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ABSTRACT 

At present main issue of neuroscience is to ascertain the relationships between the 

functional connectivity-map of neuronal circuits and their physiological or pathological functions. 

Voltage clamp are developed for intracellular recording. However, the voltage clamps are limited 

to measure simultaneous recordings of neural activity from hundreds of individual neurons and 

monitor long-term electrophysiological information. Although Multi-electrode array (MEA) is de-

veloped and commercialized to overcome the limits, this two dimensional MEA cannot record 

intracellular signals. Three dimensional multi-electrode array is suggested to record intracellular 

signals. In this study, new 3D mushroom shaped MEA is designed. The new MEA has high 

electrodes density and broad contact area. The MEA is modeled as equivalent circuit and simu-

lated to compare with conventional 3D MEA as multisim software. Fabrication conditions of MEA 

are arranged and problems are analyzed in fabrication process. After this, The MEA would be 

used to study brain network. 

 

 

 

Keywords: Three dimensional multi-electrode array, brain slice, electrical circuit mod-
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Ⅰ. INTRODUCTION 

 

Most scientists studying cells have wanted to record electrical signal of cells and 

stimulate the cells to find out how circuits of neurons work. Glass microelectrodes for 

intracellular recording was invented by Gerard and Ling in 1949 [1]. And Hodgkin and 

Huxley develop voltage-clamp in 1952 [2]. However, the glass microelectrodes are limited 

to measure simultaneous recordings of neural activity from hundreds of individual neu-

rons and monitor long-term electrophysiological information [3]. Multi-electrode array 

(MEA) is developed to overcome the limits. The MEA is devices that have multiple elec-

trodes which neural signals are recorded and electrical stimulations are induced to cells 

or tissues.  

In 1972, a first MEA is developed by C.A. Thomas Jr. and his colleagues. The first 

MEA have 2 x 15 gold electrodes array and is used to record cultured cells [4]. In 1980, 

Pine, J. published the first paper which succeed recordings from single dissociated neu-

rons from a multi-electrode array with two parallel lines of 16 gold electrodes [5]. Wheeler 

and Novak make multi-electrode arrays applied to hippocampal slice and record field 

potentials in 1988 [6]. 

At present, main issue of neuroscience is to ascertain the relationships between the 

functional connectivity-map of neuronal circuits and their physiological or pathological 

functions. However, present technologies can only detect extracellular recordings limited 

to large populations of neurons. It's impossible to gather intracellular signals of a bunch 

of individual neurons by this time. 
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1.1  Electrophysiological signals 

An Ideal system should catch whole electrophysiological signals that individual neu-

rons give. Whole signals consist of action potentials (APs), subthreshold excitatory 

postsynaptic potentials (EPSPs), subthreshold inhibitory postsynaptic potentials. (IPSPs), 

and subthreshold membrane oscillation. At ordinary times, cytoplasm of neurons have a 

negative electric charge compared with outside. An action potential is an event in which 

the negative charge is discharged and suddenly turn to a positive charge [7]. Action 

potentials occur in neurons, muscle cells and in some plant cells. Action potentials in 

neurons is called spike or fire [8]. Membrane potential starts at -70mV. When stimulus is 

applied to neurons, membrane potential is depolarized and rises to +40mV for 1ms. After 

rising, potential is repolarized and drops to -90mV and finally recover to resting potential 

which is -70mV. An inhibitory postsynaptic potential is a kind of synaptic potential that 

makes a postsynaptic neuron less likely to generate an action potential [9]. The opposite 

of an inhibitory postsynaptic potential is an excitatory potential, which is a synaptic po-

tential that makes a post synaptic neuron more likely to generate an action potential. 
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1.2 Methodologies for the recording of neural activity 

There are two methodologies for the recording of neural activity: (1) Sharp elec-

trodes or patch electrodes for recordings and stimulation of intracellular information. 

Sharp electrodes and patch electrodes methods are useful to detect intracellular signals. 

But they are limited to individual neurons. And they injure cells, reducing recording time. 

