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Abstract

This study uses FEM and Mason simulation methods to evaluate the selectivity of the bandpass SAW filter with SPUDT structure. The
results show that when changing the width of the asymmetric finger of the IDT, the selectivity of the filter is changed. Specifically, the
asymmetric finger width of 15 um showed better selectivity than the equivalent structure with the asymmetric finger width of 5 um. The
results are consistent with the explanatory theory of previous research methods. Besides, the application of the SPUDT structure model test
to the Mason model has shown an improvement in the selectivity of the SAW filter.
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Units Description
Pap ung bo loc
Tan sb cong huong trung
tdm cda bod loc

m/s Van tdc song am bé mit
Hé $6 phan xa
Soéng phan xa

pm Do rong ngoén tay bat ddi
xung
Hé s6 chét lugng cta bo
loc
Tro khang cua moi truong
truyén song 4m bé mat

Cic tir viét tit

SAW
SPUDT
IDT
EWC
DART

FEM
AIN
DWSF
TES
COM

Surface Acoustic Wave

Single Phase Unidirectional Transducer
Inter-Digital Transducer
Electrode-Width Controlled
Distributed Acoustic Reflection Trans-
ducer

Finite Element Method

Aluminum Nitride

Different — Width Split — Finger

Triple electrode sections

Coupling of Modes

Tom tat

Nghién ctru nay su dung phuong phap moé phong FEM va Mason
dé danh gia d6 chon loc ciia bo loc thong dai kidu SAW c6 ciu truc
bét dbi xung (SPUDT). Két qua cho thay khi thay dbi do rong cua
ngon tay bat dbi xung cua bd dién cyc chuyén d6i IDT thi d6 chon
loc cua bg loc thay ddi. Cu thé khi do rong ngon tay bat dbi xung la
15 um cho thiy do chon loc tét hon céu tric twong duong c6 do
rong ngdn tay bat dbi xtmg 1a 5 um. Két qua cho thay phu hop véi
ly thuyét giai thich clia cic phwong phap nghién ctu trude ddy. Bén
canh do6 viéc ap dung thur nghiém md hinh bt dbi xtng cho mo
hinh Mason di chi ra su cai thién vé do chon loc cia bd loc SAW.

1. Giéi thiéu chung

B loc SAW 1a mot trong nhimng phén tir quan trong dugc su
dung nhiéu trong linh vuc tmg dung lién quan dén truyén
thong cho cac bo didu khién khong day va cac hé thong dién
tr vien thong [1]. B loc kiéu song am bé mat (SAW) dugc
sir dung nhiéu vi ching ¢ nhiéu wu diém vé& tan s hoat
dong cao va do chon loc tdt so véi bd loc tuong tu su dung
céc phan tir thy dong thong thuong tir nhidu nam trude day
[2, 3, 4]. CAu tric co ban clia bd loc SAW da duge nhidu
nghién ciru gidi thiéu, hau hét dang “delay-line” voi hai bo
dién cyc (IDT) dat dbi xung cach nhau mét khoang xac dinh
[5]. Mdi bo IDT gdm hai bd dién cyc kim loai hinh ring
luge dit 16ng xen ké va cach ly v6i nhau. Tat ca ching dwoc
ché tao trén nén dé vat liéu co tinh chét ap dién (piezoelec-
tric). Ciu trac va phuong phap ché tao cho bd loc SAW ¢6
chu trac d6i ximg dd dugce nhoém nghién ciru chiing t6i mo ta
rd trong nhitng nghién ctru trude day [6, 7, 8]. Nguyén ly
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chung cta chung la hoat dong trén hiéu ung ap dién tai cac
bo IDT de tao ra song am be mat co6 sy cong hudng trong
mot dai tan sb cua dién ap cép cho IDT vao, khi d6 nang
luong dién thu dugc ¢ IDT ra la 16n nhit. Nguyén 1y d6 nhu
1a mot bo loc théng dai. Tuy nhién ching c6 dic diém chung
la d6 rong ngédn tay va khoang cach giira cac ngén tay déu
nhau. Ciu trac d6 duoc goi la cdu tric ddi ximg.

