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ABSTRACT

The objective of the present study is to investigate an optical transmittance system for
prediction of hematocrit level by linear equation from the wavelength in the range of 426 nm to 950
nm. We constructed a simplified system with a light detecting finger clip probe to determine the
transmittance spectra. We compared the results from our simplified measurement system with the
hematocrit levels measured with the centrifuge using blood sample drawn from patients. From the
analysis, we discovered that wavelengths between 525 nm to 610 nm, and between 700 to 950 nm
are potential optimal choices for use to predict the hematocrit value. Then, four LEDs (525 nm, 585
nm, 875, and 950 nm) were used as the source which shone light through a finger, while the
photodiode was placed at the opposite side of the finger for light transmission detection. We
calibrated our system with the 117 sample hematocrit levels measured clinically by the centrifuge
to obtain the linear equation model. We compared the results of our linear equation model for
predicting the hematocrit levels with measured hematocrit levels from the centrifuge. From our
analysis, the error obtained from the linear equation was less than 10% in more than 70% of the

117 collected data from patients.
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2.1.2 Spectrophotometers

S A & ﬁy = 9o 1 o 1
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= ° =] i a = ° o
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A {

@oanimouensumusy - manududioondau  wiemsinlandadaioz1dnanaaluns
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mmmwﬂﬁ‘[mmmmnﬁMxﬁaﬂﬁnummmﬂﬂﬁu'ﬁwmﬂqmmmmﬁ"uum Tasanilansy
msganauziianymzmmz imifousudmivaaisudazod
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(transmittance) 1NUAI0 T 9@ NIoMUIMMMsdaru 1ddeaunishi (2.6)

T :i (2.6)
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Wo I WUANWAUUDUTINANATENUAINAI uay T lﬂuﬁuﬂ'§$ﬁ1’lﬁﬂﬁﬂﬂﬂﬁu (absorption
. o A o n’/’ = a qy = o a [ =
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Srsc = S{RBC] = s x[ Hbt] (2.11)
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nSaeunsodagdImildfaaumsii 2.13)

Ti = (ai + s)x d x [Hbt] + (Spasma + Snait + Sussue + Spignenaion) X d (2.13)
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TI.I = (KIX HC[)‘l‘SI Jr,l = 800nm (215)
Ti2=(K2XHCf)+SZ ILZ:SOOer (216)

Tagdna e IuANULANATIINAINTLTVBINNNIINAULA I TR T A a5 (2.17)
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(2.17)
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Tir=(Kax Het)+ S (2.19)
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Het (2.20)
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3.1.3 us3auludansa (forward voltage)
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y (VI ¢ = 1 o . =3 1 .
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dl! [=) :it:;. A ar o A 1 a
SN 13)] fIJ ADANUONINATUDATINITULY ‘El.‘lfUu']m’E‘fﬂﬁﬂTﬂUi]mJﬂW’Nﬁuﬂﬁ (3.12)

f
E = (g 3.12
s \ 272R(C1 + Cr) s
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gy 0.16 0.15 0.15 0.12
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o
ATAIN K
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1
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22 27 32 37 42
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ANAST K (585 / 950 nm)

R?=0.12

] Ll Ll 1

22 27 32 37 42
ANTNALARS A (%)

Ui 5.11 M3nszarwvenIneh K 11ngauenInauL@s 585 /950 nm
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=1 i ' 1 o =) a o A ar =
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0.004433226

[‘;’(_'[ _ ] 950 wm — T 525 nm (5 1 2)
0.00773773

[_{L., . J{ 950 nim — 7 585 mm {“ 13)
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precision= 5D = (6.2)

TuaniddoduIngine19iseduanuaoniu 95 % (95 % confidence limit) Iag91nnIs

A3ENOUUVUNA (normal distribution) VLUAUNINY 1.96 M1v0387 SD
95 % confidence limit =1.96xSD ~2x SD (6.3)
o [ o =1 = 9 st dl 1 = d’ = c; =
INAUMITHTUNIIEM BN Tansanle3imauaennandsluund s feaunise (5.10),

(5.11), (5.12), uazaumsi (5.13) e lnididuaunisd 6.4), (6.5), (6.6), WA AUMITN

(6.7) AaT]

[[C[ ~ TB?S m = T525 nnt (64)
0.00789719
I T nn

[(,‘[ _ Tﬂ?S 585 (65}
0.004433226

el - T 950w — T 525 nm (6.6)
0.00773773

h{('[ _ T‘]SO = TSKS nm (67

0.00427376
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i) a (=1 a o ad 5 4 a =1 ] )
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nAY (%)
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AMNYIINAULAL (nm)

doyanieana 525 /875 585 /875 525/950 585 /950
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FEAUANUY DU 15.05 15.48 14.75 16.02
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20NN (%)
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—[MARL/-OPFOSOLREE

Ulverston, Cumbria, LAT12 7RY, England.
Tel: +44 (01229) 582430 Fax: +44 (01229) 580595 EMAIL:]00666.2lSé@COMPUSERVE.COM

3 mm Green Discrete LED

Duecovaty Tas23'C
o

- Solid state reliability

+ High luminous intensity

* Also available in LED Bulb Replacement
and LED Panel Lamp styles

Tolermce +1028 U085

| Ut mm
-

[ Technical and Ordering Information

; Optical/EBlectrical Characteristics (Ta=25" )

Order Code Colour Typ Frd Mux Fwd Forward Max Rev Lumlnous Pesk Viewing
Voltage Voltage Current Current Intensity Wavelength Angle
Vi@ lopr VI@ lopr lopr Ir (Vr=5V) Iv @ Iopr Ap @ lopr 20
10004701 High Power 35 4.0 20 50 1400 525 20
Green
I Warr Clar v ] v f mA I HA ‘ med [ nm ! deg —l

Absolute Maximum Ratings (Ta=25" C)

Order Code Colour Formard Peak Forward Reverse Power Operating Storage
Current Curront Voltage Disslpation Temp Temp
lopr Max Itp Vi Max Pd Max Tapr Tatg
10004701 High Power 30 100 50 120 =20 ta +80 -30to +100
Circen
[ | Waar Giar m | ] v | ew ] L e | =
1ty Cycele < 1410
fulse Whidth < 10 msec
Marl [aternationsal Limited Tel: 01229 582430 Fax: 01229 585155
Ulverston [nternational Tel: +44 1229 582430
Cumbria International Fax: +44 1229 585155
l.LA12 TRY EMAIL: marl@compuserve.com
Fogland

Opto-EBlectronic Designand Manufacturec

Mhe Company's services erc tecapuved 1a the [ntermuonal

b v ot I L kot et ol my oo e T =
ey M Indermad wonad Limeied et O nght W Wier lend ot weiific st oa -y ik it of gy ProdCm o savace

SIART INTERNATIONAL LIMITED (902 I8 14/ I8sHE L

Registered Office: Stone Crass, Ulversion, LA12 7RY. Reg. No. 3160831 England,



L.E.D. TECHNOLOGY

UNDERSTANDING THE SUBJECT IS CUSTOMER SERVICE

LE.D. TECHNOLOGY, UNIT 8, POOL INDUSTRIAL ESTATE, DRUIDS ROAD, REDUTH, CORNWALL TR15 3RH.
TEL : (0209) 215424 TELEX : 45273 FIBDAT-G FAX : (Redruth) 215197

LOW COST T1 L-E.D.’S M’j‘ﬁ::r(:lcm, INFORMATION SHEET

datc of issnc: 8/8/89

Mechanrcal Dimensions -
Features -

* CHOICE OF SEVERAL HIGH
PERFORMANCE COLOURS.

* GOOD VIEWING ANGLES

t0.2
* AVAILABLE IN A CHOICE OF 5.08 12_,,,,,,‘:* — 1.5TvR.
EPOXY T —| 0_-5%}"._::5_::2
COLOUR DIFFUSED : H I E i e
WHITE DIFFUSED & _%——
WATER CLEAR 1.0%0.2— —2.29%0.1
COLOUR TRANSPARENT e LA | A—

* INDUSTRY STANDARD T1 STYLE

* IDEAL FOR STATUS INDICATOR
APPLICATIONS

MAXIMUM RECOMMENDED RATINGS @ 25 deg C

PARAMETER RED (GREEN [YELLOW(H.E RED|ORANGE |BRIGHT RED|UNITS
Reverse Voltage VR 3 5 5 5 5 B

IAverage Forward Currcat Ir ' 25 .25 25

Peak*Forward Currcat'lisM -~ . [1000 | 21000 = | 1000 = | -100

bkt s 0 s O R000 T 1000 - s

Power Dissipation PT 100 85 85

Derate Lincarly From 30 deg C 045 | 045 0.45 045
= = Lead | Solder Temperature (1.6mm -From Body)ZBO‘dcg‘CForﬁfseoonds—
Opcrating and Storage Temperature Range -40 deg C TO +85 deg C

