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 CdTe þf:±9ØÓ CdS ��þÝ� CdTe/CdS þf:��$-fU���¯-u�µþÄåÆ. ïÄL²:

�'u CdTe,CdTe/CdS þf:�>f�Çdu�m©l, Ù¤I�-u�m��u>f�Ç�mU�¤I��
-u�m. �X��þÝ�O\, þf:L¡�ðzk�/~�
L¡��'µþÅn, ¿ò��éA�µþ�m.

'�c: CdTe/CdS, þf:, 16f, �¯ÄåÆ

PACS: 78.67.Hc, 78.55.Et, 42.65.Re, 78.47.J−

1 Ú ó

��Nþf:duÙäkNõ`É�1>A
53Cc5Úå
<��2�'5. AO´p
�F1þf�Ç!º��N�u1A5±9`É
�1½5¦���Nþf:31>ì�±9)
Ô�Æ�¡äk2,�A^cµ [1−5]. �'u�
�Nþf:üØ(�½ö I .Ø�(�þf: (�
�.!d�ºþ uØ�) 5`, /.Ø�(�þ
f: (��.½öd�º=üö�� uØ�, ,
	��K u��á�, X CdTe/CdSe, CdTe/CdS,
ZnO/CdS �þf:) ÏäkNõ`ÉA:¤�Ù
¥���ïÄ9: [6−11]. ù
A:�): 1) ��Ú
?U
ðzØL¡"�, ~�
F1d«¥%, �
�F1rÝOr. ù�)ÔF1&��5
éÐ�
ÀJ. 2) �X��þÝ�O\, >f!�Ç3�m
þòÅì©l, ¦16fÆ·wÍO\, ùòJp
þf:�1>=��Ç, l3��U>³±91
xzþkéÐ�A^cµ. 3) ��þÝ�O\�ò
¦þf:u1Å�ù£, läk�N��A5.

·���, 1-u��Nò�)>f�Çé,
>f�Çé�±��¸²L�X���p�^
�, òÅÚµþ���.Úd�º, ��>f�Ç
EÜ�v. ¦+®k�þ�ïÄ��/.��
�Ú\òwÍUC>f�Ç�EÜL§ÚEÜ�
m (úL§)[7,9,10], �Ùé>f�ÇEÜ�c��
¯-u�µþÄåÆ (¯L§) K��ïÄ��. �
C,Chuang � [7,8] |^�¦]�áÂ1ÌEâ�[
ïÄ
kÅ� CdTe/CdSe Ø�(�þf:á�Ø
ÓþÝ� CdSe ��é>f/�Ç16f�¯Äå
ÆL§�K�. ÙïÄL², CdSe ���Ú\, ò¦
16fµþlL¡"��'�µþÅn=C�

>f - �Ç�m©l/¤�Ø/�.¡��µþ, �
Ç�.¡/L¡�ù�µþL§�'�A�>f�
.¡/L¡�µþL§�ú�õ. � CdTe/CdSe Ø
�(�þf:�aq�´, CdTe/CdS þf:�´
/.(�. �C, õ��K|��
Y�Ü¤pF
1�Ç� CdTe/CdS Ø�(�þf:, CdS ��é
>f�ÇEÜL§�K�®^]�F11ÌEâ
��ïÄ [9,10]. �©ò|^�¦�m©E��©ß
�EâïÄY�Ü¤� CdTe/CdS þf:ØÓ��
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þÝé1)16f�$-fU��¯-u�µþ
ÄåÆ�K�.

2 ¢�C�9�{

2.1 þþþfff:::������

¤ ^ Á J X e: 1 P (CH4N2S, > 99.0%),
3- ÕÄZ� (C3H6O2S, > 99%), Á® (Te,99.8%,
200 8),2.5 YÅz6 (CdCl2·2.5H2O, > 98%) þ	
u Aldrich úi, '�z? (NaBH4, 99%) 	u Acros
úi, �lfY, pX�í (99.999%). ¤k�ÁJ
vk,1JX.

CdTe ü Ø þ f : ± 9 CdTe/CdS Ø � ( �
þf:�)��{3©z [9] �Ä:þ, Ñ�?
U. Ù¥ CdTe üØþf:�)�: ò 5.08 mg Te
®Ú 18.9 mg NaBH4 �u�íW¿�n��´
¥, \\ 20 mL �lfY, ?1Yú£6�A, £
6§Ý 80◦C, >£6>��, 30 min ���fù
Ú� NaHTe ß²M�. � 45.68 mg CdCl2·2.5H2O
Ú 0.04 mL C3H6O2S Mu 40 mL �lfY¥, %
\ 1 mol/L NaOH M�ò pH �N� 10, >%\>
��. ¿§e, ^5�ìò��Ð� Cd M�5\þ
ã NaHTe M�¥, 90 ◦C e, £6�A 10 min, ��
fÉÚ CdTe M�. �Ø\9£6C�, òM�e%
�¿§. ���AL§ÑI�Ï�í�o.

