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R E S U M E N 

En las aplicaciones Aeroespaciales y de alta temperatura de la Electrónica de Potencia, la tecnología más común para 

fabricar el die-attach (unión entre un dispositivo semiconductor y su sustrato) es la soldadura. Generalmente, las 

aleaciones de soldadura más confiables son de Pb, pero están limitadas por su punto de fusión y normativamente por su 

toxicidad. En este contexto, el die-attach basado en el sinterizado de nano-partículas de Ag, es un candidato adecuado 

para reemplazar las aleaciones de Pb. El propósito de este trabajo, es la evaluación de los parámetros de fabricación 

que afectan las propiedades finales de la capa de die-attach sinterizada. Vehículos de test específicos y equipos de 

análisis físico serán usados para llevar realizar la evaluación experimental. En este documento, presentamos la 

influencia del tiempo de sinterizado y la influencia del espesor final de la capa de die-attach midiendo la fuerza de 

adherencia usando el test de die-shear.

Palabras Clave: Capa de die-attach sinterizada, Electrónica de Potencia, Alta Temperatura, Influencia del Tiempo de Sinterizado.  

A B S T R A C T 

In high temperature Power Electronics and Aerospace applications, the most common technology for manufacturing the 

die-attach (joint between semiconductor device and substrate) is soldering. Generally, the most reliable solder alloys 

are Pb-based, but they are limited by their low melting point and by normative due to toxicity. In this context, the die-

attach layer based on the sintering of Ag nano-particles is a suitable candidate to replace the Pb-based solder alloys. 

The purpose of this work is to evaluate the sintering parameters that affect the final properties of the die-attach layer. 

Specific test vehicles (including Si chips, Cu substrates and Cu substrates plated with Au) and physical analysis 

equipment will be used to carry out the experimental evaluation. In this document, we present the influence of the 

sintering time and the influence of the final thickness of the sintered die-attach layer by measuring the adherence force 

using the die-shear test. 

Keywords: Sintered Die-attach layer, Power Electronics, High Temperature, Sintering Time Influence. 

1. Introduction

In recent years, Power Electronics has been using new 

materials and technologies in order to mitigate the stringent 

requirements of high temperature applications, such as, 

spacecraft, well logging or high-speed trains.  

One of the developments that is important to cite is the 

case of wide bandgap semiconductors (such as GaN, SiC 

and Diamond), which are materials that can operate at 

higher temperatures than Si-based devices [1 - 3]. Derived 

from this, the die-attach (joint between semiconductor 

device and substrate), must also ensure reliable behaviour. 

In this context, the die attach based on the sintering of Ag 

nano-particles becomes important, due to the advantages it 

offers compared to solder alloys (for instance AuSn, 

PbSnAg, AuGe, AuSi) and technologies, such as the 

transient liquid phase bonding [4 - 9]. One of the most 

important advantages of the Ag sintered die-attach is the 

safety margin it offers against operating temperature, due 

to the high melting point of the Ag (961 ºC). Furthermore, 

it offers low processing temperature (< 300 ºC) due to the 

sintering of nano-particles and, therefore, low levels of 

residual stress. Finally, another advantage is the possibility 

of being a strong candidate to replace lead-based alloys. 
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The purpose of this work is the evaluation of some 

sintering parameters, which define the final properties of 

the die-attach layer. In this work, we focus on the sintering 

time and the thickness influences. Besides, die-shear force 

will be also analysed with specific test vehicles using the 

die-shear test. To evaluate the die-attach layer capabilities, 

a die-shear tester and a C-SAM (C-mode Scanning 

Acoustic Microscope) were used. Finally, the results 

obtained are presented and discussed in this document. 

2. Sintering Process for manufacturing the die-attach

layer and test vehicle used for experimental evaluation

2.1. Sintering process for die-attach 

Generally, the sintering is a process that creates solid 

materials from particle pressing. In fact, to facilitate the 

manufacture of die-attach layers a paste is used, which is 

obtained by mixing the particles with organic components 

[10 - 12]. In order to carry out this work, a commercial 

nano-Ag paste (NBE Tech K series [13]) was selected. It is 

important to note that Ag is used because it offers 

interesting properties as die-attach layer, such as, high 

melting temperature (961 ºC), high thermal conductivity 

(430 W/m.K) and high electrical conductivity (0.63 x 106 

Ω
-1

cm
-1

). Concerning the nano-particle size, low diameters 

are used because they decrease the required temperature 

(generally lower than 300 ºC) and pressure during the 

sintering process [14 - 16]. 

