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Abstract

Newharn jaurdice is when a baby has a high level of bilirubin in the bload. Bilirubin is a
vellow substance thal the body creates when it replaces old red hlnod cells. The liver helps break
down the substancc so it can he removed from the body in the steel. High levels of bilirubin
make baby's skin and whites of the eyes look yeliow, 1his is called jaundice

Any infant who appears jsundiced should have hiliruhin levels measured right away.

Recently, the method used for measure hilirubin level is an invesive method, which is not a
comfortable method for both infunts and doctors and . Doctors face many difficulties in take the
sample of blood from patients especially [rom infants. hecause of the small size of infant mteries.

This preject descrihes the design of an elecironiv instrament for measuring bilirubin by
the optical methed of light wansmission through the skin. There was the knowledge of light
rransmission and absorption on a specifie tissue compartment applisd. The relevant skin photo-
diagnostics handle 4550m and 575nm. The registration of rransmined light of different frequency
combinations presents the bilirubin quantily in human body by a non-invasive wey.
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Chapter One

Introduction

.1 Projeet Overview,
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1.5 Expected Outcomes.

1.6 Time Plane.

1.7 Project cost .




1.1 Project Overview

MNewborn jaundice i= when a hahy has a high level of hiliruhin in the blooad, Rilirubin is a
vellow substance that the body ervates when it replaces old red blood cells. The liver helps break
down the substance so it can be removed from the hody in the stael, High levels of bilirubin
make baby's skin and whites of the eyes look vellow. This is called joundice.

Any infant who appesrs jeundiced should have bilirubin levels measured righl away.
Recently, the method used for measure bilirubin level is an invasive method, which is not a
comibortable method for both infants wnd doclors.  Doclars face many difficulties in ke the
sample of blood from patients especizlly from inlanis, because of the amall size of infant arteries

The iden of this prajeet is to design a medicel diagnostic instrument that has the ability o
neasure the bilirubin non-invasively, The measuring system will depend on the eptical method
if hipht refleciance through the skin

1.2 Praject Motivations

I he method wsed in hospitals for measure ol bilirubin level i5 an invasive method . Doctars
face many difficulties in take the sample of blood from infants because of the small size of infant
arteries,

1.3 Project Objectives
The main ohjective of this prejeet is to design and Tmplement a Mon-lnvasive technique for
silimbin measurement with the lellowing featurss:

o Less risk imnfections or osteomyvelitis

s [lasy to use for doctors and nurses,

s  Could be used at hame,

s Simpler & Cheaper than current bilirubin measurement devices.

1.4 Literature Review

Current technologies allow us to determinge the value of hilirubin using several methods.
both invasive and non-invasive; each method has advanlages and problems as follow:




% Invasive Methnods:

Figure 1.1 ; Invasive method

Muost clinically used methods for the determination of bilimihin and its conjugates are
sms=d on its reaction to diazotized sulphanilic acid. It is based on the creation of azodves. the sn
called azobilirubin that acts &8s an avid-basic indicator,

Later, there were varinus forms and conjugates of bilirubin found. 1t is based on oxidation
with oxvgenia the green hiliverdin catalysed by hilirubin oxidase. One of the other options is to
Scterming bilirubin visbiliverdin afler oxidation by vanadic deid, This resction is based vn the
Lnown oxidation of yellow bilirubin to green hiliverdin. Fhis allows for the deterinination of the
toial and the direct biliruhin [1].

= Non-Invasive Methnds

Many developments on non-invasive bilirubin measurement devices eccurred in the last
few decades, trying to salve many problems in both technical and practical sides, none of them
could combine the simplivity, quality, and lrugality in the same time. [2]

I'he Tirst attlempts of non-invasive bilirubin messurements took place in 1960, Gosset
seceribed the use jcrerometsr at that time. This device, based on reflectance measurements, was
emsuitably sensitive and specitic and provided reproducible results al the rate of 20 1o 40%,

Ihe first advanced and eomplicared device for non-invasive measurements of hilirubin
w2 launched in 1980. This instrument provided a numerical index requiring the correlation of
serum bilirubin, The device required Basal measurements of serum bilirubin.

The Bili Chek unit measures within the wayvelength range from 380 to 760nm and uses more
than 100 reading points. This allows corrections by interfering tactors such as hemoglobin,
melanin and the skin thickness, 'The disadvantnoe relates tethe need to use a clean removable tip
for 2ach measurement and that increnses the cost of measuring significantly. [1]




= Invasive Methndx:

Figure 1.1 : Invasive method

Most clinically used methods for the determination of bilirubin ard its conjugates are
sused on fts reaction to digzotized sulphanilic acid. It is hased on the ercalion of azodyes. the 3o
called azobilirubin that acts as an acid-basie indicatur,

Later, there were various forms and conjugates of bilirubin found, 1 is based on exidation
wih oxypento the green biliverdin catalysed hy bilirubin osidase. Ong of the other options is o
setermine bilirubin viabiliverdin after oxidation by vanadic acid. This reaction is based on the
smown oxidation of yellow bilirubin to green biliverdin. This allows for the determination of the
ozl and the direct bilirubin | 1.

= Nono-lovasive Methods

Many developments on non-invasive bilirubin measurement deyices occurred in the last
“ow decades. trying 1o selve many problemss in both technical and practical sides, none of them
cculd combine the simplicity, quality, and [rugality in the same time.[2]

The fust atiempts of non-invasive bilirubin measurermants took place in 1960, Gossel
s=scribod the use icterometer at that time. This device, based on reflectance measyrements. Was
smsuitably seasitive and specific and provided repraducible results &l the rate of 20 to 40%.

The first advanced and complicated device for non-invasive messurements of bilirubin
“as launched in 1980, This instrument pravided a numerical index requiring the correlation aff
serum hilirubin. ' he device required basal measurements of serum bilimubin.

the Bili Chek unit measures within the wavelenglh range from 380 10 760nm and uses more
“anl0f reading points. This allows corrections by interfering factors such as hemoglohin,

=s=ianin and the skin thickness. The disadvantage relates to the need (o use a clean removable tip
“or cuch measurement and that increases the cost of measuring significantly, [1]




1.5 Expecled Oulcomes
According to our expectations, the intended device will be cheaper, simpler, eusy to use, and

mave very small expected error. that provides reliable care alier newborns within the postnatal
care.

1.6 Time Table

The project time is distributed as follows:

Takle 1.1:Time table

L7 Project Cost

The cost of project components is provided in the table below,

T 3 Q E.ii'l' = E e . S
180 % 2 Optical sensors (fransmiter)
0% i Optical sensors (reciever)
205 e Amplifiers
| s 30 Resistors
108 I3 Capacilors
208 3 [ Filters
1008 1 Interface
5208 Total i

Table 1.2-Praject Cost
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“hysiological Background

1 Bilirubin
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2:1.1 Bilirubin Delinition
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2.3 2 Dlond tests
2.3.5 Bloed levels
2.4 Mechanism of Action
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2.5.2 Abmarmal vesult far Bilivahin test |

2.6 Bilirubin Complications




=1 Bilirubin

2.1 1 Bilirnbin Definition

Bilirubin is a yellow pigment that 15 in evervoneg’s blocd and stvol. When old red Blood
= are broken down bilirubin is made in the body, The breakdawn of old cclls 1= a normal,
ceithy process. After circulating in vour blood, bilirubin then tavels to your liver. In the liver,
Sabin 1 excreled into the bile duct and stored in yvour gall bladder. Eventually. the bilirabin is
wizssad the small intestine as bile to help digest fats and excreted with vour stool at the emd. |3]
Bilirubin attached to sugar is called “direct” or “conjugated” bilirubin. and hilirubin
Sout sugar 15 called “indirect” or “oncenjugated™ bilirubin. All the bilirubin in your hlood
pe=mher 15 called “towal™ hilirubin[1]

2.1.2 Biliruhin Chemistry

Bilirubin consists of an open chain of [our pyrrole-like rings (fetrapyrrole). In heme,
S four rings wre connected into a larger ring. called 2 porphyrin ring . As shown in figure

Figure 2.1: Bilirubin Chemistry

Hilirubin is very similar 1o the pigment phycobilin used by certain algae to capture light
e and 1o the pigmenl phylochrome used by plants to sense light, All of these conlain an

e chain of Tour pyrrolie rings.

