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Abstract
Jiuling Liu (Acoustics)

Directed by Professor Shitang He

As mobile telecommunication develops rapidly, the wideband, low-loss and
small size SAW filter has aroused more and more attention. Resonator type SAW filter
is one of the structures we often use to achieve the low-loss. Coupled-of-Modes
(COM) model is used as basic theory to analyze ladder-type SAW filter, SAW filter of
ladder-type coupled with longitudinally coupled resonator and SAW bandstop filter in
this paper.

The cascade of ladder-type SAW filter would cause the characteristic degradation
in the lower side of the filter passband. By a careful impedance analysis of each stage
of the filter, it is found that the above degradation is due to inter-stage impedance
mismatching. Therefore, we explore the method of inter-stage compensation by
adding one port SAW resonator to inter stage so as to reduce the impedance
mismatching. And the theoretic simulation and the results of the experiment are given.

To suppress the ‘shoulder’ in longitudinally coupled resonator (LCR) filter, we
used SAW filter of ladder-type coupled with longitudinally coupled resonator filter.
And the theoretic simulation is given.

The Trunking Communication System working in 300~400 MHz requires an
antenna duplexer with low insertion loss, sharp-cutoff frequency characteristics,
reactive characteristic in the mutual frequency bands and small size. In order to meet
all these requirements, we have proposed SAW bandstop filter, which colligate the
merit of SAW filter and that of the LC circuit. By coupling it with ladder-type SAW
filter we can obtain a filter with low insertion loss and high attenuatjon in receiving
frequency band.

The experimental devices are fabricated on the piezoelectric crystal
36°YX-LiTaO3 and 41°YX- LiNbO3. The experiment results are approximately
coincident with the theory simulation.

The characteristic of four-stage ladder-type filter with inter-stage compensation
has been obviously improved in passband. The bandwidth of 1dB has been increased
by 14% and out-of-band rejection is more than 32dB, which increases more than 5dB
compared with the filter without inter-stage compensation.

The shape factor of SAW filter of ladder-type coupled with longitudinally
coupled resonator filter is less than 2. And the out-of-band rejection of it is more than
50dB.

‘Ladder-type SAW filter coupled with SAW bandstop filter achieved insertion loss
less than 2.5dB and attenuation in given frequency band more than 50dB.

Key Words: Surface Acoustic Wave(SAW), Resonator, ladder-type filter,
longitudinally coupled, bandstop.
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aTh, | (1.1.27)
Hep 47 1 A%E RETA, T=0 (W: 1452 B BRE B REREBRED;
Y1 mBEE RS (i, #®EERE), 0.

B (1.1.20) a/R#EAER 1 EEM ERSRECH T WHEEFTE MR
PREREREHER . BFEX-FE R gess ] LA BN AP b VRS MR R. B .
A PR AR IVR S FE FE R AT LA1S B8 U 28 P9 b FBL s bX DA R BLAZE e Y

§1.2 REMEERRAEER

BREKRAREREH, BFEFRNGE. €BEFMREME. 2BE%
B HRE . & )8 IE f2 ST RS AR S MEARR MR E BB R R R
PEBAIPTICE, — gl it, SR SAW BERER BN T E 8N, ZRAK
SVIRELE M T 428 I 470 S A BE B 5 R B b SR B AR T B M B R K. 1986
£ MASAO TAKEUCHI #1 KAZUHIKO YAMANOUCHI s H —F e AR F 418}
LR SRR RATRFEAN R, BN TR AR B SO R B AR, K52
1/4 )i%ﬁﬂﬂ)%,ﬁﬂs%ﬂﬁtﬁu, R RSB RS RS R R, DR R 52
MRS R (BI&EBEARSMEE. WARME, RFWEHE. &BFR RS
MRS | BRI I A I B B i REUFF S AR MR, IATH LURIE A R FER
MRS [ B G #E AT 206 DA I B S Bl S 5

§1.21 BEHEHIE
KB 1.21 B REMENEHREE.
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ERERCGERNENSNER ST LRI

- , > >
x=0 °* x=L 7 x=0 X=
a FEIEAM b FFEHH
: : )
. 4’ _ _
x=0 x=L x=0 x=L
¢ ERRSH d RAHH

