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Abstract

The concentration of hemoglobin in the blood is an important physical
condition parameter and a low level of hemoglobin in the blood is called
anemia, as the World Health Organization has determined the level of
normal hemoglobin concentration for people on the basis of age, sex and
pregnancy status. One of the most common causes of anemia is nutritional
deficiencies, especially iron deficiency, although deficiencies of folic acid,
vitamin B12 and vitamin A are also important causes. Anemia may cause
several diseases, including infectious diseases such as malaria, tuberculosis,
HIV and infection parasitic.

Our goal in this project is to design a device to detect the presence of anemia
in a non-surgical way, as this disease has become widely spread throughout
the world and the World Health Organization has revealed that there are
more than 1.6 billion people suffering from anemia, and that 42% of
children under 5 years of age and 40% of pregnant women worldwide suffer
from anemia.

This device aims to reduce infections that can spread due to the use of
needles and also reduce pain, and may be needed for patients in emergency
rooms, intensive care units and postoperative follow-up, in addition to the
person's ability to use this device at home and without the need to specialists
or doctors, which in turn makes it easy and inexpensive to follow up on the
condition of the affected person on a continuous basis.

The design of this device requires a source to produce light with
wavelengths of 940 nanometers (infrared), 650 nanometers (red), which are
harmless to humans. On the opposite side of the source is the detector, which
picks up the waves that pass through the finger. Then the captured waves are
processed and the results are displayed on the screen.
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1.1 Introduction

This project discusses the idea of designing and implementing a device
to detect the presence of anemia using non-invasive methods which is
based on a pulse photometric measurement method.

Anemia is reported as a low hemoglobin or hematocrit where hemoglobin
(Hb) is an important component of red blood cells also it is responsible
for transporting oxygen to the rest of the body and returning carbon
dioxide to the lungs.

Photometry is a technique that measures the concentration of organic
and inorganic compounds in a solution by determining the absorbance of
wavelengths of light.

In this way, we will get the percentage of hemoglobin in the blood, and
thus know whether the person is anemic or not without the need to take a
blood sample.

1.2 Motivation and Problem Statement

Nowadays it is difficult to use invasive methods to detect anemia for
several reasons including using needles to take a blood sample, which
causes pain and increases the possibility of infection an added
disadvantage of this method is the delay between the blood collection and
its analysis, which does not allow real time patient monitoring in critical
situations. But a noninvasive method allows pain free continuous on-line
patient monitoring with minimum risk of infection and facilitates real
time data monitoring allowing immediate clinical reaction to the
measured data.

The statistics from the World Health Organization show that about 1.62
billion people suffered from anemia of different degree in the world,
anemia can cause a number of complications, including the following:

e Lasting fatigue leading to diminished productivity.
e \Weakened immune system.
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e Fast or irregular heartbeat.

e Heart failure.

e Problems during pregnancy, including fatigue, premature labor and
problems with fetal development.

e Increased risk of postpartum depression [1] .

Because of these difficulties and risks that may be caused by invasive
methods, and due to the importance of measuring hemoglobin for given
an indication about the patient's condition, many studies and researchers
have worked on developing the methods used to measure this variable.
These methods are easier to deal with it, do not contain the complexity
that involved in invasive methods devices, and are financially
inexpensive as well.

1.3 Main Objective

The main objective of this project is to design and implement a device to
detect the presence of anemia by measuring the concentration of
hemoglobin in a non-invasive based on measuring the variance in
absorbance of LED and IR light through blood by measuring the
attenuation of signals through the index finger.

1.4 Literature Review

The traditional methods for detection of anemia involve an invasive
approach requiring blood sampling and subsequent lab-based testing of
hemoglobin concentration, hematocrit volume, and complete blood count
(CBC). These procedures require access to diagnostic facilities and can
be greatly time intensive with a substantial cost. Recent developments in
this field have been made to increase both the portability and non-
invasiveness of these sensors through using microfluidic-based sampling
methods, optical attenuation methods, or light scattering-based
measurement methods. Although these developments have greatly
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improved the approaches for the detection and diagnosis of anemia, there
still exists a need for improvement in long-term user monitoring and size
and cost reduction. Additionally, to improve the functionality of the
point-of-care device in developing countries [4] .

A non-invasive technique enables for one-time or continuous
hemoglobin monitoring with minimal risk of infection and discomfort.
Several researchers have worked on developing non-invasive hemoglobin
meters and some are still working to improve the accuracy of estimating
non- invasive hemoglobin.

A project similar to this project was designed at Palestine Polytechnic
University in 2018, entitled " Design and Implementation of Portable
Hemoglobin Concentration and Fat Percentage ", but we have made
some modifications and additions to it, our project will evaluate the
results based on the ages and gender that the user can specify through the
screen.

1.5 Project Cost

Table (1.1): Price of the project components.

IR LED 1 1.778

Red LED 1 0.642

OPT101 Detector 1 1.33

ICs 3 21.43

Arduino nano 1 11.74

9v 5500mAh lithium 1 3.78
battery rechargeable

Resistors and capacitors 26 6
LCD 1 0.72
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1.6 Project Action Plan

The project selection, formulation its ideas, identification a good previous
studies and the collection for a basic information and documentation to
starting up in the project were the most important tasks carried out at the
first semester. Table (1.2) shows the distribution of the first semester over a
period of (15) week. For done the project implementation and building, the
automatic distribution of tasks needed to implement the project during the
second semester. Table (1.3) shows the distribution of the second semester
over a period of (15) week.

Table(1.2): Distribution of Tasks on the First Semester.

12 |3 |4 (5|6 |7 |8 9|10(11|12|13|14 15

Week

Activities

Finding
Project Idea

Proposal

Search and
Collecting data

Documentation

Preparing for
presentation

Print
documentation
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Week

Activities

Collecting
components

Building and
testing the
system

12

13

14

15

Analysis

Documentation

Preparing for
presentation

Print
Documentation

Table(1.3): Distribution of Tasks on the Second Semester.

After defining a general introduction to this study and explaining the
project's motives, to begin implementing the proposed idea, it is first
necessary to define the Circulatory System and the Main Parts of it , blood
and hemoglobin and other Physiological informations, this will be explained
in chapter two.

15




Chapter Two
Physiological Background

2.1 Circulatory System
2.1.1 Circulatory System Definition
2.1.2 Circulatory System Main Parts
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2.2.1 Blood Definition.
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2.1 Circulatory System

2.1.1 Circulatory System Definition

The circulatory system is made up of the vessels and the muscles that help
and control the flow of the blood around the body. This process is called
circulation. The main parts of the circulatory system are the heart, arteries,
capillaries and veins.

The blood begins to circulate; it leaves the heart from the left ventricle and
goes into the aorta. The aorta is the largest artery in the body. The blood
leaving the aorta is full of oxygen. This is important for the cells in the brain
and the body to do their work. The oxygen rich blood travels throughout the
body in its system of arteries into the smallest arterioles [5] .

On its way back to the heart, the blood travels through a system of veins. As
it reaches the lungs, the carbon dioxide (a waste product) is removed from
the blood and replace with fresh oxygen, as shown in Figure (2.1) .

S (B
8Ly, 2
4. In pudmonary capilaries, blood

9. Systeric capilarios of loses CO, and gains O,
haad and uppar mbs

V——
O ¥ o 3 | Pumensry kst s ) Puimooary s
‘w By Ans !

( ]
) - 2. I 5.
v\\ " T Right vertrdle t Left atrium
< |

g ;\ ¥ k;-..\ T
R A\ >
TN R NG
2R
RS
Koy X . N
I Oxygennrich bicod \\\ f 10
B Oxygerpoce tiood -\% - 2';
X (4
M \

9. Systemic capitaries of
trunik and lowor mbs

{8} Path of blood Sow through head

Figure (2.1): systemic blood flow through the heart [6] .
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2.1.2 Circulatory System Main Parts
The main parts of the system as shown in Figure (2.2) are:
The heart, arteries, veins and capillaries.

Superior vena cava
V-
4

Left pulmonary artery
Right pulmonary artery \q‘

Left atrium

4

Right atrium Left pulmonary veins

Pulmonary semilunar valve

Left atrioventricular valve

Fossa ovalis (bicuspid valve)

Right pulmonary
veins T/

. . : Aortic semilunar valve
Right atrioventricular

valve (tricuspid valve)
Left ventricle
Right ventricle

Chordae tendineae Interventricular septum

Inferior vena cava Myocardium

Visceral pericardium

Figure (2.2): Internal anatomy of the human heart [7] .

2.1.2.1 Heart

The muscle that pumps blood received from veins into arteries throughout
the body. It is positioned in the chest behind the sternum, in front of the
trachea, esophagus, and aorta; and above the diaphragm muscle that
separates the chest and abdominal cavities. The normal heart is about the
size of a closed fist, and weighs about 10.5 ounces. It is cone-shaped, with
the point of the cone pointing down to the left. Two-thirds of the heart lies in
the left side of the chest with the balance in the right chest.

The heart is composed of specialized cardiac muscle, and it is four-
chambered, with a right atrium and ventricle, and an anatomically separate
left atrium and ventricle. The blood flows from the systemic veins into the
right atrium, thence to the right ventricle, from which it is pumped to the
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lungs, then returned into the left atrium, thence to the left ventricle, from
which it is driven into the systemic arteries.

The heart is thus functionally composed of two hearts: the right heart and
the left heart. The right heart consists of the right atrium, which receives
deoxygenated blood from the body, and the right ventricle which pumps it to
the lungs under low pressure; and the left heart, consisting of the left atrium,
which receives oxygenated blood from the lung, and the left ventricle, which
pumps it out to the body under high pressure.

2.1.2.2 Arteries

Arteries are elastic, muscular tubes. These blood vessels operate at a high
pressure to help transport oxygen-rich blood away from the heart and deliver
oxygen, nutrients, and hormones throughout the body.

Arteries branch repeatedly to form microscopic arteries, known as arterioles
Trusted Source, to distribute blood into capillary beds. Capillaries are blood
vessels that carry blood to the body’s organs at a microscopic level [8] .

2.1.2.3 Veins

Veins carry the blood to the heart. The smallest veins, also called venules,
are very thin. They join larger veins that open into the heart. The veins carry
dark red blood that doesn't have much oxygen. Veins have thin walls. They
don't need to be as strong as the arteries because as blood is returned to the
heart, it is under less pressure.

