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Abstract: This article details liquid level sensing utilizing interdigitated electrodes topology fabricated using 
CMOS process steps. Layer of silicon strip with multiple electrodes is employed for characterization of different 
liquids based on the principle of capacitance change and thereby relative dielectric constant. Optimization of 
oxide thickness is carried out to minimize substrate capacitance effect. Fabricated strip is assembled, packaged 
and integrated with electronic circuitry. This handy device can be employed to characterize various liquids along 
with level sensing of the storage tank with electronic display. Various liquid levels are characterized by 
employing the proposed structure. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 

Liquid level sensing finds numerous applications 
ranging from domestic usage to food industry, space, 
defense etc. Level determination with precision 
ensures uninterrupted and efficient usage of the 
system along with management of storage. 
Conventional liquid level measurements utilizes 
measurement of various physical properties of liquid 
like fluidity, hydrostatic pressure, weight, thermal 
conductivity, light etc. Various types of level sensors 
have been developed based on various techniques 
like hydrostsic pressure, spherical float capacitance 
measurement, variation of resistance, travel time of 
ultrasonic waves, capacitance measurement, acoustic 
energy absorption, hall effect etc. [1]. Liquid level 
measurement utilizing capacitance measurement is 
the simpler and reliable technique. Further it can be 
used for the measurement of liquid-level in a tank. 

The principle is based on the measurement of 
capacitance between two conducting strips separated 
by distance and the absolute value depends on the 
permittivity and distance between the plates. Ferry N. 
Toth et al [2] proposed planar electrode structure, 
resolution of about 0.1 mm with 0.2 seconds 
measuring time and uncertainty of 1 mm over 4 m 
and has been used for leak detection with rates of 0.4 
l/hr. Abdulgader Hwill et al [3] have devised a 
single-rod with multiple coils in linear array each coil 
surrounding an electrode. Syed Faisal Ahamed 
Bukhari et al [4] have devised high sensitivity 
electrical capacitance tomography system consisting 
multiple number of sensor electrodes to measure 
impedance, phase and delay. Alexandel et al [5] have 
devised a radio frequency technique to provide mass 
of LPG in a tank. The method uses 3 RF Capacitive 
sensors for mass measurement. W. Yin et al [6] 
employed inductive sensor using two coils of 
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different size to infer conductivity and level detection 
based on simplified model deduced from an 
analytical solution. The error in determination of 
liquid level was 2 % and for conductivity, it was 
found to be 3 %. For Liquid level measurement in a 
non-metallic tank Bera et al [7] suggest a conducting 
disc kept at bottom of the gauge glass tube and using 
it as one of the electrode of the capacitor. D. P. 
Seliskar et al [8] have used the charge-transfer based 
capacitance transducer by milling appropriately 
shaped cavities in a non-conductive bulk material 

(Nylon 6/12, tr ⋍ 3.6) which are filled with 
electrically conductive epoxy. To measure flow rate 
Cheng-Ta Chiang et al [9, 10] considered Semi 
cylindrical capacitive sensor. This article presents 
CMOS based interdigital capacitor for liquid level 
sensing which is based on measurement of change in 
capacitance due to change in permittivity. The 
realized sensor has low power consumption, 
operation at low voltage (about 5 V) and has low 
weight. 

This article describes a simple liquid level 
measurement technique by utilizing capacitance 
variation employing interdigital topology. The width 
and spacing is kept 3 µm utilizing CMOS process 
steps which eventually leads for compact and higher 
resolution structure. The sensor is found to be 
accurate with error of around 1 %. Fabrication detail, 
packaging aspects, complete electronic circuitry 
along with characterization results are detailed in this 
article. 
 
 

2. Sensor Selection 
 

Interdigital capacitor is chosen as a basic element 
of level sensing due to ease of fabrication and 
assembly. A single die (Fig. 1) of interdigital 
capacitor having width and spacing of 3 µm, length 
of 930 µm and 156 fingers (78 fingers each side ) 
provides nominal capacitance of 2.5 pF at RF 
frequency. Studies carried out of this sensor having 
capacitance variation with different liquid media and 
at different column height facilitate to make an array 
for measuring liquid column. Wafer strip with the 
length of 97 mm having sixty four sensors are 
arranged as an array with the gap of 570 µ between 
each sensor is mounted on a PCB along with 
processing electronics.  
 

