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Abstract 

In this thesis, first we introduce a new structure of dual bandpass filter applying for IEEE 

802.11a/b/g. By a serial configuration of a inductive coupled-line (ICL) filter and a capacitive 

coupled-line filter (CCL) filter, a dual bandpass filter can be designed with a transmission zero 

between the two passbands. By the two-poles Z matrix analysis, we find that the transmission 

coefficient of the dual bandpass filter has approximately the same behavior as the individual 

single-band filter around the corresponding pass-band. The measurements results also agree quite 

well with the simulation ones. In the next part, a front-end module applied for digital video 

broadcasting-handheld (DVB-H) is proposed. The module which passband is 470~702MHz 

includes a bandpass filter, a low noise amplifier (LNA), and a lowpass filter. We integrate the 

active/passive components by LTCC technology and the measurements almost conform to the 

specifications. 
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° � ê ë  !$ ^X � ~ 2 k 9 � % M � o # �NO � q a ç ) �> î kvO Î & 4 �

(Maximally Flat Response L ' Butterworth or Binomial response)Lp ( � 4 �(Equal-ripple 

or Chebyshev response)�	 ¾ 2 k)* � � � >� � h ô . � � � > a ^�� � � � � 

^¸� � ¸On é � ê ë ¸Oí + Ñ Q �� P �g K , É - M 2 k 3 � i j > a ^!�L

2.2 ¶vl %� � � >I e (prototype)� 
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�d Ø ¼ IX 8 �k LC P f Ñ�2 k 3 � > � L ? � > o # ��E' 	 
 ' m �&6 LC

P f � �� LC ! � P f Ñ� P f � � vq 
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2

f
LCπ
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3 � × ] q 

 

U LY=Y +Y                            (2-4) 

 

� F �Yvu u ! � � Y-Matrix�YU¿ YL ° I ~ ¯ ´ o× ¯ ´ j ! � � Y-Matrix�� E

J K L S21=0�� � �2 k 3 A BC D�5 M * × N 4 � ] q 
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Y Y
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Y Y Y Y Y Y
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k ~ v� � � �J K IX �N­ 
 k LTCC � � h ¦ È � � � >J K ~ ��� E j k LTCC

h ¦ È T U s t (lump element)Ñ�! ( >J K ^ j �k MIM(metal-insulator-metal)> � ]

h � + �k × ] h ô . V G >! ( !q 

 

                        AC
d
ε
=                            (2-6) 

 

� F �Av Î Ú W X � ~ � �εv Ù Ú > U ! � ^�d î v7 W X Ú �?> Y Z �5H �c

Z � u � h , � � � � ¥ �(fringing effect)) i * >! ( !� h � [ 7 \ W X Ú > ~ � �¸

� � v LTCC S Y F �O ^ j 8 �j å æ u � �) k�! ( ! g n Ñ�U2 k�� é ] >

� ] (interdigital )h J K ! ( Y! " >J K î �H �	 � 
 �ß > >A B� Lk ] ^ e ! "

(spiral or helical)> � ] �y	 ¾ >! � F �! " > Q! ¯ ¯ ^ _ � ! � � E > o # �Ç�

à ï × ! " > Q!U�yJ K Ñj b � > � ` � a �ï × W X � > � >  ̧ ! " ¿ m Ê Y

Z b n � Ñ ¶ ! " >­ m ! ( p p �� 9 Ù 
 � c ! " > Q!Yd Â �y b �

EMS(ElectroMagnetic Susceptibility)> � 4 �� E â y LTCCO~ ÊÉO× Ê � â J K ' m

Ê�k / Â d k ` > Ä Å � 

	 ¾ yJ K >ÑÒ e f l � É £ > � 4 	 ä b Q F ³ � a �Oí � Y ¸Oí � � ¸Q

S Ñ x ¨ >  a p p �� T yJ K Ñ g � ! � � E kÂ �� M b � 	 ' É £ � ~ > � ` �

<È â ­ 
 ¦ È � h >� � � ¤ M 	 0 | � � 

 

