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ABSTRACT

The thermoelectric known as peltier uses the theory of peltier effect to produce
heat difference from an electrical voltage. Peltier is a semiconductor which consists of
two ceramic plates with p- and n-type semiconductor material (bismuth telluride)
between the plates. The project also uses a 28/40 — Pin 8-bit microcontroller (PIC16¥877)
to control the voitage controller and the LCD screen to display the temperature.
Experiment conducted on the peltier shows that the surface temperature of the peltier can
reach a temperature of 14.4°C by applying 8 volt to the peltier. After 500 seconds, the
temperature can reach a low temperature of 10.6°C, By implementing basic heat transfer
theory which includes conduction heat, convection heat and radiation heat to insulate the
heat; a working prototype was built. The inner box temperature dropped from 26°C to
13°C. Although the LCD screen displays a temperature of 13°C from the reading of the
temperature sensor (LM335DZ), it is important to take into consideration that the
efficiency of the temperature sensor is very low (15.8%) and the error rate is considerably
high (16.3%).
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CHAPTER1
INTRODUCTION

The objective of this program is to fulfill Universiti Teknologi Petronas’
requirement. All students are required to undertake a final year project which is a
design and/or research based project. The author have chosen to research on
thermoelectric cooler and design as well as fabricate a working model of a

multipurpose cooling storage for vehicles using thermoelectric cooler.

1.1  Background of Study

In 1834, French physicist Jean Peltier discovered that when electrical current
is sent through a circuit made of conducting materials that heat is absorbed at one

junction and given up at the other. This is also known as the Peltier Effect.
1.2 Problem Statement

Most of present’s vehicle does not have the facilities to store items in a cool
environment. It’s very rare for a vehicle to include a cooling storage except
luxurious vehicles. By inventing a cooling storage for vehicles, users can use it for
many purposes. For users who travel long distances can now store foods and
beverages to prevent it from expiring. The cooling storage can maintain the foods

and beverages freshness longer compared to exposing it to normal ambient air.



The cooling storage can also be used for medical purposes especially in the
medical industries. Some vaccines are required to be kept in a cool environment
(approximately 12°C). The cooling storage can be used to store these vaccines in
ambulance or even a normal vehicle without compromising the vaccines. Some rural
areas do not have proper medical facilities and they depend on near-by small towns
to provide them vaccines, By creating this cooling storage, clinics and hospitals can

transport these vaccines to rural areas.

The cooling storage can also be used for 4-wheel vehicles on a jungle
expedition. User can store foods, beverages and even vaccines too. The box can also
be portable by using an external power supply. This can be very useful during
camping or long expedition on foot. The military service can also use the box to

supply foods/beverages and vaccines during war.

1.3  Objective and Scope of Study

The objectives of this final year project are as follows:
i. To study on the thermoelectric cooler this includes Seedbeck effect and
Peltier effect

ii.  To study on basic heat transfer theory
iii. To implement both the Peltier effect and basic heat transfer theory to create

a working prototype

The scope of the study includes semiconductors and heat transfer theory.



CHAPTER 2
LITERATURE REVIEW AND THEORY

There are 2 main engineering concepts that are involved in this project
which are the peltier effect and heat transfer. The author has divided into two

separate parts for better understanding.

2.1 Seebeck Effect

To understand the Peltier effect, the author did a research on Seebeck effect
which is closely related to Peltier effect. The Peltier effect is actually the reversals
of the Seebeck effect. The Seebeck effect is define as the conversion of temperature

differences into electricity [1].

For better understand on Seebeck effect, imagine a gas placed in a
temperature gradient box, there one side is hot and the other is cold. Basic physic
theory proves that the gas molecule at the hot side moves faster compared to the
cold side. The hot molecules are distributed further compared to the cold molecules.
This will cause more cold molecules to be at the cold side which causes higher
density of cold molecules. The hot molecules will diffuse to the cold side due to
lower density of hot molecules at the cold side and vice versa for the cold

molecules.



Cold

Figure 1: Seebeck effect [5]

In a thermoelectric cooler, the same concept applies with the charge carriers.
The charge carriers will diffuse in a conductor with a temperature gradient. Due to
lower density of hot carriers on the cold end of the conductor, the hot carrier
diffuses from the hot end to the cold end [2]. Meanwhile, the cold carrier will
diffuse to the hot end of the conductor due to lower density of cold carrier at the hot

end. The moving charge carriers are also known as electricity current.

Figure 2: Seebeck effect [5]

If the free charges are positive (p-type), positive charge will build up on the
cold end which causes a positive potential. Similarly, negative free charges (n-type)
produce a negative potential at the cold end. If the n-type and p-type material are
electrically connected with a load across cold end, the voltage produced by the

Seebeck effect will cause current to flow and generate power [3].



2.2 Peltier Effect

Basically Peltier effect is the opposite of the Seebeck effect. Unlike the
Seebeck effect where the heat flow drive the charge flow, the Peltier effect uses an
external electrical potential to drive the heat carrying charges which forces heat to
flow from one end to the other [3]. When electrons flow from a high density to a
low density, the junction expands and cool.
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Figure 3: Peltier effect [5]

23 Heat Transfer Basics

Heat flows from a hot or warm medium to a cold medium in three ways:

i. By radiation from a warm surface to a cooler surface through an air space
ii. By conduction through solid or fluid materials

ili. By convection, which involves the physical movement of air



2.3.1  Conduction Heat

Conductive heat transfer occurs when energy exchange takes place by direct
impact of molecules moving from a high temperature region to a low temperature
region [4]. Conductive heat loading on a system may occur through insulation,
mounting screws, etc., which form a thermal path from the device being cooled to

the heat sink or ambient environment.

Heat transfer by conduction is governed by the fundamental equation described by

Fourier’s law:
(Rate of heat flow) = k % (Area) X (Temperature Gradient) 2.1)

The factor k is called the thermal conductivity and is a characteristic of the
material through which heat is flowing, and it varies with temperature and the

degree of compaction or density.

The fundamental equation which describes conductive loading is:

kAAT

Q cond = ¥ (2.2)

Where Q cond is the conductive heat load (W), £ is the thermal conductivity of the
material (W/m °C), 4 is the cross-sectional area of the material (m?), £ is the length
of the heat path (m) and AT is the temperature difference across the heat path °C)

(usually ambient or heat sink temperature minus cold side temperature)

The equation for heat conduction through insulation is given as:

AT
(Axc/KcA) + (Axd/KdA)

Q insulation = (2.3)

Where Q insulation is the conductive heat load (W), k is the thermal conductivity of

the material (W/m °C), 4 is the cross-sectional area of the material (m?), Ax is the



thickness of the insulation layer and AT is the temperature difference across the heat

path (°C) (usually ambient or heat sink temperature minus cold side temperature)
2.3.2  Convection Heat

For fluids (gases and liquids), heat can be transported by mass motion - the
molecules themselves move [4]. Natural convection occurs due to the expansion of
fluid in contact with a hot body. The reduced density causes it to rise under the
influence of gravity. Forced convection occurs when the motion of the fluid is

maintained by some external agency such as a fan or pump.

Heat transfer due to convection can be defined such that:

@ conv =t A {Tair - Tc) (2.4)

Where 4 is the area of the body and & 7" the temperature difference between body
and fluid.

However h depends on many factors such as shape and orientation of
surface; density, viscosity, specific heat and thermal conductivity of fluid; whether
fluid flow are stream-lined or turbulent. For a given body and fluid, Newton's Law
of Cooling applies the rate of heat loss is proportional to the temperature

difference 4 T, provided & T is small and forced convection applies

2.3.3 Radiation Heat

When two objects at different temperatures come within proximity of each
other, heat is exchanged [4]. This occurs through electromagnetic radiation emitted
from one object and absorbed by the other. The hot object will experience a net heat
loss and the cold object a net heat gain as a result of the temperature difference. This

is called thermal radiation.



Radiation heat loads are usually considered insignificant when the system is
operated in a gaseous environment since the other passive heat loads are typically
much greater in magnitude. Radiation loading is usually significant in systems with
smali active loads and large temperature differences, especially when operating in a

vacuum environment.

The fundamental equation for radiation loading is:

Qrad = FesA(Tamb*- Tc*) (2.5)

Where Q rad is the radiation heat load (W), F is the shape factor (worst case value
= 1), e is the emissivity (worst case value = 1), s is the Stefan-Boltzmann constant
(5.667 X 10-8W/m’K*), A is the area of cooled surface (m?), Tamb is the ambient
temperature (K), and T¢ is the cold temperature object (K)

2.4 Thermal Parameters

To design the Multipurpose Cooling Storage, there are three parameters that have to
be taken into account which are:

a. Hot surface temperature (T})

b. Cold surface temperature (T,)

c. Load to be absorbed at the cold surface (Q.)

The hot side is where heat is released. A heat sink is attached to the hot side. The
hot side temperature can be found by:

Th = Tamb + (6)(Qh) 2.6)



Where Th is the hot side temperature (°C), Tamb is the ambient temperature (°C),

and O is the electrical input power to the thermoelectric (watts)

Qh = Qc + Pin (2.7

Where @h is the heat released to the hot side of the thermoelectric (watts), Qc is the
heat absorbed from the cold side (watts), and Pin is the electrical input power to the

thermoelectric (watts)

The heat sink is very crucial during the designing stage. The theory
temperature may need to be colder than the desired temperature because the cold
side of the peltier is not in direct contact with the object instead the enclosure is

required to be cooled.

The temperature difference across the thermoelectric relates to Tpand T,

AT = Th-Tc 2.8)



CHAPTER 3
METHODOLOGY

Figure 4 shows the flow of the project. It is divided into FYP 1 and FYP 2.

FYP 1 is focused on research where else FYP 2 is focused on fabrication and testing

of the cooling storage.

Problem Definition

!

Preliminary Research

'

Design

v

Peltier Module
& Temperature
Experiment

h 4

h 4
Analysis &
Calculation

No

Result Verified

FYP1

Yes

FYP2

Circuit Controller

EAREEAARESEN R RN AN Rl RGN AR NIRRT AIRE IR IR TR A R MNP R,

Design

l

Circuit Test & Run [¢

Result Verified

Combine.Controiler &
Peltier

:

Insert Circuit in Box

No

Box Design |

.

Building the
Box

a
-

Figure 4: Flow Chart
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3.1 Specification of the Multipurpese Cooling Storage

ii.

iii.

iv.

Vi,

vil.
viii.

ix.

Followings are some of the specification of the cooling storage:

Uses a thermoelectric cooler known as peltier which does not have any

mechanical parts (this is an advantage compared to a normal refrigerator

system)

Will be able to fit in several cans/bottles of beverages, foods and even

compartment for vaccines

The cooling storage uses the power supply from the vehicle

The cooling storage contains one/two fan/s to dissipate the heat produced

from the thermoelectric cooler

The inner box contains a heat insulator to prevent the cool air to dissipate out

of the box

The cooling storage contains a LCD screen that will display the temperature

of the inner box

It contains a temperature sensor to detect the inner box temperature

A microcontroller is required to display the temperature on the LCD screen

The box contains a rechargeable external power supply so that it can be

portable

The vehicle’s battery can be used to recharge the external power supply

The peltier is placed on a fin to help dissipate the heat from the hot side of
_the peltier

1



3.2 Heat Transfer Application

Figure 5 shows the principles of heat transfer are essential in removing the
unwanted heat from inside the box. The box consists of two layers of insulation.
Heat being transferred from ambient into the box is calculated from the equation of
heat conduction as stated above. Heat from inside the box being transferred to the
cold side of the peltier is calculated by using force convection in laminar condition.
Thermoelectric device (peltier) is working as the heat pump draining the heat from
inside of the box (cold surface) to the (hot surface) side of the peltier by applying
principles of conduction. The heat from the hot side of the peltier is transferred to
the fins by conduction and the heat from the fin being discharge by force convection
from fan.

~ Natural
convection

l _ Conduction
VR

S

Fum Convection I Conduction

Figure 5: Heat flow
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Figure 6 explains the application of basic heat transfer for this particular
project. It shows that conduction heat occurs through the layers of insulator. The
heat inside the box is transferred through natural convection heat. Radiation heat
occurs at the peltier but it could be neglected due its small power produced.
Conduction heat occurs between the hot side of the peltier and the fin and it is
discharged by the fan trough forced convection.

OUTER BOX

Ee— INNER BOX

ambent an
~ cool au

// - hot au

Figure 6: Application of heat transfer
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3.3 Circuit Diagram

For this particular project, the Cooling Storage for Vehicles will be using a
car battery as the power supply which is rated at 12V. Figure 7 shows the circuit
diagram. Listed below are the important electrical components to be used in the

project

i. 5V voltage regulator (LM7805)
The 5 volt voltage regulator is needed to drop down the 12 volt to 5 volt.
The maximum voltage of the microcontroller is only 5 volt. A heat sink is required

to remove the of the voltage regulator. Please refer to Appendix C for data sheet.

ii. 8V voltage regulator (LM7808)
The maximum voltage of peltier is 12V. But applying 12V for the peltier
may cause the peltier to malfunction. So only 8V will be used to obtain the required
temperature of the peltier. An 8V voltage regulator is used to drop the 12V from the

power supply to 8V. Please refer to Appendix C for data sheet.

iii.  Temperature sensor (LM35DZ)

The temperature sensor is used to read the temperature inside the box. It is
programmed with the PIC16F877 microcontroller and the reading of the
temperature is displayed on the LCD screen. The temperature sensor reads the
temperature and gives an output in voltage. Different values of voltage represent

different temperature values. For example, a temperature of 25°C gives a reading of

14



0.25V to the microcontroller which is programmed to display ‘TEMP: 25°C”. Please

refer to Appendix C for data sheet.

iv.  PIC 16F877 microcontroller
The microcontroller is used to read the temperature of the inside the box. A
LCD screen is connected to the microcontroller to display the temperature. All the
components connected to the microcontroller is programmed using C language. The
programming code is available at appendix. A 4MHZ crystal oscillator is connected

for the clocking of the microcontroller. Please refer to Appendix C for data sheet.

v. 12V fan
The 12 volt fan is used to dissipate the heat from the heat sink. It is

combined together and the hot surface of the thermoelectric cooler is attached to the

heat sink.

vi.  Thermoelectric Cooler (peltier)
The thermoelectric cooler is being used as the main cooling system. It is
being used because it is light, easy to use, no mechanical parts and cheaper to a
normal refrigerator system. The temperature of the cooling side can reach up to 4°C
meanwhile the hot side can reach a temperature of 50°C. A heat sink is required to
dissipate the heat of the hot side to maintain the temperature of the cool side. Please

refer to Appendix C for data sheet.

15
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Table 1 shows the list of components that are used in the project.

Table 1: List of Components

COMPONENTS MODEL QUANTITY
1 |5 Volt Voltage Regulator LM7805 1
2 | 8 Volt Voltage Regulator L.M7808 1
3 {12 Volt Voltage Regulator LM7812 2
4 | Temperature Sensor LM335DZ 1
5 | Microcontroller PIC16F877 1
6 |12 VoltFan DO8T-12PH S 2
7 | Peltier DT3-2.5 2
8 | 1k Resistor - 1
9 | 10k Resistor - 1
10 | 100Q Resistor - 1
11 {LED - 1
12 | 47uF 16V Capacitor - 8
13 | LCD Screen HD47780U 1
14 | 4MHz Crystal Oscillator - 1

17




3.4 Flow of the C programming for the microcontroller

The purpose of the C programming for the microcontroller is display the
temperature inside the box. The program is divided into 3 functions which are:
i.  The main function
ii.  Char conv_0() — return the first digit of the temperature
ifi.  Char conv_1() — return the second digit of the temperature
The C language programming can be found in appendix.

MAIN FUNCTION

LOCAL
DEFINITION

CALLED
FUNCTION

b=conv_1() E
TEMP: 1X C !

L]
=t
<
<

'

a=conv_0()
TEMP: X5 C

[ e

v

RESULT
Display
TEMP: 15 C

Figure 8: Flow Diagram of the C Programming
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3.5 Hardware Tools / Software

Table 2 and table 3 show the list of software and hardware respectively that are used
in the project.

Table 2: List of Software

SOFTWARE ALTERNATIVE JUSTIFICATION
-Electronic Work To design and simulate the
PSPICE Bench (EWB) circuit, easy to get the software
- Multisim and can be trusted
ﬁ?iigln;p;)llecr E Programming is needed so that
. MATLAB the controller will do according
Programming to the specification
Software
AutoCAD Hand Drawing Design the entire cooling box
Table 3; List of Hardware
HARDWARE ALTERNATIVE JUSTIFICATION
Main component for cooling
Peltier Chemical reaction system which is easy to handle
compare to chemical reaction
Microcontroller is more
Microcontroller Controller suitable because the design
circuit must be small
. o PCB is small to be fitted in the
Printed Circuit box f rtabl but the
Board Bread Board b X 01 por:able uses
read board is larger and need
(PCB) .
special care
To get the box temperature so
that the microcontroller can
Temperature Sensor | - take action if the box exceed
the box temperature
specifications

19




Table 4 shows the lost of tools that are used in this project.

