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A bstract:

Measuring the hioelectrical impedance value for a human tissue can be used
o determine manv vital variables as fat and salt inside the body lissue, Some
recent studies snggest there is a relationship between the hinelectrical impedance
and the percentage of glucose in the blood, therefore this opens the way for the
development of a new techniques for determining the blood glucose percentage by
measuring the bioelectrical impedance.

I'his project includes three phases:

The first phase is a design a system to measure the rate of diabetes in the
blood non-invasively (without need to the blood sample), through the using of
bioelectrical impedance technique, this system depends on using of constant
current source that passes the current from one point 1o another on the human
body, then we have Lo measure the voltage difterence between these two points,
next we have to measure bioelectrical impedance between them by using Ohm's

LW,

1'he second phase includes the construction of mathematical cquation
deseribe the relationship between obtained values by the bioelectrical impedance
svstem and the obtained values by traditional sysiem, this must done by
examination the dizbetes for a sample of patients (ranging from 30 to 40 panents)
by the two svstems to build tables that compare between the two system values and
then analyze these lables by numerical analysis laws in order 1o derive a
mathematical equation deseribes the relationship between the two systems.

The third phase includes the showing of the measurement result by
substitution the values of our system in the mathematical cquation that we have
obtained in the previous phasc.
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Chapter One

Introduction

1.1 Introduction

Diabetes is one of the most dangerous and dcadliest diseases to human
health, this disease spread dramatically in the countries of the Mediterranean
basin, because of the dietary habits of the people of this region. where the
population of these areas depends on ealing large amounts of starches and
carbohydrates daily.

Perhaps the most notable disadvantages of this disease lies in the
serious complication that affects the patient's body where 1l 15 usually the
cause of many other diseases such as kidney failure and gangrene .

Perhaps the biggest problem faced by patients is a measure of the
percentage of sugar they have, where it is required to obtain a sumple of
blood and thus harming themselves by perforating the skin by painful.
inthumane and ways may they has serious complications.

There are more than one method for measuring the glicose of the
blood., the first one was to convert the sugar in blood into PH. this idea was
easy 10 apply, but there was one problem . that is the materials used to
convert the sugar into PH of companies and didn't allow to give their secret
to anyone, and the other method, which was called chemical reaction. this
method also was easy, but we faced a problem in the chemical materials. that
materials not available, and we have o recommend for it and that will take a

long time, in addition it may be not found.




But there is a2 major problem facing all the methods currently used.
This problem is the need to withdraw a blood sample (rom the patient to do a
test, the abtain of the sample is carried out through repeated acupuncture for
tissue of the patient, but this i3 very annoying operation to him and makes
the patient often avoids doing the tesl. in addition to the wounds that caused
by acupuncture may cause transfer serious diseases and infectious to the
patient through the blood.

[Finally, we are motivated to design a non-invasively method (without
need to the blood sample) bioelectrical impedance technology: this method
is easy and don't harm the patient.

Our final project is to design and build glucose devices that can
measure a user’s blood, and it docs consist three phases:

> The first phase is a design of system (o measure the rate of diabetes in
the blood non-invasively (without need to the blood sample). through
the using of bioelectrical impedance technique, this system depends on
using of constant current source that passes the current from one point
to another on the human body, then we have to measure the voltage
difference between these two points, next we have 10 measure
bioelectrical impedance between them by using Ohm's law.

» The second phase includes the construction of mathematical equation
describe the relationship between obtained values by the bioelectrical
impedance system and the obtained values by traditional system, this
must done by examination the diabetes for a sample of patients
(ranging fram 20 to 40 patients) by the two systems to build tables that
compare between the two system values and then analyze these tables

by numerical analysis laws in order to derive a mathematical equalion

describes the relationship between the two systems,

The third phasc includes the showing of the measurement result by
substitution the values of our system in the mathematical equation that
we have ohtained in the previous phasc.



1.2 Project objectives

The measuring of the glucose in the blood by conventional methods is
very unpleasant for the patient because they require tingling and hurting the
patient body which might cause pain, suffering wounds and infection. Our
aoal is to design a new easy and safe method to measure the glucose without
need to withdrawal of a blood sample from the patient body.

1.3 Project importance

Around the world, tens milhons are afflicted with diabetes, with
billions Dollars being spent annually in diabetes relared treatment. The
development of a non-invasive system to measure glucose could improve the
life of diabetic patients by allowing them to comfortably and painlessly
measure their blood sugar. Impedance plethysmography of the finger can be
used to measure blood resistivity. which may correlate to blood glucose
levels and other phvsiological metries.

The importance this method comes trom the following:

[1°s non-invasive.

Safe.

Simple {0 use.

Test can be repeated.

I'he patient doesn’t require special preparation.
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1.4 Project content
Our report is divided into five chapter: these chapter is:

Chapter one: Introduction

Introduction to talk about the project objectives, importance, time plan

and cost plan.




Chapter two: Physiclogical backeround

Diabetes definition, reasons and statistics, regulation of glucose in
blood and reasons of monitoring glucose.

Chapter three: Measurement of glucose in hlood

Introduction to methods of measuring blood glucose, reference
intervals, the use of the spectrophotometer, Beer’s Law and the hicelectrical
impedance method.

Chapter four: Project conceptual design

General block diagram and circuit design.

Chapler [ive: Results and conclusions.

Conclusion, results and discussions.

1.5 Time plan
Table 1.1

Time scheduling
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1.6 Cost
Table |.2

Economical study
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Chapter Two

Physiological Background

2.1 Introduction

Glucose is a form of simple sugar, which is carbohydrate. Our cells need 1t
for cnerzy. Glucose is important for cellular respiration. Chemically, glucose 15
made up of six carbon atoms, twelve hydrogen atoms, and six oXygen atoms.
Naturally. Glucose can be found in planets and is one of the products need for
photosynthesis. Glucose is found in fungi and starchy plants. Animals synthesize
glucose in the liver and kidneys. Commercially, glucose is found in food products
such as corn. rice, wheat products, and potatoes.

Glucose is energy source for the body. It is the main source of energy for the
brain, and when glueose levels are low, person’s mental abilities may be impaired.
Since glucose is distributed through our bodies by our blood streams, where it meet
and reacts with insulin, ingesting too much ghucose will overwhelm body. When
the body's glucose level is too high, the body becomes hyperglyeemic which means
vou have too much sugar and too little insulin. Hyperglveemia and diabetes are
disorders that result when the body cannot regulate glucose and/or msulin levels,
and can happen after vears of consuming too much glucose. People who consume
too little glucose (usually by not eating enough food in general) become
hyperglycemic. This results in low energy levels and can lead to famting (4,

2.2 Regulation of Glucose

The human body wants blood glucose (blood sugar) maimtained m a very
narrow range. Insulin and glucagon are the hormones which make this happen.
Both insulin and ghicagon are secreted from pancreas, and thus are referred o as
pancreatic endocrine hormones. Figure 2.2 shows the intimate relationship both
insulin and glucagon have to each other. Note that the pancreas scrves as the




central player in this scheme. It is production of insulin and glucagon by the
pancreas which ultimately determines if a patient has diabetes, hvpoglycemia, or
some other sugar problems. Insulin and glucagon are hormones secreted by islet
cells within the pancreas. 'L hey are both secreted in response to blood sugar levels,
but in opposite fashion.

