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Table I. Comparison between CH3NH5Pbl4-based perovskites and other photovoltaic technologies.

Perovskites have many of the advantages of polycrystalline semiconductors such as CIGS and CdTe, but they are processed from solution-like organic materials or quantum dots. Material characteristics refer to
values measured for materials similar to those used in the highest performing solar cells

Photovoltaic Power Absorption Diffusion Carrier Carrier Band Loss-in- External Stability|| Main element Energy-pay-back
technology conversion coefficient length mobility lifetime gap potential radiative time (years)
efficiency* (cm=")t (um)t (cm® Vs)t (eV) (eV)§ efficiency
(%)™ (%)
Critical Toxic
c-Si* 256+05 10° 100-300 10-10° 4 ms 1.1 0.4 13 >25 years - - 1.7-4
GaAs (thin film)2 28.8:09 10 1-5 >10° 50 nsf 1.4 0.3 25 >20 years  Ga As 2.3-5
CIGS* 21.7+06 10%-10* 0.3-0.9 10-10? 250 ns 11 0.3 10~ >8 years In, Ga - 0.3
CdTe™ 21.0+04 10° 0.4-16 10 20 ns 1.5 0.6 10-3 >4.5 Te Cd 0.5-1.1
years
Dye-sensitized"~ 13.0:05Y  10°-10* 0.005-0.02  107%-10 1ns** 16 0.7 10~ <20 Co - 0.5-1.5
months
Organic™™" 11103 10°-10° 0.005-0.01 107310~ 10-100 ps'* 16 0.7 10~7 <25 days - - 0.2-4
Quantum dot 92+02" 10%-10° 0.08-0.2 1074102 30 us 1.3 0.8 104 <6 days - Pb 1.51
(PbS)—nn
Perovskite®™™" 201+04 10°-10* 0.1-1.9 2-66 270 ns 16 0.5 102 4-42 - Pb 0.9
days

* Under AM 1.5, 100 mW/cm?: 1 At 300 K in the vicinity of the band edge; $ Of the minority carrier (c-Si, GaAs, CIGS, CdTe, perovskite) or the exciton (dye-sensitized, organic, quantum dot); § Eg=qVjc (band gap—open
circuit voltage); || Period at which the efficiency becomes 80% of the.nitial s@lye: ] Corrected for photon-recycling effects; ** Of a dye in solution, not on TiO»; 11 Ofthe.donor=acceptor blends, not the pristine material.
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1. GIOI THIEU
/ . /

Perovskite la ho vat liéu cd dang ABX; va co cau tric octahedral mineral.
Trong do:

» A, B la cac cation (trong d6 co kich thudc 16n hon B). Trong tmg dung lam pin mit troi, A thuong la
cac ion organic va B la cac ion kim loai (cha y&u la Pb va Sn).

» X laanion. Trong irng dung lam pin mat tro1, X la cac ion trong nhém halogen (ClI, Br, 1),

CaTiO; : Perovskite lan dau dugc phat hién boi Lev
Perovski (1839)

CAu trdc tinh thé cua Perovskite

uuDuongThanCong.com https://fb.com/tailieudientucntt


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

1. GIOITHIEU  —
_ r

¥iéc chon A,B,X con phu thudc vao hé sO t (tolerance factor) va hé sO p(octahedral factor) duoc dinh

nghia bang biéu thirc:
R, + RX R,
[ = U =—
J2(RB +RX) Ry

Hé s6 t danh gia kha ning két hop cua cation b 090

A véi cac octahedral xung quanh. Cau trdc  oso-

perovskite c6 0.8 <t<1. 070 -

Hé s6 [ danh gia kha ning két hop cua cation o D<> " + X o

B v&i nhom cac nguyén tir X; ¢ xung quanh. s o O X +

Khi p > 0.44 thi phu hop de tao cau trac & Y7 O X

perovskite. £ 040+

Tuy nhién, sau rat nhiéu nghién ctru vé pin £ 030- OMAPbl,  CIMAPbBr, OMAPLCI,

perovskite da chi ra viéc st dung 2 nguyén t§ S 0.20 - OMASnl;  CIMASnBr;  OMASnC,

halogen khéc nhau cho ra hiéu suat cao hon. XEAPDl;  +EAPbBr;  XEAPbCI;
0.0 X EASnl, +EASnBr;  KEASNCl,

Perovskite pho bién: CH,NH,Pbl, Cl. (Br) N

Tolerance factor, t

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2. CAUTAO PIN
/ - /

C4u tao chung ctia pin perovskite:

METAL Glass — nhén anh sang mat troi va cho anh sang

truyen qua. Thuong dugc phu 1 16p mang mong Ién

HTM bé mat dé giam su phan xa VA ting hiéu suat cia
pin.

PEROVSKITE FTO — 16p dién cuc dong vai trd din dong dién ra

_ ngoai. Bén canh d6 van cho anh sang di qua.
Perovskite — 1a 16p hap thu nh sang va giai phong
_ ra cac electron va 16 trong dé tao thanh dong dién.
DPé cho hiéu suat chuyén doi cao, nguoi ta thuong
GLASS dung 2 loai halogen khac nhau (I/Br hoac I/ClI).
Metal — 1 16p dién cuc dé.

