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Abstract
This paper discusses the use of reactive multi-layers for selective assembly of ICs (Integrated Circuits) in an LTCC (Low

Temperature Co-fired Ceramics) based SiP (System-in-Package). To understand the requirements for the use of self-

propagating reactive multilayers in die bonding, CFD (Computational Fluid Dynamics) simulations have been carried out

to simulate the die bonding process of a silicon chip onto a ceramic LTCC substrate. Reactive foils of 40 and 80 lm
thicknesses and a simulated reaction propagation speed of 1 m/s were studied and used to melt a solder preform underneath

a silicon chip. The results of the CFD simulations were analysed, particularly with respect to temperature and liquid

fraction contours, as well as time–temperature histories obtained from temperature probes which were included in the

model, such as to approximate the real behaviour of Pt-100 temperature probes, when a real bonding process is being

tracked. The CFD method, in this instance realised with ANSYS Fluent software, can track the melting and solidification of

the solder as well as model the influence of latent heat, which is crucial to ascertaining the true evolution of the bonding

process.

1 Introduction

SiP brings together different chips into a single form factor

package and this approach is gaining in popularity due to

offering more functionality, as well as improved minia-

turisation and reliability (Zeng et al. 2018). LTCC tech-

nology is the preferred platform for high-performance SiP

(Park et al. 2006) and it provides a number of advantages,

when it comes to heterogeneous system integration tasks

that include specific circuitry or components. These include

high frequency or millimetre wave circuits (Lee and Park

2016; Seok et al. 2014; Wilde 2009), Ball Grid Array

technologies (He et al. 2014; Kangasvieri et al. 2008; Li

et al. 2018), fluidic/microfluidic structures for medical

applications (Ciobanu et al. 2015), power LED packaging

(Lee et al. 2013), RF-antennas (Aliouane et al. 2011), fibre

optical applications (Wörhoff et al. 2016) and 3-D micro-

channel cooling systems (Jia et al. 2012).

In addition to its multilateral functionality LTCC

packages provide a high reliability (Golonka et al. 2011;

Wilde 2009) with regard to a superior thermal mechanical

integrity, very good chemical resistance (Bittner and Sch-

mid 2009; Fournier 2010; Thelemann et al. 2007) and high

level of hermiticity (Fournier 2010; Wilde 2009). The need

for appropriate reliability characteristics also makes LTCC

packages favourable for automotive applications (Golonka

et al. 2011). Taking its high cost factor into account, LTCC

technology is particularly suited to specific high perfor-

mance applications, such as military, space, biomedical,

and millimetre wave communication (Golonka et al. 2011).

Cost intensive technological processes, that are usually

not considered in standard technologies, might still be an

option for some of the LTCC technological pathways in

manufacturing complex heterogeneous microsystems.

Hence, low temperature bonding techniques, using tar-

geted, localised temperature bonding strategies are being

increasingly pursued to minimise the damaging effects of

mechanical stress on various components.

A viable method of achieving this is using nanoscale

reactive multi-layers, that consist of two alternating layers

of reagents, in order to deploy a local heat source on a
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targeted area. This is particularly beneficial for integrating

disparate components, both with regards to their function

and thermal behaviour, and because the further miniaturi-

sation of interconnects is increasing the challenge to min-

imise temperature exposure during manufacturing.

These reactive multilayer thin films consist of a well-

defined energetic material, heterogeneous in its structure

and of stored chemical energy (Adams 2015). The reactive

multilayers consist of thin layers of reactants, alternating

between layers of different metastable solids, whose

thickness varies in the range 10–300 nm (Sen et al. 2017),

combining to a total thickness in the range of * 0.1–300

lm (Adams 2015). The constituents used are typically

chosen based on their predisposition to make a reaction and

to generate heat. The most basic method of obtaining such

a multilayer system is through layer-by-layer magnetron

assisted deposition (Rogachev and Mukasyan 2010).

Vacuum deposition and more cost-effective mechanical

methods can be used as alternatives (Rogachev 2008).