The sintering process for manufacturing the die-attach is 

carried out in several steps. The first step is the cleaning of 

the materials (dice and substrate) that are part of the test 

vehicle. The second step is to dispense the nano-Ag paste 

onto the Cu substrate using the screen printing technique. 

To perform the screen printing, a mask with a thickness of 

100 μm is used, allowing us to control the initial volume of 

fresh paste for each die. It is important to highlight, that the 

initial volume is controlled by adjusting the thickness of 

the mask.  

The third step is to place the dice onto the fresh Ag 

paste and at this point the thickness of the fresh paste layer 

is set to the desired value. Finally, the fourth step is a 

temperature profile divided into two phases, the debinding 

(or paste drying) and sintering (with and without pressure 

(see Figure 1)). In fact, the temperature profile is based on 

the manufacturer's information with minor adjustments. 

The first phase (paste drying) is carried out in three 

sequential periods at different temperatures (50, 100, and 

150 ºC), where the organic components evaporate. Finally, 

in the second phase (sintering of nano-particles), the 

temperature increases rapidly up to 285 ºC, and during this 

phase pressure is also applied to the dice until the process 

is complete. After sintering, the system naturally cools to 

room temperature, so the total process time is 110 minutes. 

Ensuring a uniform pressure distribution among the dice 

and avoiding damage to the semiconductors is a major 

concern, for this reason, a 75 μm Kapton layer is placed 

between the press plate and the dice. At the end of the 

process, a final thickness of the sintered Ag layer is 

obtained, which depends on the initial thickness and the 

applied pressure [11]. 

Figure 1 - Temperature profile and experimental setup used to 

manufacture the sintered die-attach layer. 

The experimental setup used to manufacture the die-

attach is shown in Figure 1. Specifically, the drying phase 

is performed in an oven under air atmosphere, and the 

sintering phase is performed on a hot plate with the test 

vehicle placed in a specifically designed press [17].  

2.2. Test vehicle used for experimental assessment of die-

attach layers 

The purpose of the test vehicle is to obtain information 

about the behavior of the sintered die-attach layer. 

Therefore, based on the typical power module structure, the 

test vehicle is assembled using 4 dice, die-attach layer, Cu 

substrates and Au plated Cu substrates [18]. In order to 

explain the configuration of the test vehicle, the cross 

section of the main parts (die, die-attach layer and 

substrate) of the test vehicle is shown in Figure 2(a). A top 

view of the distribution of the 4 dice assembled to the 

substrate is shown in Figure 2(b). To assemble the test 

vehicle, Si dice dummies have been chosen instead of 

functional devices, because the main purpose of this work 

is to study the adhesion (die-shear force) provided by the 

Ag sintered layer between chip and substrate. In the case of 

dummies, we have chosen representative dimensions of 

real and functional power devices [2], and therefore, the 

dimensions of the dies are 300 μm thick, with an area of 

2.8 x 2.8 mm
2
. The backside metallization of the dies, 

consist of four metal layers with different thicknesses: Al 

(0.5 μm) / Ti (100 nm) / Ni (500 nm) / Au (200 nm). Since 

copper has a lower cost than ceramic substrates and, also 

provides adequate properties, such as high thermal 

conductivity and easy machinability, it was selected as the 

base material for machining the substrate. Dimensions of 

Cu substrates and Au plated substrates are 15 mm x 20 mm 
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x 0.8 mm and are based on the TO-247 standard package 

size. 

Figure 2 - (a) Parts of the test vehicle (cross section). (b) Test vehicle 

with 4 SiC dies (top view). 

3. Experimental Results

In previous works, we have analysed some sintering 

parameters, such as the influences of the temperature, 

pressure, and surface condition of the substrate (such as 

roughness, cleaning by means plasma and plated 

substrates) [19]. In the present section we will describe and 

analyse the effects of the final thickness and sintering time 

on the adhesion of the sintered die-attach layer. 

