
Engineering

Electrical Engineering fields

Okayama University Year 2000

Hyper NRD guide oscillator with Gunn

diodes mounted in the dielectric strip

Minoru Sanagi Shigeji Nogi
Okayama University Okayama University

This paper is posted at eScholarship@OUDIR : Okayama University Digital Information
Repository.

http://escholarship.lib.okayama-u.ac.jp/electrical engineering/90



���������
	�����
������������������������ ���"!#��� �$
��%	�	 �����������
&'����	�� ������	$�(�������������)���(�����*��� �����,+

-�.0/2143�57698,/:8);<. =?>A@ 6CB:.0;ED�F0.G/21E;H.
I�J0KL=?MONQPGJ0>RNTSVUWDYX J[Z\N]M�^_Z0=`Xa=b>L@cDYX J[Z\N]M]Sd>L^eZ4Df>hgi^ >CJ0JjM�^ >hgik

1HlC=]mi=dPn=,5:>L^ o`JjM]pQ^ N\m
qbrisbris katup]vhp]wL^ePn= r /2=?lh=`ka1HlC=]mi=dPn=,xdy`y r ydy`zd{`kaF|=?KL=b>

Da}~Pn=`^eXe��pQ=b>L=bgi^e�HJ[X J|Zj� S`lC=Om�=dPn=?}�vL�e=dZj� ��K

�������~�����:�����|���|�������~���������������� G���`¡d���~��¢u����£�������¡`��������¡`�c ��|�������`���(¤W�|¡`¡��|���d�`��£|�?¥��E¦��~�§¡
��¡`¥��~���������j���~��¨h©�£|�:�j�R�~��������¡`�T G���`�:��ªR��£`�:£9�9�R�~�f�Y�Y�%���|���|���~��¡4¦[�Y���j¢A�~�f�����`�§�a¦d���j�|�«�� G��¬~��¡`�
��£`���������|�~���`������ª���£|�E�j�|���|��¨n©�£`� ¤W�|¡`¡­�|���d�`�~��¢u�~���E��������¡`���§����¡­�«£|���`���~���~�§�«�������\�«��������ª:�«£|�
���`���`��¨�®�¡,�~¯9�R�§���� G�§¡9�«���j�Y°�±j¦|��¡`�i²|��£`�������§�������j������¡,ªe���§³��|�~¡`�~���~�´�~���`���,¦��T¥0�������§�,¦d���� G�?¥0��¦`���
��£`��������¡`�H�|����¡|�Wª_���µ��£`������¡`�����W�|���9�`���~�����u��¡`�2��¡G�j�� G�����µ�R�~��ª_�~�~�f�[�j¢A�§�µ�~�� �¦`��¡`��¡`�´¢W���µ��¦|�«����¡`�§�
ªe���:�«£|�<�`���`¦`���H�`���9�|�´�§�j�\��¨

