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Abstract. In this paper, the thermal and structural analysis of the PCBA system is provided by
using the 3-D ANSYS package. The results of thermal and structural analysis for complex and
simple model are compared. The paper also describes the deformation analysis of the PCBA
system components, and the weak components sensitive to thermal stress are determined though
thermal-structual analysis. The results of thermal analysis are helpful to the optimizing overall
arrangement design of PCBA system.

1. Introduction

With increasing miniaturization and multifunction of modern electronic products and devices, thermal
reliability research should be done both in the research and design process and in mass production to
ensure the quality and reliability of products [1]. The research on thermal failure analysis plays an
important role in process improvement, incoming material and design [2].

As the heart of device, PCBA (Printed Circuit Board Assembly) system used surface mounting
technology (SMT) on the empty board is widely applied to computers and related products,
communications products and consumer electronics. The temperature, produced during PCBA working,
results to the thermal-stress of the electronic device, and has effects to the parameters and lifetime of
the PCBA system [3-4]. The modem electronic product becomes lighter, thinner, shorter and smaller.
The increasing consumption of power has led to the significant increase in power densities of modem
electronic equipment. So, overheating problem is paid more and more attention [5-6]. If do not pay
attention to the thermal management of electronic equipment during the design period, the large amount
of heat generated by the electronic device would not be under the control, therefore the product’s
reliability may be affected and lead to deteriorate the system stabilization or even make the whole system
disabled.

Using ANSY'S parameter design language (APDL), we build the entity model of PCBA system and
divide the grid and heat transfers mainly by heat conduction, so their thermal radiations can be ignored.
Frontal sample layout of PCBA system and finite element model are shown in Fig.1(a,b).
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a. Frontal sample layout of PCBA system b. Finite element model of PCBA system

Figure 1. Layout and model of PCBA system

The structure of PCBA system is complicated, in order to ensure the accuracy of the calculation and
speed up the convergence time. The sequentially coupled physics analysis is adopted in thermal-structual
analysis. The result of the first physical analysis is the load of the second physical analysis and the basic
physical load is the nominal boundary condition. [7]

2. Transient thermal analysis
The thermal analysis unit PLANESS and SOLID87 are used to solve the temperature field Transient
thermal analysis is used for calculation of analysis on the time-depended temperature field

and other parameters. Thermal balance equation Eq. (1) shows that the required heat of heating up
object should be balanced against heat introduced into body and heat generated within object. In the
equation, T'(x,y,z,t)expresses temperature field, 2 expresses material density, ¢ expresses failure rate
function, fexpressestime, k..k,.k. expresses coefficient of heat conduction, O expresses heat source
density.

Thermal storage effect should be considered in transient analysis, matrix form might look like the

following equation Eq.(2). In the equation, (C ) {T } expresses thermal storage effect.
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Temperature field distributions of PCBA system at 180s is showed in Fig.2. Environmental temper-
ature is 17°C and the calculated distributions of PCBA at various time can be obtained while there is
power to the system.

Average temperature distributions of main devices are showed in Table 1. D, expresses microcontr
1

-oller, N, expresses DC/DC power model, G, expresses crystal oscillator, N, expresses Three- terminal

voltage regulator, D, expresses time-base circuit.
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Figure 2. Temperature distribution at 180s

Table 1. Average temperature distributions of main devices

doi:10.1088/1757-899X/452/2/022015

Time(s) D1(°C) N1 Gl N3 D4
60 19.2 29.4 22.1 21.9 21.7
180 25.2 32.7 23.7 23.1 224
300 26.9 334 24.0 23.6 233

3. Transient thermal stress and strain analysis
The obtained node temperature is applied to the model as a body load and then the structural stress is
analysed. The hot element is converted into a responsive structural element and the results of thermal
analysis are applied to each node as thermal load. At last, the corresponding thermal-structure coupling

analysis results are obtained.

