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ABSTRACT

A precise weather data acquisithon system capable ol measunng lemperature,
pressure and relative humidity has been developed. The system has three scnsors
ADSYIH for temperature, HIH3610-001 for humidity and 24PCCF6DA for pressure.
Ench sensor drives a sensitive transducer amplifier with high stability and low thermal
drifl. For the purpose of data logging of the measured quantities, a computer-interface
adapter was also developed. It includes a TCTI09A 12bits microprocessor-compatible
annlogue-to-digital converter (ADC). The ADC was connected in a way to provide the
necessary handshaking and interfacing required to input 12bits through 8bits data port
available on the parallel port of the computer. The soflware for the control, data
processing and presentation of the result on a visual display unit of the computer was
writlen in Q-basic and Visual basic. The constructed weather data acquisition system
demonstrates an excellent performance with aceuracy's of +0.3°C for lemperature,

(). Imbar for essure and +0.5% for relative hum:idithf



CHAPTER |
INTRODUCTION

1.1 OVERVIEW

People’s interest in the atmosphere is as old as the history of mankind. The impact of
weather and climate on human life is so varied and all pervading that they naturally become the
mosl imporiant components of our environment. Information aboul weather parameters has
helped man lo improve in industrial and scientilic explomtion of his environment. The
parameters oflen measured are many. They include; air temperature, pressure, humidity,
precipitation, and amount ol cloudiness, Many instrumenis have been used to monitor the
atmosphere, The liguid-in-glass {(mercury) thermometer is the standard equipment lor measuring
atmospheric temperature. Isanc cf al., (1993), have described the development of a variety of
precise lemperalure measuring circuits. [ is however noticed that these circuits, especially those
meant for high temperature measurement suffer from low accuracy and poor stability. Apart
rom the mercury thermomeler, four other devices that have been developed and adapted [or
temperature measurement are listed oul along with their properties in Table 1.1

Air pressure is measured most accurately with mercury barometer. Other pressure
measuring devices are aneroid barometer, altimeter, and micro-barovariograph, Apart from the
above-mentioned devices, many authors have described pressure sensors and their associated
amplifying circuits. Franco, (1988) described many circuit requirements lor effective pressure
monttoring. He observed that since pressure-sensing malerials are always armanged in a bridge,
their associated amplilier must be a differential input type with a high inpul impedance
{(about 50 - 100 times larger than outpul impedance of the sensor). Also most of the materials
used in manufacturing monolithic pressure sensors are tiemperature sensitive. Therelore, various
techniques for temperature minimization/compensation such as constant currenl excitation must
be employved, The vanation of pressure with altitude is equally a well-docomented fact. Pressure
variation patlern shows thal air pressure decreases by approximately 0.1 1Bmb/meter above sea
level. This must be taken into consideration because a pressure sensor used at sea level will give
values as recorded by meteorological reports or similar sources. IF the sensor is used at heighis
greater than sea level, then the values it gives will be proportionately less than published data.

The measurement of humidity in the stmosphere becomes necessary because it is a
useful index of dryness or dampness for determining evaporation, or absorption of moisture.
Human comlon is dependent on relative humidity. On warm days, the weather is oppressive if
the relative humidity is high bul may be tolerable i the relative humidity is low, Al low

temperatures, comlon is nol much affected by high relative humidity. However, very low



relative humidity, which is common indoors during cold weather, can cause drving ol skin or

throat leading to discomfort or respiratory inlections.

Hygromeler is the general name for humidity measuring equipment. A good example is the

pevchrometer, which consists of the wel and dry bulb thermometer, Another type of hygromeler,

known as the furir lvgrometer works on the basic principle that the length of hair changes with

humidity. The electrical hygrometer is yet another instrument that uses a flat plate coated with a

film ol carbon to monitor humidity. When an electrical current is sent across the plate, the

electrical resistance of the carbon coaling changes as the moisture conlent of the air changes.

Humidity sensors have hysteresis, and they require ouiput linearization. Temperature

compensation is required in some humidity sensors because of their high temperature

coefficients.

Table 1.1 : Thermal sensors with their properties

Sensor Features Typical useful
temperature range

Thermisiors Resistance falls with temperature It's output - 80 o 800°C

15 non-linear, s lemperature/resistance

relationship is not highly reproducible. Its

sensitivity is high. - —
Thermocouple Their voltage oulpul rises wilth temperature, 0 1o 1000°C

It has low sensitivity and high susceptibility

to moise. There is requirement for cold

Junetion compensation in many

applications. ‘These drawbacks impose

) limitations on its usage, -

Resistance Their resistance  rises  with  temperature. - 50 o 500°C
Thermal Their response is linear and stable. They are
Defectors{RTD's)  resistant o chemical effects B
Semiconductor Their output  voltagefcurrent  rises with - 55 o 150°C

fypes

increasing temperature. They have linear
oulpul. They are haghly sensitive and cheap

L2 OBIECTIVES AND SCOPE

This project is aimed sl producing a weather data acquisition system that is completely

tropicallised.

In addition 1o the general objective, the project aims lo

(i) design a transducer amplifier of high stability and high precision.



iy device a means of faithfully transmitting the output signal from the transducer
ampliliers to an Analogue-to-Digital converter located 10metres away liom the
point of measurcment,

(i) develop a' 12bils interfacing adapter for a general purpose personal compuler,
using its printer’s port as a channel for the control, acquisition and transmission
of data and

{iv)  develop software for the control of the attached interfucing circuitry, The
software will also display the result on the visual display unit of the computer.
while at the same time storing the acquired data against date and time in a data

lile for subsequent analysis/assessment.

1.3 BASIC HARDWARE AND SOFTWARE DESIGN FEATURES

Figurel.l shows the block diagram of the development of weather data acquisition
system. The system staris with three sensors, one each for temperature, pressure and relative
humidity. Its respective amplifier amplifics the output from each sensor independently, The
oulputs from these amplifiers (which are d_c. voltages) are Ted altermately through o multiplexer
to an ADC. The conversion of the analogue signal from any of the connected amplifier to its
digital form is done with a 12-bit A/D converler. The converter is a 12bits ADC 1C (TCT109A)
from Microchip Corporation, From the manufacturers data sheet, it is found that the device
offers the following features: Low noise, zera infegrator eycle for fast recovery fram input
averfoads. Also, no zero adjustment is necded.

The deviee can operate in two major modes: the direct mode and the handshake mode.
In the direct mode, the device is allowed to make conversion continuously al a mate determined
by the clock frequency (R192 clock periods per cycle). The handshake mode which is
extensively used in this project, allows us to specily when the ADC should make conversion,
and cven to control the conversion time. This is done with the allernate selection of run‘hold pin
along with the byte enable control (sce appendix ). The TCT109A is equipped with facilities
for direct interfacing and multiplexing of data.
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Fig. 1.1; The block diagram of the weather data ncquisition system,



CHAPTER TWO
LITERATURE REVIEW

2.1 TEMPERATURE STANDARD AND SCALES

Temperature is a eoncept related 1o the low of heat from one object or region of space
to another. The term refers not only 1o the senses of hot or cold but also 1o numerical scales and
thermomieters as well. One major reason for devising a thermometer (literally, a meter lor
temperature) was that with it the composition of matter could be studied. Thermometers are
sysiems with properties that change with temperature in a simple predictable, reproducible
ETTETS

Over the years a number of dilTerent temperatures scale emerped, were tested and some
survived while some olhers declined into uselessness, The most widely used scales loday are the
Fahrenheit, the Celsius (or Centigrade) and the absolute or Kefvin scales Experiments have
shown that absolute zero corresponds to -273.15°C or -459°F. The centigrade scale has 0°C
assigned (o ice point and 1000 (steam point) assigned to water boiling under the pressure of |
almosphere.
The absolute scale T, the Celsius scale € and the Fahrenheit scale F are connected by the

following formulae:

T=C+273.15 (2.1)
B B 2.2)
F1N0) B0

2.2  PRESSURE STANDARD

Pressure is expressed as the ratio of foree lo aren. Its measurement is the delermination
of the magnitude ol a lixed force applicd 1o a unit arca. Pressure measurements are penerally
classificd as pauge pressure, absolute pressure or differentinl pressure. Pressures less than
almospheric are called vacuum.

In the laboratory, pressure is an imporant measurement, since pressure level has a
significant effect on most physical, chemical amnd biological processes. In industry, particularly
in the progess industry, pressure is measured and controlled 1o maintain uniformity of product. It
is also used to guide in safe plant operation, delermine pumping head for fluid transfer and
measure other vanables such as weight, liquid level, temperature, Mow and density of Nuids and
hydranlic forces indirectly. Pressure is variously measured in the following units: Paseal, bar,

psi (per square inch), atmosphere, kg/em®, mmHg, etc. The standard almospheric pressure is



aiven as 760 mmHg. This is equivalent to 1013mbar. Other relationships in pressure units are;
| Pascal = IN/m”, Thar = 1.02* 10°N/m®, Ipsi = 7.03*10° Nim® and Immg = 1.36%10° Nm',

For pressures below 1.41%10°N/m® (138 kilopascals gauge), the universally accepted
standard of measurement, both in the laboratory and in the indusiry, is the classic manometer
tsing mercury or waler, For higher pressures, the standard is the dead-weight tester. The
principle is the balance of the force exerted by a precisely known weight on a piston ol precisely
measured arca against a variable hydraulic pressure. Moreover, because of the advances made in
device [abrication and technology, pressure measurements can now be luken with elecirical
pressure sensors up to-about 2bar or so, All that we need to do is lo rely on the manufacturer’s
calibration data sheet,

Pressure gauges pencrally [all in one of three calegories, based on the principle of
operation. These are liquid columns, expansible element gauges, and clectinical pressure sensors,

This project makes use of the electrical type of pressure sensor.

13 HUMIDITY STANDARD

Helative humidity is the ratio, in percent, of the moisture actually in the air w0 the
muoisture it could hold il it were saturated at the same temperature and pressure. A standard
method of determining relative humidity is the wel and dry-bulb method, as in mosi
hygromelers. Wel gauze is wrapped around a thermometer bulb, and a fast Dow ol air al room
lemperature 15 passed across it to cool it, The temperature drop (depression, typically 2 1o 210)
is recorded along with the room temperature. The humidity is oblained by relerence (o a

psychometric uble.

24 TEMPERATURE SENSORS
MNearly all-electnieal properies of a malerial or device vary as a function of temperature

andl could in principle be employed as a temperature sensor. The requirements of operation over
a wide temperature range with high sensitivity, reproducibility and linearity greatly limit the
possibilities, especially il cost, size and case of use are also considered.

Since this project makes use of the solid-state thermal sensor, below is a run-down of the
properiics of the device.
They rely on the forward-voltage/temperature coefficient of a silicon diode, which is about
-2mV/C (Odo, 2002). Unlortunately the exact value of the effcet varies considerably between
samples, so calibration is necessary. However the effect is very linear and the sensors are

extremely cheap. Examples of sensors in this category are the ADS90, LM335 and LM35, They



are usually two terminal integrated devices calibrated to produce a current of TpAS K (ADS9H))
or & voltage of 10mVI7K (LM335).

They have a working range of about -50°C 10 150°C over which the linearity is about
1%, Semiconductor monalithic temperature sensors can either have their outpul voltage/current
proporional to absolute lemperature (“K) or directly in degrees Celsius ("C).
Those sensors thal produce an Output Voltage that 1s Proportional To Absolute Temperature are
referred 1o as FPTAT sensor. While those with an Outpul Currents Proportional To Absolule

Temperature are referred to as 'TAT sensor.

2.4.1 VITAT,IPTAT Sensors Versus Centigrade Sensors

I l|H.,'I'thl.!lj‘ll..'ll..'r.:ll"llilhlfilliuﬂl it is preferable that the sensors outpul be calibrated in " or
in “F rather than inK. For instance a VPTAT having a temperature coeflicient of 10mV/K,
will produece an outpot of the type V(T ) = (10mVK) T, T in"K. Also an IPTAT with a
temperature coefTicient of TRASK yields {T') = (1pASK)T, Tin K.

However, since the output of PTAT sensors extrapolate to zero at 07K, il then becomes
very easy to calibrate them in degree Celsius by simple slope adjustment, which is usually donc
at 257C.,

Far instance, when expressed in "C, the output of LM335 VPTAT becomes

V(T =273 4+ (10mV O, Tin °C. Likewise the current of the ADS90 becomes

W)y = 2732pA = (1pASCYT. T in "C. Thus if we require a centigrade output, we must olTset
V(T ) by -2.732V and I{T") by -273.2pA.

2.5 PRESSURE SENSORS

A Pressure sensor is an instrument component that detects a NMuid pressure and produces
an electrical, mechanical or pncumatic signal related to the pressure. Although preumatic and
mechanical transducers are commonly used, clectrical measurement of pressure is oflen
preferred because of a need for long distance transmission, higher accuracy requirements, more
favourable cost and guicker response. For control applications, pneumatic pressure signal
transmission may be desirable over electrical pressure sensor where Mammable materials are
present,

Electrical pressure sensors consist of an elastic element (in most cases a diaphragm), and
an attached displacement sensor. When a foree or pressure is applied to the elastic material, a
small but reproducible strain or displacement of the diaphragm is sensed by an attached sensor

(=irain gape).



A slrain gauge is a small resistor whose value changes when its length is changed. It may

be made of thin wire, thin foil or semiconductor material

2.5.1 Diaphragm — Type I'ressure Sensors

Most pressure sensors ubilise a diaphragm as their elastic element, reason because they
show linear and reproducible response and are relatively cheap to manufacture. Strain gaupes
are the most common means of measuring diaphragm dellections. In most of the armangements,
four gauges are employed in a bridge configuration to increase output sensitivity and, especially
to reduce the lemperature cocllicients,

To use these sensors, bridge balancing is oflen required because the diaphragm

fabrication and gauge mounting are dilTicult o control precisely, The balancing is done as
shown in figure 2.1 (Franco, 1988).
In the absence of strain, each tap should be at V2. In practice, there will be deviation due to
the initial tolerances of the four gauges. By varying R.'s wiper, an adjustable amount of curment
is passed through Ry This will increase or decrease the voltage at the lefl tap (V1) until it
becomes equal 1o that ai the other (V2), thus balancing the bridge in terms of voltages.

