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Abstract - The temperature of a hotplate used for prebaking, post baking, dehydration baking etc. 
changes with time. But, in baking purpose the temperature should remain constant. This work concerned 
with the designing a new and cost-effective microcontroller based PWM temperature controller to control 
the temperature of a hot plate. PWM controller has been selected because it has faster and accurate 
response than the conventional on-off controller. Here, the microcontroller senses the zero crossing of the 
line voltage and generates a pulse for every half-cycle. The width of the pulse is adjusted to change the 
firing angle of a TRIAC. The TRIAC is interfaced with the microcontroller circuit using an opto-coupler. The 
temperature of the hot plate can be increased or decreased using two push-button switches. The preset 
temperature will be saved in EPROM of microcontroller and displayed on an LCD display. The 
temperature of the hot plate is sensed by a thermocouple and fedback to the microcontroller. The 
microcontroller keeps the temperature constant by changing the firing angle of the TRIAC. The system 
has been constructed and tested successfully. 
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AAbstract

  

-

 

The temperature of a hotplate used for prebaking, 
post baking, dehydration baking etc. changes with time. But, 
in baking purpose the temperature should remain constant. 
This work concerned with the designing a new and cost-
effective microcontroller based PWM temperature controller to 
control the temperature of a hot plate. PWM controller has 
been selected because it has faster and accurate response 
than the conventional on-off controller. Here, the 
microcontroller senses the zero crossing of the line voltage 
and generates a pulse for every half-cycle. The width of the 
pulse is adjusted to change the firing angle of a TRIAC. The 
TRIAC is interfaced with the microcontroller circuit using an 
opto-coupler. The temperature of the hot plate can be 
increased or decreased using two push-button switches. The 
preset temperature will be saved in EPROM of microcontroller 
and displayed on an LCD display. The temperature of the hot 
plate is sensed by a thermocouple and fedback to the 
microcontroller. The microcontroller keeps the temperature 
constant by changing the firing angle of the TRIAC. The 
system has been constructed and tested successfully. 

 
  

Hotplate, Opto-coupler, Step-down 
transformer, Comparator, and Peripheral interface 
controller (PIC). 
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 I. Introduction

 hotolithography is very important in fabrication 
process [1]. During this process it is

 

necessary to 
bake substances at different constant 

temperatures [2-4]. For baking purpose a hotplate is 
needed, whose temperature is not normally fixed [5]. 
Many manufacturers all over the world are supplying 
electronic equipment to control temperature of

 

a 
hotplate but those equipments are very costly [6]. This 
work is intended to design low cost equipment with 
locally available materials. 

 
The temperature of hotplate increases linearly 

and can’t fix any temperature for a certain period of 
time. It is needed to fix the temperature of hotplate for a 
certain period of time. The work is intended to pre-bake 
or post-bake or hard-bake the Photo-resists spun onto 
the semiconductor wafers [1]. 

 
For a particular application of pre-baking the 

Positive Photo-resist spun onto 400-450 micron thick 
Silicon wafer of about 1 cm x 2 cm. A temperature of 
100 C is needed to be fixed for 10 minutes or 30 
minutes [7-9]. 

 

The research conducted here is a combined 
hardware and software design process with an objective 
to develop a versatile control system. The work is 
divided in two sections: hardware section and software 
section.  

II. Block Diagram of the System 

The block diagram of the system is shown in 
figure 1. It consists of control unit, feedback unit, 
temperature heater, power control unit, PWM control, 
220V line voltage, zero crossing detector.  

 
 

Figure 1 :
 
Overview of the designed system.

 

III. Design & Development of the System 
 

Hardware development  
This section is divided into four subsections: 

Feedback unit, Power contro unit, control selection and 
PWM controller section.  

a) Feedback Unit  
The temperature of hotplate is displayed by an 

LCD which is connected with a 16F877 microcontroller. 
Hotplate converts temperature into voltage by a 
thermocouple. A high gained amplifier is used in the 
ADC input of the microcontroller. The hotplate 
temperature is fedback by this amplifier section. This 
section is important because the temperature sensed by 
a thermocouple is so small and need to amplify. The 
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 temperature is then compared with the preset value for 
adjusting with the target value. 

