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Abstract 

IMPACT OF LAYER THICKNESS OF QFN PACKAGE MOUNTED PRINTED CIRCUIT 

BOARDS DURING DROP TESTING 

 

Sayalee Pradeep Sabne, MS 

 

The University of Texas at Arlington, 2015 

 

Supervising Professor: Dereje Agonafer 

 

In past studies [1], it was established that board level reliability of the packages depends 

mainly upon the design of the package and the soldering technology used for mounting 

the components. There are many methods [2] to test the reliability, such as temperature 

cycling test, bend test, power cycling, etc. which have been studied and practiced. We 

need to consider the failure rate and failure mechanism both, to understand how specific 

loading conditions affect the failure of an assembly. In this study, PCB’s with variable 

layer thicknesses and QFN package mountings are subjected to drop test. It has been 

observed previously that the failure initiates at the solder joints in the form of cracks. 

Also, the solder joints fail at two particular regions [6]. Hence, the drop test simulation is 

carried out using ANSYS workbench with detailing of the solder joints. Under quasi-static 

conditions, assuming supports to be stationary, impact load gets converted into uniformly 

distributed load over the surface of the board [3]. The forcing function is dependent on 

the acceleration of the drop and not on the height of the drop for this particular study. The 

stress resulting due to impact is analyzed and related to impact life of the package. The 

results give the idea about stress concentration and the amount of deflection of the 

board. To understand the effect of variable thickness of the board layers on the reliability 



v 

of the package, the thickness of individual layers or two from the PCB stack-up is varied. 

Each assembly with different thickness of the PCB layers was tested and analyzed for 

failure. The study gives an insight on the reliability of the QFN packages under impact 

loading and ways to improve the reliability of the solder joints.
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 CHAPTER 1 

INTRODUCTIOON AND BACKGROUND 

 

What is electronic packaging?  

Electronic packaging is a name assigned to the method of enclosing the 

electronic components, their assemblies or the entire electronic products in order to 

protect them and to provide a connection with the external environment. Electronic 

package provides a definite physical structure to the components and holds them in 

place. Moreover, the package facilitates easy handling and assembly of the device. The 

enclosure provides protection against external factors such as physical damage, 

corrosion, electrostatic charge, heat, etc. The package is supposed to provide means for 

heat dissipation and power and signal distribution.  

Generally, electronic packaging involves multiple electronic packages. For 

example, an Integrated Circuit (IC) board itself can be called as an electronic package 

which contains electronic packages for the components such as transistors, diodes and 

integrated circuit assemblies mounted on it. 

As far as the electronic packages for the Integrated Circuits are concerned, the 

material used is epoxy which protects the packages from moisture and the other 

environmental factors mentioned earlier. 

 

Classification of electronic packages based on the method of mounting: 

     1. Through Hole Packages: 

This type of packages consists of connections made through the holes drilled into 

PCB layers. Despite providing ease of soldering, these packages can be mounted on 
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either sides of the board and thus have lower density. The PCB can be single layered or 

can contain number of layers depending upon the operational requirements.  

Thus, in case of through-hole mountings, the signal needs to pass through all the 

layers of the PCB, which is a drawback of the method. Figure 1-1 shows different types of 

packages which use through-hole technology. The detailed layout of the through-hole 

package is shown in figure 1-2.  

 
Figure 1-1: Through-Hole Package Types 

 
Figure 1-2: Layout of a Through-hole Package 
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     2. Surface Mount Packages: 

These packages are mounted on the surface of the PCB and hence both the 

sides of the board are available for package mountings. The packages have more density 

and thicker pins as compared to through-hole packages. But, surface mount technology 

causes less solderability and repeatability. Also, the reliability issues are faced due to 

thermal and mechanical stresses induced in the solder joints. Figure 1-3 shows different 

types of packages that use surface mount technology and figure 1-4 shows the 

comparison between through-hole and surface-mount technology. 

 
Figure 1-3: Types of Surface Mount Packages 

 
Figure 1-4: Comparison between Through-hole and Surface Mount Technologies 
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     3. Chip Scale Package: 

The chip scale technology is the evolution of the surface mount technology. The 

components of the surface mount packages are further shrunk. The passive components 

around the integrated circuits like capacitors and resistors are also miniaturized which 

provides further improvement in high-speed performance. But, these packages are 

difficult to fabricate and mount due to their small size. Also, their long term reliability is yet 

to be studied. Figure 1-5 and figure 1-6 show how the chip scale packages are evolved 

from surface mount packages by miniaturizing. 

 
Figure 1-5: Evolution of Chip Scale Technology from Surface Mount Technology 

 
Figure 1-6: BGA package using Surface Mount and Chip Scale Technologies 
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The following diagram shows the  development and evolution in the field of 

electronic packages over the years. Also, the main types of packages falling under each 

of the above mentioned categories can also be seen in Figure 1-7. 

 

 
Figure 1-7: Types of Electronic Packages for IC's 
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Basic Components of An Electronic Package 

Any electronic package used for an integrated circuit contains following 

components: 

1. Substrate: 

A substrate is a solid substance onto which another substance is applied and it 

adheres to it. It is also called as wafer. It is a foundation onto which components such as 

diodes, resistors, capacitors, etc. are mounted. 

 
Figure 1-8: Substrate 

2. Die: 

The wafer is applied with a semi-conducting material onto which the functional 

circuit is fabricated. Each such block of the semi-conducting material is called as die. 

 
Figure 1-9: Die 
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3. Copper Pour: 

The area on the surface of the printed circuit board filled with Copper. Its basic 

function is to build the connections in the PCB. A Copper pour also provides a ground 

plate and creates an electric net. It flows around the tracks and pads on the board. 

 
Figure 1-10: Copper Pour 

4. Thermal Pad: 

Thermal pad is also known as thermal relief pad which facilitates heat dissipation 

during operation of the circuit. It is connected to the copper pour by ‘thermal connection’ 

making it easier to solder. 

 
Figure 1-11: Thermal Pad 
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5. Via: 

Via is basically an electric connection that passes through one or more layers of 

the PCB and connects two layers in physical electronic circuit. It is a small opening 

provided in insulating oxide layer that allows conductive connection in multiple layers. Via 

has 3 main types: 

1. Through hole: Has openings visible on both the sides of the PCB 

2. Blind Via: These are exposed on either sides of the board 

3. Buried Via: These connect the internal layers of the PCB without being 

exposed on either sides of the board. 

In figure 1-12, the types of vias are displayed corresponding to the sequence of 

the description. The green and grey layers are non-conductive while the orange 

layers are conductive. 

 
Figure 1-12: Types of Vias 

Vias are made up of three main parts: 

1. Barrel- It is a conductive tube filling a drilled hole. 

2. Pad- It connects each end of the via to a component. 

3. Anti-pad- It is a clearance hole between the barrel and a metal layer to which 

is it not connected. 
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6. Lead Frame: 

Lead frame is a metal framework that connects the internal parts of the IC to the 

external circuit. It carries the signal from die to the other components of the PCB. 

The die is glued to the lead frame and the die pads are attached to the leads with 

the help of bond wires. 

 
Figure 1-13: Lead Frame 

7. Solder Mask: 

It is a thin layer of polymer that covers the Copper traces of PCB and protects 

them against oxidation and formation of short circuit due to mixing of individual solder 

joints called ‘Solder Bridge’. 

 
Figure 1-14: Solder Mask 
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A mold compound covers all these parts and provides protection just like packing 

for an electronic equipment to the IC. To connect the IC to the other parts of the circuit or 

to connect one PCB to another, wire bonding is used. It is a flexible, convenient and cost 

effective interconnect technology. 

 

QFN Package: Layout and Specifications: 

  

A Quad Flat No-leads( QFN) package, also known as Micro Lead Frame(MLF) 

and Small Outline No-leads(SON) ,uses surface mount technology. It means there are no 

through- hole connections with the PCB, but the exposed lands at the bottom of the 

package along the perimeter of the package are soldered to the PCB. A QFN package 

contains exposed thermal pad to facilitate heart dissipation. Also, for further heat transfer, 

there exist thermal vias. Wire bonding connects the silicon die to the lead frame which is 

a means of connection to the exterior of the package. Figure -1-15 shows layout of a 

typical QFN package. Also, figure 1-16 shows the actual QFN package. 

 
Figure 1-15: Layout of QFN Package 
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Figure 1-16: QFN package 

Here, QFN package with the following specifications is studied: 

 The package size is 4*4 mm 

 The pitch of the package, i.e., the distance between the consecutive pins is 

0.5mm. 

 The package contains 24 pins overall. 

The PCB board on which this QFN package is mounted has following properties: 

 The board is 134 mil, i.e., 3.4036 mm thick. 

 The board is multilayered with overall 9 layers. It means the stack-up of PCB has 

total 9 Copper layers. 

 The board is FR4 core, which makes the PCB contain alternate FR4 and Copper 

layers. 

The package is connected to the board with the help of SAC305 solder joints. 

Figure 1-17 and figure 1-18 show a 3 D model of the package generated on ANSYS 

Workbench. The mold compound is hidden in figure 1-18 in order to show the details of 

the other components of the package. 
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Figure 1-17: Details of QFN model created in ANSYS 

 
Figure 1-18: 3 D QFN model showing Layers of PCB and the package 
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Significance of Drop Test and Simulation: 

 

Portable and handheld electronic products suffer accidental drops during their life 

cycle. The shock experienced due to drop impact not only damages the exterior of the 

device, but also imparts stress in the internal components. The shock wave gets 

transmitted through the supports to the PCB and then to the electronic components 

mounted on it. The PCB undergoes bending during the process, which causes additional 

stress in the components. Ultimately, after particular number of drops, the solder joints 

used for mounting the components on the PCB, fail; which causes failure of the PCB 

assembly. Thus, drop test reliability of the IC assemblies is becoming a matter of 

concern. 

In today’s highly competitive electronic industry, there is a need to establish a 

fast and reliable method for drop testing. Product level drop test [5] is more complex than 

board level drop test as it is dependent on many factors like design of the components, 

gripping method, etc. Also, it is difficult to manufacture and test the packages 

experimentally when it comes to optimization of the structural parameters such as 

geometry of the components and material properties such as Young’s Modulus. In 

addition, the variations in the factors such as friction between gliding rods and the drop 

table, contact surface, environmental factors, etc. become deciding factors for the 

accuracy of the test in actual set up.  Thus, simulation of the board level experimental 

drop test methodology suggested by JEDEC [4] is chosen as best suited method for 

primary study and optimization.  

Simulation of drop test allows to control all other factors except for the 

parameters to be optimized with ease and serves as faster alternative. The optimized 
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results of the simulation can serve as a base for manufacturing and testing a single 

package with best possible design and validate the reliability with actual experiments. 

When a package undergoes sudden drop, the solder joints are subjected to 

maximum stress due to impact. The locations of initiation of failure in the form of crack, 

as per past studies,are  the solder fillet and at the base of the joint [6]. 

 For the first time in the field of research, the effect of individual layer thickness is 

observed on the stress generated in the solder joints. The thickness of the outermost 

layers of the PCB is varied and each case is subjected to drop test  A life-prediction 

model is proposed based on the stress results obtained for each case. The study 

suggests ways to improve the reliability of the solder joints with PCB layer thickness 

optimization. This, in turn will help in enhancing the board level reliability of the QFN 

package. 
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 CHAPTER 2 

METHODOLOGY 

 

The Drop Shock and Input g Method: 

Drop shock testing is defined as acceleration experienced by an object dropped 

onto a hard surface. Consider an object dropped from a height   , which falls freely onto 

a horizontal surface and bounces back to height    after the impact.  

 
Figure 2-1: Free Fall and Rebound 

The object experiences constant acceleration due to gravity and the velocity 

increases in downward direction. It is given by, 

v (t)= g*t                                                                                                  Equation 1 

Also. The distance travelled is: 

s (t)=  
 

 
*g*                                                                                              Equation 2 

From above two equations, the downward velocity just before impact (  ) and the 

upward velocity just after the impact (  ) can be given equations 3 and 4 as follows: 
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  = -√                                                                                            Equation 3 

  = √                                                                                             Equation 4 

The object experiences maximum acceleration and zero velocity at the time of impact 

.The acceleration experienced by the object, first increases as the object falls on the 

ground and then decreases as the object rebounds. 

The shape of the graph of acceleration v/s time is thus similar to a half sine pulse, as 

shown in the figure below. 

 
Figure 2-2: Half Sine Pulse 

The integration of acceleration gives velocity, which in this case will be a cosine 

curve as shown in figure below:

 
Figure 2-3: Velocity-Cosine Curve 

The equation for the acceleration can be obtained based on Newton’s first law of 

motion and spring effect as follows: 
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It is assumed that the object compresses or deforms when it hits the ground after 

a free fall and there is no rebound. Then, 

F= m* a                                                                      Equation 5 

Also, 

F= k*x                                                                         Equation 6 

Where, 

m- Mass of the object 

k- Spring constant 

x- Distance the object compresses 

We get from equations 5 and 6, 

a= 
   

 
                                                             Equation 7 

During impact, 

v= √                                                        Equation 8 

Thus, 

x= 
  

   
                                                              Equation 9 

From equations 9 and 7, 

  = k* 
  

   
                                                         Equation 10 

Now, spring constant of a bulk spring is given as: 

k= 
   

 
                                                      Equation 11 

where, 

E- Young’s Modulus 

A-Area being compressed 

h- thickness of the cross section 

Thus, we get, 
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a= √
        

   
                                                          Equation 12. 

The above equation clearly shows that, 

 

1. As acceleration is directly proportional to the area being compressed, 

the object hitting on a flat surface will experience maximum effect of 

gravitational acceleration. 

2. If the height of drop is more, the acceleration experienced is more. 

3. If the object has smaller mass, the acceleration effect is increased. 

4. Greater acceleration levels will be achieved with a stiffer object (low 

elasticity). 
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JEDEC Standard for Drop Test: 

Usually, the small handheld electronic equipments are designed to withstand 

drops from a height of 1.5 m. The magnitude 1500 g of the acceleration pulse suggested 

by JEDEC standard JESD22-B111, gives the exact value of the peak acceleration 

corresponding to 1.5 m height of drop. Thus, the acceleration pulse used as input in this 

study has peak value of 1500 g and duration of 0.5 millisecond. 

 
 

Figure 2-4: Acceleration Pulse Input 
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The experimental set-up suggested by JEDEC to correlate the actual drop impact to the 

drop test, is as shown in the figure below:

 

Figure 2-5: Experimental Set-Up for the Drop Test Suggested by JEDEC 

 

The board is fixed to the base plate attached to the drop table, with the help of four 

standoffs or screws. The drop table strikes the rigid base gliding down the gliding rods. 

The strike surface is covered by the layer of felt to maintain the contact constraints. 

There are two possible ways in which simulation of the drop test can be carried 

out. The first is ‘free fall’ method of simulation [7] in which simulation of the whole 

assembly must be run, which consumes a lot of time. Also, the characteristics of the 

strike pad are not considered in free fall method. Thus, the second possible way, i.e., the 
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Input g method [4] is the best suited method and was hence chosen for the simulation. In 

input g method, the acceleration pulse is input to the PCB assembly, which takes into 

consideration all the experimental factors like contact surface characteristics, strike pad 

characteristics, etc. Also, as per the set-up of the experiment, the PCB assembly is not 

allowed to bounce back (perfectly plastic deformation). The half sine acceleration pulse 

takes into consideration the effect of that as well. The pulse is transferred through the 

screws to the PCB assembly.  

The governing equation for the one degree of freedom linear dynamic system is 

used in this case. It is given as [8]- 

[𝑀]   + [𝐶]   + [𝐾]  

= − [𝑀] 1500 sin [(π. )/T],                                t  ≤ T 

             = 0                                                              t  ≥ T                   Equation 13 

 
Where, [M], [C], [K] are mass of the system, damping coefficient and spring 

constant, respectively.    ,  ̇       are acceleration, velocity and displacement, 

respectively. Also, t is a time instant and T is pulse duration. 

 

When the potential energy of the component subjected to drop, gets completely 

converted to kinetic energy, we get 

 

v = √2                                                                                                        Equation 14 

Thus, initial conditions for equation 14 are  

{  } = √2   and   {x} =0 

Also, at the holes {x (t)} =0 

  



 

 

22 

 

 CHAPTER 3 

MODELING AND SIMULATION 

Modeling: 

JEDEC has suggested a standard design of the board that is supposed to be 

followed in order to conduct drop test with the suggested experimental set up. The board 

contains overall 15 packages and 4 holes at the corners in order to attach the board to 

the screws and eventually the drop table. Figure 3-1 shows the JEDEC PCB design 

layout Figure 3-2 shows the board modelled according to the proposed design. 

 
Figure 3-1: JEDEC Board Design Layout 

The thickness of the board in the proposed design is 1 mm minimum. The overall 

board dimensions are 132*77 mm. The spacing between the packages is specified and it 

should be minimum 5 mm. In our case, the board thickness is 3.4036 mm and the size of 

the package is 4*4. 
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Figure 3-2: Full Model of the PCB Board 

To reduce the overall time for the simulation and due to symmetry of the design 

of the board, a quarter model is used for simulation. The results are calculated for the 

quarter part of the central package called as local model  

 
Figure 3-3: Quarter Part of the Board (Global Model) 

Figure 3-4 shows the Local Model with the variables. 
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Figure 3-4: Local Model with Variables 

The original thickness of the outermost Copper layer is 2 oz., i.e. 0.066 mm or 2.6 mil. 

The outermost FR4 layer is 4.6 mil thick in the original model. When 1 oz. of Copper is 

spread evenly on 1 sq. ft. of area, the thickness of the sheet so obtained is called as 1 oz. 

thickness. 

 There are two main cases studied:  
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1. In first case, the overall thickness of the PCB was kept constant, but the 

thickness of the outermost Copper layer was varied. This was achieved by 

compensating the variation in the Copper layer thickness by the adjacent FR4 

layer. Thus, the equivalent thickness of the FR4 and Copper layer is kept 

constant. The layer thickness was varied both symmetrically and non-

symmetrically. This means first the thickness of the outermost layer set 1, viz., 

the layers at the component side, was varied. This case was referred to as non-

symmetric. Then, in some cases, the thickness of both the layer sets 1 and 2 was 

varied and the case was referred to as symmetric case. 

2. Another part of this study has allowed the variation in overall thickness of the 

PCB. The thickness of the FR4 layer is kept constant and the PCB thickness is 

allowed to vary according to the variation in the thickness of the Copper layers. 

This case is studied only for symmetric case. The reason in explained in the 

RESULTS chapter. 
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Simulation: 

 
Transient structural module was used for simulation, since the simulation is time 

dependent. The critical condition for failure, i.e., component face down, was considered 

while applying the acceleration input. The full model was provided with four fixed 

supports at the screw holes and input half sine acceleration pulse. The deformation and 

stress contours so obtained gave an idea about stress concentration and distribution over 

the board. The presence of the other components and their position do not affect the 

dynamic characteristics of the assembly under consideration. Also, due to symmetry, it 

was obvious that the results obtained for the quarter model matched with negligible error 

with those obtained for the full model.  

. For drop test simulation, density, Young’s Modulus and Poisson’s Ratio are the 

material properties required to be input in the engineering data. Following are the 

material properties used from the previous research papers [1], [13]  

 

Table 3-1: Material Properties 

Material 
Density 

(g/cc) 

Young’s Modulus 

(GPa) 
Poisson’s Ratio 

Die 2.33 131 0.3 

Die Attach 2.2 5 0.3 

Lead Frame 9 
 

129 
0.34 

Mold Compound 1.97 25.5 0.3 

PCB Copper 8.69 120 0.285 

PCB FR4 1.9 
             

        

       =011, 
         

 

Solder SAC305 7.5 70.52 0.33 

Solder Mask 1.15 5 0.3 
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The time required for a single simulation was reduced considerably because of 

the use of sub-modelling. The remote boundary conditions due to distant constraints can 

be imported at any part cut from the global model. Thus, the need of modelling entire 

assembly as well as details of a particular part in one model is eliminated. 

Following figures show comparison of the contours obtained for the Total Stress 

and Total deformation in case of full PCB board and quarter part of the board. 

 
Figure 3-5: Stress Contours for Full Board 

 

 
Figure 3-6: Stress Contours Obtained for Quarter Part of PCB 
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Figure 3-7: Deformation Contours- Full Board 

 
 

Figure 3-8: Deformation Contours-Quarter Board 

It can be seen that the stress and deformation contours obtained for the full 

board and those for the ¼ th part of the board are almost the same. Also, both the total 

deformation and the total stress obtained are maximum at the central package. 
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The results obtained for the original model with 2 oz. outermost Copper layer 

thickness are shown below: 

 
 

Figure 3-9: Total Stress-Original Model 

In above case, the mold compound is hidden so that the stress generated in the 

inner parts of the package can be seen clearly. It can be seen that the amount of stress is 

maximum at the bottom of the solder joints. Also, the  magnitude of stress is also very 

high. 
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Figure 3-10: Stress Distribution on the Solder Joints. 

The above figure shows that the stress value is maximum at the base of the 

solder. Also, the results show that the critical solder joints are the corner joints which tend 

to have maximum stress. 
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 CHAPTER 4 

RESULTS 

Case 1: 

 
The following table shows the results for the first case with constant PCB 

thickness, as described earlier in the previous chapter. 

Table 4-1: Results with Constant PCB Thickness- Case 1 

Thickness of 

outermost Copper 

layer (oz.) 

Total Deformation 

(mm) 

Equivalent (Von-Mises) 

Stress (MPa) 

             

1(non-symmetric) 1.0544 1009.7 

1(symmetric) 1.0546 1005.6 

2(original) 1.0545 951.89 

3(non-symmetric) 1.0539 889.08 

3(symmetric) 1.0538 846.10 
 

It can be observed from the above table that: 

1. The variation in the results obtained by varying the thickness symmetrically and 

non-symmetrically is negligible. 

2. The stress generated seems to be decreasing with the increase in the thickness of 

the Copper layer. We may get a trend here. 

3. Total deformation remains almost the same. The variation in the results is 

negligible. 

Thus, due to the above reasons, in case 2, as mentioned earlier, the overall PCB 

thickness is allowed to vary with the thickness of outermost Copper layer. Also, 

reduction in the thickness of the outermost Copper layer caused increase in the 

resulting value of the Von-Mises stress. Hence, in next case, the thickness is 

increased significantly to obtain a trend. 
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Case 2: 

The following are the results obtained for case 2: 

Table 4-2: Results with Variable PCB Thickness- Case 2 

Thickness of 

outermost Copper 

layer (oz.) 

Total Deformation 

(mm) 

Equivalent (Von-Mises) 

Stress (MPa) 

             

1 1.0838 993.18 

2 1.0546 951.89 

3 1.0492 841.51 

4 1.0321 799.98 

5 1.0151 700.79 
 

 
 

Figure 4-1: Total Deformation vs Thickness of the Outermost Copper layer 
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Figure 4-2: Equivalent Stress vs Thickness of the Outermost Copper Layer 

 
From the results obtained it is observed that, 

1. With the increase in the Copper layer thickness, the value of the total 

deformation obtained goes on reducing. 

2. The equivalent stress generated, goes on reducing with increase in the 

thickness of the outermost Copper layer. 

This indicates that there is an improvement in the overall results if we go on 

increasing the Copper layer thickness. 
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Life Prediction Model: 

Based on the values obtained for the Von-Mises stresses, in case 2, life 

prediction model can be proposed. The formulation is based on power law.         life 

can be calculated as [3]- 

 

      𝐶 *            
                                                                          Equation 15 

Equation 15 gives life prediction model. 

Where, 𝐶  and 𝐶  are co-relation constants based on the experimental set-up, 

taken from a previous reference [3]. Their values are    and -2.43, respectively. 

Here,              is in Mpa.  

The results obtained are- 

Table 2-3: Impact Life 

Thickness of 

outermost Copper 

layer (oz.) 

Impact Life 

(       

1 5.2146 

2 5.7814 

3 7.8000 

4 8.8209 

5 12.1680 
 

The values obtained for the number of cycles to failure are very small since here 

component face down position is considered. It is the critical position for failure. 

The following figure is the graphical representation of the impact life vs Copper 

layer thickness. 
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Figure 4-3: Number of Drops to Failure vs Thickness of Outermost Copper Layer 

 

It can be observed that the impact life goes on improving as the Copper layer 

thickness is increased. Indicating optimum thickness of the outermost copper layer will be 

maximum possible. 
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 CHAPTER 5 

CONCLUSION 

With increase in percentage of Copper in the board, the Von-Mises stress 

induced due to impact goes on reducing, giving better impact life. 

This can be explained as follows: 

 The elasticity of Copper is more than FR4. 

 As the Copper Layer thickness increases, the overall elasticity of the board goes 

on increasing.  

 As a result, the amount of plastic deformation reduces due to increase in overall 

increase in the Modulus of elasticity. 

 This results in less bending of the PCB and hence less residual bending 

stresses. 

 Thus, more the Copper amount, better the overall elasticity of PCB, better the 

impact life. 

 Taking into account all other parameters, maximum Copper Layer thickness can 

be recommended for better board level reliability under drop. 
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 CHAPTER 6 

FUTURE WORK 

 

Following areas are open to research after this work: 

 

 Study of combined effects of thermal and structural stresses : 

It is the complicated approach due to time consuming simulation and 

complexity due to dependency on each other. 

 Dynamic Analysis of the test using LS-DYNA: 

LS-DYNA is altogether a more convenient software to be used for 

dynamic analyses. Thus, the actual dynamic analysis can be conducted 

in future with the help of ANSY LS-DYNA. 

 Experimental set-up and co-relation amongst simulation, experiment and 

actual drop test.: 

This is a very important aspect yet to be established. 

 Other parameters such as nature of the drop surface, height of drop, 

orientation of drop, position of the package on the board, environmental 

effects, etc. can be optimized. 
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