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¦^ê��ý�{é�C�Å�;ì�;ü�� RESET ö��õ��;L§?1
ïÄ, ïá
n��;ü
��., ^k��{) Laplace �§99D��§±�[>óÀ�^e��;ü�Ô5CzL§. O�Ñü�S�
C����©Ù9ü��N>{, ©Û
ü�SÜº�Czéõ��;L§9G��K�. (JL², ÏL°(�
�Ñ\>óÀ, �C�;ü�U
¢y 4 ��;; õ��;G�Éü�S�C�þÝ9e>4�>º�Cz�K�
��; �;G�3 80 ◦C ��¸§Ýeþ��± 10 c±þØ��.

'�c: �C�Å�;ì, õ��;, ê��ý, k��{

PACS: 02.60.Cb, 85.30.De

1 Ú ó

�C�Å�;ì´�«#.��´�5�;
ì�, §±�;ü�>{�p$G���;G�,
ÏL�;á�3>óÀ�^e3$>{Ç�õ¬
�Úp>{Ç��¬��m��_=z?1êâ
�;, ÏLuÿ�;ü�>{¢yêâÖÑ, äk
Ö��Ý¯!FÖ�Ì�gêp!êâ���m
�!�pÖ7á�zÔ��Nó²oN�`: [1].
ÊÏ���C�Å�;ì�;ü�p!$>{
�É��k 2—3 �êþ? [2−4]; ��Ä�;á
� (X Ge2Sb2Te5

[5], Sb2Te3
[6] �), K>{Ç�É�

� 5 �êþ? [7]. ã��>{�É¦�p!$>{
4��m�G��£O¤��U, Ïd�C�Å�
;ì·uõ��;Eâ�A^.

õ��;, =3ü��;ü�þ¢yü�±þ
�;G�, k|uJp�;�Ý, ü$�;¤�, ´
�C�Å�;ì�uÐ���� [8−11]. �;ü�
�\&E, ¦�;á�d¬���¬�=C�L§
¡� RESET ö�. �©éTL§�ý, O�¿©Û

�;ü�õ��;�\&Eö�¥�;á��
��©ÙCz±9ü�SÜº�Czéõ��;

G��K�, �ï�õ��;�C�Å�;ì�J
øë�êâ.

2 �ýO��.

� © Ä u © z [12,13] � O � n Ø 9 � {,
æ^geþ��;ü�(� [13], ^k��{
) Laplace �§99D��§±O��;ü��
\&EL§¥u)�Ô5Cz, ��O�Ñü�
oN>{. �;ü�|¤Xã 1 ¤«, ©O�e>
4 (7á W)!e>4�> (½\9ì TiN)!�C
� (Ge2Sb2Te5)!þ>4�> (TiN) Úþ>4 (W),
����á�ëê5g©z [12,14]. ��AÛ
º�ëêXL 1 ¤«, Ù¥ hTEC, hBEC, hGST ©
O�þ!e>4�>�þÝ��C�þÝ, SGST

� SBEC ©O��C��e>4�>�.¡º�.

3 �ý(J�©Û

3.1 óóóÀÀÀÌÌÌ������������õõõ������;;;

�½�;ü��C�?u¬�, K�;ü��
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N?u$>{G�. 3�;ü��þe>4�\±
Y�m�á�>óÀ, >6ÏL�C��)� Joule
9 [13] ¦�Cá�{²LK - ½e [1] L§Ü©=
C��¬�.

ã 1 �;ü�î�¡(�ã �;ü�dþ!e>4 (W),
þ!e>4�> (TiN) 9�C� (Ge2Sb2Te5) ùÊ���|¤,
�{Ü©d�l0� SiO2 W¿. ã¥I5�º�ü � nm, Ù
¥ hTEC, hBEC, hGST ��ë�L 1

L 1 geþ(��.ëê

hTEC/nm hGST/nm SGST /nm×nm hBEC/nm SBEC/nm×nm

60 120 300×300 120 100×100

5: hTEC, hBEC, hGST ©O�þ!e>4�>�þÝ��C�

þÝ, SGST � SBEC ©O��C��e>4�>�.¡º�. �

�º��Cz��K��;ü��\êâ��>6�Ý©Ù, ?

K��;G�.

ã 2 ��\ 3 ns ó°�ü�n��Å>Øó
À, é�;ü�� RESET L§�ý¤�>{ - ó
À>Ø'X�. Ù>{�óÀÌ��þ,ª³
�©z [8] ¥õ��;ü�¢�¤� U .A5�
m�Ü©�Î,  U .A5m�>=��;ü�
� RESET L§. �óÀÌ�3 1—2 V �m�, >
{�¯�þ,, �3�>{êþ?NCþk©Ù,
X 9—12.8 kΩ (éAóÀÌ� 1.35—1.37 V), 86.7—
178.2 kΩ (1.5—1.52 V), 1.2—3.3 MΩ (1.55—1.57 V).
±ùn�>{�«���C��¬�� 940 Ω >
{G�|¤ 4 ��;G�, =¢yü�; � 4 �
�;.