TOOLS ALTERNATIVE JUSTIFICATION
Drill and cutting device are
1 Lathe and Milling | Drill and Cutting more suitable for small project
Machine Device (produce metal workpiece), but
less accurate
Depend on temperature, usage
and components, whether to use
2 | Soldering Adhesive soldering or adhesive to stick
the components/hardware
together
3 | Grinding Machine |-

Table 4: List of Tools

20




3.6 Cooling Storage Design

Figure 9 and figure 10 shows the proposed schematic diagram of cooling
storage and the drawing of the box respectively. The box is designed to be heat
insulated to maintain its cool temperature of 12°C. Table 7 summarizes the material

that is used to fabricate this project.
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Figure 9: Schematic Diagram of the Cooling Storage
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Figure 10: Drawing of the box
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Table 5 shows the components that are incorporated in the multipurpose

cooling storage and its function.

Table 5: Components of the Cooling Storage

Components

Function

Peltier

A thermoelectric cooler used as the main cooling
system. It is placed at both end of the cooling
storage so that it can cool the inner box faster.

Perspex

It is a very good heat insulator because it has a very
high melting point. Since one side of the peltier is
very hot, the Perspex is being used to hold the
peliter to the fin.

Polystyrene

It acts as an insulator to keep the box cool. It is
cheap and easy to handle. It prevents heat from the
outer box to enter the inner box

Aluminum

It is a good heat conductor. It is placed around the
inner box to increase the cooling area surface

Fin

The fins are contacted with the peltier to dissipate
the heat of the hot side of the peltier

Fan

It is used to dissipate the heat of the fin which is
contacted with the hot side of the peltier, It is also
used to increase the force convection.

Frame

It is assembled to hold the fin and fan together

Temperature Sensor

It is used to detect the temperature of the inner box

22




Figure 11 — figure 14 shows the conceptual design of the multipurpose
cooling storage. It still incorporates the same components as the proposed design

discussed earlier. Also included are the dimensions.

18 cm

Figure 12: Circuit box (front view) of the cooling box
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Inner box is

created out of

Figure 14: Bird’s eye view of the cooling box
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Experiments on Thermoelectric Cooler

An experiment was conducted to obtain the surface temperature of the peltier. The
experiment was done by using DATA STUDIO 1.9.0. The software is connected
with SCIENCEWORKSHOP 750 INTERFACE which has temperature sensor and
voltage sensor. The experiment was conducted to determine the relation between:

i.  Applied voltage and the surface temperature of the peltier

ii. Time and the surface temperature (applied voltage 8V)

iii.  Efficiency of the temperature sensor

25



4.1.1 Applied voltage and the Surface Temperature of the Peltier

Table 6 and Figure 15 shows the result of the various applied voltage and the
surface temperature of the peltier. Figure 9 shows the graph decreasing over time.
The initial surface temperature of the peltier is 18.4°C and after 300 seconds the
temperature drops to 10.6°C.

Table 6: Time and surface temperature

VOLTAGE (V) SURFACE TEMPERATURE (°C)
0.049 20.814
0.561 20.569
1.174 20.631
1.561 20.631
2.069 20.508
2.511 20.569
3.019 20.508
3.526 20.325
4.105 20.02
4.517 19.837
5.091 19.471
5.528 18.921
6.032 18.372
6.525 17.945
7.011 16.907
7.525 16.236
7.998 14.466
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Figure 15: Surface temperature of peltier vs time
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4.1.2 Time and the Surface Temperature (Applied Voltage 8V)

Table 7 and figure 16 shows result when 8 volt is applied to the peltier and
its peltier surface temperature over time, The immediate temperature of the peltier’s
surface when 8 volt is applied is 10.6 volt. Figure 9 shows the temperature

decreasing when the voltage is increased to § volt.

Table 7: Volitage and Surface Temperature (Applied Voltage 8V)

TIME (5) SURFACE TEMPERATURE (°C)

0 18.4332
20 16.1748
40 15.0151
60 15.3813
80 15.5644
100 - 15.6865
120 14.9541
140 14.9541
160 | 11.7191
180 | 12.0243
200 ' 11.2308
220 o 11.2308
240 ‘ 10.9256
260 10.5594
280 10.6204
300 10.6204
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4.1.3 Efficiency of the temperature sensor
Table 8 and figure 17 shows the result different reading of the temperature
sensor of the software and the temperature sensor (LM35DZ) that is used in the box.

Table 8: Efficiency and Error Rate

Time Temperature of software Temperature sensor
(s} sensor (T1) (T2) 1ATI(T1-T2) IATI/T1
0 18.4 20 1.6 0.09
20 16.2 20 3.8 0.23
40 15 18 3 0.2
60 15.4 - 17 1.6 0.1
80 15.6 18 24 0.15
100 15.7 17 1.3 0.08
120 15 : 17 i 2 0.13
140 15 15 0 0
160 11.7 15 3.3 0.28
180 12 14 2 ; 0.17
200 11.2 15 3.8 0.34
220 11.2 14 2.8 0.25
240 10.9 13 21 | 018
260 10.6 11 0.4 0.04
280 10.6 12 1.4 0.13
300 10.6 13 2.4 . 0.23
r=2151 : £=339 I=261
Ave = 13.44375 Ave = 2.11875 | Ave=0.1631

ZlaTl

Efficiency = m— (4.1)
Error rate = a—-”:f—;% x 100% 4.2)

By using formula 4.1, the efficiency is found to be 15.8% meanwhile by using
formula 4.2; the error rate is 16.3%. This proves that the temperature sensor (LM35DZ) is
not accurate because the efficiency is very low (15.8%) and the error rate is considered high

(16.3%)
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4.1.4 Experiment Discussions

Referring to figure 9 and table 5, after 300 seconds the surface temperature

of the peltier was able to reach 10.6°C. This proves that the cooling storage have a

high possibility of cooling the inner air of the enclosure considering ideal heat

transfer. The surface temperature of the peltier varies with the voltage applied. Even

though the peltier has a maximum voltage of 12V, it is not advisable to apply 12V

to the thermoelectric cooler as it may damage the pn junction. Therefore, the peltier

will be supplied with only 8V. Figure 10 and table 6 shows the instant surface

temperature of the peltier is 14.5 °C when 8 V is applied. With proper design of the

enclosure, the required inner temperature of 10 - 14 °C is possible. But the

temperature sensor that is used is not accurate and not stable.
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4.2 Heat Transfer Calculation for the Cold Side of the Peltier
The total heat on the cold side of the peltier is given as:
Qc = Q insulation + Q convection + Q radiation 4.3)
By using equation 2.3, Q insulation through conduction is 7.68 watts.
By using equation 2.4, @ convection is 0.05 watts.

By using equation 2.5, @ radiationis 0.056 waits.

Therefore, the total heat on the cold side can be found by using equation 4.3 which
is 7.786 watts. Please refer to Appendix B for full calculation.

4.3 Heat Transfer Calculation for Hot Side of the Peltier
The temperature of the hot side can be found by using equation 2.6 which is
38.73°C with vatues of Qg is 58.186 Watts (equation 2.7). Please refer to Appendix

B for full calculation.

Theoretically, the values prove that the temperature of both the cold and hot side of

the temperature is achievable.
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4.4 Final Results

Table 9 and figure 18 show the temperature of the inner box. After 60
minutes, the temperature reached as low as 13°C which is the required temperature
for this particular project. Figure XX shows the temperature decreases over time

until it reaches a temperature of 13°C. The temperature displayed on the LCD

screen may not be accurate due to the low efficiency of the temperature sensor.

Table 9: Temperature of the inner box with respect to time

Minute(s) |Temperature(°C)| | Minute |Temperature(°C) Minute |Temperature {°C)
1 26 21 20 4 15
2 26 22 21 42 16
3 27 23 21 43 19
4 27 24 20 44 16
5 26 25 20 45 16
6 26 26 19 46 15
7 27 27 20 47 15
8 26 28 Yl 48 14
9 26 29 19 49 14
10 25 30 19 __ B0 18
11 24 3 19 ¥ 15
12 24 32 18 52 19
13 24 3 18 53 14
14 23 34 18 b4 14
15 23 35 19 55 15
16 23 36 18 56 15
17 23 37 17 57 14
18 22 38 17 58 14
19 21 39 17 59 13
20 20 40 16 60 13
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Figure 18: Temperature of the inner box (°C) versus time (minute)

Figure 19 shows the LCD screen displaying 13°C after 60 minutes.

=

Figure 19: LCD screen displays 13°C
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

By completing this project, the author has a better understanding oﬁ the
concept of thermoelectric cooler and heat transfer theory as well as the relation of
these two concepts. A working model of the multipurpose cooling box is created to
implement the two engineering concepts. The objectives of the project are achieved.
The required tempel;ature which was pre-determined 12 - 14°C was achieved with a
temperature of 13°C.

There are some areas that could be improved. The temperature sensor
(LM35DZ) is not stable. Since the sensor only gives a reading of two decimal
points, for example 27°C or 28°C, the reading of the temperature sensor becomes
inaccurate. This causes the temperature sensor to be unstable.

Due to the budget constraint, only two peltiers were used as the cooling
system. By implementing additional peltiers, the inner box could be cooled to its
required temperature of 12°C in a shorter period of time. An alternative way is to
supply the maximum voltage of the peltier which is 12V to obtain a cooler surface
temperature of the peltier.

By decreasing the size of the box, the period to achieve the required
temperature could also be decreased. Using a higher adhesive sealant quality would
increase the efficiency to insulate the heat. A compact polystyrene also helps the

insulation of heat.
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W T T T T T T e ]
1

/ MULTIPURPOSE COOLING STORAGE FOR VEHICLES

// The purpose of this program is to:

I 1) Display the temperature inside the box

/! 2) As the temperature decrease to 8 Celsius,

I/ the cooling system (peltier) stop operating

i

/[The program is divided into five function:-

/I 1) The main function

i 2) char conv_0(): return the first digit of the temperature

I 3) char conv_1(): return the second digit of the temperature

I

/)
i
i

/1 Preprocessor Directives
#include <16F877.n> // use the PIC16F877 as the microcontroller
#device ADC=10 // 10 bit analog to digital converter

#fuses XT, NOWDT, NOPROTECT, NOPUT, NOBROWNOUT, NOLVP
#use delay(clock = 4000000) // 4MHz oscillator
#include <LCD.C> // led.c included to display the box's temperature

// Globat Declarations

char conv_0(); // char because to return a single character back to main
char conv_1();

int conv_2(); // int because only resulting in high or low output

void main()

{

// Local Definitions
char a; // the first digit of the temperature
char b; /{ the second digit of the temperature

led_init(); // lcd initiatizations
set_tris d(0x00); // set port d as output for Led

setup_adc_ports(ALL_ANALOG); // set port a as analog input
setup_adc(ADC_CLOCK_INTERNAL); // using adc internal clock
// Statements

while(1)

{

a=conv_0(); // calling function conv_0 (display 1 st digit)
b=conv_1(}; // calling function conv_1 (display 2 nd digit)
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delay ms(100);  // delay 100 ms
led_gotoxy(1,1);  //led requirement for initial display

led pute("f);

led_putc("TEMP:"); / display 'TEMP;'

led pute("n');

lcd_putc(a); // place the temp's first digit returned from char 0
led_pute(b); // place the temp's second digit returned from char 1

led_pute("C"); // display 'C'

delay_ms(100); // delay 100 ms

}
} //main//

W T T T T T T 0
i

// This function return the first digit of the temperature

// Input from temperature sensor to ADC port is being read and place in temp00

// This function will return:

I 0 if the temperature is less than 10
1 1 if the temperature is less than 20
I 2 if the temperature is less than 30
I 3 if the temperature is less than 40
1 4 if the temperature is less than 41

// Else, the function will return X because the temperature exceeds the specification

I T T T T T
il

char conv_0()

{
unsigned int§ temp00; // define variable temp00
set_adc_channel(0); // set pin a0 as input
delay_ms(50); /{ detay 50 ms

temp00 = read_adc(); // the input value from port a place in temp00

if (temp00 <= 19) return '0"; // temp <10
else if (temp00 >= 20 && temp0) <= 39) return '1"; // temp <20
else if (femp00 >= 40 && temp00 <= 60) refurn 2'; // temp <30
else if (temp00 >= 61 && temp00 <= 80) return '3'; // temp <40
else if (temp00 >= 81 && temp00 <= 82) return '4'; // temp <41
else return 'X';

} Hfconv_0//
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i s
/" Input from temperature sensor to ADC port is being read and place in temp01

// The temperature range from 0 C to 40 C only that this function will only

/] display the sccond digit
i
1

char conv_1{)
{
unsigned int8 temp01; // define variable temp01
set_adc_channel(0); // set pin af) as input
delay_ms(50); // delay 50 ms
temp0l1 = read adc(); // the input value from port a place in temp01

if (temp01 <= 1) retwrn '0"; // temp=0C

else if (temp01 >= 2 && temp01 <=3) return '1"; //temp =1 C
else if (temp01 >= 4 && temp01 <= 5) return 2'; //temp=2C
else if (temp01 >= 6 && temp01 <= T)return 3'; //temp=3C
else if (temp01 >= 8 && temp01 <=9) return '4'; //temp=4 C
else if (temp01 >= 10 && temp01 <= 11) return '5"; // temp =5 C
else if (temp01 >= 12 && temp01 <= 13) return '6"; // temp =6 C
else if (temp01 >= 14 && temp01 <= 15) return'7"; // temp =7 C
else if (temp01 >= 16 && temp01 <= 17) return '8'; // temp =8 C
else if (temp01 >= 18 && temp01 <= 19} return '9"; // temp =9 C
else if (temp01 >= 20 && temp01 <= 21) return '0"; // temp =10 C
else if (temp01 >= 22 && temp(] <=23) return '1"; // temp =11 C
else if (temp01 >= 24 && temp01 <= 25) return 2'; // temp =12 C
else if (temp01 >= 26 && temp01 <= 27) return '3'; // temp =13 C
else if (temp01 >=28 && temp01 <= 29) return '4"; // temp =14C
else if (temp01 >= 30 && temp01 <= 31) return '3'; // temp =15 C
else if (temp01 >= 32 && temp01 <= 33) return '6'; // temp =16 C
else if (temp01 >= 34 && templ1 <= 35) return '7"; // temp =17 C
else if (temp01 >= 36 && temp01 <= 37) return '8'; // temp =18 C
else if (temp01 >= 38 && temp01 <=39) return'9"; // temp =19 C
else if (tempC1 >= 40 && temp01 <= 41) return '0'; // temp =20 C
else if (temp01 >= 42 && temp01 <= 43) return '1"; // temp =21 C
else if (temp01 >= 44 && temp01 <= 45) return 2", //temp =22 C
else if (temp01 >= 46 && temp01 <=47) return '3'; // temp =23 C
else if (femp01 >= 48 && temp01 <= 50} return '4'; // temp =24 C
else if (temp01 >= 51 && temp01 <= 52) return '5"; // temp =25 C
else if (temp01 >= 53 && temp01 <= 54) return '6"; // temp =26 C
else if (temp01 >= 55 && temp01 <= 56) return '7"; // temp =27 C
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else if (temp01 >= 57 && temp01 <= 58) return '8"; // temp =28 C
else if (temp01 >= 59 && temp01 <= 60) return '9"; // temp =29 C
else if (temp01 >= 61 && temp0! <= 62) return '0"; // temp =30 C
else if (temp01 >= 63 && templ] <= 64) return '1"; // temp =31 C
else if (temp01 >= 65 && temp01 <= 66) return 2"; // temp =32 C
else if (temp01 >= 67 && temp01 <= 68) return '3"; // temp =33 C
else if (temp01 >= 69 && temp01 <= 70) return '4’; // temp =34 C
else if (temp01 >= 71 && temp01 <= 72) return'5"; // temp =35 C
else if (temp01 >= 73 && temp01 <= 74) return '6"; // temp =36 C
else if (temp01 >= 75 && temp01 <= 76) return '7"; // temp =37 C
else if (femp01 >= 77 && temp01 <= 78) return '8"; // temp =38 C
else if (temp01 >= 79 && temp01 <= 80) return 'Y’; // temp =39 C
else if (temp01 >= 81 && temp01 <= 82) return '0'; // temp =40 C
else return X';
} f/conv_1//
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Heat Transfer Calculation (Cold Side of Peltier)

Qc = heat absorbed from the cold site

= Q inguiation + Q convection T Q radiation

Heat Conduction through Insulation

Q o
0.50cm 1.0cm

T ambient = 30°C T inside box = 12°C

Figure 20: Heat Conduction through Insulation

» Thermal conductivity (K)
Perspex =37x107° W/mk
Airat 300K =2.62x10°W/mk
Polystyrene = 37x10° W/m.k

¢ Area of the box A (area) =0.17m x 0.17m
= 0.0289m’
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Q insulation = T1-T4

(Axc/KcA) + (Axd/KdA)
= 303K- 281K
( 0.50cm )+ ( 1.0cm )
(37x10° W/m.k)(0.0289n’) (37x10° W/im.k)( 0.0289n°)

= 1.28 Watts x 6 sides
=7.68 Watts

Heat Produced by Radiation
Q radiation = FESA(T amp T cool )

Where:

Qrad = radiation heat load (W)

F = shape factor (worst case value = 1)

e= emissivity (worst case value = 1)

s = Stefan-Boltzmann constant (5.667 X 10*W/m’K*)
A = area of cooled surface (n?)

