
Diffusion soldering
fundamentals and application



Solder IP

Conventional soldering

Solders act by:

- wetting the metal surfaces forming the joints,

- flowing between these surfaces filling the space between them,

- metallurgically bonding to the surfaces when solidified.

Soldering: joining process below 425 oC using filler metals

(solders) having melting temperatures below those of base metals



Conventional soldering

Substitutes for Sn-Pb solders

Sn-based multicomponent alloys with alloying elements
such as Bi, In, Ag and Zn

Directive 2002/95/EC - New electrical and electronic

equipment should be free of lead and other hazardous

substances by July 1st, 2006.

WEEE 2002/96/EC - Waste Electrical and Electronic

Equipment (WEEE) ïdeadline 2008



Operating temperature of many electronic devices built on silicon

carbide and III-V compound semiconductors exceeds 350 oC (jet

engines, nuclear reactors, geothermal walls, automotive electronics,

industrial robots, and space electronics).

Miniaturization of components and contact areas in electronic

packaging increase the specific load of contacts due to heat dissipation

(chip resistors and resistant heating elements).

Challenges for new joints

IBM: First a solution of the interconnection problem;

Then everything else

Limitation

Service temperature: 60-100 C̄ below soldering temperature 

(220-260 C̄ for Sn-Pb solders)



ăHigh temperature stability:
~2 to 3 fold higher than the
fabrication temperature

ăHigh mechanical strength

ăSmall energy consumption
due to low fabrication tem-
perature

ăEnvironmentally friendly

ăReduction in size and cost

ăNo high temperature expo-
sure of other circuit ele-
ments

ăHigh temperature stable con-
tacts of resistive heaters for
thick-film hot plates, resistive
elements for gas sensors

ăSelective-area sealing and co-
mplete package sealing of mi-
crocircuits

ăDevelopment of packages for
optoelectronics and other
microcircuit application

ăWafer-to-wafer joining, flip-
chip joining, 3D integration
etc.

ăProducing metal-polyethylene
interconnection

Need for a new lead-free joining technology
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HM- high-melting component 
(substrate)

LM- low-melting component (solder)

IP- intermetallic phase

(HM)- solid solution of LM in HM

Tj- joining temperature

Tm- melting temperature of LM

Diffusion Soldering



The diffusion soldering should be distinguished from
the diffusion brazing. Although both processes
involve the same bonding mechanism, the solid
solution of LM in HM is ultimately formed during
brazing in the interconnection area instead of the
intermetallic phase. It also means that proces is
performed at such temperatures or for such systems
where there is no intermetallic phases.

The term transient liquid phase diffusion bonding
(TLP) is also frequently used to describe the joining
process involving isothermal solidification. However, it
is also claimed, that no interface remains after the TLP
bonding operation, which resembles the diffusion
brazing rather than diffusion soldering.



Conventional 
soldering

good joint filling

tolerance to surface 
preparation

Diffusion 
bonding

higher service temperature

smaller thermal expansion

mismatch stresses

Diffusion Soldering



Potential candidates for diffusion soldering

interlayer           substrate

solderõs materials

Al Ni

In Cu, Ag

Ni,Cu,AgSn

In - 48 at.%Sn Cu

In - 22 at.%Bi Cu

No. Element (at.%) TM

[oC]
A B C

1 In(60.3) Bi(21.4) Sn(18.3) 61

2 In(78) Bi(22) --- 72

3 In(52) Sn(48) --- 118

4 In --- --- 156

5 Sn(84.8) Zn(15.2) --- 199

6 Sn --- --- 232

7 Al --- --- 660



Cu/Sn/Cu interconnection

h(Cu6Sn5)-hexagonal ï415 oC

e(Cu3Sn)-orthorombic - 676 oC

z(Cu10Sn3)-hexagonal ï642 oC

d(Cu41Sn11)-cubic ï586 oC
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Cu/Sn/Cu interconnection

S. Bader, W. Gust, H. Hieber, Acta Metall. Mater. 43, 329 

(1995)

6Cu+5Sn(l) ­ Cu6Sn5

Cu6Sn5­ 5Sn(l) ­ Cu3Sn

Cu6Sn5 + 9Cu ­ 5 Cu3Sn
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240 C̄ eutectic Pb-Sn- 183 C̄



S. Bader, W. Gust, H. Hieber, Acta Metall. Mater. 43, 329 (1995)

Cu/Sn/Cu interconnection

Tensile test

When both IPs presentČstrength twice larger than for pure Sn (18 MPa)

DEMAND FOR ELECTRONIC INDUSTRY: Rm = 3-5 MPa

Thermal cycling

-45 oC/0.5 h +125 oC/0.5 h

5 s

5 s

Cu/1.5 mm Sn/Cu ï5 min at 330 oC

For more than 300 cycles and p=0.8 MPa

Rm = 27 MPa



X.J. Liu, H.S.Liu, I. Ohnuma et. al.

Experimental determination and thermodynamic calculation of the phase equilibria in the Cu-In-Sn system

J. Electronic Mater. 30 (2001) 1093-1103
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Cu/In-Sn/Cu interconnection



Cu

hphase

(scallop)

In-Sn solder
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Cu/In-48Sn/Cu interconnection -h[Cu6(Sn,In)5] phase

200 ÁC / 10 h

180 ÁC / 3 h



Cu/In-48Sn/Cu interconnection-h[Cu6(Sn,In)5] and d¡[Cu41(Sn,In)11] phases
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Lp.    Cu       In       Sn        phase

1 99.4    0.2      0.4        Cu

2 71.6    16.6    11.8       d¡

3 53.4    21.4    25.3       h(fine)

4 55.8    19.7    24.6       h(coarse)

d¡[Cu41(Sn,In)11]

200 ÁC / 60 h
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