(2) 2 dimensional microelectrode array (MEAs) that is commercialized or 3D structure 

MEA. The 2D MEAs can record only extracellular information that is not proper to get 

intracellular information. Therefore, they cannot be used recording signals of single neu-

ron [3]. 
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1.3 Sharp glass electrodes and patch electrodes 

Glass microelectrodes for intracellular recording was invented by Gerard and Ling 

in 1949 [1]. And Hodgkin and Huxley develop voltage-clamp in 1952 [2]. Neher and 

Sakmann expand the voltage-clamp to patch clamp in 1976 [10]. The patch clamp suc-

ceed to record the currents of single ion channel molecules for the first time. And they 

received the Nobel Prize in Physiology or Medicine in 1991 for this work [11]. 

Patch clamp recording uses a patch pipette made by glass as a recording electrode. 

And reference ground electrode is located in the bath. The diameter of the pipette tip is 

usually in the micrometer range to enclose a membrane surface area or patch one or a 

few ion channel molecules [12]. The patch clamp is distinct from the sharp electrodes 

which is a traditional device for intracellular recording. Traditional sharp electrodes usually 

puncture cells. But, patch clamp is sealed onto the surface of the cell membrane [13].  
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1.4 Two dimensional MEA 

One of the major problems of 2 dimensional microelectrode array (2D MEA) is 

the clefts located between the top surface of the electrodes and the cells or tissues. This 

clefts cause the high electrical coupling level between electrodes of electrical devices and 

neurons of cells or tissues [14]. Because  is directly related to width of the cleft ( ), 

reducing 	and increasing the contact area are very important. For that reason, many 

studies try to reduce the seal resistance formed between the neuron and the sensing 

electrodes of the device ( ). The researches to reduce  reported are (1) to chemically 

functionalize the substrate [15, 16]; (2) to change the surface topography [17, 18]; (3) to 

apply mechanical pressure [19, 20]; (4) to make three dimensional structure [14]. 
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Figure 1-1. Modeling of 2D planar MEA. The cell (green) is located on the electrode 

(yellow). The cell membrane contacting culturing media has non-junction resistance 

(Rnj) and the non-junction capacitance (Cnj). The cleft between electrode and cell has 

two contact area: Above area is junction area (blue line) which is modeled junction 

resistance (Rj) and junction capacitance (Cj). Below area is modeled electrode resistance 

(Re) and electrode capacitance (Ce). The culturing media filling in cleft conducting elec-

tricity has seal resistance (Rseal). 
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1.5 Three dimensional MEA 

Only a few groups have reported recording of acute tissue slices on 2D MEA. The 

2D MEAs with slice also record Local Field Potential (LFP). Evoked field potentials have 

been recorded from rat hippocampus slices in the mV range [6, 21, 22]. Conventional 2D 

MEA have been reported relatively small LFP amplitudes from rat hippocampus slices. 

The small LFP amplitude has been limited to activate scientific researches. 

Most cell connections which are major dendritic trees and axons are cut during slice 

preparation. Therefore, Recording signal dramatically lose data. And the blade injures or 

kills the cells located at the cutting area. The dead cells discharge intracellular charge 

and neurotransmitter that contaminate signal. The dead cells also interrupt high seal 

resistance. The most widely used to overcome the dead-cell layer problem is the slice 

culture that eliminate the dead-cell for long periods of time [23-25]. However, the original 

structure is changed, because the tissue rearrange connections. Another method to over-

come the dead-cell layer problem is using three dimensional electrode arrays to penetrate 

the slice with recording electrodes. 
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1.5.1 Vertical nanowire electrodes array [26] 

Park’s laboratory make vertical nanowire electrodes array (VNEAs) using sharp elec-

trodes. They use a silicone-on-insulator substrate and put 3 x 3 array of 9 silicon nan-

owires at the center of each product, 150nm in diameter, 3um in length, 2um pitch on 

sensing pads. Silicon dioxide shell cover the doped silicon core and nanowires is covered 

as metal tip of Ti & Au. They culture HEK293 cells on the VNEAs. Then, they inject current 

to VNEAs which is penetrating the membrane of cells and generating a voltage drop [26]. 

