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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



��������� ���	�
���
�
���������������������������������� �����!�"�������#��$�����

%��$�&������'���
 �
�����(��'���	)*����$�����+���	,��-./0���%�1$�(�
%���2����3���	�
���
�
�4����%��������3������������5��������5�������6 ���

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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Objectives 
This application note discusses mounting and handling for Littelfuse power semiconductors in SOT227B package, the miniBLOC, as 

depicted in Figure 1. Information is provided focusing on special precautions to be considered during mounting. 

 

 

 

Figure 1: Littelfuse miniBLOC, in SOT227B 

Applications 
• Industrial motor drives 

• PV inverters 

• UPS systems 

• DC-DC converters 

• Commercial vehicles 

Target Audience 
This document is intended for potential adopters of power semiconductors who want to determine the appropriate mounting and 

cooling solution to ensure proper package mounting and thermal performance. 

Contact Information 
For more information on the topic of mounting this kind of device, contact the Littelfuse Power Semiconductor team of product and 

applications experts: 

• PowerSemiSupport@Littelfuse.com 

Module 
Housing

Base plate

Mounting hole

Power
terminal

Handling and Mounting Littelfuse miniBLOC - SOT227B 



  Application Note 
  

 2 Littelfuse.com 
  © 2023 Littelfuse, Inc. 

Rev 22.08a 

Table of Contents 
1. Introduction ............................................................................................................................................................................................ 4 

2. Recommended Heat Sink Assembly ...................................................................................................................................................... 4 

2.1. Heat Sink Preparation ...................................................................................................................................................................... 5 

2.2. Use of Thermal Interface Materials ................................................................................................................................................. 5 

2.3. Detailed Mounting Procedure .......................................................................................................................................................... 6 

3. Further Mechanical Aspects ................................................................................................................................................................... 7 

3.1. Metric Thread, Imperial Thread, Self-tapping Screws ...................................................................................................................... 7 

3.2. Mounting the Electronics and DC-link Components ........................................................................................................................ 7 

3.3. Insulation Management ................................................................................................................................................................... 8 

4. Conclusion .............................................................................................................................................................................................. 9 

  



  Application Note 
  

 3 Littelfuse.com 
  © 2023 Littelfuse, Inc. 

Rev 22.08a 

List of Figures 
Figure 1: Littelfuse miniBLOC, in SOT227B ............................................................................................................................................... 1 

Figure 2. Mounting the miniBLOC to a Heat Sink ...................................................................................................................................... 4 

 .................................................................................................... 5 

Figure 4. Improving Thermal Transfer by using Thermal Interface Material (TIM) ...................................................................................... 5 

Figure 5: Bolting down the screw  Incorrect and Correct Method ............................................................................................................ 6 

Figure 6: Phillips-style Screws and Captivated Washers acc. to ISO 10644 ............................................................................................... 7 

Figure 7: Module assembly with Power-Terminals attached ...................................................................................................................... 7 

 

  



  Application Note 
  

 4 Littelfuse.com 
  © 2023 Littelfuse, Inc. 

Rev 22.08a 

1. Introduction 
The miniBLOC is the intermediate link between discrete power devices like the TO-263 and power semiconductor modules like Littelfuse 

Y-series. Though it features a DCB-substrate to carry the dies, the molded housing structure characterizes it to be a discrete component 

rather than a power module. The internal DCB substrate inherently offers electrical insulation, allowing for mounting of several 

miniBLOCs to the same heat sink without additional means of isolation. The base plate in turn acts as large-area interface between the 

semiconductor and a heat sink.  

The package provides features beneficial for power electronic applications. These include: 

• High electric insulation strength  

• High thermal performance  

• Current ratings to support applications up to hundreds of kilowatts 

• Internal construction is designed to reduce stray inductance and parasitic capacitances, leading to improved EMI-performance 

 

With the four terminals, the miniBLOC is available in a variety of technologies including IGBT, thyristor , Si- and SiC- diode and 

MOSFET in voltage classes from 40 to 2500 V and current ratings up to 600A. 

 

There are a few miniBLOCs, such as the DSEC 240-04A and the DSEC 240-06A, that feature a non-isolated construction and an 

electrically active base plate. These are diode devices, designed for special purposes. Despite the slightly different internal 

construction, the recommendations made in this application note are valid for these types as well. 

2. Recommended Heat Sink Assembly 
Semiconductor power devices are designed to be mounted onto a heat sink, most often using screws. A layer of Thermal Interface 

Material (TIM) is needed to ensure a high thermal conductivity from the dice to the heatsink. After the application of thermal interface 

material is completed, the component can be mounted to a heatsink by mounting screws. An example of a SOT227B assembly is 

sketched in Figure 2. 

 
 

 

  
(a) Power device, top-view (b) Power device, bottom-view (c) Mounted to the Heat Sink 

Figure 2. Mounting the miniBLOC to a Heat Sink 
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2.1. Heat Sink Preparation 
When the package is mounted, the base plate becomes the crucial surface for thermal management. A heatsink needs to be mounted 

for heat dissipation, as depicted in Figure 2. There are dedicated mounting holes in the package; the proper set of dimensions for the 

drill-hole-pattern is given in the correlating datasheet. 

To ensure a low value of thermal resistance, the contact surface of the heat sink must be flat, even, and clean. For the mounting area, 

the surface quality must achieve or exceed the values given in Figure 3. 

 

Figure 3 Power Modules 

Prior to mounting, cleaning all surfaces with a suitable cleaning agent is advised.  

2.2. Use of Thermal Interface Materials 
t sink 

surface. It reduces the thermal resistance case-to-heatsink, Rthch. Thermal interface materials are available as thermal pad and thermal 

grease or compound. Unlike the discrete packages where the copper cooling pad is usually electrically active, packages with solid 

metal base plates internally feature a DCB structure which uses a layer of ceramic as electrical isolation. With up to 4500 V isolation 

voltage, the packages provide the option to use electrically non-isolated thermal interface materials. It is not recommended to use an 

interface material with isolation such as silicone-pads sometimes used for discrete packaged devices. These materials inherently 

exhibit a higher thermal resistance compared to thermal greases or conductive thermal pads. 

The thermal interface materials should be applied evenly to the device base plate or the heat sink surface. Ideally, screen printing is 

used to achieve accurate and reproduceable results. A screen thickness of 100µm with a fill-factor of 70-80% and a regular pattern of 

honeycomb-shaped openings has proven to be a reasonable approach. 

As no electrical isolation is required from the TIM layer, it is recommended to have a very thin layer of TIM so that the material just fills 

the gaps and voids between the dev Figure 4. 

   

(a) Without TIM, air gaps remain  
(b) With TIM, the gaps are filled, contact area 
increases, and thermal resistance is reduced 

Figure 4. Improving Thermal Transfer by using Thermal Interface Material (TIM) 

If a solid thermal pad is considered, softer materials with high thermal conductivity are preferred to better fill the gaps. The thermal pad 

should be as thin as possible to provide the lowest thermal resistance. The mounting mechanism using screws provides proper 

pressure on the thermal interface material to ensure a low value of thermal resistance. A procedure to create a proper stencil and set 

up a basic stencil-printing equipment is described in detail in the application note Basics of Stencil Generation to Apply Thermal 

Grease to Power Semiconductors, which can be downloaded from the Littelfuse website. 

Heatsink

Rz 20

Module mounting area

0.03
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2.3. Detailed Mounting Procedure 
Mounting the module by screws inherently achieves mounting forces in a range of kilonewton. Though the base plate is highly 

resistant to pressure, the internal DCB-structure is very sensitive towards bending. Therefore, careful handling and step-by-step 

tightening of the screws is mandatory to achieve the desired pressure distribution and prevent bending the internal DCB. 

Besides the mounting forces, an even distribution of thermal interface material is important. Uneven distribution, particularly with 

higher amount of material in the center of the module, may also lead to high local forces that could damage the DCB inside the power 

module. 

Using solid sheets as thermal interface material is not a recommended solution as these typically remain too thick and limit the 

 

Figure 5(a) illustrates that the module lifts on one side in case the first screw is bolted down too much and Figure 5(b) and 

Figure 5(c) show a two-step sequence to prevent this from happening. 

   

(a) To be prevented: Bolting down one side 
may tilt the module which leads to bending  

(b) Recommended: Loosely bolt down all screws to the point 
 

(c) In a further step, tighten the screws to their final 
torque using a precise torque wrench 

Figure 5: Bolting down the screw  Incorrect and Correct Method 

The tightening procedure is summarized in Table 1. 

