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Abstract—This paper presents the design and implementation
of a read-out chain for electrical impedance tomography (EIT)
imaging. The EIT imaging approach can be incorporated to take
spectral images of the tissue under study, offering an affordable,
portable device for home health monitoring. A fast read-out
channel covering a wide range of frequencies is a must for
such applications. The proposed read-out channel comprising
a programmable gain instrumentation amplifier, an analog-to-
digital converter (ADC), and an ADC driver is designed and
fabricated in a 0.18 µm CMOS technology. The proposed read-
out chain operates over the wide frequency range of 100 Hz to
10 MHz, with an average signal-to-noise ratio of more than 60
dB. The entire read-out channel consumes between 6.9 mW and
21.8 mW, depending on its frequency of operation.

Index Terms—Electrical impedance tomography, imaging,
ADC, IA, driver, programmable gain.

I. INTRODUCTION

ELECTRICAL impedance tomography (EIT) has the po-
tential for use in telemonitoring devices, due to the ad-

vantages it has over other biomedical imaging modalities (e.g.
X-ray, MRI): it is radiation-free, inexpensive and potentially
miniaturizable [1], [2], [3], [4]. EIT works by applying sinu-
soidal/pulsed currents between electrodes at different points
of the region under study, while simultaneously reading the
resulting boundary voltages [5]. If enough such measurements
are taken, a tomography-like conductivity map of the region
can be reconstructed, with each tissue type being distinguish-
able due to its particular dielectric properties [6], [7], [8], [9].

Introducing wearable biomedical devices, not only helps
early stage diagnosis, it also helps health care professionals
to follow up on patients’ post operative status, resulting in
reduction of the health care costs, as well as improvement of
patients’ life quality. For a wearable EIT system, there are
various design requirements that the read-out circuit (which is
used to read and digitize the boundary voltages) must meet.
The frame rate, which is the speed at which successive images
can be taken, must be maximized to reduce the effects of
patients’ movement and electrode displacement [10]. To in-
crease contrast and sensitivity in applications like breast cancer
detection [11] and acute stroke imaging [12], interrogation
frequencies of higher than 1 MHz are needed. Finally, to
enable battery operation and portability, low power and small
form factor are also necessary.
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Several EIT solutions have been introduced to date, but
none of them is appropriate for our purposes. The system
described in [13], [14] covers a wide frequency range of 10
kHz to 10 MHz. However, it consumes more than 110 mW
of power for each ADC in the read-out and is part of a bed
platform, which makes it too power consumptive and bulky.
The application specific integrated circuit (ASIC) presented
in [15] for wearable EIT provides maximum interrogation
frequencies of only a few 100 kHz. Although the system of
[16] can operate up to 1 MHz, its frame rate is limited to 13
frames per second (fps) for an 8-electrode system.

An EIT system comprises three main building blocks: 1) A
current injection block (current driver), 2) a data acquisition
block (read-out chain), and 3) a reconstruction algorithm. In
this paper we focus on the read-out chain. Construction of a
wide-bandwidth current driver is currently underway within
our group, so that we may move towards a full EIT system.
The proposed read-out chain is planned to be used in a
parallel EIT system, where for a given II pattern, electrode
voltages are read out in parallel. In the intended application,
each electrode voltage is referenced to ground, and IIVV
patterns are created in post-processing, by performing voltage-
voltage subtractions as desired. This work is based on the
circuit that we introduced in [17] and [18]. In this paper,
we expand on circuit implementation details of the ADC,
a novel precharging technique, a modified common mode
feedback, and the instrumentation amplifier. We also present
measurement results that show the proposed read-out chain
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Fig. 1. Block diagram of the proposed high frequency read-out channel,
including a wide bandwidth instrumentation amplifier (IA), a programmable
gain control (PGC) unit, an ADC driver buffering the IA output, and a mega-
sample per second SAR ADC. The output of the ADC is being processed
by a digital matched filter to extract the amplitude and phase of the signal,
which can later be processed by the reconstruction algorithm.

