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End-Coupled, Half-Wavelength Resonator Filters

I

Each open-end microstrip resonator is approximately a half guided wavelength long at the
midband frequency f, of the bandpass filter.
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End-Coupled, Half-Wavelength Resonator Filters
- Equivalent model
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What kind of resonator ? Why?
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End-Coupled, Half-Wavelength Resonator Filters
- Design theory
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End-Coupled, Half-Wavelength Resonator Filters
- Design theory
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End-Coupled, Half-Wavelength Resonator Filters
- Design theory
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The physical lengths of resonators

l (2B;,.;
6,=m— —[tan"( £l ) - tan"(
2 Yo ..

2B;,

+1 l .
; )] radians
o /

“

The second term on the righthand side of the 2nd equation indicates the absorption of the
negative electrical lengths of the J-inverters associated with the jth half-wavelength resonator.

where A/f'-<? are the effective lengths of the shunt capacitances on the both ends of
resonator j.
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Example

%

a microstrip end-coupled bandpass filter is designed to have a fractional bandwidth FBW =
0.028 or 2.8% at the midband frequency f;= 6 GHz. A three-pole (n = 3) Chebyshev lowpass

prototype with 0.1 dB passband ripple is chosen.
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1. element values are g, = g, = 1.0, g, = g, = 1.0316, and g, = 1.1474.

Ji Ja [ 0.028

Ao [ = 02065

Yo Y, V2 10x1.0316

J J 7 x 0.028 |

s = 0.0404

Yo Yo 2 V1.0316 x 1.1474

2 By _ Biy 02065
YO YO 1 - (02065)2 Cg.l - C;"‘ =0.11443 pF
Bip _Bps 00404 . 0405 Cl2 = €23 =0.021483 pF
Yo Yo 1 —(0.0404)2
6, =6; =7 —tan"}(2 x 0.2157) + tan"}(2 x 0.0405)] = 2.8976 radians
0, = m—[tan'(2 ¥ 0.0405) + tan"'(2 x 0.0405)] = 3.0608 radians
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3. Microstrip implementation

The line width for microstrip half-wave-
&, = 10.8 and a thickness # = 1.27 mm. The line width for microstrip half-wave-
length resonators is also chosen as W= 1.1 mm, which gives characteristic imped-

ance Zy = 50 ohm on the substrate.

How to determine the physical dimension of the coupling gap?

. Use the closed-form expressions for microstrip gap given in Chapter 4.
However, the dimensions of the coupling gaps for the filter seem to be outside
the parameter range available for these closed-form expressions. This will be
the case very often when we design this type of microstrip filter.

. Utilize the EM simulation

Arrows indicate the reference planes for deembedding

to obtain the two-port parameters of the microstrip gap.
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T = MM =E FIGURE 5.9 Layout of a microstrip gap for EM simulation.
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Example
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TABLE 5.4 Characterization of microstrip gaps with line width #'= 1.1 mm on the substrate

with g, = 10.8 and / = 1.27 mm

1 I ¥}, = Y3, (mhos) Y12 = Y3, (mhos) 1 ;
I stmm]l at 6 GHz at 6 GHz 1 C; (pF) C, (pF) .
| 005 I j0.0045977 j0.004434 | 0.11762 000434
0.1 70.0039240 0003604 0.09560 000840 |
Poz 1 j0.0032033 00026908 loomias 001598 |
los J0.0026874 —0.0014229 I 0.03774 003354
108 j0.0025310 —0.00081105 | 0.02151 0.04562
10 j0.0024953 —0.00055585 0.01474 005145 |
| 1.5 | J0.0024808 —0.0001876 I[H’J(MQB 0.06083 1
|l —1 t——————— =

by interpolation
So.1 = 534 = 0.057 mm

S12="523=0.801 mm

At the midband frequency, f = 6 GHz, the guided-wavelength of the microstrip line
resonators is Agy = 18.27 mm. The effective lengths of the shunt capacitances are
calculated using (5.17)

_2mx6x 10° x 0.0049 x 1012 18.27

el _ A7e2 =0. 9
Alft=Alf (1750) 0.0269 mm
27 % 6 % 10° x 0.0457 x 1072 18.27
Al2=Alg' = =0.2505 mm

(1/50) 27

Als'=Alg?= Al

18.27 )
L=hL= rym % 2.8976 — 0.0269 — 0.2505 = 8.148 mm

18.27
L= > % 3.0608 —0.2505 — 0.2505 = 8.399 mm
™
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Unit: mm

Amplitude (dB)

50 1 1 1 1 1
56 58 6.0 6.2 6.4
Frequency (GHz)
(b)
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Parallel-Coupled, Half-Wavelength Resonator

Filters

7

length.

last section.

They are positioned so that adjacent resonators are parallel to each other along half of their

This parallel arrangement gives relatively large coupling for a given spacing between resonators,
and thus, this filter structure is particularly convenient for constructing filters having a wider
bandwidth as compared to the structure for the endcoupled microstrip filters described in the
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Parallel coupled line filters
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Parallel coupled line filters
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Parallel-Coupled, Half-Wavelength Resonator Fil#

-Theory

! il
414 414
e —_—mti i
JO‘I J12 J23 Jn-2,n-l J
| m— — . W N —
Jo |m FBW
Yo V2 g&
Jim  wFBW 1 -1t i
— = j=1ton-
Yo 2 Vggn
Jn.ml ,'J wFBW
)0 \‘i zgnglnl
| J; 1 J; 1 \2
(Zoe) -A.=—|:I+L+(L)] j=0ton
et Y() Y, Yy
1 b Joia \2
oo s =—[|—L+(L) j=0ton
W Yy Yy Yy

n-1,n

Prof. T. L. Wu




X X

Parallel-Coupled, Half-Wavelength Resonator Fil
-Example

7

Step 1:
Let us consider a design of five-pole (n = 5) microstrip bandpass filter that has a fractional

bandwidth FBW = 0.15 at a midband frequency f0 = 10 GHz. Suppose a Chebyshev prototype
with a 0.1-dB ripple is to be used in the design.

& =8 =10 2, =gs=1.1468
8 =g4=13712 g;=1.9750

TABLE 5.5 Circuit design parameters of the five-pole, parallel-coupled
half-wavelength resonator filter

j I (Z,) (Zy)

0 6.4533 82.9.3'67 37.6.(;92
1 0.1879 61.1600 42.3705
2 0.1432 58.1839 43.8661
Prof. T. L. Wu
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Step 2:

Find the dimensions of coupled microstrip lines that exhibit the desired even- and odd-mode
impedances.

Assume that the microstrip filter is constructed on a substrate with a relative dielectric
constant of 10.2 and thickness of 0.635 mm.

TABLE 5.6 Microstrip design parameters of the five-pole, parallel-coupled half-wavelength
resonator filter

j W; (mm) s; (mm) (&,0); (&,,);
1 and 6 0.385 0.161 6.5465 5.7422
2and 5 0.575 0.540 6.7605 6.0273
3and 4 0.595 0.730 6.7807 6.1260

The actual lengths of each coupled line section are then determined by

I = )
7 4(\//(8,\,)]' > 4 (gm)j)l-:

_Al

£ )

where Al; is the equivalent length of microstrip open end,
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Parallel-Coupled, Half-Wavelength Resonator Filtegssz

-Example

L

NITU

0.385 |
0575 |
0.595
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Unit: mm

Amplitude (dB)

Frequency (GHz)
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Hairpin-Line Bandpass Filters

b They may conceptually be obtained by folding the resonators of parallel-coupled, half-wavelength
resonator filters.

