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ABSTRACT

Wireless Sensor Data Logging System Design is a standalone electronic
sensor device that captures and stores data through wireless communication. This
system comprises two main integrated components; the Radio Frequency module
and the Microcontroller based system. The main goal of this project is to design
and construct a data logging system that effectively monitors the device’s
measurement values. In real life applications, most data monitoring system is a
passive system. This type of system requires manned guarding on site to manage
the devices. Therefore, a standalone data logging system offers a better
enhancement system to replace the manned guarding method. The standalone data
logger system can be applied by leaving the device alone in any place that
requires the measurement of humidity and temperature. These data can be
retrieved from EEPROM and transferred to a PC whenever needed by a user. A
radio frequency module enables these data travels through wireless fransmission
medium, whereas the serial communication interface enables communication
between the devices and PC. For diverse applications, an alarm system can be
implemented if assets and sccurily are the major concerns. The final report
presents the development of a data logger system which is an integration of radio
frequency module and the microcontroller-based system. The system monitors the
device’s measurement value via a Graphical User Interface. BaSically, the system
introduces a RF module to replace the hard wired scheme and produce -a dynamic
data transmission system. It is geared up with a PIC16F877A microcontroller to
drive the outputs besides providing communication between devices and a PC.
Overall, the project is the best platform to improve the traditional monitoring

system and ignites another innovative invention in the future.
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CHAPTER |
INTRODUCTION

Wireless Sensor Data Logger System Design preface and background will be
explained comprehensively in this chapter. AH the information gathering and research
were undertaken through many resources such as internets, books, journals and
guidelines from lecturers. The elements that will be emphasized in this chapter are the
background of study, problem statement, objectives and scope of study. The details
discussed throughout this chapter will help the readers grasp the idea of the project

and understand the concepts and principles applied.

1.1 Background of Study

The Wireless Sensor Data Logger System Design was designed based on the
problems faced in the passive manned guarding system. Usually, the passive manned
guarding system requires a person to monitor and guard the devices for the required
time. Therefore, the data logger is designed to replace this less reliable and ineffective
system. A data logger is a standalone sensor device that has the ability to store data in
an external or internal memory. It refers to a system that is used to effectively
measure and record important physical parameters such as humidity and temperature
measurement. They are great portable device which can function independently
without anyone to guard it. It can be taken anywhere and used in various situations.
Whenever the measured data is needed, it is being collected. The sensors are the

important hardware tools that actually take these measurements [1, 2].



Many industries around the world rely on the very regular use of such system
especially the food and beverage industry. The data logger is helpful in controlling
certain aspects when it comes to dealing with products that are being stored. The
quality of a product must be assured in a good condition when it arrives to its final
destination [3]. These devices are useful in restaurants to save a record of food
temperature which are kept in the refrigerator. Bacteria increases and grows rapidly as
it reaches the temperature between 4°C to 60°C [4]. Therefore, it is very important for
the food industry to make sure the foods are at their proper temperature in order to
prevent people from getting sick. Humidity measurement also plays an important role
for the transport of some goods such as flowers [1, 3]. Humidity must be in high
condition to avoid the flowers from getting dried out and wilt. These plants need to

hold onto their vital moisture content to live [5].

Therefore, this wireless sensor data logger system was designed to satisfy the
requirements stated above. It was developed based on the integration of a number of
subsystems; the radio frequency module, the microcontroller-based systems, external
EEPROM integration, sensor device, serial communication interface and GUI
(Graphical User Interface). This integrated device is an efficient system where it is
portable, accurate, less expensive and light weight [1]. These great qualities made the

system very competitive and reliable for real application.

Figure 1: Block Diagram of wireless data logger system design using MCU.



The system is basicaﬂly illustrated in the block diagram of Figure 1.
Apparently; the measured data is obtained from the data logging system. The system
was designed to store data received from the sensor that is attached to the
microcontroller. The microcontroller is installed in the data loggers in order to
interface with computer programs [1]. The value of each data will be transmitted via
wireless communication medium utilizing radio frequency module at 433MHz
operating frequency. Simultaneously, the data is transferred to serial communication
interface via the serial communication system to enable communication between
device and a PC. The system is made interactive with the aid of GUI for easy-
handling purposes. Besides, the system is capable of monitoring the status in textual
form via Terminal program. The system will operate in one direction communication
where the value of the sensor is sent to the PC. Overall, the Wireless Sensor Data
Logger System comprises the integration of hardware and software that offers an

interactive, effective and reliable data logging system.



1.2 Problem Statement
1.2.1 Problem identification

Typically, most of traditional monitoring systems perform passive guarding
system. Apparently, these systems are less reliable and ineffective. The hasty changes
in technology nowadays made this existing system merely inconvenient.
Consequently, a better approach should be implemented for an advancement of this
passive system. The time management and quality of a product should be managed
wisely in order to achieve a productive and smooth operation process. Some decisions
must be made based upon the data and these decisions are important for the safety of
human being. For instance the temperature of food must be recorded to keep of track
the growth of bacteria in the food. Therefore, the Wireless Sensor Data Logger

System Design perhaps introduces revolution for the passive manned guarding system.
1.2.2 Problem solution

The project essentially offers a dynamic and efficient system that handles the
recorded data through a wireless standalone device that is displayed to PC. Basically,
the project is based on the problem analysis basis and extends it to problem solving
before it is implemented as a whole. It acts as a self contained unit that does not
require any help from hosts to operate. Compared to conventional interface devices,
this data logger has the capability to dump or transfer the data to a host system, if
required. These data can be saved and analyzed for historical archive purposes [6].
The Wireless Sensor Data Logger System Design demonstrates the integration and
application of theories in engineering discipline, which is a good platform for better

understanding on engineering principle applications.



1.3 Project Objectives

The objectives of the project focus on the steps towards the final design of the data

logger system which is based on engineering fundamentals and problem solving basis.

The aim and goal of this project are as follows:

ii.

iii.

v.

To design a wireless system that can record and save the sensor data into an

external EEPROM chip for the required range of time.

To integrate the radio frequency module with a microcontroller-based system

to enable the data transfer through wireless transmission medium.

To reduce and manage the wiring of a circuit by designing its printed circuit
board.

To design a graphical user interface that can display the values of measured
and recorded data. This interface contributes a user-friendly system to the real

environment.

1.4 Scope of Work

The scope of work in this chapter is based on elements listed as below:

il.
iii.

iv.

Integration of sensor and EEPROM device with microcontrolier.
Wireless data transmission via a radio frequency module.
Interface the data logger system with serial communication.

Implementation of graphical user interface software design.

The work is based on the elements above which apparently consist of a wireless

data logging system. The microcontroller offers various advancement designs for the

whole system. The Radio frequency module introduces an alternative solution for data

transmission and it is applicable for various fields. Radio frequency transmission

medium offers wider coverage area compared to other mediums.



The serial communication is designed in order to communicate with PC which
practically improves the data logger system. Finally, the graphical user is
implemented to improve the data logging system which makes the system interactive

to the end user.



CHAPTER 2
LITERATURE REVIEW

A literature review is one of the important development stages where the
knowledge of each element used in the project is introduced. This particular chapter
actually discusses the fundamental concepts applied in the project. The resources
obtained through research via various sources are covered in this chapter. The
literature review comprises external EEPROM interface, PIC16F877A
microcontroller, serial communication interface, characteristics of wireless system,

printed circuit board and graphical user interface via Visual C++.

2.1 Imtroduction of Microcontroller

A microcontroller is a single silicon chip which includes at a minimum
microprocessor, program memory, data memory and an input output device. The word
‘micro’ reflects that the device is smatl while the word ‘controtler’ refers to the use of
it in control applications. An embedded controller is another term for a
microcontroller since most of microcontrollers are built in the devices they control.
The main difference between a microprocessor and a microcontroller is that a
microprocessor requires several other components for its operation such as program
memory, data memory, input output devices and an external clock circuit. On the
other hand, a microcontroller consists of all the support chips embedded inside its
single chip. Other additional components such as timers, counters and analog-to
digital converters are included in certain microcontrollers. Thus, a microcontroller
system can act as a large computer with hard disks, floppy disks and printers to a
single-chip embedded controller. They also can be used and embedded into household
goods and other electronic controlled devices such as refrigerators, implantable
medical devices, remote controls, office machines, toys, appliances, microwave ovens

and cookers [7].



A set of instructions stored in a memory of microcontrolier can be operated by
a microcontroltler by fetching the instructions from its memory one by one; then these
instructions are being decoded to carry out the required operations. The program
languages used to program a microcontroller can either be an assembly language or a
high level language. An assembly language is faster compared to a high level
fanguage, but it is hard to learn and maintain the program written because an
assembly program consists of mnemonics. Different firms manufacture
microcontrollers with different assembly languages; therefore, the user has to learn a
new language for every new microcontroller used. High level languages are well
known languages that facilitate the development of large and complex programs. User
Programs which are loaded in the microcontroller’s memory are executed. The data

are received from input devices, manipulated and sent to output devices [7].

As a powerful tool, a microcontroller allows designers to design sophisticated
input output data manipulation under program controls. They are classified by the
number of bits they process. In most microcontroller-based applications, 8 bits are
widely used and popular among the users. The 16 bits and 32 bits are expensive and
not required in small or medium size general purpose applications compared to 8 bits,
but they are much more powerful. The architecture of a microcontroller consists of a
microprocessor, a memory and an input output. The central processing unit (CPU) and
the control unit (CU) are the elements of the microprocessor. The CPU is referred as
the brain of the microcontroller. Arithmetic and logic operations are performed here.
The required instructions can be carried out by letting the CU control the internal

operations of the microprocessor and send signals [7].



2.2 Architecture Overview of PIC16F877A

One of the most advanced and well known microcontrollers from Microchip is
PIC16877A. In modern applications, the controller is widely used for experimental
purposes since it is less expensive, high quality and casily available in market. It can
be applied in various applications such as machine control applications, measurement
devices, study purposes and so on. Compared to other microcontroller family series,
PIC16F877A features all the components which modern microcontrollers normally
have and also has more advanced and developed features [8]. The Teatures, pin
diagrams and specifications of PIC16F877A are shown in ther datasﬁeets from
APPENDIX E.

From its data speciﬁcaﬁons, the microcontroller has 8K Word which is
14.2Kbytes Flash, 368 RAM, 256 EEPROM and 20MHz of operating frequency. The
synchronous serial port can be configured as either 3 wired Serial Peripheral Interface
or as the 2 wired Inter Integrated Circuit bus and a Universal Asynchronous Receiver
Transmitter. These features makes this microcontroller chip ideal for more advanced
level analog to digital applications in automotive, industrial, appliance and consumer
applications [9]. Table 1 below summarizes the PIC16F877A specifications and other
PIC16F87X as well:

Table 1: PIC16F877A and PIC16877X Microchip specifications [9].

Key Features |
FiCmicro™ Mid-Range Reference PIC16FEB73 FIC16F874 PIC16FE76 PIC16FaT7?
Manuat (DS33023)
Operating Fraquency DC - 20 Mhz DC - 20 MHz bC - 20 MHz DC - 20 MHz
" RESETS(and Delays) POR, BOR - PORBOR POR.BOR | POR BOR
(PWRT, OST) (PWRT, O5T) (PWRT. Q3T} | (PWRT, OST}
FLASH Program Memal
p 4_’1‘;.’?% i) v aK 4K 8K 8K
Data Memory (byles) 192 192 368 368
EEFPROM Data Memory 128 128 256 256
intesrupts 13 14 13 14
KO Ports Ports ABC | Ports ABCDE| PorlsABC |PoisABCDE
Timers 3 3 3 3
Capture/Compare/PWM Modules | 2 2 2 2
Sertat Communications MSSE, USART | MSSP.USART | MSSP USART | MSSP USART
Parallel Communications — PSP — FSP
10-bit Analog-to-Digital Module 5 input channels { & input channels | 5inpuf channels | 8 input channels
Instructton Set 3B instuctions | 3Sinstructions 1 35 nstructions | 35 instiuctions




By understanding the block diagram of PIC MCU, the idea of how to execute
programs and manipulate data in the PIC MCU is easily understood. The block
diagram is actually the architectural drawing of its inner workings. Processor block
diagrams are basically similar for each of PIC MCU processor families. There are
only certain things that might not be the same such as how data is accessed in
different register banks, how data is indexed and stored in stacks. The internal block

diagram of PIC16F877A microcontroller is shown in Figure 2 [10].
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Figure 2: Internal block diagram of PIC16877A.
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The arithmetic logic unit (ALU} provides basic arithmetic and bitwise
operations for the processor of PIC microcontroller. The input-output registers and the
data storage RAM registers are specific use registers that control the operation of the
CPU. These registers sometimes can be called as hardware registers. It depends on the
function they perform. Hardware registers can provide direct manipulation of
functions that are invisible to the programmer such as the program counter which
allows advanced program functions. The data storage registers, RAM, are known as
file registers by Microchip. The registers have their own spaces because they are
separated from the program memory [10] .This is called the Harvard architecture

which is shown in Figure 3 below:

Control
Space Data ___
Addr Instruction
Program| ¢l Decode Register
Memory 1 | Space
PC Stack
b 5 Data
rocessor an il
Register Addr,
Interface Ctrf |

Figure 3: Harvard Architecture block diagram {10].

The purpose of this separation is to allow the program memory read
instructions while the processor is accessing data and processing it. Therefore, the PIC
microcontroller has the capability to execute software faster than many of its
contemporaries. Instruction executions are performed based on the four clock cycles
shown in Figure 4 below. Program memory will fetch the next instruction to be
executed during an instruction execution cycle. The fetched instructions are latched in
a holding or decode register. Afier an instruction has been fetched and is latched in a
holding or decodes register, the program counter is incremented. This is shown in the

first cycle, Q1, of Figure 4 [10].
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In the next cycle, Q2, the data to be processed are read and put into temporary
buffers. The data processing operations takes place during the third cycle, Q3. Last
but not least, the resulting data value is stored during the last cycle, Q4 [10].

| Q1 - Latch in Fetched Instruction
- Increment PC

Q2 - Input Register/Data Load
I Q3 - Operation

| | Q4 - Result Save
I I
| I

I 1
| |
| |
I |
| |
| I

1
; 1 Instruction Cycle
i

Figure 4: Four clock cycles for instruction execution.

The 7 address bits are explicitly defined as part of the instructions when
accessing the PIC16 microcontroller family series. These 7 bits can specify up to 128
addresses in an instruction. The 128 register addresses can also be known as a bank.
For the program counter, it maintains the current program instruction address in the
program memory which contains the instructions for the PIC microcontroller
processor. Each one is read out in sequence and being stored in the instruction
register. The instruction decode and control circuitry will decode the program. The
code that is executed takes place in the program memory. At each address, the content
of the program memory consists of a full instruction. From the block diagram, a
temporary holding register known as an accumulator is required to save a temporary
value while the instruction fetches data from another register. Another alternative is
by passing a constant value from the instructions. In this case, the accumulator used is

the working register which is also called as the w register [10].
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2.2.1 Parallel input/output ports

With respect to PIC16F877A, microcontroller ports are recognized and set
according to the functionality of the required system. PIC16F877A is a family of
PIC16 series which is more powerful in terms of its updated technology, enhancement

of capacity and speed [10]. The pin diagram and its associated description are

depicted in Figure 5 and Table 2 below, respectively.

ROTIOSOTICK] a—w ]
RCUTIOSHCOP? w—a [
RCHCCPT - [
RCUSCKISCL »— ]
ROCFSPC w—e
[Sinb R e ok Q—

40-Pin PDIP
WCLRAP? —w 11 e/ 23] = RBTPGD
RAC!'ANE w—a E 2 35 [ - RBGPGD
RATANT »—e[] 2 36 [] == RBS
RAANINRESICVTEF - [T 4 AT}~ RE4
RAFANIVREF+ = & 25 [] =——e REIPGWV
RAMTOCKICTIOUT e [ & 36 [] = RE2
RAZ/ANAISSIC20UT -] 7 < 240-— RB1
RERLIANE =18 ~ 23 [ ~— RBOANT
RETFATRUANG =~ [] o 2 wpe—vwe
REXTEANT =[] 1D «F 3] -— Vs
WED e 14 = 200 = RG7PSPT
WES s [ 12 % 2811 == RDGISIPE
OSCACLKl — 1 13 —  25|]=—a ROSSSPR
OSCHOLKD [ 14 g 27 '] =— = RD428P4

26 ] == ROTIRNTT
25 [ w—= RISTHTK
24 ] «—— RCREDO

23 [ == RC4LSDISDA
[ -—= ROS=IP2
21 ] =—= RO25EP2

Figure 5: Pin diagram for PIC16F877A.

Table 2: Pin description for PIC16F877A.

ASSIGNED PIN DESCRIPTION
RB7/PGD Programiming data for ICSP
RB6/PGC Programming clock for ICSP

| MCLR Master clear for ICSP
VDD Voltage power
VSS Voltage ground
| OSC1, OSC2 | Oscillator 1 and 2 for crystal
RD4 -RD7 Port D4 to port D7 for input/output
| SDA, SCL | Serial data and serial clock for I2C
activity
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2.2.2 The clock oscillator and instruction cycle

Any microcontroller is a complex electronic circuit, made up of sequential and
combinational logic. At certain speed it steps in turn through a series of complex
states, each state being dependent on the instruction sequence it is executing. Overall,
the speed of the microcontroller operation depends on the clock frequency. Many
essential timing functions are also derived based on clock frequency ranging from
counters and timers functions to serial communications. Overall, the power
consumption of the microcontroller strictly depends on the clock frequency where
high operation speed uses more power compared to slow speed. Basically, the
microcontroller has its specified range for its clock frequency. The selection of the
clock frequency is up to the designer. The main clock signal is divided down by a
fixed value into a lower frequency within a microcontroller. Each cycle of this slower
signal is known as a machine cycle or an instruction cycle. In the action of the
processor, the instruction cycle becomes the primary unit of time. For instance, it can
be used to measure how long an instruction takes to executfe. Basically, the original
clock signal is retained to create time stages within the instruction cycle. In order to

produce the instruction cycle time, the main oscillator signal in PIC16 series is
divided by 4[11].

2.2.3 The timers module

In any microcontrollers, a timer is one of the important elements. Generally, a
timer is a counter which is driven from either an external clock pulse or the
microcontroller’s internal oscillator. It can be either 8 bits or 16 bits wide. Under the
control of the program control, timers can load data. The program control can stop or
start the timers. An interrupt can be generated by configuring the timers when a
certain count is reached. The interrupts can be used by user program to carry out

accurate timing-related operations inside the microcontroller [7].
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2.2.4 Power supply and its operating conditions

The standard logic voltage of most microcontrollers are 5V. There are also
microcontrollers that can operate as low as 2.7V and some will tolerate 6V without
any problem. In the datasheets, the information about the allowed limits of power
supply voliage is stated. Basically, the voltage regulator is used to obtain the required
power supply voltage when the device is operated from a main adapter or batteries.
For instance, a 5V regulator is required in order to operate the microcontroller from

5V using a 9V battery.
2.2.5 The power on reset

In microcontrollers, there is a built in power on reset that keeps the
microcontroller in the resct state until all the internal circuitry has been initialized. It
can start the microcontroller program back to the beginning and is known as the state

on power up. The microcontroller also can be reset by an external reset button.
2.3 Programming PIC Microcontrollers

After the program is written and translated into executable code, the resulting HEX
file is loaded to the target microcontroller’s program memory with the help of a
device programmer. Some microcontroller development kits include on-board device
programmers, so the microcontroller chip does not need to be removed and inserted

into a separate programming device.

2.3.1 In circuit serial programming (ICSP)

The In Circuit Serial Programming (ICSP) circuit must be connected to the
MCU in order to burn the chip. ICSP is actually a method where it is easier to
program a PIC Microchip without removing the chip from the development
board.
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The connection of ICSP with the microchip is simple. ICSP provides five

connections from the PIC ICSP programmer to the developer’s board as described in

Table 3.

Table 3: ICSP pin connections to microcontroller.

PIN

DESCRIPTION

MCLR (MASTER CLEAR)

Programming voltage, reset button can conneet
here to reset the program of chip

VCC(VOLTAGE COLLECTOR)

Power voltage, usually 5V is used

| GND{GROUND)

Zero voltage

PGD (PROGRAMMING DATA)

| (ICSPDAT)

Connected to RB7 which is the ICSP Data

| PGC(PROGRAMMING CLOCK)

Connected to RB6 which is the ICSP Clock
{ICSPCLK)

Figure 6 below shows the physical pin

microcontroller:

connections of ICSP with the PIC16877A

ICSP pin header

Header 5

PINLMCLR FIN 40. PGD
v 539- PGC
PICI6FS77A
PTELLYDT E 323DD
PIN12.VES 531-VSS
— merme
| b

Figure 6: Pin connections of ICSP with PIC16F877A.
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2.4 The Human and Physical Interface

Human interface can be devices that can give input and data response from the
input data.Switches, keypads, sensors are some examples of input devices. While the
output devices are the device that responds to the input device. It can be liquid crystal

displays, motors, LEDs and so on.

2.4.1 Liquid crystal display interface

Liquid Crystal Displays (LCDs) consist of many types such as 1 line, 2 line and
4 line LCDs. We will be using a 1 line version with 16 characters. An LCD usually
has 1 controller which can support about 80 characters. The LCD used has 14 pins
with 2 extra pins. It is classified into 2 groups, which are serial and parallel
connections. This LCD is a device where alphanumeric output can be displayed from
microcontroller-based circuits. In serial LCD, it requires less input or output resources
but they execute slower than the parallel LCD. LCD can be interfaced with various
microcontrollers whether 4 bit or 8 bit [12]. Using a 4 bit LCD interface, one can
reserve other ports of microcontroller for other functions. Figure 7 below illustrates
the serial LCD connection. The description of the pins can be referred in APPENDIX
E.

%8& n O NO ST D~
28y PE2w B800B83886

Figure 7: Serial LCD connection [12].
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2.4.2 Humidity and temperature sensor

Humidity sensor is a sensor which measures and regularly reports the relative
humidity in air. It is designed to sense relative humidity which measures both air
temperature and moisture. The relative humidity is usually expressed as percentage
which is the ratio of actual moisture in the air to the highest amount of moisture air of
the measured environment. The warmer the air is, the more moisture it will be.
Therefore, the relative humidity actually changes with fluctuations in temperature
[13].

2.5 Serial Communication Overview

The serial communication is basically a method to send data into PC and vice
versa. The serial communication interface makes communication between
microcontroller and PC significant to a system. In addition, the computer programs
are capable of sending data in bytes to transmit pin output and retrieve bytes from the
receive pin input. The serial port converts data from parallel to serial forms; besides it
changes the electrical representation of the data. Figure 8 below depicts a connection
between PC and MAX232.
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2.5.1 Inter-intergrated circuit (12C) protocol

The data communication of sensor is based on 12C method where the two 12C
signals are serial data (SDA) and serial clock (SCL). Together, these signals make it
possible to support serial transmission of 8-bit bytes of 7-bit-data device addresses
plus control bits-over the two-wire serial bus. The device that initiates a transaction on
the 12C bus is termed the master. The master normally controls the clock signal. A
device being addressed by the master is called a slave. The data from humidity sensor
is transmitted and received by the serial data and serial clock signals and being sent to

the microcontroller [14].

Figure 9: Communication configuration for 12C activity [14].

2.6 Radio Frequency (RF) Module for Wireless Communication

Radio frequency module ia an essential sub-system in the data logger system
design. The subsystem is a wireless data link comprising radio frequency transmitter
and receiver. TX434 and RX434 are selected for the system. These radio frequency
modules require no licensing since the transmitter and receiver are used in accordance

with low power devices such as in data logger applications.

Figure 10: The transmitter and receiver for RF module.



2.7 External EEPROM Memery Device

The external EEPROM is a storage device that can store data for a long term since
it has more than 200 years of data retention. The external EEPROM can be connected
through 12C protocol or Serial Peripheral Interface (SPI) protocol. It depends on the
chip we used. We plan to use the 24L256 EEPROM chip to interface with the
microcontroller by using the 12C protocol. This storage device interface concept can
be applied to Secure Digital (SD) card and Universal Serial Bus (USB) device. This
advanced, low power device has a write capability of up to 64 bytes of data and
capable of both random and sequential reads up to 256K boundary. By using the
external EEPROM, we can connect more than 1 EEPROM chip to create a memory of
more than 256K bytes instead of using the built-in internal EEPROM. EEPROM uses
floating gate technology. Its dimension is finer, so that it can exploit another means of
charging its floating gate. This is known as Nordheim Fowler tunneling. With this
method, it is possible to electrically erase the memory cell, as well as write to it. To
allow this to happen, a number of switching transistors need to be included around the
memory element itself, so the high density of EEPROM is lost. Generally, EEPROM
can be written to and crased on a byte-by-byte basis. This makes it especially useful
for storing single items of data. Both writing and erasing take finite time, up to several
milliseconds, although a read can be accomplished at normal semiconductor memory

access times [11].

