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Abstract

With the advancement of technology, the processes are becoming more and more
complex. Due to this increase in complexity, for efficient analysis of process the number of
parameters required for data acquisition also increases. Data Acquisition is simply the
gathering of information about a system or process. It is the process of collecting data in an
automated fashion from analog and digital measurement sources such as sensors and
devices under test. Before the computer age, most data was recorded manually or on strip-
chart recorders. Many new generation data acquisition products have been developed due
to emergence of microcontroller that enables real-time gathering, analysis, logging and
viewing of data. To meet these requirements the demand of an improved, efficient and up-

to-date data logger is increasing.

A data logger is an electronic instrument that can record digital or analog
measurements over a period of time. It consists of a sensor, microcontroller, and a data
storage device. Data loggers have an on-board memory that is large enough to hold data
that is recorded over a longer period of time. The memory in these data loggers may be
flash memory, EEPROM or Static Random Access Memory that is battery backed. Data

loggers are provided with real time clocks to record the date and time of acquisition.

In this thesis, a data logger for specific application has been designed. The system
works around the famous 8051 family. The system is designed and developed to measure
the temperature with the help of temperature sensors and the result is stored in memory
such as EEPROM for post process analysis. During the testing, it is verified that there is
continuous and correct acquisition of data. It is also verified that the data is sequentially
stored in memory. This verification is done by using an LCD display. The focus of design
is on portability and low power consumption for battery operated applications. The
designed system is tested under different conditions: at room temperatures, at low
temperatures, at different temperatures, readings taken over long time. For all these

conditions, the system performed accurately.



Chapter 1: Introduction

The processes to collect, analyze and store the data for later use is called logging.
It is a process to record events during a test or measurement with the use of a system or a
product. The human brain and its memory, the nature’s creation, no doubt is the best data
logging mechanism. Where there is the need to collect information faster than a human,
data loggers can possibly collect the information and in cases where accuracy is essential.
A data logger is a device that can be used to store and retrieve the data [1]. Data logging
also implies the control of how sensor collects and analyzes the data. It is commonly used
in scientific experiments and in monitoring systems. Data loggers automatically make a
record of the readings of the instruments located at different parts of plant. The type of
information recorded is determined by the user. Their advantage is that they can operate
independently of a computer and they are available in various shapes and sizes. The
range includes simple economical single channel fixed function loggers to more powerful

programmable devices capable of handling hundreds of inputs [2].

Temperature is the ever-changing parameter because of exposition to huge array
of stimuli from their environment. It can be measured via a diverse array of sensors. All
of them infer temperature by sensing some change in a physical characteristic. One must
be careful when measuring temperature to ensure that the measuring instrument
(thermometer, thermocouple, etc) is really the same temperature as the material that is
being measured. Under some conditions heat from the measuring instrument can cause a
temperature gradient, so the measured temperature is different from the actual
temperature of the system. In such a case the measured temperature will vary not only
with the temperature of the system, but also with the heat transfer properties of the

system [3].

The objective of this work is to use data logging for temperature measurement. In
order to meet the above requirements, a low cost, versatile, portable data logger is
designed. A microcontroller based temperature data logger has been developed for

measuring temperature at different input channels of ADC. The device is designed to



receive data from temperature sensors and to store the results on external non-volatile
electrically erasable programmable read only memory (EEPROM) for post process
analysis. An integrated Liquid crystal display (LCD) is also used for real time display of

data acquired from various sensors.

In the present work, temperatures indicated by three channels are compared with
standard temperature obtained from clinical thermometer after the intervals of time.
Based on these results, the accuracy of the channels is noted and by comparing them, the

most accurate one among these is found.

Chapter 2: Literature Review




This chapter describes the introduction to data loggers and literature survey.

2.1 Introduction to data loggers

The data logger is an invaluable tool to collect and analyze experimental data,
having the ability to clearly present real time analysis with sensors and probes able to
respond to parameters that are beyond the normal range available from the most
traditional equipment [4]. The differences between various data loggers are based on the

way that data is recorded and stored.

2.1.1 Definition of Data Loggers

Data logger is an electronic device that automatically records, scans and retrieves
the data with high speed and greater efficiency during a test or measurement, at any part
of the plant with time [4]. The type of information recorded is determined by the user i.e.
whether temperature, relative humidity, light intensity, voltage, pressure or shock is to be
recorded, therefore it can automatically measures electrical output from any type of
transducer and log the value. A data logger works with sensors to convert physical
phenomena and stimuli into electronic signals such as voltage or current. These electronic
signals are then converted into binary data. The binary data is then easily analyzed by

software and stored on memory for post process analysis.

2.1.2 Characteristics of Data Loggers:

Data loggers possess the following characteristics [5]:

1.) Modularity: Data loggers can be expanded simply and efficiently whenever
required, without any interruption to the working system.

2.) Reliability and Ruggedness: They are designed to operate continuously without
interruption even in the worst industrial environments.

3.) Accuracy: The specified accuracy is maintained throughout the period of use.

4.) Management Tool: They provide simple data acquisition, and present the results in

handy form.



5.) Easy to use: These communicate with operators in a logical manner, are simple in

concept, and therefore easy to understand, operate and expand.

2.1.3 Operation of data logger:

The ability to take sensor measurements and store the data for future use is, by
definition, a characteristic of a data logger. However, a data-logging application rarely
requires only data acquisition and storage. Inevitably, the ability to analyze and present
the data to determine results and make decisions based on the logged data is needed. A
complete data-logging application typically requires most of the elements illustrated

below[5].

Log | Offline
| Analysis
Acquire . Online | Display
Analysis

Figure 2.1 Block diagram of data logger

1.) Acquire — This step includes your sensors and data logger hardware as well as
conversion of physical phenomena into digital signals.

2.) Online analysis — This step includes any analysis that is likely to be done before
storing the data. A common example of this is converting the voltage measurement to
meaningful scientific units, such as degree celcius. These complex calculations and
data compression are completed before logging the data. Every data logging software
application should complete this conversion from binary value to voltage and the
conversion from voltage to scientific units.

3.) Log — This step refers to the storage of analyzed data including any formatting
required for the data files.

4.) Offline Analysis - This step includes any analysis that is to be done after storing the

data. A common example is looking for trends in historical data or data reduction.



5.) Displaying, reporting - This step includes the creation of any reports that are needed
to make to present data and displaying the data. However, this can also present data
straight from online analysis. This represents the ability to monitor and view the data
as acquired and analyzed in addition to simply viewing historical data. i.e. it should

have the following components:

» Hardware to digitize what is to be logged including sensors, signal conditioning,

and analog-to-digital conversion hardware.

» Long-term data storage.

» Data-logging software for data acquisition, analysis, and presentation.

2.1.4 Advantages of Data Loggers:

1.) Data Loggers don’t interfere with the users in performing their tasks [6].
2.) They can operate independently of a computer and they are available in various
shapes and sizes.

3.) The range of data loggers varies from simple channel inputs to multichannel devices.

2.1.5 Applications of Data Loggers:

They can be used in the following applications such as:

1.) In unattended recording at weather stations to record parameters like temperature,
wind speed / direction, solar radiation and relative humidity.

2.) For hydrographic recording of water flow, water pH, water conductivity, water level
and water depth.

3.) In the recording of soil moisture levels.

4.) To record gas pressure and to monitor tank levels.

5.) In transportation monitoring, troubleshooting, educational science, quality studies,
field studies and general research.

6.) Remote collection of recorded data and alarming or unusual parameters are possible
with the help of data loggers where these are connected to modems and cellular

phones.

2.2 Literature survey



Dr. Saul Greenburg [1] has described the concept of logging and how logging is done is
in detail. Logging is a process to record events with the use of data loggers during a test
or field use of a system or a product. Logging is one of the usability methods that can
and should be used to gather more supplementary information as an integral part of the
iterative design of the usability engineering cycle. Logging has the major advantage
compared with other usability methods of not interfering with the users in their
performing their tasks. Users can basically ignore the log and use the system in exactly

the way they would anyway.

AndrewJThompson, JohnLBahr and NeilRThomson [2] have described low cost,
very low power consumption, self-contained; digital data logger capable of independent
operation for long periods of time has been developed. Its primary purpose was for
temperature measurement (0.1o resolution), but any voltage in the range 0-5V can be
measured. The logger can record up to 8 channels of 10-bit data simultaneously and

stores data in 512Kbyte of on-board memory.

H S Kkalsi [S] has detailed the concept of data loggers and its basic operation is described.
A data logger is a comprehensive and highly advanced data acquisition sytem. It is made
versatile and flexible, to render it suitable for widely varying applications, specific
requirements being met simply by setting up a suitable program. It can measure electrical

output from any type of transducer and log the value automatically.

Peter Roberson [6] has reviewed the use of data loggers. The development of the
fundamental skills involved with setting up of experimental apparatus, presenting data,
producing an interpreting graphs, means that, at this stage, the traditional approach to
performance of experiments is still an integral component. The use of the computer and
data logger can be seen as an added bonus to enhance the opportunities for the new ways
to explore traditional themes or to perform experiments that were previously very
difficult, time consuming, or dangerous. The data logger can be of enormous benefit to

allow for improvements in time efficiency, clear presentation of data to allow easier



analysis and interpretation, difficult data rapidly displayed to allow clear visual

interpretation of relationship between variables

Muhammad Ali Mazidi and Janice Gillispe Mazidi [7] discussed the overview of 8051
microcontroller. Microcontrollers and microprocessors are widely used in embedded
system products. An embedded product uses a microcontroller to do one task and one
task only. In addition to the description of criteria for choosing a microcontroller, the
interfacing with the real world devices such as LCDs, ADCs, sensors and keyboard is

described in detail. Finally; they discussed the issue of interfacing external memories,

both RAM and ROM.

