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Abstract

To restore visual sensation of blind patients, we have proposed a fully implantable retinal prosthesis comprising an three dimensionally (3D)
stacked retinal chip for transforming optical signal to electrical signal, a flexible cable with stimulus electrode array for stimulating retina
cells, and coupling coils for power transmission. The 3D stacked retinal chip is consisted of several LSI chips such as photodetector, signal
processing circuit, and stimulus current generator. They are vertically stacked and electrically connected using 3D integration technology.
Our retinal prosthesis has a small size and lightweight with high resolution, therefore it could increase the patients™ quality of life (QOL).
For realizing the fully implantable retinal prosthesis, we developed a retinal prosthesis module comprising a retinal prosthesis chip and a
flexible cable with stimulus electrode array for generating optimal stimulus current. In this study, we used a 2D retinal chip as a prototype
retinal prosthesis chip. We fabricated the polymide-based flexible cable of 20um thickness where 16 channels Pt stimulus electrode array
was formed in the cable. Pt electrode has an impedance of 9.9kQ at 400Hz frequency. The retinal prosthesis chip was mounted on the flexible
cable by an epoxy and electrically connected by Au wire, The retinal prosthesis chip was cappted by a silicone to pretect from corrosive
environments in an eyeball. Then, the fabricated retinal prosthesis module was implanted into an eyeball of a rabbit. We successfully
recorded electrically evoked potential (EEP) elicited from the rabbit brain by the current stimulation supplied from the implanted retinal
prosthesis module. EEP amplitude was increased linearly with illumination intensity and irradiation time of incident light. The retinal
prosthesis chip was well functioned after implanting into the eyeball of the rabbit.
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Fig.1 Concept of fully implantable retinal prosthesis with 3D stacked retinal chip, stimulus current generatar with electrade array, and coupling cails
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Fig. 2. Structure of 3-D stacked retinal chip with a similar structure of human retina
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Fig. 3. Concept of a retinal prosthesis module comprising a retina chip and a flexible cable with stimulus electrode array (Front)
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Fig. 4. Photograph of the fabricated retinal chip with 4x4 pixel structure and the design layout of pixel
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Fig. 6. Layout of flexible cable with stimulus electrode array

vol 31 | August, 2010 295



Development of Retinal Prosthesis Module for Fully Implantable Retinal Prosthesis

1. Formation of saciificial layers
Sioz 500nm

Al 500nm

2. Patterning of photosensitive polymer
Photosensitive polymer 3um

3. Formation of Pt stimulus electrode
P100nm

4. Formation of metal wirings
AU/Cr 1. 1m

5. Polymer patterning for cable formation
Polymer

7, NSHRNEE 2 FHAE AHolg M
Fig. 7. Process flow of flexible cable with stimulus electrode array

£o] g3, AR ZHol 3l 2709 ring S ¢H g Ee] 2
sclera)ol] Aufjo] 14 & St AF&o] Hh

B. A3 434 & d+= YN EANE AF

a9 78 AFAFALE 2He AR Al B Az 2R
£ BolFn o} T E Aol 8 BB, A A& 7R
WA G Eevl=E A&tk SYAE Aol B golw
oA g9 d5ick

A7 ZYAE Aol BESi FRoeRE Belshey AHLHE
gAZFo 2 29E Al(500nm) E S22} Si0x(500nm)eHS
F28ith v o2 3umTA 9] A3 2] v(CRC-8600)2
Ao 28 & F, =B34 S o] 48 AFATAY BYE =
2A717) 919 & el & A8l ) Lift-off ¥4]& o] 380 &

Pt Eleclrode

{Backside)

328 XSHIAHLE 2= ZAA 20| AR
Fig. 8. Photograph of flexible cable with stimuius electrode array

296 | J. Biomed. Eng. Res.