2.5.2 Silicon I'ressure Sensors
Solid-state pressure sensors employ a semiconductor both as a resistive strain gauge and

as the clastic diaphrogm. The gauge factor /sensitivity of the semiconductor-type strain gauges is
much higher than that of metal gauges because the resistivity of the gauge is changed by any
applied strain (nol just the dimension alone). Temperature coefTicient is also very high and
lemperalure compensation is a major design problem
In silicon pressure sensors, sources of error include

= The gauges are not perfectly matched, thereby casing a zero shifl

*  Their gavge [actor'sensitivily 1s temperature dependent
While constant current excitation is sometimes used to reduce the temperature coefTicient of the
full-scale output (by a factor of 2), better results are achieved by compensating the bridge
voltage or amplifier gain, Zero shilt compensation can be achieved by shunting the bridge
clement {(which changes with temperature) by a high value trim resistor {which does not change

with temperature).



j : :’ 4
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Fig 2.1: Strain gauge bridge balancing



16 HUMIDITY SENSORS

Humidity sensors measure the amount of water vapour/moisture content of air at any
particular temperature and time. Humidity sensors are usually of two types. The two categones
rely on the variation of some electrical property (c.g. resistance or capacilance) when waler is
absorbed on Lo their surfaces.

The first category of humidity sensor depends on the increase in conductance of a

hygroscopic film. As the humidity increases, the absorbed water increases and thus the
resistance between the electrodes decreases.
Older types utilize an fonic hydrate salt such as LiCl, bul newer types are based on a
hygroscopic polymer such as sulphonated polystyrene or a ceramic such as sirconium oxide.
Cienerally the umidll.u:li.vily of these types of humidity sensor increases approximately
exponentially with relative humidity (Darold, 1987). Hysteresis (different readings [or rising and
falling humidity) is rather high (2 10 10 percent). Temperature cocflicients are also high (5
percent per degree Celsius) and temperature compensation is necessary. A further complication
is thal ac excitation is required o avoid electrode polarisation (a problem that is common with
all ionic conductors).

Humidity sensors based on the capacilance increase thal occurs when waler is absorbed

on gold surfaces or polymer show a reproducible response, but they FE'E@‘.M\HM widely
available. > _‘_\\ \

L\ AF
= e

2.7. SENSOR AMPLIFIER CIRCUITS

The data peneraled by sensors and some other instruments ofié

H"u::!-“*‘-umc level of
processing and/or conditioning before they can give any meaningful information to the user.
Usually, since the electrical signals produced by most sensors are of very low voltage (of the
order of a few microvolis), there is the need to amplify such signals. This will make them
suitable for further processing, transmission and use.

A very imporiant type of integrated circuit that is widely used in signal amplification is
the operational amplifier. It has a differential input and a single ended output. Under ideal
conditions, its outpul is always centered on zero volis. Since op-amp is extensively used in this
work, it then becomes necessary to get us accustomed to the basic operation of the device.

Operational amplifiers are said to be ideal in their operations when they satisfy the
following comditions:

1. Infinite open loop gain A, , i.e Vou = AdV-Vo)  with Ay=w

10



2. Infinite input resistance Ky, so that almost any signal source can drive 1t withoul any
overloading of the preceding stage.
3. Zero output resistance Ro, so that outpul can dnve an inlimte number of other devices
4. Dutput voltage is zero when both Viand Vi, are zero or have the same signal on them.
5. Infinite bandwidth —Any frequency can be amplified without any allenuation
6. Inflinite common-mode rejection ratio - Any input, simultaneously applied to ¥V, and V,
will be rejected.
7. Inflinite slew rate — Any change in outpul voltage occurs simultaneously with input
“voltage change.
However, under practical applications, op-amps deviate from the ideal conditions, Some of those
non-idealities are dis:;;.ussed below.

2.7.1  Precision Design and Low Noise Technigques
An ideal op-amp would have an output of Ovolt when its differential input vollage was

zero. Real op-amps are likely to have a d.c output voltage even when the input voltage is zero.
This is because it is impossible to make a differential amplifier with perfect symmetry. Because
ol this imperfection, there will always be a d.e vollage atl the output of an Operational amplifier,
when both inputs are grounded. This voltage is called an oniput affset voltage. Such an outpul
voliage is an error vollage, which is undesirable in many applications.
Inan op-nmp, cutpul ofTset voltage is caused by three main sources, namely (Odo, 2000;

. Op-amp outpul offset voliage due to input circuitry

2. Op-amp outpul offset voltage due 1o the outpul circuitry

3. Output offset ermor due to the external components used to bias the op-amp.

Ouiput offset voltage due to input circuitry

The inpul stage of most analogue amplifiers is usually a symmetrical arrangement of
transistors, These transistors need a small input current to “bias™ them for correct operation. 17
the transistor al each input is a bipolar transistor, this bias currenl must Tow into each of the two
inpul terminals,

However, since the two transistors af the inpul terminals of an op-amp cannol be
perfectly matched, the currents that flow into the input terminals of the transistors are therefore
not exactly equal. These uncqual bias currents give rise to an offsct in the vutput, and input

ofTset current L at the input,

11



lverting input (V) U‘.h

._',_

.I. Clutpai
Non-inverting inpuf (V) 0

Fig 2.2: General symbolic representation of an op-amp.
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A straightforward way of assessing the effect of nonzero inpul current upon circuit
performance is 10 determine the output with zero input signals. We shall do this for the inverting
and non-inverting amplifiers. As far as d.c conditions are concerned, fig 2.3 represents both non-
inverting and inverting circuil configurations for an operational amplilier with feed back
{Crecraft et.al 1993 ). B; represents the equivalent resistance of the bias current path from the
non-inverting input to the Ov rail. In the non-inverting case, the signal is fed in here, so this bias
path will include the source resistance if the signal is directly coupled.

Both Ry and Ry provide paths for the bias current to the inverling inpul. In the inverting
case, the signal is fed in between R, and 0V, and B, includes the source resistance if the signal is
directly coupled. IT the path from the non-inverting inpul 1o the OV rail includes a series
capacitor (in cither inI\rc:rling or non-inverting cascs) then B is infinile as a bins current path, and
all the current must Mow through Re,

Because of the unavoidable mismatch at the input circuitry of an op-amp, 1, and 1, differ
slightly. The input biag current Iy is defined as the average ol the two:

=yt In)2
While their dilference is called input olTset current (Ty,):
o=la-1p
The polarity of lyy depends on the direction of mismatch of the inpul transistors. Usually I is

about 5 to 10 times greater than input ofTset current 1.

Effect of input currents iy, and i,
To evaluate the offset in oulput voltage caused by the input bias currents (lg and ljn), we make
use of figure 2.3.
At node X,
12 =l + (lg+li2)
Substituling for Iy and Iz
(Vo= Val R = V'R + (lnth/2)
Therefore,
V= V(1 + Ref Ry) Hlut L/ 2)Re (2.3)
Because of the very high d.c open-loop gain of the op-amp, V, = V. Thus
Vo= V= (lp-ho/2)R3
So substituting Vy, in equation (2.3)
Va-=(ln-li'2)Rs (1 + R/ By) +(lnt L/ 2)Rg
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Fig 2.3: D.C bias paths for a real op-amp,

Vet

v



Collecting lerms gives:
Vo= lplRe - Ba(1 + R B+ Lo [Ret Ra (1 + R Ry)]2 (2.4)
To make equation (2.4) independent of 1, we make
Ryl + R/ Ry) = Ry, That is, if

Ri= RF = Ry H! = R|.|r."R|-'
(1+ReRy) Rp + Ry

When (his is done, then Vg = LigRy due o inpul currents alone.
Many technologies are used in fabricating the differential input stage of an op-amp. Examples
are bipolar inpul stage, I..TFEI" inpul stage, MOSFET input stage, Op-amps are also available
entirely in CMOS technology. In all these technologies, manufacturers have devised several

ways (o keep Iy and o as small as possible,

Table 2.1 is a list of common op-amps and their Iy and Lig characteristics.

Op-amp Technology I3 L Manulacturer
LM308 & 312 BT 1.5nA 0.2nA  National Semiconductor
LM312, OP-08 BIT InA 0.08nA  Precision Monolithic
LM 312 OP-08 BT lpA 10pA  National Semiconductor
LF385/6/7 JFET 30pA IpA  National semiconductor
TLOTOORD BMFET INpA SpA Texas Instrument
ADS549 JFET <100fA Analogue Devices.
CAIII0 BiMOS 2pA D.IpA Raytheon
CAORO/1/2/3/4 BiMOS 15pA SpA -

ICL761x2x/3x CMOS 1 pA 0.5pA Intersil
TLC2T71/2/417 CMOS IpA 1pA Texas instrument

From the above data. we see that op-amps made of FET and CMOS technologies have lower 1
and by, than BIT input op-amps.

Input hias corrent variation with temperature
Fig 2.4 compares typical bias current and bias current variation with temperature for
sz bechnologies. It 1s noled that the FET input op-amps as compared with BIT-input {ypes,

namiely, an approximalely exponential increase of gate current with lemperature.
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A well-known rule of thumb states that gate cument doubles with aboul every 10°C of
temperalure increase. Thus the advantage that FET-inpul op-amps held over their bipolar
counterparls al room temperature (the condition for which the mtings in lg:2.4 are given)
disappear atl sulTiciently high temperatures.

Knowledge of the intended temperature range of operation is an imporiant factor when selecting
the optimal device.

271  Effect OF Input OfTset Yoltage, Vi,

Infm! offset vollage Vi, is the voltage, which must be applicd across the inpul terminals
of an op-amp in order to bring its outpul vollage to zero. It is caused by manulacturing
tolerances. There cxisis an oulpul offsel voltage Vi as a result of Vg, To nullify this ermor
voltage, we need 1o have a current at the input of the op-amp that will give the flexibility of
obtaining Vo of proper a.rn:plilude and polarity. Any circuit that enables us o achieve this is
known as Input-offset voltage compensation network.

As is oflen quoted in many electronics text, the ermor caused by Vi is given as:

Voo =(1 + ReRy) Vi
Manufacturer data sheels provide typical as well as maximum values of Vo al room
temperature. For the 741C, Vip = 2mV (typ) and 6mV (max) ; for the T41E, Vi = 0.8BmV (lyp)
and 3ImV{max). These figures are (ypical of many low cost op-amps, although types are

available with much lower offset ratings.

Changes in v;, due to temperature drift
The Vi ratings are usually given at room temperature, and, like other parameters of the

op-amp, Vin is temperature dependent, The temperature coelTicient of Vi is the change in Vi

AV,
AT

LM 301A is rated atAV /AT = 6pV7C (typ) and 30pV/"C (max). These ratings are typical of
the BIT family. There are some op-amp types which are specifically designed lor low inpul

brought about by a 1°C temperature change and is represented by

olfsel voltages and low lemperature coeflicient of Vi As an example, the OP-07 family of ultra
low-ofTset —voltage op-amp comes in versions with Vig = 10pV and AV /AT = 020V/C.
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Fig 2.4: Comparison of typical bias currents for various op-amp types (Franco, 1988): LMI10OIA

{conventional bipolar), LMI108 (bipolar superbeta), LMI1] {bipolar darlington superbeta), 1LF155
(Bil'EET), and ICL761X (CMOS).
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n the basis of the average temperature coeflicient one can estimate the value of Vi al a
temperature other than 257C as;
Viol T) = Via(25°C) + AVin/AT(T-25°C)
FET input op-amps traditionally have been plagued by poorer input offsel voltage and
ofTset drift characteristics than their bipolar counterpants. However with advances in design and

fabrication, this difference has become less pronounced.

273 Input Guarding

When an op-amp is wired on a printed circuil board, there is every possibility for
current to leak across the circuit board. Therefore, an op-amp with very low input bias currents
must be properly guarded to proteet it from leakape currents. 11 this is not properly done, the
leakage current can easily exceed the input bias current itself, thereby degrading circuit
perfommance,
Leakage currents can be reduced in two ways, namely;

e Mounting the Op- amp on a Teflon 1C socket

+ [Putting the input terminals in a guard ring if the op-amp must be soldered directly

on the board (zee fig 2.5).
A guard consists of a conductive ring surrounding the input lerminals and driven at the same
polential. The guard ring will absorb leakages from other points on the board and thus preven!
leakage to the op-amp inpuls. Secondly, the guard rfing acls as a shield against noise pickup and
reduces the common-mode inpul capacitance seen by the inputs (Franco, 198),
To combal the stray capacitance of the ring itsell, a small compensating capacitance {of a

few pFF) is connecled between the outpul and the inverting input. When a sensor and its
amplifier are [ar apari, a coaxially shielded cable with pood insulation must be used in addition

tor the guard ring. The cable shield must be kept at the same potential as the guard ring.
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28  OFFSET ERROR COMPENSATION

Manufacturers ol precision op-amp employ various technigques to minimise sources of
ermor in their products. One of such means is a provision made 1o compensate for all sources ol
error from Iy and Vig.

OfTset error compensation, also referred to as offset nulling, offset trimming and offses
balancing, can be achieved in more than one way depending on the op-amp type as well as the
configuration used.

