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Miniature automatic color sorter

Miss Kanchanit Tesuthai, Miss Chawanya Vichitsophon

Advisor: Asst.Prof.Dr. Seangrawee Buakaew
Department of Electronics Engineering

Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand

Abstract

This project presents the miniature of color sorting system that can be controlled by
microcontroller. The project consists of a conveyor system and a color sorting system. It has ability to
classify object colors into three colors : red, green and blue. The structure of the conveyor systermn is made
of PVC belt with a circumference of 1T meter. This system s driven by motor drive board along with DC
motor. This project uses the Arduing UNO R3 as a microcontroller board and TCS3200 color sensor. After,
the products are processed, they will send to sorting boxes for showing the action of sorting.

From the results, they can confirm that this project can classify the object colors with high

accuracy.

Keyword - Automatics color sorting ; Color sorting machine ; Conveyor system ; Color sorting
system
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2.2 38UUANTRIIU (Sensor  Systems)
2.2.1 WUUIERINUFIUNTIATIAUE (Color Model)

wuusaeed (Color Model) \fufsfildannsadnededadng q lnedmsuauaes
paufinnesudusagldasdu Empirical Model léSuduRusvasafilddadaiuila 4
Nnnsneaesiiiiiunsfineiuuy  Psychophysical ﬁﬁmﬁuiwaquéﬁﬂmﬁarm’faa
wiunslduuusiaediiilu Analytical Model wiloufuildlumsinenenans d4433ms
i’m%qaaﬂﬂugﬂ‘umw5qawu°ﬁ3\3°uaaamﬂm%’m tuussodtulivaneuuudneiy Wy
WUUF'8098 RGB LuUd1a9sd CMY Luudiaeed CMYK uubdnassdl HSV wuuinaesd
HIS wuudnaosd HLS wuudnansd YIQ wazluudiasid YUV wuvsass YcbCR Wudu
wuuseesiugud RGB (RGE Color Model) fsuuusaasiiliiamaanzasiuaenm
poufinees we1e RGBModel vinnsadiedidng o Fulnomslduvdsidauan
Srunuiinueansd 16 Fuae (Red) il (Green) wavdth(u Blue) MAnanms
Gowualnofquandauandetulunmafu - Suasieaudazhinfuluusiuay
aUnsel usndsmadiiinnantfvesasiiosuaniasnisReaI90aIn Lagan muiadoud
senmasLiaweswiautuynusents dagunfuswediiunnsisiuoonlusugui

2.7 wuumaesiugud RGB lnefiuuuinaesitugnud RGB Jarulssnaufiedeuadnuiu

8
= o a

d@udIufe A1 Intensity Y0ENIENTalann Auns A0 uazdindy

Yellow f7

5U# 2.7 uuudiaesiiugud RGB
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2.2.2 RGB Color Sensor Module TCS3200

RGB Color Sensor Module TCS3200  A® gunsaififiaaiuaiuisalunis
Wasuuasrianuduvedviernuaineediinannssvuilugadlvdsoonuiy
ﬁﬂﬁmmwm-ﬂqnuﬁtawﬁwm ﬁgﬂﬂﬁuﬁLwﬁau (Square wave) FsiAn duty cycle Wu 50%
Tngrudtewinadinanasinalnensafuianuaiiwesdfunnnsenuilugadlng
Tugasillfiduiees TAOS TCS3200 Wusuendmwatisvaddlnglaswaisveddung
TCS3200 fidndinytulssnaulufie Tldlalendifloutn sxs & TaefinstnGesiuuy
915158 Felulalolonanuisaudseenity 4 ndudeiy fe Idlelondiiflawes une
(Red) , {38 (Green); Wiy (Blue) tay wuulifilawes (CleanFausazyaiisiuiugn
az 16 i vilimsrevauererInalNdusssnauwandsiulunusednvesiames

uue {TOP VIEW)

5U#l 2.8 RGB Colour Sensor Module TCS3200 Tugusasdngy

wasidazgnudaadueiafiinannsenuiinlilalen (Photodiode Array) s
ansaidenuazenunuilatnesue slilalalon Toenanduyana 2 uaz 53 Ssazelu
sunvunszualniy anthuaginasasluginin Current-to-Frequency Converter lu
nsuvasnszualnii ifudyaunnuiesnlusansiivdyana Output Feasiidniy
Fyanaudimass (50% duty cyclellaeil S0 uas 51 Hushauautiswesdyguninud
fidosnsuwadluduresdmias OF fivth#irTuAun1s Enable uag Disable wes

Foyaynad Output leeazueafiniidyauaain “0”

I e L
—| . Current-to-Frequency |
Light Photodiode
g N i Array Converler |
I_ o -1_ -T _________ “V i
Sz S3 S0 St OE

3U#t 2.9 lnazunsu RGB Color Sensor Module TCS3200
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AuANURUaIA RGB Color Sensor Module TCS3200

A

firnuaziBenuazusiud1venainias (mmsuasaudunasludumd fo)
anusnidenasiatadiauivesdsieganflamed waeden 9@y wes Clear
auRifBants TufeimunseduSynd fo (Frequency Output) 18
ausnLleusa RGB Color Sensor Module TCS3200 Whivlulaspoulnsataasle
laumss

anunsoviaulugafiusesu 2.7 V 53 5.5V

753200 Wuiniidauanifldiidsrmsia

A1RIUAAIALAEEW 0.29% fin1ud 50kHz

fivaaalyl LED lunisvinisasviouauesing

YAUIUATI7)Y89UaSA RGB Color Sensor Module TC53200

insdnseudursuuameivuin 8 PIN Ussnaufediguazidie Tay

NAYULAEINTILEENTY IUANNTLRER 10N 2.11 ainisuansuasisn
VBINFY YU FEIINA TR lUB TRy eings Buthidsl

1.
2

111 Ao 9 15v ihmdnanallideauseduliuin 5 aed

Y2 #8 1 OUT Wuchunaswidyananeising feaslirioenuniuniud fo lae
R L‘T}ugﬂmﬁu?mﬁw Duty cycle 50% amalirniiafasuysfumamassuasd
annseuTtiavoaiiames

7l 3,4 fa.S0 waz S1 LﬂumﬂﬁﬁgmﬂmﬁmmmLﬁanizﬁwa&ﬁmmmmmﬁLmﬁwm

(fo) Tnsanusaidants 4szaudsaisiasaluil

)

137 2.1 nIfauasEAvdynnLie e (fo)

S0 S1 OUTPUT FREQUENCY SCALING (fo)
0 0 Power down (hinfadyaamiud)

0 1 204 (mmﬁ’ﬁ'?)

I 0 20% (AR 20%)

I 1 100% (AUATEA)
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4. 9% 5,6 Ao 52 uay S3 Wundyguilddwiudentinvadiawmestitudlnls

lalaafiisifasnisenuAfansesalul

A1319N 2.2 nsfwusviinvaawesvedwlalnleandasnisindmyan

S2 S3 PHOTODIODE TYPE
0 0 HAY (Red)
0 1 11134 (Blue)
1 0 Lifawas (Clear @ no filter)
1 1 7 (Green)

5. il 7-fe LED Wundngrailddwmiudushnvaunasaln LED 1iea vide &

#1UNSAAIUANATITINWYEY LED nundgannlaeinnisidenduives DIR/CPU w0

aEfifmumLe CPU g FzanunsavinnismupunIiIutamane LED 16

R139NI2.3 FUNNTIIBITE R 9as IC TCS3200

ndyan 10 1951y
GND Pawer supply ground
< o = 2 v o E ~ 2
OE Tnput ey e Enable Fanaaimfo1dng (fo) f1nuiasin <o Tanlu
s . 0o ' vy Y
yosa ET-TCS230 19 1msA0 Enable 1311030
OUT Cuput | WFgaeaIlE At nuawlauaa nua e d
< = o o af = o P
50,51 Input VdyRuduga fneesseudyguadoana@anmeseazben
18lumsiei 1
< = . = = Iy
$2,83 Input VIdyaondondszinnued Photodiode 1138 Fuosflamasidoins
RS A
(Emnsngiwazdea 14Tuas i 2)
VDD Supply Voltage
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6. 7 8 An GND \Jugedadslaegaifinsediudu 0

1S
Wm| ¢S
Wm| €S
B d3di
B| dNO

m| NG+
m| LNO
B| 0S

U 2.10 w8RyaausIee

msihlUldeu

mﬂﬁlé’ﬁmmwmw{wqwaa%nﬁmmmaé’as&amwazwymﬁamsﬁw‘lﬂlﬁmuima17‘i
e SO uag ST leviansdasdumiy Pull-Up Wleet 50=1,51=1 fatusdu
Fyanarnuiiedmeglusesu 100% fdesnssviuduanad 100% Alisuduges
@*Eaﬁ’tgzg"smmmuﬂmﬁwﬁaamiﬁszﬁuﬁuﬁ]ﬁaqﬁaﬁmmwmmmuqm%ammm@jﬁ'a;galé’lu
A3 Tnsdmiundgniaiisidudasmuauifeudan $2 uay 53 Tngiimsly
m3sruAIdNNdmefansaylalaemadenilanesresdfisidesmise iulaah
nsUEa N fo Tdnaan OUT wdahnistiuanl3fmisasvinisuenius
wseandiu 3 Fhuus Aa A uns (Red) , 1o (Green) uaw ki (Blue)

FeE1U150a5UnUAIBENINITEIUANE RGB Y89UUABUA1Y Al
1. dmusaednliiiy SO-uag S1 therrumseAudaauaudiomneludaiinens

(58aBYANAIT N 1)

°

MRUARDINIA S2=0 , $3=0 IiiBidanilawasauns

'
@ a =

Hudanuenudfivdyey1a OUT iuradnsassalus Red result

2

3

4. mwuaaednli 52=0 , $3=1 iiedonflawmasiiitu

5. tfudnanauifiondygin OUT Wiukedwsasauls Blue result
6. funaednlif S2=1 , 53=1 odenflawmasdide

.

Tudyguenududygin OUT NUKadnsasdiauls Green result

ludusunlauniedieayldnadndaanun 3 a1 fia Red result, Blue result  wag

Green_result #3ds3 dAaiuA1wauad RGB (Red Green Blue) Insfdu ez ARGE

Y
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wananeiuly 153sansednundeenfudaingg Tdnanuduiudesei RGB flde
awamﬂiﬂ’mﬁmamm Funs Wer Uiy fagaunsatnausasAuNELTY Lardunse
weneenuLluAIveEI I RadeslsTues

5Uf 2.11 RGB Color Sensor Module TCS3200

2.2.3 Proximity Sensor(lulwains293Uingaieuasdunisn E3F-DS10C4)

wionTiieuens (Proximity Sensoni3ensndain wiondtaaind o wuwes
ﬁﬂmmmmiam:nﬂﬁuimaﬁlﬁﬁaqﬁuﬁaﬁui’mqmUuaﬂ Inen13viue19sdand s
viafundsnulugduusieldd Wy uae dos aumuundrasinih ey fryo
au wiendfimsuweslealdlunu asaedu fuwis sedu wun wazgusne lneundudn
wdnldunualina®ad Limit  Switch) msizlongnisldnufisnuunifierudily

msasnduingilwane vinlaRndgunssivssnvalnddorfomdduianiana

AALURALAY

1. daunsalunisvihauldlesludasdinnsduda
2. aansalanuladluan windsuiiaiie

3. annsansdundsnuluguiuuingg eanuuugl
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ﬁmsma‘uaumm’aﬂﬁ‘v‘hqwulﬁ"i’mL%’;LLasﬁﬂisﬁmﬁmwgq

il
s =

5. fauanunsauenlunisnsnduingiidulany slavsuazudmanls

6. Teensldauiieiuudiaunuynussan I InaousneT

wugainsatuingmenadunisa ( E3F-DS10C4  Infrared  photoelectric

switch  Sensor Module ) #uas Infrared  lumsdumingiiegdumin M sensor

9

=

#l
anunsodsdyyiueaniasSudygaiasioundu Tnedaiedygufionis 1.2 was

o

anunsnldlwifealaasninediud 5-36V dnszuaiondnm 300mA Sssesniansaaduing

4

10-15 cm  wngdwmsultlununsiadunisiadouiiiunesingleodlafiinguideasli
dyauauennaan 0-9anwn

n1sAB LYY
e @edunnna s VCC 5-36V
o @YEUNRU : GND

« @neden -OUTPUT

1

sUT 2.12 Wwuwetnsaadudngaisuasdunaise E3F-DS10C4
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2.3 Futaba S3003 Servo Motor

waslwewad (Servo Motor) Aagunsaldiannainddmiuaiuauuamesiinsmun
nsindeufiviessuuiundousian Tnepsnasudynanssuuiusdousazannsayiinis
U%’UﬁiﬂﬁgﬂﬁmmuﬁﬁmmslzjfmzLﬂussas anus gunmisvyu Teeldnseuauuuuloundy
(Feedback control) Wiugunsaitaunsamunauiaiesingna viessuunisvieniug Thiuld
AUATINABINTT WU AIUANAIITT, muauLsela , mIUANLSY, sy, szaenialunis
idoufiviu vesimeimeily Tnsfivawmesitiluliawnsonvasludnensnudewuidly 3
annsalinadnsmueudoinisiidamtiudigs