ã 3(1—9) ©O�O�óÀÌ� 1.1, 1.2, 1.3,
1.4, 1.5, 1.6, 1.8, 2.2 9 5 V ��C� (ã 1 �C�
«�) ���©Ù. ¥Ü�ÚÜ©��¬�«�, 	
ÜfÚÜ©�¬�«�, ¬���¬��m�fÚ
Ü©�LÞ«�. �¬�«��óÀÌ�O�*
�, ��¬�«�ÅìCXe>4�>��C��

�«�, ¦>6Ï´?up>{Ç«���C�¥,
Ïd�;ü�>{�Ì�O�. �óÀÌ�J,
� 2 V ±þ, �¬�«��*�é>{êþ?Cz
�z�é~�, ���ª���C�u)�¬�=
C. T��©ÙCzL§�©z [12] �ý¤�>6
óÀ?1� RESET L§¥�C� (GST) ��©Ù
Cz�Î, ÏäNO��É�¦�©��©Ù/G
�©z [12] k¤«O.

ã 2 >{ - óÀÌ�'X� ¢��>Ø - >{'X�,
d�\ó° 3 ns, Ó�' 0.375 �n��Å>ØóÀ�geþ
�;ü���; �±^êþ?«©�;ü�>{�. �%�ÎÒ
�éAóÀÌ��^e��;ü�>{O��; �;ü�>{
3óÀÌ� 1—2 V m×�Cz, �u�êþ?þþk©Ù (é
AJ�NC�%�¤«>{�), /¤ 4 ��;G�

ã 3 �C���©Ùã IÒ 1—9 ©O�ó° 3 ns, Ó�
' 0.375, Ì� 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.8, 2.2 9 5 V óÀ�^
�¤��;ü��C����©Ùã; ¥Ü4Ü�Ú«��L
�¬�«�; 	Ü�Ú«��¬�«�; ¬��¬��m�fÚ
Ü©�LÞ«�; �^óÀÌ�O�, �C��¬«�*�, �
�CX���C�

3.2 ���;;;üüü���SSSÜÜÜ(((���ººº���CCCzzzéééõõõ������
;;;GGG������KKK���

�;ü�SÜ(�º���Ü©´É��L
§K�, ��þ��L§�)�º� �é�;L
§�K�, À� hTEC, hGST, hBEC 9 SBEC ��ë
êCþé�;ü� RESET L§?1�ý©Û. Ñ
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\Ì� 1.2 V, ó° 3 ns �ü�n��ÅóÀ, �;
ü�º�ëêCzXL 2 ¤«.

L 2 geþ(�ü�º�CzëêL

�8 hTEC hGST SGST hBEC SBEC

/nm /nm /nm×nm /nm /nm×nm

hTEC 48—72 120 300×300 120 100×100

hGST 60 96—144 300×300 120 100×100

hBEC 60 120 300×300 96—144 100×100

SBEC 60 120 300×300 120 80×80—120×120

5: hTEC, hBEC, hGST ©O�þ!e>4�>�þÝ��C�þ

Ý, SGST � SBEC ©O��C��e>4�>�.¡º�; Ù¥

hTEC, hBEC, hGST � SBEC º���, ´É��L§K�

ã 4 ó° 3 ns, Ó�' 0.375, Ì� 1.2 V óÀ�^eü�º
�Cz - ü�>{9§Ý'X� (a) ±L 1 ���ÄO,
SBEC, hBEC, hTEC, hGST 3 20%ÌÝSCz�, éA��;
ü�>{, ü�>{É hGST � SBEC Cz�K���, �>{
��º�O�ü$; (b) hGST ØÓ�� (20%CzÌÝS) �,
óÀ�^eü��C�S�p:§Ý��mCzã, �p:§
Ý� hGST O�þ,

ã 4(a) �º�Cz�ü�>{�'X�, ±
L 1 ¥éAëê�Cz":. hTEC � hBEC Cz
é�;G�K�é�, Ä��±�Ñ, Ù©O�k
ê Ω �êz Ω �Cz. hGST Cz�K���, 3

�C�þÝCzÌÝ� 20%�, ü�>{�CzÌ
Ý� 65%±þ. Ùg´ SBEC �K�, �º�~�,
�>ØóÀe, >6�Ý,p, �¬«�*�, ü�
>{,p. � SBEC CzÌÝ� 20%�, ü�>{
�CzÌÝ� 33%±þ.

ã 4(b) ��C�þÝCz�, ü� RESET L
§¥�p:�§Ý�. �¥�p:�§Ý��
�C�þÝO�eü, dd�íÿ�C�þÝ�
ü$k��9U��^, =����C�º�kÏ
uJp\9�Ç, ¦ü�3���>óÀ�^eu
)�C, �Ó��J,
	�>´Jø°(��ó
À�JÝ. SBEC Cze�ü�S�p:�§Ý
��ã 4(b) aq.

