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Abstract

In the mobile electronic appliances market, the feature of products is getting smaller, thinner and more multi-
functional. Therefore, mobile products are easily damaged from drop/impact and thermal cycling load. To make
them more reliable under these conditions, the junction area between chips and PCB should be designed to bear up
under drop/impact. And the heat caused by main chip (Memory & DMB channel chip) should be dissipated as
quickly as possible. From the viewpoint of CAE simulation, although those two problems (drop & heat) should be
considered simultaneously, they should not. Because the outline of PCB mainly depends on the location of main
chip, positioning the main chip is one of the most important steps in the initial design stage. And the dynamic stress
from free drop and heat caused by main chip are the one of the most critical factors to position the main chip. This
paper presents the design process for positioning the main chip on PCB of PMP using MDO method. That is, the
trade-off design variables between drop and thermal loading analysis were identified and system level optimization
isperformed in parallel.

The main theme of this paper is to provide a way to get MDO solution of the PMP model in the early design stage.

I ntroduction

Generaly, most of designers depend on their experience in designing the mobile electronic
products. Especially, when they design the PCB (Printed Circuit Board), it is difficult to find the
adeguate location of main chip (Memory & DMB channel chip in PMP) and accessories on PCB.
Usually, they rely on the several useful tips. For example, avoid positioning it on the mount point
and arrange the chip considering the deformation of the PCB...etc. So the purpose of this paper
isto propose the guideline of PCB design to designers.

Most of mobile products in market show serious problem in the area of drop and thermal cyclic
loading. First, structural problems happen in the drop/impact test. The serious phenomenon
occurred at the outermost solder bumps that join the chip and PCB. The crack on solder bump
propagates along the interface between bump and PCB pad. To improve the drop impact
reliability, equivalent plastic strain solder bumps should be minimized. Second, thermal
problems result from heat caused by the main chip therefore the heat should be dissipated as
quickly as possible. Even though those two problems should be solved simultaneously, they
should not usually. After al, some kinds of common design variables, which affect the location
of chips, are defined and then the equivalent plastic strain and temperature would be optimized
with linear combination of each regression formula which obtained using RSM in this study.

Wong et al. [1-2] established the mechanics and physics of failure in atypical board-level test
and identified a weakness in the drop impact strength of SnAgCu solder aloy. Lim et al. [3]
surveyed the impact behavior of several mobile phones and personal digital assistants (PDAS) at
various impact orientations. Zhu [4] applied modeling technique to assess reliability performance
of a portable electronic product, mobile phone subjected to drop impact loads. Tee et a. [5]
proposed a life prediction model for board level drop test to estimate the number of drops to
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failure for a package, and studied on various testing parameters of TFBGA (Thin-profile Fine-
pitch BGA) and VFBGA (Very-thin profile Fine-pitch BGA) packages.

Method of Analysis

Method of analysis is divided into 4 parts. At the 1st stage, the original FE Model was
correlated with test result within 5% range of error to make it reliable. Second, drop/impact
simulation with correlated FE Model was performed with 5 faces (front, left, right, top, bottom),
in order to decide which direction the model would be dropped. The purpose of drop/impact
simulation is to decide the location of main chips minimizing the equivalent plastic strain on the
solder bump modeled as beam element. Third, thermal analysis was performed by ANSYS in
main chips on PCB. The am of thermal analysis is to find out the temperature distribution of
PCB which emitted by main chips. At the final stage, the MDO was performed to find out the
optimal position of main chips considering the drop and thermal effect simultaneously.

Drop/Impact Test and Correlation

Drop/impact test was performed by Lansmont shock system just like Figure 1. The PMP was
fixed on the steel block by steel bar. And two accelerators were used. One is fixed on the steel
block and it is to be used for reference input acceleration. The other was fixed on the center of
PMP just like Figure 1. As doing this, we know the acceleration of PMP relative to the reference
acceleration. (In this test reference acceleration set to 1400G, where 1G isthe 9.8 m/s%). Figure 2
(a) shows the test result of acceleration. In that case, the peak value of acceleration onthe PMPis
the 1940G. This condition of test is applied to the simulation in the same way. And Figure 2 (b)
shows the simulation result. In that case of simulation the peak value of acceleration in PMP is
2015G. Percent variation of test and simulation is about 4%. That means the FE Model was well
correlated to test result.

Acceleration Acceleration
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(@) Test result (b) Simulation result
Figure 2. Acceleration graph : (a) Test result, (b) Smulation result
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Drop/l mpact Simulation

Total numbers of elements are 254,076 and nodes are 138,595. Total weight of product is 350g,
and mass density of components was tuned to adjust the total weight in simulation. Velocity just
before product hit the ground was imposed on the model as ainitial velocity as below.

Initial velocity v = \/29h = y/2* 9800* 800 = 3960mm/ s
Figure 3 shows the direction of surface in drop/impact simulation.