K 1.2.1 REWMEREE

BT RSP RIZEEURN COM S28F K, ATHERHTE, AW {NaHEH
&8 ST COM TS

HOUTF B iae st BE A s, EMMBER LR AR INTEON R(x, @ )M
RIAERRNATE R S(x, 0 ). S5 AT DS R ST T

ﬁﬂ;%l = -ij(X)+chXp(—j(2 ko x- @ )S(x) (1.2.1)
s _ 122

= +jkS(x)-jrexp(+j(2k,x- P)R(X)

FEFRE, EXAR (1.1.6) BB ME A F D,

§$1.22 EMRENRS R
AT R R R — AP PSS, BB P P A A, K — P e X 4 B R

TR

[S(O)] ) [Pn PHHR(O)] (1.2.3)

RIL)| [Py Pu||SE)
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B—% FREEHFRRSEERERM

_S0)

n= IS(L) =0~ —JjK Sin(DL)
R(O) Dcos(DL) + jAsin(DL)
S©) | _ D .
5@) " Deos(DL) + jAsin(DL)
RYE R AT ISR, HAHNSEREE 5, % Par=Pre; (1.2.4)
TF RS, IR, BRORADIRETRHIIR, B SL)=0
in
[R©)" =R +|sO) (1.2.5)
B |P11|2 +|P21|2 =1; .' | (1.2.6)
B, HR0)=08, |Py|" +|B,| =1 (1.2.7)

mt (1.2.6) FfIX (1.2.7) FLUER, STHREREME BRIEREE
HRIMIEE P, | =|Py|, B

_R()
P 21— R(O) ‘S(L)—O_
R(L)
Py= S) IR(O) =0~ (1.2.8)

B Pu B X ATEH, Pul x=L MG, 7 x=0 E AHEH, K

B SASE H, WERYL, PuBLRBANMREER RN R RYE P HIRIE
B E—A R SRR R S R, WE 1. 2.2 FE 1. 2.3 43T KA IE A
MO, EEEAEN ST-X A3, FO4RE 100MHz, RETMFFCED 50 K, M
B 5 4%\s, As A0SR 100MHz X MK .
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BREFERAIEEBNERINT G ERIA

A0} J
20} 4

-30

401

Insertion loss (dB)

50 1-

60 .

70 I 1 L L 1 L 1 1 )
90 92 94 96 o8 100 102 104 106 108 110

Frequency (MHz)

B 1.2.2 5255 BRI A R B00R A N

200

150 T

50~ q

50k ,

Reflectivity (degree)

150}

-200 1 : L ) : 1 1 L I
90 92 94 96 98 100 102 104 106 108 110

Frequency (MHz)

B 1.2.3 JE B4 B MG & 5 R A AL R

§ 1.3 FEREE Lo E RS A RER T

FEREWIETRESE R EIRE . JURXIEIRES . BB IERIERE. 4
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E—8 FREMEH BRI EM

FAR A R B,

2 o BB BB R SR R AR A R IR U B, R T B Py AR &t
LRI 8

U SAW EHRISLE A 1. 3. A Fm, PO SRR TA5 Soh 1 v 2R B 79
1, M R ATRRE R IDT §OB RS — B, BT DASRIL A A AR B0

B AR A R IR SR A I 1. 3. B TR, BB SAW RIS IE T4
R AR A B DU R S TR R . ORI OB R A, — Y
0. 5%~0. 75%, #AMIHEE. B 1.3. A2 FE 1. 3. B2 250 H w2,

IDT IDT HEAR

&g

Rk

B 1.3.A XU SAW & iR2: & 1.3.B BEFBEIETRIEE S

4 401 .
45.'\ ['
50/ ALY . i N _ 90 .
0 230 240 250 260 270 280 2%0 300 3085 399 3995 400 4005 401

. B% Mz ;¥ MHz
B 1.3.A2 XU SAW B4R 2% H55im & 1.3.B2 MBS EIRIE 2% 1R
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BRI B TRA ISR IR0 5 LR

