
C-A/AP/#413 

Dec 2010 

 

 

 

 

 

Copper Coating Specification for the RHIC Arcs 
 

 
M. Blaskiewicz 

 

 

 

 

 
 

 

 

 

 

Collider-Accelerator Department 

Brookhaven National Laboratory 

Upton, NY  11973 

 

akuczewski
Typewritten Text
BNL-94482-2010-IR

akuczewski
Typewritten Text

akuczewski
Typewritten Text

akuczewski
Typewritten Text
Notice: This document has been authorized by employees of Brookhaven Science Associates, LLC under                           Contract No. DE-AC02-98CH10886 with the U.S. Department of Energy. The United States Government retains                                  a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published form                                  of this document, or allow others to do so, for United States Government purposes.



���������	��
���
���������������
�����
�
���������� ���!�#"��%$�&%'#�(
)�*
��
+-,/.1032547698;:=<>8@?BADCE)F�G�HJILK9MONBP�FRQ�SDS=TVUBWXHYI*Z5[

\�]=^�^#_a`�ba]DcBd�egfLhjik^#_ b eml9b cBd�eg]XfLi�n@]=`od�pL_rq�srtk\�cB`�b i�cu`�_vhXegwD_ f*x	y�cu`�eg]Xz�iozL^�hB`�cX{L_1ikb _ f�cB`�eg]Xi�cB`�_rb ]XfLike;{V|_a`�_}{~cBf9{~b}cB��baz���cBd�eg]XfLir]Bn�`�_aike�i�d�egwD_>�)c=�g���g]Xikik_ ire�f/d�p�_�cB`�b i1cB`�_�z�ik_ {/d�]�b ]XfLi�dk`�c=egf~d�p�_�fL_ b _ iki�cu`k����z9cB��emd��c=f9{�ikzL`kn3c=b _1d�p�egb7�VfL_ iki)]=n�c�b ]=^�^#_a`)b ]Dcud�e�fLh~�m�a��x	��_�l9f�{�d�p�cBdv� ���*��]Bn�p�egh=p�^�z5`�emd���b ]=^�^#_a`���e��g�*ikzL��ba_Xx

�B���a�~�����j �¡~¢���� �j��£R�~ ¤��¥~¦v���1§
¨�©9ª�83?B250oª*2V« 2V¬~:u­a:B« 4�®�¯L«�2V°±:=²�³�´7µ·¶ ¸D¹�25«7:�47º�¯�<>°»8@°-¨¼25½�0@:�´},�¾±:~<>8;0@0�½¿:À?u¯L°*?u:=«7°�:XÁJ<>8;­7ºÂ¯5º*¬�83?�0;¯�4747:=4j¯L°»­aº�:�ª�8@ªÃ:<v2V0@0@4=,oÄ�¯5«�2�«a¯5Å�°ÃÁÆ½¿:=25¬Çª�8@ªÃ:j­aº�:�ª¿¯�<1:=«r0@¯L4a4vª¿:B«�¬~:u­a:B«>834>È58@É5:=°Æ½9©�¶ ÊD¹

Ë�ÌÃÍÏÎÑÐ�ÒÓLÔ Ò=Õ Ö�×
ØÙ
×ÛÚVÜ�ÝjÞ�ßàÜ1á�â�ãÂä ÒÞ Ü ÒDå�æuÒ�ç ß�èXá<>º�:=«7:

Ý Þ ßàÜ1á
8@4�­7º�:R47Å�«7®O25?B:�«7:X4�834�­a8;É98;­�©é2L4�2�®�Å�°*?u­78@¯5°ê¯V®�25°�È5Å�032V«v®�«a:=ë�Å�:=°*?u©L,>Ä�¯5«�«7¯9¯5¬Ç­7:=¬�ª¿:B« 2�­aÅ�«a:�2V°*Á�0@¯�<ì®�«a:=ë�Å�:=°*?u8@:=4

ÝjÞ
Íîí ï × Ü�ð å

¸ æDñ <>º�:B«a:êï × Íóò ×Xæ ÍôÊ�õLõVö�,÷²>¯9¯5¬ø­a:B¬~ª¿:B« 2�­7Å*«7:�«a:=478@4�­78@É98�­a8;:X4/ÈL8;ÉL:�¯5º�¬~83?é0@¯L4a47:=4�¯V®jù�úmûJ¾ å ¬î®�¯L«À24�­a2V8@°�0@:=4a4�4�­7:=:B0o½¿:=25¬üª�8;ª¿:�2V°*Á�ù�ú
è
¸~¾ å ¬ü®�¯L«j2é?u¯Lª�ªÃ:=«j¯5°�:L,�¨vº�:/ª*«7:=É�8@¯5ÅÃ4�0@©�Å*4�:XÁ»Å*ª�ªÃ:=«j0;8@¬~8�­j®�¯5«�0@¯L4a4�:X4�8@°»­aº�:~2V« ?B4�8@4ù�úmûé¾ å ¬ý¶ Ó5¹�,Æµ1¯9¯50@8;°*ÈÆ­aº�:À4�­ 2V8@°�0@:=4a4�4�­a:B:B0oª*8;ª¿:~­7¯�ÓLþÇ<>8;0@0o«a:=Á#Å*?B:~8�­Xÿ 4�«a:=47834�­a8;É98;­�©ê½�Å#­�¬�2VÈL°�:u­a¯���«7:X4�834�­ 2V°*?B:R<>8@0;0o8@°*?B«7:X2547:8;­=, ´�­�­7º�:=«7:B®�¯5«a:�4�:=:B¬�4�ª�«aÅ*Á#:=°L­R­7¯ê«a:=Á#Å*?B:~­7º�:Æ¯5º�¬~83?�0;¯�4747:=4j½9©±?u¯L2V­78@°�È�­7º*:�½Ã:X2V¬ ª�8;ª¿:À<>8;­7ºY?B¯5ª�ª¿:B«X,��·Á�:BÉ98@?B:~®�¯5«�8@°��478�­aÅ»?u¯�2�­78@°�Èé8@4�Á#:=4a?u«a8@½Ã:XÁ�8;° ¶

