SOLID-STATE BASED THERMOELECTRIC DEVICES FOR COOLING
AND HEATING

By

FATEN BT HJ MOHD SAID

FINAL REPORT

Submitted to the Electrical & Electronics Engineering Programme
in Partial Fulfillment of the Requirements
' for the Degree

Bachelor of Engineering (Hons)
(Electrical & Electronics Engineering)

Universiti Teknologi PETRONAS
Bandar Seri Iskandar
31750 Tronoh
Perak Darul Ridzuan

© Copyright 2005

by
Faten Bt Hj Mohd Said, 2005



CERTIFICATION OF APPROVAL

SOLID-STATE BASED THERMOELECTRIC DEVICES FOR COOLING
AND HEATING

by

Faten Bt Hj Mohd Said

A project dissertation submitted to the
Electrical & Electronics Engineering Programme
Universiti Teknologi PETRONAS
in partial fulfilment of the requirement for the
Bachelor of Engineering (Hons)
(Electrical & Electronics Engineering)

Approved:

. .\J
Dr John Ojur Dennis
Project Supervisor

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK

December 2005



CERTIFICATION OF ORIGINALITY

This is to certify that I am responsible for the work submitted in this project, that the
original work is my own except as specified in the references and acknowledgements,
and that the original work contained herein have not been undertaken or done by

unspecified sources or persons.

Faten ﬁt Hj Mohd Said

ii



ABSTRACT

The project is basically to build an appropriate circuit for solid state thermoelectric
cooler or heater. The circuitry is used to control the connection in cold mode and hot
mode. The peltier device is fabricated by combining the standard n- and p- channel
semiconductor material with a two-element field emission device inserted into each
of the two channels to eliminate the solid-state thermal conductivity. In general, two
important components building up the thermoelectric cooler or heater is the
temperature controller using a microcontroller and peltier device that consists of an n-
type and p-type semiconductors of bismuth-telluride (Bi Te;) connected by H-bridge
circuitry. Both elements must be connected in such a way as to produce a heat sink
and heat source that are portable and using small amount of power in the atmosphere
of a car. For the microcontroller to work, a specific program is loaded and
programmed inside the memory of the PIC 16F877. The objectives of this project are
to have theoretical review on thermoelectric devices, search and learn the method of
developing the device. The activities are mainly focused on design and simulation.
All findings and the detailed analysis including key elements of the project, which is
to decide the parameters, and the design procedure that should be used, will be

conducted as to follow the overall concept of the project.
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LIST OF ABBREVIATIONS

BiTe; - Bismuth — Telluride

Thermoelectric - Thermoelectric devices are made up of an N and P
type semiconductors that are joined together by metal
contact to form a junction

Peltier effect - The semiconductor device for thermoelectric

De - Difference in energy for thermoelectric

Semiconductor - solid or liguid material, able to conduct electricity at
room temperature more readily than an insulator, but
less easily than a metal

Programming language - High Language use in programming PIC

TEC - Thermoelectric cooler

CFC - Chloroflucrocarbon, a usu. gaseous compound of

carbon, hydrogen, chlorine, and fluorine, used in
refrigerants, aerosol propellants, etc., and thought to
harm the ozone layer.



CHAPTER 1
INTRODUCTION

1.1 Background of Study

Solid-state thermoelectric devices are made up of N and P-type semiconductors that
are joined together by metal contact to form a junction. They have a dual purpose:
electric generation on one side and cooling/heating on the other. Cooling or heating is
achieved by applying electric current. Thermoelectric materials have very attractive
features such as small size, simplicity and reliability. Further more a thermoelectric
micro cooler is a potential candidate for decreasing the operating temperature locally
as well as absorbing the heat. The aim of this project is o design and construct a
thermoelectric cooling device based on bulk semiconductor materials made form
bismuth-telluride that is doped appropriately to make P or N type semiconductor.
Such a device contains no moving parts or harmful refrigerants such as CFCs.
Without moving parts, thermoelectric coolers are inherently more reliable and require
little to no maintenance. The lack of refrigerants carries obvious environmental and
safety benefits. This also allows for the manufacture of tiny thermoelectric coolers
making them the most suitable choice for today’s microelectronics. For this project,
the thermoelectric device used is the peltier effect device. The Peltier effect is the
driving force behind the thermoelectric cooler or TEC for short. The Peltier effect is
caused by the fact that an electric current is accompanied by a heat current in a
homogeneous conductor even at constant temperature. Therefore, when an electric
current passes through the junction of two dissimilar metals, a cooling or heating
effect occurs. The desired direction of heat flow can be controlled by altering the

direction of the current flows.



1.2 Problem Statement

Thermoelectric device is a device that can be use as cooler/heater or as an electric
generator. The project focused mainly on designing the appropriate circuit in order to
implement the use of the thermoelectric device as cooler or heater. The proper
method used to implement and designing a cooler or heater is measured in proper
steps. The methodology used on designing the proper circuit based on brain storming
and having the appropriate review and literature on the thermoelectric device and the
temperature sensor. The step continues on searching and learning the appropriate
method on designing the suitable circuit. The design stage was constructed afier the
circuit chosen and the simulation is finalized. In order to satisfy the need of the
project, a need of good planning was conducted especially in deciding the devices
should be used for obtaining the excess heat and suitable parameters, the designing of
the thermoelectric module and focusing every aspect and important elements that
should be considered.

1.3 Objectives of the Study

The objectives of this project are:

# To have a theoretical review on the thermoelectric device

#*

To search and learn the method of developing the thermoelectric circuit

i1

To design and simulate the proper circuit for the thermoelectric circuit

i

To construct a proper circuit for Thermoelectric cooling or heating device



CHAPTER 2
LITERATURE AND THEORY

2.1 Thermoelectric Devices

The proposed thermoelectric device consists of a standard solid-state thermoelectric
cooler and two field emission devices (see Figure 2.1). The N-type semiconductor is
in thermal contact with the cold source while the P-type semiconductor is in thermal
contact with the hot source. In steady state, there is a continuous current with
electrons emitted from the N-type semiconductor entering the hot source, while
electrons emitted from the P-type semiconductor enter the cold source. The difference

in energy, De, of the two field emitted electrons iS defined as
De =(g,)—(¢,) 2.1
where (£,) and (z,) are the average energies of the field efectrons emitted from the

N- and P-type semiconductors, respectively. The two breaks in the path do not allow
phonon conduction and there is no other thermal flow other than that associated with
the electric or field emission current. Thus, the net energy flow from the cold source
to the hot source is just De. For the typical P-N junction, the energy levels of the
conduction band of the N-type semiconductor are generally higher than that of the P-
type semiconductor. This implies that De is positive. Thus, the field emission from
the semiconductor used as a cooling process. It is instructive to describe the energy
changes in the transport of the {(electron) current through the device. This qualitative
analysis is done to distinguish between the electrical potential energy gains or losses
due to field acceleration and the ohmic effects, and the thermal energy transported

between the cold and hot reservoirs due to the energy exchange processes [1].
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Figure 2.1: Field emission enhanced semiconductor thermoelectric cooler.[1]

The field electrons from the N-type semiconductor have higher energy than those

from the P-type semiconductor, which is the principle of cooling in this refrigerator.

2.2 Peltier Effect

In good thermoelectric coolers, the cooling term, which is related to the entropy
transport parameter, is on the order of about 5060 meV per electron at room
temperature [2}. By contrast, the cooling device here is shown to have an energy
transport (i.e., heat) per electron of 500 meV or so depending on concentration and
field. Nevertheless, we use the designation of a thermoelectric cooler because the
device proposed uses the electric field to transport energy (i.e., heat) from a cold
source to a hot source via N- and P-type carriers. It is instructive to describe the
energy changes in the transport of the (electron) current through the device. This
qualitative analysis is done to distinguish between the electrical potential energy
gains or losses due to field acceleration and the ochmic effects, and the thermal energy

transported between the cold and hot reservoirs due to the energy exchange

Processes.



There has been a resurgence of interest in thermoelectric due to environmental
concerns and development in new superconductors, alloy films and complex
materials [6]. Most useful thermoelectric cooler materials have a value of ZT
(dimensionless figure of merit) between 0.01 and 1.3 . Although there is no
theoretical limit to the value of ZT , the value of Z7 has not been significantly
increased in spite of continuous efforts since the early 1960s . This is due to the fact
that all good thermoelectric materials also have relatively good thermal conductivity
resulting in backflow of heat from the hot to the cold plate. The presence of these
field emission sources in the semiconductor paths constitute thermal breaks without
significantly affecting the electric/thermoelectric behavior of the cooler. Thus, this
composite thermoelectric device has the property of a good electric conductor with

little or no phonon conduction.

A Thermoelectric module is a very small, very light and completely silent solid state
device that can operate as a heat pump or as an electrical power generator with no
moving parts. When used to generate electricity, the module is called a thermoelectric
generator (TEG). When used as a heat pump, the module utilizes the Peltier effect to
move heat and is called a thermoelectric cooler (TEC). Peltier effect is the
phenomenon used in the thermoelectric refrigeration, with the rate of reversible heat
absorption. Figure 2.2 shows the peltier effect in thermoelectric couple. Then current
passes through the junction of the two different types of conductors it results in a
temperature change [7]. Figure 2.3 shows the combined thermoelectric couples of N-
type and P-type semiconductor.

 HostSink
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Figure 2.2: Thermoelectric Couple [7].



Figure 2.3: Peltier device [7].

The effectiveness of a thermoelectric cooler is given a relative measure called the

figure of merit, designated as Z7T. Taking into account the geometric factors and

material properties of the system, the ZT has been defined as
ST ST

Zlr = —or ZT =
PK R,K,

22)

Where S is the Seebeck coefficient, pis the electrical resistivity, x is the thermal
conductivity, Ky is the thermal conductance in watts / K, Ry is the module's
resistance in ohm, Sy is the seebeck coefficient of the module in volts/°K and T is the

temperature.

2.3 H-Bridge Circuit

To perform a dual-purpose thermoelectric device for cooling and heating mode, a
different position in contacting positive and negative connection must be performed.
Based on clockwise and counterclockwise circuitry, the H-bridge connection comes
in handy. The circuit uses Darlington power transistors to amplify the current
provided to the connection connected to the thermoelectric and also to reduce cost
and simplify the circuit. Forward losses are typically 1 to 2 volts, and since the
current must pass through two transistors, expect losses to total up to 4 volts at
maximum current. The 4 Darlington transistors need to be heatsunk based on the

expected current and duty cycle.



2.3.1 Voltage divider

Figure 2.3.1.1 shows the connection of voltage divider to perform lower input
voltage. This voltage divider produces an output voltage, Vo, that is proportional to
the input voltage, Vs. The output voltage is measured using a voltmeter. The input
voltage is the voltage of the voltage source. The constant of proportionality is called
the gain of the voltage divider. The value of the gain of the voltage divider is
determined by the resistances, R1 and R2, of the two resistors that comprise the

voltage divider.
E'1
" _ : Ovoltmete Fe
\‘ + + RE
.+.
R =
C‘:,fvs 2 = Vo R+R- Vs
_ _ i 2
o : O
Figure 2.4: Voltage divider
The gain, g, of the voltage divider is given by
o Vo_ B
Ve Ri+R 2.3)
<<
0=g<l (2.4)
The design equations to gain appropriate resistor on the circuit
R =R, 1-g
g 2.5
B=§ _1:2
g (2.6)

2.3.2 Transistor

In order to make the peltier to act as a cooler and a heater, the circuit must be
constructed in forward and reverse connection. The H — bridge connection is the most

appropriate circuit for this type of condition. It is because the transistor act as a

7



switch in clockwise connection and counter clockwise connection. Figure 2.5 shows

the bipolar junction transistor.

Figure 2.5: BJT transistor

The work of the transistor as a switch will be used to control the thermoelectric
device in two-direction circuit. The transistor is a three-layer semiconductor device
consisting two N- and one P- or two p- and one n-type layer of material. The former
is called an NPN transistor, while the latter is called the PNP transistor. For the
biasing, the terminals have been indicated as emitter, collector and base. To show the

calculation, by applying Kirchoff’s law we obtain

Ie-Ic+Is Q.7
The important basic relationship for a transistor

Vee=0.7V

I =( p+1b =Ic (2.8)

Ie =Is

Figure 2.6 shows fixed bias circuit on the transistor. When a current is provided to the

collector, and to the base, it will act as a switch.

Figure 2.6: fixed bias circuit



Forward bias of base emitter

Vcc "IBRB —V i =0

V.. .=V.-1I
ce =Vee —IcRe 2.9)
1= (VCC - VBE)/RB
Ver = Ve —Ve
Collector emitter loop for the use of the transistor
Ver =V )
I.= Bl B
V=V, Y, . 2.10)
Ve + 1R Voo =0
By =V, 4

For the transistor to act as a switch, the transistor will be open and close like a switch.

Figure 2.7 shows condition in cut-off or as an open switch.

Figure 2.7: Cut-off transistor

The transistor is in the cutoff region when the base-emitter junction is not forward

bias. Neglecting leakage current, all the current are zero, and Ve is equal to Ve

Figure 2.8 shows the saturation condition of the transistor, The saturation will make
the current flow to the transistor and act as a close switch. When the base-emitter

junction is forward bias and there is enough base current, the transistor is saturated.

Figure 2.8: Saturation transistor



The formula for collector saturation current is

Ic sat = (Ve — chsat) /Rc (2.11)

Since Vcr sat is very small compared to Ve, it can usually be neglected. The

minimum value of base current needed to produce saturation is

Ismin =Icsat/ pDC (2.12)

I should be significantly greater than Iz min to keep the transistor well in saturation.

Figure 2.9 shows the connection on darlington transistor, Darlington transistor

amplify the current by amplifying the gain.