Vi mong muén cai thién hon nita do chon loc cua bd loc
thong dai dang SAW, nhidu nhém nghién ciru trude day da
dé xuét cdu trac bt dbi xing cua cac bo IDT. Cau trac do
goi la SPUDT. Nghién ctru [3, 9] da ching minh b loc
SPUDT c6 d¢ chon loc cao. Nghién ctu [10] st dung cAu
trac nay cai thién duoc do suy hao. Mot sb nghién ctru khéc
da chung minh duoc v6i d6 rong ngon tay khong déu, dit ¢
vi tri phu hop s& giam dugc nhidu 1an cac song phan xa
khong mong mudn, qua d6 cai thién do chon loc ctia bd loc
SAW. Cu thé nghién ctru kinh dién cua Hanma nam 1976
[11], da phén tich chat luong cta bo loc bi anh hudng rat
nhleu vi nhing song phan xa khong mong mubn va da tim ra
chu trac bat doi ximg co thanh phan xa co hoc ¢6 thé trigt
tiéu dugc phan xa thir cap nham lam giam séng phan xa
khong mong mudn va nang cao chat luong b6 loc. Tuy nhién
hau hét nhiing nghién ctu dang nay déu st dung phuong
phdp mo phdng truyén théng COM [12, 13]. Nhuoc diém
chung cua phuong phap nay la rat phuc tap, phai dung toi
céc ma tran va nhiéu phuong trinh dé giai quyét bai toan [3,
13]. Trén co s& d6 viéc quy bai toan md phong cua cAu triic
dién cuc vé dang mot mach dién twong duong (Mason) cho
phép d& dang thyuc hién mé phong bang Matlab [8]. Nhung
han ché cta phuong phap nay 1a chi méi dp dung cho céu
trac dbi ximg, dong thoi phai chon trudce tan s0 cong hudng
trung tdm va cdc tham s6 cau trac gian tiép cua dién cuc dé
mo phong dugc dép ung tan sb cua bo loc SAW, diéu d6 dan
dén thiéu chinh x4c va tinh khach quan do d6 chi phu hop
v6i bai toan kiém ching hon 1 thiét ké.

Gén day phuong phap mé phong phén tir hitu han (FEM)
thong qua nhing phan mém mé phong thuong mai ¢6 san da
dugc nhiéu nhém 4p dung dé mo phong dap ung tin sb cua
b loc [9, 14]. Uu diém cia phuong phép nay 1a cho phép
thiét ké tryc tiép cdu tric bo loc bat ki, dung vdi cac tham sO
hinh thai cdu tric ctia bo IDT mong mudn. Tién trinh chuan
bi bo tham s vat liéu khong phirc tap. Két qua quan sat
dugc dang song, dap ung tan sb kha chinh xac voi thyuc
nghiém [6]. Theo d6 nghién ciru trude ddy cua ching ti da
sir dung FEM dé mo phong thanh cong bo loc bat ddi xung
(SPUDT) trén dé ap dién khéi (1 16p). Két qua cho thdy bo
loc ¢6 d6 chon loc cao hon so véi cdu triic dbi ximg tuong
duong [9]. Tuy nhién cac luén chung lién hé két qua dé voi
cac co so 1y thuyét dé giai thich cho sw cai thién vé do chon
loc chua dugc phén tich rd rang. Hon nita quy luat bat dbi
xung chua dugc nghién ciru mé rong khi st dung FEM. Trén
co s¢ do trong nghién curu nay ching toi chi gioi han nghién
ctru str dung FEM dé mo phong cho ciu tric b loc dang
thong dai trén nén dé ap dién hai 16p co do rong ngon tay bat
do6i xung thay d6i & muc don gian va tap trung nhleu hon vé
co ché gidi thich cho su thay ddi do chon loc. Bong thoi mo
rong st dung két hop mé phong Mason cho cdu triic bat dbi
xtmg dé kiém chung rd hon vé xu thé dang song bé mat lién
quan dén cai thién cua do chon loc. Qua dé danh gid rd hon
kha nang cai thién d6 chon loc cta bo loc SPUDT.

