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Abstract

In today’s world managing aquariums have become increasingly hectic. People have
aquarium in their homes and shops, but they don’t really find time to manage the
environment for fishes inside the aquarium. As a result fishes die inside the aquarium.

This project, “AQUARIUM MANAGEMENT” is a step towards the automatic sensing and
controlling of various aspects related to the aquarium environment, necessary for the healthy

growth of fishes. |

Through this project we will be focusing on sensing the:-
1. Temperature of aquarium

2. pH of water inside the aquarium

3. Lighting conditions for the aquarium

In the future we will be focusing on “Microcontroller AT89C51” to control these aspects.
Whenever the temperature of aquarium reaches out of bound, the buzzer starts the alarm and
the fan connected to microcontroller through relay gets ON. Similarly the pH and lighting

conditions will also be controlled through this project.
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Chapter 1: INTRODUCTION

An aquarium (plural aquariums or aquaria) is a vivarium consisting of at least one transparent
side in which water-dwelling plants or animals are kept. The term combines the Latin root
‘aqua’, meaning water, with the suffix — ‘arium’, meaning "a place for relating to".

3

An aquarist owns fish or maintains an aquarium, typically constructed of glass or high strength
acrylic plastic. Cuboid aquaria are also known as fish tanks or simply tanks, while bowl-shaped
aquaria are also known as fish bowls.

A number of environmental factors including light and temperature affect fish culture. The
temperature of water has profound effect because fish cannot breed above or below the critical
temperature limits. Temperature between 24°C and 33°C is found to be the best to induce
spawning in fishes. This particular temperature range is also necessary for the healthy growth of
nursery fish fries (young fishes). Rise of water temperature due to sunlight may adversely affect
the fish rearing process.

pH requirement for the healthy growth of fishes is between 6.5 — 7.5 . The fish are accustomed to a
certain H+ concentration. If suddenly, they face new water coming in their tank, which only contains one
hundredth of the normal H+. This is a shock by itself, a very serious shock. While in stress, the fish tries
to adapt to the new situation. No organism can adapt to this sort of fluctuations!! Hence, this needs to be

taken care of.

Proper light conditions also affect the fish culture and hence a provision for this should also be

there.

1.1 Temperature Control

Fish are cold blooded creatures, they cannot create their own body temperature, and therefore the
water around them will give their body heat to maintain a correct metabolism. Fish originate
from all corners of the globe, in different parts of the world the fish will live in different
temperature scales. They can tolerate a slight variance from the natural water temperature, but
beyond that the fish will start to suffer which in turn will induce stress in the fish; this can then
lead to fatalities in the aquarium as the fishes immune system will stari to break down and

bacterial infections can start to attack the fish.

Often, one of the more overlooked elements of an aquarium is its temperature. Aquarists are so
concerned with water quality and the biological state of the aquarium that they do not always pay
much attention to the temperature.
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As most aquarists are aware, stress reduces the natural ability of an aquarium inhabitant to fight
off disease and infection. it comes as no surprise that much of an aquarist's job centers around
reducing sources of stress in the aquarium. Among other things, temperature of the aquariurh can
be a source of stress. ik

There are two major temperature situations that aquarists must try and avoid. The first is
continual improper water temperature. Generally speaking, most aquarium inhabitants prefer
water temperatures around 25°C. Typically, if water temperature increases above 30°C, or below
24°C, disaster is imminent. The second temperature situation to avoid is rapid temperature
changes. This is particularly deceiving since it doesn't have to be temperature changes much
greater that a few degrees Celsius. This is one of the reasons that new fish are usually introduced
into the aquarium by slowly equilibrating their water temperature with that of the aquarium (i.e.
you float the bag they come home in at the surface of the aquarium for a while).

1.2 pH Control
1.2.1 What is pH?

A pH meter is an electronic instrument used for measuring the pH (acidity or alkalinity) of a
liquid (though special probes are sometimes used to measure the pH of semi-solid substances). A
typical pH meter consists of a special measuring probe (a glass electrode) connected to an
electronic meter that measures and displays the pH reading.

1.2.2 The pH loop

A pH measurement loop is made up of three components, the pH sensor, which includes a
measuring electrode, a reference electrode, and a temperature sensor; a preamplifier; and an
analyser or transmitter. A pH measurement loop is essentially a battery where the positive
terminal is the measuring elcctrode and the negative terminal is the reference electrode. The
measuring electrode, which is sensitive to the hydrogen ion, develops a potential (voltage)
directly related to the hydrogen ion concentration of the solution. The reference electrode
provides a stable potential against which the measuring electrode can be compared.

1.2.2.1 The probe
The pH measurement is the activity of hydrogen ions surrounding a thin-walled glass bulb at the

tip of the probe. A pH sensing probe produces a small electrical voltage, usually about 0.06 volt
per pH unit.

This voltage is measured and then displayed as pH units on your pH meter. Most pH prdbés
consist of a body, an electrode, and a cable that connects it to the controller as you can see from
the photo below (Fig. 1.1).




1.2.2.2 How does a pH probe work?

The readings of a pH probe can be affected by one of two possible ways. Your aquarium water's
pH and the output signal from the probe's electrode, will both be changed with temperature
differences. These two effects together or separately, can cause errors in the control of your pH
measurements and in your calibrations. The pH probe has a chemical sensing element that has a
thin membrane which allows H+ ions to pass through. The electrode of the probe is also filled
with a neutral solution or an equal amount of H+ or OH- ions.

!

Whenever the pH probe is immersed in an
acidic solution, H+ ions pass through the
membrane. This causes a positive potential
on the chemical sensing electrode to be
developed.

This potential difference between the
sensing electrode and the reference point is
measured with a pH meter.

It is then displayed on your automatic pool
controller as a pH read out. Now if your pH
chemical probes are immersed in an alkaline
solution, then a higher concentration of H+
ions will exists within the probe.

e —

The concentration of ions inside the pH
probe is more than that found outside the
probe itself. This reading causes the H+ ions
within the probe to pass through its
membrane; thus, leaving an excess of OH-
ions within the probe. This causes a negative
potential to be sensed by your pH meter.
Again this will be displayed on pH meter as
a pH read out.

Fig. 1.1: pH PROBE
1.2.2.3 The Meter

I The-meter-cireuit-is-no-more-than-a voltmeter-that-displays-measurements in pH units instead
f of volts. The input impedance of the meter must be very high because of the high resistance—
i approximately 20 to 1000 MQ — of the glass electrode probes typically used with pH meters.
I The circuit of a simple pH meter usually consists of operational amplifiers in an inverting
j configuration, with a total voltage gain of about —17. The inverting amplifier converts the small
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voltage produced by the probe (+0.059 volt/pH) into pH units, which are then offset by seven
volts to give a reading on the pH scale. For example: s '
1 At neutral pH (pH 7) the voltage at the probe's output is 0 volts.
0#%1747=7 _
2 At basic pH, the voltage at the probe's output ranges from 0 to ‘+O.4l volts
7#0.059=041V
So for a sample of pH 10 (3 pH units above neutral),
3*%0.059=0.18V
The output of the meter's amplifier is
0.18*17+7=10

3 At acid pH, the voltage at the probe's output ranges from —0.41 volts to 0. So for a sample
of pH 4 (3 pH units below neutral),

-3*0.059=-0.18V

The output of the meter's amplifier is
-0.18*17+7=4
1.2.3 Nernst equation for a pH electrode

Nernst equation is a mathematical description of an ideal pH electrode behavior. Hermann
Walther Nernst (1864 — 1941) was a German chemist that introduced in 1889 a well
known equation, correlating chemical energy and the electric potential of a galvanic cell or

battery.
1.2.3.1 The pH electrode potential

As explained on the pH definition page of this site, the pH value is defined as the negative
logarithm of the H+ activity in a given solution (pH = log, H+).

1.2.3.2 Equation of a straight line

The equation E = Eg — kT*pH is the potential or voltage (millivolt; mV) relation of a pH
electrode. It is the equation of a straight line. The slope factor is the term "kT" and it provides the
amount of change in total potential (mV) for every change in pH unit.

1.2.3.3 Temperature

The equation E = Eo — kT*pH may be stated for any temperature. However, the slope or Nernst
factor (kT) will change when temperature changes (T is not constant).

If T = 25 °C the equation will be: E = E; - 0.0592*pH



Let's draw the graph of this equation:

Nerst Equation for a pH electredé:"E=Eo-kT'-pH

at 25°C=> E=E,-KT:pH

A at 25°Cthe slope of the pH electrode is 59.2 mV/pH unit
200 4 / The 2zero point is called isopotential point
lm E 9

% Ideal pH electrode
-mV

Fig. 1.2: Graph for Nernst Equation

1.2.3.4 The pH versus temperature characteristic of a pH sensor

The pH versus temperature relation of a pH sensor is described, according toc Nernst
equation, with the following equation:

E = By - kT*pH
L}
The slope factor of the equation, "kT", will change when temperature changes. And that mean
the millivolt (mV) output of the pH electrode will change with temperature.

The figure above shows the effect on the electrode signal at various temperatures. The isothermal
point of a pH electrode is defined as the intersection point of different temperature lines, see the
figure. The isopotential point, or the zero point, is then point where electrode output is 0.0 mV.

For an ideal pH electrode, this would represent an isothermal intersection at the zero point (0 mV
at pH 7) for different temperatures.

10
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1.2.3.5 The different potentials

A pH probe delivers a sensitive electrical potential (voltage) with a number of sources of error.
To achieve an accurate measurement you want to keep all the different potentials stable, except,
of course, the potential of the pH sensitive glass membrane. Most pH sensors in use today are pH
combination electrodes. So, let's take a closer look at the different sources of potential for a pH
combination electrode.

PH v/s Temperature
* isothermal point =isopotential point (for an Ideal pH electrode)
20.0 .
100 T

Ideal pH electrode

Fig. 1.3: pH v/s Temperature

Six different potentials form the total output voltage (mV) of a pH electrode:
El is the potential of the hydrogen sensitive glass - the real pH effect.

E2 is the asymmetry potential. When a pH electrode is in contact with a solution with the same
PH as its internal buffer, there should be no potential difference across the glass membrane.
However, in reality, there is a potential difference of a few millivolts, and it is known as the

asymmetry potential.

Things that limit the ability of the ion exchange mechanism in the glass membrane will cause an
asymmetry potential. For example, different gel layer thickness and on the thickness of the glass
membrane itself,

11
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E3 is the potential on the inside of the membrane. As the pH of the internal buffer solution does
not change in value, this potential should be constant at all times.

