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Thermal Stability of Cu@Ag Core-shell Nanoparticles
SRR ORIREE ™ BEEEE
Chi-Hang Tsai', Jenn-Ming Song?, Shih-Yun Chen®
1 BERHOREE R TT AT
2 B R B ER B TR 22 2
3 I EEREREM IR TR %
*samsong@nchu.edu.tw

BRlEEtE4RTE © NSC99-2221-E-005-119-MY2

HE

HFEEACLL CU FOK L T-00 B e T 28405 REAREARBE PR SO AR - 4
TR 461 B L 2 AR S B B ORI AR T - ALK Z
FROLE U R (PP (1 2 (RIS B 2 R B £ 0 CU@AQ R R I (R A
%725 nm » JHFET5yLL A AQ/Cu=1:8) - FIFERSHEI S s XRD BIRFBLHIR A5 T
FESE (L - FEEh T BRI - EDS 4447 R Cu ~ Ag ST B BFT S A= 5555
WRRER AT SRR T AR - BRI XRD B2 - T (BRI U
L83 Ag (LSRR 4 - BEEORIE F71 - 2 A Gessfidh i 20 152000  [FIIHAE 400°C
5 HHBR. Cu (LG » 247 Cu BN (AL Cu0 F Cuo - FLitk (L1 TURCBEHS
et Cu FORIERITE DT 200 °C bLI » FHBLFTAILL Ag 178 Cu ol THEBRE A
L -

FSEY © CU@AQ ok T ~ B [E2P 84S XRD ~ HEEb

Abstract

Cu@Ag core-shell nanoparticles have been regarded as a potential solution for the next
generation interconnect materials. Considering sintering at high temperatures, it is important
to avoid the oxidation and thus negative influence on electrical properties. In this study,
PVP-protected Cu@Ag core-shell nanoparticle deposits (with average particle diameter of
about 25 nm and Ag/Cu ratio in atomic percentage of 1/8) were synthesized and their phase
transformation upon heating in air was investigated via in situ synchrotron radiation X-ray
diffraction. The core-shell structural feature can be verified by the surface plasma resonance
peaks and EDS line scanning, as well as Moiré patterns raised by overlapping the Cu and Ag
lattices which could be observed in the core region. At low temperatures, only a weak and
broad (111) diffraction peak of Ag could be detected. Upon heating, the Ag diffraction peak
became sharpened and the Cu signal emerged simultaneously at around 400 °C. Cu was then
soon transformed to Cu,O and then CuO. The formation temperatures of the oxides were
much higher than those of pure Cu nanoparticles with a similar average size. This indicates
the oxidation of copper can be effectively retarded by the Ag shell.
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Fig. 1 Experimental flow chart of synthesis Cu@Ag nanoparticles
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Fig. 2 UV-visible absorption spectra of the Cu and Cu@Ag NPs.
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Fig. 3 TEM observation of Cu nanoparticles: (a)bright field image (b)HR-TEM image (c)
EDS spectrum (The Au signals in the EDS spectrum stemmed from the Au grids).
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Fig. 4 TEM observation of Cu@Ag nanoparticles: (a)bright field image and (b)HR-TEM
image.
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Fig. 5 Line scanning analytical results: (a)STEM mode images (b)EDS spectrum results (The
Au signals in the EDS spectrum stemmed from the Au grids) (c) elemental line-scanning.
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Fig. 6 Moiré patterns: (a)STEM image(b)(c)HR-TEM image(d) translation moiré fringes

diagram.
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Table 1 The formation temperature for the phases.

Cu NPDs Cu@Ag NPDs

Cu RT~369 °C 408~506 °C
Cu,0 248~369 °C 532~569 °C

Cuo 404~733 °C 569~722°C
Ag RT~722°C
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Fig. 7 Insitu XRD spectra of NPDs on Si substrates as a function of heating temperature:
(a)Cu (b)Cu@Ag
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Fig. 8 The temperatures for the appearance of oxide phases.
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Table 2 XPS binding energy values for the heat-treated Cu@Ag NPDs

Cu2pz, Cu2piz  Ag3ds,  Ag3dap O1s

(eV) (eV) (eV) (eV) (eV)
Cu@Ag NPDs 933.74 953.55 368.22 374.22 529.58
Ag [18] 368.2 374.2

CuO [18] 933.7 952.7 --- --- 529.6
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Fig. 10 Mapping of Cu@Ag NPDs after heating to different temperatures: (a) 250 °C (b)
500 °C.
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Fig. 11 The Cu@Ag NPDs after heating to 500 °C: (a)TEM image and (b) EDS results.
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