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Acid Base Conductivity Meter For Biomedical Solution

Following the importance of pH in many fields especialy in medicine,
chemistry, and many other fields. The pH measurement is considered as one of the
most popular lab.measurements. pH measurement of the blood is done by a device
called blood gas analyser which is special for blood only. So we realized the necessity

of this project as a measurement of the pH for any solution in general. Thus we design



this project as a computerized device and easy to use. And the most thing effect the

pH measurement is the temperature then we will measure it through this device.

Briefly we will explain the way that how this device works. We have two
sensors the first is the temperature sensor and the second is the pH sensor. Small
electrica signal measure with mV is entered through a temperature sensor, and
another small electrical signal measure with mV is entered through a pH sensor (this
signal is produced through series of chemica reactions that generate the voltage),
these two electrical signals enter into amplifier to amplify it, then into analog to
digital converter (ADC) in order to be dialed with the computer and which through
matlab program that stores the results of the pH and temperature and then appear on

the computer screen.
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Chapter One
Introduction




Chapter one

I ntroduction:

It is obviously that biomedica engineering technology has a great impotence
in the healthcare field. Which makes our life easier and more comfortable, this is
because it offers to us what we need to make it easy and to the human life the reason
of being alive as much as possible by development and construct of anew different
equipment and tools that service this goals.

There is much type of these tools or device with different specification and
different usage. In this project we will have one of these equipments that have
magnificent importance in the health care field; this device is acid base conductivity

meter for biomedical solution.

In this project we will construct an electronic system that measures the ph and
temperature by using the computer and special sensors.

The following is abrief description of the subjects that are covered in each chapter:

Chapter two: describes the ph definition, molar concept, the ph meter, temperature
effect and calibration of the electrode.

Chapter three talks about the important of the ph in many fields. In human body, in

chemical industry and others.

Chapter four: will introduce the necessary implementation and the schematic
diagram for the design.



Chapter five: talk about the hardware and software of the project.

Chapter six: it isinclude the conclusion and future work.



Chapter Two
pH Definition

ph Definition.

Molar concept.

M ethodsto compute the pH.
Basic I nstrumentation Theory.

Temperatur e Effect.



Chapter Two

2.1 pH Definition: -

pH is aunit of measure, which describes the degree of acidity or akalinity of
asolution. It is measured on a scale of 0 to 14. The term pH is derived from "p", the
mathematical symbol of the negative logarithm, and "H", the chemical symbol of
Hydrogen. The formal definition of pH is the negative logarithm of the Hydrogen ion
activity.
pH = -log [H+]

Where log is a base-10 logarithm and [H'] is the concentration of hydrogen

ionsin moles per liter of solution.

Thus pH provides the needed quantitative information by expressing the
degree of activity of an acid or base in terms of hydrogen ion activity. Acid and bases
have both free hydrogen and hydroxyl ions. Since the relationship between hydrogen
ions and hydroxyl ions in a given solution is constant for a given set of conditions,
either one can be determined by knowing the other. If the ratio of the hydrogenionis
greater than that of the hydroxyl ion the solution is acidic, and has a pH value below
7. If the ratio of the hydroxyl ion is greater than that of the hydrogen ion the solution
is basic, and has a pH value above 7. If the ratio of the hydroxyl ion is equal to that
of the hydrogen ion the solution is neutral, and has a pH vaue of 7.

We can see the pH Meter scale as the following: -
The pH scale



012 3 45 6 7 8 9 10 11 12 1314

+—Acid strength increases neutral Base strength increases —
The "strength” of an acid or base increases with distance from pH=7

2.2 Molar concept

Molecules that are dissolved in water may separate (dissociate or ionize) into
charged fragments or ions. Often one of these fragments is a hydrogen ion (H*). The
pH of a solution is a measure of the concentration of hydrogen ions (written as [H]
where, [ ] Means "concentration of") in that solution. pH is also a measure of the

alkalinity or acidity of a solution.

Water ionizes when a hydrogen atom that is covalently bound to the oxygen
atom of the water molecule leaves its electron behind, breaking apart the water

molecule. We can express the ionization of water in the following equation.

HO ~"H"+ OH

In any given volume of pure water, or in any solution, a small but constant
number of water molecules are ionized. In pure water, the number of H* ions exactly
equals the number of OH" ions, since one cannot be formed without the other being
formed. In pure water, [H] =1 X 10'M and [OH] = 1 X 10'M (where M = molar
concentration or moleg/liter). The product of the molar concentrations of the two

ions, [H*][OH, in pure water is always equal to 1 X 10™. So for pure water;

[H*][OH] = 1 X 10
Or



[1X107][1X10]=1X10™
Numbers such as these can be expressed as logarithms (base 10). A logarithm is the
power to which a number, in this case 10, must be raised to give the desired number.
Thus the log of 1 X 107 is -7, since this is the power to which 10 must be raised to
give the number 0.0000001. pH is defined as the negative logarithm of the [H'] in a
solution. The negative logarithm is used when working with pH so that the numbers,

and the pH scale, are positive.
Note: -log (1 X 107) = +7, or simply, 7.

The relationship between the pH and pOH of a solution is such that the sum
of the negative log of [H*] and the negative log of [OH] is always equal to -log of 1
X 10™ (to find the product of two numbers written in logarithmic form, add the
logarithms). Since the "p" in pH stands for "negative logarithm of," we can write this

relationship as:

p[H'] + p[OH] = -log (1 X 1074
Or
pH + pOH = 14

It is important to realize that in any solution, the product of [H*] and [OHT] is
constant (Always 1 X 10™%). Therefore, if you know the pH you can calculate the
pOH (pOH = 14 - pH), and if you know the pOH you can calcul ate the pH (pH = 14 -
pOH). The sum of the negative logarithms of [H*] and [OHT] is always 14 and the
product of theion concentrations, [H][OHT, isaways 1 X 104,



2.3 Methods to compute the pH:

There are two methods for measure pH of solutions that are:

2.3.1 Indicators:

Weak organic acids and bases whose colors differ from the colors of there
conjugate acids or bases. Indication of pH can be obtained using pH papers or
indicators, which change color as the pH level varies. These indicators have
limitations on their accuracy, and can be difficult to interpret correctly in colored or

murky samples.

2.3.2 pH meter:

An electronic device that measures pH directly.

pH meters are used in most professional lab settings today.

More accurate pH measurements are obtained with a pH meter. A pH
measurement system consists of three parts. a pH measuring electrode, a reference
electrode, and a high input impedance meter. The pH electrode can be thought of as a
battery, with a voltage that varies with the pH of the measured solution. The pH
measuring electrode is a hydrogen ion sensitive glass bulb, with a mill volt output
that varies with the changes in the relative hydrogen ion concentration inside and
outside of the bulb. The reference electrode output does not vary with the activity of
the hydrogen ion. The pH electrode has very high internal resistance, making the
voltage change with pH difficult to measure. The input impedance of the pH meter
and leakage resistances is therefore important factors. The pH meter is basically a
high impedance amplifier that accurately measures the minute el ectrode voltages and

displays the results directly in pH units on either an analog or digital display.



2.4 Basic I nstrumentation Theory

The basic phenomenon upon which the pH meter operates is the development
of an electrical potentia (voltage) by a chemical reaction in an electrochemical cell.
Such a cell consists of two dissimilar half-cells, different in materials or
concentration, separated by a semipermeable membrane. This allows for the contact
of the two solutions but does not allow mixing and hence direct reaction of the
substances in the two half-cells. The voltage is measured across the two electrodes in
the half-cells as shown in figure (2-1).
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Figure 2-1: Electrode Principle

The system consists of a pH sensor, pH Half Cell, whose voltage varies
proportionately to the hydrogen ion activity of the solution, and a reference
electrode, Reference Half Cell, which provides a stable and constant reference
voltage.

The pH electrode consists of a thin membrane of Hydrogen sensitive glass

blown on the end of an inert glass tube. Because this is a specia type of glass and



very thin, the bulb is very fragile and great care must be exercised in handling it, this
tube is filled with an electrolyte, and the signal is carried through Ag/AgCL wire.
ThisisapH half Cell.

A similar system, but without using a Hydrogen sensitive glass, is used as a
reference. A small filter (digphragm) connects this tube to the externa liquid. This
system is called a Reference Half Cell

It is very common to find pH meters, which are fitted with only a single
combination electrode. As the name implies, a combination electrode is a
combination of the glass electrode and the reference electrode into a single probe.
The probe is constructed with the reference surrounding the glass electrode. The
primary advantage to using a combination electrode is the ability to measure the pH
of a smaller volume of sample or a sample in a container with a restricted opening.
The main disadvantages to using a combination electrode are the more limited
selection of internal elements (most have only a silver-silver chloride internd
reference) and the higher cost. The combination electrode on your pH meter may
have a plastic shield around the glass bulb to protect it from damage as shown in the
figure (2-2).

Reference Half Cell

pH Half Cell

Figure 2-2: Glass Bulb

The voltage (electrical potential) developed across the two electrodes can be
measured by a voltmeter and can be related to the pH of the solution. However,

because of the high electrical resistance across the glass membrane, which produces



only a very small current with which to measure the voltage, a rather sophisticated
voltmeter must be used. The meter measures the difference between the pH Half Cell
and the Reference Half Cell in mill volts DC. This mill volt reading is read by the
unit and displayed as either mV or pH units.

Fortunately, the voltage change of a pH electrode varies linearly with pH units.
At room temperature, a change of 1 pH unit causes a voltage change of about 60 mV
(0.060 volts). At zero degrees centigrade, 1 pH unit change causes a 54 mV change.
At one hundred degrees centigrade, a 1 pH unit change causes a 70 mV change.
Thus, a properly designed pH meter will have a temperature dial which varies the

sengitivity of the meter to match the voltage from the electrodes see figure (2-3).

Figure 2-3: pH Meter

2.4.1 Proceduresto Measure pH:

First, there is a pH probe, which produces a voltage that can be directly
related to the pH of the solution in which we place the probe.

Secondly, there is an electronic circuit within the pH meter cabinet that

receives the voltage from the probe and then presentsit to the meter scale.



Thirdly, this voltage developed at the probe will cause the meter pointer to
move. The value of the number at which the pointer stops or displayed at screen of

voltmeter if it digital voltmeter isthe pH of the solution.

2.4.2 Electrode Care

Electrodes are very fragile and require careful handling and constant

maintenance as shown in the figure below.

Fill hole

Cross iF pH sensing bulb
section

Fig. 2-4. pH Electrode

To ensure the longevity of the life of the electrodes Please follow al
directions below:

1) Thefill hole must be open when taking measurements and when it is stored in
abuffer.

2) To obtain accurate readings, the electrode need only be immersed far enough
to cover both the glass pH-sensing bulb and reference junction.

3) Handle the electrode carefully to avoid crushing the very fragile pH-sensing
bulb. This bulb is made of athin glass membrane and breaks very easily.

4) Always rinse the electrode with distilled water between samples. Avoid

prolonged measurements in strong alkaline solutions (above pH 9).



5) Due to the high impedance (resistance) of the pH glass membrane, the
electrode cable should not be moved or touched while measurements are
being made; otherwise, unstable readings may result.

6) Between measurements immerse the electrode in a buffer solution (pH 4 or
7). Keep the fill hole open to avoid contamination of the electrolyte from the

buffer solution.

2.4.3 Buffer Solutions

Buffers are solutions that have constant pH values and the ability to resist
changes in that pH level. They are used to calibrate the pH measurement system
(electrode and meter). There can be small differences between the output of one
electrode and another, as well as changes in the output of electrodes over time.
Therefore, the system must be periodically calibrated. Buffers are available with a
wide range of pH values, and they come in both premixed liquid form or as
convenient dry powder capsules. Most pH meters require calibration at severd
specific pH values. One calibration is usualy performed near the isopotential point
(the signal produced by an electrode at pH 7 is 0 mV at 25°C), and a second is
typically performed at either pH 4 or pH 10. It is best to select a buffer as close as

possible to the actua pH value of the sample to be measured.

The list of buffers below outlines those that are recognized by various regulatory
bodies: -
v pH168a25°C
pH 4.01 at 25 °C
pH 6.86 at 25 °C
pH 7.00 at 25 °C

v
v
v
v/ pH9.18a 25°C



v' pH 10.01 at 25°C

Buffers are also available as primary buffers (those that are made with direct
trace ability to the components that make up the buffer) and secondary buffers.

pH buffers are also dependent on temperature. Many pH meters contain all
the pH-temperature profiles for the buffers stated above, so you don't need to adjust
anything yourself. However, if you are not using any of these standard buffers, then

your pH meter may incorrectly adjust your calibration!

2.4.4 General pH Calibration Procedures

The standard procedure is to select two buffers that bracket the expected
sample pH. More buffers can be used for greater accuracy over a wider pH range.
For best accuracy, use buffersthat are no more than 3 pH units apart.

Consult your pH meter manual for specific details on operating your meter.

1. Remove the electrode from its storage solution and rinse it with distilled
water. Dab the electrode with tissue paper to remove excess water (do not
rub!) and place the electrode into the first buffer (usualy pH 7). Wait for a
stable reading.

2. Cdlibrate the meter to read the temperature corrected value of the first buffer
(i.e. you need to know the temperature).

3. Rinse the electrode as before and place in the second buffer. Wait for a stable
reading.

4. Cadlibrate the meter to read the temperature corrected value of the second
buffer.



5. Rinse the electrode as before. Place the electrode in your sample and wait for
astable reading.

6. Record the pH and temperature of your sample.

= g — — I'|
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Fig. 2-¢: General pH Cadlibration

2.5 Temperatur e Effect:

The pH electrode is temperature dependent, and may be compensated for in
the pH meter circuitry. The circuitry of the pH meter utilizes the Nernst equation,
which is a general mathematical description of electrode behavior.

E= E, + 2.303RT log AH+
NF
Where:

E = the total potential (in mV) developed between the sensing and reference
electrodes.

E® = isaconstant which is characteristic of the particular |SE/reference pair.

(Itisthe sum of al the liquid junction potentials in the electrochemical cell)



2.303 = the conversion factor from natural to base10 logarithm.
R = the Gas Constant (8.314 joules/degree/mole).

T = the Absolute Temperature.

n = the charge on the ion (with sign).

F = the Faraday Constant (96,500 coulombs).

Log (A) = thelogarithm of the activity of the measured ion.

Your pH meter uses the above equation to calculate pH values, however we

need to find out several variables first:

The potential (E) is measured by the electrodes.
The standard potential (E,) is determined by calibration in a neutral solution
(pH7).
Temperature is very important and is measured using a temperature sensor. If
there is no temperature sensor connected to the meter, it must be entered into
the meter.
The dlope of the equation must also be determined by calibration in at |east
two solutions of known concentration.
+ 2.303RT log AH+
nF
The slope equals the part of the Nernst equation.

Temperature is a key variable in pH measurement, affecting not only the
dlope of the electrode, but sample and buffer pH values, plus the potentia of the
electrode internals (causing electrode drift). Temperature must always be reported
with the pH value - a pH reading of 5.4 means nothing unless we know what
temperature it was taken at! So the temperature is a very important factor in pH
measurements and here's why. The voltage output of a probe was about 60 mill volts

per pH unit at 25°C (room temperature).



Table 2-1: Probe output for each pH unit

0°C 54 mill volts
25°C 60 mill volts
50°C 64 mill volts
75°C 68 mill volts

100°C 70 mill volts

In looking at this table we realize that our pH meter must be able to move one
pH unit with 54-mill volts input or 70 mill volts or any value in between. Most
meters can do this. Which we can set the proper sensitivity of the meter to

correspond to the temperature of the sample solution.



The following table shows the pH values related to volt:
Table 2-2: pH valuesrelated to volt.

Sample pH value T=0°C T=25°C T=50°C | T=75°C T=100°C

mV mV mV mV mv
0 378 €Y. £EA £Vv1 €9,
1 YY§ A AL £ A £Y.
Stomach acid 2 YV. Yoo TY. X Yo.
Coladrinks 3 Y1 \EX Yo YVY YA
Tomatoes 4 Yy YA Y4y Yot YV
Coffee 5 VoA VY. YYA Y ¥ Ve
6 of T 1t TA V.

Pure water 7 . . . . .
Sea water 8 -} S g SA N
9 A Y. YA R BN
Detergent 10 Ny A Ay Yot RAN
Ammonia 11 Yy REN Yol VY YA
Photo devel oper 12 YV Yo Y. Y You
13 YY¢ S YAE S0 A SEY

-YVA RAN -EEA -£V1 RAY

[HEN
»

Oven cleaners
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Chapter Three

3.1 pH Importance: -

The pH or acidity of a solution is important throughout all phases of

chemistry and biochemistry.
3.1.1in the human body: -

If the pH of the blood in your body were lowered one unit, you would die.
Living things grow and survive in a particular pH environment and when the pH is
not correct their growth and survival are threatened. For example, wheat, corn and
other foodstuffs grow best in soil of a particular pH. To get the greatest yield, the
farmer must condition his soil to achieve the proper pH. This explains, in part, why
the yield per acre has increased in recent years since soil science has shown the

farmer how to provide optimum conditions for best growth.
3.1.2 In the Chemical Industry: -

The efficient production of nylon, as well as other modern fibers depends on rigid

pH control.
3.1.3In Biochemistry: -

The pH of our blood is normally controlled to within a few tenths of a pH unit by
our body chemistry. If our blood pH changes as much as half a pH unit, serious
illness will result. Proper skin pH is essential for a healthy complexion. The pH of

one's stomach directly affects the digestive process.



3.1.4In Agronomy: -

The pH of the soil regulates the availability of nutrients for plant growth, as
well as the activity of soil bacteria. In alkaline soils (pH 8 and above) the amount of
nitrogen, phosphorus, iron and other nutrients in solution become so low that special

treatment is necessary to insure proper growth.
3.1.51n Food Science: -

The efficient production of food products depends upon careful pH control.
The proper curd size, uniformity, and structure of cottage cheese are directly related
to the pH at cutting time. Y east can ferment and leaven dough only within certain pH

limits. Jelly will not gel properly unlessthe pH isin the 3.5 regions.
3.1.6 In the Pulp and Paper Industry: -

pH control is essential to the proper operation of bleaching plants and wet-
end processes. Also, in order to conform to environmental protection regulations, the

pH of wastewater from these plants must be controlled.
3.1.7in Chemical Research and Engineering: -

Accurate pH measurement is necessary to the study of many chemical
processes. The researcher needs to know the pH at which a chemica reaction
proceeds at its fastest in order. To understand the reaction. The engineer uses the
information to develop practical commercial processes.

3.1.8in Environmental Resear ch and Pollution Control: -

The pH of ariver or lake is important in maintaining a proper ecological

balance. The pH of the water directly affects the physiological functions and nutrient



utilization by plant and animal life. Extremes in pH can reduce a lake to a lifeless,

smelly bog.

3.2 The ph Equation and Health: -

According to the research total healing of chronic illness takes place only
when and if the blood is restored to a normal, slightly akaline pH.

The magnitude of meaning behind this research is of incredible importance to
someone who is fighting a disease, overcoming an illness, or just desiring to feel
better.

3.3 Body pH affects everything: -

Human blood stays in a very narrow pH range right around 7.3. Below or

above this range means symptoms and disease.

When pH goes off, microorganisms in the blood can change shape, mutate,

become pathogenic, and thrive.
When pH goes off, ENZY MES that are constructive can become destructive.

More and more research is showing that low oxygen delivery to cells is a

major factor in most if not all-degenerative conditions.

When pH is off and our bodies are running more acidic, our cells are getting
less oxygen. Cancer thrives under an acid tissue pH/oxygen deficient environment. Is

it any wonder today that cancer rates are up. To recall how important oxygen is to



your life, just stop breathing for a minute. Get the idea? Each cell in your body can
breathe fully or not. Which it is depends upon having an optimum pH balance

3.4 pH Controls the Things you can’t live without: -

Brain: - needs fuel to run, and the fuel it uses is glucose. But unlike other
cells, your brain can't store glucose. It depends on the second to second
supply from the bloodstream - a bloodstream that is affected by pH, which
controls the efficiency of INSULIN, which allows sugar to enter into cells,

which in turn controls blood sugar levels.

Heart: -As the pH of the blood goes more acid, fatty acids, which are
normally, electro-magnetically charged on the negative side switch to
positive and automatically are attracted to and begin to stick to the walls of
arteries which are electro-magnetically charged on the negative side. It should
start to make sense that a society which over-emphasizes food that could push

blood to be more acid will have ahigh rate of heart disease. And so it goes.

Enzymes: - Which are parts of that biochemical process? There are hundreds
if not thousands of enzyme processes, which take place in the body. Many are
so specific that they are like complex sguare pegs that need to "fit" into
specific square holes in order to carry out their duty. If blood pH is off
balance even a little, some important pegs are not "fitting" their respective

slots. Enzyme function and thus life itself begins to suffer.



35Mineral Assmilation: -

Affected by pH. Mineras have different pH levels at which they can be
assimilated into the body. Minerals on the lower end of the atomic scale can be
assimilated in a wider pH range, and minerals higher up on the scale require a
narrower and narrower pH range in order to be assimilated by the body. For

example...
Sodium and magnesium have wide pH assimilation ranges.
It narrows somewhat for calcium and potassium.
Narrows more for manganese and iron.
More for zinc and copper.
Morefor iodine Too

lodine, which is high up on the atomic scale, requires near perfect pH for its

assimilation into the body.

lodine you may know is one of the most important minerals for proper
functioning of the Thyroid. But, the thyroid doesn't get access to iodine unless the

body pH is near perfect.

With a society in alargely pH unbalanced state, one would suspect a lot of
thyroid problems. Malfunctioning thyroids have been connected to arthritis, heart
attacks, diabetes, cancer, depression, overweight, fatigue and more. Are you starting

to see the basic metabolic picture evolving here?

Due primarily to agricultural soil depletion and over-acidic food

consumption, mineral deficiency is a large problem facing most people today. And



mineral deficiency relates to the quantity of life energy or, more specifically,

electricity, in our bodies.

Body mineral content and balances control the quantity of electricity in our

bodies.

The speed at which the electricity flows is controlled by the body's pH

balance.

3.5.1 pH Balance and the Mineral Connection: -

There are complex biochemical processes taking place in the body constantly
in an attempt to keep blood pH as near perfect as possible. These are known as the
pH buffering systems. These buffering systems need a good balance of minerals to
work effectively. If we are getting inadequate mineral intake from the food we eat,
we are going to start having problems with our pH balancing systems.

And if our pH is unbalanced, what is the result? Well, by now you should
start having a good idea. Pick your disease, choose your unbalance. Cancer, arthritis,
diabetes, heart disease, chronic fatigue, allergies, obesity, just name it. If you don't
feel good, one of the basic things that stand between you and perfect health is your
body's pH. Y our basic metabolic body balance.

3.5.2Minerals: -

Minerals are as important as, if not more important than, vitamins. Minerals
are co-enzymes, which help vitamins function. In the absence of minerals, vitamins
can't do their job. Many minerals are referred to as trace minerals, which might make

it, seem as though they are of little importance, but nothing could be further from the



truth. Minerals and their deficiencies have been implicated in a wide range of off-

bal ance health conditions. Here are some examples:

Supplementing a diet with sufficient chromium and vanadium can help
prevent diabetes and has been seen to reverse diabetes in those already diabetic, as

vanadium is reportedly able to replace insulin in some cases.

Copper deficiency is implicated in aneurysms (brain, aortic, etc.); too much

copper isan irritant to the brain.

Magnesium is quite possibly the most important mineral for the reduction of
coronary heart disease. (The latest "cutting edge” research shows that heart diseaseis

really afunction of heart muscle acidosis.)

Boron helps keep calcium in the bones, helps women preserve and make
estrogen, and helps men keep testosterone. Boron affects alertness. Boron can help

eliminate arthritis.

Potassium and magnesium (along with organic sodium) are some of the
most important minerals for rebalancing the electrical properties of the cell, for
eliminating excess acidity, and for helping to balance calcium. People get irrational

when potassium levels are low.

Magnesium helps conduct electrical messages between all the neurons of the
body.

Zinc is involved in over 200 brain enzyme interactions; drinking zinc mixed
with distilled water can stop anorexia nervosa in a day. Zinc deficiency symptoms
include loss of taste and smell, Zinc deficiency in children results in moodiness,
depression, irritability, photo phobia (light sensitivity), antagonism, temper tantrums

& learning problems. Zinc is needed to balance cadmium.



Cigarette smoke is rich in cadmium (the blue color in the smoke). Cadmium
is the most neurotoxin substance known to human beings. A low zinc/high cadmium

ratio isimplicated in learning disabilities

This information shows just a teeny fraction of how minerals and mineral
imbalances can affect your health. Much of thisinformation is buried in professional
journals, there for the taking. It appears that due to politics and the influence and
strength that the medical/drug industrial complex has over the suppression of

information, these things stay buried.
Your Diseaseisin Perfect Harmony with Y our Body: -

From what you've learned so far, you should begin to understand the truth of
this statement. When your body's mineral balances are off, your health is off. When
your body's pH and basic metabolic processes are off, it sets up the internd
environment that becomes a new playground for the opportunistic "bugs" - bacteria,

viruses, fungi, etc.

Earlier we talked of the colloids of life in your blood. How they form and
what they evolve into is a function of pH - the terrain of the blood. What else is a
constituent of the blood? How about the mineral balances we've been speaking about.
Research has shown that the microbes of the blood can evolve into different forms
when exposed to and combined with elements like heavy metals. For example,
patients with high levels of mercury in their mouths often exhibit specific

pleomorphic microbes in their blood.

Is it possible that something like high levels of copper; are more than just an
irritant to the brain? Might they set up the internal environment in the body whereby
the colloids of life form into specific "bugs' that with some level of microbial

consciousness are actually behind aggressive, violent or psychotic behavior? Some



researchers would say that is exactly correct. And in so saying, your blood becomes

much more than what you think it is.
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Chapter four

4.1 Project Design
4.1.1 Project objectives: -

To have an experience in measurement of pH
To have an experience in measurement of temperature.
To know the construction, performance of pH meter

To use the personal computer to show data.
4.1.2 Block Diagram: -

The block diagram that followsis provided to give the reader the genera idea

about our project and basic understanding of pH meter system:

Sample
Sensing Reference
electrode |« Electrodes »| eectrode
Temperature
Amplifier
—
Sensor
Computer
Analog to Digital Interface
Converter

Personal computer




4.1.3Sample: -

This is the solution that we want to measure pH (measure of acidity or

alkalinity) for this solution:

Table4-1: pH value of some common products

Product pH
Blood 7.35
Pure water 7.0
Coffee 5.0

4.1.4 Electrodes; -

pH electrode is a device for measuring the concentration of hydrogen ions
and hence the degree of acidity of a solution since pH is defined as the negative
logarithm of the hydrogen ion concentration. In other words the pH electrode, an
electrode whose output voltage changes as the pH (hydrogen ion concentration)

changes.

The mgjority of pH electrodes available are combination electrodes. That is,
they combine the reference and pH sensing elements into a single electrode. Separate
pH and reference electrodes can still be used, but this tends to be for highest
precision, research measurements. Naturally, combination pH electrodes are much

more practical to use.



Key:

A - pH sensor

B - reference half-cell

C - combination pH €electrode (A + B)
d- sed

e - interna filling solution

f - interna reference electrode

g - externa filling solution

h - pH-sensitive glass membrane

| - internal liquid junction

j - externd liquid junction
k - fill hole

Figure 4-2: Electrode Components.

4.1.4.1 Reference electrode: -
A reference electrode is an electrode whose voltage output stays constant.

How does a reference electrode work?

A wire
weith 2gC -

I .
\\
\ Kl gel or

refarence
Janztion

solution

Figure 4-3: Reference Electrode.

A porous reference junction separates the filling solution in the electrode

from the solution whose pH is to be measured.



The filling solution's constant chloride ion concentration generates a mill

voltage at a pure silver wire with silver chloride onit.

The silver wire passes the signal from the solution being measured to the

electrode’s cable or connector.
4.1.4.2 Sensing electrode: -

Sensing electrode is an electrode that sensitive just to hydrogen ions [H'].
How doesthe sensing electrode work?

Special composition glass senses H+ and a mill voltage is generated (59.2
mV per pH unit at 25C.)

A filling solution picks up the signal from the specia pH glass

A pure silver wire dipped in silver chloride passes the signa from the

solution whose pH is being measured to the electrode's cable or connector.

® 7 1

\ fil snlutil{n /

pH Silver
Wyire

glass

Figure 4-4: Sensing Electrode



4.1.4.3 Combination Electrode; -

A combination electrode consists of a pH electrode and a reference electrode
built into a single body or housing. Therefore a combination electrode works like the

pH and reference el ectrodes combined.

The question now how does a combination electrode work?

pH BLECTRODE 142 ZELL

& =
1]

RCFCRCHCE C_CCTRODC 142 SOLL

COMBIMNATION pHREFEREMCE ELEZTRODE

Figure 4-5: The Combination Electrode.

4.2 Amplifier: -

The TLO84 JFET-input operational amplifier family is designed to offer a
wider selection than any previously developed operational amplifier family. Each of
these JFET-input operational amplifiers incorporates well-matched, high-voltage
JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage
temperature coefficient. Offset adjustment and external compensation options are
available within the TL084 family.

The C-suffix devices are characterized for operation from 0°C to 70°C. The |-
suffix devices are characterized for operation from -40°C to 85°C. The Q-suffix

devices are characterized for operation from -40°C to 125°C. The M-suffix devices



are characterized for operation over the full military temperature range of -55°C to
125°C.

1
2
3
4
5
]
7

Figure 4-6: TLO84.

4 .3 Temperature Sensors. -

The LM 35 series are precision integrated-circuit temperature sensors, whose
output voltage is linearly proportional to the Celsius (Centigrade) temperature. The
LM 35 thus has an advantage over linear temperature sensors calibrated in Kelvin, as
the user is not required to subtract a large constant voltage from its output to obtain
convenient Centigrade scaling. The LM35 does not require any externa calibration
or trimming to provide typical accuracies of £1.4°C at room temperature and +3.4°C

over afull -55 to +150°C temperature range.

The LM35’s low output impedance, linear output, and precise inherent
calibration make interfacing to readout or control circuitry especialy easy. It can be
used with single power supplies, or with plus and minus supplies. As it draws only
60 A from its supply, it has very low self-heating, less than 0.1°C in still air. The
LM35 israted to operate over a -55° to +150°C temperature range, while the LM35C
israted for a--40° to +110°C range (-10° with improved accuracy).
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Fig.4-7: LM35DT

4.4ADCO0804: -

The ADC0804 is CMOS 8-hit successive approximation A/D converters that use
adifferential potentiometer ladder-similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INSB080A derivative control bus
with TRI-STATE output latches directly driving the data bus. These A/Ds appear
like memory locations or I/O ports to the microprocessor and no interfacing logic is
needed.

Differential analog voltage inputs alow increasing the common-mode rejection
and offsetting the analog zero input voltage value. In addition, the voltage reference
input can be adjusted to alow encoding any smaller analog voltage span to the full 8

bits of resolution.

_ L
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An—{2 19f—CLER

WA —{3 18 =060 {L58)
cLxiN—{4 17 =081

TR —{5 16 =082
Vygl+1 =16 15 =083
Vigl=1—7 14 =084
AGHD—{a 13 }—DBs
Voer2 —4a 12 f—0Be
nGHD =10 11}—=0B7 (MSE)

Figure 4-8: ADC 0804



4.5 Computer interface

45.1 A Parallel Ports; -

The Parallel Port is the most commonly used port for interfacing home made
projects. This port will allow the input of up to 9 bits or the output of 12 bits at any
one given time, thus requiring minimal externa circuitry to implement many simpler
tasks. The port is composed of 4 control lines, 5 status lines and 8 data lines. It's
found commonly on the back of the PC as a D-Type 25 Pin female connector. There
may also be a D-Type 25 pin male connector. This will be a serial RS-232 port and
thus, is atotally incompatible port.

45.2 Paralldl Port Basics: -

The Pardlel Port is the most commonly used port for interfacing home made
projects. This port will allow the input of up to 9 bits or the output of 12 bits at any
one given time, thus requiring minimal external circuitry to implement many simpler
tasks. The port is composed of 4 control lines, 5 status lines and 8 data lines. It's
found commonly on the back of your PC as a D-Type 25 Pin female connector.
There may aso be a D-Type 25 pin male connector. Thiswill be a serial RS-232 port
and thus, is atotally incompatible port.

When a PC sends data to a printer or other device using a parallel port, it
sends 8 bits of data (1 byte) at atime. These 8 bits are transmitted parallel to each

other; as opposed to the same eight bits being transmitted serially (all in asingle row)



through a seria port. The standard paralel port is capable of sending 50 to 100

kilobytes of data per second.
|p7|Ds |2 p-|po]

T jxm.uu..,
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4‘._3 3
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Fig.4-9: Pardlel Port

Whenever a new print job is ready, the computer drops the charge on
Pin 16 to initialize the printer.

Pin 17 is used by the computer to remotely take the printer offline.
This is accomplished by sending a charge to the printer and
maintaining it aslong as you want the printer offline.

Pins 18-25 are grounds and are used as a reference signal for the low

(below 0.5 volts) charge.
46 MATLAB 6.5: -

MATLAB is an integrated technical computing environment that combines
numeric computation, advanced graphics and visualization, and a high-level
programming language. It is used in a variety of application areas including signal
and image processing, control system design, financial engineering, and medical

research.
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Chapter Five

5.1 hardware designs: -

The acid-base conductivity meter for medical solutions design using the

following parts:

Design of amplifier circuit (TLO084).
Design of 8-hit analog to digital converter (ADC0804).
Design of temperature sensor.

Eal A

Design of Power supply.
5.1.1 Amplifier: -

We use the amplifier (TL084) to amplify the signals, which are generating
from temperature sensor, and pH sensor. We connect the amplifier as non-inverting
amplifier  (i.e. the inputs are connected to pins 3,12. and the outputs are connected
to pins 1,14).

In our application we want the voltage at output amplifier around £5V
maximum, so we need to amplify the signal 10 times.
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Fig.5-1: TL084 Amplifier circuit oV
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5.1.2 Temperature Sensor: -

We use the LM 35 Temperature sensor, which is used to sense and convert the
temperature degree to the electric voltage. The value of this voltage is very small so
we must connect this sensor with the amplifier to raise the electric voltage to the
level of the ADC voltage.

The figure 5-2 shows the connection between the temperature sensors LM 35

with the amplifier TLO84. B2
2.09E
e
v
+5%r
<
Bl 4 TLOO4
1k T
R e " — }1 o
4
] - 1 ol pal
— +5%
T
o
A &

Fig.5-2: The connéction between the Temperature sensor with TL084

5.1.3 Analog to Digital Converter: -

We use the ADC0804 to convert the analog signals (Temp. and pH) into
digital datato connect the ADC with the computer.

Self-Clocking

The clock for the A/D can be derived from the CPU clock or an external RC
can be added to provide self-clocking. TheCLK IN (pin 4) makes use of an Schmitt

trigger as shown in Figure 5-3.



e W4} ELK R

Le o NI 10
CLK IN
=4 A 150 F

RO

=1,

Fig. 5-3: Self-Clocking in Free-Running Mode

Handling £5V Analog I nputs

For the pH electrode we need to handle a negative input in addition of
positive inputs, the following figure (5-4) shows how to handle these inputs.

Ve
16 gal

Vil Ve

Ik

B

Fig.5-4: Handling £5V Anaog Inputs



5.1.4 pH €electrode:

We use the HI1230B pH electrode. It is a combination general-purpose
electrode, which is sensitive to the hydrogen concentration in the solution, and gives

avoltage output (mV), which is treated and converted to give apH value.

ol
: GZJ, i
J

Li 120 mm
4.

Fig.5-5: HI1230B pH electrode

5.2 Software: -

We use the matlab program to find the Ph value and temperature and we will explain

how the program works:

In the first the is two sensors and each one give very small voltage value and
this two values dependent on each others

And then through the program the two values are read from the parallel port.
And then use the equation to find the two values.

Finally the data will appear on the computer screen.



The Flow Chart: -

M easure the
temperature
\ 4
Store the value
\ 4
Measure the pH
No Yes
A\ 4 A\ 4
Eaual Set base value
Set acid value. qu

Set neutra value

»

>
Lt Dl

A 4

Display pH status
(value), Tempe.
And the state of

the solution

End




Chapter Six
Conclusion




Chapter six

Conclusion: -

» PH meter is very sensitive because of we detail with a very small signal by

mv range so you must be use it be careful.

» PH is very important measure not for blood only but it is also important for

urine, water, food, milk, chemical area, etc...

» Especialy in medicine pH gives us big important in diseases diagnosis by pH
test.

> pH is dependent on temperature.
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PRELIMINARY EXAMINATION

Remove the instrument from the packing materialand examine it carefully to make surethat no
damage has occurred during shipping.If noticeable damage is found, notifyyour Dealer.

Each pH meter is supplied complete with:

» HI1230B Combination pH Electrode

» HI7669/2W Temperature Probe

» 1.5V AA size Alkaline Batteries (4 pcs)

» pH4, pH7 buffer and cleaning solutions(20 mL each)

» 12VDC power adapter

* Rugged Carrying Case.

The kit versions HI96240 and HI96250 include

also:

» HI92000 Windowse compatible software

* HI920011 PC connection cable

* HI3230B platinum, gel, plastic bodyORP electrode (HI96250KIT only)

Note: Save all packing material until you aresure that the instrument functions correctly.

All defective items must be returnedin the original packaging togetherwith the supplied
accessories.

TEMPERATURE EFFECT ON pH

The pH reading is directly effected by temperature.In order for the meter to measurethe pH
accurately, temperature must be takenin consideration.

A perfect equilibrium between the pH electrodeand the sample is reached in approximately

15 minutes.To use the meter's Automatic TemperatureCompensation feature, submerge the
temperature probe into the sample as close to the electrode as possible and wait for 1-2

minutes. If you know the temperature of the sample to be tested you can manually compensate
for it.

PH calipration:

For greatest accuracy, it is recommended that the instrument is calibrated frequently.For a faster
operation, it is possible to standardize the electrode at pH 7.01 only (one point calibration), but it
is always good practice to calibrate at least 2 points.The standard calibration program of the
meter,however, is prepared for 3 (maximum) buffers.There is a choice of 5 memorized standard
buffers:

1s:buffer (offset) pH 6.86 or 7.01

2nd buffer (1stslope) pH 4.01

3w buffer (2na slope) pH 9.18 or 10.01

The calibration sequence values of the 2nd and 3w buffers can be reversed.Due to electrode
conditioning time the electrode must be kept immersed in the sample for a few seconds to
stabilize. The user will be guided step by step with easy indications on the display during the pH
calibration. This will make the calibration a simple and errorfree procedure.

INITIAL PREPARATION ﬁ)
Pour small quantities of:
« pH7.01 (HI7007/HI8007) o H E

pH 6.86 (HI7006/HI8006)

* pH4.01 (HI7004/HI8004) or

* pH 10.01 (HI7010/H18010) or pH 9.18
(H17009/H18009) solution into individual beakers.
If possible, use plastic

beakers to minimize any

EMC interferences. For
accurate calibration use two beakers for each buffer solution, the first one for *—dJ4 L

rinsing the electrode, the second one for calibration. By doing this, contamination between the
buffers is minimized.To get accurate readings, use pH 7.01 (or pH 6.86) and pH 4.01 if you are
going to

FHE LLINKATICH




measure acid samples, or pH 7.01 and pH 10.01 (or pH 9.18) for alkaline measurements.
A 3-point calibration can also be performed (pH 7.01, 4.01 and 10.01).

pH VALUES AT VARIOUS TEMPERATURE
Temperature has an effect on pH. The calibration
buffer solutions are effected by temperature
changes to a lesser degree than normal
solutions.

During calibration the meter will automatically
calibrate to the pH value corresponding to the
measured temperature (if used in conjunction
with the HI7669/2W temperature probe) or to

the manually set temperature.

TEM® pH VAL LUES
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For instance, if the buffer's temperature is
25°C, the display will show pH 4. 01 or

7.01 or10. 01.

If the buffer's temperature is 20°C, the display
will show pH 4. 00/7. 03/10. 06.

If the buffer's temperature is 50°C, the display
will show pH 4. 06/6. 98/9. 82.

TEMPERATURE AND mV CALIBRATION
Each meter has been factory calibrated for

the temperature and mV and is ready for
measurements.

The temperature probes and ORP electrodes
are interchangeable and no temperature or

mV calibration is needed when the temperature
probe or the ORP electrode is replaced.

If, for any reason, the temperature or the mV




measurements are out of accuracy, the temperature
or the mV re-calibration should be

carried out.

For an accurate recalibration, contact your

nearest Hanna Service Center.

ELECTRODE CONDITIONING AND MAINTENANCE
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PREPARATION

Remove the protective cap.

DO NOT BE ALARMED IF ANY SALT DEPOSITS
ARE PRESENT.

This is normal with electrodes and they will
disappear when rinsed with water.

During transport tiny bubbles of air may have
formed inside the glass bulb. The electrode
cannot function properly under these condi-
tions. These bubbles can be removed by
"shaking down" the electrode as you would
do with a glass thermometer.

If the bulb and/or junction are dry, soak the
electrode in HI70300 or HI 80300 Storage
Solution for at least one hour.

For refillable electrodes:

If the filling solution (electrolyte) is more than
1 cm (¥2") below the fill hole, add HI 7082 or
HI 8082 3,5M KCI Electrolyte Solution for
double junction or HI 7071 or HI8071 3,5M
KCI+AgCl Electrolyte Solution for single
junction electrodes.

For a faster response, loosen the fill hole
screw during measurements.

For AmpHele electrodes:

If the electrode does not respond to pH




changes, the battery is run down and the
electrode should be replaced.
MEASUREMENT

Rinse the electrode tip with distilled water.
Immerse the tip (4 cm /1%2") in the sample
and stir gently for at least 30 seconds.

For a faster response and to avoid cross
contamination of the samples, rinse the electrode
tip with a few drops of the solution to be
tested, before taking measurements.
STORAGE

To minimize clogging and assure a quick
response time, the glass bulb and the junction
should be kept moist and not allowed to

dry out.

Replace the solution in the protective cap

with a few drops of HI70300 or HI 80300
Storage Solution or, in its absence, Filling
Solution (HI7071 or HI8071 for single junc-
tion or HI 7082 or HI8082 for double junction
electrodes). Follow the Preparation Procedure
above before taking measurements.