§1.3.1 Bimxt SAW iR HIGEHI R TIERE

B AT (SAW) 4R 52 2 o o ) A 5 0 A 28 FT e A SR BT LU 1Y
Rt B . St 1.3, 1 7 A Jrn, FUR B AR RS MR 9 o7
MR B RERE . SMERATRIDERRS, KERBEHS R
P TE— MEA W R R A R R . S — MR E T
IDT EiF, BRI RER W FHOERE, TS RREERFEE—NER,
TR0 TRas M PR . i Aeas 5 AT SRS TR R — B, |46
R R A SRS, T B X IRRAEaS 54 B B < MK BE R < P B2 R
R TRFE |

B 1.3. 1 % B b R HEIR B AL RS BCREECT, Hrp L, C i
MR, CoNFAHRA, RAFNSHE. X TRERIERS, RERD,
AL EEATE .

IDT |
Rt e R4

; :>C0::
& L

A B B B
B 1.3.1 Bt AR E R IR

NI A BS W IATUE M R 5T AR T U B TR NIk, BRI ZIAE. =
BT RS, & BEM AT MEE. £ EARSMIESE, RAARB RS
BmHETRR A A R, — Bk, BREK SAW S RE IRy £
BN, £RMREEEERDY, THXRERBEGERSM QE; TXRA
& JB TF S 52 S M e T SR 45 L e R R0 F R A T DR ) S S 2R 4, (B 4% B8 P A ) KR
RISz — AR (BI\Srz —i . Sl AR Bl A T B M — 02— A
/M4y —k) P, REFrmiiy mgR. EEFNAN, NIREARK®
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B—F FREOFSTHRSTEEREM

FRFE LS o

§1.3.2 HBESHERHE REIERFAISHN

R A A R P MRS, 4RSI R B AL 200 P RERELE &
SRSt AR R B, AT E, B BN R
BTN, BV B S S A A

711, 12 TR BRI T 4 XU E SR R SR P 4ERE. T
T DA A A SR P AE O 4 S B M RS A0 S0

R T, ARSI, KR AR P AEME R K
BRAT UG B8 S RHETR AL P ARRE, BT BN 1. 3. 2 BT, B,
e .52 A 8 11 5 BRI M RO 75 0 1 SR B

a 0 a s as b
S pb P e
< ————] 4 < _
b ag b() az b3
1 az
. u3
13 -t

Bl 132 Bimsd B REEIE RS O REE

X, RS IIER R L, A 1.3 1A PR, AR R
REBZ FPAE—NER, SIA—AMEGET, MWao,be 5 @ bos Koas, b
as , by ZIABEMTRR:

a, =bye ™, a, =bje

a,=be ™, a,=bye”

4 L=0 B, BERSNRTHREERBE, N

(1.3.1D

a0=b0,a0=b0,a3=b3,a3=b3
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PR B R NI 1 B0 457 5 SRR AR L

VMR P AEREY PO, HeBhoe P AEREN P
PRI L 2FR (1.2.3) 5 (1.2.4) KPR, SHBERE:

PuG:' PzzG: LY Sln(l.)GL.G) (1' 3. 2)
D, cos(DyLg) + jAsin(DgLg)
P)y’=Py’= De — (1.3.3)
D, cos(DyL;) + jAsin(DgLg)
S P, R R M AR AR ARERT, BN PTIT:
' T T T ' )
a P, P, P;l|lb,
a,|=|Pf PL PL||b,
3 21 2 Ixn||Y i (1.3.4)
. T T T
I3 Py Py, Pyllu,
— ik, sin(D, L, )e
Py '=Px'= iz Sin( L r) - (1.3.5)
D, cos(D,L;) + jA; sin(D,L;)
_jszs
P12'=Py'= Dpe — (1.3.6)
D, cos(D;L;) + jAg sin(D;L;)
P13T=P23T= a L oL sin(D; L, /2)
D,L;/2
(A —x;)sin(D, L, /2) - jD, cos(D;L; /2) (1.3.7)
D, cos(D;L;) + jA(DrLy)
P3;"=P3, = -2P15" (BEFXR) (1.3.8)
4a’(x, - iD, si
Py a (KT3 A) iDL, +( A)[cos(D L)- 1] {DT sin(D,L;) (1.3.9)
D, D, cos(D;L; )+ jAsin(D;L;)

