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Abstract—An ultralow-power self-capacitance touch readout
IC (SC-TIC) for flexible on-cell touch AMOLED (OCTA) displays
is presented. Flexible OCTA displays impose heavy capacitive
loads of several hundred picofarads per electrode, posing chal-
lenges in achieving simultaneous low-power and high-speed self-
capacitance sensing. To address these issues, a logarithmic itera-
tive charge approximation combined with a regulated constant-
charge subtraction enables fast per-channel conversion times of
20us and precise self-capacitance sensing up to 1.2nF, realizing
a highly energy-efficient time-multiplexed single-channel SC-
TIC architecture. A charge-reuse dynamic power reduction
further minimizes power consumption by recovering residual
charge across successive channel scans, while a multi-channel
binning scan enhances both touch sensitivity and frame rate.
The proposed SC-TIC, fabricated in a 180-nm CMOS process,
achieves a 44.7-dB SNR and a 480-Hz frame rate while consuming
only 73.8.4W scanning 96 channels of a 13.3-inch flexible OCTA
display. With a multi-channel binning configuration, the SC-TIC
achieves a frame rate up to 2.88kHz and a hovering detection
SNR of 34dB at 10-mm distance. The prototype achieves a figure
of merit of 11pJ/step, representing at least a 72x improvement
over prior state-of-the-art works.

Index Terms—Self-capacitance, touch readout IC, logarithmic
iterative charge approximation, charge reuse, flexible OCTA.

I. INTRODUCTION

In flexible on-cell touch AMOLED (OCTA) displays, tight
integration of touch sensors with the display increases the
coupling capacitance to several hundred picofarads. This
heavy capacitive load poses fundamental challenges to self-
capacitance sensing: (1) increased dynamic power consump-
tion due to repeated charging and discharging of large sensor
nodes and (2) degraded touch sensitivity. These challenges
become increasingly severe as panel sizes scale up, making
ultralow-power and high-sensitivity self-capacitance sensing a
critical design requirement for large-size OCTA displays.

As shown in Fig. 1, conventional self-capacitance sensing
architectures based on charge amplifiers (CA) [1]-[3], [9] or
current conveyors (CC) [5]-[8], [10] rely on dedicated analog-
to-digital converters (ADCs) to digitize the sensed capacitance,
resulting in substantial power overhead. Moreover, their re-
stricted input capacitance range below 1nF precludes reliable
operation on large-size flexible OCTA panels [6], [8]. As a
result, the fundamental tradeoff between power consumption,
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Fig. 1. Design issues of OCTA touch readout IC and compar-
ison of self-capacitance readout architectures.

sensing range, and conversion speed under heavy capacitive
loads remains unresolved.

This work presents a time-multiplexed self-capacitance
touch readout IC (SC-TIC) that directly addresses these
limitations. A logarithmic iterative charge approximation
(LICA) combined with a regulated constant-charge subtrac-
tion (RCCS) enables fast per-channel conversion times and
precise Cgerr sensing up to 1.2nF. A charge-reuse dynamic
power reduction (CR-DPR) scheme further minimizes power
consumption by recovering residual charge from inactive chan-
nels across successive scans. A multi-channel binning scan
(MCBS) additionally enhances touch sensitivity and frame
rate by leveraging the wide input capacitance range, enabling
hovering detection and ultralow-power tap-to-wake operation.

II. PROPOSED ARCHITECTURE

Fig. 2 shows the overall architecture of the proposed SC-
TIC. A single-channel, single-ended self-capacitance-to-digital
converter (SCDC) scans all channels of a large, heavy-load
touchscreen panel (TSP) using a time-multiplexed architec-
ture, achieving fast per-channel conversion times down to
20us even with channel capacitances above 1nF. The single-
ended sensing approach avoids RX-wise noise integration
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Fig. 2. Overall architecture of proposed SC-TIC with SCDC.
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Fig. 3. Operation sequence of LICA with measured waveform
during single conversion cycle.

required in differential sensing schemes [9]. Ultralow-power
and fast self-capacitance sensing are enabled by a LICA that
combines decimal-weighted successive approximation with
iterative single-slope conversion, while accurate sensing is
ensured by an RCCS that removes dependence on sensor node
voltage. A CR-DPR scheme further reduces dynamic power
by reusing residual charge in inactive channels. Leveraging
its wide input capacitance range, the proposed SC-TIC also
supports highly sensitive tap-to-wake and hovering detection
through an MCBS.

Fig. 3 illustrates the operation sequence and timing diagrams
of the LICA with the RCCS. The activated channel node
Vsen is first charged to a preset voltage Vpre,cug, after
which the decimal-weighted Crppr[N] iteratively discharges
the self-capacitance until Vsgn crosses Vrgr,spny. During
each iteration, the RCCS regulates the discharging voltage to
VrEF,DC, ensuring a constant charge transfer of Qprg =
Crer[N] x Vrgppc independent of Vsgy. To simplify
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Fig. 4. Operational principles of CR-DPR for power reduction
and MCBS for enhanced touch sensitivity.

digital mapping, Vrer,pc is set to Vpre cuc - VREF,SEN,
allowing the iteration count at each decimal digit to directly
represent the sensed capacitance. Owing to the logarithmic
discharge process, the charge approximation at each digit
is completed within fewer than ten cycles. Furthermore, the
LICA and RCCS operate primarily with dynamic power,
enabling highly energy-efficient sensing compared with con-
ventional CA- or CC-based approaches.