Matthew Chapman [10] discussed about the Intel 8051 microcontroller and its large
family of descendants. The 8051 family of micro controllers is based on an architecture
which is highly optimized for embedded control systems. One 8051 processor cycle
consists of twelve oscillator periods. Each of the twelve oscillator periods is used for a
special function by the 8051 core such as op code fetches and samples of the interrupt
daisy chain for pending interrupts. An overview of 8051, its memory organization,

addressing modes etc. are described in detail.

Craig Steiner [12] discussed about the 8051 family of microcontrollers. In addition to
the types of memory, special function registers, basic registers, basic registers, addressing
modes discussed in this tutorial additional features including introduction to 8052 and

timers are also described.

Craig Steiner [14] gave a tutorial on LCD programming. This tutorial has presented the
underlying concepts of programming an LCD display. A detailed description of Control
and data signals of LCD is provided. The 44780 LCD offers many other functions which
are accessed using other commands. Subroutines for initializing, for giving command and
data to the LCD is discussed. Thus, it provides information from initializing to displaying

the data.



Craig Steiner [16] gave a tutorial on real time clock. It provides overview of real time
clock. Real-Time-Clock (RTC) is, as the name suggests, a clock which keeps track of
time in a "real mode." While there are a number of 8051-compatible microcontrollers that
have built-in, accurate real-time clocks (especially from Dallas Semiconductor), some
simple applications may benefit from a software RTC solution that uses the built-in
capabilities of an 8051 microcontroller. The drawbacks of using it and its solution is also

discussed in this tutorial.

Judy Ritchie [18] discussed a comparison of data loggers. A guide
to data logging is provided. A data logger is an electronic instrument
that records measurements (temperature, relative humidity, light
intensity, on/off, open/closed, voltage, pressure and events) over
time. Typically, data loggers are small, battery-powered devices that
are equipped with a microprocessor, data storage and sensor. How
does a data logger work, where are they used, who uses them, what
to look in for a data logger, why to choose data logger over a data
acquisition system and their applications are discussed in this article.

S.J.Perez, M.A.Calva, R.Castaieda [19] described a microcontroller-based data
logging system to record temperature and relative humidity for acoustic measurement
applications. The system is simple to use, requires no additional hardware and allows the
selection of amount of data and the time intervals between them. The collected data can

easily be exported to a PC computer via a serial port.

Rajesh Luharuka, Robert X. Gao, Sundar Krishnamurty [20] have discussed a
microcontroller-based portable GSR data logger for physiological sensing. The device is
configured to receive skin conductance data from a commercial GSR instrument, store
them on its on-board memory, and relay them to a computer via the RS-232 serial port.
The focus of the design is on portability and low power consumption for battery-driven
ambulatory applications. A PIC microcontroller was used as the central control unit for
the data flow coordination. The data logger prototype implemented using conventional

ICs is small enough for physiological sensing in the field.

Chapter 3: System Design and Implementation




For the design and development of the system, the methodology used involves the
software and hardware implementation. The actual implementation of the system

involves the following steps:

1.) System Definition: Broad definition of system hardware including

microcontroller and its interface with display, ADC, memory, keypad etc.

2.) Circuit Design: Selection of 8051 microcontroller and other interfacing

devices, as per system definition. Design of hardware circuit and its testing on

laboratory kits with some simple microcontroller software routines.

3.) PCB Design and Fabrication: Generation of schematic diagrams and the

production of circuit board layout data for the procurement of the circuit board.

4.) Hardware Modifications: Making any hardware changes found necessary

after the initial hardware tests, to produce a revised circuit board schematic

diagram and layout.

5.) Software Design: Developing algorithm for the system, allocating memory

blocks as per functionality, coding and testing.

6.) Integration and Final Testing: Integrating the entire hardware and

software modules and its final testing for data logging operation.

Thus the complete design is divided into two parts:
1.) Hardware Implementation.

2.) Software Implementation.

3.1 Hardware Implementation



It involves the details of the set of design specifications. The hardware design
consists of, the selection of system components as per the requirement, the details of sub-
systems that are required for the complete implementation of the system and full
hardware schematics for the PCB layout. Design of the circuit and its testing has been
carried out. It involves the component selection, component description and hardware
details of the system designed.

1.) Component selection and description.

2.) Hardware details of the system designed.
3.1.1 Component selection and description

Temperature measurement using microcontroller based data logger includes the following

components:

1.) Temperature Sensor (LM35)

2.) Analog to Digital Converter(ADC 0808)
3.) Microcontroller(AT89C51)

4.) Keypad Matrix(4x4 matrix)

5.) Liquid Crystal Display(HD44780)

6.) External Memory(AT28C64)

1.) Temperature Sensor
> Selection of Suitable Transducer:

For measuring the temperature, the choice of sensor is of utmost importance [7].
The sensors are used in many fields includes Thermocouples, Resistive temperature
devices (RTDs and thermistors) and bimetallic devices. The factors for the selection of
sensor that we take into account includes the inherent accuracy for durability, range of
operation, susceptibility to external noise influences, ease of maintenance and
installation, handling during installation (delicacy), ease of calibration, and type of

environment it will be used in.
The temperature sensor used for this purpose is LM35 because of the following features:
» Features of LM35:

1.) Calibrated directly in © Celsius (Centigrade).
2.) Linear + 10.0 mV/°C scale factor.



3.) 0.5°C accuracy guaranteeable (at +25°C).
4.) Rated for full —=55° to +150°C range.

5.) Suitable for remote applications.

6.) Low cost due to wafer-level trimming.
7.) Operates from 4 to 30 volts.

8.) Less than 60 pA current drain.

9.) Low self-heating, 0.08°C in still air.

10.) Nonlinearity only +£1/4°C typical.

The LM35 series are precision integrated-circuit temperature sensors, whose
output voltage is linearly proportional to the Celsius (Centigrade) temperature [8]. The
LM35 thus has an advantage over linear temperature sensors calibrated in ° Kelvin, as the
user is not required to subtract a large constant voltage from its output to obtain
convenient Centigrade scaling. The LM35 does not require any external calibration or
trimming to provide typical accuracies of +1/4°C at room temperature and £3/4°C over a
full =55 to +150°C temperature range. The LM35’s low output impedance, linear output,
and precise inherent calibration make interfacing to readout or control circuitry especially

easy. It can be used with single power supplies, or with plus and minus supplies.

+W s
(v to 20+7
]
L35 —— Cutput
Otnewe +10.0
mWocelocinsg

Figure 2.2 LM35 Temperature Sensor

2.) Analog to Digital Converter (ADC)

In physical world parameters such as temperature, pressure, humidity, and
velocity are analog signals. A physical quantity is converted into electrical signals. We
need an analog to digital converter to translate the analog signals to digital numbers so

that the microcontroller can read them. Thus, an analog-to-digital converter (ADC) is an



electronic circuit that converts continuous signals to discrete digital numbers. Analog to

digital converters are the most widely used devices for data acquisition [9].

Analog world Signal Analog to
(temperature, pressure »|  Transducer »( Conditioning [» Digital »| Microcontroller
etc) ’ ’ Converter
Figure 2.3 Getting data from the analog world
> How to select an Analog Channel
How to select the channel using three address pins A, B, C is shown in Table 2.1.
Select Analog Channel C B A
0 0 0
INO
IN1 0 0 1
IN2 0 1 0
IN3 0 ’ ’
IN4 1 0 0
ING 1 1 0
IN7 1 1 1

Table 2.1 How to select an Analog Channel
The ADC 0804 is most widely used chip. For this work, the analog to digital
converter chosen is ADC 0809. Because ADC 0804 has only one analog input, this chip
has 8 of the analog inputs. This chip allows us to monitor up to 8 different transducers
using only a single chip. The 8 analog input channels are multiplexed and selected

according to the requirement. In ADC 0808/0809, V.. (+) and Vi () set the reference



voltage. If Vier()=Gnd and Vr () =5V, the step size is 5V/256=19.53 .Therefore to get a
10 mV step size we need to set Vier(+)=2.56 V and Ver()=Gnd.

» Pin diagram of ADC 0808/0809

We use A, B, C addresses to select INO-IN7 and activate Address latch enable
(ALE) to latch in the address. SC is for Start Conversion. EOC is for End of Conversion
and OE is for Output Enable. The output pins D0-D7 provides the digital output from the
chip.Vier () and Vier (+) are the reference voltages. Since there is no self clocking in this

chip so the clock must be provided from an external source to the Clock (CLK) pin.
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Figure 2.4 Pin Diagram of ADC 0808/0809

» Steps to program the ADC 0808/0809

The following are the steps to get data from analog input of ADC 0808/0809 into
the microcontroller [7]:

1.) Select an analog channel by providing bits to A, B, C addresses.



2.) Activate the ALE (address latch enable) pin. It needs an L-to-H pulse to latch in
the address.

3.) Activate SC (start conversion) by an H-TO-L pulse to initiate conversion.

4.) Monitor EOC (end of conversion) to see whether conversion is finished H-to-L
output indicates that the data is converted and is ready to be picked up.

5.) Activate OE (output enable) to read data out of the ADC chip. An H-to-L pulse
to the OE pin will bring digital data out of the chip.

