
  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

        دانشگاه تربيت مدرسدانشگاه تربيت مدرسدانشگاه تربيت مدرسدانشگاه تربيت مدرس

  مهندسي برق و كامپيوتردانشكده 

 

 

����� ��� 	
��
� ���� 	
������ ���� ���� _ ���������  

  

  

  

  ���� �� �	

� ����
 ����� 	��� ����������� ���  

  

  

����  �!���  �"������#  

  

������ ��	
�:  

�"!� �$����!% ���� ��&# '��(  

  

  

  1388 اسفند



 



  



 



        تقديمتقديمتقديمتقديم

  

  

بدين وسيله گوشه اي از گرچه مي دانم كه اگر تمام رساله ها و مقالات جهان را به شما تقديم كنم تا 

  ...باشم، باز هم ناتوان خواهم ماند؛ اما  احساس و احترام خود را به شما عرضه داشته

 ،با شنيدن نام شماتقديم به شما كه بهترينيد و . راه و رسم زندگي را به من آموخته ايدتقديم به شما كه 

  .چيزي جز روشني و صداقت در ذهن من جاي نمي گيرد

  

  "پدر و مادر عزيزمپدر و مادر عزيزمپدر و مادر عزيزمپدر و مادر عزيزمتقديم به تقديم به تقديم به تقديم به "

  
  

  



    تشكر و قدردانيتشكر و قدردانيتشكر و قدردانيتشكر و قدرداني

��ار ��او��� ���� � �� دا��� و دارم، 	�� از او�����ن @? <=ا>; :9 �5678 34ود 0ورد' و . 2�س � 0ن � . -, +*()�' ا��، . % و $ از � #"!  �A 0 B

�� C? 0ورمD . =EF '�GH.  

�A از ا IJاKL و ?MN34و OP�QR �S د Tد �U0 ب�WX ،م�WYZار ���_� ^9را[\][  ̀?C ?aردا�b و =Ecd �Kef �g=hا�ij . ?k��ن l را[\]mnا �o?pرq   'وژs ,tم ا�uvا w

�' 	��, Kx oد �. ���^9 از 0ن، ����� �o ارز���WY ا�� � 	�Kار' 0و~' {Kش و }=اغ را' -, w ز��p? ام Kyا[Kx �Wد. Kxد� . �WP0' را . -,  ��ش ��)�ر و ارزش �

��K�0 ...9��� . د راKy ��[5Y� =Ecd   nداKef ��� ن�� �ن، ��� ا�mnا �o ��K�d و ?k��م اt, £¢¡ � ��ون را[\]uvدارم � ا ?C �_�¤8 ن�m.  

 ،,�¥¦§	�WX ،د ©¨3' ا�K�ª� 9^Tد �U0 ب�WX ،?@�9م ©�»�� ارز�) ¬̂� ���ب �U0  باز ا®­WX ن ا± °¯"9 و�9 ا²³ T̂د �U0 9^T9 د´µ OP�QR �S � ر���ن ·¶D �¸²¹Kxا

�_�[` ?C ?aردا�b ،د��K�34 د!ºK} را ��WYت ارز��� 2�ی�ن ¿¾ را �Kرد Bر½? ¼3ار داد' و � ,tا ÁÂÃ و.  

Ä�Åاز 0ز �KÆ® ،رس�Ç O«ÈÉ 'Êدا w �¸(��£ ل دورانKÌ w � ر -, ا���ÍÎÏا ÐÑ�Sد' امKx Ò(·9و^ÓÔوا=E(Õ ' .A دو �S ?k�W�0 و 'Ä�Å0ز ,tا w رKÆÖ� ?a

از Ù¸� اÓÔ^9و·)Ò اØ4ود' ×Kد  �_o ���<دا B روز � Ã 3ار داد¼ ?ÚÛÜ� w اÝÞ و �()*+ ßà�­á ا� '!"âãش، . -, اKä �åH و '�æç . از  �è( و ,t�� د' <=د' و�éêëا �ì34 از

=E(Õ 'و=� w �íKy ن�A م دو�[î�\ï ?C =Ecd Ò(·9و Ó̂Ôوا.  