Figure 2.9: Darlington transistor

A single transistor permits the small current from a logic gate (such as an output of a
microprocessor) to control a much higher current. A “Darlington pair” (two
transistors connected as shown) can deliver an even higher output current.the

darlington have gain twice the normal transistor

ﬂtom.l:ﬂ x ﬁz (2. 1 3)

Table 2.1: Truth Table Of H-Bridge Circuit

Input output
A B A | B
0 0 float
1 0 1 0
0 1 0 1
1 1 1 1

Table 2.1 shows the logic use in the thermoelectric circuit. When switch A input is

given, the output A will be out. When the switch B input is given, the switch A will

10




be close and the output B will be produced. The connection of the H-bridge circuit is
shown in figure 2.10 by using the logic input.

a3
TPIZS TPIZS
R

L
NGTOR & HoTOR &

Eu : il
Sw
3 2] o4

>
R3
%mx

Figure 2.10: H-Bridge Circuit [9]

From figure 2.10, operation with logic signals greater than the peltier supply voltage
is allowed and absorbed by R7 and R8. The circuit is really intended to be operated
with CMOS logic levels, logic high being about 4 volts.

Transistors Q1,2,3 and 4 must be heatsunk. Insulators should be used, or two separate
heatsinks isolated from each other and the rest of the world. Note that Q1 and Q3 are
grouped together and share common collectors and can share a heatsink. The same is
true for Q2 and Q4.

Operation over 3khz will lead to higher losses. If it is required to run at higher
frequency, additional pinch-off resistors can be added to Q1,2,3 and 4, supplementing
the internal resistors. A good value would be 1k, and the resistors should be soldered

from base to emitter.

To reduce RF emissions, keep the wires between the circuit and the motor short. No
freewheel diodes are required, they are internal to the TIP series Darlington

transistors.

11



Drive the circuit from 5-volt logic. Drive levels higher than 5 volts will tend to heat
up R1 and 2. This is OK for short periods of time.

Power supply voltage is 5 to 40 volts. Output current up to 5 amps is allowed if the
power supply voltage is 18 volts or less. Peak current must be kept below 8 amps at

all times [9].

Not shown in the schematic are the internal pinch-off resistors (5K and 150 ohms)
and the damper diode that are built into all TIP12x series transistors which can be
seen in figure 2.11.

INTERNAL SCHEMATIC DIAGRAM -

2
18

2@“’
.--—-—--—-p-—-'-'{
i
| “:_;-\_lt
| t
I al
i3 ‘
]

LU
Ju— E¥G)
R Typ.» 1o

Figure 2.11; Internal Schematic Diagram [9]

2.4 Temperature Control

The temperature sensor is read by A/D converter in PIC 16F877. A/D converter
converts the 10 milliVolts per degree Fahrenheit into a corresponding 8-bit binary
number. There is an internal voltage divider utilized in this project made up of two
2.2k ohm resistors to produce a Vs equal to ' the supply voltage for the A/D. Since
the temperature sensor outputs 10milliVolts per degree Fahrenheit two degrees will
have to pass in order for the binary output to change with a LSB of 20mV. This
translates into a temperature accuracy of 2 degree Fahrenheit for the Portable Solid
State Temperature Reguiated Cooler/Heater.

Figure 2.12 shows the flow diagram of the temperature control process for this
project. The signal from LM35DZ sensor will detect the heat, and the voltage signal
will be changed to digital using analog to digital converter. The wave will then be
sent to the microcontroller, which is programmed to regulate the temperature, The
microcontroller will act as the controller of the temperature. When the temperature is

decreased or increased above or below the set point, the system will be repeated and

12



the driver will be on. The system will be rotated with the outside force. The user will
choose between cold and hot mode situation. In order to do that, the controller must

set two set point for the temperature to be controlled.

Reference .
o Digital o D/A o Actuator Plant >
computer converter
A/D o Sensor |,
converter

Figure 2.12: Digital Control systems

2.4.2 Temperature Sensor

Figure 2.13 shows the LM35 3 pins sensor. LM35The LM35 series are precision
integrated-circuit temperature sensors, whose output voltage is linearly proportional
to the Celsius (Centigrade) temperature. The LM35 thus has an advantage over linear
temperature sensors calibrated in ® Kelvin, as the user is not required to subtract a
large constant voltage from its output to obtain convenient Centigrade scaling. The
LM35 does not require any external calibration or trimming to provide typical
accuracies of £1/4°C at room temperature and +3/4°C over a full -55 to +150°C
temperature range.

Low cost is assured by trimming and calibration at the wafer level. The LM35’s low
output impedance, linear output, and precise inherent calibration make interfacing to
readout or control circuitry especially easy. It can be used with single power supplies,
or with plus and minus supplies. As it draws only 60 pA from its supply, it has very
low self-heating, less than 0.1°C in still air. The LM35 is rated to operate over a -55°
to +150°C temperature range, while the LM35C is rated for a -40° to +110°C range (-
10° with improved accuracy). The LM335 series is available packaged in hermetic
TO-46 transistor packages, while the LM35C, LM35CA, and LM35D are also
available in the plastic TO-92 transistor package. The LM35D is also available in an
8-lead surface mount small outline package and a plastic TO-220 package [11].

13
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Figure 2.13: LM35 3 pin sensor

2.4.3 Microcontroller

Microcontrollers are usually programmed using the assembly language. The language
consists of various mnemonics which describe the instructions. An assembler
language is unigue to a microcontroller and the assembly language of a certain
microcontroller can not be used for any other type of microcontrolier. Although the
assembly language is very fast, it has some major disadvantages. Perhaps the most
important disadvantage is that the assembly language can become very complex and
difficult to maintain. It is usually a very time consuming task to develop large

projects using the assembly language.

Microcontroilers can be programmed using the CCS compiler. This compiler
generates native machine code which can directly be loaded into the memory of the
target microcontroiler. The CCS compiler is used to compiled the program using C

language.

2.4.4 Clock Generator — Oscillator

Oscillator circuit is used for providing a microcontroller with a clock. Clock is
needed so that microcontrolier could execute a program or program instructions.
PIC16F877 can work with four different configurations of an oscillator. Since
configurations with crystal oscillator and resistor-capacitor (RC) are the ones that are
used most frequently, these are the only ones we will mention here. Microcontroller
type with a crystal oscillator has in its designation XT, and a microcontroller with
resistor-capacitor pair has a designation RC. This is important because you need to

mention the type of oscillator when buying a microcontroller [12].

14



The XT oscillator is used to control the frequency of the microcontroiler PIC 16F877.
Crystal oscillator is kept in metal housing with two pins where you have written
down the frequency at which crystal oscillates. One ceramic capacitor of 30pF whose
other end is connected to the ground needs to be connected with each pin. Oscillator
and capacitors can be packed in joint case with three pins. Such element is called
ceramic resonator and is represented in charts like the one below. Center pins of the
element is the ground, while end pins are connected with OSC1 and OSC2 pins on
the microcontroller. When designing a device, the rule is to place an oscillator nearer
a microcontroller, so as to avoid any interference on lines on which microcontroller is

receiving a clock.[12]
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CHAPTER 3
METHODOLOGY / PROJECT WORK

3.1 Project Planning

The project will follow the procedure indicated in the flow chart shown in figure 3.1.
The project consists of five major stages. Starting with planning, the brainstorming is
conducted on the first stage. On the analysis stage, the suitable device will be chosen
and the literature reviews are gathered. The design stage will be implemented to
verify the circuit is working properly. If the simulation is not satisfy, the device will
be analyze and modified uatil the final approach can be conducted. The
implementation of the project is the final stage of the project.

Planning

F

Analysis

h

Design

y

Simulation

Implementation

Figure 3.1: Methodology flow diagram

16



3.2 Planning

A lot of information is gained through this process and it helps a lot in the progress of
the design. The literature review have been divided into two types; peltier and
temperature controller. By dividing the circuit, the project become easier to
understand and much easier to design. The advancement of this project is done by
weekly basis as can be seen in the attached Gantt Chart (APPENDIX A).

3.3 Analysis

The example of templates from the existing design is studied to come out with the
conceptual design of the thermoelectric cooling device. This task is done by

numerous researches from the relevant websites and books from the library.

3.4 Design

The design of the H- Bridge circuit are done using p-spice. It is based on rotation
controller circuit. The temperature controller is using the PIC 16F877
microcontroller. Figure 3.2 shows the working procedure of the thermoelectric circuit

based on the temperature process of the project.

PELTIER
clockwise v
(D Driver Analog
Sensor
Counter r
clockwise
Microcontroller J D/A
converfer
AD <
¢converter

Figure 3.2: The temperature process
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The driver of the device is the H- Bridge circuit. The driver wili be controlled by the
user whether clockwise or counterclockwise position. The driver will make the peltier
device to work and send temperature sensor will sense the circuit heat loss and give
the voltage flow to the microcontrolier. Inside the microcontroller, the
microcontroller will interpret the analog signal and convert it to the digital device to
controt it. The microcontroller will change it back to analog device and make sure the
driver interrupted by sending signal to be stop automatically when the heater reach

the appropriate heat.

3.5 Simulation

3.5.1 H-bridge circunit

The H-bridge circuit is designed and simulate in the P-spice software. The concept of
it is the circuit is designed so that it can receive two types of power supply assigned

by the user.

For positive voltage, the peltier will act as the cooler as the heat will be sink. The
semiconductor will absorb heat and leave the plate cool. For simulation, instead of
using the peliier, the student have change it into LED for easier simulation. The first
LED wili be on and the second LED will be off.

For negative voltage, instead of sinking the heat, the peltier will produce heat. As it
produce heat, it will make the plate hot instead of cold. For simulation, the second
LED wili be on and the first LED will be off.

352 Temperature control circuit

The temperature control circuit will be using PIC 16F877. The PIC has the built in
analog to digital converter. PIC program for the temperature controller can be loaded
up on the computer and the program can be written on it. When writing is finished, it
is ready to be assembled. This converts what have been written into a series of
numbers, which the computer understands and will be able to use to finally ‘blow’ the

PIC. This new program consisting solely of numbers is called the hex code or hex
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file- a hex file will have .hex after its name. The ‘complicated’ PIC language is all a
raw program consists of numbers. So, the assembler, a piece of software which comes
with the PICSTART or MPLab package-called MPASM (DOS version) or WinASM

(Windows version) — translates the words into numbers.

If however it fails to recognize one of the ‘words’ then it will register an error- things
which are definitely wrong. It may register a warning, which is something that is
probably wrong. The other thing it may give is a message something which isn’t
wrong, but shows it has had to think a little bit more than usual when ‘translating’

that particular line.

Once the program has been assembled into a series of numbers, they get fused into
ROM (Read Only Memory) of the PIC when we blow the PIC 16F877 and they stay

there until we erase it from the PIC.

3.6 Design

The design stage will be impiemented when ail the simulation have worked properly.
Table 3.1 shows the list of hardware and software used for the implementation of

thermoelectric cooler or heater.

Table 3.1: List of Hardware and Software requirements

Hardware requirements: Software requirements
. | Printed Circuit Board (PCB) Electronic Work Bench (EWB)

2. | Microcontroller (PIC16F877) P-spice

3. | Crystal Oscillator Multisim

4. | Peltier CCS Compiler - Microchip PIC C
programming software

5. | LM35DZ temperature sensor WARP-13 — Microchip PIC
Programmer

6. | resistors, capacitors, relay, transistors
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 H-Bridge Circuit

The peltier device can perform as cooler or heater when the polarity of the device
changed from positive to negative or negative to positive. To perform in such a way,
the peltier device is connected using the H-Bridge circuit. The H-bridge circuit used
to control the output of the peltier module. This circuit is supplied with the 12V. The
H-bridge is set up so that the output voltage can be turned on and off and also to

switch directions with the control of two logic bits.

The circuit uses Darlington power transistors to reduce cost. The function can be seen
from the logic given shown on table 4.1. When input A is given, the output from the
circuit will be shown in output A by indicating the LED red as in hot mode. If the
input A is closed and the input B switch is on, the output B wilt be produced as in

cold mode by indicating the green LED.

Table 4.1: H-bridge circuit logic

Input A Input B Output A Output B
(switch 1) (switch2) | (D) (D2)

0 0 0 0

0 1 0 1(cold)
1 0 1(hot) 0

I 1 nil nil
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In order to reach the resistor value that could satisfy the H-bridge circuit, the
transistor condition in saturation are calculated. The calculation is shown in the load

analysis in figure 4.1.

Ie Saturation region
&

,/;/ ¢ Forward Active region : Breakdown region

i
1
|
1
1
|

300
250
200
150
100

Vg(sat) Verg Vee

Figure 4.1: load-line analyses

From the graph it shows that at Q point, the Jp min is about 64.13uA4. from the Q
point the maximum resistor that can be hold in the circuit is lower than 67K.
Therefore, the resistor chosen is 10K, 3.3K and 47 ohm. the resistor chosen satisfied

the voltage and current need to control the peltier device.

In order to use different voltage in one power supply, a voltage divider circuit is used.
By trying an error in order to find the appropriate value for reducing the voltage from
12VtoSV.

By using the formula in equation 2.3 the gain that have been calculated is

g=e =3 _041667
V12

5

The gain to reduce the voltage from 12 voltage to 5V is approximately 0.41667. From
the equation 2.4, the gain must be less than 1 and must be more than 0 to have to

satisfy the suitable gain.
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0<0.41667 <1

For randomly choosing some value of Rj, the equation had been chosen. In term to
show that the value is accurate, the simulation had been done. The nearest value that
can be reached the 5V voltage is when R§ is equal to 100, Using equation 2.5 and 2.6,
the value of R; is equal to 140. Figure 4.2 shows the construction of the circuit on the

connection of voltage divider.