Like these other pigments, some of the double-bonds in hilirubin isomerize when
sl 1o light. This is used in the phototherapy of jaundiced newbumns: the E,Z-isomers of
s fermed upon light exposure are more soluble than the unilluminated Z.Z-isomer. as the
sy of intramelecular hydrogen bonding is removed. This allows the exeretion ol
menmesied bilirubin in hile, [2]




2.1.3 Bilirubin Funciion

Sam ‘*-n is crealed by the activity of biliverdin reductase on biliverdin, & green tetrapyrrolic bile
mement that i= glso a product of heme catabolism. Bilirubin. when oxidized, reveérts to become
in onee again. This cycle, in eddition to the demenstration ol the potent antioxidant
ity of bilirubin, has led to the hypothesis that bilirubin's main physiclogic role is as a

sellular antioxidant, | 3]

- .~_.|.-i

== Bilirubin Produciion and Metabolism .

2.2 .1 Biliruhin Praduction

Bilirubin Metabolism

WHEME + Gichin

LIPTRAKE it 1

,‘_Jl ALAUN

LIRS ORADATED
o

= T BILIRUBH
i | LDRSOUBIE M :
===ty !

]

Figure 2.2: Biliruhin metaholism [4]

Bilirubin is the terminal product of heme metabolism. [leme is present in hemoglabin and

= ather oxidative compounds such as hepatic mitochondrial and microsomal cvlochromes. As

a in figure (2.2} . Thos plasma hilirubin i part erythropaictic and part non-erythropoietic.
Spproximately, 85 %o erythiropoietic and 15% non-ervthropuoietic.

The erythropoietic fraction originates from two sources: the circulating normal aging red
. and the immature defective red cellz of the hone marrow, The daily production of bilirubin

230 10 350 mg.[4]




Shunt bilirubin is called that portion that does not originate from senoseent cireulating red
==iis but ariginates fram immature and defeetive ted cells (7%) and from non- hemoglabin heme
=empounds, particularly from hepatic cytachromes and from myogiobin.

Shunmt bilirubin may be markediy alevated in certain pathologie states: sideroblastie
snemea, megaloblastic anemia, eryihrolevkemis, lead poisoning and a congenital disorder called
dicpathic dyserythropoietic jaundice”. The patients affected by this condilien do not heve
semolysis. They have hyperbilirubinemia uad jaundice. The hyvprhilirubinemia is due 1o shunt
Salirubin.

Bilirubin from ervthropoieticheme is produced by monoeyiic macrophages, reticula-
sndothelium. in every argan but cspecially in the spleen, liver and bone marrow in arder of
mporance.. The bilirabin from nan-crythropoietic hepatic heme js produced in the heputocyies,

The tetrapyrrolic ring of hume is broken by an uxvgenase at the alpha bridge, the bond
wtween the two carbons opposite 1o the gamma bridge which is between the two carhons
—sving the two prapionic acids, The tetrapyrralic melecule friom a Fing 15 transformed into a
=rapyrrolic chain withey! iron. | 5]

2.2.2 Bilirubin Metabolism

|

Heme

rE—
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Bifjweredin -
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Figure 2,3:Heme metabolism

Rilirubin circulates in the bloodstream in twe forms As shown in figure (2.3




* Indirect (or nnconjugated) bilirubin : This form of bilirubin docs not dissolve in warer
(itis insoluble). Indircet bilirubin travels through the bloodstieam to the liver, where itis
changed inte a soluble form (direct ar conjugated).

Direct (or conjugated) bilirubin : Dirset bilirubin dissnlves in water (il is soluhle) and
is made by the liver from indirect bilirubin,

fotal bilirubin and dicect bilirubin levels are measured directly in the hlood, whereas indirect
*rubin levels are derived from the total snd direer hilirubin measurenents,[6]

=3 Lrine tests , Blood tests and Blaod levels,

2.5.1 Urine tests

Urine bilirubin may also be clinically signilican as shown in figure (2.4) . Bilirubin is not
sormally detectable in the urine of healthy people. It the bload level of conjugsted hilirgbin
secomes elevated, due ta liver diseasc, excess conjugated hilirubin js exereted in the urine.
=Sicating a pathological process. Unconjugaied bilirubins is not water-soluble and so is not

creted i the urine. ‘Tesling urine for both bilirubin and urebilinegen can help differcntiate
sstructive liver disease fram other causes ol jaundice.|5]

Figure 2.4; Bilirubin urine rest

21.3.2 Blood tests

Bilirubin is depraded by light. Bload collestion Lubess containing blood or (especiallv)
wrum to be used in bilisubin #s5ays should be protected from illumination. For adults; blood is
Socally collecred by needie from @ vein in the arm, In newhorns, blood is ofien cellected from a

9




w==istick, o technique that yses g stnall. sharp blade to cut the skin on the infant’s heel and collect
¢ few drops of blood inl a small tube as shown in fipure (2.5) . Non-invasive technology is

siailable in some health care facilities thal will messure hilirubin by using an instrument placed
= e skin (transcutaneous bilirubin meter) &

Figure 2.5; Bilirubin blood tes)

irushin fin bload) is in une of two forms:

lotz] Bilirubin ("TBH.") measures hoth
o= measured from the blood,
Brlirubin.

- Indirect bilirubin is faz

BL and BC. Total and dirsct bilirubin lev

vls can
hut indirset bilirubin is caloulated fror

1 the total and direct
-suluble and dircet bilirubin s water-soluble,[6)

=23 Blood leveals

Bz bilirubin level found in the hody e
e, Blood test resulis shouly always
asoratory that performed

flects the balance between production znd
be intcrpreted using the reference range provided by
the test, but tvpical (0.3 to 1.9 mpiiL) for &

dults and (340 jmola )
mew borns [ 7]
Table2. 1 Bilirubin fevels in adults |
] Ei!irubi_n ty; . = _Hiaub;h;'rg-_ -
3 = '_.?:‘.‘;‘fl.'i_-__ — T 0.0-1 o

0.0-1.4 mg/dl or 1.7-20.5 umalsL !
Bect belirubin 0.0-0.3 mgdl or 1.7-5 pmelL _J
== = — — o |

- il

lirubin | 0.2-1.2 mg/dl. or 3.4 -20.5 ymolL

10




—= Mechanizm of Action

Analysis of blood serum, trenscutanecus measurcment, and clinical are all pussible
s for hyperbilirubinemia disgnesis. The standard method for bilirukin rieasirement js
performtance higuid chromatography used en blood serum. [8]