Note: NEVER STORE THE ELECTRODE IN
DISTILLED WATER OR DRY.

PERIODIC MAINTENANCE

Inspect the electrode and the cable. The cable
used for the connection to the meter must be
intact and there must be no points of broken
insulation on the cable or cracks on the
electrode stem or bulb. Connectors must be
perfectly clean and dry.

If any scratches or cracks are present, replace
the electrode.

Rinse off any salt deposits with water.

For refillable electrodes:

Refill the reference chamber with fresh electrolyte
(H1 7071 or HI 8071 for single junction

or HI7082 or HI 8082 for double junction electrodes).
Allow the electrode to stand upright

for 1 hour.

Follow the Storage Procedure above.
CLEANING PROCEDURE

General Soak in Hanna HI7061 or HI8061
General Cleaning Solution for
approximately 1 hour.

Removal of films, dirt or deposits on the
membrane/junction:

- Protein Soak in Hanna HI7073 or HI8073
Protein Cleaning Solution for

15 minutes.

- Inorganic Soak in Hanna HI 7074 or HI 8074
Inorganic Cleaning Solution

for 15 minutes.

- Oil/grease Rinse with Hanna HI7077 or

HI 8077 Oil and Fat Cleaning

Solution.




IMPORTANT: After performing any of the
cleaning procedures rinse the electrode thoroughly
with distilled water, refill the reference
chamber with fresh electrolyte, (not necessary
for GEL filled electrodes) and soak the
electrode in HI70300 or HI 80300 Storage
Solution for at least 1 hour before taking
measurements.

TROUBLESHOOTING

Evaluate your electrode performance based
on the following.

* Noise (Readings fluctuate up and down)
could be due to:

- Clogged/Dirty Junction: Refer to the
Cleaning Procedure above.

- Loss of shielding due to low electrolyte
level (in refillable electrodes only): refill

with fresh HI7071 or HI 8071 for single
junction or HI 7082 or HI8082 for double
junction electrodes.

* Dry Membrane/Junction: Soak in Storage
Solution HI70300 or HIB0300 for at

least 1 hour.

« Drifting: Soak the electrode tip in warm
Hanna Solution HI7082 or HI 8082 for one
hour and rinse tip with distilled water.

Refill with fresh HI7071 or HI8071 for

single junction electrodes and HI 7082 or
HI8082 for double junction electrodes.

» Low Slope: Refer to the cleaning procedure
above.

» No Slope: Check the electrode for cracks
in glass stem or bulb and replace the
electrode.

» Slow Response/Excessive Drift: Soak
the tip in Hanna Solution HI7061 or HI8061
for 30 minutes, rinse thoroughly in distilled
water and then follow the Cleaning
Procedure above.

TEMPERATURE-RESISTANCE
CORRELATION FOR HANNA PH

SENSITIVE GLASS

The resistance of glass electrodes partially
depends on the temperature. The lower the
temperature, the higher the resistance. It takes
longer time for the reading to stabilize if the
resistance is higher. In addition, the response
time will suffer to a greater degree at temperatures
below 10°C.

Since the resistance of the pH electrode is in

the range of 200 Mohm, the current across

the membrane is in the pico Ampere range.
Large currents can disturb the calibration of

the electrode for many hours.

For these reasons high humidity environments,




short circuits and static discharges

are detrimental for a stable pH reading.

The pH electrode’s life also depends on the
temperature. If constantly used at high temperatures,
the electrode life is drastically reduced.

Typical Electrade Life

Ambient Temperatura 1- 3 years
@b “C Less than 4 months
120°C Less than 1 month

High concentrations of sodium ions interfere
with readings in alkaline solutions; the pH at
which the interference starts to be significant
depends upon the composition of the glass.
This interference is the alkaline error and
causes the pH readings to be underestimated.
Hanna's glass formulations have the indicated
characteristics.

Alkaline Error

Sodium lon Correction for the Glass
at2-25°C

Concentration pH Error
0.1 Mol L e =.00 0.10
360 0.14
4.00 0.20
1 1260 010
1.0Mol L' MNa 1500 R
13.50 0.9
14.00 0.40

pH ELECTRODES
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HI11043B / HI1040S
Glass-body, double junction, refillable, combination
pH electrode. Use: strong acid/alkali.

—

HI11053B / HI1050S
Glass-body, triple ceramic, conic shape, refillable,
combination pH electrode. Use: emulsions.
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HI1083B
Glass-body, micro, Viscolene, nonrefillable,
combination pH electrode. Use: biotechnology,micro titration.
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HI1131B / HI1111S
Glass-body, single junction, refillable, combination
pH electrode. Use: general purpose.

e

HI11330B / HI1310S
Glass-body, semimicro, single junction, refillable,
combination pH electrode. Use: laboratory.
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HI1331B / HI1311S
Glass-body, semimicro, single junction, refillable,
combination pH electrode. Use: flasks.
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HI11230B / HI1210S

Plastic-body (Ulteme), double junction, gelfilled,
combination pH electrode. Use: general
purpose.
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HI2031B / HI2020S
Glass-body, semimicro, conic, refillable, combination
pH electrode. Use: semisolid products.
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HI11332B / HI1312S
Plastic-body (Ulteme), double junction, refillable,

combination pH electrode. Use: general
purpose.
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FC100B

Plastic-body (Kynare), double junction, refillable,
combination pH electrode. Use: general
purpose for food industry.
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FC200B / FC200S

Plastic-body (Kynars), single junction, conic,
Viscolene, refillable, combination pH electrode.
Use: meat & cheese.
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FC210B
Glass-body, double junction, conic, Viscolene,
combination pH electrode. Use: milk, yogurt.
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FC220B

Glass-body, single junction, refillable, combination
pH electrode. Use: food & wine processing.

FC911B

Plastic-body (Kynare), double junction, refillable
with built-in amplifier, combination pH
electrode. Use: very high humidity.

thrcmln_ rDJ

-

} e e |
- A -

HI1413B / HI1410S

Glass-body, single junction, flat tip, Viscolene,
combination pH electrode. Use: surface measurement.
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Extension cables for screw-type electrodes
only (screw to BNC connector)

HI7855/1 Extension cable 1m (3.3’) long
HI7855/3 Extension cable 3m (9.9") long
HI7855/5 Extension cable 5m (16.5") long
HI7855/10 Extension cable 10m (33’) long
Il-ll7855/15 Extension cable 15m (49.5) long
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&National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADC0802, ADC0803, ADC0804 and
ADCO0805 are CMOS 8-hit successive approximation A/D
converters that wuse a differential potentiometric
ladder—similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE output latches directly
driving the data bus. These A/Ds appear like memory loca-
tions or 1/O ports to the microprocessor and no interfacing
logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features
m Compatible with 8080 pP derivatives—no interfacing
logic needed - access time - 135 ns

m Easy interface to all microprocessors, or operates “stand
alone”

November 1999

m Differential analog voltage inputs

m |ogic inputs and outputs meet both MOS and TTL
voltage level specifications

m Works with 2.5V (LM336) voltage reference

On-chip clock generator

0V to 5V analog input voltage range with single 5V

supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or small outline package

Operates ratiometrically or with 5 V¢, 2.5 Ve, Or

analog span adjusted voltage reference

Key Specifications

m Resolution 8 bits
m Total error +¥, LSB, £%2 LSB and £1 LSB
m Conversion time 100 pus

Connection Diagram

ADCO080X
Dual-In-Line and Small Outline (SO) Packages
_ -/
cs—{1 20—V (OR Vger)
RD—2 19]—CLKR
WR—{3 18—DBO (LSB)
CLKIN—{4 17081
INTR—15 16 }—DB2
ViN(+)—16 15—DB3
ViN(=)—7 14|—DB4
AGND—18 13}—DB5
Veer/2—19 12|—DB6
DGND=—{10 11}—DB7 (MSB)

See Ordering Information

Ordering Information

DS005671-30

TEMP RANGE 0°C TO 70°C 0°C TO 70°C -40°C TO +85°C
+/4, Bit Adjusted ADCO0801LCN
ERROR +15 Bit Unadjusted ADC0802LCWM ADCO0802LCN
+1/, Bit Adjusted ADCO0803LCN
+1Bit Unadjusted ADC0804LCWM ADCO0804LCN ADCO0805LCN/ADC0804LCJ
PACKAGE OUTLINE M20B — Small N20A—Molded DIP
Outline

Z-80° is a registered trademark of Zilog Corp.

© 2001 National Semiconductor Corporation DS005671

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

5V

™ 1 20 T
———-——>0| TS vee ®
L S d® 19
o il CLK R
————-—p0O WR 4 10k TRANSDUCER
5] —— CLKIN 150 pF,
| ¢ INTR 8-BIT RESOLUTION
<+ 1 DB7 1’ OVER ANY DESIRED
» 12 > ANALOG INPUT
ANY Bl o L | < VOLTAGE RANGE
4PROCESSOR s e 13 1 pes , >DIFF — SEE SECTION 2.4.
< 14 1 0sa Vini=)
< :: 083 acno l——<
< DB2 SPAN ADJ
L 17 VREF/2 pm==O SEE SECTION "= —
< e L w24
< DBO D GND 7
W
DS005671-1
8080 Interface
s pP——>0
AD 30}
NSC800,
8080, WA f———p0
280, A/D
8048,
ETC. ‘oY — T
< DATA
DS005671-31
Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- V rer/2=2.500 Vpe Vree/2=No Connection
Number Scale (No Adjustments) (No Adjustments)
Adjusted
ADC0801 | *¥%4 LSB
ADCO0802 +%> LSB
ADC0803 | *¥%- LSB
ADCO0804 1 LSB
ADCO0805 +1 LSB
www.national.com 2




Absolute Maximum Ratings

Distributors for availability and specifications.

Supply Voltage (Vcc) (Note 3)
Voltage
Logic Control Inputs
At Other Input and Outputs
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)

Electrical Characteristics

(Notes 1, 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Infrared (15 seconds)
Storage Temperature Range
Package Dissipation at T,=25°C

ESD Susceptibility (Note 10)

oSV Operating Ratings
-0.3V to +18V Temperature Range
-0.3V to (Veet0.3V) ADCO804LCJ
ADC0801/02/03/05LCN
260°C ADCO0804LCN
300°C ADC0802/04LCWM
Range of V¢
215°C

220°C

-65°C to +150°C

(Notes 1, 2)

875 mW
800V

TrminSTasTvax
—40°C<T,<+85°C
~40°C<T,<+85°C

0°C<TA<+70°C

0°C<TA<+70°C
4.5 Vpe 10 6.3 Vpc

The following specifications apply for Vec=5 Vpe, TuinSTaSTumax and fo =640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units
ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. 771 LSB
(See Section 2.5.2)
ADCO0802: Total Unadjusted Error (Note 8) Vrer/2=2.500 Vpe 73 LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. +1 LSB
(See Section 2.5.2)
ADCO0804: Total Unadjusted Error (Note 8) Vree/2=2.500 Vpe +1 LSB
ADCO0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection +1 LSB
Vzee/2 Input Resistance (Pin 9) ADCO0801/02/03/05 25 8.0 kQ
ADCO0804 (Note 9) 0.75 11 kQ
Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 Vc+0.05 Vpe
DC Common-Mode Error Over Analog Input Voltage +1/16 tlg LSB
Range
Power Supply Sensitivity Vee=5 Vpe £10% Over +1/16 haf7:) LSB
Allowed V (+) and V,y(-)
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vec=5 Vpc and Ty nSTa<Tuax Unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time feLk=640 kHz (Note 6) 103 114 ps
Te Conversion Time (Notes 5, 6) 66 73 Ufe k
foLk Clock Frequency Vee=5Y, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpe, fe =640 kHz

twewvrL Width of WR Input (Start Pulse Width) CS =0 Vpc (Note 7) 100 ns

tace Access Time (Delay from Falling C,=100 pF 135 200 ns
Edge of RD to Output Data Valid)

tims ton TRI-STATE Control (Delay C,=10 pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

twir tri Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

Cin Input Capacitance of Logic 5 7.5 pF
Control Inputs

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical CharacteristicsS  (continued)

The following specifications apply for Vcc=5 Vpe and Ty nSTaSTuax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1” Input Voltage Vee=5.25 Vpe 2.0 15 Vpe
(Except Pin 4 CLK IN)

VN (0) Logical “0” Input Voltage Vee=4.75 Vpe 0.8 Voe
(Except Pin 4 CLK IN)

In (1) Logical “1” Input Current Vin=5 Vpe 0.005 1 HALC
(All Inputs)

Iin (0) Logical “0” Input Current Vin=0 Vpe -1 -0.005 MALc
(All Inputs)

CLOCK IN AND CLOCK R

Vot CLK IN (Pin 4) Positive Going 2.7 31 35 Vpe
Threshold Voltage

Vo= CLK IN (Pin 4) Negative 15 1.8 2.1 Vpe
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Vpe
(V+)=(V+-)

Vour (0) Logical “0” CLK R Output 15=360 pA 0.4 Voe
Voltage Vee=4.75 Vpe

Vour (1) Logical “1" CLK R Output 6=-360 pA 2.4 Vbe
Voltage Vee=4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “0” Output Voltage

Data Outputs lout=1.6 MA, Vcc=4.75 Vpe 0.4 Vpe

INTR Output lout=1.0 MA, Ve=4.75 Vpe 0.4 Vpe
Vour (1) Logical “1” Output Voltage 16=—360 PA, Vcc=4.75 Vpe 2.4 Vpe
Vour (1) Logical “1” Output Voltage lo==10 YA, Vcc=4.75 Vpe 4.5 Vpe
louT TRI-STATE Disabled Output Vout=0 Vpe -3 HALc

Leakage (All Data Buffers) Vour=5 Vpe 3 AL
lsource Vour Short to Gnd, T,=25°C 4.5 6 MApc
lsink Vour Short to Ve, Ta=25°C 9.0 16 MALC
POWER SUPPLY
lee Supply Current (Includes feLk=640 kHz,

Ladder Current) Vree/2=NC, Tp=25°C

and CS =5V
ADC0801/02/03/04LCJ/05 11 1.8 mA
ADCO0804LCN/LCWM 1.9 2.5 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from V¢ to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For V|y(-)2 Vn(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the V¢ supply. Be careful, during testing at low V¢ levels (4.5V), as high
level analog inputs (5V) can cause this input diode to conduct—especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec
allows 50 mV forward bias of either diode. This means that as long as the analog V,\ does not exceed the supply voltage by more than 50 mV, the output code will
be correct. To achieve an absolute 0 Vp¢ to 5 Vpc input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations,
initial tolerance and loading.

Note 5: Accuracy is guaranteed at fo k = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is internally latched, see Figure 4 and section 2.0.

www.national.com 4



AC Electrical Characteristics

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the_m pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 7.

Note 9: The Vggr/2 pin is the center point of a two-resistor divider connected from V¢ to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADCO0805, and in the ADC0804LCJ, each resistor is typically 16 kQ. In all versions of the ADC0804 except the ADC0O804LCJ, each resistor is typically 2.2 kQ.

(Continued)

Note 10: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Typical Performance Characteristics

Logic Input Threshold Voltage
vs. Supply Voltage

S 18 —
2 —55°C < Tp < +125°C
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DS005671-38

feuk vs. Clock Capacitor
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DS005671-41
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DS005671-44

Delay From Falling Edge of
RD to Output Data Valid
vs. Load Capacitance
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DS005671-39
Full-Scale Error vs
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DS005671-42

Power Supply Current
vs Temperature (Note 9)

2 M pn
< [ el Coaoy
E 20 ——
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i
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DS005671-45

CLK IN Schmitt Trip Levels
vs. Supply Voltage

CLK IN THRESHOLD VOLTAGE (V)

Effect of Unadjusted Offset Error
vs. Vger/2 Voltage

OFFSET ERROR (LSBs)

Linearity Error at Low
Vkee/2 Voltages

LINEARITY ERROR (LSBs")

35

3.1

2.7

23

14 ASSUMES Vg =2 mV.
THIS SHOWS THE NEED
12 FOR A ZERO ADJ. IF
10 THE SPAN IS REDUCED.
8
6
4
2 iin
Pt
0
0.01 0.1 1.0 5

1.0

b
o

VT+ //

VT_ |

4.75 5.00 5.25 5.50

Vg - SUPPLY VOLTAGE (Vpg)
DS005671-40

LB EARL S

\ 'V'|‘NI1I:) = \’I|N(-—) =0v.

VRer/2 (Vpg)
DS005671-43

I T T
| —ADC0801 |

17 1T
2(VRgp/2)

T
1LSB= 256

(ZERO AND FULL-

SCALE ADJUSTED) |
| I |

LI
11.SB VALUE (mV)

YA

122 488 L | g

(12 Bi7s) (10BITS) 9.77 (giT5)

/1 (8BITS) T
|

| ]|
LENANEER

1 2 25
VREF/2 VOLTAGE (Vp¢)
DS005671-46
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms

3l

Timing Diagrams

START
CONVERSION

ACTUAL INTERNAL
STATUS OF THE
CONVERTER

INTR

tin
V%C
O— DATA
Cs oUTPUT
J- o "
DS005671-47
ton
Vﬁg‘c Vee
10k
RDO— DATA
s OUTPUT
T

DS005671-49

t,=20 ns

t,=20 ns

typ, C, =10 pF

DATA 0%

OUTPUTS

DS005671-48

ton, CL.=10 pF

DATA
OUTPUTS

DS005671-50

(All timing is measured from the 50% voltage points)

/]

W(WR)L

“NOT BUSY"'

“BUSY"

DATA IS VALID IN
g OUTPUT LATCHES

(LAST DATA WAS READ)

————— 1T08x 1/fg K

< INTERNAL T ———|

(LAST DATA WAS NOT READ) _'7

INT ASSERTED

~— 1/2Tg g

DS005671-51
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Timing Diagrams

DATA
OUTPUTS

(All timing is measured from the 50% voltage points) (Continued)

Output Enable and Reset with INTR

INTR RESET

s \ — tgi

—

pu—— tAcc -

TRI-STATE®

— YH, 10 |=~—

Note: Read strobe must occur 8 clock periods (8/fc k) after assertion of interrupt to guarantee reset of INTR .

Typical Applications

6800 Interface

cs
62
VMA

6800,
6802,

DATA

—— >
I e
——

T3

3

A/D

DS005671-53

Ratiometeric with Full-Scale Adjust

DS005671-52

Vee
(5Vpg)

XDR

> vee
Vint

-
I
x4 .
i -4
HH

A/D

r‘ VinG) VREF/2

Pk

10 uF

4
A
A4
g

Note: before using caps at V| or VRgr/2,
see section 2.3.2 Input Bypass Capacitors.

.
*a 8

- -
s

]}

A
VvV

~
=

H—AAAA

v

OPTIONAL
FS ADJUST

DS005671-54
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

(Continued)

Absolute with a 2.500V Reference

O V|N(+) Vee

Vee
(5Vpg)

A/D

O V|5 (-) VREf/2

10 uF

L
T

<

A
\ A4
~
=

2,500 Vpg

*For low power, see also LM385-2.5

10k
> FS

L33 <
ADS

DS005671-55

Zero-Shift and Span Adjust: 2V <V <5V
vVee
(5Vpg)
. VinG) Vee
Vin h
10 uF )
| 1
= - <
A/D
Fr=—————=——|
| 1/2LM358 I
| : ] |
Vine) VREF/2 T S0k 338 |
+
>3
11+ < AD |
| 1uF
SETS ZERO 330 | SETS VOLTAGE SPAN |
CODEVOLTAGE, %\ ANA (SEE SECTION 2.4) |
: iy
2vpe — = =
2.7k & ZERO ADJ = =

DS005671-57

+

Vin

Absolute with a 5V Reference

O—— vy

O——{ Vin-)

A/D

Vee = VREF
(5vpg)
o]
m-=--q
' I
v 1
cc | )
|
+
T~ 10uF I S |
T 3
= | W |
>
L 33w |
| 1 |
| |
<
%
[ S
VRgF/2 [l : - :
||
OPTIONAL
FS ADJUST

DS005671-56

Span Adjust: OV <V, <3V

C
(5Vpe)

Vint)

Vi)

A/D

VREF/2

Vee
Vo
+

"

F
T" $
<
— ‘)
1/2 LM358
> 10k
—
+ S FS LM336
+ 15V € ADJ
——
1uF
T 4

DS005671-58
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Typical Applications  (continued)
Directly Converting a Low-Level Signal
Vee
(5 Vpg)

|
1
T

ViNG) v
. N cc
10 uF P
Sk
— <
A/D
0V < Viy<512my .
V‘.A
1/2 LM358 vy
N LM336
Vine) VREf/2 S
1+ ¢ SFs
) I 1uF ‘LADJ

VREF/2:256 mV

1 mV Resolution with pP Controlled Range

DS005671-59

A pP Interfaced Comparator

Vee
5Vpe)
O——1vint Vee
+
T"
AD
o— vy VREF/2 j_

DS005671-60
For:
VINGH)ZVING)
Output=FFyex
For:
VINH)<VING)
Output=00yex

Vee
(5Vpg)
v
+ Vint €
|+
Vin 104F |
I Su
— - ‘b
AID
9.1k
8-81T DAC AA > 2500V
172 LM358A vVv > be
2500 Vg /
MICRO-DACT™™ o ®
pACORD [y VNG VREF/2 oIk
A+ + ‘: SPAN LM336
0 14uF ADJ
DATA = I_ — —
BUS = = = =

VRep/2=128 mvV
1LSB=1mV
VbacsVINS(Vpact256 mV)
0 < Vpac < 2.5V

DS005671-61
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

* Use a large R value
to reduce loading
at CLK R output.

