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ABSTRACT

In this brief, a reconfigurable pipelined ADC is equipped to
calculate the ultra-low-power bio-impedance using FinFET
transistors working in a region of weak inversion. The
proposed structure consists of an auto adaptation unit which
differentiates bio-signal with high frequency from that of the
bio-signal having a very low frequency and builds the
proposed reconfigurable Pipelined ADC to work in correct
operating approach. Moreover, the proposed converter is well
capable of reconfiguring itself into three modes of operation
depending on the provided input signal. The designed
adaptation unit here has two control bits so that either 8-bit or
12-bit resolution with a 10KS/s or 1GS/s sampling rate can be
chosen. The power dissipation with a supply voltage of 1 V
along the adaptation unit for 8-bit and 12-bit pipelined ADC is
114.70 uW and 144.70 uW respectively. For a proposed
pipelined ADC, the corresponding values of SNR, SINAD,
and SFDR are stable with a minimum value of 70.95db,
70.94DB and 75.51db respectively. The total work is carried
out by using FinFET 18nm Technology.
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1. INTRODUCTION

Biological material's electrical impedance, typically
referred to as bio-impedance, is an important measurement of
physiological processes and thus offers vital monitoring
possibilities for a variety of biomarkers. More than a century
ago the prospective use in medical applications was already
developed [1]. Research on bio-impedance is still an increasing
area of study, and its advancements are extensively used in
many medical applications. The characterization of bio-
impedance is as the EIT principle [2]. It is widely used in
applications such as regulation of the pulmonary system,
detection of breast cancer, prediction of cervical intraepithelial
neoplasm’s etc. Bio-impedance is also effectively applied to
sense various types of cancers [3]. In addition, bio-impedance
measurements are used to eliminate artifacts as part of
additional instruments in other forms of measurement, such as
ECG [4]-[6].In such applications, bio-impedance is usually
extracted on a single frequency. Additionally, newly developed
surgical instruments that act on measures of bio-impedance [7].
Various other uses include fluid analysis in the human body
and classification of cells different for implantable and
wearable healthcare applications [8], [9], interactive
bimolecular impedance sensing [10], [11]. Implantable devices

capable of impedance conduction also test tissue bio-
impedance under the skin; however implantable sensors [12]
have strict scale, strength, and communication limitations that
essentially determine the function of the sensor. The size of the
implantable device should be minimum for both practical and
medical purposes, so that the miniaturization of the instrument
is of paramount importance [13]. The availability of electric
energy is another big problem for the implantable system. The
use of batteries is strongly discouraged as they have a short life
cycle and thus have a significant effect on the form factor.
Energy harvesting techniques such as inductive coupling is
preferred as power transfer, and wireless communication can
be accomplished simultaneously [14]-[16]. Nonetheless,
inductive harvesters are capable of collecting only small
amounts of power at large distances (low efficiency); thus, the
development of implantable electronic circuits must be
performed using ultra-low power design techniques. Typically,
biomedical monitoring systems which track specific
physiological parameters cannot assume specified amplitude or
frequency signals, since the signal properties can differ
significantly across separate and identical bio-signals;
Furthermore, advances in biomedical science have resulted in
informative bio-signal monitoring schemes that make it
possible to obtain continuous vital patient details. Implantable
devices are required for the recording, analysis and
transmission of this critical information using limited area and
energy. Consequently, every ADC intended for these systems
must also meet these restrictions. For bio-sensing applications,
reconfigurable ADCs are ideal, as they can respond to a broad
variety of signals. Conversely, most reconfigurable Analog to
Digital Converter (ADC) implementations lack an automated
reconfiguration scheme that enables the user to manually
reconfigure the device. The popular ADCs developed for the
implementation of biomedical applications are in the form of
SAR ADCs, because of low small area, medium resolution and
low power characteristics that are mostly attractive for the
implementation of bio-sensing applications. Another form of
bio-signal monitoring, idea bio-impedance measurement has
recently gained interest in medical science because there are
many possibilities for health tracking [17], [18]. Studies using
bio-impedance have been reported for example to track breast
cancer cells. Bio-impedance measurements are taken in order
to obtain reliable, functional data from lower to higher
frequencies, since the resistance and reactivity measured vary
in frequency. The ADC pipeline introduced in this brief solves
the problem and is able to use a limited amount of power to
process conventional bio signal without the use of sub-
threshold bias. Implementation of the adaptation unit, which
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decides the optimum operating mode for the type of input data.
The paper is further organized as follows. In section 2, the
methodology implemented in this work is discussed. In the
section 3 proposed systems is discussed followed by results
and conclusion in section 4 and 5 respectively.

