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ABSTRACT

This project represents a study of the transmission of light for use in predicting
hematocrit from wavelengths 505 nm to 850 nm and create a simple system for use in
the probe, which estimate the transmission of light from fingertip. The results of device
used to measure hematocrit are compared with the measurement of the hematocrit
Centrifuge by using blood from volunteers. In experiments using light with a wavelength
of 4 wavelength is 505 nm, 595 nm, 830 nm, 850 nm, using the four wavelengths are
transmitted through the finger with a photodiode or light detector opposite of light
emitting diodes to light for measurement. Measurement and adjustment of device will
use less of hematocrit from the equation and hematocrit Centrifuge. From analysis, the
error of the linear equation to measure the hematocrit of the most at 20 %.
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(Hematocrit) lngdsnsvanas saufisdnvaziugiuvandenuasdlulnatusieqiitale
1) 1 [ G‘j o 1 = A
wienansznuatslsnealandi (Spectrum) TedidandniiidinanifianisidanaueAiy
Pt & -t g ) a & a o o 3 |
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2.1 Beer’s Law

1 =2 < a "W da )
Beer’s Law nanifiimsanveugaduasiiiunisihuiinanaianuaiieme wasas
< o PRV 4 ') v v
gngandutnatsiegluminals msgandussiimiuduiusuuuBaduiuanudniures
arsusznavludinansiudseansadauaunsluguilirasnisganauladsil

A = gbc (2.1)

o < ] ] & € o s !

o A Aarnisganduuas & WuAlianiweuresuiiif (Molar absorptivity) b iluia
1 9 al IJ 1 ] 6 1 4

nivesinaniuasdaimuuaz ¢ luanududuresansasas lnemluwainisman

Wuduagldaunisluguvesnisdwiulaedeuaunisladall

I = I e¢be (2.2)

ileuasiideihudunasmnuemaauisuasuasfiannsenuiamuduuandu i
uasiinnnsenuianatasueneandvaesdninaqmefufiouasduiiszdwiueeniugsn
Funisveaiinaruasuasdnduiiazgnaanduainganans fenududuve swasiidain
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\3ua (Exponential) AUSEEENIANNETIYEINA T LamENn1sIaRIaNn1sT 2.2 e &
ﬁam'maﬂu1iﬂ'l.ums@Jﬂné‘wmamiﬁﬁ'}mmaW’Jﬂﬁuuaaﬂgu'} b uszaymevaianand
wavdwuuay ¢ Wuanududunseanuvuiiuresiinanlagaiauiduduraisiinaid

¢¥nlumiteves ¢'dm’® %38 mmol L e molar wazAwasAluarsueugesuiiad
mizAa dm? cm ¢ Beer’s Law fiftugnunnanamantinissanfuveuaiidanu
fnanuazuasiignganduaindanansiifeslidwiiuuasiinnnsevy Welisuadiiie
ynnsazeuUs i vesinaswaruaiinnsnsEangeenty



2.1.1 AN19darULEs (Transmittance) wasAIN1IRANAULES (Absorbance)
An1sasuLas (7) Wudnsidiuvesnnuduuasinunggiinan (1) deannudy
o <
waaenNIEUFINaN (o) Inauansluaunisi 2.3

T=Ll=ghe (2.3)
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MIANAuTBIAMANEAIENIARY 9ndInasiifiaansUsenausgfevatauuy
NnANANTAYEY Beer’s Law miﬂﬂnﬁuu.awqnﬁmﬂuﬁ‘mawumndmﬁwﬁmﬁ#u%ﬂu
nasmreInTgAnduLatiuuiazameIAauLAIIInaasuias sl mdrdeiudunis
anndugvdlngannsouwmunisgandutiufsaunismendamaniuuumsinedeu (Super
position) 91nN1sgANAUTBIRATUazdNTIIEAY waﬁlﬁﬁasLﬂuﬂﬂiqmnﬁuumﬁgﬂwm
dlafinisdsuasihudlulusmnanifiasussneunatequia msganduainaans n wuy
aeildvintunasinesanisgandu n dAudrdeiulasawnsadeusglugunanuvetmy
ML NATSUSENBUWARZLULTIAT £ T89AMEMIARULAUAALAINETIARY

At - £1b1C1 -+ Ezszz +... +£nbncn = ZP:]. Sith1 (24)
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wazaumuILuresarsludinand i uay b unumugnnasatRTiin1ganduaIn
c&‘f’mmdﬁuﬂqeiaai’:u-i'faﬁﬂ'nuuﬂmhqﬁ’ulﬂmnmsﬁdiznaan'l.uﬁ"mmmﬁa YUUU IﬂﬂLﬂB§
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2.2 \dan Fuva3a dlulnadunazawansunisganauussvesdlulnaluy

o : ! = o &’ < =i =3 = =
Widetinanidnvasiugiuveden duilnaia dlulnadu jUuwuuvedlulnadu
e - 1 =t A
wazpuauURveInsgandukasresdlilnatuluguuuudig sautimsidenanuenau
wasiilivinneAduiinain

2.2.1 \fan

denmelusisnovesyedasiivsunalaesiudszana 5-6 dns lneusznauliae
aasdulngAernden (Plasma) Ussuia 55% voUiuandennmuanazidiniden
(Formed) Uszana 45% vasUSinandenimusdadindeaiuasuszneulusan 2 diufe
drsnindeauns (Red blood cell) %mzﬁae‘jﬂiamm 44% TeaUSunandentanunuas
Hadanu (White blood cell) 8nuUszanas 1% voe3unandeniomun

2.2.2 ulvAn

ﬁmeﬂ‘%mﬁanfcjmjamﬁﬂLﬁaﬂumé’mﬁuc‘iaﬂ%mmmLﬁaﬂc-’ﬁaeiwﬁgwmw‘%amﬁ]
nanldiduiineiafeuinadndeaunsieyiinadeniomn feaBuluaialuusazdas
vosoguazmaziidunndaiululnsuandumsnd 2.1 SntaArasBuilnadnatunse



vevenarufinunfvassineldlagmnmniifsniseiuunfiensasusveniainyaratiu
fllsalafinas (Anemia) islenszgniaduiaddadonuwndinuiauniuazenaiuly
1 5 as 1 J 5 v
I@iyaeatuiinisdedon fuiaunanialasunisiidavieviaansemisiiluasadures
msaudaidenuns wivinaduninaiadiangeindissauunfonavsvenlaiuanatuiinng
= 1 v A’ <4 3 .; =k = o 4 g
guuvs Wulsaden egganiiiuiigeninimaainaviefiamnuiaunaflunsegniadud
afradadenund

d 1 = 1 I
A15990 2.1 Adulnaialugnegsneg [1]

21y Fulnaia (%)
0-1 U 48-68
2-4 7\ 48-68
5-7 1 50-64
8-14 Yu 46-62
15-30 Yu 38-53
1-2 fioy 32-50
3-5 AU 35-51
6-11 LBy 35-51
1-37 38-48
4-7% 34-48
8-13 U 35-49
LNAYE 40-54
LWAVEY 35-49

2.2.3 gUuuurasdlulnatu

flulnadudussAvsznoundnvaadennislusninisvesuywddannsauys
flulnatusenldiiudsuuuudefufedlilnaduiidudiusendiau (Oxyhemoglobin,
HbO,) #lulnaduitlidusifusendiau (Deoxyhemoglobin, Hb) Elulnadufidusafiu
arsusulneanles (Carboxyhemoglobin, HbCO) wazlailifusiseendiaunas
msuaulaeenles (Met hemoglobin, MetHb) Slulnadufiffunumidundnie Slilnaiuf
fushiusendiau war Blilnaduilliduiiveandiau imelidasdnludennniigely
Uiimﬁiﬂﬂaﬁuﬁ‘:ﬂﬁiﬂ u,‘uuﬁq'lusﬂu,U'uﬁgqﬁﬁ’ﬁwaﬁiaanJﬂm%’m‘f’aawmmﬁﬂsuﬂawmmi
#799) T,ﬂa's'dw 2.1 Ltammmmiﬂﬂnauuawaaa‘iu‘inawuwwm ']'luﬂ'z'ma'nﬂauwmqnu
Iﬂauﬂumuaﬂammmsﬂﬂnauu,awm%'Taﬂﬂa'uuua~unuuauuamqmmmmaﬂauuad an
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Absorption Spectra for Four Ligand States of
Human Adult Haemoglobin
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2.2.4 n1sidananusiaduuasindluinady

TunisidenanusnadunaiildlunsiaArnisdauvesuastow aunisvinung
Arduilnasatusziansuniiesdusznevresdenidviefodlulnaduiiioandiau
#lilnatuitlifeendiau Fhilnatuiisuifumiveulaeenlesuazalulnaduiililéduia
penflauuavariuaulasenledduandugui 2.1 1iersuniemanugneduveuasd
Hlumsvaass Tnsnsidenamemadusaniielilunismaduinasatuasldisizendn
n1snaasuazdeRawaia ( Cut and try) Fuduidvinimeassudufivnaildiienn
pseieAanaIntun LLasﬁ'ﬁJ'aEiﬂwamﬁ"umaaﬂwﬁﬁfaquﬁlalﬁ‘lﬁwaﬁuﬁuauﬁqﬂ B
Tunsvaassfeudenldnnuenadunasiiamisanids ldnuiamaraalsaudiosd
ANNABARRDITUAINITRANTULES

2.2.5 Unduitinanenspaniuudaienisdeinuuaninaaieiidle

fvaneiadeiidwmadenmiganduvisduiuesuasannsouddldiuasiladelag
Yadausnieilademanaiiawunisdudaiugaia nanAsluinuisynradiedeulyn
agiliinTaiinsadeuiivesyaiaviedrlvgiuluilivaenidesgnnauindiléfoy
finruaaiandeuly Sniauasainnieuenliinsiunassnvasalnngesisaisud
(Fluorescent) uasa1nssTuRLATUAsIINBUN SIS A ALATIAaRataLed s Uty
antadereladuainggnindunnzmuiinuninmsivaisulain arsluesdsznovves
\Fon 870 omidy wasfmildeRamlslinasdranndenisduivsadaslugui 2.2
uansdipuduRusseninnsdeiuveaduaduanuenaiuinguasamwdnenig
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JUN 2.2 ASENIUTBILAIVYURINUIAY [6]

2.3 @UN15VIUTBAITUIINATA

aun1snIsvinueA1dulnaIaiuzndfangued Beer-Lambert’s Law %33
| =t 1 1 v ! o/ J L
namianisganiukaznsaIiureIkaslusinalngaunTasTuAduUsEavoveslade
| li’d 1 at 1 =
A NdNaR NS INAINIIRANTUYBILE

2.3.1 daun1sviungardunlnainannsganauLEs

i
o al

AJ o J =l =Y J
aumw'lﬂumsmmamauW'Iwmmuuu ug’mu’mmnauﬂﬂwaang Beer-
CJ A] L]
Lambert’s Law NN&a1711

I=IeT 2.5)

A v 1 1] é 1 at 1 d

Wi | A9AMULTLLANUBINITANIULALLBHIUAINGNE |y ARANULTNLAINBUNILATENY
fnanduay T AeAduusednsnisganau (Absorption coefficient) Taadn T tuamnsan
19an

T = {a*[HbO] + b*[Hb] + SRBC + Sp{asma + Snai[ + Stissue} * d (2.6)



ilo a uaz b ﬁaﬁwé’uﬂizﬁwémigﬂﬂﬁwm%"lu‘inaﬂuﬁﬁaan%muuasﬁiuiﬂaﬁuﬁlﬁé’uﬁu
0ONTNAU Spac ADAINITNTEIBUANTDUTAFOAUAY Spipsma ABAINITNTZBUG VB UTOR
Snail ADAINTIINTLINBUAIVBUEY Stssce ABAINTITNTTABUAWB NI BUAE d MueEa
szopvinsveuasiideiy TngArveansgandunduuasiidmualinfiusnhainisgandu
pauLasvedlulnaduiiduivesndaunazdlulnatunlisuiveendiauasdaviniy
nszaviuausarnmvesdlilnatuiivuivesndisuuasdlulnaduitlidufusendiou
wnulddn a=b=ai Snvaiiledwesdlulnaduiisuivesndisuuasdlulnaduildduiu
sandrausauiuaslalulnaduiavun (Total Hemoglobin, tHb) w3ai3end1 wasuvas
falnadufouumildidesininadn Sndeunuihrnanssnsreamndaiden
UA9 (Srec) AANTaUTEUIATAR NN 2.7

Srec = ScltHb]=s * [tHb] 2.7
-l 1 a‘ o a‘
wazansaliguaunisiudaInaunish 2.6 laasaunisin 2.8
T = {ai*[tHb] + s*[tHb] + Srac + Splasma + Snail + Stissuet * d (2.8)

d o - v d | a1 a v
Waviin1559MnINTEAWUAIAB Srac ,Spiasma » Snait » Stssue PAIUANAIRANALILAL WAL
' a oo = ar 1 w
ANNSNTEBLAIYRITUN InASAWINuRTIn TasuLUaawdrdnsaunis iy lasaaunis
P |
n 29

Ti=(K*Hct) + S (2.9)
- 1 5 - '
WaliA K = (@i+S)*d wag S vuefaRInIsnIEeLasreudndoniad AINISATEIEVE