Tnsulin is normally secreted by the heta cells (a type of islet cell) of the
pancreas. The stimulus for insulin secretion is a high blood glucose...it's as simple
as that! Although there is always a low level of insulin secreted by the pancreas,
the amount secreted into the blood increases as the blood glucose rises. Similarly,
as blood glucose [alls, the amount of insulin secreted by the pancreatic islets goes
dowr. Insulin has an eftect on a number of cells. including musele, red blood
cells. and fat cells. In response 1o msulin, these cells absorb glucose out of the
blood. having the net effeet of lowering the high blood glucose levels into the
normal range.

As shown in Figure 2.1. Glucagon is secreted by the alpha cells of the
pancreatic islets in much the same manner as insulin. except in the opposite
direction. IT blood glucese is high. then no glucagon is secreted. When blood
glucose goes Low, however, (such as between meals. and during exercise) more
and more glucagon is secreted. Like insulin, glucagon has an elfect on many cells
of the body, but most notably the liver. The effect of glucagon is to make the liver
release the glucose it has stored in its cells into the bloodstream. with the net effect
of increasing blood ghicose. Glucagon also induces the liver (and some other cells
such as muscle) to make glucosc out of building blocks obtained from other
nutrients found in the body (eg. protein).

Our bodies desire blood glucose to be maintained between 70 mg/dl and 110
mg/d] (mg/dl means milligrams of glucose in 100 milliliters of blood). As shown
in Table 2.1 the glucese below 70 1s termed "hypoglycemia”. Above 110 can be
normal if vou have eaten within 2 to 3 hours, Even after vou have eaten, however,
your glucose should be below 180. Aboave 180 is lermed "hyperglycemiz” (1oo
much glucose in the blood). Tf vou have two blood sugar measurements above 200
after drinking a sugar-water drink (glucose tolerance test), then you are diagnosed
with diabetes )




Table 2.1

Blood Sugar Range

Llevated Blood Sugar Range Risk of Complications
Above 800 mg/dl - Life threatening acute risk
400 mg/dl - 800 mg/dl Very high risk
250 mg/dl 400 mg/d! © Highrisk
180 mg/dl — 250 mg/dl Moderate risk
110 mg/dl - 180 mg/dl -  Lowrisk
70 mgid]l - 110 ma/dl Normal risk

.w g
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Figure 2.1: Roles if insulin and glucagon. 3
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2.3 Reasons of monitering glucose
| here are many reasons that may encournge to monitor glucose in blood:

1. Monitoring shows vou whal your blood glucose is doing at the best of times,

while vou are feeling good in your usual routine. This allows you to interpret

the readings under more unusual circumstances. I also lets vou to eateh any

changes in your glucose as time goes by.

It shows vou how your blood glucose varies over the course of the day,

mndicating trends.

1. It shows yvou what happens to your bload glucose when there 1s a change in

physical activity, such as playing sports.

It shows vou what is happening to vour blood glucose in times of illness.

It shows vou what happens to your glucoss when there is a change in

medication (for diabetes or any other illness), and where further changes

need to be made.

6. If recorded properly, it shows your doctor all of the above so that he can
better advise you about your diabetes medicalions.

I-J

e

2.3.1 Testing Blood Sugar

Testing the blood before meals and aller offers different information. As a
general rule, readings taken before meals indicate how low your glucose can get.
lesting afler meals shows you how high the blood glucose went. due to the
absorption of the foed, Tt should be done 2 hours after eating. Both pre-meal and
post-meal testing supply important information. The most commaon mistake people
make in testing is always testing al the same time of day |4

2.4 What the diabetes?

Diabetes is & group of diseases marked by high levels of blood glucose. also
called blood sugar. resulting from defects in insulin production, insulin action, or
both. Diabetes can cause serious health complications including heart disease
blindness. kidney failure, and lower-extremity amputations. But the people with
diabetes can take step to control the disease and lower risk of complications.

11




=.4.1 The symptoms of diabetes

People who think they might have diabetes must visil 4 physician for
diagnosis.

[hey might have SOME or NONE of the following symptoms:

Frequent urination

Excessive thirst

Unexplained weicht loss

Extreme hunger

Sudden visien changes

Tingling or numbness in hands or feet
Fceling very tired much of the time
Very dry skin

Sores that are slow to heal

YY¥Y
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More infection than usual

2.4.2 Types of Diabetes

Type 1 Diabetes

The bodv docs not preduce insulin. Some people may refer to this type as
insulin-dependent diabetes, juvenile diabeles. or early-onset diabetes. People
usually develop type | diabetes before their 40th year, often in early adultheod or
teenage vears, Tvpe 1 digbetes is nowhere near as common as tvpe 2 diabetes.
Approximately 10% of all diabetes cases are type 1. 4

Patients with type 1 diabetes will need to take insulin injections for the rest
of their life. They must also ensure proper blood-glucose levels by carrving out
regular blood tests and following a special diet,

Between 2001 and 2009, the prevalence of type 1 dizbetes among the under
20s in the USA rose 23%. accoerding to SEARCH for Diabetes in Youth data issued
by the CDC (Centers for Disease Control and Prevention). (4




Iype Z Diabetes

The body does not produce enough insulin for proper function, or the cells in
the body do not react to insulin (insulin resistance).Approximately 90% of all cases
of diabetes worldwide are of this type.

Some people may be able to control their type 2 diabetes symptoms by
losing weighl, following a healthy dict, doing plenty of exercise, and monitoring
their blood glucose levels. However, type 2 diabetes is typically a progressive
disease - it gradually gets worse - and the patient will probably end up have (o take
insulin, usually in tablet form.

Overweight and obese people have a much higher risk of developing tvpe 2
diabeles compared o those with a healthy body weight. People with a lot of
visceral fat also known as central obesity, belly tat. or abdominal obesity, are
especially at risk. Being overweight/obese causes the body to release chemicals
that can destabilize the body's cardiovascular and metabolic systems.

Gestational Diabetes This type allects females during pregnancy. Some
women have very high levels of glucose in their blood, and their bodies are unable
10 produce enough insulin to transport all of the glucose into their eells, resulting in
progressively rising levels of glucose. Diagnosis of gestational diabetes is made
during pregnancy.

The majority of gestational diabetes patients can control their diabetes with
exercise and diet. Between 10% to 20% of them will need to take some kind of
blood-zlucose-controlling medications. Undiagnosed or uncontrolled gestational
diabetes can raise the risk of complications during childbirth. The baby may be
bigger than he/she should be.

Scientists from the National Institutes of Health and Harvard University
found that women whose dicts before becoming pregnant were high in animal fat
and cholesterol had a higher risk for gestational diabeles, compared to their
counterparts whose diets were low m cholesterol and animal fats.

Other Types of diabetes result from specilic genelic condition, such as maturity-
onset diabetes of vouth; medications, infection, pancreatic disease, and other
illnesses such tvpes of diahetes account for | to 3 percent of all diagnoscd cascs.




2.4.2 The treatment of diabeles

Healthy eating, physical activity, and insulin injections arc the basic
therapies for type 1 dizbetes. The amount of insulin take must be balanced with
food intake and the daily activities. Blood glucose levels must be closely
menitored through frequent bloed glucose testing.

Healthy eating. physical activity, and blood glucose testing arc the basic
therapies for type 2 diabetes. In addition, many people with type 2 diabetes require
oral medication, insulin, or both to control their blood glucose Ievels.

People with diabetes must take responsibility for their day-to-day care, and
xeep blood glucose levels from gaing too lower or too high.

People with diabetes should see a health care provider who will monitor
their diabetes contrel and help them lcarn to manage their diabetes. [n addition
people with diabetes may see endoerinologists. who may specialize in diabetes
care, ophthalmologists for eve examinations: podiatrists for routine foot care, and
dietitians and diabeles educators who teach the skills needed for daily diabetes
management.