¶ ��·:¸�¹`ºW»Y¼�½h¸�¾¿ºA·

ÀµSQÁ´J0M�Z\SiP�ÂA^ >L^ >Cg,SiUCp]SiXe^_@ r p]N�=?NOJ(=dZÃN�^ o[Jn@9J0oa^eZ\JjpÄ^ p�UÅM]J|Æ�vhJj>RN�X m�>CJ|ZÃJ0p]pQ=?MOmÇKL=bM]N�^_Z\vLXe=?M�X m�^ >­N]whJ
Pn^eXeXe^_PGJ0N]J0M r Á�=]o`JnUÅMOJ[ÆjvCJ0>LZÃm(M]J0gi^ S`>Ak�Â�J|Zj=bvCp]J4S`vCNOKCvhN�KiS9Á�JjMHSiUu=2pQ^ >CgiX J�=`Z\NQ^ o|J�@�Jjoµ^_Z\J(@�J[Z\M]J|=?p]J0p
Á�^ NOw�^ >LZ\M]J|=?pQ^ >Cg�UÈM]J|Æ�vhJj>AZÃm[�<3:J|ZÃJ0>RNQX m|kRoC=?M�^ SdvCp<K�S�Á�JjM�ZÃSVP�ÂA^ >A^ >hgnNOJ[Z«wh>L^eÆ�vCJ0p<wA=bodJ4ÂiJjJ0>
^ >�odJjp]N�^ gV=?NOJ[@AÉ s?Ê É { Ê �W.�>cNOwCJ�Pn^eX_Xe^ePGJjNOJjM r ÁE=]odJ(UÈM]J|Æ�vCJ0>LZ\m M�=?>CgdJ[kRK�S�ÁHJ0M�Z\SiP�ÂL^ >CJ0M]p�Z\S`>Cp]N�^ N]vhN]J|@)Â�m
/�3�IËg`vA^e@9Jjp�É qbÊ =?MOJEKhM]SiPn^ pQ^ >Cg,Â�J[Z0=?vCp]J�/23�IÌgdvL^e@9J0p�wL=~o`J�X S�ÁÍX S`p]pÄ=b>L@�>CS`>h}¿M�=`@h^_=bNQ^ o|J
Z�wA=?MQ=dZÃNOJjM�^ p]N�^eZÃpQ�L.�>�=?>�S`MQ@h^ >A=?MOm�/23�IÌgdvL^e@9J|kRwCS9Á�Jjo`JjM�k[N]whJ ÎA6C-(Ï�ÐGPGSµ@�J�ÁTwA^_Z«w�^ p�vhp]J[@­=?pTNOwCJ
SdK�JjMQ=bNQ^ >hgÑPGSµ@�J�SiUCNOwCJEgdvL^e@9J(^ pT>hS`N<N]whJ @�SiPn^ >L=b>�NEPGSa@�J[kRp]SnSdpQZj^eXeX_=bN]SdM]p�vCpQ^ >Cgc=?>­S`MQ@h^ >A=?M]m�/23�I
gdvL^e@9J4p]SiPGJ0NQ^ePGJ0p�wL=~o`J4vh>Cp]N�=?ÂAX J�=?>A@cZÃSd>CpQ^e@9J0MQ=?ÂAX m�X S�ÁÒS`vhN]KhvCN<KiSdÁ�J0MÄZ«wL=bMQ=`Z\N]J0MQ^ p]NQ^eZ\pQkf=b>L@�p]SiPGJ
Z0^ MQZÃvA^ N�=bN]N�=`Z�wLPGJ0>[N]pÄ=bM]J4SiUÈN]J0>�>hJ[Z\Jjp]pQ=bM]mÇNOSnKhM]Jjo`J0>�NEPGSa@�J(Z\S`>Ro`JjM]pQ^ Sd>­NOS�vC>A@9J0pQ^ MOJ[@­PGSµ@9J0pQ��tuwRvhp�k