’B’ - 1 LY 1 4’ d s
YIUNADALALAINITNTLIULAIVDRAUNUAINITNTLANWAIVBULBLE DT IUAULAIFUURA LN
=1 ] 4 = = 1 1 - 1 1 N
WuA1Aiden S sxdinsivdsunlasrnuusiasyanaiiionninaniwainaquedsianielia
a o ) ] - a
sutluda minaunisi 2.9 duuaasisrinisgandunasuasnianuenaaulag ninssy
A 74 A & 2 as :

T IRNEIANNEMPAUlRAUNTINTa NSO B UANNS LARGT

Ty = (Ky * Het) + S5 (2.10)

Tio= (K2 * Hct) + Sz (2.11)

) ' ' 4 4 | a
LALIMTIAIUTEINNITNATEBUAITDIAINEIAAUN 1 UALAINEIAAUN 2 ausoldeu
v &
Ioieatl

R== (2.12)
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iloAveITzereTEIuMadAlanasLasfsuLasdimuandiutosfasyvinlvan R
dezawmulumeiiiosninAnisnssanouavesdiuneg lifinaviefinaudtesuin vialv
v ad o e | 1w
ausaeyuuldinAINITNTEIYUANYRIANEIRANNNE (S,) dAnvidudn1snsEag
d o -l \ | - Y
LAIYIANEIAAUNEDY (S,) wazlilaunuAIreIaNns 2.12 adluaunisn 2.10 agladn

T = Ky * Het) + (R* S») (2.13)

o ' = o w o ] pu | ¥ o o s )

Weauwnurwesaunisi 2. 117dnguieunuAatluaunisi 2.13 uiivinisdagulivde
1 A 1

LE9AT Het fidaanisazlain

= Ja=B¥ly
Het = (B (2.19)

AL 14 1 b J V1 1 v o A U L

AN ﬂﬂﬁTJLLa'J'n?{'HJ'ﬁﬂﬂuﬂ’lﬂlﬂ’l’]ﬂ’l‘ﬂEN R @unsaunulasieg 1 uagiilos Kiaunu K;
2 o) 1 é’d

aglansaunisiviasiifie

a | P & e d o & a o

die T1 waz T2 wansrin1spandunduiasiiannuenaduiviliayanugnpiuiiaeuas
1 -4 1 Ad‘ o d al 1 -

A K Aemndadianldivenisinaidunlnase

2.4 lalamuasuds (Light emitter diode, LED)

1 ] = A ;d 1 . . . {
wnasfuiauasnldlulaseuilfelaleaanas (Light emitter diode, LED) &3
) da a P =l [ 1 :,’ Y] =l u’fv -
Dundeuldlulagtuidsiniisuadn siailiwvmawazdminiuidnidlivalgainuen
~ Y Y] = i - 1 E = I a
AAUIVLADNMIUAIIUABINITAAAINETIAAU LTI AIF U N UIUDILAI LB UNTUTA
(Infrared) uanantin1svineruaed LED delufimalindudeuisinenanisleany

2.4.1 dnvaurugiuvadlaloawduas
Ialonwawasdugunsaididnmseiindansisdiniiuas (Optoelectronics) Aifiiln
LasanmivanUdesndnuresdidnasoundaliaruenadulasesninainnssasdiny
geanmzanosusnsesre p-n luvaeiilsiuludanse LED dnlvgjvimnainansiei
uzsIny -,V wasny IV Tasdun1na8i1u1310 Gallium Arsenide Phosphide
(GaAsP) Gallium Phosphide (GaP) wa¥ Gallium Arsenide (GaAs) LED f¥11197n GaAsP
way GaP asliuasluguitusadiuly (Visible lght) Turausfl LED #iviunann Gaas axli
uasehuBursusn 3Uil 2.3 uanevdnnisitugnlumsidauaes LED Wledidnnseudl
wasuInnalazdruuiauaudiaainu (Forbidden energy gap, Eo) %u‘lﬂagju?nmunu
§miin (Conduction band) wétarniuiladidnaseudituluaguinauaudiiiindany
anauazANNAUNITda uENE N uTIdINT1 V3o valence band Bidnaseudisna
gUdpewdnussniluguremasslvineu (Photon) TnseueminduuaiUdateanin

11



a - L= A A o = 5
InnIannduavesdidnasaunsieslunnueniulai LED Miumaani1uuley
o <
annsamifaInaunisy 3.1

E, = — (3.1)

dle £, iumnunisresuinauaundinudesinlumiedidnaseuladile h iuraail
YBIUNAIA (Planck’s constant) iA1MAY 6.62 x 10 J s A1 ¢ Wumniuasly
gy naila 3 x 10° mv/s uas A Wuarugnrduuailiainnisaendsiulineuyes
didnnseusenun A1 E iugaandianizvessiguiearsussnaudiiwnii LED dudu
At Tnssmu3easussnauudazeiinasiimlividukasduiimuannuemaiuuas
Udegesnu1an LED Wlefimstleuludanss

e
S

U8

RS

Electrode
I\g
HETERC JUNCTICN

& o -
Jun 2.3 nannsiugnilumsiniiauases LED [8]

——

———— ——

|
I
|
i
i
l
|

2.4.2 usenuludansvaslnlon

wswuludansweslaleaunfiasimuaainAiussiunnaseusossa p-n Tedlalen
giiaiulaginaindauelua (Anode) Tt ualna (Cathode) Anvatusaruludanseilay
| o - Y a < d e I ° v QW ) a o
wansneiuluTuegiveiinvessiguioasusznauimimnasn laleadmsuldanumluyien
u1Rndanau (Silicon) asiiusnuludanssussunm 0.7 TaduasiA1ussuna 0.3 1as
wnyunangtiaau ey (Germanium) waksasuludansuad LED agdivaaninaunnnin

< ] s ol U ) @ wr & 1
AavgludeUszann 0.9-2.5 Taad 9naun1si 3.1 uandliliiufsanuduiusszninainy
N9 B9USLAUNAMIUA DN AUUSHAEUNUNUALENIAAULEIYBINS 11U WA e R

o Y A $ 7 = A A o - al 1 v
fufiaan LED Tneiilonnuninewes E fiAminaugnmaquuasiisuiinfaziidosuay
uwseRuludanseves LED Azl siunsatuamun euesuinuoundanuseainuue s
-] J o v s :’} =% ° £ 74 Ad ar at t 7] -3 J
MIea15UsEnauNuILIas1e LED satiusavinly LED nflusesuludansetdos ANtinnish

d o 5 1 - @

FINWITRAITUTENRUMININETIE LED Tufifanunineueiusnaun undsuss minutey
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o @ v P lo a - Vs ) 1 v W A1
gy liAnueraukaannlneenu e lnsuludansedlaunn Tunienduiu LED fiflan
wsasiuludansauInAviinNLAINYBIUTALAUNS I URBINLNINATERElNaTRANE7

- do a PSR &4 < | ™)
pukaenIAlinean1a1n LED dAies vielannudgeiuies

d o -
2.4.3 yuvaudsiinniinain LED (Beam angle)
| d L o o A 1
JUTI 2.4 uanayuvauasnindneanu1ain LED AMMUAIINyuinIsiauaned
LED uasziindanuanaumvdenimininAmaduiugegaanaumialugdndunis vie
-l -l ' | . W Y| o o a
Fundnegredunszaeuas (View angle) Tunisiavmyalniatienyai LED dullauas
w o Aoy 1 oo v Y -
waarugeaalutagUuivinlsiheligeenn was LED nilnneluvissnanalutlagiuasiiyuves
= ! v v =t o & vala
uasTidsesniniléfusesmifesqauia 180 s lunsiden LED Mdluniadasldiiiian
1 A v o Ad 1 1 1 -l ¥ ﬂ‘ ﬂy
yulinuelildndmuasmiifggadiiiusenludndunilivesvareiizile lnguazil
d = 1 J’ d ﬂ.‘ 1 a 4 o ol A o o=
nsnszaedliadeunisinileideveliuaslududdgmilindsnuniiinesnuiain
a ' a & o W oad W ot &
LED fifanasnaudunsluiisiiugnamumiliveslateinge

1/2993M31U0 1/2993M8 10

HAUNTINTEAUUAL

LED

J 'J o =
3’1.]71 2.4 HHUYBIURVINNUADBNNTIIN LED

2.4.4 19959V LED
a & [} a w v ' o
Ui 2.5 Apasiuguililunisldnuiiedu LED Thudwmessnuuandugud
[} v i ] 1 e/ at o s A 1 vV o
2.5 TagAnanudnuiisieaynsuegiu LED sulushdndanszuanivadu LED lliAnaa
@ o a1 ) oo a ° ) @ "4
d@emeuazidusmddnaianudutasnsdesanuianuisaruinldlnelduswulniaes
v ' w w v ' o v 1 & v
Y9INITAUMBANLSIAULUTARTIVY LED MISAI8AINSELanfaanisvilvianiu LED @esias
= 1 <l 4 o v 1 v v at ]
fAanNgananazyinly LED wasnasaanuiuazsaslilvainssualuvasludansafiaiuin
=3 = al 1 ) o/ | 42‘ ]
Wulvaudnanuidsmielnsavausesuludansivasainszuan LED saulvlvarulalay
[ ¥ 3 & 1 o -: 1 A
lmnmmmLﬁﬂmammin@‘lﬂmﬂ specification ¥84 LED waazm? UBNINLAIAIIUATUN
1 ) ot o £ E‘ at o ot al ar Vel ol = -
soeynsuiu LED feihmihmilumididanseualudandulilvfifrunnifuluau LED ifin
1 1 A l’: 1 - o L4 al ol
AuLdene ninunassrelwidnisildsuddunsdiun LED TUldaufuusedulnda
NSEUAAGUY
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VDR

sUit 2.5 2easitugruildlunisTdaied LED [9]

Anode

AVAS

Cahode

2.5 Wlalalaa (Photo diode)

« ot A al v at J
gunsalfuuasuazildsundsnuvasasliilundanulnivedassnuilfelnlalalen
d 1 at A o 1 al 2 d
\esnAreInsuansauswunioanunasiludndiulasnsaiuanuiduiasiiuinnnseny
o @ v m al ' P d a
anmainsleanulidennuasiinullunisnevausssauasanuiannsenuiia IWlalalosyiin
se8sa p-n azUsenaumearsnainivie n wavdnaunilsasiduansiedieila p Tnelu
J A’ o o 1 Vet Ad
Wugvansuansiugiuninuedwlalalenviasesse p-n lasulnneusinuand
wasnufissennnsznuaziiliiingdianaseuuarlsalmitintu (Electron-hole pair) %1
vaa & v a4 dw a 2 2 @ d
iididnnseuainila p indeuntiuusnauasanive (Depletion region) ludsila n Tuvas
o y a P o v - YRRy a4 =
7 leavnila n Aasrdounduuinadasanmeludals p naffoiinnssualni
wenniivlalalendudugunsaiiuuaaasiasundauuaadunssualwiniisnanlias
o o O ¢ Alvd c.‘ 1Y & | W 2/ <
wndndnvanseuae winniladianudulsdunantudadulasasstuanuduuaiin
ANNTENU

2.6 219TVYWHEYY U

-:I. IJ s v o £ A
delvlalaloadsunduuasdunssualiiug 2wsvenedygiuasimdn
CJ v at d -] 1 =
wWasunnnszualwidlddunssuieldlumsinnemduninase

2.6.1 usaauludanss (Forward voltage)

29THUFILVBINITVEIYUUY transimpedance Fanandlugudl 3.4 Tngldaeasin
wihiwasinszudliihfiduinonTnialalesbiiunsiduiio wiynldannisiing g
\adiou (Visual ground) s¥uinedunnuinuardunvavvesealusndasinlvusedunn
ataulnlnlaleniinndurudliad fufudnszuaisuiagininlalalendslnaniuai
Frumuiimiideunduseninae winnuazunmavtesesyuendnatsifuusdiui
wwinnlagasiandudndnulasaseiuamuduasiiuinnnsznudinlalalenasiidda
auns
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Vo=I4"Re (3.2)

aun1strefuiuandiiiuliindnsnisvenedy g meeieas transimpedance il
wiriuAanudiunuteundu Tnsunduasiidsiuusinalatesiafiossnuifiadlduin
Frtnssuarivlnlalenssvhaimudiuaasi waznmssenuuuisasupisniuiies
milsddnvatoUsynsidusnsinmsenesadermuditldmudusiu

V0=|D*R|:

o & ;
JUN 2.6 1ITWUFIUYBINITVYIBUUY transimpedance [10]
2.7 A1SWITUINITBINLUUNITVEY

) ! & @
Tunrsesnuuunasvesdyyruildlwinlaloalugunsaifuuas Tuguuuy
s 1 | ar [y o
photoconductive #litAeWinnnszualwieanundudadnlasmssiummunduudsiinn
1nTEnUiliages transimpedance wlasAnszualwinildiiunsaslvin

2

2.7.1 aavuaul (Opamp)
r.JI . ) - a a1 W P 1
paUwouUnlylunas transimpedance lifBansviianssuaduwniiniosiiiosaine
v at at o el U L A o - al
AnuiumuvedlalalenvassuludanduliiawasAnssanininesnnanivlalalond
' ) v o = ) o YV o U oo ay w ar o
Aol TVTIRTTRINUnAUILAw BRI R BINT ORI NS YR TR RN