Tamb = Ambient temperature (K)

Te= Cold temperature object (K)

For this cases, we assume F=1 and e =1.
Q radiation = (1) (1) x (5.667 X 10%) (2.25x10%) (303*-281%)

=().028 Watts x 2 (for 2 peltiers)
=0.056 Watts
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Heat Produced by Convection

Q convection = hAAT

Where:
A is the area of the body
AT the temperature difference between body and fluid.

For this case we assume h to be SW/m*°C

Q convection = 5 x (2.25x10*)(30-8)
= (.025 Watts x 2 (for 2 peltiers)
= (.05 Watts.

Total Heat on Cold Side

Qc = Q insulation T Q convection + Q radiation
= 7.786 Watts

Heat Transfer Calculation (Hot Side of Peltier)

Estimated the heat load of 7.786 Watts Q.
Peltier thermal resistance of 1°C/watt &
Ambient Temperature of 30°C Tamp

To be cooled to 12°C
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Peltier specifications:

Imax =6.0amps
Qmax =51.4 watts
Vmax =8 volts

ATmax  =67°C
Assuming 10°C rise above ambient (forced convection)
Th to be 40°C (without knowing the power and exact value of Ty, can be found)

AT=T,-T.=40C - 12°C = 28°C

=260 Amps (L |
——4 & Amps
A1 & Amps
71 2.4 Awgps
-S—1.2 Amps

Voltage (Volts)

T 1] ol Ji i NI I 1

Figure 21: Performance Curve (AT vs. Voltage) [1]

From the figure 14:
4.2 Amps and approximately 12volts for AT1=40°C

T = Tamp + (O) (Qn) where T gmp = 30°C
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Qn=Qc+Pin
=7.786 Watts + 50.4Watts
= 58.186 Watts
Therefore
Th = 30°C + (0.15°C/watt)( 58.186 watts)

=38.73°C
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marlow industries inc.®

hermoelectric Cooler ' DT3-2.5

arformance Values

Hot Side Temperature (°C) 27°C 50°C
A Tmax (°C-dry Na): 65 73
Qmax (watts): 8 8
imax {amps). 25 2.5
Vmax (vdc): 36 4.1 .
AC Resistance (ohms): 1.2 —

achanical Characteristics

TOP VIEW

[100 £13]

: / Negative 159 £.005
[4.04 £.127]
Positive Hot Side
20 AWG Leads
(Teflon Insulation) /
Dimensions in [ | are millimeters. Ceramic Material: Alumina (AC)
Note: Base model shown
dering Options Features
fodef Number | Description = Solid state reliability
« Built with high temperature solder with the ability to

"T3-2.5-01 Base Model withstand higher assembly processing temperatures for

short periods of time (<160°C)

Superior nickel diffusion barriers on elements

High strength for rugged environment

Porched configuration for improved leadwire strength

RTV sealing option available to improve reliability in

condensing environment

s Lapped opticn available for multiple module
applications.

T3-2.5-01L Lapped Model
IT3-2.5-018 Sealed Model
IT3-2.5-01LS Lapped and Sealed Model

ob-0162, Rev C

: AT Pate | e | Top |V ;
500(;) Na (23 ?(,) Q‘W Imax | Venex Covapit | caAm L m{;“; ‘ (g,,im.' . m;;c‘;m\e

3. | 65 b |l 2n|2b|oky 0807063 | 843 954




HD44780U (LCD-IT)

(Dot_Matrix Liquid Crystal Display Controller/Driver)

HITACHI

scription

: HD44TB0U dot-matex liquid crystal display conucller and driver LS displays alphangmerics,
anese kana charactees, and symbals, It can be configused to drive a dot-matrix liquid crystal display
imr the control of a 4- or 8-bit microprocessor. Since all the functions such as display RAM, charcter
ecavor, and liquid crystal driver, required for driving a dot-matrix lquid erystal display are Internatly
vided on ane chip, a minimai system can be Interfaced with this controtler/driver.

ingle HD44780U can display up t ane 8-charater ling or two §-character lines,

: HD44780U has pin funcrion compatibility with the HD447%08 which allows the user 10 casily
lace aa LCD-1I with an HD44780U. The 1HD44780U character geacrator ROM is extended to penenite
5% 8 dot character fonts and 32 § x 10 dot character fonts for o total of 240 different charactez fonts.

+ low power supply {27V 10 5.5V) of the HD44780U is suitble for any postable baftery-driven
duct requiring low pawer dissipation.

atures

58 and 5 x 1{ dot matrix possible

Low power operation suppon:

— 2710353V

Wide range of liquid crystal display driver power
— 10te IV

Liquid erystal drive wavsform

— A (One line Fequency AC waveform)
Correspand L high speed MPU bus interface

— 2 MHz (when V., = 5V}

4-bit or 8-bit MPU intorface cnabled

80 x 8-bit disploy RAM (20 characiers max.)
0,920-bit chazacter generator ROM for a total of 240 charucter fuats
— 208 characier fants (§ % 8 dot)

— 12 character fonts (5 % 10 dot}

167

HD44780U

» G4 > B-bii character peneraer RAM

— 8 characier fonts (5 x 8 dot}

— 4 character forts (5 x 10 dot)

16-zomman x 4d-segment liquid crysial display driver

Proprummabie duty cycles

= 1/8 for ane ling ol 5 x & dots with cursor

~— VLI forone line of 5 x 10 dots with cursor

= H16 for two lines of 5 x 8 dots with cursor

Wide range of instruction functions:

— Display clear, cursot home, display on/edl, cursor on/olT, disglay charcter biink, cursor shift,
display shit

Pin function compatibility with HD447208

Auomatic reset circuit thar initializes the conzaller/driver afler power oo

Internal oseillator with extemal resistors

Low pawer consumption

Ordering Information

Typa Ne, Package CGROM
HD447B0UAOOFS FP-808 Japanesa standard font
HCD44780UANQ Chip

HO447B80UAOOTF TFP-80F

HD44780UIAD2FS FP-808 Eurapean atandard fant
HCD44780UAD2 Chip

HD44780UAQ2TF TFP-80F

HD44780UBXAFS FP-808 Custam fonl
HCD447B0UBXx Chip

HD44780UBxxTF TFP-80F

Note: ¢ ROM cade Na.
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HD44780U

144780U Block Diagram
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HITACHI
HD447804U
LCD-IT Fainily Comparlsen
Item HD44T30S HO44T80U
Pawar supply vallage 5V :i0% 2Tl 85V
Liquid crystal driva i bias 3010 1.0V 3010 1.0
vollaga VLGD 115 bies 4810 11.0V 3010 11.0v
Maximum dlsplay digits. 16 digils {8 digils x 2 llnes) 16 digits (B diglts = 2 lines)
par chip
Display duty cycla 178, 1111, and 1HE 18, ¥11, and 116
CGROM 7.200 bits 9,920 bits
{160 character fonls for 5 x (208 character fonls far $x
: 7 dal and 32 characler lonts 8 dot and 32 character fonts
. for5 = 10 dot) for 5x 10 dog)
CGRAM 64 bytes 64 bytes
DORAM 80 byles 80 hytes
Segment signals 49 40
Comman signals 18 18
Liquig erystal drive wavaform A A
Osclatar Clogk source Exlemal rasislor, extermal  Extamal resislor or sxtemal
ceramic fifler, or extamal clack
clock
R, oscillalion 270 kHz £30% 270 kHz £30%
lrequeney {irame (59 to 110 Hzfar f/Band (59 to 170 Hz for 1/8
Iraquancy} 1416 duly cyclas; 431080  and1/16 duly cyclea) 43 lo
Hz for 1711 duty cy&ia) B0 H for 1111 duty eycla)
R, tesislanca 91 kil 22% 91 k2 £2% (whan V., = §V)
75 kil 2% (when V,, = 3V)
Instructions Fully compatible within the H[447805
CPU bus liming 1 MHz - 1 MHz {when ¥, = 3V)
2MHz [when V,, = 5V)
Package FP-30 FP-808
FP-80A TEP-HOF -
170
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HD44730U

HD44780U

Function Description

Registers
The HDA4TEOU has two 8-bit rogisters, a insunetion register (IR) and o data register (DR).

The IR, stores instruction codes. sush as display cloar ang cursor shift, and wddress infarmatian for display

* data RAM (DDRAM) and character generawr RAM (CGRAM). The IR can only be writlen from the

MPU.

The DR temporarily stores data 1o be writicn inw DDRAM ar CORAM and emporarily stores daia to be
read from DDRAM or CGRAM. Data written into the DR, (fom the MPU is auwmatically writen inwo
DDRAM or CGRAM by an intemal oporation. The DR is also used (or data stornge when reading dat
Trom DDRAM ur CGRAM, When address information is written into the IR, data is read and then siored
inta the DR (rom DDRAM of CGRAM by an intzmat operation. Data transfer beeween the MPU is then
compleied when the MPU reads the DR. After the read, dara in DDRAM or CGRAM at the next address
is sent to the DR. for the next read from the MPU. By the register selecior {RS) sigral, these two registers
can be selected (Table {).

Busy Flag (BF)

When the busy flag is 1, the HD44780Y is in tha intemal operation mede, and the next instruction will
aat b ageepted. When RS = 0 and RAW = | (Tubla 1), the busy flag is output Lo DBT. The next
instruction must be written adter ¢nsuring that the busy Mag is 0.

Address Counter (AC)

The address counter {AC) asvigns addresses to buth DDRAM and CGRAM. When an address of an
instruction is writlen inte the TR, the nddn:ss information is sent [rom the IR 1@ the AC, Sclection of
cither DDRAM ur CGRAM is aiso d by by the i i

Aller wiitiny inte (reading (rom) DDRAM or COGRAM, the AC i automatically incremented by |
(decremented by 1), The AC contents are then output to DBD to DB whea RS = 0 and R/W = | {Tabe
33

Table Reglster Selection

RS RIW gperation

L) o iR write as an internal aperalion (display clear, alc.}

L] 1 Read busy flag {DB7) and address counter {DBD ta DEB)

1 a DR write a% an Intemal eparation (DR to DCRAM or CGRAM)
1 1 DR regd as an internal speration (DDRAM or CGRAM (o OR)

176
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HD447800)

1 Functions
No. of Davies
nal Linas U Iniarfaced with  Function
1 1 WPU Selects registers.
0: Inatruction reglstar (for writa) Busy flag:
address counter {for read)
1z Data reglster (for writa and read)
v 1 1 MPU Salects read o writa.
0: Write
1: Read
1 1 MPL Sltarts dala madiwrita,

Yo D87 4 Yo MPU Faur high ordar bidiractional lrislata data bus
piag, Used for data lrangfer and mcaive
batwaen tha MPU and the HD44780U. DBT can
be used aa a busy flag,

Yto DB3 4 e MPU Faur low ordar bidlrectional Iristate dala bus
pins. Used for dala transfer and raceive
batwaen tha MPU and tha HD44T80U),

Thesa pina ara not used during 4-bit eparation,
1 Q Extansion driver  Clock lo lalch serial dala D sent to the
axtension driver

! 1 Q Extensfon driver  Clock to shift 2erial data D

1 Q Extensfon drivar  Switch signal foc coaverting the lquid crysial
drive wavaformn lo AC

1 [v] Extenslon driver Characier pattemn dala comaspanding lo aach
sagmant signai

d1to COM16 18 Q Lco Comman signals that are not used are changed
1o non-salacton waveforms. COMY lo COM16
ara non-selaction waveforma at 1/8 duty facler
angd COM12 to COMTE are non-selection
waveforms at 141 duty factor.

3110 SEGAT 40 Q Lco Segment signals

zVE 5 _ Pawar supply Power supply for LCD drive
V. -VE = 11 ¥ {max)

GND 2 - Powar supply Vit 27V to 5.5V, GND: OV
31,0802 2 - Oscillation When crystal osciliation is perforrngd, a resistor
resislor cleck must ba cannactad axtemally. When tha pin
inpulis an axtemal clock, [t must ba inputto
SC1.
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lay Data RAM (DDRAM)

lay data RAM (DDRAM) sieres display data represeated in B-bit chatacter codes. lis extended
city is 80 % 8 bits, or 80 characters. The area in disploy duta RAM (DDRAM) that is aot used for
sy can be used as genernl data RAM. Sce Figure | for the rolntionships betwecn DDRAM addresses
wsilions o the liquid erystal display.

DDRAM addresy (A, ) i3 92t in the addresy eounter (AC) as hexadecimal.

-line display (N = ) (Figure 2)
~ When there are fewer than 80 display characters, the display begins at the head positior. For
example, [f using only tho HD44TR0, 8 characters are displayed. Seo Figure 3.
‘When the display skift operution is performed, the DDRAM address shifts. S Figuea 3,

o T-line display (N = 1) (Figure 4)
~— Case |: When the number of display charaoters is less than 40 2 lines, the tws lines arc
displayed from the head. Notwa thut the first ling end address and the socoad ling giant sddross sre
nat consecutive. For example, wheo fust the HD44 780 is used, B characters x 2 Hnes are displuyed.
Sce Figure 5,
When display shilt opezation is performed, the DDRAM uddess shiks. Sex Flgure 5.

Daplay

i SRR »
N T I Y [w[2)]
T PP P10 ) [l ]

Figure 4 )-Line Display

Hghoder  Loworder
e bt e bl ——]  Exampldc BORAM pdckéts 42
o pedpechodichioficlicd  [1Jolo[1]1]]e]

Figure | DDRAM Address

Figure 2 1-Line Display

o , s as e
o [T

bl
5y RIS
whif [aR

ro  farlonforfozloaloclosjn)
Y [owlasz]alufus]a]

thl

LT

s

f::’.... [ eefimfosoafoe]r]co
e [Floafoeozlolonfos o]

Figure3 I-Line by $:.Character Display Example
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FigureS 2-Line by 8-Character Display Example
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HD44780L

— Handling unused gharacter patierns
1. EPROM dara outside tha characier panem area: Aiways inpu 0s.
2. EPROM data in CGRAM area: Always input O {Tnput Os to EPROM addresses 00H w0 FFH.)
3. EPROM data used when the user does not use any HD44TA0U character paliem: According 1o
the user application, kandled in one ol the two ways listed as follows.
a. When unused character pasterms arg not programmed: IF an unused chamcter ende is wriuen

into DDRAM, all its dots arc lit. By not programing a chamcter patern, all of its bits becoma
lit. {This is due to the EPROM being filled with s after iz is eresed.)

b. When unused characier pattems are programmed as 0s: Nothing is displayed even if unused

iled

cheracter codes are written inte DDRAM. (This is equivaleni 1o a space.)

Example of Correspondence between EFROM Address Dadn wnd Character Pattern
{5 x 10 Do)

Table 4 Corrl‘spu_ndvnce between Character Codes and Charaeter Pasterns (ROM Cade: AOH)

EPAOM Adtean Dt

LS8
ATIATIAD AB AT AR AS A4 AT AZ Al A0[04 03 O O1 00|
¢ o

¢ 18D at0

[}
a 1
a o
L '
a °
a '
a L)
a 1
1 2
1 1
1 a
1 1
1 a
1 1
1 L]
1 1

L)
a1
o3
1
[
[}
1
o0
o a
a1
[
1o
1
1
11

Charches Codd Lina
positon

o000 {oost focta | o e fmven fasao Jan vt frooavoon Tram s fuwo v [ sva [y
e[ 21| B[] ] REIEE
| al | VT[] | o [FIFICIE
e I i =i ) e I R E TP
4
[y

e (| Ew]ga]

] [c)L #|3|1:":\"l:o|5| d Ilj‘T|E
oo | [F[FDIT ][] T 1. [T[F[F
oo | 161 :':iIEIE“_”E‘iL\” hl I:ﬂ;HJ-
o110 | 71 E:ih”:ll-rlH-I"-” ?Inlljﬂ ]::'

3

w0t | 181 i ;?“JII_IJ";FI_!_" ._'FE:FI?I':' q
el 0] [ CIE[H[AGl T [ [9EETLr

e (| | A T[] [ Tk
o | 1 *I B IJJ:!-J \Il Ii:”l“l“.-" J
e @] |F]3 [RE L | [#TERF
v @] |3 [ LJELLIT] | [t 2]
o] == | [alZ][~
el ] L L[N RS a[EET A
e e I e v S R P el

AR S A TS

™
|

NS o N

EPROM addresses At1 to AJ comespond lo a character code.

EPRCM addresses A3 1o AQ spacify a lIna pesillon of tha character pattam.
EPRQM data 04 ta 00 comaspond te character pattem data.

EFROM data 05 te O7 must be specified as 0.

