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,\)JSTRACT

A precise weather dataacquisruon system capable01 measuring temperature,

pressure and relative humidity has been developed. The system has three sensors

AD590JH for temperature, HIH3610-001 for humidity and 24PCCF6DA for pressure.

Each sensor drives a sensitive transducer amplifier with high stability and low thermal

drift. For the purpose of data logging of the measured quantities, a computer-interface

adapter was also developed. It includes a TC7109A 12bits microprocessor-compatible

analogue-to-digital converter (ADC). TheADC 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 software for the control, data

processing and presentation of the result on a visual display unit of the computer was

written in Q-basic and Visual basic. The constructed weather data acquisition system

demonstrates an excellent performance with accuracy's of ±O.3°C for temperature,

0.1mbar for oressure and ±0.5% for relative humidit~

IX



CHAPTER 1

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

most important components of our environment. Information about weather parameters has

helped man to improve in industrial and scientific exploration of his environment. The

parameters often measured are many. They include; air temperature, pressure, humidity,

precipitation, and amount of cloudiness. Many instruments have been used to monitor the

atmosphere. The liquid-in-glass (mercury) thermometer is the standard equipment for measuring

atmospheric temperature. Isaac et al., (1993), have described the development of a varietyer:
precise temperature measuring circuits. It is however noticed that these circuits, especially those

meant for high temperature measurement suffer [rom low accuracy and poor stability. Apart

from the mercury thermometer, four other devices that have been developed and adapted for

temperature measurement are listed out 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 for effective pressure

monitoring. l Ie observed that since pressure-sensing materials are always arranged in a bridge,

their associated amplifier must be a differential input type with a high input impedance

(about 50 - 100 times larger than output impedance of the sensor). Also most of the materials

used in manufacturing monolithic pressure sensors are temperature sensitive. Therefore, various

techniques for temperature minimization/compensation such as constant current excitation must

be employed. The variation of pressure with altitude is equally a well-documented fact. Pressure

variation pattern shows that air pressure decreases by approximately 0.] 18mb/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 heights

greater than sea level, then the values it gives will be proportionately less than published data.

The measurement of humidity in the atmosphere becomes necessary because it is a

useful index of dryness or dampness for determining evaporation, or absorption of moisture.

Human comfort is dependent on relative humidity. On warm days, the weather is oppressive if

the relative humidity is' high but may be tolerable if the relative humidity is low. At low

temperatures, comfort is· not much affected by high relative humidity. l lowcvcr, very low



relative humidity, which is common indoors during cold weather, can cause drying of skin or

throat leading to discomfort or respiratory infections.

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

psychrometer, which consists of the wet and dry bulb thermometer. Another type of hygrometer,

known as thehair hygrometer 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 of carbon to monitor humidity. When an electrical current is sent across the plate, the

electrical resistance of the carbon coating changes as the moisture content of the air changes.

Humidity sensors have hysteresis, and they require output 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
Thermistors Resistance falls with temperature It's output

is non-linear. Its temperature/resistance
relationship is not highly reproducible. Its
sensitivity is high.

- 80 to 800
0

e

Their voltage output rises with temperature.
It has low sensitivity and high susceptibility
to noise. There is requirement for cold
junction compensation in many
applications. These drawbacks impose

________ lir.nitations on its usage.
Their resistance rises with temperature.
Their response is linear and stable. They are
resistant to chemical effects,

111ermocouple o to 10000e

- 50 to 5000eResistance
Thermal
Defectors(RTD's)
Semiconductor
types

Their output voltage/current rises with
increasing temperature. They have linear
output. They are highly sensitive and cheap

- 55 to l500e

1.2 OBJECTIVES AND SCOPE

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

tropicallised.

In addition to the general objective, the project aims to

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

2
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Iii) device a means of faithfully transmitting the output signal from the transducer

amplifiers to an Analogue-to-Digital converter located IOmetres away from the

point of measurement.

(iii) develop a' 12bits interfacing adapter for a general purpose personal computer,

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 interfacing 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

filc for subsequent analysis/assessment. .

1.3 BAS1C HARDWARE AND SOFTWARE DESIGN FEATURES

figure 1.1 shows the block diagram of the development of weather data acquisition

system. The system starts with three sensors, one each for temperature, pressure and relative.

humidity. Its respective amplifier amplifies the output from each sensor independently. The

outputs from these amplifiers (which are d.c. voltages) are fed alternately through a 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 converter. The converter is a 12bits ADC IC (TC7109A)

from Microchip Corporation. From the manufacturers data sheet, it is found that the device

offers the following features:Low noise, zero integrator cycle for fast recovery from input

overloads. Also, 110 zero adjustment isneeded.

The device can operate in two major modes: thedirect modeand thehandshake mode.

In the direct mode, the device is allowed to make conversion continuously at a rate determined

by the clock frequency (8192 clock periods per cycle). The handshake mode which is

extensively used in this project, allows us to specify when the ADC should make conversion,

and even to control the conversion time. This is done with the alternate selection of run/hold pin

along with the byte enable control (see appendix D). TheTC7109A is equipped with facilities

for direct interfacing and multiplexing of data.

3
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CHAPTER TWO

LITERATURE REVIEW

2.1 TEMPERATURE STANDARD AND SCALES

Temperature is a concept related to the flow of heat from one object or region of space

to another. The term refers not only to the senses of hot or cold but also to numerical scales and

thermometers as well. One major reason for devising atltermometer (literally, a meter for

temperature) was that with it the composition of matter could be studied. Thermometers are

systems with properties that change with temperature in a simple predictable, reproducible

manner.

Over the years a number of different temperatures scale emerged, were tested and some

survived while some others declined into uselessness. The most widely used scales today are the

Fait ren Iteit, the Celsius (or Centigrade) and the absolute orKelvin scales. Experiments have

shown that absolute zero corresponds to -273.15°C or -459°F. The centigrade scale has O°C

assigned to ice point and IOOC (steam point) assigned to water boiling under the pressure of1

atmosphere.

The absolute scaleT, the Celsius scaleC and the Fahrenheit scaleF are connected by the

following formulae:

T = C+273.15

C F-32

100 180

(2.1)

(2.2)

2.2 PRESSURE STANDARD

Pressure is expressed as the ratio of force to area. Its measurement is the determination

of the magnitude of a fixed force applied to a unit area. Pressure measurements are generally

classified as gauge pressure, absolute pressure or differential pressure. Pressures less than

atmospheric are called vacuum.

In the laboratory, pressureIS an important measurement, since pressure level has a

significant effect on most physical, chemical and biological processes. In industry, particularly

in the process industry, pressure1Smeasured and controlled to maintain uniformity of product. It

is also used to guide in safe plant operation, determine pumping head for fluid transfer and

measure other variables such as weight, liquid level, temperature, flow and density of fluids and

hydraulic forces indirectly. Pressure is variously measured in the following units: Pascal, bar,

psi (per square inch), atmosphere, kg/cur', mmHg, e.t.c. The standard atmospheric pressure is

5



given as 760 mmHg. This is equivalent to 1013mbar. Other relationships in pressure units are;

IPascal = IN/Ill, Ibar= 1.02*105N/m2
, Ipsi = 7.03*103 N/m2 and ImmHg = 1.36*102 N/m2.

For pressures below 1.41*105N/m2 (138 kilopascals gauge), the universally accepted

standard of measurement, both in the laboratory and in the industry, is the classic manometer

using mercury or water. 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 of precisely

measured area against a variable hydraulic pressure. Moreover, because of the advances made in

device fabrication and technology, pressure measurements can now be taken with electrical

pressure sensors up to about 2bar or so. All that we need to do is to rely on the manufacturer's

calibration data sheet.

Pressure gauges generally fall in one of three categories, based on the principle of

operation. These are liquid columns, expansible element gauges, and electrical pressure sensors.

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

2.3 HUMIDITY STANDARD

Relative humidity is the ratio, in percent, of the moisture actually in the air to the

moisture it could hold if it were saturated at the same temperature and pressure, A standard

method of determining relative humidity is the wet and dry-bulb method, as in most

hygrometers. Wet gauze is wrapped around a thermometer bulb, and a fast flow of air at room

temperature is passed across it to cool it. The temperature drop (depression, typically 2 to 2tc)

is recorded along with the room temperature. The humidity is obtained by reference to a

psychometric table.

2.4 TEMPERATURE SENSORS

Nearly all-electrical properties of a material or device vary as a function of temperature

and 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 if cost, size and ease of use are also considered.

Since this project makes use of the solid-state thermal sensor, below is a run-down of the

properties of the device.

They rely on the forward-voltage/temperature coefficient of a silicon diode, which is about

-2mVrc (Odo, 2002). Unfortunately the exact value of the effect 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 A0590, LM335 and LM35. They

6
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are usually two terminal integrated devices calibrated to produce a current of 11lAI"K (AD590)

or a voltage of IOmVI"K (LM335).

They have a working range of about -50°C to 150°C over which the linearity is about

1%. Semiconductor monolithic temperature sensors can either have their output voltage/current

proportional to absolute temperature CK) or directly in degrees CelsiusCC).

Those sensors that produce an Output Voltage that is Proportional To Absolute Temperature are

referred to asVPTAT sensor. While those with an Output Currents Proportional To Absolute

Temperature are referred to asIPTAT sensor.

2.4.1 VPT AT, IPT AT Sensors Versus Centigrade Sensors

In thermometer applications, it is preferable that the sensors output be calibrated in °C or

in of rather than in'K. For instance a VPT AT having a temperature coefficient of 10mVI"K,

will produce an output of the typeV(T) = (lOmVK) T, T in OK. Also an IPTAT with a

temperature coefficient of IIlN°K yieldsI(T) = (1IlArK)T, T in OK.

However, since the output of PTAT sensors extrapolate to zero at OaK, it then becomes,

very easy to calibrate them in degree Celsius by simple slope adjustment, which is usually done

at 2YC.

For instance, when expressed in °C, the output ofLM335 VPTAT becomes

VeT) = 2.732V + (lOmVrC)T, Tin °C. Likewise the current of the AD590 becomes

I(T) = 273.2~lA + (1IlAI"C)T, Tin °C. Thus if we require a centigrade output, we must offset

V(T) by -2.732V andI(T) by -273.2IlA.

2.5 PRESSURE SENSORS

A Pressure sensor is an instrument component that detects a fluid pressure and produces

an electrical, mechanical or pneumatic signal related to the pressure. Although pneumatic and

mechanical transducers are commonly used, electrical measurement of pressure is often

preferred because of a need for long distance transmission, higher accuracy requirements, more

favourable cost and quicker response. For control applications, pneumatic pressure signal

transmission may be desirable over electrical pressure sensor where flammable materials are

present.

Electrical pressure sensors consist of an elastic element (in most cases a diaphragm), and

an attached displacement sensor. When a force or pressure is applied to the elastic material, a

small but reproducible strain or displacement of the diaphragm is sensed by an attached sensor

(strain gage),

7



A strain 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 Pressure Sensors

Most pressure sensors utilise a diaphragm as their elastic element, reason because they

show linear and reproducible response and are relatively cheap to manufacture. Strain gauges

are the most common means of measuring diaphragm deflections. In most of the arrangements,

four gauges are employed in a bridge configuration to increase output sensitivity and, especially

to reduce the temperature coefficients.

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

fabrication and gauge mounting are difficult to control precisely. The balancing is done as

shown in figure 2.1 (Franco, 1988).

In the absence of strain, each tap should be at Vrcrl2. In practice, there will be deviation due to

the initial tolerances of the four gauges. By varyingR2'S wiper, an adjustable amount of current

is passed through Ra. This will increase or decrease the voltage at the left tap (Vl) until it

becomes equal to that at the other (V2), thus balancing the bridge in terms of voltages.

2.5.2 Silicon Pressure Sensors

Solid-state pressure sensors employ a semiconductor both as a resistive strain gauge and

as the clastic diaphragm. 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 (not just the dimension alone). Temperature coefficient is also very high and

temperature compensation is a major design problem

In silicon pressure sensors, sources of error include

• The gauges are not perfectly matched, thereby casing a zero shift

• Their gauge factor/sensitivity is temperature dependent

While constant current excitation is sometimes used to reduce the temperature coefficient of the

full-scale output (by a factor of 2), better results are achieved by compensating the bridge

voltage or amplifier gain. Zero shift compensation can be achieved by shunting the bridge

element (which changes with temperature) by a high value trim resistor (which does not change

with temperature).

8
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2.6 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 categories

rely on the variation of some electrical property (e.g. resistance or capacitance) when water is

absorbed on to 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 ionic hydrate salt such as LiCl, but newer types are based on a

hygroscopic polymer such as sulphonated polystyrene or a ceramic such as zirconium oxide.

Generally the conductivity of these types of humidity sensor increases approximately

exponentially with relative humidity (Darold, 1987). Hysteresis (different readings for rising and

falling humidity) is rather high (2 to 10 percent). Temperature coefficients are also high (5

percent per degree Celsius) and temperature compensation is necessary. A further complication

is that ac excitation is required to avoid electrode polarisation (a problem that is common with

all ionic conductors).

Humidity sensors based on the capacitance increase that occurs when water is absorbed

on gold surfaces or polymer show a reproducible response, but they ~e cestY;
')

available. 'v

2.7. SENSORAMPLIFIER CIRCUITS ,
~/.

The data generated by sensors and some other instruments oftel\~,.jnt..q9'u;es

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 microvolts), there is the need to amplify such signals. This will make them

suitable for further pr?cessing, transmission and use.

A very important 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 output is always centered on zero volts. 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 conditions:

1. Infinite open loop gainA, , i.e Vout= Ao(V p-V n) with Ao = 00

10



2. Infinite input resistance Rin, so that almost any signal source can drive it without any

overloading of the preceding stage.

3. Zero output resistance Ro, so that output can drive an infinite number of other devices

4. Output voltage is zero when bothVp and Vn arc zero or have the same signal on them.

5. Infinite bandwidth -Any frequency can be amplified without any attenuation

6. Infinite common-mode rejection ratio - Any input, simultaneously applied to Vp and Vn

will be rejected.

7. Infinite slew rate - Any change in output voltage occurs simultaneously with input

'voltage change.

However, under practical applications, op-amps deviate from the ideal conditions. Some of those

non-idealities are discussed below.

2.7.1 Precision Design and Low Noise Techniques

An ideal op-amp would have an output of Ovolt when its differential input voltage 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

of this imperfection, there will always be a d.c voltage at the output of an Operational amplifier,

when both inputs are grounded. This voltage is called anoutput offset voltage.Such an output

voltage is an error voltage, which is undesirable in many applications.

In an op-amp, output offset voltage is caused by three main sources, namely (Odo,20(0);

1. Op-amp output offset voltage due to input circuitry

2. Op-amp output offset voltage due to the output circuitry

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

Output offset voltage due to input circuitry

The input 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. If

the transistor at each input is a bipolar transistor, this bias current must flow into each of the two

input terminals.

However, smce the two transistors at the input terminals of an op-amp cannot be

perfectly matched, the currents that now into the input terminals of the transistors are therefore

not exactly equal. These unequal bias currents give rise to an offset in the output, and input

offset current1'0at the input.

11



Inverting input(Vn)

Non-inverting input (V p)

Fi~ 2.2: General symbolic representation of an op-amp.
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It straightforward way of assessing the effect of nonzero input current upon circuit

performance is to 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 circuit configurations for an operational amplifier with feed back

(Crecraft et.al,1993 ). R3 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 RF and RI provide paths for the bias current to the inverting input. In the inverting

case, the signal is fed in between RI and OV, and RI includes the source resistance if the signal is

directly coupled. If the path from the non-inverting input to the OV rail includes a series

capacitor (in either inverting or non-inverting cases) then RI is infinite as a bias current path, and

all the current must flow through RF.

Because of the unavoidable mismatch at the input circuitry of an op-amp,Ip and In differ

slightly. The input bias current IB is defined as the average of the two:

IB = (lp + In)/2

While their difference is called input offset current (110):

110= In - Ip

The polarity of 110depends on the direction of mismatch of the input transistors. Usually IB is

about 5 to 10 times greater than input offset current 110.

Effect of input currents ib and iio

To evaluate the offset in output voltage caused by the input bias currents (IB and 110),we make

use of figure 2.3.

At node X,

h=1\ + (lB+lI0I2)

Substituting forIIand Iz

(Vo - Vn)/RF= Vn/RI + (18+11012)

Therefore,

Vo= Vn(l + RFI RI) +(lB+I t0l2)RF

Because of the very high d.c open-loop gain of the op-amp, Vn ~ Vp- Thus

V n ~ V p = -(lB-I t0l2)R3

So substituting Vn in equation (2.3)

Vo = -(IB-II0/2)R3 (1 + RrJ RI) +(lB+l t0l2)RF

(2.3)
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Fig 2.3: D.C bias paths for a realop-amp.
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Collecting terms gives:

Vo = I13[RF- R)(l + RFIR.)] + 110 [RF+ R) (I + RFI RI)]/2

To make equation (2.4) independent OflB, we make

R3(J + RFI RI) = RF. That is, if

R3 = RF RFRI RIIIRF
(1 + RFI RI) RF+ RI

(2.4)

When this is done, thenVo = IIORFdue to input currents alone.

Many technologies are used in fabricating the differential input stage of an op-amp. Examples
c,

are bipolar input stage, JFET input stage, MOSFET input stage. Op-amps are also available

entirely in CMOS technology. In all these technologies, manufacturers have devised several

ways to keep IBand ho as small as possible.

Table 2.1 is a list of common op-amps and their 10 and 110 characteristics.

Op-amp Technology 113 110 Manufacturer

LM308 & 312 BJT l.SnA O.2nA National Semiconductor

LM312,OP-08 BJT lnA O.08nA Precision Monolithic

LM 312 OP-08 BJT SOpA lOpA National Semiconductor

LF38S1617 JFET 30pA 3pA National semiconductor

TL0701080 BiFET 30pA SpA Texas Instrument

ADS49 JFET SIOOfA Analogue Devices.

CA3130 BiMOS 2pA O.lpA Raytheon

CA0801112/3/4 BiMOS lSpA SpA

ICL761x/2x/3x . CMOS IpA O.SpA Intersil

TLC27112/417 CMOS IpA IpA Texas instrument

From the above data, we see that op-amps made of FET and CMOS technologies have lowerIII

and110than BJT input op-amps.

Input bias current variation with temperature

Fig 2.4 compares typical bias current and bias current variation with temperature for

J<a1'~US technologies. It is noted that the FET input op-amps as compared with BJT -input types,

namely, an approximately exponential increase of gate current with temperature.
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\ well-known rule of thumb states that gate current doubles with about every 10°C of

temperature increase. Thus the advantage that FET-input op-amps hold over their bipolar

counterparts at room temperature (the condition for which the ratings in fig:2.4 are given)

disappear at sufficiently high temperatures.

Knowledge of the intended temperature range of operation is an important factor when selecting

the optimal device.

2.7.2 Effect Of Input Offset Voltage,v,
Input offset voltage VIOis the voltage, which must be applied across the input terminals

of an op-amp in order to bring its output voltage to zero. It is caused by manufacturing
c,

tolerances. 'HIere exists en output offset voltage Voo as a result of VIO. To nullify (his error

voltage, we need to have a current at the input of the op-amp that will give the flexibility of

obtaining VIO of proper amplitude and polarity. Any circuit that enables us to achieve this is

known as Input-offset voltage compensation network.

As is often quoted in many electronics text, the error caused by VIOis given as:

Voo = (l + RF/RI) VIO

Manufacturer data sheets provide typical as well as maximum values of VIO at room

temperature. For the 741C, VIO= 2mV (typ) and 6mV (max); for the 741E, VIO= O.8mV (typ)

and 3mV(max). These figures are typical of many low cost op-amps, although types are

available with much lower offset ratings.

Changes inVio due to temperature drift

The VIO ratings are usually given at room temperature, and, like other parameters of the

op-amp, VIO is temperature dependent. The temperature coefficient of VIOis the change in VIO

. 6V
brought about by al'C temperature change and is represented by---.!Q...

6T

LM 301A is rated a~V lo/6T = 6JlVrC (typ) and 30JlVrC (max). These ratings are typical of

the BJT family. There are some op-amp types which are specifically designed for low input

offset voftages and low temperature coefficient ofVlo. As an example, the OP-07 family of ultra

low-offset -voltage op-amp comes in versions with VIO= l OuV and 6VloI~T = O.2~lVrC.
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Fig 2.4: Comparison of typical bias currents for various op-amp types (Franco,1988): LM 10 1A

(conventional bipolar), LM 108 (bipolar superbeta), LM]] (bipolar darlington superbeta),LrJ 55

(biFET), and ICL761X (CMOS).
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On the basis of the average temperature coefficient one can estimate the value of Vlo at a

temperature other than 25°C as;

Vlo(T) ~ Vlo(25°C) + ~Vlo/~T(T-25°C)

FET input op-amps traditionally have been plagued by poorer input offset voltage and

offset drift characteristics than their bipolar counterparts. However with advances in design and

fabrication, this difference has become less pronounced.

2.7.3 Input Guarding

When an op-amp is wired on a printed circuit 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 protect it from leakage currents. If this is not properly done, the

leakage current can easily exceed the input bias current itself, thereby degrading circuit

performance.