Impedance Analyzer

Polyimide—based FPC

Ag/Ag CI

Pt Hectrode
Hechode

Flexible Cable

....0:9% Sdline Solution

Stimulus Electrode Amay

29, MENF lnEAs B AaE yHE
Fig. 9. Apparafus for impedance analysis of stimulus electrode

HAFAD &4 ASHAFEAZ PR T Aol
Pt (100nm) A=& FAsIG ) 1ela o] d718 94
2 AYZFL 8Au(100nm)/Cr(lum) WAZE ~HE 33
£ o] &3l A & F, FYAIE A BR A3 A% Fel
(PIX3400)2 A1 7umFA = ZH 3k

Ao 100nm 572 Al hard mask®H-2 884 4 & &, 9%
guk A3} ZYA B Ao B-g Ar|H o2 dAsly) ¢ Edus
g ZYAE AolE T2 4L AT dHEHY § 0, RIE
(Reactive Ion Etching) 378& &3t 298 Zegv] &
A A skc) vl 22 2 Al hard mask %S A ASHA =|, =4
FAE 2 ZYAE Aol Eo] $o] "t

Y 82 A A 2HE SHAE A o) B ofF AAAR & Aol
B sl s o7 4x49] P A AFLE HolFa

i e

d

10°

]05 L 0'

16°

{75} @2uppadw|
*

10°

1¢' 10? 16 10
Frequency (Hz)

210, PtAISTSe] elujda 24 Aay

Fig. 10. Impedance specira of Pt stimulus electrode



Kangwook Lee, Yoshiyuki Kaiho, Takafumi Fukushima, Tetsu Tanaka, Mitsumasa Koyanagi

ek,
T YellM 9] A=A A718 B2 Frtshr) e, U5
A2 $47)5 o] g3l A9 YMPAE &g} 2 9%

NP2 ZH A 289 L& BdF3 Qe Hrtole D2 K
F% TechAtel A9 & 2 o deto] A (Solartron 1260%) - ©]-&-3}
Ak 71E AF 02 Ag/AgClE, AT o2 Prd o) 43}
Aok el EAEte AR fARE 0.9% 95 WellA,
0mVE 7|44 2, AZ10m V 2 F3<41Hz - 10MHz2] &
A3E ASAF hehan, A5A=e] dojd e A719 9443
HalE S

I8 102Pt A5AF9] Fup Hslo] wpE dud s WEE
S8 drfolrh. 400Hz9| F3h4 270A] 9.9kQ9) Y~
S4e Hola itk & Aol ARS3 et Ro] EHATAF
H2ol AEL165VE, F357} 400Hz2] A< A x| 71314]
© ASAFY 271% 160pA7T At} 2HATAF o] Zo
Imsec®] -, A3 7182 = A3} 0.16pCo] Hr}, LukA
o7 PR ZE H71H 02 A5 sl P23 Asteke] 0.02C
- 0.4pCeHa 31EE [14], B Ao A 2hg Z2A]E o] ol
ke 2423517 o) 2588 Ao 7 dud)

e EE A Aok, A0S 2 F
A

_% ‘Dé:‘ oﬂ u]—l:ﬂ— ;d

Atk WA d Azt o EA] $A(E PO—TEK E o]&3t] 2.4 x
2.4mm =78} 400umSAE 2= Fut Fol, 4 4 (150C
/1hr, NE30g)< 7181 SYAIZ Aol gidyo) ARw o] 14

1. Attach a retinal chip by epoxy
Refinal Chip

s Flexible Cable

2. Wirebonding

Au wire

3. Sedling of silicone
Silicone

4. Peel off of a flexible cable

21,
Fig. 11, Assembly Process of retinal chip on flexible cable with stimulus
electrode array

SHAIE oIS ollof ot AT ZH

.
w

2812, HEHE iSRS QBARN B et E F STy AR
Fig. 12, Photograph of the retinal prosthesis module comprising a retinat chip
and a flexible cable with a stimulue electrode array

s
1

o

F, WA FH oM AHSshe golol Y Ve ]%ﬂ"q
Ao e ZAAE Aol B Aui S A71H
Aok e g b e 2 A Hom 1
Blod, AA| A A o] °k§?51 silicone (KJR-9022) &4 = Q 7&
S Yt nA|eto g ZUAEZ Ao)ES 21]3}6}71'4“*HF‘F
£ (HF:NH4F=1:10)l %M A3 Si0; HAITE AA B}
ASi 7R B RE 2| AL REA, gk FAY FYAE A
olBg A" ozgungo] A2tk 18 125 AR E A
ZE AR Ee] AA o B silicone EE 2 G- R
F FHo digt FoazE 242t Rojga ok 3 A2 Au
wireE o| &3l ZYA| L Alo] &3} Hr1H o2 dAo] Hof )
11, silicone< H9 I AuwireE AA A o7 A 1B 0 i)

