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Summary: 
In [1], we introduced the alternating current zero potential circuit (AC-ZPC) for two-dimensional resistive 
sensor matrices, where each matrix row is driven by an individual AC signal at a certain frequency, so 
that every column can be read separately. This method enables the simultaneous measurement of all 
sensors in the matrix and dispenses with multiplexers. In this work, a novel calibration method for the 
AC-ZPC for two-dimensional sensor matrices is proposed, where the measurement deviation caused 
by the used operational amplifiers has been eliminated. A measurement accuracy improvement has 
been thereby realized. This novel calibration strategy has been carried out by simulation for matrices of 
impedimetric sensors composed of one resistor in parallel to one capacitor. The achieved measurement 
accuracy regarding the capacitors is in the pico-farad range and is for the parallel resistors in the kilo-
Ohm range.  
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Background, Motivation an Objective 
The AC-ZPC method was proposed to overcome 
the crosstalk effect [1] in the two-dimensional 
sensor matrices. It has been proved to be very 
accurate for resistive sensor matrices. Its poten-
tial for impedimetric units has been also demon-
strated [2].  

As reported in [2], one of the measurement devi-
ation sources in the AC-ZPC method is the out-
put impedance of the voltage source connected 
to each matrix row. This effect was solved in [2]. 
An un-solved source of deviations is the non-
ideal properties of the used operational amplifi-
ers [1, 2]. These result in an unsatisfactory devi-
ation for impedimetric targets like the RC parallel 
pairs indicated in Table. 1. Especially the meas-
urement results regarding capacitor values in the 
pico-farad range are worse than for parallel re-
sistors in the kilo-Ohm range. This range is im-
portant for nanocomposite pressure [3] and 
strain sensors [4, 5] as well as temperature sen-
sors [6].  

In this work, a new calibration approach is pro-
posed for correcting the deviations resulting from 
the non-ideal operational amplifiers, when the 
output impedance value of the row signal source 
can be ignored.  

Calibration method 
For matrices of M rows and N columns, when the 
voltage follower (s. Fig. 1) has been used for 
each voltage source 𝑉𝑉𝑠𝑠,𝑖𝑖 for the 𝑖𝑖𝑡𝑡ℎ row, its output 
impedance can be within 0.1 Ω range, i.e., such 
small value can be ignored. Then the read-out 
voltage by the 𝑗𝑗𝑡𝑡ℎ  column operational amplifier 

 
Fig. 1. The AC-ZPC method for 2D sensor matri-
ces of M rows and N columns. 

Table. 1. RC parallel pairs simulating the Impedimetric pressure sensor. 
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targeting the sensor on the 𝑖𝑖𝑡𝑡ℎ  row 𝑍𝑍𝑖𝑖𝑖𝑖  can be 
calculated as follows. 

𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖 {1 −
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= −𝑍𝑍𝑟𝑟𝑟𝑟𝑟𝑟,𝑖𝑖
𝑉𝑉𝑠𝑠,𝑖𝑖
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𝐴𝐴 𝑖𝑖  and 𝑍𝑍𝑎𝑎𝑎𝑎𝑎𝑎,𝑖𝑖 are the finite gain factor and the 
input impedance of this op-amp, respectively. 
𝑍𝑍𝑎𝑎𝑖𝑖 marks the other sensors connected to the 
same column but in different rows.  

Based on this equation, we propose a new cali-
bration method, where one extra row of given im-
pedance value 𝑍𝑍𝑔𝑔𝑖𝑖𝑔𝑔𝑟𝑟𝑔𝑔 is inserted into the sensor 
matrix: In the first phase, 𝑉𝑉𝑠𝑠,𝑖𝑖 is connected to the 
𝑖𝑖𝑡𝑡ℎ row and the extra row is grounded. The re-
sulting readout value by the 𝑗𝑗𝑡𝑡ℎ column is named 
as  𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖

𝑖𝑖  here; In the second phase, 𝑉𝑉𝑠𝑠 ,𝑖𝑖  is 
switched to the extra row, while the 𝑖𝑖𝑡𝑡ℎ  row is 
grounded. The resulting readout data by the 
same column is defined as 𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖

𝑟𝑟𝑒𝑒𝑡𝑡𝑟𝑟𝑎𝑎 . Both 𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖
𝑖𝑖  

and  𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖
𝑟𝑟𝑒𝑒𝑡𝑡𝑟𝑟𝑎𝑎  can be expressed using the same 

equation (s. above), then the expression of the 
targeted sensor can be recalculated. 

𝑍𝑍𝑖𝑖𝑖𝑖 = 𝑍𝑍𝑔𝑔𝑖𝑖𝑔𝑔𝑟𝑟𝑔𝑔
𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡,𝑖𝑖
𝑟𝑟𝑒𝑒𝑡𝑡𝑟𝑟𝑎𝑎

𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡 ,𝑖𝑖
𝑖𝑖  

Hence, the unexpected deviation sources like 𝐴𝐴 𝑖𝑖, 
𝑍𝑍𝑎𝑎𝑎𝑎𝑎𝑎,𝑖𝑖 and 𝑍𝑍𝑎𝑎𝑖𝑖 have been calibrated out, and the 
measurement results regarding 𝑍𝑍𝑖𝑖𝑖𝑖  can be im-
proved. 

Results 
The proposed calibration method has been sim-
ulated in LTspice for a 4*4 sensor matrix, where 
the targeted sensor 𝑍𝑍11  varies as the values 

listed in Table. 1, and the other 15 sensors are 
RC pairs of 1.9 𝑘𝑘Ω ||361.7 𝑝𝑝𝑝𝑝  simulating the 
worse crosstalk effect. When the calibration 
method is carried out, an extra row of given RC 
pairs (1.9 𝑘𝑘Ω ||361.7 𝑝𝑝𝑝𝑝) is added to this 4*4 ma-
trix, to keep the consistency with other un-tar-
geted sensors. The excitation signal for each row 
is a single sine wave having a frequency of 7 kHz, 
11 kHz, 17 kHz and 23 kHz, respectively. Differ-
ent voltage source impedance 𝑍𝑍𝑟𝑟,𝑖𝑖 has been also 
considered in the simulation.  

As indicated in Fig. 3 and 4, the proposed cali-
bration method performs always better than the 
non-calibrated one, facing different 𝑍𝑍𝑟𝑟,𝑖𝑖  values. 
In comparison to the original AC-ZPC method 
(the blue/red/yellow curves), the novel calibra-
tion method (the black/magenta/cyan curves) 
narrows the resistance measurement deviation 
within ±0.1% range and suppresses the capaci-
tance measurement deviation from more than 
−3% to less than 1%. 
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Fig. 3. Resistance and Capacitance deviation of the AC-ZPC method with/without calibrations. 
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