(a) Bottom (b) Top (c) Left (d) Right (e) Front
Figure 3. Drop/impact simulation in 5 drop surfaces

Thermal Analysis

Many components except for 3 main chips, which generate high temperature heat, were
modeled as smply as possible. The thermal properties were tuned and the heat conduction
analysis was performed. Figure 4 shows the initial position of three main chips on front/back
surface of PCB.

#_‘-l an

Figure 4. Position of main chips
1 Chip1: DMB channel chip and tuner
(Quantity of emitted heat : 720mW, measured emitted temperature : 52.1°C)
1 Chip2: S3CA470

(Quantity of emitted heat : 100mW, measured emitted temperature : 58.2°C)
1 Chip3:DA320

(Quantity of emitted heat : 726mW, measured emitted temperature : 59.7°C)

MDO Process

MDO process was set up using many kinds of computer language and program as shown in
Figure 5. There are two modules in that process. First one is DOE/Approximation module. In
that module, analysis type, design parameter and others are defined and submit a job to super
computer to get responses and RSM (Response Surface Method) approximation. The other is
optimization, which define constraints and objective function of MDO (multi object function
which has linear combination) and then perform the optimization to find the trade off value.
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Anyone who knows the optimal design theory can use this process easily. In this paper, MDO
process was performed after selecting the common variables in the drop/impact and thermal
anaysis.

Project Process
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Figure 5. MDO process

Simulation Result
As shown in Figure 6 and Table 1, the highest equivalent plastic strain on solder bump was
obtained in case of top surface drop. Therefore the optimization work would be conducted in that
case. Figure 7 shows the thermal distribution of whole product and DA320 chip which is a kind
of main chip
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Figure 6. Equivalent Plastic Strain curves
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Table 1. Equivalent Plastic Strain in 5 surfacesdrop

Top Bottom Front Right Left
Equivalent Plastic 4.7% 3.1% 0.06% 0% 0%
Strain

(@ Product  (b) DA320chipinfront PCB  (c) DA320 chip in back PCB
Figure7. Temperaturerange: (a) Whole product, (b) DA320 chip in front PCB,
(c) DA320 chip in back PCB

I mproved Design

Through the MDO method, final solution of optimal position of main chips is like as shown in
Figure 9. Figure 8 shows just movable range of main chips considering structure layout. Figure
10, Figure 11 and Table 2 shows the plot of equivaent plastic strain of solder bal and
temperature of PCB and rate of improvement. With optimum variables, the equivalent plastic
strain decreased to 38.3% and temperature decreased to 4.0% compared to initial design. Even if
the improvement of temperature is not so big absolutely, if should be taken into account because
that amount of improvement is kind of large considering the range of possibility. Figure 12 (a)
shows the variables which are critical to plastic strain. In this plot, we know the change of y
coordinate of chip2 is the most influential factor to plastic strain. Figure 12 (b) shows the
variables which are critical to temperature. We find that the change of x, y coordinate of chip3
influence on the temperature. Figure 13 shows the characteristic of response according to the
change of design parameter leve (-2.37, -1, O, +1, +2.37). Figure 14 shows the regression
formula was obtained by Response Surface Method. As shown in Figure 12, the most influential
factors are y coordinate of chip2, x, y coordinate of chip3. Therefore the regression equation for
those variables should be obtained. And the equivalent plastic strain and temperature of main
chips decrease monotonically with increasing y coordinate of chip2, and x, y coordinate of chip3.

Figure 8. Equivalent Plastic Strain curves
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(L eft) Figure 10. Temperaturerange after improved design
(Right) Figure 11. Equivalent plastic strain befor e/after optimization

Table 2. Compar e befor e/after optimization in strain and temperature

Before improvement | After improvement % variation
Equivalent plastic strain 0.047 0.029 38.3

Temperature(°C) 59.7 57.3 4.0

Contributing Percent

B 8 & @# 2 3 B E
Cortibuting Percent
B -] &

Contributing Source Contribiting Source

(a) Equivaent plastic strain (b) Temperature
Figure 12. Pareto chart : (a) Equivalent plastic strain, (b) Temperature
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M emgeraten_etiea

(a) Equivalent plastic strain (b) Temperature
Figure 13. Main effect : (a) Equivalent plastic strain, (b) Temperature
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(Left) (a) Plastic strain fluctuation curve according to the y coordinate change of chip2

(Center) (b) Temperature fluctuation curve according to the x coordinate change of chip3
(Right) (c) Temperature fluctuation curve according to the y coordinate change of chip3

Figure 14. Regression formula by RSM

Figure 15. The coordinate of chip2 and chip3

Conclusion
This paper provides a way how to get an optimal position of main chips in PCB of PMP by
MDO method. Currently, just only the structural and thermal effects are considered in Samsung
MDO process. So further research on electro-magnetic fields of mobile product is required to be
done and the module for that field should be added to the MDO process. And then MDO method
helps the release engineer design the PCB in the concept design stage and eventually save the
cost in the reliable test and reduce the period of mass product.
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