H P P RE N R ABEE OB EY AR (1.3.1) X, THESHE 8
SERHEIRIE N P AERE, DL P RE, REBZAMNERHTRE

b1 P, P, Pl
b,|=|P, P, Psl|la, (1.3.10)
A P, P, Py |u,
(BRI ORI BRI EY] 431D
l 11 T < J.
BS@T+B1 lPl(l ~B,_1|
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B—F FAREESMNESEERER

_ (B )Py .
B, = PG(P'T_'_P Tl)z_llp G(PT—P T) 1_' ' 812
1 U 12 u U 12 )
~-P.'P,°
By =t— ;3 12 - - (1.3.13)
_Pn (Pu +P12 )"1J
_ T\2p G
P =P+ 64(PnT ) PnT (1.3.14)
B, (B, +B; )-1
Ba=Bs | p _p ., P=B, . Py=P,=-2P, (1.3.15

(1.3.14)F ¥ P, Bl RS B X RSB KA 9.
¥ Z Ay Sum i i RS p N BT, U
7=1/ P, (1.3.16)

RIEBA DL Z WRE AT DA 518 3 B I R 28 B PR HU A 4

WESLHIWE 1.3.3 fin, BEPE&ATiE, BEAME. £RIERMZE fa
g, BEMPIEAEIRR A, EEIRIE fr &b, WENE, HBETE: 45E
B RIEIRINR fa i, HEBIETE, LB THIEREE fr i, HRAS
FIPE PR 2 MEARE, BIPUARE, BEEETE.

T T T T T
| 1 t 1 |
) 1 1 1 1
' [ [ t 1
2500 - - - - bl i e St Rt r----
) ! 1 | t
t [ 1 1 t
1 ) 1 1 !
2000 - - - - il sl Lol Sl et T-- - - |t B - -
t ] [ 1 )
t 1 1 I l
i 1 ¢ [ 1
1500 — - ~ - - T e e e ] e e t-—==- e - —-——
1 i | i 1
1 [ | ) '
1 1 1 | '
1000 - - - — ] S e S [
i 1 1 1 !
H t 1 Fa b |
i ' t ! I
g\ﬁ']' 500fF -~ — ~ — - : _-—--4 ___,_:______l _____ |
' L
B I ‘] ! 1 i ! [
. 1 ! 1 1 l i
Ob——— - ] SO P U | I
| 1 1 t T
) i | ' 1
1 t ) i 1
500k - - - - - | [ WU DU IR 0 Py A S |
500 | 1 1 | ¢
i 1 ' l 1
| 1 t i 1
1 I | ] ]
"1000 ______ 1 - - rT- """/~ - -=--"7°----- —__—' ————— r___”—] ————— |_ _____
1 ) [ | t
| t 1 1 i
) | 1 t 1
1500 ~ ~ ~ - o R Ml R e - -5-—--- r----q
i t 1 1 1
0.95 0.9 1.01 1.02 1.03 1.04 1.05

A 1.3.3 BumxigiE2s I R PRt
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FRER R IEE A N ER AT 5 KRR

EENG

B R ARSI, AT I B A SR ST R A R
A, ST HABNSHMSRAIEN (81 P RN, REHHERI BRI 4
B, SRS UIOAR, 4o RSRtBRBIEN, HE T REISREN S
PFGET R o B HBATLUS & 2R S G MR IS O EE AT REI 2858 T 28
R
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PoE ERERBGERERSORA TR

B FEREESEERERFNBESEELES R

BT BT IE 3R (Ladder—Type-SAWF) £ H B w75 5 i fR as il
RS, FBRHEANY, AERFHBEREFEMBRMNER, BEERD,
G, AESMCRAE, RAAZ IR ZMATERRERSEH,

SRR TR, RGN EEEIRE, SABLAESR, &
£ BRI, ESAAEE, LEENEESNATREY, #A%
BEJE OB AR

AEE MBI &, R COM iR AT EE IR, 4R)5 MLk
B PR 2 B A £ BB 0T R BB B R R B TR R R, FF3R N B vk

§2.1 BRI IEIRIER 228y COM 2247
§2.1.1 &R TIEREE

PG RLTE ER TUE B A R 2. 1.1 A BUR, Zs, Zp SRR
T i 5% ) 5 B (parallel arm)FFFERE (series arm), FEAICF, Zs, Zp HKH
1. 3 %5 R BT AR X P R T TR A . B B A AR B TE S5 R) LC SRR .

