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|^�m©E{.1^=1ÌEâïÄ
¿§e CdSe �Nþf:�g^�ZA5. ¼�
ØÓ^|e�g^
ò�Z�m, ¿©Û
g^ò�Z�ÔnÅn. "^|�þf:-fg^ò�Z�m� 102 ps, Ì�É>f�Øg
^�m��°[�p�^¤K�. �	\î�^|rÝ� 250 mT �, -fg^ò�Z�m� 294 ps; O�^|rÝ,

g^ò�Z�mÅì~�. 3�r^|�¸¥ (> 250 mT), þf:-fg^ÄåÆd�þ!ò�ZÅ�¤Ì�.

'�c: g^�Z, þf:, CdSe, �m©E{.1^=1Ì

PACS: 72.25.Rb, 78.67.Hc, 78.55.Et, 78.47.J–

1 Ú ó

Cc5, ��Nþf:�g^�Z�Ï�k"
^u��¢yþf&E?n, Úå
<��2�'
5 [1−3]. ¢SA^�¦g^äk�ò�Z�m±B
u&E��;Ú?n. ,, ��XÚ�±�E,
�¸�ÍÜ�^¦�þf:g^N´ò�Z (cÙ
´3¿§�¸e). N���Ná�¥�g^Äå
ÆÌ��ûug^-;�ÍÜ�p�^ [4]. 3þ
f:á�¥, duB�º��A��>fÅ¼ê�
mÛ�, g^-;�ÍÜ�^É�r�³�, >f�
Øg^�m��°[�p�^3"^|½öf^
|¥¤�K�g^µþ�Ì�Ï� [5,6]. éuõþ
f:Xn, �þ!Ð°�´K�þf:g^ò�Z
ÄåÆ����Ï� [7]. �°[�p�^���
Ì��e�A�k' [1,8]: 1) ØÓ �|©; 2) �
°[ÍÜ~ê; 3) ¬�¥�f�ê; 4) Øg^��.

ÏdeÀJÜ·���Nþf:á�, ¦Ùäk�
���°[�p�^, Kk�U¼����g^ò
�Z�m. ~X, II-VI xþf:Ï~äk���>

fg^Øg^�p�^Úå'5 [9,10]. ��u2
�ïÄ� III-V x (In/Ga) As þf:5`, In, Ga, As

����"g^ØÓ �´Ýþ� 100%,  II-VI

x� CdSe þf:¥ Cd, Se ����"g^ØÓ
 �´ÝK��õ, ©O� 25%Ú 7.6%, Ïd CdSe

þf:�g^ò�Z�mk�U¬��.

CdSe þf:�g^�ZÄåÆ, c<®ÏL
�m©E{.1½��^=1ÌEâ?1LïÄ.

~X, Syperek � [8] æ^�m©E��^=1Ì3
	ò)��g|� CdSe/Zn (S, Se) þf:¥ÿ�
g^ò�Z�m T ∗

2 3§Ý 1.6 K ��� 5.6 ns,§
Ý 44 K �� 0.8 ns. Gupta � [7,11] |^�m©E{
.1^=1Ì (TRFR) Eâé CdSe �Nþf:�
g^ÄåÆïÄL²,§Ý� 6 K � T ∗

2 � 3 ns,§
Ý� 282 K � T ∗

2 � 0.4 ns. ,± �ïÄÌ�ý
u$§�¸, é¿§e� CdSe þf:g^�Z
ÄåÆEk�u�\ïÄ.

�©|^ TRFR 1ÌEâ�\ïÄ
¿§
e CdSe �Nþf:�g^�ZÄåÆ. uy�
	\^|rÝ�"�, -fg^ò�Z�m�
� 102 ps, ù�-f�g^ÄåÆÌ�É>f�
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Øg^�m��°[�p�^¤K�. �[ïÄ

	\î�^| (> 250 mT) ��-fg^�ZÄå
Æ, (Jw«�X^|rÝ�Or, þf:�-f
g^ò�Z�mÅì~�, ù´du3�r^|�
¸¥, �þ!ò�ZÅ�Ì�þf:Xn-f�g
^ò�Z�m.

