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The paper represents technical diagnostics of printed circuit boards in particular their solder joints performed
by commonly used through-hole and surface mount technologies. Operation and technology cause mechanical
interactions and forces between substrate of printed circuit board and electronic components. Such tensile,
shear, bending or torque forces transmit through the contact joints, which appear to be the weakest links
in the assembly. The experimental research was conducted by mechanical tensile and pure bending tests
followed by using method of acoustic emission. Conducted tests demonstrated considerable sensitivity and
applicability for the method of acoustic emission to detect defects and possibly to assess the ultimate strength
of solder joints in nondestructive diagnostics performed under forces long before the final failure. In order
to minimize errors while measuring small loads in tensile tests of ceramic capacitors the special appliance
was designed. The experiment was conducted to verify the overheating effect to ultimate load of the solder
joints. Surface mount technology for ceramic capacitors has been optimized by introducing high temperature
preheating mode that improves adherence to the contact pads and increases tensile strength, what was
also confirmed by acoustic emission analysis. The pure bending appliance was designed to provide instant
monitoring of all solder joints by equal testing stress. By conducted pulsing test cycles the total count
was identified as the most informative parameter of acoustic emission that correlates with types of defects
and ultimate strength of the solder joints. The planar location model has been developed by the idea of
remote detection of acoustic emission through the volume of homogeneous medium such as water, unlike
detecting acoustic emission on the surface of printed circuit board where acoustic emission signal is likely to
be distorted or even lost. Using method of acoustic emission and pure bending cycling test the method for
technical diagnostics of solder joints has been designed. The results represented in the paper contribute to
design and technology improvement in radio-electronics.
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Introduction

Modern trend to manufacture ever smaller
mechanical, optical and electronic products and devices
compromises quality and reliability standards of their
components. Printed circuit boards (PCB) are consi-
dered the main building blocks of modern electronics,
which represent assemblies purposed to electrically
connect and, what is also important, mechanically
support electronic components. However operation and
even technology cause mechanical interactions and
forces, acting between PCB substrate and electronic
components, and spreading through their links. Such
tensile, shear, bending or torque forces cause strain and
stress in substrates, which are subsequently transmi-
tted to bodies of components through the contact

joints, which appear to be the weakest links in the
assembly. The damages of the joints cause failures
of the whole electronic units and therefore require
detailed studying [1-6].

The general technology for component installation
onto the PCBs remains soldering although quality of
soldered joints (SJ) is not always achievable due to
numerous defects. One of the approaches capable to
provide quality and reliability for SJs is to apply and
improve their testing methods. Despite existing of the
wide range of methods for non-destructive or destructi-
ve SJ tests provided by the state standard [7-9] they
do not always provide proper quality selection and
control. Such methods use measuring electric (resi-
stance), electrically parametric (amplitude frequency
response) or physical parameters for quality control of
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SJs but their application appears to be either expensive
and or not efficient to detect and assess defective SJs.
In nowadays the approach based on using nondestructi-
ve quality diagnostics and in particular method of
acoustic emission gains its popularity.

Solder joints studied in the represented research
were performed by two commonly used technologi-
es: through-hole technology (THT) and surface mount
technology (SMT) [10,11]. The experimental research
was conducted by using mechanical tensile and pure
bending tests simultaneously with method of acoustic
emission with recording acoustic emission parameters
against applied forces and mechanical characteristics
in order to find relationship between parameters of
acoustic emission and such defects of solder joints as
cold joint and low solder adhesion.

1 Through-hole technology
solder joints tensile test and
defect detection

Solder joints of MLT2 resistors made by THT
technology were the objectives for the research. The
research was conducted in progress of strain analysis
presented in [12,13] and aimed at assessing SJs strength
by using tensile tests and acoustic emission method.

In order to assess parameters of acoustic emission
signals against types of defects and find their possible
correlation tests were performed for solder joints, part
of which was soldered with implemented defects.

The experiment was performed by static mechani-
cal tensile testing on soldered joints of MLT-2 resistors.
Resistors were installed on PCB by THT technology
into 2 mm contact pads. The tensile testing machine
IP-5057-50, which has 500 N ultimate force capaci-
ty and 1% measurement tolerance provided uniaxial
tensile testing. To perform the test one lead of each
resistor had been soldered to metallized hole in PCB
with tin-lead alloy and fixed in the upper clamp of
tensile machine. Concurrently the PCB substrate was
firmly fixed in the custom lower clamp of the machine.
Thus the soldered joint was subjected to uniaxial tensi-
le test between lead and PCB substrate to provide the
most unfavorable load to the joint that pulled the lead
out of the metalized hole in PCB substrate [6,14,15].
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Fig. 1. Uniaxial tensile test on the solder joint
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Contact pad

Sixty solder joints prepared for the test represented
three groups: 20 SJs without defects; 20 SJs had
“cold solder” defects; 20 SJs had “low solder adhesion”
defects. The testing force was applied with the constant
speed at 0.1 mm per minute. During this process, the
acoustic emission parameters were recorded against the
applied force. AE parameters were: amplitude; activity;
total count [16,17].

The acoustic emission research was performed by
measuring system designed on the base of instrument
AF-15, which had been modified in order to connect
it to computer and thus 40 times increase the data
rate recorded. Acoustic emission signals were detected
by piezoelectric resonant transducers (gauges) P113
with 0.2-2.0 MHz frequency band and 1.6 x 10° V/m
conversion factor. Piezoelectric gauges are connected to
preamplifiers with 40 dB amplification gain. Preampli-
fiers transmit signals to amplifier and filter unit, which
provides discrete selection of amplification gain and
frequency diapason within the frequency range from
20kHz to 2 MHz. The data rate is specified for the
following parameters: total count — 10° — 10° imp.;
activity — 10° — 103 imp/sec; dynamic diapason of
amplitude — 150 -5000 mV.

The lowest ultimate tensile strength was measured
for low adhesion joints. Solder joints with such defects
sustained only 30-40 N. The failure of these joints
occurred when the leads were pulled out of the solder
with no acoustic emission detected. As far as the case
when leads are not wetted completely in the solder joint
is very unlikely, further testing on SJs was carried out
on specimens having partly wetted leads. Such tests
resulted in ultimate strength of 70-80 N [18-22].