Leakage currents can be reduced in two ways, namely;

• Mounting the Op- amp on a Teflon IC socket

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

on the board (see fig 2.5).

A guard consists of a conductive ring surrounding the input terminals and driven at the same

potential. The guard ring will absorb leakages from other points on the board and thus prevent

leakage to the op-amp inputs. Secondly, the guard ring acts as a shield against noise pickup and

reduces the common-mode input capacitance seen by the inputs (Franco, 1988).

To combat the stray capacitance of the ring itself, a small compensating capacitance (of a

few pF) is connected between the output and the inverting input. When a sensor and its

amplifier are far apart, a coaxially shielded cable with good insulation must be used in addition

to the guard ring. The cable shield must be kept at the same potential as the guard ring.
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fig 2.5: Input guard layout and guard connections for the non-inverting (b), and inverting
(c) configurations
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2.8 OFFSET ERROR COMPENSATION

Manufacturers of precision op-amp employ various techniques to minimise sources of

error in their products. One of such means is a provision made to compensate for all sources of

error from IB and VIO•

Offset error compensation, also referred to asoffset nulling, offset trimming and offset

balancing, can be achieved in more than one way depending on the op-arnp type as well as the

configuration used.

Offset nulling techniques are classified asinternal and external.

2.8.1 Internal offset nulling

Fig 2.6 is the circuit diagram for internal offset nulling. The nulling procedure is

straightforward. The potentiometer Rv is adjusted to drive Vo 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 7410p-amp has this facility accessible on its pins 1&5.

When a precision circuit involves more than one op-amp, experience has shown that

introducing offset nulling. into just one of the devices can null the overall error. However, for

this technique to succeed, the offset voltage adjustment range must be wide enough to span the

combined effect of all the other offsets. This is because the overall error is the result of the

algebraic sum of all the individual offset errors. It is worth nothing that not all op-amps have

provision for internal offset nulling. Even for those with this provision, the nulling scheme

varies among types. For example the LF356 requires a 25K.Q pot with the wiper connected to

Vcc. It is always advisable to consult the data sheets to find the recommended scheme for any

device in use.

Though internal offset nulling is quite easy to implement, it affects other characteristics

of the op-arnp. For example in LM321& OP-lo, it reduces thermal drift. While in some other

types, it degrades the thermal drift, the CMRR and the PSRR. Unfortunately, data sheets rarely

provide adequate information in this regard. When in doubt, external offset nulling (which is

being discussed next) offers a more predictable alternative.

2.8.2 External offset nulling

External nulling (shown in Fig 2.7) is based on the injection of an adjustable d.c voltage

into the circuit to compensate for the existing offset error. External nulling does introduce

additional imbalance in the input stage; hence there is no degradation in temperature drift,

CMRR and PSRR.
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2.8.3 Auto zero techniques

Offset nulling, whether internal or external, is done at one specific set of temperature,

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

error. Manufacturers of precision op-amps have developed special types of op-amp that are

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

condition.

These special types of op-amp are known aschopper-stabilized op-amp.

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

I. They are built on CMOS technology.

2. Their VIO and temperature coefficients are five times better than the best precision-,
bipolar op-amp.

3. They deliver their full speed and bandwidth.

4. Being a CMOS device, most of them have a severely limited supply voltage (typically

15V total supply). Because of this, it cannot run from conventional ±15Vsupply. The

only exceptions to this are the MaximMAX43012 and Teledyne TSC915 and

TS<;:76HV52 which operate from ± 15V supplies.

5. Many autozero op-amps have restricted common-mode input voltage. For example, the

popular ICL7650 has a guaranteed common-mode input range of -5V to 1.5V when

running from its usual ±5V supply. For the improved ICL7652, the range is from -4.3V

to 3.5V; that is a wider range, but it docs not include the negative rail, so it cannot be

used as a single supply op-amp.

The high voltage types are much better, for example, the MAX432 has a guaranteed

common-mode range of -15V to 2V when running from ± 15V supplies.

6. They have poor output current sourcing capability - sometimes as little as ] - 2mA in the

sourcing (positive output) direction.

7. They have disastrous saturation characteristics. Recovery is very low - up to a second.

The "cure" is to sense when the output is approaching saturation, and clamp the input to

prevent it. Most auto-zeroing op-amps provide a "clamp" output for this purpose, which

can be tied back to the inverting input to prevent saturation.

Saturation can be prevented in chopper op-arnp 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) (Horrowitz et.al, 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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~. Chopper stabilized op-amps are plagued with the problem of clock induced noise. It is

caused by charge coupling from the MOS switches and can cause spikes at the output. In

~. low frequency applications, we can (and should) RC - filter the output to a bandwidth of

a few 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 - D converters) or in

applications where the output is low (e.g., 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, 1995).

2.9 OUTPUT OFFSET ERROR DUE TO OP-AMP OUTPUT CIRCUITRY

There are limits to the amount of voltage and current that 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 circuits.

Though most op-amp have over-current/short-circuit protection, it is a good design

practise to always ensure that op-amp circuits 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.

2.10 ERROR DUE TO THE EXTERNAL NETWORK COMPONENT

Op-amps, like some other monolithic IC's needs to be biased alongside withsome

resistors, inductors, diodes and capacitors for proper operating condition. The degree of

precisron of circuits 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 not

match. In the same vane, the accuracy and linearity of the ramping action of integrators is also

largely dependent on the properties 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

implementation.

Components are generally specified with an initial accuracy, as well as the change in

value with time and temperature. Complete specifications also include the effects of

temperature, cycling and soldering, shock and vibration, short-term overload and effect of

moisture.

23



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 properties (Horowitz, 1995 pg. 1055).
Material Temperature coeflicient Soldering Shock and Moisture

(tempco) temperature/load vibration
cycle

Metal film 50ppmrC -55"C to 175"C 0.1% 0.5%
Resistors
5% Carbon 80ppmrC 25"C to 85"C 2% 6%
composition
Resistor.

2.11 DATA TRANSMISSION. MANIPULATION AND RECORDING

Very often, data needs to be transmitted to 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 it is needed may be scattered or the source is remotely located ..

In electronics, data is collected and transmitted 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 to another.

These are through:

• Wires (usually copper)

• Radio waves in free space

• Guided waves in wave guides, coaxial cables and optical fibres

2.1l.1 Wire Transmission

Wire-transmission is perhaps the most common way by which analogue and digital

signals are being transmitted from one location to another. There is always a delay associated

with the transmission of a signal through any medium. This delay arises because

electromagnetic waves have limited maximum velocity at which they can be transmitted in a

medium.

This inherent property of the medium cannot of course be eliminated. But a good.

knowledge of wire interconnections will save us from problems that could result from bad

choice of wire network, which may lead to receiving distorted and attenuated signal, or any

signal that has been corrupted by noise/interference.

Also a good knowledge of wire interconnectivity will help us to arrive at various cost

effective ways of reducing these undesirable properties.
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-\ transmission line simply compnsesgo and return WIres 111 close and constant

proximity to one another. Transmission lines can be classified into two main classes, namely;

short transmission lines and long transmission lines.

Connections within local electronic circuits or between equipments are considered to 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. Therefore, further discussion will

only be on short transmission lines.

The principal properties of short transmission lines are:

• The signal is transmitted with little loss of amplitude and without distortion

• There is a small propagation delay in the cable, depending on the length and
<,

characteristic of the line

• As viewed from the signal source, a transmission line has a characteristic impedanceZo

There are two things that we must know aboutZo:

1. Zo depends on the dimension and construction of the line.

2. Zo is normally non-reactive, but a pure resistance.

Surprisingly Zo does not 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 bematched or the line is said to be''properly terminated'. When this happened, source

power will get to the load without any loss in the transmission line except for a little delay.

Consequently, maximum power transfer is said to occur at impedance matching. If the load is

not 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 of 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. If the load is short-circuited or if it is an open circuit, 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 connect two points together. It is

perfectly adequate, provided the amplitude of the signal it carries are not too small and the wire

is not too long, and there is also a return 'earth' wire. The length is important because open

wires have series inductance, as welt as shunt capacitance to other parts 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 attenuation of high
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frequency signals. In transmission lines, the inductance and capacitance between the 'go and

return' wires are controlled and do not result in high frequency attenuation. Remarkably, ideal

lines, with no ohmic resistance, do not 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 effect of the interference.

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
v,

carrying signals between pieces of equipment. It is used widely for frequencies up to 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 waveforms picked up in the two wires tend to cancel each other out. Typical

characteristic impedances are 500, 700, 850, and 1100, and the propagation velocities range

from 130 to 200* 106ms·l.

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 into a strip of plastic makes the flexible

twin feeder. A popular version has a separation of about l Omm, and is used for connection to

VHF radio aerials. It has characteristic impedanceZ; of 3000, and a propagation velocity of

250 * lOoms". It is much cheaper than the coaxial cable, but is more susceptible to interference

pick-up.

Twin feeders for connecting powerful radio transmitters to their aerials use rigid

conductors and a series of insulating separators, so they are mainly air-spaced and have a

propagation velocity of 300* lOoms'; . They are commonly used at frequencies up to 30MHz.
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4. Coaxial cables

A coaxial cable consists of an inner conductor surrounded by a layer of insulation, and

an outer conductor in the form of a cylindrical mesh, as shown in fig 2.10. The outer conductor

is intended to screen the inner conductor from external interfering electric fields.

Coaxial cables - orscreen cablesas they are sometimes called - are widely used for signals at

all frequencies, from the lowest-frequency instrumentation signals up to the highest microwave

frequencies. Popular characteristic impedances are 50.0. and 75.0.. Professional radio frequency

(RF) cables that contain polyethylene as insulator have propagation velocities of 200* 106ms·l.

75.0. cables for UHF television aerial down leads are part-polyethylene, part air-spaced, for low

loss. Their propagation velocity is about 240* 106ms·l.

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. At higher

frequencies, interference between the wires, called'crosstalk', tends to become significant. If

the wires are formed into twisted pairs the interference pick-up and cross-talk are reduced. An

overall screen always helps to reduce pick-up. Individual screens around each pair help reduce

cross-talk. A bundle of coaxial cables provides the best performance of all.

Fig 2.12 shows aribbon cable. This is very cheap to produce, and provides a neat

multiway interconnection method. It is especially useful in digital equipment for making parallel data

connection. Plugs and sockets for ribbon cables have the so-called insulation-displacement connectors

(IDC), so that all the wires in the cable can be joined simultaneously to the plug or socket

terminals. For ribbon cable with PVC insulation, the characteristic impedance between adjacent

conductors is about 105.0. and the velocity of propagation about 200* 106ms·l. With PTFE

insulation, Zo is about 125.0. and the velocity about 125* 106ms·1 Ribbon cables are adequate for

short-distance connections. At lengths over about 1meter crosstalk in digital systems can cause

error in data transfer. The hybrid type of the cable, also shown in figure 2.12 combines the best

of 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

about the same too.
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Current-loon transmitters

Aoart from the various wire interconnection techniaues. current1000 transmitter is vet

another oooular device emoloved for data transmission in the orocess industrv. This device is a"

voltage-to-current converter. It converts sensors output voltage to 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 transmitted to the point of usage 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, thereby enhancing remote data acquisition,

processing and control.

Another technique of getting uncorrupted data across transmission lines is to digitisc the signal,

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

2.11.2 OPTICAL COUPLERS AND OPTICAL FIBRES

In an optical coupler, the input signal is converted to visible light or infrared, usually by

a light-emitting diode (LED). The light is then detected by a photocell, or a photodiode or a

phototransistor. The purpose of such a device is to provide electrical isolation between the input

signal source and the output circuit. Electrical isolation may be needed for safety reasons if large

voltage differences are involved. Data rates up to 15Mbits per second are possible. Devices with

high isolation voltage rating are commonly calledopto-isolators. They are available with ratings

up to 10kV or so.

Optical fibres are used for transmitting signals in optical form. As in the case of the optical

coupler, a Laser or an LED converts the input electrical signal to an optical 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 telephone systems. Because they operate at

optical frequencies, their bandwidth is far greater than that of coaxial cables, and their

attenuation is lower too. For instrumentation systems and other narrow bandwidth systems,

cheap emitters, receivers and fibres are available. Their advantages over coaxial cables are:

• Electrical isolation

• Freedom from capacitive and inductive pickup

• Freedom from cross talk

• Eliminations of sparkling and fire hazards

• No attenuation of signai strength
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2.11.3 Data Transmissionusing Radio Waves

In many cases of data transmission, interconnection of wire from one point to another

may become impossible. In such cases opto-telemetry or radio telemetry are often used.

The word telemetry simply means: measurement at a distance. In utilizing radio waves for data

transmission, there is a considerable standard set to cope with the allocation of a frequency band

within the radio frequency spectrum (Mie, 1997), (Odo, 2000).

The standard carrier frequency for telemetry is specified from the range 216 to 235MHz.

The fig2.13 shows the widely utilised system of radio telemetry. TheFMIFM refers to the fact

that two frequency modulation processes are employed. In the first process, time varying d.c

voltages are converted to proportional frequencies using a voltage-to-frequency converter. The-,
standard FMlFM system allows for multiplexing of various inputs from different sensors and

then transmitting the signals via a single carrier frequency as illustrated in the block diagram.

Digital form of radio telemetry is also in wide use.It is known as pulse code modulation,peM.

Radio telemetry is very useful over short 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 furnace).
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Fig 2.13: A typical FM/FM telemetry system used in multiplexed mode
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2.12 ANALOGUE - DIGITAL CONVERSION

Information carrying variables such as currents, voltages and charges exist naturally in

analogue form. But for effective processing, transmission and storage, it is often more

convenient to express this variables in digital form. Also digital systems are increasingly

becoming more popular due to their increasing efficiency, reliability and economical operating

cost.

There are however many systems that incorporate both analogue and digital subsystems,

particularly in the fields of measurement and control and in rapidly growing areas of

communication technology. With the development of the microprocessor, data processing has

become an integral part of many systems. Data processing involves the transfer of datato and
c,

from the microprocessor via input/output devices. Since a digital system uses a binary system of

zeros and ones, the data input into the microcomputer have to be converted from analogue form

to digital form. The device that performs this conversion is called anAnalogue-to-Digital

converter. On the other hand, aDigital-to-Analogue converteris used whenever a binary output

from a digital system must be converted 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 Analogue - to - Digital converters

This section examines only the techniques that are used in the realisation of Analogue-to-

Digital converters.

1. Flash conveliers - The main components of this converter are comparators, a reference

voltage for each of the discrete levels represented by the digital outputs. It also has an

encoder.

Properties: Flash converters 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 1Obits due to their complex circuitry. This makes

them unsuitable for high-resolution applications.
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'\ Counter-ramp converters - The main components of this converter are D-A converter, a

binary counter, a clock, a single comparator and some control logic.

Properties: This converter is not as fast as the flash converter, but in its case, an n-bit device

will require a conversion time that is proportional to 2". The major beauty of this device is that

all the process of data conversion can be controlled. For example, when a conversion is required,

a signal is sent to the converter from an external digital subsystem requesting a conversion.

When the conversion is completed, an end of conversion signal is usually 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 theconversion timeof the converter. Bothsacand EOC-,
can be software controlled. This makes the converter easily adaptable to any design that involves

measurement and control.

The one major drawback of the counter-ramp A-D converter is its relatively long conversion

time for large input signals (Gorham et ai, 1993). Most commercial devices operate with

maximum clock rates of 1MHz or less.

3. The Tracking converter - It has the same configuration as the counter-ramp converter

(fig2.18). The only difference between them is that tracking converters are faster than the

counter-ramp. This is so because tracking converters does not always reset the counter to

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

4. The Successive approximation A-D converters - The major difference between this

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

Properties: The total conversion time is equal to (n+ I) clock cycles, one for each bit of the

codeword and one to initialise the D-A converter output 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. lntegrating (Dual-slope) A-D Converters - 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 for the dual slope configuration is usually rather slower than the

other 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 thatit can be used
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to cancel out interference. by specifying the clock period so that 2"Tc1kis an exact integral

multiple of any ac noise such as 60Hz power line pickup or 120Hz Bridge rectifier pickup.

The conversion accuracy of the dual slope ADC is independent of R, C, Tclkand the op-amp

offsets. Dual-slope converters are particularly suited to highly accurate measurement of slowly

varying 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 to

be considered when selecting an ADC.

2.12.2 Analogue-to-Digital Converter Specifications-,
• Saturation Error -The most obvious limitation of an ADC is its defined upper and lower

limits of voltage response. Typical full-scale ranges are 0 -JOV and-lOV to +JOV. If the input signal

exceeds the upper limit of response, the converter saturates and the recorded signal does not vary with

the input. 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 corresponds to a whole

range of input values. Fig2.16 shows the normalised transfer characteristics of 3bits AOC.It is noted

here that any input in the range between1/8 and2/8 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 feature of the A-D conversion process. The output

code can be in error by as much as ±1/2 LSB. Quantization error can only be improved by

increasing ADC resolution (S. Franco, 1988).

The quantization error, also known as quantization noise, has a root mean square valueEn,

which is related to the resolution of the system as:

En = VrJ2nv 12 (2.5)

Where Vfs is the full-scale voltage range of the converter, and n is the number of bits of the

A-D converter.

If we observe equation (2.5) carefully, it can be deduced that for each additional bit of

resolution, En is cut in halve.

• Conversion Error -An ADC may also suffer from non linearity, offset error, gain error

and stability. If the differential non-linearity exceeds] LSB, 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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Fig 2. I6: The transfer characteristics of 3 bits analogue-to-digital converter
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Normally ADC manufacturers will provide specification on the potential size of the different

types of conversion error.

• Sample rate -Usually all A-D conversion processes require a certain amount of time to

produce the desired output code following the arrival of the START command. This amount of

time, known asconversion time/sample rateis determined by the A-D conversion technique,

resolutions and technology. The conversion time can range from as little as IOns to as much as

lOOms.

Software often allows us to specify any sample rate up to the maximum value.

2.12.3 Signal Conditioning for A-D Conversion•...

To make the best use of an AOC, conditioning of the input signal may at times be

required. The conversion of de signals is straightforward, but for ac signals, we must sample the

input. The rate at which we sample is determined by the sample rule, which requires that a signal

ofbandwidthjTJz be sampled at a rate in excess of¥samples per second.

If the A-O converter cannot maintain this rate of conversion, it is essential that the input

signal bandwidth be restricted by using a low-pass (otherwise known as anti-aliasing) filter to

remove signals of frequencies greater than/samplJ2 .

Please note that with the above-mentioned arrangement, important 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 ADC. This is done in other to present a stable de

level prior to conversion cycle of the AOC.

2.13 MULTIPLEXERS

Multiplexers are devices with many inputs, but only one output. They are like switches,

with the capability of selecting one input out of its many inputs at a time and connect it to the

output. There are analogue multiplexers as well as digital ones. Figure 2.17 is a schematic

diagram of a 4-input analogue multiplexer. Multiplexers are necessary in systems where several

analogue signals are needed to be converted one after the other to binary codeword. Instead of

using a' separate and possibly expensive A-D converter for each channel, a single multiplexer is

adequate to adapt all the channels to be used with only one AOC. Multiplexers contain field-

effect transistors (FETs), so that when they are connected, they provide low resistance(~lOOn)

signal path, which can be switched on or off by means off logic signals.

Multiplexers are available in many different configurations, and are sometimes incorporated into

.~ some A-O converter IC's.
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2.14 DATA INDICATION AND RECORDING DEVICES

The majority of signals in measurement systems ultimately appear as voltages. Since a

voltage cannot be seen, it then becomes imperative to change the measured voltage to forms that

are intelligible to human observer. The forms in which data are presented generally include a

pointer moving over a scale as in potentiometers and D'arsonval meter. Others include a light

beam writing on a photosensitive paper, an electron beam writing on a cathode- ray tube, the

visual display of a set of ordered digits and the printout of digital data by a printer.

Digital computers, either dedicated or general purpose is " .lely becoming popular in the

field of measurement and control. This is as a result of their pr« unability. The computer can

interact with the outside through its ports, which are generally bi-directional. That is, they may
<,

either receive or output data. This process must however be done in well-defined and orderly

manner. The computer must be informed through a software programme whether a particular

port is to handle incoming or outgoing information. Software assignment of port function is

referred to asconfiguring the port. Data transmission between the computer and its outside

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

2.14. THE MICROCOMPUTER

This is a machine having two functional parts; thehardwareand thesoftware, working

together to provide various forms of data communication and control.

For a better understanding of this versatile machine, an illustration of what each of its

components can do and how they can be applied to practical problems is hereby presented next.