2 ¢�C�9�{

û 	 k Å½ CdSe � N þ f : (Sigma-

Aldrich úi) ©Ñu`�M�¥, þf:º��
��� 5.0 nm, �n ¶(�. CdSe þf: (.Ò
� LumidotTM CdSe 610)��?�Ú?n, ���
u�='Ú®¥^u¢�ÿþ.
áÂÌdb	-��©11ÝO (TU-1901) ¤

�. 1�u1Ì-uÅ�� 400 nm, d�v��
2)��-1ì (Lengend-Elite, Coherent Inc. ¥%
Å�� 800 nm, ó°� 50 fs, EªÇ� 1 kHz)

² BBO ¬N�ª�). u1Ìd S2000 1n1
Ì¤Â8©Û. ã 1 ´ÿþ CdSe �Nþf:g^
ÄåÆ�¢�C�ã, Ä$!&ÿ-1Å�þ�
�3þf:u1¸NC 610 nm ?, dþãv��
2)��-1ìÑÑ�-1óÀ²1Æëþ��
ì (OPA) N��ÏL©å¡©å��. Ä$1��
 �1, d� �¡Úo©��Å¡|Ü¼�; &
ÿ1²L� �¡¼�X� �1. Ä$!&ÿ1
Uþ�ÏL^= �¡c��Å¡5N!, Ù¥&
ÿ1r�Ä$1r� 1/10. Ä$!&ÿ-1å�ß

ºà���¬L¡Ó�:?, ���� 200 µm. 	
\^|ÏL>^c�), ^|rÝ B 3 0—1 T �
�SëY�N (B æ^ voigt AÛ�., Ù��R�
ug^ ���).�
¼��Ð�&D', &ÿX
Úd�²ï1&ÿìÚ£���ì�ë¤|¤ [12].

²�¬ß���uÑ&ÿ1ÏLßºC¤²11
�?\��d�Å¡!�=cºÚ²ï1>&ÿ
ì|¤�²ï1x&ÿXÚ. ÿþ�, 	4�¬c
�Ä$1,^=�=cºc��Å¡¦²cº©Ñ
�ü´1rÝ��, ù�d£���ì&ÿ�ü´
1r�©&Ò�". �mÄ$1�, du� �Ä
$13�¬¥ïáåg^ ��, ò¦� �&ÿ
1 ���u)�½�^=, d��=cº©Ñ�
ü´1r�©&ÒòØ2�". òd�"&ÒÑ\
£���ì&ÿ¿ïÄÙ�ò´�m�Cz�
=���¤I�g^ÄåÆ&E, Ù¥ò´�md
Å�ò´���. �©¤k¢�þ3¿§e?1.

3 (J�?Ø

3.1 áááÂÂÂÚÚÚuuu111���111ÌÌÌ

ã 2 ´ CdSe �Nþf:�áÂ1ÌÚ1�
u11Ì, Ù¥1�u11Ì-uÅ�� 400 nm.

dã 2 ��, þf:áÂ¸�� 599 nm, u1¸�
� 613 nm. 3ÿþ CdSe �Nþf:g^ÄåÆ�
¢�¥¤^Ä$!&ÿ-1Å�þ��3þf:
u1¸NC (λpump = λprobe ≈ 610 nm).

ã 1 ÿþ CdSe �Nþf:g^ÄåÆ�¢�C�ã M, p�º; BS, ©å¡; P,  �¡, λ/2, �Å¡; λ/4, o©��Å¡; L,
àßº; iris, 1<; G-L, �=cº
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ã 2 CdSe �Nþf:�áÂÌÚ1�u11Ì, Ù¥1�u
1-uÅ�� 400 nm

3.2 ���¯̄̄ggg^̂̂ÄÄÄåååÆÆÆ

CdSe � N þ f : � � ¯ g^Ä åÆ´ |
^ TRFR 1ÌEâÿþ��. 3 TRFR 1Ìÿþ
L§¥, CdSe �Nþf:kd� �Ä$1-u
�)-f, Ùg^4z��÷X1�DÂ��. ²
L�½�mò´, � �&ÿ1ÏLþf:�¬ß
��1 ���¬u)�½�Ý�^=, T�Ý=
�{.1^=�, ÏL²ï1&ÿì�£���ì
�ë&ÿ. |^{.1^=��ò´�m�Cz
5ïÄ CdSe �Nþf:�g^ÄåÆ. ã 3 ´	
^|�"�, CdSe �Nþf:� TRFR 1Ìã. l
ã 3 �±wÑ, ÄåÆ�¥�êP~A�, [Ü
���P~�m�� 102 ps. &Ò�P~´d-f
g^ò�ZL§Úå.