[ELECTRICAL/OPTICAL CHARACTERISTICS (Ta=25 dcg C): IF= 20mA

Forward Voltage VF Typical L7 | 21 .2 2.1 2.1 17 v
Forward Voltage VP Maximum 2 3 g © 33EF | 03

Reveric Curreat IR °VR=SV - . | 100 | ‘100 | 100 | . 100:= o

Wavclength @ Pcak Emission 655 567 585

Spectral Line Halfwidth 45 50 - 45

Luminous Inteasity Typical © =~~~ | +2 | =546 =[5 4 = 250

HOW To ORDER: LT3 [X][YZ]

X= 1: RED, 2: GREEN, % YELLOW, 4 H.E. RED, 7: BRIGHT RED, §: ORANGE . T [‘r- 1: COLOUR DIFFUSED. 2: WHITE DIFFUSED, 3: WATER CLEAR, 4: COLOUR TRANSPARENT

Z- R: HE. RED J
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UNDERSTANDING THE SUBJECT IS CUSTOMER SERYVICE.

ELECTRICAL/OPTICAL CHARACTERISTICS

TECHNICAL INFORMATION SHEET
ref: LT1001 ! date of izsuc: B/B(89

FIGURE 1

FORWARD CURRENT VS. FORWARD VOLTAGE

FIGURE 2

RELATIVE LUMINOUS INTENSITY V5. FORWARD
CURRENT
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FIGURE 3 FIGURE 4
MAX PEAK CURRENT VS. DUTY CYCLE MAX FORWARD CURRENT VS. TEMPERATURE
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FIGURE 5
SPECTRAL RESPONSE NOTE:
1-2( 1: GaAsp RED
34 |s 6 7 |us 2 2. Gap RED
— 00 T 3 e :
(V\ r\ ﬂ m /\ 3: PURE GREEN
208 a: GREEN
: WAVAVAA\V, |
5 5: YELLOW
1
2 // \/\ V YI / i 6: AMBER
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5 7, 4 /X( Y \ RED
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TSHA440.

GaAlAs Infrared Emitting Diodes in o 3 mm (T-1) Package

Description
The ISR sereare ligh elTicienes mlared emitiing

dicdes i Gal s on Gaadas rechnoloes . malded in
clecr untinted plasie package.

Becomparison with the standard e on Cans s techinol -
el igh intensing emitters Fenure abour 3000,
B et mpros ement

IFeaturces

® ot high raciant poss e

® [hich rademt inten-ats for g tansmission
Jistanee

®  Suttable for Fngh pulse current operation

& Standard T Teo 3 mm package Tor fos SARISS
application

®  Aongle ol hall wtensuy it

®  ['eak wanelengzth 7\.1\ ST3 m

® [Lichrelialalin

& G spectral matehing b S photodatectors

Applications

g N

Efraered remeate control aned e e Gansmisgon <4 sems s ith Mg h posser requiremeaent i vombination wih PN [l

Lowliodon o |‘h' lotrimestedaors

Becatse ol the vers Tove madianee absorpiion inelass ot the saselongth of 875 nm this emiier series 1+ alae uitahle

P sd st awith paries i the ransmission range berscen emitter sna detecto

Absolute Maximum Ratings

.
[

Parameter st Canditions Sambl Silue L
Rt v Vol Vi - x
v and € urrent I lens ni\
ek Pogsard € aren I b sy Ho e IBY 2o ([IA
Surae Forvand Current I 100 s lFsag B \
P'oveer Dyssapation 'y [N mA
Tunction Temperature I [y %1
Crperatimg lenperature Ranee Lanls <4 T L
Storsee Tempaerature Range D 3 |1 %5
Sebderng Tenipeatune CE e 2 mm e g lsd Zeab "
Ihermal Reseslanes Tunctem Sanbaen i A 45143 [N

NINEN Semiconductors | i

| EOCL W B V| B R



TSHA440.