............... mg—q ...P__A.%ék..
............ T e e R | AT
R B B DG SRS DS DU TSI B (17 SN I

I 2 0 RERRRRERE D R R R RN M
uw. oo

engzez | oDt e [

Figure 4.2: H-Bridge schematic

Figure 4.3 shows the simulated voltage divider waveform that satisfied the R, and R
value. By simulating the circuit from figure 4.2 and measuring the voltage of the

output of the circuit, the outcome of the output is nearly to 5V.

BT - —
16U
su -
G

00,4 916%)

=
AU T T T u

as e_2ms g hns a_amns o_8ms ‘1. @ins

o B(U25:21) < ULUS:z=)

Time

Figure 4.3: waveform for voltage divider
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The graph shows voltage versus time for the voltage divider measurement. The
purple line indicating the voltage of the output on the circuit connecting to the
microcontroller. The V, is equal to 4.9165 which is very near to 5V. Figure 4.4
shows the experimental measurement on the circuit. The measurement has satisfied

the voltage requirements for the circuit.

12
10

Volitage

o N A O o

1s 5s 10s 15s 20s 25s 30s 40s 50s
Time

Figure 4.4: Experimental measurement on voltage divider

As the resistor have satisfied the need of reducing the voltage, the resistors chosen are
R; is equal to 140 Q and R; is equal to 100 Q. The V,; at the changing direction will
be approximately 5V to the microcontroller. The voltage in the base transistor will be
5 voltage also as the base transistor will need low voltage and current to satisfy the

need on cut-off and the saturation time.

4.1.2 Transistor PN2222

Figure 4.5 shows the Transistor PN 2222 used in the circuit connection and how it is
connected to the circuit. The red dotted line box indicating the PN2222 connection.
The PN2222 is used in this circuit in order to make the circuit more reliable in
amplifying the current through the Darlington transistor. The amplified currents are
used to make the peltier working accordingly as it need more current. From the

circuit simulation, the power from the PN2222 transistor is measured
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Figure 4.5: H- bridge schematic on PN 2222

In order to satisfy the value is PN2222 that will not exceed the maximum rating, the
value is measured. The maximum rating for the PN 2222 is :-

.,
0.0

L v, L)
L L "

A
"

Collector-Base Voltage 60 V
Collector-Emitter Voltage 30 V
Emitter-Base Voltage 5 V
Collector Current 600 mA
Junction Temperature 150 °C
Storage Temperature -55 ~ 150 °C

The construction of the circuit is simulated in the p-spice program and producing the

waveform shown in figure 4.6. The circuit have been simulated to show the power

used in the transistor.
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Figure 4,6; Waveform on the power dissipation on transistor PN 2222 of Q1

The waveform shown in figure 4.6 is the transistor in Q1. In counterclockwise

connection, the switch 1 is open. The transistor is used to amplified the current

through the Darlington transistor. The Collector-Base Voltage in the circuit is
574.314 mV, Collector-Emitter Voltage is 1.3989 V, Emitter-Base Voltage 2.6308 V,
Collector Current 244.494 mA .

Figure 4.7 shows the experimental result from the actual circuitry. The value is a bit

higher than the experimental results. The graph shows that the value is higher than

the experimental results.

voltage or current

Emitter
voltage

voltage

& ~—— Colector
N (3% \Q"ﬂ 'SD"O q{g@ qi)@ ‘bQQ rg,@ b‘g"ﬂ bf:‘.’ @Q"@ 6@59 60"9

current
Time

—— Collector-
Base voitage

——Collector-

Emitter-Base

Figure 4.7: Experimenta! measurement in Transistor Q1 PN 2222
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The Collector-Base Voltage in the circuit is 0.62 mV, Collector-Emitter Voltage is
2.3 V, Emitter-Base Voltage 3.01 V, Collector Current 300 mA. It produce such a
way because there are some heat produce from the circuit and decapitated in side the

transistor making the power goes higher to decapitated.

12

(0_000411.93;§\c011ector hase voltage

& (176.642u,11.898) colector emitter voltage

(429 1%7u,~-59 . 107m) current

f2ik898u,16.056p) emitter base wpltiage

-4

T T T T
as a_2ms B8.4ms B.6ms 8.8ms 1.68ms
« Y{B12:c) — U{Q12:b) « U{Q12:c) - U{Q12:e) ¢ HB(H12:e) - U{Q12:b) = I(Q12:cC}
Time

Figure 4.8: Waveform on the power dissipation on transistor PN 2222 of Q2

The waveform shown in figure 4.8 is the transistor in Q2. In counterclockwise
connection, the switch 1 is open. The transistor is used to amplify the current through

the Darlington transistor. Figure 4.9 shows the actual results on the maximum rate of

the circuit.

——Collector-Base
voltage

— Collector-
Emitter

volt_'ﬁ\tc_;e
Emitfer-Base
voltage

voltage or curment

—— Colector
current

0s 55 10s 155 20s 25s 30s 358 40s 45s 50s 55s 60s
Time

Figure 4.9: Experimental measurement in Transistor Q2 PN 2222
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From the experimental result, The Collector-Base Voltage in the circuit is 12 V,
Collector-Emitter Voltage is 10.8 V, Emitter-Base Voltage 0 V, Collector Current 0
mA. The collector emitter has one V differences. It is because there are heat produce

through the circuit and decapitated the voltage and current.

The waveform shown in figure 4.10 is the transistor in Q3. In counterclockwise

connection, the switch 1 is open.

2.8

\\\ (223 881u,1. 74062} collector emitier voltage

{(0.000,1 7007) collector base voltage
1.8

(0.000,-47 4%0m) haze emitler voltage
/I (225_373u,2_1619}33 collector current

“1.3 T T T T
8s 8.2ms §.4ms g.6ms B.8ms 1.4ns
 UQ13:c) - U{013:b) « U((H3:c) - U(H15:e) o U(Q13:e) - V{G13:d) = I{013:c)

Time

Figure 4.10: Waveform on the power dissipation on transistor PN 2222 of Q3

The transistor is used to amplify the current through the Darlington transistor. The
Collector-Base Voltage in the circuit is 1.7007 V, Collector-Emitter Voltage is
1.7482 V, Emitter-Base Voitage 47.490 mV, Collector Current 2.169 pA. Figure 4.11
shows the experimental connection of Q3 transistor when switch 1 is open. The
voltage and the current is low because in counterclockwise connection there no power

through the circuit.
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Figure 4.11: Experimental results on transistor Q3 PN 2222

The waveform shown in figure 4.12 is the transistor in Q4. In counterclockwise
connection, the switch 1 is open. The transistor is used to amplify the current through
the Darlington transistor. The Collector-Base Voltage in the circuit is 704.120 mV,
Collector-Emitter Voltage is 4.0559 mV, Emitter-Base Voltage 708.176 mV,
Collector Current 499.502 A

L80m

B 304u,4 0559m) collector emitier voltage

2 e . , : .

{4, 54550, -499 502n) collector current

-4 B8m-
[0.000,-704 120m) collector base vol tage
/(186_364u,—70§_176m) hase emitter voltage
7
-800Am T T T T
Bs 8.2ms B.4ns B. GRS a.8ms 1._8ms
2 U{Q14seY - UCBT4:b) v U(Q1hze) - U¢Qihze) » U{Qtb4ie) - U(Ql4:b) - I(Q14:c)
Time

Figure 4.12: Waveform on the power dissipation on transistor PN 2222 of Q4

Figure 4.13 shows the actual connection for the Q4 transistor of PN 2222. From the

experimental result, The Collector-Base Voltage in the circuit is 11.9 V, Collector-
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Emitter Voltage is 11.028 V, Emitter-Base Voltage 0 V, Collector Current 0 mA. The
collector emitter has one V differences. It is because there are heat produce through

the circuit and decapitated the voltage and current the same as Q2 connection.

Actual result on Transistor Q4 PN 2222

14
12
= 10
3 ——Collector-Base
3 8 voltage
g’: 6 —— Collector-
% Emitter
| voltage
Emitfer-Base
2 voltage
~——Colector
0 current

Figure 4.13: Experimental results on transistor Q4 PN 2222

From the data sheet, the maximum rating is justified. Therefore, the PN2222 can be

used for this project.

4.1.3 Transistor TIP 120 and TIP 125

Figure 4.14 shows the connection of the darlington transistor. TIP 120 is an NPN
transistor and the TIP 125 is a PNP transistor. TIP 125 will be used as the current
through the peltier device and lastly through the TIP 120 and to the ground. These
transistors used as it is very convenient for power linear and as a good switching
device. The switching device is applied for the peltier to act in dual performance as it

can be used as a heater or a cooler.
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Figure 4.14: H- bridge schematic on TIP 120 and 125

From the circuit simulation, the power from the power transistor is measured. Figure

4.15 shows the power from the circuit. The power is to measure if the transistor can

be safely used in the circuit

2004

15841 .
)0 000,118 393)

1660

YL 7 T
s 8.2ns 8. kns
+ J{{1zc) = (UCQ1:e)-B(01:e))

Time

#.0oms

1
B.8ms

Figure 4.15: Waveforms for power transistor TIP 120 and 125
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The power in the transistor is 118.4 watts. The thermal resistor for the transistor TIP
120 and 125 in the ambient temperature is max 62.5 °C/W. The heat sink rating for
the transistor.

Thermal power to be dissipated, P = I¢c x Vg = 118.4 watts, The maximum operating
temperature (Tmax) for the transistor the ambient temperature from the data
sheetis 150°C. The maximum ambient (surrounding air) temperature (Tair). If the
heat sink is going to be outside the case Tair = 25°C is reasonable, but inside it will
be higher (perhaps 40°C) allowing for everything to warm up in operation. By
working out the maximum thermal resistance (Rth) for the heat sink using:
Rth = (Tmax - Tair) / P that is equal to 1.059°C/W. A heat sink is chosen with a
thermal resistance which is less than the value calculated above (lower value means
better heat sinking) 1°C/W would be a sensible choice to allow a safety margin. A
1°C/W heat sink dissipating 118.4W will have a temperature difference of
1 x118.4=118.4°C so the transistor temperature will rise to 25 + 118.4 = 138.4°C

(safely less than the 150°C maximum).

4.1.4 Resistor

The resistor is used to make sure the circuit is safe and have enough resistance. In
order to make sure the current and the voltage used is not exceed the limit of the
resistor, the resistor is chosen on the limit of the resistor on the circuit for the actual

design. Figure 4.16 shows the resistor that is used to connect to the transistor .

Figure 4.16: H- bridge schematic on R1 and R2
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From the simulation, the waveform produce is shown in figure 4.17. The power from

the circuit is being produce from R and R2.

28my
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Time

Figure 4.17: Waveforms for R1 and R2

From the simulation, the power R1 and R2 measured when the circuit is in clockwise
connection that is when the switch 1 is closed. The power produce from Rl is 16.918
mW and from R2 is 4.5399 mW. The resistor is using low power. The resistor that
can be used without exceeding the power limit is resistor ¥ watt because the power is

lower than 250 mW in R1 and R2.

Figure 4.18 shows the connection of R3 and R4. The connection is between the

switch and the transistor Q1 and Q2

BRI R

Figure 4.18: H- bridge schematic on R3 and R4

32



To show the power produce, the simulation is taken. Figure 4.19 shows the waveform
of R3 and R4.
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Figure 4.19: Waveforms for R3 and R4

From the simulation, figure 4.19 shows the power R3 and R4 measured when the
circuit is in clockwise connection that is when the switch 1 is closed. The power
measured from R3 is 0 W and R4 is 19.124 uW. The resistor that can be used without
exceeding the power limit is resistor Y4 watts because the power is lower than 250
mW in R3 and R4.

Figure 4.20 shows the connection of RS and Ré in the circuit. The resistor is

connected from switch to the transistor.

Figure 4.20: H- bridge schematic on R5 and R6
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Figure 4.21 shows the simulation result from the measurement of R5 and R6.The

waveform indicating the power measured in RS and R6.
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Figure 4.21: Waveforms for R5 and R6

From the simulation, the power R5 and R6 measured when the circuit is in clockwise
connection that is when the switch 1 is closed. The power produce in the circuit for
R5 is 77.688 W and R6 is 4.9501 mW. The resistor that can be used without

exceeding the power limit is resistor % watts because the power is lower than 250
mW in RS and R6.

Figure 4.22 shows the connection of R7 and R8. the connection of the reisitor is
between the transistor to the ground. From the circuit simulation, the power is

measured from RS and R6.

8 Sy . TRz

Figure 4.22; H- bridge schematic on R7 and R8
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Figure 4.23 shows the simulation result from the measurement of R7 and
RS.
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Figure 4.23: Waveforms for R7 and R8

From the simulation, the power R7 and R8 measured when the circuit is in clockwise
connection that is when the switch 1 is closed. The power in the circuit for R7 is
53.603 pW and R8 is 235.417 NW. The resistor that can be used without exceeding
the power limit is resistor % watts because the power is lower than 250 mW in R7
and R8.

Figure 4.24 shows the resistor connected in the H-bridge circuitry. The resistor had
not exceeded high in power that shows not more than 250 mW in every resistors. It

indicates that the circuitry can use Y watt resistors.

