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Sn—Ag—Cu (SAC) alloys are considered as the most promising Pb-free solders in electronic industry. The solidification mi-
crostructure and interface reaction behaviors of SAC alloys are therefore of fundamental importance for the service reliability
of electronic devices. This is particularly true for these SAC alloys with low silver contents, partially because the coarsened
interfacial intermetallics (IMCs) of these low-Ag SAC alloys with higher surface tension than conventional near-eutectic SAC
alloys. As a result, it is desirable to refine the grain size of interfacial IMCs between low-Ag alloys and common substrates such
as Cu. In this work, the effects of addition of trace amount of Co on the interface reaction between both conventional SAC305
and low-Ag SAC107 alloys on Cu substrate have been studied by reflowing experiments at temperature close to 260°C. In
addition, effects of Co additions on the solid state growth of interfacial IMCs have been studied at 150 °C after ultra-long an-
nealing treatment for 384 h, 768, and 1536 h. Both top-view and cross-section micro-graphs have been obtained using electron
microscopes. It has been found that addition of trace amount of Co can significantly refine the interfacial Cu,Sn, IMCs grains
after reflow process and impede the growth of Cu,Sn after annealing treatment. This attributed to the replacement of Cu atoms
by Co atoms in Cu,Sn, crystals, which in turn depresses the diffusion of Cu and impedes the transformation from Cu,Sn, to
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Introduction. Sn—Ag—Cu (SAC) alloys are con-
sidered as the most promising Pb-free solders in elec-
tronic industry. In order to further reduce the cost of
SAC solder, new SAC alloys with lower Ag content
have been widely studied [1], and alloying elements,
such as Ni, Bi, Co, are selected as additions into
these alloys [2—4]. In particular, the addition of trace
amount of Co can effectively reduce the undercooling
of Sn—Ag—Cu solder alloys, improve the mechanical
properties, retard the formation of Cu3Sn IMCs, and
suppress the void formation during interfacial reac-
tions with Cu substrate [5-7].

In this work, the effects of addition of trace
amount of Co on the interface reaction between
both conventional SAC305 and low-Ag SAC107
alloys on Cu substrate have been studied by reflow-
ing experiments at temperature close to 260 °C.
In addition, effects of Co additions on the solid
state growth of interfacial IMCs have been stud-
ied at 150 °C after ultra-long annealing treatment
for 384h, 768, and 1536h. Both top-view and
cross-section micro-graphs have been obtained us-
ing electron microscopes.

Experimental. Sn—3,0Ag—0,5Cu—xCo (x = 0, and
0,2 wt. %) and Sn—1,0Ag—0,7Cu—xCo (x = 0, and
0,07 wt. %) alloys were prepared, and then reflowed
on Cu substrate using a RMA flux. The maximum
soldering temperatures for Sn—3.0Ag—0.5Cu—xCo
and Sn—1.0Ag—0.7Cu—xCo alloys were 260 °C and
265 °C, respectively, and the samples were cooled in
the air after reflowing for 30 seconds. To reveal the
effects of Co additions on the interface morphology
of IMCs, microstructure observation was performed
using an optical microscopy (VHX-900) and electron
microscopy (JSM 6480).

Results and discussion. The cross-sections of
IMC layers at solder/Cu interface in the as-soldered
samples are shown in Fig. 1. The morphologies of
Cu,Sn, are scallop-like in the as-soldered Sn—3.0Ag—
0.5Cu and Sn—1.0Ag—0.7Cu samples (Fig. 1, a, ¢),
and thicker interfacial IMCs can be observed in the
other two samples.

In the top-views as shown in Fig. 2, it is found that the
morphology of interfacial IMC is round shape in all the
as-soldered samples after deep etching, while the sizes of
interfacial IMCs grains with Co addition are much small-

Fig. 1. Cross-sections of IMC layer in as-soldered samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co
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Fig. 2. Top-views of IMC layer in as-soldered samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co

Fig. 3. EDX test of IMC layer in as-soldered Sn—1.0Ag—0.7Cu—
0.07Co sample

er than those of without Co addition. In other words, the
addition of trace amount of Co can significantly refine the
interfacial Cu Sn, IMCs grains after reflow process.

Table shows the EDX results of interfacial IMC
layers in as-soldered Sn—3.0Ag—0.5Cu—0.2Co and
Sn—1.0Ag—0.7Cu—0.07Co samples in Fig. 2, 3, in
order to determine the composition of the interfacial
IMC layer between the Sn—Ag—Cu—Co solder and Cu
substrate. The intermetallic phase is likely to be ex-
pressed as (Cu, Co),Sn, phase, which is considered
to be formed by substituting Cu atoms in binary com-
pounds by Co atoms, consistent with previous result
reported by Nishikawa et al. [7].

