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        Abstract 
 
 

The purpose of this paper is to implement a CMOS Low-IF Down-Conversion circuit for 

Bluetooth Receiver. The circuit consists of LO, LNA, and mixer. The RF signals from 2.4GHz 

to 2.4835GHz are down-converted to a 2 MHz low IF. The LO is realized by the quadrature 

LC-tank cross-coupled VCO to achieve low power consumption, good phase noise, and large 

tuning range. The output amplitude achieve 1.36V with phase mismatch between I and Q 

signal less than 1°. For comparison, the two-stages ring VCO is also examined. The output 

amplitude and power consumption are 1.5V and 4mW, respectively. The measured frequency 

range is from 0.49GHz to 2.6GHz. 

As regards to the receiver, a low noise amplifier with high linearity is obtained by using 

the cascade inductive degeneration LNA. The NF achieves 2 dB with IIP3 equals to -4.2 dBm. 

The mixer is realized by single-balance structure with PMOS as its switches, the NF achieves 

NF 12.4 dB and IIP3 7.1 dBm. This down-converter is manufactured by TSMC 0.18um 

process. The conversion gain is 18 dB, NF 10 dB, and IIP3 -12 dBm. The total current 

consumption is 15mA. 
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1.1 ���������������������������� 

 

��������	
��
���� � ��� � � � � � � � �� � 
� !"

#�$ % &'( ) ( 
* +,- �. ) '�/ 
	
* +�01 2 3 4 5 6 78 
9 : �

; < = > ��
� � ? @AB "C$ D = > ��
� � EF G�H I J K L EricssonG

M N � O P Q $ R ST 
B "
�UV W ��
X Y ���Z [ \ ] ^ _ 
` ab c d

S�e f �� gh : i (PDA)jk J jl m n � o jp q jr s jt u J jv w xjg

h . J �y Cz � � S�{ | } � ? @~ $ � � E� 2002�� � ^ �� � �Windows XP

� � � ���� � � Z [ > Pocket PCjWindows CE .NetjApple (Mac OS X)jPalm�

_ gI J OS � ] � � 
� � E�

��
X Y � ' 1998� Ericsson� InteljIBMjNokiajToshiba � �� � � Special 

Interest Group (SIG)�� 
�% � �����
	
� ��	
���U����
�

���P � �h / ���   !¡ ¢ 
£ ¤ ¥ ¦ - Harald Blatand�� ��(Blatand@A§ ¨

© ��Bluetooth�)��GM ��	
��N ª« ¬ � ­ ® ¯ �°± Harald Blatand / �

��   !¡ ¢ �² E³ �� ´ µ T ¶ · �e ¸ Dellj3ComjMicrosoftjMotorolajCompaqj

SamsungjLucentj! HP¹º » z ¶ · ¼' 1999�½ � ] SIG�[ H SIG ¾ ¿ À Á �

�Â Ã Ä Å ���Æ Ç X Y � �¶ È 
ÉÊ�Ë UÌ Í 7§ d Î Ï Ð Ñ Ò �Ó �ÔÄ Å

Õ 
��Ö × ( > 5 gØ ^ Ù )�Ú CÛ Ü Ý ¶ È Þ � '��
ß ,à á �â ã K ä å æ

c ç è é ê �ë ¯ ��N ª§ ^ ì í 7î � E�

��ï ì 'ð ñ Ï ���Ð � � 
�ò ó ô õ ö ��ñ Ï ÷ 7ø @ù ú �0û �å
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ü ý j¶ È â ã þ Ð > 	
� / � � 
ÔU ISM(Industrial-Scientific-Medical)�ò � �

� A � 3 � �� ¯ ���Ð � ���ó ô 	 ' 2400 MHz� 2483.5 MHz � T EH ' ISM

�ò �È Þ - 
� 
 � '¯ �ò � 
��� / õ ö �$ � Z 
 
� � � / (802.11b/g�

~ � 1.1[3])� � � 
 
 � � �(�� � � � ) � � ��� � Ä � � !�$ D � N � 
* +

9 � � � ���� / � � � �Y � Frequency-Hop(FH) spread spectrum! J Ä E" #��

$ � GFSK (Gaussian Frequency Shift Keying) % & ���ó ô ' ( @ ) 10 ¶ * 0 + > ,

- 1MB
 � ����� . / @A� � pin 0 Ë � � 1 2 0 EH ' + 3 , - 1600 hop


hopping��� ¯ 4 5 § � � 67 8 ! 9 : E 

 

�

� 1.1� ; ~ * +9 � � �ò < =  

 

� �Y �� / >3 > Broadband spreading! Narrow-band channel
 ? ( �$ @ A �

��� � �ò < B � 79� � C * D (hop channel)(� E � 1MHz)� F 3 $ � � / 
 TX

� G H > �Ð I P 
 � C * D � J ���°@A[ H K � L 6M � N O 
 � � X P E,

Q � ç �R S �T H RSSI(Receive Signal Strength Incident)� U V � W X ú Y ��* D 


Z [ \ ]� ^ �¯ ��� � Ð � � � * D _ ` �T A� Y �* D � ^ > � � a b � > 1

c 
* D Ed e ��� SIG ¾ ¿ � f��� � � LMP(Link Manger Protocol)� U V � Ð

� � 
* D �g h���� � B i �� j Ð k � 
� à (Pico-net)�� ���� à ç � Ð
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> ��� � À @ Ð W X ú 1 c 
* D % &� ��1 @� � � * D u �0 l m ¯ � à n �

Ð > ��� � 1 @ o � � p q * D E' ½ �g ��� � Z 
 U V � r q 1 c � Z s � �


* D �� À t å p q * D �$ Ð � �
* D � �o I � Z 
 c 
* D O Q u p q Ð W

X ú 
* D �A ) Ð > � �
* D � c 
E 

vw x y � 
�"#J � z(Receiver Front-end)� { 
 | } �~� E P �#X J

(Radio Transceiver)~� �����N ^ � � 
 � r �� � � vj � � �j � � � ��#

X J � � 
` 3 � � � � ��~� #X J � � ÷ � Ö × . �; 3 [ 5 . � � � (Trade-off)

A� $ ' � N ) ú � � v� � 
� ÉEO �O 
 � � � { ~� ��� ) ú A � 
 � � �

É� � � � @ P �� { �6 �� { i � '. � � � � { � � 
 � � � A � � � (System 

on a Chip, SoC),- �� ¯ � � 
 | } K _ ? �� ¥ n � � Q 
 L | X 
` � j) ' P

��6 �� { A � � � 
 CMOS � � E 

 

 

1.2 � 	 
 � �� 
� 	 
 � �� 
� 	 
 � �� 
� 	 
 � �� 
  

 

v� � 
� I � � � � � '��� / 
"#J �&E P �#X J �� 1.2 Ð � �@

A < � � � � < [1]�	
#X (Radio block)j6 �   i (Baseband processor)� ¡ Ä ¢ £

� { (Control logic)E$ � 	
#X � { e ¸ �� P �j� ��6 �T 
 ¤ �

(Up-conversion)� ¥ �(Down-conversion) � < j� D I � L 6x(Channel-select filter)!�

� � � (Frequency synthesis)Ô6 �   i � { e ¸ � % & / ¨ % &

(Modulation/Demodulation)j . T ¦ § (Timing recovery)j+ ¨ 2 © (Packet formatting )j

� C I � (Hop selection)! ª � � « ¬ Q (Power-saving algorithm!Ô ' ½ � ¡ Ä ¢ £ � {

e ¸ �B "~ � (Connection establishment)j+ ¨ � u (Packet scheduling)!   i �` J

(Host)
B i Evx y Ð 3 ­ ® 
 P �"#J � z� � �� ´ 
 ¥ �� { � < �e ¸ �

� ¯ +Þ K x(LNA, Low Noise Amplifier)j°�x(Mixer)�v7 ± ² x(LO, Local 
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Oscillator)�$ � v7 ± ² x � < À ® x R ³ ´ � µ ² �Õ + [ 
,- ( e ¸ ¶ - ± ² x

(Ring Oscillator)�� · � ¸ � µ ¹ ± ² x(LC-tank Oscillator))�A! º . » { E 

 

 

� 1.2 	
#X J � ` 3 � <  

 

O �O 
 P �"#J ~� �> ¼ �` 3 
�&�½ #¾ (Super-Heterodyne)j¿ � �

(Zero-IF) � Ú " ¥ �(Direct-conversion)j � � �(Low-IF)! À Ø ¥ �(Dual-conversion)�

&�$ � � � ��& ¾ Á �   ��'1 �� �(Intermediate frequency)
 I � EAç @ <

Â ® x 0 Ã � I � ' � � '��� / 
 P �"#J �&��

1. ½ #¾ "#J � �` 3 Ä Å �' Æ ± ��(Image frequency)
 Ç È �� ¯ 2 3 �

� Æ ± � Ä L 6x(Image-Rejection Filter)�ÉÊ Ê ? �#Ë 
§ Ì Í Î ��� u � � 6

L 6x(SAW, Surface Acoustic Wave)ÔUH '¯ �&� � 
� �(ÏhÐ MHz) � ' Z [


� E (��� / � 1MHz) y _ �� D I � L 6x
 Q Ñ(Quality factor) 3 � y � �; 2

3 #"§ Ì 
 L 6x Ò N ) ú High-Q
 Ó � E#"
 Í Î �1 É�� / � � Ô 
 Õ Ê

¥ � �/ À > Ö #
 � �b × � I/O
 Ø Ì � { � Ô̄ #Ù � 
� �¼ Ú � � �. � �

{ ~� � 
 ` ¯ ]�0 Û � ��� �� { � b × 
 � �EÐ A Ü Ý ½ #¾ 
"#,- =

> c 
"#S Þ ���� Ú a ß à (DC offset)j � ¯ + á g� � 
 â ã ä Â ��É��

� ´ 
 å ( �0û > #" Í Î �"#J � � � ð � � Ô � � v
� É æ ��½ #¾ �&

ç è § é � '�� P �"#J � E 

2. Ú " ¥ �"#J � �H '� � Z [ ��� 0Hz (¼ � RF��� LO��. ¹)�
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� ½ #¾ �& ê Ù �1 2 3 #"§ Ì 
 Æ ± � Ä L 6x�U�A 2 ë ´ � "# { ì (I/Q 

path) � � Æ ± � Ä 
,- Ô� . / H '� �è 6� 0Hz�1 2 3 #"§ Ì High-Q L 6

x�� @ @ $ » �� L ³ �ª í #" Í Î � ù "#J @A A � � � � � � � �¥ � � �

� � 
� vEÝ UÚ " ¥ �"#J Ý > � �` 3 Ç È �I/Q 1 î ï jð ñ ¯ +(Flicker noise) 

�Ú a ß à (DC offset)E R S ��ò v7 ± ² xâ ã þ ó S ô G"#� À �"# { ì �

. h ¾ 0 õ ö ÷ 
 90 ]� � ± ø 1 . ¹�¼ � I/Q 1 î ï �À Ú � "#� + [ ù ú �

(Signal constellation)
 ß à j � � � Û � "#
 â ã ��1 5 Ð û p ² 
1 î ï V W �

� 
 A � Z [ ù ú ü ý �¼@A T H �6 �
gh Z [   i ù ú þ ´ E 

Ý U��� � � � �� � �°6x�Õ z
 ð ñ ¯ corner frequency K Ï � �h �

kHz 	 O ������ / � � GFSK
 % & �99

6 � Z [ � � � DCC 430kH 	 O

( ~ � 1.3)[5]� g � � ¿ � ��&� ð ñ ¯ +�Ú a ß à @ À ¥ � ��� / 
+ ¯ ê E

Ú a ß à R ³ 
 ó ���H 'v7z+ [ ��� RF z+ [ ��. ��� � °6x
 LO


 > � ³ � � ��v7z
+ [ � a(leak)C°6x
 RF z�y C � aC � ¯ +Þ K x

� �] z�U[ H � ¯ +Þ K xÞ K � ½ � ó > 
v7+ [ � � � °�(Self-mixing)�

À ) �Õ z R ³ ��Ú a ß à � �0��+ [ \ ] K � 4 ¸ � � 5 ó S � "#
 Z [ �

) '½ � 
6 �Þ K x�y C> @N F ~ � �
� M ÑE� ¯ Ú " ¥ �"#J �&�¼

1 � � '��� / E 

 

 

� 1.3 ��6 � Z [ � � �� G 1 ] 
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3. � � �"#J �&�� 1.4�H '� � Z [ �� 4 � (ÏhÐ KHz ~ h MHz)�@

AK ø � � � � . � D I � L 6x
 Q Ñ 2 � �� 1 2 #"§ Ì 
 L 6x�� ù � � �

"#J �� / � � A � ]� 4 � EÙ � 
 � � Ô Õ � � � � � � � v
 ¥ � �0û H >

Ú " ¥ ��&� ð ñ ¯ +�Ú a ß à 
 Ç È �O �O ) '��	
"#J 
 | } �K _

? � � � � �
�&E    

  

 

� 1.4�Low-IF �& 

 

� �
 I � Ê Ê 2 3 [ H � _ � / ~� � 
 Trade-off�ç � 
� �@A @ � � L 6

x� Q Ñ� 
 � � M 
 4 � �ÉL 6x°. ) 2 3 ^ � �  
 cut-off � N �O í ³ Ú

a ß à ! ð ñ ¯ +ÔU Ù � 
� ��L 6x~� 
2 � À Û � ~� 
 ! 5 ]�A! � �

� 
 " × E�� � # A � 
 Ç È �a $ % ; ~ 
��"#J � �K _ I � � À & * D �

E   �¼ � 2MHzÔ¯ # H '��6 � Z [ 
� E Ï 430kHz�Ð A� D I � L 6x


Passband ó ô Ï� 1.47MHzC 2.53MHzE����� / � � � GFSK % & �N � K _

� ¿ � � 	 O �2MHz
� �è 6�� I � �@ @ Z [ � ' ð ñ ¯ +
 corner��� #�

� � ð ñ ¯ +) '� / "#+ [ 
� ' ÔUÚ a ß à 
 Ç È �@�Þ K xT $ � AC 

coupling ( à ³ �1 " ) h ' 2MHz � "#� � Z [ EH ' 2MHz
� � I � � Æ ± �

� @ À � � 80MHz
 ISM�ò n �̂ * + 7�h '�Ð "# Z [ . , 4�* D � E  

(4MHz)�� ¯ � / * Æ ± � Ä 
2 � @A $ � I-Q Æ ± � Ä °6x(Image-rejection Mixer)

@ Æ ± �� í ³ E��Ú " ¥ �"#J �&�́ � + [ 
i - � ^ . } � r �À � ' �
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� ��&� P � Æ ± ��
b ³ � ��vx y � / @ ) � < â ã ´ � + [ � ® x E 

4. À Ø ¥ �C ¿ � �
�&�� 1.5 Ð � �. Ù '� ´ � � � Ø ¥ ��&1 �   �

�'2 3 À �°6xA! À �v7 ± ² + [ O ) ú ¥ �
 � � Ē ��&� O �O 
�

�"#J | } � �� � � ��&�² ; ~ E� � 
��~� �� d � � ¥ � . � é �

2
2

3LO RF IFf f f= ⋅ = ⋅ � . � d �Ø ¥ �
� ���v7 ± ² x+ [ ���� �+ [ ( �

� d � � � �   @A 4 ¸ � [ H RC L 6x @ P �+ [ !v7z+ [ L ³ Ôd e � ¥ �

� � é �
1
2 LOf⋅ 
v7 ± ² ���O @ d � � Ð R ³ 
� �+ [ ¥ C 0HzE 

 

 

� 1.5�Dual-conversion �& 

 

�Ú " ¥ ��&. �7�1 2 3 #"§ Ì 
 Æ ± � Ä L 6x�U�A 2 ë ´ � "#

{ ì (I/Q path) � � Æ ± � Ä 
,- Ô� . / H '� �è 6� 0Hz�1 2 3 #"§ Ì

High-Q L 6x� � @ @ $ » �� L ³ � ª í #" Í Î 
 i ò �� ù "#J @A A � �

� � � � � �¥ � � � � � 
� vE1 5 . ) 'Ú " ¥ ��&�À Ø ¥ �
,- @A �

� ð ñ ¯ +�Ú a ß à 
 Ç È E 

R S ��� d � � v7 ± ² z
���"#� P �+ [ 1 ��� �°6x
 LO


> � ³ � � ��v7z
+ [ � aC°6x
 RF z�y C � aC � ¯ +Þ K x� �]

z�H '��� RF+ [ 1 �U1 À [ / 
� � ¯ +Þ K x
Þ K �01 À > � � °�
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UR ³ Ú a ß à 
 Ç È �¼1 À ) �Õ z R ³ ��Ú a ß à � �UR ³ \ ] K 0 4 ¸ �

� 5 ó S "# Z [ 
+ [ Ed e �H '[ 5 À Ø ¥ ��� d e � °6xÐ "#
v7z

Z [ �� Ù � �� ù °6x�Õ z Ð s ú ð ñ ¯ +
 � � K ø ¥ � �) '��� / 
+

¯ ê � ' � ]/ ¥ � �¼1 2 A� K °6x� � � * 0 
,- O 1 2 ð ñ ¯ +
 Ç È E 

¯ #� d e � ¥ �Ð 2 � v7 ± ² + [ �H d � � ¥ �� v7 ± ² x[ ³ e � { 3 a �

F 2 ��v7 ± ² x � @ ö � e Ø ¥ �Ô̄ ³ e � { � . @Aâ ã I/Q
�Õ Z [ þ d

e � °6x� � E 

[ 5 � ´ ) ' ; ~ "#J �&
 ­ ® �H ' ½ #¾ �&2 3 #" Í Î �� ù A � �

/ 
 A � ]¾ �UÚ " ¥ ��&� �> ð ñ ¯ +�Ú a ß à 
 Ç È �� ­ @A 
 D � �

��&� À Ø ¥ ��& Ù � � '�� P �"#J � EUH ' � � ��&) ê ' À Ø ¥ �

�&�F 2 � � ¥ �� { � @�~� ½ ) ú ��� / 
Ö × 3 � �� ¯ 6 ' � ª � �b

× � 
 � � ��vx y � @ é � � � �- � ���"#J �&E�� ¥ �� { � � � �

- "#J � 
 � r � { �vx y @ À Æ � ­ ® ¥ �� { 
. � ~� �0 é � P ��6 �

� { A � ]� 
 TSMC 0.18um RF CMOS � � �A 3 a � � � A � � / (SoC) û 4 � �

�� / Ö ó �� ÉE� { e ¸ � ¯ +Þ K xj°6x�v7 ± ² x�$ � v7 ± ² x �

< À ® x R ³ ´ � �Õ Z [ 
, Q E 

�

�

1.3 � �� �� �� � � �� �� �� �  

�

v� n ¸ ` 3 � � 0Å � "#J � ÷ � { Ð 2 
Ö × ��� / 4 � ��Ö ó [11]�

"#J 
Ö × � � e f �¯ + 5 g(NF, Noise figure)j
 � ](Linearity)j µ ² x. h ¯

+(Phase noise)!b × � �K � (Power)E 
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1.3.1�������� 

 

H '��� / ô G @ À ì í 
� � �÷ - ÷ ² 
b c � � � d S�U p q � � ? �

� < 6 W p 80MHz
 ISM�ò ��. O 7 7 n Z [ T . � � � j8 Ä 
 9 : � 4 > @

N 
�� ¯ ���� / 
Ö × � ) ' � � % & (Inter-modulation)
 _ ; < 5 ' P �"#

J 
=·](Sensitivity)Ē #������ / �§ Y M ����* +
B "�� / 
`

3 � � @ 1 ¸ � § ó ô ! ¯ +Ð 8 Ä E~� �� P �"#J 
 d �� > ? �� Ã ��É

Ê (Specification of Bluetooth system) � @ P Õ � / Ð 2 
� { Ö × ���¯ + á gj�

] � $ � % è P (  IIP3, Input third intercept point)�	 ¯ A Ì B ó ô (SFDR, Spurious 

free dynamic range)¹E 

"#J 
=·]�Ah Í ã ¾ �(BER, Bit error rate)� 0.1% . 
�] Z [ Êh O �

fEA��"#J U C ����10 ¶ * ó ô n > 0dBm
�Õ � ��=·]F 2 > -70dBm

A � 
 Õ � � Z � ªE " #���� � GFSK % & (BT product=0.5)�û % & 5 g

(modulation index) MI = ( )2 SSBf

BW

∆
= 0.28 ~ 0.35�$ � ��ß à (frequency deviation, ( )SSBf∆ )

	 ' 140kHz~ 175kHz � T E�� ) ú BER = 0.1%�+ [ ¯ + ê (SNR)Ï� 21dB�� �

,in minP = -70dBmj* D � E � 1MHz�$ � - 1-1@A � ù ��"#J � ¯ + á gÖ × õ

ö � ' 23dBE. ) 'Û Ü ¯ + á g~� ; @ ) ú 10dB 	 O �p ² 
Ö × (23dB) � ù E

D � _ E 

, 174 10login min min

dBm
P NF BW SNR

Hz
= − + + +              (1-1) 

3 int3 3( 3)IMP IP P IP= + −                         (1-2) 

2
( 3 ( ))

3
SFDR IP Sensitivity SNR= − −                   (1-3) 

è 6 E N O � � 
 8 Ä ���� � � % & 
Ö × 2 � UÄ Å EÀ � � �' of f+ ∆ !

