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Abstract 

This thesis presents the implementation of ultra-wide band power amplifier by 

combining both active and passive processes. The active process we used is TSMC 

0.18μm CMOS and two passive processes we used are low temperature co-fired 

ceramics (LTCC) provided by Advanced Ceramic X Corp. (ACXC) and IPD 

(integrated passive device) provided by Chip Implementation Center (CIC). We use 

flip-chip interconnects to combine active chips and passive part of power 

amplifiers.  

We use a structure similar to traditional distributed amplifier and CRLH 

transmission lines are used in matching to improve the bandwidth of S21. One 

matching resistor in traditional distributed amplifier is removed to increase the 

PAE, however the removal will degrade the return loss. By using balanced 

amplifier structure with the broadband quadrature phase power splitter, we increase 

the circuit's bandwidth of S11 and S22. Overall, we improved the bandwidth of the 

power amplifier, PAE and linearity. At 3.1GHz~10.6GHz, achievable power-added 

efficiency is up to 19~24.5%. The amplifier achieves the gain of 10.8±1dB, the 

output 1 dB compression of 14.6~16 dBm and the output third-order intercept 

point (OIP3) of 26.6~27 dBm, respectively. 

 

keywords：power amplifier, distributed amplifier, UWB, dual-feed distributed 

amplifier. 

 



 



 

iv 

 

    ........................................................................................................ 1 

1.1  ................................................................................................................ 1 

1.2  ........................................................................................ 1 

1.3  ................................................................................................ 5 

1.3.1  .............................................................................................. 5 

1.3.2  .............................................................................................. 6 

    .................................................... 7 

2.1  ........................................................................................ 7 

2.1.1  .......................................................................................... 7 

2.1.2  .................................................................................... 10 

2.2  .................................................................. 12 

2.3  .................................................................................. 15 

2.4  .............................................................................................. 20 

    .................................................................. 23 

3.1  .......................................................................... 23 

3.2  .............................................................................................. 28 

3.2.1  ................................................................................................ 28 

3.2.2  ................................................................................................ 33 

3.3  .......................................................................................... 36 

3.3.1  ................................................................................................ 36 

3.3.2  .................................................................................................... 39 

3.3.3  ............................................................................................ 42 

3.4  .......................................................................................... 45 



 

v 

3.4.1 LTCC 製程 .................................................................................................. 47 

3.4.2 IPD 製程 ..................................................................................................... 50 

3.5  寬頻雙饋入分佈式放大器模擬結果 .......................................................... 52 

3.5.1 搭載 LTCC 製程寬頻放大器 .................................................................... 52 

3.5.2 搭載 IPD 製程寬頻放大器 ....................................................................... 56 

第 四 章  效能和量測 .......................................................................................... 61 

4.1  量測步驟 ...................................................................................................... 61 

4.2  T18 CMOS 晶片量測 ................................................................................... 62 

4.3  低溫共燒陶瓷量測 ...................................................................................... 67 

4.4  積體被動元件量測 ...................................................................................... 73 

第 五 章  結論 ...................................................................................................... 79 

參考文獻 .................................................................................................................. 83 

 



 

vi 

 

 1-1 [2] ...................................................................... 2 

 1-2 [3] ...................................................................... 3 

 1-3 [4] ...................................................................... 4 

 1-4 [5] .............................................................. 5 

 1-5 IPD [6] ........................................................................... 6 

 2-1 (a) (b)

 ....................................................................................... 8 

 2-2  ..................................... 10 

 2-3  ............................................................. 11 

 2-4  ......................................................................... 12 

 2-5  ..................................................................... 13 

 2-6  ..................................................... 13 

 2-7 (a) (b)  .................................... 14 

 2-8 [11] .................................................................. 16 

 2-9  ......................................................... 16 

 2-10 S [12] .......................................................... 18 

 2-11 [12] .............................. 19 

 2-12 [12] ...................... 19 

 2-13 [12] .................................. 20 

 2-14 90o  .............................................. 20 

 3-1  ..................................................... 24 

 3-2 S11  .............................................. 24 

 3-3  ................................................. 25 

 3-4 ( )  .......................................................... 26 



vii 

 3-5 ( )  .......................................................... 27 

 3-6 (a) 180o�� �180o� (b) 0o�� � 0o�  ........................... 28 

 3-7  ......................................................................... 30 

 3-8  ................................................................. 30 

 3-9 (a) (b)  ................ 31 

 3-10 S (a) (b) (c)

 ..................................................................................................... 33 

 3-11  ............................................................................. 34 