Veins receive blood from the capillaries after the exchange of oxygen and
carbon dioxide has taken place. Therefore, the veins transport waste-rich
blood back to the lungs and heart. It is important that the waste-rich blood
keeps moving in the proper direction and not be allowed to flow backward.
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This is accomplished by valves that are located inside the veins. The valves
are like gates that only allow traffic to move in one direction.

The vein valves are necessary to keep blood flowing toward the heart, but
they are also necessary to allow blood to flow against the force of gravity.
For example, blood that is returning to the heart from the foot has to be able
to flow up the leg. Generally, the force of gravity would discourage that
from happening. The vein valves, however, provide footholds for the blood
as it climbs its way up.

2.1.2.4 Capillaries

Capillaries are very thin and fragile. The capillaries are actually only one
epithelial cell thick. They are so thin that blood cells can only pass through
them in single file. The exchange of oxygen and carbon dioxide takes place
through the thin capillary wall. The red blood cells inside the capillary
release their oxygen which passes through the wall and into the surrounding
tissue. The tissue releases its waste products, like carbon dioxide, which
passes through the wall and into the red blood cells.

Arteries and veins run parallel throughout the body with a web-like
network of capillaries, embedded in tissue, connecting them. The arteries
pass their oxygen-rich blood to the capillaries which allow the exchange of
gases within the tissue. The capillaries then pass their waste-rich blood to the
veins for transport back to the heart.

20



2.2 Blood System
2.2.1 Blood Definition

Blood is a liquid that flows within blood vessels. It is constantly in motion
as the heart pumps blood through arteries to the different organs and cells of
the body.

The blood is propelled back to the heart in the veins. When muscles
contract, they squeeze the veins and allow the blood to be pushed back to the
heart.

Because it contains living cells, blood is alive. Red blood cells which
containing hemoglobin and white blood cells that fight infection are
responsible for nourishing and cleansing the body.

Vitamins and Minerals keep the blood healthy. The blood cells have a
definite life cycle, just as all living organisms do. Approximately 55 percent
of blood is plasma, a straw-colored clear liquid. The liquid plasma carries
the solid cells and the platelets which help blood clot .

Blood performs many important functions within the body including:

* Supply of oxygen to tissues by hemoglobin included in red blood
cells.

* Supply of nutrients such as glucose, amino acids, and fatty acids.
» Removal of waste such as carbon dioxide, urea, and lactic acid.

* Immunological functions, including circulation of white blood cells,
and detection of foreign material by antibodies.

* Coagulation, which is one part of the body's self-repair mechanism.

» Messenger functions, including the transport of hormones and the
signaling of tissue damage.

* Regulation of body pH.
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2.2.2 Red Blood Cells

Also called erythrocyte, it's a type of blood cell that is made in the bone
marrow and release into the bloodstream after they fully mature, which takes
about seven days. RBCs contain enormous amounts of a protein called
hemoglobin, each red blood cell contains between 200 and 300 hemoglobin
molecules which bind with oxygen as oxygen molecules enter blood vessels
in the lungs. Hemoglobin is also responsible for the characteristic red color
of blood. which carries oxygen from the lungs to all parts of the body [9] .

RBCs are microscopic and have the shape of a flat disk or doughnut, which
Is round with an indentation in the center as shown in Figure (2.3) , but it
isn’t hollow. RBCs don’t have a nucleus like white blood cells, allowing
them to change shape and move throughout the body easier. And they have a
diameter of about 6 micrometers their small size allows them to squeeze
through even the smallest human blood vessels.

Figure (2.3): Surface view of RBC [10] .

RBCs have a limited lifespan because they don't have a center membrane
(nucleus). When a red blood cell travels through the blood vessels, it uses up
its energy supply and only survives an average of 100-120 days. the blood
appears red because red blood cells make up (40-45)% of the blood's
volume.

RBCs are derived from stem cells in red bone marrow. New red blood cell
production, also called erythropoiesis, is triggered by low levels of oxygen
in the blood. Low oxygen levels can occur for various reasons including
blood loss, presence in high altitude, exercise, bone marrow damage, and
low hemoglobin levels. when the kidneys detect low oxygen levels, they
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produce and release ahormone called erythropoietin. Erythropoietin
stimulates the production of red blood cells by red bone marrow. As more
red blood cells enter blood circulation, oxygen levels in the blood and tissues
increase. When the kidneys sense the increase in oxygen levels in the blood,
they slow the release of erythropoietin. As a result, red blood cell production
decreases.

Function of red blood cells:

RBCs and it's hemoglobin are responsible for transporting oxygen from
the lungs to the body’s tissues [9] . The tissues produce energy with the
oxygen and release a waste, identified as carbon dioxide. RBCs take the
carbon dioxide waste to the lungs to exhale. The mammalian red cell is
further adapted by lacking a nucleus, the amount of oxygen required by the
cell for its own metabolism is thus very low, and most oxygen carried can be
freed into the tissues. The biconcave shape of the cell allows oxygen
exchange at a constant rate over the largest possible area.

Normal red blood cell count:

The number of red cells and the amount of hemoglobin vary among
different individuals and under different conditions At birth the red cell
count is high, it falls shortly after birth and gradually rises to the adult level
at puberty.

The normal red blood cell count ranges (million red blood cells per
microliter of blood.) are as follows [11] .

« Men:4.7-6.1.

« Women: 4.2 -54.
o Children: 4.0 - 5.5.
« Newborn:4.8-7.1

If the count is outside of these ranges, it is either too high or too low will
cause several diseases, such as anemia, polycythaemia and leukemia.
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2.2.3 White Blood Cells

White blood cells, also known as leukocytes, are responsible for protecting
the body from infection. As part of the immune system, white blood cells
circulate in the blood and respond to injury or illness [12] . There are several
types of WBCs as shown in Figure (2.4) .

Eosinophil Basophil

Neutrophil

Figure (2.4): Different type cells of the human immune system [12] .

2.2.2 Platelets

These tiny fragments of cells are crucial in helping your blood to clot. If
your platelet level is very low then you may suffer a lot from bruising and
bleeding.

Figure (2.5): The picture illustrates platelets.
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2.3 Hemoglobin and Anemia

Hemoglobin is a protein found in erythrocytes (red blood cells) that enables

them to carry oxygen. Most oxygen that is carried within the blood is bound
to hemoglobin. Hemoglobin is a composite molecule made of a combination
of iron and the protein globin. Globin consists of four polypeptide chains:
two alpha chains (alpha 1, alpha 2) and two beta chains (beta 1, beta 2),
which bind a red ringlike heme group. Each heme group bears an iron ion
(Fe*?) set like a jewel in its center as shown in Figure (2.6) [13] .

Figure (2.6): Hemoglobin molecule structure [13] .

Hemoglobin Functions:

Transport of Respiration Gases: This is the main function of hemoglobin.
Hemoglobin can translate:

e Oxygen from lung to tissue: The oxygen is binds with hemoglobin,
this physiology process called oxygenation. The iron stile as ferrous
(Fe*®) forming oxyhemoglobin. The oxygen is very important to
metabolism process

e Carbon dioxide from tissue to lung: The carbon dioxide is binds with
hemoglobin formatting carboxyhemoglobin. The CO2 is metabolism
main waste product.

e Buffer action: Hemoglobin of RBC are regulate hydrogen ion
concentration, since hemoglobin is good buffer.
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Anemia is a global health problem: the World Health Organization
estimates that a quarter of the world’s population has to deal with anemia
problems. Which is defined as the decrease in red cells in the blood or as a
decrease in the normal concentration of hemoglobin (Hb), as shown in
Table (2.1). Consequently, it reduces the ability of the blood to transport
oxygen. It is mainly caused by nutritional factors, infectious diseases or
genetic factors. Severe anemia can compromise the availability of oxygen
supplied to the cells and cause damage to vital organs.

Table (2.1): Normal range of the hemoglobin concentration [14] .

Newborns 17 to 22 gm/dL.
One week 15 to 20 gm/dL
One month 11 to 15 gm/dL
Children 11 to 13 gm/dL
Adult males 14 to 18 gm/dL
Adult women 12 to 16 gm/dL
Men after middle age 12.4 to 14.9 gm/dL
Women after middle age 11.7 to 13.8 gm/dL
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Signs and symptoms of anemia:

e Fatigue.

e Weakness.

e Pale or yellowish skin.

e Irregular heartbeats.

e Shortness of breath.

e Dizziness or lightheadedness.
e Chest pain.

e Cold hands and feet.

e Headaches.

Anemia can cause a number of complications, including the following:

e Lasting fatigue leading to diminished productivity.

e Weakened immune system.

e Fast or irregular heartbeat.

e Heart failure.

e Problems during pregnancy, including fatigue, premature labor and
problems with fetal development.

e Increased risk of postpartum depression.

2.4 Finger

Fingers are essential for completing everyday tasks. Fingers are one of the
most used appendages, and the most delicate, so they are prone to
injury. Finger injuries have the potential to slow down anyone.

Fingers have a complex anatomy. Each finger has 3 phalanges (bones) and
3 hinged joints; the thumb has two of each. Ligaments connect finger bones
and help keep them in place. Tendons connect muscles to bones. Finger
movement is controlled by muscles in the forearms that pull on finger
tendons, as shown in Figure (2.7) [15] .
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Figure (2.7): Hlustration picture of finger Structures (Finger Anatomy) [15] .

After getting acquainted with some important information regarding the
body, the circulatory system, its organs, blood, what is meant by
hemoglobin, and anemia, we move on to chapter three to taking a glimpse of
some methods, laws, and equations that help in designing system.

28



Chapter Three

Theoretical Background

3.1 Introduction

3.2 Complete Blood Count (CBC)

3.2 Spectrophotometry

3.3 Beer-Lambert law and Light Absorption
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3.1 Introduction:

optical spectroscopy in the ultraviolet and visible light range (UV/VIS) is
widely applied in almost all market segments and workplaces in research,
production and quality control for the classification and study of substances.
UV/VIS spectroscopy is based on the absorption of light by a sample.
Depending on the amount of light and its wavelength absorbed by the
sample, valuable information can be obtained, such as the purity of the
sample. Moreover, the amount of absorbed light is related to the amount of
sample, and thus, quantitative analysis is possible by optical spectroscopy.

