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Abstract$� &$'� WRRO� IRU� PRGHOLQJ� SODQDU� DQG� PXOWL�OD\HU

SRO\JRQDO� LQWHJUDWHG� LQGXFWRUV� RQ� VLOLFRQ� VXEVWUDWHV� KDV� EHHQ

GHYHORSHG��7KH�WRRO�FDQ�EH�XVHG�LQ�WKH�HIILFLHQW�GHVLJQ�RI�5)�,&V

FRQWDLQLQJ�RQ�FKLS�LQGXFWRUV��7KH�DFFXUDF\�DQG�UHOLDELOLW\�RI� WKH

VRIWZDUH� LV� HVWDEOLVKHG� WKURXJK�PHDVXUHPHQW� UHVXOWV�� 7KH� &$'

WRRO� LV� WKHQ� XVHG� LQ� WKH� H[WUDFWLRQ� RI� GHVLJQ� JXLGHOLQHV� IRU� WKH

GHYHORSPHQW� RI� LQGXFWRU� VWUXFWXUHV� VXLWDEOH� IRU� D� JLYHQ� DSSOLFD�

WLRQ��7KLV�SURFHGXUH�LV�GHPRQVWUDWHG�ZLWK�WKH�GHVLJQ�RI�DQ�/1$�

,��,1752'8&7,21

7KH� UHFHQW� ERRP� LQ� SRUWDEOH� ZLUHOHVV� FRPPXQLFDWLRQV� DS�

SOLFDWLRQV� LQ� FRPELQDWLRQ� ZLWK� WKH� DGYDQFHV� LQ� VLOLFRQ

WHFKQRORJ\�PDNH� WKH� LPSOHPHQWDWLRQ� RI� VLOLFRQ� 5)� IURQW�HQG

,&V� RSHUDWLQJ� LQ� WKH� ORZ� *+]� UDQJH� ERWK� WHFKQLFDOO\� DQG

HFRQRPLFDOO\�DWWUDFWLYH�

2Q�FKLS� LQGXFWRUV� JHQHUDOO\� HQKDQFH� WKH� UHOLDELOLW\� DQG

HIILFLHQF\� RI� VLOLFRQ� LQWHJUDWHG� 5)� FHOOV�� WKH\� RIIHU� FLUFXLW

VROXWLRQV�ZLWK�VXSHULRU�QRLVH�SHUIRUPDQFH�DQG�FRQWULEXWH� WR�D

KLJK� OHYHO� RI� LQWHJUDWLRQ�� +RZHYHU�� SRRU� LQWHJUDWHG� LQGXFWRU

PRGHOLQJ� KDV� EHHQ� VR� IDU� D�PDMRU� REVWDFOH� LQ� WKHLU� H[WHQVLYH

XWLOL]DWLRQ�� ,Q� RUGHU� WR� RYHUFRPH� WKLV� SUREOHP�� D� FRPSOHWH

PRGHOLQJ� DQG� &$'� WRRO�� FDOOHG� ³6,63´� �6SLUDO� ,QGXFWRU

6LPXODWLRQ� 3URJUDP��� KDV� EHHQ� GHYHORSHG� DQG� SUHVHQWHG� LQ

>�@>�@��3RO\JRQDO�DQG�PXOWL�OD\HU�LQWHJUDWHG�LQGXFWRUV��DV�ZHOO

DV� WUDQVIRUPHUV� RQ� VLOLFRQ� VXEVWUDWHV� FDQ� EH� DFFXUDWHO\� PRG�

HOHG� XS� WR� VHYHUDO� JLJDKHUW]��$V� DQ� H[DPSOH�� LQ�)LJ�� ��E�� WKH

DFFXUDWH� SUHGLFWLRQ� RI� WKH� LQGXFWDQFH� DQG� WKH� VHOI�UHVRQDQFH

IUHTXHQF\� RI� D� VTXDUH� WZR�OD\HU� LQGXFWRU� �)LJ�� ��D��� LV� GLV�

SOD\HG� >�@��$QRWKHU� VXEVWDQWLDO� IHDWXUH�RI�6,63� LV� WKH� SUHFLVH

PRGHOLQJ�RI� WKH� FRXSOLQJ� DPRQJ� WZR�RU�PRUH�RQ�FKLS� LQGXF�

WRUV�>�@�

,Q� WKLV� SDSHU�� WKH� XWLOL]DWLRQ� RI� WKH� DERYH� IHDWXUHV� RI� WKH

VRIWZDUH�IRU�WKH�VXFFHVVIXO�H[SORLWDWLRQ�RI�LQWHJUDWHG�LQGXFWRUV

LQ�VLOLFRQ�5)�,&�GHVLJQV�ZLOO�EH�GHPRQVWUDWHG��,Q�VHFWLRQ�,,�D

EULHI� SUHVHQWDWLRQ�RI�6,63¶V� IHDWXUHV�ZLOO� EH� VKRZQ�� IROORZHG

E\�D�FRPSDULVRQ�EHWZHHQ�PHDVXUHPHQW�DQG�VLPXODWLRQ�UHVXOWV�

6HFWLRQ� ,,,� FRQWDLQV� XVHIXO� LQWHJUDWHG� LQGXFWRU� GHVLJQ� JXLGH�

OLQHV� LQ� WKH� IRUP� RI� FRPSUHKHQVLYH� QRPRJUDSKV�� 6HFWLRQ� ,9

SUHVHQWV�D�GHVLJQ�H[DPSOH�HPSOR\LQJ�6,63��DQG�LQ�SDUWLFXODU�D

ORZ�QRLVH�DPSOLILHU�RSHUDWLQJ�LQ�WKH�YLFLQLW\�RI���*+]��)LQDOO\�

VHFWLRQ�9�FRQWDLQV�WKH�FRQFOXVLRQV�

,,��6,63��$�%5,()�35(6(17$7,21

6SLUDO� ,QGXFWRU� 6LPXODWLRQ� 3URJUDP� LV� D� 3&�EDVHG� &$'