({Tset nulling techniques are classilied as infermal and external,

2.8.1 Internal offset nulling

Fig 2.6 is the rlin:uil diagram for internal offset nulling. The nulling procedure s
straightforward, The polentiometer Ry is adjusted 1o drive Vg to zero. However, it should be
noted that for internal offset nulling to be carried out, the op-amp must have provision for it. For
example the popular 74 lop-amp has this facility accessible on its pins 1 &5,

When a precision circuit involves more than one op-amp, expericnce has shown that
introducing offset nulling into just one of the devices can null the overall error. However, for
this technique to succeed, the offsel voltage adjustment range must be wide enough (o span the
combined effect of all the other offsets. This is because the overall error is the result of the
algebrate sum of all the individual olTset errors. It is worth nothing that not all op-amps have
provision for intermal offset nulling. Even for those with this provision, the nulling scheme
varies among types. For example the LI356 requires a 25K£) pol with the wiper connected 1o
Vee. I s always advisable 1o consult the data sheets to find the recommended scheme for any
device in use.

Though internal ofTset nulling is quite easy o implement, it affects other characteristics
of the op-amp. For example in LM321 & OP-10, it reduces thermal drift. While in some other
types, it degrades the thermal drift, the CMER and the PSR Unforiunately, data sheets rarely
provide adequate information in this regard, When in doubt, external olTset nulling (which is

being discussed next) offers a more predictable aliernative,

2.8.2 External offset nulling

External nulling (shown in Fig 2.7) is based on the injection of an adjusiable d.c voliage
into the circuit o compensate for the existing offset error. External nulling does introduce
additional imbalance in the input stage; hence there is no degradation in temperature drilt,
CMRR and PSRR.
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Fig 2.6: Resistor feedback configuration with internal offset nulling

Fig 2.7: External offset nulling for (a) non-inverting amplifier, (b)inverting amplifier and
(c)difference amplifier
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283  Auto zero technigues

Offset nulling, whether internal or external, is done al one specilic set of lemperature,

common-mode, and supply voltage conditions. As these conditions change so does the oflsel

error. Manulacturers of precision op-amps have developed special lypes of op-amp that are

capable of continuous offsel correction, irrespective of the temperature and supply voltage

condition.

These special types of op-amp are known as chopper-stabilized op-amp.

The main properties of the autozero chopper-stabilized op-amp are

1.
.

They are built on CMOS technology.

Their Vi and temperature cocllicienls are live times beller than the best precision
bipolar op-amp. |

They deliver their full speed and bandwidih,

Being a CMOS device, most of them have a severely limiled supply voltage (typically
15V total supply). Because of this, it cannol run from conventional +15Vsupply. The
only exceplions to this are the Maxim MAX430/2 and Teledyne TSC915 and
TSCT6HV52 which operate from £15V supplies.

Many autozero op-amps have restricled common-mode input voliage. For example, the
popular ICL7650 has a guaranieed common-mode input range of -5V 1o 1.5V when
running from its uswal £5V supply. For the improved ICL7652, the range is from -4.3V
to 3.5V that is a wider range, bul it does not include the negative rail, so it cannot be
used as a single supply op-amp.

The high vollage types are much better, for example, the MAX432 has a puarantecd
common-mode range of -15V o 2V when running from £15V supplies.

They have poor oulput current sourcing capabilily — sometimes as little as 1 - 2mA in the
sourcing {positive output) direction.

They have disastrous saluration characteristics. Recovery is very low — up to a second.
The “cure™ is to sense when the output is approaching saturation, and clamp the input 1o
prevent it. Most auto-zeroing op-amps provide a “clamp™ output for this purpose, which
can be tied back 1o the inverting input to prevent saturation.

Saturation can be prevented in chopper op-amp without a “clamp™ pin (and in ordinary
op-amps as well) by bridging the feedback network with a bi-directional zener (two
zeners in series) (Homowitz etal, 1995). This will clamp the output at the zener voltage,

rather than letting it limit at the supply rail; this works best in the inverting configuration,
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8. Chopper stabilized op-amps are plagued with the problem of clock induced noise, 1t is
caused by charge coupling lrom the MOS switches and can cause spikes al the output. In
low frequency applications, we can {and should) RC - filter the output to a bandwidth of

a Tew hundred hertz, which will make these spikes disappear (Horrowitz et.al, 1995). This spiky
noise is of no importance in integrating applications (e.g. integrating A — 13 converlers) or in
applications where the output is low (eg.. a thermocouple circuit with a meter at the output}.
Infact, if we only want very low frequency (below 1Hz) output response, a chopper op-amp will

actually have less noise than a conventional low noise op-amp (Horowitz, 19935).

2.9 OUTPUT OFFSET ERROR DUE TO OP-AMP OUTPUT CIRCUITRY

There are limits to the amount of voltage and current thal an op-amp can deliver to a
load, and there are limits as to how quickly this voltage can change. These limitations become
sources of error when using op-amps in ac circuils.

Though most op-amp have over-current/shorl-circuit protection, it is a pood design
practise to always ensure thal op-amp circuils are terminated with high impedance device so as
to prevent excess current been drawn from the device (Odo, 2000). Otherwise, if the op-amp
must drive a low impedance load, then, a unity buffer must come between the amplifier and the

load.

.10 ERROR DUE TO THE EXTERNAL NETWORK COMPONENT

Op-amps, like some other monolithic 1C's needs to be biased alongside with some:
resislors, inductors, diodes amnd capacilors for proper operaling condilion. The degree of
precision of circuils realised from such arrangements depends largely on the accuracy and
thermal stability of the op-amp and indeed the entire discrete components used.

For example, the common-mode-rejection ratio of a differential amplifier is known to be
greatly affected when the ratio of the two pairs of resistor used at the differential input do no
miatch. In the same vane, the accuracy and linearity of the ramping action of integralors is also
largely dependent on the propertics and stability of the capacitors used in the circuit,

Following the above facts, it can be seen that the choice of component is vital in any circuit
implemeniation.

Components are gencrally specified with an initial accuracy, as well as the change in
value with time and temperature. Complete specifications also include the eflects of
temperature, eveling and soldering, shock and vibration, short-term overload and effect of

maoisiure,
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Table 2.2 gives the specification for the commonly used two resistor types. From this table, it is

obvious that metal film resistors are better than carbon composition resistors for precision work,

Table 2.2: Showing variation of Resistor properlies (Horowilz, 1995 pg. 1055).

Material | Femperature coellicient | Soldering Shock  and | Moisture
(lempeo) temperaturefoad | vibration
cycle
Metnl  film | SOppmC -55°C o 175°C 0.1% 0h.5%
Resistors
% Corbon | 30ppin™C 25°Cio 853°C Pl %
COMmpHEs o
Resistor | ; —

211 DATA TRANSMISSION, MANIPULATION AND RECORDING
Very oflen, data needs (o be transmitted 1o a place where it can be accessed or used. The
main reason for data transmission in most cases is that the source of the data and the location
where il is needed may be scattered or the source is remolely located..
In electronics, data is collected and transmitied in the form of an electrical signal. This
electrical signal may come from sensors,
Basically there are three principal ways of getting electrical signal from one place o another,
These are through:
o Wires (usually copper)
= Radio waves in lree space

=  Guided waves in wave guides, coaxial cables and oplical fibres

2011 Wire Transmission

Wire™transmission is perhaps the most common way by which analogue and digital
signals are being transmitied from one location to another. There is always a delay associated
with the transmission of a signal through any medium. This delay arises because
electromagnelic waves have limited maximum velocity at which they can be transmitied in a
miedium.

This inherent properly of the medium cannol of course be eliminated, Bul a good
knowledge of wire interconnections will save us from problems that could result from bad
choice of wire network, which may lead o receiving distorled and altenuated signal, or any
signal that has been corrupted by noisefinterference,

Also a pood knowledge of wire interconnectivity will help us (o arrive al various cost

elTective ways ol reducing these undesiruble properties,
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A transmission line simply comprises go and refurn wires in close and constanl
proximity to one another. Transmission lines can be classified into two main classes, namely;
shor transmission lines and long transmission lines.

Connections within local electronic circuiis or between equipments are considered 1o fall under
the short transmission line, while any transmission line longer than 1km is considered to be long,
Short transmission lines are extensively used in this project. Therelore, Turther discussion will
only be on shorl transmission lines,
The principal properties of shorl transmission lines are:
= The signal is transmitted with little loss of amplitude and without distortion
¢ There is a _snmil propagation delay in the cable, depending on the length and
char ﬁcwrislic.uf the line
s As viewed from the signal source, a transmission line has a characteristic impedance 2,
There are two things that we must know about £,
l. 7o depends on the dimension and construction of the line.
2. 7, is normally non-reactive, but a pure resistance.
Surprisingly 7, does nol dissipate power in the way that a resistor does.

When the load impedance is equal to the characteristic impedance of the line, the two are
said to be matched or the line is said to be “properly terminated”. When this happened, source
power will get o the load without any loss in the transmission line except for a little delay.
Conseguently, maximum power transfer is said (o occur at impedance matching. 1T the load is
nol properly matched to the line, or the line is not properly terminated, the signal is partly
reflected back down the line. To be absorbed in the internal resistance ol the source, provided
the source is matched to the line, IF neither source nor load is matched to the line, the signal is
reflected back and forth along the line. I the load is short-circuiled or 1T 5 an open cireait, the

signal is wholly reflected, and the load of course receives none,

Interconnection methods
1. Open Wires
A simple piece of wire is, of course, the basic way to conneci two poinis together. It is
perfectly adequate, provided the amplitude of the signal it carries are nol too small and the wire
is not too long, and there is alzo a return *earth” wire. The length is important because open
wires have series inductance, as well as shuntl capacitance to other paris of the circuit and to
earth, Together these act like a low pass-filter and attenuate high frequency signals. The longer

the wire, the more the inductance and capacitance, and the more the atlenuation of high
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‘requency signals. In transmission lines, the inductance and capacitance between the ‘go and
retum’ wires are controlled and do not resull in high frequency attenuation. Remarkably, ideal
lines, with no ohmic resistance, do nol attenuate signals of any frequency; they only delay them
slightly.

In addition, open wires always pick up interference. The longer the wire, the more the

interference; the smaller the signal, the more serious is the elfect of the inlerference.

2. Twisted pairs

Twisting a pair of insulated wires together, as shown in fig 2.8 is the simplest form of
transmission line. It provides a convenient way of carrying power to electrical equipment or for
carrying signals belween pieces of equipment. Il is used widely for frequencies up o a few
megahertz. Examples are digital systems, instrumentation systems and telephone systems.

As compared with a single wire, a twisted pair picks up much less interference, since the
interference wavelforms picked up in the two wires tend to cancel each other oul, Typical
characteristic impedances are 5041, 7(£2, 85L), and 110€), and the propagation velocities range
from 130 to 200* 10°ms™".

3. Twin feeders

A typical form of twin feeder is shown in fig 2.9. The two wires have a greater
separation than the twisted pair. Moulding the two wires inlo a strip of plastic makes the flexible
twin feeder. A popular version has a separation of about 10mm, and is used for connection Lo
VHF radio acrials, 1t has characteristic impedance 7, of 3004, and a propagation velocity ol
250 *10"ms"". It is much cheaper than the coaxial cable, but is more susceptible to interference
pick-up.

Twin feeders for connecting powerful radio transmitters 1o their aerials use rigid
conductors and a series of insulating separators, so they are mainly air-spaced and have a

propagation velocity of 300 *10°ms™, They are commonly used at frequencies up to 30MIz.



Fig. 2.8: A twisted pair

Fig. 2.9: A flexible twin feeder
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4. Cowxial cablex

A coaxial cable consists of an inner conductor surrounded by a layer of insulation, and
an ouler conductor in the form of a cylindrical mesh, as shown in fig 2.10. The outer conductor
is intended 1o screen the inner conductor from extemnal interfering electric hields.
Coaxial cables — or screen cables as they are sometimes called — are widely used lor signals at
all frequencies, from the lowest-frequency instrumentation signals up to the highest microwave
lrequencies. Popular characteristic impedances are 500) and 758 Professional radio Irequency
{RF} cables that contain polyethylene as insulator have propagation velocities of 200 10%ms™
75€2 cables for UHF lelevision aerial down leads are part-polyethylene, part air-spaced, for low

loss. Their propagation velocity is about 240% 10%ms",

5. Multi-way cables

Fig 2.11 shows examples of ‘multicore’ cables. These use all of the types of

interconnection that we have described so far, and combination of them.
The simple ‘bundle of wires” is adequate for low-frequencies and large signals. Al higher
frequencies, interference between the wires, called ‘crosstalk”, tends o become significant, 1T
the wires are formed into twisled pairs the interference pick-up and cross-talk are reduced. An
overall screen always helps o reduce pick-up. Individual screens around each pair help reduce
cross-lalk. A bundle of coaxial cables provides the best performance of all.

Fig 2.12 shnws.u ribbon cable. This 1s very cheap o produce, and provides a neat
multiway interconnection method. 1 18 especially useful m digital equipment for making parallel data
connection. Mugs and sockets for ribbon cables have the so-called insulation-displacement connectors
(H2C), so that all the wires in the cable can be joined simultaneously to the plug or socket
terminals. For ribbon cable with PYC insulation, the characteristic impedance between adjacent
conductors is about 10562 and the velocity of propagation about 200*10"ms™, With PITLE
insulation, Zo is aboul 12502 and the velocity about 125*10°ms” Ribbon cables are adequate for
short-distance connections. At lengths over about Imeter crosstalk in digital systems can cause
error in data transfer. The hybrid type of the cable, also shown in ligure 2.12 combines the best
ol both worlds: the easy connection to plugs and sockets of the ribbon cable, and the better
crosstalk rejection of twisted pairs. The twisted-pair sections are about 500mm long, separated
by flat sections about 50mm long, suitable for IDC connectors. The characteristic impedance of
each twisted pair is about the same as that in the flat cable, and the velocity of propagation is

aboul the same oo,
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Fig. 2.12: Ribboncable
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Current-lonn transmitters

Aparl from the varous wire inlerconnection technigues, current loop transmiller 15 vel
another popular device emploved for data transmission in the process industry, This device 15 a
voliage-to-current converter. It converts sensors oulput voliage o a proportional current.