2.5 Diabetes Statistics

1. Diabetes currently affects 246 million people worldwide and is expected 1o

affect 380 million by 2023

In 2007, the five countries with the largest numbers of people with of

diabetes are India (40.9 million), China (39.8 million), the United States

(19.2 million), Russia (9.6 million) and Germany (7.4 million).

. In 2007, the five countries with the highest diabetes prevalence in the adult

population are Nauru (30.7%). UEA (19.5%). Saudi Arabia (16.7%),

Bahrain (15.2%), and Kuwait (14.4%),

Each vear a further 7 million people develop diabetes.

. Each year 3.8 million deaths are attributable to diabetes. An even greater
nunther die from cardiovascular disease made worse by diabetes-related
lipid disorders and hypertension.

6. Every 10 seconds a person dies from diabetes-related causes.

Every 10 seconds two people develop diabetes.

(] !'-J
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8. Diabetes is the fourth leading causes of global death by disease.

9. Upto 80% of type 2 diabetes preventable by adopting a healthy diet, and
increasing physical activity.

10, Diabetes is the leading cause of kidney failure in developed countries and is
responsible for huge dialysis costs.

11. Type 2 diabetes has become the most frequent condition in people with
kidney failure in countries of the Western world. The reported incidence
varies between 30% and 40% mn countries such as Germany and the USA.

| 2. Diabetic retinopathy is the leading causes of vision loss in adults of working
age (20 to 65 years) in industrialized countries,

| 3. On average. people with type 2 diabetes will die 5-10 years before people
without diabetes, mostly due to cardiovascular disease.

14, Cardiovascular disease is major cause of death in diabetes, accounting for
some 50% of all diabetes fatalities, and much disability. |

15
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Chapter Three

Measurement of Glucose in Blood

3.1 Introduction

Many analytical procedures are used to measure blood glucose levels. In the
pasl. analyses were often performed with relatively nonspecific methods that
resulted in falsely elevated values. Almost all commonly used techniques are now
enzymatic methods.

In individuals with a normal hematoerit, fasting whole blood glucose
concentration is approximately 12% to 15 % lower than plasma ghicose. Although
the glucose concentration is the water phase of red blood cells and plasma 1s
similar (the crvthrocvte plasma membrane is freely permeable to glucose), the
waler content of plasma (93%) is approximately 12% higher than that of whole
blood. In most clinical laboratories. plasma or serum is used for the majority of
clucose determines, whereas most methods for self-monitoring of glucose use
whole blood. During fasting, capillary blood glucose level is only about 2 to 3
mg/d] higher than that of venous blood. After glucose load, however, capillary

lood glucose concentrations are 20 to 70 mg/dl (mean 30 mg/dl) greater than
concurrently drawn venous blood samples. 3

3.2 Methods of measuring blood glucose
3.2.1 Hexokinase Methods

Principle: Glucose is phosphorylated bv ATP in the presence of hexokinase
and Mg'*. The glucose-6-phosphate formed is oxidized by (G-6-PD) to 6-
phosphogluconate in the presence of Nicotinamide-adenenine Dinucleotide
Phosphate (NADP ). The amount of reduced NADP (NADPH) produced is
directly proportional to the amount of glucose in the sample and is measured by

17




2osorbanc at 340 nm. G-6-PD derived from veast is used in the assay with NADP
s the cofaclor. Nicolinamide-adenine dinucleotide (NAD™) is the cofactor if
sacterial G-6-PD 1s used, and the NADH produced is also measured at 340 nm.

Glucose + ATP _hexokinag  glucose 6-phosphate + ADP

Glucose 6-phosphate + NAD _ G-6-PD_ 6-phosphogluconate = NADH + H

A generallv accepted reference methods based on this principle has been
developed and validated. Serum or plasma is deproteinated by the addition of
solutions of bartum hvdroxide (Ba[OH).) and zinc sulfate (ZnS0,). The clear
supernatant is mixed with a reagent containing ATP, NATDY', hexokinase, and G-6-
PD: the mixture is incubated at 25 "C until the reaction is complete, and the NADH
i= measured. Calibrators and blanks are carried through the entire procedure,
mcluding the deprotcination step.

Although highly accurate and precise, the reference method is too exating
and time consuming for routine use in a clinical laboratory. An alternative
approach is to apply the reaction use in a clinical laboratory. An alternative
approach is to apply the reaction directly to serum or plasma and to use a specimen
blank (o correct lor interfering substances that absorb at 340 nm.

Either serum or plasma may be used. NaF, with an anticoagulant such as
FDTA_ heparin. oxalate. or citrale, may be used. [lemolyzed specimens containing
more than 0.5 g of hemoglobin per deciliter are unsatisfactory because phosphate
esters and enzymes released from red blood cells interfere with the assay. Other
sources of interference include drugs. bilirubin, and lipemia (triglyceride level =
500 mg/dl causes a positive interterence).

Absorbances of sample or calibrator reaction mixture are measured afler the
reaction have conlinued (o the point of completion (equilibrium reaction).
Although concentration may be calculated directly. based on the molar absorptivity
of NADPH or NADH. inclusion of a set of calibrators 15 recommended to detect

18




sassible deterioration of enzymes, ATP, BADP', or NAD . All of which are
unstable. Reagents may also contain substanees that with the coenzymes.

Presence of these substances can be evaluated by measuring the increase in
shsorbance of observed in a reagent blank. The highest calibrator the increase in
Unearity of response and the adequacy of the enzyme reagent. The procedure is

mear from 0 to 500 mg/dl. Glucese concentration that exceed 500 mg/dl should be
diluted with isotonic saline and reassayed.

Hexokinase procedures in which indicator reactions produce colored
sroducts are also available, enabling absorbance to be measured in the visible
range. An oxidation-reaction system containing phenazine methosulfate and a
substituted tetrazolium compound.

2- (p-idoopheny 1) -3-p- nitrophenyl -3-pheny I tetrazolium chloride (INT). is
reacted with NADPH formed in the reaction. The reduced TNT is colored with

maximum absorbanee 520 nm.

3.2.2 Glucose Oxidase Methods

Principle: The enzyvme glucose oxidase catalyzes the oxidation of glucose 1o
cluconic acid and hydrogen peroxide (I1,0;):

Glucose + 2 H;O + O, glucose oxidase,  glucose acid + 2H,0

Addition of the enzyme peroxidasc and a chromogenic oxygen accepter,
such as o-dianisidine , results in the formation of a colored compound that can be
measured :

o-Dianisidine + H.0-  peroxidase, oxidized o-dianisidine 1 H;O
(Colorless) (Colored)




Glucose oxidase is highly specific for -D-glucose since 36% and 64% of
elucose in solution are in the a- and B-forms, respectively, complete reaction
requires mutarotation of the ¢ - to - form. Some commercial preparations of
clucose oxidase contain an enzvme. mutarotase, which accelerates this reaction.
Otherwise, extendad incubation ime allows spontanecus conversion.

The second step. involving peroxidase, is much less specifie than the glucose
oxidasc reaction. Various substances, such as uric acid. bilirubin, hemoglobin,
tetracyeline, and glutathione, inhibit the reaction (presumably by cmpeting with the
chromogen for 11,05, producing lower values). Some glucose oxidase preparations
contain catalase as a contaminate; ctalase activily decomposes proxide and
decreases the final color obtained, Calibrators and unknowns should be analyzed
simultaneously under conditions in which the rate of oxidation is proportional to
glucose conceniration.

