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789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PQR�IS�PTRG�UILLIVKJ�WX�YZ�[\SI]̂\�_ZZ̀a789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PQR̀`̀bG�PQR̀`̀cRbG�PQR_daG�PQR_eaG�PQR_YaG�PQR_faG�PQR_baG�PQR_gaG�PQR_haG�PQRiZaGPQRi_aG�PQRiiaG�PQRidaG�PQRieaG�PQRiYaG�PQRifaG�PQRibaG�PQRigaG�PQRihaG�PQRdZaG�PQRd_aG�PQRdiaG�PQRddaG�PQRdeaG�PQRdYaGPQRdfaG�Pjk̀`̀̀bG�Pjj̀`̀̀bG�Pjl̀`̀̀bG�Pjm̀`̀̀bG�PjR̀`̀̀b789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Pll�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZG�IS_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Plv�UILLIVKJ�WX�hZ�[\SI]̂\�_YYZa789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�Plv̀̀`̀t_G�Plv_ZZaG�PlviYaG�PlvYZaG�PlvbYaG�PssaG�PrR̀`̀̀bG�PuZ_daG�PuZ_eaG�PuZ_YaGPuZ_faG�PuZ_baG�PuZ_gaG�PuZ_haG�PuZiZaG�PuZi_aG�PuZiiaG�PuZidaG�PuZieaG�PuZiYaG�PuZifaG�PuZibaG�PuZigaG�PuZihaG�PuZdZaGPuZd_aG�PuZdiaG�PuZddaG�PuZdeaG�PuZdYaG�PuZdfaG�PuwaG�Puẁ̀`̀bG�Puw_daG�Puw_eaG�Puw_YaG�Puw_faG�Puw_baG�Puw_gaG�Puw_haG�PuwiZaGPuwi_aG�PuwiiaG�PuwidaG�PuwieaG�PuwiYaG�PuwifaG�PuwibaG�PuwigaG�PuwihaG�PuwdZaG�Puwd_aG�PuwdiaG�PuwddaG�PuwdeaG�PuwdYaG�PuwdfaGPuwlaG�PuH̀ `̀bG�PuR̀`̀̀b789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Pvl�UILLIVKJ�WX�hZ�[\SI]̂\�_YYZa789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Pvl�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZG�IS_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�Pvl̀`̀̀t_G�Pvl_ZZaG�PvliYaG�PvlYZaG�PvlbYa789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Pvs�UILLIVKJ�WX�hZ�[\SI]̂\�_YYZa789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�Pvv�UILLIVKJ�WX�hZ�[\SI]̂\�_YYZa789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�Pvv̀̀`̀bG�Pvv̀̀`̀t_G�Pvv_ZZaG�PvviYaG�PvvYZaG�PvvbYaG�PvR̀`̀̀t_G�PmZ_daG�PmZ_eaG�PmZ_YaGPmZ_faG�PmZ_baG�PmZ_gaG�PmZ_haG�PmZiZaG�PmZi_aG�PmZiiaG�PmZidaG�PmZieaG�PmZiYaG�PmZifaG�PmZibaG�PmZigaG�PmZihaG�PmZdZaG�PmZd_aGPmZdiaG�PmZddaG�PmZdeaG�PmZdYaG�PmZdfaG�Pmv̀̀`̀bG�Pmv̀̀`̀t_G�PmH̀ `̀bG�PmR̀`̀̀b789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PHl�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZG�IS_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PHu�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZG�IS_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PHmG�PHHG�IS�PHR�UILLIVKJ�WX�x]pWKSN�WK[VKKx�iY�qxJ�iYZ̀a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PHH�UILLIVKJ�WX�hZ�[\SI]̂\�_YYZa789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PHH�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZG�IS_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PHR̀`̀̀t_G�PyR̀`̀̀b789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTQ�UILLIVKJ�WX�qJJz[zIxqL�x]pWKSN�qxJ{IS�LK[[KSNG�UILLIVKJ�WX�kYG�l|_G�zILG�zIiG�zI}G�cR_G�cRiGIS�cR}G�pqX�WK�UILLIVKJ�WX�y789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTQa789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTQG�PTRG�IS�PP~Q�UILLIVKJ�WX�qJJz[zIxqL�x]pWKSN�qxJ{IS�LK[[KSNG�UILLIVKJ�WX�cR_G�cR}�IS�zI}GpqX�WK�UILLIVKJ�WX�ỳ789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTQ̀`̀t_G�PTQ̀`̀tR_G�PTQH̀ `̀̀t_789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTQ��UILLIVKJ�WX�qJJz[zIxqL�x]pWKSN�qxJ{IS�LK[[KSNG�UILLIVKJ�WX�kYG�l|_G�zILG�zIiG�zI}G�cR_GcRiG�IS�cR}G�pqX�WK�UILLIVKJ�WX�y789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTja789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTj_Y�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZGIS�_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTjiY�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZGIS�_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTjdf�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZGIS�_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTjQaG�PTsaG�PTs̀ �̀̀cRbG�PTvaG�PTv̀̀`̀cb789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTH�UILLIVKJ�WX�qJJz[zIxqL�x]pWKSN�qxJ{IS�LK[[KSNG�UILLIVKJ�WX�kYG�l|_G�zILG�zIiG�zI}G�cR_G�cRiGIS�cR}G�pqX�WK�UILLIVKJ�WX�y789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTHaG�PTH̀ `̀̀ c̀b789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTHie�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZGIS�_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTHdd�pqX�WK�UILLIVKJ�WX�_YG�ieG�iYG�ddG�IS�dfG�UILLIVKJ�WX�ZYG�_iG�_eG�_fG�YZZG�_iZZG�_eZZGIS�_fZZG�pqX�WK�UILLIVKJ�WX�rZiG�sG�cZ_G�cG�tu�a789:;�n9=>?@=AB�n:C=Do8AEF?>8;<G�HIJKLMNO�PTR�UILLIVKJ�WX�qJJz[zIxqL�x]pWKSN�qxJ{IS�LK[[KSNG�UILLIVKJ�WX�kYG�l|_G�zILG�zIiG�zI}G�cR_G�cRiGIS�cR}G�pqX�WK�UILLIVKJ�WX�y789:;�<9=>?@=AB�<:C=D?8AEF?>8;<G�HIJKLMNO�PTRaG�PTR̀`̀bG�PTR̀`̀cRbG�PTRdZaG�PTRYZaG�PTRfZa
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789:;�<9=>?@=AB�<:C=DE8AFG?>8;HI�JKLMNOPQ�RRST�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�Y\L̀K_�NM[[M_PI�UKNNKVML�WX�abI�cdeI�ZKNI�ZKfI�ZKgI�hieIhifI�K_�higI�̂ YX�WM�UKNNKVML�WX�j789:;�H9=>?@=AB�H:C=D?8AFG?>8;HI�JKLMNOPQ�RRklI�RRkeflI�RRkfmlI�RRkmnl789:;�<9=>?@=AB�<:C=DE8AFG?>8;HI�JKLMNOPQ�RRo�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�Y\L̀K_�NM[[M_PI�UKNNKVML�WX�abI�cdeI�ZKNI�ZKfI�ZKgI�hieI�hifIK_�higI�̂ YX�WM�UKNNKVML�WX�j789:;�H9=>?@=AB�H:C=D?8AFG?>8;HI�JKLMNOPQ�RRolI�RRoppppqI�RRoeflI�RRofmlI�RRomnl789:;�<9=>?@=AB�<:C=DE8AFG?>8;HI�JKLMNOPQ�RRoS�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�Y\L̀K_�NM[[M_PI�UKNNKVML�WX�abI�cdeI�ZKNI�ZKfI�ZKgI�hieI�hifIK_�higI�̂ YX�WM�UKNNKVML�WX�j789:;�H9=>?@=AB�H:C=D?8AFG?>8;HI�JKLMNOPQ�RTfglI�RTrppppqI�RTsppppte789:;�<9=>?@=AB�<:C=DE8AFG?>8;HI�JKLMNOPQ�RTJ�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�Y\L̀K_�NM[[M_PI�UKNNKVML�WX�abI�cdeI�ZKNI�ZKfI�ZKgI�hieI�hifIK_�higI�̂ YX�WM�UKNNKVML�WX�j789:;�H9=>?