For the device. a zero input voltage produces a minimum current of 4mA and a full scale
input produce 20mA, which is transmilled to the point of vsage via copper wires. A major
advantage with this type of device is that it is able to maintain a constant current over the entire
transmission line for a given voltage input, thercby enhancing remole data acquisition,
processing and control.

Another technique of getting uncorrupted data across transmission lines is o digitise the signal,

frequency modulates it or frequency shilt-keyed the signal on the line.

2112 OPTICAL COUPLERS AND OFTICAL FIBRES

In an optical coupler, the input signal is converled 1o visible light or infrared, usually by

a light-emitting diode (LEDY). The light is then detected by a photocell, or a photodiode or a
phototransistor. The purpose of such a deviee is to provide clecirical isolation between the input
signal source and the output cireuil. Electrical isolation may be needed for safely reasons il large
vollage differences are involved. Data rates up 1o 15Mbits per second are possible, Devices with
high isolation voltage rating are commonly called opro-isodalors, They are available with ratings
up o 10kY or so.
Optical fibres are used for transmitting signals in optical form. As in the case of the oplical
coupler, a Laser or an LED converts the inpul electrical signal to an oplical signal. The optical
signal is fed into a special glass fibre, which acts as optical wave guide. At the receiving end, the
optical signal is detected by a photodiode,

Optical fibres were developed initially for lelephone systems. Because they operale al
aptical [requencies, their bandwidth is far greater than that of coaxial cables, and their
attenuation is lower too. For instrumentation sysiems and other narmow bandwidth systems,
cheap emillers, receivers and fibres are available, Their advantages over coaxial cables are:

» Electrical isolation

*  Freedom from capacitive and inductive pickup

*  Ireedom from cross talk

# LEliminations of sparkling and lire hazards

= Mo atenuanon of signai sirengbhy
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2.11.3 Data Transmission using Radio Waves

In many cases ol dala transmission, interconnection ol wire [rom one point 1o another
may become impossible. In such cases oplo-telemetry or radio telemetry are oflen used.
The word telemetry simply means: measurement at a distance. In utilizing radio waves [or data
transmission, there is a considerable standard set to cope with the allocation of a frequency bamd
within the radio requency spectrum (Mie, 1997), (Odo, 2000).

The standard carrier frequency lor telemetry is specified from the range 216 1o 235MHz.
The fig2.13 shows the widely utilised system of radio telemetry. The FM/FM refers to the fact
that two [requency modulation processes are employed, In the fiest process, time varying d.c
vollages are converled lo proportional requencics using a vollage-to-Trequency converler, The
standard FM/FM s;,.'smlm allows for multiplexing of various inputs from dilferenl sensors and
then transmilling the signals via a single camier [requency as illustrated in the block diagram.
Digital form of radio telemetry is also in wide use. It is known as pulse code modulation, PCM.
Radio telemelry is very uselul over shorl distances, especially when the relative motion of the
measuring device and the readout equipment prevents a suitable direct connection. Examples of

such situations are found in measurement on rotating machinery (e.g. a rotary lurnace).
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112 ANALOGUE - DIGITAL CONVERSION

Information carrying variables such as currenis, voltages and charpes exist naturally in
analogue form. But for effective processing, transmission and storage, it is oflen more
convenient lo express this variables in digital form. Also digital syslems arc increasingly
becoming more popular due to their increasing efliciency, reliability and economical operating
cosl.

There are however many systems that incorporate both analogue and digital subsystems,
particularly in the fields of measurement and control and in rapidly growing arcas of
communication technology. With the development of the microprocessor, data processing has
become an integral part of many systems. Data processing involves the transler of data fo and
Srom the mi::mpnmuw:r via inpul/outpul devices. Since a digital system uses a binary system ol
zeros and ones, the data input into the microcomputer have to be converled from analogue form
to digital form. The device that performs this conversion is called an Amalogue-to-Digital
converfer. Un the other hand, a Digital-to-Analogue converter is used whenever a binary output
Irom a digital sysiem must be converled to an analogue voltage or current.
since an Analogue-to-Digital converter (ADC) is central to this work, detailed discussion on it is
presented next

2,12.1  Amalogue — to — Digital converiers
This section examines only the techniques that are used in the realisation of Analogue-to-
Digital converters.

1. Flash converlers — The main components of this converter are comparators, a reference
vollage lor each of the discrete levels represented by the digital outputs. 1t also has an
encoder.

Properties: I'lash converiers are the fastest of all the converters available, This is because all the
n-bits are made available at the same time. However, they are expensive because the number of
comparators needed is equal to the number of quantisation intervals. For example, 10bit
converter contains 1023 comparators, together with control and encoding circuitry,

Flash converters resolution is limited to about 10bits due (o their complex circuitry. This makes

them unsuitable for high-resolution applications.
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b1 Counter-ramp converters — The main components of this converter are [3-A converter, a
binary counler, a clock, a single comparator and some control logic.

Preperties: This converler is not as fasl as the Mash converter, bul in ils case, an n-bit device
will require a conversion time that is proportional to 2%, The major beauty of this device is thal
all the process of data conversion can be controlled. For example, when a conversion is required,
a signal is sent to the converler from an external digital subsysiem requesting a conversion,
When the conversion is completed, an end of conversion signal iz usvally generated by the
converter.

“The time lapse between the start of conversion (SOC) and the generation of the end of
conversion signal (EOC) is known as the cenversion fime of the converter. Both SOC and EOC
can be sollwarc cunl}uliui. This makes the converier casily adaptable to any design that involves
measurement and control.

The one major drawback of the counter-ramp A-D) converler is its relatively long conversion
time for large input signals (Gorham el al, 1993). Most commercial devices operate with

maximum clock rates of IMHz or less.

3. The Tracking converler — Il has the same configuration as the counter-ramp converter
{fig2.18). The only dilference between them is thal tracking converters are faster than the
counter-ramp. This is so because tracking converters does nol always reset the counter fo

zero, Instead, it only counts the dilference between the present and previous samples.

4. The Successive approximation A-DD converlers — The major difference between this

converler and the counter-ramp A-D converter is that a register has replaced the counter,

Properties: The total conversion time is equal o (n+1) clock cycles, one for cach bit of the
codeword and one to initialise the D-A converter outpul to zero. The converter is much faster
than the counter-ramp type. An additional advantage is that the conversion time is independent

of input amplitude, which is useful in systems that require a constant conversion rate.

5. Integrating (Dual-slope) A-D Converlers — The main component of this type of converter
are op-amp, with a resistor and a capacitor. All are arranged as an integrator.

Properties: Conversion time lor the dual slope configuration is usually rather slower than the

olher methods of A-D conversion. This slow conversion time, is as a result of the long

integration time, This longer integration time can be used to an advantage in that it can be used
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w cancel out interference. by specifying the clock period so that 2°T. is an exact integral
mulliple of any ac noise such as 601z power line pickup or 12011z Bridge rectilier pickup.
The conversion accuracy of the dual slope ADC is independent of R, C, Tog and the op-amp
ollsets. Dual-slope converlers are particularly suited 1o highly asccurate measurement of slowly
varving signals.

Having observed the various techniques used in the realisation of an ADC and their
respective merits and demerits, next is the presentation of the general specification that needs 1o

be considered when selecting an ADC,

2.12.2 Analogue-to-Digital Converter Specifications
& Saturation Error —HThc mosi obvious limitation of an ADC is its defined upper and lower
limilz of voltage response. Typical full-scale ranges are 0 — 10V and — 10V to +10V. I the input signal
exceeds the upper limit of response, the converter saturates and the recorded signal does nol vary wilh
the inpul, Saturation can be prevented by appropriate signal conditioning such as amplitude
attenuation or de offset removal.
¢ Resolution and Quantisation Error — Each output code of an ADC comesponds 1o a whole
range of inpul values. Fig 2.16 shows the normalised (ransfer characteristics of 3bits ADC. It is noted
here that any input in the range between 1/8 and 2/8 yields the same code, namely 001, This inability of
the converter to distinguish different levels within this band is known as quantization error.

Quantization error is an irreducible leature of the A-D conversion process. The oulput
code can be in error by as much as £1/2 LSB. Quantization crror can only be improved by
increasing ADC resolution (S. Franco, 1988).
The quantization error, also known as quantization noise, has a root mean square value E,,
which is related to the resolution of the system as:

Ey= Ve/2"12 (2.5)

Where Yy, is the full-scale vollage range of the converter, and n is the number of bits of the
A-D converter.
Il we observe equation (2.5) carefully, it can be deduced that for each additional bit of
resolution, E, is cul in halve.
¢ Conversion Error — An ADC may also suffer from non linearity, offset error, gain error
and stability. If the differential non-linearity exceeds 1LSB, some digital codes may be missing
at the output. Missing codes are intolerable, especially in control applications, where it may lead
to instability.
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Nomally ADC manufacturers will provide specificalion on the potential size of the different
types of conversion crmor,

& Sample rate — Usually all A-1) conversion processes require a certain amount ol time to
prodluce the desired outpul code Tollowing the armival of the START command. This amount of
time, known as conversion Hmesample rate is determined by the A-1} conversion technigue,
resolutions and lechnology, The conversion time can range from as litlle as 10ns (o as much as
1ihms.

Software ollen allows us 1o specify any sample rate up (o the maximum value.

2.12.3  Signal Conditioning for A-I) Conversion

To make the I1.e:-'.l use of an ADC, conditioning of the inputl signal may at limes be
required. The conversion of de signals is straightforward, bul for ac signals, we must sample the
inpul. The rate al which we sample is determined by the sample rule, which requires that a signal
of bandwidth fHz be sampled al a rale in excess of 2f samples per second.

IF the A-1D converter cannol maintain this rate of conversion, il is essential that the input
signal bandwidih be restricled by using a low-pass (otherwise known as anti-aliasing) filter to
remove signals of frequencies greater than Samnee'2 .

Please note that with the above-mentioned arrangement, imporiant information may be lost,

To prevent any error arising from the variations in the input signal during conversion, a

sample-and-hold circuit usually precedes some ADIC, This is done in other to present a stable de

level prior o conversion cycle of the ADC.

213 MULTIPLEXERS

Multiplexers are devices with many inputs, bul only one oulpul. They are like switches,
with the capability of selecting one input out of its many inputs at a time and connect it 1o the
outpul. There are analogue multiplexers as well as dipital ones. Figure 2.17 is a schematic
diagram of a 4-input analogue multiplexer. Mulliplexers arc necessary in systems where several
analogue signals are needed to be converted one after the other o binary codeword, Instead of
using a separate and possibly expensive A-TD converter for each channel, a single multiplexer is
adequate 10 adapt all the channels to be used with only one ADC. Multiplexers contain lield-
effect transistors (FETs), so that when they are connected, they provide low resistance (~100£2)
signal path, which can be switched on or ofT by means ofT logic signals.
Multiplexers are available in many different configurations, and are sometimes incorporated into

gome M- converer 1 's,
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L14 DATA INDICATION AND RECORDING DEVICES

The majority of signals in measurement systems ultimately appear as vollages, Since a
vollage cannot be seen, it then becomes imperative 1o change the measured voltage to forms that
are intelligible to human observer, The forms in which data are presenied generally include a
pointer moving over a scale as in potentiometers and Darsonval meter. Others include a light
beam writing on a photosensitive paper, an electron beam writing on a cathode- may (ube, the
visual display of a sel of ordered digits and the printout of digital data by a printer,

Digital computers, either dedicated or general purpose is v lely becoming popular in the
field of measurement and control, This is as a result of their pr imability, The computer can
inferact with the oulside through its poris, which are generally bi-directional. That is, they may
cither receive or uuu:ml data. This process must however be done in well-delined and orderly
manner. The computer must be informed through a soflware programme whether a particular
port is to handle incoming or outgoing information. Soltware assignment of port function is
relerred (o as conffguring the porl, Data transmission between the computer and its outside

world may be handled in either serial or parallel form (Bamey, 1988).

.14, THE MICROCOMPUTER

This is a machine having two functional parts; the hardware and the software, working
together to provide vanous forms of dala communication and control.
For a better understanding of this versatile machine, an illustration of whal cach of ils

components can do and how they can be applied to practical problems is hereby presented nexi,

2.14.1 The microprocessor

The heart of a microcompuler is the central processing unit (CP17), otherwise known as
the microprocessor unit (MPL). The microprocessor is a device that has evolved to provide
means of handling the storage, retrieval and manipulation of data in svstems with large memory
lacility. The microprocessor is buill from fundamental logic devices like — registers, pates,
ROMs and buses. The microprocessor is a sequential logic component, whose behaviour is
determined by a list of instructions stored in the memory. These lists of instructions are called
programs. Normally digital memories can only hold binary words, so the instruclions are
represented by codes, which the microprocessor is designed to interpret. Each instruction directs
the microprocessor to carry out an eperation such as, adding two numbers or storing an item of
data in the memory. Also the instruction must either contain the operand (the numbers 1o be

added or the data to be stored) or it must specily the address al which the operands are stored.

41



It 15 the program stored in the memory thal determines the behaviour of Lhe
microprocessor, and a particular microprocessor can be used in varcty of applications,
depending on the application and level of complexity. Microprocessors are available in 4bits, its,

1 shits, 32bits and s0 on.

2.14.2 Structure and operation of microprocessors

As it has been mentioned, a program of instruction stored in an addressable memory
determines the behaviour of a microprocessor. Each instruction indicates either impheitly or
explicitly, where the next instruction is stored. So, once a computer begins (o run a program, it
automatically runs through.

Instructions {cg, load, store, add & jump) always occupy a lixed number of memory
locations, and these instructions are vsually camed out in times of less than one or two
nanoseconds. The actual set of instructions thal control microprocessor operations are wrillen in
machine codes. The machine codes make use of the binary system, in which instructions are
only represented in zeros and ones.

