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Coupled Resonator Circuits
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» Design parameters
1. Coupling matrix M
relationship between coupling coefficients and physical structure
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2. External quality factor O,
the externally loaded input/output resonators
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Suitable to design narrow-band filters
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General Coupling Matrix for Coupled-Resonators (1/4)
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» Loop Equation Formulation (magnetic coupling)
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General Coupling Matrix for Coupled-Resonators (2/4)
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O Simplified [Z]

B |
Ry +joL, +—— oL,
jwC|
H 1
& 1
—jwLyy 1 joL, + -
H JoC,
H
1
1
1
f/w[‘nl : /WLnl
L
b
w,L
JjoL+——=joL +— —]a)OL[
jo

O Synchronously tuned filter
All the resonators resonates at the same frequency
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Bandpass transformation!
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General Coupling Matrix for Coupled-Resonators (3/4)
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O Scaled external quality factor

O External quality factor
Gei= Q- FBW  fori=1,n

R, 1 )
=i fori=1.n
oL O.i
O Coupling coefficient O Normalized coupling coefficient
L, M.
My = - my; = Ty
L " FBW
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General Coupling Matrix for Coupled-Resonators (4/4)
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Two-port n-coupled
resonator filter
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General Coupling Matrix

%
O Similar results for node equation formulation (electric coupling) can be obtained

G

i()l-: S\J.C‘éllq Cﬂﬂ.lgcﬂ-lg G
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| QST BTy S Sy =2—F—=Y];i
! ! ! 9e1’Yen [ ,] I
P 1
S = (Y -1
Two-port n-coupled 9el
resonator filter
§—>112
O Both magnetic or electric can be incorporated into one form
1 :
Sy, = 2——=[A];;} external quality factor
V' de1'Gen with  [4] = [¢] + p[U] —j[m]
I i(l — 4] general coupling matrix
el

O External quality factor and general coupling matrix can be obtained from the required
frequency response
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Comments

I

For a given filtering characteristic of $21(p) and S11(p), the coupling matrix and the external
quality factors may be obtained using the synthesis procedure developed in [10—11].

However, the elements of the coupling matrix [m/ that emerge from the synthesis procedure
will, in general, all have nonzero values.

But, a nonzero entry everywhere else means that in the network that [m] represents, couplings
exist between every resonator and every other resonator.

As this is clearly impractical, it is usually necessary to perform a sequence of similar
transformations until a more convenient form for implementation is obtained.

A more practical synthesis approach based on optimization will be presented in the next chapter.
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General Theory of Couplings

I
» Coupling coefficients of coupled resonators (establish the relationship
between the value of required coupling and the physical structure)

electric coupling magnetic coupling
Bl Coupling L"/L’ s JIS&E, Exdv . S uH, Hydv
VIITE [ dvx [[JelEPdv N JJJuH\P dv x [TJulH,? dv

O Positive sign implies that coupling enhances the stored
energy of uncoupled resonator.

O Negative sign indicates that coupling reduceds the
stored energy of uncoupled resonator.

» In fact, this is not an easy task to evaluate the coupling coefficients, since
it requires knowledge of the field distributions and the performance of the
space integral.

» Simplified lumped-element circuit model can be used to facilitate the
analysis of coupling coefficients on a narrow-band basis.
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Synchronously Tuned Coupled-Resonator Circuit
- Electric Coupling

U
» Electric coupling coefficients of coupled resonators
Cm

TN

at the reference plane T,-T, and T,-T,
[I :.iwCVI _ijm VZ
L, =joCV, - joC,V,

T

Y), =Y =joC
Y, =Y, =-wC,

at the reference plane T-T’
pm—m i Electric wall:
T, ! T 1
!l o2c2 fo= s
: ' | ' 2aVL(C + C,)
L : i |
; i ¥, Magnetic wall:
! I 1
'C— ==, -C fr = ———
: y : : 2aVIL(C-C,,)
,“ | : Electrical coupling coefficients can be obtained:
; 1 !
T-' Yu : ‘Ir- k fr% _fg (ﬁm
L ‘E~T 5 > =
ife 4 fz C Prof. T. L. Wu
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It might be well to mention that (8.32) implies that the self-capacitance C is the capacitance
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seen in one resonant loop of Figure 8.4(a) when the capacitance in the adjacent loop is shorted

out.

