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Abstract—This paper presents a theory of the superposition of
two signal components formed during the inspection of printed cir-
cuit board (PCB) by an eddy-current testing probe composed of a
meander-exciting coil and a solenoid pick-up coil. Proportion of
these two components effects the amplitude and the phase of the
output signal. Characteristic changes of the phase characteristic,
obtained from calculations and observed during the real inspec-
tion of PCB, are explained, |

Index Terms—-Amplitude, components, meander coil, PCB
testing, phase, signal, solenoid coil.

I. INTRODUCTION

URING the inspection of Printed Circuit Board (PCB)

by an eddy-current testing (ECT) probe, the information
about possible defects can be obtained either from an amplitude
characteristic or a phase characteristic. The ECT probe, used
for the inspection, consists of a meander-exciting coil and a so-
lenoid pick-up coil [1], [2]. The solenoid pick-up coil inspects
a tangential component of the magnetic flux density, which ap-
pears only at the defect zones [3]. Analysis of the amplitude
characteristic is mainly focused on a removal of an offset signal
and a noise, measurement of signal’s peaks and interpretation
of a final signal [4], [5]. The analysis of the phase charactenstic
can also concern an analysis of a signal’s shape, and it can be
used in future for removal of soldering points from a final 1mage
[6]. In this paper, uncommon changes of the phase characteristic
during the inspection are explained. A source of these changes
is the superposition nature of the output signal. There are two
components in the output signal, which self-proportion effects
both: the amplitude and the phase characteristics of the output
signal. A study of this phenomenon allows a new approach to the
signal analysis, which is the analysis of a signal shape. Due to
the specific nature of the phase characteristic, extraction of sig-
nals coming from elements such as soldering points is possible.

II. STRUCTURE OF THE ECT PROBE

Fig. 1 shows a highly sensitive ECT probe used for the
A1nspection of PCB. A meander coil, used to inspect printed
- circuit boards, has a remarkable shape. Long conductors with
an exciting current produce a magnetic field, which generates
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Fig. 1. ECT probe with solenoid pickup coil.

eddy currents in the PCB conductors. Any defects on the tested
conductors appear as obstacles for the eddy currents and cause
changes in their distributions. The key point of the ECT probe
is its pick-up coil, which has a solenoid shape. This kind of
pick-up coil allows an inspection of a tangential component of
B. The inspection of the tangential component is more ditficult
than the inspection of the normal component, because the
tangential component appears at a very small distance from
the test conductor, and it's value 1s not as high as the value
of the normal component. However, the tangential component
appears only in specific cases—together with defects or at
conductors boundaries. In the case of a defectless conductor,
there 1s no tangential component generated. The output signal
does not have to be extracted from others signals as in the
case of the inspection of the normal component. This is a big
advantage of the probe with a solenoid pick-up coil and the
main reason for its high sensitivity, During scanning, the probe
moves above the test PCB with constant lift-off. The exciting
current frequency is f = 5 MHz, Resultant data, obtained from
an lock-in amplifier are stored in a PC computer. Inspection
can be performed along or across conductors. However, due to
the specific shape of the meander coil and its long conductors,
inspection along conductors is preferred.

III. FORMATION OF THE PICK-UP SIGNAL

According to the Fig. 2, the output signal 1s composed of two
components: the U g0 1 cOmponent caused by an effect of the
exciting current on the pick-up coil, and the Uygeer—2 compo-
nent generated directly by the eddy currents. These two comt-
ponents have the same frequency but different phases. Uygger—1
and Uypeer—2 added together produce an offset signal Ugser.
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Fig. 2. Formation of the output signal during the inspection of PCB conductor

- by the ECT probe.
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Fig. 3. Formatton of the output signal from two sinusoidal components
qufiﬂt—l and quflet—ﬂ-

During the inspection of a homogeneous material, the resultant
data obtained from the lock-in amplifier (U, - ;nax and @, — 1)
remain constant. In case of the inspection of a Printed Circuit
Board conductor with a defect, the amplitude Us_yax Of the
component Usgset—2 Increases by the amplitude Ug_p,ax of a
signal caused by the defect—Uyefect. Fig. 3 shows the forma-
tion of the output signal obtained as a sum of two components
Usiser—1 and Usgrset —2. The components have sinusoidal char-
acter and, according to experimental results, there 1s 70° differ-
ence between their phases.

IV. SIMULATION OF AMPLITUDE AND PHASE CHARACTERISTICS

The amplitude and the phase of the output signal are effected
by a proportion P;

Ul—mmax
P = (1)
Ui—max + Ud*max
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Fig. 4. Calculated phase and amplitude in case of: F° = 0.2.

where;

Ui —_max 18 the amplitude of the component caused by the
exciting current, |
is the amplitude of the component caused by the
eddy currents,

Ud—max 1S the amplitude of the component due to the defect.
The amplitude Uy_ ., obtained during the inspection of a
narrow (0.2 mm) conductor 1s much smaller than the amplitude
Uis_max from the inspection of a wide conductor (0.8 mm)
or a soldering point. Therefore the proportion F strongly
depends on the width of an inspected conductor. Characteristic
“rectangular’ changes of the phase, shown in Fig. 4, exist only
during the inspection of wide conductors or soldering points,
where P 1s close to 0.2.

The “rectangular” shape on the phase characteristic does not
appear during the inspection of narrow conductors (£ = 5),
where the amplitude Ugefect 15 t00 small to switch the phase
of the total signal and only generates a “wave” form as shown
in Fig. 5. The rectangular shape on the phase characteristic re-
flects a switching process between two values of the phase. A
phenomenon of the switched phase may be used for an extrac-
tion of signals coming from soldering points from all signals ob-
tained during the inspection. The signals representing soldering
points are undesirable. Their elimination from a final 1mage 18 a
very important factor in the data analysis process. Fig. 6 shows
a PCB model consisting of a soldering point and a conductor
0.2 mm wide. The component Ujerect 18 generated by the tan-
gential component of the magnetic flux density B, . In the area
of the defect, where the value of B, is relatively small due to
the width of the conductor, the phase characteristic possesses a

wave form, as shown in Fig. 7. The area of the soldering point,
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Fig. 5. Calculated phase and amplitude in case of: P = 5.
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Fig. 6. PCB model—a soldering peint and a narrow conductor,

Soldering Point

where value of B, 1s much higher, can be seen as the rectangular
shape on the phase characteristic.

V. CONCLUSIONS

A study of the output signal structure provides an under-
standing of the nature and factors causing changes in amplitude
and phase characteristics. During the inspection of soldering
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Fig. 7. Phase and amplitude characteristics obtained from the PCB model
showed in Fig. 5—experimental results.
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points, located on PCB, characteristic “rectangular” shapes on
the phase characteristics were obtained. These “rectangular”
shapes have been explained and confirmed by the numerical
simulation. They exist not only during the inspection of sol-
dering points. These changes can be also observed during the
inspection of a metal surface with rivet holes. However for this
mspection the size of the ECT probe has to be adjusted to keep
proper proportion of the components,

The “rectangular” shapes on the phase characteristic inspire a
new approach to the signal analysis, which 1s the classification
of signals due to their shape.
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