CdTe/CdS Ø�(�þf:�)�: ¿§e, �
��#m��� CdTe þf:M��un��´
¥, \\��Ð� 0.016 mol/L 1PM� 5 mL, ,�
%\ 1 mol/L NaOH M�ò PH �N� 10, >%\
>��. ò�AC��uYú¥\9£6, \9§
Ý 90 ◦C. �§Ý½�, m�ØÓ��m (15 min,
35 min, 2 h, 6 h), �ÑÜ©�¬?1ÿÁ. ���A
L§ÑI�Ï�í�o.

CdTe Ú CdTe/CdS þf:�Xz: ÏL%\4
5'Y��ÁJ, X`U!¯U!ZÑ�, %\�
�¬M��ÁJ�NÈ'� 1:2—1:4. ÏLp�^
=l% (=�� 8000 r/min), �Øþ���, ò�{
Ü©2Mu�lfY¥. Xd�E 2—3 g=�.

2.2 111ÆÆÆ¢¢¢���

¤k1Æ¢�þ3¿§e?1. �¬�Uþ
ã � { X z � � þ f : Y M �. á Â Ì d � b
	 - ��©11ÝO (TU-1901) ¤�. 1�u1

Ì-uÅ�� 400 nm, d�v��2)��-1
ì (Lengend-Elite, Coherent Inc. ¥%Å�� 800 nm,
ó° 50 fs, EªÇ 1 kHz) ² BBO ¬N�ª�).
u1Ìd S2000 1n1Ì¤Â8©Û. �¦�m©
E��©ß�Ì¢�¥Ä$ - &ÿ1Å�{¿, é
Au�þf:u1¸¸�Å�, �þãv��2)
��-1ì²1ëþ��ì (OPA) ¤�)¼�. X
z��þf:YM��u 5 mm oÏ�='Ú®.
�¯1Ì¢�Ä�L§Xe: OPA �)��N�
-1²�©å¡©¤Ä$1Ú&ÿ1, Ä$1�&
ÿ1rÝ� 20 �, ©O²ßºà�u�¬Ó�:.
&ÿ1²�¬ß����1>�4+��£��
�ì�ë. Ä$ - &ÿò´�md�Å�ò´�
¤��.

3 (J�?Ø

3.1 áááÂÂÂÚÚÚuuu111���111ÌÌÌ

�X£6�m�ò�, 3b	�ì�e�A
M��ôÚÅìlÉÚC¤�Ú, ��C¤
ù
Ú. ã 1 ´ CdTe Ø (ß�>º©ÛL²Ù�â�»
� 3.5 nm, (J�w«) ÚØÓ�A�m CdTe/CdS
Ø�(�þf:áÂÌÚ1�u11Ì. �A�
m��, CdS ��K��þ. �X CdS ���Ú\
±9þÝO\, áÂÌÚ1�u11Ì¸ ù£.
��¬lÃ�K� CdTe üØ(���K�A 6 h
� CdTe/CdS Ø�(�, áÂ¸l 470 nm £� 626
nm, u1¸l 529 nm £� 660 nm, áÂ¸ C�
�5��
, u1¸�p°�ÅìC°, ù´;.
�/.(�þf:�A� [10]. 3 CdTe/CdS /.
(�þf:¥ (U?(�Xã 2 ¤«), CdTe Ø�
�³U¡pu CdS ���³U¡, 1)>f�ª
òµþ� CdS ���.. �ÇE,µþ� CdTe
�d�º. �X CdS �þÝ��, CdS ���.³
U¡�$, =£� CdS ���>fVÇ��, �
��.d�º�m�UY��, ÏdéAáÂÚ
u1¸ù£. áÂÌÚu1Ì�ù£y���ß
�y²
¤õÜ¤
 CdTe/CdS þf:Ø´�/
¤
 CdS ½´ CdTexS1−x �MN. du�AM�
¥�3X�þ� Cd Ú S lf, d9åÆ�n��
3 CdTe L¡¬/¤ CdS ½��¹k CdS ��. X
J/¤ CdTexS1−x �MN, �'u CdTe Ø, F1u
�¸� �Ò¬7£. XJ�´/¤
üÕ� CdS,
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F1Ì¥Ò¬Ñy�A� CdTe � CdS �F1
u�¸.