Table 1: Mounting Sequence to mount SOT227B 

Package 
Type 

Screw 
Diameter 

Step 1 Step 2 Step 3 Step 4 

SOT227B 4 mm 

Bolt down both 
screws, so that the 

screws  heads get the 
washers to contact 

the base pate 

     Apply 0.5 Nm to 
both screws 

Wait for the assembly to settle. 
Settling time depends on the TIM 

in use and varies from 5-10 
minutes 

Apply no more 
than 1.5 Nm to 

both screws 

In case imperial screws are preferred for mounting, a screw 8-36 is the closest replacement for M4. The mounting torque needs to be 

limited to not exceed 11.5 lb-in 

  

Heatsink

Screw
Thermal Interface

 Heatsink

Power Module

Screw
Thermal Interface

✓

miniBLOC

Heatsink

Power Module

Screw

Thermal Interface

✓✓

miniBLOC
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3. Further Mechanical Aspects 
Besides the data and procedures to mount power electronic components, influences that arise from mechanical parts and physics 

need detailed attention. Some details that appear to be of minor impact can lead to unexpected effects with highly detrimental 

consequences. 

3.1. Metric Thread, Imperial Thread, Self-tapping Screws 
The recommended material for mounting the module to the heat sink is a metric screw with spring-washer and captivated washer as 

described by ISO 10644. Zinc- or nickel-plated steel screws with a property class 6.8 or higher, as depicted in Figure 6, are 

recommended. 

 

Figure 6: Phillips-style Screws and Captivated Washers acc. to ISO 10644 

 

Using screws 

turning angle, torque, and resulting mounting forces also changes. Purely translating newton meter (Nm) into pound inches (lb-in) 

might result in misleading values. Individual verification of the result is advised to verify proper pressure and pressure distribution is 

achieved. 

 

In case self-tapping screws like those described in DIN7504-K and ISO15480 are preferred, dedicated tests are needed to correlate 

torque, turning angle, and mounting force. As the torque mainly depends on the drill-hole  diameter and the heat sink material, no 

general recommendation can be made. Using washers and spring-washers in combination with self-tapping screws is advised. 

3.2. Mounting the Electronics and DC-link Components 
Power modules are robust regarding pressure applied, but highly sensitive towards pulling forces. Pulling forces can be a consequence 

of dynamic influences like shock and vibration but as well result from the combination of materials used in the construction and their 

tolerances. 

A mechanical assembly must ensure that the resulting forces to the terminals remain directed as pictured in Figure 7. 

 

Figure 7: Module assembly with Power-Terminals attached 
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A total force of up to 100N applying pressure to the module is tolerable while no pulling force may remain after mounting is complete. 

To achieve this, properly dimensioned supports must be installed. These prevent static forces as well as dynamic events from reaching 

the terminals.  of the module in use.  

Larger components like DC-link capacitors, output terminals, or heavy current sensors require additional support. In case of vibration, 

undampened oscillating masses may inject destructive forces into the power component. 

To mount the DC-link-structure to the modules, either as PCB or laminated copper plates, 4 suitable screws are delivered with each 

miniBLOC, a tube with 10 devices contains 40 screws. In case a different type of screw is desired, the screws mandatorily need to 

comply with the information given in the data sheet. The maximum length of the screws depends on the thickness of the structure 

mounted on top of the modules. Caution is advised as too long screws can damage the housing, enter electrically sensitive areas, and 

cause severe damage. 

 

As the nuts embedded in the modules feature metric threads, the use of screws according to imperial scale is not an option for 

mounting the power terminals. The nuts are held in place by the housing. Applying too high torque can lead to damage of the housing 

and in turn to loss of function. 

The terminal screws can support a maximum torque of 1.1 Nm or 9 lb-in. Especially in combination with oils used to prevent corrosion, 

the friction during mounting can change massively, leading to a distortion in the ratio of torque and turning angle. The same applies 

when using adhesive-based thread lockers.  

When handling sub-assemblies, supporting the whole setup to move it is recommended. Using the bus bar or the PCB as a handle 

includes a high risk of applying pulling forces and therefore needs to be prevented. 

If a module is being replaced, ensure there is no contamination in the threaded hole; for example, thermal paste that has been solvent 

washed into the threads, as this may limit the sc  engagement resulting in false fastener tension and module clamping force. 

In situations where blind holes are not required for maintaining corrosion or pressure sealing performance, threaded through holes can 

be used as these can be brushed, washed clean, and inspected easily. 

3.3. Insulation Management 
Two major parameters require to be considered when PCB-layouts and DC-link-components are designed: 

• Clearance  the shortest possible distance between two points, and  

• Creepage distance  the shortest path from one point to another point along an uninterrupted line on solid material 

Particularly when using laminated bus bar structures, isolating the layers from each other remains an important task. 

In high-voltage environments, arcing between different voltage levels must be prevented. Arcing takes place over air-gaps  clearance 

distances  so the voltage level expected in the final system defines the distance between pads and traces as well as between active 

areas and heat sinks or other grounded parts. Even if the clearance between two points is chosen to be high enough, the insulation 

strength can be reduced by conductive particles over a longer period. This depends on the degree of pollution, which relates to the 

ambient conditions the device is used in. 

IEC60664-1 gives an insight about the relevant conditions that need to be considered to determine the creepage and clearance 

distances in a targeted design. 
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4. Conclusion 
Littelfuse miniBLOC devices with their base plate and molded housing structure are mechanically robust components. Still, care needs 

to be taken to not bend the module during the mounting process and a mechanical arrangement must be designed to prevent pulling 

forces at the terminals. Applying thermal interface material by a well-controlled screen-printing process further helps to reduce 

unwanted mechanical stress to the device. 

If these aspects are considered, mounting the devices can successfully be done by implementing established procedures and 

processes. 
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intended by Littelfuse as set forth in applicable Littelfuse documentation. 
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Symbol Test Conditions Maximum Ratings 

VDSS TJ = 25C to 150C  250 V 

VDGR TJ = 25C to 150C, RGS = 1M  250 V 

VGSS Continuous 20 V 

VGSM Transient 30 V 

ID25 TC = 25C                    90 A 

IDM TC = 25C, Pulse Width Limited by TJM 360 A 

IA TC = 25C 45 A 

EAS TC = 25C 3 J 

PD TC = 25C 735                    W 

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

VISOL 50/60 Hz, RMS t = 1 minute 2500 V~ 
IISOL  1mA t = 1 second 3000                   V~ 

Md  Mounting Torque                    1.5/13           Nm/lb.in 
Terminal Connection Torque               1.3/11.5          Nm/lb.in 

Weight                       30                     g 

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

BVDSS VGS = 0V, ID = 1mA                250  V 

VGS(th) VDS = VGS, ID = 3mA                 2.0                     4.5     V 

IGSS VGS = 20V, VDS = 0V 200  nA 

IDSS VDS = VDSS, VGS =  0V                       50   A 
                                              TJ = 125C                       2.5  mA 

RDS(on) VGS = 10V, ID = 45A,  Note 1                        36   m

Linear L2TM 
Power MOSFET 
w/ Extended FBSOA 

N-Channel Enhancement Mode 
Guaranteed FBSOA 
Avalanche Rated 

IXTN90N25L2 VDSS =    250V 
ID25 =    90A 
RDS(on)     36m

DS100103A(4/16) 

Features 

Designed for Linear Operation 
 International Standard Package 
Guaranteed FBSOA at 75°C 
Avalanche Rated 
Molding Epoxy Meets UL94 V-0 

Flammability Classification 
MiniBLOC with Aluminium Nitride 
   Isolation 

Applications 

 Programmable Loads 
 Current Regulators 
 DC-DC Converters 
 Battery Chargers 
 DC Choppers 
 Temperature and Lighting Controls 

Advantages 

 Easy to Mount 
 Space Savings 
 High Power Density 

Either Source Terminal S can be used as 
the Source Terminal or the Kelvin Source 
(Gate Return) Terminal. 

miniBLOC, SOT-227 
           E153432 

G 

D 

S 

S 

G = Gate D = Drain 
S =  Source 



IXYS Reserves the Right to Change Limits, Test Conditions, and Dimensions. 

   IXTN90N25L2 

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%. 

 SOT-227B (IXTN) Outline 

(M4 screws (4x) supplied) 

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

gfs VDS = 10V, ID = 0.5 • ID25,  Note 1                       35           50          65 S 

Ciss                23 nF 

Coss VGS = 0V, VDS = 25V, f = 1MHz            2140 pF 

Crss              360 pF 

td(on)                50 ns 

tr              175 ns 

td(off)                40 ns 

tf              160 ns 

Qg(on)              640 nC 

Qgs VGS = 10V, VDS = 0.5 • VDSS, ID = 0.5 • ID25              125 nC 

Qgd              385 nC 

RthJC                          0.17C/W 

RthCS                                                                                   0.05 C/W 

Safe Operating Area Specification 

Symbol Test Conditions Min.        Typ.       Max. 

