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Abstract—Electrostatic discharge to a touchscreen display
leads to a corona discharge which creates corona streamers that
propagate along the glass surface. The streamers couple energy
to touch sensors underneath the glass which may then cause
failure. Modeling the ionized air resistance and the current
distribution on the glass surface from corona discharge is
challenging. A new methodology is proposed for modeling
corona discharge to a touchscreen surface with the help of
experimentally measured dust figures. A geometric analysis of
the dust figure and how streamer currents couple to the sensor
patch matrix is given to explain the modeling method. A SPICE
model is proposed to better correlate the ESD gun current with
the current coupled to the sensor patches. The ability of the
model to predict peak current, charge and rise time is evaluated.
Predictions of peak current and charge are within 30% error.

Keywords—Dust  Figure, Electrostatic Discharge, Air
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I. INTRODUCTION

Electrostatic Discharge (ESD) may cause unintentional
disruption of electronic devices. A human handling a portable
device can cause an ESD discharge to the touchscreen of the
device when touching it with fingertips or metallic items [1].
Because of the high impedance and dielectric breakdown
strength of glass, the discharge does not cause a spark but
creates an ionized corona which flows across the surface of
the screen. As the charge flows across the glass surface,
significant energy can be coupled, mainly via displacement
current, to the sensors and chips under the screen, which can
cause soft and hard failures in the device [2]. Combined with
ESD protection models for the IC and system [3], models for
the corona discharge to the touchscreen could allow designers
to evaluate system-level ESD robustness at the pre-
compliance level.

IEC 61000-4-2 defines ESD air discharge test methods for
insulating surfaces [4]. When the round tip of an ESD gun
approaches the glass surface of a touchscreen, the air is
ionized between the tip and glass surface after the electric field
strength passes a threshold [5, 6]. The ionized air creates a
region of conductive plasma [7]. The strong tangential E-field
created by the ESD gun drives the expansion of the ionized
area. Displacement current from the ionized air to patches
under the glass allows energy to be coupled to the touchscreen
circuity. The parameters of patch circuitry include the surface
to patch capacitance (glass capacitance according to patch
size), patch to return path capacitance, and indium-tin-oxide
(ITO) trace resistance [2]. An example of a corona discharge
above touchscreen sensor patches and the patch circuitry are
shown in Fig. 1.
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Previous studies of corona discharge to touchscreen
surfaces purely focused on either discharge current or patch
current. A. Talebzadeh et al [8] focused on the current through
the ESD gun. S. Shinde et al [9] studied the current coupled to
the sensors with a substitution PCB. Y. Gan et al [1] studied
how the displacement current into adjacent sensor patches
changes as the charge flows across the glass surface. These
studies, however, did not correlate the current into the sensor
patches with the ionized air on the glass surface. An attempt
to estimate an equivalent source for the glass discharge current
was made using a genetic algorithm [10] but the method
requires an experimental waveform of the current coupled
through the sensor patch to be available and the equivalent
source is not valid for different PCB setups or glass
thicknesses.
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Fig. 1. Depiction of a corona discharge to a touchscreen surface with sensor
patch matrix beneath (left) and patch circuitry (right).

The Lichtenburg dust figure method is commonly used to
visualize the invisible charge distribution left after a corona
surface discharge [11, 12, 13, 14]. Many studies of surface
discharge on insulators utilize the dust figure method to
analyze how the figures change with factors such as pulse
duration [15], voltage level, polarity [16] and humidity [17].
Dust figures have been applied to corona discharge to
touchscreens to investigate how dust figure size and shape
change with discharge levels, polarity, discharge modes [1]
and glass types [18]. None of these studies correlate the
propagating corona streamers with the current waveform.
Full-wave simulation models in [18] demonstrate that the
discharge current can be estimated by treating the surface
discharge as a resistive disk where conductivity reduces
inversely with the disk radius, but no analysis to the patch
current or physical explanation for this result was available.

In this paper, observations of experimental dust figures are
used to develop a model for corona surface currents and
associated displacement current into sensor patches. This
analysis helps to explain previous models treating the surface
discharge as a resistive disk with varying conductivity. The
resulting model is used to predict the current through the ESD
gun and coupling to the touchscreen sensor patches. Peak
current, charge and rise time are compared between the model
and the measurement.
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II. DUST FIGURE MEASUREMENT

Fig. 2 illustrates the propagation of a corona discharge
streamer on a touchscreen. When a certain electric field
strength is reached between the ESD gun tip and the glass
(about 3 kV/mm [19]), the air between the gun tip and the
glass is ionized, causing the air to become conductive. The
level of conductivity depends on the number of free carriers
(e.g. ions) in the channel [16], which will change over the
course of the discharge. As current flows from the ESD gun
through the ionized air, displacement current flows through
the glass to the patch and a high E-field is created tangential
to the glass surface at the end of each streamer. The high E-
field allows the ionized region to expand until the E-field at
the edges is too low to sufficiently ionize the surrounding air.
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Fig. 2. Tllustration of the corona discharge process on glass surface.