�WYو ارز� ~ð ر��a? دا��� ام ��)A ار' دوK�	 ?pل ز��KÌ w .��K× ?C �ñò�Å ،�\ï ?C واز�s �WóS '�æ� و �Wô° ?C �õ[© ،مK× ?C سK��Å '�æ� � ?a�A ار' . . دوK�	 � ?a�A دو

�\ï ?C ر�ÍÎÏن ا�Fر�Wï w دنKx ...o ا�� ا�= از 0ن ?ö��OP @? ا�÷QR �_���ار� ·\]���ن  �møùw ?@ �o �ú¢� د' و از=Eã د���ن یF9"û� ?@ ?ü و دو.  

�^9 از 	��© � �Å، ا��	از  =ý0 ! د راKy �oودw و o س��  ,t9^�� � م�WY��Ù .  و w�Å ،ر��~ð ا�Kyوز  -, �  مÝÞا ?ü���Ky OïB از ?@ OP��ن و �]S3�� رKÆÖ  ن�mی���

�ر <=د' و Kyا	� <=د .ï\� 8¤�_�، ا��ÍÎÏن ا�m

Kاد' ا� � 	�Kار' . و�Kد ¿ز·���.  
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Abs Absolute Value 

BW Band width 

CMOS Complementary Metal Oxide Semiconductor 

CP-1 dB 1dB Compression Point 

DS Derivative Superposition 

FF Fast NMOS Fast PMOS 

FOM Figure Of Merit 

FS Fast NMOS Slow PMOS 

HDMI High Definition Media Interface 

IDS Improved Derivative Superposition 
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rd

 order Input referred Intercept Point 

IMD Inter Modulation Distortion 

ITRS International Technology Roadmap for Semiconductors 

KCL Kirchoff’s Current Low 

LNA Low Noise Amplifier 
MDS Modified Derivative Superposition 

MIMO Multiple Input Multiple Output 

mm-wave Millimeter wave 

PCNO Power Constrained Noise Optimization 

PVT Process, Voltage & Temperature variations 

RF Radio Frequency 

SF Slow NMOS Fast PMOS 

SNR Signal to Noise Ratio 

SOI Silicon On Insulator 

SS Slow NMOS Slow PMOS 

TT Typical NMOS Typical PMOS 

UWB Ultra Wideband 

VSWR Voltage Standing-wave Ratio 

WPAN Wireless Personal Area Network 

 



 � 

 * ��+, �$��%�- .��/�  

��"�%  O��0�7� ?�P% 

�X� w����� ft 

5�
�� w����� !�
 ���  fmax  

&-�� w�����  fc 

��	B� ���� �
�� #
�"� �
��ˍ�O^ 1��
   gd0  
w����� &� &	���� #�� #
�"�  gg 

#�� �"- �$B� Z��
�A  
�� �B�CD  2

ngi 

�
�� Z��
�A  
�� �B�CD  2

ndi  
 x
�P �C	�2�� 
�� �$B� Z
�
�� � #��  c 

#�� &��
�� �� &<O^ #���$�  R□  

c���� ���G�  W  
c���� c�,  L 

��	�
 ���% #�� #���$�  Rg  
 
�� x
�P  F  
 
�� �":  NF 

���  G  
5�	-� ���"
�� x
�P  K  
����� #0�4�� x
�P  S11  

1�8[� �4�
�"A  S12  
��G� S21 

�A��U #0�4�� x
�P S22  
 w��
4) #
�"� "+���B�$	��(  S  

c���{ Z%���+  
�� x
�P  γ  
V2�� #���$�  Rs  

3D�� c��C�
 �B�$	�� #
�"�  gm1 

 c�� &2%�� ;	0�3D�� c��C�
 �B�$	�� #
�"� gm2 

 f�� &2%�� ;	0�3D�� c��C�
 �B�$	�� #
�"�  gm3  
|R
 "+�� �� #�� 54�U Cox  

W�� w�����  fn  
�� 5��	8B� #��+ #����}  µn  

c���� #���$� Rch  

#�� Z
�$B�  
�� #��E  δ 



 � 

 �$��%0*	1 �-  

��"�%  �,-. 

