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Fig. 2 Sintered Ag joints on different metallization. (a)
Ni/Au plated substrate; (b) Ag plated substrate
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Fig. 3 Interfacial microstructure at Ag-Au metallization.
(a) orientation relationship between Ag layer and
Au layer; (b) TEM image of Ag-Au interdiffusion
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Fig. 4 Sintered Ag-Au joints. (a) interfacial microstru-
cture; (b) the distribution of element
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Fig. 5 Microstructure evolution of sintered Ag-Au joints
during high-thermal aging. (a) initial stage; (b)
after 24 h; (c) after 100 h; (d) after 500 h
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Fig. 6 Microstructure evolution and interfacial reaction of sintered Ag-Au joints during high thermal aging. (a) 0 h; (b)
500 h; (c) 1 000 h
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Fig. 7 Fracture surface of sintered Ag-Au joint. (a) EDS (@) dense sintered silver joint; (b) pore
image of the fracture surface; (b) SEM image of coarsening and oxygen ingres; (c) oxidation of

the fracture surface nickel layer
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Fig. 9 Schematic diagram of interdiffusion between sintered Ag layer and Au metallization

32 EARESRBRTHHIT

BT H AR - Y O 2R LU S 8 Y o
B — AR, SFERRL TN R ] AR T 2
F9 B, AR R D ) 4 2, 4 R R T
FES H RN ANTE 10 Bz, R iR AR — 4 [l 1
SRS RS . A7 223 R Z &k R,
AR = A8 9 BT, o Ak B 5
R P2 SRR s B FEAR T 250 °C
WEET 1h, @ FEA AR, SR R, &
JZ& IR R ST 317 ARKE 516 A, T sk
PUOYBREEHEES 84.05% . (LA IS & B, Xy
SEEREENGHAT 1 h, 250 °C $AbIE S, SRE4 )7
PR ALY, S T R AR AR R 15 A T R 1, 3 LA
Wil ek L A A R IR E N 0,15,

0.3 F1 0.8 pm AYFEHT 55 Be b 4R % 42 3k 1034 1 1k
fE, BEYEZ RGN, 4 Sk A, RN M, 2%
SLHTETIREE B 14,7 MPa #2585 % 30.9 MPa"™, {H3x
— X R TN T AR, R RS R BAR A T2

WAz,
O H
5 < IR
. v : L Bk

LI R)Z

(SRR (SN

B 10 &Rk R 3L T
Fig. 10 Effect of Au grain on Ag-Au interconnection



% 123

AER, . RERERELEFTWEEF R

121

3.3 ([FREAN/EMEERELEN

AT e UL IR A 54, R A A S5 8 1) 4
S EA T Ak R RS e AT A, A
AHEFRZIA AT LIV 70% B4 THFE R, RFEARSEhRd:
FERUAR. AR, TAT R 2R B B A A S5 F
TR e i AR, — 5T, 4R
= 1] M =T A B2 Nl X I i A
A IR R AR AR | L/ AR R AT 4 S B
F 350 °C Ak 1 h, /AL 4 TR AL A i SR
SERTIHEIE , /N T4 FAR DY S — 7 T, AR
TR 2B 4 SRz /N TR 2 o 4 4 3k
b8 TN AN S | K o N e
B 2R TR AR A S M RN 0 4 254 4 Bk
T e 25 AR ek 1 B FEMERE, /&R 4 bR T
70.09 pm, TER/A/4: 3R 10 4 ik KT 4 0. 12 um,

G EIS
(U EEARFRAD)

Al (DBA

EnALia)

RS

E 11
Fig. 11

4 HRE
(1) X A AT T K45 4 5 4040 5 T B 5 T
14 3 S 1 SR AR T PR, IF95 AR
3 1 IR A TR 4 R Ry B
P AL PTG, XS LA E
R 5E 38 63— A W W 41 8 W B~ L 3 10
4.

Q) REA MM T A s -4 1

i

Al (DBA)

R VR
i .

MIFIRESE T2F, B Bk APy L e &7

B SCAR — 12 3k i g il AR A mT S v, R B2 LI
B/ A I R T O TSR A, WA S R B
HL /4 A B 4 AR Sk HEAT 250 °C B9 i 2 Ak
5, AR [ )= BE IS (] 48 in i 3=, {H 1000 h &
FESATIAR H B B0 2 AR AL B &R, s AT R
FELE 36,5 MPa"™. KBRS X Begh o 554 4
T 3% 43k A T-55 ~ 250 °C 11 sty 2% 14 Tl FE A1 20
UG, T A A B I K R R S K, B AR
H Ag ST IR I ERARE F), S EON R XA R -
G [P R R A 25 SR, I BEIR R T $3k FLmi e
FUZAUNE 11 PR, 3k RAEEIE s - H.
SR —HE 3 R BRI K R BN VLR, T 2
SKIFS, SR~ P SN TC Y, B 4
Beait BRI LR FT5EE.

Au £
2 pm

BEET T ELRER R

Microstructure evolution of Ag-Au interconnection during thermal cycle aging

SR Y 3 ATk PUEBEAS T2 i W K
GRS TT 5, BORBEA R 4%k LI T
i, (EATI IR A5 A Bk s LABR /R /4 A0 2 5 DL Y
B/ A YT ] DA 2R R AR < L TR R ]
Sk, IO BA T I T 4.

S5 3k

[1] Pengelly R, Wood S, Milligan J, et al. A review of GaN on SiC

high-mobility power transistors and MMICs[J]. IEEE Transac-



122

B &

2

i %44 %

[10]

(1]

[12]

[13]

tions on Microwave Theory and Techniques, 2012, 60(6): 1764 —
1783.

Yu F, Cui J, Zhou Z, et al. Reliability of Ag sintering for power
semiconductor die attach in high-temperature applications[J].
IEEE Transactions on Power Electronics, 2017, 32(9): 7083 —
7095.

Wi, B0, BLRIA, &5 RGeS AR BB IF T BERE [0].
JEBEAEA, 2022, 43(11): 137 — 146.

Yang Wanchun, Hu Shaowei, Zhu Wenbo, et al. Research pro-
gress of low-temperature sintered nano-silver paste[J]. Transac-
tions of the China Welding Institution, 2022, 43(11): 137 — 146.
Lin L, Zhang Y, Li X. Study on the performance of silver paste
sintered sealing joints for hermetic packaging[J]. China Welding,
2022, 31(1): 29 — 36.

F W, A DO, o & BUAR TR BERR 2 5 BOR SRR [M]. b
AR A Tk Rt 2022,

Meng Zhao, Yang Qinghao, Geng Ruoyu. Fundamentals of mod-
ern surface plating science and technology[M]. Beijing: Metallur-
gical Industry Press, 2022.

DR, G R R S ISR ISV RIPERERTE [D]. 1
IREE: MR Tl KA, 2019.

Luo Shubin. Study on the microstructure and properties of sinter-
ing nanosilver solder joints after high temperature aging [D]. Har-
bin: Harbin Institute of Technology, 2019.

Joo S, Baldwin D F. Adhesion mechanisms of nanoparticle silver
to substrate materials: identification[J]. Nanotechnology, 2009,
21(5): 055204.

FRE. JOHARIRBESS SR -5 I H 3 7 vk M REDESE [D]. K
e REERE, 2019.

Wang Meiyu. Processing and characterization of pressureless low-
temperature sintered-silver bonding on nickel metallization [D].
Tianjin: Tianjin University, 2019.

Ide E, Angata S, Hirose A, et al. Metal-metal bonding process us-
ing Ag metallo-organic nanoparticles[J]. Acta Materialia, 2005,
53(8): 2385 —2393.

2R PR-GARBURLIR 3 SRR AR SR AR A 12 T 2 M PERBRIF AT
[D]. K KK, 2017.

Li Jie. A study of connection process and properties of die bond-
ing on bare copper substrate by using a silver paste hybrid with
micro and nano particles[D]. Tianjin: Tianjin University, 2017.
Du C, Li X, Mei Y, et al. An explanation of sintered silver bond-
ing formation on bare copper substrate in air[J]. Applied Surface
Science, 2019, 490: 403 — 410.

Zhang H, Li W, Gao Y, et al. Enhancing low-temperature and
pressureless sintering of micron silver paste based on an ether-
type solvent[J]. Journal of Electronic Materials, 2017, 46(8):
5201 — 5208.

Kim D, Chen C, Pei C, et al. Thermal shock reliability of a GaN

die-attach module on DBA substrate with Ti/Ag metallization by

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

using micron/submicron Ag sinter paste[J]. Japanese Journal of
Applied Physics, 2019, 58: 1 — 10.

