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Abstract 

The use of wireless products has been rapidly increasing in the past few years, 

and there has been worldwide development of new systems to meet the needs of this 

growing market. Therefore , new radio architectures and circuit techniques are being 

actively sought that achieve high levels of integration and low power operation while 

still meeting the stringent performance requirements of today’s radio systems. As a 

result, this paper will focus on these targets and put more emphasis on the design of 

the multi-band quad mode frequency synthesizer and direct conversion transmitter.  

This paper describes the design of a dual-band , quad-mode �-� frequency 

synthesizer foe WLAN 802.11 a�b�g and Bluetooth application . Integrated a PFD�

Charge Pump�VCO�Divide-by-2 Divider�Multi-modulus divider and a �-� 

modulator in a single chip . The synthesizer can generate frequencies in 2.4 GHz to 

2.5 GHz ISM band and in 5.15 GHz to 5.35 GHz UNII band. The frequency 
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resolution is 1/1024 thus can satisfy all the quad-mode channel frequency 

specification. In addition , the synthesizer can be used for direct conversion 

transmitter and can perform  the Gaussian frequency shift keying modulation in 

Bluetooth system. And use digital compensation filter to compensate the phase lock 

loop bandwidth thus can increase the transmission data rate. 

 The chip is fabricated in TSMC 0.18-um CMOS process and the die area is 

1.98 mm2  including pads. The power consumption is19.54 mW from 1.8v power 

supply .The measured phase noise of frequency synthesizer in UNII band output 

is –117dBc/Hz @ 1MHz offset and in ISM band output is –120dBc/Hz @ 1MHz 

offset. In addition, all the function of this chip has been verified by measurement 

result.  
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«3.10�¬NÂ Ã Y À ¸ + · Ð *ë Y À ¸ + · Ð �³Ï T U �[

cw� l �g%� � n ë Y À ¸ + · Ð �� [ cw=}3 ¥ � �� ) �

Û:1Y À ¸ + · Ð wg%� æ �) E1�) Æ§ ? �� � ½ �}̈ © �

�ùú«3.11NÂ Ã Y À ¸ + · Ð *ë Y À ¸ + · Ð ��� � ½ �[ c

w�l �g%� � úÙë YÀ ¸ + · Ð ��) ý = | ½ �� � ½ �[ cw

}� � � M �ñ " ) �Fractional Spur�:nòY À ¸ + · Ð �w� ã �

� ) �Ï 1 ã � M � ñ « ) ���3.11(b)}N2 b " ) N � � " )

�Reference Spur������ N� � �� 20MHZ$E 

� � YÀ ¸ + · Ð � 9 �̧ 'K L³Ï T U ��° �� � �àg%{

[ cY Z þ *� �  Ð q Ê�Ï 1q Ê� ) Eñ W G Ø �� ³Ï T U ��
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[ À #  �[ c�° �� � &�ù Ó t � � � c� ! �ý =Í Ä� Y�a

b[ c þ *� �  Ð ý =� Y�� ) ý =c G : í s �ÄVN«3.12�

¬�³Ï T U ��� � ë ò� Í ��1ò�Ï 1�úb� �T � K � N � !

� $ &�= ë ì { 4 b! ° � � � �1¾ 4 N+1³N-1 � � ! � � G  Þ

N�� I [ cþ * ý ë =òNN £ c� �1òN+1³N-1	 % c� G i ½ �

¾N�abª ë Ð * ë =¼ © Í ÄE 

 

 

                  (a)                                      (b) 

« 3.10 ³Ï T U �[ c�l  (a) ^ YÀ ¸ + · Ð  (b)YÀ ¸ + · Ð  

 

 

 
                  (a)                                       (b) 

« 3.11 �� � ½ �[ c�l  (a) ^ YÀ ¸ + · Ð  (b)YÀ ¸ + · Ð  
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« 3.12 ° �� � M © « 

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

 

« 3.13 � � �O � ³Ï T U � 

«3.13�¬N@ Ao �{ 4 � � � �O � ³Ï T U �« ¬ ª x�� ¾

O 2 Nv�³Ï T U �G i ½ O � � ¸ +   � � É �'�bP ª x� � }

ë � t � � � ��%�T =�Î � ¬ y �Feed Forward Path�$YÀ �

Ú�K L�c ¤ x �%$ � � t �§ ¿NK L� � E¹K Î � ¬y $��

ÚM O NA1+A2³A3�g
 c�̧ + c ¤ x �NU 

3)1(2)1(1)1(
)1(
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3

AZAZAZ
Z

NTF
+−+−+−

−=
 

�NNh
 Ä� V�g ¸ '¾ U � ÚA1+A2³A3 K L¸ + c ¤ x �
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� ç ) E� @ K L�� * ¸ + c ¤ x �K LNO � h
 k Ó & ¥ ´ ) �

(Butterworth Filter)E� òaNh
 k Ó & ¥ ´ ) ��ÊQÙç ) � � Êh

�̧ + �� ° �{ Ø³Ï T U ��[ c9: *U � ° Ã b �' î �ï ¬}

Ã `��� ¸ + EO � h
 k Ó & ¥ ´ ) ��c ¤ x �ú¿U 

122
)( 23

3

+++
=

SSS
S

sT
 

{ 4 Z D Ð c l (Bilinear Transform) * O � h
 k Ó & ¥ ´ ) �'S

ó F c l 0 Z ó F EZ D Ð c l NU 

1
1

+
−⋅

⋅
=

Z
Z

fb
fs

S
π  

�� fbN � � � (Corner Frequency)� fsN à I � � (Sampling 

Frequency)E� @ K L��'fb=0.18 x fs��%̧ 'Â Ã R �gØÎ � ¬

y � ÚNU 

         A1=2.0008 

A2=1.6020 

A3=0.4902 

N� �� |z « ¬K L� ¼ Ð �? R � È̄ ��ØÆ� ÚNU 

A1=2 

A2=1.5 

A3=0.5 

'«3.13�³Ï T U �« ¬ª x�g " � � � �« ¬b �òY z �«

¬+ b � 	 
 « ¬�Unit Delay Cell��° ��*Y À ¸ + · Ð « ¬

�Dither��%¿ M O � � E� � Y z �ò { 4 ( ) * �x ½ � ª x�¹

K [ À NG+R*°A�[ cNÇ ³M*Ï � ° ¤ �w̧ 'â Ù�g%" ; M*° ¤

� �¬½ U 

i

o i i i i

S A B C

C A B C A B C A B C A B C

= ⊕ ⊕

= + + +� � � � � � � �
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'�Yz ��ò \̄ D� ` �ë h�ab ý £ ¾ ¼ 4 + C ( ) G x½ Y z