LN

(R 2o md of alo
o,
_?L‘

f

_4

10
&

=

=

D. AFYUEEY 48 -39 244 97
A ATYALEE WA ) L7 45 1),
Yutu ol P40 8 A A8 BT B iR

ol

{A) SBDJIOA

1T e R A
Time (ms)

0243, R s EHATE(Z T 29 klx)
Fig, 13. Output voltage waveform of the retinal prosthesis module

ol 31 | August, 2010 297



Development of Retinal Prosthesis Module for Fully Implaniable Retinal Prosthesis

450

400
350
300
250 |
200 F

{3H) Aousnbey

180 |
100 ¢

ot i \
a 5 10 20 15 25 30 35

lumination intensity (kix)

T804, AL ot EHAISHE Fals 2k #A
Fig. 14, Relationship of stimulus output current frequency vs. fllumination
intensity of input light

= 9 o] AEY Yle AFYUREY] duie] & A}
2, e oA Y EE A9y FueE S5l BE
ol F4A o2 FAseA B AT AR ES AIAY
125579 vloloj2xgke] A7l 3] FEo] Hot 12379
upojo] A 9L ghut 3 o] 7} pixelol] £A)3H= 127 MOSFETS)
gateH S 2-3te &2 g}, 0|21 MOSFETY] gate At
< 222N Y EHE YIRS HRY 29 F FEF
29 ¥4 9 QAREe] 250 2 25 5§ HalA I Aol /)
53ltH(15]. ol S Bl ABYHRES S Yo A3 F A}
o] ek Adefol] whel Al Fel H9E o2 2 s Ao) 7t
o dok 48 3S A8 YL 258 0 kix - 60 kix7hA] ¥
37} 753t Bel EE o] 45193t}

28 132 2E29 kix9] 20 23 Q3R EY] &9
AgstE & el o it Q1FgetE gl 534 H2rt 43
A A oA glE-& 1 E = YUrh

I3 4% AR 250 g 2EAFAF o] 39
W& BojFm Qe I oA & F lRe] AR 2% 27}
of g} Q1FFLE BN EHE = 2HAF Tt A0
2 Zrheta lut olg g ARy, JedunEe] wet J
7 ZIAE Aol B3t AVA &, 283 AFIHRET ¢
B AU7e] A71H Aol Fd o] FolA, REo| FFA L

Z FAH 2 2 gdsiit

Il. S8 N8 (n-Viv)g B8t AZ3YotRE

A. §4 37}

e Flo) AE JAFULEE S 58 3 EV9] o
AR F, BB A¥(in-vivo) S A3Psl QAF3de 2 9] A7)
AT EA4E FrBIAT 42 A3 1572 Ao ae=2t
(iodic acid, HIOs) £9 40mg/kgS Y& WAE7 2-3 21

298 | J. Biomed. Eng. Res.

Retinal chip

Rétinal prosthesis| .
module

2115, szt ras S8l Ev of Lo HYlE SIBUN BE 2| AL
(a) 3 2ot E ol AR (b)

Fig. 15, Photographs of the refinal prosthesis module and the retinal chip
which were implanted into the rabbit eyeball

0.