2of f+ ∆ 
 � � @ À �Ð � ù � � D of   R ³ � $ � � % & F � ( 3IM )ÔUÐ "#ú �
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� 
N � A! � $ � % è � ( ( 3IP ) [ H - 1-2 G � � 3IM 
N � EH ~"#ú Z [ 
 �

�K '=·] 3dBA � �û ��� 1 ¶ *   > 2� 0dBm
 � � Z [ ç Ý 3 £ I BER

� 0.1%Aç �"#J 
 IIP3 Ö × C è 3 K '-16dBmE @ � ´ Ð ù � IIP3 = -16dBm�

Sensitivity = -70dBm�[ H - 1-3@A � ù SFDR � Ö × Ï� 50dBE 

 

 
� 1.6 . h ¯ +) "# Z [ � � '  

 

H 'v7 ± ² �
 ¯ +N � À �1 - 3 
 � � + [ ¥ �C � ­ 3 � 
�ò n ���

1.6 Ð � ��~� . õ ö ) 'v7 ± ² + [ �
. h ¯ + � Ö ó E. h ¯ +(Phase noise)


Ö × �H 3� � A � 
 N O � D J K 2 � (Ï 40dB) O G � �� � ��"#J � ) 'v

7 ± ² � . h ¯ +
Ö ó ��3 � ��� ß à (frequency offsets)' 3MHzA � . �C è

) ú -124dBc/Hz
 Õ Ê� p ² 
 ¯ +Ö ó � ù ���"#J n @A� � ð � � Ô (fully 

integrated)
 M ¡ ± ² x�e ¸ ` Ì � � � j@& � ¸ (varactors)�^ _ 3 
�@A� �

Q ÑÙ � 
 on-chip � ·E} Ý � ­ / @A $ � - 1-4 O ï ¬ � 

{ } ( ) ( ) ( ) 10 ( _ )desired blockingL P dBm P dBm SNR dB log Channel BWω∆ = − − − ��(1-4)�

@ù ��

6{3 } 70( ) ( 30)( ) 21( ) 10 (10 ) 121 /L MHz dBm dBm dB log dBc Hz= − − − − − = −  
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H ~"#J 
 P �z��K 'v7z���� �� IF RF LOf f f= − �� Æ ± + [ Ð �


��� 2image LO IF RF IFf f f f f= − = − E�òA� ´ L 5 
 ½#¾� & UC�� � IF � �

ê Ù ��Æ ± � � 
 + [ � $ � # " 
 u � � 6 L 6 x @Æ ± + [ L ³ ÔÉ �A v x y

� � � ��� � / 
 � � � " # J � & UC�H ' IF � � 4 � � � ù Æ ± � � y C �

� ISM 
 � ò n �	 Q � L 6 x L ³ �̄ . ° õ ö � IF ½ z $ � Æ ± � Ä � { ( ~ 	M

A)�Ï 20dB 
 Æ ± � Ä � Ö × (IRR, In-Band-Image Rejection Ratio) @ A � � ��Ö ó E

¼ @ A � � - 1-5 � ¬ Õ Ð 2 
 IRR� 

( ) ( ) ( )image desiredIRR P dBm P dBm SNR dB= − + ����������������(1-5)�

N � v � Ð ´ � ' ½ @��" # J Ð 2 Ö × 3 � A i ' u 1.1E 

 

u 1.1  ��" # J Ð 2 Ö × A i  

Sensitivity���� -70dBm (0.1%BER)�

SNR���� 21dB�

NF���� 23dB�

IIP3���� -16dBm�

SFDR���� 50dB�

VCO Phase Noise���� -124 dBc/Hz @ 3MHz�

IRR���� 20dB�

�

1.3.2��������� 

 

v � @ Å � � � ' � � � " # J � �� { 
 Ö × �e ¸ �́ � v 7 µ ² �j� ¯ +

Þ K x � ° � x �$ � µ ² x 
 . h ¯ + Ö × Z ' 1.3.1 � � ï O ��¯ @_ ( Þ � �
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¯ + Þ K x ! ° � x E�Ä Å Ö × � � � R S ) LNA ! Mixer Z > � � � � ¦ P �<

Â � ' u 1.2j1.3� 

 

u 1.2  LNA � N Ö × A i  

Ref. 
Process 
(CMOS) 

Freq. 
(GHz) 

Supply 
Voltage 

Power 
(mW) 

Gain 
(dB) 

NF 
(dB) 

IIP3 
(dBm) 

Year 

[13] 0.35 0.9 2.7 21.6 17.5 2 -6 2001 

[14] 0.25 1.23 2.5 9 0.8 0.8 -11 2002 

[15] 0.18 5.7 1.8 14.4 14.5 3.65 -3.3 2003 

[16] 0.18 2 1.8 10.8 15 0.7 6 2004 

[17] 0.18 2.4 1.8 7.2 15 2.2 3 2004 

[18] 0.18 2.4 1.5 15 24 2.62 N/A 2005 

 

 

u 1.3  Mixer � N Ö × A i  

Ref. 
Process 
(CMOS) 

IF 
(MHz) 

Supply 
Voltage 

Power 
(mW) 

CG 
(dB) 

NF 
(dB) 

IIP3 
(dBm) 

Year 

[21] 0.5 100 2 7.6 5 18 13 1999 

[22] 0.5 70 2 3 -2 22 6 2000 

[23] 0.35 150 3 29.1 10.4 7 -6 2001 

[24] 0.18 100 2.5 3.5 -2.8 N/A 20 2002 

[25] 0.18 100 1.8 3.95 20.91 9.1 -13.6 2003 

[26] 0.18 280 1.8 11.16 -2.75 11.8 
-3.8 

(P1dB) 
2003 
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H O � O Ð X u
 y Q ê O �A CMOS � � ~ � 
 � ¯ + Þ K x Û R Ï� 15dB 	

O�NF Ï� 0.5 ~ 4dB�IIP3 Ï�-6 ~ 6dBmÔU ° � x ~ � � Û R Ï�-3 ~ 10dB�NF

Ï� 9~22dB�IIP3 Ï�-5 ~15dBmE� ( � / � � � �õ ö $ � � ´ Ó � ó ô O )� {

( ô S � t å Ä Å Õ 1 3 T 
 � { Ö × E 

 

RF Input
( 2 4 0 0 - 2 4 8 3 . 5 M H z )

IF A m pl i f i e r

B P F IF Fi l te r
( Q = 2 )

Q V C O   ( 2 4 0 2 - 2 4 8 5 . 5 M H z )

IF O utput
( 2 M H z )

L N A

I/ Q  M i x e r

B uf f e r

 
� 1.7 ¥ � � { � / ~ � � 

 

    � 1.7 �� � ' ��� ¥ � � { � / ~ � �� v x y Ð 3 a � { e ¸ � � � ¯ + Þ

K x jI/Q ¥ � ° 6 x !N ª â ã ´ � + [ 
 µ ² x �U@ & Û R Þ K x !� � L 6 x

0 	 ® x E � / � � ] 9 U �� Õ � è ø � 50Ω� A � � / ô � Ö × �u 1.1 Ð ´ E�

ô S , � Ö × . 2 V � NF � IIP3 �H ½ � Ê � � ï ¬ ��½ � 3.1 � � À ï O Õ Û R

) NF � IP3 
 � ' W X Y c . Z �} � � � 
 Û R Ù K . �NF 
 Ó � Ù c U IIP3 �

Ù ¾E 

R S �LNA 
 Ö × ô S á � y [ [13-18]�Gain�15dBjNF�3dBjIIP3�-5dBm�

Mixer � ô S Ö × á � y [ [21-26]�CG�5dBjNF�15dBjIIP3�5dBm� ' ½ µ ² x


 . h ¯ + Ö × á � 1.3.1 � �-124 dBc/Hz @ 3MHzE� 1.8 �[ 5 � � ! � } % A Ð

Å � � � ÷ � 
 Ö × �$ � Ó Â \ � NF 
 i ò�A� � � 
 � Õ 9 U � � á � �U�

M Û R � Loaded Voltage Gain�@ ù � / NF=6.06dB(50 ohm)�IIP3=-11.14dBm�ð � �

M Û R � 30dBE 
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Stage Gain
Av (dB)

Cumulative
Av (dB)

Cumulative NF (dB)

Stage NF (dB)

Stage IIP3 (dBm)

Cumulative
IIP3 (dBm)

V1 V2
BPF

V3
LNA Mixer

V4 V5
IF

Filter IF Amp
V6

-1 15 5 -4 15

1 3 15 4 10

100 -5 5 100 5

-1 14 19 15 30

6.06 5.06 15.94 14 10

-11.14 -12.14 2.94 9 5  

� 1.8 �� { Ö ×  

 

 

1.4 ������������������������ 

�

v x y _ ( @ Þ ���" # J � z 
 � � �0 A TSMC 0.18µm RF CMOS � � 3

a�÷ Q] 3 � ç � 

de Q v 7 µ ² ��@S ­ ® ¼ � R ³ ´ � � Õ + [ 
 , - �" W �� � ' v 7 µ

² � 
 ´ � M ¡ µ ² x � ~ � � � � �0 | } ^ � a �)� { 
 � ' E' ½ � º . » {


 ~ � � � X i ò® x E 

d� Q� ¥ � � { 
 | } �S Ã _ � ¯ + Þ K x � ° � x � ~ � � � � �$ � e ¸

� ¯ + Þ K x � � X i òE ' ½ @ $ � µ ² x � � ¥ � � { ½ � � / � � E 

d¼Q� v x y ( ` i E 
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������������ 
 
� � � � �� � � � �� � � � �� � � � �  
 

�������� 	
�(Local Oscillator)�
 � � � � � � � � �� � ���� �

����  ! ��" # $ �% & '( ) 	* + ��� ,- ./0 12 34 5 '� 6 �"

7 �8 9 : ��; < = > ? @ ABC� � D E " ,F 'G H 3IJ D K �E " L M � I/Q

��N O P H Q �" ���L M �R S T U �V � �J D W X �Y Z (Quadrature) [ \ ]

H ^ �_ ` �a b c 


 � d �� ,F e f �	
/P H " 7 g h /�i13������ 	
� \ c�

j k l m ������ n J D Y Z � \ �o p ��q 
 � r sY Z ��( ) �t u 	


/�v wH x �y N �
 � z{ | } ~ � � l m c 

 

 

2.1 �������������������������������� 

 

�� � �3� ) v � g ,F ��m � �����Y Z �� 	
� \ �� � o �c�

� �o p � � s� n �� ��� ./��" /���� 
/��Y Z � g � LC	
/c 

 

2.1.1 ����������

 

�t u 	
/�� � ( ) � �� �q � ��� ./(Polyphase filter)��� � k ( )

�� � [ \ � h � ���Y Z [ \ c� 2.1(a)3� ��� � � ��� ./L M �H � �

 ¡� ¢ £h �¤¥ RC-CR ¦ N �( § � 3� ¨ �© Y Z �[ \ �ª« 1� ¬ ­ ® �
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� 2.1(b)3� ��� ./�( § � \ ���[28]�̄ 
 ªsθ���@ � c° k AV z CV �

BV z DV ±² ���� �³ � � N ¤¥ �´ µ ® �¶ · ¸ 180°'¹º AV z BV ² ���

� »¼ z N � ¡ ¢ ½�8 ¾ ���@ � θ½�+ ��sK ��a ¿ �­ � � 0V 1

3À Á ��� AV z BV ���3 

0

1 cos 1/( )
tan ( )

sinA V ref

RC
V

θ ω
θ

−

=

+∠ =                   (2-1) 

0

1 sin
tan ( )

cosB V ref
V

RC
θ

θ ω
−

=

−∠ =
+

                     (2-2) 

Â  N Ã Ä �8 ¾ Å 1RCω = �Æ Ç ( § " 7
1

2
f

RCπ
= B��� 2-1� 2-2�� È ÉÊ

B AV z BV ² ���� zθ Ë a �Ì Í Î ¸ 90°c 

 

  

(a) (b) 

� 2.1Ï(a) RC � ��� ./(Type1) (b) ( § � \ ��� 

 

�Ð RC-CR���A¦ N �³ sÂ ( § " 7 3
1

2 RCπ
BÑ ¼ s	* + ��Ò ��

�AX Ó �( ) � \ �r s�Â Ô " �Õ 5 �Ö º ¤Ð > ? d  ¡ ¢ ½�@ A� N

× Ø (Layout)B�^ Ù Ú �Â Û Ü �Ý Þ Ô " _ ß �o �3à F á �� â iã ä " å �

æ º ç è > ? d �é Ac¹º á �� â �� ��� ./�ê ¹��  ! ë ì �í î �ï

H � \ ð ñ � RC-CR ¦ N �ò ó'Êô �Ö 3� ��� ./K �z	
/� LCõ	ö

÷¿ �h 3ªø ù º E Q I	
/( ) � \ �	* �õ	 N Q½cÖ Ê� � � ú ô ä
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§ û + /P ü ý â �iþ � � \ ��  = Q½�E Q �� ) � � 3ã ä + } � � 7 �óc 

 

 

� 2.2Ï � ��� ./L M (Type2) 

 

� 2.23 � f n �� �� ��� ./L M ��Ð � ��� ./H �Ð 	
/�� �

( ) ±w�Ö Ê� � ,F ÊL M cG ¤ Type2 � ��� ./L M 	 § + �3 1.8Vpp�

Y 
 .� \ �� f â �� � " 7 � � 2442MHz�ÊL M ���A� 
 � Õ 5 � � ��

2.3c�� 2.3 È Éª( ) ��A3Ô " Õ 5 �³ s�� � " 7 2442MHz � Ñ sW X �

Y Z ��( ) �f � Ö > ? é A � h RC½� � � �� � h ��d � � � 'Êô ���

�� � V ��� 	
" 7 3 2402MHzÅ 2485.5MHz�e â � ��� ./�Ô " Õ 5 Æ

^ � F c�® i � � � á �� â �o �i � h å " �Õ 5 � 

 

 
� 2.3Ï Type2 � ��� ./±��� 
 �  
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� 2.4(a)3� â � ��� ./�ª��� � � Ð � 2.4(b)��� � ) � 89.91°� 90.09°

±² s 274MHz�" å �Í � e â Bå " � � ' � ô � � â � ��� ./( L M � �  )

±��� � � Ð � 2.4(c)�� 89.91°� 90.09°±² »s 908MHz�" å c 

 

 

(a) 

 

(b) 

 

(c) 

� 2.4Ï(a)� â � ��� ./ (b)� â ±���  (b) � â ±���  
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�Ð R�C½¼ ! > ? é A�º � h � ��� ./�� � " 7 @ A��® i 
 � Â

� � " 7 � 2442MHz " © s 20% @ AB�¤�� � h � � � ? < c� 2.5 � � e f â

Bs # � 10.3°� � � �� â B $  3 0.96°�º � â á �B]³ s 0.09°��� � � c 

 

 

(a) 

 

(b) 

 

(c) 

� 2.5Ï�� � � Ï(a) e â � ��� ./ (b)� â á � (b) � â á � 
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    ��� l m È É�G % F � â á ��� ��� ./�� & 3¬ ' �Y Z ( ) � \ �

�Ó ( 6 ) * � � + , ½�@ Aĉ - �Ð - � � ¡� ¢ �. s / + �{ | 0 1 ÷

2�ó - � � � 7 ��m � ÷^ ,F � ��� ./i� � Y Z ��� 	
� \ c 

 

2.1.2 ���� 

 

3 4 n �� o p 3,F f ¨ r s� � ( ) � Ü  ¢ t u � 
/�5 ª« 1��6

� V " 7 ± � �¹w 7 �f ¨ � 4  N wÈ 8 � V �« 1" 7 �� N � 9 Y Z �[ \ '

: n � 4  N ; �H � 2 ¨ < x (latches) � � = �(master-slave) L M £h �ªr sY Z �

�( ) �Õ ß �� 2.6(a) � � 3� = ��" /� � > �c	
/( § � 4  N � \ ±«

1 ? @ (Duty cycle)�¤¥ < �z�" /( § � H A Ù Ú �H �" /p ( A � � X Ó Y Z

[ \ �a b c 

�" /p �¤Ð RC � ��� ./º B �¤Ð > ? d �@ A¢ C < 2 # �� . �{

| 0 1 2 ��r sã D �,[ \ ã E �÷2F F �" G 2 / º s H z� ��� ./�Ô

" F F c¹º ª_ ß �Ð t u 	
/� � « 1�Å I 26�" 7 �ã ä 
 � d � J < '

÷2 Ö 3ã ä I�" /�º J # I¾ K  N � � 7 d ��óc  

 

  

(a) (b) 

� 2.6Ï(a) � = ��" / (b) � � CMOS < x  
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2.1.3 � � � � 	  

 

ë 0 2 � L l m If n � � Y Z �� 	
� \ �o ��: � n o � M � � �	
/

�� � ( ) � wâ ��d ú ô �Y Z � �  N �º ã ä I� N � 7 ò óc�® i� O l

�o p �H �t u 	
/K �� � Y Z � \ º � � I � 7 ��ó��� ,F ��	


/�® f � »H  Ü  ¢ 	
/c 

 

 

� 2.7 � â ��	
/±4 5 
 P  

 