=2whm[KVJ0M�/23�IÌgdvL^e@9J�É Ó Ê Á�=?pHKCM]SdKµSdp]J[@­^ >�ÁTwA^_Z�wÇN]whJ(@9J0pQ^ M]J[@)S`KiJ0MQ=?N�^ >CgÑP2Sf@�J(^ p�=nX S�ÁHJ0M<SdMQ@9J0MQ�u.\>
NOwL^ pTKL=bKiJjM�k�ÁHJ,@9J0o[J|X SdK�=2w�mRKVJ0MÄ/23�IËg`vA^_@�JESdpQZj^eXeX_=bN]SdM<ÁÄ^ NOw�P2vAX N�^ KLX J,;<vh>C>�@h^ Sa@�J�PGSdvC>�NOJ[@Ç^ >ÇN]whJ
@h^ J|X J[Z\N]M�^_Z´p]N]M�^ K�^ >­S`MQ@�JjM<N]S�Z\SiP�ÂL^ >CJGS`vhN]KhvCNTKiSdÁ�J0M]p<SVUiNOwCJ(@h^ Sf@�JjpQ�
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Úu^ g`vhM]J s p]wCS�ÁTp<NOwCJEp]N]MOvLZÃNOvCMOJESVUVNOwCJEw�m[KiJjM�/23�IËgdvL^e@9J�Á<wCJ0M]J(=2M]J|ZÃN�=?>hg`vLXe=bM�@C^ J[X J[Z\NOMQ^_Z´p]NOMQ^ K�ÁÄ^ N]w
=2ÁÄ^e@9NOw�ÛG=b>L@�=GwCJ|^ gdw�NEÜ ^ pTpQ=?>A@9ÁÄ^eZ«wCJ|@)ÂRm(N\ÁHS)g`MOS[SdodJ|@�PGJ0NQ=dX�KAXe=?NOJjpTÁÄ^ NOw�=?>�^ >RNOJjMOoh=`XaÝR�<tuwhJ
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@�JjKhN]w%ß]Ü2àáÝ[â]ãd{GSVUVNOwCJEg`M]S[S9odJGS`>�N]wCJ�PGJ0NQ=dX�KAX_=bN]J|khNOwCJ�ZÃvhN]SdäåUÈM]J|Æ�vhJj>LZ\mÇSVUWÎA6h- Ï�Ð }~Xe^ l`JnPGSa@9J
Á<wL^eZ\w�^ pTvCp]J|@�=?p�NOwCJ�@9J0pQ^ MOJ[@)SdK�JjMQ=bN�^ >hgÑPGSa@9J�Zj=b>�Â�J�X S9Á�JjMHN]wA=?>cNOwL=bNTSVULÎL6hDAÏQÐ¿}~X_^ l|J�PGSa@�J[�
Daæ[KµJ0MQ^ePGJj>RNOp<Á<J0M]JnZj=bM]MQ^ J|@)SdvCN�=bNTç r ÂL=b>L@­^ >�S`MQ@�JjMTNOSnMOJ[@�vLZ\J�N]whJEJ0ä�J|ZÃN<SiUVN]whJEJ0M]M]SdMÄ^ >�NOwCJ
Uè=bÂCMQ^eZj=bNQ^ Sd>L��tWwCJ�@C^ p]KiJjM]pQ^ Sd>�ZÃvhM]o`JGSiUiNOwCJ4wRmRKiJ0MÄ/23�IégdvL^e@9J�^ pTp]whSdÁ<>%^ >�Úu^ gi�e{�^ >�Z0=?p]J4N]wA=?NTN]whJ
