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Depth-adjustable 3D electrode array for recording functional connectivity in the brain
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'School of Electronics Engineering, Kyungpook National University, Daegu, Republic of Korea,
ZEmotion, Cognition & Behavior Research Group, Korea Brain Research Institute (KBRI), Daegu, Republic of

Korea
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Abstract

Understanding neural activity across multiple brain
regions, especially in three dimensions, is essential for
advancing neuroscience research. However, traditional 3D
electrode arrays are often restricted to fixed depths, limiting
their ability to probe complex brain structures. In this study,
we developed a depth-adjustable, flexible 3D multi-shank
electrode array that produces neural recordings at various
brain depths. Integrating 2D flexible electrode arrays with a
modular supporting board allowed the insertion depth to be
easily adjusted without re-fabrication. In vivo experiments
produced successful recordings from the motor cortex,
somatosensory cortex, and deep structures. Functional
connectivity analysis also revealed correlations between the
substantia nigra and motor cortex, confirming the developed
probe's ability to assess 3D neural network dynamics. Due
to its greater experimental flexibility, the depth-adjustable
3D electrode array developed in this study represents a
versatile and cost-effective tool for assessing functional
connectivity across the brain.
Keywords: 3D electrode array (3 A8 = 8]Y), neural
signal recording (X173 413 Z7%), depth—adjustable neural
probes(Ze] F& 7  ZZH),  functional
connectivity O3 H&Y)

=
X

rht

Egaz o]l
8 53 Tles
at7] flsll, = o
& 7leEol Ustsuth
Chat e 17‘]7}4
stz A Apolel Aol

[1]. olA™ o= =

wae vl ol

g 2 ol
o 7b5

>
2 N (o
_>'~l_,
JH

m N2 N0 o ) 30
N,
A

rir

=

2~

- o] =

A

[2—-3].
7l Mz & Z
Zoloal oY
AAEH AFHUT [
shA A 2=
Zlolo A2l 4l

ECAD

o i

SO HU B =N ooff 1R % [0 i
o,

w0 T ol 2 |z fo o peh ok oo @ i H orif

(R N (= e Y S
o

ot

L
L

FolME g
SER K

A4+
2o
ol 7}

=
=

O ol

2, ol

off off > o © O
Orﬂrﬁwﬁ_ﬂagh

oAM=
3717 OPL

‘?JOPO%

T rhok

N N

-

D A3 Wde

} 7101011/‘1«1

27
NRAE 27

A dAdzte] 7|54 AAANL

Atol Aze EAFL AN, 59 2ol

AP BAEok s ¥ ATeld Ag
+9e Ae® dge,

2 T XK=

[}
3E O
=

N
—_

A& 713

t 435" FPCB xil

2D A w9

+4S w12 pm FAY Cu 5%
o7 AMg3H Y

573
PSR mk s 2d=

= 35 um —r”ﬂi =R FY

= ak)d—g _?,]2:5_]— Pt

2 of, o POl'

P
¥ 1
o
H 4n

30 O o

o2
12
2

oy =
rz

[RR RS V- - =)

o YHI 20 2 mly o o T [N ol rim

2
L
B
e
rlo

{0
-
—~

¥

[\l

2

D

i
12 ¥Q
o |y

A,
4y

mg
A
)
w
)
=

o mx

N
o

>
2
o
i
X,

O
[

o,
o
st
o
o i

H X

r
i

PN
o
_O|L
0

s

2

z Mo M 2 2 i o
ofo

ol

o foh

2

l

©
T
I

2.22D HEE 5 A U AFNE
/ﬂ]xl—g 2D A= Hjd 9]
0}71 A&, AFAL slink Fde 4
Jatsut. BE AlA *@7}
AAl B4 Ax 100~500 pv 9
2 3to] 3 ﬁi%— #EEE £ AdHY
W oaAlg Al
o (2™ 2).

)

A s

0]
PZsA%
2.3 3D Wde ¢ 0F 99

A 3D A= ol
Ned AR e FAT 5

L84

IS
ol

A=A

s

X A7 gl
QolA thE o)
w7] 99 4HeE 2D



2025 vpo] AR U A| 2E8ES] FA| Sk

A= wdzte] Zdol7t Imm A Aoy 3D WIS
ARgstel ¥ AR 9" oo Ted dAFAAdE
Ak s Utk o] Ay 71&o] Z 4# A substantia
nigra (Z4)9} motor cortex (LEuA)7re 7|%%

AF4E gAY (- 3) o= ¥ ATel 3D
A% wdo] Zol7t tekd JAERe N5A AAYE
Agatdl Yol st A Axg
3. 48

HAEHoR, o] A& nE&agdolds ol x4
7bsgk 3D AT wlgE SEl thst zole 9o 34
A Fg84E& EIFUL o] AFeAME BEF
AAE F&l, olv] AzZe 2D A wjde Fx W o]
W7 Qo= HESHA A9 ZdolE 23T + UHFY
o uetrt gE A4 e 3 §AEY 2E Vlss
TS T AAHTgAA L B AT AE WHAE
staivzd = e Ao 7y},

ZA Ha
s Od = 2024 @ AEYstw wu A 2AF 9 e
HATH A (24-BR-02-02)= S 733 HAFULH
Ty
1. Babaeeghazvini, Parinaz, Laura M. Rueda—Delgad

o, Jolien Gooijers, Stephan P. Swinnen, and And
reas Daffertshofer. Journal "Brain structural and
functional connectivity: a review of combined wo
rks of diffusion magnetic resonance imaging and
electro—encephalography." Frontiers in Human N
euroscience 15 (Oct. 2021): 721206.

2. Cheng, Ming—Yuan, Lei Yao, Kwan Ling Tan, Ruiqi
Lim, Peng Li, and Weiguo Chen. Journal "3D probe
array integrated with a front—end 100—channel
neural recording ASIC." Journal of Micromechanics
and Microengineering 24, no. 12 (Nov. 2014):
125010.

3. Negi, S., R. Bhandari, L. Rieth, and F. Solzbacher.
Journal "In vitro comparison of sputtered iridium
oxide and platinum—coated neural implantable
microelectrode arrays." Biomedical materials 5, no.
1 (Feb. 2010): 015007.

4. Wang, Longchun, Chaofan Ge, Fang Wang, Zhejun
Guo, Wen Hong, Chunpeng Jiang, Bowen Ji et al.
Journal "Dense packed drivable optrode array for
precise optical stimulation and neural recording in
multiple—brain regions." ACS sensors 6, no. 11
(Nov. 2021): 4126—4135.

5. Wang, Ming—Hao, Xiao—Wei Gu, Bo—Wen Ji, Long—
Chun Wang, Zhe—Jun Guo, Bin Yang, Xiao—Lin
Wang, Cheng—Yu Li, and Jing—Quan Liu. Journal
"Three—dimensional drivable optrode array for
high—resolution neural stimulations and recordings
in multiple brain regions." Biosensors and
Bioelectronics 131 (Apr. 2019): 9—16.

) 3)(A] 27 3] = MEMS &

st 3])  (2025.03.26~03.28)

2D electrode array

IU

Il
| i

(i) Cu foil pattern (ii) PSR ink pattern

s -

(iv) Black Pt electroplating

(iii) Au electroplating
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Signal recording using 2D electrode array
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