This type of “U” shape resonator is the so-called hairpin resonator.
The same design equations for the parallel-coupled, half-wavelength resonator filters may be used.

However, to fold the resonators, it is necessary to take into account the reduction of the coupled-line
lengths, which reduces the coupling between resonators.

If the two arms of each hairpin resonator are closely spaced, they function as a pair of coupled line
themselves, which can have an effect on the coupling as well.

To design this type of filter more accurately, a design approach employing full-wave EM simulation will
be described.
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Hairpin-Line Bandpass Filters
- Example

%

A microstrip hairpin bandpass filter is designed to have a fractional bandwidth of 20% or FBW

= (.2 at a midband frequency f0 = 2 GHz. A five-pole (n = 5) Chebyshev lowpass prototype with
a passband ripple of 0.1 dB is chosen.

The lowpass prototype parameters, given for a normalized lowpass cutoff
frequency ). = 1, are gp = g¢ = 1.0, g; = g5 = 1.1468, g, = g4 = 1.3712, and g; = 1.9750.

0., = 28L 0, =S8
‘'~ FBW “ " FBW Qa1 = Qes = 5.734
-—— M, >,=M45=0.160
Y FRW A | 12=Mys
M, = ori=1ton— Lo = M. =
ii+l \/E_[ 1‘12.3 4‘13.4 0122

where Q,, and Q,, are the external quality factors of the resonators at the input and

output, and M, ;,, are the coupling coefficients between the adjacent resonators (see
Chapter 8).

We use a commercial substrate (RT/D 6006) with a relative dielectric constant of 6.15 and a
thickness of 1.27 mm for microstrip realization.

Prof. T. L. Wu
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Hairpin-Line Bandpass Filters
- Example

Using a parameter-extraction technique described in Chapter 8, we then carry out full-wave
EM simulations to extract the external O and coupling coefficient M against the physical

dimensions.
9 0.20
S
g
o s\ 0.18
: 7 (016 b
-y ‘ S--
" 0.14
S _ \
g ................ \ (6 p ~N X L
S 5 ; \ == \\
: 0.10
4 : \
65 70 75 80 85 0.08

0.2 04 06 08 10
t(mm)

s (mm)

The hairpin resonators used have a line width of 1 mm and a separation of 2 mm between the
two arms.

Dimension of the resonator as indicated by L is about 4,,/4 long and in this case, L =
20.4 mm.
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Hairpin-Line Bandpass Filters MG Grou
- Example

7

Unit:mm 1
l 1.0, I_:il
10
o
=2
184 s 30 g
o
E
<
47,
[
04 0.6
Y 12 14 16 18 20 22 24 26 28
< . > Frequency (GHz)

The filter is quite compact, with a substrate size of 31.2mm by 30 mm.

The input and output resonators are slightly shortened to compensate for the effect of the
tapping line and the adjacent coupled resonator.

Prof. T. L. Wu
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- Example

A design equation is proposed for estimating the tapping point 7 as

i [ [FZJZ
t=—sinl | — )
IS .
m WV 2 0,

in which Z, is the characteristic impedance of the hairpin line, Z; is the terminating
impedance, and L is about A_y/4 long, as mentioned above.

O Derivation on external Q,

hd

External quality factor for parallel L/C resonator:

_2 0Bl _o ci ! =~ (Cc+C)=a,C
2 0w\, 2 wyL 2

_o,C b

© G G
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Hairpin-Line Bandpass Filters T EMC Gronp
Y 2,
- Example L=
> T _*J
External quality factor for hairpin line: t
Y, =jY, tan[ﬂ(L—t)}Lertan[ﬁ(L+t):|=jY,{tan[ﬂ(L t)]+tan[,3 (L+t) ]}sz(a))
condition:
_o 0B w, Y, 2 2 z
= Ga) 2 8ﬂ aa) 77’7{ t)sec [ﬂo ]+ L+t)sec [,BO(L+t)]} Bil==
w, Y w,L 1 T V4 Y
S Nt 4 Iy 2 0 L 2 A =YrL — _ r = r
2 U, [( t)csc (IB Z)+( +I)CSC (ﬁ t)] u, sm (ﬂot) 2 sin? (27”] ? sin’ (mj
3 A, 2L

Y,
(” )
2L 2L ., [rz)z
0.= L @) =it |25

2 9
27, sin® i * Q.
Z0 2L ks
Example: e
3
e 7
the hairpin line is 1.0 mm wide, which results in Z, = 68.3 ohm £
on the substrate used. Recall that L =20.4 mm, Z; = 50 ohm, L S I s
and the required O, = 5.734. Substituting them into the eq. % s :
yields a £ = 6.03 mm, which is close to the 7 of 7.625 mm found
from the EM simulation above. 4 :
65 70 75 80 85

t (mm)
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Interdigital Filter
- Concept

The filter configuration, as shown, consists of an array of # TEM-mode or quasi-TEM-mode
transmission line resonators, each of which has an electrical length of 90° at the midband frequency
and is short-circuited at one end and open-circuited at the other end with alternative orientation.

S, 823 Spin

Y, =Y, denotes the single microstrip characteristic
impedance of the input/output resonator.

O Parallel coupled-line BPF O Interdigital line filter with tapped line

1

Y30l ! W, W, W, W,

Sy ! -

Ya a | : ‘—1 - T i ._“

—— 1
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Interdigital Filter
- Concept

U
1 1
(Ygo)o. 1 e 1
tSedy, (o, j_
Ya a Hlum.\\' Yoer Yoo =
H T e v v 7 =0
ook ] =
(Yge):r ! ~ : " \
(Yoa),2 |||—| a b I : \
Moe)n Yoolysull o -— Nood nii
Yoelas IM:(y_)_h TTTTL (Yge)n'nﬂ (e I(_ S _)I
(Yco)34 - b H]. / Y -Y,
oe'34 i [———-ﬂ v, o 2 o
(Y'?U )n, n+l 5 Y,
YSedy net MJ 9/
O BPF with short-circuited stubs
¢ /. Y. / Yo /) 7 v 7 %
Yal Ya2 Ya3 Yan- 1 Yan
Prof. T. L. Wu
Interdigital Filter
- Design Equations
J . ]
é /Y. Y. S /. Y [ Z %
V V v, V [/
Yal Ya2 / YaB Yan— 1 Yan
— o —i
o o— —o
/ Y, / = J
7 7 o o— —oO
_Yu —Y’
0 0
N PR e A I R = NP I
]Yu 1 ) | u ]Yu 1 T jY ./Yu 1 T ]Y - . J 51n9
tan 6 jY,sin6 cos@ | tan@ - 0 |Ltano — 0 M0
sin @ sin @ i

&7

J12

Yal_‘_YIZ Y32+Y12+Y23

Ya3 +Y23+Y34

Jn-l,n

Yan—l_*_Yn-Z.n—l+Yn—l.n Yan+Yn—l.n Prof. T. L. Wu
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Interdigital Filter
- Design Equations