@h^_P2Jj>CpQ^ Sd>CpTSiUVN]whJEgdvL^e@9J4Á<J0M]JnÝ�ê7zVÉ PnP Ê kaÜÄê sdq É PnP Ê kA=b>L@�Û´ê s`s É PnP Ê ka=?>A@)NOwCJEMOJ[Xe=?N�^ o[J
@h^ J|X J[Z\N]M�^_Z4ZÃSd>Cp]N�=?>�NHSiUCN]whJ @C^ J|X J|ZÃNOMQ^eZHp]NOMQ^ K�ÁE=?p�{d�_ybÓi�TtuwCJ�Z\vCNOS`äåUÈM]J|Æ�vhJj>AZÃm SVUiNOwCJ�ÎA6C- Ï�Ð¿}§Xe^ l[J
PGSa@�J(^ pÄë`� ÓdÓi;�B:ì�ÁTwA^_X JENOwL=bNTSVUCN]whJ ÎA6CD Ï�Ð }~X_^ l`JnPGSa@9J(^ p s yd�ex q ;EBYì|�
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Úu^ g`vhM]J q p]wCS�ÁTp<NOwCJEp]N]MOvLZÃNOvCMOJESVUW=Gw�m[KiJjM�/23�IËgdvL^e@9J�SdpQZj^eXeX_=bN]SdMÄPGSdvC>RN]J|@)Á�^ NOw�=2pQ^ >hgiX J ;HvC>C>
@h^ Sa@�J[�<tuwhJ(;<vh>C>�@h^ Sµ@9J4Á�=?pE^ >hp]NQ=dX_X J|@c=?N<N]whJ(Z\Jj>�NOJjM<SVUCN]whJ @C^ J|X J|ZÃNOMQ^eZHp]NOMQ^ K�=b>L@)ÁE=?pHp~vhKCK�SdM]N]J|@)Â�m
NÃÁ�S­PGJjN�=`X[MOSa@9p<NOwCM]SdvCgdw­ÁTwA^eZ\w�IGò�ÂA^_=bp<o`SiX NQ=bg`JGÁ4=?pE=bKCKAX_^ J|@�NOS,NOwCJn;HvC>C>%@C^ Sµ@9J|�TtWwCJnPGJjN�=`X[MOSf@�p
ÁHJjMOJ�Z\S`>h>CJ|ZÃNOJ[@�N]ScPGJjN�=`X�ÂLX SµZ�lRp<ÁÄ^ NOw�Z�wCSdldJEp]NOM]vLZ\NOvCM]J0pTÁTwL^eZ«w�Á´JjMOJ({dy`PnPó=~Á4=]m�UÈM]SVPôN]whJ
@h^ J|X J[Z\N]M�^_Z´p]N]M�^ KA��1H>hJ(PGJ0NQ=dXRÂLX SaZ�l(Á4=?p�^ >Cp]vAX_=bN]J|@cUÈM]SiP�N]whJEKL=bMQ=dX_X J|XAPGJ0NQ=dX�KAX_=bN]J0pÄ^ >cS`M�@9J0MTN]Sc=?KhKLX m
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Ú�^ gdvCM]J {`� ÀaM]S`KA=?gV=?N�^ Sd> Z\S`>Cp]N�=?>RNÇSiUTNOwCJ%wRm[}
KµJ0MÑ/23�I g`vA^_@�J�^ > Z0=?p]J­SiU�Ýïê ziÉ PnP Ê k�Ü�ê
s`q É PnP Ê kfÛ<ê sds É PnP Ê kA=b>L@,NOwCJ4M]J|X_=bNQ^ o|J(@h^ J|X J[Z\}
N]MQ^eZ4ZÃSd>Cp]N�=?>�N<SVUu{d�_ybÓ

