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ÏLUC��^�, ïÄ
 Ag-SiO2 ��¥�"�é>{�=�A�K�. é'ØÓ�9?n¢�^�, uy
3 120 ◦C ò»��¬² forming L§�äk­½�>{=CA5; ,��¡, 3 Ar/O2 ·Üí¨e)�� SiO2 ä
k'3X Ar e)���¬�\­½!­E�>{=CA5. ÏL¢�©Û, L²9?n!>|�^Ú�¬��í
¨�±UC!N!�¬¥�"�©Ù (Ag WY�fÚ�� "�), l
�� Ag-SiO2 ¥Äu"���>Ï�(�
�/¤Ú�«, JÑ
Jp>{�=­½5�7�^�.

'�c: >{�=�A, "�, 9?n

PACS: 77.80.Fm, 68.90.+g, 68.35.Dv

1 Ú ó

>{�=�A´3	\>|�^e7á/�
z Ô/7 á n ² £ ( � � > { � 3 p $ { � �
m ¢ y � _ � = � y �. 2000 c { I > d î
�Æ Ignatiev �|��
3E,�zÔ��N
X Pr0.7Ca0.3MnO3 ¥*	�>óÀÚå�>{
�=�A [1], duäk`û�&E�;A5, gÊ
úi��Ü�¿��ü«
Äu Pr0.7Ca0.3MnO3

��Å�;ì [2]. 8c, äk>{�=�A�á
��)��LÞ7á�zÔ, X NiO[3], TiO[4,5]

2 ,
ZrO[6]

2 , ZnO[7], CuO[8,9]
x �, ± 9 E , � z Ô,

X SrTiO[10,11]
3 , SrZrO[12]

3 , PrCaMnO3 (PCMO)[1,13]

�. ,��¡, éuù«Äu�zÔ�>{=C�
ÔnÅ�E,�3X2���ØÚ&¢, �5�õ
�¢�L², ØÓá�¥�>{�=�A�±��
©�d�=CÚÏ�LjÏäü�a [14−16], 
C
c5�þïÄuy, Äu�zÔ¥�"�(�3>
{=C¥/¤Ï���.¤���U�>{=C
Å� [4,16−18]. �,�zÔ¥�"����>Ï�
��)¿Úå>{�=�A´Ø��¯¢ [4,16−19],
�ØÓá�NX¥�>Ï��(��¤©ÿØ�

Ù, "�(��©Ùé>{�=�A�K�ÚN�
�^¿�²(. SiO2 ��´pÖ7á�zÔ��
N (CMOS) ó²¥�­�õUá�, @Ï<�Q²
ïÄL9?n���^�é SiO2 ��¥�"�D
�>{Ç�K� [20−22], �C3ù�á�NX¥�
*	�>{�=�A [23−25], Ïd, ·�æ^^�
í���
7á/��z7/7á��(�, ÏLU
C9?n§ÝÚ)�í¨�ØÓ��^�, UC

�¬¥ SiO2 �"�©Ù, ¿é'ïÄ
"�©Ù
é�>Ï���)Ú�«1��K�5Æ.

2 ¢ �

�¬´^ Kurt J. Lesker úi� PVD 75 ^�
í�XÚ3L¡k9�z SiO2 ý��� Si (100)
Ä¡þ���, �ÈXÚ��.ý�� 8×10−6 Pa,
í�ó�íN (Ar) �íØ� 0.34 Pa. ���¬
�, 3 Si �.þÄk)� 15 nm � Ti ��NX
�, �X)� 100 nm � Pt ��.>4, ÏL�ª
^�í��� 160 nm � SiO2 ��ý��, ,�
æ^IO��\ó Lift-off ó²3 SiO2 ý��¥
��>� 60 µm ���
�, 2���¥�g�
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È 30 nm � SiO2, 15 nm � Ag Ú 50 nm � Pt �
±�¤ Pt/Ag/SiO2/Pt n²£(�, Ù¥ºÜ� Pt
�´�
�� Ag ��z. 3>Æÿþc, ¤k�
¬3�í�¸e 120 ◦C ò» 1.5 h. I�`²�
´, Ø²Lò»?n��¬, *	Ø�­½��
�>{�=A5. Ó�, 3/¤­½�>{=C
�c, �¬I�²{��>Æ forming L§. form-
ing L§��UìXe��ª?1, =l��� 
Ø (1.0 V) m©õg×£ I-V , ,�± 0.5 V �Ú
�ÅìO�×£>Ø (��5` forming ���
>Ø3 2—6 V ��S, ØÓ�¬�O��), ��
�¬Ñy²w�>{=CA5. 3�¬>ÆA5
ÿÁL§¥, .>4 Pt �/, |^>Ø�ª?1
×£, �¬�>6 - >Ø­�´æ^ Keithley ú
i� 2400 >6
L5ÿþ¼�, >6 - >ØA5
ÿþ^SU 0→ Vmax →0→−Vmax →0 ?1. 3
>óÀp��>{=C (electrical pulse induced re-
sistance change effect, {P� EPIR) �AÿþL§
¥, æ^ Agilent úi� B1110A óÀè.u)ì
ÑÑóÀ, æ^ Keithley úi 2400 
L5Ö��
¬>{�. æ^F�°óúi SPA-400 �fåw�
º (AFM) *ÿ�¬�L¡/m.

