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Abstract

Objectives. Defects in the form of layering may occur during lamination in the production of multilayer printed circuit
boards (MPCB). These defects cannot be detected by optical and electrical methods of output control. However,
they can lead to breaches of the mechanical mode of operation and failures while running radioelectronic devices.
In order to detect such defects, the acoustic emission (AE) method is proposed. This is based on the occurrence and
propagation of acoustic waves in MPCBs caused by the presence of defects. The aim of this study is to investigate
the possibility of using the AE method to detect defects in multilayer printed circuit boards. These defects can occur,
in particular, in the lamination process.

Methods. A mechanical processes modeling program (for research on the MPCB model) and various samples
of two-layer printed circuit boards with pre-introduced defects (for experimental studies) were used to study the
propagation of acoustic signals in the MPCB in the presence of defects. A solenoid mounted on the MPCB was used
as a source of acoustic signals, while a piezoelectric sensor was used to receive signals. Data processing was carried
out by comparing AE signals obtained for a serviceable MPCB sample and for MPCB samples with defects.
Results. Simulation of the acoustic signal propagation in MPCBs in serviceable and faulty (with a rectangular defect
in the form of delamination) states was carried out to show the difference in the received signals at the sensor
installation point. Experimental studies were also conducted to examine the AE method applicability for detecting
defects of various sizes and quantities.

Conclusions. The studies demonstrated that the AE method allows the presence of defects in MPCB occurring
during the lamination process to be detected effectively and reliably. This study proposes a new approach
to non-destructive testing of MPCB using the AE method. This method significantly increases the reliability of MPCBs
and the efficiency of their production processes.

Keywords: acoustic emission, multilayer printed circuit board, defect detection, delamination, non-destructive
testing
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Pe3iome

Llenu. MNpu npon3sBoacTBE MHOFOCNOMHbIX NeYaTHbIx niaat (MIM1) B npouecce naMMHUPOBAHUS B HUX MOTYT BO3HU-
kaTb fedekTbl B BUAE paccnoeHnin. OHM He 0OHaPYXMBAKOTCS ONTUYECKMMU U 3NIEKTPUYECKMMN METOAAMN BbIXOL-
HOrO KOHTPOJIS, HO B MpoLecce aKcrnyaTtaumm pagnoanekTPOHHOro CpeacTBa MOryT Bbi3BaTb HAPYLLEHWST MEXaHW-
4yeckoro pexuma paboTbl U NPUBECTU K 0TKa3aM. [1ns obHapyxXeHus Takux AedekToB NpeanaraeTcs Ucrnosib3oBaTb
MeTO[, akyCTM4eckon ammccum (AD), OCHOBAHHbIN Ha BO3HUKHOBEHUM U PACAPOCTPAHEHUN aKyCTUHYECKUX BOJIH
B MIM, BbI3BaHHbIX Hann4mMem gedexkTos. Llenbio AaHHOro nccnefoBaHus SBASETCA U3yHeHEe BO3MOXHOCTU UC-
nosib3oBaHusa metoaa AD ans obHapyxeHus aedektos MMM, BO3HMKAOLLMX, B YaCTHOCTH, B MPOLECCE NaMUHMPO-
BaHWS.

MeTopabl. [1na nccnefoBaHus pacnpocTpaHeHms akycTudeckux curHanos B MMM npu Hannyuum gedekToB UCMOob-
30BasIMCb NPOrpaMma MOAENMPOBAHMS MEXaHNYECKMX MPOLLECCOB (159 nccneposaHusa Ha moaenuv MIMM) n pasnuy-
Hble 06pasLbl ABYXCNOMHbIX NeYaTHbIX NaT C 3apaHee BHECEHHbIMU AedekTaMm (AN 9KCNepUMEHTasIbHbIX MCChe-
[0BaHuin). B kayeCcTBe MCTOYHMKA aKyCTUHECKUX CUMHAIOB UCMONb30BasICA CONEHOMT, YCTAHOBAEHHbIN Ha MM,
a s npuemMa CUrHanoB — Nbe30asiekTpuyeckunii gatink. O6paboTka AaHHbIX MPOBOAMIACE NYTEM CPaBHEHUSI CUT-
HanoB AD, Nony4YeHHbIX Ans ncnpasHoro obpasua MMM n ana o6pasuos MMM ¢ pedektamu.

PesynbTarsl. [[poBeaeHO MOAENMpoOBaHne PacnpoCTPaHEHMS akyCTU4eckoro curHana 8 MMM B ncnpaBsHom u He-
MCNPaBHOM (C NPAMOYroibHbIM AedEKTOM B BUAE PACCAOEHUS) COCTOSIHUSX, KOTOPOE NoKasano pasnvyne nosy-
YEHHbIX CUIHANOB B TOYKE YCTAHOBKM AaTymka. Takxke Obliv NPOBEAEHbI SKCMNEPUMEHTaSIbHbIE UCCEL0BAHMS C Le-
JIbI0 N3y4eHUs1 NPUMEHUMOCTU MeToaa AD ons BbigBNeHUS AedEeKTOB pa3nn4yHOro paaMmepa 1 Koan4ecTsa.
BbiBoAbl. VlccnenoBaHus nokasanum, 4to meton AD no3BosisieT A0CTaTO4YHO 9D PEKTMBHO 1 AOCTOBEPHO 0OHAPYXM-
BaTb Hann4me gedektos B MII1, BO3HMKAIOLLMX B NPOLLECCE NTaMUHUPOBaHVS. B gaHHOM nccnepoBsaHum npeanara-
€TCS HOBbIN MOAXon, K HepaspyLliatowemy KoHTpoato MMM ¢ ncnonb3osaHmem metoga A3, KOTOPbIN MOXET 3Ha4YN-
TEsbHO MOBLICUTb HaAexXHOCTb MMM n adpdeKTNBHOCTb MPOLLECCOB NX MPON3BOACTBA.