The seal resistance of VNEAs was estimated to be 100-500MG. However, the coupling 

coefficient was not enough to record subthreshold synaptic potential. And the high im-

pedance of the VNEAs causes relatively low coupling coefficient. The meaningful ad-

vantage of VNEAs is that a single pad records APs from an individual neuron. But VNEAs 

can record signal only for 10 min. So it is not proper to long-term recoding. 
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(a) (b)

Figure 1-2. Vertical nanowire electrodes array(VNEAs) for interrogating neuronal net-

works of Park’s laboratory [26]. (a) Scanning electron microscope (SEM) image of the 

9 silicon nanowires that constitute the active region of a VNEA. Scale bar 1um. (b) SEM 

image of a rat cortical cell (3 days in vitro), on top of a VNEA pad. 
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1.5.2 3D mushroom shaped MEA [3, 14, 27-29] 

Spira’s lab publish 3D mushroom shaped MEA in 2007 that is first recording and 

stimulating multisite, intracellular signals. In these studies [29]. They achieve electrical 

coupling coefficient approximately 50% by the mushroom-shaped gold 3D MEA. They 

also made an equivalent electrical circuit by measuring non-junctional resistance, non-

junctional capacitance, electrode resistance, electrode capacitance and Rseal. They simulate 

the expected recordings of APs and subthreshold potentials. However, calculated values 

were not accorded with experimental values. The 3D MEA record action potentials with 

MEA at the first time. It provide multicite, simultaneous, intracellular recording and stim-

ulation for periods of days. The mushroom shaped MEA success increasing Rseal. And 

extend recording time more than 2 days simultanouesly. But electrode impedance also 

increase. So our goal is to reduce electrode impedance by enlarging contact area and 

increasing the number of electrodes. 

In 2010, spira’s lab records action potentials and subthreshold potentials using the 

3D mushroom shaped MEA [27]. They refer to the novel approach as in-cell recording by 



- 11 - 

extracellular electrodes to differentiate it from the classical intracellular recording meth-

ods. They cocultured homologous Aplysia neurons that form electrical synapses [30]. 

depicts an experiment performed on two neurons cultured on the 3D MEA for 2 days. 

They use a sharp glass microelectrode to neuron 1 for both current injection and voltage 

recording, and record with the 3D MEA from neuron 2 (Figure 1-3b). Membrane hyperpo-

larization of neurons 1 and 2 was generated by hyperpolarizing square current pulse 

which is delivered to neuron 1 (Figure 1-3c). They fire neuron 1 and record an excitatory 

postsynaptic potential (EPSP) in neuron 2 (Fig. 1-3d, iii, blue). The AP in neuron 2 (Fig. 

4C, iii) generated an excitatory postsynaptic potential (EPSP) in neuron 1(Fig. 1-3d, ii). 
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(a) (b)

(c) (d)

Figure 1-3. 3D mushroom shaped MEA of Spira’s lab [27]. (a) Scanning electron mi-

croscope image of 3D mushroom shaped MEA. (b) Experimental setup (c) Membrane 

hyperpolarization of neurons 1 and 2 was generated by hyperpolarizing square cur-

rent pulse which is delivered to neuron 1. (d) They fire neuron 1 and record an excit-

atory postsynaptic potential (EPSP) in neuron 2(blue). The AP in neuron 2 generated 

an excitatory postsynaptic potential (EPSP) in neuron 1.  
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1.6 Electro-plating 

Electroplating is to start immerse substrate to electrolytic solutions. Metal(M) is built 

by interaction between metal ion(Mz+) and electron(e-) at Electrode linked to outside 

power source. 

Mz+ + ze- = M(0) 

Substrate is called the cathode which is occurred reduction reaction. Electrode, in-

serted in electrolytic solutions to make circuit, is called the anode. Oxidation reaction is 

occurred in the anode to sustain current balance. 

Reduction quantity of metal can be calculated by Faraday’s laws of electrolysis. 

Faraday’s laws can be summarized by 

m 	  

m is the mass of the substance liberated at an electrode in grams. Q is the total 

electric charge passed through the substance. F is Faraday constant( F = 96485 C mol-1 ). 