SOA VDS = 250V, ID = 1.4A, TC = 75°C, tp = 3s       350 W 

Source-Drain Diode 

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

IS VGS = 0V                 90     A 

ISM Repetitive, Pulse Width Limited by TJM               360     A 

VSD IF = 45A, VGS = 0V,  Note 1            1.5    V 

trr                                                                                       266   ns 
IRM                                                                                         23   A 

QRM                                                                                        3.0   μC 

Resistive Switching Times 

VGS = 10V, VDS = 0.5 • VDSS, ID = 0.5 • ID25 

RG  = 1  (External) 

IF = 45A, -di/dt = 100A/s 

 VR = 80V, VGS = 0V 
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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

70

80

90

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

VDS - Volts

I D
 - 

A
m

pe
re

s

VGS  = 20V
         12V 
         10V
         9V

5V

7V

6V

8V

Fig. 4. RDS(on) Normalized to ID = 45A Value vs. 
Junction Temperature
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Fig. 7. Input Admittance
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Fig. 9. Forward Voltage Drop of Intrinsic Diode
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Fig. 14. Forward-Bias Safe Operating Area
@ TC = 75ºC
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Fig. 13. Forward-Bias Safe Operating Area 
@ TC = 25ºC
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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.



白皮书
在线性区工作模式下的耐受能力

在有些应用中，如电子负载，需要功率 MOSFET 工作在线性区。针对这些应用，Littelfuse 开发出一新型的MOSFET，扩展了它的 

FBSOA(正偏安全工作区)，从而更加适合此类应用。 

 音频功放

 电子负载

 线性稳压器

有别于常见应用于开关模式的 此文章为工程师提供使用于线性模式的 的信息。

有关此主题的更多信息，请联系 功率半导体产品和应用专家团队：

 北美洲

 中美洲及南美洲

 欧洲，中东及非洲

亚洲、澳大利亚和太平洋岛屿
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介绍  

二次击穿  

应用示例  

参考  

图 的结构，包括寄生双极结型晶体管  

图 沟道 的三种可能工作模式  

图 为开关模式设计优化的功率 ，因热不均匀性，导致在实际的 应用中承载能力有限。  

图 线性功率 通过抑制电热不稳定性的正反馈来扩展  
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表 选用扩展 的 沟道功率  
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功率 MOSFET 最常用于开关模式应用中，它们起到开关的作用。然而，在电子负载、线性稳压器或 A 类放大器等应用中，功率 MOSFET

必须在其线性区域工作。在这种工作模式下，MOSFET 会承载较高的热应力。由于较高的漏源极电压和漏极电流同时出现，导致芯片承载

较高的热应力。 

当热电应力超过临界极限时，硅中会出现热点，导致器件失效。 为防止此类失效，工作在线性区域的 MOSFET 需要高功率耗散能力和扩

展的正向偏置安全工作区 (FBSOA)。 

Littelfuse 开发了一系列线性功率 MOSFET，通过抑制电热不稳定性的正反馈，实现了扩展的 FBSOA。这些新型 MOSFET 的设计特点是晶体

管晶胞具有不同阈值电压，并且根据电流的热分布效应，晶胞在晶圆上也遵循不均匀分布的设计。 

每个晶体管的晶胞的源极都设计有一个镇流电阻，以限制其电流。 图 1 显示了 MOSFET 结构的示意图。 n 和 p 掺杂区形成了一个寄生的 

NPN 晶体管。 

图 包含寄生双极结晶体管 的 结构

每个晶胞的寄生双极结晶体管(BJT)被旁路掉，因此它在极端的电应力条件下不会打开。此外，每个功率 MOSFET 的热响应都是单独测试

的，以确保不会出现焊料空洞，从而避免出现局部热点。线性 MOSFET 的有效性可以在为电源测试而开发的电子负载的设计中得到验证。 

 

在功率 MOSFET 中，术语二次击穿是指 MOSFET 的阻断电压能力突然降低，随后 MOSFET 失去电流控制。 尽管在大多数应用中，

MOSFET 通常不会遭受二次击穿，但这种潜在的破坏性情况可能是由于硅中的热点或“电流聚集”而发生的，而这反过来又会激活 MOSFET

的寄生 BJT 的导通，从而失去门极对电流的控制。 

通常情况下，当电流试图集中到一个局部区域时，由于正温度系数的影响，热点温度的升高会提高热点的电阻，并将电流重新分配到远离

热点的位置。[1]这一属性有助于多个 MOSFET 的并联操作。 

然而，电子负载、A 类和 AB 类放大器等应用会导致功率 MOSFET 在其线性区域工作，在该区域，它们必须消耗比更常见的通断开关更高

的功率水平。在这种情况下，电流聚集和热点的形成可能无法自我校正，这可能会导致器件失效。 

在线性模式下，功率 MOSFET 由于同时承载高电压和大电流而产生的较高热应力。当热应力超过临界极限时，芯片中就会出现热点，导

致器件失效。[2] 

图 2 描绘了 n 沟道功率 MOSFET 的典型输出特性，其中描述了不同的工作模式。 
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图 沟道 的三种可能工作模式

在截止区，栅源电压   低于阈值电压     
，器件处于关断状态。 在欧姆区，器件特性类似于电阻，具有几乎恒定的导通电阻       

，它

等于漏极电压      除以漏极电流   。 在线性工作模式下，器件工作在电流饱和区，其中    是栅源电压      的函数，定义如下： 

      (         
)
 
              

  
1 

其中 K 是一个取决于温度和器件几何形状的参数，   是电流增益或跨导。 

当      增加时，漏极电压与栅极电压偏置相反，并降低了沟道中的表面电压。 沟道反型层电荷随着    的增加而减少，最终在漏极电压

等于           
时变为零。 该点称为通道夹断点，漏极电流在此处饱和。 [3]  
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FBSOA 是定义最大允许工作点的数据表。图 3 显示了 n 沟道功率 MOSFET 的典型 FBSOA 特性。它受最大漏极到源极电压    ，最大导通

电流   和不同工作持续时间的恒定功率耗散线的限制。 

图 为开关模式设计优化的功率 ，因热不均匀性，导致在实际的 应用中承载能力有限。

在图 3 中，这组曲线代表一条直流线和四条单脉冲工作线：10 ms、1 ms、100 µs 和 25 µs。 每条线的顶部被截断以限制最大漏极电流，

并以由器件导通电阻定义的正斜率线为界。每条线路的右侧均终止于额定漏极到源极电压极限。 每条线都有一个负斜率，由器件   的最

大允许功耗决定： 

    
           

     
          2 

其中，      是结到壳瞬态热阻抗，       是 MOSFET 的最大允许结温。 

这些理论恒定功率曲线是在假设结温在整个功率 MOSFET 芯片上基本均匀的情况下从计算得出的。 由于多种原因，这种假设并不总是有

效的，尤其是对于大芯片 MOSFET。 首先，焊接到功率封装安装片的 MOSFET 芯片边缘的温度通常低于芯片中心，这是横向热流的结果。 

其次，材料缺陷，比如芯片焊接空洞或导热硅脂气泡，可能会引起热导率局部降低，从而导致芯片上某些特定点温度升高。 第三，掺杂

浓度和栅氧化层厚度的波动，以及存储电荷会导致局部阈值电压和 MOSFET 晶胞的电流增益 gFS 的波动，这也会影响芯片的局部温度。 

在开关模式下，芯片温度的波动大多是无害的。 然而，这些波动可能会在线性模式中触发灾难性失效。 在图 3 中 FBSOA 图表的右下角，

即电热不稳定性 (ETI) 边界右侧的区域，发现针对开关模式应用优化的功率 MOSFET 的承载能力有限。 

ETI 可以理解为功率 MOSFET 表面强制进入线性工作模式的正反馈机制的结果： 

 局部结温升高 

 结温升高会导致     
 局部降低，因为 MOSFET 的阈值电压具有负温度系数 

 降低     
会导致局部电流密度的增加，使得                

   

 局部电流密度的增加导致局部功耗增加，从而导致结温进一步局部升高 

根据功率脉冲的持续时间、传热条件和 MOSFET 晶胞设计的特点，ETI 可能会导致所有 MOSFET 电流集中并形成热点。 这通常会导致受

影响区域中的 MOSFET 晶胞失去栅极控制并开启寄生 BJT，从而导致器件损坏。 

针对这些问题，Littelfuse 开发了一种新型的功率 MOSFET 结构和工艺，通过抑制 ETI 的正反馈来提供扩展的 FBSOA。这些新型 MOSFET 的

设计特点是晶体管晶胞呈不均匀分布，以及调整具有不同阈值电压的晶胞布局。[3]这种设计已被用于开发一系列具有扩展 FBSOA 的功率

MOSFET，非常适用于线性工作模式。 
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Littelfuse 这些 MOSFET 的规格书包含了特有的高温 FBSOA 图。 例如，图 4 展示了 Littelfuse IXTK22N100L 线性功率 MOSFET 的 FBSOA 图，