mailto:mohammad.takhti.th@dartmouth.edu


IEEE TRANSACTIONS ON BIOMEDICAL CIRCUITS AND SYSTEMS 2

Vcm

VRN

VRP

Vcm

VRN

VRP

CuCu2 
M-3Cu2 

M-2Cu

RuRuRu/2 
L-2Ru/2 

L-1

Q
SAR

DOut

To Control 

DAC Switces

Ø fast 

Ø pch R big

From 

IA

Ø pch 

Ø fast 

Precharging 

Control Timing 

ADC Driver Precharging Hybrid R-C SAR ADC

Vcm

VRN

VRP

Vcm

VRN

VRP

CuCu2 
M-3Cu2 

M-2Cu

RuRuRu/2 
L-2

Ru/2 
L-1

Ø fast 

Ø pch R big

VOP

VON

To Control 

DAC Switces

Fig. 2. Circuit schematic of the hybrid R-C SAR ADC, along with the ADC driver and precharging scheme. Most significant bits of the ADC are implemented
using binary weighted capacitors, and binary weighted resistors are employed for the least significant bits. The resistive DAC part does not consume any static
power while the capacitive DAC is in the binary search regime. The ADC utilizes a precharging scheme that helps to reduce the amplitude of the ringing that
occurs during sampling procedure. The ADC performs a precharge phase (φpch), during which the sampling capacitor is slowly charged via a large resistor
(Rbig) to a value close to the output of the ADC driver. After the precharge phase, the sampling switch is closed in a fast-charge phase (φfast) to complete
the charge transfer.

operates over the frequency range of 100 Hz to 10 MHz, with
an average signal-to-noise ratio (SNR) of more than 60 dB.
We use a wide-band instrumentation amplifier to achieve high
frequency operation, and we use a mega-sample rate ADC to
achieve fast data acquisition.

II. OVERVIEW OF THE SYSTEM

Figure 1 shows the block diagram of the proposed read-out
channel, which comprises a programmable gain instrumenta-
tion amplifier (IA), an analog-to-digital converter (ADC), and
an ADC driver. Each of these components is implemented
to meet our target design goals of high signal-to-noise ratio,
and wide interrogation frequency range, with low power
consumption.

The IA is based on the current conveyor architecture that
we introduced in [18]. The open loop structure of this IA
implementation provides high frequency operation, allowing
for EIT interrogation signals in the MHz range. Also, the IA
has a programmable gain feature, which relaxes the resolution
requirements -- and power consumption -- of the ADC.

The ADC is a successive-approximation-register (SAR)
with a hybrid resistor-capacitor (R-C) digital-to-analog con-
verter (DAC). The least significant bits of the DAC are
implemented as resistors, which reduces the total capacitive
load that is seen by the ADC driver. This lowers the time
needed to charge/discharge the capacitors, enabling the mega-
sample per second sample rates that are necessary for the EIT
system to achieve a high frame rate.

The ADC driver employs a precharging technique that helps
to reduce the amplitude of the ringing that occurs during
sampling [19]. Lower amplitude ringing dies out more quickly,
and this contributes to the ADC achieving a high sample rate.

III. CIRCUIT IMPLEMENTATION

The circuit implementation of the main internal blocks of
the proposed read-out are described in the following.

A. Successive-approximation-register ADC

To achieve the high frame rate for the EIT system, the ADC
requires a sample rate in the mega-sample per second (MSPS)
range. The presence of the matched filter at the back-end of the
read-out channel (Fig. 1) gives us different sets of choices for
the speed and resolution of the ADC, all meeting the required
SNR of the EIT system [20]. Among this set of choices, 12-
bit, 6.25 MSPS SAR ADC was chosen to be implemented
based on the available technology and considering the power
dissipation of the ADC.

We achieve a MSPS sampling rate with a hybrid resistive-
capacitive SAR ADC. This structure reduces the size of the
capacitive DAC [21], [22], and hence the required time for
charging and discharging the capacitors. This enables us to
achieve the mega samples-per-second rate.

