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An exciton is composed of an electron and a hole. The effective 
distance between the electron and the hole within an exciton is 
called Bohr radius of the exciton.  

When the length of a semiconductor is reduced to the same order as the 

exciton radius, i.e., to a few nanometers, quantum confinement effect 

occurs and the exciton properties are modified.  

Exciton 





Eg: band gap of the bulk SC  
n: quantum number  
R: radius of the QDs  
m =(me mh) / (me + mh) 
ε︰ SC dielectric constant  
h: Plank' s constant  

For a spherical II-VI semiconductor QD, using the confined Wannier exciton Hamiltonian, 

the energy expression can be modified to give:  
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The treatment is like an electron in hydrogen-like orbital   
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As R ↓ Eg(R) ↑ λ ↓ 

(Absorption wavelength decreases as QDs particle size 

decreases)  

For the electronic transition from the valence band to conduction band (n =1), 

ignoring small contributions from 1 / R term (strong confinement region):  

 

ΔEg =change in band gap energy due to quantum-size effect  



Energy Level  (VB/CB)of Various Semiconductors 

J. Mater. Chem. A, 2013, 1, 8694–8709 
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量子點的合成 (溶液態) 

CdSe 

(bottom-up process) 



Control band gap by varying the CdSe size 

Energy level alignment 

What should we know-Type I &Type II 

CdSe/ZnS 

HRTEM 
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G3 : 520 nm 
FHWM : 36 
QY : 99% 
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QD-G 

R4 : 624 nm 
FHWM : 32.8 
QY : 89.7 % 

QD-R 

CdSeSZnS Alloy Quantum Dots for QLED 

Synthetic Protocol in My Lab 



Mass Production:  50-100 g/pot  



Quantum Dots 

Other Optoelectronics 

Bioimaging 

Solar Energy Cell 

Lighting 

Catalyst 
Nanomedicine 

Potential Applications 



10.6% 

For Various Types of Solar Cells 
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Unique Photophysical Process for QDs in Solar Energy Cell 
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Auger Process: Multi-exciton Generation 

hv 
One Photon 

Two Photons 

Important Gaining Factor for Photovoltaic 

大幅超過Schottky-Queisser 
31 %限制 



四類型量子點太陽能電池的結構 (a) 混合塊材異質結面太陽能電池 (b) Schottky結面太陽能電池 (c) 量子點敏
化太陽能電池 (d)空乏區異質結面量子點太陽電池 

The application of Quantum Dots in solar energy 



QDs surface modification-organic ligands  

ACS nano., 2014, 5863-5872 
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QDs surface modification-Inorganic ligands  

J. Am. Chem. Soc. 2014, 136, 6550−6553 



CdTe 

Chou, Adv. Mater. 2011, 23, 5451 

PSBTBT/CdTe : 3.5% ,  
world record (2011) 

31  

      (1) 混合塊材異質結面太陽能電池 
   (hybrid bulk-heterojunction solar cells) 



Advanced Materials, 25, 5772 (2013) 
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(2) Schottky結面太陽能電池 (Schottky junction solar cell) 

Nano Lett., 2008, 8, 3488–3492 

4.57 % 



(a)元件組成示意圖與量子點吸收圖譜 (b)清洗4次的硫化鉛量子點組成元件的I-V曲線 (c)不同清洗次數的硫
化鉛點組成元件的I-V曲線與費米能階平衡後的能帶示意圖 (d)清洗4次的硫化鉛量子點組成元件的吸收圖譜 

Energy Environmental Science, 6, 3054 (2013). 

5.6% 



(c)量子點敏化太陽能電池 
化學沉澱法(chemical bath deposition, CBD)或連續 

離子吸附法(SILAR)將量子點直接成長在二氧化鈦上 

J. Am. Chem. Soc. 134, 2508 (2012) 

QDSC vs. DSSC QDSC DSSC 

Active layer Quantum dots Organic dye 

Electrolyte S2-/Sn
2-(avoid 

metal corrosion) 
I-/I3

- 



Scientific Reports, 3, 1050 (2013) 



Built-in potential can reduce exciton recombination 

(4)空乏區異質結面量子點太陽電池 (p/n type solar cells) 



Nature Nanotechnology, 7, 577 (2012) 

7.0% 



8.55% 

Nature Materials, 13, 796 (2014) 



Nano Lett. 2016, 16, 4630−4634 

Record High QDs Solar Cell 10.6% 



PCE:4.21%, 
Voc 1.05 V 

串疊(Tandem)太陽能電池 

Advanced Materials, 23, 3144 (2011) 



Nature Energy 2016, DOI: 10.1038  

(5) The QDs Solar Concentrator  

CdSe/Cd1-xZnxS g-QDs 

CdSe-QDs 



These values yield hext of about 1.9%, which is about a factor of 3.4 below the `break-even' efficiency 

90 cm 



Application of Quantum Dots  

Emphasis in QLED  

QD-LED 

QLED 



Hurdles in QD-LED: Auger Recombination, Instability (Oxygen, H2O)  

fast 

slow 
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Another Auger Process: Auger Recombination 

電子 

電洞 

Retardation Factor for QLED 





EQE ~7.5% 



EQE=18% 



 

Nature 515, 96–99, 2014. 

PMMA is prepared to be the electron transporting layer because of the balancing 
exciton  and tunneling effect . 
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 QD-G-520 nm

 CIE    (0.15,0.72)

 FWHM 35 nm  

 QD-R-638 nm

 CIE    (0.69,0.30)

 FWHM 38 nm
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Lmax 
[cd/m2] 

Imax  
[mA/cm2] 

hext max 
[%,cd/A] 

hp max 
[lm/W] 

η at 1000 nit 
[%, V] 

G-520 nm 2.6 
49346  
(10.2V) 

2060.7 4.49%, 15.4 11.0 4.10%, 5.4 

R-638 nm 2.0 
23042  
(8.8V) 

3609.3 6.51%, 6.60 7.98 5.12%, 3.8 

QD-LED Progress in My Lab 



量子點相關材料未來市場預估 

2020 年  47 億美元 = 1500 億新台幣 
38 



Thank You for the Attenetion 