Allt display position (black) comesponds to a 1,

. Lina 11 and the following ines must be blankad with 05 for a 5 x 10 dot character fonts.
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Nole: Tha user can spacify any patlam for character-genamior RAM. (‘\\

N, 7
Tore,
\\

S
N
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HD44780U

Cerrcapondence between Charscter Codas and Character Pattorns (ROM Code: A02)

HD44780U

Table 5

. S =] R = P T T

e AR S N AT

— P e e = = e R A A T E
xoecont | 1) :""#.‘l-:::;l:.ﬁ.BT['F.siillj:al'!
e 0 | [ 3| [T Tl | £ JHIE RIS A B E]
o | v | F 2 |5 E L[ 1 Hl'l'aFf-'!Fll‘la__e._
osoria| m | 1T F-FU‘F'.J .ﬂ : q‘[El-lailul
P e el = = P o B A % e
e = N e A T RS A
e P WA I T E N R T EA A
S A A e R R S W ET = S =
e e A S N M EA S AT
mnmm{,{'l_\,ll dol{lﬁiﬂ iy
. R A e A IR )
AR R R RN
I .2 e [ = e A B A E

Relationtbip between CGRAM Addresses, Characier Cedet (DDRAM) and Character
FPatterns (CGRAM Data)

Fot 8 4 AN palorme,

Charadlar Cad v Fetana
ORAM delal CARMM bkt {CRAM data)
rE6aa210 [s43216| |[Tasdat1e

Hon Low

Clianecr
2pogsono e 1)

Chaacies

astassn 1 | ownen 2y

oaoo-11

1
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Nales: 1. Character code bits Q to 2 carespond lo CGRAM address bils 3 ta 5 (3 bita: 8 typas),

2. CGRAM addraas bils 0 o 2 designate the characler pattem lina position. Tha Eth iina is the
cursor peslion and ils display is formed by a logical GR wilh tha cursor.

Maintafn the 8Ih line gata, carasponding to the curasr display position, al D as the cursor
display.

If the Bth [ins data ks 1, 1 bits wiil Eght up the Bth line regandless of the cursor prasence,
Characler patlem row posilions comespond 1o CGRAM dala bia O 1 4 (bil 4 being al tha lef}.
As shown Tabla 5, CGRAM character pattems are selectad when character coda bits 4 ta 7 are
all 0. However, since charactars coda bit 3 has na effact, the R display example above can ba
selacted by alther character code 00H of 08H.

5, 1 for CGRAM dala corespands to digplay selaction and 0 (o non-salection.

* Indicales no effacl.

e
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HD44780U

mially, instructions that perform data gansfer with internal RAM are used the most. However, agta-
ementation by I {or auta-deCrementation by 1) of inieral HD447800 RAM addresses after each data
€ can lighten the program load of the MPU. Since the display shift instruction (Table | f) ¢an perform
currently with display data write, the user can minimize system devel time with i
sramming cificiency.

sn- an instrection is being execured for intemal operation, no instruction other than the busy
faddress read instruction can be executed.

ayse the busy flag is st | while an instruction is being executed, check it vo make sure @t is 0
»re sending another jusouction from (ke MPU.

& Be sure the HD447800 is not in the busy stawe (BF = 0} before sending an instruction from she
MEU to the HD447800. 1Ean instruction is seut without cheeking the busy flag, the tme berween
the: first inswuetion and next instruction will take much longer than the instruction tme tsell.
Refer to Table & for the list of enchrinstruc-tion execution time.

e 6 Tnstructions

HD44780U

Table & Instructions (zant)

Exetution Time
Goda {max) (when, or
Inetruction RS AAN DB? 056 GG D24 DB3 G2 DET 080 Dewcrption Yoo o 270 I}
Vlncala 10 Wita data Wies dala inis DORAM o 37 a8
BCGor CaRAM. ey
DDRAM
Roaddaa 1 1 Resd daia Raads cala rom DORAM o 37 13
from CG or CORAM Lo 54 18"
DORAM .
T Inccomani - DORAM: Disfiay data RAM _ Exguction e
: Dacrament CGRAM; Chamcter ganeralr changes when
i Accompanies dispiay shift RAM faquency shanges
: Display shif ACO:  CORAM AESS  Doagie
: Cusor mave ADD:  ODRAMsddrses ool e o
;Lo the rght fcomsoonds o cuor pere
: Shitta e lah addrass) o
b 0l =0: 4 ota AC: Address couniar used for 1w c5E 40
2ines, N2 0; 1K both 0D ang CGRAM
S:mdul! Fga.S:ﬁdu{: addrastag

: Wamally operating
: Instruclions accapiable

Exagution Time
Code {max} {whan {_or

rugtion RS RAW DR? DBE D83 DE4 DII DA2 OBT DES Nescripion e 10 270 kHz)
w 2 9 0 a 4 4 2 0o o 1 c:-m.nnradhsphymuqm
lay DDRAM address 0 in addrws:

counter,
W8 B 80 B 0 0 T = Sots CoRAMaddmms O TaZma
a addrazs counier. Ao remms

dsn\lymumgénlﬂaﬂm

original posidan.

g 0 0 o o o ] 1 s Sats cursor mave dimction 37 ps

Nots;  — Indicales n effect,

" Afar execulion of the GGRAM/DDRAM data wille or read Instruction, lhe RAM address caunter
ks inzremented or decremanted by 1, The RAM address caunter is updated afler tha busy flag
turns aff. In Figure 10, L, Is tha ima elapsed oflar the busy fag tumna off until the address
counter is updaled.

Buty signal i
:nﬁrm Bamy siai

¥3s. pounter
(090 10.DBE pussh

HOE 190 drpedd 61 T Dperasan. i sty
Vi = 5 8ien o I ] amcord

H and specifivs dinpluv shit,

These agars!

pungmnad unring dm writa
dsy 0 6 0 0 0 & 1 D G B Selsswimdepay(D)oniof, 37 pa
# cursor orgel (0] and biaking
ol (nl e posiion chamctor
soor 4 9 0 @4 0 1 BC AL — —  Moved cursorand shifls. A
lmy displey il changing

ODRAM can
ka0 O @ @ 1 BL N F — — Setalnisraca dats b ETT)

(DL}, number of F“ lmes

N} and character

00 D 1 AGO ACG ACG ACG ACG ACG Sais CGRAM nnmu T
i CGRAM dala [y sentand
ress racaived shar this sating.
@ 0 1 ADD ADD ADD AGD ADD ADD ADD Seu DORAM addrass. T s

ot CRAM data is sent and
resz raotired aftor t1la santing.
dbusy 0 1 BF AG AC AG AC AC AC AG [
& v rm\mﬁﬁmtsplmm & =
yarst ing perfamed and o

e aantet soatanne
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struction Description
ear Display

2ar display writes spage ode 20H (character pattem for chamcter code 20M must be a Blank pattern)
o ail DDRAM addrzsyes. [t then sets DDRAM address 0 into the address counter, and tewms the
play to its original gtatus if il was shifted. ln other words, the display disapgears and the cursor o
uking goes to the laft edge of the display (in the first line i 2 lines are displayed). It also sets VD to |
crement made) in vabry mode. $ of enury modi does not change.

turn Horue

nurn home sets DDRAM address 0 into the addsess caunter, and rotues the display o its eriginal siatug
€ was shifted. The DDRAM cantenis do not change.

e cursor o blinking go to the le®t edge of the display (in the (irst line if 2 lines are displayed).

try Mode Set

% Icrements (VD = 1) of degrements (/D = 1) the DDRAM address by § whea a charscter code fs
itten inte or read from DDRAM.

12 cuirsor or blinking maves to the right when incromented by 1 and w the loft when deeremented By 1.
1@ zame applies to Writing and ceading of CGRAM.

Shifts the entirg dislay either to the right (VD = 0) or o the lelt (¥D = 1) when § is I. The dispiay
esnotshiftifSis0

S5 1, it will seem as if the cursor does not move but the display does, The display does nat shift when
sing trom DDRAM. Alss, wriling into or reading out fram CGRAM does not shift the display.

splay On/OfF Cortrol

: The display is on when D is | and off when D is 0. When off, the display deia remains in DDRAM,
£ can be displayed instantly by setting D 1o I,

: The cursor is displayed when C 19 | and nol displayed when C s 0, Even if the cursor disappears, the
nction of VD or other speciiications will not ¢kunge during display data write. The cursor is displayed
ing 5 dots in the 8th linc for 5 % 8 dot charcter fonr sgicction and in the ! Ith line for the 5 x 10 dot
waracter lont selection (Figure 13}

+ The character indicated by the cursor blinks when B is | (Figwe 13} The blinking is displayed as
sitching berween ail biank dots and displayed charzeters at a speed of 409.6-ma intervals when {, or f,
230 kHz The cursor and blinking can be set to digplay simultanaously. (The blinking [fequency
Anges Bocording [0 f, of the reciprocal of f. For example, when £ is 270 kb, 409.6 x 250/270 =
19.2 ms.)
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Figure 10 Address Counter Update
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HD44780U

Cuorsor or Displuy Shift

Cursor or dlsplay shift shifls the cuesor position or display Lo e right of left without Wiiting or reading
display data (Tuble 7). Thiy function s used to coevect ar search the displsy. In a 2-line display, the
cursar moeves to the sceund line when it passes the ddlth digit of the first line, Nete that the fixst and
secuns) Line displays will shift at the same time,

When the dlsplayed data is shifted repeatedly each line moves unly horizoptally. The second line displuy
does not shift img the first line position.

The address counter (AC) contents will not change if the valy sction performed is z display shilt.

Function Set

DL: Sets the iptgrface data (enpth. Data ts sent ar received in 8-bit lengths {DB7 to DBO) when DL is |,
and in 4-bit lengths (DB7 to DB4) wher DL s 0.Wheo 4-bit length ig selected, data must be sent or
received twice.

N: Sets the number of disphuy lines,
F: Sais the charucter font.

Nute:  Perfurm the function au the head of the progmm befure ereeuting sny instructions {except for the
rad busy flag and address instruction), From this point, the i"uncunn set instrugtion cannet be
wxecuted unloss the interface daia tength iy changed,

Set CGRAM Address
Set CGRAM address sets the CGRAM address binary AAAAAA inta the address counter.

Data is then written 1o or read from the MPU for CGRAM.
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:rfacing the HD44780U

riace to MPUs

nleefacing to an 8-bit MPU

iee Pigure 17 loran example of using 2 V0 purt (for a singte-chip miceocomputer) as an intedface
levice,

n this example, P30 10 P37 are connected (0 the data bus DBO 1o DB, and P75 1o P77 are conneeted
o E, R/W, and RS, respestively.

HD44780U

Tnterfacing o a 4-bit MPU

The HD447800 can be connzeted to the KO port of a +bit MPU. Ifthe VO pont has caough bits. §-bit
data can be ransferred. Qtherwise, one data wansfer must be made in two operatioas for 4-bit data. In
this case, the timing sequence becumes somewhat complex. (See Figure 18]

See Figure 19 for an inier fage example @ the HMCS4019R,

Note that two cycles aro peeded for the busy fag check as well as for the data ransfer. The 4-bit
operalion is selected by the program.

- S T

o
A A TN T LT £ T

Inmrucaion Eusy bng Innrazbn
e | sme | e | g | e

PRI €50 () 227 A Vs N ) et i Y 2]

Iwcson | purydsg Buny fag Inerucson

Hotw: 1A7 , 1A arw G 7, 40 3N B 0 the instius
AC 18 v Grd b o the accress coniar,

Figure {6 Exampie of Busy Flag Check Timing Sequence

Figure [8 Example of 4-Bit Data Transfer Timing Sequenee

Figure 17 [18/325 Interface (Single-Chip Modc)
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[ HUCSHER HD44780
s RS comi | 18
D14 R ==t
Ot E ©n
...u.,m._.t_|wms;g;; a
Figure 19 Example al Inderface to JIMCS4019R
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urince do Liquid Crysiaf Display

wacter Font and Number of Lines: The HD447800) can perform two iypes of displays, 5 x 8 dot
5% |0 dot character fonlg, cach with a cursor,

10 two lines are displayed for 5 x 8 dots and one line for 5 x |0 doty. Thorelore, 2 total of three
s ol common signals are available (Talile 9).

n‘umh"uﬂi’ncx and foat types can be selecied by the progeam. (See Table §, Insiructions.)
mection to FID44780 and Liquid Crystal Display: Ses Figure 20 for Ui cannection sxamplos,

e ? Coownan Sigants

Since five segmont signal lines ean display ane digit, one HD44780U can display vp o § digits for a |-
line display and 16 digits for a 2-line displuy.

The examples in Figure 20 have unused comnon signal pins, whick always vstput non-seleclion
waveforing, When tha liquic crystal display panel has unused exua scanning lines, conneet the extea
sconning lines to these common signal pins ta avoid any undesirable oifects dus to crusstalk during the
flcating stata (Figure 21).

nbar of Linas Character fond Number of Commen Slgnals  Dusy Faclor
5 x & dots + cursor 8 173
§x 10 dots + cursor 1 11
5 4 dols + cursor 18 g

i, Sy {15 dint,

FELTLY 11 gy cyce]

Figure 20 Liguid Crystal Dispiny and EID44789 Conmcctians (cont)

Sxdom 5k W0t bwrrabg oY
characier s chargcier lond
Cursor dyplay axample Bunk cryplay 1xarmple

Flgure 20 Liquéd Crystal Display and HD44780 Connections
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Figure 21 Using COMY to Aveid Crosstalk on Unnecded Scanning Line
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HD44780U HD44780U
le11  B-Bit Operation, &-Diglt x I-Lize Display Example with Internal Reset Table11 Bt Operation, E-Digit x l-Line Display Example with [oternal Reset (conty
Instruction Stap Inatruction
RE RW DBT Des OBS DB+ OBI DSZ DB1 DBO Dispiey Operation Ho. RS RW DBY DB& DBS DA4 DBI DB2 DBt DAG Dlspiey Qperation
Powes Rupply on {iha HOAATEOU &y knttiakzed by tha nizmal — Initiakized, No dispiay. 11 Wite daia to CGRAMDORAM - Writas M.
raset G 1 0 o 1 0o 0 a1 xg
Function 58} Satz lo B-5il oparation and =
g 9 4 0 1 1 FEO S saincty 1908 display 80d 5 x 8 w
ol charactar font. {Mumber of
dispiay lines and charactsr fonts
mannat ba changed afir step
HL}
Disyay ordof conrmt “Tums on dispiay and curscr, 13 Wiita data lo CGRAMCORAM [, Wrllas ©.
¢ 0 0 ¢ o 0 P — Entire dispiay & in spece moda P9 3t 8 0 11
bacauss of In‘akzatien. 14 Curset of displey shift . Shifts anty the curka? posfan 0
Entry mods sal — Sats mnoa W increment the ] ] [} o L] 1 . . MR the dit.
e o o & @ @ 10 adireas by one end Io shifr the 15 Gumoror dlsplay shift Shits only L curser pesition ko
cursor o o Agit at the tma of ¢ o L“; c o 1 .. Py
poin Lo the FOISSRAM. 16 Wrie daln fo CGRAMDODRAM Wrios &
Dispiay & L §hiitad. te dala ta ritos 5 o K, .
1 0 0 1 0 o 1 The disphay maves 1o the lefl
Witts dala I CGRAMTDRAM — Wrhtas H. ODRAM has lrwady - -
s 0 8 1 o @ o a been salnctad by intisllzation 17 Gursorar dispiay shift Shifis Iha diapiay and cursor
whan tha powes was tumied on. ¢ * st Pt b the gl
The cursor s Ingramaniad by 18 Cursor or display shift St e display and curSor
ona and shifled ko tha figh. o ¢ © o o i S position to the right.
Wrle daln ta GGRAMUTDRAM Writes 1, 19 Wrha dala to CGRAMDDRAM Wrtias M,
1 LU ) ] ] 0 1 jC— 1 LI ] 1 L] L] a 3 o
0
Writa data 1o CGRAMTDRAM writag 1. 21 Rstumioma Renims both gispiny and cusor
18 o 1 0 © LI LI I T | 10 10 the original position (2dress
Enlry mods sel ‘Sets mode to gt display aitha o
o 3 o0 0 o 0 Vo EEELTY i
\Witia data 1o CORAMDORAN wrlles a spuce.
T 0 80 0 1 @ 0 g L]
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wle 12 4-Bit Operation, 3-Dlgit % 1-Linc Dispiay Exemple with Internal Resct Table 13 8-Blt Operation, 8-Digit % 2-Line Display Example with Internal Resct
B Irmtruction Step Inatruction
» RS R pAT DEG PRS DBA Dispivy Cparatian He. RS R (AT DB DBS OPa DBI (A2 DB1 DAG Display Oparation
Posyar supply on {the HO447804 b wilalized by tha inlsmgl Initiallzed. No display. 1 Power supply on {the HOLLTRGU ks kiidal y tha interpal initialized. No display.
roat e — b —
Funation sal. E:] Snts \n 4-bil opasation. 2 Fungilon sel - Sets to 8-bit oparation and
a0 8 o0 1 0 In thig cass, operalian s o o 0 0 1 1t L EE selacts 2-ine display 30 5 x &
handiad s 8 bits by lnitisliza- dol character fonl,
tion, and onty this instructiin 3 Displayoniofl control Toms on diapiay and cursor. Al
. comploist wilh ong wits. o 6 o b o ¢ [ EE disriay 44 i spaca Mot
Fupeton set ::I A 4-Lit operavon and alecis bacaugs of Initlaizaton.
o 0 0 o 1 0 14ns daplay and 5 8 dot PR ——— [P ————r
00 o o chamter font. 4-bit operalien ¢ 2 o o o @ i 0 E addeeas by ana an 1o sl tha
glarta frovr 1his stap and caurtor In the fight at ihe tme of
rasatling Is necassary. [Numbar wrth (1 i DDICGRAM,
of disptay lines ang charactar DEpiay Is nat shifad.
ianta cannat be changed after
PR3 5 Wriedala In CORAMDDRAM Writag H, DDRAM has alnsady
10 0 1 1 o [ EE baen saiectad by inilalization
Display oo control — Turnsg on display and cumar, - when i power was tumed an,
¢ a o g o @ Enti dispiay 1 In spaca moda The cursar s incramentsrs by
[} ] 1 1 1 Q becales of infiiallzaton. o and shifted to tha right,
Enipy moda set l——-—j Sa1s mods 12 Increment tha P
¢ 0 o o o edidrass by hitt the
a 0 9 1 1 Q wuriar o the right at the B of
wiitn I the DOVGGRAM.
Diaclay b rat shifad.
B Wiita dala to CGRAMIICRAM Wit H. -
= T Wrin dnia to CGRAMDORAM Writas 1.
LA R T R Tha curser b Incremented by ia doia to GG Cr
10 0 1 0 9 LI
t 80 5 a9 o o ona and shifta o the right. - Son oA e -
- y (] Sa) CORAM gddress Cir - ot iowzg 50 that
fola> The contral Is the same as for B-bit opération beyond step ¥6. PR - - he cursat i pemioned o
heed of the second Fine,
209 20
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HD447801)