2.14.1 The microprocessor

The heart of a microcomputer is the central processing unit (CPU), otherwise known as

the microprocessor unit (MPU). The microprocessor is a device that has evolved to provide

means of handling the storage, retrieval and manipuJation of data in systems with large memory

facility. The microprocessor is built [rom fundamental logic devices like - registers, gates,

ROMs and buses. The microprocessor is a sequential logic component, whose behaviour is

determined by a list ofinstructions stored in the memory. These lists of instructions are called

programs. Normally digital memories can only hold binary words, so the instructions are

represented by codes, which the microprocessor is designed to interpret. Each instruction directs

the microprocessor to carry out anoperationsuch as, adding two numbers or storing an item of

data in the memory. Also the instruction must either contain theoperand(the numbers to be

added or the data to be stored) or it must specify the address at which the operands are stored.
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It is the program stored III the memory that determines the behaviour of the

microprocessor, and a particular microprocessor can be used in variety of applications,

depending on the application and level of complexity. Microprocessors are available in 4bits, its,

16bits, 32bits and so 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 implicitly or

explicitly; where the next instruction is stored. So, once a computer begins to run a program, it

automatically runs through.
"-

Instructions (e.g., load, store, add& jump) always occupy a fixednumber of memory

locations, and these instructions are usually carried out in times of less than one or two

nanoseconds. The actual set of instructions that control microprocessor operations are written in

machine codes.The machine codes make use of the binary system, in which instructions are

only represented in zeros and ones.

However, working out instructionsm machine codes is time consummg and very

difficult. Therefore in practice, programs are written 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 running on the microprocessor itself then

generates the actual machine code that can be directly executed by the processor. The way the

microprocessor is organised, the function of the main registers and the overall structure of

internal connections are called thearchitecture.

The basic infrastructures that determine the performance of microprocessors are:

(a) 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 technology, we will note that the

first microprocessor was the '80 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 8080 in ]974. The 8080 design progressed to

the 16-bits 8086 and 8088 (used in the IBM PC and similar models) and

80286 (used in the IBM AT and others). The 32-bits 80386, 80486 and 80586 are progressively

more powerful developments that have led to 286, 486 and 586 computers.

(b) Clock - The clock sets the regular signal that paces the processor's activity, thereby

determining the time for the execution of an instruction.
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(b) Clock - The clock sets the regular signal that paces the processor's activity, thereby

determining the time for the execution of an instruction.

The faster the clock, the shorter is the overall execution time. The maximum possible clock

speed is therefore another important indication of overall performance.

2.14.3 Memories

The storage and recall of information is a fundamental property of sequential logic

circuits. The basic circuit elements that perform storage operations are: latches, flip-flops and

registers.

Flip-flops/Latches are logic elements that are capable of holding their outputs until they are told
"-

to change it. These stable outputs can either be t(set state) or 0 (reset state). A latch/flip-flop can

only store one bit of information. To have a device that is capable of storing larger bits of

information, several latches/flip-flops are stacked together to form registers. Many registers are

stacked together to form memories.

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 facilities available to our use on the general-purpose computer.

Random-access Memory (RAM)

RAM chips represent by far the largest share of electronic memory components. They

form the basis of computer memory and other large digital systems. RAM chips are either static

or dynamic. In a static RAM (SRAM) each bit is stored by a nip-flop consisting of several

transistors, which remain in a fixed state (as long as the power supply is connected to the chip)

until it is deliberately changed. However in a dynamic RAM (DRAM) each information bit is

stored as a certain 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 unit 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 1bit, 4bits or 8bits (1 byte). Hence a memory chip that holds 256K bits could be

organised internally as 32K locations with addresses running from 0 to 32767(= 32K - t) and

each location holding 1 byte. The major drawback with RAMs is that they arevolatile. This

means that when the power supply to it is switched off, all the data contained in it is lost.
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Read-only Memory (ROM)

Read-only memories (ROMs) provide non-volatile storage of data which is then

-t' available as soon as the device is connected to the appropriate power supply. They are structured

in the same way as RAM, with each data location being specified by an address. However, in the

use, only a read operation can be carried out on them. The process of fixing 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, internal

connections are either fused or left intact to create the data pattern. These are often referred to as

FPROMs (standing for fusible link PROM or field-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 is 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 electricallyalterable R~M

(EAROM) are the main ones. In these devices electrical 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 difference between an electrically erasable PROM and ultra-violent EPROM is that

each cell can be erased and fixed independently in electrically era~able PROM, while all the

content of the chip will be erased in the ultra-violent erasable PROM once it is exposed to UV-

light.

Programming of these devices normally requires a PROM programmer, a special-

purpose piece of equipment, which is connected to 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 8 PROMs in a manner analogous

to the RAM chips.
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!.15 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 for the input of up to 9 bits or the output of 12 bits at a time. The

port has four control lines, 5 status lines and 8 data lines. The port is found at the back of a

general purpose computer as aD-type 25 pin female connector. There may also be aD-type 25

pin male connector.

There are five standard modes of operation of parallel ports under the IEEE 1284

standard of 1994. These five modes of operation are:

• Compatibility mode
<,

• Nibble mode

• Byte mode

• Extended parallel port (EPP) mode

• Enhanced port (ECP) mode

The aim of these various modes is to design new drivers and devices that run at faster

speed, but stiIl 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 original 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 but the speed can be as high as

150 kilo-bytes per second. In order to 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 to the computer). Byte mode uses the parallel's bi-directional feature (found only on

some cards) to input a byte (8bits) of data in the reverse direction.

Extended and enhanced parallel ports use additional hardware to generate and manage

handshaking. The ECP and EPP can output at around 1-2 megabytes per second.

In Table 2.3, the prefix"n" in front of signal name is used to indicate that such signals are

actively low. The "hardware inverted" means that the signal is inverted by the parallel card. The

output of the parallel port is normally atTTL logic levels. Most parallel ports implemented in

ASIC (Application Specific Integrated Circuit), can sink and source around ]2mA.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 sheet.
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1.t5.t Parallel Port Addressing

The parallel port has three commonly used base addresses. These are listed in Table2.4

below. The 3BCh 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. LPTI is normally assigned

base address 378h, while LPT2 is assigned 278h. However this may not always be the case as

explained later. 378h and 278h 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.
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Table 2.3: Pin numbering of the 25 pin D-type and the 36-pin centronic connectors
i • t tit i

I u-type I Centromcs I Standard I Lnrecuon I Register I Hardware I

25 pin Pin Parallel In/Out I Inverted?

Number Number Port signal

1 1 nStrobe In/Out Control Yes

2 2 DataO Out Data -

3 3 Datal Out Data -

4 4 Data2 Out Data -

5 5 Data3 Out Data -

6 6 Data4 Out Data -

7 7 Data5 Out Data -

8 8 Data6 Out Data -

9 9 Data7 Out Data -

10 10 nAck In Status -

11 11 Busy In Status 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 3\ nlnitialize In/Out Control -

17 36 nSelect printer In/Out Control Yes

18 - 25 19 - 30 Ground Gnd - -

Table 2.4: Port Addresses

Address Notes:

3BCh -3BFh Used for parallelports which were incorporated

onto video cards - Doesn't support ECP addresses

378h - 37Fh Usual addresses for LPTI

278h - 27Fh Usual addresses for LPT2
~
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When the computer is first turned on, BIOS (basic Input/Output System) determines the number

of ports on the motherboard of a computer and assigns device labels LPTI, LPT2 and LPT3 to

them. BIOS first look at address 3BCh. If a parallel port is found here, it is assigned as LPTI. It

then searches at location 378h. If a parallel card is found there; it is assigned the next free device

label. This would be LPTI if a card were not found at 3BCh or LPT2 if a card was found at

3BCh. The last port of call is 278h, and this follows the same procedure as the other two ports.

Therefore it is possible to have an LPT2 that is at 378h and not at the expected 278h 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, if we are interested in finding the address of LPTI

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 PORT

A port can only perform one function at a time. It either gives out data or takes in data

(one way traffic). If the port can input data at one time and output data at another time, such

ports are said to be bi-directional. Therefore read and write operations can be performed on their

data registry. Table 2.~ through Table 2.7 gives the properties of the various ports as found on

the D-25 type connector.

Any data written to the data port (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 attempt to read

from it will only give back the last bit sent.

The status port (base address+ 1) is a read only port. Any data written to this port will be

ignored. The status port is made up of 5 input lines (Pins ]0, II, ]2, ]3,& ]5), 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 port, four

"controls" are used. These are Strobe, Auto linefeed, Initialise and Select printer, all of which

are inverted except Initialise.

The printer does not send signal to initialise the computer, nor does it tell·the computer to use

the auto linefeed. These lines are "open collector" outputs. This means that it has two states, a

low state (OV) and a high impedance state (open circuit).
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Table 2.5: Data Port

Address Name Operation: Bit No Properties

Read/write

Base+ 0 Data Port Write* Bit 7 Data 7

Bit 6 Data 6

Bit 5 Data 5

Bit 4 Data 4

Bit 3 Data 3

Bit 2 Data 2

Bit 1 Data 1
<,

Bit 0 Data 0

Table 2.6: Status Port
Address Name Operation: Bit No Proper ties

Read/Write

Base+ 1 Status port Read only Bit 7 Busy

Bit6 Ack

Bit 5 Paper-out

Bit 4 Select In

Bit 3 Error

Bit 2 IRQ (Not)

Bit 1 Reserved

Bit 0 Reserved

Fig 2:7: Control Port
Address Name Operation: Bit No Properties

ReadlWrite

Base+2 Control Port ReadlWrite Bit.7 Unused

Bit 6 Unused

BitS Enable Bi-directional

Port

Bit 4 EnableffiQ via Ack

Line

Bit 3 Printer Select

Bit 2 Initialise Printer

(Reset)

Bit 1 Auto-Linefeed

Bit 0 Strobe



'Jormally the printer card has internal pull-up resistors. However, as one would expect,

not all of them have. Some have open collector outputs, while others have normal totem pole

output. In order to make our device work correctly on as many printer POtts as possible, we use

an external resistor as well. If there should be an internal resistor on the card, then the two

resistors will act in parallel. If it is a totem pole output, the resistor acts as a load. An external

4.7kO resistor is usually recommended for pull-up purposes. When in high impedance state, the

pin on the parallel 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 four pins of the

control port can be used for bi-directional data transfer. However the control port must be set to
"

xxxxO J 00 for it to be able to read data; that is all pins must be at logic I at the port so that it can

be pulled down to logicO.

Bits 4 and 5 are internal controls. Bit 4 enables the IRQ and bit 5 enable the bi-

directional port; meaning that we can input 8 bits using (Data 0-7). This mode is only possible if

the computer card supports it. Bits 6 and 7 are reserved. Any attempt to write to these two bits

will be ignored (Odo, 2002).
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CHAPTER 3

DEVELOPMENT AND CONSTRUCTION OF THE WEATHER DATA ACQUISITION

SYSTEM

3.1 INTRODUCTION

Precision weather data acquisition and control system design depends on how precisely

the electronic parts are carefully designed. It therefore becomes imperative to make use of all the

knowledge gained so far on precision circuits and low noise techniques. This chapter gives all

the design parameters used in the design and development of the weather data acquisition

system.

In other to describe fully the entire circuitry used to accomplish this project, we have

divided it into two major. parts. The first part describes all the analogue units, while the second

part is devoted to the digital aspect. The software design is also considered under the digital

design unit.

3.2 TEMPERATURE, PRESSURE& HUMIDITY SENSORS

The choice of any sensor for a particular application is dependent on three major factors.

These factors are:

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

2. The environmental condition in which the measurement is taking place.

3. The degree of accuracy, sensitivity and consistency required for repeated

measurement operation using the same sensor.

However, if the above stated factors are considered alongside the aim and objectives of

this work, it suffices to say that semiconductor monolithic temperature, pressure and humidity

sensors are adequate for the work.

Monolithic temperature sensors exist in two major categories. The sensors in the first

category always have their output voltage proportional to absolute temperature. They are

otherwise known as VPT A T sensors. The output of the second category is a current, which is

always proportional to absolute temperature. They are called IPT AT sensors.

The AD590 IPT A T is chosen for this project. The main reasons for this choice are:

• Its temperature range is adequate for our application (-55°C to 150°C).

• Being a current output device, it is better than other thermal sensors in any application

that involves remote sensing.

Appendix A gives the detailed specificationof the AD590 IC, as released by RS-components.

Semiconductor Monolithic pressure sensors are divided intoabsolute, gaugeand differential.
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For our application, we have chosen the 24PC series of absolute (particularly 24PCCFD6A)

pressure sensor. Honeywell Inc manufactures this device. It is rated to have an absolute pressure

range between 2 - l Spsi, which is equivalent to about 1Bar. The complete manufacturers data

sheet is presented in appendix B.

The humidity sensor(I-IIH 3610 - 001) used in this project is a product of Hycal sensing

instruments. It is a capacitive type of humidity sensor with high sensitivity and low hysteresis.

The complete manufacturer data sheet is shown in appendix C.

ANALOGUE CIRCUIT DESCRIPTION

3.3.1 SENSOR AMPLIFIERS

In the design of any sensor amplifier, the following points are of importance(Odo, 2002).

I. 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 ADS90JH thermal sensor amplifier is built around UI (Fig. 3.1), a commercially

available precision bi-polar op-amp (type OP-07). According to its manufacturer (Analogue

Devices, 2001), the op-amp exhibits low drift with time and temperature (0.6mVrC) and a low

offset voltage (7.SmV max). The op-amp Ul is operated in the inverting mode. This condition is

required to present low impedance to the sensor, thereby preventing self-heating in the sensor.

The sensitivity of the amplifier is equal to R2*IIlArC. The gain is trimmed to SOmVC by

adjusting RV2. By adjusting RVI an offset of about 273.21lA is generated, which turns the

ADS90JH IPTAT sensor to a centigrade sensor and at the same time providing external offset

nulling. R3 is included to minimize the effect of the op-amp input bias currents. (R3 = RJ//R2).

The calibration of the amplifier is done in two ways; with the temperature at WC (ice bath), RJ

is adjusted for a zero output voltage. With the temperature at 100<lC (boiling water), R2 is

adjusted for an output voltage of Svolt.
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(b) pressure amplifier

The pressure sensor amplifier (shown in Fig 3.2) is built around U 1, U2 and U3 (alI OP-07).

They are arranged to form aninstrumentation amplifier.The amplifier has the following.

properties (Akpan, 2003):

• Finite, accurate and stable gain.

• Extremely low (ideally zero) output impedance

• Extremely high (ideally infinite) input impedance

• Extremely high (ideally infinite) CMRR so that the device responds only to

differential voltage between the inputs and completely ignoring the common-mode input

component.
"-

An ordinary op-amp operated 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 + 2R3/Rg)(R2/R,). The gain of the amplifier is made variable between 4.3 and 21 via Rg.

Rg comprise of both the 10k and 50k port. The 5k port (part of R2 connected to ground), was

included to optimise the CMRR of the amplifier (Franco, 1988). The 50k(Rcomp) was included

to minimise any error due to lower temperature effect in the sensor (see appendixB).

Rcomp::::: 10*Rs. Where Rs is the output resistance of the pressure sensor. To further fores tall

any error due to high temperature, the sensor was driven by a constant current of 2mA (see

appendix D). The LM31 7, U4 (JlA 741CN) and Rsct were arranged to form a constant current

source. The output current from the source is given as; 1.25/Rset.

For current of 2m A, Rset was adjusted for a value of 6250. U5(JlA 741 CN), 3.3V zener and

the 1N82 1 were used to construct a self-regulated voltage reference for the circuit. The output

voltage from the reference is given as; (1+ R4/VR5)*3.3. The voltage was set to JOV by

adjusting VR5. 1N82 1 was included in the circuit to eliminate any drift in the output Itage that
// • i.1 J. I'

may arise as a result of increase in ambient temperature. I~r~
(c) Humidity amplifier , -?

../' /

No amplifier was constructed for the Humidity sensor because'tf,~output 'from the
~:-.- -- .

sensor is large enough to drive the ADC. From the Manufacturer data sheet (Appendix C), the

sensor will produce 0.958V at 0% relative humidity at 25C. At 75.3% RH the output is quoted

to be 3.268V at 25C .. The only circuitry needed and constructed for the efficient performance

of the sensor was a voltage reference similar to the one described above for pressure sensor. The

voltage reference was adjusted for an output of 5-Volt.
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3.4 DIGITAL 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 at the back of desktop personal computers. The port

provides eight TTL outputs 00-07, five inputs S3-S7 and four bi-directional leads CO-C3. It

also provides an easy way to use the PC's interrupt structure.

As we have mentioned earlier in section 3.8, five modes can be used to implement

parallel interfacing. Out of these five, this project makes use of the byte mode. This mode

enables the input and/or output of 8bits at a time. The TC71 09A analogue-to-digital converter

used for the interfacing has many features (see appendix D). The ADC is a 12-bit device. Our

printer's port can only take 8bits at a time. Driver software was developed to provide a means of
"

taking the information in a succession of eight lower bits followed by the four upper bits. For the

general description of the driver software see page 59-60.

3.4.1 DIGITAL CIRCUIT DESCRIPTION

The digital circuit is divided into two parts - the ADC and the software module. Fig 3.4

shows the entire ADC module. The converter was controlled through its pins 26 (RUN/HOLD),

18 (Lower byte enable) and 19 (High byte enable). The Run/Hold pin toggles between 0 andI,

so as to enable the converter to respond and make conversion from more than one source. Pins

18 and 19 were also controlled so that the 12bits from the converter can be conveniently taken

through the8 lines available on the printers' port in succession of the first8 lower bits, followed

by the last 4 upper bits.

The conversion rate of the converter is given as Fosc =0.45/RC. The converter was set to

five conversions per second (40.96kHz). In addition, it was ensured that the period of our RC

oscillator conformed to this requirement; 2,ITc\ock= integral multiples of the line supply voltage

(see appendix D). 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 I bit/m V was achieved by adjusting the reference input voltage at pin 36. The

combination of RJ andVRI allows for the trimming of the reference voltage. This arrangement

allows for a full-scale 12bits output i.e. all outputs bitsB1-8 12 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 the8 lower bits,

such that under software control, the computer successfully read the 12 bits.

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

two CO and C 1 (pins1 and 14) were used to control the multiplexer, which selects the

55



D7 D6 D5 D4 D3 D2 D1 DO

S7 S6 S5 S4 S3

C3 C2 C1 CO

Fig 3.3: 25-way Female D-Type Connector
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.ippropriate input to 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 CO, Cl 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, ifI is placed on pinsI

and 14, it will make the multiplexer to select input1. 1f the signals on pins1 and 14 are 1 and 0

respectively, then the multiplexer will select input2. Placing 0 and l.on pins 1 and 14 will cause

the multiplexer to select input 3.

When 1 is placed on pin 16 of the control port, the ADC will performconversion

continuously at a rate determined by the ADC's clock (0.45/RC).If pin 16 goes low during any

conversion process, the ADC will finish whatever conversion it is handling before it stops. Pin
<,

17 is alternatively toggled ·betweenI and 0 so as to get the 12bits data U1-U12 through the 8bits

data lines 00-07.

3.4.2 SOFTWARE DESCRIPTION

The entire process of control, data acquisition and processing of the acquired data is carried out

by computer software. The software was written in Q-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 specify the data that he/she wants to log and the logging time interval.

When the user clicks "start", a file is opened for 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 OLL enables the control program to interact with the external circuitry.

Data are read into a temporary location on the RAM of the computer. The processing of these

data is also carried out in the RAM, before they are sent to the Hard Disk Drive for permanent

storage.
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Table 3. I: Source-code for the ADC

Dim result As Integer Out 890, 254

For d = 1 To 500

Next d

'Hold ADC

Out 890, 250

For d = 1 To 500

Next d

'Fetch lower byte data

Lower = Inp(888)

For d = ITo 500

Next d

'Enable higher byte

Out 890, 242

For d = 1 To 500

Next d

Option Explicit

I Dim Lower As Integer

2 Dim Higher As Integer

Public Function ADC2 (channel 2 As Integer) As
Integer

'Run ADC, select channel2 and enable lower
byte

Dim p As Integer, d As Integer

• Public Function ADC I(channell As 24
Integer) As Integer

'Run ADC, select channell and enable lower byte 25

3

4

5

6

7

8

9

10

II

12

13

14

15

16

-t
17

18

'Fetch higher byte data

34 Higher = Inp(888)

35 Select Case Higher

Case I: p = 256

Case 2: p = 512

Case 3: p = 768

Case 4: p = 1025

Case 5: p= 1280

Case 6: p= 1536

Case 7: p = 1792

Case Else: p= 0

End Select

36 Higher=p

37 ADC2 = Higher + Lower

38 End Function

Public Function ADC3(channe13 As Integer) As
Integer

'Run ADC, select channell and enable lower
byte

39 Out 890, 253

40 For d= 1 To 500

41 Next d

22

23

Out 890, 255

For d = 1 To 500

Next d

26

27

'Hold ADC
28

29

30

Out 890, 251

For d = I To 500

Nextd

'Fetch lower byte data

.~

31

32

33

19

20

21

Lower = Inp(888)

For d = 1 To 500

Nextd

'Enable higher byte

Out 890, 243

For d = I To 500

Nextd

'Fetch higher byte data

Higher = Inp(888)

Select Case Higher

Case I:p = 256

Case 2: p = 512

Case 3: p= 768

Case 4: p= 1025

Case 5: p = 1280

Case 6: p= 1536

Case 7: p= 1792

Case Else: p = 0

End Select

Higher = p

ADCI = Higher + L?wer

End Function



"T'nhle3.t Cont. Source-code for the ADC control-subprogram.