- = Normal and Abnormal result for Biliruhin test
2.5.1Normal result for Bilirubin test

Laboratory test results may vary depending on vour ape, pender, health history, the
ol psed for the test, and many other Bactors

we normal result may be include

Adults: 0.1-0.3 mg/dl. (1,7-5.1 micromol/ L)
Neonates: <1 mg/dL with normel total bilirubin |

=1 Abnormal result for Bilirubin test

® an adult, high bilirubin may be due to problems with the liver, hile ducts, or gallbladder,
ammples include:

drug loxicity

liver diseases like hepatitis

Gilbert’s disease (a genctic disease affecting some families)

curhosis (scarring of the liver)

biliary stricture (part of the bile duct is oo narrow (o allow fluid ra pazs)
vancer of the gallbladder or pancreas

zallstones . [10]




Figure 2.6 : Newhom sufter from Rilirubin
seer cause of high bilirubin mav be due to problems in the bluod instead ol prohloms in
e The figure (2.6) newhom sutfer fiom Bilirubin shows Blood cells breaking down 100
e be caused by:

% Hemolviic anemia.

o0 many bloed cells heing destroyved from an autoimmime discuse,
Crenetie defect,

Drug toxicity,

Intection

% Transfusion reaction
5 patient immune system can sttack some blood given during a transfusion,

= &8 iofant, high bilirubin and Jaundice can be very dangerous, and mey bhe caused by
WS faciors. There are three common Lypes:

* Fhasiological jsundice : at 2-4 days after birth, caused by 2 brief delay in the functioning
of the liver. usunlly not serious.

*  Seeast feeding jaundice during first week of life, caused by &4 baby not nursing well or
v milk supply in the mother.

= Bresst milk jaundice @ after 2-3 weeks of life, caused by the processing of some
sebstances in breast milk.[9][11)

WS oF Sesc can be easily treated and are usually harmless il treated, Some more serious
seessas that cause high bilirubin and jaundice in the infant:




Abnormmal blood cell shapes (like sickle coll anemizx)

Hloud 1ype mismatch hetween infant and mother (called ervthroblastosistztalis)
= Lack of certain imporianl proteins due to genetic defects

= Dizeding in the sealp due to a ditticult delivery

= High levels of red blood cells due to small size, prematurity

= Infections

A |

= 5oih adults and children, symptoms related to high bilirubin involve jaundice, a vellowing of
S skin or eves, [atipue, ichy skin dark urine. and low appetita [§]

~& HBilirubin Complications

Bilirubin is texic 1 cells of the brain, If a baby has severs jaundice, there's & risk of
Tomin passing into the brain, a condition called acule bilicubin encephalopathy, [10][12]

w8 will eause a kernicleras ,which is a syndrome that nceurs if acute bilirubin encephalopathy
sses permanent damage (o the brain, Kernicterus may result in:

.

Inveluntary and uncontrolled movements (athetoid cerebral palsy)
# Permanent upward gaze

# Hearinge foss

Improper development ol 1ooth enamel .

¥
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I'his chapter will illustrate the design and the principle of operation of the device, and the
sements used. The basic concept for measuring bilirubin in this device is “the optical method
of Bght trunsmission” through the skin.

=1 Principle of Operation

Photometric measurements are based an direct measurements ar the wavelength of
so5mm. which iz the absorption maximum of bilirubin, Bul there exists many other pigments of
sesilar colors und reactions as bilirubin. Measurcments may be also interfered by the prescnve of
SrBzemoglobin, which is aften hemolytic and absorbs lipht at the wavelength of455nm, These
Wierferences supnressed by the working process. by measurements taken al (wo wavelenpgths of
855 and 375nm. The bilirubin concentrations are found from the ahsarbeney differences. The
== wavelength (4550m) corresponds (o the bilirbin content and the second (375nm) ta the

syhsemoglobin content,

“=  System Block Diagram

\
= 712 Y] wee || 1eF |- BRr

##| | (] HpF | pF || BRE

ARDUING
LD p—y

Figure 3.1: System Block Diagram




A3 Amplifiers

An electronic amplifier is an eleetronic device that increase the power of a signal_ 1t does
this by taking encrgy from a power supply and controlling the culput to mateh the input signal
“hape but with o larger amplitude. In this sense, an amplificr modulates the output of the power
upply to make the oulput signal stronper than the input signal.[13)

Amplifier quality is characterized by 4 list of specifizations that includes:

> Gain: the ratio between the magnitude of vutpur and input signals

#  Bandwidth: the width of the usstul frequency range

- Efficiency; the rativ between the power of the output and Lotal powsr consumplion
= Linearity: the degree of proportionality between input and oLiput .
»  Noise: a measure of undesired noise mixed into the output

= Qulput dynamic range: the ratio of the larmest and the smallest usefil autput levels
= Slew rater the maximum rate of change of the output

= Rise time, settling time, ringing and overshoot that characterize the slep response

= Stability: the ability to avoid self-oscillation

Ty pes of amplifier

331 Iuverling amplifier
An inverting amplifier inverts and scales the input signal @5 shown in Figure (3.2} . As lomg
= e op-amp gain is very large, the amplifier gain is determined by two stzble sxternal resistors
=« leedback resistor Rrand the input resistor M) and not by sp-amp parameters which are
s2hly temperature dependent .[13]

332 Non-lnverting amplifier

The second basic configuration of an operational amplifier circuil is that of a Non-
wmverting Operational Amplifier as shawn in Figure (3.2)  Tn this cenfiguration. the inpul
volinge sipnal. ( Vin ) is applied directly Lo the non-mverting | + ) input terminal which
means that the vulput gain of the amplilicr becomes “Positive™ in value in contrast to the

“Inverting Amplifier” circuit we saw in the last tutorial whose Outpur gain is nugative in
value. The result of this is that the output signal is “in-phase” with the inpul sipnal |




333 Difference Am plifier

\ differential amplitier is g Lype of electronic amplifier thar smplifies the difference between

S Wput valtages bul suppresses anv vollage common 1o the we inputs as shown in fgure

“SL It is ananalog circuit with two inputs Yin and Vit and one output Veae in which the
st s adeally proportional 1o the difference between the twi vollages.

Vour = A(Viy V)

whers A is the gain of the amplifier.[11]

3.3.4 Instrumentation a mplificr

Instrumentation amplifier as showr Figure (3.5) is a Lype of differential amplifier that has
wees owtfitled with input huffer amplifiers, which oliminate the need for inpur impedunce
m=sching and thus make the amplifier particularly suitable for yse in measurement and test
ssspment. Additional characleristics include very low DC offsel, low drifl, low noise, very high
pen-loap zam, very high common-mode rejection ratin, and very high inpul impedances.
ssumentation amplifiers are used where grent accuracy and stability of the circnit both shart
¢ mg-term are required,

N

The electronic instrumentation amp 1s almost always internally composed of 3 Jp-amns,
“Sese are artanged so that there is one op-amip to buller each input (+~). and one 1o produce the
smed output with adequate impedance matching for the function. [13]

* & Beer Lambert's Law and Related Equations

Beer Lamberls Law relates the absarplion of light 1w the properties of the materjal
wemagh which the light is travelling. When light with specilic wavel¢ngth (455nm and 375om)
s=es through the solution (here is vsuslly @ quentitative relationship hetween the solute
~eentration and the intensity of the transmimed light. The amount of light absorhed by the
wesium (solution) is proportional to the concentration of the absorbing material or solute, Alsa,
~ambert describes how an inlensity change with distance the amount of light absarbed by the
medium (soluticn) at a given wavelength is propartianal to the path length uf the light || 14]

e e



absorbing sample of
concentration ¢

= — pathlengthb —=

Figure 3.2: Becer Lambert Law

= sbsorbance of solution at given wavelength is releted to:
2} Path length

=) Concenlration of solute.