并标记了其测试的直流工作点。 

图 线性功率 通过抑制电热不稳定性的正反馈来扩展

为了说明 Littelfuse 线性功率 MOSFET 设计的有效性，表 1 列出了一些具有扩展 FBSOA 功能的器件的主要规格。 

表 具有扩展 的 沟道功率

产品编号 θ TC = 90°C 时，SOA 规格功率 封装类型

IXTH24N50L

IXTN46N50L

IXTK22N100L

IXTN30N100L

根据公式 2，额定电压为 1000 V 的单个功率 MOSFET（例如 IXTK22N100L）可提供 700 W 的额定功率。此额定功率通常用于开关模式的

电路设计，但不适用于线性模式的应用。 对于线性模式，Littelfuse 提供了高温下的 FBSOA，例如 IXTK22N100L 在    等于 800 V、    等

于 0.3 A 以及   等于 90°C 时为 240 W。 
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电子负载，通常用于测试电源，使用 Littelfuse 扩展 FBSOA 的线性 MOSFET，可以大幅提高可靠性。电子负载本质上是一个可编程电阻器，

通常由多个高压功率 MOSFET 并联来实现。在此应用中，由于器件几何结构和机械装配的变化，电流在每个 MOSFET 中平均分配的可能

性很小，这反过来又会导致器件参数(如击穿电压和电流增益)的变化。 

为确保均流，通常采用反馈机制，即在每个 MOSFET 源极串联一个电阻。 该电阻检测每个 MOSFET 中的电流并反馈一个电压，其值基于

动态范围的调整、输出端的噪声水平、最小负载电阻和系统的稳定性。 它通常设计用于 1 到 2 V 之间的最大额定值。系统的温度稳定性

由电阻的温度系数决定。 [2] 

以 2 A、600 V 稳压电源为例，需要使用由多个功率 MOSFET 并联组成电子负载来进行测试。该电子负载要求击穿电压至少为 600 V 的功

率 MOSFET 能够消耗全部输出功率。输出功率定义为： 

            

 

 

其中  等于 2A，  等于 600 V。这使得总功耗达到：                  

对于此应用，可以使用 IXTK22N100L 功率 MOSFET。 该器件具有 1000 V 的额定电压、22 A 的额定电流、240 W 的 FBSOA（或简称为 

SOA）额定值和 700 W 的额定功耗。在图 5 中，FBSOA 显示其 SOA 点在      等于 800 V，   等于 0.3 A，   等于 90°C，具有 240 W 的

能力。 其 700 W 的额定功耗仅适用于开关模式应用，因此对于线性模式，由于功耗高，必须使用 SOA 额定值。 假设此额定值有 20% 的

安全裕度，这会将其允许的 SOA 额定值降低到 192 W。 

图 在 、 、 ° 时具有 功率耗散能力，以及其 工作点

电源的最大输出功率为 1440 W，安全裕度为 20%，额定功率为 1200 W。可以看出，单个 MOSFET（如 IXTK22N100L）无法承载此总功率。 

因此，需要多个并联的功率 MOSFET 来承载总功率。 此应用所需的 MOSFET 数量为 1440 W 除以 192 W/器件等于 7.5 个器件，实际上需

选用 8 个器件并联。 
 

电子负载电路的典型结构如图 6 所示。[2] 
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图 使用线性 设计电子负载以测试 和 电源

图 6 中所示的栅极电阻器连接在每个运算放大器输出和 MOSFET 的每个栅极之间，用于限制栅极电流。 它是可调节的，其值可以在 5 Ω 

和 50 Ω 之间选择。 源极电阻 RS1 到 RS8 检测每个 MOSFET 中的漏极电流。 电阻的容差决定了功率 MOSFET 之间的相对匹配。 源极电阻

两端的电压施加到驱动功率 MOSFET 的每个运算放大器的反相输入端，同相输入端连接到流向运算放大器同相端的控制漏极电流。 [2] 

Littelfuse 线性功率 MOSFET 通过扩展 FBSOA，克服了线性应用中传统功率 MOSFET 的局限性。 这种特性是通过晶体管晶胞的非均匀分布

和使用具有不同阈值电压的晶胞来实现的，这有助于抑制 ETI 的正反馈。 

 

May 2000. [1]Consoli，Alfio等人著，“Thermal Instability of Low-Voltage Power MOSFETs”，IEEE电力电子学报，第15卷，第3期，2000年5月。 

 [2] Frey、Richard、Grafham、Denis、Mackewich、Tom等人著，“New 500V Linear MOSFETs for a 120 kW Active Load”，应用说明，高级电

源技术 (APT)，2000 年。 

 [3]Brega，B.Jayant等著，“Power Semiconductor Devices”，PWS出版公司，1996。 

 [4]Zommer，Nathan等著，“Monolithic Semiconductor Device and Method of Manufacturing Same”，美国专利号：US4860072, 1989年8月。 

欲了解更多信息，请访问



  Application Note 
  

 1 Littelfuse.com 
  © 2024 Littelfuse, Inc. 

Rev 24.03a 

  

Objectives
The primary objective of this application note is to enhance the comprehension and analysis of power MOSFET datasheet parameters 

and graphs. By breaking down the technical specification into digestible insights, designers can gain deeper insights into the 

functionality and performance characteristics of MOSFETs. This application note provides a general recommendation about how to 

read and understand a datasheet with all its parameters and diagrams. The information presented plays a pivotal role in determining 

the operational limits and thresholds of the device. 

Applications 
This application note is applicable to all scenarios where power MOSFETs are utilized. 

Target Audience 
This document is intended for designers and developers who are utilizing Power MOSFETs within their respective applications.  

Contact Information 
For more information, contact the Littelfuse Power Semiconductor team of product and applications experts: 

• PowerSemiSupport@Littelfuse.com 
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1. Introduction 
In the realm of modern electronics and power systems, an extensive understanding of semiconductor components, particularly the 
Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET), is crucial for achieving optimal system-performance and -efficiency. 
MOSFETs play a pivotal role in switching applications, offering versatile solutions. This document serves as a guide, delving into the 
detailed parameters presented in MOSFET datasheets. It aims to empower engineers and designers to make informed decisions and 
effectively leverage MOSFET capabilities in diverse applications. 

Littelfuse furnishes datasheets with parameters that are essential and useful for selecting the appropriate device as well as for 
predicting its performance in specific application. This facilitates designers in comparing products from various suppliers and gaining 
valuable insights into the operational constraints of the device. 

The outlined values in the datasheet describe the device’s behavior under varying virtual junction temperature and testing conditions. 
Additionally, the dynamic characterization tests undergo execution utilizing precise configurations aimed at precise measurement of 
switching losses. As a result, discrepancies in these metrics manifest between the intended user applications. 

The graphs included in the datasheet represent typical performance characteristics and can be used to extrapolate from one set of 
operating conditions to another. This application note explains parameters based on the IXTH120N20X4 datasheet which is an N-
channel enhancement mode, power MOSFET. All the parameters mentioned in a Littelfuse datasheet are measured according to IEC 
60747-8 standards.  

2. Essential Datasheet Insight 
This section serves as an overview of important information found on the first page of the datasheet, including the datasheet status.  

2.1. Key Information 
The first page of the datasheet includes details such as the part number, pinout diagram, features and benefits, applications, and key 
attributes of the product. 

• Part Number indicates the manufacturer, MOSFET type, package type, current rating, channel type, voltage class, 
technology series and a suffix for some special packages that gives extra information such as high voltage package, over 
molded package, and w/ 4 leads. Designation of MOSFET part number is drafted in Figure 1. The detailed information about 
this can be found as part number nomenclature - discrete Si MOSFET on Littelfuse website. 

 

Figure 1. Part Number Designation 
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• Pinout Diagram provides a visual representation of the device’s physical layout including circuit symbol as highlighted in 
Figure 2. 

 

Figure 2. Pinout Diagram of TO-247 and Circuit Symbol of an N-channel Enhancement Mode MOSFET 

• Features and Benefits encompasses a comprehensive list of features and their corresponding benefits offered by the 
MOSFET device, which helps user acquire a better understanding of how the MOSFET can meet their specific application 
requirements to deliver optimal performance and reliability. 

• Key Attributes / Product summary highlights the key specifications and performance characteristics of the MOSFET, 
including parameters such as maximum drain-source voltage (VDSS), maximum drain current (ID) at 25°C, and on-state 
resistance (RDS(on)) as pointed out in Table 1. 

Table 1. Key Attributes/Product Summary 

 

2.2. Datasheet Status 
There are three distinct types of datasheets, each corresponding to a different stage of the product development or documentation 
process, depending on the degree of completeness, correctness, or approval. 

• Target datasheet: During product development, the term target datasheet denotes a document laying out the desired 
product specifications, characteristics, and performance attributes. The development team uses this document to guide their 
efforts. 

