
�

������������

�

� 	 
 � �� �

�

�������

�

��������	
����������

�

Research and Development of Dual Bandpass Filter and Digital 

Video Broadcasting-Handheld(DVB-H) Module  

�

�� � �� � � ������������ � � � ! " # $ % �& " $ ' �

( ) * + �, - . �/ 0 ����� 1 2 3 �4 ! 5 ! �6 7 $ % � ! 8 $ % �' �

�

9� :� ;� <� = > ? �@��A� � B�



��������	
����������

 

Research and Development of Dual Bandpass Filter and Digital 

Video Broadcasting-Handheld(DVB-H) Module 
 

����� � �             Student�Ke-Chiang Lin  

   � 	 
 � ��  � � �        Advisor�Dr. Shyh-Jong Chung  

 

� � � � � �   

� � � � � � � �   

� � � �   

 

A Thesis 

Submitted to Department of Communication engineering  

College of Electrical Engineering and Computer Science  

National Chiao Tung University  

In Partial Fulfillment of the Requirements  

For the Degree of  

Master of Science  

In  

Communication Engineering  

June 2006 

HsinChu, Taiwan, Republic of China  

 

�  ! � " # $ % & ' (



I 

�

�

� � � � � � � 	 
 � �  � � � � � � � � �

 

 

 

 

����� � �       � 	 
 � ��  � � �  

 

 

 

� � � �  

 

    ��������	
����� � � � 802.11 a, b, g��� � � ����� � �

�� � 	
�  ! "# $ % � � �&' 	
! ( # $ % � � �) * + �, � �- . / 0 1

2 3 	�� � � �4 ��5 , � &6 7 
8 9 : ; < = >�- � � �2 7 % $ �? 3 	

9 @ A B C D �E F 	G H �I �) J K ��� � � �5 &' 	! ( L! "�2 3 	8 M

A B C D ��� � � ��N O P �Q R S T U V W ����) ��X �YP �Z ��	�

�[\ ] ^ = _ ` a b (DVB-H)�c * �d c * e f 	$ % � � �g � h i j >k ` �

P ' 	lk ` m n �(LNA)�O P 5 ' 	l% � � ��d c * � H � LTCC Z $ % � � �o

l% � � �p q r s t u W vw x �y H � System On Chip (SOP)>z { �| lk ` m n �

} w x �~ �y O P >Q R S T n MU � V W � � � ) j � � 

 

 

 



II 

 

 

 

Research and Development of Dual Bandpass Filter and Digital 

Video Broadcasting-Handheld(DVB-H) Module 

 

 

 

 

Student�Ke-Chiang Lin      Advisor�Dr. Shyh-Jong Chung  

 

 

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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(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)� 

    , � È . ! ý / � 0 > >+ ß ko! � c Z � u > � � �yJ K ~ � 1 j �Ð�� �

! � > 2 { h ô . ! � X Y �y 3 } ! � o! t c Z � u h � _ �2 k   � E yJ K � �

� ~ ¤ 3 � �[ � 
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` � n >��~ �  . 5 � (stopband)> ì í % � 9 ¤ À � >j � �) k% � yJ K ~ �
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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 

 

                        1
2

f
LCπ

=                           (2-3) 

 

P f � >B�* / @ ´ â p  C �<� ? � ' m �) ky P f � � Ñ�` ; â �~ A �

P f � ? � � m �) k 2 k 3 � 	 A BC DY�&' 	 
 �E6 LC P f � �� LC ! � P

f Ñ� P f � >B�* / @ ´ â © � � % n �<� > � �) ky P f � � Ñ�` ; y�
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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
S

Y Y Y Y Y Y
−

=
+ + −

                     (2-5) 
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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) 

 

� � v � � U V * � � � % & ' 	 ) * �n$N W X Y �Z [ 9� � � \ 	 ] ^ � 2.14�

Frequency (GHz)
2 4 6 8 10 12 14 16 18 20

M
ag

ni
tu

de
 o

f T
ra

ns
m

is
si

on
 C

oe
ff

ic
ie

nt
 S

21
(d

B
)