2. Co s6 1y thuyét va mé phong
2.1. Pap ung chung cta bj lgc sir dung vit liéu ap dién

Nhin chung dap ung ctia mot b loc thong dai s dung vét
liéu 4p dién dwoc thé hién nhu Hinh 1 [15]. Tinh chit quan
trong chung ta can quan tdm & trong nghién ciru nay la do
chon lgc ctia bd loc (selectivity). P chon lgc duge danh gia
thong qua do dbc & suon phai va trai cia dap ung. Bén canh
d6 mot vai thong s6 khac cling anh hudng dén do chon loc
nhu d¢ suy hao dai dimg (Stopband Attenuation, ki hiéu s6 6
& Hinh 1), hé s6 chat lugng Q (Q = f./Afss). Trong d6 f. la
tan s6 cong huong trung tim va BW= Afsgp 1a dai thong Ung
v6i dg suy hao 3 dB (Afzgs dugce ki higu so 2 ¢ trong Hinh 1).
Mot bd loc co6 do chon loc cao khi co toc do chuyén tiép
nhanh giira nhiing tan s bi loai bo va tan sd tin hiéu duoc
phép di qua. Do vay néu bo loc ap dién co dap ung do doc
16n, hé s6 chit lvong Q cao va do suy hao dai dimg 16n co
thé duoc coi la mot bo loc ¢6 dd chon loc cao.
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Hinh 1: Bap Gng cta b6 loc thong dai ap di¢n [15].
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2.2. Co sé ly thuyét cia SPUDT

C6 nhiéu loai cdu tric SPUDT nhu DART (Hinh 2 [9]),
EWC SPUDT, DWSF, TED da dugc nghién ctru [3, 16, 17,
18, 19]. Tuy nhién & day chung t6i tap trung vao chu truc
phd bién nhét d6 la DART. Co thé thiy & Hinh 2, chu trac
hinh hoc cia DART gdm mot chu01 cac 6 gibng hét nhau c6
chiéu rong 1a Ao. Trong d6 mdi 6 gom ¢6 2 dién cuc co chiéu
rong ho/8 va mot dién cuc co chiéu rong ho/4 [20]. Mdi 6
chira cac thanh phan xa (reflector) va cac bd chuyén déi
(transducers) dugc b tri tai tim phan xa (reflection center)
va tim bd chuyén ddi (transduction center). Hai thanh phan
nay hoat dong doc 1ap vdi nhau. Tam bo chuyén dbi 1a diém
ma song truyén theo hai hudng vé phia trudc va vé phia sau
c6 cung bién do va pha.

1C 1o
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T
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Hinh 2: Ciu trac hinh hoc cia SPUDT [9].
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Tam phan xa 1a diém thoa man song dén & ca hai hudng phia
trude va phia sau co cung hé s6 phan xa [9, 20].

Goi d 1a khoang cach giira tim phan xa va tim chuyén doi.
Khi d6 d = 3%0/8. Néu ta goi hé s6 phan xa 1a R (phan ao) thi
hé sb chuyén d6i 1a /1 —|R|? (phin thuc duong). Bo
chuyen d01 khi bi tac dong s€ tao ra song gidng hét nhau lan
truyén vé hai phia va séng lan truyén sang phai bi phan xa
lai khi gap thanh phan xa. Do vy soéng ¢ bén trai s€ ty 1€ voi
14 Re 2! trong d6 k = 2m/Ag, song phdn xa ting cudng véi
song lan truyén theo hudng sang trai khi d théa man d = (2n
+ 1/2)Mo/4. Bién 36 song & bén trai s€ ty 1¢ voi 1 + |R|, con
bién d6 song sang phai ty 1& voi [R|. Khi R 1a phin 4o 4m,
chon n = 1 thi d = 3%/8 ting véi cau trac DART [20].

Mit khéc, néu goi Zi 1a vi tri cta cac dién cuc, f 14 tan sb
trung tm cia bd chuyén ddi va V. van tc song am cua
SAW. Thi dap tmg tan ctia mdi bd chuyén déi (IDT) la [4,
217:

TZixf

HO = 3N, wi =¥ Ve (1)

Pitp=x=2%

V6i wi la do chong lan ciia hai by dién cye

bap }'xng “tﬁn SO cﬁ‘a bo loc la tich Qép E’I'Ilg tan s{) cua bd
chuyén d6i (IDT) dau vao va bg chuyén doi (IDT) dau ra:
H(w)=H1(0)*H2(w).

