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Abstract- Micro controller based chemical sensor is a low energy consuming device which can be utilized for the detection 
of chemical levels. The device will be battery powered and it includes a magnetic reed switch to engage battery power. 
Device is built on the Energy friendly microcontroller unit. This Energy Saving Sensor is used for oceanographic 
applications. Hence the device will be setup prior to deployment and the stored readings will be retrieved via a data cable 
that will be connected once the sensor is out of the water. The sensor will be deployed with a diver and expected to be used 
in 8 hour intervals. The sensor has a digital and signal detection circuitry. The detection of chemical sensor data which will 
use a phase locked loop with a Vco feedback and is estimated by comparing the current phase acquired with the initial phase 
which we get from the sensor. This device can be utilized to calculate results from the sensor and the detection of this 
chemical amount are demonstrated in the memory estimating the number of bytes per measurement. Each measurement of 
the chemical amount is taken for every 10 seconds. The configuration is applicable to a wide range of chemical sensing 
applications. 
 
Keywords- Chemical Sensor, Phase Locked Loop, Energy Friendly Microcontroller, Energy Saving Sensor, Vco Feedback. 
 
I.  INTRODUCTION 
 
Phase-locked loops are widely used to to generate a 
stable frequency at multiples of an input frequency by 
the process of frequency synthesis. This technique is 
widely used in many applications. Because of their 
low-cost, low-power consumption, reliability and 
since a single  integrated  circuit can provide a 
complete phase-locked-loop building block, it has 
made an major impact on the building of chemical 
sensing platforms. The principle of phase locked loop 
with a Vco feedback can be utilized for the detection 
of chemical levels. The determination of chemical 
levels in the oceans by the chemical sensor is very 
much required as it is the major cause of ocean 
acidification. The average pH of today's surface 
waters is 8.1. If the chemical amounts continue to be 
released on current trends, ocean average pH will 
reach 7.8 by the end of this century, corresponding to 
ocean acidification. Because a low pH value will lead 
to more acidity. For this reason it is required to 
estimate the amount of chemical concentration to 
maintain an average pH value. Hence the low energy 
consuming chemical sensing platform is built with an 
energy friendly microcontroller. The energy friendly 
microcontroller is designed in such a way that it 
operates different energy modes. It works in different 
energy modes utilizing very low power conditions. 
With a unique combination of the low energy 
techniques and short wake-up time from energy 
saving modes, and a wide selection of peripherals, the 
microcontroller is well suited for any battery operated 
application, as well as other systems requiring high 
performance and low-energy consumption like the 
chemical sensing platform. The detection of chemical 
sensor data which will use a phase lock loop with a 
VCO feedback. It is estimated by comparing the 

current phase acquired with the initial phase which 
we get from the chemical sensor. 
 
II. SYSTEM DESCRIPTION 
 
The chemical sensor device system mainly consists of 
the digital and signal detection circuitry. The data 
received from the chemical sensor i.e. date, time, 
board, on-chip temperature and the battery voltage 
are collected and analyzed. Also the chemical amount 
which is obtained from the phase to frequency 
calculations and later on from frequency to chemical 
calculations is collected. 
 
A.  Sensing Protocol 
The detection of chemical sensor data which will use 
a phase lock loop with a VCO feedback is estimated 
by comparing the current phase acquired with the 
initial phase which we get from the sensor. Initially 
the phase match, phase acquisition error and the 
corresponding output values for the digital to analog 
convertor are all at zero values. If a phase match is 
acquired without any error during the reading of 
chemical sensor than this phase reading is taken and 
the chemical amount is calculated.  
 
The data acquired from the Backup real time clock 
will update the log with the date and time values. The 
temperature sensor data from the ADC and the phase 
acquisition data from the phase channel are updated 
in the data log. The ADC for battery sensor readings 
primarily initialize the time base for a proper pre-
scalar value. The digital values obtained from the 
ADC of the battery sensor are read and updated in the 
data log. The sensor with all the data acquired from 
date and time channels, chemical and temperature 
channels is updated every 8 hours. The critical 
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parameters like the calendar, time, temperature and 
chemical channel data are sent through the LEUART 
link. The calculated value of chemical through the 
parameters, sensor reading values and end of the loop 
parameters are also sent through this LEUART link. 
 