100
ZERD
ADJ 4

(Continued)

Digitizing a Current Flow

——— ILOAD

(2A FULL-SCALE)

>

240k

Vin(-) Vee

Vee
T (6 Vpg)

A/D

>
120k

L.,
T

1/2 LM358

Vine) VREF/2

Self-Clocking Multiple A/Ds

A/D

CLKR

CLKIN

>

< -
> 51k

b3

— 30pF

NC o— CLKR
| CLKIN /D #1

NC O—— CLKR
A/D #2

»| CLKIN

v

IF MORE THAN 5 ADDITIONAL
A/Ds, USE A CMOS BUFFER (NOT T2L)

DS005671-63

RL
>
$* L
9.1k
p
-
LM336
1k
FS
ADJ
DS005671-62
External Clocking
5V

foLk

--—F-—-F-----27VMIN1
—-4-—- -} -——— 1.5V MAX 0

feLK P—t

CLK IN

A/D

100 KHzsfcy <1460 kHz

DS005671-64
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Typical Applications

(Continued)

Self-Clocking in Free-Running Mode

O—— VNt CLKR
S
O—— Vin) :’ 10k
CLKIN
s AlD — 150pF
RD
WR INTR
START"
O

DS005671-65

*After power-up, a momentary grounding of the WR input is needed to
guarantee operation.

Operating with “Automotive” Ratiometric Transducers

Vee
(5Vpc)
<
I :: 20k
VXDR
XDR Vine) Voo
+
1k & . 10 uF
zero S Vine) |
ADJ WL =
A/D
Su AbCAMS s
3 S 16k
1 ‘
- - 1/2 LM358A
VREF/2
0.35 Vg :: ;;
>
A+ 1L ADJ
1uF <
Q8.2
I 1

DS005671-67

*ViN()=0.15 Ve
15% of VeesVypre85% of Ve

uP Compatible Differential-Input Comparator with Pre-Set V

WP Interface for Free-Running A/D

IO s INTR
= T 0001uF
v
RESET
7STAGE
R BINARY CTR
SYSRESET WR WD clkR —PPCLK " cpanzasc
>
S vo7*
B S
¢ RD
D CLKIN
150 pF
: ; ; READY
(T uP)
*.‘ [4—(1)( gLk
" vo? I I | PREVENTS RD
| DURING A/D
DATA UPDATE
O
RESET 2xiligLg) RESET
DS005671-66
Ratiometric with V ggg/2 Forced
Voo
(5 Vpg)
XDR
Q
> ¢ VNG v
:' IN cc ‘I N
T
. = >
= Sk
AD <

1/2 LM358A

VING) VREeF/2

DS005671-68

os (with or without Hysteresis)

=
2

1H—AAA
I—WAre

| ——— - ]
cs2 [}
o x .
| cC
Vit MSB OuTPUT | l | (5 Vpg)
o—" (087) | 0K g |
| b O l
M T FIF
| [ : 1.5k
|
A/D | |
v L
<
_1/2 LM358A ) 5 I > \{UT: : L33
4 g—’ JL i
| —
O——qVint) VREF/2 = i -
1N ‘. !
R" 14F 1§
< Vi~ (0RVgg)
- = 1/2CDA016 S
= = 1
R [P Sy ———
DS005671-69
*See Figure 5 to select R value
DB7="1" for ViN(+)>VIN(-)+(VReF/2)
Omit circuitry within the dotted area if
hysteresis is not needed
11 www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

(Continued)

Handling £10V Analog Inputs

Low-Cost, uP Interfaced, Temperature-to-Digital

o Ve Converter
(5Vpg)
S . v
sk 5Vpg)
£V 10k < Q
M ViNe) Vee
+ <
e T, <
V|N+ TIIIMF r 3 oo
| 1 35 W " Vint Vee "
< - 104F 10uF
I 1T T
A/D
5Vpc
VinG) 1 Q10K
(-] Ta MAX
L Ta iy ] V() VREF/2 >S A
= 1 =
DS005671-70 -
DS005671-71
*Beckman Instruments #694-3-R10K resistor array
UP Interfaced Temperature-to-Digital Converter
Vee
(5 Vpg)
o
3k
AAA
VW—
Ta 100k
VVW\—9¢ . ViNG) Vee
LM335**
(2.98V @ 25°C, N | + +
10 mV/K) 390k _l"‘mur
T 3
= = = = Q%
= AID
28v o
VWV >
1/2 LM358 L_l
1k -
TAMIN > ————Vint) VReF/2 4 Mk LM336
ADJ i E3 » TaMAX
1uF ADJ
100 T W
27k < -
<

*Circuit values shown are for 0°C<TA<+128°C
***Can calibrate each sensor to allow easy replacement, then A/D can be calibrated with a pre-set input voltage.

>
> oon*
§ 820

DS005671-72
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Typical Applications

Vin

Handling £5V Analog Inputs

(Continued)

10k

10k*
VInG)

-r Vine)

A/D

Read-Only Interface

uP BUS
Vee A
(5 Vnc) =
0
AD +0
Vee
10 uF WA

Dk

*Beckman Instruments #694-3-R10K resistor array

WP Interfaced Comparator with Hysteresis

ViNG) MSB (DB7)
+
Vin DB6 = OUTPUT
= A/D
Vine) VREF/2 __L
*VREF !
cs
_:g:)o—rnux ole—
AD
a
Reg I
<
>
S

DS005671-35

DS005671-33

A/D

s\ S

RD
DATA IS
OUTPUT

Protecting the Input

ViN +)

Vin (=)

A/D

Vee

Diodes are 1N914

/>\—/<\s‘n\n'rs NEW

CONVERSION

(&9
(5 Vpe)

DS005671-9

DS005671-34
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

A0mV > V> -1V QO

_VMAXREF O
(-10 Vpg)

*LM389 transistors
A, B, C, D = LM324A quad op amp

(Continued)

SYSTEM
DC TEST <
POINTS

-~

11727770 ¢%

Ve

8
CHANNEL
ANALOG
MUX
CD4051

Analog Self-Test for a System

f,_)

ls

1c

—

FROM OUTPUT
PORT OF uP

L]

VinG)

VinGe)

A/D

CHANNEL
SELECT

A Low-Cost, 3-Decade Logarithmic Converter

DS005671-36

VinH

DS005671-37

www.national.com
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Typical Applications

A,B,C,D=

10k
Vin
(-10mv T0 -10v) O—MWV—8—- |
+
172 LW3g4 ;.

(Continued)

3-Decade Logarithmic A/D Converter

LM324A

1/2 LM394

1 M
AAA—AAA

LM336

o

VW— WV
™ LB
ZERO ADJ

0.1 uF

i

IS
Q 2.0k & 43k
> TS

10k

+

oy L A c

Fs‘,w—vvv y

ADJ S 10k

. 1%

— AA

- A A4

Noise Filtering the Analog Input

fc=20 Hz

Vi

AD

Vine)

DS005671-74

Uses Chebyshev implementation for steeper roll-off unity-gain, 2nd order,

low-pass filter

Adding a separate filter for each channel increases system response time

if an analog multiplexer is used

Output Buffers with A/D Data Enabled

Al
DATAY

—

:g:)o——o W AD

1

TO uP
DATA BUS
TRISTATE®

BUFFERS

T ]

*A/D output data is updated 1 CLK period prior to assertion of INTR

DS005671-76

Increasing Bus Drive and/or Reducing Time on Bus

100
MY VinG)
100
MY Vine)
>
10k

A/D

VREF/2

A A4

+
JUT“‘F

DS005671-73

Multiplexing Differential Inputs

—

4
CHANNEL
DIFFERENTIAL
MUX
04052

L—fvio)

ln

B CHANNEL
SELECT

FROM OUTPUT
PORT OR wP

DS005671-75

CSp—gp——O T3

?
L

_l_—o*ur

DATA 0UT|

A

TRISTATE®
BUFFERS

TO 4P
DATA BUS

?T

r

*Allows output data to set-up at falling edge of CS

DS005671-77
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications

(Continued)

Sampling an AC Input Signal

fin MAX

FILTER
SKIRT

SAMPLE
N

F—>{ vine)

r
Viy
()
6070 -80 dB

1(-60)

LOW-PASS, MULTIPOLE
FILTER

—re|—

SH
CONTROL

+

A
Ch

J__- Vine)
WR  RD

— g

DS005671-78

Note 11: Oversample whenever possible [keep fs > 2f(—60)] to eliminate input frequency folding (aliasing) and to allow for the skirt response of the filter.

Note 12: Consider the amplitude errors which are introduced within the passband of the filter.

70% Power Savings by Clock Gating

feLk
640 kHz

oK &R oK erR

1/2 74000

CLKIN

an®
1274074
0

[
oK o

Ey TR

3a

ac4
1/4 74¢32

ToAD

(Complete shutdown takes = 30 seconds.)

:

DS005671-79

1374004

Power Savings by A/D and V g Shutdown

CONTROL 1/6 74C04

Vee

A/D"

uP CONTROL
BUS

s aa

VREF/2

o Vee
O (5Vpe)

2N3905

mo
L

>
> 51k
b3

A/D DATA OUTPUT

CMOS
BUFFER

T0 DATA
BUS

*Use ADC0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to V¢ with A/D supply at zero volts.

LM385-2.5

Buffer prevents data bus from overdriving output of A/D when in shutdown mode.

Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown in Figure 1. The horizontal scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vrge/2 pin). The digital
output codes that correspond to these inputs are shown as

DS005671-80

D-1, D, and D+1. For the perfect A/D, not only will
center-value (A-1, A, A+1, . . . .) analog inputs produce
the correct output digital codes, but also each riser (the
transitions between adjacent output codes) will be located
+1> LSB away from each center-value. As shown, the risers
are ideal and have no width. Correct digital output codes will
be provided for a range of analog input voltages that extend

www.national.com
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Functional Description

+15 LSB from the ideal center-values. Each tread (the range
of analog input voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 2 shows a worst case error plot for the ADC0801. All
center-valued inputs are guaranteed to produce the correct
output codes and the adjacent risers are guaranteed to be
no closer to the center-value points than %4 LSB. In other
words, if we apply an analog input equal to the center-value
+Y4 LSB, we guarantee that the A/D will produce the correct
digital code. The maximum range of the position of the code
transition is indicated by the horizontal arrow and it is guar-
anteed to be no more than %2 LSB.

(Continued)

The error curve of Figure 3 shows a worst case error plot for
the ADC0802. Here we guarantee that if we apply an analog
input equal to the LSB analog voltage center-value the A/D
will produce the correct digital code.

Transfer Function

DIGITAL OUTPUT CODE

1
|
!
|
I
I
|
|
|
|
|
1
+

A-1 A A+l
ANALOG INPUT (V)

DS005671-81

Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is
continuously displayed and includes the quantization uncer-
tainty of the A/D. For example the error at point 1 of Figure 1
is +¥2 LSB because the digital code appeared %> LSB in
advance of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LSB in magnitude.

Error Plot

+1LSB

H/2LSB f-—-p——-p--—p---——-7T

‘QUANT.

Iznnon

ERROR
o

)
I
-1/2 LSB 4—-r- -ﬁ

F———q--—=

1
A-1 A A+1
ANALOG INPUT (Vi)

-1LSB

DS005671-82

FIGURE 1. Clarifying the Error Specs of an A/D Converter
Accuracy= *0 LSB: A Perfect A/D

Transfer Function

w
=]
o [
© 5
= D+1 b J
E 1p 6
3 3 ’I
S o} r- J
= | 14 !
= e | !
= 1 ! I !
aD-1 r i :
bt il i :

i | i

1 1 1

A-1 A A+1

ANALOG INPUT (Vjy
DS005671-83

Error Plot

+1LSB
+3/4 LSB

+1/2 LSB

ERROR
o

-1/2 LB
-3/4 LSB

-1LSB
A-1 A A

ANALOG INPUT (V)
DS005671-84

FIGURE 2. Clarifying the Error Specs of an A/D Converter
Accuracy= %, LSB
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description  (continued)

Transfer Function

a
SDH - r——‘sJ —————
- 1 16
2 -—
5 3! |
H
=) D~ r 1
= [— \
= i
Spqf g 2 |
1
I
A-1 A A+1

ANALOG INPUT (Vjy)
DS005671-85

Error Plot

+1 LSB

ERROR
|
; !
I
- |
=
.8
z

—1LSB

A-1 A A
ANALOG INPUT (V)
DS005671-86

FIGURE 3. Clarifying the Error Specs of an A/D Converter
Accuracy= *%. LSB

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference input
voltage [V n(+) = Vn(-)] to a corresponding tap on the R
network. The most significant bit is tested first and after 8
comparisons (64 clock cycles) a digital 8-bit binary code
(1111 1111 = full-scale) is transferred to an output latch and
then an interrupt is asserted (INTR makes a high-to-low
transition). A conversion in process can be interrupted by
issuing a second start command. The device may be oper-
ated in the free-running mode by connecting INTR to the WR
input with CS =0. To ensure start-up under all possible
conditions, an external WR pulse is required during the first
power-up cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will remain
in a reset state. Conversion will start from 1 to 8 clock
periods after at least one of these inputs makes a low-to-high
transition.

A functional diagram of the A/D converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1” level resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1” to the D flop, F/F1, which is at the
input end of the 8-bit shift register. Internal clock signals then
transfer this “1” to the Q output of F/F1. The AND gate, G1,
combines this “1” output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1”) the start F/F is reset and the 8-bit
shift register then can have the “1” clocked in, which starts
the conversion process. If the set signal were to still be
present, this reset pulse would have no effect (both outputs
of the start F/F would momentarily be at a “1” level) and the
8-bit shift register would continue to be held in the reset
mode. This logic therefore allows for wide CS and WR
signals and the converter will start after at least one of these
signals returns high and the internal clocks again provide a
reset signal for the start F/F.

www.national.com
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Functional Description

(Continued)

“17= RESET SHIFT REGISTER
“0” = BUSY AND QUIESCENT STATE

INPUT PROTECTION
FOR ALL LOGIC INPUTS

INPUT CLK

TO INTERNAL J
CIRCUITS :
- D
RESET BV =30v
F/F1
START F/F a
CLK B
1 2
START CONVERSION
20 MsB D
Vee (VRep) O < o
< < <
< & e
> < < IF RESET = “0
9 LADDER | SAR € 8-BIT
VREF/2 O > AND LATCH | SHIFT R|<=
DECODER [¢ (NOTE2) [@ REGISTER RESET
< «—
< <
<& <
) D) INTR F/F
DAC i ~LSB
8 ViouT) T 4
—l - — Q
_Egun CLKA
= ‘e _1 2
LE D
LATCH 1
a
5 4
Ving) O VVYVVVVYYY ?
j _ XFER
7 TRI-STATE® < G2 SE
VING-) O OUTPUT LATCHES —J
— -t x g0

wl LT L L f L ;

1112 13 14 15 16 17 18
\ -

DIGITAL OUTPUTS

TRI-STATE® CONTROL
“1" = QUTPUT ENABLE

LI_ INTR
CONV. COMPL.
L 8x 1/igLK

2
RD

Note 13: CS shown twice for clarity.
Note 14: SAR = Successive Approximation Register.

RESET
DS005671-13

FIGURE 4. Block Diagram

Atfter the “1” is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1” is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output makes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the external clock periods (as the internal clocks run at ¥s
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1” level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low—see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input is still present, the Q output will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).

19
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
analog differential voltage input. The V(=) input (pin 7) can
be used to automatically subtract a fixed voltage value from
the input reading (tare correction). This is also useful in 4
mA-20 mA current loop conversion. In addition,
common-mode noise can be reduced by use of the differen-
tial input.

The time interval between sampling V,(+) and V (-) is 4-¥2
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

(Continued)

4.5
AVg(MAX) = (Vp) (27rfcm) (EK' )

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
fem is the common-mode frequency

As an example, to keep this error to ¥ LSB ((b mV) when
operating with a 60 Hz common-mode frequency, f.,, and
using a 640 kHz A/D clock, fc, k, would allow a peak value of
the common-mode voltage, Vp, which is given by:

o= [AVemax) (fork)]

(@27fem) (4.5)
or
(5 X 10-9) (640X 109)
P (6.28) (60) (4.5)
which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the internal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 5.

60ns
—
TIME

Rg ICHARGE

5 oN

S

va IniscHaRge | ‘N
-7 CSTRAY
(12pF)
Vine) |
= 4 | =
- ' -
e e

DS005671-14

ron of SW 1 and SW 2 = 5 kQ
r=ron Cstray = 5 kQ x 12 pF = 60 ns

FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the V,y(+) input pin and leaving the V(=)
input which will depend on the analog differential input volt-
age levels. These current transients occur at the leading
edge of the internal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the V(+) or V(=) pin
exceeds the allowed operating range of Voc+50 mV, large
input currents can flow through a parasitic diode to the V¢
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the V¢ pin (with the current bypassed with
this diode, the voltage at the V,\(+) pin can exceed the V¢
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the V,\(+)
input voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the V,\(+) input at 5V, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the V-2 pin for high resistance sources (= 1 kQ). If input
bypass capacitors are necessary for noise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input
resistance, which is due to the average value of the input
current, can be eliminated with a full-scale adjustment while
the given source resistor and input bypass capacitor are
both in place. This is possible because the average value of
the input current is a precise linear function of the differential
input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input
currents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series
resistor (< 1 kQ) for a passive RC section or add an op amp
RC active low pass filter. For low source resistance applica-
tions, (£ 1 kQ), a 0.1 pF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
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wire. A 100Q series resistor can be used to isolate this
capacitor—both the R and C are placed outside the feed-
back loop—from the output of an op amp, if used.

(Continued)

2.3.4 Noise

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 kQ. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog
inputs to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see section
2.3.1.). This scale error depends on both a large source
resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vgee/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 V¢, 2.5 Ve Or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 6.

Vee (VREF)
20
<
R
b3
v o~ 3
REF/2 » DIGITAL
, CIRCUITS
S
1
3 }—
<
1 ANALOG
RY y DECODE CIRCUITS
.
AGND [8 DGND 10
= 777

DS005671-15

FIGURE 6. The Vgererence Design on the IC

Notice that the reference voltage for the IC is either ¥z of the
voltage applied to the V¢ supply pin, or is equal to the
voltage that is externally forced at the Vgge/2 pin. This allows
for a ratiometric voltage reference using the V¢ supply, a 5
Ve reference voltage can be used for the V¢ supply or a
voltage less than 2.5 V. can be applied to the Vree/2 input
for increased application flexibility. The internal gain to the
Vgee/2 input is 2, making the full-scale differential input
voltage twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span—or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 V¢ to 3.5 V¢, instead of OV to 5 V., the
span would be 3V as shown in Figure 7. With 0.5 Vpc
applied to the V(=) pin to absorb the offset, the reference
voltage can be made equal to %2 of the 3V span or 1.5 V.
The A/D now will encode the V,(+) signal from 0.5V to 3.5V
with the 0.5V input corresponding to zero and the 3.5 Vpc
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADCO0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In absolute
conversion applications, both the initial value and the tem-
perature stability of the reference voltage are important fac-
tors in the accuracy of the A/D converter. For Vgge/2 volt-
ages of 2.4 V. nominal value, initial errors of £10 mVpc will
cause conversion errors of £1 LSB due to the gain of 2 of the
Vrer/2 input. In reduced span applications, the initial value
and the stability of the Vgge/2 input voltage become even
more important. For example, if the span is reduced to 2.5V,
the analog input LSB voltage value is correspondingly re-
duced from 20 mV (5V span) to 10 mV and 1 LSB at the
Vrer/2 input becomes 5 mV. As can be seen, this reduces
the allowed initial tolerance of the reference voltage and
requires correspondingly less absolute change with tem-
perature variations. Note that spans smaller than 2.5V place
even tighter requirements on the initial accuracy and stability
of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for
references if the ambient temperature changes are not ex-
cessive. The LM336B 2.5V IC reference diode (from Na-
tional Semiconductor) has a temperature stability of 1.8 mV
typ (6 mV max) over 0°C<T,<+70°C. Other temperature
range parts are also available.
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Functional Description  (continued)
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a) Analog Input Signal Example
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L
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05 Vpg 15 Vpe .
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*Add if VRgp/2 < 1 Vpc with LM358 to draw 3 mA to ground.

b) Accommodating an Analog Input from
0.5V (Digital Out = 00 jex) to 3.5V
(Digital Out=FF ,,gx)

FIGURE 7. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, V gy, iS not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D V(=) input at this Vymin) value (see
Applications section). This utilizes the differential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V,y (=) input and applying a small magnitude
positive voltage to the V,\ (+) input. Zero error is the differ-
ence between the actual DC input voltage that is necessary
to just cause an output digital code transition from 0000 0000
to 0000 0001 and the ideal ¥> LSB value (¥2 LSB = 9.8 mV
for Vgree/2=2.500 Vpe).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 1% LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vgege/2 input (pin 9 or the V¢ supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111.