However, working oul instructions in machine codes is time consuming and very
difficult. Therefore in practice, programs are wrilten in some other forms of code, otherwise
known as high-level language. In this mode, instructions are represented by words or
abbreviations, while a translation program that is rmunning on the microprocessor ilsell then
generates the actual machine code thal can be directly executed by the processor. The way the
microprocessor 15 organised, the function of the main registers and the overall structure of
inlernal connections are called the archifecture.

The basic infrastructures that determine the performance of microprocessors are:
(n) Instruction set — This gives the range of instructions that a particular microprocessor can
carry out,

If we consider the progress made so far in microprocessor lechnology, we will note that the
first microprocessor was the B0 series” introduced in 1974 by Intel Corporation. This was a 4bit
microprocessor, meaning those internal registers and data buses are 4-bits wide. The 8-bits
devices, which followed on, were the 8008 and the BOR0 in 1974, The B080 design progressed (o
the 16-bits B086 and SURR (used in the TBM PC and similar models) and
80286 (used in the IBM AT and others). The 32-bits 80386, B0486 and 80586 arc progressively
more powerful developments that have led to 286, 486 and 586 compulers,

(b) Clock — The clock sets the regular signal that paces the processor’s aclivily, (herchy

determining the time for the execition ol an instruction.
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(k) Clock - The clock sets the regular signal that paces the processor’s activity, thereby
determining the time for the execution ol an instruction.
The faster the clock, the shorter is the overall execution time, The maximum possible clock

speed is therefore another imporiant indication of overall performance.

2.14.3 Memories

The storage and recall of information is a fundamental properly of sequential logic
circuils. The basic circuit elements that perform storage operations are: latches, Mip-flops and
regisiers.
Flip-Mlops/Latches are logic elements that are capable of holding their outputs until they are told
o change i, These slnh.!: oulpuls can either be 1{sel state) or U (reset state). A latch/Mip-Nop can
only store one bit of information, To have a device that is capable of storing larger bits of
information, several latches/Mip-Nops are stacked together to form registers. Many registers are
stacked lopether to form memorics,
Thus an electronic memory consists of a large number (typically between a few hundred and a
few million) of independent storage locations. Each location holds a binary word. Presented next

is the various memory facilitics available 1o our use on the general-purpose compuler.

Random-access Memory (RAM)

RAM chips represent by [ar the largest share ol electronic memory components. They
form the basis of computer memory and other large digital systems. RAM chips are cither static
or dynamic. In a siatic RAM (SRAM) each bt is stored by a Nip-Nop consisting of several
transistors, which remain in a fixed state (as long as the power supply is connected to the chip)
uniil it is deliberately changed. However in a dynamic RAM (DRAM) each information bil is
stored as a cerlain amount of charge on a small capacitor that is connected to a single transistor,

The major advantage of dynamic RAMs lies in their simple structure, and they can store
more bits per unil area because the basic memory cell occupies less space. SRAMs are faster
than DRAMs. On any given chip. the size of binary word that can be stored in each location is
the same and is predetermined during manufacture. Common sizes for the words stored on RAM
chips are 1hit, 4bits or Bhits (1 byte). Hence a memory chip that holds 256K bits could be
organised inlernally as 32K locations with addresses running from 0 to 32767 (= 32K - 1) and
each location holding 1 byte. The major drawback with RAMs is that they are velafile. This

means that when the power supply 1o it is swilched off, all the data contained in it is lost.
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RHead-only Memory (ROM)

Read-only memories (ROMs) provide non-volatile storage of data which is then
available as soon as the device is connecled o the appropriate power supply. They are structured
n the same way as RAM, wilh each dala location being specificd by an address. However, in the
use, only a read operation can be carried out on them, The process of lixing ROM contents is
called programming the device, and different types of ROM are available which require this to
be done either by the chip manufacturer (as in a mask-programmed ROM) or by the user (as in
the various forms of programmable read-only memory, or PROM]).

There are different versions of the PROM. In one form of the device, inlernal
connections are either fused or left intact to create the data pattern, These are often referred 1o as
FPROMs (standing for fusible link PROM or feld-programmable ROM). Another more
common form of the PROM is the one-time programmable ROM (OTPROM). In the device,
packets of electrical charge that remain fixed represent data even when the device has no power
connection. In either case, programming is a once-and-for-all process, and the memory contents,
once programmed, cannot be altered.

Erasable PROM iz another version of ROMs whose content can always be re-fixed,
These devices are known by several names and acronyms: electrically erasable and
programmable ROM, (EEPROMs or E‘PROMS), or elecirically alterable HOM
(EAROM) are the main ones, In these devices elecirical signals are often used to erase the
individual cells before a reprogram can be carried out. A more common method of erasure is
achieved by illuminating the whole chip (through a transparent window in the package) with
fairly high power ultra-violent light for several minutes, This causes the stored charge to leak
away, The dilTerence between an electrically erasable PROM and ultra-violent EPROM is thai
cach cell can be erased and fixed independently in electrically erasable PROM, while all the
content of the chip will be erased in the ultra-violent erasable PROM once it is exposed to LV-
light.

Programming of these devices normally requires a PROM programmer, a special-
purpose picee of equipment, which is connected o a computer. The computer supplies the
required data for each address to the PROM programmer, which then applies the appropriate
signals to the PROM to store the data, ROM chips — whether mask-programmable or PROMs -
can be built up into large memory systems in an identical way to RAMs. For instance, a 256K
by 8 ROM memory system could be built up from four 64K by & PROMs in a manner analogous
to the RAM chips.



215 INTERFACING THE STANDARD PARALLEL PORT

The parallel port of the computer is the most commonly used port for interfacing home
made projects. The port allows [or the input of up to 9 bils or the output of 12 bits at a time. The
port has four control lines, 5 status lines and B data lines. The port iz found at the back of a
general purpose computer as a D-type 25 pin female connector. There may also be a D-ype 25
pin male connector,

There are five standard modes of operation of parallel ports under the IEEE 1284
standard of 1994, These live modes of operation are:

=  Compatibility nlmdu

=  MNibble mode |

+  Bvle mode

* Extended parallel port (EPP) mode
e Enhanced port (ECP) mode

The aim of these various modes is fo design new drivers and devices that run at faster
speed, but still compatible with each other and also compatible with the standard parallel port
(SPP). Compatibility, bytes and nibble modes make use of the standard hardware available on
the onginal parallel port cards while EPP and ECP modes require additional hardware that can
run at faster speeds.

Compatibility mode or ‘centronics’ as it is commonly called can only send data in the
forward direction at an average speed of 50 kilo-bytes per second bul the speed can be as high as
150 kilo-bytes per second. In order 1o receive data, compatibility mode must be changed to
either nibble or byte mode, Nibble mode can input a nibble (4 bits) in the reverse direction (i.e.
from device fo the computer). Byle mudclu:-w.:s the parallel’s bi-directional feature (found only on
some cards) to inpul a byte (Bbits) of data in the reverse dircetion,

Extended and enhanced parallel ports use additional hardware to generate and manage
handshaking. The ECP and EPP can output al around 1-2 megabytes per second.

In Table 2.3, the prefix “n”™ in front of signal name is used 1o indicate that such signals are
actively low. The “hardware inveried™ means that the signal is inverted by the parallel card. The
output of the parallel port is normally at TTL logic levels. Most pamallel ports implemented in
ASIC (Application Specific Integrated Circuit), can sink and source around 12mA. It is always
better to have an adequate knowledge of the current capability of each device one is using. This

information can be obtained from the manufacturer’s data sheel.
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LI5.1 Parallel Port Addressing

The parallel port has three commonly used base addresses. These are listed in Table2 4
below, The YBC, base address was originally used for parallel ports on video cards, but they are
now integrated on some motherboards as an option for parallel port. LPT1 is normally assigned
base address 378, while LPT2 is assigned 278,. However this may not always be the case as
explained later, 378, and 278y have always been commonly used for parallel ports. Though this
addresses may change from machine to machine. The subscript “h™ in front of the addresses

denotes that they are in hexadecimal.




Table 2.3 Fm numh-l:n ring nl the 25 pin [)- I'_','|1-|: and the 315—]:'!"1 centronic connectors

| L-type | Lentromes | Standard | Lhrection | Kegister | Hardware |
25 pin Pin Farallel In/Chut Inverted?
Number MNumber Port signal
I | nStrobe In/Out Control Yes
2 2 Datal Ot Dhata -
3 3 Datal | Ouw | Daa | -
4 4 Dala2 Out | Data | -
5 5 Data3 Out Data -
6 16 | Damd | Ouw Dan | -
7 7 Data5 Chat [Data -
=& i & Dataf Out Data -
9 9 Data? Ot Data =
10 10 nfck In Status -
1 T Busy In Stalus Yes
12 12 Paper-out/ In Status =
Paper-End
13 13 Select In Status -
14 14 nAuto-Linefeed | In/Out Control |  Yes
15 32 nError/nFault In Status -
16 3l nlnitialize IOt Control -
17 36 nSelect printer | I/Out | Control | Yes
18-125 19-30 | Ground Gnd =

Table 2 4: Porl Addresues

Address MNotes:

IBC,, - 3BF, Used for parallel ports which were incorporated
onto video cards — Doesn’t support ECP addresses

378, — 37F, Lisual addresses for LPT]

278y —27F Usual addresses for LPT2
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"When the computer is first lumed on, BIOS (basic Input/Output System) determines the number
ol poris on the motherboard of a8 computer and assigns device labels LPT1, LPT2 and LT3 10
them. BIOS first look at address IBC,. IF a parallel port is found here, it is assigned as LIFTL, It
then searches at location 378h. I a parallel card is Tound there; it is assigned the next free device
label. This would be LPTI1 if a card were not found at 3BC,, or LPT2 il a card was [ound at
IBCh The last pord of call is 278, and this follows the same procedure as the other two porls,
Therefore it is possible to have an LPT2 that 1s al 378; and not at the expected 278, address.

However the idea of device label should not be a problem in projects dealing with
interfacing devices to the computer. The reason being that in most cases, the base address is
used rather than the device label. Moreover, il we are inleresied in linding the address of LT
or any of the line printer devices, we can use a look up table provided by BIOS. When BIOS
assigns addresses to a printer device, it stores the address at a specific location in the memory, so
we can find them.

2.15.2 SOFTWARE REGISTER FOR THE STANDARD PARALLEL MORT

A port can only perform one [unction al a time. It either gives oul data or takes in data
(one way traflic). If the port can input data ot one time and output data al another time, such
ports are said o be bi-directional. Therefore read and write operations can be performed on their
data regisiry. Table 2.5 through Table 2.7 gives the properties of the various ports as found on
the D-25 type connector.

Any dala written {o the data porl (base address) by the computer can be accessed via
{pins 2-9). If the port is not bi-directional or does not support read operation, any attempl 1o read
from it will only give back the last bit seni.
The status port (base address + 1) is a read only port. Any data written to this port will be
ignored, The siatus port is made vp of 5 input lines (Pins 10, 11, 12, 13, & 15}, an IRQ) status
register and two reserved bits. The control port (base address + 2) with the properties shown in
table 2.7 is intended as a write only port. When a printer is attached to the parallel pori, four
“controls™ are used, These are Strobe, Auto linefeed, Initialise and Select printer, all of which
are inverled except Initialise.
The printer does not send signal 1o initialise the computer, nor does il tell the computer to use
the aulo linefeed. These lines are “open collector™ outputs. This means that it has two states, a

low state (0V) and a high impedance state (open circuit).
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I'able 2.5: Data Port

Address | Mame Operation: | Bit No | Properhes
Readfwnte
Base+ 0| Data Port | Write™® Bit7 | Data?
Bit 6 Data &
Bit> |Data5
Bit 4 Data 4
Bit3 |Data3
Bit 2 Data 2
Bat 1 Data 1
Bt 0 Data 0
Table 2.6: Status Port
Address | Hame Ciperation: Bit No i“rnpurlits
EeadWnte
Base+ 1| Status port | Eead only | Bat 7 Busy
Bith Ack
Bit 5 Faper-cut
BEit 4 Select In
Bit 3 | Emor
Bit 2 | IRQ (tlot)
Bit 1 Reserved
[ Bit O Eeserved
Fig 2.7 Conirol Port
Address | Name Orperation: | Bir Ho | Properties
Rend "Writa
Fase + 7 | Control Part | MendWrite | Hit 7 Uninsed
Bit& | Unuosed
Bit 5 | Enabls Bi-directional
Pore
Hitd | Enable IRQ via Ack
Lins
Hit 3 | Printer Select
Bitl | Inldalizs Prinver
{Haszat )
Hit 1 Anmte Linelesd
Hit0 | Swobe
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Mormally the printer card has internal pull-up resistors. Howewver, as one would expect,
not all of them have, Some have open collector outputs, while others have normal tolem pole
output. In order to make our device work correctly on as many printer ports as possible, we use
an exlernal resistor as well. I there should be an internal resistor on the cand, then the two
resistors will act in parallel. 1F it is a tolem pole output, the resistor acls as a load. An external
4. 7kE2 resistor is vsually recommended Tor pull-up purposes. When in high impedance state, the
pin on the paratlel port is high. When it is in this state, the external device can pull the pin low
and have the control port changed to read a different value, In this way, the Tour pins of the
control port can be used for bi-directional data transfer. However the control port must be sel to
so0ex0100 for it 10 be able 1o read data; that is all pins must be at Jogie 1 al the port so that it can
be pulled down o logic 0,

Bits 4 and 5 are intermnal controls. Bit 4 enables the IRQ and bit 5 enable the bi-
directional port; meaning that we can input & bits using (Data 0-7). This mode is only possible if
the computer card supports it. Bils 6 and 7 are reserved. Any attempt 1o wrile to these two bits
will be ignored (Odo, 2002).