� « ¬E b � 	 
 « ¬ � N¯ ñ e à ��� « ¬ ª xú«6{vé �¬�¼ 4

� và �� �̄ ¾ � g� B [ cw� ( ) � � ��¼ 4 &û ã å æ ¹ Ë *

ä � ��U -< ? �A? ? A ¤ < �3-J = ��G i ½ [ cb � 	 
 �Ä ÙE�

�

«6{vé �¯ ñ e à ��

° ���« ¬j ò4 �� ( ) G i ½ �'�° ��}� � ���%ü ý �

� , O  2 � � ����K L��  2 � � M O NPv,èé +,+v,èé +è, é w�

ab � , ö �  2 � � � K ] 8 � 1 ° ��� [ À �ä ¢ �  2 � �

�.AJ v6+vè+vv+v,����CMRò e í �� ��MA/< �RAJ ��1& '�

�vè+vv+v,�Ù� g, ö [ À ò��  2 � � �û ì �*c â Ù�F �

N+ C ( ) �úb� g4 È b ��� « ¬ i ½ ° ��Eä å  2 ³Ï T U

�É { 4 � � 2 Yz ��N� ë ì Yz � - � �e · = U n > ¤ d �� } ~�Yz

��� ��ü ý � Â � � �¢ �§ ¿N�{ 4 �Yz �*�U�

A1 A2 A3 A4 A5 

13Bit 13Bit 13Bit 13Bit 14Bit 

A6 A7 Input  Range Quantizer Frequency Resolution 

14Bit 14Bit 256~756 2Bit 1/1024 

�
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����'$ Û *�g" n� ��Nv6 � ��wù Yz �� � �¬e í é ,� 7�

<��:1� ��nNvé � ��w� �¬e í wv � v�<��EN� $ � Y

z � ë = � Þ - � �¼ 4 MATLAB G J 5 6 § ¨ � . Î � N / � 0 � Y

Z� � � � � 2 Y z ��Ùò é = Î c�T � { 4 � � ���� �¬�

Ù�§ ¨ ô Ùú¿«3.17�¬U�

�

«�6{v7� � 2 Yz ��[ cM © «�

����'§ ¨ «g " � 2 Yz ��[ c � ��� �� � �¬�9: #�ab

ë =� Þ- � �� ÛE�

�����| z �� K L$��T d 4 ¤ � 9M; An J = U B� ª x� q Ê« ¬ K L

� ¸ DE|è�« ¬N( ) � ¤ 9f¤ /A:-> �f = n J �M; An J BN� ��|,{7�

« ¬Nu� � ¤ 9GU AJ ; �= J A:� F A/; J �M; An J BN � ��|v{7�« ¬N@ Ø

Y$u�� ¤ N� ��úb� � i ½ |z �Ð ¯E�
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��������� �� �� �� �� � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � �  � � � � � � � � � � � � � � � �  ����

����h � ³Ï T U �� � ) N} Ã `�a ,¸ + Â 9MHF B� � ) N� � �

Þë � t �} ~EN � M ð ³Ï T U �� � t Ð ��T * ° ���� Ú�

NN�gØÆ̧ + c ¤ x �N�

� � � � 3)1(2)1(1)1(
)1(
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NTF
×+−×+−×+−

−=
�

F 'Í1 2 «9F ¤ ¤ J �f¤ :V ? B M ð 5 6 òé � t En³Ï T U �N� t �Í

9F ¤ ¤ J ? B ü ý 3 � b � 4 9 5 < AJ ` �°AU :> = B�#E«6{vwN@ Å � �O � ³

Ï T U ��Í 1 2 «E� e � � � NÇv&�Í� b � 4 �#��%³Ï T

U �N � t �E Õ � , 6 N 6 ,{7&�Í 3 � b � 4 � 9 ��%b&  Þ}

7 � ë � t 9° ¤ < QAJ A ¤ < -> � 5 < ? J -.> = BE�

�

«6{vS� Å � �O � ³Ï T U �Í1 2 «�

� � � Ð ¦ �} 7 � ë � t &�³Ï T U �òé � Á z B � t �d 4 �Ä

z ò, ö ³Ï T U �òé  Þ - � � � � �̧ '$²� ¦ Ag%" ; � 2

Yz �� C � Þ- � � � �abg$ � ³Ï T U �ò� t �E�
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����� T = ¼ 4 MATLAB Simulink G Ï × ³ Ï T U �� × N § ¨

�Behavior Simulation���¼ 4 HSPICE G Ï × « ! . 8 > �« ¬§ ¨ E

«3.17�¬NMATLAB Simulink�§ ¨ ô Ù�M O ò[ À ÙN0.5*0.25

&�³Ï T U ��[ c� � M © �g%� � � [ À Ùò0.5&�[ c� � �

� � ò�0³1�< ý Ð �%i Æ � ¾ò0.5:1 � [ À Ùò0.25&�g%

� � [ c� � ��-1�° � Y � �% < [ c � ¾Ù¿ q N0.25E«3.18w

ò¼ 4 HSPICE�¯�« ¬§ ¨ �N I ò � � [ À ÙN0.5*0.25&�[ c

� � �U ��g%� � *MATLAB Simulink�§ ¨ ô Ùò�7�E 

 

« 3.17 ¼ 4 MATLAB Simulink�J �³Ï T U �§ ¨ ô Ù 

 

 
« 3.18 ¼ 4 HSPICE�J �³Ï T U �§ ¨ ô Ù 
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������������ 
 

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

����

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

     C D  � �{ 4 �ä  p ê #N £ 9 \ � Y�àab� S � � � £ 5

6 G � + � i \ ½ � �� � E1� § £ 5 6 �� S � }N § É 7� � �W

ú:± � +> � +: ; $� é   � � �� � w« ¬/ ò¾ � w« ¬…|�³

½ N < t £ 5 6 ò é � } : Ù�	 � E«4.1�¬N ¹ 6 � � �� � �ª

x��� � ½ � Þ # $ �â ) �� �& '( ) �*. ��Y Z (̄ ) �

* . �� Y Z$¹ Æ � ��-E�T g%� � �� I �ª x��=8 � N

2 { 4 ���" � }hQÙÊ ¸ + +Ê Ú â �-
 ´ ) ��*hD Ð D�

( ) ��àaN$Û �� a�| ½ bP ª xÃ × * . ��� « ¬i Æ  � E 

     «4.2�¬N£ ¾ �¤ � � ��5 6 ª x��bP ª x��. ��+ ,

=£ ¾ ã å æ �� � ½ ��� ��� �U ��Ï 1{ � [ cw��� � Þ

U ��1i Æ�� T U �± � E«4.3N�� T U ¬ 
 «�� . �wY Z¯

,+v� U �&�= { ��� � ½ ��� ��? @ Æ� � 2 � �Ù<¯ U

���{ �[ c�� J i = � U �EÂ Ã £ ¾ �¤ � � �ª x*¹ 6 � �

� � �ª x�g%� � �- . $� � ? ( ) �*-
 ´ ) �� 8 ` �  2

5 6 ] 8 � %î �ï ¬N. ¢ ��� � ½ ��* í ð Dh� �¬M ���

� � ���� g � ½ �� T U �± � �ab£ ¾ �¤ � � �� ª x� � *

. ���� « ¬hD   � �� " '�¢ � M « ¬g%�� « ¬ÄVK � �
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ab� � ¢ ° ² > 5 6 �± � ã ¿ E. �� § � '��T =� � £ ¾ �¤