Kniouesble cnoea: akKyCcTn4yeckasa amMmmccua, MHOrocCoHas ne4yaTtHasa nnara, 06Hapy>KeH|/1e nedekToB, paccnoe-

HWe, HepaspyLualLWuii KOHTPOb

16

Russian Technological Journal. 2024;12(1):15-29


https://doi.org/10.32362/2500-316X-2024-12-1-15-29
https://doi.org/10.32362/2500-316X-2024-12-1-15-29
mailto:dolmatov@mirea.ru

Detection of defects in printed circuit boards
by the acoustic emission method

Saygid U. Uvaysov,
etal.

e Moctynuna: 05.05.2023 ¢ Jopa6oTaHa: 03.07.2023 ¢ MpuHaTa kK ony6nukoBaHuio: 12.12.2023

Ansa uumtupoBaHua: Yeaiicos C.Y., Jlbly H.T., Hryen K.[., Bo T.X., JonmaToB A.B. O6HapyxeHne 0edekToB B MHO-
rOC/MOMHOM MNe4yaTHOW nnarte MEeTOAOM akKyCTU4eckon amwuccun. Russ. Technol. J. 2024;12(1):15-29. https://doi.

org/10.32362/2500-316X-2024-12-1-15-29
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HbIX MaTepunanax nin MmetTogax.

ABTOpPbI 3a9BASIOT 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.

INTRODUCTION

Multilayer printed circuit boards (MPCBs) are
an important component in many electronic devices.
As such, their quality control is critical to ensure the
reliability and functionality of the devices. One of
the most important steps in MPCB production is the
lamination process. This involves joining multiple
layers of copper-clad dielectric material, in order
to form a multilayer board!. Laminating is prone
to defects such as delamination, cracks, and voids
which can degrade the PCB electrical and mechanical
properties.

A variety of non-destructive testing methods such
as X-ray inspection, optical microscopy, and ultrasonic
inspection have been developed to detect defects in
MPCBs. However, these methods have limitations in
terms of cost, time, and accuracy. The non-destructive
acoustic emission (AE) method has attracted increasing
attention in recent years due to its high sensitivity,
real-time monitoring capability and non-contact defect
detection capability?.

Acoustic emission is a phenomenon associated with
the generation of elastic waves as a result of a sudden
and localized energy release within the material [1].
The AE waves can be captured and analyzed, in order
to obtain information about the location, magnitude, and
type of defect in MPCB material. Using the AE method
for detecting defects in MPCB has been investigated by
scientists and experts [2—4].

This study considers the possibility of applying
the AE method to detect defects occurring in MPCB
lamination process. A solenoid is used as a source for
generating AE signals, and a piezoelectric plate is used
as a sensor for capturing signals. The signals obtained
for the defective and serviceable MPCBs are compared,
in order to evaluate the efficiency of the AE method for
detecting defects.

1 Pokrovskaya M.V., Popova T.A. Materials and
structural elements of the REM. Textbook. Part 1: Material
science and structural materials. Moscow: RTU MIREA;
2021. 200 p. (in Russ.).

2 Nosov V.V.,, Yamilova A.R. Acoustic emission method.
Textbook. St. Petersburg: Lan; 2022. 304 p. (in Russ.).

The aim of the study was to develop a non-destructive
testing method for detecting defects in MPCB occurring
during the lamination process. This can significantly
improve the reliability and efficiency of MPCB
production. The work investigates whether the AE
method can effectively detect defects in MPCB which
may be formed during the lamination process. If this is
so, then what are the advantages and limitations of this
method compared to other existing ones.

LITERATURE REVIEW

Several studies have investigated the use of AE
method for detecting defects in PCBs. Zhao et al. (2015)
used the AE method for detecting defects in PCB during
the hole drilling process [5]. It was discovered that AE
signals can be used to distinguish between different
types of defects such as incomplete hole, burr, and
breakthrough. Liu et al. (2018) developed a method for
detecting delamination in MPCB using AE [6]. This
method used a pencil lead breakage as an AE source
and a piezoelectric transducer as a sensor for detecting
AE signals. The result showed that AE signals can be
used to detect the presence and location of delamination
in MPCBs.

Chen et al. (2020) investigated the use of AE
method for detecting defects in flexible PCB [7]. For this
purpose, a piezoelectric sensor was used to detect AE
signals generated by needle puncture of a flexible PCB.
It was found that AE signals can be used to determine the
location and severity of the defect and that this method is
sensitive to defects as small as 0.5 mm.

