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Abstract

In this short course, the basic design theory and fundamental design techniques of microwave filters are described
by using the most widely used equivalent circuits of microwave filters and various types of design examples. Some
important aspects in the design of microwave filters are also interpreted in order to obtain desired filter response,
including physical considerations of electromagnetic behaviors happened in the filter structures and appropriate use
of circuit and electromagnetic simulators for the effective design of microwave filters.
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> (a) B @B T 4)LA (LPF): Lowpass filter

> (b) &iEEIE T r)LA (HPF): Highpass filter

> (c) mrigiE B 7 )LA (BPF): Bandpass filter

> (d) 7k fH1E 2« )L (BSF): Bandstop filter or
Band reject filter
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(a) Parallel lines
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Excitation ——»| Network ——® Response

input signal x(?) output signal y(?)
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T,(w) =cos(ncos” @), Ty(w)=1, T(w)=
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BV FIELPFO A -

g,=1.0

gi:2sin{(212_—1)n}, i=1,2, -+ .n
n

gn+1 :10

K XTHEBLPFOREFIE (g,~1.0,Q=1,L,=3 dBat Q)

n &1 & &3 &4 &s Ee &7 Es &9 &10
1 | 2.0000 1.0

2 | 14142 | 14142 1.0

3 1.0000 | 2.0000 | 1.0000 1.0

4 |0.7654 | 1.8478 | 1.8478 | 0.7654 1.0

5 10.6180 | 1.6180 | 2.0000 | 1.6180 | 0.6180 1.0

6 | 05176 | 1.4142 | 1.9318 | 1.9318 | 1.4142 | 0.5176 1.0

7 10.4450 | 1.2470 | 1.8019 | 2.0000 | 1.8019 | 1.2470 | 0.4450 1.0

8 103902 | 1.1111 | 1.6629 | 1.9616 | 1.9616 | 1.6629 | 1.1111 | 0.3902 1.0

9 10.3473 | 1.0000 | 1.5321 | 1.8794 | 2.0000 | 1.8794 | 1.5321 | 1.0000 | 0.3473 1.0
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x FIEVITJRMBLPFORFE (g,-1.0,Q-1)
For passband ripple L,,=0.01 dB

n 91 9> 93 94 9s 9e 97 9s 99 910

1 0.0960 1.0

2 0.4489 | 0.4078 | 1.1008

3 0.6292 | 0.9703 | 0.6292 1.0

4 0.7129 | 1.2004 | 1.3213 | 0.6476 | 1.1008

5 0.7563 | 1.3049 | 1.5773 | 1.3049 | 0.7563 1.0

6 0.7814 | 1.3600 | 1.6897 | 1.5350 | 1.4970 | 0.7098 | 1.1008

7 0.7970 | 1.3924 | 1.7481 | 1.6331 | 1.7481 | 1.3924 | 0.7970 1.0

8 0.8073 | 1.4131 | 1.7825 | 1.6833 | 1.8529 | 1.6193 | 1.5555 | 0.7334 | 1.1008

9 0.8145 | 1.4271 | 1.8044 | 1.7125 | 1.9058 | 1.7125 | 1.8044 | 1.4271 | 0.8145 1.0
For passband ripple L ,=0.1 dB

n 91 9> 93 94 9s 9e 97 9s 9o 910

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 | 1.9750 | 1.3712 | 1.1468 1.0

6 1.1681 | 1.4040 | 2.0562 | 1.5171 | 1.9029 | 0.8618 | 1.3554

7 1.1812 | 1.4228 | 2.0967 | 1.5734 | 2.0967 | 1.4228 | 1.1812 1.0

8 1.1898 | 1.4346 | 2.1199 | 1.6010 | 2.1700 | 1.5641 | 1.9445 | 0.8778 | 1.3554

9 1.1957 | 1.4426 | 2.1346 | 1.6167 | 2.2054 | 1.6167 | 2.1346 | 1.4426 | 1.1957 1.0
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2
Z, =—joL+— : 1 _(ol) K K=ol
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2 2
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+ Y,y

joC Y, — joC

H(c)&(DIZDOWTHLRIFEDERLH S,
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: : A
Z, + jZ,tan(f 4) 72 Y, +jY, tan(f 4) y?2
Zin = ZO =— ? }Iin = YO =—

