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Abstract

Capacitive touch systems have been used in various applications such as smart watches, smart phones, tablet PCs,
desktop PCs, and interactive whiteboards due to high sensitivity, durability, and multi-touch capability. Capacitive
touch systems (CTSs) are increasingly used in the high-end touch applications, for which an analog front-end
(AFE) IC with a high frame rate and high signal-to-noise ratio (SNR) is required to properly respond to the fast
movements of fingers and styli. In addition, styli that can represent various expressions have been demanded for
the natural sense of use.

The parallel driving method (PDM) using orthogonal codes has been implemented in CTSs to achieve the high
frame rate and high SNR. The PDM simultaneously drives orthogonal codes to multiple transmitter (TX)
electrodes. Because a CTS with a small number of TX electrodes has a small size of the orthogonal code, it can
achieve a high frame rate and SNR. However, when a CTS with a large number of TX electrodes is used, it has a
large size of the orthogonal code, and thus suffering from a low frame rate, while having a high SNR.

Styli are classified into passive and active types, depending on whether the battery is included in the stylus or not.
Several passive styli, including the conductive, electromagnetic resonance (EMR), and electrically coupled
resonance (ECR) types, have been reported. A conductive stylus is the most widely used because it has low
implementation cost, but it suffers from a low SNR and limited drawing expressions. An EMR stylus expresses
pressure, but requires an additional EMR sensing panel to sense the stylus, thereby increasing the thickness, cost,
and power consumption of the CTS. An ECR stylus also expresses pressure, using a pressure-to-capacitance
transducer without an additional sensing panel, but requires an additional readout circuit in the AFE IC to sense the
resonant signal from the ECR stylus, thereby increasing the complexity of the AFE IC. Active styli express
pressure without any additional sensing panel or readout circuit in the AFE IC, but cannot express the tilt angle.
Therefore, this presentation introduces a high SNR and frame rate AFE IC with multi-functional active stylus,
which are suitable for high-end touch applications.
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