-80

-60

-40

-20

0

ICL  filter
CCL filter

4
vf =
�

2
vf =
�

3
4
vf =
�

Frequency (GHz)
2 4 6 8 10 12 14 16 18 20

M
ag

ni
tu

de
 o

f T
ra

ns
m

is
si

on
 C

oe
ff

ic
ie

nt
 S

21
(d

B
)

-80

-60

-40

-20

0

ICL  filter
CCL filter
ICL  filter
CCL filter

4
vf =
�

2
vf =
�

3
4
vf =
�

 

� 2.14  � _ ! (ICL)̀ � a ! (CCL)% & �  � � � T S b Y ` � 0 1 2  !  



  14 

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 ��������	
 

 

qk � � � ���� � | � � � 	 
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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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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
≈ =

+ +
       (3-3) 
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3.6��] Ú Ù �" # $ &ä å -6� 3.6i 

3.6a�q rP H 2GHz ICL Filter%P H 5GHz CCL Filter-æ B @ 2I5CD 

3.6b�q rP H 2GHz CCL Filter%P H 5GHz ICL Filter-æ B @ 2C5ID 

3.6c�q rP H 2GHz ICL Filter%P H 5GHz ICL Filter-æ B @ 2I5ID 

3.6d�q rP H 2GHz CCL Filter%P H 5GHz CCL Filter-æ B @ 2C5CD 
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� � 6 LTCC �  ! � � l(� 1)p � �(� 16) � � l5 r � -� � � � � �

1 6� 3.7i�� 11- � @ DC-Block��� (C1-C4)��A� 10Y11& � Ð û t ø

L-µ �8 9 ! &�� (C2-C5)7@�� � � � -« � AMIM � �ø L-2A6� � � U

5  ! �(interdigital)�� t '( -�i� 7Y9& � Ð %� 8Y10& � Ð y " A # $ %

� & ' r-.(C2-C5)ñ �A/ 4� Ð �  ! ��� t ( � -.µ �� � & ICL��6

� 9-A ) * C , (edge couple)t  o -RSM�8 9 ! &�� (C3-C6)��� 1Y3Y7

& � Ð t { o -� 1Y3 » @r � -N Ó U � 3�Ä �-� + , AJ - � � Ð û .

/(Î� 2-6i� d)t { o J � ��� � -.7@6M�� � �� 0 1 � { 1GHz7 2 -2

AM�& CCL�A 0 ) C , (broadside couple)ø L6� 2Y3A{ o J 3 �C , 4 -E F

� 1Y16&r � -@5 < 5 C , [ R � á�� R � � 6 Í| T (parasitic effect)-2A6
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V ��  !  C , [ ± c  (network 1,network 2) 
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 (C1=C4, C2=C5, C3=C6, 

SL1=SL3, SL2=SL4) 

2I5C (� 3.6a) (ICL, CCL) (1.4, 5.4, 1.1, 1.4, 1.0) 

2C5I (� 3.6b) (CCL, ICL) (1.2, 3.3, 0.8, 2.1, 1.2) 

2I5I (� 3.6c) (ICL, ICL) (1.2, 2.9, 0.5, 2.6, 1.5) 

2C5C (� 3.6d) (CCL, CCL) (1.2, 3.1, 0.5, 2.6, 1.4) 
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W X Y Z � n o p Ç q -r� 6� G H�� s ÌÍP H�� � �-< � t :OH�� � �
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�-2A6� � N n � P H t :OH�� � ��V ��  ! -=Ú Ù # $ �» � 3-92� - 

