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Abstract

I'he non-invasive glucose meter is a new technology that can be used 1o
mieasure the concentration of glucose in hlood, This report describes method of non-

invasive glucose meter hy using optical method.

In this project we design a non invasive glucose meter using three
wavelenglbs (630,880,940 nm) photodiode. we conclude the function between

absorbtion of light and blood glucese concentrarion using & 630 nm wavelength.
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Chapier one

Introduction

1.1 Imtroductinn

This project is a wselul method of determining the concentration of
glucose in intravaseular blood within a body part of & subject . This device
mensure blood glucose concenrration by non-invasive method includes 4-light
source having a wavelength o 630,880 and 940"nm. Qur idea of this device
comes fram a widespread demand for non-invasive determination of glucose for
millions of diaberics all over the world, many of them need several alucose tosl

each day to provide correct insulin control and diet.

1.2 Project Objectives

The main objectives of this project arc:

I. o usea new techniyue for determining blood glucose concentration,

2. Reducing the risks associated with having an open wound in the skin which is
not desirable.

3. Reducing the coast of the instruments which are used in invasive technigues,
like test strips. lancets and so om ..,

4. Redueing negative emotions like pain. lear, apprehension, revulsion.




1.3 Importance of the project

The important of this project is that il is a non-invasive method.
A non-invasive blood glucose monitar might help many more people with
diabetes get their blood glucose concentration. under better control by

testing more freguently, without need using strips or wounds.

1.4 Literature Review

This study of this project is depends on some ideas of other projects.
Ihe first is the device called SugarTrac meter, the technology was fairly simple,
consisting of a single 940 nm neur-infrared LED (similar ro those used in a television
remote control) and a phaoto detector placed across the earlobe from each other,
Using a combinalion of the pulsatile component of blood flow and some
mathematical algorithms, & glucose result could be caleulated in as litde ar 30

seconds,| 1 ]

Fipure (1.1). Sugartrac Meter
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The second comes rom United State patenl number 5.910, 100" Non-invasive

glucose measuring device and methad for measuring blood”,

* Gluease measuring device for determining the coneentration of glucose in
untravaseular blood within a body part of a subject. The device includes light sources
having a wavelength of 650, 880, 940 or 1300 nm o illwmnate the fluid. Recepiors

associaled with the light sources for receiving light and generating a transmission

sigmal representing the light transmilted are also provided.™ [ 2 |




1.5 Fstimated costs:

This scetion lists the overall cost of the project components that are considered

i implementing svsten.

The Hardware Components, there are many electrical Chips and cquipments

have to be provided as in the 1able below.

Compaonent | Cost

DA and chips 300,08 '
‘ Diodes 20.0%
‘ I"hotodiodes 5.08 - 1
B Electronics 15.0%
il ;Iair:rials L 20.00%
PC 3{}1';.5'}5—

Ihe approximated total cost for the project is: HOUS.




1.6 Schedule Time:
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Red Square in the middle of the table refers to the date of delivery of the
introduction of the project in the to the tourteenth week.

Red Square al the end of the table reliers o the date of delivery of the projeet
n the thirly week.
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Chapter Two

Physiology and Optical Properties

2.1 Properties of skin tissue and hlood.

Optical imaging and non-invasive diagnosis of the human body depend
strongly on the optical and physical properties of skin and blood, The compusition
and morphology of the skin are very complicated. '[herelore, o huild a reasonable

opucal model of the skin, its composition and structure must be studied in advance.

2.1.1 Composition aml Structure of skin fissue.
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Figure (2.1).5kin Tissue Structare




The strueture and properties of skin vary considerably in different parts of the
body. A typical structure is shown in Fig (2.1) while Tahle (2.1) and Table (2.2 list
the average elementul composition and the hiachemical composition of the skin,

respectively.

I'ne skin iz neually divided into three layers, namely, the epidermis, dermis,
andl subcutancous fat. each with their own sub layers. The outermost laver of the
cpidermis is composed of a relatively thin, bul rough, protective top laver of dead
and dry skin cells. known as the stratum comeum or horny laver. The remainder of
the epidermis, including the swatum lucidum, stratum pranulosum and stratum
spinasum. is made up of cells called kemtinocytes as well as melanocyles. which are
pigment cells responsible for skin pigmentation. The thickness of the epidermis
varies from ((L1)mm in the eyelids o nearly (1)mm on the palms and soles. The
desmis consists of & variety of cells, fibers, nerves, oil glands, sweat glands, blood
vessels und bair roots, Its upper layer is called the papillary dermis and contains the
vascular network and sensory nerve endings. whereas the decper layer, referred ta as
reticdar dermis, consists mamly of a loose connective structure and epithelial-

derived structures such as glands and follicles. The thickness of the dermis varies

rom (0.3)mm in the eyelids to about (3)mm in the palm and soles. Subcutaneous fat
15 composed ol fut cells, which form a cushioning layer between the skin and the

deeper muscles. It also has an abundant blood content,

Table (2.1). Average elemental composition of the skin, percenta ue by

miass |3]

9.4 695 23~15% W-101 $46~-37 02 61 ©Z 03 01




Tuble (2.2). Percentage constitwents of adult human skin [3]

Wate F‘m:ri_n Lipid Nther

5R.0~T72.1 1= 273 821334 0.7

2,1.2 Optical absorption of skin tissuc.

Being composed of water as well a5 proteins and lipids. the chemical make-up
of the skin influences ity optical absorplion propertics. Water absorhs photons al
wavelengths longer than the middle infrarcd fange, while proteins are strongly
absorbing in the ultraviolet and violet region. Fortunately, the uptical absorption
capacity of water, proteins and lipids is small in the red and near-inlrared region.
Ihis region, known as the “fissuc optical window™, ranges from 600 nm to 2300 nm
and allows light to penetrate from a fow hundreds of micrometers © a few
millimeters into the skin tissuc, As & result. it can he explotled for a variety of

purposes, including diagnosis, imaging or therapy.[ 3 ]

Al the shorter wavelenpths of the tissue optical window, (600 to 1100)nm. the
most important photon ubsorbing chromophores are blood and melanin, Waler
ccames dominant at-neident wavelengths longer than 1150 nm, The epidermis docs
not contain any blood and its water content is also much lower that of the dermis.
However.the stratemrgranulosum and steatum spinosum comprisc some melanoeyies,
including melanin, which is involved in skin pigmentation. Because the absorption

capacity of melanin is stronger than that of blood and waler, it 1s the dominant source




of absorplion in  the epidermis at shorer near-infrared  wavelengths.
The volume fractiorrol melanosomes in the epidermis can vary from (1.3 ~ 6.3)% for
light-skinned adults, {11~16)% for well-tanncd adults and (18 ~ 43)% for darkly

pigmented Africans.

The blood content of the dermis is aboul (0.2 ~ 3) %, representing the main
source of absorplion al wavelengths shorter than | 100 nim. If the optical wavelength
exceeds the near-infrared runge, waterconlent becomes an impertant consideralion in
terms of oplical ahsorption. It is a well-known fact thal the measured values of
ahsorption cocflicient of a ussue are different in vitro and in vive measurements,
Ihiscan be explained on a number of grounds. First. soaking the tissue sample in
saling prior 1w an in vitro measurement may alter its optical properties. and increase
the amount of reflectance. Also other kinds of tissue treatments, including freczing,
drying, heating or deforming. may change the optical properties of the sample.
Second, measuring and calibration procedures may introduce an error into the
determined values for diffuse reflectance and total transmittance. Third. the use of

simplitied caleulation methods may resull in an incorreet interpretation of the

measurcd data, us in the case of internal reflectance at tissue boundaries.




2.1.3 Composition and structure of blood.

Blood is a circulating tissue composed of liquid plasma and cells (red blood

cetls. white blood cels, platelels). the main function of hlood is to supply oxygen.

glucose and constitutional elements 1o tissues and 10 remove waste products (like

carbon dioxide and lactic acid).

I'he composition of whole blood is shown in Tip(2.2), the volume fraction of
cells in whele blood is about 47% + 5% in a man and 42% & 5% in 2 woman. OF the
voteme, 99% is ervihrocytes, ie: red blood cells (RBC), Hemoglobin, in turn,

accounts for about 30% of an RBC's weight.

| cells |'I pryfhrocyles 4 hemoplobm (4T Heme

Whole bloed ukoeyies | | |
| e s s | emaymes g ‘
—— —__I

,  plyeolyiic
s | systems. ] ‘

Figure (2.2), Compusition of whole blood
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2.1.4 Blood Cells:

1. Red Blood Cells (96%). They contain the hlood's hemoglobin and
distribute oxygen women have ahout 4 10 5 million RAC par micro liter

(cubic millimeter) ol'blond and men about 5 to 6 million.