Thus, the second terms on the R.H.S. of (8.32) are the induced currents resulting from the
increasing voltage in resonant loop 2 and loop 1, respectively.
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Synchronously Tuned Coupled-Resonator CircuitEE

- Magnetic Coupling

e

’/> Magnetic coupling coefficients of coupled resonators

X X

at the reference plane T,-T, and T,-T,
Vl :A/.lel +.ij1)1[2
VZ :./wLIZ +_/(1)L,,,1]
Zy =Zyp=joL
ZIZ = le :./errl

at the reference plane T-T’

Electric wall:
1

fe= oL -L)C

Magnetic wall:
- 1
Im 2#V(L +L,)C
Electrical coupling coefficients can be obtained:

- fe: _fn:l _ Lm
M~ T
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The equations in (8.37) also imply that the self-inductance L is the inductance seen
in one resonant loop of Figure 8.5(a) when the adjacent loop is open-circuited.

Thus, the second terms on the R.H.S. of (8.37) are the induced voltages resulting
from the increasing current in loops 2 and 1, respectively.
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It should be noticed that the two loop currents in Figure 8.5(a) flow in the opposite directions,
so that the voltage drops due to the mutual inductance have a positive sign.
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Synchronously Tuned Coupled-Resonator CircuitEE
- Mixed Coupling (1/2)

e

» Mixed coupling coefficients of coupled resonators

Both the electric and magnetic couplings cannot be ignored

'2Y12 '2Y12
TI1 { } - { } ‘Tz
f 211'212 : 222'212 :
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Y+, 2z, | ! | |2z, LYY,
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Electric coupling:

Yi, =Yy =juC

Y, =15 =joC,
Magnetic coupling:

Zy=Zy=jwL

ZIZ = le :.jw[‘l’n

Equivalent circuit model

X X




Synchronously Tuned Coupled-Resonator CircuitEE

- Mixed Coupling (2/2)

‘E

at the reference plane T-T’
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Electric wall:

Je=

1
2Vl — LNC—CL)

Magnetic wall:

;f’v" =

1
2aV(L + L})(C + C))

Mixed coupling coefficients can be obtained:

o .y
_ /Z; —Jm _ CLI;I + LC1;1

ko=
Sl T TS

Assume L;,C;, < LC
L, G
A‘/Y - m + l
1 c
The superposition of the magnetic
and electric couplings!

- B
=ky+kg
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Comment

I

Care should be taken for the mixed coupling because the superposition of both the magnetic and
electric couplings can result in two opposite effects, either enhancing or canceling each other as
mentioned before.

If we allow either the mutual inductance or the mutual capacitance in Figure 8.6(b) fo change
sign, we will find that both couplings tend to cancel each other out.

It should be remarked that for numerical computations, depending on the particular EM
simulator used, as well as the coupling structure analyzed, it may sometimes be difficult to
implement the electric wall, the magnetic wall, or even both in the simulation. This difficulty is
more obvious for experiments.

The difficulty can be removed easily by analyzing or measuring the whole coupling structure
instead of the half, and finding the natural resonant frequencies of two resonant peaks,
observable from the resonant frequency response. It has been proved that the two natural
resonant frequencies obtained in this way are fe and fin [5].
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Nature Frequencies

7

the coupled structure.

