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 � � . � � � 	 �$� �� � (� . 	 . � 
$� (� � � $� � � � � � �, � � � ((� � �� � (� 
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* � � ((�� �� � �� �� � 3� �� 1!* � � � �	 �� � �, � � � � , 	 � �� 
 	 !� 
 � $. � � $� � � (� 	 � 	 !� � �� 	 !�
� �
 � � ��$��$. � � �(�� 	 !!* ��, � �� (($� ��� 	 
 �	 ��� � $�� � 
$� $�(
 � 3� � � � * ���
�

�
� �
 � � � �� � �� �/� � � � ��� �� ���� � �5 ' 5= �1. � 2) ) � 2>� �� � �- ) ) ) $�

�
: , �!� ��, � �� � - 	 � � �(� 
 �- � � �!� �� � - - � � �� 	 ��� � $�/ 	 $�� 0. !� � �� � ���, � �� � , 	 � �� 
 �� (��� �� � 
 	 �� � �� �
 � � ��$��� ��, � �. 
 � $� � � � �� (�6 � 7�

 	 � � � � �� �� 
(� 
 � � � � � / 	 $� � � �� � 0�� � $�� � !* �$�� � �� � �� � � � � " " " �� 	 � � � . � 	 �� � � � � 
$�� � � � (� �, � � /� �� 
 � 	 �� � �%�� � � ���3�� � �� � � 	 
 � � ��� �
/� � � � ��� � ? 	 � � � � � >� � (� . � � !�$, � � � � * � � � � � �� � 	 � � � � 	 !� 	 � !� � �� (� 
- 	 ��� � � � � � �, � � �- - � � ��* � !� � � !$� � (� $�- . !� � �� �� � 
 	 �� � �
� �
 � � ��$�� . � �� � 
 " �6 � K�8� 1� �� � � � " " " 9��� � �2 , 	 . �� 
 �@�� (�, �$�
 � . � 
 ��� �C�6 ��� 1� �� � �. 
 � $� � �$�- � 	 $� 
 � - � � �� 
 � $� !�$�� � � � � 
 � �� � �
$�- . !� � � � - . � � � � �$�� / ��, � 	 � � � 
* � �� �� 
 � $��� � � � � - . 	 
 �$� � � / ��, � $�- �!	 
 � - � 	 $� 
 � - � � �$� . � 
(� 
- � � � �� � �, � � � 	 
 !* � ; " G$��� � , � �
(
 � 3� � � � * �
 	 � � � �/ 	 $�
 " �+ � K��� �
 " �6 � K��&�� � 
 � �
 