Figure (2.3). Red Blood Cells

2. White Blood Cells (3%). They are part of the immiune system, they
destroy infections agents. The white blond cells have a rather short life
cycle, living from & few days to a few wecks. A drop of blood can contain

anywhere from 7,000 to 25.000 white blood cells at a time.

» & @
Figure (2.4). White Blood Cells




3. Platelets (%), They are responsible for blood clotting or coagulation.

150.000-400.000 platelets in each micro liter of human blood

7N 3
[ f ey 4

* -k
g
o N

Figure (1.5). platelets

1.2 Glucose Structure and properiies.
1.2.1 Glucose Structure.

Gilucose 15 an example of a carbohyvdrate which is commonly encountered. It
1< also known as blood sugar, and dextrose. Its chemical formula is CoH 0%, and this

empirical formula is shared by vther sugars - called hexoses - 6 carbon sugars.

i g ———

0 Hydrogen
@ carben
@ Oxygen

Figure (2.6), Glucose molecule structure




2.2.2 Normal values

Human blood glucose levels notmally remain within a remarkably narrow
range. In most humans this vardes from about 80 mg/dl 1o perhaps 110 ma/dl
3.5 1o 6.0 munol / liter) except shortly afler eating when the blood glucase level rises

temporarily (up to maybe 140 mg/dl or a bit more in non-diabetics),

2.2.3 Health effects

It blood sugar levels drop too low. a porentially fatal condition called
poglycemia develops. Sympioms may  include letharey, impaired mental

lunctioning, irritubility, and loss of consciousness. Nrain damage is even possible.

It levels remain too high, appetite is suppressed over the short term, Long-lerm
avperglycemia causes mamy of the leng-term health problems associated with

diabetes. including eye. kidney, and nerve damage,

13




2.2.4 Glucose and Insuolin

Glucose in blood stimulates Insulin production, Beta cells measure the
hland plucose levels und deliver required amount of Insulin to finnel elucose
inio the cells. This maintains the blood sugar in the normal range, When there is
deficit in the lnsulin production, excess Glucose cannot e stored in the liver or

muscie tissue. Instead il accumulstes in the Rload.

The Role of Insulin

e BiQOGSAEHM e

Figure (2.7). GGlucose and Insulin
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2.3 Diabetes

21.3.1 Types of Diabetes.
Ihere are three types of diabetes: Type 1. Type 2. and Gestational Diabetes.
Type 1 Diabetes:

Also called juvenile diaberes. is usually disgnosed in children and voung
adults and results from the body’s inubility to produce insulin, the harmone that

<nables glucose 1o enter and fucl cells of the body.

Tyvpe 2 Diabetes:

Is the body’s failure to properly use insulin, combined with relative insulin

deliciency. Approximately 90% of Americans diaenosed with diaberes have vpe 2.
Jeaapp E = ype

= Gestationnl Diabetes allects aboul 4% of all presnant women.

() Insulin

Qf Insulin
Recepior

& Glucose

. Closed Glucose
Transporter

l l Cper Clucose
Transporter

Type | Diabetes Cell | Type Il Diabetes Cell

Figure (1.8). Types of Diabetes
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2.3.2 Diagnoses of diabetes,

Lhabetes is often undiagnosed. because many symploms appear relatively
harmless. Early detection and treatment can decrease the probability of develaping
the complications of diabetes. For the people diagnosed with diabetes, the challenge
15 1o actively and accurately manage diets and exercise programs, while alsa actively
managing hlood sugar to maintain glucose levels within an optimal range, Diabetes
nave extra reason to be mindful of heart and blood vessel dissase, diabetes carries an
mereased risk for heart attack, stroke, and complications related to poor circulation,

two aut of three people with diahetes die from heart diseuses and stroke.

2.3.3 Diabctes Prevalence and T'rends.

Diabetes is an ever more common discase, The World Health Organization
(WHO) estimutes thar disbetes currently afflicts 1534 million people worldwide.
Ihere are 54 million people with diabeles hiving in developed countries, The WHO
sstimales that the number of people with diabetes will grow 1o 300 million by the
vear 2023.in the United States, 15.7 million people or 5.9% of the population are
cilimaled to have diabetes. Within the united states. the prevalence of adults
diagnosed with diabetes increase by 6% in 1999 and rose by 33% belween 1990 and

1998, This corresponds to approximately 800,000 new cases every vear in America.

1a




Chapter Three

Theoretical Background

3.L.1 Iistory of Blood Glucese Measurement

Chinese used to test for the disease in ancient times by seeing it ants were
attracted 1o sugar in a patient’s urine. Testing urine for glucose as a diagnosis lor
diabates has been done for over a century, But Uring testing for glucose has very
serious problem which is both; normal ard low blood glucose levels result in no

glucose in uring, it is never possible to assess low blood levels using urine tests,[ 1 ]

In 1964, Emnest Adoms of Ames developed a practical test strip for measuring
glucnse in blood, and it was named Dextrostix which uses a biochemical reacrion.
with an enzyme called glucose oxidase. which reacted with glucose to produce
aydrogen peroxide. The hvdrogen peroxide produced a color and the amount of colar

on the strip after exposing it 1o a drop of blood was a good measure of the amount of

glucose present. This was the first invasive technique. [ 1 ]




The first deseription of a near-infrared glucose measurcment that srirred
genuine  interest seems o be Foropean Patent Application 0160768A1;
“Spectrophotomelric method and apparatus for the non-invasive determination of
glucose in body tissucs™ by Dihne and Cross, researchers ul the Ratrelle Institute in
Switzerland in 1985.[ 1 ]

11.2 Glucose Measurement

CGilucose can be measured in whole blood, serum. Historically, blood slucose
values were given in terms of whole hlood. but most laboratories now measure and
report the serum ghucose levels. Because RBC have g higher concentration of protein
leg, hemoglobin) than scrum, serum has a higher water contenr and consequently

more dissolved glucose than dees whole blood.

Collzction of blood in elot tubes for serum chemistry analvsis permits the
metabolism of glucose in the sample by blood cells until separated by centrilugation,
Red blood cells, for istanee, do nol reguire insulin to intake glucose from the blood.
Higher than normal amounts of white or red blood cell counts can lead to excessive
elveolysis in the sample with substantial reduction of glucose level if the sample is
not processed quickly. Ambient temperature at which the blood sample is kept prior

0 cenirifuging and separation of Plasma/Serum also affects slucose levels,

13




Al refrigerator temperatures, glucose remains relatively stable for several hours
i a hlood sample. At room temperature (23°C). a foss of 1 ta 2% of total glucose per
four shoald be expected in whole blood samples. Loss of glucose under these
conditions can be prevented by using Fluoride tubes, since fluoride inhibits
elvenlysis, However, these should only be used when hlood will be transported lrom
one hospital laboratory to another for glucose measurement. Red-top serum separator
iubes also preserve glucose in samples after being centrifuged isolating the serum

from cells.

Particulur care should be given to drawing blood samples from the arm
upposite the one in which an intravenous line is inserted, to prevent contamination of

the sample with intravenous fluids.

Arterial, capillary and venous blood has comparable glucosc levels in a
fasting individual. After meals venous levels are somewhat lower than capillary or

arfertal blood; a common estimaie is about 10%,

19




3.1.3 Measurement Techniques

Two major methods that have been used 1o measure glucose. The first. still in
use in some places. is a chemical method exploiting the nonspecific reducing
property of glucose in a reaction with an indicator substance that changes color when
reduced. Sinee other blood compounds also have reducing properties leg.. urea.
which can be abnormally high in uremic patients), this technique can produce
Sfroneous readings in some situations (5 w0 15 mg/dl has been reported). The more
recent technigue. using encymes speeific to 2lucose, are less susceptible to this kind
of error. The two most commen employed cnzymes are glucose oxidase and

hexokinase,

In either case. the chiemical system is commonly contained on & rest sirip. 1o
which a blood sample is applied. and which is then inserted into the meter for

reading. Test strip shapes and their exact chemical compasition vary between meter

svstems and cannot be interchaneed,




3.2.1 Infrared Mistory

The discovery of infrared radiation is ascribed to William Herschel, the
astronomer, in the early 19th century. Herschel published his results in 1800 befors
the Royal Society of London. Herschel used @ prism to refract light [rom the sun and
detected the infrared, bevond the red part of the spectrum, through an increase in the
temperatwre reeorded on a thermometer. Tle was surprised at the result and called
them "Calorific Rays". The lerm 'Infrared’ did not appear until late in the 19th

century. | 4 |

31.2.2 Introduction to IR (Infra Red).

I I'requency Range and Spectrum Presentation Infrared radiarion spans a
section of the electwromagnetic spectrum having wave numbers from roughly 13,000
w Miem 1, or wavelenpths from 0.78 to 1000 pm. 1L is bound by the red end of the
visible region at high frequencies and the microwave repion at low frequencies,

IR abserption positions are generally presented as either wave numbers (v) or

wavelengths,
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Figure (3.1).The clectromagnetic spectrum.,

Wave number defines the number of waves per unit lengih. Thus. wave numbers are
directly proportional to frequency. as well as the energy of the IR absorption. The
wave number unit (em 1, reciprocal centimeter) is more commanly used in modern
IR instruments that are linear in the em 1 scale. In the contrast. wavelengths are
mversely proportional to frequencies and their associuted energy. At present. the
recommended unit of wavelength s pm (micrometers), but u (micron) 1s used in
some older literature. Wave numbers and wavelenpths can be inter converted using
the tollowing equation:

Viinem 1)=10000/ Lin pm (3.1)
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Transmittance, 7, is the ratio of rediant power ransmitted by the sample (/)
to the radiant power incident on the sample (70). Absorbance (4) is the logarithm to
the hase 10 of the reciprocal of the transmitlance (7).