» It is sometimes difficult to apply the electric and magnetic wall to the
coupled structure. However, the 7, and 7, are two the nature frequencies of
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» Consider the electric coupling circuit

wo=1/VIC =1 2 =+/L/C=1
e AYYYY) | YYYY O Imposing the boundary conditions V, =V, =0
1H & 1H for nature resonance
V. Z, Z, || 1 Z, Z
K (1-C)F == = (1-C.)F Vi= { ‘}{ : ‘2}{ 1} 0 [ =0
4 I/2 Z21 ZZZ [2 ZZl 222
o - |:> Zi1-Zyp—Z12-Zn =0
Electric Coupling ‘
=t 1-Cnm . (1= Cn)(1+Cn) 5 w=2r [ =1VI¥Cn
:E’ =4 Cm e Cm w = 271"fm = 1/V1_én7
E> The two solved frequencies match with
Zo1 = 7112 B = ju (1-Cn)(1+Cn) the results based on inserting E-wall and
=% ‘m H-wall.
3 Prof. T. L. Wu

Nature Frequencies
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» Magnetic coupling circuit
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» Mixed coupling circuit
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VIZO L‘ vgwo 11(‘. '7w(;1 + C;”) ‘
- . len — 1 — w-(l B le)<l - (’77ln)
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Asynchronously Tuned Coupled-Resonator Circu sz
- Electric Coupling

T> Electric coupling coefficients of coupled resonators

T O Two positive solutions:
A | ] Y YY @G+ LyCy) £ V(L Cy — LGy +4L,L,C2
L, oc, | 2c, L. @127 2AL,L,C,Cr— L1, C2)
(C-C)== . L) J), define a parameter
: - 03— w?
: £ w3 0l
Wy :(LlCl)il“3 <-| i r wOl:(Llcz)fl . @
Z L) 2. K2= Cci 4 +< Wy — Wh) )
E™ N D 2
where Z; and Zj are the input impedances GG (ﬂ + ﬂ)“ GopF oy
at the reference plane T-T', the resonant condition @or Do
Z; =—Zy O Electric coupling coefficients:
N i
k=37CG
1 jol, joL, ( 2
+ 3 ¥ - = = 33, 2 7 %
JjoC,, l-w’L{(C,-C,) 1-wLyC,—-C,) < @0 wm )\/( w3 — w7 )— B < Wh — Wy )-
o) w(): w3+ o] Wi + wjy

T

AL L,CLCy— L L,CD — (L, Cy + L,Cy) +1=0 Frof. T. L. Wu
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Asynchronously Tuned Coupled-Resonator Circugidads
- Magnetic Coupling

A

r> Magnetic coupling coefficients of coupled resonators
O Two positive solutions:

Y Y —] \/(LIC|+L2C3)i\/(L,C,—L3C 2> +4C,G,L.2
: - W=

2AL\L,C\ G- G GoLy)
@ define a parameter

ik -
L , " i
wo; = (L,Cy) = <—| T ’_’ wyy = (L,Cy) "2 @
e Ve K2 = L2 4 +< Wo — WG )-
where Y, and Y} are the input admittance T P L @0 )2 W + 0,
at the reference plane T-T', the resonant condition Wy @
Y, =Yg O Magnetic coupling coefficients:
@ /\_ - Llll
1 JoC, JoC, = L\L,
+ 2 + ¥ A ol = O G . > 9 )
jwl‘m k= (.U“C‘I(L| - Lm) 1= wh(l(l‘?_ = Lm) = I W 4 Wo ) ( w3 — W )2 < Wi — W) )2
@ 2\wy w3+ wj W + g

W (L LyC,Cy — CyCoL2) — (L Cy + L,Cy) + 1 =0 Rrof. 1. L. Wu
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Asynchronously Tuned Coupled-Resonator Circu sz
- Mixed Coupling (1/3)

’/> Mixed coupling coefficients of coupled resonators

I,
C. 2
I I O Define a nodal admittance matrix with a

reference at node “0”
[, Yuo Yz I3 Vi
Ll=|ya Yo Val|]| V>
I Y31 Y32 Va3 Vs
1 | " | N |
v, = jwC) + ———— Yogi—'~, : :
N ! /(U(L] _L,,,) ./wLm /w(Ll ALm) ./w(LZ*Lm)
| |

