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Abstract: The effects of nano-fillers on electrically conductive adhesives (ECAs) applied to electronic
packaging were theoretically analyzed. Research progress in influencing factors of properties of nano-
filler ECAs,such as content, size, shape,surface state of nano-fillers, curing temperature and curing
time etc, was reviewed. The methods for improving properties such as insitu synthesis of nano-fillers
and sintering of nano-fillers were emphatically introduced. Main challenges of nano-filler ECAs re-
search were proposed, as the improvement of ECAs properties, such as the electrically and thermally

conductive performance, bonding strength and reliability, conductive flexible adhesives, ink-jet adhe-

sives and cost reduction.
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Fig. 2 Logarithmic resistivity (p) of ECAs filled with

two-dimensional nano-material under various filler contents3*!
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under various curing time and temperatures-*®

M A, H A #F B — 9 AE [ Ak B 18] 5 28 7 ik 1 Ak B i)
Ji » FELBEL I %, 26 B B et 3 o B PO B T R A Y S L )
2 5 i [ 14 T B 1) T g o 8 8 R — el BEL(E BT 5 A s T Al
TS . R AR R AR R 2 TR A A —
#KF ], Felba % iy Arrhenius J7 #2153 ) T Jir
58S L Y AR IE) ¢ 5 AR TR E T 56 R X

L= 2.32% 10 Sexp(%) (D

Ah: E, 9 Arrhenius i fLfig. B 1. 05¢ V3R g S 4k
AL

3 HREMSEEMRER SRR

25 LRTIR L 9 oK HORE S L RS M BB 1Y) 52 i R 3R AT AR
$850 3 7 (1D it PR L a0 0BT & 43550 90 K SR
FETR A EURE P A B 25 5 (20 JLART IR 2, G i K SE0R R
BIER G YE R S A AR A S (O P BRI R, gy
KIURL PR AR LA AR, TR
LT 55 o 24 L OK ORI 28 5 0 o 40 B— s i) L f Ak
YK IEURE A5 8] 43 A5 PR S | AR T Ak R BE 55 s (R
A R B A B I
3.1 RIEREAAEK

gk IR A A AL T A M AR A . Al
DK FURL RE A% 78 15 5 79) 5 4 v J A7 AR s DU AE S {4
BRI % O IR BB AT 850k 5 40 K SEURL 23R 1 AS 1 5%
Wi, AP XT T K -THOR TR & BEORHA R0 5 L 8 T
JBZ F P SRR A3 530 o A 286 7R i A vl o) A T K A
JE A G K ORI A AR BT OK DR R T, 28 T A R0
e H A

Gao H. " LI AR g 5 38 A 48K — 1 iR
fiF (MHHPA) 3 S B¢ A8, 78 3 26 3 W o A e
JE 500 %o — FP 4 5 2K F R (DABA) 7 [ 4k YL BE R /] 52

B B 1 B 0 38 I, A i 20 ~ 30nm 4 44 0K UKL 5
A. Hirose 55 W3 i 5 &0 — W5 30 Ji S0 Al AR 5L A= A
TR, Yang C. & H A AN S BREH T
R A K OB AE SIOR AR R B B UL A - B B AE S W
T B ] AOK R AR S 4 R 2 T 2B i 100nm LR
FIR) P R A K DA 5 P LA S A 6 Sy 2 D) o it Ak
R A A DA 5 i D A R B A 1) 3 T DA A Y A K
S5k DUHON BURH 5 i i A B AR RT3k 2 10 7 Q)
em Hit g, Chee S, S. % FE 2 B 3f RV B F 1098
W ACE S BN 8. 9pm B F o 78 A4 P 5% 14
T AOREUBURL AT B AR K T RORE A K. T
eI 3 A o IS 73 AR 20 Wk I e i (PVP) 45 73
IR L 3l S TSRO 3 T 4 % R R I R A k. A
B U A RO SO E 100 1 T A B R R R T
P2
3.2 MRKIEBHRE

TR AR /N RO RO HE B 1R B0 v
THAARE L 5 0L AL I 75 390 64 A BE L B pA R e 2
ANFFZ2 B I BE B T L AR B RE R T T 4 G B
Ao XTI PR R e Bk T ORI A% SR T DR i
R ] A B 5 ] AT S RS R 4 oK DR A9 IR
TR Je 4t 5 H g 2 T RE 78 be 45 I 7T 3K 3l £L 3 Wi 4 K 2 Ao
VA8 38220 AT 6 0] e AU 4 Sk b L o | 482 o O 2 o 2
1 H