A=logrw (1 /T)=-logw{T)=—logrm {1/10) (3.2)

The IR region iz commonly divided into three smaller arcas: near IR, mid IR,
and far IR.

Table (3.1). The IR regions of the electromugnetic spectrum [4]
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3.1.3 Theory of Infrared Absorprion

Al temperatures above absolule 7ero. all the aloms in molecules ure in
continuaus vibration with respect to each other. When the frequency of a specific
vibration is equal to the [requeney of the IR radiation directed on tha moleculs, the
mirlecule absorbs the radiation. Each atom has three degrees of' freedom.
corresponding to motions along any ol the three Cartesian

Coordinate uxes (x, v, 7).

1.3 Infrared Diode

3.3.1 Introduction of infrared diode.

A diode is the simplest sort of scmiconductor device, A semiconductor is a
matenal with « varying ability to conduct electrical current. Meost semicanductors arc
niade of a poor conductor that has had impurities (aloms of another material) added
101t The process of adding impuwities is called doping,

In the case of LEDs, the conductor material (8 typically aluminum-gallium-arscnide
(AlGaAs). In pure aluminum-gallium-arsenide. all of the atoms bond perlectly o
their neighhors, leaving no free electrons (negatively-charged particles) to conduct
clectric current, In doped material. additions aloms change the balance. either
adding Iree elcctrons or cremting holes where electrons can 20. Fither of these

additions makes the material more conductive.
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A semiconductor with extra elecrrons is called N-lype material. since it has
extra negatively-charged particles. In N-type material, free clectrons move from a
negatively-charged area o o positively charged area. A semiconductor with exira
holes is called P-type malerial, since it effecrively has extra positively-charped
particles. Elcclrons can jump from hole 10 hole, moving from a negatively-charged
arcd Lo a positively-charged area. As a result, the holes themselves appesr to move
from a positively-charged area to a negatively-churged arca, A diode comprises u
section of N-type material bonded to o section of P-tvpe material, with electrodes on

cach end. This arrangement conduets cleelricity in only one direction.

When no voltage is applied to the diode, electrons from the N-tvpe muterial
il holes from the P-type material along the junetion betwesn the layers. forming a
depletion 7one. In a depletion zone. the semiconductor materizl is returned fo its
original msulating state, all of the holes are flled. so there are no free electrons or

cmpty spaces for electrons, and charge can't flow,

To get rid of the depletion zone, electrons must move from the N-type area to
the P-type aren and holes moving in the reverse direction. To do this, vou connegt the
N-type side of the diode to the nepative end of a circuit and the P-type side to Lhe
positive end. The free electrons in the N-tvpe material arc repelled by the negarive
eleetrode and drawn 10 the positive electrode, The holes in the P-type material move
the other way, When the voltage difference hetween the electrodes is high enough,
the cleetrons in the depletion zone are boosted out of their holes and begin maving

ireely again. The depletion zome disappears. and charge moves across the diode.
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Figure (3.2).When the negative end of the circuit is hooked up to the N-type
faver and the positive end is hooked up 1o P-type laver, electrons and holes start

moving and the depletion zone disappears.

It the P-type side connected to the negative cnd of the cireuit and the N-tvpe
side connected to the positive end. current will not flow, The nepative electtons in
the N-type material are attracted to the positive electrode. The positive holes in the P-
tpe material are attracted to the negative electrode. No current flows across the
Junction because the holes and the eleetrons are cach moving in the wrong direction.

Uhe depletion zone increases.
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Figure {3.3).When the positive end of the cireuil is hooked up to the N-type
layer and the negative end is hoolked up to the P-type laver, [ree electrons collect
on one end of the diode and holes colleet on the other. The depletion zone gets

higger.




3.3.2 How Can Dinde Produce Light?

Light is 2 form of energy that can be released by an atom. 1L is made up of
muny small particle-like packets that have encrgy and momentum but no mass. These

particles. called photons, are the mosl hasic units of light,

Photons arcreleased as a result of moving electrons. In an atom. electrons
move in orbital around the nucleus. Flecwons in different orbital have different
smounts of cnergy. Generally speaking, electons with greater energy move in orbital

farther away from the nucleus.

For un electron to jump from a lower orbital 1o a higher orbital, something
fas 1o boost its energy level. Conversely, an electron releases enerey when it drops
from 4 higher orbital to a lower one. This ererey is released in the form of a photon.
W greater encrgy drop releases a higher-energy photon. which is characterized by a

migher frequency.

As we saw in the last scetion, [tee electnums moving across a diode can fall into
=mply holes from the P-type layer. This invelves & drop from the conduction hand to

‘ower orhital, so the electrons release energy in the form of photans. This happens

Cd

m any diode, photons can be scen when the diode is composed of certain material,
The atoms 1n a standard silicon diode, for example, arc arranged in such a wayv that
e electron drops a relatively short distance. As a result. the photon’s frequency 1s 50

" thar it is invisible to the human eve, because it is in the infrarcd portion of the

12ht spectrum,




3.4 Projeet Components,

[n this section. we provide an explanation of each component and each part of

this project.

Uhe design consists of the [wllowing Components:
1- DC power source.,
- Light componeals
3- OB 68lp (contral Bored) connector &parallel Tt
4- DAQ (Data Acquisition)
5- PC {lab view program)

1.4.1 DC Power Source.

This project needs 1o convert the AC voltage 1o suitable DO volta ec which then
applied to the light source.

The circuit of power supply contains:

I. Transformer: is based on two principles: first. that an electric carrent ¢an produce
4 magnetic ficld. second , that a changing magnetic ficld within a coil of wire induces
2 voltage ucross the ends ol the coil (electromagnetic i nduction). By changing the
current in the primary coil, one changes the strength ol'its magnetic [ield: since the

secondary coil is wrapped around the same magnetic field. a voltage is induced

acruss the secondary.




2. Rectifier: is an electrical device that converts alternating current to direct

current or at least to current with only positive value, Tere are waves which deseribe
the operation of the rectifier.

In halt wave rectification, cither the posilive or nauative half of the AC wave is
passed casily. while the other half is blocked, depending en the polarity of the
rectifier. Because enly one hall ol the input waveform reaches the out pul, it is very

wetticient if used for power transfer. Half-wave rectilication can be achicved with a

singh‘. dinde. r:.c Inpui
1Y) If.‘\'l,‘
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i the Gode iz rewange-digsad

Figure (3.4), Half wave rectifier signal.

While for full-wave reetifier converts both polarities of the inpul waveform to DC

(direct current), and it is more efficient.
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Figure (3.5). Full wave rectifier signal.




3.Regulator:

Designed to automatically maintain a constant voltage level.

3.4.2 Light components.

a. Diodes.

In thiz project we use tour diodes with dilferent wave lengths, which are
(940.650,890) nm, there™s company made them especially for diahetes
MeasUrements.

Currents of the diodes which noticed in the datasheets ol each must be carefully

chosen o make them work propetly.

b. Detectors (photodiode).
A light sensor (photo detector) that allows current to flow in one direetion from one

side Lo the other when it absorbs light (photons),

We preter to use photodiodes with these characteristics:
~cach of them ahsorbs a speeial wave length.

-vershigh sensitivity

-good stability

-excellent linearity

-low noise

lomg lifetime

=low cost




3.4.3 CB 681p Connecter with purallel port.

l'o complete this desipn there is need of a CB681p connecter ko interface
berween DAL & the sutpul of photediade.

It has a dimension ol (14.35 by 10.74) cm. this chip have 68 pins each one defined to
DAQ if it analog input or digital inpul: cach pin need ground, Vee & it has output to
act as wpul Lo DAQ chip.