Modification some instrument use a polarographic electrode that measures
the rate of oxygen consumption afier the sample is added to a solution containing
slucose oxidase. Because this measuremcent invelves only the frst reaction shown
earlier, interferences encountered in the peroxidase step are eliminated. To prevent
formation of oxygen from H.0; by catalase present in some preparations of
clucose oxidase, H:O» 1s removed by two additional reactions:

H.0; ~ C2HZOH _catalase, CIT,CHO + 2 H,0

ethanol acelaldehyde

HyOs + 2H =217 molybdate,. I, +2 H0

The latter reaction is effective even when catalase activily has diminished on
storage of regents. The procedure can be applied directly to urine, serum. plasma ,
or CSF. However. this approach cannot be used for the determination of glucose in
whole blood because blood cells consume oxygen.




3.2.3 Glucose Oxidase Methods

principle : The enzyme glucose dehydrogenase (f-D- glucose:NAD
oxidoreductase) catalyzes the oxidation of glueose to glueonolactone:

Glucose ~ NAD" _slucoscdehydrogenase , D-glucose-O-lactone + NADI + IT7

Mutarotase is added to sgorten the time necessary to reach equilibrium. The
amount of NADH generated is proportional to the glucose concentration. The
reaction appears to he highly specific for glucose. shows no interterence from
common anticeaculants and substances normally found in serum. and provides
resultsbin close agreement with gexokinase procedures.

3.3 Reference intervals

Although glucose can be assaved by a number of different analytical
procedures, reference intervals do not vary significantly among methods. The
following values shown should apply to virtually all currently used glucose assays.

Tahle 3.1

The references intervals for some samples
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Plasma glucose levels show no sex difference. Plasma glucose values
increase with age: approximately 2 mg/dl per decade for fasting levels: 4 mg/d] ped
decade for postprandial levels: and 8 to 13 mg/dl per decade after a glucose
challenge. The plasma values and must always be compared with concurrently
measured plasma values for adequarce clinical interpretation.

3.4 The Use of the Spectrophotometer and Beer's Law

Scientists use many methods to determine the identity and quantity of a
substance in samples. Spectroscopy is a simple and power[ul method for
performing both gualitative and quantitative analyses. Each chemical species has a
pnique spectral fingerprint based on where electrons are located with respect to the
nucleus, For example, 4 solution of sodium ions sprayed into a flame will change
the flame’s eolor to a bright yellow, while a solution of lithium ions will cause the
flame to burn a deep red color,

These flame tests reveal the solution’s emission spectrum — the wavelength
(or color) of licht revealed by the Hlame 1s due to excited elecirons within aloms
and ions in the solution relaxing to a lower energy state, emitting photons. A
photon is a packet of light energy, the first indication that light may have particle-
like properties. The flame provides the energy used to excite the electrons within
the metal ions. The wavelength of radiation emiticd can then be used to determine
the energy lost by the electron as it relaxes.

Since electrons can occupy only discrete energy states, the way radiation
mteracts with matter can indicate its chemical identity. Chemists commonly use
absorbance spectroscopy, or how a substance absorbs photons of light, to obtain
both qualitative (identity) and quantitative (amount) information. The quantilative
measurement is achicved because each photon of light absorbed corresponds to the
excitation of a single electron.

Of course, in the laboratory, analyses are performed on large numbers of
atoms or molecules, therefore a relationship must be eslablished to obtain
quantitative information. Initial spectrophotometric studies measured
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wansmittance, which is defined as the fraction of light that passes through the
sample:

o a L L L S PV O (3.1)
%T=T x 100
Where:
le: is the intensity of the light passing through the solvent.
I : is the intensity of light that passes through the sample solution,

Percent transmittance (%) is simply the fransmittance fraction multiplied by 100.
A more useful quantity in performing analyses is the absorhance or the negative
log of transmittance

( A=—log T).

A linear relationship exists between absorbance and concentration known as Beer's
Law

(A=ab ¢), where:
b : is the length of the path traveled by light through the sample.
¢ : 15 the concentration

@ : is & molar absorptivity constant that depends on both wavelength and
substance.

This lincar relationship between concentration and absorbance allows
scientists to use spectroscopy for quaniilalive measurements of unknown samples,
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1.5 Bioelectrical impedance method

Meusuring the hioelectrical impedance value for a human tissue can be used
"0 measure many vital variables as fat and sait inside the body tissue, Some recent
sudies suggest there is a relationship between the bioeleetrical impedance and the
scrcentage of glucose in the blood, therefore this opens the way [or the
cevelopment of a new technique for measuring the blood glucose pereentage by
measuring the bioelectrical impedance [

Four electrode impedance plethysmography uses two electrodes to pass
current through the lissue and two electrodes to measure the voltage oulpul across
“he finger. For this project, the finger will be inserted downward into a tube similar
“0 that shown in Figure 3.1. The clectrode at the top. near the base of the finger. is
“he current input. The electrode at the bottom acts as the ground where the current
wxits the system. The two center electrodes measure the voltage across the middle
section of the finger. By passing current through the finger (which provides
resistanee), the resulting voltage drop can be measured across these electrodes.
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Figure 3.1: Four elecirode impedance plethvsmography

The voltage measurements obtained will vary depending upon physiological
changges in a bloed and due Lo the blood pulse mtself, It is cxpected that these
measurements will be small. In order (o observe and analyze the signal. the wires
from the middle electrodes are connected to a circuit where the signal will be
amplified and processed. Finally, the voltage output can be used to calculate the
impedance and resistivity of the blood in the finger. It is thought that the resistivily
can be corrclated with different blood compositions iy
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Chapter Four

Project conceptual design and
Implementation

4.1 Introduction

1L he project targel 1s to design and build a finger impedance
plethysmograph to measure blood resistivity. in order to accomphsh this, we
have to design and build data acquisition device to acquire the signal trom
the linger. This device should mechanically immobilize the test subjects’
finger such as that motion artifacts are kept to a minimum. This device
should be able to detect the electrical potential (voltage) change across the
finger so that the change in resistance may determine. Tt should be able to

detect the velocity-dependent change in blood resistivity due to arterial
blood pulsations.

In addition. we will need to build an clectrical cireuit to perform
signal processing and analvsis, This circuit should be capable of rectilying
the alternating current (AC) signal from the finger data acquisition device
and modulate it into a direct current (DC) signal to be analyzed.

The circuit should be capable of discerning or visually displaying the
voltage changes caused by correlated changes in blood resistivity. As an
added feature, this circuil may contain an automatic reset function capahle of
adjusting one of the difterential amplifier inputs to that of the output from
the data acquisition (linger holder) device. This will allow the device 1o
easily accommodate fingers having different electrical resistances and will
prevent having to manually adjust voltages using a potentiometer to mateh
independences with each new test subject or finger position.




4.2 General block diagram

Figure 4.1 shows the general block diagram of our project. which
contains the following parts:

Constant Current Source.

Preamp Instrumentation Amplificr Stage.

High Gain Insirumentation Amplifier stage.
Sample and Hold.

Low Pass [ilter and Additional Signal Processing.
Automatic Reset.

Y Y

LA A

'1. II"

The following block diagram showing the constant current souree,
¢lectrode configuration and signal pathway:

Figure 4.1: General block diagram
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4.3 Circuit design

4.3.1 Constant corrent Source

The project design begins with a constant current source, which uses

to pass constant current value through the finger by using tow electrodes as
shown in figure 4.2

Current source |

B VWaltmeter

- |

—~

Figure 4.2: Four electrode plethvsmography

The electrode at the top, near the base of'the finger. is the current

input. The clectrode at the bottom acts as the ground where the current exits
the system.