3I� � Q ) R S X »�f T ��	
/
 � G � � � Y Z ��( ) �� â U �/

á �3v Q �â V � � c� 2.73� â ��	
/�4 5 
 P �� W â U �û + / X 3

J D K Y ã D � Z X = J D ��A� RC��Ð y N �K Y h X õ�J D 180˚���

A�� £ RC�	
" 7 B L V J D 45˚��AcÖ Ê�G e f â U [ /3� � û + /�

�� � � 0˚�45˚�90˚�…�270˚� 315˚�º r sY Z ��( ) � \ c 

�Ð á �â V �E Q �� ã ä 	
" 7 =  I � 7 ò ó�Ö Ê�Ê� � â U �û +

/ \ � ë ì �� â �i ] ^ r sY Z ( ) ���	
/�­ � 2.8 � � c= ë ì X _ �

Ò � ��Ð y N �K Y h X õ�J D 180˚���A�Ö Ê�£ RCõV J D 180˚���

A'¹º W £ RC ³ s�" 7 Ë ` + BÑ ¼ s 90a���A�f T � U �û + /÷Ë p

] ^ �� � � �e â U � N �ä § b c ø  ¡(-R)��U �zY  ¡(R) ç d º ,e â

±��@ A� � 90a�� � � 	
 e , c 
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Vin
Vout

-A -A

180

90 90

 

� 2.8 � â U �û + /±4 5 
 P  

 

 

 

(a) (b) 

� 2.9  (a) e f â U [  N  (b)� â á ���	
/L M  

 

� 2.9(a)3 ] f F F Ð � â ��	
/��e â U �û + /�� N L M g Ð CIC 

T18-94E ® 4 ] 1�hF F Ð 1.2GHz i j k ; � l m � ±x �y N 
 � n�,F - �

Ê o ® 4 � � ¼ Ð 2.3 � �l m cÊ N p q NMOS Z 9 � g (cross-coupled)¤(M1�

M2)�PMOS ( § ¤(M5�M6)�= f ¤�u U « 1" 7 � NMOS(M3�M4)'� 2.9(b)

»3� â á �w±	
/L M cG r 	
/� W f â  N ' S h f £ RC� ¢ C � �

d s 3 t ½( ] f d � { K � u �  ¢ ¼ ! q @ t º Ý � )� M1� M2 � Z 9 � g �

o � v �� � ± b c ø  ¡���w ( ) � � b c Y  ¡�, W â U [ û + /� RC�
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�@ A� � 90˚'Êô ��Z 9 � g v �º x h �Y y z { 3��ã ä  N �ã D �,

	
/���@ A3 180˚By N ã D + Ð 0dB�� � Q ) R S X »º | 	c	
/�«

1� ¬ �� �[ \ 
 P } ~ ­ ® � 

 

 

� 2.10 �[ \ 
 P } ~  

  

à F � � û + /± b c �  N X _ � � ��� È 8 � 2.10��[ \ 
 P �÷2} ~

) e â  N �� A � V �  

6o m

in m1 L L

V g
A(s)

V ( g G ) sC
= = −

− + +
                 (2-3) 

ª�
1 6

1 1
L

L o o

G
R r r
= =

�
� LC 3( ) � b c  ¢ c3I� � Q ) R S 	
X »�� A � V

ã D �	
" 7 oscω B� � 3 ��÷2 e â  N � � J D 90a���@ A'Ö Ê���

2-3� X � A� ] Z ( 1 0m Lg G− + = )w��È � 

2
2 6 1m

osc
osc L

g
A(j )

j C
ω

ω
= =

⋅
                    (2-4) 
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Ð H �	
" 7 oscf 3� 

61
2 2

osc m
osc

L

g
f

C
ω

π π
= = ⋅                        (2-5) 

 

�ë ì �[ \ ��� � � 8 �G � sM1�M2�Z � � g � ��� � s m1g− � m2g−

i ç dbc�Y  ¡ ø ù �º� ,e â  N �� 6 �ã D ±®� � 90 �̊ � A � Ë p ]

^'à F CNTLV Ý � M3�M4� GSV �8 ¾ Y7 M5�M6� Yº, 5mg � 6mg Ý � ��

8 8 ¾ ( ) " 7 �c � cÊô��Ð Êe â U � /L M � s Tail  Y � � I I ( ) �

ß� Y� U �,È ( ) 	* � + ºù . � 7 d � c 

� 2.11 
 � Ê� â � �	
 /±" 7 �8 9 : �« 1" 7 � � 200MHz~2.8GHz�

" 7 9 : � Â / + �f T K � 8 ¾  Y�� 8 ¾ � �  ¢ s2 + �" 7 �8 9 : '� 2.12

3	
 /�( ) [ \�" � ��� � ) �Ó �� � � Y Z � � ( ) �\'� 2-13« 1

� � � ���Ð ³ s� â á � �� � � ó �� 7 � Q 'Êô��Ð  N �÷ � s � � �

� + , ��. �{ | 0 1 � � � ĉ - � � � � �­Ò f T � �	
 /�� â � �	


/�� � � �d ��^ C ¹ ^ � �­� 2.13 �� c 

 

�

�� �

�

�� �

�

�� �

�

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

����(V)

�
�

�
�

(G
H

z)

 

� 2.11 � â � �	
 /±" 7 �8 9 :  
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(a) 

 

(b) 

� 2.12 � â � �	
 / (a) Y Z �\( ) . P  (b) " �  

 

 

� 2.13 � â � �	
 /±� � � � 
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� 2.1  � â � �	
 / � � � � 

Frequency 2.442GHz 

Supply Voltage 1.8V 

Power Consumption 3.3mW 

Tuning Range 2.8GHz 

Phase Noise -81.82dBc/Hz @ 1.023MHz offset 

Output Amplitude 1.5 Vp-p 

 

Ö Ê�ê ¹ �� � l m �� â � �	
 /�� 2 Ð ë � � �Y Z �\� � o ���

� 7 � ó �{ | 0 1 d � � � � �ï � Ð � � � �d �Á } ���m � �Q �" � � �

�÷^ � ,F c 

 

2.1.4 ��� LC � � �  

 

� - � ¨ 	
 " 7 � Ò � LC	
 /² 9 � �g � � ,� ¨ 	
 /² x h 90 �̊�

� A �Æ ( 6 � � � N 9 � Y Z �( ) �\�2 � ¤Ð � � � � . /�� " /p �r s

 { KV � I �Q � 7 ò ó � � ßczë � � 4 â � �	
 / � 2 �LC	
 / N �

Ö 3s� � � Ü + , ��. �{ | 0 1 � Â + '¹ ºÖ 3 Q ½ 2 # �,È �� � � �

��^ d � Â � �Ç ,s 0 1 + �_ ß�C ¹ H� ë CMOS e { | > 1d �� � Y Z

�\v� ,F �o p c 

    Ö Ê F F Ð �m � �   � � � ���� 	
 �  N �Ç 3Y Z �g LC	
 /��

� 2.2 � � ¡ ¢ l m c  
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2.2 ��������	��������	��������	��������	 

 

2.2.1 � � 	 
 � � 
  

 

� 2.14(a)[31,32]�� � P-QVCO (Parallel-coupled-QVCO)�Hv� ��Y Z tu 	


 /(QVCO) L M ��� ¨ Ã � � Ò �Z 9 �g LC	
 /�g ºh 'ª ���g  { K

(Mc1�Mc2)zZ 9 �g ¤ { K(Mn1�Mn2)÷¿ c N �	
 " 7 £ Ð

min

1
2 ( )parL C Cπ +

=
max

1
2 ( )parL C Cπ +

±² �� �  ¢ ��8 9 : � minC ~ maxC �º parC

bcu �  ¢ cF '�Mn1�Mn2 �¤¥� � § �bc ø  ¡ �z Ü �ò ó  ¡ ç d

� h  N � 
 � e , c 

 

 

(a) 

 
(b) 

� 2.14ÏP-QVCO (a) N L M  (b) Y Z � ¬  
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� ®i O l Ê N ( � � Y Z ( ) �� ¬ �° k �� 2.14(a)� N L M � ¦ h �

2.14(b)�o § � > ��]� � ¨ x � �� NMOS { K £ h �Z 9 �g ¤�º © � �

¨ x » � �ª « �	
 /² ��g  { Kc�Y � « 1´ µ ®�Z 9 �g ¤ { K( 6

Ã � ¬ ¦ �÷�]� � ¨ x ��� � 180 �̊� � A �¯ 
 A~D3 X H 3� ¨ �g  {

K( © � � ¨ x )�� � A �» A+B=180 �̊B+D=180 �̊D+C=180 �̊C+A=180 c̊� N

� M ¤¥ �ë J®�Â 	
 / ­ t 	
 B�� È 8 A=B=C=D�Ö Ê�g  { K( © � �

¨ x ) ¼ ���� � 90 �̊� � A �º� QVCO � ¨ ( ) �� � 	* � Ò �2 r sY Z �

� A �( ) �\c 

 

 

� 2.15ÏS-QVCO N L M  

 


 � �g � LC	
 /B�� I V � �8 X Ó �Y Z [ \( p q 	* �� � )ô��

7 ò ó �� � � �ñ HÁ } �a bc� 2.14(a)� P-QVCO��÷¿ ��g  { K(Mc1�

Mc2)¤Ð ¾ K � � � �s � + � ® ¯ '÷ 2 JD ° � Y N O º¼ Y- ú ô� Y�¤

� Ð � �� LC	
 /�ã ä I ^ I � 7 d � � ó c� 2.15[33]�� 3Ý Þ 5 � S-QVCO 

(Series-coupled-QVCO) N L M �à F Mc1(Mc2)�� k zMn1(Mn2)÷¿ Ý 3á ¿ �,

 N x h cascode-like � M ºE Q I �g  { K¤Ð � � � �� ® ¯ 'Êô�Ð Ý 3á

¿ �� p �Mc1(Mc2)�� =Mn1(Mn2) õ F f e  Y N O � w � I � N �� 7 ò ó c 
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� 2.16[33]3ë ì S-QVCO±X 4 5 
 P �� 
 P �¯ 
 Y7 I(Q)	
 /Y �� 

Y�³ z In(Qn)� Qp(In)�ß tsa �Ç ,Y- á ¿ �g  { K� Y Æ zª d o ¤

¥�ß Ip(Op) tsa c	
 /� � 4 5 Õ 5 � SG = CG �� � SG ± ì Z 9 �g  { K

±� ~ (trans-conductance)�º CG » � � I/Q �	
 /² �g ^² 'p q  { K�+ � �

@ tß� �« 1�4 5 / ³ = ´ � ? @ � M ¼ ¤ SG = CG s² � µ ¶ c 

 

       

� 2.16ÏS-QVCO±X 4 5 
 P  

 

à F ÊX 4 5 
 P ��� } ~ Qv = Iv ±² �� A � V � 

2

( / 2)( )
( )

( ) 1 (1/ / 2)
CI

I
Q S

j L Gv
H

v LC j L R G
ωω

ω
ω ω ω

−
= =

− + −
              (2-6) 

� � 

     2

( ) ( / 2)
( )

( ) 1 (1/ / 2)
Q C

Q
I S

v j L G
H

v LC j L R G

ω ω
ω

ω ω ω
= =

− + −
              (2-7) 

ª �¯ 
 I/Q �	
 /² � ¤ F � Z X Ã � � Ò cÂ Ê S-QVCO	
 B�� � � � Q )

R S X »� 
2 2 2

2 2

( / 4)
( ) ( ) 1

(1 (1/ / 2))
C

I Q
S

L G
H H

LC j L R G
ω

ω ω
ω ω

⋅ = =
− + −

           (2-8) 

�Ð � 2-8� ( ) ( )I QH Hω ω⋅ � X � · Z � � 3 ¸ ��È
2

SG
R
= c�ª � § � 2-6��
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2-7w� ( )IH ω � ( )QH ω � X � h 3]V �Æ Ç ( )Iv ω z ( )Qv ω ±² �� � � 3± 90 �̊,

� ¨ 	
 /² x h 90 �̊� � A �º� S-QVCO � ¨ ( ) �� � 	* � Ò � 2 r s� N

9 � Y Z �( ) �\c 

    

 

� 2.17 �m � ,F ± QVCO N L M  

 

ë 0 £ ¹ �� n �g LC	
 /� N �³ � NMOS { Kz LC õ 	ö £ h �÷

� s PMOS { K h X cG H� LC õ 	ö d ® X H % F Z 9 �g � PMOS�NMOS 

{ K�i � � bc ø  ¡ � º  N �¤Ð � Ò �@ tßz { K» ¼ �´ µ ®�Ê 9 �

P � M � � � ø  ¡ He f NMOS P ±�6�,È �( ) 	* z� 7 ò ó d M � 2 .

� ½ ',F : n ¤¥ �g �o ��¾ �� ,( ) � rising� falling�Õ 5 ¤¥ �æ ºã

ä ( ) Y Z [ \�	* �� � d �X Ó 5 c � f o 0 � 7 �ë ì P-QVCOz S-QVCO

�l m ��g  { K � á ¿ �o �z	
 /� { Kv � �� 2 Ð ÷¿ �o ��r sQ

� 7 ò ó zQ � � � �� � ßcÖ Ê�� g 9 � P � M zá ¿ o �� � ß��m � �%

F �Y Z �g LC	
 /�3� 2.17 �� �L M [32]�� � Y Z �\�� ¬ z S-QVCO

+ ¿ � Ò 'ª ��g  { K ^ z LC õ 	ö v � ��� J � 	
 /�" 7 �8 9 : c 
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2.2.2 ������� 

 

F F Ð �m � �   � � � ���� 	
 �  N �3� 2.17 �� ±Y Z �g LC	


/��g  { K � á ¿ o � v � �÷ 2 � P/N¤¥ �g o �� � bc ø  ¡ ��8 Q �

� � ��Q � 7 ò ó �� �c� N g Ð CIC T18-95D®4 �hF F Ð �   ± 2.4GHz

m " � � � ë �
 � nÀ î �]1�
 � d Á } �Ö Á p Â � Ü �� �  ¢ � � Ã �

 { K» ¼ � � Ã c 

1.  Ü � Ã o 0 �° k à F " Ä B�� B-11 Å Æ �G Á }  { K� u �  ¢ ��

� � " 7 3 2.442GHzB� TotalL C⋅ Ç 1 È 3 4.252(nHÉpF)c�� B-12�B-13 È É �3

I ( 6 E Q � � � �� I ( } ò Ê �V � J #  Ü ½ zE Q  ¢ ½ �ï �Ð  Ü �.

� 0 1 � + � � \  Ü ½ Ë Ë V � Ì Ú { | 0 1 �Á } c� TSMC 0.18um > ? ���

� Ý � � ¨ À V i 8 ¾  Ü �½ �X H H� Ü å < (W=6um�9um�15um�30um)��

Í Î V (N=0.5�0.75�…�5.25�5.5)�$ Î � O (R=30um~125um)� W ¨ À V ½ Ï + »

 Ü ½ Ï + 'vw��( Ð � �{ | 0 1 $ � � Ã W=6um�N=5.5�R=30um�ÊB 

Ü ½ È 3 3.82nHc 

2. � �  ¢ � Ã o 0 �f T � F Ñ � �  ¢ �n Ò �­ " Ä C � ì �s� 4 ¥K

 ¢ �Ó X P MOS� �  ¢ �U � P MOS� �  ¢ �� Ô 1 P MOS� �  ¢ 'º�

TSMC 0.18um > ? ��JD �� �  ¢ 3 Q ½ 2 # � ¢ 9 : 2 / � Ô 1 P MOS� �

 ¢ (�À Á � C.4)c� � Ã  Ü ½ 3 3.82nHw�� � " 7 3 2.442GHz®� Õ  ¢ ½

Å Æ È V � 1.1pF�� � \ 1/2 6� �  ¢ ½ È 3 1pF'�Ð 	
 / Ö 1Ð 1.8V « 1 

t�vw � \ �� �  ¢ ½ �� Vtune3 0.9VB È 3 2pF�º ¢ �8 9 : � 0.9pF=

2.7pF±² c 

� 2.183�� \ � �  ¢ ±�8 9 : 
 � �ª �MOS� Gate�� Ð LC õ 	ö �

��Drain (Source)�»F 1u U �'�Ð ¤¥ 9 � P � M 	
 /± LC õ 	ö �� È 3

1/2 VDD�� � Ê�3 
 � Gate� t3 0.9VB± ¢ 9 : c�]f 	
  N ���
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Ð × s { K� u �  ¢ �> ? �; < b� Ø �	
 " 7 ¼ z� k Ù Å ½ s Ú � � j �

�� à F u U  t Û 8 � �  ¢ ½ ��8 � � ±« 1� � " 7 c 

 

 

� 2.18 Ô 1 P � �  ¢ 8 ¾ 9 : (@Vg=0.9V) 

 

3.  { K» ¼ � Ã � � 2.17��NMOS nswM = PMOS pswM X H L 3f £ Z Ü �

g ¤�� �HJD 	
  N � V ±ø  ¡ � ç d Ü  ¢ õ 	ö � ¡ 5 ò ó �º3I

, N r s¤¥ 5 ��� 
 � PMOS�+ � 3 NMOS� 3 6�5 NMOSz PMOS��

~ + ¿ � b'Ò Ý � ��g  { K pcpM ±+ � Æ 3 ncpM ± 3 6c 

�
 �  { K» ¼ ë �° k Þ t  N � Õ @ t Y�Ö 3 Y + � ¼ µ ¶ 	
 /�

( ) 	* �ñ ¼ µ ¶ � � � �'- � �@ t Y ¼ ,È ( ) 	* � �ºË p JD - " /

� 6 ��� � ( } �Ò Bñ ¼ ,� � � � � � c� 2.193 
 � � N @ t Y + � ¤(

)  t	* � µ ¶ �Â  Y � B�	
 /( ) 	* ã ä } + È = Y ã ä } h Y � �Ê

´ ² 3 Current(I)-limited Ö 1'ï HÂ  Yß à á + �( ) �	* ¼ â â ã 8 D F  t

� � U (1.8V)�º ß à ä Ð ³ =�Ê ´ ² »3 Voltage(V)-limited Ö 1cÖ Ê�� å æ È

8 2 + � t	* z2 Q �� � � ��ç ^ å æ è é � N ( ) � 7 �´ µ ®�v � � Ã

 Y�+ � � Ð V-limited= I-limited±Z ê � ���� � � Ã 6.6mAc 
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���

���

� � �

� � �

� � �

� ��

� � �

� 	 
 � � � � � � 	 � 
 � �

���(mA)

�
�

�
�

(V
)

 

� 2.19 @ t   Y + � ¤ ( )	*� µ ¶  

 

� ® i Á } � � Ò Õ @ t   Y ® �� g   { K ( ncpM � pcpM )zZ 9 � g ¤   { K

( nswM � pswM )±²� » ¼ � ½ �=� � � �� a ë '� Ê t ì /ncp nswK W W= �÷ 2   {

K å < � Ò c� 2.20 3 
 � �   N Ð Õ   Y � 6.6mA � ´ x �� � � )Â K ½ Ï # B

� � � �� �^ Ï ��� � 
 � d G V � E Q � � � �� ½ �� � �í # K ½ q î c^

-   { K » ¼ � Ý � �� Ð u �   ¢ ½ � ^Ò �Ç , � � Ò � @ t   Y ® 	
 " 7 C ¼

! ± � � '3I , 	
 / � � � " 7 (2.442GHz) ( 6 Î ¸ � " 7 � 8 9 : ±4 5 ´ �

²�v w � Ã I K=4�" 7 � 8 9 : � 2.1GHz~2.8GHz� 
 �� � Ð� 2.21c 

 

����

���� � �

����

����� �

����

���	� �

���	

����� �

� �� � 
 
� � � �� � � �� � 	 	� � �

K

Ph
as
e N

ois
e

[d
Bc

/H
z (

3M
Hz

 of
fse

t)]

 

� 2.20   { K » ¼ � ½ z� � � �� a ë  

V-limited 

I-limited 
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�

�� �

�� �

�� �

�� �

�� �

�� �

�� �

�� 	

�� 


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

�����(V)

�
�

�
�

�
(G

H
z)

 
� 2.21 	
 / � 8 " 7 9 :  

 

    7 � ë ì � l m �� � � F F � YZ � g LC 	
 / (� 2.17)�L + , ½ � Ð� 2.2

�c� 2.22(a)�(b) X H 3	
 / � � � � B ï . P �( )" � �� Ð� � � Ã   Y @ t

Ð I-limited ± ð ê �( ). P 3¬ ' 
 . �	*Æ ^¼ ñ � º, � 7 � � } � - " / �

÷ 2 � � � � ( 6 � 8 1.3 � � � 9 � � � cÊ ô �� 2.23 3	
 / � � � � � 
 ��

º� 2.3 » � � )� L n > ? é A �; < Ý � � ´ µ ® �� � � � ò ( � � � 1.3 � �

� � 9 � � � cv w�� 	
 / � � s � � � � Ð� 2.4c 

 

� 2.2  LC 	
 / + , ½ � � 

nswM  W=16.5um , L=0.18um 

ncpM  W=66um , L=0.18um 

pswM  W=49.5um , L=0.18um 

pcpM  W=198um , L=0.18um 

L 3.821nH 

1varC � 2varC  0.9pF ~ 2.7pF 
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(a) 

 

(b) 

� 2.22 	
 /  (a)YZ �\ ( ). P  (b) " �  

 

 

� 2.23 	
 / � � � � 
 � 
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� 2.3  	
 / � � � � ! > ? �; < � Ø ½  

 0���� 16.85���� 100���� 

TT -126.85 -126.8 -125.5 

FF -128.158 -128.1 -127.511 

SS -125.968 -125.613 -128.5 

�� 

� 2.4  YZ � g LC 	
 / � � � � 

Central Frequency 2.442GHz 

Supply Voltage 1.8V 

Power Consumption 11.358mW 

Tuning Range 2.1GHz~2.8GHz 

Phase Noise -126.8dBc/Hz @ 3.126MHz offset 

Output Amplitude 1.36 Vp-p 

 

� Ð  N × Ø (layout) ¼ µ ¶ YZ � � � X Ó < �� × Ø B� � Á } 8 � ® � ß�1.