Vo =¥ = % e 7 % Yoa=W3 = % 2= = %

S el — L, jo(L,—L,)

Vi3 = vy = —J0C, Vi3 = jwC, +

/w(LZ - Lm)
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Asynchronously Tuned Coupled-Resonator Circugidads
- Mixed Coupling (2/3)

%
O For resonant condition, it implies

Vi 0 I, 0 I, Yin Y1z Vi3 Vi Yii XYiz Vi3
Vo |+ for| L |=]0 |:> Lf=ya yao yal|| V2 |:> Yo Voo V23| =0
Vs 0 I 0 1 Yt Vo V33 Vs Y31 Va2 V33

O To solve the determinant of the admittance matrix to be zero, it obtains

ML, LGy — L2C, Gy — LiL,CE + LECE— X (L, Cy + L,C, - 2L,,C,) +1=0

O Two positive solutions are of interest

i Al 2
Nz —NRc Nz +Nc
= N W, = N
Iy Jly

with

R, = 2L C,L;C,— L2C,C;— L;L;C24 L2C2)

m m m

\HB = (LICI + LZCZ - 2L"1C‘nl)
Re=VRZI-2R,
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Asynchronously Tuned Coupled-Resonator Circu sz
- Mixed Coupling (3/3)

7
O Define a parameter

D For narrowband applications, assume that
(LC,+L1L,C)>L,C d —( ] ZCZ)/ =~
203) 2 m>-m » /—! /

,_ _ALGLG (LG -LG)
E> Ki= kst ;
: (LlCl +L2C2)' ! (L]CI +L2C2)'

9 ) CZ L2 ZLmCm
|:> /\( - m + m_
' c,C, LL, VL,CL,C,

= (/‘e i /‘—m )2

O The mixed coupling coefficient is defined as

et (22 ) 2T
' 2\ wy W

'§" t-zsl.a
g |}
gle
-t | =N
\_'/
|
P————
€|
SY|S
+ ||
€|
EIJ SIJ
=
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General Formulation of Coupling Coefficient

%
O The formulas for extracting coupling coefficients on electric, magnetic, and mixed coupling
of asynchronous tuned coupled resonators are all the same.

st o) [T (AT e fom b2
2\for S N\To+fo ) \f&+S4 Jpi = @2 fori=1,2
O For synchronously tuned coupled resonators, it degenerates to
k= i/‘zz;/’zl Jp1 OF f, corresponds to either £, or £,
Joatfm

O As aresult, the above definitions can be used to extract the coupling coefficient of any two
coupled-resonator, regardless of whether the coupling is electric, magnetic, or mixed.

O The sign of the coupling coefficients depends on the physical coupling structure;
nevertheless, for filter design, the meaning of positive/negative coupling is rather relative.
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Comment
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This means that if we refer to one particular coupling as the positive coupling, and then
the negative coupling would imply that its phase response is opposite to that of the positive

coupling.
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The phase response of a coupling may be found from the S parameters of its associated

coupling structure.

Alternatively, the derivations in Section 8.2.1 have suggested another simple way to find
whether the two coupling structures have the same signs or not.

This can be done by applying either the electric or magnetic wall to find the fe or fin of both the
coupling structures. If the frequency shifts of fe or fin with respect to their individual uncoupled
resonant frequencies are in the same direction, the resultant coupling coefficients will have the

same signs, if not the opposite signs.