Characteristics (V= 2.7 to 4.5 ¥, T, = -20 to +75°C*)

] Symbol Min Typ Max Unit Tent Condition Notas®

HD44780U

AC Charasteristics (V= 2.7 to 4.5 V, T, = =20 to +75°C*)

thighvoilaga (1) VIH1 oY, -~ Yo v L]
ept OSC1) -
Llow vollaga (1] vIL1 03 = 055 v [}
spt OSC1)
thighvoliags (7 VIHZ 67V, — Ve v 15
1}
tlow voltage (2} VIL2 — — [F T 15
21} . .
Wt high volage (1) YOH1  0.78v. — = V Jmc0AmA 7
w087
wutlow vallage {1] VOL1  — — a2, ¥ L=01mA 7
3-0B7)
wthighvoltaga (2} VOHZ 0.8V, — - v "Ap=004maA B
ept DBO-DB7)
Jilow voliage (2) VD2 — o b, v I 00AmA 8
opt DBO-0B7)
arod rosislanca g, — 2 20 ™) 05 A, 13
M} =4V
eronrasislance R, - 2 30 4] £ld 40,05 mA, 13
3} VLCD =4V
tleakage cument |, -1 - 1 HA VIN=0loV, ?
up MOS current -, 10 50 120 HA Ve=3v
1-DB7, RS, R/w)
e supply curant 1, - 0,15 0.30 mA R vscliation, 10, 14
extemal clock
V=3V,
Toue = 270 KHZ
vollags vLED 3.0 _ 11.0 Y V-V5, {/5blas 16
vicoz 3.0 - 1.0 v Vo=V5, 174 blas 16

*  Refer la Ihe Electrical Characterislics Notes section fallawing thesa tables.
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D44 780U

:rface Timing Characteristics with External Driver

Symbol Min Typ Max unit Tast Condition

& pulsa widlh High lavel 1., 300 - — ns Figure 29
Low lavel Ly, a0 - —

& sal-up tima (™ 500 - —

1 sat-up dme [ el ] _ —_

rhald time b 300 - -

Hay lime [ -1000 — 1000

k dssifall Uma Y, — — 200

ver Supply Conditlons Using Internal Reset Clreuit

Symbol Min Typ Max Unit Taat Condiilon .

or supply risa time ™ 0.1 - 10 ms  Flgum 30
ar supply off Ims Loy t - -

217
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Clack Cheracteristics
Item Symbol Min Typ Max Unit  Tes: Condition Note"
Extamal  Extemal clock frequency  f,, 125 250 350 kiriz il
‘ﬁ‘am Exiemal ciodk duty Duy 45 S0 55 %
o Edernal clock risa time £ —_ - 02 =3
Extamal clock fall tima [ - — 0.z V3
R, Cfock ascillation Foac 190 270 as6 KKz R=T75 ki1, 12
osciliallon frequancy V.21V
Mote: *  Refer lo the Electrical Characienstics Notes section following lhesa lables.
Bus Timing Characteristics
Write Operation
ltem Symzol Min Typ Max. Unfl Teat Condition
Enable cydie tima b 1000 —_ — ns Figura 27
Enabla pulsa width {high love]) PW, 450 - -
Enable riseftall Uima Ler Ty - - 5
Address set-up me {RS, RW 0 E) t,, 50 —_ —_
Addrass hald time o 20 _ -
Data sal-up lima [ 195 — -
Data hold tima L% 10 _ —_
Read Operation
ltam Symbol Min Typ Max Unit Tant Condition
Enabla cycle ima Lo 1009 - - ns Fhyure 28
Enable pulse width thigh leval) P, 450 - —
Enable dsaffail tme (. - - 25
Address set-up lima {RS, RW o £) 1, a0 - —
Address hold time e 20 - -
Data dalay lime toen - — 360
Data hold lime ta 3 - -
218
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HD447801U
DC Characteristles (Y . =4.5t0 55V, T, =-20 to +75°C*)
itarn Symbol - Min Typ Max Unit Taat Condgltlon Noten*
Input high vailage (1) ViK1 22 - Ver ¥ 8
{excapl 0SC1)
Inpuliow vollage (1} VILT 0.3 — 06 [ []
(excapt DSC1)
lapul high vollage (2)  VIHZ V1.0 — Voo v 15
{0SCH)
Tnpul low vellage (2)  VIL2 - - 1.0 v 15
{csch
Output high voltaga (1} VOH! 2.4 - — v ,=0205mA 7
(DBO-CAT)
Quipiitlow vollage (1) VOLY  — — 04 Vv I, = 1.2mA 7
(DBO-Ca7)
Cutput high vokage (2} VOH2 0.8V, — = v ENEXTTTI]
(except OBO-DBT)
Output low vollage (2} vOLZ - - 91V, Vv 1o = D4 mA 2
(except 0BO-DRT)
Orver on msislance  RCOM — 2 20 k2 zid = 0.05 mA, 13
(CoM) VLCD =4V
Drivar on reslstance RSEG  — 2 30 ki +id = 0.06 mA, L)
(SEG) ViCD =4V
Input ieakage cuent 1, -1 - 1 A VIN=0toV,., 9
Pull-up MOS cument -, &0 125 280 A Ve =5V
{DBO-DA7, RS, RIW)
Power supply cumenl 1, - 0.35 o.40 mA R ascllation, 10, 14
axiamal clock
V=5V,
f o= 270 kiiz
LER vollage vieD1 3.0 - 1.0 ¥ V-V5, 1/5hias 16
VLED2 30 — 10 v Vo-VS, Ifblas 16

Note: *  Refar lo tha Elecirical Charactaristics Moles zeciion following theas ables.
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HD44780U

HD44780U

LCOM is the resistance between the power supply pins (Y., V1, V4, V5) and each comumon signal
iin ({COMI to COMIS). -

SEG is the rsistance beewesn the power supply pins (¥, ¥, ¥3, V5) and each scgment signat pin
SEGI o SEG40).

"he following grapbs show the relationship benveen operation freq and current
UV Vgwd ¥
1 i
18— o b—i
1% 4
¢ o o
s % 18 f—
: -
s o8
o — it o ez,
3 = 0z —attl e
[ LT
0w o W w0 W s 0 ma o w o
Togc o i (i) loac O o (RHTH

\pplies 10 the O5C| pin.
iach COM and SEG ontput voltage is within 20,15 V of the LCD voltage (V,,, V1, V2, ¥3, V4, V5)
vhen there is 7o load.
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Load Clrcuits

Data Bus DBO to DBT

External Tiver

Forvom augmasy ForVoe m 27T &S Y
Test Test
o poird 9—‘l
snrfT
-

Control Signals: CL1, CL2, D, M

Tet

pant D__'"l

-1

HITACHI

HD44780U

ning Characteristics

HD44780U

060 12 0BT

T ;T‘wm 0

DBl e 387

Hota, * VOLY b9 aqsurmed & ba Q8 ¥ o2 MELE aparation.

01 e Sl S10me o 2 | m

Hotwe: L. {opE compenaaias fox U povsr ggoflasion pecdod caueed by marmmotary poser mpa
encilatont.

2. Spaied uf 4.8V K7 54 Opiasion, and W27 ¥ K 34 eperation.
3, For € 4.5 ¥ s ol reached suing 5. ogeralion, the niermal raret clrcut wil ot eporals

ey,
In théa carz, tha USE must b Inflakzed oy sofsare. {Raler 10 tw Inftaizig by
Inwtrucsion caction}

Figure 28 Read Qperation
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Figure 30 Internal Power Supply Reset
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Data Pack £

Issued March 1997 232-2958

Data Sheet

Temperature sensor ic
LM35CZ and LM35DZ

The LM33 is a precision semiconductor temperature
gensor giving an output of 10mV per degree
Centigrade. Unlike devices with outputs proportional
to the absclute temperature (in degrees Kelvin) there
is no large offset voltage which, in most applicaticns,
will have to be removed.

Accuracies of }/,°C at room temperature or 3/,°C over
the full temperature range are typical,

Absolute maximum ratings (Note 10)

Supply voltage +35Vi0-0.2V
Output veltage +6V1c-1.0V
Quiput current 10mA

Storage temperature, TO-92 package _-60°Cto +150°C
Lead temperature (soldering, 10 seconds) 260°C
Specified operating temperature range

Ty to Ty (Note 2)
LM35CZ -40°Cto +11C°C
ILM35DZ G°Cto +100°C

RS stock numbers 317-954 and 317-960

Features

® Output proportional to °C

® Wide temperaiure range -40°C 1o +110°C
{CZ versiomn)

® Accurate 1/,°C at roomn temperature typical

@ Linear output 0.2°C typical

@ Low current drain (60uA typical)

® Low self heating (0.08°C typical)

@ Cutput impedance 0.1Q at ImA

@ Standard T092 package.

Pin connections

TO-92
Plastic package

BOTTOM VIEW
Package details
4.445 - 4,699 * 4.445 - 4.699 50° :am

—O—T 1.681

Saating Y
plang T

&
T 5" nom
1270 2,288 0.635
mm nem man
uncantrolled
laad dia
0.356-0.406 U™ 3683 0.3937
Typ Tye
1.143-1.397 beforelead
. finish
2.286
R 1.143-1.397

nom
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Application notes

Figure 4
Figure | ————
+Vs r T + : Capacitive load, wiring, atc.
{4V 1o 20V}
l [ Out
! LM3s
LM3s | Qutput “_‘1]:
OmV +10.0mV/°C - on
. I 0.1 uF bypass
l optignal
+ |
b

The circuit shown in Figure 1 is a basic single ended  The circuits below show some typical appiications of
terperature sensor capable of measuring between  these temperature sensors.
+2°C and +100°C or +110°C depending on version.

To measure negative temperatures a negative supply
isrequired as shown in Figure 2,

Figure 5 Two-wire remote temperature sensor
with sensor grounded
Figure 2

sy
| ' *
LM35 ¥, Vour = 10mVAC (Tamgent + 1°C)
our 6.8k 200 from +2°C 1o +40°C
5% 1%

I 3=

Vg +

Out
: LM35
R1 should be selected as follows: 200 Twisted pair
- 1%

v,

Rl=—— ‘ ‘
B0 X 10

Care must be taken wher driving capacitive load, such _ =

as long cables or any load exceeding 50pF.
To remove the effect of capacitive loads the circuit
shown Figure 3 should be used, however the resistor is

! ‘ Figure 8 Two-wire remote temperature sensor
added to the output impedance making this circuit suit-
able for connection to high impedance loads only.

J————— v
Figure 4 shows a circuit when will overcome this prob-
iem and also give protection from radiated interference s
fromrelays or any other scurce of electrical noise.

Twisted pair

Figure 3

Voyr = 10mV/°C {Tammient +1°CH
fram +2°C to +40°C

Capacitiva load, wining, atc.
K0t 6.8k
5%
LM3s —wi 0 —

Out

» or 10k rheostat
To high-impadance far gain adjust
- L loads only .

‘b B

S = =2 =

TS £ g =2

> TN

| 0 WX R
= STy
=) ) S =

—_ B T
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PIC16F87X

Pin Diagrams

PDIP, SGIC

MctRver—=L°
RAGAND = ]
RA1ANT =[]

RAZIANZ/VREF- =— []
RA3/ANZVRer+ <[]
Ra4ToCK) ~— L]
RAS/AN4/SE =[]
Vs> E
0SCU/OLKIN—+
o0sc2/cLKouT ~—[116
RCOT1080m1cKI=— [ 11
RC1T10SICCP2=—= 12
ReziccP1=—=[113
Ro3/scKSCL—— [ 14

R B = T PR T LN

©

<

PIC16F876/873

28[ ] == RB7/PGD
27{] = RB&IPGC
26 ] =—= RBS

25[] == RB4

24[] == RBIPGM
23[} = RB2

22[] == RrB1

21[] =—= RBO/ANT
20[] = Voo

18] ] =—Vss

181 «+—= RCT/RX/DT
17{] == RCBTXCK
16{] ~— RCS/SDO
15| =— RC4/SDI/SDA

QFP

Y e RoETUCK
43 (ITI3-—» RC5/SDO

42 I3 =—= RC4/SDYSDA
41 o= RD3/PSP3

40 [TT ) w—e RDZ/PSP2

39 (I)~=—= RD1/PSP1

38 MIM-— RDO/PSPO

37 fT—— RCYSCKISCL

36 [ =—e RC2/CCP1

-

RC7RX/DT ==
RD4/PSP4 1T
RDS/PSP5 =L
RD6/PSPE =1
RD7/PSPT =14
vss — =D

Voo ——* T3
RBO/NT ==X
Bt =T

RB2 -+ {IT]
REBI/PGM ~—CT1T

- N NN

- o

o
o
Q
Q
53
=
=
=
Q
4
[
u
H
7]
o

PLCC

RA4/TOCKI
RAB/ANA/SS
REO/RD/ANS
RE1AVR/ANG
RE2/CS/ANT

VoD

Vss

OSCHCLKIN
0SC2/CLXOUT
RCO."I'1DSO!’|'1CIZ(8

P

Q
=z

NC

320 ~—= RCOMIOSO/TICKI
3P — 0OSC2/CLKOUT
3T -=— QSCHCLKIN
2917 =-+— \/s55
28— VoD = __
27+~ REZANTICS
261} =+—= RE1ANSMWR
550 +—= REQ/ANS/RD
240 =+—= RAS/AN4/SS
23T =—+ RA4TOCKI

112
£1r13
RBS =—= 1145

RBE/PGC ~—w CIT}116

RE4 ~—w TT]14

NC
NG

RATANT =— T2

RAD/AND ——» CTT}4g
RAZANZVREF- ~—» [TT 21

MCLRIVPP —= CIT18

RE7/IPGD =—» CIT17

RA3/ANIVREF+ w—e [Sad 22

RAQ/AND

6 [J~—= RAS/AN3/VREF+
NC

5 [J=—= RAZ/AN2/VREF-
4 [J=—= RAT/AN1

30—
2 []=— MCLR/VFP

10
44 = RB7/PGD

3
PIC16F877 3e0-— Voo
PIC16F874 DT Y. .

&)

&

o

BRBY

rez

il

9T 8
~—= RBIPGM
-—+ RB2
~—= RE1

-— RDB/PSP6
«—w RD5/PSP5
== RD4/PSP4
- RCV/RX/DT

D530292C-page 2
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PIC16F87X

Key Features

PiCmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC-20MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR,BOR
(PWRT, OST) (PWRT, OST) (PWRT, O8T) (PWRT, O8T)
FLASH Program Memor
(14-bi?mrds) ’ K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
/O Ports Ports A,B.C Ports A,B,C.D.E Ports A,B,C Ports A,.B,.CD.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP USART
Parailet Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instructicn Set

35 instructions

35 instructions

35 instructions

35 instructicns

@ 2001 Microchip Technology Inc.

DS30292C-page 3




PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additicnal information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained frem your local Microchip Saies Represen-
tative or downloaded from the Microchip website, The
Reference Manual shouid be considered a complemen-
tary decument to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operaticn of the peripherai modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16FBT6/873 devices come in 28-pin
packages and the PIC16FB77/874 devices come in
40-pin packages. The Paraliel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
Device FLASH Data Memory EEPROM
PIC1BFE73 4K 192 Bytes 128 Bytes
PIC16FB76 aK 368 Bytes 256 Bytes |
13 DataBus 8 PORTA
<%= Program Counter 7 RAD/AND
FLASH u RA1/AN1
Program AN 4 RA2/ANRIVREF-
Memory 8 Level Stack File j-" gﬁiﬁ?ggfsﬁ
{13-bit} Registers \_‘ RAS/ANA/SE
Pragram
Bus RAM Adar! PORTE
. RBG/INT
(1 RBI1
~ RB2
Direct Addr 7 - RB3/PGM
B RB4
M RB5
i RB6/PGC
4 RBV/PGD
8 .
= PORTG
RCOT1QSQTICK!
Power-up RC1/T10SICCP2
Timer RC2/CCP1
i Oscillator RC3/SCKISCL
structon Start-up Timer RCA/SDUSDA
Conirol [ Powaron | RC5/S00
Reset X RCB/TX/CK
RC7/RX/DT
Timing Walchdog
E@ Generalion = Timer
QSC1/CLKIN Brown-out
0S8C2/CLKOUT Resgt
In-Circuit
Debugger
Low Voitage
Programming
MCLR VDD, Vss
[ Timerd Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Part USART
Note 1: Higher order bits are from the STATUS register.