3Uf 2.13 Futaba $3003 Servo Motor

daulsznauneusn Servo Motor

7, mngﬂ‘ﬁ 2.14 #@uUTenduABUaNdULINAY Case 38 NIOUTBIRITRSINBLADY A
Tugasyinanwanadin

2, mﬂgﬂﬁ 2.14 d@UsenauneusnsunenAe Mounting Tab d@uduiinga Servo fiu
Fuau
1NV 2.14 drudsnaunieusndusionfie Output Shaft e iwaderds

a. mngﬂ‘ﬁ 2.14 gudszneuneuandusoinfie Servo Homs fie dwildidauradiu
Output shaft ifieas1analna

5. 9N3UTt 2.14 dhulszneunsusndusieiniie Cable awidousaiite 1w uas

RIUA Servo Motor lagagdsznaumeealv 3 1du uaz Tu RC Servo Motor axfidaes
aneuanAniuluasl



19

5.1 aedung Ao Inidesdien 4.8-6v

5.2 awds vie thana fie nsmd

5.3 aneiindes (&1 v viserh) fe anedsdynaiadniunuiial 3-5v
6. N3UTl 2.14 duusznaumeusndugatiiefie Connector yaidausaansiu

OQutput shaft

Servo horn Connector

)

Mounting tabs

E‘Uﬁ 2.14 dqulsznauniguan Servo Motor

AUUTS 0 MO

1. Motor Wiudumeshusines sadudmilyiiddlunsauaugesls

2. Gear Train %39 Gearbox \Hugaesvausmienaniliiduremaseuyosnis
mureeaseliifusiOntige

3. Position Sensor tHudruildnsaetaiumiwansosluasdstoyatulus
muqmﬁa‘lﬁlﬁﬁﬁﬁgné’aw‘%aa’%ma‘lﬁlﬁﬂadwﬁ]ﬁavﬁumémqaé’uﬁmmﬁuﬁa
yAnerlunsvyLiues

4. Electronic Control System Wiuduiinenssadnaniiniunuuassims

Uszanana imeiauesueimesiimavyuludshumifinoasian



gﬂﬁ 2.15 dqulsznaunialu Servo Motor

MANN1IN91U28Y Servo Motor

dlodsdnyann PWM (Pule Width Modulation) 4aandfs RC Servo Motor gaunsas
auaL Maluaily szviniserunensiadua i PWM wasUszanaramanuninmes
dyenne PWM ﬁeimﬁu%ﬁau:lJaﬂ'%ﬂw‘hLmﬂaaqmﬁﬁaamﬂﬁuama%mumﬁlauﬁiﬂé’aﬁmwﬂa
fifesmsiu uihTsddnddldinsmusuliomefmuniudiiumliidesnis Taedl Position
Sensor Lﬂuﬁ’mnaauﬁwLm.iwaawja%h:uaLmaéLLaVﬁﬁauaiﬂﬁﬁamu;ﬂmﬁqﬁuﬁuwaﬁaﬁw
wihiiresTaruiivalsasid v by ﬂ']‘i‘ﬂ’e]UﬂaU:Ll’lnLWNﬂi?{’mT'Sﬂﬂ’;UﬂiJLLa”L‘lJiEJUMEJUﬂ‘U

ﬂ1auwmLwammﬂﬁlmmwuwmaﬁmiamqmaauwum

Servo Input —=> & —u0 —3> Servo ocutput

gﬂﬁ 2.16 Servo Motor Block Diagram



21

3411vﬁaaam%xﬁuag'ﬁ’ummn’a’wwmﬁm:gm PWM FelmgdrusnnanuniiavesdyaaPwM 7
Wl woshuained fivasegil 1-2 ms vdo 05-25 ms  wy I¥munhevesdanPwm 15
71 ms fugeflwamaagnyuluniiedneaugagléannlusudl 2.18 suusndrudnean Tunis
naududldmnunievesdygia PWM 157 2 ms & weshwawmed agvyuludsiumianign
glsnluguil 2.18 sUgavhemedurrgatues uwivnlfrunievesdygaPwm 13 15

o c 2 a0 1 = v =
ms 1 weilwelnes Aasmyumegimwmimsananmedgléianlugui 2.17

5UM 2.17 89AIN1993jUT849 Servo Motor

2.4 Arduino UNO R3

Arduine fa veialulAsreulnamainigna AVR. nsiauiuuu Open Source fad
nMs\Uamgtoyanainy Hardware way Software Tnefu Hardware fie Uasadidnnsedindawn
o & o o £ o ¢ w oo w = <
dinanansawadeusewnmilaazanlneiluleseaulnaaesifugdasaivdniidfyuasiigunsal
Bidnvsefndarsquiusznausauia deunludiu- - Softwere Sy Arduino [uuensndild
lulasroulvsaeednuiudddnsuzneuuuidsaniu 1w C/Crrdadunsdmiudou
Wsunsuiuwsuany fadusuedn Arduino Feansnsaldenlding JumnzdwiudEudufnm

visdgldnudianmnsadaudas iivdy Wawreseavisnueimlalusunsurelddnse
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Anuagmnuaslidudeuvesuain Arduino  vinlidunsadegunsaliasusineg ldiogns
azmanﬁuﬁaQ‘l%’mummmﬁimwﬁlﬁﬂmaﬁﬂémaqmnmauaﬂuﬁaﬁamarﬁ"}mﬁm /0 w04
vaiavieau1sadondeiuuasaiaiy (Arduino  Shield) Usziavsiigg 19y Arduino  XBee
Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino
GPRS Shield 1Judu sidguiuvesauuuase Arduino ududaulusunsuiauseld

lassas1svasuaia Arduino UNO R3

MU - AtmegalsllZ

¢ S
%@@- 5 ) )

gﬂﬁ 2.19 Ta59a519989U3A Arduino UNO R3



ek 1 USB Port - lflumsmadniuComputer  Wiednlnanlusunsudn
lulasraulnsiasd uazanaln  Tiduuese

Mu"8LIaY 2 Reset Button : Yu Reset Idiialvlulasrsulvisisasizunisviraulvl

Ve 3 ICSP Port : unedmiildlusunsuvisual Com port i Atmegal6U2

WHNELEY 4 1/OPort - Digital /O feudnn DO 8¢ D13 uanaind uns Pin agvimiiay
WUALee 1 Pin0,1 1Juan Tx,Rx Serial, Pin3,5,6,9,10 uaz 11 1Juw PWM

nu8LaY 5 ICSP Port : Atmega328 Duwesadlflusunsy Bootloader
VUN8LaY 6 MCU < Atmega328 Hululasaaulnsiass flduuueda Arduino

#iNeLaY 7 1/OPort - An Digital /O wazdaddsuiu sesiudyaaeunden mausun
AD-A5

UNELEY 8 Power  Port : idgavashusindiedasnisanelwldifiuisesnisuen
Usznauaaellides +3.3 V, +5V, GND, Vin

wuELaY 9 Power Jack : d2ufisuluain Adapter uazdiusduagsuiring 7-12 v

vielad 10 MCU w29 Atmega16U2 : Wululaspeulnsiaes fviwdaidu USB to
Serial lnt) Atmega328 axAnmafiu Computer KW Atmegal6U2

nssuTUsUASURAUSIY Arduino

Arduino TifugudnsasnwuuUREafuanw o/Crr Fafuiadlassadamilouiy
aNC/C+ Mluueiliingiensanulfoudwiugitamgniw o/C++ dmiudsuld
Arduino Sivdndnnifosdiferfuddsiugin | Arduino ¢l

1. wildsiwaigaslainiiv (Preprocessor directives)

flo dauirexlnaiasasvhnsUssinanauasinusdneufiasdinsredindlusunsy
dilzSumeniemnaladniin (directive) viodndnvalirdonenednaoy # udnuie
Foddsiifesnsldnu viofmun dsluduiiavedludiuuugn wisduvesiusunsy uas
dosguenilaitundnlagfisuilidinlainetiufe #include Huddsilddadslwdniouen

iivaiSonlilaidu viesuusiiimsadaterivualilulwddy

sUBuunsdnude  #Hnclude <dolng.hs

o '

FIDEUGU



® #include <Wireh> // §138¢l0d Wire.h Tnarfulauriiugiuiiteglu Arduino

® iinclude <Time.h> // 919894l0a Time.h Imat.ﬂulam’%'ﬁugmﬁﬁaq’lu Arduino

[
o 1

nsgndeludananelu sideludlausifegudlu Arduino wialulaudfisiudly
w0t axldiaToumng < Tunsetendelndls TeaTusunsureslnaaesasdilainesannsall
milWdidadanlulnamaslavdtduies LLaz’Luﬁﬂmzﬁﬁwﬁaamsé’w@a"LWﬁﬁagﬂuiWamaﬂﬂﬁ
wwn arlfiaSoamune ™ asauwny Swneulndlassasddumindilnedradannlndlusunsud

¢ s 1o & = a & o @ afw v a o Y
reulndiaesey doundufinnnuvansfie #define Duidwldunudornudidmunld dae

o
v =

Japnunmvualy Fansldmdsd Jef A luinisasdsduaalusunsuias

sukuuNslgude #define NAME VALUE
FIADENILTY
® #define LEDPIN 147/ laidndnin LEDPIN sveddulavesdaalusinsufiniu
AulnAlansazunuFiIl LEDRIN Melay 14wy
Tarmasilideatafusuustuniewieduiinsy waedsdlilsunsainauida
fﬁu%nﬁamwmz%ﬁglﬁc%’aalﬂma'ﬁai&amwmmmwawﬂwaﬂ
2. d@7UaINTAIUULAAT (Global declarations)
Dudiildlumsmnuasdinfauysiuuueniiandy wWodsemataidu welaisud
Ussmeanusadamun wissanldlnanynaiwveslUsinsy Wwu int pin = 13; / Ussmes
wlsuenileridu ' :
3. et setup() wasan Y loop()
fie FdsTignifsdulifesiiluynlusunsy taetleddu setup) uilsidunsniignidentd

limunddne Awusealumsldanulidu input, e cutput - wausuldaulauniseg

'
&’

wu Tuiladdu setup)  2slidnde pinMode() Lﬁaﬁmumlﬁﬁuﬂﬂqﬁmmﬁuﬁ%maa%uww %30
dmalasnsimusluduiashwniftesesadeaiity dauitedu loop) auduileidud
Wauvdnileidu setup) Iheuadaiuluni Ingmaviemiaziinisauguuuubidauly
Gagquienamliindiefleidu loopl) Firumusdnsuuda Haidu loop) ﬁazgm’%an*ﬁum
Wnifuuuuiiludeny

ABL19aU

int pin = 13; // Yssmesudsuenitedu

void setup() {
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pinMode(pin, QUTPUT); } // fsitusetupQrinvusilvianil 13 HufTneaiansing
void loop() {

digitalWrite(pin, HIGH); // flsridu loop() finsiwuslinesn 13 fiaednidu 1
delay(1000); // #aridu delay0) Tuniswasian 1 5undl

digitalWrite(pin, LOW); // T¥iwedn 13 fanuzasdniu 0

delay(1000); } // #1181 1 3

nnsethaansiluileidy loop) Weaudds azduiileridu loop) valluiSenq na
filgFolnnsenduuuuasn Arduino Uno tuwesafi 13 vheuwulaidau

nsaseilaidy uasnsldruieidy (Users-defined function) ﬁﬂgdﬁ?ﬁﬂﬁBQﬂﬁﬂlu
flafitu FesegnelfiedommneUnn il ¢ waelinn U 3wy aelfipdamns § wiaunsa
dilaiduvdemddagfliuldll  uirsresduusasimdwnaniommnoiladoy ; lasash
Adatovualiussindeaiues wessnussimiuildieriuamsnuvedsn

