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$EVWUDFW�

We report on the resistive switching behavior of iron-doped strontium titanate (SrTiO3 or STO), particularly 
related to electroforming. Epitaxial iron:STO��)H�672��WKLQ�ÀOPV�ZHUH�GHSRVLWHG�RQ�D�VLQJOH�FU\VWDOOLQH�QLR�
bium:STO (Nb:STO) substrate with pulsed laser deposition (PLD). Large defect structures were located on 
WKH�ÀOP�XVLQJ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���3ODWLQXP�HOHFWURGHV�ZHUH�SODFHG�RYHU�DUHDV�ERWK�ZLWK�
and without these defects; electroforming and switching behavior were characterized. Results indicated that 
GHIHFW�VWUXFWXUHV�KDYH�VLJQLÀFDQWO\�GLIIHUHQW�HOHFWURIRUPLQJ�EHKDYLRU�WKDQ�RWKHU�DUHDV�RI�WKH�ÀOP�

,QWURGXFWLRQ�

As the scalability limits of transistor-based memory 
DSSURDFK�� LW� LV� EHFRPLQJ� LQFUHDVLQJO\� QHFHVVDU\� WR� ÀQG�
DOWHU�QDWLYHV�WR�PRGHUQ�ÁDVK�PHPRU\��2QH�VXFK�DOWHUQDWLYH�
LV� WR� XWLOL]H� UHVLVWLYH� VZLWFKLQJ� HIIHFWV� WR� FUHDWH� UHVLVWLYH�
UDQGRP� DFFHVV� PHPRU\� �55$0��� 5HVLVWLYH� VZLWFKLQJ� LV�
WKH�SKHQRPHQD�LQ�ZKLFK�FHUWDLQ�PDWHULDOV�FDQ�EH�VZLWFKHG�
EHWZHHQ�KLJK�DQG�ORZ�UHVLVWDQFH�VWDWHV��ZKLFK�DW�DV�ELQDU\�
´21µ�DQG�´2))µ�VWDWHV�LQ�PHPRU\��,Q�UHVLVWLYH�VZLWFKLQJ�
GHYLFHV��D�W\SLFDOO\�LQVXODWLQJ�OD\HU��JHQHUDOO\�DQ�R[LGH��LV�
GHSRVLWHG�EHWZHHQ�WZR�FRQGXFWLQJ�OD\HUV��7KH�DSSOLFDWLRQ�
RI� YROWDJH� VZLWFKHV� WKH� GHYLFH� EHWZHHQ� KLJK� DQG� ORZ�
UHVLVWDQFH�VWDWHV�� ,Q� VRPH�FDVHV��DQ�HOHFWURIRUPLQJ�VWHS� LV�
QHHGHG�WR�DFWLYDWH�WKH�VZLWFKLQJ��

,Q� WKLV� FDVH�� WKH� RQH�WLPH� DSSOLFDWLRQ� RI� YROWDJH� FKDQJHV�
WKH�VZLWFKLQJ�GHYLFH�IURP�LWV�LQLWLDO�YLUJLQ�VWDWH�DQG�HQDEOHV�
UHVLVWLYH�VZLWFKLQJ��672�LV�RIWHQ�XVHG�DV�D�PRGHO�PDWHULDO�IRU�
UHVLVWLYH�VZLWFKLQJ��+RZHYHU��WKHUH�ODFNV�D�FOHDU�FRQVHQVXV�
DQG� XQGHUVWDQGLQJ� IRU� WKH� XQGHUO\LQJ� SK\VLFRFKHPLFDO�
SURFHVVHV�LQYROYHG�LQ�UHVLVWLYH�VZLWFKLQJ��SDUWLFXODUO\�WKRVH�
IRU�HOHFWURIRUPDWLRQ�>�@�

([SHULPHQWDO�3URFHGXUH�
7R�EHJLQ�WKH�IDEULFDWLRQ�SURFHVV������ZW���1E�GRSHG�672�
VXEVWUDWHV�ZHUH�DQQHDOHG�IRU�WKUHH�KRXUV�WR�HQVXUH�D�WHUUDFH�
VWHS�WRSRJUDSK\��ZKLFK�ZDV�WKHQ�YHULÀHG�ZLWK�DWRPLF�IRUFH�
PLFURVFRS\��7KHVH�VXEVWUDWHV�DOVR�DFW�DV�WKH�ERWWRP�HOHFWURGH�
RI�WKH�VZLWFKLQJ�GHYLFH��(SLWD[LDO���DW���)H�GRSHG�672�WKLQ�
ÀOPV�ZHUH�GHSRVLWHG�XVLQJ�3/'��RI�WKLFNQHVV�HLWKHU����QP�
RU�����QP��2Q�VRPH�VDPSOHV��D����QP�SODWLQXP�WKLQ�ÀOP�

Figure 1: A defect structure located on 
WKH�VXUIDFH�RI�DQ�)H�672�WKLQ�ÀOP�

ZDV� WKHQ� VSXWWHUHG�� SDWWHUQHG� ZLWK� SKRWROLWKRJUDSK\�� DQG�
HWFKHG�XVLQJ�UHDFWLYH�LRQ�HWFKLQJ��5,(��WR�FUHDWH�DUUD\V�RI�
�����P�E\������P�WRS�HOHFWURGHV�

2Q�D�����QP�)H�672�WKLQ�ÀOP�VDPSOH��D�OD\HU�RI�SRO\�PHWK\O�
PHWKDFU\ODWH�� �300$�� ZDV� VSXQ� RQ� WRS� RI� WKH� )H�672�
WKLQ� ÀOP�� PDUNHU� VWUXFWXUHV� ZHUH� SDWWHUQHG� ZLWK� H�EHDP�
OLWKRJUDSK\�DQG�HWFKHG�ZLWK�5,(�SULRU�WR�WKH�VSXWWHULQJ�RI�
WKH����QP�SODWLQXP�ÀOP��7KH�300$�ZDV� WKHQ� UHPRYHG��
OHDYLQJ�EHKLQG�SODWLQXP�PDUNHU�VWUXFWXUHV�RQ� WKH�)H�672�
WKLQ� ÀOP�� 7KHQ�� XVLQJ� 6(0�� WKH� ÀOP� ZDV� H[DPLQHG� DQG�
ODUJH�GHIHFW�VWUXFWXUHV�ZHUH� ORFDWHG�UHODWLYH� WR� WKH�PDUNHU�






