoan toan twong dong véi két qua mo phong hinh 12. Theo
[22][23] thi quan hé giita d6 4m va d6 dich tan cua tan sb trung
tam duoc biéu dién theo cong thirc:

Sl N APk (5)

Lo fho P

Trong d6 K 1a hing sb ¢6 dinh, h 14 d6 day 16p nhay tuong
duong (6 trén), f,1a tan s6 trung tim ban dau, Af 1a d6 dich
tansd, p,la khdi lugng riéng ban dau vét liéu 16p nhay (chinh
1a p, lic d9 4m bang 0), Ap 1a d9 bién thién khéi luong rieng
cua vat liéu 16p nhay. Theo cong thirc (3)(4) va bang 3, khi do
4m tang thi khéi luong riéng p, trung binh tuong duong clia
16p graphene-nuGe giam nhung d day h ting. Mat khac theo
(5), tan s6 trung tdm phu thudc ca khdi luong riéng va d6 day
16p nhay, hoan toan phii hgp véi két qua ctia ca qué trinh mo
phong va thue nghiém trén. )

Tuy nhién c6 mot vai diém luu y: Mot la, khi d6 &m du6i 50%
thi anh huong dén tan so trung tdm cia cam bien SAW ¢6 phu
graphene 1a hau nhu khong dang ké. Khi d¢ am trén 50% thi
anh huong rat manh, khuyén cao cac nghién ciru sau can quan
tdm dén van dé nay. Hai la, gitta md phong va thuc nghiém
c6 trong dong vé hinh dang xu thé; nhung van c6 khoang cich
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nhét dinh d6 dich tan sd caa thuc nghiém 16n hon rAt nhiéu so
v6i mo phdong. Ly do cuia sy sai khac nhau la viéc moé phong
12 2D (do diéu kién may tinh), trong thyc té c6 thém thong sb
ctia kich thude chiéu rong cam bién; cac thong ding dé mo
phong FEM trong bang 2 1a 1y tuong, chua sat véi bo s6 liéu
clia vat lidu thuong pham.

5. Kétluin

Trong nghién ctru nay d mé phong duoc tan sb trung tim cua
cam bién SAW cau tric da 16p Si/AIN/Graphene thay ddi theo
d6 am tir 10% dén 100% giam tir 127.458 MHz xudng con
127.431 MHz. Da ché tao dugc cam bién SAW vdi céu tric
trén va khao sat thyc nghiém anh hudng cia do am tr 10%
dén 100% thi tan s trung tim giam tir 127.634MHz xudng
126.578 MHz. Két qua nay dong gop dang ké cho cac nhom
nghién ctru khac khi khao sat anh hudng ctia khong khi moi
truong thi c6 thé tham chiéu loai trir yéu t6 anh hudng cua do
am. Tuy nghién con mot s6 han ché nhu bién dang cia mo
phong FEM 2D chua sat v6i két qua thyc té, chua danh gia
duoc anh huong cia nhiét d6 - 1a mot tac nhan gay nhiéu rat
16n, d6i voi cam bién SAW cau trac da 16p c6 dé ap dién la
mang AIN/Si. Vi vy trong nghién ctru tiép, chung t6i s& dinh
huéng mé phong FEM dang 3D cho céu tric SAW da 16p va
khao sat thém anh hudng cua yéu td nhiét do.
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