SURJUDP� GHYHORSHG� LQ� &���� 7KH� FRUH� DOJRULWKP�� ZKLFK� KDV

EHHQ�DQDO\WLFDOO\�SUHVHQWHG�LQ� >�@��H[WUDFWV�D�WZR�SRUW�QHWZRUN

FRQVLVWLQJ�RI�HOHYHQ�OXPSHG�HOHPHQWV�IRU�HYHU\�VHJPHQW�RI�WKH

LQGXFWRU�� 7KH� PDLQ� HOHPHQWV� RI� WKH� WZR�SRUW� DUH� WKH� VHULHV

LQGXFWDQFH�� WKH� UHVLVWDQFH� RI� WKH� VHJPHQW� DQG� WKH� FDSDFLWRUV

IRUPHG�E\�WKH�LQVXODWLQJ�6L22�EHWZHHQ�WKH�LQGXFWRU�DQG�WKH�6L

VXEVWUDWH�� 7KH� DOJRULWKP� DOVR� FDOFXODWHV� WKH� FRXSOLQJ� FDSDFL�

WDQFHV� EHWZHHQ� SDUDOOHO� DGMDFHQW� VHJPHQWV� DQG� WKH� 5&

QHWZRUNV� IRU� WKH� PRGHOLQJ� RI� WKH� VXEVWUDWH� OD\HUV� XQGHU� WKH

LQVXODWRU��7KH�PXWXDO�LQGXFWDQFH�EHWZHHQ�WKH�VHJPHQWV�RI�WKH

VSLUDO�LV�PRGHOHG�ZLWK�D�WUDQVIRUPHU��7KH�HTXLYDOHQW�FLUFXLW�RI

WKH� VSLUDO� LQGXFWRU� LQFOXGHV� D� WUDQVIRUPHU� IRU� HYHU\� SRVVLEOH

FRXSOH�RI�VHJPHQWV��7KH�IHDWXUH�WKDW�HQKDQFHV�WKH�DFFXUDF\�RI

WKH�LQGXFWRU�PRGHO��DERYH�WKH�ILUVW�UHVRQDQFH�IUHTXHQF\��LV�WKH

XWLOL]DWLRQ�RI�D� IXOO�FDSDFLWDQFH�PDWUL[��7KH�PDWUL[�FRQWDLQV�D

FDSDFLWRU� QRW� RQO\� EHWZHHQ� DGMDFHQW� VHJPHQWV� EXW� DOVR� IRU

HYHU\� SRVVLEOH� SDLU� RI� VHJPHQWV� RI� WKH� LQGXFWRU�� 7KLV� LP�

SURYHPHQW� LV� FXUUHQWO\� EHLQJ� DGGHG� WR� WKH� FRUH� DOJRULWKP� RI

6,63�HPSOR\LQJ�WHFKQLTXHV�SUHVHQWHG�LQ�>�@�

6,63¶V�OD\RXW�WRRO�FDQ�JHQHUDWH�VSLUDO�LQGXFWRU�VWUXFWXUHV�RU

DOWHUQDWLYHO\�LPSRUW�OD\RXW�GHVLJQV�LQ�&,)�IRUPDW��7KH�GHVLJQHU

VKRXOG�HQWHU�WKH�&026��%L&026�RU�ELSRODU�SURFHVV�SDUDPH�

WHUV� EHIRUH� FUHDWLQJ� D� OD\RXW�� $� IDVW�� VHJPHQW� E\� VHJPHQW

H[WUDFWLRQ� RI� WKH� HTXLYDOHQW� 63,&(� VXEFLUFXLW� LV� H[HFXWHG

ZLWKLQ�VHFRQGV��ZKLOH�D�VLPLODU�PRGHO�H[WUDFWLRQ�ZLWK�DQ\�(0

VRIWZDUH�ZRXOG�WDNH�GD\V��7KUHH�GLVWLQFW�YHUVLRQV�RI�WKH�PRGHO

DUH� SURGXFHG� WR� DFFRPPRGDWH� ³W\SLFDO´�� ³IDVW´� DQG� ³VORZ´

WHFKQRORJ\� YDULDWLRQV�� 3DVVLYH� HOHPHQWV� PD\� EH� IUHTXHQF\

GHSHQGHQW�WR�LQFRUSRUDWH�FRQGXFWRU�VNLQ�HIIHFW��LI�VXSSRUWHG�E\

