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The effects of the shape of IDT electrode pair
on the characteristics of SFIT filter
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ABSTRACT

The effect of the reflector type for the SAW filter on the characteristics of the slanted finger IDT filter have been studied by computer
simulation. The IDT was evaporated by Aluminum-Copper alloy. The design condition was optimized by the phase shift of the SAW filter for
WCDMA. We have employed that the number of pairs of the input and output IDT are 50 pairs and the thickness are 5,000 A, and the width
and the space of reflector are 3.6p1m and 2.0pm, respectively. Frequency response of the fabricated SFIT filter has the property that the center
frequency is about 190MHz and bandwidth at the 3dB is probably 8.2MHz. And we could obtain that the return loss is less then 16dB, the
ripple characteristics is probably 4dB and the triple transit echo is less then 18dB after when we have matched impedance.
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Fig. 1. The IDT finger using slanted inter-digital
transducer.

2663



(Finger) 771 & ¥
O F77} &L, & Foll A=
SFITZ 74 H ZH =
ol HER AAH A e a

SFITE AR&-3F Q)& 21 &
2 W3y o] dud A W3l oste] B3 o] 7]&
AX = AHE 7t o) 7R A, A= 42
A F7 (aperture) 2] 2719l o]EHT Fg e 3
Eh(Flatten) 3} Al 3171 913l A= Ao A2 vl A i, x)d
o d= A 24 R AL AT S WA 7=

W ol ek,

ol
_O|L
£l
N
r o
4
Y
i
rl
=
S
[r
o =

712 A 9 SAITRH ¢ A 45 H (He} & o

H (f)=HI,(f) HO*(f) )
oJt},

o714 HO*(f) = HO ; (£)<] 3 (conjugate) T
oz, HI (Dt HO (D = 17 Adel A<l g
g3} S o] ojg WEghrolty 22l B & SAITO A A
Al MEshg =

HAO = B, HI) = @

S LHT (£) HO*(£)]

=1

2 T3¥HH, SE g Folt}
TR0 A Ho] F50] SFIT A9 7| & Fx=
vﬁ_

—_>&/
)
o
fitl
-z
:|N:4”
ki
o of
=
[rt
ol
R
o
-
o
IR
o

o] uf-$-
(pairs) 77t ol A5 W Ad = 2sHA Hol,
275 dE Al Zfo] folshA] 2 AE ¥k Tt
wEhA] o] 23 TS B ¢35} A} Quasi-slanted IDT
Channel slanted IDT 1= @ B} 7} | Qb= 91 0.0, & A+
AAME 2] A5 $838H3th
2128 31 ¥kAL7] ol 2] 8 phase shift= 7] 9H2] 5o uw}

2664

o) ehebA e, 215 0] WAL e kALY o] Folup 71
= ) ghe] A 2] wht kAt &3] $l 4] uiH A B
o whebA] 7] gke] A Aol npeh wAb] E& 2 ASAL,
Aol vetg oz wasle deg 24a 9
EEEEEEERESLEDE RN EERED

WA S gote) SEEL

A k2 H,
%:Dk(T)‘Fan( ) 3)
©] L short grating] &%=+
= Avy
V= vE(L + T5) = w1+ “

D (k*/2) + nD ,(H ,/\)

ott.

o] 71 M, VI free surface velocity, k2 & %1771
ARAS, H & metal D52 F7, A & 99 9174,
n & metal¥] & LEFITE

Single strip®ll 4] finger] WA} Al &=

- k?
r=jk*=jR(5-)+
Hm
A

&)
R (

)sin(xn,)]

oJt.

P (— cos(zn))
P, (= cos(mn)) ©

P (— cos(nn))
P (—cos(m) 7

Dk:——%[cos(nn) +

sz——%[cos(am) +

1, & metal 2] H|E YEFATE Anisotropy S 282 713
el D % R =77}
nk?