E4 is the potential that develops at the surface of the reference (Ag/AgCl) element of the
measuring electrode. The potential is kept constant by using an internal buffer with a constant pH

value.

E5 is the potential that develops at the surface of the reference (Ag/AgCl) element of the
reference electrode. The potential is kept constant by using an electrolyte with constant pH.

If both reference elements are identical, and the reference electrolyte and the internal buffer have
the same pH value, then E4 and E5 are equal in magnitude but opposite in sign and cancel one
another.

E6 is the diffusion potential of the junction or diaphragm, and the contact point between the
measuring solution and the electrolyte.

It ideally would be constant resistance (potential) of the junction during measuring. However, the
resistance is always changing, depending on contamination and clogging of the junction or
diaphragm, electrolyte dilution, and chemical attacks of the reference element. One of the most
common problems with pH sensors is fouling of the junction.

1.2.3.6 Regular calibration

The El is the potential of primary interest. The potential that really measures the pH value.
Unfortunately, this potential cannot be measured directly.

What the pH meter (voltmeter) measures is a sum of all potentials:
U=E1l+E2+E3+E4+ES5+E6

During ideal conditions, all the potentials E2 - E6 would be constant and E1 would be the only
potential that vary during a pH measurement. However, in practice that's not the case, and the
Wway we can compensate for these undesirable electrode potential fluctuations is

regular calibration.

1.3 Light Control

A photoresistor is a light-dependent resistor (LDR) that covers the spectral sensitivity similar to
that of the human eye. The active elements of these photoresistors are made of Cadmium Sulfide
(CdS). Light enters into the semiconductor layer applied to a ceramic substrate and produces free
charge carriers. A defined electrical resistance is produced that is inversely proportional to the

12
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illumination intensity. In other words, darkness produces high resistance, and high illumination
produces very small amounts of resistance. : ;

A photoresistor is made of a high resistance semiconductor. If light falling on the device is of
high enough frequency, photons absorbed by the semiconductor give bound electrons enough
energy to jump into the conduction band. The resulting free electron (and its hole partner)
conduct electricity, thereby lowering resistance.

A photoelectric device can be either intrinsic or extrinsic. An intrinsic semiconductor has its own
charge carriers and is not an efficient semiconductor, e.g. silicon. In intrinsic devices the only
available electrons are in the valence band, and hence the photon must have enough energy to
excite the electron across the entire bandgap. Extrinsic devices have impurities, also called
dopants, added whose ground state energy is closer to the conduction band; since the electrons
do not have as far to jump, lower energy photons (i.e., longer wavelengths and lower
frequencies) are sufficient to trigger the device. If a sample of silicon has some of its atoms
replaced by phosphorus atoms (impurities), there will be extra electrons available for conduction.
This is an example of an extrinsic semiconductor. Photoresistors are basically photocells.

1.3.1 Uses for Light Dependent Resistors

Light dependent resistors are a vital component in any electric circuit which is to be turned on
and off automatically according to the level of ambient light - for example, solar powered garden
lights, and night security lighting.

An LDR can even be used in a simple remote control circuit using the backlight of a mobile
phone to turn on a device - call the mobile from anywhere in the world, it lights up the LDR, and
lighting (or a garden sprinkler) can be turned on remotely!

1.3.2 Using an LDR in the Real World

In a real world circuit, the LED (and resistor) between the positive voltage input (V;,) and the
collector (C) of the transistor would be replaced with the device to be powered.

Typically a relay is used - particularly when the low voltage light detecting circuit is used to
switch on (or off) a 240V mains powered device. When darkness falls (if the LDR circuit is
configured that way around) the relay is triggered and the 240V device, for example a security
light, switches on.

13




Chapter 2: Hardware Design

|

2.1 Temperature Control Design (BLOCK DIAGRAM)

62
MICRO { LCD(6.2) J

CONTROLLER

SWITCHES

(uc)

i AT89S851

SENSORS

{ LED'S \}
e

Fig. 2.1: Block Diagram

=T rr—y

2.1.1 COMPONENTS USED
Temperature Sensor LM35

TO-92
Plastic Package

+¥s Vour GND

BOTTON ViEW

> Fig. 2.2: LM-35

14




Description:

The LM35 series are precision integrated-circuit temperature sensors, whose output voltage is
linearly proportional to the Celsius (Centigrade) temperature. The LM35 thus has an advantage
: over linear temperature sensors calibrated in ° Kelvin, as the user is not required to subtract a
: large constant voltage from its output to obtain convenient Centigrade scaling, The LM35 does
not require any external calibration or trimming to provide typical accuracies of +1/4°C at room
temperature and +£34°C over a full =55 to +150°C temperature range. Low cost is assured by
trimming and calibration at the wafer level. It can be used with single power supplies, or with
plus and minus supplies. As it draws only 60 A from its supply, it has very low self-heating,
less than 0.1°C in still air. The LM35 is rated to operate over a —55° to +150°C temperature

range.
Features:
° Calibrated directly in ° Celsius (Centigrade)
e Linear + 10.0 mV/°C scale factor
® Rated for full —55°to +150°C range

e Operates from 4 to 30 volts

St e

15




8-Bit A/D Converter ADC 0804

)
‘ ADC080X
Dual-In-Line and Small Outline (SO) Packages
o ./
CS~{1 20§=Vec (OR Vpgr)
RD—{2 19F=CLKR
WR =43 18 ~=~DBO (LSB)
CLK IN={4 17 }=DB1
INTR =5 16 f=DB2
IO [ 15§—DB3
V(=) =47 14 f=DB4
AGND 8 13}~-DB5
‘_ Vrer/2—49 12}—0B6
DGND—{10 11§~DB7 (MsB)

Fig. 2.3: ADC 0804

DESCRIPTION

The ADCO80X family is CMOS 8-Bit, successive approximation A/D converters which use a
modified potentiometric ladder and are designed to operate via three-state outputs. These
converters appear to the processor as memory locations or I/0 ports, and hence no interfacing
logic is required. The differential analog voltage input has good common mode-rejection and
permits offsetting the analog zero-input voltage value. In addition, the voitage reference input
can be adjusted to allow encoding any smaller analog voltage span to the full 8 bits of resolution.

TR S ——

FEATURES

- e s e e il

* Easy interface to all microprocessors
* 0V to 5V input range with single 5V power supply

|
s * Outputs meet TTL voltage level specifications

16




Micro-Controller AT89C51

PDIP
./
P1.00 1 40 VCC
P1.10]2 38 11 P0.0 (ADO)
P1.2003 38 [ PO.1 (AD1)
P1.3(14 37 1 P0.2 (AD2)
P14 [}5 38 [ P0.3 (AD3)
P1.5([]6 35 [ PO.4 (AD4)
j P1.6[]7 34 [1P0.5 (ADS)
P1.70]8 33 [1 P0.6 (ADS)
RST[]9 32 1 PO.7 (AD7)
_ (RXD) P3.0[] 10 31 JEAIVPP
[ (TXD) P3.1 [ 11 30 [J ALE/PROG
(INTO) P3.2 [} 12 20 [1PSEN
(INTT)P3.3[]13 28 [1P2.7 (A15)
(T0) P3.4 [] 14 27 [1P2.6 (A14)
(T1) P35 ] 15 28 [1P2.5 (A13)
(WR) P36 ] 18 25[1P2.4 (A12)
(RD)P3.7[] 17 24 [1P2.3 (A11)
XTAL2 ] 18 230 P2.2 (A10)
XTAL1 (] 19 220 P2.1 (A9)
GND [} 20 211 P2.0 (A8}
Fig. 2.4: AT89C51
DESCRIPTION:
The AT89C51 is a low-power, high-performance CMCS 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 AT89C51 is a

-

powerful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

|
|
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FEATURES:

4K Bytes of In-System Reprogrammable Flash Memory
128 x 8-bit Internal RAM
32 Programmable I/O Lines

Two 16-bit Timer/Counters

18



LCD

Fig. 2.5: 16x2 LCD Display

LCD (Liquid Crystal Display) screen is an electronic display module and find a wide range of
applications. A 16x2 LCD display is very basic module and is very commonly used in various
devices and circuits. These modules are preferred over seven segments and other multi segment
LEDs. The reasons being: LCDs are economical; easily programmable; have no limitation of
displaying special & even custom characters (unlike in seven segments), animations and so on.

A 16x2 LCD means it can display 16 characters per line and there are 2 such lines. In this LCD
each character is displayed in 5x7 pixel matrix. This LCD has two registers, namely, Command
and Data.

The command register stores the command instructions given to the LCD. A command is an
instruction given to LCD to do a predefined task like initializing it, clearing its screen, setting the
cursor position, controlling display etc. The data register stores the data to be displayed on the
LCD. The data is the ASCII value of the character to be displayed on the LCD.

19
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Pin No.| Symbol Level Descriptid_n
g Vss oV Ground ;
2 Vop 5.0V [Supply Voltage for logic :
3 wVgr | (Variable) (Operating voltage for PLED Brightriess adjhstment
-+ RS H/L  |H: DATA, L: Instruction code
3 RW HL  |H: Read(MPU- Module) L: Write(MPU- Module)
6 E HH-1 |Chipenable signal
7 DBO H1L  [Databit0
8 DBI H/L  [Databitl
9 DB2 H/L  |Databit2
10 DB3 H/L  |Databit 3
1 DB4 HL  |Databit4
12 DB3 H/L  |Databit$
13 DB6 H/L Data bit 6
14 DB7 HL [Databit7
15 NC 5
16 N¢C 3
Fig. 2.6: LCD pinout
I
¢
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Transformer

Primary . SBecondary
winding winding
Ny e Hg g
Primary Socondary
chrent current
PnﬂLy;'
vakagn

* i

I ¢

Fig 2.7: Transformer

A "transformer" changes one voltage to another. This attribute is useful in many ways. The
number of times the wires are wrapped around the core ("turns") is very important and
determines how the transformer changes the voltage.

° If the primary has fewer turns than the secondary, you have a step-up transformer
that increases the voltage.

. If the primary has more turns than the secondary, you have a step-down
transformer that reduces the voltage.

A transformer doesn't change power levels. If you put 100 Watts into a transformer, 100 Watts
come out the other end. [Actually, there are minor losses in the transformer. But transformers
come pretty close; perhaps 95% efficient.]