Although previous studies have shown the potential
of the AE method for detecting defects in PCB, there
are still problems in its implementation in diagnostic
practice. One of the problems is the need to use complex
algorithms for processing and analyzing different types
of signals and noise [8, 9]. Another problem is the
selection and optimization of the AE source and AE
sensor placement which can affect the sensitivity and
accuracy of the method [10].

Despite these problems, the AE method for detecting
defects in MPCBs has significant advantages. The AE
method is a non-destructive and non-contact method
which can be performed in real time without the need
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for expensive equipment’ [11, 12]. The AE signals
can provide information about the location and type of
defect, allowing the root cause of the faulty state to be
identified and the quality control of MPCB production to
be improved [13-15].

MODELING OF ACOUSTIC SIGNAL
PROPAGATION IN MPCB

Initial data for modeling

In order to verify the effectiveness of the analytical
simulation, 4BAQUS* software was used for the
numerical analysis of the accuracy of the piezoelectric
sensor response in the MPCB model. Plate modeling
MPCB is made of FR 4 foil-coated fiberglass (WAVGAT
authorization store, China) having 0.2 x 0.15 x 0.0015 m
in size. The characteristics of FR 4 material are presented
in Table 1.

Table 1. Material parameters of the studied MPCB

. Density, Elastic . .
Material i T Poisson ratio
FR 4 1850 24 0.136

Transient excitation is required to model the defect
effect on the AE signal propagation. In this paper, AE
signal is excited using the time dependence function
for excitation force F(f) (Fig. 1) [15] represented
mathematically as follows:

Foo (t/te ) t<t,,
F(t)=1{F, . (2—t0),t, <t<2,
0, 1221,

where ¢, is the time of achieving the maximum value of
excitation force ..

1.00 r T — T

Z0.80) =
$0.60}
£0.40| e S
Zo.20!

0.00 . .

0.0 1.0 2.0 3.0 4.0

Y
5.0 [x1.E-6]

Time, s

Fig. 1. Function F(t)

3 Sych T.V. The perfection of the acoustic-emission control
technology based on the finite-element analysis of the acoustic path.
Diss. Cand. Sci. (Eng.). Moscow: SGUPS; 2016. 149 p. (in Russ.).

4 https://www.3ds.com/products-services/simulia/products/
abaqus/. Accessed August 30, 2023.

The schematic diagram of the sensor and AE signal
source arrangement as well as the model in the ABAQUS
software are shown in Fig. 2.

- 0.15m
: : A
.
 AE source :
i ; 0.2m
v4 i f
: Sensori
> H v
0 X

(a) ()

Fig. 2. The schematic diagram of the sensor
and AE signal source arrangement (a) and the model
in the ABAQUS software (b)

In order to model the presence of a delamination
defect in the MPCB sample, a rectangular area 3 x 3.7 cm
was created in the ABAQUS software. The MPCB model
with a rectangular defect is shown in Fig. 3.

Fig. 3. The MPCB model with rectangular defect
of 3% 3.7 cmin size

The simulation studies wave propagation and piezo
sensor response to AE signals generated by a virtual
solenoid in the presence of a defect. The resulting
signals are used for further analysis and comparison with
the signals received from the MPCB sample without
defect. The experimental results enable the possibility
of using this approach for detecting defect in MPCB to
be evaluated.

Modeling result

The acoustic wave propagation at certain time
instants (0.12, 0.32, 0.64, 0.84, and 1.16 ps) in the
absence of defect in MPCB is shown in Fig. 4.

The sensor signal received in modeling in the
absence of a defect in MPCB is shown in Fig. 5.
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Fig. 4. Acoustic wave propagation in MPCB in the absence of a defect at time instants:
(a) 0.12 ps, (b) 0.32 us, (c) 0.64 us, (d) 0.84 us, and (e) 1.16 us

[x1.E-9]
8.0 T T T T

»
o
T

Amplitude, m
o
o

0.00 0.05 0.10 0.15 0.20 0.25 0.30

0.35  0.40 [x1.E-3]

Time, s
Fig. 5. Sensor signal in the absence of defectin MPCB

and 1.16 ps) and the sensor signal are shown in Figs. 6.

and 7, respectively.
Next, the sensor signals are compared for the

absence and the presence of the defect (Fig. 8).

Similarly, in the presence of a defect in
MPCB (defect in the form of the 3 x 3.7 cm rectangle),
the process of acoustic wave propagation through
MPCB at the same time instants (0.12, 0.32, 0.64, 0.84,
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Fig. 6. Acoustic wave propagation in MPCB in the presence of the 3 X 3.7 cm defect at the following time instants:
(a) 0.12 s, (b) 0.32 ps, (c) 0.64 ps, (d) 0.84 ps, and (e) 1.16 us
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Fig. 8. Comparison of AE signals from the sensor with and without a defect in MPCB

The comparative results of the signals show
that the presence of a defect causes distortion in the
wave propagation process. This results in significant
differences (several times) in the signal amplitude
and signal arrival time compared to the case without
a defect.