 � ���

�
� , 
 � � � , � � 0. � 
 �� � � � � � 	 �� � � � � � � 	 � � 	 
 �� �* � � (� - �� 
 � . 
 � � � $$� 
$� 	 � � � - �� 
 � � � � � �
 � !!� 
$�� $� - � � � � � �� � � 
$� $�	 
 �� � � � � � � !� . �� � �
$�
 	 �� � �� $� (� 
 � , 	 
 � � � �� � � - �� 
 � . 
 � � � $$� 
 � � 	 $� � � $*$�� - $�� � � �� 2 � � !$� � � 82� � !$� � 
 44#9� �� � � ��(�� � � �, � � � � !� � 
 	 � !� � . � �� �$��
. 
 � . � $� � �$. � � �(�� � � �
 � � ��$�$� � , � 	 $�$� . . !* �$� . � 
 � �$� 
$� � 
 � / 	 �� , � � � � $�� � � �� 	 !$� �$� - � �$� (�/ 	 
 � � � 	 $� � � �� � , � �3� � $�$� � , � 	 $�
- � - � 
* � �� �� � 
 ��* � � , � � 1�� � �� � �� 1� � � . 	 $$�� � �� 	 � � � 
 � � � � � 	 � � * � � � � �� � �� � �� 2 	 - . � � !!� � !	 �- � � � �, 	 �� � * � $�- . !� � I � � (� � $�� � �
$� (�/ 	 
 � J�. 
 � � 
 	 - - �� � ��	 �- �� 
 � �� � � �
 � !!� 
 ��- - � � ��* �. � 
(� 
- 	 � � � �� � � !� �� � ��� � 
 � 	 $� � �� . ��� �� � � �� 
 � � 
 �� (�- 	 � � ��� � � ��	 ��	 �
!� / � �- . !� - � � �	 ��� � � � � $��82	 - . � � !!
 44; 9��F� $$� � . ��- �$��� �� � �F� �A� � �8A� � � " " 
 9�$�� � �� � � �, � � � ((� � �� � (�$� (�/ 	 
 � � � 	 $� � �
�� � , � �3� � $�� � ��, � �
 � !�	 � �!��* �� (�� - � � � � � � �	 . . !�� 	 ��� � $��� ��, � �. 
 � $� � � � �� (�� + ���� , � �I � � (� � $�� � �$� (�/ 	 
 � J�	 . . 
 � 	 � , �� 	 $� � �
� � �(� � � ��� � ��� 1� � $�/ 	 $�(� � � � ��� �� � ��� � ((�� �� � ��	 � � �� � ��� � � � 
 	 !!* �	 . . !�� 	 � !� ��� � �� � � �
 	 $����, � ��- . !� - � � �	 ��� � �� (�� A=�(�!!$�
�� �� � � $� � �- � - � 
* �. 
 � � � � ��� �, 	 � � �	 �. � $���� � ��- . 	 � ��� � �$*$�� - �
 � !�	 � �!��* ��
�
� � � � " " � �� &�� &�� 
 �� . � � !�$, � � � 	 � $�� � * � � (� 
 	 � �� � �� �� 
(� 
 � � � � � � ((� � �$� � � � 	 � 	 !� � � 	 - . !�(�� 
$�� � . � �� � � �6 � 7� 8&�� 
 �� � " " � 9�� � , � �
- � 	 $� 
 � - � � ��$� �� . �� - . !� * � � �- �� 
 � / 	 � � �. 
 � � � $�� �
 � � �!* �. � $���� � � � �� � ��, � �� , �. ���� �- 	 �� �	 �� �	 �� " � � , - � �- . � � 	 � � � �(
 � - �
�, � �- � 	 $� 
 � - � � ��� 3� �. - � � ���� ��, � ��� �� � 
 	 �� � �� �
 � � ����&�� � 
 � �
 � � ��� � �� � $� 
 � � � ��� � 
 � 	 $� � �� 2 �$, �(�$�� (��, � �	 - . !�(�� 
 �� (($� ��
/ ��, ��, � � &��	 - . !��� � � ���, 	 ��$� 
. 
 �$�� � !* �
 � - 	 �� � � �	 !- � $��� � � $�	 � ��(
 � - �
 " " �+ � 7��� �� �6 � 7��



� � �� �� �� 	�
 � ��
 � � �� � �� ��� � � �� ���
 � � � � � � �%� � ��� � � � �� �
 � 	� ��� � � � �� ��� � � �� � �

�
� �
 � � � �� - �� �4� � � � � � � �� ��	 � �� � � � 	 ��� � 	 ��	 � � ����� � ��� �� ) ) �� ? @8- �� ? @�4� /�� � �� 
 �� �� � � 
 	 � � �� � � � �� 
 �� �� � � ��� �� � ��� � �� � �� �

 � �� � ��- ) ) - $�
�
� � � � " " � �� + 	 
��� � =��  � � �� $� � � - � � � !� � � �, � � � 	 
 �	 ��� � � � (� $�� � 	 !� . 
 � . 	 � 	 ��� � � � � !	 *$� �� � �� �� � 
 	 �� � � � �
 � � ��$�� � � � � �� �
� !� � �
 � - 	 � � � ��� � 	 � � 
 � $$�� � $�8 � � �� $� � � � " " � 9�� � !�, � � � , � �, � � � 0. � 
 �- � � �$� / � 
 � � � � !* � � � � � � � �� � � � . � �� � � " " �+ � 7� �&�� � 
 � �

 � � ���, � �� � - . � � � � ��$� � $���� ��* ��� ��� �� 
(� 
 � � � � ��� � � � � ��� �� � � 
 � 	 $� �/ ��, �(
 � 3� � � � * ��	 ��(
 � 3� � � � �� $�/ � !!�	 � � � � ��, � �� � $�� � � � �
� . � 
 	 ��� � �(
 � 3� � � � * �� (��, � �� � � �� � �� � � � 
 ��� $���

�
� �
 � � � �� * �� �� � � ���� 	 ��� � �� ��� 
 ��� � �� 
 �� � �	 � � �	 � �	 ��� � � ��� � �� ��	 � � ���� � � �	 � � ��� �� � �� � � � � � ��� � 9� � � � �  4� � �� � � � �- ) ) *$�

�
�

4. Parasitic Emission of Integrated Circuits 
�
� � �
 44� ��� ��: ��6 � � � - 	 � �86 � � � - 	 � �
 44� 9�. � � !�$, � � �
 � $� !�$�� (�	 �� � - . 	 
 �$� � �� � �/ � � � �- � 	 $� 
 � - � � �$�	 � � �$�- � !	 ��� � $�� (�
$�� � 	 !�. 
 � . 	 � 	 ��� � � �� �=�� �6 
�� � � 
 
 	 *$��=6 � $��� � � �$, � / � � � � 	 
* �� � � � � !� �� 
 �� � $�� ((� � �$�� (�$�� � 	 !� �
 	 � $- �$$�� � � � � . � � � �� � �
� � � �, � � . 	 � 1	 � � � . �� $�� � 0. !� 
 � � � � 
 � � � � � $�� � 	 !� � � !	 *$�� 	 � � � � $� � � $�- . !� �  �F�2 � � !� - � � �$� 	 $� . 
 � . � $� � � �� � 8� 	 � / � 
- � �
 � � �

 44� 9��� � ��(� 
 �$�� � �(�� 	 � �!* �, �� , � 
 �(
 � 3� � � � �� $��: , �!� �� $�� � �� �$� 
 � �� � �F�2 �� � - . � � � � �$��� �- � � � !�. 	 � 1	 � � �!� 	 � $��� � � � �� � �
	 � � ��� �� � 
 	 �� � ��� . � �L� � �. � ��$�
 � � �� 
 � $��, � �� $� � ��
 	 � $- �$$�� � �!�� � $�(� 
 ��, � �. 
 �� �� � �� �
 � � ���� � 	 
 � ��
 	 � 1$��� �� 	 !�� 	 �� ��, � �- � � � !�
� . ��� �@�6 � 7��
�
2 � � $�	 � �� �� � 
 � 	 $� $� �� � �� �� � 
 	 �� � � � �
 � � ��� � � - . !� 0��* � 
 � 3� �
 � � . 	 � 1	 � � $� / ��, � , �� , � 
 � . �� � � � � $��* � 	 � � � � 
 � 	 � � 
 � � 	 � � / �� �, ��
>
	 � !� * � � �� + � 2 
� � �� � 8+ � 2 
� � �� � 
 4459�$� � � � $$(� !!* � - � � � !� � � �, � � $/ ��� , �� � � � � �$� � � (� 	 � � � � �2 � - � � � �� � � � � � 	 � � � - . 	 � ��
>6 � � / ��, � 	 
 � � � � � 
 " " " � �LA� . �� $� � $�� � � � �$�
 �� � �� � � � � 
 
 � � �� $� � 
 � � $�� � � � � , �. � 	 � � � � � � . 	 � 1	 � � � � � � � � . !�� � � � 	 . 	 � ��	 � � � �
- � � � !$�	 $�/ � !!� 	 $�$� 
 �	 !� � � � � � � ��� � � �� � � � �	 � � � $��&�� � 
 � �
 @���� , � �$	 - � �* � 	 
 �� � ��: �!!�	 - $�. � � !�$, � � �	 �. 
 	 � ��� 	 !� � � � 1�� � �
� � $�� � �/ ��, �� + 2�� � � $�
 	 �� �$�/ ��, �� � � �� , 	 . �� 
 �� � � �� 	 �� � ��� ��� �� � 
 	 �� � �� �
 � � ��$�8: �!!�	 - $�
 4459���
�



� � �� �� �� 	�
 � ��
 � � �� � �� ��� � � �� ���
 � � � � � � �&� � ��� � � � �� �
 � 	� ��� � � � �� ��� � � �� � �

� �
� �
 � � � �� . �� �2
 ��� � �� 
 �� � �� � �� � 	 � � � � � � � ��	 � � �� � � � ��� 
 �� � �� �
 � �� � � � �� � ��� �� �� �
 � �� �	 � � 	 � � � � %� � � �� �� ! ! " $�

�
�
� � �) � ��� � �� �	 �� $���, � �� � � �� �* �(� 
 �� � �� - � ��� � �� � � �� � � 
 �� � �� � � � � �. 
 � . � $� � �	 �- � 	 $� 
 � - � � ��- � �, � � �(� 
 �
 	 � �	 �� � �� - �$$�� � $�
� (��� �� � 
 	 �� � �� �
 � � ��$�� $�� � �	 �� � + �� � !!��(�� � 
 � �
 � � ��D� 
* ��� �� 
 � $��� � �� � - . 	 
 	 ��� � �$�� � �� $�/ � 
 � �. � � !�$, � � �� * �< ��� !	 ��� 
* ��� �

 44#� 
 � � 	 
 � �� � � ; � 	 � � � 
 5� � ��� - �� 
 � � � � � �
 � !!� 
$�� �, 	 �� � , 	 
 	 � �� 
 �7� � � �, � � �- . 	 � �� � (� �� � , � � !� � �� 	 !� � 	 
 �	 ��� � $�� . 	 � 1	 � � � 	 � � �
�� - . � 
 	 �� 
 � �� � ��, � �$. � � �
 � - �8� !	 ��� 
* �
 44#9���

�
� �
 � � � �� #�� �� 	 � >	 
 � ��� ��� � � � � �� � ��� � �� 	 � �	 �� � �� � �� � �� � ��� �+3� �� � ��� � !	 ��� 
* 
 44#$�

�
�
� � �
 44; �� � � �� $� � �� � - . 	 
 � � ��, � �
 	 � �	 �� � �� - �$$�� � $�. 
 � � � � � � �� * �� �((� 
 � � ��(	 - �!�� $�� (�!� � �� �� �
 � � ��$�8 � � �� $� � �
 44; 9�� � �
	 � �� � � 	 �/ 	 $�- � � � �� � �� �- �(
 � - ��, � ��� $��� � 	 
 � �� � �	 � �� . � � �(�� !� ��� $��$��� �� � $� !�$�/ � 
 � �. 
 � � �� � � �(� 
 �$�- . !� �� �
 � � ��$�$� � , �	 $�
�� � � 
 �� 
$� 	 � � � � � � � � � 	 �� $� (
 � - � � 	 
 �� � $� !� � �� � (	 - �!�� $M� � 2 � � � � � � 	 � � � � �2+ A� �� � F�� ��&2� � �&	 $��$. � � � �2+ A� ��� � 2 �
� � �� , �$. � � � �2+ A� ���	 � � �� 2 � �� � �� , �$. � � � �2+ A� �� � F���� �� � �(�� 	 � ��� � , 	 � �� 
 	 !�� �((� 
 � � � � $�/ � 
 � �� � $� 
 � � � ��	 $��!!� $�
 	 �� � �
�� �&�� � 
 � � 
 5�� � , � � 	 � �, � 
 � � !	 �- � � � �, 	 �� �, � � . � 	 1� 	 - . !��� � � � � � �� � �, � � - � 	 $� 
 � � � $. � � �
 � - � � � � !� � � � � 	 . . 
 � 0�- 	 �� � � � * � �, � �
(� 
- � !	 �
�

#�"
-	0>'�3 = ��� 
 � �(
 � - �8 � � �� $� � 
 44; 9�

�
/ , � 
 � M�
�
1N� � � $�	 � ��
 � !	 �� � ��� ��, � ��� �� � 
 	 �� � �� �
 � � ���� � $�� � �	 � � ��� � , � � !� � * �
� N$� . . !* �	 - . !��� � � ��D��
�� 	 � N� . � 
 	 ��� � �(
 � 3� � � � * �� � 7���
�
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 � ��
 � � �� � �� ��� � � �� ���
 � � � � � � �' � � ��� � � � �� �
 � 	� ��� � � � �� ��� � � �� � �

�
� �
 � � � �� " �� �� 	 � 8��� �� �� � �� � �� � �A#) �� ? @8! ) ) �� ? @B�� � 	 � � � � � �	 ��	 �*8� �� �� �	 � � � 6�� � � � � � � � �� � �� �� � �� �/%� ��� � �� 	 � � �� 
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1.  Al t hough t he c i r cui t s have per i odi c behavi our ,  t hei r  per i odi c i t y 
   i s  qui t e var i abl e.  Thus t he same benef i t s accr ue as wi t h del i ber at el y 
   var yi ng t he c l ock per i od of  a c l ocked chi p.  
 
2.  Mor e i mpor t ant l y,  t her e ar e phase di f f er ences bet ween t he act i v i t i es 
   i n di f f er ent  par t s of  t he chi p,  r esul t i ng i n some cancel l at i on of  
   emi ssi ons.  I t  can be shown t hat  wher eas t he emi ssi ons f r om a c l ocked 
   pi pel i ne of  S st ages gr ow pr opor t i onal l y wi t h S,  t he emi ssi ons of  an 
   asynchr onous pi pel i ne ( wher e t he phase of  each st age i s ef f ect i vel y 
   r andom)  gr ows pr opor t i onal l y wi t h t he squar e r oot  of  S.  
 