 3-12 N [14] .......................................................... 34 

 3-13 [15] .................................. 35 

 3-14 I-V  ................................................................................. 37 

 3-15  ............................................................................. 38 

 3-16 TSMC PDK S  ........................... 39 

 3-17  ............................................................................. 40 

 3-18 CMOS 0.18μm (a)LTCC

(910μm×950μm)(b)IPD (1030μm×1560μm) .......................... 41 

 3-19 S  ......................................................................... 42 

 3-20  ................................................................................. 42 

 3-21 (a)3GHz(b) 

4GHz (c)6 GHz (d)8 GHz (e)10 GHz (f)12 GHz ............................ 44 

 3-22 P1dB PAE  .................................................. 44 

 3-23 OIP3 ....................................................................... 45 

 3-24 S  ..................................................... 46 

 3-25 LTCC  .................................................. 48 

 3-26 LTCC  ...................................... 48 

 3-27 LTCC  .......................... 49 



 

viii 

 3-28 LTCC  .......................................... 49 

 3-29 LTCC  .......................................... 49 

 3-30 IPD  ..................................................... 50 

 3-31 IPD  ......................................... 50 

 3-32 IPD  ............................. 51 

 3-33 IPD  ............................................. 51 

 3-34 IPD  ............................................. 52 

 3-35 LTCC S  .............................................................. 53 

 3-36 LTCC  .......................................................... 53 

 3-37 LTCC  ...................................................... 54 

 3-38 LTCC (a)3GHz(b) 

4GHz (c) 6GHz (d) 8GHz (e) 10GHz (f) 12GHz ............................ 55 

 3-39 LTCC OIP3  .................................................... 55 

 3-40 LTCC  .......................................... 56 

 3-41 IPD S  ................................................................. 57 

 3-42 IPD  ..................................................... 57 

 3-43 IPD  ......................................................... 57 

 3-44 IPD (a)3GHz(b) 

4GHz (c) 6GHz (d) 8GHz (e) 10GHz (f) 12GHz ............................ 58 

 3-45 IPD OIP3  ....................................................... 59 

 3-46 IPD  ............................................. 59 

 4-1 (a) (b)  ................................ 62 

 4-2 (910μm×950μm) ............................................. 62 

 4-3 S  ............................................. 63 

 4-4  ..................................................... 63 

 4-5 (a)3GHz(b) 



 

ix 

4GHz (c) 6GHz (d) 8GHz (e) 10GHz (f) 12GHz ............................ 65 

 4-6 P1dB PAE  ............................................................. 65 

 4-7 OIP3 (a)3GHz(b) 4GHz (c) 6GHz 

(d) 8GHz (e) 10GHz (f) 12GHz ...................................................... 66 

 4-8 OIP3  ........................................................................... 67 

 4-9 LTCC (9.5mm×8.2mm) ....................................... 68 

 4-10 LTCC S21 ............................................................ 68 

 4-11 LTCC S31 ............................................................ 68 

 4-12 LTCC  .............................. 69 

 4-13 LTCC (a)S11 (b)S22 (c)S33 ..... 70 

 4-14 LTCC  ...................................... 70 

 4-15 LTCC  .................................. 71 

 4-16 PAD  ....................................................... 72 

 4-17 LTCC (9.5mm×15.5mm)

  ........................................................................................................ 72 

 4-18 IPD (1030μm×1560μm) ................. 73 

 4-19 IPD (4.7mm×9.7mm) .................................. 73 

 4-20 IPD  .................................... 74 

 4-21 IPD S  ......................................................... 75 

 4-22 IPD S  ..................... 75 

 4-23  ......................................................... 76 

 4-24 IPD  ..................................................... 76 

 4-25 (a)4GHz(b) 

6GHz (c) 8GHz (d) 10GHz  (e)12GHz ......................................... 77 



 

x 

 

 1-1  ......................................................................... 4 

 3-1 (m=0, ) .................. 25 

 3-2 [14] ................................................ 35 

 3-3  ................................................................... 38 

 3-4  ............................................................... 40 

 3-5  ........................................................... 45 

 5-1  ................................................... 80 

 5-2 IPD  ....................................... 81 

 5-3 LTCC  .................................... 82 

 



 

xi 



 

1 

   
Equation Chapter (Next) Section 1 

 
                                                                                                               

1.1  
(UWB) 3.1GHz 10.6GHz [1]

 

 

3.1GHz 10.6GHz 110

(power added efficiency, PAE)

 

 

 

1.2  
UWB



 

2 

CMOS 0.18μm

(Current-reused)