In physical terms, light is a kind of energy propagating into space at a very
high speed. More specifically, light is understood as an electromagnetic
wave travelling into space — it is radiant energy. The energy of light
oscillates periodically between a minimum and a maximum as a function of
time — like a wave. The distance between two maxima or two minima,
respectively of the electromagnetic wave is defined as the wavelength, given
in nanometer (nm) as in the Figure (3.1) .

Increasing Enargy

«
., Wavelength .
——

Increasing Wavelengih

Figure (3.1): The energy of an electromagnetic wave increases with decreasing
wavelength and vice versa [16] .

Each color has a specific wavelength, Thus, the different components of
light are characterized by a specific wavelength. The sum of all components
I.e. of all wavelengths, is called a spectrum. More specifically, a spectrum
represents a distribution of radiant energy. For instance, the electromagnetic
spectrum of visible light ranges from approximately 390 nm up to
approximately 780 nm as shown in Figure (3.2) [16] .
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Figure (3.2): The visible spectrum (390-780 nm ) represents only a small portion of the
whole electromagnetic spectrum [16] .

UV/VIS spectroscopy has effectively been used in medical science for the
routine analysis of blood and urine samples. The spectral differences
between healthy blood and diseased blood can easily be compared.

Quantitation of blood hemoglobin has been a key diagnostic parameter for
various diseases such as anemia, polycythemia and dehydration.

Ansaribanca

—T

Wavalangth (nm)

Figure (3.3): Standard curve with freshly prepared hemoglobin [16] .
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3.2 Complete Blood Count (CBC)

A complete blood count (CBC), also known as a full blood count (FBC), is a
set of medical laboratory tests that provide information about the cells in a
person's blood. The CBC indicates the counts of white blood cells, red blood
cells and platelets, the concentration of hemoglobin, and the hematocrit (the
volume percentage of red blood cells). The red blood cell indices, which
indicate the average size and hemoglobin content of red blood cells, are also
reported, and a white blood cell differential, which counts the different types
of white blood cells, may be included . Red blood cell indices can provide
information about the cause of a person's anemia such as iron deficiency and
vitamin B12 deficiency.

The CBC is performed using basic laboratory equipment or an automated
hematology analyzer, which counts cells and collects information on their
size and structure. The concentration of hemoglobin is measured, and the red
blood cell indices are calculated from measurements of red blood cells and
hemoglobin.

Two other measurements are calculated from the red blood cell count, the
hemoglobin concentration, and the hematocrit: the mean corpuscular
hemoglobin and the mean corpuscular hemoglobin concentration. These
parameters describe the hemoglobin content of each red blood cell. The
MCH and MCHC can be confusing; in essence the MCH is a measure of the
average amount of hemoglobin per red blood cell. The MCHC gives the
average proportion of the cell that is hemoglobin. The MCH does not take
into account the size of the red blood cells whereas the MCHC does.
Collectively, the MCV, MCH, and MCHC are referred to as the red blood
cell indices. Changes in these indices are visible on the blood smear: red
blood cells that are abnormally large or small can be identified by
comparison to the sizes of white blood cells, and cells with a low
hemoglobin concentration appear pale. Another parameter is calculated from
the initial measurements of red blood cells: the red blood cell distribution
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width or RDW, which reflects the degree of variation in the cells' size. An
abnormally low hemoglobin, hematocrit, or red blood cell count indicates
anemia [17] .

3.3 Spectrophotometry

Spectrophotometry is a standard and inexpensive technique to measure
light absorption or the amount of chemicals in a solution. It uses a light
beam which passes through the sample, and each compound in the solution
absorbs or transmits light over a certain wavelength.

Spectrometry is measured by a spectrophotometer; an instrument that is
made up of two instruments — a spectrometer and a photometer. The
spectrometer produces the light of the wavelength and the photometer
measures the intensity of light by measuring the amount of light that passes
through the sample.

In addition to those two components, spectrophotometers consist of a light
source, a monochromator, a sample chamber containing a cuvette, a detector
(such as a photomultiplier tube or photodiode) to detect the transmitted light,
a digital display and a data analysis software package as in the Figure( 3.4)
[18] .

e Uses of a Spectrophotometer :
1. Pharmaceutical Production .
2. Water Analysis .
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Figure (3.4 ): component of spectrophotometer [19] .

Spectrophotometry is the basis for all oximetry. The atoms of all molecules
vibrate in specific patterns for each unique substance. As light passes
through a substance, the frequencies of light similar to the vibrational
frequencies of the substance are absorbed. A spectrophotometer measures
the intensity of light transmitted through a particular substance at particular
wavelengths. The fraction of light absorbed at a specific wavelength is
determined by the absorptivity, or extinction coefficient, of the substance.
The extinction coefficient of a substance can be graphed at various
wavelengths as a spectrum. This spectrum is unique for every substance.

The objective of the photometric devices described the non-invasive
continuous measurement of heart circulation patterns and light absorbent
blood components in the blood of the human finger. The arteries contain
more blood during the systolic phase of the heart than during the diastolic
phase, due to an increased diameter of the arteries during the systolic phase.

This effect occurs only in arteries but normally not in veins. For this reason
the absorbance of light in tissues with arteries increases during systole
because the amount of hemoglobin (absorber) is higher and the light passes
through a longer optical path length in the arteries. These intensity changes
are called PPG-waves.

The time varying part allows the differentiation between the absorbance

due to venous blood and bloodless tissue (DC part) such as (skin, muscle
and bone) and that due to the pulsatile component of the total absorbance
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(AC part), as shown in Figure (3.5) . Upon interaction with the tissue the
transmitted light is detected non-invasively by photo diodes.

/
\

c ..:l. ..!0‘_'.-- T Ve - .
S le o° « *7* Arterial blood _ » *°*
& .. o ® o 0 Fo, . - wi S S
§ ::--::::~ enoust.)_lsod:-'
< - - - - - - - ™ - - -
Tissue
Time

Figure (3.5): Light absorption changes for pulse, arterial and venous blood, and living
tissue [20] .

A photo detector is a device that converts light intensity into an electric
current. A given intensity of light transmitted through a substance produces
an electric current proportional to the intensity. By measuring the intensity
of incident light on a substance (lp) and measuring the intensity of light
transmitted through the substance (1), the transmittance (T) of the substance
can be calculated as shown in Equation (3.1) :

Because each molecule absorbs an equal portion of light, the absorbance of
light through a substance is linearly related to the concentration of substance
present. From the measured transmittance (T), the absorbance (A) can be
calculated from as shown in Equation (3.2) :

A=2—10g(%T).ccrueeeennn. (32)

Then Beer's law can now be used to find the amount of substance in a
solution.
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3.4 Beer-Lambert Law

The Beer-Lambert law describes the reduction of light, which is travelling
through a homogeneous medium; contain an absorbing substance as shown
in Equation (3.3) . Also this law allow to find the concentration of a single
substance or more than one absorbing substance.

Where :

A : is the absorbance .

€ :is the molar absorption coefficient .
c : is the molar concentration .

| : is the optical path length .

10
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Figure (3.6) : Optical absorption coefficients of oxyhemoglobin and reduced
hemoglobin and water [21] .

Also the unscattered absorbance A is defined as the negative natural
logarithm of the transmittance ratio (I to 10) as shown in Equation (3.4) :

A=-log (1/10) ceeereennnnnn. (34)
Where :

lo : intensity of light entering the sample .
| : intensity of light leaving the sample .
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Figure (3.7) : Lambert’s law states that that absorption is proportional to the light path
length [16] .

The transmissive or reflective process captures the properties of a living
tissue non-invasively.

The variation of this transmitted or reflected light depends on the shape,
volume, refractive index of Hb, and angular distribution of scattered light,
which characterizes the absorption properties of blood and tissue. Analyzing
these changes in optical scattering properties in tissues, we can build a non-
invasive solution for Hb estimation.

Hemoglobin has different forms in the blood. such as oxyhemoglobin,
reduced  hemoglobin,  carboxyhemoglobin, and  methemoglobin.
Oxyhemoglobin (HbO2) and reduced hemoglobin (Hb) are main forms that
are available in the blood. The other forms are available only in traces.
Oxyhemoglobin is mainly available in arteries and the reduced hemoglobin
Is available in veins, but in capillaries, both the forms are available

The oxyhemoglobin and reduced hemoglobin have a different absorption
of light at different wavelengths. Figure (3.8) it shows the variation in
molar extinction coefficient of light (na ) of the two hemoglobin forms
with wavelength variation. During the measurement of hemoglobin the
absorption should not be dependent on the oxygen saturation. That means
that the measurement is only practicable at so called isobestic points
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where the extinction coefficients of Hb and HbO2 are identical. One
such point is known to exist around 810nm [6] .

1000,000 - ; : : ' ; '
100,000 +
10,000 4

1,000

Molar extinction coefficient (cm'/M)

100 . . . : . . .
200 400 600 800 1,000
Wavelength (nm)

Figure (3.8): Molar extinction coefficient of light of oxyhemoglobin and reduced
hemoglobin [22] .

Suitable wavelengths were selected for the analyses of relative hemoglobin
concentration change. The principle of measurement is based on the fact of
a substantial absorption/transmission difference of light in red and near
infrared region between oxygenated [HbO2] and reduced hemoglobin
[HHb]. HHb is optically much denser to the red light than HbO2 . whereas
the reverse is true in the near infrared region as shown in Figure (3.9) .
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Figure (3.9): Hemoglobin light absorption graph [23] .

Two wavelengths (A = 650 nm and 940 nm). The two equations listed below
were used to estimate oxy-hemoglobin and deoxy-hemoglobin :

PPG_ Ratiogs, = eHb*® *Hb*L + eHbO,*° *HbO, *L ....... (3.5)
PPG _Ratiog = eHb* *Hb*L + eHbO,** *HbO, *L ....... (3.4)

Where :

PPG_Ratio: the ratio of AC voltage of the PPG to DC voltage of the PPG
for each wavelength.

gHb" : molar extinction coefficient for deoxy-hemoglobin .
g¢HbO, " : the molar extinction coefficient for oxy-hemoglobin .

Hb & HbO,: the concentration of oxyhemoglobin and deoxy-hemoglobin .

The AC component of a PPG signal is the difference between its Peak
(maximum) and Valley (minimum) voltages, whereas the DC component is
the Valley voltage.

Formula to Calculate Total Hemoglobin for two wavelengths using
Equations (3.5) and (3.6).