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
that does not go to ground) this new zero reference should
be properly adjusted first. A V,\(+) voltage that equals this
desired zero reference plus ¥2 LSB (where the LSB is cal-
culated for the desired analog span, 1 LSB=analog span/

256) is applied to pin 6 and the zero reference voltage at pin
7 should then be adjusted to just obtain the 00,gx to 01ex
code transition.

The full-scale adjustment should then be made (with the
proper V(=) voltage applied) by forcing a voltage to the
V n(+) input which is given by:

(VMax — VMIN)]

V|N(+)fsadj=VMAx—1.5[ 256

where:
Vuax=The high end of the analog input range
and

Vuin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)
The Vger/2 (or V) voltage is then adjusted to provide a
code change from FELex to FFLex. This completes the
adjustment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 8.

www.national.com




Functional Description  (continued)
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FIGURE 8. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D converter
clock inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this latch.
The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in
TRI-STATE (high impedance mode). Backplane bussing
also greatly adds to the stray capacitance of the data bus.

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
I/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be TRI-STATE buffers

(low power Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive current products which
are designed as bus drivers. High current bipolar bus drivers
with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Ve pin and values of 1 pF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greatly
reduce digital noise on the V¢ supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vree/2 bypass ca-
pacitors, analog input filter capacitors, or input signal shield-
ing should be returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of ¥4 LSB can usually be
traced to improper board layout and wiring (see section 2.5.1
for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure 9.

For ease of testing, the Vgee/2 (pin 9) should be supplied
with 2.560 Vp and a Ve supply voltage of 5.12 V. should
be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 V¢ (5.120—-1%2 LSB) should be applied to
the V,y(+) pin with the V(=) pin grounded. The value of the
Vree/2 input voltage should then be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111.
This value of Vrge/2 should then be used for all the tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table 1 shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “YMS” and “VLS” columns in
Table 1, the nominal value of the digital display (when
Vgee/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 V. These
voltage values represent the center-values of a perfect A/D
converter. The effects of quantization error have to be ac-
counted for in the interpretation of the test results.
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Functional Description  (continued)
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FIGURE 9. Basic A/D Tester

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2
digital words.

A basic A/D tester that uses a DAC and provides the error as
an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical
subtraction feature is available to read the difference volt-
age, “A-C”, directly. The analog input voltage can be sup-
plied by a low frequency ramp generator and an X-Y plotter
can be used to provide analog error (Y axis) versus analog
input (X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors
digitally. This can be done with the circuit of Figure 11, where
the output code transitions can be detected as the 10-bit
DAC is incremented. This provides ¥4 LSB steps for the 8-bit
A/D under test. If the results of this test are automatically
plotted with the analog input on the X axis and the error (in
LSB’s) as the Y axis, a useful transfer function of the A/D
under test results. For acceptance testing, the plot is not
necessary and the testing speed can be increased by estab-
lishing internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an I/O device by using the 1/0 R
and 1/0 W strobes and decoding the address bits AO —» A7
(or address bits A8 - A15 as they will contain the same 8-bit
address information) to obtain the CS input. Using the 1/O
space provides 256 additional addresses and may allow a
simpler 8-bit address decoder but the data can only be input
to the accumulator. To make use of the additional memory
reference instructions, the A/D should be mapped into
memory space. An example of an A/D in 1/O space is shown
in Figure 12.
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FIGURE 10. A/D Tester with Analog Error Output
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FIGURE 11. Basic “Digital” A/D Tester

TABLE 1. DECODING THE DIGITAL OUTPUT LEDs

OUTPUT VOLTAGE

FRACTIONAL BINARY VALUE FOR CENTER VALUES

HEX BINARY WITH
Vgee/2=2.560 Vpe
MS GROUP LS GROUP VMS VLS
GROUP GROUP
(Note 15) (Note 15)

F 1 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 1 1 0 1 13/16 13/256 4.160 0.260
C 1 1 0 0 3/4 3/64 3.840 0.240
B 1 0 1 1 11/16 11/256 3.520 0.220
A 1 0 1 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 9/256 2.880 0.180
8 1 0 0 0 1/2 1/32 2.560 0.160
7 0 1 1 1 7116 71256 2.240 0.140
6 0 1 1 0 3/8 3/128 1.920 0.120
5 0 1 0 1 5/16 2/256 1.600 0.100
4 0 1 0 0 1/4 1/64 1.280 0.080
3 0 0 1 1 3/16 3/256 0.960 0.060
2 0 0 1 0 1/8 1/128 0.640 0.040
1 0 0 0 1 1/16 1/256 0.320 0.020

0 0 0 0 0 0 0

Note 15: Display Output=VMS Group + VLS Group
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Functional Description

Note 16: *Pin numbers for the DP8228 system controller, others are INS8080A.
Note 17: Pin 23 of the INS8228 must be tied to +12V through a 1 kQ resistor to generate the RST 7
instruction when an interrupt is acknowledged as required by the accompanying sample program.

FIGURE 12. ADC0801_INS8080A CPU Interface

(Continued)
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Functional Description  (continued)

SAMPLE PROGRAM FOR Figure 12 ADC0801-INS8080A CPU INTERFACE

0038 C30003 RST 7: JMP LD DATA

L] L ] [ ]

[ ] [ ] L ]
0100 21 0002 START: LXI H 0200H ;HLpairwill point to

;datastorage locations

0103 310004 RETURN: LXI SP 0400H ;Initialize stack pointer (Note 1)
0106 7D MOVA, L ; Test # of bytes entered
0107 FE OF CPIOFH ;If#=16. JMP to
0109 CA1301 JZ CONT ;user program
010C D3 EO OUTEOH ; Start A/D
010E FB EI ; Enable interrupt
0l1l0F 00 LOOP: NOP ; Loopuntilendof
0110 C30F 01 JMP LOOP ; conversion
0113 ° CONT: U

[ ] [ ] [ ] [ ]

. L] (User programto .

. . process data) .

[ ] [ ] [ ] [ ]

° [ ] [ ] [ ]
0300 DB EO LD DATA: INEOH ; Load data into accumulator
0302 77 MOVM, A ; Store data
0303 23 INXH s Increment storage pointer
0304 C30301 JMP RETURN

Note 18: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack.

Note 19: All address used were arbitrarily chosen.

The standard control bus signals of the 8080 CS, RD and
WR) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and associated hardware
shown in Figure 12 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INS8080A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an I/O device, specifically an 8-bit bi-directional
port located at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral interface device, however address decoding
is still required to generate the appropriate CS for the con-
verter.

DS005671-99

It is important to note that in systems where the A/D con-
verter is 1-0f-8 or less 1/0 mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(AO to A7) can be directly used as CS inputs— one for each
1/0O device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
(see Figure 13) is simpler than the 8080A CPU interface.
There are 24 1/0O lines and three test input lines in the 8048.
With these extra I/O lines available, one of the 1/O lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8048 are tied directly
to the A/D. The 16 converted data words are stored at
on-chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing into a
dummy address, respectively. A sample interface program is
shown below.
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Functional Description  (continued)
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FIGURE 13. INS8048 Interface

SAMPLE PROGRAM FOR

0410 JMP
ORG
04 50 JMP
ORG
99 FE ANL
81 MOVX
8901 START: ORL
B8 20 MoV
B9 FF MoV
BA 10 MOV
23 FF AGAIN: MoV
99 FE ANL
91 MOVX
05 EN
96 21 LOOP: JNZ
EA1B DJNZ
00 NOP
00 NOP
ORG
81 INDATA: MOVX
AO MoV
18 INC
89 01 ORL
27 CLR
93 RETR

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 1/O request, IORQ, sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An
advantage of operating the A/D in I/O space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more time for the 1/O devices to respond. Logic to map the
A/D in 1/O space is shown in Figure 14.

Figure 13 INS8048 INTERFACE

10H : Program starts at addr 10

3H

50H ; Interrupt jump vector

10H ;Mainprogram

P1l, #0FEH ; Chip select

A, @R1 ;Read inthe 1st data
;toreset the intr

P1l, #1 ; Set port pinhigh

RO, #20H ; Data address

R1, #0FFH ; Dummy address

R2, #10H ; Counter for 16 bytes

A, #0FFH ; Set ACC forintr loop

Pl, #OFEH ;Send CS (bit 0 of P1)

@R1, A ; Send WR out

I ; Enable interrupt

LOOP ;Wait for interrupt

R2, AGAIN ;If 16 bytes are read
;gotouser's program

50H

A, @R1 ; Input data, CSstill low

@RO, A ; Store inmemory

RO ; Increment storage counter

P1, #1 ; Reset CS signal

A ;Clear ACCto get out of

; the interrupt loop

DS005671-A0

A/D

MM74C32
DS005671-23

FIGURE 14. Mapping the A/D as an I/O Device
for Use with the Z-80 CPU

Additional 1/0 advantages exist as software DMA routines
are available and use can be made of the output data
transfer which exists on the upper 8 address lines (A8 to

www.national.com

28




Functional Description

A15) during I/O input instructions. For example, MUX chan-
nel selection for the A/D can be accomplished with this
operating mode.

(Continued)

4.3 Interfacing 6800 Microprocessor Derivatives
(6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strobe signals. Instead it
employs a single R/W line and additional timing, if needed,
can be derived fom the @2 clock. All I/O devices are memory
mapped in the 6800 system, and a special signal, VMA,
indicates that the current address is valid. Figure 15 shows
an interface schematic where the A/D is memory mapped in
the 6800 system. For simplicity, the CS decoding is shown
using ¥= DM8092. Note that in many 6800 systems, an
already decoded 4/5 line is brought out to the common bus
at pin 21. This can be tied directly to the CS pin of the A/D,
provided that no other devices are addressed at HX ADDR:
4XXX or 5XXX.

The following subroutine performs essentially the same func-
tion as in the case of the 8080A interface and it can be called
from anywhere in the user’s program.

In Figure 16 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral Interface Adapter, (PIA).
Here the CS pin of the A/D is grounded since the PIA is

already memory mapped in the M6800 system and no CS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one is
shown below Figure 16. The PIA Data and Control Registers
of Port B are located at HEX addresses 8006 and 8007,
respectively.

5.0 GENERAL APPLICATIONS

The following applications show some interesting uses for
the A/D. The fact that one particular microprocessor is used
is not meant to be restrictive. Each of these application
circuits would have its counterpart using any microprocessor
that is desired.

5.1 Multiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels to a single
microprocessor system, a multiple converter scheme pre-
sents several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 series, the
differential inputs allow individual span adjustment for each
channel. Furthermore, all analog input channels are sensed
simultaneously, which essentially divides the microproces-
sor’s total system servicing time by the number of channels,
since all conversions occur simultaneously. This scheme is
shown in Figure 17.

—» TRQ (4*[D]**

‘Oq—l—< RAW (34) [6]
10k

AAA

VVVv

ANALOG
INPUTS -

150 pF! o
10

O/

A/D

—]+_1OI-LF
a|] T

Ve 19 ABC
CLKR p—d  b—————0 5V (8) [12]

DBO ::———-» D0 (33) [31]
DB P D1 (32) [29]
DB2 —»'ﬁ D2 (31) [K]
DB3 :j——» D3 (30) [H]
DB4 f————————p D4 (29) [32]
DBS ”——b D5 (28) [30]
DB6 :f—» D6 (27) [El
D87 p———————p 07 (26) [J]

1——4 A12 (22) [34]

2 _
—-OQ—! A13 (23) [N]
3

Note 20: Numbers in parentheses refer to MC6800 CPU pin out.

-4 A14 (24) [M]

4
1/2 DM8092 __0<—< A15 (25) [33]

5
v 5) [F]

GND (nl WXy
414243

DS005671-24

Note 21: Number or letters in brackets refer to standard M6800 system common bus code.

FIGURE 15. ADC0801-MC6800 CPU Interface
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Functional Description

0010
0012
0015
0018
001B
001C
001D
001F
0022
0024
0027
0028
002A
002C
002E
0031
0033
0034

0036
0038
003B
003D
003F

(Continued)

SAMPLE PROGRAM FOR Figure 15 ADC0801-MC6800 CPU INTERFACE

DF 36
CE002C
FFFF F8
B7 50 00
OE

3E

DE 34
8C 02 OF
27 14
B7 50 00
08

DF 34
20F0
DE 34
B6 50 00
A7 00
3B
0200

0000
CE 0200
DF 34
DE 36

39

DATAIN STX TEMP2
LDX #8002C
STX $FFF8
STAA $5000
CLI

CONVRT WAI
LDX TEMP1
CPX #8020F
BEQ ENDP
STAA $5000
INX
STX TEMP1
BRA CONVRT

INTRPT LDX TEMP1
LDAA $5000
STAA X
RTI

TEMP1 FDB $0200

TEMP2 FDB $0000

ENDP LDX #80200
STX TEMP1
LDX TEMP2
RTS

; Save contents of X
5 Uponfﬁﬁ low CPU

;s jumps to 002C

; Start ADC0O801

;Wait for interrupt

; Is final data stored?

; Restarts ADC0801

; Read data

; Storeit atX

; Starting address for
; data storage

;Reinitialize TEMP1

; Return from subroutine
; Touser's program

DS005671-A1

Note 22: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program.

18,
P 19
J
10k
—AANN-
1 4 20
—20 cs 1 Vee FOSV
=% i) CLKR
__ 1 1
3ol R pao 2 LIS
4 17 1M,
@] CLK IN DB1 >
%o INTR AID DB2 :53 :::
ANALOG © VING) DB3 " 14;
INPUTS O i Vine) DB4 = , >
150 oF ™ : A GND DBS - 1::
P OF VREF/2 DB6 " 7*
D GND DB?7 -

FIGURE 16. ADC0801-MC6820 PIA Interface

cB1

CB2

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

PIA

DS005671-25
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Functional Description  (continued)

SAMPLE PROGRAM FOR Figure 16 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN LDX #$0038 ; Upon IRQ low CPU

0013 FF FF F8 STX $FFF8 ; jumps to 0038

0016 B6 80 06 LDAA PIAORB ; Clear possible IRQ flags

0019 4F CLRA

001A B7 8007 STAA PIACRB

001D B7 80 06 STAA PIAORB ; Set Port B as input

0020 OE CLI

0021 Cé6 34 LDAB #$34

0023 86 3D LDAA #$3D

0025 F7 8007 CONVRT STAB PIACRB ; Starts ADC0O801

0028 B7 8007 STAA PIACRB

002B 3E WAI ;Wait for interrupt

002C DE 40 LDX TEMP1

002E 8C 02 OF CPX #$020F ; Is final data stored?

0031 27 OF BEQ ENDP

0033 08 INX

0034 DF 40 STX TEMP1

0036 20ED BRA CONVRT

0038 DE 40 INTRPT LDX TEMP1

003A B6 80 06 LDAA PIAORB ; Read data in

003D A7 00 STAA X ; Store it at X

003F 3B RTI

0040 0200 TEMP1 FDB $0200 ; Starting address for

; data storage

0042 CE 0200 ENDP LDX #8$0200 ;Reinitialize TEMP1

0045 DF 40 STX TEMP1

0047 39 RTS ; Return from subroutine
PIAORB EQU $8006 ; Touser's program
PIACRB EQU $8007

The following schematic and sample subroutine (DATA IN)
may be used to interface (up to) 8 ADC0801's directly to the
MC6800 CPU. This scheme can easily be extended to allow
the interface of more converters. In this configuration the
converters are (arbitrarily) located at HEX address 5000 in
the MC6800 memory space. To save components, the clock
signal is derived from just one RC pair on the first converter.
This output drives the other A/Ds.

All the converters are started simultaneously with a STORE
instruction at HEX address 5000. Note that any other HEX
address of the form 5XXX will be decoded by the circuit,
pulling all the CS inputs low. This can easily be avoided by
using a more definitive address decoding scheme. All the
interrupts are ORed together to insure that all A/Ds have
completed their conversion before the microprocessor is
interrupted.

The subroutine, DATA IN, may be called from anywhere in
the user’s program. Once called, this routine initializes the

DS005671-A2

CPU, starts all the converters simultaneously and waits for
the interrupt signal. Upon receiving the interrupt, it reads the
converters (from HEX addresses 5000 through 5007) and
stores the data successively at (arbitrarily chosen) HEX
addresses 0200 to 0207, before returning to the user’s pro-
gram. All CPU registers then recover the original data they
had before servicing DATA IN.

5.2 Auto-Zeroed Differential Transducer Amplifier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a differential to single ended conversion for
a differential transducer. Thus, one op amp can be elimi-
nated since the differential to single ended conversion is
provided by the differential input of the ADC0801 series. In
general, a transducer preamp is required to take advantage
of the full A/D converter input dynamic range.

31

www.national.com

S0800dV/r0802dVv/£0800AV/20800AV/10800AV



ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Functional Description  (continued)
? < RW (34)61*
DATA BUS & 00(33) (31]
“5‘1:" D1(32) [29)
10uF D2 (31) [K]
D3 (30) [A]
{0 |\ 2
zo E Vee " —O5V D4 (29) [32]
3 b}E CLKRf=— D5 (28) [30]
7,0 WR DBO[— — 06(27) [T]
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Note 23: Numbers in parentheses refer to MC6800 CPU pin out.
Note 24: Numbers of letters in brackets refer to standard M6800 system common bus code.

1/2 DM8092

3
—4)4—1 A13(23)(N)

4
P A14 (20)[W]
5

—o0 A15 (25)[33)

FIGURE 17. Interfacing Multiple A/Ds in an MC6800 System
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Functional Description  (Continued)

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS COMMENTS

0010 DF 44 DATAIN STX TEMP ; Save Contents of X
0012 CE 00 2A LDX #$002A ; Upon IRQ LOW CPU

0015 FF FF F8 STX $FFF8 ; Jumps to 002A

0018 B7 5000 STAA $5000 ; StartsallA/D's

001B OE CLI

001C 3E WAI ;Wait for interrupt
001D CE 5000 LDX #$5000

0020 DF 40 STX INDEX1 ; Reset both INDEX

0022 CE 0200 LDX #$0200 ;land 2to starting
0025 DF 42 STX INDEX2 ; addresses

0027 DE 44 LDX TEMP

0029 39 RTS ;s Return from subroutine
002A DE 40 INTRPT LDX INDEX1 ; INDEX1 — X

002C A6 00 LDAA X ; Read data in fromA/D at X
002E 08 INX ; Increment X by one

002F DF 40 STX INDEX1 ;s X — INDEX1

0031 DE 42 LDX INDEX2 ; INDEX2 — X

DS005671-A3

SAMPLE PROGRAM FOR Figure 17 INTERFACING MULTIPLE A/D’s IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONI
0033 A7 00 STAA
0035 8C 02 07 CPX
0038 2705 BEQ
003A 08 INX
003B DF 42 STX
003D 20 EB BRA
003F 3B RETURN RTI
0040 50 00 INDEX1 FDB
0042 0200 INDEX2 FDB
0044 0000 TEMP FDB

CS COMMENTS
X ; Store dataat X
#$0207 ; Have all A/D's beenread?
RETURN s Yes: branch to RETURN
;s No:increment X by one
INDEX2 ;s X — INDEX2
INTRPT ; Branch to 002A
$5000 ; Starting address for A/D
$0200 ; Starting address for data storage
$0000

DS005671-A4

Note 25: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program.

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the preamp.
Figure 18 is a gain of 100 differential preamp whose offset
voltage errors will be cancelled by a zeroing subroutine
which is performed by the INS8080A microprocessor sys-
tem. The total allowable input offset voltage error for this
preamp is only 50 pV for ¥4 LSB error. This would obviously
require very precise amplifiers. The expression for the differ-
ential output voltage of the preamp is:

Vo = [ViN(+)—V _][1+£%
o = IVin(+)—VIn(—) "1

N A

SIGNAL GAIN

+

2F(2)

(Vos, — Vos; — Vosz * IxRx) (1 vy

\ v J/ ;r—/

DC ERROR TERM GAIN

where |y is the current through resistor Ry. All of the offset
error terms can be cancelled by making *IxRy= Vog, +
Voss — Vosz. This is the principle of this auto-zeroing
scheme.

The INS8080A uses the 3 1/O ports of an INS8255 Progra-
mable Peripheral Interface (PPI) to control the auto zeroing
and input data from the ADC0801 as shown in Figure 19.
The PPl is programmed for basic I/0 operation (mode 0) with
Port A being an input port and Ports B and C being output
ports. Two bits of Port C are used to alternately open or close
the 2 switches at the input of the preamp. Switch SW1 is
closed to force the preamp’s differential input to be zero
during the zeroing subroutine and then opened and SW2 is
then closed for conversion of the actual differential input
signal. Using 2 switches in this manner eliminates concern
for the ON resistance of the switches as they must conduct
only the input bias current of the input amplifiers.

Output Port B is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
each output bit create a D/A converter. During the zeroing
subroutine, the voltage at V, increases or decreases as
required to make the differential output voltage equal to zero.
This is accomplished by ensuring that the voltage at the
output of Al is approximately 2.5V so that a logic “1” (5V) on
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Functional Description

any output of Port B will source current into node Vy thus
raising the voltage at V4 and making the output differential
more negative. Conversely, a logic “0” (OV) will pull current
out of node Vy and decrease the voltage, causing the differ-
ential output to become more positive. For the resistor val-
ues shown, Vy can move £12 mV with a resolution of 50 pV,
which will null the offset error term to ¥4 LSB of full-scale for

(Continued)

the ADC0801. It is important that the voltage levels that drive
the auto-zero resistors be constant. Also, for symmetry, a
logic swing of OV to 5V is convenient. To achieve this, a
CMOS buffer is used for the logic output signals of Port B
and this CMOS package is powered with a stable 5V source.
Buffer amplifier Al is necessary so that it can source or sink

the D/A output current.