è
¹�25°*Áêª�«a:BÉ98@¯5Å*4�?B2V03?uÅ*0@2V­78@¯5°*4�º*2DÉ5:R2L4747Å�¬~:=Á ­aº*2�­�¯5°�:�?B25°»?u¯LÅ�°�­�¯5°�2~®O25?u­7¯5«�¯V®�²�²�²�Í

è
ùLù«a:=Á#Å*?u­78@¯5°J8@°J«a:=478@4�­78@É98�­�© 0@:=25Á�8;°�ÈÀ­7¯é2é?u¯�2�­78@°�È�­aº�83? 6�°*:=4a4�¯V®1ûVò�¬�,�¨vº�:=«7:R25«7:�­�<1¯Àª*«7¯L½�0;:=¬�4�<>8;­7ºê­aº�834�ª�«a¯#?u:XÁ#Å�«a:5,�Ä�8@«a4�­70@© ñ¬�2VÈL°�:u­a¯���«7:X4�834�­ 2V°*?B:r2V­1Ê�, Ó�û5¨ 25°*Á~2V°�²�²�²÷¯5®

è
ù5ùjÁ#¯LÅ�½�0@:=4)­aº�:�:���:=?u­78@É5:�«a:=47834�­a8;É98;­�©R¯V®¿­7º*:�?u¯Lª�ªÃ:=«�¶ ûD¹�,��9:X?u¯L°*Á#0@© ñ :BÉ5:=°~<>8�­aº2V°Æ:���:=?}­a8;ÉL:�²�²�²�ÍjûVù ñ ­7º*:�¬~:=25°�®�«7:=:�ª*2V­7ºÀ¯5®�2V°�:=0;:X?}­7«a¯5°�8@°À­aº�:�?B¯5ª�ª¿:B«18@4
	�Í ¸�ò�¬ ñ <>º�83? ºÀ834o­7º*:�47698;°ÀÁ#:=ª#­7º 2�­>¸Vù�+J³�A5,¨vº�834r<r2L4�:X4�­a8;¬�2�­a:=ÁéÅ*478;°�È/­7º*:�®�¯L«7¬/Å�0@2é¶ ÊV¹�	�Í
ß�ð ×
	 × á å ð <>º�:=«7:

ð ×
	 × Í
�*ú ���

è
ù������Bör¬ Ò ®�¯L«>?u¯5ª*ªÃ:=«=,)¾�º�:=°Æ­aº�:�¬~:X2V°À®�«a:B:ª*2V­7ºÆ834v0@¯5°�ÈL:B«1­7º*25°À­7º*:j47698;° Á#:Bª�­7ºé­7º�:�?uÅ*«7«a:B°�­r2V­r¯L°�:�0;¯#?B2V­78@¯5°é8;°é­7º�:�¬~:u­ 2V0�<>8@0;0�½¿:�8@°��*Å*:B°*?B:=Áé½�©À478@È5°��Ã?=2V°�­70@©�Á#8��¿:=«7:=°L­:B0@:=?u­7«a8@?��*:=0@Á*4�2V­�¯V­7º*:B«�0@¯9?=2�­a8;¯L°*4j2V°*Á»¯5°�:~°�:=:=Á�4�­a¯é8@°*?u0@Å*Á#:À?B¯5°9É5:X?}­a8;¯L°J8;°�­7º*:�:B0@:=?}­a«7¯L°J­a«a25°*4�ª¿¯5«7­�¶ �D¹�,~¨vº�8@4�?=2V03?uÅ�032�­a8;¯L°<v254>Á#¯L°�:j8;°-¶ �D¹	®�¯5«�2�« 2D©À¯V®�0;8@È5º�­�<>8;­7º�°�¯L«7¬�2V0�8@°*?u83Á#:=°*?u:L,�Ä�¯5«><v2DÉ5:=°9Å�¬R½¿:B«���Í