M is the molar mass of the substance. z is the valency number of ions of the substance.
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1.7 Problem and Hypothesis 

Since developing MEA, a lot of scientific achievements are reported. However, con-

ventional 2D MEA have disadvantage recording relatively small signal. Three dimensional 

MEA is one of the solutions to overcome the disadvantage. Various shaped 3D MEAs are 

reported. The 3D mushroom shape is chosen in this paper because it is possible to record 

signal of cells for the long period time and get high signal to noise ratio (SNR) and detect 

PSP signals. However, the 3D mushroom shaped MEAs have not been applied to brain 

slice. The 3D MEAs would have many advantages in brain slice research and be good 

tool to study network of brain. New 3D mushroom shaped MEA designed in this paper 

have multiple electrodes on a one recording line and bigger contact area by expanding 

electrode size two times. 2 different things compared with the conventional 3D MEA 

would get high electrical coupling coefficient which is defined as the ratio between the 

maximal voltages recorded by the device in response to the maximal voltage generated 

by an excitable cell. 
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Ⅱ. Modeling and circuit analysis 

2.1 modeling and circuit analysis. 

As shown in figure 2-1, the cell (green) is located on the 9 electrodes (yellow) 

integrating into basement electrode (yellow). The above cell membrane (red line) con-

tacting culturing media has non-junction resistance (Rnj) and the non-junction capacitance 

(Cnj). Rnj and Cnj are linked with ground. Clefts between electrode and cell consist of two 

contact areas: Above area is junction area (red line) which is modeled junction resistance 

(Rj) and junction capacitance (Cj). Resistance between clefts is negligible quantity. Below 

area is modeled electrode resistance (Re) and electrode capacitance (Ce). The culturing 

media filling in cleft conducting electricity has seal resistance (Rseal). Seal resistances are 

linked to the ground.  

1
 

1
 

1
 

 

Zj  is impedance of Cj and Rj. Znj and Ze are impedance of Cnj ,Ce and Rnj , Re each in 

Laplace domain. 
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Zj,total is equivalent impedance linked as parallel structure of Zj1, Zj2, Zj3 , Zj4 , Zj5, Zj6 , 

Zj7, Zj8, Zj9. And Ze,total is also equivalent impedance of Ze1 , Ze2 , ⋯ , Ze8 , Ze9. 

,

,
,  

, , ,

,
 

 

ZN is equivalent circuit of whole device arranged by Thevenin’s theorem. 

 

 

 

Zamp is impedance of amplifier. And Vout is determined above by voltage divider rule.
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(a) Schematic of  new designed 3D MEA circuit

(b)  Circuit analysis
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Znj
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Figure 2-1. Modeling and circuit analysis. (a) New designed MEA has parallel circuit 

structure. (b) Modeled circuit is reduced to impedance circuit. (c) ,  , ,  are 

integrated impedance of all  components and  components each. And 	is calculated by 

thevenin’s theorem. 
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Ⅲ. Simulation 

3.1 Simulation 

General cells typically generate 3 signals: action potentials (APs), postsynaptic po-

tentials (PSPs), Membrane oscillation. All data simulations were calculated from the Mul-

tisim software (Labview). Input signals are made by mixing sine wave with pulse wave 

and chopping wave each. Input condition of membrane oscillation is sine wave with 

amplitude of 5mV and frequency of 50Hz. APs is mixed signal of sine, pulse, chopping 

wave with amplitude ranging from -10 to 80 mV and frequency of 100 Hz. PSPs is signal 

mixed pulse and chopping wave. PSPs has amplitude range from -80 to -50 mV and 

frequency of 1000 Hz. 

(Figure 3-1a) Conventional 3D mushroom shaped MEA circuit. Sub circuit is mod-

eled cell circuit model. (Figure 3-1b) New designed 3D mushroom shaped MEA circuit. 9 

Sub circuits are same as the sub circuit of conventional 3D MEA. 
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Figure 3-1. Data simulations calculated from the Multisim software (Labview). (a) Con-

ventional 3D mushroom shaped MEA circuit. Sub circuit is modeled cell circuit model. 