” O Transform the lowpass prototype filter to the highpass prototype filter
Ys Jo.1 %Cﬂ Ji2 %Cﬂ 23 IC'" 1

Yy

Highpass Jo= %G, |CuCaimy ) = [ Corte
Transformation| " gog i &8t | * 8.8nn1
BPF Response
Y, Jo,1 Jia Jas Tngeei Yy i i
Lo L Low T i i
=== g | i
= | ;
;[ e 1 _ 7 i |
.1 ii+] nn+l =
" VL& VEilyin@8e| " NL,&.8m | !
i=1 to n= H H
O Richard’s Transformation to decide the inductor value at edge frequency i i
f— 0 — i )] |
of passband 1 b i o, O L\/\
Y= Y = 14 T T L l 1
Ly rL, » Tt Y, OIl L !2"’0 30o 4og
p=jo t=jtan@ g
Fi FBW
o 0=, a)o\W= =2y w"[[l = j
1 Y, 1 Y, g v
Y=- == 5 —=— _x(,_FBW
JjoL, jtan@ L, tand )

X X
Interdigital Filter EME Group
- Design Equations

O J-inverter value for the BPF

Y, Joa Jia Jos Jnni1 Yo
Ly Ly, Lopn
J - 1 _ Y Y Y, denotes the characteristic
i+l T - - - T I . . .
LL&8in R tan6\g.g .| ... Jeggi I impedance of the short-circuited stubs.

J 12 / J 23 5 ........ J n-1.n
Yal+Y12 Ya2+Y12+Y23 Ya3+Y23+Y34 Yan-l+Yn-2.n-l+Yn-1.n Yan+Yn-I.n

O From Richard’s transformation and previous derivations on interdigital filter

Inputpart: Y, =Y, +7, Yo V¥
Y,; denotes the characteristic
impedance you have to find
from the interdigital filter .

Intemal part: Yl = Yai + Yi*l,i + Yi,i+] # Yu,' = Y]'Yi_lﬂ,"Y,",‘H

Outputpart: Y, =Y, +7Y, ., =-» Y, = Y-y,
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Interdigital Filter
- Design Equations
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O Self- and mutual capacitances per unit length are used to find the corresponding physical dimensions

Y,=h-Y, _X _uC YY12_>C_

\I \ C ¥ Ciz Cu Ca Cys
Y,=Y-Y. Y, = Y, =YY,- ,,+1—>C——'““ ?**?*CI‘HH{H*?

A i u
’ C
Y,-Y, ! C 2
Y, =YY, =y -Y-Y,,  =>C, = - T
P
Connecting line Y;;,, mp C, = T fori=1 to n-1 —
P

O Approximate design approach to find a pair of parallel-coupled lines

— Y=Y, Y+,
I = l,l il
?u Cy C:(““HC“ L_HC” Cxn Cy Cus Zosin T +ll/Z fori=2ton-2
? HfH'qHC Hfl - c?ﬁlc}?ﬁl ﬁ» ﬁj
4 ' ] 2 3 3 ] 4 s 1 1
l T I T 1- T __LT T L T Zoen1n= Y -v Zoon1n= Y +v
17 4n-1n 1 n-l.n
= Ci=C+C =
Prof. T. L. Wu
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Interdigital Filter EMC Group
- Design theory
%
6= (l FBW) y=—1 Yi
20 2 /7 tané h=h—-
1
J ! fori=1t 1 P
T W ori=11on— ( [Ysin? @
' 8+l sin- '( .—)
, . _ \V Yogagi /
Yii1 =i SING fori=1ton-1 0,= FBW
Y, - Y, Y- Y 1n 2
c = l.Z‘Cn= 1 L »
v v cos@,sin’6,
/ 2 = 2 \
Y, -Y, C,= 1 cos-f, sin“f,
Ci= Cl b A fori=2ton—1 ' %}I(F+T
v T '
Cim= L fori=1ton—1
I. C{i = 1 to n) are the self-capacitances per unit length for the line elements,

whereas C;;, (i = 1 to n— 1) are the mutual capacitances per unit length between ad-
jacent line elements. Note that v denotes the wave phase velocity in the medium of
propagation. The physical dimensions of the line elements may then be found from
the required self- and mutual capacitances. C, is the capacitance to be loaded to the
input and output resonators in order to compensate for resonant frequency shift due

to the effect of the tapped input and output.
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- Design theory

%

Full-wave electromagnetic (EM) simulation technique can be employed to extract such even- and odd-mode
impedances for the filter design,

Sy = Sx =Sy le/®n 7 =R [ Zig—Zo+ VN Ziy— Zo)* — 4ZoZ,, tan® ¢y ]
.=Re
Si2 = 851 =Sy |e/*2 J2 tandy,
‘ . z, =z 5
. =(¢zn ﬁ'y in -8y,
T o\2wm L

Some commercial EM simulators such as em can automatically extract €,, and Z.

For the even-mode excitation, the average
even-mode impedance is then found by

L L
/"\‘ § 7N 1
Zo, =27 ! EEg L2 ! ey .
e . 5 s
', EE= W, '\ s W, =]
~ 7 ' ~

the average odd-mode impedance is

determined by e @

FIGURE 5.16 Microstrip layouts for full-wave EM simulations to extract even- and odd-mode imped-
ances. (@) Even-mode excitation. (h) Odd-mode excitation.
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Interdigital Filter EMC Group
- Design Example

“the design is worked out using an 7 = 5 Chebyshev lowpass prototype with a passband ripple 0.1 dB. The bandpass
filter is designed for a fractional bandwidth FBIW = 0.5 centered at the midband frequency 0 = 2.0 GHz.
The prototype parameters are

=8 =10 £ =8s=1.1468
©=g=13712  g3=19750

using the design equations above given the table 5.7

TABLE 5.7 Circult deslgn parameters of the flve-pole, Interdigital

bandpass fliter with asymmetric coupled lines TABLE 5.8 Microstrip design parameters of the five-pole, Interdigital bandpass fllter with
" . e asymmetric coupled lines
i Zociin Zooiis1 - - - -
W, (mm) Wy (mm) 5 (mm) Zye (0hm) Zgo (0hm) &Fe £5.
1 65.34 34.78 22 12 02 6.6 415 468 376
2 59.16 36.83 22 1.1 02 64.92 34.83 4.66 375
3 59.16 36.83 2.0 L1 0.5 74.7 41.82 4.70 3.80
4 65.34 34.78 24 1.1 0.5 59.8 4044 4.73 3.82
2.6 1.1 0.5 57.6 39.86 4.75 3.83
¥, = 1/45.5 mhos. 2.8 11 05 55.6 30.33 4.76 3.84
r < 2 7 287
I R
. 2.8 3 572 36. 3
9;=052929 mdinsn, 27 11 03 58.26 3622 475 379
Ci=345731 < 10°°F. 2.6 1.1 03 59.36 36.43 474 3.79

The characteristic
admittance Y is so chosen that the characteristic impedance of the tapped lines Z, =
1/Y, is equal to 50 ohms.