42
43
44

45
46
47

48
49
50

'Hold ADC
Out 890, 249
For d = I To 500
Nextd

'Fetch lower byte data
Lower = Inp(888)
For d = ITo 500
Next d

'Enable higher byte
Out 890, 241
For d = I To 500
Nextd

51
52

'Fetch higher byte data
Higher = Inp(888)
Select Case Higher
Case I:p = 256 .
Case 2: p= 512
Case 3: p= 768
Case 4: p= 1025
Case 5: p= 1280
Case 6: p= 1536
Case 7: p= 1792
Case Else: p= 0

End Select
Higher = p
ADC3 = Higher + Lower
End Function

1')0
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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 circuit was tested separately before the

final coupling and calibration. This chapter presents the experimental procedure and the

results of the various tests carried out on each section of the design and concluding comments

about all modifications on the initial design.

4.1 TEMPERATURE SENSOR AMPLIFIER TEST RESULT

The temperature amplifier which forms part of the analogue circuit presented in
c,

Fig.3.1 was set to a sensitivity of 50m Vrc using the trimmer resistorR JI2. For the test, a

mercury-in-glass thermometer was used for comparison. The thermometer and the

temperature sensor (AD590JH) were both suspended in molten ice until the mercury-in-glass

thermometer reads O°C. At that moment,RVI was adjusted and the amplifier output was set

to 0.0 Volt on a digital voltmeter. The sensor and the thermometer were then suspended in

boiling water at 100°C,RJ12 was adjusted and the amplifier output reads 5.00Volt. The

temperature of the sensor and thermometer was then varied between O.OT 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 amplifier output versus temperature. The slope of the graph

was calculated to be 50mVrc over the measurement range.

Stability 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 7days 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 50m Vrc over the measurement range.
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Table 4.1: Temperature sensor amplifier characteristics with its sensitivity set at50mVrC
Thermometer Readinqr'C OUTPUT VOL TAGENolt

0.00 0.0000

5.00 0.2750

10.00 0.5200

15.00 0.7750

20.00 1.0300

25.00 1.2750

30.00 1.5250

35.00 1.7800

40.00 2.0250
45.00 2.2800
50.00 2.5250
55.00 2.7800
60.00 3.0300
65.00 3.2750
70.00 3.5300
75.00 3.7750

80.00 4.0250
85.00 4.2750

90.00 4.5250

95.00 4.7750

100.00 5.0150

6,---------,---------,---------,---------,----------~---------

5 -

~ , .
>
.:
!i

!3 /
!Ea.
~ 2 ---------7'I~---------II__-------_II_-.----- ----- -------

0¥---------+---------+---------~--------~--------4_--------~

o 20 40 60 80 100 120

TemporabJre in degrees centigrade

Fig 4.1: The temperature sensor amplifiers output voltage versus environmental temperature
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".2 Pressure amplifier test result

The pressure amplifier is shown in Fig. 3.2. The gain of the amplifier was set to 10 by

~' adjusting the trimmer resistorRg. For the test, a varying d.c. voltage of between 0 and

217.50mV was applied at the input of the pressure sensor amplifier. This simulates the

expected output voltage range from the 24PCCF6DA pressure sensor used. The sensor is

rated at 15mV/psi and it has a maximum range of 14.50psia. The corresponding output

voltage was measured with a digital voltmeter. The results obtained are tabulated in Table

4.2. The linearity of the amplifier is shown in Fig. 4.2. The amplifier was also placed under

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

4.3 COMllUTER INTERFACE ADAPTER ANI) PROGRAMME TEST

This unit is made up of the 12bits Analogue-to-Digital converter. It was both software

and electronically calibrated to ensure its long time integrity. For the electronic calibration,

the ADC was set to Ibit/mV by placing a voltage of 4096mV at its input andRVI was

adjusted until all the outputs go high. i.e the output was 111111111111

After the initial calibration, different voltages were then applied at the input and the

binary output produced by the ADC was monitored with a digital voltmeter. The result is

hereby presented in Table 4.3.

The software calibration of the ADC was done by connecting the device to the

.--i( computer through its printer's port. The control program was then run. First a known input

voltage was placed at the input of the ADC; a subprogram called calibrator is activated. The

program asks the user to enter a calibrating value into a textbox and then press return. 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 voltage by user/Converted

voltage from the port), to generate a correcting factor that acts as a multiplier to other

converted 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 result as displayed on the computer monitor (Fig. 4.3) and the results

retrieved from the data logged shows that the software works as expected. The source-code of

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

Input voltage Input voltage VD= Vp-Vn (mV) Output voltage

Vp(mV) Vn(mV) (mV) at 2TC

0.00 0.00 0.00 0.001

60.00 20.00 40.00 400.001

120.00 40.00 80.00 800.001

180.00 60.00 120.00 1200.001

240.00 80.00 160.00 1600.001

300.00 100.00 200.00 2000.00
"

360.00 120.00 240.00 2400.00

420.00 140.00 280.00 2800.00

am
Wp.t voltage (mV)

Fig 4.2: The pressure sensor amplifier output versus input voltage
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Table 4.3: The Analogue-to-Digital Converter Outout Characteristics

Input Voltages recorded by the digital voltmeter;
Voltage 1 indicates a high output (5V) while 0 indicates low output (OV)
(mV) BI2 BII BI0 B9 B8 B7 B6 B5 B4 B3 B2 Bl

10 0 0 0 0 0 0 0 0 1 0 1 0

50 0 0 0 0 0 0 1 1 0 0 1

100 0 0 0 0 0 1 1 0 0 1 0

200 0 0 0 0 1 1 0 0 1 0 0

400 0 0 0 1 1 0 0 1 0 0 0

600 0 0 1 0 0 1 0 1 1 0 0

1000 0 0 1 1 1 1 1 0 1 0 0

1200 0 1 0 0 1 0 1 1 0 0 0

1400 0 1 0 1 0 1 1 1 1 0 0

1500 0 1 0 1 1 1 0 1 1 1 0

_ "'EDAIN I I!'! iii 1:1

WEATHER DATA ACQUIsmON wm-t
COMPUTER INTERFACNG

TEMPERATIJRE PRESURE HUMIDrtY

I :[,-::- (7 -E IeeE: -7 E I :CC

TIME DATE

14:28:32 12-30-2003

Oala~-

rrrenpw_

r f'rMsu'e

I r Ht.midiIy

I Set OalaloggingRate

- Mm~~ I
Of I r l.tI1eiriervolOK?

Q9T

1110 PTojod1 -Miaosoftv.u.'--_I !!IW'EATHER DATAACQUIS II!!1WEDAIHT

Fig. 4.3: Weather data acquisition user interface
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..fA PERFORMANCE EVALUATION

In other to ascertain the effectiveness of the weather data acquisition system

developed, the system was used to monitor atmospheric temperature, pressure and humidity

around Physics department complex Federal University of Technology Akure. The readings

obtained were compared with that recorded by an imported weather station installed within

the complex. The results are presented in Tables 4.4, 4.5& 4.6.

4.5 CONCLUSION AND RECOMMENDATION

It has been demonstrated that simultaneous measurement and documentation of

continuously changing weather parameters such as Temperature, Pressure and humidity at

high speed are quite possible. The advantages of this system over other form of weather

monitoring systems are:

• The measurement and storage of data is fully automatic. There, is no need of periodic

manual- retrieval of data. In many versions of the weather monitoring systems

available, the data is manually retrieved and the system must be reset before it can

take new readings.

• Since the data are directly imported to the computer, the large memory facilities

available on the computer permits a long time uninterrupted access to data storage.

Also the assessment and further processing of the data will be faster.

However, in as much as the objective of this project (see section 1.1) has been attained, I

wish to make the following recommendations:

I. Since three quantities (temperature, 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 using cables to transmit signal from themeasuring zone to the

multiplexer, a radio wave carrier could be considered. The major advantage of this

is that in long distance transmission, running multiple cables is expensive. Also

this consideration could be advantageous in a centralised weather monitoring

system.

3. Instead of the parallel form of transmission used between the ADC and the

computer in this project, further work could look at the serial form of

transmission.
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Table 4.4: Temperature result of the designed equipment versus the result from a
laboratory thermometer

Reading [Tom Thermometer=C Result from the designed equipment/fC
25.00 24.80
26.00 26.20
27.20 27.00
28.00 28.12
29.80 29.68
30.00 30.18

Table 4.5: Comparison of pressure readings from the designed equipment and imported
weather station

Pressure reading from Davis Vantage Readingof pressure from the
Pro(mbar) designed equipment(mbar)

968.352 968.168
969.082 968.952
969.821 969.627
971.081 970.882
971.640 971.501
971.642 971.504
971. 620 971.583
971.624 971.589

Table 4.6: Compared humidity result for the designed equipment.
Readings from Davis vantage Reading of humidity from the designed

Pro(%) equipment(% )
67.00 66.80
74.25 74.08
80.00 80.32
82.50 82.06
85.00 85.06
87.87 89.07
90.20 90.17
92.00 91.67
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4. The inherent capability of a general purpose computer to data-log and process

large amount of data at high speed and make the result of such computation

available almost immediately presents a cheap means of achieving complex

control at ease. This great potential should be further harnessed in future research

areas that has to do with adaptability of various transducers (active or passive) to

control, measurement and instrumentation purposes.

5. 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 computer.

6. . In addition, future designs should look at the possibility of powering the device

from a battery/solar-panel. This will facilitate the usage of the equipment when

there is power failure and/or where electricity supply is not accessible.
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Appendix A

AD590Jl-l Tenlperature SensorApplication Note



Semiconductor
temperature
sensor Stock number308-809

;
I

Ihe I1S590 semiconductor temperature sensor is
! functiunally a two terminal I.C. which produces an
1OlJlpul'-~urr:ent proportional to absolute
f tcmper ature. for supply voltages between +4V and
~f3()V d.c, the device acts as a high impedance
fcoflstallt current legulator passinq ItA per deqree
•Y.!!lvill. l.ine ar isation circuitry, precision voltaqe
~all1pliriels, resistance measurinq circuitry or cold
~jlJfI(;tion compensation are not required for basic
.lclnperiJlwe measurement.
jll,e Il~~saois ideal in remote sensing applications.
!file device is virtually insensitive to voltage drops

.

110'.'1;1 10llg lines due to its Idgll impedance current
JOII'l",{ pi ovided tile connection cable used is a
(Vi:_;\l;c/ pair and well insulated.

~JII(!cinCil t ion
,Typical at f 25°C (298_2°K) and Vs 5V unless
'ol/ltJlwi,;e stared.
I

.' /1.1150111(0 maximum ratings
"r'}1 war d volt age (-I to -)f-44V
Il(NDISe voltaqe (I to --) .:..- ---20v

~Bred",fown vol!dUe (Case to 1 or·-) __.; __ i.200V

l
'nalt;t! pCIfOlnrance temperaturu rilnoe

-, --·55"C to + 150°C
jStorage ternperauue range. ---6!j"C to -I- 11[;oC
Lead icmpetature (:.iolduring. 10 see) +300°C

Puwcr slIPl,ly

j Opclalillg vullage range _ + 4V to -1-30V

Calibration error trim at ~in!Jle point
tempera ture-r--+ 5V

-f-

_ €~nS5110 0+

n ~>.

'/'{ inon
I

~"> VuUf

11, f !JlOll

I -0 -

__ " __ ov
~ 10 (,"n the ahove CUClJlI. tilt! 11!ll1Pl!I~HuIC vf the nS!j!lO IS

"lC:l~~lJ'ed by (l1t..dt!lt.'nCt~ le"'JJ(~f:tllHn sensor a. 1<..1H i ts Irlfnrn~d

, S{' 11i;11Vlllll = l,llVI °K.1l Ih.11 tCIIlPCfdIIHe.

PIN CONNECTIONS

+OCASE
TO 52 Package

PIN VIEW

f (

Output
Nominal current output 298_2/11\
Nominal temperature coefficient 1,,/I./'C
Calibration error J. 2.5'L IlIdX
Absolute error? (over rated pCI(orflli.lfICe tenlptlltl':rrl-
ture range)

Without external calibration adjustment
:!. 5_5 C rnax

With + 25°Ccalibr ation error set to zero
:!.2_0·Cmax_

Nonlinearity 10.8 C f1lJX

Hepe at abilitv 10.1'C max
Lono terrn dr ilt ' iO,rCillilX

Current noise tlOp/l./vfil
Power supply rejection

-1-4V!SVs!S +5V O.SiiA/V
+5V!S Vs!S +15V 02Jlf\/V
-I IGV !SVs ~ -1-30V O.lii/l./V

Case isolation to either IDCld 101°0
Effective shunt capacitance I ()()IJr:

Electrical Turn-on time? 21l,1:'
Reverse bias leakage current?

(Reverse voltage = lOV) 10pA

1 Conditions: constant + 5 V. constant ! 125 C
2 Does nol include self lie<ltill[) el"'cls
3 t.cakaqe CUIrent doubles every 10 C

Operation
As previously statcd tile output of the nS590 is
basicallv a proportional 10 ahsoturo rempcrnture
(PTAT) current requlator i.e. the olllplli is cqll," I,);)

scale factor mulliplietJ by tile tempor ature of the
IHHH;or in d~(JreRfi Kulvin.

Calibration error
Tile differcnce between lire il-,t/icilrnd ICIIlI'i.filtlire

and actua! !empera!IJII! is ci111,JdtI,() c.iliI)J;l!;()()

or ror. Since litis is a scnle f ac.t o r Oil or, ir is rc)l"civ.d)'

s irnp!e 10 trirn out. riU_ 1~llOWS 11,1) Iller:.;t ,dl.IIWllI"I','
Wily of Clccofl)pli:-.llinU Illi,;,
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TEMPERATURE

3992

Each RS590 is tested for error over the temperature
rangewith callibration error trimmed out.
This error consists of a slope error and some

curvature, mostly at the temperature extremes. Fig.
2 shows a typical temperature curve before and
after calibration error trimming.

Figure2 Effect of calibration error trim on accuracy at single point temperature

BEFORE
CALIBRATION
TRIM

\'
+ 2°C

I
l
i

1l~------------------------------------------~

lNonli n e a rity
jNonlinearity as it applies to the RS590

raXimum deviation -of current over the

CALIBRATION ERROR

n_. ._ -===-= _ ~
I \ AFTER

CALIBRATION
-20C ~ __ ~~ T_R_IM ~~

-SsoC + 1S0°C

ABSOLUTE
ERROR 0

is the
entire

temperature range from a best fit straight line. Fig.3
shows the nonlinearity of the typical RS590 from
Fig.2.

j Figure3 Nonlinearity

+ O.BOC

+ 1.6°C

~
o O.Bo~~ \t.BOC MAX

-O.BoC MAX(/" ,

-1.6° CL---' --'--

-SsoC -, + ISO°C
TEMPERATURE

sor. Note that for + 15V output (150°C) the V +
supply to the op-arnp must be greater than 17V.
Also note that V- should be at least -4V: if V-. is
ground there is no voltage applied across the
dovlce.
Note: Resistor values are typical and may need,
alteration depending upon magnitude of V-.

jig 4A. shows a circuit in which nonlinearity is the
!llajar contribution to error over temperature. The
;:ircuit is trimmed by adjusting Rl far a OV output
tlth flSGElO t'II one. R:z i8 than odjllatad for lOV out
~Niththe sensor at lOOoe. Other pairs of tempera-
tires may be used with this procedure as long asr are measured accurately by a reference sen-
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24I)CCF6DAPressure SensorApplication Note



Pressure Sensors
Absolute Unamplifjed Noncompensated

FEATURES
• Absolute pressure measurement
• Miniature package
• 2-15 and 2-30 psi pressure ranges
• 2 mA constant current excitation signif-

icanlly reduces sensitivity shift over
temperature"

24PC PERFORMANCE SPECIFICATIONS

Accuracy Specifications @ 10.0 :t .01 VDC Excitation, 25"'C

Parameter Range Min_
psla bar

Max_ Units

12 VDC

H.O mV

:t5.5

.20 % Span

.30

Typ_

Excitation . 10

Null Shift 2-15 1 :t2.0

Ot025°C,25to_5_0_"_C 2_-_3_0 2 :t_2_.0 ------------

Linearity 2-t5 1 .10
-----------

B.F.S.L P2 < Pt" 2-30 2 .15

Sensitivity Shift
o to 25°C, 25to 50nC All :t5.0· :t6.5 % Span

Repeatability & Itysteresis All __ :t~~ ~~e~
tnput Resistance 4.0 K 5.0 K 6.0 K Ohms
.----------------
Output ncsistance 4.0 K 5.0 K 6.0 K Ohms
--..-----------~--- ..-------.-------------------.-.----------_._-----."----------_ ..

