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Solid precursor: a generalized method for metal oxides
(plasma-liquid)
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A green cycle leading to CuO quantum dots (QDs)

CuO QDs (materials characterization), Cu ions (anodic dissolution), H-peroxide, OES, FTIR, NMR, GC-MS
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Application of metal oxide QDs to solar energy conversion

NiO QDs for Perovskite solar cells
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A basic configuration for simple precursors delivery (gas phase)
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A versatile configuration for simple precursors delivery
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“Cluster doping”
Plasma-wire mechanisms

Nanomanufacturing
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Silicon-tin nanocrystals from solid-gaseous precursors

Copper electrodes separated by 2 mm spacing. Quartz capillary (diameter of
0.7 mm). A wire of tin (Sn, diameter of 0.25 mm). Helium background. RF
power of 40 W at 13.56 MHz. Silane in Ar of 15 sccm, 25 sccm and 50 sccm.

((Silane + H,)/Ar + He)
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Silicon-tin nanocrystals from solid-gaseous precursors
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Silicon-tin nanocrystals from solid-gaseous precursors
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Silicon-tin nanocrystals from solid-gaseous precursors

Atomic concentration (%)
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Anomalous band energy behaviour
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Anomalous band energy behaviour
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Synthesis of macroscopic CNT ribbons
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Zn-based NP/CNT composites
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Zn-based NP/CNT composites I
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Zn-based NP/CNT composites
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Zn-based NP/CNT composites
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A basic configuration for simple precursors delivery
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Atmospheric pressure plasmas with solid precursors offer
versatile fabrication methodologies

) b) ) d)
Colloid ’
T

®e
®e
&

I T?T 1 3D

9 ]
"v G e e
Se

® X “’
: n-)& e .
>cm?
@ _©6 @ g0
6% %945%0

Figure 4

Dry powder

i

Nanofluid

L/ ] 000
o" 2”0

(i) highly versatile and (ii) ‘lean & green’ process capable of delivering
materials with precise (iii) nanoscale to sub-nanoscale morphology, (iv) a
tuneable non-stochiometric chemical composition and (v) chemical
specificity leading to high yield and high throughput



Opportunities offered by metal oxides quantum dots (QDs)
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Materials and process integration in device fabrication
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NiO NP films
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Gascarrier “ g o" ——31% O2in He gas Size: 3.50+0.75 nm
+0 lognormal fit
2
Cold 2
Microplasma y
TMONPs o ¢ =
®

15 20 25 30 35 40 45 50 55
Diameter (nm)

—31% 0 ] —O— E, Fermi level
‘ ™ -1+ (C) —— E g, Valence band maxima
RIS i, "OVIRISII 2] —— E gy, Conduction band maxima

' ' 25% _ _
- - 3] o Confudtonbanda

o—_—  ——O0—0kE

' Wﬁﬁ ' ' 0% 61
7] 0\/\
i ’ ' 1 Valence band

Intensity (a.u.)

Energy (eV)

30 0 50 60 70 80 10
2theta (deg.) o e
. Ei?og-ﬂﬁxggmmmo‘tm 10 15 20 25 30 35
| = NOH Homone o150 0, fraction in He (%)



Direct deposition of NiO NPs as transport layer for solar cells
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G ; pri— ursor MY ' 1_31%
as carrier ‘
+0, ‘ . . . e mw
_ ‘ . — 73_25%
S
s i ) 31% 0, in He
Microplasma ‘ - - 2 7
L
T |-
00
TMO NPs o J ' ' ' ' ' : ' : '
o 30 40 50 60 70 80
20 (deg.)
0 —O— E, Fermi level
-1+ —O— E, /gy, Valence band maxima
2 —C— E gy, Conduction band maximai
_ 3] o Corgconbado— Oxygen
>
v 4 e a . - s
S . - - - f
& -5- o— o ——— »E 10'3 1% SUJOOO 10 0kV 5.2mm x5.00k SE( ) 16‘Oum
2 g F
Yo7 10% O, in He
Valence band
-8
-9
-10 T T T L} T
10 15 20 25 30 35

O, fraction in He (%)
80 - Uncoated

70 +

60

Transmittance (%)

50

40 “ ﬁﬂ HH W SU5000 10.0kV 5.7mm x5.00k SE(L) ~10.0pm

250 300 350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)




films

Q
<
QS
<

‘ s
' S Nv o
e i ® 8%

» P




NiO NP and film deposition
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NiO QD:s films
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FUTURE WORK

* Qur targetis ~10 nm thick film

* Reduce porosity and roughness

e Accurate evaluation of deposition parameters (e.g. speed,
thickness, uniformity)



Exsolution from perovskite oxides



Perovskite oxides
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Many combinations are possible where doping and
deficiency can play an important role
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Thermal exsolution by reducing atmosphere of perovskite oxides
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Thermal exsolution by reducing atmosphere of perovskite oxides
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Low-pressure plasma exsolution
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Mechanisms of plasma exsolution

(a) (b)

Plasma (i) Surface defects & ion transport

€5 positiveions @ electrons © oxygen vacancies

(ii) NP surface nucleation (iii) NP growth

i: i . " l'
® metal ions ® nucleationsites @ NPs
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