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Abswact- In electrophysiology, field potential (FP) 
recordings give US macroview information of the brain 
actirities. In this research, the tail of the rat was stimulated 
and the evoked FP at  the thalamus was recorded. In order to 
record the neural activities in  thalamus that is deeper t h a n  
cortex, it is provided the multi-electrode probing, based on 
the new microfabrication with high-density, recording 
simultaneously in a group of neural tissue. A multi-channel 
recording system was also developed to process a huge FPs. 
According to the Possion equation, FPs were further 
analyzed to obtain current source density (CSD) mapping to 
locate the  responsive area. The developed contour or CSD 
mapping software far FP was a valuably tool for 
neuroscience research. 
Keywords - Field potential, Multi-electrode probe, Current 
source density 

I. INTRODUCTION 

The sensory information is generated by the integral 
electrical signals, compromising numerous time and 
special variation, and collected from volume conduction 
of many neural activities simultaneously. 

Therefore, it is necessary to develop the multi- 
electrode recording techniques to observe the activity of a 
large number of cells simultaneously. These techniques 
include multi-electrode probe development, multi-channel 
recording system design and the neural signals analysis 
software kit development. The neural s i s a l s  analysis 
software kit can display accurately the spatial distribution 
of the neural responses. The analysis of current source 
density (CSD) [I]  could tell the location where the post- 
synaptic potential of the neuron occurs (that is, the 
responding center), so that the changes in conditions of 
the time and location of neuron could be understood. 

11. METHODOLOGY 

The overall schematic for the lab-designed neural 
ensemble recording system containing three parts 
comprising the A) probe, 8) the recording system, C) the 
CSD analysis software is summarized in Fig. 1. 

Fia. 1. The funcrion block diagram of ihe neural enremblc recording 
system. 

I) Probe design andfabrication 
The current designs suppon 16 electrodes placed near 

the tip of the shaft. The shaft width is 220pm. The shaft 
length is 6mm and the shaft thickness is 25pm. The tip 
angle is 40" and the conductor line width is IOpm. The 
electrode sites are IOpm x IOpm and are distributed with 
50pni pitch. 

The orocess technolom for multi-electrode orobe - .  
hsscd on silicon substrate I S  des-nbed in detal1 in Fig 2 

Fig.2. Schematic piocedure of the fabncatioe process. 

2) Recording qsteni setup 
The recording process of FP includes: ( I )  

Amplification, (2) filtration and (3) the saving of digital 
signals into the hardware from the A D  converter. 

For the s i s a l  amplification, alternating amplifier 
circuit is used to magnify the signals to the strength 
required by the AID convener. Hence, The Lab-designed 
non-reverse amplifier in the series will increase the 
gaining to 2500 times. 

For the low-pass filtration, the main function of the 
filter is to eliminate the noises, which exceed the FP 
spectrum. As a result, according to the spectrum analysis 
of the potential [2], making use of a 2-stage Bunenvorth 
low-pass filter, its cutoff frequency is within 300 Hz 
gained by 1 

For the signal acquirement system, a 16-channel AID 
card (NI PCI-MIO-16E-4) was used because of letting 
signals passing through the low-pass filter, which will 
coniine the hieh freaumcv sienals at 300 Hz and below r . . I  

(to eliminate the action potential of the single cell), the 
sampling frequency set is 3k Hz and the length of each 
sample obtained by every period is 512 points. 

3) CSD aiiolysis 
The analysis of CSD provides the information of the 

current changes of the cell membrane, especially at the 
location after the synapse occurs [3]. When current flows 
out of the neuron, this is where 'sink' is produced. 
Ironically, when current flows into the neuron, this is also 
where the 'source' is produced. The CSD function is quite 
useful to locating the sites of synaptic input in dendrites 
or the sites of action potential initiation. 

The gathered data were then analyzed with program to 
calculate the CSD mapping. This off-line program was 
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developed under the MATLAB environment on PC 
platfomi [4]. 

Ill.  RESULTS 

1) Electrode char-acterization 
A typical set of impedance spectroscopy is shown in 

Fig. 3. We found that the measured electrode impedance 
was 1.7 MC2 at 1 kHz with a phase -93'. 
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Fig. 3. Impedance spectroscopy. 

2) Elecfropliysiolo~~ erperinreiits 
The multi-electrode probe was used for the 

electrophysiology experiments to record the FPs in the 
brain. Adult Wistar rats weighing from 350 to 450g were 
used. During the experiment an animal was anesthetized 
with continuous delivery of pentobarbital with an infusion 
pump at a lower dosage (5mgiml; Iml/h; i.v.). Then the 
dura mater of the brain was carefully removed under the 
microscope. The exposed brain was covered with warm 
liquid, paraffinin (34OC) oil pools formed with the cut 
skin. A probe assembly was mounted on the manipulator, 
positioned over the exposed brain, and inserted into the 
responsive area in thalamus VPL, which responds to the 
S3 segment of rat tail applied electrical stimuli. Fig. 4A is 
shown the recording FP contour which was constructed of 
16x4 recording sites. Fig.4B is CSD analysis due to the 
previous. The analysis of 2D field potential used 
previously has found out that the negative respondent 
centers produce changes in strength and location. 
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Fig. 4. Pan (A) is the 2D field potential (AP = 3.55mm). Pan (B) is CSD 
analysis due to rhe prwious. 
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ll! DISCUSSIOA~ 

The new multi-electrode probing fabrication was used 
for etching polysilicon lo form the electrode sites, 
interconnect lines and connection pads with Poly-RIE but 
not evaporating and patterning the metallization layer. 
During this process, it should reduce the sheet resistance 
(1 Oalsquare) of poly-silicon w i t h  POClj doping because 
the interconnecting lines and connection pads were 
conductors with lower impedance (20 k a ) .  But there was 
still one metallization layer to be evaporated and 
panemed with lift off to form electrode and bonding pads, 
In other probe designing [ 5 ]  two metallization layers 
evaporating were used to fabricate the inter-circuit and 
electrode sites. 

When the I"  layer silicon nitride was deposited on the 
substrate, there were fine cracks happening on the silicon 
nitride layer. There were two possibilities caused this 
situation: ( I )  the difference in thermal expansion 
coefficients was between Si ( :~ .~XIO.~ /  'C) and Si,N, 
( 2 . 8 ~ 1 O ~ / ~ c ) .  The solution was adopted to deposit the 
thin oxide film (350-500 A) on substrate firstly and then 
reduce the thickness (2500 A) of  the siliccm nitride layer 
deposited upon the oxide layer. (2) the thickness of the 1" 
layer silicon nitride deposited was too thick(7500 A). 
Now it has been modified to deposit less silicon nitride 
(1500 A-2000 A) on the substrate. We bund there are 
few cracks on the silicon nitride layer after depositins. 

V. CONCLUSION 

The multi-electrode probe could be simply fabricated 
and its characterization is sukable to recording field 
potential and multi-unit in the neural 
recording system should improve the 
different type neural signals and the analysis software kit 
also extends more functions to handle different 
application requirements. 
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