39



PPG_Ratio650] - hi650 cHBO2 650, [ Hb 3.7)

- cHb940 <HbLO2 940 Hbo2l e

PPG _Ratio940

The unknown oxy-hemoglobin and deoxy-hemoglobin are calculated by
rearranging the Equation (3.7):

[ Hb 7 _ [PPG_Ratio650]  inw [eHb650 eHb02 650 (3.8)
HbO2 PPG _Ratio940 ¢Hb940 €eHbLO2 940 )

From Equation (3.8), total hemoglobin is calculated by adding the
concentration of oxyhemoglobin and deoxy-hemoglobin.

THDb = Hb + HBOy eveeeeeveeennnn, (3.9)

Equation (3.9) indicates the concentration of total hemoglobin in Moles
per liter which is converted into grams per deciliter.

Based on research and experiments, the value of the Molar Extinction
Coefficient for Hemoglobin was found [24] , and it is as follows:

¢Hb650 = 3750 ¢HbO2 650 = 368
¢Hb940 = 693 ¢HbO02 940 = 1214

After rearranging the equations, we get:

Hb = 2.8249E-4 * PPG 650 - 8.563E-5 * PPG 940 ................. (3.10)

PPG 940-0.1848 + PPG 650

HbO, = e ge e (3.11)

These equations are programmed using the programs inside the Arduino so
that the Arduino processes the signal arriving through it.

In the next chapter, we will learn about the parts used in the design of the
system and how to connect them.
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Chapter Four
Project System Design

4.1 Introduction
4.2 General Block Diagram of the Project.
4.3 Hardware Components of the Project.
4.3.1 LEDs.
4.3.2 Detectors .
4.3.3 Band Pass Filter .
4.3.4 Microcontroller .
4.35LCD.

4.4 Power Supply .
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4.1 Introduction

Continuously measuring the concentration of hemoglobin in the blood
without the need to visit clinics and hospitals and pay high costs is
important, and this is what we seek to achieve through this project.

This chapter explains the parts and parts needed to design and build this
project, in addition to the necessary software programs as well.

4.2 General Block Diagram of the Project

+9v% Power Supply
-9v <

Red LED

H[ Photodiode ]——»[ Band Pass Filter }

—

-

Figure (4.1) : General Block Diagram .
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4.3 Hardware Components of the Project

Through this section of chapter all hardware components used in the
project are discussed, so that features and specifications are discussed.

4.3.1 LEDs

Light-emitting diode (LED) is a semiconductor device that emits light
when an electric current is passed through it. Light is produced when
the particles that carry the current (known as electrons and holes)
combine together within the semiconductor material.

The photon energy determines the wavelength of the emitted light,
and hence its color. Different semiconductor materials with different
bandgaps produce different colors of light.

e Red LED :640-700 nm.
We use LUXEON 3W Red light LED to emit 650nm
wavelength . To ensure that the photodiode emits a specified
wavelength, the specified current must be supplied (700mA)
(Appendix A ) . The Red LED driving circuit shown in Figure
(4.2) :

The resistor R1 calculateby
Equation (41) S

............. VoD
Arduing Signal: . T 5.6y |

VDD—-VLED .
_ VDD-VLED EVLED ON- - - o oo | -
R1 ILED T (4'1) OVLEOOFE: D .| oo
c_ 29 SUURERERERRRES RN =) b
R1="_""_4q0 o WA
700mA :::::::::::::::‘g:::::
R
SRR L [ B
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Figure (4.2) : Red LED driving circuit.

e Infrared LED : 800 —-980 nm..

We use 6070 SMD 3W 940nm Infrared IR LED. To ensure that
the photodiode emits a specified wavelength, the specified
current must be supplied (700mA) (Appendix B ) . The IR
LED driving circuit shown in Figure (4.3) :

.............. voo. ... ..
- Arduing Signal, . T 5 gy
CEVLEDON - - - - -] - BUU
COVILEDOFE. o
LIl LEDZ:
:::::::::::::::,!:C:::::
L R
D= W] )

Figure (4.3) : IR LED driving circuit .

The resistor R2 calculate by Equation (4.1) :

R2 = Ypp-ViED (4.1)
ILED
_5—1.3_SZQ
~ 700mA '

The microcontroller generate a square signal for both LEDs with a
difference in operating time as shown in Figure (4.4) :
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Figure (4.4) : Microcontroller Signal .

4.3.2 Detectors

Detector is any device that receives a signal or stimulus (as heat or
pressure or light or motion etc) .

The main forms of light detectors used with optical systems are
photoconductors (photoresistors), photovoltaic devices (photocells)
and photodiodes.

Photoconductive devices (photoresistors) they convert changes
in incident light into changes in resistance, with the resistance
reducing according to the intensity of light to which they are
exposed.

Photovoltaic devices (photocells) they are also commonly
known as solar cells when a number of them are used in an
array as a means of generating energy from sunlight. Their
basic mode of operation is to generate an output voltage whose
magnitude is a function of the magnitude of the incident light
that they are exposed to.

Photodiodes is a PN-junction diode that consumes light energy
to produce an electric current. These diodes are particularly
designed to work in reverse bias conditions, it means that the P-
side of the photodiode is associated with the negative terminal
of the battery, and the n-side is connected to the positive
terminal of the battery. This diode is very sensitive to light so
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when light falls on the diode it easily changes light into an
electric current.

So we use OPT101 as a detector for red light and infrared light
(Appendix C ) . Figure (4.5) below shows the current to
voltage converter circuit for each photodiode :

= OPTI101:
It is a monolithic photodiode with on-chip transimpedance
amplifier. The integrated combination of photodiode and
transimpedance amplifier on a single chip. So it doesn’t
need current to voltage converter circuit .

Figure (4.5) : Current to voltage converter circuit .

The maximum output voltage of the circuit is
Vmax = I max * R2

Which, R2 =200kQ.

Vmax =54V.
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4.3.3 Band Pass Filter

The output of the current to voltage converter circuit is fed into a band
pass filter.

The PPG signal is of an order of millivolts along with noise. Since the
frequency of the human heart is around 1-2 Hz, the PPG signal was
separated from noise using an active band pass filter (0.72 Hz to 2.82
Hz) with an appropriate gain.

The band pass filter is designed using a low pass filter and a high pass
filter together, each 4th orders as shown in Figure (4.6) .

We used AD822 OP-Amp in filter’s design for several reasons, it’s a
rail-to-rail op-amp, with CMRR=80dB, and its input impedance
=1013 with Offset voltage of 800 uV maximum. The input bias
currents below 25 pA , 1.8 MHz unity-gain bandwidth and 3 V/us
slew rate,dual precision, used in a medical instrumentations
applications (Appendix D).

low pass filter with cutoff frequency 2.82 high pass filter with cutoff frequency 0.72

c4
1T
sssss 1t R10

GBnF
vee " 880k0

5.0V e 50

RZ uia o sov R,

s RS RE . uza

SSSSS Py o o, cs s an
1 2 |- e B20kD) B20k0Y - L it It . o

—=&8nF ADBZZAN e B I PV L '
5.0V =~ GBnF VERDIZZAN R3 w 3300F

- EB0KO | wepDBE2ZAN
R4 X N

= ’ 1 R& -5.ov

R3 B . R12
w0 R7  1.9kO L | Lew— |
k:

ki1 R 1.1k
2k0

Figure (4.6) : Band pass filter.

A special case of the general Sallen-Key topology is the application of
equal resistor values and equal capacitor values: R1 =R2 =R and C1
= C2 = C. The general transfer function changes to :

Ay
1+ WcRC(3 — Ay)S + (WCRC)2S?
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With

Ap=1+=
R3

al =WcRC(3 —Ayp)

— 2
b1 = (WcRC)
Table (4.1): Butterworth Coefficients .
n i aj b ki = Qa
foi e

1 1 1.0000 0.0000 1.000 —
2 1 1.4142 1.0000 1.000 0.7

3 1 1.0000 0.0000 1.000 —
2 1.0000 1.0000 1.272 1.00
4 1 1.8478 1.0000 0.718 0.54
2 0. 7854 1.0000 1.380 1.31

-] 1 1.0000 0.0000 1.000 —
2 1.6180 1.0000 0.859 062
3 06180 1.0000 1.448 1.62
B 1 1.9319 1.0000 0676 0.52
2 1.4142 1.0000 1.000 0.71
3 0.5176 1.0000 1479 1.93

7 1 1.0000 0.0000 1.000 —
2 1.8019 1.0000 0.745 0.55
3 1.2470 1.0000 1.117 0.80
4 04450 1.0000 1.489 225

B 1 1.9616 1.0000 0661 0.51
2 1.6629 1.0000 0.829 0.60
3 11111 1.0000 1208 0.90
4 0.3902 1.0000 1.512 2.56

g 1 1.0000 0.0000 1.000 —
2 1.8794 1.0000 0.703 0.53
3 1.5321 1.0000 0917 0.65
4 1.0000 1.0000 1.272 1.00
5 0.34T3 1.0000 1.521 288

10 1 1.9754 1.0000 0.655 0.51
2 1.7820 1.0000 0.756 0.56

3 1.4142 1.0000 1.000 0.71
4 0.9080 1.0000 1.322 1.10
5 0.3129 1.0000 1.527 320

Table (4.2): Second-Order Filter Coefficients
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SECOND-ORDER BESSEL BUTTERWORTH 3-dB TSCHEBYSCHEFF

a 1.3617 1.4142 1.065

b | 0.618 1 1.8305

a | 0.58 0.71 1.3
R4/R3 | 0.268 0.568 0.234

= Low Pass Pilter :
The low pass filter enable us to filter out unwanted signals.
The low pass filter will essentially allow to cutoff signals at
a frequency of 2.82 Hz, while attenuate any higher
frequencies. After the low pass filter, the output fed to high
pass filter.

When solving equations

n Vb1
- 2nf.C
1
Q - 3 - AO
Let C=68nF
V1

= 830390.4297Q

R = 314+2820z+ 68nF
By standard resistance value, R=820k Q

A0=1+_

By Table (4.2) .