The two center elecirodes measure the voltage across the middle
section of the tinger. By passing current through the finger (which provides

resistance). the resulting voltage drop can be measured across these
clectrodes.




We will talk about voltage measurement extensively later. but now let
us talk about constant current sourece. In this part from our design we have
to take in account tow important factors:

# The value of current.
# The Frequency of electrical signal.

The value of current is very important because the high value mean less
safety. electricity is onlyv being applied across the finger, high current could
create direct threal 10 the heart, At the same time the using a law value of
current is Unhelpful. because this small current will be consumed by the
bioelectrical impedance and will not be enough to operate our svstem,

The Frequency of electrical signal is very important because using
of low frequencies will not be usable for body eomposition evaluation. . A
current ranging from 1-10 mA at 50-100 KIlz should provide a safe current
that will not harm the test subject, especially the value of bioelectrical
impedance for a finger equal to 500£ as shown in Figure 4.3

Figure 4.3: Values of body impedance of relevant parts of a body. 5




4.3.2 The circuit of Constant current Source

The circuit of Constant current Source contains two main parts: the
first is the feed source and it’s consist Wien bridge oscillator, while the
second consist a circuit designed 1o generate constant current value between
the terminal of the load regardless of its resistance value.

® Yien bridge oscillator

# The resonance of the frequency should be 75 KHz.
» The input voltage value should bhe 12v.
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Figure 4.4: Wien bridege oscillator
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Let C=2.2nF

75kH=12a*R*1nF
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Figure 4.5: Output signal of wien bridge oscillator

"Scale

VolteiDiv=1w
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® [nverting amplifier
By using a mnverling amplifier in this stage, the passing current

through the human finger will be constant (equal 1;,) . regardless of the
finger resistance value. The goal is to pass a 5 mA current through the finger

by using the following laws.
- Human | 5
Tissue |

#[1R

a2




4.3.3 Preamp Instrumentation Amplilier stage

The voltage signals from across the finger are expected to be very
small and could be buried within a substantial amount of noise. Because of
this, a circuit must be designed that both amplifies the small voltage
difference across the finger and filters out any noisc that corrupts the signal.
Therefore it is necessary to use an instrumentation amplifier, to canceling
the noise as much.

Two ADA20 IC are used rather than traditional preamp
instrumentation, shown in Figure 4.7 because ADG20 amplifies the signal as
well as it cancel the noise al the same time.

Vin

:

Vin

Figure 4.7: Instrumentation Amplifier internal design

G=1+(49.4 k/Rg U .
10 =1~ (49.4 kRg)

Rg=5.5kQ




4.3.4 *Sample & hold” & “reset” circuit design

Because of using a high gain: any movement of the tinger or any
heartbeat would saturate the amplifier. This sensitivity of the measurements
requires the need for automatic reset and sample and hold circuit.

The sample and hold circuit automatically resets the output once it
moves outside a preset voltage range. This allows for the circuit to reset
once the high gain amplification stage saturates.

Our design conlain low circuit, the first one is sample and hold, its
contain FET transistor and buffer amplifier. and the second one in a reset
cireuit and 11°s conlain comparator stage and 555 timer as (he shown in
figure 4.8.

Input signal from

z Fre-amplifisr

= Ri15
:-——F—
I o
:'_+
BT £ | -
T ¥ o
: I 7
] u sl

Dutput to filtaring
Fimge

Figure 4.8: Sample and hold circuit design




e Timer 553
Very small duty cycle nceded here, we chose it to be (. 1s
T=0.1

T, =0.693 (Ry) C i4.3)
T, =0.693 (Rg + Ry) €
Let C=0.2TpF
Rp=0.1/0.693*0.27* 10"-6
Rp=636 kQ
Ry=300 kQ , Ry=336 kO
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4.3.5 Band Pass filter circuit

RIT "fﬂ 1
= L
11 (‘ﬁ 1 ;
i 52 L T8 :
R18
& C10
inF

Figure 4.9: Band Pass circuit design

At this stage we need to pass a frequencies within a certain range
[70 - B0 ] kHez and rejects (attenuales) requencies outside that range; so we
have to use a Band Pass Filter Circuit consist high and low pass [lter
circuits as shown in figure 4.9.

> Stage 1 (HPF) P Stage 2 (LPF)
1
fc= r_.__—l S - :

Zn GyiGr CERITRIG) 2n J(CIRCI1R19R20)
suppose Ry7=Ryg, C7=Cg=1 NF suppose Riz=Ry;, C1p=Cy=1 nF
Foxit——— 80X 10%——

2Rl nF) 21R(1 nF)

R1?=H13=2.2 kfl HLEERED: 1.9 k0




4.3.6 The electrodes

Impedance plethysmography method uses four electrodes in order to
do its basic function, the outer pair of these cleetrodes (Electrode 1 and
-lectrode 2) are called current electrodes through which a small amount of
current (0. 3mA and 75 KHz) arc entered to the patient tissue. The other pair
of electrode (Elecrrode 3 and Electrode 4) is called the voltage electrodes
from which we obtain the change in blood volume or the change of the
impedance of the tissue.

Figure 4.10: Floating disposable electrode

In our project we used a special type of ECG electrodes called floating
disposable electrade. The principle of this electrode is to practically
eliminate movement artifact by avoiding any direct contact of the electralvie
paste or jelly. In general disposable electrodes are of the floating type with
simple snap connecters by which the leads. which are reusable, are attached.
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Chapter 5

Results and conclusion

5.1 Results

5.2 Recommendations

5.3 Conclusion




5.1 Results

I- Using a plethysmograph to measure blood impedance as it correlates to
EiJ_LL!,‘Jt‘ concentration is a complicated and largely unproven technology.
Accordingly, it is important that we have tested each stage ol the device to
find the source of any error in the final output.

2- The output of wien bridge oscillator was sinusoidal signal with am plitude
> v (Ivolt/Div) as shown in Figure 5.1, as well as can he adjusted by change
the value of potentiometer,

Chapter Five
Results and conclusions

working,

Figure 3.1: Output signal of wien bridge oscillator
3- First, the voltage across the two current input ¢leetrodes and the two voltage
output 2l ELHL’!dEH was observed to ensure that the finger elecirode device was
40




4- Onee the output of the amplifier is saturated, the sample and hold circuit will
reset the circuit back to the baseline valuc. As shown in Figure 5.2.

Figure 5.2: Fffect of sample and hold circuit after a large motion artifact

5- The final [iltering stage of the circuil was tested by measuring the signal
before and aller the Glter, As shown in Figure 5,3,

Figure 5.3: The signul before and atter filtering stage
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5.2 Recommendations

Several areas of improvement are required on the prototype to make it an
effective testing tool as a plethysmograph (or blood resistivity.

1

Once optimized. the device can begin clinical trials to determine whether a
correlation between glucose levels and blood resistivity exists. To verify the
seience behind this device, phantom lesting units could be constructad and
tested in the plethysmograph device

T'otum this design into a functional device, signal processing must be
used to identify the pulsatile signal ol interest.

As previously stated, the pulsatile waveform from blood flow in the arteries
will be very small with respect to the total impedance value of the finger.
[Further data analysis will be required therefore, to isolate the signal of
interest.

To further test this device, and the theories behind it, a phantom could be
constructed which pulses bloed (or an clectrically similar substitute) through
an electrically conductive capillary tubing.

Furthermore this could also be used to test whether increased glucose levels
affect how blood cells align statically or when streaming, and if this affects
clectrical impedance.