Fig. 4 illustrates the CR-DPR principle. In the first con-
version, each channel is fully charged to Vprp cue and
then settles at Vrgr sen. In subsequent conversions, only the
reduced voltage swing of Vpre crc - VrEF,sEN 1S charged,
reducing precharge dynamic power by up to one-third. The
MCBS exploits the wide input capacitance range of the
SCDC by combining multiple channels into a single sens-
ing node, enhancing effective self-capacitance variation while
suppressing inter-channel capacitive coupling [4]. This enables
hovering detection and ultralow-power tap-to-wake operation
with frame rate up to 2.88kHz under six-channel binning
configuration.

III. CIRCUIT IMPLEMENTATION

Fig. 5 shows the detailed circuit implementation of the
SCDC. The self-capacitance of the multiplexed TX or RX
channel is processed by a current-mirror-based bidirectional
charge subtractor (CM-BCS). With assistance from the RCCS,
the discharging and recharging quantities Qprs and Qrg are
determined solely by the decimal-weighted reference capacitor
array Crer[4:0] and Vgrgr pe, enabling precise successive
charge approximation. The floating-inverter-based preamplifier
and offset-calibrated dynamic comparator detect the voltage
crossing between Vspn and Vrgp sepny without static power
consumption. A key advantage of the proposed SCDC is that
Cseis is converted directly to a digital output using only a
simple up/down counter, without requiring a separate ADC.
In conventional CA- or CC-based architectures, the analog
output voltage proportional to Cse;¢ must be digitized by a
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Fig. 6. Die photomicrograph of prototype, measurement setup,
and measured power breakdowns.

dedicated ADC, which introduces substantial additional power
overhead and circuit complexity. In contrast, the LICA encodes
the sensed capacitance directly into the iteration count at each
decimal digit, which is accumulated by the counter to produce
the final digital output Doyr. Since the power consumption
of the counter is negligible compared to an ADC, this ADC-
less architecture is a primary contributor to the ultralow-
power operation, representing a fundamental power efficiency
advantage over prior Cge;y sensing approaches.

IV. MEASUREMENT RESULTS

The proposed SC-TIC prototype was fabricated in a 180-
nm CMOS process and evaluated on a 13.3-inch flexible
OCTA display comprising 40 TX and 56 RX channels. Fig. 6
presents the die photomicrograph and measurement setup.
The measured power breakdown verifies the ultralow-power
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Fig. 7. Measured 2D heatmap of full-panel self-capacitance
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Fig. 8. Measured self-capacitance profiles over 100 frames and
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binning, and six-channel binning scan modes.

operation of the proposed SC-TIC. When scanning all 96
channels of the 13.3-inch flexible OCTA display, the SC-
TIC consumes only 31.8uW at a frame rate of 120Hz and
73.8uW at 480Hz. As the frame rate increases, the dynamic
power consumption rises due to the higher switching activity
required for faster operation. However, the proposed CR-
DPR effectively minimizes this increase by recovering residual
charge across successive channel scans. As a result, even under
the four-channel binning configuration, which demands C's.;¢
sensing of 836pF per sensing node, the SC-TIC maintains
efficient operation at only 81uW at a frame rate of 1.92kHz.
Fig. 7 shows reconstructed self-capacitance map obtained with
single-channel scan under finger touch, confirming full-panel
sensing. Fig. 8 presents the measured self-capacitance profiles
over 100 frames. The prototype achieves an SNR of 44.7dB at
a 480-Hz frame rate. The four-channel and six-channel binning
schemes demonstrate fast frame rates up to 2.88kHz and
heavy-load sensing capability up to 1.2nF, respectively. Fig. 9
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Fig. 9. Measured SNR as a function of RCCS operation and
hovering distance. Measured SNR and touched capacitance
precision across five prototype samples.

shows measured SNRs as functions of RCCS operation and
hovering distance, demonstrating effective SNR enhancement
and an extended hovering detection range of up to 20mm.
Measured SNR and precision across five prototypes confirm
robust and consistent performance. Table I summarizes perfor-
mance comparisons, where the prototype achieves the lowest
power consumption of 73.8u4W and the best figure of merit
(FoM) of 11pJ/step, representing at least a 72X improvement
over prior state-of-the-art works.

V. CONCLUSIONS

This paper presents an ultralow-power self-capacitance
touch readout IC for 13.3-inch flexible OCTA displays. The
proposed LICA combined with an RCCS achieves fast per-
channel conversion times of 20us and precise C'sei¢ sensing
up to 1.2nF through direct capacitance-to-digital conversion,
eliminating the need for a dedicated ADC. The CR-DPR
and MCBS further minimize power consumption and enhance
touch sensitivity, achieving a 480-Hz frame rate at 73.8uW
and a figure of merit of 11pJ/step, representing at least a 72X
improvement over prior state-of-the-art works.
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