If the reactants are sufficiently heated, then they begin to

spontaneously intermix on the atomic scale, as per Fig. 1

from left to right, releasing heat in the process (Raić et al.

2011) and the reactive foils are able to maintain a self-

propagating homogeneous reaction of their constituents

(Adams 2015), meanwhile exothermically releasing heat,

for the purpose of melting surrounding solder to establish a

connection or bond. The reaction wave can be initiated

through means of short-time local heating of multilayer

nanofilms by an electric spark or laser pulse (Rogachev and

Mukasyan 2010), whereafter the reaction wave doesn’t

require external sources of heat to maintain propagation,

i.e. the reaction then self-propagates.

While the deposition of reactive multilayers is well

established on silicon substrates (Braeuer et al. 2012) it is

more challenging to build up a nanolayer structure on an

LTCC substrate. The main obstacle is the intrinsic rough-

ness of LTCC substrates, which is in the range of 0.4–1 lm
(Bittner et al. 2010; Jantunen et al. 2003; Matters-Kam-

merer et al. 2006). A successful deposition of reactive

multilayers on LTCC substrates was reported by (Grieseler

et al. 2012). The LTCC substrates were covered by a

brazeable silver system to overcome the problem of surface

roughness. Thereafter an additional 5 lm SAC solder was

deposited to further adapt the rough LTCC substrate to the

reactive nanolayer pile.

The intention of the current solution is, to deposit the

reactive multilayer on a well electrically isolated surface.

Therefore, in order to adapt the nanolayer pile to the rough

surface of the LTCC substrate, a dielectric layer is printed

on the substrate, as per Fig. 2, with a cross section of the

reactive multilayer on a LTCC substrate being shown in

Fig. 3. The configuration in Fig. 2 required a so called

tape-on-substrate (TOS) process, (Patterson et al. 1989),

and adding a screen-printed dielectric paste to the fired

substrate, which involves a brief drying step and an addi-

tional 2-h sintering process to realise.

2 CFD model

A three-dimensional (3-D) CFD shoebox model was cre-

ated in order to assess multi-layer reactive foil usage in

joining processes, as initially developed in (Yuile and

Wiese 2020). This model was created in ANSYS Fluent

2021 R2 and comprised various layers, namely the chip,

solder, reactive foil, substrate, three temperature probes

and the surrounding environment, with each feature high-

lighted in Fig. 4. The shoebox was both 4 mm in length

and breadth respectively, with the following layer thick-

nesses, 400 lm for the Si chip, solder 200 lm and an

LTCC thickness of 570 lm. The total reactive foil thick-

ness was 40 lm or 80 lm for the two cases which were

studied. A total reactive foil thickness of 80 lm corre-

sponds to the upper limit of commercially available Ni/Al

Fig. 1 Schematic showing the progression of the reactive multilayer

system Fig. 2 Deposition of dielectric layer on LTCC
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reactive foils used for bonding silicon with solder (Adams

2015).

A structured mesh, as per Fig. 5, using the same

meshing approach as in (Yuile et al. 2022), of 5,262,504

elements for the 40 lm rms (reactive multilayer system)

mesh and a comparable 5,376,420 elements for the 80 lm
rms mesh was used, with hexagonal elements of 10 lm
edge length in the z-direction and 100 lm edge length in

both the x- and y-directions respectively.

A mesh sensitivity study for the 80 lm case was con-

ducted for meshes varying from 10 to 26.67 lm edge

length in the z-direction and 100–1000 lm edge length in

the x- and y-directions. Temperature traces at a temperature

probe were compared for each mesh and it was found that

mesh independence was already achieved for meshes finer

than 20 lm edge length in the z-direction. It was found that

the problem was mesh independent in general, particularly

because the heat source per unit volume is proportional to

the mesh density. The main criterion to satisfy for this

problem are the mesh aspect ratio and the mesh quality

because these, particularly the latter, are very critical for

solution stability in that highly skewed elements were

found to cause numerical divergence.