Fig. 2 shows the circuit schematic of the SAR ADC, along
with the ADC driver and precharging scheme that will be
described later. The hybrid R-C SAR ADC, Fig. 2, comprises
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Fig. 3. (a) Comparator block diagram comprising three preamplifiers followed
by a dynamic latch. (b) Preamplifier circuit schematic with resistive feedback
and a switch to remove the memory of the circuit. (c) Dynamic latch utilizing
back to back inverters.

an M -bit charge redistribution capacitive DAC for the most
significant bits (MSBs), and L-bit voltage scaling resistive
DAC for the least significant bits (LSBs), resulting in an N -bit
(M + L) ADC. The ADC was made of respectively 9 and 3
bits capacitive and resistive DACs.

A dynamic comparator was used in the ADC to both
save power and achieve high speed. The dynamic comparator
is composed of a conventional latch utilizing back to back
inverters [23], following a preamplifier, as shown in Fig. 3.
The preamplifier has three stages, where each stage has a
resistive common mode feedback, and a switch to remove the
memory of the circuit to achieve high speed [24]. The SAR
block shown in Fig. 2 is the modified version of the scheme
presented in [25]. This block implements the binary search
algorithm, controls the DAC switches and outputs the ADC’s
digital word.

For the chain to process a 10 MHz signal, one option is to
have an ADC with a sampling frequency of at least 20 MHz
(according to the Nyquist theorem). However, this comes at
the price of high power consumption. Instead, we implemented
the ADC with a lower sampling frequency, and employed an
under-sampling technique to avoid excessive power consump-
tion. The ADC samples the input signal in two regions: up to
the Nyquist rate of the ADC, 3.125 MHz, the input signal is
sampled in a normal fashion, and above 3.125 MHz the under-
sampling technique was used to process the high frequency
signals. In the under-sampling approach [26], the input signal
is aliased back to a frequency equal to | fin − nFs |, where
n is an integer number, and fin and Fs are respectively input
and sampling frequencies. Fig 4 illustrates the under-sampling
approach, where a 6.875 MHz signal (solid line) is sampled
at 6.25 MHz. The sampled signal (dashed line) appears as
a low frequency signal at 625 kHz (=6.875 MHz - 1×6.25
MHz). Therefore, by employing the under-sampling technique
for a high frequency signal, one can process a much lower

Fig. 4. Illustration of the under-sampling technique in time domain. The solid
blue line shows the input signal at 6.875 MHz. The input signal is sampled at
6.25 MHz and the dashed red line represents the result. The sampled signal
appears at a much lower frequency of 625 kHz, which lies in the fist Nyquist
zone of the ADC.

frequency signal that aliases back to the first Nyquist zone
of the ADC. Employing under-sampling technique requires
band-pass filtering to avoid folding back noise and unwanted
interference. In our current system, however, only a low-pass
anti-aliasing filter was incorporated. Design of a band-pass
filter for those frequencies that employ under-sampling will
be addressed in subsequent design iterations.

For input signal frequencies lower than 3.6 kHz, a sampling
rate of 6.25 MHz is unnecessarily high, and would result in
an excessive number of data points. Instead, we process these
low frequency signals with correspondingly low sample rates:
for an input signal of frequency fin < 3.6 kHz, the ADC
sample rate is Fs = 1600× fin. With this strategy, the power
consumption of the ADC ranges from 2.19 mW at 6.25 MSPS
to 0.81 mW at 160 kSPS. By reducing the sampling rate of
the ADC, the speed and bandwidth requirements of the ADC
driver can be relaxed for low frequency input signals.

If, just prior to sampling, there is a large difference be-
tween the input signal, Vin, and the voltage across the ADC
sampling capacitor, then the sudden closing of the sampling
switch makes the ADC driver susceptible to kickback [27].
This disturbance would be propagated to the IA and cause
oscillations in the input signal.