WKH�63,&(� VLPXODWRU�EHLQJ�XVHG��6LPXODWLRQV� FDQ�EH� LQLWLDWHG

WKURXJK� WKH� XVHU�LQWHUIDFH�� 7KH� VRIWZDUH� GLVSOD\V� VLPXODWLRQ

UHVXOWV� LQ� UHFWDQJXODU�� SRODU� RU� 6PLWK� FKDUW� SORWV�� DJDLQVW

PHDVXUHPHQW� UHVXOWV� �IURP� 6�SDUDPHWHU� VHWV��� LI� DQ\�� $V� DQ

H[DPSOH��)LJ����GLVSOD\V�WKH�FRPSDULVRQ�EHWZHHQ�PHDVXUHPHQW

DQG� VLPXODWLRQ� UHVXOWV� RI� D� ���WXUQ� RFWDJRQDO� LQGXFWRU� IDEUL�

FDWHG�LQ�D�W\SLFDO�VLOLFRQ�ELSRODU�SURFHVV�



,,,��,1'8&725�237,0,=$7,21�*8,'(/,1(6

+DYLQJ� DOUHDG\� HVWDEOLVKHG� WKH� UHOLDELOLW\� RI� WKH�6,63� VRIW�

ZDUH� >�@>�@�� WKH� WRRO� FDQ� EH� XVHG� LQ� WKH� SHUIRUPDQFH

RSWLPL]DWLRQ� RI� RQ�FKLS� LQGXFWRUV�� 7KLV� FDQ� EH� GRQH� LQ� WZR

ZD\V�� �D�� E\� RSWLPL]LQJ� WKH� JHRPHWULFDO� FKDUDFWHULVWLFV� �L�H�

QXPEHU�RI�WXUQV��VHJPHQW�ZLGWK��VHJPHQW�GLVWDQFH��HWF���RI�WKH

VSLUDO� LQGXFWRUV��DQG��E��E\�GHULYLQJ�KLQWV�IRU�SURFHVV�PRGLIL�

FDWLRQV��LI�VXSSRUWHG�E\�WKH�IRXQGU\��7KH�HDVH�RI�XVH�DQG�VSHHG

RI�RSHUDWLRQ�RI�WKH�6,63�VRIWZDUH�DOORZV�WKH�JHQHUDWLRQ�RI�WKH

XVHIXO�QRPRJUDSKV� WKDW� FDQ�SURYH� WR�EH� D�YDOXDEOH� DLG� WR� WKH

5)� ,&� GHVLJQHU� LQ� RUGHU� WR� RSWLPL]H� KLV�KHU� FLUFXLWV��9DULRXV

5)�DSSOLFDWLRQV� LQFUHDVLQJO\� GHPDQG� WKH� LPSURYHPHQW� RI� WKH

SHUIRUPDQFH�RI�RQ�FKLS�LQGXFWRUV�EH\RQG�WKH�FXUUHQW�VWDWH�RI�

WKH�DUW�� 7RZDUGV� WKLV� SXUSRVH�� PRGLILFDWLRQV� RI� FHUWDLQ

SDUDPHWHUV� RI� D� VLOLFRQ� SURFHVV�� VXFK� DV� $O� PHWDOL]DWLRQ

WKLFNQHVV�DQG�VXEVWUDWH�GRSLQJ��PD\�EH�LPSHUDWLYH�>�@�

2FWDJRQDO� VSLUDO� LQGXFWRUV� LQ� D� WKUHH�PHWDO� OD\HU� GLJLWDO

&026� SURFHVV� ZHUH� PRGHOHG� DQG� VLPXODWHG� WR� GHPRQVWUDWH

KRZ� WKH�TXDOLW\� IDFWRU� �4�� DQG� WKH� LQGXFWDQFH� �/�� GHSHQG� RQ

WKH�QXPEHU�RI�WXUQV��6LPXODWLRQ�UHVXOWV�DUH�VXPPDUL]HG�LQ�WKH

IRUP�RI�QRPRJUDSKV��)LJ����GLVSOD\V�WKH�4�DQG�)LJ����WKH�/�RI

RFWDJRQDO�LQGXFWRUV�ZLWK�D�UDGLXV�RI����µP��YHUVXV�IUHTXHQF\
DQG� QXPEHU� RI� WXUQV�� )URP� WKHVH� QRPRJUDSKV�� WKH� KLJKHVW