Ba — 0,568

3

Ay =1+ 0568 = 1.568

R, = 0.568 * R; let Ry = 2K
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R, = 1.136K
By standard resistance value, R, = 1.1K

The first stage and the second stage are similar because the
value of bl is equal to b2 according to the Table (4.1) .

low pass filter with cutoff frequency 2.82
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IE!
11
E8nF
WG g
—T—s.0v wCC

= 5.0V
R4 RZ u1iA
- Iy RS RE . uzA
B20KO H20KO e A L
e BZ0kil B20k{2 = 2
< VEE .
—=G8nF ADBZZAN [=1 =

5.0V — EEBnF

1 R4
L L | 1 RE
1.1k L Legrgr————— |

‘Rl !
= 2kLY LR7 1.1k0

Figure (4.7): Sallen-key butterworth 4™ order low pass filter

= High Pass Filter :
The high pass filter allows us to filter out unwanted signals.
The high-pass filter will essentially allow to cut off signals
at a frequency of 0.72 Hz, while attenuating any lower
frequencies. After the high pass filter, the output is fed to the
Arduino.

When solving equations

Let C=330nF

V1

R = 31a=07202=330nF . 07018379120
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By standard resistance value, R=680 k

R
Ap=1+4 =2
R11

By Table 4.2

Rip

—= = 0.568

11

Ay =1+0.568 = 1.568
Ry, = 0.568 % R, let Ry, = 2K
Ry, = 1.136K

By standard resistance value, R;, = 1.1K

The first stage and the second stage are similar because the
value of bl is equal to b2 according to the Table(4.1) .

high pass filter with cutoff frequency 0.72

R0
BE0kO
vCC

50V
ca CcS5 uas
t m = o
3333333333 It

Figure (4.8): Sallen-key butterworth 4™ order high pass filter.
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4.3.4 Microcontroller

A microcontroller is an integrated circuit (IC) device used for
controlling other portions of an electronic system, usually via a
microprocessor unit (MPU), memory, and some peripherals. These
devices are optimized for embedded applications that require both
processing functionality and agile, responsive interaction with digital,
analog, or electromechanical components.

e Arduino:

Arduino refers to an open-source electronics platform or board and
the software used to program it. Arduino is designed to make
electronics more accessible to artists, designers, hobbyists and ayone
Interested in creating interactive objects or environments. An Arduino
board can be purchased pre-assembled or, because the hardware
design is open source, built by hand. Either way, users can adapt the
boards to their needs, as well as update and distribute their own
versions.

They operate at 5 volts and each pin can provide or receive a
maximum of 40 mA.

e Arduino nano:
The Arduino Nano is a small, complete, and breadboard-friendly
board based on the ATmega328 (Arduino Nano 3.x). It has more
or less the same functionality of the Arduino Duemilanove, but
in a different package. It lacks only a DC power jack, and works
with a Mini-B USB cable instead of a standard one.
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4.3.5LCD

LCD (Liquid Crystal Display) is a type of flat panel display which
uses liquid crystals in its primary form of operation. LEDs have a
large and varying set of use cases for consumers and businesses, as
they can be commonly found in smartphones, televisions, computer

monitors and instrument panels.

VoD (3V)
VE (Contrast)
RS (Register Seleet
RW (ReadMirte)
E (Enable)
0
0
02
03
il
05
06
0
Backight Anode
Backlght Cathode

E
=3
2

4.4 Power Supply

It is necessary to find an appropriate power source to feed the system by
current and voltage required . As the system may be required to be portable a

battery that has the following characteristics is required :

e Lightweight.
e Enough supply voltage.
e Enough supply current.
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Table (4.2) : Approximation of a current consumption .

Elements Approximation of a
current consumption

Red LED Circuit 1 700 mA
IR LED Circuit 1 700 mA
Opt101 photodiode 1 120 uA
AD822 2 3.72 mA
4™ Order LPF 1 5 mA
LM741 1 1.7 mA
LM7805 1 1A
Arduino nano 1 19 mA
LCD (16*2) 1 200 mA

Thus, we used lithium Rechargeable battery USB charging 9v li-ion Square
battery 5500mAH.

5500 _

# of hours = =
2633.26

As we mentioned earlier that the appropriate voltage for most of the
pieces is 5v , we used a voltage regulator (LM7805) to get this value
(AppendixE) .
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4.5 Project Circuit :

low pass filter with cutoff frequency 2.82 high pass filter with cutoff frequency 0.72
arduing Signal; - o2
5\ LED OH T o ¥
DV LED OFF it
o ED [IX :‘I
![é b B0kD "
Nop BkD
T s
"
30 21147 prinduds HIOKD it ] o T
— o I I “k
nE o B 200F a0eF -
L " RiE 1
‘ i i [E A o Aszran
"_ui artoe
b

e

¥ amune signal;
SV LEDON

0V LED OFF
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Figure (4.8) : Project Circuit .

After getting acquainted with the parts used in building the system, we will
show in the fifth chapter how to connect them on the ground and the results
we have reached.
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Chapter Five

Implementation and Results

5.1 System Implementation .
5.2 System Software.
5.2.1 Flowchart.
5.2.2 System Programming.

5.3 Results of Hemoglobin Concentration .
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5.1 System Implementation

In this section , we will explain how we assembled the parts and built the
project .

In the beginning, the LEDs were installed inside the probe, in addition to
connecting it with the Arduino to operate them , and on the opposite side of
the LEDs, the detector was installed as shown in Figure(5.1) .

Figure(5.1) : Probe Construction .

After that, the terminal of the detector is connected with the filter that is
connected to the Arduino, as shown in Figure(5.2) , in order to process the
signal in it and get the result based on the code inside it.

Figure(5.2) : Filter & Arduino .
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5.2 System Software
5.2.1 Flowchart

The LCD and ADC is configured. The PPG is recorded for two wavelengths of
LEDs (650 nm & 940 nm). Next, the peak and valley voltages of the PPG signal
are detected for each wavelength. The PPG signal was plotted on the serial
Monitor and saved for further offline analysis. The AC voltage (Max Voltage —
Min Voltage) and DC voltage (Minimum Voltage) for each wavelength are
calculated. Next, the PPG Ratio of AC voltage and DC voltage for each
wavelength is calculated.

Total hemoglobin of the subject for two wavelengths is calculated using well
known extinction coefficients of oxy-hemoglobin and deoxy-hemoglobin and the
PPG ratio for two wavelengths. Finally, the total Hemoglobin level with two
wavelengths using non-invasive methods is displayed. The flowchart depicting the
details steps is shown in Figure (5.3) .

S :

Configure the ADC & LEDs

!

Record the PPG for 650nm,940nm

!

Detect the peak and valley voltage of the PPG for each wavelength

!

/ Plot PPG for two wavelenghts /

Calculate the AC & DC voltage of the PPG for each wavelength

I

Calculate the PPG ratio of AC & DC voltage of the for each wavelength

|

Calculate the total hemoglobin using the PPG ratio and extinction
coefficients of hemoglobin species for two wavelengths

Display total hemoglobin
concentration on LCD

|

. sual Paradigm Online Free Edition

Figure (5.3): Flowchart for Hemoglobin estimation using two wavelengths PPG.
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5.2.2 System Programming

LabVIEW (laboratory virtual instrument engineering workbench) also
called virtual instrument of Vis, because their appearance and operation
imitate physical instruments, such as oscilloscope and multimeters.
LabVIEW contains a comprehensive set of tools for acquiring, analyzing,
displaying, and storing data, as well tools to help your troubleshoot your
cade.

In this project, LabVIEW used to control LEDs on and off time. at the same
time, LabVIEW will acquire signals from detector , analysis signals and
display result.

Figures (5.4) , (5.5) shows the LabVIEW code that was designed to obtain
the hemoglobin concentration in the blood , in addition to the user interface,
which shows the values and signal for each wavelength.

Palestine Polytechnic University
College of Engineering
Department of Electrical Engineering

Design and Implementation of a Noninvasive Anemia Detection System Using Optical
Approach

Project Team
Mariam Salah Maria Shawamreh Manar Abo Turki

Project Supervisor:
Dr. Abdallah Arman

59



LED 1 (§500m) |l£ﬂzr94nnm)|

Waveform Graph 1 Plot0 m I [)ID_ArrayW stop

\ 0 STOP

LCD Pin Config 4 Bit

< W02 Hb  THB

) + t

! 0 0 0 - - .
g '
g : 55 |Z
3 v AC650nm (Vrms)
g 0 o

0 i |

: 0C650mm (1)

: 00

: '

0 AC 940nm (Vims)

0 000

. DC940m 1)

00
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Figure(5.5) : System LabVIEW Code .
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5.3 Results of Hemoglobin Concentration

We tested the device with several people of different ages and got the results
recorded in the Table(5.1) :

Table(5.1) : Hemoglobin Results .

Age Hb (CBC) Hb (By Device)
22 10.7

22 11.3

22 14

27 12

45 9.5

75 14

15 12

Note :

Because of the arbitrary occupation policies, the basic parts of the project
were reserved and replaced with inaccurate parts that were unable to operate
the system properly.

Chapter 6 will outline some of our conclusions and some recommendations
for improving the system.
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Chapter Six

Conclusions and Recommendations

6.1 Conclusions .

6.2 Recommendations .
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6.1 Conclusions

1. Anemia results from a lack of hemoglobin protein, which is the
protein responsible for capturing oxygen in the lungs and delivering it
to tissues to maintain life. A deficiency in this protein leads to various
health problems.

2. Our project enables people to detect the presence of anemia in a safe,
clean and inexpensive non-invasive way.

3. Programmed Arduino with LabVIEW software .

4. Use more leds get more accurate results .

6.2 Recommendations

Future modifications can be carried out so system performance and
efficiency is improved, these modifications include:

1. Develop an application and connect it with the device to record and
store data .

2. Activate an alarm related to the users status if the Hb is high or low
according to age and gender .

3. Work to raise the level of accuracy for this type of equipment to
compete with laboratory equipment .
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YINDING LUXEON 3W Red light LED the property pacameter

S Fower Voitage Current “ o Epiaton LUMEN
Coian o, M (A remperatune Anghk LA
(INM; -
Red ighe 3 2226 0.7 650-260NM 120150 40.50
Rod ight 3 2026 0.7 £50-6600M 120150 20.50

The comgany sudports FCB board customizationsenice Ploase conlact ossiomar servica Ff you need i customize PCB hoard.
It this product &5 not sultalia 1or you, ploasi tafl s your regunemants and wit NV Ather Datier producls to olfer 10 you.
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Cooperation brand
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Specification and product display

LUSRON 30 Raw lght

YINDING LUXEON 3W Red light LED the property parameter:

650-660NM

40-50
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If you need it, we can help you stick the PCBE board.Specific
dimensions refer to the picture below 1o select what you
want, and then complete the payment.if you don't know how
to pay,you can consult customer service.