Weight 2.0 grams

ENVIRONMENTAL SPECIFICATIONS

Operating Temperature -40 to +05°C (-40 to + 105°F)_ .._------
~~~':9_=_~='_nperature = 55..!.~~~~~~J=~_~~~~!'L . .__.._

Shock Qualification tested to 150G
.---------------------

Vibration Qualification tested to 0 to 2 kHz, 20 G sine

Media Compatibility Limited only to those media which will not attack polyetherimide.
silicon, lIuorosilicone and silicone seals.

'Span: the algebraic difference between output end points
HB.F.S.L.: Best Fit Straight Line

24PC ABSOLUTE ORDER GUIDE

NE~

24PC Series

Null Ollset Sensitivity Over-
mV mV/psl pressure

Typ. Max_ Typ. psla Typ.

-16 +14 t5 45

-t6 +29 II 60

Pressure
Range Span, mV

psla Min. Typ. Max.

2-15 -140 -200 -260
-----

2-30 -160 -300 -440

Min.

-46

-61

,
, Non-compensated pressure sensors, excited by constant current instead of
voltage, exhibit temperature compensation of Span.' Application Note #1
bnelty discusses current excitation.

Constant Current Excitation Schematic

Constant current excitation has an additional benelit 01 temperature mea-
surement. When driven by a constanl current source, a silicon pressure
sensor's terminal voltage will rise with increased temperature. The rise in
voltage nol only compensales tile Span, bul is also an indication of die
temperature.

Coraalltc.fTllII
Ia •.••

.,
R5 lhilt III•••••••.

••• "'~ •••••• f •••• '

C.lfr;1 •.••

Honoywott e MtCRO SWITCH Sensing and Control e 1-800-537-6945USAe + 1-815-235·6047lnternational e 1-000-737-3360Canada 13
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Pressure Sensors
Absolute Unamplified Noncompensated

24PC Series

24PC SERIES ABSOLUTE PRESSURE SENSOR OUTPUT CURVE

~.O ,---------------------------------------------,

-2~.0

0.0 ~~----I_----__.------I__----_+1 ----- 1-----

15 20 25
+

Vs -=- 2

:;-
§. -~.O

[ -100.0
5
~ -1~.0

~ -200.0
Jl

EXCITATION SCHEMATIC TERMINATION
STYLE
Style 6·1 x 4

Pin 1 = Vs (+)

Pin 2 = Output (+)
Pin3 = Ground (-)

4 Pin 4 = Output (-)

Pin 1 is notched
Pin 2 is next to
Pin t, etc.

--300.0

Abl10lule Pre-.re (psla)

------_._--_._--------

SENSOR SELECTION GUIDE
----

2 . 4 PC C

. Product Circuit Pressure Pressure
Family Type Transducer Range
---
2 20PC 4 Standard C 2·15 psia 1 bar
Family noncornpensated D 2·30 psia 2 bar

~----------------- -------
• Porllype refors to PI
•• Media soalls on P t side and will not be in COil tact with media

F** 0* 6 A
Type of Type of Termination Pressure

Seal Port (PI) Style Measurement-----_. -------- --------
FFluoro· A Straight 6 1 x 4 (.600' A Absolute
silicone D Modular long)

Exampte: 24PC:CFDt.iA
Non·compensated 15 psi Absolute sensor with fluorosilicone seal, modular port, I x 4 terminals. .600' long.
See Accessory Guide, page 27. .

MOUNTING DIMENSIONS (for reference only)

II I ]80-.U-o---IT· .31

I
f- -'----- PIN 1

152 ~-C 2,79

.60 .110

2,3
4 x 1,0 - - .09
4 x .04 __ - ~ _.4 x 0,5

4 x .023x2,5 _

3 x .10

A Straight Pori

12,7 _ ... _
.50

P2 \--_-+- __ /

:hlP 1L....L.-.-.-'--'- f 21 ,8

1,7 .86

.06 J_

_.4 xO,41
4 x .016 I-

-
--;-

~J
'- f...-/

D Modular Pori

_'2.1 --_.- ----
.50

P2

_L
1~

'1P1 21,8
1,7 .86

.06

1_

""(

(.J r r .

i
.

j

!
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Humidity Sensors
Humidity Sensor

FEATURES

• Molded thermoset plastic
housing with cover

• Linear voltage output vs
%RH

.' Laser trimmed
interchangeability

• Low power design
• High accuracy
• Fast response lime

• Stable, low drift
performance

• Chemically resistant

TYPICAL APPLICATIONS
• Refrigeration

• Drying
• Metrology
• Sattery-powered systems

• OEM assemblies

HIH-3670 Series

The HIH-361O Series humidity sensor is designed specirically for high

volume OEM (Original Equipment Manufacturer) users. Direct input to a

controller or other device is made possible by this sensor's linear voltage

output. With a typical current draw 01 only 200 I'A, Ihe ItIH ..3610 Series is

ideally suited lor low drain, battery operated systems. Tight sensor

interchangeability reduces or eliminates OEM production calibration costs.

Individual sensor calibration data is available.

The HIH-3610 Series delivers instrumentation-quality RH (Relative

Humidity) sensing performance in a low cost, solderable SIP (Single In-line

Package). Available in two lead spacing configurations, the RH sensor is a

laser trimmed thermoset polymer capacitive sensing element with on-chip

integrated signal conditioning. The sensing element's multilayer

construction provides excellent resistance to application hazards such as

wetting, dust, dirt, oils, and common environmental chemicals.

AWARNING
PERSONAL INJURY
• DO. NOT USE these products as safety or emergency stop devices, or In

any other application where failure of the product could result In personal
injury.

Failure to comply with these Instructions could result in death or
serious Injury.

AWARNING
MISUSE OF DOCUMENTATION
• The information presented in this product sheet is for reference only. Do

not use this document as system installation information
• Complete installation, operation, and maintenance information is

provided in the instructions supplied with each product.
Failure to comply with these instructions could result in death or
serious Injury.

Sensing andControl



Humidity Sensors

Humidity Sensor I-IIH-36 70 Series

Parameter

TABLE 1: PERFORMANCE SPECIFICATIONS
ConJition

RH Accurac;l)

RH Interchangeability

RH Linearily

±2% RH, 0-100% RH non-condensing, 25 DC, VsvppIy= 5 Vdc

±0.5% RH

RH Hysteresis ±1.2% RH span maximum

15 sec in slowly moving air at 25 DC

RH Repeatability

RH Response Time, 1/e

RH Stability ±1 % RH typical at 50% RH in 5 years

Power Requirements

Voltage Supply

Current Supply

Voltage Output

4 Vdc to 5.8 Vdc, sensor calibrated at 5 Vdc

200 flA at 5 Vdc

V,.'f'f*Y= 5 Vdc

Drive Limits

Vw = Vsupply(0.0062(Sensor RH) + 0.16), typical @ 25°C

(Data printout option provides a similar, but sensor specific, equation at 25 °C.)

0.8 Vdc to 3.9 Vdc output @ 25°C typical

Push/pull symmetric; 50 IJA typical, 20 IIA minimum, 100 flA maximum

Turn-on ~ 0.1 sec

Temperature Compensation

Effect @ 0% RH

Effect @ 100% RH

True RH = (Sensor RH)/(1.093-0.0012T), T in DF

True RH = (Sensor RH)/( 1.0546-0.00216T), Tin "C

±0.007 %RI·WC (negligible)

-0.22% RHrC «1% RH effect typical in occupied space systems above 15 DC (59°F))

Humidity Range

Operating

Storage

o to 100% RH, non-condensinp!"

o to 90% RH, non-condensing

Temperature Range

Operating

Storage

-40 DC to 85 DC (-40 OF to 185 OF)

-51 DC to 125 DC (-60 of to 257 OF)

Package(2) Three pin, solderable SIP in molded thermoset plastic housing with thermoplastic
cover

Ilanrllinfl Static sensitive diode protected to 15 kV maximum

Notes:

1. Extended exposure to ~90% RH causes a reversible shirt of 3% RH.

2. This sensor is light sensitive. For best results, shield the sensor from bright light.

ESD SENSITIVITY:
CLASS 3

2 Honeywell s Sensing and Control For application help: call 1-800-537-6945



Humidity/Moisture Sensors
HumiditySensor

FACTORY CALIBRATION

HIH-3610 sensors may be ordered with a

calibration and data printout (Table 2). See order

guide on back page.

TABLE 2: EXAMPLE DATA PRINTOUT

Model HIH-3610-001

Channel 92

Wafer 030996M

MRP 337313

Calculaled values al 5 V

V"'A@O%RH 0.958 V
VOlA@ 75.3% RH 3.268 V

Linear output for 2% RH
accuracy @ 25°C

Zero offset 0.958 V
Slope 30.680 mV/%RH
nit (V••..-zeroorrset)/slope

(V••..-0.958)/0.0307

Ratiometric response for 0
to 100% RH

v.: Vsupply(0. 1915 to 0.8130)

FIGURE 1: RH SENSOR CONSTRUCTION

DIRT, OUST AND OILS 00 NOT AFFECT SENSOR

THERMOSET POLYMER

Pl.ATlNUM LAYER

SUBSTRATE (SILICON)

"1
For application help: call 1-800-537 -6945

1111-1-3670 Series

FIGURE 2: OUTPUT VOLTAGE VS RELATIVE

HUMIDITY AT 0 DC

4.5,------------,

4.0

Sensor Response _

Best linearru

4.07

3.5

U 3u .0-
C-
~ 2.5 -
2
o 2.0->

O·G

:;
1.50-

:;
0

1.0-

0.5

0.8

00 -f--t--t--+--t--1

o 20 40 60 80 100

Relative Ilumidity (%)

FIGURE 3: OUTPUT VOLTAGE VS RELATIVE

HUMIDITY AT 0 DC, 25°C, 85 DC

4.5 -r-----------,

3.5

0.8

4.0 -

:;
~ 1.5
o

.g 3.0--
C-
O> 2.5·-
0>
!9
~ 2.0

1.0

0.5

00 I I I
o 20 40 60 80 100

Relalive Humidity (%)

Honevwell • Sensina and Control 3



Humidity/Moisture Sensors

Humidity Sensor

ORDER GUIDE

Catalou Llstlnq Description

HIH -3610-001 Integrated circuit humidity sensor, 0.100 in lead

pitch SIP

HIH-3610-002 Integrated circuit humidity sensor, 0.050 in lead

pitch SIP

HIH-3610-003 Integrated circuit humidity sensor, 0.100 in lead

pitch SIP with calibration and data printout

HIH-3610-004 Integrated circuit humidity sensor, 0.050 in lead

pitch SIP with calibration and data printout

FIGURE 4: MOUNTING DIMENSIONS for reference onl

1111-1·3610·002
11111·3610·00,1

--' 4.27 l-I(0.160)1

81
9.47

(0.373)

i
12,70 MIN
(O.!;O)

+ j

d~~3X 0,38

1.27 ~I(0.015)

(0.050) _ 2.54

(0.100)

11111·3610·001
I III 1·36 10-003

-*1 4.271_(0.160)

our

2.03
(0.080)

12.19 MIN
(0.400)

~

11111-3610 Series

WARRANTYIREMEDY
Honeywell warrants goods of its

manufacture as being free of defective

materials and faulty workmanship.
Contact your local sales office for

warranty information, If warranted

goods are returned to Honeywell

during the period of coverage.

Honeywell will repair or replace

without charge those items it finds
defective. The foregoing is Buyer's

sole remedy and is in lieu of all other

warranties, expressed or implied,
Including those of merchantability

and fitness for a particular

purpose.
Specifications may change without

notice. The information we supply is
believed to he accurate and reliable
as of this printing. However. we.

~ssuflle no responsibility for its use.

While we provide application
assistance personally, through our

literature and the Iioneywell web site,

it is up to the customer to determine

the suitability of the product in the

application.

For application assistance, current
specifications, or name of the nearest

Authorized Distributor, check the

Honeywell web site or call:
1-800-537-6945 USA

1-800-737-3360 Canada

1-815-235-6847 International
FAX
1-815-235-6545 USA

INTERNET
www.honeywell.com/sensing

info.sc@honeywell.com

Honeywell

Sensing and Control

Iioncywdl

II West Spring Street

Freeport, Illinois 61032

~Prinl.d WIth Soy 1.,_
~)on so'%. Rnr.ydfld P"p,,,

009012-2·EN 1\5n (;to 501 Plll1ln~1 in lISA

www.honeywell.com/sensing
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MICROCHIP
TC7109

TC7109A
----_._--_._---

12-81TpP-Compatible Analog-To-Digital Converters

FEATURES

• Zero-Integrator Cycle for Fast Recovery From

Input Overloads

• Eliminates Cross -Talk in Multiplexed Systems

• . 12-Bit Plus Siqn Integrating AID Converter With

Overranqe lndlcatlou
Sign Magnitudo Coding Formal
True OllfercnliOlI Slqnal tnput 0111(1Differential

Referonco Input
Low Noise 15pVI'.r Typ.

Input Current IpA Typ.

No Zero AdjllSllllCllt Nondcrl

TTL-Compatiblc, Bytc·Or~I;Jllizcd Tri-Slall!

.outputs
UI\RT Handshake Mode for Simple Serial Data

TI ausmls slon

••
••••
•
ORDERING INFORMATION

PART CODE TC7109X·
/1

A or blank-

POIckOlgc

Codo

Telllperntlirc

RilngePackage

CI<W .1,1·I'Orr' (rt.:1I,17UC

CLW '\o1-Pifl PLCC OC to 170'G

CPL 4U·Pil1 PI;Jstic DIP U'·C to I zo-c
1.11. "0 Pill CI'IDIP ··2;'(: tll 1f\5'C~----- ----------- ---_ ..- .. __._---
• The "I\" vor sion has a itiUlwl lou: ()II till) di1lildllilles.

FUNCTIONAL ElLOCI< DII\GRI\M
--------------- -------------------

',.

GENERAL DESCRIPTION
The TC7108A is a 12-uil plus SiOrl, CMOS low-powe

aualoq-Io-diqilal converter (ADC) Only eiulll passive com

poneuls and a crystal are required to form a complete

dual-slope illteuralillO ADC.
The unproved VOII source curront TC71ODI\ has rea

huus lhal ruakn il ,111atuactivo pm·dlallilol ;tlh!rll;,tiv() Ie

;11I,llo~1 1III1I1ipl(?xilllj for llIallY dala ilcqlli~;ili()11 i1pplicil

linns. Tho:.o 1();.lllJ[I)s include typic"l illp"t hias CIHIOllt 0

1pl\, drift 01 loss II 1<1111)1V rc, input noise typically 1~f1VI'

r-. and auto-zero. True differential input and rotorenu
allow moasuremcnl oJ blidHe·type trnusducers such <I'

load culls. stmin U;lIl!IUS, and t()IIIJU?lilltuo trunsrlucers.
Tile ·1C7 109A provides a vorsutilo di!Jilcll intortaco. II

UIO direct ruodn, chip select <Jlld III(JI III OW bylo OIl<lI,le
control 1',11<11101bus iulerlace. III Ule It;lIlr1sl inko ruodn, lit,
TC71O~)1\ will opernte with iudustrvstnndard Ul\l1Ts i
CI)( III ollill!J ~,(!tI;11 d;MI t(;IIISllIi!;:;jIJIl ii\Pill for rumot

data lomJillo. Conn 01 and 1l1(~litor ill!] oJ conver slon Iuuin

Is p/Ovidcll \ly tho nUN/llOLD illJ>1I1ilnd S lAtuS oulpu
For applications reqlliring more rnsululion. see III

TC500, 1fi lJil plus sinn ADC data sheet.
Tile TC71WI/\ has improved overrnnqe recovery pCI

Ionnance and lti!Jller output drive capilllility lhan tile oriU

lIill TC711H1I\III1HW (or exlstiuq) do:;iOlis should sper.il
tile TC 71 ()!)A wherever possible.



,..-
12-BIT liP-Compatible

Analog-To-DiUitill Convertors
TC7109
TC7109A
---------------------_ .. _-_. __ .- - -_ .._--_.

----._--_._--
ABSOLUTE MAXIMUM RATINGS~

·Slatic-!,,;f'!lIsilivo rlnvicf"!. lJllIl~pd lIevi('p'; 1t1l1~1 h(~ !:Iclft'd ill cOlldwlivo

1I"llcll", f'lllh:d devirp.s h011i stallc disf.h.lIq,! j,"d !'(;,Iic fiold::: Shosc;os

;lhove 'hose ti!'lcd IIIHlcl Absolute Mw(illIlIlH n;,tin~)~lI1;}y couse
pellll;)llelll 1I,'1I1';1ge Io lho device Thcs e ale ~lIf~SS r;.JIiIJ~s only and

funclionill 0pcl;Jlioll of the device at IIIP':"'! 01 (lilY other r.onrhtions ahove
those inuicated ill thl"! oper ationa! sec.tiru I~ (If 111f~r.p0.t-:iriraliol1s is nul

illlfJlifltl. f:XjlllSIHC'! 10 Absolulo Maxillllllll H;llil1!J C(llidiliflil" fOI oxll'lId(.:d

l'''lind. Illay ;]1I"d df'vic" Il'liallility.

rosilive Supply Vollaqo (GND 10 VI) . . .. +G.2V

Negalive Supply VUIl<1!]8 (GND 10 V·) " _ 9V

Analog Inpul Vollaqe (Low to High) (Note 1) Vila V"

Referellce input Vollaqe (Low II) Hinh (Nole 1) .. V· II) V-

Diq!I<1llnpul Voltaqe (Pins 2-27) (Nole 2) .... GND -- 0.3V

Power Dissipatnm, TA ~ 7WC. (Nole ~l)

Ct!I/)IP "2."29W
Plastic [)IP l.;J:lW

PLCC .. 1.2JW
parp 1.00W

Operalinq Temperature RallDe

Plastlc P<1ck(]!J0 (C) ..... O'C 10 ·170"C
Cer<Hllic P<lCk<1~I(! (I) " . - 2:;' C 10 ·1(l:;"C

(M) - :;~i'C 10 + 12~i"C
SIOr<1!)o TCl1Ipor,llt1lo R;1I1!10 -. t;~i"C 10 +'150"C
Le<1d TOl11per,lll11e (Solderill!l, 10 see) ..... .f 30U"C

NUTES: 1. 1"1'111,1'11;".1("Illily me'!,," '.111'1,11'VI.II:H",Sif illl'III CUI",,,t i,;
liu ,,111II f•• I IIHlpll.

2. C"""pc(iIl9 a"y digital infJIII~01 oulplltc to VIlII;]!lp.sfJ"'ilter
",,," V· III I'!!".s than GND mily C:;]"'(>1I(·,.II",.Iiv(>rI"vic" btdl'
lip 1 ho(r!ft1Ic. it is rCCIHlJlllfHI"l'd 111;'11inputs IInlil S(HHc(~5

ollu!, Ift;H1 lho ~(1/1l0 "(Jw(~r supply ~;hCll/ld nul hn ilp"lll~d In

II", I CT lonll ucf"lIl il" I" 'WI' I ""l'l'ly i,; o"t"IIli';II"d III
1l11llliplo f'IIPl'ly "y~;tfllIlS. thu r.III'J,ly III 11,,1 dnvicft ~;lIIJllldIltl
llt:iiv:lI"d 11I·:t.

]. l h!-, thllill (Ifni S In Iltal of tho P;II k:UIIl ;,nd Will 11111OCUli dllrill~
III101I;,IOPI!I;llioli

ELECTRICAL CHARACTERISTICS: /\11jlilraillclms wilh VI::: +S\!. V ::: -':.V, (;ND::: ov. 1f1 = 12SC.
tllllf!SS ()1I1~rwis(! illdif:;llcd.

Typ I

I
J.OOOO"I

Symbol Parameter
Test Conditions

Mnx [ UnitMill
_A_I1_<1_'C:~.__ .__ .._. .__ ._.._.__. __.... _._. __..

OVf1110ilcll\ccuv(!ry Tiruo
(TC71091\)

Zero Illpul r~eadill!l

U i Mcaswellleill
. Cycle

Inooo" (lei •.•I He•.•dinn
Vlr~ = OV

rull Selle = t111U.GIIIV

VIf, r Vr:rr
Vr;! I v ;,JU'l./liIlV

Full Scnle = '1ll~)('IlIV 10

2 (I<I8V Over Full 0PClillillg
Telllper:ltrrrc nallgc

FilII Scale = 40!U'IIIV 10
2.0'18V Over Full Opel Cllillg
T f!llIpnr<llure R;I!I!)e

VU.I.i tV. V,tJ = OV
rull Sdle " tlll!1 GIIIV

11I(lIlllli!lir.lllput l.ow,
nlld (:""1111011r'ills

'- 0000:1

:1771" :177 I"
-1001111

iO.2

'lOOO" ,tlJt:llllI!;rdill!)