EXPERIMENTAL STUDIES ON A TWO-LAYER
PRINTED CIRCUIT BOARD

Experimental setup description

An experimental setup was designed for this
study (Fig. 9). It consists of: UNO R3 ATMEGA16U2 +
MEGA328P chip for Arduino UNO R3 with breadboard
and USB cable (1) (IGMOPNRQ module store, China);
a piezoelectric plate of 27 mm in diameter (2) (K'Y WIN
ROBOT store, China); V3 power key (3) (Amperka,
Russia); 12VACsource(4)(Teslocom,Russia); TAU-0520
solenoid tuned to 10 Hz frequency (5) (Amperka,
Russia); two-layer printed circuit board (6) (WAVGAT
authorization store, China); computer equipped with

Table 2. Sensor parameters

Audacity software® used for capturing and analyzing
acoustic signals (7).

Fig. 9. The experimental setup

The technical characteristics of the acoustic signal
sensor are given in Table 2. The image and view of the
sensor are presented in Fig. 10.

5 https://www.audacityteam.org/. Accessed August 30, 2023.

No. Parameter Parameter value
1 Resonant frequency 3.5+0.5KHz
2 Resonant resistance <300 Ohm
3 Static capacity 28000 pF +30%
4 Storage temperature from =30 to +70°C
5 Plate material copper
6 External diameter D 27+ 0.1 mm
7 Internal diameter d 20+ 0.2 mm
8 Thickness ¢ 0.15 + 0.05 mm
9 Thickness T’ 0.35+0.05 mm
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Metal plate

___Ceramic

| Silver electrode

Fig. 10. Drawing (a) and view (b) of the piezoelectric sensor of acoustic signals

In the experimental study, a piezoelectric plate was
placed on the MPCB surface and was used to capture
sound waves propagating after the solenoid impacts on
the MPCB. The working mechanism of the piezoelectric
sensor operates in the presence of mechanical motion
in the solenoid only. In its absence, no electrical signal
is generated. This approach allows the level of external
noise to be significantly reduced, since the possibility of
signal recording occurs only when the solenoid impacts
on the MPCB.

Experimental results
in the absence of a defectin PCB

Audacity software is used for acquiring and
processing the signals. The software uses a normalized
representation of acoustic signals as floating point

numbers from —1 to +1; where —1 stands for the
minimum possible sound level; while +1 represents
the maximum one. This type of representation allows
Audacity to accurately represent the full range of sound
levels, while avoiding any potential loss of accuracy
which might occur with integer-based representations.
In addition, it simplifies mathematical operations on
audio signals such as mixing and processing, since all
signals are represented on the same scale.

Firstly, experimental studies are conducted on a two-
layer PCB without defects. Three mechanical shocks
were generated by the solenoid impacting PCB (with an
interval of 3 s between shocks), and the acoustic signals
were recorded by the piezoelectric sensor (Fig. 11). The
comparison of the resulting signals is shown in Fig. 12. It
was found that the signals received after three shocks are
the same, thus indicating the PCB material uniformity.

oam00 04800 oaste 4520 oas30 04840 oassn

P J\Mﬁ\/\f\

Ul U Ay

A /\ﬂ

[\Uf\f\/\
Y

i

Fig. 11. The signal received from the sensor after 3 shocks in the absence of a defect
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Fig. 12. Comparison of sensor signals after 3 solenoid shocks on PCB without a defect

Experimental results
in the presence of a defectin PCB

Next, experiments were performed on a board with
arectangular defect of 3 x 3.7 cm shown in Fig. 13. Three
mechanical solenoid shocks on PCB were recorded in
the same way (Fig. 14), followed by the comparison
of the resulting signals with the signal received in the
absence of the defect.

The presence of a defect is detected by comparing
the results with the result in the absence of a defect. The
comparative result is shown in Fig. 15.

The comparative results show significant differences
in signals in the presence and absence of a defect.
This indicates that the defect affects the acoustic wave
propagation and acoustic signals received by the sensor
significantly.

Fig. 13. PCB with a rectangular defect of 3 x 3.7 cm
(the defect is marked with a red frame)
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Fig. 14. The sensor signal after 3 shocks in the presence of a defect
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Fig. 15. Comparison of the sensor signals at 3 solenoid shocks on PCB having a 3 x 3.7 cm defect
with the signal for PCB without defect

Research of the sensor sensitivity
to defects of different sizes

In order to study sensor sensitivity to defect
detection, two-layer PCB with defects in the form of
squares with different side sizes: 4, 5, 6, and 7 mm
were designed. Three mechanical shocks were applied
sequentially to MPCB with a defect, while the signals
from the sensor were compared with the signal for
MPCB without a defect. The research results are shown
in Figs. 16-19.

Signals relating to the 4 x 4 mm and 5 X 5 mm
square defects were found to be similar to those for PCB

without defects, thus indicating the sensor’s inability
to detect these types of defects. However, the signals
for the 6 x 6 mm and 7 x 7 mm square defects show
significant differences when compared to PCB without
defects, thus indicating the capability of the sensor to
detect these types of defects.