� � �¯N@ Ao K � �ª xE 

 

« 4.1¹ 6 � �� � �ª x 

 

« 4.2£ ¾ �¤ � � �ª x 

 

« 4.3�� T U ¬
 « 

    �£ ¾ �¤ � � ��5 6 K L$��T � � ò B ? H I 5 6 J K L�

� � � G 1 H I 5 6 �� � �> ? E 

Parameter Value Comment 

Frequency 

Band 2.4-2.4835 GHz  

Channel spacing 1 MHz  

Accuracy +/- 75 kHz  
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Modulation 

Type GFSK (BT=0.5)  

Freq. deviation +/- 140 – 175 kHz Mod. Index 0.28 …. 0.35 

Burst bit rate 1 Mbit/s  

Minimum freq. deviation 115 kHz  

Transmitter 

Spurious emission FCC Part 15.247c  

-20 dBc @ +/- 550 kHz 

-20 dBm l N-M l =2 

In-band 

-40 dBm l N-M l�?�3 

-36 dBm 30 – 1000 MHz 

-30 dBm 1 – 12.75 GHz 

-47dBm 1.8 – 1.9 GHz 

Out-of-band 

-47dBm 5.15 – 5.3 GHz 

� é {v� H I 5 6 �� � �> ? ����

�(�(�(�( ) * + , - . � " # � �) * + , - . � " # � �) * + , - . � " # � �) * + , - . � " # � � ����

    '$N²g%";�£¾�¤56��¹ [�Y Zò£¾ å æ���

���U��ú «4.4�¬�'� H I 56� T U Ä Vòh¥ �� c ¤

�GFSK�� a b. �� Y Z=� ¸ �h¥ ) �   � ´ ) ��Gaussian 

Pulse Shaping Filter��* . �Y Z  � � å �F¸ 'ó Â �� c l �*

Y Z c ½ �� X $ËÀ³ÏT U��ú b� Y ZN1&=? @Æ³ÏT U

��N2 [ÀÙ � l @ A Ø � ? @ÆN2 ��:N0&=? @Æ³ÏT U

�e9N2 [ÀÙ �à ýò=? @Æe9N2 ��Eú b�¹ [Y ZU�

&�g Þ��T U�Ä Ù E 
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« 4.4£¾�¤� � �56 

    �«4.4�56�=� ÞN2 } ~ ��Y Z¹ [\DC z _ � H I 56

�1Mbit/s > 9 �� a g%'«4.5í B E«4.5�¬òY Z�$Û 56��

1 Æ��F � � �Y Z�̧ �h¥ ) �   � ´ ) � å ËÀ³ÏT U��b

&³ÏT U��h� ° �¸+YÀ�� å Y Z=1 Æî � ï ¬�Ê
 c ¤

x ��¡ Å 	 } M ð N� � æ³ÏT U��h�° �¸+�î � ï ¬� ï

¬�þ � N100kH5� Á 1�é{ v²�� T ";H I 56�Y Z ¹ [\Dh

iv C . A J K ?� Y Z ¹ [\D C ¢ �� T � ï ¬�þ � a bY Z* C z ¹ c

ãE�

 

« 4.5¹ [¬y �F « 

 

    ¸ '$Û ¦ A g%";�«4.4�ª x={ Y Z ¹ [\DÚ k �î � ï
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¬��þ 1C z /u �N� í s � 2 } ~ Perrota[]/c � N2 Ä V�ú «

4.6�¬��¹ [�Y ZËÀ³ÏT U�� Î�YÀN2 D E ´ ) ��ú b

Y Z�� Æ��F ¬ 
 «ú «4.7�¬ED E ´ ) ��± �òê � � Ú ¹ [

Y Z�h�½ M �ú b�Y Z
 �î � ï ¬&�Ü ¸ Þ � Ú �h�½ M =

FÞ î � ï ¬�Ê
 Ó Ð �� æ�ú bí í Ø e �g< Y Z� 1 Æ�| Ä

�þ � Y�a bY Z¹ [\D�gÎ �î � ï ¬�ï ¬�þ � E 

 

 

« 4.6 /hY Z¹ [\D�£¾�¤� � �ª x 

 

« 4.7Y Z¹ [¬y �F « 

 

     «4.8�¬�N@ £¾�¤� � � �56ª x�� ���� ½ ��
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® ³ÏT U���� M òK ¯�! " ��:1D E �) �*h¥ ) ñ  ñ

´ ) �òK ¯�Matlab�Simulink����¿ N² * = � � ¼ 4 Matlab�

Simulink ] t   2 56�§ ñE 

 

 

 

« 4.8@ £¾�¤� � � 56ª x 

 

�������� ) * + , - . � " # / � 0 1 2 � � � �  ) * + , - . � " # / � 0 1 2 � � � �  ) * + , - . � " # / � 0 1 2 � � � �  ) * + , - . � " # / � 0 1 2 � � � �  ����
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    �¼ 4 HSPICEJ��� ½ ��«! . 8 > �Transistor Level�§ ¨

&�'�§ ¨�äb &< � � ü ý � Â «¬�äh��� ¢ � M 'Èå ¯

ã �s t�� � i ��° v òp ps��1 ¤ ò� � � Æî � ï ¬�î t�

§ ¨� K �& < � Dý ü ý � � i p � / p F 2 æ G �Hs���%| ½

«¬�§ ¨ � � 8 � . 4p � � � 1 Æ I ö � ô Ù �� ò è � ü } Ä �

�E a bN � J �   . 56�§ ¨& < �� =¼ 4 Matlab�Simulink ] t

56�× N§ ñ�Behavior Model��ú b�� ±56� × N&�ñ W G

Ø � 1 Æ î � ï ¬� î t� ] 8 � ë Æ5 G K �& < �¢ ° / u § ¨� Ä

�E�� ²> § ¨& < �4Ñ 9�� g% õ 4 � ± �K L �� �́ ) ��

� " �K ¯«¬ � Î�� � × ê ±YÀ´ ) � ? 56| ½ � � � ò é }

ú � T � A $� z 
 �§ ¿ =� ] t î � ï ¬+³ÏT U��§ ñ� K L

D E ´ ) ��äå =� $56§ ¨�ô Ù E 

    «4.9ò î � ï ¬�§ ñ�� � � � ��g%'+, Þ�± �Ä ½

�Function Block�/0 � � å ËÀ � � � ±��� � { 4 � O C � � �

±�ò'Dñe à��x½ �a bg%£¾L cDñe à��� M «¬��  

 

