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Fig. 1 (a) Input voltage (top) and normalized output
current (bottom) plotted against simulation time
steps. The input is a trapezoidal voltage signal
corresponding to a random bit sequence, where bit
values 1 and 0 are mapped to +7V and -7V,
respectively. The output current is normalized to the
range from —1 to 1 and is dimensionless. (b) Input
bit sequence u(n), delayed XOR target signal
t(n) = u(n)®u(n — 1), and output signal 0(n)
obtained from the multiple-electron random
network. (c) Scatter plot of the output signal O(n)
versus the target value t(n). A red dashed line
indicates the threshold used for classification,
which separates the outputs corresponding to
t(n) =0 and t(n) = 1.
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Performance Enhancement of FeFET-based Reservoir Computing Using Substrate Bias

°Mingxia Wan, Eishin Nako, Shin-Yi Min, Mitsuru Takenaka, Shinichi Takagi, Kasidit Toprasertpong
The University of Tokyo, School of Engineering
E-mail: mxwan@mosfet.t.u-tokyo.ac.jp

1.Background: We have experimentally
investigated physical reservoir computing using
ferroelectric-gate FETs (FeFETs) [1,2]. To improve
the performance of physical reservoirs [3], dynamics
with nonlinearity and short-term  memory
characteristics are crucial. Previous studies have
mainly focused on the effects of gate and drain input
voltages [4]. In this study, we investigate how
substrate bias input affects computing performance.

2.Experiment: A FeFET used in this experiment
has a gate stack structure of TiN/Hfo 5Zr.502/Si02/Si
and its ferroelectricity has been confirmed. As
shown in Fig.1, Time series random binary data was
converted into a triangular voltage waveform V,.
The waveform was defined by a center gate voltage
of 0.5 V, an amplitude of 3 V, a duration of 4 ps.
Binary inputs “1” and “0” are represented by
positive and negative pulses, respectively. To
confirm the effects of the substrate bias, a substrate
bias Vs, was applied in the range from 0 V to -5 V.
Drain and source currents were measured at 200
points each per pulse, and the obtained current
waveforms were concatenated to generate 400
virtual nodes. Output weights were trained using
these virtual nodes with ridge regression. Short Term
Memory (STM) [5] task and Exclusive OR (XOR)
[6] task were used to evaluate the computing
performance.

3.Result and Discussion: Fig. 2(a) shows the
reservoir performance under different substrate
biases. It was confirmed that the reservoir
performance was maximized at around -2V for all
tasks. Fig. 2(b) shows the accuracy of the 3-bit input
in the STM task, where the rightmost bit corresponds
to the present input u(t), the middle and the leftmost
bit correspond to past time-step input u(t-1) and u(t-
2). The accuracy clearly improved for input patterns
“010” and “110”. As shown in the -current
waveforms under input pattern “010” in Fig. 3(a),
the polarization switching current decreased as the
substrate bias became more negative. Without
substrate bias, the polarization is almost fully
switched by the gate pulse, which results in less
variety of polarization states. In contrast, when the
substrate bias Vg is applied, polarization switching
under negative gate pulses is partially suppressed,
helping achieve intermediate polarization states.
This contributes to improved nonlinearity and short-
term memory characteristics, thereby enhancing
reservoir performance. On the other hand, as shown
in the current waveforms under input pattern “011”
in Fig. 3(b), more negative substrate bias Vs makes
channel formation under the gate stack difficult due

to the Vu increase by the body effect, leading to
degraded reservoir performance.

4.Conclusion: The performance of FeFET
reservoirs can be optimized by a moderate negative
substrate bias. This improvement in performance is
attributed to the trade-off between improved
memory/nonlinearity characteristics due to partial
suppression of polarization switching and the
difficulty of channel formation by body effect.
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6.Reference: [1] K. Toprasertpong, et al,
Commun. Eng. 1, 21 (2022). [2] 4 =Ath, EFIL
W42 16p-K306-9 (2025) [3] G. Tanaka, et al.,
Neural Networks 115, 100-123. (2019). [4] S.-Y.
Min et al, Jpn. J. Appl. Phys. 63, 03SP19 (2024). [5]
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Improvement in information processing capability of ionogel-based physical reservoir device
through control of metal-cation accessibility to ionogel/electrode interface
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Pea 225, Lo T, MC D IG MEHERAENEIX FC 2 2<E ¢ Ist half D7 — —=—All
Ay MIHKL, IG2 TIE Cu A F 412 GC BN L CR3IRE~DT 7 &