5.3 Conclusions

Qur project conclusions that contained in our study and design:

Impedance plethysmography test can be used to measure blood resistivity,
which may correlate to blood ghicose levels and other physiological metrics.

We designed a body impedance measurement system in order to use it to
build a diabetes detection svstem.

We vsed a constant current with values ranging from [1-10mA] at 50 - 100
KHz, this values provide a save currant will not harm the test subject.

We used preamp Instrumentation Amplifier because the voltage signals from
a cross the finger are expected to be very small and could be buried within a
substantial amount of noise.

Beeause of we used a high gaim: any movement of the finger or any
heartbeat would saturate the amplifier. This sensitivity of the measurements
requires the need for aulomalic resetl and sample and hold circuit.

Qur project is a practical implementation of studics indicating that thercis a
relationship between the value of sugar in the blood and the value of the
hlood resistivity.
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Industrial Process Controls

Battary Powarad and Portable Equipment
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Figura 31h. Gain Nonlineeriti, G = 100, By =10 &t
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Figure 31d Gain Noalinesily, G = 1000, A = 16 kKL
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‘T'has has three Tmprrmant advarctages: (&) Opea-leos gzin is
poprted for increaang progunened gain, thus redicing iin-
related svape, (b The patn-handwidth product [determuned by
1, 52 and the preamp rranscondoctance) increescs with pru-
grammesd gain, Thus npbimasing fragyueacy responss, (c) The
inpul voltkge noise 15 reduced to a valos of 0 aViTE deter-
mined mainiy by the coflector current and haze resistance of the
INpPUT CEvIces.

The otermal garm resiskors, Kl apd K2, ave trimed 1o an shso-
luie walue of 247 LG sllowing the grin 10 e programme:d
acturately with @ single extemal FESISTOT.

The gain cquadon1s then




ADG20

Maks va. Boy: A Tvpical Bridie Application Ereor Budest
The ADE20 offers inproved performance aver “Romebrow”
fuee v mep 1A designs. along wrrh smaller sk, fower compa-
pepss and 10 [ower mupply curvent, In the wpieal applicarion,
themm i Fipure 93, & gein of 100 i required 1o smphify a bridae
ourpus of 20 @V fall scale over the industsl femperature fange
of 407 to =854, 'The error hndeatrable below shows how 10
galaulate the effect vanans ermr soorce have o ciTouit aoemrasy.

Resardless of the svstem in which it 5 being uzed, $e ADEZ0
prowides greater aceumacy, and A1 low nower and price. 1o simple

svsirmse; sheolule gccwacy and doft ermorsare oy far The mOsL
sigmbmnt contibatos toeman In more complix sutcms with
an forellipsnr procrsies, 20 Entorminfasiozeos cicle will renove all
sheplote aceursty und drifl acors I=aving onls the resolistion
crrery of guic noplineadty and oo this alloeang fall 1=k
BCTLIACE.

Mone thar for the homehrew sirvwit, the (P07 specificanions for
inpet voltags offset and noise have heen mubnplied by \Z, Thie
is becense a three op amp Type ID-Fmip hid b (7 tenps g€ it
iapere, btk engrrbucing to ts overdll Inpul etror,

— + —
Hg +
ADBI0A w3
) = RETCREHEE Lo ]
ATES0A MOMOLITHID
PRECIEION SRIDGE THANSEUCER TRUME A TATHOMN “HOMEDREW™ tH-A=. =700
: mﬁ;‘t v “B.02% REEISTOR MATEH, TFRMAC TRACKING

E % RESETOR, 10 HC TRACKING
SUMEPLY CLURRENT = §ferf MEK

SUEFPLT CEINRENT = Sami MAK

Figure 34, Maka ve Biw

Tahkle 1. Make vs. Buy Error Baide!

ATHAD Cirouit “Hoawbrew" Circuit Error, ppm of Full Scale
Error Spurce Calorintion ECalculation A0 Homebrew
ABSOLUTE ACCURACT e Ty = +35'C
Inpus Ofsct Voltags. 1Y 125 LN mY (150 i« 23T =W £, 250 10,507
Ouput Offert Volage, gV 1O Y L0 (LSO pV = ZW1R0YE0 mV i 150
Teput DRt Cument 24 2 oo 530 D3 mY (b v 350 0320 Y 1E L
LitLE, di 110 AB—=3.18 ppm, = 3 Vi20 V| (0.02% Mash s & V20 =100 kL1 | S0
| Torsl Absoime Smoz 7558 11,910
RRIFT 10 485°C
Gian Dol ppan™G (50 pam 4 10 ppm) » G0°C 100 pped®C Track = AOPC G w000
lpur Qe Volsge Drift, (V7 1 s s HORCE0 mW (25 JVPC = N2 2 BIE N0 mV 3, 00KY 10,607
Critzat Ofies Veltage Drfy, pV°C 154V & 60010020 mY (L5 §¥PC a2 x 500 1B mY 450 150
Torel Dinfk Brior S50 6,757
EEEOLUITION
Crain Meonlineammy, somof Full Scale 40 ppm 41} ppm 40 40
T5p 0.1 Hz-10E3 Volgs Noise, gV oop | 238 0¥ ap22 my 35 N e w EN20 mY 14 21
Torsl Resolerion Srvor | s a7
Crend Totu! Exror |4, A52 23,1534

GE gLV =15
(Al o are eain/me i wefeered 1o inpot )
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17 I'nl-h

A

Figure 35, A Prassurs Mondor Circuft which Opscetes on & +5 ¥ Single Stpply

Pregsure Measuremeni

Althongh nsefil in many bridge apphcanans such as weizh
scules, the ATHE0 s enpetially suiiable for Hiples esistance
pridh e senscrs powered ab lower volinges whiete smiall tize and
jow piraer becoms rofe significant,

Fipnre 35 ghows & 3 &0 prossome trensducer bridie povered
Fum +5 V. Ik wuch = Greult,-tee bridys conswnes only 17 mas
Adding the ADE20 ind e buffered yolraze divider allows the
dme! fo be condidoned for cnly 3 9 mA of ks sopply carrent.
Sulh sz and low cost make the ADE20 capecslly attminve for
=hage cutpiar pressecs wansdusers. Sinps v delvare low oime
=il frft ivwtll aled zerve spplicansne such a5 AETIGEOC NG
mvasive blood pressurc Measurcment.

NATENT/CIRCUIT
FROTEETRIMIFSWATION

g

BN

Medical ECG

Thc low cutteat oeise of the ADE20 allows frs use in ECG
monitoes (Figure 35) whare hiph sottrce rexisrarcos of 1 MO oe
higher are nor uncommon. Tac ADBI0's low power. low supply
roltage reyuiraments; snd specs-saving S-lead mini-DIF and
SOIC package offenings meke it anexcellent choire for hamery
prwersd datsy secorders.

Furthermure, die low bivs curreits aod low current noige
coupted with the low voltsge nofse -l the ADE2D improve The
dymamie mnpe for hemer perforrnanoe.

The valoe of cupacitoe Cl 13 chogento mhaintatm stabiliy afthe
sight ieg doive Joup, Fropsr ssfemzands, snch as eolsmnion, mitas
¢ felded 1o this orenit o prorecr the patiest frion possibile

Figura 36 A Medieal! ECG Monilor Cirewit
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[L.M339 Comparator
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FAIRCHIL.D
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SERMICORNDOL IEETOR? www.fairchildsemi.com

LM339/LM339A, LM239A, LM2901

Quad Comparator

Features Description
» Sinule or Duzl Supply Operaticn The LMIINVIMIZA LMI3%A, LMD conmist of four
- Wide Bange of Supply Voluae independent voltage compartors designed to operate from
LEAZSN, TAMAILMEZRA, LMEERA: 2= 36V (ard] - singla power supply over & wide voltage range,
=1 EV])

¢« Low Sopply Courrent Drain 2000A Typ.

o Open Cellector Quiputs [or Wired ond Conneslors

+ Lo Inpul Bins Current 2508 Typ.