Next, the effect of the number of 5 X 5 mm square
defects on the sensor’s capability to detect defects was
investigated. For this reason, PCBs with two (Fig. 20),
three, and four 5 x5mm square defects were
designed. Then three mechanical shocks were applied
sequentially to the boards and the sensor signals were
recorded (Figs. 21-23).
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Fig. 20. PCB with two 5 x 5 mm square defects

(marked with a red frame)
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Table 3. Studied defects and possibility of their recognition

Defect Defect characterization (delamination) Is it possible to use the AE method?
1 Rectangle 2 X 3 cm Yes
2 Square 4 X 4 mm No
3 Square 5 X 5 mm No
4 Square 6 X 6 mm Yes
5 Square 7 X 7 mm Yes
6 Two squares 5 x 5 mm Yes
7 Three squares 5 x 5 mm Yes
8 Four squares 5 x 5 mm Yes

The signals for each case were observed to be
significantly different from those of PCB without
defects. This suggests that the number of defects can
affect the results obtained from the sensor.

The experiments showed the possibility of detecting
defects in PCBs using the AE method. However, its
sensitivity depends on the size and number of defects.
The results also highlight the importance of analyzing
the received signals to detect and localize defects in
PCB:s.

The final results on the possibility of recognizing the
studied PCB defects using the AE method are shown in
Table 3.

CONCLUSIONS
This paper examined the possibility of applying

the AE method for detecting defects as delamination in
MPCB. The modeling results for MPCB in serviceable

and faulty states with a rectangular defect of 3 x 3.7 cm,
as well as experimental studies for different sizes and
number of defects were analyzed.

The approach developed herein allows for
serviceable and faulty states of PCB to be recognized. It
also helps determine the sensitivity of the AE method to
the size of the defect being detected.

The research results permit the conclusion that the
AE method can be applied in diagnosing the technical
condition of MPCB, and that the results of physical tests
are comparable to numerical experiments.

The authors continue to conduct further research
towards developing a method for detecting defects in
MPCB by using the AE method based on artificial neural
networks. They also are working towards investigating
the application of AE method in tests on the impact of
harmonic vibration.

Authors’ contribution. All authors equally

contributed to the research work.

Russian Technological Journal. 2024;12(1):15-29

27



Detection of defects in printed circuit boards Saygid U. Uvaysov,
by the acoustic emission method etal.

10.

11.

12.

13.

14.

15.

REFERENCES

. Mashagulova D.A. Comparative analysis of acoustic methods for monitoring and diagnosing equipment. In: Experience,

Current Problems and Prospects for the Development of the Oil and Gas Complex: Materials of the X International Scientific
and Practical Conference of Students, Postgraduates and Scientists. Nizhnevartovsk: April 01-30, 2020. P. 59-63 (in Russ.).

. Azin A.V,, Ponomarev S.V., Rikkonen S.V., Maritskii N.N., Suntsov S.B. Review of methods for searching latent defects

of printed circuit boards. In: Reshetnev Readings: Materials of the 24th International Scientific and Practical Conference
dedicated to the memory of the General Designer of Rocket and Space Systems Academician M.F. Reshetnev. Krasnoyarsk:
November 10-13. 2020;1:244-245 (in Russ.).

. Azin A., Zhukov A., Narikovich A., Ponomarev S., Rikkonen S., Leitsin V. Nondestructive testing method for a new

generation of electronics. MATEC Web Conf. 2018;143:04007. https://doi.org/10.1051/mateccont/201714304007

. Luu N.T., Nguyen K.D., Demchenko S.K., Chernoverskaya V.V. Application of the acoustic emission method in the tasks

of control and monitoring of the technical condition of the objects being diagnosed. In: Proceedings of the International
Symposium “Reliability and Quality.” 2021;2:77-82 (in Russ.).

. Zhao W., Feng X., Xu B. Study on defect detection of PCB based on acoustic emission technology during the drilling process.

J. Electronic Measurement and Instrumentation. 2015;29(10):1374—1380.

. LiH., Dong Z., Yang Y., Liu B., Chen M., Jing W. Experimental Study of Damage Development in Salt Rock under Uniaxial

Stress Using Ultrasonic Velocity and Acoustic Emissions. Appl. Sci. 2018;8(4):553. https://doi.org/10.3390/app8040553

. Levikari S., Kdrkkiinen T.J., Andersson C., Tammminen J., Silventoinen P. Acoustic Detection of Cracks and Delamination

in Multilayer Ceramic Capacitors. [EEE Transactions on Industry Applications. 2019;55(2):1787-1794. https://doi.
org/10.1109/TIA.2018.2873989

. Altai E., Fedorov A.V., Stepanova K.A. Evaluation of the influence of filtration methods on the measurement error of acoustic

emission signal parameters. In: 25¢h International Conference on Soft Computing and Measurements: collection of proceedings.
2022;1:24-27 (in Russ.). Available from URL: https://scm.etu.ru/assets/files/2022/scm22/papers/stend01_024.pdf

. Ovcharuk V.N., Chye E.U. The concept of the multichannel system of registration and analysis of acoustic emission signals.

Pribory = Instruments. 2021;11(257):35-39 (in Russ.).