SR, L, BT, A%, SEAR A SR RS IS S B R AL Ak
BEEALHITESE (7). HLA4- AL 3h, 2022, 6: 149 — 155.

Wu Weizhen, Yang Fan, Hu Bo, ef al. A study on connection
mechanism between sintering silver paste for wide bandgap semi-
conductor and metalized substrate[J]. Electric Drive for Locomot-
ives, 2022, 6: 149 — 155.

Yan J, Zhang D, Zou G, et al. Sintering bonding process with Ag
nanoparticle paste and joint properties in high temperature envir-
onment[J]. Journal of Nanomaterials, 2016(2016): 1 — 8.

Chua S, Siow K. Microstructural studies and bonding strength of
pressureless sintered nano-silver joints on silver, direct bond cop-
per (DBC) and copper substrates aged at 300 °C[J]. Journal of Al-
loys and Compounds, 2016, 687: 486 — 498.

Zhao S, Dai Y, Qin F, et al. Effect of surface finish metallization
layer on shearing fracture toughness of sintered silver bonded
joints[J]. Engineering Fracture Mechanics, 2022, 264(2): 108355.
Akada Y, Tatsumi H, Yamaguchi T, et al. Interfacial bonding
mechanism using silver metallo-organic nanoparticles to bulk
metals and observation of sintering behavior[J]. Materials Trans-
actions, 2008, 49(7): 1537 — 1545.

Paknejad S, Dumas G, West G, et al. Microstructure evolution
during 300 °C storage of sintered Ag nanoparticles on Ag and Au
substrates[J]. Journal of Alloys and Compound, 2014, 617: 994 —
1001.

Xu Q, Mei Y, Li X, et al. Correlation between interfacial micro-
structure and bonding strength of sintered nanosilver on ENIG and
electroplated Ni/Au direct-bond-copper (DBC) substrates[J].
Journal of Alloys and Compounds, 2016, 675: 317 — 324.

Lin L, Li X, Zhang H. An explanation for the effect of Au surface
finish on the quality of sintered Ag-Au joints[J]. Applied Surface
Science, 2023, 615: 156356.

Chen C, Suganuma K, Iwashige T, et al. High-temperature reliab-
ility of sintered microporous Ag on electroplated Ag, Au, and
sputtered Ag metallization substrates[J]. Journal of Materials Sci-
ence Materials in Electronics, 2018, 29(10): 1785 — 1797.

Chen C, Zhang Z, Suganuma K. Evaluation of high temperature
reliability of SiC die attached structure with sinter micron-size Ag
particles paste on Ni-P/Pd/Au plated substrates[C]//8th Electron-
ics System-Integration Technology Conference, Norway: Institute
of Electrical and Electronics Engineers, 2020: 1-5.

Bae K, Seong J, Jong Y, et al. Origin of surface defects in PCB fi-
nal finishes by the electroless nickel immersion gold process[J].
Journal of Electronic Materials, 2008, 37(4): 527 — 534.

. TR G T 2RIBESY [D]. FRRER: BRI Al R,
2007.

Tan Qian.
plating[D]. Harbin: Harbin Institute of Technology, 2007.

The research of non-cyanide electroless gold


http://dx.doi.org/10.12073/j.hjxb.20220708003

% 12

EER, ERERERESEFHEEFT RH K

123

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

Kim M, Nishikawa H. Influence of ENIG defects on shear
strength of pressureless Ag nanoparticle sintered joint under iso-
thermal aging[J]. Microelectronics Reliability, 2017, 76(9): 420 —
425.

Zhang H, Wang W, Bai H, et al. Microstructural and mechanical
evolution of silver sintering die attach for SiC power devices dur-
ing high temperature applications[J]. Journal of Alloys and Com-
pounds, 2018, 774: 487 — 494.

Blank T, Bruns M, C Kiibel, et al. Low temperature silver sinter
processes on ENIG-surfaces[C]// 9th International Conference on
Integrated Power Electronics Systems, Nuremberg: Verband der
Elektrotechnik, 2016: 1-6.

FREEL RRPEE PR AR 5 G FAR NS T 20
5 [D]. Kt KR, 2018.