Actual result on Resistors

0.3 ; . . il —R1 —R2
0.25

. 024 R —R4
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Figure 4.24: Resistors experimental measurements

35



4.1.5 H-Bridge in clockwise operation

The peltier have two functions. That is to operate as cooler and to operate as heater.
When the peltier act as the heater, the H-Bridge circuit will be connected on switch 1,
which will indicate the H-bridge will operate in clockwise operation. The connection
of the peltier will be shown in diode operation that will be connected to the peltier
later on. Figure 4.25 shows the flow of the circuit in clockwise rotation.
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Figure 4.25: Voltage and current flow of h-bridge circuit in clockwise rotation

From figure 4.25, when the switch 1 is on, the +5 voltage of supply from the PIC
(will be connected later on) will flow through switch 1. The switch 1 are connected to
transistor Q11 PN2222. The PN2222 is the transistor that will act as the current
amplifier to amplified the current flow to the transistor daslington TIP 125 that is Q1
from the base in order to switch on the Q1 transistor and to switch on the transistor
from Q13 to Q3. The V. will supply the +12F to the Q1 and Q3. The voltage will
flow through the base is 7.25V and Q3 for 2.3V supply. The connection is connected
such that the peltier module will act as a heater. The red LED wilt be on to indicate

the hot operation.
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Figure 4.26: Waveform of h-bridge circuit in clockwise rotation

Figure 4.26 shows the simulation on the operation of H-bridge can be seen from the
waveform for clockwise rot?ation indicating the peltier module as a heater. When the
switch 1 is on, the Dt will have higher voltage (2.27¥) than D2 (0.5¥) to make the
peltier flow the voltage from positive to negative side. The voltage from diode 2 is
low, to make sure that the peltier module will not be supplied with appropriate
voltage from D2 and will flow 1 direction from D1 to D2 and D2 will be connected to
the ground. The voltage su[i:p]ied to the peltier wili be 2.27-0.5 = 1.77V. The current
supplied are higher becaus{a of the darlington transistor used. The current is high to
make sure that the suppliedécurrent can give appropriate power supplied to the peltier
module so that the peltier niwdule can function accordingly theoretically. The current
flow from D1 is 10.887 A will be supplied through the peltier module to flow in
clockwise direction producie hot temperature to the peltier. From D2, there is still a
small amount of current ﬂoﬁw (I.ISpA) but it cannot drive the peltier module in other
direction. The current suppléied to the load is 10.8874-1.15u4 = 10.88694. The power
preduce inside the peltier is! P =10.887x1.77 =19.3Watts .

4.1.6 H-Bridge in counter-clockwise operation

For the peltier to act as cooler, the connection is connected counterclockwise, The H-

Bridge will be used as it can rotate the connection in clockwise mode and otherwise.
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Figure 4.27: Voltage and current flow of h-bridge circuit in counter-clockwise
rotation

Figure 4.27 shows the connection of H-bridge in counterclockwise to indicate the
cold operation of the peitier module. When the switch 2 is closed, the PIC(not
connected yet in this circuit) will supply +5/ to the circuit connected to the transistor
PN2222 shown as Q12. The transistor will amplified the current to give a sufficient
current to the darlington transistor Q2 to switch on. When the transistor is on, the
voitage from Ve will flow to Q2 and through the D2. The D2 is the connection to the
peltier module and will act as cooler because the peltier will absorb heat instead of
releasing the heat. As the voltage and curreat flow from the D2 is higher, the peltier
will be driven as cooler. the green LED will indicate that the peltier are in cold state.
As ther is no sufficient current flow through Q11 and Q13, the darlington transistor of
Q1 and Q3 will be off.
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Figure 4.28: Waveform of h-bridge circuit for counterclockwise

The H-bridge circuit shown is in counterclockwise mode to make the peltier be
driven as a cooler. When switch 2 is on, the switch 1 will be off. The +5V from the
PIC (not connected yet in this circuit) will flow through switch 2 to the Q12 to switch
on the Q2. It will allow voltage from the ¥, to flow through. Figure 4.28 shows the
waveform of H-bridge circuit in counterclockwise connection. The voltage flow
through D1 is OV that is small amount to give a counter clockwise rotation. From D2
the voltage flow is 2.2527V that will driven the peltier different way of flow and act
as a cooler. The voltage difference in the peltier is 2.267V-0F = 2.2527V. the current
flow through D2 is bigger than it flow through D1 to make the same effect as in
voltage flow. From D1 is 0 4 and from D2 is 10.7474 current flow to the peltier. The
current difference in peltier is 10.7474 -04 = 10.7474. When the direction rotate,
instead of the peltier pumping the heat, the peltier will sunk heat and releases it at
opposite side from the clockwise rotation. The phenomena occurred would make the
peltier to act as a cooler. The power produce from the peliier is
P=22527x10.747 = 24.20Watts

4.2 Temperature Controller

The temperature controller will consist of temperature sensor, and microcontroller. In
order to control the peltier to the desired temperature, the microcontroller used to

control it. The temperature sensor will sense the temperature using LM335, the
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temperature are sense by sensing the heat that will be send as voltage signal to the
microcontroller. When the temperature is still at given range that is between 10°C to
60°C, the PIC will send an appropriate voitage to the H-bridge circuit to drive the
peltier in clockwise direction or counterclockwise. Every 1°C 10 mV will be
produced inside the temperature sensor. The temperature will increase the voltage
output from room temperature 27°C until 60°C in hot mode and from room
temperature 27°C until 10°C in cold mode.

42.1 Microcontroller

The microcontroller are use to control the temperature to the exact desired
temperature for the peltier to be working. The working inside the PIC will be shown
in the flow diagram given in figure 4.29.

», Input seasor

h

Calculate the
input sensor

Change input
from analog
to digital

If 9<T<61
= loop
Else

= interrupt

Il
=]

Send signal
to output

Output

\
Exit

Figure 4.29: Microcontroller flow diagram
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PIC 16F877 microcontroller provides two PWM outputs, known as CCP1 (Pin 17)
and CCP2(Pin 16). The PWM output CCP1 and CCP2 (Pin 16). The PWM output
CCP1 is controlled using timer 2 and register PR2, setup time by division 2,
CCP_1_low, setup ADC ports.The period of the PWM outputs CCP1 is set by
loading value into register PR2 and then selecting a clock multiplier value of either
1,4,0r 16 PWM period is set by PWM period= (PR2 + 1} x 4 x Tosc (clock
multiplier) Where T, is the microcontroller clock period (0.250us with a 4Mhz
crystal. In this project the clock multiplier chosen is 4. PWM period = (294 + 1) x 4
x 0.250 x 4 The complete program of controller is defined and the program is shown
in appendix E . The PWM mode is enabled and the clock multiplier is set to 4. The

PIC will detect the interrupt time as in the voltage from the temperature sensor.

The working of the program starts when the circuit is on. The temperature sensor will
sense the heat from the thermoelectric and send the signal to the PIC16F877. The PIC
will translate the analog digital and change to digital to control the circuit. When the
temperature has been detected, exceeded or lower, the PIC will be interrupted and
will be off to restart. Figure 4.30 shows the 8-bif binary input from the sensors. The
analog input will be divided to 256 to convert to digital input in 8 bit binary. Every
bit will consists of 2.34 mV signal send in. If the signal is more than 100mV and less
than 600mV, the H-bridge circuit will be on.

Cev 4
i

110

101

il

Cit

001

Gep

Figure 4.30: 8 bit binary input from the sensor
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Figure 4.31 shows the connection of the microcontroller and the temperature sensor.
The digital input from the microcontrolier will be send to the H-bridge circuit to
switch on the circuit. As the voltage and current from the microcontroller is low, in
order to amplify the output power from the microcontroller, a darlington transistor is
used by applying 5 V from the circuit. The coding of the microcontroller is shown in
appendix F
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H-Bridge
circudt switch
lor2

e

Figure 4.31: Microcontroller temperature sensor circuitry

4.3 Thermoelectric Devices for Cooling and Heating circuitry

Figure 4.32 shows the final circuitry for the thermoelectric device. The connection
between the h-bridge circuit and the microcontrolier is combined and the design is
implemented.Te set up are set . A DC power supply has to be used to move heat in
one direction or the other about 12 volts DC that is an ideal supply for the
Cooler/Heater. The implementation can be use inside a car connected to the 12V

voltage plug for the cooler/heater purpose.
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The temperature sensor used is a LM35DZ. It is located between the insulator and
the container. This solid-state sensor outputs 10milliVolts per degree Fahrenheit. The
temperature sensor is read by a A/D converter in PIC 16F877. The A/D converter
converts the 10 milliVolts per degree Fahrenheit and send the output that will be used

in the H-bridge circuit.

The peltier are connected using the H Bridge circuit. The PIC will provide
appropriate voltage to the H-bridge circuit that will drive the peltier. The PIC will act
as a switch on and off for the peltier to effect. The cold and hot part of the peitier will
be controlled manually by the user. The control of the hot and cold part are indicated
by the H-bridge circuit. When switch is toggle to switch 1, the circuit will work in
clockwise flow. The peltier will act as a heater. When the switch been change to
switch2, the H-bridge circuit will move in opposite direction and the peltier will act
as cooler. There are LEDs (light emitting diodes) in parallel to output of the H-bridge
in order to indicate the direction of the heat being pumped. The RED LED indicates
that the H-bridge is in HOT mode. The GREEN LED indicates that the H-bridge is
in COLD mode.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

In conclusion, the solid-state thermoelectric device circuitry has been constructed.
The capability of the thermoelectric device as a cooler and heater have been defined
theoretically. Two important components making up the thermoelectric cooler or
heater are the temperature controller using a microcontroller together with a
temperature sensor and the H-bridge circuit that will drive the thermoelectric device
in cold state or hot state. Both elements are connected in such a way as to produce a
heat sink and heat source that are portable and use small amount of power in the
atmosphere of a car. For the microcontroller to work, a specific program is loaded
and programmed inside the memory of the PIC16F877. The method of developing
the device have been searched and learned thoroughly. The simulation of the project
have been successfully implemented. The final product of hardware have been

constructed and it is working according to the specification.

5.2 Recommendation

For further improvement of the project, a suitable compartment that can maintain and
insulate heat may be designed. The compartment can be use as storage for the
beverages in order to maintain the coldness or hotness as desired by the user. It is also
recommended to design a proper heat sink system for the peltier device to move the
heat from- the insulated compartment to the outside environment as the peltier device

absorb heat faster than sinking the heat.
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APPENDIX B
TEMPERATURE SENSOR

LM35

General Description

The LM35 series are pracision integrated-circuit femperature
sansors, whose output voltage js inearky proportional fo the
Celsius {Centigrade) temperature. The LM3Z thus has an
advantage over linear temperature sensors cafbrated in
* Kelvin, as the user is not required 1o subtract a farge
censtant voltage from s cutput to obtain convenient Centi-
grade scaling. The EM35 does not require any external
calibration or timming o pravide typical accuracies of £12°C
at room temperature amd 234°C over a full -535 to +153°C
temperature rargle, Low cast is assured by timming and
calibration at the wafer level. The LM35's low ottput imped-
ance, finear output, and precise inherent cahbration make
interfacing to readout or confrol circuitry especially easy. It
can be used with single power supptes. or with plus and
minus supplies. As it draws only 50 pA from its supply, it has
very fow self-heating, less than 0.1°C i still air. The LM35is
rated fo operate over a -35° to +150'C temperature range,
white the LM35C is rated for a —40° to +130°C range (-10°
with improved accuracy). The L35 series is available pack-

&National Semiconduc

Navember 2000
tor

Precision Centigrade Temperature Sensors

aged in hermetic TO-dE transistor packages, while the
LI38C, LMIAECA, and L3S0 are aiso available in the
plastic TO-92 transistor package. The LM35D is also avail-
able m an 8-lead surface mount small outiine package and a
plastic TO-220 package.

Features

& Calibrated directy in * Celsius {Centigrade)
& Linear + 10.0 mV/°C scale factar

m (.5°C accuracy guaranteeable {(at +25°C)
# Hated for full <55 to +160°C range

®m Suitable for remote applications

& Low cost due to wafer-levet trimming

m Operates from 4 1o 30 volts

& Less than 60 pA current drain

& Low sel-heating, 0.08°C in stil air

m Nonlinearity oniy *°2°C typical

& Low impedance output, 0.1 (2 for 1 mA load

Typical Applications

+¥5
v TD 2%
| ouraur
Lwas 0o + 10,079/ <C

“ e
FIGURE 1. Basic Centigrade Temperature Sensor
(+2'C to +150°C)

~¥
i
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FIGURE 2. Fuil-Range Centigrade Temperature Sensor
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LM35

Connection Diagrams
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Absolute Maximum Ratings e o

I Militarny/Aeraspace specified devices are required,
piease contact the Hational Semlcanductor Sales Office/

Distributers for availability and specifications.
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Electrical Characteristics
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Typical Performance Characteristics
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LM3s

Typicat Performance Characteristics icemmey
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CEYICES OR SYATEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PREGIDEMT ANE GENERAL
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APPENDIX C
TIP 120 AND 125

[S77

TIP120/121/122
TIP125/126/127

COMPLEMENTARY SILICON POWER
DARLINGTON TRANSISTORS

s STMicroelectronics PREFERRED
SALESTYPES

DESCRIPTION

The TIP120, TIP121 and TiIP12Z are siicon
Epitaxial-Base NPN power ftransisiors n
ronolithic Darlington configuration mounted in
Jedec TO-220 plastic package. They are intented
for use in power finear and switching applications.
The complemsntary PNP types are TIP12E,

TIP128 and TIP127. respectively.