A setup similar to [2] was used to study the dust figures
created by a corona discharge. An ESD gun was discharged to
a glass surface with a mock touchscreen sensor patch array on
the other side. After discharge, printer toner was blown on the
glass surface. Fig. 3 shows an example of the resulting dust
figure. The number of streamers observed in the dust figure
provides a basis for geometric analysis of corona discharge
modeling on the touchscreen surface.

III. MODELING OF CORONA DISCHARGE AND COUPLING TO
TOUCHSCREEN SENSORS

Fig. 3 indicates the geometry of the corona streamers
flowing outward from the discharge location. These streamers
can be statistically considered as evenly spaced in angle.
Although a time- and charge- (current-) dependent model can
more accurately capture the true behavior of streamer
resistivity, here the resistivity is assumed to be quasi-static
because the distance between patches is long enough that the
resistivity of the most portion of the streamer becomes relative
stable when it reaches the next patch. These assumptions set
the basis to model the streamer source current and the
effective resistance of the ionized air between sensor patches.

A. Streamer source current compensation

The dust figure in Fig. 3 shows that 6 out of 8 streamers
over the discharge patch (i.e. center patch) continue out
toward adjacent patches. The streamer current above the row
and the column of the center patch is therefore modeled with
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a Current-Controlled-Current-Source (CCCS) as shown in
Fig. 4 where 25% (i.e. 2/8) is lost when only considering the
simplified current flow, and 75% (i.e. 6/8) of the ESD gun
current is driven outward above the adjacent patches.

Fig. 3. Dust figure measurement on glass surface.
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Fig. 4. Simplified geometry and compensation for current to unmodeled
patches.

B. Effective resistance of ionized air

Since the streamers are roughly evenly spaced in angular
distribution, the number of streamers that flow above a sensor
patch can be captured with an arc above its leading edge, as
shown in Fig. 5. As a result, the number of streamers flowing
above the patch, n;, is proportional to:

l
X — 1
ny X o— &
where [ denotes the arc length at the front edge of the first
patch, and r denotes the distance from the discharge location
to the arc of the front patch edge.

Consider each streamer as a single conductor and assume
that each streamer will have the same per-unit-length
resistance and that the resistivity of a single streamer is quasi-
static. While this assumption is quite rough, it is acceptable as
a first-order approximation. The resistance of a single
streamer can then be calculated as:

Rsingle & psingle *T (2)

where Rg;pngie denotes the resistance of a single streamer, and
Psingle denotes the per-unit-length streamer resistivity.

The total resistance from the area above center patch to the
area above adjacent patches can be found from the resistance
of n; streamers in parallel, which means:

_ Rsingle _ Psingle * T
R=— = z 3)
Ntotal * 3
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where R, denotes the resistance from the area above the center
patch to the area above the first adjacent patch, and ngy.q;
denotes the total number of streamers on the glass leaving the
discharge position.

1% adj. Patch

Center Patch

Fig. 5. Geometry of streamers propagating from the above area of center
patch to the above area of first adjacent patch.

Because the patch size is fixed, the arc length / (shown in
Fig. 5) remains almost the same, and the resistance from the
area above center patch to the area above other patches
changes with distance as:

“

While the total streamer resistance is proportional to 72,
the resistance between the above areas of other adjacent
patches does not change as quickly. Assumption is made that
the resistance from the area above center patch to the area
above farthest patch is formed by the series resistance between
the areas above adjacent patches. With such assumption, the
proportionality between resistances is known, as shown in Fig.
6. As a result, models can be tuned using only R;. This
resistance can be used until the streamer propagation stops. At
this point the streamer resistivity becomes very large
(estimated to be 1 Mohm) because ionization stops and the
voltage at the end of the streamer is clamped to a level low
enough not to propagate (set to be 1.5 kV compared to 3
kV/mm air breakdown E-field).
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Fig. 6. Distribution of effective resistance ionized air on glass surface from
the center patch outward.

C. SPICE model of corona discharge on touchscreen surface

In addition to the streamer source current compensation
and effective streamer resistance, a SPICE model of corona
discharge needs:

e An ESD gun model.
e A model of displacement current to a single patch
circuitry or directly to return path.