Wang Xiaomin. A study of die bonding on gold-plated substrate
using nanosilver paste[D]. Tianjin: Tianjin University, 2018.
Wang M, Mei Y, Hu W, ef al. Pressureless sintered-silver as die
attachment for bonding Si and SiC chips on silver, gold, copper,
and nickel metallization for power electronics packaging: the
practice and science[J]. Journal of Emerging and Selected Topics
in Power Electronics, 2022, 10(2): 2645 — 2655.

Zhang H, Zhao Z, Zou G, et al. Failure analysis and reliability
evaluation of silver-sintered die attachment[J]. Microelectronics
Reliability, 2019, 94: 46 — 55.

Zhang Z, Chen C, Liu G, et al. Enhancement of bonding strength
in Ag sinter joining on Au surface finished substrate by increas-
ing Au grain-size[J]. Applied Surface Science, 2019, 485: 468 —
475.

Kim M, Nishikawa H. Transmission electron microscopy investig-
ation on the oxidation behavior of electroless Ni/immersion Au
surface finish at 250 °C[J]. Journal of Nanoscience & Nanotech-
nology, 2017, 17(11): 8522 — 8527.

Fan T, Shang P, Li C, et al. Effect of electroplated Au layer on
bonding performance of Ag pastes[J]. Journal of Alloys and Com-
pounds, 2018, 731: 1280 — 1287.

Wai L, Wei S, Yuan H, et al. High temperature die attach materi-

[36]

[37]

[38]

[39]

[40]

[41]

al on ENEPIG surface for high temperature (250 °C/500 hour) and
temperature cycle (=65 to + 150 °C) applications[C]//16th Elec-
tronics Packaging Technology Conference, Singapore: Institute of
Electrical and Electronics Engineers, 2014: 229-234.

JKIEH, 2% {5 ENEPIG e85 i I & Ahse i i i JH T 47
P [7]. ZekERREH R, 2020, 45(6): 484 — 488.

Zhang Xiaojun, Li Han. Application feasibility of ENEPIG in
ceramic package for flip chip[J]. Advanced Packaging Techno-
logy, 2020, 45(6): 484 — 488.

WA, TR, (5, AF. LA R Al 2 AR IR G R T
SR PRT A AR K R J e (D). BN L F R, 2013(S1): 185 —
188.

Xie Meng, Zhang Shu, Xiang Yong, et al. Current status and de-
velopment prospect of ENIG and ENEPIG[J]. Printed Circuit In-
formation, 2013(S1): 185 — 188.

Thomas B, Scherer T. , Bruns M, et al. Low-temperature silver
sintering processes on high performance ENIG, EPIG, ENEPIG
and ISIG[C]//6th Electronic System-Integration Technology Con-
ference, Grenoble: France, 2016: 1-6.

Chen C, Zhang Z, Wang Q, et al. Robust bonding and thermal
stable Ag—Au joint on ENEPIG substrate by micron-scale sinter
Ag joining in low temperature pressure-less[J]. Journal of Alloys
and Compounds, 2020, 828: 154397.

Chen C, Zhang Z, Kim D, et al. Interface reaction and evolution
of micron-sized Ag particles paste joining on electroless Ni-/Pd-/
Au-finished DBA and DBC substrates during extreme thermal
shock test[J]. Journal of Alloys and Compounds, 2021, 862:
158596.

Liu Y, Chen C, Kim D, et al. Modified Ni/Pd/Au-finished DBA
substrate for deformation-resistant Ag-Au joint during long-term
thermal shock test[J]. Journal of Materials Science-Materials in

Electronics, 2021, 32(15): 20384 — 20393.

FE—EE R, WEFRA; FEWE NIRRT
FEERBL; Email: tjuwangzhiwei@163.com.
BEEE: PR, 1, BZd%; Email: xinli@tju.edu.cn.

(4w38: *PLD



	0 序言
	1 烧结银与金属化界面互连机制
	1.1 烧结银与裸铜界面互连
	1.2 烧结银与银基界面互连
	1.3 烧结银与金基界面互接

	2 烧结银与金基界面互连问题与挑战
	2.1 不平衡互扩散
	2.2 镍层氧化

	3 烧结银−金接头互连改进研究进展
	3.1 快速烧结工艺
	3.2 增大金晶粒尺寸抑制扩散
	3.3 使用镍/钯/金的金基界面结构

	4 结束语
	参考文献

