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Abstract

Objectives: To design and develop a Wireless device for Deep Brain Stimulation studies in Rat Model. Methods/
Statistical Analysis: In order to model the design, we have used ASIC (Application Specified) and Off the Shelf
Components that helps the device Cheap and portable. We have designed the device using Allegro PCB Design and
OrCad. Findings: Before the real time execution in rat models, we tested our device in vitro. Device is observed using
oscilloscope. We ensured the life time of the device that can extend up to 90 days. In comparing with other commer-
cial stimulators, this device has long duration of life time with high accuracy in delivering output pulses and less
expensive. In order to show the reliability, we have included complete schematics and market price of the components
used. Application/Improvements: The current device can be made use to deliver Unbalanced Biphasic Output Pulses.

Keywords: Pulse Generator, Stimulator, DBS, ICSS

1. Introduction

The settled remedial mediations in the neurological and
mental area are the electrical incitement in the cerebrum,
called by “Deep Brain stimulation (DBS)”. This system has
created from confirmed clinical studies and specialized
developments’. Different cerebrum related clutters, for
example, Parkinson’s malady, dystonia, epilepsy or con-
stant agony can be treated through this Brain Stimulation.
The utilization of DBS is broadening to mental signs, for

example, over the top enthusiastic clutters, Tourette’s
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disorder, dependence. The human work model of Brain
Stimulation framework must be utilized in the wide kind
of creatures; this isn’t conceivable in little creatures and
a noteworthy bottleneck for these most regularly utilized
creatures as test’.

These models which are utilized for the learning of
the pathogenetic instruments and different treatments
for human development issue and mental disorders, for
example, “OCD, have normally been made by neurotox-
ins, acting specifically on neurons influenced by human
infections™.
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In spite of the fact that the adequacy of DBS treatment
has been demonstrated clinically, further investigation of
the system of cerebrum work direction by profound mind
incitement is fundamental. Hence, studies about Brain
Stimulation are required.

The incitement range values and the evaluation results
need to been additionally explored to deliver a solid and
effortlessly well-suited DBS gadget. The current Brain
Incitement Device for a human is too much massive for
small subjects. Likewise, development of individual DBS
gadgets is excessively confounded and expensive that it
isn't financially savvy for rodent preliminaries. In* pro-
posed built up a little size DBS gadget which met the
necessities for creature preliminaries. Nonetheless, the
incitement beat of their gear was customizable just by
eight voltage steps, which does not take care of the clini-
cal demand. The gadget for rodents created by was using
radio waves for power backup still it suffers precision dur-
ing the real-time experiments since the subject is inclined
to move.

Now, instructing of a bio robot is done by invigorat-
ing exact cerebrum zones of a creature which should be
instructed to execute controlled turns. The problem with
the voltage incitement is that both the potential inside the
cell and outside the cell will be the same, further it can-
not be used for controlling the subjects in due time. Apart
from that range values will always be inconsistent because
of the capacitive idea of neuron frameworks and the com-
parable ways of neuronal layer®.

It is very essential to know about the influence of
Brain Stimulation on subjects in order to trace out the
mechanisms of the Brain Circuits. Many strategies are
being used to learn and study about the Brain Incitement
in which a big number of them used intense stimulations
in the brain and another group checked about the long
period incitement in the subjects. So the most important
task is designing such a stimulator that can be accustom
in all the testing environments in terms of size, precision,
technology, power and safety®.

From all these facts, there is a definite requirement
of a small portable stimulator where we can program the
parameters for enhancing the study of rodents through
DBS. We are aiming most smart microstimulator with an
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advantage of less power dissipation, the long lasting life of
three months, inexpensive” highly accurate with precision
and smallest size as possible.

1.1 Literature Survey

50 years back “Deep Brain Stimulation” was first utilized
who embedded cathodes in the somatosensory thalamus
of patients experiencing differentiation torment. Later
on, more average destinations provoked by Reynolds who
distributed the primary proof that electrical incitement of
the dark issue encompassing the Sylvain conductor could
yield sufficient absence of pain to allow stomach activ-
ity in rodents. These days for the alleviation of unending
obstinate pain coming about because of an assortment
of neurotic conditions, Deep Brain Stimulation is an
acknowledged clinical procedure. In spite of the expan-
sive number of clinical examinations depicting relief from
discomfort by profound cerebrum incitement; a few late
surveys of the clinical writing propose that the afteref-
fects of these systems change impressively among various
investigations, that numerous neurosurgeons discover
the strategy flighty, that no critical advancement has been
made as of late to enhance its viability and dependability,
and that extensive difference still exists with respect to
issues identified with the method itself:.