 

« 4.9î � ï ¬Simulink § ñ 

7 � � ã ! ½ � �� ±��§ ñE� �� ±�= Þc� «/² «�+,
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N O � « Ò � ? ï ¬ ´ ) �� ² «�a b� [c� K ýò�8 2 � �� ±

��Â ? ª ë ��� � � ? ï ¬́ ) �YN2 � « Ò «Î ° / � N2 � «

Ò «Î° ��%� [c¾Æe í � � �F¾ÆN2 � Ú ��� Ú �N� K

L �� « Ò «Î��g§ �̈ «Ò �Ð ¯E� ² ««Î� å � ËÀï ¬ ´

) ���b � T g%* ï ¬ ´ ) �� c ¤ x �%I P I ¥ S � �� � V�

¬�1Simulink � } S � ��c ¤x �± �Ä ½ �£¾�± �Ä ½ # K t c

¤x �Nï ¬́ ) ��c ¤x ��g § ¨ ï ¬́ ) �Eï ¬́ ) ��[c

ýòå æ«È�å æÈå ¯ ã ��[c���� T ";È å ¯ ã ��[c

��g%�¬ ½ _vco free run vco controlf f k V= + × � a bï ¬ ´ ) ��[c

ú $V�¬ � | $È å ¯ ã � � Ú �FY$ Ì ' õ ¯���Free Run 

Frequency���Simulink�§ ñ�à ò _ � $V��� �'N2 � Ú �

§ ¨Èå ¯ ã � � Ú �F̧ 'Yz �*Ì 'õ ¯��� Y��g§ ¨È å

¯ ã �E Ù Ø Å 
 �òb&�[cb � ò���1 � T = * � c ½ � � �

a b[c=¾Æ � M ��1/S�� � å FËÀ���������F *�

� � F � 4̄ ò� 7 ��
 ����� o&�à ýò�� � F $� � U�

�� �= � b � o�ú b
 ���� å � � U�� �=Þ �¿ G �� å [

c� � FËÀe Q ± �Ä ½ ��� ¸ �� � c l � c ½ 1*0�ú b�g §

¨��å ��� +,�� *� � +, v ¯� � ��Â ? E%$ýò  2 î

� ï ¬�] § E 

    ] t � î � ï ¬�§ ñå �� T g% G 1 � § ô̈ Ù �«4.10�¬N

§ î̈ � ï ¬å æ«È� t� R C � � �� T g% � � Æ�� tÎ�î �

ï ¬=̧ �N� S T � t�Tracking and Acquisition���� �1� 2 ×
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����Èå ¯ ã ��± �ò Þ��� ½ ��[c���" � [c��g%

'å æ«ÈãJT   EÈå ¯ ã �� K L �} � 2 ä� � �K L � ° �N

2 ò� � ¸+�eN2 ò± � À ¿Eb9'�� ���� ½ �8 � � + 

2 > ? � { 4 ��%Èå ¯ ã �ü ý � ��  Þ¦4.8GHzÆ5.35GHz � <

����a b� YÈå ¯ ã ��gT 9 : à òK L �� ) � NE 
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��� «5.10(a)ò� � { 4 �È å ¯ ã �ª x�NN2 PMOS*NMOS � D

� � V«� «�Èå ¯ ã ��Complementary Cross Couple LC VCO�E

{ 4 «� «�È å ¯ ã �� � a ò � � | ½ �� � ¸+Ã 7 � ¯ ã �

Ê� " %5GHz�[c�- 1m �7 � ¯ ã �Ã × K L  Þú bh��+

,E1«� «�¯ ã �� } M p P ª x�1� � � D � � VÈ å ¯ ã ��

� a ���� 7 � ± � À ¿ ¿ �� D � � VÈ å ¯ ã �7 &} $> �

PMOS ? *¿ > �NMOS ? /0 í ³ Ë� a b� í ³ ËN ] } b � NMOS

? ª x� � o�l m � ��/0 � 7 í ³ Ë�Î/¿ �� D V � � Èå ¯

ã �=Â Ã > ± �E«5.10(b)òê L > ? * ��¼ 4 MIM«� � ¾ä� G

s t� ë � < É ¯ Ã 1 Æ«� í â �%¯ e l �- �Ð ¯�1K L ë 7 �

«�Ù C1*C2g% < � � � �ä �  Þc 7 �- �%� + 4.8GHzÆ

5.35GHz � < ���9 : Ee9N� q Ê� � ¸+�«Îv = � � 'PMOS

/0 1è 'NMOS/0 �� a òPMOS� ± ² ¸+Ã NMOSÊ�a b Þ

Ã � �� � ¸+[13~15]Ee9� T =�PMOS M5�� ç wYÀN2 i 


«�(bypass capacitor)�YÀ � 2 «�� � ��� * ¸+ i 
 Æ� �% ë

ì ¸+� � ÆPMOS M5�* v Á Èw�F & 'M5 c 
 ½ ¸+«Î�( )

Æ� T ��- Ee9N � � � M5� ± ² ¸+�� T = á ° � Y � � �

� �

«7 { v,� 9 - B � D V� � Èå ¯ ã �«¬ª x�� 9 . B Èå ¯ ã �ê L > ? �
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�1 � Y � � � ô Ù 
 � M5= ò ¯� O ç | E � a bM5� * v «È� �

tÐ ý=è � �� � E 

    äå ¼ 4 � � � ADS*HSPICEJ«¬�§ �̈«5.11òHSPICE�J

�&< R C § ¨� ¯ ° iÆ1.7v���¯ ã �5.25GHzE«5.12òADS�

J�� � ¸+§ ¨��1MHz Á ¤��¿ �� � ¸+g%JÆ-115dBc/HzE

«¬� ã ¿� ± �ò3.06mWEN » ± � È å ¯ ã �� K L ò é � _ =¼

4 V5.1 G ãL u � < Â �< Â ��Ù â h�¬K L â 4�N» ¢ �180ý

òN2 ë � �K L E 

2
1

10log 183.13
( ) _

ofFOM
f L core powerω

� �� �= × =� �� �∆ ∆ ×� �� �� �
   ��������V�7 { v�
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�
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������������@ A @ + � � � 8 9@ A @ + � � � 8 9@ A @ + � � � 8 9@ A @ + � � � 8 9 ����

����N � � � + 802.11b+g* H I 562.4GHz� > ? ��� �È å ¯ ã

� å > YÀ � N2 Æ t�Å �����'�È å ¯ ã ��[c��ò�

4.8GHzÆ5.35GHz�h�����%�Å ���� ª x= � � «Î § V

�Current Mode�� ª x�ú b� �/u ���\DE�Å ����«¬

ª xú «5.13�¬�NN2 e &û � � � î �� ¾N2 í &û � � � î �

�ª x�Èå ¯ ã ��[cw¯N� î ��&û �ú b�Èå ¯ ã �� ¡

N2 ª ë &�= { e &û � î ��[c� Þ¾ U�ËÀí &û � î ��[

À�1ü ý � | ÆÈ å ¯ ã �� ¡ Å 2 ª ë &�� =ã � � í & û � î

��{ � [c� Þ¾ UE'bg"È å ¯ ã �ü ý � ¾ U� 2 ª ë �� �

{ �Å ����[c � ½ N2 ª ë �� g%iÆ� � o��± �E� � �

î ��«¬ú «5.14�¬�% � å � e & û � î �NW ��& û Ne &� 
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«7 { v 6 ��Å ���ª x�

�

«7 { vé� � î �«¬«�
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� � � Ï Ð ? = � M +,D*DB�hÊ* [cI³IBJI ö �Iä�Æí & 

û &�� @ Þ Iä�I*IB=F & '�� � �	 � � � NMOS��� ½ � e

� � � æ ; Ï Nö �IäEí &û � � � � î �� � à òNI �] ò& û

� e í ë 7 E«5.15�¬N�Å ���M O �äh�5.4GHz*äÊ�

4.8GHz�&< R C § ¨«E 

�

«7 { v7��Å ���§ ¨«�

����������������B " C @ + � � � 8 9B " C @ + � � � 8 9B " C @ + � � � 8 9B " C @ + � � � 8 9 ����

����� 5����� ± �ò�� U� ë 7 �������{ 4 �ª xú «

5.16�¬�'Î' ����Prescaler�+ � � L ���Swallow Counter�

*g� VL ���Programmable Counter��! ½ EÎ' ���g%� �

��N�/ò��N+1��� å æ«ÈVCN1.8v&�Î ' �����N�:

à� wò��N+1���Å ����[cýò£¾¾ÆÎ' ���JÏ Nö

���Ð ¯E� � L ��} � 2 [ÀN2 [c�� 2 [ÀM O ò9� gå

æ���[À*¦g� VL ��¹ G �� ' +,�Reload Signal��� �  

�

«�7 { v S �� 5����ª x«�
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L ��=ãL u Ï G �+,2 ���iÆ�[À�2 �&�ý=ËN2 å

æ+,' Î' ���* � ����¦�N+1�K ' N��N�Eg� VL �

�wòã L u Î ' ����[c 2 ���iÆg � VL ���[À��

&�ý=ËN2 � ' +,' � � L ���* � L � } É Ea bbP ª x�

� 5������ ��ú V5.2�¬U 

Divide Ratio ( 1) ( - )
                       

M N S N P S
N P S

= × + + ×
= × +

            ���������V�7 { è�

�� � K L ��Î ' ���N�4/�5� � � L ��N5 � � �g%¦9

� [Àé � L ��Ù %$ ¾Ú ³ÏT U��å æ+,�g� VL ��wò

K L ½ Æ t�29EN � � � + � > ? � 8 ��;���� 9 : ò119.5Æ

133.5E§ ¿ � � � ����ª xE 

 

�������! ����! ����! ����! �D E @ + � � � 8 9D E @ + � � � 8 9D E @ + � � � 8 9D E @ + � � � 8 9 ����

����Î ' ����«¬ ª x ú «5.17�¬�® � O v �Dñe à�* �

2 / * �OR Gate��� å æ«ÈN0v&�5�N1.8v&�4E'�Î ' �

��ü ý � �2.4GHz�+,�a b8 2 Dñe à� # � «¬³ ò{ 4 «Î

§ V�Current Mode��ª x�%iÆh\����É E � � 8 2 Dñe

à��# � «¬N� ç � î �J� ¾�ú «5.14�¬� ª x� � � � ��

Å ��� ù ²} � � /$ EÙ Ø Å 
 �ò'�� ò ¯�h\� £ C �¹ 6

CMOS ª x�/ * \D= � ë $� a b � T = { / *   � Ï Dñe à��

«¬���%NMOS � Ì � � ViÆ/�OR�� ± ��«¬ú «5.18�

¬E 
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«7 { v � �Î' ���«¬ª x�

�

«�7 { vw �YÀ/* �h\�Å «¬�

����Î' ����§ ô̈ Ù ú «7 { v � �¬�Î� 2 ª ë å æ«ÈN,· �Î

' ����7��%�Å ��� ¸ � � 2 ª ë å �Î ' ����[c � �

½ N2 ª ë :å � 2 ª ë å æ«ÈNv{ w · �Î' ����éE�
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«7 { v � �Î' ���«¬§ ¨�
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�������(����(����(����(�F G 9 C � � � 8 9F G 9 C � � � 8 9F G 9 C � � � 8 9F G 9 C � � � 8 9 ����

����N � � � + > ? $��} �;� � � L ��K L N5 � � �'�Î '

���Ü ¸ * ���  /� � � a b � � L ���[À�� � ë =3 h

\��%d 4 è 7 ö ��� ª x�� " N � ² > ± ��� 4 Æ�Dñe à

�� ò4 è «Î § V�«¬E«5.20�¬N� � L ��� ª x�'� v �

g� K Dñe à�¯ è 7 ö ���Ð ¯�� v �� ¿ ã�8 v Dñe à�³

} N2 [ÀI�nIN1wù e à�=Ï × �Å �Ð ¯�à ýò[À� UÐ �

! [c� =UÐ N! �'�ò è 7 ö �� ¾��% â �å �[À��¬�

� � =â ¢ �a bäå ���S=NV5.3��¬U 

0 1 2 3 4
0 1 2 3 42 2 2 2 2S Vis Vis Vis Vis Vis= × + × + × + × + ×   V 5.3 

�8 2 Dñe à�³ �� å � QB ³ =N0�F̧ �NAND *  ÞOUT3�F

¸ 'ä å N v �XDFF_SR  ÞQ* G Ì g � VL ��� � ' +,

�Reload�JNAND�% ÞVconã� ' Î' ���E 

 

« 5.20 � � L ��«¬ª x 

����� ������ ������ ������ �H I J 9 C � � � 8 9H I J 9 C � � � 8 9H I J 9 C � � � 8 9H I J 9 C � � � 8 9  

    g � VL ��òN2 � �L ���� ��NP�± 4 N* Î' ����

[ca ,�%PE8 �̧ �P 2 ª ë å �ý= ÞN� ' a ,�* � � L �

�³g� VL ��� � NO � Ù �FÏ × ¿ N! �õ u E 

    «5.21�¬Ng � VL ��«¬ ª x�'����� � è h���%

* � � L ��N I d 4 è 7 ö ���Ä V�Dñe à�ò 4 + C ( ) ª x
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�Static Logic�%² > ± �E�� � K L ��g� VL ��Æ tV�è � �

a b������U�� � ò � � � L ���[ÀÙ s tE'�@ K L �

{ 4 �g � VL ��òè 7 ö ��� ª x�� ) ò= ÞÃ � �� � � Ï

( Phase Errors )�a b=�äå YÀN2 7 ö �REsynchronous�«¬�

%� � � � � ÏEäå «7 { èè�¬ò   2 ����§ ô̈ Ù ��ù W � �

� � L ���[Àòv,�a b  . ��NV7 { é�¬���Nvè S E�

�

«�7 { èv�g� VL ��«¬ª x�
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«7 { èè�� 5����§ ô̈ Ù �
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����'� � � L ���[Àòv,��%�Îv, 2 ª ë å æ«ÈN,· �a b
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' �����ýUN�é�z B Æ ¡ è � 2 ª ë �b&g � VL ���� è �

a bËc� ' +,� ' � � L ���{ � å æ«È � U� ,· �Î' ���

wUN�7Eb�N  2 � R �����õ ¯�� E�

���� B ? �  2 > ? ë 7 ��;��� § ¿ * c�;��*���&'