• Preliminary datasheet: Created before reaching its final, approved format. It is an early or preliminary representation of a 
product's specifications, features, and characteristics. The difference between a preliminary datasheet and a final datasheet is 
that certain data values are still missing. The missing values in the preliminary data sheet are noted as to be defined (TBD). 
These datasheets are made using the engineering samples that are in early phase of development.  

• Final datasheet: Detailed and authoritative document that contains all the values that were missing in the preliminary 
datasheet. The parameters specified in the final datasheet are explained in this document. Any major change with respect to 
a MOSFET’s characteristics in the final datasheet is associated with a Product Change Notification (PCN). 
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3. MOSFET Datasheet Parameters 
This section serves as a thorough exploration of the various parameters detailed within a MOSFET’s datasheet. It describes the 
MOSFET’s performance and characteristics, from maximum ratings to static and dynamic parameters, thermal properties, and 
package-related factors. 

3.1. Maximum Ratings  
The maximum ratings at which the MOSFET can be operated are listed on the second page of the datasheet in a table that 
summarizes the electrical and thermal limits of the device. The maximum ratings provided in the data sheets are absolute in nature. 
If any of the maximum ratings are surpassed, it is to be expected that the semiconductor experiences fatal failure, regardless of 
whether the remaining maximum ratings are utilized to their full extent. Unless otherwise noted, the values are applicable at a virtual 
junction temperature (Tvj) of 25°C. Table 2 lists the maximum ratings designated for the IXTH120N20X4. 

Table 2. IXTH120N20X4 MOSFET Maximum Ratings 

 

Drain-source voltage (VDSS) is the crucial parameter in datasheets, representing the maximum voltage that can be applied across 
drain and source while the gate and source are being connected or VGS = 0 V. It sets the limit to prevent breakdown and maintain 
operational functionality. 
 
Gate-source voltage (VGSS) and Transient gate-source voltage (VGSM) are visually delineated in Figure 3, offering a clear 
understanding of their roles in MOSFET operation. The gate-source voltage (VGSS) denotes the maximum steady-state voltage that can 
be applied across gate and source without the gate oxide being damaged. Conversely, transient gate-source voltage (VGSM) refers to 
the peak voltage that the gate terminal of the MOSFET can endure within a specified transient period (ttransient) or temporary change in 
voltage.  

 

Figure 3. Gate-Source Voltage Definition 
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Drain current (ID) acts as a pivotal metric, outlining the maximum continuous current through the drain at a given case temperature 
Tc, of 25°C. Its calculation is based on several factors, including the maximum power dissipation Ptot, the temperature difference 
junction to case, the thermal resistance junction to case Rth(j-c), and the maximum on-resistance RDS(on). Additionally, the temperature 
dependence of the on-state resistance is considered, as detailed in Equation 1 and Equation 2. The drain current can be limited by 
the current handling capacity of leads or terminals. 

𝑷𝑷𝒕𝒕𝒕𝒕𝒕𝒕 =
𝑻𝑻𝒗𝒗𝒗𝒗(𝒎𝒎𝒎𝒎𝒎𝒎) − 𝑻𝑻𝒄𝒄
𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄)

= 𝑰𝑰𝑫𝑫𝟐𝟐 ∙ 𝑹𝑹𝑫𝑫𝑫𝑫(𝒐𝒐𝒐𝒐)|𝑻𝑻𝒗𝒗𝒗𝒗=𝑻𝑻𝒗𝒗𝒗𝒗(𝐦𝐦𝐦𝐦𝐦𝐦) 
1  

Solving for ID as 

 

𝑰𝑰𝑫𝑫 = �
𝑻𝑻𝒗𝒗𝒗𝒗 −𝑻𝑻𝒄𝒄

𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄) ∙ 𝑹𝑹𝑫𝑫𝑫𝑫(𝒐𝒐𝒐𝒐) |𝑻𝑻𝒗𝒗𝒗𝒗=𝑻𝑻𝒗𝒗𝒗𝒗(𝐦𝐦𝐦𝐦𝐦𝐦)

 
2 

Peak drain current (IDM) signifies the peak current that the device can handle above the ID specification under the maximum virtual 
junction temperature. It varies with the current pulse width and heat dissipation conditions. Figure 4 demonstrates the forward-bias 
safe operating area (FBSOA) of a MOSFET, which indicates the maximum pulse width at which the device can handle specific current 
without experiencing failure.  

 

Figure 4. Forward-Bias Safe Operating Curve 

Diode forward current (IS) relates to the maximum DC forward current the body diode can handle in the forward direction at 
particular case temperature, which is typically equivalent to the MOSFET’s continuous drain current ID. 

Diode peak current (ISM) is an indicative of the peak current the diode can handle above diode forward current specification under 
maximum virtual junction temperature, which is typically equivalent or higher than the MOSFET’s peak drain current IDM. 

Diode dv/dt capability corresponds to the maximum allowable rate of change of voltage across the body diode during the reverse 
recovery period without causing undesired effects. The power MOSFET structure contains a parasitic bipolar junction transistor (BJT), 
which could be activated by an excessive rise rate of the drain-source voltage (dv/dt), particularly after the recovery of the body diode.  

Total power dissipation (Ptot), as expressed in Equation 1 , encompasses the maximum calculated power that the device can dissipate, 
serving as a function influenced by both maximum virtual junction temperature Tvj(max), and the thermal resistance junction to case Rth(j-

c) at a case temperature of 25°C. 

Virtual junction temperature (Tvj) range is –55 to 150°C or –55 to 175°C in most cases and it is the permissible temperature range 
in which the MOSFET may be operated continuously. The maximum virtual junction temperature Tvj(max) is 150°C or 175°C depending 
on the technology. The negative temperature limit for Littelfuse discrete MOSFETs is typically –55 °C. The virtual junction 
temperature influences the electrical parameters of a MOSFET. For instance, at very high temperatures, the device’s threshold 
voltage is reduced, and the leakage current increases, which leads to thermal runaway within the device. 

IDM limit 
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Storage temperature (Tstg) range points to the range of temperatures where the device can be safely stored or transported without 
adversely affecting its performance or reliability. The range is usually between –55°C to 150°C. 

Soldering temperature (Tsld) enumerated in the datasheet implies the temperature at which the device can be safely soldered to the 
Printed Circuit Board (PCB) during the assembly process. The maximum soldering temperature is typically 300°C for devices with 
leads and 260°C for Surface Mount Devices (SMD). 

Mounting torque (Ms) for screws to heatsink is the recommended maximum torque that can be applied during the process of 
mounting the MOSFET to a heatsink or a PCB. Mounting torque (Mt) for screws to terminals is the suggested torque that shall be 
applied to screwed terminals. 

Mounting force (F) is the maximum force for pressure mounted devices, fixed by clips, that shall be applied to the isolated devices. 

Non-repetitive single pulse avalanche current (IAS) and Non-repetitive single pulse avalanche energy (EAS) are specified only for 
avalanche-rated devices. IAS denotes the maximum current that the MOSFET can endure during a single avalanche event without 
sustaining damage. Whereas EAS quantifies the total energy absorbed by the device during such an event, indicating its ability to 
withstand high-energy transient events without permanent damage. 

In Figure 5 (a), the Unclamped Inductive Switching (UIS) test circuit, used to test the avalanche capability of a power MOSFET is 
depicted. In Figure 5 (b), the waveforms during avalanche breakdown are presented. A gate pulse turns-on the MOSFET and allows 
the current (ID) to ramp up according to the inductor’s value (L) and the drain supply voltage (VDD). At the end of gate pulse, the 
MOSFET turns-off causing the voltage across the MOSFET to rise sharply. The over voltage is clamped at the breakdown voltage 
(VDSS) until the load current reaches zero and all the energy is dissipated. The green area shaded in Figure 5 (b) is the avalanche 
energy EAS. 

 

 
(a) Unclamped Inductive Switching (b) Waveforms during Avalanche Breakdown 

Figure 5. Typical Avalanche Test Circuit 

Non-repetitive single pulse avalanche energy is calculated from the Equation 3: 

𝑬𝑬𝑨𝑨𝑨𝑨 =  
𝟏𝟏
𝟐𝟐 ∙ 𝑳𝑳 ∙ 𝑰𝑰𝑨𝑨𝑨𝑨

𝟐𝟐 ∙
𝑽𝑽𝑫𝑫𝑫𝑫𝑫𝑫

(𝑽𝑽𝑫𝑫𝑫𝑫𝑫𝑫 − 𝑽𝑽𝑫𝑫𝑫𝑫) 3  

where VDSS is the drain-source avalanche voltage. 