+ Loow Inpart ©Hffset Currenl £230A Typ, I

= Low Input Offset Yeltage L1.SmY Typ.

» Input Common Mode Voliage Range Includes Ground. |

= Low Uogput Sateration Voltage

= Uotout Compaible With TTL, DTL and MOY Logic 14-30F
Syitem

14-DIP

Internal Block Diagram
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EM01F Fairchiin Semicondusion Surparadan
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Mechanical Dimensions

Package
Dimensgions in millimeters

14-DIP
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L35S Ma3aA, LIMZZSA, LMD

Schematic Diagram
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| (85
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Absolute Maximum Ratings

. Parameter Symbol : Value Unit
| Supply Voltage Ve _ 118 or 38 W
Differential Input Voltzges , W DIFT) 38 W
Input Voltage Vi L340 +36 VM
Output Shor Circuit to GND - Continuous
Power Dissipation PO 50 W
_Gperaﬁng Temperaturs
LM3SHLMIZSA ToPR O=+70 =G
LM2301 A0 ~+85
L2304, -Z#5 ~+E5
Storage Temperatune 157G 55 - +150 ¢
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NES555 Timer




NE555, SA555, SE555

PRECISION TIMERS
5LES023C - SEFTEMBES 1873 — REYISED =SERUASY 2002
® Timing From Microseconds te Hours WESSS... O, P, PS5, OR PW PACKAGE
. SASSS. .. DOR P PACKAGE
® Aztable or Monostable Dpﬂfﬂhm SES55 .. 0, JG, DR P FACKAGE
& Adjustable Duty Cycle [TOP VIEW)
#® TTL-Compatible Qutput Can Sink or Source
up t-:rzlwpnih ; GNDlY ; = el Vec
’ TRIG[] 2 7 [} DvECH
#® Designed To Be Interchangeable YWith ouTll 5 s [ THRES
Slgnetics NESSS, SA555, and SESS5 :IEEEr[ - I ] CONT
description
Thass devices are precision  fiming  cireulls 5E555r:r::;:5|:fvﬁm“
cepatle of producing ocourste brme debsys or o B
gscllistion. In the time-delay ar maonostabie mods 3 E LR
of ppetalion, Ihe timed interval is conlioflad by a A § S | 1 |
single external resislor and capacitor network. In L 6 *
: : ; HE]] 2 el NG
the astable mode of operation, the frecuency and Ly =
E i TRIGI] 5 (7] DISCH
duty cycle can be controlled mdgaanﬂaﬂrly Wit Ne. s ne
two extemnal resistors and a single exiemal ; : i =
sl ouTH = 15[] THRE=
capaGior, o
: NCOwe . asffmG
Thi Ihrnsmld and Iri.g-:jar bevels nFrn‘ﬂ&Ily' ars |—Fu1—llzl1"|r—112|1—"1j
two-thirds and one-third, mespecively, of Vers, Q2L O
Thes:s lavels can be slered by use aof the Ea s s
control-vallage termingl. When e ligger input T
failz baiow the tnoger level, the flipflop s st and NI = No bnlaspial sunechion
thver clpul goes bigh, 17 the tngoer inpul is abowe
thetnoger leval and (he threshald inpul = atove
the thrashold level, the Tlip-ficp is reset and the culputis low. The reset (RESLET) input can override all other
inpuls and can be used Lo Initiate o naw liming sycle. When RESET goes low), tha fHp-flop iz mastand the aulpin
aoes iow. When s output is low, a3 low-impedance path is providsd between discharge [DISCH) and ground.
The output circail 12 capable of sinking or 2ourcing current up fo 200 mA. Operation is-specified for supplies of
5 Vie 15 V. Witha 5V supply, ouput levels are compatible with TTL inouts
The NESSS s characlenzsd for aperation from 0°C 1o 707G, The SASES iz charactarized Tar aperation from
—40°C to B5°C. The SES55 Is characterized for operstion over the full mititary range of =55 1o 125°C
AVAILABLE OPTIONS
PACKACE
PLASTIC
Ta VTHRES MAX SMALL CHIP CERAMIC | PLASTIC il i
Wpesisy | o | SR i 7is SMALL DUTLINE
(D, PE) (FK} () P (FW)
= NESSED %
0°C te TORC 12V HEREERS — — ME&HEH MEGSGENY
AP e RS T2 S25530 — - SAS55P -
~BEFC fny 1ZERC 108 Y SEBESL SEGHGFK RERNLIE SESS5F
The D peckage i avai-able spedanc resled Add the eoffix B o tha davics ek [ g NEGSSDR) Tha PO and PAW nackages
Breconiy evaisbie aped and reeled.
Flease be awsre that an fripertant rotice concerning avallhliby, standerd warmniy, 2and use 0 sritfesl applicatlors of
Tenie fraliurmes somisonducton produets and disclzimens therats aopaare at tie sntd of this data sheat
L Sl Ee s P
PAODICTION DAL inkormarfies e cormea sm = pubiicallon <o 4 Copyrg G 2002, Texes instnEmans NTopareiEd
e e s Wi R
el il e : TEXAS pativilioeiegetd poirs S e it v sy

INSTRUMENTS

POET G 0E BO0G BSAHEL '™ DAL LIvE, TEXAR THIS) 1




NES55, SA555, SE555
PRECISION TIMERS

5L FSLERC — SEPTEMOCR 1971 ~ REVISED FEBRUARY 2L
e s s

FUNCTHIN TAHLE

RESET | yoioaoer | vormset | ouTPT | PSONESS
Low irraievart Irrekerant L iy
Higt: LR TR irr=levant High xF
Higs =13 Vpp =X Va0 Lo o
High Sl ERY =3Vnn Ea praviously amisblishas

Th‘n&ge— evels showny s nomingl

functional block diagram

Voo RESET
4 CONT 4|

THRES
ouT

DISCH

-0 — My
[ w
o) i

o
GND

Min mumars =hawn A= e the O, JG, P PS, anc PW packages.
NOTE AT RESET can ovamide TENE wmedd cai owernde THEES.

Jy TEXAS
INSTRUMENTS

POET (CEFICE A ASNYNE & DAL LAE TEXAE NE255
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TLO84 Amplifier




bys

TLO084, TLO84A, TLOB4R

General purpose JFET quad operational amplifiers

Features

® Wide commen-mode (s to Ve and
diffarenlial vatage rangs

Low input bizs and offset current
Oiitput short-circutt protection

High input impedance JFET input stage
Intamal fraquency compansalion

Lateh up free operation

High glew rae: 15 Vijs (lypical)

Description

The TLOE4, TLOB4A and TLOG4E are high-spaed
JFET input, quad operationgl amplifisrs
Incarparating well matchad, high voltags JFET
and bipalar transistors ) a monalithic integrated
circull,

The devices teature high slew raes, low inout
Bias and cffsel currents, and low offset vollzge
lamperaturs cocfficiznl.