P89

void Mode(int pin) {

pinMode(pin, QUTPUT); } // ﬁaﬁ%"usetup()ﬁwum'lﬁpinﬁﬁmumﬂuﬁ%maamﬁnm

void setup() {
Mode(13); }

4. dauasuielusunsy (Progarm comments)
fimumnesnedivhnnseeuiulsunsmduduiddystnnie taegalils

Feulusunsy - wieliufiTenldsunaidlalusilsunsildnodulaasnsoomlfaneeny
wiunmaianudtlalusunsulresruusasilaidy TnedausdunelUsunsy Wisdrunsusiull oy
lafinansznulagivauiavedsunsundsroulng ﬁ’umexﬁ’mﬁ%ggnﬁmﬁqﬁg@mmﬁmmﬂlﬁlﬁ
gnthlldon  Ineasinafeuadiivdldavodusunsuaglugfumn - Silnsroudiulimoesy
unfasiutusuisnes fafunsnonsiuldadsllfaiuiivngn wiglBeuuusiilvinausiy
Welidu waznssdy WelhAnmunindalunisianadils mseesiiulAniley 3 sUuuy Ae
Washa 7 uaslasne * wazuuvaavhe // Wunseeasiuldawuudausmin fonsulafissl
&1 */mssehutuasduneudiuan

gy uluay

2
ar

® pinMode( 91azld OUTPUT) = sisanldurduiluieminnldldvisesunasnuay
AARDR
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® pinMode( 1nfiagld INPUT ) = darlamfufudunldléiosunaonuazitnes

o digtalWite( 917914 @arugfiaruans ) = 1dsurduiduionviun
AImDa \Wu LED wihag

* digitalRead( v1fioeld ) = 1¥dsnfusudunmainen wu alndnn 1 ueshinea

® analogWrite( 91719¢19 ) = Td&duluevinveuiasn 1wy ICAIUALAINSY
G b

analogRead( 9#iagld ) = T¥&wiuiudunveoutasn wu Riend LDR \Wuwas
TNTLUENN
' & a aa P & ° ' o o a1

o delay( namhgluiadiua) = Mvdisawihnuneurinnudddaly
® delayMicroseconds(iamithedulalasiund) = Wmiiwaavinunsuviinusds

fald
o int =l¥R@emulsdmivimisuauiiduiuarvSeesiufiiuiiaivienide
T

o char = ldd@emsnidiiunisnesaamuildiiusnes)

® Serial.begin(9600) = fisAsuAUNORARDFRA S URBNNIABIORTUT29600TmMD
i

® Serialprint“Ama”) = lduidAmae lvlanwauiaaasuwuulitiuussin
® Seralprintln(“fAmn”) = TifukrmadelilaamauLIABILUUUUSTIN
® Serialavailablel) = ldnsavapuininisnapduasauislsl

® SerialRead(). = lWguArduAduain
ANASNLNBATVINUALAFAERS

® YafuUs++ = A wnwstTuasnds

= +1
® JaduUs— = anmealdstuiiazvie = -1
® / =ug
® * - @apny
® 4 -u
° = au

= ¥InU
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o —= - nudu@usalsidssuiisumdsiumdanialudndudaddiusia)nse
WguaUwlouiu

® 0% = WIS NAY WU 6%3 =0 WY 6 WS 3 a9
6%4  LWSNE 6 WS 4 18 1 ndeiey

o 1= = lddwiniu

® pi =22/7

o w ' 3

® powl(xy) =8nMas LIU pow(2,3) = 2

® sort(x) = TIN7Ess

e > - 3NN

® < = {pynm

® >= = ynNIMsEINNY

® <= = YppnNYIBIINU

aasneafuEayla

1. fds  do.while
do
{
J/Endat
}While(ﬁ@ﬂl‘ﬁ);

J/Fnds 2

U19AsI9719lduA while athadsanlddusladt vatds 1 Wellsuludinsmsase
gnaee  Tdvihumueas Lilleseululuwhiledinaduads withGeuladuliifuass
Wiunsufiagngayindds 1 wdnldvimueds 2uadbifiangs 2 Wsunsufiavmgavhau

2. fdsif
ifeuly)
{
J/8ds



]
i =5

wneauit Mdelvsiteulugnasmiailuaseilnauvindmdauld

3. A if.else

if(oula)
{
/7678 1
lelse
{
/i 2
}

mngpud devsitulsulugndeseldussildSuvia 1 16 usdds
Liiluadafilvindded 2 seluneu

4. mdvif. else if.else  lpssadndsliamnsonelulidesqauninasnela
if(Fauly 1)

£
/R

Jelse ift3ouly 2)
{

/A& 2
lelse
{

J/RnEs 3
} TUiSesqq

1w i
|

wnganed dudlelusnuuteuly 1gndemsaiduadailiiuhimded 116 usid
galiifuadeflunsraaeuiideuled 2 SGeulan 2 \Juatefivihaded 2 unilaiduass
Massmdsnazyihaded 3 WunuuillliSesq

5. fd for loop

for(FauluFusy; Reulvaeving; nMsieuvessaule)



J/end
1 .
wlai Tvhedsilgluaunidoulvsfusimsuade Tnofmdunaniasdod
ATNEURUS ulnens e

2.5 yaduseLnas L298N Dual H-Bridge Motor Controller

L298N Dual H-Bridge Motor Controller Wiuyndunawmesuia H-Bridge Tsdilvigjay
gl lunisamvauiianis wazanuiveueines dsanunsoaiuguuewmedliviomun 2
Channellngasdunszuaduoined audriiiuuadagaodndionuauiians dueuives

uewmaTiudzgnAuAudme dagral (PWM Pulse Width Modulation) Zesasiimsusuanuils
wingautulewmesnasly

sU#l 2.20 yndunsLaps L298N Dual H-Bridge Motor Controller

Tumsrafiu Arduino 1 271 INLINZ,IN3 uay ING fu asnsasiefuneda Digital Taqilé
desan ¢ wnil aeldlunsmunudynaasirvenfiemalifuuewmes @ ENA uag ENB du
Fuluflssowiodunedn Digital fisasiu PWM flovnnasioddduana PWM Tunseuay
ANUEMeBLABS
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sUfl 2.21 Schematic 792933 L298N Dual H-Bridge Motor Controller

YFI9UBsARVULBIABS L 298N Dual H-Bridge Motor Controller

L Out 1: desroihlnveniened A

2. Out 2: Yesmeinlivemanos A

3. Out 3: Yevatnlnvomelnas B

4. Out & Tewotalnvswetned B

5. 12V: dasngliAnamewmed 12V (delddus 5v s 35v)

6. GND: Yasmalwau (Ground)

7. 5V: desngliiineined 5V (mnfinsdelnidesites 12V U
8. Yosiasyimiiiisnglnesn Wy 5V Output

9. awnsaselnanvesiluiasuasa Arduino 1

s

10. ENA: foswedyyiau PWM dmsunaines A

11. IN1: YasredanuanIniNonTuaLian s UDwalnas A

< 5

oy
12. IN2: desriedygruasiaionuaniianvamamas A
oy

13. IN3: desfednuadaieauaANiiAn1UBwWeInas B

14. ING: Fossdyn1nManIANEAIUANTIAVIITDINEIWDS B

30
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15. ENB: 9a4sadfyeyiu PWM dmiunanos B

A FUUARY99V89YATUNDLADS L298N Dual H-Bridge Motor Controller

1. Dual H bridge Drive Chip : L298N

2. WHAUAYQIMasdA : 5V Drive voltage: 5V-35V

3. NIBUATDIANYINGDIA - 0-36mA

6. nszuaduuewes : guaat 2A (Heldusimefifey)

5. Adslnigean : 25w

6. UM : 43 x 43 x 26 Talns

7. s : 26 ndu

8. 1l Power Supply 5V lui ansadnelnesnaindes sv (feseliivesa Arduino) 18

WesalWideadfides 12V
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UNA 3
Asn1sandueu

3.1 mi@aﬂwu*uLfﬁaaﬁﬂtL&:ﬂ%"ﬁ'ﬁQLmUé'ﬂiuﬁa"aumLﬁn

lunseenwuudinlsenauvaariosuendinguuusnlud® (Automatic Color Sorter)

wusaanidu 2 du Taun druussnausiusuaaiiln (Mechanics) d1uussnaunazaiulssnou
fuganaLs (Software)

3.2 NM599NLUUSTUVEIIWINAUALS

Tunseenuuusrluaemuandssansauantluwmunma s ilanigud 3.1

ade
3

ssuvsmeruandey | fgd Lo} Proximity Senser 5 Arduing UNO R3 | Drive Molor DC

I

Faller enamnu

UM 3.1 WHUATWATITIUYRS TR UUAIEWILAREY

3.2.1 ANFDONLUUTEUUAENIUA MRS LLNAATTEA

n1sganuuUIsUYaIEnIuandseutLande WuniseontuuiAinlasiuas
wuudaedlassditswuy 2 I8 was 3 48 ssuuanawiua i eI ssfauendinguuy

oaludRvundn Taeldluswnsy AutoCAD 2017 TunisesnuuudilAsaLaziluudians
lassainenaguil 3.2

AUTODESK
AUTOCAD 2017

5U# 3.2 WsunsuliBunuy AutoCAD 2017



Proximity Proximity ~ Proximity Proximity
Sensor Sensor Sensor Sensor
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100
164

a A

U7 3.3 uuudnaadlassasszuuaeniuanfouuy 2 38 duvdaedu cm (Top View)

11.2 f
16 ;

3UT 3.4 LUUTRRAlATIATNIZUUEBNILANES WU 2 3 diviieidu cm (Side View)

5UT 3.5 uwuudnaeslaseainessuuagniuanbsuuu 3 1A



Pntuvhnsfumamedn(T) Wedentuinuewesiuids lun nesniiAnan
dmtiiwawsniaestls (T) , vesnfifnarnivinfuauuuameny (T) uagvednd
Aeainusshsanen (T) Tngluniseenuuuiasldimanmdnmin 0.1 Alansu Sl 1.5
fiafluns 91w 2 wagdagldinantdn 0.025 flandy way usalidudlanwiniu 9.81
m/s? ANEANAT

T = thvthesanawdn x Saflveanandén x fuweanawsn  (3.1)
unual asldn
T=:01 % 1.5x2
T = 03Nm

I

"= 2% USINSEEAAAULETINIY X ANLETIVRIEWN Y (3.2)
1oy L59NTEEARATUEIEWIY = UMLNURITUNY X ANUENMVEINIY X AL
8729 wnue ke
1
T8 E % (0.025)(1)%9.81) x 1

AES () 980 N 47
T" = LSINTERRVUEEN U x SAlvaanavian (3.3)
uUAN AR
T" =(0.025)(1)(9.81) x 1.5

T =003 Nm

Al ST bt (3.4)
T=03+0.12+003
T=0.45Nm

daA1nesn (T AleAs 0.45 N.m 3nuuinnisiseuileuseninmasws iuaiei
Invesuawesiinseiansiiadonldnawmasindinseuansaifauswunzay a0

n1seanuuUUIE g BsNILLENTIIIR 12VDC 1A 50 rpm AlAmasnlaseus 0.3 -
1.3 N.m
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3.2.2 ANSEBNRUUSZUUEIEWIUAIA LI TUYBNALIS

mMIvenLUUITUUIMEMUEm s urendisagldnslsulusunsumuay
garmdeanlusunsy Arduino IDE 183 Tneldmn C++ Tumsideusdaununis
FuessuuamenuEIAD wanwafdinuaunThauTessTUUamewILE A
Uit 3.7

ARDULI

U 3.6 TsunsuiBeulisunsuaauauaadids Arduino IDE 1.8.3

Arduino Proximity | ueledawsed Moter DC
UNO R3 2 Sensor L298N SVDC/ 1A

FUN 3.7 WHUATWYAANEIAIUANNISNINIUTBITEUURIBNILE LT

3.3 NMT0ANUUUIZUUARLENTAY

lumseeniuusEuUAnuenIngansawanalumun i aTulsg Ui 3.8

5"

y
L

Color Module = Arduing UNO R3 Prosimity Sensor Servo Motor

e 93

SUM 3.8 WHUAMNTTINIUTRITZUUAAUBNTAY
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3.3.1 MIPBNUUUTTUUARLINIRGATLLLAATTRA

A1588NLUUTEUUEIEWILA A ssa1uLuAAle WunisaanuuuLArlasiuas

wwudnaadlassainsuuy 20 uae 30 suuARLeningueATauendInquuusalud’

Toelglusunsy AutoCAD 2017 SLUQ']SE]@ﬂLLUULﬁ’!IﬂNLLazLLUUEEWBBQIﬂE&ﬁ%JWQﬁQEUﬁ 3.9
lay 3.10