3 (J�?Ø

3.1 SiO2 LLL¡¡¡///mmmÿÿÿþþþ

ã 1(a) ´ Pt/SiO2 �� 10 µm2 ��S�L¡
/mã, ã 1(b) ´ 1 µm2 �Û���S�L¡/m
ã. ÿþ(JL², 3�CXº>4�c� SiO2 �
�L¡o÷Ý�þ��� Rrms �k 1.16 nm, L¡
vk��G�"�, (�
�¬(��­½5Ú>
Æ5����5.

3.2 ���¬¬¬���ÑÑÑ$$$AAA555

3æ^ lift-off ó²�¤ Pt/Ag/SiO2/Pt n²£
(�«�¬�, �¬Äk3 120 ◦C §Ý�¸eò
» 1.5 h, �X?1�6>Øe� forming, ,�?1
>Ñ$5�ÿþ. ã 2(a) �¿§e�� forming �
�;.�¬ü��>6 - >ØA5­�, L²�¬
¢y
­½�p!${�V4 (bipolar) >{=C,
Ù¥ forming �p!${��>{���� 3×103

Ú 5×102 Ω �m, 
p§ò»c!��Ð©>{
©O� 6×106 Ú 1×104 Ω �m. ÏLé'ÿþ, u

yØÓ�¬�p - ${��=>Ø�3�
«O,
�p${��>{��3�Ó��S, Xã 2(a) �
ã 3(d) ¤«. ã 2(b) �Ó��¬3>ØóÀ-ye
�>{�=¢�(J, Ù¥óÀ°Ý� 8 µs, óÀ
Ì�� ± 1.5 V, ÖÑ>Ø� 0.1 V. 3ëY�= 500
g��, �¬�,�±
ûÐ�p!${�, `²
�¬äk­½�>{�=A5.

ã 1 (a) 10 µm2 �� AFM ã�; (b) 1 µm2 �� AFM ã�

éu Ag/SiO2/Pt ��(�, XJvk²{p§
ò», du SiO2 ý���þ, ��>f3>4�m
����B'�(J, Ïd�¬k4p�>{. 3
p§ò»L§¥, º>4.¡?�Ü© Ag �f*
Ñ?\ SiO2 ��, ¤�WY�f [26−28], 3 SiO2

ý��¥/¤7á�fìq, ¿¤�>D�L§
¥��B�:, 4�/~�
>4�m�¢S�
Bål, Ïdò»���¬>{�Ì~� [29]. ,
��¡, 3> forming L§¥, Ag lf3>|�^
e3ý��¥[£, ¿3.>4«�L8, �)

Úå>{=C�7á.��>Ï� [25,30,31], /¤
$>{�; ���\>|L§¥, Ag 3��>|�
�^el�>Ï�¥[£Ñ5, ­#?\ SiO2 ý
��, E¤�>Ï��), �¬£�p{G�, ¢
y
>{��=L§. �,Ï���(�8cÿ
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Ø²(, �Ï�S�lf[£��.��
�5
�õ�¢�y¢ [14,16,23,30]. �IæÒ�Æ Waser
�|Ú{Iæ|Ò@²á�Æ Kozicki �|?1

Ü�ïÄ, 3ÏL9*Ñ/¤� W-(Cu/SiO2)-
Cu ì�¥, uy>zÆ���7áÏ��Ïä
��
>{=C [23]. Ag 3 SiO2 ¥�*ÑXê
� (4.5×10−13 cm2/s), ' Cu(1.2×10−11 cm2/s) ��
õ [27], Ïd, �±ÏLØÓ�9?n�ª5N� Ag
WY�f3 SiO2 (�¥�©Ù, l
¢y­½�
>{�=�A.