The fluid domain encompassing the solid structures was

10 mm in both the x- and y- directions and 5 mm in the z-

direction. This volume was chosen as a reasonable balance

between significantly displacing external boundaries away

from the region of interest and maintaining a reasonably

sized mesh.

In Figs. 6 and 7 the main x–z and x–y plane dimensions

used in the model are shown. The most significant

dimension in addition to those mentioned previously is the

isolation layer gap of 35 lm. The sensing volume of each

temperature probe, P1–P3, was 430 9 210 9 10 lm.

The domain has both fluid and solid mesh structures,

with thermal properties shown in Table 1. The material

properties are compiled from the ANSYS material data-

bases and from a material data sheet for GreenTapeTM

DuPont DP 951 material. The silicon, LTCC and reactive

foil are assigned solid states, whereas the solder and air are

assigned fluid status. The heat transfer between all these

entities is catered for through a combination of the energy

equation and the implementation of coupled boundary

conditions on every interface (two-sided walls) between

solid structures.

The melting/solidification model was activated in

ANSYS Fluent, specifically for the solder, such that

Fig. 3 Cross-section schematic of reactive multilayer on LTCC

substrate with 35 lm isolation layer as modelled in CFD

Fig. 4 Close-up of shoebox model layers (semi-transparent) from top

to bottom (Yellow = Si, Grey = Solder, Blue = Reactive foil,

Green = Green tape ceramic structures)

Fig. 5 Close-up of mesh and first temperature probe towards leading

edge of reactive foil for 80 lm rms

Fig. 6 Detailed dimensions in x–z plane (40 or 80 lm rms thickness

depending on case studied)
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transitions between the molten and solid state, and the

associated latent heat transfer throughout, could be mod-

elled. The pure solvent melting heat for the solder was

taken to be 58.5 kJ/kg. A liquidus temperature of 217 �C
and solidus temperature of 220 �C was used for the solder,

corresponding to thermal properties of a SAC (tin-silver-

copper) solder.

The heat released by the reactive foil was approximated

through a user-defined function (UDF) in Fluent, Eq. 1,

which was in essence, a one-dimensional heat source pro-

file represented through a probability density function

(PDF) propagating from the leading edge of the reactive

foil, in the positive x-direction, at each time-step from the

assumed point of reaction initiation at time = 0 s.

A� eB
xþC�Dtð Þ2 ð1Þ

The coefficients used for modelling the heat release

were A = 6 9 1012 (amplitude), B = - 8 9 106 (PDF

width) and C = 2 mm (to displace the reaction front to

coincide with the leading edge of the shoebox model in the

x-direction. The A and B values for the function were

obtained through a trial-and-error process and possess no

fundamental basis for their magnitudes. These can later be

tuned and driven by experimental measurements. A reac-

tion propagation of 1 m/s (coefficient D in Eq. 1) was

chosen for the CFD simulations.

This reaction velocity is known to be a function of

several factors, such as the ignition potential (Sen et al.

2017). Reactions in Al-Au nano multi-layered foils have

been reported to propagate as fast as 25 m/s (Raić et al.

2011) and the range in general was quoted as 0.1–100 m/s

in (Adams 2015), hence this is something which can be

considered to be largely dependent on the type of foils used

and 1 m/s is comfortably within this range. Furthermore,

some preliminary laboratory experiments for freestanding

layers have resolved propagation velocities of between 4.7

and 6 m/s for foils which will later be used for joining

LTCC substrates together and or onto silicon chips. It is

known that the presence of surrounding structures will

supress the propagation velocity, thus making 1 m/s a

reasonable choice.

Three temperature probes, made from silver vias and

platinum pads, were also integrated into the model. These

are to be manufactured in a way that they are integrated

into the green tape structures and as close to the reactive

foils as possible. These simulations allow to both to help

with the understanding of the requirements for manufac-

turing similar physical prototypes for experimental work

and to understand the extent of the interference caused by

the presence of such structures. The identical temperature

sensor probes are labelled P1–P3 in Fig. 7, where their

leading edges are displaced by Dx = 1 mm and the upper

surfaces of the probes lie 35 lm below the reactive foil.