95

TEMIC

SNemrcanduetors

Basic Characteristics

Tanh  23%

Parameter Fest Conditions Svmbe Min Ivp Ml Lt
Forvoard NMaloey I iy 26me N =] | = A
R I W T L T 5 Vi X2 4.0 N
Temp Coellivient ul Vi |FER LITATRN IR TRy 8 mhy k
R erse turrent Vp 3V I [Ear [
Junetion Capaeitinge Vi 0N I MUz o (i 20 pl
Temp Cocllicient of ¢ I I TR ™ - il
nele Tl Intensit i S0y o
LW elenaih I ey A 375 ni
Spectral Bamdwidth 2 Inirms Al Ry ni
Lemp Coellicient ol by, [ TTCTNTIRY I Kag "2 nm K
R T [FE AT Ij i N~
lg .5 I Al n=
Fall Time e o Iy (i) n=
IF 1.3 A Iy iy n=
Type Dedicated Characteristics
Lty 25
Paramete [esd Coaditiens I pe Sumbo “m o My it
Rzt Tnten -ty i Inemas 1 2. ISTL s Iy ld 24 MY
ISEEA AL N I kY mhi s
T B P LT IsEL A0 ks |41 24 mw <
INTL 40 I [ R mW
Radiamt [ e e Tsmac gy 2o [T = ¢. i mih
ISy . 2 mbh

TELEFUNKEN Semiconductars

Res w20 Ia-dul-ta
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TEMIC TSHA440.

Typical Characteristics (T, = 23°C unless otherwise specified)
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S0 : (B Ry
Z
x
= 2% L= 0w
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3 = — P,
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T 2 R ' Tl 10l s 1o s 1t 1o
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Fraure 30 Pulse Persard Current vs Pulse Duration Uigore eo Radliant Tntenans s, Forseard € urrent
TELEFUNKEN Semiconductors RESY
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TSHA440. TEMIC
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TEMIC TSHA440.

Dimensions in mm

3.2 +0.15

&)
\'..r
[aa] o '\’\Qs
=1 o Q\
41 rE —— \\’%
Fal iy b
-+ ™ )
| P2
[emm }
| | =

AREA NOT PLANE

30.3+05

58403

Nl
0
&

f 0.6 k% (. 2
o P technical drawings
i Z2.54 nom actording ta DIk
L specifications
TELEFUNKEN Semiconductars S

Roos 20 Ia-Tul-n
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TSHA440. TEMIC

Ozone Depleting Substances Policy Statement

Ieisthe policy U TEMIC TELEFUNKEN microclectronic GmbE 1
P Wlectall presentand tature natonal and meernational satutry requirements
b Revubarl and continueus s mipres o e perlormanee ol o product processes, distibuotien o PTG S sl
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low tmeents

TENMIC TELEFUNKEN microclectronic GmbE senmiwvonducton dis
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Conlimuets impres ements toochmimate the tee ol 07N |
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[Protection
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TEMIC TSUS4300

GaAs Infrared Emitting Diode in 0 3 mm (T—1) Package

Description

ISEISHR00 s an inlrared emitiing diode i standard Cados
cin G techinodogs s molded inacclear, Blue tnted placstic
pachage e fens prosides a g b radiant intersits s oithea
enternal vptivs

IFeatures

Phieh vandiznt pescer and radiant mten -

Fovs Tornard s ol

Strtable tor 16 and hieh palse carrent cperation
Standard ToToo 3 mmi package

Ancle ot hall mtensux g 1 s

g oNaa

eak s eleneth ).11 OAL M

e reliabalins

Gl pectial matehing b SEpletadetectors

Applications

Intearediemete controlsystemessa il amall paeRaee il o cost requivements incombination sith silivon phote dete-
e iz woures mrelhectine sensar o labe cnd detection Eaeel lent matehing with phototansestor TR 145010

Absolute Maximum Ratings

. B
Lamby 2%

Parametel [est Condibions Sumbel Value Ui
[ eree Wl Vi B Vv
Foaeand € urrent Iy (KL m.\
'ealy orsard Current p TS, 1o s [1ni 2iny .\
St Lo s Current I 1 e lsad 2 A
Ieener Disapation Iy 170 mi
fun b Temperatury i Jins ¢
Crperatinge lemiperaiure Range lamb a3 (R e
St Lemperinture Rangee e 3300 "
Soldermye Temperature FE Seecs 2mim from i Fed Sl K
Fhermal Rewi-tanee Tuncton sl A Bk IV
TELEFUNKEN Semiconductars |3

