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1. Measurement Principle

his system provides an instantaneous impulse current

to the excitation coil to generate a large instantaneous

magnetic field. According to the law of electromag-
netic induction, the LC circuit under test placed inside the
excitation coil will induce an initial impulse current. This
initial energy Under-damped oscillation will be generated in
the LC circuit. The resonance frequency of this LC circuit
can be analyzed by grabbing a piece of oscillation waveform
through a digital storage oscilloscope. It is easy to use and
has low dependence on high-end instruments. The disadvan-
tage is that the accuracy is limited and it basically depends on
the oscilloscope Frequency resolution.

2. Test System Composition

The test system shown in figure 1 is mainly composed of
an excitation coil, an impulse current generator, an LC
circuit to be tested and a digital storage oscilloscope.
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LC circuit resonance frequency measurement often requires the use of
professional analysis instruments such as LCR meters, vector network an-
alyzers, but currently such instruments on the market are expensive, and it
is difficult for non-professional institute personnel to access. Here comes
unnecessary trouble. In view of this situation, a test method for measur-
ing the resonance frequency using only a digital storage oscilloscope is
proposed. Using the impulse signal to obtain the system response, the
response waveform period can be observed through the oscilloscope.
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Figure 1. Structure of the test system

2.1 Excitation Coil

The material selection of the excitation coil is based on
the internal resistance as a selection criterion. It is better
to choose a conductor material that is easy to obtain and
has a small internal resistance to allow a large current to
pass. In this experiment, a 1.2mm diameter copper enam-
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eled wire was used to surround the excitation coil.

Since the measurement of the resonance frequency of
the LC circuit to be measured is obtained by the voltage
waveform generated by its oscillation, and most of the
ADCs on the market use 8-bit AD in the internal ADC, the
vertical resolution is poor, so the LC circuit the larger the
voltage peak generated in the better. Since this system uses
the principle of electromagnetic induction to generate an
oscillating current in the LC circuit, the larger the voltage
generated in the circuit, the greater the magnetic induction
intensity generated in the excitation coil. In this experiment,
one turn of enameled wire was used to energize the coil.

2.2 Inrush Current Generator

After the number of coil turns is fixed, according to
Biot-Savart's law, the magnetic induction intensity gen-
erated by the coil is related to the magnitude of the exci-
tation current. The formula is as follows:
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At the same time, in order to ensure that the excitation
current input to the LC system is close to the impulse sig-
nal, it is necessary to provide a high-current, short-time
narrow pulse signal to approximate the impulse signal. In
this experiment, a 10000uF electrolytic capacitor is used
to provide instantaneous high current, and a set of relays
and MCUs are used to precisely control the charging and
discharging of the electrolytic capacitor. The control circuit
is shown in figure 2. The relay JK1 controls the charging of
the electrolytic capacitor, and the relay JK2 controls the dis-
charge of the electrolytic capacitor. It is necessary to ensure
that the two relays cannot be turned on at the same time
during charging and discharging, and add a dead time when
the state is switched. Failure to do so will cause a short cir-
cuit and burn out the relay and excitation coil.

Figure 2. Inrush current control circuit
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2.3 LC Circuit under Test

Because this system uses the oscilloscope to capture the
voltage waveform of the LC circuit, it is necessary to con-
nect the capacitor and the inductor in parallel to form a
series resonance. In this way, you can connect an ordinary
oscilloscope probe to both ends of the capacitor or induc-
tor to capture the waveform, as shown in the figure. As
shown in figure 3.
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Figure 3. LC circuit

In this experiment, a 10mH I-shaped inductor as shown
in figure 4 and a 6.8nF high-frequency capacitor as shown
in figure 5 are used to form an LC circuit.

Figure 4. I-shaped inductor
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Figure 5. High-frequency capacitor

3. Measurement Steps

3.1 Step 1

Connect the excitation system and check it correctly. Place

DOT: https://doi.org/10.26549/met.v4i1.3241 17



Modern Electronic Technology | Volume 04 | Issue 01 | April 2020

the LC circuit under test in the center of the excitation
coil. Because the direction of the magnetic induction lines
generated in the excitation coil is perpendicular to the hor-
izontal plane where the coil is located, in order to maxi-
mize the magnetic field energy received by the LC circuit,
it is necessary to make these magnetic induction lines pass
through the largest number of I-shaped inductors. When
the inductor is placed perpendicular to the plane where
the excitation coil is located, the magnetic induction line
can pass horizontally through the coil inside the I-shaped
inductor to maximize the magnetic field energy obtained.
If the inductor is mistakenly prevented from being parallel
to the plane where the excitation coil is located, the mag-
netic field energy is basically not obtained, and the oscil-
loscope will not capture an obvious voltage waveform.

3.2 Step 2

Set the trigger mode of the digital storage oscilloscope to
single trigger mode, turn on the cursor mode, and set the
cursor to the tracking mode. After the oscilloscope has set
the single trigger mode, it needs an initial trigger level to
trigger capture. After the trigger, the oscilloscope will cap-
ture the waveform for a period of time. This initial trigger
level is replaced by the voltage signal in the LC circuit.

3.3 Step 3

Firstly, the MCU controls the capacitor to be charged, and
then controls the capacitor to instantaneously discharge
the excitation coil to generate an instantaneous impulse
current in the coil. At the same time, the oscilloscope will
capture a period of oscillation waveform as shown in fig-
ure 6. When the oscilloscope is set after the cursor-track-
ing mode, for the under-damped oscillation waveform
obtained after a single trigger, the time difference between
two adjacent peaks or troughs is automatically measured,
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which is the oscillation period, and the resonant frequency
of the LC circuit can be obtained by conversion.
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Figure 6. Underdamped Oscillation Waveform

4. Conclusion

Aiming at the method of measuring LC resonance fre-
quency of low-end instruments, this paper proposes a
simpler and lower cost measurement method. By setting
up a simple test circuit and a low-end digital storage os-
cilloscope, the LC resonance frequency can be measured
more conveniently, but the measurement accuracy often
depends on the frequency resolution of the oscilloscope.
This also becomes one of the reasons for measurement
errors. The result is basically the same as the test result
using the LCR tester, and it can be used under limited
economic conditions.
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