Zs Zy= jXs
Cos
] | ‘ ' :
. {01 2 —i—
L § 3 - O
— 00+ | B=ip
| p E [:> Las O e B B
‘ &g
. Co e
y » T ]
O O
A FERGEH B AL HBR

B 2.1.1 BB IBEER AL K LC 3Bk
Xt B AR R G R A, 7€ 1.3 WO A COM EIR#AT T I 4T, KL
REPEINE 1. 3. 3 iR . e IRIR AR RS, REVEIBETRGKIETRMEME T
BRI IR AR A IRANR , 9775 B BB IR AR B TRINR 5 I B PR 4 09 SO IR
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FEREBEE A EESRNERA T 5L RR

SR AR, HEE ST HE R TE RS i ORR, X A TERE
ME 2.1.2 Fids, Xe Xp 400 BECEAIFBE MHUES. SRR EIREBMIFEK
B RAS A T DR 20T T BTG UE AR RO 58 «

Impeearice

A
Eliminated band 1

i

Frequeney

2.1.2 EIRBER SRR ERR

§2.1.2 HBESEEISITE NN

76 1.3 9, RATEM COM BRHES T HMNIBREOMA Y 2, FAE
B (1.3, 14) M (1. 3. 16) AT LB EIBE LU 35 o JR BRI PR 25 A0 8 BUE A IR
SR NS, 4 REh Zs R Zp. R 2. 1A, BL 1L, 17 sk BN ; 2, 27
A, U B TR AR A E TR AR 08 ¢

_ Zp /IR,
Zp/IR,, +Zs+R,,

s Rin , Rout ZFRIRREMAHIMEI. ZEHT 50 BRIERSH, Rin
=Rout=500.
¥ IL & A Eobn A, U

S21 (2.1.1
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BT EREERGEREESORSHREL O

TL=-201g|S21] = —ZOIg{zp //1? //+R Zs+R i

%t 36° YX-LiTa03 #1%}, HREREFHBE S0 -

a) BREEE  FULRER: 461MHz, BeARARTEXTHL: 100 XF, FL#E: 132As, As:
bR 461MHz RERLEK . RAMIEREL 80 7.

b)FEERE  POREE: 455MHz, BRARISHENTHL: 50 %, FLA: 400D, Aps
FULRER 455MHz X M. RETHFE R #L: 80 X

¥ (2.1.2) NERH—-ZEHERAmNE 2. 1.3 fix.

(2.1.2)

0

’
(4]
1

10} .

Ash .

Insertion loss(dB)

20+

25| .

_30 ] 1
400 450 500 550
FREQUENCY (MHz)

B 2.1.3 SRR TSR BB A IR AR RS i £

B 2. 1.3 AT LU H R b TR uB e AR R A k. AR/, R 0.5dB &2
A, BHCPE, WEEE, EEFMHECR, EZEWTMHAL, —REWTEZ
BRI R B AR, X T SE RN IR A, BT LR SRR B A
RER R BT A % BB 2 5 S AR LS &, DUR BRI A0 440
o '

§2.2 BRI ISR SHTRENEIC DN
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RIS TR IR R N BB 5 S RAT S

§2.2.1 FELBAFTAYHNGH B

St BT AS, E XA 2. LIARIG 1, 1 02,27 SN RIh BRI
N, 78 1,1 s DR 20 B, A 2,27 smE#HEREITC A
R22 (EP KB R HI T MBS s 7E 2,27 34 RASPEREST Z0 B, M 1, 17 &
B HTE RILBY BB R MR A ), A 2. 2. 1

