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Design of Nonuniform Coupled Line-Type Transversal Filters Using
Improved Woodward-Lawson Sampling Method

3

ret

2OH A

M

Hyun-Soo Jeung - Sang-Jae Jun - Eui-Joon Park

2 o
Q4402 AAY PP AW/IE ST EDeY P8 A PES AT T 2WNY Edaw
4 Rel 94408 dalshe B AYAER 03Y £ ook of DA PUE AUE Tt 54 Al
23U Ao FOo2M A% BYE AARE EZE /9L T, o] HH3 FHNH Woodward-
Lovson HEYHE A8 2 AFAV|EEA EAANE B} 2 PED ARLLG A2 248 4
PHY 5 =S Stk 2L 9N 2AED JAUE NS slo]ATAEY B2 BHE AR
LAWY EE QREE HAS U A 400 DA AR HAAERY AXD P
Bede A3sdy

Abstract

The design method of the transversal filter using continuously cascaded directional couplers is presented. The coupler
can be treated for a continuously varying nonuniform coupled transmission line. The design method is based on the
optimum extraction of desired coupling factor by the control of null positions which are inherent to the coupling spectra
pattern. In the optimization process, the improved Woodward-Lawson sampling method is applied to easily synthesize
the distributed delay and weighting elements for transversal filter properties. For application, the microstrip transversal
filter is fabricated and optimum dielectric overlay is introduced for the mode phase velocity compensation for non-TEM
coupler modes by using SDA(Spectral Domain Approach). Experiment results confirm the validity of the proposed
method.
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Fig. 1. (a) Transversal filter architecture, (b) Equivalent
model, (¢) Configuration of coupled-line trans-
versal filter.
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Fig. 2. Examples of coupling controlled in 2 domain.

EJLu gy 4A

A9 2%E HY TS A3 Cw) B Clw)
9 2715 9utslE 713 Clw 2 FIL CAwE p
A} lobe WA O E Fgth 18X p A} lobe F3E
e P2 FIL LAYTE A3 o 2

EU)= gl(Cc”(u)—S”)z (14)

A7V U= (uy, ug, ..., un) S U3 o] U9
WE Z7IFCZEE update AJLOZM EE HA
SAZITE B AFAAME ECe=10"0S FHEZAL
2 597, 343 4L 93 conjugate gradient

& A G2 Ao F lobe WFE N=TZ 3}
i §?=[0.2,0.1,0.1,0.883,0.1,0.1,0.11%, 4
=(1/2)In(Z(2)/Z,)E T3 AF3N7 AHE
I8 24 EAEATE 714 AAdES 4 ®)ddlA

Orchard®9] 2 E2 & HHFAH A 4,
W w,+ 0,22 T2 F Y HEE MRS

A Aoln, ol AZ A {-&5H A
28 4 9o ¥ A7 ME maximally flat E4

S AEF o, e Adzted FEAAG. 28X

B33k 0883 <19 2AE WEANIA GO B

2 AA F34¢ J99A @n(0.883)=0.707 (-3 dB)

2 Yehdth o] 2P0 2RH 0<n<7 HIN &

ER 3e « 99 A%E dEo] A3 FAAHUS
F o w28HEE G Holyl 54

AL Fold 4 31022 Bolinder & o]H

S o

=
EADE ¢ 4 ok

S e APAHRAM S5 2 7|RE
242+l AFFAES ME OEA Yeghteg 24 &

W ¢, 9 #gtol whE subs-
trated] A8 HFAEE 2HEY JYYE AHE5
o] AArs A3 A substrate®} superstrate H]-H-H &
ol A9 2% w7t HAHUYS ¢ 4 At I 3(b)=
substrate 9} superstrate Eo]7} A9 ZE # A9
HAYo] o]FojF-& Yeh L Ut

123



BETHKPERNEE H168 F 25K 20055 28

? £~ TOP METAL PLATE even
- L e odd
. 3 LS, e -
872/ /| V¥ A ~
A r w ”’l
X GcrounD L e

1 7 (a=48 ea=1 Hi=B=1mm.

L, p ¥B=. S=0.635mm. W=L778mm)
2 4 s 8 10
8!‘2

@) BMZF WHdE(en)d BAAA
(a) Compensated point of &,

32_1:' (gc1= 22=4.8. &3=1. Hi=lmm.
. Hs =co, S= 0.635mm, W=1.778mm)}
o 1 2 3

H, [mm ]
(b) @75 Eol(H)o] E4H
(b) Compensated point of H,
08 3 44 WA B
Fig. 3. Compensated point of dielectric overlay.