ABSOLUTE MAXIMIIM RATINGS

INTERNAL SCHEMATIC DIAGRAM

FiTyp =5KR  RTyp.o=i50Q

FMarch 2002

Symbol Parameter Valus Unit
HPN | TIP120 TIPt21 TIP122
PHP TIP125 TIP126 TIP127
Vane Coilector-Bage Voltags (lg = D) B a0 130 Y
Voeg  |Collector-Emitier Yoltage g = 0} 8D &0 120 ki
Vesg  |Emitter-Base Wollags vz = 0) 5 Y
Iz Collactor Current 5 A
147 Cotiector Peak Current 3 A
i3 Base Current 0.1 A
B |Total Dissization at Taase = 2870 &S W
Tamp = 3€ 3 2 i
Teg  |Siorage Temperalure -35 {o 150 ¢
T ax. Cperating Junction Temaeralure 150 e
"Fo- DNP types voltage and oJmelt: valuss 3@ 1E(ativa.
14
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TIP120/TIP12UTIP122TIP125TIP126/MP127

THERMAL DATA

Rurjcass |Thermal Rasistarce Junction-case Max 192 o
Ru-amp  |Therntal Resistance Jurction-ambient Max £2.5 B
ELECTRICAL CHARACTERISTICS (T:ase = 25 °C unless otherwise specified)
Symbot Parameter Test Conditions Min, | Typ. | Max. { Unit
tosc Coliestor Cut-off far TIP120/125 Yeg = 300 2.5 mA
Current {lg = 0} for TIP121/126 e = 40 0.3 ms
far TIP1220127 Ve =50Y 0z mé,
leag  |Collector Cut-off for TIP420/125 Vog =80 Y n.2 mé
Curren; {lg = 01 for TIP121/126 YVes = 80V 0.2 mé
for TIP122/127 Vop s 100V 0.2 na
(3N Emitter Cut-off Current [Yea =5 Y 2 mh
tlz =0
Yersaen” (Collecior-Emitter le =30 ma
Sustaining “o'tage for TIP120/125 52 Y
itz =05 for TIP121/426 =] Y
for TIP122/127 100 ki
Yomesy' |Collecior-Emitter =34 e =12 ma z Y
Saturation YVoltags le=35A lg = 20 m& 4 Y
“azioryt |Base-Emviter o'tage le=3A Vee= 3 Y 2.5 W
heg* CC Current Gain lc=0.5A fcp= 3 Y 1028
Ic=34& YVop=d W 1050

+ Fylses: Pulse Suration = 200 ps, Suty cycle €2 ™
For PhP wyres woltags and sumentvalues ars napgative.
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TiP120fTIP121/TIP122/TIP125/TIP126/TIP127

T0-220 MECHANICAL DATA
DM mm inch
MIN, TYP, MAX, MIN, TYP. MAX,
A 445 460 3173 0181
C 122 1.32 3.043 0.031
C 242 272 2.05%4 0.107
o , 1.27 G.050
£ J4% 0.70 0.018 0.027
F 3.581 0.38 0024 0.034
F1i 1.14 1.70 0.044 0067
F2 114 1.70 0.044 0067
G 435 5.15 0.154 (203
31 24 27 03.0% 0108
2 ek 10.40 1.383 0.403
L2 1€.4 o645
L4 122 14.0 351 0.551
LS 255 235 3104 0.118
LE 1E2¢ 15.75 3500 [.620
L7 32 1] Q244 02580
Lo 35 5.93 .13 0154
DIA, 378 585 147 0.154
112
/ 1t
of T fan 1=
&1
A= N
i'—""‘“"""‘l.._.-_—.-.—.—..-.—.-.-
i 5[
GQ fj}*;‘ .................................. N2 T -
D i \
e, f 1
\h -‘\_i LL|
- (2]
L‘J Lg [
L7
e L4
PO1IC
"’ 24
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APPENDIX D
PN2222

T
FAIRCHILD
SEMICCNDLIGTOR®

PN2222

General Purpose Transistor

1 TC-a2
t. Ervitar 2. Sase 2 Jollectcr
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings =267 uness otenvise noted
Symbol Parameter Value Units
Viopg Colscto-Base Voltage 32 W
VEED Coliector-Emitter \oltage 30 K
Vs Emittar-Bage Voltags £ W
5 Callestor Carran: &C3 A
Pa Coleator Power Diss'pation 625 my
T Juneien Temperawra 1E0 “C
Tes Slorage Tampsrature -5€ - “80 G
Electrical Characteristics —3=2:+C unless stherwise nated
Symbal Parameter Test Condition Min. Max, Units
Birea Collezic-Base Braakdown vollage l==10pA, fg=0 i) W
BVrgn Collezior Sridar Braakoown volage | I-=10mé, 1g=0 33 Y
BVgso Emittar-Dase Sreakdown Volage fg=10pa. 12=0 g W
l=pc Colleter S0 Currant [ na
lzpa Emittar Cut-cif Sumsnt 13 n&
hee 05 G rrent Zain )
1C3 30C
Vepigat: |t Collactor-Emitter Saturation Voltage § 1-=E00mA. 15=5Cma 1 W
Vg (sal | * Basa-Srider Satu-aden Voltaga 1==Z00maA, [5=50ma 2 K
fr Cument Gain Bandwidh Product Weap=20V, 1-320mé, F=100MHz 3L MHz
Qupdt Sapackance Vap=tOv. 1z=0, fatMHz 2 [

3
bRy se Tegl Pose M1n2133ps, Duly Sy el

S FalE e ey hoorad ot Dol
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Package Dimensions
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TRADEMARKS

Tha fo igwing are ragisterad and unregiserac Tadsmarks Faitenild Semiconductar awns oris sutherized to use ardis not

intendad = ke an exbausive st of 3l such tadematks.

AZE™ Fag™® ISOPLANART Power2dT™ Stealtn ™
Activadriay ™ FASTr™ LitlaFET™ PowerEdge™ ZuperFET™
Softondess™ FP3™ MICRCCOURLER™  Powardaver™ SuperSOT™-3
SoglFET™ FRFET™ MizroFET™ SowerTrensh” Buper5OT™-3
CROESVOLT™ Fobaldpwisclaisr™  MicroPak™ Q=" Zuper3IT™.3
SCME™ FTC MICIOVIRE™ Q5™ SyroFET™
ZcolPARCY kiZel™ MEE™ QT Jpwceectren os™ 'I’my'?..ogicﬁ'
=*cves™ o MEXFPro™ Quiat 3aries™ TINYDPTC™
EnSigna™ L™ aTx™ RasidConfigure™ Traranslation™
SACT™ ImpliecBiscoanect™  JCNPra™ Rapidlanrect™ URC™
ZAZT Cuist Saries™ apTeLosic® p3erSes™ . UtsFETY
Across the board. Around tha warls . ™ DPTCPLANAR™ SILEWT 3WITCHER®  WCx™

The Fower Francaisa™ PATMAN™ EMART START™

Spagrar-makle Astive Droop™ PP SEM™

DISCLAIMER

SAIRCHILD SEMIZONDUCTOR REZESVES THE RISHT TC MAWE CRANGES WITHIUT ZJITHER NCTICE TC ANY
PRCDUCTS HEREN T IMPROVE RELIASILITY, SUNCTICH OR DESIGH. FAIRCHILD DOES NCT AZSUME ANY
ABILITY ARISING QUT &= THE APPLICATION SR WSE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN,
NE[THER DOES [V CONVEY ANY LICENZE UNDER 75 PATENT RISHTS, KCR THE RIGHTS OF 2THERS.

LIFE SUPPORT POLICY

TAIRCAHLD'S FRODUCTS ARE KIT AUTHORIZED FOR UBE AS CRITICAL CCUPCNINTG IN IFE SUPPCRT
SEVICES OR SYSTEMS WITHOUT ThE EXPRESS WRITTEN APPROVAL CF FAIRCHILD ZEMICONDUCTCR

CORFORATION,

Az usad haren:

*. Lfe sunport devices o systems ars devices o~ systems
which. (2] are ~warded far surgical implant inte tha body.
o7 131 eopor: or sustan life, ar i) whoase fa‘ture to perform
when properly used 1 accordance with “nstructions faruse
providet n the labeling, can ke reasonably sxpszed o
rasult in significart ing ey to tie user.

2. & crifice’ sompanent is sy component of a life support
devior o system whose fsilure fo pedfor~ can De
reasorakly axpected io cause the failure of the I support
devive of system, orig sfect 15 sa%ety or efactiverass.

PRODUCT STATUS DEFINITIONS
Definiticn of Terms

Datasheet identification Product Status

Definition

=ormetive o I
Jesgn

Advance Infarmaton

Th's datasheet containg the design specifications for
preduct developrrent. Spesficstons may change n
amy marner withaut nefice.

Preintinany Firsi Praduactan

Th's datasheet comaing prelimninary data. and
supplamertary data wil b3 published a; a \ater cate.
Fairchild Semizonductor ressrves the right 8o make
charges at any tme withe.at notice in order 1o improva
design.

Na ldertiication leedsd =u'l Produwicn

T s datashest containg dral specifications. Fairehid
Senviconcustar resersves the fight to maks sharges st
any ime wihautmotios n order o improve design.

Obzolew Slot in Procuation

This datasheet containes spacif oatiors e 5 produs
‘hat bas been disconbnusd by Fairchild semsorducton
Th= datashest is printed for peference ‘nicrmation only.

IO Fal i Nearbaafact Lo mowlin
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APPENDIX E
MICROCONTROLLER

MICROCHIP P IC 1 6 F87X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

N
Devices included in this Data Sheet: Pin Diagram
+ PIC1EFAT + FIC1EFET8 PDIP
« PIC1EFET4 « PIC1EFETT ,
TR — I ' AC[] wees RETPGY
Microcontroller Core Features: RAQANG »—e I 2 3] e RBERGS
Ratany e [z 3t [] v RBS
+ High-performance RISC CPU | INETN e — P 7[] = REY
+ Only 35 singie word instructions o leam Rt e E ;ﬁ g: Pmapat
+ Altsingle cycle hstructions excep: for program PO P 4} >—e FE
branehes which are twa cycle REGHRE e I 5 g 2 g-—- necar
+ Cperating spead: DC - 20 MHZ tlock input TENARANE <= LfE & i
a4l bl cycle aiiiang I S g
+ Upto 5K » 14 words of FLASH Prograrm Memory, v o2 8 sl Aorcee
bip to 362 x 8 bytes of Data Memary (RARS; DR —- T 3 o the— Rospss
Up to 266 x & taytas of EEPRON data meriory ooy N [ = REXFER
+ Frout cormpatibie to the PIC16CTIBIT4RTATT ST CR e I
+ Interup: capahiity (up 1 14 sources} Faaeed «—Qir
+ Eight level deep hardware stack R;iﬁ:ﬁ — ; 2] e ALIFIR
« Dirgct, indirect and refative addrassing modes FOERLY. e T 2D 27 [ - RL2FZPZ
« Power-on Reset (FOR)
+ Power-up Timer (PART) and
Gscillater Start-up Timar [0ST) Peripheral Features:
+ Waichdog Timer [ADT} withits wn on-thip R + Tirserd: &bit imercounter with 2-bi prescaler
oscllator for refialie operation » Timert: 16-5it dmercounter with grescaler,
+ Frogrammabzle code-protection tan be incremented during Slesp via exerral
+ Power saving SLEEP mode crystaliclack
» 3plectabia oscllzior options « Timerz: 8-4it timencounter with 2-bik pericd
» Lgw-power, high-speec CMOS FLASHEEPROM register, prescater and postscaler
technekgy + Twe Caolurs, Compare, P¥WM modules
+ Fuly static design ~ Capture Is 124, max. resofion is 12.5ns
+ In-Circult Serial Programming™ {ICS=) via two - Compara is 16-bit, max. rasolution Is 200 n3
ping - PUekE ma. resolution is 10-2it
+ Single 8 in-Circuit Serfal Programming capabiity * 10-tit naki-channe! Analog-to-Digital converter
* In-Cireutt Debugging ia twa ping + Synchronous Serial ort (357) with SPI" {Master
+ Progessor readfaite aooess to program memory Hode} and I°C™ (MasieriSlave)
» Wide operating woltage range; 2.0V 5 5.5% + Universal Synchronous Asynchronous Receiver
» High Sink'Seurca Current: 25 mA Transmitier (JSART/SC) with 9-Hit address
+ Commercia ane Industiat lempersiure ranges deiscton ) ]
« LoW-pORET CORSUMpTan: + Paraliel Siave £ort {PSP) B-aits wide, with

axternal RO, WR ana TS controls (46:44-gin orly
+ Brown-out detection circuitry for
Brown-aut Reset (BOR)

- < 2 A typical £ 5\, 4 MHz
- 20 pA typicsl & 3V, 32 kHz
- = 1 pA typical standby curent

i 1990 Mkrochp Techmology fnc. DS302eE-page 1
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PIC16F87X

1A
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PIZ18F73 2ND PICIEFE76 PINCUT BESCRIPTION
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PIC16F87X

1 by

TABLES-Z  PICSFEYS ARG PIC1SFET? PINOUT CESCRIPTION
il Besélli
. Descriztion
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PIC16F87X

TABLE1-Z  PICTRFETA AND FIC1EFATT PINCUT DESCRIPTION (CONTINUED)
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PIC16F87X

20 MEMORY ORGANIZATION

Therg are three memery ixocks in gach of these
PiCricre MCUs. The Program Kemory ond Datn
Mzmory have sepsraie busas so that concument
access 5an aceur and s detziled in thie section. The
EESROM data memory Bock s detailed in
Section £.0.

Addiicna ‘rformation on davics memory may ks found
in the PiCmic™ Mid-Range Refarence Manual.
e

21 Program Memory Qranjzation

The SIC1AFETX deviees have & 13-bit program egunter
capaiye of segressing an EK x 14 progran: memory
sygce. The PICISFITT/A76 devices have BK x 14
words of FLASH orogeam menory and the PIC 18FETY
74 deveas have 4K « 4. Aecesenp alocation shove
the physically implemented address wil cause & wrap-
around.

The reset veohor is 5t 93007 and e nlerruy veclor is
at 0004h,

FIGURE 2-1:  PICT8FB77/675 PROGRAM

MEMORY MAP AND STACK
I Foeilis |
Ty
CRLO. RETTRY 3
PETFIE, PETLA ‘
9
Slack Lave
Stace Livel 2
»
-
[ ]
Saulenld
Regstvectar agech
- -
. o
*
Intarrug’ vestar ogteh
ocoeh
Pzged
0%FFh
[15:14:9
N REVER
r-2up |
Fogan *, oreeh
peray | 1ttch
B2
17¥eh
1e0ch
Bagel
1FFFR

FIGURE 2-2:  PIC16F874/873 PROGRAM

MEMORY MAP AND STACK

| 30120

SALL, RETURN [ W
RETPIE, RETLF

Zas Ll !
Sark evzt2
L ]
L ]
L]
Staek Lave: €
Ragdl Vestor t0h
* A |
: T
AeTpLva 24h
2i5h
=
arlp Fage L
Fagan < FEL
L Eal ory 2E20h
Page ¢
FFFh
1080
LFFFh

= 1953 Mizreship Techntlogy ne.
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2.2 Data Memory Organization

The data memery is parttionsd iato muitiple banks
whizh contain the General Purpose Registers and the
Soedal Function Registers. Bits RP1STATUS<E» ) and
RBQ (STATUS 5= are the bank seleet bits.