R. N. Das 2" %F 10~ 15nm (148 44 K ks 5 g
JBE HEAT I8 A 58 45 A B [T P ik B8 T vy o 8 4 o e A
FEy  Be S UG WS K H 28 UE LR A IR BE
WA E T i L P A R Sk L BHE B P T . S
R B R B BURL 5 TIOR SR R B9 1R 5 JFORL L [R] R T
TE 200°C 2 A7 52 BRUE 45 18 45 5 H 40 R UKL I A7 A 1 T
TROK R S T AR o 9T 75 42 Sk vt EL L 6 i S R W 4 K
BURHE AL AR BAT BY T 1R & BURHAR & b8 45 240 1 /9 42
P o R PG 07 PR X O B R 2 A 3 T Ak B BE 6 A
T HL B AL R PR O A BURHR . Zhang R. TN
o BURESR A R 2 800G 107 B (RCOOHD) #7282 1 IR
i AR ER (RCOOAg) 5 250°C T i U 1 4 4 ] 32 44 73
figt o T I P SRR AR P 3 T TS A R AN K UK 1238 S
AR FIURE 18] B 2 A B 45 4 L 52 BE T SRR B R4
e 22 MR B ARIAE] 10 7 Q ¢ em MR, ] Fel-
ba S XF 98,500 ) 4 K AR e HEAT T A Be b L i BH
AR PR e B AR A i GO [R] . DR g o 0 Y
Q9K SFOR S oL I T T B A

4 LHRIE

SRR AT BRI A 20 1) B R T SR AR



B TR / 2013 4F 12 #]

Wt 5 TR P 7 M ) 0 T A R LA R P R A 4 K 3
T L O R )R . AR — E R L R A
K EURERT R 2 BRSO R (R OF AT B TR AR S 0K} )
B AEG  ANOK ORI AR R0 K R B8 25 45 4
AW B — A T SR ERE . (H AT R E
B ANHE 58 A2 B AR Sn-Ph S RL1E 35 28 Sk P9 1Y 4% 0
N 7R S LR IR RE L T 2 P R R R A D T v AT
B T2 (8] T L 299 K SEORE A9 J8CAR 3% 6 i
JBR A o

AT LLBUUL R LR A 5 T 0 K SEORE S F RS BE B2 T
PR TS B0 T P50 T S e vt 3 30 i R 2 5 32 L oo A
SR A EE TR RSO B 94 R SEORE S HL IR AT RS S R R
— B ) N R OF ST R — . A S RGE T R
PhaEHE B Sk S AR B N L R OB A AR
RN da 5 A 02 P B DA R O B B A BIF 5T () 2 — 5
TR IEORL B BE 45 5 7T T 5% 55 BRI f) 499 DK JEOR)
S HEL A B D B R S R A S T2 R EE R R L I
MRSz 2 7T Ak A2 A E AR

&k

[1] LIY, MOON K S, WONG C P. Electronics without lead[]].
Science,2005,308(5727) ;1419—1420.

[2] LINY C, ZHONG J. A review of the influencing factors on ani-
sotropic conductive adhesives joining technology in electrical ap-
plications[J]. Journal of Materials Science,2008,43(9) ;3072 —
3093.

[3] LIY, WONG C P. Recent advances of conductive adhesives as a
lead-free alternative in electronic packaging: materials, process-
ing, reliability and applications[J]. Materials Science and Engi-
neering R:Reports,2006,51(1—3) :1—35.

[4] YIMMIJ, LIY, MOONK S, et al. Review of recent advances in
electrically conductive adhesive materials and technologies in elec-
tronic packaging[ J]. Journal of Adhesion Science and Technolo-
g2y»,2008,22(14) :1593—1630.

[5] MEmfi, 2R, witsR. BEAAA LM dbar. o2 ol i ikt
2008.

[6] LAU]JH, WONG CP, LEE N C, et al. Electronics Manufactur-
ing: with Lead-free, Halogen-free and Conductive Adhesive Ma-
terialsf M]. New York City: McGraw-Hill,2002.

L7] skehok, #hocte, JEF Ik, 5. 98K bRk B H B AR 9 B 6 SR
[JJ. #kTHE.2000,(3) :42—48.

ZHANG Zhong-tai, LIN Yuan-hua, TANG Zi-long, et al. Nano-
meter materials & nanotechnology and their application prospect
[J]. Journal of Materials Engineering,2000,(3) ;42 —48.

[8] RUSCHAU G R, YOSHIKAWA S, NEWNHAM R E. Resistiv-
ities of conductive composites[ J]. Journal of Applied Physics,
1992,72(3):953—959.

[97 YEL, LAIZ, LIU]J, et al. Effect of Ag particle size on electrical
conductivity of isotropically conductive adhesives [ J]. IEEE

Transactions on Electronics Packaging Manufacturing, 1999, 22

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

(4):299—302.