V. ERAMA ZH 47

1929 « 99 HEE WEA| e $EE 54
A2 7,(E 4 (N A3 AL 1
ARE 9 49 BAh 29 1A EdRand g
B9 J}ERA QA by BTE 7 A7) 2FA
Fol SRR 7,7, A% & AFAFT7 =
4719 ASE 248 4 9tk www AA AR
FHE YA E Z. 2,9 2AE DS of 3HE
2 z, N2"dA z,» 27t HEE AFE o]
A Elojof gt} o] & Y&l £ AFNAE A WA
lobed] ZE7t AY Ate FE L339 Z.(2)
>Z,7t HEE & AEE A WA lobe 27]9 BX

S AAEAT IY 4004 HEFHA A ASA

124

90

40 v T v v T T

A8 4. (28 29 WsHE $EE JUEs =
2y

Fig. 4. Even mode impedance profiles correspondent to
examples(Fig. 2).

IL : 0.95[{dB]
3dB BW : 30[%]
L=1.86[cm]

-10 1

Coupling [dB]

o 5 10 15 20 25 30
Frequency [ GHz ]

J8 5 F4FTE 15 GHzE Zv= Ed2ud g
FoT 99 2% AL 9

Fig. 5. Calculated frequency domain coupling factor
of designed trangversal filter with 15 GHz cen-

ter frequency.

7} &7 dE 97 EAEE R WA lobed]
%Eg} Z7IN71E 7438 o] ZAE sEE &

98 ST S499EL
29 S(z)9Jr W(Z)*— HE

=3
=

=)

=

Fog FolA @%‘E% A2g ¢ Qi o)
3)

A7) dolg ZAHLEN At Fois AEY
ol 78T 4 Atk 223 W74 2ol A4S 2=
CEERE EECIEEEPS PR

Zo] Lo Aol o3 A sfdd + Aot T



AAE Woodward-Lawson 4 =

1
0.8 -
~ 0.6
3
- 4
L 0.4 -
6.2
N
[+] ? Y Tt T \ v Y L
1] 2 4 & 8 10

u

I8 6. 348 « 9% 2= 98
Fig. 6. Synthesized » domain coupling factor.

70
even

-y meeaa odd
C: h
el
-~ 0
N
—

50 -

» ,
- \ F I A ,'\t 'Y f
N 3 o ! ‘l L Y ¢ N ’ Gy ]

4 £ N I3 oy Y ’ 'y ]
S s g . ¢ % [ s Y ’ . ]
¥ v £ L ¢ LI . s e

-~ \ ’, \‘ " |‘ I L4

~ s ~2
40 - s LY
L T nd T T ¥ T
Q 0.2 04 0.6 0.8 1
z/L

(a) 499~ =2y
(a) Impedance profile

O [
L

»
L

N
!

$(z) ,W(z) [rm]
- «

©
<
-
L

{b) 2E¥Y &3} 717
(b) Strip width and spacing
JE 7. A48 RE d9ds 2299 83 2¢A
£ 2EY Z3 714
Fig. 7. Calculated mode impedance profiles and corres-
pondent strip width and spacing.

W% 222 lobed] M9 A71E M43 EE

ol

79 2%H2Y ER nE 28 47

I8 8 AA AZE

EdLsA g AR
Fig. 8. Photograph of constructed transversal filter.

-

@
°
s

Coupling, IL [dB]
e
[

L -ty
aa
-

B
L T T T T

o 1 2 3 4 5 6 7 8
Frequency [ GHz ]

() AR=s FYEA

(a) Coupling and insertion loss

L Y ¥

-
8 10 11

----- measured
calculated

L

204 "

40

Isolation, RL [ dB}

60

T Y T

9 10 11

< 1 T T T Y

¢ 1 2 3 4 &5 6 7 8
Frequency [ GHz ]

(b) AY =9} w4
(b) Isolation and return loss
313 9 A% 2HY 95 B4

Fig. 9. Frequency characteristics of constructed filter.

n>~

A FKsE. ool 4B #3S ALt Z
F3h4= 15 GHzol A 3 dB tj g Z-0 30 %0]2 AHE
7F 095 dBYl EdAuA PE|E AA ARE