Ü åVæ ­aº�:�:B0@:=?u­7«a8@?��*:=0@Á�4a2�­7834��*:=4
Ú Ò��Ú � Ò  � Ò � Í ã

Ê�!�ï × �Ó
ð
	 "Ù

×ÛÚ � � � ß � � á �$#&% � ã
� �	 ' ß

¸
á

(�)+*�,.- t0/5q1s1tk\�`�egf�h�^9cB`�cB��_ad�_a`�i
^9cB`�cB��_ad�_a` w=c=�gzL_b em`�b z��jn@_a`�_ f�ba_ 1325476�4�8X�`�_ wD]X�gz5d�e�]=f�^#_a`�eg]V{�cBf9{Rn;`�_}��z�_ fLba� 9;:
2 ��<>= 6��Ãi?2 ��@�AB:��cBC5eg��z��ìb�p9cB`�h=_>^#_a`
D�zLf�b�p EF254G<�f9\��e�fLeg��z�� `���iHD�zLf�b�p/�g_ fLh=d�p IKJL2NM�b �D�z�fLb7pL_ i)egf�d�pL_r`�egf�h OP2 �Q6X�`�]�]X� d�_ ��^#_a`�cud�zL`�_vba]X^�^#_7`�`�_aike�i�d�egwVemd�� R�S�2 ��= TVUÀ�}��W�X�Y)� � TB�q1q�q-n3]=`�b ]=^�^#_a` �}�=�i�d�c=egf��g_ iki�`�_ ikegi�d�egw5emd��~cud+8�Z R J 234�= [\UÀ�}��W�]^Y)�D#_}c=�Ñ^Le�^#_1`�cX{LegzLi _
254`= [�b �

acb.dfehgjilknmpoGqfgLrQsGsGknehtlt0u�v�wQxBy�z>{�|c}>{c~0���cvp��wK���B�c�



¸
<>º�:=«7: � ¬~:X2547Å�«7:X41­7º�:�Á#:=ª#­7º�¯5®¼­aº�:�¬�2�­7:=«7832V0 ñ Ú

834v­7º�:�­aº�8@? 69°�:X474v¯5®¼­aº�:�?u¯�2�­a8;°�È ñ 2V°*Á <r:�ºÃ2DÉ5:j254a4�Å�¬~:XÁéÁ#8���Å*4�:�«a:��Ã:=?}­a8;¯L°¯V®�­7º�:�:B0@:=?u­7«a¯5°*4�2�­�­7º�:~8@°�­7:B«7®O25?B:/2L4�ÉL:B«a8��*:XÁê½9©ê¬~:=2547Å�«a:B¬~:B°�­ 4/¶ ��¹�,�¨vº�:/­78@¬�:~Á#:=ªÃ:=°*Á#:B°Ã?u:~8@4�:B�9ª
ß ã
!
ÜL��á 25°*Áê­aº�:/6L:B«a°�:B0®�Å�°*?u­78@¯5°�834

��#
ß��¿á Í ØÙ � â�ã�� � � �7�

�
è� ã è�7�

�
Ú � ç<>º�:=«7: � Í

è ã
!
Ü
	 å>�`�G�j�0��� 2V°*Áé­aº�:�Ä�:=«7¬~8�É5:=0;¯#?B8�­�©À834 �`�G�j�c��� Í è

ú û�õ\�
è
ù��u¬ å 4r®�¯L«�?u¯Lª�ªÃ:=«=,H��¯V­7:j­aº*2�­

ØÙ� Ø Ú`� ��# ß��¿á Í�Ó å Ê � ç47¯/­aº*2�­�8;®�­7º�:�:=0;:X?}­7«a83?��Ã:B03Áé834>?u¯L°*4�­a2V°�­>¯�É5:=«v¬~25°9©À¬~:=2V° ®�«a:B:jª*2V­7º*4v:XëLÅÃ2�­78@¯5°
ß
¸
á
«7:XÁ#Å*?B:=4r­7¯

Ú ÒB�Ú � Ò  � Ò � Í
ã
!�ò × Ü^�oß � á ç ß

Ê
á<>8;­7º � Í

ä � å � <>º*:B«a:
ä

Í
è å ð

834�­aº�:�0@¯�< ®�«7:XëLÅ*:B°*?B©�?B¯5°*Á#ÅÃ?}­78@É98�­�©L,o¨vº�8@41«a:=47Å�0�­1<r2L4�8@°~®O25?}­rÅ*47:=Á~­a¯�¯5½#­ 2V8@°~­7º�:�?u¯9:� À?B8;:=°L­8@°
ß
¸
á
,¨vº�:�4�Å*«�®O2L?u:�8@¬�ª¿:=Á*2V°*?B:�8@4�ï

Þ
Í � å>¡ <>º�:=«7: ¡ Í£¢ å ò × ®�¯5«�¯LÅ�«�°�¯L°�¬�2VÈL°�:u­a8@?j¬�2�­a:B«a8@250@4>25°*Áé­7º�:\�*:B03Á�4�25«7:�:=ÉD250;ÅÃ2�­7:XÁ2�­v­aº�:�4�Å*«�®O2L?u:j¯V®�­7º�:�¬�2V­7:B«a832V0�,)ÄÃ2V« 25Á�2D©�ÿ 4�032D<ì8@°ê?u©90@8;°*Á�«783?B250	?u¯9¯5« Á#8@°*2�­a:=4rÈ58@É5:X4¤ � �¤.¥ ã