The averaged results of the experiments are given
in table. 1. Statistical analysis of experimental data
testified the significant decreasing ultimate strength for
defective SJs with 95 % confidence probability.

Table 1 Tensile tests results for soldered joints of 60
resistors MLT 2

Group | Solder joint | Average Average
condition ultimate strength
load, N decrease, %
1 Joint 116.2 -
without
defect
2 Cold joint 44.5 62
3 Low adhesi- | 75.9 35
on joint

In analysis of AE parameters, recorded along with
the load progression, two parameters were considered
to be the most informative: total count N (impulses,
imp) and maximal activity A,,q. (impulses per second,
imp/s). The comparative analysis was made among
three types of solder joints for acoustic emission
parameters recorded within the force range from 0 to
44 N what corresponds to average ultimate strength for
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Fig. 2. Acoustic emission parameters against force progression recorded during tensile tests on solder joints of
three types: 1 — cold joints; 2 — low solder adhesion joints; 3 — solder joints without defects

the cold joints and makes 40 % of the ultimate force for
joints without defects (table. 2, fig. 2).

Table 2 Acoustic emission parameters under 40 % of
the solder joint ultimate tensile force

Maximal

Group | Solder joint TOtafl count, activity,

condition mp imp /s
1 Joint 34 51

without

defect
2 Cold joint 70 210

Low adhesi- | 22 40

on joint

As foreseen, the AE character differed for di-
fferent groups. Fig. 2 demonstrates acoustic emission
progression recorded against the applied force duri-
ng tensile tests on solder joints in three groups with
mentioned types of defects.

Obtained results can testify of substantial sensitivi-
ty and applicability for the method of acoustic emission
to detect defects and possibly to assess the ultimate
strength of solder joints. Besides, it holds the potential
for nondestructive diagnostics of solder joints which
is performed with the help of mechanical tests under
forces long before the final failure [23-25].

2 Surface mount technology
solder joints tensile strength
assessment and technology
improvement

The metallic ceramic capacitors K10-17B and
K10-50B, which are surface mount devices (SMD),
were objectives for the next research. Nowadays SMD
technology gains popularity due to range of advantages
before THT. Exploring, assembling and testing these
capacitors are likely to cause damages in form of
contact pads defoliation and detachments or even

capacitor destruction [4]. Preliminary shear strength
tests revealed that ultimate shear loads 2-4 times
exceed tensile ones. Therefore capacitors K10-17B and
K10-50B were subjected to the tensile tests aimed at
defining: ultimate loads that cause mentioned damages;
tensile strain of capacitors; difference in ultimate loads
for overheated solder and cold solder joints of K10-50B
capacitors; correlation between AE signals and solder
joint strength for varied technological conditions.

In order to minimize errors in measuring small loads
for tensile tests the special appliance was designed

(fig. 3).

The measuring train used in the test consisted of
electro-tensometry and acoustic emission instruments.
Two batches of 100 capacitors K10-17B and K10-50B
were tested. Capacitors 5 (fig. 3) were soldered by their
termination caps to the ends of two strips, cut out
of the PCB substrate, which were then clamped in
between the lever 3 and the base 1. Turning handle
8 revolved the drum 7 and through the traction 6
pulled the left side of the lever 3 so as to apply load to
capacitors; load was indicated by dynamometer 4. To
increase measurement accuracy for smaller loads the
testing appliance is designed so that lever shoulders
can be varied if needed.

Tests were conducted with simultaneous records of
acoustic emission and loads. In all the cases destruction
occurred as defoliation of a contact pad. Strain gauges
were attached to capacitors (fig. 3) with purpose to
define strain versus load dependences (fig. 4). The
average ultimate loads measured for batches of capaci-
tors K10-17B and K10-50B made P, = 23.7N and
P, = 31.8N correspondently.

The next experiment was conducted to verify the
overheating effect to ultimate load of solder joints. Two
groups of capacitors K10-50B that differed in soldering
technologies were subjected to tensile tests.
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Fig. 3. Manual tensile test appliance: a — structure; b — strain gauge attachment; c — capacitor installation. 1 —
base; 2 — support; 3 — lever; 4 — dynamometer; 5 — capacitor; 6 — traction; 7 — drum; 8 — handle.
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Fig. 4. Strain versus tensile load dependences for
capacitors K10-17B (1) and K10-50B (2,3 - 6)

In the first group soldering was conducted at
220-270°C temperature during 10 sec with standard
alloy POS-61, in the second group — at 94-120°C
temperature with rosin alloy.

Data analysis (table. 1) testified that overheating
of solder joints improves their adherence to the contact
pads and increases their tensile strength.

Significant difference between cold solder and
overheated joints was indicated by acoustic emissi-
on recorded (fig. 5) during experiment. For the cold
solder AE signals appeared earlier; their total count
was 1.5 times and activity — 2.5 times higher than
for overheated ones. Average strains recorded for cold
solder and overheated joints were &y = 70 x 10~° and
€9 = 45 x 10™° correspondently.
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Fig. 5. Acoustic emission total count versus strain di-
agrams: 1 — cold solder joints with ROSE alloy; 2 —
overheated joints with POS-61alloy

The next experiment was made with conjecture
that contact joint strength depends on soldering
temperature. The experiment was arranged with
account for limitations posed by complexity to measure
solder temperature either theoretically or practi-
cally. The decision was made to remain soldering
technology unchanged with an exception for contact
joint temperature, which was considered to increase by
preliminary heating the capacitors [26,27].

The experiment was conducted for two groups of
capacitors. 1%¢ group was soldered at the standard
temperature. 2" group was preheated before solderi-
ng in thermostat within 1 hour at the discrete
temperatures: 150°C; 180°C; 200°C, 215°C, 230°C,
250°C. After preheating capacitors were soldered and
subjected to tensile tests by the method explained
above.