U
D, = 85(00)[| q)l

U . U .
TZ | 2((12_9 sz)_ | TS | SD VZ[]

®

| 2(a,— p V)+



IDTH 9] A= Fej7} SAITE LEle] 540 ujA= 4F

Rm:‘e<wﬂ(

(TZ) a,+p sz)+(T3) p V4]

L) %(a +p VZf)-i-

L3594

SAW JH & 2748 A= vt A5 5847
& AH8-8ho] Langasite 713 9o A=5-& F4AA A4
SFATE 54 A R Sekznt A S g 7] 9ol A=
ARE= AlCu Fa& AR89l oM, 150°Cel A DC
Magnetron sputters ©]-&3to] F&sglon, T+
5000A & 2 3} Th

o), EATA 5} Al A %o AL-gE7] % 14
B A4 b FEv A= AAE 7] A
A Yo 2 HE CAD A A o o3t AAFFAA & ©]
ate] 0.05umo] o] A ez Al Zsh it o] g 2o
ZJ]ZLEI np 235 AbE St WA Al x2T4 T sk
/\}1] 217y vk2lof| 9] 8| Langasite 7] 3ol 52
St} o} & ] Langasite 7] ¥oll A A g IDT 4
= 27 flete] kel axeS AFsk AL, A

s
7 J&o]]HA _LU:]E]—/H _1]. Ln = JJ—'O']—X‘] FARs z]-;q

ol AL o

Eato] A8 5= 9lqlt} o}-&-2] 5000A F71¢] Al
o] TaH A B v £ vl =F 2890m/s A =9

o o I ot

2.SAW ¥ H A& 4L 5A

L ATNME SR ELAS 2L T3
3k7] AEiA RS Bole] e ARE HEOR
deEdtol= Block Weighted IDTE Zddl=
Withdrawal weighted IDT & B & A €] g SAW ZE] & A
A Z At obgd] 7 AHE o2 IDTE Zlaé
914 A 7] Block weighted E}FY 9] A= J e} & A& gt 2
B o] 571 8|25 19 20 YERSITH

TRl A n gk 247 Ths e, o] 4
el ] block2 F ol o] 7HE 2 ol A
o] okst A3t & 71A oA "k whEbA 9 2w block

Weighted IDTAA = e £2 o, 3 g

8 “*01*1’“% URSA o]l 2 d3ts 7HA 2
%E]r. ¢ a1 3 o] Withdrawalol A= S99 H
o Zixltﬁq"%oﬂ/ﬂ A= 2o, FyddoryE
"ol A el A= UREA o] T4 &2 A3} 7HA]
QA et

e = i g e

v3 V2 Vi V0

) SR =
Vi V2 v

CAE ZE EECR SEE ISt B
Etdnt ZEefel SIt32

Fig. 2. The equivalent circuit of series block

weighted SAW filter.

g

N
bal
o
o
o
Q2
2

a8RE Yy £ Eol= iE(Trade-off)i

Adaf Aol ME FAF oA T2 s 7HA L
A gk gk, ZHEA = obd 715e] A we)
WRALZ] A A ol A 9] whAbE 13) §14bo] vk Al H B
2 lojo] 7|gte] Adgt HAF FxE @S 3t A o]
o5& HA F shrtoltt

2 AT A= Langasite 7] TS AFE-31o], AR H
A1 W 37](Slanted Finger Inter digital Transducer :
SFIMA= 4 FeE 83 SAW HE A2 218
Tk AEE Sk F, wab] o8 wbE ek
A3 A2 WALH 5 517] §lste] v E R
(open) 3 T 2f(short) & 4 351 o1, WEALY] ¢ IDT
A Abol o 2HA o e W shE F]i Tt

3.99 §4

AW ARE Q7] N ARE] WANEL A

9 a2 npEslg 1, IDT ASAEE 5U3 A
22 SFeM o, AS(IDT-fingenF 2 A=314

(space) 5 o1 5 £UES WHA AL,

2665



2

3}

o

HEASE=EA 41338 A%

NEEZHEH Hde 2718 A7) 91314 Langasite
7199l IDTZ FAA Ao, A2 ASe 50802
At A sk

A2 2 Je o wiab] el E 2= A 2hek SFIT
4HE T xgel /Mg IDT A9 Al 2o

S 1% 390 e

532 0
AL0_Ou g 440.0m
TIE.Dux i 7180

T
t s i s
.
e |
5 e || w83 aten L 508, st | | WS Sen 95130
Frey (e | v Ry | A= | L
R ‘ ST
o =
|
L e i e 2.
i o
i Fuon o

65, Soum

+
s
400.0un X 400.0us
i ( =002 180wz

BB S 14m

a7

3. Langasite?| Et HAMAIZI 7S M2 2=
Fig. 3

. The open-type IDT electrodes are formed
on the Langasite substrate.