¤ ��¦¤ � Í�!
Ü
ò ×7¡&§ ú

Ä�¯5«r½¿:=2V¬ ÈL:B°�:=«a2V­7:XÁ&�*:B03Á�4r<>8;­7º � Í
ä � 8;°é­7º*:�<v2V0@0Ã¯5®¼2R?B©90;8@°*Á#«a8@?=2V0¿ª�8@ªÃ: ñ ­7º�:�47:=?u¯L°*Á~­a:B«a¬ ¯5°�­aº�:j0;:B®à­r834r¬RÅ*? ºÀ½*8;ÈLÈ5:B«­7ºÃ2V° ­7º�:V�Ã«a4�­�¶ ¨V¹	È58@É�8@°�È

ï
Þ�© ã

!h�*ï × � ¦� Ì¦ ç<>º�:=«7: � Ì¦ Í ¤ ��¦ å ¤ � :=É�2V0@Å*2�­a:=ÁJ2V­�­7º�:�4�Å*«�®O2L?u:R25°*Á
Ýjâ�ß

ï
Þ á

Í
Ý Þ ßàÜ1á

8;°ê:Xë�Å*2�­a8;¯L°
ß�èDá

,�¨vº�834�834�­7º�:�4725¬�:R«7:X4�Å�0;­�¯L°�:RÈL:u­a4®�¯5«�­7º�:�«a:��*:X?}­78@¯5°�¯5®	°�¯5«a¬�2V0@0;©�8@°*?u83Á#:B°�­r0;8@È5º�­1<>º*8@? ºÀ250;0@¯�<�4�Å*4�­7¯/Å*47:>­7º�:j4a2V¬~:�:��#ª�«a:=4a478;¯L°*4)®�¯5«r4�Å*«�®O2L?u:�8@¬~ªÃ:XÁ�2V°*?B:�8@°À½¿¯V­aº?B2L4�:X4B,�Ä�¯L«
Ú«ª­¬ :=ë�Å*2V­78@¯5°

ß
¸
á
?=2V°±½Ã:�47¯50@É5:XÁJ8@°Â?B0;¯�4�:XÁê®�¯L«7¬óÅÃ4�8@°�È«®�25ª�0@2L?u:/­7« 2V°*4�®�¯5«a¬�4~¶

è
ùD¹�2V°*Á�:��#ª�«a:=4a478;¯L°*4�®�¯L«j­7º�:47Å�«�®O2L?u:j8@¬�ª¿:=Á*2V°*?B:�¬~2D©�½¿:�¯5½�­a2V8@°�:XÁ�,+¯�°�:°�*°*Á�4

� Ì¦� ¦ Í
ã �Ô�	 ØÙ

×
0;°²±

è
 ´³>µ ß���á� Ò·¶ Ú`� ç ß

Ó
á<>º�:=«7:�­aº�:«�*:=0@Á�4Æ2V«a: :=É�2V0@Å*2�­a:=Á�2�­�­aº�:»47Å�«7®O25?u:�¯5®�­aº�:J¬~:u­ 2V0 ñ ³ Í Ê>	 Ò å ¸�¸ Ò � � ñ ¸!Í í ¸

ð å
�*ï × 834~­aº�:»476�8@°�Á#:Bª�­7º 2V°ÃÁµ ß���á Í ¸ � � � ¶ ß�è  � Ò á 2V« ?}­ 2V° ß���á ã � ¹�Í�Ó å Ê  Ó � Ò å è û  N¹ ß��jºDá ,�¾�º�8@0;:�:Xë�Å*2�­a8;¯L°

ß
¸
á
º�¯L0@Á�4r®�¯L«�Á#8��¿Å*47:�«a:��*:X?}­78@¯5°�¯5®¼:B0@:=?u­7«a¯5°*4¯V®o­aº�:R¬~:B­a2V0)47Å�«�®O2L?u:�8;­�834�ª¿¯L4a478;½�0@:�­a¯Æ47¯50@É5:�­aº�:R698@°�:u­a8@?R:=ë�Å*2�­a8;¯L°*4�2L4747Å�¬~8@°�ÈÀ:B0@:=?u­7«a¯5°*4�Å�°*Á#:=«7ÈL¯ÀªÃ:=«�®�:X?}­�«7:B�*:=?u­78@¯5°J2�­�­7º�:8@°L­a:B«7®O25?B:5,)´k° ­7º�834�?B2L4�:

��¦� Ì¦ Í
ã

¸>	Ô �
ØÙ
× Ú`�� Ò  ³>µ ß���á ú ß

û
á´k°À:XëLÅÃ2�­78@¯5°Ã4

ß
Ó
á
2V°ÃÁ

ß
û
á
«�834�A=:B«a¯�2�­�­aº�:�8@°�­7:B«7®O25?B:�½¿:u­�<r:B:B°�É�2L?uÅ�Å�¬ 2V°ÃÁÀ?u¯Lª�ªÃ:=«�2V°ÃÁ�8;°Ã?u«a:=2547:=4)<>8;­7ºéÁ#:Bª#­aºÀ8@°�­7º�:�?u¯Lª�ªÃ:=«=,¨vº�834>ª�«a¯#Á#Å*?u:X4v2�4�8@È5°�? º*2V°*È5:�8;° ­7º*:�Á#:B«a8;É�2V­78@É5:=4v<>º*8@? º 8@4�4�8@¬~ª�0;:j½�Å�­�°�:B:XÁ�4r­7¯~½¿:�0;¯9¯L65:=Á 2�®à­a:B«X,¾�º�:B°é­7º�:�?B¯L2�­a8;°*ÈR­aº�8@? 69°�:X474r834»�*°�8;­7:j¯5°*:�¬�2D©À47¯50@É5:�:=ë�Å*2�­a8;¯L°