Aluminum PCB

20*1.5mm 20*1.5mm 20"1.6mm 20%1.6mm 20*2.0mm

o - RGB

20"1.5mm  20".6mm  2016mm  161.0mm

RGS

RGE

PCB size.dameter " thickness or length * width " thickness

The diometer of 20mm the thickness of the 1.6mm

cRgE

o N

i

Note: The PCBs of the same size, the same material, the same serlal connection
method, and different prints have the same functions. The warehouse does not
accept the specified PCB for soidering.Can solder more than 2 LED PCBs, just
for display, If you need to buy, please contact cusiomer service

If you want,please say to the cusiomer service.
We will weld it up for you.then send it 1o you with electrostatic bag or blister box.
Description:the size of the measuremeent is larger than or less than 0.5mm

67




The light on the front.

the LED periphery adopls high Ight tranamission PC
More than 99 par centolthe light is dRnsmitied.

1o high demparsture up 1 135 degraes low lemperatum-45 degrees

Lamp rear panel

The shell is made of asro-alumnum chrome, The man
purpose is %o incroase the hoat dssipation area and
imgeove the heat desipaton efficency.

Recommended reasons

Abvantagel Made in China YINDING LUXEON JW Rod light LED

Abvantage2 Low hight fadure (one hundred thousand hours minus 6%)

Mera anvironmantally friendly, more

Abvantage3 power saving, quality assurance, atfordable.
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Applications: The best light surveillance cameras

Features

1.Dimension: Top

2 Excellent heat conductive assembly

3 High radiant infensity

4 Wide viewing angle: 140 degrees
5.Soldering methods: IR reflow soldering

6. The product itself will remain within RoSH
Peak wavelength:p=340nm

High reliabilify

Chip Material: GaAlAs  Source Color: Infrared

Electrical / Optical Characteristics at TA=25T

Parameter Symbol Min. Typ. Max. Unit
Luminous |ntensity ® 2000 W
Viewing Angle 20112 14] deg
Damain Wavelength Te K
Spectral Line Half-Width Ax 850 A
Forward Voltage VF 1.40 1.60 V
Reverse Current IR 5 pA
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Absolute Maximum Ratings at TA=25T

Reverse Voltage

Parameter Maximum Rating
W
Power Dissipation
Peak Forward Current
1000mA
(1/10 Duty Cycle, 0.1ms Pulse Width)
5V

Operating Termperature Range

20Tt +75C

Storage Temperature Range

30T to + 80T

Lead Saldering Temperature

[1.6mm(.063") From Body]

Lifespan:

50000R

Warrznty:

3years

Chip Quantity: 1pcz 40mil

Emitted Color: Infrared IR

Viewing angle: 140 degrees

Applied for - Security CCTV R Camera, Remote control, Mecidal, Computer & Office
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Product '\- Sample &
Folder e Buy

i3 TEXAS
INSTRUMENTS

Technical 2 Tools & Support &
Documents #N Software Community

OPT101
SBBS002B —JANUARY 1994-REVISED JUNE 2015

OPT101 Monolithic Photodiode and Single-Supply Transimpedance Amplifier

1 Features

« Single Supply: 2.7 to 36 V

* Photodiode Size: 0.090 inch x 0.090 inch
(2.29 mm x 2.29 mm)

* Internal 1-MQ Feedback Resistor

* High Responsivity: 0.45 A/W (650 nm)

+ Bandwidth: 14 kHz at R = 1 MQ

* Low Quiescent Current: 120 pA

* Packages: Clear Plastic 8-pin PDIP and J-Lead
SOP

2 Applications

* Medical Instrumentation

+ Laboratory Instrumentation

» Position and Proximity Sensors
* Photographic Analyzers

* Barcode Scanners

* Smoke Detectors

* Currency Changers

Block Diagram

V+
(o]
2 1
3pF
it
8 pF
5
O

OPT101

3 Description

The OPT101 is a monolithic photodiode with on-chip
transimpedance amplifier. The integrated combination
of photodiode and transimpedance amplifier on a
single chip eliminates the problems commonly
encountered in discrete designs, such as leakage
current errors, noise pick-up, and gain peaking as a
result of stray capacitance. Output voltage increases
linearly with light intensity. The amplifier is designed
for single or dual power-supply operation.

The 0.09 inch x 0.09 inch (2.29 mm x 2.29 mm)
photodiode operates in the photoconductive mode for
excellent linearity and low dark current.

The OPT101 operates from 2.7 V to 36 V supplies
and quiescent current is only 120 pA. This device is
available in clear plastic 8-pin PDIP, and J-lead SOP
for surface mounting. The temperature range is 0°C
to 70°C.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
PDIP (8) 9.53 mm x 6.52 mm

OPT101
SOP (8) 9.52 mm x 6.52 mm

(1) For all available packages, see the package option addendum
at the end of the data sheet

Spectral Responsivity

0.7 0.7
le— Ultraviolet—» § §§ 3 Infraled

0.6 aeg & 06 £
- | g
g 0s 1 05 >
= “—T Using Intemal %
5 04 1-MQ Resistor 04 §
£ a
= ]
O 03 03 x
P o
\ |.,%
5 02 / \ 23
o
0.1 01 &

0 0
200 300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6.5 Electrical Characteristics

At Tp =25°C,Vg=2.7 Vto 36 V, A = 650 nm, internal 1-MQ feedback resistor, and R = 10 kQ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAXI UNIT
RESPONSIVITY
Photodiode current 0.45 AW
Voltage output 0.45 VIipw
Voltage output vs temperature 100 ppm/°C
Unit-to-unit variation +5%
Nonlinearity (") Full-scale (FS) output = 24 V +0.01 % of FS
) 0.090 in x 0.090 in 0.008 in2
Photodiode area 5
229 mm x 2.29 mm 52 mm
DARK ERRORS, RTO(2
Offset voltage, output 5 7.5 10 mV
Offset voltage vs temperature +10 pv/eCc
Offset voltage vs power supply Vg=27Vto36V 10 100 uviv
Voltage noise, dark {?PI:N;)‘: E‘Z,Stflzo KiziVsZasV: 300 pVms
TRANSIMPEDANCE GAIN
Resistor 1 MQ
Tolerance +0.5% 2%
Tolerance vs temperature 50 ppm/°C
FREQUENCY RESPONSE
Bandwidth Vour = 10 Vpp 14 kHz
Rise and fall time 10% to 90%, Vout = 10-V step 28 Hs
to 0.05%, Vourt = 10-V step 160 us
Settling time to 0.1%, Vout = 10-V step 80 ys
to 1%, Vourt = 10-V step 70 Us
Overload recovery 100%, return to linear operation 50 Us
OUTPUT
Voltage output, high Vs)—13 (Vg)—1.15 \
Capacitive load, stable operation 10 nF
Short-circuit current V=36V 15 mA
POWER SUPPLY
i Dark, Vpinyz =0 V 120 uA
Quiescent current
R =% Vour=10V 220 HA

(1) Deviation in percent of full scale from best-fit straight line.

(2) Referred to output. Includes all error sources.

Copyright © 19942015, Texas Instruments Incorporated

Product Folder Links: OPT101
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) ()
MIN MAX UNIT

Supply voltage (Vs to Common pin or —V pin) 0 36 A\
Output short-circuit (to ground) Continuous

Operating -25 85 °C
Temperature Junction 85 °C

Storage, Tstg -25 85 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Vesp)  Electrostatic discharge - - - \Y
Charged-device model (CDM), per JEDEC specification JESD22-C101@ +500
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
| MIN NOM MAX| uNIT
POWER SUPPLY
Operating voltage \ 27 %V
TEMPERATURE
Specified 0 70 °C
Operating 0 70 °Cc
6.4 Thermal Information
OPT101
THERMAL METRIC (" DTL (SOP) NTC (PDIP) UNIT
8 PINS 8 PINS
Reua Junction-to-ambient thermal resistance 138.6 128.2 °C/IW
ReJc(top) Junction-to-case (top) thermal resistance 964 113.1 °CIW
Reus Junction-to-board thermal resistance 126.6 107.0 °CIW
wT Junction-to-top characterization parameter 178 242 °CIW
wiB Junction-to-board characterization parameter 118.8 105.9 °CIW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

4 Submit Documentation Feedback
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6.8 Typical Characteristics
At Tp=25°C,Vg=2.7 Vto 36 V, A = 650 nm, internal 1-MQ feedback resistor, and R_ = 10 kQ (unless otherwise noted)

1.0
0.9
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0.4
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0.2
0.1

Nommalized Current or Voltage Output

T : : A N
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Radiant Power (uW)

Figure 2. Voltage Responsivity vs Radiant Power
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Figure 5. Response vs Incident Angle Figure 6. Dark Voy1 vs Temperature
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ANALOG
DEVICES

Single-Supply, Rail-to-Rail
Low Power FET-Input Op Amp

AD822

FEATURES

True single-supply operation
Output swings rail-to-rail
Input voltage range extends below ground
Single-supply capability from 5 Vto 30 V
Dual-supply capability from £2.5Vto +15V
High load drive
Capacitive load drive of 350 pF, G=+1
Minimum output current of 15 mA
Excellent ac performance for low power
800 pA maximum quiescent current per amplifier
Unity-gain bandwidth: 1.8 MHz
Slew rate of 3 V/ps
Good dc performance
800 pV maximum input offset voltage
2 pv/°C typical offset voltage drift
25 pA maximum input bias current
Low noise
13 nVA/Hz at 10 kHz
No phase inversion

APPLICATIONS

Battery-powered precision instrumentation
Photodiode preamps

Active filters

12-bit to 14-bit data acquisition systems
Medical instrumentation

Low power references and regulators

GENERAL DESCRIPTION

The AD822 is a dual precision, low power FET input op amp
that can operate from a single supply of 5 V to 30 V or from
dual supplies of +2.5 V to £15 V. It has true single-supply capability
with an input voltage range extending below the negative rail,
allowing the AD822 to accommodate input signals below ground
while in the single-supply mode. Output voltage swing extends
to within 10 mV of each rail, providing the maximum output
dynamic range.