A tran@yrmer is made from two coils of wire close to each other (sometimes wrapped around an
iron or ferrite "core"). Power is fed into one coil (the "primary"), which creates a magnetic field.
The magnetic field causes current to flow in the other coil (the "secondary"). Note that this

3 doesn't work for direct current (DC): the incoming voltage needs to change over time -
alternating current (AC) or pulsed DC.

. Resoy
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Resultant Output Waveform

Fig. 2.8: Bridge Rectifier

A rectifier changes alternaiing current into direct current. This process is called rectification. The
three main types of rectifier are the half-wave, full-wave, and bridge. A rectifier is the opposite
of an inverter, which changes direct current into alternating current.

The bridge rectifier, also called a diode bridge, consists of four diodes connected together in a
square. Two diodes are connected at their anodes, and the other two are connected at their
cathodes. These form the rectitied output terminals. The remaining ends are joined to form two
input terminals. It is usually packaged as one component with four terminals. The bridge rectifier
allows for full-wave rectification without the need for an earthed center tap on the transformer.

Even the bridge rectifier has some variation in its output voltage, so a filter is required to smooth
out this ripple. A capacitor connected across the output terminals acts as a basic filter by storing
energy during the peak voltage, and releasing it when the voltage falls. This removes most of the
ripple but does not result in a steady voltage. A choke and second capacitor are usually added to

funhe@nooth the ripple.
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Power Supply

To provide a useable low voltage the Power supply unit needs to do a number of things:-

. Reduce the Mains AC (Alternating current) voltage to a lower level.

. Convert this lower voltage from AC to DC (Direct current) =

o Regulate the DC output to compensate for varying load (current demand)
o Provide protection against excessive input/output voltages.

Reduction of AC Mains

This is achieved by using a device known as a Transformer an electromagnetic device consisting
of an ferrous iron core which has a large number of turns of wire wound around it, known as the
Primary Winding

The ends of the turns of wire are being connected to the input voltage (in this case Mains AC).

A second number of turns of wire are wound around the Primary Winding, this set being known
as the Secondary Winding.

The difference between the number of turns provides us with a way of reducing (in our case) a
high AC voltage to a lower one.

Conversion of AC to DC

To convert our now low AC voltage to DC we use a Rectifier Diode connected to the Secondary
Winding.

As our low AC voltage will be working at a frequency of 50Hz (Mains AC frequency) it is
desirable to reduce the inherent hum on this to a lower level.

This is achieved by a technique known as Smoothing (“Ironing” out the bumps in the AC).
A simple way to reduce the hum is to use Full Wave Rectification.

Today this is usually done by four diodes in a bridge configuration known as a Bridge Rectifier.
(This can be four individual diodes or a dedicated self contained package)

Regulation of Output Voltage

The Electrolytic Capacitor is a device capable of storing energy the amount of energy and the
time it remains stored depending on the value.
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In a simple POWER SUPPLY UNIT the easiest way to provide regulation to compensate for

varying load conditions is to use a pair of relatively high value Electrolytic Capacitors.

Their values in this case being in the region of 470uF to 2000uF depend on the application and
the amount of current required from the output of the unit.

One of these capacitors is connected across the DC output of the rectifier diode(s) or bridge, this
capacitor also providing an extra degree of smoothing the output waveform.

The second capacitor is connected via a low value, medium to high wattage resistor, which
assists in limiting the current demand.

Protection against excessive voltages

In a simple POWER SUPPLY UNIT the easiest way to do this is by providing fuses at the input
to the transformer, generally in the live side of the mains supply, also at the DC outputs.

In the event of an excessive input voltage or excessive current being drawn from the output, one
of these fuses should normally blow protecting the POWER SUPPLY UNIT and the equipment
connected to it.

The transformer may also be fitted with an internal or external thermal fuse, which will open if
the transformer  becomes hot due to the aforementioned  conditions.
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2.2 pH Control Design
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Fig. 2.9: pH Control
A pH probe works something like a little battery.
In a neutral solution pH probe would generate OV.
In acidic solution pH probe would generate a positive voltage proportional to the ionic strength.
In basic solution pH probe would generate a negative voltage proportional to the ionic strength.

This circuit uses op-amp Ula to amplify and buffer the high impedance signal from the probe
and adjust the slope, which is done by adjusting the gain loop. The output of this stage if adjusted
properly would be -7V to +7V with -7V being pH of 14 and +7V being pH of 0.

Wh?needed for this voltage to be inverted and offset, and both these tasks are accomplished
usin§p-amp Ulb. The output at this stage should be OV to 14V indicating the pH of the sample
being tested.
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Fig. 2.10: Light Control

*  The resistance of the Light Dependent Resistor (LDR) varies according to the amount of
light that falls on it.

* RpL=(500/Lux) Kohm

*  With the LDR connected to 5V through a 3.3K resistor, the output voltage of the LDR is

* Vo=5*RL/(Rp+3.3)

?
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Fig. 2.11: Temperature Control (Full)
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DESCRIPTION:

Fig. 2.11 shows the circuit of the microcontroller- based temperature meter. It comprises
microcontroller AT89C51, temperature sensor LM35, analogue to- digital converter ADC0804,
voltage regulator 7805 (Fig. 2.12), an LCD module and a few discrete components.

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4 kB of Flash
programmable and erasable read only memory (PEROM). It provides the following standard
features: 4 kB of flash, 128 bytes of RAM, 32 input/output (I/O) lines, two 16-bit timer/
counters, five-vector two-level interrupt architecture, a full-duplex serial port, and on-chip
oscillator and clock circuitry.,

In addition, the AT89C51 is designed 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, timers/counters, serial 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 reset.

An 11.0592MH2 crystal is connected to pins 18 and 19 to provide basic clock to the
microconiroller. Capacitors C4 and C5 connected in parallel to the crystal maintain the
resonance. Switch S1 is used to manually reset the microcontroller, while the power-on reset
signal for the microcontroller is derived from the combination of capacitor C3 and resistor R2.

IC LM35 (IC3) is a three-terminal, precision temperature sensor whose output voltage is linearly
proportional to the Celsius temperature with 110.0 mV/"C scale factor. It thus has an advantage
over linear temperature sensors calibrated in °Kelvin, as the user is not required 1o 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. It
is rated for full -550C to 150.C range and operates off 4V-30V input. It gives OV output for 0°C
temperature. The analogue output (Vout) at pin 2 of LM35 is fed to Vin (+) pin 6 of analogue-to-
digital converter ADC0804, whose V,, (-) plrir7 is connected to ground. Pin i. of LM35 is
connected to 5V supply and pin 3 is grounded.

ADC&%ZL (IC2) is a CMOS, 8-bit, single-channel analogue-to-digital converter. It features
conversion time of less than 100 ms, differential analogue input voltage, TTL-compatible inputs
and outputs, on-chip clock generator, analogue voltage input range from OV to 5V, and no zero
adjustment. The conversion time depends on resistor R3 and capacitor C6. The conversion rate in
free-running mode is 640 kHz. Digital and analogue ground should be separated in ADC0804 to
avoid any interference in the circuit.
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The resolution of 8-bit ADC0804 is 19.53 mV, which doesn't match with the scale factor of
LM3S and therefore can cause error. To avoid this error, the full-scale range of ADC0804 is
made 0-256V by adjusting the voltage at pin 9 (V,/2) to 1.28V through

I-kilo-ohm preset VR2. In ADC0804, the input analogue voltage is divided by its step size to
give digital output. For each 10mV rise and fall of the analogue input at Vin (+), digital outputs
at DBO throughDB7 increase and decrease respectively. The maximum input voltage that can be
converted by the ADC is 2.55V (10mV x 2SS) giving full-scale output of FF hex value in this
system.

The 8-bit digital output of ADC0804 (DBO through DB7) is connected to 8-bit port pO of the
microcontroller. Signals RD, WR and INTR of the ADC are connected to P27, P2.6 and P2.5 of
the microcontroller. These signals of the ADC act as handshaking signals with microcontroller
IC1.RD and WR are the input pins of the ADC, while INTR is the output pin. Through INTR
signal, the microcontroller gets to know when the conversion from analogue into digital is
completed by the ADC.

The microcontroller makes WR Pin 'low' and RD pin 'high' to start the conversion. Pin INTR
goes high for the end of conversion. A transition from high to low on INTR indicates end of
conversion. Then the microcontroller makes RD 'low' and WR 'high' to read the 8-bit data at
DBO through DB7 through microcontroller port PO. Through its firmware, the microcontroller
multiplies the digital input at port 0 with the step size value of ADC0804 and then divides with
the temperature/volt scale factor of LM35 to give the measured and calibrated °C temperature.

The measured temperature is instantaneously displayed on the LCD. Port Pl, of the
microconfroller is connected to data port pins 7 through 14 of the LCD module. The handshake
signals of the LCD (RS, R/W and Enable) are connected to P3.2, P3.3 and.P3.4 of the
microcontroller, respectively. All the data is sent to the LCD in ASCII form to display. Only the
commands are sent in hex form to the LCD. RS signal is used to distinguish between data
(RS=1) and command (RS=0). Use Preset VR1 to control the contrast of the LCD.

Switches S2, S3 and S4 connected to pins P2.2, P2.1 and P2.0 are treated as ‘Up’, 'down' and
enter, buttons, respectively by the temperature setting of the microcontroller. Measuring interval
and {@ashold temperature values are to be entered by the user using switches S2, S3 and S4
whenever the microcontroller starts. The range of measuring interval is 1 second to 99 seconds.

According to this measuring interval, the microcontroller measures the temperature value in its
flash - memory.  Whenever the measured temperature rises above the threshold value, the
piezoelectric buzzer at pin P2.4 sounds until the temperature becomes lower than these threshold
values.

29




Time between measurements of two temperature samples is treated as waiting time measuring
interval. So during waiting time, LED2 connected at pin P2.3 of the microcontroller glows. It is
turned off during measurement. Resistor R4 acts as the current limiter for LED?.
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Fig. 2.12: Power Supply Circuit

Fig. 2 shows the power supply circuit. The 230V, 50 Hz AC mains is stepped down by
transformer X1 to deliver secondary output of 9V 500mA.