 c�"A)( )H ( ���� �� �"��� #
�$% ����	����� �� &
��� @����`% @��E�ºK *~J ...................................(K 

c�"A )( )* ( c"� ����  
�� !� �"��� #
�$% ����	����� �� ��� @����`% �E�TT .....................................(~ 

 c�"A)( )' ( 3�"�� ��  
�� !� �"��� #
�$% ��� �� &
��� ��� &-�� � ��� 5��4 !� @����`% �E�
 ��4�U)#B�+ �
�%"�( ................................................................................................................................................(~ 

 c�"A)( )h ( ���� �� �"��� #
�$% ����	����� �� &
��� @����`% @��E�ºK *~J ...................................oJ 

c�"A )( )( ( c"� ����  
�� !� �"��� #
�$% ����	����� �� ��� @����`% �E�TT .....................................oH 

 c�"A)()o(  �"- �+��, �"��� #
�$% ��� �� &
��� ��� &-�� � ��� @����`% �E�)#B�+ �
�%"�(...oH 

 c�"A)( )r ( ���� �� �"��� #
�$% ����	����� �� &
��� @����`% @��E�ºK *~J ...................................oo 

c�"A )( )K ( c"� ����  
�� !� �"��� #
�$% ����	����� �� ��� @����`% �E�TT ......................................oo  
 c�"A)k )s ( �"- �+��, �"��� #
�$% ��� �� &
��� ��� &-�� � ��� @����`% �E�)#B�+ �
�%"�(...qq  
 c�"A)k )dn ( ���� �� �"��� #
�$% ����	����� �� &
��� @����`% @��E�ºK esn .................................qu  

c�"A )k )dd ( c"� ����  
�� !� �"��� #
�$% ����	����� �� ��� @����`% �E�TT ...................................qu  
 c�"A)k )de ( &-�� � ��� @����`% �E� �"- �+��, �"��� #
�$% ��� �� &
��� ���)#B�+ �
�%"�(qu  

c�"A )k )dg ( c"� ����  
�� !� �"��� #
�$% ����	����� �� ��� @����`% �E�TT ..................................lg  
 c�"A)k )di ( ���� �� �"��� #
�$% ����	����� �� &
��� @����`% @��E�ºK esn ................................li  
 c�"A)k )dk ( �"- �+��, �"��� #
�$% ��� �� &
��� ��� &-�� � ��� @����`% �E�)#B�+ �
�%"�(li  
 c�"A)k )dq (��A�� &	�A�� ������ �� ;�$<% �
� �� �"- �+��,  
�� !� ��� �"��� #
�$% &�
�$�  

  ������� ��	�� ��GHz gk )ek .........................................................................................................................rr  

  

  

  
  



 � 

 �$��%2�3  �-  

��"�%  �,-. 

 78-)e )d (#O
�� ��	�
 ���% ��  
�� �"�: V���� ............................................................................l  

 78-)e )e (f�
 � c�� ��� 3������� ���� ����� 5��% x�+ �� ZA��U 5��% ��<�� ..........................u  

 78-)e )g ( ����� &$2, ��� ���B���%..........................................................................................dd  

 78-)e)i (Z	���$� 3�"�� �� �"��� #
�$% ......................................................................................................dg  

78- )e)k ( �O�
 �CG2% ��	U�
..........................................................................................................................di  

 78-)e )q (VA�� �� �"- �+��, ��	����� ���  
�� !� �"��� #
�$% ...................................................dk 