MACH P, RADEV R. Electrically conductive adhesives with
micro-nano filler[ AJ]. 3rd International Conference on NANO-
CON[C]. Brno.Czech Republic: NANOCON,2011. 21—23.
CHAN K L, MARIATTI M, LOCKMAN Z, et al. Effect of ul-
trasonication medium on the properties of copper nanoparticle-
filled epoxy composite for electrical conductive adhesive applica-
tion[ J]. Journal of Materials Science: Materials in Electronics,
2009,21(8).772—778.

ZHOU J, SANCAKTAR E. Yield behavior of moderately filled
epoxy/Ni suspensions [ ] ]. Journal of Adhesion Science and
Technology,2010,24(11—12) :1929—1948.

BARBERO E ]. Introduction to Composite Materials Design
[M]. Boca Raton, USA:CRC Press,2010.

LEE H H, CHOU K S, SHIH Z W. Effect of nano-sized silver
particles on the resistivity of polymeric conductive adhesives[ J].
International Journal of Adhesion and Adhesives, 2005,25(5):
437—441.

AMOLI B M, GUMFEKAR S, HU A, et al. Thio-carboxylate
functionalization of silver nanoparticles: effect of chain length on
the electrical conductivity of nanoparticles and their polymer
composites[J]. Journal of Materials Chemistry, 2012, 22(37);
20048 —20056.

CHEE S S, LEE J H. Reduction synthesis of silver nanoparti-
cles anchored on silver micro-flakes and electrical resistivity of
isotropic conductive adhesives at percolation threshold[J]. Elec-
tronic Materials Letters,2012,8(3):315—320.

ZHANG Y, QI S, WU X, et al. Electrically conductive adhesive
based on acrylate resin filled with silver plating graphite
nanosheet[ J]. Synthetic Metals,2011,161(5—6):516—522.
MACH P, RADEV R, PIETRIKOVA A. Electrically conduc-
tive adhesive filled with mixture of silver nano and microparticles
[A]. 2nd Electronics System-Integration Technology Conference
[C]. Greenwich,UK:IEEE,2008. 1141—1146.

DAS R N, LAUFFER ] M, POLIKS, M D, et al. Nano-micro
filled conductive adhesive based 3D micro arrays for Z-axis inter-
connections[ AJ]. 58th Electronic Components and Technology
Conference[ C]. Orlando, USA.IEEE,2008.1970—1977.

PRELE . ATBE. GORMR 2 ERE M. Kb g s h At
20009.

BUSEK D, MACH P. Influence of carbon nanotubes added to a
commercial adhesive[ A]. 32nd International Spring Seminar on
Electronics Technology[ C]. Brno,Czech Republic: IEEE, 2009.
597—600.

ZHANG Z, JIANG S, LIU J, et al. Development of high tem-
perature stable isotropic conductive adhesives| A]. International
Conference on Electronic Packaging Technology and High Densi-
ty Packaging[ C]. Shanghai,China:IEEE,2008. 655—659.

MA R, KWON S, ZHENG Q, et al. Carbon-nanotube/ silver
networks in nitrile butadiene rubber for highly conductive flexi-
ble adhesives[ J]. Advanced Materials, 2012, 24 (25); 3344 —
3349.

OH Y, CHUN K Y, LEE E, et al. Functionalized nano-silver



20 K U oL T A0F 52 20

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

particles assembled on one-dimensional nanotube scaffolds for ul-
tra-highly conductive silver/polymer composites[ J]. Journal of
Materials Chemistry,2010,20(18) :3579—3582.

JANECZEK K, SERZYSKO T, JAKUBOWSKA M, et al. Me-
chanical durability of RFID chip joints assembled on flexible sub-
strates[ J]. Soldering and Surface Mount Technology, 2012, 24
(3):206—215.

YIM B S. KIM J M. Characteristics of isotropically conductive
adhesive filled with carbon nanotubes and low-melting-point al-
loy fillers[ J]. Materials Transactions, 2010, 51 (12): 2329 —
2331.

LIJ, LUMPP J K, ANDREWS R, et al. Aspect ratio and load-
ing effects of multiwall carbon nanotubes in epoxy for electrically
conductive adhesives[]J]. Journal of Adhesion Science and Tech-
nology,2008,22(14):1659—1671.

MIR I A, KUMAR D. Carbon nanotube-filled conductive adhe-
sives for electronic applications[ J]. Nanoscience Methods,2012,1
(1):183—193.

DAI K, ZHU G, LU L, et al. Easy and large scale synthesis sil-
ver nanodendrites: highly effective filler for isotropic conductive
adhesives[ ] ]. Journal of Materials Engineering and Perform-
ance,2011,21(3):353—357.

YANG X, HE W, WANG S, et al. Preparation and properties
of a novel electrically conductive adhesive using a composite of
silver nanorods, silver nanoparticles, and modified epoxy resin
[J]. Journal of Materials Science: Materials in Electronics,2011,
23(1):108—114.

HANSEN N, ADAMS D O, DEVRIES K L, et al. Investiga-
tion of electrically conductive structural adhesives using nickel
nanostrands[ J ]. Journal of Adhesion Science and Technology.
2011,25(19):2659—2670.

YAN G, WANG L, ZHANG L. Recent research progress on
preparation of Ag nanowires by soft solution method, prepara-
tion of Au nanotubes and Pt nanotubes from resultant silver
nanowires and their applications in conductive adhesive[ J]. Re-
view on Advanced Materials Science,2010,24:10—25.

BUSEK D, MACH P. Electrical connection network within an
electrically conductive adhesive[ AJ]. 31st International Spring
Seminar on Electronics Technology [ C]. Budapest, Hungary:
IEEE.2008. 184 —188.

LIN W, XI X, YU C. Research of silver plating nano-graphite
filled conductive adhesive [ ] ]. Synthetic Metals, 2009, 159
(7—8):619—624.

LT Y, MOON K S. WONG C P. Monolayer-protected silver
nano-particle-based anisotropic conductive adhesives: enhance-
ment of electrical and thermal properties[J]. Journal of Elec-
tronic Materials,2005,34(12) :1573—1578.

KORNAIN Z, AMIN N, JALAR A, et al. Effect of treated sil-
ver nanoparticles to electrical conductivity improvement of elec-
trically conductive adhesive[ A]. IEEE International Conference

on Semiconductor Electronics[ C]. Johor Bahru,Malaysia:IEEE,

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

2008. 549 —1553.

LI X, ZHENG B, XU L, et al. Study on properties of conduc-
tive adhesive prepared with silver nanoparticles modified by si-
lane coupling agent[ J]. Rare Metal Materials and Engineering,
2012,41(1):24—27.

DANG Z M, ZHANG B, LI J, et al. Copper particles/epoxy
resin thermosetting conductive adhesive using polyamide resin as
curing agent[ J]. Journal of Applied Polymer Science,2012,126
(3):815—821.

JEONG W J, NISHIKAWA H, GOTOH H, et al. Effect of
solvent evaporation and shrink on conductivity of conductive ad-
hesive[ J]. Materials Transactions,2005,46(3) :704—708.
FELBA J, NITSCH K, PIASECKI T, et al. The influence of
thermal process on electrical conductivity of microstructures
made by ink-jet printing with the use of ink containing nano sized
silver particles[ AJ]. 9th IEEE Conference on Nanotechnology
[C]. Genoa,lItaly:IEEE,2009. 408 —411.

GAO H, LIU L, LIU K, et al. Preparation of highly conductive
adhesives by in situ generated and sintered silver nanoparticles
during curing process[J]. Journal of Materials Science: Materi-
als in Electronics,2011,23(1):22—30.

HIROSE A, TAKEDA N, KONAKA Y, et al. Low tempera-
ture sintering bonding process using Ag nanoparticles derived
from Ag,O for packaging of high-temperature electronics[ J].
Materials Science Forum,2012,706—709:2962—2967.

YANG C, XIEY T, YUEN M M F, et al. Silver surface iodi-
nation for enhancing the conductivity of conductive composites
[J]. Advanced Functional Materials,2010,20(16) :2580—2587.
YANG C, LIN W, LI Z, et al. Water-based isotropically con-
ductive adhesives: towards green and low-cost flexible electron-
ics[J]. Advanced Functional Materials, 2011, 21 (23) ;4582 —
4588.

ZHANG R, LIN W, MOON K S, et al. Fast preparation of
printable highly conductive polymer nanocomposites by thermal
decomposition of silver carboxylate and sintering of silver nanop-
articles[J]. ACS Applied Materials and Interfaces,2010,2(9)
2637—2645.

FELBA J, NITSCH K, PIASECKI T, et al. Properties of con-
ductive microstructures containing nano sized silver particles
[A]. 11th Electronics Packaging Technology Conference[ C].
Shangri La,Singapore:IEEE,2009. 879 —883.

EeWMB: K ARFEEE®BIM A (51105107, 51021002,
51275135) s R IRVLAR [ AABRA I & T BT H (QC2011C044) 5 5 5 24 4%
T 2R A L ITURT 3 4 O e R 400 B8 R R B3 (20112302130005)
s B HF:2012-12-14 ;81T H#§:2013-09-28

EER A AT 1972—) 55 i 2% S NS0 R 4 &
SRR R AT S L 6 R M ik - Bl VT4 R R U TIT R B IX P R A 92
I IR Tl K24 S R 4 5 3% 2 R K R A 52 36 & (150001) , E-mail
hithepeng@hit. edu. cn




