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Fig. 1 Schematic diagram of the light addressable
electrode with low conductive passivation layer.
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Fig. 2 Dark and bright currents injected by
voltage application. (a) Current waveforms.
Stimulus pulses of 0.5 — 10 V with a duration of
Ims were applied with and without illumination.
(b) Charge density injected by the voltage-
controlled pulses and the bright-to-dark ratios
against the test voltage. The mean and standard
deviation are given from four test electrodes.
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Table 1 Maximum bright charge densities and the
applied voltages ([uC/cm?] / [V]) of each electrode.

Dark charge density < 1 xC/cm?

No coating PEDT ZADE

50 nm 4/1.2 9/1.6 16/3.6
150 nm 14/29 4/0.9 44 /5.4
1000 nm  >160/>10 9/1.9 >130/>10
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Fig. 3 Optical configuration; Ca?* imaging from
above and light-addressed stimulation from
underneath.
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Fig. 4 Neuronal activities evoked by light-addressed
stimulation. Response patterns at indicated post-
stimulus latency. Fractional changes of fluorescence
intensities above 3% are color-coded and imposed on
the raw fluorescence images. Fluorescence transients
at indicated loci are also shown: Left column, activity
without synaptic blockage; right column, activity
under synaptic blockade (APV/CNQX). The
experiment was carried out at 15 day in vitro (15 DIV).
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Fig. 5 Spatial resolution of the light-addressed
stimulation. Dashed circles and a white dot in the
upper fluorescence image indicate addressing spots
and a responsive neuron in a cell aggregation,
respectively. Black then white dots in the main plot
indicate non-activation then activation of this cell’s
Ca?" dynamics as the addressing spot was moved
closer towards the cell. The diameter of
illumination spot was 70 um.
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Fig. 6 Light-addressed anodic and cathodic
electrolysis. (a) Cross section profiles of generated
pH gradients. An illumination spot of 32 um in
diameter was used for addressing with a voltage-
controlled 400-ms duration pulse of -4 — 5V.
Across the central 24-pum region, all single-pixel-
width profiles were averaged with their line-
symmetrically-reversed profiles for smoothing. (b)
Peak ApH against the pulse voltages. ApH values
across the central 12-pum range were averaged and
shown with error bars indicating standard deviations
for three trials.



4 ~5VORVRAEBEEZHMLICEEDA A=V
MERAZRT. K 6@ LTIZX DT, K L o
JELT, pH O FRE EANRZENENGHII S, B
Wi & B2 CEILENEC DKEA A EKREB(LA A
NZED pH Bl ThHHEE XD, FIMEEN-2.5~
2.5 VO#FIPHTIX pH BBl S hizinoTz. &
fE2 3 V LLETIE, Bl X OaMadEsk oM 7T, 4
Bl v — 7 EIZHIINEEE & AR L R L. K
6(b)IZ1E, FHUMEIEE ApH v — 7 [HOBMRME AR,
FIINTEJEAE 2.5 V A5 PBS DRSNS S 2 Bl
Lo TNB I ERNbod. KRIZ, XBEEHRTERE
NWER SIS pH AfdEEfET 52 & T, L0 LA
DAMZEERT HZ el T, K T@IRLTELD
(2, 120 um OFIFR A 22T C, SFEM & BT oBER D
i 2 BIRHNAT - 7=, K 700)Z, WRsEIC ARk S v
BELDZEM SR Z R, RO AR RO BT
BOMMTEEES I, ApH 28 1 ICET AR ERK Sh
7.

PLEX Y, B - UMHENFTREZ Y IEMmRIE, 1) EAR
TERIRTTE LT= Al 7 v 7 7 A VO ZAL % 5 55 (2
TE DR, i) AT 87 7 A )L OGN TR A,
iii) 2R ABLOERNARE/RS THHATH D Z &N
Do T,

5. R

ARFECIE, IR A Y BB I VT, L
BIEEONT LU RAEMAERR Lz, L kL
TR Y, R G IR BT ORI T b B A

DEAT D, ZOBBRNIEKTHE L 2 ETROM A
BT NV A EmARFT 5 L COREEHFET
(a) av
0 400 Time / ms
450 850
-3v
120um
soum|| H
b) . .
0.4 1
§ 0.2 :
g
S o
r N
g
-0.2[- 1
0.4 1
-200 1(I)0 0 1(I)0 200

Distance / um

Fig. 7 Generation of steep ApH gradient. (a) A
time course of voltage pulse application and
illumination switching. (b) A generated ApH profile.
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