@ 2001 Microchip Technology Inc.
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PIC16F87X

PIC16F874 AND PIC16F877 BLOCK DIAGRAM

FIGURE 1-2:
. Program Data
Device FLASH Data Memory EEPROM
PiC168FBT4 dK 182 Bytes 128 Bytes
P{C16F877 8K 368 Bytes 256 Bytes
13 Dala Bus 8 PORTA
FLASH £=—| Program Counter [<; = T RA/AND
: RAT/ANT
mgg{;‘ RA2IAN2IVREF-
8 Leve! Stack RAM i RA3/ANI/VREF+
’ File RA4/TOCK]
(13-bit) Registers RAGANS/GE
Program
Bus * RAM Adsc) A RBO/ANT
Instruction reg 1 ;S;
Direct Addr 7 J + RB3I/IPGM
) . RB4
N RBS
M RB&/PGC
s RE7/PGD
8
PORTC
] RCOT10SOTICK]
- Power-up 8 (%] RCUTIOSIHCCP2
< Timer ] RCICCP
instruction Oscillator R RCYSCHISCL
in N
Decode & 7= | Start-up Timer ALU -)é 204;'23250»\
Control (| RCS
P%WBF-?H 8 %! RCB/TX/CK
” ese > RCTIRXIDT
ming Watchdoi
E@ Generalion K= Timer o FORTD
OSCH/CLKIN Brown-cut ] RDO/PSPD
GSC2/CLKOUT Resel - RO1/PSPA
In-Circuit . M RO2/PSF2
Debugger I - RDIPSP3
Low-Voltage B » RO4PSP4
Programming Parallel Slave Port | - ggg,{gggg
' e RD7/IPSPT
PORTE
MCLR Vop, Vss e[| REGIANSR
== =X REVANEWR
+—<] REZANTICS
Timer0 Timerl Timer2 10-bit D

:

U

%}

Data EEPRCM

CCP1

2

Synchronous
Serial Port

USART

Mote 1: Higher order bits are from the STATUS ragister.

DS30292C-page 6
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can oceur and is detailed in this section. The
EEPROM data memoary block is detailed in Section 4.0.

Additional information on gevice memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

FIGURE 2-1:

PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
[ PC<12:0>
CALL, RETURN 13
RETFIE, RETLW
Stack Leve! 1
Stack Levei 2
L]
-
-
Stack Level 8
RESET Vector 0000h
-
. Q:JJ
L]
Interrupt Vector 0004h
0005h
Page 0
Q7FFh
0BOOh
. Page 1
On-Chip
GFFFh
Program
Memaory 1000h
Page 2
17F¢h
150Ch
Page 3
. 1FFFh

2.1 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC18F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
iocation above the physically implemented address will
cause a wraparound.

The RESET vector is at 0000h and the interrupt vector
is at 0004h,

FIGURE 2-2- PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC<12:0= l
CALL, RETURN 13
RETFIE, RETLW —7
- Stack Levei 1 l
Stack Level 2 . 1
-
*
-
Stack Level 8
RESET Vector 00eoh
: <=:_—_
L]
Interrupl Vectar ooesh
0005h
On-Ghip Pag= 0
Program 07FFh
Memary 0800h
Page 1
OFFFh
1000h
1FFFh

@ 2001 Microchip Technology Inc.
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PIC16F87X

2.2  Data Memory Organization

The data memory is partittoned into muitiple banks
which contain the General Purpcse Registers and the
Special Function Registers. Bits RF1 (STATUS<6>)
and RPO {STATUS<5>} are the bank select bits.

RP1:RPO Bank
00 0
01 1
10 2
1 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Speciai
Function Registers from one bank may be mirrored in
another bank for code reduction and quicker access.

221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the Fiie Select Register (FSR).

DS30292C-page 12
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PIC16F87X

PIC16F874/873 REGISTER FILE MAP

FIGURE 2-4:°
File
Address

Indirect addr.t} | 0oh
TMRO 01h
PCL C2h
STATUS 03k
FSR 04h
PORTA G5h
PORTB 06h
PORTC 07h
PORTDM | 08h
PORTE™M | 09n
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
PIR2 0Dh
TMR1L OEh
TMR1H OFh
T1CON 10h
- TMR2 11h
T2CON 12h
SSPBUF 13h
SSPCON 14h
CCPRI1L 15h
CCPR1H 16h
CCP1CON 17h
RCSTA 18h
TXREG. 19h
RCREG 1Ah
CCPR2L 1Bh
CCPR2H 1Ch
CCP2CON 10h
ADRESH 1Eh
ADCONO 1Fh
20h

General

Purpose

Register

96 Bytes
7Fh

Bank 0

File
Address
indirect addr.’l| gon
OPTION_REG | 81h
PCL 82h
STATUS 83h
FSR 84h
TRISA 85h
TRISB 86h
TRISC 87h
TRISD! | 88h
TRISEM | gon
PCLATH 8Ah
INTCON 8Bh
PIE1 8Ch
PIEZ 8Dh
8Eh
8Fh
90h
SSPCON2 91h
PR2 92Zh
SSPADD 93h
SSPSTAT | 94h
95h
S6h
87h
98h
99h
9AhR
9Bh
aCh
: 9bh
ADRESL 9Eh
ADCON1 9Fh
Alh
General
Purpose
Register
96 Bytes
FFh
Bank 1

File

Address
Indiract addr.'t 100h
TMRO 101h
PCL 102h
STATUS | 103h
FSR 104h
105h
106h

107h
108h
109h

PCLATH 10Ah
INTCON 10Bh
EEDATA 10Ch
EEADR 100h
EEDATH 10Eh
EEADRH 10Fh

11Gh

120h

accesses
20h-7Fh
16Fh
170h
17Fh
Bank 2

Unimplemented data memory locations, read as '0'.
* Not a physicai register.
Note 1: These registers are not implemented on the PIC16F873.
2: These registers are reserved, maintain these registers clear.

File
Address

Indirect addr." 180h
OPTION REG| 181h
PCL 182h
STATUS 183h
F3R 184h
185h
TRISB 186h
187h
188h
18¢h
PCLATH 184h
INTCON 18Bh
EECON1 18Ch
EECON2 18Bh

1B8Eh
18Fh
190h

accesses
Alh - FFh
1EFh
1F0h
1FFh
Bank 3

DS830292C-page 14
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PIC16F87X

2221 STATUS Register

The STATUS register contains the arithmetic status of
the ALU, the RESET status and the bank select bits for
data memory.

The STATUS register can be the destination for any
instruction, as with any other register. If the STATUS
register is the destination for an instruction that affects
the Z, DC or C bits, then the write to these three bits is
disabled. These bits are set or cleared according ta the
device logic. Furthermore, the TO and PD bits are not
writable, therefore, the result of an instruction with the
STATUS register as destination may be different than
intended.

For example, CLRF $TATUS will clear the upper three
bits and set the Z bit. This leaves the STATUS register
as 000u uluu {where u = unchanged).

It is recommended, therefore, that only BCF, BSsF,
SWAPF and MOVWF instructions are used to after the
STATUS register, because these instructions do not
affect the Z, C or DC bits from the STATUS register. For
other instructions not affecting any status bits, see the
“Instruction Set Summary.”

STATUS REGISTER {ADDRESS 03h, 83h, 103h, 183h)

REGISTER 2-1:
RW-0 RW-0 R/W-0 R-1 R-1 R/W-x RAW-x RIW-x
RP T Rt [ RPo | O [ PC [ z | DC c
bit 7 bit &
bit 7 IRP: Register Bank Select bit (used for indirect addressing)
1 =Bank 2, 3 (100h - 1FFh)
0 =Bank 0, 1 {00h - FFh)
bit 6-5 RP1:RP0; Register Bank Select bits (used for direct addressing)
11 = Bank 3 {180h - 1FFh)
10 = Bank 2 (100h - 17Fh)
01 = Bank 1 (8Ch - FFh)
00 = Bank 0 {00h - 7Fh)
Each bank is 128 hytes
bit 4 TO: Time-out bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction -
0 = AWDT time-out occurred
hit 3 PD: Power-down bit
1 = After power-up or by the CLRWDT instruction
¢ = By execution of the SLEEP instruction
bit 2 Z: Zero bit
1 = The resuit of an arithmetic or logic operation is zero
¢ = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)
(for borrow, the polarity is reversed) _
1 = A carry-out from the 4ih low order bit of the resuft occurred
0 = No carry-out from the 4th low order bit of the result
bit 0 C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)

1 = A carry-out frem the Maost Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the two's
complement of the second operand. For rotate (RRF, RLF) instructions, this bitis
loaded with either the high, or low order bit of the source register.

Legend: ‘
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0°
-n =Value at POR 1" = Bit is set '0’ = Bitis cleared  x = Bitis unknown

DS30292C-page 18
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PIC16F87X

2.3  PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readabie and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
{(PCLATH<4:0> — PCH). The lowar example in the fig-
ure shows how the PC is loaded during 2 CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: " LOADING OF PC IN
DIFFERENT SITUATIONS
PCH - PCL
12 B 7 0 eirucion wi
pC | : | pcLas
Destination
ALU
PCH PCL
2 110 8 7 0
e | [ : | coTo,caLL
QOpcode <10:0>

2341 COMPUTED GOTG

A computed G0oTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GoTO method, care
should be exercised if the table location crosses a PCL
memory boundary {each 256 byte block). Refer to the
application note, “Implementing a Table Read”
(ANSSB).

232 STACK

The PIC16F87X family has an 8-level deep x 13-bit wide
hardware stack. The stack space is not part of either pro-
gram or data space and the stack pointer is nat readable
or writable. The PC is PUSHed onto the stack when a
CALL instruction is executed, or an interrupt causes a
branch. The stack is POPed in the event of a
RETURN,RETLW or a RETFIE instruction exacution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as & circular buffer. This means that
after the stack has been PUSHed sight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
so on).

2.4  Program Memory Paging

All PIC16F87X devices are capable of addressing a
continuous 8K word block of program memary. The
CALL and GOTO instructions provide only 11 bits of
address to alfow branching within any 2K program
memory page. When doing a CALL or GOTC instruction,
the upper 2 bits of the address are provided by
PCLATH<4:3>. When doing a CALL or GOTO instruc-
tion, the user must ensure that the page select bits are
programmed so that the desired program memory
page is addressed. If a return from a CALL instruction
(or interrapt) is executed, the entire 13-bit PC is poppead
off the stack. Therefore, manipulation of the
PCLATH<4:3> bits is not required for the return instruc-
tions (which POPs the address from the stack).

£

Exampte 2-1. shows the calling of a subroutine in
page 1 of the prograrn memory. This example assumes
that PCLATH is saved and restored by the Interrupt
Service Routine (if interrupts are used).

CALL OF A SUBROUTINE
IN PAGE 1 FROM PAGE 0

ORGE 0x500
BCF PCLATH, 4
BSF PCLATH,3 ;Select page 1
; (B0OOh~FFFh}
CALL SUBL_Fl ;Call subrouktine in
: ;page 1 {800h-FFFh)

EXAMPLE 2-1:

ORG 0x900
gUBl_P1

;page 1 (800h-FFFh)

;called subrocutine
;page 1 (800h-FFFh)

RETURN ;return to
;Call subroutine
;in page 0
; {000R-7FFh)

DS30292C-page 26
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PIC16F87X

3.0 1/OPORTS

Some pins for these I/Q perts are multiplexed with an
alternate function for the peripheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose /O pin.

Additional information on 1/O ports may be found in the
PICmicro™ Mid-Range Reference Manual, {DS33023).

341 PORTA and the TRISA Register

PCRTA is a 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1} will make the corresponding PORTA pin
an input {i.e., put the corresponding output driver in a
Hi-lmpedance mode). Clearing a TRISA bit (= 0} will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
ping, whereas writing to it will write to the port latch. All
wiite operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is modified and then written to the port
data latch.

Pin RA4 is mulliplexed with the Timer0 moduie clock
input to become the RA4/TGCKI pin. The RA4/TOCKI
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Other PORTA pins are multipiexed with analeg inputs
and analog VREF input. The operation of each pin is
selected by clearing/setting the control bits in the
ADCON1 register (A/D Control Register1).

The TRISA register contrals the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs,

EXAMPLE 3-1: INITIALIZING PORTA
BCF STATUS, RPO
BCF STATUS, RP1 Bank0

Initialize PORTA by
clearing output

data latches

Select Bank 1
Configure all pins

; as digital inputs
Value used te
initialize data
direction

Set RA<3:0> as inputs
; RA«5:4> as outputs
TRISA<7:6>are always
read-as '0°.

CLRF PORTA

BSF STATUS, RPO
MOVLW 0x0s&

MOVWF ADCON1
MOVLW OxCF

i
i
;
i
i
i
B

MOVWEF TRISA

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RAS PINS
Data Data Laich
Bus
D Q
WR Voo
Port —
T K L3 ®_~ P yopint!
N
WR
TRIS | Vss
Analeg
Input
Mode
L
RD
TRIS | TTL
Input
Buffer
Q B

]

Note 1: /O pins have protection diodes to VoD and Vss.

RD Port >

To A/D Coaverer

FIGURE 3-2: BLOCK DIAGRAM OF
RA4/TOCKI PIN
Dta Data Latch
Bus o a
WR
Fort
> cr-a N 11G pint?
TRIS Latch
— D Q Vas
WR
TRis cRLq Schmit V
Trigger \
Input
Buffer
RD
TRIS

\

© EN
RD Port D" 7

TMRO Clack [aput

Note 1: ¥O pin has protection diedes to Vss enly.

© 2001 Microchip Technaiogy Inc.
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PIC16F87X

TABLE 3-1:  PORTA FUNCTIONS

Name Bit# | Buffer Function
RAQ/ANOD bitd TTL | Inputfoutput or analog input.
RA1/AN1 bit1 TTL | Input/cutput or analog input.
RA2/ANZ bit2 TTL | input/output or analog input.
RAZ/AN3/NREF bit3 TTL | Input/output or analog input cr VREF.
RA4/TOCKI bit4 ST {Inputioutput or external clock input for Timer0. Output is open drain type,
RA5/SS/AN4 bits TTL |Input/output or slave select input for synchronous serial port or analog input.

Legend: TTL = TTL input, ST = Schmitt Trigger input

TABLE 3-2:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on: | Value on all

Address| Name | Bit7 |[Bit6 | Bit5 | Bit4d | Bit3 Bit2 Bit1 Bit 0 POR, other
BOR RESETS

05h |PORTA RAS5 | RA4 | RA3 RAZ2 RA1 RAQ | --0x 0000{ --ou 0000
85h | TRISA PORTA Data Directicn Register --11 1111 --11 1111
OFh |ADCON1 [ PCFG3 | PCFG2 | PCFG1, PCFGO | --0- 0000 | --o- 0005 |

Legend: x = unknown, u = unchanged unimplemented focations read as '0".

~ Shaded cells are not used by PORTA.

DS30292C-page 30 © 2001 Microchip Technology Inc.




PIC16F87X

9.0 MASTER SYNCHRONCUS
SERIAL PORT (MSSP)
MODULE :

The Master Synchronous Serial Port (MSSP) module is
a sertal interface, useful for communicating with other
peripherai or microcontroller devices. These peripheral
devices may be serial EEPROMs, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:

« Serial Peripheral Interface (SPI)
- Inter-Integrated Circuit {1C)

Figure 8-1 shows a block diagram for the SPI mode,
-while Figure 9-5 and Figure 9-9 show the block dia-
grams for the two different 12C modes of operation.

The Application Note AN734, "Using the PICmicro®
SSP for Slave I2C™ Gommunication” describes the
slave operation of the MSSP module on the
PIC1BF87X devices. AN735, "Using the PICmicro®
MSSP Module for [PC™ Communications” describes
the master operation of the MSSP module on the
PIC16F87X devices.