� � � � � � � � � � � � � � � � � � � � �����
�

� � � � � � � � � � � � � � � � � � � � �� � �� � �� � �� � �� � �
	 
 ��  � � � �  � � � ��  � � � �  � � � ��  � � � �  � � � � � � ��  � � � �  � � � � � � ��  � �	 � � ��� ����� �� !" # $%& '($%) �*+�  � � � �  � � � ��  � � � �  � � � � � � ��  � �

� � �
� � �� ,-. /0#"1 2

� ,-. /0#"1 2

ã 1 CdTe þf:±9ØÓ�K�A�m� CdTe/CdS Ø�(
�þf: (a) áÂ1Ì; (b) 1�u11Ì, 1�u1-uÅ�
� 400 nm

� � �� �� � � �� �
ã 2 /. CdTe/CdS þf:>fU?(�

�X CdS �þÝ�O\, F1rÝm©Åì
Or, ù´du�k��ðz
Ø�L¡"�, ~
�
F1d«¥%. �O\��½þÝ� (�A�
m 35 min ?), F1rÝ��
���, UYO\�
�þÝ�F1rÝ�eü, ¿�u1¸k�½�
Ð°. ù´du�þf:l..(� (>fÚ�Ç

Ñ��3Ø¥) =��/.(� (>f��3�¥,
�Ç��3Ø¥) �, >f - �Çdu�m©l�
�EÜVÇ~�, lF1rÝ~f.

3.2 ���¯̄̄ÄÄÄåååÆÆÆ

3N���Ná�¥, K�1¤x±9]�
ß�&Ò�Ì�Ån´d1-u¤�)�>f -
�Çé�¥Ô�p�^±9��mW¿�^ [12].
du��Nþf:äk��'L¡È, ÙL¡N
´�3Ø�Ú�!]��!� �"��, ��
þf:L¡U
¯�/Ð¼16f, ¤�µþ
ÄåÆL§����K�Ï�. L¡�Ð¼1
6f�üz�)e¡A���L§ [12]: 1) �
�L§. ��L§´n�16f-E�L§ (ü
�>fÚ���Ç½ö´ü��ÇÚ��>f).
��16fµþ��$U?¤º��Uþ×�=
£�Ù¦16f¦�¼�Uþ���pU�, 
ù�¼�Uþ��pU��>f (½�Ç) �±
ÏLõ«å»º�§õ{�Uþ, X(fu�!
>fu�½ö*Ñ��
�³²�¥. 2) Ð¼>
f - �ÇEÜ. ù�L§���A��¦. ¤k�
ù
L§Ñ¬K�16fµþL§. Ù¥��L
§�±ÏLü$Ä$1rÝ~�þf:S1)1
6fê5��k�³�. �©¤^üóÀÄ$1
rÝ� 1500 µJ/cm2, ¦+pu©z [8] ¤^rÝ,
�du·�¢�¤^Ä$1Å� uu1Å�?,
ÙáÂ��u©z [8] ¤^Ä$1áÂÇ (ÙÄ$
1Å���u-fáÂ¸). ��©Ø�Ä��L
§�K�.

ã 3 ´ CdTe, CdTe/CdS þf:��¯ÄåÆ
¢�(J. ã 3(a) ��mI� 70 ps �m�ÄåÆ
�, ã 3(b) ��mI� 1.6 ps �m�ÄåÆ�.
&ÿ1du1¤x�^áÂ~f (�=ß�Or).
ã 3 Ø=�N
��1¤x�r:��m (τrise,
Xã 3(b) ¤«), Ó��N
1¤x&Ò�P~Ä
åÆ (�ã 3(a)). Ù¥P~ÄåÆ�±^V�ê
P~¼ê y = y0 + A1 e−x/τ1 + A2 e−x/τ2 ?1é
Ð/[Ü (äNëêXL 1 ¤«). 3ã 3 �¬
�¥, þ�)¯P~L§ (�m~ê τ1) ÚúP~
L§ (�m~ê τ2) ±9�ú�L§ (éAu y0 Ä
�&Ò, ÙP~3 ns þ?9±þ, �>f - �Ç
EÜ16f�vL§. Ø3�©ïÄ��, ÙL
§�ÏL�m©EF11ÌEâ?1ïÄ). CdTe
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üØþf:ÄåÆ�P~é¯,τ1 ´ 0.32 ps, τ2

´ 6.33 ps, ù´du CdTe Ø�L¡�'�Ð¼>
f�µþ [7], τ2 �mKéAuL¡åP>f��
Ç�EÜ�m [12]. �X��þÝ�O\, L¡�
'�µþÅnéA� τ1 Ú τ2 �mÅìC�, Ù
oN�Åì~� (Ù¥ τ1 L§�� A1 üN
~�. τ2 L§�� A2 kO\���), éA�
�úL§ y0 (�L¡�') K�X��þÝO\
ØäO�. L² CdS ���Ú\k��ðz
L
¡�A. éu CdTe þf:ü�(�½ CdS ���
��� CdTe/CdS Ø�(�, L¡�'�Ð¼>f
µþÓÌ�/  [7]. �X�þÝ�O\, duØ
¥�>f=£��¥, >fÚ�Ç3�mþ�)