  { K =� �   ¢ � � û ó � © �� ô õ ^Ù Ú � ´ µ '2. × Ø B� ö } ¤ ¥ �, u �

  ¢ 2 Ù Ú '3.   Ü ²� � s � Â � j k �ô õ 9 Ü � � � c� 2.24 3	
 / � × Ø �c 

 

 
� 2.24 	
 / × Ø � 
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2.2.3 �������� 

 

� � � � � � 3~ � 2.2.2 � 
 � ± QVCO � YZ �\ � � � � cf T º B YZ �

\ � X Ó 5 �p q 	*�� � � � �� � 7 � HSPICE 
 �B ï . P i È 8 '¹ º ] f

} ~ d à F � . / i ÷ ø YZ ( ). P B�Û � � � � � � ÷^¢ ù ú û c� ÐB ï .

P } ~ o p J � È 8 � � � � �Ý F " ï X _ ÷à F " � X _ ü } ~ � � � � H � 2 �

� 1 p 'Ê ô �� " � d ñ � � à F ( )�\ � � 7 i È 8 	* � � c 

 

 

� 2.25 YZ �\ " ï X _ L M  

 

" ï X _ � � � � � o � �� � à F � 2.25 � ý e L M ] ^ [36]cþ } ~ ±YZ (

)�\ X H ( § - " / � RF ��º- " / LO ��\ ñ 9 3YZ �Õ H � � > � H �

� Ð� Ê F F ± LO 	
 �� � � Â � � X Ó � YZ �\ � � � 
 � ª " 7 ^� ñ # c

¹ w � - " / ± ( )� \ à F ä p / � ä w� v � � Å " � X _ ü � È 8 ª

Upper-sideband � Lower-sideband � � 7 � ½ ( � " Ä D)� 

2

2

2 cos 1
( ) ( ) 20 ( )

2 cos 1
Env

Env

LSB G G
SBR dBc dBc log

USB G G
θ
θ

− +
= =

+ +
           (2-9) 

ª �G 3	* � � � ½ �θ 3� � � � c 
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v wÈ 8 � � � � ½ � 

2 210 10
1

10

1 10 10
cos

2 10 2

SBR SBR

SBR

G G

G G
θ −

 − − + =   + 
                    (2-10) 

 

� ® i F ADS ] f ~ � ë � � 
 � QVCO�
 � ª SBR z� � � � � a ë �~ �

L M ­ � 2.25 � � � þ ~ ± I/Q [ \ " 7 3 QVCO � ª � 9 3YZ � � � � ��" 7

3 2.45GHz�º LO 3¬ ' YZ �\ 2 " 7 3 500MHzc� 2.26 3 
 � � � ��� � �

) USB � LSB # )È 29.1dBm�Æ Ç SBR=29.1dBcc� q � G=1�SBR=9.1 � § � 2-10

} Æ �� � } Æ )� � � � 3� 

29.1 29.1
2 210 10

1
29.1
10

1 10 1 10 1
cos 4

2 1 10 2 1
θ −

 − − ⋅ + = =  ⋅ ⋅ + ⋅ 
                   

¹ ºG à F HSPICE O ~ QVCO ( ). P } Æ )� � � � � � È 1 < ª « �� à F ADS


 �� 2.25 � � � È ± 4 < i � � � � �� Ö )� Ðà F ADS 
 �B ã 8   � � � �

� U � � � X _ � B²�| HSPICE i�, È ~ È ±� � � � ¼ 	 + c 

 

 

� 2.26 
 � QVCO ±YZ � � � � (SBR=29.1dBc) 
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2.2.4 	 
 � � 
 �  

 

� � � � 3 O l 
   Y�(Tail current source) ¤ 	
 / � µ ¶ c� Ð	
 / � � � �

�+ Z X i � 
   Y� � ® ¯ �s f n � p 3�G w � 	
 / �� 
   Y��� � s c

E Q � � � �c ÷ ø f ¨ w � 
   Y�� 	
 / ( ­ � 2.30)��   { K » ¼ � s Ý � �

ë J ® �  { K � s c   t ( GS THV V− ) ¼ û + � � h 2 + � @ t   Y�º� � ( )  t

	*û + z� � � �E Q � ^ ² 'ï ­ ��   { K » ¼ $ � �� @ t   Y E Q Å z 
  

Y� � � B� Ò � ë J ® Ñ � 2 �� Ð » ¼ � $ � ºã ä I   { K � 
 � � ��U ºã

ä I 	
 / � � � � ��÷ � s Ö 3 w � 
   Y�º � h E Q � � � �� c �c 

    � 2.5 H ¤ � 2.17 � 	
 / ä d NMOS 
   Y�w� 
 � 
   Y�  { K » ¼ �

� Ø z( )	*� 	
 " 7 ¤ D F   t Û Ü < ��� � � �� µ ¶ c� 
 �(1)~(10)B�

	
 / � » ¼ ò z� 2.2 � � � Ò � 
   Y�� f ¨ NMOS   { K M h �ª � < ò 3

0.18um�� � �� ª å < � � Ø i Ý �   Y � + � c� ® i k ¤ � 2.5 � 
 � � Õ 5 Ñ

l ÷ ø �÷J )^Ò � ÷ ß� 

1. �(1)~(9) � � ÷ ø 8 Â 
   Y» ¼ ã ä �Õ @ t   Y � d � ¼ í + ( )�   t 	

*�: Ý � Õ 5 zë � �� 2.19 � Ò �º( )	*� J � ñ v G E Q I 	
 / � � � �

�'Ê ô � 	
 " 7 ¤   t Û Ü < d �� � � 2.5 � 
 � � � l ^ 8 Â @ t   Y d � B�

	
 " 7 2 ^ ù ! q   t é A º � � c� � 2 # � @ t   Y � � E Q Û Ü < , 	
 " 7

2 ­ t �÷ 2 � � J # � � � �� 5 ( c 

2. 
 �(10) � 
   Y�  { K w � �	
 / � � » ¼ C Î ¸ z� 2.2 � Ò �i z 


�(1)~(9) Ñ � 2 c° k � @ t   Y � Z X �z� � ë ì $ ¢ � g � �� w � 
   Yw,

È   { K ± GS THV V− d � �ºÈ 8 �(1)~(9)M# � @ t   Yz( )  t 	*�ñ , È Û

Ü < z� � � �� Õ 5 ò �(1)~(9)Bi � �c  

3. � ¤ Ð 
 �(10) ³ � 
   Y� w � º· ¸ ª N   { K » ¼ ^ � � 
 �(11) � I w

� 
   Y��÷� K � ½ ^ � ® ( Î ¸ 4� ¡ � 2.2.1 � $ ¢ ) � ª N   { K » ¼ Ñ 8 ¾  
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�, @ t   Yz 
 �(9)B� Ò c� 
 �(11)z
 �(9) Ñ � 2 �� � l ^ Â 
   Y� w �

ï @ t   Y � Ò � ë J ® �Û Ü < z� � � �� Õ 5 M� � I c 

 

� 2.5  
   Y� » ¼ ¤ Û Ü < �� � � � µ ¶  


   Y� 
  { K å <  

Õ   Y

(mA) 

( )	*

(Vp-p) 

Frequency 
Sensitivity 
(GHz/V) 

Phase Noise 
(dBc/Hz 

@3.162MHz offset) 

(1)    1.5×4 1.87 0.5065 0.9444 -114.371 

(2)    1.5×5 2.26 0.6167 0.90556 -117.82 

(3)    1.5×6 2.62 0.7175 0.7972 -119.25 

(4)    1.5×7 2.93 0.7934 0.7667 -122.085 

(5)    1.5×8 3.22 0.8622 0.70556 -123.43 

(6)    1.5×9 3.47 0.9131 0.65833 -124.396 

(7)    1.5×10 4.28 0.9651 0.4778 -125.217 

(8)    1.5×20 4.93 1.169 0.375 -126.1 

(9)    1.5×40 5.69 1.2644 0.31944 -126.7 

(10) A � 
   Y� 6.6 1.36 0.2889 -126.8 

(11) A � 
   Y�

÷8 ¾ ª N  

{ K » ¼  
5.69 1.2425 0.3667 -125.943 

 

� g ë ì 3 � ÷ ø �� � � 
   Y�¤ ÐÛ Ü < z� � � �� µ ¶ �X H J )� ®

� � p � 

1. Û Ü < o 0 �� Ë � � p M H � 3Â 
   Y� � � B�D F   t � Ý � 2 ^ ù ,

	
 " 7 é A c� � 2 
 �(9)=(11)B�� Ó � g f T � � p �Û Ü < ! q 
   Y � w

� ºd � 'ï G H � 2 
 �(9)z(10)�Û Ü < ð H ! 
   Yw � º® E c� h � � � ¹



� � � � �  

 41 

^Ò � �� a b �� � Ð@ t   Y � ^Ò �f T � É � � p � � F � w � 
   Y�� ë

w�@ t   Y Î ¸ � Ò � ë J ® 'G H K � w � 
   Y��  Y � ã ä U º, 	
 / 2

( ç è D F   t � � Ø �E Q I Û Ü < c 

2. � � � �o 0 �f T � � p H A � 
   Yw�� Ð w � I + Z X � � ��º, 	


 / � � � �E Q c� 
 �(1)~(9)z 
 �(10)Ñ � 2 �� Ó � w � 
   Y�wÈ 8 2 �

� � � � �'¹ ºG � 2 
 �(9)z(11)�� � � �ð ! 
   Yw � º � � c � � � � H

a b C H � Õ @ t   Y�G H K � � 
   Y� w � �� Ð  { K ± GS THV V− d � �@ t

  Y � ã ä � ¹ , È � � � �2 �'¹ ºG H � � Ò @ t   Y3ë J Ñ � 2 �� Ð  {

K » ¼ � ® E º � h 
 � � �� ã ä � � ¹ Ë p È 8 2 � � � � � �c 

 

 

2.3 ��������	��������	��������	��������	 (CIC T18-94E-64b) 

  

� j ë B � J �� � , F e f � 	
 / P H " 7 g h / �i 1 3� � � � � � 	


��ª � F F Ð� m � � � � �� QVCO�� 7 � 3 2.2 � � O l ª 
 � Y ? z 
 � �

�c3I � � 	
 � � � d � Ã ¾ 5 �� � $ ¢ � O l 7 � � � { | � � 
 � � � (CIC)

® 4 T18-94E � o ] 1 � 1.2GHz x � y N { |� p q ª   N 
 � z} ~ � �l m c 

 

2.3.1 
 � � � � � � ����

 

x�yN�	
/3���÷ p q I ��"7 � ~ /(Phase frequency detector)� 

  ! (Charge pump)��"/�yN� . /'	
/�() K � 7 ��"/� 64 6 "�

G À Á � \ � ±"7 � 3 18.75MHz�» m "� \ �� x� 1200MHz�� � L M ­� 2.27

� � cª �	
/ N3 � â � � 	
/�ª  N� ¬ � 
 � Õ 5 � � 2.1.3 � � ¡ ¢

£ ¹ - �� 2.63ª z�a� ¯ ± � 2 ��� $ ¢ � X H £ ¹ ª N � "  Nc 
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� 2.27 x�yNL M � 

 

� 2.6  Ring VCO Õ 5 � 2  

Specification [45] [46] [47] Proposed VCO 

Operation range 

(GHz) 
0.3-2.1 0.97-1.65 0.2-2.1 0.44-2.8 

Gain (MHz/V) 1500 348 1000 2360 

Power consumption 

(mW) 
16.6 15.5 7.01 2.7 

Transfer curve 

Linearity 
Good Regular Good Good 

Swing (V) 0.9-2.4 3.3 0.75 1.5 

Number of 

transistors 
41 32 22 12 

Maximum operation 

frequency 

3GHz  
when N=3 

3.5GHz 
when N=3 

2.9GHz 
when N=2 

3GHz 
when N=2 

 

A. ��"7 � ~ /(PFD) 

 

� 2.28(a)3v � � � PFD L M � > ��� � ¨ ð # $ l 2 � % ó D P Y U /(D 

Flip-flop)�f ¨ AND& � £ h �ª (§ z() ' � �a ë ­� 2.28(b) � � �ÖÊ ( ~

In Chip 
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9 : ) * +2π~ -2π�º� �Ò B ( ~ "7 z��c+ � d, F f T , - &i ] ^ � 2.28(a)

� PFD N�� � ~ ��ds . ´ (dead zone)�í î �Â � (§ ��� � � ©B�z�

\ � $ l wË � 6 d � B² � ®E c� o ®4 � PFD­� 2.29[37] � � ��Ý Þ w±

TSPC Y # $ l D flip-flopi \ � + � , - &�, ���"7 � ~ 9 : 2 ^ ã � U '÷

23I # / 0 1 �, F pseudo-NOR& 1 3 % ó � U cÊ PFD N±� � � 7 ò ó Ö$

Z 0 a� I ºE Q�º / < Ö(§ Å() N 7 � $ i ºd � c 

 

1

1

A

B

D

D

CLK

CLK

Q

Q

QA

QB

Reset outV

R

R

 

QA= 1

QB= 0

QA= 0

QB= 0

QA= 0

QB= 1

State 1 State 2 State 3
AB

A B

B A

 

(a) (b) 

� 2.28 � � PFD  (a) L M � > � (b) Õ 5  

 

 
� 2.29 �� , F ± PFD L M  
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B.    ! (CP) 

 

� PFD � � � � UP�DN�UP-� DN- 1 ý 1 3 charge pump± ¬ ¦ [ \ �º� �

  Y 1 ý � 7 - yN� . /È 8 VCO�u U  t c + � �   2 �­� 2.30(a)�¼ 3

4 8 � (1)() �K � z ¬ ¦ 0 a v � �shcharge injectionní î c(2)Ö3Â 2 ¨ 0 a

M offB�M1�M2� drain� t X H 3 VDD= 0V�Âª �f ¨ 0 a on� 5 � Ð

Cp�  6 ¼ z CxP Cy X 7 �¼ � CP   Y � � glitch� ~ ¿��� � �ã ä c 

� 2.30(b)3� o ®4 �   ! [39]�° k � current source/sinkz ¬ ¦ 0 a� { K

9 ¦ � ó � 0 a^ K � z() � v � º � � charge injection í î '2�Ð M10�M13

^ z() v � �  Y glitch ^ �� � Ð M11=M12� source��Â glitch � � BM11

=M12 off�̂ ¼ µ ¶    ! �()   Y c� ô �Ê CP 8 ú ô ä § 2 ¨ 0 a(M14�M15)�

J D  �û  NO cM1-M3 � F 3� � À Á   Y �ª �M2� gate� t � � 9 : V

� i8 ¾ �Ý � À Á   Y ½ c
 � d� � > CP�  Y 
 � z PLL�x ; B² �yN"

å �yN� . /� ¢ +� 9 3�a�� 9 \ < w�Ê \ CP�  Y 3 6=>Ac 

 

 
 

(a) (b) 

� 2.30ÏCP L M  (a) + �  N (b)�� , F ± N 
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®�H PFD�CP= LF á � � 
 ��À Á [ \ 3 18.75MHz�� 2.31� 2.32 X H 3


 ��"/() [ \ � À Á [ \ ? / â �´ x ��dÅ® X H H REFclk�DIVclk�UP�

DN�Vcntl�� � ) ¾ K � 2  Nû /   � ( Y Ó c 

 

 

� 2.31ÏPFD,CP� LF±   ' � (Vcntld � ) 

 

 

� 2.32ÏPFD,CP� LF±û   ' � (Vcntl®E ) 
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C. �"/ 

 

� o ®4 ±x�yN F F Ð e "� i j k @ ó �3I È 8 1.2GHz�() ��Ê


� � 64 N�À Á [ \ � V � A 18.75MHzcx�yN
 � B J ±f �Ð �"/ N�

Ö3 VCO�() H ¾ K  Nv # "�ZX �7 �"wz PFD 1 �� � ~ ��Ð , F C

� , - � 
 � ��"/ª , - &� D E , ±Ë p � F Ð # "7 �ÖÊ3I ( 6 � 8 ? /

�"�� ���� % F � � , - (Dynamic Logic)i
 � Ù �/�"7 k E 8 2 Q"w�

8 F � ? � �"/ � Ã � � ��V� h �"� 1 c 

 

 

� 2.33 TSPC� 2 N 

 

ÖÊ�� �"/ % F � 2.33 � � ± True-Single-Phase-Clock (TSPC) L M [41]�à F

D Flip-Flop± DzQ�� M h r s� 2 � ( �� 6 ¨  Ná � �f | �Ç x h � 64 

Nc(§ [ \ �Ð F © power rail±��H 3I E Q internal node  ¢ 'º { K V }

� I �� �+* E Q$ Zv � � � � � u �  ¢ �,  { K �W/L ½ � � � � cÖ

3Q�(§ � ¢ �TSPC divider � �� VCO() �K � } � �̂ V � ú ô ä § buffer�

+* �  I � 7 � � ó ��{ | � 0 1 c� 2.343�"/� 64± 
 �B G ��Õ H �

> Ê3 
 � ¾ ¨ PLLHyN { 3�do 3 VCO 7 ü ý â w� 1.2GHz	
() � \ �



� � � � �  

 47 

º®o 3�"/�() Æ Ç PFD�(§ ��� � � ) ª  N�" � ( Y Ó c
 � dÕ

H � � > �H �� 64 N÷ � � « 1 � 1.2GHz ��� � �	
/�"7 � 8 9 : $ ò

� Y Ó « 1 �Êô � 
 �B� �� 64 N¾ K f | 
 ��G ³ 
 � e â � 2 N�s

� ( �á � 6 â w Ê w « 1 X Ó 5 � : � � ñ � H 
 � dv r I J �� o c 

 