Matvienko Yu.G., Vasil’ev L.E., Chernov D.V., et al. Problems of locating acoustic emission sources. Russ. J. Nondestruct.
Test. 2021;57(9):769-778. https://doi.org/10.1134/S1061830921090060

[Original Russian Text: Matvienko Yu.G., Vasil’ev L.E., Chernov D.V,, Ivanov V.I., Elizarov S.V. Problems of locating
acoustic emission sources. Defektoskopiya. 2021;9:35—44 (in Russ.). https://doi.org/10.31857/S0130308221090049]

Aryan P., Sampath S., Sohn H. An Overview of Non-Destructive Testing Methods for Integrated Circuit Packaging Inspection.
Sensors. 2018;18(7):1981. https://doi.org/10.3390/s18071981

Bourne K.A., Kapoor S.G. Process Monitoring During Micro-Drilling via Acoustic Emission, Ultrasonic Sound, and Spindle
Load Sensors. In: 2012 International Manufacturing Science and Engineering Conference. 2012;7341:781-790. https://doi.
org/10.1115/MSEC2012-7341

Malikov V., Ananyev M., Ishkov A., Nikonov L. Experimental Studies of Conductive Paths of Printed Circuit Boards by
Using Subminiature Eddy Current Transducers. E3S Web of Conferences. 2021;285(4):07037. https://doi.org/10.1051/
e3sconf/202128507037

Huang M., Jiang L., Liaw P.K., Brooks C.R., Seeley R., Klarstrom D.L. Using Acoustic Emission in Fatigue and Fracture Materials
Research. JOM. 1998;50(11). Available from URL: https://www.tms.org/pubs/journals/jom/9811/huang/huang-9811.html

Gao Y., Xiao D. Simulation and feature analysis of modal acoustic emission wave in planar C/SiC composite.
J. Vibroengineering. 2018;20(1):748-761. https://doi.org/10.21595/jve.2017.18173

CMUCOK JINTEPATYPbI

. Mamarynosa JI.A. CpaBHUTENIbHBIN aHAJIN3 aKYCTUYECKHX METOIOB KOHTPOJIS U IMAarHOCTUPOBAHUS 000pynoBanus. Onvim,

axkmyansHvle npobiemMsl U NepcneKmugbl pasgumus Heghmez2azo6o2o komniexca: Mamepuanvr X Mescoynapoonoii nayuno-
npakmuyeckol Kowpepenyuu odoyuarowuxcs, acnupanmos u yuenwvix. Hmwxueaprosck: 01-30 anpesns 2020 . C. 59-63.

. Asun A.B., ITonomapes C.B., Pukkonen C.B., Mapunxuii H.H., Cynnos C.b. O630p METOI0B OKCKA JIATEHTHBIX 1€(EKTOB

MeYaTHbIX Tat. Pewemnescrkue umenus: Mamepuanst XXTV MexcoyrnapoOoHoil hayuHo-npakmuyeckotl KoHghepeHyuu, nocesi-
WeHHOU NamMsAmuy 2eHepaIbHO20 KOHCMPYKIMOPA pakemno-kocmuyeckux cucmem akademuxa M.D. Pewemnesa. KpacHoOspck:
10-13 Hos10ps 2020 1. 2020;1:244-245.

. Azin A., Zhukov A., Narikovich A., Ponomarev S., Rikkonen S., Leitsin V. Nondestructive testing method for a new

generation of electronics. MATEC Web Conf. 2018;143:04007. https://doi.org/10.1051/matecconf/201714304007

. JIety H.T., Hryen K.JI., Hemuenko C.K., Uepnosepckast B.B. IIpumeHenue MeToaa akyCTUYECKOI SMUCCHM B 3a7a4aX KOH-

TPOJIST U MOHHTOPHHIa TEXHHUYECKOTO COCTOSIHHSI ITHATHOCTHPYEMBIX OOBEKTOB. Tpyobl MentcOVHAPOOHO2O CUMNOZUYMA
«Haoescnocmo u kauecmeoy. 2021;2:77-82.

. Zhao W., Feng X., Xu B. Study on defect detection of PCB based on acoustic emission technology during the drilling process.

J. Electronic Measurement and Instrumentation. 2015;29(10):1374—-1380.

. LiH.,Dong Z., Yang Y., Liu B., Chen M., Jing W. Experimental Study of Damage Development in Salt Rock under Uniaxial

Stress Using Ultrasonic Velocity and Acoustic Emissions. Appl. Sci. 2018;8(4):553. https://doi.org/10.3390/app8040553

28

Russian Technological Journal. 2024;12(1):15-29


https://doi.org/10.1051/matecconf/201714304007
https://doi.org/10.3390/app8040553
https://doi.org/10.1109/TIA.2018.2873989
https://doi.org/10.1109/TIA.2018.2873989
https://scm.etu.ru/assets/files/2022/scm22/papers/stend01_024.pdf
https://doi.org/10.1134/S1061830921090060
https://doi.org/10.31857/S0130308221090049
https://doi.org/10.3390/s18071981
https://doi.org/10.1115/MSEC2012-7341
https://doi.org/10.1115/MSEC2012-7341
https://doi.org/10.1051/e3sconf/202128507037
https://doi.org/10.1051/e3sconf/202128507037
https://www.tms.org/pubs/journals/jom/9811/huang/huang-9811.html
https://doi.org/10.21595/jve.2017.18173
https://doi.org/10.1051/matecconf/201714304007
https://doi.org/10.3390/app8040553

Detection of defects in printed circuit boards Saygid U. Uvaysov,
by the acoustic emission method etal.

