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1.1 The Burn-in System

ABSTRACT
Burn-in oven is where modern microelectronics especially
high performance microprocessors undergo rigorous
stressing at a specified high temperature and voltage. This is
to accelerate infant mortality failure and screen out products
of marginal reliability performance. Screening out good
devices or sending bad devices may result if some devices
are stressed far beyond or below the required temperature.

The burn-in oven system mentioned in this study is
comprised of two sections each of which contains three
zones. A schematic is shown in Fig.1.

Thus, this study used the new emerging method of
Computational Fluid Dynamics (CFD) to characterize the
flow distribution of the circulating air inside the burn-in
oven chamber. A properly distributed flow of air will ensure
more uniform temperature distribution and prevent the
problem of testing the devices on the wrong temperature.
The CFD simulation results were obtained and compared to
the actual experimental results.
The CFD modeling methodology is also presented in this
paper, which can be used to predict system performance
involving fluid flow (air or any liquid) and evaluate possible
changes in an existing design or in a new design prior to
actual implementation in order to save time and money.
KEY WORDS: burn-in oven, Computational Fluid
Dynamics (CFD)

Figure 1 – Burn-in Oven Schematic

1. 0 INTRODUCTION
Microelectronic devices such as microprocessors have to
meet stringent quality and reliability requirements to
perform their function over expected period of time without
failure under intended working environments. One of the
methods to test or screen out products of marginal reliability
performance is to exercise the devices under conditions
exceeding common environmental stresses. This is called
the burn-in process where the devices are powered up and
driven by sequences of signals to exercise different parts of
the device to check their functionality at elevated
temperature for a period of time. The process is usually
conducted in a burn-in oven (chamber) in which racks are
used to accommodate the burn-in boards (BIBs) that carry
multiple devices for testing [1].
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Each zone contains 12 burn-in boards (BIB’s) with 15
devices under test (DUT’s) each arranged in a 3x5 array. A
blower at the bottom circulates air inside the chamber to
maintain the required temperature in the test environment.
The level and uniformity of the temperature across the
BIB’s is controlled by the uniformity of the flow
distribution between burn-in boards [2]. Thus, it is very
important to study and analyze flow distribution cost
effectively. Dishongh, et al [2] and Lian, et al. [1] conducted
studies on burn-in oven but they were using Flow Network
Modeling Method (FNM), which requires another software
called MacroFlow.
This study used a new computational method of CFD to
simulate the problem. ANSYS, the Finite Element Analysis
(FEA) software that can handle a wide variety of analyses
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such as for mechanical, thermal, and CFD or fluid flow
problems, was used.
1.2 Computational Fluid Dynamics Method (CFD)
Computational Fluid Dynamics or CFD, the new method
used in this study, is commonly accepted as referring to the
broad topic encompassing the numerical solution, by
computational methods, of the governing equations which
describe fluid flow, the set of the Navier-Stokes equations,
continuity and any additional conservation equations, for
example energy or species concentrations.
The attraction of the subject is twofold. Firstly, the desire to
be able to model physical fluid phenomena that cannot be
easily simulated or measured with a physical experiment,
for example weather systems or hypersonic aerospace
vehicles. Secondly, the desire to be able to investigate
physical fluid systems more cost effectively and more
rapidly than with experimental procedures [3].

Figure 2. Compact model of BIBs

Flow-related process modeling is employed to establish a
process capability baseline and to verify expected process
improvements stemming from flow modifications [4].
Heat transfer is related to CFD fluid flow studies. For the
burn-in oven, convection or the transfer of heat from the
DUTs to the fluid (air) is the dominant mode of heat
transfer. Heat removal is increased with an increase in fluid
velocity [5,6]. Thus, hot spots may occur on areas where
fluid flow or velocity is low. To avoid hot spots, flow must
be uniformly distributed.

2.0 EXPERIMENTAL SECTION
The analysis consisted of CFD simulation to model the
airflow inside the oven chamber and verification of the
simulation results with the data obtained from actual
experiment.
Figure 3. Enclosed model of BIBs

2.1 Simulation of Airflow Inside the Burn-in Oven
A 3-D model of the burn-in oven was created using
ANSYS. The whole model was composed of the solid
region (BIBs and DUTs) and the fluid region (air). One
section of the chamber was considered consisting of three
zones. The burn-in boards (BIBs) and DUTs were combined
as a compact model first as shown in Fig. 2 and Fig. 3.

Fig. 4 shows the arrangement of burn-in boards with DUTs
arranged in 3x5 array.