2.7.2 Aduiudszylaundu (Feedback capacitor)

v oa - at 5 o v Y] [ 2 - P

Fiuussgntlounaulusesiiasvimiiandnsnsvenedayaalili loop gain fifi

< o w 3 ' =
gunniedumsinwiatissmmusisuasteiuns osdllate lumsdendesdiuiulsey

[ - 4 4 1 ¢ v PN
annsamidlagldaunsit 3.3 lnenunavesiuiivedwlalalonfivuialug TngAdafuuseai
1 <l (] 1 J o 4 o L4 d o

sousiamsiivualugniAdnuUszaviintoundu

- C
Cf = 7 (3.3)

< ' ddw 1 " i ¥ a 1w
e f, \ummudfisnsinisveevesseduandiiAiniu 1 (Unity gain) C Aefndaiiu
o aa o A W Py ' o 1w
Uszviavuniidunmuenasefenasivasniduivlsziisessevedinlnlalanduse
da o 1 Ld o )
\Wuusganduwmveseatuaud R Aarausunuleundulasannsadieuluggasiily
a v < ' =l <& o A
Weadiiuuszynseusavatlwlnlaloativuiaiandil
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1
Cf = Py (1 +.J1+ SﬂRflec) (3.4)

d 1w al | o 8 v fa € a1 ' fa &

WaAwAulsvalivuavgasinliLuuainvivesnasiiAnanadlneA1rasuuninyiain
| vo &

2995a@NTaMmATLaRatl

BW = 1.4, (3.5)

| = 4 Y a1 w
LD fp ﬂaﬂ']'l!Jﬂ'Vl'Nﬂ'ﬁJEIW'i'l‘UU?ﬂgmiyqiuQQqﬂIﬂﬂﬂﬂuﬂ']ﬂﬁauﬂ'ﬁ

fc

2.8 127529

as Aia } 4 ] ¢ A = a I =l 1 ar
wnsefieulduuuunsvanedudiafiansangluuuannnsiumilagasiwuufai
ATIVUATINTUAINTTAHTULASTINTIILUURAT IR FUAEsBUNAY dauguuuunsly
[} U 4 () 1% g 5 =]
Auasauvslifduasiwuude wuufiauisarunldgila (Reusable probes) wasiuud

L4 a‘:' =l 3 5 Jd ot o a/ 1
leimsaLden (Disposable probes) Tmmamgﬂ LUUUNUANAITNINIUATIVIANIAN

A v U at 1 1 5 £ Q‘;
29AUTENBUNRBININIAMAEMTIamATeIAUTEnaUARMeluldeatuansoldlan
dpauUUABLUUATIVIUAMMSAr AT RUUATIR S UMasTeunduustulassuiildansa

WUUATIATUAMUUEANHIY

2.8.1 MIATIUUATIVTUAMUUESHIY (Transmittance Probes)
anvarinsiuuiuAuudruiazluma i ulauaiaziiulategdmnstiy
as as -I nt' v s o!l o v ‘il. 1 o - aJ
fudagui 3.5 Falduanmsanediaves LED uagiWlslalondaimiiimluudaindauasuaz s
) s v ' - o v
was Inevhlumelumnsnassznaumelninlalonuwas LED muAInueina uwaanfnesnis
oo a ] a4 A %) o '] 1 - o
waanANdnu197n LED wumsiasiiamnuduannweniagdausasstulateialudilninlalen

gf

upaanndiauas

il

§

Muuas

A @) s 1 1 1
31]% 2.7 MNTRUUTUAUUUAIN Y
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s uises LED uasTWlalaloaiumsaznvegluiumisiinssfulildunniian
el undssmuasiidwiuameiafielildunian Snvialimsnsnlnlaleauay LED
dudatuRmivasnsailaidunvindsmssuniunngamniivesiunie usnaniusedin
asulmeihmsariinisnszneseniuivisumet linsasewizgauasusmilue whnsil
msiiaegauliamseviiuuinaaeiviedmumnauiliasruiugeld

2.9 lulasaaulnsataasd (Micro controller)

Tassnudlaldlulasroulnsataeslunisamivanuasyssulana lay
lulasroulvsamesaugunislalavemasaliuazltlulasreulnsameslunisfudinig
AANSUTBIRAILANIINAIMNANBINATA

2.9.1 Arduino

Arduino Aalulasaeulvsalaaiiannsaliifuiaisaiielunisaivaugunsal
Budnvsednditeldaunmiidienis amsadendersniinneifonindsuais USB
doudedrfuueialulasaeulnsaiass Arduino Tneldlwidssainans USB (+5v) siail
ArduinogiadnladnduguuuumsimutUssiavleinugasa (Open source) anuisaiienly
wiaiulavsddeqilearanldiuniugausvasdaidesns Fehly Arduino ufitieuld
uunludagiu auaud® Arduino awnsadaldiugunsaldi@anseiind wu drin
\Wuiees driagnmnil uewes Siad ueadi warduqdnuinune

‘gﬂ‘ﬁ 2.8 Uasa Arduino wuusng qiifienld [11]

2.9.2 Yafuasuain Arduino
¢ . a ! d o 9 ¢ a d a4 U woa
vain Arduino fistabiunadisiisudunailulasraulvsaaasaiindus) Snvisded
") | Y] Y o A
Tusunsunisidaunauisaldauldvalsunanvasy v Windows , Linux ag MacOSX
P W Y ' o w v = o ' v
Feanwazainaniiaumnzandmivgldnusuduiesiniianugavgulunsldaulag
P a o v '3 ' = a v
winlaundaieasanlunisisonldauieidusiig sadansilawmevesalan (Source
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o o v ' v P . a a

code) naursarluRmuregenlasiudalusunsy Arduino ARuWwUUIUAWeYasalAn
FadANANALENNTaNI C++ library Tudauvessnsawas (Hardware) Arduino fimg
Uawenaslagasyiligiausngaunsaivisuegeniawsliuas toddnodves
¢ . a ¢ o ¢ da ¢
Ua$m Arduino fAaldlulasraulnsalaasvad Atmel F9MITVBIVDIARNUNLUULTUANEG IS
n1ald Creative Commons License Qﬁ’mmmmmﬁﬂﬂﬁﬂ LUasraveelasing
Uzansnw

2.9.3 Uaia Pro micro

Tuguil 2.9 Aeuada Pro micro Wululasreulnsalasiildlulasaoulnsaiass
ATmega32U4 Gailadviadunw/iainm 16 wesn (i1 5 wesnannsaléiiiu PWM tewium)
, 4 wm’mamé‘anﬁuww, 16 MHz, USB Connection, Power jack Waw ICSP Header
dwmiuuain Pro micro fieasnduavasfuaiafall

= -l .
A519N 2.2 @15 19518agaen Pro micro

Microcontroller ATmega32U4d

Operating Voltage 5V

Input Voltage (limits) | 16VDC

Digital I/O Pins 12 (of which 5 provide PWM output)

Analog Input Pins 4

DC Current per I/O Pin | 50 mA

Flash Memory 32 KB (ATmega32U4) of which 0.5 KB used by boot loader
SRAM 2.5 KB (ATmega32U4)

EEPROM 1 KB (ATmega32u4)

Clock Speed 16 MHz

gﬂﬁ 2.9 Ua5M Pro micro [12]
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2.9.4 ¥wANTN
ATmega328 finuauA11us1 32 KB (e 0.5 KB 9@ w5y Boot loader) @il 2KB
d5U SRAM Wag 1 KB @ 15U EEPROM

2.9.5 wasRBuWNLALIINT
WeimBuwALazieWATBIBA Pro micro fanua 16 v annsaldiduiadune
wazteanald Inaldilandu pinMode() , digitalWrite() , digitialRead() Ineldusaiulv 5v
wiazyrausnsunszualauInga 50 mA
'[ugﬂﬁ 2.10 uamswandealuuiazamesndail
- Serial : 0 (RX) uag 1 (TX)
Tdd1m3uTu (RX) wagda (TX) TTL Serial data Usazv198ABATINUNUYIVB
ATmega38Ud USB-to-TTL Serial ship
- PWM3,5,6,9 uaz 10 Wiawinn 8 Un PWM Lagldilardu analogWrite()
- 16 (MOSI), 14 (MISO) , 15(SCLK) -mmhﬁaxaﬁnaquﬂ'ﬁﬁam‘ﬂmu'h? SPI
- TWI Ad w38 SDA uaz A5 u¥e SCL atuayunisdearsuuu ™Wi Tneldlausni
Wire
- AREF. \{u Reference Voltage @13U analog input 14#aAdu analogReference()

JUil 2.10 ATmege32U4 [13]

2.10 Bu2eLandNa

nii198ueadd (Liquid Crystal Display, LCD) 1unuisuaninadidnnsoiind
(Electronic) wazwuldnainuanglunisideru Inentaeueadfouin 16x2 Ardnwsidu
gunsalugrusarlfeuirlulugunsaluazaaassineg wihssusaddiisingn desents
Fruieldiy uarlifitesialuteseamsldmdnysiiey

2.10.1 anwuzYaILaadn
| v aa '
Tugud 2.11 uanamiasueads lneniiveusadnruin 16x2 finunNIE7N
anusauansnals 16 snuslulsasinl wasiiviavun 2 waa lusonwsusariivadLeadal
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YU1A 5x7 Antwa (Pixel) Ingsueadnduiiog 2 nulea11udn (Registers) ABAIHS
(Command) wastaya
“ 1 1 U
Tunheanuiwesidazgnieuliueada deidfenisimunliveadivinanu
§ 74 d 1 q' ¥/ o ;7 v 5 1 o [} s g A 1
muntiilunsBuiun1ienu nsdeteya n1siAeuMLTesnd uazdug diuly
] o i 5 a8 v - 2/ ol el v [ o g v

mirganudvesdeyatiuaziiudeyanuanwaluniiveueadali Tmamauﬁawmﬂwuﬂu
¥ L7 o 5 ‘J A o
Joyauaan (ASCI) vamdnysiugMuaninauarlunisem 2.3 wanitain1svinenues
Anredluganeads

sUit 2.11 nihaouesadi [14]

<l o '
A9799 2.3 AT NUAAINTITVINIUYDIV AN VDIRD uaads

Pin No | Function Name
1 Ground (0V) Ground
2 Supply voltage; 5V (4.7V - 5.3V) Vcc
3 Contrast adjustment; through a variable resistor Vee
4 Selects command register when low; and data register when | Register

high Select
5 Low to write to the register; High to read from the register Read/write
6 Sends data to data pins when a high to low pulse is given Enable
T DBO
8 DB1
9 DB2
10 _ DB3
1 8-bit data pins —
12 DB5
13 DB6
14 DB7
15 Backlight Ve (5V) Led+
16 Backlight Ground (0V) Led-
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unil 3
N1599NKUY

& ot 4 a dyw a e o ) w1
unilazuansfanissilenliosnuuuuazuszAvgluneldlutuneunisinfinis
deinuuasusnaareilegldlulasreulvsameimuaunisieuilutuneusiinisinnu
A i = aal ] : Ve =t a
vanAdasflansninddunlvaialasitnsmuasiunaaeialenldiasuidnvus
' < W 7 < < <
vadlaloadwaanldluiinsadnninanstenasnldluniade Tugun 3.1 waneds
v Y o o @ a o ! & b a v
dnvazyaiiesamlilunisinAduilnaialagisnisnnasitlulateialiedaiininge
woadd (Liquid Crystal Display, LCD) (U udauvasnisuansnaniunisaivaulag
g o 3 J o o el .‘5 | LY < < -] % '
Lulasreulvsaiaes dadndinalauwazlamiadnlidudmiunaialiiasasimsine
<t = < aa at = =
8ulvase Tugun 3.2 wanslisnsindguiinaie

o 4 o a a ' &
JUN 3.1 wsariaAaunlnaIalnedSnisvianasiulateiliiie
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A £ % A o 1 - -y 1 ﬁ.’
UM 3.2 AsltATarInABun Inesnlaedsn1snianasinulateiladie

. o =
3.1 Block diagram wazn15%191uvaATesle

suuiadstunifldlulaseoulnsaweiiu pro micro Fuduvesudn Sparkfun Wu
;é'f'm'mﬂuﬁuﬁwmu*ﬁmuﬂiauﬁa'l.{f‘l.unﬁﬂismawa 5U#13.3 uamistumaunsvianuyes
\AaasTadduilnaInlagianisnianasiuvarsiadelnssuanlalenwdmas (Light
emitter diode, LED) lnsidwasosnumdaniuuasavdaehusiaelugsiaduuas
w3elnlalalan (Photodiode) dvagunseinmes LED nudlelnlnlalondaudumesy
Imaﬁmﬁwﬁ%’uua\‘ﬂﬁ%’uLl.aaﬁehdwmwwdawﬁv'aﬁauﬁaé’mtywuaqmﬁwgnﬁalut'fq
esvedyanaitevhnsvssdyanaiendygraidunidyyamnmdnvidli
ﬂ"'}L'f]uﬁawmmﬁa'lﬁham'amiv‘i’m'ﬁﬁ'lmmt.azLﬁuﬁagaﬁnﬁaﬁmmqmﬁw’hmﬁ Ay
sundssniudenhdyaaildukinaasnsesrudsuie lddyaaiuiate wWeld
Fuanaudniilulasreulvsaiass (Microcontroller) asvhmsussnanadnyunsuunld
wazantululasaoulnsataeivzuaninaresdriivinisialditunmnsuaniwanse