1t



CHAPTER 3
DEVELOPMENT AND CONSTRUCTION OF THE WEATIHER DATA ACQUISITION
SYSTEM
3.1 INTRODUCTHON
Precision weather data acquisition and control system design depends on how precisely
the electronic parts are carelully designed. It therefore becomes imperative (o make use of all the
knowledge gained so far on precision circuits and low noise lechniques. This chapter gives all
the design parameters used in the design and development of the weather data acquisition
syvsiem.
In other to describe Tully the entire circuitry used to accomplish this project, we have
divided it into two major parts. The first part deseribes all the analogue units, while the second
part is devoted to the digital aspeet. The sollware design is also considered under the digial

design unit.

A2 TEMPERATURE, PRESSURE & HUMIDITY SENSORS
The choice of any sensor for a particular application is dependent on three major factors.
These faclors are;

1. The range of measurement that the sensor is expected cover.

b

The environmental condition in which the measurement 15 taking place.
1. The degree of accuracy, sensitivity and consistency required for repeated
measuremen! operation using the same sensor.,

However, il the above stated factors are considered alongside the aim and objectives of
this work, il sullices to say that semiconductor monolithic lemperature, pressure and humidity
sensors are adequalte Tor the work.

Monolithic temperature sensors exist in two major categories. The sensors in the first
category always have their output voltage proportional to absolule temperature. They are
otherwise known as VPTAT sensors, The output of the second category is a current, which is
always proportional lo absolute temperature. They are called IPTAT sensors.

The AD5%0 IPTAT is chosen for this project. The main reasons lor this choice are:
= lis temperature range is adequate for our application (-35°C to 150°C).
* DBeing a current output device, it is better than other thermal sensors in any application
that involves remole sensing.
Appendix A gives the detailed specification of the ADS90 IC, as released by RS-components,

Semiconductor Monolithic pressure sensors are divided into abselute, gauge and differential,
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For our application, we have chosen the 24PC series ol absolute (particularly 24PCCFDGA)
pressure sensor. Honeywell Inc manufactures this device. It is rated to have an absoluie pressure
range between 2 — 15psi, which is equivalent 1o about 1Bar, The complete manufacturers data
sheet is presented in appendix B,

The humidity sensor (FHIH 3610 - 001) used in this project is a product of Hycal sensing
instruments. It is a capacitive type of humidily sensor with high sensitivity and low hysteresis.

The complete manufacturer data sheet is shown in appendix C.

ANALOGUE CIRCUIT DESCRIPTION
131 SENSOR AMPLIFIERS
In the desipn of ém:,r sensor amplifier, the following points are of importance (Odo, 2002 ),
1. The type of sensor to be used.
2. The full range of voltage from the sensor
3. The output impedance of the sensor

(a) Temperature amplifier

The ADS9IH thermal sensor amplifier is built around Ul (Fig. 3.1), a commercially
available precision bi-polar op-amp (lype OP-07), According 1o ils manufzcturer (Analogue
Devices, 2001), the op-amp exhibits low drift with time and temperature (0.6mV/"C) and a low
offset voltage (7.5mV max). The op-amp U1 is operaled in the inverling mode. This condition is
required 1o present low impedance to the sensor, thereby preventing self-heating in the sensor.
The sensitivity ol the amplilier is equal to R2*1pASC. The gain is timmed (o SOmVE by
adjusting RF2. By adjusting RVl an olfset of aboul 273.2pA is generated, which tumns the
ADSHIH IPTAT sensor to a centigrade sensor and at the same time providing external offsel
nulling. R; is included to minimize the effect of the op-amp input bias currents. (Rs = Ry/V/R3).
The calibration of the amplifier is done in two ways; with the temperature at 0°C (ice bath), R,
15 adjusted for a zero output voltage. With the temperature at 100°C (boiling water), R; is

adjusted for an output voltage of Svolt,

32



ih) pressure amplifier

The pressure sensor amplilier (shown in Fig 3.2) is built around U1, U2 and 13 (all OP-07).
They are amanged to form an insfrumentation amplifier. The amplifier has the following
properties (Akpan, 2003):

= Finile, accurale and stable gain.

e [xtremely low (ideally zero) output impedance

= Extremely high (ideally infinite) inputl impedance

= [xtremely high (ideally infinite) CMRR so that the device responds only 1o
dif'f'crcnﬁall vollage between the impuls and completely jgnonng the common-mode input
component.

An ordinary op-amp nrrr:ratﬂd in the differential mode satisfies the first two requirements
mentioned above (Adedayo, 2002), All the four qualities are needed in our pressure amplifier,
hence our choice of an instrumentation amplifier. The amplifier’s gain is given by
{1+ 2Ry/Rg)Ra'R,). The gain of the amplifier is made variable between 4.3 and 21 via Rp.

Rg comprise of both the 10k and 50k port. The 5k port (part of R; connecied o ground), was
included to optimise the CMRR of the amplificr (Franco, 1988). The 50k (Recomp) was included
to minimise any error due to lower lemperature effect in the sensor (scc appendix B).

Reomp = 10*Rs. Where Rs is the outpul resistance of the pressure sensor. To further forestall
any error due to high temperature, the sensor was driven by a constant current of 2mA (see
appendix 1), The LM317, U4 (pAT4ICN) and Ry were arranged to form a constant current
source, The output current from the source 15 given as; 1.25/R,y

For current of 2mA. Ry, was adjusted for a value of 62562, U5 (pAT4ICN), 3.3V zener amd
the TN821 were used to construct a sell-regulated vollage reference for the circuit, The output
voltage from the reference is given as; (I + R4/FR5)*3.3, The voltage was set to 10V by
adjusting FR5. IN821 was included in the circuil to climinate any drift in the nu'lpmaug{\lug:_ that
may arise as a resull ol increase in ambient temperature. \

A
{c) Humidity amplifier -

MNo amplifier was constructed for the Humidity sensor because: |1ﬁi'.ﬂl.llpiil- from the
sensor 15 large enough to drive the ADC. From the Manufacturer data sheet {Appendix C), the
sensor will produce 0.958Y at 0% relative humidity at 25C, At 75.3% RH the output is quoted
10 be 3,268V at 25C.. The only circuitry needed and constructed for the efficient performance
of the sensor was a vollage reference similar to the one described above for pressure sensor. The

vollage reference was adjusted for an output of 5-Veli.
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A4 MGITAL INTERFACING CONSIDERATIONS

For this project, the printer’s port of the general-purpose computer was adapted.

Fig 3.3 shows how the port looks like al the back of desktop personal computers, The port
provides eight TTL outputs 10-137, five inputs 53-87 and four bi-directional leads CO-C3. i
also provides an easy way (o use the PC’s interrupt structure.

As we have mentioned carlier in section 3.8, live modes can be used to implement
parallel interfacing. Out of these five, this project makes use of the byle mode, This mode
enables the input and/or output of Bbits at a time. The TCTI09A analogue-to-digital converier
used for the interfacing has many leatures (see appendix 13). The AIDC is a 12-bit deviee. Our
printer’s port can only lake Bhits at a time. Driver software was developed o provide a means ol
taking the 'ml‘nrnmti-:lm in a suceession of eight lower bits followed by the four upper bits. For the

peneral description ol the dnver sollware see page 59-60),

340 DIGITAL CIRCUIT DESCRIPTION

The digital circut is divided into two parts — the ADC and the soflware module. Fig 3.4
shows the entire ADC module. The converter was controlled through its pins 26 (RUN/HOLIDY),
18 (Lower byle enable) and 19 (High byte enable). The Run/Hold pin toggles between O and |,
=0 as to enable the converter o respond and make conversion from more than one source. Pins
I8 amd 19 were also controlled so that the 12bits from the converter can be conveniently taken
through the 8 lines available on the printers’ port in succession of the first 8 lower bits, followed
by the last 4 upper bits.

The conversion rale of the converter is given as Fose = 0.45/RC. The converler was set to
live conversions per second (40.96kEHz). In addition, it was ensured that the period of our RC
oscillator conformed to this requirement; 2"T 4,4 = integral multiples of the line supply voltage
{see appendix 12). This condition is required to be met when using any integrating type of ADC,
so that errors arising from line interference will be eliminated. .
A resolution of ThittmV was achieved by adjusting the reference input voltage al pin 36. The
combination of By and FR1 allows for the trimming of the reference voltage. This arrangement
allows for a full-scale 12bits output i.e. all outputs bits B1-B12 are high when an input voltage
of 4096mV is placed at the input or when the test pin (pin 17) is tied low.

The busses carrying the upper 4bits were connected to the first four busses of the 8 lower bits,
such that under software control, the computer successiully read the 12 bits.

All the four control lines available on the printer’s porl were used in this project. The first

two C and C1 (pins | and 14) were used to control the multiplexer, which selects the
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ppropriate inpul 1o connect to the ADC. While the other two control lines C2 and C3 {pins
16 & 17) are used to control the ADC.,

It is noted however that C0, C1 and C3 (fig 3.3) are all actively low i.e. a high placed on
these pins by the computer processor is internally inverted. Therefore, if 1 is placed on pins |
and 14, it will make the mulliplexer to select input 1. If the signals on pins 1 and 14 are 1 and 0
respectively, then the multiplexer will select input 2. Placing 0 and 1 on pins | and 14 will cause
the multiplexer to select input 3.

When 1 is placed on pin 16 of the control port, the ADC will perform conversion
continuously at a rate determined by the ADC's clock (0.45RC). IF pin 16 goes low during any
conversion process, the ADC will finish whatever conversion it is handling before it stops. Pin
17 is allernatively I.uggl.ui between 1 and 0 so as to get the 12bits data B1-B12 through the Bbits
data lines DO-127.

141 SOFTWARE DFZECH]P‘I'II]H

The entire process of control, data acquisition and processing of the acquired data is carried out
by computer software. The software was wrilten in ()-basic and Visual basic.

The entire program is made up of four sub-programs First, a graphical screen was prepared
which allows the user to specifly the data that he/she wants to log and the logging time interval,
When the user clicks “start”, a file is opened lor both read and write operation and a timer is
initiated. The main program then calls the control-sub-program, which is a DLL (Dynamic Link
Library). The DLL enables the control program to interact with the external circuilry.

Data are read inlo a temporary location on the RAM of the computer, The processing of these
data is also carried oot in the RAM, before they are sent fo the Hard Disk Drive for permanent

siorage.
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Option Explicit

| Dvim Lower As Integer
2 [¥m Higher As Integer
3 Lim resuli As Integer
4 D p As Integer, d As Integer
# Public Funclion  ADCHchannell  As

Inteper) As Inteper
"Hun ADC, select channell and enable lower hyte

5 Ot 8N, 155

fi Fard = | To 500
7 Mext d
'Hold ADC
Ot B0, 251
] Ford =1 To 500
0 Mexi d
‘Fetch lnower byie daitn
I Lower = Inp RER)
12 Ford =1 To 500
13 HMext d
"Enable higher byie
14 Out 890, 243
15 Ford = 1 To 500
I Mext d

"Fetch higher byte datn
1? Higher = Inp{ 888}
& Seleci Case Higher
Caze |:p=2150
Case Z:p=3512
Cose 3 p = 768
Citse 45 p= 1025
Case 5:p=~ 1280
Case 6: p= 1536
Cuse T-p= 1792

Case Else: p =0

End Seleet
19 Higher = p
0 ADCT = Higher + Lower
21 End Function

Public Funclicn ADC2 (channel 2 As Inleger) As
Integer
"Run ADM, sclect chonnel2 and enable lower
byte
2 Ot #590, 254
3 Ford = 1 To 500
M Mext d
"Haobd AN
5 Chut B0, 250
26 Ford = | To 500
7 Mext d
'Feich lower hyte data
) Lower = lnp(RER)
24 Ford = | To 500
30 Mexid \
"Enable higher hyie
£l | Chut B0, 242
iz Ford = | To 5K
i3 Mextd
"Feich higher hyte datn
34 Higher = Inp{828)
a5 Select Case Higher
Case |:p=256
Case 2: p= 512
Case 3: p=TeR
Case 4: p= 025
Case 5:p = [ 280
Cize bz p= 1536
Case T:p= 1792
Case Else: p= 0
End Select
36 Higher = p
a7 ADC2 = Higher + Lower
38 End Function

Public Function ADC3(channeld As Integer) As
Integer

"Bon ADC, select channell and ennble lower
hyte

KL Chut 890, 253
40 Ford =1 Ta 500
41 Mext d

S



“nble 3.1 Conl, Source-code for the ADC control-subprogram.

42
43
44

45
46
47

48
49
A0

‘Hold ADC

Chat BN, 249

Ford = 1 To 504

Mext d

'Fetch lower byte data
Lower = Inp(#E8)
Ford =1 To 504

Mext d

'‘Enable higher byte
Chal 8940, 241

Ford = 1 To 500

. Mextd

51
52

53
T
55
56

"Fetch higher byte data
Higher = Inp(R88)
Select Case Higher
Case 1:p =256
Cose 2:p=512
Case 3: p = T68
Cose 4: p= 1025
Case 5:p= 1280
Case 6: p= 1536
Case T:p= 1702
Case Else; p=10
End Select
Higher = p
ADC3 = Higher + Lower
End Function
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CHAPTER FOUR
RESULT EVALUATION, DISCUSSION AND RECOMMENDATION
The actual construction of the electronics parts of the project was carried out in phases
on different Vero boards. Each section of the entire circuil was lested separately before the
final coupling and calibration. This chapler presents the experimental procedure and the
resulis of the various tests carried out on each section of the design and concluding comments

ahout all modifications on the initial design.