The transformer output is rectified by a full-wave rectifier comprising diodes D1 through D4,
filtered by capacitor C1 and regulated by IC LM7805 to provide +5V DC output. Capacitor C2
provides further filtering. LED1 indicates DC power and R1 acts as the current limiter.
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Chapter 3: Software Design

jrackiieieit AS] Assmbler used to convert assembly code to machine code st btttk

$MODS51

aux1
count

disp_data
lcdcom

counter
scroll

sampleno?2
samplenol
sampleno0

intervall
intervalQ

threshold1
thresholdQ

tvall
tvalO
temp

t3
t2
t11
t00
hex 1
“hex0
m641
mo640
out?
outé
outs
outd
out3
out?

equ OaZh
equ 10h

equ 11h

equ 12h

equ 13h
equ 14h

equ 18h
equ 19h
equ lah

equ 21h
equ 22h

equ 23h
equ 24h

equ 25h
equ 26h
equ 29h

equ 38h
equ 3%h
equ 3ah
equ 3bh
equ 3ch
equ 3dh
equ 3eh
equ 3fh
equ 40h
equ 41h
equ 42h
equ 43h
equ 44h
equ 45h

;variables declaration

;lcd data variable

;lcd command variable

;3 digit sample no variables

;2 digit recording interval

;2 digit threshold value in degree Celsius

;2 digit temperature value in degree Celsius

;temporary variables
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outl equ 46h

out0 equ 47h

T™MP_3 equ 48h

T™MP_2 equ 49h

TMP_1 equ 4ah

TMP_0 equ 4bh

rem] equ 4ch

rem() equ 4dh

Ekey equ 0aOh ;input keys address location
dkey equ Oalh

ukey equ Oa2h

ledl equ 0a3h

buzzer equ Oadh ;buzzer location

intr equ 0aSh ;ADC handle shake signals address location
wIT equ 0a6h

rdd equ Oa7h

adc_data equ 80h ;ADC data 1 byte bus address
org 00C0h

start_program:
mov sp,#50h

clr ledl ;reset leds and buzzer
clr buzzer

mov count,#00h

mov counter,#00h

Icall led_initialize ;initialize led
icall delayl4m
Icall welcome_msg ;welcome strings display

Icall clear_lcd

mov dptr,#0730h ;string "Enter parameters” display on LCD
Icall display_text

Icall delaylsec
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Icall cursoron ;display cursor on LCD
clrri

mov intervall #30h

mov interval0,#31h ;Initialize recording interval to 01 sec
Icall clear lcd ;clear the LCD
mov dptr,#0740h ;string "measuring interval” display on led"

Icall display_text

Icall delayl4m

mov lcdcom,#0c5h _ ;set cursor position

Icall command ;routine to command the LCD

mov disp_data,intervall .

lcall data_routine ;routine to display a ASCII character on the
current LCD cursor position

mov disp_data,intervalQ {
Icall data_routine

mov disp_data,#'"'

Icall data_routine

mov disp_data,#'s'

Icall data_routine

mov disp_data,i#'e'

Icall data_routine
mov disp_data,#c
Icall data_routine

again_keyi:
mov ledcom,#0c6h
Icall command

setb ukey ;Scanning the input keys
F° setb dkey
setb Ekey

upi:




jb ukey,downi
mov a,#01h

Icall intfound
from 01 to 99 secs

sjmp Enteri
downi:

jb dkey,Enteri
mov a,#02h
Icall intfound

Enteri:
jb Ekey,again_keyi
Icall delay140m

Icall delay140m

clrri

mov threshold1,#32h
20 degree celcius

mov threshold0,#30h
Icall clear_lcd

mov dptr,#0750h

Icall display_text

mov ledcom,#0c5h

Icall command

mov disp_data,threshold1
Icall data_routine

mov disp_data,threshold0
Icall data_routine

mov disp_data,#" '

Icall data_routine

mov disp_data, #C'

Icall data_routine

nop

;UP key

;routine to keep measuring interval in range

;DOWN key

;Enter key

;debouncing delay

;initialize threshold value of temperature to

;string "threshold value" display on LCD
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again_keyt:

upt.

mov lcdcom,#0c6h
Icall command
setb ukey

setb dkey

setb Ekey

jb ukey,downt
mov a,#01h

Icall thfound

49 degree celcius

downt:

Entert:

sjmp Entert

jb dkey,Entert
mov a,#02h
Icall thfound

jb Ekey,again_keyt
Icall delay140m
Icall delay140m
Icall clear_lcd

mov dptr,#0760h
Icall display_text

Icall delaylsec

start_sample:

mov sampleno0,#30h
mov samplenol,#30h
mov sampleno?2,#30h

Icall clear_lcd

mov dptr,#0770h

;routine to keep threshold value from 20 to

;string "Parameter saved" display on LCD

;initializing no of samples to zero

;string "temperature” display on LCD
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Icall display_text

mov ledcom,#0cOh

Icall command ;string "samples no." dispaly on LCD
mov dptr,#0780h |

Icall display_text

Icall cursoroff ;make cursor off

sample_again:

nop
no_Ser:

Icall start_adc ;start the adc to measure temp

Icall read_adc ;read adc byte

Icall get_temp sconvert ade byte into temperature and

record into the flash

Icall update_sample ;increase no of samples by one

Icall show_temp ;display temp on led

Icall check_thsold ;compare the temperature with the threshold
value

Icall wait_time ;waiting time according to recording interval

ljmp sainple_again

. EEEEE T i ok ook sk ok ok sk sk ofe s e #* & 3 EE #*
,*****AJCX*Xvﬁ*K*****‘PKV*K* *xxx******SUBROUTINEs ke sk ok sk ok ok sk ek ok okok skosfokokok skoksksk sk sk ok

start_adc: ;start the conversion of ADC..conversion
frequency is around 640KHz

clr led1

clr wr

Icall delayl4m
setb wr
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setb intr
ret

- e s sfesfe ke sl sl e sk sl o skt e st sl sk s stk sieoskeoi sk s sde sk sl sk il kototeototsolok skololkok siokoksiomsioketokkok kiR dokoolslomsioisioiorokok
3

read_adc; ;read the digital output from ADC
mov adc_data,#0fth
adc_not:

;jb intr,adc_not
Icall delay14m

setb rdd

clr rdd

mov a,adc_data
setb intr

setb rdd

mov temp,a

ret

- s s e e s sfe e sl sfe ol s sl sl sk st okl st st sfe sl skesfe s sfe st it sloloiofoloi eololelo elodk ol etk solokok skl kokokok kol sokok skor ok sokorkok
3

get_temp: ;convert ade digital output into temperature
and store its 2 digit value into flash

Icall calculations

mov tvall,out2 seurrent temp value in ivall and tvalQ
mov tval(0,out]

gett_over:
ret
< sheste ook sheste st ol sk sk sk ok kol ko ok gl el gk sk kR kok sk ok skokskokkokofolelok sk ek sl sk skolek sk koksk sk okt okl sl kool ok s ek ok
?
update_sample: ;routine increase number of samples by one

anl sampleno0,#0fh
anl sampleno1,#0fh
anl sampleno?2 #0fh

mov t3,#00h

mov t2,sampieno2

mov t11,samplenol '
mov t00,sampleno0

37




‘

Icall dec_to_hex ;eonvert decimal to hexadecimal value 1
clre

mov a,hex(0 ;add one to hex value of no of samples
add a,#01h

mov hex(,a

mov a,hex |

addc a,#00h

mov hexl,a

mov t3,#00h
mov t2 #00h
mov tl]1,hex|
mov t00,hex0

Icall hex_to_dec ;convert hex value to decimal number

mov sampleno2,out?

mov samplenol,outl

mov sampleno(),out0 : '
ret |

?

show_temp: ;routine to display 2 digit temperature to
LCD

mov ledcom #8bh
Icall command

mov disp_data,#"'
Icall data_routine
mov disp_data,tvall
Icall data_routine
mov disp_data,tval(
Icall data_routine
mov disp_data,# '
Icall data_routine
mov disp_data,#'C'
Icall data_routine
mov ledcom,#0cbh
lcall-command

mov disp_data,#"'
Icall data_routine
mov disp_data,sampleno?2
Icall data_routine
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mov disp_data,samplenol
Icall data_routine

moyv disp_data,samplenoQ I
Icall data_routine
ret

9

check_thsold: ;routine compare temp value with threshold
values

mov a,tvall i
anl a,#0fh '
mov b,#0ah
mul ab
mov r0,a
mov a,tval( |
anl a,#0fh |
add a,r0

movrl,a ;hex value of current temperature
mov a,thresholdi :

anl a,#0fh

mov b,#0ah

mul ab

mov 10,a

mov a,thresholdC
anl a,#0fh

..

add a,r0 ;hex value of threshold temperature
clrc

subb a,rl

jnc temp_notmore

temp_more:

setb buzzer ;Buzzer on if current temperature more than
threshold value

sjmp check_over

temp_notmore:

clr buzzer ;Buzzer off if current temperature more than |
threshold value




check_over:

ret

wait_time: ;This routine is used to provide measuring interval delay

clr wrr

clrri

setb led1

mov a,interval |
anl a,#0fh |
cjne a,#00h,not_zero '
sjmp Isb_digit

not_zero:

mov b,#0ah
mul ab
mov r0,a
setb Ekey

herer():

e . S O

mov 13,#04h
herel il:

mov r4,#0EOh

here2_i2: .
mov 15 #0ffh '
here3_i3:

nop

nop

nop .
djnz r5,here3_i3 !
djnz r4,here2_i2

— djnz 13 herel il

djnz r0,hererQ

Isb_digit:
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mov a,interval( ;:
anl a,#0fh |
cjne a,#00h,not_zerol ' 1
sjmp wait_over

not_zerol:

mov r0,a
hererO1:;

mov 13,#04h
herel iil:

mov r4,#0e0h
here?_ii2:

mov r5,#0fth

here3_ii3:

- N .. &5

nop
djnz r5,here3_ii3
djnz rd,here2_ii2
djnz 13,herel _iil
djnz r0,herer01

wait_over:

clr led1

Icall delay140m
Icall delay140m
setb wrr

ret

otk ket etk ol ek okl ol ol of skt el sk kot ol sl s Bk s ok s s ok s s kol s sl s s ok o ol s
L]

welcome_msg: ;This routine displays the welcome message at
power on
&1 | nep
scrolling: sstartting cursor position from where !

scrolling starts
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mov scroll #8th

scrollagain:

on LCD

Icall clear_led
Icall cursoroff
mov lcdcom,scroll
Icall command

mov dptr,#700h

Icall display_text

mov a,scroll

dec a

mov scroll,a

Icall delay140m

cjne a,#7fh,scrollagain
Icall delaylsec

Icall delaylsec

Icall clear_lcd

mov 12,#00h

flash_again:

LCD

LCD

mov dptr,#7i0h

Icall display_text
Icall delayl14m
mov lcdcom,#0cOh
Icall command

mov dptr,#0720h

Icall display_text
Icall delaylsec
Icall delay140m
Icall clear_lcd
Icall delay140m
Icall delay140m
lcall delay140m
inc 12

mov a,r2

cjne a,#02h.flash_again

;string "Major project” display

;string "Data acquisition” dispaly on

;string "System” display on second line of

;message on LCD blinks fro Z times
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ret i

calculations: ;routine converts the ade 8 bit output to 2-
digit temperature value in ASCII

mov a,temp

MOV  TMP_03#0

MOV  TMP_140

MOV  TMP_2#0

MOV TMP_3#0

MOV R1,hexl ;load divisor
MOV  RO,hex0

mov b,#0ah
div ab
mov out2,a
mov outl,b
orl out2,#30h
orl outl #30h
ret
division_16: ;32 bit by 16 bit division \
MOV  R740 ;msb remiander }|
‘ M
MOV R6#0 ;1sb remiander ;zero out partial lji
remainder |
i
|
!