Side View Front View Top View

i

JUR 3.9 wuudnasslaseadiessuuszuuAnuenuUy 2 38 Judiedu cm

JUM 3.10 wUU918941AT9E51933UUTTUUAALENILUY 38R
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3.3.2 NMSPBNLUUTEUUARLENIAAUTINALIS

mMseenLuUIEUUARLENIngAutaak S ld s s ulusinsunIuANYRAE
NLUsUATE Arduino IDE Taeldaiwn C++ Tunslisumdsaiununisinamivesssuy

Anuening wansRAdIRUANNIDNOLYEIsTUUARLENIRgATTUN 3.11

TCS3200 RGB Arduino | | Prosimity — —
Color Sensor || UNOR3 |7 P ot s
| I SVDCIA 83003

SUT 3.11 LHUAIWYAATEIATUANNITINILUBITEUUARLEN N

melumueasa TCS3200 (RGB Color Sensor) il Photodiodes au1a 8x8 #2
wasaandumwd Tneaslidunnanedivmosniumien 52 uas S3 vaatusesd
TCS3200 mmmiwﬁ AT

A5 3.1 @0UENISNIUTa UL TCS3200 (RGB Color Sensor)

52 | s3 BN
0 0 TN
0 1 Sty
1 0 dumn
1 1 GG

3.4 TUABUNTISUIZNAULASNITANTLIMASBIARLENEINaLUUSn ludRuInEn

lunisUsgnauuasnsaliuinuniowakendinguuudnludfunadn asvihnnsine
TwauBn anaulRLasn iy uesssuUnou Besdmariilinisusznauuasns

FnlunuAseIrawendTnguuudnludiruisdn WulUldegnesusu dmsutunaunisusenau

4

wasmsauduruiesauendinguuudaluifvuisian Sdunsunisusznouuasnssiiiuany

@

&
U



3.4.1 9UADUNITUTZNAULAZNNSAMLUNUAIULLAANTA

nsUszneulaznsAliunuveaIsendinguuudalulfvuwiadniuluaan
fin Usgnaulusegunsal fms1af 3.2

AN 3.2 emsgunsalvesaTesuendinguuudnludfvinadniuiuaniile

Fogunsal SRl
415 4 UHY
anaduhiluas (PVC Lay Flat Hose) [@usauas 1 1ins 1 e
@Mt Timing Belt M5 80XL 1dusouns 8 12 1 1
wawasiies 12vDC 50 sau 16
Servo Motor $3003 5VDC #3190 940 367
INTAnoInesinys 12VDC 50 59U 1 %
Serves Metal Rocker 3 %R
WWAAANTUIR 6 3L, 812 2 u
LNENNITUIR BT 2 3y
Eﬁaaawwméaq XL (Pulley ) aua 16 Wik 2§y

dupaumsusenaukasmsaiiunuvsseiamendinguuudnluiBaunadn
aunuaafia STunaudsll

3

1. i lvinnnsdedeuiselassaitsmuntaannuuuliludiuvesssuvaisniuy

audes lnethldundnmuyuiaiinesnis wazanzgiedaliiuas vnisdngn
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las9gsemienseaense vinlanudasoladanuuaziSoudey  haaly

@89 UUeIlATIATI FIFUT 3.17uae 3.18

5UN 3.13 vimsdanalassaiieiienszanensiy
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2. ymsinmundaiienzdesdmiuAnnsseuuaauening InTuWinngg

WzdaInuILIenlavinniseanwuu Nwazyinnsnudaslsdasuulaseaing
AeguR 3.14une 3.15

FUR 3.15 inmsviudaiusdasuulaseaiie
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3. yinsUsEnauNames e waranewiuidnnulassaie Wudnvuzananiu

[

FNELS WIDUVINITNAFDUMSYINIUVBINDLRDSAITUN 3.16 wag 3.17

U

3UN 3.16 Usznavsoinasiasdudinulassadisdeniuanges

3UN 3.17 sewiudaides
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4. ildnvinsdngeuisesulasiaiiwesinasdlavinn1sesnwuuliludu

waessUUAnLENing Inedtliuidnniuuuneifioans uasdainnideuiiedn
Tiluassiegun 3.18 uas 3.19

o

3U7 3.19 AAAYDITTULARUENIAE

msUsenaviesAansiudiuvesssuuAniendng wiouvhnmvageunis
MO WBLADT

U 3.20 LaTasAnuenddnguuudaludfvuieian
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ar

53U 3.21 iaspsAnuendinanuuaniudfvuingn
3.4.2 JuABUNITUTENTULAZAITANLNIUATUYB VAL
Tuppumsusenauwagnsaiiunuadugendwf Ao msdoulusunsuyadds

Tunsmuaun I IuReuAToMENETaguUUSHlTRauialdn waniunaunns
Auiluauasil

1. shnsidsulsunsugpiadamuilaoonuuunisvials

2. wnfiensdigpdndvihnuiiawanavierhayllgnios Wihnsufudsudle
yadadignies

3. dedsugnddmuaumshauaiadariinissnianluiiiuesa Arduino
UNO R3 tevhmsvngay

[

Wswnsumdslunisauaunsiaureasssuandinguuusaludfvansunean
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: for box on
CORVEYOL SYSICHS

§ 4 green
- colorbox?

UM 3.22 uwumwnsinauvesniasendinguuudaludfvuiaan
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NN5DBNLUUIIATHATRHURNH93T WDunseenwuvieasiagldlusunsy Easy,EDA Tu

szuvasuaiosfauendinguuudnludfowadn  Suludesdieasundsieln12 Tiad uay

5 Taan iealuundedrgwlifugunsalsineg Tumsesnuuuisnsdeguinl 3.26

5U# 3.23 Tsunsuuuun Altium Designer 14.3

gﬂﬁ 3.24 WHUAINNITINIUYasrasanelu

wumeeds voimdyunans 3 Regulator > TC53200
12V/6A L298N/1A LMTB0S RGBColor Sensor
Arduino UNO R3 Proximity Sensor

W LCD
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NIINAaBIUASHaN1INA&aD
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4.2.2 n13IndyIN1sE1uAEYaY RGB Color Sensor Module TCS3200
BA1TNARBS
1. demdynumuausueesivnegualadwng, Bk 20

instuiinAdyia RGB Color Sensor Module TCS3200 audnfain1g
Mnsnaaesdan 1uas 2 913U 5 A
ihafduiinlafwInNmANeieNgns

BN

.4 X1+x2+--+xn
Alagny S — (4.1)

4.2.2.1 HANNTVIAGBNNITINFYYIUN1TEUAIEVES RGB Color Sensor Module
TCS53200

“Detault/Erase
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ANT197 4.1 Han1TIRAdYLIMAUANUW RS MEg AT AT

afefl | VedV) | FoHZ) | Duty R € B
Cycle(%)

1 4.86 175 | 49.00 240 170 193

2 486 | 158K | 51.22 234 174 195

3 486 | 157K | 5073 235 174 196

4 486 | 158K {49.49 230 183 190

5 4.86 16K\ | 4982 234 173 185

ALatees Fo(HZ) aglain

(1.75+1.5841.57+1.58+1.6)K
= 5

= 1616 K (HZ)

Normal
10.0M8Sals

Save to file

Sav ; > Default/Erase
~- ~P-

5UT 4.6 IafnduniuauanmaesavMsNisnuA A UIREY
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A15199 4.2 Han1sinddyaaualwlesiunsisualddunRty

afifl | VeV | folHZ) | Duty R & B
Cycle(%)
1 4.2 1.05 K 49.01 135 188 215
2 4.2 1.03 K 51.92 132 182 215
3 4.2 1.09 K 49.64 152 193 222
4 4.2 1.07 K 50.31 138 175 213
) 4.2 1.05 K 49.03 131 172 215

ALRa889 Fo(HZ)azlen

(1.0541.03+1.09+1.07+1.05)K
™ 5

= ivipeLl R

Normal
10.0MSals

2.0704kHz
D1
49.44% |

Detault Menu
Default : Factory
Setup Default

3UT 4.7 Tafrdynnaualituesivussualaalen
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A19199 4.3 nanmsinddyanualLresvas g A ladITea

asef | VeedV) | Fo(HZ) | Duty R 5 B
Cycle(%)
1 4.9 207K | 49.44 79 154 114
2 4.9 2.05.k|50.19 108 145 132
3 4.9 201K | 4943 112 141 126
4 4.9 201K | /5121 101 137 118
5 4.9 206K | 5130 92 124 109

' = oy
AQAgUDd Fo(HZ) glen

(2.0742.05+2.01+2.01+2.04)K
, 5

= 2036 K (HZ)
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4.23  asiadyyiun1sgiuAiEnaInuae shade dludaeduns,fuly,dides 98 RGB
Color Sensor Module TCS3200
FBsmaase

1. IemdyanaruaueugaidsusieuAled RED ulia PALEGREEN laaien
AriLaTUugAIndege it gaR L wURIgUT 4.8
2. ynmstuinAdaiein RGB Color Sensor Module TCS3200 auansiaanis

DARKRED CRIMSON PEACHPUFF
BLUE DARKBLUE DODGERBLUE DEEPSKYBLUE POWDERBLUE
GREEN DARKGREEN LIME LIMEGREEN PALEGREEN

it 4.8 shade @dnqlutiasdua hiidu,dden

4.23.1 uanIneasin1sTnduYIaAIUAITUIaSH
J ar § ar = L] [, ¥z
A15197 4.4 HansInATAYaAIURLasHvasTiauA1iadT shade Huag

Color Vpk-pk |+ FofHz) | Duty Cycle R G B
W) (%)

Red 51 388.50 49.88 255 0 0
Darkred 51 146.00 48.54 139 a 0
Crimson 5.1 165.65 51.70 220 20 60
Salmon 5.1 504.50 49.75 250 128 114

Peachpuff 51 916.00 51.10 255 218 185
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3 ar 2 l; x L 3 = C )
A1HA 4.5 nansTmdgananiuasuyaidvaziswailadn shade Fku

Color Vpkpk | FolHz) | DutyCyde | R G B
) (%)
Blue 51 345.00 49.385 0 0 255
Darkblue 5.1 238.55 49.36 0 0 139
Dodgerblue 5.1 591.70 51.78 30 144 255
Deepskyblue 51 712.80 50.70 0 191 255
Powderblue 51 1.07k 51.80 240 248 255

5 w o 4 5 ' 2 a
TR 4.6 sanmsInadaRunRIuYasivasiguATladT shade Fiundu

Color Vpk-pk | ~FolHz) | Duty Cydle R G B
W) (%)
Green 51 303.45 51.97 o 128
Darkgreen || 5.1 14023 | <5193 0 100 0
Lime | 403.10 50.39 0 255 0
Limegreen 54 510.30 49,68 50 205 50
Palegreen LY 943.00 5120 152 251 152

1200
1000

800

fngm (Hz)

|
ATUILEIN

— U5

600
— U

400

200

0

Colors shade

Ui 4.9 namanudimiudsswitanudiamina(Hz) du Colors shade
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4.2.4 n15NAaINIsUSEUBUANE RGB Color Sensor Module TCS3200
A8A1snnang

1. vhmneaeaslagly RGB Color Sensor Module TCS3200 g1uAtdsneldisssui
49

U

&8 COME (Arduino/Genuing
1

L L ECTRONIC ENGHNEERING

KMITL2818
AUTOMATTCS COLOR SORTER
BY
57818675 KANCHAMIT T.
CifAnE Co 57018281 CHAMARYA V.
':Fipn'j“ﬁ COLOR RESULT
& DU R74 G132 B17%
FAFTRLA BLUE
: AR T RS G175 B78
int 4irlPink = 2; A GREEN
. dir2Fink = 7; Zifmana R233 G666 B94
Brxo AD 7 iR b RED
S ATHRR sy 21 RA g7 B154
Fifimaua 1 22 PLE
S j R3 G121 B46
FEfau ugn 23 GREEN
. 6 L A by R237 G12 B4S
JARURSINIT Sevel RED
é 1 A== 1 8
U7 4.10 Adaeqiignulaain RGB Color Sensor Module TCS3200

2. vimswSouiisuAd RGB Color Sensor Module TCS3200 fiuAnd RGB Color
Codes Chart ﬁagﬂﬁ 49 - a14 oy RGB weu1an red; green uay blue Ao
AsvUIUNSKALE LIS 3 & Aeduns e wasiindiu mslddndiunedd 3 ad
Aeiu asviilriAeda199 ladauanane Lazad HSV landnnisuenAiuaineesnain
\fofvesgnnmisussnasudie H wudniled (Hue), S uwnudrmuBusved