A HojFEo] §&T} o} & ¢ x]e A
AEE +9 HA () A= Yehdit) 90 &
DT(hot Aol &= +A 35 17}3} o1, o}

23 IDT= A A 2 AFg-3ka ).

1 9ZIDTE dgEho)la1 $ 22 DT

o]t SAW A 53= 2o M $-=

AR BAA

] [e)
S|

A /\] 11
20

%‘
21
9
17

ob-&el IR AFo e AFEL 2E5YEL
IDT-finger 9} HFA}LZ ] eﬂecto r) 18] 3L IDT-finger?] =2
2 OEEE BES B, 4 o A A
groundbarg et 281 &5 A5EEdHEE
24 0 2 M IDT-fingere} HHA}7] 9] =0 & HHE ¥ 1= of

& HoFEh
Il ol A Bl mkel 2ol MY H5E Aol
210 HEALZ] & hot(+) A=} H A A=
e A S FAB = 55
o] 7] A, finere} WFALY] Z& Z}7} 2 4um E 3.6umo©]
1, finer$} ¥FA7] A 8] 2.0um 7F

2666

Adstslon, el 4

S 2 HE 27} 1.5um £t
o] B F-oll X & FYa}rt
Azt e = SAS flskel G x Smf 271 9
%1%} (Surface Mounted Device : SMD) 3| 7] %] ol 21 %3} 93
om, HE o] EAS FAN AT ATE HER AK
3t 50 QO AT 2 v A AT gk A ZE F

A EEERCET
Aoz fAsheom, o

L JH oL
oﬁ‘, 2

—_'-o

ol 9 - 2E A B 24 272 Agetg o,
Aol A5 Bl A9 AAHE A7) 98
o o AT F4e AR ook e Y
o7 A et e WAl E RS A 25 7t

23 =439 .0, v

7t 32w 247 E olste] Al
[ex]
AA

o
AL 19 4boll A= i 5 2] &5 3L 3dB Tl
5 349 A3E gojste] 2 A
°J3t9} 3.3MHz =& 54 ¥ Utk

a9 4ol A= ZE Q] AI7F 9 9(time domain) 543 &
LERH LT oF-2-#] 3dB the Foll o ¥ 30dB th & -]
H| 2 X35 = 32320 AH(Shape factor) &= 2.18 == 7
Zbe Qdk 3 17 4dol M= 9 - &9 IDTell gk 4t
9 ¥4 (Return-loss) ©] 20dB o] 3= A = &S Ho
.

F{Nn:

=ocl 153023
cHl B2 Iog MAG 1048/ REF 130848 10 4B

2
[CEERE T
PRm ofrert
B 7 s e
MARKER WIDTH W ALLE cenl: 120, 42555 MKz
Z0 4B wrzeEms

1_los{i-130580

‘ (1] VA e
VTV AV

GENTER 150,000 000 MHz SPAN 25000 000MHz

(@)



IDTH 9] A= Fej7} SAITE LEle] 540 ujA= 4F

moe isEna
oHz =, 1og wam L REF 13108 o as
22 SE0sOMIS
ofrer-
MARKHER WIQTH WALUE ceni: 120577 47 MK
= db =
R
ik
i

f—"’:»

||
| el

1

CENTER TR TS TR TR
(®)
=ocl 15351
et sy egwan wnan REF 220148 aootas
[ T ==
Pam
Cor /6
i
B
UG
’ \
\I‘\M T YR
cu1 sTART Sror s
(©
P —
chz 52 immmo s REr 1658 ean
[T I -
FRm 22 osoomis
cor
Ll f ——
kAN
"]
PRm
Cor \‘
i
a
CENTER 120500 co0 MKz SraN 2500000 MK
(d
1% 4 (a) N MF Hejol Foig SEHSN
(o) Fat+-SEoll thst 2[E E4 (o) HYE M3
ZEfo AZIEYS E4 (o) Hed ©3F e
sey 24

Fig. 4 (a) The frequency response of the open-type
IDT filter. (b) The ripple characteristics of the the
Frequency Response. (c) The time domain of the
open-type IDT filter. (d) The return loss of the
open-type IDT filter.