YDOXHV�RI�/�DQG�4�DQG�WKH�UHVSHFWLYH�UHVRQDQFH�IUHTXHQFLHV�DUH

IRXQG��ZKLOH�VLOLFRQ�DUHD� UHPDLQV�FRQVWDQW�DQG� WKH�QXPEHU�RI

WXUQV�YDULHV��)XUWKHUPRUH��)LJ����SUHVHQWV� WKH� LPSURYHPHQW� LQ

WKH� TXDOLW\� IDFWRU� RI� D� VTXDUH� LQGXFWRU�ZKLOH� WKH� WKLFNQHVV� RI

WKH�PHWDO� WUDFN� LQFUHDVHV�� ,PSRUWDQW� LV� WKH� IDFW� WKDW� WKH� UHVR�

QDQFH� IUHTXHQF\� RI� WKLV� IDPLO\� RI� LQGXFWRUV� UHPDLQV� DOPRVW

FRQVWDQW� IRU� WKH� VSHFLILF� UDQJH� RI� KHLJKWV�� ,Q� VLPLODU� ZD\V�

QRPRJUDSKV�FDQ�UHYHDO�WKH�GLUHFWLRQ�WRZDUGV�ZKLFK�WHFKQRORJ\

SDUDPHWHUV�VKRXOG�EH�DOWHUHG�

,9�7+(�/1$�3$5$',*0

7KH�FXUUHQW�WUHQG�LQ����*+]�RQH�FKLS�5)�IURQW�HQGV�GLFWDWHV

WKH�H[LVWHQFH�RI�PRUH�WKDQ�RQH�LQGXFWRU�RQ�WKH�VDPH�FKLS��>�@�

>�@��>�@���,Q�WKLV�FDVH�� WKH�PDJQHWLF�FRXSOLQJ�EHWZHHQ�LQGLYLG�

XDO�LQGXFWRUV�RU�LQ�LQWHQGHG�WUDQVIRUPHUV�FDQ�SOD\�DQ�LPSRUWDQW

UROH� LQ� WKH� SHUIRUPDQFH� RI� WKH� RYHUDOO� V\VWHP��7KHUHIRUH�� WKH

OD\RXW� RI� WKH� FLUFXLW� GUDVWLFDOO\� DIIHFWV� LWV� HOHFWULFDO� EHKDYLRU�

)LJ�����6LPXODWLRQ�YV��PHDVXUHPHQW�RI�DQ�RFWDJRQDO�LQGXFWRU

2FWDJRQDO�LQGXFWRU

���WXUQV

'LDPHWHU� �����µP
7UDFN�ZLGWK� ����µP
7UDFN�VSDFLQJ� ���µP
0HWDO�WKLFNQHVV� �����µP

)LJ�����4XDOLW\�IDFWRU�RI���WXUQ�VTXDUH�VSLUDO�LQGXFWRUV�ZLWK

RXWHU�GLPHQVLRQ�RI����µP��WUDFN�ZLGWK�RI���µP�DQG�VSDFLQJ
EHWZHHQ�WUDFNV�RI��µP

)LJ�����4XDOLW\�IDFWRU�RI�RFWDJRQDO�VSLUDO�LQGXFWRUV�ZLWK�UDGLXV�RI

���µP��WUDFN�ZLGWK�RI���µP�DQG�VSDFLQJ�EHWZHHQ�WUDFNV�RI��µP

)LJ����� ,QGXFWDQFH�RI�RFWDJRQDO�VSLUDO� LQGXFWRUV�ZLWK� UDGLXV

RI����µP��WUDFN�ZLGWK�RI���µP�DQG�VSDFLQJ�EHWZHHQ�WUDFNV



6,63� LV� FDSDEOH� RI� SUHGLFWLQJ� UHODWHG� SKHQRPHQD�� OHDGLQJ� WR

UHOLDEOH� DQG� HIIHFWLYH� 63,&(� VLPXODWLRQV� DQG� WKXV� GUDVWLFDOO\

UHGXFLQJ�WKH�GHVLJQ�HIIRUW�

,Q�WKLV�SDSHU��WKH�GHVLJQ�RI�D�VLPSOH�WXQHG�ORZ�QRLVH�DPSOL�

ILHU� LV� SUHVHQWHG�� 7KH� SDUWLFXODU� GHVLJQ� LV� E\� QR� PHDQV

RSWLPL]HG� LQ� WHUPV� RI� QRLVH�� JDLQ� DQG� VLOLFRQ� DUHD�� EXW� LW� LV

UDWKHU�XVHG�DV�D�YHKLFOH�WR�GHPRQVWUDWH�WKH�VRIWZDUH¶V�FDSDELOL�

WLHV�� 7KH� /1$� LV� GHVLJQHG� LQ� D� GLJLWDO� VXE�PLFURQ� &026

SURFHVV�DQG�LV�RSHUDWHG�DURXQG��*+]��7KH�VFKHPDWLF�GLDJUDP

RI� WKH�/1$� LV� VKRZQ� LQ�)LJ�����ZKHUH� WKH� VKDGHG� DUHD� UHSUH�

VHQWV�WKH�RQ�FKLS�FRPSRQHQWV�LQFOXGLQJ�ORDG�=��WKDW�LV�WKH�/&

WDQN�� DQG� /s�� ZKLFK� LV� LPSHGDQFH� PDWFKLQJ� LQGXFWRU�� 7KH

GHVLJQHU� FDQ� VHOHFW� WKH� LQGXFWRUV¶� JHRPHWU\� HLWKHU� E\� XVLQJ

QRPRJUDSKV�RU�E\�VLPXODWLRQ�ZLWK�6,63�

8VLQJ�WKH�VLPSOLILHG�PRGHO�VKRZQ�LQ�)LJ����IRU�WKH�/&�WDQN�

WKH�JDLQ�RI�WKH�/1$�LV�JLYHQ�E\
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ZKHUH�4 ω/�U�LV�WKH�TXDOLW\�IDFWRU�RI�WKH�LQGXFWRU�

,W� LV� HYLGHQW� WKDW� WKH�TXDOLW\� IDFWRU�RI� WKH� LQGXFWRU� �GHILQHG

PDLQO\�E\�WKH�LQGXFWRU¶V�VHULHV�UHVLVWDQFH���VWURQJO\�DIIHFWV�WKH

IUHTXHQF\� UHVSRQVH� RI� WKH� /1$�� 0RUHRYHU�� WKH� JDLQ� RI� WKH

DPSOLILHU�LV�RSWLPL]HG�LI�WKH�YDOXH�RI�WKH�SDUDOOHO�FDSDFLWRU�&�RI

WKH� ORDG� LV� PLQLPL]HG�� )RU� WKLV� SXUSRVH�� RSHUDWLRQ� RI� WKH

LQWHJUDWHG� LQGXFWRU� DURXQG� LWV� VHOI�UHVRQDQFH� IUHTXHQF\� ZDV

FKRVHQ�LQ�RUGHU�WR�HOLPLQDWH�WKH�QHHG�IRU�D�FDSDFLWLYH�HOHPHQW

LQ� WKH� WDQN��7KLV�FDQ�EH�GRQH� WKDQNV� WR� WKH�DELOLW\�RI�6,63� WR

DFFXUDWHO\�SUHGLFW� WKH�LQGXFWRU¶V�EHKDYLRU�DW�KLJK�IUHTXHQFLHV�

HYHQ�EH\RQG� VHOI�UHVRQDQFH� IUHTXHQF\�� DV� LW� KDV� DOUHDG\�EHHQ

VKRZQ�LQ�)LJ����DQG�)LJ�����)LJ����GLVSOD\V�WKH�LQGXFWDQFH�DQG

TXDOLW\� IDFWRU� RI� WKH� VHOHFWHG� ��WXUQ� VTXDUH� VSLUDO� LQGXFWRU

YHUVXV� IUHTXHQF\�� ,WV�RXWHU�GLPHQVLRQV�DUH����µP�[�����µP�
WKH�WUDFN�ZLGWK�LV���µP�DQG�WKH�VSDFLQJ�EHWZHHQ�WKH�WUDFNV�LV
�µP��7KH� LQGXFWRU� LV� ODLG�RXW� RQ� WKH� WKLUG�PHWDO� OD\HU� RI� WKH
SURFHVV�

7KH�RQ�FKLS�LQGXFWRU�/s����WXUQ�VTXDUH�����µP�[�����µP��LV
XVHG� LQ� FRPELQDWLRQ�ZLWK� WKH�&gs��&f� FDSDFLWRU� IRU� ��Ω� LQSXW

PDWFKLQJ� RI� WKH� /1$�� 7KH� LQSXW� LPSHGDQFH� RI� WKH� /1$� LV

FDOFXODWHG�E\
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ZKHUH�&gst &gs��&f�

7KH���Ω�GULYLQJ�FDSDELOLW\�RI�WKH�/1$�LV�DFKLHYHG�WKURXJK