ã 2 120 ◦C ò » 1.5 h � ¬ forming � � > { = C A 5
(a) I-V ­�, Ù¥S�ã´�¬�(�«¿ã; (b) EPIR �
A, >óÀ°Ý� 8 µs, óÀÌ�� ± 1.5 V, ÖÑ>Ø 0.1 V

3.3 ØØØÓÓÓ999???nnn^̂̂���ééé>>>ÆÆÆ555UUU���KKK���

9?n§Ýé*ÑÚå�WY. Ag �f"
��©Ùkû½5K�, Ïd·�é�X��¬©
O?1
ØÓ^�9?n, ¿ÿþ
Ù>Æ5U:
(1) Øò»; (2) 120 ◦C ò» 1.5 h, �Ø²{ forming
L§; (3) 250 ◦C ò» 1.5 h; (4) 120 ◦C ò» 1.5 h,
�¤ forming L§.

ã 3 ´ ¢ � ÿ þ � � � ; . I-V ­ �. X
ã 3(a) ¤«, Ø²Lò»?n��¬>{���

3îî±þ, �¬¥ý�A5, 3ÿþ>Ø��S
>6�>ØÃ5ÆCz, õgÿþL§¥ I-V ­
���Ø�Ó, vkLyÑ²w�>{�=�A,
=¦Ñyã¥¤«�k���£¢y��´zg
ÿþ�m�Ø�Ó, ¿�k��k��½ö�kK
� Øek���Ø�­E�£¢. ã 3(b) �²
L 120 ◦C ò»��¬, Ù>{��ÌP~, ��3
Zîþ?, 3ÿþ>Ø��S>6�>Ø��5
O\, vk­½�>{�=A5. ã 3(c) ¤«�²
L 250 ◦C ò»��¬�>6�>Ø�5Cz (�
6 100 mA), >{���3 50 Ω ±e, ?uá´
G�, ¥yÑ;.�7á51�. ã 3(d) ¤«�²
L 120 ◦C ò» 1.5 h, ¿²{ forming L§��¬,
�'ã 3(b) ¤«vk forming ��¬, Ù>{�Ñ
k~�, �¥y­½­E�V4>{=CA5.

·�@�ØÓ�9?n^�Úå Ag 3 SiO2

� � ¥ � * Ñ § Ý Ø Ó, � � þ ã � ¬ L y Ñ
ØÓ�>ÆA5. �N��¥�*Ñ´��9
-¹L§, *ÑXê D Ú§Ý�'X�L«�:
D = D0exp(−Q/kT ), Ù¥ D0 ´*Ñ~ê, Q ´*
Ñ-¹U, k ´ Boltzmann ~ê, T ´ Kelvin §Ý.
Ø²Lò»?n��¬, 16f���B�� SiO2

ý��¤I�Ñ�³^ép, �¬äk4p�>
{. éuØò»��¬3 I-V ×£¥Ñy�Ø­
E5���£¢y��±8Ïu SiO2 �3�þ
"�, ��SÜ�(�Ø­½ [22], Ïdõgÿþ
L§¥�¬>ÆA5�Ly�É. 
3 120 ◦C ò
»L§¥, Ü© Ag �f*Ñ?\ SiO2 ý��, W
Y Ag �f/¤7á�fìq, ~�
16f�¢
S�Bål, ¦��¬>{�Ì~�. �Xò»§
Ý?�Ú,p� 250 ◦C, *ÑXê�ê5O�, �
þ Ag �f*Ñ?\ SiO2 ��, Ag �fì3 SiO2

¥�êþ�L}'K� [32,33], 3þe>4�m/
¤ÛÜ��ëÏ�7áÏ�, Ïd�¬?uá´G
�. é'ã 3(b) Úã 3(d) ��, 120 ◦C ò»��¬
7L²{ forming L§, âULyÑ­½�>{�
=A5 [29,30]. ù´Ï�3 forming L§¥, *Ñ?
\ SiO2 ��� Ag lf3>|�^e3ý��¥
[£ [23,24,29,30], �)
Úå>{=C�7á.�
�>Ï�, 3�!�� Ø�^e, Ag lf3Ï�
¥�ÛÑÚ?\��
�¬3p${��m�=;

�²L9?nØ²L forming ��¬, du*Ñ
?\� Ag ¿vk/¤7á.��>Ï�, ¤±v
k>{=C�A.
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ã 3 �¬²{ØÓ9?n�� I-V ­� (a) Øò»; (b) 120 ◦C ò» 1.5 h, Ø²L forming L§; (c) 250 ◦C ò» 1.5 h;
(d) 120 ◦C ò» 1.5 h, ¿²{ forming L§