Vi vay ta c6 dap ung cia bo loc la:

H() = [ZX, wi « P2 ][], wj = &P%] 2)
Néu thiét ké 2 bd IDT c¢6 cau tric giéng nhau va do chong
lan cua cac dién cyc giong nhau khi d6 wi =
jvaM=N. Thi (2) s€ twong duong voi:

Hw) = k= ([Z), &))" 3)
Mt khac, ham e mii c¢6 thé trién khai theo cong thuc (4):
e* = (cos(x) +jSln(x)) 4)

Vi vay déap tng tan cua bo loc thong dai bat d6i ximg dang
SAW & (3) c6 thé quy vé dang sau:

(H(w) = (X, (cos(x * Zi) + jsin(x * Zi))])2

= ([ZN;cos(x * Zi)])2 — ([ZNsin (x * Zi)])2 +
2j[ZN, sin (x = Zi) * Z L, cos (x x Zi)] =
([ZX; cos(x * Zl)]) - ([ZXsin (x = Zl)])2 +
JIZL sin 2(x * Z0)] ®)

Nhu véy qua biéu thirc (5), dap ng tan sb cua bo loc SAW
bat doi xtmg (SPUDT) la két hop phtic tap clia cac song
dang sin?(x), cos’(x) va dang song dang sin (2x).

2.3. Co sé ly thuyét theo phwong phap Mason

Mb hinh mach twong duong Mason thuc chat 1a phuong
phap quy ddi ciu tric bo loc vé dang twong duong RLC
truyén thong [22, 23]. Céu trac delay line sir dung nguyén ly
SAW trong d6 hai bo IDT dugc chuyén twong duong thanh
mach dién vai cac thanh phﬁn co ban: Cr, G,, Ba. Trong d6
Cr 1a dién dung téng tuong duong (total capacitance), Ba(f)
la d6 cam tng am (acoustic susceptance) va do dan buc xa
Ga(f) (radiation conductance). M6 hinh mach dién tuong

wj =k véi moi i,

duong Mason nhu Hinh 3. Véi b loc SAW ¢6 cAu tric de-
lay line duoc thiét ké c6 cac thong s6 nhu: f, 14 tin s trung
tam, k 1a hé $6 cap ap dién, D la khoang cach delay line tinh
theo budc song, Cs 1a dién dung cua mdi cap dién cuc, N, la
s6 cap dién cyuc (number of finger pairs).

IDT IDT
giin; ol
Vs V1 CT Bam Ga{ﬂ Gam Ba(f) C‘I‘ Vz

Hinh 3: M6 hinh Masson cho cAu tric dbi xtng delayline [22].

Pap tmg tin s (ham truyén) ciia bd loc SAW ddi ximg duoc
tinh theo cong thtrc sau [8, 22]:

](Np+D) (6)

Trong do6 thanh phén x la mot ham sb cua sb cap dién cuc va
tan so trung tdm cda bg loc, X duoc xac dinh theo cong thirc
[22]:

. (f—1£,)
p fo

H() = 4k2C,f,N? (S‘“X)

2.4. Lua chon cAu tric va mé phéng SPUDT theo FEM

Déi véi ciu triic md phong, nhom mé rong chon dé ap dién
hai 16p la AIN/Si dé nghién cru md phong vi déy 1a dé ap
dién c6 van toc song bé mat cao, hé so troi tin s6 cong
huong theo nhiét do thap va tuyén tinh. Pdng thoi trude day
nhém di nghién ctru mo phong va ché tao thanh cong dé ap
dién nay voi ciu trac ddi ximg [6]. Thong s nghién ciru nay
chon cau trac hoan toan twong tw nhu Bang 1 & cong bd
trude ddy cua nhom [6]. Trong mé phong nay nhém chon sé
cdp ngon tay 1a 50 cdp va do day cua vat liéu ap dién AIN la
0.5 pm. Qua trinh md phong chi tiét va bo thong s6 ma tran
dan hoi, ma trdn dién méi, ma trin ap dién 1a tuwong ty nhu
nghién ciu trudc day cta nhom [7]. Trén co s6 d6 nhom
chon cau trac bo loc bat d6i ximg DART SPUDT nhu Hinh
2. Thong s6 chi tiét duge ki hiéu va mé ta & Hinh 4 va Bang
1 twong Gng ¢ phia dudi.

L1, A | Din dDT L1
dl | d2 d3
|| i w2l h |
h37] B N HEE e
h2 | AIN
L

Hinh 4: CAu triic hinh hoc cia SPUDT mé phong.

Vé co ban, cdu trac bt ddi ximg dugc chon co budc song
(Lamda = 40 pm). Chi c6 d6 rong ngon tay d2 cua dién cyc
n2 thay d6i dé tao ra sy bat doi xtng lan lugt 1a 5 um va 15
pum.