C1 C4

C2 C5
SL1 SL3

I/O
Port

I/O

C3 C6SL2 SL4

SL5

C1 C4

C2 C5
SL1 SL3

I/O
Port

I/O

C3 C6SL2 SL4

SL5
 

� �� j� ��êéèvî V ��  ! ��ë ì í Ó U êêî�Yéë ì í Ó U èêîYq w � � ����

C1 C4

C2 C5SL1 SL3

I/O
Port

I/O
Port

C3 C6

SL2 SL4

C7

C1 C4

C2 C5SL1 SL3

I/O
Port

I/O
Port

C3 C6

SL2 SL4

C7
 

� �� j ç ��èéêvê V ��  ! ��ë ì í Ó U èêî�Yéë ì í Ó U êêîYq w � � ��� �



  29 

} ~ -y z � � �» 3-1 h 2n 0 » -j�" y @l�G � � -�� 3.10@ò -l� � �

" @ 2I5C Filter(� 3.10a)-�� � �@�� (3.10b)-�¡ �" �@� 3.10c-7@� 3.10a

=µ �� � @ ICL Filter(1~2.2GHz Z21&0 1 =90°)-2AuOq rP �� (1~2.2GHz Z21&

0 1 =-90°)-Ñ� x ��� � -Ò � AÓ  =6µ �� AÌÍ9 £ 0 » ��� �-.Ó  �

H�" Z21=0-2A� A6µ � 1~2.2GHz¸ÌÍP H�� � �-) * �� 3.112� -6�

3.11i-� A¨ o �� &|Z21|% 2I5C&|Z21|8 :õ HÛ �-m�1 S 4~5GHz&Û �-7

C1 C4

C2 C5SL1 SL3

I/O
Port

I/O
Port

C3 C6SL2 SL4

C7

C1 C4

C2 C5SL1 SL3

I/O
Port

I/O
Port

C3 C6SL2 SL4

C7
 

� �� j���èéèvê V ��  ! ��ë ì í Ó U èêî�Yéë ì í Ó U èêîYq w � � ��� �

C3 C6
SL2 SL4

C1 C4

C2 C5
SL1 SL3

I/O
Port

I/O
Port

SL5

C3 C6
SL2 SL4

C1 C4

C2 C5
SL1 SL3

I/O
Port

I/O
Port

SL5
 

� �� j���êéêvî V ��  ! ��ë ì í Ó U êêî�Yéë ì í Ó U êêîYq w � � ����



  30 

@ 2I5C&yZ21a
 90°̄ < @ -90°-0 1 z �� & Z21 » º-2AÇ N :�� � �ÌÍ-

.= { G HÛ � � �� | �ÌÍ�� � �DË S� 3.9b ) * %� 3.9a 0 ¬ -2AÇ uy z Q 

 

���|Z21| 
2I5C�|Z21| 

�3.10c�|S21| 

���|Z21| 
2I5C�|Z21| 

�3.10c�|S21| 

 

� 3.11  V ��  ! 2I5C-C&�� � �y z  

�3.10a

�3.10b �3.10c

�3.10a

�3.10b �3.10c  
� 3.10  a�2I5C Filter-b��� -c��¡ �"  



  31 

� Ý ¤ S� 3.9cY3.9d&y z -%lÀ G H�" �:L} Ç » -A� 3.9c@ò -lY��

�" %�¡ �  ! �" y " � S� 3.12aY3.12bY3.12c-7@l� � �" @ 2I5I Filter-2

A6G � � &¸��� -yZ21 ~ @ 90°-2AÆ q rP �� ¼ -6G � � &¸:� AN �  

 

� 3.13  V ��  ! 2I5I-C&�� � �y z  

�3.12a

�3.12b �3.12c

�3.12a

�3.12b �3.12c  
� 3.12  a�2I5C Filter-b��� -c��¡ �"  



  32 

� G �� � �-�� 3.132� -�i � � � Z21RT � � � S21-=>A/ ± � -� � � A

� � � �¨ 3 � � �� � � � � -�� &|Z21|% 2I5I&|Z21|6G � � ¸�Û �N 
G H< �

P H-u
P H< @« Û �-2A
��� � S21 � A¨ � �� � ��< � -2A/ G Ù V

��  ! (� 3.9cY3.9d)� O� AÌÍÚ H�� � �-� 3.14 y " @/ Ú Ù �  ! &� � '