Data analysis (table. 3) indicated that preheating
of solder joint at 200 °C increased its strength by 50 %.
Moreover optimal preheating temperature, producing
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Table 3 Tensile ultimate loads of K10-50B capacitor solder joints for different temperature modes

Soldering technology modes

Duration: 10 sec

Duration: 3 sec

POS 61 rosin alloy

Standard

Preheated in thermostat within 1 hour
at the temperatures, °C:

t = (220 —270)°C | t=(94—120)°C 150 [ 200 [ 250
Average tensile ultimate loads, NV
59.7 | 36.2 | 30.6 | 403 | 47.6 | 229
maximal strengthening effect was defined in interval of formula:
180-200°C. ou _ 40
o] = 2 = = =16 MPa, 1)

3 Theoretical model of pure
bending condition for printed
circuit boards

Conducting tensile tests with simultaneous
recording acoustic emission showed perspectives for
nondestructive strength diagnostics of components
solder joints installed on PCB, although practical
application of the method was limited by monitoring
only the single component joints at the time. In order
to overcome this limitation and conduct tests for entire
PCB with all components installed the pure bending
technique was applied (fig. 6) [28,29]. The pure bending
was designed to provide equal testing stress over the
PCB area as applied in between two supports. Using
such technique allows monitoring all solder joints
present within the tested area simultaneously.

Fig. 6. Pure bending test on printed circuit board

The experimental tests were conducted on PCBs
populated with surface mount devices whose solder
joints were now the research objectives. The threshold
limit force applied during bending test was to be
specified in order to provide necessary stress for the
tested joints. Noteworthy is that ultimate strength of
a solder joint depends on its mechanical characteristi-
cs which are to be found with respect to its design
and technology. Thus, the ultimate strength of the
solder itself is less than strength of the solder joint it
makes. For an instance the ultimate strength for the
solder POS40 in the cast phase makes o, = 40 MPa
and ultimate strength for the fiberglass substrate is
o, = 45 — 100 MPa [6].

Assuming ultimate strength of the solder as the
reference value the test stress is calculated by the

where 0, — ultimate strength, n = 2.5 — safety factor.

Using formula (1) ensures that possible error in
calculations caused by no account for design and
technology of the joint will deposit into the safety
factor. Safety factor used in the formula is sufficient to
ensure safe level of testing stress oes; which is within
proportionality strain area of solder material. Under
such stress the material of solder undergoes only elastic
deformations, which do not reduce its strength.

The testing stress is used to specify the threshold
limit force P, which is to produce the nondestructive
tests on solder joints. The force application scheme is
represented in fig. 7.
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Fig. 7. Force application and internal bending moments
diagram for pure bending test on printed circuit board

According to fig. 7 the maximal and equal moments
M = M, appear only in pure bending area with
the length L which is created by and lays in between
two supports A and B, and the stress they generate is
maximal in peripheral layer on the PCB cross section
C — C [6]. The upper layer on the height h elongates
and undergoes tension and the lower layer shortens
and undergoes compression stresses. Then the maximal
stress is found by formula:

Mmaz

T (2)

Omaz = Ymazx,
where M,,,, — maximal bending moment created by
action of the force P; I,, — axial moment of inertia;
Ymae — Maximal distance from the neutral line of the
cross-section to the peripheral layer (fibers); ymaz =
h/2, where h — thickness of the printed circuit board
substrate.

Understanding that ratio I, /Ymas. represents the
axial moment of resistance W, formula (2) will be
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shortened as:
Mmax

—_—. 3
W 3)
According to strength condition for normal stresses

which are created by the bending force — maximal
stress has to comply with acceptable standard [o]:

Omazx =

(4)

In order to perform nondestructive test on PCB in
compliance with acceptable standard requires maximal
acceptable force estimation [6].

According to force application scheme (fig. 7) and
by using formulas (3) and (4) the maximal bending
moment is expressed as:

Omazx < [0'] .

Moz = P -1, (5)
axial moment of rectangular section resistance [6] is

expressed as:
b-h?
- (6)

Then maximal acceptable force to be applied for
nondestructive bending tests on PCB, has to comply
with condition:

Waac =

= 6l @

4 Printed circuit boards
bending strength test

pure

Pure bending tests conducted by using tensile
machine IP-5057-50 indicated that the activity of
acoustic emission responds to the loading speed. Since
AE data analysis requires its essential amount the deci-
sion was made to conduct tests at maximal acceptable
force application speed, which was 100 millimeters per
minute. The applied force was under acceptable level
calculated by formula (3) Pies: = 36N. However even
such force application indicated negligibly low activi-
ty of acoustic emission yet so the test was continued
in cycling mode of multiple loads and unloads. All
PCBs were tested in five cycles. In such pulsing cycles
stresses in solder joints caused by the force appli-
cation ranged from 0 to 16 MPa. Acoustic emission
parameters recorded during all tests were received to
from piezoelectric gauges and pre-amplifiers at 0.02-
0.2 MHz frequency band. Piezoelectric gauges were
attached to PCB surface through the layer of acoustic
paste [30, 31].

The tests were performed for 60 double sided foil
laminated fiberglass printed circuit boards (dimensi-
ons: 320x120x1.5x0.1 mm). For the experiment PCBs
were prepared and sorted into three equal groups which
differed in defects embedded into their solder joints:
1) PCBs with solder joints without defects; 2) PCBs
with cold joints; 3) PCBs with low solder adhesion
joints. Solder joints taken for the tests were created

on each PCB by installing one component — resistor
MLT-2. Through-hole technology was used. For the
group 1 installation technology sustained technologi-
cal standard [28]. In the group 2 one of the leads of
resistors was soldered with cold joint defect, which is
recognized as “circle crack” joint and is likely to occur
in THT. In the group 3 solder joints were embedded by
low solder adhesion defect; such defect was reproduced
by performing incomplete solder technology — in this
purpose leads were not wetted by solder before the
actual soldering.