3-7GHz 15dB OP1dB 7dBm 20%

179pS  

 

 

 1-1 [2] 

(cascode)



 

3 

(source degeneration) CMOS 0.18μm

3-5GHz 15.8dB OP1dB 11.4dBm

14-34%  

 

 1-2 [3] 

BJT

0.25μm SiGe 2-12GHz 9.5dB OP1dB

14dBm 6-9%  



 

4 

 

 1-3 [4] 

 

 1-1  

 [2] [3] [4]

Technology CMOS 0.18μm CMOS 0.18μm 0.25μm SiGe 

Frequency(GHz) 3-7 3-5 2-12 

S11(dB) <-6 <-5 <-10 

S22(dB) <-7 <-6 <-10 

PAE(%) <20 14-34 6-9 

Gain(dB) 14.5 0.5 15.2 0.6 9 0.5 

OP1dB(dBm) 7 11.4 14 

OIP3(dBm) <18 N/A N/A 

Group delay(pS) 179 N/A N/A 
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DC Power(mW) 24 25 250 

B.W.(%) 80% 50% 143% 

 

1.3  

(LTCC) (IPD)

 

1.3.1  

17

52μm r� 7.5 0.005

100μm  1-4

(VIA)

800~900  

 

 1-4 [5] 
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1.3.2  

1-5

M1 M2 3μm M3 10μm

M3 M1 M2 M3 CPW

 

 
 1-5 IPD [6] 
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2.1  

1968 

Veselago [7]

Equation Section (Next) 

2.1.1  

 

 2-1(a) TEM 

 2-1 (a) Δz 

 2-1 (b) R L G C 

 

R /m  

L H/m  



 

8 

G S/m  

C F/m  

L C 

R 

G 

R G 

 2-1 (b)  

 

(a) 

 

(b) 

 2-1 (a) (b)  

 2-1 (b)  

 

 ( , )( , ) * ( , ) ( , ) 0i z tv z t R z i z t L z v z z t
t

�
� � � � � �� �

�
 (2.1) 

 

 ( , )( , ) * ( , ) ( , ) 0v z z ti z t G z v z z t C z i z z t
t

� ��
� � �� � � � �� �

�
 (2.2) 
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z� 0z� 	  

 ( , ) ( , )* ( , ) *v z t i z tR i z t L
z t

� �
� � �

� �
 (2.3) 

 ( , ) ( , )* ( , ) *i z t v z tG v z t C
z t

� �
� � �

� �
 (2.4) 

(2.5)

 ( ) ( )* ( )dV z R j L I z
dz


� � �  (2.5) 

 ( ) ( )* ( )dI z G j C V z
dz


� � �  (2.6) 

(2.5) (2.6) V(z) I(z)

 0 0( ) z zV z V e V e� �� � �� �  (2.7) 

 0 0( ) z zI z I e I e� �� � �� �  (2.8) 

 ( )( )j R j L G j C� � � 
 
� � � � �  (2.9) 

ze �� +z ze� -z (2.5)

(2.7)  

 0 0( ) *[ ]z zI z V e V e
R j L

� ��



� � �� �
�

 (2.10) 

(2.8) Zo

 0
R j L R j LZ

G j C

 


� 

� �

� �
�

 (2.11) 

Zo  

 0 0
0

0 0

V VZ
I I

� �

� �

�
� �  (2.12) 

(2.9) (2.11)  

 0,  Lj LC j Z
C

� 
 �� � �  (2.13) 

 



 

10 

2.1.2  

 2-2 [8]  

 
 2-2  

 

2.1.1  2-2 Δz

 1' ( )R
L

ZZ j L
z C






� � �
�

 (2.14) 

 1' ( )R
L

YY j C
z L






� � �
�

 (2.15) 

 

 2
2

1( ) ( ) ' ' ( ) ( )R R
R R

L L L L

L CZ Y S L C
L C L C

� 
 � 
 
 




� � � � � �  (2.16) 

 
1

2

1 11  min ,

( )
1 11  max ,

R L L R

R L L R

if
L C L C

S

if
L C L C


 






 






� �� �
� � �� �� �� �� �� �� � �

� �� �
� � � �� �� �

� �� �

 (2.17) 
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 2-3 

1 2
 
 �

1


2
  2-3  

 
 2-3  

 

 

 1 2 R L L RL C L C
 
 � 	 �  (2.18) 

(balanced) (2.18)

 1( ) R L R R
L L

L C
L C

� 
 � � 




� � � �  (2.19) 