 
 

Fig. 1. Schematic of a Single die. 

The length of the strip (97 mm) can only be 
achieved on 6” wafer. The gap 570 µ decides the 
resolution as per foundry limitation and as shown in 
Fig. 2. 
 
 

 
 

Fig. 2. Schematic of a Strip from wafer. 
 
 

As the interdigital capacitor requires only one 
level of metallization layer, number of process steps 
is less compared to parallel plate capacitor. The 
capacitance between the two fingers is defined by the 
fringing field between them and the total capacitance 
of the structure is sum of the fringing capacitance of 
all the fingers. In addition to aerial fringing field, a 
field through underlying dielectric will also exist. 
This is successfully overcome by employing thick  
oxide layer. 

 
 

3. Fabrication Aspects 
 

N-type (1 0 0) silicon is taken as starting wafer. 
Performance of sensor is independent of the type of 
wafer. Total 4 steps are carried out for processing 
followed by characterization. The 150 mm Si wafer 
of 675 µm thickness is first cleaned for removal of 
organic and inorganic impurities. Afterwards  
50,000 Å oxide is deposited using PECVD (TEOS 
chemistry). The wafer coated with undoped SiO2 
layer of 5 μm thick by pyrolysis of tetraethoxysilone 
[Si(OC2H4)4] using PECVD process at 300 oC. 
Thickness is optimized after multiple iterations and 
found out to be suitable as substrate capacitance 
contribution is around 0.01 pF only. In order to 

 F
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prevent cracking of SiO2, a thin layer of Si3N4 was 
deposited. Oxide coating having thickness of 50,000 
Å was chosen as dielectric layer in sensor. This 
thickness is chosen as it shows minimal variation in 
capacitance resulting due to bulk region. 

This is followed by the 2 µm aluminum 
deposition and lithographic patterning as shown in 

Fig. 3. Photoresist coating of 2.1 μm is optimized for 
2 μm thick metal resulting in better line definition. 
Afterwards metal etching is carried out with gas 
precursor Cℓ2 + SiCℓ4 + Ar + N2 with electrode 
temperature of 65 oC for 20 minutes followed by 
plasma ashing in Oxygen plasma asher along with 
standard wet Piranha cleaning. 

 
 

       
 

Fig. 3. Cross section and flow chart of realized liquid level sensor. 
 

 
Overall dimensions of the realized strip are shown  
in Table 1. 

 
 

Table 1. Overall dimensions of the realized strip. 
 

 Dimensions 
Overall Height 1500 µm 
Overall Width 1900 µm 
Active area height 930 µm 
Finger width 3 µm 
Spacing between fingers 3 µm 
Number of Fingers 156 

 
 

The maximum size of the square that could be 
achieved in the 150 mm wafer (6” wafer) is  
106 (150/√2) mm. In this width, total 64 dies each 
having width of 1.9 mm and height of 1.5 mm is 
accommodated as shown in Fig. 4. 

Sensor array consist of 64 dies which is placed on 
PCB made out of FR4 material using silver epoxy 
and wire bonding is carried out. In order to prevent 
loss of signal from the sensor, the charge to Voltage 

converter, CAV424 is placed right behind the PCB. 
The components, tracks on rear side and front portion 
of the PCB except for sensor is moulded using 
RTV691. The sensor card is initially coated with 
Primer G-790 and then moulded with RTV691 as 
shown in Fig. 5. 
 
 

 
 
Fig. 4. Strip arrangement in 6” wafer Sensor Packaging. 
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Fig. 5. Assembled strip along with electronics on the PCB. 
 
 

4. Electronic Assembly and Experimental 
Results 

 
Processing and Control circuit in designed in PCB 

which calculates the height and displays it. For an 
capacitor with electrode partially in a liquid medium 
and partially in air the height of liquid column is  
given by 

 	 	–	ℓ 	 ℓ		–	 	 , 

 
where d  is the distance between plates, εm  is the 
dielectric constant, εo  is the dielectric constant of 
vacuum, x is the height of liquid column,  
Ca is the capacitance due to air  
 Ca	 	 ε ε ε ε ℓh

 

 
The strip measuring 97 mm with 64 MEMS 

capacitors (sensor) is connected to two numbers of  
32 to 1 multiplexers (IC ADG 732) whose output is 
connected to CAV 424. Each terminal of multiplexer 
is connected to one terminal, each of the sensor using 
64 x 2 connector and other end of all sensors are 
grounded. Once the 32 level is reached, then the 
other multiplexer is selected for the next level of 
polling 33-64. Multiplexers and capacitance to 
voltage converters are mounted on one side of the 
PCB while the sensor is assembled on the other side 
of the PCB. The ADG 732 selects (polling), one of 
32 in pulse (S1 to S32) to a common output D as 
determined by 5 bit binary address line A0, A1, A2, 
A3 & A4. Once the 32 level is reached, then the other 
multiplexer is selected for the next level of polling 
33-64. Each of the multiplexer output is connected to 
CAV 424. Multiplexers and capacitance to voltage 
converters are mounted on one side of the PCB while 
the sensor is assembled on the other side of the PCB. 
Complete capacitance readout, processing and 
control circuit is depicted in Fig. 6. 

Fabricated sensor assembly (Figs. 7, 8) is 
connected to the instrumentation through 10 pin 
connectors where LCD display indicates height of the 
liquid level. Liquid level measurement is carried out 
up to 100 mm by dipping the sensor assembly in 
various liquids. Studies were carried out with various 
liquids; viz. Acetone (C3H6O), Demineralized water, 
diesel, Isopropyl alcohol (C3H8O), Industrial 
kerosene and Turbine fuel Liquid as shown in Fig. 9. 
The plots show hysteresis of 0.7 %. Maximum error 
and sensitivity values were calculated and it was  
1.2 % and 1 % respectively. The method is not 
suitable for non-polar liquids unless methods to 
induce polarization are adopted. 

 
 

 
 

Fig. 6. Readout ,processing and control circuit. 
 
 

 
 

Fig. 7. Experimental set up. 
 
 

 
 

Fig. 8. 8 sensor bits of 64 sensor array. 
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Fig. 9. Read out of instrument at various heights. 
 
 

5. Alternative with Lower Resolution 
 

Prior to realization of MEMS based sensor, as 
proof of concept a comb structure on a copper 
laminated fibre reinforced epoxy board (FR4) was 
made using PCB fabrication process. The electrode 
separation distance of 100 µm and electrode length of 
75 µm was realized over a length of 100 mm. Liquid 
level measurement is carried out up to 100 mm by 
dipping the fabricated PCB in various liquids. The 
capacitance was measured using LCR meter (HP 
4274A). Studies were carried out with various 
liquids; viz. Acetone (C3H6O), Castor oil, 
demineralized water, Dichloromethane (CH2Cℓ2), 
diesel, Groundnut oil, Isopropyl alcohol (C3H8O), 
Liquid nitrogen and Petrol as shown in Fig 6. An 
excitation voltage of 1 volt at frequency of 100 KHz 
and at 1 MHz was applied in discrete steps of 10 
KHz. The plots show hysteresis of 2 %. Maximum 
error and sensitivity values were calculated and it 
was 2.8 % and 5 % respectively. A result plotted is 
shown in Fig. 10. The method was found suitable for 
the both polar and non-polar liquids. 

 
 

 
 
Fig. 10. Capacitance values at various heights with PCB. 

6. Discussions and Conclusions 
 

CMOS based process is demonstrated to realize 
interdigital array of electrodes for capacitive liquid 
level sensing. The resolution of the proposed 
assembly is far better than conventional one by 
employing CMOS process steps. This resolution can 
further be increased by utilizing new mask with latest 
lithographic techniques. The realized sensor along 
with electronic display is successfully demonstrated 
for finding out various liquid levels. Parasitic 
capacitance effect is eliminated by employing thick 
oxide layer using PECVD process. The proposed 
technique makes device capacitance independent of 
substrate effect. The sensor can further be used for 
characterization of the liquid utilizing the simple 
concept of capacitance variation with the varying 
permittivity of the medium. An array of sensors can 
be arranged for finding out deeper level or bigger 
wafer can be used to measure lower depths. This 
assembly is low cost, simple and has potential to be 
explored for inflammable liquid detection by 
changing packaging. 
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