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Abstract 

The measurement of pH is fundamental to numerous 

industries and professions, from quality control in food 

preparation to determining the health of soil for farming. 

This paper aims to explore the feasibility of two novel 

improvements to the standard pH sensor by incorporating 

new MEMS technology. Essentially the proposed 

improvements are to merge the technological advancements 

that have been made in micro-fluidics due to the production 

of MEMS based inkjet printers and the disposable 

electrodes that are employed by blood glucose sensors. 

These improvements seem to solve the major issues of 

calibration and electrode degradation faced by the current 

pH sensors on the market.  

Introduction 

There are currently three different methods of 

measuring the pH of a solution: using litmus papers or other 

color changing compounds, using a glass electrode and a 

reference electrode sensor and using an Ion Selective Field 

Effect Transistor (ISFET). The standard litmus test is useful 

if a very broad pH range is needed and is commonly used to 

ensure that the pH levels of a pool fall into an acceptable 

range. The test relies on additives to the solution changing 

color based on the pH of the solution. The degree of the 

color change is then correlated to a color scale that gives a 

range of possible pH’s as shown in figure 1. The 

measurement obtained by this method is usually not very 

accurate and provides a broad range of pH’s where the 

additives color transitions from one state to another. 

Additionally the changing color compounds are limited to 

one transition point on the pH scale meaning that you have 

to run multiple tests on the solution with different color 

changing compounds.  

 

 
Figure 1.  A common pool pH testing kit that uses the color 

change of phenol red to give a broad pH range of the solution 

tested1. 

The other commercially available way of measuring pH 

is by using a combination of a reference electrode and a 

specially formulated glass electrode as shown in figures 2-4 

the pH of a solution is able to be accurately measured under 

certain controlled conditions due to the different charges 

generated on the two electrodes due to the different ion 

concentrations in the two systems.  

 

 
Figure 2.  Glass bulb pH measurement electrode2. 

 

 

        

 
Figure 3.  Glass bulb pH reference electrode2. 



This way of measuring pH has numerous different 

drawbacks in that it is very sensitive to temperature, the 

glass electrode is very fragile, the electrode eventually will 

degrade to the point where it is unusable, the measurement 

electrode needs to be carefully calibrated with known pH 

solutions, the electrodes need to be properly stored in a 

buffer solution and the size of the probes are on the order of 

centimeters and thus require a large amount of the test 

solution in order to properly function.  

In order to solved these numerous different draw backs 

and difficulties of working with these glass electrode based 

pH sensors researchers have been developing Ion Sensitive 

Field Effect Transistor (ISFET) pH sensors that show a lot 

of potential as extremely robust sensors that could also be 

manufactured cheaply and quickly. The theory and operation 

of ISFET’s are detailed in the following section.  

Theory 

An ISFET operates on the same electrical principal as a 

MOSFET but instead of having a metal gate that an electric 

charge induces current flow between the source and drain a 

reference electrode immersed in a chemical solution is used 

as the gate as shown in figure 4. If the ISFET is created 

correctly and the reference electrode chosen correctly then 

the chemical pH of the solution the ISFET is immersed in 

will generate an electric potential on the gate and induce a 

current flow between the source and drain in proportion to 

the pH. This current is then amplified and measured to give 

a reading of the pH of the solution.  

 

 

 
Figure 4.  Schematic representation of an ISFET as compared to a 

MOSFET from Bergveld4. 

 

As shown by Bausells, et al
3
, it is possible to integrate 

the ISFET pH sensing components and the amplifying 

circuit into a single chip using standard CMOS processes as 

shown in figure 5 and 6. Two ISFETS are employed in this 

paper in order that differential sensing of the current 

between and ISFET that insensitive to pH change and one 

that is sensitive to it as to eliminate common sources of error 

and focus on only the  current that is produced by the pH of 

the solution the sensor is immersed in.  