In ADC 0808/0809 there is no self clocking and the clock must be provided from an

external source to the CLK pin.
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Figure 2.5 Timing diagram of ADC 0808/0809

There are 8 clock periods per approximation. Even though there is no conversion
in progress the ADCO0808/ADCO0809 is still internally cycling through these 8 clock
periods [9]. A start pulse can occur any time during this cycle but the conversion will not
actually begin until the converter internally cycles to the beginning of the next 8 clock
period sequence. As long as the start pin is held high no conversion begins, but when the
start pin is taken low the conversion will start within 8 clock periods. The EOC output is
triggered on the rising edge of the start pulse. It, too, is controlled by the 8 clock period

cycle, so it will go low within 8 clock periods of the rising edge of the start pulse. One



can see that it is entirely possible for EOC to go low before the conversion starts
internally, but this is not important, since the positive transition of EOC, which occurs at
the end of a conversion, is what the control logic is looking for. Once EOC does go high
this signals the interface logic that the data resulting from the conversion is ready to be

read. The output enable (OE) is then raised high.

3.) Microcontroller chip

» Criteria for choosing a microcontroller

1.) The first and foremost criterion for choosing a microcontroller is that it must meet

the task at hand efficiently and cost effectively [7]. In analyzing the needs of a

microcontroller-based project, it is seen whether an 8-bit, 16-bit or 32-bit microcontroller

can best handle the computing needs of the task most effectively. Among the other
considerations in this category are:

(a) Speed — What is the highest speed that the microcontroller supports?

(b) Packaging — Does it come in 40-pin DIP (dual inline package) or a QFP (quad flat
package), or some other packaging format? This is important in terms of space,
assembling, and prototyping the end product.

(c) Power consumption — This is especially critical for battery-powered products.

(d) The number of I/O pins and the timer on the chip.

(f) How easy it is to upgrade to higher —performance or lower consumption versions.

(g) Cost per unit — this is important in terms of the final cost of the product in which a
microcontroller is used.

2.) The second criterion in choosing a microcontroller is how easy it is to develop
products around it. Key considerations include the availability of an assembler, debugger,

a code —efficient compiler, technical support.

3.) The third criterion in choosing a microcontroller is its ready availability in needed
quantities both now and in the future. Currently of the leading 8-bit microcontrollers, the
8051 family has the largest number of diversified suppliers. By supplier is meant a
producer besides the originator of the microcontroller. In the case of the 8051, this has

originated by Intel several companies also currently producing the 8051.



Thus the microcontroller AT89C51 satisfying this entire criterion is chosen for this work.

> AT89C51 Microcontroller

The 8051 family of microcontrollers is based on an architecture which is highly
optimized for embedded control systems. It is used in a wide variety of applications from
military equipment to automobiles to the keyboard. Second only to the Motorola 68HC11
in eight bit processors sales, the 8051 family of microcontrollers is available in a wide
array of variations from manufacturers such as Intel, Philips, and Siemens. These
manufacturers have added numerous features and peripherals to the 8051 such as 12C
interfaces, analog to digital converters, watchdog timers, and pulse width modulated
outputs. Variations of the 8051 with clock speeds up to 40MHz and voltage requirements
down to 1.5 volts are available. This wide range of parts based on one core makes the
8051 family an excellent choice as the base architecture for a company's entire line of
products since it can perform many functions and developers will only have to learn this

one platform [10].

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer
with 4K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high-density nonvolatile memory technology and
is compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conventional
nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash on a
monolithic chip, the Atmel AT89CS51 is a powerful microcomputer, which provides a
highly-flexible and cost-effective solution to many embedded control applications [11].

The basic architecture of AT89C51 consists of the following features:
1.) An eight bit ALU

2.) 32 discrete I/O pins (4 groups of 8) which can be individually accessed
3.) Two 16 bit timer/counters

4.) Full duplex UART

5.) 6 interrupt sources with 2 priority levels

6.) 128 bytes of on board RAM

7.) Separate 64K byte address spaces for DATA and CODE memory



One 8051 processor cycle consists of twelve oscillator periods. Each of the twelve
oscillator periods is used for a special function by the 8051 core. The time required for
any 8051 instruction can be computed by dividing the clock frequency by 12, inverting
that result and multiplying it by the number of processor cycles required by the
instruction in question [12]. Therefore, if you have a system which is using an
11.059MHz clock, you can compute the number of instructions per second by dividing
this value by 12. This gives an instruction frequency of 921583 instructions per second.
Inverting this will provide the amount of time taken by each instruction cycle (1.085

microseconds).

4.) Keypad Matrix

At the lowest levels, keyboards are organized in a matrix of rows and columns.
The CPU accesses both the rows and columns through ports, therefore, with two 8-bit
ports; an 8x8 matrix of keys can be connected to the microcontroller. When a key is
pressed, a row and a column make a contact, otherwise, there is no connection between
rows and columns [7].The detection of the key varies from scanning of the key to

grounding the rows and columns.

» Scanning and identifying the key

A 4x4 matrix connected to two ports. The rows are connected to an output port
and the columns are connected to an input port. If no key has been pressed, reading the
input port will yield 1s for all the columns since they are connected to high(Vcc).if all the
rows are grounded and a key is pressed, one of all the columns will have 0 since the key
pressed provides the path to ground. It is the function of the microcontroller to scan the

keyboard continuously to detect and identify the key pressed.

» Grounding the rows and columns

To detect a pressed key, the microcontroller grounds all rows by providing 0 to
the output latch, and then read its columns. If the data read from the columns is D3-D0

=1111, no key is pressed and the process continues until a key is press is detected.



However, if one of the column bits has a zero, this means that a key in D1 column has
been pressed. After a key pressed is detected, the microcontroller will go through the
process of identifying the key. Starting with the top row; the microcontroller grounds it
by providing a low to row DO only; then it reads the columns. If the data read is all 1s, no
key in that row is activated and the process is moved to the next row. It grounds the next
row, reads the columns, and checks for any zero. This process continues until the row is
identified. After identification of the row in which the key is pressed, the next task is to

find out which column the pressed key belongs to.

» Stages for the detection and identification of key activation

1.) To make sure that the preceding key has been released, Os are output to all
rows at once, and the columns are read and checked repeatedly until all the columns are
high. When all columns are found to be high, the program waits for a short amount of
time before it goes to the next stage of waiting for a key to pressed [7].

2.) To see if any key is pressed, the columns are scanned over and over in an
infinite loop until one of them has a 0 on it. After the key press detection, it waits 20 ms
for the bounce and then scans the columns again. This serves two functions:

(1) It ensures that the first key press detection was not an erroneous one due to a spike
noise, and

(i) The 20- ms delay prevents the same key press from being interpreted as a multiple
key press. If after the 20-ms delay the key is still unpressed, it goes to the next signal
to detect which row it belongs to, otherwise it goes back into the loop to detect a real
key press.

3.) To detect which row the key press belongs to, it grounds one row at a time,
reading the columns each time. If it finds that all columns are high, this means that the
key press cannot belong to that row, therefore, it grounds the next row and continues until
it finds the row the key press belongs to. Upon finding the row that the keypress belongs
to, it sets up the starting address for the look-up table holding the scan codes for that row
and goes to the next stage to identify the key.

4.) To identify the key press, it rotates the column bits, one bit at a time, into the

carry flag and checks to see if it is low. Upon finding the zero, it pulls out the ASCII code



for that key from the look-up table, otherwise it increments the pointer to point to the

next element of the look-up table.

5.) Liquid Crystal Display

A liquid crystal display (LCD) is a thin, flat display device made up of any
number of color or monochrome pixels arrayed in front of a light source or reflector. It
uses very small amounts of electric power, and is therefore suitable for use in battery-
powered electronic devices. Each pixel consists of a column of liquid crystal molecules
suspended between two transparent electrodes, and two polarizing filters, the axes of
polarity of which are perpendicular to each other. Without the liquid crystals between
them, light passing through one would be blocked by the other. The liquid crystal twists
the polarization of light entering one filter to allow it to pass through the other [13].

More microcontroller devices are using 'smart LCD' displays to output visual
information. LCD displays designed around Hitachi's LCD HD44780 module, are
inexpensive, easy to use, and it is even possible to produce a readout using the 8x80
pixels of the display. Hitachi LCD displays have a standard ASCII set of characters plus

Japanese, Greek and mathematical symbols.

For an 8-bit data bus, the display requires a +5V supply plus 11 I/O lines. For a
4-bit data bus it only requires the supply lines plus seven extra lines. When the LCD
display is not enabled, data lines are tri-state which means they are in a state of high
impendence (as though they are disconnected) and this means they do not interfere with
the operation of the microcontroller when the display is not being addressed.

In LCD we can put data at any location. For 16x2 LCD, the address locations are:

Table 2.2 Cursor addresses for LCD
First line 80 81 82 83 84 85 86  through 8F

Second line co Cl1 C2 (3 C4 Co6 C7 through CF

» Signals to the LCD



The LCD also requires 3 control lines from the microcontroller:

Enable (E)

This line allows access to the display through R/W and RS lines. When this line is
low, the LCD is disabled and ignores signals from R/W and RS. When (E) line is high,
the LCD checks the state of the two control lines and responds accordingly [14].

Read/Write (R/W)
This line determines the direction of data between the LCD and microcontroller.

When it is low, data is written to the LCD. When it is high, data is read from the LCD.

Register select (RS)
With the help of this line, the LCD interprets the type of data on data lines. When
it is low, an instruction is being written to the LCD. When it is high, a character is being

written to the LCD.