 78-)e )l( �� �"- &6���  
�� !� �"��� #
�$%  VA��]ek.[.............................................................dl  

 78-)e )u (�� �"- &6��� ��	����� ���  
�� !� �"��� #
�$%  VA��]eq[................................................du  

 78-)e )s (�� �"- &6���  
�� !� �"��� #
�$% VA�� ]el[............................................................................du  
 78-)g )d (��?0�� LX+ 3��8% ........................................................................................................................ds  
 78-)' )* (�"��� 1�8[� ��	U�
 �� Z	���$� 3�"�� �"��� #
�$% ............................................................*h 
 78-)' )' (#�� &��G� 1�
�� 4� ���O	
� �� �"- �RU  
�� !� �"��� #
�$% 3
 ���� .........................*h 
 78-)' )h (j�� 4� ���O	
� �� �"- �RU  
�� !� �"��� #
�$% 3
 ���� DS ........................................*o 

 78-)' )((  j�� �� �8�� ��	�
 ���% 5���: &� �2R}�� ��	�
 ���% 4� ���O	
�DS ...............................*o 
 78-)' )o (�O	
� �� �4�
 �RU j�� 4� ��DS  �"- ]T^�...........................................................................*K 

 78-)' )r(   ����% ��
 f�
 &2%�� x
��P........................................................................................................*K 
 78-)' )K ( #O
�� ��	�
 ���% f�� &2%�� ��A�:� �� ��A�� �%�� 5��$% &R$�..........................................'J 
 78-)' )~ ( ��4 4� ���O	
�PMOS-NMOS  j�� ��IDS ...........................................................................'J 
 78-)')HJ (�:� LX+ 3��8% �� f�� &2%�� ��AMDS ................................................................................'H 
 78-)' )HH (#�� ��	B� &� �4�
 �RU #�
��+ V�� ���� �8�� ��	�
 ���% �� 4� ���O	
�ˍ1��
..'* 

 78-)h )H ( 
�� !� �"��� #
�$% �+��, 7+���...............................................................................................'' 

 78-)h )*( fT � fmax  #�� ��: "+�� �� �
�� 5�
�A 4� �[��% 5���: &�)5��8�� x�+ �� ( ����
 ��� ���B��8%CMOS  � �B��[�SOI .................................................................................................................'( 

 78-)h )' ((a)  �� !��� ��  
�� �": �4�
 &�2- v
�	�GHz HJ  �� �
�� 5�
�A 4� �[��% 5���: &�

 #�� ��: "+��)5��8�� x�+ �� ( ��� #O
�� ����n  >�	?� ��� ���B��8% ��(b)  ��  
�� �":
 #O
�� 3
 ���� >�	?� ��� w����� �� �
�� 5�
�A �B�CD 4� �[��% 5���: &� !���

80×1µm×130nm  ���B��8% ��130 nm.............................................................................................................'( 

 78-)h )h (!��� ��  
�� �":  ��� ��� #O
�� ���� 5�
�A �B�CD 4� �[��% 5���: &�n  ���G� ��
80×1µm ���B��8% �� ��� 90nm � 130nm.....................................................................................................'( 

 78-)h )( (fT  �NFmin  ��� w����� �� �
�� 5�
�A 4� �[��% 5���: &� >�	?� ��� w����� ��



 4 

 ��� #O
�� ���� 5_ ��: "+�� �� �
�� 5�
�A 4� �[��% 5���: &� >�	?�n  �� ��8�� ��	U�
 �

 ���B��8%90nm ..........................................................................................................................................................'o 
 78-)h )o (�B��[� ��8�� ��	U�
  ....................................................................................................................'r 
 78-)h)r (���
�A �"a� ���O	
� ��	U�
 ..........................................................................................................'K 
 78-)h )K (�� &$2, ��� ;�2R% �� ���
�A �"a� ���O	
� ��	U�
 ...............................................................'K 