�� Ø Í 8 2 �;��� ��� K t8 � N û �� � �7 { v*�7 { è * c

w ,è{ vv - *w ,è{ vv . +/��;���H I 56'�� = ] v C 4 5��;Ã � �
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6.1 K LK LK LK L  

     @ ! " ò { 4 m � 0.18�m,1P6M�® � �«6.1a�¬N ! " M � *

�Chip Photo�� > &' «�Floor Plane��«6.1b�¬N! " © ª � �

� �&' ��Pad Assignment�E'�� 7 & Þ C D E F G ¬*H I 5

6� 8 �����% } � 2 h�[c�N2 ò�5GHz��- �N2 ò�

2.4GHz��- �N� < h��+,�� ¸ 'ä� �¬y Æ � � %ë ì ��

� Ô Þ Ä @�� = * È å � ã ��VCO�*�Å ����1/2�² � ! "

�� ¿ � �< È å � ã ��+, ¸ � � Õ ��Buffer� å g%£¾¦�å

� � [c:1�Å ���+,�g% ¸ � � Õ �£¾¦¿ Ä � � � ¯[

cE+,�¸ ��Å ��� å �ËÀ � R �����Multi-Modulus 

Divider��'�b&��� � } 2GHz��% � R ����ü ý � j �Å

���E� å  Þ����� Þ $ËÀ� � ��� ±��PFD�E� � �

�� ±� Þ� � «/² «+,FËÀ� «Ò �1� « Ò =? ï ¬́ ) �

�̄ ² «% Þ å æ«Èã¾ UÈå � ã �����'�å æ«È�� t

Ð =� �   2 ��� ½ ��[c� � ¸+��%�ï ¬ ´ ) ��� ' � X

$ü ý â �  È å � ã �â 4�ú b� ë =| ½ å æ«È�¬ y $} ��

�¸+¶ · �1{ � � ¸+�hE 
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� Þ�2� +, � Y1 Ø Æ� � � L ���[ÀN5 � � �³ÏT U�

�[ÀN10� � �M O &' � � ¿ � *� i �� � EN� < [À³ÏT U

���� 10� � Y Z�� 7 ö �; £ �% ë ì à� Ù �� Û�� =< Y Z

[Àå � ¸ �� v � � × [À � ��¯à I �� " < � î �� å æ&û *

� � ��7 ö Eb9� =< ó Â «¬+�� «¬* [ \ g%b � T   �«

¬� VDD*� M ä¾;ë 7 � � � �ú bg%< �� *ó Â �¸+ë =�

� ¶ · �� " < N§ h�«¬} � Ð T   «Èv � � < Eäå   2 ! " É

4 � 47 2 � � �'�� � ! " > � ò' � � s t�Pad Dominent���

% � � � . «¬å � u �> � �g � G ² ï ¬ ´ ) �� 8 � � � � «

��1� v «�g% ¸ ' � � � ! " 9 � &' E   2 ! " � 4 > � N

1,45X1,35 mm2E 
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6.2 7 M N O7 M N O7 M N O7 M N O  

    @ ��� ½ �� 8 � �[À+, } 20MHz�� � ��+,+� R ��

�����K t+,+³ÏT U��[À+,:1 è � ±�[c+,} È

å � ã ��[c+,+�Å ����[c+,*� R �����[c+

,E� � � ¦ A �! " # � N � ±� �J�� ° ��[À Ä > � � ���

¾À� � å =� ¸ �à� �� �Inverter Chain�¯N[À � Õ ��* +,

  � NÃ � é �Ä ) � z Ð # � «¬:1  ���K t�[À'�ò£Î

+,a b£¾¾Æ� � ¦9� [À0/1,8�«È:³ÏT U��Y Z[À

� M wò 4 � � � � R ä �G < Y Z7 ö [ÀE�[c� � � �Èå � ã

�*�Å ����[c ³ ò¸ '� v � v v � � «¬�Source Couple 

Pair�JN � Õ �¯[c�� �¡ Å v � � Õ �= t &Æ50 � � �[c ³

Ë�1� R �����[cNI ò̧ 'à� �� ¯[c� Õ �E 

    �! " 9� �± � � ° $�� � } «¬ �® ¯*° ±% ��{ 4 E

«6.2N«¬ �M � «��«¬ � K L $} %¿ � ° �� � N� < h�

�+,�� ä� �¬ y Æ° ±�% ��% ë ì 1 Æ � � � Ô Þ Ä @�= [

\ +,¹   �«¬ â b â 4�Á 1! " @ Ø =8 � � � �£ÎÁ È* å

æ+,�� § £ÎÁ È*å æ+,ü ý � ¸ 'Á È«! *ä� �G /0 �

a bn³ J�7 N2 «¬ $�� ü =¢ ° � Y«¬ �> � | ½ h�+

,� �«¬ $� 3 � �� � Ea b � �«¬ = K L ½ � ½ �N½ N	

Î+, �AC Board��! " P D �ù  $> �" h��[c+,*[À

+,¦ù  $£¾J[c[À:1 ! " � 8 � �£ÎÁ È*å æä� +,

wò'eN½ £Î«¬ /0 �DC Board��ú bg¢ ° � b 	 Î«¬

�> � �%q Êh�+,1 Æ�Ô ÞÄ @E 

    «6.2a�N	 Î«¬ ��å �SMA¾Ý NÈ å ¯ ã ��[cw��

¿ �SMA¾ Ý N�Å ����[cw�'�� � 2 [c+, ³ òh�[
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&$� T �{ 4 � ¦ � � « R �g%< ù D NN2 50 � � �¹ [D EÈ