Logic status on control lines:

E -0 Access to LCD disabled
-1 Access to LCD enabled
R/W -0 Writing data to LCD
-1 Reading data from LCD
RS -0 Instruction
-1 Character
» Writing and reading the data from the LCD
Writing data to the LCD is done in several steps:
1.) Set R/W bit to low
2.) Set RS bit to logic 0 or 1 (instruction or character)
3.) Set data to data lines (if it is writing)
4.) Set E line to high
5.) Set E line to low



Read data from data lines (if it is reading)
1.) Set R/W bit to high
2.) Set RS bit to logic 0 or 1 (instruction or character)
3.) Set data to data lines (if it is writing)
4.) Set E line to high
5.) Set E line to low

6.) External Memory

The microcontroller AT89CS51 that has been used in designing a data logger has
internal memory of 8k. In the design of data logger, the need is to write in the memory
that is why using the external memory is significant as it is not possible to write data in
internal memory of microcontroller. For this application, the contents of memory are
needed to be written and erased a number of times and for this reason electrically—
erasable—and programmable memory (EEPROM) is to be used. Internally EEPROM is
similar to erasable programmable read only memory (EPROM).AT28C64 has been used
since it has large memory i.e.64k. The AT28C64 is accessed like a Static RAM for the
read or write cycles without the need for external components [15]. During a byte write,
the address and data are latched internally, freeing the microprocessor address and data
bus for other operations. Following the initiation of a write cycle, the device will go to
busy state and automatically clear and write the latched data using an internal control
timer.

> Features of AT28C64:

1.) Fast Read Access Time — 120 ns

2.) Fast Byte Write — 200 us or 1 ms

3.) Self-timed Byte Write Cycle
— Internal Address and Data Latches
— Internal Control Timer
— Automatic Clear before Write

4.) Direct Microprocessor Control
— READY/BUSY Open Drain Output
— DATA Polling



5.) Low Power
— 30 mA Active Current

— 100 pnA CMOS Standby Current
6.) High Reliability
— Endurance: 104 or 105 Cycles

— Data Retention: 10 Years

7.) 5V = 10% Supply

» Control Operations

Read: The AT28C64 is accessed like a Static RAM. When CE and OE are low and
WE is high, the data stored at the memory location determined by the address pins is

asserted on the outputs. The outputs are put in a high impedance state whenever CE or

OE is high.

Byte Write: Writing data into the AT28C64 is similar to writing into a Static RAM.
A low pulse on the WE or CE input with OE high and CE or WE low (respectively)
initiates a byte write. The address location is latched on the falling edge of WE (or CE);
the new data is latched on the rising edge. Internally, the device performs a self-clear
before write. Once a byte write has been started, it will automatically time itself to

completion.

Ready/busy: Pin 1 is an open drain RDY/BUSY output that can be used to detect the
end of a write cycle. RDY/BUSY is actively pulled low during the write cycle and is
released at the completion of the write. The open drain connection allows for OR-tying of
several devices to the same RDY/BUSY line. The RDY/BUSY pin is not connected for
the AT28C64X.



Data polling: The AT28C64 provides DATA polling to signal the completion of a
write cycle. During a write cycle, an attempted read of the data being written results in
the complement of that data for I/O7 (the other outputs are indeterminate). When the

write cycle is finished, true data appears on all outputs.

Write Protection: Inadvertent writes to the device are protected against in the
following ways:
1.) Ve sense —If V¢ is below 3.8V (typical) the write function is inhibited.
2.) Ve power on delay — Once Ve has reached 3.8V the device will automatically
time out 5 ms (typical) before allowing a byte write.
3.) Write inhibit — Holding any one of OE low, CE high or WE high inhibits byte

write cycles.

Chip Clear: The contents of the entire memory of the AT28C64 may be set to the
high state by the CHIP CLEAR operation. By setting CE low and OE to 12 volts, the chip

is cleared when a 10 msec low pulse is applied to WE.

Device Identification: An extra 32 bytes of EEPROM memory are available to the
user for device identification. By raising A9 to 12 + 0.5V and using address locations
1FEOH to 1FFFH the additional bytes may be written to or read from in the same manner

as the regular memory array.

3.1.2 Hardware details of system designed

Figure 3.1 shows the schematic for the implementation of the hardware for this purpose.
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Figﬁre 3.1 Schematic diagram

Figure 3.2 shows the block diagram of the system hardware
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Figure 3.2 Block diagram of system hardware

The details of the circuit component connections are as given below:



» Microcontroller AT89C51

The four I/O ports of the microcontroller are used for interfacing the external
peripherals. 8 bits of port 0 are interfaced to external memory AT28C64. The memory
chip AT28C64 is interfaced to the microcontroller through the latch 74LS373. 8 bits of
port 1 are connected to the keyboard. First 5 bits of port 2 is connected to address lines of
memory. A pushbutton is connected to P2.5. P2.6 and P2.7 are connected to the address
lines of ADC. P3.0 and P3.2 are connected to pin 6 and pin 4 of LCD. P3.3, P3.4and P3.5
are connected to pin 22, 7 and 9 of ADC.P3.6 and P3.7 are connected to 22 and 27 pin of
memory. Pin 30 is connected to pin 11 of latch. Pin 18 and 19 are connected to a crystal.
Pin 31 is connected to V¢ and the Pin 9 is connected to ground via resistance of 1-kilo

ohm. Pin 40 is connected to V¢c. Pin 30 is connected to pin 11 of Latch.

» Memory AT28C64
8 data lines of memory are connected to port 0 of the microcontroller chip. 8
address lines are connected to latch 74LS373. The remaining address lines are connected
to P2.0-P2.4. Chip enable pin is connected to ground. Output enable pin is connected to
P3.7 (read pin) and Write enable pin is connected to P3.6 (write pin) of the controller

chip.

» Latch 74LS 373
It is used for the purpose of multiplexing the data. The 8 input pins are connected
to address lines of memory. Data pins are connected port 0 of the controller chip. Latch
enable pin of latch is connected to ALE pin of the microcontroller and the pin Output

enable is connected to ground.

» Hitachi HD44780 LCD
The 8 data pins of LCD are connected to the 8-bits of the port 0 to send data to the
LCD. The control signals of the LCD module RS and EN are connected to the pins P3.0
and P3.2.RW pin is connected to ground. Pin 1 is connected to Gnd and pin 2 to V¢c. Pin
3 is connected to ground via variable resistance that is used to adjust the contrast.

» Keypad



Keypad is connected to port 1 of the microcontroller chip.

» LM3S temperature sensor
First pin is connected to Vce, Second pin to the input channel and the third pin is
connected to ground. Output of first LM35 is connected to INO, Output of second LM35
is connected to IN1 and Output of third LM35 is connected to IN2.

» ADC 0808
Pin 6 is connected to P3.3, Pin 9 to P3.5, Pin 7 to P3.4, and Pin 22 to P3.1 of the
microcontroller chip. Schmitt trigger NAND gate is used to provide clock to the chip at
pin 10.Pins 24, 25 are connected to P2.6 and P2.7 of microcontroller. The 8 data pins are
connected to data pins of LCD. INO, IN1 and IN2 are connected to the outputs of the
three LM35. IN3-IN7 are not connected. Pin 11 is connected to Vc. Pin 13, Pin 16, Pin

23 are connected to ground. Pin 12 is connected to a variable voltage.

» Power supply section
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Figure 3.3 Power supply section
A power supply section is the regulated DC power supply of +5 Volts. +5 Volts is
generated using LM7805 fixed voltage regulator. Rectification of the AC supply is
carried out using 4 IN4007 diodes connected to pin 1 of LM7805.Pin 2 is connected to
ground and Pin 3 is connected to Vcc. The output of this section is free from ripples and

distortions.

3.2 Software design and development:



Software design includes developing algorithm for the system, allocating memory
blocks as per functionality, writing the separate routines for different interfacing devices
and testing them on the designed hardware. Interfacing of microcontroller with ADC,
LCD, MEMORY, etc. has been carried out using various software modules. The control
program is written in assembly language. The software is able to show the real time
values from the analog channels for immediate analysis. For designing the software for
this work; the flow of software between the hardware components is to be understood

first.
3.2.1 Algorithm for the stepwise designing of the software for the

system:

For the designing of algorithm of the system two steps are to be taken into
account:
1.) Scanning the data.
2.) Offline analysis.

1.) Scanning of data: it involves the analysis that is done before storing the data.
Algorithm for scanning of data is as:

1.) In this algorithm, first step is to initialize the LCD panel.

2.) The keyboard is checked for the value of hours, minutes and seconds and its value
is displayed on the LCD.

3.) The time displayed will then be checked for time corresponding to the channel.

4.) The address of that channel is sent to the analog to digital converter.

5.) The value obtained is then converted to appropriate form for display.

6.) This value is then stored in memory. The loop will repeat itself until all the values
are stored in the memory.

Flowchart for scanning of data is shown in figure 3.4
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Figure 3.4 Flowchart showing Scan mode of the system




2.) Offline analysis: It involves the analysis that is to be done after storing the

data that is to view the values of data stored in the memory.

Flowchart for offline analysis of data is shown in figure 3.5
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Figure3.5 Flowchart for offline analysis of the system

Algorithm for offline analysis of data is as:

1.) In this algorithm first step is to check the input key from the keyboard.




2.) It will check whether the input key is of channell (Chl), channel2 (Ch2) or
channel3 (Ch3).

3.) The address corresponding to that channel is sent to the memory.

4.) The data stored at that memory location is read and is converted to appropriate
form for display.