Prof. T. L. Wu

Numerical Examples

D

L

» Folded half-wavelength resonators (open-loop resonators)

O Electric coupling

O Magnetic coupling
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Extracting Coupling Coefficients
- Synchronous Tuning

N

L

» Folded half-wavelength resonators (open-loop resonators)
O Electric coupling O Magnetic coupling

W

10 s 180 10 180
—— Magnitude ”
. E Magnitude +41
_ off  —— Phase f 135 0 flDl it fpz B
g 1o 5 € wop oo %
& s | S A 1% =
- > s
: »' 8 30 1 A 10 @
© .30 - - s
g H 2 } I 14 g
> 40 © -40 | N @
s & ) % I || w0 F
-50 — L N\g-1%
80 ~ 80 1 1 1 | 1l -180
250 251 252 253 254 255 256 246 248 250 252 254 256 258 260
Frequency (GHz) Frequency (GHz)
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£, =25133MHz  f,, =2540.7 MHz f, =24842 MHz  f,, =2567.9 MHz

frn= 1y for= o

freite2o 2ol L 0.01084 et 2l 603313

2 2 2 2
fp2+fpl fp2+fpl
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Extracting Coupling Coefficients
- Synchronous Tuning

X X

1
g 8b°85833
Phase of S, (degree)

1
o
Phase of S,, (degree)

% S=0.5 mm: f, <f,
» Mixed coupling structures 10 ;
(=
g o}
& 2ol
o
o
3 =
g “of
=
-50
1 1 1 \I_——_I—_\LL
. . Electric Magnetic 60
Electric coupling . ! 250 251 252 253
coupling coupling
0.15 0.025 } Frequency (GHz)
\ i1
0.12 \ 0,020 : $=2.0 mm: f,, <f,
H 10 —— Magnitude
0.09 0015 : ok ——- Phase
& & \ i @
0.06 0.010 \ i E; -10 -
| & al
0.03 - 0.005 : . I |
. \i ~ g or ! ||
000 0.000 Y S 40 i |
00 05 10 15 20 25 30 00 05 110 15 20 25 30 = | |
s (mm) 8 (mm) 8 ____‘l ~
60 1 1 ! 1
Note: 251 252 253 254
Two kinds of mixed coupling structure with different characteristics Frequency (GHz)
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Extracting Coupling Coefficients EMC Group

®
- Synchronous Tuning (Parameters Sweep)
4 . .
A% Spacing (S) Dielectric constant (g,)
10 . X ~ - s=1.0mm 005
Electric Coupling eetion, BRI &
% 0F | T | —— s=3.0mm E
c H S
% 10 | ;-! E
@ : S
g 200 2
S L A 3
NG ' 3
T I 5
_40|||I1|||‘ 11 A paala e gkt 2k
240 245 250 255 260 265 15 20 25 3.0
Frequency /GHz - Spacing /mm
10 _ —= §=1.0mm ) 0.08 ¢
Magnetic Coupling || ... $=2.0 mm & E —6— 5.0
g ; —— s=30mm & 008 —v- 5~108
5 g E —&-- £=25.0
@» 2 E
2 8 0.04
g -
= £ 3
p % 0.02 E—
S E
0700:: RN IR [T ] [ rn |
1.0 1.5 20 2.5 3.0
Frequency /GHz Spacing fmm
10 0.08
Mixed Coupling o £ E—
o 0F . -~ E ] =51
E . : { »é 0.06 ;—3\ | —o- £=108
o 10 | j & o b =250
2 i i S o004k L._ i
E 20F it S :
a i\ A 2 :
[l s h ;o 3 E
Fo30E \ __/ \ §. 0.02 :
i 1 o E TR |
A Pt L o 000 il liiit a1y
240 245 250 255 260 265 10 15 20 25 30
Frequency /GHz Spacing /mm
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Extracting Coupling Coefficients EME Group
- Asynchronous Tuning