2.8 Printed Circuit Board

This design is one of the last stages of development of circuit after the testing,
troubleshooting and result of circuit passes the requirements. A Printed Circuit Board
(PCB) design is also known as a printed wiring board. PCB has copper tracks
connecting the holes through where the components are placed. It basically serves two
purposes; it places the mounted components and provides the electrical connections
between the components. The fabrication of printed circuit board is achieved by an

etching process based on the Gerber file created.
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CHAPTER 3
METHODOLOGY

Methodology is one of the important parts of the project development. We will
explain the procedure identification process, the tools that will be used and also the
proposed work overview. The process of the project development is segregated into
few parts within two semester’s time frame. In general, the process comprises the

integration of hardware and sofiware.

3.1 Procedure Identification

The procedures involved in Wireless Sensor Data Logger System Design are
basically based on the overall block diagram illustrated in Figure 1 from Chapter 1.
The procedures are identified to ensure that the project can be accomplished within
the time frame provided. From the block diagram, the specific flow chart is illustrated
in Figures 11 and 12 for FYP1 and FYP2 respectively. The first flow chart shows the
procedure for the targeted work to be accomplished during FYPI, while the second
flow chart shows the procedure work for FYP2. Generally, the process starts with
some research of literature review and knowledge about the project such as the
microcontroller features, serial communications, and wireless communications. By

identifying their functions, we can start designing the circuit part by part.

For the first step, we plan to display the sensor data through the LCD display and
integrate the sensor data with the microcontroller. Then, further research about the
external EEPROM chip is done in order to connect the chip with the microcontroller.
The serial interface allows communication between microcontroller and PC via serial

port. The radio frequency module is integrated to the microcontroller to conduct a
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wircless data transmission. The last stage of system design is the design of PCB and

GUI in order to make the project more presentable.

Preliminary surveys and research on
related literature review

A J
Tool identifications

h 4
Circuitry design for LCD display

¥

EEPROM study and progress report
submission

A

Integration of EEPROM chip with LCD
circuitry

Y

RS§232 serial port interface of

microcontroller and connecting
Hyperterminal

.

Draft and [nterim Report submission

Figure 11: Procedure identification flow for FYP1.

22



Research on data transmission through
radio frequency

X

Module of wireless system and Progress
Report 1 submission

¥

Integration of wireless system with sensor
device

A

Circuit testing and troubleshooting

A

Displaying data to Hyperterminal

r

Graphical user interface for data display
and Progress Report 2 submission

Additional advanced elements for system
such as alarm, sprinkler

Printed circuit board design and
installation of components

|

Preparation for pre-EDX and Final Report
submission

Figure 12: Flow procedure for FYP2.
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3.2 Tools and Equipment Required

Tools play important roles in developing this data logger system. Since the project
will be involving the software and hardware integration, both of software and
hardware development tools are required. The tools that are proposed are the common

software which mostly is widely used in electronic industries.

3.2.1 Software development tools

o MPLAB IDE and PICKIT 3

CCS compiler

ALTIUM Summer Designer - PROTEL
Microsoft Visual Studio C++
REALTERM

3.2.2 Hardware development tools

e Microcontroller PIC16F877A

o Humidity and temperature sensor
¢ Liquid crystal display (LCD}

o External EEPROM 241.256 chip
o MAX 232 level converter IC

o RS232 /RS485 serial port

e Personal computer
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3.3 Proposed Work for Prototype Installation

The flow of installation for the prototype includes many crucial processes that
should be done during the time frame given. Microcontroller theories are being

applied to the project and new knowledge is discovered.

3.3.1 Clock oscillator calculation for PICI6F877A

For the microcontroller to operate, a clock is required to give a clock cycle. We
use the crystal/ceramic timing devices that can be connected to the microcontroller
through oscillator port denoted by OSC1 and OSC2. This timing device consists of a
crystal oscillator plus two small capacitors. An instruction is executed by fetching it
from the memory and then decoding it. This usually takes several clock c¢ycles and is
known as instruction cycle. The calculation for capacitors and crystal component are

as follows:

Cp: Parasitic Capacitance, usually about 8pF’

Ca: Actual value of capacitor, the capacitor used is 15pF
(Ca+Cp)2=(15p+8p)2=11.5

Therefore, the crystal that we will be using is 12 MHz.

PIC1E6FST7A
050 1 0sCY
1 2
]-
MAHZ
e : e
15p 13p
GND GND

Figure 13: Schematic diagram for clock oscillator with PIC16F877A.
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3.3.2 Programming development process

This flow diagram describes the basic process of developing a program using the

microcontroller.
Source code written based
on flow chart
| 1f compilation got
P Assemble/compile using h an error, t(ijle
CCS compil source code
prier should be
_ corrected or
; adjusted.
If there is no Download/burn/program
output from circuit
hardware,
troubleshooting v
ofthe circuitry Test in hardware by
and also the applying the power suppl
source code will pplymg the p PPy

be done, U

Figure 14: Flow diagram for programming development process.

3.3.3 Software programming installation

A circuit will not work without the microcontroller being programmed. Therefore,
we learn and discovered the MPLAB IDE software together with the CCS compiler to
create the program for digital alarm clock design. This software design can actually be
created by various types of programming software. But we preferred using CCS
compiler because the wizard and built-in functions in CCS compiler make it easy to
create the basic seitings based on the hardware device. They are also user friendly.
The files are then imported to MPLAB IDE in order to use the PICKIT3 device to

burn the program into the microcontroller chip.
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3.3.4 Initialization mode of MCU chip

The initialization setting for the circuit is created by using the PIC Wizard in CCS

Compiler.The screenshot for the initilazation of the microcontroller chip is depicted in

Figure 15.
PIC Wizard L ien]
File
Project Name: C\Users\Kakak\Desktop\RHT_I2CSensor\main pjt

Genesal Options  Code

SPt and LCD General

Timers Function Generation

PCHTimers @ Opening biace on the lollowing lne

Analog DOpening brace on the same line

Other

e Devies:  FIC1EFBTT ~ Osclotor Frequency: | 12000000 HZ

170 Pins

High/Low Valtage 3 5 5

it Dscilator Confic Enable Integrated Chip Debugging (ICD) Aestart WDT during calls to DELAY

Heades Fies Use 16 bit pointers for Full RAM use < One fuse per ine with comments

CAN BUS Fisis

LCD opbons -

MOD BUS — i ==

BOOT LOADER High speed Osc (> 4mhz for PCM/PCH) (>10mh ~
Power Up Timer -
Code protected from reads
Debug mode for use with ICD
Fesst when brownout detected
Low Vollage Programming on B3(PIC16] o BS[FIC18) A

| ok || Concel || Hew |

—

Figure 15: Initializing the microcontroller chip using the PIC Wizard.

The oscillator frequency used is about 12 MHz. For slower execution, a lower value

of oscillator frequency can be used.The files included together in DigiPicco.c:

e Header file > DigiPicco.h
e LCD driver > LCD.c

e String library > string.h

e Standard Library > stdlib.h
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Figure 16 below illustrates a sample C code for PIC 16F877A initialization.

© row : (=
@ Project hﬁdn 'Sumh Optlons | Compile  View ‘ Tools 1 Debug i Document l User Toolbe 0 |
——————— o s . l _— e
Project

string.h
stdlik.h
ITS FER

=

$¢include "I2C_RHTSen

Bl -] void Initialize|

setup_comparator |
setup_vrel (FALSE)
lcd _init

A wes Insert

sor.h"

setup_adc ports NO_ANALOGS

setup_adc (ARDC_OFF) :

secup psp (PSP_DISABLELD) :

setup spi (SPI_SS DISABLELD) :
setup_timer O (RICC_INTERNAL |[RTCC_DIV_256

setup_tvimer_1(T1l_DISABLEL
setup_timer_ 2 (T2_DISABLEL,.O.1

NC_NC_NC_NC

Modifi... Pjt: DigiPicco  C:\Users\Kakak\..\DigiPicco.c |

finclude *C:\Users\Kakak\Desktop\RHT I2CSenscori\DigiPicco.h"

#include "C:\Useza\Kakak\DesktOpKRHI_KECS&nsc:l\LCD.C“

|
»

— - — o e

Ce— =

Figure 16: C programming code fo

r initialization of PIC16F877A.

3.3.5 The interface for humidity and temperature sensor

The interface of humidity sensor to PIC16F877A based on the humidity and

temperature sensor datasheet is given in Figure 17 below.

Rear Side Connector

Figure 17: Connection of humidity sensor with PIC16F877A.
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3.3.6 Interfacing 4-bit LCD

The first step to display output from LCD would require a sequence of program
to be created. But in CCS compiler, a LCD driver has already created the sequence of
the program. The following pins are the pin connections from LCD to microcontroller
and these have been fixed by the driver. Only 4 bits are used for the LCD interfaces
which are D7 to D4. It saves the use of other pins but responds slower than an 8 bit
interface. Figure 18 below shows a LCD driver from CCS compiler.

® row : -~ L@ el

H peaei Insert Pjt: LCD Ci\Users\Kakak\Desktop\L. ALCD.C

b

Figure 18: LCD driver from CCS compiler.

From the program code of LCD in APPENDIX C, the lcd putc module is used
to display a text or number on the LCD. The program below displays the value of

relative humidity in percentage.

// The formula to convert hexadecimal of humidity and temperature into decimal value.
Humidity = make32(0,0,HumH,HumL)*100/0x7FFF;
Temperature = make32(0,0,TempH,TempL)*165/0x7FFF-40;

[/ led_putc module from driver is used to display value of humidity
printf(led_putc,"\fR.Humidity=%LU%%\n",Humidity);
printf(lcd_putc,"Temperature=%Lu C\n", Temperature);
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3.3.7 Experimenting the accuracies of sensor

The accuracy of sensor was tested for both, the temperature and the humidity. Its
accuracies can be detected by comparing the measured value with the actual value
from other sources. The experiment took place at the Chemical Lab where the Isotech
Model Jupiter 650 of constant temperature bath was used as the heating device. The
temperature reading of sensor is compared with the master standard units of a digital
thermometer. The data was recorded starting from 30 degree Celsius of temperature
bath to 70 degrees of temperature bath. Figure 19 below shows the setup for the
temperature heating experiment. Both sensors and master standard unit device were
put into the space in the Isotech Jupiter machine. Here the surroundings inside the
machine acted as the heating element. The values of both measured devices were
recorded in a table and displayed in a plotted graph. The accuracy test for humidity is
conducted by comparing the sensor with the hygrometer and the anemometer device.
Both are humidity measurement devices that are basically used in industry

applications.

Figure 19: Setup of temperature measurement experiment.
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The whirling hygrometer determines the percentage relative humidity (RH) by
measuring the evaporation of water into the surrounding air. Two thermometers are
placed in flowing air; one thermometer bulb was covered by a wet wick. The RH can
be read off the slide rule calculator integrated into the hygrometer. To take the
measurement of humidity, the instrument was opened by withdrawing the inner frame
from the case. Then, thoroughly the wick was wet by placing the exposed end under
cold running water or immersing it in water for about 30 seconds. This would wet
both the exposed wick and that coiled in the wick container. The frame was rotated
for 30 to 60 seconds at between 2 and 3 revolutions per second. When the hygrometer
is closed the slide rule can be used to calculate the relative humidity percentage
directly from the wet and dry temperatures. The calculator has two scales; the upper
scale should be used for dry bulb temperature up to 20 degree Celsius. For higher
temperature, the lower scale should be used. The steps to read the humidity reading of
hygrometer, first, locate the wet bulb temperature on the relevant scale. The dry bulb
temperature is aligned with the wet bulb. The reading of relative humidity is read

from the centre scale at the location of the arrow.

Figure 20: The humidity measuring device: hygrometer and anemometer.

The anemometer is a digital humidity measurement device. This is straight
forward compared to hygrometers because the reading of humidity is displayed
directly from the anemometer. The devices measured the humidity of the
surroundings from 8 am in the morning to 8 pm. The data measurements of sensor

between devices are compared and plotted in a bar chart.
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3.3.8 Serial Communication Interface

The serial communication allows the communication between the
microcontroller and PC. The sensor data should be sent through this serial and
displayed in the terminal called Realterm. The pin outs for serial communication is
connected as illustrated in Figure 21 below. Two of input output pins of PIC16F877A
microcontroller were configured as transmit pin and receive pin and connected
directly to MAX232 level converter IC at pin 11 and 12, respectively. The MAX232
level converter 1C converts microcontroller signal level 0V and +5V to +3V/+12V
from a single supply of 5V. This is due to the fact that PIC16F877A microcontroller
sends data serially in logic level of OV for low logic, and +5V for high logic.
However, RS232 serial port uses different logic levels, +3V and +12V for
communication. Therefore, MAX232 converts the TTL logic level during data

transmission,
15V electrolytic capacitor, 1 uF 10V
COMI DBY ax
prR{ > et 6 -+
O—-
DSB é:"'_‘l EMAXZSZ T
RTS
ors| oD == =
8 i
RXD 14 11
; T<D
TXD:3 | 13] OSC__&_ , e ReD
GND! 5
T o
1 1 MAXIM MAX232

Figure 21: MAX 232 interface layout.

In order to allow the communication, several initializations are required to be
executed. The initialization properties are set in the realterm as follows:

e Baud rate (bits per second): 2400
e Data bits: §

e Parity bit: None

+ Stop Bits: 1
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3.3.9 External EEPROM Access

The closed up view for pin configuration and connections of EEPROM
depicted in APPENDIX B is shown in Figure 22.The pin A0 is connected to 5V to
get logic 1. Therefore, its address does not clash with the sensor’s address that shares
the same pin in the MCU circuitry. It is important for us to make sure different
addresses are used between devices that share the same port of the MCU in order for
them to function properly and be recognized. The EEPROM driver of 24LC256 is
included from CCS Compiler library which is shown in APPENDIX C. As we see in
program code number 5, the 24L.C256 EEPROM library shows that both write and
read operations follow the I12C protocol. In I2C protocol, the master initiates
communications on the bus and controls the bus with one or more slave devices.

Basically, it begins with a start condition and ends up with a stop condition.

| i i wl
: L MR PGD ——|§g
o SR PGC
o - RAZ RE4
L swps ; RA RE3 %
= RA4 RB2
GRD - _é RAS RBI1 ;;‘
> RES RBO [
2 RE! =
—1 rEY 6N
= VDD - R 2
2 vss RD6 |2
T GRD 5 98¢ RDs =57
—=— RaO RCT 52
L ROy X R
L RC2ORCS o
L i scL - spa b
1 [ 8 70 RSP0 D3~
> _2{1} \;gg : EU RD2 (=
7] 5 PICIGFETTA
= 22 sCL % _
DA
EEPROM J4iC256
1 |__
cED YIE

Figure 22: Close up view of EEPROM connections in the MCU circuitry.
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Figure 23: Write operation mode for 241.C256 EEPROM.

In Figure 23, the start condition is generated first. This figure relates with the
code of the write operation where the slave actually writes the device address 0XA2
to get 1010 0010. From Figure 23, the first 4 bits refers to the control byte of
EEPROM device for both write and read operation. The next three bits are the chip
select bits A0, Al and A2. These chip select bits depends on the user whether to use
chip select A0, Al or A2. The selected chip is connected to high logic to tell that we
are using that chip select bits. In read operation, the R/W bit should be 0. From the
program, it shows that A0 chip select was set to 5V, As shown in the datasheets in
APPENDIX F, there are page-write and byte-write operations. For a byte write, one
byte of data transfer taken place from the MCU to the EEPROM; the transfer is then
acknowledged by the EEPROM. While in page write, data transfers can allow up to
16 bytes. The master generates a stop condition when everything was completed. A
sample code to achieve a byte-write is shown below.
void write ext eeprom{leong int address, BYTE data)

{
short int status;
iZ2c start();
iZ2c write({0xaZ);//al=1
iZ2c write(address>>8);
iZ2c write(address);
i2c write(data):
iZC:'_S‘CC'Sp (Vi
iZ2c_start():
status=i2c _write(0xal);

i
Moreover, Figure 24 below depicts the EEPROM read operation,

3 S
BUS ACTIVITY
MASTER ; Contral Address Address 'A!' Cantrel Diata ?
R Byte High Byte Low Byte R Bwe Byte 0
T A - N A T. . P - P
SOA LINE 1 olila 9. X TTTTT1 FTTTTTT slila 10] IA{Q'I | L LRI P
l]!l210§|1|r||1 L1y Lt 4 4 011
A A A N
BUS ACTIVITY E E C E )
K N
X = don't care bit E

Figure 24: Read operation mode for 241.C256 EEPROM.
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In the read mode, the R/W should be 1 to indicate it is in the read mode. The
following sample code shows that the program starts with a start (i.e.; i2¢_start( )) and

ends with a stop (i2c_stop( )) conditions.

BYTE read ext_eeprom{long int address} {
BYTE data;
i2c_start(};
i2¢ write(0xa2);//a0=1
i2¢ write{address>>8};
i2¢c write(address);
iZ2c _start ()}
i2¢c_write(0za3);
data=12¢ read(0) ¢
i12¢_stopi};
return {cdata);

In order to test whether or not the functionality of the EEPROM device works,
or we used the input.e driver and included it in the main code. This input.c driver
allows the user to kick in the data that he/she wants to save into one of the locations in
the EEPROM device using a keyboard, and also allows the user to read back the value

®

from the location. The program below explains that when the letter ‘R’ is received,

the value from the EEPROM is read; while the letter “W” indicates that the user wants

to write a value to be saved in any location of the EEPROM.

$inciiude "input.¢
void main() {

BYTE value, cmd;

EEPROM ADDRESS address:

Initialize();

printf{"\r\nWelcome and Hye Noorshafrina\r\n");
init ext eeprom();

do {
do {
printf ("\r\nRead or Write: ™):
cmd=getc{):
cmd=tocupper (cmd) ;
putc (cmd) ; .
} while { {(emd!='R") && (cmd!='W') ):

printf ("\n\rlocation: "};
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3.4.0 Graphical User Interface Design

We had used the Microsoft Foundation Class wizard to create a new project
workspace for the graphical user interface design. The location of project can be
changed to a location that we want to save. In this project, the Win32 platform which
refers to the recent versions of the windows operating system that runs in a 32-bit
mode is used. This application generates an application that has built in functionality
which when compiled; it implements the basic features of windows executable

application. The Microsoft Foundation Class wizard is depicted in Figure 25.

00 Microsoft Visual C++
- —_— —

New

Fles Puojects | Workepaces | Other Documents

Logcation:
|C\Ueme\Kak ak\Deskiop\ =l

@ Create new workspace
e

-

——

o

| Roecy o = 7, i
Figure 25: MFC wizard application in Microsoft C++.

A dialog-based GUI is implemented and created using a text file called a
resource file which has file extension “.rc”. This dialog box is a window that holds
other windows controls and can be referred as a container. It is actually the primary
interface that involves interaction between the user and computer. We can design the
dialog box by selecting the boxes and placing them in the worksheet. But the variable
for each of these boxes must be assigned because the user must program these

variables according to their desired functions.
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The dialog based type is selected as in Figure 26 below.
MEC AppWizard - Step 1 |B o

‘What type of application would you like to create?

" Single document
T Muttiple documents
* Dialog based

-

‘what language would you ke pour resouces in?

|English [United States] (APPWZENU.DLL ~ |

< Back Next > Finish ] Cancel

Figure 26: Screenshot for step 1 of GUI design.

The title of the dialog box for this project was entered as ‘Wireless Sensor

Data Logger System Design’. Figure 27 shows step 2 for MFC wizard application.

| MEC AppWizard - Step 2 of 4 | )
‘What features would you ke to include?
W About box
[T Context-sensitive Help
W 3D controls

What other support would you like to include?
r -
W Activex Controls

Would you ke to include WOSA support?

I Windows Sackets

Please enter a title for your dislog:

iﬂfmbss Sensor Data Log

< Back Nest > Firiish | Cancel

Figure 27: Screenshot for step 2 of GUI design.
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Source code files will automatically be generated and any code modification can

be made easily; Figure 28 below illustrates the options to generate such a source file.

MEC AppWizard - Step 3 of 4 TN |2 |
B N_l}c:u:)::t.\ﬂ_lh-unh_u‘_s;_r fi':udu.\ Waﬂadpmdwmjdmﬂ(e?
: o @ MFC Standard
-

Would you like to geneiate souice file comments?

@ ‘Yes, please
" No. thank you
How would you like to use the MFC brary?

* As ashared DLL
" As a statically linked library

< Back Next > Fiish | Cancel

Figure 28: Screenshot for step 3 of GUI design.

Figure 29 below shows the design of graphical user interface with buttons and
empty boxes which are arranged according to our desired functions. The ‘close

comm’ and ‘open comm* buttons allow the used port to be recognized.

% | test_senial £ ||
fedit - | =Tink
TEMPERATURE
HUMIDITY VALUE VALLE  Close comm |
_E—‘i Edt Open Comm I
COMM STATUS

Figure 29: The view design of GUI interface.
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The variables can be assigned by clicking the right side of mouse on the
respective button box and by selecting the properties. This can be shown in Figure 30

below:

Push Button Properties e @
41 ?  General | Stles | ExtendedStyles |

C_BUTTON DFPEN COMEZ

1D: LCaption: IUpenl'.‘on'm
v Visible I Group [ HelpID

I Disabled W Tab stop

Figure 30: Properties for assigning variables to selected buttons.

A sample code below shows a situation where if the “open comm™ button is

pressed, the message of “comm. Port already open™ will pop up.

void CTest_serialDlg::OnButtonOpenCom()
{

if(m_serial flag)

{
MessageBox("comm port already open") ;

return ;

il

The serial comm.unication used is 2400 baud rate with no parity bit and one stop bit

PortDCB.BaudRate = 2400;

PortDCB.fBinary = TRUE;

PortDCB.fParity = TRUE;

PortDCB.fOutxCtsFlow = FALSE;
PortDCB.fOutxDsrFlow = FALSE;
PortDCB.{DtrControl = DTR_CONTROL_ENABLE;

PortDCB.fAbortOnError = FALSE:;
PortDCB.ByteSize = 8;

PortDCB.Parity = NOPARITY;
PortDCB.StopBits = ONESTOPBIT;
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CHAPTER 4
RESULTS AND DISCUSSION

The results and findings obtained from the projéct are discussed thoroughly in
this section. The process of project devélopment involved masses of information and
engineering principles. Apparenily, the results presented in this chapter are the sensor
data analysis through wireless and wired c¢ommunication, PICI6F877A
microcontroller circuitry and GUI interface. There are also other findings which will

be explained further in the remaining sections of this chapter.
4.1 Sensor Output Display Test on LCD

From the first stage of circuit development, the measured output from the sensor
is displayed by the LCD. Temperature and humidity data are sensed by the integrated
sensor. The PICKIT3 connected through USB port supplies power to the circuit with
5 volts. The range of temperature that can be read by this sensor is around -25 to +85
degrees Celsius. In a normal condition, the room temperature should be around 27
degrees Celsius while the humidity is about 60 percents and above. The outpﬁt display
in Figure 31 shows the value of temperature and humidity on 1 November, 2010 at
1.36pm in room environment. Therefore, the measured data shows that the
environment is in normal condition. Table¢ 4 below shows the reading from the LCD

display.

Table 4: LCD display of measured value from sensor.

] " TEMPERATURE |
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Figure_3|: utput of temperature and humidity sensor data to LCD.

4.2 Accuracies of Sensor Board Compared to Other Devices

The accuracy test of the sensors is being run to compare them with standard
measurements and to prove that they are accurate. By comparing these measurements
with the standard reading, the accuracy level of the sensors could be determined. This
is important since the sensors would be applied in real applications. The data analysis
for the measurements of humidity and temperature are both tested in different
methods. The method used has been already explained and discussed in the
methodology section of the report.

4.2.1 Humidity data analysis

The humidity reading is compared with two different humidity devices, the
hygrometer and the anemometer. These devices are common humidity measuring
devices. The readings of the outside surrounding were taken from 8am in the morning
until 8pm. Table 5 below shows the measured humidity data of the environment in

normal weather, which is not too windy, not too hot and not raining.
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Table 5: Measured value of humidity and temperature for measuring devices.