DQ�RSHQ�GUDLQ�FRQILJXUDWLRQ�IRUPHG�E\�WUDQVLVWRU�02�DV�VKRZQ

LQ�)LJ�����7KLV� RSHQ�GUDLQ� VWDJH� ORZHUV� WKH�RXWSXW� LPSHGDQFH

RI�WKH�/1$�DQG�SURYLGHV�WKH�QHFHVVDU\�FXUUHQW�WR�GULYH�D���Ω
LQVWUXPHQW�SRUW�RQO\� IRU�PHDVXUHPHQW�SXUSRVHV�� ,WV�JDLQ�GRHV

QRW� H[FHHG� ]HUR� G%��)RU� DQ� LQWHJUDWHG�/1$� WKDW� LV� XVHG� DV� D

FHOO� LQ� ELJJHU� VLOLFRQ�5)� V\VWHP�� WKH� RSHQ�GUDLQ� VWDJH�ZRXOG

QRW�EH�XVHG�

7KH� DOWHUQDWLYH� WR� WKH� DERYH� LQSXW� LPSHGDQFH� PDWFKLQJ

WRSRORJ\� LV� WR� HPSOR\� DQ� LQGXFWDQFH� /g� DW� WKH� JDWH� RI� WKH

WUDQVLVWRU� 01� DV� VKRZQ� LQ� )LJ�� ��� ,Q� WKLV� FDVH� /g� LV� XVHG� WR

FDQFHO�RXW�WKH�LPDJLQDU\�SDUW�RI�WKH�LQSXW�LPSHGDQFH�FDXVHG�E\

WKH� SDUDVLWLF� FDSDFLWDQFH� &gs� RI� WKH� GHYLFH� 01�� 7KH� RYHUDOO

LQSXW�LPSHGDQFH�LV�JLYHQ�E\

( )
JV

ERQGP

JV

ERQGJLQ
&

/J

V&

�
//V= +++= ���

+RZHYHU�� WKLV�VROXWLRQ�KDV�FHUWDLQ�GUDZEDFNV���D�� WKH�YDOXH

RI� WKH� LQGXFWRU�/g� LV� XVXDOO\� KLJKHU� WKDQ� WKDW� RI�/s� LQ� )LJ�� ��

UHVXOWLQJ�LQ�ODUJHU�VLOLFRQ�DUHD�DQG��E��WKH�LPSHGDQFH�PDWFKLQJ

LV� QRW� VR� EURDGEDQG�� 7KH� YDOXH� RI� /g� FDQ� EH� UHGXFHG� E\

HPSOR\LQJ�WKH�JURXQGHG�FDSDFLWDQFH�&g�FRQQHFWHG�WR� WKH�JDWH

RI� 0��� EXW� WKLV� GHFUHDVHV� WKH� TXDOLW\� IDFWRU� RI� WKH� WXQHG

DPSOLILHU�
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On-chip inductors’ coupling effects
7KH�PDJQHWLF�FRXSOLQJ�RI�WKH�WZR�LQWHJUDWHG�LQGXFWRUV�RI�WKH

