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Fig. 2-1. Trend of transversal filters.
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Fig. 2-2. Blockdiagrams of transversal filters. (a) classical transversal filter for low
frequency band, (b) microwave transversal filters and (c) transversal filters using

directional couplers.

Table 2-1
Functions of a basic transversal filter and a transversal
filter using directional couplers

A basic transversal A transversal filter using
filter directional couplers
Delay element Directional couplers with weak coupling
Weighting element | Directional couplers with strong or middle coupling
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Fig. 2-3. Calculation model of a transversal filter.
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Fig. 2-4. A cascaded transversal filter.
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FIR digital filter design method
using Remez exchange algorithm

To avoid negative
coefficients
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Final optimizing
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| Coupling coefficients ki

Fig. 2-5. Design flowchart of coupling coefficients.
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1234567
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Fig. 2-6. Changes of coupling coeflicients by adding offset value.
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Fig. 2-7. Transmission characteristics of initial designed filter
and that after offset value is added.
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Fig. 2-8. Optimized transmission characteristics.
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Fig. 2-11. Impulse response of rectangular window function.
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Fig. 2-12. Design method using impulse response.

ki DAPEIIARXTRD 5,

sin(6(7)) .
k(i) = { k”‘“m_?@_ EZ =5L3.n) | (2.6)
0.01 i=2,4,...,m.—1
0(i) =(n62j_1 ~Dr (i=1,3,...,7) (2.7)

ki DB RRD— AN I ¥ FREAM[14] 2R LB ETTA NS EREO > b O— V7
TE&, ROKRBLIEEDVHBIZ 05, CTETOREEBIELLERE TS S 4 (kuf) 2
WTAT 2 )0 '

i T .
) = { 407G =) ) 28)
1 (t=2,4,...,n.—1)

12



RICHEBRBLRAEZ LTELZRET b, B LIIEEATITRELzMARCOTIICELLSE
HBADT AN REEELBELT, L) LR ERFRICEEEE LI ETH T LT
XLDEE T T T A (kopt) ZER L TIT 2 072,

TANEOBEEEIZUTICRT, Fig 2-131 370575 4 kwf TROLESREICL S 74
VT DEREEE . ZORAREIC—IENI VBB EFELTEONT 4 VY D5kl
HTH 5,

I | | |
Nc=49, kmax=0.5

0 |— Without Hamming
window function /
10 | -~~~ With Hamming

window function
(0L=1.6)

Attenuation (dB)

0 20 40 60 80 100
Frequency

Fig. 2-13. Transmission characteristics of initial designed filter and that after Haming

window function is multiplied.
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Fig. 2-16. Transmission characteristics of a transversal filter versus n:
(a) kmae=0.7 and (b) kmez=0.3.

16



2.3.4 HIFEOKE
TR T A NVY OEBIBOHRFHICOWTRNS, 232BTHRRILLICRTI I NVID
EAFNENT kmge T T B0 Fig 2-17TW ke BEX 2L EW T 4 VY DIEEFFUEZ TR T,

I | I |
nc =49
O - k max =0.2 ™
"""""""""" k max =0.3

a—J\ 10 | -——- Kmax =0.5 _
o
c 20 H -
RS
S30H .
(e
Q
< 40 H .

50 AR ERRE R AT 3l B e

0 20 40 60 80 100

0
o 10
)
.g 20
S 30
Q
< 40

50 <

0 20 40 60 80 100
Frequency
(b)

Fig. 2-17. Transmission characteristics of a transversal filter versus £, :
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27.3
©= A ILg
A : wavelength [m]
Lo : Ilm %72 O¥F A% [dB]

REBELZ7 405 DEXRERE ) F— 0 A0EKREFZ Fig. 2-20 12787, .0 E K 10
GHz. #1508 2.9 GHz, H.OEEEH» S 3 CHz BEN TORER 40 dB DT AR LD
LIz E)ICERETLTWE, COLEDQMERMT Y AN—HVT 4 VF T 75, HiRF
TANETIE 140 THo Tz,