TIME HYGROMETER | ANEMOMETER SENSOR
8:00 AM 85 88 86
10:00 AM 72 77 75
12:00 AM 65 67 68
2:00 PM 71 68 70
4:00 PM 58 56 54
6:00 PM 62 64 66
8:00 PM 78 81 76

From the measured value, it shows that the reading of the integrated sensor is
almost the same as the other two devices. The highest humidity percent is in the
morning which is around 85 percents and above. This shows that the quantity of water
in the air during 8am in the morning is high. While the lowest humidity percent is
during 4pm in the evening. The weather at this time was quite hot; therefore the
quantity of water is lower. The hygrometer and anemometer are common devices
which gives the standard reading of the humidity in real life. Therefore, the integrated
sensor is applicable in daily life applications and has an accurate humidity reading
since its measured value is almost the same as the value of the devices. The result of

humidity percent measured from the three devices is summarized in Figure 32.

HUMIDITY PERCENT IN AIR (%)

g

g ® HYGROMETER

z u ANEMOMETER
- : , - + SENSOR

8:00 10:00 12:00 2:00 4:00 6:00 8:00
AM AM AM PM PM PM PM

TIME

Figure 32: The measurements of humidity percentage in air.
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4.2.2 Temperature data analysis

The accuracy of temperature is determined by comparing the measured data of

the integrated sensor with the master sensor unit measurement. The bath temperature

was used as a heating element. The temperature value of master standard unit (MSU)

and value of sensor were recorded for each increasing value of bath temperature. The

measurement was taken from 30 to 70 degree Celsius.

Table 6: The reading of temperature measured.

UNIT UNDER TEST (UUT) SENSOR
3 WIRE RESISTANCE
MASTER STANDARD UNIT (MSU) THERMOMETER
NO | BATH TEMP MSU READING UUT READING
1 30 32.04 29
2 40 40.67 37
3 50 5232 49
4 60 60.39 58
5 70 65.31 62

From the table, as the temperature bath increases, the measrurements of both

MSU and sensors increase. The accuracy of the sensors are calculated based on the

plotted graph using the standard deviation equation. A graph is plotted based on the

recorded data shown in Figure 33 below.

TEMPERATURE MEASUREMENT

__ 70

2 i 6531

S 60 . 62

o

Q

@ 50

2 MSU
5 40

g —¢=SENSOR
2 30

§ 30 40 50 60 70

m |

Sensor & MSU Reading (Celcius)

Figure 33: The measurements of temperature.
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Using the standard deviation formula, the accuracy of the sensor can be determined

as follows:

X(z—7)
N

¢ = the standard deviation

x = each value in the population

X = the mean of the valoes

N = the number of values of population

The mean for sensor is calculated using:

X = .z.:f.
N
=29 + 37+494+58-+62
5
= 47

Using the mean to calculate:

Y(x—x)=(29-47 + (37—-47)2 + (49 —47)? + (58 — 47)*
2
+ (62-47)

= 774

Therefore, the standard deviation of sensor is around:

o=4774/5 =12.44

‘The mean for MSU is calculated using:

— ¥
x N

=30.04 + 40,67 +52.12 +60.39+65.31
5

= 49.71
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Using the mean to calculate:
Y(x—x)?=(30.04 —49.71)2 + (40.67—49.71)* +
2
(52.12 — 49.71) + (60.39 —49.71)% +
2
(65.31-49.71)

= 831.86

Therefore, the standard deviation of sensor is around:

=,/831.86/5 =129

From the calculation, it proves that the sensor gives an accurate temperature
reading because the value of standard deviation of sensor is near with the value of the
MSU standard deviation. Therefore, the sensor is applicable in industry applications
like other temperature measurement devices. But, the sensor is easily integrated to a

circuit compared to other devices.
4.3 EEPROM Output Test on Terminal

At the end of the EEPROM program test, the program manages to come out
with a final output from the compilation of EEPROM 24256 C programming. The
compilation is completed successfully with no errors. This is proved by the CCS

compilation window in Figure 34 below.

o sow o 8 X

) = g |
(D Froject EOR Semth  Optiors Compie | View Todolli Debup Dodument  User Todlbe @ ‘

Ilullnh mm lhd...\muwum

S \zmw:m TEST\i2c_ex.c ’

et

'm Statements: 531, Time: 1 Sec, Lines: 3168 ,

Output files: ERR  HEX smm COF PJT TRE STA

RAM: -

.
|
e Kabak\ Destoph...\iZ¢_enc |

Figure 34: Compilation of EEPROM program.
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The result illustrated in Figure 35 below shows that the value 45 is written by
the user and saved in location 12. When the user wishes to read back the value from
location 12, the result will show the value 45, which is the value that had been stored

in location 12. This proves that the EEPROM chip program functions well.

& ResTerm: Senal Capture Program 2.0.0.57 =l

Display Port

Captwe | Pins | Send | EchoPort | 120 | 1202 | 12CMisc | Misc \n| Clear Freeze
Status
Baud [36400 + |Pod |22 v| |Open Spy| " Change |V Disconnect

) . tware Flow Control XD [2)
Pasy DataBiz  Stop Bits Sdﬂ::;bgﬁ;ﬂ = IO (3]
* Nane * Bhts « 1het 2 bits X C1S (8
I[J?gh 7bits  Hardware Flow Control Transmi Xoff Cher. 13 pCo M)
Madk rtﬂ . "fcne L RTS/CTS DSR 8]
Space 5 bits DTR/DSRA ™ R54854ts Ring {9)
- BREAK

Etroe

Figure 35: Result for external EEPROM programming with microcontroller.

4.4 Serial Communication Test on Terminal

Figure 36 below shows the result from RS232 communication in Realterm terminal.

B RealTern: Serisl Capture Program 2.0.05 =)

Display Pot | Captre | Pins | Send | EchoPat | 12C | 12C2 | 120Misc | Misc \n| Clear Freeze
Status
Boud 39400 +|Pot ~| |Open Spy| | ' Change |¥ Discornect
S Flow Conb
Panty DataBits  Slop Bits d};::;‘r:)‘{‘;:g':: 17 3
* None @ ghite & 1hR 2 bits = C15 (8
Even Tt Hardwase Flow Contiol Transmk Xoff Char: |19 DCD (1)
Mark B bets & None RTS/CTS DSA (6]
Spacs 5bits DTR/DSR " AS485+ts Ring (9)
* BREAK
Ewor

har Count:1224 CPSA Port 33400 8N1 Nor

Figure 36: Result from RS232 communication in Realterm terminal.
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This test is conducted in order to check the functionality of the serial
communication before integrating the wireless communication device. From the
program tested, the output display shows the temperature reading of the sensor
module. From the result illustrated in Figure 36 above, it can be concluded that the
serial port communicates with the PC and the value read by the sensors can be

displayed in the RealTerm software.

4.4.1 Data Logger display through wired communication

[he result from hard wired connection with PC using the serial port is the
displayed data stored by EEPROM. From the program, the location for storing both
data consists of 50 locations. The first 25 locations are the data of humidity, while the
remaining locations are the data of temperature. The value from the locations are all
the same because the time delay for each value to be read is 25micro seconds;
therefore, it executes fast and the changes could not be easily detected during this
duration of time. A faster delay time is purposely used in the experiment in order to
avoid a slow response. In real applications, the exact delay that should be used can be

changed in the program. Figure 37 and 38 below shows the reading of the stored data:

S ReaiTerm: Serial Capture Program 2.0.0.57 2 |- -

Display Pot  |Capture | Pins | Send | Echo Part | 12C 12C-2 | 120Mise | Misc \n| Clesar Freeze

Status
Baud | 2400 » | Post |1 ~| |Open Spy| Change -4 Connected
- R [2)
Software Floy Control

Panty DataBds  Stop Bits ) " Receive Xon Cher (17 =D (3)
* None * Bbits = 1bt 2 bits CT5 (8
[—‘Jf;' 7b8s  Hadwae Flow Contiol Transmd Xoff Char: [19 pco M
el Bbts & None RTSACTS DSR (6]
Space 5 bits DTR/DSH RS485+ts Ring (9)

< BREAK

Enot

Char CountSa CPSA Port: 1 2400 8N None

Figure 37: Display of 25 data of humidity from EEPROM.
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\n Clear Freeze

Status

Display Post Capiure | Pt | Send | Echo Port | 12C 12C-2 | 12CMisc | Misc

ot B Toot F <] [pen <o \/ Change | ¥ Connected
| . Software Flow Contro oo
Party DataBits  Stop Bis Receive Xon Char |17 L)
[| = None ® gtes @& 1bd 2 bas Al
| Iri;ii 7bis Hasdware Flow Corirol Transmit Xoff Char (19 DCco 1)
! Even eiis | | N BTE TS DSR (6]
i 5 bits DTR/DSR  RS485+s Ring (9]
| . BREAK
Emor
Char Count:1496 CPSA Port: 1 2400 BN1 None

Figure 38: The display of 25 data of temperature from EEPROM.
4.4.2 Data logger display through wireless communication

Figure 39 below shows the data logger from a wireless communication using the
radio frequency module. There are a lot of contaminations (garbage) due to noise and
interference displayed in Realterm because of the instability of the RF wireless link.
The terminal is basically a dummy terminal where it receives all the incoming data

including the garbage.

"e ReaiTerm: Sensl Capture Program

P - C

Display Port Caphure | Pins Send | EchoPont | 12C 12C-2 | 12CMisc | Misc \n| Clear| E |
Status
Baud (2400  w |Port 1 ~! |Open Spyl " Change |V Connected
¢ RxD (2
Pasiy DataBits  StopBits T N PO 1)
- ﬂu* * Bhbis e 1bat 2 bits CTS @)
'E';’;"ﬂ 7bis  Hardware Flow Contral Transm Xoff Char: [19 DCD (1)
Mark 6 bits + Mone RTSXATS DSA (6]
Space 5 bits DTR/MSA " RS485+ts Ring (3]
- BREAK
Eror
Char Count:10110 1 2400 BN1 Ny

Figure 39: The display from wireless communication.
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4.5 Graphical User Interface Display

As a result from the Figure 40, it shows that the data is displayed vertically.

The amount of data sent are 50 data, 25 data for humidity values and another 25

values for temperature. We purposely programmed the EEPROM to read and record

only 50 locations from the addresses in order to reduce the time of system

development and prepare for other unfinished process. By pressing the “Open Comm™
button, the “COMM STATUS” shows that the port has been opened and thread is

started.

test_serial

HUMIDITY VALUE

{welcome to standalone sensor data logging system

TEMPERATURE
VALUE

2

B 28 8

2 8 8 B

b

m

- - T ]

g M

m

it
i

arted Il

opened and thread

COMM STATUS

i:igure 40: The serial cdfn?n—unice_lti:);t}_n—d;gﬁlﬁ:
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

As a conclusion, at the end of project development process, the project basically
meets the objectives and works appropriately as expected. However, there are some
spaces or room of improvements for future enhancement. Conclusions and a few

recommendations are explained in the section below.

5.1 Conclusion

In a nutshell, the Wireless Sensor Data Logger System proceeded as scheduled
and has met its objectives. Through research, analytical and critical thinking, time
management, planning and laboratory work; the objectives are met. From the
objectives, the wireless communication between the integrated sensor MCU circuits
with PC is communicating but the radio frequency module is not very stable and
sends garbage to terminal. The printed circuit board has been fabricated and the GUI
interface design has been working. The project gives a good practice to us in the
embedded system knowledge and technical work which is a useful hands-on work in

the future.

The project development was very tough and challenging due to time constraint
and components availability. The project requires a frequent testing and
troubleshooting processes which are very time consuming. The Wireless Sensor Data
Logger system offers a reliable dynamic data logging system. Moreover, the project
provides a platform for further advancement with better reliability and various

applications in diverse fields.
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5.2 Recommendations

In this section, recommendations will be made towards the Wireless Sensor

Data Loggér System. The recommendations are based on enhancement and

improvement of the system besides reducing the mistakes that exists in the

designed system. The recommendations for enhancement of the system will be

beneficial especially when it deals with real applications. Thus, the

recommendations are as beiow:

Implementing a recovery and security system that can accommodate the

industries needs

A security system should be implemented together with the data logger system
in order to respond to fault occurrences and be able to offer warning alarms

and immediate corrective actions to the devices.

Improving the wireless communication by using a more stable radio

frequency module or ether better modules

The purpose of improving the wireless communication is to reduce or
eliminate the garbage that is transferred to PC. A stabilized wireless link is

required to make sure the correct data is transferred and sent to PC.

Implementing the time and date in the data logger design

For more advanced and systematic applications, the time and date should be
implemented in order to record the data for the time and date required. Initially,
the design of data logger system is designed without the date and time because

of time limitations.
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PROGRAM CODE 1l: MAIN CODE

#include"C:\Users\Kakak\Desktop\LCDplusEEPROM\RHT I2CSenscor2\DigiPicco.h"
#include "C:\Users\Kakak\Desktop\LCD plus EEPROM\RHT IZCSensor2\LCD.C"

f#include <string.h>
#include <stdiib.h>

#include "I2C RHTSensor.h"

#define EEPROM SDA PIN C4
#define EEPROM_SCL PIN_C3

#include "input.c"
#include "24256ab.c"

Void Initialize()

{
setup adc ports(NO ANALOGS);
setup adc (ADC_OFF);
setup psp (PSP DISABLED);
setup spi(SPI_SS_DISABLED) ;
setup timer O (RTCC_TNTERNAL|RTCC_DIV_256);
setup timer 1(T1_ DISABLED);
setup timer 2(T2 DISABLED,O0,1);
setup:comparator(NC_NC_NC_NC);
setup vref (FALSE);
led initi);
init_ext eeprom();

void main{)

{
byte data,value,cmd;
EEFRCM ADDRESS address;
Initialize();

printf ("abczWelcome to standalone senscor data legging system*™);
lcd putc("\fRH & T Readings\n");
led putc("from DigiPicce..™):
delay ms(200);
Init_RHTSensor(};
for (address=0;address <50;)
{
Read RHTSensor();

value = humH ;
WRITE EXT EEPROM{ address, value );

62



address++ ;

value = huml ;

WRITE EXT EEPROM( address, value );
address++ ;

delay ms{25};

for{address=50;address <100;)
{ .
Read RHTSensor({):

value = TempH ;

WRITE EXT EEPROM( address, value );
address++ ;

value = TempkL !

WRITE EXT EEPROM( address, value );
address++

delay mg{25);
}

for (address=0}address <50;address++)
{

humH = READ EXT_ EEPROM( address }:
address#¥;
humL = READMEXT_EEPROM( address };

Humidity = make32{0, 0, humf, humL)} *100/0x7¥FFF;

printf {"abcy%¥X*\r\n",Humidity) ;
delay ms (200} ;
}

fortaddress=50;address <100;address++)
{

TempH = READ EXT EEPROM( address ):

address++;

Templ = READ EXT EEPROM{ address );

Temperature = make32 (0,0, TempH, TempL) *165/0x7FFF-40;
printf {"abcwiX*\r\n", Temperature) ;

delay ms(200);
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finclude <16F877A.h>
$device adc=8
#FUSES NOWDT
#FUSES HS

#FUSES PUT

#FUSES NOPROTECT
#FUSES NODEBUG
#FUSES NOBROWNOUT
#FUSES NOLVP
#FUSES NOCPD
#FUSES NOWRT

#use delay{clock=12000000)

//Ne Watch Dog Timer

//High speed 0Osc

//Power Up Timer

//Code not protected from reading
//No Debug mode for ICD '
//No brownout reset

//No low voltage prgming, B3 (PIC16)
//No EE protection

//Program memory not writes protected

#use rs232(baud=2400, xmit=PIN_C6, rcv=PIN C7)
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PROGRAM CODE Z2: HUMIDITY AND TEMPERATURE SENSOR SQOURCE CODE

#define RHTSensor SDA PIN C4
#idefine RHTSensor_ SCL PIN_C3

#use iZ2c{master, sda=RHTSensor SDA, scl=RHTSensor SCL)

void init RHTSensor ()

{
output high (RHTSensor SDA) ;
output _high (RHTSensor SCL);

BYTE HumL, HumE, TempL, TempH;
int32 Humidity, Temperature;

BYTE Read RHTSensor()
{ // Returns degrees F {0-255)

i2¢ _start();
12c write (OxFl);
HumH=i2¢_read ()
HumL=1i2c_read()
{
{

r

TempBE=12¢ read();

TempL=iZc_read{0) ;

iZC_StOp (y;:

printf(lcd putc, "\fR.Humidity=%LU%%\n", Humidity):
printf(lcd putc, "Temperature=%Lu C\n", Temperature) ;
return 0;
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PROGRAM CODE 3:LCD CODING

Iy
f1r7
[177
Iy
17/
177/
oy
I ey
i
e
Iy
I ag
I
i
f177
ISy oi
/777
f177
fr77
i
I
g
frH!
Iy
Iy
Fild
fi7/
1177
Iy
[0/
Fi77
fr77
e
v
Iy
i
i
[r77
7777
1177
£l
e a
fr77
i
Iy
1777
[/
1777
Iy
Iy
/777
IS
F7Y
must
Iy
f177
i
fr77
Y

LCD.C

Driver for common LCD modules

led init{} Must be called before any other functien.

led putc(c} Will display ¢ on the next position of the LCD.
The follewing have special meaning:
\f Clear display
\n Go to start of second line

\b Move back one position

lcd gotoxy(x,y) Set write position on LCD (upper left is 1,1)

lcd gete(x,y) Returns character at position x,yv on LCD

CONFIGURATION

The LCD can be configured in one of two wWays: a.) port access or
b.) pin access.: Port access requires the entire 7 bit interface
connected to one GPIO port, and the data bits (D4:D7 of the LCD)
connected to segquential pins on the GPIO. Pin access

has no requirements, all 7 bits of the control interface can

can be connected to any GPIO using several ports.

To use port access, #define LCD _DATA PORT to the 3FR location of
of the GPIO port that holds the interface, -AND- edit LCD_PIN MAP
of this file to configure the pin order. If you are using a
baseline PIC (PCB), then LCD OUTPUT MAP and LCD INPUT MAP alsc

i
be defined.

Example of port access:
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#define LCD DATA PORT getenv("SFR:PORTD")

To use pin access, the following pins must be defined:
LCD FNABLE_PIN
LCD RS PIN
LCD RW PIN
LCD DATA4
LCD_DATAS
LCD DATAG

LCD_DATA7

Example of pin access:
#define LCD_ENABLE PIN PIN_EO
#define LCD RS PIN PIN E1
%define LCD RW PIN PIN E2
#define LCD DATA4 PIN D4
#define LCD_DATAS PIN D5
#define LCD DATAG PIN D6

fdefine LCD DATA7 PIN D7

;;///;;/////////////////////////////////////////////////////////////////
11/

1777
1177
1777
1
17t/
Hr/
[
177/
i
i
111
I
17
(117

(C) Copyright 1986,2009 Custom Computer Services
This source code may only be used by licensed users of the CCS C
compiler. This source code may only be distributed to other
licensed users of the CCS C compiler. No other use, reprcduction
or distributien is permitted without written permission.
Derivative programs created using this software in object code

form are not restricted in any way.

LILTLEETEEETT LTI ET LTI LT AL LTI I LTI LTI 7P T LT i i i idiriiriirii/

/17
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// define the pinout.

#define LCD ENABLE PIN PIN _EO

LY

fdefine LCD RS PIN PIN E1

fdefine LCD RW PIN PIN E2
/1117

$define LCD DATA# PIN D4
/117

$define LCD DATAS PIN D5
i

#define LCD DATA6 PIN D6
e

#define LCD DATAT PIN D7

// this is to improve compatability with previous LCD drivers that

accepted

/1

// a define labeled ‘use portb lcd' that configured the LCD onto port B.
#if ({defined{use portb lcd)) && (use portb lod==TRUE))

#define TLCD DATA PORT getenv ("SFR:PORTB")
#endif

#if defined{ PCB }

// these definitions only need to be modified for baseline PICs.

// all other PICs use LCD_PIN MAP or individual LED xxx pin

definitions.

/* EN, RS,
const LCD PIN MAP LCD OUTPUT MAP = {0, O,
const LCD PIN MAP LCD INPUT MAP = {0, O,

#endif -

JEEARELTEAAEL A2/ 4/ END CONFIGURATION
JEFTETTIP PP EEl T ii7iir 777 riiiry

#ifndef LCD ENAELE PIN

#define Tcd_output enable{x] lcdlat.enable=x
#define lcd _enable tris() icdtris.enable=0

felse

RW,
o,
0,

UNUSED,
0,
0,

#define lcd output enablie(x) output bit(LCD ENABLE PIN, x)
#define lcd enable tris() output drive(LCD ENABLE PIN)

fendif

#ifndef LCD RS PIN
fdefine lod output rs(x) lcdlat.rs=x

tdefine lcd rs tris() ledtris.rs=0
telse
#define lcd output rs(x) output_bit(LCD RS PIN, x)
#define lcd rs_tris{) output drive{LCD RS PIN)
#endif -7 o -

#ifndef LCD RW_PIN
#define lcd putput rw(x) lcdlat.rw=x
$define led rw tris()  ledtris.rw=0
#else

ftdefine lcd output rw(x) output bit(LCD RW_PIN, x|
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#define led rw tris{} output drive(LCD_RW_PIN]
ffendif

// original version of this library incorrectly labeled LCD_DATAO as
LCD_DATAM,
/4 LCD DATA1 as LCD DATAS, and so on. this block of code makes the
driver
// compatible with any code written for the original library
#if (defined(LCD DATA(D) && defined(LCD DATAl} && defined(LCD DATAZ) &&
defined (LCD DATA3} && {defined(LCD DATA4) && !defined(LCD DATAS5) && |
defined (LCD DATAG) && !defined(LCD_DATAT))

#define LCD DATA4 LCD DATAC™

fdefine LCD DATAS LCD DATAL

#define LCD DATAG LCD DATA2
tdefine LCD_DATAT LCD_DATA3
tendif

#ifndef LCD DATAM
#ifndef LCD DATA PORT
#if deflned( PCB_ )

#define LCD_ DATA PORT 0x06 //porth
fdefine set trls lcd( ) set _tris bix)

felse ”' -
#if defined{FIN_DO0)
#define LCD DATA PORT getenv {“SFR: PORTI™) / fportd
telse
#define LCD_DATA PORT getenv ("SFR: PORTB") //porth
fendif

fondif

fendif

#if defined( PCB )
LCD PIN MAP led, lcdlat;
#byte led = LCD DATA PORT
#byte ledlat = LCD DATA PORT
$elif defined( PCM T
LCD PIN MAP "lcd, ledlat, ledtris;
foyte lod = LCD DATA_PORT
$pyte ledlat = LCD DATA PORT
#byte lcdtris = LCD DATA PORT+0x80
#elif defined( PCH )
LCD PIN MAP lcd, lcdlat, ledtris;
#byte led = LCD DATA PORT
#byte lcdlat = T.CD DATA PORT+9
#byte lcdtris = LCD*DATAMPORT+Ox12
#elif defined( PCD )
LCD PIN MAP lcd, lecdlat, ledtris;
#word led = LCD DATA PORT
#word lcdlat = LCD DATA PORT+2
#word ledtris = LCD DATA PORT-0x02
#endif
$endif //LCD PATR4 not defined

#ifndef LCD TYPE

#define LCD TYPE 2 // 0=5x7, 1=5x10, 2=2 lines
$endif
#ifndef LCD LINE TWO

#define LCD LINE TWO 0x40 // LCD RAM address.for the second line
$endif N
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BYTE congt LCD INIT STRING[4] = {0x20 | (LCD_TYPE << 2}, Oxc, 1, 6};
// These bytes neéed to be sent to the LCD
/F to start it up.