Thus asynchr onous ci r cui t s emi t  s i gni f i cant l y l ess t ot al  power ,  and 
what  i s emi t t ed i s spr ead spect r um.  Fur t her mor e,  as chi ps get  mor e 
compl ex ( S i ncr eases)  t hese benef i t s i ncr ease r el at i ve t o c l ocked 
chi ps.  
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 � . � $	 !� � 	 !!� � � �+ �2 � 8�+ �2 � � � " " 
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 � . � $� � � � * �
�� � � $�
 �	 !�	 � � �	 � 	 � � - �� �. 	 
 �� � 
$��� �C	 . 	 � ��� ���, � �� � � �� (�� " " � ���, � ��2 � + �. 
� . � $	 !�	 . . � 	 
 � � �� � ��, � �� � 2 �/ � � �$��� ���� ��, � �
. � � !�� 	 ��� � �!�$��� (��, � �� 24� ��� � � � 
 ��, � �� 	 - � �� � 2 �5� " 
 @�� M�+ � � � !$�� (�� � �� � 
 	 �� � �2 �
 � � ��$�(� 
 �� + ��>� , 	 � �� 
 	 !�� �- � !	 ��� � ��
� ���, � �� � � �� (�� " " � ���, � �. 
 � . � $	 !�/� �� � �	 � � �� � � � ���� � �/� �� 
 � 	 �� � �%�� � � ��� �� �+ �2 ��	 . . � 	 
 � � �	 $��� 2 �5� @" @�8�� 2 �� " " � 9���
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� �� � � 2 � !� � � !�� �/ � � / � 
1�� � � � 
 � � . $� / � 
1� � � �� � . 	 
 	 !!� !� / ��, � �, � � �� � , � �� 	 !� � � - - ���� � � � 2@#� �� � , � � / � 
1�� � � � 
 � � . � : 6 � ��
. !	 � � � �� � � � 
 ��, � �
 � $. � � $�� �!��* �� (�� ��+ ��	 � ��� � ��	 � , �� �/ 	 $�� � $�� � 	 �� � ��� �	 � 	 !*7� �� + 2�$�	 � � 	 
 � �. 
 � . � $	 !$��2 � + ���+ �2 ��	 $�
/ � !!�	 $�	 �� � / �C	 . 	 � � $� �. 
 � . � $	 !�� 	 !!� � �F� 22��/ ��, ��, � �� � ?� � ��� � �� (�. 
 � . � $�� � �	 �� � �(�� � �- � � � !��, 	 ��� $� $��, � �� � $��� (�� 	 � , �
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 � �� � � �� - � � $� D� A��� &�� < !� �7�
� � � (�� � � � � �� � �� � 	 1	 - � 
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 � . � $	 !� � * �+ 	 
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8. Special Events and Publications 
�
� , � � � �  � � � � 
 � $� 	 
 � , � . 
 � ?� � �� �� ���	 �� � � �� � � � � !� � $� � � 	 � � � � �
 �, � �� � 	 � / � 
1$, � . � � � � �� 	 �� � � �� � �� �� � 
 	 �� � � � �
 � � ��� � + 2�� � , � �
(�
$�� - � � ��� � � / 	 $� , � !� � �� � C	 � � 	 
* � 
 444� �� � � � � !� � $� �� 	 � � � �, � � $� � � � � � / � 
1$, � . � �2 � + � 2 � - . � � � " " " � � �� � C� � � �� 	 !$� � �� �
� � � !� � $� ��� , � �� ((�� �	 !�!	 � � � 	 � � �� (�� � �, �� � � � �$�/ 	 $�&
� � � , ��� , � �� 
 � �/ � 
1$, � . �� � + 2�2� - . � �" � � �/ 	 $�, � !� ��� �� � � !�$, �	 � � �
	 ��
 	 � �� � � 	 . . 
 � 0�- 	 �� !* � #" � � 0. � 
 �$� - 	 �� !* � (
� - � &
	 � � � �� 6 � 
- 	 � * �� � �	 !* � 	 � � � >� !� �� - �� / ��, � �� � ��� � � $. � 	 1� 
$� (
 � - � �, � �
) � � � �  ��2 	 
 !�� � ��+ � �� 
 � !	 � � � $��� � 	 � � �>�� � $$��+ � � �� 
 �6 
	 . , �� $�=� 
 �!	 � � � �� � , � �/ � 
1$, � . � / 	 $��� �, � !� � �� � � � � !� � $� � �� �
� � � � - � � 
 � � " " � �� 	 � � � / 	 $� � � � � 
 � 	 � �7� � � � * � � �  � � � � 	 � � � � � � � �� � � � � . 
 �!� � " " @�� - � 
 � � �, 	 � � 
 " " � � 0. � 
 �$� (
 � - � 	 � 	 � � - �� �
�� $���� �� $�	 � � ��� � � $�
 �� $�	 ��� � � � � ��, � �@�, �/ � 
1$, �. ��3� %�%� � � � �) . B�, � !� ��� �� � � � 
$��&
	 � � � ��/ ��, ��� � ��� � �$. � 	 1� 
$�(
 � - �
&
	 � � � �	 � � ��, � �) � � ��+ ��+ 	 
� �� � �	 � ��� ��� � � �� � �	 � � �< ��: �!!�	 - $����
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 � � �� $�C� � 
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� 	 $�$�� (��, � �� � $��. 	 . � 
$�(
� - �� + 2�2 � - . � �� " " � �� � $$�2 	 
!�� � �	 � �, � 
 � � �	 � �� � � 
 � �� / �� (��, � �$�	 � � 	 
 � �7	 ��� � �� ((� 
 �$�
 � !	 �� � �
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 � $�. 
 � � � � �� � � � � - - ���� � $� � �>�� � 	 � � � �2 � + �� �, 	 �� 	 
 � �
� � � � !� . �� � � � !� � �
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 � - 	 � � � ��� � � � - . !�	 � � � � $�- � !	 ��� � �� � � . 	 . � 
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 � $� � �� � � �, � � 
 � $� !�$� � � �	 �� � � � (
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 	 $���� �
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� � � � �$�	 � � 	 
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