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Quantum Dots

= CAc hat ban dan c6 cau trac 1a cac hat c6 kich thudc
nano (dwdng kinh méi hat tiv 2 — 10nm).

- V&i moi kich thude hat khéc nhau, khi dwoc chiéu
sang sé co mot mau sac phat quang khac nhau.

Energy ¢ . . .
F 9

QDs Radius

= Nhiéu hinh dang khéac nhau: hinh Iap phwong, hinh cau,
hinh chop, v.v
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Téng hop cham luong to

« Keo hoa
(epitaxy)
As In
j % j InAs Quantum dots
T
()]

I
Wetting layer
Step 2

I
GaAs substrate

Step 1

Islands formation
Step 3

« Quang khac
(e-beam lithography)
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Temperature
controller

[ Magnetic stirrer ]

» Tong hop keo hoa

(Wet chemistry)

electron beam

quantum dots
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Pin mat tréi cham lwong tor

~ Vat liéu hap thu quang dién la cac chat lwong tl
thay thé cho cac khoi vat liéu.

» Chon cham lwong tr lam vat liéu quang dién
cho pin mat troi vi:
oTang hiéu suat hap thu &nh sang mat troi (bé qua gidi han
vé pin mat tr&i cia Shockley — Queisser (33.7%)).
oMEG (sw hinh thanh nhiéu cap lién két dién t - 16 trong)
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NG MpIe EXCItON Generation
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:;n;tguc; * AE, One photon yields
l o two e—h* pairs
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Carrier relaxation/cooling =
E h E (conversion of carrier >
g ¥E 59 Keli ener'gy.to neaniy ! impact ionization (now
\ Phonan entissiont hvi Elgap 4—l_ called multiple exciton
generation (MEG)
Ev T O+ <
Excess h* h < O (MEG can compete
kinetic AEp h™ | successfully with
energy oy < phonon emission.)
h+ from A.J. Nozik
0
h+
(a) Bulk Semiconductor (b) Quantum Dot e
Basic Solar Cell: MEG Solar Cell:
1 photon = 1 exciton 1 photon =2+excitons

(1 e/1h*+excess energy) (2+e/1h*-no heat!)
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energy AEg One photon yields
e two e—h* pairs
E :_ J
C
! e €
Carrier relaxation/cooling
(conversion of carrier
Eq hv>Eg |inetic energy to heat by i ] ¢ lonization (
honon emission impact ionization (now
e ) hvi Efap o.J_ called multiple exciton
generation (MEG)
Ey On+ <
Excess h* AE h < 0 (MEG can compete
kinetic h h* | successfully with
energy < phonon emission.)
h* from A.J. Nozik
0
h+
(a) Bulk Semiconductor (b) Quantum Dot L

« Do QDs c6 dd rdng viing cam nhd hon chat ban dan théng
thwdng nén cé thé hap thu hoan toan nang lwong cia 1 photon
va tao ra dwoc 2 exicton.

1 electron sinh ra nho nang lwong photon nhw binh thwong, sé
blrc ra tlr ving hoa tri I8n mdc ndng lwong cao nhat clia ving
dan

1 electron con lai do anh huwdng cua qua trinh ion héa nén nhay
lén mdt mlre nang lwong thap hon trong ving dan

=> Hiéu &rng MEG
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. S
Phan loai pin mat troi QDs

Pin mit troi tiép xuc kim loai — ban dan

Pin mat tro1 hydrib silicons/NCs

Pin mt roi cau trac p-i-n

Pin mit trdi cau tric ban dan - polyme

Pin mit troi Quantum dot tiép giap di thé

Pin mat tro1 Quantum dot nhay quang

Pin mit troi Quantum dot- chat mau nhay quang

N o ok~ w Ddh e


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

1. Pin mat troi tiép xuc kim loai — ban dan

9p0J103|3 |EI3IN

Glass substrate

9p0J123|3 |e1IdN

QD film

Vat liéu vi du:
Zn0O / PbS
guantum

dots

\

Cau truc pin gém 1 1&p dé, Iép mang dan dién ITO,
I&p mang ban dan QDs & gitra ITO va I&p dién cuc

Kim loai

=>Tao ra tlep glap ohmic & gilra Io’p ITO va QDs
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2. PIn mat troi hydrib silicons/NCs

Vat liéu vi du:
silicon/PbS
quantum-
dot

LLLLLLL
......

o > Glass

Cau truc giong voi pin mat troi tiep xuc kim loai —

ban dan nhwng co thém 1 1&p silic thuan xem gitra
I&p QDs va Iop dién cuc

=> két hop hai vat liéu nham tao ra vang phd hap
thu anh sang réng hon khi chi c6 maot vat liéu
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3. PIn mat troi cau tric p-iI-n