In the earlier time, a device located near to cage and
the wire was kept over the moving subject’s cage before
stimulation?. When it requires the stimulation, the user
will manually connect to the subject’s skull. This method
suffers a lot of limitation. The user cannot explore more
about behavioural patterns of the subject. Due to the limi-
tation of the span of the cable, it will result in unwanted
results.

There are many installed Real-Time frameworks have
just been intended for rodents, endeavoring to fulfill
recently revealed requirements.

We propose evaluating these arrangements, concen-
trating on one vital rule: the situation of the circuit in the
rat body.

Several examinations have revealed gadgets with
embedding an electronic part in the stomach some por-
tion of the subject, associated with a cathode embedded
in the brain*!®. The huge preferred standpoint is that the
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rodent can move rapidly after the medical procedure. This
decision demonstrates significant hazard factors back to
back to a medical procedure, similar to diseases, particu-
larly in the mid-region territory. It is an unquestionable
requirement to utilize biocompatible materials. In the
above examinations, incitement factors are customized
through RF joins; Inter-correspondence is modified uti-
lizing mux, and the RF producer is a cylindrical gadget
containing the creature all through the programming
of incitement. The mobility of the subject is consider-
ably reduced and apart from that, the Brain Stimulation
output cannot be completed within the stipulated time.
Since the battery is surgically kept inside the subject, it
will be a difficult process if the user needs to replace or
battery gets drain. In addition to that, there is a chance
to occur infections. This first sort of DBS gadget isn’t
made to arrange for examinations on rodents since
it gives a high danger of reactions for a little term of
activity.

The second form of triggers has been portrayed!*2
The two gadgets are wearable triggers set contributes. It
unravels two deformities of embedded frameworks: first,
symptoms of medical procedure are characterized as
anode addition just, and it isn’t vital for the material to be
bio-perfect since these types of devices are mounting on
the body rather than keeping it inside. Another advantage
is about the battery can change at any time depend upon
the user’s demand.

These trials are constrained from multiple points of
view: subject must be put in isolated enclosures; despite
the fact that they can detach their vest, and they hazard
conceivable outcomes of harming the brain harm when
the anodes are hauled out. The utilization of these wear-
able gadgets is likewise at one point excessively unsafe for
long-haul experimentation, regardless of whether the two
frameworks are considered to regard the electrical stan-
dards of tissues wellbeing.

The third kind of triggers is portrayed in*2. These rendi-
tions of triggers are settled to the skull utilizing the dental
glue while anodes are embedded into the cerebrum. The
danger of contamination is constrained contrasted with

the primary class of triggers.
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When the mass volume of the device is considerably
less, the subject has only less chance of damaging the gad-
get. In this setup, Since the battery is built in, the user
cannot change the battery as he wishes.

These triggers were for one-sided incitements, a setup
implied for 6-OHDA-instigated hemiparkinsonism. As
neurodegenerative illnesses are respective, we built up a
plan which licenses two-sided joining of terminals in the
STN of both cerebral halves of the globe. For two-sided
incitement, just a single incitement channel is required,
yet the most extreme current must be multiplied™.

Regardless of the way that the sufficiency of Brain
Stimulation has proved clinically, much more examination
on brain networks controlled from Brain Stimulation is a
major key. Thusly, rat appraisals about Brain Stimulation
are required. The range values with different compar-
ing results are needed to make a strong and successfully
implantable DBS gadget®.

Many strategies are being used to learn and study
about the Brain Incitement in which a big number of
them used intense stimulations in the brain and another
group checked about the long period incitement in the
subjects. So the most important task is designing such a
stimulator that can be accustom in all the testing environ-
ments in terms of size, precision, technology, power and
safety®.

Generally, we can model a device in different ways.
One way of modelling is using Application specified
Type(ASIC), which has many positive points including
size, technology, precision, safety, power and problems
with these types are very expensive and this is meant for
a particular purpose only. Apart from that, these units
will be using energy harvester unit rather than using
ordinary battery*®. Other way of modelling is assembling
the custom components. It has the benefit of cheap and
the same thing can be used again for different purposes.
Comparing to the first model, this model requires more
power’s,

Moreover, these gadgets, for the most part, utilize
inductive power exchange as opposed to a customary bat-
tery. This result in the advantage of less weight however

with a disservice of short remote range. In correlation,
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remote triggers gathered from COTS modules are in
generally speaking either too vast for use with zero sized
subjects, or they require more power than what a regular

battery can give*'*".

2. Materials and Methods

2.1 Overall Design

The unit framework includes circuit modules of the
generator controlled by the source, correspondence and

interfacing units, the programming unit and terminals.
Heart of heartbeat generator is a chip with the correspon-
dence modules. Pulses are exchanged to the cerebrum
by means of cathodes. Figure 1 demonstrates the square
graph of a general trigger framework and their intercon-
nections.