AV

2

AVIN ¢
2

Ving) =25V +

12v

>
>
>

5Vpe

VWV

ViNG)

vV

ViNe)

VREF/2

A/D

,_
o
P
2
5
D

+
@
.
o

-12v

5Vpe

FROM OUTPUT
PORT B BUFFER

(FIGURE 16) w3
2020 0

fs
ADJ

1k

g
v

FROM OUTPUT
PORT C

(FIGURE 16)

2|
Y

Note 26: R2 = 49.5 R1
Note 27: Switches are LMC13334 CMOS analog switches.

Note 28: The 9 resistors used in the auto-zero section can be £5% tolerance.

FIGURE 18. Gain of 100 Differential Transducer Preamp

DS005671-91
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Functional Description  (continued)
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FIGURE 19. Microprocessor Interface Circuitry for Differential Preamp

Aflow chart for the zeroing subroutine is shown in Figure 20.
It must be noted that the ADC0801 series will output an all
zero code when it converts a negative input [V (=) = V\n(+)]-
Also, a logic inversion exists as all of the 1/0 ports are
buffered with inverting gates.

Basically, if the data read is zero, the differential output
voltage is negative, so a bit in Port B is cleared to pull Vy
more negative which will make the output more positive for
the next conversion. If the data read is not zero, the output
voltage is positive so a bit in Port B is set to make Vy more
positive and the output more negative. This continues for 8
approximations and the differential output eventually con-
verges to within 5 mV of zero.

The actual program is given in Figure 21. All addresses used
are compatible with the BLC 80/10 microcomputer system.
In particular:

Port A and the ADC0801 are at port address E4

Port B is at port address E5

Port C is at port address E6

PPI control word port is at port address E7

Program Counter automatically goes to ADDR:3C3D upon
acknowledgement of an interrupt from the ADC0801

5.3 Multiple A/D Converters in a Z-80 Interrupt

Driven Mode

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a

need for the CPU to determine which device requires servic-
ing. Figure 22 and the accompanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion (INTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second, etc., through A/D 7 which would have the
lowest priority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry is the DM74LS373, 8-bit D type
flip-flop. When the Z-80 acknowledges the interrupt, the
program is vectored to a data input Z-80 subroutine. This
subroutine will read a peripheral status word from the
DM74LS373 which contains the logic state of the INTR
outputs of all the converters. Each converter which initiates
an interrupt will place a logic “0” in a unique bit position in the
status word and the subroutine will determine the identity of
the converter and execute a data read. An identifier word
(which indicates which A/D the data came from) is stored in
the next sequential memory location above the location of
the data so the program can keep track of the identity of the
data entered.
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Functional Description

(Continued)

OPEN SW1
CLOSE sw2

l

PREAMP IS ZEROED

AND PROPER INPUT

CONVERSIONS CAN
BE DONE

START ZEROING
SUBROUTINE

CLOSE sw1
OPEN SW2

|

INITIALIZE SAR
BIT POINTER
REG B=X'80

!

INITIALIZE SAR
CODEINREGC
REGC=X'TF

!

OUTPUT FIRST
SAR CODE
PORTB=X'80

&
<

v

START A/D AND
READ DATA

“OR"” REG BWITH
REG C TO CLEAR
BIT INPORT B
WHEN REAPPLIED

v

SHIFT “1” IN REG B
RIGHT TO POINT TO
NEXT BIT

y

ISREG B
ZERO?

“EXCLUSIVE-OR"

REG BWITHREG C

TO SET NEXT BIT
INPORT B

!

OUTPUT NEW SAR
CODE TO PORT B

L

DS005671-28

FIGURE 20. Flow Chart for Auto-Zero Routine
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Functional Description  (Continued)
3D00 3E90 MVI 90
3D02 D3E7 Out Control Port
3D04 2601 MVIHOL
3D06 7C MOV A,H
3D07 D3Es OUT C
3D09 0680 MVI B 80
3DOB  3E7F MVI A7F
3DOD 4F MOV C,A Return
3DOE D3E5 OUT B
3D10 31AA3D LXI SP 3DAA Start
3D13 D3E4 OUT A
3D15 FB IE
3Dle 00 NOP Loop
3D17 C3163D JMP Loop
3D1A 7A MOV A,D Auto-Zero
3D1B €600 ADI 00
3D1D CA2D3D JZSetC
3D20 78 MOV A,B Shift B
3D21 Fe00 ORI 00
3D23 1F RAR
3D24 FEOO CPI 00
3D26 CA373D JZDone
3D29 47 MOV B,A
3D2A C3333D JMP New C
3D2D 79 MOV A,C Set C
3D2E BO ORAB
3D2F 4F MOV C,A
3D30 C3203D JMP Shift B
3D33 A9 XRAC New C
3D34 C30D3D JMPReturn
3D37 47 MOV B,A Done
3D38 17C MOV A,H
3D39 EE03 XRI 03
3D3B D3Es OUT C
3D3D . Normal
[ ]
[ ]
Program for processing
proper data values
3C3D DBE4 INA
3C3F EEFF XRIFF
3C41 57 MOVD,A
3C42 78 MOV A,B
3C43 EGFF ANIFF
3C45 C21A3D JNZ Auto-Zero
3C48 C33D3D JMP Normal

Note 29: All numerical values are hexadecimal representations.
FIGURE 21. Software for Auto-Zeroed Differential A/D

5.3 Multiple A/D Converters in a Z-80 Interrupt Driven
Mode (Continued)

The following notes apply:

It is assumed that the CPU automatically performs a RST
7 instruction when a valid interrupt is acknowledged
(CPU s in interrupt mode 1). Hence, the subroutine
starting address of X0038.

The address bus from the Z-80 and the data bus to the
Z-80 are assumed to be inverted by bus drivers.

A/D data and identifying words will be stored in sequen-
tial memory locations starting at the arbitrarily chosen
address X 3E00.

Read A/D Subroutine

; Program PPI

Auto-Zero Subroutine

;s Close SW1 open SW2
;Initialize SARDbit pointer
s Initialize SAR code

; Port B=SAR code
;Dimension stack pointer
; Start A/D

;s Loopuntil INT asserted

; Test A/D output data for zero

; Clear carry

;Shift "1" inB right one place
;IsBzero? If yes last

; approximation has been made

;Setbit inCthat is in same
;positionas "1" inB

;Clearbit inC that is in

; same positionas "1" inB

s then output new SAR code.

;s Open SW1, close SW2 then
;proceed with program. Preamp
;is nowzeroed.

; Read A/D data
;s Invert data

;IsBReg=0?If not stay
;inauto zero subroutine

DS005671-A5

The stack pointer must be dimensioned in the main pro-
gram as the RST 7 instruction automatically pushes the
PC onto the stack and the subroutine uses an additional
6 stack addresses.

The peripherals of concern are mapped into 1/0O space
with the following port assignments:
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Functional Description

HEX PORT ADDRESS
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FIGURE 22. Multiple A/Ds with Z-80 Type Microprocessor

(Continued) HEX PORT ADDRESS PERIPHERAL
04 A/D 4
PERIPHERAL 05 AD 5
AD 1 07 AID 7
AD 2 This port address also serves as the A/D identifying word in
A/D 3 the program.
5V —
DM7404 _? [ 00
—Am a1 o[
INT ¢ 1w 07|}
MM74C30 CLK IN
INTR
D1 =t [ Do
D2 R AD2 ¢
03 - 07
22 04 CLKIN
DATA BUS o |« MM74C374
g7 08 0s Frmammm—
D6 INTR
out”’ & oof |
CLK  DIS.D8 5V RD A/D3 3
-p o[}
CLKIN
MM74C02 MM74C32 _
INTR
s oo |
RD ADS ¢
WR p7[ ]
CLKIN
7 |
INTR
Y6 s o
@—t—RD AD5 ¢
—_—a vs b wr 07~
CLKIN
Pr—— B Ya
DM74L5138 iNTR
—c Y3 S ool
AD ADG ¢
| ee— []] Y2 b 7R o7}
CLKIN
:__—Do—- 62A V1
INTR
m— 628 Yo s 0o
—: :ﬁ A7 H
CLKIN
CLKR
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Functional Description

(Continued)

INTERRUPT SERVICING SUBROUTINE

LOC
0038
0039
003A
003B
003E
0040
0042
0044
0045
0046
0048
004B
004C
004D
004E
0051
0052
0055
0057
0059
005A
005B
005C
005D
0060
0061
0062
0063

OBJ CODE
E5

C5

F5

21 00 3E
OE 01
D300
DB0OO
47

79

FE 08
CA 6000
78

1F

47

DA 5500
ocC

C3 4500
ED 78
EE FF
77

2C

71

2C
€351 00
Fl

Cl

El

C9

TEST

NEXT

LOAD

DONE

SOURCE

STATEMENT
PUSH HL
PUSH BC
PUSH AF
LD (HL) ,X3E00
LD C, X01
OUT X00, A
INA, X00
LDB,A
LDA,C
CP, X08
JPZ, DONE
LDA,B
RRA
LD B,A
JPC, LOAD
INCC
JP,TEST
INA, (C)
XOR FF
LD (HL),A
INCL
LD (HL),C
INCL
JP,NEXT
POP AF
POP BC
POP HL
RET

; Save contents of all registers affected by

s this subroutine.

s Assumed INT mode 1 earlier set.

;Initialize memory pointer where datawill be stored.
;Cregisterwill be port ADDR of A/D converters.

; Load peripheral status word into 8-bit latch.

; Load status word into accumulator.

COMMENT

; Save the status word.

; Test to see if the status of all A/D's have
; been checked. If so, exit subroutine

; Test asingle bit in status word by looking for
;a"l"toberotated into the CARRY (an INT
;yisloadedasa"1l"). If CARRY is set then load
;contents of A/D at port ADDRinC register.

; If CARRY is not set, increment C register to point
;tonext A/D, thentest next bit in status word.

; Read data frominterrupting A/D and invert

; the data.
; Store the data

; Store A/Didentifier (A/D port ADDR) .

; Test next bit in status word.

; Re-establish all registers as they were

; before the interrupt.

; Returnto original program

DS005671-A6
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Physical Dimensions

inches (millimeters) unless otherwise noted

0.496-0.512
(12,598 —-13.005)

0.394-0.419
{10.008—10.643)
I

@ 30°TYP
LEAD NO. 1
IDENT
e
JEYbU b E -
—1234557as1u—f
0.010 MAX
0.254)
0.291-0.299
{7.391-7.595)
0.010-0.028 0.093-0.104
{0.254—0.737) <45 < {z.362-2.642)
e 0.004—-0.012
8° MAX TYP —_—
[ ALL LEADS {0.102-0.305)
L,’—J L n i el T el e I SEATING
T / . T f I f PLANE
0.009-0.013 T35 0016 0.050 e 0.050 0.014-0.020 1yp
0.229-0.330) ALL LEAD TIPS — 406 1270) (0.356) NTEIT - 10,356 0.508)
TYP ALL LEADS TYP ALL LEADS TYp
o _0.008 7yp
(0.203) M20B (REV F)
SO Package (M)
Order Number ADC0802LCWM or ADC0804LCWM
NS Package Number M20B
1.013-1.040
0.092 X 0.030 (26.13-26.42)
(2.337 X0.762) 0.032:0.005
20 19 18 17 16 15 14 13 12 11 P ——
MAX DP \ [20] [1] [w] [i7] (6] [15] [ia] [i3] [i2] [1] ats0.127) [20] [19]
N\ RAD
PIN NO.HDENT\ @ @ 0.260 +0.005 o N1 1DENT
(6.604 <0.127) INNO. 11
0.280 e
RETRTTTEN OPTION 1
i A L2l 3T Tl 6T 6T [ TeT =7 [ L1]
0.300-0.320 . (g'%) OPTION 2
(7.620-6.125) 0.060 NOM 0.040 OPTION 2 0130 0.005
0.060 0040y opTl -~ 130 0,
0065  (1.524) {1.016) 4° (4X) 0130 9985
a8 Tvp TYP {3302 0.127)
[ ' | \ 0.145-0.200
_ | @ssas.080)
5 ! /
95°%5° 0.009-0.015 90°:0.004° | ‘
(nzzg 0.381) 1 002
} ‘ “4‘““*“-‘“04 © oazs-0n40 {0508)
| | '0.060:0.005 {258020254) 0.018+0.003 @1753555  MIN
0.325 *0.040 (1.524£0127) | {0.457:0.076)
-0015
+1.016
(szss 0381)
N20A (REV G)

Molded Dual-In-Line Package (N)
Order Number ADC0O801LCN, ADCO0802LCN,
ADCO0803LCN, ADC0804LCN or ADC0O805LCN
NS Package Number N20A
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

safety or effectiveness.
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National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +¥4°C
at room temperature and *%.°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35’s low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a —55° to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

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

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £¥4°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
(4V TO 20V)

LM35

L

| _ ouTPUT
0 mV+10.0 mv/°C

DS005516-3

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

+Vs

LM35

_L R1

Vout

—Vs
DS005516-4
Choose R; = -Vg/50 pA
V out=+1,500 mV at +150°C
= +250 mV at +25°C
= -550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation DS005516
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

*Case is connected to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

SO-8
Small Outline Molded Package

Vour ! ~ 8~ Vs
N.C.—2 7}=N.C.
N.C.—3 6 —N.C.
GND — 4 5—=N.C.

DS005516-21

N.C. = No Connection
Top View

Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

LM
3507

*+Vs Vout
GND
DS005516-24
*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F
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Absolute Maximum Ratings

(Note 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage
Output Voltage
Output Current
Storage Temp.;
TO-46 Package,
TO-92 Package,
SO-8 Package,
TO-220 Package,

Lead Temp.:
TO-46 Package,

+35V to -0.2V
+6V to -1.0V
10 mA

-60°C to +180°C
-60°C to +150°C

TO-92 and TO-220 Package,
(Soldering, 10 seconds)

SO Package (Note 12)

Vapor Phase (60 seconds)

Infrared (15 seconds)

ESD Susceptibility (Note 11)

Specified Operating Temperature Range: Ty 0 T yax

(Note 2)
LM35, LM35A
LM35C, LM35CA
LM35D

-65°C to +150°C
-65°C to +150°C

260°C

215°C
220°C
2500V

-55°C to +150°C
-40°C to +110°C
0°C to +100°C

(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy T ,=+25°C +0.2 +0.5 +0.2 +0.5 °’C
(Note 7) T o=-10°C +0.3 +0.3 +1.0 °’C
T A=Tuax 0.4 0.4 +1.0 °’C
T A=Tyvin 0.4 +1 0.4 15 °’C
Nonlinearity T viNSTASTmax +0.18 +0.35 +0.15 +0.3 °’C
(Note 8)
Sensor Gain T MinSTA<Tuax +10.0 +9.9, +10.0 +9.9, mV/°C
(Average Slope) +10.1 +10.1
Load Regulation T o,=+25°C 04 +1.0 +04 +1.0 mV/mA
(Note 3) 0<l <1 mA T MinSTASTmax +0.5 +3.0 +0.5 +3.0 mV/mA
Line Regulation T A=+25°C +0.01 +0.05 +0.01 +0.05 mv/V
(Note 3) 4V<V <30V +0.02 +0.1 +0.02 +0.1 mv/V
Quiescent Current V ¢=+5V, +25°C 56 67 56 67 HA
(Note 9) V g=+5V 105 131 91 114 HA
V ¢=+30V, +25°C 56.2 68 56.2 68 HA
V g=+30V 105.5 133 915 116 HA
Change of 4V<Vg<30V, +25°C 0.2 1.0 0.2 1.0 HA
Quiescent Current 4V<V <30V 0.5 2.0 0.5 2.0 MA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 HA/°C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 °C
for Rated Accuracy Figure 1,1,=0
Long Term Stability T ;=Tyax, for +0.08 +0.08 °’C
1000 hours

www.national.com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Wnits
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25°C 0.4 +1.0 0.4 +1.0 °’C
LM35, LM35C T o=-10°C +0.5 0.5 °’C
(Note 7) T A=Tuax +0.8 +15 +0.8 °’C
T a=Tuin +0.8 +15 +0.8 + °’C
Accuracy, LM35D T o=+25°C +0.6 +15 °’C
(Note 7) Ta=Tuax +0.9 2.0 °C
Ta=Tmin +0.9 °C
Nonlinearity T vinSTa<Tmax 0.3 *+0.5 0.2 0 °’C
(Note 8)
Sensor Gain T minSTa<Tmax +10.0 +9.8, +10.0 +9.8, mv/°C
(Average Slope) +10.2 +10.2
Load Regulation T A=+25°C 0.4 +2.0 +0.4 +2.0 mV/mA
(Note 3) 0<l, <1 mA T vinSTa<Tmax +0.5 +5.0 +0.5 +5.0 mV/mA
Line Regulation T A=+25°C +0.01 +0.1 +0.01 +0.1 mv/vV
(Note 3) 4V<V <30V +0.02 +0.2 +0.02 +0.2 mV/IV
Quiescent Current V g=+5V, +25°C 56 80 56 80 MA
(Note 9) V g=+5V 105 158 91 138 MA
V ¢=+30V, +25°C 56.2 82 56.2 82 HA
V g=+30V 105.5 161 91.5 141 UA
Change of 4V<Vg<30V, +25°C 0.2 2.0 0.2 2.0 HA
Quiescent Current 4V<V <30V 0.5 3.0 0.5 3.0 HA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 UA/C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 °’C
for Rated Accuracy Figure 1, 1,=0
Long Term Stability T 3=Tyuax. for +0.08 +0.08 °’C
1000 hours

Note 1: Unless otherwise noted, these specifications apply: =55°C<T;<+150°C for the LM35 and LM35A; -40°<T;<+110°C for the LM35C and LM35CA; and
0°<T;<+100°C for the LM35D. Vg=+5Vdc and I oap=50 HA, in the circuit of Figure 2. These specifications also apply from +2°C to Tyyax in the circuit of Figure 1.
Specifications in boldface apply over the full rated temperature range.

Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-92 package is
180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient. Thermal resistance of the TO-220 package
is 90°C/W junction to ambient. For additional thermal resistance information see table in the Applications section.

Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10mv/°C times the device’s case temperature, at specified conditions of voltage, current,
and temperature (expressed in °C).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.
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Typical Performance Characteristics

Thermal Resistance
Junction to Air

400

300

200
\\ 10-46
N\

100

THERMAL RESISTANCE (°C/W)

10-92 [

o LI [

0 400 800 1200 1600 2000
AIR VELOCITY (FPM)
DS005516-25

Thermal Response in
Stirred Oil Bath

Thermal Time Constant
45
40
35
30
25

20

15 kX 70-46

10 t\\‘

5 ——
10-92

0 1
0 400 800 1200 1600 2000

AIR VELOCITY (FPM)
DS005516-26

TIME CONSTANT (SEC)

Minimum Supply
Voltage vs. Temperature

Thermal Response
in Still Air

120

100

80 /

60

40
20

0
-20

PERCENT OF FINAL VALUE (%)

0 2 4 6 8
TIME (MINUTES)
DS005516-27

Quiescent Current
vs. Temperature
(In Circuit of Figure 1.)

120 44 T T -
= 4.2 TYPICAL ——oZ 5 160
= 100 a0 lour=2.0mA_pZ 21
u / ] s Pa 140
2 80 T0-46 > o 38 g i
£ 4 P g P 39 v
= 60 = 2 vy = b
2 Prei: 2 a4 > 1/ g 100
0=
L 40 g > 32 YPICAL 2 8 v
= & 3.0 . lout =1.0 mA —] —
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0 2 4 6 8 —75 -25 25 75 125 175 0
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DS005516-28 DS005516-29 TEMPERATURE (°C)
DS005516-30

Quiescent Current Accuracy vs. Temperature Accuracy vs. Temperature

vs. Temperature (Guaranteed) (Guaranteed)

(In Circuit of Figure 2.) 20 25 —
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LM35

Typical Performance Characteristics

Noise Voltage
1600

1400

1200

N
< 1000
3 \
= 800 \\
& 600 T 2
o
4
400
200
0
10 100 1k 10k 100k
FREQUENCY (Hz)
DS005516-34
Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die’s temperature will
not be affected by the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,

(Continued)

Start-Up Response

4
=

2
=
>

0

T =
04
=
AN

5 0.2 \/
= 0

0 10 20 30 40 50 60

TIME (microseconds)

DS005516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

034)

TO-46, TO-46%, TO-92, TO-92%*, SO-8 SO-8** TO-220
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400°C/W 100°C/W 180°C/W 140°C/W 220°C/W 110°C/W 90°C/W
Moving air 100°C/W 40°C/W 90°C/W 70°C/W 105°C/W 90°C/W 26°CIW
Still oil 100°C/W 40°C/W 90°C/W 70°C/W
Stirred oil 50°C/W 30°C/W 45°CIW 40°C/wW
(Clamped to metal,
Infinite heat sink) (24°CIW) (55°C/IW)

*Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
**T0O-92 and SO-8 packages glued and leads soldered to 1" square of 1/16" printed circuit board with 2 oz. foil or similar.
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Typical Applications

+ HEAVY CAPACITIVE LOAD, WIRING, ETC.

