ESD XJ SR 21l D FAF

Development of ESD Simulation Technology
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Abstract

Konica Minolta has developed a means of measuring ESD
(electrostatic discharge), which causes malfunctions of elec-
tronic equipment. Conventionally, there has been no tool
capable of accurately measuring ESD, thus hampering the
simulation of ESD. However, we have recently developed a
means of replicating MFP (multi-function peripheral) ESD
employing an optical probe manufactured by Seikoh Giken.
We further produced an MFP ESD simulation model for
comparison.

In many cases, MFPs are detrimentally sensitive to ESD.
The chief factors in this over-sensitivity appear to be the
physical layout of an MFP’s wiring and the electrical ground-
ing connections of the electronics to the MFP’s chassis. In
designing our MFP ESD replication device, we represented
an MFP chassis with a single, flat metal plate. Further, we rep-
resented the wiring of an MFP with an FFC (flexible flat cable)
and represented the MFP’s power supply grounding with a
single copper wire. These simplifications achieved an almost
perfect match between the ESD noise waveforms of our
measurements and the noise waveforms of our ESD simula-
tion results. This portends that our ESD simulation is accurate
enough to be used in developing new products. In the future,
we expect to construct an MFP ESD replication device more
representative of actual MFPs with a correspondingly even
more accurate ESD simulation model.

In addition, we conducted a sensitivity evaluation of ESD
noise employing the DPI (direct power injection) method
(IEC 62132-2). The logic IC (integrated circuit) malfunction
voltage determined by the DPI method and the logic IC mal-
function voltage returned by the MFP ESD model replication
were found to be at the same level. In the future, we will
investigate the malfunction voltage of various logic ICs
employing our simulation as an ESD noise sensitivity evalua-
tion method.
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Fig. T MFP ESD replication device.
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Fig. 2 Circuit diagram of the MFP ESD replication device.
To check the effect of the circuit impedance on ESD noise, mea-
surement via our MFP ESD replication device and our MFP ESD
simulation were conducted both with and without 50 Q resistors.
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Fig. 3 FP ESD replication device with slit.
The slit is provided to make the device structure more complex.
To check the effect of the complexity of the metal plate structure,
measurement and simulation were conducted both with and
without the slit.
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Fig. 4 ESD noise waveform, measured with optical probe, of MFP ESD rep-
lication device with slit and without 50 Q resistor (ESD voltage 1kV).
The connecter for the optical probe causes high frequency noise of
2 GHz on the waveform measured with our MFP ESD replication
device. However, this noise can be ignored because no optical
probe connecter is typically mounted on an MFP.The amplitude of
the noise is about 3.5 Vp-p when high frequency noise is ignored.
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Fig. 5 Simulated ESD noise waveform with slit and without 50 Q resistor
(ESD voltage 1kV).
The amplitudes of the measurement results (Fig. 4) and the simu-
lation results (Fig. 5) are nearly the same voltage of 3.5 Vp-p. The
same measurement and simulation were conducted without a slit
and with the same results: the amplitudes were virtually the same.
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Fig. 6 ESD noise waveform measured the MFP ESD replication device,
with slit and with 50 Q resistors (ESD voltage 1kV).
As with Fig. 4, a high frequency noise of 2 GHz is superimposed on
the waveform measured with the MFP ESD replication device, but
this noise can be ignored because no optical probe connecter is
typically mounted on an MFP. The measured amplitude of the
noise is about 0.52 Vp-p when high frequency noise is ignored.
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Fig. 7 Simulated ESD noise waveform, with slit and 50 Q resistor (ESD
voltage 1kV).
The amplitudes of the measurement results (Fig. 6) and the simu-
lation results (Fig. 7) are both 0.52 Vp-p and almost the same. The
same comparison was conducted without slits, and the same
results (the amplitudes were the same) were obtained.
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Fig. 8 Results of the simulation model with and without optical probe
connectors, with ESD voltage of 1kV and with LVDS (low voltage
differential signaling) logic ICs mounted instead of 50 Q resistors.
The graph shows that the optical probe connectors increase the
high frequency noise at 2 GHz.
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Fig. 9 Measured impedance of logic IC (LVC2G07).
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Fig. 10 Circuit schematic equivalent to Fig. 9 was created using SPICE
(simulation program for integrated circuits emphasis) to approx-
imate the measured impedance of a logic IC and was used as a
simulation model of the logic IC.
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Fig. 11 SPICE simulation ofimpedance of equivalent circuit schematic of
logic ICin Fig. 10.
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Fig. 12 ESD noise waveform, measured with MFP ESD replication device
with slit with logic ICs (ESD voltage 1kV).

The amplitude of the noise is about 0.78 Vp-p when high fre-
quency noise is ignored.
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Fig. 13 Simulated ESD noise waveform (with slit) with logic ICs (ESD volt-
age 1kV).
Measurement results (Fig. 12) and simulation results (Fig. 13)

exhibit different waveforms, but the both waveforms have the
same amplitude of approximately 0.78 Vp-p.
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Fig. 14 Measured ESD noise waveform (without slit) with logic ICs at the
point where ESD noise caused malfunction of logic ICs (ESD volt-
age 7.9kV).
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Fig. 15 Measured ESD noise (with slit) with logic ICs at the point where
ESD noise caused malfunction of logic ICs (ESD voltage 3.3kV).
Malfunctions were caused at different ESD voltages depending
on the presence or absence of the slit, but the malfunction was
caused by the ESD noise voltage of 2 V regardless of the pres-
ence or absence of the slit. This indicates that the threshold of
ESD noise causing malfunction of logic ICs is 2V at 100 MHz.
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Fig. 16 Noise sensitivity of logic IC (LVC2G07) measured by DPI (direct
power injection).
This shows that noise sensitivity is at the threshold of logic IC
malfunction at 2 V at a frequency of 100 MHz or lower, confirm-
ing that the threshold of malfunction was the same between the
ESD noise measurement and DPI.
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