A commercial dielectric substrate (RT/D 6006) with a relative dielectric constant of 6.15 and a thickness of

1.27 mm is chosen for the filter design, and table 5.8 is obtained.
Prof. T. L. Wu




Design Example with asymmetric coupled lines

NN
Next, we need to decide the lengths of microstrip interdigital resonators.

I,' = Ago,'."i4 — A/,

where Ag; is the guided wavelength and A/; is the equivalent line length of mi-
crostrip open end associated with resonator i.

unequal effective dielectric constants for the both modes
Agoi = Ap(V Eriel) V2

there is a capacitance C, that needs to be loaded to the input and output resonators

capacitive loading may be achieved by an open-circuit stub, namely, an extension in length of the
resonators.

sy
. e,

i 5ria s
Zeol tan"(—% ')

Al-=
¢ om

X X

NTU
EMC'Group
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Design Example with asymmetric coupled lines

N

I

TABLE 5.9 Fllter dimenslons (mm) on substrate with g, =6.15and /& = 1.27 mm

X X

NTUO
EMC'Group

W,=Ws=22 W,=W,=1.1 W,=2.6 S12=545=02 W,=1.85
L =15=20.14 h=IU=17.85 L=17.72 S23=534=03 1,=9.68
20 mm o . . A
(] I o o 5;21
-10 - /
= | ——= 8y
! 20 in !
g ATRAVAW
Feed port u |' |’!|
30 mm _40 ' ' ‘ l
'
Via hole =T o1l
60 1 1 | T
05 10 15 20 25 30 35
Frequency (GHz)
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Combline Filters

“"The combline bandpass filter is comprised of an array of coupled resonators.

The resonators consist of line elements 1 to n, which are short-circuited at one end, with a
lumped capacitance C;;loaded between the other end of each resonator line element and
ground.

Not resonator, but input and output of the filter

The input and output of the filter are through the coupled line elements.

through coupled-line elements 0 and n + 1, which are not resonators.

The larger the loading capacitances C,;, the shorter C. C,,IC.,.

the resonator lines, which results in a more compact % - T %
filter structure with a wider stopband between the

first passband (desired) and the second passband i

(unwanted). ol 111 12 N (LY R i P I

The minimum resonator line length could be limited l

by the decrease of the unloaded quality factor of |
resonator and a requirement for heavy capacitive ¥ i I t I i Y,
loading. A Y J
resonators
Prof. T. L. Wu
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Combline Filters EMC Group
- Design Concept
q/ _____ Y'VC.:\ /*"Czs
= st ks I ST &= o 1 Y _f
R X} | Xk ~ S WS ~ Ll Xy j‘j
1 I P°'"Ts‘/1 NODAL POINTS
! ! b TN Y
1 3 I YevCo
0 "I 2 3 - L " ol C::: C; C;::
I I n—1 |:> é T D
NODAL : : NODAL "o ven) \"ez) N6
POINT o—"'-| g || I I 1 I I “TPOINT n+i L\ ¢
' B | P g l- )
Y, ~o - Yo Ya \|

i = /[

Y3ge ¥Co SLARTN

¥3o. ¥2, K Ypeve, YoeevCy
]
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Combline Filters EMC rbip
- Design Concept
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Combline Filters EMC Grop
- Design Concept

Y'Ll Y. Yi=Y,+ Yee
1 |<i ) il_l inl 4 jtand ) )
° YA+.L + jY tan@ Y+Ya‘;+7.Y”e + jY tan @
Y4 :5'*”«"«:Uc/ | _YYm1+]Ytan49 y jtan@ _y jtan@
=~ 2o Y+ )Y, tand ‘ e Y+Y'+ Y, tanf
> /{ ° /i tan Y+j| Y, +—=— L tan @ RCRRA R
/] Y., jtan@
Y. =vC, @/ v.=vc,| /0
4 4 Y(1+ tan@)+Y:| 1+ ! R
_y jtand —Y—+ Yy:
A Y,(1+ jtan®) Y, Y,tan@
e

2 a b 72
a a ; :Y—+ YY"E +L_}

inl Y Ty
Constraint: %:YA Y, Y,jtan@ jtan0 Y,

61 Y¢ Y¢ Y
vo= Tty - I“+Y“ K;mi%‘i(”_j‘ﬁimz
i Y, Y, Y,

2 2 2
N A g R B S e R B A e S APS
Y, N
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Combline Filters AN

- Design Concept IT, ——
Y=¥Cys ‘L‘T"—cz: - Cur

NODAL POINTS

§ X4
Y; =uC,
L\v-wo yove) \reved)  \reved —_— " =T Y’ =0C,
¢ IDEAL
[} o l\ }]OZ = U(Ca +2Cab)
\I ‘ ; - 2Y,
n-v:—‘ y "‘l e oot \ v(C,+2C,-C,)
ol i M
Ya 1N 1 3 _ YA

LU
z

S
1

¢ ¢ c: - \- === e ————— vC,,
<] T diz -l— a3 A Design formula for coupled-line:

2
m=¥{%}—nﬁ+n‘;+xz

i 2
- A[I—[%j ]+u(—co+cl+clz)

YL E— (-"—g—f—‘)]«r v (c|+c|z-c°) A
Yai|og 10 pu” "6+ C10i+E1101) PP (5.0 (AR (¥R T U(C.f +Cpy+ Cj,.m)
v \/
XX
Combline Filters EMC Group
- Formulation
;
L

Y, Jo.1 Ji2 J23 St Ve

J = fYoFBWb, J _ FBW ’b,b,-,, J o= FBWb,Y, .,
. Q.88 ! Q. V&&in|wona ’ o Q8,8

A design procedure starts with choosing the resonator susceptance slope parameters bi ,,

’/ (Parallel LC)
b; Y [ cotfy + Bycscify
}f’:)_'m(&f()—&% fori=1 fo n «— | B(w)=wC, -Y, cotl
A 4 2
“ B(wy) =0,C,, Y, cotf, =0
Gy =Y, %

0
where Y is the terminating line admittance, 6, is the midband electrical length of
the resonators, and Y,; is interpreted physically as the admittance of line with the
adjacent lines 7 — 1 and 7 + 1 grounded. The choice of Y, fixes the admittance level
within the filter and can influence the unloaded quality factors of the resonators.
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Combline Filters
- Formulation

X X

The self-capacitances C; are given by

A
T CO = Y (] ﬂ) CrHl = Y (I Jn.ml )
N Ml ) N Mlll-——
p fFBxf'b—f P .’ Few e b Yas S Vi
=- L e L - Y (i— I+ (ﬂ)z_ < tané, )+ 2
Y4 \~' & Ya \.’ Sulant £V & e Yy Yy Yo o ] aVe.
J W Cn Y ( Yan 1+ (Jn.nﬂ )2 Jn—l.n tané, )+ Cn+|
it [ (b Yy (bin/Y, T Mota\ 5 , -y, ln \/
T' = FBH’V“ GIYNOuiTa) fori=1ton—1 Ve L \Y Yy ) Yy )" &Ver
A 8i€i+1
Ci Y( ai ‘li—l.i t 0 Jl',i+l t 0 ) f . 2‘ 2
— = —_— - an@, — an ori=2ton-—
| aVew AT X T
The lumped capacitances Cy; are:
and the mutual capacitances C; ,, are
. [ Y\ cot @, .
Cpi= )'4(.)—2)T0 fori=1ton Coa Y._ Co Contt Y. Canl
’ &V E, Tlo®4 Ve, ’ Ve, Tlo®4 &VeE,.
where wj is the angular frequency at the midband. Cin 7 Tun -
90\/5_:\- Mot 4 Y, ]

Prof. T. L. Wu

Design Procedure (1/3)

I

b,

Yy

@ Find the g; (i = 1 to n) coefficients for the chosen prototype filter.

