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�©|^�m©E1ÌEâ, XÚïÄ
�¦-1p� YMnO3 ��¥ Mn3+ lf 3d ;��[�16fÄå
ÆL§. �Ä$1fUþ� 1.7 eV, éAu Mn3+ lf� 3d ;��[, Ä$-&ÿ"ò´�m?�ß�ÇCz�X
§Ý�ü$Åì~�. ùå
u$§eá§�c^kSp� Mn3+ lf d—d U?u) “7£”. 16fµþL§d
¯!úü�L§|¤, ©OéAu>f-(f�p�^Úg^-(f�p�^. ¢�uy, �§Ý$u 80 K, >f - (
f9z�mwÍO\, L²$§e>f-(f�ÍÜrÝÉ�§�c^kS�K�.
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1 Ú ó

õc5á� (multiferroics) ��´Ó�äkc
>�c^ü«±þkSëê�á�, ¿�^>m�
3ÍÜ�^, =3	^|�^e�)0>4z. Ó
�/, 3	>|�^e�±�)^z. Cc5, du
õcá��U�5#�A^cµ±9Ûõ3��
k��ÔnÅn, Úå
Æâ.�2�'5 [1−3].
1960 c Astrove 3 Cr2O3 ü¬¥uy
õc5, ,

3��9�Y�ïÄ¥uy, ¤*	��^>Í
Ü�A¿Ør, äkd�A�á����k� [4].
ùî­{N
õcá��uÐ, ~�
�'+��
ïÄ?Ý. Cc5, 1�5�nnØO�þ�â»
�õcá��ïÄJø
#���, äkr^>Í
Ü�Dèx��zÔ (RMnO3) NX¥�^kS�
>kS��, Úå
Æâ.�2�'5 [5]. RMnO3

�3ü«­½�¬N(�: ��¬XÚ8�¬

X. � R �lf�»��� Y, Er 9 Ho ��, /
¤ 8 � ¬ X. e l f � » � � � � Tb, Gd 9
Dy ��, K/¤��¬X.RMnO3 ¥�^>kS
��4�/´L
ÔnÆ¥>Ö!;�!¬�
Úg^gdÝ��péX [6,7]. ��k (YMnO3)
á8�¬X, du Y3+ Øäk 4f ;�>f, Ù
^5��d Mn3+ �z, Ïd YMnO3 �ïÄ>
f!(f�g^��p�^Jø
���é{ü
��¸.

�
3��þÓ�&ÿ RMnO3 NX¥õ�g
dÝ�üCL§, ±9�gdÝ�m��pÍÜ,
Ä$-&ÿ1ÌEâ�2�/A^uá���*Ä
åÆïÄ [8−12], �ïÄõc�zÔ^>ÍÜ��
*ÅnJø
Ø�½"�ÄåÆ&E [11−15]. $^
ù��m©E1ÌEâ, Jang �<uy, �§Ýp
u YMnO3 ü¬�G�§Ý�, �±*	��Z(
Æ(fÅ�-u, ¿�Ñ YMnO3 ¥�3rg^ -
¬�ÍÜ [13]. Jin �<uyg^ - ¬��p�^ë
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ê� YMnO3 �� Mn3+ lf� 3d ;��[��
�' [14]. Wu �<�ïÄL², ØÓ�.¤Úå�
Aåé YMnO3 ���G�§ÝkwÍK� [15]. þ
ãïÄó�L², §Ýé Mn3+ lf� 3d ;��
[9>f-(f-g^ÍÜ�K�´n) YMnO3 >
f(�9�gdÝÍÜ�'�. �©¥, ·�$^

�m©E�Ä$-&ÿEâ, XÚïÄ
ØÓ§
ÝÚØÓ-u1fUþe, 8�á� YMnO3 ��
¥ Mn3+ lf 3d ;��[�16fÄåÆL§.
¢�uy, �Ä$1Uþl 1.7 eV O\� 2.0 eV,
]�ßLÇUCþ (∆T/T ) d¤xC�1p�á
Â. d	, �-u1Uþ� 1.7 eV (éAu Mn3+ l
f d(x2−y2),(xy) → d(z2) �[), "ò´�m?�ß
�CzÇ (∆T0/T ) �X§Ý�ü$Åì~�, ùå

uá§�c^kSp� Mn3+ lf d—d U?u
) “7£”. 16fµþ©�¯!úü�L§, ©O
éAu>f-(f�p�^Ú(f-g^�p�^.
ÏLV�ê[Ü, ��>f-(f�p�^�m~ê
�§Ý��6'X. uy�§Ý$u�¬�G�§
Ý�, >f-(f9z�m²wC�, ùL²�§�
c^kS¬K�>f-(f�ÍÜrÝ.