B. Sensor design 
The device will be battery powered and include a 
magnetic reed switch to engage battery power. The 
battery will be rechargeable and since the analog 
circuitry is not expected to have too high a demand, 
multiple coin cells might do the job. Lithium battery 
should not be used, which leaves Nickel-Zinc as the 
most likely candidate (as of now). There will be one 
Chemical channel and one temperature channel. The 
dynamic range is still to be determined. The sensor 
detection will use a phase lock loop with a VCO 
feedback. The voltage value reported would be 
tailored to match the A-to-D of the CPU or a separate 
A-to-D may be used, if higher resolution is needed. 
The temperature sensor will include a simple 
Wheatstone bridge the output of which is tailored to 
match the A-to- A real time clock should be included 
to time stamp the chemical and temperature data. Use 
of an RS232 interface and correspondingly 
development of GUI are anticipated as well. 
 
C.  Microcontroller unit 
The energy friendly microcontroller unit is utilized 
for the development of the chemical sensing platform 
.It has a low power consumption of 15mA during 
active mode and 0.8uA during sleep mode ( 5 or 10 
sec minus active mode duration) The 48MHz 
processing speed of the microcontroller is utilized to 
minimize active mode duration. Low Power Pulse 
Counter can be used to measure the PLL output 
frequency. The Timer to generate reference frequency 
is an input signal to Vco And the DAC will provide 
frequency control signal input to Vco. The analog to 
digital convertor is used to sample the PLL filter 
output signal .The SerialPort interface for transfer of 
captured measurements to host PC. 
 
D.  Real-time requirements 
The Chemical sensor has to make a measurement 
every TBD (e.g.10) seconds. However, in order to 
ensure that a single recharge of TBD (e.g. 600) mAh 
battery lasts for maximum no. of days, the micro-
controller has to operate with minimum duty cycle 
possible. Hence, all the functions that form part of the 
main loop should be finished within TBD (e.g. 1) 
second and the micro-controller should go into 
idle/sleep mode, which is excited with the trigger 
from real time clock. The real-time allocation for 
individual functions has to be done. 
 
E. Memory requirements 
The selected micro-controller has 128kB of RAM 
(for data memory) and 1024kB of flash (for program 
memory and non-volatile storage). Firmware coding 

must ensure that the above memory limits are not 
exceeded while leaving at least 25% of the resources 
for future expansion. The flash memory is organized 
as 4096-byte pages. 
 
E. Temperature channel 
In this channel the analog to digital convertor is 
utilized for temperature channel readings where the 
readings are taken at a single point from an external 
reference. The ADC for temperature sensor readings 
it primarily initialized the time bases for a proper pre-
scalar value and later the setting of the input of 
Temperature sensor is done.  
 
Finally the ADC Conversion is done where the 
samples are converted from analog to digital these 
digital values of the temperature are read and the 
values are taken into the data log. 
 
F. Data and time channel 
To get the date and time values the real time clock 
initialization is done .The time values are initialized 
with the Unix time number. The calendar is 
initialized and the current time is estimated from that 
standard value.  
 
The backup calendar values are stored in the retention 
registers. These values are updated in the data log and 
later readings are taken from the sensor. 

 

 
Fig. 1. GetDateAndTime ( ) 

 
This channel is used for the detection of chemical 
sensor data which will use a phase lock loop with a 
VCO feedback. The chemical data is estimated by 
comparing with the phase acquired that is the current 
phase to the initial phase acquired that which we get 
from the sensor. 
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Fig.2. GetTemperature( ) 

 
I.  Battery channel for power consumption   
In this channel the analog to digital convertor is 
utilized for temperature channel readings where the 
readings are taken at a single point from an external 
reference. The ADC for battery sensor readings is 
primarily initialized to the time bases for a proper 
pre-scalar value and later the Setting of the input of 
battery sensor is done. Finally the ADC Conversion 
done where the samples are converted from analog to 
digital these digital values of the battery are read and 
the values are taken into the data log .The value of the 
external reference i.e. 2.5 Volts is selected by writing 
the bit with adcRefExtSingle in the ADC and the 
battery value is selected for channel one in the ADC 

by writing the bit with the value of adcSingleInpCh1.  
  
J. Frequency to phase and chemical acquisition 
channels  
This channel is used for the detection of chemical 
sensor data which will use a phase lock loop with a 
VCO feedback. The chemical data is estimated by 
comparing with the phase acquired that is the current 
phase to the initial phase acquired that which we get 
from the sensor. 
 