The leading tip of the P1 temperature probe is 0.72 mm

displaced in the x-direction from the location where the

reactive foil is initiated. Each Pt measuring pad has a

volume of 0.0009 mm3 and volumetrically averaged tem-

peratures were assumed to be equivalent to what would be

observed experimentally.

In ANSYS Fluent the pressure-coupled transient solver

was used, together with the implicit Volume of Fluid

model with 2 Eulerian phases. Furthermore, the energy

equation was activated and the 2-equation k-X SST model

was used for turbulence modelling. The melting/solidifi-

cation model was used with a mushy zone parameter of

100,000. An inlet velocity of 0.1 m/s on the y-max

boundary was used, with a corresponding zero gauge

pressure boundary on the opposite y-min face.

On the inlet boundary a turbulence intensity of 5% and a

turbulence viscosity ratio of 10 is used and, similarly, on

the outlet boundary a reflow turbulence intensity of 5% and

a reflow turbulence viscosity ratio of 10 was used for any

reversed flow on the outlet boundary. These boundaries

were used in the model such that air could be allowed to

enter and leave the domain and a small inlet velocity was

Fig. 7 Detailed dimensions in x–y plane

Table 1 Material properties

Silicon Green tapes Solder Platinum Silver

q (kg/m3) 2500 3100 7000 21,460 10,490

Cp (J/kg K) 710 600 230 132.04 234.28

K (W/m K) 100 3.3 63.2 71.538 419.97
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found to be more stable for numerical convergence in the

continuity equation than just using constant pressure

boundaries. Since this inlet velocity was low, crossflow

cooling effects were assumed to be negligible.

The entire velocity field for the fluid domain is ini-

tialised in the positive y-direction with this crossflow value

of 0.1 m/s, apart for the solder region which is individually

patched with 0 m/s velocity. This crossflow ensured that

reversed flow back into the domain on the outlet boundary

was constrained to being present in only the initial time-

steps, if at all, and allowed for convergence to be achieved

in the continuity residuals below the default threshold of

10–3 for every time-step. The temperature field, for both

fluid and solid bodies is initialised at 300 K, likewise flow

through the inlet boundary, or reversed flow being re-

ingested at the outlet boundary has a specified temperature

of 300 K.

A fixed time-step of 10–6 s was used for 10,000 time-

steps up to 0.01 s., The temperature data were written out

to file for every time-step, with temperature and liquid

fraction contours written out every 10–4 s. Convergence for

each residual of the governing equations was achieved for

every time-step. A maximum of 200 iterations per time-

step was allowed to permit sufficient scope for conver-

gence of the initial time-steps. As the solution progressed

convergence after a single iteration per time-step became

possible.

PISO (Pressure-Implicit with Splitting of Operators)

pressure–velocity coupling was used, with 2nd order

upwind schemes for all spatial discretisation and 2nd order

bounded implicit for the transient formulation. The

Boussinesq approximation was used to model the air

buoyancy effects caused by the air temperature gradients,

with a constant coefficient of thermal expansion of 0.0034/

K. This approximation is used because it is typically more

stable than utilising models which explicitly compute air

density changes for all terms in the governing equations

and not just the body forces. This means that the air density

is maintained at its constant value of 1.225 kg/m3.

3 Results

3.1 CFD simulation results for reactive multi-
layer thickness of 40 lm

Here results are presented for an rms thickness of 40 lm.

Figure 8 shows the temperature contours at 1 ms after the

initiation of the reactive foil reaction on an x–z plane

intersecting with the centres of the probes. The reaction is

observed to have penetrated approximately 1 mm through

the foil, hence corresponding to the anticipated reaction

propagation speed of 1 m/s.

Figures 9, 10 and 11 show the temperature contours at 2,

3 and 4 ms after reaction initiation. The wave front is

observed to continue its propagation from left to right

throughout the reactive foil and the solder and silicon

above the reactive foil are acting to effectively spread the

heat released by the reactive foil.