å ¯ ã �³�Å ����[c � òÏ Ð [c�¸ '9¾�k � �Balun�

g* ÏÐ [Àc ½ b w[c�%� Y+, § DE� ¿ Ä SMA¾ Ý ò� R �

����[cw�� i �SMA¾Ý ò � � ���[Àw�1� 	 Î $£

t � X ¨ N³ÏT U��10 � � �� +,[Àw* � × [À R ä �� 8

� �&û +,E 

    «6.2bN£Î«¬ �M ø «��! " ��8 � �£ÎÁ È=& 'g

U« ³ M ÈG /0 � � � L ���5 � � �� £Î[Àg ¸ 'ä � G J[

À�b9 © ú È å ¯ ã �e l �- +Èå ¯ ã �å æ«È� '9� [À/

# �  Þ% $ ³ÏT U�*¸+· Ð � æ� { 4 * é � ò'9 � 	 ª ä

� G Jå æEe9� ! " �° ±$�0 @«Èv �Power Supply��� t

Ð è � � � � �a b � =�£Î«¬ $ { 4 � È��Regulator�� YÀ

g 
 «��Bypass Capacitor��ú bg% < £Î«¬ $�«Èè � � �
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    «6.3�¬N ° ± % ��&' «� � � } � 2 [À+,� O 2 [c+

,�� � � �E8267D+, Þ�/0 20MHz�� � ��:« P �16500A
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6.3 O 7 �  O 7 �  O 7 �  O 7 �   

    �� Æ! " å � � =� Ï × £Î ) �° ±�¢ � $° ±�£Î) ³ *

«¬§ ¨�ô Ù N� �� �� } ° ± ! " # � �« ³ ��© ª $�¬ �«

³ ò10K � � �® ¯cG ° ±�ô Ù ò9K � � �  �a b� K �  � �E

�£Î) $ tå ��gÏ × +,�° ±�� � =� $ tÈ å ¯ ã ��Ó Ð � 

a N� � R ÆK � $��� ½ ���  Þ���9 : E«6.4�¬NÈå ¯

ã ���- Ó Ð «�N� � _ �  2 > ? ���9 : �È å ¯ ã �ü ý �

 Þ4.8GHz ~ 5.35GHz�1� � 0 ® � Uç ¿ � �Èå ¯ ã ��- =K

L N4.77GHz ~ 5.51GHz�'�N » G Ø ��� ò Þ ¿ ÷ ¤�a b� ��

�� Ï� ® 9 : �Frequency Error Margin�à ò/0 Â Ã � ' ��¿ q

�� Ï�Á 1¦Ó Ð «$� T g%";K JcG �Èå ¯ ã ��- � è �

¿ Á ¤�à1òÞ $Á ¤� 200MHz��4.98 ~ 5.66GH5E�

�

«� S { éÈå ¯ ã ���Ó Ð ° ±ô Ù �

� å � � � a òc�� . § ¨&�� t L � Ô Þ«��| ½ K � $�«�

ü } ê t �� �a b��à1 Þ $� E� t L Ô Þ«�� � a ò. © ª å
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§ ¨&� d ¤ ?J � M A � V > - J A ¤ < ��� � 4 ° - > A . U= � ¯ , . ° àÔ Þ«��à

Ø Ô Þ«�å �� ¼ 4 m � /0 �� �« ! . § ñ�F L �C e M �C ¤ Q = > �ô �

bÔ Þ«�¿ ã . �Á 1�m � /0 �§ ñ�� K Ü ¸ } ® «! . � È

D Ô Þ«��# �a b� ��� �  t L � Ô Þ«��� ={ K JcG �

�� Þ $ Á E« S { é�� i ± ² wò � ¬�ù È å ¯ ã ��[c�� ¿ �

? @Æ��Å ����[c���g%";��� Þ $Á ¤� � � ¿ ��

Å ���� Á �e � �* ��q �N� E�

����« S { 7�¬ò� R �����[c& F ° ± ô Ù � � å �° ± ô Ù ò

�È å ¯ ã ��[c��N7 { vw 3 4 5���K tNè S é���ô Ù ò

v � { S è C 4 5:�å �° ± ô Ù ò�È å ¯ ã ��[c��N7 { S 73 4 5���

K tNèé,� a b����Nè 6 { 7é C 4 5E� T g% � � Æ�{ ���äh

�&����� �e $ f ¯E�

�

«� S { 7 � R ����° ±ô Ù �

�

���� $ tÈå ¯ ã �+�Å ���*� R ���� � �e � f å̄ ��g

Ï × ��� ½ ��° ±E«S { S 9 - B �¬Nî � ï ¬ î U &�È å ¯ ã ��

[c�l����7 { èw 3 4 5�¦° ±« � g"; � � �� " ) �� b �

P7é Q R : �1S { S 9 . B �¬wòÈ å ¯ ã ��� � ¸+ ° ±����Á ¤v C 4 5

�� Ä � � ¸+giÆPvvé Q R : K 4 5E�
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�

������������� 9 - B ��������������������������������� 9 . B �

«� S { S 9 - B ��� ½ �7 { èw 3 4 5[c�l9 . B ��� ½ �7 { èw 3 ;5 � � ¸+�

����«S { � 9 - B wò��� ½ ���Å ���[cw��l�[c���

è{ S 3 4 5�¼ © g� ±Æ� � ��" ) �� b �PS v{ S � Q R : ES { � 9 . B wò�

Å ����[c� � ¸+�� ����Á ¤v C 4 5�� Ä � � ¸+gJÆ

Pvv S Q R : K 4 5E�

�

�

9 - B ��������������������������������� 9 . B �

«� S { � 9 - B ��� ½ �è{ S 3 4 5[c�l9 . B ��� ½ �è{ S 3 4 5 � � ¸+�
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����¾¿ G L [ ³ÏT U�� ± ��« S { w �¬Nä s ³ÏT U� å �[

c�l«���Nè S S { 7�[c��N7 { 6 6 3 4 5�¦�l«$g%";³Ï

T U� } e $ � õ ¯�  Þ � ¾ , { 7� è   ���� � � S { w 9 - B òü } ä

s ¸+· Ð � æ�¯A J ;= UA < /��[c�l«:1 S { w 9 . B wò} ä s ¸+

· Ð � æ��l�� T g%� � cü } ¸+· Ð � æ&�l$} � � � è

  �" ) �L U- : J A ¤ < - > �M @ V U��1äs ¸+· Ð � æå wg% ã �� § è

  �" ) �ä ��ú 7 � T �¡ O 	 ¼ 4 M A � V > A < ^ �J�§ ¨N» E�

�

�

9 - B ������������������������������� 9 . B �

« 6.8(a) � õ ¸+· Ð � æ��l(b)äs ¸+· Ð � æ��l 

     

    ��� ½ ��ý �î t& < �Settling Time�à ò> ? �} > 9 � �

��«6.9Nî t&< �° ±� ý Ð ���9 : ò80MHz(�b 	 È å ¯ ã

� ý Ð � ��� 
 ��Å ���[c ý Ð N40MHz)���# $ DÆi

27ppm(+/- 75KHz)% # &�8 � �& < N66.4�sE«6.9(b)ò«6.9(a)�ª

� ² ¢ ° ±«�%  � T ã � � ��î t å � æ b � Ï� � �6.9(b)ä �

å �" O ) � ò6.9(a)��< " O �Peaking��² ¢ «E 
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(a)                                 (b) 