The acoustic emission parameters were recorded
against the applied force. AE parameters were: ampli-
tude; activity; total count. Analysis of acoustic emissi-
on data obtained for three groups of PCBs indicated
the following. PCBs of the first group, which had
no defects embedded into their solder joints, did not
radiate considerable acoustic emission during all cycles
unlike the other groups. PCBs whose solder joints had
low solder adhesion defects radiated acoustic emission
the reached 10-15 imp total count and 1 mV ampli-
tude. Such signals were observed at load progression
phase of the cycles and in peaks of the force. Another
group of PCBs with cold joint defects was characteri-
zed by considerably higher values of acoustic emission
parameters: total count reached 30-40 imp with 2.5 mV
amplitude. Moreover the character of acoustic emissi-
on for the cold joints was specific — acoustic emission
appeared on the load discharging phases of the cycles,
what may demonstrate the process when cracks present
in the joint are converging their edges. The examples
of acoustic emission diagrams obtained during pure
bending cycling tests on PCBs with embedded solder
joint defects are shown in figures 8,9.

o, MPa

Fig. 8. Acoustic emission amplitude diagram in 5 pulsi-
ng cycles of pure bending test: dash lines — low solder
adhesion joints; solid lines — cold joints
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Fig. 9. Acoustic emission total count in 5 pulsing cycles
of pure bending test: 1 — cold joint; 2 — low solder
adhesion
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The obtained records of acoustic emission de the water chamber. PESs were installed on the
parameters against the force applied and their plane parallel to PCB at the specified distance, so that

assessment allowed to select the total count as the
most informative parameter that correlates with types
of defects and, what is more practicable, with ultimate
strength of the solder joints. Thus application of
acoustic emission method along with mechanical tests
and recognizing acoustic emission character correlation
with mechanical characteristics of the solder joints,
such as ultimate strength, gives the reason to use it
for developing strength diagnostic methods of PCB’s
solder joints [4,24,25].

5 Theoretical model and impli-

cation of planar defect location
in printed circuit boards

The location accuracy of acoustic emission
is strongly effected by acoustic characteristics of
the transmitting medium and becomes complicated
problem for a medium which is heterogeneous. So AE
spreading and location in PCBs is strongly complicated
due to structural complexity of PCBs, that consist of
THT or SMD components, conductive tracks, pads
and other features etched from copper sheets lami-
nated onto a non-conductive substrate, whose acoustic
characteristics (table. 4) are different [26]. The task of
the current research was to develop method for planar
location of AE whose sources are defects progressing in
stressed PCBs when exposed to external forces.

Material Density

The idea of the method developed for planar locati-
on consisted in remote detection of AE by piezoelectric
transducers through the volume of homogeneous medi-
um [19,28,29] such as water, unlike detecting AE on the
PCB surface where AE signal is likely to be distorted or
even lost. Water retains the most acceptable attenuati-
on constant § = 2.5 as compared to other homogeneous
mediums.

The testing installation represents load appliance
for PCBs and 4 piezoelectric sensors installed insi-

Y, mm 300 T r

200 g

130 B

.
50 100 X, mn

(a)

their receiving side faced the tested PCB. Acoustic
waves generated by defects in PCB spread through the
volume of water and reach the sensors with negligible
loss or distortion.

The planar location in Cartesian coordinates is
calculated in the space coordinate system XYZ. 4 PESs

are installed on the axes X and Y in z = 0 plane
(fig. 10).
The monitored PCB lays in the plane z = zK,

where zK is distance between the PCB and PESs.
The 4 channel acoustic emission system detects two
time differences ™ and 75 of signal arrivals to two
pairs of opposite sensors in two orthogonal axes. Time
differences 7 and 7 is related to distance differences
from AE source K to PESs in correspondent pair:

{

where 7 — time difference of signal arrivals to PESs in
points A and B; 75 — time difference of signal arrivals to
PESs in points C and D; v — ultrasonic speed in water.

BK — AK =19,

CK — DK = 7,0, (8)

K(%.Yio2)

D(x3,y3,2;)

10. Planar location scheme
transparent medium: K — source of AE; A, B, C, D —
piezoelectric sensors

Fig. in acoustically

The final expressions for AE coordinate calculation
are represented as:

¥, mim 200 T T

150 B

a0

,
0 100 X, mm

Fig. 11. Acoustic emission planar diagrams recorder during PCB bending tests: a — location on PCB surface;
b — location in acoustically transparent medium
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Table 4 Acoustic characteristics of PCB structural materials

: Density p - 10° Wave speed v - 10°, m/s Attenuation

Material B ’ VRNET 1
kg/m Longitudinal Cross Surface constant J, m
Textolite | 1.2-1.3 2.63 - - > 100
Lead 11.4 2.16 0.70 0.63 1-10
Copper | 8.9 4.66 2.26 2.12 10-100
I — :tl 7'121927'22192 (7'2219277'12192+4:Eif4y§)+4‘r12192y§ (712192 741’274,2%)
k 2 A7292y2 +4729%2%7 —1623y3 ’ (9)

_ :tl 7121927-22192(TfﬂQ—7'22192—&-4.13—4y§)+4722192m?1(7-22192—4y§—4213)
Ye = L3 47292y2+4729%2% —1623y2 )

In formulas (9) positive or negative signs are
selected regarding sings of 71 and 5.

The experimental verification of the offered method
was conducted in testing installation with PESs
installed at 70 mm distance from the tested PCB.
The AE planar location diagrams obtained by regular
surface location performed on the PCB surface and
by the developed method are shown in fig. 11 (a) and
fig. 11 (b) correspondently.

The application of developed method in acousti-
cally transparent medium indicated that located area
of the spotted defect makes about 1% of the total PCB
area, what provides accuracy 2-4 time higher than by
the regular surface location.

6 Method for technical di-
agnostics of solder joints with
application of acoustic emissi-
on method

Conducted research and results of application of
acoustic emission method in mechanical tests on pri-
nted circuit boards allowed to design method for
technical diagnostics of printed circuit boards and their
solder joints.

Technical diagnostics of solder joints is performed
by the following steps.

— The test on printed circuit boards are conducted
by pure bending force application under
acceptable limit of the load estimated with
respect to the safety factor for the solder material
n = 2.5.

— In case when acoustic emission is detected, the
test is repeated in 5 load/unload pulsing cycles.
Progression of acoustic emission (total count)
in the cycles indicates of defect progression in
the solder joint and such PCB is rejected and
classified as defective.

— When required defect location is performed in
order to repair it.

The developed method has been tested out on the
batch of industrial printed circuit boards [9]. The tests

were conducted for 32 single sided fiberglass foil lami-
nated PCBs (dimensions: 120 x 140 mm). During the
tests three PCBs were detected by observing acoustic
emission radiate, what indicated a process of defects
progression. Analysis of the acoustic emission character
helped recognize the type of the detected defects — low
solder adhesion, which was then identified by detai-
led optical 10x zoom revision of the places where AE
was spotted. The solder joints were also examined by
measuring their electric resistance what confirmed the
previous conclusion. Noteworthy is that PCBs taken
for tests had been used for a long time and detected
defects had remained hidden before the tests. Hence,
these defects could have potentially progressed if PCBs
had operated furthermore and such solder joints would
have failed causing failure of the whole electronic unit.