ã 5 �C�þÝCz�ü�>{ - óÀÌ�'Xã À�ó
° 3 ns, Ó�' 0.375, Ì� 1.1, 1.36, 1.51, 1.6 V óÀ�^��;
ü��>{���;G�, ã«� hGST Cz� (20%CzÌÝ
S), ��;G��>{©Ù, Ù¥>{©Ùk�õ�U«�

ã 6 e>4�>º�Cz�ü�>{ - óÀÌ�'Xã À
�ó° 3 ns, Ó�' 0.375, Ì� 1.1, 1.36, 1.51, 1.6 V óÀ�^�
�;ü��>{���;G�, ã«� SBEC Cz� (20%Cz
ÌÝS), ��;G��>{©Ù, Ù¥>{©ÙÃ�U

hGST � SBEC é�;G�K���, 3ê�ó
ÀÌ�©Ùþ�ÄÙéõ��;G��K�. ©O
À� 1.1, 1.36, 1.51, 1.6 V ��Ñ\óÀÌ�, ó°
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�½� 3 ns, é�;ü� RESET L§�ý�>{
©Ùã 5!6.

ã 5 ¥ hGST ��êi��C�þÝ. �C�
þÝCzéü�õ�>{G�©ÙK���, ��
óÀÌ�O�, >{©ÙkO��ª³. ã«�o
�>{G�3�Ä�C�þÝK���UÜ©�
õ, Ø·Üuõ��;. ���õ��;ü�Lî
����C�þÝ, ¦ÙþÝ �¦�U�. ã 6
¥ “80×80” �IP�e>4�>º�. e>4�>
º�Cz�, ü�>{©Ù��8¥, �ã«�o
�>{G�m�3²w��É, �~�
Ö�I�,
�E�±?1õ��;.

3.3 õõõ������;;;GGG���������������mmmOOO���

?u�¬���C�;á�É	.�«^�
�K�Åì(¬, ¦ü��;>{ü$, l��
�¬�e�;�&E¿�. duõ��;|^
Ü
©¬zG�, �ù
G�¥�¬z«���, '�
���;��¬��´É�gu(¬L§�K�.

�Äõ��;G�3ð§^�e��êâ
�c�, ±ü�>{G�Cz��äIO, òõ
��;G�U>{�y©�?, ò�G�?��
? level i (éo��;, level i = 0, 1, 2, 3). Xò¬
����? 0, KéA>{� Rlevel 0. é,�?u
,��¬�>{� Rlevel i ��;ü�, �ÑÙ�
CL§¥�9�A, ü��?�§Ý©ª�±3,
��½§Ý T , d��;á�k�½�¤Ø�Ç In

�)��Ç Vg, 3��þ�é�;�?1��ý,
²L�m level i t �ÖÑ�;��>{ Rlevel i t,
��;��>{ü$��u,���>{ Rfail �,

=@��;�®²��. �? level i(> 0) � Rfail

�d�;����;G� Rlevel i � Rlevel i−1 �A
Û²þ�(½.

�;G�À^�´¬�Úó° 3 ns, Ì� 1.37,
1.51, 1.56 V �óÀ�^�¼��>{{�. O�(
JXL 3 ¤«, ��;G�3 80 ◦C �¸§Ýe�
�� 10 c±þ.

L 3 êâ�Ï����O�(J

i Rlevel i/Ω T /◦C level i t/year Rfail/Ω Rlevel i t/Ω ���Ä

0 940 80 10 — 940 Ä

1 12840 80 10 4000 11620 Ä

2 114130 80 10 38280 97640 Ä

3 2.8×106 80 10 56880 1.35×106 Ä

5: �;G��? i �Ð©>{�� Rlevel i, 3�¸§Ý T e�±

�m level i t c�¤�>{�� Rlevel i t. O�L², ��?

Rlevel i t þ�u��>{ Rfail, =��?þ�3gu¬z�^�

K�e��

4 ( Ø

�ý(Jw«d RESET ö��3�;ü�
S¢y 4 ��;G�. õ��;G�Éü�S
�C�þÝ9e>4�>º�CzK���, 3
�C�þÝCzÌÝ� 20%�, ü�>{�Cz
Ì Ý � 65%± þ; � e > 4 � > º � C z Ì Ý
� 20%�, ü�>{�CzÌÝ� 33%±þ. �
;G�3 80 ◦C ��¸§Ýeþ��± 10 c±þ
Ø��. ,��¡, �;ü�d SET ö�?1õ�
�;��ýïÄ��3?1¥.
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Numerical simulation of RESET operation for
multilevel storage in phase change memory cell∗
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Abstract
The REST operation for multilevel storage in phase change random access memory cell is investigated via numerical simulation.

A three-dimensional memory cell model is built, and the physical property variation is calculated by solving the Laplace equation
and the heat conduction equation with finite element method. The phase distribution in phase change layer and the total resistance
of the cell are examined. The influences of cell structure size variation on multilevel storage process and states are analyzed. The
simulation results demonstrate that multilevel storage can be achieved through accurate electrical pulse control while the variations of
phase change layer thickness and bottom electrode contact size have relatively large effect on the storage state. The storage states can
all keep stable for more than 10 years at 80 ◦C.
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