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SIMULATION OF THE “SINGLE VIA THERMAL CYCLE TEST” FINITE ELEMENT
MODELLING OF PCBS UNDER THERMAL LOADS

K. Fellner 1, P. F. Fuchs?, G. Pinter 3

Summary: The “Single Via Thermal Cycle Test” (SVTCT) is a thermal cycle test tmed
life time assessment of Printed Circuit Boards (PCBs) under cyclic thdoads. During
the SVTCT, the electrical conductivities of the interconnections (vias) aktted PCB
are monitored by resistance measurements. Hence, by a decreglsetdatal conductivity,
failure can be detected. A single via in a PCB is modeled using an axisymnetalason
model. The simulations are conducted decoupled. One model for cogphinempera-
ture field in the PCB and another model to compute the stress and strain digirikare
generated. The calculated stress and strain distributions are opposeattosections of
vias in PCBs, which have been subjected to the SVTCT. All cracks edcatriocations,
which are highly stressed according to the simulations. This researck iwgrart of the
Master’s Thesis “Simulation of the ‘Single Via Thermal Cycle Test’ - modgHind deter-
mination of the material input parameters” citebibl.
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1 Introduction

The aim of this research work is the life time assessment of Printed CircuidBgRBCBs) under cyclic
thermal loads. PCBs are subjected to thermal loads for example in motor Iceydgtems or during the
production process of the PCB. Hence the behavior of PCBs undenah&ads needs to be known and
for that reason the “Single Via Thermal Cycle Test” (SVTCT) is perform&dhermal cycle test [2, 3] is a
testing method for printed circuit boards, which is typically carried out in acthvmber system. In one of the
chambers a low temperature (typically 85 to -40°C) and in the other chamber a high (typically TZ5
to 150°C) temperature is set. The board under test is transported in a bagkettiamber to chamber.
So, the temperature change is very fast and the time spent in a chamber alyypicto 30 minutes. In
the SVTCT the vias of the tested PCB are monitored by resistance measuretharggnificant increase
of the electrical resistance is recorded, the conductive connectiomkerbrand the end of product life is
indicated. To reduce the effort for testing and to save the associatex] Eoste Element Analyses (FEA)
are performed. This paper deals with FEA modelling of a single via in a PCBdtesthe SVTCT. The
needed material input data for the simulations, the heat capacity, the démsitiyear thermal expansion
coefficients and the mechanical properties were obtained using suitablg resthods. The testing and the
corresponding results are described in [1]. Copper and FR4guefglass fiber reinforced epoxy resin) were
tested. The work shown in this paper is part of the Master’'s Thesis “Simulafithe ‘Single Via Thermal
Cycle Test’ - modelling and determination of the material input parameters” [1].
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2 Methodology

Figure 1a shows a micrograph of a single via in a PCB, Figure 1b showsthesponding axisymmetric
FEA model generated in the FEA software Abaqus (Abaqus 6.11, Simuliass2alt Systmes, \élizy-
Villacoublay, France). In the micrograph, the copper in the via is easily vis®&EBs containing vias with

b)

Figure 1: a) Micrograph of a via, b) FEA model in Abaqus [1]

different diameters and thicknesses of the copper plating inside the @débte 1) where produced and
tested in the SVTCT, corresponding FEA models were created.

Table 1. Overview of the different designs for the SVTCT. In brackietsaverage thickness of the copper
plating is given. [1]

Diameter of the via [mm] 0,25 0,3 0,5 0,8 1,0
Setting A (34,6um) A-0,25 A-03 A-05 A-08 A-1,0
Setting B (51,8:m) B-0,25 B-0,3 B-05 B-0,8 B-1,0
Heat conductivity Temperature program
Density

"] Thermal model

Specific heat capacity

Coefficients of  thermal Temperature field (time)
expansion

Elastic and plastic material [ —————3| Mechanical model

properties

4

Stress and strain distribution

Figure 2: Procedure for the decoupled simulation of a PCB in the SVTCT. [1
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The heating up from 25C to 125°C is simulated and the stresses and strains at this temperature is
evaluated, since the thermally induced stresses are at their peak at tbst lghperature. The simulations
are carried out decoupled, a model for calculating the temperature fidldrasther model to calculate the
stress and strain distribution were applied. Figure 2 depicts the approach.

Both models have the same geometry and use the same material input datanlyhdiffer in the el-
ement type applied. The thermal model uses elements (Abaqus name DCAKS) ave able to calculate
the temperature field. Therefore, the heating up fromi@%o0 125°C is specified on the free surface of
the thermal model and the resulting temperature field inside the model was tedcula the mechanical
model elements (Abaqus name CAX8R) suitable for stress-strain analgstsrgnioyed. It uses the infor-
mation about the time-dependent temperature field and calculates the thermadigdrairesses and strains.
Resulting data

3 Results and Discussion

In this section the results of the FEA simulations and micrographs of speciteste] in the SVTCT are
compared. Figure 3 shows the Mises equivalent stress distribution aequtvalent plastic strain distribution
(Abaqus name: PEEQ) for the setting A-0,25. Figure 4 shows the locatioracs found in micrographs

Figure 3: Stress and strain distribution, setting A-0,25. [1]

of the corresponding specimens. All of them occurred in the highly idemsea in the middle of the via, as
predicted by the simulations, see Figure 3. Generally the stresses in the nfitldtevia decrease at higher
diameters of the via. Figure 5 shows that dependency, the stress vateetaken from a reference element
in the middle of the via, which is also shown in Figure 5. Moreover, a thickepepplating also reduces the
stresses and so the probability of failure. Although these simulations dontatic any failure hypotheses,
they allow a qualitative comparison of the occurring stresses and straings diffrent setting during the
SVTCT. Thus, conclusions can be drawn on the performance. Cia¢ke experiments occurred at those
sites that have been identified by the simulation to be highly stressed.
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Figure 5: a) Reference element in the middle of the via marked in red (theectgyers are marked in
orange), b) Mises stress over diameter of the via [1]
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