( ) * -=i-� 3.14cY3.14d&V ��  ! -6G � � &¸Ñ� � ÌÍP �� � ��Ö

7�7@�* � 6G � � ¸ÌÍG �� � �-�6 2.4GHz � � &] ��� � � � � ½M�

¾ ¿ -.N � A r¬ 2.4GHz � � -�� 3.132� - � .N � � 2.4GHz� ! � ��Q 

 

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

 

� 3.14a  V ��  ! 2I5C-C&� � '( ) *  



  33 

 

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

 

� 3.14c  V ��  ! 2I5I-C&� � '( ) *  

 

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22
S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22
S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

 

� 3.14b  V ��  ! 2C5I-L&� � '( ) *  

 



  34 

 

 

3.3 �������� 

 

.6V ��  ! & 4 | N y � G H� y t Þ ¦ -� P � y �Ï R] Ú Ù V ��  ! -

� � � y ��AÝ Ú Ù O�� � �&V ��  ! @� -6� 3.15aY3.15b y " @ 2I5CY2C5C 

Filter� 4 | ) * -6� 3.15ai-� A¨ � t 6 2.4GHz � � � y ¦ § �½µ �È ¾ �

200MHz-. ! � ��6 2.2GHz�@-1.8dB-6M�� � 4.9~5.9GHz � y -S21%'( )

* 0 ¬ -m S21�7@ 0 ) C , [ 6A LTCC ø L¼ -R1 ÌÍ5 LM �1 ¾ -A � � �


'( � 5GHzY6GHz � i � �, � @P H � �-! � ��6 4.9GHz~5.9GHz�@-1dB-�

� � � � � �1 S 3.17GHz-R W X Y Z � n � { o -40dB-Ï R 2.4GHz � � ½µ � � ¾

� � � -� | �7@6 LTCC � ) ¼ -RS: � � �" ú G % � : � � �" ú G 6 Z�(Î

� � )� � � � Ç » -: � � �" �ú G � � � J « � � �" �ú G � -� � � � �� � ;

< � @ � Ç » -
S6� 8 õ ö ÷ [ ¼ -2.4GHz��� � O1 S � �: � � �" �ú û -

. 5GHz��� N AO ú û t ø L-� � J O« � � �" �ú û -2AN � � 2.4GHz�

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S22

S11

S21

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

 

� 3.14d  V ��  ! 2C5C-L&� � '( ) *  

 



  35 

S21

S11

Frequency (GHz)
1 2 3 4 5 6 7 8

S
ca

tt
er

in
g

 P
ar

am
et

er
 (d

B
)

-50

-40

-30

-20

-10

0

----- EM simulation

Measurement

S21S21

S11S11

Frequency (GHz)
1 2 3 4 5 6 7 8

S
ca

tt
er

in
g

 P
ar

am
et

er
 (d

B
)

-50

-40

-30

-20

-10

0

----- EM simulation

Measurement

----- EM simulation

Measurement

 
� 3.15b  V ��  ! 2C5C& 4 | ) *  

 

S21

S11

Frequency (GHz)
1 2 3 4 5 6 7 8

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

-50

-40

-30

-20

-10

0

----- EM simulation

Measurement

S21S21

S11S11

Frequency (GHz)
1 2 3 4 5 6 7 8

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

-50

-40

-30

-20

-10

0

----- EM simulation

Measurement

----- EM simulation

Measurement

 

� 3.15a  V ��  ! 2I5C& 4 | ) *  



  36 

� � &�� � < � -2AN ½µ � � ¾ -. 5GHz « J ¦ § � � ¾ -   ¡ �õ ö ÷ [ � A

³ ; � 3.7D� 3.15b�� A¨ o % 3.15a P D � ¢ £ -2.4GHz�� � ½µ �È ¾ �

100MHz-! � ��6 2.3GHz ¼ @-2.1dB-5GHz�� � � 0 � - -! � ��6 5.0~5.6GHz

�@-1.3dB- ÎÓ / �" « ¦ § �� � �-mR W X Y Z ¤ ¥ � A{ o -20dB-. 5GHz

�� 0 Ê 7@U 0 ) C , [ 2ø L��� � C , �� [ ÌÍ1 ¾ -� � C , 4 _ ¦ -� 0

� _ Q 

� 3.16@Ý Ú Ù t O�� � ��V ��  ! 4 | ) * -S [ %ø [ y " � �5 EM'