 

� 2.34 � 64 NB G � (d�PLL() 1.2GHz � \ �®��"/() ) 

 

D. yN� . /(LF) 

 

�x�yN % F � K � . /­� 2.35[42]�L �ä § f £ 3R � 3C � � � � ¥ ß�æ

f M � �� 4 K Q ; � . /��Ö PFD/CP± � ¬ ' c F (­ CP   Y ^ Ù Ú ) � h ��

" N �À Á O . (Reference spur)c
 � LF + , ½ ±ë �� � k Þ t x�yN�
 � À

V�p q�"/�V�   !   Y ½ �yN"å ��� P � ð � �� 2.73 7 � Trade off

wx�yN�À V 
 � �ª � VCO ã D 3�u U  t Ð 0.9V�} ~ � � ( � � 2.40)�

È 2029MHz ª « 'º LF � � � 2.7 � �� 
 � ) + , ½ Ð � 2.8��Ê÷^ ¡ ¢ } ~ c

v w��yN� . /3ô Q �� ��Ð � L �8 ¾ ô � �� � + , �� 8 ^ Ò � � � �

�c 
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R3R2

C2

C1 C3

CPout
cntlV

 

� 2.35 � K Q ; � . / 

 

� 2.7 x�yN
 � À V 

Reference Frequency 18.75MHz 

VCO Gain (measured) 2092MHz/V 

Divider Ratio 64 

CP Current 0.064mA 

Loop Bandwidth 1.5MHz 

Phase Margin 60 

Added Attenuation 20dB 

 

� 2.8   � K LF + , ½ � � 

1C  12pF 

2R  2.2kR 

2C  330pF 

3R  22kR 

3C  1.2pF 
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E. x�yNHyN 
 � 

 

æ { x�yN � � X _ ë ��Ð  { K S 0 � N 
 � V � ó é +} �B² �3I

s c �à F B² h ��° k � � k ¤ { 3 
 � (Behavior model) 1 ý e �4 5 
 ��Ó �

« 1 Y Ó w T à F HSPICE� ADS � U � � HyN 
 �' � � { 3 
 � �Ó � � �À

Á � ] V W X � l ��m � [43]�à F Matlab $ Y � Simulink L M x�yN4 5 � � c

� 2.3634 5 x�yN 
 P x t ´ µ �È� 5>sec wx t Å 1.2GHzc 

 

 

� 2.36 x�yN� 5>sec wx t 8 1.2GHz 

 

� ®iH ¾ ¨ x�yN× Ø(Layout) à F Laker Ñ Post-simulationw�, F HSPICE 


 ��� � c� 2.37(a)3 Vcntl� t x t ´ x �È� 7>sec wx t 8 0.942V ª « �

�Ð H ] f  { K S â �ÖÊ � | � 2.36�4 5 
 P x t B² � 'x t w� Z [ (ripple)

� Ð � 2.37(b)�	* È3 0.35mVc� 2.38»3x�yN() � \ Ñ FFT 0 Æ w�" � �

�d 
 � � � � TT, FF, SS�´ µ ®�M � � 	
"7 � 1.2 GHzcÙ � � �� Ð � 2.9

z} ~ � � f | � 2 c 
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(a) 

 

(b) 

� 2.37Ï(a)Vcntlx t ´ x  (b)x t w� Z [  

 

 

� 2.38 x�yN() " �  
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2.3.2 �����������

 

�{ | ë 7 � � � { | � � 
 � ��(CIC)± T18-94E � o ®4 �� 2.393{ | ×

Ø \ 0 �z ] { ���Ð yN� . /ô � � ] V d� � k à F ^ 4 �{ | v � 8 PCB

_ w� 8 æ {  N} ~ �� 1 c} ~ x�yNë �� � k } ~ VCO �ã D vcoK � 8 i

Þ t yN� . /�½ ��Ó · yN� ­ t c 

 

 

(a) 

 

(b) 

� 2.39 x�yN{ |  (a) × Ø� (b) ] { � 
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3I e ` } ~ 	
/�k ^ � yN� . /ºK � � DC t u U Vcntlß�÷ ø VCO

u U  t ½ zx�yN() "7 �a ë c� 2.403, F HP8596E } ~ 8 ª � � ¨ ()

" � 1202MHzz 2447MHz�ºª � � a { | } ~ 8 � vcoK b 4 � Ð � 2.41��z N

Post-simulation 
 � � � 1 � 2 c � � 2.41 � � ÷ ø 8 } ~ b 4 � ä ½ z # Q½ d�+

¿� � g 
 �� b 4 �³ H �4 5 ´ ² } ~ V ½ 2 Q� : H Ö3 { K �� PCB c d

� u � c F � � �"7 @ A �ä d VCO  { K �Êd Y � Ð 4 5 ´ � ¦ h ³ = ´ ��

� ´ � � h Ê�� vcoK 
 �B� � 2 3Û Ü c¹ ºx�yN F F �"7 1.2GHz C �Ð

VCO � 8 9 : 4 5 ´ $ �ÖÊ� �Ó � 	
/�"7 � F F d � � g � ( V � c 

 

 

(a) 

 

(b) 

� 2.40 () " � } ~ � (a)1.202GHz (b)2.447GHz 
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�

�� �

�

�� �

�

�� �

�

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

����(V)

�
�

�
�

(G
H

z)
�����

�����

� � 	 


 

� 2.41 	
/ vcoK b 4 ( 
 �z} ~ ) 

 

 

� 2.42Ïx�yN±} ~ � e  
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�Ó � Ñ3�� N� VCO F F "7 9 : Y Ó w� f g \ vcoK 2 34 5 � h f ´

d(Vcntl È 1.1V)i� Æ yN� . /� + , ½ �� � Ð � 2.8�c} ~ Bx�yN�À Á

� \ � H � ] V W �[ \ � � /(Tabor8020) J D ��Ð ª v # "7 3 20MHz�� F F "

7 3 1.2GHz �´ µ ®�
 � �"/�V3 64�Æ Ç À Á � \ "7 3 18.75MHz�(§

 t i ¤ i ½ 3 1.8Vc 

    ¹ º} ~ " � �� � x t �È 2.8GHz�Æ Ç u U  t x t �� © � D F  t

1.8V ��x�yN() "7 ÷ � ­ Ù @ � x t � 1.2GHzc3I O � ª � Ö��yN�

. / 8 o �x�yN�A �w�à F � . /(HP54600A) ÷ ø CP() . P z DC t X

��l ^ 8 CP() �� DC t ½ z � D F  t (j�Ê3 PFD�CP�Divider± VDD�

VCOz Output Buffer± VDDa � � )�Â� ©�G Û * 8 ¾ VDD» CP�() � t

Æ ! ±Ý � c�ë ì � � � � û t CP�û  NO ÷Ë k à « 1 �Æ Ç � 2.30(b)± 13M l

aH(DN3Low)'� q ÷ ø �2.29�PFD N�l ^ 8 DNl3Low�� Öi � Ð 2U (�

"/() � \ ) � sY � �B 1 � \ (§ �ÖÊ� �Ó � x�yNx t "7 � � �Ö Á

i � Ð �"/ � sY � 0 1 c O � �"/« 1 Ê � �Ö Á � ( s 4 �1. ! q > ? �@

��� k 
 � � VCO"7 9 : $ ò � Y � 0 1 ��"/�� ( � 7 Ë p m ã � # "/Q

" � ¥ ��(§ � \ c2. �Ð �"/�(§ � \ (VCO() )�	* G QÐ n ¨ ½  N�

Ë p 0 1 �­�1.2GHz B^ � � Ð 1V� u � z> ? @ A G , VCO () ��	* E <

^ � �Æ � ( H x�yN« 1 � � �Ö Á c� 2.433 X _ �"/� L (§ � \ "7 ® �

( Y � « 1 ± � V v � (§ [ \ 	* c 

���

���

���

�

���

���

���

��� ��	 ��� ��� ��
 ��� � ��� ���

������ (GHz)

�
�
�
�
�
�
�
�

 (V
p-

p)

 
� 2.43 �"/ L « 1 "7 � V v � 	*  

 



� � � � �  

 55 

� 2.9 � � 3 
 �=} ~ � � 2 c° k �� 2.41�} ~ � � i� Æ �� 1.2GHz "

© vcoK 3 2092MHz/V �� 
 �± 2360MHz/VQ�� Ö � Ð ë ì � � o cÊô �"7 �

1.2GHz "© � 7 � ó (q Buffer) } ~ � � � Ð 
 � � � ��� 2.44± VCO�"7 z(

) � 7 a ë �È 8 � 7 ±} ~ ½ z 
 � ½ � �^ +� ú û VCO ± � 7 � ó Æ z 
 � ½

�©�ÖÊ� Ö F H Output buffer � 7 � ó � 
 � � � � c 

 

���

���

���

���

���

���

��

�

� �� � � �� � � �� � �

���� (GHz)

�
�
�
�

 (d
B

m
)

����

� � �

 

� 2.44 	
/�"7 z() � 7 a ë  

 

� 2.9 
 �z} ~ � � � 2  

Specification Simulation Measurement 

Power Supply 1.8V 1.8V 

Tuning Range 440 MHz ~ 2800 MHz 490 MHz ~ 2600 MHz 

cntlV  Range 0.6v~1.6 V 0.6v~1.7 V 

vcoK @ near ~1.2GHz  2360 MHz/V 2092 MHz/V 

Power consumption   

@1.2GHz 

24mWpÊV � p q

Output buffer�VCO�
� � 3 4mWq 

18mWp p q VCO 
output bufferq 
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� � � �� � � �� � � �� � � � � 	� 	� 	� 	  
 

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

���! " # $ % �& �' ( ) * + , - � �  . / �0 1 2 3 4 5 67 8 �9 : % ;

< = % >7 8 �9 : % ? � � @ A B ��C 1 D E F �G 8 �H I J - K 1 L M N 2 :

�O P �Q �R S ! 7 & T �8 �U �V 3 W X Y Z D E [ \ ] & T 8 �J � �  ^ F

�O P _< = % � - 7 8 �9 : % ^ F �̀ 3 a b = c d e �f g �R S h i j k �l

I m[ X n L M �� � o p > 

& �' q r � �  . / �s t u v w x �� y z { | } �C �~ � � � � �� � �

�( � � 3.1)�� � � � � �� �  ��7 8 �9 : % ;< = % >� ^ [ ���� � � �

��! " # $ % �[ � & �� � � 7 8 �9 : % ;< = % �� ~ � �� � K � � = � @

�H I > 

 

� 3.1  LNA;Mixer � � � �� �  

 LNA Down-conversion Mixer 

Bandwidth RF62400 ~ 2483.5 MHz 
RF62400 ~ 2483.5 MHz 
LO62402 ~ 2485.5 MHz 

Gain 15 dB 5 dB 

Noise Figure 3 dB 15 dB 

IIP3 -5 dBm 5 dBm 
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3.1 ���������������� 

 

& � �' � � 	
0 � L M � � B �2 3 H I [12]68 �� � (Noise Figure);l I

m(Linearity)�� r � � �� � � � L M . ^ F J G H I �O P   m> 

 

3.1.1 ���� 

¡

�¢ £ � @ ��� ¤ ¥ �8 �£ (SNR) ? ¥ �¦ c ;8 �¦ c �£ § �¨ � @ ¥ �

o p k © �ª } _«�¬ = � @ � � B �­ ��r C 1 L M �® ¯ ��° �± ² ? L M

& T �8 �³ ´ ��8 �£ � 7 �� [ � ¤ 8 �� � ? �® / ;��/ �8 £ �£ § �

µ ? ¶ £ L M 8 �H I �ª } 6 

in

out

SNR
NF

SNR
=                              (3-1) 

�C 1 · 8 ��v ¸ L M ��r - �® ���;8 �¹ º » ¼ 9 : «½ in outSNR SNR= �

¾ ¿ NF=1À 0dB_«�C Á �N Â 8 �L M ��NF Ã : - 1> 

¡

Vin
Noiseless

CircuitI 2
n

V2
n

Z i n

Rs V R S
2

Vout

Av

 

Ä 3.1 � F � @ � NF � Å  

 

� Æ � � Å C 1 � F � @ �8 �� � �Ç Ä 3.1 � È �' C 1 É N 8 ��� @ » Ê

´ C 1 · 8 �� @ Ë B �® / 8 �6Ì Í 8 �� ! Î 2
nV � � Í 8 �� Ï Î 2

nI � SR ? �
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Î � Ð � 2
RSV ? � Ð �
� 8 �� in

in S

Z
Z R

α =
+

�« vA ? � ! D E >Ñ q � Å inSNR ;

outSNR 6 

2 2

2 2

in
in

RS

V
SNR

V

α

α
=                             (3-2) 

2 2

2 2 2

( )

( ) ( )
in v

out

RS n n S v

V A
SNR

V V I R A

α

α

⋅=  + + ⋅ 
                  (3-3) 

Ò � � 3-1 Ó Ô 8 �� � 6 

2 2 2

2

( ) ( )
1

4
RS n n S n n S

SRS

V V I R V I R
NF

kTRV

+ + +
= = +                (3-4) 

Õ [ Ö �8 �� � ¨ � Î � Ð �× � �Ø º r - �¬ = L M �: Ù � �� @ �Ú Ã � �

� 50Ω�� ® ���Ð Û �Õ [ Ü Ý Ø Þ � @ �£ ß 8 �� � ° �à á >â U �8 ��

� ¾ Õ ã ä ´ Æ å æ � 6 

22 2
,

2 2

4 ( ) 1
4 4

n outS n n S

S S

VkTR V I R A
NF

kTR A A kTR
+ +

= ⋅ =                (3-5) 

G � 2
,n outV ? ��/ ç 8 ��« vA Aα= >Ò � ��/ ç 8 �¦ c �[ � è �® ¯ ��/

�� ! D E ¿ Õ Ô ¯ � @ �8 �� � > 

Ä 3.2 ? 0 F Ì � �� @ �� é È �ê F �» Ê 8 �Î ��® /�Ð Û ;� ! D E �

L M �8 �� � Õ r ê F Ô 8 �� � ;D E � Å «Ô 6 

2, 1
1,

1Rout
tot RS

P

NF
NF NF

A

−
= +                        (3-6) 

G �

2

21
1

1 1

in S
P v

S in out

R R
A A

R R R
=

+

    ? Õ Ô ¦ c D E (Available power gain)>ë ì Ó N F � @ �

8 �� � �Õ ' � 3-6 � í ? 6 

( )
( )

, 12, 1
1,

1 1 1

11
1 ( 1) N Rout NRout

tot RS
P P P N

NFNF
NF NF

A A A
−

−

−−
= + − + + ⋅ ⋅ ⋅ +

⋅ ⋅ ⋅
           (3-7) 

è � 3-7�Õ [ î ï ¯ �ë 3 X n K 1 L M �8 �H I �ð . F �� @ ð 3 � 7 ñ T �
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8 �� D Ë D E �ò ó ô õ �? ö �� �  ��µ ? �C F � @ � LNA R S 3 N 7 8

�;Z D E �H I > 

 

stage 2In22

Vn
2

2

Zin2

Vout

Av2

stage 1In21

Vn
2

1

Zin1

Vin

Rs V R S
2

Av1

Zout1 Zout2

RL

 

Ä 3.2 0 F Ì � � @ � NF � Å  

 

3.1.2 ��� 

¡

J C 1 v ¸ �l I 9 : % «÷ ���;�® ��ø ù h i C 1 ú � £ § �¾ ¿ 9 :

% �D E ? � § _û «�� � B �¢ £ � ¬ = � @ : Ù ? ü l I �ý þ (Homonic)��


±½DE���®���D�«�����	�â ? DE! 
 (Gain Compression)�

�>C Á 
 � ­ � ��DE\ � 1dB°��®¥ � � , (� 1-dB ! 
 � )�µ ? ¶ £ L

M l I m�ª } > 

    � C 1 � ¼ l I m�� � ? Two Tones Test�­ 0 1 Ø Þ = c ��� � - C 1 ü l

I L M � ��� / ±� 
Q � ý þ U �� � � � (Intermodulation) ´ z �ë G � ®� � =

� � ± � á � � �¥ ��¹ r ò 0 1 �®= c ;� � � � = c ���: � Õ[ � � � L

M �l I m>� Æ � � ¼ C 1 � F � @ �l I m�Ñ q  � L M ? ! ü l I ��� ��

? �®��� " # × � �� $ ®0 1 = c � % �� = ¥ � 1 2( ) cos cosX t t tω ω= + �â °

�� ��? 6 

32
1 2 3( ) ( ) ( ) ( )Y X Xt t t X tα α α= + +                                          (3-8) 

3 3
1 3 1 2 3 1 2 2 1

9 3
4 4

( ) cos cos cos(2 ) cos(2 )A A t t A t tα α ω ω α ω ω ω ω      = + + + − + −  
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­ = c ? 1ω ( 2ω ); 1 22ω ω− ( 2 12ω ω− ) ´ z � # & s Þ ' 3
3 31 3

9
4IP IPA Aα α� °6 

3
3 31 3

3
4IP IPA Aα α=                           (3-9) 

ÕÔ â °�®¥ �# & ?  

3
1

3

4
3IPA α

α
=                             (3-10) 

â � � ¤ ? (�® " # ) � � (IIP3) * �̈ L M � � °�2 3 H I �� � £ ß l I m� +

,> 

Ä 3.3 ? 0 F ü l I � @ Ì � �ª - . . �� � ��®/ $ ®0 1 = c � % �� =

¥ ��Õ[ � Å � L M ;ê F � @ � IIP3 t / � ? 6 

2
1

2 2 2
3 3,1 3,2

1 1

IIP IIP IIPA A A

α
≈ +                         (3-11) 

ë ì Ó N F � @ � IIP3�Õ' � 3-11 � í ? 6 

2 2 2
1 1 1

2 2 2 2
3 3,1 3,2 3,3

1 1

IIP IIP IIP IIPA A A A

α α β
≈ + + + ⋅⋅⋅                   (3-12) 

è � 3-12 � Õ[ î ï ¯ �ë ê F � @ �DE 0 : - 1�ð ^ F � @ �l I m3 Ó ð Z �

² ? Q � C F U �ê F � @ J - IIP3� 1 2 �0 ² ? 3 Q [ . 3 � N F � �DE«N �

� 7 >ò ó ô õ � ? ö �� �  � �< = % �l I mB �3 Ó ±£ . F �7 8 �9 : %

s J � �Z > 

 

 

3.2 ������������������������� � 	 
 �� � 	 
 �� � 	 
 �� � 	 
 �  

 

�· l � �  � �r - 7 8 �9 : % ¨ 4 l � � ¯ 5 � ��� ^ � C 1 ' ��9 :

�� @ �½G �� � B é Ô s ­ t 6 >7 8 �9 : % R S X Y 7 Z �DE;7 �8 ��

½� �  L M �8 £ � 7 �  m\ ] ��7 8 9 ¦ c � 7 : ; � < 5 Æ W 7 h i 7 : �
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��_â U �r - . F ? 4 l À = þ % ��®Ð Û R S > ? ;. F @ A «N � : ¦ c d

e>² â �7 8 �9 : % �� � B �� � ? 67 Z �DE�7 7 �8 �� � �k �l I

m��® @ A � 7 8 9 ¦ c >& � ' � � � � � B C L M �7 8 �9 : % �� *+ � �

� 868MHz D � ISM = � �7 8 �9 : % E F ¼ G H I > 

 

3.2.1 ��� � � � �  

 


 � J ­ � K L ¨ � � 7 8 �9 : % �� C M �& � ' z { J N � Ø Þ �� @ O P

*�� 
 Q � J � - & + R � �  � K L >Ñ q � S T U K L Ç Ä 3.3 � È ��®/ ?

