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22 AForM A7 150 pm 7|2 AT B AT
IEeld MEMS s4d& olgste] At A4 150 pm Pt-
black =2 79, double layer capacitance 7} 28 nF ©o =
ZAEgh AA eglolo] FET AYA 2xbol] AMgE Pt-

black A2 AAL 130 gm o|7, A=+ HWAT} impedance

-

7

1=

o] wiald #TAE 1HE w, =k 20 nF 9 double layer

!

ofgE ek olel we} FHef 100 nC

capacitance & 7}& Ao

o] Aete FYFrhd A2

I
O-
J

g 24 AfolelA 5V 9o A
a7k AT Ao o ikent. oA Aakst A AstE 2T
gotd F 12 V 7F HH, oo wet ¥ A=Y 2 T A=
ARE FYshe #2212 V o 2dd dde Agses
AABEGT o2 Y& B A=+7] 3ZE= 0.35 pgm Bipolar—

CMOS—-LDMOS (BCDMOS) ##A-S o]g3slo] #|2Fw it}

HV (12 V)

SRC—q[ 5 V=
NW FET
switch

22 ’ -":r*- "LI:' ]-.




Zt 1 ms ¢ pulse width & 7%t biphasic A= AFE
AREE] Wt A= 13 F F 2 ms O] AlRFe] Bttt o]
el 7+ row & AEEE A7 =S 2 ms oW, E 32 row
olmg HAA pixel & I 2 A=3sh7] HdiAE 64 ms 9

A zbo] H astth, weta A= FukgE 15.6 Hz 2 AakE Q.

Ui-9lo]o] FET A$ A& on/off 3= A 22 0V, 12V
ojtt. A Qe AdE uiel Zo] A HAF FYFY A4

Agto]l 12 V o]E =2 Yn-9lo]o] FET A9A| Fdte| FHof 12 V
o] zstol Q17kd &= Utk o]l Wt on/off 4= 0~ 12V 2
st =8 A4 AF FQl yiglolo] FET A91X|= P-
type & Hzglolol AEE AbEete AAEA, 2 5A40] P-
channel MOSFET ¥} AFstth [26]. o] we}l depletion mode

o] 2 EA @ 0V A o A9 AA, 12 V I o

b

2937} AL At

93 -":l'\-\._-i _'k.:.':._-l- |



Ext xH =E level
Z= 0 M| 2F 0 ~ 100 nC
Pulse duration 1 ms
= Me 0 ~ 100 pA
A= #HY 12V
=TS P 15.6 Hz
A2|X| on / off Mt ov /12v

¥ 2.1 yx=9otolo] FET 29 A array 7|®F Qlawut 217

swe 52 2

24 A =-



A 24 AA L AEFolA
A1 A7 =2 AA 74

Uigkolo} FET ~A91A array 714 Qlgdut 257 3=
2 FH O AA"el FAFQd S block diagram S =
et (2" 2.4) AAAJ] AR R gk A d
G deold HAR, 2=7] 37, yYmgolo] FET 294 array
2Abe] Al EEo 7 v

A=7] 3|2 W9 Biphasic current stimulator 3] Z oA+

I G A 2 G4 dloly Ao AdE 32 e G4
AR deolHE dE wow, oo HlHst= AVIY AT ARE
WA ZITE, F 32 A biphasic current stimulator 3] &7}

HA =l glor, WAE =+ AFE yHio]o] FET 293X

o] 2] row selector % stimulator control signal generator

f
(o

S0 FA"E A" AdEFHolA FREME 16 MHz 9
T35 Zh= system clock & g o7 wol HAsk txdY

T ASTE BAAZILH E3] row selector dAE A2 AFE

TYs+= row & A"str] & 32 bit ¢ scan signal =

25 A — ]



System
clock

Clock
generator

Row selector

5 bit select
I signal
synchronous 5
> bit
I up counter

External unit

Camera

MCU

Regulator

32 CHDAC

32 Image data
(Voltage)

Stimulator H .
[> control signal Level shifter .
generator | GVto12V) Sink

Source

——

Biphasic current stimulator

CH1

CH2

CH3
VC@®

Gain controlle®

CH 31

Bip!
g VCCS

Gain controller

Biphasic pulse
generator

32 bit
I Scan signal

32 Data signals
(Current)

32 X 32 Nanowire FET switch array

2.4: Yrglolo] FET A9 A array 7IHF 13wk xp=7] 3]& 9 A8l A A block diagram
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Al 2 & Analog block 27

2 A=7] 329 analog block & 3|29 HAA TA-&
23l bias 329 32 L2 biphasic current stimulator 3 Z %
T/ =] vt

Bias 3] %+ current mode 2] bandgap reference 3 ZE
AF8-3}o] physical design A ¥ e o Q= parasitic A% ¥
capacitor ©| 2]3F bias level 225 FHA3AZTE [27]. AAH
current mode bandgap reference 3|Z+ A  bandgap
reference core, 32 ¥ bias current &, Start—up 3| =Z=
T Stk (29 2.5). Bias 3|29 RE F4 24hE 5V

A

L ESN

o,
2

o 7]#=o 2 XAt Bandgap reference core 2
operational amplifier (op—amp) + self—biased two stage
amplifier & AFg3tFtt (29 2.6) [28]. ©]= bandgap

reference core 9 wo] wAdt ZH<t o] < D

i
s

O

F49]

;(O]—OE

v H—

o|\
|

A7l Bl two stage op—amp o TS
gain ©] #HQ3}7] uwitoltl. Bandgap reference core ©lA
A E reference AFE 2¢9 IFAE wide swing current
mirror T35 AX 32 A'E bias current ol HAHET. 32

7H€] bias current & 7t 20 ¢ A 2 amplitude & 7FAH, 7t

biphasic current stimulator 3]Z2 T%< ¢ Arg&H)

- 2 2]



nkxeko 2 PMOS load 9+ NMOS A91% 2707} Ass Fe)
start—up 327} wide swing current mirror T3] A4 %]
1A, turn—on ©]F feedback = T3 A bias Aol
EU3tEE 53ttt Start—up ¥ 29 F2Z¥  bandgap

reference ¢ I EAA =8 ALY 2 HA TlH

o

Aladeolde Fall st (19 2.7, 2.8).

28 J':-! o 1“ 'c‘.J]I_ T
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U
=
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o
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v
—lr AA——
v
S
AN |

— — — — — Bandgap reference core — — — —
%lijl

19 2.5: Current mode bandgap reference 3| Z%

LV (5V)

1T,

=T} €

-":r'\-\.ﬁ-! 'CI: ok

— Vour

—

p—vin
l

29

19 2.6: Bandgap reference ° A% self—biased two stage op—amp 3 2%



0.0 .25 5 75 1.0
time (s)

19 2.7: Start—up 32 =Z Al EHo|H A

1.302;

1.301]

1.3

1.299]
2.1.2081
=

1.297]

1.296]

1.2951

-500 -25.0 00 25.0 50.0 75.0 100.0 1250

H 2.8 29 AYY 25 B Ve AlEdeld 43
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=22 32 A< biphasic current stimulator ¥ZE
AASEA Y. 7 biphasic current stimulator $Z:= voltage—
controlled current source (VCCS) ¢} biphasic pulse generator
7F ddE FxE ey (29 2.9) [29-30]. VCCS ¢ op-—
amp + p-—input folded cascade op—amp & AFg3}o], =
Age]l 0V o WHg A= ARE AL 5 s AAAH
(¢ 2.10). VCCS Wil A= AF2 amplitude & =4S
i gain controller & & &to], ARGAF H o whE A= Al7]

ZAdo] 7}t EE AT ¥ biphasic current stimulator

biphasic pulse generator ©f <3¢ttt Biphasic pulse
generator °l|A]& digital block ¢ stimulator control signal
generator ©°|A ¥ 3%+ SRC, SNK Al3o] w2} biphasic
current 2] W3S xA3slth SRC 4157} high ©]a2 SNK A3 7}
low o W= A= A/7F AE AFolA] reference AF0=
A (Anodic current stimulation) ¥ 3, SRC A5 7} low ©]1L
SNK 4137} high & wj= oje} Wit W&o A= d7rt A2

31 "':l"'\-_i _'\,,:_._ T



(Cathodic current stimulation) ¥t} =3k biphasic pulse

generator ol¢te] dA4A¥ @YU current mirror °f wE} 2=+

2

F7F 39 %7] witell biphasic A= AF2] amplitude 7} A=

.

A FAEk webA anodic 2 cathodic A2 AHF2] pulse
duration ©] ¥, charge balance & RAFT 4 Qlrh HE3H
AA 32 channel < w}A2+ biphasic current stimulator
3R A AR AVIE 4T + S+ sensor I EE
F7tE AAsk, A= AR #e dgdoer 54T+
3} th Biphasic current stimulator 3]ZoA ¥WASE charge

balanced biphasic current & AlE@#o|A A¥rf 19 2.11 9

______ vVCCsS — — — — o — — — Biphasic pulse generator - — — —
HV (12V)

srE—d b— K

SNK—] — src

I
| RGuing I
' |

|
|
|
|
|
|
Gain colntroller — — I
|
|
|
|
|
|

32 A =T}



LV (5V)

non
0

non

1 r

=

O
T

L L
-
lJF ”:_|
%

o
O
o
o

i

VOUT

'"__l___L
.||_'|==l-__'|_

19 2.10: Voltage—controlled current source °f AFg%

p—input folded cascade amp 3| Z%

100 |

60.0 -

20.0
-20.0 4

-60.0 -

| (UA)

Aon 1

0.0 5.0 10.0 15.0 20.0 25.0
time (ms)

71¥ 2.11: Biphasic current stimulator & %3t

charge balanced biphasic current A Al Ed o] A3}

% M= &

e
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Biphasic current stimulator ¢] sub—block < gain
controller & VCCS °llA] transconductance & A7d3st= W<l
Reain & A@3s =dee S b 4-to—1 MUX £
01§34, 2—bit 2| Gainser A&l wet 30 k2, 45 k2, 60 k2,
15 k@ 9o d 7K AZ T I AV AYEHE FEE
AART (2" 2.12). Rcan ©1 AAFHF  VCCS 9
transconductance 7} AA "L Fst A= AFTF dAYshH,
718 22 (0 ~ 100 A ®9e] A= A7 AA4Y) = Rean ©1 30

ke o welty 7k RE w® VCCS 9 1y Askel wet

ARE = A= A7/ JIES AlEHYOIHAS T FHsE AdaE
aHERE ZASAY (18 2.13)

¥

.
1 &1 -

34 il k'_' 1-'“
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4 to 1 MUX

R(':ain

Gaingg [1:0]
30 kR 45 kQ 60 k2 15 kR

1% 2.12: Gain controller 3] =%

160 T T T rrrrprrrrprrrrrprrTrTrT
—=—R__ =30k :
140} —=—R_ =45ka

Gain
120 RGain = 60 kQ
—=—R_ =15kQ

100 }
ol | L] ‘
wb T

20

g (UA)

S
00 05 10 15 20 25 30 35 40 45 50
Vin V)

a9 2.13: 8 Ao wE A= AF amplitude W3}

AlEdold At
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Al 3 & Digital block A7

2 A=7] FRZe|A &= clock generator, row selector,
stimulator control signal generator 2] Al 7}A] digital block ©]
ArEHET ZF block oA AFEER= clock 37 MR TR
] &o]l system clock (16 MHz) S 24%E wWEoA clock &
Abgeto] FAet e A A E o] it

Clock generator + 16 MHz 9] system clock & W3 3s}o]

>

Z} block ©|4 B3t clock & ¥wsdte 982 sty A =

p

15702 frequency divider & AH=Z 43 Fegolw, 7zt
frequency divider += D flip—flop 2] inverted output < input
o] AAd3s FHejolt} (2™ 2.14). 10 A frequency divider 2]
=9 o] stimulator control signal generator ©] AFE%+= clock
9l CLKst1 (15.6 kHz) o], 15" A frequency divider ¢

Z=9o] row selector ] AF&-%+= clock Q1 CLKseL (490 Hz)

olt}. CLKstr @+ CLKspL ©] WAsk=

Mo
s
=
_O|L
2
o

AA3st] clock A5 9] <t S

3o 2o



System CLK
(16 MHz)

I—DQ I—DQ I—DQ I—DQ I—DQ
> Q > Q > Q > Q |—>6
D> Q > Q > Q > Q |—>6
> Q > Q > Q > Q |—>6

>

1% 2.14: Clock generator 3 2%

37

>

CLKsm
(15.6 kHz)

CLKsgL
(490 Hz)