Uneven temperature distribution can lead to thermal stress in the components, According to the initial
conditions, the external environment temperature is 17°C. Calculation result of thermal stress and at
thermal strain 180s is shown in Fig.3 and Fig.4.
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Figure 3. Thermal stress distribution at 180s




IMMAEE 2018 0P Publishing

IOP Conf. Series: Materials Science and Engineering452 (2018) 022015  doi:10.1088/1757-899X/452/2/022015

HODAL SOLUTION

STEP=1

50B =13
TIME=180
EPTCEQV (AVE)
DMK =.288E-03
SMN =.536E-17
SMX =.030327

| I—
_536E-17 .00€739 .01337% .0z0z18 _02&958
00337 010103 016343 .0z3588 .030327

Figure 4. Thermal strain distribution at 180s

4. Conclusion
This paper calculates the thermal and structural analysis of the PCBA system by using the 3-D ANSYS
package and the sequentially coupled physics analysis is adopted in thermal-structual analysis.
The result Fig.2 shows that the temperature of average distribution of main devices at 180S. Table 1
shows that the results of the simulation analysis. Fig.3 and Fig.4 show that Maximum thermal stress of
MISES is about 36.8MPa and the thermal stress of the power connection jack and the capacitance in the
middle are large.

The large thermal expansion coefficient difference with PCB plates results in obvious thermal stress.
At the same time, due to the large thermal response, the capacitance is subject to large thermal
deformation. Large thermal stress occurs near the capacitance, so, the weak components sensitive to
thermal stress are determined though thermal-structual analysis. The results of thermal analysis are
helpful to the optimizing overall arrangement design of PCBA system. The results provide beneficial
references for solving the problem of thermal reliability of PCBA control system.

Acknowledgments

This work was financially supported by Foundation of National Defense Technology (JBA1828210)
and the Key Laboratory Fund of China (JAB1728150), National Natural Science Foundation of China
(51505089), Natural Science Foundation of Guangdong Province (2016A030313672) and Pearl River
S&T Nova Program of Guangzhou (2014J2200086).

References

[1] Pang H.L.J., Tan K.H., Shi X.Q., et al. Microstructure and intermetallic growth effects on shear
and fatigue strength of solder joints subjected to thermal cycling aging [J]. Materials Science and
Engineering,2001
A307 (1-2): 42-50

[2] Huang M.L., Loeher T., Ostmann A., et al. Role of Cu in dissolution kinetics of Cu metallization
in molten Sn-based solders [J]. Applied Physics Letters, 2005, 86(18): 181908-1-3

[3] BraunT., Becker K.-F., Koch M., et al. High-temperature reliability of PCBA flips chip assemblies
[J]. Microelectronics Reliability, 2006, 46(1): 144-154

[4] Tsai C.M., Luo W.C., Chang C.W., et al. PCBA Cross-interaction of under-bump metallurgy and
surface finish in flip-chip solder joints [J]. Journal of Electronic Materials, 2004, 33 (12): 1424-
1428



IMMAEE 2018 0P Publishing

IOP Conf. Series: Materials Science and Engineering452 (2018) 022015  doi:10.1088/1757-899X/452/2/022015

[5] Islam M.N., Chan Y.C., Rizvi M.J., et al. Investigations of interfacial reactions of Sn-Zn based and
Sn-Ag-Cu lead-free solder alloys as replacement for Sn-Pb solder [J].

[6] Journal of Alloys and Compounds, 2005, 400(1-2): 136-144 Peng W.Q., Marques M.E. Effect of
thermal aging on drop performance of chip scale packages with Sn Ag Cu solder joints on Cu pads
[J]. Journal of Electronic Materials, 2007, 36(12): 1679-1690

[7] Lee Teck Kheng, Teo Yong Chua, Lim Thiam Beng, Reliability Assessment of Transfer Mold CSP.
Proceedings of IEEE/CPMP Electronic Packaging Technology Conference,2007, 274-278