NL Nllillillc.lrily (M:lx ncvi:lti,,"

Frum Ilo sl Slrili!llllLille rit) ··1
i I COUllt

CMRI~

Roll-Over Error (Dirfclellce ill
nCildillg (or Eqll:ll PositivI' and
Ne!)iltive lupuls Nr)i1I (Full Scale},

Illpul CUrlllll()II·Mnd(!
n(!j()r:lilllll~:llin

Corlllllllll·M(lde V"II:HI'!
IlnllCjc

Nolso (r-P Vnluo Nul

Excceded 95'Yo of TillIe)

Le<lkCl!lfl Currant at IIII'ul

-·1 10.02 , 1 Count

"VN

VI. I v

I".,
VIN" HV
Full Scale = -109.GIIIV

V"I. 1\11 Packages: i 2!)"C I 1 III 1'1\
c p,.\,ice: (Y C '" T fI < 170 C 20 100 pl\

~~I(;~~;~(!~_2~~Ct'~~ ~i~S;~!) c I I '~() I I~U I ::~
Zelo Ilo;lUillV DI if! V

H
•
I = ov /1 j' 0

,
2 j r, /1 IllvV,'cc

Scalll·F.lctor VH~" 'IUIJ 9111V= '" 77 IUu v

Temperatrue Cuefficielll neildill[j. Exl Ref = Opprllrc I'
SlIpply GlIIrnnt VH' ~ (IV. Clyt,tnl 09dlll.,10f I 700 isoo 1'''
(V' to GNO) :).:'flMIIz. Test Circuit . I I

s~~,~2.r.1II~J~~~" '::1_1 . __ rIIlS.2~:~I.:..~~._~f\.~~. ?:~?P~!!.'- _... _. ::.. ~ __ ._~:~)'-!_I__._.I.!~~

15 ,.V

TCiS

TCrs

II

I~~. -

2



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

Symbol Parruneter

ELECTRICAL CHARACTERISTICS (Cont.)

_. _._-----_._---_._------------_._----_ ..__ ._._- --------

TC7109
TC7109A

r~ol 0111vultaqo

1GflU' Her uru Iumpci auuc

Cocllidclll

v
Digital

Output Ili~1l VOU;HJC

TC710!1/\' luur = 7110,,/\

01111'111L()w VlIU;I~W

01111'1111(,;]K;l(II! GIIIICloI

COllllnll/U

P\lIl·UI~ CIIIH!III

COIIIIUI flO Loadill!J

hllHlllliHh VUllil!lO

VII IIIIJlII Luw V(]II;I~Jc

IIIIHII 1'1111Up r.IHII'111

Iw

InpIII PIIII Down ClIIrt!111

O~;t:iIl;llul Oulpul Luuenl. IliVI!

Oscitlnloi Output CU1I0111.I OIV

nllll'!ll'd US"ill"I"1 (11111'111
(:11111'111.111\111

llllllclcd Oscili ••lol (lIIII,"1

Cuueul, Luw

Mode Inpul Pulse Widlh

------------------- ---.---r----r -_.---_....,

Mill Typ I M<lx! Ullit
--n--,-!Ic-.I-·c-Il·-c-e-d-Io-V-·-,2-.S-k-\-2-----+---2-.4--t----2-.8-1-~! V

n,!IW'!'!1I V' alld Rl!l 0111 I I
;>~,~lllklw(,CIl V' <llld nel 0111 80 PPlllf'C
lIC -: T 1\ < '70"(;

Tesl Conditions

rillS 1- lG, Ill, 19,20

lm n = '1.6111/\

f'III!; J- 10 IliOh IIIIpud;IIICC

l'ius lll, 19,20 V')II/ :: V'- JV
M"dl! IlIplll al GND

i iijER Pill W; LOEH, Pill 10

PillS IB-21,2li,21

nnlCJl!IH:ed 10 C>ND

PillS 10 - 21, 2G, 27
Helerrmced 10 GNU

PillS ;,Ill, 27; Vrrlll " V'··· :IV

1'111';I t , 2~, VIIIII r- V'·- JV

Pill 2 I. V('IJI '" eND:: I JV

VOI1I --;1..!iV

V'JUI = 2.SV

V,'"I "2.5V

V"lIl = 2.~,v

3.5 ~ :I

n.2 lI'l

JO 01 II
:,

[,0

2.5

V

/1/\

/1/\

pF

V

V

,,/\

p/\

p/\

111/\

111/\

111/\

1.5

2

60

11./\

nsec

IIANDLING PI<ECAUT\ONS: TIIO~e dnviC:(!;,;1I (J CMOS nil" must bu 11;III1f1ndcurroclly to pruvou! d;lIll<lq(!. rilck<lqe

(lild store oilly ill conductive Ioain, <lll'istillir. lubes, or other cOllduclill\-j l1I<1t0riili. Use plop(!r ;lIllisl<ltic ilcllHlIill!J

procedures. Do not connect ill circuits Hilder ';JOwer-oll" cundilions. <l~ 11i!)11trausionts liI;lY CDIISO ponuancnt

dall1<lUp.·

3

------------.--- ---_.-



, ,, CL • , CL •-t -t~ u ~ ~ U ~
~

..J U. ~ U.
0 u, a:: ur
CL a:: 0 a::

•Bll G" ~IINtl1 BId:! ~ltNtll

810 [~ ~IINLO 8 10L~ :'~ltN LO

09 IT ~ICOMMON B9~ ~BCOMMON

B8~ :i~IINT B815~
-,
'.':II1H

07 G" i~ll\l 07 E1 ~SJAl

NC [6 TC710!JflCI(W
IRINC

/

Nr.I'; 1l.7109f1CL W
'liNe

rClI1l9CI<W TCll09CLW
nG L~ (PUI r) 1ilnurF nG li5 (l'LCC) ·Iil nurr

B5 ~ l~\HEr UU I o~li:1 .i?\ nEF our
84 [2 7;'\ v: 84 E"5 ~]v-
BJ ~ ~~ SEND BJ @. 30] SENU

B2 [!J 21] RUN,iioijj B2 E"l i~ HIIWiiol I)
10 19 li0liilliilliil ~ liil §llid [~~

cD I-

I~I~I~
u w ~ I- ..J 11.1- e- I-

I~I~I~
u w Z I- .J u..•.....

(/) Z 0 :l w u o m (/) z a - :l IU u.::>
w 0 l) 0 III :l0 IU 0 U 0 (/):l0
I-

::I! Vl U Q)u I- :l: Vl u u ml)0 l)
0Vl Vl Vl Vl (/) Vl

,. 0 o 0 0 o 0

~,'

Jr.

TC7109
TC7109A

12-BIT flP-Compatible
Analoq-To-Dtqltal Converters

.- .__ ._._._-_._--_._. __ . - ..... -- ..__ ._-_._-----_.._.__ ._------

PIN CONFIGURATIONS
.------------------_ .._-_.. _. -._. -_._----------_._-_ .._-- .._-----_._----

GNO 0: ~l v'
S1 A 1 US [i illREF IN-

rOL IT JU] HU CAP-

OR I:-T ill HEr CAP'

1J12[I :i.~·IRr:FIN·

IlII I}~ l~lltllll

8100:: :lilINLO

~n~l ril T(;7109f1 illCOMMON
• & TClIO!)

1'1\ Ii, (CI'I , III .illllil
MJI)

nl [!f,. (l'0If') ~i IAZ

116 Iii (Ccd)I1') iiiJ nurr

n5L~ illREF our

04IT~ 2~V-
n] 11~ m SEND

n2 I}f, ill RltNfiiiii.i.i

n I [if. ~Jourr osc au r

IESf CD ~nOSC SEL

iRE,. llii FloscolJT

liilt:N r~ :if.] OSC III

cEII.i)"!) r.~~ H] MOtll!
'-- -1

1- __ . __ .... .. Ne ~ NO INIEHNA1. CONt-H'ClIOfl



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

TC7'I09/A PIN DESCRIPTION

Pill No.
(40-Pill PDIP) Symbol

1 GND

2 STATUS

:1 POL

4 OH

5 012

6 BI\

7 Gill

n n,
!) 1111

10 I),

11 Bu

12 B~,

I ~\ (11

1,1 0.1

t. 15 Bl

16 BI

17 TEST

III

LDEN

19

liBEl'!

20 -_._--
CE/LOAIJ

21 MODE

22

23

2·1

ose II-l

ose OUT

oscSl:L

2!i

20

uur use (JUT

HUN/IIl'u)

~----~------------------------ -

TC7109
TC7109A

-------.-.----.----

Description

Di!Jital ground. OV. wound return lur all di!)ilallugic.

Output IIIGH dllring inteqrato and ilcinlcgralu ulltil d3ta is lalchnd. Out pili LOW
when an<llo!) soction is in autozero or zoro-huoqrator r.oflfiqlllalinll.

Polarity - Hi!)" lor positive input.

Ovcnanqe - Ili!)1t if ovcrranqcd.

Oil 12 (Mosl SiUllilicilllt Git)

en 11

01110

nil !I

Ilil U

1\11,

UII (j
J\ll'IIlf()(l-St;ltu [)ala Bils

eu s
[Iii 1\

nil :I
Ilil 2

Bit 1 (LeaSI Sigllificalll Bit)

Illpul High - Norm ••1operation. Input LOW - Forces all bit outputs HIGH.
Noto: This illPIII15 IIs(!tllo, II!sll"llpnsns nnly.

I o,filyto Enable - Wilh MODE (Pill 21) LOW, allt! CE7i~OAj) (pinlO) lOW.
lahinu this pill LOW acuvales low-order bvto outputs, 01- UU. With MOOE (Pill 21)
111(;'1. this pin serves as low-byte fI<ln output used in handshakn mode. See
nqllics. 7,8. nml U.

IIi9h fly"! [llahle _._-With MODE (Pill 21) LOW, and ciJio!io (Pill 20) l.OW.
laking this pin LOW nctivates hi!Jh·ordm hyle outputs. 09··012. POL. OR With
MOli!: (Pin 21) HIGH. this pill serves as hiyh-I>yle 11<19olilput IIspII ill handshake
!luKle. SUP FiU1ffPS 7. O. alld n.
ChiI' EII.lblp/Lo;)d ---' With Mn(")r (Pin 21) LOW, CE/LOi\/J f,01Vn$ ns n master
(11111'111Pllnhle. WhpIIIIIGII. 1l1-·IJ 12. PUL, OH oulpuls me disilhled. Whcn
f'..IOIl[ (Pill 21) i~ IIiGII. <Iload Slll.I>C is usorj ill hilndshnllo /lIode. See ri!Jllln 7.
1.1. nlld 9.

~~'~I~_L.~)W-- lJi,,.d oulpul IlIotll! WhPfl! ([/LOAU (l'ill :!O). i ifiCH (rin HI), and
tllEN (t>ill 10) ad as inputs diredly cOlllroliillY byln outputs,
tllPli1 Pulsed IIiGII ..-. Cnuscs illlflindiale nllliy into hillld:;IHlkc IIlIlIle alld (lIltPlit
01 dala as hI Fi!llIlf' 9.
1111'111IIIGt-I -- Enables U.CiLUAtJ (Pill iO). i Il3EN (l'ill 1<)).alld LBEH (Pill 10)
as OlilpIIls. halldshilkn modo will he olllnrcd <llId d;)la OIlIPIiI a:; ill FifJlffns 7 <Inti
B at couversions cmupletion.

Oscillator Input.

Osr.iltalor Output.

Oscitlatnr Select ..- Input I IIGII cOllli!llJf(!5 OSC IN, ()~C Ot ) r. LIlIF OSe: OUT as

He oscillator - clock will he same phase and e!uty cycle <IS BUF ose OUT. Inpul
LOW conliqures oseIN, oseOLJl lor crystal oscillator - clock frequency will
he 1/5/J 01 hcqueucy at BUr OSC OUT.

n"I[OIod O,,<:illulul lIlitPlit

1"1'1" 11I'~11.".' (;""""r ••lp,,, .•.•H.li.llu.lI.nly pnlror1l1od uvorv n 1fl~~r.lnd pIIIHIlR.
1111'111l.OW ..-.. Couvors.ion ill l\lo(Jinss r.nll1plulo(l: COIlV()!It" will !;lllp III ;)lIln·ZOIo
sovou counts botore 11\1C~llc'lc,



lC7109
lC7109A

12-811 pP-Compatible
Analog-lo-Digital Converters

Pin No.
(40·Pin PDIP)

27

1-=

SEntA
<)tHrill

TC7109/A PIN DESCRIPTION (COIll.)

Symbol

SEND

2U

29

JU

:\1

:\2

:1:1
],1

3~i

V

REF OUT

BUFTEH

AU10·Zr::nU

IN rr:Gn/\ I Uf{

COMMON

INPU r LOW

INPUT IlInll

REF IN'

REF CAP'

HEr CAP

HEr IN

3G
'37

V'

L
NOTE: All dillil,)llnvr* ow 1""ilivI! I"",.

-(

+5V

J' all CD4O<"
nESET ClK

\.11 10 v' ~+5V

1 ~ V GND .-! REf IN
39

0V TRC GND
.1- 17 25

BUFF OSC OUT REF CAP- 38
OSC CONTROL OSCIN -----::L E

:3 [,,, 2 rH:F CAP+ ~~_II'F R
GNO EPr: - STAJUS

4 30 REF IN' 36
0RnD ClSI

35 1M!!37 19 ------
ClS2 - IIBEN IN III -r-'VVv--O

12 36 • IN LO ~: rOOll'F 0- ROR1·-8 50S
61\03

PI ~GND ' & TC7109A COM 0
13 CMOS UAnT

H -sv t 3n 32 I (INrI'E CRt B9-012, ItH --- ----,
~ Iy 9-16

POL, OR ~ lLl (Ill O.
15"r

FE AZ

15
OE 'lORI-8

26-33 8;
01--08 OUfF

3U ~~It I- 7 VVv

16 21 17
TEST REf OUI

29 R'NT 20k!1 O.- sro mE - - -
IlIlIk!! 1

16 16 ---- v- 26
-5VDIm I.BEN -

20 19 21 26~ RRI DR MODE HUNlllOlD +SV Oil OPEN
l.

TBRl.
23 20

CE/lOAD OSC SEl 24 GNO
r zz 27 23

TBRE SEND osc OUT --0 3.58Mllz
25 21

OSC II~ ~ CRYStALTRO MR -GND
l.

ANAl.OG
Grin

GNO

XTERNAL
ErEnENCE

+5V +

5-
+

INPUT

GND

SEnt"
INPU

·f~t:nr!i rl:lr It:lWtl,,, ,U\\NIH OI.iIH~lIltll\lIl)I\, 't oh I,,;f .tfHI "'!lilli's

should have IOllkU """'''f' rnsistor s 10 ·1 CiV

rlu",n I. le710!!1\ lJAHr I"trllnen (S""dl\"y WOldtu lJl\RT to lln".",lIlnlc~1 Ro •• "\)

;)1(11\1 ••11I1I'lhl,' Ir,I., •. , 1\ In~.



TC7109
TC7109A

12-81T lIP-Compatible
Analoq- To-Digital Converters

Zero-lute qrntor Ph:1sC

Tile ZI pll<lse Dilly occurs when all input ovenanpo

condllion exists. Tho function of the ZI phase is to 0lilllil1<lte

residual charpe 011tile integrator capacitor alter <Inoverranqe

measuremont Unless removed, the Ie!3itiu<l1 charqe willhu

translerred to tile auto-zero capacitor and cause all error ill
the succeedinq conversion.

The 11 phase virtuany niilllill;)les hystcresis or "cross

lalk" in mullipluxcd systems. All overr;llloe input on ono
channel will not cause all error 011 the nexl channol mea-
sured. This Iealure is P.SpOci;ll1y Ilspf,,1 ill tllI!III1I.lGUuple

measurements. where unused (or broke II tlWllllocouplo)

1I11111tS<l1P-llIllied tn tile posilivl! sll!,ply mil.
DurillU 7.1, tll() 1<'f('rPllI:r. C;II);II:il(l1 i" eli;1I111HI 10 tile

rnllllollco voll;llj(!. '11111siUno,1 il'l'"I:; ;III! dis(:lllIlIPc:lnd (,1>111

tho bulfur <IIII I illle~llalor. TIm COlIlJlilfiltllr output is COIl-

noctcd to tho buller input, C;IIISiIlY lhe illtcyr;-ltur oulpul to be

driven rapidly to OV (Fiqure 3). Tile ZI phase only occurs

following an overrange and lasts for a rnaxinurm of '1024
clock periods.

Dlffcreutial lnpu!

Tile TC7109A lias been oplimized for opnrnlion wilh
ll/l<llo£j COlilllIOIl near diyil;d 91111111d.Willi I ~iV <1nd ..fN

power supplies.;1 full 1.t1V Iullscalo illloqltltor swillY maxi-
uuzes the annloq section's perfonuancn

A typical eMI m of (lGdO is ;ll;hinved for ill(lul differeillial

vlllln!ll!s ;llIywIH'rll within liI(~ IYl'il':I1 I:III III III "I IIl1lt If! 1;)lIqn

of IV below tile pusilivo slll'ply tll I .~iV ,11>IlVl~!lIP II('q;:ti've

sllpply. However, Ior optluuun pndllllll,lIlCf!, tile IN III ~lllJ IN

La inputs should not come within 2V ol either supply [(Iii.

Si,ICO tho inlcywlur also swinqs witli tile conunnn-modn
voltaqe, care IIIlISI be exercised 10 l!IISurO IIIC illteglator

output does 1101snlurato. A worst C<1SCcou.litio» is near a

full-scale lIegalive differellti;)1 inpul voltag,., wilh a larye

positive conunon-mods vollnqo Tile neg;ltivo jJIllIl1 slrjnal
drives 11m IlItc!.lr;llor posilivl! when 1I10!,t of it~; swifiO 11<1s

been used up hy tho positive conuuonmodo voltaqo. III

such cases, tile illleW;)lor swinq can bs reducad to less 111;111

tile recollllllelided l'IV full·sc;le v;-llue,.witll SOIIlO loss of

accuracy. Tile inleuralor output C<lll swinq 10 wilhiu U.3V of

either supply wilhout loss of lillocllity

Dirrcrcnli.-.I Rolel CIICO

The relcrcnco voltaqo C<111lIP. Df!llemled nnywhcrn
within tlie power supply vollaue of tile convertor. Roll-over

VOIt<lljC is IIw m.un sourer: of COIlIIII()ll 1111)(10.r.llllr, C;)I 1:'1!iI

by the reference capacitor I· ISir I~I or !FlillillO c:kHfJe dill! 10

stray capacitv 011 its nodes. With <I I;Hqe COIIIIIIOIl'lllodo

vollaqa, the refereuca capacitor CLlIl WIi;l ch;Hge [incr aasa

voltaqe) when callod lipan to d(~inteur<lt() CIpositive silJnClI
and lose c1lm[w (<Increase vlllI;I!lO) whru i (:~III(!d 1'1'011
to d(~illlp.~\li1I(' ;) IW~Fllive in11111~i!111i11.Tlli:. dilrl'l(!IICll III

relorenco lor (~) or (-) inpu! vollnqos will cause a toll-over

en or. This on or can be held 10 less lhan O.S cOUlI1 worst caso

by lISilll:l il liH~JO rder euce CilP;lcitor ill comp.u ison to tho

sIr ay capacilanco To millimizc roll-over error flolI) theso

sources, k(!(~p tho Ide 10lice COli II I1I111-1l10d(!VOllil!Je 118m or
at <1n<1I09C011111101l.

DiyitaJ Section

Tile! dilJilal section is shown ill tho block diaurmn (fi!)-

urn ,1) arul ill(;lild()s lite clock oscillalor illid sC(llill!J circuit,

a 12-1Jil binary counter with output lnlchos and T Il, COI1l-

p<llihle IIH(!()·slate oulpu! drivers, LJAI1T h;IIIi1!;Ii;lk() loqic,

pol;1I ity, OVl~II;1fHjC, nnd control IO!lie. LO!Jie h~vf!ls <110.'ro-
Inrlnd lu i1!; I.OW or IIIGII.

Inputs drivcu "0111 TTL gi1tos should have 3ku to 5k!.l

PUIl'IIP rnsislors .uldnd for mnxhmun noisn illllillfilily. For

minimum power consumption, all urpuls should swing ham
GND (LOW) 10 V' (HIGH).

STATUS Output

DlIIirHj <I convorsfon cyclo, tllO S r/\TtJS olllp1IllJo(!S

IIIGH <11lho beqillllillg of siyn<ll illt0.!Jr<1lc <111111)00.5 LOW

one-halt clock period after "OW dill;) fr (II 11II III COllvel sio: 11I<Is

been Sl010ci in !lIe oulput lntchos (sce ri!Jur0. :\). Tho siUllill

Illily be used as a "data vahd" fJaq lu drive interrupts, or lor

monltorinq llie status of lhe convenor (Data will not cliange
while slnlus is LOW.)

MODE lnput

Tile output moue of the convertor is conuolled by tile

MODE ill put. -I he cunverlar is ill ils "dir Del" output III oil a ,

when tho MODE input is LOW or loft OpOIl. Tile output data

is dir0ci1y accessible uurler tho conlml of tlie chip and byte

enable inputs (this inpul is provrded wilh <I pull-down resistor
to 011sure a LOW Level when tile pill is leU open). Whell the

MODE: i1111111is pllbr.d lIigll, tho couvrulr-r cntru s III(J U/\fH

h;)llilsli<lkr. IlIodn ant! OIIIpiitS tile r.i;iI'l ill 2 I)ylr.s, Ihell

relllllls to "direcl"~lflode. Wliell tile MODE inpul is kept

IIIGII, tlw convertor will outpu! d<ilii ill lhr: li;lIlllsh;Jlw mode

at the end of every conversion cycle. Willi MODE = 0 (direct

bus transtcr), the send illpul Sl10llItJ be lied to V·. (See
"Handshake Mode.")

RUN/nOLD lnpu!

With tile rWN/f/oCD input Ili!Jh, or opou, tlie circuit

operates 11011I1<1l1yas a dual-sf 11'0.ADr:, as shown ill ri'lille

3. Couvor sion cycles operate cOlltillUOllSly willi the outpllt

latches updiltr.d ,ll!r~r zero cr I.' -.~;iIlUill tho d!?illteqrato IlHJcin

All iulor nnl pull-up resistor is provitJeu 10 clls~re <JIIiGI J
level wilh ;-III oro II illrul. .

II



TC7109
TC7109A

12-81T flP-CompatiblE
Analog-To-Digital Converters

,------------_._-----_. __..._------------_._---_. - ... - .. -.--.- .-.-.---- ..-
All f O-ZEno

llETEnMINATED "flASE I
AT ZERO cnOSSING MfN 1790 COUNTS

DETECTION \ IVAX 2041 COUNTS~~...~
INTEGRATOR OUTPUT

INTERNAL CLOCf<

INTERNAl\.ן \ TCII

STATUS OUIPUT

RUNIlIOLO ItlPUT ~ IL ~:-::_~

,---------------
• NOl E: 1<1INIlIOI n 1111'''1Is IUlln,nd 1111111nil" or ,,"IIl'ln'<l p""~n.

riUII' n~. 1C7109A nUNlllOLLJ Opn' ntlon

. .. - '.
Tho I~UNIlIOUl iliplilm;IY IH~ usnd 10 shortou conver-

sion lime. If I{uNII~i6U5 goes LOW any lillie <Iller ZOiO

crossing ill the deinleqrale mode, the circuil will [ump 10

auto-zero and eliminate that porlion of lime normally spent

in deinleqrate.
II RUNII~lOLD slays or qoos LOVV. 1118convorsion will

coruploto with mluin II 111I timo ill dcillhJ!Jlilte. II will sl<1Y in

auto-zero for tho mininunu timo ,lilt! wait in nuto-zoro for (l

ItIGII at tile fWN/iiiX5 inJlIII I\s shown ill ri!IIIIC ~, lil(!

STI\TUS uulpul will <II) IIIGII 7 clock p(~liod;,filtm RUN/

I'IOLU is ch;lIIqod 10 HIGH, and tile converter will hcqin tile

inleqratc phase uf tile nexl convct sion.
Tile RUN/i'IOU) inpu! allows controlled conversion in-