@=AB�H:C=D?8AFG?>8;HI�JKLMNOPQ�RTJppppq789:;�<9=>?@=AB�<:C=DE8AFG?>8;HI�JKLMNOPQ�RTi�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�Y\L̀K_�NM[[M_PI�UKNNKVML�WX�abI�cdeI�ZKNI�ZKfI�ZKgI�hieI�hifIK_�higI�̂ YX�WM�UKNNKVML�WX�j789:;�H9=>?@=AB�H:C=D?8AFG?>8;HI�JKLMNOPQ�RTippppqI�Rosppppte789:;�H9=>?@=AB�H:C=D?8AFG?>8;Hu�vw?xwB:�<yzD{{|}u�C=A=}~8?I�JKLMNOPQ�c�eglI�c�fglI�c��slI�c��tlI�c�slI�c��lI�sgchlI�sg�hlIsg�hlI�sg�hlI�sg�hlI�sgdhlI�sg�hlI�sgjhlI�sg�hlI�RS�lI�RSilI�RS�l<:C=D?8AFG?>8;�F=8F:Hu�>@�;=H>8;Hu���}zH�8;��y<��z<u���<y7��<D{�|�vw?xwB:�I�JKLMNOPQ�sgc��I�sg���I�sg���I�sg���<:C=D?8AFG?>8;�F=8F:Hu�>@�;=H>8;Hu���}zH�8;��y<��z<u���<y7��<{{��vw?xwB:�I�JKLMNOPQ�sg��l�����KNNKVML�WX�]��[K�eb�\]̂ WM_P�Y\L�NM[[M_Pp�����KNNKVML�WX�]��[K�en�\]̂ WM_P�Y\L�NM[[M_Ppl���JYX�WM�UKNNKVML�WX�YLLZ[ZK\YN�\]̂ WM_P�K_�NM[[M_Pp�JY_�Z\����K̂ �Y\X�\Ŷ M�K_�[_YLM̂ Y_�� �I� �Y\L�̂ KLMN�LMPZ�\Y[ZK\pdYP[���LY[ML�K\�fneq�ef�n��]MP[ZK\P� t_Z\[�[�ZP��Y�M jM_̂ P�KU��PM tY�M�jK� ��fne���d�dd�j�M�Y��MY_Y\�M�KU�Y��K̂ �Y\X P�\Ŷ M�K_��_KL]�[�Z\�[�ZP�LY[YWYPM�LKMP�\K[�Z\�Z[PMNU�YPP]_M�[�Y[��_KL]�[P�PK�ZLM\[ZUZML��Y¡M�WMM\�̂ Y\]UY�[]_ML]\LM_��d P��KNNKV�����M_¡Z�Mp�i\NX�[�KPM��_KL]�[P�WMY_Z\��[�M��d�JY_��P�K]NL�WM��K\PZLM_ML�[K�WM��M_[ZUZML�Y\L��K¡M_ML�]\LM_��d P��KNNKV����M_¡Z�Mp�aNVYXP�NKK��UK_�[�M�JY_��K\�[�M��_KL]�[p�d��M_̂ Z[P�[�M�_M�_KL]�[ZK\�KU�[�M�̂ Y[M_ZYN��K\[YZ\ML�Z\�[�M�i\NZ\M��M_[ZUZ�Y[ZK\�cZ_M�[K_X�P]W¢M�[�[K�[�M�UKNNKVZ\���K\LZ[ZK\P��ep�j�M��]ZLMs\UK_̂ Y[ZK\I�aPPM̂ WNZMPI��K\P[_]�[ZK\PI�cMPZ�\PI��XP[M̂ PI�Y\L̀K_��M_[ZUZ�Y[ZK\P�OUZNMPQ�̂ ]P[�WM��_MPM\[ML�Z\�[�MZ_�M\[Z_M[X�Y\L�Z\�Y�\K\�̂ ZPNMYLZ\�^Y\\M_I�VZ[�K][�Y\X�̂ Y\Z�]NY[ZK\�KU�[�M�LY[Y�OK_�L_YVZ\�PQp�fp�j�M�P[Y[M̂ M\[�£�M�_Z\[ML�U_K̂ �[�M�i\NZ\M��M_[ZUZ�Y[ZK\P�cZ_M�[K_X�VZ[���M_̂ ZPPZK\U_K̂ ��d£�̂ ]P[�Y��MY_�YL¢Y�M\[�[K�[�M�M¤[_Y�[ML�̂ Y[M_ZYNp�s\�YLLZ[ZK\I�[�M�_M�_Z\[ML�̂ Y[M_ZYN�̂ ]P[�Z\�N]LM�Y��K�X_Z��[�\K[Z�M�Z\�[�M�UKNNKVZ\�UK_̂ Y[��£��fne���d�dd�£p
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77789:;<=>?>9�;@ABCDEBF@@G�HIJ@FCAK�LAMEBJNKOBCJD�PAQEBAI�R�SJMTJNANCHU�GJO�NJCEBA�F�BVFNWA�CJ�GJOD�77789�XEICENW�SFDKY�B@EBZ�VADA�CJ�@AFDN�MJDA:[\]̂�_̀ aàb ;@ABCDEBF@@G�HIJ@FCAK�LAMEBJNKOBCJD�PAQEBAI�R�SJMTJNANC�ĉ �̂d̂ êf\g�heìfb\aj̀e�ìf�kĝlafjl\ggm�hǹg\âo�ĉ bjl̀eoplàf�q̂ rjl̂n�s�t̀ bù êea�H8vL�Swxy kz{|}|~z{���_�t�k�k�q��h�[h��c��t���{�|{s�}z���c�yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��tc�ìgg̀�̂ o��m�\oojaj̀e\g�ĝaâfn�\eo�̀f�epb�̂fn��ìgg̀�̂ o��m���yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��q�ìgg̀�̂ o��m�\oojaj̀e\g�ĝaâfn�\eo�̀f�epb�̂fn��ìgg̀�̂ o��m���yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��q��t����̀f�h�ìgg̀�̂ o��m�\oojaj̀e\g�ĝaâfn�\eo�̀f�epb�̂fn��ìgg̀�̂ o��m�[��̀f�[��yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��qc�ìgg̀�̂ o��m�\oojaj̀e\g�ĝaâfn�\eo�̀f�epb�̂fn��ìgg̀�̂ o��m���yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��h��ìgg̀�̂ o��m�\oojaj̀e\g�ĝaâfn�\eo�̀f�epb�̂fn��ìgg̀�̂ o��m���yJ�AD�L�ECBVENW�LAMERSJNKOBCJDI���̀ ôg�n��h��ìgg̀�̂ o��m�\e�puûf�l\n̂�ĝaâf��ìgg̀�̂ o��m����ìgg̀�̂ o��m�\em�epb�̂f��z�a�f̀p]��������ìgg̀�̂ o��m�\oojaj̀e\g�epb�̂fn�\eo�ĝaâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLw9?