Note : When VDD is set to a smaller value compared to VDSS, then EAS is calculated by using the approximation equation of 𝑬𝑬𝑨𝑨𝑨𝑨 = 𝟏𝟏
𝟐𝟐
∙ 𝑳𝑳 ∙ 𝑰𝑰𝑨𝑨𝑨𝑨𝟐𝟐  
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3.2. Static Electrical Characteristics - MOSFET 
Static electrical characteristics are the set of parameters and properties that describe the device behavior under steady-state 
condition. Most of the parameters included in the datasheet, along with their typical ranges of variance is listed in Table 3. In 
accordance with IEC 60747-8{ed3.1}, the characteristics of Power MOSFETs are provided at 25°C and, when necessary, at another 
higher operating temperature. 

Table 3. MOSFET Static Electrical Characteristics 

 

Breakdown voltage, drain-source (V(BR)DSS) corresponds to the minimal blocking voltage between drain and source, measured 
according to Figure 6, at a specified collector current while the gate and source are connected.  

 

Figure 6. Circuit Diagram to Measure Breakdown Voltage 

Gate-source threshold voltage (VGS(th)) is the voltage measured across gate to source at which the drain current begins to flow, and 
the device is at on-state. It has a negative temperature coefficient. The circuit diagram illustrating the measurement of VGS(th) is 
depicted in Figure 7. Initially, the drain pin and the gate pin are short, after which drain current is applied while observing the gate-
source voltage (VGS(th)) reading. 

 

Figure 7. Circuit Diagram to Measure Gate-Source Threshold Voltage 
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Drain-source leakage current (IDSS) value indicates the drain current measured at a given drain-source voltage and with the gate to 
source connected, as illustrated in Figure 8. The datasheets specify the value at 25°C and higher virtual junction temperature. 

 

Figure 8. Circuit Diagram to Measure MOSFET’s Leakage Current 

Gate leakage current (IGSS) refers to the small amount of current that flows between the gate and source when the MOSFET is in an 
off state. Figure 9 demonstrates the circuit used to measure the gate leakage current. Initially, the drain-to-source terminal is 
connected, and then a maximum allowable voltage is applied across the gate and source terminals to monitor the leakage current. 

 

Figure 9. Circuit Diagram to Measure Gate Leakage Current 

Drain-source on-state resistance (RDS(on)) describes the resistance across the drain and source when the MOSFET is in the on-state. 
Figure 10 presents the circuit diagram for measuring the drain-source on-state resistance (RDS(on)). Initially, the gate-source voltage 
(VGS) is set to a defined value, and then the voltage drop across the drain-source voltage VDS(on) is measured, using a given current 
source (ID). RDS(on) is calculated using the Equation 4: 

𝑹𝑹𝑫𝑫𝑫𝑫(𝒐𝒐𝒐𝒐)  =  
𝑽𝑽𝑫𝑫𝑫𝑫(𝒐𝒐𝒐𝒐)

𝑰𝑰𝑫𝑫
 4 

 

 

Figure 10. Circuit Diagram to Measure Gate Drain-Source On-State Resistance 
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3.3. Dynamic Characteristics 
This section of the datasheet provides information on the behavior of the device in dynamic conditions, as shown in Table 4. The 
intrinsic capacitances, gate charge and switching behavior of the MOSFET are pivotal factors influencing the dynamic performance of 
the device. 

Table 4. Dynamic Electrical Characteristics 

 

Internal gate resistance (Rg(int)) signifies the resistance that exists within the device gate structure. The internal gate resistance 
mentioned in Figure 11, constitutes a component of the parasitic elements within the MOSFET. Together with the MOSFET’s input 
capacitance, the gate resistance forms an RC network that determines the voltage change at the MOSFET gate and thus the 
switching time.  

 

Figure 11. Power MOSFET Parasitic Components 
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Capacitance Characteristics play a crucial role in switching characteristics of the MOSFET. 

• Input capacitance (Ciss) encompasses both gate-to-drain capacitance Cgd and gate-to-source capacitance Cgs, representing 
the total capacitance measured between the gate and source terminals with the drain connected to the source terminal. 

𝑪𝑪𝒊𝒊𝒊𝒊𝒊𝒊 = 𝑪𝑪𝒈𝒈𝒈𝒈 + 𝑪𝑪𝒈𝒈𝒈𝒈 5  

• Output capacitances (Coss) consists of the drain-to-source capacitance Cds and gate to drain capacitance Cgd, indicating the 
output capacitance which is measured between the drain and source with the gate connected to the source terminal.  

𝑪𝑪𝒐𝒐𝒐𝒐𝒐𝒐 = 𝑪𝑪𝒅𝒅𝒅𝒅 + 𝑪𝑪𝒈𝒈𝒈𝒈 6 

• Reverse transfer capacitance (Crss) primarily arises from Cgd, delineating the capacitance between the gate and drain with 
the source terminal connected to ground.  

𝑪𝑪𝒓𝒓𝒓𝒓𝒓𝒓 = 𝑪𝑪𝒈𝒈𝒈𝒈 7  

Effective output capacitance of the MOSFET includes both energy related and time related parameters, denoted as Coss(er) and Coss (tr) 

respectively.  Coss(er) represents a fixed capacitance that gives the same stored energy as Coss while VDS is rising from 0 V to specified 
voltage. Conversely, Coss(tr) signifies a fixed capacitance that gives the same charging time as a Coss while VDS is rising from 0 V to 
specified voltage and at a constant drain current ID. 

Total gate charge (QG) is the total amount of charge that is required during the MOSFET’s turn-on and turn-off transition.  The 
switching speed depends on the speed at which a gate driver can charge or discharge the input gate charge. Figure 12 presents a 
typical gate charge waveform for a power MOSFET in a resistive-load circuit. The fundamental equation for calculating the gate 
charge is formulated in Equation 8. 

         𝑸𝑸𝑮𝑮  =  � 𝒊𝒊𝑮𝑮𝑮𝑮
𝒕𝒕𝟒𝟒

𝒕𝒕𝟎𝟎
(𝒕𝒕)𝒅𝒅𝒅𝒅 8 

 

 

 

Figure 12. Gate Charge Waveform of Power MOSFET during Turn-on Transition with Resistive Load  

As depicted in the gate charge waveform, the total gate charge encloses the Gate-Source Charge (QGS), the Gate-Drain Charge 
(QGD), and the Gate Switch charge (QSW). QGS represents the amount of charge that is required to charge the gate-source 
capacitance (Cgs) from its initial voltage to the miller plateau level. QGD quantifies the charge that is needed to fully charge the gate-
drain capacitance (Cgd) during switching, ensuring full channel enhancement and sustaining the MOSFET in its conducting state. 
Lastly, QSW encapsulates charge stored in the gate capacitance from when the gate-source voltage has reached the gate-source 
threshold voltage, VGS(th) until the end of the miller plateau.  
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Transconductance (gfs) is described as the change in drain current divided by the change in gate voltage for a constant drain voltage. 
A large transconductance is desirable to obtain a high current handling capability with low gate drive voltage and for achieving high 
frequency response. The transconductance is mathematically expressed as: 

𝒈𝒈𝒇𝒇𝒇𝒇 =  
𝒅𝒅𝑰𝑰𝑫𝑫
𝒅𝒅𝑽𝑽𝑮𝑮𝑮𝑮

�
𝑽𝑽𝑫𝑫𝑫𝑫 = 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄

 9 
 

 

MOSFETs, due their physical structure, can change their state from on to off much faster than IGBTs. The correlations of switching 
time measurement circuit and the switching time definitions are demonstrated Figure 13. 

 
 

 

(a) Switching Time Measurement Circuit Diagram (b) Switching Time Definition Waveform 

Figure 13. Correlation of Switching Time Measurement Circuit and Switching Time Definition 

• Turn-on delay time (td(on)) is the time interval when the gate-source voltage (VGS) has reached 10% of its end value, to the 
time when the drain-source voltage (VDS) has dropped to 90% of its initial value or rated value. 

• Rise time (tr) specifies the time interval between the drain-source voltage dropping from 90% to 10% of its initial value. The 
drain current starts to rise, and a major part of turn-on losses is generated during this period.  

• Turn-off delay time (td(off)) denotes the time interval between the moment when the gate-source voltage (VGS) has declined 
to 90% of its initial value and the drain-source voltage has risen to 10% of the supply voltage. 

• Fall time (tf) implies the time interval between the drain-source voltage rise from 10% to 90% of its end value. During this 
period, the drain current starts to fall, and a major part of turn-off losses is generated during this time. 
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3.4. Electrical Characteristics – Body Diode 
Power MOSFET generally contain a body diode, which provides freewheeling operation in the inductive load switching. Hence, the 
MOSFET datasheet from Littelfuse also contains the electrical parameters and graphs related to the body diode. Table 5 shows the 
electrical characteristics listed in IXTH120N20X4 datasheet. 

Table 5. Electrical Characteristics – Body Diode 

 

Diode forward voltage (VSD), measured under specified conditions including a given forward current (IS), zero gate-source voltage 
(VGS), and a virtual junction temperature of 25°C, symbolizes the maximum forward voltage drop across the intrinsic diode, as 
illustrated in Figure 14. 