‘ransmittance (1) is passing of light through the sumple.

I
L]
!

|
(3.1)

wmeres Iyls transmitted out light intensity. f.,is original lizht intensity.

Absarbance (A)

is the amount of light absorhed by a sample (the amount of light thar
d0es nat pass through the sample),

1
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log,
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Beer Lamhbert's Law
Al =L=(})-C (3.4)
Where:
A Ahsorbance,
L : Oprical path length
£ : Absarplivity of hilirubin
C Coneentration of bilirubin

The Dgurs (3.10) shows the relationship between path length & transmission , figure (3.11)
wows the relatiouship between pathlength & absorbunce . and i pure (3.12) shows the
w=lationship between concentration & absarhance [15]]16]

\.".l.‘ 1.4 -.___,.f
H‘ -t 1“."‘.. { 2 ---} - /
B0+ N A 1.0 5
=T . o8 P
40 ne =
2.5 o
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0 : ; : . i a ! 27 t t : |
] g2 b4 Od BB 1 O oz 0.4 06 Dag 1
Pathlangth/ cm Pathlength / cm
() (b)
o~ .-"r- A
s 4
A Ve
.'f-
|-'II-’
L
Concentration (c)

Figure 3.3 () 'tansmission va. Pathiength . (b): Absorption vs, Pathlength () Beer Lambeart
Law..
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2.5 LM741 Operational Amplifiers

The LM741 (Tigure 3,14} series are generel purpose operations! amplifiers. It is imended for 3
“ide range of anzlog applications. The high zain and wide range of operating voltage provide superior
serirmance in integrator. summing amplifier, and general feedbuck apolications. 1t will be used in
ANeTing stames

Figure 3.4: | M74]

36 LETs,

As illustrated in section "Principle of Operation'(section 3.1 ), Photometric measurements
e based on direct measurements of two wavelengths at 455nm and  ar 573nm . The bilirubin

soncentrations are found [rom the absorbency differences The first wavelength colresponds
s=inly to the bilirubin content and the second wavelengih to the oxvhaemaglobin conlent .

J6.1 LED 455nm (VAQL-5GSBY4)

We used this LED at 455 nm in onder to get Bilirubin content . The LED that we used
& its speeilication shown in figure (3.5),
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Figure 3.5: (u) LED 455nm (VAOL-5GSE Y4). (b)Emit jon angle. (e)wavelength vs. intensity

~4&2 LEI}575nm {TLHGS400)

We used this LED 4t 375 fim in order to get axvhaemeelobin content . The T ED that we |
s and its specification shown in figure (3.6). ll
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Flzure 3.6: (a), LED 575nm ( TLHGS400). (b)Emit ion angle. (c) wavelength v, intensity,

2.7 Light Dependent Resistor (LDR)

A Light Dependent Resistor (LDR) as shown in figure (3.7)or a photo resistor is a device
hose resistivity is 2 function of the incident eleciromagnetic radiation. Hence, they are light
ensitive devices. They are also called as photo conductors. photo conductive cells or simply
~ootocells. They are made up of semiconductor materials having high resistance. There are many
“iterent symibols used (o indicate a LDR, one of the most commaonly used symbaol is shown in
i figure below, The arrow indicates light falling on 11, [17]

Figure 3.7: LDR Shape
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LDR werks on the principle of pholo comduetivity. Photo conduetivity is an oplical
phenomenen in which the materials conductivity (Henee resistivity) reduces when light is
zbsorbed by the material,

When light xlls as when the photons tall on the device. the electrons in the valence band
of the semiconductar material are excited to the conduction hand. These photons in the incident
light should have energy greater than the band gap of the semiconductor material 10 make the
clcetrons jump from the valence band to the conduction band, Hence when lighl having enough
energy is incident on the device more & mare electrons are excited to the conduction band which
resulls in large number of charge carriers. The result of this process is more and more current
starls flowing and hence it is said that the resistance of the device has decreassd [This is the most
commaon working prineiple of LDR

I.DR"s are light dependent devices whose resistance decreases when light falls on them
and inereascs in the dark. When a light dependent resistor is kept in dark, its resistance is very
fBigh. This resistance is called as dark resistance. Tt can be as high as 1012 . And il the devics is
sllowed to absork light ity resistance will decrease drasticolly. If a constant voltage is applied to
iand intensity of light is inereased the current stans increasing. Figure below shows resistance
v5. iluminalion curve fora particular LR,

Cark Daylight  Sunlight

ol | |
Resistance N E |
(€2) : gl :
10 i | fee
0.1 ILLUMINATION 1000
(LUX)

Figure 3.8: L.DR characteristics

LDR’s are non lincar devices as shown in figure (3.8). There sensitivily varies with the
savelength of light incident on thewi. Some photocells mighl not at all respense to a certain
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range ol wavelengths. Based on the material used different cells have different spectral response
curves.

When light is incident on a phetocell il usually takes about B o 12ms for the change in
esistanee 10 take place, while it takes seconds for the resistance to rise back again o its initial
value ptier removal of light. This phenomenon is called as resistance recovery rate. 'This property

s used inaudio compressors.

Also, LDR's are less sensitive than photo diedes and phote {ransistor, (A phote diode and
¢ photweell (LDR) are not the same, a phato-diade is a p-n junction semiconductor device that
converts light to electricity, whereas & photocel] is & passive device. there is no p-n junction in
S nor It Yennverts” light to electricity),

LDR s have low cost and simple stracture. They are oflen used as light sensors, They are
wsed when there s a need to detect absences ur presences of light like in a camera light meter.
sed in street lamps, alarm clock, burglar alurm circuits, light intensity meters, for counting the
packapes moving on a convevor bell, e[ 17]

25 Arduino

Arduine is an open source hoard microcontroller, Arduine 1s designed to make electronic
more accessible to artists, designer, hobbyisis and anyone inlerested in creating interactive
shjects or environments.[ | 8]

Arduire can sense the environment by receiving input from & variery of sensors and can affect its
sarroundings by conwolling lights, meters, and other actuators. The microcontroller on the board 13
wogrammed vsing the Arduino programming language uses a simplified version of C++. The fgure
+9) shows Arduine UNO chip [18]

We want 1o use Arduine in our project hecause the PIC is a chip, while the Arduino is a
wmplete cirevil board with power supply, 10 headers, easer to decal with, and easer in
srogramming
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Figare 3.9: Arduino UNO chip
39 LCD

LCIY (Liguid Crystal Display) screen is an eleztronie display module and find a wide
mnee ol applications | as shown in figure (3.10) . LCD's arc available in various shapes and sizes
=cpending on the configurations. In our project we need 10 2 16x4 LD shown in the figure
selow . It s capahle to display any character with ASCI values ranging from 0 to 255,[19)

ABCDEFGHT TKLMNOR
sbhcdefahi ik Impoe

URSTABCDEFGHIJKL
 Arstabodefahidk]

Figure 3.10: 164 LCD Pin Diagram
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41 Owverview

In this chapter will deseribe system connections and caleulations.