In contrast to the effective spreading of the heat in the

positive z-direction Fig. 11 shows that, despite the reactive

foil reaching the point of exhaustion, there is very little

heat absorbed in the green tapes which could be isolating

the temperature probes and suppressing their ability to

reveal insights as to what is happening live inside the

reactive foils.

In Fig. 12 the temperature contours are shown after

2 ms—corresponding to the midpoint of the reaction time-

span in an x–y plane bisecting the Pt pads. Here the tem-

perature contours in the immediate proximity of the probes

are slightly reduced, owing to some of the heat generated

by reactive foil being conducting further along the probes

and thus spreading it out faster than the LTCC. The thermal

interference caused by the probes at a depth of 35 lm
appears to be negligible when looking at Fig. 13 which

shows the temperature contours at the interface between

the rms and the isolation layer in the x–y plane. However, it

must also be noted that these probes are simulated in a

passive mode and additional heat source inputs from the

current supplied to the thermocouples are not incorporated

in the model and as such their potential significance can’t

be ruled out.

The graph in Fig. 14 of the volumetrically averaged

temperatures at the 3 temperature probe locations shows

the time–temperature history, similar as to how data would

appear in an experiment. In Fig. 14 it is observed that P1 is

the first probe to experience an increase in temperature, as

would be expected, of approximately 75 �C to the initial

peak from the initial temperature of 300 K (27 �C). P2 and

P3 start their respective increases in temperature after 1.2

and 1.6 ms, P2 achieving slightly higher initial peak tem-

peratures than seen at P1, owing to thermal conduction

spreading the heat released from the reactive foil upstream,

and likewise there is a slight increase in the peak temper-

ature for P3. There is an initially fairly linear increase in

temperature until the latent heat of the solder starts to

become significant, whereafter the spreading of the heat

slows down greatly. After approximately 7 ms, corre-

sponding to just under 2 times the reaction duration, the

temperature traces coalesce thereafter.

In Figs. 15 and 16 contour plots of the solder liquid

fraction are presented after 1 and 4 ms. In both of these

figures only a small bubble of solder is melted and this does

not grow in size but the region of the initially melted solder

bubble in Fig. 15 quickly re-solidifies by the contour plot

of liquid fraction in Fig. 16.

Microsystem Technologies (2022) 28:1995–2009 1999
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In Fig. 17 the solder liquid fraction is shown for the final

time-step that was calculated, namely 10 ms where all of

the solder is found to have re-solidified. It can be observed

that proximal to the leading and trailing edges of the

reactive foil the solder still appears to be undergoing

transition between it’s liquid–solid state. This is due to

these cells being on the solder:air interface, which despite

being relatively sharp with this detailed mesh is still finite.

This liquid fraction contour is in effect the same as that of

the initial condition at time = 0 s, because all the solder

has re-solidified, albeit there is no longer a uniform

temperature.

Fig. 8 Temperature contours after 1 ms, x–z plane, for 40 lm rms

Fig. 9 Temperature contours after 2 ms, x–z plane, for 40 lm rms

2000 Microsystem Technologies (2022) 28:1995–2009
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3.2 CFD simulation results for reactive multi-
layer thickness of 80 lm

Here similar results for an rms thickness of 80 lm are

presented. In Fig. 18 the temperature contours are shown

2 ms after reaction initiation. The peak temperatures are

observed to be around 200 �C higher for this 80 lm thick

foil than the 40 lm foil in Fig. 9 with a corresponding

increase in the spreading of the heat in the solder and

silicon.

A similar increase in the peak temperatures of around

200 �C is observed in Fig. 19 and by this point the

spreading of the heat is much more significant, when

making comparisons to Fig. 11. It can also be observed that

penetration of the heat in the first via for the first probe (P1)

Fig. 10 Temperature contours after 3 ms x–z plane, for 40 lm rms

Fig. 11 Temperature contours after 4 ms x–z plane, for 40 lm rms
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has begun at this stage although was yet to occur in the

40 lm case.

In Fig. 20 a temperature contour plot is shown for the

final time step, corresponding to a solution time of 0.01 s.

Here one can see that the heat has become well spread

around the solder and the silicon but the penetration in the

LTCC is still limited, owing to its unfavourable thermal

properties for conducting heat.

In Figs. 21, 22, 23, 24 and 25 the solder liquid fraction

contours are shown for 1, 2, 3, 4 and 8 ms for the 80 lm
thick rms. It is observed that the amount of solder that is

melted by the rms is much more significant than for the

40 lm case. In Fig. 21 a molten solder bubble forms at the

leading edge and this grows in Fig. 22 to a much larger

extent in not only the direction of the reaction but also

normal to it. In Fig. 23 the initially molten region after

Fig. 12 Temperature contours on x–y plane bisecting probes after 2 ms, for 40 lm rms

Fig. 13 Temperature contours on x–y plane at interface between rms and isolation layer after 2 ms, for 40 lm rms

2002 Microsystem Technologies (2022) 28:1995–2009
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1 ms starts to re-solidify and the molten region of solder

reaches its maximal extent. After 4 ms (Fig. 24) there is

now a fully re-solidified region at the site of reaction

initiation, and it is clear by this stage that even this very

thick foil thickness would be insufficient to melt such a

large quantity of solder.

In Fig. 25 the liquid fraction solder contours are shown

after 8 ms from reaction initiation. Here it can be seen that

the re-solidification of the solder is almost complete. There

are however some interesting details to observe. Due to the

presence of the vias and the probes removing heat there

appears to be two small, localised regions above the probes

which re-solidify at a faster rate. This localised variation in

the re-solidification can also be seen in Fig. 24 for the first

probe.

In Fig. 26 the volumetrically averaged temperatures for

the three temperature probes, P1–P3 are shown. In this

graph three distinct peaks that occur approximately after

1.8, 2.8 and 3.8 ms are observed. Given a pitch between the

probes of 1 mm, this would correspond to a reaction speed

of 1 m/s. Therefore, it could be said with some confidence,

that an array of thermocouples embedded in green tape

substrates displaced 35 lm from the reactive foil should be

capable of experimentally determining a reaction speed in

Fig. 14 Volumetrically averaged temperature probes P1–P3 vs. time,

for 40 lm rms

Fig. 15 Solder liquid fraction

after 1 ms, for 40 lm rms

Fig. 16 Solder liquid fraction

after 4 ms, for 40 lm rms
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this range. This would be subject to such an isolation layer

thickness being realisable, in terms of manufacturing, and

having adequate frequency response, synchronisation,

sampling frequency etc. from the temperature recording

equipment.

4 Discussion

The simulations demonstrate that it is possible to obtain the

time-history of temperature contours throughout these

structures, which are to be bonded through reactive multi-

layers by using strategically placed temperature sensors

isolated by a 35 lm thick isolation layer. Owing to the

ability to track the melting and solidification of solder,

CFD can be used effectively to assess the number of layers

required/total reactive foil thickness to form a functioning

solder joint between components and this offers a crucial

insight into manufacturing requirements. Furthermore, by

using the computed thermal loads as inputs in mechanical

models, the mechanical influence on surrounding compo-

nents could be assessed such as to optimise the balance

between achieving a successful bond and minimising the

thermomechanical impact incurred elsewhere.

It was interesting to compare the two cases of 40 and

80 lm reactive foils in terms of their temperature traces

and in the case where the majority of the solder remained

unmelted - 40 lm, the peaks on the temperature mea-

surements were not as discernible as they are for the 80 lm
thick foil where the temperature rises well beyond the

Fig. 17 Solder liquid fraction

after 10 ms, for 40 lm rms

Fig. 18 Temperature contours after 2 ms, x–z plane, for 80 lm rms

2004 Microsystem Technologies (2022) 28:1995–2009
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solder latent heat region and the peaks can be clearly

recorded. Thus, it can be concluded that it will be more

difficult to resolve the reaction speed using a temperature

array in cases where the solder temperatures don’t go

significantly above the melting point of the solder.