(Saturation) Wag V kMUAIAIINEINYBEY (Value)

4.2.4.1 mansvaasinisilseuieuatd RGR Color Sensor Module TCS3200 iy
A8 RGB Color Codes Chart



RGB color picker
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gtlﬁ 4.12 A1 RGB Color Codes Chart ¥ssduiuday
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RGB color picker
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3U# 4.14 1 RGB Color Codes Chart 9asdunasgou
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4.3 Msnaasan1sAaLending
A5N1Neaals

1. Tummeseaiuaniedngainduniaveseenusud gssuuaenua1bes ¥

@

Tngdd sUsnuasvelndifgaiunuiinvuadsgud 4.1

5U# 4.17 Proximity Sensor #3733U3RgLNa WS UUEENIUALAY 9191

2. dladegagluiumish Color Sensor aruAndudunaudivzeasiayali

lulespeulnsatansussuianaaidinanuls wazianiuaintiae LCD

5U 4.18 Color Sensor as333Udv04IAY
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4.3.1 HaN1TNAaaINISBIUANE

q

o 1

nafe Color Sensor

=

A15199 4.7 HANISVIAARINITANLENIANALAY

3

61

A Anddiguld Adignias fumisiidausn
1 IEx X anaq
2 TN (X gnees
5 IEX A gnees
4 TN, UM anees
5 X LIS aneea
A51971 4.8 HANNSUARBINTIARLENIRREUNIRY
ASsil Andns e Andtigneos Fumisiidnuen
1 iy thiu anAes
p v iy aneas
3 i3y 1y gnees
4 tiiy iy gnAes
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The number of test (time)
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3. YNNNIVAERINISIVRIAIT WU 5 AS9 wazUwiinAaaula

5UT 4.241050sAauendTnguuudnludfivuisidn

4.4.1 HanISVAARILIANTTINVIEIBNIL

A15197 4.10 WANISNAABSLIAIAISTINUBIAIBWIU

Ased warlumI s saneny
1 20 Ui
2 20 Fuil
3 21 i
4 22 AU
5 21 Ui

ANAALYBIIAINITIIVDIEIENIU

(20420+21422+21)
- 5

= 20.8 JuW
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5.1 d@3Unan1Innaag

Tun1snaasaadesdnuondinquuudnlutfvundn aunsonsaduingiiluduns 3
e wasfthidu Waglumsynsmnass Color Sensor aunsas A ingdiiviinisnaaesii 3
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nsfpuendnasumidditmunld  ludueesnsindyyinniseuAidues RGB - Color
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\J87 98¢ RGB Color Sensor Module TCS3200 gnuindiodfidanmuduuasnndodivy

a779 2TAIMNLANIN LALANIAIATLITUWEINDEVS DALY I8LAIALDYRY

5.2 YaRANaIn

1. fueSesewiuddoeinisnagsnungasadiosainaieniu Tiring Belt M5 80XL 013
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4. lunmsvnaeasdasdnuendinguuusnluifvuiaidn o1efiieaaedsudntesidasan
dlothanglvnderuaeduielildanuemnudenis asiiliaugeslasy
wsaulinfilsined denaloumefasiaduinglfraaniou

5. lumsseldrusdasiauendinguuusaluifvumbn vnedesduesildenafionis

vgavsavanllaieylinAerufianaiatunisldaussuuiasarsownuendiagiuy
GG



65

5.3 YaiEuanuy

PNMIIRvIATRRRLENd InquuudaluRuunaan Tveddmi isausndeaueuuy

= ol ¢ | Vel i o = < o )
iqmﬂﬁLLU?WWQV{NﬂigIHT}U LLﬂH‘WﬂJ ﬂ'ﬂ"manL‘F\]LLa3U§3'ﬁﬂﬂm'ﬂ¥W'Iﬂ"ﬁﬂﬂE’lLﬁiﬂﬁﬂ@LLﬂﬂa?G‘lqLLUU

daluRvuadnyimdients Waulugesdsoly
1. Tumsesnuuuiaiasfauendinguuudaludfvunndn uasnisindsvasanunumie

lulasaaulvsataastunistdaualsAmdedanunn1stdaunisanaieldliinau
Wemneunvasamuauwazaunsalbuqiierdedivueianiun
2. Tunsldaueiesfnuendinguuudnluifvuaaiin aisdendagiurundauenly

winzaufurnaLazmtENnsaveseTasevilimeuiusednsnimgs



66

UTTtUIUNTH

[1] deyaginsnisenius@es (aeula).

unasiiun : https://conveyornli.wordpress.com/2016/01/31/aan usiasinenszls/ & wiFRNeu

&0
[2] $ayratinenisnunuaiResdeauasautlss Tl (eaulatl).

RN ; http://www.thailandindustry.com/indust_newweb/onlinemag_preview.php?cid=933

I WOAANNEU n&bo
[3] diexyagiinsal anddeifinluiad (eeula).

Lm’ﬂ'\'lﬁm : http://www.kcrautoparts.com/default.asp?pid=58902&content=productdetail

o WOAANIEY o&o0
[4] $ayagiinsn] RGB Colour Sensor Module TCS3200 (aaulat).

WG - http://alangkanart.blogspot.com/2017/02/arduino-tcs230-color-recognition-

sensor.html e WOPANIEY beb0

[5] fayaguinsninawmasindnszuanss (saulail).

WnASTILN © http://www.psptech.co.th/uaimaimotorAaarls-19171.page WOPRNIEU a0
[6}%aamﬂnmiwfmﬂ?ﬁﬁﬁ”vﬁum@5 (aawlasi).

WRITINN © hitp://Awwwinno-ins.com/781837/miandfiflauiees- e NOARNIEY loab0

[7)daysarnrolguigeinmaduingioguasdunise (\nans)



67

WnALANN : https://www.arduinoall.com/product/1168/e3f-ds10c4-infrared-photoelectric-switch-

sensor-module-\TUiTaiRTIAdLINFLUARUNIIA @ WHAANILL babo

[8)4ayaginsnl Futaba S3003 Servo Motor (1ana1s)

LVET - http://chanaphinp.blogspot.com/ a WoFRNEY neb0
[s)dayagtinsnidrulsznausie Futaba S3003 Servo Motor (1anans)
WAL - http://www.tdhobby.com/indexphp e NEOARNIELY beb0
[oldiayaginsniuaiaduneines Drive Motor Board (1anan)

waaiian ; http://naringroup.blogspot.com/2016/03/robot-1298n-dual-h-bridge-motor.html

o NOARNIEY lneb0
[9)deyaginsniuasadunainas Drive Motor Board (lanans)

WARSAIHN : http://www.thaieasyelec.com/products/robotics/motor-driver-control/adafruit-

motor-stepper-servo-shield-for-arduino-v2-kit-1623-detail.html o wqﬁamﬂu meb0

.

[8] Data sheet 284 navnsoiluaeas (aaulasl)

WAL : www.alldatasheet.com. quﬁanﬂﬂu Beh0o



AMANUIN N .
A1599ALUUNIIEIU Software

TunseanuuuduSoftwaredl Lﬂum‘iaammui‘d‘sl,mimgmﬁwé’amiﬁmmaﬁzw
aewuaAes LAy sruufruenduesuuvesalulasreulvsa@es AlelUsunsy Arduino IDE
1.8.5 Tnerdazyinisesnuuuadnefuaiw C ‘qmﬁwé’qﬁqﬂaenLLUUaxﬁwmﬁw‘lwamwmmm
Uuuasn Arduino UNO R3 lmewdnnisvineunadiusunsy fe dessuvaiewudndewiou
Sudeeingluds wuwedd Wetadmenudduazusenanarmuidudn asuansuasenunly
Serial Monitor wag 98 LCD ddeiidludiumeslulasnoulnsaaadd toun

/////////////////////////////////ﬁ'}1!1wﬂi_ibraryﬁﬁaaﬂW{L%’a'1u////////////////////////////////////

#include <LiquidCrystal 12C.h> //Library 984 LCD
#include <Servo.h> //Library 984 Servo
#include <Wire.h> //Library 983 Wire

N L Ve e NS e P L

const int S2 = 2; //fmus Color Sensor 52 (i 2
const int S3 = 3; //fnvius Color Sensor 53 10U 2
const int LED = 4; //fvus Color Sensor LED dluan 4
const int OUT = 5; /v Color Sensor OUT wuen 5
int speedPinA = 6; //819us DriveMotor ENA 13uan 6

int dirlPinA = 8; /78R DriveMotor IN1 18uan 8

int dir2PinA = 7 //fnvus DriveMotor IN2 1T 7
#define Prx0 A0 //fwue Proximity Sensor 1 tuan A0
#define Prxl Al //fwus Proximity Sensor 2 Wuan Al
#define Prx2 A2 //fmun Proximity Sensor 3 1uan A2
#define Prx3 A3 /6 Proximity Sensor 4 {luan A3
LiquidCrystal_12C lcd(0x27, 16, 2); //fnmus Address Way vuaYad LCD Display
Servo servol; //ivussils Servol

Servo servo2: //MuaAILls Servo?

Servo servo3?; //anmusaanls Servo3

int RED = 0: //fmusslsiAuatveIdun

int GREEN = 0; //fmunsnudsiiusuesdidienn



int BLUE = 0: //ivuainlsiiuAtvesdingy
bool det = false; J/AuanIsaTuAsuRuLUY false

I I T IS SSUnss/ L1101 T 1T 11041

void setup()
{

forward();

Serialbegin(9600); /7 3anmsldeuSerial monitor firui329600Bps
servol.attach(9); //fsua.Servol (e 9

servo2.attach(10); //fmum Servo2 vluen 10

servo3.attach(11); /s Servo3 Wuwn 11

I T ssam e sV S usiunSenvo /1111111111111
servol_set();

servo2_set();
servo3_set();
DDRB = 0b11101111;
DDRC = 0b11110000;
DDRD = 0b11011111;

I 10 T nsaenn s astaRTsiusSerial monitor///1/7///111111111111111117
Serial.printin("ELECTRONICS ENGINEERING");
delay(1000);

Serial.printin(" * KMITL 2018")
delay(1000);

Serial.printin("AUTOMATIC COLOR SORTER™;
delay(1000);

Serial.println(" BY");

delay(1000);

Serial.println(" 57010075 KANCHANIT T.");
delay(500);

Serial.printin(" 57010281 CHAWANYA V.");
Serial.println();

delay(500);

Serial.println("  COLOR RESULT";

Y A HIG S L R PRT VIR D) Display////117711177111117177111 711



led.begin();

led.setCursor(0, 0);
led.print("  ELECTRONICS");
led.setCursor(0, 1);
lcd.print("  ENGINEERING");
led.setCursor(12, 1);
delay(1000);

lcd.clear();
led.print("AUTOCOLOR SORTER");
led.setCursor(0, 1);
led.print("  KMITL 2018";
lcd.setCursor(12, 1);
delay(1000),

T T Somaa s unsyinaunsDC Motor/s/// 1/ 1111 I 1111711111

void forward()

{ .
analogWrite(speedPinA, 255);
digitalWrite(dir1PinA,LOW);
digitalWrite(dir2PinA,HIGH);

}

void backward()

{
analogWrite(speedPinA, 255);
digitalWrite(dir2PinA,HIGH);
digitalWrite(dir1PinA,LOW);

}

void motor_stop()

{
analogWrite(speedPinA, 0);
digitalWrite(dir2PinA,LOW);
digitalWrite(dirLPinA, HIGH);

}



I S avaiter dunnavineruasServoustasdi///////111 1111111111100

void servol set()
{
servol.write(180);
}
void servol up()
{
servol.write(0);

}

void servo2_set()

{
servo2.write(180);

}

void servo2_up()

{
servo2.write(0);

}

void servo3_set()
{
servo3.write(180);

}
void servo3_up()
{

servo3.write(0);

}

/////////////////////////////////////////1‘U‘3LLﬂ'iﬁJQU/////////////////////////////////////////////

void loop()

{
if((digitalRead(Prx0)) && (det == false))



det = true;
delay(500);
led.clear();
lcd.setCursor(Q, 0);
led.print(" COLOR RESULT");
I 1101100111110 1 DE0Rn@RGB/ 1111111110111 111101 11011001101 1101
uint8_t co = getColor();
Serial.print(RED, DEC);
Serial.print(GREEN, DEQ);
Serial.print(BLUE, DEQ);
Serial.printtn();
T I LT T 101 T e sam @\ RaWa/ /L1111 T 1111111111117
iflco==1)
{
Serial.printin("RED");
while(digita\Read(Prx1)==0};
while(digitalRead(Prx1)==1);
delay(750);
servol up();
delay(500);
servol set();
delay(500),
}
W Lk D L S e o A
iflco==2)
{
Serial.printin("BLUE");
while(digitalRead(Prx2)==1);
while(digitalRead(Prx2)==0),
delay(750);
servo2_upl);
delay(500);
servo2_set();
delay(500);



