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Abstract— A technique for real-time monitoring of bio-
impedances using a Voltage Oscillation (VO) methodology is 
proposed. The main idea relies on connecting the bio-system in 
such a way that a suitable electrical oscillator, which only uses a 
DC power source, is built. Thanks to the employed electrical 
models, the oscillation parameters can be directly related to the 
biological test. System simulations show that the impedance 
values of a tissue, called herein Zx, can be determined by 
measuring the actual frequency and amplitude of the proposed 
VO system, being possible to select the frequency range to 
optimize the system sensitivity. 

Keywords — Bioimpedance, tissue impedance, microelectrode 
model, oscillation-based systems. 

I. INTRODUCTION

 Today, many Lab-on-a-Chip (LoC) and implanted devices 
for biomedical applications are based on sensing the 
impedance of a biological sample as one of the main bio-
markers [1]. The utility of this approach was demonstrated by 
the electrical impedance frequency-dependent response of 
biological materials, which reflects actual physical properties 
of a tissue, like conductivity and permittivity; in special, 
the β -dispersion ranging from kilohertz to hundreds of 
megahertz [2]. This relationship is mainly due to the cell 
shapes, cell membrane structures, and the amount of intra and 
extra cellular solution. Impedance-based techniques allow the 
use of non-invasive and relatively cheap equipment to extract 
relevant information from bio-samples, such as in cancer cell 
assays [3,4]; because of healthy tissues and cancer cells are 
different in shape, size and orientation. Glucose concentration 
in blood [5], tissue impedance evolution [6], cell-growth rate 
and toxicity [7, 8], bacterial detection [9], and others assays 
[10], are examples of several techniques that can benefit from 
this bio-marker. Furthermore, real-time monitoring or tissue 
supervision can benefit from bioimpedance markers to 

evaluate the degradation level of implanted devices for bodies 
hydration test [19], like ECG [20], neonatal function 
monitoring [21], Cardiac Resintonization Therapy (CRT) 
[22], blood Pulse Wave Velocity [23], liver tissue [24], neural 
recording devices [17], etc. Among other Impedance 
Spectroscopy (IS) techniques, Electrical Cell-substrate 
Impedance Spectroscopy (ECIS) was described [11] as a 
useful alternative for Cell Culture assays, allowing real-time 
monitoring, and greatly reducing the economic cost and 
human effort in those assays. Recently, an Oscillation-Based 
(OB) technique was proposed [12] enabling the extraction of 
information about cell growth in a cell culture, by measuring 
the oscillation parameters.    

 In this paper, we will apply the ideas behind the circuit 
configuration in [12] to study the state and time evolution of a 
tissue bio-impedance. To do that, several tasks must be 
completed; first of all, the electrical model of the system, the 
electrode-tissue under study, has to be properly defined [17]. 
Secondly, the OB circuits in [12] have to be tweaked for this 
particular application, to match both the working frequency 
range and the amplitude of interest; and finally, the system 
sensitivity range to the oscillation parameters must be studied 
and analysed. It is proposed herein to obtain the parametric 
curves describing the time evolution of the tissue impedance 
from measurements of the frequency and the amplitude of the 
proposed circuit oscillator. 

 Up today, most impedance measurement approaches 
consider the “excitation” at a given frequency and measure 
the obtained response [13, 14].  Alternatively, the VO 
approach converts the bio-system under test into an oscillator, 
adding some extra external components to force the 
“biological circuit” to oscillate, thus avoiding the use of any 
circuitry for both ac stimuli generation and accurate 
impedance measurements. To apply VO to Zx measurements, 
a positive feedback loop is implemented. It is particularly 
important an accurate prediction of the oscillation parameters 
(frequency and amplitude), either analytically or by means of 
simulations [15], as well as avoiding a dependence of these 



parameters on any active element saturation levels. The 
solution proposes a non-linear element (comparator) within 
the feedback loop to guarantee self-maintaining oscillations 
[16], and a Band-Pass (BP) filter in the loop, as shown in 
Fig.1. There exists an oscillation condition, which has to be 
satisfied. As a consequence, the main oscillation parameters 
are function of the tissue impedance, Zx. 