EECLE S S AT1 B
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Basic Characteristics

lamb  23%¢

arameler Test Conditions Symbol Min v Max Lt
Forsard Mol I I ms. gy 2 Vi [ 55 \
[ R Y T R T Vi ol AT
Lemp Coellivient ol Vg I Inom.y I Kyr I3 my K
Reserse Current ‘\"R SV IR i l.l.‘\
Breaheoes n Vodiag IR il A \iBR) s it
Junction Capacitingy VoM DRI T L5 30 pl
Rarhiant Lieensity Ty 2 le B Ix MW sr
S T T lo l et m sr
Rachiant sy er R L R e |3 mih
Lemp Cocllivient ol ¢, Iz 2uma I g (1N R
Angle ol Hall Tntensits (| o e
Peal Wi elengzth Il e ms A, L nm
Spectial Bandwawodh e Inims Al S nii
lemp Colhicient ol kg TR LT I Kap 2 nm s
Riea i Ii: i my I RO n-
[FER T " 4 -~
Fall Tome TR LRI Iy R ne
Iig [ 3.\ Iy 4o n-
e LI T~ S, - S s .
[ypical Characteristics {1, = 25°C unless otherwise specitied)
50 125
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TSUS4300
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Figure 30 Pulse Forward Current vs, Pulse Duration
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Relative Radiant Power
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VTB Process Photodiodes

PACKAGE DIMENSIONS inch (mm)

LT R 070 (178) .30 {1.87)
(3.60) " ‘I 060 (1.52) i “\

er/ CATHODE 1
Lg7 - 315 (8.00) 197
T 305 (7.75) ooy "
- o e r— |
| [

s AW

.226 (5.74) (0.25) (D.48)
FILTER PHOJCCTION

Dia WOk

PRODUCT DESCRIPTION CASEZIF B ume CERAMIC
CHIP ACTIVE AREA“ .008 in® {5.16 mm”)
Planar silicon photodiode in a re- .

cessed ceramic package. The package

incorporates an infrared rejection filter. ABSOLUTE MAXIMUM RATINGS
These diodes have very high shunt N
resistance and good blue response. Storage Temperature: -20°C to /5°C

Operating Temperature: -20°C to 75°C

ELECTRO-O PTlCAL CHARACTERISTICS @ 25°C (see also VTB curves, pages 12.13)

SYMBOL CHARACTERISTIC TEST CONDITIONS VFBG@B ViagdaALe UNITS
Min, | Typ. | Max. | Min. | Typ. | Max.
Isg Short Circuit CL_Jrrenl H = 100 fe, 2850 K 4 ] 4 ' 5 WA
TClsc |lsc Tempe:.::wre Coefficient 2850 K 02 | 08 02 | .08 | %i°C
~ Voc | Open Circuit Voltage fi-100fc, 2850K | | 420 420 my
TCVoc | Yoc Tempyralure Coelliclent | 2850 K i =20 | —20 mV/°C
_Ip | Dark Current H-0,Vp~20V ‘ 2000 100 pA
fsi | Shunt Resistance M= D.\_’ = 10 mv 07 . 14 50
TC Hlsq _ | Rsir Temperature Coefficient | H - 0.V - 10mV =80 B 8.0 _ %/°C
n B ‘ :I_u_emtian Capacitance ) 'H ~Q0, V-0 iz [)’ T 1.0 nk
L—m;e Spegtral Ap?[jl:lll‘iﬂn Range - o 330 720 | 330 720 nm
Aa Spactral Response — Peak B | 580 580 Ponm
Ve Breakdown Voltage ] 2 | 40| 7 | 40 v
_ bin Ang;gr Resp. — 50% Resp. PL g | 50 5_ L 50 Dagrees
NEP t;Jn_nsevKuivalenl Powar 11x lu"‘:‘tly_qu"_ _24x 10~ (Typd | WidHe
6 | Sdeic Dececivaity ' 22010 (Typ) | 97110 (Typ) |emvhz e

0897 EG&E YACTEC 10900 PAGE AVL. ST. LOUIS, MO 63132 USA TEL: 3144234500 FAX: 314423-2958 WEB: vrvaw.£pginc comfoplogrp
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VTB Process Photodiodes

FEATURES
* Enhanced UV to IR spectral range

VTB PROCESS
BLUE ENHANCED, ULTRA HIGH DARK RESISTANCE

s Integral IR rejection filters available
* Response @ 220 nm, 0.06 A/W, typical

with UV

window

* Response @ 365 nm, 0.14 A/W typical
* High open circuit vollage @ low light

levels

= I to 2% linearity over 7 to 9 decades

= Very low dark current & high shunt
resistance

PRODUCT DESCRIPTION

This series of P on N silicon planar photodiodes
have been designed to maximize their response
through the visible part of the spectrum. Those
units with UV transmitting windows also
exhibit excellent response in the UV region and
are characterized at 220 nm,

“B" series devices have a built-in infrared rejection
filter for those applications where a detector is
needed that approximates the human eye. Typical
transmission of wavelengths greaterthan 750 nm
is less than 3% when measured with an incan-
descent sourca operating at 2850 K,

Diodes made with the VTB process are primar-
ily intended for use in the photovoitaic mode
but may be used with a small reverse bias. Al
photodiodes in this series exhibit very high
shunt resistance. This characteristic Jeads to
very low offsets when the dindes are 1sed in
high gain transimpedance op-amp circuits.

