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Comparison of nonlinear properties of CdTe and CdS quantum dots

Chang Cun, Sui Jingrong, Chang Qing", Zhang Dongshuai
(Institute of Electronic Engineering, Heilongjiang University, Harbin 150080, China)

Abstract: The optical nonlinear absorption and nonlinear refraction properties of CdTe and CdS quantum
dots (QDs) were investigated by Top—hat Z—scan technique. The experimental condition of Top—hat Z—
scan was at a wavelength of 532 nm and a pulse width of 190 fs. Under the the action of femtosecond
laser pulses, the experimental results show that the nonlinear absorption of CdTe QDs is saturable
absorption and the nonlinear absorption of CdS QDs behave as reverse saturable absorption. The nonlinear
refraction of CdTe QDs self —defocusing, and CdS QDs show self —focusing. The nonlinear absorption
coefficients of CdTe QDs and CdS QDs with dimensions of 2.6 nm and 2.4 nm are —9.26x10™ m/W,
0.78x10" m/W, respectively, and the nonlinear refractive index coefficients are —0.86x10>* m*W,
1.46x10™ m*W, respectively, and the third—order nonlinear polarizabilities are 2.72x10™ esu and 1.36x107™ esu,
respectively. It was shown that the optical nonlinear absorption and nonlinear refraction of cadmium
semiconductor QDs with different materials under the similar sizes are different. Based on the
experimental results, the mechanism was analyzed.

Key words: third—order optical nonlinearity; CdTe; CdS; Top—hat Z—scan

K BEH.2017-10-10; f&ITHHA.2017-11-20

ESW A : BEHARF#HESE(51372072)

YEE T HAF(1966-), B #Hz Wi+, EENF G0 J7 H 9857, Email:changcun@hlju.edu.cn
WIES 5 (1970-), 20, #1082 , 4+, FENEGUORA R AR L MRS, Email: 1992005 @hlju.edu.cn

0306004-1



9Nk TAE

% 34 www.irla.cn % A7 &
n, =Bz R et Ak X @, I AR Ze AL ]
0 5| AT T 5387,

YER A=A R E R, JELk
PR I BN AR MR 0L 5 A RME 1™ A2 1 Ak
LR U B ARG M I 5 VA LA DT R TR A |
S ER AR IR PR v DA S Ik A I ey vk
R AR L M2 R IR R W B S EH
{BERAEAE LT B A 1989 4 M.sheik—Bahae A 5%
KBy Z-scan HAR , C & MR GEWFEH AT R
M AR LR BT 2 — o R AT DL i
LD Rl R it PO ¥ S NIV E |5 G TR R E S5 d
W A0 R B A A A o O B T B HL S BB e L
FEVEAERA PR R T AR I B, o T
ARt e e BN k2 —, &% Z-
scan i X 5 TG o A B R A | X S8 BT R 1Y AR
BORBAET 2], PR T = e {5 B, 54t
#J Z-scan i £ R A [t Top—hat Y& Z—scan i $
AR ELA i R AR Rz B 45T, Top—hat
Z—scan £ R F| FH Top—hat JeE R 6IR , X E IR G R
Jo i B LA, RS A Sk R T R R 4
2.5 f5"1,

T % (Quantum dots, QDs) #§ =/~ i HR
K, RAETE 1~10 nm A9 2} ARG K Fik
(Nanocrystals,NCs) , ifs 29 i A« N3 7181 2
AR TR R AT I, MR 25 o O S i
g TR T UK R ARG M R, BRI
FHAES G M A AR -0 i HOR TR OGP i Dt
TARE AEY TR AR P A T T A A AR T H
FEIOAE LR, Hirp CdTe 2 A& F 5 .CdS 2
A A s PR R ) o BRSO A R, 7ROt
FH, 1A )k 2 A5 19800 Ja— 2 A DG I 9 B A
SEAEMAAMEHEL, WAk kR TR AR T
RSFRON |- FRBUEON | 2% TR0 S8 e PE . G H
SRR R T MR A PR BN, (T
1Z W0 A R FHBE HL It AR SRS 20 RO G 345 7
[T

SCHFA Top-hat Z-scan #7634 532 nm
k582 190 fs FWF5E T CdTe £ F LA S CdS
TR =GR LA S AR L T SRR DU
15 TR AR LRI 28 B, ARL PRI 38 R4k

1 BiEOHT

Top—hat Z—scan 5 55 /2 | 55 A4 6} 9 JE 2 P 1l
WA ZR ORI AR 2 M 7 S 38 2 B0 RN A KA 5 G 17 1Y
FORFBE A AR AT DLE 2ok B RO o 6 XA R
149 3 2 PR W AT 22 BORN A Ze PR3 S 3R R AT A S
OB T R H R BORE Ry, LRI A A M R
T HAbR I ETB, BON TR AR T R
WE IR — LR E 1 s, 88 (z=0)

&l 1 Top-hat Z—scan 256 %¢ &

Fig.1 Experiment setup of Top—hat Z-scan
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Fig.2 UV-Vis absorption spectrum of CdTe quantum dots
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Fig.3 UV-Vis absorption spectrum of CdS quantum dots
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Tab.1 Comparison of nonlinear properties of
the different size CdTe QDs and CdS

quantum dots under the fs laser pulses

Quantum/nm B/m-W-! ny/m-W! x%/esu
CdTe,(2.6) -9.26x107" -0.86x10* 2.72x107"
CdTe;(2.4) 0.76x107" 1.46x102° 1.11x107"
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