Î U ½Ô �®Ð Û V ?
1

m mbg g+
�� r � K � E � mg § W � X ½� @ Y ¯ Ð Û @ A ��

'J � - Z = _û «�â K L � [ � �- � E � mg · � � � � W Z �§ �� \ � @ �

8 �� � B N � 7 � Â ] >� ^ � _ � E � ` a b 8 �(Thermal noise)� c d Æ �8 �

� � � � § ? 6 

min 1NF γ= +                            (3-13) 

G � γ ? e   f � �J g ` a 4 5 «÷ 2 / 3γ = �ÕÔ 8 �� � � � § ? 2.2dB_ë � _

� ñ � Ï Î �h i Ð Û �8 ��À ¨ j ` a Ê � �O P ( 1γ = )�� @ �8 �� � � � §

k � : - 3dB> 

 

M1

Vb

Vin

Rs

IssRin

 

Ä 3.3 STUKL 
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� � * + N � S Î Ul 
 KL>� Ð I m / KL(Resistive Termination) Ç Ä 3.4 �

È�C 1 ;� Î � Ð ( SR ) s » � � Ð ( PR )�Í 9 n - � ® / �­ 9 : % o 3 j k � � ®

Ð Û @ A ° �Õ p � ò q � KL_û «�É b 8 � � � Ð 4 5 � ½ � �' ½ Ô � @ � 8

� � � X Z �� Z = ° ² o 3 � _ r � T F b 8 � �8 � � � ' � � W s >&� @ � 8

� � � Õ � È?6 

1 S

P

R
NF

R
= +                            (3-14) 

­ � ® Ð Û @ A ° ( P SR R= )�8 � � � ' k � : - 3dB_âU�� ® � � � � ® 9 : %

� . �± q � �Í � Ð ( PR ) � 
 ¦ c B � 8 9 �«³ ´ ¥ � t \ >² â�� Ð I m / K

LKLW � u p � > 

 

M1

R1

VDD

Vout

V in

Rs

Rp

 

Ä 3.4 � Ð I m / KL 

 

 

Ä 3.5 �Í �vw KL 
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Ä 3.5 ?�Í -�Í �vw (Shunt-Shunt Feedback)KL�Ò � h vw � �X Y 7 � ®

Ð Û �Ç � 3-15 �È��J � ® / � � Î � Ð O @ A 6 

( ) ( ) ( ) ( )
//

1 / // // //
S f f

in
m f S f L f m L f

R R R
Z

g R R R R R g R R
= ≈

+
          (3-15) 

r - Ò � � Ð µ Ð Û @ A �â� @ Õ � � - Z = � L M � >û «�â� � Ð I vw KL

N [ Æ N 1 [ � 6Ñ q �É b 8 � � � Ð 4 5 � ½ � �' ½ Ô � @ � 8 � � � X Z _v

w ¥ � � Õ W ± x y 8 � �8 � � � ¾ ' Ø z { ± W k _vw �9 : % � | } � Î � Ð

À ¨ h i Ð Û Æ �± N � @ Ø ~ � � c d > 

Ä 3.6 �È?� r � � æ (Inductive Degeneration) � S Î U 9 : % �â� @ � � ® Ð

Û ¹ � � ^ � . Ç Æ 6 

( )
, ,

1 m
in S g S

gs t gs t

g
Z s L L L

sC C
= + + +                    (3-16) 

G � gsC ? 1M � T�Î U� ç � � �« mg ? 1M � d � �?� X Y ;� Î � Ð SR @ A �

� Ð Û �� 3-16 � � � � R S ? � � ' � � ; SR s » 6 

( )
,

1
S g

gs t

L L
C

ω
ω

+ =                          (3-17) 

,

m
S S

gs t

g
R L

C
=                             (3-18) 

r � 3-17�3-18 Õ � �âKL � � � ?� � mg � ,gs tC �Î U Ì � � r SL �� [ � 
 �

Ð Û � O � ® @ A �«Ò � SL � gL � ,gs tC Õ - � � = c ° ' 9 : % � � ® � Ð Û � Q _

û «r - � � �� r � Ð Û B � � = H I �âKL � @ A � ^ J � - � = � @ >    

� r � � æ KL � : � + � ?ÉN s ­ + � � 8 � H I >;� Ð I m / ��Í vw

�KL s £ �Ø o ½ � É b 8 � � � Ð 4 5 ¿ Õ � 
 ;� Î � Ð s » � � Ð Û _s J -

STUKL � �Í S # æ � ® @ A �� r � � æ KL � @ A � @ B � Ì Í S # H I �É

N ß Z � Q §�Ç � 3-19�3-20 �È6 

,

1
1

2CS LNA
o gs t S

Q
C Rω

−
= >                       (3-19) 
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, 1
2

o gs t S
CG LNA

C R
Q

ω
−
= <                        (3-20) 

² âÉN ß 7 � 8 � � � >Ä 3.7 ?� r � � æ KL � � ¥ � 8 � z � �Ä� �  

2 4
SR

S

kT f
i

R
∆=  , 2

04d di kT g fγ= ∆  , 2 4g gi kT g fδ= ∆  

¹ � � ^ 8 � � � ?6 

( )2 2 2
, 2

2

1
1 1 1 2

5 5
S

n out o

TR

i
NF Q c

Qi

γ ω δα δα
α ω γ γ

  = = + + + +      
       (3-21) 

G �
,

1

o gs t S

Q
C Rω

= �
2 2

0.395g d

g d

i i
c j

i i
= = �α�γ �δ ?; � ! · t � f � �« oω ; Tω z

{? � µ = c �� , � Ï D E = c (Unity current-gain Frequency)> 

    r � 3-21�â� @ � 8 � ` 3 �ñ " 1 ² � 6channel noise�gate noise�correlated 

noise�D Ë � ® S # � @ � Q §Õ [ � 7 channel noise � 1 2 �� gate noise � ± D � >

² â � � C 1 � � � Q §½ 8 � � � � ¯ � 7 6 

2 2

5 5
1 2optQ c

γ γ
δ α δ α= + +                      (3-22) 

2

min

2
1

5
o

opt
T

NF Q
γ ω δα
α ω γ
 = +   

                    (3-23) 
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Ä 3.7 � r�� æ KL� � ¥ � z � � @  

 

� -7 8 � [ � � = � � � � ¼ �& + R � p � �7 8 � 9 : % ?Ä 3.8 � È � �

�(Cascode) � � r�� æ KL�� � - CIC T18-95B-84Æl � µ ( � � - 868 MHz�

�  �7 8 � 9 : % � �*E F �� � - CIC T18-95D-54Æl � µ �( � � - B C �

2.4GHz ¬ = ��  . /� �*E F �>;Ä 3.6� � & KL s Þ �& � @ ½� � r I �

�( 1M � SL � gL ) � 
 � Ð Û �Y ¯ Ð Û @ A �8 � @ A _ dL µ ? h i � X Y õ é ��

! D E (¿½ Q§� on-chip � r B Ø Z )�Ü Ý ­ ½� � Ð I h i °�?� Ô ¯ Z D E

«�� Ð 0 /� 
 º Ù � ! � � c d > 
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r-� S Î U �KL��� E � T F - � U � � 
 � � ( gdC ) X Y � �® ;�� � �

� �@ A �½Ô � @ � � d � � I (Inverse Isolation); ~ � I � 7 _s J �r- S T

U 9 : % � ¡ N ² gdC « l 
 � ¢ £ Ê� (Miller Effect)� � � I ; ~ � m 0 ß Z �� [

� � & � r�� æ KL B � �C ¤ S T U � E � ( 2M )> 2M � Ø 1 2 â � @ �D E ��

® Ð Û �̀ 3 Ò � � \ � ¢ £ Ê� «½� � = Z D Ë �X Z 9 : % l I m�[ �� 7 �

� d � � I �\ � r< = % � 
 �&  ¥ Ï � � > 

¡

3.2.2 ������� 

 

� � -& + R ��  ��7 8 � 9 : % � @ �?Ä 3.8 � È � � �� � r�� æ K
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 Q u ² ¦ - 3.2.1 � � � . >7 8 � 9 : % �� �B � ¼ �² � x y 68 � � � �
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�¦ c 8 9 >² â �� �� E � © ª . �R S q « � � @ �ç � ! � Ï �² ?� Ï : �
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Ä 3.9(a)�(b) z { ~ � & � @ � ! � Ï : � JD E [ �8 � � � �O P �­ � Ï �

°�9 : % D E �D Ë ¼ �8 � � � ! 7 ¼ : V 	 ¦ c 8 9 ¼ ´ � £ �� ¨ ­ � Ï � �

Ë : �9 : % �D E [ �8 � � � ± ¬ ¬ � % Â ] ¼ �� ^ ­ k � d >² â �� ® ¯ Ô

¯ ß : �D E ;ß 7 �8 � � � �° Ø ® ¯ ± ² Ù ³ ¦ c �� � Æ�� k 
 Q � Ï �:

� -Ä�l I ´ ; � 	 ´ µ ¶ ·��& R � 
 Q 4mA> 

9 : % � � ! ` 3 r� E � M1�M2 « � �«M2� Z m f � R 2 [*] Õ 
 � ?M1

�C ¸ ��â Ò � . ¹ R � « � � � ! � Ï �J ­  
 Q � E � M1� © ª >Ä 3.10(a)�

(b) z { ~ � �ú � � ! � Ï �M1 g m(0.18 mµ )�c d Æ�M1� Z mJD E �8 � �

� �O P �Õ [ Ö � ­ Z mD Ë °9 : % D E ± Æ� �«8 � � � � º Ô ã » _& R 


Q M1 Z m 200 mµ �Õ [ Ô ¯ Ø ¼ �D E ;8 � H I > � U 3 ½ ¾ �¨ �r-­ � E

� � ! - � 	 ´ ' ù ¿ l I ´ °�l I m( ¾ ¿ IIP3)�: � ;� E � � gs thV V− ´ � £ �

¾ À � ëD Ë gsV Õ ã » 7 8 � 9 : % �l I m>& + R � �7 8 � 9 : % Õ [ Á µ 0

1 � Ú � Â ��| } � 3-11 � È �ë3 h i L M j k �l I m�µ ?� � F Ã � @ � 2M

R S 3 N W k � 23IIP �² â � E � 2M � � ! 
 Q ! 3 Ä Õ W�Z �Å �â � �G T U

� ! � � Â �¯ Y � � ! DDV > 

 

��

��

��

��

��

��

��

��

�	

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

M1��(um)

G
ai

n 
(d

B
)

 

���

���

���

� ��

� ��

� ��

� ��

� ��

� ��

� ��

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

M1��(um)

N
F(

dB
)

 

(a) (b) 

Ä 3.10 � E � © ª J LNA�O P  (a) D E  (b) 8 � � �  
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    h i � r dL � Æ � Ð I � h i LR X Y � @ �D E �r- dL � � Ï Á ? j @ � Ç Ø

± ã � u q � � ! � �¾ Õ [ Ü Ý ­ Z D E °� h i � Ð LR 8 9 º Ù � ! � � c d _�

� �B Õ [ ] X Ò � ß : � dL §Ô ¯ ß Z �� @ D E �û «�� �°R S �D E ; E F

3 È � O � É >� ^ ��® @ A B �Õ [ Ò � 3-17�3-18 
 Q � � o � SL � gL � ,gs tC §�

ë� E � 1M � T �Î U � � 
 � � � - ,gs tC �Õ [ �G � � U Ë B ,gs extC ½ > ? @ A <

5>� ^ �� � Ð dR � �?D Ë � @ � ~ � I �� ü � [ X n � @ D E >¹ r. . ��

��& R � � � � � �� � r�� æ 7 8 � 9 : % (Ä 3.8)�ê 4 5§å -� 3.2�> 

 

 

� 3.2  7 8 � 9 : % 4 5§å � 

1M  W=200um , L=0.18um 

2M  W=100um , L=0.18um 

dR  2.84ÊË 

gL  8.26573nH 

SL  0.5nH (Bond-wire) 

dL  2.53684nH 

,gs extC  30.475fF 

 

Ä 3.11(a)�(b) z { ? LNA��® Ì v Í 9 (Input Return Loss)��® @ A � c d �

Õ [ Ö � ­ �® @ A � 50Ω°� 11S V �-30dB_Ä 3.12?D E � Î ¿ mP � Ä�D E

V � 15.5dB� Î ¿ m V ?-28dB_Ä 3.13 ~ � � @ 8 � � � �NF V ? 2.1dB_Ä 3.14

Ò � Two tones test G ¼ 9 : % �l I m�(a)?�® � Ï = � � �(b)?�� � � �Ô ¯

IIP3 V ?
( 19.436) ( 81.397)

( 35.186) 4.2055
2

dB
− − −

− − = − >â U �?� �9 : % � µ = c
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2.44GHz Ð % Ø Ñ 
 # $ � ~ � / �

2
11

*
22 11 12 21

1 S

S S S S
µ

−
=

− ∆ +
R S : - 1�Ä 3.15 ~ � é

È � µ = c Ð % 'Ø ± Ñ 
 # $ >� 3.3 å � & 7 8 � 9 : % �� N ÊW� � �Ã Ò Ó

� 3.1�� z �� � � � > 

 

 

¡
¡

(a) (b) 

Ä 3.11 7 8 � 9 : % ¡(a) 11S  (b)�® Ð Û  

¡

¡

 

Ä 3.12 7 8 � 9 : % D E ; Î ¿ m~ �  
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¡

Ä 3.13 7 8 � 9 : % 8 � � � ~ � ¡

¡

¡ ¡

(a) (b) 

Ä 3.14 7 8 � 9 : % Two tones test ~ � IIP3 (a)�® � �  (b)�� � �  

¡

¡

Ä 3.15 7 8 � 9 : % ~ � m~ � ¡
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� 3.3  2.4GHz LNA ~ � � � å � 

Frequency 2.44 GHz 

Supply Voltage 1.8 V 

Power Consumption 7.326 mW 

Gain 15.576 dB 

Noise Figure 2.101 dB 

IIP3 -4.2055 dBm 

S11 -30.576 dB 

S12 -28.168 dB 

Stability Factor 3.008 

 

3.2.3 ������� (CIC T18-95B-84) 

 

& E F / ¹ r Ô Õ E F L M � �� Ö (CIC)� T18-95B × Ø Æl �� @ KL(Ä 3.8)

;� �� � ; 3.2.2 � � . s Þ � Ù C Ø Þ ?â E F � � � D � ISM Band 868MHz ·�

² â & � � Ø Ú . G � �Ï   � � '~ � H I;¼ G H I � å -� 3.4>Ä 3.16? E F

Û Ü Ý 3 Ä; Þ E Ä�r-�® ;�� @ A � @ U ��� � B R S q Ò � $ l ' E F Â

�¯ PCB ß ^ � à � á � @ ¼ G � â µ > 

� � B q Ò � � @ z � ã (E5071B) ¼ G LNA � @ ` � S f � � s2p ä�à Ò � ADS

å � Ô ¯ � @ ��® ��� Ð Û �� � æ A @ A � @ �4 5§�'G ;` � @ Â H ^ �

á ¼ G â µ >Ä 3.17 ? � @ z � ã (HP8752C) ¼ G � S11 §��= c 868MHz °?

-17.25dB� ç è Y ¯ @ A µ � _Ä 3.18 ?½� 8 � � � ã (HP8970B) ¼ G �D E ;8 �

� � �- 880MHz � Ô �D E ? 7dB�8 � � � ? 4.61dB_Ä 3.19 ?'8 � � � ã ;

È þ % Â �^ �¼ G � Ô D E ;8 � � � é l Ä� ê = ë ì � 880± 300 MHz> 
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(a) 

 

(b) 

Ä 3.16 7 8 � 9 : % E F  (a) Û Ü Ä (b) Þ E Ä 

 

 

Ä 3.17¡7 8 � 9 : % � S11 
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Ä 3.18¡9 : % �D E ;8 � � � ¼ G §( í î Q @ A � @ ü v ¸ Ê� . ) 

 

 

 

Ä 3.19¡D E ;8 � � � �¼ G é l Ä 

 

Gain NF 
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Ä 3.20¡7 8 � 9 : % �¼ G ï ð  

 

 

 

Ä 3.21¡9 : % � ñ G E F ;�® ��� @ A � @  
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?� ò ó ç   ¼ G ¯ 9 : % ` � @ �ÊW�� � ½� 8 � � � ã (HP8970B)J-�

® @ A � @ ��� @ A � @ � á � ô �8 � � � ;D E ¼ G �Ô ¯ �® @ A � @ ¼ G H

I6D E ?-1.7dB�8 � � � ? 2.6dB_�� @ A � @ �D E ¼ G H I?-1.9dB>� ^ '

Ä 3.18�K 1 � @ ¼ G H I�î Q õ �® ;�� @ A � @ �Ê� ^ �Ô ¯ 7 8 � 9 : %

& T �¼ G H I6D E ? 10.6dB�8 � � � ? 2.01dB> 

� 3.4?& 9 : % E F ¼ G ;~ � H I�£ ß �Õ [ Ö � � @ � 8 9 � Ï ; z ö §

s ­ �«9 : % D E ;8 � � � �¼ G §Ã £ ~ � §÷s�� 
 ø s�` 3 u ² ?6r

-¨ Ò � PCB ù ¼ G � ú Ù FR4 ù�Cable l ; SMA� û Ã J� � ³ ´ t \ �½9 :

% D E �¼ G §� 7 � � �½Ô 8 � � � ¼ G §B n > 

 

� 3.4 ~ � ;¼ G H I £ ß  

Specification Simulation Measurement 

Frequency 868 MHz 868 MHz 

Supply Voltage 1.5 V 1.5 V 

Current Consumption 3.76 mA 3.85 mA 

Gain 15.145 dB 10.6 dB 

Noise Figure 1.565 dB 2.01 dB 

S11 -24.226 dB -17.247 dB 
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3.3 �������������������� 

 

< = % �· l ��  �a b � = c d e �f g �' RF ü�� ¯ � i þ � � �; LO

ür&   # $ Î � 
 � ý { I �� � � � á < þ �d e k Z = (up-conversion) À 7 =

(down-conversion)>Ç Þ 3.1 � �� X ¯ �< = % µ ?��  � LNA�^ F � @ �G l

I m�� � � �O P � K 1 L M �H I �² â R S h i k �l I m¨ < = % �� �B �

: �Â ] _«�l I m þ �� c d Æ�ß Z �D E ;ß 7 �8 � � � Õ [ ½L M K � 8

� ò N Ê� u � ] > 

< = % � � 0 ü� � Î ¿ m(isolation) ó ¨ 2 3 �>ë LO-RF ü� � Î ¿ mØ � �

LO � � ± � � ¥ Ï k 7 8 � 9 : % À ¨ 4 l . /�¹ º 9 : ^ ; LO � � � á ñ � <

þ «� 
 � Ï � � � � � _LO-IF ü� � Î ¿ m¨ s ­ 2 3 ��ë LO � � ¥ Ï k IF ü�

­ 0 y = c � % °' � [ � 7 # � = þ % � ] LO � � �«³ ´ �= ¥ � ��� � rm

� 7 _� ^ �ë RF-IF ü� Î ¿ mØ k � � ± � � �� = ��  �� 
 	 Ø ý þ : ;