BYTE lcd read nibble(void):

BYTE lcd read byteivoid)
{
BYTE low,high;

#if defined( PCB_ )
set_tris led{LCD INPUT MAP);
felse
#if (defined(LCD DATA4) && defined(LCD DATAS) && defined(LCD DATAG) &&
defined (LCD DATAT7)) B
output float (LCD DATA4);
output Fléat (LCD DATASL) ;

output_float {LCD_DATAG) ;

eutput float (LCD DATAT};
#else

ledtris.data = O0xF;
#endif
#endif

led output rw(l);
delay_cycles({1);

led outpiut enable(l);
delay cycles(l);

high = lcd read nibble({}:;

lcd output enable (0);
delay cycles(l);

lcd ocutput enablie{l}:;
delay us{l};

low = led read nibblel();

lcd output enable(0);

#if defined( PCB )}
set_tris lcd(LCD INPUT MAP);
felse B - -
#if (defined(LCD DATA4) && defined{LCD DATASL) && defined(LCD DATA6) &&

defined{LCD DATA7})
output_drive (LCD_DATA4);
output_drive (LCD DATAS) ;
eutput driwve (LCD _DATAG) ;
output drive (LCD DATAT) ;
felse
ledtris.data = 0x0;
#endif
#endif

return{ (high<<4) { low};

}

BYTE lcd _read nibble({void)
{
#if (defined(LCD DATA4) && defined(LCD_DATA5) && defined(LCD DATA6) &&

defined (LCD DATATY)

BYTE n = 0x00;
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/* Read the data port */

n |= input{LCD DATA4);

n = input {LCD DATAS} << 1;
n |= input {LCD DATAG) << 2;
n |= input {LCD DATAY) << 3;

returni{n);
felse
return{lcd.data);
fendif
}

void led send nibble (BYTE #)
{
#1f (defined(LCD DATA4) && defined{LCD DATAS5) && defined(LCD DATAS) &&
defined (LCD_DATAV))
/* Write to the data port */

output bit {LCD DATA4, bit _test(n, 0});
output_bit (LCD_DATAL, bit test(n, 1yy;
output bit (LCD DATA6, bit test( i 2) 1
output bit (L.CD DATA7, bit test( n, 3)};
telse

lcdlat.data = n;

fendif

delay cycles(l};

led output enable(l);

delay us(23;

lcd_output_enable(@);
!

void l1cd_send byte (BYTE address, BYTE i)
{
led output rs(0);
while {( bit test{led read byte(},7) ) :
led | _cutput rs(address)
delay cycles(l)
lcd output rw(0);
delay cycles(l),
lcd output enable(0);
lcd send nlbble(n > 4);
lcd send nibble(n & 0xf);
}

void led init(void}

{
BYTE i;

CE )
sét tris 18d(1.CD OUTPUT MAP) ;
jelse
#if (defined(LCD DATA4) && defined(LCD DATAS) && defined(LCD DATAG) &&
defined(LCDﬁDATAT))
output drive (LCD _DATA4);
output drive (LCD DATASL);
output drive (LCD DATA6) ;
output drive{LCD DATA7);
felse
laedtris.data = 0x0;

#endif

#if defined{ P
{
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1cd enable tris{};

led rs tris{);

led rw trist):
Fendif

lcd output_rs{0);
lcd output_rw(0);
lod output enable(0);

gelay ms(15);
For{i=1l;i<=3;++1)
{
188 send nibblé(3);
delay ms(5);
}

lcd send nibble(2);
for{i=0;i<=3;++1)
léd send byte (0,LCD INIT STRING[i]};
}

void icd gotoxy (BYTE x, BYTE y)

{
BYTE addréss;

if (yl=1)
address=LCD_LINF_TWG;
else
address=0;
addresg+=x-1;}
lc¢d send byte(0,0x80|address);

i

vold lad putc(char <)

{
switch (c)
{
case "\ f' : lcd send byte(0,1);
delay ms{2);
break;
case "\n' : lcd gotoxy(l,2]; break;
case "\b' : led send byte{0,0x10); break;
default : lead send byte(l,c): break;

}

char led gete{BYTE X, BYTE ¥)
{

char value;

led gotoxy(x,v)i

whilé ( bit tést(led read byte(),7) ); // wait Until busy flag is 1ow
led output_rs(l);

value = led read bytel();

led_output _rs{0);

return(value);

——
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PROGRAM CODE 4: EXTERNAL EEPROM CQUTFUT PROGRAMMING TEST

LITHETEETT TP TP TT R P i i i i i i i i i i firiiiiriirririirresirlriirirlirsls
// Author : Noorshafrina
// Organization: UTP
// Date : Thursday 21st October 2010
// Purpose: To READ and WRITE to serial EEPROM 24LC256 using I2C
interface
LIEIETTLLELLL LTI 0 00T LTI 0770 P i ii il 77744777
/* By default the compiler treats SHORT as one bit, INT as 8 bits and
LONG as

16 bits. The traditional C convention is to have INT defined as the
mest

aefficient size for the target processor. This is why it 18 8 bits on
the PIC.

In order to help with code compatibility a new directive has been added
that

will ailow these types to be changed. #TYPE can redefine these
keywords. N '

For example:

$TYPE SHORT=8, INT=16, LONG=32

Note that the commas dre optional. Since #TYPE may render some sizes

inaccessible (like a one bit int in the above) four new keywords have

been added to represent the four ints: INT1, INT8, INT16 and INT32.

Be warned CCS example programs and include files may not work right if

you use #TYPE in your program.*/

//#char port a = 0x05
//¥char port b = 0x06
//#char port ¢ = 0x07
#include <16F877A&.h>

#device ade=8

#FUSES NOWDT //Ho Watch Dog Timer

#FUSES HS //High speed Gsc {> 4mhz for PCM/PCH)
(>10mhz for PCD)

#FUSES PUT //Power Up Timer

#FUSES NOPROTECT //Code net protected from reading
#FUSES NODEBUG //No Debug mode for ICD

#FUSES NOBROWNOUT //No brownout reset

#FUSES NOLVP //No low voltage prgming, B3(PIC16) or
B (PIC18) used for I/O

#FUSES NOCPD //No EE protection

#FUSES NOWRT //Program memory not write protected

#use delay(clock=12000000)
#use rs232 (baud=38400, xmit=PIN C6&, rcv=PIN C7)
#include "C:\Users\Kakak\Desktop\RHT_ I2CSensorl\LCD.C"

#include <string.h>
#include <stdlib.h>
fidefine EEPROM_SDA PIN C4
#define EEPROM SCL PIN C3
f#include "input.c"
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#include "24256ab.c"

void Initialize()

{
setup adc ports (NO ANALOGS) ;
setup_adc (ADC_OFF) ;
setup_psp (PSP _DISABLED) ;
setup spi(SPI_SS DISABLED):;
setup timer O(RTCC_ INTERNAL|RTCC DIV 256);
setup timer 1 (Tl DISABLED);
setup timer 2 (T2 DISABLED,O,1);
setup_comparator (NC_NC_NC NC);
setup vref (FALSE);

// SET TRIS A(2); //configure port al as input and a0 as output
}

volid main(} |

BYTE value, cmd;

EEPROM_ADDRESS address;

Initialize();

printf {"\r\nWelcome and Hye Noorshafrina\r\n");

do |
do {
printf ("\r\nRead or Write: ");
crd=getc () ;
cmd=toupper (cmd) ;
putc{cmd} ;
} while ( {cmd!='R') && (cmdf='W"') );
printf {"\n\rLocation: ");

#if sizeof (EEPROM ADDRESS)==
address = gethex():
#else
#if EEPROM SIZE>0xfff
address = gethex():

felse
address = gethexl();
#endif
address = (address<<8)+gethex();
fendif
if (cmd=='R")

printf ("\r\nvalue: $X\r\n",READ EXT EEPROM( address ) );

if (cmd=="W"'} {

printf("\r\nNew value: "};

value = gethex();

printf ("\n\r"};

WRITE EXT EEPROM( address, value };
}} while (TRUE);}
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PROGRAM CODE 5: LIBRARY FCOR 24LC256 SERIAL EEPROM

FELELET ISP P T L i T AP 7 P T I i 7 i i i i iiiiilririsritlieliz/z/
/7

//// Library for a 24LC256 serial EEPROM

i

1177

1177

//f7 init_ext_eeprom(); Call before the other functions are used
1777

/177

/177

//// write ext eeprom{a, d); Write the byte d to the address a
H1

i

H77 _

s d = read ext eeprom(a}; Read the byte d from the address a
1177

/177

vy

////  The main program may define eeprom sda

/717

//// and eeprom scl to override the defaults below.

rr77 '

1177

117/ _
LITETTIFLLTTSTETIET LTSI TET LI P i il 77 iiiriiiirey
!/

/177 (C} Copyright 1996,2003 Custom Computer Services

/177

//// This source code may only be used by licensed users of the CCS C
117/

//// compiler. This source code may only be distributed to other
i

//// licensed users of the CCS C compiler. No other use, reproduction
s

//// or distribution is permitted without written permission.

1177

//// Derivative programs created using this software in object code
1777

//// form are not restricted in any way.

/177

LITTETII I IT I TP LI 7L F 771708777 L LT 0 i P L7 P i frrirriiriiiirrr/
s

fifndef EEPROM SDA

fdefine EEPROM SDA PIN_C4
#define EEPROM SCL PIN C3

#endif
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fuse iZc{master, sda=EEPROM SDA, scl=EEPROM SCL]

#define EEPROM ADDRESS long int
#define EEPROM SIZE 32768

void init ext eeprom()

{
ocutput float (EEPROM SCL);
output float (EEPROM SDA);

vold write ext eeprom(long int address, BYTE data)
{
short int status:;
iZc_start():;
i2c_write{Oxa2)://a0=1
i2c_write{address>>8};
i2c write{address);
i2c_write(data);
i2e sktop();
iZe start();
status=izc write(0xa2j;
while {status==1)
{
i2c_start();
status=iZc write(0xaZ);
1
i2c_stop():

BYTE read ext eeprom(long int address) ({
BYTE data;
i2c¢c start{);
i2c write(0xa2);//a0=1
iZ2c write({address>>8);
iZ2c_write(address);
12c¢c start();
i2c_write(Oxa3);
data=i2c¢ read(0};
iZc stopl():
return{data};
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FROGRAM CODE 6: CODE OF INPUT RECEIVED BY USER

FILL770 07718777077l r 77777770 r7 7777770770717 7777771770 77777777777
;;// (C} Copyright 1996,2003 Custom Computer Services

;;;; This source code may only be used by licensed users of the CCS C
;ii; compiler. This source code may only be distributed to other

j;;; iicensed users of the CCS C compiler. No other use, reproduction
j;;; or distribution is permitted without written permission.

;;;; Derivative programs created using this software in object code

5??; form are not restricted in any way.
22;;!////////////////////////////f///////////////////f////!/////f////////

#include <ctype.h>

BYTE gethexl () {
char digit;

digit = getc(};
pute{digit);

if{digit<='9")
return(digit-'0");
else
return{ (toupper (digit)-'a"')+10};
}

BYTE gethex() {
unsigned int8 lo,hi;

if (lo==0xdd)
return{hi};
else
return( hi*le+lo );
}

void get string(char* s, unsigned int8 max} {
unsigned int8 len;
char c;

——max;
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lén=0;
do {
c=getc();
if{e==8) { /7 Batkspaée
if (len>0) {
len—-;
putc({c);
pute (' ') ;
putc(cj);
1
] else if ((¢>=' T)&a&(c<="~"))
if{len<=max) {
s[len++]=c;

putci{c);
}
} while(c!=13);
s[lenl=0;

}

// stdlib.h is required for the ato conversions
// in the following functions
#ifdef STDLIB
#if !defined( PCD )
signed int8 get int() {
char sib];
signed int8 i;

get string(s, 5);

i=atoi (s);
returni(i);
}
$endif

#if defined{ PCD )
signed intlé get int() {
char s[51;
gigned intlé i;

get string(s, 7);

i=atoei (s}
return{i);

}
#endif

#if !defined( PCD )
signed intlé get long{) {
char s[7]:
signed intlé 1;

get string(s, 7);
l=atel({s);
return{l);
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}
fendif

#if defined( PCD_ )

signed int32 get long()

char s[7];
signed int32 1;

get string(s, 10):
l=atoi3z(s};
returt(lj;

3

#endif

float get float () {
char s[20];
fioat f;

get string(s, 20);

f = atof(s);
return{f):
}

#endif
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PROGRAM CODE 7: GRAPHICAL USER INTERFACE SOURCE CODE

st_serialDlg.cpp : implémentation file

te: Janz27th 2011
st Serial Communication

ude "stdafx.h"
ude "test serial.h"
ude "test serialDig.h"

fie WM_PCSTMESSAGE 1029

f _DEBUG

ne new DEBUG NEW

f THIS FILE

= char THIS FILE[] = FILE i
£

hwnd ;

BrertiifiateThread £l ag
ONFIC cc; B
ortDCB;

IMECUTS to;

ROP cp:

E hComm, hThread;

R lpszCommName = "COML1";
oufff200]="0";

Jflag=0 &
count =0 ;
*ptr ;

tiread *m receive thread ;

receive_thread (LPVOID pThreadParam) ;
Read data(void);

send_char (BYTE inbuff);

ag¢iizZhex ( char temp, char * hex datd);

LELELETTEIFL AT LA 7 FT i i E i TP il iriirifiissy
boutDlg dialog used for App About

CAboutDly : public CDislog

AboutDlg{):

ilog Data

/{ {(BFX_DATA (CAboutDlg)

aum { IDD = IDD ABOUTBOX };
/}}AFX DATA

/{{AFX_VIRTUAL(CAbOutDlg)

rotected:

irtual void DoDataExchange (CDataExchange* pDX):; // DDX/DDV support
/}}AFX_VIRTUAL

slementation

zted:

/{{AFX MSG{CAboutDlg)
/}}AFY MSG

iCLARE MESSAGE MAP(}
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tDlg: :CAboutDlyg () @ Chialsg (ChboutDlg: :IDD)

/{{AFX_DATA INIT{CAboutDlg)
/}}AFX DATA INIT

CAboutDlg: :DoDataExchange (CDataExchange* pDX)

Di&16d: :Dobatakxcharige (pDX) ;
/{ {RFY_DATA MAP(CAboutDlg)
/} }AFX_DATA MAP

MESSAGE MAP (CABOUELDlg, CDialog)
7{{AFX_M5G MAP (CAboutDlg)

// No message handlers
/}1AFX MSG MAP
ESSAGE_MAP{)

LIPETLLTELILETIIET TR TR P71 EE 7 d i i LT AT F i T i i iiiilrrids/

est_serialDlg dialog

_8erialplg::CTést serialDlg (CWnd* pParent /*=NULL*/)
Chialog(CTest_serialbDlg::iDD, pPaient)

/{{AFX DATA INIT{CTest serialDlg}

_data_rx = _T("");

_rx_message = _T(""};

“data rx2 = _T{"y

/}}AFX DATA INIT

/ Note that LoadIcon does hof require a subsequent DestroyIcon in Win3z
_hIcon = AfxGetApp ()->Loadlcon{IDR_MAINFRAME) ;

CTest serialDlg::DoDataExchange (CDataExchange* pbX)

Dialog: :DebatakExchange (pDX) ;

{/{{AFX_DATA MAP{CTest serialDlg)

DX_Text (pDX, IDC_EDIT_DATA RX, m_data rz):
DV_MaxChars{pDX, m_data_rx, 20);

DX Text (pDX, 1DC EDIT RX MESSAGE, m rx message);
DX_Text (pDX, IDC EDIT DATA RX2, m_ data _IX2);
/YIAFX DATA MAP

MESSAGE MAP{CTest_serialDlg, CDialog)
/{{AFX MSG MAP(CTest _serialDlg)
N_ WM SYSCOMMAND()
N_WM_PAINT(}
N WM QUERYDRAGICON({)
N_BN_CLICKED(IDC_ BUTTGN_OFPEN_COM, CriBut tonOpenConm)
N BN CLICKED(IDC BUTTON CLOSE COM, OnButtonCloseCom}
N BN . CLICKED (IDC BUTTON TEST OnButtonTest)
N MESSAGE(WM POSTMESSAGE OnPostMessage}
N BN CLICKED{IDC BUTTON HUMIDITY, CriButtondumidity)
N BN CLICKED(IDC BUTTON __TEMP, OnButtonTemp)
}AFX M3G MAP
ESSAGE_MAP()

LELELEELTIEPTEL T I AP L PP TP AT EP S i i P AP i i iriridririrsrdy

est serialDlg message handlers
CTest_serialDlg::0Oninitdialeg()}

Dialog::OnInitDialog():



/ Add "About..." meénu iteém to system menu.

/ IDM ABOUTBOX must be in the system command range.
SSERT{ (IDM _ABOUTBCX & OxFFFQ}) == IDM ABOUTBOX);
3SERT (I1DM_ABOUTBOX < 0xFC0Q) ¢

Jenu* pSysMenu = GetSystemMenu (FALSE);
E (pSysMenu != NULL)

CString striaboutMenu;
strAboutMenu.LeoadString {IDS ABOUTBOX) ;
1f {!striboutMenu.IsEmpty())

{
pSysMenu=>AppendMenu (MF SEPARATOR) ;
pSysMenu->AppendMenu (MF_STRING, TDM ABQUTBOX, strAboutMenu);

/ 8et the icon for this dialeg. The framework does this automatically

/ when the application's main window is not & dialog

stIcon{m hIcon, TRUE); // Set big icon

stIcon{m _hIcon, FALSE}; // Set small icon

/ TODO: Add extra initialization here

_Sérialmflag =0 ; // to indicate serial comim not open yet

and = GetSafeHwnd{) ; // use this handle when I call class funhction from global funhction

aturn TRUE; // réturn TRUE unless you sét the focus to a control

ZTest_serialDlg::OnSysCommand (UINT nID, LPARAM lParam)
f {{nID & OxFFF0) == IDM ABGUTBOX)

CAboutDlg digAbout:
digAbout.boModal () ;

lse

Chialsog: :OnsSysCommand (nID, lParam);

you add a mininize button to your dialog, you will need the code below
5 draw the icon. For MFC applications using the document/view model,
his is automatically done for you by the framework.
CTest serialDlyg: :OHPALnt ()
f (Isiconic{})

CPaintDC dci{this); // device conteéxt for painting

SendMessage (WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(), 0);

// Center icén in client rectangle

int exIcon = GetSystemMetrics (SM_CXICON);

int cylcon = GetSystemMetrics(SM_CYICON);

CRect rect;

GetCligrntRect (arect);

int x = {rect.Width{} - cxIcon + 1) / 2;

int y = {rect.Height() - cyIcon + 1) / 2;
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// Draw the icon
dc.DrawIcon(x, y, m hIcon);

lse

CDhialog: :OnPaint (};

3 system calls this to obtain the cursdr td display while the user drags

ig mihimizied window.
JR CTest serialDlg::0nQueryDraglcon()

sturn (HCURSOR) m_hTlcon;

ZTestﬁserialDlg::OnButtonOpenCom()

/ TODO: Add your control notification handler code here
* open COM port #1 for reading and writing */

£(m _serial flad)

MessageBox ("comm port already open')}
return ;

f ((hComm=CreateFile ({lpszCommName, GENERIC READ|GENERIC WRITE,
, NULL, OPEN EXISTING, 0, NULL)) == INVALTD HANDLE_ VALUE)

/* handle error */

AfxMessageBox ("Error opening COM port");
exit(l)

/* éend 1f (8rrofr crealing read thread) */

etCommState (hComm, &PortDCB}; //3etting Port

ortDCB.BaudRate = 2400;

ortDCB. fBinary = TRUE;

ortDCB. fParity = TRUE;

ortDCB. fOutxCtsFlow = FALSE;

SrtDCB. fOutxDsrFilow = FALSE}

ortDCB. £DtrControl = DITR_CONTROL ENABLE;

ortDCB. fDsrSensitivity = FALSE;

ortDCB. fTXContinueOnXoff = FALSE;

ortDCB. £Cut¥X = FALSE;

ortDCB. fInX = FALSE;

ortDCB. fErrorChar = FALSE;

ortPCB. fRtaControl = RTS_CONTROIL DISABLE;

ortpPCB. fAbortCnErrer = FALSE;
ortDCB.ByteSize = B;
ortDCB.Parity = NOPARITY;
ortHCR. StopBits = ONESTOPBIT;
£ (!8etCommState {hComm, &FPOrtDCB})
AfxMessageBox ("Unable to configure the serial port"};

exit{l) :

LITEFLLIETT T 77087 FE0 118777 ii i1 i4777¢7
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¥ the next four lines set the tétal timeout interval */
CETTPTT I ET T P rii i riidiiiiiriririliitrii7iriryr/
‘memset (&to, 0, sizeof(te) ) ;
{to.ReadTotalTimeocutMultiplier = 5 ;
y.ReadlIntervalTimeout = 30 ;

‘to.ReadIntervalTimecut = MAXDWORD :
/SetCommTimeouts (hComm, &t0) ;

irgeComun (hComn, PURGE_RXCLEAR) ¢

_serial flag = 1 ;

VOID pThreadParam = NULL ;

ferminateThread flag = FALSE ;

receive thread = ::AfxBeginThread(recelve thread, pThreadParan, THREAD PRICRITY NORMAL, 0, 0,RU
/7 to initiate thread for serial port function

‘bTerminateThread flag = FALSE

/ enable timer

‘SétTimer (1,10,NULL) ;

2tDigItemText (IDC STATIC READSTATUS, "comm opened and thread started !17);

Test _serialDlg::CnButtonCloseCom(}

/ TODO: Add ¥your control notification handler code here
rar str{20] 5

f{m_serial flag==0)

MessageBox ("com port not open")

Lse

bTerminateThread £lag=TRUE ;

Sleep(300) ;

//CloseHandle (hComm) :

sprintf (str, "Tliread Ends ! I");

7/ /MessageBox ("com port closed")
SetDlgItemTeXt(IDC_STATIC_READSTATUS,str);
m_serial flag = 0 :

ITest serialDlg::OnButtonTest ()

/ TODC: Add your control notification handler code here
r messagel{]={"Hello apakhabar\Q"}:

ata_rx = mesgsage ;
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v riessage (] = {"xdsxxx%##4shaflz3456*\0"}

sdateData (FALSE)

CTest serlalDlg: :OnPostMessadge ()
har data char ;

har temp buff[40] ;

asigned int data long ;

nt temp :

/MéssageBox ("masukkkkk™)

f{buff[0]=="2")
m_rx message = &buff{i] ;

1se if{buff[0]=="y")

//m _data rx += &buff[l] ;
//m_data rx += "\r\n" ;

HHETLETILET P EEI I TP P i 7717771
AsciiZhex{buff{l] , sdata c¢har ) ;
data long = data_char << 4 ;

AsciiZhex (buff[2] , &data char ) ;
data long = data long | data_char ;

data_long = data long << 4 ;

AzciiZhex (buff[3] , &datda _char )i
data_long = data long | data char ;
data long = data_long << 4 ;

AsciiZhex (buff (4] , &data char )7}
data long = data long | data char ;
LEEEEIPTEE T i P i iriiiiiiiiriirires

data leéeng = (data léng * 100} / O0x7FFF ;

sprintf(temp buff,"%lu\n",data long) ;
//printf (ternp buff) ;
//printf ("hex value= %x integer value %d\n",data long,data long} :

m data rx += temp buff ;
i data rx += "\E\QA" ;

dse if(buff{fl=="w")
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AsciiZhex (BULL({1] , &data_char ) ;
data_long = data_char << 4 ;

AsciiZhex (buff[2] , &data_char ) :
data long = data long | data char ¢

data long = data_long << 4 ;

AsciiZhex (buff[3] , &data char ):

datd loryg = data long | datd char

data_ long = data long << 4 ;
AsciiZhex(buff[4] , &data_char );

data_long = datz long | data char ;
LIELETITTTTITI P 0 I7E7777 1 070777777

data long = ((data long * 165) /Ox7FFF )} -40;
gprintf(temp buff,"%lu\n",data long) :
//fprintf (temp buff) ;

//printf("hex value~ $x integer value %d\n",data long,data long) ;

m data rx2 += temp buff ;
m data rxZ += "\r\a" ;

//m data rx2 += sbuff{l] ;
//m_data rx2 += "\pr\n"

sdateData (FALSEY

teceive thread (LPVOID pThreadParar)
YTE inbuff;

HORD nBytesRead;

/AfxMessageBox ("Thread starts");

1ile (bTerminateThread flag==FALSE)

Read data();

/AfxMessageBox {"Thread ends™);
ExEndThread(0) ;
sturn 0

2ead_data(void)
{TE inbuff;

HORD nBytesRead;
string m data
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/ detect "abc" seguence before transferring into buffer,

/ the character '*' is used as the data terminator

/ this way garbage data read from serial port will bé ignored

/ This is especially true for transmitting data using the RF channel
= 0;

if(bTerminateThread flag == TRUE}
return ;

if (!ReadFile (hComm, &inbuff, 1, snBytesRead, NULL) ) // Readfile 1% & function to read from ser
»rt

{

AfxMessageBox ("Error”); return ;

while(inbuff!='a"):

if{(bTerminateThread flag == TRUE)
return ;

if ({ReadFile (hComm, &inbuff, 1, snBytesRead, NULL})
{

AfxMessageBox {("Errcr")i:;return ;