RP1:RPO Bank
i 0
bl 1
10 2
11 3

Zach hank extends up to 7Tk (126 Lyies). The ‘ower
\ocations of each hank are reservad for the Specal
Functon Registsrs. Above the Special Function Regls.
ters are Genersl Purpose Registers, intplemented as
static RAN. AN ‘mplamanted barks contain Specal
Furctor Registars. Some “high use” Special Function
Regsters from cre bank may e mircred in ancther
hank for code reduction and quicker access.

Hote: EEPROM Data Memory description can be
fourd in Seclion 4.0 of this Cata Shaet

221 GENERAL PURPOSE REGISTER FILE

The reg'ster file can be sccessed ether diractly, or indi-
recty through the Fi e Se eet Register FSR.

e P S ————
——
03 30232F-page 32 : & 1986 Wizrachip Techrology Inc.
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XN 0N

FIGURE 2-3:  PIC16F877:876 REGISTER FILE MAP

Fis
Address
Indirect acdr®?| 22n | indirectacdr®t| son  |indieetader®?| 120b | Ingirect addrC}| 182n
TMRZ P L OFTICH_REG] 8ih TMRO 121k QPTION_RES| 181h
i it | PrL Bh PCL 132k PCL 192h
STATUS a2h STATIS B2k STATUS ey STATUS 182h
FeR S&h FSR Bk FSR 122k FSR 194k
BORTA ot TRISS BSh 128k 18¢h
FORTE | otk TRISE &Eh AORTE 138k TRISE 198h
PORTG | 27h TRISC | &%h L 187h
PORTD® {28k TRISD ™ | 66k ) 138h BEL
PORTEM™ | Zgh TRISE™ | ger, 1250 18sh
PCLATH | cak PCLATH | %4h PCLATH | 104k FCLATH | 184k
INTCON | SBE {HTCOM | 5Bh HTCOM | 138h wTcon | 18Bh
PiRT “Ch PiEd sCh FEDATA | tiCh EECQN1 {180k
PIR2 20k PIES £Ck: EEADR [ 1ibh EECONZ | 13Dh
TMRIL Bt PCCH £FEh EEQAT= | 19EB Reserved® } 13Eh
TMR1H g BFh EEACRH | 13Fh Ressrved® | 18Fn
TICCH 1Ch ooh 112h 1500
THRZ | ¥ih SSPCONZ | oih 111h 151h
T2CCH 12h oR2 ooh 112k 1525
SEPBUF | 13h SSRADD | B3k 113h 1%
S5BCON [ 12k SIPSTAT | &4h 112h 12¢h
CCRRIL ] 1%h £5h & 185k
COPRIH | 16h S corerd 118k corend 135h
CCRICON | 170 S7h aal 17h nEra 157h
RCsTe | 1h TASTA | Bh E‘;’;@é"; 112 %ﬁ; #h
TXREG | 18k 8PBR3 | %eh iGEyles | 1130 B Byes | 18%h
RCRES 4R Gah 112k 122h
CCBRIL | tBh tBh 118k 13Eh
CCERCH | 1Ch 5Ch 1t 15Ch
copeco | 10k Blh 11Ch 180h
spRESE | 1ER ALRESL $Eh 11Eh 15Eh
ADCONS | IFh ADCCOH1 | 9FR 11Fh 13Fh
h ADh 122k 140h
Genery Cerera General Ganeral
Puraose Purosse Purposs Purpose
Register Regrster Ragister Register
33 Bytes 30 Bytes £ B0 Bytes 57 50 Bytes 15En
GOORESRS Fih BOCESRED A accesses | TV
Th-TFh T0h-TFR 7oh- 7Bk
7Fh Ffh 17Fh 1FTh
Bank & Bank 1 Bark 2 Bank 2
4 rincplemenied data memory ocations, read as .
* Hot & physica: register,
tote 1: These registars are not imp.emerted on 23-pin devices.
2: These registars are reserved, maintain hese rsgistars ciear.

M
$ 1699 Miorochip Technsingy 2. B530ZA5-page 13
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222 SPECIAL FUNCTION REGISTERS Tne Special Function Registers can be classifisd nto
] ‘ ) » two seis; core {CPU} and pericheral, Those registers

The Special Function Registers are regisiers sec by associated wih te core funetions are destribed in

the CPU and perisherdl madies for controling the detsd. in thi section. Thoss refated to the gperation of

desired opefation of the device. These regsters are the peripheral featurss aré described n detal T the

impemented 25 static RaM. & ‘ie of these reglsters s peripheral feature section.

giver in Tabie 2-1.

TABLE 211  SPECIAL FUNCTION REGISTER SUMMARY

Va . Valve on
Addes| e | mir | Bis | Bits | Biea | maa | ewz | et | ogieo ;u;R‘on altother
s BOR | "=
2
Sam b
nae®  [iNDE A3ressing 15 location w583 conterts ot FER ¢S adoress dalz memory inod aphyelealreg st [ ooce tad0| 2000 seee
air |meRe “Imers reduies aghslar rore e v wem
P i Lo Eragram Canters 20 Lsagt & gnilcark 5y phet 5o9a}oene esee
arw Jowws | we | st | aeo | | P |z | s | ¢ fooc vam|seog g
adri® | FoR L Kir2CT g3l riem try a4 108ek Jointer o0 ook | wmnn wmne
28 PORTE, w f = |POR7ADala Lakyaner wiksn FORTA ping ahet read -t 0090 | --2u eooe
LIy PCORTE FORTE Zata atoy Aften weiter: POATE pirs waer read e e | uuuy B
ki ATRTC FORTS DataLgar ehen writizn: BORTC pirs when read e wex | ueuy umm
aer®  |PCRTE  {FORTI Data Lzat wnen ariien: PORTE pirs wier r5ad e xyx e umm
wr®  |eoRTE - - | - - | — Tee | re | rew - | oam
Janith | RI_ATH - - — | etz 1o e vpper S Kt 0tine Aragrs T Sl ---¢ £200 ] ---0 gt
1@."}" INCOK BiE REE TCE NTE REIE “0iF IMTF REIF | 0066 559x] 4300 40tu
13 HR mpe® | AL Ll TEF SIFF | COFt2 | mRE | TWRIF |ence 50933003 dc0t
[ - 1§l - EEF of | = b | CR2F |-pe0 geed-re2 9--0
Ji:4) THRIL Ho'ne regiese” i3 ir e L Signifeant Sy 3* the 18-t MR 1 regiter zvre ama ) wune wum
OFa RS |Hoang regieetorre Mosl Dgraze: Byle of Ing *SDA TR regles eer x| mew g
1w [Tzon - | — |roees ] rokess [Tooscen | rovms | wmics | TiRies |o-ee ooon | - vom
11t TRRL TImerd Todules r2gisler Q00C £350 | %500 8046
g |meom ~ Jroursa]ToutEst] TeLTRST ] TouTRen | TR2C TTaskest | Tekpet [-nee seso] -390 suce
13r SSE3UF  |Syravoncas Szl Fort Hese s BursnTrarsmil Ragistar 20D XXX | UL v
Wb IsoFaon | WeoL | s2pov | SoREN | kR | SeRe | aePea | oA | SSEWR Jeecc oege}00d occt
131 LIRL  {CaphraConpars Py Regew-] L28] xx0e yxry | uuee won
164 LA [CaphraiConmpzre WM Regewst (MIE: ek worr | oww wnm
is LLPIGON - w | oszpx | comty | soptwd [copuz |oomaes ] CEFTMG | --oe 2300 --20 occe
i LT SFSN .49 SREN CREN afQEN | FER2 | CERR RAGE | 0050 £03x] 5390 fC(x
10 TARZE  |URART Trangnit Data Rachlar B0gE 209 8309 g0eC
14 ICRES  (USaRT Rexde JaReEe 0G0 £5a0] 3300 dee0
|18 CIPRIL  Caph wiCamparsPiM Rege=2 LUE) DO TEEE | e wmn
{3h TR - |CathCanmparsElM Reree? (MIE: _bzwer we | e wam
o |acrason | — | — | ceeas | ceene | coravs [oomamz | cosoe | corano |--oe 2000 --20 eeco
151 ADRESE  pAT Raedi Regsier i) Sy Troe Er | UL T
tea fascom | azost | socs l g4z l 2401 l £x31 I 2| - | aoat lsoee z2-olz0m sea
Lepert: X =unknown, u=unchangad, 3= value depends on conifion, - = urimpiamested read 2370, » = reserved.
Zhaded laeatitns are L mpiamentee, read 55 T
Note : The upser byte of tie program curer s ot directiy actessinle. PCLATH is 5 holging registar far tie PO<126> whase
conteris ane anshared o e upperbyte of the program courter

2 Otver ;non pawer-ufi 2867 include exramal reset fhrcugh MICLR and Wanchdog Time: Raser.

3 Site PAFEE 2no 25PIF are resenved on the 250 devices: aweys malrnts n thase bl clear.

4; Thasereigsters oar be addrested Fom ary bank.

5 ICRTD PORTE, TRIST, 2nd TRIZE ave robpiysically mplemented or the 28-pir cesions, reac 35 €

§: SiR]eS=znd PIE2<8> are reserved or thess devices; dhways maintsin thess bits ckear,

e ——— it
]
i 1923 Wiereahip Tecknslogy Ins, DRaNzedsgape 19
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TABLE 21:  SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Vahie on: Vahue on
Addres| oo | By | s | mits | mes | et | w2 | st | swo | pop | WOM
5 EOR resels
_ 2]
[ Bank 1 N
g | moF Aodressing g 'gealar Laes-Contenie o* FIR <1 220iess dala mamory 1ot d ayed epder;  |rota 0000} 9380 cead
s |SONR T feroe | ovese | omer | oese | R | o | R0 funuufuuun
Er . PrRgFT Coumars BT Laaet Sigafcar Bys £0CT DDA 2300 GEAT
s [owrs me | rm | e | 5 | PE | z | 3¢ | © Jeces wesfoseg quw
wup® IR b 432 memary 30173€s panker LOCE T | WU T
@ TR = | = |FORTA D2 = actnn Teger --11 1221 --21 1123
=6h TR.3E FORTS S0 Drecky Rsgleter . 1111 113112211 1311
bl TRISL PLORTS Data Oire dligr Reg siér 111 3111] 1111 L1111
gh®  [TRISD PCATS bata Direstor Regste 1111 2111]1311 111
¥ |TRiSE BF oBF | Iy nzwan£| — | somre oz etor e [eces 111 ]ov0e -
'@ | PLLETH - - = |yt Batter for Ine wper § bile 3* e PragrT Couvs —=eD O04 | el GOEE
2prid [ INTSoN 3E FEE “LIE NTE 3E 0 INTF R3% |eecs 200x| 9000 Gota
E) PE{ o™ | ADE ELIE TXE SIFIE | OIPIE | TMRIE | TMRIE | 6o 2204 ) 0300 £640
o |rE - 1) - ezt | ez | = — | R - &
Er PION - - - — - — FGR | 3R --e eeuy
iFny - Unimpismeried : : L - —
W = Unlmpimarias — —
M [ooFcons | GREN |ACKTAT | ACKGT | ACKSM | RCEN | PEN | ASEN | SEN focer £ado) 2000 cec
_:‘2" PR2 Tirpers Ferdad ﬂsg‘ IHE 1111 1113} 31i) 1111
3 S3FADS  doyrabrngus Deidl Sert (RO Mo Airags Ragtler CO6E L0020 | 2900 GEED
wn |soroar | sve | ke | bR F | 5 & =W | uwh | 3¢ Yeees vosefoaes coue
3h - Uninpizmarted . R - —
i - Urimpemerted - -
F — Unimphameried ) - —
@ |rem coRc | Txe | TREN | v | — | S5ReH | TRRT | TXED [eeco -onodomge -;as
|#n |596RG |52 Iata Geraiio Ressier 60T G300 {3000 £053
M = nimpiamarted - - - —
i LnImpementet - -
R | urimpamenied B ' - -
i Uninpmertes . ‘ — -
B |actEsL | RseutRepslerion Be P ey
®1 |asewn | ssf | — | — 1. — | Feees | mersz | stre | poted |o---wace fo--- som

Legend: x = unknown, 3 = unchangag, 7 = vaile 02penss on cong Tor, - = Gaimptamentad psag a5 C', 7 = resared,
Shaded icoations are unimple~ented, read a5 T
Note 1: The upper byoe of Fie pragram oounter is ot divscty scosssile. PCLATE is a holdng register forthe FO< 128 whose
covierts ane transiemed 1o the upoer byte o the pragram sauntar,
: Ofer incn nower-up) resets include externy’ case frrcugh WoUR and Waichdog Tiver Resel
: Sirs PSFIZ and PA2F a7e nesarved on the Z8-pin devices shways maintsin these Bits clzar.
: These registers can be atdressed from ary bank,
s PCATO PORTE. TRISE, and TRISE are not pryzioaly impiementza on tha 28-0ir oav'oss, reac as 'l
8 AIR2<3» and FIE24E are rase~ved 00 a2 devices: atvays mantain thess bits clear.

LN Fa G NS

]
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TABLE 2-1:  SPECIAL FUNCTION REGISTER SUMMARY [CONTINUED)

Addres ) ! ) ) ) Jvakeon:| WA

s Nama Bit7 Bit§ Bit5 Bit4 Bit3 Bit2 | Bit{ Bit0 POR, resets
BDR @

| Bank?

