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Lelaal Logilill (ulatl) st JSLa il . (Baloach et al., 2016) duwdaliaaly cdolall ¢dbliygSll (s yad) (ailadll
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(dorislY) el CuwillS Liglll dlgall  jucaadl dalide GHla e 2SN 5 (Serhan et al., 2019)
@l cuwsill ((Gohil et al., 2007) (Vacuum Deposition) ¢hall cwa sl «(Electrochemical Deposition)
(Bhargava et al., sol-gel 4sx5 «(Chang et al., 2019) Chemical Vapor Deposition dsibesll da)hll
Pulsed ) =l 5l cwwslly (Dikusar et al., 2009) (Electrical Deposition) LSl uwiill <1994)
(Pulsed Laser Ablation in Liquids) Jilswll & ocanll 5l Jlainay) A 4l=yL (Laser Deposition
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Fig. 1: The laser device.
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(Structural Properties) duasisd;gall pailadll

i) gayia el (b spianall Gulaill Cilasal canall mygilly 38U 55 5D seadll jgea (2) JSEN mag
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O -(2d)
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.(Dorranian et al., 2014) Al Jaee g i) case laaa ieal ilasen i Laa 8T U380 50l s ) 138
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Fig. 2: The TEM image and size distribution of copper nanoparticles in DIW at energy: (a) 400 mJ.
(b) 1000 mJ.
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Fig. 3: The TEM image and size distribution of copper nanoparticles at 700 pulses: (a) acetone. (b)
DIW.
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Fig. 4: The TEM image and size distribution of copper nanoparticles in DIW with energy 400 mJ:
(a) 500 pulses. (b) 700 pulses.
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(Optical properties) 4ipadl gailadll
<500 pulse cilias 2aes sl gojie slally Spmnall Guladll Glaweal Luabaia) Ciab (5) JSE) maag
eV Bkl v aie el Gpalana) el J) A xie 4 Ll L i) e (400mJ <1000mJ) il
cha o Ll ST (<o 3l dila pabaia) aiy J8Y) 48Ul die 43 3 daces€ oLl 90 I (o 38 130 6 il
G S @bl Mea¥) ey 8 eV AUl vie LBl AST alaiel mewn lee Salaie phacdl Ay ¢oulail)
Ledl o) SV ALYl el Qi e o(Biise e 23Sl A (sS85 qoped) Al i) duadacsg Al oy
e I lelgns U8 d8lal) (e gia palaial I 025 Lae cAdlall il vie Lials colall il ae Jelim 55l

.(Begildayeva et al., 2020) _ulaill
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Fig. 5: The absorption of copper nanoparticles in DIW at energy (400 mJ, 1000 mJ).

goie sl (o)) (B Spasdl 1000mMJ ey Lalsill Glaal dpalaicd) cipla (6) JSE) maag
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-(Begildayeva et al., 2020)
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Fig. 6: The absorption spectrum of copper nanoparticles at energy 400 mJ: (a) 500 pulses. (b) 700
pulses.
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Glas 22as5 400MJ Zilay SligN) goiie slally Spanal) Gulaill ilaweal dralaaiall gl (7) JS&N) maas

355 8l cleie QL Sgey 13ag dpalaiall sl clianll sae 53b) ae 43l 123 (500 pulse <700 pulse)

pald dlbid gl Glasall ¢ Hguall palaiad) BES e a AoV 550 o) Cun @iliadd) sae 5305 ae Slasal)

Aaj caliad) ae 52l ae LBaras Lase Jlskl 2o Glasall mho Ao sall @iy SN l5al say ¢ adadd) (a0

Lol Clawall dealaid e up lee cdualdll o2 eliiy sgdall ae delin o oSa o Glawall s
.(Rashid et al., 2022)
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Fig. 7: The absorption spectrum shows the copper particles at energy 1000mJ: (a) acetone. (b)DIW.
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Fig. 8: The PL spectrum of copper with 500 pulses: (a) 400 mJ. (b) 1000 mJ.
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Gilias 2305 400 MY il Ll pianall Digilill (ulatl) Cilapnd Sswall lealll Canda (9) (S8 masy
433.9 NM a5l Jshall 2ic 96 AU 82 JY) lanll ae die Glealll caala o) Baadls -(500 pulse, 700 pulse)
Joba die jpeadll dangall JIsha¥) vie Lealan) olaalll 508l (e Laadl AeY) cleadl) axe vie Ll .(9) JSall b LS
Laall .(Ob) <& 8 LS 98.77 a.U 825 433.9 NM asall Jshll vie 4B Laally 195.6 a.U 525 381NM sl
s () ¢ eadaudl S B Gail) dlaialy ol eladll Glases A dasdacd) G pSY) cVEYL dadye 058 L W
Gigan gl anall mies b s ) e Al Al dawilly L) Asgilill lasnll Jamag JSallg aas o aain 5L
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Fig. 9: The PL spectrum of copper with energy 400 mJ: (a) 500 pulses. (b) 700 pulses.
g5 Ol Bda LS 8 5oLl o) L lgisns Augilil cilasenll o Bpsadll LAY Gledes (1 Jgall) s,
AELRYL (Voc) dasiaall 550 4alsh ¢(Jsc) Saadll 5500 L5 e £dall b 8 pentl) I (g3a3 (PCE) P-type
bl 93P pablaial Gauat N (gia 138 . (Jse) Baealll 831 [lo sa Bl s3a & LSV aaled) FF )
LS L aalell IR e Jeadl cal€ dugill) lasall ae LAY Ao L BaulSelV) Qs il Ll pgual) deddy
(10 J<all) & LS (1-V) Ll pailadg (1 Jsaall) &b s
Tablel: Solar cell parameters with and without nanoparticles.

Jos (MA/cm?) Voc (volt) F.F PCE %
Without Cu NPs 5.427 0.605 0.683 2.242
With Cu NPs. 5.738 0.680 0.665 2.595
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Fig. 10: Characteristics of the solar cell relative to copper nanoparticles.
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Study of the Structural and Optical Properties of Copper Nanoparticles
Prepared by Pulsed Laser Ablation in Liquid and Study of their Effect on the
Efficiency of Solar Cells
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ABSTRACT

Given the importance of nanoparticles due to their unique properties resulting from their small
size and large surface area-to-volume ratio, in this study, copper nanoparticles were prepared by
pulsed laser ablation in liquid (PLAL), as the ablation was performed in deionized water (DIW) and
acetone. Using an Nd-YAG laser with a wavelength of 532 nm and laser energies (400 mJ, 1000
mJ) and a repetition rate of 1 Hz and a number of pulses (500, 700). The effect of laser energy,
number of pulses and type of solution on the structural and optical properties of nanoparticles
produced using pulsed laser ablation in liquid was studied. The results of the transmission electron
microscope (TEM) examination showed that the average size of the produced nanoparticles was
23.8 nm at the lowest energy, while at the highest energy it was (19.7 nm). The optical
measurements (UV-Vis) showed an increase in the concentration of the material with increasing the
laser energy and the number of pulses due to the increase in the number of particles removed.
Increasing the laser energy led to a decrease in the transmittance, which in turn led to an increase in
the absorbance. The results of the photoluminescence (PL) examination showed that the intensity of
the photoluminescence for the lowest energy was (96a.u.) at a wavelength of 433.9nm, while at the
highest energy it was (27.07a.u.) at a wavelength of 418nm. Finally, copper
nanoparticles with laser energy of 400mJ and pulse number of 500 pulses prepared with deionized
water were selected for deposition on silicon solar cells, using drop casting technique.

Keywords: Laser ablation, copper nanoparticles, solar cells, plasmon resonance.
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