#)el Fdol] Tst] AN ES FHAZTE 20 TA G2 A
Aol G FE FFhe T LA 2o de) A EE=H-E 7}
Angeng AMERe JYgFS Adsid AN EE AEA
71tk ek 9] % (electroretinogram, ERG) &4 & B3l 34
A divjstel AMEZL A AL sk A FA
ketamine (66 mg/kg)¥ xylazine (33 mg/kg)S =& FAEHA
E7E wEAZ F, AT T wek A &A o g uiE g 3}
sho] M AAEE FAEIY T B AT JYE FE AP =
E AxE B8 AE 5ol &8 778 (Association for Research in
Vision and Ophthalmology, ARVO)S 5319 or, B5u| g}
o ggaTate] P& do] AL vk

AFTIUEES BE7l9] ehpllel SdshA A4 ¢ &, Fohx
% o] &3l AFAFA D & 2 FYA B Ao E-S Haelel 1
At 28 15 dAees B3l E719 7 e Al o
e 25 B AR S B Fa Yo

a8 162 A7 249 (BEP) 34X 9 T = It A7
w93 eto] A Fo| o8] A5 o, A9 F-9ol M EAs}
£ @AY elth AFHFEL SYFAE o83l 2o A
Z, =9 2958 Ao gt ASHSE B8 T A4
o2 A8 v B AV HEHAE S ANSE F
vl E&AFT V1SR T A8 S5 € F2e] Hste] A8

EEP Recorder
Fiat cable  Power source

2146, E7|2| MU RUTLIEEP)E S sk Al ek

Fig. 16. Recording apparatus for electrically evoked potential (EEP) of a rabhit



Kangwook Lee, Yoshiyuki Kaiho, Takafumi Fukushima, Tetsu Tanaka, Mitsumasa Koyanagi

180
160+ Iradiation Time; 20msec
140 10.72idx, Power ON
120+
i
5 100 ¢
5 8o
E 60
% 40 Okix, Power ON
=
= ot
ok
-20F
40 10.72Kix, Power OFF

6 30 60 90 120 150 180 210 240 270 300

Time {msec)

Je2l17, £77) el o] 8 Z=AH20msec) =, Z A 70| 2 H7 | FEN9
(EEP) %% w5}
Fig. 17, Variation of EEP amplitude with time after light irradiation of 20msec

71535l A& FeA gt B Ao el16ade] Pt A=
ASo] B2 7o o}2e) so) kg A5kt AL H
Aok B7]9] ¢t F2ol e 2 S 2V 913 LED7F A =<
A Ao} e 29 249 AFSAFAE L BYolE Aol &S
B8l 9ol AFAFE 2 dYG| o Ado] Hch 4FL v}
F9 E71¢ LEDZAMIA S A4 vhxo] g 27U ¢
<3 ¢4 27 st A 78S Bt

7% 172 E719 Feh ol W& 2 RS o, Aol g w42
HAZE A7 M E Bl WEhE A7 H o g A5 S v
A7 Y g SR Aol A2 S 7

A9 A &L 712258 20msec FeHe] W 24} o] Fo] AFfa
< Vehl 1 9lek A3y ut R Bl 54 L ulo]o] A A
743 Power-ON Aol Al % 10.72kIx 2! Okix9] LS ZA}

At FEAUT AF vloloja HGE USR] g
Power-OFF “Fefoll A 2% 10.72k1x2] B & ZAgE B30l 2}
2] Z7)-RE 9] 332 Ve 2 glok - & 5 9k
o] TERALF ZHE vholol 2 A LS A718HA] 82 Power-OFF
e A= FINRE] FAE 1A o rE 2% 10.72kIx
YE 22 E B7etn AV Ea e shgol AE we-g
stAl 93 ok FEAGH A4F blolojx AYE AU
Power-ON eloll A 2% Okixe] g ZAMG 4%, AFHWo R
2 0] bt dejoly Ug 2AREA] 92 Addlolnz A

o wk o Bl
N

tfo

(2 X o oz o
Jul

PR E A 9 A gouk, wolz4 sdlow
Q8 o]z o] sHRe] tha MEL 3L Y AoE FHE

o} ¥, QIF YR Eo vloloj A kS 21718 Power-ON 4
Bl A 2% 10.72kixe] H-& ZAVSE Aol Myt A7) g
o] 2A Wsleta IS & 4 itk o] & AN Yol k)
of Q1Futut Aol oJ8) A= d F2 AghE F A=A R A7)k
ol Alg A 2 Ao H 3§ ofn|sh= Aol th ko] A E
2ok 1S B3 YA o] AV 2 Wgte] 5, AfgHA T