 78-)h )~ ( >�
 5�� �� �� �A��U 4� 3�"�� 780� 5��� L�, ��Ld1 ...................................................'~ 
 78-)h )HJ (����� �� ��4�U 3�"�� 4� ���O	
� ��  
�� !� �"��� #
�$% ���� ......................................hJ 

 78-)h )HH ( #
�$% ����� ;�2R% ��"� 78-  
�� !� �"���)h )HJ( .......................................................hh 
 78-)h )H* (RU �� �A��U &$2, 4� ���O	
� �� �"- �RU  
�� !� �"��� #
�$% �����9�� �C�.......h( 
 78-)h )H' (��"� ����� F?� 3D�� c��C�
 c��[� ..................................................................................h( 

 78-)h )Hh ( ��� �"��� >�[\% ��� &82-(a) π   �(b) T ............................................................................ho 
 78-)h )H( (  
�� !� �"��� #
�$% �A��U &$2, ����.................................................................................hr 

 78-)h )Ho ( F?� �� �"- ���[�  
�� !� �"��� #
�$%)h )h)*(..............................................................(J 
 78-)h )Hr ( #
�$% ����� F?� 3D�� c��C�
 c��[� ��"��"��� .........................................................(H 
 78-)h )HK ( 3��8% 3�� �� �"- �RU  
�� !� �"��� #
�$%MDS .......................................................(* 
 78-)h )H~ ("- �RU  
�� !� �"��� #
�$% 3��8% &	��
 ��2G� &��� 3�� &� �MDS ....................(' 

 78-)h )*J ( �����	�
 ���% c��[� ��"�M2  �M4 �RU ��8��: 7��<% #GA .......................................(h 
 78-)h )*H ( �� A� ���� ������ f����
�IMD3 (a)  j��DS  �B��[�(b)  j��DS  �"- ]T^�....(( 
 78-)h )** (�"��� #
�$% �A��U F?� ��"�  ��	�
 ���% 5��� &��P� 4� w�PMOS .........................(o  
78- )( )H (��4�U 3�"�� ��  
�� !� �"��� #
�$%  
�� �": � ��G� ��� ��<�� .....................................(r 
78- )()* ( ��  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��

 ��4�U 3�"��...............................................................................................................................................................(K 
 78-)( )' ( ��� ��<��IIP3  ����0� &R$� �1 dB ��4�U 3�"�� ��  
�� !� �"��� #
�$% ..............(K 

 78-)( )h ( 5�
�A �B�CD F��� 4� w� ��4�U 3�"�� ��  
�� !� �"��� #
�$%  
�� �": � ��G� ��<��
c�� &$2, ........................................................................................................................................................................(~ 

 78-)()( ( ��  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��
�� c�� &$2, 5�
�A �B�CD F��� 4� w� ��4�U 3�"........................................................................................oJ 

 78-)( )o ( ��� ��<��IIP3  ����0� &R$� �1 dB  4� w� ��4�U 3�"�� ��  
�� !� �"��� #
�$%

c�� &$2, 5�
�A �B�CD F��� ................................................................................................................................oJ 
 78-)( )r ( 72} ��4�U 3�"�� ��  
�� !� �"��� #
�$% ��� �4�
 &�2- v
�	� &�
�$�) ��� ��<��

��D �U ( "[� �)�� �% ��� ��<�� (�
�A �B�CD F��� 4� c�� &$2, 5......................................................oH 
 78-)( )K ( F?� �� �"- ���[�  
�� !� �"��� #
�$%  
�� �": � ��G� ��<��)h )h )H(.....................o' 

 78-)( )~ ( ���[�  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��
�"-  F?� ��)h )h )H(...............................................................................................................................................o' 



 ] 