532, O
—_

T15.0uz. 710 0em

£, %0

- A% u o
F ;
¥ soa 1
718.0u 3 T16.Ous
265, S E
i L tomn

Langasite 7|2 gdAlZl ch=H S 7=
he short_type IDT electrodes are formed on
the Langasite substrate.

i}
©
o

N ol
= |
g2 o o ol

-
e &
ol
32
dlo
o
=
2

#h.
PozA wakshel

= oX o M
=3
B
N B
it Rei)
r 38
o
E J-‘
> e
>
>
N
r
E
g

JW F_Y_‘, = ox
o 1 2 o
¥ = 44 Mr ot o
oo off 3y
[ ol Tm
afl]
_Lj ot Il
ol g _'T
Q Re)
S
l?i _m —Q
J{ fo X
rlo
A o
N 2
2o L)X
r ol (5
T2
RN N
N
?Ll —_—
a=h N
ot B

o MoK 5 e
>
2,
o
1
I
ol
3
o
£
=)
2
=
o
z
>~
>
N
Ao
rlo
)

m % 3.6umo| t}. %3} finero} WHAL7] 7428 2.0n
A3l FAstH e, gy Ao AL WAL §
Ae +715% - A5 25 EH 244} 1.5um 114 & A
S5 ST

R R Gey ARE Z4S Astel sxSm 2

g
fr
oft

715 72t SMD | 7] A o] A sl em, 50 Q A Al
% 2A3 9 o)) o] St E M WAL E A
S A% WA EAS Bz skt

2667



rol

3%

o

HFA8 8] = A A3 AR

olel gk Aol v Fof WAPIe oI WALl 913
2452 wolo)E A FeA e A% 4 DT
A} AP 12 3L IDT A o) Wb 7] 2
T Y A% AEe $Y 54S 0

Wk

FOCtIE S

CHI  S3 g MAG 10dBs REF 9755d8 10 db
M247 XLI9BE G 000 000 MKz
FRm k & REF=1
BT Bi5 MHZ
e MARKER WICTH vaLUE ki et 1masqaTTe Mtz
3048 5 EET=
1_ kssf 97951 dB

‘ [ VAL
YV E AL

R

CENTER 190000000 MHz SPAN 25000000 MHZ

= ocl mEssiz
CH1 Sy log MAD 18 REF -10.41 6 3 14EmdE
MZ247 XLIPEE G 1,500 000 {iHz
PRm ol REF=2
mean-10f756 dB
MARKHER 2-2 dew: 5968 4B
1.6 MHz ppi 20T dB
a
il N
CENTER 120000 000 MHz SPAN 10,000 000 MHz
;oct eSS
TR log MAG oas REF-13548 I_r15558 08
24 xL1sfE G [YEE=r™

CHISTART-20rs STOP Sus

©

2668

;ocl oEs2s
" Iog MAG 1ouB REF-I5T+dB 1_-1674308
Iog MAG 1048/ REF-1453d8 1_- 14527 4B

oo

W27 XLIEEGI

22 mE0s0 s

LUy

R

SPAN 25000000 MHz

Fig. 6 (a) The frequency response of the short-type
IDT filter. (b) The ripple characteristics of the
frequency response. (¢) The time domain of the
open-type IDT filter. (d) The return loss of the
open-type IDT filter.