ß
¸
á
°�Å*¬�:=«783?B250;0@©5,)¨¼¯~Á�¯R­aº�8@4»�Ã«a4�­v­a2V6L:�­aº�:�Á#8@¬�:=°*478;¯L°�0;:X474É�2V«a8@25½�0@:°¼�Í � å 	V,L��:��9­�<r:j­a2V6L:V¼ Í ù/­a¯�½Ã:�2V­>­7º�:�8@°�­7:B«7®O25?B:j½Ã:B­�<1:=:B° ­7º�:�?B¯5ª�ª¿:B«�2V°*ÁÆ­7º�:/4�­ 2V8@°�0;:X474>4�­7:=:B0�,L½�ë�Å*2V­78@¯5°

ß
¸
á½¿:=?u¯L¬~:=4

Ú ÒB�Ú
¼ Ò  � Ò 	 Ò � Í

ã
!j¾ "p¿�ÀÙ

× Ú
¼ � � ß

¼ � á �$# ß ¼ ã
¼ � á ß

�
á



Ê
<>º�:=«7:Á¾�Í�Ê�ï × �$	 Ò å Ó ð ,�´k°Ã4�83Á#:À­aº�:é4�­a258;°*0;:X474R®�¯5«�¼£Â·ù»¯5°�:ÀºÃ254 � ß

¼
á

Í � × :��#ª�¶
ß�è ã

!
á
¼Ã	 å ¸ Þ�Þ ¹><>º�:=«7:�¸

Þ�Þ
834R­7º�: 4�698@°Á#:=ª#­7º÷8@°!­aº�:J4�­a2V8@°�0@:=4a4�2V°*Á � × 834�2-?u¯L°*4�­a2V°�­X,
�#8;°*?B: ��¦ 25°*Á ¡ § 2V«a:�?B¯5°�­78@°9Å�¯5ÅÃ4�2�­~­7º�:ê½¿¯5Å*°*Á�2V«a©Y¯L°�:�º*254 � ß

¼
á

Í� ×  ¼ � × ß�è ã
!
á
	 å ¸ Þ�Þ  3¹ ß

¼ Ò á ®�¯5«>4�¬�250;0�ª¿¯L478�­a8;ÉL:�¼ê8@°*478@Á�:�­aº�:�?u¯Lª�ªÃ:=«=,)´k°�­7:=È5« 2�­a8;°�È�:=ë�Å*2V­78@¯5°
ß
�
á
­�<>83?u:j<>8;­7º «7:X4�ª¿:=?u­r­a¯~ÅÈ58@É5:X4

� ß
¼
á
 ÅÄÙ

× ß
¼

ã
¼ Ò á�Ú ¼ ÒÇÆÈÉ � Ò 	 Ò � ß

¼ Ò á  !j¾
"p¿�ÀÙ
× Ú

¼ � � ß
¼ � á ��# ß ¼ Ò ã

¼ � áhÊBËÌ Í � ×  ¼ � Ì× ç ß
õ
á<>º�:=«7: � Ì× Í � × ß�è ã

!
á
	 å ¸ Þ�Þ ,�¨¼¯Æ:=É�2V0@Å*2�­a:�­7º�:�4�Å*«�®O2L?u:�8@¬~ªÃ:XÁ�2V°*?B:�®�¯L«�­7º*8@? 6ê?u¯Lª�ª¿:B«�?B¯L2V­78@°�ÈL4�:=ë�Å*2�­a8;¯L°*4

ß
Ó
á
25°*Á

ß
û
á
¬�2D©½¿:�:BÉ�2V0@Å*2�­a:=Á�°9Å�¬~:B«a8@?=2V0@0;©L,~¨¼¯�Å�°*Á#:=«a4�­a25°*Á»­7º�:�:B�¿:X?}­�¯V®v?u¯�2�­78@°�Èé­7º�83? 69°�:=4a4j<r:�°*:B:=Á�­a¯�47¯50@É5:~:XëLÅÃ2�­78@¯5°

ß
õ
á
°�Å*¬�:=«783?B250;0@©5,¨¼¯ÀÁ#¯~­7º�834�47:u­

Ú å
	�ÍÎÍ

Ú
25°*Á�Á#8@É�83Á#:j­aº�:�8@°L­a:B«aÉ�2V0�¶ ù ç ÍÚ ¹�8@°�­7¯ÐÏ :XëLÅÃ2V0�47:BÈL¬�:=°�­a4>¯5®�0@:B°�È5­7ºÒÑ ÍÎÍ