tertacn. The converter may be held <.11kllu ill auto-zoro with

RIJN/HOL15 LOW. The conversion is started when RUN/

nOLO goes HIGH. and the r.ew data is valid when the

STI\TUS oulpul nops LOW (or i~~,~fcf[cd 10 tho UI\RT:

sep. "Handshake Mude"). r~UN/lI()U) IlI;1y now !)ll LOW,

terminatinq deinteqrnlo and cnsm inU a minuuum auto-zero

lime before sloppill(l 10wait for the next co,.versi5~1~_~~)f\vcr-

sion time can be minhuizud by OIlSlJl ill\} RU~N/IIOLD goes

LOW tlulillg d0.inlegmle. alter zero crossing. alllI goes

IIiGII <Iller II ie hold point is reached. The required activity 011

1I\(~RUN/IlOLD input can be provided by connoctinq illo tho

bullercd oscillator output. III this rnorlo. the inpul value

measured determines tho conversion time.

Direct Mode

Tile u<11<1outputs (hils 11111'01I'lil U.lownrd,~r !lyles: hils

9lilrounil12. pnlnrity ;111(1ovorr.uujo Ili~JII,oldnr I,yles) lire

accessible uu.lor (:0111101ol II II! hyl(~ ;111<1cilip I:1l;lll!p lnuni-

nals as inputs wilh 1110MOJ)[ pill ••I " I.UW tcvol. Ihnsu
three inputs are all active LOW. lnler nnl pull-up resistors me
provided lor (Ill IiHldlvll IIiGII l(.Jvol whun Inll OI'U'1. WllUll

dlill (m IIIIi II11'0I.OW, I1llyltl'fll1l1llhl inl'lIll OW will nlluw \I\(!
outputs of till! by Ie 10 bocomo "clive. " v~lIi(!ly of parnllol

TCil('IlI'" 1 II/~.:'"

(\;)1;1 ;1ccnssillU tochnlqucs 11I.IY 1>1:used, ns shown in the

"lntcrlacinq" section. (See Fiqure () ,1I\d Tallie 1.)

lite access of dala should be synchronized willI the

conversion cycle by rnonitorinq the STATUS output. This

prevents nccns slnq data whito il is u,!ill~1 updaled nnd

eliminatos 11\1:acquisition of ou onoous (1;t1;1.

CEILOflO
AS INPUT

IIE3EN
AS INPUT

tBEN
AS INPUT

ItlGII·E3Y 1E
()A1A

LOW-BYTE
OArA

- - - - - = IIIGH IMPEDANCE

FI{llIro 6. TC7109A Ollect Mode 01111'111Tlllling

T able '1. Te7109.1\ Direct Mode Titllinu Hoquit el11cnis

Sy~;r-O-;;-~criplloll Mill -T;-~;-'rM<lx I Units

1(\["1\ Byle Enable Widlh 20n r;ou n!lel.

'Ililn [lal;l Acccss Tillie l'iO Jon IIS(!£:

1""'11 Byte 1:1';11110

IllI'll 1),,1;1Iioid Tuuo l!iO JOn nser.
I-,","Ilyl,' rn.i1llc

IC[II Chip [n;)I)lo Width 300 5(1) IIsec

Inl\G nllin /\CCOAg 111no :mll ""0 I'lAiln

1'1I11II.Olllp F.lIl1hlo

lillie DilI;l I klill llme /00 -till! IIsee

Iunu Chip [1I:1!J11l
••••.••••• _ .·0.· __ ••••

III
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12-81T pP-Compatible
Analog- To-Digital Converters

Handshako Mode

An alternative means 01 iliterfilcin\J tho Te7 lmlA In

di!lilnt SYStl!IIlS is JlI ()vitieti wlll'n tllo It;Bldsll;ll\!! output

mode 01 the TC7109A bocome« nctivo in colltrollillt] 11m

flow of data instead of passively respondinq to chip and

byte enable inputs. This mode allows <I direct ilitUI lace
between the TC7109A and Industry-standard UAf,Ts with

110 external logic required. The TC710UA provides <111tile

control and fI(ltJ siqnals necessary tn sequence 11m Iwo

bytes of delta into tile UAHT and initiate their transurission

In serial form when Ii i!\lJHrf!d into lite 11<1111bllakn mode,

Tile cost 01 dusiDnint] remote d'lta acquisition stations is

reduced usinq serial dala Ii ansnnsslon to tuiuimize tile

number 01 lines to tile conu al coulrollinq procussor.

Tile MODE lnput controls Hie handshako 1I10(h! Wlten

\lIU MODE iupul is 1t(!ld IIiGII. lilt! Tel IllDA 1!1I11l1!;lhu
handshake mode after new data lias II()(!II st(1I pd ill tlte

output latches at tile end 01 evel y C011V(!lsio11 I'cilllllll(!d

(see finures 7 (llill A). Entry into tho 1';IIIlI"h;lkelllntle may

be lrimlP.red on demalidbytlleMODEiliput.At <lily lillie

durin!) \lIe conversion cycle. tile LOW 10·111(JIIII;ln~;iti()1l 01

a short pulse al lhe MOUE inpllt will cause inuuediato entry

into the handshake modo II tlus pulse occurs while new

datn is heinq StOIed, the entry inlo hamlshako morle is

delayed until the data is stable. 1 lie MODE input rs'i!Jllored

ill the handshakn IIIOdp-, and uutil lho convntler complotes

tho output cycle ancl clorus llu: handshnku nuxlo. daln

IIpdatillU will be ilillibitnd (see fiqlllO ~))

Wilon lho MOUE input is 111(';11(II whnu thn COIIV()lter

enters the handshake mode, lite chip and byte enable

inputs become Tlt.-compatibtc outputs which provide lhe
output cycle control signals (see Figures 7, 5 and 9)

The SEND input is used by \l1C converter <IS;:111indica-

lion 01 tile ability 01 the rcceiviuq device [such as a UART)

to accept data ill the haudshake mode. 111e sequence 01

tile output cycle with SEND held HIGH is SIIQWII ill Fiuure

7. Tilt! harulshakn mode (intetnal MODE IIIGI-I) is efllered

alter the Jat" lalch pul:,l! (the CE/LOi\[). UiEN :llId i ifiEN
tHrlllill(lls arn :lclivll :IS outputs !",iIICf! MOI1F remains HIGH).

Thn IIIGIII()vel at the SEND illlllit is slllIspd 011 thn
S(lIIiO HIGII-l<)-LOW interll,ll clock (~d!W. ()1I111(~II('xl LOW-

tu-IIiGII interual clock mine, the 11i91t-Older byto (bits 9

Ihrough 12, rOL, illid OR) outputs aro enabled and tho CEI
COi\D and tile liOEN outputs ;'SSUIIIll (I LOW level Tile

CE/LOAU output remains LOW lor one 11111internal cluck

period only: lite data outputs remain active lor 1-1/2 iuler-,

nal clock periods: and the hiqh-hyle enable remains LOW

lor 2 clock periods. Tile CE/LOA5 output LOW level or
LOW·lo·1 IIGt I orlqo mny bo used ns n syncitrOililllifi sl~l-
,,"I In 1,III'Utl) \lnlid rlnlll, nil" lito byl" flllnhln /lR 1111lI\1tpliI
may 1>0 used !IS " by to Itlellllllcl1t\OII 1i"Ii. Wllh SEND

-{

,

I'

I

TC7109
TC7109A

rCII1i1il~~}.l.,-!!qU the convenor comploIos tile oulpul cycle

1I~;ill'1 CE/l.OAO cHid l8EN whiln III!! lowonlor hyle oul-

puls (bils 1 \llIollqll Il) nro activated WII(~II hllth bytes are

sent, the handshake modo is ternuuated. Tile typical UAHT

iulerlaciuq liming is shown in Finulc [I. The SEND input is

used to delay portions uf tile sequence, or handshake, to

ensure cor reel data transfer. This lililing di<l9WIll shows an

iudustrystruularu HUG403 or CUP I fl!J4 CMOS UArn 10

interlace to serial data channels. '1lie S[I~D illpul to the

. I C71O!JA is drlvnn hy tho TI3HE (Tr;lIlslIliltnr rIllller i{c!qis-

tor Empty) output 01 tho UAfn. and 1110'C:EiUii\i5 111))1It of

the TC71 09A drives tile TBf~L (Trausnutler Buller HI!(Jistnr

Land) input tu tile UART. Tile eiqhl trausrnittor buller roqis-

ler Inputs accept lho parallel dala outputs. Witll tho UAfH

\i;lIlslllil\pr tllllll!1 rcoi~;[cr ellIply. IIH! Srr~\) illPllt will 11o
IIiGIi when the hamlshako mode is ellteretl after now data

is st~~:~!:_TJ'.'? Iliqllonlel byto outpul« IlIJUH1H! active ;11111

tho CF/L(JA\) and IIBE N inputs will '1(1 l.OW ilft(!1 srN[J is

sensed. Wllell cEii:C5j.,iS \Illes 11I()lt ilt tho nnd (If one

dock period. tile hiqh-unlnr byte d;lt;l is c\ociu!d iulo 1111:

UAIH lransmitler buller IC!listerllifJ llAH fll3HE Oillplit

will yu LOW, which halls the output cycle wilh the I im~N
outpu! LOW, antllllB lii~lli·order bytn outputs active. WI,p.n

tile UART has trauslerred the data to tllC transmitter reqis-

ter and cleared the transmltler llllffP.l rn!listm, tile TBRE

retums IIIGII. 1118 hiqhordur byte OUIPlltS rue disnbled Oil

tile next TC7IU~A inlumnl clock IIiGII 10 LOW ed\J(), <llld

OIH!-II~lll ill\!''-'~ill clol:~J.<IJ~~, tlHllin[f,rolltl'lIll(!hllll~; ruou.
Tile CEILOAD and LBEN outputs yo LOW at the same

tilll~~tl1C low-order byte outputs become active. Wllell

ti,e CE/LOAD returns HIGH at tho end or one clock period,

tile low-ardor data is clocked inlo tho UART trallslIlilter

buffer reuistor. and TBI~E aqain goes LOW. TIIP. next

Te710eJA interual clock HIGII td LOW f)(lye will sense

when TARE returns 10 a I-IIGII. disClblinn the data inputs.

One hall il :1.c::111~~:~<?c~I'.1.!Q~,_tlln11i1l1C\~II~I_komode is clcarnd,
and lho C[/L()l\\). lineN ilIHI I.IW.N touuinals lullllil

'"GII nnd slily nctive, II IvlODE sull uuuaius IIIG' I.

11;11)(1:>1wk(! oulpul soquoucns may hn I)(!I lon lied 011

dumand \ly Ii iqlJelillfj tile converter inlo il<lllllsliilke modo

with a LOW-to·IUGlt ullUe 011 1110MODE inpul. A hand-

shako output sequence Iri~J!lered is shown in riUIIIC 'J. Tile

SEND input is LOW when the converter enters handshake

mode. Tile whole output sequence is controllod by the

SEND input, and tile sequence lor tile first (lIi911 order) byte

is sunilar to tile sequence for the second byte.

Fiqlll e lJ also shows 1I111111m output sequence can lake
lonqor lhnn n convorslou rvcle. Nnw dnin will illJl hn 11\11:hnd
wholl tho 1Ii1l1dslillko modo is still ill "ronlnss ,11111is thorn-
'('1'0 IOISI.

11
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TC710~
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/

lEIlO CflOSSltlG occuns

Jj»: lEflO CflOSSlllG IlElrCTEI>

s rxrus OUIPUIIJNCIII\IIGEU I.I\TCII Pill SEIIIIIIBITED

-Lr-to~nE""-'~, . ii,UI\HTMUIlE

~ r-,
'~ 1---

~--~-4.--------~1 ,
't'-'-';"4"';-+"';'~';;""';"';'...;;..t.' IlE I'III\SE III ~ 'r--+--f---

POSitiVE Tfll\USI nON
CI\USES ENfflY IIITO \

UI\I( f MOnE

INI EIIIIAL CLOCK

INlEHNl\1. 1.1\rei I

SrATIIS ourrur

i:
r
I'
r
;:

MOIlr: INl'li r

I~IIE !HI1\1.MOllE

SEW) nrr-ur

CE/I.OAUI\S au n-u r

11£11'11

IIIGII·UYTE DII I II

I.IIEN

---------------

LL
-------- -- ~ y..-- -~ --------..t, 'r-- --- IlIIIIIVAl.Ill - -----lOWnYl E fll\ 11\

" (JOII'! CAlIr:
_____ " TlllliTSIIIII:

IIIGIIIMI'EIlI\IICE

------_ .._----_ ..... _._-----------------------------_. _._--_._-----_.
flrlllle. 9. TC7111~1\","d,hoko TtlU(Ir.lod hy MOUE 1111'111

Os clllator

'l ho oscillator' mny 1)0ovo.drivou, or rllily h!! ()I)(~Idll!J ~IS

<III I~C or crySlal oscillator. ·111p.OSCII.I/\IOI{ SEIECI

lnput optlmiz os lill! illlUr lIi.11couliqur ation 01till! IlsCilldllll lor

I{C or cryst;ll Ol"!l<ll"lli. 111l!()~)C:III/\ I ()I{ :;I.IIC I irlplrl

is provided with ,1plflllfp resistor. Wllell till! ()~;<:1I1 /\ I 01{
SELECT input is IIIGII or lull 01"111,tlte n~;cIII;lltil IS cOlllin-

urnd Ior RC operillilHI. TI,u ir"(~lrlill cluck will hu til() S,1I110

frr:qllf!I)Cy (lild pli;}se <IS 1I1f! Sirlilill ill llin nurITI~r:()

OSCILL/\TOr{ OUTPUT. Connect tile rusisturnnd C<lflilci-

lor as ill Fi!}ll/e 10. 'lh(~cirCtli1 will oscillate ill (l h cquoncy

ljivelllJY I :=() '15/r{C /\ I UOkU Icsislor is rOClllIIII lI)r IIftnl lur

useful rall!jes 01 IIIJqlJI:IlCY. TIle capacitor value shouh l lm

CIlO'Hlil such 111:,120,\(\ cluck pl!Iiods wu cl()51?III ;111ililenral
IIII tltlpl" 01 II ~II,hilt IA ""HII" I' il J 'I ,II, iu"" "t II I,· IIi I'; "'in"II""

WllIlll~.,l.\ILI\I(I\( bl:\ 1.'.(;1 litlhil I.nW, tV.'11\1! ,,1,lp

capacitors ,Hid a lecdh.u.k duvic:o <lie ,1(lded III tile o sr.ill.r-

lor. ln lhis couliqurnliou, 1110oscill,\I()r will "I)I!I:1I(' will, most

crystals in ll ru IMill II) [iMIII I ,1I11j()with no o~lcr 11;11COIIII'O'

neuls (Fi!J1l1O II). lilt! OSl:It.lI\IOH SI·I lei IIlllId I UW

insui Is ;1 liwd • SO divider cin.uil hulwnun 1I11~11111IT nLl).

OSCIII /\101 { 01 J II 'LJ r ,1I1t1II ,I) ir Ilf!1J1;tItlt n.k . /\ J 511MI17

., V crystal (liveS il rlivisiou ratio IlI()vidIlH);)1I illt()lilillioJllilllo

qiVIHI Ily:

1:= (:!()·III «Iru.k pprilld!;) . 58. ":=:U 1£lrIlSI!r:
J ;)OMlll

I he el rur is loss than 1% /t(lfll lwo riOll1 periods, 1)(

:lJ.3:lrllsec, Wllicll will uive I)ell()r tll;1I1/10dO, GOlll rejeciioll

T he converter will opcrillB rf!li(llJly ill couvor sion rilles up

lo:J(J fler sucouu, cort cspondiuq lu it cluck /tP'1IJf!llcy 01
2,15 !JIdL,.

Wltnll 1110uscillalor is III IHJovonh ivun, 1110OSCILLI\·

TOH OU lPUf should 1)0 loft opou. <llIrI the overdrivinq
'II'IIInl slllllll11 hn npplinol fli tile ()SCIt 1./\ 1()f~ INPUT, Tho
Illli'III.I' ("ICH:k \'VI" t,lt uf H." ",," •. 1d•• ,,, i,y. hi, ''''fI''I1IHtV flud
phasa a~;II II' IIIpill SI\llIiil. WI "'illi ,ill.lilctl I '" ~II ~~;r:I I:P I
is (II (;r~D, tho cluck will hn IISB ul IIl1) illl'lli Ir oquuncy.

I' III'-'.A I I •.•. '~
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12-81T pP-Compatibl,
Analog-To-Digital Converter

-(>0-
24 22 23

osc osc OSC
SEl 1t4 OUT

n
c

v ' OR OPEN --11-rOSC = O.4~mc

25

BUFFEREO
USC Oll T

rill'I/" Ill. TC7111<JfI RC Os ctllntor

24-1--osc
SEL

GND

ri!IIIIO 11. T<'7109A C,yslnl Osdlblo,

Test Input

Tile COIIIII!'r .1I1d ii" oulpul s may he le~;led casily Wilen

lite 1EST input is Wlllle{:il)d 1'1 l;I~[),lhu i,lil)'lIilll:lur:k is

disabled illld II Ie c{ iuntor ()ull'lIl~ aro ;111fOII:ed illlllllll~ I IIGI t
stale. WilcJllile input returns 10 tho 1/2 ~V'·- GND) vollaqe
or 10 V' aud OIlC dock is input, I"(~ COlllIll!1 \lIllplils will ;11:be

clocked 10 III(! LOW state. ~ «
Tile cOUIlII!I oulpul l.uches ,)lC {!1I;llJll!d whcn IhoI [ST

input is tnken to <3 level llalfw<lY belwnnn V' and GNU,

allowinq IIle counter contents to be uxamincd anytimn.

Component Value Selection

The inleqr.rtur outpu! swinq !()r full 51;.110shuuld he as

I;lr!le as possihln. ror oxrunpln, will: I r:,V supplies and

COMMON connected to GND, tho nominal illteql ator output
swinn <11lull-scale is .1,IV. Since 1118il Ile!)I ,llllr Oiliput can yo
10 O.3V lrom either supply will 11)111siUllificillllly cffncliJlU

liIW;llity. a t1V inteqrilllH output swinq allows O.7V for varia-
lions ill output swin(J duo tu COIllPUI10l1t vnluo ~liId oucillntor
loIWIIII(;(.tl. Willi :I!)V 5upplitl6 t1Jid n ''Cli III IIllll· II II'ld 0 v"lIn~JO
1,11l\le (lfl.IV I(!qllilnd, 11m component values t;llolliLl bo

sC'l{~cll~" In I'rovi"l~ I :IV illtl'ql ;Itlll (II 111'"1swill\) N{\i~;I! ,11111

loll over on ors will be slinlilly worso tllilil ill 1I1p.I-1V eilS'

F or I<lfye CUlIlIllOlIlllOliB voll<l!lu rnllljl!S, lite illleWi11!

output swinq IIIL1st be reduced (wilier. litis will il icrease bol

noise <Inti roll-over errors. To improve porformanco, I G

supplies IlIClY ho liSOU.

IIIIC!JIilli/l\l Capacitor

'1110 illl(~qlillilln capacitor. elNI, slllllild I)(~ sr!iecl!!ci t

!Jivf~ 1I1p.maxiuuuu illteymlor output vollilqn swill!! that wi

not saturate tho illtn!\filtof to within O.JV Irom either slIppl\

/I. I :I.SV 10 I t1V illle!llall)r output swill!! is uominal lor tit

TC11()9/1., with I 'JV supplies and illlilillfl C(1I111110flCOI

Iwelt!d to C;NU. For 7-1/'2.conversions per second (61. 7

Id I.- illll'III,,1 clod frt!qlJ(!III:Y), uominnl v: lit Il'S "un aud el\

~lIn n.1 !iI''' ;lIld O.:UI'F, respoclivt'ly. IIII!!;I! \,illlI(~S shnul

I'I! t:it:III!/t'li il. dlf\()J(!lIt clock helllll)llI;il!!; ,lIn lI!;cd tOIll"il'

ti1illllw inlcrjrnlur output vlJlI"uo swillfJ Till! vnluo of CIJ~I i

!livell by:

C
I1H

= (20t111 x Clock Pnriod) (2°11/1.)

lnlcqralor Output Vollaqo SwillU

1 lie illttlfjlllliliU capacitor must have low dielectric ah
sorplion 10 pwv()111 loll over errors. Pulyprupylelle c,lpaci

IIII~; \Iive III II Inli!t:iilllill nnors, at rp,lsllllilhln t:Id, lip II

+ ll5'C. Tcllot I"" capacitors me recommended for the milil,lr'

lemperalure ranqe. While their dielectric absorplion charac
toris lics vru y somewhat between units, dovicns may III

sr!ll?t:led 10 less lhun O.G count of enol' due to diPleclrii
,lb~;UI ptiou.

IlItC!Jf<lliIlU Re sl slur

'1lie illlp!lr;ltor mid huller 'lIIll'lilims havo <I class I
oull'lIt sl<l!ll} wilh Il)()p/l.llf lIuiesc()1I1 1:11111)111fil!)Y suppl!

20,,/1. III tli ivn current with IwUliljil Ill! nonlinearity. Tile into

~Jrillill!J resistor shoukl bp.l<lf~Je enouqh lo rnmaln ill this V(!fj

lilteiH reqion over 1110illput vollaqo r'IIl!)r., but 5111<111ellOll!11

IIIi1t III1I\tln fr!iI~;l~W mqulrrnnents ;IIP 111)1pl;ll:ed on Ihe PC
hoard. For 2.0t1IlV lull-scale a IOllkU resistor is fCCOIll

IlI!!IHII~d and Inr I\Orl.611IV Iull-scale a 2lJk I resistor is recom

mended. ~ltH may be selected (01 other values of full seals
by:

r I III·Scale Vollaqo
---------

2(),,/I.

Aula-Zero Capacitor
/l.s lhe (111101810 capacitor is rnado I,lrue, the systcn

noisu is reduced Smco the TC710D/I. incorporales ;1 zcn
illlt!!lrnll)r cycle, IIle Si7C ()f 1I1p.aulo-znro capacitor docs 110