(b) New designed 3D mushroom shaped MEA circuit. 9 Sub circuits are same as the 

sub circuit of conventional 3D MEA. PSP signal, membrance oscillation, action poten-

tials are induced to both circuit. 
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Ⅳ. Materials and Methods 

4.1 Mushroom shaped 3D MEA fabrication 

The sequence of 12 steps to manufacture 3D microelectrode arrays is depicted in 

Fig.2. Clean glass wafer of 6” diameter and 700um thickness (Fine Chemical Industry 

Pyrex) in alkaline detergent and rinse in distilled water and blow dry with nitrogen. (1) 

Sputter Ti of 20nm thick and Au of 200nm thick on the glass with a cluster sputter SRN-

110 as seed layer. Purpose of Ti layer is to increase the subsequent adhesion of Au. (2) 

Spread positive photoresist (AZ GXR 601) of 1um thick onto the metallized glass substrate 

by spin coating as 4500 rpm for 30s and baked in a PR track (OFT Multi Spinner). (3) 

Overlay the substrate with a first chromium mask in the mask aligner and expose the 

photoresist to UV light (Suss Microtec MA8-GEN3 mask aligner, W = 20 mWcm-2, expo-

sure time: 3 s). Purpose of the first chromium mask is to make Au wires which is 10~20um 

width, pads for interfacing signal measurement system and basement electrodes to build 

9 mushroom shaped electrodes. Fabricated chip has 8 x 8 basement electrodes of 20um 

diameter, distance between basement electrodes is 100um. And one basement electrode 

has 9 mushroom shaped electrodes of 2um diameter. (4) Develop the specimen in devel-

oper and remove Au area by cluster ICP etcher (FabStar-ICP, TTL) for 160 s. (5) Eliminate 

the remaining photoresist using acetone and methanol for 1min. (6) Deposit the Si3N4 as 

insulator of 50nm thick on top of the metal employing plasma enhanced chemical vapor 

deposition (TTL FabStar-N PECVD) for 120s at 600K on top to prevent discharging at 
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wires and contamination from other electrical sources. (7) Spread 2 kind of photoresists 

are used in the second coating process. The first positive photoresist (AZ GXR 601) of 

1.8um thickness is coated onto the glass substrate by PR track as 4000 rpm for (40s) and 

baked in a PR track and the second positive photoresist (AZ 5214 E) is coated by  PR 

track as 2000 rpm for 40s and dry. (8) Overlay the substrate with a second chromium 

mask in the mask aligner. The first PR is exposed to UV light at 20 mWcm-2 for 3s. The 

second PR is exposed to UV light 20 mWcm-2 for 10s. Purpose of the first chromium 

mask is to open nine 2um diameter holes on the top of Si3N4 above the basement layer, 

pads and the edge of 6” wafer for place to be gripped by electroplating machine. (9) 

Develop photoresist for 120s ( GXR 601 : AZ 300 developer, 5214 E : CD 30) and etch the 

insulator with a RIE etcher for 120s (FabStar, TTL). (10) Glow gold spines in the holes by 

electroplating at a current density of 0.15 A dm-2 with electroplating machine (EP-03CRS, 

SI) for 10 min. (11) Strip the remaining photoresist using acetone and dice the substrate 

by dicing saw (DAD3240, DISCO) 
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Figure 4-1. The sequence of 12 steps to manufacture 3D microelectrode arrays is 

depicted. (1) Sputter Ti and Au on the glass. (2) Spread positive photoresist (3) Overlay 

the substrate with a first chromium mask and expose the photoresist to UV light (4) 

Develop the specimen and etch Au area. (5) Eliminate the remaining photoresist using 

acetone and methanol. (6) Deposit the Si3N4 as insulator employing PECVD. (7) Spread 

positive photoresist onto the substrate. (8) Overlay the substrate with a second chro-

mium mask and expose the photoresist to UV light. (9) Develop photoresist and etch 

the insulator (10) Glow gold spines in the holes by electroplating. (11) Strip the re-

maining photoresist using acetone and dice the substrate. 
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4.2 Brain slice preparation 

4.2.1 Mouse operation to extract brain 

ACSF (artificial cerebrospinal fluid) solution, 6 weeks old ICR mouse, ice, coverglass 

and surgical tools need to be prepared. 6 weeks old mouse is easy to opening skull and 

has high level of the cell viability. ACSF solution consists of 124mM NaCl, 2mM KCl, 

