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Abstract
A sintering paste for bonding copper plates was synthesized using Cu formate nanofibers on Cu microparticles, mixed with
formic acid. Copper oxide nanofibers of 10 pm grown at 400 °C on Cu microparticles on the surface were transformed into
copper formate nanofibers through the mixing of formic acid. Compared to Cu bulk particles or nanoparticles, Cu formate
on Cu microparticles decomposed into metallic Cu at a lower temperature of 210 °C, facilitating the sintering of copper paste.
The growth of nanofiber on Cu microparticles allowed for an increase in the reaction rate of formation to copper formate,

aggregating surface area, and decomposition rate of copper formate, resulting in fast sintering.

Keywords: Sintering paste, Copper, Nanofiber, Formate, Mixture

LM B
AEA 3 e Fo)]~Exs Sflo] Ak
22k AR AR, AA, AR} g2Ee), Bk
2E 9 HAGAE ) Z2 R 5 QA =
S Az A, dojyE AA o] Al e Fsked 2
]l @20|t1-10]. ol F45(Ag, Au, Cu) WYz
Q1AL 2, fhavie e 5o AnA B4E o)t
o AmA JAs/so|AET} ke ol giti1,11,12]. 53]
o] JA/FOIAEE w2 A7) W 4 WL SHeA

AEA]
Gk

.
=
el

ul Z=

=

bl

o]

Fhe] SRS YO ot A 29 VROR AFEHE
Zolgal Helzgeol=, Fejoduntteo]s, Eejoly
G7hnol s g ;AL Fol, A4E W ;PN AHgahe

s s

i

ol
=

=

L

T Corresponding Author: Kumoh National Institute of Technology
Department of Chemical Engineering, Gumi-si 39177, Republic of Korea
Tel: +82-54-478-7963 e-mail: jwchang@kumoh.ac.kr

pISSN: 1225-0112 eISSN: 2288-4505 @ 2024 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

96

SAIZE ATH13].

Age F5 7k A /HO| AES A%

o] FtH14]. Age A7) AEA 0]
Agsl] =2 Akl &7} Aol
AL 24150 °C oJ3holM T HEAd
A lol ygdo] w2 fd
A= o] QlTh1]. A A,
et = Y 3] =71 WSS electromigration & 7S}
2 hdo] 9lo] Cugl B2 thA Al Zet ghst 7t WelE 1 Q)
th14,15]. Cuts 9] A7)/E AEAdo] Agel nIssl #plel] F5-
sto] Aol 2ev Cu 7NE YA/ 0| 2EE AR A L
2 W} Cu,0 (Cu09 Cu0)9} 2 AATS FA3l dmAdo] wot
A3 Cu YA 22 Hajsh= wo] 9lrhl).

o] AFoAE= Cu 7|¥Ee] A& o] 7153 Cu FHo| AES A
SIS Aol Ado] FhEdheE B4 oR didS =ol7] §
3] 7] rlo]a =Rk HHol| U RE AgAI7|aL ke oR B
He e R AgElh cu MAadAig iedAle] s R

ot

LN
L

KN
=



B BT heAlf A el ARAE ol 8% 7o 28 ol2E By 97

piv

< TE|EEAe] EalE
= olgal 279 Fele Agteta AdHEE e AEAEIR &
SholE W WA Cust LT BHS s 2l st

i
y
b
2,
>
>.
&
°
N
1
%
G
e
é_(“
o
[>

o m
(o3

2.1. M=
Cu "lo]|AZARK(1, 3, 4, 10 um), E5AR Alfa AesaroA] 13}k
Stk BE sstEde w2 o ARSI

2.2. Cu H|O|AE Y

Cu HO]|AEE Cu nlo]I R YA o] &3f ZHo] Ak3le Cu wjo]
AZJAHCu,0@Cw)E skl EEAHS ol 43le] T Akl e
5 EEA 9eAlA ®o] 5418 Cu rRo] A2 Y AHFCu@Cu)
= g3 o] oltoll AnkH oz AREE EAIA Q) TS oy
¥} 2t} Cu wlo|ARYARE vlo]dol| 2.4 ¥ Hol AFAATZE
o] g3l F7] FellA °F 20 °C/ming] £ER 400 °C7HA] F-23k4] 2
h F<t 7143t} Cu0@Cus Aol E84t 10 mLe} E3s}od
500 tpmoIA] 40 min7t WHFEHE YR 2] 7)E o] 43le] FHES 80
°C 7AZx QoA 8 h <t 71x3o] FCu@CuEs 8T FCu@Cust
FEAS E3lele] Cu Fo|AEE S