;lf1ud ovorlond rucovory .. [ he optilll;ll value of II ie nulo-zorc
t:npncilnr it: hnlwoon 2 <lilt! 1\ limns \.1111./I. typlc;nl vnlue 101
el\l is O.:l:Il'r'.
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TC7109
TC7109A

Tile inner loil 01 CAl should be connected 11.1pill J I ,1IId

1I1e oulnr foil 10 tile r~csuuuninq [unctiou The inner foil of

CINI should be connected to 1110HC sununinq [unction and

the ouler foil 10 pin 32 for best rejection of stray pickups. For

low leakage at temperatures above ·IUS-C. use Tellon

capacitots.

Reference Capacitor

A luf capacitor is ruconunondcd lor 1110,,1circuils

Howove·r. where a l(lrg8 couuuonmode voll;r~lf~ exists, a

larqIH villtrr~ is ref(llired 10 prr.Vf!IItIOIl·I)VIH (,Ifill (n.!! .. 1I1e

rolerouco low is not ;111;11011conunnn), ;1111'a (\(I!J(iIIlV scale
is usnd. '1110 rull IlVIH Pllnr will hll Iioid h) II.!; 1:1111111with n

10pF C;)P:1Citol For lelllpel"lulI~s "I\llvn I (HI'C W;I~', 0/1011

or equivalent cnp,lcillHS for their low h~nkn!JI' r.h.uacluus-

lics.

Ro Ie ronco Voltnqc
To uonomlo tull-scatc outpul of llm){; CIlUlltS.UIO analoq

inpul roquuud is VIN = 2 VIHT l or t!O!.J.GIIIV full sca!c. use a

rororoncc of L()tI.OIIIV _III many applic;lliolls, wllel () till! ADC

is connected 10 <1transducer. a scale laclor will exist be-

lwecn the illplil vollaqo ;IfIU 1110.diUil"l rCildillU r ur instance.
ill (1'''l!ilSIJI ill!) syslnl\;, tho dosiqnr.r I"iqllll)I~('I\J 11;)Vfla II tll-
scale ro.ulinq whcn lhe vollaqo for tile 1r;1I1SlrllCor is 70n1llV.

IlIsl(,'1I1 of dividill!) 1I1einput dov/u lu IIU9.IiIlIV, IIlf! desiunnr

should use tho inpul voltaqo dilPclly ;1IHI Sdl'ct Vrur =
J~iLJIIIV. S\lILIIlII' v;rI1I1~~;Ior illleql;rlirl!III~!;i!;I(l1 ;rrlll 1:;)I';u:i-

lor would l)(~ 34k11 and 0.15!IF. This makes IIw system

sliglrlly quieter and also avoid" a divider nctwoi k 011 the

input. Auothor ildvillll<lUe of this system OCCUIS whuu tcm-

perature and wckjhtmcasurerncnts wilh ill Ioffs(!I or taro me

desired for \lOlllPIll inpul. Tho nlfsl'llilily he ililioduc()d by

cOllrH!dillH 1110VOIt;H)f.' output (If lhr: tr .1llSdlll:l'r hotwcen

COIIIIIIOIl and <J1I,lloq Ili~JIr. and the onset vull<l!w'llelwecll

common and ,millu\j low, ulJservill!l pol<lIi1io~1Ic<Heft-l!ly. III

processor based systems usill~l the TC71OUA, il rnay be

more desirable 10 LIse software and perform this lype of

sC<llill!1 or 1:11c subtrnctiou di\Jilillly.

Reference Sources

A major factor in lire absolute accuracy of the ADC is 1I1e

sl;rllilily 01 IIle rclorcnco voit<l!W Tho 12-llil rusolutinu 01 the

Te7 IO!)A is 0111)Pilll ill (IOC}('.1lI 2·1(1I'P"I. TIIII!;. 1111thn 011-

board rolcrcncc lelllpcriltlllC coerficicill of 7(lPflI1I{"·C. a

ICillperillure dilfeII'II!:() 01 TC will inlrodur:n <Inile bil uhso-
11IIeerror Whol e 1110illlllliellllurllpOrahrrl) is 1101cunlruller],

or whore Ili!JIr-,lccllr,H':y ahsolute llle"SIIl(!IIH~lItS ,lie beill\)
made. II Is reconuuonuou 111(11till o),lorlllli I!lUII quOJlly
rHlelf~rH:o IH~ IIs(~cI.

A rolm cnco OUIPll1 (pill L9) is 11I1)vicind wllidr "lay 110

llsed wilh a rosistive divider 10 genf~r<lle a suilable relercuce

vollaqe (2UIIII\ may be SUlik without siquilican! variation ill

output voltnge). 1\ pull-up bias device is provided which

sources about ·fOpA. The output VOIt~fJP. is nominally 2.0V

bolow V'. WII()n IISillg Ihe on-hoard rcferellc(). nEr OUT

(pill 29) should be connected 10 rwr: (pill J0). ~IHI ReF'
should be councr.ted Io lhe wiper of a precision [1018nlil)lII-

olor between REF our and V'. TII() lesl circuit SIIIlWS tho

circuit for a 2()1j.8IllV rolerence, gellelilled by a 2kU preci-

siou (lolelilielfllf!ll)[ in snrir!s with a )t!l<illixoti I(~f;isl()r.

Interfaclnq

Direct Mude

COlllhill;IIiOIlS of cl !ip ouahlo rn ICI hy!f~ enable control

sinr "lis which may be used when lnle: facillqllllJ .:!C 1~lUI\

10 pm"lIel d~la lines ill e shown in riqufe 12. Tho CE/LOI\D

illplIllllay he lind low, ;r1l()will!.J nilllP.r hyle 10 he CIlIIIIOIII!d

hy its UWII enable (ri~JlIre 121\) r~)~~r_~_I?Q shows tho
fiiJi:N illllli.nEN ns flnU inputs. ;11111CI:'/LOI\Il as n Illilsler

(JrlilIJle. whu.h could be Ill" [lEAl) su obo availnblo fro",

ruosl microprocessors. FiYlIre 12C shows (1 cOl1fiUlifillil)Jl

wlwie tho lwo byte enables (HO col1ll(!ded 1()!ll!lIlef. Tile

(';ciLoi\iJis (1 dlip nn.ibln, (l11r11111;i iijlN ill,,1 ifi[r~III<ly

1,(>used <lS;1 second chip 011<11110.or COllllI~L.!f~d III !]rollJld

Tile 1(1 dat;) outputs will be enabled ill 1110srune lime. III

1I1f~dil()d MODE, SEND should 1111lie~d leI V'.

FilJlIro I:! shows illlerf<lcill!..l snvcr al TC710!:JA's 10 a

bus, !..I~IIUill!J IIle ilf.iEN and [8E£i~'iiYII;r~ 10 several cou

verters [Of/ether. and using the CE/LOI\D inpul 10 select
lhe desired converter.

ri9lJrcS flj - 19 givo praclicnl circuits ulililillg tho
pnrnllel IIlren-slaln Ilulplrl capnbililies of lhe 1 C:7109A.

f'iqllro It! shows par allol illlcrfaCl~ 10 Iho lnlcl MCS·t!8. -un
al;d -us systems vi;) all n2S~i rrl, whore 1I1e TC71091\

dala outputs are activo al all times. '1lie fllSS I/O ports lIlily

be used in an klentical manner. This interlace can be used

ill a reudaltcr-updato 'sequence. <1Sshown ill Fi!)ure 15.

The d;rla is accessed by II ie Iliyh Inlow Ii ansiliun of tho
STATUS tlrivill\.) an inlerrupl lo 1110microprocessor.

The HUN/j loLD input is also used 10 iuitiale conver-

sions 1I11dm software control. Fiqure Hi qives (In interlace

In tv\ulolul" MCGBOO or MOS T()e;I"InIIlIlY MCSGSOX sys-
II ~III .

1\11interrupt is ~lellefalod thr ouqh 1110Control Hc!)isler .

u. Cnllilllllr(JIIII~~(:"~I}.u1e IIlIr,W trnusitinn of !I III SlA1US
output '1lee nUNIlIOL.D pill is control'ud by C02 1I1roU\.j1e

Control neqisler '13, allowinq soltwru o conuol of convor-
slous.

1!1
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12-81T liP-Compatible I
Analoq-To-Diqital Converters

TC7109
TC7109A
------------ ---_._--_.-- -------.------

Direct intcrl.. _, to mos: microp: (){:0.~;sor busses is

easily accomplished lIlIllll~11l tile three-state output of tile

TC71091\.
rifJlIres I, 17 and III arc typiG11 connection di;l~lrnll1s

To ensure requirements lor setup arul hold iimns, minin II 111I

pulse widths, <lilt! the drive limilations Oil lonq busses are

met, it is uoccssnry to carefully c()llsid'~1 tho systcm tunlnq
ill lids type of interlace. Tlus type of ilitCI Iace is used when

lil(, memory peripheral address density is low, providillg

simpto .uklross LlIlCll<lill!j. IlIlmfllpt I i<lillllilI!J (;<111110Sillipli-
lieu by lISillq oil intortaco to reduce Ill!} component COUIit.

.----------------------------_._-----------------------------------,

B, GNlJ
CHIP SELECT 1

C, GNO
CHIP SELECT

MODE CE/LOAD MOUE CE/LOAlJ MODE CE/LOA[)

139·012 =V BI-1312

~

11'1-1312 =VPOL, OR
POL, OR

POL, OR

TC7109A

=¢
TC7109A TC7109A

=¢131-130 131··136
ANALOG ANALOG . ANALOG

IN IN IN
HUNIlIOLU ..----- RUNIlIOLU ..---- f\UtlIIIOLD ..-----

CONVERT CONVERT
iioEN

COINERT
linEN U3EN I1I3EN LIlEN

GND on
CIIIP SELECT 2-CON1ROL BYl E Fl.AGS

L- --'

FlglflC 12. Dlrcct Molle Chip and By to Enable Combinations

CONVERTER
SELECT

CONVER1ER
SELECT

CONVER1ER
SELECT

2 (r-. ~-~ r-:
GND I J GNU I GND I

-- .- --" -------- --- -----
MOUE CE/LOAD MOUE CE/LOAD MODE CE/l.OAD

I- I-
89-1312

6
89-812

6
[39-812

Ii
POL, OR POL, OR POI, on

c) ] c)
• ] c) ]TC7109A TC7109A TC71091\

[J l-fl6 8 n 1- fl8 8 BI110 8
fltlflLOr. ANALOG 1- I\I~ALUr.

It I ..- . - III ur ..-. -
nUll/lIULD -- +5V RUrl/liOLD -- iSV RUtill! 01. 0 -- +'jV

i_ntti .. -
l.IIENIInErl I 111EN IHlEN I.IIE N

...• ~
BYlE SELECr rLAGS

)f'
...• ':•... ~

Flgllre 1J. TII,co-SI,,1I1I9 Sovor al TC7109A's to a SllI~1I Bus

III



12-BIT ~lP-Compatible
Analog-To-Digital Converters

TC7109
TC7109A

.------------_._------------ ------

( AoonESS nus (

I I 0
( CONTnOL BlJS (

I I I I
( O/\TAOUS (

GND V D D JTuvI I
._-. - .- -- --

MOUE CE/LJAO no wn 07-00 AO-Al

1J9 -IJ 12 ___ r. )
CS

AN/\LOG PUl. on rA5-p/\o
IN

c=) nUNli i0i.ii --.w R7C40

)
02~5 ouon. noun.lC71U!JA B 1--88 0 PIl7-PBll (MOUE 01 8085, 0048, E1 C.

ST/\TUS -------- res
SEE lEX T

. -
IIOEN LBEN

GND ----+----'
------_._---------_ ....._._-_._---_._-_.__._---------------------

Fi!lllrC 14. FlIll-TIt"o·I';1t~IIQII"tctI~c(! lo MCS-48. ·00, -05Mie.ocol1lplltors

. -.- ----.-----.---.. . -_._._-_._----_._-----_._- - - -_._--_._--

ALHlHESS BUS

I I

I I
--". - --

MonE CEILOAO

O!J 1112
POL, on

I1lJN/i i(ji.fi

TC7.1U!JA
01·110

ST/\TUS

liiiEN UlfN

-- _.-
no WR 01-·00 AO-/\ 1

CS
I'A5··PI\O

rCG 07C4R
8255 RIIon.1I0RO.

1'07··1'00 nons, R(HR. ETC.

rc"
INTn/\

PCG -- INTR

ANALOG

C)
S

·IOn )

~II--/\-
IpF J

:fIUkll

.5V
(SEE ·1EXTI
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TC7109
TC7109A

12-81T liP-Compatible
Analog-To-Digital Converters

GNU

MODE

PA-5

cnn]. .11R.Oll

I'B-7 MC6620

139-1312
POL, on

TC7109A
Bl-BO

nUN/IiOl.D -~ CB 1

STATUS ~- CEl2
CF'

LOI\!l iioEN iAf:N

'---------------_ ....--------

MC6800
on

MCS650X

ADI>HESS (JI\ 1A CONl HOL
BUS !JUS BUS

Fill'"" 16_ FIIII· llmo P",,,lIcl hllcrl~cc 10 MCr.800 0' MCSG50X Mlcropr oce s sor

lC/1t\ll1 A. 1 '1f~.~~

A15

ADonESS nus

,---------------------------------------------- -------

1'. ~

uD
2

IIBEN LOEN

O!l 012
6

ANALUG POL, on

=:J
~ TC7109A

01..06 8
~ ,

CE/LUAD ~--
MonE nuwiiijjjj

GND <5V

800B, B080, 00B5

Figlllc 17_ TCl109A Oirnclllllerl"ce 10 BUBO/B005
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Appendix E
Source Code for the Software Written ill

Visual Basic



Option Explicit
T)imRete. d, Temp, Pres, Inter, Logger, Humid As
Integer

Option button control
Private Sub Checkl_ClickO
If Check l.Value = 0 Then
txttemp.Text = "SELECT TO ACTIVATE"

txttemp.Enabled= False
Else
txttemp.Text = "Temperature"
txttemp.Ena:bled= True
End If
End Sub

Private Sub Check2_ClickO
If Check2. Value= 0 Then
txtpres. Text= "SELECT TO ACTIV ATE"

txtpres.Enabled= False
Else
txtpres.Enabled= True
txtpres.Text = "Pressure",
End If
End Sub

Private Sub Check3 _Clickt)
IfCheck3.Value = 0 Then
txthumid.Text ="SEI.ECTTO ACTIVATE"

txthumid.Enabled = False
Else
txthumid.Text = "Humidity"
txthumid.EnabJed= True
End If
End Sub

Private Sub Check4_ClickO
IfCheck4.Value = 1 Then
cmdstart.Enabled= True
Else
cmdstart.Enabled= False
End If
End Sub'

Action performed when start button is clicked
Private Sub cmdstart _Clickt)
Open "C:\popo\" & Date$ & ".txt" For Append As #2
Print #2,
Print #2, "WEATIIER DATA LOGGED FORrur: DAY" & Datc$

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

cmdstop.Enabled= True
Timer2.Enabled = True
Check1.Value = 1
Check2.Value = I
Check3.Value = 1
Inter = Val(txtinterva1.Text) ,.;60
'MsgBox inter
'Timer2.Interval = inter
'cmdstart.Enabled = False
'UpDownl.Enabled = False
End Sub

Action perfomed when stop button is clicked
Private Sub cmdstop_ ClickO
cmdstart.Enabled = True
cmdstop.Enabled = False
UpDownl.Enabled = True
Timer2.Enabled = False
End Sub

Private Sub Commandl_ClickO
Unload Me
End Sub

Action perfumed at form load
Private Sub Form Loadt)
Left = (Screen. Width - Width) / 2
Top = (Screen.Height - Height) / 2
Checkl.Value = 0
Check2.Value = 0
Check3.Value = 0
txttemp.Text = "SELECT TO ACTIVATE"
txttemp.Enabled = False
txtpres.Text = "SELECT TO ACTIVATE"
txtpres.Enabled = False
txthumid.Text = "SELECT TO ACTIVATE"
txthumid.Enabled = False
cmdstop.Enabled = False
Timer2.Enabled = False
cmdstart.Enabled = False
End Sub

Timer initiated actions
Private Sub Timer1_ Timert)
txttime.Text = Time$
txtdate. Text= Date$
End Sub
Private Sub Timer2_TimerO '
Logger = Logger + I
Rete = Rete + 1



lf Check l.Value = 1 And Rete= ] Then
170r d = I To 500

extd
Temp = ADCl(l)
txttemp.Text = Temp
End If
If Check2. Value= 1 And Rete= 5 Then
For d= 1 To 500
Nextd
Pres= ADC2(2)
txtpres.Text = Pres
End If .
IfCheck3.Value = 1 And Rete= 9 Then
For d = I To 500
Nextd
Humid = ADC3(3)
txthumid.Text = Humid
End If
If Rete= 14 Then
Rete= 0
End If
If Logger = Inter Then
Open "C:\popo\"& Date$ & ".txt" For Append As #3
Print #3, Time$, txttemp.Text, txtpres.Text, txthumid.Text
Close
Logger = 0
Beep
;~ndIf
End Sub

Updown(down click) control.
Private Sub UpDown1_DownCI ickt)
If Val(txtintervaJ.Text) > 1 Then
txtinterva1.Text = Val(txtintervaI.Text) -1
Else
MsgBox "The least logging interval is1 minute"
End If
End Sub

Updown(up click) control
Private Sub UpDownl_UpClickO
txtinterval.Text = Val(txtintervaI.Text) + 1
End Sub

Action to stop operation
Private Sub cmdExit_ Clickt)
Unload Me
End Sub

Software calibration of the ADC
Private Sub cmdGain Clickf)
Dim read As Integer
Dim actual As Single
read = ADC1(l)
actual = read* Val(Text3.Text)
Text4.Text = Int(actual)
End Sub

Private Sub cmdoffset Clickf)
Dim read As Integer, yourval As Integer, cofactor As Sing
yourvaI = Val(Text2.Text)
read= ADCI(])
'MsgBox read
If yourval <> 0 Then
cofactor = read / yourval
Text3.Text = cofactor
Else
MsgBox "Please Enter a Voltage Value for ChannelI
End If
End Sub

Private Sub Form Loadt)
Left = (Screen.Width - Width) / 2
Top = (Screen.Height - Height) / 2
End Sub

Private Sub Commandl_ClickO
ComDiag.ShowColor
Listl.BackColor = ComDiag.Color
End Sub

Private Sub Form Loadt)
Left = (Screen. Width - Width) / 2
Top = (Screen.Height - Height) / 2
End Sub

Private Sub mnufileexit_ Clickt)
Unload Me
End Sub

Private Sub mnufileopen_ClickO
Dim strodo As String
ComDiag.ShowOpen
On Error GoTo handler
Open Comlfiag.Fileblame For Input As #1
Listl.Clear



ComDiag.ShowOpen
On Error GoTo handler
Open ComDiag.FileName For Input As #1
Listl.Clear
Line Input # l, strodo
List1.AddItem strodo

Line Input # l, strodo
, ist 1.Addltem strodo

Do Until (EOF(l))
Line Input # l, strodo
Listl .Addltem strodo
Loop
Close
handler:
End Sub

Do Until (EOF(l))
Line Input #l, strodo
Listl.AddItem strodo
Loop
Close
handler:
End Sub

Private Sub Toolbarl_ButtonClick(ByVal Button As
ComctlLib.Button)
Dim strodo As String

,u

~JrER J..Tr'''::GE6~RCTrJ~~~'{tJi.2003 SELECTTOACTIVATE

09::33:41 T~"e SELECT rOACTIVATE SELECT rOACTIVATE
\lJ'EATHER OATALDGGED FOR THE DAY OS-2G-2003
09::41:21 T~ SELECT TOACTIVATE SELECT TO ACTIVATE
WEATHER OATA LOGGED FOR THE DAY OS26-2l:m

~T~ER ~TrW'GGEgW:R~J~~~ SELECT TO ACTlVATE

09;41:42 SELECT TO ACTIVATE SELECT TO ACTIVATE SELECT TO ACT'"
WEATHER OATA LOGGED FOR THE DAY 06-26-21XJ3
09:41:4& SEtECT TO ACTIVATE SELECT TO ACTIVATE SELECT TO ACT'"
'WEATHER OATA LOGGED FOR THE DAY D6-2G-2003
09.:41:48 SELECT TO ACTIVATE SELECT TOACTIVATE
WEATHER DATA LOGGED FOR THE DAY QS.2G-2003
Q9:U<18 SELECT TO ACTIVATE SELECT TO ACTIVATE
'WEATHER DATA LOGGED FOR THE DAY 0&-26-2003
09:41:48 SELLCT rOACTIVATE SELECT rOACTIVATE
WEATHER DATA LOGGED FOR THE DAY 0S-26-21XJ3
09::41:56 T~"e F'n:IsIueHumidly
'WEATHER OATA LOGGED FOR THE DAY 1J&.26-2Bn
1~:n52 TflIII1)ef __ S£L£CT rOACTIVATE SELECT rOACTIVATE
WEATHER CATALOGGED FOR THE DAY06-26-2Ill3
12:.31:.... 255 SElECT rOACTIVATE SElECT TO ACTIVATE
'WEATHER DATA LOGGED FOR THE DAY OG-26-2003
12:.32:56 SELECT TOACTrvATE 255 SELECT TO ACTIVATE

SELECT TO ACTJ\I

SELECT TO ACTJ\I

SELECT TOACTJ\I

The user interface for viewinz stored result

,..

o~IheADC..", ~!imRNIoa-...tl~"""
•.••••••••• ~v __ Ho •• t.-: baw,..".-,.,cf INPUTVOLTAGE. Ptrea

__ OfFSET buIkIn ••••••••••.•.••••• .ed ••,.~lo'lIC:IIIIX~.
~uted tor•• aIhs---. YouCl!lnoedonnttW _..., _ cMn
_I'IO-.d. 0...•• lIDc:t..neI1 q,ebGIA2SOIttN.wdpr.a Gain.
••• v•••• ~ •••• ACTUAL ••••••••••••• ba equailD tt. qu~v __ R~~ •• oa., ••.needed..

quVoIageToOi 1 IEntetV-..olVohgeat0l1

"",,-F""'" ,

IlACTUALAE..,ING '"'-------

User interface for ADC calibration



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

2. Inport 32.bas
'hip and Out declarations for direct port 110
'in 32-bit Visual Basic 4 programs.

Public Declare Function Inp Lib "inpout32.dll" _
Alias "lnp32" (ByVal PortAddress As Integer) As Integer
Public Declare Sub Out Lib "inpout32.dll" _
Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As Integer)


