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Abstract—Multilayer ceramic capacitors (MLCCs) are widely 
used in modern electronics. Due to the piezoelectric effect of the 
ceramic material, however, MLCCs subjected to electrical noise 
may vibrate and generate acoustic noise, as ‘singing’. Acoustic 
noise can be annoying for users, especially within mobile devices, 
so it becomes important to perform acoustic noise analysis before 
a product is released.  In this paper, a practical simulation flow for 
singing capacitor based acoustic noise is presented. The simulation 
flow and analysis method are developed on Ansys Sherlock and 
Mechanical.  In Ansys Sherlock, local library and Approved 
Vendor List (AVL) files were used to build the model efficiently. 
After the PCB and all parts were set correctly, the model was 
imported to Ansys Mechanical for further modal analysis and 
harmonic analysis. Using the proposed simulation flow the 
simulation model could be easily created, and the inherent 
vibration properties and frequency response of the structure could 
be estimated.  

Keywords—Simulation flow, Ansys, modal analysis, harmonic 

analysis 

I. INTRODUCTION  
The acoustic noise generated from electronic devices can be 

disturbing to users. One of the major sources of acoustic noise 
is multilayer ceramic capacitors (MLCCs). MLCCs are made of 
many alternating layers of metallic electrodes and dielectric 
ceramic. MLCCs are available in a wide range of capacitance 
values with a compact size. They are useful in part because the 
equivalent series inductance (ESL) of MLCCs is smaller than 
other types of capacitors. As a result, MLCCs are widely used 
on consumer PCBs, and applied as decoupling capacitors on 
Power Distribution Networks (PDNs), as shown in Fig. 1. Many 
studies have addressed the power integrity issues associated 
with MLCCs [1]-[3]. Power integrity issues, however, are not 
the only issue of concern. When an electrical signal is applied to 
the MLCCs, the MLCCs could vibrate and generate acoustic 
noise through the piezoelectric effect, which is described as 
‘singing’ [4][5]. This acoustic noise issue could be critical if the 
product is close to ear, for instance when used in wireless 
earbuds. 

Some studies have previously addressed the acoustic noise 
from MLCCs. The correlation between the acoustic noise and 
vibration in MLCCs was studied in [6] and the mechanism of 
acoustic noise was explained. Another study demonstrated that 
acoustic noise can be measured by analyzing the board vibration 
instead of directly measuring the MLCCs, as the size and weight 

of MLCCs are too small to generate noticeable noise [7]. A 
simulation methodology to provide design guideline for MLCC 
placement and PCB fixation to decrease board vibration was 
proposed in [7]. In [8], a statistical simulation methodology for 
PCB intrinsic vibration properties was proposed, and the 
thickness, mass density, and Young’s modulus of each board 
layer were identified as the key parameters. A test methodology 
was developed using laser Doppler vibrometer to accurately 
identify primary vibration MLCC sources on PCBs in [9]. By 
calculating the coherence value between the electrical signal 
during product operation and MLCC vibration characteristics, it 
was shown that problematic MLCCs could be identified in [10]. 
Besides PCB vibration analysis, measuring the acoustic noise in 
the chamber is also an efficient and direct way to analyze the 
acoustic noise from the product.  

While a simulation analysis can be useful for estimating 
board vibration behavior at the early design stage, setting up the 
simulation is a time consuming task due to the massive number 
of parts on a single board. Although the weight of most parts is 
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Fig. 1.  Use of MLCCs. (a) PCB PDN geometry. (b) MLCCs on a graphic card. 
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small, the total weight of all parts is not negligible, especially in 
a small device where the weight of the parts is comparable with 
the weight of the PCB. In order to get an accurate simulation 
result, all parts need to be modeled properly. It is therefore 
necessary to optimize the simulation flow for acoustic noise 
analysis. 

In this paper, a practical simulation flow for acoustic noise 
analysis is proposed. The simulation flow was developed on 
Ansys Sherlock and Mechanical [11]. The simulation method is 
based on PCB vibration behavior analysis, including modal and 
harmonic analysis. The proposed simulation flow is 
demonstrated in detail in Section II. In Section III, simulation 
analysis of an earbud based on the simulation flow is presented. 
Lastly, a summary of the study is given in Section IV. 