® Transversal filter

Calculated by circuit simulator using coupler model
O parameter=( length, k)

> 1> ><:::><%;

O

® Resonatorfilter
23 Mn 1n Mn n+1

j%%% L

L1 C1L2L2 Cols Ln CnLn+

_ 1
B 275,/(Li+Li+1)Ci
Ki-t iz ML
J(Li=1+Li ) (Li+Lis1)

Fig. 2-19. Calculation model of two types of filter.
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Fig. 2-20. Fundamental characteristics of two types of filter.
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VIUBBES T, REDRETH 5,
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@ 201 1 20t :
ko] L _ -
- L -
= 40 40
2 _ i
o 60 L L 1 ] i 60 1 1 1 1 1
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Frequency (GHz)
Avg.=0.004 Avg.=-8.54
ARL| Std. =0.168 ARL| Std. =2.83
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Transversal filter Resonator filter

Fig. 2-21. Variation in return loss caused by deviations in frequencies of elements.
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Fig. 2-22. Variation in return loss caused by deviations in couplings of elements.
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Avg=0.019 Frequency (GHZ) Avg=0.517
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Transversal filter Resonator filter

Fig. 2-23. Variation in insertion loss caused by deviations in frequencies of elements.
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Fig. 2-24. Variation in insertion loss caused by deviations in couplings of elements.
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an) = -
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2 30F — Q=1000
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I l |
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Frequency (GHz)

Fig. 2-25. Lower insertion loss with low Q-factor.
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DT, BAVFHL LB bNE,

HIREE T ANTED VTV AN=H VT 4 VI DPEREICRD L EOEF LA NVF — %
L7zo Fig. 2-2TICRT L) ICHIBERE 74 V¥ TEEBE TCOERIZANVFEYP b T 2 A=
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1 | 1 1 I 1
3l Resonator filter(Q=50) _
N Transversal
m M. filter(Q=50)
© N
@ 2l 7
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& —Transversal 1 bandwidth is large.
§ filter(Q=00)
= ok T _
Resonator filter(Q= 00)
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Fig. 2-26. Insertion loss versus bandwidth.
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‘O I Transversal filter

Resonator filter

0.6} ( 4

*Low insertion loss is
due to low Ws.

®
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AP: Dissipation loss
® : Angular frequency

. . Q : Q-factor of a resonator
O lmm==3® “~ad or transmission line

6 8 10 12 14 16 18
Frequency (GHz)

0.4}

0.2}

Ws : Strored energy (x10-s J)

Fig. 2-27. Comparison of stored energy.
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Fig. 2-28. Sharp attenuation in wide pass-band filter.

25
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Fig. 2-29. Attenuation versus bandwidth.
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Fig. 2-30. Ideal filter.
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Fig. 2-31. Attenuation versus insertion loss.
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Table 2-2

_Summary of general characteristics of two types of filter.

A transversal filter using direc-
tional couplers

Resonator filter

Advantages

. Sharp attenuation character-
istics in wide BPF

« Low IL when Q-factor is low

« Low current density

. Easy in matching and tuning
free characteristics

« Sharp attenuation character-
istics in narrow BPF

. Small size (in dielectric filter)

« Low loss due to high Q res-
onator :

Disadvantages

. Not suitable for Narrow BPF
. Large size in low frequency

. Not suitable for wide BPF

. High IL when Q-factor is low

 Tuning is needed for match-
ing

2.5 F&H

TN ERZ BV N Y ANV T 4 vy OB, RETE. FFEICOW TR,
AREFTYAN—FNVT ANV ETEIMNTEF EBERZTORE 55 HEMEEH» SRS
Nb, HERBOBRIEICEFIRFA VI NV TANTORFFELZERIZLLZV—- Ay Y OXKH
TVIVZ LB AFEEHCHEE L ERR BV HEND S, WEDOHEIIREE
FEOmEY I 2 L= TORBEETOBERIKRSZ ., b—RX v Y ORRT VT XL & fHv