L =l
WuUaLaUA
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LED [> finile |:> Photodiode

Microcontroller <::| Low Pass Filter <] amplifier

<

Display

A o d a/ 1 = =Y ] :
jUn 3.3 AMsVUTRIATarinABLInASAlaeITNTuas A dle

3.2 ¥IR1599

masalulasenuildiingiadnuwaus wuuasiulagudieanduaasdrumfedau
AMPEAIATAIASU

3.2.1 mads

5Uil 3.4 uansdnuaznisns LED luhasieildlulassut] Tnsluguuansionts
e umiares LED uazinlalalen Tng LED HSuuiaovun 4 anawazidu LED Ysziam
super bright Safldnwaiudndsufiuideusiayvasnves LED Yhulvunussua 0.3x0.4
cm? lavinsans LED Tluansradussiivunaianunsaussana 0.8x1.0 cm? ailanna
weRfuduvasasiadle usianiinameen LED duildnvusiduussiuandntionilel
aunsanwaneiinléwed venaniussnadafnnnnviluresinsaiudediusedtll
wnidluawihliEnSulin rafwsariiudeslivesiiulualiansaniivld Tunsiai
3.1 YzuamdanmEnAualElusumivinequasTeazBenues LED fldluniveass
lundai] Tae LED l#iTu LED Feanunsomdelilusimiitlaigaunn Taevasn LED #ldun
PnaneuinaInATmenAduduiaafie 505 nm urueAduLadiTe) deunfe
595 nm Faduudsddu aAnue1ipduuasd 830 nm waz 850 nm iumueIAduLa
Sunssn druvesiidesinnsuniundnAemiuennduuasiiindsusenuigegn
(Apeak) uazAuu lnseazideavas LED ildeglunanun n Tnsuaniseazidenves
LED
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+— 03mm —»

0.8 mm

A ar ot
JUT 3.4 dnwaien13 LED Tuiinea

o o 4 o Vo a w
AN 3.1 H1779ANUSTIAFULEIVNALUUIA 1 UAS IR LOYAVIWINT IR

dumds | FauUm | Anwenaadu (hm) | vesLED | yunszansuds
(degree)
1 Cree, Inc. 595 1 60
2 Philips 505 1a 30
3 Vishay 850 Ta 60
4 Vishay 830 1a 60
3.2.2 MAY

2 . z 4
IwimlﬂiaﬂgﬂlﬂumwﬂaaquiﬂﬂTﬂImlﬂTamwlmmauauaqmﬁmmm'zﬂau

l': L J y:’) L] -f
ToelnlalaleafildtarusanavausironmueAAulafILs 300 nm auds 1100 nm lag

o 1 v 1 l‘; d 4 L d
dumisvaslnlalalangnineliegasanatsveavasn LED visdwed ielianunsaiuuasi
dsruannuangiialleldwingiunnda

3.3 1ITAIUANE

wasanualauanludiugvatgdiudioiu Usenaudie 1NITUUILTIRY d2U

| d e o o
29930818 YY1l @IUNITAMUAAINIY WITAIVAN LATLARINATIAINITIAY
lulaspaulnsaians

3.3.1 2ITUUWIAY
5Uil 3.5 uamenasvesnsutaussiulagaztihddnunundedufaguil 3.5 udale
Ihdyaraiilddhsesuuond (Opamp) ttelilfussiuiinaiiuaslifdgmiidiivan 3
vee fllfivun 5 Taad (Volt, V) fafuenin (Output) Aildaziioun 2.5 v
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Vcece

100k
¥ Vout = Vcc/2
TLO72 -

100k -

d I o
JUN 3.5 2995UUILTINUY

o ds
3.3.2 'J*"'lli'ufnﬂa@mqmuﬂzﬁﬂqﬂﬂﬂqﬂ"u
o o a ) oo
SUA 3.4 uansvsuenedygauasanuinsnu lnedundygrauiivnaini
9 a v i ol a v o o
TnlaloafldyraSudusgh 2.2 V uaziinisiunazanniudnsinisdariuuasdu
o Y v o 1 | a P
\Waswnandnsinsiduseniadleagiussuia 0.25 V nanfedyaruilmdulnii

=l 1

w - a : 1 ol o ad o @ oa <
nizLLﬂﬂaUTﬂﬂuuauwagﬁ (AmplftUde) 'rJgJJ‘VI 025V Ltaxi.lﬂ’lﬂdwagﬂ 2.2 V anvNdAun

s Y] s o P ) o w & . P v
AuEnsInsiuYesiale nfindunidadududesdiduiudseq (Capacitor) ey
o o Y Y ' @ by o |
awzdgyaraiianuinuwiniy Wedyyrarumiivussguniuazgniilunsasrnud
o w a0 = o o = ad ¢
AIR81995ANDANU TagliaudAneean (Frequency cutoff, f) ayn 5 La70% (Hertz,
o o : L A I; 1 o o
Hz) Sruuamigesuuaidunisnsesnnudmndisuan (Low pass filter order 3)
Tagdwsnazidunisnduina 180 uaziidnsinisvenadgymiuvindu 1 davivileududiu
v w ' v a6 ) s oo 1l
YBAFHAUT UATAIUNYAAVBINITVY1IUATNTBIANUAA UL UITLAIINEAVIDONBEYN
- vl ) w o w PV P
5 Hz wazllansIN159e180gy 10 MTadgumnu Tovagusuuwdmanasiiues il

a’ IAJ 1
aRTINTVLLBYN 10 1

220 nF 220 nF 220 nF

| e |l
H T | T
100k {00k } ook }
220 nF
Input
—| = -
TLO72 Ban
25V ¢—— 2.5V 2.5v

=] a do
5U#l 3.6 asvenedygrauazaudaiy

25



3.3.3 29959V LED
} o = < 1 v & e o )
Tuduweanasdu LED Fawansegluzun 3.7 4 uasdbiiiufinsihnulunsdanu
o < PR
nlulasreulnsaiass lnevaon LED azvinaulagnisnlulasreulnsaiasidilivase
l‘j L) lll ﬂ‘ o ld' A o =3 § o
LED antiuqdnlaedaituwasn (Port) uniisa IC HEF4066BP daidulednviraruiluaindin
£ A oy - !yl =l :’! -] a 4’4 = vV al Q ]
wiihmUanielneasiug davdlunisinsuvestedsidfeasiidaiuniuluduewitlnl
Fududesinisresasiumululsasiiiy

Vee Vee
% §
—L—_—rl'x @] [5] OOOOOOOOOLOOE

HEF4066BP q <> |

el ol 'IJ 0]0]0]0]0]0]010]0]6]0]6;
3k R
Vec  Vee

Vee

gﬂﬁ 3.7 29959V LED

3.3.4 2995UEANINA
O qv v el v W a ' W =i

Tunsuanmaiuldningeueadd 16x2 Mdnusuinanina laeiin159ensAIFUN

v ow ¢ ° < | ) al o
3.8 Ingmnatnivlilpsaeulnsaaesuazazvinulaglulasraulnsaiaesavassiaweanuii
wireiiudeyaveminveneadd ndsnduminveueadfagyinnuaninaresmduningsn
o o
Mala

LCD
QOOOOOOOOOOEOOOB
- | .

5v | [ —

il (0]ojololololofololololo)]

OB =

OROOOOOOOOOE®

<
JUN 3.8 1asldlunsuanua
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3.4 Block diagram wan13%191uvaslusunsy

< & o ' -
U7 3.9 uamadumaun1siuYeIn TkanInarulusun sulagiuaNuALeILED
1 1 : A 1 ) 4 5 1 s &
dasuihunflnlalalonduisesveredygrawazainudasiiuundslulasroulvsaass
ndululasreulvsaaesazdstoyaiunweineynsu (Serial Port) undalusunsy

L4

a ¢ o = : - o o P
AaNimaiaiNITuanInaLaviiuteyadalusunsuuanwalidneusdiagui 3.10

LED [:> fin |:> Photodiode

Microcontroller <] Low pass filter <: Amplifier

Program [> Save

< o '
E'UVI 3.9 N19YINUTBINISUERINANTUIUTUNTY

' Forml

Ardand Setp
— Trarsmissia Com Pot
COoMe -

< v
E‘U'V] 3.10 TUsunIuLAn wauamﬁwaa&a

3.4.1 dquusenavvadlusunsy
Taelusunsufldiuysenouad chart Fadudiureinisuandda N19AIUANUULY
& & ¢ da 4 ) 3 Y} | ¢
azdunisidenwasafinis@weaunanululasraulnsaiaaiuazemnsinisdd (Baud rate) F9ay
v 0‘; 1 v o y at A L] 1
flvidendaus 2400 auds 115200 lnedilAndrdslunisuansfagud 3.11 dauu Connect
H y e v o o o Vs ¢ a
and Plot graph Tuazifuduiivihwinfivihnisiwendedululasreulnsaiaesuazizunisng
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P v I 6 o W w 1 o ) ) .
nafledidyqrandun lneiildalunsvindrdesana1lugun 3.12 dludy Disconnect
o 3 4 ) ! a € o é
wimihiidansideuderululasroulnsaeeiduanduguil 3.13

foreach (string s in SerialPort.GetPortNames())

{
¥

if (comPort.Items.Count > @)

comPort,SelectedIndex = comPort.Items.Count - 1;
else

comPort.SelectedIndex = 8;

comPort.Items.Add(s);

baudRate.Items.Add("2422");
baudRate.Items.Add("4822");

baudRate.Items.Add("9622");

baudRate.Items.Add("14488");
baudRate.Items Add("19228");
baudRate.Items.Add("23802");
baudRate.Items.Add("384828");
baudRate.Items.Add("57688");
baudRate.Items.Add("115222");

baudRate.SelectedIndex = 2;

| v o w
U7 3.11 lApdmiunisidenuentsv (Baud rate)

private void btnConnect_Click(object sender, tventirgs e)
i
System,ComponentModel, IContainer components = new System.ComponentModel.Container();
port = new System.IO.Perts.SerialPort(components);
port.PortName = comPort.SelectedItem.ToString();
port.BaudRate = Int32,Parse(baudRate.SelectedItem.ToString());

port.DtrEnable = true;
port.ReadTimeout = 5000;
port.WriteTimecut = 500;
pert.Open();

readThread = new Thread(new ThreadSta~t(this.Read));
readThread.Start();
this.hardworker.RunikorkerAsync();

btnConnect.Text = "<Connected>";

btnConnect.Enabled = false;
comPort.Enabled = false;
btnDisconnect.Enabled = true;

timerl.Interval = 1; //insert time intervals
timerl.Enabled = true;
timerl.Start();

’ Save the beginning time for reference

tickStart = Environment.TickCount;

< v ) o ' ¢ a
3UT 3.12 TApdwmsuniaeusslilasreulvsaaeuaziannans v
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private void btnDisconnect_Click(cbject sender, Zventirgs e)
1

btnConnect.Enabled = true;

comPort.Enabled = true;

btnDisconnect.Enabled = false;

port.Close();

l‘ v o o J 1
3UR 3.13 lendwiunmssnmadeuselilasreulnsaaes
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unilazuansfiesrsavidoanisquesnanisdnwildainnismaassnisingd
unTnasnlagisnismanasiulatsiaged weuansdidnvazvewasiildainnisiadae
A Mrause g sLAURanIIaaes Asmaasiieldluaunndunsduniam
mBulnAsauasAAIinsdsHuaesAIE1IRa U9 SnTauansAinsiiluaun1sid
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4.1 deysyradlWlanaiialunsmiln (Photoplethysmographic signal)

ot a -y e/ 2/ d A
dyanaulilandfialunsWinfedygiutasianuuuasiiniswasullainnunis
1] L) at - s v /s dl al ot A v
deiuvanasduinandnsnsiiureiala flunsveassia dygyraldlusunsunle
&5 Py v | o ) a a Y
Weutuanaslawansliluuni 3 wazgun 4.1 wassdyanalWlandfialunsmiindldannng

ﬂu J o 1 =l s A 4 1 al D’S 1
A9 IUYBILAIINTIT u SundaRefuRALe1IRduLANANeTulAe lULNURIITLARIAT
SRt sLadazluLnuuauLana L lunueA Ui

700 HS 700 —3
650 630
600+ £ 600
550 - 550
|
|
500 -1 = T 500 i -
£ (4000043369019 7 04000043869019 5 04000043869019 11 04000( 18 (400004386502 20 0400004386902 22 0400004386902 24 040001
1 anmwanan 505 nm 2 auiganin 595 nm
700 —g 700 H
650 - £50
g I g
& % |
% 600 - l" £00
550 ~ 550 -
500 49— z00 4
29 (400004386902 31 0400004386502 33 (400004386502 35 040001 41 0400004326902 43 (400004386902 45 0400004386902 47 040000
3 Awenoann 830 nm 4 porpnaiu 850 nm