The morphologies of IMCs layer at the interface
change obviously after isothermal aging, and severe
coarsening and planarization of IMC grains can be found.
The morphologies of Cu Sn, in Sn—3.0Ag-0.5Cu and

EDX results of interfacial IMC layers in as-soldered samples

Sn—1.0Ag—0.7Cu samples are planarized to be a thick
layer after isothermal aging, while the interfacial IMC
are much thicker with addition of trace amount of Co,
as the cross-sections of the interface aged at 423 K for
384h in Fig. 4. In the top-views of the IMC layers as
shown in Fig. 5, the morphologies of interfacial IMC
are changed from roundshape into polyhedron-shape
after isothermal aging. The grain sizes of interfacial
IMC with Co addition are still smaller, and the grain
refinement effect is obtained with 0.2 % Co addition.

After aged for 768 h and 1536 h, the Cu,Sn layer
can be obtained obviously at the cross-sections of the
interface between SAC alloys and Cu substrates as
shown in Fig. 6, 8, which decreases the mechanical
strength of solder joint due to its brittleness nature and
different CTE [8]. It is found that addition of trace
amount of Co can impede the growth of Cu,Sn after
aging treatment, attributed to the replacement of Cu
atoms by Co atoms in Cu Sn, crystals, which in turn
depresses the diffusion of Cu and inhibits the transfor-
mation from Cu,Sn, to Cu,Sn during thermal aging.
At the same time, the grain refinement effect of Co ad-
dition becomes weaker as the aging time increasing,
and the sizes of interfacial IMC grains in all samples
become the same after 768 h aging, according to the
top-views in Fig. 7, 9.

Conclusions. Trace amount of Co can significantly
refine the interfacial Cu, Sn, IMCs grains after soldering.

Co can inhibit the growth of Cu,Sn after annealing
treatment.

Region Solder Sn Elementc(jt. %) Co
Cross-section in Fig. 3 SAC107-0.07Co 46.68 50.45 2.87
Top-view in Fig. 2 SAC305-0.2Co 44.75 47.13 8.12
Top-view in Fig. 2 SAC107-0.07Co 43.06 53.90 3.04

Fig. 4. Cross-sections of IMC layer in 384h aged samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co
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Fig. 5. Top-views of IMC layer in 384h samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co

Fig. 6. Cross-sections of IMC layer in 768h aged samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d — Sn—1.0Ag—0.7Cu-0.07Co

Fig. 7. Top-views of IMC layer in 768h samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co

Fig. 8. Cross-sections of IMC layer in 1536h aged samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu—0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d - Sn-1.0Ag-0.7Cu-0.07Co

Fig. 9. Top-views of IMC layer in 1536h samples: a — Sn—3.0Ag—0.5Cu; b — Sn—3.0Ag—0.5Cu-0.2Co; ¢ — Sn—1.0Ag—0.7Cu;