Ú å
ÏY,+®�:u­ � � Í � ß

¼ � á
½Ã:­7º*:Ó�*:B03Áê2�­�¼ � Í ¶ Ô

ã è å
¸D¹�Ñ�®�¯5«�Ô Í

è ç
¸ ç ú;ú@ú Ï ,�¨vº�:j­a:B«a¬¤8@°

ß
õ
á
ª�«7¯LªÃ¯L«�­a8;¯L°*2V0�­a¯Ç� Ò 	 Ò 834�:B�9­7«a:B¬~:B0@©é47¬�2V0@0�2V°*Á <>8@0;0¼½Ã:Á#«a¯5ª�ª¿:=Áé0@:=2DÉ98;°*È

��Õ  !j¾�Ñ �3Ö×Ø0Ù � � Ø
Õ×� Ù � ß�Ú ã

Ô
á
Í��#

ß
Ô

ã«Û á Í � ×  � Ì× ß�Ú ã è å
¸
á
Ñéú

ß
�
á<>º�:=«7:j<r:�ºÃ2DÉ5:�Á#:��Ã°�:=Á�2~4�¬~¯9¯V­aº�:=ÁéÉ5:=«a478@¯5°Æ¯5®H� #

ß���á °*25¬�:=0;©
Í� #

ß��¿á Í èÑÝÜ7Þàß ¿ ÒÙ

Ü � ß ¿ Ò Ú�� � � # ß�� � á ú¨vº�:�47¬~¯�¯5­7º�8@°�È~¬�2V6L:=4 Í��#
ß
ù
á
�*°*8�­a:R2V°*Áé:=ë�Å*2V­78@¯5°

ß
�
á
?B2V° °�¯�<%½Ã:�47¯50@É5:XÁÀÉ98@2�¬�2�­a«78��é8@°9É5:=«a478;¯L°	,.1:B®�¯5«a:�?B0;¯�4�8@°�È�­aº�8@4v47:=?u­78@¯5°À<r:�°�¯5­7:�­7º*2V­v2/ë�Å*2V°�­7Å*¬�¬~:X? º*2V°�83?B250*­aº�:B¯L«7©~¯5®�­7º�:j2V°�¯L¬�2V0@¯5Å*414�698@°Æ:���:=?u­r:B�#8@4�­a4�¶

èLè
¹�,)¨vº*8@4­7º*:B¯5«a©êª�«a¯#Á#Å*?u:X4�­7º�:�47¬�¯9¯5­7º�8@°�È ®�Å�°*?u­78@¯5°±:��#ª

ß ã�� � � å 	 á ,/Ä*¯5«j0@25«7ÈL: � ñ ��# ß � å 	 á Í ¸):B�#ª
ß ã���� � � å 	 á å ß ��� � � å 	 á Ò 4�¯ ­aº�:~«7:X4�Å�0;­a42V«a:�ë�Å�8�­a:�4�8@¬~8;032V«X,

�}�B� ��¦^á*¡ãâ��Vá
Ä¼8@È5Å*«7:X4

è
­7º�«a¯5Å�ÈLº÷ÓY4�º�¯�<�4�¯L0;Å�­78@¯5°*4�¯5®�:Xë�Å*2�­a8;¯L°

ß
�
á
®�¯L«�­�<1¯±®�«a:=ë�Å�:=°*?u8@:=4=,%¨vº�:êÉ�250;Å�:ê¯5®

ÝjÝjÝ
ÍøûVù±Å*47:=Á 8@°÷­7º�:?B250@?BÅ�032�­78@¯5°J?B¯5«a«7:X4�ª¿¯5°ÃÁ�4v­7¯éÊ�ú Ó�û Ö ,vÄ*¯5«�­7º�:X4�:��*È5Å�«a:=4>­7º�:/:B0@:=?}­a«783?Ó�Ã:B03Áê8@4�4�:B­�­a¯Æ¯5°*:R2�­�¼»ÍÛù�,�Ä�«a¯5¬ Ä�8;ÈLÅ�«a:

è
8;­�834�47:B:=°­7ºÃ2�­r­7º�:�:B0@:=?u­7«a8@?��*:B03ÁÀ2�­

è
ùR+J³�A�º*254r2�¬�25È5°�8;­7Å*Á�:�È5«a:=2V­7:=«�­7ºÃ2V°

è
ùR2�­1­7º�:j47Å�«�®O2L?u:�¯5®	­7º*:�¬~:u­ 2V0�,o¨vº�:B«a:u®�¯L«7: ñ ­7º*:�:B�¿:X?}­78@É5:47Å�«�®O2L?u:�?uÅ�«a«7:=°�­12�­r­7º�:j4�­a2V8@°�0@:=4a4�4�­7:=:B0�8@410@:=4a4�­aº*2V°

è å è
ù�­aº~­7º�:j4�Å*«�®O2L?u:�?BÅ�«a«7:=°L­r2�­r­7º�:�ª�8@ªÃ:�<r250;0�2V°ÃÁ~­7º�:jÁ#8347478@ª*2�­a8;¯L°À8;°Æ­7º�:4�­a2V8@°�0@:=4a4�4�­7:=:B0¿8@410;:X474�­7º*25°