" PERA L
e

Figure (L6). CB-681p.
Parallel port:
“he parallel port-ts known as the printer port, which is the most commonly used
port for interfacing compulers with homemade projects. This port allows the input of
Up to 9 bits or the output of 12 bits al any given time, thus requiring minimal

external cireuitry to implement many simpler Lasks,
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Figure (3.7).Parallel port pins,




3.4.4 Data Acquisition Card,

This represents the next step in our project: which process the data & interface
it with PC to complete the analysis of the signal until show the output concentration

value,

It defines as collecting and measuring electrical signals from sensors, transducers.

and inputting them to a computer for processing.

Figure (3.8). DAQ (N1 60341)

As any electrical chip DA has cautions for using it. There are:

- The input signal mustn’t exceed the highest voltage with which NIG034E can

come in contact, (Mustn't exceed 10 v).

- the power connection : two pins (14.8] on the IO connector supply ~3 v
from the computer power supply via a self-resctting fusc. Including power
signals 1o ground and vice versa. that mustn™t exceed any of the maximum
signal ratings on the N160341: device which create a shock or fire hazard. or
can damage any or all the boards connecled to the chassic. the host COMputer,
and the NI6034E,




345 PC (Lab View Program).

Lab VIEW (short for Labotatory Virtual Tnstrumentation Engineering Workbench)

I this project we will-deal with a Lab View program Lo complere the analysis of the

signals 1o reach our aim (o measure the Glucose Concentration of human blood.

Using Lab View retorm to these reasons:

Lab VIEW is a graphical programming system that is designed for data

acquisition, data analysis, and instrument contral

- Programming an application m Lab VIEW is very different from
programming in a text based language such as C or Basics; moreover Lab
VIEW uses graphical symbols (icons) to describe programming actions. Data
Mow 13 "wired” into a block diagram.

- Since Lab VIEW is graphical and based on a windows type system it is ofien
much easicr to gel started than a typical language.

- Lab VIEW programs are called virtual instruments (V1s). The user interface
i5 called the front panel, because it simulates the front panel of a physical
instrument. The front panel can contain knobs. push huttons, eraphs, and
ather controls and indicators. The controls ean be adjusted using a mouse and
keybuoard. and the changes indicated on the computer sereen. The controls
and indicators are connected 1o other operators and program structures, Fach

program structure has a different svmbol and each data type has a different

color.




Chapter four

Design Concept

4.1 Biosignal Process

Before we start discussing the-main block diagram we will discuss the main
sleps of blosignal process.

Rleck diagram [or the biosignal process is shown in tigure (4.1).

signal acquisition

|
Sbr

pre_conditiong the

analog signal

digitizing the signal

Figure (4.1). Steps ol bivsignal process,




4.1.1 Signal Acquisition

The [irst stage of bio-signal process is signal acquisition, Sensors are special
devices that arc use to provide an interface between signal from biological systerns
and the instrument detecting them.

Input from sensor: [nput from sensor can cither come from transducer or
clectrodes. Electrodes are conductors that provide a current path between the body's
putentials and the signal process unit,

Transduccrs can be used to sensing element to detect physical or chemical
quantities, the transducer convert the measured into electrical quantity.

4.1.2 Pre-Conditivning the analog signal,

The next step of data acquisition is preconditioning the analog signal. Dus to
the fact that biosignals are olten very minute. contain interference. and are
sometimes hiding by other biosignals, it's imperative that they be amplified and
lltered.

Operational amplificrs are used to amplify the signal, while clectronic filters
are used 1o minimize the amount of noise, Noises arise from both within the svstem
and rom outside sources.

If the noise is at i frequency different from that of the signal., a low pass. high
pass or band pass cam be used 1o filter the frequencies.




Low pass filters only passes frequency below a certain pre-determined cutoff
frequency while attenuated the high fraquencies that above the cutol!l frequency.

High pass filters only passes frequency high a certain nre-detenmined cutoff
Irequency while attenuated the low frequencics that below the cutoff frequency,

4.1.3 Digitizing the signal

The last step involved in data acquisition 1s digitizing the signal so thal a
computer can process 1L Analog to Digital Converter (ADC) can be used o convert
continuous analog signals o digital signals TTigh level software such as C 11, Pascal,
Fap View, and Matlap that are used to confrol the data acquisition port.

4.2 How system works?

Figure (4.2} ix a block diagram of the measurement svstem. It consists of the
optical sensor, sensor electronic, and the signal processing. The optical sensor
consists of light source oplical detector pre amplilier. Four infrared diodes are used as
a light source. | he peak wavelength of IR diodes are closed to 650, 880 and 940 nm.

The sources (LED, . LEDs . LEDy, LEDy) and the detzctor (PD) are situated
in apposite sides, in close contact with the surface of the ear lobe, according to the
transmission configuration. Then the signals will be entered to the DAQ in nrder 1o
be liliered. amplified and processed.
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By studving many of Uniled States patents #nd some other bload olucose
meter devices, we comclude that we can measure blood giicose concentration nop-
invasively using three wavelengrhs which are: (650,940,280 nm. We vsc the
wavelength (940) nm two times in this project. because many patents show that

higher absorption of blood glucose satisfies at this wavelength.

Many of blood samples of people will be taken. in order to meusare blood
alucose concentration invasively (in haospital laboratery). This result will be
compared with the quantity of light absorbed by hlood glucose that measured at the

car lobe, in order to find a special aleorithm between the blowd glucose coneenlration

measured invasively. and the quantity of ight absorbed.




The Main Block Diagram :

Power Supply

-V -0V +10V 12V 412

1 e

+ | Current to vollage - | Current to voliage
converter Driver circuit Diriver Cirouit | CUMVErTar
T l _ r'y
v :
Photodiodel ‘ LED 2 LED'3 ‘ Pnotodiode 4
S Omm B4 linm
[ ) ¥ ¥ ¥ v ¥ ¥ b} 4 3
Right Ear lobe } Left Ear lobe
4 1 & * v v Y v ¥ 4 44
; I .
L!“DT Photodiode? Photadicds3 L]:_'U 4 |
630nm 880nm
o - T
v v
Pt sd s i (‘urrent to voliage Current to voltage T e
OV ETLET converter |
Y v

DAQ LB

Figure (4.2) Main Block Diagram,
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4.3 Detuiled description of transmitting and receiving circuits.

4.3.1 Constant current source for driving LED

The circuit of Fpure (4.3) in which an op-amp is combired with FET that
provides an cutput current fixed fur the mput current to diodes to give 650nm.
$80nm and 940nm .

Table (4.1). Dindes specifications. [6]

Device | peaki(am) | Forward voltage |v| Forward runEnt_—{I;I,ﬂ.j
Red LED| 630nm 2.1 S0-201 mA
[R LED | 880nm 145w 20-100 mA
IR TED | 94(nm 1.45 v 30-100 mA
IR TED | 940nm 145 v 50-100 mA
L
N-Channel EMOSFLT Vsn [v] Tiy ey
INTO0 21V TmA

So to compute the value for R in the constan! current Souree 1o give wavelength
630nm .We get the range from (16.8-31 JimA
Ve = VatVpst+Viin
I2=Vet21+21 = V=78 but]= ViR = R= T8\ 16.8mA
then R=4640),

12=Vp+21 121 = Vp=78 butl-V5'R = R-78\31.7mA
then R= 24460




So to compule the value for R in the constant current source to give wavelength
8 8(0nm .

We gl the range from (42-77) mA
V= Vil ¥peVien (4)
12=Va+2.1 +1.45 = V=845 butl—V3'R = R-8457TmA
then R= [10€L
I2=Vg2 1 + 145 = V=845 butl=Vy'R =R =845'42mA
then R= 200£2

S0 1o compute the value for R in the constant current source to give wavelength
S4bnm .
We get the range from (42-77) mA
Vs = V- Vis 'Vien (4)
12=Vu+t2.1 1145 = V=845 butl=Vy'R = R=845'7TmA
then R— 110¢2,
12=Va#+2.1 145 5 V=845 buI=V,\R = R=%4542mA
then R—= 20082

Figure (4.3) Constunt current LED Driving
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4.2.2 Recciver Circuit,

The simplest solid state optical detector is the photodiode. Phatodiode detectors
normally aperate with reverse hias applicd to the pn junction (photoconductive
mode). When light falls on the junction region ol the photdiode, an electron hole
pair is created . under the influence of the junction {or built in) field . the hole is

swept towards the p-material and the electron wwards the p-material. The resulting
light current is seen as a large inerease in the reverse current. For the purposecs of
signal amplification, the photocurrent must be transformed into a vollage with
maderate output impedance. this is achieved with the eireuit shown in Figure 4.3 4.
the op-amp heing configured as a current to voltage converter. Because of the high
Junchion resistance of the reverse biased photediode, the op-amp should be un FET
Lype with very high input impedance. Since the nepative input of the op-amp acte like
u virtual earth, the autput voltage of the circuit is Vo =1 Z. A large feedback
resistance used. 220K When we choose the photodiode we are limit the
wavelengrth response.