3.1. Influence of the thickness on the sintered die-attach 

layer 

In general, thicker layers improve the reliability of the die-

attach, therefore, the purpose of this section is to analyse 

the behaviour of the sintered die-attach layer at different 

thicknesses. In fact, a given initial paste thickness will 

provide a final die-attach thickness and knowing the 

relationship between both parameters is primordial to 

establish a manufacturing plan.  

In order to analyse the influence of thickness on the 

final die-attach properties, different initial paste 

thicknesses from 50 µm to 350 µm were deposited by 

screen printing through square holes in the mask of the 

same size (2.5 mm x 2.5 mm). The standard test vehicle 

and the process described in section 2 were used. In all 

cases, bare Cu substrates with the same range of surface 

roughness (80 - 150 nm) and Au plated Si dummy dice 

have been joined with the K-series paste (based on Ag 

nanoparticles). The applied sintering pressure was 7 MPa, 

the sintering temperature 285 ºC and the sintering time 10 

minutes. In the context of these tests, it has been 

considered very relevant also to analyse the influence of 

the paste drying method (with and without dice), because 

depending on the applied volumes of fresh paste the 

evacuation of solvents will show different behaviour. 

Consequently, test vehicles using drying steps with and 

without chips on top of the paste have been processed [20].  

Figure 3 represents the reduction of the final die-attach 

thickness for three different initial paste thicknesses using 

the drying step with dice. The obtained curve is practically 

linear, showing an average thickness reduction of 

approximately 60 %. This behaviour will be extremely 

practical in future developments for predicting the final 

die-attach layer thickness from manufacturing parameters 

such as the screen-printing mask characteristics. Regarding 

to the error bars, they increase when the initial thickness 

increases, indicating that there is less control of the die-

attach thickness for thick initial paste layers. In fact, this 

effect is undesirable in the case of real package 

manufacturing, since it decreases the manufacturing 

repeatability. Figure 4 shows a similar curve but this time 

using a drying step without dice. A practically linear 

response between initial paste thickness and final die-

attach thickness is also obtained, but the reduction between 

both magnitudes is around 40 %. Thus, lower thickness 

reduction is obtained when using the drying step without 

dice. 

Figure 3 - Relationship between initial Ag paste thickness and final 

sintered die-attach thickness for test vehicles dried with dice. Bare Cu 

substrates and Au plated Si dice have been used. 

Figure 4 - Relationship between initial Ag paste thickness and final 

sintered die-attach thickness for tests vehicles dried without dice. 

Bare Cu substrates and Au plated Si dice have been used.
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Figure 5 displays the C-SAM images for the test 

vehicles corresponding to the curve in Figure 3 (drying 

step with dice). The final die-attach thicknesses are 40 µm, 

95 µm and 140 µm, and all samples show fractures on the 

Ag layer. Besides, the internal area appears in clearer grey 

tones than the periphery, accounting for a less dense Ag 

layer due to the less efficient drying process with the die on 

top of the fresh paste. 

..(a) 40 µm            (b) 95 µm      (c) 140 µm 

Figure 5 - C-SAM images for different die-attach thickness sintered 

at 7MPa, 285 ºC, 10 minutes and drying step with dice. Au plated Si 

dice and bare Cu substrate have been used. (a) Final thickness 40 µm. 

(b) Final thickness 95 µm. (c) Final thickness 140 µm.

(a) 30 µm (b) 65 µm (c) 115 µm (d) 180 µm 

Figure 6 - C-SAM images for different die-attach thickness sintered 

at 7MPa, 285 ºC, 10 minutes and drying step without dice. Au plated 

Si dice and bare Cu substrate have been used. (a) Final thickness 30 

µm. (b) Final thickness 65 µm. (c) Final thickness 115 µm. (d) Final 

thickness 180 µm.

In the same sense, C-SAM images for test vehicles 

corresponding to the results of Figure 4 (drying step 

without dice) are shown in Figure 6. In general, best 

densification and more regular die-attach layers are 

obtained when drying the paste without dice. In particular 

samples with die-attach thickness of 30 µm and 65 µm 

(Figures 6(a) and 6(b) respectively) show very 

homogeneous C-SAM images, while samples with final 

thickness of 115 µm and 180 µm (See Figures 6(c) and 

6(d) respectively), present some fractures (white lines) and 

slight uniformities (light grey areas). 