2.2 Microstimulator

The Microcontroller that we are utilizing in this study is
NRF51822 from Nordic Semiconductors that offers low
vitality Bluetooth and 2.4GHz remote SoC. 32-bit ARM

electrodes [«—— pulse generator «— battery

A
v

programmer

Figure 1. Block Diagram of a stimulator.

aRF CHI?

B RS0

Figure 2. Schematics of NRF518122.
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Figure 3. Schematics of Connectors.

Cortex CPU is having 256kb flash memory and 16kb
RAM is utilized in this framework. A 31 pin General
Pin Input Output settings that permit interfaces, Pulse
Width Modulation and quadrature demodulator to be
mapped to any gadget. It has the benefit of configuration
flexibly associated with the pinout terminal. It under-
pins both Bluetooth low powered convention stack and
2.4GHz convention stacks. It required a solitary power
supply, and it additionally gives the client the option of
utilizing on-chip straight controllers having a supply

Vol 12 (8) | February 2019 | www.indjst.org
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scope of 1.8-3.6V, coordinate 1.8v mode and DC-DC
buck converter requires a supply size of 2.1-3.6V1Z2
Microstimulator is fuelled up by one-coin estimate bat-
tery that is sufficiently brilliant to withstand for three
months.

Schematic, Figure 1 describes the pin outputs, source
points, General Input/Output Pins. Figure 2 illustrates
all the jumpers and connectors that we are using in this
system. Facility to program the microstimulator using
Debugger is shown in Figure 3. We have also added

Indian Journal of Science and Technology | 5 -
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Figure 4. Schematics of Jtag (Debug).

the feature to facilitate Near Field Communication 2.3 The Transmitter and Receiver Design

NEFC). Provisi f Debugging is featured in Fi 4
( ). Provision of Debugging is featured in Figure Transmitter System composed about Laptop/Mobile

as Jtag.
& connected via USB to Base Station. The transmitter is

-

'
Blutooth g— E"I’J
| Module
S

b

Blutooth Power
Module &= supply

SN,

NRF51822 ——3 Current Source —» Feed Back — Output /O

Figure 5. Transmitter and Receiver Design.
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Figure 6. Block Diagram of Base Station.

added with Bluetooth module for the communication
with Microstimulator. Base Station is built with Blue Bee
module. Base Station can be activated either via USB
from Laptop/Mobile or using coin size battery. Pictorial
Representation of Transmitter and Receiver design and
their interconnection is shown in Figure 5. Once it is
activated, it will automatically paired up with the micro-
stimulator. A complete block level representation of the
base station is given in Figure 6.

Receiver System is clubbed with Microstimulator
Unit enabled with Bluetooth Receiver. Base Station con-
trols the power consumption of the Reciever System.
Self-Explanatory Block Diagram describes the working of
both units.

2.4 Designing and Programming

Schematics of this System are designed using Allegro
PCB Design and OrCAD. The double layer PCB that we
are using giving the advantage of minimum sizing and
compact arrangement. The system is debugged using Jtag
facility, and it is programmed in C language under Keil
Platform.

To interface Base Station and Microstimulator, we

are using Hercules software that can be installed either

Vol 12 (8) | February 2019 | www.indjst.org

&)

in Laptop or Mobile. The command to Microstimulator
is activated using Hercules software. Screenshot of the

software before triggering the pulses is shown in Figure 7.

2.5 Waveform

In this study, we e deliver programmable cathodic/anodic
monophasic waveform. From the base station, we can
control all the parameters of the waveforms. The con-
trolled waveform can be further programmed by using
digital resistors. Pulse amplitude, Pulse Width, Intertrain
Delay and Number of Stimuli can be controlled from the
base station. Although the system is delivering monopha-
sic pulses, for the tissue safety and electrodes, it is always

better to use unbalanced biphasic waves.

2.6 Dimension

One of the most important factors in the wireless telem-
etry is its size and weight of the microstimulator. If the
size is too big, it will affect the rodent’s behaviour and the
performance. In this study, we are presenting a micro-
stimulator with the dimension of 25%13*3 millimetres,
and it weighs 8.5 grams including battery. Figure 8 Shows
the external dimensions of the stimulator.

Indian Journal of Science and Technology | 7 -
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Figure 7. Programming Unit of the Stimulator.

Figure 8. Physical Dimensions of the Stimulator.