2PED3 A B, IGT K0 FC 2ME ML T MC 23 _E L7z & fEgisnb, -,
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Photo-Induced Warm-Up Effect in Copper-lon-Doped lonic Liquid Reservoirs
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[Fig] Fox A A il L/ EmARE CTAE L L2 BSALFAONEFA LIZWE ) FR—F 31 R
(IL-PRD) DA FE A HEH T E 7o, ZAVE T, Cu-IL/BM A L COMLRITTRISIIE DY 7 7 77 —Ehi v
— 7 NP ERL Y f/§~®‘f%§é&ﬂfi‘r$ﬁ%%m&)é EEHLMNZL, ZOHBITFELE LTA IX Y VT LR
IL OERREEBENAEN CTH S Z L 2R LU RIFFETIE, KIGERE TREIZIER S D D Cu lbEW
(Cu0 X CuxS) D I FEXAL FINE N X D SUSTEMEAL AL, BB T3E (ML) MERE I 35 5 e BB 2h S % 38
Rz ZORER, KBEFH T TOU+—27 v 7 (FILER) 1280 RIEFHZ A~ EW ML PEREDSFEEL L 72,
[(EBRFIE] CRHPESE T RO RET 2% 3 EMGE)~ A 7 mEX{bF /v (Fig. l(a))‘f“, ML £
BEICIE T A 2 BMQE)~ A 7 1 %ﬁﬂ:%tﬂ/(Flg 1(b)) TEILZAEM L7=. 3E JIEIL, YIRS H
0 /70 L(LARE, BR/RE S & F0a) TV, RS BRI 1 V/s ICEE L7z, ML PEfE xﬂ“é;‘ﬁ%’ﬁf@ﬂf A
T D ERICIE, ATLEE S U CH/RE S N CIEAD =M )L AEHEZ AL HAIC 600 cycle FIINL 7242 12X
VF— I H AT (STM ¥ A7 NARMA2 % A 7 )% Flii L7=. ﬁu&&iﬂm BIER S IL 500 mV/s & L7z,
X A7 FATRRIZIE, IEAD = ﬁuﬁ/vvx BIEEZTNEN L0 EEFR L, T2 X Ll AT VKRS
EREYVPNN—IZT AT LIz, 22C, BEREL 3V, ff5EE%Z 500 mV/s & L7, ML HEEERHEH o H
NT—4 ®§+?ﬁu&i/i\fﬁ%%¢fv§§ﬁ’@ L7, WO —2 138 7 — RiETEkoeib L= U Fo3— 2 v
72 IL 13 0.4 M @ Cu(Tf2N)2 Z¥RA1 L 72[C3CNmim][TR2N]ToH ¥, HIRIZIE 1860 cd D H {4 LED % FH U 7z,
R KR OB L] Figs. 2(a) L O 20 TA/MESRGEZNEND BEREDRKER TH S, Eit ™ — 7 OFRS
BIEEA & &R IS TR OFEFZ fi#AT L, Bk 01 35 L UNEIT R2 (X Cu @ 0 fie ] flid
fefbis e O, B 028 X ONE TR IT 2 i DR LiE TG & R E L 7= (Figs. 2 D &KFE). 728, Figs.
2(a)B XX 2(b) D HIE i%h%hoﬁﬁ@l M DEIE DI, ¥ XN lS2 i DG D 754 C 5w i
TIT>TCWAD. Figs. 2 3R L 912, KIFIC L - T offiel i, 1 iS22 MOERE— 271X EH L HHEK
T 50, O KITFFIZHTA IS :1’011\“(% L V). Fig. 3)B L30T/ REZ N ZEN DO U A — L7 v
L7 PR—IZkt L, 7o MEFEZHML TR L7 BRI T 5.2 A AXT v 7 ﬁui
TOEZFANNE(T T ANZFESWTERIEE &2 0T L“Cb\é ATRLER DS S DI A I BRI B
— 713 < BEH AR Cd 5 235 (Fig. 3(b), PISRMHOGEIL 1V MTICHRRERE— 7 ﬁiéﬂ?ﬁﬂéhé
(Fig. 3(a)). ZNHLOT—F % L2 STM &xﬁ%;*;ﬁ L7, ARSI SRED T — 4 Tl MC =
245, HEMOT — X TIEMC =295 Th -7=. £72, NARMA2 ¥ A7 OfEZETRTLE NSO 5E 1%
NMSE = 0.018, HISGMHFDOEAIEINMSE =0.016 & 720, BIS/F:CTRIALEL L7 U $3—0 ML HERER L 0 &
WwZ ok 75§§7\7b>ot. NS ORERIZ, ﬁmfﬁ'étiﬂm‘éﬁﬁ%ﬂ:ot D EREIR I 1V AEO E— 270
L MERED M FICFHE L TWAH Z & &md. ZOERE — 7 OHBUE, AL OER(LT RS DOmFE T
Cu-IL/ﬂ#‘ﬁﬁ@ IR E LD CufbBE(Cu0 X CuS)P3, BISRHED FTIXZ D ESILFICEIZ L - T
FOt 2 iGMHAL S, EmEmEIC Cu ORI ICEMETAERIPE LT Z LICL Db D ERBINS.
ik, j‘nﬂﬁﬁfﬁﬁf&wﬂﬁk T ZATV, ARG A BREET 5.
[2% 3CHR] [1] Y. Kubo et al. Jpn J. Appl. Phys (2025).[2] Z. Li andZ Zhang, Nano Research (2018)
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Effect of polymer encapsulation on the learning performance of ionic liquid reservoir
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[Fim] BexlZZNET, £ 4 RIEAL)DOEWT A a4 L, AEBRETRAET H1E50
S BRGE 25 10 ps-1 ms DA R—72EFEILL A A—FT HWEY FA—L LT, @Vitkz
FroZ Lap Ll —J5C, IL OWEIMEL, ZESREERAERHECT D720, 73510 AL
DFE L 72> T D, AIFFETIE, IL OR Y ~E AU PR SE R R IE T 82 5 L,