II. PROPOSED SIMULATION FLOW 

A. Overview 

The proposed simulation flow is shown in Fig. 2. The input 
files for the simulation include a board file, bill of materials 
(BOM) file, and a component library exported from Ansys 
Sherlock. The board file is imported to Ansys Sherlock directly 
and contains the basic information about the PCB and associated 
parts. The BOM file is imported to MATLAB and data 
processing is done afterwards. A mapping file between an 
internal part number and vendor part number is created in 
MATLAB and can be imported to Ansys Sherlock as an 
Approved Vendor List (AVL) file. In addition, a local library is 
created for the parts that are not included in the Ansys Sherlock 
library. After the PCB information and all part properties are 
updated and set properly, the Ansys Sherlock model is finished 
and can be transferred to the Ansys Mechanical model. Modal 
and harmonic analysis can then be conducted with the 
mechanical model. 

B. Simulation Model Setup in Ansys Sherlock 

Ansys Sherlock is a reliability physics-based engineering 
simulation software that provides fast and accurate life 
predictions for electronic hardware at the part, board and system 
levels in the early design stages [11]. The board (CAD) file can 

be easily imported and transferred to Finite Element Analysis 
(FEA) files for Ansys Mechanical. For acoustic noise analysis, 
Ansys Sherlock provides an efficient way to build the simulation 
model.   

The material density, volume and Young’s modulus of the 
PCB and components are critical to the accuracy of the 
mechanical simulation [8]. Typically, the PCB and part 
parameters imported from a board file design are not accurate, 
especially for the parts. The size, weight, and material for the 
parts are based on the CAD file or are guessed if there is no 
reference, so manual checks and updates are required. The 
materials and properties of PCB layers can be easily edited, but 
it may take few days to finish building the part models as there 
could be hundreds of parts on a single board. The part properties 
could be updated from Ansys Sherlock parts library directly, 
however, the part name on the board has to match with the 
vendor’s name in the library. Moreover, some of the parts do not 
have models in the library. It is not typically efficient to build 
and update part models manually for each board. 

For these reasons, we propose to use an AVL file and local 
library in the simulation flow. The AVL file is used to match the 
internal part number with vendor part number. After importing 
the AVL file, the parts could be updated from Sherlock library 
without modifying the internal part number. Mapping 
information is needed to generate the AVL file, which can 
usually be found in the BOM file. An example of an AVL file is 
shown in Fig. 3. In AVL file, internal part numbers, part 
descriptions and vendor information are included. The AVL file 
considers the fact that each part could have several vendors. 
When the part is updated from the library, the software will 
search for a model from all possible vendors provided in the 
AVL file, and the first possible model will be applied.  

The Ansys Sherlock library provides a large number of part 
models, however there may still be some parts that do not have 
models. A local library is built for these parts. The local library 
is particularly useful for different versions of one product, as 
many of the parts could be the same. When the MATLAB script 
generates the AVL file, it also lists all parts which do not have a 
model by searching the Sherlock library. The parameters of an 
IC in the local library are shown in Fig. 4. Most of the 
parameters are from the vendor datasheet, and the rest are based 

 

Fig. 2.  Overview of the simulation flow. 
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Fig. 3.  An example of an Approved Vendor List file. 
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on recommendations and built-in guidelines, including the die 
size and the solder ball material.  

It only takes a few hours to finish the parts modeling using 
the proposed AVL file and local library, instead of few days for 
each board using the conventional approach. The simulation 
analysis for acoustic noise is more practical and can be easily 
applied early in the design process. 

C. Simulation Model Setup in Ansys Mechanical 

After the parameters of the PCB and all of the parts are 
updated, the model is exported to Ansys Mechanical. It is worth 
noting that all parts are modeled as rectangular blocks for 
simplicity. As a result, complex mechanical structures may need 
to be imported to Ansys Mechanical directly. In practice, the 
PCB is usually fixed to a housing or other structure at several 
positions, so fixed supports should be added in the model. The 
fixed supports are also the boundary conditions for modal 
analysis. After finishing the simulation model in Ansys 

Mechanical, the PCB vibration properties and the impact of the 
MLCCs on acoustic noise can be studied.  