@ Choose the admittance of each resonator, Y,
@ Choose the midband electrical length of each resonator, 6,,.

@ Obtain the susceptance slope parameter of each resonator using

Y, [ cotBy + By cscBy | _
=—,(—— fori=1ton
Yyl 2 /

@ Obtain the required lumped capacitance using

The lumped capacitances Cy; are:

( Yai )

B cot
Cri= ).4( Y
\ La )

fori=1ton

Wy

where wj is the angular frequency at the midband.

X X
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Design Procedure (2/3)

@ Obtain the J-inverter values using the formula
[ , hu'l

I
> | FBW —~ | FBW —
Joi | 7 N 7
oy s Yy \ £n&ntt
fori=1ton—1

Fons [(b,/Y Wbt/ Y
A.t 1 — FBW :, (h: }A)(br 1§ )4)
\ 81

Y
@ Obtain the required self and mutual capacitance for n + 2 lines using

The self-capacitances C; are given by
CO = Y(]—ﬂ) Cn+| = Y(]— Jn,m»l )
aVe, Y,/ &Ve, 14 Yy
G ( Yai (JO.I )2 J12 ) Co
— ==l -1+ =) == tang, | +
aVen AT, Yl v ) eV
Cn Y ( Yan 1+ (‘Jn.n*l ‘)2 Jn—l.n t 0 )+ Cn+l
= —- - an
aVen Y, Yo ! v ) eV
Ci Y( Yai Ji—l.i t 9 Ji.l'+l t 0 ) f . .)( )
——==nY — - anf, — an ori=2ton-2
aVew PN X T T
and the mutual capacitances C, ;,, are
Gt .y _ Co Const y,_ G
&V e, Tlo¥4 £ Ve,t.‘ goVe, Tlo®4 Ve,
Ciin no¥ Jiinl tané
=no¥,—;—tanb
Ve, 1 Y Prof. T. L. Wu
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Design Procedure (3/3)

g
U
@ Find the dimensions of the coupled lines, namely the width and
spacing that gives the required self and mutual capacitance. (similar to

the interdigital BPF)

Prof. T. L. Wu
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Combline filters
- Another design approach

%
Instead of working on the self- and mutual capacitances, an alternative design approach is to
determine the dimensions in terms of another set of design parameters consisting of external
quality factors and coupling coefficients.

_ by _ S Oun= b, _ SEan1
S5 /Yy FBW “ J2,u/Yy FBW
it FBW _
- = fori=1ton-1

M=
g Vbibiyy Vgigin

Q:‘l

where Q,, and Q,, are the external quality factors of the resonators at the input and
output, and M ;,, are the coupling coefficients between the adjacent resonators. The

Prof.
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Combline filters
- Another design approach

' Assume that a five-pole Chebyshev lowpass prototype filter with 0.1 dB passband

ripple has been chosen for the bandpass filter design. The lowpass prototype para-
meters are gy = g¢ = 1.0, g, = gs= 1.1468, g, = g4 = 1.3712, and g; = 1.9750. The
bandpass filter is designed to have a fractional bandwidth FBW = 0.1 at a midband
frequency f; =2 GHz. From (5.45) we obtain

Q)d = Q,._; =11.468

:1[|_-\ = :.714_5 =0.07975

My =M, =0.06077

As mentioned above, the combline resonators cannot be A,,/4 long if they are realized with TEM

X X

NTUO
ENC'Group

transmission lines. However, this is not necessarily the case for a microstrip combline filter because the

microstrip is not a pure TEM transmission line.

For demonstration, we also let the microstrip resonators be A,/4 long and require no capacitive loadin

g for

this filter design.

The microstrip filter is designed on a commercial substrate (RT/D 6010) with a relative dielectric
constant of 10.8 and a thickness of 1.27 mm.

With the EM simulation we are able to work directly on the dimensions of the filters. Therefore, we
first fix a line width /7 = 0.8 mm for the all line elements except for the terminating lines.

The terminating lines are 1.1mm wide, which matches to 50 ohm terminating impedance.

Prof. T. L. Wu




Combline filters

-
o o
T T

8388888

-

3 o

Frequency (GHz)

Qo1 = 0es = 11.468
J‘r!l: = -"[4.5 =0.07975
."l:_} - .-i{;__‘ =0.06077
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13 0.085
N

& 12 S 0.080 N\
I L I I e T
g n - 0o
> 0.070
§ 0
= » % g 0085 \\
£ A 3 0.060 N =
3 8 4 0.055

7 0.050

040 045 050 055 060 16 18 20 22 24 26

s (mm) s (mm)

It is interesting to note that there is an attenuation pole near the high

edge of the passband, resulting in a higher selectivity on that side.
This attenuation pole is likely due to cross couplings between the

nonadjacent resonators.

Prof. T. L. Wu

Pseudocombline Filters

N

o=

c.fcE
T T

cict c
I\ I I T
1 |2 3 ) J—
Ak 3| M4
HRERREPE

n-1)

~ Pseudocombline bandpass filter that is comprised of an array of coupled resonators. The resonators consist
of line elements 1 to n, which are open-circuited at one end, with a lumped capacitance C;; loaded between
the other end of each resonator line element and ground.

ctct ¢ .ot

N

T
|
1 2 3 i'J4
Ju tl
Opeii-circuited

n-|

1
|
-
7, | A
|
|

k. W Short-circuited at £,

1
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Pseudocombline Filters

N
Similar to the combline filter, if the capacitors were not present, the resonator lines would be a full &/,
long at resonance.

The filter structure would have no passband at all when it is realized in stripline, due to a total cancellation
of electric and magnetic couplings. For microstrip realization, this would not be the case

The type of filter in Figure 5.22 can be designed with a set of bandpass design parameters consisting of
external quality factors and coupling coefficients.

_ o081 Q _ Snfn+1
el FB",- en FBW
M, FEY fori=1t |
M = ori=1ton-—
" Vagin

where O, and Q,, are the external quality factors of the resonators at the input and
output, and A, are the coupling coefficients between the adjacent resonators. The
required dimensions can be found by using full-wave EM simulation (see Chapter 8

Prof. T. L. Wu
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Pseudocombline Filters EMC Group
- Example

%
For this design, we work with a five-pole Chebyshev lowpass prototype filter with

0.1 dB passband ripple. The lowpass prototype parameters are g, = g5 = 1.0, g, = g5
= 1.1468, g, =g, = 1.3712, and g; = 1.9750. The bandpass filter is designed to have
a 15% fractional bandwidth or FBW = 0.15 at a midband frequency f; = 2 GHz.