To mitigate this problem, as shown in Fig. 2, the ADC
performs a precharge phase (φpch), during which the sampling
capacitor is slowly charged via a large resistor (Rbig) to a value
close to Vin. After the precharge phase, the sampling switch
is closed in a fast-charge phase (φfast) to complete the charge
transfer; the resulting kickback noise is sufficiently reduced
that any oscillations in the input signal will die out well within
the sampling period.

B. ADC Driver

Due to the limited current driving capability of the IA block,
an ADC driver is placed between the IA and the ADC. Fig.
5 shows the core of the ADC driver, which comprises a fully
differential difference amplifier (FDDA) and a common mode
feedback (CMFB) block. To achieve high bandwidth operation
without consuming too much power, the ADC driver employs
a modified CMFB structure.
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Fig. 5. (a) ADC driver implemented as a fully differential difference amplifier, and (b) circuit schematic of the modified common-mode feedback block used
in the ADC driver.

The CMFB block is required to precisely balance the output
of the ADC driver over the bandwidth of the system. The
simplified half-circuit model of the FDDA with the CMFB
block, Fig. 6, shows that the common mode signal sees two
extra poles compared to the differential signal: one pole at the
gate of M1, and another pole at the gate of M3. The CMFB
loop gain can be estimated as:

ACM =
gm1

2gm2
(gm3RL)

×

(
1

1 + 2s
RACP1

)(
1

1 + gm2s
CP3

)(
1

1 + s
RLCL

)
(1)

where CP1 and CP3 are the total parasitic capacitance at the
gate of M1 and M3, respectively. RL and CL are respectively
the total resistance and capacitance at the output node (VOP),
while gm represents the transistor’s transconductance. In a
traditional implementation of the CMFB circuit, one can either
use a diode connected load (M2 transistors) for the CMFB
block, which results in a gain of less than unity, or use a
current mirror load that has high gain. The former has a
non-dominant, high frequency pole, which allows for a fast
response. However, the low gain limits its capacity to balance
DC output. The latter approach, however, while good in
balancing the DC levels, introduces a low frequency pole (due
to the high output impedance of the transistor), which reduces
the bandwidth of the system. Instead, we used diode connected
loads with PMOS current sources to have an adequate gain for
the CMFB block, without causing a low frequency pole. This
helps us to achieve high bandwidth and gain for the common-
mode feedback system.

The ADC driver consumes 1.64 mW and 15.1 mW, respec-
tively, when the sampling frequency of the ADC is set to 160
kHz and 6.25 MHz, and linearly increases for the frequencies
in between. The issue of power optimization of the ADC driver
will be addressed in subsequent design iterations.

C. Instrumentation Amplifier

Among different structures available for the instrumentation
amplifier block, the current conveyor based, open-loop IA was
chosen, which is most suitable for wide bandwidth applications

[28], [29]. In order to relax the resolution requirement of
the ADC, and therefore reduce the ADC’s power consump-
tion, the IA block has different gain settings for different
input levels. The implemented current conveyor based IA
is amenable to programmable gain settings. In a simulation
study at Dartmouth College in collaboration with our lab,
we calculated the required dynamic range for one application
(cardiac monitoring). The minimum and maximum voltage
over all non-current carrying electrodes were 207 mV and
497 mV, respectively. However, we designed our system with
higher dynamic range, for potential use in other applications.

The schematic of the implemented IA core is shown in
Fig. 7, which comprises a transconductance stage at the input
stage, and a transimpedance stage at the output stage. In the
transconductance stage, the input voltage is buffered with two
source follower transistors, M1L and M1R. The buffered volt-
age is then converted into current through the R1 resistor. Two
current sources at the bottom, M4L,R, supply a fixed current
for the input transistors. Therefore, any current that flows
through R1 should be supplied by the top transistors, M2L,R.
The current passed through M2L,R is then mirrored to the
transimpedance stage through M9L,R. In the transimpedance
stage, the current is again converted back to voltage through
the R2 resistor. The gain of the IA, assuming unit mirroring
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Fig. 6. Simplified half circuit representation of the FDDA with the CMFB
block used for small signal analysis.
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stage, converting the mirrored current back into voltage. The gain of the IA can be varied by changing the value of the resistors in transconductance and
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factor, can be written as:

Vout

Vin
≈ R2

[
gm1gm2rd1

1 + gm1gm2rd1 (R1 ‖ rd2)

]
≈ R2

R1
(2)

where, gm and rd represent the transconductance and source-
drain impedance of a transistor, respectively. To make the
above approximation, one needs to make sure rd2 is signifi-
cantly larger than R1, and gm1gm2rd1 (R1 ‖ rd2)� 1. In order
to increase the transconductance of the input pairs, M1L and
M1R are biased in weak inversion. As shown in (2), the gain
of the IA is determined by the ratio of R2/R1, which in this
design is programmable to three different settings, based on
the amplitude of the input signal. The R2 resistor also acts as
a resistive feedback to stabilize the DC voltage of the output
nodes by properly biasing the M12L,R NMOS transistors. A
bank of capacitors (C2) is placed at the output nodes in the
transimpedance stage, which together with the R2 resistors
act as a tunable low-pass/anti-aliasing filter. The C2 capacitor
is made of a bank of capacitors with four values, 14 pF, 1.4
pF, 0.37 pF and 0.05 pF. Each capacitor is in series with a
switch, which can be switched in and out depending on the
input signal. The R2 resistor has a value of 20 kΩ and 200
kΩ depending on the gain setting of the IA.

The measured common mode rejection ratio (CMRR) re-
ported in [31] is around 85 dB for frequencies up to 500
kHz. However, it is unknown what the amplitude of the test
setup is. A small amplitude common mode signal (on the
order of 10 mV) produces a much higher CMRR than does
a large amplitude common mode signal. The CMRR of our
implemented IA for different gain settings is plotted in Fig.
8. In our test setup a 1 VPP input signal was used to measure
the CMRR. The IA has a maximum CMRR of over 80 dB,
which drops for high frequencies. To improve the CMRR for
high frequencies, calibration techniques can be incorporated
in next design iterations.

The instrumentation amplifier consumes 4.51 mW power
from 3.3 V power supply, and covers the frequency range of

Fig. 8. IA measured common mode rejection ratio for different gain settings.

100 Hz to 10 MHz.

IV. MEASUREMENT RESULTS

The proposed read-out channel, including the instrumenta-
tion amplifier, programmable gain control unit, ADC driver,
and SAR ADC, was implemented in 0.18 µm CMOS technol-
ogy and its micrograph is shown in Fig. 9.

One of the main system specification requirements of an EIT
device is the precision, or signal-to-noise ratio (SNR). In order
to measure the signal-to-noise ratio of an EIT system, repeated
measurements must be carried out while the measurement
conditions are kept unchanged [14]. The SNR would be
defined as the ratio of the mean squared over the variance
of the repeated measurements, as shown in the following:

SNR = 10 log10

(
V

2

var(V )

)

= 10 log10

 1

N

(∑N
n=1 Vn

)2
∑N

n=1

(
Vn − V

)2
 (3)
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Fig. 9. Chip micrograph showing the labeled blocks as follows: (1) IA with
the programmable gain control unit and the anti-aliasing filter, (2) main ADC
driver, (3) main hybrid R-C SAR ADC, (4) testing ADC driver, and (5) testing
SAR ADC blocks.

where N is the number of repeated measurements, V repre-
sents the mean of all measurements, and Vn is the value of the
n-th measurement. The SNR measurements were performed
for 23 different frequencies ranging from 100 Hz to 10 MHz
with 60 repeated measurements for each frequency (N = 60).
The SNR was then calculated for each frequency using (3).
The measured SNR plot versus frequency is shown in Fig. 10
(a), and the measurement time is plotted in Fig. 10 (b). The
input signal to measure the SNR of the chain was at full scale
equal to 500 mVpp. We believe that the absence of a band-pass
filter for those frequencies that employ under-sampling is one
of the reasons the SNR dropped for high frequency signals.

The Sheffield Mk3.5 system [30] designed for imaging
thorax was able to capture images with an SNR of 40 dB.
The ASIC presented in [15] with an average SNR of 56.3
dB was used for portable lung ventilation monitoring. Some
discrete component EIT designs show high SNR, such as KHU
Mark1 [31] with an average short-term SNR of 99 dB with
a bandwidth of up to 500 kHz. The EIT imaging approach is
known as an ill-posed inverse problem, therefore, the more the
SNR, the better the reconstructed images. However, moving
towards portable ASIC design EIT systems, a trade-off needs
to be made between the SNR and power consumption of
the system. Although our proposed read-out chain has an
SNR suitable for most applications as stated before, the SNR
can affect the quality of the extracted images, as shown
in [32]. In future design iterations, we aim to reduce the
total power consumption of the chain, while improving the
SNR performance to improve the quality of the reconstructed
images.

The measurement time is the amount of time the read-out
chain takes to process the data to measure the SNR. For the
input frequency signals between 3.6 kHz and 10 MHz, the
measurement time was kept constant, and equal to 256 µs;
for lower frequencies, the measurement time was increased
due to the time period of the signal itself. In other words,
the input frequencies lower than 3.6 kHz have a period that

(a)

(b)

Fig. 10. (a) SNR of the read-out chain versus frequency, measured by
performing repeated measurements using (3) with the frequency range of
100 Hz to 10 MHz, and (b) measurement time of the read-out chain versus
frequency.

is longer than 256 µs. The lower the input frequency, the
longer the period of the signal, which demonstrates why the
measurement time increases for input frequencies lower than
3.6 kHz.

Fig. 11 (a) shows the sampling frequency of the ADC versus
the input frequency signal. The power consumption of the
ADC and ADC driver are plotted in Fig. 11 (b).

The input of the chain at one selected frequency, 2 MHz,
was swept from 50 mV to 500 mV and the output of the chain
was fed to a digital matched filter. To measure the accuracy
for a 2 MHz signal, 533 periods of the input signal (to capture
1600 points) were fed to the matched filter. Before carrying out
the measurements, the offset and gain error of the channel were
measured and removed. The accuracy of the measurements,
using the following equation is calculated and plotted in Fig.
12 along with the extracted amplitude of the matched filter
overlaid on top of the actual amplitude:

Accuracy = 100%×
(

1−
∣∣∣∣VMeas. − VTrue

VTrue

∣∣∣∣) (4)

where VMeas. and VTrue are respectively the measured value and
the true voltage applied to the chain.

The presented read-out chain extracts both amplitude and
phase of the signal, which are used to extract the conductivity
and permittivity of the human body. An electrical phantom
measurement used in [14] and similar to that presented in
[33], [34] was performed, where the tissue was modeled with
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(a)

(b)

Fig. 11. (a) The sampling frequency of the ADC versus the frequency of the
input signal, and (b) power consumption of the ADC and ADC driver plotted
versus frequency.

a parallel R-C circuit as a device under test, and placed in
series with two resistors. It is important to characterize the
performance of the read-out chain by itself, using a simple,
known load, in order to establish the performance limits of
any EIT system that is subsequently built around this circuit.
The model is shown in Fig. 13 (a), where the R and C were
chosen to be 1 kΩ and 1 nF, respectively, and both Re resistors
have a value of 1 kΩ. The sinusoidal input signal was applied
to the input terminals of the model, Vin, and the voltage over
the modeled tissue, VT, was connected to the input of our read-
out. The input signal was swept between 100 Hz and 10 MHz,
with some preselected frequencies. The amplitude and phase
extracted at the output of the matched filter then were used to

Fig. 12. Extracted amplitude versus the input signal for a 2 MHz sinusoidal
signal, along with the accuracy of the extracted amplitude versus the input
signal.