 In what follows, we will first analyze in section II the 
electrical model proposed for the micro-electrode-tissue 
system and the setup employed for measuring. The system 
blocks will be described and mathematically analyzed in 
section III, demonstrating the correct values for frequency 
and amplitude of oscillations obtained for the proposed test. 
Simulation results will be described in section IV, and finally, 
some conclusions will be summarized in section V. 

Fig. 1: Proposed VO system block diagram. A non-linear element, the 
comparator, and a 2nd-order Band-Pass filter, HBP, with a central frequency, 
fo= 8kHz, are placed within the positive feedback loop to force oscillations.  

II. ELECTRODE-TISSUE ELECTRICAL MODEL

 How relevant is the Electrode-Tissue Electrical Model 
(ETEM) for testing bio-samples is an issue directly related to 
the setup employed [18]. In this paper, it is proposed to 
measure the tissue impedance (brain cortex [17]) with a 
bipolar, or also called, two-wires setup. In this case, the 
electrodes are on the signal path, and the voltage response 
measurement includes the tissue resistance plus the electrode 
response. Since the knowledge of ETEM is required for an 
adequate data extraction, we have considered the model 
proposed in [17] for each electrode, in a two-wires setup (Fig. 
2). In that Figure, Rct is the transfer resistance, CCPE the 
constant phase impedance, Rs the spreading resistance from 
each electrode through the medium up to the working 
electrode, and Zx includes the spreading resistance plus the 
tissue resistance under test. Values employed in the proposed 
analysis correspond to such those given in [17]. Therefore, if 
ZCPE = (2CCPE.sβ)-1, with β = 0.9 then,  
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being: Zx=Rencap+Rbulk (Rencap changes, increasing with time, 
whereas Rbulk is a constant value) CCPE=1.09nF, Rbulk=20kΩ, 
Rct=3.85MΩ, Rencap=0Ω; 200kΩ; 1MΩ. In Fig. 3, it is 

displayed the Bode diagram of the tissue&electrode 
impedance for three different values of Zx (Rencap=0kΩ, 
200kΩ and 1000kΩ) and for β=0.9 and β=1. Indeed, for a 
frequency of 8 kHz (peak frequency for the considered BP 
filter), there exists an important change in the magnitude and 
the phase of the achieved Bode graphics. 

Fig. 2: Elements for the electrode-tissue electrical model: transfer resistance, 
Rct= 3.85MΩ; Constant phase element, CCPE= 1.09nF, β=0,9 and Zx 
impedance, due to spreading resistance (Rs) from each electrode through the 
saline solution or medium, and the tissue contribution. Zx= 20kΩ, initially for 
the case under study).

Fig. 3: Bode diagrams showing the magnitude and phase responses of the 
electrode-tissue model in [17], for, Zx, of 20 kΩ, 220 kΩ and 1020 kΩ.



From curves in Fig. 3, and extracting the appropriate 
information from both cases (β=0.9 and β=1), different 
values of magnitudes and phases in the working frequency for 
each particular Rencap are achieved (Table I). Moreover, this 
result is even more significant for β=0.9. 

Table I: Magnitude and phase of H(s)tissue-electrode  (8kHz). 
 Magnitude Phase 

RENCAP β = 0.9 β = 1.0 β = 0.9 β = 1.0
0 Ω 95.63 dB 88.67 dB -61.19 º -42.26 º

200 kΩ 107.40 dB 106.90 dB -13.02 º - 4.74 º
1 MΩ 120.30 dB 120.20 dB -2.95 º -1.03 º

III. VO IMPLEMENTATION

 Mathematically, the characteristic equation of the system 
in Fig. 1 can be described as: 

1 ( ) ( ) 0N a H s+ =   (2) 

where, N(a)=2Vref/πa is the comparator describing-function 
[15,16] and H(s) is the transfer function of the feedback loop.  

The general BP transfer function will be given by, 
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being ωo*, Q* and k1* the BP filter parameters. The 
corresponding tissue+electrode system transfer function is 
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where, as said above, the parameters (RCT, Zx and CCPE) are 
directly related to the electrode size, technology and 
biological tissue. Then, the global linear function expression 
from Fig. 1 will be given by, 

( ) ( ) ( ) /+= − BP Tissue Electrode inH s H s H s R     (5) 

To force the oscillations, a pair of complex poles of the 
overall system has to be placed on the imaginary axe. The 
way to determine the oscillation conditions (gain, frequency 
and amplitude) is solving equation (2). This is equivalent to 
find the solution of this equation: 
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if we consider β=1 (from the above expression we can 
suppose  that the β parameter only affects to the single pole), 
a first evaluation of the accomplished oscillations can be 
estimated, being the coefficients given by, 
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 There exists an oscillatory solution and, without loss of 
generality, we can affirm that the actual oscillation result (as 
it can be seen in Fig. 3) will be closed to this first 
approximation. Therefore, these main oscillation parameters 
are function of tissue&electrode impedance (Zx) as it will be 
shown in the next section for the frequency and amplitude of 
the oscillations.  

The quality factor of the BP filter, Q*, regulates the 
closed-loop system oscillatory behaviour in Fig. 1. We need a 
trade-off between a well-defined oscillation output and 
enough margin in the oscillation frequency dynamic range. In 
this case, we selected Q=10, because a clear resonance peak 
is attained and, conversely, a suitable slope in the phase curve 
is also obtained which produces a significant change in the 
oscillation frequency for the three values of Zx: 20 kΩ, 220 
kΩ and 1020 kΩ. 

IV. SIMULATION RESULTS

The expected oscillation parameters, fosc and Aosc, are 
function of Zx, as it is represented in Fig. 4 for a platinum 
electrode [17]. These curves were obtained using matlab 
simulations. The fosc increases monotonically in the range [7, 
7.9] kHz, while the Aosc, increases, in the range of [0.03, 0.7] 
V, when tissue impedance Zx increases from 20 kΩ to 1020 
kΩ. Due to the small voltage-level required at Vout, it can be 
considered the secondary output, Vout2, as signal voltage 
output, improving the dynamic range. The obtained 
oscillation frequencies and amplitudes are shown in Fig. 4, 
where it can be observed a correlation with the tissue 
increments: high values of tissue impedance Zx, give large 
oscillation amplitudes and lower oscillation frequencies, 
demonstrating the sensitivity of the proposed system to 
evaluate the actual tissue impedance status.  Fig. 5 (c) 
displays the FFT analysis for the output signal Vout2 for the 
three studied values of Zx. On the other hand, in Fig. 6 it is 
depicted how the Q factor changes the frequency oscillation 
range for the Zx range of interest. For our measurements, we 
have selected Q=10. 



Fig. 4: Oscillation parameter obtained with matlab simulations for Zx tissue 
of 20 kΩ, 220 kΩ and 1020 kΩ, with β=1: (a) Amplitude (Aosc) and (b) 
frequency:  fosc, both measures at Vout2 at circuit in Fig. 1. 

Fig. 5: FFT analysis of the output signals, Vout2, at circuit in Fig. 1 obtained 
from matlab/simulink simulations (for Zx tissue of 20 kΩ, 220 kΩ and 1020 
kΩ). 

Fig. 6: Oscillation frequency:  fosc, versus Zx, for several Q values. It is 
observed how frequency dynamic range increases with lower quality factors. 

V. CONCLUSIONS

 This paper presents an approach to do bio-impedance 
measurements based on an oscillation-based method using 
oscillation parameters as sensing variables. Frequency and 
amplitude of achieved oscillations are function of the tissue 
impedance under test, enabling its real time monitoring to 
supervise its status. We have applied the scheme to the rat 
brain cortex electrical model in [17] and the obtained results 
showed how bioimpedance changes up to 1 MΩ can be 
detected, also increasing the sensor sensitivity for low 
bioimpedance values.  
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