1
while (inbuffl!='b'};

if (bTerminateThread flag == TRUE)
return ;
1f{IReadrile (hComm, &inbuff, 1, &nBytesRead, NULL) )
{

AfxMessageBox ("Error”):return ;

}
while (inbuffi="¢");

if{bTerminateThread flag == TRUE}
return ;

if (lReadFile (hComm, &inbuff, 1, snByteskesad, NULL) )
{

}
If{inbuff !="*")

buff[i++i=inbuff;
while(inbuff!="*");

AfxMessageBox ("Exrroxr"):;

IFE{i4+4] = "\n' ;|

1ff{i] = 0 ; // null terminated
/str.Format {"%s",buff);

/for{int z=0; z<20;z++) buffiz]=0;

/flag barcods = 0;

/m data = buff ;

/AfxMessageBox (m datal;

rstMessage (hwnd, WM _POSTMESSAGE,0,0) ; // a way to call class function from global function

87



E{gflag==0) // ensuré opén only once
ptr = fopen("data from remote.csv”,"w")

flag = 1 ; // set flag to idicate file has been opened

arintf (ptr, "%s5, \a", sbuffi1]y ;

/fprintf{ptr, "test\n, ™) ;

ount++ ;

E{gcount==50} // if 50 location reached close the file and reset gflag

// here we assume the PIC only send 100 data only ( hiidity + temperature)
fclose (ptr} ;
gflag = 0 ;
gecount=_0 ;

'goount++ ;

/{(CTest seérialDlg *)AfxGetMainWnd())->OnPostMessage() :

serid_char (BYTE inpuff)
VORD nBytesRead;
E{lWriteFile (hComn, &inbuff, 1, &nBytesRead, NULL) )

AfxMessageBox ("Errcr"):

Test serialDlg::OnButtonHumidity(}

/ TODO: Add your control notificaticn handler code here
xnd_char('H'} ;

-Test serialDlg::OnButtonTemp ()

:nd char{'T') ;

\sciiZnex ( char temy, char * hex data)

it ( {temp <= 0x39) && (temp >=0x30) ) | { {temp <= 0Ox46} && {(temp >=0x41} ) )
*hex data = tenp & 0xf ;
if(temp >= 0Oxdl)

{
*hex data = *hex data + 9 ;

}

return 0 ;
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' Comment Description Designator Footprint ~ LibRef- Quantity
Batiery Mulficell Battery  {BTH1 BAT-2 Baitery 1
G1,C2 C3, C4, Cb,
Cap Capacitor C6 RAD-0.3 Cap 6
1 Amp General
Diode 1N4002 Purpose Rectifier |D1 DIO10.46-5.3x2.8 |Diode 1N4002 1
Header 6 Header, 6-Pin  [DEBUG HDR1X6  |Header6 1
Header 16 Header, 16-Pin PiC HDR1X16 Header 16 1
Sensor Header, 5-Pin P2C HDR1X56 Header 5 1
Transmiter Header, 4-Pin P3C HDR1X4 Header 4 1
Header 3 Header, 3-Pin P4C HDR1X3 Header 3 1
Res1 Resistor R1,R2, R3 AXIAL-0.3 Res1 3
SW-PB Switch 51 SPST-2 SW-PB 1
PIC16F877A U1 piP40 PIC16F877A 1
EEPROM 241.C256 uz DiPs EEPROM 24L.C256 1
XTAL Crystal Oscillator  |Y1 BCY-W2/D3.1 XTAL 1
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" Description Designator Foetprint " LibRef Quantity
Battery Muitice!f Battery BT1 BAT-2 Battery 1
Cap Capacitor C1,C2,C3 RAD-0.3 Cap 3
Cap?2 Capacitor C4, C5, C6, C7 CAPR5-4X5 Cap2 4
Header 4 Header, 4-Pin P1C {HDR1X4 Header 4 1
Header 3 Header, 3-Pin P2c HDR1X3 Header3 1
MAX232 U3 , DiP16 MAX232 1
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DATASHEET 1: TEMPERATURE AND HUMIDITY SENSOR DATAHEET................... 94
DATASHEET 2: PICI6F877A DATASHEET ... e 97
DATASHEET 3: 241.C256 EEPROM DATASHEET. ... 114
DATASHEET 4: LCD DATASHEET ...t e, 129
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N} DigiPicco™ Basic 12C

UMIDITY

Capacitive Humidity Module
Digital (1°C)

Product

Within the markets Measurement, HVAC, Bullding and Control, and Home Appliances/White Goods, humidity
madules are required which are capabie to transiate the signais of the robust IST humidify sensors into commonly
used standards and provide a calibrated sensor signal. Contrary to existing humidity modules or fully integrated
solutions the DigiPicco series unifies advantages of both worlds, avoiding their disadvantages: The high precision
measurement of humidity with discrete sensors (high stability due to wide active sensor area) combined with

calibrated and linearized output signal and fuily digital output of both humidity and temperature.

Advantages

« Excellent response time
+ Calibration free
+» Readyto use

& Precise humidily measurement
« Drif stable thanks to wide sensor area
s With temperature sensor PT1000

¢ Smallest dimensions

& hechanical robust and easy to integrate
¢« Calibrated humidity and temperatures signal

o one single bus.
+ RuoHs conform

Technical data

Sensor Typé:
Measurement principle:
Mechanical dimensions:

Humidity measurement range:

Operating temperature range!
Supply voltage:

Current consumption;

Output signal:

Temperature sensor:

Storage temperature:
Accuracy:

Responss time Tes:
Qutput terminals:

IST AG, Industriestrasse 2, CH-3630 Wattwil, Switzerfand, Phone (+#)41 71 987 73 73, Fax («}4171 987 73 77

P14 SMD

Capacitive humidity sensor

W=10 x L=47 x T=2.8mm

0..100 % RH

(max. dew point = 85 deg C)

-25..+85d8GC

5 Volts DG

<3 mA

Ox0...0x7FFF (0...100% RH), 0x0...0x7FFF {-40....+125 deg C)
PT1000

-40...+100 deg C / at max. 95% RH non condensing
<33 %RH (15 ... 85 % RH @ 23 deg C)

< 0.5 deg C (-25...+85 deg C)

<§sed

Soldering pads for VCC, clock and data (1°C), GND

NNQVATIVE SENSOR TECHMOLOGY

e-mail in!o@ist-aaﬁom, wweist-ag com




X DigiPicco™ Basic 12C

IMEDETY

Capacitive Humidity Module
Digital (I1°C)

Terminal Pinout

Reserved

Wi

W2 Reserved Rear Side Connector

w3 Clock SCL (°C)

w4 Data SDA (i°C)

W5 Reserved Component Side

wa Reserved ]

W7 Signal GND

ws GND

W9 Reserved

W10 Vec + Bottom Side l S ‘

Description I°C

First of all the external microcontroller (master) sends the start condition to the stave (DigiPicco). Then the master

transmits the standard 7 Bit address (0x78) or a factory customizable address. The eight bit (LSB) determines the
direction of data flow and has to be set during this operation. Following, the slave (DigiPicco) acknowledges the
receipt of data with the acknowledge condition {SDA kept low during 3 positive clock cycle). After that, the slave
{DigiPicco) outputs the data values. After each data byte the master has to acknowledge the receipt of the data
values by the acknowledge condition, except before the stop condition has been sent by the master itself.

The humidity and the temperature values exist of two bytes each. The first two bytes are the humidity values and
the second two bytes are the temperature values, 15 bit gach. This sequence is repeated indefinitely until the stop
condition has been sent {also refer to diagram below).

Start Condition:
SDA changes from high to low during SCL is in high condition.

Stop Condition:
SDA changes from low to high during SCL is in high condition.

—t—b

|
F ]
s‘rg}:s; conction ETLH cavditiznn
Start- und Stop Condition
start slave R Ist i 2nd ... Atk sop
condition | atdress 1 A date byte date byte A dota byte | condition

INNOWETTVE SENSSR TECHNDLOGY

IST AG, Industriestrasse 2, GH-9G30 Wattwil, Switzedand, Phone (+)}41 71 987 73 73, Fax ()41 71 987 73?7
g-mail Ento@istgg.cum. www.ist-ag.com



m DigiPicco™ Basic |12C

UMIDITY

Capacitive Humidity Module
Digital (I1°C)

Slave-address: 0x78 or factory definable customer specific address
SCL clock-frequency: Max. 400kHz
Bus free fime between stari- and stop

condition tizc_pr: Min. 1.3ps
Hold delay start condition tioc_np-sta: Min. 0.6us
Setup fime start condition tee_su_sra: Min. 0.6ps
Setup time stop condition tiac_su gvo: Min. 0.6us
Data hold time {trigger=data) toc_np_par:  Ous

Data setup time tpc_su_par: Min. .13
Low period SDA/SCL tc 1 Min. 1.3ps
High period SDA/SCL e v Min. 0.6us
Input-high-level: 24.3V
Input-low-level; 0.0...0.6v
External pull- up resistor: Min. 2kQ
Maximum load capacitance: Max. ZnF -

i (=T i Yi2¢ v _s7a t‘i'e{:_t"l‘!_m.T: :hzc_s-n::_nm
g ey [ et
i i i
N A X A
| oo W : fec L
] ] i
i 1 i
SCL ] 1 :
1 i i
i yhize s sro i Y26 Ho s1a,
]

| I —

Géneral timing diagram

bat B

Adl mechasical dimensions are valld at 25°C ambient temperature,; If not differantly indicated, s All data except the mechanical dimensions only have infermation purposes and are not to be understood

as assured characteristics. ® Techpical changes without previous announcement a3 well as mistakes reserve. m The information o this data sheet was examined carefully and will be accepled as.

correct; Na fiability in case of misiakes.s: Load with extreme values during, a longer period can affect the reliability

INROYATTVE SENGAR TECHROLOGY

IST AG, Industriestrasse 2, CH-0830 Wattwil, Switzertand, Phane (+)41 71 987 73 73, Fax (+)41 71 087 PR 77
esmaik imio@isgﬁ.com' wwwiist-ag com
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Note the following details of the code protection feature on Microchip devices:
= Microchip products meet the specification confained in their particular Microchip Data Sheet.

= Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normai conditions.

«  There are dishonest and possibly illegal methods used to breach the code protection feature. Al of these methads, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Micrachip's Data
Sheets, Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Meither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakabie.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our

products. Attempts to break microchip’s code protection feature may

be a violafion of the Digital Millennium Copyright Act, If such acts

allow unauthorized access to your software or other copyrighted work, you may have a right to sue for refief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or wearranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectuai property rights arising from such
use or otherwise. Use of Microchip's products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitly or otherwise, under any inteliectual
property rights.

Trademarks

The Microchip name and iogo, the Microchip logo, Accuron,
dsPIC, Kesloa, MPLAB, PIC, PICmicro, PICSTART,

* PRO MATE and PowerSmart are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

Amplab, FilterLab, microlD, MXDEV, MXLAB, PICMASTER,
SEEVAL and The Embedded Centrol Solutions Company are
registered frademarks of Microchip Technelogy Incorporated
in the U.S.A.

Application Maestro, dsPICDEM, dsPICDEM,.net, ECAN,
ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memoary, MPASM, MPLIB, MPLINK, MPSIM,
PiCkit, PICDEM, PICDEM.net, PowerCal, Powerinfo,
PowerMate, PowerTool, MLAB, rfPIC, Select Mode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
frademarks of Microchip Technology Incorporated in the
U.5.A. and other countries.

Seriatized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2003, Microchip Technology Incomporated, Printed in the
U.S.A., All Rights Reserved.
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MICROCHIP PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet: Analog Features:
« PIC16FB73A + PIC16F876A + 10-bit, up to 8-channel Analog-to-Digital
* PIC16F874A « PIC16F877A Converter (A/D)

» Brown-out Reset {(BOR)
High-Performance RISC CPU: * Analog Comparator module with:

- Two analog comparators

- Onl){ 35 single-\{vord instructions o leamn - Programmable on-chip voltage reference
« All single-cycle instructions except for program (VREF) module

branches, which are two-cycle
« Oparating speed: DC — 20 MHz clock input
DC - 200 ns instruction cycle
+ Up to 8K x 14 words of Flash Program Memory,
Up to 368 x § bytes of Data Memoary (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

- ‘Programmable input multiplexing from device
inputs and internat voltage reference
- Comparator outputs are externally accessible

Special Microcontroller Features:

» Pinout compatible to other 28-pin or 40/44-pin = 100,000 erase/write cycle Enhanced Flash
PIC18CXXX and PIC18F XXX microconiraliers program mempry typical
' + 1,000,000 erasefwrite cycle Data EEPROM
Peripheral Features: ‘ memory typical

Data EEPROM Retention > 40 years

» TimerQ: 8-hit timer/counter with 8-bit prescaler
P Self-repragrammable under software contro!

+ Timer1t: 18-bit timer/counter with prescaler,

can be incremented during Sleep via external * in-Circuit Serial Programming™ (ICSP™)
crystal/clock via two pins
- Timer2: 8-bit timer/counter with 8-bit periad * Singie-supply 5V In-Circuit Serial Programming
register, prescaler and postscaler * Watchdog Timer (WDT) with its own on-chip RC
« Two Capture, Compare, PWM modules oscillator for refiable operation
- Capture is 16-bit, max. resolution is 12.5 ns + Programmable code protection
~ Compare is 16-bit, max. resolution is 200 ns * Power saving Sleep mode
- PWM max. resolution is 10-bit * Selectable oscillator options
« Synchronous Serial Port (SSP) with SPI™ * In-Circuit Debug (ICD) via two pins
(Master mode) and I°C™ (Master/Slave)
« Universal Synchronous Asynchronous Receiver CMOS Technology:
Transmifter (USART/SCY) with 9-bit address « Low-power, high-speed Flash/EEPROM
detection technology
+ Parallel Siave Port (PSP} — 8 bits wide with .

Fully static design
+ Wide operaiing voltage range (2.0V to 5.5V)
+ Commercial and Industrial temperature ranges

external RD, WR and CS controls (40/44-pin only)
« Brown-out detection circuitry for

Brown-out Reset (BOR} .
* Low-power consumption
Program Memory Data PROM MSSP
- EE| 10-bit | CCP Timers
DOVIS® | aytes ¥ Single Word} SRAK | (Bytes) | O [arD (cn) | (Pwh [ g  Master | USART | g | Comparators
Instructions C
PICt6F873A ) 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 1 2
PIC16FB74A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 211 2
PIC16F876A{ 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F877A | 14.3K 8102 368 256 33 8 2 Yes|{ Yes Yes 2N 2

© 2003 Microchip Technology Inc. DS39582B-page 1
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Pin Diagrams

28-Pin PDIP, SOIC, SSOP
McRvee —° 1 7 28[] == RB7/FGD
RAG/AND = L] 2 27]] = RBBIPGC
Rat/aNT =~ [ 3 26[] =+ RB5
RAANZVREF-/CVREF =—=L] 4 o 251 = RB4
RAIANYVRer+ <[ 5 = 2417 =—= RB3/PGM
Rragrrockiictout =L} 6 2 231] = RE2
RAS/ANASSIC2OUT = [] 7 P 22]7] = RB1
vgs =[] 8 P 21[] == RBO/NT
oscrck —=[] 8 b 20[] +— voo
0SCCLKO —[]10 > 19[] =— vss
RCOT10SOT1CK! == []11 = 18[] = RCT/RXDT
RC1T108ICCP2 «—[]12 17[] == RCBTX/CK
rozccPt =13 16[_] =+ RCE/SDO
RC3/SCK/SCL »—= 14 151 ] = RCHSDISDA
o & a9
28-Pin QFN 22299
SSB588 3
c2SERER
ORNEAISN
RAZ{ANZNVREF-JCVREF < I 1 - RB3/PGM
RAJIANIVREF+ =—= 1 2 - RB2
RAAITOCKICIOUT w33 ~—= RB1
RASIANASSIC20UT - 14 s RBO/INT
Vg —s-f5 -— VDD
OSCGA/CLKL —e- 6 - V5SS
QSCACLKO -—p7 e ROTIRXDT
woerTo@d
¥iaps8s
. ~ ¥ - 8 8 Dog g
44-Pin QFN &u t:a%ﬁ%
< 3 8E S29p 288
¥ O _=0 glesx g
ColPnExady £t fe
zommmwmuow—,_ S0
EQadaaadobi SE
883335833853 &
XXXk e
ITITEEE558S
RCT/RX/DT = |1 33| —= OSC2ICLKO
RO4/PSPA w—s )2 321 =~—— OSCCLKI
RDS/PSP5 == )3 3{| = VsS§
RD6/PSPE =+ 314 300 ~—— Vss
RD7PSPT w—= 5 29{ «— VDD
Ves —» be PIC16FE74A Ml Voo __
Voo —= |7 PIC16FB77TA 274 w—s REZCSIANT
Vo — |8 gl =— RE‘II!V_RIANG
RBO/INT w—w |8 251 = REQ/RDIANS
REB1 - 1? . 241 =—= RASIAN4/SS/IC20UT
RB2 s | Noswereag &ﬁ?.?»l <+ RASTOCKHCIOUT
sQ E ngppooLoe & ke
DZRER9 % TZ Ll
o S~ S~ Q 2
m & 3 nesig
o oo = % %
g ®
% g

. __________________________________________________________________________________________________________________________________________________|
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Pin Diagrams (Continued)

40-Pin PDIP
MCLR/VER - [] 4 ] #—a RBTFGD
RAD/ANG «—[] 2 [} ~—» RBGIPGC
RATANT w—m=11]3 [T ~—= RBS
RA2/ANZVREF/CVREF «—n-[] 4 [ 3 «—s RB4
RAJANINVREE+ e [ 5 ]« RBIPGM
RA4/TOCKHCAOUT www []6 M w—s AB2
RASIANAISEIC20UT =—»[] 7 g [+ RB1
REORDIANS ~—»[]8 & (] ~—= REO/INT
REVHRIANG =—=[]9 3 32 [ =— VoD
RE/CS/ANT w—w[] 10 . 31 [ -— V5§
Vop e 11 88 30— RO7PSP?
Vss__w[j12 % 29 [ RDGIPSPE
OSCHCLKI —=[}13 T  28[]=— RDSPSPS
OSC2/CLKO =—[] 14 g 27 [1 == RD4PSP4 B
RCOT108OTICK] «—s-] 15 26 [1 =—e ROCT/RXDT &
RCHT10SUCCP2 ~—[] 16 25 [} 4w RCBTX/CK [
RC2/CCP1 w—a1] 17 24 [ =-—»= RC5/SD0O 5% N
RC3/SCK/SCL w—[] 18 28 [ =—= RCA/SDUSDA 88zl 99
RDO/PSPO =[] 10 22 {] =——» RD3/PSP3 s.ﬁs.gé 34
RD1PSPY «—[J 20 21 []-+— RD2/PSPZ %3z lo 5ea
: n 2333R0pE8Ee
44-Pin PLCC ttttl It“
o o o e |
GeIeNCIQYNE
RAATOCKHCIOUT w5 o 391 ~—+ RBIPGM
RASANASSIC20UT e [ g 380 - RB2
REO/RD/ANS <+ []p 37 = RE1
REVMWRIANG -« T 19 36L] == RBO/INT
REﬂCSIl\\fNT *—E 11 PIC16F874A 35%"—— Vbo
D0 —— 34] ] w—— \f3g5
Vss —= 15 PICI6F8TTA 35T Roveser
OSC/CLKI —— [ 14 32[] -— RD6/PSPE
QSCACLKD =[] 15 31] «—= RDE/PSP5
RCOIT10SOMICKT +— [ 15 300 «— RD4/PSP4
NC U170 oo orer 0 arne @23+ RC7T/RXIDT
™ — v GO DO GO O N
E-J O ) O O3 | O | O
g . .8¢ PHig
Solpozelsd
RRGBEEENAE NEgRENRL0XY
t“é"‘%“‘at CORUBBBHH
28333558800 Qogaann 2RX
EEXELEELERZ ZRUSTABBGG
apnoooddEE
Qmmmmng g
wentare 11111111 S
o
HERAREAAAAR ¥
IFITSRERRER
RO7IRX/DT ~—=[IT}4 333 NC.
RD4/PSP4 ~—»CIT] 2 32 = RCOTIOSOTICK]
RD5/PSPE T 3 31— OSC2/CLKO
ROG/PSPE L1l 4 QI = OSCHCLK
RD7/PSP7 =—=L[1I}5 PICt16FB74A %gg*"“‘ xss
VSS i [T 6 -— D _
voo —oxg;  PICI6F8TTA oot er RE2TEANT
RBOANT ~+-=CT 8 26HI =+ RE1/WR/ANG
RB1 ~—=LC11]9 25 [TT 1 = -REUI’RDJ'A_&‘S
RB2 ~—=0II 10 244 =—= RASB/ANA/SS/C20UT
RB3/PGM, LI 11 G D SO “st AT = RA4TOCKICIQUT
:
AjIRARARIRIgERIH
LCOUYTYUOLO > L+
223809L228)
anES-Ds
Tl o
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E:e
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure suceessful use of your Microchip:
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

H yoh have any guestions or comments regarding this publication, please contact the Marketing Corrimunications Department via
E-mait at docerrors@@mail.microchip.com or fax Ihe Reader Respense Form in the back of this data sheet to (430) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
hitp:/hwww. microchip.com

You can determine the version of a data sheet by examining its liierature number found on the bottor outside corner of any page.
The {ast character of ihe literature number is the version number, {e.g., DS30000A is version A of document DS30000),

Errata

. An errata sheet, describing minor operatﬁna! differences from the daﬁ: sheet and recommerided workarounds, may exist for current
devices. As device/documentation issues become Known to us, we mll publlsh an errata sheet. The esrata wilt specify the revision
of silicon and revision of docurnent to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the Fo!lowmg
- Microchip’s Worldwide Web site; hitp://www.microchip.com -

* Your focal Microchip sales office (see last page)

« The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please spemfy which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Web site at www.microchip.comicn to receive thei_r‘r'\ost current information on all of our products.
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10 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

« PIC16F8T3A

« PIC16F874A

+ PIC16F876A

+ PIC16F877A

PIC16FBT3A/BTEA devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the

PIC16FB7XA family share common architecture with

the following differences:

» The PIC16F873A and PIC16F874A have one-haif
of the total on-chip memory of the PIC16F876A
and PIC16F877A

= The 28-pin devices have three /O ports, while the
40/44-pin devices have five

» The 28-pin devices have fourteen interrupts, while
the 40/44-pin devices have fifteen

« The 28-pin devices have five A/D input channals,
while the 40/44-pin devices have eight

 The Paralle! Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual {(DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a belter understanding of the device
architecture and operation of the peripheral modutes.