2.3 ���������	
�� 

 � �  

� � y� å F �� â � U ñ 	 � ¾ >�  V W $%� � � [4]� O � �

ABCD-Matrix(Transmission-Matrix)�0 1 � . / ¸<= o S a ^�� � 4 �YP ¯ å �Z

â � � 	 
 ò >�  V W $%� � � ��H �~ A �� � � � ) � "< V W �U � ó â �

� O � � T-Matrix h 0 1 ! � o # � 

 

2.3.1 ��������	 
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    L 2.13�	 � ¾ >�  $% V W � � � �yJ K Ñ�� E % � v� � ¤ 9 ¥ � � � �

� > o # �) k � E % � â k ­ ' > � ] h ¦ È � � � � � d y! � F �! ( C1=C3� Ø

v DC-Block� � Â d 7 
 ! ( U2 kØ v. / | } (impedance matching)�N P f � (C2�

SL1)¸(C4�SL2) î v! � � ¨ � 7 
 Ä D(pole)�d 7 
 P f � ?E h < V W �v� 0 1 �


 ! � X Y > T-Matrix�� P 	 
 [ - > V W A B� > Z-Matrix > i �Z� F 7 d ' m �

� + 	 
 � - > V W A B� �5�� 4 � 3 � T-Matrix�5 b � P f � >! ( C2É C4�O

P 5| Ø v DC-Block>! ( b � F h �3 � u u ! � > T-Matrix � × q 

 

2 2 21 [ ( )( )2 sumd dif
d dif

A D C C C Z ZC Z tan ωω θ= = +- -

( )• 2tan 2 2 tan 4]sum dZ C Cθ ω θ+ + -                               (2-7a) 

 

2 2 2 2 2
2 2 [ ( ) ( )

2 sumd dif
d dif

jB C C Z Z tan
C Z tan

ω θω θ= + -

4 ( ) 4]sum dZ C C tanω θ+ +-                                      (2-7b) 

 

2 2 2 2 2[ ( ) tan 4 4]2 sum sumdif
dif

jC C Z Z CZ tan
Z tan

ω θ ω θθ= +- - - (2-7c) 
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� � Zsum = Z0e + Z0o�Zdif= Z0e - Z0o�Z0e � Z0o � � � � � � �� � � 	  ! " # � θ  $

� % & ' 	 � ( ) * +, - . / � 0 1 2 	 3 4 �$5 6 7 S21=0�8 9: ; < = > ? @ 

 

21
0

0

2S BA CZ DZ

=
+ + +

                        (2-8) 

 

A B . / �C A(ω)D B(ω)D C(ω)D D(ω)E F G H I J K �S21=0�L M N � 0 1 2 	 3 4 �

O B P Q A B . / R S� � T � 0 1 2 3 4 � @ 

 

2
nvf =
�

      and      
( )1

2
2

n v
f

+
=

�
,              (2-9) 
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A B c d � 0 1 2 	 3 4 e � O f g 	 3 4 2 h i �j k l L m n o p � � � � qr 3 	

� 0 1 2 �s t / % & ' ) * 	 u v �w� 2.15$N x y o p � � � � 	 Z21 	 h z �9

��A B { | } �~ o q
 � 	 � � �h z � � � � � � � � � 7 . h z � O � � �� �

3 4 � � 90°�wq� / � 0 1 2 K �h z �� Z * � � �O B � p � � � � � � _ ! % &

� 
 � � � (Inductive Coupled-Line Filter�ICL Filter)� 

 

2.3.2 ��������	
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2

2 2

1 ( )
2

d
sumd dif dif

A D C C C
C Z Z Z sin

ω
ω θ

   
= = +

-
 

2 2 2 2 2•( ) 2 ( )sum sum sumdif difZ Z sin Z Z Zθ ω- - -  

2 2 2•( 2 ) 4( cos )]sumd difC C sin cos Z Zθ θ θ+ - -                       (2-10a) 