TYPICAL CHARACTERISTIC CURVES @ 25°C (UNLESS OTHERWISE NOTED)

ABSOIUTE SPECTRAL RESPONSE
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VTB Process Photodiodes

RELATIVE DARK CURREKT OR RESISTANCE

vs TEMPERATURE
(REFERRED TO 25°C)
moﬂolat!ve Dark Current or Resistance
- = - =
= /i
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e e et
1 == === =
P /I‘ "x\
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OPEN CIRCUIT YOLTAGE vs ILLUMINATION

Open Circuit Voltage, mV e 25°C
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Silicon PIN Photodiode

108

FEATURES
+  Plaslic cap wilh TO-12 haadsar
+  Low capacitancs

*  High spaad: o= 30 ns max. & 3V

DESCRIPTION

Tha HFD3022 PIN phatadicda is dasignad far high spaed
usa in fiber oplic recaivars. It has a large arsa dataclor,
providing efficisnt respanse 1o 30- 1000 pm diamater

ol nanomeatars, It is
aclzs which
align ils optical axis wWith tha axis of tha optical fiber by
ralarancing the pracision outsida diamater of the window
4N,

Thz HFDS022s plastic cass is availalils inspecial active
ol Slically isalatad from thair
captaclas 1o improva sensilivity. Tha racaptacls acts as
ashiald tecimprove tha sensitivity ' dark cumant
specilications of tha connectanzed dey

ica racaplaclas, @

I

Havr ookt e nght lenake
clanges Adecaqu o]

supply the bosl procbcts possitde,

QUTLINE DIMENSIONS ininches imm)

(i TN

YriHIN

e

Finaut
Anode

[

. Calhode
. Mot zonnecled

ol

Motes
1 Detzctor chiz aclive area is 003 010078 mmg dismater.
l=d CL03S in.

2 Detzstor chip aclive area suilace s
1289 mmi) below packags tonl suilace,

Honeywell 267



109

HFD3022

Silicon PIN Photodiode

ELECTRO-OPTICAL CHARACTERISTICS (T = 25 C unlass otharsisa statad)

PARAMETER SYMBOL | MIN - TYP  MAX | UNITS TEST CONDITIONS
Paak Response Wavalangth Np as0 nm
F-lux Rasponsivite, & = 820 nm R AN
0.58 S0 pm. 0.20 MA fibar
045 038 100 pm. 0.28 MA fibar
ns2 200 pm, 040 MA fibar
025 1000 um. 053 MA fibar
Dk Leakage Cumant Io 003 21 n# Vr=35V
Ravarse Brizakdown Yaltags Evr 140 230 N g =10 ma
Rasoonsa Time tr ns
10007, 17.0 Wp=35V
2.0 Vr=13 W
1.0 Ve =904
Packace Capacitancs C 2.1 PF Yr=5VY. 1= 1MHz
el of Viaw Foy Ha Dagraas

Miles

1. Responsivity is mzasured wilh a liber cptiz cable centzrz< on mechanical axis. using an 850 nm HFDY200 LED as the oplical sounze o
the [z, Fiber lzngth is neminally 3 meters.

ABSOLUTE MAXIMURN RATINGS
{23 C Frag-Alr Temparalurs unless olharwiss notad;

Starade Empzature Al 100 C

Qpearating lmparatuna A4 o +100 C

Lead soldar lamparaturs 240°C. 2 min.
260°C, {0s

1oy

Shiesses greater than hiee listzd under "Shaealuls Maximum
Ratings” may caus: permansnt damass 1o the desize, Thisis a
slress rating caly and funclional ap=ratian of ths devies al thees ar
any alher aondilions a Lhzse in din the cperatiznal
sxclion of Nz specl . Es

alban iz nod impd aure Lo absdulz

pericds of time may affzcl

rmasimum rating sarddiians o exdlendsd
reliabilive

Hateyseedlizier e the ng
el

Honeywell




HFD3022

Silicon PIN Photodiode

CRDER GUIDE

Cascriplica Catalog Lisling

Standard silicon PIM photodioda HFD3@2.002

Tris package is also available in spedal inlerfacs reczptazles for
intzrfacing lo standand fibver cptic cables.
CAUTION