January 2013

Datasheet — production data
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Typical applications TL0S4, TLOB4A, TLOB4S

5 Typical applications

Figure 21.  Audio distribution ﬁmpﬂ!'iar
fﬂ = 100kHz

™
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100 pF i
100k " . o o |
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Figura 22. Positive feeback bandpass filer
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IN5459 Transistor




SELFIR A
FAIRCHILD
SEMICONDI_UCTOR

2N5457
2N5458
2N5459

MMBF5457
MMBF5458
MMBF5459

S0T-23
Mark: 8D ) B1E | BL

N-Channel General Purpose Amplifier

Thiz devier & & 0w level o amplifizr and swiching rEnsesdos
gnd can be uzed for enalog switining applizations. Soumed from
Foncesas &5

Absolute Maximum Ratings™ - 250 v sbmrion i

-

D AT Siownos B Dicain

e M Angs phs

Symbol Farameler Valuo Units
Yoo CraineCae v iiage 25 L
Ve GFe-30UsCE Vollage =25 ¥
lge I orwang L Epe Cument 10 e,
TiEE Qgerating amd SioregsJuncion Tempersue Ramu A3 10 +160 L

.T'uflp- rafros pre mnng wases sboos which e servicaeiliy o o p e iU 5 00 ES I e

HOTEE:

1} Thess atines o7 Besad ora masimum urcion ismpersee ol 750 g O,

2 Theesa &'k steach siate imis, The decicrp sho i b Sonpdisd eromoplicedios ce fwtheing poebasd ra L daly dipne drasiabioe

Thermal Characteristics w180 e sbewis s
Symbol Characteristic Max Units

ZHEAST-5457 "MMBF5457 5459
Po Tatal Devica Dissipstion E25 350 mi
Datate above 25°C 50 2R | mNET

R« Themal Reziasnce. Junchion o Case 125 | WY
o Tharmal RasiEnce, Jnchon Io S 257 BEB T

* D o cra TR 4 SRR TN L KBS

CERTT Farmis Bamae G STReTEnr

6595 [ 8SYS / LSYPSHAHININ | 65VS / 8SYS | LGPSNE



%)
N-Channel General Purpose Amplifier | &
¥ o
isattinued] | pa
2
Electrical Characteristics - umesunaress mee -
o w
Symbol Parameter Test Conditions Min | Typ | Max |Units | B
en
o
—
OFF CHARACTERISTICS
WVigrmzas Gale-Source E;:mﬂ.dnw_‘lr"m’age fe = 0 R, Vipe= 13 | <25 W g
5=z Gats Reverse Cumerd Ve =-18V, Yag = 0 ) =10 1 nA w |
Won= A5V, Vos =0, To= 10040 -200 | nA e
T CaEE-Source Cutof Valtags Mae= 1V In=10hA" 57 | -D5 BE| I
S5 | -1.0 e T -
e 458 | -20 B0 | ¥ =
VgL CatmSages Vaoltzge Ve = 18N, =160 EA 45T =D W m
W= 15V =200 ph - 545R w1E W i |
¥ps=15Y lp =400 pA  BdSD 43 ¥ g
=41
ON CHARACTERISTICS —
Ines Zeir-Cate Viollson Dals Cusant® | Vpe= 16V, Yoz =0 2457 E I T =< S R e ey o
5458 n &0 %.0 M, -
5450 4.0 20 g 1 o
(%]
——
EM#LL:EIGNN.GI—MF‘ACTEFHETICS E I
am Farward Transfer Coadustonge” Yoe =15V Ve =01 1.0 Mz en
5457 le ) SO0 | smnas w
24558 T200 500 | amaok
S48 | 000 BUOD || mnsn
{Eua et Conduzanes Ve =13V, Ves =0 F=1D kHz 10 S0 ke |
G It Gapackance Vi =15 ¥, as =0, =10 MHc | 45 | n0| gF
o Aaverme Transi Geaoaclanie [V =15V, Vs = 0, F = 1.0 Wiz ¥ | R oF
NF Nolse Fiqure M= 15 V. Wau B 0, 1= 1.0 ke, i 50| 98
Hp= 1.6 megoam, 8W = 10 Ex |
*F"I-Iﬂ_l Dokl P YWillllrs 300 0, Dby Coefins T4
Typical Characteristics
Transfer Characteristics Transfer Characteristics
LS e ct | v Y 10 T 7 i B
%Hu-ssu T“::;I‘: k\lmdsv Voamem ™ =37V 1
& === $ i
T P IR 2 ox ' i s
"'E" “h -'f [ e T = I-T,.-"ZF'E
E A Fs == I
i Ta =126 T
= 3 Z 1w -
= = Veskzs = 10V |
- = . L Ta by
z i 2y s P -
E = : E e TER T -
o = R
n L]

| =L - | wd <l <&
Vog - BATE SDUREE VDLTAGE (V) ¥am - GATESOUHCE YOLTABE (V)




I1N4001 Diode
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1N4001 - 1N4007

1.0A RECTIFIER

Features

+  LUillased sunclion

»  High Currant Cazabiln ane Léw Foreard Volmge Drop .E

s Surge Cveriosd Reling o 508 Peak N _+ B s A—

= Low Revesss Laskage Curent g [

a Land Fi Fimi: RoHS fant [Mole 3

md Fres Flnish, Comp [Mole 3) | _rl
Mechanical Data
i &
« Caze: DO-41 b
. g:fa.l.u Waterial, Malded Plagic. UL Frammatility Clasdfication T -
ng E4y-0 _ i — in Wax
«  Moislure Sersilivity’ Lewe| 1 par J-STD-020D B R =

+  Tarmirale: Finish - Bight Tin. Pleied Leads Saiderable pe

MIL-2TD-202, Mothod 208
«  Prolry: Cehode Bang
v MoonlicgPosisan Aay
. Ordaring Infermation: See Pags 2
o Maerming! Type Mambey
+«  Weight 030 grams fappredineta)

B 4.05 8.2
£ T 0354
D 269 ETE
All Dlmensionz In mm

Maximuim Ratings and Electrical Characteristics @7 =25 ¢ vicss alhemise spectao

‘Bingte chgse, el wave, B0z, weElnd on iouEive dosd

For capaciive nad derste surmend by 20%
Chareclerislic Symbal [ 184004 | 1M4002  1NA0CS | 1N4004 [ THAD0E [ 1NA00F | 184007 ° Unkt

P=zh Papelithe Rousrse Veltage Wram

varking Peak Reverse Woltage Meam By g1H ZBD 241y E00 AL 10L0 o
P Blecking Volkwe Ve — :

FMS Revarss Valtags el | Vs s ] e 280 425 560 s | W
Awarags Rectifed Uuoul Cunsol (Hoe 1 @ la= oS | o === 5 .
Mon.lRepetiive Pesw Faneard Soge Currert 8. 3mes o ag A
sirgla half sins-wive suparimpared an mied iosd e =

Fonsard Yelisge & = 1 04 Vi 1.B W
Feak Boverse Curreet @1Ta = 268"C o ap A
2l Ratwd U Blocung Vollege & T2 = 1000 5o

Iypica Jurction Capacizncs [Mote 2) £ 15 1 B | GE
Typical Thermal Resiskco Jeneion 1 Ambient Hop 100 | K
Muzrmun BC Blocking Violisge Temperaue B | +130 fo
Opsraiing and Slarags Temperature Range To ls5ta 35 1o ~150 2

Mcbies: 1. Leads macaines ot pribiant 1= mperatum & 8 distancn ol & Soon frorm 1he case

[EEEME R o8- 2

2 Meoesumd of 7.0 MM amd spofied reesiee solage of 400 02, . )
4, Bl Dirsiye 2000850 (RoliS) Al agpiicabie ReHS siempions apalisd, see BU Dirsclive B0AESEC Anex Holes.
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