2k
LM35 oUT TO A HIGH-IMPEDANCE LOAD

DS005516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

I + HEAVY CAPACITIVE LOAD, WIRING, ETC.

ouT
LM35 4

b ——

r
|
|
|
0.1 4F BYPASS L
~

OPTIONAL - 75

T

|
|
|
| S

DS005516-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 8 it is relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from V, to ground and a series R-C
damper such as 75Q in series with 0.2 or 1 pF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

5V

Vour =10 mV/°G (TamsienT +1°C)
fgﬂﬂ FROM +2°C TO +40°C

|

HEAT
FINS LM35

200 TWISTED PAIR

DS005516-5

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

5V

HEAT
FINS
TWISTED PAIR

Vour =10 mV/°C (Tamgient +1°C)
FROM +2°C TO +40°C

6.8k

5%
OR 10k RHEOSTAT
FOR GAIN ADJUST

200
1%

DS005516-6

FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

+Vs

LM35 +

1N914
> 18k
10%

Vour

DS005516-7

FIGURE 7. Temperature Sensor, Single Supply, -55° to

+150°C
r-——-—¢ 5V
|
|
01,
BYPASS TWISTED PAIR
OPTIONAL

Vout =10 mV/°C (TamsienT +10°C)
FROM —5°C to +40°C

200
1%

DS005516-8

FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

e[ K— +5V 70 +30V
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>
<
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4.7k
2N2907:|———0
+ N
ouT out
LM35 LM317
S 402
S
3 62.5 - T s A
<
S 62.
Sosw OFFSET ‘L

ADJUST S 55

DS005516-9

FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)

www.national.com

SENT



Typical Applications

LM35

(Continued)

+Vs
(6V TO 20V)

LM35

,Vum =
+1.0 mV/°F

26.4k
1%

7~

LM385-1.2

1.0M

DS005516-10

FIGURE 10. Fahrenheit Thermometer

5V

LM35

DS005516-11

FIGURE 11. Centigrade Thermometer (Analog Meter)

v
1k
LM35 VWYV
100 4A,
60 mv
FULL-SCALE
>
<
>
3 25.5k

-l
"I LM385-2.5
= DS005516-12

FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer
(50° to 80° Fahrenheit, for Example Shown)

5V
+ 3: 3.0k
M35 out IN
L ¢ SERIAL
REF | Aocosoat f— SN o
— 1.28V
75 ::muk +
P
B L———« CLOCK
LM385
z 3
14F /:AOK L« ENABLE
| 1)

FIGURE 13. Temperature To Digital

GND
DS005516-13

Converter (Serial Output) (+128°C Full Scale)

5V
+ 1: 16k
oot 3 N 8 PARALLEL
LM35 g DATA
OUTPUT
—_ ADC0804
75 2 _
> —> INTR
1k p VREF
0.64V
+ _
1 uF 0_W'-I cs
| 2k — e———aFRD
T e <WR

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE
Standard Data Bus to PP Interface) (128°C Full Scale)
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Typical Applications  (continued)

67 68 69 70 83 84 8

LM3914 LM3914
__]1_l_2l3 4 |5 6<7 8 |9_0__]1ézl3 4 |5 s |7 8N|Cg
T Q1.2k* T
+ VA
out ¢
HEAT M35
g 20 | 499 a99* )
) 3 1.5k* i:’k'
+ > ‘L
;-j[_\um %fmk* ?ﬁ /j’liéa
- "/HA -— -
ﬁ[-w

DS005516-16

*=1% or 2% film resistor

Trim Rg for Vg=3.075V

Trim R¢ for Vc=1.955V

Trim Rp for VA=0.075V + 100mV/°C X Tambient
Example, Vp=2.275V at 22°C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

6V
gﬁ.&k 1k
<
r
I four
+ ) |
100k 7 5 '
M35 VWV —
LM131 I-
6 3
GND
1 2 4
0.01 uF e L S
FuLL
100k sl e 0.01 uF
ADJ
5k
‘ Low
. OW TEMPCO

R

DS005516-15

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2°C to +150°C; 20 Hz to 1500 Hz)
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LM35

Block Diagram

1.38 Verar

O AAA
v

+VS

t— Vour =10 mv/°C
:: 0.125 R2

l 8.8 mv/°C

<
> R2
b3

A

DS005516-23
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Physical Dimensions inches (millimeters) unless otherwise noted

[ 0.209-0.219

(5.308-5.563)
0.178-0.195

(4.521-4.953)

SEATING

PLANE i | 0.080 - 0.105
0.025 I (2.032 - 2.667)
(0 635) 0.500

UNCONTRULLED ———— MIN
LEAD DIA (1270
0.016-0.019 ‘—J 0.030
(0.406—0.483) (0.762)
DIA TYP MAX
0.100

0.050

v (1.270)

0.028-0.048

2540 17"

45
(0.914—1.153)\// ymm-uw)
HO3H (REV C)

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH
NS Package Number HO3H

_ 0.189-0.197 _

"~ (4.800—5.004)

LR A A g

0.228 —0.244
(5.791—-6.198)

0.010 pax
= | 0.253)
Leapno. 1/ 123 50°
IDENT b
0.150—0.157
{3.810-3.988) |
0.053 —0.069
125105 1.386-1.753)
(0.254-0.508) 8° MAX TYP 0.004-0.010
ALL LEADS {0.102—0.254)
L/mﬁ ! N, ¢ j—— SEATING
PLANE

=7+ TR

{0.102)

0.008 —0.010 . 0.050
—_— ALL LEAD TIPS _ P
{0.203—0.254) . 0.016 —0.050 (0.356) (—1 770) —
TYP ALL LEADS (0.406 —1.270) v

TYP ALL LEADS

SO-8 Molded Small Outline Package (M)
Order Number LM35DM
NS Package Number MO8A

0.008 1yp
(0.203)

<l 014 0.014-0.020 ryp
(n 356-0.508)

MOBA (REV H)

11

www.national.com

SENT



LM35

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

] 0.240-0.260 |
[6.10-6.60] | 0.330-0.350
0.100-0.120 [8.38-8.89]
[2.54-3.05]
0.060-0.075 0.149-0.153
TYP —<>] o
[1.52-1.91] ‘ )/~ ° [3.78-3.89] 0.190-0.210 __
{ —_ 0.090-0.110 [4.83-5.33]
} [2.29-2.79]
- —\—
0.400 ;015 4°-5° - = = - -
-0.005
+0.38
[10.16 —o7s5] +0.015 - - i r — -
0.388 o005 ¢ ‘
+0.38
[9-86 o7y5] O_“' _ — —
v \ 0.048-0.055 1, K
_,I l__0.045—o.055 Tvp 0.130-0.160 1\ [1.22-1.40]
[1.14-1.40] [3.30-4.06] 0.027-0.037 1yp
BIN #1 10 [0.69-0.94]
0.001-0.007 1yp
[0.25-0.178] 1.005-1.035 |
[25.53-26.29]
> ~—
70 ~ 0.525-0.555
l ‘ / 70/\ ([13.34—14.101) +0.007

0.175-0.185
[4.45-4.70]

l— 0.015 5 001
+0.18
[0.38 700°

D e

}

b
0.048-0.052

[1.22-1.32]

TAPERED SIDES 1°

0°-6° \/

- XSEATING PLANE

0.105 T001e

_ +0.25
[2.67 -0.38 ]

TAO3F (REV A)

Power Package TO-220 (T)
Order Number LM35DT
NS Package Number TAO3F

www.national.com

12




Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

S r—é:éﬁj

EJECB?NSMQ;;Q
T0.38 MAX N
5.2
—F 1.9
/sgmue PLANE
2.29 MAX
(UNCONTROLLED LEAD DIA)
{
T 14.2 L
nEnE 12.1
1
0.55 1yp | | w T ) —_ﬂ-—
TYP
0.40 1.27£0.05 932
—2.54+0.1
s
g.21 DIMENSIONS ARE IN MILLIMETERS
.

Z03A (Rev G)

TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

slosuag alneladwa] apelbnua)d uoisinald SEINT

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

www.national.com

National Semiconductor
Europe

National Semiconductor
Corporation

Americas

Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

o

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

High Input Impedanc e ... JFET-Input Stage
Latch-Up-Free Operation

® | ow Power Consumption
® \Wide Common-Mode and Differential
Voltage Ranges High Slew Rat e . . . 13 V/us Typ

Output Short-Circuit Protection Includes V cc+

® |ow Total Harmonic
Distortion ... 0.003% Typ

description

The TLO8x JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TLO8x family.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The Q-suffix devices are characterized for operation from —40°C to 125°C.
The M-suffix devices are characterized for operation over the full military temperature range of —55°C to 125°C.

symbols

TLO81 TLO82 (EACH AMPLIFIER)
TLO84 (EACH AMPLIFIER)

OFFSET N1
IN+ IN+ +
ouTt ouT
IN—- IN- ——
OFFSET N2

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. o Copyright [J 1999, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments l On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. Production processing does not necessarily include s I E‘XAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TLO81M
U PACKAGE
(TOP VIEW)
NC[] 1 o 10[] NC
OFFSETNL1[] 2 o[l NC
IN-] 3 8|l Vees
IN+[] 4 7[] ouT
Vee-[l s 6] OFFSET N2

TLO81, TLO81A, TLO81B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
OFFSET N1 [] 1 o 8[] NC
IN-[] 2 70 Vee+
IN+ ] 3 6] OUT
Vee-[] 4 5[] OFFSET N2

TLO81M ... FK PACKAGE

TLO82M
U PACKAGE
(TOP VIEW)
NC[] 1 < 10[] NC
10UT[] 2 9]l Vee+
1IN-[] 3 8] 20UT
1N+[] 4 7[] 2IN—
Vcc_ 5 6 ] 2IN+

TLO82, TLO82A, TL082B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
10UT []1 o 8|l Vec+
1N-[] 2 7[] 20UT
1IN+ [] 3 6] 2IN—
Vee-[] 2 5[] 2IN+

TLO82M . . . FK PACKAGE

(TOP VIEW)
-
z
[
w
0
LL
OL OO
Zz0zz =z
/ LI JLJ0LJ0L]
3 2 12019
NC [] 4 18[1 NC
IN-[]5 17 Vee+
NC []6 16[] NC
IN+ [] 7 15[] ouT
NC []8 14[] NC
9 10 11 12 13
[

O 1 Yo
Zo02Z2Z2z2
S
= 0
LL
LL
@)

TLO84, TLO84A, TL0O84B
D, J, N, PW, OR W PACKAGE

(TOP VIEW)
5 .0
29%2°%

/G S | N - -

NG ]43 212018 A\
1IN-[]s 17[] 20UT
NC [] 6 16[] NC
1IN+ [] 7 15[] 2IN—
NC []8 14[] NC
9 10 11 12 13
rrarar
24,928
>O N

TLO84M . .. FK PACKAGE

(TOP VIEW)
10UT [ 1 o 14]] 40UT
1N-] 2 13[] 4IN—
1IN+ 3 12[] 4IN+
Vee+[J4 1l Vee-
2IN+[] 5 10[] 3IN+
2IN-[] 6 o[l 3IN-
20UT [| 7 g[] 30UT

NC — No internal connection

(TOP VIEW)
I '5 '5 I
2000 Z
A Z2 < <
/ LI JLJLJ0L]
3 2 1 2019
1IN+ [] 4 18[1 4IN+
NC []5 17[] NC
Vee+ 6 16[] Vee-
NC []7 15[ NC
2IN+[] 8 14[] 3IN+
9 10 11 12 13
o 1 o I o i |
| |5 (Z) }:—) |
=z =z
&9 9

{’? TeEXAS
INSTRUMENTS
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AVAILABLE OPTIONS

PACKAGED DEVICES cHip
A | Viomax SMALL SMALL CHIP CERAMIC | CERAMIC | PLASTIC | PLASTIC TssOP FLAT FLAT FORM
AT 25°C | OUTLINE | OUTLINE | CARRIER DIP DIP DIP DIP W) PACK PACK )
(D008) (D014) (FK) ) (JG) (N) (P) L) (W)
15mV | TLO81CD TLOSICP | TLO81CPW
6mV | TLOS1ACD — — — — — TLOB1ACP — — —
3mV | TLO81BCD TLOS1BCP
0°C 15mV | TL0O82CD TLOS2CP | TLOS2CPW TLOS2Y
to 6mV | TLOS2ACD — — — — — TLO82ACP — —
70°C 3mV | TLO82BCD TLOS2BCP
15 mV TLO84CD TLO84CN TLO84CPW TLOS4Y
6 mvV — TLOS4ACD — — — TLOS4ACN — — —
3mv TLO84BCD TLO84BCN
—40°C 6mV | TLO81ID TLOS1IP
to 6mV | TLO82ID — — — TLOS2IP — — — —
85°C 6mV | TLO84ID | TLO84ID TLO84IN
—40°C
to — — — — — — — — — —
125°C 9mv TLO84QD
—55°C 6 mV TLO81MFK TLO81MJG TLOS1MU
to 6 mV - - TLO82MFK TLO82MJIG - - - TLO82MU -
125°C 9mv TLOBAMFK | TLO84MJ TLOS4MW

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLO81CDR).

SH3AHITdAV TYNOILYH3dO LNdNI-134C
A¥8071L "a¥807L 'V¥8071L ‘780711 'AZ8071L
d¢80711 'VZ807L Z8071L 'dT801L 'VT801L T80TL

666T AMVNH93d AISIATY — LL6T AYVYNHG3d — 3T80SOT1S



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

schematic (each amplifier)

. T

IN— 64 Q
128 O

64 Q

ouT

-

} 1080 Q
‘ A d

\

OFFSET N1 OFFSET N2

Vce-

TLO81 Only

Component values shown are nominal.

{’? TeEXAS
INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TLO82Y chip information

These chips, when properly assembled, display characteristics similar to the TL082. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
=y
= Vee+
= (8)
— un+ G IS
= &)
= ) 10UT
- 1IN —— =
- ®)
- @) tH— 2IN+
= 20UT
= (6)
= - 2in-
- 61 4
= Vce-
= CHIP THICKNESS: 15 TYPICAL
= BONDING PADS: 4 x 4 MINIMUM
= Tjmax = 150°C
= TOLERANCES ARE +10%.
= ALL DIMENSIONS ARE IN MILS.
e PIN (4) IS INTERNALLY CONNECTED
N TO BACKSIDE OF CHIP.
¢ 61 >
‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\

J@ TEXAS
INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TLO84Y chip information

These chips, when properly assembled, display characteristics similar to the TL084. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
Vee+

4)
(3)
1IN+ X2 )7 )
) 10UT
1IN- — =
5
g LI
20UT
10)
3IN+ 22y ®)
9) 30UT
3IN- — =
40UT
i [CORpT
(11)

Vce-

AR AR AR AN AR AN
o

CHIP THICKNESS: 15 TYPICAL

« 105 g
‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘M‘M‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘ BONDING PADS: 4 x 4 MINIMUM

Tymax = 150°C
TOLERANCES ARE +10%.
ALL DIMENSIONS ARE IN MILS.

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

{’f TeEXAS
INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
TLO8_C
TLO8_AC TLO8_I TLO84Q TLO8_M UNIT
TLO8_BC
Supply voltage, Vcc + (see Note 1) 18 18 18 18 Vv
Supply voltage Vcc— (see Note 1) -18 —-18 -18 -18 \Y
Differential input voltage, V|p (see Note 2) +30 +30 +30 +30 Vv
Input voltage, V| (see Notes 1 and 3) +15 +15 +15 +15 \Y
Duration of output short circuit (see Note 4) unlimited unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta 0to 70 —-40t085 | —-40t0 125 | -55t0 125 °C
Storage temperature range, Tstg - 6510150 | —65t0 150 | —65to 150 | — 65 to 150 °C
Case temperature for 60 seconds, T FK package 260 °C
Is_:ggnts;nperature 1,6 mm (1/16 inch) from case for 60 J or JG package 300 °c
Is_sggnts;nperature 1,6 mm (1/16 inch) from case for 10 IIZ\,NNIE)aP(,:Ii)a:ge 260 260 260 oc

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vcc + and Ve —.
2. Differential voltages are at IN+ with respect to IN—.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.
DISSIPATION RATING TABLE
PACKAGE Ta £25°C DERATING DERATE Ta =70°C Ta =85°C Tpa = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D (8 pin) 680 mwW 5.8 mW/°C 32°C 460 mW 373 mw N/A
D (14 pin) 680 mW 7.6 mW/°C 60°C 604 mW 490 mW 186 mW
FK 680 mW 11.0 mw/°C 88°C 680 mW 680 mW 273 mW
J 680 mW 11.0 mw/°C 88°C 680 mW 680 mW 273 mW
JG 680 mW 8.4 mWw/°C 69°C 672 mW 546 mW 210 mwW
N 680 mwW 9.2 mw/°C 76°C 680 mW 597 mW N/A
P 680 mW 8.0 mw/°C 65°C 640 mW 520 mW N/A
PW (8 pin) 525 mW 4.2 mw/°C 25°C 336 mW N/A N/A
PW (14 pin) 700 mw 5.6 mW/°C 25°C 448 mW N/A N/A
U 675 mW 5.4 mw/°C 25°C 432 mW 351 mW 135 mW
w 680 mW 8.0 mW/°C 65°C 640 mW 520 mW 200 mwW

J@ TEXAS
INSTRUMENTS
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electrical characteristics, V. cc+ = 15 V (unless otherwise noted)

TLO81C TLO81AC TLO81BC TLO81I
TLO82C TLO82AC TLO82BC TLO82I
PARAMETER TEST CONDITIONS Tat TLOS4C TLOSAAC TLOS4BC TLO84I UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX TYP MAX
V Input offset volt V 0 R 50 Q 25°C 3 3 6 2 3 3 0 Y
nput offset voltage = = m
10 P 9 © S Full range 75 5 9
Temperature
avio coefficient of input Vo=0 Rg =50 Q | Full range 18 18 18 18 uv/ec
offset voltage
25°C 5 5 100 5 100 5 100 pA
o Input offset current¥ |Vo =0
Full range 2 2 10 nA
25°C 30 30 200 30 200 30 200 pA
B Input bias current ¥ Vo=0
Full range 7 7 20 nA
Common-mode input -1z -1z -12 -12
VICR e e P 25°c | +11 to £11 to £11 to to v
gerang 15 15 15 15
) R =10kQ 25°C +12 £135 +12 £135 +12 £135 +13.5
VoM Maximum peak o "5 G o 12 12 +12 v
output voltage swing Full range
RL=2kQ +10 +12 +10 +12 +10 +12 +12
Large-signal Vo=#10V, R =2 2kQ | 25°C 25 200 50 200 50 200 200
AvD differential voltage VimVv
amplification Vo =10V, R 22kQ | Fullrange 15 25 25
B1 Unity-gain bandwidth 25°C 3 3 3 3 MHz
f Input resistance 25°C 1012 1012 1012 1012 Q
Common-mode V|c = Vicrmin, R
CMRR rejection ratio Vo =0, Rs =50 Q 25°C 70 86 75 86 75 86 86 dB
Supply voltage Ve = +15V 10 £ 9V
KSVR rejection ratio oo U Raceoa | 2°C 70 86 80 86 80 86 86 dB
(AVccs IAVI0) o= S
lce Supply current Vo =0, No load 25°C 1.4 14 28 14 28 14 28| mA
(per amplifier)
Vo1/Vo2 Crosstalk attenuation | Ayp = 100 25°C 120 120 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for Tp is 0°C to 70°C for TLO8_C, TLO8_AC,
TLO8_BC and —40°C to 85°C for TLO8_]I.
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse techniques must be used
that maintain the junction temperature as close to the ambient temperature as possible.

