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5HPDUNV�RQ�WKH�'HVLJQ�RI�)OH[LEOH�+LJK�7HPSHUDWXUH�
3RO\PHU�'LHOHFWULFV�IRU�(PHUJLQJ�*UDQG��

(OHFWULILFDWLRQ�±�([HPSOLILHG�E\�3RO\�R[D�QRUERUQHQHV�
&KDR�:X���$MLQN\D�$��'HVKPXNK���=RQJ]H�/L�����/LKXD�&KHQ���$EGXOODK�$ODPUL����

<LIHL�:DQJ���-LHUXL�=KRX�����2PHU�<DVVLQ���5DPSL�5DPSUDVDG����
*UHJRU\�$��6RW]LQJ���DQG�<DQJ�&DR����

�(OHFWULFDO�,QVXODWLRQ�5HVHDUFK�&HQWHU��,QVWLWXWH�RI�0DWHULDOV�6FLHQFH�
�3RO\PHU�3URJUDP�DQG�'HSDUWPHQW�RI�&KHPLVWU\�

�'HSDUWPHQW�RI�(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ�
8QLYHUVLW\�RI�&RQQHFWLFXW��6WRUUV��&7��8QLWHG�6WDWHV�

�6FKRRO�RI�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ�
*HRUJLD�,QVWLWXWH�RI�7HFKQRORJ\��$WODQWD��*$��8QLWHG�6WDWHV�

$%675$&7�
3RO\PHU� GLHOHFWULFV� HVVHQWLDOO\� UHYROXWLRQL]HG� WKH� HOHFWULFDO� SRZHU� V\VWHP�� SHUYDVLYHO\�
XVHG�LQ�QHDUO\�DOO�WKH�NH\�HOHFWURQLF�DQG�HOHFWULFDO�GHYLFHV��GXH�PDLQO\�WR�WKHLU�VXLWDEO\�
ODUJH� EDQGJDSV��+RZHYHU�� LQVXIILFLHQW� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH� EDQGJDS� LQ� WKH�
GHVLJQ� RI� QHZ�SRO\PHU� GLHOHFWULFV� IRU� KLJK� WHPSHUDWXUHV�� ,Q� WKLV� SDSHU��ZH�SUHVHQW� D�
XQLILHG� SULQFLSOH� IRU� WKH� GHVLJQ� RI� IOH[LEOH�� KLJK� WHPSHUDWXUH� SRO\PHU� GLHOHFWULFV�� $V�
H[HPSOLILHG� E\� RXU� UHFHQWO\� GLVFRYHUHG� SRO\�R[D�QRUERUQHQHV� �32)1%��� VDWXUDWHG�
ELF\FOLFV�ZLWK�YDU\LQJ�FDUERQ\O�DQG�HWKHU�JURXSV�LQ�WKH�ELF\FOLF�UHSHDW�XQLWV��FRQQHFWHG�
E\�XQFRQMXJDWHG�DONHQHV� DQG� IUHHO\� URWDWDEOH� VLQJOH� ERQGV� LQ� FRQMXQFWLRQ�ZLWK� IUHHO\�
URWDWLQJ�IOXRULQDWHG�EHQ]HQH�ULQJ�VLGH�JURXSV��FDQ�LPSDUW�IOH[LELOLW\�\HW�UHWDLQ�WKHUPDO�
VWDELOLW\�ZKLOH�SURYLGLQJ�ODUJH�EDQGJDSV�WR�ROHILQLF�SRO\PHUV��7KH�UHVXOWV�LQGLFDWH�WKDW�
32)1%� KDV� VWDEO\� ORZ� FRQGXFWLRQ� FXUUHQW� XQGHU� FRQFXUUHQW� KLJK� HOHFWULF� ILHOG� DQG�
HOHYDWHG� WHPSHUDWXUHV� EHQHILFLDO� IURP� LWV� ODUJH� EDQG� JDS� RI� a�� H9� DQG� KLJK� JODVV�
WUDQVLWLRQ�WHPSHUDWXUH�RI�����q&��

���,QGH[�7HUPV�²�SRO\PHU�GLHOHFWULF��EDQG�JDS��KLJK�HOHFWULF�ILHOG��HOHYDWHG�WHPSHUDWXUH��
FRQGXFWLRQ

�� ,1752'8&7,21�
32/<0(5� GLHOHFWULFV� DUH�ZLGHO\�XVHG� LQVXODWRUV�GXH� WR�

WKHLU� KLJK� EUHDNGRZQ� VWUHQJWK�� JUHDW� VFDODELOLW\�� IDFLOH�
SURFHVVDELOLW\�� OLJKW� ZHLJKW� DQG� KLJK� PHFKDQLFDO� VWUHQJWK��
:KLOH�WKH�FRQGXFWLRQ�DQG�EUHDNGRZQ�RI�GLHOHFWULF�PDWHULDOV�DUH�
LQWULQVLFDOO\� GRPLQDWHG� E\� WKH� EDQGJDSV� >�±�@�� LQVXIILFLHQW�
DWWHQWLRQ�KDV�EHHQ�SDLG�WKXV�IDU�WR�EDQGJDSV�LQ�WKH�VHOHFWLRQ�DQG�
GHVLJQ�RI�SRO\PHU�GLHOHFWULFV��7KLV�LV�LQ�SDUW�GXH�WR�WKH�IDFW�WKDW�
PRVW� SRO\PHUV� DUH� GHHPHG� JRRG� GLHOHFWULFV� ZLWK� EDQGJDSV�
VXIILFLHQW�IRU�RSHUDWLRQ�XQGHU�PRGHUDWH�ILHOGV��,W�VKDOO�EH�QRWHG�
WKDW� FRPPRGLW\� GLHOHFWULFV�� VXFK� DV� SRO\ROHILQV�� SRVVHVV�
LQWULQVLFDOO\� ODUJH� EDQGJDSV� GXH� WR� WKHLU� IXOO\� VDWXUDWHG��
V�ERQGLQJ�PDLQ�FKDLQV�>�@��*RRG�H[DPSOHV�DUH�WKH��FURVVOLQNHG��
SRO\HWK\OHQH� �3(�� XVHG� ZLGHO\� IRU� SRZHU� FDEOHV� >��� �@� DQG�
�ELD[LDOO\�VWUHWFKHG��SRO\SURS\OHQH��33��IRU�ILOP�FDSDFLWRUV�>�@��
ERWK�KDYLQJ�EDQGJDSV�!��H9��&RQYHQWLRQDO�KLJK�WHPSHUDWXUH�

SRO\PHUV�OLNH�SRO\�HWKHU�HWKHU�NHWRQH���3((.���SRO\HWKHULPLGH�
�3(,�� DQG� SRO\LPLGH� �3,�� KDYH� EHHQ� XVHG� LQ� QXPHURXV�
DSSOLFDWLRQV�UHTXLULQJ�KLJK�WHPSHUDWXUHV��!����ႏ���EXW�ORZHU�
ILHOGV� WKDQ� DSSOLFDWLRQV� XVLQJ� 33� DQG� 3(�� 7KLV� RUWKRJRQDO�
WUHDWPHQW�RI�RSHUDWLQJ�ILHOG�DQG�WHPSHUDWXUH�FDQ�QR�ORQJHU�PHHW�
WKH� VWULQJHQW� UHTXLUHPHQWV� RI� HPHUJLQJ� JUDQG� HOHFWULILFDWLRQ��
)RU� LQVWDQFH�� PRGHUQL]DWLRQ� RI� SRZHU� JULG� ZLWK� UDSLG�
H[SDQVLRQV�LQ�VFDOH��YROWDJH��SRZHU�WRZDUGV�6XSHU��DQG�6PDUW�
*ULGV�� ZLWK� ODUJHO\� HQKDQFHG� IOH[LELOLW\�� UHVLOLHQF\�� GHPDQG�
UHVSRQVH� DQG� VXVWDLQDELOLW\�� DV� ZHOO� DV� FRQWLQXHG�
PLQLDWXUL]DWLRQ� RI� HOHFWURQLFV�� DOO� FDOO� IRU� IOH[LEOH� SRO\PHU�
GLHOHFWULF� PDWHULDOV� WKDW� FDQ� ZLWKVWDQG� KLJKHU� YROWDJH�ILHOG�
ZKLOH� GHOLYHULQJ� ORZHU� ORVV� XQGHU� H[WUHPH� HOHFWULF� ILHOG� DQG�
WHPSHUDWXUH�>����������@��)XUWKHUPRUH��ZLWK�IXWXUH�GHYHORSPHQWDO�
QHHGV� IRU�KDUVK�RSHUDWLRQ� WHPSHUDWXUHV�H[FHHGLQJ�����q&�IRU�
K\EULG� SURSXOVLRQ� IRU� FRPPHUFLDO� SDVVHQJHU� DLUSODQHV� DQG�
GRZQKROH�RLO�DQG�JDV�H[SORUDWLRQ�DQG�SURGXFWLRQ��QHZ�SRO\PHU�
GLHOHFWULFV�ZLOO�QRW�RQO\�HQWDLO�H[FHOOHQW� LQVXODWLQJ�SURSHUWLHV��
EXW�DOVR�KLJK�WHPSHUDWXUH�UHVLVWDQFH�>�@��
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�

$�UHFHQW�VWXG\�GLVFORVHG�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�WKH�
EDQGJDSV� RI� FRPPRQ� KLJK� WHPSHUDWXUH� SRO\PHUV� ZLWK� WKHLU�
JODVV� WUDQVLWLRQ� WHPSHUDWXUHV� �TJ�� >�@�� ,QWULQVLFDOO\�� WKHVH�
HVWDEOLVKHG� KLJK�WHPSHUDWXUH� SRO\PHUV� FDQQRW� EH� RSHUDWHG� DW�
WKH� VDPH� KLJK� HOHFWULF� ILHOGV� DV� 3(� RU� 33� DV� UHTXLUHG� LQ� WKH�
DIRUHPHQWLRQHG� HPHUJLQJ� DSSOLFDWLRQV� IRU� KLJK� GHQVLW\� DQG�
KLJK� SD\ORDG� HIILFLHQF\� GXH� WR� GUDPDWLFDOO\� LQFUHDVHG�
FRQGXFWLRQ�FXUUHQW��,Q�WKLV�OHWWHU��ZH�XVH�WKH�QHZO\�GLVFRYHUHG�
SRO\QRUERUQHQHV� WR� HOXFLGDWH� D� XQLILHG� GHVLJQ� DSSURDFK� IRU�
IOH[LEOH��KLJK�WHPSHUDWXUH�SRO\PHU�GLHOHFWULFV��RSHUDEOH�XQGHU�
KLJK�ILHOG��6DWXUDWHG�ELF\FOLFV�ZLWK�YDU\LQJ�FDUERQ\O�DQG�HWKHU�
JURXSV�LQ�WKH�EL�F\FOLF�UHSHDW�XQLWV��FRQQHFWHG�E\�XQFRQMXJDWHG�
DONHQHV�DQG�IUHHO\� URWDWDEOH�VLQJOH�ERQGV� LQ�FRQMXQFWLRQ�ZLWK�
IUHHO\�URWDWLQJ�IOXRULQDWHG�EHQ]HQH�ULQJ�VLGH�JURXSV��FDQ�LPSDUW�
IOH[LELOLW\� \HW� UHWDLQ� WKHUPDO� VWDELOLW\� ZKLOH� SURYLGLQJ� ODUJH�
EDQGJDSV� WR� ROHILQLF� SRO\PHUV�� )XUWKHUPRUH�� ZH� UHSRUW� WKH�
KLJK�HOHFWULF�ILHOG� FRQGXFWLRQ�RI�32)1%� LQ� FRPSDULVRQ�ZLWK�
WKH� EHVW� LQVXODWLQJ� PDWHULDOV� DYDLODEOH�� L�H��� KLJK�GHQVLW\� 3(�
�+'3(��� ELD[LDOO\� RULHQWHG� 33� �%233��� .DSWRQ�� 3RO\LPLGH�
�3,��� DW� DPELHQW� DQG�HOHYDWHG� WHPSHUDWXUHV� WR�GHPRQVWUDWH� LWV�
VXSHULRU� SHUIRUPDQFH�� ZHOO� VXLWHG� IRU� FRQFXUUHQW� KDUVK�
FRQGLWLRQV�RI�HOHFWULFDO�DQG�WKHUPDO�H[WUHPHV��

�� (;3(5,0(17$/�'(7$,/6��
)ROORZLQJ� WKH� ULQJ�RSHQLQJ� PHWDWKHVLV� SRO\PHUL]DWLRQ�

�5203�� RI� SRO\��R[D�IOXRURQRUERUQHQH� XVLQJ� WKH� *UXEEV�
JHQHUDWLRQ� �� FDWDO\VW� >�@�� WZR� PRUH� W\SHV� RI� SRO\�
IOXRURQRUERUQHQHV�ZHUH�V\QWKHVL]HG��DV�VXPPDUL]HG�LQ�7DEOH����
DORQJ�ZLWK���RWKHU�VWDWH�RI�WKH�DUW�GLHOHFWULF�ILOPV��

7DEOH����,QIRUPDWLRQ�RI�SRO\PHU�ILOP�GLHOHFWULFV��

$EEUH�� 3RO\PHU� 7KLFNQHVV�
�ȝP�� 9HQGHU�

35)1%� 3RO\IOXRURQRUERUQHQH�
UHGXFHG� a���

This work 3)1%� 3RO\IOXRURQRUERUQHQH� a���
32)1%� 3RO\�R[D�IOXRURQRUERUQHQH� a���

%233� %LD[LDOO\�RULHQWHG�
SRO\SURS\OHQH� ���� %ROORUp�

+'3(� +LJK�GHQVLW\�SRO\HWK\OHQH� �� *RRGIHOORZ�
.DSWRQ��3,� .DSWRQ��SRO\LPLGH� ���� 'X3RQW�

(OHFWURQLF�GHQVLW\�RI�VWDWHV�IRU�SRO\�IOXRURQRUERUQHQHV�DQG�
SRO\��R[D�IOXRURQRUERUQHQH�DUH�FRPSXWHG�XVLQJ�ILUVW�SULQFLSOHV�
GHQVLW\�IXQFWLRQDO�WKHRU\��')7��WR�SURYLGH�IXUWKHU�LQVLJKWV�LQWR�
WKH� EDQG� VWUXFWXUH� RI� WKH� V\QWKHVL]HG� SRO\PHUV�� ZKHUHDV� WKH�
EDQG�JDSV�RI� WKHVH�SRO\PHUV� LQ� WKLV�ZRUN�DUH� H[SHULPHQWDOO\�
LQYHVWLJDWHG�XVLQJ�XOWUDYLROHW�YLVLEOH�VSHFWURVFRS\��896��>�@��

'XH� WR� UDSLG� DJLQJ� XQGHU� KLJK� ILHOG�� FRQYHQWLRQDO� TXDVL�
VWHDG\�VWDWH�FRQGXFWLRQ�PHDVXUHPHQWV�FDQ�RQO\�UHDFK�D�ILHOG�RI�
DERXW� WZR�WKLUGV�RI� WKH�EUHDNGRZQ�VWUHQJWK��,Q� WKLV� OHWWHU�� WKH�
KLJK�ILHOG�FRQGXFWLRQ�ZDV�PHDVXUHG�XVLQJ�D�VSHFLDOO\�GHVLJQHG�
V\VWHP�� ZKLFK� FDQ� G\QDPLFDOO\� FDQFHO� WKH� FDSDFLWLYH�
FRPSRQHQW� WR� SUREH� FRQGXFWLRQ� FXUUHQW� DV� ORZ� DV� ��� SSP�
GXULQJ�YROWDJH�UDPS�XS�WR�EUHDNGRZQ�>�@��
�

�� 5(68/76�$1'�',6&866,21�
7KH�FKHPLFDO�VWUXFWXUHV�RI�35)1%��3)1%�DQG�32)1%�DUH�

LOOXVWUDWHG� LQ� )LJXUH� ��� $OO� GHVLJQHG� ZLWK� QRQFRQMXJDWHG�
ELF\FOLF� VWUXFWXUH� RI� WKH� EDFNERQH� IRU� KLJK� WKHUPDO� VWDELOLW\�
ZLWKRXW�VDFULILFLQJ� WKH�EDQGJDS��35)1%��3)1%�DQG�32)1%�
DUH� LQWURGXFHG�ZLWK�YDU\LQJ�FDUERQ\O�DQG�HWKHU�JURXSV� LQ� WKH�
ELF\FOLFV�WR�UHYHDO�WKH�HIIHFWV�RI�R[\JHQ�FRQWDLQLQJ�IXQFWLRQDO�
JURXSV� LQ�PRGLI\LQJ� WKHLU�TJ� DQG� EDQG� VWUXFWXUH�� 7KH�TJ� IRU�
35)1%�LV�����ႏ��ZKLOH�PXFK�KLJKHU�TJ�RI�����DQG�����ႏ�DUH�
DFKLHYHG�IRU�3)1%�DQG�32)1%��UHVSHFWLYHO\��GXH�SRVVLEO\�WR�
ODUJHO\�HQKDQFHG�KLQGHUDQFH�RI�EDFNERQH�PRYHPHQW�ZLWK�WKH�
DGGLWLRQ�RI�WZR�FDUERQ\O�JURXSV�LQ�WKH�ELF\FOLFV��

�
��������������D��������������������������������������E���������������������������������������F��

)LJXUH�����5HSHDW�XQLW�RI��D��35)1%���E��3)1%�DQG��F��32)1%�

7KH�')7�HOHFWURQLF�GHQVLW\�RI�VWDWHV�IRU�35)1%��3)1%�DQG�
32)1%�DUH�VKRZQ�LQ�)LJXUH���� LQ�JRRG�DJUHHPHQW�ZLWK� WKHLU�
H[SHULPHQWDOO\� GHWHUPLQHG� RSWLFDO� EDQGJDSV� RI� ����� ���� DQG��
���� H9�� UHVSHFWLYHO\�� ,W� DSSHDUV� WKDW� WKH� SUHVHQFH� RI� WZR�
FDUERQ\O�JURXSV�WR�WKH�ELF\FOLFV�HQKDQFHV�QRW�RQO\�WKH�TJ��EXW�
DOVR�WKH�EDQGJDS�RI�SRO\QRUERUQHQHV��,Q�DGGLWLRQ��WKH�HOHFWURQ�
ZLWKGUDZLQJ� HWKHU� OHDGV� DSSDUHQWO\� WR� WKH� ODUJHVW� EDQG� JDS�
DPRQJ�WKH�SRO\QRUERUQHQHV�V\QWKHVL]HG��

�
)LJXUH� ��� 7KH� HOHFWURQLF� GHQVLW\� RI� VWDWHV� �'26�� IRU� 35)1%�� 3)1%� DQG�
32)1%��

$V�32)1%�KDV�WKH�ODUJHVW�EDQG�JDS�DQG�UHODWLYHO\�KLJK�JODVV�
WUDQVLWLRQ� WHPSHUDWXUH� DPRQJ� V\QWKHVL]HG� SRO\�
IOXRURQRUERUQHQHV� DQG� SRO\��R[D�IOXRURQRUERUQHQH�� WKH� KLJK�
ILHOG� FRQGXFWLRQ� RI� 32)1%� ZDV� LQYHVWLJDWHG� LQ� FRPSDULVRQ�
ZLWK� WKH� VWDWH�RI�WKH�DUW� SRO\PHU� GLHOHFWULFV�� 7KH� LQWHJUDO�
FRQGXFWLRQ� FXUUHQW� �,&&�� RI� 32)1%�� +'3(�� %233� DQG� 3,�
PHDVXUHG� GLUHFWO\� E\� WKH� GHVLJQHG� V\VWHP� WRJHWKHU� ZLWK� WKH�
FDOFXODWHG� FRQGXFWLRQ� FXUUHQW� GHQVLW\� DUH� VKRZQ� LQ�)LJXUH� ���

IEEE Transactions on Dielectrics and Electrical Insulation    Vol. 28, No. 4; August 2021 1469

Authorized licensed use limited to: UNIVERSITY OF CONNECTICUT. Downloaded on August 19,2021 at 04:29:17 UTC from IEEE Xplore.  Restrictions apply. 



�

7KH� UDWLR� RI� WKH� FRQGXFWLRQ� FXUUHQW� DW� ���� ႏ� DQG� 57� DW�
a����09�P��P�����IRU�32)1%�LV������ZKLOH�LW�LV������IRU�%233��
)RU�+'3(�DW�����09�P��WKH�UDWLR�RI�WKH�FRQGXFWLRQ�FXUUHQW�DW�
���� ႏ� YHUVXV� WKDW� DW� 57�� P����� LV� ����� ,Q� D� VLGH�E\�VLGH�
FRPSDULVRQ��P����LV�a��IRU�32)1%�DQG�����IRU�%233��7KDW�LV��
EHORZ� ����09�P�� WKH� FRQGXFWLRQ� RI� 32)1%� LV� QHDUO\�
LQGHSHQGHQW�RI� WKH� WHPSHUDWXUH��7KH� WHPSHUDWXUH�GHSHQGHQFH�
RI�WKH�FRQGXFWLYLW\�IRU�32)1%�LV�DQ�RUGHU�RI�PDJQLWXGH�VPDOOHU�
WKDQ�WKDW�RI�%233�DQG�WZR�RUGHUV�RI�PDJQLWXGH�ORZHU�WKDQ�WKDW�
RI�+'3(��

�
)LJXUH����,QWHJUDO�FRQGXFWLRQ�FXUUHQW�GHQVLW\�DQG�FRQGXFWLRQ�FXUUHQW�GHQVLW\�
RI�32)1%��%233��+'3(�DQG�3,�DW�URRP�WHPSHUDWXUH�DQG�����q&��

7KH� RYHUDOO� ORZ� FRQGXFWLRQ� RI� 32)1%� DQG� LWV� VPDOO�
WHPSHUDWXUH�GHSHQGHQFH�LQGLFDWH�WUHPHQGRXV�DSSOLFDWLRQ�VSDFH�
IRU� KLJK� HOHFWULF� ILHOG�� DQG��PRUH� LPSRUWDQWO\�� IRU� FRQFXUUHQW�
KLJK�WHPSHUDWXUH�XVH��)RU�LQVWDQFH��KLJK�YROWDJH�GLUHFW�FXUUHQW�
�+9'&��SRZHU�FDEOH�RSHUDWHV�ZLWK�D�ODUJH�FXUUHQW�GHQVLW\�DQG�
XOWUD�KLJK�YROWDJH��7KH�UHVXOWDQW�WHPSHUDWXUH�JUDGLHQW�LQ�SRZHU�
FDEOH� LQVXODWLRQ� FDQ� OHDG� LQHYLWDEO\� WR� D� QRQ�XQLIRUP�
FRQGXFWLRQ�DQG�WKXV�GLVWRUWHG�HOHFWULF�ILHOG�WKHUHE\�LQFUHDVLQJ�
WKH� ULVN� RI� VSDFH� FKDUJH� DFFXPXODWLRQ� UHODWHG� DJLQJ� DQG�
EUHDNGRZQ�>������@��7KH�H[FHOOHQW� WKHUPDO�VWDELOLW\�DQG�VPDOO�
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� FRQGXFWLRQ� IRU� 32)1%� DUH�
EHQHILFLDO� WR� WKH� LQVXODWLRQ� VXEMHFWHG� WR� D� ODUJH� WHPSHUDWXUH�
JUDGLHQW� DV� LQ� WKH� FDVH� RI� +9'&� FDEOLQJ�� :LWK� WKH� UDSLG�
GHYHORSPHQW� DQG� PDWXULQJ� RI� ZLGH�EDQG�VHPLFRQGXFWRU�
VZLWFKHV��SRZHU� HOHFWURQLF� FRQYHUWHUV� DQG�HOHFWULF�SURSXOVLRQ�
GULYHV� FDQ� EH� GHVLJQHG� ZLWK� XQSUHFHGHQWHGO\� KLJK� SRZHU�
GHQVLW\� DQG�SD\ORDG� HIILFLHQF\� LI� QHZ�SRZHU� GHQVH� SDVVLYHV��
VXFK�DV�FDSDFLWRUV�DQG�LQVXODWRUV��FDQ�EH�PDGH�DYDLODEOH�IRU�KLJK�
WHPSHUDWXUH�DQG�KLJK�YROWDJH�RSHUDWLRQV��:LWK�ORZ�FRQGXFWLRQ�
ORVV�DQG�KLJK�EUHDNGRZQ�VWUHQJWK�DWWULEXWHG�WR�LWV�ODUJH�EDQGJDS��
WRJHWKHU�ZLWK�DOVR�D�VXSHULRU� WKHUPDO�VWDELOLW\��32)1%�FRXOG�
SRWHQWLDOO\� ILOO� VXFK� DQ� XUJHQW� GHYHORSPHQW� JDS�� ,Q� DGGLWLRQ��
PRQRPHUV� DUH� SUHSDUHG� IURP� WUHPHQGRXVO\� FKHDS� FKHPLFDOV��
VXFK�DV�IXUDQ�DQG�PDOHLPLGH��XQGHUJRLQJ�KLJK�\LHOGLQJ�'LHOV�

$OGHU� FKHPLVWU\�� DQG� WKH� SRO\PHUV� DUH� V\QWKHVL]HG� XVLQJ�
YHUVDWLOH� ULQJ�RSHQLQJ� PHWDWKHVLV� SRO\PHUL]DWLRQ�� LPSDUWLQJ�
32)1%�ZLWK�HQRUPRXV�SRWHQWLDO�IRU�PDVV�SURGXFWLRQ��

�� &21&/86,216�
,Q�WKLV�OHWWHU��ZH�HOXFLGDWH�D�KROLVWLF�SULQFLSOH�IRU�WKH�GHVLJQ�

RI� KLJK� WHPSHUDWXUH� SRO\PHU� GLHOHFWULFV� YLD� VLPXOWDQHRXVO\�
WXQLQJ�WKH�EDQG�JDS�DQG�WKH�JODVV�WUDQVLWLRQ�WHPSHUDWXUH��$�KLJK�
WHPSHUDWXUH�SRO\ROHILQ��32)1%��GHVLJQHG�E\�D�QHZ�VWUDWHJ\��LV�
FRPSRVHG�RI�VDWXUDWHG�IXVHG�ELF\FOLFV�LQ�WKH�SRO\PHU�EDFNERQH�
UDWKHU� WKDQ�FRQYHQWLRQDO�DURPDWLF�VWUXFWXUH� IRU�EHWWHU� WKHUPDO�
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