4.1 TEMPERATURE SENSOR AMPLIFIER TEST RESULT

I'he temperature amplifier which forms parl of the analogue circuit presented in
Fig.3.1 was sel o a s::n.f-;,itiuily of 50mV/C using the trimmer resistor RF2, For the lest, a
mercury-in-glass thermometer was used for comparison. The thermometer and the
temperature sensor (ADSY0IH) were both suspended in mollen ice until the mercury-in-glass
thermometer reads (°C. At that moment, BRIl was adjusted and the amplifier output was sel
to 0.0 Volt on a digital voltmeter. The sensor and the thermometer were then suspended in
boiling water at 10NC, RF2? was adjusted and the amplifier oulpul reads 5.00Volt. The
temperature of the sensor and thermometer was then varied between 0.0°C and 100°C and the
output voltage was recorded. The result are shown in Table 4.1

Fig 4.1 is a plot of the amphifier output versus temperature. The slope of the graph

was calculated to be 50mV/"C over the measurement range,

tability measurement
The temperature amplifier was placed under observation for a very long time and it

was discovered that it has a stable output whose drift with time was 10mV over Tdays for the
same temperature reading. The observed linearity as shown in Fig 4.1, which shows the plot
of the result in Table 4.1 is a prove that the temperature sensor amplifier thus constructed
meets the requirement of this project. The slope of the graph shows the sensitivity to be

constant at 50mV/"C over the measurement range,
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Yable 4.1: Tempermture sensor amplifier characleristics with its sensilivity set at 50mV/7rC

Thermometer Reading’ | OUTPUT VOLTAGENolL |
000 0.0000 0
5.00 0.2750
10.00 0.5200
15.00 0.7750
20.00 1.0300
25.00 12750
30.00 1.6250
35.00 1.7800
- 40.00 2.0250
45,00 22800
50.00 S| 2s280
- 55.00 27800
— 60.00 3.0300
65.00 3.2750
- 7000 3.5300
o 75.00 3.7750
80 00 4.0250
B5.00 42750
90.00 4 5250
05 00 4 7750
100.00 50150
[ r — -

Temparature in degress contligrade

Fig 4.1: The temperature sensor amplifiers output vollage versus environmental temperature
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4.2 Pressure amplifier test result

The pressure amplifier is shown in Fig. 3.2, The gain of the amplilier was sef to 10 by
adjusting the trimmer resistor Rg. For the test, a varying de. vollage of between 0 and
217.50mV was applied at the inpul of the pressure sensor amplifier, This simulates the
expecied output voltage range from the 24PCCF6DA pressure sensor used. The sensor 15
raled al 15mV/psi and it has a maximum range ol 14.50psia. The corresponding output
volltage was measured with a digital voltmeter. The resulls obtained are tabulated in Table
4.2, The lincarity of the amplifier is shown in Fig. 4.2. The amplifier was also placed under

ohservation for many days. It was observed that the amplifier has a stable output.

43 COMPUTER INTERFACE ADAPTER AND PROGRAMME TEST

This unil is made up of the 12bits Analogue-to-Digital converter. It was both sofiware
and elecironically calibrated to ensure its long time integrily. For the electronic calibration,
the ADC was sel o 1biYmV by placing a voltage of 4096mV at its inputl and RF1 was
adjusted until all the outputs go high. i.e the output was 11111THITT11

Afler the initial calibration, different valtages were then applied at the input and the
binary output produced by the ADC was monitored with a digital volimeter., The resuli is
hereby presented in Table 4.3,

The soflware calibration ol the ADC was done by connecting the device to the
computer through its printer’s porl. The control program was then run, First a known input
voltage was placed al the inpul of the ADC; a subprogram called calibrator is activated. The
program asks the user Lo enter a calibraling value into a texthox and then press retum, The
program then compares the users entered value with the value decoded from a read operation
from the printer’s port. It then performs the operation (Input vollage by user/Converted
voltage from the port), lo generale a correcling factor that acts as a multiplier 1o other
converled readings from the port, This further compensates for any error that could arise as a
result of changes in environmental condition after the initial electronic calibration.

The output resull as displayed on the computer monitor (Fig. 4.3) and the results
retrieved from the data logped shows that the sollware works as expected. The source-code of

the calibration program written in Visual Basic is presented in appendix E.
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Tahble 4.2: Pressure sensor amplifier characteristics with its gain set at 10.

[nput veltage | Input voltage | V= V-V (mV}) | Output voltage
ValmV) VamV) mY)al 27C
0.00 0.00 0.00 - 0.001
60.00 20.00 40,00 400.001
12000 40.00 RO.00 800.001
180,00 60.00 120.00 1200.001
240.00 $0.00 160.00 1600.001
0000 | 10000 | 20000 200000
360,00 120,00 240.00 2400.00
420.00 140.00 280.00 © 2800.00
200
290
£ 2w
g 160
100
50
g o .
0 1000 2000 000
Output voltage (mvV)

Fig 4.2: The pressure sensor amplifier output versus input vollage




Table 4.3: The Analogue-to-Digital Converter Output Characteristics

Voltages recorded by the digital voltmeter:

Input
Voltage

| indicates a high output (5V) while 0 indicates low output (0V)

B6 BS B4 B3

Bl

B2

B7

R&

(mV) RBI12 B11 B10 B9

50

100

0

1200

1400

1500

0

1 k5] & 2 M R e e .

Fig. 4.3: Weather data acauisition user inferface
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14 PERFORMANCE EVALUATION

In other to ascerain the elfectiveness ol the weather data acquisilion system
developed, the system was used o monitor atmospheric lemperature, pressure and humidity
around Physics department complex Federal University of Technology Akure, The readings
oblained were compared with that recorded by an imported weather station installed within

the complex. The resulis are presenied in Tables 4.4, 4.5 & 4.6.

4.5 CONCLUSION AND RECOMMENDATION

It has been demonstrated that simultaneous measurement and documentation of
contineously changing weather parameters such as Temperature, Pressure and humiadity al
high specd are quite ﬁlﬂﬁ:ihl:. The advanlages ol this system over other form of weather
monitoring systems are;

* The measurement and storage of data is fully avtomatic, There, is no need of periodic
manual- retrieval of data. In many versions of the weather monitoring syslems
available, the daia is manually retrieved and the system must be reset before it can
take new readings.

o Since the data are directly imported to the compuler, the large memory facilities
available on the computer permits a long time uninterrupted access to data storage.
Also the assessment and Turther processing of the data will be Taster.

However, in as much as the objective of this project (see section 1.1) has been atlained, |
wish to make the following recommendations:

)+ Since three quantities (lemperature, pressure and humidity) were covered in this
project, other parameters such as wind speed and solar intensity could be added in
future construction

2 Instead of wsing cables to transmit signal from the measuring zone to the
multiplexer, a radio wave carrier could be considered. The major advantage of this
is that in long distance transmission, running mulliple cables is expensive. Also
this consideration could be advantageous in a centralised weather monitoring
syslem.

3. Instead of the parallel form of transmission used between the ADC and the
computer in this project, further work could look at the seral form of

[ransmission.



Table 4.4: Temperature resull of the designed cquipment versus the result from a
lahoratory thermomeler

Reading from Thermometer/”C Result from the designed equipment/C
25.00 24,80
2600 %0 _
27.20 A
. 28.00 28.12
29.80 29.68
30.00 30.18

Table 4.5; Com meis:m of pressure readings from the desipned equipment and imporied
weather siation

Pressure reading from Davis Vanlage ‘Reading ol pressure  from  the
Prof mbar) designed equipment{mbar)
068352 068168
969,082 068.952
969.821 969.627
971.081 970.832
971.640 971.501
971.642 971504
971. 620 971.583
971.624 971.589

Table 4.6: Compared humidity resull for the designed equipment.

Readings from Davis vantage Reading of humidity from the designed

Prof%a) cquipment( o)
67.00 66,80

. 74.25 74.08
80.00 80.32
82.50 82.06
B5.00 85.006
87.87 _ 89.07
90.20 90.17
92.00 91.67
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The inherent capability of a general purpose computer to data-log and process
farge amount of data at high speed and make the resull of such computation
available almost immediately presents a cheap means of achieving complex
control at ease. This greal potential should be further harnessed in fture rescarch
areas that has to do with adaplability of various transducers (active or passive) to
control, measurement and instrumentation purposes.

Future design should look at the possibility of the device having its own memory
facility, instead of relying on the memory Facility available on the compuler.

*In addition, future designs should look at the possibility of powering the deviee
from a battery/solar-panel. This will facilitate the usage of the equipment when

there is power failure and/or where eleciricily supply is not accessible,
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ADS590J11 Temperature Sensor Application Nole
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dThis error consists of a slope error and some

Curvatura, mostly al the temporalure extiemes. Fig.
2 shows a Iypical lemperature curde befora and
altar calibiration ervor trimming.

Iyure 2 Eflect of calibration error trim on accuracy at single point temperature

BEFORE
CALIBRATION
el THRIM

CALIBRATION ERROR

| ABSOLUTE
| ERROR 0 e —
= AFTER
CALIBRATION
_gn . THIM )
—55°C + 150°C

TEMPERATURE
Nonlinearity temperature range from a best it straight line. Fig. 3
Honlingarity as il applies to the ASSH0 s the shows the nonlinearity of the typical RS530 froam
naximuim devialion of current ovaer tha antire Fig. 2
|
\ Figgure 3 Monlinearity e |

oy
+1.6°GL

+ 0.B=C F
/ﬂ;m
! 0 L]

I i
D_Euf/,/’_ \‘ln.nnc MAK
—0.8*C | maxk .
L I '
| —55°C =} 150°C

TEMPERATUNE

g 44, shows a circult inowhich nonlinearity is tha
sajor contribubion to arrar over lemperature, The
Em:un. is tririmad by adjusting Fy for a 00 ool pal
#h NSEA0 al 0°C. Ay e then lfll.l.uln:l for 100 Gl
.rr||1 e sensor &t 100°C, Oiher palrs of lampara-
Lras may ba used with this proceduro as long as
gy arg measured accurately by & relerence sen-

sor, Mote thal for 416V oulpul [150°C) the V&
supply 1o the op-amp must be greater than 17V,
Also note that V- should be al least —dWoif V- is
ground thare lg no vallage spplied scross the
clivwicm,

Mota: Resistor valuas are lypical and may nead
alieration depending upon magniiude of V-
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Pressure Sensors 24PC Series

Absolule Unamplified Noncompensaled

FEATURES

® Ahsolule pressare measurermenl

& Minealuie packags

& 215 powd 2-30 psi pressure rangeas

& 2 inf aonslani currént excikalion syl
icanily oedduces sensiledly shill oved
lempergiune®

H!H_?LH%

29PC PERFOAMAMCE SPECIFICATIONS
Accuracy Specilicabions g9 10.0 + .01 VOO Escitalion, 25 ©

s e e

Paragetor Fango [T T¥p. M Units
psia sar

Excilation 10 12 VDo

Wl Shill e e e 20 40 mv

Q4o 26°C, 24 1o 60°C 230 o +20  *55 .

{ Innarkty 215 o— i 2 % Span

BFSL P2 < Piee 2 2 Ak - -
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0 4o 25°C, 25 b0 50°C Al +50  +65 % Span

Repoatablity & | tystorosls Al +0.5 W Gpan

gt Besistance 40K  EOK  BOK  Olms

Dutpt Auslstanca 40K 50K BOK  Chwn

i . N So ek

ENVIROMMENTAL SPECIFICATIONS
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55 (0 + 100G (~87 ko +212°F)
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h‘pB T [ M, Ty Moa. Min, Typ. Maw Typ, puka Typ
24P 28 e L] — oy — 200 -G -6 +14 1% 15
2APCD 2-3n =160 =30 — 444 1] - 16 +&0 10 B0
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tempaialise.
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Pressure Sensors
Absolute Unamplified Noncompensated

249PC SERIES ABSOLUTE PRESSURE SENSOR OUTPUT CURVE

24PC Series

EXCITATION SCHEMATIC TERMIMATION
STYLE
Blighn G- j w4
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Humidity Sensors
Humidity Sensar

FEATURES

Mokded Hhearmnse] plisiee
Dogeskng willy cover

Linear voliage oalput vs
“HRH

© Laser liimmed

inlerchangeakbility
Linw ponwr ehEsign
Higgh accuracy

Fasi responsa lime
Stabile, bow drifl
pedomancs
Chesmically resistail

TYPICAL APPLICATIONS

felrgaralion

Dlryingg

Petrialoegy

Baallesry prvwésred] systemsa
CHEM assseamliins

aensing and Conlrol

ey

wi

HIH-3610 Series

Tho FIH-36 10 Series humidily sensor B desgoned spacilically o hagh
volusee CEM [Oviginal Equiprnenl Maralachuren) uses. Divect ingal o &
cordrofler or olher device s made possitde by Ihis senso’s bnear vollage
oudpul, Wilh a lyplcal cirrent draw of only 200 @A, the HHIH-3G610 Series s
ideally suiled for low drain, balfery oporated syshems. Tighl sengon
miterchangeabilily reduces or eliminates OEM produclion calibralion costs
Individual sensor callbeabon data s avallable

The HIH-3G10 Seres dalivers Instrumantation-qualily BH [Felative
Humidity) sensing porformanca na low cosl, solderable SIP [Single n-line
Package), Avaitable in bwo lead spacing configurations, the RH sensor s a
laser trimmed fhermosel polymer capacilive sensing elemant with on-chip
infogratod sgnal condiionig. Tha sensing eleaiond’s mullilne
conskruclion provides excalband resistance o applicalion hazamnds such s
wiellireg, duest, dit, olls, ard common emvironmental chemicals,

e —

AWARNING

FERSONAL INJURY

# M) HOT USE ihese products as safely or emergency stop dovices, of In
any olher application where failura of the product could result in personal
fnnjumy,

Fallure to comply wiith thess instructions could resull In death or

sarious Infury. -

AAWARNING

MISUSE OF DOCUMENTATION

= Tha inflormalion presanied in this product sheel is Tor relesance only, Co
nif usa this documeant as system mstaliation Information

= Complete installalion, operalion, and maintenanos information is
provichisd in the instreclions supplied with each prodact,

Fallura to comply wih thasa Instructions could result In death or

sorious Injury.