I4^ J[X J|ZÃNOMQ^eZHp]NOMQ^ K
ÞH^e=?p�ÁÄ^ M]J

-�JjN�=`XRÂLX SaZ«l

69wCSdM]N<KLX vC>hg`J0M
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;<vh>C>%@C^ Sa@9J
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-�JjN�=`XRÂLX SaZ«l

I4^ J|X J|ZÃNOMQ^eZHp]NOMQ^ K

ß�ÂLâ��,^_Z0^ >L^ NÃm(SVUu@C^ Sµ@�J
Úu^ g`vhM]J q �T6�N]MOvLZ\N]vhM]JESVUu=2pQ^ >hgiX J�@C^ Sf@�JESdpQZj^eXeX_=bN]SdM

IGò%ÂL^e=?p4=?>L@ENOwCJ2SdN]whJjM4PGJ0NQ=dX`ÂLX SaZ«lcZj=dPGJ,^ >RNOSÇZÃSd>RNQ=dZÃN�Á�^ NOw N]whJ�KL=bMQ=`XeX J[X|KAX_=bN]J0pHSVU�N]whJ�w�mRKVJ0ME/�3�I
gdvL^e@9J|��8 N]wA^ >%ZÃSd>L@9vAZÃNOS`M<KLXe=?NOJ�Á4=?p�^ >Cp]J0M]NOJ[@c^ >RN]S,NOwCJ(@h^ J[X J[Z\N]M�^_Z´p]N]M�^ K­N]Snp]JjM]o`J�=?pÄ=b>�=`@���vhp]NQ=bÂLX J
p]whS`M]N<KLX vh>Cg`J0MQ�TtuwCJ4J[X J|ZÃNOM]SiPn=bg`>hJjN�^eZHÁE=]o|JGgdJj>CJ0MQ=bN]J|@�UÈM]SVP NOwCJ�;<vh>C>%@C^ Sa@9JEKhM]SdKL=?gV=?NOJjpÄ=dX S`>CgnN]whJ
w�mRKCJjMÄ/�3�IÌg`vA^_@�J(=b>L@�^ p�M]J��CJ|ZÃNOJ[@�Â�m(N]whJEp]whS`M]N<KLX vh>Cg`J0MQ�TtuwCJ4S`pQZ0^_XeXe=?N�^ S`>�UÈM]J|Æ�vhJj>AZÃm�Z0=?>­ÂiJ
Z\S`>�NOM]SiXeX J[@ÄÂRm�=`@��èvCp]NQ^ >hgnNOwCJ�@C^ p]NQ=b>LZ\J�ÂiJjNÃÁ�JjJ0>ÇN]whJ ;<vh>C>�@h^ Sµ@9J =b>L@�N]whJEp]wCSdM]NTKLX vC>CgdJjM��TtWwCJ
SdvCNOKCvhNTK�S�ÁHJ0M<ÁE=?p<J0æRNOMQ=dZÃNOJ[@�N]whM]S`vhg`wcNOwCJ4wRmRKiJ0MÄ/23�IËg`vL^e@9J(^ >�N]whJESdKCK�S`pQ^ NOJ(@h^ MOJ[Z\NQ^ S`>�N]S,N]whJ
p]whS`M]N<KLX vh>Cg`J0MQ�TtuwCJ4whm[KVJ0MÄ/23�IégdvL^e@9J4ÁE=bpÄZÃSd>�o`J0M]NOJ[@ÄN]Sc=4M]J|ZÃN�=?>hg`vAX_=bMTÁ4=~odJjgdvL^e@9J�^ >­N]whJ
J0æRK�J0MQ^ePGJj>RN�=`X[p]JjNOvCK�vCpQ^ >Cgc=GNOMQ=?>hpQ^ N�^ S`>cwhS`M]>A�<tuwCJ4wCS`MO>cwL=bpÄ=nXe^ >CJ|=?M�N�=?KiJ0MTpQ^ePn^_Xe=?MTN]S,N]whJ
NOMQ=b>CpQ^ NQ^ Sd>�wCSdM]>�UÈM]SVPôN]whJESdMQ@C^ >L=bM]m�/�3�IËg`vA^_@�JENOS�NOwCJ4M]J[Z\N�=?>CgdvLXe=?M<Á�=]o`J0g`vL^e@9J�É � Ê =?>A@�Z\S`>�odJjMON]p
ÎA6h- Ï�Ð«}~Xe^ l|JnPGSa@9J4SiUCN]whJ�wRmRKiJ0MÄ/23�IËg`vL^e@�J�N]SctTD�Ð Ï,PGSµ@9J�SVUCN]whJEM]J|ZÃN�=?>hg`vAX_=bMTÁE=]o|J0g`vA^_@�J[�HtuwhJ
X SV=`@)SVUiNOwCJ4S`pQZ0^_XeXe=?NOS`M<Á�=?pE=`@���vhp]N]J|@�UÈS`M�Pn=bæa^eP�vAP�SdvCNOKCvCNTKiSdÁ�J0MTÂRm�=Gp]N]vhÂ�NOvC>CJ0MTSd>cN]whJ
MOJ[Z\NQ=b>CgdvLXe=?MTÁE=]o`JjgdvL^e@9J|�HÚ�^ gdvCM]JEÓnp]wCS�ÁTpTNOwCJ�PGJ[=bp]vCMOJ[@)oh=?MQ^e=bNQ^ S`>ÇSiUVN]whJESdpQZj^eXeX_=bNQ^ Sd>�UÈM]J[ÆjvCJ0>LZ\m�=?>A@
NOwCJ4S`vhN]KhvCN�KiS9Á�JjMHÁÄ^ N]w�N]whJ(@h^ p]N�=?>AZÃJ��%ÂiJ0NOÁ�J0Jj>ÇNOwCJ ;HvC>C>%@C^ Sa@9J�=?>A@)N]whJ�p]whS`M]N<KLX vC>hg`J0MQ���ÌwCJj>
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ß�ÂLâ��,^_Z0^ >L^ NÃm(SVUu@C^ Sµ@�J
Úu^ g`vhM]J2�d�T6�N]MOvLZ\N]vhM]JESVUu=,@9SdvCÂLX J�@C^ Sa@9J4S`pQZj^eXeXe=?NOS`M