Conclusion

Experimental research conducted for solder jo-
ints performed by through-hole and surface mount
technologies on printed circuit boards by using
mechanical tensile and pure bending tests along with
method of acoustic emission with simultaneous moni-
toring both mechanical characteristics and acoustic
emission parameters resulted in finding relationship
between parameters of acoustic emission, in particular
total count, and such defects of solder joints as cold
joint and low solder adhesion.

The experimental research by tensile tests has veri-
fied the overheating effect to solder joints, as long as the
overheating of solder joints improves their adherence to
the contact pads and increases their tensile strength,
and demonstrated applicability of acoustic emissi-
on method capable to indicate significant difference
between cold solder and overheated joints.

The theoretical model for pure bending testing on
printed circuit boards has been developed in order to
provide equal testing stress condition over the printed
circuit board and calculate maximal acceptable force
to be applied for nondestructive bending tests.

Theoretical model for planar location has been
developed for defect location in printed circuit boards.
The application of developed method in acoustically
transparent medium indicated that located area of the
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defect makes about 1% of the total PCB area, what
provides accuracy 2-4 time higher than that by the
regular surface location.

Method for technical diagnostics of solder joint on

printed circuit boards that uses pure bending cycling
tests with application of acoustic emission method has
been designed.

References

(1]

[10]

[11]

Tong JPC, Tsung F, Yen BPC (2004) A DMAIC
approach to printed circuit board quality improvement.
The International Journal of Advanced Manufacturi-
ng Technology, Vol. 23, Iss. 7-8, pp. 523-531. DOI:
10.1007/s00170-003-1721-z

Liu X. and Fang W. (2011) Life character analysis

methods of storage electronic components. 2011
International  Conference on  Quality, Reliability,
Risk, Maintenance, and Safety FEngineering. DOI:

10.1109/icqr2mse.2011.5976773

Barto S. and Mach P. (2016) Nounlinear distortion of C/V
characteristic — Useful tool for diagnostics of electrically
conductive adhesives: Theoretical background, measuring
equipment, selected applications. 2016 Conference on Di-
agnostics in Electrical Engineering (Diagnostika). DOI:
10.1109/diagnostika.2016.7736501

Kovtun I., Boiko J., Petrashchuk S. and Kalaczynski
T. (2018) Theory and practice of vibration analysis in
electronic packages. MATEC Web of Conferences, Vol. 182,
pp. 02015. DOI: 10.1051/matecconf/201818202015

Lall P., Gupta P. and Goebel K. (2011) Identification of fai-
lure modes in portable electronics subjected to mechanical-
shock using supervised learning of damage progression.
2011 IEEFE 61st Electronic Components and Technology
Conference (ECTC). DOI: 10.1109/ectc.2011.5898783

Kovtun I., Boiko J. and Petrashchuk S. (2017)
Nondestructive strength diagnostics of solder joints
on printed circuit  boards. 2017  International
Conference on Information and Telecommunication
Technologies and Radio FElectronics (UkrMiCo). DOL:
10.1109/ukrmico.2017.8095401

Viswanadham P. and Singh P. (1998) Failure Modes and
Mechanisms in FElectronic Packages. DOI: 10.1007/978-1-
4615-6029-6

Kiihl R.W. (1999) Mechanical stress and deformation of
SMT components during temperature cycling and PCB
bending. Soldering & Surface Mount Technology, Vol. 11,
Iss. 2, pp. 35-41. DOI: 10.1108/09540919910265677

Royzman V. (2002) Ways to improve strength reli-
ability of electronics elements and systems. Modern
Problems of Radio Engineering, Telecommunications
and Computer Science (IEEE Cat. No.02EX5/2). DOI:
10.1109/tcset.2002.1015917

Bauriene G., Kovtun [., Boiko J., Petrashchuk S.
and Pilkauskas K. (2017) Effects of the strain
transmission from the main board to the installed

electronic components. Mechanics, Vol. 22, Iss. 6. DOI:
10.5755/j01.mech.22.6.16891

Bansal A., Ramakrishna G. and Liu K. (2011) Method
for early detection of PCB bending induced pad cratering.
2011 IEEFE 61st Electronic Components and Technology
Conference (ECTC). DOI: 10.1109/ectc.2011.5898672

[12]

[14]

[17]

18]

[19]

(21]

[22]

23]

[24]

[25]

Zahedi F. and Huang H. (2014) A wireless acoustic emission
sensor remotely powered by light. Smart Materials and
Structures, Vol. 23, Iss. 3, pp. 035003. DOI: 10.1088,/0964-
1726/23/3/035003

Ralph W.C., Daspit G.L., Cain A.W., Benedetto E.E.,
Jenkins R.S., Allen A.M. and Newman K. (2013) Acoustic
emission detection of BGA components in spherical bend.
2013 IEEE 63rd FElectronic Components and Technology
Conference. DOI: 10.1109/ectc.2013.6575573

Kusiak A. and Kurasek C. (2001) Data mining of printed-
circuit board defects. IEEE Transactions on Robotics
and Automation, Vol. 17, Iss. 2, pp. 191-196. DOI:
10.1109/70.928564

Prashanth M.D. (2018)
circuit boards: Effect of boundary
10.1063/1.5029594

Vibration analysis of printed
condition. DOI:

Boiko J., Kovtun I. and Petrashchuk S. (2017) Vibrati-
on transmission in electronic packages having structurally
complex design. 2017 IEEE First Ukraine Conference on
Electrical and Computer Engineering (UKRCON). DOI:
10.1109/ukrcon.2017.8100294

Samavatian M., Ilyashenko L.K., Surendar A., Maseleno A.
and Samavatian V. (2018) Effects of System Design on Fati-
gue Life of Solder Joints in BGA Packages Under Vibration
at Random Frequencies. Journal of Electronic Materials,
Vol. 47, Iss. 11, pp. 6781-6790. DOI: 10.1007/s11664-018-
6600-3