1gené®  |INDF & 3dressiry s 19calon La23 Conteras of FER L 34Cress dats meTon roldpiysicalteyesr | 60200600 | Z06C CI00
1011 THRE “Ires rodule s 2gisket Xxre gk | utue ween
Rl G Frogrsm Sodaters iF S Leag Sgnilcart 5y pOte 3523

@ |swws | me | R ] e | | e | oz boos | oo dam|noag qem
104i% | PSR 1RIIE 435 Meryy 3218tE pointer T rEI | wRm AR
L Unimgizmerted - -
1GEn ICRTE FURTE ODatd calsy wien wiiten PORTS pirs wier fead oree pxex | ow wwm
o7 = Unimgizmented = -
1080 |- Unirpemented = -
104N - Unimpismentel . - -
1pentLE | PCATH - - o | Wirse Bufter 127 the upper £ b of Wie Prgrsm Ciuver —eal 30| ---0 OG0T
e | INEIN et | feE | Tk | wWrE | mEE | voF | e | REF |eoeo soow|so0s soom
10Cr  JEEDSTA  |EEPRCA (3% fegistér axxe e | e v
1B0F_ FEZa3R  |EERRCM asdress vecsler wore e | wuwy vuw
B |EEDATH | = — | EzeRov anm mgister niga by Y P —
10EE L] = - - ]‘,;— ROM sterees ey eier ngh vl xowe oo f GUMM Wum

Bank 3
15019 INDF Addressiry i 18 iocallon U525 conterts of FER 3 33dress dats memony (661 3 physlca! teyslen 390 0€0C
1540 g;ﬁON-R FEFT I wrane | Teos B PTA Pz 23 PaE fraar a1
jgaqi® | Pa. Fagrary Cousers (P Least Sigriiz Bgle 008C 230013030 d0EC
et |omous B | e ] %m0 | o | e | z | ot |t [oe ima]oeeg qum
A e IghRe daia meTsy andese sinter XTI | ue U
1@ = . |urmpemersd - -
18€1 | TRIGE FORTS 230 3 recton Ragister 1311 1131} 1111 1111
18m |- Unirpaneriey - - -
18en | — Unepamented - -
1850 - nmpamenied : . - il
15ant | eo AT - —  |vireBame o e Lope 8 k1S of g Program Sounter ==~ 3308 | ---0 0064
130 | INTCoK &E FEE TLE NTE REIE TEIF INTF REI®  f{oech 209x| 5200 ftfu
1&Cr EECCN: EE23] - - - \WRERR | WREN WR KD fx--- 2300 |2--- 300
180r EECCNZ  |EEPRCW fortts: raqlslans (23 phygiaai regletar wame mmmn | vrwn wnan
1%En |~ Iﬁrm TN cea vogo 3020 0030 0o
1EFF — Reserval mainkin cigar . |ooce 0009000 BOCE
leperd x=gknown, u =unchangad, g = value depends on condiion, - = urimglamenizd read as T r = resetved,
Shades lacaiens zre unimp-amented, read as T
Note 1: Tre upper kyie of the program courter 's ot direolly sonessitie. SCLATH is 4 holging registar far the FU< 12:8> whase

contaris ane manskerred fo 2 uppar Eite ofthe progrem sounter.
2 Otner {nan power-up) “esers inghude examal rasst dough NECLR anc Wazhdag Time- Rasel
3 SheFSFIE anc *5RIF a2 reserved on the 2o-in devices: always mairian these bie clear,

4 Thase registars oar b adcressed from ary bask
& 2CATD, PORTE, TRISD, and TRISE st rotpysically mplementsd ar she 28-pin devices, read 35 T\
5 PIR2<3» avd FIZ2<8> are raserved or these devives ahways maintain Phesz bits clear,

p—————
£ 1559 Migreohip Technolagy Ina.

78

D323 5psge 17



PIC16F87X

3.0 I/OPORTS

Some pans for these KO ports are muliplesed with an
altsmate function for the peripheral features on the
dewice. i general, wheh a perizhsral is enskied, that
pin may rot be ysed a8 a genzra. purposa KO pin,

Addtiona infornation on KO ports may ¢ found inthe

PICmern™  Mg-Rangs  Reference  Manual
iDE823023,
31 PORTA and the TRISA Reqister

PORTA is a B-bit wide bi-girectional port. The corre-
sgonding data directon regketer s TRISA. Sating a
TRISA bit (=13 will make the ¢orrespand ng PCRTA pin
an inout fie., put the cermesponding output driver ina
h-inmpedance model. Clearng a TRISE bt (=0} wil
make the corresgsonding PORTA pinan output fie., put
the contents of the output lateh on the selacted pinj.
Reacing the PORTA register reads the status of the
pins, whereas wiitng 1o twil write to the portlatch. &1
write operators are read-modfy-wrie ojerations.
Therefore, a write o a peri imrziss that the pori pins are
rzac, the vaiue 's madified and then written 1o the port
data latch,
Bin RAd is muitipiexed with the TimerD module elock
ingut to becoms the RAKTOCK! 2. The RALTOCK!
pin s & Schmdt Trigger :npLt and an open drain outplt.
& other PORTA ging nave TTL inpuk leve's and fud
CMOS cutpus diivers,

ther PORTA pins are noyiiplesed wilh anaiog insuts
and analog YRES input. The operaton of eath pn is
selscied Oy clearpgrestting the cortra’ bite in the
&DTCHT register (AR Contryl Register1).

Note:  On o Power-on Reset, hese pins are oon-
figurad as aralog inpuls and read as '0’.

The TRIGA reglister controls the drection of the R4
pins, ever when they are bapg ussd &s anaoa inputs.
The user must engure the tits in the TRISA regsterare
maintained sst when veing theim as aralag inputs.

EXAMPLE 3-1: INITIALIZING PORTA
ECF STATDE, RO ;
ECF STATYZ, RPl  , Dafkd
CIBF  ECRTR ; Initislize FORTA Ly
s 2learing cutput
; dsta latches
BSF ETATDS, RPT  ; $alect Banx 1
MOVLE  0R06 ; Tanfigure all ping
WAEE  ADOONL : &5 digital inputs
MIVLE  0mF ; ¥alue used bt
: tngeislize data
; Atrection
WOVEE  TRISA ; et PAc3:0w ae inputs

y RheS5q45 35 CULpULs
; TRISA«T:6x dXe alwaysm
; raa@ a2 '3,

FIGURE 3-1; BLOCK DIAGRAM OF
RA3:RAD AND RAS PINS
D
Bus
o a
W3 ¥
2o | W AN
ST AR
Tl Lagh J_ =
T H
Al
WR
?-m—s 3 Ve
Ar3og
‘aptt
Hocs T,
-I:'TFJ.-'.-. j""s'-
s
o B
v a L
EN
RO PORT ! fﬂ“'*»..:.‘r ——l
=
0 AT Coweder

i

Note 1: 1'2p o5 nave ooieclion diedes so Yoo and 3ol

FIGURE 3-22 BLOCK DIAGRAM OF RA4

TOCK! PIN
03ta
Bit b4
WE .
._, g
i S «. o
—k :
Jata .aley g
i 5t
YR
“RE it oo il
VW] .
gz ™7
e g :
=T
RS b - Burz-
i
T
RZTRS
.-/- G E
EN
RO 20RT . Fos —]
Lo
TR S irad

Note 4: “C pin has protectisndioass fo W22 only.

£ 1883 Misreznip Technolegy Ins.
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TABLE 3-1:  PORTA FUNCTIONS

Hame Bit¥ | Buffer Function
FADAMD byl THL | Inputioutzut of analog input
R tiaht vkl TL |inpinicutaut o anaiog input
RAZIANZ bi2 TTL |inputiouisdt o analog input
RASIANINREF Bifd TTL | inptaicutaut of analog input oF "/RE®
LEATTRCH) 18 I | Inputiouwtsit or axternal clock iput for TimesQ
i i open drain type
- TP . . - N
RABTGEANS BiE T | nputieutsut o st selettingut for synenroncis 53! port er anaog input

Logend: TTL = TTL inpat. €7 = Sehmeit Trggsr input
TABLE 321 SUMMARY OF REGISTERS ASSQOCIATED WITH PORTA

Value on: | Value on all
Address| Mame | Bit7 |Bit6| Bit§ | Bitd sit3 | Btz | Bit1 | Bit0 POR, other
BOR resets
oo BoRE | — | — | RA5 | RAd | RAT | RAZ =1 | RED |--0x 5960 |--2u 0203
BSh TRIGA — | :— [PORTA Data Direction Register --1l 1ML f--13 1111
SFh ADCOMI|ADFM| — | — | — [PCF33] PCFG2 [FCFG1 | PCEGE |- o- o206 f--2- 0020

Lsgerd: = = unknown. u = unchangad, - = unimp emented 1ocations reag as 'Y, Shaded cels are not waed by PORTA

Note:  #¥hen uaing the SSP moduig in 571 slave made amt 53 araivied, ihe AID converter must be set to ané of
s Bolinyiing rriodies Whsne PTFSPOFGT = SL50, 010k, 9lix; 1191, L1L9; 11

]
0230232B-page 30
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32  PORTE apd the TRISB Register

PIIRTS Is an 3-bit wide. i-girectonal port. The corre-
sponding data directon register is TRISE. Seitng a
TRISE bit (=1 wil make the comesponding PORTE pin
an inaut {i.4.. put the cerrespending output driver in a
h-ivpedarce mode). Clearng a TRSD bit (=0; #i
makz the corresponding PORTE 2in an sutautdie., put
the contents of the cuiput lateh on ne selected pin},
Three pins of PORTE are nuutip-exed with the Low Vol
age Programming fupetion: RB3FGM. RBEFGC and
RB7PGD. The altemate functions of these one are
deseribed in the Sascia Features Section.

Each of the PORTE pins nas a weak iniemai pull-up. A
singte control bt can turn onail the pull-ups. Th's is par-
formed by o earing bit REPL (OPTION_REG<7=). The
wsak pul-up is autemadcsty turmed off when the port
pin is configursd @s an owput. The puilupe are dis-
ailed on 2 Power-on Reset.

FIGURE 3-3: BLOCK DIAGRAM OF

RB3:RBO PINS
Ve
RE ] WEAK
—I FE pip
L3 Lagr
CxzBJs s o _:._ E
WR Pot Ko
[’
|- prit
TRR:
1z i
Ter o7
yRT rEs &/
WRTRD CK_"_ sarar
JITREG
::;F ¢ o}
A% Forl Eh —l
;"‘ -“'.,
REZINT <1 T
B e | |
ok Trgger £ ey
g 338 O Bors
Mola 11 13 ZME nave 5 ade privecllen 10 W0 310 VAE
2: “persbla w3y puil-ns. £ e goarasrale TRIS L5
31 323r e ASRL QIR TION_RES«T»=)

saur of PORTBe pins, RET:RB4, have an nterrust on
thange feafure. Crly pirs configured ae inguts can
causethis interragd o secur iie. ary RET.RE4 pin eon.
figured a8 an sutput is exchucdad from the intemupt on
change sarnparsan). The input pins iof RET:RB4) are
conparsd with the old value laichad on the iast read of
BCRTE The “mismeteh” cutpuls of RET:RBA are
OR'ed together o generaie the RE Port Changs Inter-
rupt with Tag bit RBIF HNTCOM<0=).

Tnis interTupt can wake the device from SLEER The

user, in the interrupt service routne, can ciear e inter-

rugt in e following manner

& Any read or write of PORTE. This wil end the
mismateh congit-on.

by Ciearfiag 9t RBIF

A mmismatch condition wil cortinue 1o est flag bit REIE

Resding PORTE Wil end the misnatch condiion and

aliow flag bit RBIF {2 be cleared.

The interupt on change feature is recammsnded for
waks-up on key dspression operalion and operations
whete PORTE is only used far ihe interrupt on change
faature. Foliing of PORTE is not recommended whis
using the interupi on change feature,

nie intemupt or: mismateh feature, together with soft-
ware configurealye pull-ups on these four ping, allow
easy interface % 2 keypad and make it possible for
viake-up on key-deprasaion. Refer to the Embeddes
Cortrel Handbook, “implementing Nake-Up on Hey
Siroke" [ANS521.
RBOAIT j5 an external irterupt input o' and °s config-
wred using the INTEDS hif {GRTION_REG<G-}.
RBOANT is diecussed in detal in Sectien 12401

FIGURE 3-4: BLOCK DIAGRAM CF

RB7:RB4 PINS
¥oo
Fer | Er san
1 o [ES
Pata _gke
SataBus = .. '_E
t @ {
g L2
W2 Ty el
T8 £ Ll
— o
WATRY —_ R N I
" 1] [ty ‘_‘ 1"‘1;{31 <,." K “.‘\ ;
Suiter =T
. Bafar
[ —— ]
/L TE 2 Lt
..ij e 2l
RO =ari = a1
SetREE, )
e
_(\-E h ; T i
H
Fram atrat oS B e
RETRBIZ W AL Par
=y =
Q3

RST:R5E Ir gerla £rogammiag mod2

Mata 1: KD 3Ins aavs Fods pootaelin 1 WD 3ad VR
2 Toenabie Aar slllLDE. sed e agproonizte TT KRG
a3 2ar e REAL bl OFTICN_REGV=}

Note:  Wwhen using Low ‘oltage ICSF Programming {L/P} and the pull-ups on FORTE are enabled. bit 2 in the
TRISH register must be ¢ eared to disable the pull-up et RB3 and ensure the proper operation of the device.