MOV R5,#32 ;1loop count

Div_loop:

LCALL Shift D ;shift the dividend and return MSB in C

MOV AR6 : ;shift carry into LSB of partial remainder
RLC A i
MOV R6,A |
MOV AR7 !
RIE A |
MOV R7A !
CIR C £
MOV AR7 ;subtract R1 from R7 to see if R] < R7 1
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SUBB A,RI ; A=R7-RI1, carry set if R7 < R1

JC  Cant_sub

INZ Can_sub ;jump if R7>R1 i |
CLR C - |

MOV  A.R6 B |

SUBB A,R0 : A =R6 - RO, carry set if R6 < RO

JC  Cant_sub

Can_sub:

CLR €

MOV AR6

SUBB A,RO ; A=R6-R0O

MOV R6,A

MOV  A,R7

SUBB A,R1 : A =R7-RI1 - Borrow
MOV R7,A

SETB C ; shift a I into the quotient
limp  Quot

L N,

Cant_sub:
CLR C
Quot:

LCALL Shift_Q ; Test for completion
DINZ RS5,Div_loop
; Now we are all done, move the TMP values back
into OP

MOV  t00,TMP_0
MOV t11,TMP_1
MOV 2, TMP_2
MOV 3, TMP_3

RET

Shift_D:
GRS
MOV  A,t00
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RLC A
MOV t00,A

MOV Al

RLC A

MOV  tI1,A

MOV A2

RLC A

MOV  12,A

MOV A3

REC=A

MOV 3,A
RET

Shifi_Q:

MOV  A,TMP_0
RIC A

MOV TMP_0,A
MOV A, TMP_|1
RLC A

MOV TMP_LA
MOV A, TMP_2
RILC A

MOV TMP_2,A 1
MOV ATMP_3

., - TR

N -

RLC A
MOV TMP_3,A
RET

£

hex_to_dec: ;Routine convert 4 byte hex into 8 digit decimal
ascii

mov out7,#00h ;Input in t3,t2,t1,t0 and output in
out7,out6,out5,out4,out3,out2,outl,out) variables

mov out6,#00h
mov out5,#00h
mov outd,#00h
mov out3,#00h
mov oui2 #00h
mov outl #00h
mov out(,#00h

mov hex 1,#00h




mov hex(,#0ah

mov a,t2

cjne a,#00h,xbn56
s mov a,tl1

cjne a,#00h,xbn57
Icall division_16
mov out(,r6

Icall division_16
mov outl,r6

mov out2,t00
sjmp over56

xbn57:

Icall division_16

mov out0,r6

Icall division_16

mov outl,r6

Icall division_16 ;
mov out2,r6 !
Icall division_16 4 |
mov out3,r6

mov out4,t00

sjmp over56

xbns6:

Icall division_16
mov out0,r6
Icall division_16
mov outl,r6
lcall division_16
mov out2,r6
Icall division_16
mov out3,r6
lcall division_16
mov outd,r6
Icall division_16
mov out5,r6
Icall division_16
mov outo,r6o
mov out7,t00

overs6:
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|
orl out7,#30h ;converting all decimal values to ASCII o
orl out6,#30h , ¥
orl out5,#30h O e F
orl out4,#30h 5
orl out3,#30h
orl out2,#30h
orl outl,#30h
orl outO,#30h
ret

’

dec_to_hex: ;Routine convert the 4 digit decimal into 2
byte hex

mov 10,#00h sInput in t3 2 t1 t0 and output in hex1 hex0
? " mov rl,#00h
mov r2,#00h
~ mov r3,#00h
mov r4,#00h
mov r5,#00h
mov r6,#00h
mov r7,#00h i
mov hex1,#00h \
mov hex(,#00h
mov r),t3
cjne 10,#00h,load0
ljmp load]

loadO:

mov a,r0

mov b, #0ah

mul ab

mov 10,a

mov r7,a

mov m64 1,#64h

loadl:
Iﬁov r2,t2
cjne 12,#00h;load2
ljmp load3

load2:
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mov mo640,#64h
load3:

mov r4,t11
cjne r4,#00h,load5
ljmp load6

load5:

mov a,r4
mov b,#0ah
mul ab
mov r4,a
mov r6,a

load6:

mov 15,00
cjne 15,#00h,starting
nop

starting:

mov 5,140
cjne r5,#00h,here5
ljmp now?2

here5:

inc hex0
djnz r5,here5

now?2:

mov a,r6

mov rd,a

cjne r4,#00h,here4
ljmp now3

here4:

inc hex0
djnz r4,here4

now3:
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here3:

here2:

cont:

nowd:

herel:

here0:

contl:

mov r2,t2
cjne r2,#00h,here3
ljmp now4

mov r3,m640

clre

mov a,hex(
add a,#01h

mov hex0,a
mov a,hex1
addc a,#00h
mov hexl,a

djnz 8, here2
djnz r2,here3

mov a,r7

mov r0,a

cjne r0,#00h,herel
ljimp home

mov rl,m641

clrc

mov a,hex0
add a,#01h

mov hex0,a
mov a,hex1
addc a,#00h
mov hexl,a

djnz rl,heie0
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djnz r0,herel

home:

|
:
i
dl
!
!

ret

thfound: ;routine provide threshold value range from
20 to 49 degree celcius for user

mov r6,a

cjne r6,#01h,dec_th

inc threshold0

mov a,thresholdQ

; cjne a#t3ah,ter_return

’ mov a,thresholdl _
cjne a,#34h,notninerth

mov threshold1,#32h

mov threshold0,#30h

sjmp ter_return

notninerth:

N —————

inc threshold1
mov thresholdC,#30h

sjmp ter_ieturn !

dec_th:

cjne 16,#02h,ter _return
dec threshold0

mov a,threshold0

cjne a,#2fth,ter_return
mov a,threshold1

cjne a,#32h,notzerorth
mov threshold1,#34h
mov threshold0,#3%h
sjmp ter_return

notzerorth:

dec threshold1 5
mov threshold0,#3%h |

‘ ter_return:




mov lcdcom,#0c5h

Icall command

mov disp_data,threshold1
Icall data_routine

mov disp_data,threshold0
Icall data_routine

Icall delay140m ;debouncing delay
Icall delay140m

Icall delay140m
ret

3

intfound: ‘ sroutine provide recording interval range
from 01 to 99 secs for user

mov r6,a /
cjne r6,#01h,dec_int
inc interval(Q

mov a,intervalQ

cjne a,#3ah,ini_retuin
mov a,intervall

cjne a,#39%h,notniner
mov intervalQ,#31h
mov interval 1,#30h
sjmp int_return

notniner:

inc intervall
mov interval0,#30h
sjmp int_return

dec_int:

c¢jne r6,#02h,int_return
dec intervalQ

mov a,interval(Q

cjne a,#30h,int_return
mov a,intervall

cjne a,#30h;notzeror
mov interval(C,#39h
mov interval 1, #39h
sjmp int_return
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notzeror:

dec intervall
mov interval(,#39h

int_return:

mov ledcom,#0c5h

Icall command {
mov disp_data,intervall

Icall data_routine

mov disp_data,intervalO

Icall data_routine

Icall delay140m ;debouncing delay
Icall delay140m

’ lcall delay140m
ret

;********************************************$***********************$********

display_text: ;display a 16 byte in ASCII string on lcd
mov count,#0fh
nextchar:

mov a,#00h
movc a,@a+dptr
mov disp_data,a
icall data_routine
inc dptr

mov a,count

cjne a,#00h,next1
sjmp herell

nextl:

dec count
sjmp nextchar

E-1 58 herell:

ret

+ e sl sfesfesfe e e lesfesle sk s s sl st stk skokokok ook skl s sk sk sk s sk s s e ek ke ok ook R RR iR R ksl skl s sk stk sk skskokok ok ol sl stk
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lcd_initialize:

mov ledcom,#38h
Icall command
Icall delay40u

mov lcdcom,#01h
Icall command
Icall delayl4m

mov ledcom #0Eh
Icall command
Icall delay40u

mov ledcom,#06h
Icall command
Icall delay40u

ret

;initialize led

;5*7 matrix 16%2 char led

;clear led

;blink off, cursor ON, display ON

;shift cursor right

-*****************************************************************************
»

clear_lcd:

mov ledcom,#01h
Icall command
Icall deiayl4m
mov lcdcom,#80h
lcall command
ret

;clear LCD screen

-*****************************************************************************
b

cursoroff:

movV lcdcom,#0ch
Icall command
ret

;led cursor off

-****$************************************************************************
2

cursoron.

mov-ledcom #0eh
Icall command
ret

;lcd cursor on

-*************$*******$*******************************************$$**********
?
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command: ; ;routine to send the command to LCD | il
clr p3.2 15=0 |
clrp3.3 ;rw=0 il

Icall delay10u ;delay of 10usec

setb p3.4 H=15

Icall delay10u ;delay of 10usec

mov pl,lcdcom :mov data

Icall delayl0Qu ;delay of 10usec

clr p3.4 :E=0

Icall delay10u

setb p3.3 ;rw=1

Icall delay40u -
ret

3

data_routine: s;routine to send ASCII data to LCD
setb p3.2 irs=1 X
clr p3.3 rw=0 I
Icall delay10u (i
setb p3.4 :E=1; ,
lcall delay10u
mov pl,disp_data
clr p3.4 ;E=0
Icall delay40u
ret