The= inherenl dzsign of this component causss
it b be sensilive o eleclroslatic discharge
(ES00 To prevznl ESCHinduced damazs
arcber degradation o 2quipmenl, Lake ncomal
ESD precautioms when handling this produst.
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FIBER INTERFACE

Honzywall detectors are designed 1o inlerface with
mullimode fibars with sizes icore’dadding diameters
ranging from 504125 to 200230 micrans. Honayveell
performs final tzsis using 100¢140 micron core fiber. The
fiber chasen by the and usar il depend upon a numbar
of application issuas (distance. link budgeat. cabls
altenuation. splio attenuation. and safety margini. The
30125 and 62,2122 micron fibers have the advanlages
of high bandwidih and loav cost. making them idzal for
higher bandwidth installations. The use of 100140 and
dmicron cove fibers rasulls in greater paveer baing
couplad by the ransmillar. making il easier to splice or
connect in bulkhead areas. Optical cablas can ba
purchas=d from a number of sourcas,

200
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HFD3022

Silicon PIN Photodicde

Fig. 5 Angular Response

o =
[N )

o
Y

RELATIVE REBRON3E
a

e
ha

Fhzape el resemre et thee natd o ke

ok Honeywell




IMANHIN U

aw o4 @ a = 3 o e o
HENTLJ'J‘ﬂﬁlmﬂﬂ’lﬂgf.’é]&ﬂ'U'J‘VlUWUWHﬁLLﬁZLl(SII‘i‘}Jﬂ'IEGEWMW



113

International Congress on
Biological and Medical
Engineering

The Bio-Era: New Frontlers, New Challenges

Jaintly arganised by Endarged oy
NS e




114

A PHOTOPLETHYSMOGRAHPIC METHOD FOR REAL TIME HEMATOCRIT MONITORING

Phimon Phonphruksa and Supan Tungjitkusolmun

Department of Electronics, Faculty of Engineering.
Research Center for Communications and [nformation Technology (ReCCIT),
King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand.
Email: ktsupan(ckmitl.ac.th

Abstract

The objective of the present study is to investigate the
optical transmittance of hematocrit for wavelengths in the
range of 430 nm to 950 nm measured transcutaneously
across the finger. The acquired information will be used
to determine the optimal wavelengths for use in the
algorithm and the design of a real-time hematoerit
monitoring system. We constructed a simplified system
with a light detecting finger probe to measure the
transmittance spectra, The LED was used as the light
source and two photodiodes were placed at the other side
of the finger. We compared the results from our
simplified measurement system with the hematocrit levels
measured with the centrifuge using blood sample drawn
from orthopaedic  patients.  From the preliminary
experimental results, we discovered that wavelengths
between 700 nm to 950 nm, and between 525 to 610 nm
are potential optimal choices for use in non-invasive real-
time hematocrit monitoring system.

Introduction

Blood hematocrit refers to the packed red blood cells
(RBC) volume of the whole blood sample. Blood is made
up of red and white blood cells and plasma [1].
Hematocerit can be measured by various invasive methods.
The blood drawn from a (ingertip is often used for
hematocrit testing. The blood fills a tiny tube, which is
then spun in a centrifuge. As the tube spins, the RBC
accumulate at o the botwom of the tube, and the white
blood cells cover RBC in a thin layer, while the liquid
plasma rises 1o the top. The hematocrit level can be
determined using the scale provided is measured as
percentage of the total blood column—ihe higher the
column of the RBC, the higher the hematocrit level,
Hematocrit level in an adult female ranges between 38 to
46%. Lower hematocrit level might indicate certain forms
ol illness such as anemia,

With regard to the determination of the hematoerit via

optical method, it is well known that the transmission of

light through  blood is  complicated by  scattering
components from plasma. The scattering from plasma
vary from person 1o person. thereby complicating the
determination of hematocrit. However, some waelengths
are possible [or optical hematoerit monitoring as have
been reported in the literature [2-5]. The optical method
has an advantage over the taditional method due to its
faster response time, an ability to report the hematoerit
level inreal time, and a possibility for non-invasive
meastrement system,

Previous methods collected blood sample and used
spectrophotometer  for  optical  blood  constitutes

transmittance  spectrum [2-6]. The large and heavy
spectrophotometer and a need for puncturing the skin to
drawn blood sample are some of the disadvantages of the
previously proposed methods. [n the present study. we
constructed a simplified  system to  measure the
transmittance spectra across the finger from 430-950 nm.
The principle of noninvasive hematocrit measurement
adopted in this study is similar to the technique used in
pulse oximeters [7-8]. Fourteen LEDs were used as light
source and two photodiodes was place across from the
LEDs to detect the light intensity. The goal of our study is
to obtain optimal wavelengths that could be implemented
in a non-invasive real-time optical hematoerit monitoring
system.