Va
N>
- =>fo1 #Jo2)
» Folded half-wavelength resonators (g; # g,=> f,; # /i,
: . TABLE 8.1 Numerical results of the coupled microstrip open-loop resonators of Figure 8.15(c)
O Mixed coupling g
s (mm) & (mm) Jfo(MHz) o2 (MHz) o1 =(MHz) f2 (MHz)
1 04 1664.7 1664.7 1613.2 1715.7
1 1.0 1664.7 1714.7 1631.2 17475
1 20 1664.7 1774.05 1642.0 1795.5
1 3.0 1664.7 18289 1647.5 1845.0
2 04 1664.7 1664.7 1643.4 1686.1
2 1.0 1664.7 1714.7 1656.6 17229
2 20 1664.7 1774.05 1660.4 17784
2 3.0 1664.7 1828.9 1661.7 1832.1
3 04 1664.7 1664.7 1654.5 1674.9
3 1.0 1664.7 1714.7 1662.6 1716.8
3 20 1664.7 1774.05 1663.7 1775.05
3 3.0 1664.7 1828.9 1664.0 1829.8
aé 0.08
@ 007 |
s H 0.06
é J el —0— s=1.0mm
€ g —— s=2.0mm
g O 004 —A— s=30mm
c
'T} 0.03:—
-100 1 | 1 1 8 002}
1600 1650 1700 1750 1800 1850 001‘F_°_—A’—‘__‘d
Frequency (MHz) 0.00 L 1 1 1
100 102 104 106 108 1.10
[7 2 2 \, /{2 2 X2 "
k—il(fﬂ-fﬁ)—l) 1}(.fp2_fpl )2 (foz‘fox )2 Note: Frequency Ratio fpo/foy
o 2 2 o 2 2 .
2\foo S /N\fa2tfh fo2tfa

This type of coupled resonator shows robustness in
asynchronous tuning (fabrication tolerance)
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Formulation for Extracting External Quality Fact

/Qe

> External quality factor Q,

W
T

isc 0 = o,C - 1
bt GGl

NN
Q
VWW
).____________
~
a

--¢

Sll
» Two typical input/output coupling structures

O Tapped-line coupling O Coupled-line coupling ‘
Feed line | Z—
o el E

Se~a -

[}
~,

» Weaker coupling implies large external quality factor
Prof. T. L. Wu
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External Quality Factor Q,
- Singly Loaded Resonator

» Extract the external quality factor from the frequency response
Feed line & g = G-Y, _ 1-Y,/G
> E TGy, 1+7JG

| — w? ~
Y, = jwC+ —— (0 — w3)w = 2Aw

) 2Aw
Yy =jwoC-——
)

‘ |:> P (® G§ ’_> L & In the vicinity of resonance

& JoL
' w ,

nunua iRy (22

0, = w,C/G

= s.- 1 —jO2Awwy) = F1
. "+ 0, (2Aw/ wy)
8._” Aw-
8 ) ssii=o0 [2) 20, o =¥
pat Aa ay [
(%] 0
:16, |:> Aw, oy =Aw, —Aw = )
(7
©
f. > Q = “o
¢ AwiQO"
Note:

Be careful about the reference plane of physical structure
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External Quality Factor Q,
— Singly Loaded Resonator

"> Extract the external quality factor from the group delay of S,

1 —jO. (2Aw/ w,) _ < ZQ‘,Aw)
5‘ = ‘S' = o 72¢ h =t ==
"= T3 /0. (2Away) |:> n=e where ¢ = tan o
€ The group delay of S, is given
_a24) 40, 1
sl T T T T T 1+ 20Awwy)

@ At the resonance Ao = 0, it reaches the maximum value

40, ) Ts,, (@)
Top(@0) = == |:> Qe:+

0

» For the physical structure, the reference plane of S, may not coincide
with that of equivalent circuit, an extra group delay should be added.

» Nonetheless, the resonant frequency o, still can be determinable from the
simulated frequency response of group delay.