(even-order distortion)� � � > 

    � 7 L M �¦ c Í 9 ¨ 7 � ! � ��t 6 �² â < = % �� �B �� � ?6�7 8

9 ¦ c � c d Æ�W 7 X Y j k �l I m; J ­ �d e D E �8 � � � �[ �0 ü� �

� Î ¿ m> 

 

3.3.1 � 	 
 ��� �  

 

< = % C Á Õ z ? u â � ;` â � 0 ¢ >u â � < = % É N ß Z �l I m; � � 


m�� ¨ Ø X Y D E _û «�̀ â � < = % Ø � W 7 X Y d e D E (Conversion gain)�0

ü� � �Z � � m�� ' ^ o ß � � LO ¦ c ¿Õ � e � t �² â � È � � @ �ß 
 u

½� >� � & �< = % KL Ç Ä 3.22 � È �?C 1 � t ( Õ [ ½� MOS � � � ) � � ´

�� � � @ � ý { I � LO � � " ] � t S1� $ ` À � @ ��� � IF � � Õ Á ? RF



����� �  

 77 

� � ;â ý { I � þ � � È �½= c º Ô d e >CMOS ` â � < = % � ��` 3 | } �

¨ r Gilbert- 1968 � � X � �� � � Ó sâ (Cross-coupled differential)KL�Ï Ý � <

= % ( ° � Gilbert Cell < = % ) � É Æ �I �Ç Ä 3.23 � È �¬ = ¥ � r 1M ; 2M � T U

/ � ® �0 � � � � Ó sâ J( 3 6M M− ) � µ ? � e � t > 

 

VLO RL

V R F V I F

S1

 

Ä 3.22 [� � � t � ��< = %  

 

VLO

RL
VI F

M3 M4

RL

VDD

M1
V R F

M2

M5 M6

 

Ä 3.23¡Gilbert cell < = %  

 

r- CMOS � E � � � 	 ´ °�� Ï6 2( )D GS TI K V V= − � s â � ® d � � E �

( 1 2M M− ) � � � � ! - � Ï��ü l I t / �Ç I LO � � W j k   � e � t �< = %

�l I m' ` 3 rd � F " ] _C Á «÷ � Ï Ý � < = % �d � F ² ?É N s â � ® �

l I m± £ ÷ ^	 
 �� Ý � < = % � >â U �r- LO � � ¹ r 3 4M M− � 5 6M M− 9
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: ^-� � / � �� s , �s Ë�^ � k ³ ´ C # LO � � s � � � �½ Ô LO-IF ü �

� Î ¿ m W k ��Ø ± N � �-� Ý � < = % � LO feedthrough � � > 

� Ï Ý � < = % �� � B �² ?É N � ! � � ÏÎ � s â � @ ± N Z # ü l I : ;

� � � �² â Õ [� r' Ä 3.23�� 1 2M M− �Î U / � � �   �Ø � X n l I m¾ ½

< = % ò J -7� ! � µ >� U C � 3 �­78 � 9: % � � ?� /� � °�R S � r

Balun ' � /� � d ´ Ï /� � W � ® É N s â � ® � Gilbert cell < = % _?� Ü Ý U

Ë Balun � 
 Ø R 3 �8 � �� � B Õ ' < = % G �C � ® /�� � � ¬ = � � �« �

C /�? AC �   > 

 

M1

VLO

VR F

VI FM2 M3

R1 R2

VDD

 

Ä 3.24¡� Ý � < = %  

 

    Ä 3.24?. R � � w � �� Ý � < = % �� É N C 1 � ® d � � E � 	 C J s â �

e � t F 6 1M � � 78 � 9: % �¬ = � ! � � ^��[ 1mg d � ?� Ï� � �« s â

J( 2 3M M− )�� LO � � � e >­� Ï� � Ï k 1R� 2R °�Õ Á ?� Ï� � (RF ´ z )

� B C 1 � þ � � (LO ´ z )^�d e ´ É N IF = c �� ! � � � � >r-� þ � � =

: � ?# & (peak-to-peak)�
2
π
�� Ý � < = % �� ! d e D E Õ �È ?6 

V 1

2
A IF

m L
RF

V
g R

V π
= = ⋅ ⋅                         (3-24) 
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; Gilbert cell < = % s £ �� Ý � < = % É N 78 � � � 	 7¦ c 8 9 � + � _û

«�r- LO � � ± ¹ r s â J9: ^ � � � �� IF/�­ LO; IF = c W � % °�

² ?· � Ò�7 # = þ % ' G = Q �«³ ´ �= ¥ � � � � � r m�7>C Á �� �  

L M �?� � « LO Feedthrough� � � �± ½ � Ï Ý � < = % �Ø º r-� Ý � < = %

^ o 8 9 Ï Ý � < = % C ¸ �¦ c �« ' ­ LO = c (2.442GHz) ù : - IF = c (2MHz)

°�LO ¥ � Õ [] X � r u â � RC7 ` = þ % = Q �² â �& + R �¬ = � �  .

/ K L �� � -. . � ¼ ½ �� Ý � < = % � @ > 

 

 

Ä 3.25¡& + R ½ �� PMOS � Ý � < = % (ADS ~ � K L ) 

 

C Á ?� �7 � � 8 � �O P �Õ [' < = % �� E � 3 È Ë: ��?� (� 3 È *

�� � �Ø ½ �. . � � «¨ p �8 � ß � � PMOS � � Æ D E ß : � 8 � ¾ ß : �

NMOS>Ä 3.25 � È � PMOS � Ý � K L ¨ � �-& + R � �  ��< = % � @ ��

- CIC T18-95D Æ l � µ �( � �- B C � 2.4GHz ¬ = � �  . /� � *E F �� �

� ��G �� ÐI �ÐÛ ¨ ?� D ËL M �l I m�� ^�< = % � � /?� ¼ G B �

o 3 �ËB Open-drain � E � µ ?� � � � [� â ¼ G ã % �� Ð> 
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3.3.2 ������� 

 

� �-& + R � �  ��< = % � @ �?Ä 3.25 � È � PMOS � Ý � K L � 
 Q

u ² ¦ - 3.3.1 � � � . >< = % �� � B � ¼ �² � x y6j k �l I m� J ­�d

e D E ;Õ � ��8 � � � ��7L M �¦ c Í 9 � ¨ �7� ! � � B �2 3 t 6 > 

� E � M1 Q � � � ¬ = � � U �G © ª � T U � ! « � � Ï¹ < = % �ç � ! �

Ï�µ �Ç Þ C 1 � ÏÎ �² â < = % �d e D E � l I mH I ` 3 rM1 � " ] >�

g m� � ?� � §0.18 mµ � c d Æ �� r � K G Z mã � � ! � Ï�� 
 Q J ­� LR §

� Ô ¯ � o �d e D E �Ç � 3-24 � È � � ! � Ï� LR §�D ËÕ [X n d e D E >

�l I m� � ¼ B �� ! � Ï�D ËÕ � � ß : �¬ = � � �² â Õ [X n l I m��

S ½ ¾ � ÏD Ë³ ´ º Z �¦ c 8 9 _â U �� Ð LR ð � ó N � -X Z l I m�² ?­

LR ð : °� Ð0 /�� ! �± º : �«½ M2�M3 � ® D � ´ ³ ´ l I m�Æ �> 

< = % �µ ?C � � e � t �M2�M3��� � G � E � Z m°�� t � e �W �

¨ � ` 3 � � ¼ � Z m�D ËÕ [�7� E � � 	 ´ °� Threshold voltage�\ � � e

°W ¼ � Í : «½ � e 
 mß  >�� � B ' M2�M3� T U � ! -� % Threshold ·�

½ � t � � e ò � % v ¸ �Õ [! 78 � � � >� Ð SR n -M1 Î U · µ ?Î U � � �

Ð�J ­� 
 Q Õ [X n < = % �l I m��3 ½ ¾ Ü Ý º : «O P � @ � ! �½ d e

D E �7> 

¹ r. . �� � �& R � � ��< = % � @ (Ä 3.25)�ê 4 5 §å -� 3.5 �>Ä

3.26?~ � LO � � � mJd e D E O P �º : � LO � � ± ³ ´ M1 � ® l I ´ ½ D

E Æ ��º � � LO � � � ± ½ � t � E � M2�M3 · � ! " � ` �¾ ³ ´ d e D E Æ

��� [� � B 3 J ­ 
 Q LO � � , -D E � Z ·>r-ß : � LO power � X � \

LO � � ¥ Ï k 4 l À 78 � 9: % �. /� # ´ J� �  L M � � : � á ��& + R

� �  ��² ?&   # $ Î = c (2.442GHz);� � ¥ � s % �� � B R S � r�7 LO 

power � X n LO-RF ü �� Î ¿ m_â U �$ ûX Z < = % �D E �r� 3-7 Õ � W \
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� G J IF /�8 � 1 2 �� ¨ ?� Ü Ý ½ Æ F � @ � 	 �D E ó Ø W 7 % Z > � -.

. �u ² �& R � � ­ LO ¦ c ?-5dBm°�� � s â d e D E §? 10.4dB> 

Ä 3.27 G & ­� ® RF � � D � °�² � @ ü l I ² � ³ ´ � � � � D E ! 
 (Gain 

compression)� c # �Ô ¯ P1dB§?-7dBm>Ä 3.28Ò� Two tones test G ¼ < = % �

l I m�(a)?� ® � Ï = � � �(b)?� � � � �Ô ¯ IIP3 V ? 7dBm>Ä 3.29 ~ � �

@ 8 � � � �NF V ? 12.4dB>� 3.6 å � & 78 � 9: % �� N Ê W � � �Ã Ò Ó �

3.1�� z � � � � � > 

 

� 3.5  < = % 4 5 §å � 

RFM  W=100um , L=0.18um 

LOM  W=75um , L=0.18um 

bufM  W=100um , L=0.18um 

LR  1.3kË 

SR  0.2'Ë 

 

 

Ä 3.26 < = % LO Power;d e D E �t /  @ RF_Power = -20dBm 
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�

Ä 3.27 < = % RF Power;d e D E �t /  @ LO_Power = -5dBm 

� �

(a) (b) 

Ä 3.28 < = % Two tones test ~ � IIP3 (a) � ® � �  (b) � � � �  

¡

�

Ä 3.29 < = % 8 � � �  @ RF_Power = -20dBm & LO_Power = -5dBm 
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� 3.6  < = % � � å � 

Intermediate Frequency 2 MHz 

Supply Voltage 1.8 V 

Power Consumption 1.2564 mW 

Conversion Gain (Differential) 10.359 dB 

Noise Figure (dsb) 12.451 dB 

IIP3 7.1005 dBm 

P1dB -7 dBm 

 

3.4 ������������������������ 

 

& � Ñ q ' & � . R � � � LNA;Mixer[� � � @ Â � [~ � L M �H I �7

�= K L Ç Ä 3.30 � È �â °� ® � m?-35dBm� 2.44GHz ¬ = � � �[� � m?

-5dBm� 2.442GHz &   # $ � � >� 3.7?G ~ � H I �[� . R � � � � LNA�Mixer

�1 { H I K v > 

 

 

Ä 3.30 �= � @ ~ � K L Ä 
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� 3.7  LNA�Mixer; LNA+Mixer ~ � H I K v  

 LNA Mixer LNA + Mixer 

Frequency RF62.44 GHz 
RF62.44 GHz 

LO62.442 GHz 
RF62.44 GHz  

LO62.442 GHz 

Current Consumption 4.07 mA 0.698 mA 5.446 mA 

Gain 15.576 dB 10.359 dB 23.525 dB 

Noise Figure 2.101 dB 12.451 dB 5.707 dB 

IIP3 -4.2055 dBm 7.1005 dBm -13.2835 dBm 

 

� � ' LO � � [� � � � ! " # $ % � @ � Æ �â ° ( � ® � m? -35dBm �

2.44GHz ¬ = � � >Ä 3.31 ? IF �� / � � = ) �Õ [ � Å � d e D E ?

18.339 ( 35.934) 17.595− − − = dB>Ä 3.32 G & ­� ® RF � � D � °�² � @ ü l I ² �

³ ´ � � � � D E ! 
 (Gain compression)� c # �Ô ¯ P1dB§?-21.5dBm>Ä 3.33Ò

� Two tones test G ¼ �= � @ �l I m�(a)?� ® � Ï = � � �(b)? IF � /� � � � �

Ô ¯ IIP3?-12.433dBm>Ä 3.34?L M 8 � � � ADS ~ � H I �NF V ? 12.4dB>r

[B ~ � H I ;� 3.7 £ ß �Õ [ Ñ �­L M Ë® ü l I �# $ % � @ ^�K 1 L M �

� �· õ é ã � � � ² ?# $ % �s , 8 � �½ Ô 8 � � � D Ë> 

 

  

(a) (b) 

Ä 3.31 �= � @ = )  (a) RF/� ® � �  (b) IF/� � � � (Single-end) 
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�

Ä 3.32 �= � @ RF Power;d e D E �t /  

 

� �

(a) (b) 

Ä 3.33 �= � @ Two tones test ~ � IIP3 (a) � ® � �  (b) � � � �  

¡

�

Ä 3.34 �= � @ 8 � � �  

¡

� 3.8 å � �= � @ �� N Ê W � � �Ã > ? 1.3.1 � �� � � B C L M � ë �â �

= � @ ¦ * º CIC T18-95D Æ l � µ � + � , � ?( � �- B C � 2.4GHz ¬ = � �  

. /� � *>Ä 3.35?�= � @ � Û Ü Ä� E F 3 È ? 20.9873 0.7007mm× > 
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� 3.8  �= � @ ~ � � � å � 

Frequency RF62.44 GHz 

Supply Voltage 1.8 V 

Current Consumption 
15.15 mA  

(y QVCO;Mixer � Buffer) 

Gain (Single-end) 17.595 dB 

Noise Figure (dsb) 10.407 dB 

IIP3 -12.433 dBm 

P1dB -21.5 dBm 

 

 

Ä 3.35 �= � @ Û Ü Ä 

 

 

QVCO 

LNA 

Mixer 
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� �� �� �� �  
 

����� TSMC 0.18um � � � 	 
 � � 
 � ��� � � ���� � � � � � �

� Q�� �  � ! � " � � # $%& ' ( ) *� � # + � , - . / ) 0 1 2 $34& '

� 5 6 78 � � 9 �: ; < = > ?) 0 @ A $%B C D 2.1GHz ~ 2.8GHz E F � G H

7 P/N � 5 6 I J & ' � 9 , - 1.36V 1 2 � K � L ?� M N  . / O P $) 0 Q R

S T �U V 1W� 

�X Y �� � � �Z $[\ �� � � � ] ^ _  ` a P $���b ] ^ 7c � � �

# [d e  f ) g � $h � � i j K k � � # l) 0 � < m n # lo � p ?q � # $3

4g � r s # [t � $u�c � � � # �v  [w � 3?� ! � " � � # �O P _  x

*�( y c � � � # ��/ z & ' { | $, - } � ~ u� y � < � � � � 9�W) 0 � $

�� � � i � �1. 1 2 � K � L B � 1.5V�2. � < B � � �) � � $� n � �� �

490MHz ~ 2600MHz�3. ; < � > U $� n � �; < � > � 4mW7� � B � � 2.6GHz

 � � � < � �4. �� . / ) 0 1 2 $B � ��� 
 �  I/Q � � � 

a � �� � � � � $� < � � 2400MHz ~ 2483.5MHz � � 
 � A � + �   : @

A ¡ ¢ # � £ � 
 ¤ $¥ ' �� � � � ?¦ s # �§ 2MHz : 4� �34$: @ A ¡ ¢

# � � $����8 � 9 � ! ¨ © ª { | { | « � 	 $3¬ ¥ ­ � _  ® ¯ ° � O P �

� � �  Q�u@ A O P ) � � ± $8 � � 5 6 ² ³ ´ µ ¶ � · u� �� G ¸ ¹ lC �

¡ ¢ # º P » $7¼ �: \ ½ ¾ ¿ À P $² ³   ¦ � # , - ��� Á Â A � �3S T Ã

Ä�� K ¸ Å [ 15.6dBlIIP3 [-4.2dBml@ A Æ � [ 2.1dBH�� ¦ s # � � � � $

  V LO ? IF � < ) Ç È É $���� PMOS � Ê Ë ¦ � # { | $�� : @ A Æ � Ì

: ; < � >  � � �3S T Ã Ä�R Í � K ¸ Å [ 10.4dBlIIP3 [ 7.1dBml@ A Æ �
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[ 12.4dB$a 6 S T Î Ï � � Ð Ñ  v Ò � 

Ó « Ô Õ Ö  × F i j � � 

1. Ø Ù 4� B � ¸ Å ¡ ¢ #  B � ¸ Å � �B u� � 30dB Ú Û $7ua � � 
 #

� Ü ¢  Í Ý � �� 

2. Ø Ù 4� r s # $?����� � � Ã ' ¤ Þ ß ` a  � 
 � Z £ � � � 
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�������� A 
 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
  
 
A.1 Hartley �������� 

 

Hartley��� � � � � � [12] 	 
 A.1�� 
 � � � � � � � � � � � � � �� �

� � � ��� �� � �  ! " #$ %& ' ( #) * � + � " , �- � . / 0 1 2 � 3 4

5 9067 8 9 � � � �: � ; � < $ % 2 2 � 3 7 � �= > ? @ A 0 �� � B 

 

 

 A.1 Hartley��� � � �  

 

C D ( ) cos cosRF RF im imx t A t A tω ω= +  E� �� � � � � � �F 1 G H I J KL � � �

MF N G H I ���O � � PQ R 	 S � � � � � T I/Q U V W � X Y �C D / � � E

sinLO LOA tω Z ( ) cos( )LO LOA tε ω φ+ + �/ 0 ε [φ \ ] E^ _ � 7 8 ` a Bb � �� � c
AdBZb e 9067 8 9 � � c C � � \ ] Ef 

( ) sin( ) sin( )
2 2

imRF
A LO LO RF LO LO im

AA
x t A t A tω ω ω ω= − + −            (A-1) 
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( ) ( ) cos[( ) ] ( ) cos[( ) ]
2 2

imRF
B LO LO RF LO LO im

AA
x t A t A tε ω ω φ ε ω ω φ= + − + + + − +  (A-2) 

( ) cos( ) cos( )
2 2

imRF
C LO LO RF LO LO im

AA
x t A t A tω ω ω ω= − − −            (A-3) 

% B c [ C c � � 7 � �g %J KL A � � � ��� � \ h i j f 

( ) ( ) cos[( ) ] cos( )
2 2
RF RF

desired LO LO RF LO LO RF

A A
x t A t A tε ω ω φ ω ω= + − + + −    (A-4) 

( ) ( ) cos[( ) ] cos( )
2 2
im im

image LO LO im LO LO im

A A
x t A t A tε ω ω φ ω ω= + − + − −     (A-5) 

. Q k l m ; n j �	 S � � � o p q r s t � � � � � ( u v ε [φ w E 0)�b x y

A-2 m ; = > ��� � E 0�s z { , |��� � � } ~ � �  0 �KL � � } ~ BK

� � � � � � U � � X � � A IRRf 

2 2

2 2 2

2

( )
( ) 2 ( ) cos
( ) 2 ( ) cos

( )

image

desired LO LO LO LO

im LO LO LO LO

RF

P

P A A A A
IRR

A A A A A
A

ε ε φ
ε ε φ

+ − + +
= =

+ + + +
           (A-6)                   

� LOAε � � 1φ � rad�� / / LOA A Aε∆ = �IRR m � � Ef 

2 2( / )
4

A A
IRR

φ∆ +=                         (A-7) 

x y A-7 k l m ; = > �Hartley � � ? o q r � ��� � ��� � I/Q � 3 � � ^ _ Z

7 8 ` a � � � � BU � � � � � � � ? q r � � � � � U � � d9067 8 9 � � 0 �

� � � � � � 9 �� � � 2 2 � 3 � � �$    ! " #$ � U V W �¡ ¢ £ K¤ ¥ > :

¦ � ��� � �B 

 

A.2 Weaver �������� 

 

Weaver��� � � � � � [12] 	 
 A.2�7 � � § ¨ ? q A Hartley � � �% 906

7 8 9 � � ; F N © � � � #$ ª H �/ « ¬ ­ ® � 7 ¯ Bx ° ± � � #$ � � � ª H

² ± � RC 9067 8 9 � � �³ c . � m ; ´ µ �¶ · ¸ ¹ º   » 6� 9 ��7 8 9 �

� � ^ _ ` a �g �¼ ½ ¾ � ¿ �À Á 0 � 
 PÂ � Ã EÄ |F N © � Å �� � �Æ @
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Ç � F N © � � � � � � � �MÈ É |F N Ê ���O � Ë Ì (�O . 2 12 2inω ω ω− + )�

Í � Î y E% ! " #$ Ï Ð Ñ ! " #$ �  � D � F N © � � � � �O � À Á Å � Ò

��Ó Ô � 1 2 inω ω ω± = B 

 

 


 A.2 Weaver � � � � � �  
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�������� B 
 
� � � � � � 	� � � � � � 	� � � � � � 	� � � � � � 	  
 

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

� � ! " �# $ % & ' ( �) ��# * + , - . / ' ( 01 2 3 4 5 6 ����" 7

8 ���(Ring Oscillator)9�: �; ���(LC-tank Oscillator)�7 8 ���< �= > ?