 2-3

0
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4

0

1 ,

1 1 ,

R R L L

R L L R

unblanced
L C L C

balanced
L C L C




� �
� �
� �� � �
� ��
� �� �

 (2.20) 

β(ω) (2.14)

(2.15)  

 
2

2

10
1

balanced
R L R L

L R R L

L C L LZ
L C C C






�
� � �

�
 (2.21) 

(2.21)

 

2.2  

 
 2-4  

 2-4 N 

(gate line)

Zg βg (drain line)

Zd βd
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Rg 

Rd 

 

 

 2-5  

 2-5

(Cgd=0)

 2-6  

 

 2-6  
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           (a)                                       (b) 

 2-7 (a) (b)  

[9]  2-7 

(a) Lg Cg g 

 

 
/

,
1

gs g
g g

i gs

j C
Z j L Y j C

j R C




 




� � �
�

g  (2.22) 

 

ωRiCgs<<1  

 
/

g
g

g gs g

LZZ
Y C C

� �
� g

 (2.23) 

 

 

1[ ( / )]

( / )
2

g g g d d ds d
ds d

d
d d ds d

ds d

ZY j L j C C
R

Z j L C C
R

� � � 
 





� � � � � �

� � �

)]d
d

(((

)d
d

j� Lj
 (2.24) 

 2-6

 
1( )
2 1( ),  1,2...

1
g gk

k in
i gs

V V e k n
j R C

�



� �

� �
�

g (g  (2.25) 

ωRiCgs<<1  
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1( )
2 ,  1,2...g gk

k m k m inI g V g V e k n
�� �

� � �g kg  (2.26) 

 

 
1 1 1( ) ( ) ( )2 2 2

1 1

1
2 2

d d d d g g g g d d
n nn k n k km in

forward k
k k

g VI I e e e e
� � � � �� � � � � � � �

� �

� � � �� �
1 1

(
n1 1)11( 1

ke
� ��) d dd d)) ((((((( � (k�g g2 22 g g2 22 d dd d( )

2
( )(

2 2
( )( )g d dg  (2.27) 

g g d d� ��g d d�g

 

g gN� g Rg d dN� d

Rd Rg Zg Rd Zd

 

2.3  
2.2

[10]  
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 2-8 [11] 

 2-8

 

 

 2-9  

 2-9

EinB

VoutA

n (2.13) (2.21)

Cgs Cds
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Z0  2-9 γ l / 2l

Z0 Z0  

k  

 dk m gkI G V�  (2.28) 

mG EinA E

EinB k  

 1( )
2

l
l k

gk
E eV e

�
�

�
� ��  (2.29) 

 

 1( )
2

l
l km

dk
G E eI e

�
�

�
� ��  (2.30) 

EinA E EinB
jEe � �

k  

 1( ) ( )
2

l
l k l n k j

gk
E eV e e e

�
� � �

�
� � � � !� �" #  (2.31) 

 

 1( ) ( )
2

l
l k l n k jm

dk
G E eI e e e

�
� � �

�
� � � � !� �" #  (2.32) 

VoutA VoutB Z0

0

2
Z (2.32)  

 
2 1 1 2

2 20 ... ( ) ( ) ( ) ( ) ....
2 k k k k k

l l l l
dk d d d d d

ZV e I e I I e I e I� � � �
� � � �

� � � � !� � � � � � �" #  (2.33) 

k

 

 *1Re( )
2 dk dkPout V I�

�  (2.34) 

(2.32) 1( )l ke �� � ( )l n k je e� �� �
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 1 2 1( ) ( ) ( )l k l n k j l k n je e e e e� � � � �� � � � � � �� $ �  (2.35) 

 

 2

0

1 | |
2out outAP V

Z
�  (2.36) 

 

 2 2

0

1 (| | | | )
2out outA outBP V V

Z
� �  (2.37) 

| | l
outA dnV e V��� 1| | l

outB dV e V��� (2.36) (2.37)

3dB  

[12]

 

 
 2-10 S [12] 

 2-10 S21  2-9

Idi

Idi S21  
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 2-11 [12] 

 

 2-12 [12] 

 2-11  2-12 Rg

Rd
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 2-13 [12] 

 2-13  

2.4  
1965 R. S. Engelbrecht

[13]

 

 
 2-14 90o  

 2-14

3-dB 90o Z0 Ω



 

21 

90 90

 1 1
1
2AV V� ��  (2.38) 

 1 12B
jV V� ��

�  (2.39) 

1V � 90

 

 2 2 2 1 1 1
1 1 ( )

22 2 2 2A B A A B B A B
j j jV V V G V G V V G G� � � � � �� � �

� � � � � �  (2.40) 