��TFBZFWA���̀ ôg�n��h����ĉ fĵn�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k�����d����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂�ìgg̀�̂ o��m�zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L�H?Ry¡S�TFBZFWA���̀ ôg�n��h����ĉ fĵn�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q�k�����d�����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂ìgg̀�̂ o��m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L�L�yP�TFBZFWA���̀ ôg�n��h��~��z�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k����d�����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂�ìgg̀�̂ o�m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L�L�yP�TFBZFWA���̀ ôg�n���qh�}�|��¢{_|�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t�q��k�����d�����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂ìgg̀�̂ o��m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L�L�yP�TFBZFWA���̀ ôg�n����h��h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k�����d����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂�ìgg̀�̂ o��m�zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L�L�yP�TFBZFWA���̀ ôg�n����h�z��~�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k����d�����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂ìgg̀�̂ o��m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L99£�TFBZFWA���̀ ôg�n��h��ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k�����d�����������c����������̀f����ìgg̀�̂ o��m�t��b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂�ìgg̀�̂ o��m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�HLwyX L9¤?�TFBZFWA���̀ ôg�n��h����ĉ fĵn�h���ìgg̀�̂ o��m�̀ê�ĝaâf�_��t��q��k����d�����������c�����������̀f����ìgg̀�̂ o��m����b\m��̂�ìgg̀�̂ o��m��zs����z�zsz����zs���z�s����̀f�z��s����b\m��̂�ìgg̀�̂ o��m���̀f�[��b\m��̂�ìgg̀�̂ o�m��zsz���zs���̀f�z��s�����b\m��̂�ìgg̀�̂ o��m�pu�à�nj��\gu�\sepb f̂jl�l�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�H����JD��wL�;�LY�LL�yP�TFBZFWA���̀ ôg�n�������������ìgg̀�̂ o��m�z��~��|��ìgg̀�̂ o��m�_��t��q��k����d�����������c�����������̀f����ìgg̀�̂ o��m�epb�̂f�zs�����ìgg̀�̂ o��m���̀f�[��ìgg̀�̂ o��m�epb�̂f�zs�����b\m��̂�ìgg̀�̂ o��m�pu�à�¢�\gu�\sepb f̂jll�\f\lâfn�LAMERBJNKOBCJD�KEJKAIY�CVGDEICJDIY�JD��wL�;�LY�9?��VJ@AR@AII�TFBZFWA���̀ ôg�n��qck��\���h�_���\���h�d���\���h�����\���h�c���\���h����\�
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© 2014 IXYS CORPORATION,  All Rights Reserved