Measurement, Control, and Automation

Bing 1: Thong sb cAu tric hinh hoc ciia SPUDT mé phong

Théng s ciu tric Ky hiéu | Kich thwéc
S cap IDT (cip) numIDT 50
Chiéu dai b loc SAW(um) L 10000
Lamda: 1 (um) 1 40
Do day 16p Si (um) hl 500
Do day 16p ap dién AIN (um) h2 0.5
Chiéu cao IDT (um) h3 1
Khoang cach cic ngdn tay (um) do 5
Do rong ngdn tay nl (um) dl 5
D0 rong ngén tay bét dbi ximg n2 (um) d2 Svals
Do rong ngdn tay n3 (um) d3 5
Kh.cach giira hai IDT (um) Din 280
Chiéu réng cta IDT (um) dIDT 2000
Khoang cach hai mép (um) L1 2860

Céac budc md phong duge thuc hién co ban nhu sau: xay
dung céu trac, nhap cac ma tran hé sé ap dién, hé s vat liéu,
chia ludi, d6i 16p vat lidu, dat dién ap 1én IDT va dat diéu
kién bién. Hinh anh mo6 phong bang FEM dugc mo ta nhu
Hinh 5.

dod réng ngon tay dz = 5um
dd rdng ngdn tay d2 = 15um

K&t qua chay mé hinh sau khi
xung dat dién ap vao IDT

Hinh 5: Hinh anh mé phong bang phuong phap FEM.

Qua trinh chia lu6i, dat didu kién bién, nhap cac bo thong s6
ma trén ap dién, cac thong s6 vat lidu dugc thuc hién trén
phan mém mo phong phan tir hitu han tuong tu nhu céng bd
trudc day cua nhom chung toi [7]. Cu thé 1a ludi duoc tao
cling dam bao mat do ludi day nhat tai gan bé mat va thua
khi xudng dan phia ddy. Do mat do khéi cua dién cuc nhom
(2710 kg/m3) 1a nho so véi dé ap dién AIN (3260 kg/m3)
nén anh hudng khéi lugng cua IDT co6 thé bo qua duogc, do
vay cac dién cyc dugc coi nhu mét tdp cac nit dugc nhém
lai v6i nhau c6 cung dién ap trén bé mat dé ap dién dé giam
khéi lugng tinh toan ciing nhu khong anh huong dén do
chinh xac cta bai toan. Budc chia ludi 1a Lamda/40 = 1 pum,
sO phan tir sau khi chia 1a: 178218 (gi4 tri nay cho két qua
dau ra hoi tu khi mé phong). Didu kién bién cu thé nhu sau:
mit trén cam bién co diéu kién co hoc 1a tu do, diéu kién
dién ap bang khong. Pay dudi cam bién c6 diéu kién co hoc
1a ¢6 dinh va diéu kién dién ap 1a ndi dat. Lop tiép giap giita

hai vat li¢u c6 di€u kién co hoc 1a tu do va dién 4p 1a lién tuc.

Tét ca canh bén vé cam bién c6 diéu kién 1a ty do.
3. Két qua md phéng va thio luin
Két qua mo phong st dung FEM cua b¢ loc dbi xung voi

budc song lamda 1a 40 pm cho cﬁq trac ap dién AIN/Si va
dién cuc IDT lam bang nhom co6 tan sO cong huong trung

tam (fc) khoang 128 MHz nhu Hinh 6. Theo d6 van toc song
am bé mit V = Lamda * f ¢ = 5120 m/s. Két qua nay 1a phu
hop véi Iy thuyét va cac két qua nghién ctru trude day cia
nhom chung t6i [7]. Két qua mo phong FEM tuong ung cua
hai bo loc bat dbi xtmg SPUDT c6 d¢ rong ngén tay bat dbi
xung (dz) twong Gmg 5 wm va 15 pm thé hién ¢ Hinh 7. Tat
¢4 bo loc nay déu co bude song Lamda nhu nhau 13 40 pm.
B¢ loc thong dai SAW ¢o nhiéu tham sd thé hién tinh chét
cua no, tuy nhién trong nghién ctru nay chung toi tap trung
chinh vao d6 chon loc (Fs - Filter Selectivity) dé danh gia.

X 1 7800+08
Y-25

ol X 1,278 ¥ 125408
y.28 v.28

W ' T fc

g

2

5

Fraquency (Hz) ot

Hinh 6: Dép tmg ciia bd loc dbi ximg.

| x:1.2200408 X: 1.2382+08
Y.-18.72 Y- 20

——SPUDT-IDT with
= = SPUDT-IDT with

Insertion loss (dB)
i 5

119 12 121 1.22 1.23 124 125 126
Frequency (Hz)

Hinh 7: Pép tng cta cac bé loc bt dbi xtimg (SPUDT).