ã 3 CdSe �Nþf:3"^|rÝe� TRFR 1Ì

�	^|�"�, þf:-fg^ò�ZL§
Ì�É>f�Øg^�m��°[�p�^¤K
�. g^ò�Z�m��â©z [5, 13] deªO�
��:

T ∗
2 = ~

√
3NL

2n
∑

j Ij(Ij + 1)A2
j

, (1)

(1) ª´éþf:¥¤k«a��"g^Ø��?
1¦Ú. Ù¥ NL �üþf:¤¹�fØ�ê; Ij

�Øg^, �"g^� Cd ���k 111Cd Ú 113Cd

ü«Ó �, §��Øg^þ� 1/2; �"g^� Se

� � = k 77Se � « Ó �, Ù Ø g^�� 1/2;

Aj �� ° [ ~ ê, Ù ¥ A(111Cd) = 37.4 µeV,

A(113Cd) = 39.1 µeV Ú A(77Se) = 33.6 µeV[8]; n

�¬�¥¤¹�fØ�ê, n ¶(�� CdSe �
Nþf:�o�f¬�, ¤± n = 4. ²L$��
��-fg^ò�Z�m�nØ�: T ∗

2 ≈ 7.3
√

NL

(ps). du¢�¤^ CdSe �Nþf:	/�Cq
¥G, �» d �� 5.0 nm. üþf:¤¹�fØ�
ê NL =

nVL

v0
, VL�üþf:�NÈ (VL = πd3/6),

n �¬ � ¤ ¹ � f Ø � ê, v0 ´ ¬ � N È, ¬
N CdSe n ¶(��¬�NÈ� 0.112 nm3[14].

²LO��� NL = 2338, �\úª T ∗
2 ≈ 7.3

√
NL

(ps) �� T ∗
2 ≈ 353 ps. nØO�Ñ� T ∗

2 �'¢�
� 102 ps ��, k�U´1Æ(f�Ñ���g
^µþ\� [15].

�
�?�Ú/
) CdSe �Nþf:�-f
g^ÄåÆ1�,·��[ïÄ
3	\ØÓî�
^|e�þf: TRFR 1Ì, Xã 4 ¤«. Ù¥^
|rÝCz��� 250—1000 mT. ã 4 ¥g^Äå
Æ��'ã 3 �3&Ò�±Ï5��, ù´du
g^7Xî�	\^|±.#�ªÇ^?¤��.

é��&Ò�¯�Fp�C� (FFT), (JXã 4

¥�ã¤«. �± 3 CdSe �Nþf:w��õ
���ªÇ¸Ø���´ [7,11]: ã 4 ¤k^|eþ
äkü��.#���ªÇ. �X	\^|rÝ�
Or, ��ªÇÅìO�, ªÌ�ÅìC°. ��Ì
Ý θF(t) ��m�Cz�L«�

θF(t) = θF(0) cos(2πvLt) exp
(
− t

T ∗
2

)
, (2)

ùp θF(0) �dÄ$-1óÀïá�Ð©g^4
zÌÝ¤éA�{.1^=�Ý, vL �^| B ¥
�.#�?ÄªÇ, Ù�u TRFR 1Ì���ªÇ,

T ∗
2 ´Xng^ò�Z�m. ã 4 ¥¤kg^Äå
Æ�Ñ�ÏL�§ (2) £ã��êP~¼ê?
1éÐ�[Ü (äNëêXL 1 ¤«). lL 1 �
±wÑ, �X^|rÝ�Or, .#�?ÄªÇÅ
ìO�, -fg^ò�Z�mÅì~�. �^|r
Ýl 250 mT Or� 1000 mT �, .#�?ÄªÇ
l 5.57 GHz O�� 22.28 GHz, -fg^ò�Z�
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ml 294 ps ~�� 92 ps. '�ã 4 �ã 3 �¢�(
J��, 250 mT	\^|e�-fg^ò�Z�m
'"^|¥��m�, ù´du	\^|O\��
½rÝ�,ÃSØg^���k�^|rÝåÏò
C�Ø2� [16]. ,	, UYO�	^|rÝ, q
¬¦-fg^ò�Z�m á, ù´�r^|e�
þ!ò�ZÅ�Ì��(J, �¡·�¬�[?Ø.

ã 4 CdSe �Nþf:3ØÓ^|rÝe� TRFR 1Ì, �ã
�éA��&Ò� FFT 1Ì

L 1 CdSe �Nþf: TRFR 1Ì[Üëê

B/mT θF(0) vL/GHz T ∗
2 /ps

250 1.11 5.57 294

500 1.54 11.30 157

750 1.72 17.50 111

1000 1.60 22.28 92

ã 5(a) � Ñ 
 CdSe � N þ f : 3 Ø Ó ^
|rÝe�.#�ªÇ. dã 5 ¥êâ�âú
ª g = hvL /(µBB) ��Ñ CdSe �Nþf:�
K�Ïf g = 1.67. 3¥/B�(�¥, -f g Ï
f (gexc) �>f g Ïf (ge) Ú�Ç g Ïf (gh) �3
±e'X, = gexc = (ge − 3gh)/2[11], Ù¥�Ç gh