Symbol Test Conditions Maximum Ratings

VDSS               TJ = 25C to 150C  600 V

VDGR               TJ = 25C to 150C, RGS = 1M  600 V

VGSS Continuous 30 V

VGSM Transient 40 V

ID25                 TC = 25C                    36 A

IDM                 TC = 25C,  Pulse Width Limited by TJM  150 A

IA                   TC = 25C 64 A
EAS                TC = 25C 3.5 J

dv/dt             IS  IDM, VDD  VDSS, TJ  150C 20 V/ns

PD                 TC = 25C 320 W

TJ -55 ... +150 C
TJM 150 C
Tstg -55 ... +150 C

TL Maximum Lead Temperature for Soldering 300 °C
TSOLD Plastic Body for 10s 260 °C

VISOL 50/60 Hz, 1 Minute                                                        2500 V

FC Mounting Force                                    20..120/4.5..27               N/lb

Weight                                                    5                    g

Symbol Test Conditions Characteristic Values
(TJ = 25C Unless Otherwise Specified)                              Min.        Typ.        Max.

BVDSS VGS = 0V, ID = 3mA                                        600  V

VGS(th) VDS = VGS, ID = 8mA                            3.0                     5.0    V

IGSS VGS = 30V, VDS = 0V 200  nA

IDSS VDS = VDSS, VGS = 0V                       25 A
                                       TJ = 125C                                   1  mA

RDS(on) VGS = 10V, ID = 32A, Note 1                    105  m

IXFR64N60P VDSS =     600V
ID25 =     36A
RDS(on)      105m
trr      200ns

DS99441F(5/14)

N-Channel Enhancement Mode
Fast Intrinsic Rectifier

Features

 Silicon Chip on Direct-Copper Bond
(DCB) Substrate

 Isolated Mounting Surface
 Low Intrinsic Gate Resistance
 2500V~ Electrical Isolation
 Dynamic dv/dt Rating
 Avalanche Rated
 Fast Intrinsic Rectifier
 Low QG
 Low RDS(on)
 Low Drain-to-Tab Capacitance
 Low Package Inductance

Advantages

 High Power Density
 Easy to Mount
 Space Savings

Applications

 DC-DC Converters
 Battery Chargers
 Switch-Mode and Resonant-Mode
   Power Supplies
 Uninterrupted Power Supplies
 AC Motor Drives
 High Speed Power Switching
   Applications

PolarTM HiPerFETTM

Power MOSFET

G =  Gate D     = Drain
S =  Source

ISOPLUS247
           E153432

G

S
D Isolated Tab
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 IXYS Reserves the Right to Change Limits, Test Conditions, and Dimensions.

IXYS MOSFETs  and IGBTs are covered 4,835,592 4,931,844 5,049,961 5,237,481 6,162,665 6,404,065 B1 6,683,344 6,727,585 7,005,734 B2    7,157,338B2
by one or more of the following U.S. patents: 4,860,072 5,017,508 5,063,307 5,381,025 6,259,123 B1 6,534,343 6,710,405 B2 6,759,692 7,063,975 B2

4,881,106 5,034,796 5,187,117 5,486,715 6,306,728 B1 6,583,505 6,710,463 6,771,478 B2 7,071,537

Note      1.  Pulse test, t  300s, duty cycle, d  2%.

Source-Drain Diode

Symbol Test Conditions Characteristic Values
(TJ = 25C, Unless Otherwise Specified)                           Min.        Typ.        Max.