Choi U., Blaabjerg F., Jorgensen S., Munk-Nielsen S. and
Rannestad B. (2017) Reliability Improvement of Power
Converters by Means of Condition Monitoring of IGBT
Modules. IEEE Transactions on Power Electronics, Vol.
32, Iss. 10, pp. 7990-7997. DOI: 10.1109,/tpel.2016.2633578

Jannoun M., Aoues Y., Pagnacco E., Pougnet P. and El-
Hami A. (2017) Probabilistic fatigue damage estimation of
embedded electronic solder joints under random vibrati-
on. Microelectronics Reliability, Vol. 78, pp. 249-257. DOIL:
10.1016/j.microrel.2017.08.005

Xia J., Cheng L., Li G. and Li B. (2017) Reliability study
of package-on-package stacking assembly under vibration
loading. Microelectronics Reliability, Vol. 78, pp. 285-293.
DOI: 10.1016/j.microrel.2017.09.012

Liu F and Fan R. (2013) Experimental modal analysis
and random vibration simulation of printed circuit board
assembly. Adwvances in vibration engineering, Vol. 12, No
5, pp. 489-498.

Xie H., Zhou D. and Liu Z. (2012) The sub-model method
for analysis of BGA joint stress and strain during random
vibration loading. 2012 13th International Conference on
FElectronic Packaging Technology € High Density Packagi-
ng. DOI: 10.1109/icept-hdp.2012.6474825

Qi X., Zhou B. and En Y. (2011) Effect of solder joint
parameter on vibration fatigue reliability of high density
PCB assembly. 2011 International Conference on Quality,
Reliability, Risk, Maintenance, and Safety Engineering.
DOI: 10.1109/icqr2mse.2011.5976665

Salahouelhadj A., Martiny M., Mercier S., Bodin L.,
Manteigas D. and Stephan B. (2014) Reliability of
thermally stressed rigid-flex printed circuit boards for
High Density Interconnect applications. Microelectroni-
c¢s  Reliability, Vol. 54, Iss. 1, pp. 204-213. DOIL:
10.1016/j.microrel.2013.08.005

Tonolini F., Sala A. and Villa G. (1987) General review of
developments in Acoustic Emission methods. International
Journal of Pressure Vessels and Piping, Vol. 28, Iss. 1-5,
pp. 179-201. DOI: 10.1016,/0308-0161(87)90075-5


https://dx.doi.org/10.1007/s00170-003-1721-z
https://dx.doi.org/10.1007/s00170-003-1721-z
https://dx.doi.org/10.1109/icqr2mse.2011.5976773
https://dx.doi.org/10.1109/icqr2mse.2011.5976773
https://dx.doi.org/10.1109/icqr2mse.2011.5976773
https://dx.doi.org/10.1109/diagnostika.2016.7736501
https://dx.doi.org/10.1109/diagnostika.2016.7736501
https://dx.doi.org/10.1051/matecconf/201818202015
https://dx.doi.org/10.1109/ectc.2011.5898783
https://dx.doi.org/10.1109/ectc.2011.5898783
https://dx.doi.org/10.1109/ukrmico.2017.8095401
https://dx.doi.org/10.1109/ukrmico.2017.8095401
https://dx.doi.org/10.1109/ukrmico.2017.8095401
https://dx.doi.org/10.1007/978-1-4615-6029-6
https://dx.doi.org/10.1007/978-1-4615-6029-6
https://dx.doi.org/10.1108/09540919910265677
https://dx.doi.org/10.1109/tcset.2002.1015917
https://dx.doi.org/10.1109/tcset.2002.1015917
https://dx.doi.org/10.1109/tcset.2002.1015917
https://dx.doi.org/10.5755/j01.mech.22.6.16891
https://dx.doi.org/10.1109/ectc.2011.5898672
https://dx.doi.org/10.1109/ectc.2011.5898672
https://dx.doi.org/10.1088/0964-1726/23/3/035003
https://dx.doi.org/10.1088/0964-1726/23/3/035003
https://dx.doi.org/10.1109/ectc.2013.6575573
https://dx.doi.org/10.1109/ectc.2013.6575573
https://dx.doi.org/10.1109/70.928564
https://dx.doi.org/10.1109/70.928564
https://dx.doi.org/10.1063/1.5029594
https://dx.doi.org/10.1063/1.5029594
https://dx.doi.org/10.1109/ukrcon.2017.8100294
https://dx.doi.org/10.1109/ukrcon.2017.8100294
https://dx.doi.org/10.1007/s11664-018-6600-3
https://dx.doi.org/10.1109/tpel.2016.2633578
https://dx.doi.org/10.1016/j.microrel.2017.08.005
https://dx.doi.org/10.1016/j.microrel.2017.09.012
https://dx.doi.org/10.1109/icept-hdp.2012.6474825
https://dx.doi.org/10.1109/icept-hdp.2012.6474825
https://dx.doi.org/10.1109/icept-hdp.2012.6474825
https://dx.doi.org/10.1109/icqr2mse.2011.5976665
https://dx.doi.org/10.1109/icqr2mse.2011.5976665
https://dx.doi.org/10.1016/j.microrel.2013.08.005
https://dx.doi.org/10.1016/j.microrel.2013.08.005
https://dx.doi.org/10.1016/0308-0161(87)90075-5
https://dx.doi.org/10.1016/0308-0161(87)90075-5

Reliability Improvement of Printed Circuit Boards by Designing Methods for Solder Joint Technical Diagnostics. .. 69

[26] Bogorosh A., Voronov S., Visniakov N., Stekaturoviené D.
and Bubulis A. (2010) The Mechanism of Defects Formati-
on in Silicon Substrates. Solid State Phenomena, Vol. 165,
pp. 7-12. DOIL: 10.4028 /www.scientific.net/ssp.165.7

[27] Ralph W.C., Benedetto E.E.; Allen A.M. and Newman

K. (2014) Pad crater detection using acoustic
waveform  analysis. 2014 IEEE 64th  FElectronic
Components and  Technology Conference (ECTC).
DOTI: 10.1109/ectc.2014.6897482

[28] Bogorosh A, Voronov S, Roizman V, Bubulis A,
Vy$niauskiené Z. (2009) Defect diagnostics in devices via
acoustic emission. Journal of Vibroengineering, 11(4), pp.