This cireuit is worked as a low pus- filter, with Fe=1/{2*n*R*C)

Fe= L2*n* 2200+ 33PF)
2Fe=22 KHZ

Figure (4.4). Photodiode current to voltage converter circuit.




Chapter Five

Software

5.1 introduction

In our project as mentioned belore. we will use a | abView program, to process the
output signal from DA,

Block diagram applicd by 1.abView program:

| PO E
T == i
i ‘| Fhes
— | = o :
FE - B + |
—=—
= Tl
= =l
——= iy

e Sl il = — -

Figure. (5.1) LabView signal block diagram




From this block diagram we take RMS value for each receiver circuir. these
values are compared with the exacl value which was taken by the invasive plucasc
meter, in order Lo find the relation between them.

After sludying these results we conclude that the 630 nm photodiode gives
more clear relationship with the real values than pther photadiodes, so we will
depend on this photodinde signals for measuring blood elucose concentration.

5.2 Duta and data analysis:

Table (5.1) Measured valucs of 650nm wavelength

- Exact vulue of glucose concentration | Measured value by 650nm photodiode

[mg/dL] [vollage|

g5 5.88




6.45
0§ 5.83
577
5.89
g7 .04
6.0
99 620
620
([T 5.80
i 6.01
106 3,39
i 5.47
110 512
2.07
111 5
5.17
114 6.05
| 1006
{ 122 5.15
1R 5402
|88 507
=
! 200 465
‘ 215 1.68
T 750 1.54




5.3 Main block diagram of processed signal:
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Figure .(5.2)Main block diagram of proccssed signal

Here we enter the 650nm photodicde signal to scaling and mapping block, to
seale the signal and compute the result by comparing it with the stored data in the
scaling and mapping block,

a6




Front panel of glucose meter deviee

= = - — —

Figure .(5.3)Front panel of glucose meter device

‘5.4 Mathlab program

The relation berween real value and the RMS value of 630 nm photodiode using

XL 92 (2)=5.85IX(3) 5,694 [4)=5.6:3(5)=6.73:x(6)=6. 3275 8:x()=6.2:
M3 35x(10)=5.42:x(1 1)=5.1:(12)=5.17:x(137=5.1:x(14)=5.02:x(1 5)=3 67;
x{16)-3.54;




>SHL=R512)=87:f3 R 492415 )=93:16)=94; H7=96:1(8=97:/9)-102;
f10)=106:111)=11 L2111/ 13 =11 7:67 143=1 IBM1S)=215: K 16250
»2plot(x.h)

==gflool

Correction curve herween glucose concentration (exact) and signals come from
the circuit:

Relationship given b s

f(x) = 2,145 *x"4 +( -44.34 VX3 + 350,85 *x A2 4 (. 1390) *x + 2289

4 Curwe Hitting Toal
Fle " Tek Wi Heig
8 A m E

Lom Jlrwhe | [echon ] [ sy | [ an |

Figure .(5.4)Correction curve between glucose concentration and signals




3.5 System Implementation and I esting.

Phis chapter demonstrates the methods and procedure used to implement. test, and examine

the system operation and behavior, System testing is s mmportant step in implementing a
systemn. it senscs the effectiveness of that systam Just before intraducing il to its users,

I esting -

In this chapter we are going to cxplain haw the result of gluicose concentrarion calculated.

First sample; hamzeh sawacr sample: as shown in the front panel,
At Labaratory test the glucose value was : 105 ma/dL

ALour design the glucose value was ; 85 mpddl .

B Larmerale ani! D pbp [Bimalpt b mm o7 Fimnl Pesal b
B b Come Lo dwe Veows b - '
A N e e FC=

Non-invasive glucose meter I

E— |
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ETET Fivw

e dl ot 14 e
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e ] e
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Figure .(5.5) First test
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second sample; salah farhat sample, as shown in the frant panel,
At Laboratory rest the glucese value was : 110 meddL
At our design the glucose value was : 97 mg/dL

Figure (5.6) Second test

Third sample; sulah farhat sample.as shown in the front pane|.
Al Laboratory test the plucose value was : 125 mg/dl.

At our design the glucose value was ; 101 me/dL
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Figure .(5.6) Third test

[rrar ealculations :

At the end of cur test for blaod samiples we are Zoing to calculate the error percentage as
following:

I'he error = (real value — measured value) / true value * 100%
Error (1) [(105-85) (5] # 100% — 19%
Frror (2): [(110-97¢1107 * 100% = [2%

Lrror (3): [(125-101)/1257 * 100% —19%,

Averaoe error

(19%% + 129 = 199 )/ 3 = 17%




Chapter six

Conclusion and features

6.1 Conclusion:

I. Blood glucose concentration can be measured Non-Invasively depending on an
optical absorption method, using transmitter diode with wave length 650nm and
photodiode.

2. Lab View sofiware is an excellent program to design a soltware system which can
process, control [iller and compare if the output results in the normal results or not,

2. MATT.AP program can be used for determining the rclation (funcrion) between
variable values,

4. Non-Invazive blood glucose meter with a good aceuracy, is better than Invasive

glucose icters with more accuracy, Because; no open wounds. and low costs in

MNon-Invasive glucose meter.




6.2 Features:

- More samples should be take, in order 10 give more accuracy.

- The costs can be reduced by applying the function which we

included in this project using microprocessor and display.

- The number ol sensors which we used ean be reduced by using

one sensor only (650 nm).

- Power supply can be replaced by 12V battery, this make the

device portable.
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Delinitions

Absorance The ability of a medium to absorb radiation
depending on temperature and wavelength.

Amplification Process of increasing the strength of a signal,
current, voltage or power.

Blood Blood is highly specialized circulating tissue
consisting of several types of cells suspended in a
luid medium known as plasma.

(=

' Concentration Is the measure of how much of a given substance
_Jhem_medjnﬂ_mmmw I i 1 > [
DAQ Collecting and measuring eleetrical signals from

sensors, transducers, and test probes or lixtures
and inputting them to the computer for processing.

Detectors Any device or instrument used to sense the the
presence of a signal. detect the presence of
radiation or particles, or convert a signal from one
form to another.

Glucase Glucose is an example of a carbohydrate which
chemical formula is C;H;»0, Human blood
glucose levels normally remain within (80-110)

mg/d]
Incident light The light that emanates directly from a light
source.

Photodiode Semiconductor that converts light to an electrical




=

White blood cells

signal, used in fiber optic receivers

Cells that help the body fight infections and

| diseases.
Dara
Exact 880nm | 940'8 nm 650 nm 940'6 nm
85 5.48 5.74 5.88 483 |
5.27 371 5.05 4.80
&7 6.41 5.55 897 6.11
6.44 5.60 3.79 6.12
BT 5.29 4.13 5.64 4.85
B 304 4,08 5.74 4.62
89 6.12 5.85 3.36 5.80
8 4.22 6.45 6.71 63585 |
i 42 3.96 4.02 5.59 3.45
3,99 4,30 2,01 3.46
5.89 6.02 6.67 7.18
557 5.80 6.41 7.02
b= 5.85 6.17 6.68 715
93 5.30 5.96 6.74 5.86
6.09 5,84 6,73 5,72
94 6.66 6.84 6.32 6.36
6.62 .78 6.45 632 |
96 5.09 532 5.83 4.66
S.64 4.85 35,77 525 |
5.13 5.26 5.89 47 |
Y7 6,30 5.15 6.04 5.80
6.09 5,05 6.00 5.73
9y 6.08 4.98 6.20 5.74
| 609 4.04 6.20 54.7




100 7.07 464 | ' |
7.07 4.67
102 5.01 _ B.11 5.27 458
492 6.04 6.01 4.50
103 7.06 4.55 5.01
- 7.05 4.46 512
106 6.06 5.08 5.39 572
6.13 6.25 5.47 5.83
110 5.68 4.85 512 | 531 |
5.73 5.19 5.07 535 |
111 ' 6.60 ' 6.62 518 6.03
| 657 6.56 517 626
114 4.48 3,52 6.05 4.15
4.59 3.44 6.06 413
121 | sz | as7 6.02 4.85
| 525 4.74 6.15 448
122 6.80 6.35 4.02 6.53
131 7.20 5.25
7.19 ! 5.15
132 6.89 C agoa
' . 6.87 4.81 |
138 5.58 6.12 5.02 5.20
171 b.BEE 5.94 6.15
188 476 | 461 5.01 4.19
200 4.63 4.57 4.65 417
215 4.60 4.53 . 368 4.15
250 4.63 455 | 354 4.15

59




Appendix: B

Datasheets of Project Components,

c0




Low-Cost E Series Multifunction DAQ —
12 or 16-Bit, 200 kS/s, 16 Analog Inputs
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Low-Cost E Series Multifunction DAQ — 12 or 16-Bit, 200 k5/s. 16 Analog Inputs
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Chitpn Nose Viollage Wi ;',-* :_2?6 KKz = 41 - [ThY
= T F=120H2 i
Rlople Refectiar ER A\l = 0 5 &0 = cB
T =050 =
Diropout Vokane Vo nl = 2; ¥ E 2 1 - ')
| Short Citcuit Cusren g | Ty=<25°€,V = a5V = | - ma |
A —— PR | 12 =t25°C - |22 - A
Wote
1. Losn erd Fre reguiackin o'e speoified &t coirstan! amclion lemeerst i Changes (1 Vg uin fir hasling effacts must be take

Intn account separalely. Fulsa [esting with lnw duty (s wesd
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Electrical Characteristics (KAT7909)
Vi =14V | = 5008, PG =T 5 ~125°C. Cr=220F Co =1uF onlste otharwige soecifed.!