}
I 110100000 111 P Senaen BB/ /17111111 1111111110001 1101000011177
fftce==3)
{
Serial.println("GREEN");
while(digitalRead(Prx3)==0);
while(digitalRead(Prx3)==1);
delay(750);
servo3_up();
delay(500);
servo3_set(),
delay(500);
}
}
else if ((digitalRead(Prx0) == 0) && (det == true))
{
det = false;
led.clear();
lcd.setCursor(0, 0);
led.print(" = ELECTRONICS");
lcd.setCursor(0, 1);
lcd.print("  ENGINEERING");
led.setCursor(12, 1);
delay(1000),
lcd.clear();
lcd.print("AUTOCOLOR SORTER®);
lcd.setCursor(0, 1);
led.print("  KMITL 2018");
led.setCursor(12, 1);
delay(1000);
}
}

L1107 1 fensdsssnanarn@uascolor sensor TC3200///////1/1111111111111111/

//Proximity sensor NEUgAISUAL

uint8 t getColor()



uint8 tR=1;
uint8 tB = 2;
uint8 t G = 3;

digitalWrite(LED,1);

digitalWrite(S2, LOW);

digitalWrite(S3, LOW);

RED = pulseln(OUT, digitalRead(OUT) == HIGH ? LOW : HIGH);
digitalWrite(S3, HIGH);

BLUE = pulseln(OUT, digitalRead(OUT) == HIGH ? LOW.; HIGH);
digitalWrite(S2, HIGHY),

GREEN = pulseln(OUT, digitalRead(QUT) == HIGH 7 LOW. : HIGH);
digitalWrite(LED,0);

if (RED < BLUE && RED < GREEN)
{
lcd.setCursor(6, 1);
lcd.print("RED™);
return R;

else if (BLUE < RED && BLUE < GREEN)
{
lcd.setCursor(6, 1);
led.print("BLUE",
return B;
}
else
{
lcd.setCursor(6, 1);
lcd.print("GREEN");

return G;
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENT UPTO4A

= LOW SATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic cireuit in a 15-
lead Multiwatt and PowerS0O20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

:’-ﬁ.h:i:':t? Y
PowerS020

Multiwatt15

ORDERING NUMBERS : L298N (Multiwatt Vert.) |.
L298HN (Multiwatt Horiz.)
L298P (PowersS020)

nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

.[‘]-m

v
O%F‘ og’n s e 01(1}11 omé.
2 3 2 3 14
+(V)55. 9 v
ref
I : e
T
1 2 3 &
In? In&
O 2 - L —d 2 O
¢+ -
In2 In3
o 7 10 _5
ol | n E%B
1 [ 15
SENSE AO——4¢ ) _L §-——OSENSE B S-38312

Rsp

Jenuary 2000
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 \'
Vss Logic Supply Voltage 7 v

V,Ven Input and Enable Voitage —03t07 \'
lo Peak Output Current (each Channel)
— Non Repetitive (t= 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage —1t02.3 \'
Piot Total Power Dissipation (Tcse = 75°C) 25 w
Top Junction Operating Temperature —2510 130 C
Tag: Tj | Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ [ SR Brin CURRENT SENSING B
. ' WM\RITT777 7 "2 _QOUTPUT4 Y
, ‘@ N\ NP7 OUTPUT 3
12 2 INPUT4
k2 BN & ENABLES
10787 T TANN S A JRpuT 3
% aoD Y R LOGIC SUPPLY VOLTAGE Vs
Multiwatt1s Frme e, P
IS v x Y INPUT 2
6 PO W [ Pn, (ENABYE A
) TATAT AR INPUT 1
4 2 SUPPLY VOLTAGE Vg
$ SN YEYAL> A QUTPUT 2
/I AT A AN 4 I ACLFPUTLY
\ [ NSRS [Cragonn] CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DS5IN240A
d
GND [ 1 20 [T 1 GND
SenseA [} 2 19 |1 SenseB
NC. [ 3 /] NG
out1 [} 4 17 [ outs4
outz2 1 5 PowerS020 15 [~ ou3
Ve [ 6 15 1 Input4
Inputt _{ 7 14 ] EnableB
EnableA [__| 8 13 1 Input3
nputz | 9 12 1 vss
GND [ 10 11 1 GND
DI5IN239
THERMAL DATA

Symbol Parameter PowerS020 Multiwatt15 Unit

Rihjcase | Thermal Resistance Junction-case Max. - 3 *C/W

Rijamb | Thermal Resistance Junction-ambient Max. 13(%) 35 °C/W

(*) Mounted on aluminum substrate

213
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 219 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 45 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5,7 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13:15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17. Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
’ ) connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected - ’

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition Vin +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 & 7 vV
Is Quiescent Supply Current(pin 4)  |Ven=H; IL.=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven =L Vi=X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; L =0 Vi=L 24 36 mA
Vi=H F 12 mA
Ven=L Vi=X 6 mA
ViL Input Low Voltage 03 1.5 \%
(pins 5,7, 10, 12)
Vin Input High Voltage 23 VSs \
(pins 5,7, 10, 12)
liL Low Voltage Input Current Vi=L -10 pA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H < Vss 0.6V 30 100 pA
(pins 5,7, 10, 12)
Ven = Enable Low Voltage (pins 6, 11) -0.3 1.5 V'
Ven = Enable High Voltage (pins 6, 11) 23 Vss \
len =L |Low Voltage Enable Current Ven =L —10 HA
(pins 6, 11}
len =H |High Voltage Enable Current Ven =H < Vss 0.6V 30 100 nA
(pins 6, 11)
Veesat(H) | Source Saturation Voltage k=1A 0.95 1.35 1.7 \
h=2A 2 27 \'
Vcesat(y |Sink Saturation Voltage L=1A (5) 0.85 12 1.6 \Y
L=2A (5) 1.7 2.3 Vv
Vcesat | Total Drop k=1A (5) 1.80 32 vV
L=2A (5) 4.9 V
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 Vv
'S7] 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T1 (Vi) |Source Current Tum-off Delay 05Vito 0.9  (2);(4) 15 us
T2 (Vi) |Source Current Fall Time 09I to0. 11 (2) (4) 0.2 us
T3 (Vi) |Source Current Tum-on Delay 0.5Vito 0.1l (2);(4) 2 us
T4 (Vi) |[Source Current Rise Time 0.1l o091 (2);(4) 0.7 ps
Ts (Vi) |Sink Current Tum-off Delay 0.5Vito 091 (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 091 o011  (3);(4) 0.25 us
T7 (Vi) |Sink Current Turm-on Delay 0.5Vito 091  (3);(4) 1.6 us
Ts (Vi) |Sink Current Rise Time 0.1 t0o0.91L  (3); (4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1(Ven) |Source Current Turn-off Delay 0.5Veato 091 (2); (4) 3 us
T2 (Ven) |Source Current Fall Time 09I to0 1l (2);(4) 1 us
Ta{Ven) |Source Current Turn-on Delay 05Vento 0.1 1L (2);(4) 0.3 us
T4 (Ven) |Source Current Rise Time. 0.1 10091 (2);4) 04 us
Ts (Ven) |Sink Current Tum-off Delay 05 Ve t0 091 (3): (4) 22 us
Te (Ven) |Sink Current Fall Time 091 to0 1l (3k(4) 0.35 us
T7 (Ven) |Sink Current Tum-on Delay 0.5 Vento 09 1L (3); (4) 0.25 us
Tg (Men) |Sink Current Rise Time 0.1l 10091 (3);(4) 0.1 us
1) 1)Sensing voltage can be —1 V for t < 50 psec; in steady state Veens min=—0.5V.
2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G- 6£18
Vsar
(v Vgg=5V V=42V
VS =42Y
» Vog =5V o
OoO——
20
174 L298N
16 ? ] ENABLE L
1.2 /// Ri=200
08
5-5852n
0.4
0 04 08 12 16 20 24 IolA). Note : For INPUT Switching, set EN = H
For ENABLE Switching, setIN = H
4/13 ST}




L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

L

0% +—————— - — (-—-_—______j

Imax{2A)
90." —-p——— -—3 ————————————————

S5-5B5471

. -
L T |12 L T3 |Ta
Ven; (4V)
0% tg——— e t
5-585312
Figure 4 : Switching Times Test Circuits.
Vssasy  Vs=42V
O
e
INPUT
!
174 L298N
ENABLE

Note : For INPUT Switching, setEN=H
For ENABLE Switching, setIN=1L

Y
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

I 4

Imax{2A)
<o M . WS — 4
o 2 .
15 |18 7 |8
v (&V)
W% e essnsnas '
Imax(2A)-———4 " tp—ii—————y + — — — — — — — =
90, - N W - e - —
0% - ;
(av)
S0% (==L L
4 A
5-10667 [
Figure 6 : Bidirectional DC Motor Control.
g
7 A€
WOnF
Wy LE
=
02 & D4 1 "
;—n— ke " L Inputs Function
Ven=H C=H;D=L Forward
* 13 i ?un C=L;D=H Reverse
? Ouus C=D Fast Motor Stop
\_ IO Ven =L C=X;D=X |Free Running
. yonk Motor Stop
1/2 L298N L=Low H = High X =Don't care
Y OvVen
0 CONTROL d 8 1
e L N
Rs
DI TO D&:1A FAST RECOVERY DIODE {t,, <200ns)
5-5853/2
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.

ENABLE 6
o \I\ L 298 ouTs
(_ﬁ‘ d El 1 : 2 O
Q oUT 2
M2 7 3 3 .
11 9
10 h}\ 13
12 i L 14
M7
a_L 15 1
5-58732

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298 integrates two power output stages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
external resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; In2 ; EnA and In3 ; In4 ; EnB.
The Ininputs set the bridge state when The En input
is high; a low state of the En inputinhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

&7

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Turn-ON the Sup-
ply Voltage and before to Tum it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.
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This solution can drive until 3 Amps In DC operation
and until 3.5 Amps of a repetitive peak current.

OnFig 8itis shown the driving of a two phase bipolar
stepper motor ; the needed signals to drive the in-
puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designed for the

application of Fig 8.

Fig 10 shows a second two phase bipolar stepper
motor control circuit where the current is controlled
by the I.C. L6506.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

Rs1=Rs2=0.5Q

D1to D8 = 2 A Fast diodes

il
S-5B46/4

VE<12V@I=2A

trr <200 ns

Vs
oOsv Q36v
R1 100nF
a1t 1o a1k
220 100nF 470
33nF L s HF
GND ‘
o | 02| o3f e
s | by
cwiCCw |2 16 1 9 8 &
Cuock |}, . I8 3 I
RALFIFULL c lo2
L 0 3 STEPPER
akel L297 » L29BN " s MOTOR
20 9 12 13 WINDINGS
EnasLe | B G 3]
, S
ref 1 s [INH2 r i LI
L =S 1] 15 0s D6 o7
| sense I 3
SENSE 2
CONTROL HOME
SYNC.
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

GND Vg

o8|
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) 7 \
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DZzXLzWN
ZsQZohl
Ly ioor