IS VGS = 0V                64 A

ISM Repetitive, Pulse Width Limited by TJM              256        A

VSD IF = IS , VGS = 0V, Note 1               1.5 V

trr                             200     ns

QRM                       0.6  μC

IRM                       6.0  A

IF  = 25A, -di/dt = 100A/s

VR = 100V, VGS = 0V

Symbol Test Conditions                                            Characteristic Values
(TJ = 25C Unless Otherwise Specified)                              Min.         Typ.         Max.

gfs VDS = 20V, ID = 32A, Note 1                         40              63  S

Ciss              12  nF

Coss VGS = 0V, VDS = 25V, f = 1MHz          1150  pF

Crss              80  pF

td(on)                                                                                    28  ns

tr                                                                                    23  ns

td(off)                                                                                    79  ns

tf              24  ns

Qg(on)            200  nC

Qgs VGS  = 10V, VDS = 0.5 • VDSS, ID = 32A              70  nC

Qgd              68  nC

RthJC                        0.39C/W

RthCS           0.15C/W

Resistive Switching Times

VGS = 10V, VDS = 0.5 • VDSS, ID = 32A

RG  = 1 (External)

1 = Gate
2,4 = Drain
3 = Source

  ISOPLUS247 (IXFR) Outline
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Fig. 1. Output Characteristics @ TJ = 25ºC
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Fig. 2. Extended Output Characteristics @ TJ = 25ºC
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Fig. 3. Output Characteristics @ TJ = 125ºC

0

10

20

30

40

50

60

0 2 4 6 8 10 12 14

VDS - Volts

I D
 - 

A
m

pe
re

s

VGS  = 10V 
            7V 

6V

5V

Fig. 4. RDS(on) Normalized to ID = 32A vs.

 Junction Temperature
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Fig. 5. RDS(on) Normalized to ID = 32A vs.

 Drain Current
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Fig. 6. Maximum Drain Current vs. 
Case Temperature
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 IXYS Reserves the Right to Change Limits, Test Conditions, and Dimensions.

Fig. 7. Input Admittance
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Fig. 8. Transconductance
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Fig. 9. Forward Voltage Drop of Intrinsic Diode
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Fig. 7. Gate Charge
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Fig. 11. Capacitance
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Fig. 12. Forward-Bias Safe Operating Area
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Fig. 13. Maximum Transient Thermal Impedance
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Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently 
evaluate the suitability of and test each product selected for their own applications. Littelfuse products are not designed for, 
and may not be used in, all applications. Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics.



Terminals

Bonding

Baseplate
AIN Ceramic 
Substrate

Molding 
Compound

Chip

Solder

Isolated miniature power BLOCK (miniBLOC™) solution for Plasma Power Supplies

Littelfuse’s isolated miniBLOC™ (SOT-227B) is a 
discrete miniature power BLOCK, conveniently 
bridging the power gap between inexpensive discrete 
packages and full-sized power modules. Littelfuse 
offers a wide range of Si and SiC miniBLOC™ 
MOSFET solutions catering to the design demands of 
plasma power supplies.  

The miniBLOC™ solution offering fully isolated base 
plate, higher power densities, faster switching speeds, 
wide device choice, ease of application, and long-term 
reliability will serve as a key enabler, providing the right 
solution to development needs at different power 
levels.

Features
 �Aluminum Nitride ceramic-based compact discrete 

package with electrically isolated baseplate

 �Reduced overall junction-sink thermal impedance in 
comparison to non-isolated discretes

 �Isolation up to 2.5 kV VRMS/60 s or 3 kV VRMS/1 s

 �Extended creepage and clearance distances: 

   –  Terminal-terminal: clearance of up to 7 mm 		
       and creepage of up to 10.5 mm

   –  Terminal-baseplate: clearance of up to 8.5 mm 
       and creepage of up to 10.5 mm

 �Discrete power block with high current-handling 
capability

 �Low internal lead inductance < 5 nH

� �Option for Kelvin-Source terminal

 �Screw-mounted discrete package with four screwed 
terminal leads

Advantages
 �Aluminum Nitride internal isolation increases power 

density, simplifies thermal design, improves 
reliability, and enables superior power cycling 
capability with cooler chip temperatures compared to 
non-isolated and conventionally isolated discretes

 �Optimal for high-voltage design given the inherent 
isolation and extended creepage and clearance

 �Reduced paralleling effort and decreased part count 
resulting in PCB space savings

 �Higher safety overvoltage margin with reduced 
overvoltage stress at chip level due to lower package 
stray inductance 

 �Kelvin-Source terminal improves controllability, 
enabling faster switching speeds

 �Rugged and stable mounting, ease of manufacturing 
and handling in assembly

The miniature power BLOCK Advantage 

Cross-section of SOT-227B (miniBLOC)



RDS(on),max

[mΩ]