Row selector o4& 32 719 row & A4 9% turn on
A 7171 $1%F 32—-bit 2] scan signal = AASE=F AR
490 Hz F34 (CLKspL) & E2Hél= 5-bit synchronous up—
counter 9 1-to—32 DEMUX & T4 v} (Z¥ 2.15).
5—bit synchronous up—counter 2] 8% 1-to—32 DEMUX
9] control signal & AF&3}9], Z} scan signal ©] 2.048 ms 9
duration & 7HAE% 39t F 3271 row & 13 A=Y
1A= 65.5 ms 2o Algte] FQstH, olo] we} # A=7|+=
15.3 Hz & A= F3d+E 24 dvh. y=sbo]o] FET A914]
225 2487 HEAE 12 V 9 AlE7F Q3 HE 1-t0—32
DEMUX ¢ Z} &8l 5 V ASE 12 V 2 SHAI|E level
shifter 3|25 1283t (29 2.15). ] # y=go]o] FET
7} depletion =9 AAS 7Fx]a1 917] wliEol scan signal &
inverting ¥ ojoF 3, o]& & level shifter & =¥ =
inverting output < A®3¢ty. Row selector 3] =2 F=

ANEHolA A= 28 2.16 9 2.17 o ZA o] 9t}

¥ [ -1l =L —
38 i ."--h o



kN —

SELIY 1SR

SEL|L]

SFL)2|

SEL3|

CLKsm

_I_.-n'.1.|-11 MSH

[LRI ]

a9 2.15

oo T DEMUX

X6 . 1
F==5 SCAN (0] | Level ahifver SEAN
| U W e 12V — SCANH)
I SCAN 1] .iﬁl

! h L SCAN
| (Vi V)

1 " Level shifver | .
L scAN,y [ECdiier] otz

I 5 g
L sCAN3 - sean)

i
i l ] LSV e I2VE|
I i
I I
I ﬂ: i i
— I 1
1
4 i : *
1 ]
L i i
|'—_{ . [
’—J | i i
. — | ]
1 | i
) . I 1 .
L i i
L] | ]
SELJ) | - . la !
I I
— 1 ]
I i .
SELD| _{ i l
| ]
1 1 - 3 I ]
9 || - SCANE JEL:;_':_“:’:':; — SCAN 28]
1 - " T |
SELIZI [ ey [ seasu
SEL | 1 3V iellV)|
i i !
i | %04, 3oy | Level shifter N
|-:_ ! SCAN 130] S tm 12 V) SCANM)
| SCAN M) Level — BCAN, [
| n Lsvieazyy | Ul
sSELI] 1

SEL|

: Row selector 3 2%
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SEL[0] MMMMMMM ﬂ

1% 2.16: 5—bit synchronous up—counter A Edo]Ad 2z}

o | I

SCAN[S] :- H

SCAN[16] ' U

SCAN[24] | ‘
ClKsa, ‘
00 100 200 W0 400 500 600 700
time {ms)

1% 2.17: Row selector Al Ed oA A

0 5 At



Stimulator control signal generator °|A+ biphasic pulse
generator & ZXA3t7] 938 SRC 42 SNK signal < A3t}
7} A3 9] duration & 960 pgs = AT o A =ZE9

AE vtE F JEE AAS Y. Stimulator control signal

4

generator oA AF€3= clock & 15.6 kHz 2 CLKstr ©]H,
5—bit synchronous up—counter ¢} Z}% logic gate, biphasic
sequence controller = TFAEY Atk (29 2.18). 5-bit
synchronous up—counter 2] =2 Algo] wa} logic gate A

SRC, SNK 9] zko] A ¥t} Logic gate =8|+ buffer &

A4dsle] SRC, SNK Al59] ¢hdAS & X33ttt T3 biphasic
A= AF pulse o =A4E 2H4T F JEF 7] Y3 2—-to—1

MUX ¢} 5V to 12 V level shifter & T4 ¥ biphasic sequence
controller & AASA Y. 2—to—1 MUX 9| control signal <!
SEQctrr AlZ el me} biphasic current pulse 2] s£4] (anodic—
cathodic %< cathodic—anodic sequence) 7} ZAXHTY,
Biphasic pulse generator 7F 12 V 2 A A+ 3sfo
AAE 7] W&ol o]o] 2A SRC, SNK signal ¢ amplitude =
z4A37] ¢8) 5 V to 12 V level shifter 7} AFE= At 19
2.19 = stimulator control signal generator & &%+ Al&#o]A

Aol

41 -"*-_E 'kl-' L



Synchronous
5 bit up counter

CLKs1 _>
(15.6 kHz)

Qlo1
Qi1
Q21
Qi3]
Ql41

LYV shifter

BV>12V)

SRC

LV shifter

BV>12V)

SNK

32 Channel biphasic
current stimulator

19 2.18: Stimulator control signal generator 3 2%

SNK

SRC

CLKs

(a) Cathodic—anodic sequence

Bmaz [ms)

SNK

SRC

ks

st A

20
vy [ArE)

25

1% 2.19: Stimulator control signal generator A Ed o)A 4z}

-

kR

(b) Anodic—cathodic sequence




Al 4 3 Layout

=

B 227) 3 2= F 25 mm X 2.5 mm 7] 99 Yo

A A5t Physical design & 3 A18¥ AL 5 Hi-

i

Tek 2] 0.35 gm 2-poly/4—metal BCODMOS &7 o|tt. A&
AL Ade 5 V 9 12 V ZA], biphasic current stimulator
ot 12 V & 1S 3485 AREstel AAE MBS ¥ pin
4=+ 135 pin © % data input (41 pin), data output (78 pin),
A 3w (16 pin) &2 FAH . 53] Ad 355 AT
pad pin <= chip ¢ 2} HF2l 4 7|4 wjAste], A At

g7 B Ao A FEs RS

A7) SlZ AA 9 layout A= 19 2.20 o YERSIT

A current bias, row selector, stimulator control signal
generator, clock generator, 32 channel biphasic current
stimulator & T4 J&& ¢ 4 . Data input pin ©]

3z HFe HFTH Sl wAE, A4F <JE#HolA block

o

So] 329 F=of wixE Y. 32 channel biphasic current
stimulator 2] A%, 4 X 8 ¢ w|g=Z uwjxsle] chip A7E
HA ekt 72+ block ¥ layout 23 19 2.21 o ZAH o

AT,

43 -"*-_E 'kl:.' L



Current
bias

Row

selector 32 channel

Biphasic
current stimulator

Stimulator

Wi §°¢

control signal
generator

Clock
generator

Biphasic current stimulator

Row selector Stimulator control signal Clock generator
generator

% 2.21: Block ¥ layout 43}
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A 3A ANEE TF
A1 F AT AEE FHde A4 PCB AF