5.) The value is then displayed on the LCD panel.

6.) The loop will repeat itself until all the values are read from the memory.

Software algorithms for controlling the various components of the hardware are:

3.2.2 Interfacing ADCO0808 with the microcontroller
Algorithm for interfacing ADC 0808 with microcontroller is as:

1.) Firstly, the address lines ‘adc_adr0’ and ‘adc_adrl’ are selected.

2.) The start of conversion line ‘adc_start’ is set and then cleared.

3.) The end of conversion line ‘adc_eoc’ is then checked. If it satisfies the condition
‘adc_eoc’=0, the output enable line ‘adc_oe’ is set; otherwise it will execute the
loop until the condition is satisfied.

4.) In the next step, the contents of port 0 are moved to the acquired channel

5.) Finally the output enable line ‘adc_oe’ is cleared. And the loop is executed till all

the channels are selected.

Flowchart for interfacing ADCO0808 with the microcontroller is shown in figure 3.6:
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Figure 3.6 Flowchart for interfacing ADC with microcontroller



3.2.3 Interfacing keypad to the microcontroller

Flowchart for the keypad interfacing is shown in figure 3.7
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Figure 3.7 Flowchart for interfacing keypad to the microcontroller




Algorithm for interfacing keypad with the microcontroller is as:

1.) In this i is considered to be index of rows and j to be index of columns.

2.) Firstly, port 1 is made the output port.

3.) Set the column index row index equal to 0.

4.) Set the row index row index equal to 0.

5.) Set the element a;.

6.) Clear the element a;;_

7.) Get the value of element a;;.

8.) It will then check the condition for rows if the index is equal to maximum value
otherwise it will increment its value and repeat the step again.

9.) If it is equal to maximum value it will check the column index if column index is
equal to maximum value, it will exit from the loop. Otherwise it will increment

the column index and go back to third step again.

3.2.4 Interfacing memory to the microcontroller
For interfacing memory to the microcontroller, the algorithm for writing to and
reading from the memory are made separately:

Algorithm for writing data to the memory is as:

1.) Firstly the contents of address buffer high ‘addr buf0 hi’ are moved to data
pointer high dph.

2.) The contents of address buffer low ‘addr buf0 lo’ are moved to data pointer low
dpl.

3.) The value of selected channel ‘val adc ch-’is moved to the accumulator a.

4.) Then the contents of accumulator are moved to memory address pointed
by the data pointer.

5.) Then a delay of 20 ms is called.



Flowchart for writing data to the memory are shown in figure 3.8
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Figure 3.8 Flowchart for writing data to the memory

Algorithm for reading the data from the memory is as:
1.) The contents of address buffer high ‘addr buf0 hi’ are moved to data pointer high
dph.
2.) The contents of address buffer low ‘addr buf0 lo’ are moved to data pointer low

dpl.



3.) In next step, the value of memory address pointed by the data pointer is moved to

the accumulator.

Flowchart for reading data from the memory is shown in figure 3.9
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Figure 3.9 Flowchart for reading data from memory
3.2.5 Interfacing LCD to the microcontroller
For interfacing a LCD to the microcontroller it has to be first initialized then
command and data are sent to it.

Algorithm for initializing the LCD is as:

1.) Firstly, the interface length is set.

2.) A high to low pulse is applied to the pin ‘en_lcd’.

3.) A delay of 20 ms is then called.

4.) The display is turned on and a high to low pulse is again applied to the pin

‘en_lcd’.



5.) The cursor move direction is set in next step and shift of display is specified.
6.) A delay subroutine of 50 ms is called and a high to low pulse is applied to pin
‘en_lcd’.

Flowchart for LCD initialization is shown in figure 3.10
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Figure 3.10 Flowchart for LCD initialization




Algorithm for writing data to the LCD is as:

1.) In writing data to the LCD, register select pin (rs) is set to low.
2.) Then the cursor on/off and blink of cursor position character is set.

3.) A high to low pulse is sent to the enable pin ‘en_lcd’. The register select pin (rs) is

then set.

4.) The contents of the accumulator are moved to port 0. A high to low pulse, in order

for the LCD to latch in the data present at the data pins is applied to the enable pin

‘en_lcd’.

For writing the data to the LCD panel flowchart is shown as:
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Figure 3.11 Flowchart for writing data to the LCD




Chapter 4: Results and Discussions

4.1 Results

In this system, Temperature measurements from the three channels are taken. The
performance of the three channels is distinguished on the basis of their accuracy. All the
sensors are specified with accuracy. The accuracy indicates how closely the sensor can
measure the actual or real world parameter value. The more accurate a sensor is, better it

will perform.

The readings are taken under different conditions for some time interval. Also the
readings are taken at different temperatures in a time interval. Comparing the readings
obtained from the three channels under the different conditions the most accurate channel

among them is found.

Table 4.1, 4.2, 4.3, 4.4 shows the readings of measurement of temperature

obtained from the three channels at different conditions.

4.1.1 Experimental results taken under normal conditions

Table 4.1 shows the readings of channels at room temperature after time intervals
of 5 minutes. The readings of the channels are compared with the readings of
temperatures obtained from the standard temperature indications obtained from the

thermometer.



Time Standard Ch1l Ch2 Ch3
(in minutes) temperature (°C) (°O) (°O)
¢O)

8:05 37.9 36 00 00
8:10 37.9 36 00 00
8:15 37.9 36 38 00
8:20 37.9 36 38 00
8:25 37.9 36 38 00
8:30 37.9 36 38 37
8:35 37.9 37 38 37
8:40 37.9 37 38 37
8:45 37.9 37 39 37

Table 4.1 Results of measurement at room temperature

4.1.2 Experimental results taken at low temperature conditions

Table 4.2 shows the readings obtained from the three channels at interval of 5
minutes at air conditioned temperatures. The readings of the channels are compared with
the readings of temperatures obtained from the standard temperature indications obtained

from the thermometer.



Time Standard Chl Ch2 Ch3
(in minutes) temperature (°O) (°cO) O
(W)

10:05 37 34 00 00
10:10 37 34 00 00
10:15 37 34 33 00
10:20 37 34 33 00
10:25 37 34 33 00
10:30 37 34 33 32
10:35 37 31 33 32
10:40 37 31 33 32
10:45 37 31 32 32
10:50 37 31 32 32
10:55 37 31 32 32
11:00 37 31 32 35

Table 4.2 Results of measurement under low temperature conditions

4.1.3 Experimental results taken at different temperatures




Table 4.3 shows the readings of the channels at different temperatures in a time of
30 minutes. The readings of the channels are compared with the readings of temperatures

obtained from the standard temperature indications obtained from the thermometer.

Time Standard Ch1 Ch2 Ch3
(in minutes) temperature (°C) (°O) (°O)
(O
30 37.2 34 35 36
30 37.5 32 34 33
30 38.1 35 36 35
30 383 34 36 35
30 38.8 35 36 36
30 39.6 36 38 38
30 41.1 40 42 43

Table 4.3 Results of measurements taken at different temperatures

4.1.4 Experimental results taken over a long time (12 hrs.)

Table 4.4 shows the readings of channels for a long time of 12 hrs. The readings

of the channels are compared with the readings of temperatures obtained from the

standard temperature indications obtained from the thermometer.



Time Standard Ch1l Ch2 Ch3
(in minutes) temperature (°C) °O) °O)
(°C)

8:00 37 00 00 00
8:30 37 34 35 35
9:00 37 35 36 36
9:30 37 34 35 35
10:00 37 34 35 36
10:30 37 35 36 36
11:00 37 36 37 36
11.30 37 36 37 36
12:00 37 36 37 36
12:30 37 36 37 36
1:00 37 36 37 37
1:30 37 36 37 37
2:00 37 36 37 37
2:30 38 36 37 37
3:00 38 36 37 37
3:30 38 36 37 37




4:00 38 36 37 37
4:30 38 36 37 37
5:00 38 36 38 37
5:30 38 36 38 37
6:00 38 36 38 37
6:30 38 36 38 37
7:00 38 36 38 37
7:30 38 36 38 37
8:00 38 37 38 38

Table 4.4 Results of measurement taken over a long time

4.2 Discussions

From the above tables of readings obtained by comparing standard temperature
with the temperature of channels, the accuracy of the channels is to be discussed.
Accuracy is the degree of conformity of a measured/calculated quantity to its actual (true)
value that is the quality of nearness to the truth or the true value.

From table 4.1, it is clear that Channel 2 is more close to the standard reading.
The error found is .1% .the error of channel 1 is found to be 1.9% and of channel 3 is
.9%. So channel 2 is more accurate one among the three because lesser is the error more
will be the accuracy.

From table 4.2, it is clear that channel 2 is more accurate because of less

deviation among the values and close to standard one.




From table 4.3, it is clear that the temperature of channel 2 is more constant
than other channels and also close to standard temperature .So channel 2 is more

accurate at different temperatures.

From table 4.4, the temperature of channel 2 is more close to standard
temperature for a long time, as compared to other channels.

From the above discussion, it is concluded that among the three channels, the

channel 2 is most accurate at different temperatures and under different conditions.




Chapter 5: Conclusion and Future Scope

5.1 Conclusion

The data logger is an invaluable tool to collect and analyse experimental data,
having the ability to clearly present real time results, with sensors and probes able to
respond to parameters that are beyond the normal range available from most traditional
equipment. Data loggers used for measuring the temperature might have certain
limitations in terms of speed, memory and cost. Also data loggers with increased number

of channels are complex.

