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Abstract

Deep brain stimulation (DBS) has become an alternative of importance for alleviat-
ing the symptoms of Parkinson’s disease (PD). However, although DBS is now of great
importance, the mechanisms behind the DBS-based therapeutic actions and cognitive al-

terations are in desperate need for further investigation.

The goal of this project is to design an active interposer microchip for a high-density
neural microprobe array. One of the functions of this microchip is measuring the imped-
ance of the brain tissue of the mice, which means that we need a digital-to-analog con-
verter (DAC) as well as a bandpass filter to generate sinusoidal voltage signals at different
frequencies. The voltage signals will be converted into current signals by a capacitor and
then flow to the electrode. The recording amplifier will record the voltage difference be-
tween the two electrodes so that we can subsequently determine the impedance of the
tissue by dividing the voltage with the current. As a result, the design of the DAC and the

bandpass filter is of significance.

In this project, we are going to experiment with different types of DACs and band-
pass filters for the purpose of satisfying the requirement of the output sinusoidal voltage
signals. Whenever we construct a new type of circuit structure, we will simulate it with
HSPICE and check whether the output results match the requirements. By constant be-
havior examinations and hand calculations, we are able to find out the problems in the
circuit, such as the mismatch among the MOSFETs, inadequate sizes or weak current

flow, and try to fix them.

We hope to design a DAC that is able to generate sinusoid voltage signals with
proper amplitude at certain frequencies and a bandpass filter whose input comes from the
output of the DAC with adjustable corner frequencies. So far, we apply the multi-section
charge scaling DAC that includes a rail-to-rail input amplifier and the Tow-Thomas bi-
quad filter which serves as a bandpass filter to meet the requirement of the project. Even-
tually, the results of our simulation where we put the DAC and the bandpass filter together

meet the requirement.
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2. Research Methodology
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Fig 2. Rail-to-rail input amplifier

2-2.Bandpass Filter
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Fig 3. block diagram
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3. Experimental Results
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Fig 5. simulation result at 1IKHz (red: DAC output, blue: bandpass filter output)
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4. Discussion and Future Plan
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Rail-to-rail Input DAC

Input Common-Mode Range 0V~1.8V
Vout Range 0.2V~1.4V
Tow-Thomas Biquad Filter
Corner freq 1KHz 5KHz 10KHz
frequency

100Hz -16.2dB -37.3dB -38.7dB

1KHz 8.35dB -23.9dB -34.2dB
5KHz -10.9dB 8.9dB -19.3dB
10KHz -17dB -14.8dB 291dB
100KHz -31.3dB -31.4dB -31.3dB

Table 1. ¥ #8 s R SPEC# I
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7. Final Thoughts

FAEAS L HR B IR E proposal * EHRM LS T A ERNEE
1B A iz 2 TN S m& A Z E A proposal F DAC Fu v 3F4E R &Y
bandpass filter °

F— 2N ERMEE X T A EAMETRANE SRR e0M M A0 0 Bk
WAERBE LT —EEE & 0 EA/AME IEEE L4 F ~ BE M DAC Ao
bandpass filter &) & 28 22 A& 9235 3t 7 X 6948 ] paper #1138 T4 & Fo 2032 M5 A7
BRI GNE LA At 0 IR Y B TR MR G HRMIRE N R EST
MAREIE > FIRFREF LAY BEZABETRRHIBAYLZE ST m - £RELEH
KGRI AEREAE BABTOEAEL E M > HH B &AL IE R
CARREOBERAREE -

ZBAE ROV E L TAZRYEREETENEBRAE  BHE—F
SEIXRR ) — R EREAFNHEFRE B CHERERM XA L LREEM
BRI L o RIVER B BB F LS F TS > RREEEYTITH - &
MT#2 B—HHANERETFTAT L ARG EETHREE > BRM
LIARIER B R AT ARG N > BERESO TR EHETRT -

B 2HME L% RAFEEE  AXEB I T RS L AR ERER
BI RGP AAEFHERAHZ FRER -

Jefs 8 SR > BRI R RMAOICTHE 8 0 ERIBD| #EH FIR
BECEE T @ R RIIREA TR ERAR > EHERIGHA R E—F W TH -