2

;*******************De]ay Of 1Ousccvk*>1=>§=****#********************>’<-<*=************

delay10u: . delay of 10 usec
mov 14,#04h

herel0u:
djnz r4,here10u
ret

delay40u: ;delay of 40 usec
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|
mov 13,#0%h ‘ :
herel_40u:
mov r4,#01h | E
h61;62_4011f |
djnz r4,here2_40u
djnz r3,herel_40u
ret
;*********************delay of 14m>s=i=s=4a<**<s’>r=*>=»<w==i=k*>sa<a<**xx***a*****wxw*w**xe
delayl4m: ;delay of 14 msec
mov r3 #0fth -
herel_14m:
mov r4,#18h ‘\
here2_14m: |

djnz r4,here2_14m
djnz r3,herel_14m
ret

+ sk s st sk sk s sk ok ok skttt steootekokok sk sokokokskstog skoksefoioloolioiokskiskok stk sk ok olokokokok soror stk R ool ofoskok skl ook
3

delay140m: ;delay of 140 msec
mov 13 #0ffth

herel_140m:

mov 4 #0fth

here2_140m:
djnz r4,here2_140m
djnz r3,herel_140m
ret

'*********************delay OFf 1 gkttt ko sfetestotiolooRsiokofof ok sl sl el st e bbbk R Sk e o
: 1
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delaylsec: ;delay of 1 sec

mov r3,#08h
here]=]5:

mov r4,#0ffh
hete2 71 s;

mov r5,#0ffh
here3_1s:

djnz r5,here3_1s
djnz r4,here2_1s
djnz r3,herel_1s
ret

org 0700h

db '4th YEAR PROJECT'
org 0710h

db '"AQUARIUM MNGMNT'
org 0720h

db 'SYSTEM'

org 0730h

db 'Enter Parameters'

org 0740h

db 'Measure Interval'

org 0750h

db 'Threshold value '

org 0760h

db 'Parameters Saved'
org 0770h

db 'Temperature '

org 0780h

db 'Sample no. '

’*************** o sk ok ok o s sfe sfe s sk skoskoskokok PROGRAM ENDS HER]:AHK sekogockok Hoakck fesk sk skoskokook ook
end

The software is well commented and easy to understand. Written in Assembly language and
assembled using A51 assembler.

Assembler directives and comments are used for proper understanding of the sofiware. The hex

code generated by the assembler is burnt into the microcontroller using a suitable programmer.
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The ranges for measuring time interval (01 to 99 seconds) and threshold temperature value (20°C
to 49°C) are set by the software. The values of the measured temperature and the number of
samples taken until power-on, are displayed on the LCD screen as shown in Fig. 6. The number
of samples is updated according to the measuring interval.

Each port of the microcontroller is made input through software by putting high on the respective
pin or port. By default, all the ports act as outputs. Instead of using timer, nested loops are used
to provide delays at various locations of the software. The values for the loops are calculated
according to the crystal frequency and the machine cycles taken by the used instructions.
Functioning of all the keys (up, down and enter) is also handled by the software. Pooling,
identification of keys, and limits for up and down are provided by the software.
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Chapter 4: Testing and Results 1
Results of Temperature Sensor:
Temperature Range (°C) Sensor output (Voyr)
20-25 324mV
25-30 364mV |1
| 30-35 424mV |
35-40 : 478mV
40-45 526mV j
45-50 563mV i
. 50-55 627mV % ),'l
f
ADC Readings: J
Bit Position ADC Input Voltage
oV v 2V 3V 4v 5V
DO 0 1 1 1 0 I
Bl 0 0 0 0 0 1
D2 0 1 1 i 0 1
D3 0 0 0 0 I 1
D4 0 I 0 I 0 1
D5 0 1 1 0 0 I
D6 0 0 I 0 1 1
D7 0 0 0 1 1 I
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Chapter 5: Future Work

For many years now applications have been available which allow you to control various
elements of the aquarium whilst you are away from it. The can be simple things such as electrical
timers to the more advanced controllers.

There are also some applications which allow you to monitor the aquarium over the internet so
that you can check various parameters — again these are normally quite expensive.

Watching the aquarium whilst you are away is very simple as you can just hook up a webcam
and broadcast it over the internet.

There is a relatively new one now available and it looks to be very good at first sight.
It is called TankedCAM.

What TankedCAM allows you to do is basically monitor your aquarium whilst you are away
from home. This could be when you are at work, travelling, on vacation etc.

TankedCAM gives you the ability to be able to view your aquarium using a live video feed. It
also allows you to pan the camera, check water temperature, pH levels, feed the fish and operate
various equipment such as lighting, moonlights etc.

You can watch, monitor and control your aquarium directly from your I-Phone!
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AT89C51 DATASHEET

BRI U S B S TS e T TN o s 03 e et o i |

Features

Compatible with MC$-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-tevel Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable O Lines

Two 18-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power Idle and Power-down Modes

-

.

s ® a4 oa s oo

Description

The ATBICS1 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erazable read only memory (PEROM). The device
s manufactured using Atmel's high-density nonvolatile memory technolegy 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 memory programmer, By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel ATBICS1 is a powerfu! microcomputer which provides
a highly-flexible and cost-effective solution to many embedded controf applications.

Pin Configurations

PQFP/TQFP

pisgft 331804 (Ases
esaf]z 32[3o38 0N
s17e]s 31 hesspon
Rer s 1Py sen
Ry Frale s aes
rar]e e
Tapy Prt 07 2 M EBRTE
(i esat]e 2t fyeEen
(RTP3ag]e ELY =R AP A
i erar]ie 2a[ye2s At
{T1)PEA[] 1t Felelr TR Epa“lcb
o w 5 BO8 ADE
LAAR LR R AR Do s o,
AN = 2= 207 (sD1)
§g§§§§n§§§ ko
Elﬁ g g 232 Pne

{ )AL SE0E
[1E5ER

SERERIEL
1228 (ave;
sEFE SN

PSRRI

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Not Recommended
for New Designs.
Use AT89S51.

Rav. 0285G-0200
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Block Diagram
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The ATBSC6H1 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timerlcounters, a five vector two-leve! Interrupt architaclure,
a full duplex serial port, on-chip oscillater and clock cir-
cuitry. In addition, the ATB8CS1 is dasigned with static logic
for operation down to zero frequency and supports two
software seleclable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the osdiliater disabling all other chip functions until the next
hardware reset.

Pin Description

vee
Supply voitage.

GND
Ground.

Port 0

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

Port 0 may also be configured 1o be the multiplexed iow-
order address/data bus during accesses to exiernal pro-
gram and data memory. In this mode P{ has internal
puliups.

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

Port 1

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

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

Port 2

Port 2 is an 8-bit bi-directionai YO port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are writlen to Port 2 pins they are pulied high by
the internal pulfups and can be used as inputs. As inputs,

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

Part 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application, it uses strong internal puflups
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
contrel signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional O port with internal pullups.
The Port 3 cutput buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal puliups and can be used as inputs. As inputs,
Porl 3 pins that are externally being pulled low will source
current {}; } becausa of the pullups.

Port 3 also serves the functions of various special features
of the ATBSC51 as listed balow:

Port Pin Alternate Functions

P30 RXD (serial input port)

P31 TXD {serial output poit}

P32 TNTG (external inferrupt 0)

P33 INTT (externat interrupt 1)

P34 70 {timer 0 external input)

P35 T1 {timer 1 external input)

P38 WR (external data memory write strobe}
Pa7 RD (external data memory read stroba}

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

RST

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

ALEIPROG

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

in normal cperation ALE is emilted at a constant rate of 1/6
the oscillator frequency, and may be used for externa! tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3
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pulse is skipped during each access to external Data
Memary.

If desired, ALE operation can be disabled by selting bit 0 of
SFR location 8EH, With the bit set, ALE is active only dur-
ing a MOVX or MOVC Instruction. Othernwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in externat execution made.

PSEN

Program Store Enatle is the read strebe to external pro-
gram memory.

When the ATBICS51 is executing code from external pro-
gram memosy, PSEN is activated twice sach machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EAIVPP

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

EA should be strapped to Vge for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age {Vep) during Fiash programming, for parts that reguire
12-volt Vps.

XTAL1

Input to the Inverting oscillator amplifier and input to the
internal clock operating cicouit,

XTAL2
Qutput from the inverting oscillator amplifier,

Oscillator Characteristics

XTAL1 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.

ldle Mode

in idle maode, the CPU puts itself o sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and al the spe-
cial functions registers remain unchanged during this
mode, Tha idle mode can be termineted 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 algorithm 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 writa to a port pin when idle is terminated by
resel, the instruction following the one that invekes Idie
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Cocnnections

c2
3 ® XTAL2
I l
cY 1
3t é XTAL1
GND
=

Note: 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 Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idia internal 1 Dats Data Data Data
Idie External 1 Fioat Data Addrass Data
Power-down internal g Data Data Data Data
Power-down External : 4 Fiost Data Data Data

4 ATB90YHT e SR
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Figure 2, External Clock Drive Configuration

NG s cmemd  XTALZ
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
execulea. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
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 Ve
is restored to its normai operating level and must be held
active fong enough to allow the oscillator 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 tabla below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes fo 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
LB L2 LB3 | Protection Type

1 U u u No program lock faatures

2 P U u MOVC instructions executed from external program memory are disabled froms
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 P P U Sanie as mode 2, 2isa verify is disabled

4 P | Same as mode 3, also external execution is disabled

ATMEL
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Programming the Flash

The ATBECS1 is normally shipped with the on-chip Flash
memary array in the erased state (that Is, contents = FEH)
and ready to be programmed. Tha programming interface
accepts either a high-voltage (12-volt) or a low-voltage
{Vec) program enable signal. The low-voitage program-
ming mode provides a convenient way to program the
ATBAC51 inside the user's system, while the high-valtage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.
The ATBGC51 is shipped with sither the high-voltage or
low-voltage programming mode enabled. The respective
- top-side marking and device signature codes are iisted in
the fellowing table.

Vep =12V Vep = 5V
Top-side Mark AT88C51 ATB9CS51

XXX Xxxx-5

yyww yyww
Signature {030H) = 1EH (030H) = 1EH

{031H) = 51H {031H) = 51H

{032H) =F FH {032H) = 05H

The ATBICS1 code memory array is programmed byte-by-
tyle in either programming mode. To program any non-
blank byte in the an-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Algorithm: Bafore programming the
AT89CH1, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To orogram the ATBSCH1, take the
following steps.
1. input the desired memory location on the address
lines.

input the appropriate daia byle on the data lines.
Aclivate the correct combination of control signals.
Raise EAN ;. to 12V for the high-voitage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

oo

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written wilf resuit in the com-
olement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all cutputs, and
the next cycle may begin. Data Polling may begin any time
after a writa cycle has been initiated.