In this work, an attempt has been done to design a data logger, which is of less
cost, portable, very low power consumption, self contained. It is an efficient data logger,
which works in real time mode. The reduced number of channels also makes the system
simple. The logger can use up to 8 channels of analog to digital converter in performing

its task but that will result in increased number of channels.

A step-by-step approach in designing a Microcontroller based system for
temperature measurement has been followed. According to the study and analysis of
various parts of the system, a design has been carried out. The results obtained from the

measurement have shown that the system perform well under all the conditions.

From this work, it is concluded that in this system among the three channels,

Channel 2 more accurately measures the temperature in the given span of time.

5.2 Future Scope

1.) The performance of microcontroller based temperature data logger has been found
on the expected lines. However, there exists a scope for further improvement in
its speed, number of channels, power consumption, and PC interface software for

post data analysis.



2)

3)

4)

5)

6.)
7)

The system can be modified with the use of graphical LCD panel so that the
analysis is done by the system itself. The number of analog channels can be
increased to monitor more sensor outputs.

The low power requirement of this data logger makes it easy to use. The device
can be made to perform better by providing the power supply with the help of
battery source which can be rechargeable or non-rechargeable, to reduce the
requirement of main AC power.

This system can be connected to communication devices such as modems, cellular
phones, or satellite terminal to enable the remote collection of recorded data or
alarming of certain parameters. The new system will email information based
upon a regular schedule of based upon alarms.

Moreover, system can be made user friendly by interfacing it with user friendly
software and thus can support the post process analysis. There lies the scope to
make the system application specific.

The system can also be modified to change the scan time of the channels.

The performance of the system can also be improved by choosing microcontroller
chip, which performs better than 8051 chip. It differs in memory capacity,
operating speed, instruction cycle period etc .A variety of microcontroller chips
are available with better features. Thus, the system can be made more efficient

and of better performance by the use of chip having better features than 8051.



References

[ 1] http/www.loggingtutorial/dr.saulgreenburg/htm.

[2] Andrew J Thompson, John L Bahr and Neil R Thomson, “Low power data
logger”, proceedings of conference department of physics, university of otago,
Dunedin.

[3] http://en.wikipedia.org/wiki/temperature-measurement

[4] www.ni.com/dataloggers.

[5] H S kalsi, “Electronic instrumentation”, Tata McGraw-Hill Ltd., New Delhi, 1999.

[6] Peter Roberson, “Using data loggers”, science teachers’ workshop, 2004, north
Sydney.

[7] Muhammad Ali Mazidi and Janice Gillispe Mazidi, “The 8051 microcontroller

and embedded systems”, Pearson education Itd., India, 2004.

[8] National Semiconductor Corporation, LM35 datasheet, precision centigrade temperature

sensors, Atmel data book, November 2000 update.

[9] National semiconductor corporation, ADCO808/ADC 0809 data sheet, 8-bit
Microprocessor compatible A/D converters with §-channel multiplexer, national
Semiconductor data book, October 2002 update.

[10] http://ing.pub.ro/engleza/materials/4/8051.pdf.

[11] Atmel corporation, AT89CS51 data sheet, 8-bit microcontroller with 4k bytes flash, Atmel
Data book, 2000 update.

[12] 8051 tutorial, Copyright 1997 - 2005 by vault information services LLC.
(http://8052.com/tut8051.phtml).

[13] http://en.wikipedia.org/wiki/Liquid_crystal display.



[14] Introduction to LCD programming tutorial by Craig Steiner Copyright 1997 -
2005 by Vault information services LLC (http://8052.com/tutlcd.phtml).

[15] Atmel corporation, 64k (8kx8) parallel EEPROMS, AT28C64 and AT28C64X data sheet
Atmel data book, 1999 update.

[16] Software based real time clock tutorial by Craig Steiner Copyright 1997 - 2005
by Vault information services LLC (http://8052.com/tutrtc.phtml).

[17] A guide to data logging tutorial by Judy Ritchie, Copyright 1996-2003 by Onset
Computer Corporation.

[18] S. J. Perez, M. A. Calva, R. Castaneda, “A microcontroller based data logging
System” Instrumentation and Development Vol. 3 Nr. 8, copyright 1997, Journal

of the Mexican Society of Instrumentation.

[19] www.academic.hws.edu/geo/logger/paper/loggerpaper.pdf.

[20] Rajesh Luharuka, Robert X. Gao, Sundar Krishnamurty, “A microcontroller-based
portable GSR data logger for physiological sensing” , proceedings of conference
department of Mechanical and Industrial Engineering ,University of Massachusetts,

Ambherst.



Appendix-1

Datasheet of AT89C51

Features
« Compatible with MCS-51"" Products
+ 4K Bytes of In-System Reprogrammable Flash Memaory
— Endurance: 1,000 Write/Erase Cycles
+ Fully Static Operation: 0 Hz to 24 MHz
» Three-level Program Memory Lock _@

128 x 8-bit Internal RAM

32 Programmable 'O Lines
Two 16-bit Timer/Counters
Six Interrupt Sources .
Programmable Serial Channel B-blt

Low-power Idle and Power-down Modes .
Microcontroller

Description :
ptio | o | with 4K Bytes
The AT89CSH1 i1s a low-power, high-performance CMOS 8-bit microcomputer with 4K

bytes of Flash pragrammable and erasable read only memory (PEROM). The device Flash
is manufactured using Atmel's high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-

tional nonvolatile r?1er$|ory program]’ner. By cc?mt?ining a 'v'ersati:lre G-bit CP& with Flash ATE 9C51
on a monolithic chip, the Atmel ATBI9C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Not Recommended
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The ATB9CS1 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 l/O lines, two 16-bit
timericounters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the ATB9C51 is designad with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
senal port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware resst.

Pin Description

VCC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Part 1 is an 8-bit bi-directional 1/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Paort 2 is an 8-bit bi-directional 1/0 port with internal pullups.
The Port 2 output buffers can sink/scurce four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (1) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses {o
extarnal data memory that use 16-bit addresses (MOVX @
CPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an §-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current {I,_) because of the pullups.

Port 3 also serves the functions of various special features
of the ATBICE1 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P31 TXD (serial output port)

P32 TNTU (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P34 TO {timer 0 external input)

P35 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P37 RO {external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3



AIMEL

pulse is skipped during each access to external Data
Memaory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontreller is in external execution mode.

PSEN

Pragram Store Enable is the read strobe to external pro-
gram memaory.

When the ATB9C51 is executing code from external pro-
gram memaory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access o external data memory.

EANPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Mote, howaver, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V.. for internal program
executions.
This pin also receives the 12-volt programming enable volt-
age {Vzz) during Flash programming, for parts that require
12-volt Var.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output fram the inverting oscillator amplifier.

Oscillator Characteristics

XTALT and XTALZ are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The made is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algonthm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idlz is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
— I XTALZ
c1
— XTAL1
GND

Miote: C1,C2 =30 pF 10 pF for Crystals

=40 pF £10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memaory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

4 ATE9CH 1 e ———————
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Figure 2. External Clock Drive Configuration

NC ——— XTAL2
EXTERNAL
OSCILLATOR XTALY
SIGNAL

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode 1s
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vi
is restored to its normal operating level and must be held
active long enough to allow the escillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched duning reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U u U Mo program lock features

2 P u (8] MON C instructions executed from external _program memory are disabled from
fetching code hyies from internal memary, EA is sampled and latched on reset,
and further programming of the Flash is disakled

P (W] Same as mode 2, also verify is disabled
4 F Same as mode 3, also external execution is disabled

AIMEL 3
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Datasheet of LM35 Temperature Sensor

yh’ational Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM25 series are precision integrated-circuit temperaturs
sensors, whose output voltage s linearly proportional to the
Celsius (Centigrade) temperature. The LM3S thus has an
advantage over linear temperature sensors calibrated in
" Kelvin, as the user i not reguired to subltract a large
consiant voliage from its oulput to obtain conwvenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of £ 14°C
at room temperature and £34°C over a full —55 o +150°C
temperature range. Low cost s assured by frimming and
calizration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration maks
interfacing to readout or conirol circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws aonly B0 ya from #s supply, it has
wvery low self-heating, less than 0_.1°C in still air. The LM35 is
rated to operate over a —55° to +150°C temperature range,
while the LM35C is rated for a —40" to +110°C range (—10°
with improved accuracy). The LM35 series is available pack-

Mowvember 2000

aged in hemetic TO-46 fransistor packages, while the
LM3SC, LM35CA, and LM35D are alzso available in the
plastic TC-92 transistor package. The LM35D is alzo avail-
able in an S5-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in * Celsius {Cenftigrade)
Linear + 10.0 mv"C scale factor

0.5°C accuracy guaraniesabie (at +25°C)
Rated for full —=55° to +150°C range
Suitable for remote applications

Low cost due fo wafer-level trimming
Operates from 4 to 20 volts

Less than 60 pA current drain

Low self-heating, 0.08'C in still air
Monlinearity only £14°C typical

Low impedance output, 0.1.42 for 1 mA load

Typical Applications

+Vg
AV TO 200

ouTPUT

LMI5 I oomy s 10.0 myec

L

DEN0GETE-2

FIGURE 1. Basic Centigrade Temperature Sensor
{+2°C to +150°C)

+¥a
l
LMas Your
I 3»
Vg
CEnaEsTa

Choose Ry = —V/50 pA

W opr=+1,500 m\ at +150°C
= +250 mV at +25°C
= —550 m\V at -55'C

FISURE 2. Full-Range Centigrade Temperature Sensor
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LM35

Connection Diagrams

TO46
Metal Can Package®

BATTOM YIEW
DE00ES1S-1

"Case ts connecied to megabve pn (GNDY)
Order Mumber LM35H, LM35AH, LM35CH, LM35CAH or

LM3SDH
See NS Package Number HO3H

TO-92
Plastic Package

+V5 Wour GND

BOTTOM WEW
DE005616-2

Order Number LM35CZ,
LM3ISCAZ or LM3SDZ
See NS Package Humber Z03A

508
Small Outline Molded Package

R

Your = =+

a8
M.t — T NC
61— HN.C
3

2
HC. =3
4 [ H.C.

GHD —

Denis61s- 2
M.C. = Mo Connecticn
Top View
Order Number LM35DM
See NS Package Humber MDBA

TO-220
Plastic Package*

()

3507
Ve U L Vauy
00556

*Tab s conneci=d 1o the negatve pin (GRND).