Ul 4.1 dygaulvlandialunswin
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4.2 Arasnanag I Wlawaialunsiwin

4.2.1 manaasiandyanalnlawdiialunsviin

mmnsTinndygallandialunsviindwhnsmeaansdnsdiusening
dwqaqmmﬁ’mﬁgmmzvsiwi’qegmmé’ﬁgtmm«‘éauamd‘ludwanm'iahchumm.t.awawmaﬁ’a
fiolnelassnuilinnifielunisfuddeduanmammdud saddinsumduandy
aunnsit 4.1 Fananunil 2 aunisil 2.15

oA Het AemBuiinasaiildanmstuissandastiumies a1 T, wae T, WHumdne
msdsiuveuasildanadesdlefiairdneiseadealuuni 3 Taee T, WuA1dnsdau
Pa9AINNTAELAwaIANENAAULEMsA Tl AsunUatnuABunivadan a1iAauas
SUNS IR (Infrared) firuenaadu 830 wiluiuns (Nanometer, nm) way 850 nm Tidu
LAIPNLENIARUBB AU T, WuASRIdIuTeIAINSA R ULEYB A EIAALLAILTA
Aasuwlamuadunivadananiewdsfinediu (Visible light) finiueniadu 505
Amuay 595 nm 91nANeAaudn il suduaunisvdil 4.2 4.3 4.4 uaz 4.5
wandldiaiine

Het = K(Te30nm — Tsosnm) 4.2)
Het = K(Tg30nm — Ts95nm) (4.3)
Het = K(Tgs0nm — Ts05nm) (4.4)
Hct = K(Tgsonm — Ts950m) (4.5)

v 1 Y = u 1 CJ L2 1 1 at at
Mnaunsilenaaudiiiteswuusvean K fidalinsuan AITANTI0TIAFUVBIANNTS
P v | & o Y ar |
e lau1saniAT K 90999daunisle Lagnaniaunisianaaunisi 4.6 4.7 4.8 was 4.9
w o
fratl

Hct

Kg30nm/5050m = e T——T— (4.6)
Kg30nm/595nm = mlﬁ.%;; (4.7
Kssonm/505nm = mﬂ%m (4.8)
Kg50nm/595nm = m (4.9)
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4.2.2 ApsiiuasAINIINIzINevasAIni K anduaalnlanaiialunsmin
d 1 A 1 0’:‘ 2/ |
dien1smArasnannsiivdeyawiasaalagldaunisn 4.6 4.7 4.8 uay 4.9
o w o w ° ' a ' ' =
AUANUY Iﬂ&luwmgammu 40 A1 A1TRR1TUIAINITNTE18983A1AN K TglUsunTy
a L3 AJ = 1 ! 1 1 1 .:1
sPss TunisilasizvinalitoRansanen R? (R-square) Inlvirngegnagialslaeai R = 1
1 d v :’J b a = a % kot ¥ -
waasiaunvlauduruninvesdeya lumsiansuiadsilldaunisidunsslunisin
: | i = a g a Y <l
AR LAZMAAITRAIAITITUAIINE IUASAAUANNTILEMINIMTILEAINITNTEANL YRS
Joua
) o
4.2.2.1 A1AN Kazonm/s05nm
A bl ] ! 2 ' J'L A‘L o I =l =
Tums19m 4.1 wanadernm R? wazamaniuaunsilalumsmimmaunineinuas
< ] <
UM 4.2 waneguuean1snTz18AIAIn Kesonmsosnm

J v ;
M1914997 4.1 dUNITLEUATILAEAN R2 Y04 Kaaonm/s05nm
Dependent Variable: Hct (%)

Model Summary Parameter Estimates

Equation
R Square F dfl | df2 | Sie Constant b1l
|Linear 622| 62649 1| 38 .000 45.141| -26.299

The independent variable is 830 nm / 505 nm.

N9 4.1 oBureldweiine el sueanisderiuLasAILETIuaIRALT 830 nm
/ 505 nm JufuUs8ase (Independent variable) wag Argutlnasadudiudslidasy
(Dependent Variable) a¢lsaunisiananaiian R = 0.622 SArAsazaun1sivia 45,141
wazilAIANUTUYIANNITVINAU -26.299

Het (%)

O Observed
48.00 — Linear

42.00

40,001

38.00
<010

830 nm / 505 nm

3 ] P
FUN 4.2 N15n5¥18YDIAIAIN Kezonm/sosnm
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1) i 1 d
4.2.2.2 AMANNISNIE18YIAAN Kazonm/s05nm
TuaT197 4.2 wansdeAnan R? wazArasiluaunisiildlunisyvaduninasauaz

< [ <l
JUN 4.3 uanaguuaInIInIsIAIAIN Kesonm/sosnm

= % '
A15199 4.2 aUNISLAURATILAYAT R? U9 Kgaonmyso5nm

Dependent Variable: Hct (%)

Model Summary Parameter Estimates
Equation
R Square F dfl df2 Sig. Constant b1l
Linear 486] 35.936 1 38 .000 48.424| -33.978

The independent variable is 830 nm / 595 nm.

G‘ - V oas Jﬂ d i at 1 L -A !:I.
NA15197 4.2 95U1elaniiiAe WeaARINUTYINITAIN TURANIAINEILAIAFUT 830 nm
/ 595 nm \udulsdase (Independent variable) uay Aduilnasaduiulshidass

z P a A o P 1
(Dependent Variable) aglainaunisaananailan R? = 0.486 LAIAINIIZANNITIVN 48.424

wazilA1AutureIaLn1IsIvInay -33.978

Het (%)

© Observed
48.007 — Linear

44 .00

42.00

40,007

38.00 T T T
005 b B 035

830 nm / 595 nm

P ' |
JUN 4.3 NMINTTABYBIAIAIN Kezonm/sesnm

' = ' o
4,2.2.3 AAdNN19N Y18 UIATAIN K850nm/505nm
d =t i 1 1 A o 1 o
TuAn9199 4.3 uansdednan B2 wazAasiluaunisitdlunsvimaduninaiauas

< ' =
UM 4.4 wanIguunInITNTTINBAININ Kesonm/sosnm
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:i 2 1
A15199 4.3 AUNSLEAUNTIAEAT R? U84 Kgs50nm/s05nm
Dependent Variable: Hct (%)

Model Summary Parameter Estimates
Equation
R Square F dft df2 Sig. Constant bl
|Linear 164 7.471 1 38 .009 41.044) -16.372

The independent variable is 850 nm / 505 nm.

A - 2V os ‘:"l d 1 a H ! A ﬂi
INAITNN 4.3 aSurwldnaiife WeAwuU s8N TEHIULEIATINETILEIRAUT 850 nm

/ 505 nm tusinus8as¢ (Independent variable) uag Adu1nasaduimulslidass

(Dependent Variable) a¢l¢31aun1siandaiiAn R = 0.164 fidnmefiazauniswin 41.044

LagiAinnuduraIdunIsvinny -16.372

Het (%)
O Observed

48.00 == Linear

o} o © o Q o] [« ]Ne] o
46.00]
44 .00 Q0 o0 © O [o]
42 .00
40 .00

o] apr ©Cc o
@O O fo'e] o
38.00 T T T i
-0.30 -0.20 =010 0.00 010
850 nm / 505 nm

o ' <
;s‘thn 4.4 N5N5878VIRNAIN Kssonmss05nm

' o ' o
4.2.2.4 A1AINN1INI218UB9AIAIN Kssonm/s95nm
A =t 1 1 ] o 1 =
Tupns197l 4.4 wansdaran B2 wazarasilluaunisildlunisvimenduiinasauas
o ' a
FUN 4.5 Lana3uTaIn1snszatenInIni Kesonm/sssnm
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A 8 1
A15199 4.4 FUNISLAURTIAEAT R? Kssonmysosnm
Dependent Variable: Hct (%)

Model Summary Parameter Estimates
Equation
R Square F dfl df2 Sig. Constant bl
|Linear .082| 3.404 1 38 073 42.107| -14.585

The independent variable is 850 nm / 595 nm.

Pu] a
INA15197 4.4 aSuel

Vo o

ARAUAD LU

<

1 @t 1 1 o Qs o
aadanysessnisasuLantualInlssasy

(Independent variable) way Ardulnasadusudslidase (Dependent Variable) azla
' ) A P P | 1 )
NEUNTAINENEIAT R? = 0.082 flA1AINIzaNnIsvn 42.107 uasliAiAnudureaunis

Winfu -14.585

Het (%)

e 0] o @O O
O O oMo o 0

C Qbserved
= Linear

-0.30

-0.20

090 0.00 010
850 nm /595 nm

: L
JUN 4.5 MIn58318Y09ANAIN Kasonm/sesnm

e w1 i o | o =
INAUNST 4.6 4.7 4.8 uay 4.9 wlaAaTniinusdruazilounvasiuluaunis 4.2

o v a1 a a aa )
4.3 4.4 wag 4.5 AUAIRULAILIIE IAANIANNISTAIENIINASATABITNITN19ULEL 69

AuUNTST 4.10. 4.11 4.12 uag 4.13 Tauandlasad

Hct = —26.299(Tg300m — Tsosnm) + 45.141 (4.10)
Hct = —33.978(Ta300m — Tsosam) + 48.424 (4.11)
Hct = —16.372(Tgsonm — Tsosnm) + 41.044 (4.12)
Hct = —14. 585 (Tgsonm — Tsosnm) + 42.107 (4.13)
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4.2.3 AMAANAIAYBINITNIUIBAE K

IMNALENE U MEITUTENUIIAI989 Kezonmysasnm TIAIU8 R2 mnﬁ'qm%’aﬁﬂﬁ
Fonldami K830,,m,505nm'luﬂﬁ'lfif‘[umiﬁmwmLﬂ%‘aaﬁaﬁlﬁﬂiaﬁwﬁﬁum‘[maﬁhmm
AnwannvesrnAsTianIquandldfnnsnad 4.5 4.6 4.7 uas 4.8 sl

d' 1 o 1 - U A
AT 4.5 AMNEDRYBIAIANURANANALUAIAIN Kssonm/sosnm

Descriptive Statistic | Std. Error
Error 830 nm / 505 Mean 3.8372 511544
nm 95% Confidence Lower Bound |  2.8025

Interval for Mean Upper Bound 4.8719

5% Trimmed Mean 3.6314

Median 2.8734

Variance 10.467

Std. Deviation 3.23526

Minimum .16

Maximum 20.12

Range 19.96
AM914#l 4.6 AnsaRRTaIR A RANAAlUANAT] Kazonm/595nm

Descriptive Statistic | Std. Error
error 830 nm /595 Mean 4.5566 58195
iR 95% Confidence Lower Bound 33795

Interval for Mean Upper Bound 57337

5% Trimmed Mean 4.2639

Median 4.2345

Variance 13.547

Std. Deviation 3.68059

Minimum Ll

Maximum 34.90

Range 34.68
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- 1 aa 1 Y i o
AN 4.7 AN NEDAVBIAIAIURANAIALUAIRAIN Kesonm/sosnm

Descriptive Statistic | Std. Error
error 850 nm /505 Mean 6.2061 .60394
nm 95% Confidence Lower Bound |  4.9846

Interval for Mean Upper Bound 74277

5% Trimmed Mean 6.1504

Median 5.2475

Variance 14.590

Std. Deviation 3.81963

Minimum .08

Maximum 28.40

Range 27.92
@199 4.8 AMERRYBIAAILAANAIAIUAIAT Kesonmysssnm

Descriptive Statistic | Std. Error
error 850 nm / 595 Mean 7.4017 34417
I 95% Confidence Lower Bound 6.7056

Interval for Mean Upper Bound 80978

5% Trimmed Mean 7.4029

Median 7.4462

Variance 4.738

Std. Deviation 2.17670

Minimum 1.94

Maximum 24.28

Range 22.34

4.3 n1swisuiguaduninasnannwiasuaigun

A i7) U j73 ] a: IJ: c:‘ a £ 73 at 5 o a ;2 =l
MnAtinauuariirssnuligimaiidlunmaiuteya Aniuindunedinig
Wibuiigudeyan1eada Jaudn T-Test (Student t distribution) ulglunismiAImeans
o ' & o Y = § o
WensradevlunrazUaredi@slunisvnaauasinfia1nAuAgIZaIza W15aRIUANAL
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' ' ] a w a v o v oW
wusanqlalinasdumsulnaianiednvauzvediaianuanivariiafuysany
2 a i - = o & ) o
nuvesihillnarenisiisuisuluadai Tnsaunisved T-Test Wanansaunisn 4.14

£ =2k

et E (4.14)

Tnerwes t ferduradfinaaeu (Test statistic value) AmilsillinaaeuiieZouliioy
Anady ¥ AoAadsvesdoyarioun f1 u ludedsvesssansuinsgiu s Aed
Joauuunpsgnas n AeArsiuvesiiedredoya nseseuanunisindduinaie
anuaneiiluadaillisids One sample ttest ulusunsy SPSS Liteviaaeuanuigiu
Tunsvageuiifeaumfgnilii

HO: paumuwesilaluiinadilyidduiinadaunandrsanArdulvaaitldannnsde

39

H1: Arvesiiinailirduiinasaundsaindrduninaiailliainnisinass

Tunmsmardudndudestidniswenuamesddoyauuuunaddumsmanisuanuas
wuuUnivesnisnaasdlupiiuanddlunisned 4.9 uasdmuainnudeiui 95% 31
vendululivie o = 0.05 Feweulunnisufias HO asgrufiasiile P-value eanin
o Vet 4.9 aguldnsifonansiiaseiluasiedl 1 18 Kolmogorov ~Smimov
19 sig = 0.2 uazlae33 Shapiro - Wilk la sig = 0.869 # @ = 0.05 A1 sig vons 2 3%
wnnd o Seagunanssduindeyaria 2 yeiinisuanuaanuulng lanilddusiring
wankasuUUNAud I ReshmsaTsaeuAuLsUTIuTe seyadauandldlumsnai 4.10
HANTILATIZVANS197 4.10 WUt Tae3s One-Sample Test 'l 'sig = 0.144 71 @ = 0.05
a1 sig wnnth o agunasndeyaiilduanamiunuindimudululd 95% Araumun
vesihilonnusariivhifinaderduiinainitinlsnaisadle

d ! 1 I = =y
A3 4.9 F]’]ﬂ']iLLi]ﬂLL‘\N‘?J’E]HE‘UENF!WE!J']IVIWW]

Tests of Normality

Kolmogorov-Smirmov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Het (%) 114 10 200" 968 10 869

a. Lilliefors Significance Correction

* This is a lower bound of the true significance.
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:J 1 2/ ﬁd =l L ' ! eJ
A13799 4.10 AIAIIULUTUTINYBIVYALUBNEUNUAIYDIATNAREY

[One-Sample

Test Value = 46.5

95% Confidence Interval of

Test t df  |Sig. (2-tailed) Mean the Difference
Difference
Lower Upper
Hct (%) -1.602 .144 -.60200 -1.4520 .2480'
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VISHAY.