1899 Migreahip Teckaziogy s,
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TABLE 3.3:  PORTE FUNCTIONS

Hame Bit# Buffer_ Function
REDINT bie TTLET | Inputoutpat o Of extemal nterrupt Npus. Intemat software
pragrammatle weak pull-up.
RB7 bl TTL inputioutsut 3in. Interna goftware programmaly s weak puli-up.
REZ bit2 TTL inpublotrout gin. interna’ software programmakie waak puil-up.
T

RBVPGM bit2 Irpukiourut Zin o programpting pin it LvP made. Internal software
pragrammabls waak pul-up.

RE4 bits T {Rpubroutaut pin {with interrupt on change). Infemal softvare pragrammahble
weak pui-up.
RES b4 T7L Inputioutout pin {with ‘nterruat on changs]. Infemal softvare programmable

waak pui-up.
RBEPEC b T'ﬂ.."sT(21 Irputioteput 2in (with interrupt on change? or In-Circuit Debugger pin.
intermnsl software srogrammable weak pull-us. Serial programming clock.
RE7/P30 Bi7 TTILST® | Inputioutpat 3in (with interrupt on changs} of In-Circui: Debugger pin.
Internal software programmelde weak puii-<Jg, Seral programming data.
Legend: TTL =TTL inpur, ST = Scheitt Trigger input
Note 4: This bufer ig a Schnrtt Trigger nput when configured as the extermal mterniot

2: This buffer i a Schrmtt Trigger input when used in serial pragramming made.

TABLE 3.4:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Vaiue on: | Value onall
Address Name git7 | Bite | Bit5 | Bitd | Bit3 | Bit2 | BA1 [ B0 | POR, other
BOR resats
o BS7 | FRES | RSt | PB4 | 968 | Rbc | FBI1 [ 450 |k XWX |uudu wuuu
8€n, “38h | TRIZE FORTE Dats Diraction Registsr 1111 11111133 1111
%in 31 |COTION_REG | RBFU | INVEDG | TOCS | TOSE | P5A | P82 | B517) PSA |11 1111 13111 111

Legerd == unknoan, 1 = unchanged. Shaced sells ar2 ot used by SCRTE.

w
DE302328-page 32 & 1030 Micrachip “echrology irnc.
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33  PORTC and the TRISC Reqister FIGURE 36: PORTC BLOCK LHAGRAM
. o (PERIPHERAL QUTPUT
PORTC is an 9-ixt wids, bi-directional port. The corre- OVERRIDE) RC<3:4>

eaonding data directon register fe TRIEC. Sedting 8
TRISC wit =1 will make the corrssponding PORTC £in
ar inaut {Le.. put the correspending output driver ina
hi-impedance wodel Clearing & TRISC bit (=0p wil
riake the correspending PORTC pinan ouiput f.a., put
the contents of the output Lateh on $he selectet pink.

PORTC is multiplexed with sevaral periphera’ functicns ey
{Tabla 3-5;. FORTC ping have Scharitt Trigger ‘nput )l P
huffers. ViF,
Wwhan the 12 moduls is enadies, the PORTC (34} pins B 1 pene |-
can e configurad with nomma |°C levels of with TRIS Lar
SMBUS ‘evels by using the CKE bit (SSPSTAT <6}, P
\When ensbing perighera Aunctions, eare should be =,~1:=.
aken 'n gefining TRIS bits for 2ach PORTC pin. Zome ST i Wy
pericherals override the TRIS bit to make a pin an cut- bl S '
put. while cther perisherals override the TRIS It to ok -
make a pin an ‘nput Singe the TRIS ok peerride is in -
effect whie the perpheral is enabled, reac-meodify- i
wiite instruciions [BEF, BCF, XORWE. wth TRIZC 35 £aPl et L
destination should be avoided. The user should refer to " - J.———
the corresporkding perpheral section for the correct CrE T
TRIS bit settngs.
ZOBLTRTwE>
FIGURE 3.5: PORTC BLOCK DIAGRAM Note 1: 1:0 pins nave diode protectien to YOO ardist
{PERIPHERAL OUTPUT x ;:;'2:;’::@::‘73’- 5;9:: seleas batweenpart
. g peripherzl ouip.
QVERRIDE) RC<0:2> 3: Swiphesl O fouputensdle’ is or y sotiated f
RC<5:T> perisheral selectis astive,

PORTE SR JHERAL Seigat™

Sz4pr=-g] Dala
233 B
"R

il ez

oy 2

e e ] S

iR
TRIZ

marlphatdi

==
cE

PEnphars . InT
Note 1: i oirs bawe diode pratestar 52 Y00 and Wi
3 PFortSerizhersl seiact s gral slects batweer port
dsts and perohers coqut.
3 Periphara’ OF (output enabia) is ony aovaned
pafphesl select is actve.

& 1883 Migroship Tenklogy Ine. D5302325-page 23
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TABLE3.5:  PORTC FUNCTIONS

Hame Bitz | Bufier Type Function

RCOMIQSOMICK [bitd ST Inputcutaal port pin or Timer T pscilator output{Timers clock inout

ROUTIZSHCCR2 | bitl 5T inputfoutoiet ot pin ar Timer?! oscitlatar input or Capture? inputf
Compars2 cutput/PWhiZ output

RCZICCA bit2 2 inputiourput port pin of Caplurel inputContpared autputPaMt
output

RCASCKISTL ka3 &7 RC?2 can 250 be ihe synchronous seria clock for both SPl and 1°C
modes.

RC8DIS0A bitd ST RC= can a so be the SPI Data In (3Pl moge; or daia K0 iFC mode).

RCESCO hitd ST Inputioutpurt poet pin or Synchronous Serial Port data putput

RLETXCK bitg ST Inputiowput aort pin or USART Asynchronous Tranerit or Synchie-
rous Ciack

RCURALCT Lit7 &7 Inputiouta.t 2ort pin o USART Agynchrancus Receve of Synchro-
nous Daia

Legerd: 5T = Schavitt Trgger input
TABLE 3.6 SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Value on: Va’g; on
Address | Mame | Bit7 | Bité | BitS | Bit4 | Bin3 | Bit2 ; Bitd Bt PCR,
BOR other
ressts
[F53 PORTC | RC7 | RCE RS | ACA | RC3 | a2 | RCA | RCO [xexx womx uuuu wuus
B TRISC | FORTL Data Dirsction Registsr 1112 L1L1 |11l 1131
Lepend: x = unknowr., u =unchanged.
-
DZ30232B-page 34 2 tEgE Yharachip Tesnroiegy ire.
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34  PORTD and TRISD Reqgisters FIGURE 3-7:  PORTD BLOCK DIAGRAM {IN
0 PORT MODE}

Thiz secion is hot apdlicat’s to the SICIEFYTS or

BIC167E7S. Dala
_ e Bis R S
PORTD (5 an 2t pori with Schimitt Trigger input Buff- R [
. . . — D L
ars. Each pin is individua ly eonfigurai:e &s an input or EORT e
DUEPLE. w4
PORTD tan ke confgures a5 an 5.0t wide micropro- 233 Lt
cessor port Jparalist slave party oy seling cortrol B 2 =2
PSPMODE TRISE<4»!. In this mede, the input buffers R
are TTL. Iag ol gt 1,
Tiggz- \"\1{;
ey "IPLI !
TRIS Laeh Eier
.ﬂ_.____q_ﬂ_
"D TRES
o ] [

—

~1
-4
ropor | - _}

D

figte |1 4G pins bzve profestor Codes 13 VST NG Vs

TABLE 3.7!  PORTD FUNCTIONS

Hame Bi@ Buffer Type Function
RDOFEP] it I3 fapa iUl Inputfoutpl: port on or paralls: $ave por it
RD1FSP1 kit ST Inputfoutput gort pin or paralle: & ave poit bitd
RO2®SP2 bit2 srrTLif Inputioutput cort i or parale’ ¢ ave port bil2
RDUFPEPY bitd arITLn Inputioutput 207t pin of parafle save port bitd
RD4FEP4 bitd st Inputfoutput sort pin oF paralle’ §ave port bitd
RDSFEPS bitS st inputioutput sort pn or paralle: savs portbitd
ROSFEPS Lith s inputicutpur sort gin of paralle. s.ave port bitd
ROVPSR? bit? st Inputioutput sort pin or paralle save port bit?

Legerd: 57 = Schmit Thgger inpei TTL = TTL it
Note 1: Inzut uffers are Schimitt Triggers when in B0 neofe and TTL iuffer when in Faraiiel Slave Port Mode.

TABLE 3-8:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on: Vatue on alf

Address | Name | Bit7 | Bite | B#s | B4 |Brsl sik2 | B+ | Bito POR, an
BOR other resets
aeh FORTD | ROT | RL9 | 20F od B2 RDZ RC1 %E EXxx xxxx [ouau uuuu
52k TRISD | PORTD Jats Jreston Register 111l il1l |i121 il
5h TRISE | I5F | OBF | 180V |F3PMODE | —- | PORTE Data Dimsction Bits :|eo30 -131 feos2 111

L#geng: x = unknown, u = unehangsd, - = urimzemented rend aa ‘0" Shadad cel's are not used by PORTD.

—
& 1590 Mioroship Tecknalogy Ine. D305 49ge 25
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35 PORTE and TRISE Register FIGURE 3-8: PORTE BLOCK DIAGRAM {IN
. ‘ ) . - 10 PORT MODE)

This sector ¢ not aczicable to the PICIEFETa or

PICISFE7S b2 .

AFBTA. . - ) e o _—L: ‘_E
BORTE has twee pins, RENRDIANS, RE1AVRIANG WE I -
and REXCSHANT, which are i vidualy configurable porr | Loy Ve e
a8 ‘Tputs of outpils. These Ens have Schmitt Trigaer
input buffers, Jzha Al
G PORTE becomes contrs! ‘rpuss for the nterops- —r 2

2aser port when bt PSPMODE (TRISE<d>) 5 58t in WR_ - .
this made, the user must make sure thet the Ay The NS
TRISE<Z:[r> bito are s5t i31s are configured as oigial T nput kY
inputs:. Ensure ADCON1 e canfigursd for digha: KO- in _ TR - turer
this made. e nput buffers ars TTL. T
Register 2-1 shows the TRISE register, which alss con- ROTRS
trols the parallsl slsve port sgeration. -
BORTE pins are nukipiexed with aralog inpuis. When = . 5
szlected a8 an analog ingut, these oins will read as T's. -
TRISE cantro's the irecton of the RE pins, even when wocrr | 1
they are being vesd as anasg inputs. Tae user must + ‘L;A
maks sue 10 keep the vins configured as inauis when Hols 1: C s E3ve protestor 0otes & ¥IE 33 Vas.
vging tham as anaisg inguts.
Hote: ©On a Power-on Reset, these gins are con-
figured a3 analog inputs.
REGISTER 3-1: TRISE REGISTER (ADDRESS 8%h)
B-C R R0 RO [P RIN-1 RO%-1 R
== | oer | Bov |FePwonE] — | ez | st | ki€ | [R = Readabelbk
kit? Eid VW = Wiriable bit

U = Unimplemented kit
read as ‘0’
-n="/alue a1 FOR resat

Pord , B
Bt IBF: Input Buffer 7ol Status Bi
1 = Aowieed b33 Deen recetved and = wating 1o ke raad Iy the C°U
¢ = Mo werd hag been received
ot & OBF: Qutowt Buffer Fu Statas oit
1 = Tre guput buffer stll holds a previously witien word
¢ = The auput buffer has been read
gt 5 IBOV Inpus Buffer Overfaw Dstact 1 {1 microprcosssor mods]
1 = & write Sooumad when a prev.ously inouT word has not beer read {mast b2 sleared in sofwars]
¢ = No oveFow oasurad
oi: 4 PSPMODE: Farallel Slave Fort Made Selacthdt
1 = FParallal siave oort made
§ = Gererd paacse VT mode
ait 3 Unimplemented: Saxd 35 T

PQRTE Data Dirsction Bits

nit 2 Bitd: Direstion Carirol bi- for nir REXTHANT
1=tnpae
o= Ourput

5it ;. Bith: Direction Cortral bit for pir BETNRANE
1={nput
22 Ouput

bt & Bitd: Direation Cortl b for pir REIRL:ANE

= {naut

7= Ouipet

]

D£332926-0age 23 G 1286 Visrachip Teshrology e,
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APPENDIX F
MICROCONTROLLER LANGUAGE

Microcontroller Language
#include <pl6£877.inc>

cblock 0x20  ;start the general purpose registers

NumL
NumH
ende
;start the program
ORG  0x0000
GOTO Initialise
ORG  0x0004 :set interrupt
Initialise
clrf PORTA
clrf PORTB
clrf PORTC
BANKSEL ADCON1 ;disable A/D conversion on start
movlw  0x06
movwl ADCONI1 sinitiate AD conversion

BANKSEL PORTA

setPorts bef STATUS, RPO  ;select bank 0
call Init ADCO ;initialise A/D conversion
bsf STATUS, RPO
bef STATUS, RP1  ;select bank 1

movlw H'0Y
movwf TRISC ;set port C as output
movlw HFF ;set port B as input from digital conversion

bef STATUS, RPO  ;clear bank 0
Main

btfsc PORTB, 0

call temp

88



Init ADCO

Tnit ADC1

Read_ADC

temp

goto  Main

sset for ANO
moviw  b'01000001" ;select port A as pin ¢
movwf ADCONI1 ;set the ADCONI1

movlw  b'00000000 ;enable A/D conversion
movwl ADCON1
BANKSEL ADCONO

Return

;set for AN1
movlw b'01001001 ;select port A as pin 1
movwf ADCONO ;set the ADCON1

BANKSEL ADCON1

moviw  b'00000000" senable A/D conversion
movwf ADCONI1

BANKSEL ADCONOD

Return

bsf ADCONO, GO_DONE  ;initiate the A/D
bifsc  ADCON(, GO_DONE

goto  $-1 swait for ADC to finish
movi ADRESH,W

movwf PORTC

return

call Init ADCO
call Read_ADC

return

end
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