An ESD gun model was used following the SPICE model
shown in [18]. Displacement current to a single patch is
modeled as shown in Fig. 7 [18]. A parasitic capacitance is
added to Riyto. A 50-ohm termination (either the
oscilloscope’s 50-ohm channel or the load termination) is in
series with Riro. When the streamer propagation exceeds the
patch matrix boundary, the current can still couple to the
return path capacitively. The capacitance is considered to be
glass capacitance in series with PCB to GND capacitance.
The overall SPICE model of the corona discharge on a
touchscreen surface is shown in Fig. 8 to model the current
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flow shown in Fig. 4. Only R; needs be optimized to fit
measurements for different experimental conditions.
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Fig. 7. SPICE model for coupling to a single patch unit (left) and the

extension unit (right).
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Fig. 8. SPICE model of corona discharge on a touchscreen surface.

IV. RESULTS AND DISCUSSION

The value of R; was adjusted to match the ESD gun
current between simulation and measurement, for multiple
experimental setups with varying glass thickness, discharge
voltage, and touch sensor circuitry. Fig. 9 and Fig. 10 show
the results for two different thicknesses of glass, which
correspond to 0.6 mm and 0.9 mm. The corresponding
optimized value R;is 0.25 kOhm and 0.7 kOhm, respectively.
The model shows that once ESD gun current can match, the
overall peak current and charge for all patches are within 30%
error.
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Fig. 9. C(,=650 fF, Cp¢=2.9 pF, Riro=10 kOhm at 15 kV discharge.
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The optimized value of R; changes with the type and
thickness of the glass, patch to ground capacitance, ITO
resistance, and discharge voltage. Why and how R; changes
with these factors (which digs deeper into how these factors
affect the ionized air on glass) and how current on glass
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surface changes from above the adjacent patch to above the
next patch are worth further study, but the current model can
successfully predict the correlation between the ESD gun
current and patch current. Unlike previous models, this model
is built on physical observations in measured dust figures, and
helps to explain why others saw improved modeling results

WedPM1C.3

in the effective streamer resistance over time and to predict it
with parameters like the discharge voltage, the characteristics
of glass, and sensor circuitry.

when representing the corona surface discharge as a  [l]
conductive disk whose resistance depended on radial distance
from the discharge point.
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Fig. 10. C4,=430 fF, C,,=2.9 pF, Riro=10 kOhm at 15 kV discharge.
(6]
TABLE L. RESULTS WHEN CsP=650 FF
Current Metric Meas. Sim. Error
Peak (A) 22.96 22.55 1.80% [7]
ESD Gun Charge (nC) 329.50 214.39 34.93%
Rise time (ns) 0.44 0.60 36.36%
Center Peak (A) 0.22 0.20 8.49%
Patct, Charge (nC) 8.59 7.18 16.39% (8]
Rise time (ns) 0.47 0.40 14.89%
15 adi Peak (A) 0.14 0.18 27.02%
Pates Charge (nC) 8.17 7.16 12.35%
Rise time (ns) 1.04 0.50 51.92% [9]
2 adi Peak (A) 0.12 0.13 7.42%
Patch. Charge (nC) 7.59 7.12 6.21%
Rise time (ns) 6.39 0.80 87.48%
[10]
TABLE II. RESULTS WHEN Csp=430 FF
Current Metric Meas. Sim. Error
Peak (A) 15.44 15.40 0.26% (1]
ESD Gun Charge (nC) 289.80 147.22 49.20%
Rise time (ns) 0.45 0.60 33.33% [12]
Center Peak (A) 0.16 0.18 9.03%
Patct, Charge (nC) 6.37 5.01 21.36%
Rise time (ns) 0.49 0.40 18.37% [13]
19 adi Peak (A) 0.11 0.14 27.27%
Pateh Charge (nC) 6.07 4.99 17.81%
Rise time (ns) 1.21 0.50 58.68% [14]
2 adi Peak (A) 0.10 0.10 3.46%
Patel Charge (nC) 5.62 4.93 12.24%
Rise time (ns) 5.61 1.10 80.39% [15]
V. CONCLUSION [16]
A new methodology for modeling corona discharge to a
touchscreen surface is proposed. The model assumes an
equivalent resistance of ionized air above the patches, which [17]
is derived from observations of experimental dust figures.
The only parameter that must be optimized to fit measured [18]
and modeled results is the effective streamer resistance
between the area above the discharge patch and the area
above the first adjacent patch. The error between the
measured and modeled patch peak current and charge is less [19]
than 30%. Further work is needed to incorporate the change
Copyright © 2024 IEICE 368
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