AEFEI/PE Vo TR LEBB TRV AHETIE, WD

RED Lo &) B D

Bo COTANY TY N TRHFEN ~TRBDIBBEE DL F T 2LEN D B T
B e e s R B A S ST L vy, SHICHIESRY A TSI 4N L EL T,

WA V=T VRO F U IPES LRI, QEIMR E X IFEEE LT &L EHE
TANEY TRBEFUEFRE L 2 &L EOFEED 5,
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Active type of microwave Small size Resonator filter
transversal filter
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transversal filter ¥ filter

Noise ™ : _ High insertion
: MMIC transversal filter using loss
directional couplers
Transversal filter using
directional couplers

Lower insertion loss when Q~factor is low

Easy matichng
Fig. 3-1. Present state of MMIC transversal filters.
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Fig. 3-2. Basic structure of multilayer MMIC.
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Wi _
- yh1=2.5um
Polyimide layer _
<tan o =0.02> h2=7.5um
€r=3.7 oo A
GaAs wafer . ‘ Ground

Tuning septum

Fig. 3-3. A cross-sectional view of a multilayer MMIC directional coupler.
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G2 : Tuning septum width (um)

Fig. 3-4. Calculated characteristic impedance of a multilayer MMIC directional coupler as

a function of the tuning septum [1].
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Fig. 3-5. Measured characteristics of the 3-dB coupler [1],

3.3 EXET

(a) coupling and (b) return loss and isolation.

TANTDHBEFIE, 231BTCRRZV—RX v YORBT N TY) XLk FVEHETERS

L=
AX B

L7z k; DBl % 2024 Tables 3-1. 3-2 1377 F o H0JEMEL 20 GHz, #0088 GHz. HLE
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Table 3-1
Specifications of the transversal filter
using directional couplers

fo BW | Attenuation (dB)
(GHz) | (GHz) | (at fo+8 GHz)
20.0 8 30
Table 3-2
Designed coupling coefficients
Directional coupler No.,i | 1,7 12,4,6 | 3,5
k; (dB) 7.62 | 381 | 3.01

FSGUAN—TF VT AN DORETTEONTEITRDIT Zopen & Zoaq WCEBEIN S,

Zeyen = ZonJ (1 + ki) /(1 — k), (3.1)

Zodd = Zoz/Zeven- (32)

3.4 MMIC FS 2 XNS—HILT 1L 2OREREER

Table 3-2 DHEHFUCETVNTHIELZ DTG VANV T4 VI DT 4 7 0EE% Fig. 3-
6ICRT o WMEFEEZRETAZDICTHOFABEEERPORS T Y AN—F VT 4V
5% QMEFIHERELTVE, Fv7OKEIF42mmx23mmTHhb, 2. 4, 6 BEHDHE
TvavoRKeRIclFa v e TSy AR EEARIIMEL, 1, 3, 5, THEHOKRY
Ta VOBWESEHRH B VIETEBERDTF -2 S T AR ET,
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-y Weak coupled Strong coupled
Out'  gection section

- Fig. 3-6. Microphotograph of the fabricated transversal filter.
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Fig. 3-7. Measured and calculated performance of the fabricated transversal filter;

(a) transmission characteristics and (b) return loss.
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Fig. 4-1. Coupling coefficients k versus relative bandwidth bwsgp.
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Fig. 4-2. Analysis result on connecting section.
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Size: 28.2 mm x 5.6 mm
Fig. 4-4. Microphotograph of the fabricated filter.

section
Fig. 4-5. Microphotograph of wire-bonded section.
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Fig. 4-6. Measured and calculated performance of the fabricated transversal filter;

(a) transmission characteristics and (b) return loss.
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Fig. 4-9. Microphotograph of the fabricated transversal filter.

section

Fig. 4-10. Microphotograph of wire-bonded section.
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Fig. 4-11. Measured and calculated performance of the fabricated transversal filter;

(a) transmission characteristics and (b) return loss.
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