/1$�FDQ�VHULRXVO\�DIIHFW�V\VWHP�SHUIRUPDQFH�DQG�LWV�LPSURSHU

PRGHOLQJ� FDQ� OHDG� WR� D� GHJUDGHG� IUHTXHQF\� UHVSRQVH�� ,QSXW

LPSHGDQFH� PDWFKLQJ� RI� WKH� DPSOLILHU� LV� DOVR� DIIHFWHG� E\� WKH

FRXSOLQJ� RI� WKH� WZR� LQGXFWRUV�� )LJ�� �� GHSLFWV� WKH� /1$� SHU�

IRUPDQFH� YDULDQFH� LQ� WHUPV� RI� JDLQ�� XQGHU� GLIIHUHQW� LQGXFWRU

SODFHPHQW� VFKHPHV�� DV� SUHGLFWHG� E\�6,63�� ,Q� FDVH�$� WKH� WZR

LQGXFWRUV�DUH�ODLG�RXW�RQ�WKH�WKLUG�PHWDOL]DWLRQ�OD\HU��LQ�FDVH�%

/s�LV�ODLG�RXW�RQ�WKH�VHFRQG�OD\HU�DQG�SDUWO\�XQGHU�WKH�LQGXFWRU

RI�ORDG�=��7KH�GLDJRQDO�SODFHPHQW�RI�WKH�GHYLFHV�SURYLGHV�WKH

QHFHVVDU\�PDJQHWLF�LVRODWLRQ�IRU�WKH�RSWLPXP�RSHUDWLRQ�RI�WKH

DPSOLILHU�� DW� WKH�FRVW�RI� LQFUHDVHG�DUHD�FRYHUDJH��+RZHYHU�� LI

WKH�JDLQ�GHJUDGDWLRQ� LV�DFFHSWDEOH��FDVH�%�FDQ� OHDG� WR�D�PRUH

FRPSDFW�OD\RXW��7KHVH�WZR�YHUVLRQV�RI�WKH�OD\RXW�RI�WKH�/1$

KDYH�EHHQ�VXEPLWWHG�IRU�IDEULFDWLRQ�

7R�JLYH�D�PRUH�LOOXVWUDWLYH�H[DPSOH�RI�KRZ�WKH�SHUIRUPDQFH

RI�DQ�LQGXFWRU�LV�DIIHFWHG�E\�WKH�SUHVHQFH�RI�RWKHU�LQGXFWRUV�LQ

LWV�YLFLQLW\��)LJ�����DQG�)LJ�����SUHVHQW�WKH�/�DQG�WKH�4�YDOXHV

RI� D� VTXDUH� LQGXFWRU� �=�� LQ� WZR� GLVWLQFW� FDVHV� DV� GHSLFWHG� LQ

)LJ�����,QGXFWRU�/s�LV�GULYHQ�ZLWK�D�VHSDUDWH�FXUUHQW�VRXUFH�WKDW

KDV�WKH�VDPH�SKDVH�DV�WKH�VRXUFH�WKDW�GULYHV�=��:KHQ�/s�LV�WRR

FORVH� WR�=�� LWV� SHUIRUPDQFH� FDQ� EH� UHODWLYHO\� FKDQJHG�� GXH� WR

WKH� PDJQHWLF� FRXSOLQJ� EHWZHHQ� WKH� WZR�� SURYLGLQJ� D� YHU\

VLPSOH� WXQLQJ� WRRO�� ,Q�RWKHU�ZRUGV�� WKH�/� DQG�4�YDOXHV�RI� DQ

LQGXFWRU� FDQ� EH� WXQHG� E\� YDU\LQJ� WKH� FXUUHQW� RI� D� VHFRQG

LQGXFWRU�LQ�LWV�YLFLQLW\�

9��&21&/86,216

$Q�HIIHFWLYH�PHWKRG�RI�XWLOL]LQJ�RQ�FKLS�LQGXFWRUV�LQ�VLOLFRQ

5)� ,&� GHVLJQ� LV� GHPRQVWUDWHG� WKURXJK� DQ� /1$� SDUDGLJP��$

QRYHO� &$'� WRRO�� 6,63�� LV� FDSDEOH� RI� PRGHOLQJ� WKH� FRXSOLQJ

EHWZHHQ� DGMDFHQW� VSLUDO� LQGXFWRUV� LQ� DQ\� PHWDO� OD\HU�� DQG

SUHGLFWLQJ� WKH� LQGXFWRU�UHODWHG� SHUIRUPDQFH� YDULDQFH� RI� 5)