VSMG2720

www. vishay.com

Vishay Semiconductors

High Speed Infrared Emitting Diode, 830 nm,
GaAlAs Double Hetero

948553

DESCRIPTION

VSMG2720 is an infrared, 830 nm emitting diode in GaAlAs
double hetero (DH) technology with high radiant power and
high speed, molded in a PLCC-2 package for surface
mounting (SMD). A 19" chip provides outstanding low
forward voltage and radiant intensity even at 1 A pulse
current.

FEATURES s iy
e Package type: surface mount G
* Package form: PLCC-2

e Dimensions (LXxW xHinmm):3.5x2.8x1.75
 Peak wavelength: A, = 830 nm

» High reliability

Ph-frae

* High radiant power RoHS
e High radiant intensity ﬂ“;ﬂ
* Angle of half intensity: ¢ = + 60° FREE

GREEN

* | ow forward voltage

» Suitable for high pulse current operation

» High modulation band width: f. = 24 MHz

» Good spectral matching with Si photodetectors
 Floor life: 168 h, MSL 3, acc. J-STD-020

* Lead (Pb)-free reflow soldering

* AEC-Q101 gualified

» Material categorization: For definitions of compliance
please see www.vishav.com/doc?89912

{52008

APPLICATIONS

» High speed IR data transmission

» High power emitter for low space applications

¢ High performance transmissive or reflective sensors

PRODUCT SUMMARY

COMPONENT le (MW/sr) @ (deg) Ap (Nnm) t, (ns)

VSMG2720 14 + 60 830 15
Note

e Test conditions see table “Basic Characteristics”

ORDERING INFORMATION

ORDERING CODE PACKAGING REMARKS PACKAGE FORM
VSMG2720-GS08 Tape and reel MOQ: 7500 pcs, 1500 pcs/reel PLCC-2
VEMG2720-GS18 Tape and reel MOQ: 8000 pcs, 8000 pcs/reel PLCC 2

Note
e MOQ: minimum order quantity

Rev. 1.3, 24-Sep-13

For technical questions, contact: ginittertechsupport@yi

1
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VISHAY.

VSMG2720

www.vishay.com

Vishay Semiconductors

ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage Vg 5 Vv
Forward current 13 100 mA
Peak forward current to/T = 0.5, 1, = 100 ps lem 200 mA
Surge forward current tp =100 ps lesm 1 A
Power dissipation Py 160 mwW
Junction temperature T 100 °C
Operating temperature range Tamb -40 to +85 °C
Storage temperature range Tsiq -40 to +100 {7
Soldering temperature Acc. figure 8, J-STD-020 Tsa 260 °C
Thermal resistance junction/ambient J-STD-051, soldered on PCB Rinaa 250 KW
180 120
160
E 140 g =
& 120 P \
_‘E& 100 % \
2 \ S w0
0 80 | R, =250 KW § R,., - 250 KW \\
é 60 5 40 \
;40 "
2 5 B
0 0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
21343 T, - Ambient Temperature (°C) 21344 T, - Ambient Temperature (°C)

Fig. 1 - Power Dissipation Limit vs. Ambient Temperature

Fig. 2 - Forward Current Limit vs. Ambient Temperature

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Ip =100 mA, t, = 20 ms Ve 1.45 1:6 \

Forward voltage

lF=1A1,=100ps Ve 2:1 Vv
Temperature coefficient of V¢ Ilg=1mA TKye -1.8 mV/K
Reverse current V=5V In 10 HA
Junction capacitance Vp=0V,f=1MHz,E=0 C; 125 pF
Radiant intensity I = 100 mA, t; = 20 ms le 8 14 24 mW/sr

lF=1A1,=100ps ls 135 mwW(/sr
Radiant power g =100mA, t; =20 ms Og 45 mw
Temperature coefficient of ¢, Ig =100 mA TKo -0.35 %/K
Angle of half intensity P + 60 deg
Peak wavelength Ir = 100 mA Ap 830 nm
Spectral bandwidth Ie = 100 mA A 40 nm
Temperature coefficient of iy Ir = 100 mA TKrp 0.25 nm/K
Rise time Ir =100 mA t 15 ns
Fall time le =100 mA 1 i5 ns
Cut-off frequency Ipc = 70 MA, lac =30 mA pp fa 24 MHz
Virtual source diameter d 0.67 mm
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BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
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Fig. 3 - Pulse Forward Current vs. Pulse Duration Fig. 6 - Relative Radiant Power vs. Wavelength
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PACKAGE DIMENSIONS in millimeters
3.5:0.2

. 1.75:01
0.9

L

Pin identification

=&

Technical drawings
e according to DIN
n specfifications
g A NS
) o Dimensions in mm
o™
Drawing-No.: 6.541-5067.01-4
Issue: 6; 23.09.13
Mounting Pad Layout Area covered
1.0 with solderresist
7
8 /
o -
©
i
- 1
1.6 (1.9) 4
Dimensions: Reflow and vapor phase (wave soldering)
SOLDER PROFILE DRYPACK
300 Devices are packed in moisture barrier bags (MBB) to
max. 260 °C prevent the products from moisture absorption during
= g I 245°C transportation and storage. Each bag contains a desiccant.
217 °c < :
G 200 HJ FLOOR LIFE
° slies o Floor life (time between soldering and removing from MBB)
£ 180 must not exceed the time indicated on MBB label:
D | max 1205 max. 100 s Floor life: 168 h
5 Conditions: Tamp < 30 °C, RH < 60 %
Moisture sensitivity level 3, acc. to J-STD-020.
50 | fmax. ramp up 3 °C/s max. ramp down 6 °C/s
2 DRYING
0 50 100 150 200 250 300 In case of moisture absorption devices should be baked
19841 Time (s) before soldering. Conditions see J-STD-020 or label.

Devices taped on reel dry using recommended conditions

ig. 8 - Lead (Pb)-free Reflow Solder Profile ace. J-STD-020 for 192 h at 40 °C (+ 5 °C), RH < 5 %.

Preconditioning acc. to JEDEC®, Level 3

Rev. 1.3, 24-Sep-13 4 Document Number: 81597
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TAPE AND REEL

PLCC-2 components are packed in antistatic blister tape
(DIN IEC (CQ) 564) for automatic component insertion.
Cavities of blister tape are covered with adhesive tape.

Adhesive tape

8670

1
ta e 34— f— 30 —ef
205

—e 105 p—

84 BB6A

Fig. 10 - Tape Dimensions in mm for PLCC-2

MISSING DEVICES

A maximum of 0.5 % of the total number of components per
reel may be missing, exclusively missing components at the
beginning and at the end of the reel. A maximum of three
consecutive components may be missing, provided this gap
is followed by six consecutive components.

“ De-reeling direction

0. 08

94 8158

> 160 mm
40 emply min. 75 emply
compartments compariments
Tape leader Carrier leader Carrier trailer

Fig. 11 - Beginning and End of Reel

The tape leader is at least 160 mm and is followed by a
carrier tape leader with at least 40 empty compartements.
The tape leader may include the carrier tape as long as the
cover tape is not connected to the carrier tape. The least
component is followed by a carrier tape trailer with a least

Vishay Semiconductors

75 empty compartements and sealed with cover tape.

100

Identification
Label:
Vishay
type
group

tape code
production T
code ! 180 | 1|
quantity 1 94 8665
Fig. 12 - Dimensions of Reel-GS08
104
120"

Identification

Label:
Vishay
lype
group
tape code
production
code 14.4 max

quantity ) 329 18857

Fig. 13 - Dimensions of Reel-G518

COVER TAPE REMOVAL FORCE

The removal force lies between 0.1 N and 1.0 N at a removal
speed of 5 mm/s. In order to prevent components from
popping out of the blisters, the cover tape must be pulled off
at an angle of 180° with regard to the feed direction.

Rev. 1.3, 24-Sep-13
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Vishay Semiconductors

High Power Infrared Emitting Diode, 850 nm,
Surface Emitter Technology

DESCRIPTION

As part of the Surflight!¥ portfolio, the VSMY7850X01 is an
infrared, 850 nm emitting diode based on surface emitter
technology with high radiant power and high speed, molded
in low thermal resistance Little Star package. A 42 mil chip
provides outstanding low forward voltage and allows DC
operation of the device up to 1 A.

e T
AUTOMOTIVE
GRADE

FEATURES

s Package type: surface mount

» Package form: Little Star®

* Dimensions (LxW x Hinmm): 6.0 x 7.0x 1.5
* Peak wavelength: A, = 850 nm

s High reliability

s High radiant power

Ph-free

* High radiant intensity RoHS
* Angle of half intensity: ¢ = + 60° i
* Low forward voltage FREE

GREEN

¢ Designed for high drive currents: Up to 1 Apc
and up to 5 A pulses

¢ Low thermal resistance: Rypgp = 10 K/W

e Floor life: 4 weeks, MSL 2a, acc. J-STD-020

e | ead (Pb)-free reflow soldering

* AEC-Q101 qualified

* Material categorization: For definitions of compliance
please see www.vishay.com/doc?89812

15:20081

APPLICATIONS

s |nfrared illumination for CMOS cameras (CCTV)
» Driver assistance systems

* Machine vision IR data transmission

* 3DTV
PRODUCT SUMMARY
COMPONENT lo (MW/s1) ¢ (deg) Ap (nm) t, (ns)
VSMY7850X01 170 + 60 850 15
Note
¢ Test conditions see table “Basic Characteristics”
ORDERING INFORMATION
ORDERING CODE PACKAGING REMARKS PACKAGE FORM
VSMY7850X01-GS08 Tape and reel MOQ: 2000 pcs, 2000 pcs/reel Little Star
Note
* MOQ: minimum order quantity
ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage VR 5 \%
Forward current Ig 1 A
Peak forward current /T =0.5,t, = 100 ps lem 2 A
Surge forward current tp =100 ps lFsm 5 A
Power dissipation Py 2.5 W
Junction temperature T 125 b &
Operating temperature range Tamb -40to + 100 °C
Storage temperature range Tsig -40to + 100 °C
Soldering temperature Acc. figure 7, J-STD-20 Tsd 260 °C
Thermal resistance junction/pin Acc. J-STD-051, soldered on PCB Ringp 10 KW

Rev. 1.3, 02-May-13
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3 1.2
g 2.5 = 1.0
5 =
b c
g 2 g 08
= 15
7 s}
& 15 o 08
3 g
§ 1 S o4
i Ripgp= 10 KW L Ryyp= 10 K/W
o 05 T o2
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Tamp - Ambient Temperature (°C) Tamn - Ambient Temperature (°C)
Fig. 1 - Power Dissipation Limit vs. Ambient Temperature Fig. 2 - Forward Current Limit vs. Ambient Temperature

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Forward voiiags le=1At,=20ms Ve 2.0 2.5 %
lF=56At,=100 s Ve 35 \
Temperature coefficient of Vg le=1A TKyvg -0.2 mV/K
Reverse current Vp=5V IR not designed for reverse operation HA
Radiant intensity F=1At,=20ms le 130 170 390 mW/sr
lF=5A1,=100ps le 780 mW/sr
Radiant power lF=1A,1t,=20ms e 520 mW
Temperature coefficient of ¢, lg=1A TKde -0.5 %/K
Angle of half intensity ¢ + 60 deg
Peak wavelength lF=1A hp 850 nm
Spectral bandwidth lF=1A AL 30 nm
Temperature coefficient of Ly lg=1A TKXAp 0.2 nm/K
Rise time lF=1A ty 15 ns
Fall time le=1A tr 18 ns
Rev. 1.3, 02-May-13 2 Document Number: 81145

For technical questions, contact: gipiiteriechsuppoit@vishav.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




VSMY7850X01

e Vishay Semiconductors

Ui
VISHAY.