Offset voltage of 800 uV maximum, offset voltage drift of 2 uV/°C,
input bias currents below 25 pA, and low input voltage noise
provide dc precision with source impedances up to a gigachm.
The 1.8 MHz unity-gain bandwidth, -93 dB total harmonic
distortion (THD) at 10 kHz, and 3 V/us slew rate are provided
with a low supply current of 800 puA per amplifier.

Rev.) Document Feedback
Information fumished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its. for any infri P other

rights of third parti y its use. Spedificati ; change witt ice.No
license is granted by implication or otherwise under any patent or patentrights of Analog Devices.

grs property resp

80

CONNECTION DIAGRAM
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Figure 1. 8-Lead PDIP (N Suffix);

8-Lead MSOP (RM Suffix);
and 8-Lead SOIC_N (R Suffix)
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Figure 2. Input Voltage Noise vs. Frequency

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
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AD822

SPECIFICATIONS
Vs=0V,5VatTa=25C, Ven= 0V, Vour = 0.2 V, unless otherwise noted.
Table 1.
AGrade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min Typ Max | Unit
DC PERFORMANCE
Initial Offset 0.1 0.8 0.1 0.4 mv
Maximum Offset Over Temperature 0.5 1.2 0.5 0.9 mV
Offset Drift 2 2 uv/eC
Input Bias Current Veu=0Vto 4V 2 25 2 10 PA
At Tmex 0.5 5 0.5 25 nA
Input Offset Current 2 20 2 10 pPA
At Tmax 0.5 0.5 nA
Open-Loop Gain Vour=02Vto4V
Ri=100kQ 500 1000 500 1000 V/mV
Twan to Trax 400 400 V/mV
RL=10kQ 80 150 80 150 V/mV
Twan to Twmax 80 80 V/mV
Ri=1kQ 15 30 15 30 V/mV
Than to Twmax 10 10 V/mV
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
f=0.1Hzto 10Hz 2 2 HWVp-p
f=10Hz 25 25 nV/yHz
f=100 Hz 21 21 nV/JHz
f=1kHz 16 16 nV/yHz
f=10kHz 13 13 nV//Hz
Input Current Noise
f=0.1Hzto 10 Hz 18 18 fAp-p
f=1kHz 0.8 0.8 fA/VHZ
Harmonic Distortion Ri=10kQto2.5V
f=10kHz Vour=025Vto4.75V -93 -93 dB
DYNAMIC PERFORMANCE
Unity-Gain Frequency 1.8 18 MHz
Full Power Response Vour p-p=4.5V 210 210 kHz
Slew Rate 3 3 V/us
Settling Time
To0.1% Vour=02Vto4.5V 14 14 Hs
To 0.01% Vour=02Vto4.5V 1.8 1.8 s
MATCHING CHARACTERISTICS
Initial Offset 1.0 0.5 mv
Maximum Offset Over Temperature 1.6 13 mV
Offset Drift 3 3 uv/eC
Input Bias Current 20 10 PA
Crosstalk @ f=1 kHz Ru=5kQ -130 -130 dB
Crosstalk @ f = 100 kHz RuL=5kQ -93 -93 dB

Rev.J| Page 4 of 24
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AD822

A Grade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min Typ Max | Unit
INPUT CHARACTERISTICS
Input Voltage Range', Tun to Tuax -0.2 +4 -0.2 +4 \Y
Common-Mode Rejection Ratio (CMRR) | Vau=0Vto2V 66 80 69 80 dB
Twan to Tumax Vem=0Vto2V 66 66 dB
Input Impedance
Differential 103]|0.5 10'3]0.5 Q||pF
Common Mode 10]]2.8 10%]2.8 Ql|pF
OUTPUT CHARACTERISTICS
Output Saturation Voltage?
VoL —Vee Isink = 20 pA 5 7 5 7 mV
Twin t0 Timax 10 10 mV
Vec —Vou Isource = 20 A 10 14 10 14 mV
Than tO Timax 20 20 mV
VoL —Vee lsink = 2 mA 40 55 40 55 mV
Than O Tax 80 80 mV
Vec —Vou Isource =2 MA 80 110 80 110 | mv
Twin tO Timax 160 160 mV
VoL - Vee lsink =15 mA 300 500 300 500 mV
Twan to Timax 1000 1000 | mV
Ve —Vou Isource = 15 mA 800 1500 800 1500 | mV
Twin to Tuax 1900 1900 | mV
Operating Output Current 15 15 mA
Twan to Tmax 12 12 mA
Capacitive Load Drive 350 350 pF
POWER SUPPLY
Quiescent Current, Ty to Twax 1.24 1.6 1.24 1.6 mA
Power Supply Rejection V+=5Vto15V 66 80 70 80 dB
Twin to Tmax 66 70 dB

'This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (V+ — 1V) to V+. Common-mode error
voltage is typically less than 5 mV with the common-mode voltage set at 1 V below the positive supply.
2VoL— Veeis defined as the difference between the lowest possible output voltage (Vo) and the negative voltage supply rail (Ve). Ve — Vo is defined as the difference
between the highest possible output voltage (Vox) and the positive supply voltage (Vo).

Rev.J | Page 5 of 24
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AD822

Vs=45V at Ta = 25°C, Van = 0V, Vour = 0 V, unless otherwise noted.

Table 2.
AGrade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min Typ Max | Unit
DC PERFORMANCE
Initial Offset 0.1 0.8 0.1 0.4 mV
Maximum Offset Over Temperature 0.5 15 0.5 1 mV
Offset Drift 2 2 uv/eC
Input Bias Current Vau=-5Vto +4V 2 25 2 10 PA
At Tmax 0.5 5 0.5 25 nA
Input Offset Current 2 20 2 10 PA
At Tmax 0.5 0.5 nA
Open-Loop Gain Vour=—4Vto+4V
Ru=100 kQ 400 1000 400 1000 V/mV
Twin to Twax 400 400 V/imV
RL=10kQ 80 150 80 150 V/mV
T to Tiax 80 80 V/mVv
RL=1kQ 20 30 20 30 V/mV
T tO Tiax 10 10 V/mv
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
f=0.1Hzto 10Hz 2 2 up-p
f=10Hz 25 25 nV/vHz
f=100 Hz 21 21 nV/Hz
f=1kHz 16 16 nV/\Hz
f=10kHz 13 13 nV//Hz
Input Current Noise
f=0.1Hzto 10Hz 18 18 fAp-p
f=1kHz 0.8 0.8 fA/NHzZ
Harmonic Distortion Rui=10kQ
f=10kHz Vour=+4.5V -93 -93 dB
DYNAMIC PERFORMANCE
Unity-Gain Frequency 1.9 1.9 MHz
Full Power Response Vour p-p=9V 105 105 kHz
Slew Rate 3 3 V/us
Settling Time
10 0.1% Vour=0Vto +45V 14 14 Us
10 0.01% Vour=0Vto +45V 1.8 18 Hs
MATCHING CHARACTERISTICS
Initial Offset 1.0 0.5 mv
Maximum Offset Over Temperature 3 2 mV
Offset Drift 3 3 uv/eC
Input Bias Current 25 10 PA
Crosstalk @ f=1 kHz R.=5kQ -130 -130 dB
Crosstalk @ f = 100 kHz RL=5kQ —93 —93 dB
INPUT CHARACTERISTICS
Input Voltage Range, Twin to Tmax -5.2 +4 —52 +4 \Y%
Common-Mode Rejection Ratio (CMRR) | Vau=-5Vto+2V 66 80 69 80 dB
Twin to Twax Veu=-5Vto +2V 66 66 dB
Input Impedance
Differential 10"3|0.5 10%3)|0.5 Ql|pF
Common Mode 10328 10"3)|2.8 Q||pF
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A Grade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min Typ Max | Unit
OUTPUT CHARACTERISTICS
Output Saturation Voltage?
VoL — Ve Isink = 20 pA 5 7 5 F mV
Twin tO Tax 10 10 mV
Ve —Vou Isource = 20 A 10 14 10 14 mV
Twin tO Tmax 20 20 mv
VoL —Vee Isink =2 mA 40 55 40 55 mv
Twin tO Tmax 80 80 mv
Vec —Vou Isource = 2 MA 80 110 80 10 | mv
Twin tO Tax 160 160 | mV
VoL —Vee Isink =15 mA 300 500 300 500 | mV
Than t0 Trax 1000 1000 | mV
Vee —Vou Isource = 15 mA 800 1500 800 1500 | mV
T to Trax 1900 1900 | mV
Operating Output Current 15 15 mA
Twin to Tumax 12 12 mA
Capacitive Load Drive 350 350 pF
POWER SUPPLY
Quiescent Current, Twin to Tmax 13 1.6 13 1.6 mA
Power Supply Rejection Vsy=25Vto£15V 66 80 70 80 dB
Twin to Tmax 66 70 dB

'This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (V+ — 1V) to V+. Common-mode error
voltage is typically less than 5 mV with the common-mode voltage setat 1 V below the positive supply.
VoL — Veeis defined as the difference between the lowest possible output voltage (Vo) and the negative voltage supply rail (Ve). Ve — Vo is defined as the difference
between the highest possible output voltage (Vox) and the positive supply voltage (Vo).
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Vs=+15V at Ts = 25°C, Var =0V, Vour = 0V, unless otherwise noted.