Humidity Sensors

Hurnidity Sensor HIH-3610 Series
TABLE 1: PERFORMANCE SPECIFICATIONS
Parametlar Comdition
TRH Accuracy 22% RH, 0-100% RH non-condensing, 25 "G, Vs @ 5 Vi
RH Interchangaahility £5% RH, D-60% RH; t8% @ 90% R lypical
RH Limarity £0.5% RH typical
RH Hysleresis £1.2% RH span maxzimum
ftH Repeataldlity +0.5% RH
Hrllﬁl:u.]mnsn Time, 1fe 15 sec in shwdy movindg air al 25 "G
Rl sl..-uunr:,r 1% FH typloal al 50% FH in § yoars
Power Requiremeanis o
Yoltmge Sipply 4 Ve o 5.8 Vde, sensor calibrated al 5 Vde
Curresl Sapgly 20F A ilhl Wilc
Vollage Culpal Vid = ".’.m . Eljbz[ﬁmm RH] # @ 16}), Iypical @25 0
iCrata prindoul oplion provides a siméar, bl sensor speecifie, eguiddion al 2576 )
Wingpy =0 VT 0.8 Widc 10 3.0 Vdo aulpul @@ 25 °C lypical
Drive Limits Pushipull symneires; SO fypecal, 20 008 manimuom, 100 pA masimase

Tuirm-oan = €0 1 sarc
 Temperature Compensolion  1us BRH = {Sensor REWL.003-0 0012T), T in °F
True RH = [(Sensor RH) 1. 05468.0 002 T6T), T m C

Effect @ 0% RN 00007 KRG [nagligitde)

Efect £& 100% RH 0.22% RH"C (< 1% RH ellecl typical in occupied space systerms above 15 *0 (59 °F)
Humildity Ranga o

Dparaling 0 lo 100% RH, non-condonsing' !

Emraﬂu 0 e 80% BH, non-condenging
Temparalure Rangs

Oigeerating 40 °C bo 85 "G (<40 *F o 185 °F)

Storage -51"C o 125 "C-{-60 *F 1o 257 "F} .
F.I:I:ﬂ.al:jl‘.-m Thiea pin, solderable SIP in molded thermosel plastic housing wilh hermaoplashc

LEEL L

I Enatlimag Siofic sensilve dinda prolactad io 15 kY macimem
Molas:

1. Esxlended exposure o 290% RH causes a ravarsible shill of 3% RH.
2. This sensor is lighl sensilive. For bast resulls, shield the sensor lrom beighil Rghl

[y, CAUTN .

E
She Al --

ESDQLEATMW

2 Honeywell = Sensing and Conbrol For application help: call 1-B00-537-6945



Humidity/Moisture Sensors

Humidity Sensor HIH-3610 Series
FACTORY CALIBRATION FIGURE 2: OUTPUT VOLTAGE V5 RELATIVE
MIH-36 10 sensors may be ordesed wilh a HUMIDITY AT 0 °C
calibration and data printoul (Table 2). See order SR — o o oow
ginde on back page
404 407
TABLE 2: EXAMPLE DATA PRINTOUT
Model HIE-3610-001
Chanmal L E
Walar D30096M <
MRP 337313 E’
Cabcubsled valias 315 W ]
Vs i} 0% RH 0,058 V =
Vi 1l 75.3% RH 3268 V B
Liremr oanlgast fos 2% RH ]
acouracy @ 25 "G D e Mg
Larm offsal 0 a5a Yy 054- (R
Hhope 0 G0 mv PG RN
Fitt (Vur-zero oflset)isloge o l—g—p——4—
[N D0 RSB D30T 0o 20 40 60 #0 W
Ralicenetric resgaonse far 0 Helabivee | hamedily (%)}
1o 100% R
el Voiopy 101815 10.0.8120) FIGURE 3: OUTPUT VOLTAGE VS RELATIVE
HUMIDITY AT 0 *C, 25 *C, B5 *C
FIGURE 1: RH SENSOR CONSTRUCTION a5
DIAT, ST AMD CHLS DO MOT AFFECT SEMSOR 4.0+ 407-

a5

=] Toan
T HROEEL | L o =
IR Ry A = = = i a5
POAeCIS PLATINURA LavER 5'
20
THERMOEET PO YMER -
L ATIHURA LAYER g ik
L
SUBSTHATE [SILEOOM)
0.5
Lt =1 i

i
O 2 40 6 80 10
Relatre Fuamidily (%)

For application help: call 1-800-537 6945 Honoywell « Sepsaa and Coslrol



Humidity/Moisture Sensors
Humidily Sensor

DRDER GLIDE
_Catalog Listing | Description
HiH-36 1 0-040 Integrated circuil humidity somsor, 0, 300 in head
pitch S1P
Hil =36 10002 lislegprabecd circas] imomadily sensor, (0050 i lead
: pllch SE*
HIH-36 10003 Inlggramrj givguil hurniclily sen®orn, O 100 in fead
gich SIP with calibralon and dila prntool
FHH-3& 10-0:04 Inbegrated circull hunmdiby sendor, 0050 an e
plict SIP with caliwalbon and dista prisvo

FIGURE 4: MOUNTING HMENSIONS (for reference anly) mm (in)

HIH-3610 Series

WARRANTYREMEDY

Huoneywisll widrands goods of its
mianulsciure 5 beding e ol dafecive
malerizds and Gually workmanzhip.
Contact your local salos offse lor
warranly inloomation I warranlod
goadds ara rebumad lo ooyl
turivag e period of coverage,
Hommyewoll wall resgewr or repdace
withoal charga those dloems i s
dhadiscclives The Iorepnoing 18 Buyper's
sole remaedy and isin e of all olber
warraniies, exprassod or impliod,
Inpcluling those of merchaniabiliny
and litness for & parficular

PUrposse.
D IWIE3610-001 Sprrilszalioars may change withol
FHE 6 16 G0 10 36 A0 G003 nedice T har indormssison wie supply =
LigsBsemsensid do b o uiasler o delialils
L4 - e LA - as of fhis prinding. Foweeer, we
0,168 0 14 200 , i A s
I | e ¢ Iml- (08 r assume no respoisbibity lor ils ase
i I~ Wihile wer provede application
asstalanaag porsoally, throasgh our
adr qar
{0,373} i ':”]} litoralure and o Hooeysml wels sile,
|u.h?‘5;| W is up o e cusiomies 16 determane
the suilabiliy of the producl in the
— e application
* For appllcailmh gesisiance, curran
specificalions, or naunn of Ihe neares|
1210 MIN Authorized Distrdusdor, check the
Flf;i'l'?”'" i1 ABE) Honeywell web site or call:
H 1- AN B 7F-BRES LISA,
1T-BOk- T A7 -3 Coandedn
1-B15-235-681 7 Inbizrnalionial
3
o F n
iy - ) 1-816-235 6545 LISA
—Xx 038 ':':'1 B INTERHET
(OS] 508 werw lionarywoll corndssmsiis
0 200) iy - i
— 254 . inlo scdghonoywall com
ik 1) .
Honeywoll
Semsing and Conirel
Hameywell
11 W o Spiing Sonect
Ireepon, [linmis G0 iEs
@,HH AR wiww homeywell comitaensing
Py ¥R Py bel Papsr

Db din mie a0 B Pl i



Appendix D
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MICROCHIP

TC7108
TCT7109A

12-BIT pP-Compatible Analog-To-Digital Converlers

FEATURES
W Zero-lntegrator Cycle lor Fasl Recovery Frenm

Bjeuil Oworlonds
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12-BIT pP-Compatible

Analog-To-Digital Converters
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12-BIT IP-Compatible
Analog-To-Digital Converlers
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12-BIT pP-Compatible
Analog-To-Digital Converters
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Appendix E

Source Code for the Software Written in
Visual Basic



Option Explicit
him Rete. d, Temp, Pres, Inter, Logger, Humid As
Inteper

Option button control

Private Sub Checkl Click()

If Check | Value =0 Then

txttemp. Text = "SELECT TO ACTIVATE®
txtiemp.Enabled = False

Else

ixttemp. Text = "Temperature"
xttemp.Enabled = True

End If

End Sub

Private Sub Check2 Click()

Il Check2.Value = ) Then
ixtrrres.Tex! = "SELECT TO ACTIVATE"
Ixtpres. Enabled = False

Else

txtpres.Enabled = True

ttpres. Text = "Pressare”

End If

Emd Sub

Private Sub Check3 Click()

If Check3.Value = 00 Then

txthumid, Text = "SELECT 10 ACTIVATE
thumid, Enabled = False

Else

txthumid. Text = "Humidity™
txthumid. Enabled = True

End If

End Sub

Private Sub Checkd Click{)
If Checkd. Value = 1 Then
emdstart. Enabled = True
Else

cmidstart. Enabled = False
End If

End Sub

Action performed when start bution is clicked
Private Sub emdstart Click()

Open "Chipopol” & Date$ & " txi" For Append As #2
Print #2,

Primt 42, "WEATHER DATA LOGGED FOR TUE DAY " & Dates

Print #2, "Time", "TEMP", "PRES", "HUMID"
Close

emdstop.Enabled = True
Timer2 Enabled = True
Check ], Value =1

Check2. Value = 1

Check3. Value = |

Inter = Val{txtinterval. Text) * 60
‘MsgBox inter

Timer2 Inlerval = inter
'emdstart. Enabled = False
"UpDownl . Enabled = False
End Sub

Action perfomed when stop button is clicked
Private Sub emdstop Click()
emdstarl. Enabled = True
cnudstop.Enabled = False
UpDownl . Enabled = True
Timer2 Enabled = False

End Sub

Private Sub Command] Click()
Unload Me
End Sub

Action perfomed at Torm load

Private Sub Form_Load()

Left = (Screen. Width - Width) / 2

Top = (Screen.Height - Height) /2

Check 1. Value =0

Check2. Value =0

Check3.Value =0

txttemp. Text = "SELECT TO ACTIVATE"
txitemp_Enabled = False

xtpres. Text = "SELECT TO ACTIVATE®
ixtpres. Enabled = False

txthumid. Text = "SELECT TO ACTIVATE"
txthumid.Enabled = False
emdstop.Enabled = False

Timer2. Enabled = False

cimdstarl Enabled = False

End Sub

Timer initiated actions
Private Sub Timer! Timer()
txttime, Text = Time$
Lxtdate. Text = Date$

End Sub

Private Sub Timer2 Timer()
Logger = Logger + |

Rete = Bele + |



{f Checkl.Valuec = | And Rete= 1 Then
Sord =1 To 500
Mext d
Temp =ADCI(1}
xemp. Text = Temp
End IT
If Check2, Value = | And Rete =5 Then
Ford=1 To 500
Next d
P'res = ADC2(2)
txipres. Text = Pres
End If
If Check3.Value = | And Rete = 9 Then
Ford =1 To 500
Mext d
Humid = ADC33)
tthumid. Text = Humid
End If
If Rete = 14 Then
Rete=0
End If
If Logger = Inter Then
Open "Coipopo\” & Datel & ".ixt" For Append As #3
Print #3, Time}, txttemp. Text, txtpres. Texl, (xthumid. Text
Close
Logger = (0
Beep
o 1T
© End Sub

Updown{down click) control .

Private Sub UpDown]_DownClick()

If Valitxtinterval . Text) > | Then

xtinterval, Text = Val{txtinterval Text) - 1

Flse

MsgBox "The least logging interval is | minute"
End IT

End Sub

Updown{up click) conirol

Private Sub UpDownl _UpClick{)
txtinterval Text = Val{ixtinterval, Text) + 1
End Sub

Action to stop operation
Private Sub cmdExit Click()
Unload Me

End Sub

Software calibration of the ADC
Private Sub emdGain Click()
Dim read As Integer

Dim actual As Single

read = ADCI(1)

actual = read * Val{Text3.Text)
Textd, Text = Int{actual )

End Sub

Privale Sub emdoffset Click()

1Yim read As Integer, yourval As Integer, colactor As Sing
yourval = Val{ Tex12, Texi)

read = ADCI(T)

"Mzpliox read

IT yourval <= () Then

cofactor = read / yourval

Text3. Text = colactor

Else

MsgBox "Please Enter a Voltage Value for Channel |
End IT

End Sub

Private Sub Form_Load{)

Left = (Screen. Width - Width) / 2
Top= {Screen, Height - Height) / 2
End Sub

Private Sub Command] Click()
ComDhiag. ShowColor

List] .BackColor = Comlidiag . Color
Find Sub

Private Sub Form_Load()

Left = {Screen. Width - Width) / 2
Top = (Screen Height - Height) /2
End Sub

Private Sub mnulileexit Click()
Unload Me
End Sub

Private Sub mnufileopen_Click()

Dim strodo As String

ComDiag ShowOpen

On Error GoTo handler

Open ComDiag. FileName For Inpul As #1
List].Clear



Line Input #1, strodo ComDiag.ShowOpen
List] Addltem strodo On Error GoTo handler
Open ComDiag. FileName For Input As #1

Do Until (EOF(1)) Listl.Clear
Line Input #1, strodo Line Input #1, strodo
List1. Addltem strodo Listl . Addltem strodo
Loop
Close Do Until (EOF(1))
handler: Line Input #1, strodo
End Sub List] . Addliem strodo

: Loop
Private Sub Toolbar] ButtonClick(ByVal Button As ~ Close
ComctlLib.Button) handler;
Dim stroddo As String End Sub
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The user interface for viewine stored result

User interface for ADC calibranor



I Dataprop.bas
Tvpe polad
Stime As String
Temp As String
Press As String
Humid As String
End Type
Public DaDa As polad

2 Inport 52 bas
"Inp and Out declarations for direct port 170
Yin 32-bit Visual Basic 4 programs.

Public Declare Function Inp Lib "inpout32.d1"

Alias "Inp32" (ByVal PortAddress As Integer) As Inleger

Public Declare Sub Out Lib “inpout32.d11"

Alias "Oui32" (ByVal PortAddress As Integer, ByVal Value As Inleger)