LIGHT

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2. CAUTAOPIN —

ETM — nhan electron tir 16p hap thu 4nh sang (perovskite)
va van chuyén theo 16p dién cuc FTO ra ngoai tao thanh

S dong dién. Hau hét céc loai pin perovskite cho hiéu suat
. cao déu st dung 2 16p ETM la bl-TiO,/mp-TiO, hoac bl-
—  Spiro-MeOTAD Tlozlmp-A|203

Blocking Layer TiO, — c0 vai trd ngin tiép x(c giita 16p
perovskite va 16p FTO, 1am giam su tai to hop va gop phan
tang hiéu suat pin. Bén canh d6 ciing 14 noi tiép nhan
electron tir 16p perovskite va van chuyén ra ngodi. Lép nay
thuong dung TiO, rutile n-type ¢ dang nanorod (rutile
cho d9 linh dong electron cao, dang ban dan n-type
giam nhiét do can ché tao tir 500 -> 150°C va nanorod
tang cwong kha nang nhan electron do hiéu @ng bién).

Mesoporous TiO, (Al,O,) — ¢ kich thudc nguyén tir kha 16n va cau trdc gian giéo (scaffold). Lép nay gop phan bay
anh sang hap thu vao va ciing sé nhan electron sinh ra va van chuyén vé 16p dién cuc FTO. Viéc sir dung ca 2 16p sé
lam giam dang ké dong toi trong pin (dark current).

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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2. CAUTAOPIN

HTM — c6 vai trd van chuyén 15 trong sinh ra trong 16p perovskite sau khi electron di chuyén tir viing héa tri 1én ving
dan qua 16p dién cuc kim loai ra ngoai. HTM théng dung nhat 1a Spiro-OMeTAD. B¢ tang cuong kha ning van
chuyén 16 trong, nguoi ta s& pha tap FK 209 Co(l111) PF, salt (p-dopant) vao tao p-type Spiro-OMeTAD.

OCH,8 OCH,
HECG-@-?E? OCH,

o/ N @’@ N\ ) OCH,
O

9

OCH, OCH;
Spiro-OMeTAD

. 3PF5_

FK 209 Co(lll) PF, salt

CuuDuongThanCong.com
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Figure 7. |-V curves for a record cell measured at simulated AM1.5G
solar irradiation of 96.4 mWem™ (solid line) and in dark (dashed line).

Reprinted from Ref. [73] with permission from Macmillan Publishers
Ltd, copyright 2013.
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3. NGUYENTLY-HOAT PONG

e

TiO,

eV (©)
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TiO,

HTM
e : -
HTM g
CH;NH; Au <
Pb'3 R — ; :
R
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(1): Electron nhan nang lugng photon bi Kich thich tir vang hoa tri
1én ving dan.

(2): Cac electron & ving dan sé& ¢6 xu hudng di chuyén xudng céc
muc nang lugng thap hon (& day la cac 16p TiO,).

(3): L4 tréng sinh ra do céac electron di chuyén 1&n ving hoa tri s&
duoc van chuyén sang HTM (qué trinh nay dong nghia véi
electron tir HTM s€ di chuyén sang perovskite).

(4), (6): C6 kha nang electron s& dich chuyén ngugc lai HTM
hoac bi tai to hop trd lai vung hoa tri.

(5), (7): Co kha nang cac electron ¢ 16p TiO2 khong duoc van
chuyén ra ngoai dién cuc ma dich chuyén nguoc lai 16p Perovskite
va HTM.

Cac qua trinh 4 = 7 1a quéa trinh khéng mong muoén, tao thanh
dong toi trong pin (dark current).

https://fb.com/tailieudientucntt
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e

> Phuong phép ché tao don gian : Phu hon hop CH3NH;l, Pbl, 1én ) (Pbl; + CHyNH,1)/DMA
dé Ti02 béng phuong phap phu quay (spin-coating), dugc “dong ‘ﬂ/ ONE-STEP COATING
goi” ky ludng (encapsulation). —i" T

> Heé sb hip thu quang hoc cao, hiéu suét rét tét. ==

. r e 2 , . R . X : S
» Cau trdc tinh thé cho phép kha nang van chuyén hat tai rat tot. i i

> Giit dugc hon 80% hiéu suét ban dau trong 500 gid. g
> RAt linh hoat, ¢6 thé udn déo. : =

TWO-STEP COATING
a 107 _ —

GaAs
£ 0% —Si
g
:_: ‘IDS.! —ll'lp
E ] \ === CIGS
= .|D‘4—=
% 1 \ — CI5
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5 1073 CdTe
S 1024 CdsS
@ ]
1 — CH;NH4Pbl;_ CI,
0
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5. THACHTHUC —

Pb LIFETIME

COST

SCAILING
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Perovskite as Light Harvester: A Game Changer in Photovoltaics, Angewandte Minireviews by Samrana
Kazim, Mohammad Khaja Nazeeruddin, Michael Grtzel, and Shahzada Ahmad.

The emergence of perovskite solar cells, Article in Nature Photonics July 2014 by Martin A.Green and Anita
Ho-Baillie, UNSW Sydney.

The expanding world of hybrid perovskites: materials properties and emerging applications, MRS
Communications (2015), 5, 7-26 © Materials Research Society, 2015 by Sarah Brittman, Gede Widia Pratama

Adhyaksa, and Erik Christian Garnett (Table 1).

https://www.ossila.com/pages/perovskites-and-perovskite-solar-cells-an-introduction (Biéu d6 hi€u suét)
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