èGä ¯5®�<>ºÃ2�­18;­v<1¯LÅ�0@Á~½¿:�<>8;­7º*¯5Å#­v?u¯5ª*ªÃ:=«r?B¯L2�­a8;°*È*,)Ä�¯5«�­7º�:�º�8@È5º�®�«a:=ë�Å�:=°*?u©~?B2L4�:>­aº�:��*:B03Á�8@°�­7º�:4�­a2V8@°�0@:=4a4�834�¬/Å*? ºJ47¬~250;0@:B«X,�¨vº*478�ª*0;¯5­�834�8@°*?u0@Å*Á#:XÁ�­7¯ 4�º*¯�<%­aº*2�­Ó� # ½¿:BÈL8;°Ã4�­a¯Àº*2DÉ5:/2V°ê8@¬~25È58@°*2V«a©ÆªÃ2V«7­�¯5°*0;©�2�­�É5:B«a©Æº*8;ÈLº®�«a:=ë�Å�:B°Ã?u8@:=4=,Ä¼8@È5Å*«7:X4 ûÆ2V°*Áå�Æ47º�¯�<Û47Å�«�®O2L?u:/8;¬~ª¿:=Á�25°*?u:~?B250@?BÅ�0@2V­78@¯5°*4�Å*478;°�È :=ë�Å*2V­78@¯5°*4
ß
Ó
á
25°*Á

ß
�
á
®�¯5«

Ý�ÝjÝ
ÍÛûVùé2V°*Á

ÝjÝ�Ý
Í ¸Lû«a:=47ªÃ:X?}­78@É5:=0;©L,Hæ�478;°�È�:=ë�Å*2V­78@¯5°

ß�èXá
2V°ÃÁ�­7º*:�½¿:=25¬·ª*2V« 2V¬~:B­7:B« 4�8@°�¨¼25½�0;:

è ñ
­aº�:�ª¿¯�<r:B«rªÃ:=«rÅ*°�8�­>0@:B°�È5­7ºé®�¯5«1­7º�:�­�<r¯RÉ�2V0@Å�:X41¯5®²�²�²ì2V«a:�4�º*¯�<>°À8;°éÄ¼8@È5Å*«7:�õ#,oÄ�¯5«

ÝjÝ�Ý
Íìû5ù�2�­vÊ�, Ó�ûV¨!­aº�:�ª¿¯�<1:=«�ª¿:B«rÅ�°�8;­10@:B°�È5­7ºÀ834rù�ú ù`�VÓ�¾Â2�­7­a4 å ¬~:u­a:B«X,oÄ�¯5«

ÝjÝ�Ý
Íì¸Lû2�­jÊ�, Ó�û5¨�­7º�:�ªÃ¯�<r:B«�ªÃ:=«jÅ�°�8;­�0@:B°�È5­7º�8@4�ù�ú ù�õ�¨�¾±2V­�­ 4 å ¬�:B­7:=«B,�.r¯V­7º»­7º�:�É�2V0@Å�:=4�2V«a:R<r:B0@0�½Ã:=0;¯�< ­aº�:�ù*ú ûÀ¾±2V­�­ å ¬~:u­a:B«�0;8@¬~8�­?u¯L°*478@Á#:=«7:XÁ�8@°ê¶ Ó�¹�,oÄ�¯L«)2����#:XÁ/½*Å�°*? º�0;:=°�ÈV­aº�¯5®

ä Þ
Íìû�?u¬Û­aº�:>«a:=47Å�0�­ 4)2V«a:r:X25478;0@©�:��9­a:B°*Á#:XÁ/­7¯�Á#8��¿:=«7:=°L­o°9Å�¬/½Ã:=«a4)¯5®Ã½�Å�°Ã? º�:=42V°ÃÁ�? º*25«7ÈL:=4�ª¿:B«�½�Å�°Ã? º	,�Ä�¯5«�8@°*4�­a25°*?u: ñ <>8�­aº

è
ú ùÇ�

è
ù$�c�Rª�«7¯5­7¯L°*4�ªÃ:=«�½�Å�°*? º�­7º*:À? º*2V«aÈ5:/ªÃ:=«�½�Å�°*? º±834

è
� °¿µ�,�Ä�¯L«R¸Vù5ùLù47Å*? ºê½�Å�°*? º*:=4�2V°*Á

ÝjÝjÝ
ÍÑûVù�­7º�:/0;¯�474�«a2V­7:�834�Ë Í

ß�è å
¸
á Ò ß

¸5ù5ùLù å è
�5ù

á
ù�ú ù`�5ÓR¾Â2�­7­a4 å ¬~:u­a:B«�Í ù�ú

è
�~¾Â2�­7­a4 å ¬~:u­a:B«�<>º�83? ºê8@44�­78@0;0�2L?B?B:Bª#­ 2V½�0@:5,

£�ç�è;é.ê`ëÓìîí`ï.ðKí�ñ�í`é�òpó
¨vº*2V°�6#4/­7¯Â¾±¯50;®�«a25¬îÄ�8@4a? º�:B«�25°*ÁNô�2LÁ#8@¬öõo­a8�­ 4�©9°Y®�¯L«�Å*47:u®�Å�0�Á#834a?uÅ*4a4�8@¯5°Ã4 ñ :=°*?u¯LÅ�« 2VÈ5:=¬~:B°�­�25°*Á ª*«7¯9¯V®�«a:=2LÁ#8@°�È*,N�90@83Á#:=4ª�«a¯�É98@Á#:XÁÆ½9©Ç½�0;83254v+ê:B­7« 2V0�<r:B«a:jÉ5:B«a©Àº�:=0;ª�®�Å�0�,