The effect of the different processing options presented 

above, was quantified by the die-shear tests summarized in 

the curves of Figure 7, showing the final thickness and 

drying step influence on the die-shear force. The first 

relevant result that can be observed is the higher die-shear 

force obtained in all cases when using the drying step 

without dice (black curve). In addition, the die-shear force 

is almost independent of the die-attach thickness in the 

analysed range (30 µm - 180 µm), with shear force mean 

values never below 40 kgf. This result is in good 

agreement with the homogeneous die-attach layers 

observed for such kind of drying step. For the drying step 

with dice (red curve), a significant die-shear force 

reduction is observed for die-attach thicknesses above 100 

µm (from 36 kgf to 20 kgf). This result reveals that Ag 

sintering processes differing only on their initial drying 

steps can provide die-attach layers of the same thickness 

but with very different grade of density, and thus, different 

mechanical properties.  

Figure 7 – Die-shear force mean values for different die-attach 

thicknesses using a drying step with dice (red circles) and without 

dice (black squares). Sintering parameters are 7 MPa, 285ºC and 10 

minutes. Au plated Si dice on bare Cu substrates. 

In order to understand the cause of the physical failure 

after die-shear test, more in depth analysis is necessary. In 

this sense, the test method standard for microcircuits (MIL-

STD-883H- Method 2019) and test method standard for 

semiconductor devices (MIL-STD-750D- Method 2017) 

define 3 separation categories (failure modes) concerning 

the die-attach material condition after the die-shear test: 

a) Shearing of the die with residual semiconductor

remaining.

b) Separation of die from die-attach material.

c) Separation of die and die-attach material from

package.

These MIL-STD criteria are suitable for most of the 

solder alloys where a failure across the die-attach layer 

bulk is very unprovable. Nevertheless, in the die-attach 

layer obtained by sintering processes the cohesion 

(adhesion among particles) has also to be assessed. This 

was the motivation for redefining the criteria of separation 

categories in the next failure modes: 

1) Failure mode 1. Failure at the interface between Ag

sintered layer and substrate. The Ag sintered layer is

detached from the substrate and, therefore, the Ag

sintered layer remains adhered onto the die. This

behaviour indicates that the force of the joined

interface between Ag sintered layer and substrate is

smaller than the force on the other joined interface

(a) 100 mm (b) 250 mm (c) 350 mm
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(die/Ag sintered layer) and smaller than the force 

among particles (see Figure 8(a)). 

2) Failure mode 2. Failure in the bulk of the Ag sintered

layer. The fracture is in the die-attach material,

consequently, there are rests of Ag-sintered layer in

both surfaces. In this case, the force at both interfaces

is higher than the force among particles in the sintered

layer (see Figure 8(b)).

3) Failure mode 3. Failure in the interface between Ag

sintered layer and die. As a result, the Ag sintered

layer is detached from the die and remains adhered

onto the substrate. This failure mode indicates that the

force of the joined interface between Ag sintered layer

and die is smaller than the force at the other interface

(Ag sintered layer/substrate) and force among particles

(see Figure 8(c)).

4) Failure mode 4. Failure in the die, i.e., the die is

destroyed with residual semiconductor remainings.

This behaviour indicates that the force at both

interfaces and the force among particles is higher than

the strength of the die material (see Figure 8(d)).

Figure 8 – Failure modes defined in our study for Ag sintered die-

attach layers.

Figure 9 displays photographs of the substrate and chips 

after die-shear tests for determining the failure modes of 

the test vehicles dried with dice. The final thicknesses for 

the analysed samples were from 40 µm to 140 µm. 

Although the predominant failure in samples with final 

thickness of 40 µm is the die fracture (failure mode 4) 

some samples show detached areas in the Cu substrate (see 

Figure 9 (a)). In the case of samples with final thickness of 

95 µm (Figure 5.32 9 (b)) the failure mode 1 is the 

predominant, although with presence of die fracture 

(failure mode 4). Finally, Figure 9 (c) displays a 

photograph of a sample with final thickness of 140 µm, 

wherein all samples presented the Ag sintered layer 

detached from the Cu substrate (failure mode 1). In 

summary, the main conclusion that can be derived from 

this analysis is that for thick Ag layers dried with dice, the 

failure mode after die-shear tests indicates a weak adhesion 

of the Ag particles with the Cu substrate, mainly due to a 

bad burn-out of organics during the drying process. 

