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A Touch Sensing Technique Using Series-connected Electrodes
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Abstract: A touch sensing technique that uses series-connected sensing electrodes via capacitors is proposed.
The electrodes connecting to the circuit by just two wires work as touch sensors. They can be easily created
and offer the adaptability and flexibility of touch sensing, including the number, shape, and placement of the
electrodes. It could be useful in prototyping touch based systems. In this paper, we report the principle of the
technique, the results of the simulations and actual measurements, the evaluation by users, and application

examples.
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Fig. 1 [Illustration of the proposed technique.
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Fig. 2 Several touch sensing configurations that support multiple electrodes.
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Fig. 3 Simulation result with ten electrodes.

32 YIzil—¥3r

LIRL720T, 2> 7Y% G, Cri, Cu, Cyld,
12903y FrHFICERTHIENTEL, 28213
C; =Cy =C, =300pF, Cgi =5pF, n=10 Th 5 %#H
*EZ L. JRPVTNOBMIMN TV E X121, [
B HIE28pF O Y FUHPEHRINTWAL L) ICRZ
. THIEAA vy FIZX ) AIEEmR 1 RSN TS
BaETHhHoTH, BMI0 LERINTVILETHo T
bFEILTH L. FRHEM 2 (=856, RIEEAEMm 1 &
BRINTwah e XX 78pF © a2 v 7 A%, &M 10
CERENT WD L EICIT43pF OO v F U R SR
TWBEIICRZAZEICRA, TOL) BEMEILMHIC
)LD TELD, AGHEY I 2L -5 12T
BEFEDY Il —Yar&ffoz. M1ICRT LD
WZARTIZE TRV 2[RI T, EINd %790 A it 221t
LTHh5 C, OEMPEMEZEBZ 5 F TICES 2 LENMH
L, ZIMHRIZSVZADBIEDNEALT 5 £ TOREB O
(FTa—=74M) »oMEREZFITL. K& 2HE
BENERSINE, FTa—T 1 b KREL< AL, MY
Iab—EfAVnZ, EBROMBOEEICS I 2L —
aviEREEOITLEELIC, M1 ISR OEES
DEBMEREZHIAT) 12O TH 5.
3.2.1 10ANEBERAVHE

X 3.2, 0HOEwEHAN-LEDY I2L—2 a3y
K% 7/79. R=300k, C, =200pF, Cg =1pF T
D, L=V LERKO STy FIZEHEES (Cg =o00), /%L
AEFI2IE 10kHz OFERE 2 iV /2 & SDOFERTH L.
BNEEEEAEM 1 RSN TWwA L EDT2—7 1 1L,
TEBIZEM 10 L RSN TWBREEDTFTa—FT 1 ek
LTwa, T, 3D C #HWE Z0fERER
LTWh., WTFNDOBEETH->TD, Brmhs s Fa—
FAEEL Ry, 2FEDT 2 —F 1 LB S b

i

*1 LTspice. http://www.analog.com/en/design-center/design-
tools-and-calculators/ltspice-simulator.html

275



BEAIEF =R NEE Vol.60 No.2 272-285 (Feb. 2019)

0.4 T
cl = 5 electrodes
Ch.5
~N Ch.20va e ] e 10 electrodes
@04l h. 10 4 15 electrodes ||
g . VA e ] v 20 electrodes
; v A o [ ]
) v A ° " ch1
© 0.2 v a ° . 1
8 et
= i = p
S |Gh=200pF v, ‘a, ¢ e o
31 LCa=1pF vy o4 a4, ch.1 A
E 77 [ Co = Inifnity YY v v e
0 K Ch. 1
° <not touching
OO - L L L
0.0 0.1 0.2 0.3 0.4

Simulated duty cycle 1
X4 BREEELSELEEDTIaL—Ta VR ¥y FL
BB LT T a—T A AR A5 2 8, BT
T a—T A RT OSSR b 2 DD

Fig. 4 Simulation result with different numbers of electrodes.
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Fig. 6 Simulation result with different Cg.

Circuit prototype:

Reference 10-electrode prototype
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Fig. 7 Developed circuit prototype and two reference electrode

prototypes.
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Wirelelectrodel prototypei2
—

Slim electrode prototype
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Fig. 8 Wire and slim type electrode prototypes.
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Fig. 9 Flexible electrode prototypes.
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Fig. 10 Examples of signals captured from the reference 10-

electrode prototype.
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Fig. 11 Measured values with different capacitance.
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Fig. 12 Measured values with different numbers of electrodes.
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Fig. 13 Measured values of single- and multi-touch with five

electrode configuration.
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Fig. 14 Recognition accuracy of ten users in seven tests and

prototypes used.
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Fig. 15 Difference between with/without conductive tape.
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Fig. 16 Measured values when capacitors are replaced to reg-

isters.
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Fig. 17 Application examples.
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