FLUFXLWV�

$&.12:/('*0(17

7KLV�ZRUN�ZDV�SDUWLDOO\�IXQGHG�E\�(VSULW�3URMHFW�1R�������

��2&03

5()(5(1&(6

>�@ <��.RXWVR\DQQRSRXORV��<�� 3DSDQDQRV��&��$OHPDQQL�� 6�� %DQWDV�

³$�*HQHULF�&$'�0RGHO�IRU�$UELWUDULO\�6KDSHG�DQG�0XOWL�/D\HU

,QWHJUDWHG� ,QGXFWRUV� RQ� 6LOLFRQ� 6XEVWUDWHV´��3URF�� ����� (XUR�

SHDQ� 6ROLG�6WDWH� &LUFXLWV� &RQI��� SS�� ��������� 6HS�� �����

6RXWKDPSWRQ��8�.�

>�@ <��.RXWVR\DQQRSRXORV��<��3DSDQDQRV�� ³6,63��$�&$'�7RRO� IRU

6LPXODWLQJ� WKH�3HUIRUPDQFH�RI�3RO\JRQDO�DQG�0XOWL�/D\HU� ,QWH�

JUDWHG�,QGXFWRUV�RQ�6LOLFRQ�6XEVWUDWHV´��3URF�������,QW¶O�&RQI��RQ

9/6,�DQG�&$'��SS�����������2FW��������6HRXO��.RUHD�

>�@ 1�� '�� $URUD�� .�� 9�� 5DRO�� 5�� 6FKXPDQQ�� /�� 0�� 5LFKDUGVRQ�

³0RGHOLQJ�DQG�([WUDFWLRQ�RI�,QWHUFRQQHFW�&DSDFLWDQFHV�IRU�0XO�

WLOD\HU�9/6,�&LUFXLWV´��,(((�7UDQV��RQ�&RPSXWHU�$LGHG�'HVLJQ

RI�,QWHJUDWHG�&LUFXLWV�DQG�6\VWHPV��SS���������YRO������-DQ�������

>�@ $�� &�� 5H\HV�� 6�� 0�� (O�*KD]DO\�� 6�� 'RUQ�� 0�� '\G\N�� '�� .�

6FKURGHU�� ³6LOLFRQ� DV� D� 0LFURZDYH� 6XEVWUDWH´�� 'LJ�� RI� ����

,(((�077�6�,QW¶O�0LFURZDYH�6\PS���SS�������������YRO�����0D\

������6DQ�'LHJR��8�6�

>�@ 6�� 3LSLORV�� <�� 7VLYLGLV�� -�� )HQN�� <�� 3DSDQDQRV�� ³$� 6L� ���� *+]

5/&�)LOWHU�ZLWK�7XQDEOH�&HQWHU�)UHTXHQF\�DQG�4XDOLW\�)DFWRU´�

,(((� -RXUQDO� 6ROLG�6WDWH�&LUFXLWV�� YRO�� ���� SS�� ����������2FW�

�����

>�@ -��5��/RQJ��0��$��&RSHODQG�� ³$�����*+]�/RZ�9ROWDJH�6LOLFRQ

%LSRODU�5HFHLYHU� )URQW�(QG� IRU�:LUHOHVV� 3HUVRQDO�&RPPXQLFD�

WLRQ�6\VWHPV´��,(((�-RXUQDO�RI�6ROLG�6WDWH�&LUFXLWV��YRO������SS�

�����������'HF�������

>�@ .��/��)RQJ��&��'��+XOO��5��*��0H\HU�� ³$�&ODVV�$%�0RQROLWKLF

0L[HU� IRU�����0+]�$SSOLFDWLRQV´��,(((�-RXUQDO� RI� 6ROLG�6WDWH

&LUFXLWV��YRO������SS�������������$XJ�������

���

���

���

���

�

��

��

��� ��� ��� ���

&DVH�$

&DVH�%

)UHTXHQF\��*+]�

/
1
$
�*
DL
Q
��
G
%
�

=

/V

/V

=

&DVH�$ &DVH�%

����µP

)LJ�����/1$�JDLQ�YDULDQFH�IRU�WZR�SODFHPHQW

VFKHPHV�RI�RQ�FKLS�LQGXFWRUV

)LJ������,QGXFWDQFH�RI�=�WKDW�LV�PDJQHWLFDOO\�FRXSOHG�WR�/V

)LJ������4XDOLW\�IDFWRU�RI�=�WKDW�LV�PDJQHWLFDOO\�FRXSOHG�WR�/V