2 ¢�£ã

YMnO3 ��dóÀ-1�ÈXÚ (PLD) �
�, óÀ-11
� 355 nm, ­EªÇ� 10 Hz.
YMnO3 qáÏLIO����A{Ü¤, �A

Ô Y2O3 Ú MnCO3 � X Ý þ � 99.99%. � È
§ Ý � 800 ◦C, � µ � Ø � 20 mtorr (1 torr =
1.33322×102 Pa), �.� (110) ¬�� ZrO2 (YSZ)
¬N. ã 1(a) � X ��û�¤ (JEOL 3500) ÿ��
¬� XRD ã, Ì�L² YMnO3 ��3 YSZ �.
þ÷ (112) ��)�. 1 � Mn3+ lf±��7 5
� O2− lf�¤n�VIN MnO5 (�, d��
­U� MnO5 Ú²¡	�Dè�� Y |¤�G
(�� YMnO3. éuDèx��zÔ
ó, Mn3+

� 3d ;��üé­���Ú. �lf�NC��
f�¥Õ�^, E¤ Mn3+ � 3d ;��{¿� 5D

� ¬ N | © � ¤ d(z2), d(x2−y2),(xy) Ú d(xz),(yz)

n � ; �. � 
 4 � N U þ ü $, ¬ � ¬ u )
Û­, ¤�)� Jahn-Teller /C�� d(x2−y2),(xy),
d(xz),(yz) ;�©O2g©�m, U?(�Xã 1(b)
¤« [14,16]. ÏLb	-��©11ÝO (.Ò 2800
UV/VIS SPECTROPHOTOMETER) ÿ�� YMnO3

���áÂ1Ì, Xã 1(c) ¤«. 1.7 eV ?�rá
Â¸éAu Mn3+ lf� d(x2−y2),(xy) → d(z2) �
[, 
 2.15 eV ?�é�f�áÂ¸éAu Mn3+

lf� d(xz),(yz) → d(z2)�[.

¢�æ^IO�1Ä$ - &ÿ¢�C�. 1

d1Æëþ��ì (TOPAS-C) Jø. v���¦-
1ì (Mai Tai HP 1020) ��¦«f1óÀ (100 fs,
80 MHz) 5 \ � � � ì (Spectra-physics, Spitfire
Pro.) ¥, ÑÑUþ� 3 mJ, óÀ°Ý� 120 fs, ­
EªÇ� 1 kHz ��¦-1óÀ�\ TOPAS-C, �

ã 1 (a)YMnO3 ��� XRD ã; (b)Mn3+3d U?©�«¿ã; (c) áÂ1Ìã
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¼��Å�N���� 300—2600 nm. ¦^©å
ºò-1©¤üå. Ù¥rÝp��å¡�Ä$
1, rÝ$��å¡�&ÿ1, Ä$1�&ÿ1�
rÝ'�u 50 : 1. 3Ä$1´þS��°��1
Æò´�, ¦&ÿ1óÀ�éuÄ$1óÀò´�
m ∆t �, ÏL��å� 50 cm �ßº, à���¬
L¡, Ä$1�1�º��� 500 µm, ÙõÇ�Ý
�� 0.8 mJ/cm2. ^71>&ÿì¼�l�¬ß�
�&ÿ1�rÝCz. �Ü¦^ÍÅì (ÍÅªÇ
� 490 Hz) �£���ì (Lock-in), ±Jp¢��
&D'. ¢�¤^�$§XÚ��±Ì�ü§XÚ,
§Ý��3 20—300 K SëY�N.

