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Printed electronics (PE) attracts much attention

from researchers and engineers as a more HCOOL ., . H, co,
simple and more cost-effective alternative HCoo”~ Decompose cu
process than photolithography to prepare ‘

conductive electrical circuits on substrates. In

this account paper, we present various Cu complex(MOD ink) Low temperature,
strategies for low-temperature  thermal Orgenic °0® sintering S0
sintering using copper nanoparticles, copper 00 -
microparticles, and metal-organic decomposed ®

copper complexes (MODs). Nanoparticles can Cuparticles  Paste/lnk  Necking Cu-Cu

be sintered at low temperatures due to size

effects. In contrast, copper particles are inferior to nanoparticles in terms of low-temperature
sintering, but this can be achieved by modifying the surface with an organic substance that
promotes sintering or by removing the oxide layer. And MOD ink can obtain metallic copper from
organic copper complexes at around 130 °C. All the methods produced sintered films with low
resistivity from room temperature to below 200 °C, suggesting the possibility of using flexible and
conventional polymer substrates in PE.
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Figure 1. Schematic diagram of a
photolithography technology process.
(Reproduced from Reference 2. Published by The

Royal Society of Chemistry)
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Figure 2. Schematic illustration of “top down” and
“bottom up” methods for preparation of metal

nanoparticles (NPs).
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Figure 3. (a) TEM image of AmIP-Cu NPs. (b)
XRD pattern for purified AmIP-Cu NPs.
(Reproduced with permission of Reference 14.

Copyright by 2015 American Chemical Society)
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Figure 4. TEM image of Cu fine particles and
SEM image of sintered film at 200 °C.
(Reproduced with permission from Reference
15. Copyright 2020 Elsevier)
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Figure 5. SEM images of the copper particle layer
surface after oxidative annealing. (a) A SEI
(secondary electron) image and (b) a BEI-
COMPO (back scattered electron for composition)
image, with the red arrows marking areas of
organic material.'® (Reproduced with permission
from Reference 18. Published in 2015 by Royal

Society of Chemistry)
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Figure 6. SEM images of copper films from different Cu(HCOOQ). (Cuf)—amine complex inks heated
for 10 min at 120, 140, 160, and 180 °C. (a1—a4) for Cuf-butylamine, (b1—bas) for Cuf—octylmine, and

(c1—c4) for Cuf—butylamine—octylamine.(Reproduced with permission from Reference 21. Copyright

2017 American Chemical Society)
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Figure 7. SEM image of a Cu film formed from
composite Cu ink with a 3:1 (wt/wt) mixture of
submicron sized Cu particles and AmIP-Cu NPs in
the presence of 1 wt % oxalic acid by heating in
an air atmosphere at 150 °C for 20 s. (Reproduced
with permission from Reference 23. Copyright

2017 American Chemical Society)
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Figure 8. SEM images of the copper films
obtained after sintering at 120 °C using Cu/CuF-
IPA inks with the added copper particles of
various sizes: (a) 0.4, (b) 0.5, (¢) 0.8, and (d) 2.5
um.?  (Reproduced
Published 2017 Springer-Nature)

from Reference 26.
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