TREHPE DI & FEMERE D W b - YD BRI OV Tiam L 72,

[E6%J77%] IL & L C[Comim][TH;N] (C2) & [Csmim][THN] (C8) % =, B T4 DT )L F L4
BB IUHMRIT C2<C8 THD. IL 2R~ LEAEL, AuBlT LA 2 F—=7 LR
X UBIIREM B T L, HBREEIT S 2 & TT A R EAERL L 72(LL T poly-C2, poly-C8 & F7L).
AV E—F U AGKIEEFER L, 2047 %A G ORI IRFHEFM L. £/, E, &
SHBEASVAEZ 1,07 EENERERL, T MMET—2 L LTAS L I ERE
WTHBRERESTM) X A7 2 94T L, SUEREMO)D /L AEPW)IKAFIE 2 5l L 72

(R K OB 2] Fig. 1 fEAKIC poly-C2 D EHZRY. R ~~OE ALY, "I LT
B2 E R DG 54072, Fig. 112 poly-C2, poly-C8, HLAIL @ C2, C8 O G/w (i BE=RME "D JE
WA 2R, " OE =7 (LB XY A b DA ER AT EOR oL v E< %,
70, MHOR C2 TR ~~DPA CIADDEBER 2, SR Ro72, fAIHOR W
C8 TIIAR U ~DEENFH dIbTNEL o7, Fig.2 12 MC ® PW {&{F#E % <3 .IL @ MC
(TR ELOEE TR E o7, FTe, RY~OFEAIZLY C2 O PW 2B 5 MC (3K
TLER, P-RPW TOMC AL M ET 2L bmRaniz. AERLD, IL ORY vE AT,
TEEAZMA 2720 TR, IL-R Y ~HOMHESEM 27 A ZARGHIIY Ao Z & T, IL Y
AN—=OPEREM BIZFHE L9 5 2 LavRanT.