ID25

[A]

miniBLOC™
    

13 170 IXFN170N65X2   •
17 145 IXFN150N65X2   •
24 108 IXFN120N65X2   •
30 78 IXFN100N65X2   •
30 76 IXTN102N65X2   •   

High Current (> 50 A), 650 V Ultra Junction X2-Class MOSFETs in miniBLOC™

The 650 V X2-Class Ultra Junction MOSFETs in 
miniBLOC™ package from Littelfuse exhibit some of 
the highest current ratings, lowest on-state 
resistances RDS(on), low gate charge Qg, and superior 
dv/dt performance. Their superior avalanche capability 
further enhances device ruggedness in critical 
applications. Additionally, the HiPerFET™ devices with 
fast soft-recovery body diode have reduced switching 
losses and a better electromagnetic interference (EMI) 
behavior. 

These benefits of the 650 V Ultra Junction X2-Class 
MOSFETs in combination with the advantages offered 
by the miniBLOC™ package make them a preferred 
choice for plasma power supplies.

• HiPerFET™ (fast-body diode)   
• Standard body diode

Scan this QR code to access 
the Littelfuse webpage on Ultra 

Junction X2-Class MOSFETs 

650 V MOSFETs

Vienna 
Rectifier

AC Input: 3-Ph, 170 - 480 V, 50/60 Hz; DC Output: 600 - 800 V

AC Input: 1-Ph, 85 - 265 V, 50/60 Hz; DC Output: < 400 V

PFC Interleaved Boost  Totem-Pole Bridgeless PFC

650 V MOSFETs



RDS(on),max

[Ω]

ID25

[A]

VDSS

[V]

miniBLOC™
    

0.145 56 900 IXFN56N90P   

0.160 43 900 IXFN52N90P  

0.230 33 900 IXFN40N90P  

0.21 38 1000 IXFN38N100P  

0.22 37 1000 IXFN44N100P

0.32 27 1000 IXFN32N100P

0.39 23 1000 IXFN26N100P

0.26 34 1100 IXFN40N110P

0.31 32 1200 IXFN32N120P

0.35 30 1200 IXFN30N120P

0.46 23 1200 IXFN26N120P

0.57 20 1200 IXFN20N120P

900–1200 V Polar™ HiPerFET™ in miniBLOC™

Littelfuse 900–1200 V Polar™ HiPerFET™ devices are 
tailored to provide designers with a rugged device 
solution that offers the best advantage in performance 
and cost in high frequency applications. 

These devices incorporate the Polar technology 
platform to achieve low on-state resistances RDS(on) 
which improves conduction behavior. The low gate 
charge Qg and fast body diode results in more efficient 
switching at all frequencies. The dv/dt and avalanche 
capabilities of these devices provide additional 
safeguards against overvoltage transients.

The benefits of the Polar™ HiPerFET™ devices, in 
addition to the advantages offered by the miniBLOC™ 
package, make them the best solution for plasma 
power supplies.

Scan this QR code to access 
the Littelfuse webpage on 
Polar HiPerFET™ devices

500 -
800 V

DC/DC LLC Converter

< 400 V

900 - 1200 V
MOSFET

650 V
MOSFET



RDS(on),max

[mΩ]

ID25

[A]

VDSS

[V]

miniBLOC™ w/
Kelvin-Source

    

10 130 900 IXFN130N90SK  

21 75 1200 IXFN75N120SK

32 55 1200 IXFN55N120SK

75 30 1200 IXFN30N120SK

1200 V SiC MOSFETs in miniBLOC™ with Kelvin-Source

Littelfuse 1200 V SiC MOSFETs featuring low RDS(on)  
and low device capacitances, offer the highest 
efficiency for reduced cooling effort. The excellent 
conduction and switching behavior combined with 
higher frequency operation improves power density in 
the application.

The SiC MOSFETs in miniBLOC™ featuring a  
Kelvin-Source connection offer superior immunity to 
parasitic turn-on/turn-off events, thereby maximizing 
the high-speed switching performance of the 
MOSFET.

These advantages of SiC MOSFETs combined with 
the benefits offered by the miniBLOC™ package make 
them a preferred choice in Plasma Power Supplies.

Scan this QR code to access 
the Littelfuse webpage on 

SiC MOSFETs 

Note: Preliminary datasheet and engineering samples 
available for the SiC MOSFETs in the table above