Mote: The LMASOT pinout is different than the discontinued LM3G50F.

Order Number LM35DT
See NS Package Mumber TAO3F

waww.national.com




Datasheet of AT28C64

Features

* Fast Read Access Time — 120 ns
Fast Byte Write — 200 us or 1 ms
» Seali-timed Byte Write Cycle
= Internal Address and Data Latches
= Internal Control Timer
— Automatic Clear Before Write
Direct Microprocessor Control
— READY/BUSY Open Dirain Output
— DATA Polling
* Low Power
— 30 mA Active Current
= 100 pA CMOS Standby Current
High Reliability =
— Endurance: 10* or 10° Cycles
— Data Retention: 10 Years
5V £ 10% Supply
CMOS and TTL Compatible Inputs and Outputs
JEDEC Approved Byte-wide Pinout
Commercial and Industrial Temperaturs Ranges

Description

Appendix-3

The AT28CE4 is a low-power, high-performance 8,192 words by 2-bit nonvolatile elec-
trically erasable and programmable read only memaory with popular, easy-to-use fea-
tures. The device is manufactured with Atmel’s reliable nonvolatile technology.

Pin Configurations

Pin Name Funetion
AD- 812 Addresses
CE Chip Enable
OE CutpLt Enable
WE Writz Enable
100 - FOT Data Inputs/Outputs
ROY/BUSY Ready/Busy Output
MC Mo Connect
oc Don't Connect
TSOP
Top View
i
et i @[Tt
a1 20 I [TE
1Y o 1 = [var
ABEC]4 EOONE
HZ % 24N0E
{1 ez} mem a1
voo 7 P | S
FOVELET (or bz = 21 [ann
A= el e e e
AT[]1D 19T
A5 A1 18 30
AE[] 12 1)
A2 18 A1
A3 14 sJA2

{confinued)
FPDIP, SOIC
Top View
RLAVBLIEY for HC) 1 ZB[ANCC
aia—|a ZF[MWE
ATCE . e | )
T m[Jan
ASC]S5 H[lan
ad8 Saaii
aar =[ITE
Py [ 21 (a0
aija = [E
A wEear
[ o G L[] e T Ea Y
ot iz 17 [Jvos
oA 1= b [ o T U
GHD 14 b 1) e | L
LCC, PLCC
Top View
i
=
£
neEulps
e
sE0s u“"ﬁsnpxs
ALOE E0eR
MOT AT &t
A108 mau
L] SEIZE
L0 o 0a10
A0t aptE
nNCO12 Zpwr
o
T HCTETI T
EREL

MNote: PLCC package pins 1 and 17 are
DON'T COMMECT.
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64K (8K x 8)
Parallel
EEPROMs

AT28C64
AT28C64X
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The AT28CE4 is accessed like a Static RAM for the read or
write cycles without the need for external components. Dur-
ing a byte write, the address and data are latched inter-
nally, freeing the microprocessor addrass and data bus for
other operations. Following the initiation of a write cycle,
the device will go to a busy state and automatically clear
and write the latched data using an internal control timer.
The device includes two methods for detecting the end of a
write cycle, level detection of RDY/BUSY (unless pin 1 is
M.C.) and DATA Polling of 1/0,. Once the end of a write

cycle has been detected, a new access for a read or write
can begin.

The CMOS technology offers fast access times of 120 ns at
low power dissipation, When the chip is deselected the
standby current is less than 100 pA.

Atmel's AT2BCE4 has additional features to ensure high
quality and manufacturability. The device utilizes error cor-
rection internally for extended endurance and for improved
data retention characteristics. An extra 32 bytes of
EEPROM are available for device identification or tracking.

Block Diagram
VGG - DATA INPUTS/OUTPUTS
GND — 00 = 107
PhEdeet
OFE —* __ __ =
= E TE AND WE DATA LATCH
i LOGIC . INPUT/OUTPUT
CE — BUFFERS
[~ Y DECODER 20 YaGATING

ADDRESS | ]

»| CELL MATRIX

IDENTIFICATION

INPUTS | — |
¥ DECODER
— —
Absolute Maximum Ratings*
Temperature under Bias ..., -55°%C to +125°C
Storage Temperature ... -85°C to +1507C
All Input Violtages {including NC Pins)
with Respact to Ground ... -0.6V to +6.25Y
All Output Voltages
with Respect to Ground ... DBV 1o Vi + 06V
Voltage on OE and A9
with Reapact to Ground ... -0.6Y to +13.5Y

*NOTICE:  Stresses beyond thosa listed undar “Absolute
Maximurn Ratings" may cause parmanent dam-
age to the device. This is a stress rating only and
functional operation of the device at thesa or any
othar conditions beyond those indicated in the
aparational sactions of this specification is not
implied. Exposure to absolute maximum rating
condiions for extended pericds may affect

device reliability

2 AT28C64(X) m————————
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Device Operation

READ: The AT28CE4 is accessed like a Static RAM.
When CE and OE are low and WE is high, the data stored
at the memory location determined by the address pins is
asserted on the ocutputs. The outputs are put in a high
impedance state whenever CE or OE is high. This dual line
control gives designers increased flexibility in preventing
bus contention.

BYTE WRITE: Writing data into the AT28CE4 is similar 1o
writing into a Static RAM. A low pulse on the WE or TE
input with OE high and CE or WE low (respectively) ini-
tiates a byte write. The address location is latched on the
faling edge of WE (or CE); the new data is latched on the
rising edge. Intzrnally, the device performs a self-clear
before write. Once a byte write has been started, it will
automatically time itself to completion. Once a program-
ming operation has been initiated and for the duration of
tye. & read operation will effectively be a polling operation.
FAST BYTE WRITE: The AT28CE4E offers a byte write
time of 200 ps maximum. This feature allows the entire
device to be rewritten in 1.6 seconds.

READY/BUSY: Fin 1 is an open drain RDY/BUSY output
that can be used to detect the end of a write cycle.
ROY/BUSY is actively pulled low during the write cycle and
is released at the completion of the write. The open drain
connection allows for OR-tying of several devices to the

same RDY/BUSY line. The RDY/BUSY pin is not con-
nected for the AT2BCE4X.

DATA POLLING: The AT22C64 provides DATA Polling to
signal the completion of a write cycle. During a write cycle,
an attempted read of the data being written results in the
complement of that data for /05 (the other outputs are
indeterminate). When the write cycle is finished, true data
appears on all outputs,

WRITE PROTECTION: Inadvertent writes to the device
are protected against in the following ways: (&) Vg sense —
it Wi is below 3.8V (typical) the write function is inhibited;
(b)) Voo power on delay — once Vg has reached 3.8V the
device will automatically time out & ms (typical) before
allowing a byte write; and (c) write inhibit — holding any one
of OF low, CE high or WE high inhibits Dyte write cycles.
CHIP CLEAR: The contents of the entire memory of the
AT28CE4 may be set to the high state by the CHIP CLEAR
operation. By setting CE low and QE to 12 volts, the chip is
cleared when a 10 msec low pulse is applied to WE.

DEVICE IDENTIFICATION: An extra 32 bytes of
EEPROM memaory are available to the user for device iden-
tification. By raising A9 to 12 + 0.5V and using address
locations 1FEOH to 1FFFH the additional bytes may be
written to or read from in the same manner as the regular
MEMory array.