3.4 LLL���^̂̂���ééé>>>ÆÆÆ555UUU���KKK���

þã¢�¥, ·�ÏLUC9?n^�5N!
*Ñ?\ SiO2 ��� Ag "�(�, l
3 Ag-
SiO2 NX¥¢y
ûÐ�>{=C�A. �3 Ar
í¨e)�� SiO2 �����3X�þ�� "
�, ¿��3>Æ5�Ø­½!´�)!´Pz�
": [22], ÏL9?nL§ Ag �f*Ñ?\ SiO2

¤�WY�f, �´Ü©~�
á�¥�"�ê
þ. �
?�ÚUõ�¬�>Æ5U, ·�é'ï
Ä
3 Ar/O2 ·Üí¨¥)��L� SiO2 �¬
�>ÆA5, ��L��¬��± Ar : O2 ©Ø'
� 9 : 1, oí�íØ� 0.4 Pa. Xã 4(a) ¤«, �
²ò»�L��¬äk4p�>{� (îîþ?),
3ëY 10 g I-V ×£L§¥�kÜ© I-V ­�
3��>Øe�3�=�A, Ó��=>Ø���
° (1.2—2.5 V), 
3K�>Øevkp${��«
O, =Ø²Lò»��¬, duvk Ag �f*Ñ?
\ SiO2 ��¥, vk/¤Úå>{=C��>Ï
�, �¬SÜ�(�Ø­½, ÏdÙ>{=C´Ø
U�±Ú­E�, `²�¬�{�=C´´�5�.

ã 4 3 Ar/O2 ·Üí¨e)�� SiO2 � I-V ­� (a) Øò
»; (b) 120 ◦C ò» 1.5 h ¿²{ forming L§; S�ã´ã (a)
��éê�I/ª

Xã 4(b) ¤«, ²L 120 ◦C ò» 1.5 h ¿ forming
��, ��¡L��¬�>{�~��Zîþ?,
¥yÑ­½­E�V4>{=C�A, ,��¡�
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¬>{=C, >Ø���ü$. é'"�ò»ÚL
�ò»^�e����¬�¢�(J (ã 3(d) Ú
ã 4(b)), uy"��¬3êg�=���¬N´�
�, 
L��¬3²{ê�gëY� I-V ×£��
�,�±X4Ð�­E5Ú­½5, Ó�äk�$
�>{�=>Ø. ��, �²Lò»?nÚ forming
L§��, 3 SiO2 ��¥/¤
Úå{�Cz�
�>Ï�, Ag lf3Ï�¥�ÛÑÚ?\¦��
¬¥yÑ­½­E��´�5>{=C.

3 Ar/O2 ·Üí¨eí�)�L� SiO2 ��
�, �)��lf�Ø
éõ�3u SiO4 o¡N
ó¥��� "� [22,34], ���zÔ���(�
|¤�\­½, l
Jp
á��>Æ­½5. ò
»L§¥ Ag �f*Ñ?\ SiO2 ��, ²L form-
ing ��/¤�>Ï��¬, ¥y­½�V4>{
=C�A.

4 ( Ø

¢�ïÄy², ÏLUC9?n^�Úí�í
¨ü«Ãã, éÐ/UCÚN!
�¬¥�"�©
Ù (Ag WY�fÚ�� "�). é'ØÓ9?n^
�, ò»§Ý�p, Ag-SiO2 NX>{��, �ò»
§Ý�L 250 ◦C �¤k�¬Ñ?uá´G�, �¬
3 120 ◦C ò»Ú forming L§��¥yÑûÐ�
>{=C�A.

,��¡, 3 Ar/O2 ·Üí¨e)�� SiO2

äk'3X Ar e)���¬�\­½!­E�
>{=CA5. ÏL¢�©Û, L²9?n!>
|�^Ú�¬��í¨�±UC!N!�¬¥�
"�©Ù (Ag WY�fÚ�� "�), l
k|
u Ag-SiO2 ¥Äu"���>Ï�/¤Ú�«, J
Ñ
Jp>{�=­½5�7�^�.
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Influences of dislocation distribution on the resistive
switching effect of Ag-SiO2 thin films∗
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Abstract

Influences of dislocation distribution on the resistive switching effect of Ag doped SiO2 thin film are investigated under different

sample preparation conditions. Stable resistance switching characteristics are observed for the samples annealed at 120 ◦C and prepared

in Ar/O2 mixed atmosphere. It is shown that annealing process, electric field formation and atmosphere of preparation can change the

intensity and the distribution of the dislocations (Ag interstitial atoms and oxygen vacancies) in the Ag-SiO2 structure, which leads to

the resistive switching effect based on the formation and annihilation of the conducting filaments.

Keywords: resistive switching, defects, thermal treatment
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