S21  

 2
21

1

( )
2 A B

V jS G G
V

�

�

�
� � �  (2.41) 

(2.41)

90

90

 

 1 1 1 1 1 1
1 1 ( )

22 2 2 2A B A A B B A B
j j jV V V V V V� � � � � �� � �

� � �  �  �  �  (2.42) 

S11  

 1
11

1

1 ( )
2 A B

VS
V

�

�� �  �  (2.43) 

A BG G� A B �  (2.43) S11=0

(2.41)

S22=0  
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UWB

 

 

 

50Ω

50Ω

 

6dB

6dB

 

( 3dB) OIP3

3dB  
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3.1  

[12]

 2-9 EinA EinB EinA

EinB EinA

EinB  3-1

S11  3-2

S22
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 3-1  

 

 3-2 S11  

n=4  3-3 n=4 (2.35)

 

 2 5( )l k je e� �� � �  (3.1) 



 

25 

 

 3-3  

(3.1)

 3-1  

 3-1 (m=0, ) 

 ���  le ��  �  

( ) 180o -1 180 o 360 o m 

( ) 0 o 1 0 o 360o m 

( )  3-3 A B

 3-4  
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 3-4 ( )  

 3-4 in 900

1in � 1in �

 

(2.7) (2.8)

 2-5

Gm  

( )

180 o 360o×m (m=0, )

90o
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90o

1
2

 

 3-1 ( )

0o 360o  3-5(a)

A B

in 180o 0o  

3-5(b)  

 

                  (a)                             (b) 

 3-5 ( )  

( ) 90o ( )

90o  

0o 180o
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90o  

3.2  

 

3.2.1  

180o�� �180o�

( )  3-6(a) 0o�� � 0o� ( )  3-6(b) ���

���  3-6

 3-6(a) 360˚  3-6(b)

Δθ 2Δθ | |%



�
�

 

 

 (a)                            (b) 

 3-6 (a) 180o�� �180o� (b) 0o�� � 0o�  
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 % �� �  (3.2) 

 

 ( ) ( )% ��

 
 


� � �
� �

� � �
( )�) ( ��) ())  (3.3) 

( ) 0


�

	
�

) 0�  

 ( )% �

 


� �
&

� �
 (3.4) 

(3.4) | |%



�
�

 3-6 (a) (b)

0˚ (b)

Cgs Cds

(2.13)

Cgs Cds Z0 β

0˚

(2.19) (2.21) Z0 β

βL ω ( )�



�
�

| |%



�
�

 3-7  
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 3-7  

0˚ Cgs Cds

Cgs’ Cds’   3-8  

 
 3-8  

 3-9 Zo Ω
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90˚  

 
                    (a)                               (b) 

 3-9 (a) (b)  

 

 

 
2 2

1RH
c

R R

f
L C'

�  (3.5) 

[8]  

 
1 1 1 1

1 1
4

LH RH
c c

L L R R

f f
L C L C' '

� �  (3.6) 

 

 
1 1 1 1 2 2

1 1 1min ,
4

LH RH
c c

L L R R R R

f f
L C L C L C' ' '

� �� �� � � �
� �� �

 (3.7) 

S21
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 3-10  3-10(a) S

S  3-10(b)

S21

S

 3-10(c)

 

 

(a)  

 
(b) 
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(c) 

 3-10 S (a) (b) (c)  

3.2.1 n=4

n n

Cgs’ Cds’ n

 

3.2.2  

0˚

UWB

90˚
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 3-11  

f2 f1 f2/f1  3-12

N

f2/f1  3-2[14] Z1 ZN R1 RN

CPW GCPW

 3-12  

 

 3-12 N [14] 
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 3-2 [14] 

 

 

[15]

f1 f2  3-13

1MM� 2MM�  

 

 3-13 [15] 
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(2.19)

 

 1 1 1 1 1 1( ) ( ) ( ) /MM RH LHf f f Pf Q f� � �� � � � �  (3.8) 

 2 2 2 2 2 2( ) ( ) ( ) /MM RH LHf f f Pf Q f� � �� � � � �  (3.9) 

/RH iP f�� � i LHQ f �� (  

 1 1 2 2
2 2

2 1

MM MMf fP
f f

� ��
�

�
 (3.10) 

 
2 2

1 2 1 1 2 2
2 2

2 1

MM MMf f f fQ
f f

� ��
�

�
 (3.11) 

f1 f2 1MM� 2MM� P Q P

RH� LL CL Q  

 
2 L L

NQ
L C'