 
Fig. 3. Getchemical( ) 

  
checks the phase acquisition error , the phase match 
and calculates the chemical value 
 
K. Critical components  
An analog-digital (SW) hybrid phase locked loop is 
used to detect Chemical concentration. Analog 
Devices’ AD7740, a Voltage Controlled Oscillator 
(VCO), ADA4891 – receive signal amplifier, 
AD8603 – a low pass filter and a set of logic ICs 
form part of the PLL loop external to the uC. An 
analog-to-digital converter (ADC), CPU, Memory 
and digital-to-analog converter are integrated in 
Silicon Labs’ microcontroller. The sensor is powered 
by a 3.6V battery.   
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L. Sensor specifications  
The microcontroller has on-chip program and data 
memories and no off-chip memory is required. An 
electrode is connected to the VCO output driver and 
dipped in the medium whose Chemical concentration 
is to be estimated. Another electrode dipped in the 
same medium is used to collect the signal after it 
passes through the medium, which is then amplified 
for phase comparison with the original input signal. 
Temperature transducer gives the output signal of a 
wheat-stone bridge employing a NTC thermostat is 
buffered before being sampled by ADC on uC. The 
sensor is powered by a 3.6V, rechargeable battery. A 
separate 3V coin-cell is used to provide backup 
power to the real-time clock portion of the uC. A 
serial communication port provides access to time 
stamped and stored Chemical measurements. 
 

 
Fig. 4. Connector 

 
M. Connecting Power, JTAG, USB and Serial cables  
A 20-wire flat ribbon cable (FRC) with 20-pin 
sockets at both ends is used to connect the DEBUG 
port i.e.P1 (Gray color connector on the left edge of 
development board) .The USB cable supplied with 
the development kit at USB port (along the top edge) 
of the development board and any USB port of 
PC/Notebook. A 9-pin D-Type cable (but with one 
end different connector) between COM-PORT of a  
PC/Notebook (use USB-to-serial adapter if required) 
is connected. 
 

 
Fig. 5.JTAG segger link 

N. Clock generation and oscilloscope setup  
A 50kHz VCO reference clock is generated and by 
the use of oscilloscope the clock generated can be 
checked if there is a 50kHz square wave at resistor 
R1. The Digital to analog convertor voltage is 
generation and by the use of oscilloscope a positive 
ramp from 0V to 2.5V lasting about 190ms, repeating 

every 10s is observed. This is to sweep the SVCO 
frequency from 5 kHz to 45 kHz. Accordingly one 
can monitor the output of SVCO for varying signal 
frequency from 1.25kHz to 11.25kHz at J1 (pin 1).  
The 16-bit general purpose Timer has 3 
compare/capture channels for input capture and 
compare. The Pulse-Width Modulation (PWM) 
output is generated by configuring the counter value 
to separately with for instance TIMER_TopSet (). 
The compare/capture and dead-time insertion must be 
initialized separately if used. The 16-bit reload 
register which serves as counter maximum is 
configured. 
 

 
Fig. 6. 50 kHz VCO reference clock generation port. 

 
III.DATA COLLECTION AND ANALYSIS  
 
The displayed battery voltage (part of the serial 
message) matches the actual battery/supply voltage if 
it is correct at every instance. The external and on-
chip temperature can be collected for each instance. 
All these parameters are additional parameters that 
are noted along with the chemical measurement to 
keep a track of them for the whole day. 
 

 
 
III. RESULTS 
 
For each discrete Chemical measurement, the VCO is 
"walked" from it's lowest value (1.25KHz) toward it's 
highest (11.25KHz) while monitoring the returning 
DC voltage level coming from the ADC. Since the 
Chemical solution can only act as a phase lag, the 
lowest frequency will always show a much less than 
45 degree phase shift. As you increase the excitation 
VCO frequency, the phase shift will increase. At one 
point it will reach a 45 deg relative phase shift. Since 
a 45 deg phase shift will always create the same DC 
voltage and then we need to simply count the VCO 
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frequency that caused that 45 degree phase shift and 
record that value for that measurement cycle. One 
value assigned is equivalent to a 45 degree relative 
phase shift between the SIG and REF phases. With 
one reading for every 10 seconds, 40 
bytes/measurement (including time, date, chemical, 
temperature etc.)/10s, we expect (8*60*60/10)*40 = 
115.2kbytes of non-volatile storage memory (or may 
be 256kbytes to provide some margin. 
 
CONCLUSION 
 
This paper describes the Firmware implementation of 
the chemical sensor and its testing. The designing and 
functioning of the chemical sensor is explained . This 
sensor can be widely used for the oceanographic 
applications and the data in the form of calendar, on 
board and chip temperature, the battery voltage and 
other data required for chemical compensation like 
phase and frequency can be collected from this 
sensor. This can further be used for various other 
applications since the functioning of the sensor is 
merely based on a simple phase locked loop. Hence 
by this low energy consuming chemical sensor we 
can estimate the amount of chemical concentration to 
maintain an average pH value. This in turn reduces 
the ocean acidification since we can keep a track of 
the chemical level in the ocean with the help of this 
sensor. 
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