2. METHODOLOGY

The following section discusses the details of the
methodology which will be used to implement the proposed
technique. The flow chart in Fig.1 shows the method employed
in the reconfigurable ADCs to construct the adaptive structure.
The intended circuit is implemented with a supply voltage of
0.8V in 18nm Fin FET technology. Firstly, the required
specifications for the design are specified. Secondly, the
required technology is selected. Based on the selected
technology and designing techniques the size of the transistors
is derived as well as supply voltage is chosen depending on
stacking of transistors. Later, the based on the various existing
topologies, a new topology of the proposed circuits is designed
and simulated for required parameters. If the derived
parameters are meeting the specifications, then the designed
topology can be implemented otherwise the proposed topology
of the circuits must be changed until the simulated parameters
meet the required specifications.

3. SYSTEM ARCHITECTURE

In order to calculate the bio-impedance, a non-harmful
current pulse is injected into the patient at the target area, and
the voltage decrease is determined. For reliable, useful
information to get, the frequency ranges of the current injected
ranges from approximately 10 Hz to 10 MHz [19]. The
measurements of low frequency signals are almost completely
exempt, because the injected current signal cannot move
through the capacitance of the cell membrane. Moreover, the
injected pulse signal frequency rises above a range of hundred
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Figure 1: Flow Chart of the Methodology
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Kilohertz, the impedance of the intracellular membrane is
measured as the signal voltage crosses the capacitance of the
cell membrane. In addition, the ADC is accountable for
digitizing these data and it should be able to handle this range
of frequencies effectively while occupying a less area and
utilizing sufficient power for implantable electronic
applications. Figure 2 provides a block diagram for the
proposed structure. Then the input signal is forwarded directly
to the A/D converter after the adaptation unit. Afterwards, the
two control bits provided by the adaptation unit are used to
determine the converter's sampling rate and resolution. The two
blocks are further described in the sections below.

sensar

8-12bit Remnfisurable ADC
An3 oginput
Digial
(L output
—
Auto
Adaption 3
Unit

Figure 2: Proposed Block diagram of the system

3.1 Reconfigurable Low Power Pipelined ADC

The proposed reconfigurable system uses a typical ADC
design to achieve 1bits/stage. The sample-and - hold stage
(S/H) circuit has a maximum 12bit resolution. The use of
digital correction circuit improves the accuracy of the proposed
system. In terms of speed and resolution the converter can be
reconfigured. To achieve substantial power savings, the lower
complex method of disconnecting the final stages of the
pipeline is used by disconnecting the S/H stage, as well as the
two first stages of the pipeline. Since the stage 3 of the pipeline
ADC receives single residue from the previous stages, the third
stage needs no more pair of input signals apart from the
original input with the requirement of an extra circuitry. Due to
this, the question of leakage current from the off signal
terminal combines with the correct signal. In order to
overcome this problem of interference, the impact of the Op-
amps with high CMRR is used. This problem of interference is
eliminated by converting the leakage signal to a Common
mode signal of the op-amp terminals; and thus the leakage
signal problem can be ignored.

3.20peration of Transistor

The problem with traditional MOSFETS is that of increasingly
smaller and smaller sensors. We face serious problems,
including reduction of drain-induced barriers (DIBL),
increased current of leakage, etc. One problem solving
contributes to another. Some MOSFETSs have been added to
solve the problem, including FInFET, Double Gate, Tri-gate,
and so on. Figure 3 shows Fin FET’s general schematics.

6761



H U:&
o Lext

—H<

ST "

Loate

Figure 3: General Schematic of Fin FET architecture [20]

To function correctly from this point of view,
understanding the features of MOSFET is of paramount
importance. FINFET operates in the three areas which follow.