TABLE 1-1:  PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Freguency DC - 20 MHz DC - 20 MHz DC — 20 MHz DC - 20 MHz
Resets {(and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, QST) {(PWRT, OST) {PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit wards). .
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
interrupts 14 15 14 15
O Poris PorisA,B,C |PortsA,B,C,D,E| PotsA B,C {PorsA B, CD,E
Timers 3 3 3 3
-Capture/Compare/PWM modules | 2 2 2 2
Seriat Communications MSSF, USART |- MSSP, USART MSSP, USART MSSP, USART
Paraliel Communications -— i PSP —_ PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5input channels | 8 input channels
Analog Comparators 2 2 2 2
instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
' Packages 28-pin PDIP 43-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin §SOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

©® 2003 Microchip Technology Inc.
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T— e — T —
FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 o DataBus 8 PORTA
ragram Counter 7 RADAND
Flash Fa—mX] RAT/ANT
Program L] t-—w-UX | RAZIANZNVREFJOVREF
Memory RAM 4 RAJ/ANIVREF+
M Fite 4R RAGTOCKICIOUT
Registers 4] RAS/ANA/SSIC20UT
Prograim
gus RAM Addrlt!! 4p o
| instruction reg l
l | Direct Addr 7 PORTE
7 4 RBO/INT
I RB1
4 RB2
» RB3/PGM
8 R84
- i R8BS
4 RB6/PGC
Powerup 3 H RB7/PGD
\} Timer
i Oscillator
'Bf,m"g k" | Start-up Timer ALU
Cantrol Powsr-on
Resst 8 PORTC
Timing Watchdog RCO/T10SOITICKI
B<="1 Generation [ | Timer W reg 4% RC1TI0SICCR2
QSCYCLK! Brown-out e ROZICCPT
0O5C2/CLKO Reset | RC3/SCKISCL
In-Circuit MT> 44— RC4/SDIISDA
Pebugger | [4—=pX} RCEISDO
Low-Voltage fa—el X} RCETX/CK
Programming T RCT/RXDT
MCLR VDD, Vss
Time:). Timer1 Timer2 10-bit AD-
i |
| il i )
Dala EEPROM Synchronous USART Comparatar voltage
3l CCP1.2 Serial Port omparatal Reference
Device Program Flash Data Memory Data EEPROM
PIC1BF873A 4K words 192 Bytes 128 Bytes
PIHC1GFBTEA BK words ' 368 Bytes 256 Byles
Note 1: Higher order bits are from the Status register.
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FIGURE 1-2: PIC16F874A/8T7A BLOCK DIAGRAM
13 Data Bus 8 PORTA,
Ptogram Counter = RAD/ANG
Flash @ = RAT/ANA
Program AJ e RAZ/AN2VREF-/CVREF
Memary 8 Levet Stack RAM oy 4—+[X] RAIANINVREF+
{1 3-bit) File I RA4/T UC'S_'_IC"OUT
Registers I RAS/IANAISSICZOUT
Program
Bus 14 PORTB

I instruction reg I

RBO/INT
RB1
RB2

| Diract Addr RBIPGM
RB4
RBES
RBG/PGC
RB7/PGD
8
7 PORTC
I RCOT10SOMCK]
Power-up N MuxX RC1/T10Sl/CCP2
Vi Timer RC2/CCP1
- AV A —=tX| RC3/SCKISCL
instruction Qscillator e
Decode & <=1 | Start-up Timer ku/ L5 RC4/SDHSDA
Control e —=X] RCS/SDO
quer 3 RCS/TX/CK
- o %] RC7/RX/DT
iming chdog
g@ Generation K- Timer W reg PORTD
OSC1/CLKI Brown-out oy RDO/PSPO
OSC2/CLKO Reset » RD1/PSP1
In-Circuit | 4 | RD2/PSP2
Debugger | 4 RD3/PSP3
Low-Voltage i RD4/PSP4
Programming » ROGIPSPS
- 4 RDB/PSPE
y RD7/PSPY
PORTE
MCLR Voo, Vss |—»{%] REO/RDIANS
L[ RE1/WR/ANG
-—=[J RE2/CSANT
. Parallel
Timerd Timer1 Timer2 10-bit AD Siave Port
Data EEFROM Synchronous USART Comparat Voltage
CCP1,2 Serial Port emparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16FE74A 4K words 192 Bytes 128 Bytes
PICI6FET7A 8K words 368 Bytes 256 Bytes

Note 1: Higher order bits are from the Status register.

L ]
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TABLE 1-2:  PIC16F873A/876A PINOUT DESCRIPTION

. PDIR,SOIC, | QFN | 1/O/P Buffer .
Pin Name SSOP Ping | Pin# | Type Type Description
‘ == = s
QSCHGLKI 9 6 STICMOSE! | Oscillator crystal or external clock input.
QO8C1 t Ostillator crystal input or external clock source input. ST
buffer when configured in RC mode; otherwise CMOS.
CLKI | External clock saurce input. Always associated with pin
function QSC1 (see OSC1/CLKI, OSC2/CLKO pins).
QOSC2/CLKG 10 7 — Oscillator crystal or clock output.
08C2 0 Oscillator crystal cutput. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO 0 In RC mode, O5C2 pin outputs CLKQ, which has 1/4 the
frequency of OSC1 and denotes the instruction gycle rate.
MCLR/Npp 1 28 ST Master Clear (input) or programming voltage (output},
MCLR [ Masfer Clear (Rését) inpit. This pifi 1§ an a60ive 1ow Reset
to the device.
Ve p Programming voltage input.
PORTA is a bidirectional ¥Q port,
RAD/AND 2 27 T
RAD o Digital #/Q.
ANO i Analog input 0.
RA1/AN1 3 28 TIL
RA1 e} Digital /0.
AN1 i Analog input 1.
RAZ/IANZVRER- 4 1 TTL
CVREF o Digttal /0.
RAZ i Analog input 2.
AN2 1 AJD reference voltage {Low) input.
VREF- o Comparator VREF output.
CVREF
RAJANZ/IVREF+ 5 2 TTL
RA3 o) Digital /O,
AN3 I Analog input 3.
VREF+ AID reference voltage (High) input.
RA4/TOCKIIC10UT 6 3 ST
RA4 9] Digital I/O — Open-drain when configured as output.
TOCKI | TimerD external clock input.
c1ouT Q Comparator 1 output,
RAS/AN4/SS/C20UT 7 4 T
RAS o Digital 1/0.
AN4 | Analog input 4.
S5 I 3P slave seleet input.
C20UT o} Comparator 2 cutput.
Legend: {=input QO = output 1O = inputifoutput P = power
—=Notused TTIL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external inferrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

D8395828-page 8
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TABLE 1-2:  PICT6F873A/87T6A PINOUT DESCRIPTION (CONTINUED)

. PDIP,SQIC, | QFN | I/O/P Buffer .
‘ Pin Name SSOP Pint | Pin# | Type Type Description
PORTB is a bidirectionat O port. PORTRB can be software
programmed for internal weak pull-ups on all inputs.
RBO/NT 21 18 TTUST
RBO 1o Digital 1/0.
INT | External interrupt.
RB1 22 19 lle] TTL Digital /O.
RB2 23 20| #¥0 | TIL | Digital VO
RB3/PGM 24 21 TTL
RB3 O Digital ¥O.
PGM ! Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 1o TTL Digital ¥O.
RBS 26 23 o TTL Digital /O,
RE6/PGC 27 24 TTLASTE
RB6 o Digital 1/0.
PGC i In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTLST®
RB7 [e] Digital O.
oo oo e In-circuit debugger and ICSP programming data.
PORTC is a bidirectional /O port.
RCO/M1OSOM1CKI " 8 ST
RCO o Digital 1/0.
T1080 (o} Timer1 oscillator cutput.
T1CKI i Timert external clock input,
RCAT10SVCCP2 12 9 8T
RC1 o] Digital O,
T108I { Timer1 oscillator input.
cer2 le} Capture2 input, Compare2 output, PWM2 output.
RG2/CCP1 13 10 ST
RC2 {10 Digital Q.
CCM 1o Capture] input, Compare1 output, PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 HO Digital ¥O.
SCK lie} Synchronous serial clock inputioutput for SPI mode,
SCL o Synchronous serial clock inputfoutput for 12C mode.
RC4/SDI/SDA 15 12 87
RC4 fie} Digital /0.
SDl ! 8P data in.
SDA 1o C data VO,
RC5/SDO 16 13 ST
RCS5 e Digital 110,
SDO o) SPI data gut.
RCGTX/ICK 17 14 ST
RC6E 11O Digital 1/0,
™ 0 USART asynchrenous fransmit.
cK o USART1 synchronous clock,
RC7/RX/DT 18 15 5T
RGC7 WG Digital 1/O.
RX | USART asynchronous receive.
DT o USART synchronaus data,
Vss 8,19 5,6 P —_ Ground reference for logic and VO pins.
VDD 20 17 P — Positive supply for logic and IO pins.
tegend: 1=input O = output 110 = inputioutput P = power

—=Notused TTIL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmilt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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TABLE 1-3:  PIC16F874A/877A PINOUT DESCRIPTION

PDIP | PLCC { TQFP | QFN | I/O/P Buffer

Pin Name Pin# | Pin# | Pinit | Pin# | Type | Type Description
0SC1/CLK} 13 14 10 532 ST/cMOs® Oscillator crystal or external clock input.

Qsct | C Oscillator ¢rystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.

CLKI 1 External clock source input. Always associated
with pin function OSC1 (see OSC1/CLK!,
OSC2/CLKO ping).

0SCCLKO 14 15 3 33 — Oseillator erystal or clock output.
08C2 0 Oscillator crystal output.

Connects to cfystal or resonator in Crystal
Oscillator mode.

CLKO 0 In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/VPP 1 2 18 18 ST  {Master Clear (input) or programming voltage (output).

MCLR | Master Clear {Reset) input. This pin is an active

low Reset fo the device.

VPR P Programming voitage input.

. : PQORTA is a bidirectional O port.
RAQ/ANG 2 3 19 19 . TTL

RAD 1o Digital /0.

ANO 1 | Analog input 0.
RA1/AN1 3 4 | 20 20 . TTL

RA1 le) . Digital 0.

ANt i Analog input 1.
RAZ2/ANZ2IVREF-/CVREF| 4 5 21 21 TIL

RA2 o Digital 1/O.

AN2 1 Analog input 2.

VREF- | AJD reference voltage (Low) input.

CVREF Q ‘Comparator VREF qutput.
RAJ/AN3VRER+ 5 6 22 22 TTL

RA3 1o Digital HO.

AN3 ! : Analog input 3.

VREF+ i A/D reference voltage (High) input.
RA4/TOCKIC10UT 8 7 23 23 8T

RA4 I[8] Digital /O — Open-drain when configured as

| autput.

TOGCKI _ _ | ) Timer) extenal clock input.

c1QuUT : Q Comparator 1 output.
RAS/AN4/SSIC20UT 7 8 24 24 TTL

RAS 1O Digital 1/O.

AN4 | Anaiog input 4.

S8 l SPi slave select input.

C20UT 0 Comparator 2 output.
Legend: |=input O = output ¥O = inputfoutput P'=power

—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1. This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is 2 Schmitt Trigger input when configured in RC Oscillator made and a CMOS input otherwise.

ba—————————— TR —
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TABLE 1-3: PIC16F874AI877A PINOUT DESCRIPTION (CONTINUED)
. PDIP | PLCC | TQFP| QFN | LO/P Buffer i
Pin Name Pind# | Pin# | Pin# | Pin# | Type | Type Description
PORTE is a bidirectional ¥O port. PORTE can be
software programmed for internai weak pull-up on all
_ inputs.

RBO/INT 33 38 8 9 TTUST

RBO 110 Digitaf /0.

INT I External interrupt.
RB1 34 37 9 10 Ifo TTL Digital /0.
RB2 35 38 10 1 o T Digital /0.
RB3/PGM 36 39 11 12 TTL

RB3 o Digital 1/O.

PGM i Low-voltage ICSP programming enable pin.
RB4 a7 41 14 14 1o TTL Digital Q.
RBS 38 42 15 15 1o T Digital 1/O.
RB6/PGC 39 | 43 16 16 TTUSTR

RE6 1o Digital Q.

PGC I _ Ir-gircyit debugger ard ICSP programming clock.
RB7/PGD 40 | 44 | 17 17 TTUSTR

RB7 o Digital /0.

PGD I{e] In—circuit debugger and ICSP programming data.
Leg_gnd: I= inlput O = output WO = inputjoﬂtput P = power

—=Notused TTL=TTLinput ST = Schmitt Triggerinput

Note 1: This buffer is & Schmitt Trigger input when configured as the external interrupt.

2;  This buffer is a Schmitt Trigger input when used in Serial Pregramming mode.
3:  This buffer is & Schmitt Trigger input when configured in RC Osciltator mode and a CMOS input Gtherwise.

© 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3:  PIC16F874A/877A PINOUT DESCRIPTION {CONTINUED)

" PDIP | PLCC | TQFP| QFN | NOIP Buffer e
Pin Name Pin# | Pinit | Pin# | Pin# | Type | Type Description
PORTC is a bidirectional /O port.

RCOM10SOTICKI 15 16 32 34 ST

RCOD 1o Digital IO,

T1080 o] Timer1 oscillator output.

T1CK} | Timer1 external clock input.
RCUT1OSIHCCP2 16 18 35 35 ST

RC1 e} Digital /0.

T10851 I Timer1 oscillator input.

GcpP2 o Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 36 ST

RC2 1o Digital /0.

ccP Vo Capture? input, Compare? oufput, PWM1 output.
REC3/SCK/SCL 18 20 37 37 ST

RC3 1o Digita! /0.

SCK o] Synchronous seriat clock inputfoutput for SPI

mode.
SCL /o Synchronous serial clock input/output for i‘c
mode.

RCA/SDYSDA 23 25 42 42 ST

RC4 o Digital /.

SDoi i SP1 data i,

SDA - 1o 1°C data I/0.
RC5/SDO 24 26 43 43 ST

RCSH o Digital /0.

SDO Q SPt data out.
RCB/TX/CK 25 27 44 44 8T

RCB HO Digital 0.

X o] USART asynchronous transmit.

CK 1o USART1 synchronous clock.
RCTIRX/OT 26 29 1 1 ST

RC7 Vo Digital 4O.

RX I USART asynchroneus receive.

DT o USART synchronous data.
Legend: | =input O = output IfQ = inputfoutput P = power

— = Notused TTL=TTL input ST = Schmitt Trigger input
Note 4: This buffer is a Schimitt Trigger input when configured as the external intéfrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC QOscillator mode and a CMOS input otherwise.

. ]
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e

TABLE 1-3; PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
. PDIP |PLCC [ TQFP ! QFN | IfO/P Buffer e
Pin Name Pin# | Pin# | Pin#t | Pink | Type | Type Description
PORTD is a bidirectional 0 port or Paraliel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 sTTTL®
RDOD 1O Digital /0.
PSPO /o] Parallel Siave Port data.
RD1/PSP1 20 22 39 39 STTTL®)
RD1 o Digital /0.
PSP1 O Parallel Slave Port data.
RD2/PSP2 2 23 | 40 40 sTTTL®
RD2 1o Digital O.
PSP2 o Parallel Slave Port data.
RD3/PSP3 22 ( 24 | 41 41 STATLS
RD3 [{5] Digitai HO.
PSP3 O Paralle! Slave Port data.
RD4/PSP4 27 30 2 2 STTL®
RD4 o Digital /O.
PSP4 o Parallel Stave Port data.
RD5/PSP5 28 3 3 3 ST/TTLS
RD5S e} Digital O
PSPS o Parallel Slave Port data.
RD6/PSP6 29 32 4 4 sTTL®
RD6 fle] Digital I/O.
PSP6 o Parallel Slave Port data.
RD7/PSPT 30 | 33 5 5 sHTTL®!
RD7 1fQ Digitat 1/0.
PSP7 1o} Parallel Slave Port data.
PORTE is a bidirectional I/Q port.
REQ/RD/ANS 8 9 25 25 ST/TTL®!
REO ¥o Digital /0.
RD | Read control for Parallel Slave Port.
ANB l Analog input 5.
IRE1AWRIANG g 10 | 26 26 STATLY
RE1 /0] Digital /O,
WR ] Write control for Parallel Slave Port.
ANB 1 Analog input 6.
RE2/CSIANT 10 1 27 27 st
RE2 1o Digital 1O
Cs i Chip select control for Parallel Slave Port,
AN7 I Analog input 7.
Vss 12,31113,34 1 6,29 | 6, 30, P — Ground reference for logic and IO pins.
31
VDo 11,32(12,35| 7,28 | 7.8, P - Positive supply for logic and IO pins.
. . 28,29
NC — 1,17, | 12,13, 13 —_— —_ These pins are not internally connected. These pins
28,40133, 34 should be left unconnected.
Legend: 1=input O = output /G = inputfoutput P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

——

© 2003 Microchip Technology Inc.
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PIC16F87

Package Marking Information {Cont’d)

44-Lead QFN Example
XOOOOOXXXX PIC16F877A
HXHKHKKXXXXX -I/ML
PO.0.0.0.¢.6.0.4.9 4 0310017
YYWWNNN
28-Lead PDIP (Skinny DIP) Example
KHXAXHKXAIXXKAKHLHANAX - PIC16E8T6A/SP
HOOOOOOOONXX 0310017

D O S YYWWNNN O\ Q

28-L.ead SOIC Example
QOO K PIC16F876A/SO
xxxxxxxxxxxxxxxxxmi A 0310017
XHAHKAXOCOOXIAKAXKAXXK ‘

YYWWNNN
@] o 0]

28-t ead SSOP Example
XOO00CCOOCKXK PIC16F876A/
KGO 88

~ a YYWWNNN » 0310017
oS Yrwwan o B 031001
28-Lead QFN Example

16F873A
ML
0310017

S

L I
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40-Lead Plastic Dual In-line (P) — 600 mil {PDiP)

.

f =B
c 0
g 5
g h
g )
g O
g 3]
g i
d 1]
d i
g Hh D
by h
d 0
g i)
q h
I o
g 1]
d n
{ 02
n { o1

Units INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 40 40

Pitch D 100 2.54
Top to Seating Plane A 160 75 190 406 445 4.83
Moided Package Thickness T AD 140 A50 180 3zl asl 1.06
Base to Seating Plane Al 015 0.38

Shoutder to Shoulder Width E 595 ;600 625 15.41 15.24 15.88
Molded Package Width E1 530 545 660 13.46 13.84 14.22
Cverall Length o 2.045 2.058 2,065 5194 52.26 5245
Tip to Seating Plane L 120 130 135 3.05 3.30 3.43
Lead Thickness c 008 012 015 0.20 0.29 0.38
Upper Lead Widih B1 030 060 070 0.76 1.27 1.78
Lower Lead Width B 014 018 022 0.36 0.46 0.56
Overall Row Spacing § eB 620 850 680 15,75 18.5t 17.27
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottomn B 5 10 15 5 10 15
* Contralling Parameter

§ Significant Characteristic

Notes: ’

Dimensions Drand £1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed

M0 (0.254mm) per side.

JEDEC Equivalent MO-01

Drawing No. C04-016

L ]
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MICROCHIP _ 24AA256/24L.C256/24FC256

256K 12C™ CMOS Serial EEPROM

L e
Device Selection Table
Part Voo Max. Clock | Temp.
Number Range Frequency | Ranges
24AA256 | 1.8-5.5V | 400 kHzt! I
241C256 | 2555V 400 kHz N3
24FC256 | 1.8-55V 1 MHz( !
Note 1: 100 kHz for VoG < 2.5V.

2: 400 kHz for Vcc < 2.5V,

Features

« Low-power CMOS technology:
- Maximum write current 3 mA at 5.5V
- Maximum read eurrent 400 pA at 5.5V
- Standby current 100 nA typical at 5.5V

Description

The Microchip Technology Inc. 24AA256/241L.C256/
24FC256 (24XX256) is a 32K x 8 (256 Kbit) Serial
Electrically Erasable PROM, capable of operation
across a broad voltage range {1.8V to 5.5V). It has
been developed for advanced, low-power applications
such as personal communications or data acquisition.
This device also has a page write capability of up io 64
bytes of data. This device is capable of both random
and sequential reads up to the 256K boundary.
Functional address lines allow up to eight devices on
the same bus, for up to 2 Mbit address space. This
device is available in the standard 8-pin plastic DIP,
S0IC, TSSOP, MSOP, DFN and 14-lead TSSOP
packages.

Block Diagram

« 2-wire serial interface bus, I’C™ compatible
+ Cascadable for up to eight devices AQ A1A2 WP [ HV Generator |
« Self-timed erase/write cycle
= B4-byte Page Write mode available | I
+ 5ms max. write cycle time Gonrol =+l G’ |-ixoec] 7] EEFROM
» Hardware write-protect for entire array Logic Logic
« Output slope control to eliminate ground bounce i Page '-la‘“"es
= Schmiit Trigger inputs for noise suppression
. i SCL
1,000,000 -eraf.selwrlte cycles . YOEC |
» Electrostatic discharge protection > 4000V ;
» Data retention > 200 years
» 8-pin PDIP, SOIC, TSSOP, MSOP and DFN Vee [
packages, 14-lead TSSOP package Ves [ .| sense Amp.
- Standard and Pb-free finishes available RAW Control
» Temperaiure ranges:
- -Industrial 1): -40°C 1o +85°C
- Automotive (E): -40°C to +125°C
Package Types
PDIFISOIC  TSSOPMSOP * TSSOP DFN
L. S T q
AG ] Vee Aol 1 8 ™M vee ’;‘1’“;12 12:;‘;‘;: Afie o sfvec
Al Fwe A1C] 2 g 7 we NG o 3 § 1:"’-2:|NC Al 2 § 7 wep
NC o 4 NG .
A2 Jscl aecds ® sfhsct nools @ 10Rawe A2 2 @ sjsa
[JspA  vsspcj4 sfuson A2 ishe Bl M by
Mote: * Pins AD and A1 are no connects for the MSOP package only.

*24XX256 ts used in this document as a generic part number for the 24AA256/241 C256/24F C256 devices.

® 2004 Microchip Technology Inc.

114

D3$21203M-page 1



24AA256/24L.C256/24FC256

___

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(f)

oo 2 SO RO U 6.5V
Allinputs and OULPULS WL WSS ..ot st et st ass s s s snsem s s st e -0.6V to Vcc +1.0V
SEOTAGE TOMPEIALLIE ..o st s e sre e s re s s b ebesra s sasbe st eacses b eas et eassestesmata enmassnssem senmsmsaean -65°C to +150°C
Ambient temperature with power applied rermrmnsaremenreennnennnene<40°C 10 +125°C
ESD protection on all pins rererrser s et eriete s neen s aenanae s s 24 kV

+ NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operational listings of this specification is not implied. Exposure fo Absolute Maximum Rating
conditions for extended periods may affect device refiability.

TABLE 1-1: DC CHARACTERISTICS

Electrical Characteristics:
DC CHARACTERISTICS Industrial {I): Vec=+1.8Vto 55V Ta=-40°Cto +85°C
Automotive (E): Veec=+25Vt05.5V  Ta=-40°C to +125°C
P::::m. Sym Characteristic Min Max Units Conditions
D1 — AQ, A1, A2, SCL, SDA — — e
and WP pins:
D2 ViH High-level input voitage | 0.7 Vco — Vo | i
D3 ViL Low-level input voltage — 0.3 Vce V' Ve = 2.5V
0.2Vvee vV IVoc <25V
D4 VHYS Hysteresis of Schmitt 0.05Vce — V  {Vee = 2.5V (Note)
Trigger inputs
{SDA, SCL pins}
D5 VoL Low-level output voltage — 0.40 Y loL = 3.0 ma @ Vcoe = 4.5V
loL = 2.1 ma @ Vcc = 2.5V
D6 (1] Input leakage current — 11 pA | VIN = V5SS or Voo, WP = Vss
ViN = Vss or Vee, WP = Ve
D7 Lo Output leakage current —_ +1 pA | Vout=VssorVee
D8 CiN, Pin capacitance — 10 pF | Vce = 5.0V {Note)
Cour (all inputsfoutputs) Ta=25°C,fc =1 MHz
D9 lcc Read | Operating current — 400 pA  |Vee = 5.5V, SCL =400 kHz
lcc Write — 3 mA |Vcc=5.5V
D10 iccs Standby cusrent — 1 pA | Ta=-40°C to +85°C
SCL = SDA = Vcc = 5.5V
AQ, A1, A2 WP =Vss
— 5 UA | Ta=-40°C to +125°C
SCL =SDA =Vcec = 5.5V
AD, A1, A2, WP = Vss

Note: This parameter is periodically sampled and not 100% tested.

%
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TABLE 1-2:  AC CHARACTERISTICS

Electrical Characteristics:
AC CHARACTERISTICS Industrial {f): Veec=+1.8Vto 5.5V Ta=-40°C {0 +85°C
Automotive (E): VCe=+25V10 58V TA=-40°C to +125°C
Pa’:l'zm. Sym Characteristic Min Max Units Conditions
1 FCLK Clock frequency — 100 kHz |1.8V<Veooc<25V
—_ 400 25V <Vec<55V
— 400 1.8V < Ve < 2.5V 24FC256
— 1000 2.5V <Vee £ 5.5V 24FC256
2 TuigH | Clock high time 4000 e ns |18V <VCcCc <25V
600 — 25V <Vec <55V
600 — 1.8V < Vce < 2.5V 24FC256
500 — 2.5V £ Voo < 5.5V 24FC256
3 TLow [ Clock low time o 4700 — ns {18V<Vcc<25V T
1300 — 25V <Voc <55V
1300 — 1.8V £ VCo < 2.8V 24FC256
500 - 2.5V £ Voo < 5.5V 24FC256
4 TR SDA and SCL rise time — 1000 ns |18V<Veec<25V
(Note 1) — 300 25V <Vcc <55V
— 300 1.8V < VCC < 5.5V 24FC256
5 TF SDA and SCL fall time: — 300 ns ] All except, 24FC256
{Note 1) — 100 1.8V < Ve £ 5.5V 24FC256
& THD;STA | Start condition hold time 4000 — ns |1.8V<Vecec< 25V
600 — 25V Ve £ 55V
600 — 1.8V £VCC < 2.5V 24FC256
250 — 2.5V Ve < 5.5V 24FC256
7 Tsu:sTA { Start condition setup time 4700 e ns [(1.8VsVec <25V
600 — 25V <Vec <55V
600 — 1.8V < Voo < 2.5V 24FC256
250 — 2.5V Voo £ 5.5V 24FC266
8 THD:DAT | Data input hold time 0 —_ ns |{{Note 2)
9 Tsu:pAT | Data input setup time 250 — ns |1.8vVsVcc<25V
100 — 2.5V <Vee £ 5.5V
100 — 1.8V £ VCo = 5.5V 24FC256
10 Tsu:sTO | Stop condition setup time 4000 — ns |[1.8V<vecc<25v
600 - 25V <vVec <55V
600 — 1.8V < VCe < 2.5V 24FC256
250 — 2.5V < Vce £ 5.5V 24FC256
" Tsu:we | WP setup time 4000 — ns [1.8V<Vee <25V
800 — 2.5V Voo = 5.5V
600 — 1.8V s Vee £ 5.5V 24FC258
12 THo:we | WP hold time 4700 — ns 1.8V < Vee < 2.5V
1300 — 25vVsVee <55V
1300 — 1.8V 2 Vee £ 5.5V 24FC256

Note 1: Not 100% tested. Cs = total capacitance of one bus line in pF.