 

Figure 14. Circuit Diagram to Measure Diode Forward Voltage 

Reverse recovery charge (Qrr) characterizes the charge that is built up in the diode during the transition from the conducting or 
forward bias state to the non-conducting or reverse-biased state. The time that is necessary to remove the charge that persists within 
the diode during the reverse recovery phase is called Diode Reverse Recovery Time (trr). Peak Reverse Recovery Current (Irrm) 
denotes the maximum current flowing in the reverse direction during this period. 

The circuit diagram and reverse recovery measurement waveforms are demonstrated in Figure 15. Mathematically, the reverse 
recovered charge, Qrr, is defined as the integral of the reverse recovery current, Irr, during the process of current commutation, with 
time as the variable. This relationship is expressed by Equation 10. The reverse recovery time, trr, is measured from the point of 
reverse bias initiation to the moment when the reverse current reaches 10% of its peak value. 

𝑸𝑸𝒓𝒓𝒓𝒓 = � 𝑰𝑰𝒓𝒓𝒓𝒓(𝒕𝒕)𝒅𝒅𝒅𝒅
𝒕𝒕𝒓𝒓𝒓𝒓

𝒕𝒕𝒓𝒓𝒓𝒓
 10 

 

 
 

(a) Measurement Circuit (b) Waveform 

Figure 15. Diode Reverse Recovery  
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3.5. Thermal Characteristics ─ Thermal Resistance (Rth) 
Rth signifies the thermal characteristics of the MOSFET at steady state, making it an essential parameter for thermal management of 
the MOSFET. Table 6 outlines the Rth values presented in the datasheet. The heat generated within the silicon chip needs to be 
dissipated by means of heat sink into the ambient. The thermal dissipation pathway for a power MOSFET in a conventional and 
isolated discrete package with a heat sink is visually outlined in Figure 16 (a) and (b).  

Table 6. Thermal Characteristics 

 
 

Thermal resistance junction to case (Rth(j-c)) is the thermal resistance from the junction of the die to the outside of the device’s 
case. It describes the passage of heat between the semiconductor chip and the case. Littelfuse specifies a maximum static Rth(j-c) at 
Tvj = 125°C.  

Thermal resistance case to heatsink (Rth(c-h)) characterizes the static heat dissipation of a MOSFET and depends on module size, 
heatsink, case surfaces, thickness parameters of thermal layers between module and heatsink. 

Thermal resistance junction to ambient (Rth(j-a))  is equal to sum of junction to case, Rth(j-c), case to heatsink Rth(c-h) and heatsink to 
ambient thermal resistance, Rth(h-a). The Rth(j-c) is specified in the datasheet whereas Rth(c-h) and Rth(c-a) is determined by the user’s board 
design and depends on the application. 

 

(a) Conventional Discrete Package 

 

(b) Isolated Discrete Package 

Figure 16. Lateral Thermal Resistance Chain within a Semiconductor Package 
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3.6. Package – Mechanical Rating 
This part of the datasheet covers physical characteristics of the device. 

Package weight (G) refers to the mass of the package or housing, including the MOSFET die and the required electrical and thermal 
connections. 

Isolation voltage (Visol) is specified only for isolated devices and represents the isolation voltage between all terminals connected 
against the cooling surface or base plate. The verification test circuit used to determine the isolation voltage rating between terminals 
and baseplate is visualized in Figure 17. 

 

Figure 17. Circuit Diagram for Isolation Withstand Voltage Test 

3.7. Characteristics Curves 
The essential curve in the datasheet provides graphical portrayal of key performance characteristics of MOSFET devices. In this 
application note, the graphs, and parameters from the IXTH120N20X4 datasheet are used as reference. 

Typical Output Characteristics of IXTH120N20X4, illustrating various modes of operation, are delineated in Figure 18. In the Cut-off 
region, the gate-source voltage (VGS) is less than the gate-threshold voltage (VGS(th)) and the device is an open circuit or off. In the 
Ohmic region, the device acts as a resistor with an almost constant on-resistance RDS(on) and which is equal to VDS /ID. In the linear-
mode of operation, the device operates in the Current-Saturated region where the drain current (ID) is a function of the gate-source 
voltage (VGS) and defined by the Equation 11: 

𝑰𝑰𝑫𝑫 = 𝑲𝑲 ∙ �𝑽𝑽𝑮𝑮𝑮𝑮 − 𝑽𝑽𝑮𝑮𝑮𝑮(𝒕𝒕𝒕𝒕)�
𝟐𝟐 = 𝒈𝒈𝒇𝒇𝒇𝒇 ∙ �𝑽𝑽𝑮𝑮𝑮𝑮 − 𝑽𝑽𝑮𝑮𝑮𝑮(𝒕𝒕𝒕𝒕)� 11 

In this equation, K is a parameter depending on temperature and device geometry and gfs is the current gain or transconductance. 
When the drain-source voltage (VDS) is increased, the positive drain potential opposes the gate voltage bias and reduces the surface 
potential in the channel. This reduction in surface potential continues as VDS increases until it reaches a critical point, known as the 
Channel Pinch-off Voltage, where the drain voltage equals �𝑉𝑉𝐺𝐺𝐺𝐺 − 𝑉𝑉𝐺𝐺𝐺𝐺(𝑡𝑡ℎ)�. At this point, the drain current becomes saturated.  

 
Figure 18. Typical Output Characteristics  
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Typical Transfer Characteristics depicted in Figure 19, illustrates the relationship between drain current and gate voltage across 
varying temperatures of –40, 25, and 150°C. The intercepts of these lines at ID = 0 A provides the threshold voltages for the 
respective temperature. It can be concluded that the transfer characteristic depends on both temperature and drain current and the 
threshold voltage decreases with increasing temperature.  
In certain scenarios, a cross-over point or zero temperature coefficient point may be present. Below this point, the gate-source 
voltage exhibits a negative temperature coefficient, implying a decrease in gate-source voltage at higher temperatures for a given 
drain current. Conversely, above this point, the temperature coefficient for the gate-source voltage becomes positive. 

 

Figure 19. Typical Transfer Characteristics  

Typical Drain-Source On-State Resistance (Normalized) vs. Virtual Junction Temperature - The value of RDS(on) is critical in 
power MOSFETS as it serves as an indicator of the device's capacity to handle current. An important characteristic is an increase in 
the on-resistance with increasing temperature, as evidenced in Figure 20, which portrays a positive temperature coefficient. The 
positive temperature coefficient of RDS(on) is a beneficial feature when paralleling power MOSFETs because it ensures thermal stability 
and balanced current sharing. 

 

Figure 20. Typical Drain-source On-State Resistance (Normalized to ID = 60 A) vs. Virtual junction temperature  

From Figure 20, RDS(on) vs. Tvj (normalized to ID = 60 A), it is found that RDS(on) is 1 at Tvj = 25°C, and it increases to 2.25 at Tvj = 150°C. In 
the IXTH120N20X4 datasheet, if the resistance RDS(on) at ID = 60 A (i.e., 0.5·ID25) is specified as 9.5 mΩ at Tvj = 25°C, then it is predicted 
that it will change to 21.375 mΩ when Tvj = 150°C is applied. The normalized value is obtained from RDS(on)|Tvj / RDS(on)|Tvj = 25°C. 

  

2.25 
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Typical Drain-Source On-State Resistance (Normalized) vs. Drain Current presented in Figure 21  provides information about the 
relative change in on-state resistance at different drain currents. The calculation of the on-state resistance, RDS(on) as a function of drain 
current ID and gate-source voltage VGS can be derived from the typical output characteristic diagram depicted in Figure 18, employing 
Ohm's Law. 

𝑹𝑹𝑫𝑫𝑫𝑫(𝒐𝒐𝒐𝒐)(𝑰𝑰𝑫𝑫)  =  
𝑽𝑽𝑫𝑫𝑫𝑫
𝑰𝑰𝑫𝑫

 12 

 

Figure 21. Typical Drain-source On-State Resistance (Normalized to ID = 60 A) vs. Drain Current  

From Figure 21, RDS(on) vs. ID (normalized to ID = 60 A), it is found that RDS(on) is 1 at ID = 60 A, and it changes to 1.2 at ID = 200 A. In the 
IXTH120N20X4 datasheet, if the resistance RDS(on) at ID = 60 A (i.e., 0.5·ID25) is specified as 9.5 mΩ, then it is predicted that the 
resistance RDS(on) will change to 11.4 mΩ when ID = 200 A is applied. The normalized value is obtained from RDS(on)|ID / RDS(on)|ID = 60 A. 