125



BETHEPERGE H168 B 2R 06528

9 5ol E|ch AAld AM-g 7|32 Bl &0
102, 7)gt=0]7} 0.635 mmol duroid 7)3}o]t},

A okgh vl o) S AZE] Y8 FAF T
6.5 GHzoll X} -3 dBYl ERHAMA FE|E AA),
A Z8LGrh, N=8, main lobel -3 dBo| s} Fsl=
0.707(tanh(0.883)) %t sidelobe= -20 dBe}] 3} 33}
=01 L BExgos £ 1Y 6% 22 5
B g $A8tth I8 T@)e Aol lobe B S A
g3t &2 E vAE EXFF g(p &= 2 (D
st AlAre d&79 92T 2 7|RE JIH
2 2298 Jehd Zojtth oW & ZE |
2 Z,250 Qo2 Tk I8 19 39 noja
ZAEY AFAE dig) 2H9EEH YS9
1 g Z2P g PEEe A2 F3 AS
AN A3E I9 (bl EAh 6.5 GHzol
Fo4 AE o] HES A2 43 Zo] AF L 4
& HHEWS HL8 2-TE AL B35 A43NA
o 1 A% =67 cmo|™, o] W 1 225 super-
strate B]-%-4-& 3} To]= substratet A9 7+2 o F
Y Fdta] @SS vl g0l 480]3 Fol
7} 1 mme! FR4 713& A4-atgith 18 8 AA
A Abdle| X 1Y 9% Fob 54& Hol7l 9
& A S} ZAHAE v :L%olﬁ}. o] A%Z

$H ALY Pl BHFRS ¢ 5 Ao
.z 2

B =Rt 2842y Edawy 2e 74

249 AAL4% HEALLE RO 7Y

% 9l e 98 A7Ee B 2714 Aol 9

o4, AFE7t 2 lobed HA3 Aofsh

2 ATk 4714 2o 999 AFES} 2=

71& Alojsle A oA Woodward-
S NA, HEAA BRE BEFS
ol oy A Z298 239
7, ol2RE A2d B¥xg 2§45 7EA 84

126

o HeHEE stk I AAE ZHd st

o g9 2-XE &S i, T AHYES

A3 HAS %Ei A0)E ZEYPOEMN 1?3331:‘—‘3

AFHoZ A F U BYT F4A 9

S AHE rlolARAEY EAAWA IHE &

HEY IS A3t AA, AF £ 43R
ZA AgS WY g§IAE A5

dngd

[1] T. Hiratsyka, Y. Ida, N. Imai, and E. Ogawa, "A
Ku-band transversal filter using directional couplers
made of a multilayer ceramic", IEICE Trans.
Electron, E78-C, no. 8, pp. 1134-1138, Aug. 1995.

[2] C. Rauscher, "Microwave active filters based on
transversal and recursive principles”, IEEE Trans.
Microwave Theory and Techniques, vol. 33, pp.
1350-1369, 1985.

[3] R E. Collin, Foundations for Microwave Engi-
neering, McGraw-Hill, 1966.

[4] W. L. Stutzman, G. A. Thiele, Anterna Theory and
Design, John Wiley & Sons, 1981.

[5] D. W. Kammler, "The design of discrete N-section
and continuously tapered symmetrical microwave
TEM directional couplers”, IEEE Trans. Microwave
Theory and Tech., vol. MTT-17, no. 8, pp. 577-
590, Aug. 1969.

[6] T. T. Taylor, "Design of line-source antennas for
narrow beamwidth and low side lobes", IRE Trans.
Antennas and Propg., vol. AP-3, pp. 16-28, Jan.
1955.

[7] S. 1. Orfanidis, Introduction to Signal Processing,
Prentice Hall, 1996. .

[8] D. W. Mailloux, Phased Array Antenna Handbook,
Artech House, 1994.



7R Woodward-Lawson A Z3 W& A48 E7d AFAZY ERAnA HE A

20033 29: 2orgty AR 1983 2¢: Fojdigty Az

383 (84D % (F3Ah

2003 39 ~EA): FLF AN 198613 8Y: Tidigty AAF
ARZEE A3 3 (F842D

[ BAZ0} vlo]azs 3z & L 1990 29: TEdign AA-EE
27 B 3 (F8HEA

19909 294 ~&A: SLFHREY

Fol2 B Qe mlolaR A

a2 A

19999 2€: S2FHUgE AR
Foh} (F8hD

20029 2¢: FFAHstE A
T8 (FEAAY

20024 39~34: FLFAY R
AR A

A F UNEOH vlolazd d4A
2 2 AR o2 &

127



