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There are many system requirements regarding sensitivity, responsiveness and power when using resonator-
based capacitive sensing to achieve proximity detection. In end equipment such as automotive collision
detection, white goods and personal electronics, grounded objects adjacent to the device can affect capacitive
measurements. In this post, | will illustrate this phenomenon, referred to as a ground shift, under various
grounding configurations.

Analytical Model

Figure 1 models the ground-shift phenomenon through a simple circuit diagram of a resonator-based capacitive
sensing solution and its parasitic capacitances where Cg is the combination of the board parasitics and the
sensor capacitances, Cy is the parasitic capacitance between local and earth ground, and Cpg and Cpg are the
parasitic capacitances of a large local ground plane (if nearby).
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Figure 1. Simplified Circuit Model with the Resonator-based Capacitive Sensing Device Floating and a
Large Local Ground Plane Nearby

The oscillator signal alternates between INA and INB, so the circuit configuration is different for each half
cycle of the oscillation. Since no other branch bridges the circuit with earth ground in either phase of the
half-sine-wave excitation, Cs and (Cq4 + Cpg) are effectively in series. This series relationship is given by C,,
characterized by Equation Figure 2:
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Figure 2. (1)
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Figure 2. (2)

Therefore, the effective oscillation frequency is the average of the two phases, given by Equation Figure 3:
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Figure 2. (3)

Whenever (Cq4 + Cpy) varies, B and C, also changes, causing a shift in frequency and creating the ground-shift
phenomenon.

System ground configurations either use earth ground or local ground. For example, if the capacitive-sensing
device is connected to a battery-powered laptop and has no other connections to the external world, you may
notice differences in performance than if both the laptop and the capacitive-sensing device are referenced to
earth ground. In terms of the mathematical model, if the laptop is floating, Cgq is negligible and if there is no
nearby large local ground plane, then Cpo and Cpq are negligible.

Qualitative Assessment

To better understand this qualitatively, | ran an experiment using a laptop and TI's FDC2214 evaluation module
(EVM) with the standard sensors replaced by a custom bezel-shaped sensor. The sensor area is 55.8cm? and |
measured the proximity detections with a hand approaching within 10cm of the sensor. The white USB cable in
Figure 5 connects the FDC2214 EVM directly to the laptop.

Figure 5 shows how the long black cable can also connect to earth ground or be left disconnected, leaving the
system floating. A short black wire is soldered onto the copper side of the ground plane, allowing it to be either
connected or disconnected from the FDC2214 EVM ground (Figure 6).

Figure 2. The Setup Consists of a Laptop, USB Cable, Custom Bezel Sensor, FDC2214 EVM and Large
Ground Plane
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Figure 3. The Ground Plane Has Copper on the Backside (Seen Here) and FR-4 on the Topside (Seen in
Figure 5)
Results

When the EVM is connected to a battery-powered laptop, the system ground is floating at an unknown value
relative to earth ground. When a human hand contacts the laptop, the value of the AC ground may shift, causing
an apparent shift in the sensor capacitance; see Figure 7.
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Figure 4. Capacitance Measurements of the System, with the Laptop Floating and No Large Local
Ground
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An EVM connected to a nearby large local ground plane significantly reduces the ground-shift phenomenon,
as the ground plane increases the value of (C4 + Cpg) allowing B to be close to 1 and effectively shielding the
sensor from any external ground coupling.

As expected from the circuit model shown in Figure 1, Figure 8 shows no significant response when touching
the laptop. However, one thing to note is that the dynamic range of the proximity detection has decreased from
0.15pF to 0.04pF. Having a large nearby ground dilutes the signal and decreases sensitivity because of the
introduction of a large ground-parasitic capacitance, Cpg (Equation Figure 3). Even though sensitivity is reduced,
the signal quality is still decent — around 11dB.

Figure 5. Capacitance Measurements of the System with the Laptop Floating, but Also with a Large Local
Ground Connected to the EVM

Summary

The ground-shift issue resides in the fact that the sensor capacitance is in series with the parasitic capacitance
between local and earth ground. One of the ways to mitigate this issue is by connecting the capacitive-sensing
device to a large local ground plane. This effectively allows for shielding from external ground-coupling noises.

I'd like to know if you try this technique or if you have another technique for removing ground shift in your
capacitive sensing design. Log in to post a comment below!

Additional Resources

» Find out more about TI's capacitive-sensing portfolio.
* Watch this capacitive-sensing overview video.

* Read other blog posts about capacitive sensing.
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