�  (3.12) 

N (2.21)

LL LC  

 

3.3  

3.3.1  

Cgs Cds (3.7)

Vds=1.8V Vgs=1V

0.18μm 80μm

A

(Cripps) I-V  3-14

m1 m2 RLoad 100Ω
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50Ω  

UWB UWB

 

 

 3-14 I-V  

20GHz  3-15

 3-3  
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 3-15  

 3-3  

LG LS LD RG RS 

0 nH 0 nH 0.014 nH 5.3 Ω 3.3 Ω 

RD Rbx Rgs Rds Cbx 

2.1 Ω 293 Ω 0 Ω 467 Ω 130 fF 

Cgs Cds Cgd gm  

103 fF 35 fF 26 fF 48 mS  

( ) TSMC PDK ( ) S
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 3-16 TSMC PDK S  

 

3.3.2  

3.2.1  3-17

Cgs’ 

Cds’  
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 3-17  

 3-3 Cgs’ Cds’

206pF 330pF (2.21) (2.13) (3.7)

 

 3-4  

CR1 CL1 CR2 

660 fF 513 fF 412 fF 

LR1 LL1 LR2 

1.65 nH 1.28 nH 1.03 nH 

 3-4 (3.7) LH
cf 2.2GHz RH

cf

13.2GHz

Cgd

Q Q

3dB  3-18  
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(a) 

 

(b) 

 3-18 CMOS 0.18μm (a)LTCC (910μm 950μm)(b)IPD

(1030μm 1560μm) 
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 3-18

IPD

 3-18(a)

 

3.3.3  

 

 
 3-19 S  

 

 3-20  
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S 3dB 2.2GHz 12.2GHz

13dB UWB 12.2 0.5dB

114.5 47.5pS  3-19 S11 S22

 

 

 

(a)                                   (b) 

 

(c)                                   (d) 
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(e)                                   (f) 

 3-21 (a)3GHz(b) 4GHz (c)6 

GHz (d)8 GHz (e)10 GHz (f)12 GHz 

 

3dB  3-21

P1dB 1dB

 3-22  3-23 OIP3  

 

 3-22 P1dB PAE  
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 3-23 OIP3 

 

3.4  
UWB 3.1GHz 10.6GHz f2/f1 3 4

 3-2 N 3 N

N=2

 

 3-5  

R1 R2 Z1 Z2 

200 Ω 100 Ω 60 Ω 75 Ω 

 3-5

7GHz S  
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 3-24 S  

LTCC IPD CPW

IPD M3

10μm CPW

LTCC 100μm

CP1 CP6

ADS LineCalc

r�

 

(3.10) (3.11)

(3.12) N=1 LL 4.1nH CL

1.65pF (2.21)

RH�
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3.4.1 LTCC 製程 

圖 3-25 是 LTCC 製程的正交分相器布局圖，當中左右手傳輸線部份由

實驗室同儕所設計，圖 3-25(a)設計成可以下針量測特性，埠三是使用左右

手傳輸線端，圖 3-25(b)是要覆晶單位放大器用，為了避免左手元件的對地

寄生效應，故把左手元件的地都挖空，但為了避免挖槽產生的電路共振，我

們使用 LTCC 的最底層金屬 CP17 在左手元件下補滿。另外圖 3-25(a)埠一

沒有使用電容擋直流電壓，因此在圖 3-25(b) 的 RFin 端，會有 VG 電壓，

量測時必須加 DC-Block 方能量測。 

 

(a) 
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(b) 

 3-25 LTCC  

LTCC  

 

 3-26 LTCC  
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 3-27 LTCC  

 
 3-28 LTCC  

 

 3-29 LTCC  
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3.4.2 IPD 製程 

圖 3-30 是 IPD 製程的正交分相器布局圖，電路上傳輸線使用 CPW 架

構，而預計擺放單位放大器的下層金屬也挖空，避免干擾到 CMOS 0.18μm

晶片上的電感感值，也因此 CPW 兩端的地被劃分，所以我們必須使用 M1、

M2 金屬，從底部連結兩端的地，使其等電位，但此底部連結的金屬會影響

M3 層金屬的平坦性，且會影響該段通過底部金屬連結的傳輸線阻抗值。另

外我們在正交分相器的右手傳輸線端(埠二)加上一大電容擋直流電壓，避免

直流電壓灌回前端電路。 

 

圖 3-30 IPD 製程的正交分相器布局圖 

IPD 的模擬結果如下 

 

圖 3-31 IPD 製程正交分相器輸出振幅平衡度 
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 3-32 IPD  