Ready/Busy: The progress of byte programming can aiso
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that thelr features are enabled.

Chip Erase: The entire Fiash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The cooe array is writlen
with ali *1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

{030H) = 1EH indicates manufactured by Atmel
(031H}) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
{032H} = 05H indicates 5V programming

Programming Interface

Every code byte in the Fiash array can be written ard the
entire array can be erased by using the appropriate combi-
nation of control signals. The virite operation cycle is self-
timed and once initiated, il automatically time itself to
complction.

Al major programming vendors offer worldwide support for
the Atmel microcontroller saries. Please contact your locai
progrsmming vendor for the appropriate software revision.

6 A1B8Y0CHT rrrrressmmm—— S N B SAEREA
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Flash Programming Modes
Mode RST | PSEN ALE/PROG EAVs: | P26 | P27 | P36 | P37
Write Code Data H E HA2y L H H H
v |
Read Code Data H L H H H
Write Lock Bit-1 H L HA2v H H H H
G
Bit-2 H L H/12v H H B L
V
Bit-3 H £ Hiay H L H L
_\-.//_
Chip Erase H L (1) Hijav H L L L
e
Read Signature Byte H L H H L {3 L Ik
Nete: 1. Chip Erase requires & 10 ms PROG pulse.
Figure 3. Programming the Fiash Figure 4. Verifying the Flash kr
+5Y +5V |
ATBECH1 j’ AT8OCEY {
apor 20 - A7t o Vee AgoR, 20 AT gy Vee i
OOOOM/OFFFH y OOOOHIOFFFH PGM DATA ‘
o P20. P23 PO le—s FOM P20 - P23 PO fp SE 10K ‘
A8 . A1Y 1 AB - A1S PULLUPS)
——» P25 ——p| P25 : i
SEE FLASH ol P27 ALE [4—— PROG GEE FLASH il P27 ALE [
SROGRAMMING ~ PROGRAMMING [
1JODES TABLE | =-eb| P35 MODES TABLE | —» F38 v ‘
—» P37 —»{ P37 2 |
XTAL2 ER [ Y Ve em——— 1] EA |«
324 bz | o 324 MHz | L _ ‘
L) 'v—L [3E] >—L I
I i XTALY RST o ¥, XTALY RST [ ¥, f
— GND PSEN | AE«-q GND PSEN ——»:L
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Flash Programming and Verification Characteristics
Ta = 0°C 10 70°C, Voo = 5.0 £10%

Symbeol Paramater Min Max Units
Vettt Programming Erable Voltage 11.6 12,5 Vv
AL SN Programming Ensble Current 1.0 mA
Hecer Oscillator Frequency 3 24 MHz
Yiice Address Setup to PROG Low 48teiop

Larax Address Hold after PROG 4Bt oy

tovar Data Setup to PROG Low LR

e Data Hold after PROG 48taioy

fisi) P2.7 (ENABLE) High 1o Vs 48l

Ve Setup to PROG Low 10 s
taust Vpz Hold afer PROG 10 ps
e PROG Width 1 110 ps
Yoy Address to Data Valid 48500

R ENABLE Low to Data Valid 48t 01

Larias Data Fioat after ENABLE 0 481 00

et PROG High 1o BUSY Low 1.0 Hs
tic Byta Write Cycle Tims 20 ms

Note: 1. Only used in 12.volt programming mode.

ATEL
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Absolute Maximum Ratings*

|

1‘ Cperating Tempearature ... v 258°C o +125°C *NOTICE:  Stresses beyond thosa listed under "Absolute

| Maximum Ratings® may cause permanent dam-
| Storage Temparatire .......o..ocnioicinncn. 65°C 1o +150°C age to the davice. This ig a stress rating anly and
Il functional opersation of the device at these or any
| Voltage on Any Pin olther conditions beyond those indicated in the

| with Respect to Ground .,......cccvwnvnivineicnnnnn, = 1.0V 10 +7.0V operational sections of this specification is not

Symboi Parameter Condition Min Max Units
| v, input Lewvoltags {Except EE) 05 0.2 Vpp- 0.4 v
| Vi input Low-voltage (EA) 08 02Vee-03 Y
Vi Input High-vollage (Except XTAL1, RST) 02Vee+ 08 Vap+ 03 v
g Vs input High-vcliage (XTAL1, RST} 07 Vs Veet 05 v
| Voo Output Low-voitaget™ (Ports 123 tau = 16 mA 045 Y
Output Low-woitage'™ I
Veu (Port 0, ALE, PIER) fc=3emA bl v
| lon = <80 pA, Vog = BV £ 10% 24 v
| Output High-voitage
| pE 1 3 L
; Ven (Ports 1 2.3, ALE, PEEN) o ¥ 0015 e b
| 1oy 10 pA 09V,n v
| low = -BOU A, Vo = BV 210% 24 v
| e Oulput High-voitage T
{ ORI (Port 0 in Exte:nal Bus Moda) faiz 00 B19¥ ¢ Y
Iy = B0 A 08V, ¥ |
ke Logical O Input Current (Ports 1,23} Vi = 043V 50 yA
Legicat 110 0 Transition Current : i
by (Ports 1.2.3) Vo= 2V VCC =5V £ 10% -850 pA | F
Wi fnput Leakage Current {Port 0, EA} 045 < Vi s Ver #0 Y I
|
| RRST Reset Puil-down Resistor 50 300 K |
i Cq Pin Capacitance Tast Fraq. = + Mz, T, = 25'C 10 pF |
| i |
| Active Mode, 12 MH2 20 mA
| Powar Supply Current
| idla Mode, 12 MH2z 5 mA5 |
1 e l
| Yo = BY 100 A |
| Powar-down Mode'®
r Veg =3V 40 HA

Maximum Operating Voitage .........

s 0¥,

DG OuAplt Currant - b i mammisson 19,0 1A

DC Characteristics

T, 7-40°C to 85°C, Vg = 5.0V £ 20% (unless otherwise noted}

implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Notes: 1. Undar steady state {(non-transient) conditions, o, mvist ba externally limited as foliows:

Maximum Iy per port pin: 10 mA

Maximum Iy, per 8-bit port: Port 0: 26 mA
Poris 1,2, 3: 15 mA
Maximum total I for ali output pins: 71 mA g
If 1o exceads the test condition, Vg, may exceed the related specitication. Pins are not guaranieed to sink current greater
than the listed test conditions.
2. Minimum Vg for Fower-down is 2V, |

10 ATBICH e e AR T T S SRR
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AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
| Symbol | Parameter Min Max Min Max Units

Wewer Oscillator Frequency 0 24 MHz
LR ALE Pulsa Widih 127 g o0 n3
Lo Address Valid 1 ALE Low 43 toroe13 ns
fiax Address Hold after ALE Low 48 oo 20 ns
Liw ALE Low to Valid Instruction In 233 Atey 00 -85 ns
Yt ALE Low to PSEN Low 43 toc13 ns
(M FSEN Pulse Width 205 320 ns
tocy PSEN Low to Valid Instruction In 145 o458 ns
toxix input Instruction Hold after PSEN 0 o ns
toxiz Input instruction Float after PSEN 59 oo -10 ns
taxay PSEN to Address Valid 75 teLcu-8 nis
tas Address ta Valid Instruction In 312 Bt 055 ]
tecaz PSEN Low to Address Float 10 10 ns
tre i RD Pulse Width 400 Btz c(-100 ns
Loy WR Pulse Width 400 6t ~100 ns
tarend RD Low o Valid Data In 252 Btp o 00 ns
tryox Data Hold after RD 1] ] ns
trunz Data Float after RD a7 2t 028 ns

| Loy ALE Law to Valid Data In 517 Bl 150 03

| tavow Address to Valid Data In 585 Bteeec-166 ns
L ALE Low to RD or WR Low 200 300 Bte, o, -50 Bte o #50 ns
e Address to RD or WR Low 203 a1, 75 as
tovin: Data Valid to WR Transition 23 tzie:-20 ns
oo Data Valid to WR High 433 Thoe -120 ns
e Data Hold after WR 33 . toc20 L
triaz RO Law ta Acdress Fioat 0 0 ns
bk RD ¢r WR High to ALE High 43 123 tee 20 to o t25 ns

ATNEL "
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ADC 0804 DATASHEET

ADCO0808/ADC0809

Multiplexer

General Description

Tha ADCO0808, ADC0809 data acqulsition compenent is a
monoiithic CMOS device with an 8-bit analog-to-digital con-
verler, 8-channe! multiplexer and microprocessor compatibla
cantrol fogic. The B-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter faa-
tures a high impedance chopper stabilized comparator, a
256R vollage divider wilh analog switch tree and a succes-
sive approximation register. The B-channe! multiplexar can
diraclly access any of 8-single-anded analog signals,

The device eliminates the need for external zerc and
fuil-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multipiexer address
inputs and latched TTL TRI-STATE® oulputs,

The design of the ADC0808, ADCG809 has been optimized
by incorporating the most desirable aspacts of several A'D
conversion technigues. The ADCOBOS, ADCO809 offars high
spaed, high accuracy, minimal temgperature dependense, ax-
ceilent long-term accuracy and repaatability, and consumes
minimal powser. These features make this device ideally

ﬂNutional Semiconductor

Cctober 1889

8-Bit yP Compatible A/D Converters with 8-Channel

Features

m Easy interface to all microprocessors

u Gperates ratiometrically or with & Vipe Of analog span
adjusted voltage reference

® No z&ro or full-scale agjust required

® §-channe! muitiplaxer with address logic

u 0V o 5Y input range with single 5V power supply

B Outputs meel TTL voltags lavel spacifications

Standard hermetic or malded 28-pin DIP packags

28-pin molded chip carrier package

ADCO80B eguivalent to MM74C948

ADCO0809 equivalent to MM74C948.1

Key Specifications

& Reasolution
8 Total Unadjusted Error

a Single Supply 5 Voo
s Low Power 18 mW
a Conversion Time 100 ps

£12 158 ang £1 LS8

8 Bits

suited to applications from process and machine wontrol to
cansumer and autamotive applications. For 16-channe! muk-
tiplexer with common output (sampie/hold port) sea
ADCOB16 data shael. {See AN-247 for more information. )

Block Diagram

STER1  CLOCK

sex3|diyiniy [suueyD-g uNm s1epsAL) (/Y djanedwod 4 ug-g 60809aY/S0800aY

( Gomm== === —fm———
o g
| o FONTERL 8 Tomg 9 imaen
|
| t
o]t citmaniy
BARALOE HTS ot YO I
i iy SAR
o] —e
'MI.IA’BI fusy
[ I [ o
s " Bute s
34 0
O] Lty [0
i WeFFER 0
0 I Lot
SonTiR IBEE [
e !
FETIFTIITIOR - - L_____ :
LArE, l ﬁ ]
£0L3158
: oLeanEn |
P 1908 HES ST 68 LARTER !
[ ][ i
LT A e e BEFI-l ONTHIY
ERan

Ca088721

Soee Qrdering
Information

TR-GTATE® 2 8 regieiesd vadevass of Natenal Samisandunss Comp.