Although it is said to be relatively straight-forward to

measure the burning rates of reactive foils, due to the

intense luminescence of the wave front, temperature

measurements are more complicated because of the inter-

ference caused by the thermocouples. The thermocouples

typically provide underestimated values of temperature due

to their propensity to remove heat and interfere with the

combustion process (Rogachev and Mukasyan 2010). The

results shown here may suggest that it is more the chemical

interference than the thermal interference of the probes

which plays the greater role in inhibiting the reaction.

Fig. 19 Temperature contours after 4 ms, x–z plane, for 80 lm rms

Fig. 20 Temperature contours after 10 ms, x–z plane, for 80 lm rms
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It is hoped in the future that thermocouples can be

experimentally embedded in substrates very close to

deposited reactive foils, without overly interfering in

the reaction, to see if a good match between CFD and

laboratory experiments can be obtained. Owing to

these known interfering factors the thermocouples it is

best to integrate the thermocouples into the CFD

models, but any chemical suppression of the reaction

caused by the presence of the probes is not possible to

capture with the simulation method currently pre-

sented. On the other hand, surface roughness is

something, which is also known to affect the reaction

Fig. 21 Solder liquid fraction

after 1 ms, for 80 lm rms

Fig. 22 Solder liquid fraction

after 2 ms, for 80 lm rms

Fig. 23 Solder liquid fraction

after 3 ms, for 80 lm rms

2006 Microsystem Technologies (2022) 28:1995–2009
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speed, and this could potentially be incorporated into

the heat release function, so there is still scope for

model development.

In this research very thick solder pastes have been

modelled to provide good resolution throughout the solder

thickness and to obtain better insights into the behaviour

than could be seen in a thinner layer with the same mesh

edge length throughout the thickness. In order to achieve a

complete melting of the solder there are many options

available, most of which are possible to incorporate into

this CFD approach. A much thinner solder thickness could

of course be used in practice and, if not, then pre-heating

can also be implemented. These options are available for

consideration to both the manufacturer as well as this CFD

simulation approach.

5 Conclusions

Using ANSYS Fluent CFD software two different reactive

foil thicknesses of 40 and 80 lm used to bond a silicon

chip to an LTCC substrate have been studied and it has

been shown that it is possible to simulate the temperature

of the bonding zone before and after the reaction. The

Fig. 24 Solder liquid fraction

after 4 ms, for 80 lm rms

Fig. 25 Solder liquid fraction

after 8 ms, for 80 lm rms

Fig. 26 Volumetrically averaged temperature for temperature probes

P1–P3 vs. time, for 80 lm rms
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40 lm rms propagating at 1 m/s was only able to melt a

very small proportion of the total solder thickness and this

would make it difficult to track the reaction speed using Pt-

100 temperature sensors embedded in the LTCC because

the latent heat effects of the solder dominate the time–

temperature traces.

On the other hand, the 80 lm rms was able to melt a

much more significant amount of solder, approximately up

to 100 lm, and in this case it would be relatively straight

forward to determine the reaction propagation speed with

temperature probes embedded in the LTCC substrate.

Given that even this large foil was unable to melt all the

solder, one of the following changes would need to be

implemented. Either a thinner solder thickness or pre-

heating of the to be bonded structures would need to be

used. The latter option goes somewhat against one of the

main attractions of using reactive foils because it would

incur the mechanical penalties that their use is attempting

to circumvent.

It has also been shown, based on the CFD simulations,

that although the insulating effect of the LTCC substrates

can potentially obfuscate temperature measurements of

thermocouples embedded in the ceramic tapes, it would be

possible to determine reaction speeds from assessing the

displacement between peaks on temperature probe traces.

This is contingent upon the effects of heating the temper-

ature probes being negligible in a real-world scenario

because this influence, and that of any chemical influence

on the reaction propagation, are not included in the CFD

model.

Using this CFD approach assessments can be made

regarding the total reactive multilayer thickness required to

melt a given quantity of solder in order to achieve an

effective bond. This information can then be used to decide

optimal foil properties for achieving successful soldering

for selective bonding using reactive-multi-layer-systems on

LTCC substrates.
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