AARE A=7] 2= Fs Yl ole] yiefolo] FET 2914

[e)

array ZIWF QledE A= AIAES FHEEE UE FEES

f|rt

FoSE A AE 82 e, PCB & Al#stilt
4 2A=7] F=2E Fsotr] $1% PCB = 100 mm X
100 mm & Z7]o] AF=ESAY. PCB & IA 39 regulator,
MCU, 32 channel DAC, #A=7] 3]=Z, FPC connector 2] 57}
FEoE ¥ (% 3.1). o] T MCU ¥ 32 channel DAC
ol ”AY 3|2+ 3.3 V 9 dY dE AREskal, 32 channel
DAC ¢ old=1 329 A=7] FE2AA+= 5 V 9 AL

AFEsh, Wb A= A 12 VB B]ESke], 3.3V 9 5V 9

A9 Aol Frkz FEuolop @t ole] wel PCB el
A% 9 regulator 3 ZolH LDO regulator S ©0]&3}to],

QoA FEHE 12 V @Y AYScEHE 33V 25V A
AgE F7tE AdstESs At A57] 32+ PCB
T $X A kel PCB o WAE Zoli, glojojiry o
e FEsA Sk % e 2EYe] A 9§
UART §A4lo] 7bedt=s AAstalen, MCU oA A=57] 3=

2l 32 channel DAC 9] control signal & AT 4 JE=

45 -":l'\-\._-i _'k.:.': ; 'I_'_



TzadWe 7] Yl JTAG Aol 4ol 7lssle=
A8, FPC connector = Wi=gtole] FET A% A array ¢}
data 34 2 H9g HFS sh7] 98 PCB Aol AAs . ol
9] vr-9lolo] FET A$A array F24 PCB & Al&slod,

=71 3Z2 PCB 9 FPC Aol&ES F3dl data &4 % AH

<7 DAC

100 mm

(a) PCB A (b) PCB %4

2
N
|y
Al
ot
!

a9 3.1 Yxslole] FET A9X| array 7|HF Q137

PCB

46 ] J’ﬂ “l 1_'_]




a9 3.2 & AAE A7) IZE o] &% imslo]o] FET
2A9A] array 7]8F ol@wulk A= AjAElo] A Aol wro|u),
A=7] 3= PCB ol 2% 7hvlg} EEo] UART &4l Alo]E%
ado] Ho] glom, yi-glojo] FET A$X array ¥28 PCB

= FPC Aloj&= AdHo] v vt dA Hieelo]o] FET

Al

Bol FFrHES 54

o

7R st

A
rlr

2907 CMOS 3 =<2}

kel
4

okl

O_I.4
i,

r-9lolo] FET A9 XA array

d= A Tl SolA,

22 RAAAE 2o

L
A7 fiﬁ‘?’t

1



o
e, A714 54 B7HE Adedv. 5S4 Brhe A ofdE
32 HFEY gxd 2 FEE vH sy, oA
timgtolo] FET 2914 2xke] 54 7jAo] FEs] o] Fo#]4|
Xt #AZE S MOSFET 4AAF (Si6433BDQ) & tiAl
Abgelglor, 229 Pt—b A= Hr 29 impedance &
three—element circuit model & &3 =EAPst] APS
H&sAdet (19 4.1) [31]. Three—element circuit model 4]
double layer capacitance (Cr) + 20 nF, Faradaic charge
transfer (Rp) + 10 MR, Tissue resistance (Ry) + 10 k@
o2 AAsAY. ol MEMS 34& S AA= Az 2444
Pt—b =] impedance =74 dA¥e} ArbAQ o xH 9

impedance & ¥k 3o A3t 4Ayto|r),

Scan signal (1st row)

|—| Cy
-~ |
/ » 20 nF Ry
CH Dﬂi}— e VA rer
\ I""_'..- M 10 ko
__.——-—"'"_ 10 Ma

7tell AFg%E A2 2 impedance model

18 S =g kg



A olgl o] A=7] IEef A= Afole FET A91AE
Aelst FxE  FdAE  biphasic current 7} AAAO=E
BAY sk A Flekltk. 2 A3 SRC, SNK signal o] Ao
U3 biphasic current 7} A|thZ WA ES 26191, 7t phase

9] pulse width & 960 pgs ¢l Aoz SAHAY (19 4.2).

2.048 ms + 960 us

— -
e | TR
o .
SRC || " “ 1 F.:q-
TR R
em | S l
1 )1

1% 4.2: Biphasic current 38 =% Ay}

19 S =g kg



tee AF AR AZF AAR A fAE 24

rlr

A gl Tt A= AFe M7= wpAe 32 WA channel 9
biphasic current stimulator 3| Ze°l] AAE AA FHEE =3
SAsAT (2" 4.3). AFE Agez Hd3s7] Yt Rsensor

= 10 kQ =2 AA3st, 0 ~ 100 A o A7 s 0~ 1V

23S Wl A= ARV d9F AVE A ERlshe W e
S4S AYsAo. 1 Ay o3 Zo] input data signal ©]

Zohgel wet A2 ARE AT DAY Vsenwo) = F7HHE

i

A% Fastgon (1 4.4), oF Ao oarste] 7

A3 AR A4 gain MR AT A7 NS ZHHA

Aut
o
o

4.5). 1 A3 AlEdoldel vis oF 5 % Wele] eaE B3low,

.

o] 7} parasitic impedance A& 23 AF leakage Y

50 el k'_' 1-II



LV (5V) HV (12V) —— - —— 1

A s.{—-—qﬂ‘ }Jb—ﬁ}? |‘4H

Image dat ‘ |
| | F— Venser

Gain mlntrnller - — jl

.
I I 1 I Reensar
| n.,-..,/g/ : EI_ 10k

vﬂmsﬂr
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ls (UA)

g (UA)

160

140 |
120 |

100

160

80
60 [
40 L

20

00 05 10 15 20 25 3.0 35 40 45 5C

l —=— Simulated lsr,

I —=— Measured ISTI

yd

Vi (V)

(a) RGain = 30 k2

140

—a— Simulated ISTI
—a— Measured ISTI

120 |

100 |

80 [

60 [

40 |

20
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V. (V)

IN

(b) RGain =45 kR
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160
—a— Simulated ISTI

—a— Measured ISTI

140

120 |

100 |

i (UA)
(0]
o

20

ok
00 05 10 15 20 25 30 35 40 45 50
Vi (V)