Typical Breakdown Voltage and Gate Threshold Voltage (Normalized) vs. Virtual Junction Temperature - The relationship 
between V(BR)DSS / VGS(th) and Tvj is expressed in Figure 22. The breakdown-voltage V(BR)DSS features a positive temperature coefficient, 
whereas gate-source threshold voltage VGS(th) has a negative temperature coefficient. At 25°C, the normalized breakdown-voltage V(BR)DSS 
is 1, growing to value of 1.14 at 150°C. This signs that breakdown-voltage V(BR)DSS at Tvj = 25°C is 200 V and is expected to be 228 V at 
Tvj = 150°C. The value of gate-source threshold voltage VGS(th) is 1 at 25°C and 0.643 at 150°C, respectively. Assuming the device's gate-
source threshold voltage VGS(th) is 3.5 V, then the VGS(th) remains at 3.5 V at Tvj = 25°C, but is anticipated to decrease to 2.24 V at 
Tvj = 150°C. 

 

Figure 22. Typical V(BR)DSS/VGS(th) (Normalized) vs. Virtual Junction Temperature  

1.2 

1.14 

0.643 
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Drain Current vs. Case temperature curve illustrated Figure 23 depicts the solution of Equation 2 across different case 
temperatures, demonstrating that at low case-temperature Tc, the maximum drain current ID remains constant, while at high case-
temperature Tc, it gradually decreases until reaching zero at Tc = Tvj(max). However, the actual drain current is restricted by additional 
factors, including bond wire diameter, chip design, and assembly. It is noteworthy that, in certain instances, the continuous current is 
constrained by the package leads, although the switched current could potentially be higher.  

 

Figure 23. Drain Current vs. Case Temperature  

Typical Transconductance - A large transconductance is desirable to obtain a high current handling capability with low gate drive 
voltage and for achieving high frequency response. Figure 24 displays a typical variation of the transconductance with respect to drain 
current. The reduction in the mobility with increasing temperature adversely affects the transconductance. 

 

Figure 24. Typical Transconductance Curve  
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Typical Gate Charge curve depicts the typical variation of the requisite gate charge to switch on the device at a specified VGS and 
VDD.  A typical gate charge waveform for a power MOSFET can be observed in Figure 25. The gate charge reflects the charge stored 
on the inter-terminal capacitances and is used in designing the gate drive circuit. 

 

Figure 25. Typical Gate Charge Characteristics  

In Figure 26, the parasitic Junction Capacitances Characteristics are represented as a function of drain-source voltage. Its 
components include input capacitance (Ciss), which consists of gate-source capacitance CGS in parallel with drain-gate capacitance CDG, 
output capacitance (Coss), which consists of drain-gate capacitance CDG in parallel with drain-source capacitance CDS and reverse 
transfer capacitance (Crss), which is the drain-gate capacitance CDG. 

 

Figure 26. Typical Junction Capacitance  
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Forward-Bias Safe Operating Area (FBSOA) is a datasheet figure of merit that defines the maximum allowed operating points. 
Figure 27 shows a typical FBSOA characteristic for an N-Channel Power MOSFET. It is bound by the maximum drain-to-source 
voltage VDSS, maximum conduction current IDM, maximum drain-source on-state resistance and constant power dissipation lines for 
various pulse durations.  

In Figure 27, there is a series of curves that include a DC line along with four single pulse operating lines, 10 ms, 1 ms, and 100 µs. 
The top of each line is limited by the maximum drain current and is bounded by a positive sloped line defined by the on-state 
resistance RDS(on) of the device. The right-hand side of each line is terminated at the rated drain-source voltage limit VDSS. Each line has 
a negative slope and is determined by the maximum power dissipation Ptot of the device: 

𝑷𝑷𝒕𝒕𝒕𝒕𝒕𝒕 =
�𝑻𝑻𝒗𝒗𝒗𝒗,𝒎𝒎𝒎𝒎𝒎𝒎 − 𝑻𝑻𝒄𝒄�

𝒁𝒁𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄)
= 𝑽𝑽𝑫𝑫𝑫𝑫 ∙ 𝑰𝑰𝑫𝑫 13 

 

Figure 27. Forward Biased Safe Operating Area (FBSOA) Curve 

These theoretical constant power curves are derived from calculation with assumption of essentially uniform junction temperature 
across the Power MOSFET die. This assumption is not always valid, especially for a large die MOSFET. Firstly, the edge of a MOSFET 
die soldered to the mounting tab of a power package has generally lower temperature compared to the center of the die, as a result 
of lateral heat flow. Secondly, material imperfections like die attach voids and thermal grease cavities may cause local decrease of 
thermal conductivity. Additionally, fluctuations in dopant concentrations, gate oxide thickness and fixed charge will cause fluctuations 
of the local threshold voltage and the current gain (gfs) of individual MOSFE’s cells, which will also affect the local temperatures of the 
die. 

Die temperature variations are mostly harmless in case of switched mode operation; however, these can trigger catastrophic failure in 
linear mode operation with pulse duration longer than the time required for a heat transfer from the junction to the heat sink. Modern 
Power MOSFETs optimized for a switch-mode applications are known to have limited capability to operate in the right-side bottom 
corner of the FBSOA graph. 
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Typical Forward Characteristics of a Reverse Diode plotted against various temperatures are presented in Figure 28. This curve 
aids in comprehending the diode’s conduction behavior and its forward voltage drop characteristics. It clearly demonstrates the 
negative temperature coefficient of diode forward voltage VSD in the low-current region. As a result, it is anticipated that the diode 
forward voltage will decrease as the temperature increases. In the high-current region that is above the cross-over point (Q), the 
diode forward voltage will increase as the temperature increases. 

 

Figure 28. Typical Forward Characteristics of a Reverse Diode  

Typical Eoss vs. Drain-Source Voltage - Eoss refers to the output switching energy. Specifically, it represents the energy that is 
required to charge or discharge output capacitance of a MOSFET during the switching operation.  

𝑸𝑸𝒐𝒐𝒐𝒐𝒐𝒐 = � 𝑪𝑪(𝒗𝒗)
𝑽𝑽𝑫𝑫𝑫𝑫

𝟎𝟎
 𝒅𝒅𝒅𝒅 14 

  

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑄𝑄𝑜𝑜𝑜𝑜𝑜𝑜 ∙ 𝑉𝑉𝐷𝐷𝐷𝐷 15 

Where in this equation, Qoss is the amount of charge required for charging the drain-source capacitance and C(v) is a function of the 
output capacitance Coss that is dependent on drain to source voltage VDS as shown in Figure 29. 

 

Figure 29. Typical Eoss vs. Drain-Source Voltage  

  

Q 
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Typical Transient Thermal Impedance - A Power MOSFET has a virtual junction temperature, Tvj limitation. It should be operated 
below the maximum virtual junction temperature, Tvj(max) specified in the datasheet to ensure reliability. The heat generated within the 
silicon chip needs to be dissipated by means of a heat sink into the ambient environment. The virtual junction temperature’s rise 
above the ambient temperature Ta and is directly proportional to this heat flow and the junction-to-ambient thermal resistance, Rth(j-a). 
The steady-state virtual junction temperature can be calculated by:  

𝑻𝑻𝒗𝒗𝒗𝒗 = 𝑷𝑷𝒕𝒕𝒕𝒕𝒕𝒕 ∙ 𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒂𝒂) + 𝑻𝑻𝒂𝒂|𝑻𝑻𝒗𝒗𝒗𝒗 ≤ 𝑻𝑻𝒗𝒗𝒗𝒗(𝒎𝒎𝒎𝒎𝒎𝒎) 16 

Here, Ptot is the maximum power dissipated in the junction. The total thermal resistance between junction and ambient is,  

𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒂𝒂) = 𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄) + 𝑹𝑹𝒕𝒕𝒕𝒕(𝒄𝒄−𝒉𝒉) + 𝑹𝑹𝒕𝒕𝒕𝒕(𝒉𝒉−𝒂𝒂) 17 

The steady-state thermal resistance is not sufficient when calculating the peak virtual junction temperatures for pulsed applications. 
When a power pulse is applied to the device, the peak virtual junction temperature varies depending on peak power and pulse width. 
The temperature swing due to short pulses of power can be calculated using the thermal impedance Zth. 

𝒁𝒁𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄)(𝒕𝒕) = 𝒓𝒓(𝒕𝒕) ∙ 𝑹𝑹𝒕𝒕𝒕𝒕(𝒋𝒋−𝒄𝒄) 18 

Here, r(t) is a time dependent factor that is defined by the thermal capacity of the device. For short pulses, the r(t)-value is small but 
for long pulse, it approaches 1, which means that the thermal impedance approaches the steady-state thermal resistance. A typical 
thermal impedance curve is shown in Figure 30, approaching the steady-state value for pulses exceeding a duration of about one 
second. The thermal impedance can be used to estimate the peak temperature rise for square wave power pulses, which is typical in 
power supply design circuits. 

 

Figure 30. Typical Thermal Impedance  
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