6l 4] *Ol "*‘?erﬂ o =f 190MHzZé =,

EEL q;a Gbell A1 212542 4dB 4
,

3dB )& # & 38MHzE =45

o} [L}E}H 4 A= 21582 ALt AT T8
g 6oceE o - =9 IDTO 3t 218 &4 (Return-loss) ©]
18dB ©] 3t 2+t SA H A5 B FETh

o el 17l 6doll A= o - &9 DT gk ZlEl&

B Fr)
ol A 1.9l whe} 2 v E A Q)
S92 v s 2 30dB o) ¢ 2
Z7hsklen, 3dB &2 iAo R vk A
Aot o= AT A EA st Ao = Qs
AnE gt 1
S SAW ZH A&l =&

0] 20dB ©] 32 5459 &<
1

-E A

H C oo o

v}

FA 2 g9 50dBol = &
ol# 3t A= AL F
Ao 2 ALRH



IDTH 9] A= Fej7} SAITE LEle] 540 ujA= 4F

block%ﬂ]i OI'TE‘
£ withdrawal & Ej & &
on, Jes A T4
°|HE o] &3ttt 1

,]/\134 Qﬂre H}ELO

ﬂﬁﬂ@giﬁﬂﬂﬂﬂ+
SER REEE

.

o
o(‘

, withdrawal 3 B ] HIAHFH
d& 1hal7] 913k fingerot WF
8um ¥ 3.6pm = 3} 2.1, finer} H“V] 7 E]—E
Z‘.-‘li TdaA st AT 18
Ae +453% - A502 5 7—}7—} L.5u
2] 3}‘34 ety o 7é'-r°ﬂ"1
B L5um 7HA & A48
Langa51te 71 $19l IDTE —r7]
tek FH o] Fap

30dB o &
og};ﬂ »Luﬁoﬂ dH &2 A

o
!

N ol
= b

=)

5

g
(=}
=
3
=

o
z
N

N
o I
o

= B
fit alo
z

=)

[
Ny
k%

>

I~
>

b

N

_,d
R

n*ﬁ )

G
W

oL,

(
t

o
2 o

i)
T,
RIS
=2, ot
o g

¢

oy,

¥Q
>
N

fo b WU e e Ry
oy, oX
32

e U = AU T VN S R
A

%‘3. e,

s

o mot

i

of
X ox >

e

A AR A 5ol

< H g
Ffjg

A ZZP AL o]

of

I
oo
> g HS R

_&
ol
LN

,4
e oo

I~ = R S W o}
v

SRR

*

o3 o] A 71 &8 ARE Fiel wU Y EE
e AHL AF TR ARG Rk BEEe 3
$ol 4 2a% 9915 eirha s A 3717 @
eAREgon Fr BEad doHE 27 99
B ATE A% 5 Zol ek

EHD25

[1] C. S. Hartman, D. T. Bell, Jr., and R. C. Rosenfeld,
Impulse Model = Design of Acoustic Surface Wave
Filters, IEEE Trans. Microwave Theory and
Techniques, Vol. MTT-21, No. 4, pp.162-175, 1973

[2] G. L. Matthae, Acoustic Surface Wave Transversal
Filters, IEEE Trans. Circuit and Theory, Vol. CT-20,
No. 5, pp. 459-470, 1973.

[3] R. H. Tancrell, Analytic Design of Surface Wave
Bandpass Filters, IEEE Trans. Sonics Ultrason.,
vol.SU-21,No.1, pp.12-22, 1974.

[4] T. Thorvaldsson, Analysis of The Natural Single

Phase Unidirectional SAW Transducer, IEEE Trans.

Ultrasonic Sym., pp.91-96, 1989.

H. Yatsuda, K. Yamanouchi, Automatic CAD Design

of SAW Filters Using Slanted Finger Interdigital

Transducer, IEEE Trans. Sonics UFFC, Vol. 47, No.1,

pp-140, 2000.

H. Yatsuda, Design techniques for SAW filters using

[5

—_—

[6

—_

slanted finger interdigital transducers, IEEE Trans.
Sonics UFFC, Vol. 44, No.1, pp. 453, 1997.
7] e, B 3 SEHALS A9 24
7], Br=raf %A BF A1 8] A pp68s, 2004.
[8] C. B. Chvets, P.G. Ivanov, V. M. Maka, V. S. Orlov,
Design of SAW Filters on Langasite, IEEE Ultrasonic
Symposium, pp. 99. 1999.

2669



o P BE A 88 =i A A3 A 123

K KpATH

F 3 (Ilhyun, You)

2670