<2 LED Driving Circuit

I this section will show LT and photatransislor con

nections and calculations far bath
45%nm nnd 373nm

4.2.1 Constant current source for driving LEDs ar i ~ 455

A simple potential circuit for achieving this is shown in Ggure (4 1) in which an op—amp

s combined with a hipolar transistor.,

12y

Figure 4.1: Consant Current Source at 445nm

VE=33V ;Ir=20mA

Vie=VE
R
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=42512

LF 20 ma




422 Constant current source for d riving LEDs at =375 om

The figure (4.3) shows constunt current source for driving LEDs ar s — 575 nm

3l

Figure 4.2: Constant Current Source at 5750m

F=24V :IF=10mA

— _ ¥ee-UF)
. 2 M

R
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IFi 0 miad

43 Tigh Pass Filter (HPT)

It is un electronic filter that passes high frequency siznals but attenuates sigmals with

Tequencies lower than the cuoff frequency. The sctual amount of aticnyation for each frequency

varies from filter to filter . The filier that we used shown in figure (4.5) .
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<4  Low Pass Filter (LPF)

5 a filter thut passes signals with a frequency lower than a certain cut off trequency and
sienuates signals with [regquencies higher than the cutaff frequency, as shown in figure (4.6) A

v-pass filler is the oppasite of a high-pass filter,




4.5 Dand Reject Filter (BRF)

BRI filter passes all frequencies above and below a particular range set by the

component values, as shown in figure (4.7) . Nat surprisingly, it can be mnde vut of a lovw-pass
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4.0 Circait Design




4.7 System Flow chart




4.8 System Software
smclude <l iguidCrystal.h=
pt [ ETESS = &;

il

™ 3




float PT2_ LEDI, R1=0. PT2 1.EDL_R2=0, PT2 LEDL_R3=0, PT2_LEDI, R4=0,
PT2_LEDI. R3-0;

float SUR_PT2 R1=0, SUB PT2 R2-0, SUB PT2 R3-0, SUB_PT2 R4=0, SUN_PI2 RS=0;
floar AVG_PT2-0;

Hoat Absorbd35=0, Ahsorh375=0,1 Ahsorb=0:

Mozt Billirubin_Consentration=0,[=34870;

LiquidCrystal ledi12, 11, 5,4, 3. 2);

void setup( )]

pinMode (LED4SS OUTPLT):

pinMode (LEDSTS OUTPI):

Seriul.begin(9600);

led begin{ 16.4);

void laop ()4
led setCursor( 1.0);
ted print{'"Non-Invasive”):
ted setCursor{ 1.1 );
led.print{ "Medical Svstem"):
led setCursar(1,2);
led. print{™for Measuring™):
led.setCurson(1.3);
led. print("Bilirubin™);

delay(5000);

led.clear(});

delay(7500;
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led.setCursar(0,0);

led.print("Please Make Sure").

led zetCursor(0.1}:

ledoprini(" That Nothing in");

led. setCursor{,2);

led.print"Finger Champer'):

delay(3000),

led.clear();

delav({ 1000);

led selCursor(0,0j;

ted printi"Taking Initial ");

led setCursor(0,1);

led,print("Measurments™):

led.setCursor((,3);

led. prinmt("Please Wail..."):
digitalWrite(LED435 TTIGH);

NE_PIT_LEDI _RI=analogReadiPhoTrans!);
delavi300});

digital Write{I.ED455 LOW);
NT_PTI_LEDL_Rl=analogRead(PhoTrans 1 ):
delayv{300);

NF_SUB_PI1 R1=NF PT1_LEDI_RI-NF PTI_LEDL Rl
digital Write{ LED455 HIG11):

NE_PI1 LEDH RZ-analogRead{PhoTrans 1)

delay( 300},
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digitelWrite(LED455. LOW);

NF P11 LEDL R2-snalogRead(PhoTransl);

..

—



] NF_AVG_PTI=(NI_SUB_PT1_RI+NF_SUB_PTI_R2+NF SUB PI1_R3 /NI SUB PTI1 R4
~NF_SUB_PT1_R5)5;

digital Write( LEDS75,HIGH),
NF_PT2_LEDH R |=analogRcad{*ho I'rans2);
delasi300);

digital Write{ LEDYS75.LOW);

NE_ P12 LEDL Rl=analogRead{PhoTrans2);
delaw(300%,

NF SUB PT2 RI-NF_PT2 LEDH RI-NF PT2 LEDI. Rl

digitalWrile(LEDS 75 HIGH):

NF PT2 LEDH R2-analogRead(Phol rans2);
delny(500):

digitalWrite{1 EDS75.LOW);

NFE FIZ_LEDM, R2=analogRead(PhoTrans2):
delay(300];

NE_SUB PT2 R2=NF PT2 LEDH R2-NF PT2 LEDL R2;
digitalWrite(LEDS75. HIGH),

NE PT2 LEDH R3=enalogRead(PhoTrans2);
delay(300);

digital Write(LEDS75. T.OW):

NF_PTZ LLEIN. Ri=analogReadiPho'lrans2);
delay(300Y):

NF SUB_P12_R3=NF_PT2_LEDII_R3-NT_PT2_LEDI._R3;

digilal Write( LEDS75 T1IGIT):




NI'_PT2_LEDH_Rd4=analogRead(PhoTrans2);
delay(500);

digital Write(LED375,L.OW);

NE_PI2_LEDL_ Rd=analogRead({PhoTrans2):

delay(500);




led. setCursor(0.0);
led.print("Taking");
led.setCarsor(0.1);
led pring"Measurments "y
led setCursar{0.3);
led.print("Please Wail,..");
digitalWrite{LED455 111GH):
PTI_LEDH Ril=analogRead(PhoTransl);
delay(300};
digitalWrite{LED455.1. OW):
FI1 LEDL Ri=analogRead{PhoTrans!);
delas (3000,
SUB_I'T1_Ri=PIl LEDH RI-PTI_LEDL RI; y
digitalWrite{L ED455 HIGIH):
PTI_LEDH _K2=-pnalogRead(Pho'lrans]); I
delay{ 300},
digital Write{ LED455, LOW )
FI't LEDL R2=analngRead(PhoTrans|):
delay(5007:
SUB PTI_R2-P11_LEDII R2-PTI LEDL RZ:
digital Write(T. E1455, HIGH);
PT1_LEDH R3=analogRead(Pho'lrans]):
elay(200);
digitalWritc(LED453, LOW);

PT1_LEDL R3=analogRend(PhoTransl);

A1)




delay(500);
SUB PI1_R3=PTI_LEDH_R3-FT1 LEDL_R;
digital Write(LTD455 HIGIH):;
PT1_LEDIT_R4-analvgRead(PhoTrans]):
dela{300);

dipnalWrite(LED453, LOW)
U1_LEDL_Rd4=analogRead(Pha Trans 1):
delav300);

SUB_PTI R4=PTI_LEDH R4-PTI_LEDL R4:
n:.'!igimlﬂ*’ri[:{LEDdiﬁ,Hiﬁ|'I]I'.