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
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Fig. 3 - Forward Current vs. Forward Voltage Fig. 5 - Relative Radiant Power vs. Wavelength
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Fig. 4 - Radiant Intensity vs. Forward Current Fig. 6 - Relative Radiant Intensity vs. Angular Displacement
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TAPING DIMENSIONS in millimeters

Reel-dimension and shape: l ¥

Unreel direction
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Tape posifion

\ coming out from reel
v
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o

technical drawings
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PACKAGE DIMENSIONS in millimeters
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SOLDER PROFILE

300
max, 260 °C
-255 °C i APV
250 L 540 °C ~—...245 C
. 217 °C
'(i 200
P max. 30 s
2 15
& 50
g max. 120 s max. 100 s
E 100
@
=
50 | /max. ramp up 3 °C/s max. ramp down 6 °C/s
0
0 50 100 150 200 250 300
19841 Time (s)

Fig. 7 - Lead (Pb)-free Reflow Solder Profile acc. J-STD-020 for
Preconditioning acc. to JEDEC, Level 2a

Vishay Semiconductors

DRYPACK

Devices are packed in moisture barrier bags (MBB) to
prevent the products from moisture absorption during
transportation and storage. Each bag contains a desiccant.

FLOOR LIFE

Floor life (time between soldering and removing from MBB)
must not exceed the time indicated on MBB label:

Floor life: 4 weeks
Conditions: Tams < 30 °C, RH < 60 %
Moisture sensitivity level 2a, acc. to J-STD-020B

DRYING

In case of moisture absorption devices should be baked
before soldering. Conditions see J-STD-020 or label.
Devices taped on reel dry using recommended conditions
192 h at 40 °C (+ 5 °C), RH < 5 %.

Rev. 1.3, 02-May-13
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PRODUCT DESCRIPTION

The XLamp XP-E LED combines the
proven lighting-class performance
reliability of the XLamp
XR-E LED in a package with 80%
smaller footprint. The XLamp XP-E

and

LED continues Cree's history of
LEDs for
with  wide viewing

innovation in lighting
applications
angle, symmetrical package,
unlimited floor life and electrically
neutral thermal path.

Cree XlLamp LEDs

performance and quality of light to a

bring high

wide range of lighting applications,
including color-changing, portable
indoor-

and personal, outdoor,

directional, transportation, stage

and studio, commercial and

emergency-vehicle lighting.

PRODUCT FAMILY DATA SHEET

FEATURES

Available in white, outdoor
white, 80-CRI, 85-CRI and
90-CRI white, royal blue, blue,
green, amber, red & red-orange
Maximum drive current: up to
1A

Low thermal resistance: as low
as 9 °C/W

Maximum junction temperature:

150 °C

Wide viewing angle: 115°-130°
Unlimited floor life at

< 30 °C/85% RH

Reflow solderable - JEDEC
J-STD-020C compatible
Electrically neutral thermal path
RoHS- and REACh-compliant
UL-recognized component
(E349212)

®
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?tm(@ : XLAMP XP-E LEDS

CHARACTERISTICS
Characteristics Minimum Typical Maximum
Thermal resistance, junction to solder point - white, royal blue, blue °C/W 9
Thermal resistance, junction to solder point - green °C/W 15
Thermal resistance, junction to solder point - amber, red-orange, red °C/W 10
Viewing angle (FWHM) - white degrees 115
Viewing angle (FWHM) - royal blue, blue, green, amber, red-orange, red degrees 130
Temperature coefficient of voltage - white : mv/°C -3.0
Temperature coefficient of voltage - royal blue, blue mV/°C -3.3
Temperature coefficient of voltage - green mv/eC -3.8
Temperature coefficient of voltage - amber mv/eC =1.2
Temperature coefficient of voltage - red-orange, red mV/°C -1.8
ESD withstand voltage (HBM per Mil-Std-883D) - white, royal blue, blue, green v 8000
ESD classification (HBM per Mil-Std-883D) - amber, red-orange, red Class 2
DC forward current - white, royal blue, blue, green mA 1000
DC forward current - amber mA 500
DC forward current - red-orange, red mA 700
Reverse voltage v S
Forward voltage (@ 350 mA) - white Vv 3.05 3.9
Forward valtage (@ 350 mA) - royal blue, blue v 3.1 3.9
. Forward voltage (@ 350 mA) - green \ 3.3 3.9
Forward voltage (@ 350 mA) - amber, red-orange, red \% 2.1 ]
. Forward voltage (@ 500 mA) - amber v 2.3
Forward voltage (@ 700 mA) - white v 3.3
Forward voltage (@ 700 mA) - red-orange, red v 2.3
Forward voltage {@ 1000 mA) - white, royal blue, blue \% 3.5
. Forward voltage (@ 1000 mA) - green \ 3.8
LED junction temperature oG 150

Copyright & 2008-2013 Cree, Inc. All rights reserved. The Informatian in this document is subject to change without notice, Cree?®, the Cree logo and XLamp® are registered
trademarks of Cres, Inc.
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XLAMP XP-E LEDS

FLUX CHARACTERISTICS (T, = 25 °C) - WHITE

The following table provides several base order codes for XLamp XP-E LEDs. It is important to note that the base order
codes listed here are a subset of the total available order codes for the product family. For more order codes, as well
as a complete description of the order-code nomenclature, please consult the XLamp XP Family Binning and Labeling

document,.
Base Order Codes
CCT Range Min. Luminous Flux
(Im) @ 350 mA Order Code
Q4 100 XPEWHT-L1-0000-00C01
Q5 107 XPEWHT-L1-0000-00D01
Cool White 5000 K 10,000 K
R2 114 XPEWHT-L1-0000-00E01
R3 122 XPEWHT-L1-0000-00F01
Q4 100 XPEWHT-01-0000-00CC2
At Q5 107 XPEWHT-01-0000-00DC2
i 4000 K 5300 K
e R2 114 XPEWHT-01-0000-00EC2
R3 122 XPEWHT-01-0000-00FC2
Q3 93.9 XPEWHT-L1-0000-00BE4
N\,{',‘,jftr:' 3700 K 5300 K Q4 100 XPEWHT-L1-0000-00CE4
Q5 107 XPEWHT-L1-0000-00DE4
80-CRI e e P4 80.6 XPEWHT-H1-0000-009E7
White
Q2 87.4 XPEWHT-H1-0000-00AE7
P4 80.6 XPEWHT-L1-0000-009E7
il 2600 K 3700 K Q2 87.4 XPEWHT-L1-0000-00AE7
Q3 93.9 XPEWHT-L1-0000-00BE7
N4 62.0 XPEWHT-P1-0000-006E7
P2 67.2 XPEWHT-P1-0000-007E7
B5-CRI 2600 K 3200 K
White
P3 73.9 XPEWHT-P1-0000-008E7
P4 80.6 XPEWHT-P1-0000-009E7
N4 62.0 XPEWHT-U1-0000-006E7
T 2600 K 3200 K P2 67.2 XPEWHT-U1-0000-007E7
P3 73.9 XPEWHT-U1-0000-DOSE7
Notes: ) ) )

s Cree maintains a tolerance of + 7% on flux and power measurements, £0.005 on chromaticity (CCx, CCy)
measurements and £2 on CRI measurements,

Typical CRI for Cool White (5000 K = 10,000 K CCT) is 70.

Typical CRI for Neutral White (3700 K - 5300 K CCT) is 75.

Typical CRI for Outdoor White (4000 K - 5300 K CCT) is 70.

Typical CRI for Warm White (2600 K - 3700 K CCT) is 80.

Minimum CRI for 80-CRI White is 80.

Minimum CRI for 85-CRI White is 85.

Minimum CRI for 90-CRI White is 90.

Copyright © 2008+2013 Cree, Inc. All rights reserved, The information in this document is subject to change without notice. Cree®, the Cree logo and XLamp® are registered
trademarks of Cres, Inc.
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XLAMP XP-E LEDS

FLUX CHARACTERISTICS (T, = 25 °C) - COLOR

The following table provides several base order codes for XLamp XP-E LEDs. It is important to note that the base order
codes listed here are a subset of the total available order codes for the product family. For more order codes, as well
as a complete description of the order-code nomenclature, please consult the XLamp XP Family Binning and Labeling

document.

Domi Wavelength Range Base Order Codes
Min. Radiant Flux
color [ Min. | M | (mw)easoma Order Code

I T R B ERR

'}3“;5:' D3 450 D5 465 15 425 XPEROY-L1-0000-00A01

XPEROY-L1-0000-00901

16 500 XPERQY-L1-0000-00BO1

Dominant Wavelength Range Base Order Codes
Min. Luminous Flux
| Min. | Max. | (me3soma Order Code

5 e A )

30.6 XPEBLU-L1-0000-00Y01
Blue B3 465 B6 485 K3 35.2 XPEBLU-L1-0000-00Z201
M2 39.8 XPEBLU-L1-0000-00201
Min. Luminous Flux
Color (Im) @ 350 mA Order Code
DWL DWL
80.6 XPEGRN-L1-0000-00901
Q2 87.4 XPEGRN-L1-0000-00A01
Q3 93.9 XPEGRN-L1-0000-00B01
Green G2 520 G4 535
Q4 100 XPEGRN-L1-0000-00C01
Q5 107 XPEGRN-L1-0000-00D01

R2 114 XPEGRN-L1-0000-00ED1

Note: Cree maintains a tolerance of + 7% on flux and power measurements and £ 1 nm on dominant wavelength

measurements.,

Copyright © 20082013 Cree, Itic. All rights reserved. The information in this document is subject to change without notice, Cree®, the Cree logo and XLamp® are registered
trademarks of Cree, Inc.
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XLAMP XP-E LEDS

FLUX CHARACTERISTICS (T, = 25 °C) - COLOR (CONTINUED)

Base Order Codes
Min. Luminous Flux
(Im) @ 350 mA

DWL DWL
T e 7 e

Dominant Wavelength GELT[]

Order Code

Color

45.7 XPEAMB-L1-0000-00301

N2 51.7 XPEAMB-L1-0000-00401

N3 56.8 XPEAMB-L1-0000-00501

Amber A2 585 A3 385 N4 62.0 XPEAMB-L1-0000-00601
P2 67.2 XPEAMB-L1-0000-00701

P3 73:8 XPEAMB-L1-0000-00801

P4 80.6 XPEAMB-L1-0000-00901

Dominant Wavelength Range Base Order Codes
Min. Luminous Flux

(lm) @ 350 mA Order Code

N3 56.8 XPERDO-L1-0000-00501

N4 62.0 XPERDO-L1-0000-00601

Red- P2 67.2 XPERDO-L1-0000-00701
Girardea 03 610 04 620

g P3 73.9 XPERDO~L1-0000-00801

P4 B0.6 XPERDO-L1-0000-00901

Q2 87.4 XPERDO-L1-0000-00A01

minant Wavelength Range Base Order Codes

Min. Luminous Flux

(Im) @ 350 mA Order Cade
Flux (Im)
M3 45.7 XPERED-L.1-0000-00301
N2 51.7 XPERED-L1-0000-00401
N3 56.8 XPERED-L1-0000-00501
Red R2 620 R3 630
N4 62.0 XPERED-L1-0000-00601
P2 67.2 XPERED-L1-0000-00701

P3 73.9 XPERED-L1-0000-00801

Note: Cree maintains a tolerance of = 7% on flux and power measurements and + 1 nm on dominant wavelength

measurements.
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XLAMP XP-E LEDS

RELATIVE SPECTRAL POWER DISTRIBUTION
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XLAMP XP-E LEDS

RELATIVE FLUX VS. JUNCTION TEMPERATURE (I, = 350 mA)
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XLAMP XP-E LEDS

ELECTRICAL CHARACTERISTICS (T, = 25 °C)
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XLAMP XP-E LEDS

RELATIVE FLUX VS. CURRENT (T, = 25 °C)
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XLAMP XP-E LEDS

RELATIVE FLUX VS. CURRENT (T, = 25 °C) (CONTINUED)
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-l - —— ) XLAMP XP-E LEDS

TYPICAL SPATIAL DISTRIBUTION
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XLAMP XP-E LEDS

THERMAL DESIGN

The maximum forward current is determined by the thermal resistance between the LED junction and ambient. It is
crucial for the end product to be designed in a manner that minimizes the thermal resistance from the solder point to
ambient in order to optimize lamp life and optical characteristics.
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XLAMP XP-E LEDS

REFLOW SOLDERING CHARACTERISTICS

In testing, Cree has found XLamp XP-E LEDs to be compatible with JEDEC 1-STD-020C, using the parameters listed
below. As a general guideline, Cree recommends that users follow the recommended soldering profile provided by the
manufacturer of solder paste used.

Note that this general guideline may not apply to all PCB designs and configurations of reflow soldering equipment.

) D = —
o b . = e b Critical Zone
T toTp

o Tt

e

=]

farl

o

e

®©

Q.