In the same way, Figure 10 displays the photographs 

corresponding to the samples dried without dice with final 

die-attach thicknesses ranging from 30 µm to 180 µm. 

Although the predominant failure mode in samples with 

die-attach thicknesses between 30 µm and 65 µm is the die 

fracture (failure mode 4) some samples show detached 

areas in the Cu substrate (see Figure 10 (a) and (b)). For 

samples with final thickness of 115 µm (Figure 10 (c)) the 

failure mode 1 is the predominant one, although some 

samples present die fracture (failure mode 4). 

(a) 40 µm (b) 95 µm (c) 140 µm 

Figure 9 – Photographs of substrate and die after die-shear tests for 

determining the failure modes for several die-attach thicknesses 

obtained using a drying step with dice. (a) Final thickness 40 µm. (b) 

Final thickness 95 µm. (c) Final thickness 140 µm.

 

(a) 30 µm (b) 65 µm (c) 115 µm (d) 180 µm 

Figure 10 – Photographs of substrate and die after die-shear tests for 

determining the failure modes for several die-attach thicknesses 

obtained using a drying step without dice. (a) Final thickness 30 µm. 

(b) Final thickness 65 µm. (c) Final thickness 115 µm. (d) Final 

thickness 180 µm.

Finally, Figure 10 (d) presents the pictures for the 

sample with final thickness of 180 µm, wherein the Ag 

sintered layer is detached from the substrate (failure mode 

1). Nevertheless, for this die-attach thickness some samples 

have also shown the failure mode 4. In conclusion, for 

samples dried without dice, the same failure modes found 

previously for drying step with dice are observed, although 

in this case, more samples show failure mode 4 (partial die 

fracture) indicating a better adhesion between Cu and Ag. 

3.2. Sintering Time Influence on the sintered die-attach 

layer 

Another relevant parameter that can be adjusted during the 

Ag sintering process, in addition to pressure and 

temperature, is the sintering time. In this section, the 
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influence of the sintering time on the characteristics of the 

final Ag die-attach layer will be analysed.  

Basically, we have evaluated the macroscopic 

mechanical characteristics of the die-attach at different 

sintering times when fixing the rest of the process 

parameters. With the aim at achieving this goal, optical 

microscope, C-SAM and die-shear characterization tools 

have been used. Besides, the failure modes of the test 

vehicles will be discussed. For this study, apart from bare 

Cu substrates we have also included some Au plated Cu 

substrates (in the 80 - 150 nm range of surface roughness), 

Au plated Si dummy dice and K-series Ag nanoparticles 

paste. In the case of the process, the applied sintering 

pressure was 7 MPa, the sintering temperature 285 ºC, the 

initial drying step was without dice and the sintering time 

was set at 5, 10 and 20 minutes. 

Figure 11 – Final die-attach thickness mean values for Au plated and 

Cu substrates sintered at different sintering times (5, 10 and 20 min). 

Bare Cu substrates, Au plated substrates and Au plated (Si and SiC) 

dice have been used.

Before performing the destructive die-shear tests, we 

measured the variation of the Ag layer thickness during 

sintering. Figure 11 shows the mean values of the final die-

attach thickness for the different sintering times. In all 

cases the initial thickness of the green paste was 100µm. 

Au plated Si dice have been used for the case of bare Cu 

substrates (in black) and also for Au plated Cu substrates 

(in red). Nevertheless, with the Au plated substrates, the 

point corresponding to the 10 minutes of sintering time 

includes Au plated SiC dice instead of the habitual Si 

dummies. It can be observed that for all kind of Cu 

substrates (bare or Au plated surface) the variation of the 

die-attach thickness is not significant from 5 minutes to 20 

minutes of sintering time, mainly taking also into account 

the experimental error involved in such measurements. 

Concerning the quality of the Ag layers after processing 

using different sintering times, Figures 12 and 13 provide 

C-SAM images corresponding to test vehicles developed

with bare Cu and Au plated Cu substrates respectively. The

final die-attaches appear very regular and homogeneous, as

it is the usual case for the samples dried without dice. In

any case, the only comment that can be done is that the 

quality of the Ag layer (in terms of homogeneity and 

defects) seems to be improved when increasing the 

sintering time. This tendency is logical as sintering time is 

one of the driving variables for ensuring elimination of 

organics and adhesion among particles.  

 (a) 5 min     (b) 10 min    (c) 20 min 

Figure 12 – C-SAM images of the sintering time influence onto bare 

Cu substrates. (a) Sintering time 5 minutes. (b) Sintering time 10 

minutes. (c) Sintering time 20 minutes. Bare Cu substrates and Au 

plated Si dice have been used.

   (a) 5 min (b) 10 min     (c) 20 min 

Figure 13 – C-SAM images of the sintering time influence onto Au 

plated substrates. (a) Sintering time 5 minutes. (b) Sintering time 10 

minutes. (c) Sintering time 20 minutes. Au plated substrates and Au 

plated dice (Si and SiC) have been used.

Figure 14 shows the measured mean values of the die-

shear forces as a function of the sintering time. Taking into 

account the experimental error of such measurements 

(derived from the standard deviation associated with the 

dies tested for each point), it can be concluded that 

negligible influence of the sintering time can be associated 

with the die-shear force, at least in the considered range of 

5 to 20 minutes. This result demonstrates that the most 

critical parameters for controlling the sintering process are 

pressure and temperature, and they require more attention 

in set-ups and processes in order to obtain suitable die-

attach layers. 

Figure 15 shows the photographs of the substrates and 

dice allowing the analysis of the failure modes after die-

shear tests. Figures 15 (a), (b) and (c) correspond to 

samples processed on bare Cu substrates using sintering 

times of 5 minutes, 10 minutes and 20 minutes 

respectively. Die fracture (failure mode 4) is the main 

failure mode (for instance, see Figure 15 (c)). In some 

cases, although die fracture is the predominant failure 

mechanism, some areas show the Ag layer detached from 

the Cu substrate (mode 1), for example the case shown in 

Figure 15 (b). The main exception concerns test vehicles 

sintered for 5 minutes (Figure 15 (a)) where the main 

failure mechanism is Ag detachment from the Cu substrate 

(mode 1). This fact means that, 5 minutes is too short for 

(a) 5 min (b) 10 min (c) 20 min

(a) 5 min (b) 10 min (c) 20 min
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ensuring a good adhesion among the Ag and the Cu 

although the cohesion among the Ag particles seems to be 

completed. Similar results have been found for the Au 

plated Cu substrates. 

Figure 14 – Die-shear force mean values for test vehicles sintered at 7 

MPa and different sintering times (from 5 minutes to 20 minutes). 

Bare Cu substrates, Au plated substrates and Au plated dice (Si and 

SiC) have been used.

(a) (b)  (c) 

Figure 15 –Photographs of failure modes for sintering time influence 

onto Cu substrates. Au plated Si dice have been used.

4. Conclusions

In this study, we have analysed the effect of some sintering 

process parameters on the final characteristics of the Ag 

die-attach layer. Regarding the thickness influence, the 

main result is that the relationship between initial green 

paste and final die-attach thickness follows a linear 

function (ascending and not constant), allowing an easy 

prediction of this critical parameter from practical 

manufacturing data such as the screen-printing mask 

thickness. In fact, it has been determined that the Ag 

shrinkage effect is more important when using the drying 

method with dice (60 %) than when using the drying step 

without dice (40 %).  

Concerning the effect of sintering time, it seems that 

this parameter has less influence than other sintering 

parameters, such as pressure and temperature. 

Nevertheless, finding a consistent value is very important 

to strike a balance between the die-attach properties 

(densification, adherence and reliability) and the sintering 

time. In our case, the ideal sintering time should be 10 

minutes. This affirmation is supported by the C-SAM 

images (see Figure 13) and pictures (see Figure 15), where 

it can be seen that in 5 minutes of sintering time the die-

attach layer has poor adhesion with Cu substrate. 

Meanwhile, the failure mode in the case of 10 and 15 

minutes is very similar. Still, microstructure study and 

EDX analysis are necessary, in order to found that die-

attach layers have less porous and organics presence. 

Furthermore, a study of the die-shear modulus can be 

interesting, since knowing differences in the mechanical 

properties related to the sintering parameters, more reliable 

assemblies can be guaranteed. 

Finally, it is important to note, that the influence of the 

sintering time has not been analysed in samples dried with 

dice, where elimination of organics, is more critical and 

longer times could help in allowing a complete 

volatilization. These tests and activities have been 

identified as priority tasks to be developed in future 

research works related with the present one. 
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