III. SIMUALTION ANALYSIS EXAMPLE  

A. DUT Introduction and Simulation Setup 

The acoustic noise from an earbud was analyzed using the 
proposed simulation flow. The PCB in the DUT had 8 layers and 
150 parts in total. There were 55 unique parts, and 32 unique 
part models had been built in the local library. Based on the 
proposed method, it took only 5 hours to build the Sherlock 
model. The orientations of some parts had to be corrected before 
exporting to the FEA mechanical model. 

The mechanical model is shown in Fig. 5. On the PCB there 
is a spring finger which cannot be presented and modeled 
accurately in Ansys Sherlock. The 3D .step file of the spring 
finger was therefore imported to Ansys Mechanical directly. As 
the spring finger is not a rigid structure, additional natural 
frequencies of the structure are expected. Since the PCB was 
fixed to the housing at 4 different positions, 4 fixed supports 
were added on the side surface at similar positions within the 
simulation model. 

B. Modal Analysis and Harmonic Analysis 

The natural frequencies of the first eight modes found 
through modal analysis are shown in Table I. The model shapes 
of the first two modes are shown in Fig. 6. The first natural 
frequency is 5980.6 Hz, which is related to the spring finger, as 
shown by the large deformation area located only at the tip of 
the spring finger in the first modal shape. The second natural 
frequency is about 8045.4Hz, which is related to the vibration of 
the PCB. The modal analysis can be used to estimate the inherit 
vibration properties of the whole structure. The modal shape 
results can similarly be used to find the locations where the 
board is most sensitive to external vibrational forces. 

Based on the modal analysis, the harmonic response of the 
structure can be analyzed using the mode superposition method. 
Since the MLCC is the source of the PCB variation, the external 
force is added at the MLCC in the simulation model, as shown 
in Fig. 7. The total deformation of the structure under the 
external force is simulated as shown in Fig. 8. The total 
deformation is defined as the maximum deformation for the 
whole structure (include PCB and all components) at different 
frequencies, which can be considered as the frequency response 
of the DUT. The simulation frequency is from 100 Hz to 20 kHz 

 
(a) 

 
(b) 

 
(c) 

Fig. 4.  An IC model built in the local library. (a) Package information. (b) Die 
information. (c) Solder ball information. 

 

Fig. 5.  Ansys Mechanical model. 
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and the amplitude is plotted in decibels. The structure tends to 
vibrate most under the action of external forces at resonant 
frequencies. The resonant frequencies match with the natural 
frequencies as expected. 

The inherent vibration properties and the frequency response 
of the structure can be estimated from the modal analysis and 
harmonic analysis results. This information is useful for 
engineers trying to understand how acoustic noise may be 
induced by MLCCs. For this DUT, the model setup time (build 
from the existing library) and the computational resources 
required are given in Table II. It shows that the simulation 
analysis for acoustic noise is practical and can be easily applied 
in the early stages of design. 

IV. CONCLUSION 
A practical simulation flow for singing-capacitor-based 

acoustic noise was presented in this paper. The simulation 
modeling and analysis were developed using Ansys Sherlock 
and Mechanical.  Use of an AVL file and local library was 
proposed to speed up the development of the simulation models. 
Modal analysis and harmonic analysis can be used to estimate 

the inherent vibration properties and the frequency response of 
the structure. An example of simulation analysis was given to 
demonstrate the proposed method. The vibration properties of 
the spring finger and the PCB were simulated successfully, and 
the frequency response of the whole structure was estimated. 
The proposed simulation flow makes simulation analysis of 
acoustic noise practical and effective. 
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Fig. 7.  External force is added on the MLCC as shown with the red arrow. 

 

Fig. 8.  Total deformation of the structure. 

TABLE II.  RESOURCE CONSUMPTION 
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CPU cores 4 
Memory Usage About 30 GB 

 
(a) 

 
(b) 

Fig. 6.  Modal shapes. (a) Mode 1. (b) Mode 2. 
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