 

Figure 2 :

  

Feedback Unit

 

b) Control unit 

 

This unit works as the heart of the complete 
system. This unit is constructed using a microcontroller. 
It generates PWM signals and changes the width to 
keep the temperature constant [10]. It also synchronizes 
the PWM signal with the line voltage. To keep the plate 
temperature constant, it takes feedback from the plate. 
The plate temperature is sensed by a thermocouple and 
amplified by an instrumentation amplifier and applied to 
the microcontroller. The input voltage is then converted 
to digital signal by the ADC of the PIC16F877A and 
compared to the data stored in the EEPROM of the IC 
[11-13]. The LCD is connected with one of the output 
port of the microcontroller [14]. Switches have been 
connected with two input pins of an input port. The port 
was so programmed that it scans to check if the switch 
was pressed or not. By pressing the switches the set 
value of the temperature can be increased or 
decreased. 

 

PIC16F877A have total 28 pins as shown in 
figure 3. Pin-1 (       

 

/VPP) of the IC is connected with 
VCC through a resistance [14]. This pin is the master 
reset pin. When the pin is connected with ground, the 
current program is reset

 

and starts executing from the 
beginning of the program when again connected with 
V   . 

 

Figure. 3 :

 

Control Unit.

 

c) Power Control Unit 

 

To isolate the microcontroller based control 
system from the high power side an opto-coupler

 

has 
been used to fire the TRIAC [14]. The main type of opto-
coupler found in the local market is the type having an 
output DIAC or bilateral switch, and intended for use in 
driving a TRIAC or SCR. Examples of these are the 
MOC3020 and MOC3021. Here the output side of the 
opto-coupler is designed to be connected directly into 
the triggering circuit of the TRIAC. 

 

As expected, the output of the DIAC is 
connected into the TRIAC gate triggering circuit in much 
the same way as a discrete DIAC. We need a filter/delay 
circuit before the DIAC (R1-2 and C1) and the usual 
snubber circuit across the TRIAC (Rs,Cs) to ensure 
correct triggering with inductive loads. Normally also 
need at least an RFI suppressor choke LRFI as well, 
plus a suitable capacitor across the load [14]. 

 

Figure. 4 :

 

Power Control Unit.
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d) PWM Controller 
In this system, the line voltage has been 

lowered down by a step-down transformer and the sine-
wave is directly given into a comparator of the 
microcontroller [15] which acts as a zero crossing 
detector. The comparator compares this signal with zero 
reference voltage. Whenever a transition is produced at 
the output of the comparator, the microcontroller begins 
a pulse whose width depends on the preset value of the 
temperature. 

Figure. 5 : Power Unit.

CC



 
 

 

 

   

IV. Software Development

 

The system is fully controlled by a program. The 
program has been written using FlowCode software. 
First, we set a temperature as shown in figure 6. 

 

 

Figure. 6 :

 

Output of the program

 

Then we must on the switch A3, A2 and also on 
the temperature button. It will start to work and set the 
hotplate’s temperature. The output is shown in figure 7. 

 

Figure. 7 :

 

Output of the program (continued)

 

Here, hotplate temperature is controlled using 
duty cycle. For greater temperature it increases its duty 
cycle and for lower temperature it decreases its duty 
cycle for controlling the temperature. 

 

V. Results & Discussion

 

a) Temperature Reading of a Hotplate 

 

Our system is now ready to

 

fix the temperature. 
We set our circuitry with the hotplate and control its 
temperature [3]. Our designed program is nice and work 
properly. The observed data of a hotplate for a set value 
of temperature is given below: 

 

Data Table 1

 

:
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The graph associated with the table is shown below: 

Figure. 8 : Graph for Preset temperature 700C (Table 1).

It is evident that the temperature was increased 
from 15  C to 70  C for 5 minutes and after 5 minutes the 
temperature of the hotplate is fixed. 

VI. Conclusion

The results of the performance study reveal that 
the developed system works properly with an excellent 
accuracy. One target of the system is to keep 
temperature of a device constant. A microcontroller chip 
16F877A is used and it has a 256 bytes data EEPROM 
memory. So, this system can store up to 128 data. The 
LCD used in this system can display the stored data in 
EEPROM when the specific switch is pressed. Thus we 
can collect and analyze the data when necessary. 

The other target of the system is to provide 
economic benefit to its users. Cheap and available 
components are used to design the system. The size of 

(For Preset Temp. 70 C) 0

0 0



 
 

   
 

 

 

 

 
 

the system is small. Two ways -

 

power and small size 
make the device portable. So, it can be easily carried 
and implemented anywhere. 

 

The efficiency of the system is satisfactory. The 
A/D converter module has a high resolution and thus the 
accuracy of the system is nearly perfect. 
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