IN

(C) RGain = 60 k2

T — N
—a— Simulated ISTI

140 —a— Measured ISTI
120 |
100 |

3 80

= /

_(/) 60 /
40f /
20

74000 T TR DU UUTE FUURN TR TR OO S
00 05 10 15 20 25 30 35 40 45 50
Vi (V)

(d) RGain = 15 k.2
% 4.5 Gain 2 Y8 Ao UE A= AF amplitude H 3}

574 A

53 ’



t}

dlo

omt fA" Agdelx el @ FH

e

!
A8S WYsFtk. 16 MHz 9] system clock & g oz who}
row selector ¢} stimulator control signal generator oA
F3AQ 29 A7t AAEHEA FAskitt 4 row selector
ANE= AAE ukel vE7A 2 490 Hz 9 clock (CLKspL) &
71¢% 2 2.048 ms duration ¢ scan signal & TAAORE
WA 71 Eelsldtt (2™ 4.6). T3 7S scan signal ©]
65.5 ms vt} RHEAHoz whAlsle] ok 153 Hz 9 A=
FuE ZH @8 ¢ 4 QY. Stimulator control signal
generator ©°A]+ cathodic—anodic sequence =2 2743t

Aefoll A 15.6 kHz 2] clock (CLKst) = 7]°% 960 us

solstdt (23 4.7). ®E3 ol AZ7F 2.048 ms F|=E

HEE2A 0 7 W AlSh= A& &21319 1L, scan signal ¢ WA A|7F

54 -"*-_E 'kl:.' L



2.048 ms
[

i
SR 2
i ]
] |
Scan [0] i l l
i 1
U l .
R 65.5 ms
" »
Scan [15] '
- 4

esaves AT ACA A

19 4.6: Scan signal =74 A3

¥ 960 us r—i '
SNK J L.h_m_-_-_h_--j_;
e | — R

ossw [P

19 4.7: SRC, SNK signal =4 A}

55 i ,3-.1

o

.

i



M =7 F29 array B& V%S HAES] 9E

off

LED array & As3l+= A

ok

= sk AgE 98 3 X 3
3719 LED array & A&sEY (23 4.8). 7 pixel o+
tiegtole] FET A91A the-9] 48 P-MOSFET 2kt LED
5 ddsHT. AF7] FREe|A WA= Scan  signal &
MOSFET ¢ gate °f <d4dstod, MOSFET ¢ on/off &
ZA3 k. T3 Data signal & MOSFET 2] source ©f
didste], MOSFET ©] on =%l #w LED & A&7l @1
A= A7 FUEES oFglth. Ao A= Scan signal ¥} Data
signal & F43o] &4 row 9 pixel & A"t LED =
AS3eE 3ty e A3 19 4.9 2 9] Scan signal W

Data signal | we} LED 7} Agld oz Az9s gztgict,

56 A k'_. 1_]|



DATA[0] DATA [8] DATA[16]

I U

] @ 4] @ ] @
ENEaE
- Telere
T

PP @

(a) Array 5% 7l A5= $1% 3 X 3LED array =%

(b) Bread board | 7+&¥ 3 X 3 LED array

1% 4.8: Array 5% 75 Hee §$ 3 X 3 LED array T4

57 R ,ﬁﬂ Z- Eﬂ ~



(b) Al WA row o 5 WA 9 A WA LED & 53 3

I8 4.9: A=7] 25 o]83 LED array 86 A% 43

5 Z A=dlstw



A 2 & invitro 2 A3

AASE A=7] 3E2E EXESE A AlAglo] HYAAA O R
AL A REgEs §EE F deEA #AFsl A& in o vitro
=5 A¥S A5 Rdl mouse 9 retinal ganglion cell

(RGC) o AAZ #=7] 9 2= A|AES olLd AR A=S

hetel, AAT AQ WSS ST 5 b A HAFAT AF

A& st A= AIAES A 257] 27 32" PCB,
tiglolo] FET A9AE  diAlets A48 MOSFET &A
(Si6433BDQ), MEMS oz Az 2219 Pt—b dFo=z

TAEJT (29 4.10).

A7 B2 PCB

r
1

59 S B e ki)



Mo

Pt—b

A

2%}

aod

A glass 9ol metal sputter & ©o|&

3 2.

X
=

t}

A4

ol
=

% MEA 9} pad

1000 A F7=

=
=

Ti/Au

3 Al

&
T}\

S
-,

F}. of

wet etch & |7

= ALdd yA] BEe

=]
£

A

d

s
a1

U X 72 passivation A7t o] 9o Au

[= olfrt Pt-b 7b Au & ARa

A9

AzE 229 Pt—b

w%o] o},

7]

I
1

B
B

hin
o

X

A5 o]

A Ayrr 29 4.12 9

=
=

impedance

0

60



a9 411 Invitro A@8&ox AzE 239 Pt—b MEA

| —m— 50 um diameter ||
| —®—T75um diameter |
- —=— 100 um diameter
‘| —=— 150 um diameter ||
| —=— 200 um diameter |

1000 b=

10 100 1000 10000

Frequency (Hz)

a9 4.12: 22 Pt—b =9 A4 ¥ impedance 7% A

. @5 A &) 8



1>
e
o
4o
:(?L_"
Jo
2
Yy
o
K
ol
=)
>~
>
kel
N
L
(g
ox,
(i,
.
(@R
}—A
=
(@)
[
w
D

71¢] patch =

Zehlo] 23kl Pt—b A= Slol FAgud (1 4.13). SU-8

BoAE e gFEel Saety] wEe] Ere HAAE
AHgEHA ok 3ol 2 e s [32]. o] F AaT}

3%+ celebrospinal €9 (CSF) & #=o] Fojste] AE¥
gk 229 IALE 9] ST

rdl mouse
retinal tissue

N2

\ Char’uff_

H
n
]
]
]
|

’/ / 1\\\\

19 4.13: 2249 Pt—b MEA ° &% rdl mouse &% %2

62 ] ﬂ o 1” _J] T



A F 3708 ME oE patch o ois M3 stglom, 10

N

~ 100 pA 9 AF A=5s ket AR A FH=
monopolar stimulation ©.%, cathodic—anodic sequence 2]
biphasic square pulse & FU3AT. A= AFE T3
channel electrode 9] #1X+= 18 4.13 ° 3EAIE o] 3t Pulse
duration = A7t wleo] we} Z} phase & 960 us ©|t}. scan
signal & FET 2A$YAE on/off 3] 1x°] 13 A=
A7tstlom, F8 AF A7l E=E 503¥ vE A5 A