QUANTUM  THERMAL A
WELLS ESCAPE ECTRON Vat liéu vi du:
‘H | e InAs/GaAs quantum
L il _T dots
VAV Eg~ & T 4
i | '+ Lop cach dién
v =" dwoc thay bang I&p
O scare ban dan QDs
- — — <8A
° Hoat d’éng nhU’ pln p = e e - minibands
mét trb,i p'n truyén —— h* - minibands

thong nhwng nhe 1&p
QDs ma dién tw
dwoc tang cwong

ongThanCong.com


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

4. Pin mit troi cau tric ban dan - polyme

-

Eg—

E,y(2)
&
e e
_——— Ec
E't’
00 T
A
Hole- Eyl1)
conducting
s Quantum dot in l
SC polymer E
kT Electron-
conducting
polymer
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Vat liéu vi du:
MEH-PPV/CdSe

guantum dots
\. 4

Vat liéu hap thu
quang dién két hop
ban dan QDs voi
polyme

Muc dich tao ra
nhiéu mdc nang
lwong dé gitr dién
tr trong cau truc
lau hon va tang
thdi gian song cla
electron
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5. Pin mit troi Quantum dot tiep giap di thé

474 e Vat lidu vi du:
g 2 Nanoporous
| || 'Eld w & E TiO,/PbS colloidal
w | @ \E N = D guantum dots
1) 2 el B 5 TS
T B % ~ ‘Electron path
. po o
o | ! ey b2
Light = Light o
Dfim X D i g g
Nano.porousQ . Nan(T)ipg)rous ail Nanostructwed TiO,
(a) 1, (b)’ wnth quantum dots

. Lop tiép xuc di thé gitra QDs 1a 1&p ban dan kKhac Ioal tao
nén rao thé do chénh léch cac mirc nang lwong

«  Nho& dé dién t&r co thé chuyén tr ving dan cao hon xudng
thap hon, 16 trong tir s& nhay Ién ving c6 hda tri cao hon
va giam kha nang tai hop cda 16 trong — dién tor.
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6. Pin mat troi Quantum dot nhay quang

SnO,  TiO, Quantum Electrolyte Counter

Glass Nanolaver Dot Electrode
- Electron
Conduction 1D(e)
energy
A

Ep
qVoc
E

redox
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(" Vat liéu vi du:
OTE/
TiO, (Nanoparticles)/C
\ dSe y

Hoat dong nhuw pin
mat trol nhay
quang binh thuwong
nhwng thay thé vat
lieu nhay quang
bang QDs nham
tao ra cac muwc
nang lwgng khac
nhau

=>» tang thoi gian
song cua dién tur.
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P6 thi I-V cua
pin mat troi

N nhay quang
Zos PbS QDs
£02 cho thay st

dung vat lieu

o5 0a o5 os | quang dién I3
B QDs dong sinh
ra khéng bén
khi thé tang
theo thoi gian.

CdSe QDs két hop véi TiO,
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7. Pin mit troi Quantum dot-chat mau nhawang

@

0.6 Vat liéu vi du:
nanocrystalline TiO,/CdS QD
+amorphous TiO,/N719 dye

0.5

-
£ « Pin mat troi két hop cé
S 03 vat liéu QDs v&i chét
S mau nhay quang dé giai
g M quyét kha nang sinh

01 Without Dye dong.

« Tao ra nhiéu mrc ndng
lwong dé duy tri thoi
gian song cla dién tk
trong pin nhwng két qua
thu dwoc van khéng kha
quan.

.com/tailieudientucntt
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Cai thién hiéu suat pin mat tri QDs

i
0.7 o~ 24
.
E oo
0.6 o
< 05 % :
E :16 .
§ 0.4 é
203 0
2 s ——perovekite
é 0.2 8 8§ | memPerovskite:Pbs 1%
E b Parovekite. PbS 2%
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Pin mat tr&i QD: cho | [&n nhwng giam nhanh khi tang V

- két hop vat liéu perovskite wu diém 6n dinh dong khi tang V
=» tang hiéu suat cho pin
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Pac biem
v’ Tang hiéu suat
- B6 qua gia dinh gi61 han Shockley — Queisser (33.7%)
- MEG
- Exciton — Trang thai lién két ctia 1 cap dién tir - 16 trong
v" Linh hoat
v" Giam gia thanh

X Poc hai do stir dung kim loai nang: Cadmium, Lead,...
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Pinh hwdng va thach thic
twong lai

v Cai thién hiéu suat MEG
~Cai tién mang QD va cau tao thiét b

vKham pha MEG trong cau tric khac
(2D: QD rods/wires, 1D: QD platelets)
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THANK YOU!
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