7. Levikari S., Kéarkkdinen T.J., Andersson C., Tammminen J., Silventoinen P. Acoustic Detection of Cracks and
Delamination in Multilayer Ceramic Capacitors. I[EEE Transactions on Industry Applications. 2019;55(2):1787-1794.
https://doi.org/10.1109/T1A.2018.2873989

8. Anraii E., ®enopo A.B., CrenanoBa K.A. Onenka BIUSHUS METOMOB (WIIBTPAIIMK HA MOTPEHIHOCTh M3MEPEHUs Hapa-
METPOB CUTHajla aKyCTH4eCcKoil amuccuu. XXV Mexcoynapoonas konghepenyus no MAeKUM GblHUCTEHUAM U USMEPEHUAM:
coopHux mpyoos. 2022;1:24-27. URL: https://scm.etu.ru/assets/files/2022/scm22/papers/stend01_024.pdf

9. Osuapyk B.H., Ube E.V. [IpuMeHeHre METOIOB CIIEKTPAJILHOTO aHAJIN3a B MHOTOKaHAJIbHBIX CHCTEMaX PErHCTpaLluy CUTHA-
JI0B aKycTHuecko amuccuu. IIpuboper. 2021;11:35-39.

10. Marsuenko O.I"., Bacunses U.E., Uepnor J[.B., sanos B.I., Exuszapos C.B. TIpoGiieMbl JIOKAIUK UCTOUHHUKOB aKyCTHYEC-
ckoit amuccnu. Jegexkmockonus. 2021;9:35—44. https://doi.org/10.31857/S0130308221090049

11. Aryan P, Sampath S., Sohn H. An Overview of Non-Destructive Testing Methods for Integrated Circuit Packaging Inspection.
Sensors. 2018;18(7):1981. https://doi.org/10.3390/s18071981

12. Bourne K.A., Kapoor S.G. Process Monitoring During Micro-Drilling via Acoustic Emission, Ultrasonic Sound, and
Spindle Load Sensors. In: 2012 International Manufacturing Science and Engineering Conference. 2012;7341:781-790.
https://doi.org/10.1115/MSEC2012-7341

13. Malikov V., Ananyev M., Ishkov A., Nikonov L. Experimental Studies of Conductive Paths of Printed Circuit Boards by
Using Subminiature Eddy Current Transducers. E3S Web of Conferences. 2021;285(4):07037. https://doi.org/10.1051/
e3sconf/202128507037

14. Huang M., Jiang L., Liaw P.K., Brooks C.R., Seeley R., Klarstrom D.L. Using Acoustic Emission in Fatigue and Fracture
Materials Research. JOM. 1998;50(11). URL: https://www.tms.org/pubs/journals/jom/9811/huang/huang-9811.html

15. Gao Y., Xiao D. Simulation and feature analysis of modal acoustic emission wave in planar C/SiC composite.
J. Vibroengineering. 2018;20(1):748-761. https://doi.org/10.21595/jve.2017.18173

About the authors

Saygid U. Uvaysov, Dr. Sci. (Eng.), Professor, Head of the Department of Design and Production of
Radioelectronic Devices, Institute of Radio Electronics and Informatics, MIREA — Russian Technological University
(78, Vernadskogo pr., Moscow, 119454 Russia). E-mail: uvajsov@mirea.ru. Scopus Author ID 55931417100,
ResearcherID H-6746-2015, RSCI SPIN-code 3801-4816, https://orcid.org/0000-0003-1943-6819

Ngoc T. Luu, Postgraduate Student, Department of Design and Production of Radioelectronic Devices, Institute of
Radio Electronics and Informatics, MIREA — Russian Technological University (78, Vernadskogo pr., Moscow, 119454
Russia). E-mail: alex05vn@gmail.com. https://orcid.org/0009-0001-8779-7563

Cong D. Nguyen, Postgraduate Student, Department of Design and Production of Radioelectronic Devices, Institute
of Radio Electronics and Informatics, MIREA — Russian Technological University (78, Vernadskogo pr., Moscow, 119454
Russia). E-mail: Ngcongduc9x@gmail.com. https://orcid.org/0009-0000-9237-156X

The H. Vo, Postgraduate Student, Department of Design and Production of Radioelectronic Devices, Institute of
Radio Electronics and Informatics, MIREA — Russian Technological University (78, Vernadskogo pr., Moscow, 119454
Russia). E-mail: thehai.ttrd@gmail.com. https://orcid.org/0009-0009-7240-4374