Theo bé loc 1y tudng c6 do chon loc 1a tdt nhat khi do doc
dép tng tai tan s cat 1a 90 do. Hay noi cach khac db thi bién
do - tAn sd cua ham truyén dat cang dbc thi d6 chon lgc cang
gﬁn Iy twéng. Cu thé hon ching ta s& chon tin sé Fs cét thip
(fr) va cao (fc) trén dép Ung tai dai thong véi dd suy hao - 3
dB so véi d6 suy hao ciia tan sd trung tim (Hinh 1 va 6). Tai
tan s6 cat d6, do déc duoc danh gia théng qua cong thirc (7)
_diHGw)|

Fs= T W = W¢ (7)

Ap dung cong thic (7) v6i s6 liéu tir dap ung & Hinh 7, két
qua tinh toan do dbc cua hai bo loc duogc thé hién & Béng 2.
Nhu vay két hop quan sat do doc ¢ Hinh 7 va cac két qua
tinh toan d6 doc & Bang 2, cho thdy ting d6 rong ngén tay
bét dbi xtmg thi 6 ddc cua dap g ting va hé sb chat lwong
Q tang, diéu do co nghia la tang d¢ chon loc cua bg loc bét
dbi xtmg SPUDT. Tuy nhién bé loc c¢6 d6 rong ngén tay bat
dbi xtmg tang c6 dai thong (bandpass) tng véi suy hao 3 dB
nho hon so khi d6 rong ngdn tay bé hon.
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Bing 2: Két qua tinh toan d6 déc ciia dap timg tan s6 bo loc SAW SPUDT

STT B0 loc D§ doc trai | D9 doc phai | HE so chat lugng
[dB/Hz] [dB/Hz] Q (dai thong tinh
theo MHz)
1 Bét dbi | 0.00000812 | -0.00000934 91
xtng vl
d2=5um
2 | Bat  d6i | 0.00001412 | -0.00001359 129
xtmg vl
d2 =15 um

Hon nita ciing tir Hinh 7 d& thiy d¢ suy hao dai dimg cta bo
loc ¢6 ngon tay bat déi xung 15 pm 16n hon khoang 3 dB so
v6i bo loc ¢6 ngon tay 5 um. Tét ca cho thay co ban do chon
loc di cai thién dang ké khi tang d§ rong ngon tay bat doi
xung trong truong hop nay. Dé giai thich diéu nay chiing ta
can 4p dung va phan tich co s¢ 1y thuyét dya trén nghién ctru
trude day [19].

Nguyén 1y dugc md td nhu hinh Hinh 8 dudi day. Trong
Hinh 8, B; va R; 1a tr¢ khang ctia ngén tay dién cuc béng
kim loai phu trén dé ap dién va hé sb phan xa cta thanh kim
loai. B> va R 1a tr6 khang cua dé ap dién va hé s6 phan xa
twong tng. Khi cung cip tin hiéu vao can loc cho mot bd
dién cuc IDTya0, do hi¢u ung &p dién nang luong do6 s€ bién
thanh niang luong séng co bé mit lan truyén theo hai hudng.
Huéng séng chinh 1a hudng ning lwong song duge truyén tir
IDTvs sang IDTra dé thu duoc tin hiéu c6 dai tan can loc ra
ngoai. Tai IDTyi, huéng con lai 1a song phu di ra moi
truong ngoai. Theo [19], qua trinh truyén song s& xudt hién
su phan xa khi gdp méi truong truyén séng c6 tro khang thay
dbi.

Pé ap dién

Hinh 8: Nguyén Iy phan xa song trén bé mit bo loc SAW.