200
180
160
L J
m 140
Ry *
> 120
3
= 100
c
& 80t
g «f?
40
20+ Iradiation Time; 20msec
o . . ;
Q 2 4 6 8 10 12

umination intensity {kix)

8118, UAtslE gle] o wE o M7 RUMS(EER) 21 £ Hat
Fig. 18, Variation of peak EEP amplitide with ilumination intendency (after
light irradiation of 20msec)

Y828 o Y AFAR7 PASATE ol YA 2
WA oR AT B9 ¥ 2 2H 271 HRES DS 2
ol 9 A3}E Agich T BWA 02 7| B8 A7 R
9 SRl B % Sl o) 3\ Z5go] AT 27\ ek o

g

gl ¥ A A 47 Hol B e HEE

7t FEA gong F7HEQl B4R Bl Ao o

13 18L& JAtEE He 2xd wE AV 5o W
*)

Y
o
T

2 ol 3ol g3 71BN Aol AFA WS B3t
ek, TGl L 5 Yol YL e 255} 3N 5 &
A7) faslel 2 Zo] 4P 02 AR 7 gk, ol YA E
we] 2% 37l weh FAATARS) Tt Bk, ol
13} epal o] FlalA = Aol 27k e Ao E Bk
ook

2% 198 Aleke e} 24T 1E Q715 3AdY $

200
180
160 | ®
M 140
0
> L
%‘ 120 o
E: 100
[ .
g eor
40
20 IHurnination Intensity; 10.72kix
% 5 10 15 20 25

Irradiation Time {msec)
2119, UAbElE Y EAAR O w2 Ao M| RUHL|(EEP) £ E WEt

Fig. 19, Variation of peak EEP amplitide with iradiation time (at 10.72kix
illumination intensity)

ol 31 | August, 2010 299



Development of Retinal Prosthesis Module for Fully Implantable Retinal Prosthesis

w98 Yz gk 10.72kix8) 25E 2= Wg 247 5,
10, 20msec B¢t FA 3 &, dhS-E & A7 fRA e Y A2
2] H3tE EA8A ok 2N & 4 Re] YAtE e =
AAIZEO] B71E 8 AV LA e A ZA)7) Zksa 982
& Qlth ol & Y AW TO] S 5 EEH e ATHFY
298] 71 Z718H H o, o| 2 18] WA Zo JlsiA & A ek
o] Z713817] Wl Ao Hetdn),

3719 AREL A7) R A9 Q) A Zol, bol A E et
Foll ZAtE = Yo 25 9 2ARZE At t)-g3te] AAsHA
Waletn Y-S Ueh gl Ao o33 AHEL R AT
ol A Agksty Qe AU E A3gute] 78 e S RoF
3 ek

N.Z2E

£ dAFoA s, Y A3 #-o dlo] He AdF
PHRES NG AFHFA Lol FAE FHAE AolE
3} gut Ho] dAg oz A AFPURES AFsit) &
A9 AU REY] 74 7sA B2 98, & A7l
T FALA L ASAR A 22 FYE 23 TR T
23S AlolE fdl Ak AR AP RES o] &3}
of JEF-ZYAY SASH/N F, e 58 B9 &
Toll Asiste geiRl= H7HE 9@ AA (in-vivo) A8 S 3
ATk

HA A A GA o] B33t IS e EElv AAE ol &
3] 16719 Pt AFAFALE 2te SYAE Aol E& AFAT
Z, AFAT9] i x EAL Bl dFARe] Fug
400Hz Z70|A Pt ASFH L 9.9 KQ2| YA EAS Kol
3 YE, o] dFAx EFL JUA X2 ATehed FEI A
g Q7B Aol 7Hgsth

PLEE A Z-E 3 ASATAD S 2e ZYAE Aol &
e & A3 SYA B Aol B gehiel AR o Z
Al FAE o] g5to] T Hut AE A & F, ojolo] BYg
o] 83l ik J7} ZYAE AolES Ar1H oz Ay
U] A o zRE Wuk S B 58ly] 9sle], AR AT o
%3 ghsilicone (KJIR-9022) 24 2 & A5} vix o g2
FYNZ Aol 8L AL Si 719 HF $-894] goisi 7]%o.
2HE Felgozy, ok FA9 ZYAE ACER TR U
THNEES A TH 2 A3