2.7 Cost Factor tioned, stimulators commercially available now are highly

expensive and they all lack appropriate technology to
Here we are giving the complete cost estimation of the P _ Y PPTOP gy

| o work efficiently.
components of Stimulator unit in Table 1. As we men-
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Table 1. Cost Estimation in US$

Quantity Reference Part Unit Price One board Cost
1 C5(capacitor) 120PF/16V 0.014 0.014
2 C6,C9(capacitor) 0.1uF 0.0069 0.014
2 C7,C8(capacitor) 12pF/16V 0.014 0.028
4 ClO,Cll,C;lZ,CB 1uF 0.0069 0.028

(capacitor)
2 C14,C15(capacitor) 10uF 0.014 0.028
1 D1(Surface Mount SMLP36RGBIW3 0.35 0.35
Device)
2 J1,J4(connectors) CON2 0.069 0.069
2 J2,J3 (connectors) CON14 0.35 0.69
2 J5,J6 (connectors) CON4 0.11 0.22
1 L2(Inductor) 10uH 0.028 0.028
1 L3(Inductor) 15nH 0.028 0.028
1 L4(Inductor) EPL3015-472MLB 0.028 0.028
3 Q1,Q2,Q3(MOSFET) 2N7002 0.21 0.62
1 R3(Resistor) OR/DNP 0.0069 0.0069
2 R4,R5(Resistor) 100K 0.0069 0.014
1 R6(Resistor) 4K7 0.0069 0.0069
6 R7,R8,R9,R.15,R16,R17 22K 0.0069 0.041
(Resistor)
5 RIORI l,R.12,R13,R14 10K 0.0069 0.035
(Resistor)
1 R56(Resistor) 1M 0.0069 0.0069
1 R57(Resistor) 178K 0.0069 0.0069
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Table 1 Continued

1 SW1(switch) B3U-1000P 0.41 0.41
MDBT42( NRF52
1 U2(processor) Module) 7.60 7.60
1 Us(Switching TPS61220DCKR 0.76 0.76
Regulator)

1 Y1(crystal oscillator) ECS-.327-12.5-34B 0.69 0.69

1 PCB 5.53 5.53

1 Assembly 4.15 4.15
TOTAL 21.47

3. Comparison 4. Results

Here we are comparing different types of the stimulator
with various factors is observed in Table 2. It is clear that 4.1 Invitro

the stimulator that we developed is dominant in many The output of the stimulator is connected to the electrode,

factors. and it dipped in10 % concentration of NaCl. In order to
Table 2. Comparison between different stimulators
Reference Size Battery Weight Term Controlling
Paper Parameters
[18] 20mm Diameter 200mAh-3V Not Available | Not Available Current, Pulse width,
Delay, Frequency
[10] 8mm * 30 mm 4.60V 2.1grams 600 minutes Current, Pulse width,
Delay, Frequency
[19] 15mm * 28mm 36mAh-6V 7.4grams 10,080 | Current, Pulse width,
minutes Delay, Frequency
[7] 25mm Diameter 280mAh-3V 7.8grams 1.2’960 Fixed
minutes

B 0 | Vo (8) | February 2019 | www.indjst.org
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Table 2 Continued

[20] 15mm * 22mm 250mAh-3V 5.08grams 17,280 | Current, Pulse width,
minutes Delay, Frequency

[21] 33mm * 20mm 250mAh-3.6V 11.5grams 14,400 Current, Pulse width,
minutes Delay, Frequency

[22] 15mm * 18 mm 250mAh-3V 4.75grams 31,630 Current, Pulse width,
minutes Delay, Frequency

This Paper 13mm * 25mm 3V/1000mAh 8.4grams 129,600 Current, Pulse width,
minutes Delay, Frequency

y

=

|
r
|

[ lojovo

Figure 9. The output of the Stimulator.

check the output consistency, probes were connected to
electrodes and checked the output. It is clear from the
oscilloscope that the precise amount of pulses is deliv-
ered to the electrodes. Since we are using an extended
lasting battery, the stimulator can be used with a mini-
mum period of two months. We checked the output of

Vol 12 (8) | February 2019 | www.indjst.org

the Stimulator using an Oscilloscope (Tetronics) is shown
in the Figure 9.

5. Discussion and Conclusions

In this Paper, a new reusable portable microstimulator
has been described in detail. This smart device can be

Indian Journal of Science and Technology | I -
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used for a long-term experiment for studying neurophys-
iology of Rodents. Less power dissipation with advance
microcontroller gives many possibilities to make this
device smarter. Complete schematic is described in this
paper provides reliable information about our work. The
device can easily have paired up with base station once it
turned on. Base Station will be providing all the required
commands to the microstimulation according to the user
Demands. Easily configurable and less complicate the
user a better interface.

The most important advantage that we would like
to highlight in comparison with other similar devices is
long-term usability and sleek design that enables to adapt
different experiment for the rodents. The Device can be
improved by delivering Charge imbalanced biphasic
waves and the battery life can be further improved using
power harvesting system??. In conclusion, the newly
designed product can be used in the stimulation studies
in animal models.
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