Theo d6 khi séng phu truyén trén bé mat vat liéu ap dién cia
b6 loc SAW gip méi truong khong khi hodc bo giam chan &
mép ngoai cia bo loc thi s€ xuat hién su phéan xa. Theo Hinh
8 song phan xa d6 goi 1d Aj, (truyén trong moi truong ap
dién c6 tro khang B), va hudng ngugc lai dén by IDTy40. Khi
Ain gdp dién cuc ngon tay bat dbi xing dau tién (vat lidu kim
loai/ap dién co tré khang Bi). Khi d6 tai mép trai ctua dién
cuc ngon tay nay do sy thay dbi tré khang (B1 # P2) nén s&
xuét hién phan xa song A_, nang luong con lai t1ep tuc truyén
trong moi truong kim loai/ap dién cta ngon tay bét dbi xung
dén mép phai khi gip moéi trudong truyén song la dé ap dién,
tai d6 do gip su thay doi tro khang nén lai chia thanh hai
thanh phan (mot phan nang lugng phan xa lai 1a A+ va ning

luong tiép tuc truyén di 1a A;). Nhu vay nang luong phan xa
di vao trung tam A, la thanh phan khong mong muén ¢o thé
gdy nhiéu loan dén bién do va pha din dén suy hao hodc
giam mot s6 tinh chét cta b loc [19]. Vi mot diéu kién bén
ngoai khong d6i, thi Aj, 12 hang s6 (Ain = (A+ + A+ A)), khi
do6 néu tang nang luong phan xa cua A+ va A. thi thanh phan
nang lugng song gy nhiéu loan di vao trung tam 1a A s&
giam. Do véy néu thiét ké ngon tay bat ddi xtimg sao cho hé
sO phan xa ctia ngon tay (R) ting dé ting (A + A) didu do
c6 nghia A; gidm va dap tng cua b loc SAW s€ duoc cai
thién.

Theo [19] ta c6 phuong trinh bién dd séng phan xa & mép
phai va mép trai & ngdn tay phan xa 1a A+ va A. véi Ay la
bién d¢ song toi.

A_ = r_Ain»e3F2(-3) (8)

A, = r, = Ain * e_ZjBZ(L_7) 9)
. R1-R2

Trongdoé:r_=r, = T2 (10)

Tir (8) (9)va (10) ta co: R1 1a hé s6 phan xa ctia ngén tay bat
d6i xtmg, gia thiét R2 khong doi. Theo d6 khi tang d6 rong
clia ngon tay bat dbi ximg (dy) thi hé s6 phan xa R1 s& ting,
khi d6 vai gia tri R1 va R2 thich hgp s€ cho r hodc r: ciing
tang tuyén tinh theo R1 dan dén hé sd phan xa chung |R|
ciing tang theo. Song lan truyén sang trai ty 1& voi 1+R| do
véy khi ting d6 rong ngén tay bat ddi xung trong mot s0
truong hop thi nang lugng séng theo chiu sang trai cung
tang theo (A., A+ tang). Khi do phan ning luong gay nhiéu
loan con lai 1a A¢ di vao trung tdm s& gidm. No6i cach khac,
két qua mo phong sir dung FEM & Béang 2 1a phu hop voi ly
thuyét vira dugc phén tich. Didu do6 giai thich tai sao khi ting
d6 rong ngén tay bat dbi xing thi co thé dan dén ting do
chon loc bd loc SAW.

Mot nghién ctru trude ddy cua ching t6i [9] cing nhu mét sO
nghién ctru khac, da cho thiy d6 chon loc ctia cu triic bat
dbi ximg s& tot hon ciu triic ddi xtimg. Mic du diéu do6 ciing
da duoc ly giai qua sy phén tich su dung phuong phap
truyén thong phure tap trude day [19], theo d6 trong phan nay
trén co so st dung két qua 1y thuyet d6 chung t6i thu nghiém
4p dung cho md hinh Mason [22] dé mo phong k1em chimg.
Ttr cong thire (6), ro rang da cho thiy dap g tan s6 cia bd
loc SAW bét dbi xting 14 két hop ctia nhiéu thanh phan song
dang (Cos*(x) -Sin?(x)) = (1-2sin*(x)) va Sin (2x).

-100 Hn2(f)
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-200
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Hinh 9: Dap g tan so kiéu Mason cua b loc véi song dang sin (2x).
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Theo do6 chung t6i thir nghiém ap dung cac thanh phin séng
dang nay cho dap ng Mason dé danh gia dap tng cho bo
loc bét déi ximg. Dé don gian, ching t6i lan luot thay cac
dang song c6 bac néi trén vao thanh phan sin (x) & cong thirc
Mason (6) dé mo phong kiém ching bang Matlab. Cac tham
sO khac trong cong thirc (6), ching toi chon tuong quan nhu
trong nghién ctru trude ddy ctia ching t6i [9]. Mot s6 két qua
dugc thé hién 1an luot & Hinh 9 va 10.
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[ | [
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> -800f
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Hinh 10: D4p tmg tan sé kiéu Mason ctia b loc véi séng dang sin’ (x).