 78-)( )HJ ( ��� ��<��IIP3  ����0� &R$� �1 dB  F?� �� �"- ���[�  
�� !� �"��� #
�$%)h )

h )H( ...............................................................................................................................................................................o' 
 78-)( )HH (�A��U &$2, 5�� �� 4� "[�  
�� !� �"��� #
�$%  
�� �": � ��G� ��<�� ......................oh 
 78-)()H* ( "[�  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��

 �A��U &$2, 5��� &��P� 4�....................................................................................................................................oh 

 78-)( )H' ( ��� ��<��IIP3  ����0� &R$� �1 dB  &$2, 5��� &��P� 4� "[�  
�� !� �"��� #
�$%
�A��U ...........................................................................................................................................................................o( 

 78-)()Hh ( 72}  
�� !� ��� �"��� #
�$% ����	����� &�
�$�)��D �U ��� ��<�� ( "[� �
)���% ��� ��<�� (�A��U ;�2R% &$2, 5��� &��P� 4� ...................................................................................o( 

 78-)( )H( ( F?� �� �"- ���[�  
�� !� �"��� #
�$%  
�� �": � ��G� ��<��)h )h )*(..................or 

 78-)( )Ho (  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��
 F?� �� �"- ���[�)h )h)*(..................................................................................................................................or 

 78-)( )Hr ( ��� ��<��IIP3  ����0� &R$� �1 dB  F?� �� �"- ���[�  
�� !� �"��� #
�$%)h )
h )*( ...............................................................................................................................................................................oK 

 78-)( )HK ( 3��8% �� �"- �RU  
�� !� �"��� #
�$%  
�� �": � ��G� ��<��MDS ......................o~ 

 78-)( )H~ (  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��

 3��8% �� �"- �RUMDS ......................................................................................................................................o~ 
 78-)( )*J ( #���$� 5��� &��P� 4� "[� � 72}  
�� !� �"��� #
�$% �A��U #0�4�� x
�PRsub ..o~ 
 78-)()*H ( ��<��gm3  ��<�� � �8�� � ��^� ��	�
 ���%gm3-total .....................................................rJ 

 78-)( )** ( ��� ��<��IIP3  ����0� &R$� �1 dB  3��8% �� �"- �RU  
�� !� �"��� #
�$%
MDS ............................................................................................................................................................................rJ 

 78-)()*' ( #
�$%  
�� �": � ��G� ��<�� ��	�
 ���% 5��� &��P� 4� "[� �RU  
�� !� �"���
PMOS ..........................................................................................................................................................................rH 

 78-)( )*h (  
�� !� �"��� #
�$% 1�8[� �4�
�"A � �A��U � ����� #0�4�� x
��P ��<��
 ��	�
 ���% 5��� &��P� 4� "[� �RUPMOS .......................................................................................................r* 

 78-)( )*( ( ��� ��<��IIP3  ����0� &R$� �1 dB  5��� &��P� 4� "[� �RU  
�� !� �"��� #
�$%
 ��	�
 ���%PMOS ......................................................................................................................................................r* 

 78-)( )*o ( �"��� #
�$% ����	����� &�
�$��4�
 �RU 3��8% c��:� 4� "[� � 72} ........................r' 

 78-)( )*r ( 72} �� �4�
 &�2- v
�	� ��� �� ����	�
 ���% ��[�� ���`% �E� �
��� "[� ����`% 4� ...... r( 
 78-)( )*K ( ���`% 4� "[� � 72} �� �4�
 &�2- v
�	� ��� �� &
X`% V2�� ���`% �E� �
���..................ro 
 78-)()*~ (
 ���% 1�
�� ��	B� ���`% �E� �
����RU ��� �� ���
���% ��^� �����	��"��� #
�$% �C� 

  
�� !�...........................................................................................................................................................................ro



d  

2(% 45 .�	��  

4 545 6�� '��78  

�� &��<� ���� �
�% �"�: 4� @�:T,� j4���� � ���U� =c�$	��0�� � ��U� ��� c�
 �� ���: #��

#
� ���� .5��� �
� ��= 
 &� @�,�2%�� ���B��8%�� #
� #��+ �� �� &	�A�� ��C
�A . ���aO�� "-�
 F
� �� � #��	�
� &� ���GA �
�	
� =!�
 �� #[�^c�$	�� ���� �P�$%  ���� ��� � #:�
 �� @�:T,�

 =9��������	�  3����	8B� #[�^ &[
�% ���� ��} ���GA !�������#
� ��.  