Qe = Qes = 7.645 Design on commercial substrate (RT/D 6010) with a relative dielectric
M, >=M,s5=0.11962 constant of 10.8 and a thickness of 1.27 mm. Fix a line width 7= 0.8 mm.

The tapped lines are 1.1mm wide, which matches to 50 ohm terminating
My =M 4=10.09115 impedance.

Using the parameter extraction technique described in Chapter 8, the design curves for external quality
factor and coupling coefficient against spacing s can be obtained

16 0.125
0.120 P
N\
o' = 0115 N
o -
212 A § 0110
8
2 N 0.105
s 10
F g0.1m
5 y N
0.095
§ ’ gooso N
N T~ 0.085 \\
4 [ 0.080
25 30 35 40 45 50 55 0.5 10 15 20
t (mm) s (mm)
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Pseudocombline Filters EMC Group
- Example

Similar to the combline filter discussed previously, there is an attenuation pole near the high edge of the
passband, resulting in a higher selective on that side.

This attenuation pole is likely to be due to cross couplings between the nonadjacent resonators.

However, the second passband of the pseudocombline filter is centered at about 4 GHz, which is only
twice the midband frequency. This is expected because the A, resonators are used without any lumped
capacitor loading.

02 03
]

bN
© o
|

Transmission (dB)

8 84848

3
-
-
-

Frequency (GHz)

08
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Bandpass Filters Using Quarter-Wave Coupled
Quarter-Wave Resonators

L
Since quarter-wave short-circuited transmission line stubs look like parallel resonant
circuits, they can be used as the shunt parallel LC resonators for bandpass filters.

Quarter wavelength connecting lines between the stubs will act as admittance
inverters, effectively converting alternate shunt stubs to series resonators.

For a narrow passband bandwidth (small A), the response of such a filter using N
stubs is essentially the same as that of a lumped element bandpass filter of order N.
The circuit topology of this filter is convenient in that only shunt stubs are used, but a
disadvantage in practice is that the required characteristic impedances of the stub lines
are often unrealistically low. A similar design employing open-circuited stubs can be
used for bandstop filters

ZO—’ /

owsodesionzo 7 (/' (/] /W

FIGURE 5.21 A bandpass filter using shunt short-circuited quarter-wave resonators with quarter-
wave connecting sections. - Wu

0

-
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Bandpass Filters Using Quarter-Wave Coupled
Quarter-Wave Resonators

U
Note that a given LC resonator has two degrees of freedom: L and C, or equivalently, w,,
and the slope of the admittance at resonance.

For a stub resonator the corresponding degrees of freedom are the resonant length and
characteristic impedance of the transmission line Z,,, .

\1, (a)

Y = = cotd,
ZOn

v
301+ ),

where 6 = 7 /2forw = wy. If weletw = wy + Aw, where Aw < wy, thenf = -'21(1 +
which allows the admittance of (5.43) to be approximated as

Y
2 2wy

—j A j A imA
jcot(1+n a)) ] t il P e (5.44)

= = —fan — = =
ZOn Z(),, 2&)() 22(),,&)0

Prof. T. L. Wu
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Bandpass Filters Using Quarter-Wave Coupled
Quarter-Wave Resonators

s
L
- 6
O % I
E Z, -7 Ln C,, <z
O
(a)
Y 'c+—' C( L : )
s i / = Jwl, . — = n =
Y=—J—cot T TAw =Lan”Ang”va J joL, J L, alm = — C.L
ZOn 2 2(’)0 Zon 2“)0 220n (&)
. Cn w 0\ 2rms
= ——-—)=2jCAw,
wo [0}

l NI,
ragl, 7 / where C,L, = l/wé.

"7 T4 T dwCy
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(b)

R +c'~ %L'" 'WW )

(c)

1 1 1 1 17! , 1 , 1 =
Y = jwC, | joCi+ —— + =— Y = joC, + —| joL +,—+Z]
Jw -+ij7 +Za[1w 1 + ] Jol; joL, [J 1 T 0

JoLy  Z

-1 -1
Cfw  wy 1|./Cifo @ 1 . Cé(w wo) . L'l(w wo)
PR ! L R B . TR =jf2(==-=2)+|i/2(=-=)+2
& Lg(wo w>+25|:', L;(a)o w)+Zo] ¢ Li\wy o J Ci\wy o 0

These two results are exactly equivalent for all frequencies if the following conditions are satisfied:

Prof. T. L. Wu
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"g="C_/§‘ 72 &= .I.‘i
L, L, 0 Ly C;

Using the fact that L|C}] = L,Cj = 1/w} allows these two equations to be solved for L,

and L»:
ZZ
L =52, (5.50a)
L)
Lo = L, (5.50b)

Then using (5.46) and the impedance-scaled bandpass filter elements from Table 5.4 gives
the required characteristic impedances for the first two stubs as

wwolLy _ nZ(z) _ nZpA
4 4ayL) 4g, '’
manl;  wapl, wZoA
4 4 4g

Ty = (5.51a)

Zo =

(5.51b)
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By extension, it can be shown that the general result for the characteristic impedance of the
nth stub in a filter of order N is given by

ZoA
Z(),,=JT il
4g,

(5.52)

These results apply only to filters having input and output impedances of Zy, and so cannot
be used for equal-ripple designs with N even.

Prof. T. L. Wu

EXAMPLE 5.6 BANDPASS FILTER DESIGN USING QUARTER-WAVE
COUPLED RESONATORS

Design a third-order bandpass filter with a 0.5 dB equal-ripple response using
quarter-wave coupled quarter-wave short-circuited stub resonators. The center fre-
quency is 2.5 GHz, and the bandwidth is 15%. The impedance is 50 Q. What is
the resulting attenuation at 2.0 GHz?

Solution
We first calculate the attenuation at 2.0 GHz. Using (5.22) to convert 2.0 GHz to
normalized low-pass form gives

1 1 2. 2.
W__(ﬂ_ﬁ - _0__5)=—3.00.
A\wy o 0.15\25 20
Then, to use Figure 5.6a, the value on the horizontal axis is

W

—1=]-3.00] — 1 = 2.00,

from which we find the attenuation as 30 dB.
From Table 5.2 we find the required g,’s for 0.5 dB ripple and N = 3. Then
(5.52) gives the necessary characteristic impedances:
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From Table 5.2 we find the required g,’s for 0.5 dB ripple and N = 3. Then
(5.52) gives the necessary characteristic impedances:

n n Zo, (2)
W 1 1.5963 3.69

2 1.0967 537

3 1.5963 3.69

All stubs and connecting lines are A/4 long at 2.5 GHz. The calculated re-
sponse of the filter is shown in Figure 5.23. Note that 30 dB attenuation is achieved
at 2 GHz, as expected. Also note that the characteristic impedances for the stubs
are very low, making practical implementation of this type of filter very difficult.
This difficulty is avoided with the capacitively coupled resonator filter discussed

in the following section. O
0
10
2
8 20|
5
E
£ 30|
<
40
50 L L1
1.00 1.50 2.00 2.50 3.00 3.50 4.00
Frequency (GHz)

Prof. T. L. Wu

\/ V‘
’A.A
NTUO
ENC'Group

Stub Bandpass Filters

-’ Filters with \,o/4 Short-circuited Stubs
/ , l . [ml‘n
_ @ ( FBY
6= (.l T2
h=2
[ [ Yn Yl.: Yn-l.n YO
Jia =g ’u‘ hg, Jata - IA%
h TV & Yoo 'V & o\ -

= fori=2ton-2
Yo Vgigin

[ Jiwi\2 [ h tang \2
Nijwr= ( '”) +<M) fori=1ton—1
SURYA 2

Short-circuited stub

h - J] 2 )
Y =go)’0 I-—lg tan@ + Yy A'\t'l_'; - —=
2 Yo h is a dimensionless constant which may be assigned to

T another value so as to give a convenient admittance level in
a-1n )

h’
X= )b(g,.g,,+ 1 — Zag1 E)tano + )b(N,,_..,, - the interior of the filter.