HALFE /FULL
CLOCK .,

Cw 7 CCwW

VREF
GND

04 04 Vg5 GND

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM. e et OUTLINE AND
miN. | Typ. [ max. | min. | TYP. | max.
A 5 0197 MECHANICAL DATA
B 265 0.104
C 16 0.063
D 1 0.039
E | 049 055 | 0.019 0.022
F | 066 075 | 0.026 0.030
G | 102 | 127 | 152 | 0.040 | 0.050 | 0.060
G1 | 1753 ] 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 196 0.772
H2 202 0.795
L | 219 | 222 | 225 | 0862 | 0.874 | 0.888
L1 | 217 | 221 | 225 | 0854 | 0.870 | 0.886
12 |1765 18.1 | 0.695 0.713
13 | 17.25 | 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 10.9 | 0406 | 0.421 | 0.429
L7 | 265 29 | 0104 0114
M | 425 | 455 | 485 0167 0.179 | 0.191: 2
M1 | 463 | 5.08 | 553 | 0.182 | 0.200 | 0.218
s | 19 26 | 0075 0.102
s1 | 19 26 | 0075 0.102 Multiwatt15 V
Dia1 | 3.65 385 | 0.144 0.152 ~
Hi
A S|
ol Exl
AN - v
| NP
- A A ﬁ ma1 -/
| r =
- ~ o <
1] = ||
H2
B
E
F LI-
M M
10113 1577
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DIM — e OUTLINE AND
miN. | TYp. [ max. | min. | Typ. [ max
MECHANICAL DATA
A 5 0197
B 2.65 0.104
c 16 0.063
E | 049 055 | 0.019 0.022
F | oes 075 | 0.026 0.030
G | 114 | 127 | 14 |0045]| 0.050 | 0055
G1 | 1757 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 196 0.772
H2 202 0.795
L 20.57 0.810
L1 18.03 0.710
L2 254 0.100
13 |17.25 | 175 | 1775 | 0.679 | 0.689 | 0.699
14 | 103 | 107 | 109 | 0.406| 0.421 | 0.220
L5 5.28 0.208
L6 2.38 4 . 0.094
L7 | 265 29 | 0.104 0.114
5 1.9 2.6 0.075 0.102
s1 | 19 26 {0075 0.102 Multiwatt15 H
Dia1 3.65 3.85 | 0.144 0.152
Hi
A s 1
I\ & S
] T
£ 7 “
) 3
Dia. 1
. Iy 3
— -1
—
femm—
| B
|
(31
N H2
S -
Lé
L5
IYI 1113
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DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 3.6 0.142
al 0.1 0.3 | 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013
D) | 15.8 16 | 0.622 0.630
D1 9.4 9.8 | 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450
E1 (1] 10.9 11.1 | 0.429 0.437
E2 29 0.114
E3 5.8 62 | 0228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 1.1 ; 0.043
L | 08 1.1 | 0.031 0.043
N i 10" (max.)
S 8" (max.)
T [ 10 | | [o304 |

(1) "D and F” do not include mold flash or protrusions,
- Mold flash or protrusions shall not exceed 0.15 mm (0.006").
- Critical dimensions: "E", "G" and "a3"

OUTLINE AND
MECHANICAL DATA

JEDEC MO-166

PowerS020
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2 ! ! DE'I'.D’\ILA| J‘_'E DETA!LB,_ E "¢
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= ai3 ' shug
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20 : 11
i e =]
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
© 2000 STMicroelectronics — Printed in Italy — All Rights Reserved
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TAOS

rexas TCS3200, TCS3210
ADYANCED PROGRAMMABLE

OPTDELECTRONIC

SoLuTTONS® ~ COLOR LIGHT-TO-FREQUENCY CONVERTER

TAQS099 — JULY 2009

® High-Resolution Conversion of Light PACKAGE D
. 8-LEAD SOIC
Intensity to Frequency e
® Programmable Color and Full-Scale Output
Frequency S0 1 I [ 8 s3
® Communicates Directly With a Microcontroller - —
® Single-Supply Operation (2.7 V to 5.5 V) o2 = T8
@ Power Down Feature OE 3 [T N| 1 6 OUT
. : . . o
Nonlinearity Error Typically 0.2% at 50 kHz GND 4 I \|“/ YU 5 Vop
® Stable 200 ppm/°C Temperature Coefficient
® Low-Profile Lead (Pb) Free and RoHS Rt
Compliant Surface-Mount Package
S0 1 I I_U_ T 1 8 S3
D ioti Ny
ERnp "_f" _ ) st 2 [ 1 7 S2
The TCS3200.and TCS3210 programmable color i, %
; ; : s OE 3 I N ] 6 OUT
light-to-frequency converters that combine confi- . S
gurable silicon photediodes and a current-to-fre- : —GND 4 B3 \IM/ (9 5 Vob
guency converter on a single monolithic CMOS y. —
integrated circuit. The output is a square wave TCS3210

(50% duty cycle) with frequency directly propor-
tional to light intensity (irradiance).

The full-scale output frequency can be scaled by one of three preset values via two control input pins. Digital
inputs and digital output allow direct interface to a microcontroller or other logic circuitry. Output enable (OE)
places the output in the high-impedance state for multiple-unit sharing of a microcontroller input line.

In the TCS3200, the light-to-frequency converter reads an 8 x 8 array of photodiodes. Sixteen photodiodes have
blue filters, 16 photediodes have green filters, 16 photodiodes have red filters, and 16 photodiodes are clear
with no filters.

In the TCS3210, the light-to-frequency converter reads a 4 x 6 array of photodiodes. Six photodiodes have blue
filters, 6 photodiodes have green filters, 6 photodiodes have red filters, and 6 photodiodes are clear with no
filters.

The four types (colors) of photodiodes are interdigitated to minimize the effect of non-uniformity of incident
irradiance. All photodiodes of the same color are connected in parallel. Pins S2 and S3 are used to select which
group of photodiodes (red, green, blue, clear) are active. Photodiodes are 110 pm x 110 pm in size and are on
134-um centers.

Functional Block Diagram

it N
. ; Current-to-Frequency
Light Pho!tod;»de Converter
S2 83 S0 St OE
The LUMENOLOGY © Company Copyright © 2009, TAOS Inc.
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Terminal Functions

TERMINAL
NAME NO. vo DESCRIPTION
GND 4 Power supply ground. All voltages are referenced to GND.
OE 3 1 Enable for f, (active low).
ouTt 6 e] Output frequency (fo).
S0, S 1,2 I Output frequency scaling selection inputs.
82,83 7.8 I Photodiode type selection inputs.
Voo 5 Supply voltage
Table 1. Selectable Options
S0 S1 OUTPUT FREQUENCY SCALING (f,) 52 S3 PHOTODIODE TYPE
L L Power down L L Red
L H - |2% L= H Blue
H L 20% H L Clear (no filter)
H H 100% H H Green
Available Options
DEVICE Ta PACKAGE - LEADS | PACKAGE DESIGNATOR ORDEHING NUMBER
TCS3200 | -40°Cto85°C SOIC-8 D TCS3200D
TCS3210 -40°C to 85°C S0OIC-8 D TCS3210D

Copyright © 2009, TAOS Inc. Fevie The LUMENOLOGY © Company
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Absolute Maximum Ratings over operating free-air temperature range (unless otherwise noted)t

Supplyvoltage: Vo (SEENOMET) v ivuns ssme sy s /i 96 s i s 6V
Input voltage range, all INPULS, V| .o sossvammamesn ssawsns s s s sswmss -03VtoVpp+03V
Operating free-air temperature range, Ta(seeNote2) ..........oiiiiiiiiiiiiiinan, —-40°C to 85°C
Storage temperature range (see Note 2) . ... . i i e -40°C to 85°C

Solder conditions in accordance with JEDEC J-STD-020A, maximum temperature (see Note 3) ... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage 1o 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. All voltage values are with respect to GND.

2. Long-term storage or operation above 70°C could cause package yellowing that will lower the sensitivity to wavelengths < 500nm.
3. The device may be hand soldered provided that heat is applied only to the solder pad and no contact is made between the tip of
the solder iron and the device lead. The maximum time heat should be applied to the device is 5 seconds.

Recommended Operating Conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp - 2.7 5 55 %
High-level input voltade, Vi~ . Vpp=27Vto55V ‘ 2 Voo v
Low-level input voltage, Vi Vpp=27Vto55V 0 0.8 \'
Operating free-air temperature range, T —40 70 °C

Electrical Characteristics at Ty = 25°C, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Vou High-level output voltage lon=-2 mA 4 45 \"
Vou Low-level output voltage oL =2 mA 0.25 040 A
i1 High-level input current 5 pA
I Low-level input current pA
Power-on mode 14 2 mA

'oo Sorply cgrgt Power-down mode 0.1 pA
S0=H,S1=H 500 600 kHz

Full-scale frequency (See Note 4) S0=H St=L 100 120 kHz

80'=L, 51 =H 10 12 kHz

Temperature coefficient of responsivity A £700 nm, —25°C < T < 70°C +200 ppm/°C
ksys Supply voltage sensitivity Vpp=5V +10% +0.5 %l V

NOTE 4: Full-scale frequency is the maximum operating frequency of the device without saturation.

The LUMENOLOGY © Company
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Operating Characteristics at Vpp = 5 V, T4 = 25°C, SO = H, S1 = H (unless otherwise noted)
(See Notes 5, 6, 7, and 8). Values for TCS3200 (TCS3210) are below.

CLEAR BLUE GREEN RED
TEST PHOTODIODE PHOTODIODE PHOTODIODE PHOTODIODE
PARAMETER CONDITIONS S2=H,S3=L $2=1,53=H S2=H,S3=H $2=1,83=L | UNIT
MIN TYP MAX|MN TYP MAX|MIN TYP MAX| MIN TYP MAX
Ee = 47.2 pW/cm?2, 125 15.6 187 . . . N N .
Ap = 470 nm @7) (585) i 61% 84% | 22% 43% | 0% 6%
Output - 2| 125 156 187
fo frequency |°= 794 Moy 8% 28% | 57% 80% | 9% 27% | KHz
(Note 9) Ap =524 nm (47) (5.85) (7
E, =346 Wom?, | 131 164 197]
-] 2100 on 120/0 400 ‘0500
Ay = 640 nm 49 615 74 5% % | 0% 84% %
331
Ap =470 nm (123) 61% B4% | 22% 43% | 0% 6%
Irradiance 386 Hz/
Re responsivity | A, = 524 nm 8% 28% | 57% 80% | 9% 27% | (nW/
(Note 10) (145) cm?)
. 474
J\p =640 nm (178) 5% 21% | 0% 12% | 84% 105%
1813 1
hp =470 nm S L i
(4839)
Saturation 1554
irradiance | Ap =524 nm =\ 3 - pWé'
(Note 11) (4138) cm
1266
Ap =640 nm B0, X | 8
(3371)
g o Ee=0 2 10 2 10 ol 2 10| Hz
frequency
fo=0to 5kHz +0.1
Nonlinearity = i A + +
o fo =010 50 kHz +0.2 +0.2 +0.2 +0.2 % F.S.
fo=0to 500 kHz +0.5 +0.5 +0.5 *
Recovery
from power 100 100 100 100 ps
down
Response
time to out-
put enable 100 100 100 100 ns
(OE)

NOTES: 5. Optical measurements are made using small-angle incident radiation from a light-emitting diode (LED) optical source.
6. The 470 nm input irradiance is supplied by an InGaN light-emitting diode with the following characteristics:
peak wavelength A, = 470 nm, spectral halfwidth AL': = 35 nm, and luminous efficacy = 75 Im/W.
7. The 524 nm input irradiance is supplied by an InGaN light-emitting diode with the following characteristics:
peak wavelength Ay = 524 nm, spectral halfwidth ai'z = 47 nm, and luminous efficacy = 520 Im/W.
8. The 640 nm input irradiance is supplied by a AlinGaP light-emitling diode with the following characteristics:
peak wavelength ), = 640 nm, spectral halfwidth A"z = 17 nm, and luminous efficacy = 155 Im/W.
9. Output frequency Blue, Green, Red percentage represents the ratio of the respective color to the Clear channel absolute value.
10. lradiance responsivity R, is characterized over the range from zero to 5 kHz.
11. Saturation irradiance = (full-scale frequency)/(irradiance responsivity) for the Clear reference channel.
12. Nonlinearity is defined as the deviation of fy from a straight line between zero and full scale, expressed as a percent of full scale.
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TYPICAL CHARACTERISTICS

PHOTODIODE SPECTRAL RESPONSIVITY

NORMALIZED OUTPUT FREQUENCY

VS.
ANGULAR DISPLACEMENT
1 1 1
Normalized to
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JJ @715nm 2 / \
0.8 Blu = o8
s ‘\ nsse| 2 \
= 0.7 5 @
o : 5 \
g DG Gremn > 06 =
a Blue *A f 2 2
@ 05 2 a
: AV A 4 o
2 o
z 04 oo 04
NEAL SR
2 03— ! / g
o
0.2 / J I 02
0.1 / N /L ° / Angular Displacement is \ L
: A - Green -
,L & Equal for Both Aspects
0 1 2 A\ W
300 500 700 900 1100 -90 -60 -30 0 30 60 90
A — Wavelength —nm © - Angular Displacement - °
Figure 1 Figure 2
lpp vs. NORMALIZED OUTPUT
Vop vs. Vs.
TEMPERATURE Vi
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) o
1.5 =
1.45 Saturated X // 100.4
Vpp=5V
1.4 "’// 5
I 100.
1.35 // - 100.2
-q: P g' \-'“-—_
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| Vpp=3V A - 100 —
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Tpa — Free-Air Temperature - °C Vpp -V =
Figure 3 Figure 4
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TYPICAL CHARACTERISTICS

PHOTODIODE RESPONSIVITY TEMPERATURE COEFFICIENT
VS.
WAVELENGTH OF INCIDENT LIGHT
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Figure 5

Copyright © 2009, TAOS Inc. The LUMENOLOGY © Company

TEXAS

ADVANCED
OPTOELECTRONIC
SOLUTIONS®

OTAOS

6 www.taosinc.com



TCS3200, TCS3210
PROGRAMMABLE
COLOR LIGHT-TO-FREQUENCY CONVERTER

TAOS099 — JULY 2009

APPLICATION INFORMATION

Power supply considerations

Power-supply lines must be decoupled by a 0.01-puF to 0.1-pF capacitor with short leads mounted close to the
device package.