( % 4 | ) * -6� 3.16aY3.16b�) * i- § ] E 4 | ) * � LP D � ¢ £ -2.4GHz�

� � ¤ ¥ �½µ �È ¾ -. 5GHz�� � � 0 o M � - -7@6 ? @ �¨dp 4 | ¼ � :

% o ( ©  � & ' rN 6M� � � J � �¨d-2A6� 3.16ap 3.16biM�N :�¨

d-� 3.16a� ! � ��6 2.32GHz�@-2.1dB-4.9GH~5.9GHz�@-1.4dB-�� � ��

� p= W X Y Z � n ¤ ª �@(1.715--45dB)Y(3.2--35dB)-� 3.16b� ! � ��6 2.36GHz

�@-1.8dB-5.15GH~5.8GHz�@-1.7dB-�� � ��� p= W X Y Z � n ¤ ª �@(1.385-

-54dB)Y(3.42--32dB) Y(8.43--58dB)D � Ý -6� 3.16ci-g t � � 6G � � ¸ÑÌ

ÍP H�� � �-m� 4 | ) * « :G H�� � �� L-� �� 6� 3.9c��" i-r �

�� < - -N � � / ) * �Ö 7 � � � LTCC ? @ �¨dp 4 | ¼ � : % o ( ©  � & '

r-Ó  / 4 | ) * <  %'( ) * :P Ld. -=>�¶ � ? %lÀ 4 | � �V ��  

! 0 » -� 3.16c� ! � ��6 2.27GHz�@-1.7dB-4.8GH~5.8GHz�@-1.4dB-�� �

��� p= W X Y Z � n ¤ ª �@(1.725--30dB)Y(3.2--45dB)Y(3.475--48dB)Y(8.15-

-60dB)-� 3.16d� ! � ��6 2.33GHz�@-2.78dB-4.9GH~5.9GHz�@-1.0dB-�� �

��� p W X Y Z � n ¤ ª �@(1.88--44dB)Y(2.98--29dB)Y(10.52--49dB)-6� 3.17

�� LTCC V ��  ! &ø ¡ ¬ C Q



  37 

 

 

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0
S

ca
tt

er
in

g 
P

ar
am

et
er

 (d
B

)

----- EM simulation

Measurement

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0
S

ca
tt

er
in

g 
P

ar
am

et
er

 (d
B

)

----- EM simulation

Measurement

----- EM simulation

Measurement

 

� 3.16a  V ��  ! 2I5C-C& 4 | ) *  

 

S11

S21

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

S11

S21

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

----- EM simulation

Measurement

 
� 3.16b  V ��  ! 2C5I-L& 4 | ) *  



  38 

 

S11

S21

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

S11

S21

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

----- EM simulation

Measurement

� 3.16c  V ��  ! 2I5I-C& 4 | ) *  

 

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

1 2 3 4 5 6 7 8 9 10 11
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

S
ca

tt
er

in
g 

P
ar

am
et

er
 (d

B
)

----- EM simulation

Measurement

----- EM simulation

Measurement

 

� 3.16d  V ��  ! 2C5C-L& 4 | ) *  

 



  39 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3.17  LTCC V ��  ! ø ¡ ¬ C - � � @ 2.5mm×2.0mm×0.94mm 

 



  40 

��� � � � � � 	 
 � �   

 

4.1 ���� 

 

� �  = � ® ¯ ° ¹-´ 1 � X ¼ � Ê þ � ± ² t ³ -� ´ c µ Ê j ¶ �X �± I W

X ¯ ° � ´ 1 WX -A½�± I WX � A N K � £ á � · 7 2 � ¸ ¢ .:r � Ç ¹ á X º
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F F     
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= +
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