
(YHQW(YHQW��'ULYHQ�(OHFWURWKHUPDO�'ULYHQ�(OHFWURWKHUPDO�
0RGHOLQJ�RI�0L[HG0RGHOLQJ�RI�0L[HG��6LJQDO�&LUFXLWV6LJQDO�&LUFXLWV

;LDROLQJ�+XDQJ;LDROLQJ�+XDQJ +��$ODQ�0DQWRRWK+��$ODQ�0DQWRRWK
[[K��#[[K��#HQJUHQJU��XDUNXDUN��HGXHGX PDQWRRWK#PDQWRRWK#HQJUHQJU��XDUNXDUN��HGXHGX

'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ�
8QLYHUVLW\�RI�$UNDQVDV8QLYHUVLW\�RI�$UNDQVDV
)D\HWWHYLOOH��$5�������)D\HWWHYLOOH��$5�������



,QWURGXFWLRQ,QWURGXFWLRQ

■■ 3URMHFW�*RDOV3URMHFW�*RDOV

■■ 5HYLHZ�RI�(OHFWURWKHUPDO�0RGHOLQJ�7HFKQLTXHV5HYLHZ�RI�(OHFWURWKHUPDO�0RGHOLQJ�7HFKQLTXHV

■■ )XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�6LPXODWLRQ)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�6LPXODWLRQ

■■ ,PSOHPHQWDWLRQ�RI�(YHQW,PSOHPHQWDWLRQ�RI�(YHQW��'ULYHQ�0RGHOLQJ'ULYHQ�0RGHOLQJ

■■ 6LPXODWLRQ�5HVXOWV6LPXODWLRQ�5HVXOWV

■■ &RQFOXVLRQ&RQFOXVLRQ



3URMHFW�*RDOV3URMHFW�*RDOV

■■ $�SULPDU\�JRDO�RI�WKH�VHPLFRQGXFWRU�LQGXVWU\�LV�WR�LQWHJUDWH�PRU$�SULPDU\�JRDO�RI�WKH�VHPLFRQGXFWRU�LQGXVWU\�LV�WR�LQWHJUDWH�PRUH�H�

FLUFXLWV�RQWR�D�VPDOOHU�FKLS��FLUFXLWV�RQWR�D�VPDOOHU�FKLS��

■■ 7KHUPDO�LQWHUDFWLRQV�ZLOO�LQFUHDVH�DV�WKH�IHDWXUH�VL]HV�GHFUHDVH7KHUPDO�LQWHUDFWLRQV�ZLOO�LQFUHDVH�DV�WKH�IHDWXUH�VL]HV�GHFUHDVH��

■■ ,PSURSHUO\�PDQDJHG�KHDW�PD\�FDXVH�D�IDLOXUH�RI�WKH�GHVLJQHG�FKLS,PSURSHUO\�PDQDJHG�KHDW�PD\�FDXVH�D�IDLOXUH�RI�WKH�GHVLJQHG�FKLS����

■■ ([LVWLQJ�PHWKRGV�IRU�HOHFWURWKHUPDO�VLPXODWLRQ�DUH�WLPH�FRQVXPLQ([LVWLQJ�PHWKRGV�IRU�HOHFWURWKHUPDO�VLPXODWLRQ�DUH�WLPH�FRQVXPLQJ��J��

■■ )RFXV�RI�WKLV�ZRUN���WR�LPSURYH�VLPXODWLRQ�HIILFLHQF\�E\�DSSO\LQ)RFXV�RI�WKLV�ZRUN���WR�LPSURYH�VLPXODWLRQ�HIILFLHQF\�E\�DSSO\LQJ�J�

DQDORJ�HYHQWDQDORJ�HYHQW��GULYHQ�PRGHOLQJ�WHFKQLTXHV�GULYHQ�PRGHOLQJ�WHFKQLTXHV�



5HYLHZ�RI�(OHFWURWKHUPDO�0RGHOLQJ�5HYLHZ�RI�(OHFWURWKHUPDO�0RGHOLQJ�
7HFKQLTXHV7HFKQLTXHV

■■ )LQLWH)LQLWH��HOHPHQW�$QDO\VLV�DW�WKH�'HYLFH�/HYHOHOHPHQW�$QDO\VLV�DW�WKH�'HYLFH�/HYHO
± 8VHG�WR�VWXG\�LQGLYLGXDO�GHYLFH�KHDWLQJ�8VHG�WR�VWXG\�LQGLYLGXDO�GHYLFH�KHDWLQJ�
±± +LJKO\�DFFXUDWH��EXW�WRR�FRPSXWDWLRQDOO\�H[SHQVLYH�+LJKO\�DFFXUDWH��EXW�WRR�FRPSXWDWLRQDOO\�H[SHQVLYH�

■■ /XPSHG/XPSHG��HOHPHQW��&RQWLQXRXVHOHPHQW��&RQWLQXRXV��WLPH�$SSUR[LPDWLRQV�DW�&LUFXLW�/HYHOWLPH�$SSUR[LPDWLRQV�DW�&LUFXLW�/HYHO
±± )RFXVHG�RQ�PRGHOLQJ�WKH�SK\VLFDO�HIIHFWV�RI�KHDW��)RFXVHG�RQ�PRGHOLQJ�WKH�SK\VLFDO�HIIHFWV�RI�KHDW��
±± (IIHFWLYHO\�FDSWXUHV�WKH�KHDW�GLIIXVLRQ��(IIHFWLYHO\�FDSWXUHV�WKH�KHDW�GLIIXVLRQ��
±± 7HPSHUDWXUH�LV�WUHDWHG�DV�D�WLPH7HPSHUDWXUH�LV�WUHDWHG�DV�D�WLPH��YDU\LQJ�TXDQWLW\��YDU\LQJ�TXDQWLW\��
±± 'LVDGYDQWDJH��6LPXODWLRQ�WLPH�LQFUHDVHV�XQDFFHSWDEO\�DV�WKH�QXPE'LVDGYDQWDJH��6LPXODWLRQ�WLPH�LQFUHDVHV�XQDFFHSWDEO\�DV�WKH�QXPEHU�RI�HU�RI�

WKHUPDO�LQWHUDFWLRQV�PRGHOHG�LQFUHDVHV�WKHUPDO�LQWHUDFWLRQV�PRGHOHG�LQFUHDVHV�

■■ 0L[HG�IUHTXHQF\�WLPH�GRPDLQ�UHGXFWLRQ�PHWKRG0L[HG�IUHTXHQF\�WLPH�GRPDLQ�UHGXFWLRQ�PHWKRG
±± 6SHFLDOO\�RSWLPL]HG�IRU�UHGXFLQJ�WKH�RUGHU�RI�WKHUPDO�QHWZRUN��6SHFLDOO\�RSWLPL]HG�IRU�UHGXFLQJ�WKH�RUGHU�RI�WKHUPDO�QHWZRUN��
±± 8VHIXO�IRU�SHUIRUPLQJ�IXOO8VHIXO�IRU�SHUIRUPLQJ�IXOO��FKLS�WUDQVLHQW�HOHFWURWKHUPDO�VLPXODWLRQ�FKLS�WUDQVLHQW�HOHFWURWKHUPDO�VLPXODWLRQ�



)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�
1HWZRUN�6LPXODWLRQ1HWZRUN�6LPXODWLRQ
■■ $�W\SLFDO�HOHFWURWKHUPDO�VLPXODWRU�$�W\SLFDO�HOHFWURWKHUPDO�VLPXODWRU�

FRQWDLQV�WKUHH�HOHPHQWV�FRQWDLQV�WKUHH�HOHPHQWV�
±± (OHFWURWKHUPDO�GHYLFH�PRGHOV(OHFWURWKHUPDO�GHYLFH�PRGHOV����

ZKLFK�SURYLGH�WHPSHUDWXUHZKLFK�SURYLGH�WHPSHUDWXUH��GHSHQGHQW�GHSHQGHQW�
GHYLFH�FKDUDFWHULVWLFV�GHYLFH�FKDUDFWHULVWLFV�

±± 7KHUPDO�GHYLFH�PRGHOV7KHUPDO�GHYLFH�PRGHOV��ZKLFK���ZKLFK�
FRPSXWH�WKH�GHYLFH�WHPSHUDWXUH�EDVHG�FRPSXWH�WKH�GHYLFH�WHPSHUDWXUH�EDVHG�
RQ�WKH�SRZHU�FRQVXPSWLRQ�GDWD�RQ�WKH�SRZHU�FRQVXPSWLRQ�GDWD�

±± (OHFWULFDO�GHYLFH�PRGHOV(OHFWULFDO�GHYLFH�PRGHOV��ZKLFK���ZKLFK�
FDOFXODWH�WHUPLQDO�YROWDJHV�FDOFXODWH�WHUPLQDO�YROWDJHV�

■■ ,Q�WKH�SURSRVHG�HYHQW,Q�WKH�SURSRVHG�HYHQW��GULYHQGULYHQ
HOHFWURWKHUPDOHOHFWURWKHUPDO VLPXODWLRQ�DSSURDFK��VLPXODWLRQ�DSSURDFK��

±± $OO�HOHFWULFDO�PRGHOV�UHPDLQ�DQDORJ�$OO�HOHFWULFDO�PRGHOV�UHPDLQ�DQDORJ�
±± (OHFWURWKHUPDO(OHFWURWKHUPDO PRGHOV�DUH�ERWK�DQDORJ�DQG�PRGHOV�DUH�ERWK�DQDORJ�DQG�

HYHQWHYHQW��GULYHQ�GULYHQ�
±± $OO�WKHUPDO�PRGHOV�DUH�HYHQW$OO�WKHUPDO�PRGHOV�DUH�HYHQW��GULYHQ�GULYHQ�
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Fig. 1.  Block diagram of a proposed event-driven 
electrothermal simulation approach.

Instantaneous
electrical characteristics



)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�
6LPXODWLRQ���&RQW������6LPXODWLRQ���&RQW������²² (OHFWURWKHUPDO�1HWZRUN(OHFWURWKHUPDO�1HWZRUN

■■ '\QDPLF�7KHUPDO�$QDO\VLV'\QDPLF�7KHUPDO�$QDO\VLV
±± 7KH�SRZHU�GLVVLSDWHG�LV�GLUHFWO\�IHG�LQWR�WKH�WKHUPDO�QHWZRUN��7KH�SRZHU�GLVVLSDWHG�LV�GLUHFWO\�IHG�LQWR�WKH�WKHUPDO�QHWZRUN��
±± 7KH�WHPSHUDWXUH�DW� WKH� WKHUPDO�QRGH�RI�D�GHYLFH� LV� WKH�RSHUDWLQJ7KH�WHPSHUDWXUH�DW� WKH� WKHUPDO�QRGH�RI�D�GHYLFH� LV� WKH�RSHUDWLQJ WHPSHUDWXUH�RI�WHPSHUDWXUH�RI�

WKH�GHYLFH��WKH�GHYLFH��
±± 7KH�GHYLFH�PRGHO�DGMXVWV�LWV�EHKDYLRU�DV�D�IXQFWLRQ�RI�LWV�RSHUD7KH�GHYLFH�PRGHO�DGMXVWV�LWV�EHKDYLRU�DV�D�IXQFWLRQ�RI�LWV�RSHUDWLQJ�WHPSHUDWXUH�WLQJ�WHPSHUDWXUH�

■■ (OHFWURWKHUPDO�6HPLFRQGXFWRU�'HYLFH�0RGHOV�(OHFWURWKHUPDO�6HPLFRQGXFWRU�'HYLFH�0RGHOV�
±± ,QWHUDFW�ZLWK�WKH�WKHUPDO�DQG�HOHFWULFDO�QHWZRUNV�WKURXJK�WKH�HO,QWHUDFW�ZLWK�WKH�WKHUPDO�DQG�HOHFWULFDO�QHWZRUNV�WKURXJK�WKH�HOHFWULFDO�DQG�WKHUPDO�HFWULFDO�DQG�WKHUPDO�

WHUPLQDOV��UHVSHFWLYHO\��WHUPLQDOV��UHVSHFWLYHO\��
±± 8VH� WKH� LQVWDQWDQHRXV�GHYLFH� WHPSHUDWXUH� WR�HYDOXDWH� WKH� WHPSHUD8VH� WKH� LQVWDQWDQHRXV�GHYLFH� WHPSHUDWXUH� WR�HYDOXDWH� WKH� WHPSHUDWXUHWXUH��GHSHQGHQW�GHSHQGHQW�

SURSHUWLHV��SURSHUWLHV��
±± &DOFXODWHG�SRZHU�GLVVLSDWLRQ�VXSSOLHV�KHDW�WR�WKH�VXUIDFH�RI�WKH&DOFXODWHG�SRZHU�GLVVLSDWLRQ�VXSSOLHV�KHDW�WR�WKH�VXUIDFH�RI�WKHUPDO�PRGHOV�UPDO�PRGHOV�



■■ &RQVHUYDWLYH�6\VWHP�&RQVHUYDWLYH�6\VWHP�
±± 6XP�RI�DOO�SRZHU�FRQWULEXWLRQV�DW�D�WKHUPDO�QRGH�HTXDOV�]HUR�6XP�RI�DOO�SRZHU�FRQWULEXWLRQV�DW�D�WKHUPDO�QRGH�HTXDOV�]HUR�

±± 7HPSHUDWXUH�DW�DOO�WHUPLQDOV�FRQQHFWHG�WR�D�WKHUPDO�QRGH�LV�LGHQ7HPSHUDWXUH�DW�DOO�WHUPLQDOV�FRQQHFWHG�WR�D�WKHUPDO�QRGH�LV�LGHQWLFDO��WLFDO��

±± 7KURXJK�YDULDEOHV�DQG�DFURVV�YDULDEOHV��7KURXJK�YDULDEOHV�DQG�DFURVV�YDULDEOHV��

±± 3RZHU�LV�WKH�WKURXJK�YDULDEOH�DQG�WHPSHUDWXUH�LV�WKH�DFURVV�YDUL3RZHU�LV�WKH�WKURXJK�YDULDEOH�DQG�WHPSHUDWXUH�LV�WKH�DFURVV�YDULDEOH��DEOH��

■■ 7KHUPDO�1HWZRUN7KHUPDO�1HWZRUN

±± 6ROYHV�IRU�WKH�G\QDPLF�WHPSHUDWXUH�GLVWULEXWLRQ�6ROYHV�IRU�WKH�G\QDPLF�WHPSHUDWXUH�GLVWULEXWLRQ�

±± ,QWHUFRQQHFWLRQ�RI�WKHUPDO�FRPSRQHQW�PRGHOV��,QWHUFRQQHFWLRQ�RI�WKHUPDO�FRPSRQHQW�PRGHOV��

)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�)XQGDPHQWDOV�RI�(OHFWURWKHUPDO�1HWZRUN�
6LPXODWLRQ���&RQW������6LPXODWLRQ���&RQW������ ²² 7KHUPDO�1HWZRUN7KHUPDO�1HWZRUN



,PSOHPHQWDWLRQ

■■

±± �7LPH�FRQVWDQWV�RI�WKHUPDO�QHWZRUN���7LPH�FRQVWDQWV�RI�WKHUPDO�QHWZRUN��

±± �7LPH�FRQVWDQWV�RI�HOHFWULFDO�QHWZRUN��7LPH�FRQVWDQWV�RI�HOHFWULFDO�QHWZRUN�

±± 7HPSHUDWXUH�FDQ�EH�HYDOXDWHG�OHVV�IUHTXHQWO\�7HPSHUDWXUH�FDQ�EH�HYDOXDWHG�OHVV�IUHTXHQWO\�

■■ 0L[HG�6LJQDO�6LPXODWLRQ��0L[HG�6LJQDO�6LPXODWLRQ��

±± $QDORJ�PRGHOV�DUH�VWLOO�XVHG�IRU�HOHFWULFDO�GHYLFHV��$QDORJ�PRGHOV�DUH�VWLOO�XVHG�IRU�HOHFWULFDO�GHYLFHV��

±± 7KHUPDO� VLJQDOV� RI� WKH� HOHFWURWKHUPDO� PRGHO� DUH� DSSUR[LPDWHG� E\�7KHUPDO� VLJQDOV� RI� WKH� HOHFWURWKHUPDO� PRGHO� DUH� DSSUR[LPDWHG� E\� DQDORJ� HYHQWDQDORJ� HYHQW��
GULYHQ�VLJQDOV��GULYHQ�VLJQDOV��

±± 7KHUPDO�PRGHOV�DUH�HQWLUHO\�HYHQW7KHUPDO�PRGHOV�DUH�HQWLUHO\�HYHQW��GULYHQ��GULYHQ��

ENTH Γ>>Γ

THΓ
ENΓ



■■ 7KH�HOHFWURWKHUPDO�PRGHOV�FRXSOH�HOHFWULFDO�DQG�WKHUPDO�QHWZRUNV7KH�HOHFWURWKHUPDO�PRGHOV�FRXSOH�HOHFWULFDO�DQG�WKHUPDO�QHWZRUNV����

■■ $QDORJ�$QDORJ� HOHFWURWKHUPDOHOHFWURWKHUPDO PRGHOV� DUH� UHTXLUHG� WR� PRGHO� WKH� SRZHU�PRGHOV� DUH� UHTXLUHG� WR� PRGHO� WKH� SRZHU�
GLVVLSDWLRQ�LQ�GHYLFHV�DQG�³VRXUFLQJ´�WKLV�SRZHU�RXW�RI�D�WKHUPDGLVVLSDWLRQ�LQ�GHYLFHV�DQG�³VRXUFLQJ´�WKLV�SRZHU�RXW�RI�D�WKHUPDO�QRGH�O�QRGH�

■■ $QDORJ�HYHQW$QDORJ�HYHQW��GULYHQ�PRGHOLQJ�PHWKRGGULYHQ�PRGHOLQJ�PHWKRG
±± ³6RXUFLQJ´�RI�WKH�SRZHU�LV�SHUIRUPHG�DW�GLVFUHWH�LQWHUYDOV��³6RXUFLQJ´�RI�WKH�SRZHU�LV�SHUIRUPHG�DW�GLVFUHWH�LQWHUYDOV��

±± 7KH� IUHTXHQF\� RI� WKHVH� GLVFUHWH� LQWHUYDOV� KDV� EHHQ� FKRVHQ� DV� D� I7KH� IUHTXHQF\� RI� WKHVH� GLVFUHWH� LQWHUYDOV� KDV� EHHQ� FKRVHQ� DV� D� IXQFWLRQ� RI� WKH�XQFWLRQ� RI� WKH�
QXPEHU�RI�DQDORJ�VROXWLRQ�SRLQWV�QXPEHU�RI�DQDORJ�VROXWLRQ�SRLQWV�

±± 7KH�YDOXH�RI�WKH�VRXUFHG�SRZHU�ZDV�GHWHUPLQHG�E\��7KH�YDOXH�RI�WKH�VRXUFHG�SRZHU�ZDV�GHWHUPLQHG�E\��

■■ 0D[LPXP�SRZHU�EHWZHHQ�VXFFHVVLYH�VRXUFLQJ�HYHQWV�0D[LPXP�SRZHU�EHWZHHQ�VXFFHVVLYH�VRXUFLQJ�HYHQWV�

■■ $YHUDJH�SRZHU�GLVVLSDWHG�LQ�WKH�VDPH�LQWHUYDOV��$YHUDJH�SRZHU�GLVVLSDWHG�LQ�WKH�VDPH�LQWHUYDOV��

■■ 3RZHU�DW�WKH�ODVW�VDPSOLQJ�SRLQW��3RZHU�DW�WKH�ODVW�VDPSOLQJ�SRLQW��

,PSOHPHQWDWLRQ��&RQW�����
²(OHFWURWKHUPDO�6HPLFRQGXFWRU�0RGHOV



■■ :KHQ�VWDWHPHQWV�VHFWLRQ:KHQ�VWDWHPHQWV�VHFWLRQ
±± 8VHG�IRU�GLVFUHWH�WLPH�8VHG�IRU�GLVFUHWH�WLPH�

VLPXODWLRQ��VLPXODWLRQ��
±± &RQWDLQV�HYHQW&RQWDLQV�HYHQW��GHSHQGHQW�GHSHQGHQW�

DVVLJQPHQWV�DQG�VFKHGXOLQJ�DVVLJQPHQWV�DQG�VFKHGXOLQJ�
■■ 9DOXHV�VHFWLRQ9DOXHV�VHFWLRQ

±± 8VHG�WR�GHILQH�WKH�SULPDU\�8VHG�WR�GHILQH�WKH�SULPDU\�
DOJHEUDLF�UHODWLRQVKLSV�DQG�DOJHEUDLF�UHODWLRQVKLSV�DQG�
YDULDEOHV�WKDW�DUH�WR�EH�YDULDEOHV�WKDW�DUH�WR�EH�
H[WUDFWHG�GXULQJ�SRVWH[WUDFWHG�GXULQJ�SRVW��
SURFHVVLQJ��SURFHVVLQJ��

±± 7KH�WHPSHUDWXUH7KH�WHPSHUDWXUH��GHSHQGHQW�GHSHQGHQW�
SURSHUW\�RI�WKH�OLQHDU�VHOISURSHUW\�RI�WKH�OLQHDU�VHOI��
KHDWLQJ�UHVLVWRU�LV�KHDWLQJ�UHVLVWRU�LV�
LPSOHPHQWHG��LPSOHPHQWHG��

■■ (TXDWLRQV�VHFWLRQ(TXDWLRQV�VHFWLRQ
±± 'HVFULEHV�WKH�WHUPLQDO�'HVFULEHV�WKH�WHUPLQDO�

FKDUDFWHULVWLFV�RI�WKH�PRGHO�FKDUDFWHULVWLFV�RI�WKH�PRGHO�
±± 7KH�JRYHUQLQJ�HTXDWLRQ�RI�WKH�7KH�JRYHUQLQJ�HTXDWLRQ�RI�WKH�

UHVLVWRU�DQG�SRZHU�GLVVLSDWLRQ�UHVLVWRU�DQG�SRZHU�GLVVLSDWLRQ�
VRXUFHG�RXW�RI�D�WKHUPDO�QRGH�VRXUFHG�RXW�RI�D�WKHUPDO�QRGH�
LV�LPSOHPHQWHG�LV�LPSOHPHQWHG�

# The ret_e template models 
a linear # self-heating 
resistor

template ret_e p m th st = 
r0, alpha, t0,  nstep 

# Thermal node 
thermal_c th 
# Electrical nodes
electrical p, m 
# State node
state nu st   
# Arguments 
number r0 = 1,     

alpha = 0,
t0 = 27,
nstep = 1

# Template body
{ 
# Local declarations
state p p_last1, p_last2, 
p_now, pwrt
val p pwr,power
val r res
state nu count=0
# DC initialization
when (…) {

……
}

# Convert an analog signal 
to an  
# analog event-driven 
signal
when(…){
……
}
values{
# Temperature-dependent 
property of a #linear self-
heating resistor
res=r0*(1+alpha*(tc(th)-
t0))
# Calculation of power 
dissipation 

pwr=v(p,m)**2/res
# DC algorithm

if (dc_domain) 
power=pwr

else power=pwrt
}
equations {
# Governing equation for a 
resistor

i(p->m) += 
v(p,m)/res
# Power dissipation sourced 
out of thermal node th 

p(th) -= power
}
}

Fig. 2. Psuedo-template of a resistor with linear self-heating

,PSOHPHQWDWLRQ��&RQW�����
²(OHFWURWKHUPDO�6HPLFRQGXFWRU�0RGHOV



■■ 7KHUPDO�QHWZRUNV�FRQVLVW�PDLQO\�7KHUPDO�QHWZRUNV�FRQVLVW�PDLQO\�
RI�WKHUPDO�UHVLVWDQFH�DQG�RI�WKHUPDO�UHVLVWDQFH�DQG�
WKHUPDO�FDSDFLWDQFHVWKHUPDO�FDSDFLWDQFHV
±± 7KH�WKHUPDO�PRGHOV�DUH�W\SLFDOO\�7KH�WKHUPDO�PRGHOV�DUH�W\SLFDOO\�

OXPSHG�DSSUR[LPDWLRQV�RI�WKH�OXPSHG�DSSUR[LPDWLRQV�RI�WKH�
KHDW�IORZ�KHDW�IORZ�

±± $OO�PDWHULDOV�H[KLELW�VRPH�$OO�PDWHULDOV�H[KLELW�VRPH�
UHVLVWDQFH�WR�KHDW�IORZ�DV�ZHOO�UHVLVWDQFH�WR�KHDW�IORZ�DV�ZHOO�
DV�D�FDSDFLW\�WR�VWRUH�KHDW�DV�D�FDSDFLW\�WR�VWRUH�KHDW�

■■ $�SVXHGR$�SVXHGR��WHPSODWH�RI�DQ�HYHQWWHPSODWH�RI�DQ�HYHQW��
GULYHQ�WKHUPDO�FDSDFLWDQFHGULYHQ�WKHUPDO�FDSDFLWDQFH

±± 7ZR�WKHUPDO�QRGHV�DQG�RQH�7ZR�WKHUPDO�QRGHV�DQG�RQH�
VWDWH�QRGH���VWDWH�QRGH���

±± 7KH�VWDWH�QRGH�LV�XVHG�WR�7KH�VWDWH�QRGH�LV�XVHG�WR�
FRQQHFW�WKH�VWDWH�QRGHV�RI�WKH�FRQQHFW�WKH�VWDWH�QRGHV�RI�WKH�
HOHFWURWKHUPDO�PRGHOV��HOHFWURWKHUPDO�PRGHOV��

±± :KHQ�DQ�HYHQW�LV�VFKHGXOHG�RQ�:KHQ�DQ�HYHQW�LV�VFKHGXOHG�RQ�
WKH�VWDWH�QRGH��WKH�WHPSHUDWXUH�WKH�VWDWH�QRGH��WKH�WHPSHUDWXUH�
RI�WKH�PRGHO�ZLOO�EH�RI�WKH�PRGHO�ZLOO�EH�
UHHYDOXDWHG��UHHYDOXDWHG��

,PSOHPHQWDWLRQ��&RQW�����
²7KHUPDO�0RGHOV

# Template of thermal 
capacitances 
# Template header and 
# header declarations
template ctherm_ev th tl 
st = cth
# Thermal nodes
thermal_c th, tl  
# State node
state nu st
# Arguments
number cth = 0.0001
# Template body
{
# Local declarations

var p pwrc
state p 

pwrc_last=0
state nu 

last_time=0
state tc deltc0
val tc deltc

# DC initialization
when (…) {

……
}

# Event-driven algorithm 
when(event_on(st)) {
……

}
# DC algorithm
values{
……

}
# Governing equation for 
thermal 
# capacitances
equations{

p(th->tl) += 
pwrc

pwrc:tc(th,tl)=
deltc

}
}

Fig. 3. Psuedo-template of event-driven thermal capacitance



6LPXODWLRQ�5HVXOWV6LPXODWLRQ�5HVXOWV

■■ (YHQW(YHQW��GULYHQ�PRGHOLQJ�FLUFXLW��)LJ��GULYHQ�PRGHOLQJ�FLUFXLW��)LJ��
�$�DQG�DQDORJ�PRGHOLQJ�FLUFXLW��)LJ���$�DQG�DQDORJ�PRGHOLQJ�FLUFXLW��)LJ��
�%����%���

■■ $QDORJ�1RGH�$QDORJ�1RGH�$$��
±± FRQQHFWLRQ�SRLQW�RI�WKHUPDO�PRGHOV�DQG�FRQQHFWLRQ�SRLQW�RI�WKHUPDO�PRGHOV�DQG�

HOHFWURWKHUPDO�PRGHOV�HOHFWURWKHUPDO�PRGHOV�
±± 3RZHU�GLVVLSDWLRQ�DW�QRGH�3RZHU�GLVVLSDWLRQ�DW�QRGH�$$ LV�FDOFXODWHG�LV�FDOFXODWHG�

RQFH�HYHU\�FHUWDLQ�WLPH�SRLQWV��RQFH�HYHU\�FHUWDLQ�WLPH�SRLQWV��

■■ 6WDWH�1RGH�6WDWH�1RGH�%% ����
±± )XQFWLRQV�DV�D�FRQWURO�VLJQDO�)XQFWLRQV�DV�D�FRQWURO�VLJQDO�
±± :KHQ� SRZHU� GLVVLSDWLRQ� LV� XSGDWHG�� DQ�:KHQ� SRZHU� GLVVLSDWLRQ� LV� XSGDWHG�� DQ�

HYHQW�ZLOO�EH�WULJJHUHG�RQ�QRGH�HYHQW�ZLOO�EH�WULJJHUHG�RQ�QRGH�%%��DQG�WKH���DQG�WKH�
WHPSHUDWXUHV� DW� QRGH�WHPSHUDWXUHV� DW� QRGH� $$ ZLOO� EH�ZLOO� EH�
UHHYDOXDWHG�UHHYDOXDWHG�

Fig. 4. Simple Test Circuits

B. Simple test circuit employing continuous-time models 

A.  Simple test circuit employing event-driven modeling 
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■■ ,QVWDQWDQHRXV�DQG�VWHDG\,QVWDQWDQHRXV�DQG�VWHDG\��VWDWH�FDVHV��VWDWH�FDVHV��
± 7HPSHUDWXUH�HYDOXDWLRQ�HYHU\���DQDORJ�VROXWLRQ�SRLQWV��)LJ�����
± 7HPSHUDWXUH�HYDOXDWLRQ�HYHU\����DQDORJ�VROXWLRQ�SRLQWV��)LJ�����

■■ 6LPXODWLRQ�VSHHG�FRPSDULVRQ6LPXODWLRQ�VSHHG�FRPSDULVRQ

6LPXODWLRQ�5HVXOWV6LPXODWLRQ�5HVXOWV��&RQW���&RQW�

Fig. 6.   Simulation Results   stead- state comparison.Fig. 5.   Simulation Results    expanded view.



&RQFOXVLRQ&RQFOXVLRQ

■■ (YHQW(YHQW��GULYHQ� PRGHOLQJ� WHFKQLTXH� LQ� HOHFWURWKHUPDO� HIIHFWV� VLPXODWLRQ�GULYHQ� PRGHOLQJ� WHFKQLTXH� LQ� HOHFWURWKHUPDO� HIIHFWV� VLPXODWLRQ�
KDV�EHHQ�SUHVHQWHG�KDV�EHHQ�SUHVHQWHG�

■■ 3URYHQ� WR� EH� VXIILFLHQWO\� DFFXUDWH� LQ� ERWK� LQVWDQWDQHRXV� DQG� VWH3URYHQ� WR� EH� VXIILFLHQWO\� DFFXUDWH� LQ� ERWK� LQVWDQWDQHRXV� DQG� VWHDG\DG\��
VWDWH�FDVHV��VWDWH�FDVHV��

■■ $OORZV�IRU�VHOHFWLYH�DGMXVWPHQW�RI�WKH�DFFXUDF\�DW�D�PRGHO�SDUDP$OORZV�IRU�VHOHFWLYH�DGMXVWPHQW�RI�WKH�DFFXUDF\�DW�D�PRGHO�SDUDPHWHU�HWHU�
OHYHO�OHYHO�

■■ )XWXUH�ZRUN�)XWXUH�ZRUN�
±± ,QYHVWLJDWLRQ� LQWR� WKH� SRVVLELOLW\� RI� FRPELQDWLRQ� RI� WZR� WHFKQLT,QYHVWLJDWLRQ� LQWR� WKH� SRVVLELOLW\� RI� FRPELQDWLRQ� RI� WZR� WHFKQLTXHV�XHV�

�IUHTXHQF\�WLPH� GRPDLQ� PRGHO� UHGXFWLRQ� WHFKQLTXH� DQG� DQDORJ� HYHQ�IUHTXHQF\�WLPH� GRPDLQ� PRGHO� UHGXFWLRQ� WHFKQLTXH� DQG� DQDORJ� HYHQWW��
GULYHQ�PRGHOLQJ�WHFKQLTXH�GULYHQ�PRGHOLQJ�WHFKQLTXH�

±± 'HYHORSPHQW� RI� D�PHWKRG� IRU� H[WUDFWLRQ� RI� HYHQW'HYHORSPHQW� RI� D�PHWKRG� IRU� H[WUDFWLRQ� RI� HYHQW��GULYHQ� WKHUPDO�PRGHOV�GULYHQ� WKHUPDO�PRGHOV�
IURP�OD\RXW�IURP�OD\RXW�




