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Abstract: A readout interface circuit for ISFET-based pH sensor with temperature compensation is described. The ROIC, together with our in-house 
developed enhancement-type ISFET could lead to single-chip pH sensor solution, leading to low cost sensor for precision agri- and aqua-culture. Temper
ature coefficient (TCF) cancellation technique has resulted in ISFET temperature dependency of being a negligible O. 2mV JOC over a temperature range 
of OOC to 650 C - close to ideal case of 0 mV JOC. Preliminary results of sub-blocks that were fabricated in earlier runs indicate close resemblance of test 
results to the simulated results hence the conclusion that the silicon is functioning properly. 

Nizkocenovno vezje na cipu za odcitavanje pH vrednosti 

Kjucne besede: ROIC, ISFET senzor, senzorsko vmesno vezje, senzor na enem cipu 

Izvlecek: V prispevku opisemo vmesno citalno vezje (ROIC) za pH senzor na osnovi tranzistorja ISFET. Vezje ROIC skupaj z ISFET tranzistorjem lahko 
pripelje do cenene izvedbe pH senzorja na enem cipu, primernega za siroko uporabo. Temperaturna odvisnost tranzistorja je zanemarljivih 0,2 mV JOC v 
temperaturnem obmocju OOC do 65°C, zahvaljujoc tehniki nicenja temperaturnega koeficienta, TCF. Preliminarne meritve na izdelanih blokih kazejo na 
dobro ujemanje s simuliranimi rezultati. 

1. Introduction 

Advancement in the microelectronics and semiconductor 
technology has led to various research and development 
activities in the field of sensor and electronics interfacing. 
One such area is FET-based pH sensor development, or 
also known as lon-Sensitive Field Effect Transistor (lSFET) 
development. Slight modification of a field effect transistor 
by replacing certain layers with pH sensitive materials such 
as silicon nitride, aluminum and tantalum has resulted in a 
miniaturized FET-based pH sensors (ion-sensitive field-ef
fect transistor, ISFET)/1 /. This also promises the possibil
ity of lab-on-a-chip solution, i.e. integration of sensor and 
the electronics on the same silicon. The end product is 
targeted to be low cost and suitable for field deployment. 

An ISFET sensor is cheap and has good sensitivity char
acteristics. These features, coupled with the fact that it is 
silicon-based, have made these sensors as one of the main 
candidate for single-chip implementation. On top of the 
positive sides of ISFET pH sensor, among the problems 
faced in ISFET pH sensor development is reproducibility, 
stability, drift and temperature dependency /2/. Improve
ments made in each of the problems will, thus, make the 
use of ISFET sensor more appealing. 

Analog readout interface circuit (ROIC) plays an important 
role in acquiring and processing the signal produced by 

ISFET sensor and passing it to a data converter for further 
signal processing. Many research works in the area of IS
FET ROIC design have been reported in open literature 
/3/-/5/. Some of the approaches used as part of the sens
ing mechanisms are bridge type technique /3/, comple
mentary ISFET-MOSFET pair technique /4/ and Constant
Voltage-Constant-Current (CVCC) technique /5/. CVCC 
technique has the advantage in terms of robustness and 
suitability for precision agriculture application. 

In view of precision agriculture application where the sen
sors are placed in a field for a long period, with periodic 
data collection time at a center, temperature effects and 
drifting are some of the issues that need to be handled by 
the ROIC circuit properly. This means, a need for temper
ature sensing and cancelling the effects either atthe ROIC 
stage or at the DSP stage for a true pH reading. The latter 
could be expensive in terms of processing power, leading 
to the solution not being suitable for field deployment where 
power is a concern. To do correction due to temperature 
effects at the ROIC stage, work in /5/, although using 
CVCC technique but it uses resistor temperature sensor. 
Resistor temperature sensor is resistive-based, hence pro
ducing thermal noise. Due to very low signal being read 
from the sensor, the thermal noise generated might hinder 
a single-chip solution hence could potentially increase the 
cost of the sensor solution. Our work solves this problem 
through the use of parasitics bipolar transistor to sense 
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