Y,
i Jin
b Yo(N.-n.i+ Ny — 2~ ;l) fori=2ton—1
0 Yo
Jii+1
Yim = Yo( ”,’ ) fori=1ton—1
Yo
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Derivation concept (1/6)

O Lowpass filter with only one kind of reactive element
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Ga
m-""" l |
& Jor ::C.l iz ==C.z va3 *I-CM In,nel %;Gi
Y W Vs
%21 %0 n-l
C, can be arbitrary chosen and the
¢ C_h inverters J,; and J, ,.; are eliminated!
2 \ 2% , , c S
Si2 Sas Sa-1.n 1 2
Ro* 90 N m—— - //
] C C lc [ l i
C(T—‘ I Yi2 I'zg !o]: J23 «I-'g 1’“ Ja-1,n :[ Car SR
o

. h
Cl =(175Jg1

& :gI:C}_'—C;

I = G,

. . 8.8

C,, is scaled by terminal l o
— 81

8

impedance Y,! Y,

= hg, C,', _ gngn+1_(h/2)g1Rn+l
n+l
8uit ' 4
C,=g,>2=C,+C,
n=8n R, P
J — _ |GG,
Kkt |3 gy = P Y
ewn V8i8k:1 ! 8n-18n
hg h
=Y 1 _y 81801
! 881 4 8.1
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O For interior sections

Derivation concept (2/6)
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O Using image impedance
Definition of image impedance

. C, h e
1 2 2 1
iz
Ro*90 B
B
ICU
ST I Yo | T2
Yimagl
Ya ’

4]

Rnei

Zin 2
Z; = input impedance at port 1 when port 2 is terminated with Z;
Z;> = input impedance at port 2 when port 1 is terminated with Z;,

[AB
Z) = EB

BD
AC
If the network is symmetric, then A = D and Z;; = Z;; as expected.

Zp =

— 1 — CID 1
et Zimagl AlBl

— 1 CZD 2
e ZimagZ A2B2
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Derivation concept (3/6)
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%
O Derivations on the image parameters
-aoC 1
(o, O a 1
|
q, _I_ J _I_ C, |:A B:| 1 0 0 JJ I 0 2Jk,k+l Jk,k+l
I K, k+1 — ) a)ca ksl ) a)Ca =
> [ T2 Lo o5 e N A
o O 2 J ks 2 H g
Jk,k+l 2']k,k+1
C,D,
zmagl l 1 k Je+1 2Jk kH
o f— 6 — o {Az Bz} i 1 0 cos@ sin @ 1 0
C, D,| |—j¥ . cotd 1 . — Y cotf 1
/ . / 2 2ol LT ke JY 4 8in0 cosd S ke
9 o |
/4 /4 Yk k+1 e
s Y cosd +—"—cosd sin @
Y |/ 0 ket l/ (7] Kkl Kkl
Y. 2 Y.
-2 Y,fk+1 cos’ + jY, 48N 60 — ]MCO'S—H 0s 0+ cos @
0= Eﬂ ind Yk,k+1 sin @ ke k+1
2 w, 5
/CD \/Ykk+1 AA+1+Ykk+1) cos 0
Lmag2
45, il Prof. T. L. Wu
X X
AV AN
J\\NTD
ENC'Group
Derivation concept (4/6)
O Design equations for interior sections
Lowpass Bandpass
Pig Pix
2 \ 1 Y[magl (CU' =0)=Y[mag2 (a):a)o)
/ ~g wg 2 Yimugl (a)y T wl‘) = YimugZ (a) T a)l)
] |
- u i —W; u w,
+Y’,., ) cos’@
1. Yl_magl (a) O) mag? (a) = wo) » Jk . 1— \/ k kel k e+ k k+1) —_— Jk,k+1 — Yk,k+1
il 2Jk . sin@
2
f ' \/ k k+1 k k+1 k k+l) cos 61
2. Yimagl (w = wl) = YimagZ (a) = a)l) -> Jk’Hl i [2Jk K+l j SlnH
. 2
. 2 oC, st 2
— (Jk,kﬂ sin 91) [1 _[le J } = Ykz,k+1 - (Yk,kﬂ * Yk,k+l) cos’ 4
kk+1
'C . 9 2
s Vo2 _ 2 . o,C, sin
— (Jk,k+1 + Yk,k+l) cos” 6 =, (1 —sin” 6 ) + [%} oot T. L. Wu
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Derivation concept (5/6)

2. Yimagl(a)':a)ly):YimagZ(w:wl) — (Jk,k+1+YS

! . 2
) 008" 0,= I}, (1-sin* )+ [%J

' 2

. h s \2 o,C, tan 6
€= Eg — (Jk ka1t Yk,k+l) =Jia t (%j Assume o, =1
e | = / /

- ; 2 2

-l % % % le ol % % > § C, tan@ Y hg tan@

W ¥ 2 Ykk+1 \/Jlflm—l [0)1 B lj _Jk,k-v-l:\/‘jlf,kﬂ ( 4 12 lj _‘]k,k+1

’ C,=hg,

2 2
J
:YA\/( ;]m) "(hglzmelj _Jkk+l_YNkk+l J,
4

kk+1

—w,FBW /2
Note: 6 =% _Z(@-aFBW/2)
2 o 2

z ( _ FBW )
o @, 2 2
Required stub admittance
Say

r\i \\ N

kk+1 (YNklk Jk-l,k)+(YANk,k+1_Jkk+l)

J J
% A4

Y, ] fork=2ton-1

Prof. T. L. Wu
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Derivation concept (6/6)

%
O Design equations for end sections
C —9- «dg,
m2 Sas
Ry gy \ e /
(-
Take input end for example
Im{Y;nl } _ Im{YinZ }

oC, Y/ cot6, , >
- =) — L=—1_—"1 = Y =Y C tan6 =Y 1
Re{Yinl} Re{an} 1/R, Y, 1 480 L lan o 18081(

- ﬁ) tan @
2
Required stub admittance for Y,

Y, =Y, +Y,=Y,g,g (- )tan6?+YN12 JIZ:YAgOgl(l—ﬁ)tan9+Y(

J12 ]
A
@ Since h can be assigned to be arbitrary number, the best way to simplify the calculation process is h =2
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Stub Bandpass Filters

- Example

7

1s chosen.