 

 3-33 IPD  
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 3-34 IPD  

 

3.5  
3.3 3.4

LTCC IPD

 

3.5.1 LTCC  

 3-35 LTCC S 3.1 GHz

12.5 GHz 10dB S21 3.1 GHz 12GHz

10.7 1dB 2dB

 3-36 415 115pS

S21  

3-37 20GHz K  3-38

P1dB  3-39  3-40
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UWB OIP3 25dBm

OP1dB 15dBm 20%  

 

 3-35 LTCC S  

 

 3-36 LTCC  
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 3-37 LTCC  

 

(a)                                   (b) 

 

(c)                                   (d) 
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(e)                                   (f) 

 3-38 LTCC (a)3GHz(b) 4GHz (c) 

6GHz (d) 8GHz (e) 10GHz (f) 12GHz 

 

 3-39 LTCC OIP3  
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 3-40 LTCC  

3.5.2 IPD  

 3-41 IPD S 2.5GHz 12GHz

10dB S21 2.5 GHz 12GHz 8.6 0.6dB LTCC

1.5dB LTCC

IPD  3-36

500 215pS LTCC IPD

3.5.1

 3-43

20GHz K  3-44 LTCC

 3-45  3-46

UWB OP1dB

15dBm 18%

LTCC  
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 3-41 IPD S  

 

 
 3-42 IPD  

 

 3-43 IPD  
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(a)                                   (b) 

 

(c)                                   (d) 

 

(e)                                   (f) 

 3-44 IPD (a)3GHz(b) 4GHz (c) 

6GHz (d) 8GHz (e) 10GHz (f) 12GHz 
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 3-45 IPD OIP3  

 

 
 3-46 IPD  
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Equation Section (Next) 

 
                                                                                                               

4.1  
LTCC CMOS 

0.18μm

CMOS 0.18μm IPD LTCC

CMOS 0.18μm IPD CMOS 0.18μm

NCF ACF CMOS 0.18μm LTCC  

(Agilent  5230A) S

(Agilent  E8247C)

(Agilent  E4407B) 

OP1dB OIP3  

 
(a) 
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(b) 

 4-1 (a) (b)  

 

4.2 T18 CMOS  
4.2

VDD (1.8V) VG (1.1V) PCB

200μm GSG 3.3

RFin DC-block  

 

 4-2 (910μm 950μm) 

20GHz  4-3 S

ID 40mA

72mW S11 S22
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8.8GHz 1.5dB 12GHz

3dB 2.3GHz 13.4GHz 10.1

1.5dB 141% 3 GHz 11GHz 10.9

0.75dB  

 
 4-3 S  

 4-4

S21 S21 9GHz

88.7pS  

 
 4-4  
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3GHz

4GHz 6GHz 8GHz 10GHz 12GHz

P1dB -20dBm -10dBm 0dBm

10dBm VDD

 

 

 

(a)                                   (b) 

 

(c)                                   (d) 
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(e)                                   (f) 

 4-5 (a)3GHz(b) 4GHz (c) 6GHz 

(d) 8GHz (e) 10GHz (f) 12GHz 

P1dB 1dB

 4-6 P1dB

12GHz

 

 

 4-6 P1dB PAE  

3 GHz 4GHz 6GHz 8GHz 10GHz 12GHz 

IP3 Δf 10MHz  4-7
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-20dBm 10dBm 16 6

OIP3  

 

(a)                             (b) 

 

(c)                            (d) 

 

(e)                            (f) 

 4-7 OIP3 (a)3GHz(b) 4GHz (c) 6GHz (d) 8GHz (e) 

10GHz (f) 12GHz 
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OIP3  4-8 OIP3

OIP3

20dBm  

 
 4-8 OIP3  

4.3  

0603 SMD

100Ω 200Ω  4-9

200μm 400μm S21

S31 0.4dB

12GHz 10dB
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 4-9 LTCC (9.5mm 8.2mm) 

 

 

 4-10 LTCC S21 

 

 4-11 LTCC S31 
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 4-12 LTCC  

 

(a) 

 

(b) 
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(c) 

 4-13 LTCC (a)S11 (b)S22 (c)S33 

 

 4-14 LTCC  
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 4-15 LTCC  

 4-16 PAD 80μm

LTCC  4-17

3.4.2

DC-block

PCB LTCC

200μm 400μm  
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 4-16 PAD  

 

 
 4-17 LTCC (9.5mm 15.5mm) 
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4.4  
 4-18 IPD

 4-18

21  4-19 PAD

0402 SMD IPD

 4-20

PCB DC (PGP)