X X
External Quality Factor Q,
- Doubly Loaded Resonator

’/> Extract the external quality factor for symmetrical resonator

T O Symmetrical network analysis
Port 1 : Port 2 Y. =
‘AP : ¢ - G- yino
| I : I i SI 15 = —, =
‘ > L i l : ! G + )ina
----------------------- A, 20 2L cn : cn AL G§ Yine = j0o,CAw/ w,
‘7’ . l l ¢ = G Ve _ 1-j0Awa,
| o ¢ NGt Ye  1+j0Awlw,
1Sl S '
' So1 = —(Stre—Suio) = !
217 5 Wie ™ Plio 1 +,0.Awlay
1 Aw=0 ) [Sy(wy)| = 1
S| = Vi1 + (0 Aw/wy)? 0 Aw, 5] I:> 1S5, (wy) = 0.707
0.707 |Sy; ()| ¢ W, 20
|:> Awy 3= Aw, —Aw = -
; (0./2)

Adfay |:|'> 0.
2 A

W3 4B Prof. T. L. Wu




Numerical Examples
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N
xtracting external quality factor using coupled-line couplin
» Extracting external quality fact g coupled-1 pling
w
/_i{q fo=2502 MHz
Feed line T 135 12
—— Phase
90 <~ Delay 10
o
@ e
45 -
5 S
(]
T oF 7
b i []
€ From the phase response: (..g 45 // i =
fy=2502 MHz, ¢,=-4214°#0 @ ; 3
f=2470MHz, . =90°-4214c & | + o
= 85.786° 8. H :
f.=2534MHz, ¢. =-90°-4.214° 435 L L L 1 lg
=-94.214° 246 | 248 2.50 252 E2.54
o :£+ * 26;101\2/1/12: -39 i Frequency (GHz) |
Q. =i/ Moo = a f =2470 MHz f,=2534 MHz
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Example
- Hairpin-Line Bandpass Filters

> Design a five order microstrip hairpin bandpass filter in chebyshev prototype
with passband ripple of 0.1 dB. This filter have FBW = 0.2 at f, = 2 GHz.

€ Relationship between immitance inverter values from the conventional bandpass filter
and the external quality factor and coupling coefficients from coupled-resonator filter

Y.,FBWw,,C,,, J _ FBWwo C,mehl)

5 fFBWm,,C,_Y,,,
s Q8,8

o= iisl MX.VI.Jr =—
N Qe Q. V&g |, G, bJec,
C
@ For external quality factor @ For coupling coefficients "_I’_"_I_"
0 a)OC1 _ Ci,i+] _ wOCi,H-] -C -
T [R2 B =
N \/CiCHl @ \/Cicm ‘,_I—Lo
. B ®,C,, i J=oC
Y, o =y
Lpl Cpl J(),l /YO
Q=1 Q =1
_ Y:)FBW(UOCPI : a)OCP] 2,8 _ FBWa)U CPICP(HI) |:> Ji,1+l = FBW
G J‘i‘ Q808 J(il/YO - FBW 8i8in wU\/Cplcp(Hl) \/gigm
ol
Y, -
0 _ ®,C, _ 88 M, = v _ FBW
‘G FBW CC.i &&u Prof. T. L. Wu




Example

- Hairpin-Line Bandpass Filters

"> Design a five order microstrip hairpin bandpass filter in chebyshev prototype
with passband ripple of 0.1 dB. This filter have FBW = 0.2 at f, = 2 GHz.

€ The external quality factor and coupling coefficients are given as below to achieve the
frequency response

X X

NTD
ENC'Group

Qel = QeS =35.734
M, ,=M,5=0.160
1"\/12‘3 = A/I}A . O 122

€ Using EM simulator to find the required values

9

External quality factor, Q,

0.20

]
-

0.18

0.16 \
0.14

Coupling coefficient, M

0.12"""-“"%

0.10 >

0.08 ;
0.2 04 06 08 1

0
Prof. T. L. Wu

Example

I

4.7

S

0.4 0.6

Unit:mm

A

31.2

\4

- Hairpin-Line Bandpass Filters

Amplitude (dB)
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12 14 16 18 20 22 24 26 28
Frequency (GH2)

The microstrip is designed on a substrate with a dielectric constant of 6.15 and a thickness of 1.27 mm
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