» Design a stub bandpass filter using five-order chebyshev prototype with a passband ripple
L,.=0.1dB atf,=2 GHz with a fractional bandwidth of 0.5. A 50 ohm terminal impedance

X X

NTU
EMC'Group

For passband ripple L4, = 0.1 dB

n & 4] g3 84 85 86 &7 88 89 Lo
1 0.3052 1.0

2 0.8431  0.6220  1.3554

3 1.0316  1.1474  1.0316 1.0

4 1.1088 1.3062 1.7704  0.8181 1.3554

5 1.1468 1.3712 19750 13712 11468 1.0

6 1.1681 1.4040 2.0562 1.5171 1.9029  0.8618 1.3554

@ Using previous equations to find the required Y; and Y; ;,

TABLE 5.12  Circuit design parameters of a five-pole, stub

bandpass filter with A,/4 short-circuited stubs

i Y; (mhos) Y, ;11 (mhos)
1 0.03525 0.02587

2 0.06937 0.02787

8 0.06824 0.02787

4 0.06937 0.02587

5 0.03525

TABLE 5.13  Microstrip design parameters of a five-pole, stub bandpass filter with A,/4
short-circuited stubs

W; (mm) Ago/4 (mm) W, i1 (mm) Agori+1/4 (mm)

W =

o

1.61 13.67 0.97 14.03
4.00 13.07 1.10 13:97
3.93 13.03 1.10 13.97
4.00 13.07 0.97 14.03
1.61 13.67

fabricated on a substrate with a relative dielectric constant of 10.2 and a
thickness of 0.635 mm.
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Stub Bandpass Filters

- Example
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14.03 13.94 Unit: mm
}0.59 10.97 {1.10
t t t
13.67 13.07 13.03
[ [ ] I 0
_.‘ L_ »‘ L_ —J |~— Via hole 0
1.61 4.0 3.93 grounding
s -20
Z
()]
2
=
s
-60 -
-80 .
0 1

Frequency (GH2)
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Stub Bandpass Filters without shorting via

7

» Additional passbands in the vincity of /=0 Filters with \,/2 Open-circuited Stubs
and /= 2f,

by lyia

» Better passband response with transmission

Zeros
If Yia = Yib Y, Y ¥, Y,
—> at f,/2 and 3,2 .
Y, #Yy

== transmission zeros are controlled
» Design equation:
Y(a; tan> 0—1)
N (a; + 1)tan? 0
Yis =Y,
7f.;

o= cotz( —") where f; is the assigned transmission zero at the lower edge of passband
200

ia

Open-circuited stub

Prof. T. L. Wu
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Design Equation

Filters with \y/4 Short-circuited Stubs Filters with \,y2 Open-circuited Stubs

#
Q Short-circuited stub
Open-circuited stub YL = ‘]Y’b tan 0
__ %
" jtan@ _y LtjY,tanf _ jY,tan0+ Y, tang
"Ny 4+ jY,tand Y, -Y,tan’ @
@ Equivalence of the two input admittance using assumption of Yy, = o,Y,,
i i Y, Y, tan@ + jY, tan@
Y;’nl :YinZ » YI :Y. JYibtang_’—‘]Yia tane . - :Y[a] — ] M;
jtand Y, Y, tan’ @ Jjtan@ Y, -aY, tan’ 0

Y, (e, +1)tan @ Y, (e, tan®> 0 -1
- i = Y’_a -]( i ) > » Ym — (—2)
jtan@ 1-q,tan’ @ (1+ ¢, )tan’ 6

Y,, =0 m=p YV -Y, tan’@=0 ==p Y -, tan’@=0 ==p o =cot’d=cot’

@ Transmission zero in the kg/Z case
17 la [

z_ﬁﬁj = Cotz [ELJ
4, 4 2 f,
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Stub Bandpass Filters without shorting via S
- Example

7

» Specifications for the A,/2 stubs are the same as the ones using /4 stubs . Choose the £, = 1

GHz.
7t _
ai:cot3< ‘”_') - o =1
2fo
@ Using previous equations to find the required Y;,, Y, and Y; ;.
Yl( a; tanl 0—1 ) TABLI-E S.l.-'t Microstrip design parameters of a five-pole, stub bandpass filter with A,,/2
T ————————— open-circuited stubs
(o + 1)tan® Vo= Yo W, o T P VT
i (mhos) (mm) (mm) (mhos) (mm) (mm)
Y,-b = Cl,-Y,-a 1 0.01460 0.28 14.73 0.02587 0.97 14.03
2 0.02873 1.16 13.91 0.02787 1.10 13.97
J 3 0.02826 1.13 13.92 0.02787 1.10 13.97
ii+1 n n < x
Y.... =Y 4 0.02873 1.16 13.91 0.02587 0.97 14.03
L+l 0 Y, 5 0.01460 0.28 14.73
fabricated on a substrate with a relative dielectric constant of 10.2 and a
thickness of 0.635 mm.
Prof. T. L. Wu
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Stub Bandpass Filters without shorting via
- Example
A
\ 7
14.03 13.94 Unit: mm
r |
10.59 10.97 11.10 i
f t t
29.3 27.59 27.61 0

>

P

- - ~ -
- 1.16 1.13 Open-end effect

0.28

'
3
F
T ———

Amplitude (dB)
8
|

&
o
T

......

-80

Frequency (GH2)




HW I11
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Please design a BPF based on Chebyshev prototype with following specifications using end-
coupled and parallel-coupled half-wavelength resonators:

1

2.
3.
4.

Passband ripple < 0.1 dB

Center frequency : 5 GHz

FBW: 0.1

Insertion loss > 20 dB at 4 GHz and 6 GHz.

The properties of the substrate is €, = 4.4 and loss tangent of 0. The substrate thickness is 1.6 mm.

Please decide the order of the BPF and calculate the J-inverter values.

Find out the required series capacitances for end-coupled resonator case and the even- and
odd-mode characteristic impedances of the coupled-line for parallel-coupled resonator case.
Plot the return loss and insertion loss for the designed BPF using HFSS and ADS.
Considering the discontinuities in the two cases, and using HFSS and ADS again to compare
the results with those in (c). Please also discuss the reasons for the discrepancy between them.
Discuss the sizes and frequency responses using the two methods.

Prof. T. L. Wu
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1.

2.

HW 1V

According to the specification on HW III, design a interdigital filter. Let Y, = 1/49.74 mho.

a. Calculate the per unit length self- and mutual-capacitances.

b. Obtain the required even- and odd-mode impedance.

c. Using EM solver to find corresponding dimensions based on problem (b).

d. Considering the discontinuities and using EM solver to plot the return loss and insertion
loss.

e. Discuss the sizes and frequency responses for the three methods. (interdigital filter, end-
coupled, and parallel-coupled resonator)

Please derive the Y, and turns ratio N for the equivalence of the short-circuted parallel
coupled-line and a transformer with short-circuited stub in combline filter.

b— 6 —i N

o NZ-|

‘e Ys= Y [F] + ¥3e- Y

¥y Y.m-YM:Ucab = <—Yin
2 ° 2y,

IDEAL N = TURNS RATIO = A
0 _ya
61 Yao~Yoe
Yi=vC,| /6 Y.=uC| /0

2 :

SPECIAL CONSTRAINT 3o+ Yo=2Y, \
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