Zs 7s

I 0

Zp Ry Zp
Zo -1 <_|—| Ris l? -1

B 2.2.1 SBRETEIEDEER ANt BE BT

Jil
R.=Z +Z J|Z,=Z Zy20 ( )
=7 + =7 +—r— 2.2.1
11 s p 0 ZP+Z9‘
Z (Z,+Z,)
R,=(Z,+Z)/|Z, =—L——F (2.2.2
= = /2, Z,+Z +Z, )

ZEH CoM B RgEHMAAER MR EEL#EIT N, XY
36°-LiTa03 #1%:, =R EBRE AN B I X FaHe e 25 20 BB 100 X470 50 X, FLfEn
B2 130um A1 350 um, REFHHHE 80 XF8F, FARK (2.2.1D. (2.2.2) &
B4 SAW B5 T UE 58 MO FELIT R1T A0yt B R22 BORE S S0 2. 2. 2 BT A
EH Al LUE S, R11 R R22 (1 B8 7 R imal A — N IE KR
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BF ERERSEERERSNRSHEERSN

R23 REACTANCE (())

o ] 1
400 450 500 550
FREQUENCY(MHz)

R11 REACTANCE (Q)

L3 1
400 450 500 550
FREQUENCY(MHz)

K 2.2.2 #y NS S B AY BE R

§ 2.2.2 BRREEEBANRKEKEHRKE DT

B ET AN TR BESR, BRARBRHIINNG, TS LK. &
BATEREBRE, FWd R R, —BRRGGERE. NRFBRERT—
MRFE 2. 2.3 &R

Zs Zs

1 [ g0l | L] |

B 2.2.3 WREEBHAIBETEIEIRIER AR B 451

ZRR R SR

-27-



Z

ERERERAEESNERINTE SRR

Zs

O+

1
—

1 Zp2

zpr2 [

B 2.2.3 FIE3 BB EY

B850 TEEWSE

MBS HIEA RL - Ro, I

WIRFN 3

S21=

VINZ,12)

(R, +Z,)INZ,12)+2Z,
(R, +Z,)INZ,12)+2Z)I(Z,12)+Z, +R,

X

R, +Z,)I(Z,12)
(R, +Zs)//(ZP /12)+2Z,

X

R,
R, +Z,

(2.2.3)

HIR RS p 2R R 2.2.4 B

B Bl i |

P VI

T |

e ittt S EE
1
|
|
|
!
L G
|
I
|
1
|

RN U

1

I

I

1

]
PRt QS U

I

I

I

i

1

I

I

I

§

1

B o e s il it Bl it iadiling

20~ - - -
B0 - - —
o_.-_._..

(gp)sso] monIesuy.

L

435 440 445 450 455 460 465 470 475
FREQUENCY{MHz)

430

VU 2% 4% Bk Y R R A

El2.2.4
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— e ke

EouE

REWATEE RS OBSREIR T

A 2.2.4 BETLIES], ZE@BHESE BT T, S5 B FRE
AR X NZEE M S PR DAIGTE . 1B 2. 2. 5 25 HEA 0 4 4L BR A SE IR TR

SR o

cH2

PAm

coar

Soa 1og MAG 10 aB/ REF —2.457 dB8 41 O aB

T ] ©6.900 040 MHz

LI . AREF=1]

i H . B 3.357 142 MHz

] icont: | 447 imBpsds mHz

T : H Q: a98.78 |
A lpas:

+2,4289 d8 ©

DS
D
™

CENTER  147.500 000 MRz

SFAN

H50.000 000 MHz

B 2.2.5 ZFHHHEERBKSE RN

S SEIX— G B0, A% ST\ TR BT PR S B B B P 40 AT R BB T S A A St I T B

HIER A,

F LR R R4, P FR AR, T TS AR R A5
SAUERE/N, SRR ILHEILE, B 1 D RRANE RS 2 W DB
PLE AR, mE2.2.6, 241508 2 5 OAEEN, & 1O 8RR HED
%Z“L%EKQZ%D%ﬁA@ﬁ%Zhbﬂﬁm,%K%”K}&N,ﬁﬁﬁ

RS A, WEHEME.