676-683. https://www.jvejournals.com/article/10343/abs

[29] Ralph W.C., Daspit G.L., Cain A.W., Benedetto E.E.,

Jenkins R.S., Allen A.M. and Newman K. (2013) Acoustic
emission detection of BGA components in spherical bend.
2013 IEEFE 63rd Electronic Components and Technology
Conference. DOI: 10.1109/ectc.2013.6575573

Robertson C. (2003) Printed Circuit Board Designer’s
Reference: Basics, Prentice Hall.

Wei H. and Xu L. (2017) Research on dynamic model of
printed circuit board based on finite element method. DOI:
10.1063/1.4992899

IMigBuitenHs HaAiHOCTI APYyKOBAHUX
JIAT HIJISXOM PO3POOKU METOIIB TEXHi-
4HOI JIarHOCTUKH MadgHNX 3’€IHAHbL 3 BI-
KOPUCTAHHAM METOAY aKyCTHUYHOI eMicil

Kosemyn I. I., Botiko FO. M., Hempawyx C. A.

Crarrss TPUCBAYYETHCS PO3POOI METOIUKU TEXHi-
9HOI MIarHOCTUKHK APYKOBAHUX ILIAT, 30KpEMa IX MasHUX
3’¢HaHb, BUKOHAHMUX 33 TEXHOJIOTIEI0 HACKPI3HOTO 1 IO-
BEPXHEBOTO MOHTaXKy. EKcrTyaTallisa Ta T€XHOI0Tis BUKJIN-
KalOTh MEXaHIYHI B3a€MOMIl 1 CHJIM MIiXK HiJIKJIAIKOIO JIPY-
KOBAHOI ILIATH 1 €JIEKTPOHHUMH KOMIOHEHTaMH. TaKi CHIu
pO3TATYBaHHSI, 3CyBY, 3TMHY a00 KPYYEHHS ME€PEIAI0ThCS
depe3 KOHTAKTHI 3’€IHAHHS, $IKi BUSBJISIOTHCS HAMOIIbII
cabkumu Jrankamu B 30ipmi. ExcepumenTasibii 1ocipKe-
HHS$I TTPOBOIUJIACS 33 JIOTIOMOTOI0 MEXaHIYHUX BUIIPOOYBaHb
Ha PO3TAT i 3TWH 3 TOJAJIBIINM BUKOPUCTAHHSM METOLY
akyctugHOl emicii. IIpomemoncTpoBana 3HaAYHA 9y T/IMBICTH
1 3aCTOCOBHICTH METOZY AKYCTHYHO! eMicii 1jia BUABJIEHHS
nedexTiB 1 OmMHKN TpaHUIHOI MIMHOCTI MASHUX 3’ €THAHD
npu HepyhHiBHIN miarmoctumi. [las mimiMizamil moMuaok
IpY BUMipi MajnX HABAHTAYKE€Hb TPU BUMPOOYBAHHAX HA
pO3TAT KepaMidHWX KOHJIEHCATOPIB OyI0 PO3POOJIEHO Crie-
miaJibHe IPUCTOCYBAaHHSA. EKCIEPUMEHTAIbHI JOCIIIT2KEHHS
p¥ BUIPOOYBAHHSAX HA PO3TAT MiATBEPAU/IA €(PEKT CTBO-
pIoBaHUl TeperpiBoM Ha IasHi 3’€IHAHHS, OCKLIBKHU IIepe-
rpiB HAgHUX 3’€IHAHD ITOKPAIIYE iX aaAre3ifo 10 KOHTAKTHIX
IUTOIAIOK 1 30ibuIye iX MIMHICTH Ha PO3THT, i IPOIEMOH-
CTPYBAJIM 3aCTOCOBHICTh METO/Iy aKyCTHYIHOI eMicil 3/1aTHO-
0 BULABJIATA 3HAYHY BIIMIHHICTH MiXK XOJIOZHUM IIPHUIIOEM
i meperpiTuMm masHuUM 3’€aHaHHAM. lIpmcTpiit qIs wwCTO-
ro 3ruHy Oy0 Po3pobJieHO I 3a0e3MedeHHsT OTHOYACHO-
ro KOHTDOJIO BCIX MAgHUX 3'€IHAHb IIPU PIBHOMIPHOMY
BUIIPOOYBAJLHOMY HAIMpYKEHHI. 3a MPOBEIEHUMH BUIIPO-
OyBaHHAMHI TIO TY/IbCYIOYOMY ITHKJIy 3arajbHUN DPaxyHOK
OyB BH3HAYeHHI AK HAUWOLIbm iHdoOpMaTHBHMII mapameTp

aKyCTHYHOI eMicii, sKuil KOpesoe 3 Tunamu aedeKTis i rpa-
HUYHOO MIITHICTIO TIAsSTHUX 3’ €THaHb. MOoJean mIanapHol JIo-
Karlii po3pobJieHa Ha OCHOBI ifiel AUCTAHITINHOTO BUSBJ/ICHHS
aKyCTHIHOI eMicil yepe3 06’e€M OTHOPITHOTO CEPEeOBHUIA, HA
BiIMiHY BiJ TOBEDPXHI APYKOBAHOI IIJIATH, J€ CUTHAJ aKyCTHU-
9HOI eMmicii Moke OyTu CIIOTBOpeHwUit a00 HABITH BTPAIEHUIL.
Bukopucranns meromy akyctmdHOI emicii 1 MexXaHIYHOTO
BUNPOOYBAHHS HA [UKJIYHUI 3rUH I03BOJIMIO PO3POOUTH
METOJT TEeXHIYHOI [MIarHOCTHKW TASHUX 3’€IHaHb. Pe3ysb-
TaTH, TPEACTaB/EHI B CTATTL, COPUAIOTH YAOCKOHAJIEHHIO
TEXHOJIOTIT Ta KOHCTPYIOBAHHS BUPOOIB PaIi0€IeKTPOHIKN.