Linear Area: This is the sector where the Ids are increased
linearly with Vds voltage, the Ids current is given in the linear
region for a given voltage of Vg > Vth as the first
approximation is,

2uWce Vs
e A A 1T, 1

Where Vy, is the threshold voltage in the inversion region
known as carrier mobility, i.e. the tube, W / L is the ratio of
the interface width to length, C,y is the capacitance of the gate
oxide per unit field,

Saturation region: Ids in this area are constant, and Vds are on
the rise. Again Ids are given in the saturation region for the
first rough calculation.

_ 2
lgs = SO LTEI M= 1 3(OKIXT) o 2

d is the thickness of the corrosion layer and t, is the thickness
of the oxide which means that the current of the 4 does not
depend on the voltage of V.

Cut-Off Region: V< Vy, in this region, so that there is no
channel between source and drain resulting in the current
Ids=0. The current flux of the sub-threshold is in fact the
exponential current of decay for V< Vi,

High concentrations of electrons induce a high level of electric
field along the channel, and the sub-threshold current is
primarily due to the conductor’s diffusion.

(Vg—2¢)(1-e1Vas)

1, = “XKTKThitsied
L KT

Where AA is the difference between the function of the gate
electrode and the almost intruded silicone skin.
3.3Auto Adaptation Unit

A simple adaptation unit is added to reconfigure the proposed
ADC in proper operating mode. Figure 4 shows the adaptive
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unit circuit. The input signal to the adaptation unit is then
amplified and then the Schmitt circuit with lower and upper
threshold voltages of 530mV and 1.38V is transformed into a
square wave for the given signal. The FVC converter then
converts the square wave frequency which is generated by the
Schmitt trigger to a DC voltage. Two comparators with
varying reference voltages have two control bits for this
voltage. At present every block is geared towards a stable
operation.

vref1l — j Qo
Frequency to
Voltage
Vin Converter
Schmitt _[ Ql
%
ngger Vref _L

Figure 4: Circuit for Auto Adaption Unit

3.4 Circuit for the Conversion of Frequency to Voltage
Converter (FVC)

Freguency to voltage converters are highly flexible electronic
building blocks which are commonly used in many
applications for frequency conversion. It is the principal factor
that defines the adaptation mechanism’s functioning. For input
frequency values it generates output voltages. During the
current work [21, 22], the concept model was previously built
for different applications. It includes IBIAS current, several
transistors, two different capacitors (C1 = C2 = C), a logical
core that activates capacitors for loading and unloading. The
logic block functions shall be generated in 2 short V1 and V2
pulses at the same frequency as the input signal. The pulse
length is set to 2ns.These bursts are used to monitor loading
and unloading of the capacitor. The input signal for the Mp1
and Mn1 transistors was explicitly operated by the FVC. MP1
is activated and if the signal strength is weak MNL is disabled.
The MN2, MN3, and MN4 transistors are blocked by V1 and
V2 signals. During this time, the output will be charged to
C1.Mnl transistors are not very important, but can only
increase circuit performance. It ensures that the voltage of the
joint node is kept low when the input voltage is high, so that
the C1 capacitor is charged at a very high voltage when the
input signal is shifted from high up to low. Avoid voltage
errors that may occur when not disabling the Mp1 transistor.

When a good input signal for Mp1l is received, MNL1 reacts
further. The load at C1 is proportional to the input signal's
pulse width. As soon as the signal goes out, High C1 starts
charging. Alternatively, the V1 pulse signal flips Mn3 to allow
the C1 and C2 circuits to be very fast (usually 2ns) over an
extremely short time. The charge is broken down between C1
and C2 during this process. The C1 and the C2 are divided
when the V1 pulse is small, and the load time is over. The rest
of the circuit is divided up from C2. For the next half of the
input pulse width the load is maintained by C2. If V1's pulse
falls, V2 is big, which triggers Mn2, and Mn2 provides a
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discharging path for the C1. Figure 5 shows the Frequency to
Voltage Converter circuit diagram.

Mn2’s diameter is larger than most transistors to
quickly discharge C1. It helps to release C1 at high
frequencies quickly. The cycle proceeds for the next half of
the input pulse range, and C2 remains constant for a given
amount of time, while the input signal remains unchanged.
The capacitor charge shall be regulated as

C is the capacitance value, and dv/dt is the voltage shift level
over the condenser w.r.t. time when the charging current is
through the condenser power. If the condenser is saturated at
half the pulse width (T/2), then.

Vout =3 (2) it 5

That implies the output is directly or inversely proportional to
the frequency of the input signal. It implies that the output
tests the input frequency and decides that the frequency is
constant at a defined voltage because the accuracy of Vdd and
Vss is low; it is recommended to carefully select IBIAS and C
values.

in Logic [

Circuit

Figure 5: Frequency-to-Voltage Converter

The value of IC is deliberately selected higher than that of the
previous model in order to avoid resettling the production of
FVC at a pace somewhat close to the source of Vs. This will
aid in later research. Performance (Vout) may be given over
several cycles, for instance:

Vour =2 VO (5) + oo g (V) i 6

If N is the number of cycles in the input signal. Production is
calculated from simulation tests in around 6 T to 9 T states
where T is the input signal length.

The IBIAS charging current, the C1 capacitor, can be set to
the FVVC operating frequency range minimum (Fmin) and peak
(Fmax) limits and to the full output voltage values.

Finin = 52 [gs| v 7
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Far = o [ 8

Vmin
The total available frequency of the circuit shall be determined
by

This system operates up to 100MHz, where the pulse widths
V1 and V2 are t1 and t2. In the logic block the pulse
longitudinal time has to be set to t1 = t2=2ns.

4 RESULTS AND DISCUSSIONS

This finding of this research work are included in this section,
where their effects are discussed, as well as the use of the 18
nm Fin-FET technology for circuit implementation. With a
supply voltage of 1V this complete op-amp can be run. The
results of simulation for the adaptation unit are displayed in
Figure 6 with an input signal of 5 kHz, for this case of 5kHz,
the frequency-to-voltage DC voltage produced by the
converter takes around about a time 4ms to charge up to the
final output value of 1 V, which is elevated value when
compared with the reference voltages of the two comparators.
The control bits produced are therefore '00" which configures

the ADC in low resolution, low sampling rate mode.
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Figure 6: Simulation Results in Auto Adaptation Unit

Figure 7: Simulation result of 12-bit pipelined ADC
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The transient simulation result of 12-bit, 1-bit and 8-bit
reconfigurable pipelined ADC is plotted in the Figures 7, 8
and 9 respectively. The dynamic performance characteristics
of the proposed Pipelined ADC are demonstrated in Figures
10, 11 and 12. The corresponding values of SNR, SINAD, and
SFDR are stable with a minimum value of 70.95db, 70.94DB
and 75.51db respectively. The table | displays the different
values for the Reconfigurable Pipelined ADC parameters. It is
evident from the table that the reconfigurable ADC has a
sampling rate of 10KS / s to 1GS / s, with a resolution of 8 to
12 bits. It will also dissipate for an 8-bit ADC power of
114.70uW, and for a 12-bit ADC power of 144.70uW.

|
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Figure 8: Simulation result ofvltbit pipelined ADC
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Figure 11: Dynamic Characteristics of ADC showing SINAD value
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Figure 12: Dynamic Characteristics of ADC showing SFDR value

Table 1: Various parameters of Reconfigurable ADC
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Figure 9: Simulation Result of 8-bit Output SNR (dB) 70.95/69.01
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Figure 10: Dynamic Characteristics of ADC showing SNR value

5 CONCLUSION

The ultra-low power reconfiguration is provided with an
analog to digital converter. By operating the transistors to
work in the weak inversion region and the ADC is configured
for better resolution and sampling rate and low power. The
proposed ADC requires an adaptation unit to be reconfigured
based on the input signal itself, which is combined with the
reconfigurable ADC. The power consumed by the adaptation
unit is of lesser concern since it enables a biosensor device to
detect a wide range of physiological parameters like
measurements of bio-impedance.
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