� –0.73 ¿�ÑÙ�þf:º���6, >f ge

3�»� 5 nm �¥/B�(�¥�� 1.14[11], ¤
±O���� gexc = 1.67, �¢�ÿ� g ÏfÎÜ
�éÐ. ù`²¢�¤ÿþf:g^ÄåÆ�-f
�g^ÄåÆ. d	, 3 CdSe þf:g^ÄåÆ
ïÄ¥, Qk©z��¢�ÿ�ü� g Ïf¤éA
�.#�ªÇ [7,11], Ù¥������>f ge, �
�����-f gexc. �©�ÿ���-f gexc

¤éA�.#�ªÇ, Ù�Ï�U�þf:á�
���L§±9þf:�äN/�k'. ã 5(b)

´ CdSe �Nþf:-fg^ò�Z�m�	\
^|rÝ��6'X. �^|rÝl 250 mT O\
� 1000 mT �, -fg^ò�Z�ml 294 ps ~�
� 92 ps. þf:Xn-f�ò�Z�m T ∗

2 ´dü
�-f�k�g^µþ�m T2 ÚduXn� gexc

ÏfØþ!5����þ!ò�Z�m T inh
2 ùü

��¡¤û½. ¤±o�ò�Z�m�±�� [2]

1
T ∗

2

=
1
T2

+
1

T inh
2

, (3)

Ù¥ T inh
2 3�r^|�¸¥�^|rÝ B �'

XXe:
1

T inh
2 (B)

=
1

T inh
2 (0)

+
∆gexcµBB

~
, (4)

ùp ∆gexc �Ä$1-u�g^Xn-f gexc �
Ð°. (Ü�§ (3) ��§ (4) ØJwÑ, �X^|
rÝ�Or, Xn-f�g^ò�Z�mÅì~
�. ,��¡, dã 5(b) ¥¢�êâÚÙ[Ü�
��, �^|rÝ B > 250 mT �, ¢�ÿ�� T ∗

2

Ä��'u 1/B, ù�¢�(Jy¢
þãnØí
ä, =3�r^|�¸¥, �þ!ò�ZÅnÌ�

ã 5 CdSe �Nþf:-fg^ÄåÆ�	\^|��6'
X (a) VL-B; (b) T ∗

2 -B

þf:-fg^ÄåÆ. gexc Ïf��þ!Ð°�
�¡5gþf:º���þ!5, ,	��n ¶
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(� gexc Ïf���É5±9þf:�L¡5�
k' [11].

4 ( Ø

�©æ^�m©E{.1^=1ÌEâï
Ä
¿§e CdSe �Nþf:�-fg^�ZA
5. "^|e-fg^ò�Z�m�� 102 ps, Ì
�É>f�Øg^�m��°[�p�^K�.

�[ïÄ
3	\î�^| (> 250 mT) ��þ

f:-fg^ÄåÆ. ïÄ(Jw«: ^|rÝ
��� 250 mT �, -fg^ò�Z�m��, �
� 294 ps; �X^|rÝ�?�ÚOr, g^ò�Z
�mÅì~�. d-fg^ò�Z�m�	\^|
��6'X¥�Ñ: 3�r^|�¸e (> 250 mT),

CdSe �Nþf:�-fg^ÄåÆÉ�þ!ò�
ZÅ�Ì�, -fg^ò�Z�m�^|�Or
Åì~�; Ó�¼�
 CdSe �Nþf:�-fk
�K� gÏf.
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Abstract

Time-resolved Faraday rotation spectroscopy is used to study the spin coherence in colloidal CdSe quantum dots at room tem-

perature. Spin dephasing time and relevant dephasing mechanisms are analyzed in different transverse magnetic fields. The exciton

spin-dephasing time is 102 ps in a zero magnetic field, which is affected by hyperfine interaction between electron and nuclear spins.

In a transverse magnetic field of 250 mT, the exciton spin-dephasing time becomes 294 ps due to the fact that the presence of magnetic

field makes the nuclear spin fluctuations unimportant. Further increasing the external magnetic field, the spin dephasing time becomes

shorter. The magnetic field dependence of the exciton spin dynamics shows that the spin dynamics is dominated by the inhomogeneous

dephasing in high magnetic fields (> 250 mT).

Keywords: spin coherence, quantum dots, CdSe, time-resolved Faraday rotation spectroscopy
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