3 ¢�(J�?Ø

ã 2 �¿§e, ØÓÄ$1fUþ (2.0 eV,
1.96 eV, 1.93 eV, 1.90 eV, 1.85 eV) - u e � ]
� ß L Ç C z ­ � (∆T/T ). ∆T/T � þ , ÷
� N 
 � ¬ � 1 - u L §. � Ä $ 1 f U þ
� 2.0 eV, �u Mn3+ lf d(x2−y2),(xy) → d(z2)

� [ U þ (1.7 eV), � u d(xz),(yz) → d(z2) �
[ U þ (2.15 eV), d � � ∆T/T L y � 1 p �
á Â & Ò. � X Ä $ 1 f U þ � ü $, Å ì �
C d(x2−y2),(xy) → d(z2) �[Uþ�, ∆T/T l1p
�áÂC�1p�¤x&Ò. �ò´�m�u 5 ps
�, �Ä$1fUþ-ue� ∆T/T A�Ø2��
mCz.

ã 2 ¿§e, ØÓUþÄ$1-ue�]�ß�ÇCz

ã 3(a) � 1 f U þ 1.7 eV, õ Ç � Ý
0.8 mJ/cm2 �Ä$1-u�, ØÓ§Ýe ∆T/T

�ò´�m��A. ò"ò´�m?�&ÿ1ßL
CzÇP� ∆T0/T . ã 3(b) P¹
 ∆T0/T �§Ý
�Cz'X. �§Ý�u�.§Ý 120 K, ∆T0/T

½~, L²d�Ä$1fUþ® l Mn3+ lf
� d—d �[. ¤¢ Mn3+ lf� d—d �[ (X
ã 1(b) ¤«), ��´ÏLÄ$1-u, >fáÂ
��� Edd �Uþ, lÄ�;��[�vk>f
Óâ�-u�;� d(z2) þ. �Ä$1fUþ�
u Edd �, Mn3+ lf� d—d �[ò�{�, l

�� ∆T0/T ~�. ÏLù	Fp�1Ì [17−20], <
�uy8�¬X RMnO3 � Edd �§Ý�ü$òu
) “7£”, =�X§Ý�ü$, Mn3+ lf� d—d
�[UO\� 0.15 eV. ù�·�¤*	� ∆T0/T

�§Ý�ü$
~�´���.

Ï~@�, U?�Cz�U�§Ý�6�¬�
Czk'. �X§Ý�ü$, ¬�Â l
��1
Ì�[�£Ä. ,
, �C�¥fÑ�ïÄuy, 3
8�á� YMnO3 ¥, �§Ýd 300 K ü$� 10 K
�, ¬��NÈ�~� 0.3 %[21], �´ÏLù	F
p�1Ì*	�8�á� RMnO3 ¸�UþCz

� 0.15—0.2 eV (�� 10%)[20]. Ïd�X§Ý�ü
$, ¬�NÈ���CzJ±)º d—d �[¥¤
*	���é���U?Cz. ^�� �A��
±UC¬�~ê, Ó�U
E¤U?�£Ä. ,
,
ù«�A'¬�Â ��J��õ, �±�ÑØ
O. kïÄL²ÏLØ  MnO5 VIN�±¦ a/c

'ÇC�, Mn �f�¬N|�3�¬O\, l

��
 1.7 eV áÂ¸� “7£”[18]. �´, ¥fÑ
�ïÄL²3 YMnO3 ¥, a/c 'Ç�X§Ý�ü
$
~� [21], ù�U? “7£” �(J���, Ï
d�±üØ¬��§Ý�6CzéU? “7£” �
K�. 38�á� LuMnO3 �ïÄ¥, Souchkov �
<@� Edd �7£�U´du Mn �f�m��
���p�^Úå�, ùò���c^G�e�
Ä�U?ü$, ,
�éÕá�-u�U? d(z2)

A�ØÉK� [19]. Choi �<ò “7£” 8(�8
�¬X RMnO3 ¥^kS�>f(��rÍÜ [20].
Jang �<JÑW÷>f�;� d(z2) ¦� YMnO3

á�NX?uá§�c^kSG� [13,22], 
1
ÆL§éá§�c^kS�©¯a [20]. ù�´
8c¢�¤*	��=C§Ý (�� 120 K) p
uG�§Ý (80 K) ��Ï. ¢�(JÓ�L²
�¯1Ì�±(¯/&ÿd^kSÚå>f(�
�UC [23,24].
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ã 3 (a) 1fUþ 1.7 eV, õÇ�Ý 0.8 mJ/cm2 �Ä$1-u�, ØÓ§Ýe� ∆T/T �ò´�m��A9ÙV�ê[Ü(
J; (b) ∆T0/T �§Ý�Cz'X