Aleksey V. Dolmatov, Cand. Sci. (Eng.), Associate Professor, Department of Design and Production of
Radioelectronic Devices, Institute of Radio Electronics and Informatics, MIREA — Russian Technological University
(78, Vernadskogo pr., Moscow, 119454 Russia). E-mail: dolmatov@mirea.ru. RSCI SPIN-code 3887-2405, https://
orcid.org/0000-0003-2969-2971

06 aBTOpPax

YBavicoB Cavirng YBavcoBu4, 4.T.H., N(podeccop, 3aBeayroLmii kahpeagpon KOHCTPYMpPOBaHMSA 1 NPON3BOACTBA
paamnoanekTPOHHbIX cpeacTB MHCTUTYTa paamoanekTpoHnkn n nidopmatkm @reQy BO «MUPSA — Poccuiickunii
TexHonormyecknin yHusepcutet» (119454, Poccusa, Mockea, np-T BepHaackoro, a. 78). E-mail: uvajsov@mirea.ru.
Scopus Author ID 55931417100, ResearcherID H-6746-2015, SPIN-kog PUHLL, 3801-4816, https://orcid.org/0000-
0003-1943-6819

Jlbly Hrok TueH, acnupaHT, kadeapa KOHCTPYMPOBaHUA 1 MPON3BOACTBA PAANO3NIEKTPOHHLIX CPeacTB MIHCTUTyTa
paamoanekTpoHnku n nHpopmatnkn Greoy BO «MUPDA — Poccuiicknii TexHonorndeckuii yHmsepcutet» (119454,
Poccusa, Mocksa, np-T BepHaackoro, a. 78). E-mail: alex05vn@gmail.com. https://orcid.org/0009-0001-8779-7563

Hryen KoHr ObIK, acnupaHT, kadenpa KOHCTPYMPOBAHNA 1 NMPOU3BOACTBA PaAMO3SIEKTPOHHbIX CPeacTs VIHCTUTY-
Ta PagMoanekTPoHUKN 1 nHopmatkm Grb0Y BO «MNP3A — Poccuiicknii TEXHONOrMYeckuin yHnusepeutet» (119454,
Poccusa, Mockea, np-T BepHaackoro, 4. 78). E-mail: Ngcongduc9x@gmail.com. https://orcid.org/0009-0000-9237-156X

Bo Txe Xaia, acnunpaHT, kadenpa KOHCTPYMPOBaHUA 1 NMPOU3BOACTBA PAOVO3NIEKTPOHHbLIX cpeacTts NHcTutyta
paanoanekTpoHukn n nidopmatkm GreQy BO «MUP3A — Poccuiickunii TEXHONOrMYeckuin yHusepcuteT» (119454,
Poccus, Mocksa, np-T BepHaackoro, a. 78). E-mail: thehai.ttrd@gmail.com. https://orcid.org/0009-0009-7240-4374

AonmaTtoB Anekcen BauecnaBoBuu, K.T.H., JOUEHT, Kadenpa KOHCTPYMPOBaHUA 1 MPOU3BOACTBA Paanoasek-
TPOHHbIX cpeacTB NHCTUTYTa paamnoanekTpoHnkn n nidopmatmkm Gre0y BO «MUP3A — POCCUINCKMIA TEXHONOM -
yeckui yHmBepcuteT» (119454, Poccus, Mockea, np-T BepHaackoro, a. 78). E-mail: dolmatov@mirea.ru. SPIN-kop,
PWHL], 3887-2405, https://orcid.org/0000-0003-2969-2971

Translated from Russian into English by Kirill V. Nazarov
Edited for English language and spelling by Dr. David Mossop

Russian Technological Journal. 2024;12(1):15-29
29


https://doi.org/10.1109/TIA.2018.2873989
https://scm.etu.ru/assets/files/2022/scm22/papers/stend01_024.pdf
https://doi.org/10.31857/S0130308221090049
https://doi.org/10.3390/s18071981
https://doi.org/10.1115/MSEC2012-7341
https://doi.org/10.1051/e3sconf/202128507037
https://doi.org/10.1051/e3sconf/202128507037
https://www.tms.org/pubs/journals/jom/9811/huang/huang-9811.html
https://doi.org/10.21595/jve.2017.18173
mailto:uvajsov@mirea.ru
https://orcid.org/0000-0003-1943-6819
mailto:alex05vn@gmail.com
https://orcid.org/0009-0001-8779-7563
mailto:Ngcongduc9x@gmail.com
https://orcid.org/0009-0000-9237-156X
mailto:thehai.ttrd@gmail.com
https://orcid.org/0009-0009-7240-4374
mailto:dolmatov@mirea.ru
https://orcid.org/0000-0003-2969-2971
https://orcid.org/0000-0003-2969-2971
mailto:uvajsov@mirea.ru
https://orcid.org/0000-0003-1943-6819
https://orcid.org/0000-0003-1943-6819
mailto:alex05vn@gmail.com
https://orcid.org/0009-0001-8779-7563
mailto:Ngcongduc9x@gmail.com
https://orcid.org/0009-0000-9237-156X
mailto:thehai.ttrd@gmail.com
https://orcid.org/0009-0009-7240-4374
mailto:dolmatov@mirea.ru
https://orcid.org/0000-0003-2969-2971