[1] WA, 55 72 RS AP PRFESHF T LINER S, 14p-P06-15.
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Fig. 1 Frequency dependence of Fig. 2 dependence of MC on
imaginary part of permittivity. pulse width for STM tasks
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Fabrication of wavelength-dependent bipolar dye-sensitized artificial
optoelectronic synapse and their application in physical reservoir computing.
REXEHET O/MR A, ME PHEE £F £
Tokyo Univ. of Science, “Hiroaki Komatsu, Norika Hosoda, Takashi Ikuno
E-mail: tikuno@rs.tus.ac.jp

WOV AL R=AD BT 3 VAT AN, T XU RTE O T DI K
HRERE RN =BT LT D, ARZHROEX 2V T4 I AT Lol
Y VHIBRIITE S 2. £ 2T, AEITENET 20N s AT LEZBRLT,
)\Fﬂ@%nié: VAT DMIEREGLEEB T AT T TAREREEIN TS, BXIZIRET

, BFHEKGEMDSC)N BT OFRE LB DB T F T AN EE R L, BIERH
%ﬁﬁﬂf BB EFITTELHZ L Em L LL, (EROF T TIEEEOHMAINT
ET, ATV a AT AL LTOIHICITRED & o 7o, RS ATEE & 72U,
RREIERO LRI A, A R R (SpOZ)2 RO 722 EDAEREZEHII~DISH &
Hrrsns.

AW TIX, BOBEHROANTHE T T AR FICEERBGEN M52 % H
e LT, B “FEOEFE (SQ2 BLUDI3) THEILZ DSC % W7 Mo #2ke L7z
HHWEIE DT S A 2 ZAER L, BLESERETIIX T 2 EBRBRE & o 7 AR 2574 L 72 .

FTO #' 7 A FIZ TIO ZALERAER L, 2 T OMHESQ2, DI3NANAE I+
St & Uiz, 2 DOJeAE a v B REMIEZ I LTI PLARICEFE STV D, X 1(a)
WCARF T DN R ZERT. ERL U727 31 ZZHAYEOL =460 - 620 nm)/ /L A & RS L,
B AR O 18 PSS A 2 E Le. TEEDORF SII AT RIZ L > TRERL, 4 =510-570
nm 1T CIX 10 nm A — & TIENZLL L72(K 1b). HEH(A =460 — 500 nm) S CTIEE
J£, MR =570 - 620 nm)EH CEBENBIMI S, BEHEIEZICIZErBEICERT
DINENHE LI, 2, REEWRIT 5 SQ2-DSC 231 Hh), & zWIld % D131-DSC
DIEFMNCERE SN TWA TS, BAELLEEOZEGNH1E LTSN EE 2 b1
L. ZORERIZ, KT AL AR, FH, OSOLEHNTELARMELZRETLHHDOTH
L. MAE, KT AL ZAOWRARFROBAGNESE DEIWEA =X TN Z, ERANTKE
TLHUT T RAIGE, RB/TEWIY) P—L L TIMESETBORES A7, BhERR ¥
A7 DFERITHOWTHET S

Pulse duratj
(a) (b) h7._______U_F;_Ei“tlc:|ﬂ
Injection
Diffusion y—_® _ =
E -0 [ ] LUMO [ ] *—>
_!V\M EQFESOZ) e — — — — EQF(D131)
Blue light E _; E. - <
AN D Trap | [ 5:
HOMO 3
Red light o A N5 =
E,

FTO TiO, sQz Pt D131 TiO, FTO

Fig.1 (a) Band diagram of the bipolar dye-sensitized optoelectronic artificial synapse. (b) Open

circuit voltage dynamics under light pulse with various light wavelengths.

[FEE 1A Z01E IST BHEEAN A/ = a VAINC AT 7o K% 7 = v — 3w TR E 3 IPMIFS2144, IST
WAIFZEE HRERAOIFZE > 1 &5 & JPMISP2151, JSPS BHifF4 TP25KI2114, HAHERL RS N v THIEEE
FSCER R, R EATIREL - B0E M ARSI O S8 & 521 72§ O T, [1] H. Komatsu et al. ACS Appl. Mater
Interfaces 17, 3, 5056-5065(2024). [2] Y. Zhang et al. Sensors 19, 673(2019). [3] C. Shen et al. Sensors 22, 328(2022). [4
Komatsu et al. Sci Rep 15, 16488 (2025).
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Physical reservoir computing using pattern formation
by electrohydrodynamic convection of liquid crystals.
BRABTER ! O JRAT!, EE Wt B Kzl KHE K
Osaka Univ. !, °Ryosuke Nakajima!, Seiya Watanabe!, Hiroyuki S. Kato', Megumi Akai-Kasaya'