Dsodsar2 vaww.nationsleon;

£ 199¢ Mationat Semicondusior Corporation
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ADCO0808/ADCOB09

Connection Diagrams

i3t

Order Number ADCO80BCCN or ADCQBO9CCHN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrier Package

Dual-In-Line Package stras 5
4293, 01%
T B R
it 1} 2Bz 25 24023 11 210 0 19
Hi—t2 37 it wo—des -2 |
N5—43 26 }-mo pLTo P ir}-1hse
E s 250 a00 A LS L 163= Yy ()
Wreds 24}-a00 8 w34y 151 2"¢
START—16 P3| e 44 faz?
FOC—17 22}t LTS ] [ =il
275y 21f=2"Tuse Lt | 124 Vyer (4}
QUTPUT EHABLE—8 20}=272 . ’: ? : ’l’ ? ‘:’ ‘l'
cLocs—10 [T] S 30 W ow 8
Vet (L] ot E§§"§§>
Vigr (4)H12 17}-2"%38 5
=113 16 = Vpgy (=) 3
2*? 14 15}t DESOEETR T2
Crdar Number ADCOBOBCCV or ADCOS0OCCY

See NS Package V28A

TEMPERATURE RANGE -40°C to +85°C

~55'C to +125°C

Error | £12 LSB Unadiusted | ADCOBOBCCN ADC0B0BCCY

ADC0808CCY

ADCO80BC

+1 LSB Unagjusted | ADGO8B09CCN ADG0803CCY

Package Oulline N2BA Molded DIP | V2BA Molded Chip Carrier

J28A Ceramic DiF

J28A Caramic DIP

v national.com 2
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Functional Description

Multipiexer. The davice contains an 8-channe! single-ended
analog signal multipiaxer. A particular input channel is se-
tecled by using the address decoder, Table 1 shows the inpul
states for the address fines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of ihe addrass lalch énable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG c B A
GHANNEL
INO L L L
IN1 L L H
N2 L H L
IN3 L H H
N4 H L L
INS H L H
INB H H L
N7 H H H

CONVERTER CHARACTERISTICS

The Converter
The heart of this single chip dala acquisition system is its

8.bil analog-to-digital converter. The converter is designred o .

give fast. accurate, and repeatable conversions over a wide
rangs of lemperatures. The converter Is parfifoned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparalor. The converter's
digita! outputs are posilive true.

Tha 256R ladder natwork approach (Figure 1) was chosen
over the conventicnal R/2R ladder because of its inherent
nionotonicity, which guarantess no missing digital codes.
WMenotonicity is particutarly important in closed loop feedback
controf systems, A ncn-moncionic relationship can cause os-
gillations that will be catastrophic for the system. Additionaily.
the 256R r.atwork doss not cause ioad variations on the ref-
erance voltage.

Tha bottom resistor and the lop resister of the ladder net-
work in Figure 1 are not the same vaiue as the remainder of
tha ratwork. The diffarence in these resistors causss tha
oufput characteristic to be symmetrical with the zero and
fuil-scale poinis of the transfer curve. The first output fransi-
tion aceurs when the analog signal has reached ¢': LSB
and succeading cutpul transitions oceur every 1 L83 later up
to full-scala.

Tha succassive approximation register (SAR) parforms 8 it-
erallons fo approximata the nput voltage. For any SAR typa
sonverter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. in tha
ADCODBO8, ADCO20Y, the approximation lechnique Is ex-
tended to 8 bits using the 256R network.

Tha AD converer's successive approximation register
(SAR) is resat on the positiva edge of the siart conversion
(8C) pulse. The conversion Is begun un the faling edge of
tha start converslon pulse. A conversion in process will be in-
terrupted by recelpt of a new start canversion puise. Con-
finuous conversion may be accomplished by tying the
snd-of-conversion (EOC) output to the SC input. If used in
ihis mode. an external start conversion pulse should be ap-
plied after pawer up. End-of-conversion will go low betwesn
0 and B clock pulses after tha rising edgs of start canversion,
The imost imporiant section of the A/D converter is the com-
parater, it is this section which Is responsible for the ultimate
accuracy of the entire converter. it is also the comparator
drift which has the greatast infiuence on the repeatabliity of
the devica. A chopper-stabilized comparator provides the
most effactive method of satisfying all the converter require-
ments.

The chopper stabilized compatator converts the DC input
signal into an AC signal. This signal is then fad through a
high gain AC amplifier and has the DC levsl restored. This
technique Lmits the drift component of the amplifier since the
drift is @ DG component which Is not passed by tha AC am-
pifier. This makes the entira A/D canverter extremealy insen-
sitiva 10 tamperalure, long term drift and input ofiset arrors.
Figure 4 shows a lypical error curve for the ADCDB0S as
maasured using the proceduras autiined in AN-178.

www.natonal com
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Functional Description (contoved)

CONTROLS FROM S.A B,
]
HEF(s) Oumemenne % } i ;
>
<
-
iR
R N
- L]
. . L
R
g - . S
3 10
2560 » » » #= COMPARATOR
. INFUT
: $ 5 : s A
WL » L] -
<
R 4: L + ® 5
1& ] v
e i
1
REFi=) Orrereere
TRI5A72
FIGURE 1. Resistor Ladder and Switch Tree
m _INFINITE RESOLUTION
| = FULLSCALE " PERFECT CONVERTER
110 IDEAL CUAVE —- = ERROA = 1/2 LS8
19 /2158 IDEAL 3817 CONVERTER
4 m w (LTS o
g g w | wnaowsien™t.Ed.
i 117 ; ERRDR |
5 L 108 J ~1 158
E o £ ABSOLUTE
E | Le-NONUINEARITY = /2 158 S 41 JELURACY
910 4 :
ph HONLINEARETY » ~1/2 LSB Xatp - Lug}ﬁrl‘uﬂak
1 7
-4 |-+~ ZEAD ERROR » 114 150 24 FRAOA
‘ Vin ooa ']
DB VB 27 Na AR KR BB 0% 18 24 ¥ @ 5 6B 1 o
Viy ASFRACTION OF FULL-SEALE Vi AS FRACTION OF FULL-SCALE

DECAEIEY

FIGURE 2. 3-Bit A/D Transfer Curve

DSCEATIE

FIGURE 3. 3-Bit AiC Absolute Accuracy Curve

~REFERENCE LINE

QUANTIZING I y
ERADA T i
INPUT BV FULL
VOLTAGE SCALE

CE08AT218

FIGURE 4. Typical Error Curve
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LM35 DATASHEET

LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose oulput voltage is linearly proportional to the
Ceisius (Centigrade) tamparature. Tha LM35 thus has an
advantaga over linear temperature sensors calibrated in
* Kelvin, as the user is not required ta sublract a large
constant voltage from its output to obtain convenient Centi-
grade scaiing. The LM35 does not require any external
calibration or limming to provide typical accuracies of £14°C
at reom temperature and £34°C over a full =55 to +150°C
temperatura range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear oulpul, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies, As it draws only 80 pA from its suoply, it has
very low seif-heating, lesa than 0.1°C in stifl air. The LM35 s
rated fo operate over a -55° to +150°C temperatura range,
while the LM35C is rated for a 40" to +110°C range (-10°
with impraved accuracy). The LM35 series is avaiiable pack-

November 2000

National Semiconductor

Precision Centigrade Temperature Sensors

aged in hermetic TO-46 Wransistor packages, while the
LM35C, LM3SCA, and LM35D are also availabls in the
plastic TO-92 transistor package. Tha LM38D Is also avail-
able in an 8-lead surface mount small outline package and a
plastic TC-220 package.

Features

® Callbraled diractly in * Celsius (Centigrade)
® Linear + 10.0 mV/'C scala factor

® 0.5°C accuracy guaranteeable {at +25°C})

® Rated for fuil ~55° to +150°C rangs A
® Suitable for remote applications

® Low cost due to wafer-level timming

B Operates from 4 to 30 voits

B Less than 60 pA current drain

® Low self-heating, 0.08°C in still air

® Nonlinearity only £14°C typical

® | ow impadanca output, 0.1 02 for 1 mA joad

Typical Applications

+V§
(4Y 10 20v)
|
; | oot
iphd 0 n+100w/°C

caceestes

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

+Vs
|
L3S Vost
_L L]
i
050385 B4

Cheusa Ry = =VgiS3 uA
V our=41,530 mV 2t $180°C
= 250 mV al +25'C
= =850 mV at ~55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

2000 Naticnal Semicondustor Corporation  DS005518

www national com

siosuag ainjessdws) spesbyusy uoisidald SSNT

—————

75




LM35

Connection Diagrams |

TO-46 50-8
Metal Can Package® Small Outline Molded Package

Your =1 et B4y I

NE. =42 T=ne.

Ne {3 [ ST

GHD =~} 4 Sh-NC.

BOTION VIEW
Seatesian [ A
*Casa is conractad 1o negative pin (GNO} M.C. = No Connaclion
Order Number LM35H, LM35AH, LM35CH, LM35CAH or Top View
LM35DH Order Number LM35DM
See NS Package Number HO3H Bee NS Package Number MO8BA
T0-82 TO-220
Plastic Package Plastic Package”
+4 Vo o0 | : O
i
3507
BOTTOM VIEW
250085102
Order Number LM35CZ,
LM35CAZ or LM35DZ

See NS Package Number Z03A

LY Your
OND
ORCEATIGS
*Tab is connscted to the negstive pia {GND)
Note: Tha LM3SDT pincut is different than the discontiued LM3ZOR
Order Number LM35DT
See NS Package Number TAO3F
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