Paramaiar | Svmbuol | Conditions [ Min, | Tyg | Max, | Unit |
| ' | T=+25°C -87|-8¢|-83 ]
Suinul Valiags VG lz = SmAte 1A, Po £ 16W fimnl = 0 L
( V== B e =23y | =SR] =R
] _ ' Vi=-105Vio-25v - | 10 | "80 |
| Lime Regulation (Noje1) | AVo To=+25"0 e - = - {omv
| | Vi =11V 1o - 17 | | 5 an |
| Ti=+25°0 . - [
| b By | - | 12 | 3=
: o =5mAic .54 |
osd Faguiation Naet) | ave o : i
o FHEZVITS | =
| ity = 280 1o TS0m o
| Quiescent Cummem: | e Ty =4255C - g fi i _I
f - |
~ | in=5mAto 1A | - |oos| oz |
| Luleegent Curanl Chasge AL — - — - m#A,
Vi ==17.5V o -25% - 0 1 |
Temperaturs Coaiciant of v AVAAT | o =5ma - =05 : VD |
Bl it . £=10H- 1o 100KHz
Otpn Nolse Vokape Vi Th =435 - G . iy
{ e
. f=120Hz i |
Ripia Hajaction R= i i =] . &B
I AV =10
| s
Sropoul Vallase | Vo ;r"'_ f'5 e | | 2 = (1,
= 1A |
Shan Cirouit Surren Isi; TI=F25°0 M = 354 =] 00 | - iy
| Peak Zument | =58 Ti=+26°0 | o A |
Noie
1. LoGd and line regulation s esenfed ot carslenl unchion emparsisre, Shantes 0 Vo due s maating eflocts sl he iskan
intn aecoun| separalely, Pulss testing weith baw duby e U

Lh
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Electrical Characteristics (KA7912)

(VI =8V Ic = 500mA, I°C =T <+ 128°C, G =2 2u7 GO =1uF uness otherwss soecified )

| Parameter Symbol | Conditions Min. Typ. Max. | Unit
T =755 115 =12 [A25]
Dutput Valtags ¥G [ lo=5matotA, Foc isw | | | v
R e A= arEs)
V=108V 02TV
: _ T Vi=dsVioatv | - | 12 | 2as| . |
‘ Lira Reguliahon (Motad) AR T j=+2580 = I — —r— mY
| Mi=-18V 22y & | 120
To=+25°C ' :
| o -
Io=5mAts 1.54 | e
Load Reguiation (Motel) aVc my
Ti=+25C I Mo
Io = 250mA 1o 750mA g
Cillescant Currens Iz Ti=+=250 - A & ma |
15 =5 1 18 - ol 1
Suescent Surrenl Changs Alm e A
- Vi =-15V to -30V i T % i
Tariperaiure Cosficient of VD | AVeial | lo=Em& - -0 1 LU
{5 | [=DHzn 100K=z I .
. ] = §
Cutput Nose Vollage W Ta =25 200 ‘ By
y = : T=120H2 =
O 3 o = BY =
Eiople Rejection iy AV = 1O B | dB
3 S f | Ti=+aB"C | .
Eronaut Valtage W = TA = 2 = .
| z i d
Short Circlel Clmans = TJ=H28=C W= 3By - 300 . mh |
Zaak Current : =" | T =250 . 29 | 5
Note

1 Loeg 3ng line regulatinn 2ro soeciied & constan: Junetias- temperatute, Changasin Vo due to megting eilécts st he ahon
nie Boeount sepaialsly, Sulna teetng with low duty 13 usac.




3-Terminal Fixed Positive Voltage Regulator

TS7800 series

Fin

assignment

1. Inpt
2. Ground

3.

[Hes

it
tsink surface

connected to Pin 2)

Voltage Range 5V to 24V
Output Current up to 1A

General Description

(These voltage regulalore 2 monolithic mtsgrated circulls designed =s Eescbvoltage regulanoes for 2 wide variely of|
apolications including local on-card regulalon Thasa regulators employ inlemal cumen: ImRing, themal shuaidown, and
safe-ares compansation, With adequale heatsink they can deliver output currenis up 12 1 ampere.

Although deeigned primarily se 2 fieed voltage reguistor, Inese devices can be used with extemal componerits 1o obiain
adjusishle volfapas and cumants,
This series is offered in 3-pin TO-220, IT0-220 packags,

Crteut tramsislor sake-srea compensathan
Quipit voltage offered in 45 toleranca

Features

% Ouput cument up to 1A

M2 axlernal componanls required
14* Internal thermel overinad protaction
w  Intemal sher-cirsult cument Emilting
b

s

Standard Application

[Ordering Information

Input
OUT ==
TSTRxxK

EHENTAR

A commen ground is required bobwesn The inpul and the
output vellagss: The inpul voltage mus! remain typicaly 2.0v

Part No. 1 Operating Temp. | Package above the aulput voliage mver dusing the low poinl on the
(Ambient) Input ripple wokage
_—— x XX = thase twe dighe of the type number indicate woisgs.
TETRNCE 20 - H5'C T0-220 || * = Cin is required ¥ mguiator s lscated an Sppreciakle
TSV R e - Mo-220 distansa from power supply ftter
, : "= o b nul nesded for stabilty; however, it doss improve
| Mole: Whers o denctes volage :rpmn_ transient responsa.
Absolute Maximum Rating
[nput Vokegs ¥in~ 345 — v
[rput Volsge Vin ™™ 40 s
Povest Disipation TO-220 Without haatsink 2

TO-220 | R
=l ITC-2210 Withowt heatsink 0 )
Operating Juncton Tempesaturs Rangs Ti 0~ +1560 b
Stvage Temparatume Range Tarw -£5 ~ +150 M
MNole *TEIBDS tn TS7EA

Ta7800 sees

~TEF24

““* Follow the derating curve

R Tev. A




TSTB08 Electrical Characteristice
(=14, inr=aRhmd. 0P CxTR 25 CmeD.330F, Caut=0 16F: urilse: =ilmreigs apEsifad |
Paramaler _Symbel | Test Conditions Min Typ | wax Unit |
TG T.ER & Bz
thriput volisge Yl VO BNS WISV, T BmALinnct A 7.6 g -0 W
POeto
5 ) Foe) TR BVEN RSN -- B *E0
Line Regulehon RECHE FESG : -
i At et = 2 &0 il
L !
5 | TUmACioni< T4 12 188
Luaz Reguizhion ReGime | Traes = ; =
| 250mibZlout=T 50ma - - o
Chiascent Sumn. q |ouit=D, TEES"S - 4.4 A
! 10 fVeVims 25 — 1 it
Ciileecent Turren Shanpe Alg 1
| TOmAslculs1A - - ]
Cidput Moles voltage ' Y tizsTs 100K Fz, Ti=267C &2 - (%
| Fippls Rewchon Hama AR, =TEUHE, TTVEVInEZ TN SE 1) 7 g
Valags Top Warng loart=1. 04, T=28"0 o ¥ = W
Caloul fieg-stancs Rl f=i%Hz - L= - IEL
Dot Sho Sl Surand 53 TEEE -- 450 - M
| Fesk Cnatpert Curepse o peas | T=25"0 2.2 - &
Temnperelure Courfisian] af i A
5 it ANEP AT | Inut=90ma, 0-24TRi25 0 — 0.8 - =
cuript Volksae : e |
T'S7803 Electrical Characteristics
=18 o= 500ma, Uc.}jT_s'lZ:-“'I.:. Cin=033uF, Coun70. 707 wess clnenwise Exacited )
i Paramater Symibol Test Conditions Min | Typ Max Unit
T2 BEG | O | g93f
Ot Wnltag s o 17 SVEVIns23Y 1imaA<inuis A BET g | A& W
PL=53v
11 SVavims 2By 5 180
Linw Ratafion REGIne e
1V 1TV . : 40 T
_ .. | TOmAslouictA 12 1RO
~wad Regulatinn RESioED =25 -
sEDmAc s FSeA Al - 4 Gl
Culessen! Currant Iy out=1, (=25 43 B
1 BE\insaoy { - - ! md
Clsuzseen: Current Changs Aly
TEnb=lots T4 o = i
Clitpul Noise Walagu W 10425153 D0 HE, Tj=25™e 52 . 1y
Hipphe Reachion Ratic fth =12k, s VinaE 2 55 77 . 43 i
Voltage Droa Virop | foul=1.04, TEesc i - W
Dulpir Resistance Hout = 1KHz o= 18 = FTikE I
Lt SN Coroan Cument laz =252 = 4E0 = &
Fazk Cidput Carient | lopeak | Tj=25°C - o A
wnperatura Coafisest of i o m
. . Avoull ATj | low=10ma, (FCeTE125°0 - -’ - =
Ot Valtage 5