1.25mM , 2mM , 2mM Ca , 26mM NaH , 10mM Dextrose and NaOH 

needed to control pH. Mouse is put in the chamber and CO2 gas is injected for eutha-

nasia. After anesthetization, the mouse is decapitated with surgical scissors. The head 

skin is cut by a scalpel and skulls are eliminated by a forceps. The brain is taken out with 

a spatula and placed in dish filled with cool ACSF(~4℃). Whole Operation procedure 

must be performed in 3 min to prevent cells dying.   
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Surgical tools Euthanasia Decapitate head

Eliminating head skin Taking out the brain Putting brain on the iced ACSF

Figure 4-2. Mouse operation to extract brain. Mouse is put in the chamber and CO2 

gas is injected for euthanasia. The dead mouse is put on the surgical table. The mouse 

is decapitated with surgical scissors. The head skin is cut by a scalpel and skulls are 

eliminated by a forceps. The brain is taken out with a spatula and placed in dish filled 

with cool ACSF(~4℃). Operation procedure must be performed in 3 min.  
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4.2.2 Brain slice using vibratome 

Blades disinfected as 70% ethanol is fixed at the vibratome blade clamp. A Slice 

chamber is fixed on the vibratome and an empty room between the chamber and the 

vibratome tray is filled with ice. The extracted brain and PDMS wall used to sustain the 

brain are attached to the slice chamber using glue. The slice chamber is filled with cold 

ACSF(~4℃).  and C  gases are supplied in the ACSF solution for increase the cell 

viability. The extracted brain is cut. A cut brain is pulled up by a net. Amplitude of vibra-

tion, cutting speed and thickness are controlled. 400um brain slice is cut (Vibration : 

0.8mm, Speed : 0.08~0.1mm/s) 
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(a) Vibratome

Ice chamber Buffer trayController

(b) Controller

Amplitude

Speed

Thickness

Blade

Brain 
slice

(c) Attaching brain using glue (d) Cutting brain in ACSF solution

(e) Brain slice sample

Ice
ACSF

Figure 4-3. Cutting brain using vibratome. (a) Images of whole vibratome system. (b) 

Amplitude of vibration, cutting speed and thickness are controlled. (c) Attaching brain 

using glue. (d) Cutting brain in ACSF solution. (e) Brain slice sample is placed in the 

cool ACSF solution(~4℃) 
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4.3 MEA Analysis for brain slice. 

The MEA2100-System (Multi channel Systems, Germany) is used for recording and 

stimulation of brain slice. The MEA chip is inserted into the headstage (2x Gain) and data 

were recorded by MC Rack software at a sampling rate of 10 kHz. A temperature con-

troller (TC02) is used to heat the MEA chamber to 37℃.  

Current injection by intracellular sharp glass electrodes or patch electrodes is under 

2nA and by 2D planar MEA is from 20uA to 100uA [31, 32]. Voltage stimulation of 3D 

mushroom shaped MEA is over 1000mV to generate action potential because of high 

impedance [27]. Thus, experiments are needed to find proper stimulation by new de-

signed 3D MEA.  
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Ⅴ. Results 

5.1 Simulation results. 

PSPs signal, membrane oscillation, action potentials are put into the designed 

simulation circuits. (Figure 5-1a) The PSPs signal is more similar to the output of designed 

circuit shape than the output of conventional MEA circuit shape (blue : PSPs input, green : 

output of designed 3D MEA, red: output of conventional 3D MEA). (Figure 5-1b) The 

membrane oscillation signal is closer to the designed circuit shape than the conventional 

MEA shape (blue : membrane oscillation input). (Figure 5-1c) The action potential signal 

is also closer to the designed circuit shape than the conventional MEA shape (blue : 

Action potential input). All Electrophysiological signals are more similar to the designed 

circuit shape than the conventional MEA shape. 
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(c) Action potential input 
Action potential input

Output of Conventional 3D MEA  

Output of Designed 3D MEA  
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Figure 5-1. The simulation comparison graphs of conventional 3D MEA and designed 

3D MEA applying (a) PSPs signal input (b) Membrane oscillation input (c) Action po-

tential input. All Electrophysiological signals are more similar to the designed circuit 

shape than the conventional MEA shape. 