AZE AFFLEES A W 7l Al E] Ao, A%
R Eo] YA o2 B8 A& Hristinh A2k Qadet
EE2 YAEY 25 2 2EA 7 bt 2 AY) Fur)
Ay oz Walsta glof, AztE BEo| FAH o2 Tsa
dS Btk B Ho) AFE ATVARES Qe

E8 £719] ¢t A 8 &, BE A8 (in-vivo)y S F 35}

300 | J. Biomed. Eng. Res.

QA3Ye} 28] W4T 5L BT A FYGEE T
SAYT} Hlolol 2 G A RN ZE10.72kix) 2&
ZALE T, 2715 A9 Yol 2 WaHE Bk ol B
3 QA o] e AL el ol ATAFE W]
B 3, 998 W4T AR 4BH 0% AGHIHES
Sl & Tk B¢, YA E 0] 25 P ZEARl nig
W o) A7 A Qo] Mkt 91e-S Sk o]
2% Ao, 2R, ATARPYAE 2 AFATAGE 7
9 AFHRRES ATl AT N2E AT A
o) FFssithe AL elelshs Aoz, & AT Agtehn gl
7 FAAYY QTP T FsES AAetel Fa 9o,

B ATl BT B 0 S A §5t] BN UF
geru g oje §7kE ARt @A $3a4 2 AsA
SAEE IR AFH AF 720 Yo FE TR A
339 42714 B 35 729 B Y% BAN B Aol 1L
mA S NRATE o] §3lo] A71H.0% QAR flip-chip 47
&g e o Uk olel 7165 LS FAIAA A3
7z 1397 A 2 I3YYREE THE IFPEL AL
o, FFA 02 Azte] 3} HARE £2Y 5L 2E FANY
3 QAP TASDA B,

Acknowledgments

The author acknowledges the support of Tohoku University
Global COE Program “Global Nano-Biomedical Engineering
Education and Research Network Centre”. This work was
performed in Micro/Nano-Machining Research and Education
Center, Tohoku University. We would like to thank Prof.
Tomita for the implantation of retinal prosthesis module.

o2k
ret

i

[1] N.E. Medeiros and C.A. Curcio, “Preservation of ganglion cell
layer neurons in age-related macular degeneration”, Investigative
Ophthalmology & Visual Science vol. 42, pp. 795-803, 2001.

[2] W. Liu, K. Vichienchom, M. Clements, S. C. DeMarco, C.
Hughes, E. McGucken, M. S. Humayun, E. de Juan, J. D.
Weiland, and R. Greenberg, “A Neuro-Stimulus Chip with
Telemetry Unit for Retinal Prosthetic Device”, IEEE Journal of
Solid-State Circuits, vol. 35, pp. 1487-1497, 2000.

[3] E.Margalit, J.D. Weiland, R.E.Clatterbuck, G.Y. Fujii, M.Maia,
M.Tameesh, G. Torres, S.A.D’Anna, D.V. Piyathaisere, A.Olivi,
E.de Juan, Jr, .M.S. Humayun, “Visual and electrical evoked
response recorded from subdural electrodes implanted above the
visual cortex in normal dogs under two methods of anesthesia”,
J. Neuroscience Meihodr, vol. 123, pp. 129-137,2003.

[4] Humayun MS, Juan E, Weiland JE, Dagnelie G, Katona S,
Greenberg R, and Suzuki S. “Pattern electrical stimulation of the



(6]

(71

(8]

[

[10]

Kangwook Lee, Yoshiyuki Kaiho, Takafumi Fukushima, Tetsu Tanaka, Mitsumasa Koyanagi

human retina”, Vision Research, vol. 39, pp. 2569-2576, 1999.
E. Margalit, M. Maia, J.D. Weiland, R.J.-Greenberg, G.Y. Fujii,
G. Torres, D.V. Piyathaisere, T. M. O’Hearn, W. Liu, G. Lazzi et
al, “Retinal Prosthesis for the Blind”, Survey of Uphthalmologv,
vol. 47, ISSUE 4, pp. 335-356, 2002.