AlMEL s
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]
DC and AC Operating Range
ATZBCES-12 AT28CE4-15 ATZBCES-20 AT28C64-25
Operating Zammn, 0o - 700G PG - TOPG 00 - 700G PG - 700G
Termperature (Case) Indl. -40°C - 350G -4 - BEFG -0 - 85T 40P - BEAG
Wzg Power Supply EW £ 108 EW £ 0% EW + 10% BV 1 10
Operating Modes
Mede ﬁ ﬁ ﬁ ]
Fead Vi Vi ¥in Doy
Writel®! Vi Viy Vi (1
StandbyWiite Inhibit Viy i X High Z
Write Inhibit X X Vin
Wirite Inhibit X Wi X
Cutput Cizable X YiH X High £
Zhip Erase Wi vy Wi High Z
Motes: 1. X can be Vi or V.
2, Feferto AC progranmrming wavetormms.
3. Wy =120V £ 05V
DC Characteristics
Symbol Parameter Condition Min Max Units
Iy Input Load Currant Wi =010 Ve + 1V 10 HA
Iz Cutput Leakage Current Wi =0Vt Ve 10 HA
legy Wi Standby Current CMOS | TE = Vg - 0.3V 10 Ve + 1.0V 100 1.3
_ Caomi, 2 mé
leza Wee Standby Current TTL CE = 2.0W to Weg + 1.0V
Indl. 3 ma
lez Weg Active Current AG :;EE‘:'I::T lour="0mA ::m j; ::
Vi Input Low Vicltage 0.8 v
YiH Input High Woltage 2.0 v
Voo Output Low Voltage low :i; :i P 0.45 ¥
Vioy Cutput High Violtage lgy =-400 pA 24 WV

4 AT 28C 64 X ) o ———
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AC Read Characteristics

AT28C64-12 AT28CE4-15 AT28C64-20 AT28C64-25

Symbel Parameter Min Max Min Max Min Max Min Max Units
tace Addrass to Cutput Delay 120 150 200 250 ns
tagh! CE to Output Delay 120 150 200 250 ns
toe® OE to Cutput Delay 10 &0 10 70 10 B0 10 100 ns
tpe TE or OF High to Cutput Float a 45 a 50 0 ES 0 60 ns
Cutput Held from OF, CE or
lou Addrass, whichever ocoumed first 0 0 e 3 L
AC Read Waveforms'1E)14)
ADDRESS >< ADDRESS VALID ><

T T\ Y

oE | N eE— /—

— IOF —™

— OH —»y

ouTRUT HIGH 2 <—{output vALID p——

Motes: 1. CE may be delayed up to taoe - tog after the address transition without impact on taoe.

2. OE may be delayed up to iog - tog after the faling edge of CE without impact on top ar by taoe - top after an address change
without impact on 1.

3. iye iz specified from OF or CE whichever oocurs first (G, = 5 pF).
4. This paramater Iz characterized and is not 100% tested.

Input Test Waveforms and Output Test Load
Measurement Level 500
3.0v J
AC AC 1ER
DRIVING 1.8V W= MEASUREMENT QUTPUT
LEVELS LEVEL I Ay
0.ov - |
thtr <20 ns 134 = l 100 pf
AV
Pin Capacitance
f=1MHz, T =25°C"
Symbol Typ Max Uniits Conditions
Cn 4 B pF V=0V
Gy a 12 pF Vour =0V

Mote: 1. This parameter iz charactenized and is not 100% tested,

ATMEL .




AC Write Characteristics

Symbol Parameter Min Max Units
tae toes Address, OF Setup Time 10 ns
Ty Address Hold Time 50 ns
twe Wiite Pulse Width (WE or CE) 100 1000 ne
tos Data Satup Tima 50 na
top: togn Data, OE Hold Tima 10 ns
teg ey CE to WE and WE to CE Setup and Hold Tima 0 ns
tog Time to Davice Busy a0 ne
AT2BCE4 1 ms
T Writa Cycle Time (option availabla)
AT2BCE4E 200 [TE]
AC Write Waveforms
WE Controlled
OE e T
10ES tOEH
ADDRESS )4
TWmsT| p—tAaH— —
TE —I\ tCl—/—
—c
WE - M [
- WP
05 |l e
DATA N % |
ROY/ETST 105_\{\__- "
e -
CE Controlled
OE —
10ES tDEH\
ADDAESS T( 4
_ TS| taH —
WE j tCH )
__ N
CE . ) L
- WP
08| |—iDH —
DATA N |— ~I\ |
|-
ROY/BUSY DB — —
WG -
6 AT28C64(X)
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Data Polling Characteristics'"

Symbol Parameter Min Tvp Max Units
toy Drata Hold Time 10 na
tom OF Held Time 10 ns
toe CE to Cutput Delay‘m ns
twn Writs Recovery Time ] na
Notes: 1. These parameters are characterized and not 100% tested.
2. Boe "AC Read Characteristics”.
Data Polling Waveforms
WE
cE SN\ N\
l—= tOEH py
/ ! !
- tWR

_ —‘ - [~ WOk HIGH 2
|.|' o7 _J-‘ i Y J Y '_.-7".r'r

AD - A12 An an X An

Chip Erase Waveforms

CE

VIH
VIL
VH

OE /
VIH i5
VIH

WE -
VIL

ty =ty =1 paac (min.)
tyy = 10 maac (min.)
Wy =120 0.5V
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Appendix-4

Datasheet of ADC 0808/0809

Using the
ADCO0808/ADCO0809 8-Bit pP
Compatible A/D Converters
with 8-Channel Analog

Multiplexer

Introduction

The ADCopos/aDCoa02 Data Acquisition Devices (DaD)
implemeant on a single chip most the alemants of the stan-
dard data acquisition systesm. Thay contain an e-bit AD
convartar, 8-channal mulliplexar with an address input latch,
and associated control logic. Thesa devices provide most of
the logic to interface to a varety of microprocassors with the
addifion of a mirdmum number of parts,

These circuits are implemeantad using a standard metal-gate
CMOS process,. This process is particulary suitable to ap-
plications where both analog and digital functions must be
implemented on the same chip.

These two conwvartars, the ADCOS08 and ADCDE0E, ans
functionally idertical except that the ADCO802 has a total
unadjusted error of £ LSB and the ADCO200 has an
unadjusted eror of £1 LSE. They are also related to thair big
brothers, the ADC 0816 and ADC 0817 expandabla 16 chan-
nel converters. All four cormvertars will typically do a conver-
sion in —100 s when using a &40 kHz clock, but can convert
a single input in as litle as -50 ps,

Functional Description

The ADCosos/ADC o809, shown in Figwe 7, can be func-
tionally divided imo 2 basic subcircuits. Thess two subcir-
cuits are an analog mulliplexer and an A'D converter. The
multiplexar usss 8 standard CMOS analog switchas to. pro-
vicle for up to 8 analog inputs. The switches are salactivaly
tumed on, depending on the data latchad into a 3-bit multi-
plexer addrass registar.

a||—1
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Saptembsar 1980

The sacond function block, the succassive approximation
AT converter, ransforms the analog output of the multi-
plexar to an 8-bit digital word, The owmtput of the multiplexar
goes 1o one of two comparator inputs. The other input is
daerived from a 256R resistor ladder, which is tapped by a
MOSFET transistor switch tree. The converter control logic
confrols the switch trea, funnaling a particular tap voltage to
the comparator. Based on the result of this comparison, the
control logic and the succossive approximation register
(SaR) will decide whether the next tap to be sdaected should
b= higher or lower than the present tap on the resistor ladder,
This algorthm is executed & times per conwversion, once
evary 8 clock periods, yielding a total conversion time of 64
clock periods.

When the conversion cycle is complate the resuling data is
loadad imto the TRI-STATE® output latch. The data in the
output latch can then be read by the host systam any tima
before the and of the nest conversion. The TRI-STATE ca-
pability of the latch allows easy imerface to bus oriented
systems.

The operation of thess corverters by a microprocessor of
some control logic is very simple. The controlling device first
selects the desired input channal, To do this, a 2-bit channsl
acldress is placed on the & B, Cinput pins, and the ALE
input is pulead positively, clocking the address into the mul
tiplexar address register. To begin the conwversion, the
START pin iz pulsad. On the rising edoge of this pulse the
imtarnal registers are cleared and onthe falling edge the start
conversion is initiated.
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FIGURE 1. ADCOBOEADCHE0% Functional Block Diagram
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Functional Description (continued)

As menticnad earier, there are 8 clock pericds per approxi-
mation. Even though there iz no corwversion in progress the
ADCog0s/ADCo209 is still inmternally cycling through these 8
clock pericds, A start pulze can ocour any time during this
cycle but the conversion will not actually begin untii tha
convarter intemally cycles to the beginning of the next 8
clock perod sequance. As long as the start pin is held high
no conversion begins, but when the start pin is taken low the
convarsion will start within 8 clock pericds.

The EQC output is triggerad on the rising edge of the start
pulza. It, too, is controlled by the & dock period cycle, so it
will go low within 8 clock periods of the rising edge of the
start pulse, Cne can saathat it iz entirely possible for EOC 1o
go low bafore the corwversion starts internally, but this is not
impartant, since the positive transition of ECC, which occurs
at tha and of a corversion, iz what the control logic is looking
for.

Cinca EOC does go high this signals the interface logic that
the data resulting from the conversion is ready to b read.
The output enable (3E) is then raised high. This enables the
TRI-STATE outputs, allowing the data to be read. Figure 3
shows tha timing diagram.

Analog Inputs

RATIOMETRIC INPUTS

The arangement of the REFR+) and REF({-) inputs is in-
tendad to enable sasy design of ratiometic corvertar sys-
tems. The REF inputs ara located at eithar end of the 256R
resistor ladder and by proper choice of the input voltages
several applications can ba easily implementesd.

Figure 2 shows a typical input connection for ratiometric
transducers. A ratiomefric transducer is a conversion device
whosa output is proporticnal to some arbitrary full-scale
valua. In other words, the transducer's absolute output valus
is of no particular concem but the ratio of the output to the

full-ecale is of great importance. For example, the potentio-
metric displacemant fransducars of Fgure 2 have this faa-
ture. When the wiper is at midscale, the output voltage is
Vo = Ve x (Wiper Dizplacemant) = Ve x0.5. This enables tha
use of much less accurate and less axpensive referances,
The important consideration for this reference is noise. Tha
reference must be “glitch free” becausa a woltage spika
during a conversion cycle could causs corversion inaccura-
cias,

i Vo= W
1]
¥y
VREF REF (4} ELECHK fomm
BE e
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FIGURE 2. Ratiometeric Converter with Separate
Referance
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FIGURE 3. ADCOB0E/ADMCO209 Timing Diagram
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