 

 
Figure 5.  Picture of a MEMS pH sensitive ISFET produced by 

following the process in Bausells3  

 

The advantages of having an ISFET pH sensor that is 

produced by a standard MEMS foundry are that these 

sensors are able to be made cheaply and quickly from these 

foundries, uses common techniques to other MEMS devices 

and as the authors show in the paper any other standard 

MEMS structure that uses these processes can be produced 

on the same wafer of silicon. The easy manufacturability of 

these sensors and ability to add other standard MEMS 

sensors leads directly into the proposed improvements to a 

MEMS based pH sensor.  

 

                             

 

 
Figure 6. Common MEMS foundry layout schematics for an 

ISFET pH sensor from Bausells et al3. 

 



Two other theoretical concepts that need to be 

discussed before discussing the feasibility of the proposed 

improvements are the technology behind ink-jet printers and 

the technology behind strip based blood glucose meters. Ink-

jets printers use a cartridge and a print head to disperse 

small droplets of ink onto a page at precise spots to produce 

an image. The cartridges serve as reservoirs that a tiny pump 

on the head of the ink cartridge pumps minute amounts of 

ink from and deposits in on the page. This pump as shown in 

figure 7 can be produced on a MEMS scale according to the 

paper produced by Menzel et al
5
.  The pump detailed in this 

paper uses a piezoelectric material that when a voltage is 

applied to it expands and pumps ink out of a chamber that 

the piezoelectric material has been bonded to. Numerous 

different MEMS based print heads have been implemented 

and are being produced currently so this technology is quite 

mature. Additionally these pumps are able to accurately 

disperse very small amounts of fluids.  

 

 

 
Figure 7. MEMS based inkjet printer nozzle pump schematic and 

pictures of actual production5.  

 

The other technology that needs to be discussed before 

detailing the proposed pH sensor is that of strip based blood 

glucose meters as shown in figure 9. These strips come pre-

coated with enzymes that when exposed to blood and 

inserted into a testing device produce a current that is then 

interpreted by the device to give a reading of the 

concentration of glucose in the blood stream. The strips are 

single use and are thrown away as after they are used, the 

commonly cost around twenty to fifty cents.  

 

                       

 
Figure 8. Disposable blood glucose testing strips showing 

circuitry6.  

 

Now that we have briefly detailed the theoretical 

concepts behind the technologies that are the basis of the 

proposed improvement let’s examine the proposal in greater 

detail.  

Proposed MEMS pH Sensor 

The improvements proposed for this feasibility study 

are to create a strip based ISFET that is able to be easily 

changed out as the electrodes on it degrade and to use a 

series of micro fluidic pumps to pump small quantities of 

reference solutions over the ISFET in order to calibrate it. A 

schematic layout of the proposed system is shown in figure 

9. The benefits of this proposed solution are that instead of 

the lengthy time it takes to calibrate a glass bulb pH sensor 

you would merely have to issue commands to the MEMS 

based sensor to pump the reference acids over the ISFET 

and obtain your calibration readings in seconds. Then in 

order to take a reading from the calibrated ISFET sensor the 

device would pump out some of the solution under test over 

the ISFET and measure the voltage that it produces on it due 

the solutions pH. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9. Schematic of proposed MEMS based ISFET pH sensor.  

 

The other main benefits of this proposed pH sensor are 

that it handles the degradation of the electrodes on the 

ISFET by making it extremely easy to swap out the ISFET 

by having it on a disposable strip that is easy to replace. The 

strip would also be composed of an acid resistant plastic that 

has gold plated wires running to a very small MEMS based 

silicon ISFET based ph sensor. The majority of the 

components on the strip would be very resistant to most 

acids and would ideally have a long life span so unlike the 

blood glucose test strips the ISFET strips would not need to 
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be replaced every time the sensor is used but depending on 

the frequency of the use and the strength of the acids being 

tested each strip may last up to a year. The other key 

advantage of this proposed sensor is that it enables you to 

test the pH of very minute quantities of fluids quickly and 

easily. The glass bulb sensor limits you to pretty large 

amounts of fluid and this sensor would be able to test very 

minute quantities of fluids.  

Further Exploration and Feasibility  
Possible further expansion of this MEMS based sensor 

could be done by incorporating a standard MUMPS based 

temperature sensor to measure the temperature of the 

solution as it passes over the ISFET. pH sensors show some 

variability with temperature and the addition of this 

temperature sensor could help account for this change. Also 

another avenue of improvement to this design could be to 

have the reference fluids and MEMS based pumps stored on 

the strip such that you don’t have to worry about your 

cartridge running dry since each time the ISFET strip is 

replaced the stock of reference solutions would also be 

replaced. These two improvements would increase the 

complexity and cost of the ISFET based strips and might not 

be feasible with the current MEMS fabrication capabilities.  

Additionally if the cost of the strip is too high it could 

be simplified even further by instead of having the signal 

amplification circuitry fabricated into the strip one could 

design the sensor such that the circuitry is incorporated into 

the measuring device. This way the strip could be composed 

of only the ISFET itself. This means that the MEMS foundry 

would only have to produce a wafer containing the ISFET 

circuit repeated as many times as will fit on the wafer which 

will cut down on the cost of the individual strip. This would 

make the packaging of each of the strips more difficult since 

the individual components would be smaller and have to 

align with the electrical contacts of the measuring device 

and with the output nozzles of the micro-fluidic pumps.  

 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Functional diagram of miniaturized wireless pH 

sensor using proposed improvements and common MUMPs based 

MEMS designs.   

 

Finally one other possible improvement that could be 

made would be to miniaturize the sensor as much as possible 

and have it wirelessly transmit the data that it acquires on 

pH to a base station as outlined in figure 10. This would 

mean that the sensor would need some energy storage or 

generation device on it in addition to some wireless 

capabilities such that it is able to transmit its readings back 

to a base station for analysis and logging. This sensor would 

ideally be able to be left in place and continuously monitor 

the pH of its environment.  
 

Summary 
So in conclusion it appears that by combining a 

cartridge that stores the different types of acids needed for 

calibration and storage of a pH sensor with micro fluidic 

MEMS based pumps to move the solutions over a strip 

based ISFET pH sensor you in theory will be able to solve 

some of the issues facing commercially available pH 

sensors. This in turn will create a viable sensor that will be 

able to be miniaturized and used to test minute quantities of 

fluids quickly and easily. This paper also outlined other 

possible additional improvements that need to be further 

tested for their real world feasibility. Overall though the 

research of the Author has yet to find anything that shows 

these proposed improvements to be impossible.  

References 
1. Pool pH test kit available from: 

<http://www.outdoorpros.com/Prod/Jed-Pool-Tools-

481-Standard-Dual-Test-Kit/81578/Cat/1704> 

2. How pH sensors work, 

<http://www.sensorland.com/HowPage037.html>  

3. J. Bausells, J. Carrabina, A. Errachid , A. Merlos, " Ion-

sensitive field-effect transistors fabricated in a 

commercial CMOS technology ", Sensors and 

Actuators B 57 (1999) 56–62. 

4. P. Bergveld, " Thirty years of ISFETOLOGY, What 

happened in the past 30 years and what may happen in 

the next 30 years", Sensors and Actuators B 88 (2003) 

1–20 

5. Chris Menzel, Andreas Bibl and Paul Hoisington – Spectra™, 

Inc. “MEMS Solutions for Precision Micro-Fluidic 

Dispensing Application” 

<https://www.fujifilmusa.com/shared/bin/MEMS_Solutions_

Web.pdf> 

6. Wikipedia’s Blood glucose meter article 

<http://en.wikipedia.org/wiki/Glucose_meter> 

Energy 

source or 

harvester 

Pumps & 

ISFET  

Amplifier 

and signal 

conditioning 

Reference 

Solutions 

Wireless 

Transmitter  

Wireless 

Receiver  

pH logger / 

display  

http://www.outdoorpros.com/Prod/Jed-Pool-Tools-481-Standard-Dual-Test-Kit/81578/Cat/1704
http://www.outdoorpros.com/Prod/Jed-Pool-Tools-481-Standard-Dual-Test-Kit/81578/Cat/1704
http://www.sensorland.com/HowPage037.html