 

 

 



- 33 - 

5.2 Fabrication results 

5.2.1 The First Mask design (mask_A) 

3D mushroom shaped MEA is designed. The first mask is designed to make base-

ment electrodes and lines. Size of the first mask is 7” x 7” to make 4 same shaped chips 

simultaneously in the glass wafer of 6” diameter. 60 pads are designed to interface base-

ment electrode with a computer and linked to 60 basement electrodes in the center of 

the chip for recording and stimulating. The size of the chip is 49mm x 49mm square to 

fit the commercialized interface board and the size of the basement electrode is 20um 

diameter. Align marks are included to align with the second mask. 
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Electrode pad
49mm17.78mm(7")

100umOpen for electroplating

Reference electrode

 

Figure 5-2. Images of the first mask. The mask is designed to make basement elec-

trodes and lines. 4 same shaped chips simultaneously in the glass wafer of 6” diameter. 

60 pads are designed to interface basement electrode with a computer and linked to 

60 basement electrodes in the center of the chip for recording and stimulating.  
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5.2.2 The first photoresist coating and develop 

The positive photoresist is spread onto the metallized glass substrate by spin coat-

ing as 4500rpm for 30s and baked at 120℃ for 45s. The first mask is aligned and UV 

light is exposed as 20 mWcm-2 for 3sec. Figure 5-3 is microscope image of the developed 

sample. 60 basement electrode is developed same as the first mask pattern. Designed 

diameter of base electrode is 20um and produced diameter of the base electrode 

measures 19.31um. 
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0.7mm

0.7m
m

Figure 5-3. Microscope images of the first developed sample. 60 basement electrode 

is developed same as the first mask pattern. Diameter of the base electrode measures 

19.31um. 
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5.2.3 The Second Mask design (mask_B) 

The second mask is designed to open room for electroplating. 9 holes of 2um 

diameter are designed to open electroplating area onto the each basement electrode. 60 

pads made by the first mask are opened to contact with the interface board. An outer 

frame is opened to apply an electric current from an electroplating chuck at the edge of 

the 6” glass wafer. Remaining closed area is insulated by Si3N4 to eliminate noise mixed 

to real data signals The second mask is aligned to the sample fitting the align mark made 

by the first mask using aligner. 
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100um

Φ2um

17.78mm(7")

Figure 5-4. Images of the second mask. The second mask is designed to open room 

for electroplating. 4 same shaped chips simultaneously in the glass wafer of 6” diam-

eter. 60 pads, Outer frame, electrode area are opened. 

 



- 39 - 

5.2.4 The second photoresist coating and develop  

2 kind of photoresists are used in the second photo coating process to build pho-

toresist of 2um height. The first photoresist (AZ GXR 601) is double coated to fit height 

of 2um and measure 1.79um height (Fig. 5-5c). The second photoresist (AZ 5214E) is 

single coated to fit height of 2um and measures 1.87um height (Fig. 5-5c). Microscope 

image is captured after the first photoresist (AZ GXR 601) developed (Fig. 5-5a). 60 num-

ber of electrode line In 0.7mm X 0.7mm area are placed. 9 electrodes on the 60 basement 

electrodes are developed same position as the second mask pattern. The diameter of the 

hole measures 1.99um. The sample is taken picture after the second development. 
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(b) Height of AZ GXR 601 

(c) Height of AZ 5214 E 
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1.87um
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(d) Image of the sample after the second development 

 

 

Figure 5-5. Results of the second development (a) x5 Microscope images of 3D MEA 

main recording parts after the first photoresist (AZ GXR 601) developed. 60 number of 

electrode line In 0.7mm X 0.7mm area are placed. 9 number of the 3D MEA of 1.99um 

thickness are placed on each base electrode. (b) The first photoresist (AZ GXR 601) is 

double coated to fit height of 2um and measure 1.79um height. (c) The second pho-

toresist (AZ 5214E) is single coated to fit height of 2um and measure 1.87um height. 