© 2001 Microchip Technolegy Inc.
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REGISTER 9-1:

bit7

bitg -

bit &

bit 4

bit 3

hit 2

bit 1

bit

SSPSTAT: SYNC SERIAL PORT STATUS REGISTER (ADDRESS: 94h}

RW-0 . RW-0 R-0 R0 R-0 R-0 R0 R-0
[ smp | cke | oA | P | s [ rW T un ] B
bit 7 bit @

SMP: Sample bit

SP| Master mode:

1 = Input data sampled at end of data output time

0 = Input data sampled at middle of data output time

SP{ Slave mode:

SMP must be cleared when SPI is used in slave mode

In [2C Master or Slave mode:

1 = Slew rate control disabled for standard speed mede (100 kHz and 1 MHz)
0 = Slew rate conirol enabled for high speed mode (400 kHz)

CKE: SPI Clock Edge Select (Figure 9-2, Figure 9-3 and Figure 9-4)
SPY mode: '
Fer CKP =0

1 = Data transmitted on rising edge of SCK

0 = Data transmitted on falling edge of SCK

For CKP =1

1 = Data transmitted cn falling edge of SCK

0 = Data transmitted cn rising edge of SCK

In 2C Master or Slave mode:

1 = Input levels conferm to SMBus spec

0 = Input levels confoem to 12C specs

D/A: Data/Address bit (Fc mode anly)

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the {ast byte received or transmitted was address

P: STOP bit

(|2c made only. This bit is cieared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a STOP bit has been detected last (this bit is '0' on RESET)

¢ = STOP bit was not detected last

S: START bit

(I20 mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)
1 = Indicates that a START bit has been detected last (this bit [s ‘0’ on RESET)

0 = START hit was ot detected last

RW: Read/Write hit Information (|2C maode only}

This bit holds the RAV bit infarmation following the last address match. This bit is only valid from the
address match to the next START bit, STOP bit or not ACK bit.

n 12C Slave mode:

1 = Read

0 = Write

In2C Master meds:

1 = Transmit is in progress -

0 = Transmit is not in progress

Logical OR of this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in IDLE mode.
UA: Update Address {10-bit I%C mode only)

1 = Indicates that the user needs to update the address in the SSPADD register

¢ = Address does not need to be updated

BF: Buffer Full Status bit

Receive (SPt and 2c modes):

1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
ransmit (12 4N
1 = Data transmit in pregress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF Is empty

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0’
-n=Value at POR 1’ = Bitis set 0’ = Bit is cleared x = Bit is unknown

D530292C-page 66
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REGISTER 9-2:  SSPCON: SYNC SERIAL PORT CONTROL REGISTER (ADDRESS 14h)

RW-0  RW-0  RW0  RW-0  RW0  RWD RAW-C RAW-0
| weoL | sspov | sspeNn | ckp | ssPm3 | sseM2 | ssPm1 | ssPmo
bit 7 bit 0
bit 7 WCOL: Write Collision Detect bit
Master mode:

1 = A write to SSPBUF was attempted while the {2C conditions were not valid

0 = No collision

Slave mode:

1= SSPBUF reqister is written while still transmitting the previcus word (must be cleared in
software)

0 = No collision

bit 6 §SPOV: Receive Overflow Indicator bit

In SP! mode:

1 = Anew byte is received while SSPBUF holds previous data. Data in SSPSR s lost on overflow. In Slave
mode, the user must read the SSPBUF, even if anly transmitting data, to aveid overflows. in Master
mode, the overflow bit is not set, since each operation is initiated by writing to the SSPBUF register.
{Must be cleared in software.}

¢ = No overflow

In C mods:

1= Abyteis received while the SSPBUF is holding the previous byte. SSPOV is a "don't care” in Transmit
mode. (Must be cleared in software.)

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit

When enabled, these pins must be properly configured as input or cutput
1 = Enables serial port and configures SCK, SDO, 8DI, and SS as the source of the serial port pins
0 = Disables serial port and configures these pins as I/C port pins

When enabled, thesa pins must be properly configured as input or output
1 = Enables the serial port and configures the SDA and SCL pins as the scurce of the serial port pins
¢ = Disables serial port and configures these pins as O port pins
bit 4 CKP: Clock Polarity Select bit '
" In SPt mode: ’
1 = Idle state for clock is a high level
0 = Idle state for clock is a low level
In 2C Slave mode;
SCK release control
1 = Enable clock
0 = Holds clock low (clock stretch). (Used to ensure data setup time.)
In 12C Master moda;
Unused in this made
bit 3-¢ © 55PM3:58PM0: Synchroncus Serial Port Mode Select bits
oooo = 8P| Master mode, clock = Fosc/4
ccol = SPI'Master mode, clock = Fosc/16
0610 = SP! Master mode, clock = Fosc/G4
0011 = SPI Master mode, clock = TMR2 cutput/2
0100 = 5PI Slaveynarde, clock = SCK pin. 85 pin control enabled.
0101 = SPI Slave riede, tlock = SCK pin. S pin centrol disabled. 58 can be used as I/Q pin.
0110 = I2C Slave mode, 7-bit address
0111 = I?C Slave made, 10-bit address
1000 = 12C Master mode, clock = Fosc / (4 * (SSPADD+1))
1011, = I°C Firmware Controlled Master mode {slave idle)
1110 = G Firmware Controlled Master mode, 7-bit address with START and STOP bit interrupts enabled
1111 = I2C Firmware Controlled Master mede, 10-bit address with START and STOP bit interrupts enabled
1001, 1010, 1100, 1101 = Reserved

Legend: _
R = Readable bit W = Writable bit 4 = Unimplemented bit, read as ‘0"
-n = Value at POR '1' =Bit is set 0’ = Bit is cleared % = Bit is unknown
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REGISTER 9-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: SYNC SERIAL PORT CONTROL REGISTER2 (ADDRESS 91h)
R/W-0 R/W-0 R/W-0 RAW-0 RAW-0 R/W-0 RAN-0 RW-0

| GCEN |ACKSTAT| ACKDT | ACKEN | RCEN | PEN [ RSEN [ SEN

bit 7 bit O

GCEN: General Call Enable bit (In I°C Slave made oniy)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR

0 = General call address disabled

ACKSTAT: Acknowledge Status bit (In ¢ Master mode only)

In Master Transmit mode:

1 = Acknowledge was not received from slave

0 = Acknowledge was received from siave

ACKDT: Acknowledge Data bit (In 1°C Master mode only)

In Master Receive mode:

Value that will be transmitted when the user initiates an Acknowledge sequence at the

end of a receive.

1 = Not Acknowledge

0 = Acknowledge

ACKEN: Acknowledge Sequence Enable git (In 2C Master mode only)

In Master Receive mode:

1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence idie

RCEN: Receive Enable bit (In 2C Master mode only}

1 = Enables Receive mode for 12C

¢ = Receive idle

PEN: STOP Condition Enable bit {In 12C Master mode only)

SCK Release Contrgl:

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.

0 = STOP condition idle

RSEN Repeated START Condition Enable bit (In 1°C Master made only)
= |nitiate Repeated START condition on SDA and SCL pins. Automatically cleared by hardware

0 Repeated START condition idle

SEN: START Condition Enable bit (In 12C Master mode onty)

1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.

0 = START condition idle

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the 12C module is not in the IDLE
mode, this bit may not be set {(no spocling), and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
- n = Value at POR 1" = Bit is set '0" = Bit is cleared x = Bit is unknown
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9.2  MSSP I3C Operation

The MSSP medule in 2C mode, fully implements all
master and slave functions {including general call sup-
port) and provides interrupts on START and STOP bits in
hardware, to determine a free bus {multi-master func-
tiont}. The MSSP medule implements the standard mode
specifications, as well as 7-bit and 10-bit addressing.
Refer to Application Note ANS78, "Use of the SSP
Module in the | 2C Multi-Master Environment.”

A "glitch” {ilter is on the SCL and SDA pins when the pin
is an input. This filter operates in both the 100 kMz and
400 kHz modes. In the 100 kHz mode, when these pins
are an cutput, there is a slew rate control of the pin that
is independent of device frequency.

12C SLAVE MODE BLOCK
DIAGRAM

< Internal
Data Bus

" FIGURE 9-5:

SSPADD Reg
START and Set, Reset
STOP kit Detect — S, P bits
(SSPSTAT Reg)

Two pins are used for data transfer. These are the SCL

pin, which is the clock, and the SDA pin, which is the

data. The SDA and SCL pins are automatically config-

ured when the 1°C mode is enabled. The SSP module

functions are enabled by setfing SSP Enable bit

SSPEN {SSPCON<5>).

The MSSP module has six registers for I2C operation.

They are the:

» 58P Control Register (SSPCON)

» S8P Control Register2 (SSPCON2)

« 38P Status Register (SSPSTAT)

= Serial Receive/Transmit Buffer (SSPBUF}

+ SSP Shift Register (SSPSR) - Not directly
accessible

» SSP Address Register (SSPADD)

The SSPCON register allows control of the 12C cpera-
tion. Four mode selection bits {SSPCON<3:0>) allow
one of the following 12C modes to he selected:

- 1°C Slave mode (7-bit address)
» 12C Slave mode (10-bit address)
* 12C Master mode, clock = OSC/4 (SSPADD +1)

« 123G firmware modes {provided for compatibility to
other mid-range products)

Before selecting any 12C mode, the SCL and SDA pins
must be programmed to inputs by setting the appropri-
ate TRIS bits. Selecting an 12C mode by setting the
SSPEN bit, enabies the SCL and SDA pins to be used
as the clock and data lines in 12C mode. Pull-up resis-
tors must be provided externally to the SCL and SDA
pins for the propsr operation of the 12C module.

The CKE bit (SSPSTAT<6:7>) sets the levels of the
SDA and SCL pins in either Master or Slave mode.
When CKE = 1, the levels will conform to the SMBus
specification. When CKE = 0, the levels will canform to
the 12C specification.

The SSPSTAT register gives the siatus of the data
transfer. This information inciudes detection of a
START (8) or STOP (P} bit, specifies if the received
byte was data or address, if the next byte is the com-
pletien of 10-bit address, and if this will be a read or
write data transfer.

SSPBUF is the register to which the transfer data is
written to, or read from. The SSPSR register shifts the
data in or out of the device. In receive operations, the
SS5PBUF and SSPSR create a doubled buffered
receiver. This allows reception of the next byte to begin
before reading the last byte of received data. When the
compiete byte is received, it is transferred tc the
SSPBUF register and flag bit SSPIF is set, If another
complete byte is received before the SSPBUF register
is read, a receiver overflow has occurred and bit
S8PCV (SSPCON<6=>) is set and the byte in the
38PSR s lost.

The SSPADD register holds the slave address. in
10-bit mode, the user needs to write the high byte of the
address (1111 0 A3 A8 0). Follewing the high byte
address match, the low byte of the address needs to be
loaded (A7:AD).

@ 2001 Microchip Technology Inc.
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8.2.5 MASTER MODE

Master mode of operation is supported by interrupt
generafion on the detection ¢f the START and STOP
conditicns. The STOP (P) and START (S) bits are
cieared from a RESET, or when the MSSP module is
disabled. Cantrol of the |2C bus may be taken when the
P bitis set, or the bus is idle, with both the S and P bits
clear,

In Master mode, the SCL and SDA lines are manipu-
lated by the MSSP hardware. '

The fellowing events will cause the SSP Interrupt Flag
bit, SSPIF, to be set (an SSP interrugt will occur if
enabled):

» START condition

+ STOP conditicn

+ Data transfer byte transmitted/received

+ Acknowledge transmit

* Repeated START

FIGURE 9-9: SSP BLOCK DIAGRAM (IZC MASTER MODE}
Internal S5PM3:SSPMO,
Data Bus SSPADD<6:0>
Read Write
SSFBUF Baud
- Rate
Generator
SDA Shift
D\ SDA in Clock g
= S8PSR iz
Q
M3b LSb |3
o 3|3
£
= 2 L =
w START bit, STOP bit, (" |1 |8
£ Acknowledge 5 [ES
5 =lo
p g Generats % g )
S5CL -] Q
< P S i
= o
Pl 1
[ .
1 START bit Detect,
= _ STOP bit Detect :
SCLin Write Collision Detect |- Set/Reset, S, P, WCCL (SSPSTAT)
Bus Collision Clock Asbitration Set SSPIF, BCLIF
State Counter for Reset ACKSTAT, PEN (SSPCON2)

end of XMIT/RCV

9.2.6 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a RESET or
when the MSSP module is disabled. Control of the 12C
bus may be taken when bit P (SSPSTAT<4>) is set, or
the bus is idle with both the § and P bits clear. When
the bus is busy, enabling the SSP Interrupt will gener-
ate the interrupt when the STOP condition occurs.

in Multi-Master operation, the SDA line must be moni-
tored for arbitration to see if the signai level is the
expected output level. This check is performed in hard-
ware, with the result placed in the BCLIF bit.

‘The states where arbitration can be lost are:

+ Address Transfer

+ Data Transfer

+ A START Condition

» A Repeated START Condition
» An Acknowledge Condition
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927 PG MASTER MODE SUPPORT

Master mode is enabled by sefting and clearing the

appropriate SSFM bits in SSPCON and by setting the

SSPEN bit. Once Master mode is enabled, the user

has six options: .

Assert a START condifion on SDA and SCL.

- Assert a Repeated START condition on SDA and
SCL.

« Write to the SSPBUF register initiating transmis-
sion of data/address.

+ Generate a STOP condition on SDA and SCL.

+ Cenfigure the I2C port to receive data.

» Generate an Acknowledge condition at the end of
a received byte of data.

9.2.7.1 [>C Master Mode Operation

The master device generates all of the serial clock
puises and the START and STOP conditions. A trans-
fer is ended with a STOP condition or with a Repeated
START condition. Since the Repeated START condi-
tion is also the beginning of the next seriai transfer, the
12¢ bus will not be released.

In Master Transmiifter mode, serial data is output through
SDA, while SCL outputs the serial clock. The first byte
transmitted contains the slave address of the receiving
device (7 bits) and the Read/Write (R/W) bit. In this case,
the R/W bit will be logic '0'. Serial data is transmitted 8 bits
at a ime. After each byte is fransmitted, an Acknowladge
bit is received. START and STOP cendifions are ocutput
to indicate the beginning and the end of a serial fransfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/VY bit. In this case, the R/W bit will be
logic '1'. Thus, the first byte transmitted is a 7-bit slave
address followed by a '1' to indicate receive bit. Serial
data is received via SDA, while SCL outputs the serial
clock. Serial data is received 8 bits at a time. After each
byte is received, an Acknowledge bit is transmitted.
START and STOP conditions indicate the beginning
and end of fransmission,

The baud rate generator used for SPI mode operation
is now used to set the SCL clock frequency for either
100 kHz, 400 kHz, or 1 MHz I2C operation. The baud
rate generator refoad value is contained in the Jower 7

bits of the SSPADD register. The baud rate generator -

will automatically begin counting on a write to the

SSPBUF. Once the given operation is complete (i.e.,
transmissicn of the last data bit is followed by ACK), the
internal clock will automatically stop counting and the
SCL pin will remain in its last state.

A typical transmit sequence would go as follows:

a) User generates a START condition by setting
the START enable bit (SEN) in SSPCON2.

b) SSPIF is set. The module will wait the required
start time before any other operation takes place.

c} Userioads SSPBUF with address to fransmit.

d) Address is shifted out the SDA pin until all 8 bits
are transmitted.

e) MSSP module shifts in the ACK bit from the
siave device and writes its value into the
SSPCON2 register {SSPCON2<6>).

f)  MSSP module generates an interrupt at the end
of the ninth ciock cycle by setting SSPIF.

g) Userloads SSPBUF with eight bits of data.

h} DATAIs shifted out the SDA pin until alf 8 bits are
transmitted.

i}y MS8P module shifts in the ACK bit from the
slave device, and writes its value into the
SSPCON2 register (SSPCON2<6>).

i) MSSP module generates an interrupt at the end
of the ninth clock cycle by setting the SSPIF bit.

k) Usergenerates a STOP condition by setting the
STOP enable bit, PEN, in SSPCON2.

} Interrupt is generated once the STOP condition
is complete.

9.2.8 BAUD RATE GENERATOR

In [°C Master mede, the reload value for the BRG is
located in the lower 7 bits of the SSPADD register
{Figure $-10). When the BRG is loaded with this value,
the BRG counts dewn to 0 and stops until another reload
has taken place. The BRG count is decremented twice
per instruction cycle (Tcy}, on the Q2 and Q4 clock.

In 12C Master mode, the BRG is reloaded automatically. If
clock arbitration is taking place, the BRG will be reloaded
when the SCL pin is sampled high (Figure 8-11}.

BAUD RATE GENERATOR
BLOCK DIAGRAM

$SPADD<6:0>
ssws:ssprwu:[) Reload | Reload

scL —P| Control

FIGURE 9-10:

SSPM3:55PMO

CLKOUT
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9.2.1 1%C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address, or either
half of a 10-bit address, is accomplished by simply writ-
ing a value to SSPBUF register, This action will set the
Buffer Full flag (BF) and aillow the baud rate generator
to begin counting and siart the next transmission. Each
bit of address/data will be shifted out onto the SDA pin
after the falling edge of SCL is asserted (see data hold
time spec). SCLis held low for one baud rate generator
rollover count (TBRG). Data should be valid before SCL
is released high {see data setup time spec). When the
SCL pin is released high, it is held that way for TBrG.
The data on the SDA pin must remain stable for that
duration and some hold time after the next falling edge
of SCL. After the eighth bit is shifted out (the falling
edge of the eighth clock), the BF flag is cleared and the
master releases SDA allowing ] the slave device being
addressed to respond with an ACK bit during the ninth
-bit time, if an address match occurs or if data was
received properly. The status of ACK is read into the
ACKDT on the faliing edge of the ninth clock. If the
master receives an Acknowledge, the Acknowledge
Status bit (ACKSTAT) is cleared. If not, the bit is set.
After the ninth clock, the SSPIF is set and the master
clock {baud rate generator) is suspended until the next
data byte is loaded inta the SSPBUF, leaving SCL Jow
and SDA unchanged (Figure 9-14).

After the write to the SSPBUF,.each bit of address will
be shifted out on the falling edge of SCL., until all seven
address bits and the RAW bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bitis
loaded into the ACKSTAT status bit (SSPCON2<8>).
Foflowing the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared, and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

92111 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shified out.

g.2.11.2  WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte}, then WCOL is set and the contents of the
buffer are unchanged (the write doesn't oceur).

WCOL must be cleared in software.