�m�7� ) x#sr_7`�ikp�b ]uwVemd�b7p;÷�øéx * �;cBik�Ve�_7��e�bcù7÷àúLx øéx * `�_ fLf9c=f;÷��÷x;û�egikb7pL_a`p÷�\¼|nú , e�c �^÷Ã�÷xÃø�_af�h�÷ ) x�\�z�i�d�_a`p÷�øéx - `�egb��Vik]XfÃ÷Ãü�x;úXc=��ikp�e�{5e�÷s�x úLxKý�]�]=�g_7÷9tlý ) \1� �`÷9^*��MB�7þ`÷Ld�z�^#_}c=�767<�÷�ÿ�<B�5� ���7x



'

-12

-10

-8

-6

-4

-2

 0

 2

 4

 0  1  2  3  4  5  6  7  8  9  10

E
/E

0 
 a

t 1
0 

M
H

z

r (μm)

Re(Ez)
Im(Ez)

9�?� �) (�����	� 
��� �	�� ���	
���� ����� ��� � 
 " �
� ������ �	�� ��� * 1" ��� " 
 � 
 �"�#� $�� ������
�� 	� �" 6�7�

-0.5
 0

 0.5
 1

 1.5
 2

 2.5
 3

 3.5
 4

 4.5

-10 -5  0  5  10

sm
oo

th
ed

  k
a 

at
 1

0 
M

H
z

r (μm)

Re(ka)
Im(ka)

9�?� .) $�� ��
��	�
 @��=���> ��� ��� ����#����� 	
 9	���� ��

�. �� '	��	
�
�� ��/#�". �;%��" =."�">�
�+ !� ����5 9� ����	���5 '�� ;��A��� :��� . =B'C%;> =�<<1>�
�- %�?� ����	���5 B� ;���� ����C%;C-4 =�<<->�
�1 9� ������� ��� ��� '�� ;��A��� ������ D +"25 =�<<<>�
�4 ?�(�� ������ �
� (��� B�
���	#�� ����� �� ���� ��	��	 � ��� �++4 =�<-,>�
�2 ��� ��
�0��� �� ���#	���� �
� ����	��� ����	�
 �.�.+.�
�, ��?� ���#0��� ����� �� ���� ��	��	 � ��� �-,� =�<1.>�
�< ����E� 0���



0

-150000

-100000

-50000

 0

 50000

 100000

 150000

 200000

 250000

 0  1  2  3  4  5  6  7  8  9  10

E
/E

0 
at

 1
0 

G
H

z

r (μm)

Re(Ez)
Im(Ez)

9�?� +) (�����	� 
��� �	�� ���	
���� ����� ��� � 
 " �
� ������ �	�� ��� * 1" ��� " 
 � 
 �"�#� $�� ������
�� 	� �" ?�7�

-0.5
 0

 0.5
 1

 1.5
 2

 2.5
 3

 3.5
 4

 4.5

-10 -5  0  5  10

sm
oo

th
ed

  k
a 

at
 1

0 
G

H
z

r (μm)

Re(ka)
Im(ka)

9�?� -) $�� ��
��	�
 @��=���> ��� ��� ����#����� 	
 9	���� +�

��" ��&� F	
��� ������� �� �+�� =�<1+>�
��� F��� 6���	� �
� 8� &�����
 ����� ���� ��� D . �-�. =�<1,>�



7

 0

 0.001

 0.002

 0.003

 0.004

 0.005

 0.006

 0.007

 0  1  2  3  4  5  6  7  8  9  10

su
rf

ac
e 

re
si

st
iv

ity
 (

Ω
) 

rr
r=

50
 

f(GHz)

d=infty
d=10μm

low f

9�?� 1) B������ ���	���
�� ��������	�
� ��� ��� * 1" �	�� �"�# �� ������ ��	
� =,> ��� �	������� �	�� 0��� ����� $�� ��� �	
�
���� �����	�
 =-> �

 0

 0.001

 0.002

 0.003

 0.004

 0.005

 0.006

 0.007

 0  1  2  3  4  5  6  7  8  9  10

su
rf

ac
e 

re
si

st
iv

ity
 (

Ω
) 

rr
r=

25
 

f(GHz)

d=infty
d=10μm

low f

9�?� 4) B������ ���	���
�� ��������	�
� ��� ��� * .1 �	�� �"�# �� ������ ��	
� =,> ��� �	������� �	�� 0��� ����� $�� ��� �	
�
���� �����	�
 =-> �



-

 0

 0.01

 0.02

 0.03

 0.04

 0.05

 0.06

 0.07

 0  0.5  1  1.5  2  2.5  3

po
w

er
 p

er
 u

ni
t f

re
q 

(W
/m

/G
H

z)

f(GHz)

rrr=50
rrr=25

9�?� 2) G�#	� ���� ��� �
	� ��
��� ��� �
	� ������
�� ��	
� �����	�
 =-> �
� =�>� 9�� ��� * 1" ��� 	
������ 	� "�"4- !�����#�
9�� ��� * .1 ��� 	
������ 	� "�"2< !�����#�


	74718.pdf
	413
	coat