100μm 200μm  

 

 4-18 IPD (1030μm 1560μm) 

 

 4-19 IPD (4.7mm 9.7mm) 
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 4-20 IPD  

S  4-21

S21 6dB

 

4-22

 4-23
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 4-21 IPD S  

 

 4-22 IPD S  
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 4-23  

 4-24

 

 

 4-24 IPD  

 4-25  
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(a)                                 (b) 

 
                  (c)                                 (d) 

 

(e) 

 4-25 (a)4GHz(b) 6GHz (c) 8GHz 

(d) 10GHz  (e)12GHz  
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UWB 3.1GHz 10.6GHz 110

 

[14, 15]

 

CMOS 0.18μm
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LTCC IPD

3.3 3.4  5-1  

5-2  5-3 IPD LTCC CMOS 0.18μm

2006 2010 UWB

100%

 

 5-1  

 sim. meas. meas. 

Technology CMOS 0.18μm CMOS 0.18μm CMOS 0.18μm 

Frequency(GHz) 2.5-12.5 3.1-10.6 2.3-13.4 

PAE(%) 14.6-30.7 16.3-27.8 16.3-31.2 

Gain(dB) 11.4 1.8 10.9 0.75 10.1 1.5 

OP1dB(dBm) 13.8 11.1-13.6 11.1-14 

OIP3(dBm) 20.7-24.9 20.5-24 20.5-24 

Group delay(pS) 118 89 168 

Power(mW) 72 72 72 

B.W. 133% 110% 141% 



 

81 

 5-2 IPD  

 [16] [17] [4] [3] [2] This Work This Work 

Technology CMOS 

0.18μm 

CMOS 

0.18μm 

0.25μm 

SiGe 

CMOS 

0.18μm 

CMOS 

0.18μm 

CMOS 

0.18μm w/ 

IPD 

CMOS 

0.18μm w/ 

IPD 

Topology Cascode 

DA 

Cascode 

DA 

Cascode 

DA 

Cascode 

+CS 

3CS CS+dual feed DA+BA 

Frequency 

(GHz) 

3-12 3.7-8.8 2-12 3-5 3-7 3.1-10.6 2.5-12 

S11(dB) <-10 N/A <-10 <-5 <-6 <-10 <-10 

S22(dB) <-8 <-8 <-10 <-6 <-7 <-10 <-10 

PAE(%) 6.8 <21 6-9 14-34 <20 13-17.8 7.7-17.8 

Gain(dB) 10.5 0.8 7.2 1.15 9 0.5 15.2 0.6 14.5 0.5 8.8 0.9 8.8 0.9 

OP1dB(dBm) 9.4 15.6 14 11.4 7 13.4-14.9 11.1-14.9 

OIP3(dBm) >16.6 N/A N/A N/A <18 22.6-27 19.8-27 

Group delay 250pS N/A N/A N/A 179pS 90pS 214pS 

Power(mW) 84 154 250 25 24 144 144 

B.W. 120% 81.6% 143% 50% 80% 110% 131% 
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 5-3 LTCC  

 [16] [17] [4] [3] [2] This Work This Work 

Technology CMOS 

0.18μm 

CMOS 

0.18μm 

0.25μm 

SiGe 

CMOS 

0.18μm 

CMOS 

0.18μm 

CMOS 

0.18μm w/ 

LTCC 

CMOS 

0.18μm w/ 

LTCC 

Topology Cascode 

DA 

Cascode 

DA 

Cascode 

DA 

Cascode 

+CS 

3CS CS+dual feed DA+BA 

Frequency 

(GHz) 

3-12 3.7-8.8 2-12 3-5 3-7 3.1-10.6 3.1-12 

S11(dB) <-10 N/A <-10 <-5 <-6 <-10 <-10 

S22(dB) <-8 <-8 <-10 <-6 <-7 <-10 <-10 

PAE(%) 6.8 <21 6-9 14-34 <20 19-24.5 14-24.5 

Gain(dB) 10.5 0.8 7.2 1.15 9 0.5 15.2 0.6 14.5 0.5 10.8 1 10.8 1 

OP1dB(dBm) 9.4 15.6 14 11.4 7 14.6-16 13.3-16 

OIP3(dBm) >16.6 N/A N/A N/A <18 26.6-27.5 20.5-27.5 

Group delay 250pS N/A N/A N/A 179pS 115pS 115pS 

Power(mW) 84 154 250 25 24 144 144 

B.W. 120% 81.6% 143% 50% 80% 110% 118% 
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