éu]�ß�Ç ∆T/T 
ó, ,��­��A
�´µþL§. �±©�n�Ü©: 1) �-1óÀ
�^�Ô��, 3 100 fs S, >fÄk,§� T ′

e, ²
L τe−l (Az fs �A� ps), ÏL>f-¬��p�
^òUþD4�¬�, ¦�¬�Ú>f�§Ý��
��, ù�L§�@�´¯L§. 2) g^Ú(f�
p�^, ²L τs−l (A��Az ps) ��9²ï, ù
�L§�@�´úL§. 3) g^-¬�9z�, >
f!¬�Úg^XÚ²L�� ns �mþ?�^z
­��½��.9*Ñ�, �ª£�Ð©G�, =
>f!(fÚg^§Ý��²ï. du1Æò´�
�Ý���, 8cØUO(ÿ�ù��m~ê. Ï
d, ∆T/T �µþL§�±L«� [14]

∆T/T = T∞ + A exp(−t/τe−l)

+B exp(−t/τs−l), (1)

ª¥�¹ü��êP~L§, ¹ τe−l ��L¯L
§, éAuæ�¦�mºÝþ�>f-(f9zL
§; ¹ τs−l ��LúL§, éAug^-(f�9z
L§, Ï~lA��êz�¦��S, §�¹
´
L�g^-¬��p�^&E. T∞ £ãAz ps �
A� ns �O²ï�. ÏL (1) ª[Ü¢�êâ, (
JXã 3(a) ¥¢�¤«. �©Ì�?Ø>f - (
f�9²ï1�. Xã 4 ¤«, �§Ý$u 80 K,
τe−l l 0.5 ps O\� 3.1 ps, ùL²�§Ý$uG
�§Ý�, >f-(f�ÍÜrÝ~f. Rasing �<
�ïÄL², TmFeO3 �±3� 10 ps S�¤g^

­�� [25]. dd�±íä, �§Ý$uG�§Ý,
YMnO3 ����§�c^5wÍOr, g^gd
Ým©ò9UD�(fXÚ, l
��>f - (f
�p�^rÝ~f, ¦� τe−l ��A��¦��m
ºÝ.

ã 4 YMnO3 �¯©þ�µþ�m (τe−l) �§Ý T �C
zª³

4 ( Ø

ÏL|^Å�9§Ý�6��m©E1ÌE
â, XÚïÄ
 YMnO3 ���1p�16fÄ
åÆL§. �Ä$11fUþ� 1.70 eV �, éA
u Mn3+ lf d(x2−y2),(xy) → d(z2) ����[, d
��ß�Ç&Ò�1p�¤x. 3��-u�¹
e, �X§Ý�ü$, "ò´�m?�ß�Ç&Ò
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Åì~�, ùå
uá§�c^kSp� Mn3+ l
f d—d U?u) “7£”. ¢�(JL²Û�1
ÆL§�±(¯/&ÿ^kSp��>f(�C
z. ß�Ç&Ò�¯!úµþL§©OéAu>
f-(f�p�^Ú(f-g^�p�^. �§Ý$

uG�§Ý�, ¯L§�µþ�mwÍO\, L²
>f-(f�p�^rÝ~f. ù
(JÑ�n)
õcá��>f!¬�Úg^m�Ä��p�^
Jø
7�ë�.
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Abstract

Photoinduced carrier dynamic behavior of the Mn3+ 3d resonance excitation of YMnO3 thin film is studied by the femtosecond

time resolved spectroscopy. The photon energy of the pump pulse is tuned to 1.70 eV, which is corresponding to the Mn3+ 3d energy

level at room temperature. With resonant excitation, the transient transmission signals at the zero-delay time gradually increase with

temperature increasing. The temperature dependent transmission change results from the blue shift of the Mn3+ 3d energy level, which

is believed to originate from the short-range antiferromagnetic order in YMnO3 film. In addition, the fast and slow relaxations of the

transient signal arise from electronic-phonon and phonon-spin interactions, respectively. When the temperature is lower than TN, the

relaxation time of the fast process increases significantly, which indicates that the strength of electronic-phonon coupling is restrained

by the long-range antiferromagnetic order.

Keywords: femtosecond pump-probe technolgy, YMnO3 thin film, electron-phonon interaction
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