A&stAct. MEA £ %3] recording ¥ Al3E =2 Multi

A A3 £ 13 A= & F24¥ neural spike 719
HH4S AAeE Aoz ARt = MEA W2 channel
A= AL recording A=FS F3] 7]=% neural spike

O~

Mol A= AF A9 Has Arsslit. RGC & A=st

rlr

>,

o
9
)
E=)
_l
=2
2
I
o
)
1o
=
o
=2
a
=
(@]
o

4l photoreceptor
layer oA WAool WA= A4 A3 E A7 8] A=

A% 100 ms o 2> AlgE dell @83 neural spike

63 -"*-_E 'kl:.' L



The average # of evoked neural spikes per stimulation

_ #of spikes in 100 ms after stimulation - # of spikes in 100 ms before stimulation
# of stimulations

BEAS Q8] spike sorting software <1 Offline Sorter
(1]= Plexon Inc.) & A3t o™, o] & Post—stimulus time
histogram (PSTH) ¢ F%& $l3] Neuroexpolrer (7= Nex
Technologies) & A3kt [33]. o] FH A == H$F 100
ms 9 neural spike 7159 =}ol7F 200% ©)skel AMEE A7)
Aol ola] A7 wkg-o] FElo] wWAsHA ¢k Zo® EEtoq,

A ool Asletgith w@ AT AV AA wg

Mo

oz

r

HA7F FH3 AEE AgFHor BAs¢Y. 1 A3 A
HA patch oAX= T 74 7N, & HA patch A= F 62 7,

Al WA patch oA+ & 40 /12 RGC = pio =z Aza A7

O

A

ook 28 4.14 & 4F RGC 9 PSTH %

o Bu [e] S0 =
Hhg S 113
Aol th
50 o 1
40 ' L 15 . L
@ 1 @ 1
230 . B £ 10 i B
B 20 ! = L
LI w5
0 r LI T T T T 1 0 r LI T T T T 1
04 001 04 08 04 01 o4 08
Time (s) Time (s) Time (s)

1% 4.14: RGC ¢ PSTH = A%

64 -":rx : 'k:i' 1_-]i



A 4w 29 415 9 go] F4 Aske] FHLSE

A7) Ao 93 o t}al #E & neural spike o 7|7}

5>

259
A Fhe A @

el

32

t}. o9t patch 7+e] A7) A=+
threshold Hx}7} Asle], AA A AL &3 O patch
boFare] AEEs vlwd w3 Holtp (9 4.16). o]y st
wARS dldsr] 918l 7 patch 2 10 nC ¢ A= HskE
= A= A7/ 10 pA) & o) {9E+= neural spike 9
MNEE 1 2 Aste], 10 ~ 100 nC < 54T w 245 E= neural
spike i8]l oo WiE A HlES AAbskeE WAowR
normalized stimulation intensity & A4ttt

The average # of evoked spikes when 10 nC ~ 100 nC is injected

Normalized stimulation intensity = -
The average # of evoked spikes when 10 nC is injected

Normalized stimulation intensity & ©]&38}o] 23 A=
Al A% A3 patch 1He] BAE =Y A (OH
4.17). W3k patch b Ho] A EE Fo], A= AspzFe] st
neural spike % AL AFAQ Hlwrt JhsskAl HSATh
(29 4.18). ¥4 A% 10 nC & 7Y dijo w3 100 nC =
Fdstds W oz 10 " neural spike 7} #FEEH A0,

neural spike o 3 L7l F9] AetFo] St ukel



Average evoked spikes per pulse

Average evoked spikes per pulse

8"I""I""I""I""I""|""|""|""| 1T
| —m— Total average (n=3)]
7
6
S -
| ]
L
4 & s L
L |
3 N
[ ]
2 /
1 7
.
OuTuuuI||||I||||I||||I||||I||||I||||I||||I||||I||
10 20 30 40 50 60 70 80 90 100
Injected charge amount (nC)
% 4.16: F 3 patch 9 AF A=l o fIE

—=—Patch 1 (n=35) o[ o[
7 [|—®— Patch 2 (n=50) T T
+Patch3(n=20)T /I +/ | —
|
%
7 P
& 1

.15: Patch ¥ A& #}

neural spike




—_
N

—a— Patch 1 (n=35)
—a— Patch 2 (n=50)
2 10 {|—=— Patch 3 (n=20) - T - T
€ 8 /I/ ' <+
_§ T L /f\j -
T 6 A ] ]
> T 1
E ¥ t
s g
N .S
= V"
g 2-T/)L/
5 7/
N
O.I....l....l ........................ ]

1 |
10 20 30 40 50 60 70 80 90 1 00
Injected charge amount (nC)

1% 4.17: Patch ¥ normalized intensity

12 e LA
\ —l—TotaI average (n= 3)\
> 10
‘® ]
5 A
€ 8 ..
g L
= n [
_ 6 ]
>
E |
®
o 4 ]
g 4
©
E 2 /
o /
zZ o
|||||||||||||||||||||||||||| | I

O |
10 20 30 40 50 60 70 80 90 100
Injected charge amount (nC)

19 4.18: & 3 patch 9] normalized intensity 3+

67 8



A3Zd 2
Al 1A A=Y B2 715 B

B =RoAE x9lolo] FET A9 7IWke] Q3%

od
2

A% AzE FEE 98 A7) H2g Ay, d7A 5

o

2 A A= EAS FHrEedd 2 A7) 325 gl
FET ~9A19 &2 2185 adste] AA S
A=7] &2 [A7H EAAE HEsE Ay, AASE AL

0H obgE W UAY H2r} AYHOR BAFL qARGT

-l (

32—bit scan signal ¥ SRC, SNK signal 59 Yxd¥g 237}
&3l elojwo WSS 3FQl3l%l 11, biphasic current EE3F
AaAow WAAge skt o] 9 A= AR amplitude 9
gain control, biphasic sequence control %2 #7124 7|5 w3
glstgltt. A= d5F amplitude 2 A5 Al&EdolAe] @27}
5 % oz FSAHNeH, dA A FHs FoY 1FAS
biphasic current A %ol A& 3}3itt.