(d) Image of the sample after the second development. 
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5.2.4 Electroplating results 

The sample is electroplated as SW-F5 of sungwon-forming. 0.3A current is induced 

for 5min. Silicon nitride layer to protect pattern and photoresist (AZ GXR 601) are sepa-

rated from the glass wafer. The first electroplating process is held because separated 

photoresist destroy pattern and contaminate whole electroplating solution. Figure X a,b 

are microscope images of the sample after the electroplating. The sample is not fully 

electroplated. Figure X, c is image of the sample ager the electroplating. Resisting area 

have protect layer, but Separating area is applied an electric current which means pho-

toresist and silicon nitride are separated from the glass wafer. Normal photoresist cannot 

resist in cyanide plating solution. Therefore, changing photoresist or plating solution are 

one of the solutions. However, the same photoresist coated on silicon wafer does not 

reacted on cyanide plating solution in the fab center of DGIST. Thus, Adhesion between 

silicon nitride and glass wafer or photoresist is expected one of the causes. 
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(a) X20 microscope image of the sample after the electroplating 

(b) X50 microscope image of the sample after the electroplating 
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(c) Image of the sample after the electrplating 

Separating area

Resisting area

Figure 5-6. Results of the electroplating. (a, b) are microscope images of the sample after 

the electroplating. The sample is not fully electroplated. Figure X, c is image of the 

sample ager the electroplating. Resisting area have protect layer, but Separating area 

is applied an electric current which means photoresist and silicon nitride are separated 

from the glass wafer 
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Ⅵ. Conclusions 

6.1 Conclusion 

The main purpose of this paper is making new designed 3D mushroom shaped 

MEA to record signals for the long period time and get high signal to noise ratio (SNR) 

and detect PSP signals in brain slice. However, Silicon nitride layer to protect pattern and 

photoresist are separated from the glass wafer at the electroplating process. Adhesion 

between silicon nitride and glass wafer or photoresist is expected one of the causes. Hexa 

Methyl Di Silazane (HMDS) process and changing condition of development are needed 

to increase adhesion between silicon nitride and photoresist. And Changing condition of 

PECVD of silicon nitride is also needed to increase adhesion between silicon nitride and 

glass wafer. After the 3D MEA produced, brain slice experiment is needed. The 3D MEA 

would be good tool to study network of brain. 
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요 약 문 

3 차원 버섯 모양의 MEA 제작 

 

현재 신경과학분야에서의 주된 이슈는 신경회로의 생리와 병리상의 기능들 간에 연결 관계를 

규명하는 것이다. Voltage clamp가 발명 되면서 단일 세포의 내부신호를 측정할 수 있게 되었

다. 하지만 voltage clamp는 많은 수의 뉴런을 오랫동안 관찰하면서 신호를 측정 할 수 없다는 

단점을 가지고 있다. 이러한 단점들을 극복하기 위해 2D MEA가 개발되었고 상용화 되었지만, 

2D MEA는 내부신호를 측정할 수 없다는 단점을 가지고 있다. 그러므로 각각의 뉴런들이 생성하

는 전체적인 전기생리학적 신호들을 확인할 수 있는 이상적인 시스템의 개발이 필요하다. 세포

내부의 전기신호를 측정하는 방법으로 3 차원 형태의 다채널전극이 제안되고 있다. 이번 연구

에서는 기존의 3D MEA 보다 높은 전극밀도와 넓은 접촉면적을 가지는 새로운 형태의 3차원 버

섯 모양의 다채널전극을 설계하였다. 설계된 3D MEA와 기존의 3D MEA를 모델링 하고 multisim 

소프트웨어를 통해 해석하였다. MEMS 기술을 이용하여 설계된 3차원 MEA를 제작하는 과정의 조

건들을 정리하였고, 제작과정에서 발생한 문제점을 분석하였다. 향후 3차원 MEA를 뇌절편에 적

용하여 뇌조직의 네트워크를 규명하는데 사용할 것이다. 

 

 

 

 

 

핵심어: 3 차원 다채널전극, 뇌절편, 세포의 전기회로 모델링 
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