Table 3.
A Grade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min  Typ Max | Unit
DC PERFORMANCE
Initial Offset 0.4 2 03 1.5 mV
Maximum Offset Over Temperature 0.5 3 0.5 2.5 mV
Offset Drift 2 2 uv/eC
Input Bias Current Vam=0V 2 25 2 12 pPA
Vem=-10V 40 40 pA
At Twax Vem=0V 0.5 5 0.5 25 nA
Input Offset Current 2 20 2 12 pA
At Tmax 0.5 0.5 nA
Open-Loop Gain Vour=-10Vto+10V
Ri=100kQ 500 2000 500 2000 V/mv
Than to Tiax 500 500 V/mV
Ri=10kQ 100 500 100 500 V/mv
Twin tO Tiax 100 100 V/mV
Ri=1kQ 30 45 30 45 V/mV
Than tO Trax 20 20 V/mV
NOISE/HARMONIC PERFORMANCE
Input Voltage Noise
f=0.1Hzto 10Hz 2 2 Hv p-p
f=10Hz 25 25 nV//Hz
f=100 Hz 21 21 nV/A/Hz
f=1kHz 16 16 nV/yHz
f=10kHz 13 13 nV//Hz
Input Current Noise
f=0.1Hzto 10Hz 18 18 fA p-p
f=1kHz 0.8 0.8 fA/VHz
Harmonic Distortion Ri=10kQ
f=10kHz Vour=+10V -85 -85 dB
DYNAMIC PERFORMANCE
Unity-Gain Frequency 1.9 1.9 MHz
Full Power Response Vourp-p=20V 45 45 kHz
Slew Rate 3 3 V/ps
Settling Time
10 0.1% Vour=0Vto£10V 4.1 4.1 Hs
t00.01% Vour=0Vto+10V 4.5 4.5 s
MATCHING CHARACTERISTICS
Initial Offset 3 2 mv
Maximum Offset Over Temperature 4 25 mV
Offset Drift 3 3 uv/eC
Input Bias Current 25 12 pA
Crosstalk@ f=1 kHz Ri=5kQ -130 -130 dB
Crosstalk @ f= 100 kHz R.=5kQ -93 -93 dB
INPUT CHARACTERISTICS
InputVoltage Range, Tuin to Tiax -15.2 +14 | -15.2 +14 |V
Common-Mode Rejection Ratio (CMRR) | Veu=-15Vto +12V 70 80 74 920 dB
Twan to Trax Vem=-15Vto +12V 70 74 dB
Input Impedance
Differential 10'|0.5 10"3|0.5 Q||pF
Common Mode 10%]]2.8 10%)|2.8 Q||pF
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AGrade B Grade
Parameter Test Conditions/Comments | Min  Typ Max | Min  Typ Max | Unit
OUTPUT CHARACTERISTICS
Output Saturation Voltage?
VoL — Ve Ismk =20 uA 5 7 5 7 mV
Twin tO Tax 10 10 mvV
Ve —Vou Isource = 20 HA 10 14 10 14 mV
Twin tO Tmax 20 20 mvV
VoL —Vee Ismk=2 mA 40 55 40 55 mV
Twin tO Tmax 80 80 mV
Vec —Vou Isource =2 MA 80 110 80 110 | mVv
Twin tO Tax 160 160 | mV
VoL —Vee Isnk=15mA 300 500 300 500 | mV
Twin tO Tmax 1000 1000 | mV
Vee —Vou Isource = 15mMA 800 1500 800 1500 | mV
Twin tO Tmax 1900 1900 | mV
Operating Output Current 20 20 mA
Twin to Tumax 15 15 mA
Capacitive Load Drive 350 350 pF
POWER SUPPLY
Quiescent Current, Tmin to Tmax 1.4 1.8 1.4 1.8 mA
Power Supply Rejection Vsy=+5Vto 15V 70 80 70 80 dB
Twin to Timax 70 70 dB

'This is a functional specification. Amplifier bandwidth decreases when the input common-mode voltage is driven in the range (V+ — 1V) to V+. Common-mode error
voltage is typically less than 5 mV with the common-mode voltage setat 1 V below the positive supply.
Vo — Veeis defined as the difference between the lowest possible output voltage (Vo) and the negative voltage supply rail (V). Ve — Vou is defined as the difference
between the highest possible output voltage (Vox) and the positive supply voltage (Vo).
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FAIRCHILD.

« Thermal Overload Protection
« Short-Circuit Protection

- September 2014
LM78XX / LM78XXA
3-Terminal 1 A Positive Voltage Regulator
Features Description
+ Output Currentupto 1 A The LM78XX series of three-terminal positive regulators
- Output Voltages: 5, 6, 8, 9, 10, 12, 15, 18,24 V is available in the TO-220 package and with several fixed

output voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut-down, and safe operating area protection. If
+ Output Transistor Safe Operating Area Protection adequate heat sinking is provided, they can deliver over
1 A output current. Although designed primarily as fixed-
voltage regulators, these devices can be used with exter-
nal components for adjustable voltages and currents.

TO-220 (Single Gauge)

&

1. Input
2.GND
3. Output

Ordering Information(™

Output Voltage

Product Number
Tolerance

Package

Operating
Temperature

Packing Method

LM7805CT
LM7806CT
LM7808CT
LM7809CT
LM7810CT =4%
LM7812CT
LM7815CT TO-220
LM7818CT (Single Gauge)
LM7824CT
LM7805ACT
LM7809ACT
LM7810ACT =2%
LM7812ACT
LM7815ACT

-40°C to +125°C

0°C to +125°C

Rail

Note:
1. Above output voltage tolerance is available at 25°C.

© 2006 Fairchild Semiconductor Corporation
LM78XX / LM78XXA Rev. 1.3.1

88

www fairchildsemi.com

loje|nbay abe}|oA dARISOd V | [eulwIa)-¢ — YXX8LINT / XX8LINT



Electrical Characteristics (LM78053)
Refer to the test circuit, -40°C < T; < 125°C, I =500 mA, V, =10V, C; = 0.1 uF, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Ty=+25°C 4.80 5.00 5.20
Vo Output Voltage lo=5mAto1A, Po<15W, v
V,=7 V1020V 4.75 5.00 5.25
) ] i Vi=7Vto25V 40 | 100.0
Regline | Line Regulation®@) T, = +25°C mv
Vi=8Vto12V 1.6 50.0
. (2 lo=5mAto1.5A 9.0 100.0
Regload | Load Regulation(® T, =+25°C mvV
lo =250 mA to 750 mA 4.0 50.0
la Quiescent Current T, =+25°C 5 8 mA
Quiescent Current lo=5mAto1A 0.03 | 0.50
AlQ mA
Change V,=7Vto25V 0.30 | 1.30
AVQ/AT | Output Voltage Drift®) | 15=5mA -0.8 mv/°C
VN Output Noise Voltage f=10 Hz to 100 kHz, Tp = +25°C 42 (Y
RR Ripple Rejection®) f=120Hz, V,=8Vto 18V 62 73 dB
Vpropr Dropout Voltage Tyj=+25°C, Ip=1A 2 \%
Ro Output Resistance(®) f=1kHz 15 mQ
Isc Short-Circuit Current T,;=+25°C, V=35V 230 mA
T Peak Current(® T) = +25°C 2.2 A
Notes:

2. Load and line regulation are specified at constant junction temperature. Changes in V due to heating effects
must be taken into account separately. Pulse testing with low duty is used.
3. These parameters, although guaranteed, are not 100% tested in production.
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Typical Performance Characteristics

g V,= 10V
Vo =5V
z 5.75 | o=5m
E 55 —
& //
o
3 525 7
-
z
§ 5
w
=2
G 475
45
50 25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)
Figure 2. Quiescent Current
102 gy —sv
lp = 5mA

-
o
Lo

0.99

NORMALIZED OUTPUT VOLTAGE (V)

0.98
- -25 0 25 50 75 100 125
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Figure 4. Output Voltage
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Figure 3. Peak Output Current
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Figure 5. Quiescent Current
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Typical Applications

1 3
O LM78XX O
Input Output
Cli=—= 2 Co == 0.1yF
0.33pF
Figure 6. DC Parameters
1 3
O LM78XX O
Input Output
2 RL 270pF
|| Vo
1
2N6121 ‘ ‘ ov
L4 AN OVo
—— 0.33uF or EQ 1000 30uS
O O
Figure 7. Load Regulation
51Q 3
O A\ LM78XX
Input Output
2 RL
:EO.SSpF
O O
470pF e
120Hz +
Figure 8. Ripple Rejection
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Typical Applications (Continued)

-
w

o, LM78XX
Input Output

C f: 2 Co == 0.1yF
0.33uF

Figure 9. Fixed-Output Regulator

o 1 Lm7sxx l Ooutput

G — 2 Co 0.1uF L Vxx
0.33uF R4 E:

RLSY
o = XX
o= R1 +[Q

Figure 10. Constant Current Regulator

Notes:

29. To specify an output voltage, substitute voltage value for “XX". A common ground is required between the input and
the output voltage. The input voltage must remain typically 2.0 V above the output voltage even during the low point
on the input ripple voltage.

30. C, is required if regulator is located an appreciable distance from power supply filter.

31. Cp improves stability and transient response.

1 3 Output
O LM78XX O
Input
G B Co ——o.14F Vxx ?m
0.33uF
¢ la
2R2
IR25 g
VO = Vxx(1 +R2/R1)+ |QR2

Figure 11. Circuit for Increasing Output Voltage
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Typical Applications (Continued)

Input 1 3 Output
& LM7805 O
2
C :L 0.33uF 6 & 1 Co
i LM741 T o.1wF
+[3 < 10kQ
4
Ir1251q .

Vo = Vxx(1+Ro/Rq)+IgRs =

Figure 12. Adjustable Output Regulator (7 V to 30 V)

Input Q1 BD536
O /\
Q é ) 1Q1
o 1 LM78XX 3 L
AN 78
3Q — >
IREG (o]
2
Ri-_ Vet Lo :F 0.1yF
IRec—lat/Ba1

lo = Irec + Ba1 (IRec-VBEQ1/R1)

Figure 13. High-Current Voltage Regulator

Input Rsc Qt
O » AN % 9
Q2
Output

R1 p
o 1 Lmzexx

3Q i I

ni = 0.1pF|
Q1 =TIP42 0-33F '
Q2 =TIP42
\
Rsc= —IB FQz =
sC
Figure 14. High Output Current with Short-Circuit Protection
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Typical Applications (Continued)

o " Lm7exx 8 ’ o
i 2
TO.SSuF 0.1pF—|_ $47kQ
2
L COMMON
COMMON - 7] A2 o
6

— > 0

Figure 15. Tracking Voltage Regulator

LM7815 °

O O
+20V +15V

== 0.33uF 0.1pF

>

N4001

2.20F L
& "R WF |+ =
1 A
1N4001
o MC7915 s o

-20V -15V

l_

N

Figure 16. Split Power Supply (¥15V -1 A)

“Vin TIP42 -Vo
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Typical Applications (Continued)

Figure 18. Switching Regulator

. O Output
Input
75
0.1pF f:
2
LM78XX
Figure 17. Negative Output Voltage Circuit
D45H11
Input 1mH Output
O N\ Y o
< 470Q
2470 3
ZA 3
J_ LM78XX
+ 2
0.33pF
S 10pF T
> +
20.5Q <= 2000pF
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