
0HFKDQLVPV�RI�6HPLFRQGXFWRU�,QWHUIDFH�)RUPDWLRQ�DQG�LWV�(OHFWURQLF�
3URSHUWLHV�EDVHG�RQ�4XDQWXP�7KHRU\�

$WVXVKL�2VKL\DPD 
,QVWLWXWH�RI�0DWHULDOV�DQG�6\VWHPV�IRU�6XVWDLQDELOLW\��1DJR\D�8QLYHUVLW\ 

)XUR�FKR��&KLNXVD�NX��1DJR\D��������� 

,Q� WKH� ILVFDO�\HDU�RI�������RQ� WKH�EDVLV�RI� WKH�

WRWDO�HQHUJ\� HOHFWURQLF�VWUXFWXUH� FDOFXODWLRQV� DQG�

PROHFXODU� G\QDPLFV� VLPXODWLRQV� ZLWKLQ� WKH�

GHQVLW\�IXQFWLRQDO� WKHRU\��ZH� KDYH� VWXGLHG� DWRP�

VFDOH� EHKDYLRU� GXULQJ� WKH� HSLWD[LDO� JURZWK� RI�

SRZHU� VHPLFRQGXFWRUV�� VLOLFRQ� FDUELGH� �6L&�� DQG�

JDOOLXP� QLWULGH� �*D1��� 7KH�PDLQ� FRPSXWD� WLRQDO�

WRROV� DUH� RXU� 56')7� �5HDO� 6SDFH� 'HQVLW\�

)XQFWLRQDO� 7KHRU\�� FRGH� DQG� 56�&30'� �&DU�

3DUULQHOOR� 0ROHFXODU� '\QDPLFV�� FRGH�� :H� KDYH�

FODULILHG����WKH�VWUXFWXUHV�DQG�HQHUJHWLFV��DQG�WKHQ�

WKH�PRUSKRORJ\�RI�6L&�VXUIDFH�VWHSV�>���@�����WKH�

OLTXLG�OLNH�EHKDYLRU�RI� WKH� WRSPRVW�*D�DWRPV� >�@�

DQG� ��� WKH� PHFKDQLVP� RI� R[\JHQ� LQFRUSRUDWLRQ�

GXULQJ� WKH� HSLWD[LDO� JURZWK� RI� *D1� >���@�� 7KH�

JURXS� LGHQWLILFDWLRQ� FRGHV� IRU� WKH� DFKLHYHPHQWV�

DERYH�DUH�N�����DQG�P������%HORZ��,�H[SODLQ�WKH�

LVVXHV����DQG������

�� 6WHS�VWUXFWXUHV�DQG�PRUSKRORJ\�RI�6L�

IDFH�6L&�3RODU�6XUIDFH

6L&� LV�QRZ�HPHUJLQJ�DV�D�SURPLVLQJ�PDWHULDO

IRU� SRZHU� HOHFWURQLFV��7KLV� LV� GXH� WR� LWV� SK\VLFDO�

SURSHUWLHV� VXSHULRU� WR� 6L�� D� FXUUHQW� SUHPLHU�

PDWHULDO�� VXFK� DV� WKH� ZLGHU� EDQG� JDS� DQG� WKH�

KLJKHU�HOHFWULF�EUHDN�GRZQ�YROWDJH��7KH�WKLQ�ILOP�

JURZWK�RI�6L&� LQ� WKH� VWHS�IORZ�PRGH� LV� HVVHQWLDO�

LQ� WKH� IDEULFDWLRQ� RI� HOHFWURQLF� GHYLFHV��

8QGHUVWDQGLQJ� RI� ERQG� FRQILJXUDWLRQV� QHDU� WKH�

VWHS�RQ�WKH�DWRPLVWLF�OHYHO�LV�QHFHVVDU\�LQ�RUGHU�WR�

LGHQWLI\� WKH� UHDFWLYLW\� DW� WKH� VWHS� HGJHV��

)XUWKHUPRUH�� HSLWD[LDO� JUDSKHQH� FDQ� EH� SUHSDUHG�

RQ�6L&�VXUIDFHV��DQG�WKH�VXUIDFH�VWHSV�RI�6L&�DOVR�

SOD\� DQ� LPSRUWDQW� UROH�� +HQFH�� LW� LV� FHUWDLQO\�

LPSRUWDQW� DQG� LQHYLWDEOH� IURP� ERWK� VFLHQFH� DQG�

WHFKQRORJ\�YLHZSRLQWV�WR�LGHQWLI\�WKH�DWRPLF�VWHSV�

RQ� 6L&� DQG� FODULI\� WKHLU� HQHUJHWLFV�� WKDW� KDV� QRW�

EHHQ� DFKLHYHG� \HW��2XU� SUHYLRXV� FDOFXODWLRQV� >�@�

VKRZ� WKDW� WKH� VLQJOH�ELOD\HU� KHLJKW� VWHSV� DUH�

)LJ���� 6FKHPDWLF� YLHZ� RI� WKH� ILYH� GLVWLQFW�
PRQR�ELOD\HU�VWHSV�RQ�6L&��������VXUIDFH��6L�
DQG� &� DWRPV� DUH� UHSUHVHQWHG� E\� WKH� ODUJHU�
�EOXH��DQG�VPDOOHU��EURZQ��EDOOV��UHVSHFWLYHO\��
7KH�6L���6L���&��DQG�&��VWHSV�DORQJ�WKHۦ����
��ۧ� GLUHFWLRQ� DQG� WKH� 6&� VWHS� DORQJ� WKH� ��ۦ
���ۧ�GLUHFWLRQ�DUH�VKRZQ�DOO�WRJHWKHU��
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HQHUJHWLFDOO\� IDYRUDEOH� FRPSDUHG� ZLWK� KLJKHU�

VWHSV�RQ�6L&�������RU�������VXUIDFH��

)LJXUH� �� VKRZV� VFKHPDWLF� YLHZ� RI� �� GLVWLQFW�

VLQJOH�ELOD\HU� KHLJKW� VWHSV�� 7KHUH� DUH� WZR�

GLIIHUHQW�FODVVHV�RI�VWHSV��2QH�LV�>�����@�RULHQWHG�

DQG�WKH�RWKHU�LV�WKH�>�����@�RULHQWHG��IXUWKHU�LQ�WKH�

ODWWHU�� IRXU� GLIIHUHQW� VWHS� HGJHV� H[LW� ZKLFK� DUH�

ODEHOOHG�E\�WKH�DWRPLF�VSHFLHV�DW�WKH�HGJH�DQG�WKH�

QXPEHU� RI� WKH� GDQJOLQJ� ERQGV� EHIRUH� WKH�

VWUXFWXUDO�UHOD[DWLRQ�DV�6L���6L���&��DQG�&����

:H� KDYH� SHUIRUPHG� GHWDLOHG� VWUXFWXUDO�

RSWLPL]DWLRQ�IRU�DOO� WKH�SRVVLEOH�DWRPLF�VWHSV�DQG�

GHWHUPLQHG� WKHLU� VWUXFWXUHV�� 1HDU� VWHS� HGJHV� ZH�

KDYH� IRXQG� SURPLQHQW� UHERQGLQJ� EHWZHHQ� WKH�

XSSHU�WHUUDFH� DQG� WKH� ORZHU� WHUUDFH� 6L� DWRPV� LQ�

6L��DQG�6&�VWHSV�DQG�DOVR�D�SHFXOLDU�UHVRQDQW�OLNH�

UHERQGV� IRU� 6L�� VWHSV�� DV� ZHOO� DV� WKH� &�

GLPHUL]DWLRQ�IRU�WKH�&��VWHS���

)LJXUH��� VKRZV� FDOFXODWHG� IRUPDWLRQ� HQHUJLHV�

IRU� �� GLVWLQFW� VWHSV� DV� D� IXQFWLRQ� RI� 6L� FKHPLFDO�

SRWHQWLDO��1HDU�VWHS�HGJHV��WKH�QXPEHUV�RI�6L�DQG�

&� DWRPV� DUH� GLIIHUHQW� VR� WKDW� ZH� QHHG� WKH�

FKHPLFDO�SRWHQWLDO���:H�KDYH� IRXQG� WKDW�6L�� VWHS�

WRZDUG� >�����@� LV� WKH� PRVW� VWDEOH� DQG� 6L�� VWHS�

IROORZV�� 7KH� 6&� VWHS� WRZDUG� >�����@� LV�

FRPSDUDEOH�ZLWK�WKH�6L��VWHS���

7KH� HQHUJHWLFV� REWDLQHG� DERYH� SUHGLFWV� VRPH�

LQWHUHVWLQJ� PRUSKRORJ\� RI� DWRPLF� VWHSV� RQ�

6L&�������� ([SHULPHQWDOO\�� WKH� ������� VXUIDFH� LV�

VOLJKWO\� LQFOLQHG� DORQJ� HLWKHU� >�����@� RU� >�����@�

GLUHFWLRQ��:KHQ� LW� LV� LQFOLQHG� DORQJ� WKH� >�����@��

WKH� VXUIDFH� FRQVLVWV� RI� WKH� >����@� WHUUDFH� DQG�

VHYHUDO�VWHSV�DPRQJ�6L���6L���&��DQG�&���ZKHUHDV�

LW� FRQVLVWV� RI� WKH� WHUUDFH� DQG� 6&� VWHSV� ZKHQ�

LQFOLQHG� DORQJ� >�����@�� ,Q� WKH� IRUPHU�� WKH� 6L�� RU�

6L�� VWHSV� DUH� HQHUJHWLFDOO\� IDYRUDEOH� �)LJ�� ����

+RZHYHU��LQ�WKH�ODWWHU��WKH�6&�VWHS�LV�HQHUJHWLFDOO\�

XQIDYRUDEOH� FRPSDUHG� ZLWK� 6L�� DQG� DOVR� 6L�� LQ�

VRPH� UDQJH� RI� WKH� 6L� FKHPLFDO� SRWHQWLDO�� +HQFH�

ZH�H[SHFW�WKDW�WKH�VWHSV�WRZDUG�>�����@�VKRZ�]LJ�

]DJ�VKDSH�FRQVLVWLQJ�RI��IRU�LQVWDQFH��6L��DQG�6L���

:H� KDYH� LQGHHG� IRXQG� WKDW� VXFK� ]L]J]DJ�VKDSHG�

VWHS�HGJH� SDLUV� RI� 6L�� �6L�� LV� ORZHU� LQ� WKH�

IRUPDWLRQ�HQHUJ\� WKDQ� WKH� VWUDLJKW�VKDSH�6&� VWHS�

RQ� WKH� >����@� VXUIDFH� LQFOLQHG� DORQJ� >�����@�

GLUHFWLRQ���

�� 7ZR�'LPHQVLRQDO� *D� OLTXLG� RQ�

JURZLQJ�*D1�VXUIDFH�

*D1�� D� IXQGDPHQWDO� PDWHULDO� ZRUOGZLGH� XVHG�

IRU� KLJK� SHUIRUPLQJ� RSWR�HOHFWURQLF� GHYLFHV�� LV�

UDSLGO\� EHFRPLQJ� DQRWKHU� FDQGLGDWH� WR� XQVHDW� 6L�

LQ� SRZHU� HOHFWURQLFV�� <HW�� WKHLU� SUDFWLFDO�

 
 
Fig. 2: Calculated formation energies of 
the mono-bilayer atomic steps on 
SiC(0001) surface as a function of the Si 
chemical potentiDO� ǍSi, measured from 
WKDW� LQ� FU\VWDOOLQH� 6L�� ǍSi(bulk). Shaded 
areas surrounded by each pair of solid 
lines represent the uncertainty  in the 
calculated formation energy. 
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UHDOL]DWLRQ�DVNV�IRU�WKH�UHDOL]DWLRQ�RI�WKLQ�HSLWD[LDO�

ILOPV� RI� KLJKHU� TXDOLW\� ZLWK� UHVSHFW� WR� ZKDW� LV�

GRQH�QRZDGD\V�IRU�RSWRHOHFWURQLF�DSSOLFDWLRQV��,W�

LV� WKXV� KLJKO\� GHPDQGHG� WR� FODULI\� WKH� QDWXUH� RI�

WKH�JURZLQJ�*D1�VXUIDFH�DW�DWRPLVWLF�OHYHO���

,W�LV�NQRZQ�WKDW�XQGHU�W\SLFDO�FRQGLWLRQV�RI�WKH�

HSLWD[LDO� JURZWK� RI� *D1�� WKH� VXUIDFH� LV� *D�ULFK��

+HQFH� ZH� SUHSDUH� *D�ULFK� VXUIDFH� DQG� UDLVH� WKH�

WHPSHUDWXUH� E\� &30'� VLPXODWLRQV� IURP� URRP�

WHPSHUDWXUH�� :H� KDYH� IRXQG� WKDW�� ZKHQ� WKH�

WHPSHUDWXUH� UHDFKHV� WKH� W\SLFDO� JURZWK�

WHPSHUDWXUH�� L�H��� ����� .�� WKH� WRSPRVW� *D� DWRP�

VXGGHQO\�PRYHV�IURP�WKHLU�RULJLQDO�SRVLWLRQ��7KH�

FDOFXODWHG� *D�*D� SDLU� FRUUHODWLRQ� IXQFWLRQ� LV�

VKRZQ� LQ� )LJ�� ��� $W� URRP� WHPSHUDWXUH�� WKH� WRS�

OD\HU� *D� DWRPV� YLEUDWH� DURXQG� WKHLU� RULJLQDO�

SRVLWLRQV�� 7KH� SDLU� FRUUHODWLRQ� IXQFWLRQ� VKRZV� D�

SHDN� GHWHUPLQHG� E\� WKH�*D� FRYHUDJH�� 7KHQ�ZLWK�

LQFUHDVLQJ� WHPSHUDWXUH�� WKH� SDLU� FRUUHODWLRQ�

IXQFWLRQ�VKRZV�WKH�SHDN�DW�WKH�VDPH�SRVLWLRQ�ZLWK�

LQFUHDVLQJ� SHDN� ZLGWK�� VKRZLQJ� WKH� HQKDQFHG�

WKHUPDO� YLEUDWLRQ�� +RZHYHU�� DW� WKH� JURZWK�

WHPSHUDWXUH�� WKH� WRS�OD\HU�*D� DWRPV� JHW� WRJHWKHU�

DQG� H[KLELW� WKH� SHDN� DW� PXFK� VKRUWHU� GLVWDQFH��

LQGLFDWLQJ�VRPH�FRQGHQVHG�SKDVH�RI�*D���

%\� XVLQJ� .XER�IRUPXOD� �YHORFLW\�YHORFLW\�

FRUUHODWLRQ� IXQFWLRQ��� ZH� KDYH� FRPSXWHG� WKH�

GLIIXVLRQ�FRHIILFLHQW�RI�WKH�WRS�OD\HU�*D�DWRP��:H�

KDYH�IRXQG�WKDW�WKH�GLIIXVLRQ�FRHIILFLHQW�MXPSV�DW�

����� .� IURP� LWV� YDOXH� RI� ������ [� ����� FP��V� DW�

�����.�WR�WKH�YDOXH�RI�������[������FP��V��:H�WKXV�

FRQFOXGH� WKDW� WKLV�FRQGHQVHG�SKDVH� LV�QRW�D�VROLG�

SKDVH�EXW�D�WZR�GLPHQVLRQDO�OLTXLG�SKDVH��7KLV�LV�

FRUURERUDWHG� E\� WKH� DEVHQFH� RI� WKH� SHDNV� H[FHSW�

IRU�WKH�ILUVW�SHDN�DW������.�LQ�)LJ�����7KH�QRWLRQ�

WKDW� WKH�*D1� VXUIDFH�GXULQJ� WKH� HSLWD[LDO� JURZWK�

LV���GLHPQVLRQDO�OLTXLG�LV�XQUHFRJQL]HG�LQ�WKH�SDVW�

DQG� LPSRUWDQW� WR� FRQVLGHU� PHFKDQLVP� RI� WKH�

HSLWD[LDO�JURZWK���

5HODWHG�3XEOLFDWLRQV�

>�@�.��6HLQR�DQG�$��2VKL\DPD��$SSO��3K\V��([S��

�������������������

>�@� .�� 6HLQR� DQG� $�� 2VKL\DPD�� 3K\V�� 5HY�� %�

�������WR�EH�SXEOLVKHG���

>�@� .�� 0�� %XL�� 0�� %RHUR�� .�� 6KLUDLVKL� DQG� $��

2VKL\DPD�� -SQ�� -�� $SSO�� 3K\V�� ���� 6**.���

��������

>�@� )�� 6KLQWDNX� HW� DO��� $SSO�� 3K\V�� ([S��� ����

��������������

>�@�'��<RVKR�HW�DO���3K\V��6WD��6ROLGL���5DSLG�5HV��

/HWW������������������

>�@� .�� 6DZDGD�� -��,�� ,ZDWD�� D�� 2VKL\DPD�� $SSO��

3K\V��/HWW�����������������������

 

 
)LJ�� ��� (YROXWLRQ� RI� WKH� *D�*D� SDLU� FRUUHOD��
WLRQ� IXQFWLRQ� LQ� WKH� WRS�OD\HU� RI�*D1� GXULQJ�
WKH�KHDWLQJ�SURFHVV��7KH�LQLWLDO�GLVWDQFH�RI�����
c� FRUUHVSRQGV� WR� WKH� UHOD[HG� V\VWHP� IURP�
ZKLFK�G\QDPLFDO�VLPXODWLRQV�ZHUH�VWDUWHG��
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