666T AMVNH93d AISIATY — LL6T AdVYNH93d — 3T80SOT1S
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

electrical characteristics, V. cc + = +15 V (unless otherwise noted)

TLO81M, TLO82M TLO84Q, TL084M
PARAMETER TEST CONDITIONST TA UNIT
MIN TYP MAX | MIN TYP MAX
25°C 3 6 3 9
Vio Input offsetvoltage Vo =0, Rg=50Q mV
Full range 9 15
Temperature
avio coefficient of input Vo=0 Rgs=50Q Full range 18 18 pv/eC
offset voltage
25°C 5 100 5 100 pA
o Input offset currentt Vo =0
125°C 20 20 nA
25°C 30 200 30 200 pA
B Input bias current¥ Vo=0
125°C 50 50 nA
Common-mode input 12 t12
VicR oy 25°C +11 to +11 to Vv
defand 15 15
) R =10kQ 25°C +12 +13.5 +12 135
VoM Maximum peak R 2 10 kQ +12 +12 Vv
output voltage swing Full range
RL22kQ +10 +12 +10 +12
Large-signal Vo=%10V, R 22kQ 25°C 25 200 25 200
AvD differential voltage V/mV
amplification Vo=%10V, R 22kQ Full range 15 15
B1 Unity-gain bandwidth 25°C 3 3 MHz
ri Input resistance 25°C 1012 1012 Q
Common-mode Vic = VIicrmin, o
CMRR rejection ratio Vo =0, Rg=50Q 25°C 80 86 80 86 dB
Supply voltage s .
KSVR rejection ratio xCC:B‘E’ v tg‘i\é’o 0 25°C 80 86 80 86 dB
(AVcc+/Avio) o " S
Supply current _ .
Icc (per amplifier) Vo =0, No load 25°C 14 28 1.4 28 mA
Vo1/Vo2 Crosstalk attenuation | Ayp =100 25°C 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
% Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperatures as close to the ambient temperature as is possible.

operating characteristics, V. cc+ = *15V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V=10V, RL=2kQ, C_ =100pF, See Figure1 8l 13
SR Slew rate at unity gain V=10V, R =2kQ, CL =100 pF, 50 Vius
Ta=-55°Ct0125°C, See Figure 1
ty Rise time ) 0.05 us
V=20 mV, R =2kQ, CL =100 pF, See Figure 1
Overshoot factor 20%
: : : f=1kHz 18 nViWHz
Vi qutuvalent input noise Rg=200Q
voltage f=10 Hz to 10 kHz 4 uv
I, Eduivalentinput noise Rg=200, f=1kHz 0.01 pANHZ
THD  Total harmonic distortion F/l_rTi;ZB v Avb =1, Rs =1k, RL=22kO, 0.003%

[On products compliant to MIL-PRF-38535, this parameter is not production tested.
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SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

electrical characteristics, V. cc+ =15V, Tp = 25°C (unless otherwise noted)

TLO82Y, TL084Y
PARAMETER TEST CONDITIONST UNIT
MIN TYP  MAX
Vio Input offset voltage Vo =0, Rg=50Q 3 15 mv
avio Temperature coefficient of input offset voltage Vo =0, Rg=500Q 18 pv/ec
llo Input offset current? Vo =0, 5 200 pA
B Input bias currentt Vo =0, 30 400 pA
-12
VICR Common-mode input voltage range +11 to \%
15
Vom Maximum peak output voltage swing R =10 kQ, +12 135 \Y
AvD Large-signal differential voltage amplification Vo =10V, RL = 2kQ 25 200 V/mV
By Unity-gain bandwidth 3 MHz
f Input resistance 1012 Q
= i = 70 86
CMRR Common-mode rejection ratio Vic =Vicrmin, - Vo =0, dB
Rg=500Q 70 86
. . Vec=+15Vio£9V, 70 86
k Supply voltage rejection ratio (AV I/\Y dB
SVR pply voltage rej (AVees /Avio) Vo =0, Rs =500 20 86
Icc Supply current (per amplifier) Vo =0, No load 14 2.8 mA
Vo1/Vo2 Crosstalk attenuation Ayp = 100 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as possible.

operating characteristics, V. cc+ =15V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
SR Slew rate at unity gain V=10V, RL=2kQ, C| =100pF SeeFigure1 8 13 V/us
tr Rise time . 0.05 us
Vi=20mv, RL=2kQ, C| =100pF SeeFigure1
Overshoot factor 20%
_ _ _ f=1kHz 18 nV/vHz
Vn Equivalent input noise voltage Rg=20Q
f=10 Hz to 10 kHz 4 uv
In Equivalent input noise current Rg =20 Q, f=1kHz 0.01 pA/\/E
THD  Total harmonic distortion ?/LFTT(EZG v Avp =1, Rs=1ka, RL=2kQ, 0.003%
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PARAMETER MEASUREMENT INFORMATION

10kQ
ouT 1kQ
\4
ouT
CL =100 pF RL =2kQ
RL I C|_ =100 pF
Figure 1 Figure 2
100 kQ
—AA——————— TLO81
c2 IN— -
‘_{% ouT
C1 500 pF IN+ + N2
N1
ouT
1.5kQ
= Vce-
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
vs Frequency 56,7
. vs Free-air temperature 8
V M k I )
oM aximum peak output voltage vs Load resistance 9
vs Supply voltage 10
. . . e vs Free-air temperature 11
Large-signal differential voltage amplification
AyD vs Frequency 12
Differential voltage amplification vs Frequency with feed-forward compensation 13
Pp Total power dissipation vs Free-air temperature 14
| Supply current vs Free-air temperature 15
cc PR vs Supply voltage 16
B Input bias current vs Free-air temperature 17
Large-signal pulse response vs Time 18
Vo Output voltage vs Elapsed time 19
CMRR Common-mode rejection ratio vs Free-air temperature 20
Vi Equivalent input noise voltage vs Frequency 21
THD Total harmonic distortion vs Frequency 22
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
15 T T T ‘l‘q‘”” 1‘0I‘<£2HH +15 TTIT T T 1T
Vect =115V L= RL =2kQ
> Ta=25°C Th - 25°C
| 125 See Figure 2 | > #125 Vecx=#15V See Figure 2 1
(3]
g )
o 8
> %10 S 210
§ Vcc+=+10V =
o =+
8 £ Vcec+=+10V
¥ *78 O 175
o \ 3
: \ € \
g 15 VCe+ =15V E 45
3 £ Vcc+=%5V \
= \ 3
| 25 \ =
S 2 ! +2.5
O \ = \
> \ @) N
NG = \\
0 i 0 I
100 1k 10k 100 k Y 10M 100 1k 10k 100 k 1M 10M

f— Frequency — Hz
Figure 5

f— Frequency — Hz

Figure 6
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TYPICAL CHARACTERISTICS T

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
VS VS
FREQUENCY FREE-AIR TEMPERATURE
T T TTI +15
Vcc+=+15V
R =2kQ
See Figure 2

RL = 10kQ

I+
[N
N
o
_|
>
|
N
a1
o
(@]

+12.5

RL = 2kQ

+

[N

3
/

VoM™ Maximum Peak Output Voltage — V
I+
3
ol
"]
"
VoM™ Maximum Peak Output Voltage — V
+
~
(6]

\ Vec+=+15V
N See Figure 2

0 0 ' '

10k 40k 100 k 400k 1M 4M 10M -75 -50 -25 O 25 50 75 100 125

f — Frequency — Hz Tp — Free-Air Temperature — °C

Figure 7 Figure 8

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
LOAD RESISTANCE SUPPLY VOLTAGE
+15 T 1 +15 [ T
Vec+=%15V Rl =10kQ
Tp =25°C Ta=25°C
+12.5 |- See Figure 2 =

/

I+
[N
N
(&)

I+
[
o

/|

I+

~

o
N

/|

I+
[¢)]

— Maximum Peak Output Voltage — V

/

VoM~ Maximum Peak Output Voltage — V

I+
o
\\
Vom

I+

N

(o)1

AN

0 0
0.1 0.2 04 07 1 2 4 7 10 0 2 4 6 8 10 12 14 16
R| — Load Resistance —k Q |Vcc+| — Supply Voltage — V
Figure 9 Figure 10

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS T

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
'S
FREE-AIR TEMPERATURE

1000
700
400
8 200
2> T~
o £ I
£ > 100 e S—
a Ll 70 —
c
©
g5
=
58 2
8 <
| & 10
of 7
>0
< > B
4 [ Vec+=+15V
, | vo=+10v
RL =2kQ
1 | |
-75 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C
Figure 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
S
FREQUENCY
106 1 1 1
Vec+=+5Vito £15V
R =10 kQ
105 \\ Tp = 25°C
IS \
c >
S E 100 0°
2 >| \ Differential Voltage
a/l \ \ Amplification &
= 5 &
g-% 103 (left scale) 45° &
2 o [
= \ 2
&g \ N g
< 102 ~ 90°
()]
of \
P Phase Shift N\ \
101 (right scale) \ 135°
\ 180°

1 10 100 1k 10k 100k 1M 10M

f — Frequency — Hz

Figure 12

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS T

DIFFERENTIAL VOLTAGE AMPLIFICATION TOTAL POWER DISSIPATION
S VS
FREQUENCY WITH FEED-FORWARD COMPENSATION FREE-AIR TEMPERATURE
106 T T 250 T T
- Vcc+=%15V
- Vecx=+15V 225 No Signal
€ 105 IAN C2=3pF _ | . No Load
S Ta = 25°C 200 S~
L See Figure 3 = \\
S \ E 175 <
= 104 [ ™~ TLO84, TLO85
= \ § 150 T~
g \ 8 ~—
<C [}
3 125
% 10 \ g
= g 100 .
S 3 T TLO82, TL083
\
_Tg 102 o 75 \\
o '—I 50 TLO81
= T —
5 10 £ I B
a 5
>
< 1 0
100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125
f— Frequency With Feed-Forward Compensation — Hz Ta — Free-Air Temperature — °C
Figure 13 Figure 14
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
S S
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 T T 2.0 | |
Vce+=+15V — oE0
18 No Signal . 18 |- AZ2°C
No Signal
\\ No Load N
1.6 ~ 16 I No Load
< T~ <
E 14 ~— € 14
! Iy I :
5 12 ~ S 12
— ;
= 1.0 L>)‘ 1.0
o a
o [oX
Z o8 3 08
[ I
H 06 06
3 8
- 04 - 04
0.2 0.2
0 0
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Tp — Free-Air Temperature — °C |Vce+ | — Supply Voltage — V
Figure 15 Figure 16

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS T

INPUT BIAS CURRENT

Vs
FREE-AIR TEMPERATURE
100 £ : 6
-~ Vece=+15V
/ g )
/ >
< 10 7 |
| 7 ]
= // g 2
o 7 8
5 )
(@) // <>_-
g 1 ER
o] - >
= 6]
= ya g
£ / S —2
: =]
2 01 ,"/ I3
2z
l,/ -4
0.01 -6
-50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C
Figure 17
OUTPUT VOLTAGE
VS
ELAPSED TIME
28 89
24 m
e T 88
el
E 20 5
| c 87
16 9
:.j, Vec+=+15V I3
= RL=2kQ i)
= 12 C| =100 pF T 86
2 TA =25°C g
8 ) See Figure 1 g .
o £
> 4 g
Vs I
84
0 / &
=
(®)
-4 83
0O 02 04 06 08 10 12

t— Elapsed Time — ps

Figure 19

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vcc+=%15V
- RL=2kQ
B / CL =100 pF
Tp = 25°C
Output
/ Input \
1\
0 05 1 15 2 25 3 3.5
t—Time — us
Figure 18
COMMON-MODE REJECTION RATIO
VS
FREE-AIR TEMPERATURE
| |
Vcc+=%15V
RL = 10kQ
r
-75 -50 -25 0 25 50 75 100 125

Tp — Free-Air Temperature — °C

Figure 20

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

16

{5‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

50

nv/ ‘\/E

40

30

20

10

Vi, — Equilvalent Input Noise Voltage —

0

TYPICAL CHARACTERISTICS T

EQUIVALENT INPUT NOISE VOLTAGE

TOTAL HARMONIC DISTORTION

VS Vs
FREQUENCY FREQUENCY
TTTIT T T 17 1 =
Vec+ =215V — Voc+=215V
Avp =10 04 - Avp=1
\ Ta = 25°C S L Tp =25°C
|
\ £ on /
N\ 5 i
\, 2
N 2 o004
N
o
S
~ [
ey I /
3 0.01 -/
= 7
' 0.004 4
[a e —
T
'_
0.001
10 40 100 400 1k 4k 10k 40k 100k 10 400 1k 4k 10k 40k 100k
f— Frequency — Hz f— Frequency — Hz
Figure 21 Figure 22

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

APPLICATION INFORMATION

RE =100 kQ
Vcee+
¢——— Output Input ——s R1 R2 1-— Output
b I
1kQ “T Yee-
5 R3 R1=R2=2(R3)=15MQ
1 3.3kQ jg.l " C<1 EZ cl=C2= % =110 pF
m 1 fo = MI:T =1kHz
Figure 23 Figure 24
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APPLICATION INFORMATION

Vee+

TLO84 >—— Output A

TLO84 vVees

TLO84 >—— Output B

100 kQ 100 kQ

s—V\WN—— VCC+
p——© 100 kQ

S
Y,
100 pF T leO kQ CC+

TLO84 >——  Output C

s

Figure 25. Audio-Distribution Amplifier

®— 6 cos wt

6 sin wt 1N4148
-15V
18 pF 18 kQ
( > (see Note A)
Vee+
88.4 kQ
88.4 kQ
1kQ
15V
1N4148 18 kQ
— 88.4 kQ (see Note A)

NOTE A: These resistor values may be adjusted for a symmetrical output.

Figure 26. 100-KHz Quadrature Oscillator
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APPLICATION INFORMATION

Figure 27. Positive-Feedback Bandpass Filter

16 kQ 16 kQ
220 pF 220 pF
¢ ¢
I\ I\
43 kQ 30 kQ 43 kQ 30 kQ
43kQ Vee+ vVee+
Input O I 43kQ 43KQ It [;\,4]\ 43kQ
TLO84 1a —— N — TLO84, 1a Output
+ TLO84 ' + TLO84 B
+ +
1.5kQ Vce- 1.5kQ Vce-
Vee- Vce-
na
Output A -
Output A Output B
~—~——
—— — \
—_— .
N\ / - \ [
2 kHz/div 2 kHz/div
Second-Order Bandpass Filter Cascaded Bandpass Filter
fo =100 kHz, Q = 30, GAIN =4 fo = 100 kHz, Q = 69, GAIN = 16
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MECHANICAL DATA
D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

0.050 (1,27)

0.020 (0,51)

T rﬁ 0.014 (0,35) | ©]0.010 (0,25 W]
14

ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ T 0.008 (0,20) NOM

0.244 (6,20) i

0.228 (5,80)

0.157 (4,00)
0.150 (3,81)

v

Gage Plane i

[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

0.010 (0,25) |~ 0.004 (0,10)

' 0.069 (1,75) MAX

OB 00

0.004 (0,10)
PINS **
8 14 16
DIM
0197 | 0344 | 0.394
A MAX (5,00) | (8,75) | (10,00)
0.189 | 0.337 | 0.386
A MIN 4,80) | (855) | (9,80)

4040047/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Falls within JEDEC MS-012

oow
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MECHANICAL DATA

FK (S-CQCC-N**)
28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

y

18 17 16 15 14 13 12

0.055 (1,40)
0.045 (1,14)

N

y =

Sem ol e -

Y S—
4 N
19 11
20 10
21 9
B SQ
22 8
ASQ
23 7
24 6
25 5
o /
VN~

26 27 28 1 2 3 4

0.020 (0,51)

¢

0.010 (0,25)

0.050 (1,27)

4 0020051

0.010 (0,25)

0.045 (1,14)
0.035 (0,89)

0.045 (1,14)

0.035 (0,89)

4040140/D 10/96

NO. OF
TERMINALS
wx MIN MAX MIN MAX
20 0.342 | 0358 | 0307 | 0.358
(869 | (9,09 | (7.80) | (9,09)
o8 0.442 | 0458 | 0406 | 0.458
(11,23) | (11,63) | (10,31) | (11,63)
a4 0.640 | 0.660 | 0.495 | 0.560
(16,26) | (16,76) | (12,58) | (14,22)
o 0.739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)
68 0938 | 0962 | 0850 | 0.858
(23,83) | (24,43) | (21.6) | (21,8)
a4 1.141 | 1.165 | 1.047 | 1.063
(28,99) | (29,59) | (26,6) | (27,0)
0.080 (2,03)
«— 0.064 (1,63)

NOTES:

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a metal lid.
The terminals are gold plated.

Falls within JEDEC MS-004
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MECHANICAL DATA

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE
14 PIN SHOWN
PINS™ 14 16 18 20
DIM

0310 | 0310 | 0310 | 0.310
. A MAX 787) | (7.87) | (7.87) | (7.87)
" . A MIN 0290 | 0290 | 0290 | 0.290
@37 | 737 | 737 | .37

M nnnn
T B MAX 0.785 | 0.785 | 0.910 | 0.975
(19,94) | (19,94) | (23,10) | (24.77)

) c
0.755 | 0.755 0.930
l B MIN 19,18) | 19,18)| T | (23,62
U U UL C MAX 0300 | 0.300 | 0.300 | 0.300
1 . 7.62) | (7.62) | (7.62) | (7.62)
0.065 (1,65)
9965 {1,69) 0245 | 0245 | 0245 | 0.245
0.045 (1,14) C MIN ez B AR AR
0.100 (2,54)
—») 0070 (78 0.020 (0,51) MIN A

T

0.200 (5,08) MAX
_v ¢

* 0.130 (3,30) MIN

4 s * -

Seating Plane

o 023 (0,58)
0.015 (0,38) 8-8%823

4040083/D 08/98

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22.
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MECHANICAL DATA

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE PACKAGE
le 0.400 (10,20) N|
0.355 (9,00)
8 5
Aot
) 0.280 (7,11)
0.245 (6,22)
T
1 4
0.065 (1,65)
0.045 (1,14)
0.310 (7,87
0.020 (0,51) MIN — WM
f

0.200 (5,08) MAX
v ¢ Seating Plane
? 0.130 (3,30) MIN

0015 (038) 0.014 (0,36)

0.008 (0,20)

0.063 (1,60)
0.015 (0,38)

0.100 (2,54)

>

4040107/C 08/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E. Falls within MIL-STD-1835 GDIP1-T8
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MECHANICAL DATA

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
PINS **
14 16 18 20
DIM
0.775 0.775 0.920 0.975
“————— A ———————> A MAX 19.69) | (19.69) | (23.37) | (24,77
16 9 A MIN 0.745 0.745 0.850 0.940
T T T T e e (18,92) (18,92) (21.59) (23,88)

D) 0.260 (6,60)

0.240 (6,10)

I}

[ g e g ey e e g g

1 8
0.070 (1,78) MAX

_ 0.310 (7,87)
—> ’« 0.035 (0,89) MAX 0.020 (0,51) MIN 0.200 (7.37)

0.200 (5,08) MAX

i Seating Plane

—> (¢

0.125 (3,18) MIN

0.100 (2,54)

0°-15°
\_’ \‘/

0.021 (0,53)

> 0015 (0,38) |$| 0.010 (0,25) @| 0.010 (0,25) NOM

14/18 PIN ONLY

4040049/C 08/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
P (R-PDIP-T8) PLASTIC DUAL-IN-LINE PACKAGE

0.400 (10,60)
0.355 (9,02)

0.260 (6,60)
0.240 (6,10)

O

N — iy —
1

0.070 (1,78) MAX

B 0.310 (7,87)
0.020 (0,51) MIN 0.290 (7,37)

0.200 (5,08) MAX
v i Seating Plane

f

0.125 (3,18) MIN

0.100 (2,54) \‘/ 0°-15°

—p
0.021 (0,53)
0.015 (0,38) [ [o010025 @)

0.010 (0,25) NOM

4040082/B 03/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001

{‘ TEXAS

INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN
0,30
14 8
T 0,15 NOM
450 6,60 i
430 620 /
L
O l Gage Plane _L
noooonhn] Do
1 7 e N
— A —p 0,75
—» e 5
(B
J _{ Seating Plane ‘ ]
0,15? U
L 1,20 MAX o0 ' ~[0,10 |
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60
4040064/E 08/96

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153

oow
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
U (S-GDFP-F10)

CERAMIC DUAL FLATPACK

0.250 (6,35)
¢ 0.246 (6,10) ’
| | v
I I
1 1
|
I : 0.006 (0,15)
0.004 (0,10)
0.080(2.93) | | 0.045 (1,14
0.050 (1,27) | I 0.045 (1,14)
| | 0.026 (0,66)
I I
I I
0.350 (8,89) : 0-300(7.62) : 0.350 (8,89)
0.250 (6,35) 0.250 (6,35)
| 1 10 | 0.019 (0,48)
! £ 0.015 (0,38)
[ 1O [ ]
[ [ f
I I
[ i |- J
: : 0.050 (1,27) |
0.250 (6,35) ' i ' | i '
| |
[ I | | I J
| |
[ | | J —*—
5 6
! I I 0.025 (0,64)
0.005 (0,13)
1.000 (25,40)
= 0.750 (19,05) g
4040179/B 03/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F10 and JEDEC MO-092AA
3 15
EXAS
INSTRUMENTS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

W (R-GDFP-F14)

MECHANICAL DATA

CERAMIC DUAL FLATPACK

Base and Seating Plane

0.360 (9,14)
y 0.240 (6,10)

1

0.255 (6,48)

14

0.280 (7,11)

0.260 (6,60)
0.235 (5,97)
[ [ v
I I v
| |
| L | I
| | 0.007 (0.18)_JK
| | 0.004 (0,10)
0.080 (2,03) | |
0.045 (1,14) | | 0.045 (1,14)
| | 0.026 (0,66)

¢ 0:360(9.14)

I 0.240 (6,10) 0.019 (0,48)
I _§ 0015(0,39)
[

I

T

! ! 0.050 (1,27)
[ I [ ]
I I
1 1
0.390(9,91) | ! [T J
0.335 (8,51) ! !
[ ! [ ]
[ [
I | ! | I 0.025 (0,64)
[ [ 0.015 (0,38)
| |
[ X I ]
[ [
| 7 8 | +
1.000 (25,40)
0.735 (18,67)
4040180-2/B 03/95
NOTES: A. Alllinear dimensions are in inches (millimeters).

. This drawing is subject to change without notice.

. Index point is provided on cap for terminal identification only.
. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB

A
B
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D
E
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1999, Texas Instruments Incorporated
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