d — Sn—1.0Ag—0.7Cu-0.07Co

Cu atoms are replaced by Co atoms in Cu,Sn,
crystals, depressesing the diffusion of Cu and imped-
ing the transformation from Cu,Sn, to Cu,Sn during
aging.
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BILIUB JIOMIIIOK KOBAJIBTA HA TTIOBEPXHIO PO3/UITY [TPUIIOIO
Sn-Ag-Cu TA MIJTHOT HIJIKJIAJIKU
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CmnaBu Sn-Ag-Cu (SAC) BBaKAIOTHCSI HAHOLIBII EPCIIEKTUBHUME OE3CBUHIICBIMH TIPHIIOAMHE B €/IEKTPOHHIH TPOMHUCIOBOCTI.
OTXe, XapaKTepUCTHKH KPUCTai3aliifHOi MIKPOCTPYKTYpH Ta BIACTUBOCTI Mixk(a3zHuX peakiiil cruraBiB SAC maioTh
NPUHIUIIOBE 3HAYEHHS JJIsI 3a0e3MeueHHs HalifHOT pOOOTH elIeKTPOHHUX NMPUCTPOIiB. OCOOINBO 1€ CTOCYEThCS IS CILIABIB
SAC 3 HU3BKUM BMICTOM cpi0iia, 9acTKOBO Yepe3 YKpPYITHEeHI iHTepMeTaliiu Ha Mix(a3Hil TpaHMIll [UX CIUIABIiB 3 OLIBII
BHCOKHM ITOBEPXHEBUM HATSATOM, HIXK Yy 3BHUYAIHAX ONM3BKHUX 10 eBTeKTHYHHX ciuiaBiB (SAC). V 3B'sa3ky 3 num 6axaHo
3MEHIIUTH PO3Mip 3epHa Ha MiXkK(a3HUX IPAHUIAX IHTEPMETANTI/IB 3 HU3bKHM BMICTOM cpibiia Ta 3BHYaHHUMH MiIKIIaIKAMH,
takuMH sk Cu. ¥V 1iif poOoTi, MIISIXOM NPOBEICHHS OIIABJICHHS MPHUIIOI0 NPH TemIieparypi oimu3skiid 1o 260 °C, Oyro
JIOCTIKEHO eeKT ToAaBaHHs He3HauHO1 KitbkocTi Co Ha MikdasHill rpaHuili Mix 3Bu4aiiHiM cruiaBoM SAC305 ta crutaBoM
3 HU3BKUM BMicTOM cpibiaa SAC107 ta migHoIo migkmanakoro. Kpim toro, Bmus gomimox Co Ha 3poCTaHHS MDK(pa3HIX
IHTEepMeTaNiAIB JociiKyBanocs npu Temneparypi 150 °C micis HannoBroi o6poOku oOmamoBaHHSIM HPOTSTOM 384,
768 Ta 1536 rox. 3a KOMOMOTOIO €IEKTPOHHUX MIKPOCKOMIB OTPUMAHO MIKPO3HIMKH y BHIJISIII 3BEPXY, a TAKOXK Y BUTIISIL
MOTIEPEYHOTO TIepepisy. byio BcTaHOBIICHO, 110 T0IaBaHHS HE3HAYHOT KiTbKoCcTi CO MOXKE 3HAYHO TIJIBUIUTH SKICTh MK(a3HUX
3epeH inTepmeranifis Cu Sn; miciist mporecy OrIaBIeHHs MPUTIOK Ta TEPENIKOKATH 3pocTanHio Cu,Sn micas 06poOku

obnamosanHsM. Lle NOSCHIOETbCs 3aMiHOK0 aToMiB Mifti aromamu Co B kpuctanax Cu Sn; 110, B CBOIO 4epry, IpurHidye audysico
MiJii i epemkokae nepersopenno Cu Sn, na Cu,Sn B nporteci crapinms. B16morp 8 “Tat. 1 , puc. 9

Kniouosi cnosa: besceunyesuti npunii, Sn-Ag-Cu, inmepmemanione 3'eOnanns, Mikpocmpykmypa
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( 3AXUCT 3BAPHUX LUBIB 3A JOMOMOIOKO WELD TRAILING SHIELD® A

3axuCT 3BapHYX LLBIB TUTaHY | HEPXXaBitoyOol CTani Bif KOHTaKTy
3 MOBITPSIM Mif Yac X OXONOAKEHHS 3arnobirae OKUCMEHHIO Ta Ha-
CTYMHOro A00NPaLoBaHHS.

KomnaHris Huntingdon Fusion Techniques (Benuko6putaHis),
BUMYCTWUNa@ OHOBMEHY KOHCTpykuito Weld Trailing Shields, ska
3abe3nevye 4OOATKOBUIA 3aXMCT IHEPTHMM ra3oMm Mig Yac 3Bapto-
BaHHSA, 3anobirawyy KOHTaKTy rapsavyoro Metany 3 MOoBiTpsSM Mia
Yyac 1Moro oxonomxeHHs. Mopsia 3 HOBO MaAKOK KOHCTPYKLIEHD,
Trailing Shields mae HOBY yHikarnbHy KOHCTPYKLIiO 3aTUCKY, LLIO 03-
Havae, Lo 3BapoBaribHUK MOXe 3MiHIOBaTK Pi3Hi po3Mipu 3a4Hb0-
ro wuTKka 6e3 HeobXigHOCTI 3amiHX 3BaptOBaNibHOrO NanbHUKa.

Trailing Shields niginge onsa 3BaproBanbHOro nanbHuka TIG,
MIG a6o Plasma (GTAW, GMAW, PAW) 6yab-akoi mapku Ans
3BapOBaHHSA MMOCKOro NINCTAa, a TaKoX AN 30BHILUHLOrO abo BHY-
TPIiLLHBOrO 3BaptoBaHHA Tpy6. Ansa Tpy6 i cyanH pagianbHi Bepcil
BUrOTOBNSAKTLCS AN AiaMeTpiB Big 25 MM i BuLLE.

Mpw BukopwuctarHi Trailing Shield 3BapHi WwBn OyayTe 3anuiua-
TUCHA ACKPaBUMM | BIMCKYYMMU, LLO BUKIHOYUTL 3MiHY KOMbOpy Ta
okucrieHHsi. CurikoHoBa repmeTun3ytoya Npoknaaka CTinka 4o TeM-
nepatyp go 230 °C.

A
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