Institute of Electronics

National Yang Ming Chiao Tung University

Master Thesis

Bo® o P &g N L
BRARHRTATRERSBRIEE
Dual-Mode Monopolar Biphasic
8-Channel Stimulator for Neuromodulation

Realized in High-Voltage CMOS Process

oy 4 %3 (Liu, Tzu-Chi)

thEF L P E (Ker, Ming-Dou)

P AR --- £ Z !

February 2022



B 2SR GHE2 AT
ERERT AT RERSBRIEE
Dual-Mode Monopolar Biphasic
8-Channel Stimulator for Neuromodulation

Realized in High-Voltage CMOS Process

oy oA L RFA Student: Tzu-Chi Liu

th R PP K4k Advisor: Prof. Ming-Dou Ker

A Thesis
Submitted to
Institute of Electronics
College of Electrical and Computer Engineering
National Yang Ming Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in

Electronics Engineering

February 2022
Hsinchu, Taiwan, Republic of China

dOF A f - & -



SRR LNk R E TSR T |
HAFPT T RERLSZRIEE

R e s E P o

E [ IR TR |
?.‘;.K;ZI;ZE:{-

B2

AEDBGI - BRI AN EHE R EL PIHRFB N G LT D
g A SR e T e 3T E R o 1 B g T PR A S E T N e 5 a2
SR LY fdotad FE RN B &2 AP B R LA
R Gue R o A EFMMTE LR 2 F LT PR BB ST T E
BB Tk i 605 S o BARR D S e B T STRDR & 0 & B S e 0
AEL A FRE R T

AR RN - B E R TR RS TS

N

e
I Ak

33 L% eTlges & > Tl 7 0 0.08um g REAZE TR R o AT E

KN
il

* ) g E 5 & T E(constant gm bias circuit) 5 fie #ic i+ -2 v 4% B (DAC) k A

47

:,Tl?

SIS

\“?@x-
<le

TR~ T BF & Tins(current mirror))t 2 iF B 2k < B

=H

(operational amplifier) #-H 2 < I #7 % hf| g% #73s B o B (8 338 T oRd T 5
(stimulus driver)#-f1 30 5Li% T g ® ey D f © % & 2 T T B (discharge circuit)

thr i gt Pl E A 2

F_

BEE 2RFERT HA ST e AT
B¢ ot P B A 2 £0.2mA~£10mA % EFGF]@ VT A AT T RS

b mﬁs] DR T iE£0.2V~210V 0 Fpt A FE B 1 Rt ki i g h



Plpese o xt B 5 0§ AL ey ~ IR0 ELR e & A8 S ke TpolE 5

PR R E 0 F T R

-n\

AflprEe BELTHER DS A AT REAHERA G PR T BAR L
A F R T A LR ARl TR
?@E‘ﬁ;}’;‘;’if%alf]g# jfiﬁ:{gu;{ p-n e m"’grﬁ’%’ﬁﬁ:%\"rﬂ“‘l;gﬁ

20 Fh P4 M 4= b 4k B U & A
His RRBF AE H P EL o

Makie/s — AR e SRR  HRAn (g Fraflpo 502

FEE



Dual-Mode Monopolar Biphasic
8-Channel Stimulator for Neuromodulation

Realized in High-Voltage CMOS Process

Student: Tzu-Chi Liu Advisor: Prof. Ming-Dou Ker

Institute of Electronics
National Yang Ming Chiao Tung University

Abstract

Neuromodulation is-a technology that modulates nerve activity by delivering
electrical pulse or pharmaceutical agents to the nerves directly. In recent years,
neuromodulation therapy with functional electrical stimulation has been widely used to
treat various diseases or symptoms such as Parkinson’s disease, epilepsy, hearing loss,
profound hearing loss, blindness, chronic pain, etc. With the advancement of integrated
circuit processes and bioelectronics technology, system-on-chip (SoC) devices that can
be applied to the clinical treatment of various diseases have been developed, such as
neurological disorders control SoC for treating epilepsy or Parkinson's disease.

In this thesis, an 8-channel monopolar biphasic stimulator with constant current
and constant voltage dual-mode is proposed. The stimulator is fabricated in a 0.18um
high-voltage process for a higher stimulation intensity. In the stimulator, the constant
gm bias circuit and the digital-to-analog converter (DAC) are combined to generate the
reference voltage and current in different values. The reference voltage and current are
amplified to the required output stimulus level by the current mirrors and the
operational amplifiers. The stimulus signal is delivered to the selected output channel



by the stimulus driver. With the discharge circuit, the stimulator can stimulate nerves
without violating safety standards. A wide output range is designed for the stimulator
that the output current can be adjusted from £0.2mA to £10mA, and the output voltage
can be adjusted from £0.2V to £10V. Therefore, the appropriate intensity of stimulus
pulse can be determined according to the applications. Besides, the stimulation
parameters, such as frequency, pulse width, etc., can be modified with the flexible input
control signal.

The proposed stimulator has been verified by measurement with an equivalent
impedance model of electrode-tissue interface. Combining with a charge pump circuit,
the stimulator can work without device overstress and p-n junction forward biasing
problem under high voltage and negative voltage operation, and it can be integrated

into a SoC device.

Keywords — neuromodulation, high-voltage electrical stimulator, monopolar biphasic

stimulation, deep brain stimulation, implantable biomedical devices.