Karowost croea: nasgHuil map; APYKOBAHA ILIATA; Te-
XHIYHA JiarHOCTUKA, €JeKTPOHHI KOMIIOHEHTH; aKyCTUTHA
eMicist; BUIIpoOyBaHHS Ha PO3THAT; IUCTUN 3TUH

IloBbIllIeHMEe HAAEYKHOCTU  IMEeYaTHBIX
IJjaT myTeM pa3paboTKM MeTOIO0B Te-
XHUYECKON JUArHOCTUKU MaAIHBIX CO-
€INHEHW C WCHOJIb30BAHUEM MeETOJa
aAKYCTUIECKOI IMUCCUU

Kosmyn U. U., Botixo FO. H., Ilempawyx C. A.

Crarbsa nocBgaimaercs pa3paboTKe METONMKUA TeXHUYe-
CKOW TMarHOCTUKY MEYATHBIX TIIAT, B YACTHOCTHU UX TIASTHBIX
COeIMHEHN, BBIMOTHEHHBIX 110 TEXHOJIOTUN CKBO3HOTO W
IOBEPXHOCTHOI'O MOHTaX)Ka. DKCIJLyaTallud WU TEXHOJIOTHUs
BBI3BIBAIOT MEXQHWYECKVE B3aNMOIEACTBUS U CUIBI MEYK Iy
TIOJTOZKKOM TIeYaTHON TIATHl W SJIEKTPOHHBIMU KOMITOHEH-
Tamu. Takue CUIIbI paCTsIKEHUs, CIBUTA, M3rN0a UIn KPyde-
HUS TIePEJAl0TCs JYepe3 KOHTAKTHBIE COEIMHEHsI, KOTOPhIE
BBISBJISIOTCS Hambojiee C/1abbIMu 3BEHbSIMU B COOpKe. DK-
CIIEPUMEHTAJIHHBIE MCCJIEI0BAHNUS IIPOBO/IAINCH C TIOMOIIHIO
MEeXaHWYECKUX UCITBITAHUIN Ha PACTSAYKEHNE U U3THO C TTOCIe-
JYIOIINM WCIOJIb30BAHNEM METOd aKYCTUIECKOM IMUCCUM.
IIpomemoncTpupoBana 3HAYNTEIHHAS IyBCTBUTEIHHOCTD U
TTPUMEHUMOCTh METOIa AKYCTUYIECKON SMUCCUN IS BHISIB-
Jgenus J1e(eKTOB M OIEHKU IPEIETbHON MPOYHOCTH Tas-
HBIX COeQWHEHNI Py Hepaspymameil guarnoctuke. Jlis
MUHUMHU3BAIAN OMMOOK TPU M3MEPEHWH MAJIbIX HArpy30K
TPU UCIBITAHUSX HA PACTIKEHNE KePAMUIECKUX KOHIIEH-
€caTopoB OBLIO0 pa3paboTAHO CIIENUAJIBLHOE PUCIIOCODIEHHE.
DKCIEePUMEHTAILHBIE UCCIEJOBAHNS MMPU WCIBITAHUAX Ha
pacTtsxkenue TOATBEPAUIN 3P (EKT, TPOU3BOIUMBIN TIEpe-
TPEBOM Ha MasHbIe COeIMHEHUs, ITOCKOIbKY II€Perpes Iia-
SIHBIX COEJVHEHUI yJIydIIaeT WX aAre3ni0 K KOHTAKTHBIM
TJIOMAKAM ¥ YBEJWYUBAET WX MPOYHOCTH HA PACTIKE-
HHUE, U IPOJAEMOHCTPUPOBAIN IIPUMEHUMOCTh METOIA aKy-
CTUYECKON SMUCCHU CIIOCOOHOTO BBISBJIATH 3HAYNUTE/IHHOE
pa3uyne MeKIy XOJIOMHBIM TIPUTIOEM U TIePerpeThiM Tasi-
HBIM COEJIMHEHUEM. YCTPOMCTBO Jjisd YUCTOrO M3ruba ObLIO
pa3paboTamo st 06eCTeYeHnsi OIHOBPEMEHHOTO KOHTPO-
JIST BCEX TMASHBIX COENWHEHWN TPYW PABHOMEDPHOM WCITHITA-
TeJIbHOM HAampsikeHuu. 110 mpoBeIeHHBIM HCIIBITAHUAM II0
MyJIbCUPYIOMEMY UKLy OOMU CUeT OBL ONpeJIesieH KakK
HanbosTee MHMOPMATHUBHBIHN TapaMeTpP aKyCTUIEeCKOU IMUC-
cun, KOTOPBIN KOPPEJIUPYeT ¢ TUIIAMU Je(DEKTOB U IIPeIesib-
HOU IPOYHOCTBHIO MATHBIX coequHeHn. Momeas maanapHoi
JIOKamuu pa3paboTaHa HA OCHOBE WIEW IUCTAHITHOHHOTO
0oOHAPYKEeHHST AKyCTHIECKOH 3Muccun aepe3 00beM OTHOPO-
JTHOM CPEJIbl, B OTJINYNE OT TIOBEPXHOCTHU TIEYATHON TIIATHI,
T/le CUTHAJ aKyCTUIeCKOU SMUCCUU MOYKET ObITh MCKAKEH
wim fgaxke norepaH. Vcnosnb3oBanue MeTOqa aKyCTUIECKOM
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OMHUCCHUHA MU MEXaHHMYIECKOI'O HCIIbITAaHWUA Ha L[I/IKJ'II/I“IECKI/Iﬁ
n3rub MO3BOJINIIO pa3paboTaTh METO TEXHIUIECKON TUATHO-
CTUKU ITaAHBbIX COe,I[I/IHeHI/II‘/JI. Pe3yﬂbTaTbI, npeacTaBJI€HHBIE
B CTaThbe, CHOCO6CTByIOT COBE€PHIEHCTBOBAHUIO TE€XHOJIOIMHA
N KOHCTPYUPOBAHUA I/I3,He.7H/II‘/.I PaIruOJIEKTPOHUKU.

Karouesnie cao6a: IagHOE COEIUHEHNE; IEIATHA I171aTa;
TEeXHUYECKAsT JUATHOCTUKA; SJIEKTPOHHBIN KOMITOHEHT; aKy-
CTHUYECKas SMUCCHUsl; WCIBITAHNE HA, PACTIKEHWE; YUCTHIN
u3rubd
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