�%êåÓVëiÉ PnP Ê k�NOwCJ�Pn=?æµ^_P�vLP�SdvCNOKCvhNTK�S�Á´JjM s ë`�exdP3�ÙÁ�=?pHS`ÂCN�=`^ >hJ[@)Á<wL^eZ\wÇÁE=?p<>hJ[=?M�X m(J[ÆjvL=dXhNOSnNOwCJ
=§oh=d^eX_=bÂLX JGKiSdÁ�J0MTSiUCNOwCJ(;HvC>h>�@C^ Sµ@9J�PGJ|=?p]vCMOJ[@,vhpQ^ >hgÑ=2vCp]vL=dXhÁ4=~odJjgdvL^e@9JnZ0=boµ^ N«mR�
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tWwCJ4p~NOM]vAZÃNOvCMOJ�SiUL=n@�S`vhÂLX J @C^ Sµ@�JESdpQZj^eX_Xe=bN]SdM�^ pTpQ^ePn^eXe=?MTNOS�NOwCJ4pQ^ >hgiX J(@h^ Sa@�JESdpQZj^eXeX_=bN]SdMTJ0æaZÃJ0KCNTN]wA=?N
NÃÁ�S­@C^ Sa@9J0p�=?MOJ(=bM]MQ=b>Cg`J|@Ç=`X S`>hgnNOwCJGw�m[KiJjME/23�IÌgdvL^e@9JGÂ�mnvCpQ^ >Cg)N]whJ(X S`>hg`J0M�PGJ0NQ=dX[ÂLX SaZ«lRp�=bp<p]wCS9ÁT>
^ >�Úu^ gi�7�d��tuwhJESdpQZj^eXeX_=bN]SdMTSiUVNOwL^ pÄZÃSd>98CgdvCMQ=bNQ^ Sd>�Pn=§m(Â�J�Zj=dX_X J|@�=�Xe=`@h@9J0MTS`pQZ0^eX_Xe=?NOSdM�É � Ê �TÚ|SdM<N\Á´S
oh=`X vCJ0p<SiUVN]whJ(@h^ p]N�=?>AZÃJ�� / Â�JjN\Á´JjJ0>ÇN\ÁHS�@C^ Sa@9J0pQk�NOwCJ�PGJ[=bp]vCMOJ[@,M]J0p]vLX N<SiUCN]whJ�oC=bMQ^e=?N�^ Sd>­SVUCN]whJ
SdpQZj^eXeX_=bNQ^ Sd>�UÈM]J[ÆjvCJ0>LZ\m�=b>L@)NOwCJGSdvCNOKCvCN<K�S�ÁHJ0M<ÁÄ^ NOw�NOwCJn@C^ p]NQ=b>LZ\J:��Â�JjN\Á´JjJ0> N]whJ(Z0X Sdp]JjM�@C^ Sa@9J 1 s NOS
NOwCJ4p]wCSdM]N�KAX vh>CgdJjMÄ=b>L@�N]whJ�p]wCSdM]N<KLX vC>hg`J0MÄ^ p�p]whS�ÁT>%^ >�Úu^ gi�7�`�<tuwhJ(=§oh=d^_Xe=bÂLX J4K�S�Á´JjM]pHSiUCN]whJ(@h^ Sa@�Jjp
vhp]J[@­^ >�N]wA^ pTJ0æRK�JjM�^_P2Jj>RNHÁ<J0M]JGS`>�=bÂ�S`vCN<NOwCJ�wA=`XeUCSiUCN]wA=?N<SiUVN]whJ(@h^ Sa@9J4vCp]J|@�UÈS`M<pQ^ >hgiX J @�Jjoµ^_Z\J(Z0=?p]J|�
tWwCJ4S`pQZj^eXeXe=?N�^ Sd>�UÈM]J[ÆjvCJ0>LZ\m�Z\S`vLXe@�oC=?M]m(ÁÄ^ N]w;� ^ >­>L=bM]M]S9Á�JjMTM�=?>CgdJ(Z\SiPGKA=?MOJ[@�ÁÄ^ NOwcNOwCJ4pQ^ >hgiX J(;HvC>h>
@h^ Sa@�J(Z0=?p]J4Â�J[Z0=?vCp]J4N]whJESdpQZj^eXeX_=bNQ^ Sd>�UÅMOJ[ÆjvCJ0>LZ\m�@9J0KiJj>A@9p�S`>­>CSdNTSd>LX m<��ÂCvhNÄ=dX p]S�NOwCJ�@C^ p]N�=?>LZ\J
Â�J0N\ÁHJ0Jj>ÇN\Á´Sc@h^ Sa@�JjpQ���ÌwCJ0>=� / ê7{>�iÉ PnP Ê =?>L@?�%êåÓiyVÉ PnP Ê kRN]whJ(Pn=bæa^eP2vAP�S`vhN]KhvCN<K�S9Á´J0M
{dy`�ey`P@� =b>L@,NOwCJ�Pn=bæa^eP�vAPóZÃSVP�ÂL^ >A^ >hgnJ�AÑZj^ Jj>AZÃm�ë`ëd�_x>BôÁ<J0M]JGS`ÂhNQ=d^ >hJ[@hk�Á<wCJ0M]J�NOwCJ�ZÃSVP�ÂA^ >A^ >hg
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ß�ÂLâ<1HvCNOKCvhNTK�S�Á´JjM
Úu^ g`vhM]J2�d�TDaæ[KiJjMQ^ePGJ0>hN�=`X[MOJjp]vLX NTSiULZj=bp]JESVUVNOwCJ(@9S`vhÂLX J(@h^ Sa@�JESdpQZj^eXeX_=bN]SdM