Ohta J, Yoshida N, Kagawa K, and Nunoshita M., “Proposal of
application of pulsed vision chip for retinal prosthesis”, Japanese
Journal of Applied Physics, vol. 41, pp. 2322-2325, 2002.

D. Scribner, L. Johnson, P. Skeath, R. Klein, D. Ilg, L.
Wasserman, N. Fernandez, W. Freeman, J. Peele, F. Keith
Perkins, E.J. Friebele, W.E. Bassett, ].G. Howard, and W. Krebs,
“A Retinal Prosthesis Technology Based on CMOS
Microelectronics and Microwire Glass Electrodes”, IEEE Trons.
on Biomedical Circuits and Systems, vol. 1, No. 1, pp. 73-83,
2007.

T. Schanze, L. Hesse, C. Lau, N. Greve, W. Haberer, S. Kammer,
T. Doerge, A. Rentzos, and T. Stieglitz, “An Optically Powered
Single-Channel Stimulation Implant as Test System for Chronic
Biocompatibility and Biostability of Miniaturized Retinal Vision
Prostheses”, IEEE Trons. on Biomedical Circuits and Systems,
vol. 54, No. 6, pp. 983-992, 2007.

Kurino H, Lee KW, Nakamura T, Sakuma K, Park KT, Miyakawa
N, Shimazutsu H, Kim KY, Inamura K, and Koyanagi M,
“Intelligent image sensor chip with three dimensional structure”,
International Electron Devices Meeting Technical Digest, pp.
879-882, 1999.

Koyanagi M, Nakagawa Y, Lee KW, Nakamura T, Yamada Y,
Inamura K, Park KT, and Kurino H, “Neuromorphic vision chip
fabricated using three dimensional integration technology”,

[11]

(12]

[13]

(14]

[15]

International Solid-State Circuit Conference Digest of Technical
Papers, pp. 270-271, 2001.

T. WATANABE, R. KOBAYASHI, K. KOMIYA, T.
FUKUSHIMA, H. TOMITA, E. SUGANO, H. KURINO, T.
TANAKA, M. TAMAI, and M. KOYANAG]I, “Evaluation of
Platinum-Black Stimulus Electrode Array for Electrical
Stimulation of Retinal Cells in Retinal Prosthesis System”,
Japanese Journal of Applied Physics, vol. 46, 4B, pp. 2785-2791,
2007.

Tanaka T, Sato K, Komiya K, Kobayashi T, Watanabe T,
Fukushima T, Tomita H, Kurino H, Tamai M, and Koyanagi M.,
“Fully Implantable Retinal Prosthesis Chip with Photodetector
and Stimulus Current Generator”, International Electron Devices
Meeting Technical Digest, pp. 1016-1017, 2007.

E. Zrenner, “The Subretinal Implant: Can Microphotodiode
Arrays Replace Degenerated Retinal Photoreceptors to Restore
Vision?,” Ophthalmologica, vol. 216, pp. 8-20, 2002.

T. Watanabe, R. Kobayashi, K. Komiya, T. Fukushima, H.
Tomita, E. Sugano, H. Kurino, T. Tanaka, M. Tamai, and M.
Koyanagi, “Evaluation of Platinum-Black (Pt-b) Stimulus
Electrode Array for Electrical Stimulation to Retinal Cells in
Retinal Prosthesis System,” Jap. J. Appl. Phys. Vol. 46, No. 4B,
2007.

J. Deguchi, T. Watanabe, K. Motonami, T. Sugimura, H. Tomita,
J. C. Shim, H. Kurino, M. Tamai, and M. Koyanagi, “Retinal
Prosthesis System with Telemetry Circuit Controlled by Human
Eyelid Movement,” Extended Abstracts of the 2004 International
Conference on Solid State Devices and Materials, pp. 350-351,
2004.

Vol 31 | August, 2010 301