Zo+jZLtan<ﬁj) Z, Y, + Y, tan(ﬁj) Y,
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4 e . N
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Ky, = \/E , K = Ll , (=1ton-1), K, = LR
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7 1 Z, 1
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7 K(?l — Zy, _ 1
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K
01 01
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01 808
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1 1
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B >4 JLE—KDR BPF
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©® 006

i e A S AR 2 OD 1

High dielectric constant &
High unloaded Q (Q,) value
High power handling capability
Excellent temperature stability

ﬂ[

1 Size and weight reduction

M Low insertion loss,
good frequency selectivity

 High power handling capability
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n B A EIRSFADELDERE—F

r;=13mm, 2, =20 mm and w, =/, =38 mm

» Single-mode DR of a TM,;s mode /,> 18 mm.

» Dual-mode DR of two HEE,,; (HE,,) degenerate modes, /4, < 18 mm.

» Triple-mode DR of a TM,,;5 and two HE,;, degenerate modes, /1, = 18 mm.

Dielectric Resonator
Top
. w, s
view E
<)
g
DR: ¢.=45,tand=5x10P &
, r =]
] 3
¢ i3
Sideh
Vlew hd ._......|.|.|.|.|.|.|.|.|.|.|.
011 12 13 14 15 16 17 18 19 20 21
h, (mm) L




T™,,, Mode DR

Circular dielectric ring

+ Rectangle cavity T™,,,

+ Metal tuning screw

DR: g =45, tand = 5% 107

e N [y
Dielectric Ring Resonator ;

¢

Metal Screw

I

A

hy

Top and side view of DR cavity
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T™M,,, Mode D EHE 5 7

» Only normal component in £-field ( z-direction )

» Only tangential component in /-field ( xy-plane )

E Field [¥/m]

CATYLIE+BET
. BB 3YE+08 7
 B3ETE+DE7
BEZ1E+0E 7
CH9INE+AR 7
 3ZBTE+BE7
. 15BAE +08 7
97 93E+0E 7
. BREBE+0E8 7
. B3BAE+0E7
CHEFIE+EET
. 2966E+08 7
 1259E+087
. 9552E+@87
. 7B4BE+@E7
B139E+087

[T o T o T T R R L R B B 4 R T e

[ e o T I I~y B B e T N = T R o

H Field [A/m]

CBTHEE+BEZ
L BEY1E+ARZ
. 3545E+EE1
CBZ7EE+BEL
L 9218E+AE1
L Z143E+ARL
 SB7SE+BEL
. GEESE+ARL
L A9YAE+ARL
L 307IE+BEL
BOBSE+BEL
L 9735E+EEL
L ZE7RE+EE1
. SEE3E+BEL
. 5350 E+A8R
4E7SE+EEE

H Field

Tangential
Componen
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BPF®) I‘ /_I_\ w t nZn-H:I:*%

BPF with 11-poles and 3-TZs (Transmission zeros)

Topology using 3-Cascaded Triplets (CTs)

EC: Electric Coupling V=
MC: Magnetic Coupling 20 B
4 F
Items SPEC %
Poles 11 < —— 811 (Ideal)
< 5 —— $21 (Ideal)
£, (MHz) 1840 %
RL (dB) 20 g0
TZ, @ F (MHz) | 1775 120 Y
TZ, @ F (MHz) | 1784 M 1z,
_160 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
T2, @ F (MHz) | 1918 175 177 179 181 183 185 187 189 191 193 195

Frequency (GHz) 147



BIFR/NT A —4

Normalized Coupling Matrix

m2 = 0.809 mge = 0.491 mes = 0.326
2z = 0.555 ms10 = -0.228 m77=-0.012
mas=0.171 mo1o = 0.534 msg = =0.023
mzs=0.514 mio11 = 0.809 mes = 0.421
mas = 0.528 mi1 = -0.002 mio1o0 = -0.002
mse = 0.496 iz = =0.002 miin = =0.002
ms7 = =0.167 m3zz = =0.321 O = 25416
me7 = 0.495 mas = 0.011 - e

Oriz = 25.416
mrg = 0.527 mss = 0.000 N

!

Inter-coupling
coefficients (m;;)

!