Methods

Figure (1) shows the system and probe used in our
study. Figure (2) illustrates the schematic block diagram
of the measurement system. Fourteen LEDs were placed
in the probe and were designed to turn on one at a time
from 430 nm to 950 nm. A 5-kHz oscillator pulse with
25% duty cycle was used for noise reduction and
longevity of LEDs. Two photodiodes were placed on the
other side for visible light and infrared light detection and
before converting light intensity into an electric current.
The transmittance (1) and absorbance (A) equation [rom
Beer's law are as follows:

! —f A Jed
== (1)
A=2=log(%T) (2)

where 1y 1s the intensity of the incident light, | is the
intensity of wansmittance light. d is the optical path
length. ¢ is the concentration of the substance and g(2) is
the extinction coeflicient at a given wavelength. In this
study. we collected the light transmittance information in
de voltage and determined the ratio of transmitted light to
the incident light.
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Iigure (1) System and probe used in the present study.
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Figure (2) Schematic block diagram of the system.

Experiment and results

This experiment used the 1EC Micro-MB centrifuge
(International Equipment Company) as the benchmark for
the accurate hematoerit values and the system and probe
presented in the previous sections to obtain the light
transmittance spectra from finger. We calculated and
plotted transmittance graphs and compared the results
with measured hematocrit levels from the centrifuge. The
sample patients (12 male, and 13 female) with age
ranging from 25-74 years old, were from the Department
ol Orthopedics,  Ramathibodi  Hospital,  Bangkok
Thailand. Figure (3) shows the transmittance speetra [rom

430 nm to 950 nm of samples with hematocrit levels of

31.7% and 32% (measured by the centrifuge). Figure 4
plots the transmittance spectra from 430 nm to 950 nm for
samples with hematocerit levels of 25% and 31%. Both
ligures illustrate that wavelengths in the range of 700 nm
10 950 are insensitive to hematoerit level and wavelengths
between 525 nm to 610 nm are sensitive to hematoerit
level. When the hematocrit levels were approximately
JL.7% and 32% as shown in Figure (3), the dilferences
between their transmittances at 525 nm, and 585 nm were
close to 0%, and the difference was only 0.3% at 610 nm.
Figure (4) shows graphs at 525 nm, 583 nm, and 610 nm,
which have differences in transmittance values for 25%
and 31% hematocrit levels at 14%, 3%. and 6%,
respectively. but the dilferences at 875 nm. 935 nm, and
950 nm were still less than 1%, similar to the results in
Figure (3). From this experiment, we discovered that
wavelength between 700 nm to 950 nm and between 525
nm to 610 nm are possible choices for used in optical
hematocrit monitoring.
M5BIV
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Figure (3) Transmitance spectra for hematocrit levels of

31.7% and 32%
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Figure (4) Transmittance spectra for hematoerit levels of
25% and 31%.

Conclusion

The system and probe described in this study can be
used to abtain the optical transmittance of hematoerit for
wavelengths in the range of 430 nm to 950 nm.
Wavelengths between 525 nm and 610 nm are sensitive to
hematocrit level and wavelengths between 700 nm and
950 nm are practically insensitive to a change in
hematocrit level, These wavelengths have the potential to
be used as light sources for optical measurement of the
hematocrit levels and we are currently conducting more
experiments and moditying our system for noninvasive
determination  of hematocrit  levels with acceptable
aceuracy.
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Abstract

The objective of the present study is to investigate the optical
tansmittanee of hematoerit for wavelengths in the range of 430 nm to
930 nny measured ranseutaneously across the linger or the earlobe. The
acquired information will be used to determine the optimal wavelengths
tor use in the algorithm and the design of a real-time hematoerit
monitoring system. We constructed a simplificd system  with a light
detecting [inger prabe 10 measure the transmittance spectra, The LED
was used as the light source and a photodiode was placed at the other
side of the finger, We compared the results rom our simplified
measurement system with the hematocrit levels measured with the
centrifuge using blood sample drawn from patients, From the analysis,
we discovered that wavelengths between 700 nm to 930 nm. and
between 47010 610 nm are potential optimal choices for use in the real-

time optical hematoerit monitoring svstem.
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