& Sulse lesting techniques ars csed o malnlam Ihe junclion fzmnerElre a5 dose o ihe smsant lempaEhes a5
PoSSDIC: rid thema: smacte-muet ha taker irto acctul seprsialy
®  This specification apples oy lar T power dissipation permiles v abasiute misem: i ratings

P nligkseres -4 PRl ren. 4
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Y

TS7810 Electrical Characteristics
[VIn=16WV_ loul=500ma, 0°C<Ti<125°C, Cin=l 33uF, Cout= 1u7; unimss ofhanwies specified )

Parameter Symbol Test Conditions Min_| TvE | Max | Unit
TE26C o8 | 10 | 104
Output Voltage Vout | 12 5vaVin=25V 10mAsiouesiA. G5 10 105 v
PO=15W
Lire Regulation JEGine | T=287C J P s ey - ! 20
- 13VMiIn1 TV - 2 100 mv
10rnb ot <14 - 12 700
L.oad Reguialion REGh=md | T=25°C
i e 250mAsiouts TS0mA = 4 103
Culescant Current I lout=0. Tj=25°C < 43 8
a Curant Charige alg 12.5V=\inZ3BY = = 1 i,
10mA<louts1A = s 0
Cutput Noise Voilage Vi 10Hz:F<100KHz, Ti=25"C " To - uV
Ripple Rejection Ratlo RR | F=120Hz, 13VsYins23V 55 71 = 9B
Viotage Drap Vidrop | lout=1.0A, Tj=25°C = 2 - v
Oulput Resistancza Rout | E=1KHz & 18 = mi}
Qg Short Cireull Current s Tj=25°C = 400 - mA |
Peak Dutput Cument lo pesk | Ti=35°C — 22 - A |
Temperaiure Cosfliclent of ; = o _ mii
Oulbit Vollage Avouti A7) | loui=10ma,. BCsTis125°C - 4 - '

T37812 Electrical Characteristics
(Vin=18V, lout=800ma, 0°C<TE125°C, Gir=0.33uF, Cout=0.1uF; unleas oihensisa spacifing |

Parameater Symbol Teat Conditiona Min Typ Max Linht
TE25°C 11.52 12 12.48
Output Voltage Voul | 14.5vevineriv. 10mASiomatA, | 1143 ¥ 12.80 v
PO < 15W _
Line Regotation REGkne | THaSC VOV ' et
I e 18VVin= 12 £ a 1 mv
10mAciout<1A - 12 240
g e | ke | T2 | somatouts7soms. | = | & | 10
Quisscent Curent I TE25°C, Ioun=0 - | 43 8
i _ 14 B30V s ma
Ouesesnt Cumant Chengs fin
A Homa <ot 1A o= = nE [ ]
Outpist Noiss Viehage Vi 10F2sf100KHz, Ti=25% = 75 . v
Rippls Rejection Ratie RR | =120z, 15VaVina2sV 55 7 > aE
Voltags Drop Virop | lout=1 0A T=28°C = 2 - Y,
Crutput Resiatance Roiut =ik - 18 - mik
Crutput Shet Circud Curran lers Tj=2E"C = 350 - e
Peak Cutput Cumerl lopeak | T=25°C - 2.2 - A
;ﬂ?ﬁ;‘mﬁ‘j&“ ¥ | avouram | iout=toma, SceTisizee |- 4 - T:

s Pulse =sting lechniques are ds=d lo maintein the junclion temperaturs &3 close o the armbient laMperatue a5
Santiily 2ol e IR R SO S R R
8 Thie spacificalion applies anly lar DC power dissipation permilled Sy absoluls maximum FaTNGS

= ; %
STHN) series 3 MDD e, A



LBQO‘ _AU Infrared LED Lamp

Rig sarpe of LEGD-_ _4All iz a Gaslts | ED meuntad on = leed frame and sncsasyistad
10 vaniols Types of enouy [2ns whalck offer different cesign ssminge
2 Torwand Bies, il emits 3 high powsr adiatienaf tyiscal 30mW with a peak wavsiangth 3t 380nm

Y Epeaiicalions
ET) Eif e Al Gk ) Faskans Clesr epusy =Ein
{2 o Stre G Amrt 2 dmm ‘a1 Laad rams Solidsad
13) Peak wevelength alinm

21 Absatute Maximum Eatings
i Symbel | Mazimum Sated Yalue | Lail Armbieri |amzaraiurs

PoweeDigglpation | =0 | . 4500 L A RN ¢ L
Foreare Currert et i 10 Lol 4o TasesiL. oo
P_J =141 Fc:r Wil E‘u vl IFP 5”‘” - Fa=25"C

1
A
Hrﬂ_'-}_s_'- -'nl":qr YH s A Ta=25%0
L
2
i

|
I

A R e S et e e T e e
|
|

SGinrans Tem:\eralure -5 c

Soidedng Temprratina B8]

R T T T

2 Elertro-0miicsl Sharsctansiles [Te=25"01

tam | Svmbal Sorditign Winimas ypical | Maximum | Lnit
Ve IF=almia DO 145 |
' IF DD..P- ,J—ED'H-___________ - 165 |

fForward Yolage

ReverezCumant | IR

Tealat Radiles Povwer B Um L'L -1LU1‘“ iy
lIF=100mA. p=ama T AGe T

PaskWavelength | 3P | e=somaue [ TG T e

HalfWadty =~ 7e Am

g s

Fall Time

2) Gharzelenishes of Radigpl Intersty [1a=257C"
Viswing Rauiant nt=nsty IP=100mA Ip=20ms Lol miist ]...:J_l_l_tzﬁ.f. Fimensir

Half Angle inimum Tyl | Maximinm dmensnn | Sogure

ype

40 £in

LTI 120 il

LESC-CaAL +15° I - TR ) (I - [
A ) 16 =E 3

(BosceAl | e T ey | es

| B9O-00AL =25 (Lon) 00
J"-"’"-.c' et e

115 S
3 30
1 Radiznt Incnsity e mcaseres by Tekiforix 15

1 Total Radiated Fower is messured by Photndune 25110

Marubem Amerive Cerporation
JRLET Frepdam Linsia. Sene 000 Sande Sl A S50

<DE-330.0E50 (Fel 573), 408 310 0655 (Fua), salesiicch lod com

Jeefrdmd e Tl




L940-

Thiz series of L9a0-

1 Specifications

i
(2) Crip Blre
f3) Peakwavelanoth

2] agsolus

Chip maberiz] Sabn
240hm

TE=m F-E':i'._i:ugg

Bdmer 0 4mm

_AU Infrared LED Lamp

(4} Package

(6] Lead frame

Al bs g Caas LED meusizg o0 2 lkad hame end encans:laen
i various ypes of epoxy [ens which offer diffeam dasian setings.
Oir farware Bias, jtomits anigh pawer radiakicn af typlest 38mWawith 2

sk wavelangts at B40nm

Claar cpoxy roein
Soidered

I'.a"r | “Symibal

Maximum Batee Valus

Armbient

 emperaturg

Pules I—l:rrw""'" LLF""It .
RévorseVlisga [ M

D:m ruhn £

'S'J :Jrarr\g Tem:itra_mc

Tn—"l'll[:

I [

ETELL

140
w

=
_TJa=25C
[a=25'C

3} Electro-Cptical Charadtaristing [Ta=25"0]

Iem Symbal

Loadiven

Minmum

Wi

Feirveard VYollaoe Wi
Reviran Cutrenl

Tota Radiatiod Pores

Peak Wavciongs

Haif Wid bocaeo ]

Rifa Time

Fall Tirmnz

==shmA DG
F— %}D'r.ﬁ. "-—.-:I_.rn*

F=stimA BE

RERE TR

IF=edmd DG

[E=hiim A TF

|FLRmA DS

]

SN

4y
iy

nm
nm

4 Charactadstics of Radiant Intensity [Ta=257C]

L= g
Half angle

Ty b

dignt Intensity.
Mintmuns® |

Typical

= 108mA tp=20ms Lt mWFst |

Maximem

Figure

Culer Cimension
| Bimgnsor

La20-01 AL
| -am.n wr

_-_9_115--_@-!:’_%_1 .