RCVin

Re

VT IA
To ADC 

Driver

ZT

Re

Device Under

 Test

(a)

(b)

(c)

(d)

Fig. 13. (a) The electrical phantom circuit with R = 1 kΩ, C = 1 nF,
and Re = 1 kΩ. The VT voltage is connected to the read-out, (b) the
impedance plot (cole-cole) of theoretical and measured values of the model.
The frequency of the input signal was swept between 100 Hz and 10 MHz with
some preselected frequencies, and the phase and amplitude of the recorded
signal were extracted at the end of the chain via a digital matched filter. The
arrow in the plot shows the direction which the frequency was increased, (c)
accuracy of the extracted amplitude versus frequency, and (d) absolute value
of the phase error for the extracted phase versus frequency.

have the Cole-Cole plot as shown in Fig. 13 (b). The x-axis
and y-axis show the resistance, RT, and reactance, XT, of the
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TABLE I
COMPARISON TABLE FOR EIT CUSTOM IC ANALOG FRONT ENDS

ESSCIRC’11 [16] Sens. Jr.’14 [35] JSSC’15 [15] This Work

Process 0.6 µm CMOS 0.35 µm CMOS 0.18 µm CMOS 0.18 µm CMOS

Frequency 10 kHz ∼ 1 MHz 50 Hz - 1 MHz 10 ∼ 200 kHz 100 Hz - 10 MHz

Extracted Data Amplitude & Phase Amplitude & Phase Amplitude & Phase Amplitude & Phase

Demodulation Type Analog Analog Analog Digital

SNR (Average) N/A N/A 56.3 dB 64.4 dB

Power 5 mW † 3.4 mW ‡ 1.73 mW † 6.9 mW≤P≤21.8 mW

† Includes current injection block.
‡ Excludes ADC.

load, respectively, where we have:

ZT =
R

1 + (ωRC)2
− j

(
ωR2C

)
1 + (ωRC)2

= RT − jXT (5)

The accuracy of the extracted amplitude versus frequency
and the absolute phase error are plotted in Fig. 13 (c) and (d).

Table I compares the performance of the proposed ASIC
with previous, state-of-the-art works.

The power dissipation in Table I shows the approximate
power consumption of read-out (unless otherwise specified)
per channel for each system. The work presented in [16] is an
ASIC design intended to be used in neonate lung function
monitoring EIT system. The ASIC is designed for multi-
frequency EIT applications (two frequencies simultaneous).
This design, however, does not provide information regarding
its SNR, which makes it hard to evaluate the performance of
this system. This system employs analog demodulation (analog
matched filter). Although analog demodulation reduces the
power consumption and complexity of the building blocks,
it is prone to accuracy degradation [36] and can increase the
measurement time. The ASIC presented in [35] is the second
generation, and improved version of [16], which was devel-
oped by the same group. Although the excitation frequency
goes to 1 MHz, it still does not meet the required frequency
for some applications such as breast cancer detection, which
requires up to 10 MHz interrogation frequencies [14]. The
EIT system in [15] is a complete ASIC EIT system that was
designed for portable lung ventilation monitoring. This ASIC
employs capacitive coupled IA, with low speed ADC in its
read-out chain. The capacitive coupled IA is not well known
for wide bandwidth, low power applications. This system
covers only low frequency excitation and read-out signals (up
to 200 kHz), which are not adequate for some applications,
such as acute stroke imaging [12] and breast cancer detection
[14]. In our design, we employed the current conveyor based
IA, which is well suited for high speed, low power, wide
bandwidth applications. We also employed mega-sample rate
ADC in our proposed chain to achieve rapid data acquisition.

V. CONCLUSIONS

A high frequency, fast read-out channel for electrical
impedance tomography imaging was presented in this paper.
The read-out chain comprises a programmable gain IA, an
ADC driver, and a hybrid R-C SAR ADC. The read-out
channel was designed and fabricated in a 0.18 µm CMOS
technology. The measurement results are presented to show
the performance of the system covering a wide range of
frequencies from 100 Hz to 10 MHz, with an average SNR of
more than 60 dB. To cover the desired range of frequency, the
read-out channel consumes between 6.9 mW and 21.8 mW
based on its operation frequency.
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