AAg A=7] Iz A A= Fads sty 918l
AW n vitro & AP A3, E A=57] 32E FI Fst

N7 WS HUE 5 A9t w=% AT sk FYPol

X

ol mWet neural spike o % AE7F SUME AT



e, 2 =80 A7) RS olgste] yimglele] FET

) ) .

o,
0\

o] V5@ Ao

1

ot A% s 5

0] )

22 =] array 7]HF 2l

/&=t

69 e skw



A2 A

2294

tr-slolo] FET

oAM=

H
L

A5 A

o] F3AA

ily

[e)
Age

R A

d Pt—b

=

32l 2%k

7lko]

e

sfojo] FET A%

U

L
) .

]

o

e
T

ol
K
4

3= 9]

A7)

Els

A 2 =R AA

v} 3k
=2 =2

AP E= )

29

o] hegtolo] FET

14 Yestolo] FET

n vitro %

ol
=

&
=

Aol =

n vitro %

= 3]

o 7 o] o,

27E

tizgtolo] FET w9

=
=

ofgl, yietolo] FET ~A9A array

hin

A A

3

o] X
=

T

70



[1]

[4]

Zy 53

.

A. Santos, M. S. Humayun, E. de Juan, Jr., R. J. Greenburg, M. J.
Marsh, 1. B. Klock, and A. H. Milam, “Preservation of the inner retina
in retinitis pigmentosa: A morphometric analysis,” Archives of

Opthalmology, vol. 115, no. 4, pp. 511-515, Apr. 1997.

E. L. Berson, “Retinitis pigmentosa: Unfolding its mystery,”
Proceedings of the National Academy of Sciences of the United States
of America, vol. 93, pp. 4526-4528, May, 1996.

D. S. Friedman, B. J. O’Colmain, B.Munoz, S. C. Tomany, C.
McCarthy, P. T. de Jong, B. Nemesure, P. Mitchell, J. Kempen, and N.
Congdon,“Prevalence of age-related macular degeneration in the
united states,” Archives of Opthalmology, vol. 122, pp. 564-572, Apr.
2004.

B. W. Jones and R. E. Marc, “Retinal remodeling during retinal
degeneration,” Experimental Eye Research, vol. 81, pp. 123—-137, Aug.
2005.

R. E. Marc, B. W. Jones, C. B. Watt, and E. Strettoi, “Neural
remodeling in retinal degeneration,” Progress in Retinal and Eye

Research, vol. 22, pp. 607-655, Sep. 2003.

B. W. Jones and R. E. Marc, “Retinal remodeling during retinal
degeneration,” Experimental Eye Research, vol. 81, pp. 123—-137, Aug.
2005.

R. E. Marc, B. W. Jones, C. B. Watt, and E. Strettoi, “Neural
remodeling in retinal degeneration,” Progress in Retinal and Eye

Research, vol. 22, pp. 607-655, Sep. 2003.



[8]

[9]

[10]

[11]

[12]

[13]

[14]

D. D. Zhou and R. J. Greenberg, “Microelectronic visual prostheses,”
in Implantable Neural Prostheses 1: Devices and Applications, New

York, NY, USA: Springer, 2009, pp. 1-42.

M. Piedade, J. Gerald, L. A. Sousa, G. Tavares, and P. Tomas, “Visual
neuroprosthesis: A non invasive system for stimulating the cortex,”

IEEE Transactions on Circuits and Systems I: Regular Papers, vol. 52,
no. 12, pp. 2648-2662, Dec. 2005.

J. Seo, K. Kim, Y. Goo, K. Park, S. Kim, D. Cho, and H.
Chung,“Vision rehabilitation by electrical retinal stimulation: Review
of microelectrode approaches,” Sensors and Materials, vol. 24, no. 4,

pp. 153-164, Apr. 2012.

T. T. Kien, T. Maul, and A. Bargiela, “A review of retinal prosthesis
approaches,” International Journal of Modern Physics: Conference

Series, vol. 09, pp. 209-231,

J. D. Weiland and M. S. Humayun, “Retinal prosthesis,” [EEE
Transactions on Biomedical Engineering, vol. 61, no. 5, pp. 1412-

1424, May 2014.

K. Koo, S. Lee, S. Bae, J. Seo, H. Chung, and D. Cho, “Arrowhead-
shaped microelectrodes fabricated on a flexible substrate for
enhancing the spherical conformity of retinal prostheses," Journal of

Microelectromechanical Systems, vol. 20, pp. 251-259, 2011.

A.Y. Chow, V. Y. Chow, K. H. Packo, J. S. Pollack, G. A. Peyman, and
R. Schuchard, “The artificial silicon retina microchip for the treatment

of vision loss from retinitis pigmentosa,” Archives of Opthalmology,

vol. 122, pp. 460-469, Apr. 2004.



[15]

[16]

[17]

[18]

[19]

E. Zrenner, K. U. Bartz-Schmidt, H. Benav, D. Besch, A. Bruckmann,
V. P. Gabel, F. Gekeler, U. Greppmaier, A. Harscher, S. Kibbel, J.
Koch, A. Kusnyerik, T. Peters, K. Stingl, H. Sachs, A. Stett, P.
Szurman, B. Wilhelm, and R. Wilke, “Subretinal electronic chips
allow blind patients to read letters and combine them to words,”
Proceedings of the Royal Society B: Biological Sciences, vol. 278, pp.
1489-1497, May 2011.

S. Lee, S. Jung, S. Park, J. Ahn, S. Hong, H. Yoo, M. Lee, and D. Cho,
“Fabrication and evaluation of silicon nanowire photodetectors on

flexible substrate for retinal prosthetic system,” Sensors and Materials,

vol. 24, no. 4, pp. 205-220, Apr. 2012.

K. Chen, Z. Yang, L. Hoang, J. D. Weiland, M. Humayun, and W. Liu,
“An integrated 256-channel epiretinal prosthesis,” IEEE Journal of
Solid-State Circuits, vol. 45, no. 9, pp. 1946-1956, Sept. 2010.

M. Monge, M. Raj, M. Honarvar-Nazari, H. Chang, Y. Zhao, J.
Weiland, M. S. Humayun, Y. Tai, A. Emami-Neyestanak, “A fully
intraocular 0.0169 mm?/pixel 512-channel self-calibrating epiretinal
prosthesis in 65nm CMOS,” Proc. IEEE International Solid-State
Circuits Conference Digest of Technical Papers (ISSCC), 2013, pp.
296-297.

D. B. Shire, W. Ellersick, S. K. Kelly, P. Doyle, A. Priplata, W. Drohan,
O. Mendoza, M. Gingerich, B. McKee, J. L. Wyatt, and J. F. Rizzo,
“ASIC design and data communications for the Boston retinal
prosthesis,” 34th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC 2012), pp. 292—
295, San Diego, USA, Aug. 28-Sep.1, 2012.