PTI LEDH_RS5=analogRead(Pho T'rans1):
delay(500);

digitalWrite[LED43 5, LOW);
PL1_LEDL,_RS=analogRead(PhoTrans1):
delav(s00):

SUB_PI'1 RS=PT1_I EDI1 R5-PTI_LEDL_RS:
WG PTISSUB_PTT RISUB PLI_R2+SUB PI1_R3+SUB PT1_R4-SUB PT1_R3)s:
digital Write(LTD3 75, 1IGH):

FIZ_LEDIH_R t=analogRead(PhoTrans2);
delav{500):

digilalWrite(1. EDS75,LOW):
PTZ2_LEDI._Rl=analogRead(PhoTrans2):
delav(500);

SUB_PT2 R1=NF_PT2 LEDII RI-NF PT2_LEDL Rl

digtal Write(LEDS 75, HIGTD:
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FTZ LEDH. E2=analogfead (PhoTrans2):
delav(300):

iital Weita ] TTISTS T CI




delay(500);

SUB PI2_RS=PT1_I FDH_RS-P12_LEDL R5:

AVG_PI2=(SUB_PT2_R1=SURB PI2 RI+SUB_PT2_R34SUB PT2 R4'SUB PT2 RS)/S:
Absorbi55=log{NF_AVG P11/AVG_PTI),
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5.1 Low Pass Filter

e low pass filter (Figure 5.1) is construeted and connected with de voltase source with
IV P-P with virying frequency fo insure of frequency [iltration ranec, and the resulis are
obtained as recorded in table (3.1) and shown in lgure (5.2).

Figure 5,1: Low pass filter

Table 5.1: LPF Out Voltage vs. Frequency

Frl.:qui:nw‘ 2|5 (10|20 30] 40 [ 56 | 80 | 100 | 150 ‘ 00 | 300
(Hz) [ | .
Voltage | 1 1 1 1 I | 0.780 [ 0.550 | 0.280 | 0.240 [ 0.130 | 0,128 | 0.96
Np-p
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Figure 5.2: LPT DutVoltage vs, Frequency curve
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52 High Pass Filter
I'he high pass filter (Figure 3.3} is constructad and connected with de voltage source
with 1V P-P with varving frequency to msure of frequency filtration range. and the results are

ebtained a5 recorded nlable (3.2) and shown in Nigere (5.4).

Figure 5.3: High pass filter

Tauble 5.2: HPF Out Voltage vs. Frequency

Fregqueney 02 04 0.5 i 5 i) 5
i1z) e
WVillage 0280 0.720 1.06 1.48 1.6 1.54 1.5
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Valtagc 1.54 | ] 1.56 1.56 1.56 1.56 1.66
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|
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Figure 54; [IPT OutVoltage vs, Frequency curve
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533 Bund Pass Filler

The BFF consist of LPF and 11PF connecied together. BPF is constructed and connected
with de voltage source with 1V P-P with varving frequency to insure of frequency filtration
range, and the results are obtained as recorded in tahle {5.3) shawn in figure (5.4),

Table 5.3: BPT Out Voltage vs. Froy Lency
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Figure 5.5: BPF OutVaoltage vs, Frequeney curve

54  Band Reject Filter.

BIF (Figure 5.6) is constructed and connected with de volta 2¢ source with 1V P-P with

varying frequency to insure of [requency filiration range, and the rosults ars ohtained as recorded

in table (5.4 and shawn in figure (5.7)

Figure 5.6: Band Reject Filter

]




Tuble 5.4: BRT Out Voltage vs. Frequency
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Figure 5,7: BRT OutVoltage vs. Irequency curve
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5.5 Band Pass & Reject.

Consist of BPF and HBRF connecied together. BPF is consiructed and connected with dg
voltage source with 1V P<P with varving frequency to insure of frequency filiration raige, and
the results are obiuined #s recorded in table (3.5) and shawn in figure (5.8)

e meﬁiﬂﬁrfi%
‘oltuge | .12 | .76 0 61026022 012
Al ]
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[ahlc 5.4 “ Bund Pass & Reicet Out ‘h’nhage Vs, Fu.ql.em.x
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Figure 5.8: OPF & BRF Out Voltape vs, F—reru.nm cLryve




"6 LED's & Reciever

Figure 5,10 ; LED's Wilh trigger



Chapter Six

Conclusion & Results

6.1 Results

6.2 Conelusion




6.1 Results

Table 6.1. Dilirubin meisurement razulis schisved with the use of the implemeanted bilicubin photometsr
in confrontotion with the reaults gainad by the blood samplz (CDCY.

Tesl Mumber Riliribin lovel measurced by Rilirubin leve! measured hy Relstive crror in %4
CRBC (umelid.) Implenented device [pmol/L.)

I 5.087 7 [4.9
2 943 5 = A8

| 8 T8 g 53
4 6.32 i) LO.7
5 10.01 g - 1
3 182 14 = 2
] 14 u 7.1
! 113 12 .14

The resulis of the tests have shown the principal measurmg accuracy, The error level in meazurements
reached 23.1%. The relative error in all measurements was [ower than 5.2%

[nzasired palue -gorual palize]
actiel palae

Relative Errar=

7—EDRF

|. ForTest numbar | Relative Crror= o w00 =y
=14.9%
S-243

2. Faor Tost number 2 Retative Freor = : a0 B

lg_

L T
3. Tor Test numbsr 2 Relative Brror = = * 100 %0

i

F=H832

t.32

£ ForTest number 2 Relative Efror £ 10035

e )

91001, |
1061

5. For Test numiber 2 Relative Error 00 %a

=-20%
14182
182

6. For'Test nember 2 Belative Brror= = 100 %

53




= . e y—g4 1
f. For Test niimber 2 Relative Frror = s oo @

" g b 17=112, . ’
B Fuor Test riunber 2 Relulive Evear = Tx—*‘ 100 %

=7.145;

6.2 Conclusion

The objeclive of our project  was desion and implemeny
measurcment syslem for the hilirubin HssEsSmEN|
pholometric method with two specific wavelengths
aRsgssment

& medical diagnostic
The system was implemenied as a
for the non invasive bilirubin valye

The elcetronic deviee was implem

ented and connected to an LCD 10 show the resull of
the test . The relevant tect W

s done in the Al-lussein hospital in Beit Jula have 00
related to both the implemented bilirubin photometer and the resuls gained bv the Bl
(CBC).. The

oed sample
€ maximum ertor in eialy subjects reached less than 23, 1% and the relative crror was
323%5.

d resules
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LM741 Operational Amplifier

Chock for Samplos: LM741

FEATURES
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Figure 1. TO-99 Package
See Package Number LMCODD2C

DESCRIPTION

The LM741 s=rles are genoral purpose operational
ampifiers which feature Improved paformance over
induslry standands ke tha LM7O3. They are direct,
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Typical Application

Figure 4. Offsel Mulllng Gircuit
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Absolute Maximum Ratings "/

LNTE1A LM7dt LMT44E
[Eugply Yalags *EX 3 o K
Powsr Dissipation S0 WY E00 MW 503 MW
.biﬁﬂ"e‘d—ﬂ Inpat alsans 20 =3y 30y
iopul Neltage 17 VBV 15V 15V
Ouput-Shan Circud Du.'-a-'.n.m | Conflnuous _ Caorylnuzs r

Condnunis
Oparzing Temparzstuze Rangs e S50t +125°C G w70
Stocagl-Tamperaiurg Rangs “HEE o #1500 A W a0t e —B050 o ~100°0
aunctior Temperalrs I 150°6 TaE"E 100G
soidaring Intormasan