Material properties, boundary conditions and loads were
then applied on the model. Solution was initiated and then
the results underwent post-processing.
After modeling and simulating the whole left section of the
oven chamber, a detailed model of BIB and DUTs was
created. This is to have a detailed plot of velocity
distribution. But only one detailed burn-in board (BIB)
model was analyzed to reduce computer memory
requirement for the simulation.

Figure 4. Detailed model of BIBs w/ DUTs
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2.2 Burn In Oven Air Flow Validation Methodology
Experimental data used as basis for comparison in this study
was obtained from airflow validation experiment performed
during the oven qualification done by burn-in engineers.
In the validation, Plexiglas doors with holes drilled at the
proper locations for anemometer insertions were used. Wide
metallic duct tape was used around the perimeter of the
Plexiglas door cover to seal any potential air leaks. All of
the holes in the Plexiglas were also sealed with masking
tape to keep air from leaking in or out of the chamber while
measurements were being taken. The Plexiglas mounted on
the oven chamber is shown in Fig. 5.
Figure 6. Velocity Distribution on the Specified
Cutting Plane

Velocity measurements were taken on the upper and lower
zones considering locations in the air regions between BIBs.
Measurements were done using anemometer with the tip of
the probe facing upstream or against the direction of airflow.

Table 1. Airflow Data (m/s)
BIB Æ

1

3

5

9

11

Top
Bottom

7.53
14.73

8.75
15.18

10.58
14.34

8.91
12.96

9.30
14.46

On the simulation results, maximum velocity is 15.283 m/s
at the bottom of the oven chamber where the airflow is
coming and flow validation data gives us a maximum value
of 15.18 m/s. However, we can see some differences in the
values on the top section of the chamber where experimental
data has 10.58 m/s as the maximum value and simulation
shows a value of around 11.45 m/s. This could be due to the
fact that the burn-in boards have been simplified into a
compact model and the flow resistance due devices were not
included.
Another reason for the observed differences could be in the
experiment itself. The location of the tip of the anemometer
probe is critical. Air velocity near the solid surfaces of the
boards is minimum as what we can see in Figure 10 and
maximum somewhere in the middle of the two surfaces.
This is due to the no-slip condition at solid walls as
established already in several experiments and related
literature [7,8].

Figure 5. Plexiglas mounted on chamber

The results on the detailed model are shown on Figures 912. The velocity contour plots and the vector plot provide
focused information on airflow with the DUTs arranged in
burn-in boards. Velocity is almost zero in the gaps between
devices or DUTs parallel to the flow direction. This is one
area that needs improvement.

3.0 RESULTS AND DISCUSSION
Simulation results on airflow velocities are shown in Fig. 6
and Fig. 7.
Figure 8 located in the last pages provides a closer view on
the results for velocity distribution. It can be observed that
the overall airflow distribution is good and is unlikely to
cause hot spots.

The path of the trace particles also provides us additional
insight on the flow behavior. Figure 13 and Figure 14 show
the path of the defined trace particles as they pass through
the devices arranged in the burn-in boards. The trace
particles can also be animated and stored in an animation
file (*.avi) where we can figure out the movement of air
particles.

Table 1 shows the results on the actual airflow validation.
The BIB numbering starts from the left side of the oven
chamber as seen on Figure 5.
3
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4.0 CONCLUSION
This study has used the new Computational Fluid
Dynamics (CFD) method in characterizing airflow inside
the burn-in oven. CFD is very useful in studying any
equipment or system involving fluid flow and verify
expected improvements. The burn-in oven has been
modeled and contour plots as well as the path of the trace
particles are successfully obtained. In this method, the fluid
flow behavior can be investigated more rapidly and cost
effectively.
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5.0 RECOMMENDATIONS
Computational Fluid Dynamics (CFD) method must be used
in modeling physical fluid systems prior to actual
implementation of design changes. In this way, several
“what if” scenarios can be explored to avoid costly
modifications in the system.
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Engineering, Mindanao State University – Iligan Institute of
Technology (MSU-IIT), Iligan City. It was in MSU-IIT that
he graduated Magna Cum Laude and then garnered 1st Place
in the National Mechanical Engineering Board and
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A future study on similar system can be done using another
CFD software that has dedicated capabilities like Icepak or
Flotherm in order to model other factors that cannot be
easily simulated with ANSYS Flotran.
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Figure 7. Velocity Distribution on the Specified
Cutting Plane (larger figure)

Figure 8. Velocity Distribution on the Cross-Section Specified
By the Cutting Plane
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Figure 9. Results on the Detailed Model

Figure 10. Velocity Distribution (BIBs Cross-Section)
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Figure 11. Velocity Results on the Cutting Plane Parallel to the
Plane of the BIB

Figure 12. Vector Plot of the Velocity
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Figure 13. Flow Path of the Trace Particles

Figure 14. Overall View of the Flow Path
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