@�A B C � D � E �: �; ���F �G �: �; ���H I" J K L M N �< O P

Q �R S 6 T U �V W X Y 07 8 ����Z [ # \ A �] ^ �# _ ��" ` a b Q �

c d �e 4 f g Z $ % & ' ( �c h a b iG I" �: �; j ���k �: �; l m �

� n ��o Z �= p Z * + , - . / �c h a b ( ) q $ �r a b )[12]0 

 

B.1 ���������������������������� 

s

�����# t J u v �J u w ����xy z f g ! P �# $ % & ' ( {���

�| } ~ �# � � � � �$ % & � U �0Z �# � � " 1�$ % & ' ( " � �g � � �

[ " �s

( )
( )

1 ( )
out

in

V H s
s

V H s
=

+
                          (B-1)s

x 0s jω= � 0( ) 1H jω = − {�� � � [ < � � 0ω {� � � � � U �x' ( � � � �� J

�� � � < 0ω �C � � � {�| � 5 � # ' ( � � j ��5 � � � �$ % & ' ( � " �

% & �} � B.1 o � 0�   �> ? < �= � U �� � � �� ¡ ¢ ��£ ¤ � �j ��o

¥ ¦ R �0 
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V0

H(s)

X

H(s)

X

H(s)

X

 

� B.1 ' ( j �� § � 

 

¨ G © ª �} « �# $ % & ' ( , ¬ ­ ® Z @ 2 # ¯ ° ± ² ³ H (Barkhausen 

criteria)���� < � � " 0ω �� � � ��� 

 0( ) 1H jω ≥                              (B-2) 

0( ) 180H jω∠ = °                           (B-3) 

G < ´ µ ��� � � �" ` < ¶ · �O ¸ �� � 9k ��¹ º � o » ^ �� � @¼ {�

½ ¾ , ¿ À ���Á " ��= _ �� � e 4 � � < o �Â � 2ÃÄ 3Ã0 

Å Æ �k � Ç � È É ' ( _ �Ê �È k Ë Ì �� � � 180ÍA B � �¨ Î Ï Ð | �

360Í�IÅ ¯ ° ± ² �Ñ Ò ³ H Ó ` � 6 h B-3�Ô � 6 ¨ A B � 360ÍÐ Õ � �� B.2

" Ö �� ~ �× � ª � § �0IÅ �Ø f ���! " �# � % & ' ( �Ç � È k ' (

H(s) ª Ê ¥ ¦ " 0Í) � 2nπ 0 

 

 

      (a)                         (b) 

� B.2 ��% & ' ( �� ~ × �  
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B.2 ��������	
��������	
��������	
��������	
 

 

� B.3(a) o � " �# Ù Ú ��: �; n ����< � � " 1/res LCω = Û {��:

�r Ü resjLω Î �; �r Ü 1/ resjCω U Ý A Þ �c ß A \ �5 ���¨ r Ü " � � U �

Å {��à á ��â ã ä å [ Q Â " � � U i¾ G < ´ µ Q O P ��: 9�; �} �

B.3(b)� a æ J ç m �è � �r ( LR � CR ) é < 0�= " ` ��a b ê� � Q �ë - �

 f � B.3(b) � ì ^ � B.3(c)�l m Þ í ��� 

2

1
(1 )P

L

L L
Q

= + � 2

1
/(1 )P

C

C C
Q

= + � 2 2(1 ) (1 )P L L C CR Q R Q R= + + +       (B-4) 

g � L
L

L
Q

R
ω
= �

1
C

C

Q
CRω

= 0 

x��� � 1/res P PL Cω = {�n ����Þ í r Ü î Ë " * ��r Â PR �xÅ {

J ��
ï ð ñ ò RLC n �ó {�� 5 ��� � ��0£ k � PR �é < ��: �; n

�� � �, - � Z ô �õ h ö ÷ < �r Q �5 � ��� � � ø ù ú Ë û ü �} � B.4(a)0

IÅ �} « , ¬ � ý �# " PR− U Ý ��r ê PR l m �5 � ��n �{�r Ü t J �r

�^ a �I" � þ J , - ö ÷ < �r Q �f 5 � ��, ¬ �����} � B.4(b)0 

 

 

(a) Ù Ú              (b) ´ µ                (c) l m Þ í  

� B.3 �: �; n �ó  
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� B.4 , - . / � § � 

 

� É k � $ ��r M N l � é < �́ µ Q p Z � L ���Ð � ^ $ �r �í « 0I

" � v �r Ü J � � , - . / �í « �Å Ì q " * + , - . / iÅ Æ �k � � v ��r

" $ Â �� �c Ì � Ô q " $ �r a b Ì 0	
 � � 
 F L � � " � � $ �r �c h ª

��� k � � �V � � mg Â Ð � � Þ í $ �r �U Ý �} � B.5 o � 0Z Ý � � a b � 

 

 

� B.5 
 � � 
 � Þ í $ �r  
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< � � Mn19Mn2�e � � · � � (Channel-length modulation) Î � � í �(Body 

effect)@� 1 2m Y m Xg V g V= − 0â xMn1êMn2 A ~ { 1 2m m mg g g= = �� � u v r Ü "  

1

2 1 2

1 1 1 2

2
m Y

Y
m m mX Y

in
m Y m Y m m m

g V
V

g g gV V
Z

g V g V g g g

−
+−

= = = − = −                (B-5) 

 

 

B.3 �������������������� 

 

7h�� � k[ # \ ß � ] ^ �e 4 "� [ # \ ß � � ��Ø " � [ # \ ß � �

��Hg � � � ¥ ¦ \ � �� B.6 " N�7h�� � � § �0� � * � \ ß � � 	 
 �

� " 0A �â  J * � ! � 0ω �� Z � Ä _ � � � "� 

0

0

( )
(1 )

N

N

A
H s

s
ω

= −
+

                           (B-6) 

"` 5 � � õ ^ �� �< " �� � � � oscω {�¥ ¦ ­ ® � # _ � A B � " 360°�9 _

� � � " 1 � # N � 

1

0

tan 180oscN
ω

ω

−⋅ = °                          (B-7) 

0

2

0

1

1 ( )

N

N

osc

A

ω

ω

= +  

                          (B-8) 

k(B-7)�(B-8) � Z � $ w �� � � �ê % � �o � ª 	 
 � � "� 

0

180
tan( )osc N

ω ω
°= ⋅                             (B-9) 

2

0

180
1 tan( )A

N
° = +                              (B-10) 

<´ µ � � � Q �& ' �� � � ( � � �% � � J � , ò v ¹ º � )* û � � ( �

Ä + Î � , - 0I Å <� � 7hj � � {�. . � R / 	 
 � � 0 � h B-9 � Â 2~3 Ã�
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5 Ý Ç � � _ � � � , ¬ U � 10} Å � � f � 1 P < + Î ) T � � { 2 �5 3 4 � _

� � � , ¬ � � < 1�G � � �� � # N 0 

 

 
� B.6 7hj � � � § � 

 

B.4 ���������������������������� 

 

� B.7 "� = � : � ; �� � � � § ��� : L ê � ; C ] ^ ` n �ó � PR "�

: 9 � ; ª l m Þ í è � � r �G PR− � "` . / < PR Q ö ÷ � , - �k � L � � o Þ

í � $ � r 0x n �ó � Q Â 0 {�Å �� � � � 5 � � " 

1
2

oscf
LCπ

=                             (B-11)s

 

 

� B.7 � L � � Þ í $ � r  

s

ssss � � � : � ; �� � � A B C � �Lesson < 1996 6 7 w � # 8 � � � 9 : � 

2 3
0

2 2 2 2 2 2 2( )
4

P

peak peak

f RkT kT
S f F F

V Q f V L fπ
∆ = =

∆ ∆
               (B-12) 
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g � ( )S f∆ " 0f ; f∆ Û ª A B C � �Q "n �ó � ã ä å [ �G F "C � å [ 0 < h

B-12 � Z = w �¼ > A B C � 3 J í � c h" 7 0 n �ó � Q Â�Ô � � � � : Â)

¼ > è � Þ í � r Â0Å Æ �<n �ó � , - ö ÷ Q �� Z Õ � "� 

2 2 2 2 2
0 2 2 2

0

4
4

P
loss P peak peak

R
P R C f V V

L f
π

π
= =                 (B-13)s

o Z Ø R ¼ > , - ö ? �Ô � < � � � : Â) ¼ > � ; ê è � Þ í � r Â ' @ 0s

ssss 

s

� B.8 � � � : � ; � � �� � s

 

� � � � : � ; � � �� � } � B.8 o � �NMOS � V � M1�M2 "� ] 
 � �


 � �1 � � 7 
 �� � � o � ª $ � r �~   A �� � Z 6 PMOS � V � Ð ´ , iB

à á Ï �{��� � Õ , } ~ � # à C (switch)�Gx D E �� Ê �� V � f 1 P < + Î

)0� : L�� � � ; C�� : � è � � ; Î � V � F ! 2 � è � � ; � ; �U G H E

` � � � �� � � �� � � � � ; � � � I J < minC ~ maxC �Hkh B-11 � � Å � � �

� � � 3 U 9 3 Ý �� � � a æ " 

,max
min

1
2 ( )osc

par

f
L C Cπ

=
+

 � ,min
max

1
2 ( )osc

par

f
L C Cπ

=
+

         (B-14) 

g � parC Þ í o J � è � � ; í � 0 
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�������� C 
 
� � � � � �� � � � � �� � � � � �� � � � � �  
�

����(Varactor) � � �� 	 
 � � 
 � � �� � � � � � � � � � � � � � ��

�  CMOS ! " � ��# $ � ����% & ' ( ) [44]*+ , - ��( p+/Nwell junction 

capacitance)./ 0 1MOS����.2 3 1(Inversion mode) MOS�����4 5 6 1

(Accumulation mode) MOS�����78 9 : ; & ' ( ) �< = > ? @ � 

 

C.1 �������������������� 

 

+ , - ��A B C.1(a)�  Nwell C < �� p+D) E PN F G �F G � H I J

(Depletion)��K L M � (Reverse bias)DN ��O E �� � � ����* 

( )

1

o
j R m

R

o

C
C V

V
V

=  +  

                            (C-1) 

P � oC � L M � � Q R� F G ��. RV � L M � . oV � F S �T (Contact potential)�D

m U V W X Y Z (gradient coefficient)�Z [� 1/3~1/2���\L M � ] Y ^ _ A B

C.1(b)�`L M � � a b 8 �A c GV F d� � � e f g ( e f � �� h i f )� tuneV ��

j k l m � n �7o p q PN F G r s t M � J (forward bias)uv w x `t M � R�y

�z h { z | PN F G �} R 02jC C≈ � l q PN F G ~ � ��� � � ��� + , - �

� � � e f � h i f R��� �� j k , � �� q � � �� ��� � � � �l � 7�

d� � � � � �� j k � 
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(a) (b) 

B C.1� p+/Nwell F G �� (a) ! " ( )  (b)��-�� � �  

 

 

C.2 � � �� � �� � �� � � MOS �������� 

 

/ 0 1MOS��A B C.2(a)�� : � + , - �����MOS������ � �  

t M � � � O �% � h � �� � � \� � j k �/ 0 MOS �����P � , (Drain).

� , (Source).� � (Bulk) � g � � F �� � \� , (Gate) g � � � �� � � 
 ����

[�PMOS\ NMOS � � # $ / 0 1�  MOS�����7 PMOS �   �` GBV ¡ DDV d

0R�PMOS����� ¢ � J £ ¡5 6 J .H I J d¤ 2 3 J �D` PMOS ¢ �  5

6 J ¥ ¤ 2 3 J R�A B C.2(b) ¦ V ������ § h [ oxC ( � , ¨ � © ��)�� |  

/ 0 1 MOS ����� ���-�� � � � ª > � (nonmonotonic) ^ _ �q « � ¬ j k

K ­ � �A c �  ® � ¯ ° � � � � � � � ± �® ² R£ (lock time) l ³ �´ µ ¶ · ¸

® ² � 
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(a) (b) 

B C.2� / 0 1MOS���� (a)P1! " ( ) \�° ¹ f  (b)��-�� � �  

 

C.3 	 
 �	 
 �	 
 �	 
 � MOS �������� 

 

2 3 1MOS��A B C.3��� � � � � � º 
 > � (monotonic) � � � � ¬ �w }

N �/ 0 1MOS����� � » ¼ � F ½ ¾ �� , .� , � F �D� � F d§ ¿ �T u

À Á Â �NMOS Ã � # $ 2 3 1�  MOS�����} R� � Ä F ¶ § Å �T �2 3 1

MOS���� � � g F d§ Æ \§ Ç �� �È ¢ �  ¤ 2 3 J \� (É) 2 3 J �D� Ê

r s 5 6 J �q « ��-�� ^ _ Ë Ì Í Î Ï ��� j k Ð / 0 MOS��h ��

�

�

B C.3� 2 3 1MOS���� P1! " ( ) \�° ¹ f  
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C.4 � � �� � �� � �� � � MOS �������� 

 

5 6 1MOS��A B C.4(a)�Ñ x � Ò �d> � � � � �DÓ Ô Õ � � MOS��

��( ) �\2 3 1( ) � À Ö � � l PMOS � � � � , .� , � × Ø �� p+N E

n+�Ù ¼  � �Ú � Û Z Ü Ý �Þ ß à � á â � �ã ä r s ¤ 2 3 J �DÈ ¢ �  5 6

J \H I J �q ��-�� � � (B C.4(b)) å % � æ � � � ^ _ uç w �  Nwell C � n+

× Ø % � � � è à �é �Nwell Ã � ê ë � � Ø e �ì } í ) Q[Ð 2 3 1MOS��

��î� 

 

 
 

(a) (b) 

B C.4� 5 6 1MOS���� (a) ! " ( )  (b)��-�� � �  

 

��  � � � � � ï ð � �ñ ò ó ô P � � õ ö ÷ � T Ø e 4 � � �� j k � 


ø�w } � � 5 6 1� MOS����å % � � � ���� j k �\� ¿ � Q[�ù ú

 ¿ � � � � � � � � h û q � 5 6 1� MOS������ � � 
 � � � ¢ � � � �
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�������� D 
 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
� � � � � � 	 
  
 

��������	
��
 � � � � D.1 	� � � � � � [36]�� � � � � � �

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

1 2 3 4 5 � � LO67 8 9 : �; < = > ? 	� � ! " �@ � A B C �D E - F G �

H I J % � & � �  ! " � � K L & � K I � M N O P � Q �� R � � � C

Upper-sidebandS Lower-sideband	T D U V �W X Y ����V � 

 

 

� D.1 � � ! " ����� �  

 

Z [ \ A ] ^ 67 8 +_ ` � � ! " a cos( )LOA tω b sin( )LOA tω �(� � � � I/Q

c " +a ( ) cos( )I t G B tω θ= ⋅ + b ( ) cos( 90 )Q t B tω= + o �C dG+6e ��U V bθ+�

����% �I 	! " f K L & �K I @ X ! " a 

( ) cos( ) cos( ) cos( 90 ) sin( )LO LOTest t G B t A t B t A tω θ ω ω ω= ⋅ + ⋅ + + ⋅o             (D-1) 

J � D-1�g USBS LSB h i a 

1 1
( ) cos( ) sin( 90 )

2 2LO LOUSB t G B A t t B A t tω ω θ ω ω= ⋅ ⋅ ⋅ + + + ⋅ ⋅ + + o             (D-2) 
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1 1
( ) cos( ) sin( 90 )

2 2LO LOLSB t G B A t t B A t tω ω θ ω ω= ⋅ ⋅ ⋅ − + + + ⋅ ⋅ − − o            (D-3) 

J � D-2bD-3d sine j g cosinea 

1 1
( ) cos( ) cos( )

2 2LO LOUSB t G B A t t B A t tω ω θ ω ω= ⋅ ⋅ ⋅ + + + ⋅ ⋅ +                 (D-4) 

1 1
( ) cos( ) cos( )

2 2LO LOLSB t G B A t t B A t tω ω θ ω ω= ⋅ ⋅ ⋅ − + + − ⋅ ⋅ −                (D-5) 

k J � D-4bD-5 l m g a 

1
( ) [ cos( ) cos( ) sin( )sin( ) cos( )]

2 LO LO LOUSB t B A G t t G t t t tω ω θ ω ω θ ω ω= ⋅ ⋅ ⋅ + − + + +  

 (D-6) 

  
1

( ) [ cos( )cos( ) sin( )sin( ) cos( )]
2 LO LO LOLSB t B A G t t G t t t tω ω θ ω ω θ ω ω= ⋅ ⋅ ⋅ − + − − + − −   

   (D-7) 

   USBS LSB � n o (Envelope)+a 

2 21
[( cos 1) ( sin ) ]

2EnvUSB B A G Gθ θ= ⋅ ⋅ ⋅ + + −                (D-8) 

2 21
[( cos 1) ( sin ) ]

2EnvLSB B A G Gθ θ= ⋅ ⋅ ⋅ − + −                (D-9) 

    USBp LSB U V +a 

2

2

2 cos 1
2 cos 1

Env

Env

LSB G G
USB G G

θ
θ

− +
=

+ +
                       (D-10) 

    M I 
 � X Y USBq LSB��	 SBRa 

2

2

2 cos 1
( ) ( ) 20 ( )

2 cos 1
Env

Env

LSB G G
SBR dBc dBc log

USB G G
θ
θ

− +
= =

+ +
           (D-11) 

I X Y ����V a 

2 210 10
1

10

1 10 10
cos

2 10 2

SBR SBR

SBR

G G

G G
θ −

 − − + =   + 
                    (D-12) 
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