2:  As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region
{minimum 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

3: The combined TsP and VHYS specifications are due to new Schmitt Trigger inputs, which provide improved
noise spike suppression. This eliminates the need for a Ti specification for standard operation.

4. This parameter is not tested but ensured by characterization. For endurance estimates in a specific
application, please consult the Total Endurance™ Model, which can be obtained from Microchip’s web site:
www.microchip.com.

L o
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24AA256/241. C256/24FC256

Electrical Characteristics:
AC CHARACTERISTICS (Continued) Industriai (I): Vec=+1.8Vio 55V  Ta=-40°Cto +85°C
Automotive (E): Vec=+25Vio 55V TA=-40°Cto +125°C
Paerm. Sym Characteristic Min Max Units Conditions
13 TaA Qutput vaiid from clock — 3500 ns |1.8V<Vcc<25V
(Note 2) — 4900 25V<vec <55V
— 900 1.8V £ VCC < 2.5V 24FC256
— 400 2.5V s VCe £ 5.5V 24FC256
14 TBUF Bus free time: Time the bus 4700 — ns |1.8VsVec<25V
must be free before a new 1300 -— 25V<Veec <55V
transmission can start 1300 — 1.8V < Vce < 2,5V 24FC256
500 — 2.5V < Vce € 5.5V 24FC256
15 Tor Qutput fall time from VIH 10 +0.1CB 250 ns | Ali except, 24FC256 (Note 1)
minimum to VIL maximum 250
CB <100 pF
18 Tsp Input filter spike suppression — 50 ns | All except, 24FC256 {(Notes 1
(SDA and SCL pins} and 3)
17 Twe Wirite cycle time (byte or — 5 ms |—
page)
18 = Endurance 1,000,000 = cycles |25°C (Note 4)

Note 1: Not 100% tested. CB = total capacitance of one bus line in pF.

2: As a transmitter, the device must provide an infernal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL 1o avoid unintended generation of Start or Stop conditions.

3: The combined TsP and VHYS specifications are due to new Schmiit Trigger inputs, which provide improved
noise spike suppression. This eliminates the need for a Ti specification for standard operation.

4: This parameter is not tested but ensured by characterization. For endurance estimates in a specific
application, please consult the Totai Endurance™ Model, which can be obfained from Microchip’s web site:
www.microchip.com.

FIGURE 1-1: BUS TIMING DATA
5
o—— 2 et
SCL
! 3
) .

SDA

IN 6

SDA ><
ouT
tected AL
WP (protected) 1 | t—1 2-+2<
{unprotected) A

- _____________________________]
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20 PIN DESCRIPTIONS

The descriptions of the pins are listed in Tabie 2-1.

TABLE 2-1; PIN FUNCTION TABLE
ame | 05 | 300 | B | ratm | i | b Functo
AD 1 1 1 1 — 1 User Configurable Chip Select
Al 2 2 2 2 —_ 2 User Configurable Chip Select
{NC) — — — 3,4,5 1,2 — | Not Connecied
A2 3 3 3 6 3 3 User Configurable Chip Select
Vsg 4 4 4 7 4 4 Ground
SDA 5 5 5 8 5 5 Serial Data
SCL 6 6 8 9 6 6 Serial Clock
{NC) —_ — — 10, 11, 12 —_ —_ Not Connected
wP 7 13 7 Wirite-Protect Input
VCG 8 8 8 14 8 ] +1.8V to 5.5V (24AA256)
+2.5V to 5.5V (24LC256)
+1.8V to 5.5V (24FC256)

21 A0, A1, A2 Chip Address Inputs

The AD, A1 and AZ inputs are used by the 24XX256 for
multiple device operations. The levels on these inputs
are compared with the corresponding bits in the slave
address. The chip is selected if the compare is true.

For the MSOP package only, pins A0 and A1 are not
cornected.

Up to eight devices (two for the MSOP package) may
be connected to the same bus by using different Chip -
Select bit combinations. If these pins are left
unconnecied, the inputs will be pulled down internally
to Vss. If they are tied to Vcc or driven high, the internal
puli-down circuitry is disabled.

In most applications, the chip address inputs AO, A1
and A2 are hard-wired to logic '0’ or logic '1’. For
applications in which these pins are controlied by a
microcontrolier or other programmable device, the chip
address pins must be driven fo logic ‘0’ or logic ‘1’
before normal device operation can proceed.

2.2  Serial Data (SDA)

This is a bidirectional pin used to transfer addresses
and data into and out of the device. It is an open drain
terminal. Therefore, the SDA bus requires a puil-up
resistor to Voo (typical 10 kQ for 100 kHz, 2 k£ for
400 kHz and 1 MHz).

For normal data transfer, SDA is allowed io change
only during SCL low. Changes during SCL high are
reserved for indicating the Start and Stop conditions.

2.3  Serial Clock (SCL)

This input is used to synchronize the data transfer to
and from the device.

2.4  Write-Protect (WP)

This pin can be connected to either Vss, Vce or left
floating. Internal pull-down circuitry on this pin will keep
the device in the unprotected state if left floating. If tied
to Va3 or left floating, normal memory operation is
enabled (read/write the entire memory 0000-7FFF).

If tied to Vcc, write operations are inhibited. Read
operations are not affected.

3.0 FUNCTIONAL DESCRIPTION

The 24XX256 supports a bidirectional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter and a device
receiving data as a receiver. The bus must be
controlled by a master device which generates the
generates the Start and Stop conditions while the
24XX256 works as a stave. Both master andg slave can
operate as a transmitter or receiver, but the master
device determines which mode is activated.

T
® 2004 Microchip Technology Inc.
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40 BUS CHARACTERISTICS

The following bus protocol has been defined:
» Data transfer may be initiated only when the bus
is not busy.

» During dats transfer, the data line must remain
stable whenever the clock line is high. Changes
in the data fine, while the clock line is high, will be
interpreted as a Start or Stop condition.

Accordingly, the foliowing bus conditions have been
defined (Figure 4-1).
41 Bus not Busy (A)

Both data and clock lines remmain high.

4.2  Start Data Transfer (B)

A high-to-low transition of the SDA line while the clock
(SCL) is high, determines a Start condition. All
commands must be preceded by a Siart condition.

4.3  Stop Data Transfer (C)

A low-to-high transition ¢f the SDA line, while the clock
(SCL} is high, determines a Siop condition. Aff
operations must end with a Stop condition.

4.4  Data Valid (D)

The state of the data line represents valid data when,
after a Start condition, the data line is stable for the
duration of the high period of the clock signat.

The data on the line must be changed during the low
period of the clock signal. There is one bit of data per
clock pulse.

Each data transfer is initiated with a Start condition and
terminated with a Stop condition. The number of the
data bytes transferred between the Siart and Stop
conditions is determined by the master device.

45  Acknowledge

Each receiving device, when addressed, is obliged to

generate an Acknowledge signal after the reception of

each byte. The master device must generate an extra

clock puise which is associated with this Acknowledge
bit.

Note: = The 24XX256 does not generate any

' - Acknowledge bits if an internal

- programming cycle is in progress.

A device that acknowledges must puli down the SDA
line during the acknowledge clock pulse in such a way
that ithe SDA ling is stable low during the high period of
the acknowledge related clock pulse. Of course, setup
and hold times must be taken into account. During
reads, a master must signal an end of data to the slave
by NOT generating an Acknowledge bit on the |ast byte
that has been clocked out of the slave. In this case, the
slave (24XX256) will leave the dala line high to enable
the master to generate the Stop condition.

DS21203M-page &

© 2004 Microchip Technology Inc.

119



24AA256/241.C256/24FC256

FIGURE 4-1:

DATA TRANSFER SEQUENCE ON THE SERIJAL BUS

(A} | (B) ©) ©)

SCL

"y

(€} &)

S0A —-\ /

A

e L .- y R,
Start Address or Data Stop
Condition Acknowiedge Allowed Condition
Valid to Change
FIGURE 4-2: ACKNOWLEDGE TIMING
Acknowledge
Bit
—
SCL 1 2 3\ [41 [s\ fel [7\ /s \_/; 1 2y /3
SDA l _ { Data from transmitter | | Data from transmitter | |

Transmitter must release the SDA line at this point,
allowing the Receiver fo pull the SDA fine low to
acknowiedge the previous eight bits of data.

B .

Receiver must release the SDA line
at this point so the Transmitter can
continue sending data.

@ 2004 Microchip Technology fnc.
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5.0 DEVICE ADDRESSING

A control byte is the first byte received following the
Start condition from the master device (Figure 5-1).
The control byte consists of a 4-bit control code, For the
24X X256, this is set as '1 010’ binary for read and write
operations. The next three bits of the control byte are
the Chip Select bits (A2, A1, AD). The Chip Select bits
allow the use of up to eight 24XX256 devices on the
same bus and are used fo select which device is
accessed. The Chip Select bits in the control byte must
correspond to the logic levels on the corresponding A2,
A1 and AQ pins for the device to respond. These bits
are, in effect, the three Most Significant bits of the word
address.

For the MSOP package, the A0 and A1 pins are not
connected. During device addressing, the AD and A1
Chip Select bits (Figures 5-1 and 5-2) should be set to
‘0. Only two 24XX256 MSOP packages can he
connected to the same bus.

The last bit of the control byte defines the operation to
be performed. When set to a one, a read operation is
selected. When set to a zero, a write operation is
selected. The next two bytes received define the
address of the first data byte (Figure 5-2). Because
only Al14.. A0 are used, the upper address bits are a
“don’'t care.” The upper address hits are transferred
first, followed by the less significant bits.

Following the Start condition, the 24XX256 monitors
the SDA bus checking the device type identifier being
transmitted. Upon receiving 2 ‘1010’ code and appro-
priate device select bits, the slave device outputs an
Acknowledge signal on the SDA line. Depending on the
state of the R/W bit, the 24XX256 will select 2 read or
write operation.

FIGURE 5-1: CONTROL BYTE
FORMAT
Read/Write Bit
Chip Selact
Control Cade Bits
f T ]
s|1 0| 1| 0|aAz2]Al AORIWIACK
i {
T Slave Address
Start Bit

Acknowledge Bit

5.1  Contiguous Addressing Across

Mulitiple Devices

The Chip Select bits A2, A1 and AQ can be used to
expand the contiguous address space for up to 2 Mbit
by adding up to eight 24XX256s on the same bus. in
this case, software can use AQ of the control byte as
address bit A15; A1 as address bit A16; and A2 as
address bit A17. It is not possible fo sequentially read
across device boundaries.

For the MSOP package, up to two 24XX256 devices
can be added for up to 512 Kbit of address space. In
this case, software can use A2 of the control byte as
address bit A17. Bits A0 (A15) and At (A16) of the
control byte must always be set to a logic ‘0’ for the
MSOP.

FIGURE 5-2: ADDRESS SEQUENCE BIT ASSIGNMENTS
Control Byte Address High Byte Address Low Byte
A A _A
™ r~ ™ ' N
AlALA LT Al A AlA|ATA A A
TIop o2 T o RW | X14a]43]12|11[10{ 9 |8 70 e
L M I - T
Controt Chip _ . i
Code Select X = don't care bit
Bits
o
D521203M-page 8 © 2004 Microchip Technoiogy ine.
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6.0 WRITE OPERATIONS

6.1 Byte Write

Following the Start condition from the master, the
control code (four bits), the Chip Select (three bits) and
the RW bit (which is a logic low) are clocked onto the
bus by the master transmitter. This indicates to the
addressed slave receiver that the address high byte will
foliow after it has generated an Acknowledge bit during
the ninth clock cycle. Therefore, the next byte
transmitted by the master is the high-order byte of the
word address and will be written into the address
pointer of the 24XX256. The next byte is the Least
Significant Address Byte. After receiving another
Acknowiedge signal from the 24XX256, the master
device will transmit the data word to be written inio the
addressed memory location. The 24XX256 acknowl-
edges again and the master generates a Stop
condition. This initiates the intemal write cycle and
during this time, the 24XX256 will not generate
Acknowledge signals (Figure 6-1). If an attempt is

pointer bits are internally incremented by one. If the
master should transmit more than 64 bytes prior to
generating the Stop condition, the address counter will
rolf over and the previously received data will be over-
written. As with the byte write operation, once the Stop
condition is received, an internal write cycle will begin
(Figure 6-2). if an attempt is made to write to the array
with the WP pin held high, the device will acknowledge
the eemmand, but no write cycle will occur, no data will
be written and the device wili immediately accept a new
command.

6.3 Write-Protection

The WP pin allows the user to write-protect the entire
array (0000-7FFF) when the pin is tied to Vcc. If tied to
Vss or left fioating, the write protection is disabled. The
WP pin is sampled at the Stop bit for every Write
command (Figure 1-1). Toggling the WP pin after the
Stop bit will have no effect on the execution of the write
cycle.

made to write ta the array with the WP pin heid high, the Note:  Page write operations are limited to writing.
device will acknowledge the command but no write : bytes within a eingle physical page,
cycle will occur, no data will be written, and the device regardiess of the number of bytes actually
will immediately accept a new command. After a byte being written. Physical page boundaries
Write command, the intemal address counter will point stat at addresses that are integer
to the address location following the one that was just multiples of the page buffer size (or ‘page
written. size’) and end at addresses thal are
integer muliiples of [page size - 1]. If &
. Page Write command attempis to write
6.2 Page Write across a physical page boundary, the
The write control byte, word address and the first data result is that the data wraps around fo the
byte are transmitted to the 24XX256 in much the same beginning of the current page (overwriting
way as in & byte write. The exception is that instead of data previously stored there), instead of
generating a Stop condition, the master transmits up to being written to the next page, as might be
63 additional bytes, which are temporarily stored in the expected. itis, therefore, necessary for the
On_chip page buffef’ and will be written into memary appllcation software to prevent page wiite
once the master has transmitted 2 Stop condition. operations that would attempt to cross a
Upon receipt of each word, the six iower address page boundary.
FIGURE 6-1: BYTE WRITE
S
hBﬂL}J\g_?éJ F\T ity 1 Control I-}ddress Address ?
R Byte High Byte Low Byte Data G
SDA LINE T A \ - A S NASUU U N -
ALALA
BUS ACTIVITY o021 ol X H
o A A A
X = don't care bit C C C c
K K K
FIGURE 6-2: PAGE WRITE
BUS ACTIVITY ? ) 3
MASTER A Cantro! Address Address T
R Byte High Byte Low Byte Data Byte 0 DaiaByle63 O
SDALINE AAAL TTTTTT) T TT T T T T T
——'W—”"'1010|2I1|00[[X|III||| | SO I I | )b 1 1 1 ¢} . o N R O O S | H
BUS ACTIVITY - A AN A
X = don't care bit E ¢ ¢ E ¢
VAR e

@ 2004 Microchip Technology Inc.
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7.0

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cycle is
complete {This feature can be used to maximize bus
throughput). Once the Siop condition for a Write
command has been issued from the master, the device
initiates the internally timed write cycle. ACK polling
can be initiated immediately. This involves the master
sending a Start condition, followed by the control byte
for a Write command (R/W = 0). If the device is still
busy with the write cycle, then no ACK will be returried.
if no ACK is returned, the Start bit and control byte must
be resent. If the cycle is complete, then the device will
return the ACK and the master can then proceed with
the next Read or Write command. See Figure 7-1 for
flow diagram.

ACKNOWLEDGE POLLING

FIGURE 7-1: ACKNOWLEDGE

POLLING FLOW

Send
Write Command

Y

Send Stop
Condition to
Initiate Write Cycie

:

Send Start < [

+

Send Control Byte
with R/W = o

NO

cknowledge
ACK =10)?

YES

Next
Operation

DS21203M-page 10

123

® 2004 Microchip Technology Inc.



24AA256/241.C256/24FC256

8.0 READ OPERATION

Read operations are initiated in much the same way as
write operations, with the exception that the R/W bit of
the control byte is set to '1". There are three basic types
of read aperations: current address read, random read
and sequential read.

81

The 24XX256 cantains an address counter that main-
tains the address of the last word accessed, internally
incremented by ‘1’. Therefore, if the previous read
access was fo address n (n is any legal address), the
next current address read operation would access data
from address n + 1.

Upon receipt of the control byte with RAW bit set to ‘1,
the 24XX256 issues an acknowledge and transmits the
8-bit data word. The master will not acknowledge the
transfer, but does generats a Stop condition and the
24XX256 discontinues transmission (Figure 8-1).

Current Address Read

8.2

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read operation, the word address must first
be set. This is done by sending the word address to the
24XX256 as part of a write operation (R/W bit set to
‘0"). Once the word address is sent, the master gener-
ates a Start condition following the acknowledge. This
terminates the write operation, but not before the
internal address pointer is set. The master then issues
the control byte again, but with the RAW bit setto a one.
The 24XX256 will then issue an acknowledge and
transmit the 8-bit data word. The master will not
acknowledge the transfer, though it does generate a
Stop condition, which causes the 24XX2586 to discon-
tinue transmission (Figure 8-2). After a random Read
command, the internal address counter will point to the
address location following the one that was just read.

Random Read

8.3 Sequential Read

Seqguential reads are initiated in the same way as a

FIGURE 8-1: CURRENT ADDRESS random read except that after the 24XX266 transmits
READ the first data byte, the master issues an acknowledge
8 as opposed to the Stop condition used in a random
BUS ACTIVITY 1 Conitroi Data ? read. This acknowledge directs the 24XX256 to
MASTER R Bile B/y\te o transmit the next sequentially addressed 8-bit word
| e L AT T (Figure 8-3). Following the final byte transmitted to the
SDAL I1[0]1|0 2100 |y 01y H master, the master will NOT generate an acknowledge,
A N but will generate a Stop condition. To provide sequen-
BUS ACTIVITY ¢ 0 tial reads, the 24XX256 contains an intemal address
'é pointer which is incremented by one at the completion
K of each operation. This address pointer allows the
entire memery contents to be serially read during one
operation. The internal address pointer will
automatically roll over from address 7FFF to address
0000 if the master acknowledges the byte received
from the array address TFFF.
FIGURE 8-2: RANDOM READ
s S
Ell;lé_?EC[;HVlTY }; Control Address Address X Control Data $
o R Byte High Byte l.ow Byle R Byte Byte 0
Tf A ™ A ™y A ™ T/ A ™ A ™y P
SDA LINE AlAlA TY T 1T TTTTTTEI AlAA TTT T T 1T ,
1010210()'1)(”]"' LE g by |S_I1l0|1102101 Lba 1314 [El
A A A N
BUS ACTIVITY c C C c o]
K K A
X =don’t carg hit c
FIGURE 8-3: SEQUENTIAL READ
BUS ACTIVITY  Comtrol . | 3
MASTER Byte Data (n) Data {n + 1) Data (n +2) Data(n+X) o
A N - A _ A B A . P
"”T]IIIIIII TTTTTTT TTFTTTT T T T[]
SDA LINE O A B I O LI i I L f il gy llilillu
A A A Al N
C C [+ c O
BUS ACTIVITY K K K K A
¢

® 2004 Microchip Technology Inc.
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4FC256

Package Marking Information (Continued)

8-Lead MSOP Example:
[ T
XXXXXT 41 2561
YWWNNN 101017
8-Lead DFN-S Example:
XOCKKAKX 24LC256
THOKX IMF
YYWW YYWwW
SONNN SO NNN
14-Lead TSSOP Example:
LANOANT NIRIEIA
XXHOOKXXT 24102561
YYww AN 6110
NNN- | , 017 |

Uiy

I

TSSOP Package Codes MSOP Package Codes
Part No. STD - Pb-free STD Pb-free
24AA256 4AD G4AD 4A256 G4AD
241 C256 aLD G4LD 41256 GALD
24FC256 4FD GAFD 4F256 G4FD
IO

© 2004 Microchip Technology Inc. DS21203M-page 13
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24AA256/24L.C256/24FC256

‘8-Lead Plastic Dual In-line {P) — 300 mil (PDIP)

oo £ it

Q

o
t— > —pnr]

Units. INCHES* MILLIMETERS
Dimension Limits MIN NOM MAX MiN NOM MAX
Number of Pins n 8 8
Pitch P 100 2.54
Top to Sealing Plane A 140 155 AT -3.56 3.94 4.32
Molded Package Thickness A2 115 30 .145 292 3.30 3.68
Base to Seating Plane Al 15 0.38 )
Shoulder to Shoulder Width E 300 313 325 7.62 7.94 8.26
‘| Molded Package Width.. .. ...} -E1.} 246 .. -....250 _...280 GA0{ . . .6.351]..
Qverall Length o | @l 373] 385 9.14{  946[
Tip to Seating Plane L 125 130 135 3.18 3.30 E
Lead Thickness c 008 012 015 0.20 0.29 0.38
Upper Lead Width B1 045 058 L70 1.4 1486 1.78
Lower Lead Width B 014 018 022 0.36 (.46 0.56
Overall Row Spacing §| eB 310 370 430 7.87 9.40 10.82
Mold Draft Angle Top o | 5| 10} 15 5f (i 15
Muold Draft Angle Bottom B 5 10 15 5 10 15
* Controlling Parameter
§ Significant Characteristic
Motes:
Dimensions D and E1 do not include mold fiash or protrusions. Mold flash or protrusions shall hot excead
010" (0.254mm} per side.

JEDEC Equivalent; MS-001
Drawing No. C04-018

DS21203M-page 14 : ® 2004 Microchip Technology Inc.
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9.0 PACKAGING INFORMATION

9.1 Package Marking Information

8-Lead PDIP (300 mit) Example:

i O i W i s ol
XOOOKAXX 24AA256
TRCINNN WPQ17 0

) 031!

o S| lo®
H LA RS L] I LILCILT
8-Lead SOIC (150 mil) Example:

1001

24LC256

I/SNO310

o So17

IRl

8-Lead SOIC (208 mil) Example:
0010 [
241.C256
118M
- 0340017
o
IR
8-Lead TSSOP Example:
o | XXX = e 4Ap ==
— O TYWW — S O 1301 [
=R w2 SR o 2

Legend: XX..X Customer specific information*®

' T Temperature grade (|, E}
Y Year code (last digit of calendar year)
YY Year code (Jast 2 digits of calendar year)
WW  Week code (week of January 1.is week ‘019
NNN Alphanumeric traceability code

Note:In the event the full Microchip part number cannot be marked on ane line, it will be
carried over t6 the next line thus limiting the number of available characters for eustomer |
specific information.

*Standard device marking consists of Microchip part number, year code, week cdde, and traceability code. For
davice 'mé'r'_ki'r'!g bé'yﬁr_'!ﬁ .tﬁi_é,_f:éﬂéiﬁ pticé ,éd_défé é'p'pl'y’.r Please chéck with your Mi(:i‘t_')f_:hi'p S_'éléé Office,

i IV ——
5821203M-page 12 ® 2004 Microchip Technolagy Inc.
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RX433

The RF moduie's frequency is from UHF ASK 300MHz to 434MHz
' High sensitivity passive design
4800 B/S baseboard dafa rate
simple to apply with low external parts count
Low supply voltage Vee = 5VDG
ASK Dala Shapin Comparator Included

DC Characteristics
: Parameter Conditions - Min | Typ | Max | Unit
Vec | Operating Supply Voltage 49 5 5,1 Vv
{ tot Operating Supply Voltage - 4.5 - mA
V data | Data Out | Data=-200 pAi | Voc-0,5 vec Vi
| Data = -10 pA (low) - 0,3 \V
Electrical Characteristics
Characteristics SYM Min Typ Max Unit
Operating Radio Frequency Fc 300-434 MHz
Sensitivity Pref. -108 dBm
Channel Width =+/- 500 kHz
Noise Equivalent BW NEB. i 5 4 kHz
Baseboard data rate 3 kb/s
Receiver turn on time 5 ms
TX433
The RF module s frequency is from UHF ASK 300MHz to 434MHz
The RF module's frequency depends on the quartz surface acoustic wave (saw)
of different frequency . The following space is suitable for any frequency.
Electrical Characteristics
Symbol | Characteristics Conditions Min Typ Max Unit
vee Operating Supply Vollage 1,5 12 Vi
lcc Peak Current 5 9 mA
Vih 1 input Low Voitage 11Data = 100pA Vee-0,5 Vee v
{High)
Vil Absolute Frequency I Data = OpA (Law) 0,3 \
.Fo  Relative 0 433.92MHz , 3148 | 315 | 3152 | MHz
Dfo RF Out power into 500ohm =4+/-150 | =+/-200} kHz
Po Modulation bandwidth External Cording -3 0 2 dBm
5 kHz
11r | Modulation Rise tme 100 1 s |
Tf Modulation Fall time 100 HS

Notes . (case temperature = /25°C, test load impedance = 50ohm
' and modulation input is at logic high Low unless noted outerwise)
The RF module not included digital encoder.

. Caution : Electrostatic sensitive device. Observe Erecautions for handling.
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HD44780U (LCD-II)

(Dot Matrix Liquid Crystal Display Controller/Driver)

HITACHI

ADE-207-272(Z)
'‘99.9
Rev. 0.0

Description

The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumerics,
Japanese kana characters, and symbols. It can be configured to drive a dot-matrix liquid crystal display
under the control of a 4- or 8-bit microprocessor. Since all the functions such as display RAM, character
generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally
provided on one chip, a minimal system can be interfaced with this controller/driver.

A single HD44780U can display up to one 8-character line or two 8-character lines.

The HD44780U has pin function compatibility with the HD447808 which allows the user to easily replace
an LCD-II with an HD44780U. The HD44780U character generator ROM is extended to generate 208 5 x
8 dot character fonts and 32 5 x 10 dot character fonts for a total of 240 different character fonts,

The low power supply (2.7V to 5.5V) of the HD44780U is suitable for any portable battery-driven product
requiring low power dissipation.

Features

e 5x8and S5 x 10 dot matrix possible

¢ Low power operation support:
— 2.7t05.5V

o  Wide range of liquid crystal display driver power
— 30t 11V

+ Liquid crystal drive waveform
— A (One line frequency AC waveform)

e Correspond to high speed MPU bus interface
— 2 MHz (when V. = 5V)

¢ 4-bit or 8-bit MPU interface enabled

¢ 80 x 8-bit display RAM (80 characters max.)

s 9 .920-bit character generator ROM for a total of 240 charaeter fonts
— 208 character fonts (5 x § dot)
— 32 character fonts (5 x 10 dot)

HITAB&-II 1



HD44780U

s 64 x &-bit character generator RAM
— 8 character fonts (5 x 8 dot)
— 4 character fonts (5 % 10 dot)
¢ 16-common x 40-segment liquid crystal display driver
o Programmable duty cycles
—1/8 for one line of 5 X 8 dots with cursor
— 1/11 for one line of 5 x 10 dots with cursor
— 1/16 for two lines of 5 x § dots with cursor
s  Wide range of instruction functions:
— Display clear, cursor home, display on/off, cursor on/off, display character blink, cursor shift,
display shift
¢ Pin function compatibility with HD447808
» Automatic reset circuit that initializes the controller/driver after power on
¢ Internal oscillator with external resistors

» Low power consumption

Ordering Information

Type No. Package CGROM
HD44780UACOFS FP-80B Japanese standard font
HCD44780UAQ00 Chip

'HD44780UA00TF TFP-80F

HD44780UAQ2FS FP-80B European statidard font
HCD44780UAD2 Chip

HD44780UAQ2TF TFP-B0F

HD44780UBxxFS FP-80B Custom font
HCD44780UBxx Chip

HD44780UBxxTF TFP-80F

Note:  xx: ROM code No.

) HITAGHI
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HD44780U Block Diagram
08C1 03C2 - CL1
-~ CL2
Reset ’-J ~
circuit [ imi
Timing
ACL CPG - generator
Instruction | [ -
o |register (IR) ’ ~D
¥ co
_ : Display M1 to
RS _» MPU ";S;ggg:;" data RAM 16-bit || Common | COM16
2 inter- (DDRAM) shift signal — ™
RW -=| face 80 x 8 bits register || driver
E —=i '
4
J Y T T
Address 7 SEG1 to
counter 3 40-bit 40-bit || Segment | SEG40
7 shift latch signal —— =
DB4 to - register | | circuit driver
pB7 ‘ = L
Input/ | g | Data 8y t
DBO to |output[=~"=|register [« 1— - 40
DB3 buffer (DR}
- 8 8 L.CD drive
voltage
Busy selector
flag : , ‘
1y ¥ i
Character Character Cursor
generator generator and
RAM ROM blink
(CGRAM) (CGROM) controller
GND . G4 bytes || 9,920 bits. _
5 5
' L Y
Parallel/senal converter
! and

attribute circuit

AAAAAX

V1 V2 V3 V4 V5
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HD44780U

HD44780U Pin Arrangement (FP-80B)

NN ANRASnEEseenh R

EURCRORURC R RO R R RO R RO RC RO RS

oW LA L) Rl W L Wl ol W oW oW W

HOOBOOOOHOHROEBOHBRD

BB EEENEEEEEER
SEG22 E/ 64] SEG39
SEG21/[2] 63| SEG40
SEG20[ 3] 62| COM16
SEG19.[4 | 61 COM15.
SEG18]5 60| COM14
SEG17 [ 6] 59]COM13
SEG16 7| 58| COM12
SEG15/[8 57] COM11
SEG14[ 9| 56| COM10
SEG13 [10} 55| COM9
SEG12 [11] 54 COMB
SEG11 [12] FP-80B 53lcom7
SEG10 [13] (Top view) 52| COMG
SEG9 [14] 51| COMS
SEGS [15] 50| COM4
SEG7 [16] 491 COM3
SEGS [17] 48] COM2
SEG5 [18] 47| COM1
SEG4 [19] 46| DB7
SEG3 [20] 451DB6
SEG2 [21] 44| DB5
SEG* [22] 43| DB4
GND |23 142|DB3
OSC1 [24] 41/ DB2

AR EREE R R

NN W~ N O [75) woe -

§>523533 87 05 88

. HITA_QE—-—II
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HD44780U Pin Arrangement (TFP-80F)

NARICENEARRaRTR8n38T
OOOOOOOCOOOOO0OOOOVO
[ T T T s T T T T T T TI R TI T T A T TE TR R T |
DN OROOHRADODODNDRDODNDOLONND
SEG20[ 1] 60 |com16
SEG19[ 2 | | 59 |COM15
SEG18| 3 | | 58 |COM14
SEG17[ 4| | 57 |COM13
SEG16[ 5 | | 56 |COM12
SEG15 6 | | 55 [COM11
SEG14[ 7 | | 54 |COM10
SEG13[ 8 | | 53 |COM9
SEG12{ 9 | | 52 |COMS8
SEG11[ 10 | TFP-80F 51 [COM7
SEG10{ 11| (Top view) | 50 |cOM6
SEGS| 12 | 48 |COM5
SEG8[ 13| [ 48 |COM4
SEG7[ 14 | 47 |COM3
SEG6[ 15 | | 46 |COM2
SEG5[ 16 | | 45 [COM1
SEG4 [ 17 | | 44 |DB7
SEG3[ 18| | 431DB6
SEG2[19 | (42 |DB5
SEG1[ 20 41 ]DB4

GND[ 21
osG1[22 |
osc2[23 |
V1|24
v2[ 25 |
v3[26 ]
va[ 27|
V5[ 28|
cLi[2e]
cL2[ 20|
Veo[31]
M| 32

D 33
RS[ 34 |
RAW [ 35 |
E| 36
DBO[ 37 |
DB1[38 |
DB2[ 39 |
DB3[ 40 |

HITA_ﬁJ-I I
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HD44780U Pad Arrangement

2

/_.

Chip size:  4.90 x 4.90 mm?
Coordinate: Pad center (um)
Origin: Chip center

Pad size: 114 x 114 um?

| 0
(=)

M OO0 0oDoDUO0DooUoDoD o

23

Oooo0oo0Oo0ogpoooooccooln ]

63

Type code

O obooooooooouoooo o

Oooooooooooobhooonood

42
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HD44780U

HCD44780U Pad Location Coordinates

Coordinate Coordinate
Pad No. Function |X (um} Y (um) Pad No. Function |X {um) Y (um)
1 SEG22 -2100 2313 41 bB2 2070 ~2290
2 SEG21 —2280 2313 42 DB3 2260 —2290
3 SEG20 -2313 2089 43 DB4 2290 -2099
4 ISEG19 —2313 1833 44 DB5 2290 —1883
5 SEG18 —2313 1617 45 DB6 2290 —1667
6 SEG17 -2313 1401 46 DB7 2290 —1452
7 SEG16 -2313 1186 47 CcOMm1 2313 —1186
8 SEG15 -2313 970 48 COM2 2313 -970
9 SEG14 -2313 755 49 COM3 2313 —755
10 SEG13 -2313 539 50 COM4 2313 -539
11 SEG12 —2313 323 51 COM5 2313 -323
12 SEG11 ~2313 108 52 COM6 2313 -108
13 SEG10 -2313 -108 53 COM7 2313 108
14 SEG9 -2313 -323 54 COM8 2313 323
15 | SEG8 -2313 —539 55 COM9 2313 539
16 SEG7 -2313 —755 56 COM10 2313 785
17 SEG6 -2313 -970 57 COM11 2313 970
18 SEGS -2313 —1186 58 - COM12 2313 1186
19 SEG4 -2313 —1401 59 COM13 2313 1401
20 SEG3 ~2313 -1617 60 COM14 2313 1617
21 SEG2 —2313 -1833 61 COM15 2313 1833
22 SEG1 2313 -2073 62 COM16 2313 2095
23 GND —2280 —2290 63 SEG40 2296 2313
24 0sC1 —2080 —2290 64 SEG39 2100 2313
25 0sC2 —1749 -2290 65 SEG38 1617 2313
26 V1 —1550 —2290 66 SEG37 1401 2313
27 V2 —-1268 —2290 67 SEG36 1186 2313
28 V3 —941 -2290 68 SEG35 970 2313
29 V4 —623 -2290 69 ' SEG34 755 2313
30 V5 -304 -2290 70 SEG33 539 2313
31 CL1 —48 —2290 71 SEG32 323 2313
32 CL2 142 —2290 72 SEG31 108 2313
33 Vi 309 ~2290 |73 SEG30 =108 2313
34 M 475 —2290 74 SEG29 ~323 2313
35 D 665 —2290 75 'SEG28 -539 2313
36 RS 832 -2290 76 SEG27 -755 2313
37 RW 1022 —2290 77 SEG26 -970 2313
38 E 1204 —2290 78 SEG25 ~1186 2313
39 DBO 1454 —2290 79 SEG24 —1401 2313
40 DB1 1684 —2290 | 80 - SEG23 —1617 - 2313
7
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HD44780U

Pin Functions

No. of Device
Signal Lines o Interfaced with  Function
RS 1 | MPU - Selects registers..
0: Instruction register (for write) Busy flag:
address counter (for read)
1: Data register (for write and read)
RW 1 } MPU Selects read or write.
0: Write
1: Read

E I MPU Starts data read/write.

DB4 to DB7 4 I{8] MPU Four high order bidirectional tristafe data bus
pins. Used for data transfer and receive between
the MPU and the HD44780U. DB7 can be used
as a busy flag.

DBO to DB3 4 o MPU Four low arder bidirectional tristate data bus pins.
Used for data transfer and receive between the
MPU and the HD44780U.

These pins are not used during 4-bit operation.

Cl1 1 0 Extension driver  Clock to latch serial data D sent to the extension
driver

CL2 1 0 Extension driver  Clock to shift serial data D

M 1 0 Extension driver  Switch signal for converting the liquid crystal
drive waveform to AC

D 1 0 Extension driver  Character pattern data corresponding to each
segment signal

COM1 to COM16 16 o .CD Common signals that are not used are changed
to non-selection waveforms. COM9 to COM16
are non-selection waveforms at 1/8 duty factor
and COM12 to COM16 are non-selection
waveforms at 1/11 duty factor.

SEG1 to SEG40 40 (8] LCD Segment signals

V1to V5 5 — Pawer supply Power supply for LCD drive
Ve V5 = 11V {max)

Ve, GND 2 — Power supply Voo 2.7V to 5.5V, GND: OV

OSC1, O8SC2 2 — Oscillation When crystal osciliation is performed, a resistor

resistor clock must be connected externally. When the pin input

is an external clock, it must be input to OSC1.

HITAGHI



HD44780U

Function Description

Registers
The HD44780U has two 8-bit registers, an instruction register (IR) and a data register (DR).

The IR stores instruction codes, such as display clear and cursor shift, and address information for display
data RAM (DDRAM) and character generator RAM (CGRAM). The IR can only be written from the MPU.

The DR temporarily stores data to be written into DDRAM or CGRAM and temporarily stores data to be
read from DDRAM or CGRAM. Data written into-the DR from the MPU is automatically written into
DDRAM or CGRAM by an internal operation. The DR is also used for data storage when reading data
from DDRAM or CGRAM. When address information is written into the IR, data is read and then stored
into the DR from DDRAM or CGRAM by an internal operation. Data transfer between the MPU is then
completed when the MPU reads the DR. After the read, data in DDRAM or CGRAM at the nexi address is
sent to the DR for the next read from the MPU. By the register selector (RS) signal, these two registers can
be selected (Table 1).

Busy Flag (BF)

When the busy flag is 1, the HD44780U is in the internal operation mode, and the next instruction will not
be accepted. When RS = 0 and R/W = 1 (Table 1), the busy flag is output to DB7. The next instruction
must be written after ensuring that the busy flag is 0.

Address Couritér (AC)

The address counter (AC) assigns addresses to both DDRAM and CGRAM. When an address of an
instruction is written into the IR, the address information is sent from the IR to the AC. Selection of either
DDRAM or CGRAM is also determined concurrently by the instruction.

After writing into (reading from) DDRAM or CGRAM, the AC is automatically incremented by 1
(decremented by 1). The AC contents are then output to DB0 to DB6 when RS =0 and R/W =1 (Table 1).

Table 1 Register Selection

RS RIW Operation

0 0 IR write as an internal operation (display clear, etc.)

0 1 Read busy flag (DB7) and address counter (DBO to DB6)

1 0 DR write as an internal operation (DR to DDRAM or CGRAM)
1 1 DR read as an internal operation (DDRAM or CGRAM to DR)
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Display Data RAM (DDRAM)

Display data RAM (DDRAM) stores display data represented in 8-bit character codes. Its extended
capacity is 80 X 8 bits, or 80 characters. The area in display data RAM (DDRAM) that is not used for
display can be used as general data RAM. See Figure | for the relationships between DDRAM addresses
and positions on the liquid crystal display.

The DDRAM address (App) is set in the address counter (AC) as hexadecimal.

o l-line display (N = 0) (Figure 2)
—~~ When there are fewer than 80 display characters, the display begins at the head position. For
example, if using only the HD44780, 8 characters are displayed. See Figure 3.
When the display shift operation is performed, the DDRAM address shifts. See Figure 3.

High order Low order
l«+— bits —=le—— bits ——»} Example: DDRAM address 4E
AC
(hexadecimal) [ACBIACS/AC4|ACIAC2 ACTACH 17001110}

Figure 1 DDRAM Address

Display position

(digit). + 2 3 4 =& 79 80
DDRAM

address 00 (011020304 ------v-vnevmenn-- AE | 4F

(hexadecimal)

Figure2 1-Line Display

Display
posiion 1 2 3 4 5 6 7 8

DDRAM [00|01]|02 03'04)05‘06\07
address

;?:;t eft 101/02,03/04)05|06 07;08

For
shift right 4F{00!01102|03/04 05106

Figure 3 1-Line by 8-Character Display Example
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e 2-line display (N = 1) (Figure 4)

— Case 1: When the number of display characters is less than 40 x 2 lines, the two lines are displayed
from the head. Note that the first line end address and the second line start address are not
consecutive. For example, when just the HD44780 is used, 8 characters X 2 lines are displayed. See
Figure 5.

When display shift operation is performed, the DDRAM address shifts. See Figure 5,

Display
position 1 2 3 4 5 3 40
DDRAM 00 01 02 03 04 .................. 26 27
address
(hexadecima)| 40 |41 |42 | 43|44 [--oroovviiin. 66 | 67

Figure 4 2-Line Display

Display
position i 2 3 4 5 6 7 8
DDRAM [00101(02!03104 05|06 |07
address

4014142143 144145 4647
For 01/02(03|04|05|06|07|08
shift left

41]42:43|44)|45/46 47148
For 271000102103 {04 0506
shift right

6714014142143 4414546

Figure 5 2-Line by 8-Character Display Example
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— Case 2: For a 16-character x 2-line display, the HD44780 can be extended using one 40-output
extension driver. See Figure 6.
When display shift operation is performed, the DDRAM address shifts. See Figure 6.

Display
position 1 2 3 4 5 6 7 8 9 10 111213 14 15 16

DDRAM 100(01/02|03{04|05;06]0708|09|0A/0B0C|0D OE|OF

address
40|41|42!43|44(45)46/47/48|4914A4Bl4CIADI4E|4F
D _
Sy g
HD44780U display Extension driver
display
For 0102 03|04]05|0607108|09loAloBlocloploE oFl10
shiftleft | ;40143 44|45/ 46|4748]48laal4Bl4clDl4E| 45 50
For 27/00(01]02/03|04/05|06|07/08|09 0AIOB|OCIOD OE
shift right
67/40[41142|43(44|45/46/47|48/40/4Al4Bl4C/4Dj4E

Figure 6 2-Line by 16-Character Display Example
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Character Generator ROM (CGROM)

The character generator ROM generates 5 X 8 dot or 5x 10 dot character patterns from 8-bit character
codes (Table 4). It can generate 208 5 x 8 dot character patterns and 32 5 x 10 dot character patterns. User-
defined character patterns are also available by mask-programmed ROM.

Character Generator RAM (CGRAM)

In the character generator RAM, the user can rewrite character patterns by program. For 5 x § dots, eight
character patterns can be written, and for 5 x 10 dots, four character patterns can be written.

Write into DDRAM the character codes at the addresses shown as the left column of Table 4 to show the
character patterns stored in CGRAM.

See Table 5 for the relationship between CGRAM addresses and data and display patterns.

Areas that are not used for display can be used as general data RAM.

Modifying Character Patterns
& Character pattern development procedure
The following operations correspond to the mumbers listed in Figure 7:

Determine the correspondence between character codes and character patterns.
Create a listing indicating the correspondence between EPROM addresses and data.
Program the character patterns into the EPROM.

Send the EPROM to Hitachi.

Computer processing on the EPROM is performed at Hitachi to create a character pattern listing, which
is sent to the user.

v oR W N -

6. If there are no problems within the character pattern listing, a trial LSI is created at Hitachi and samples
are sent to the user for evaluation. When it is confirmed by the user that the character patterns are
correctly writien, mass production of the LSI proceeds at Hitachi,

HITAGHI s
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Hitachi User
- Start )
| In—
Computer Determine @
processing character patterns

Create character @
pattern listing

Evaluate

character

patterns
o >

Yes

Art work

Masking

Trial

|

Sample

|

Sample
\ evaluation / ®

‘No

—F___/

Create EPROM @
address data listing

1

Write EPROM €}

|

EPROM — Hitachi

Yes

- Mass
production

Note: For a description of the numbers used in this figure, refer to the preceding page.

Figure 7 Character Pattern Development Procedure
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* Programming chigracter patterns
This section explains the correspondence between addresses and data used to program character patterns
in EPROM. The HD44780U character generator ROM can generate 208 5 x 8 dot character patterns and
32 5 x 10 dot character patterns for a total of 240 different character patterns.
— Character patterns
EPROM address data and character pattern data correspond with each other to forma Sx 8 or 5 x
10 dot character pattern (Tables 2 and 3).

Table 2 Example of Correspondence between EPROM Address Data and Character Pattern

{5 X 8 Dots)
EPROM Address Data

1.SB

A11A10A9 AB A7 AB A5 A4 A3 A2 A1 A0 |04 03 02 0100
0 0 0 C[17:0 0 0 O

000 1/1/0 0 0 0
0010101 110

6 01t 1/1 1ti0 o1}

0 1 0 010 0 o0]1

0 10 1;1/0 0 01

011 011 1 1|0

o1 1t 0 0 0 1 00 t 1+ 1]0 0 0 0 O -+—— Cursor position

1 000/0 06 00 0

10 0 1/0 0 0 0 O

101t 0|0 0 0 0 O

10110 0 0 ¢ O

11 00(0 0 0 0 0

110 1|0 00 0 O

11100 0 0 0 0

111 110 0 0 0 0

Character code Line
position

EPROM addresses A11 to A4 correspond to a character code.

EPROM addresses A3 to AD specify a line position of the character pattern.

EPROM data O4 to O0 correspond to character pattern data.

EPROM data O5 to O7 must be specified as 0.

A lit display position (black} corresponds to a 1.

Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts.

Notes:

IR
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— Handling unused character patterns

1. EPROM data outside the character pattern area: Always input 0s.
2. EPROM data in CGRAM area: Always input 0s. (Input Os to EPROM addresses 00H to FFH.)

Table 3

Notes:

16

EPROM data used when the user does not use any HD44780U character pattern: According to the user

application, handled in one of the two ways listed as follows.

a. When unused character patterns ar¢ not programmed: If an unused character code is written into
DDRAM, all its dots are lit. By not programing a character pattern, ali of its bits become lit. (This is

due to the EPROM being filled with 1s after it is erased.)

b. When unused character patterns are programmmed as 0s: Nothing is displayed even if unused
character codes are written into DDRAM. (This is equivalent to a space.)

(5 x 10 Dots)

EPROM Address

Data

AT1A10A9 A8 AT AG A5 A4 A3 A2 A1 AD

LSB
0403020100

o

“ a0 00 o0Cc o o

—= % 4 A A

o
o
o

QO Q= = a0 0o O

0

o

© o o olaaslo oo

o o olalo o oluajio

BT = T o T N o I e - T - R o
- 0O A QO =2 Ol= 0 =20 a O w o -

e -

(<o T T oo B o B s T |

C OO0 O Q0 OoI0 0 0 =00 [k
oooo_ooocc.—_toc';—\'coo

O o0 O O O

Character code

Line
position

. EPROM addresses A11 to A3 correspond to a character code.

Exaniple of Correspondence between EPROM Address Data and Character Pattern

~a———  Cursor position

. EPROM addresses A3 16 AQ specify a line position of the character pattern.

1
2

3. EPROM data O4 to OO0 correspond ta character pattern data.
4. EPROM data O5 to O7 must be specified as 0.

5. Alitdisplay position {(black) corresponds to a 1.

6

. Line 11 and the fallowing lines must be blanked with Os for a 5 x 10 dot character fonts.
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Correspondence between Character Codes and Character Patterns (ROM Code: A00)

Table 4

Upper 4]
81| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 [ 1101 | 1410 [ 1111 |

e u
GM))\I{)))))))\I)))))
g2 || ¥i| 2|l || Bl &) Bl 2|} Sl |||l e & =
g | = | o ] «~ | @ | e 1 o | =< | o | == | | «~«~ | @ | v | @ | =
sl 81 8|8 |glgis|lag|s |||l izl|lT!%
RIRIRIR IR IR IR AR AR AR AN ANARIRIR AN

Note: The user can specify any pattern for character-generator RAM.
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Correspondence between Character Codes and Character Patierns (ROM Code: A02)

Table 4

‘W

7

0000 { 0001 | 0010 | G011 [ 0100 { 0101 | 0110 [ 0111 1000 | 1001 1010 | 1011 1100 { 1101 | 1110 [ 1111

O T [l |2 | | e e [ et | | e [ ]
e | ] s O O et O o] ]
L i I I T I e e I R R IR
N pres # ._._._._ nm....L R ..u | ] | ”. s ...r‘ _ n ._....
ali] | 1315 A e o) 0 e ] e
sg=|| s|| €|| =|| & €| E|| €|} || || €|| || T|| €| & &
ez |g|s|e|e|e|E|¢gle|jgleg|g|&el¢g|¢
g8 |85 §| 2|8 8|88 |§[§ |8 8 |8[§8]|§

HITACHI

18