 

2 2
2 2 2 2 [ ( )

2 ( ) d
sumd dif dif

jB C C
C Z Z Z sin

ωω θ= +-
-

 

2 2 2 2 2 2•( ) 4 ( )( )sum sum sumdif d difZ Z sin Z C C Z Zθ ω+ +- -

2 2 2• 4( )]sumdifsin cos Z Z cosθ θ θ+ -                                 (2-10b) 

 

2 2 2 2 2 2
2 2 [ ( )

2 ( ) sum dif
sumdif dif

jC C Z Z sin
Z Z Z sin

ω θθ= -
-

 

2 24 ( )sum sum difCZ Z Z sin cosω θ θ- -  

2 2 24( )]sumdifZ Z cos θ- -                                             (2-10c) 

 

��������	
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���� 
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2
nvf =
�

                           (2-11) 

 

 

%� 2.14 & ' ( ) * + , -./ � " � Z21 & 0 1 �� 2.15 2 3 -4 5 6� � 7 8 9 : 2

; < -= > ��? @ . -90°-2 A B / � " # $ @ � � � C , � � �  ! (Capacitive 

Coupled-Line Filter-CCL Filter)DE F -	
/ G H ��) * I J �A K L -ICL Filter6

M �N I  CCL Filter O �P H ����Q 
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��� � � � � �  
 

3.1 ��������	 

  
RST U SV �WX &�" -� LNAY�  ! YZ [ Y\ �] ^ '_ ` ` ab c d �

e f [7]-[13]-6g h i-jN k U lP m2n o � ICL FilterAp CCL Filter q rs t -u

v U Z-Matrix w x y z -t { o V ��  ! �| * -} ~ -� � n � P V ��  ! &�"

�� 3.12� - 

� � &�� @ 2.4GHzp 5GHz-/ �" � Ay @l�G H�" -l� � ��" �
P H ICL 

Filter2_ � -� � �� � S 2.4GHz�� � �  ! D.�� � ��" ��
 CCL Filter2

_ � -�� � 5GHz��� -.0 J S&] 2n o � CCL Filter-6� 3.1i-�� � � CCL 

Filteraj DC-Block�� � � -y z �� � �� 3.22� -j�" � � l�� � -�i

Network 1 � � 2.4GHz ICL Filter-ZU � �/ l� � �  ! � Z-Matrix-Network 2�� �

5GHz CCL Filter-ZL�� �/ �� � �  ! � Z-Matrix-
 Z-Matrix�� � � A
 o ��� 

= +U LZ Z Z                               (3-1) 
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=i-Z�� ��HV ��  ! �" � Z-Matrix-6� � -� � j� 
y z = Z-Matrix-

t �   �¡ V ��  ! �¢ T -6�" RB �] n �-� � A�" '( = Z21YZ11&9 £

%0 1 �¤ ¥ �� 3.3Y3.4 
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2.4GHz& Z21 = ZU21 + ZL21 ≈  ZU21-5GHz& Z21 = ZU21 + ZL21 ≈  ZL21-  


� 3.4i-�� A¨ � 6 

2.4GHz& Z11 = ZU11 + ZL11 ≈  ZU11-5GHz& Z11 = ZU11 + ZL11-ª« � ¬ ­ ZL11- 

2A	 
�® ¯ ° �� 

 

( )( )21 0
21

11 0 22 0 12 21

2
-

Z Z
S

Z Z Z Z Z Z
=

+ +
                   (3.7) 

 

� A
 o 6 2.4GHz��� =�¡ �" & S21 � A¬ ­ @�� 

 

( )( )U21 0
21 U21

U11 0 U22 0 U12 U21

2
-

Z Z
S S

Z Z Z Z Z Z
≈ =

+ +
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1 1

n s opt

s opt

r
F F     

Γ −Γ
= +

− Γ + Γ
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