O Hinh 9, Hn(f) = F (S”"‘) 1a dap tmg ciia bd loc SAW dbi

xung theo cong thirc Mason (7). thay thé thanh phan sin(x)/x
bing sin2x/2x dé thé hién cho dap ung bét d6i xtmg ta co

Hn2 (f) =F (szx) ). Két qua cho thay dap ung dic trung
cho cAu trac bat dbi xpng co do ghon loc cai thién ro rét S0
v6i dap ng b loc doi xtimg. Dicu ndy phu hop voi mot s6
ket qua danh gia st dung phuong phap COM trudc day [13,
19].

G Hinh 10, Hn(f) = F(S‘"X) la dap tng ciia bd loc SAW
d6i ximg theo cong thoc Mason (7). thay thé thanh phan
sin(x)/x bang sin?(x)/x dé thé hién cho dap tng bat doi xing
ta co Hn2(f) = F(

trung cho ciu tric bat doi xtng véi dang soéng nay cod dd
chon lgc cai thién 13 rét so voi dap tng bd loc doi xing.

sin x

) ). Két qua cho thay dap umg dic

-100 I Hn2(f)|
Hn()
-200
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Hinh 11: Déap tmg tan s cta b loc kiéu Mason véi song dang sin (x) va
sin (2x).

G Hinh 11, Hn(f) = F(S‘“") la dap tng cia bd loc SAW

dbi xung theo cong thirc Mason (7). Thay thé thanh phan
sin(x)/x bang (sin (x) + sin (2x)/2x). Két qua cho thiy déap
{mg dic trung cho cau trac bat dbi ximg véi dang song nay
¢6 d6 chon loc cling cai thién so véi dap tng bd loc dédi xung.
Nhu vy nhin chung qua két qua Hinh 9, 10 va 11 cho thay
van dung ham truyén dat theo 1y thuyét trudc diy vé cac
dang séng bé mit bac cao hon v6i md hinh mach tuong
duong kiéu Mason déu cho thay khi mé phong c6 trién vong
vé su cai thién do chon loc ctia b loc thong dai SAW c6 chu
trac dién cuc bat dbi xung. Pay cling 1a mdt co sé cho théy
¢6 thé ap dung Mason dé mo phong nhanh cho bd loc bét d6i
xtng SAW SPUDT

3. Kétluan

Bai bao da tién hanh mo phéng FEM cac bo loc SAW sir
dung dé ap dién AIN trén nén silicon vé6i bo dién cuc IDT
bang nhém c6 ngon tay bat d6i ximg. Budce dau cho thay khi
thay dbi do rong ngon tay bat ddi ximg voi hai gia tri lan
luot1a 5 pm va 15 um, két qua chi ra dap ung bo loc co6 do
chon loc tang dang ké voi gia tri 15 pm. Li do 1a ngon tay
bét ddi ximg s& tlep nhan s6ng phan xa giy nhiéu tir hai bién
cua bo loc truyén vé. Khi ting do rong ngon tay thi tang hé
s0 phan xa nén ¢ xu thé triét tiéu song nhidu khéng mong
mubn truyén vé trung tim. Ngoai ra nghién ciru ciing khai
thac phan tich ham truyén cta bo loc bat dbi ximg dé budc
dau thtr nghiém 4ap dung cho md hinh mo phéng Mason. Két
qua thir nghiém v6i nhing song dang sin? (x), Sin (2x) hodc
két hop (sin (x) + sin (2x)) déu cho két ‘qua cai thién vé do
chon loc cua bg loc thong dai SAW c6 cAu trac bat dbi xung.
Mic du két qua budc dau da giai thich dugc co ché cai thién
d6 chon loc, nhung soéng truyén trén bé mat SAW voi chu
trac bat d6i xung la kha phuec tap, cac quy luat vé vi tri, do
rong c6 anh hudng dén co. ché truyén song ciia cac ngén tay
bat ddi xtmg can phai tiép tuc nghién ciru sau hon. bay
chinh 1a cac muc tiu can giai quyét trong nhing nghién ctru
tiép theo.

Loi cam on

Nghién ctru nay duoc tai tro boi quy phat trién khoa hoc va
cong nghé quoc gia (Nafosted) trong dé tai ma so 103.02-
2018.33
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