FoOORE-Package (10 eaconds] 260°G 206
P BOCOES or LMOOC0RCFsckage (10 secands) 300°C 305G 207G
[-Packuyge

Varer Phaze [F_'fl 3anonda) o e e 215 215°C
21

: | JEeC 715°C
E20 Toleranse Elalall) 200V 400

Infrarad [15 sacands)

1 Aosniids Meximum Fatings” indicate imilz beyons whish damega (o Be govlcs may gocur, Operging Ratdngs Indicsts eonditians far
whidh Ine gevice 15 functional. but do rot ansura spacifiic parommerce fimils.
For rnililary sosslicadans sse AETSTAIX for LMT41 and RETST4 AR Tor LMT41A,
i Milit=relSaraspace 2nscified devices are required, slease corlact the T) Ssiae ClfcaDieribotars for svallatilty anc specmcations.,
Fef opsrasan os clevated temperaturas, thass davices most e doraled based on thermal resistance, and T max. (listad Urder ‘Ahsalite
Waximum faings’). T =Ty + (B ol
Ear supaly vnltagas less than 15V, the sbsthile madmue irpot valiage ks scual to the seppy voltage.
Sumeny body rradel, 0 KO n sarlacs with 100 pF.
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Electrical Characteristics' (continued)
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MECHANICAL DATA
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Applications 25
»  Commeureiad Cuidoor Sign Board e 2 l T ENTE ‘—__l_' {
®  Front Pancl Indicator _'..u,_J i e~ |__
o Thn-Modrix Module F=Tig g =
»  LEDBulh -
Description
=  [hese High [ntensity LS are Bosed on

IntGah AT IOy sapphire Matzrial

Tech ol ey
= bmimec color Blue e =
= Wwater Transperant Lens wldimnen !+ e Uniils e

Absolute Maximum Hatings a1t Ta=25C

Symbol Parameter M. Linn
T Pywer Thssipation [ 26y m W
VR Fesw e "'f"l.ﬂl;lél: 5 v
1AF Averaoe Forvard Cumronl 20 ma
PE | Peak Forvard Cymrent (Dhty—001, 1kl &5 ma
— | Derstng Lincar Forim 23°C 04 mA/E

. Tup:' | Operating Temperiture Runae =40 [+ 80 T

| Tskg | Suerape Tompralurg Ri:l'll._',i_..' iy =40 w100 £S5

Lead Sofdering Temparsture [1.6Hm (0,63 neh)  From Body| 26070 For 3 Seconds.

Elecirical / Optical Characteristics and Curves at Ta=25C

|5}'FII}.J{J1 Parameter Test Condition | Min. | Typ. | Max. Lint |

i Yk Forwerd Yoltyee = 30 ma 35 4.0 v |

I IR Reverse Currant V= 5§ M 30 | A
1) Hell Inlensiiy Angle (K= 20 mA £} Dez
Y Lursinous lntensity TF= 20 mA | 700 i
A Dominant Wavelengh [F=- 20 moA 4701 LM




OPFTOELECTROMNICS

Flectrical Characteristics at Ta=25C

Symbal Iv VF AD
Parameter Luminous Intensity Forward Voltaze Dominant Wovelsigth
Condition IF—20mA ; [F=20mA IF=20imA

Lin mud vV 1m
“'fl‘.?.d:‘ Range (3ade Renye Ciraile: [Lmpe
(AT 2] A900=-GR00 #1 353 B& iy 5 =0
BIN23]  aR00-9700 i | o' .25 BY 470475
Binning P3 3.4-3.6
| P 3638
ps 3.8-4.0

[mtenaity: Tolcranee aof minimum ard masimum =+ 15%

Vi Tolerance of mivimurm and mesimm= 1 405y

NOTE:

I Stedic clevirieity and surgeedamazes the 1D [is recommend 6 e o ati-static weist
band or enti-cleetrostatic glove when hending the LEDs. All devices: equipment end muchinery
st be propedy grounded.

2. Npecific Mnring requirerients —please conta our hime offion

Radiation Diagram

LF=20mA  50% Power Angle  Angle =30°
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Typical Electro-optical Characteristic Curves
(25°C Free Air Temperature Unless Otherwise Specified)
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TLHR540., TLHY540., TLHG540.

W VRN RY, Com

Vishay Semiconductors

High Efficiency LED, @ 5 mm Tinted Diffused Package

1iSEN

DESCRIFTION

The TLH.52. series  was developsd  for stancard
apniications Ike garers! indicating ard lighting ourposes,

It 5 housed in & S mm tinted dilsed plzstic pachay=, The
wide viewing angls of these devices arovides a h gt an-off
contrast.

Several selection fypes with gifferers luminous Iitersites
are offered. All LEDs are caregorized in lumincus intersiy
groups. The green and yeliow LED: are categorized
additiorally in wavelsngth orapps.

FEATRUES

* Chalce of three bright colors

* Stavdard T-14 package

s Small machanizal wlergnceas

= Shitabla for DC and high oesk cument

« Wids viewing znale RoHS
= Lirtinous fntensity calagorized ':“I‘:TT
* Yellow and grean coler categorized FREE

= TLH.54. with stand-offe CREER
= Materal categorization: for datnitions of
cempliance please 88 Wy shey comidoc 78821

APPLICATIONS

* Stafirs |ighis

= OIfJ on indicatar

= Background illurmingtlon
* Readout lighs

* Melnteremce ights

Tha: allows users o aseembis LEDe with  wniform * Legand light

SRPEArATeD,

PRODUCT GROUF AND PA CHAGE DATA |

* Product group: LED

= Pachuga: 5 me |

* Product seres: standard

* Angle o halfintenain: + 300

' PARTS TABLE '

] LUMINDUS INTENSITY WAVELENGTH | |FoRwARD voLTAGE
PART COLOR | imed) IF;LFI ‘ fnm] [“r:u'f] L m l.;'l:; TECHNOLOGY
MIN. | TYP. | Max. MIN. | TYP. |MAX. MIN. | TYP. | MAKX.

TLRHEAID Fed | 18 | 1o - |aw (&8 - |@s | 8] - 2 % | @0 |GessPoncae

| TLHRS30AB127 | Reg 16| 10 : ol a0 N T 2 8 | 2 | =aksF o Gap
TLHa540- Sed 4 1z - |wmlez] = [es|wml - 2 3 | 20 | GassFonGap

TLHAB405 Red | B3 i : 13 | m1z &5 | 10 | - g 3 | 70 | GassPontar |
ILHRS403-48157 | Gad | 63 | 9= - [ wa]lee]| - 5] 0| - a 2 | =0 |GarPonGar |
TIRRE05-AGE | Red | 82 | 12 - |1 |wme] - (s b - 2 8 [ 2o [ GaAz2onoer

| TLHAGADH RSz Red | 88 | 13 = 10|62 | = |65 40| - ] & | 20 | GaAsFonGaPr

| TLHY5400 Yellw | 18 f - (W0 38| - sl w] - | 23 [ 3 |20 [ Getrarp
TLHYSLDD-A5157 | Yallaw | 16 | 10 - jwjaet] - (e[ ae 2% | GBaksl on GaP |
TI H¥al Yelow | 4 12 - |l - T m [ = & | 3 [To0 | GarsPan caF
LUy S5a0G Vailew | B3 | 14 | &or se | 0 | - [ 24 [ 3 |20 | GataPoncap
TLHY3406-K5Z Vallow | &3 1L - o pear | - |see [ ap | - 24 8 | 26 | GeAaran Gep |