2.3. 72| HE

T35 mm x 100 mm x 1 mm) 27] 5 shte] Lol delxl Hhy
[16]7F FAFHAl 5 mm x 5 mm WA O E Cu HO|AESE EX&}a T}
B s Exy PRoRNE o] WEkow STy gy
(QM900M, FFHAIZ, thshl=nellA] 240 °C, 23 MPa 714 10
min?t A3 WA EAIG7|(UTM, Instron 5969, Instron, MA,
USA)S o]&3) AdAES k5t

i
=

3. 284 %

Ml

Figure 1< 1~10 pme] Cu o] &2 Y2HE o]g3to] A<t ti7] &

Figure 1. Growth of copper oxide on Cu microparticles depending on
their average diameter: (a) 1 pm, (b) 3 pm, (c) 4 pm, and (d) 10 pm.
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Figure 2. Influence of oxidation temperature and time on growth of copper oxides on 10 pm Cu microparticles: (a-c) 200 °C, (d-f) 300 °C, and

(g-i) 400 °C, (a, d, £)20 min, (b, e, h) 40 min, and (c, f, i) 60 min.
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Figure 3. Thermal changes of FCu@Cu and Cu paste. (a) DSC of
FCu@Cu (1 pm (black, bottom) and 10 pm (red, top), (b) Cu sintering
paste before heat treatment, (c) Cu paste after heat treatment at 220
°C for 10 min.

Q]A}e] SEM olm]A|e|t}. Figure 2a-c:= 200 °ColA ZFz} 20, 40, 60
min FF AFEHE AT Cu vlol A=Y AFe] 327 ofm|X|o]t}. Figure
220X Cu,0 2HAAE 719 25 7 e wiizst 295 7l vt
We| Figure 2b8} 2coll4] & 7 Qlo] el w7t s Cu,0 2%
BAE FAE = Sk ol g} ARto] FrFEEE Cu, 09 A
o] AAstel #FE = e A7) olerE IV wiEolth
Figure 2d-fi= 300 °CollA Z+2} 20, 40, 60 min &<+ 4t3lE %133t
Cu vle]A=2{1AFe] 31 oju]x]o|t}. 200 °Collx] 725 AsHlS
o Hlgte] & Cu,0 AFAA BT 7FAL Utk o)A AMsl &
b oS Cu0 AR 7t SobelleS ovleit). wet
2bg} Aj7to] S kel wt Cu,0 AAAIS o] A3 A7)7F kst
I e AL & E&oA Cu 08 3SR STHES Avlet
t}. Figure 2g-it= 400 °Coll4] 22} 20, 40, 60 min 5t AP A7 =2
oM AtskE A& Cu mlo]A=YAFe] 3 o]v]#|olt}. Figure 2g
oA & 4= Ql%e] 400 °C AFSREE, 20 minelli= Cu mRo]AR{IAHE
sl A4S 8 Cu,0 AREAE 7 EHE 7 CuxO@Cu®l
A E T 40 min ©] ¥ (Figure 2h-i) WedF FE ] CuxO7} Cu mho]
AZJA wHolA et cuo insboloje] A Ak e
7] 334 400~750 °C &= W $lellA] sk 2o w defA 9l
31[18-20] ©] Agle|ME 400 °CHL} W LToA= Y di7t &
AEA] ek AE gl 4= gtk 2Ear o] Ao B2 Cu0
e 789 Cu09] Aol Adstel AdEE E1g 4 Atk

Figure 3+ FCu@Cu YA %ol wheE ZhHske) A% HslE 1
o3&t} Figure 3ai= DSC (AUTO Q2000, TA Instruments, DE, USA)
£ ©]83t FCu@Cu YRS “d=2l14] 400 °C7H4] 10 °C/ming] &5
2 F2ste] BASE W ©F 180~230 °CollA AWistE ER1E

=

3sst ® 35 H A 2 =, 2024

Intensity

‘ [ ’ M - T—?‘

(b)

Intensity

i L
| IR

20 25 30 35 40 45 50 55 60 65 70 75 80
20

Figure 4. XRD of Cu sintering paste (a) before heat treatment and(b)

after heat treatment at 220 °C for 10 min.
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Figure 5. Shear test of bonding of two copper sheets using Cu
sintering paste.
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