]

RO

I

Zy
<—

2.

& 2.2.6 4 O&EEE
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FAREEERBESNER ST SRR

DG HATY SAV S SR 7EHT & BURBERT, b REHRSE, —BERIUERIE
B2, BT LAE T RS IR I 8 D R U E W T34 RR,y X e
B, % XX # 0 B, FESBMBAHEIGELRAN, TREEME. )
2.2.1 WANEB A THETUS RS, EFEFENEFTRENE, WE
2.2.2 PR, TERXAHIAEBHHIES 0 IERUHT(E $BUT 7EREAT SUBH GBSt 1
BEPLEIESEHRIC A, th 3058 40 5 A W R 768 4 0 L T 0, S T3
S

§ 2.2.3 H#igie

LR AN O R R PP RS I B4 1 A, W DU N A& B R AT
TSR A RS EHRIL O A% MRS HE B . X T BRI R B D iy
 AIEES BRI, W UGB I — AT REAT R AME, 6
TABRELR 7=-3 (2X) BIToHF, RIEET— R L EPLERES, F25F—%
BOET N PELPLILYE, AT BIFEHEICAC 451, DAUR/ D IR BRE R RS 2K

Sof TR A R IR TR S, AP A 1. 3. 3 Fios (B sk& hPifE,
K22k A FEAED: Zﬁfii&'?fﬁiﬁ% fa 4b, BEHAMPINEBIMRKRAE; SRR E KOETRR
R fa b, HIEELTE; YRR/ N T HE TR fr i, ERIVB AR
ZVERFAE, BUPL A fAAE, FE%’%J&TZQ NI 2 R B A FME TR EESK

KSR T R R AR B O BB B — AN B SAW RS SR AT (A 4b
£, *M%i‘%ﬁ%%%lﬁﬁi%%iﬁﬁﬁzmﬁﬁT%E%%i%%%%ﬂ‘ﬁ%%iﬁﬁ, R RMEE TR
SET, IR MRS, DAE P SR IR SR 0 A R R
AMEZESRIY RN, SRS E, BB AME G B EIR RIS,

%t 36° YX ~LiTaO. 4%}, SBECEFIFEECE 1) XIRHLAEER 0 AIEX 100 AT 46
X, A4 EIES. 98 um A 9. 10um, FLAABIE 130 um FI 350 m, AT
HY 80 X; FMEiSIRILA X IBHAEESEN 150 XF, FIHAEL 8.87um, FLAZHX 801 m,
2. 2.7 45T DOk S5 A ME RU AN A M JE BB U B LB . AN R LLE
H, IMEEREHEEERTHERE, WA FHEER 3dB &% 0. 5dB.
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S5k _
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g
7Y
&
% 15+ ]
=
i
2
-20 - .
25+ T
4.:10 4;15 45'0 45'5 AéU 4;35 A;D
FREQUENCY {MHz)
Bl 2.2.7: AMERTERE ISR
SEER M AMEJS IR, RRER A MERT RO SR
AENG
FEFEWRIIUTARE:

RS —ZB NN ARITERBNSHRERIES T AR RS R LB
FARSRIE R R MR R, FEBI TR s SRR AT T B3 T A\ By
HEEYT, MRBCH BEHUR BRI A AT T B TR UR A £ BRI 5 A Ko T R4
SUE B AR R R R, 38 H AR BB I N 2 Y B S X PR B AT BT
B SO W S AT AT, B K RO S I s M BEAT B AR R BB R T

MRBE BN TR R, AR COM i AT L PS4 M, KB K
PR ALK B8 A BAAT BB E B P E H A TR RE, ARAYRRAME
3 5 R B A BN P ATAME 8 B 7 R AT AT, A BB IRRE S
YR TEJS B A 4. (R84 5 48 1998 4 IEEE UFFC Lk OU H. Huor FA Y%
R, 428 A HA A LIRS ) '
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FERERENRABESER I 5 LR

EZE: SAW BIRIE AR SN RS SRS S A SEEIE 2T

BRTE SAW SRS I0HRE AR JRBUE, WORREE, AT mILEReE, whm
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