�"�	
�� ��� !	��
 &� ���� c�$	�� ����ˍ#
� 4��� �"���� . �
� �"[� 7�� @�S+T� =&^TU ��, &�
 5��% =����� � �%����?� ��������� ���� �� !	��
��
�� Z
���� =5�4�� #��} =!� 54� =3D�� ��[�� =

 #
9�� 5����,� #����} � Q��R�]H.[  �B�
�� @�:T,� ���
4�� c���� �"���� =�%����?� ��� !	��
 ��
"-�� �� =#
� 7U�"% �  
�� ��[� �� &� �	��
�� >�[P c��C�
 4� .  
�� �": � 9�� ��� "
�� �"����

"-�� &	-�� Z��
�� .  �� �� 7U�"% � �
�M% ��� w����� � ���a� ��� c���� LX+ #����} "
�� ���Y��
"-�� ����.  

 "+�� �
�	�G� 4� �8
 
�� !� �"��� #
�$% =�"���� #��} �� ��d #
� &�  c��C�
 #
�$% ����
��� �� ��� &� �	�_ 4� �	��
�� ��� . �
�	�� &� ZB�+ �� �% #
� f49  
�� !� �"��� #
�$% 3
 ����

 #
�$% �B�2} 7��} 5� �� &� �� c��C�
 5��% ="�� �� &��P� �� ��A�:� �  
�� 5� �� ���
4�� �% "
���
"-�� �
X� 5�8�� !	��
 �"[� @�$2, �� c��C�
.  

 !	��
 �� �%����?� ��� !	
��CB � "��� ���G� �� !�$	�� @��^ &� @�:T,� c�$	�� !a+ #2��

 
�� &� c��C�
e #
� x
��	�.  =&a�	� ��!	��
  @�:T,� =m?0� Z���4 �4�� �� "����} "��� �G� ���
 &� #2�� �� ��	0��"��� 7$	�� 3
��� "��� ��� !	��
]*.[  ��� &� 4��� =�	0�� "��� ���G� ���� �P�$%

#
� �"- �%9�� ������� ���"��� &� @�A�G� &� �a�� �O�, 3����% � 9�� ���� . !	��
 =7�B� ���� &�
 ��S� ���	�� "��� �� ���"��� �G� ��� ��� !	��
g ��	����� ��� ��� !	��
 �i

  ��� c�
 �� ��U� &�

� @"-"�� &	��� ���} &A�% ���.  

 "���� Z
9�� ���� ��� &� x�}� ��� !	��
 �
�
 &� �B�+ ��) � "��� �G� ��� ��� !	��
 ��S�
 ����� "�D ��� !	��
 _�A��U "�Dk( "^ "�D "+ �� 5�0%�:T,� c�$	�� ��� =Mb/s #
�=  !	��


 "�D ���� ��� &� "����% �� ��	����� ��� ���Gb/s "���
 #
� . !	��
 �� &�
�$� �� =�C
� ��
 4�
 ��� !	��
 =��	����� ��� ���UWB  ��� !	��
 � 4�a� 5��% |R
 #
��"<� 4�MIMO  4�

"��� �� v�� ���O	
� 7��} ��� �	�_ ��"[% �p��"+ �� #
��"<�. 

                                                
1 Low Noise Amplifier (LNA) 
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 mm-wave 
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 MIMO 
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1 Wireless HDMI 
2 WPAN (Wireless personal area network) 
3 Wireless docking stations 
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 Power handling  
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 Self resonance frequency 
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