E-mail: nakajimar22@chem.sci.osaka-u.ac.jp

XUBDIT : F~F v 7R EZEHA LK VICEEZHINT 2 &, HKEOEXR TR EN
2R o TRIEDAE U, B2 I X D REI e R Z — U BB SN D[], ZoxZ—0%, FHin
THELEOKRE SVCEWEEZLESEDH 2 L THOREA 287 — 2~ BT 5, AT, i
DOELANRBE RGBS 72 812 & o THEMAE S ITBIE TE 2720, Kb x MO T2ERIE - IR
BRICBAT AIFEN 2 E THE < IThNT& Tz, AIIFETIE, ZOX~TF v 7 GO EEHIN
WCE D Z— U RICER L, MY PN—ar Ca—T 4 V7RI LTz,

KB : ITO EMAEAE ST AT AFMROBNT, AR_X—H—L& LTELD 12.5 pm OFEZEMER Y
AIRT7 4NV LZHdrZ & T, “W%:%%y7%%0#yP%y?%@ﬁw%ﬁﬁbk@gm
B, AOFERFMEZRT R~TF v 7 KehD MBBA(N-(4-Methoxybenzylidene)-4-butylaniline)
(2 0.01 wt%? TBAB(Tetrabutylammonium Bromide)Z #s/l L 726 D& v, Tz A HIZE AL
Too 2O EMZEJREEZHIIMNT % & BEORE ZTE U 32— DR S 45 (Fig. 2).
WY FAR—DRFE L LT, BEAEMIT U H L REIOBERELEZHMUIZEDORZ — D
TERL & AL DR A AR CBIEEIC K 1y Lo, ATEICHGE Shv- i 2 22 MpicaEi L, 58
WML ICEBOHEEZFE L, ZOEE VP AN—D /) —RKE L THW, X Fv—7 X AT
[T NARMA2 Z £ A L, VU v PEIFIC L 57 EZ O FRIEE Z KD,

FEREEBE . 7 X LAANNE G X I2REDISE % VT, NARMA2 X% 8 S8 %0 U
N—t % Fig. 3177, T OEBYEL T " FEEAENMSE)X 0.168 TH 0, FERIE 72251 T
MATRETH D Z DR INTo, WD/ Z — R, FIINEEIKAF Lo nE 2R3 2 Lo
% C, WM BBl 2R3 720, WELY P —(C B CERBRISEN GO D &5
Z b, MOMTCEEIC YW TIXY B RET 5,

BECHER : [1] R. Williams, J. Chem. Phys. 39, 384-388 (1963)

N

ﬂ.ﬁiﬁ& NV ZAR—Y

— ITOH 5 REIR

0200 NMSE = 0.168
) 20 %0 60 80 100
timestep

Fig. 1 Schematic of liquid crystal cell ~ Fig. 2 Pattern of liquid crystal (3V) Fig. 3 Result of NARMA?2 task
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In-sensor reservoir computing with conductive gel

BRABEE' BRXE? OMD &S 2 ', B Fth', G HEP RG> Wk 52

L R A

Osaka Univ.'2, OAkane Hatanaka', Seiya Watanabe!, Toshiyuki Tanaka?,

Hiroyuki S. Kato', Megumi Akai-Kasaya'

E-mail: hatanakaa24@chem.sci.osaka-u.ac.jp

VHPNR—aEa—7 47RO IV
Yh=a—I ARy NT—IDO—EETHY
T8 OFENRETEHE 22 F IV &
IREEND B, I, Brh—L U P R—FT
ERAG L e —E A EET e JHERT
PRS2 FIEPRESINTND, 2O X527
—X 77 FxidA U —RC EMEEI, T
IS AD/N - fESBENFIRER Z D, =y
VERETORHPHRTE L, A1t —
RC TiE, #x 255 Ok, OFHRLE) ZA
T D20, BIOREBIZES L, 222, H
TIE DI FL B AR 72 £ D RC
(BRI AR T OMER R I TV S,
PEDOT:PSS &EMS LT, B OEEM
AL A S THR O [1], —EBEENEZ
ANERZ NID & BRI K 5 ERZE
NESND, 2. FLVOREHEMEICH T HE
W OfmmEE T EMREMECHFET 2L T
HENDHZ LD, RCICHLERMEREZFT S
EEZ NS, AT, PEDOT:PSS 7 /Vi% 3D
TV T 4 I K0 EHEZR 3 RoTEE IR &
ERLF 2 2 L3 FRETd v [2]. HEEHIENIC X
D - JRE R AT 5 2 LT, U —
PEgem E b T& 5, LEaERE LT A
%2 ClL, PEDOT:PSS 7 /v & W e OV A
>t —RC ORFEZ R,