9.2.11.3  ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0), and is set when the slave does not Acknowl-
edge {ACK = 1). A slave sends an Acknowledge when
it has recognized its address (including a generali call),
or when the slave has properly received its data.
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13.0 INSTRUCTION SET SUMMARY

Each PIC16F87X instruction is a 14-bit word, divided
into an OPCODE which specifies the instruction type
and one or more operands which further specify the
operation of the instruction, The PIC16F87X instruction
set summary in Table 13-2 lists byte-oriented, bit-ori-
ented, and literal and control operations. Table 13-1
shows the opcode field descriptions.

For byte-oriented instructions, ' represents a file reg-
ister designator and °d’ represents a destination desig-
nator. The file register designator specifies which file
register is to be used by the instruction.

The destination designator specifies whare the result of
the operation is to be ptaced. If 'd’ is zero, the result is
placed in the W register. I{'d' is one, the result is piaced
in the file register specified in the instruction.

For bit-oriented insiructicns, 'b’ represents a bit field
designator which selects the number of the bit affected
by the operation, while 'f' represents the address of the
file in which the bit is located.

For literal and control operations, 'k’ represenis an
eight or eleven bit constant or literal value.

TABLE 13-1: OPCQDE FIELD
DESCRIPTIONS

Field Description
£ Register file address (0x00 to 0x7F)

W Working register (accumulator)

b Bit address within an B-bit file register
x  |Literal field, constant data or label

x Don't care location (= 0 or 1).

The assembler will generate code with x = 0.
It is the recommended form of use for
compatibility with all Microchip software tools. -

4 Destination select; d = 0: store result in W,
d = 1: store result in file register f.
Defaultisd=1.

PC Program Counter
TO Time-out bit
PD Power-down bit

The instruction set is highly orthogonal and is grouped
into three basic categories: ) :

« Byte-oriented operations

- Bit-oriented cperations

+ Literal and control cperations

All instructions are executed within one single instruc-
tion cycle, unless a conditional test is true or the pro-
gram counter is changed as a resuit of an instruction.
In this case, the execution takes two instruction cycles
with the second cycle executed as a NOPE. One instruc-
tion cycle consists of four oscillator periods. Thus, for
an csciltator frequency of 4 MHz, the normat instruction
execution ime is 1 ps. If a conditional test is true, or the
program counier is changed as a result of an instruc-
tion, the instruction execution time is 2 ps.

Table 13-2 lists the instructions recognized by the
MPASM™ assembler.

Figure 13-1 shows the general formats that the instrue-
tions can have.

All examples use the following format to represent a
hexadecimal number:

Oxhh
where h signifies a hexadecimal digit.

FIGURE 13-1; GENERAL FORMAT FOR
INSTRUCTIONS
Byte—orienufed file register operations
13 8 7 8 0
OPCODE | d ] F{FILE #) J

d =0 for destination W
d = 1 for destination f
f = 7-bit file register address

Bit-oriented file register operations
13 108 76 0
OPCODE  |b(BIT#)| {(FILE#) |

b = 3-bit bit address
f = 7-bit file register address

Literal and control aperations

General
13 8 7 0
OPCODE | k {literal) |

k = 8-bit immediate value

CALL and GOTo [nstructions only
13 11 10 ]
OPCODE k (literal) |

k = 11-bit immediate vaiue

A description of each instruction is available in the
PICmicro™ Mid-Range Reference Manual, (DS33023).
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TABLE 13-2: PIC16F87X INSTRUCTION SET
f 14-Bit Opcode
hg::;‘::;:' Description Cycles S st AF;::::: d Notes
BYTE-CRIENTED FILE REGISTER CPERATIONS

ADDWF f,d Add W and f 1 00 0111 Afff ffef| CDCZ 1,2
ANDWF f,d AND W with f 1 00 0lol dfEf fEff zZ 1,2
CLRF f Clear f 1 00 0001 1£ff EFff z 2
CLRW - Clear W 1 00  0DOLl 0OxXXX XXXX 2

COMF f, d Complement f 1 00 1001 dfff fE£fF Z 1,2
DECF f,d Decrement f 1 00 0011 dAfff f£fff Z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff E££ff 1,2,3
INCF f, d Increment f 1 00 1010 dfff ffff Z 1,2
INCF5Z f.d Ingrement f, Skip if O 1(2) 00 1111 gfff £Fff 1,23
IORWF fd inclusive OR W with f 1 00 0lo0 Adfff ffff z 12
MOVF fd Move f 1 00 1000 dfff EfEf rd 1,2
MOVWF f Move Wio £ " 00 0000 LEEE £EFf

NOP - No Operation 1 00 000C¢ OxxD 0000

RLF f.d Rotate Left f through Carry 1 00 1101 dfFfE fE£E£ C 1,2
RRF f.d |Rotate Right f through Carry 1 00 1100 dfEf £Eff c 12
SUBWF f,d Subtract W from f 1 00 0010 dfff fEff| CDCZ 1,2
SWAPF f,d Swap nibbles In f 1 00 1110 AfEE £££f 1,2
XORWF fd Exglusive OR W with f t 00 0110 dfff f£E£ff Z 1,2

BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear { 1 01 00bbh bfff £fff 1,2
BSF fb Bit Set f 1 01 0lbb bfff E£ff 1,2
BTFSC f,b Bit Test f, Skip if Clear 1(2) 0L 10bb bEEE EfEf 3
BTFSS f, b Bit Test f, Skip if Set 1{2) 01 1libb bEEf E£Eff 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111lx kkkk kkkk| C,DCZ
ANDLW k AND literat with W 1 11 1001 kkkk Kkkkk 2

CALL 3 Call subroutine 2 10 oOkkk kkkk Kkkkk| __

CLRWDT - Clear Watchdog Timer 1, 00 0ooo 0110 o0lo00| TOPD

GOTO K Go to address 2 10 1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z

MOVLW k Move literal to W 1 11 00xx kkkk Xkkkk

RETFIE - Return from interrupt 2 00 0000 0000 1001

RETEW Return with literal in W 2 11 0lxx kkkk kkkk

RETURN Return from Subroutine 2 00 0000 0CO0 1000 _

SLEEP - Go into standby mode 1 00 €000 0110 go11| TGPD

SUBLW k Subtract W from literal 1 11 1i0x kkkk kkkk| CDCZ
XORLW k Exclusive CR literal with W 1 11 1010 kkkk kkkk Z

Note 1: When an lfO register is modified as a function of itseif { e.g., MOVF PORTB, 1), the value used will be that value present
on the pins themselves. For example, if the data latch is "1’ for a pin configured as input and is driven low by an external
device, the data will be written back with a ‘0", :

If this instruction is executed on the TMRO register {and, where applicable, d = 1), the prescaler will be cleared if
assigned to the Times0 mcdule.
[f Program Counter (PC) is modified, or a conditiona! test is true, the instruction requires two cycles. The second cycle is
exgcuted as a NOP.
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13.1  Instruction Descriptions

ADDLW Add Literal and W

Syntax: [fabell] ADDLW Kk

Operands: 0<k<255

Operation: W)+ k - (W)

Status Affected: C,DC, Z

Description: The contents of the W register
are added to the eight bit literal 'k’
and the result is placed in the W
register.

ADDWF Add Wand f

Syntax: [iabell ADDWF fd

Operands: 0<fe127
de [0,I1

Operation: (W} + (f) — (destination)

Status Affected: C,DC, Z

Description: Add the contents of the W register
with register 'f. If 'd"is 0, the result
is stored in the W register. If 'd" is
1, the result is stored back in
register 'f',

ANDLW AND Literal with W

Syntax: [fabel] ANDLW k

Qperands: 0<k<255

Operation: (W) .AND. (k) - (W)

Status Affected: Z

Description: The contents of W register are
AND’ed with the eight bit literal
k. The resultis placed in the W
register.

ANDWF AND W with f

Syntax: [labell ANDWF fd

QOperands: 0<f<127
de [(,1]

Operaticn: (W) .AND. {f) —> (destination}

Status Affected: - Z

Description: AND the W register with register

‘. If 'd"is 0, the result is stored in
the W register, If 'd" is 1, the resuit
is stored back in register .

BCF Bit Clear f
Syntax: [fabef] BCF fb
Operands: - 0<f£127
0zhs7?
Operation: 0 — (i<b>)
Status Affected:  None
Description: Bit 'b' in register ' is cleared.
BSF Bit Set f
Syntax: [fabel BSF fhb
Operands: 0=sf<127
0zbs?
Operation: 1 - (f<b>)
Status Affected: None

Description: Bit 'b” in register 'f' is set.

BTFSS Bit Test f, Skip if Set

Syntax; [labell BTFSS fb

Operands: 0<f<127
0zb<? )

Operation: skip if (f<b>) = 1

Status Affected:  None

Description: If bit 'b" in register ' is '0', the next
instruction is executed.
If bit *b' is '1', then the next instruc-
tion is discarded and a NOP is
executed instead, making this a
2Tcy instruction.

BTFSC Bit Test, Skip if Clear

Syntax: [label]l BTFSC fb

Operands: 0<f=127
Dhe?

Operation: skip if (f<b>) =0

Status Affected: None

Description: If bit "B’ in register ' is '1", the next

instruction is executed.

If bit'b', in register ', is '0, the
next instruction is discarded, and
a NCP is executed instead, making
this a 2Tcy instruction.
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is set.

CALL Call Subroutine CLRWDT Clear Watchdog Timer

Syntax: [label] CALL k Syntax: [label] CLRWDT

Operands; 0 < k<2047 Operands: Nene

Operation: (PC)+ 1> TOS, Operation: 00h - WDT
k -» PC<10:0>, 0 — WDT prescaler,
(PCLATH<4:3>) —» PC<12:11> 1-TC

Status Affected:  None 1__‘_‘*13

Description: Call Subroutine. First, return Status Affected:  TO, PD
address {PC+1) is pushed ontc Description: CLRWDT instruction resets the
the stack. The eleven-bit immedi- Watchdog Timer. It alsc resets
ate address is loaded into PC bits the prescaler of the WDT. Status
<10:0>. The upper bits of the PC hits TO and PD are set.
are loaded from PCLATH. CALLis
a two-cycie instruction.

CLRF Clear f COMF " Complement f

- Syntax; [label] CLRF f Syntax: [fabel] COMF fd

Operands: 0<f<127 Operands: 0<fc127

Operation: 00h — (f) ; d_e 0.1
122 Cperation: (f) = (destination)

Status Affected: Z Status Affected: Z

Description: The contents of register ' are Description: The contents of register T are
cleared and the Z bit is set. complemented. If 'd'is 0, the

result is stored in W. If 'd’is 1, the
result is stored back in register f'.

CLRW Clear W DECF Decrement f

Syntax: [label] CLRW Syntax: [fabefl DECF fd

Operands: None Operands: 0<f<127

Operation: 00h — (W) de [0,1]
12 Operation: (f) - 1 = (destination)

Status Affected: 2Z Status Affected: Z

Description: W register is cleared. Zero bit (Z) Description: Decrement register . If 'd"is 0,

the result is stored in the W
register. If 'd’ is 1, the resuit is
stored back in register 'f.
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DECFSZ Decrement f, Skip if 0

Syntax: [/abel] DECFSZ fd

Operands: 0sf<127
de [0,1]

Operation: (f) - 1 — (destination);
skip if result =0

Status Affected: None

Description: The contents of register ' are
decremented. If 'd"is 0, the result
is placed in the W register. If 'd' is
1, the result is placed back in
register 'f.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
then a NOP is executed instead
making it a 2Tcy instruction.

GOTO Unconditional Branch

Syntax: [fabel] GOTO k

Operands: 02 k<2047

Operation: k = PC<10:0>
PCLATH<4:3> — PC<12:11>

Status Affected: None

Description: GOTO is an unconditional branch,
The eleven-bit immediate value is
loaded into PC bits <10:0>. The
upper bits of PC are loaded from
PCLATH<4:3>. GOTO is a two-
cycle instruction.

INCF Increment f

Syntax: [label] INCF fd

Operands: 0<sf<127
de [0,1]

Operation: (f) + 1 — (destination)

Status Affected: Z

Description: The contents of register 'f' are

incremented. If 'd’ is 0, the result
is placed in the W register. If 'd" is
1, the result is placed back in
register 'f.

INCFSZ Increment f, Skip if 0

Syntax: [flabel] INCFSZ fd

Operands: 0<f<127
de [0,1]

QOperation: (f) + 1 — (destination),
skip if result = 0

Status Affected: None

Description: The contents of register 'f are
incremented. If 'd"is 0, the result is
placed in the W register. If 'd"is 1,
the result is piaced back in
register 'f.
If the result is 1, the next instruc-
tion is executed. If the result is 0,
a NOP is executed instead, making
it a 2Tcy instruction.

IORLW Inciusive OR Literal with W

Syntax: [fabel] IORLW k

Operands: 0<k<255

Operation; (W) .0OR. k = (W)

Status Affected: Z

Description: The contents of the W register are
OR'ed with the eight bit literal 'k'.
The result is placed in the W
register.

IORWF Inclusive OR W with f

Syntax: [fabel] IORWF fd

Operands: 0<f<127
de [0,1]

QOperation: (W) .OR. (f) — (destination)

Status Affected: Z

Description: Inclusive OR the W register with

register 'f. If 'd' is O the result is
placed in the W register. If'd" is 1
the result is placed back in
register 'f'.
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MOVF Move f

Syntax: [label] MOVF fd

Operands: 0sf<127
de [0,1]

Operation: (f) — (destination)

Status Affected: Z

Description: The contents of register f are
moved to a destination dependant
upon the status of d. If d = 0,
destination is W register. Ifd = 1,
the destination is file register f itself.
d = 1 is useful to test a file register,
since status flag Z is affected.

MOVLW Move Literal to W

Syntax: [label] MOVLW k

Operands: 0<k<255

Operation: k = (W)

Status Affected: None

Description: The eight bit literal 'k’ is loaded
into W register. The don't cares
will assemble as 0's.

MOVWF Move W to f

Syntax: [label] MOVWF f

Operands: 0<f<127

Operation: (W) - ()

Status Affected: None

Description: Move data from W register to

register 'f',

NOP No Operation
Syntax: [label] NOP
Operands: None
Operation: No operation
Status Affected: None
Description: No operation.
RETFIE Return from Interrupt
Syntax: [label] RETFIE
Operands: None
Operation: TOS = PC,
1- GIE
Status Affected: None
RETLW Return with Literal in W
Syntax: [/abel] RETLW k
Operands: 0<k<255
Operation: k — (W),
TOS - PC
Status Affected: None
Description: The W register is loaded with the

eight bit literal 'k'. The program
counter is loaded from the top of
the stack (the return address).
This is a two-cycle instruction.
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RLF Rotate Left f through Carry

Syntax: [fabel]l RLF {d

Cperands: 0<f<127
de [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register 'f' are rotated
ane bit to the left through the Carry
Flag. If'd’is 0, the result is placed in
the W register. If 'd’is 1, the resultis
stored back in register 'f.

RETURN Return from Subroutine

Syntax: [label] RETURN

Operands: None

Operation: TOS =+ PC

Status Affected:  None

Description: Return frem subroutine. The stack
is POPed and the top of the stack
(TOS} is loaded into the program
counter, This is a two-cycle
instruction.

RRF Rotate Right f through Carry

Syntax: [fabel] RRF fd

"Operands: 0<f<127
de [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register T are

rotated one bit to the righit through
the Carry Flag. if 'd'is 0, the result
is placed in the W register. If 'd" is
1, the result is placed back in

‘register f.

Register f

SLEEP
Syntax: [ fabel] SLEEP
Operands: None
Operation: 0Ch — WDT,
0 — WDT prescaler,
170,
0—PD
Status Affected:  TO, PD
Description: The power-down status bit, PD is
cleared. Time-out status bit, TO
is set. Watchdog Timer and its
prescaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
SUBLW Subtract W from Literal
Syntax: [fabel] SUBLW k
- Operands: 0<k<255
Operation: k - (W) — (W)}
Status Affected; C, DC, Z
Description: The W register is subtracted (2's
comglement method) from the
eight-bit literal 'k'. The result is
placed in the W register.
SUBWF Subtract W from f
Syniax: [fabel] SUBWF fd
Operands: 0<f<127
de [0,1]
Operation: (f) - (W) — (destination)
Status C,DC Z
Affected:
Description: Subtract (2’s compfement method)

W register from register 'f. If 'd" is 0,
the result is stored in the W
register. If 'd" is 1, the result is
stored back in register T.
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Exclusive OR W with f

SWAPF Swap Nibbles in f XORWF
Syntax: [label] SWAPF fd Syntax:
Operands: Osfec127 Operands:
de (0,1
Qperation: (f<3:0>) — (destination<7:4>), Operation;
(f<7:4>) — (destination<3:0>} Status Affected:
Status Affected: None Description:
Description: The upper and lower nibbles of
register T are exchanged. if 'd'is .
0, the resultis placed in the W
register. If 'd" is 1, the resuit is
placed in register f.
XORLW: Exclusive OR Literal with W
Syntax: [lahell XORLW k
Operands: 0<k<255
Operation: {W) .XOR. k = (W)
Status Affected: Z
Description: The contents of the W register

are XOR'ed with the eight-bit lit-
eral k'. The resuit is placed in
the W register.

[fabell XORWF fd
0<f<127

de [0,1]

(W) .XOR. (f} > (destination)

Z

Exclusive CR the contents of the
W register with register . If 'd' is
0, the result is stored in the W

register. If 'd'Is 1, the result is
stored back in register 'f'.
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