©l, KØ/�.¡16fµþÓâ
Ì�/ ,
d�¯!úP~�m�¬�A�O�. éu�K
�A 6 h � CdTe/CdS (�, τ1, τ2 ©OO\� 1.81
Ú 18.45 ps, >fÚ�Ç��m©l�~²w. ù�
�áÂÌÚF1Ì�Ñ�(J��ÎÜ. L¡å
P>f��Ç�Ë�EÜ¤éA� τ2 L§��
kO\�~�, Ùª³aquã 1(b) ¥�F1rÝ

Cz. ù�UÏ� CdS ���Ú\åXü�¡��
^, ��¡§U~�Ë�EÜ|«¥%, ,��¡
KðzL¡�~�L¡>f, cöOrÙË�EÜ
VÇÏ�O\, �ö¦Ù�~�. ��X
��þÝ�O\, ðzL¡�~�L¡>fòåÌ
��^.

1¤x&Ò�þ,�m τrise �X��þÝO
\O\. ��¬lÃ�K� CdTe üØ(���
K�A 6 h � CdTe/CdS Ø�(�, þ,�m τrise

l 0.37 ps O\� 0.95 ps. Ï�·��Ä$&ÿ
Å�{¿uu1Å�, éu CdTe þf:ü�(
�ó, u1Å��L
NS-f�$U?, é
u CdTe/CdS Ø�(�þf:5`, u1Å�Ké
Au>f�Ç�m©l�$U?. ��þÝO\�
�1¤x&Òþ,�m τrise �O\, L²��>f
�Ç�m©l�¤I���m��u>f�Ç�
mU�¤I���m. ����m��¡5u
>f�Ç�m©l¤éA�����YáÂ, ,�
�¡5u>fl CdTe Ø�=£� CdS ��¤I
��m.

� � � � � � � � � � � � �� � �� � �� � � � 	 
� �  �� �  � � � � � � � � � � �� �  � � � � � � � � � � �� �  � � � � � � � �� �  � � � � � � � �� ��� ����� � � ��� ����� �
�  ! �  !" � � � � � � � � � � � � � � # � � � � � �� � �� � �� � � � $ 
% & � � � �  !% & � � � �  !% & � � � �  ! % & � � � '  !% & � � � �  !( ) * + , ( ) - . / 0( ) * + , ( ) - . 1 0 ( ) * + , ( ) - . 2 3 4 5 6( ) * + , ( ) - . 7 3 4 5 6( ) * +

ã 3 CdTe, CdTe/CdS þf:�m©Eß�Ì (a) �mI�� 70 ps; (b) �mI�� 1.6 ps

L 1 CdTe, CdTe/CdS þf:[Üëê

�¬ τrise/ps y0 τ1/ps A1 τ2/ps A2

CdTe 0.37 0.77 0.32 7.18 6.33 0.25

CdTe/CdS-15 min 0.42 1.17 0.61 4.97 6.39 0.72

CdTe/CdS-35 min 0.45 1.29 1.33 1.41 6.49 0.76

CdTe/CdS-2 h 0.52 1.82 1.39 0.57 11.75 0.55

CdTe/CdS-6 h 0.95 2.03 1.81 0.46 18.45 0.28

197801-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 19 (2012) 197801

4 ( Ø

�©3Y�e¤õÜ¤Ñ
 CdTe þf:±9
ØÓ��þÝ�/. CdTe/CdS ��Nþf:. á
ÂÚu11ÌL²�X��þÝ�O\, 1Ì¸�
Ñy
wÍ�ù£y�. |^�m©E�ß�1Ì

EâïÄ
 CdTe Ú CdTe/CdS þf:�16f-
u�µþ�¯ÄåÆ. (JL²>f�Ç�m©l
-f�¤I�-u�m��u>f�Ç�mU
-f�¤I��-u�m. �X��þÝ�O\,
þf:L¡�ðzk��~�
L¡��'µþ
Ån, ò�ÙéA�µþ�m.
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Abstract

On the basic of the synthesis of CdTe/CdS core/shell quantum dots (QDs) in aqueous phase, we study ultrafast carrier dynamic

behaviors of CdTe/CdS QDs with different shell thicknesses, by using femtosecond time-resolved transmission spectroscopy. The

results show that both the buildup time of the lowest exciton state and its following relaxation time become longer as CdS shell

thickness increases. The results also indicate that the buildup rate of a space-separate exciton is slower than that of a space-overlapped

exciton, and that carrier relaxation changes from surface-defect related mechanism into surface-passivated charge separation regime,

which is consistent with steady-state absorption and photoluminescence experiments.

Keywords: CdTe/CdS, quantum dots, carrier, ultrafast dynamics
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