HEIZ AW 2L E OIS % Fig.l 1217,
PERL L 7= 7 Vit & PTFE oo ofl ke,

AR Z ETE S CANENNAEINZ T2, 7V
(ZIT—EBEZEIN L i 2 st 2 JE L
oo S BIT, TERFARICERD fHiF 72— Fev
&0, WMEOZES FRHIFHHE L, RIHE
it & AN K 5 EOMR (Fig2) 205,
FERAIE RIS IR STz, AREFR Tl

FOIRARIEZR &V S — B A MR RR A AT T
bz, £ U —RC IIEHIZBT D
PEDOT:PSS 7 /v DA HAMIZ DUV CRl# L
T2,

BE kR

[1] Wang et al., Sci. Adv., 3, €1602076(2017).
[2] X.Y. Cheng et al., Chemical Engineering
Journal, 470, 144058 (2023).
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Polymer Wire Synaptic Device with Enhanced Endurance for Neuromorphic Wetware

Computing

Department of Chemistry, Graduate School of Science, Osaka University !, °Adrian D. Go!, Seiya

Watanabe!, Hiroyuki S. Kato!, Megumi Akai-Kasaya'

E-mail: adriang24@chem.sci.osaka-u.ac.jp

The recent surge in Artificial Intelligence (Al)

usage has necessitated the demand for

higher-performance and energy-efficient
computing architectures beyond the traditional Von
Neumann architecture. Neuromorphic computing
offers an alternative approach by integrating
memory and processing units, thereby emulating
the parallel nature of the biological brain.
Organic-based synaptic devices are one of the
promising platforms for neuromorphic devices due
to their intrinsic flexibility, biocompatibility, and
tunable properties. Nevertheless, organic materials
have drawbacks, such as structural degradation and
operational instability remain an obstacle. It is
essential for materials to have stable cycling
endurance to reliably support long-term memory
processing. In this study, we report on the
fabrication of a two-terminal synaptic wetware
device based on hydroxymethyl PEDOT:sodium
dodecyl benzene sulfonate (PEDOT-MeOH:SDBS)
polymer wires (Fig. 1a-b). The polymer wire was
grown Dbetween two Au electrodes via
electropolymerization. Synaptic behavior was
induced by applying repeated voltage pulses on
one side of the wire which resulted in a thicker
region. This structural asymmetry enabled the
short-term  potentiation/depression  (STP/STD)

characteristics (Fig. 1c¢), which were attributed to

the uneven ionic doping and dedoping process

across the wire upon voltage application.
Furthermore, the wire exhibited excellent
endurance (>100 cycles) against repeated voltage
(£1.1V, width = 25 ms) pulses when suspended in
ethylene glycol (Fig. 1d). To demonstrate the
applicability of the device for neuromorphic
computing, we implemented the device for
convolutional neural network (CNN) digit
recognition. The training involved directly
utilizing the physical conductance states of the
polymer wires as kernels in a closed-loop system.
At every epoch, backpropagation was used to
obtain new target weights, which were mapped to
the conductance of polymer wires via voltage
tuning. The resulting training achieved an accuracy
of 96% over 450 epochs for classifying 5x5 digits
from 0-9. Our work highlights the feasibility of

using polymer-based wetware synaptic devices for

brain-inspired systems.

(c). 2o ll(d) ‘
X UH"I"\
H J V. H.’ \) ul’. J

Number of Prsses

’::}h “

)‘u ﬂ |1

|

Figure 1. (a) PEDOT-MeOH:SDBS synaptic device, (b) structure of
PEDOT-MeOH:SDBS polymer wire, (¢) STP and STD synaptic
behavior of polymer wire, (d) endurance cycling of polymer wire
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