[20]

[21]

[22]

[23]

[24]

[25]

[26]

A. Rothermel, L. Liu, N. P. Aryan, M. Fischer, J.Wuenschmann, S.
Kibbel, and A. Harscher, “ A CMOS chip with active pixel array and

specific test features for subretinal implantation,” IEEE Journal of

Solid-State Circuits, vol. 44, no. 1, pp. 290-300, Jan. 2009.

T. Tokuda, K. Hiyama, S. Sawamura, K. Sasagawa, Y. Terasawa, K.
Nishida, Y. Kitaguchi, T. Fujikado, Y. Tano, and J. Ohta, “CMOS-
based multichip networked flexible retinal stimulator designed for
image-based retinal prosthesis,” IEEE Transactions on Circuits and

Systems, vol. 56, no. 11, pp. 2577-2585, Nov. 2009.

K. Cha, K. Horch, and R. A. Normann, “Simulation of a phosphene-
based visual field: Visual acuity in a pixelized vision system,” Annals

of Biomedical Engineering, vol. 20, pp. 439—449, Jul. 1992.

K. Cha, K. Horch, and R. A. Normann, “Reading speed with a
pixelized vision system,” Journal of the Optical Society of America A,

vol. 9, no. 5, pp. 673—677, May 1992.

J. Ohta, T. Tokuda, K. Kagawa, S. Sugitani, M. Taniyama, A. Uehara, Y.
Terasawa, K. Nakauchi, T. Fujikado, and Y. Tano, "Laboratory investigation of
microelectronics-based stimulators for large-scale suprachoroidal transretinal

stimulation," Journal of Neural Engineering, vol. 4, pp. 85-91, 2007.

S. Lee, S. Jung, J. Ahn, H. Yoo, S. Oh, and D. Cho, “Microelectrode
array with integrated nanowire FET switches for high-resolution
retinal prosthetic systems,” Journal of Micromechanics and

Microengineering, vol. 24, pp. 1-13, June 2014.

S. Jung, S. Lee, S. Park, J. Ahn, H. Yoo, S. Oh, and D. Cho, “A novel
nanowire retinal prosthetic system with built-in photodetectors and
current amplification circuits,” 3rd Nanotoday Conference (Nanotoday

2013), p. 260, Singapore, Dec. 8-11, 2013. : :
74 A1 =TH



[27]

[28]

[29]

[30]

[31]

[32]

[33]

H. Banda, H. Shiga, A. Umezawa, T. Miyaba, T. Tanzawa, S. Atsumi,
and K. Sakui, “A CMOS bandgap references with sub-1-V operation,”
IEEFE Journal of Solid-state Circuits, vol. 34, pp.670-673, May 1999.

X. Wang, S. Zhong, Q. Zhao, and R. Qu, “Low power current mode
bandgap reference circuit with CMOS process,” IEEE International
Conference on Semiconductor Electronics (ICSE), pp. 100-103,
Melaka, Malaysia, June 28-30, 2010.

H. Ko, S. Lee, J. Ahn, S. Hong, H. Yoo, S. Jung, S. Park, and D. Cho,
“Current stimulator IC with adaptive supply regulator for visual

prostheses,” Journal of Biomedical Nanotechnology, vol. 9, no,6, pp.

992-997, June 2013.

J. Ahn, S. Lee, S. Hong, H. Yoo, S. Jung, S. Park, H. Ko, and D. Cho,
“Multi-channel stimulator IC using a channel sharing method for

retinal prostheses,” Journal of Biomedical Nanotechnology, vol. 9, pp.

621-625, Nov. 2013.

S. Shah, A. Hines, D. Zhou, R. J. Greenberg, M. S. Humayun, and J. D.
Weiland, “Electrical properties of retinal-electrode interface,” Journal

of Neural Engineering, vol. 4, pp. S24-S29, 2007.

Y. Wang, M. Bachman, C. E. Sims, G. P. Li, and N. L. Allbritton,
“Simple photografting method to chemically modify and micropattern
the surface of SU-8 photoresist,” Langmuir, vol. 22, pp. 2719-2725,
Feb. 2006.

Y. Goo, J. Yee, S. Lee, Y. Nam, S. Ryu, and K. Kim, “Retinal ganglion
cell responses to voltage and current stimulation in wild-type and rd1

mouse retinas,” Journal of Neural Engineering, vol. 8, pp. 1-12, 2011.

75 A 2-tH



Abstract

Current Stimulator IC for Retinal Prosthesis
Using Nanowire FET Switch Array
and in vitro Experiment with rd1 Mouse

Sungjin Oh
Department of Electrical Engineering & Computer Science
The Graduate School

Seoul National University

Retina pigmentosa (RP) and Age-related macular degeneration
(ARMD) are incurable retinal degenerative diseases that cause vision loss in
several years after disease onset. Retinal prosthetic devices using electrical
stimulations have been developed to restore vision of people blinded from
the RP and ARMD. Recently, many research efforts have been tried to
achieve a high-spatial resolution with more than 1,000 pixels. However, it is
difficult to achieve the high-spatial resolution with the conventional one-to-
one interconnection method that requires excessive wiring complexities. In
our research group, a high-resolution retinal prosthetic system using a
nanowire field-effect transistor (FET) switch integrated 32 x 32
microelectrode array (MEA) has been developed to resolve the wiring
problem. In this paper, a current stimulator integrated circuit (IC) to operate
the nanowire FET switch integrated MEA is presented. The stimulator
circuit generates a biphasic stimulation current in a range of 0 to 100 pA
using a high stimulation voltage of 12 V. The digital interface circuits are
also integrated in the stimulator IC to operate the MEA. For the high voltage
stimulation of 12 V, the stimulator IC is fabricated using a 0.35 pm bipolar-
CMOS (Complementary Metal-Oxid-Semiconductor)-DMOS (Double

i
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Diffused Metal-Oxide-Semiconductor) process. Experimental results show
that the amplitude of the stimulation current is properly modulated
according to the level of the input signal. Errors between the measured
current amplitudes and the simulated levels are approximately 5%. An in
vitro experiment is also conducted to evaluate the neural stimulating
function of the fabricated stimulator IC. In the in vitro experiment, the
neural responses are successfully evoked by the current stimulation from the

stimulator IC.

Keywords : Artificial retina, Retinal prosthesis, Stimulator circuit, High-
resolution, Nanowire FET
Student Number : 2013-20827
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