
in fig. S13. Setting load impedance to 0 ohm was achieved using an
operational amplifier with the rectangular pulse of input, which is
connected to the ground. The result of the spatial distribution of
the recorded ECG outputs using the 4 × 4 OECT array as shown in
Fig. 4E shows good agreement with previous results. Spatial voltage
maps of all nodes at four sequential time points appear in Fig. 4F and
movie S2. The anatomical signals show different shapes based on the
location of the sensors. The developed stretchable and blood-compatible
OECT array successfully recorded spatial-temporal distribution of
ECGs on heart surfaces of rats with multiplexing. The heartbeats of rats
were in the normal range at 310 beats/min (40). The ECG waveforms
at C1, C2, D1, and D2 in Fig. 4E were recorded with a strong right ven-
tricular potential, and the ECG waveforms at C3 and D3 showed the
left ventricle potential. The measured signals correspond with the
ECG waveform, which is obtained by the standard 12-lead method
(41). The recording ECG on the body surface is a result obtained via
various tissues such as muscle and skin; however, this device can directly
measure the myoelectric potential of myocardium with high sensitivity
(42). The amplitude of measured T wave was smaller than that of the
human ECG due to the membrane potential of rats (43).

The high SNR (52 dB) can be achieved in this study for the following
two reasons. First, we have succeeded in making full use of high trans-
conductance of OECTs in the order of millisiemen, which is higher
(by a factor of 10) than that of the single crystal Si FET driven in the
electrolyte (36) in the presence of surgical bleeding. The device deg-
radation induced by the formation of blood clot can be substantially
suppressed by the PMC3A layer. Simultaneously, high ionic conduc-
tivity can be maintained despite the coating of PMC3A. Second, the
motion artifact noise can be suppressed because of the high conform-
ability of the microgrid structure. It is noteworthy in Fig. 4 (C and E)
that the baselines of measured traces are almost constant, showing that
the device can adhere to the target during the motion of the heart (21).

METHODS
Device fabrication
PVA [10 % (w/v)] was spin-coated at 1000 rpm on glass or Si as a sac-
rificial layer. ParylenediX-SR was deposited as an ultrathin substrate of
the device by SCS Labcoater. The honeycomb grid was patterned by
photoresist ZPN 1150 with an MA6 mask aligner. The sample was

Fig. 4. In vivo recording on the heart of a rat. (A) Photograph of the stretchable OECT array on the heart of a rat. Scale bar, 5 mm. (B) Recorded ECG by stretchable
OECT array without PMC3A coating. (C) Recorded ECG by stretchable OECT array with PMC3A coating. (D) Image of the positioning of the 4 × 4 OECT array on the heart
of a rat. (E) ECG signals from multiplexed 4 × 4 OECT array. The drain voltage of each channel was� 0.3 V. (F) Time delay of ECG signals. Data were changed by
transconductance of each OECT.

S C I E N C E A D V A N C E S| R E S E A R C H A R T I C L E

Leeet al., Sci. Adv.2018;4 :eaau2426 19 October 2018 5 of 7

 on F
ebruary 20, 2019

http://advances.sciencem
ag.org/

D
ow

nloaded from
 