E

2 s

Preheat
e b 20 DPeak >
Time =—> IPC/JEDEC J-STD-020C

Profile Feature Lead-Based Solder Lead-Free Solder
Average Ramp-Up Rate (Ts_, to Tp) 3 °C/second max. 3 °C/second max.
Preheat: Temperature Min (Ts_ ) 100 °C A0
Preheat: Temperature Max (Ts ) 150 °C 200 °C
Preheat: Time (ts_ tots_ ) 60-120 seconds 60-180 seconds
Time Maintained Above: Temperature (T ) 183 °C 217 °C
Time Maintained Above: Time (t,) 60-150 seconds 60-150 seconds
Peak/Classification Temperature (Tp) 215 °C 260 °C
Time Within 5 °C of Actual Peak Temperature (tp) 10-30 seconds 20-40 seconds
Ramp-Down Rate 6 °C/second max. 6 °C/second max.
Time 25 °C to Peak Temperature 6 minutes max. 8 minutes max.

Note: All temperatures refer to topside of the package, measured on the package body surface.
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XLAMP XP-E LEDS

NOTES

Lumen Maintenance Projections

Cree now uses standardized IES LM-80-08 and TM-21-11 methods for collecting long-term data and extrapolating LED
lumen maintenance. For information on the specific LM-80 data sets available for this LED, refer to the public LM-80
results document at www.cree.com/xlamp_app_notes/LM80_results.

Please read the XLamp Long-Term Lumen Maintenance application note at www.cree.com/xlamp_app_notes/lumen_
maintenance for more details on Cree’s lumen maintenance testing and forecasting. Please read the XLamp Thermal
Management application note at www.cree.com/xlamp_app_notes/thermal_management for details on how thermal
design, ambient temperature, and drive current affect the LED junction temperature.

Moisture Sensitivity

In testing, Cree has found XLamp XP-C and XP-E LEDs to have unlimited floor life in conditions < 30 °C/85% relative
humidity (RH). Moisture testing included a 168-hour soak at 85 °C/85% RH followed by 3 reflow cycles, with visual and
electrical inspections at each stage.

Cree recommends keeping XLamp LEDs in their sealed moisture-barrier packaging until immediately prior to use. Cree
also recommends returning any unused LEDs to the resealable moisture-barrier bag and closing the bag immediately
after use.

RoHS Compliance

The levels of RoHS restricted materials in this product are below the maximum concentration values (also referred to
as the threshold limits) permitted for such substances, or are used in an exempted application, in accordance with EU
Directive 2011/65/EC (RoHS2), as implemented January 2, 2013. RoHS Declarations for this product can be obtained
from your Cree representative or from the Product Ecology section of www.cree.com.

REACh Compliance

REACh substances of high concern (SVHCs) information is available for this product. Since the European Chemical
Agency (ECHA) has published notices of their intent to frequently revise the SVHC listing for the foreseeable future,
slease contact a Cree representative to insure you get the most up-to-date REACh Declaration. Historical REACh banned
substance information (substances restricted or banned in the EU prior to 2010) is also available upon request.

UL Recognized Component
-evel 4 enclosure consideration. The LED package or a portion thereof has been investigated as a fire and electrical
anclosure per ANSI/UL 8750. ‘

Vision Advisory Claim
NARNING: Do not look at exposed lamp in operation. Eye injury can result. See LED Eye Safety at www.cree.com/
<lamp_app_notes/led_eye_safety.

[ntellectual Property
“or remote phosphor applications, a separate license to certain Cree patents is required.

opyright © 2008<2013 Cree, Inhc. All Hights reserved, The information in this document is subject to charge without notice. Cree®, the Cree logo and XLamp? are registered
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XLAMP XP-E LEDS

All measurements are £.13 mm unless otherwise indicated.
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TEXAS

ADVANCED
OPTOELECTRONIC
SOLUTIONS®

MTAOS

@ Converts Light Intensity to Output Voltage

@ Monolithic Silicon IC Containing
Photodiode, Transconductance Ampilifier,
and Feedback Components

® Single-Supply Operation...2.7Vto 5.5V

@ High Irradiance Responsivity . . . Typical
246 mV/(uW/cm?) at A, = 640 nm (TSL12S)

® |ow Supply Current. .. 1.1 mA Typical
® Sidelooker 3-Lead Plastic Package
® RoHS Compliant (-LF Package Only)

Description

TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOSO051E - SEPTEMBER 2007

PACKAGE S PACKAGE SM
SIDELOOKER SURFACE MOUNT
(FRONT VIEW) SIDELOOKER

(FRONT VIEW)
[ ]

-
ERigs Hﬁ

GND Vpp OUT

1 2 3
GND Vpp OUT

The TSL12S, TSL13S, and TSL14S are cost-optimized, highly integrated light-to-voltage optical sensors, each
combining a photodiode and a transimpedance amplifier (feedback resistor = 80 MQ, 20 M, and 5 M,
respectively) on a single monolithic integrated circuit. The photodiode active area is 0.5 mm x 0.5 mm and the
sensors respond to light in the range of 320 nm to 1050 nm..Output voltage is linear with light intensity
(irradiance) incident on the sensor over a wide dynamic range: These devices are supplied in a 3-lead clear
plastic sidelooker package (S). When supplied in the lead (Pb) free package, the device is RoHS compliant.

Functional Block Diagram

s

}—

Voltage
Output

The LUMENOLOGY © Company

Copyright © 2007, TAOS Inc.
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOSO051E - SEPTEMBER 2007
T T T e T T T B s T e T e e T T e e e e T T e U T 1)

Available Options

DEVICE Ta PACKAGE - LEADS PACKAGE DESIGNATOR | ORDERING NUMBER
TSL12S | 0°Cto 70°C 3-lead Sidelooker S TSL12S

TSL12S |0°Cto 70°C 3-lead Sidelooker — Lead (Pb) Free g TSL125-LF

TSL12S | 0°Cto 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL12SM-LF

TSL13S | 0°Cto 70°C 3-lead Sidelooker S TSL135

TSL13S |0°Cto 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL13S-LF

TSL13S | 0°Cto 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL13SM-LF

TSL14S | 0°Cto 70°C 3-lead Sidelooker S TSL14S

TSL14S | 0°Cto 70°C 3-lead Sidelooker — Lead (Pb) Free S TSL145S-LF

TSL14S |0°Cto 70°C 3-lead Surface-Mount Sidelooker — Lead (Pb) Free SM TSL14SM-LF

Terminal Functions

TERMINAL
NAME NO. TYPE DESCRIPTION
GND 1 Power supply ground (substrate). All voltages are referenced to GND.
ouT 3 (o] Output voltage.
Voo 2 Supply voltage.

Absolute Maximum Ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp (see Note 1) ...... ... ..., (U B . L e e 6V
Outputcurrent, lg ... 8 ol .. b B e e e e e e e e e s =10 mA
Duration of short-circuit current at (or below) 25°C (see Note R i e e e R N BT U VRO TER B 58
Operating free-air temperature range, Ta. ............ B R« o e e s e el B E SR B -25°C to 85°C
Storage temperature range, Tgigfl S, = .. ..ol g S A AR PR P g -25°C to 85°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds (S Package) ........:oc0sem0 o5 260°C
Reflow solder, in accordance with J-STD-020C or J-§TD-020D (SM Package) ................... 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions.for extended periods may affect device reliability.

NOTES: 1. Allvoltages are with respect to GND.

2. Output may be shorted to supply.

Recommended Operating Conditions

MIN  NOM MAX | UNIT
Supply voltage, Vpp } 27 55 \%

Operating free-air temperature, Ta 0 70 C

Copyright © 2007, TAOS Inc The LUMENOLOGY © Company
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOSO051E - SEPTEMBER 2007

Electrical Characteristics at Vpp =5V, Ty = 25°C, A, = 640 nm, R = 10 k(2 (unless otherwise noted)
(see Notes 3, 4, 5)

TSL12s TSL13S TSL14S
PARAMETER TEST CONDITIONS WN_ TP MAX| WIN_ TYP NMAX| MIN _TYP MAX UNIT
Vom Maximum output voltage 4.6 4.9 4.6 4.9 4.6 49 v
Ee = 8 pW/cm? 1.5 2 25
Ee = 31 pW/jcm? 15 2 25
Ee = 120 pW/cm? 1.5 2 25
Vo Output voltage E. - 16 nW/om? 2 V
Ee = 62 pW/cm?2 4
Eq = 240 pW/cm?2 4
: mv/
Re Irradiance responsivity Note 6 248 64 16 (nW/
cm?)
Vos E;ﬁf;e‘)'ated = Note 6 _0.02 003 008|-002 003 008}-002 003 008| V
Vy Dark voltage Ee=0 0 0.08 0 0.08 0 oos| Vv
Ee = 8 pWjem? A Sy
In Supply current Ee = 31 pW/cm? 1 1.1 L mA
Ee = 120 pW/cm? X . : I
NOTES: Measurements are made with R = 10 k2 between o'Ltt'puT and ground.

The 640 nm input irradiance Eg is supplied by an AllnGaP LED with peak wavelength Ap = 640 nm.

Irradiance responsivity is characterized over.the range Vo = 0.2 to 4'V. The best-fit straight line of Qutput Voltage Vg versus
irradiance Eg over this range may have a positive.or negative extrapolated Vg value for Eg = 0. For low irradiance values, the output
voltage Vg versus irradiance E, characteristic is non linear with a deviation toward Vg = 0, Eg = 0 origin from the best-fit straight
line referenced above.

3.
4. Optical measurements are made using small-angle incident radiation from an LED optical source.
5
6

Dynamic Characteristics at Vpp'=5V, Ty = 25°C, &, = 640 nm, R_ = 10 kQ (unless otherwise noted)
(see Figure 1)

PARAMETER TEST CONDITIONS L) i L UNIT
(o] o]
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX

Output pulse delay Min Vo = 0V;Peak Vo= 2V 13 17 0.9

tg:  time for rising edge us
(0% to 10%) Min Vg = 0.5V, Peak Vo= 2V 2.3 1.2 0.6

. Output pulse rise time Min Vo= 0V, Peak Vg = 2V 20 7.2 2.6

* (10% to 90%) Min Vig= 0.5V; Peak Vg = 2V 10 6.5 2.9 e
Output pulse delay [ Min¥g = 0V; Peak Vo= 2V 23 1.2 0.8

ty  time for falling edge - us
(100% to 90%) Min Vg = 0.5V, Peak Vo= 2V 2.2 i1 0.7

: Output pulse fall time Min Vo= 0V, Peak Vo= 2V 10 6.8 29

T (90% to 10%) Min Vo = 0.5V; Peak Vo= 2V 9 6.4 2.8 =

The LUMENOLOGY © Company Copyright © 2007, TAOS Inc
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOS051E - SEPTEMBER 2007
R AT S S

PARAMETER MEASUREMENT INFORMATION

Peak Eq

Pulse Input
Generator [r—————— Min E,

o Wor |
D
{see Note A) l Q E tar
|~ Peak Vg
LTSL1xS

______ Output

= = - Min Vg
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM (See Note B)

NOTES: A. The input irradiance is supplied by a pulsed AlInGaP light-emitting diode with the following characteristics: Ap = 640 nm,
tr< 1 ps, tf<1ps. !
B. The output waveform is monitored on an oscilloscope with the following characteristics: t; < 100 ns, Z; = 1 M<2, Gy = 20 pF.

Figure 1. Switching Times

TYPICAL CHARACTERISTICS

NORMALIZED OUTPUT VOLTAGE
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOS0O51E - SEPTEMBER 2007

et sonnar s etiraac
TYPICAL CHARACTERISTICS
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOS051E - SEPTEMBER 2007

TYPICAL CHARACTERISTICS

TSL13S
RISING EDGE DYNAMIC CHARACTERISTICS
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Figure 8

FALLING EDGE DYNAMIC CHARACTERISTICS
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TSL12S, TSL13S, TSL14S
LIGHT-TO-VOLTAGE CONVERTERS

TAOS051E - SEPTEMBER 2007

TYPICAL CHARACTERISTICS

TSL14S
RISING EDGE DYNAMIC CHARACTERISTICS
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APPLICATION INFORMATION

PCB Pad Layout

Suggested PCB pad layout guidelines for the SM surface mount package are shown in Figure 16.
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NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Figure 16. Suggested SM Package PCB Layout
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MECHANICAL DATA
The TSL12S, TSL13S, and TSL14S are supplied in a clear 3-lead through-hole package with a molded lens.
PACKAGE S PLASTIC SINGLE-IN-LINE SIDE-LOOKER PACKAGE
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NOTES: A. All linear dimensions are in millimeters; tolerance is = 0.25 mm unless otherwise slaled.
B. Dimension is to center of lens arc, which is located below the package face.
C. The 0.50 mm x 0.50 mm integrated photodiode active area is typically located in the center of the lens and 0.97 mm below the top

of the lens surface.
Index of refraction of clear plastic is 1.55.
Lead finish for TSL1xS: solder dipped, 63% Sn/37% Pb. Lead finish for TSL1xS-LF: solder dipped, 100% Sn.

This drawing is subject to change without notice.

Figure 17. Package S — Single-In-Line Side-Looker Package Configuration
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