 TLHGRE0T (rgan W | 1 - 0 | B&2 a8 - 24 4 0 Gzl on GaP
TLHEG400-8512Z | Geon | 16 | 70 - ol #El - TEE e | - g2 | 3 =8 | CaFoniar

_TLHGS00BTIZ | Green | 16 | 0 | - 115 s - | & W | - |22 | 3 [ 20| GCaPonsap
LG540 Grean | 4 1 o | sas Sl - [R5 & T m e B:F |
T_HG0S Green | BA | 15 = | 16 | 5= 875 | 10 ' - [ 24 | 3 | 20 | Ga@onmap

| TLHGEAUS-AB12Z | Gamn | 53 15 E Il IR 24 3 | @ | caFongen
TLHGG40:-KSE | @Gmen | &3 | 18 = | |eex] - |50 24 | 3 | 20 GsFon@aP

= 20 1EMar-1b 1 Locumant Mumber; 83072

Far sechainal g estong, contant: LED =gy
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WSHAY TLHR540., TLHY540., TLHG540.

{ Vishay Semiconductors
ABSOLUTE MAXIMUM RATINGS (Tamk = 25 °C, unless othanwise spacified)
TLHRS4.., TLHYS4,, 1 TLHGS4,,
FARAMETER TEET CONDITION E¥YMBOL VALUE UNIT
| Feverse vol= oe - Ve é W
| N forward Current Vot 5655 I 0 i -
E-Lr:ﬂ“.“f-::r.-.'er:l et e L lraas 1 A
Fovear dizsieatior s = 55 80 Py 100 I iha
. ~ NG terr r.-‘.l'-'..l-_-ra 'I'J 100 iy
Opsrating kenparatine angs Lo -4 2 100 o
s temcorulus range Tirg 55| 100 W ]
Soldering Esperlue =55 2 mmen bady Ted SED i+
| Tetnal resistanes |Unotanar-flam: | Fit.ia | 5350 | kW
OPTICAL AND ELECTRICAL CHARACTERISTICS (T, = 25 °C, unlsss otherwiza specified)
TLHR540., RED
PARAMETER | TEET CONDITION FART SYMBOL WM. TP, | Max UMIT
ILHRS00 Iy 1.8 14 e
Lumningas intansty le = <3 rA TLHIEEAD1 Iy 1 12 med
TLHRS4S K E.3 12 = med |
Cominant wawilongth | I — A0 A E1E | Gl nm
Peak wavelangth lp= 10 mA: i (i - It
Andle of helh maasity lee 10 mA i - =10 gzg
| Farword ve tage l==20 mA W= r 3 Vo
Hewarsa voltags lg="10 1A Yy & | 15 - i
| dunction capacitance V=W, F=1 MHz 1= - | 7B : £F
Miota
0 ane paoking uni b e, <05
[ OPTICAL AND ELECTRICAL CHARAGTERISTICS (Tamy =25 °C, Unisss ot varwise specified)
TLHYS40., YELLOW
PARAMETER | TEST conpimion PART  SYMBOL [ MIN, TYP. MAX. UNIT
' TLHYS4a0 hy [ (i 0 E =
Larrinaisss insensity 1 IF=10m& TEHY S0 by 4 12 med |
TL=HYhi0s Iy 6.3 14 mac
Dominart wayelongth be =10 mé L= 531 - bl 18 i
Hoak wavalergth Ik = 10.m#A b . 535 nm__ |
Anigly of nalf Inmanziny Ir=10014 | ol - =30 deny
| Farwam willags b= 20 A e - & a2 =
Aevares voltzoe le= 161 Vi A -5 = W
Jurction cepastance Va=0V. =1 Mz e 5 21 = J
hNota
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v:smw Legal Disclaimer Notice
L A Vishay

Disclaimer

ALL PRODUCT, PROGUCT SPECIFICATIONS AND DATA ARE SUBJECT TOOCHANGE WITHOUT MOTICE TO IMPROVE
RELEERILITY, FLRGTION GR DESIGN OR OTHERAWISE.

Wishav Interechnology, Ing, its afilatss, agents, and employess, anc all pareons acting on its or their behalf (collectie/),
“Wizhay", claclamany =nd all liability forany erors, inEcouracias orinorpieleness conBinsd inany dalsshest or inany other
digdozume nalatinm o any prodacl,

Vishay mekes no warranly, repress lation or gearsnies regarding the suiablity of the products for any particalar purpeszs or
ihe continuing predustion of ary produst. To the maximum exient permitted by appiicable law, Vishay disclaims {f) any and all
[fasiity arsing out of the applcation or uzs of any product, (i aey and ol lability, decluding withoul Rmifston soscial
consaguentid or incidenizs! damsges, gnd (i) ey and el inplisd warantlos, ncheding: warresilies of finess Tor-oarticular
purpsss, non Infringsment ahd marckantatiis:

Ststemante regarding trhe siliability of produste fos oartain types of applicatons are basad on Vishay's knew sdgs of typcal
recirements that gre often placed on Vistay aroducls 0 generic epplicetions. Such siatémenis =re nol binding stetemants
aboul the sulabilty of progucts for a particular applicatior. B s the customer's reepansibiny 1o validate that & parlicular
product with the proparttas descrsed i e peocdust spacifloaticn is suitahie for use in2 partcuar appication.  Paramatars
provided o datasnesls nddor spacil calions may wvary in differant applications end parformance may vary over bme. Al
aparsling parametses, incloding ypical peramaters; must bo validated for éach customer application by the customer's
technical experts. Product spesifications do not exsard ar otherwisa modify Vishay's tarms and condisions of parchazs,
incloding but nat limited 1o tha warranty expresssd mesin

Ewcapt a5 sxpredsly indizatad in writing, Yshey prococls are ot designed for use in nmadical, lifssavieg, or s Sustainmg
epplications -or for any other agpleation in which the faiurs of 1he VWishay product could result in personal injury or gesth,
Cystarmers using or s2liing Vishey products rotexpresely indicatad for use i auen appicalions do 2o g1 thair own rak,. Fieaos
cortact sutborized Vishay pesonns o nbtain writtan ferme and cosdtions regarding products desionsd (e suohapolicalions,

Wi licerse, express or implied, by sstcpoa’ o othenwias, to any intellectua propedty rights 's grented by this docsumeant or by
any conduct of Vishay., Product names and markings notad hessir may ba adarmarke of thelr reegective owrers.

Material Category Policy

Vishay Intertschnology, Inc. hereby certhites that all Re products that sre identified sz RoHS-Compliant fulfill the
definitiocns and restrictions defined under Directive 2011/68/EU of The European Padiament and of the Council
of Juna @, 2011 an the restriction of the use of cenain hazardous substances In electrsal ond electronic equipment
(EEE) - recast, unless otherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/05/EC. We confirm that
all the products identified a5 being compliant to Direclive 2002/05/EC conform to Directive 2011/65/EU.

Vishay Interizchnelogy, Ing. hereby certifies that all Its preducts that are identified as Halogen-Fres follow Halogen-Fres
reguirements as per JEDEC JST09A etandards. Pleass note thet some Vishay documentation may shill make reference
to tha IEC 61248-3-21 definition, We confirm thet ll the preducts identified as being compliant to 1EC 61245-2-2
conform to JEDEG JST09A stendards.
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