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[1]) In situ interface engineering for probing the limit of quantum dot
photovoltaic devices
HiRER: Nature Nanotechnology, 2019, 14(10):1-7
BREBAL: TR TRERY
REAEE:  Sun, Litao (GL[FE@#EN), Dong, Hui (EE—AEE)
Xu, Feng. Zhang, Qiubo %% (HAEHE)
B https://www. nature. com/articles/s41565-019-0526-7

E:  Quantum dot (QD) photovoltaic devices are attractive for their low-cost
synthesis, tunable band gap and potentially high power conversion efficiency (PCE).
However, the experimentally achieved efficiency to date remains far from ideal. Here,
we report an in—situ fabrication and investigation of single Ti02-nanowire/CdSe—QD
heterojunction solar cell (QDHSC) using a custom—designed photoelectric transmission
electron microscope (TEM) holder. A mobile counter electrode is used to precisely tune
the interface area for in situ photoelectrical measurements, which reveals a strong
interface area dependent PCE. Theoretical simulations show that the simplified single
nanowire solar cell structure can minimize the interface area and associated charge
scattering to enable an efficient charge collection. Additionally, the optical antenna
effect of nanowire-based QDHSCs can further enhance the absorption and boost the PCE.
This study establishes a robust ’nanolab’ platform in a TEM for in situ photoelectrical
studies and provides valuable insight into the interfacial effects in nanoscale solar
cells.
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[2] Epitaxial growth of wafer—scale molybdenum disulfide semiconductor single
crystals on sapphire

HiRfEE: Nature nanotechnology, 2021, 16(11):1201-1207.
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WE: Two-dimensional (2D) semiconductors, in particular transition metal
dichalcogenides (TMDCs), have attracted great interest in extending Moore’ s law beyond
silicon(1-3). However, despite extensive efforts(4-25), the growth of wafer—scale TMDC
single crystals on scalable and industry—compatible substrates has not been well
demonstrated. Here we demonstrate the epitaxial growth of 2 inch (similar to 50 mm)
monolayer molybdenum disulfide (MoS.) single crystals on a C—plane sapphire. We
designed the miscut orientation towards the A axis (C/A) of sapphire, which is
perpendicular to the standard substrates. Although the change of miscut orientation
does not affect the epitaxial relationship, the resulting step edges break the
degeneracy of nucleation energy for the antiparallel MoS. domains and lead to more than
a 99% unidirectional alignment. A set of microscopies, spectroscopies and electrical
measurements consistently showed that the MoS. is single crystalline and has an
excellent wafer—scale uniformity. We fabricated field-effect transistors and obtained a
mobility of 102.6 cm(2) V-1 s(-1) and a saturation current of 450 mu A mu m(-1), which
are among the highest for monolayer MoS.. A statistical analysis of 160 field—-effect
transistors over a centimetre scale showed a >94% device yield and a 15% variation in
mobility. We further demonstrated the single—crystalline MoSe: on C/A sapphire. Our
method offers a general and scalable route to produce TMDC single crystals towards
future electronics.
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[3] Breakdown of the Nernst —Einstein relation in carbon nanotube porins
HiRfE8: Nature Nanotechnology, 2022: 1-7.
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E. For over 100 years, the Nernst-Einstein relation has linked a charged
particle’ s electrophoretic mobility and diffusion coefficient. Here we report
experimental measurements of diffusion and electromigration of K+ ions in
narrow 0.8-nm-diameter single-walled carbon nanotube porins (CNTPs) and
demonstrate that the Nernst—-Einstein relation in these channels breaks down by
more than three orders of magnitude. Molecular dynamics simulations using
polarizable force fields show that K+ ion diffusion in CNTPs in the presence of
a single—file water chain is three orders of magnitude slower than bulk
diffusion. Intriguingly, the simulations also reveal a disintegration of the
water chain upon application of electric fields, resulting in the formation of
distinct K+-water clusters, which then traverse the CNTP at high velocity.
Finally, we show that although individual ion—water clusters still obey the
Nernst-Einstein relation, the overall relation breaks down because of two
distinct mechanisms for ion diffusion and electromigration.
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[4] Three-dimensional monolithic micro-LED display driven by atomically thin
transistor matrix

HARfEB: Nature nanotechnology, 2021, 16(11):1231-1236.
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#E: Two-dimensional materials are promising candidates for future electronics due to
unmatched device performance at atomic limit and low—temperature heterogeneous
integration. To adopt these emerging materials in computing and optoelectronic systems,
back end of line (BEOL) integration with mainstream technologies is needed. Here, we
show the integration of large—area MoS. thin—film transistors (TFTs) with nitride micro
light-emitting diodes (LEDs) through a BEOL process and demonstrate high-resolution
displays. The MoS, transistors exhibit median mobility of 54 cm2 V-1s -1, 210 pA pm-—
1 drive current and excellent uniformity. The TFTs can drive micrometre-sized LEDs to
7.1 X 107 c¢d m—2 luminance under low voltage. Comprehensive analysis on driving

capability, response time, power consumption and modulation scheme indicates that MoS.
TFTs are suitable for a range of display applications up to the high resolution and
brightness limit. We further demonstrate prototypical 32 X 32 active—matrix displays
at 1,270 pixels—per—inch resolution. Moreover, our process is fully monolithic, low—
temperature, scalable and compatible with microelectronic processing.

Bk 2R TR T MoSo i iR A IRS H B . FR A SR AR 1 40 Micro-LED SR
ARJj%., Wid BEOL T2, JE/R 1 KA MoS. 38 il it A4 (TFT) 5B i &t — i
(LED) FEE/G, FFRR T M PR BoR 8 BIUR o MoS, SRS I P32 % N 54cm2 V-1s-
1, 210 mAwm—1 FUERBIHE, HEAHEARISAME. TFT Af D =K K/NE LED BRE) 2K
L RA 7. 1X 107 od m=2 2. XTORNEE S Wa IR TR] . DHREATE 7 Rk T 21 4T
K, MoS, TRT &M TIEH) V2 S RN . A3 2 HE A e R

b Au-assisted transfer Patterning and witing  Channel opening

N

2 \
//);/ .\\\\g

NIUNIUNIU

Percentage (%)
g
2
¢

NJU NJU NJU £

| ANNTEOREIR |
NJUNIUNIU 0 20 40 60 80
Moblity (cm® V' s™')

<
<
g
 d
° 8

o v A G
102

Current (mA)
5

S &
o

i
]
1

(v) ueung
ce
3

g |

| i
0o 1 2 3 4 0o 1 2 3 4 10° 10* 10* 10° 10°
Voitage (V) Vowa (V) Current (mA cm™)

107

10*

T 3 ' e
; I 100
i ehicle . * 3 1,
e, S “Sp
4] Mos,TFT, - % oy "
1074 = 2,8 s E -
R - ¥ B .
S ] | =
0ty 4‘!5';5 d

| 3 §,3Phone/
1051 o8 Y NS atcn

i R
A L —

1 10 100 1,000
Pixel size (um)

(") waung
PAM

Vottage (V)
o s ® o0 & o

AR
Time (us)



https://www.nature.com/articles/s41565-021-00966-5