External quality
factors (Q,)
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3D View of The Proposed 11-Pole DR BPF
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11EXBPFD1EIE (2/2)

Top View of The Proposed 11-Pole DR BPF
T Source

@%5
@ 000

W LLoad
202020202020 V020

MC My, EC Ms; EC My

150



1 1EXBPFDEXETHER(1/2)

Comparison of HFSS and Ideal Results

Magnitude (dB)
o3

LR
S 8

=

=

1.75 177 1.9 1.81 1.83 185 1.87 1.89 191 193 195
Frequency (GHz)

- The HFSS optimized results match well with the target specifications
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Wideband Performance of the 11-pole BPF

Magnitude (dB)

—
0
S

200 dB up to 2.69 GHz

_26()-.|.|.|.|.|.|._|.|..|.|.|.|.
1.6 1.7 1.8 1.9 20 2.1 22 23 24 25 26 27 28 29 3.0

Frequency (GHz)

The stopband rejection is better than -200 dB up to 1.46 f,
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HE,, 7a1—7/JLE—FDR

Top and Side View of HE,; Dual-Mode DR Cavity

h.=20mm and w,=[.=36 mm

4 Dielectric Resonator
v

-

N

/

DR: ¢ =45, tand = 5% 107

-]

Two HE,, degenerate modes
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HE,, Dual-Mode DR

» No normal A-Field on top face ( XY plane )
» The polarizations of the two HE,; modes are orthogonal each other
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HEBEEANDURXL

Combined Use of Coaxial TEM and HE,, Dual-Mode Resonators

Copper Dielectric

Inductive loop
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Virtual Negative Coupling

Coupling Coeticients 7z;;

(a) H-field distribution diagram form top view of the proposed resonator. (b) Coupling
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coefficients m,, and m; versus different rotation angles a of the inductive loop.
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6EXBPFMD R EH{IfrE RO —

Filter Synthesis
Items SPEC
Poles 6
F (MHz) 2000
RL (dB) 20 - :
TZ1 @ F (MHz) | 1960 \__-"HE,. TEM TEM HEj.._ '
TZ2 @ F (MHz) | 2040

0
S 1 2 3 4 5 6 L] ol —Snﬂdeahl
O 100 0 0 0 0 0 0 ol 2 ()
100 0 079 028 0 0 0 0] |
8 30
0 079 -040 056 0 0 0 o0 | =]
B 40
0 028 056 003 058 0 0 0| £%]
0 0 0 058 —003 056 —027 0 | £-50
O 0 0 0 056 040 079 0 60
0 0 0 0 -027 079 0 100| ol
o 0 0 0 0 0 100 0 N 5 A A

190 1.92 194 196 1.98 2.00 2.02 2.04 2.06 2.08 2.10
Frequency (GHz)
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Coupling Scheme and 3-D Configuration
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Magnitude (dB)

6EXBPFMD X ETHE E

Comparison of HFSS and Ideal Results

S, (Ideal)
— S, (Ideal)

0
ST

_9()-.|.|.|.|.|.|.|.|.|.
190 1.92 1.94 196 198 2.00 2.02 2.04 2.06 2.08 2.10

Frequency (GHz)

F start (MHz) | 1980.8 | 1980
F stop (MHz) | 2020.2 | 2020
RL (dB) 18 20

TZ1 @ F (MHz) 1960
TZ2 @ F (MHz) 2040
ms 0.28

Mys 0.56

Mys 0.56

My -0.27

The EM simulated responses of the filter agree well with the 1deal responses

159



6EXBPFDEAIELRITERER (1/2)

Photograph of the Fabricated 6-pole BPF
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6EXBPFDE{ELBIERE R (2/2)

Comparison Between Measurement and Simulation Results

» The IL at center frequency is 0.76 dB, passband RL is around 20 dB
» Two TZs are located at 1.957 and 2.045 GHz
» The rejection level is better than 48.2 dB in the stopband up to 5.6 GHz (2.8 /)

0
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s -20
20 | 30 [
A - ~ 40
2 ¥ 2 .50 [
g 40 + :%) -60 [
‘50_50 | a‘) -70 i
= 60 A i Al i
I . ' _S21 (Mea) ‘:' e . -90 "
70 L /,' l: ........... S, (HFSSY| S, -100 k :‘{: “::
r T b oo g SS t has -110 1 'n
0r 2 120 | i;
_90 PR [T NN TN [ TR A TN [ SN N SN NN T NN S _130 [ H H l 1 ! 1. L
1.90 192 194 196 198 2.00 2.02 2.04 2.06 2.08 2.10 1.8 2124 2.7 3.0 3.3 3.6 3.9 42 45 4.8 5.1 5.4 5.7 6.0
Frequency (GHz) Frequency (GHz)
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)7 JLE—KDR

3D Configuration of the DR Cavity

Here, R, =19 mm and H, = 13 mm,

r;=14.5mmand h; = 11.2 mm.