Lo4n-roal

=0

+5*

=15
+a0
r

b !
i

B

e

-

=
S TR S o

L b el T

e 8

LG40-33AL 1= 4 B3 5
Ier 3ﬁ£\|| +30* | 2r i 10

+
=
45

Radiant intensity & measured oy Tﬁ‘rrrn‘-c J- ‘IE

Tola! Radatad Powor s msasirad B

y Shatodyne ghC0

A0R-330-0A50 (Ex*

Asa

MaruBeni America Corporation

845 Frasdam Clrsls, Soite 1900, Sania Clars

433-230-2685 [Faz ), salea@tent-lzd.cam

oA GEOS




BEess

L645-

[
o B W5 BL

_V High Bright Red LED Lamp

This-seres of LE4E- VW isen InSGaAlF LED mounted on & lags famis with a slear epoy lens
On forward bizs, it omits a band ol visibie gkl sl peske G45nam.
11 Specifications
(1) Thia material InZaal
(2) Peak wavelangin 64:-'1:'1 typ.
|2} Feckags Clear epowy esin
4y Lead frama Soltiared
I 2] Absolule Maximum Rasings
e Symbal |Maximum Rated Value! Unit  Ambisnt Temparatare
Power Dis:—:iuaiinﬂ S e Pt MY Ta=25C
Farward Curren |F a0 T | -T3=2 i3
'.l.-"B ) ____5 -.-;\}-“"?“. . d z';'l ':...-
Operating Temperaiure TorR --+L--+E*- el r Ta=2bC
Slorage _"I"f."nl"FLE! ET0 =3k =T 0 L5 T i
Soidering Temperatura | TeoL | 260 ] -

4] Electro-Diptical Sha
[lermn

raclerstics [Ta=25"0C
[ ‘Symshal

Carditiee Lmit

Forward Velfags Vi 2.0 =ty W

Reverse Currery }:]H: """""" ‘ N T

Tatal Fi.__ t.-_.._‘.:-d Powar | Po | E5 ] i

Peak Wavelength i,u 55 85 ITTERE | e

[zl Widia A 20 nm

4} Charatlanstics of Brightnass [Taz25°C]

lype ] viswing Braghiness IF=20mA unit mod. Suter Dimersion

‘iﬁ|f-':".l'lg!_l:' | Mimimum | Typical Maxirmum :lmer"vrnn| Flg jrer

LE25-01V 97 ' | 2000 ot | |

LEL. Srr A A 3000 g5 | 2

!-_'5.45 ey A0S ... B0 15, T A5 ‘ &

LBASLSY w300 L.....100 ' 23 :

Lodgoey, | 23" ] 1500 | L8

| 4509V |- 220 Longl 290 | s y
37 Shoel) Oval :

L645-10V =5° 1 8hoe @10 g

LB4533v | e so0 @3 S5

LA45 38V 240" | | 250 ) @3 | 10

L Brghinass s mgasused oy Tekiroppd J-18
{ Total Radialed Power is measured by Phoiodyhe #500

farubeni Americz Corporation
2045 Fragcom Tirgle; Suike 100, Santa Clars, CA D505

403-350-0850 [Sxl. 3230 408-335-0€55 (Fak)

sahEiEisth-led.com




FAIRCHILD Meovemiber 1905

| SEMICOMNOC O T M |

2NT000 / 2N7002 | NDS7002A
N-Channal Enhancement Mods Field Effect Transistor |

Gereral Deseriptinn Featiros

| Trese M Clanne! eahancament mosc lisld 292t rsnsess-e b Hobdenaly sal daziyn iy o G - |

are produosd bene Ssimn sy popeietany, high sall oy

SMOE techralieny. Thase treduste heve buon desigasd 1=

| minimize 57 Hale reziEiance whie povge ‘uggad raliesls, ¥ Rugged wi ralshie

and f2 & swiiching pardorranca Iy c2r be sl i st

Bpplicatons eaiving oe ls o A00m8 DN and zan | defeer

=iy bp I3 24 Thess prodysis ars 23miu by |
sutsd for v valisos ioe surend anatissiloos Rl o ume
f=n Walorconls, powae MOSFET cele aives anc olaer

| siehing apolaione: |

" Vollage conbroblsg sl Sl Fwiton

= Hint zakiraon sisant coypdEly

¢ e, T
= -—
| = i | |
e i =
25 as =]

| L ik SOT-23 5 |
O-EEEAT ]

2NTARITND ST N00A |
Absolute Maximum Ratings: 7 - 260 jrikes fifdmear

Symlm Ferame:ar PERLE T
Vo _FE-I""}: JPiA o a0 . - -':._. i |
|‘-'-.;== ‘Dran Gale Vollage (Mo, =1 M2 Bl W
J W, Gala-Sounc Vollece _T'_.'.'.-.'--_':..E - +37 o 3 W
7 : } —_— == e
o =1 = S
I | MammieBram Sora st o Conlliu s il i ZEL | 141 ‘
|_ | Pukeg - . 5 a6 A0 |
. auieiim Sower Uidsrpation 2133 1 i
‘ | Derated dhove 255 ] ,'-_ _ |8 _1 ] e ‘
Tirlaa Dperat |=. aiid dirRce -i-,..-. e Fange i - -5 350 I -FE :.«'1_-':. = "

T Meamun Leac Tempavaluie for Saldedra . 2 B>
1555

i"u-'-.'-.ﬁ.{nt 'I"ip'.lll.rlr L';_r.:e Trar (|0 ERANGS I
THERMAI CHARACTERIETIEE

i Thenrel Hesslanne, Juclion io-ATDen | o st hids ary =
| _ |

T Sl R £




Electricel Charactaristics | - s=re s slharvos ratad

Symbol | Parametsr Einm|t
| OF+ EHARLPTER IETICS .

T

| o wh
o
—_—

e i . - 1 i
T ]
o Vo s 450 A ] | 71 Fa
| - WaST0zA
e Voo =18 v L= BOfmy ihF a0 ; 3 o]
—_— ] o el S Bl
| I, =12E°'C I 1.3 B |

[ W =10, i = 5300 M) TNTER |
! ~ | =g
[ ¥ = S0 |- E S A [ 3
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Electrical Characteristics 1, =25c winss orene noss

Symacl  Pararcalss Cotian: Twpe Min | Tya | Max | Uafte

ON THARACTERESTIDE Contiin

Logen Dn-5Btzlz Drein Creeram Mo E S AL =0 ma [ I
. = 10w Vs 2 Wi |
Wor = TN, YW U SR |

b= ~orward Tranaconoustaness Ve, = BN, = 200, L=

DYHEWIT CHARACTERISTIZS

- | Tovpust il Vi =a38%, N =B R rh il nF

L o e 7o 10 HE i |

= Cripet Cepacrencs =i 1 o] oF

Heverse Transtar Capacitarsa Af s E [ opf

4 TurmeOa T Vo =N R e I

b= 50 M o =0 Y
R !
N ="3RN R= B0 2N a 70
| b 00 ma Vo £ RN ROSTT
| [Py, =13 -
- | T Time — i T 2 .
Ty .
[ [ .
| Toe R 20 |
.= 1Y |
| — I..__.. 3 e = |-
URAMN-BOURIE MODE CHARASTERISTICS ANO MAXIVLUM RATINES
| Maximu= Contausae PeamSeaurca Miode Foavard e 3 14 iy |
5 | - |
Iy Ehandinu e Bylsad-Drain-Sourse Diodis Foss - : T |
Wz Draln-firurne Thade Forward it = L= 5 .5 P .% = _._
Bimar =
FETR T TR Ly P & T8
|
|
i
|




Typical Electrical Characteristics
ENTAN0 L 2WTI0E | NDETDLA

o |3
1
sl
J

| o ERAIN SOLUACE CullFomi )

____,.-'-"" ____,.-'"'c'- 50 "':.:
: — ——
= nk —
d i |
e EME AL Sy e s mm Ty mE b 7 £ E :
ok g h Fo JTHIRCN DOESEWT 5

Figura 1. Or-Reglian Sharacleristics Flgure 2. COn-Reslslonce Varietion with Gate
VoRage and Drain Current |

i o
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5 — el e ——— L -
b ~E
- X ' | P |
| - Ti= 34 g =
— —a—
BR
[ zg | ——— e T
- { st o
£2 - — e =
U
_g. | m il
3 1. ¥ e
E g i — et |
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