« 6.9(a) ý �î t&< ° ±« (b) ª � ² ¢ « 

    �� ½ è   ���� ½ ��. @ ° ±å �¾¿ G ò£¾�¤� � ��

° ±�� =¼ 4 MATLAB M O  Þ} ¸ � D E ´ ) �*ü } ¸ �D E ´ )

���� 2� Y Z�â ÀÆ( ) M ð % ��� & ' ( ) M ð % [ÀÆ! "

��E� � G 1 ü } ¸ �D E ´ ) ��° ±ô Ù �«6.10�¬ò�MATLAB

� Þ��� Y Z) � �NN� ¸ �h¥ ) �   � ´ ) ��(29-1)PRBS2

� Y ZE 
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    «6.11�¬N� Y Z ¹ [\DNÊ\10KHz&�¼ 4 T UM ð % �°

±Æ�[c�� ? & < �° ± ô Ù �g% � � Æ[c+,�J��T U�

��[À��� Y Z ? @Æ���< J2� �ý Ð �̧ '� u M ð g%"

;�[À��� Y Z ? @Æ��� ý Ð �Frequency Deviation�N

160KHz�¦° ±« � $g� � Æ��ý Ð $ K N160KHzE«6.12Nb&

�È å ¯ ã ��[cw ° ±Æ��l�g% � � Æ=} � Í ��+,

�Tone��ä ��� � Í ��+,ýò? @Æ�� Y Z� ü � Æ�� 2 �

��� � 2 ��Ï�Èå ¯ ã ��[cw=ò��Å ����[cw� �

o� � N320KHzEe9� T g � � Æ[c�l ë Fò ³ ³ �N Í �1ò

Ã N4 d ú ´ µ £ �� a ò��=� � 2 Ù � < 2� �ý Ð �a b=� c

� � ���M ° �1 ë Fòb N���+,�� �l=4 d �b° ±ô Ù

j g*SIMULINK�§ ¨ ô Ù J ? M E�ü } YÀ D E ´ ) ��° ±��

�Y Z¹ [\D i Æ40KHz&��g� � �[À�� Y Z � Í �,+1� <

ý Ð &�[c�� ? &< �° ±$���=C z IäÆ,+v? @Æ�� � �

b��þ ë � �� ÛE 

 

 

« 6.11Y Z¹ [\D10KHz � ��T U° ±«  ( C D E ´ ) �) 

 



 

 
  

- 89 - 

 
« 6.12Y Z¹ [\D10KHz � �l« ( C D E ´ ) �) 

    FG ° ±} YÀ D E ´ ) �� W � �«6.13NMATLAB  Þ� ¸ �D

E ´ ) � å ��� Y Z�g% 1 Æ�,+v c l &�h� � Ú � " ) � Û

�d = - ^ A < /�3 § ��Ê¹ [\D&bh� ½ � �� 
 �î � ï ¬��þ �

a b" ) � Û� =ä �:Õ�h¹ [\D&�bh�½ � =Þ î � ï ¬ ´

µ�a b" ) * =Ã N� � E 
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    «6.14NY Z¹ [\D20KHz&�[c��? &< ° ±«�ú � T �

ê ±��Ê¹ [\D&�" ) �� Û=Ä � �[cw:«6.15NY Z¹ [

\D100KHz&�[c�� ? & < ° ±«�b& " ) UNÃ � � E Â Ã ü

YÀD E ´ ) ��W � �Y Z ¹ [\Dg%� i  2.5oE«6.16NÈ å ¯

ã �[cw��l��� � Í ��+,N I ä �9�g� � Æh�� � �

�lÞ $u O �b�D E ´ ) �� Ú h�½ � �� E 
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« 6.16Y Z¹ [\D100KHz � �l« (YÀD E ´ ) �) 

    %$N£¾�¤� � ��° ±��YÀD E ´ ) �å ° ±Æäi � Y

Z¹ [\Dò100Kbit/s�H I 56> ? ò1Mbit/s�Y Z¹ [\Dë � i �

� a òî � ï ¬��þ �Ñ � � �'�D E ´ ) ��h� � Ú =� Y��

[ÀY Z�Ð C 9 : (Dynamic Range)��¢ �Ð C 9 : � 
 � ³ÏT U

�ë � t�a b � C z C k ° � Ú Y Z���þ ë + *� Ú } k ¿ �Y Z

¹ [\D� C z Æi1Mbit/sE 

    «6.17ò @ ! " �± �ã ¿M © «� � � �± �À ¿ò�h�[c �

Õ �$> �'�� z Ð Ã ¢ � í â �� " [cw%50 � � « ³ ¯ ³ Ë t

&�a b=ã ¿ ¢ «ÎE� µ � Õ ��± ��  . ± � ã ¿N19.54mWE 
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    äå ¿ �6.1N  2 ��� ½ ��° ±ô Ù * ��� �Èå ¯ ã ��

FOMò� M ¿ VJõ u U
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    äå � T g%FJN2 � Y�° ±�NS �
 +��b� T ] ý � ¾

U[À��� Y Z) � *¢ b ��g < [c�l _ � S �
 +> ? ��

`�«6.18N�[À��� Y Z�� � > ? òÞ ¿ S �5000ppm�¹ [\

DN30KH5��Ô ��N5.2GH5� a bS � ¢ b Nè S C 4 5E«6.19NS �

å ��� ? &< ° ±«� �g%� � Æ$ K ú � T �[À��� Y Z½ O

� ) U��'�ò��Å ���[cJ� � �%��U�ò13MHzNÈ å

¯ ã �[c��U��N� E 
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    ¿ «6.20wò° ±��l«�³ ³ � � � NS �Î�5.2GHz�l�$

� � ¶ � � � NS � å ��l�� � � ¶ � M ���9 : �$ N�K L �

26MHz�S �Î*S �å �± �ÏN28.4dBcE 

 
« 6.20S �Îå ��lÂ Ã  

      e9�§ ¿ �° ±«� N¼ 4 h��¬) ��G 1 � È å ¯ ã �*

�Å ����[cw? &< �R C ° ±) � �� ° ±� JitteUU�
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«� S { èè�Èå ¯ ã �[c) � *· A J J = U�

���� § ¿ N¾ U³ÏT U��[ÀÙ �G 1  Þ� è   � " ) �� ' } C

ú � A M ð » � Þ�ù c� �� Ä U�
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    FG � $ë 7 ��Á ¤�Frequency Deviation�¿ �£¾ T U° ±�

��Á ¤° N300KH5E 

 
« 6.24 ë YD E ´ ) ����Á ¤333KHz ¿ �£¾T U° ± 

 

 

« 6.25 YD E ´ ) ����Á ¤333KHz ¿ �£¾T U° ± 
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