DR: g.=45, tand = 5x10-

e.g. Eigen Modes
Modes | TMy;5 | HE;, | HE;
f(MHz) 1841 1843 1843
0, 5810 4299 4298

-

hq
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M, s E—F®D

Field Distribution of Mode TM,j; 5

X

:

L

L R R

teeseee o
L R e

LR X X R
IR XX RS SRR X RN R I
8888040060000 880 3 4
PP PP COSIEIIPIPIIBTDRTNS
L L L2200 008 00

s s some

E Field [¥/m]

. BE0DE+BAG
BE67E+DEE
7333E+0EE
ERBEE +E0E
YEETE+DDE
S335E+005
2PAAE +BRS
. BEG7E+DAE
333564007
OERZE+0E7
BEEEE+ODT
53356+007 | /)
BERZE+2E7
BEGIE+ERT
3336E+0E7
. BE4SE+DR3

y

e Ll

] §
S \L 4 J/ o
— -y - {;
- By v P . /H
_J44v1«((¥“l J?Y’yuuNu\‘- [H
‘4IJUIHE KE[‘ ]Nprmal\l\l\l\\‘ \:\:
-« SEEEERIE] r! E[ [ lq:bﬂnxﬂ)nerf\ S \Q

. |[ Li\y; ii IR, - .

| ‘ : L] 11 I

[T e e T A I I = s T T = o o

H Field [A/m]

JBRBE +88 2
21568E+882

.1299E+B62
LBYY9E+EEZ
. 5985E+EE1
. FHS5E+EEL
L B9EZE+BEL
LB47IE+EEL
. 1976E+BE1
L 34T73E+BEL
L H97RE+EEL
. GYGTE+BEL
. FOEHE+BEL
L 94E1E+EEL
. B955E+861
4oL 7 E+BEE

>

PPN G,

==

e s e, - oy

B T T B S S R A -
ot U”m“w%
o R RSN I G Bt o s
wm e

163



HE, #@ R E—F D EHFRH

Field Distribution of One of HE,; Mode
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The three modes are orthogonal to each other 164
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Top and 3D Views and Topology of the Filter
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Magmtude (dB)
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Comparison of HFSS and Ideal Results

.71 174 177 180 183 18 189 192 195
Frequency (GHz)

1.98

The EM simulated responses of the filter agree
well with the 1deal responses

25 N\ 5
Stf-225dB  -0.68dB -1.81dB
In-band performance
5 (deal)  ——S, (HFSS)
—— 8, (deal)  ——S,, (HFSS)

180 181 182 183 184 185 186 187 188

Frequency (GHz)
SPEC HFSS | Ideal
Poles 10 11
F start (MHz) 1806 | 1805
F stop (MHz) 1880 | 1880
RL (dB) 15.8 20
TZ, @ F (MHz) 1770
TZ, @ F (MHz) 1784
TZ, @ F (MHz) 1790
TZ, @ F (MHz) 1905
TZ. @ F (MHz) 1921
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Photograph of the Fabricated 11-pole BPF
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Magnitude (dB)

11E% BPF O EEBIERER (2/2)

Comparison Between Measurement and Simulation Results

> 9 poles are observed and the insertion loss at center frequency is 0.72 dB
The rejection level is better than 40 dB in the stopband up to 6.5 GHz (3.53 /)

Deviations: fabrication tolerance and inaccurate dielectric constant of DR
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Photographs of the fabricated 6-pole dual-mode DW BPF
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Topology and configuration of the 6-pole DW filter
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Comparison between measurement and simulation results
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Configuration of the 7-pole DW filter atter chamfer
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Configuration of the 7-pole DW filter after chamfer
Top View

U 0
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Side View
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Photographs of the fabricated 7-pole DW BPF

Perspective Views

Back Side View
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FEARBPF (4/4)
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Comparison between measurement and simulation results
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