J�AÑZ0^ J0>LZ\m�^ p�@�JF8C>hJ[@Ç=?pTNOwCJGMQ=bNQ^ S)SiUhNOwCJGS`vhN]KhvCNHK�S9Á´J0MHSVUhN]wCJnP�vLX NQ^ KLX J2S`pQZ0^eX_Xe=?NOS`MHN]S)NOwCJGp]vLP�SVUhN]whJ
Pn=bæa^eP2vAP�SdvCN]KhvCN<K�S�ÁHJ0M]p<SVUVJ|=`Z�w%@h^ Sf@�JEÁ<wCJj>­N]whJjm�=?MOJ PGJ[=bp]vCMOJ[@)vhpQ^ >CgnNOwCJEvCp]vL=dXRÁE=~odJ0g`vL^e@�J
Z0=§oa^ N�m|�

G ��ºA·Y½hî¿¼�ð9¾«ºf·

8 >CJjÁÒKiSdÁ�JjMEZÃSVP2ÂA^ >A^ >hg,NOJ|Z\wh>L^eÆ�vhJ�UÈS`M<p]SiXe^e@ r p]N�=?NOJ =dZÃN�^ o|Jn@9J0oa^eZ\Jjp�vCpQ^ >Cg,N]whJEw�mRKCJjM�/23�IËg`vA^_@�J
ÁE=?p�@h^ pQZÃvCp]p]J|@C�W.�>cN]whJEJ0æRKiJ0MQ^ePGJj>�N]pE=?N<ç r ÂA=?>A@cUÅSdMTNOwCJ4S`pQZ0^_XeXe=?NOS`M�ÁÄ^ NOw�=2pQ^ >hgiX J�SdMÄ@9SdvCÂLX J�;<vC>h>
@h^ Sa@�J(PGSdvC>RNOJ[@�^ >­N]whJ(@C^ J|X J|ZÃNOMQ^eZ<p]NOMQ^ K�SVUVNOwCJEw�m[KiJjM�/23�IËgdvL^e@9J|k�p]N�=?ÂAX JES`KiJ0MQ=?N�^ S`>cÁ�^ NOw�J0ä�J|ZÃN�^ o`J
K�S�Á´JjMHg`J0>CJ0MQ=?N�^ S`>�ÁE=?p�=dZ«wL^ Jjo`J|@C�H1HvhM�S`pQZ0^_XeXe=?NOS`MTwA=?pÄ=GpQ^_PGKAX J�ZÃSd>98hg`vhMQ=?N�^ S`>�=b>L@­^ p�p]vL^ N�=?ÂAX J�UÅSdM
PGSdvC>�N�^ >hgcPGSdM]J�Pn=?>�m�@h^ S�@9JjpQ�TtuwhJ(UÈvCNOvCM]J4p]vCÂA�èJ|ZÃN�^ pTK�S�Á´JjMEZÃSVP�ÂL^ >A^ >hgnSVUWPn=b>Rm�@9J0oa^eZ\JjpÄ^ >
Pn^eXeXe^_PGJ0N]J0M r Á�=]o`JnUÅMOJ[ÆjvCJ0>LZÃm(MQ=b>Cg`J|��tWwCJ�=?vCNOwCSdM]pTÁHS`vLXe@ÇX_^ l`JENOSnNOwL=b>Cl�-�MQ�A6h�a1HlRvhMQ=`kaUÈS`MQPGJ0M
p]NOvL@�Jj>�NHSiUL1HlC=~mV=`P,=,5Y>A^ o|J0M]pQ^ N�m�UÈS`M<wL^ pTwCJ|X K�^ >­JjæRKiJ0MQ^ePGJ0>hN��

É s?Ê:H �aF|�f3�vCp]p]J|XeXA�JI?-�^eZÃMOS�ÁE=]o`JnÀµSQÁHJ0M�òWSiP�ÂL^ >L^ >CgctiJ|Z«wC>L^eÆjvCJjpQk7K�.0DYDYD t�MQ=b>CpQ�H-�^eZÃMOS9Á4=]o`J
tuwhJjSdM]m<L tVJ[Z«wA�_kNMPOQOQRTSVUhkRKhKL� Óixd{ r ÓVx`znß]-�=~m s ë`xdë`âO�

É { Ê:H �aòuwL=b>Cgc=?>L@�òT�a69vC>%��Ib-�^_XeXe^ePGJjNOJjM r �Ì=]o`JnÀµSQÁHJ0M r òuSiPTÂL^ >A^ >hgctiJ[Z¿wh>L^eÆ�vhJjpQk7KG.?DYD�D tVMQ=b>CpQ�
-�^eZÃM]S9ÁG=~odJ(tWwCJjSdM]mWL t�J|Z¿wL�ekNMPO�OQRVX�Yhk�KCKL�eë sbris y`x,ß]ÚdJjÂCMOvL=bM]m s ë`z q âO�

É q?Ê tT�[ZYSd>CJ0mi=`Pn=)=?>A@�6C�f/2^ p]wL^e@C=,�QIb/YS`>hMQ=d@C^e=?N�^ o|JnI4^ J|X J|ZÃNOMQ^eZ\�Ë=]o|J0g`vA^_@�JnUÅSdM�-�^_XeXe^ePGJjNOJjMO}]�Ì=Oo|J
.�>hNOJjgdMQ=?NOJ|@­òT^ MQZ\vL^ NOpQk^K2.0DYDYDÌtVMQ=b>CpQ�<-�^_Z\M]S�Á4=]odJ(tWwCJjSdM]mWL t�J|Z¿wL�ek9MPO�OQRTS>_Ak�KhKL� s`s z`z risds ëd{
ßO/YSdodJ|P�ÂCJjM s ë`z s âO�

É Ó Ê Z,�R.\p]wA^ lh=]ÁE=dkµtT�at�=?>A^ ì[=bla^ekµB2�A/2^ p]wL^e@h=n=?>A@`Z,�atu=?g`vAZ¿wL^a�JIa�dy`;EBYì(ÞH=?>A@cÚu- r ÀavLX p]J
82vhN]SVPGS`N�^ o|Jn3�=d@C=bMÄÚ|M]Sd>[NÄDa>A@�5YpQ^ >Cgc/YJjÁ tAmRKiJ�/23�I ;HvL^e@9J482>L@�I4^ J[X J|ZÃNOMQ^eZEÎhJ0>Cp
82>�N]J0>C>A=`k7K,ÀaMOSfZ0� s ë`ëdxntiS`KA^_Z0=`Xµ6�maPGKA�f-�^eXeX_^ePGJ0N]J0Mb�Ì=~odJjpQk[KhKL� s �>� rVs �dz�ß]F0vAX m s ëdë`xdâ]�

É � Ê tT�[ZYSd>CJ0mi=`Pn=)��Ib/YS`>hMQ=`@h^e=?N�^ o`JnI4^ J|X J|ZÃNOMQ^eZ\�Ë=§odJ0g`vA^e@9J[k7K�.\>AUÅM�=?M]J|@c=b>L@�-�^eXeXe^_PGJ0N]J0Mc�é=]o`J0pQk
YVY�kA-�^eX_Xe^ePGJjNOJ0MÄòuSiP2KµSd>CJ0>RN]pQk[. . .?k[KCKL�7� sbr ëdz`k�8,Zj=d@9J|Pn^eZEÀaM]J0p]pÄß s ë`zbÓiâO�

É � Ê 6C�a/YSdgi^a=?>A@ H �aÚ`vCl[vL^a�QIb1HKCN�^eP�vAPóI´J0pQ^ g`>�=b>L@­ÀµJjMQUÈSdMQPn=?>AZÃJGSiUL=�-�^eZ\M]S�ÁE=]o`JnÎA=`@h@9JjM
1HpQZ0^_XeXe=?NOS`M�Á�^ NOw�-�=b>�m�IG^ Sµ@�J -�S`vh>RN�À:=d^ M]pQk^K�.?D�DYD t�M�=?>hpQ�<-�^eZ\M]S9Á4=~odJntuwhJjSdM]m<L tVJ[Z«wA�_k
MPOQO�RdXVeAk�KCKL�ex q � r x?Ó q ßO-�=~m s ë`zd{`âO�


