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Abstract 

 
MULTI-VARIABLE OPTIMIZATION TO IMPROVE TEMPERATURE UNIFORMITY 

IN BURN-IN APPLICATIONS SUBJECTED 

TO SIGNIFICANT THERMAL SHADOWING 

 

Ajinkya Suhas Mahajan, MS 

 

The University of Texas at Arlington, 2019 

 

Supervising Professor: Dereje Agonafer 

Burn-in test typically employs voltage and/or temperature to accelerate the 

appearance of latent reliability defects in semiconductor devices. As a result, burn-in 

becomes a critical step in the parts screening process and is the primary technique to 

eliminate defective parts in the early phase of the product life. Thermal control in burn-in 

processes is generally achieved by either active or passive thermal controlling. In an 

active thermal control, each device has an individual temperature monitoring system to 

maintain a specific temperature in which the cooling/heating of each socket is controlled 

by an individual fan or heater. Whereas in passive thermal control, a single fan provides 

convective heat transfer to an array of devices. Recent research regarding burn-in 

process suggests that passively controlled sockets are impacted more by temperature 

and airflow variation in burn-in ovens when compared to actively controlled sockets.  

 In our study, a fan and two sockets were placed linearly and the airflow 

characteristics were examined past the first-row socket. An air deflector was designed on 

the ceiling of the oven between the two sockets and was optimized for its location, size, 

and orientation to improve the heat transfer characteristic of the second-row socket.For 

analysis and optimization, socket and burn-in chamber design specification were 
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obtained from Plastronics Inc. 3D CAD model was designed in Solidworks and was 

solved numerically considering appropriate boundary conditions in Solidworks native 

Flow Simulation. Finally, Multi-variable design optimization and response surface 

methodology were performed to propose an optimum design for air deflector to increase 

the thermal performance of socket in the burn-n application. 
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Chapter 1 

Introduction 

 
1.1Burn-inprocess 

Understanding the bathtub curve is essential to study the Burn-in process. It is also called 

a shape of the failure rate over time for most products. In a batch of products ( 

semiconductor devices), if one is going to fail, it will most likely fail soon after putting into 

use, in its early failure period. In figure 1-1 units that make it through its early failure 

period ( Stage 1)  are more likely to last through their expected lifetime until they start 

failing because they wear out (Stage 3). So we use burn-in to get units through early 

failure period, rather than after they reach to customers. 

 

 
Figure 1-1 Bathtub Curve [1] 

 

The burn-in process condenses the normal early failure period from weeks or 

month down to a few days. Cycling the power ON and OFF accelerates any failure that 

will happen due in rush current and thermal expansion. Keeping the burn-in chamber at a 

higher temperature further accelerates early failure. Mostly, the case temperature of the 

device is raised to 125°C-130°C and keep stable at 10 minutes in the Burn-in chamber.  
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The rule of thumb is that the failure rate will double at every 10°C. So running the burn-in 

chamber at 55°C  to 60°C we can expect the products to fail much faster than at room 

temperature. The failures can be classified as a dielectric, conductor, metallization, 

electro migration, mouse-bites failures etc. which are mostly dormant and appears 

randomly in semiconductor device life cycle.    The units that fail burn-in are rejected and 

never reach the customer. Burn-in can find a single bad part – if one unit fails or an entire 

batch of parts if many units start to fail for the same reason. When that happens, 

engineers investigate to discover the root cause and work with component suppliers to 

resolve the issue. So in summary; we use burn-in to weed out early failure due to defects 

in Stage 1 of the Bathtub curve to stabilize some components and to help us get long 

term reliability for semiconductor devices. 

 

 

Figure 1-2 Burn-in socket layout 
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Figure 1-3 Burn-in boards (left) and Burn-in chamber (right) [3] 

 

1.2 Burn-in Sockets  

In the  Burn-in process, two kinds of sockets are used widely, namely Passive 

Thermally Controlled sockets shown in figure 1-4 and Active Thermally Controlled 

Sockets in figure 1-5. In passive thermal controlled sockets, cross-flow of air is provided 

over the arrays of sockets for cooling whereas heat is extensively generated only by 

semiconductor devices. Therefore,  It takes a little while for passive thermal controlled 

sockets to attain the target case temperature of 125°C than that of active thermal 

controlled sockets.      

There are no other auxiliary devices like a top fan or additional heater provided to 

heat up, and cooling is provided to the socket in Passive thermally controlled sockets. 

The main reason to use Passive thermally controlled socket over Active thermal 

controlled socket is the cost. Some small/ inexpensive devices are used in Passive 

thermally controlled sockets. 
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          Figure 1-4 Passive Thermal Controlled Sockets 

 

On another hand, Active thermal controlled sockets are those in which each socket is 

provided with individual temperature monitoring to maintain a specific temperature of the 

case. In Active thermally controlled sockets, cooling/heating of each socket is controlled 

by individual fans or heaters for each socket. These sockets are widely used for large 

and expensive semiconductor devices to test.  In some chambers, the top air valve is 

also provided where a fan cannot be mounted over sockets. The main advantage of 

Active thermal controlled sockets is there is temperature uniformity across sockets, which 

cannot be observed in the case of passive thermal controlled sockets. 
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Figure 1-5 Active Thermal Controlled Sockets 

 

1.3 Motivation 

In passive thermally controlled sockets as air travels through the oven its 

temperature increases ( ambient temperature) as shown in figure 1-6 due to obtaining 

heat while traveling through consecutive sockets.  As a result, the case temperature of 

semiconductor devices in socket 2 will be at a higher temperature than that of case 

temperature in socket 1. Besides, there will be thermal shadowing effect of socket 1 on 

socket 2, which will further worsen the case temperature difference between two sockets. 

The main purpose of this study is to design an air diverter over the ceiling of the 

test chamber by using CAD, which will reduce thermal shadowing effect observed. Also, 

Multi-Variable Optimization and Surface Response Methodology are incorporated to 

evaluate the optimum position of the diverter, which will reduce the case temperature 

difference between two sockets 
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. 

Figure 1-6 Conventional System (Passive Thermal Control) [2] 
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Chapter-2 

Model Setup 

 

2.1 Ideal Burn-in chamber setup for passive thermal controlled sockets: 

 

 

 
Figure 2-1 Ideal Burn-in Chamber 

 

 
 

Figure 2-1 shows the ideal burn-in chamber model in Computational Fluid 

Dynamics where 40cfm fans are at inlet and outlet is having environmental pressure 

conditions of 1 atmosphere.  Design specifications of Burn-in sockets were obtained from 

Plastronics Inc., and by using Computer-Aided Designing sockets are designed in 

SolidWorks. The sockets are arranged in Row 1 and Row2 as shown in figure 2-1 on 12 

layers Non-isotropic PCB material. Ultem 2210, an enhanced flow Polyetherimide filled 
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with 20% Glass fiber is used in socket body. The Silicon semiconductor device placed in 

the nest of the socket produces 50W of power. Copper rods as shown in figure 2-2 are 

used to make electrical contact to the semiconductor device.  A significant amount of 

heat is dissipated toward heatsink, and very less amount is dissipated to PCB board 

through copper connectors [6,7]. Appropriate thermal interface material is applied 

between heatsink and case of the semiconductor devices.  

 

 

Figure 2-2 Cross-section of Passive Thermal Controlled Socket  

 

Fans used in the simulation studies are 40 cfm External Inlet fans. The data required for 

creating fan curves were obtained from Plantronics Inc., and fan performance curve 

shown in fig below was generated to emulate physical fans used in the simulation. The 

inlet is assigned with the above generated External inlet fans as soon in figure 2-3 .  
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Figure 2-3 Fan Curve  

 

Symmetric boundary conditions can be a huge advantage to reduce the flow 

problem , which can further reduce the time required to solve the analysis [5,8]. Therefore 

to improve the efficiency of the Simulation study, the symmetric computational domain is 

selected in x transitional axis as shown in figure 2-4. In this way, the effect of the flow 

field of other fans in the model setup can be considered.  
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Figure 2-4 Symmetric boundary conditions for the burn-in process 

 

 

2.2 Burn-in chamber with Air Deflector 

 

 

Figure 2-5 Burn-in chamber with deflector at intuitive position 

 

For comparative studies , another model of the burn-in process was designed 

using Air diverter at the intuitive position shown in figure 2-5. The air diverter was 

designed between Socket 1 and Socket 2 to reduce the effect of thermal shadowing 
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occurring in Passive thermal controlled sockets.[5]  The distance at which the diverter 

was placed from the fan “a” is 180mm, the angle the diverter makes with the ceiling of the 

chamber “b” is 135°, the width of the diverter “c” is 6mm, and the height “d” of 28 mm was 

choosen initially.  
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Chapter-3 

Computational Fluid Dynamics for Baseline Studies 

 

In this study internal flow analysis type in SolidWorks Flow Simulation a CFD package is 

used. Internal flow analysis generally used when the flow is bounded by other solid 

surfaces like socket and burn-in chamber in our case. Generally the burn-in process is 

carried out for 10 minutes therefore this study is time dependent on the analysis time of 

600 sec. The fluid consider is Air at an ambient temperature of 25°C which is inlet 

through. Each of the sockets is having a semiconductor electronic device which is used 

for burn-in creates 50 W each. Average surface temperature goals are created on the 

case of each semiconductor devices to monitor there temperature for convergence.  

 

3.1 Meshing and boundary treatment: 

Traditional CFD systems generally used Body-fitted algorithms. As shown in 

figure 3-1(a) ,Unstructured meshes are mostly used for complicated geometries by 

creating irregularly distributed notes around the geometry. On the other hand, for simpler 

geometries, structured meshes are used as shown in figure 3-1(b). Combination of 

structured and unstructured meshes figure 3-1(c)  can also be used where the 

unstructured mesh is created near the wall . The nodes generation for these body-fitted 

meshes starts from the solid surfaces; therefore, these meshes are highly dependent on 

the CAD geometry. Mesh generation usually fails if there is any defect on the surface of 

the geometry. To solve these issue, users have to refine the surface by creating 

numerous nodes in the CAD geometry area, which are usually insignificant from CFD 

point of view. 

In this study, Immersed-body mesh figure 3-1(d) is used. The creation of nodes 

for this mesh starts independently from the geometry. Immersed body mesh can intersect 
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the boundary between solids and fluids, which makes it easy to use cartesian- based 

mesh which is generally set of cuboids(rectangular cells) formed by dividing the 

rectangular computational domain. Taking this advantage in Immersed-body mesh, 

adaptive mesh refinement becomes possible. Figure 3-1 shows the mesh cut plot  of the 

burn in chamber with air diverter , after applying adaptive mesh refinement.[4]    

 

                                

         Figure 3-1 a                                                    Figure 3-1 b 

                             

         Figure 3-1 c                                                   Figure 3-1 d  

 

Figure 3-1 Types of Mesh structure [4] 

 

A local initial meshing with fine mesh setting is used between the inter-fin spacing of the 

heatsink to capture the flow accurately and to perform channel refinement. This is 

achieved by adding a solid material that occupies this spacing and by assigning local 

initial mesh to that volume. After applying refinement settings, the body is excluded from 

the analysis with the help of component controls options. 
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             Figure 3-2 Adaptive mesh refinement cut plot 

 

3.2 Mathematical Modelling: 

By using Cartesian-based mesh [4] conjugate multi-physics problem can be 

solved, i.e. fluid flow analysis in the fluid region and heat transfer calculations in solid 

region. By using Navier-Stokes equations which is the formulation of mass, momentum, 

and energy conservation laws, fluid flow region is solved. SolidWorks Flow Simulations 

uses the Lam-Bremhorst modified k-epsilon model to solve its turbulence model.  
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The heat conduction in solids is solved by following equation (4) 
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3.3 Results with and without air deflector: 

 
In figure 3-3 the average target temperature of Row 2 socket without using Air 

Diverter was noted to be 204°C after 10 minutes. By introducing air diverter at an intuitive 

position over the ceiling of the burn-in chamber, the average target temperature of Row 2 

socket was reduced to 160°C, 21.56% reduction is observed in figure 3-4.   

 

 

             Figure 3-3 Results and Temperature Cut-plot without Air deflector 
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Figure 3-4 Results and Temperature Cut-plot without Air deflector 
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Chapter-4 

Multi-variable Optimization Methodology 

 

4.1 Variables of Air Deflector for Optimization: 

Input variables are selected as soon in the figure 4-1 where a is the distance of diverter 

from the fan, ‘b’ is an angle deflector is making with the ceiling of the burn-in chamber, c 

is the width and d is the height of an air deflector. The input variables are allowed to vary 

between the values specified in the table while calculating the optimal solution. The 

average surface temperature goal for convergence is selected as T1 for case temperature 

of the socket in Row 1 and T2 for case temperature of the socket in Row 2. The objective 

function to minimize in our study is assigned by goal (T2 – T1).  

   

Figure 4-1 Input variables for Air deflector 

 

                                                                 

  

4.2 Design of Experiments for Optimization 

Design of Experiments(DoE) is the procedure of planning and finding the interaction 

between the input variables and output variables to get the predetermined results. 

Previous researcher implemented CVSAM for obtaining effective thermal conductivity 

and its sensitivity.[9-14] These calculated sensitivity can be advantageous in determining 
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the reliability of the system. Similar methods may be useful in calculating sensitivities. 

However, DOE performs better in terms of optimization of multivariable components, 

where one need not calculate sensitivity. Multi parameters tool uses various sampling 

method to derive these Design of Experiments as per user input. We have created 45 

Experiments in DoE. The accuracy of the optimized solution is directly proportional to the 

number of experiments we are going to create. This is the reason the number of 

experiments is high for this study as shown in figure 4-2. Each experiment is solved by 

using a CFD package SolidWorks Flow Simulation to plot the Surface Response for 

finding the optimal design point for experiments.  

 

Figure 4-2 Design of Experiments 
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Table 4-1 Input variables with a range 
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4.3 Multi-variable Response Surface-based optimization: 

With the help of the design of experiments, we obtained a response surface as shown in 

Figure 4-3. With the help of this plots, we can study how the case temperature difference 

between two sockets (T2-T1) varied against the position of deflector from the fan, the 

width, height and angle the deflector is making with the ceiling. The optimum position of 

deflector will be calculated by minimizing the objective function (T2-T1). An optimal point 

corresponding to a minimum of the output parameter will be added to our Design of 

Experiments. Five such optimal points were calculated on the response surface, and the 

minimum of them was selected. The minimum of objective function occurs when the 

position of deflector from the fan, the angle with the ceiling, the width and length of the 

deflector is 191.37mm, 46.6°,6mm, and 36mm respectively. 

 

   

Figure 4-3 Response Surface 
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Chapter-5 

Results and Future Work 

 

5.1 Results  

 
Optimal position and orientation of air diverter were achieved by using Multi-Variable 

design optimization to reduce thermal shadowing in the burn-in application. As shown in 

figure 5-1 the difference between average case temperature of both the devices was 

mere 6.4°C after utilizing the optimal design point obtained from the response surface. 

The average case temperature difference between two sockets was reduced to 92.12% 

from the one without having deflector at an optimized position. 

 

 
                    

                   Figure 5-1 Results and Temperature Cut-plot with optimized position 
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Table 5-1  discusses the average case temperature difference between two sockets 

subjected to the various configuration as without defector, deflector at intuitive position 

and deflector at the optimized position.  

 
 

Table 5-1 Comparision with various configuration 

 

 

By using optimized position the temperature uniformity between two sockets was 

achieved thus reducing the need to use efficient sockets for Row 2.   

 
5.2 Future Work 

Experimental validation can be done to an optimized model with the hypothesis and 

computational fluid dynamics used in this study. Once the experimental data is in good 

agreement with computational studies, optimization of air deflector orientation can be 

studied for different burn-in boards where the distance of socket differ from initial studies. 

Fabrication of Deflector can also be achieved in such a way that the input variables can 

be changed ergonomically for different burn-in boards.  
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