Input interface

A low-impedance electrical connection between the device OE pin and the device GND pin is required for
improved noise immunity. All input pins must be either driven by a logic signal or connected to VDD or GND —
they should not be left unconnected (floating).

Output interface

The output of the device is designed to drive a standard TTL or CMOS logic input over short distances. If lines
greater than 12 inches are used on the output, a buffer or line driver is recommended.

A high state on Output Enable (OE) places the output in a high-impedance state for multiple-unit shanng ofa
microcontroller input line.

Power down e

Powering down the sensor using S0/S1 (L/L) will cause the output to be held in a high-impedance state. This
is similar to the behavior of the output enable pin, however powering down the sensor saves significantly more
power than disabling the sensor with the output enable pin.

Photodiode type (color) selection

The type of photodiode (blue, green, red, or clear) used by the device is controlled by two logic inputs, S2 and
S3 (see Table 1).

Output frequency scaling

Output-frequency scaling is controlled by two logic inputs, SO and S1. The internal light-to-frequency converter
generates a fixed-pulsewidth pulse train. Scaling is accomplished by intemally connecting the pulse-train output
of the converter to a series of frequency dividers. Divided outputs are 50%-duty cycle square waves with relative
frequency values of 100%, 20%, and 2%. Because division of the output frequency is accomplished by counting
pulses of the principal internal frequency, the final-output period represents an average of the multiple periods
of the principle frequency.

The output-scaling counter registers are cleared upon the next pulse of the principal frequency after any
transition of the S0, S1, S2, S3, and OE lines. The output goes high upon the next subsequent pulse of the
principal frequency, beginning a new valid period. This minimizes the time delay between a change on the input
lines and the resulting new output period. The response time to an input programming change or to an irradiance
step change is one period of new frequency plus 1 ps. The scaled output changes both the full-scale frequency
and the dark frequency by the selected scale factor.

The frequency-scaling function allows the output range to be optimized for a variety of measurement
techniques. The scaled-down outputs may be used where only a slower frequency counter is available, such
as low-cost microcontroller, or where period measurement techniques are used.

The LUMENOLOGY @ Company Copyright © 2009, TAOS Inc.
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APPLICATION INFORMATION

Measuring the frequency

The choice of interface and measurement technique depends on the desired resolution and data acquisition
rate. For maximum data-acquisition rate, period-measurement techniques are used.

Output data can be collected at a rate of twice the output frequency or one data point every microsecond for
full-scale output. Period measurement requires the use of a fast reference clock with available resolution directly
related to reference clock rate. Output scaling can be used to increase the resolution for a given clock rate or
to maximize resolution as the light input changes. Period measurement is used to measure rapidly varying light
levels or to make a very fast measurement of a constant light source.

Maximum resolution and accuracy may be obtained using frequency-measurement, pulse-accumulation, or
integration techniques. Frequency measurements provide the added benefit of averaging out random- or
high-frequency variations (jitter) resulting from noise in the light signal. Resolution is limited mainly by available
counter registers and allowable measurement time. Frequency measurement is well suited for slowly varying
or constant light levels and for reading average light levels over short periods of time. Integration (the’
accumulation of pulses over a very long period of time) can be used to measure exposure the amount of light
present in an area over a given time period.

PCB Pad Layout

Suggested PCB pad layout guidelines for the D package are shown in Figure 6.

LU

4.65 6.90
Y
1.27—»| 225
—»| |4—o0.50

NOTES: A. Alilinear dimensions are in millimeters.
B. This drawing is subject to change without notice.

Figure 6. Suggested D Package PCB Layout
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MECHANICAL INFORMATION

This SOIC package consists of an integrated circuit mounted on a lead frame and encapsulated with an electrically
nonconductive clear plastic compound. The TCS3200 has an 8 X 8 array of photodiodes with a total size of 1 mm
by 1 mm. The photodiodes are 110 pm X 110 pum in size and are positioned on 134 um centers.

PACKAGE D PLASTIC SMALL-OUTLINE
NOIEE TOP VIEW BOTTOM VIEW
261225& ’+— 3,00 = 0.250 —P»
=5 [ 1 |
—' 7 1
i L 1 | i
l 5 /'—“\
A gy | (| o_oo o | | :[fl:l [#D
o PIN 1 I_—_[% &1:]
1 —I- . | |
- t E \P = o P 0.510
6% 1.27 o e J 8> 5330
{ | 5\ le ’ ]_ SIDE VIEW

¥
\_ Z2.8TYP

CLEAR WINDOW L[l:

-

) 5.00 .
END VIEW < ool >
1] 5.3 o
- i1 MAX g
e > |e— 0.88 TYP TOP OF
0.25 \ l /'y-* SENSOR DIE
1.75 : I(
1.35
'L ij DETAIL A
4.00
' 3.80 { !
< 6.20 i
5.80 0.25
\ 0.19 7]
N
®) =
1.27 A
0.25
0.41 [ 0.10

NOTES: A. Al linear dimensions are in milimeters. -

The center of the 1-mm by 1-mm photo-active area is referenced to the upper left corner tip of the lead frame (Pin 1).
Package is molded with an electrically nonconductive clear plastic compound having an index of refraction of 1.55.
This drawing is subject to change without notice.

Figure 7. Package D — TCS3200 Plastic Small Outline IC Packaging Configuration
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MECHANICAL INFORMATION

This SOIC package consists of an integrated circuit mounted on a lead frame and encapsulated with an electrically
nonconductive clear plastic compound. The TCS3210 has a 4 X 6 array of photodiodes with a total size of 0.54 mm
by 0.8 mm. The photodiodes are 110 um X 110 pm in size and are positioned on 134 pm centers.

PACKAGE D PLASTIC SMALL-OUTLINE
NaTER TOP VIEW BOTTOM VIEW
+ 0.250

2.12 l<— 3.00 = 0.250 —»

| 1 L

B

E
i

1NN

/
batot

(=)
6 x1.27 § . — I * 0.330

o \ lﬂ i SIDE VIEW

1 @28 TYP

CLEAR WINDOW L[E :lj.l

" 5.00 "
END VIEW e 4,80 L
4 5'3 A .
< MAX >
> 0.88 TYP TOP OF
025 ) | /'yy SENSOR DIE
1.75 |
1.35
¢ DETAIL A
4.00
' 3.80 :
. 6.20
5.80 0.25
0.19 7]
+ A
v
127 |
3 —e—— T

NOTES: A. Alllinear dimensions are in millimeters.

The center of the 0.54-mm by 0.8-mm photo-active area is referenced to the upper left comer tip of the lead frame (Pin 1).
Package is molded with an electrically nonconductive clear plastic compound having an index of refraction of 1.55.

This drawing is subject to change without notice.

Figure 8. Package D — TCS3210 Plastic Small Outline IC Packaging Configuration
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MECHANICAL INFORMATION

SIDE VIEW
Ko 211+ 0.10 [0.083 = 0.004]
l 0.292 = 0.013

I \ l \ / \ I \ I‘[o.onsiu.uuos}

Tt

TOP VIEW END VIEW
50 8201 420.1 2+ 0.05
P10 | ¢ 03152 —p| |e—pl D575 [po79= lep 175 0.10
0.004] 0.004] 0.002] l— [0.069 = 0.004]
v

O_

OO O

SN/, 2 %99
»B 550 = 0.05
[0.217 = 0.002]

12+ 0.3-0.1
[0.472 + 0.12 ~ 0.004]

3
O S D O
\. 5%

b
>

DETAIL A DETAIL B

‘ 6.45 = 0.10 513+ 0.10
' t [0.254 = 0.004] [0.202 = 0.004]
‘\0 E30

NOTES: A. All linear dimensions are in millimeters [inches].

B. The dimensions on this drawing are for illustrative purposes only. Dimensions of an actual carrier may vary slightly.
C. Symbols on drawing A,, B,. and K, are defined in ANSI EIA Standard 481-B 2001.

D. Each reel is 178 millimeters in diameter and contains 1000 parts.

E. TAOS packaging tape and reel conform to the requirements of EIA Standard 481-B.

F

. This drawing is subject to change without notice.

Figure 9. Package D Carrier Tape
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MANUFACTURING INFORMATION

The Plastic Small Outline IC package (D) has been tested and has demonstrated an ability to be reflow soldered

to a PCB substrate.

The solder reflow profile describes the expected maximum heat exposure of components during the solder
reflow process of product on a PCB. Temperature is measured on top of component. The component should
be limited to a maximum of three passes through this solder reflow profile.

Table 2. TCS3200, TCS3210 Solder Reflow Profile

PARAMETER REFERENCE TCS32x0
Average temperature gradient in preheating 2.5°C/sec
Soak time 1soak 2 to 3 minutes
Time above 217°C t4 Max 60 sec
Time above 230°C to Max 50 sec
Time above Tpeax —10°C t3 Max 10 sec
Peak temperature in reflow Tpeak 260° C (-0°C/+5°C)

Temperature gradient in cooling

Max -5°C/sec .

N Not to scale — for reference only
Tpeak
T3
T2
Ty
o
=
2
=
=
o
@
o
5
-
. =
Time (sec) <« t; —>
+— tp—»
< tsoak » < t1 g

Figure 10. TCS3200, TCS3210 Solder Reflow Profile Graph
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Moisture Sensitivity

Optical characteristics of the device can be adversely affected during the soldering process by the release and
vaporization of moisture that has been previously absorbed into the package molding compound. To prevent
these adverse conditions, all devices shipped in carrier tape have been pre-baked and shipped in a sealed
moisture-barrier bag. No further action is necessary if these devices are processed through solder reflow within
24 hours of the seal being broken on the moisture-barrier bag.

However, for all devices shipped in tubes or if the seal on the moisture barrier bag has been broken for 24 hours
or longer, it is recommended that the following procedures be used to ensure the package molding compound
contains the smallest amount of absorbed moisture possible.

For devices shipped in tubes:
1. Remove devices from tubes

2. Bake devices for 4 hours, at 90°C
3. After cooling, load devices back into tubes
4. Perform solder reflow within 24 hours after bake

Bake only a guantity of devices that can be processed through solder reflow in 24 hours. Devices can be
re-baked for 4 hours, at 90°C for a cumulative total of 12 hours {3 bakes for 4 hours at 90°C).

For devices shipped in carrier tape:
1. Bake devices for 4 hours, at 90°C in the tape

2. Perform solder reflow within 24 hours after bake

Bake only a quantity of devices that can be processed through solder reflow in 24 hours. Devices can be
re—baked for 4 hours in tape, at 90°C for a cumulative total of 12 hours (3 bakes for 4 hours at 90°C).

The LUMENOLOGY © Company Copyright © 2009, TAOS Inc.

TEXAS
ADVANCED
OPTOELECTRONIC

VTAOS .

www.taosinc.com 13




TCS3200, TCS3210
PROGRAMMABLE
COLOR LIGHT-TO-FREQUENCY CONVERTER - . -

TAOS099 — JULY 2009

PRODUCTION DATA — information in this document is current at publication date. Products conform to
specifications in accordance with the terms of Texas Advanced Optoelectronic Solutions, Inc. standard
warranty. Production processing does not necessarily include testing of all parameters.

LEAD-FREE (Pb-FREE) and GREEN STATEMENT

Pb-Free (RoHS) TAOS' terms Lead-Free or Pb-Free mean semiconductor products that are compatible with the current
RoHS requirements for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous
materials. Where designed to be soldered at high temperatures, TAOS Pb-Free products are suitable for use in specified
lead-free processes.

Green (RoHS & no Sb/Br) TAOS defines Green to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and
Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material).

Important Information and Disclaimer The information provided in this statement represents TAOS’ knowledge and
belief as of the date that it is provided. TAOS bases its knowledge and belief on information provided by third parties,
and makes no representation or warranty as to the accuracy of such information. Efforts are underway fo better integrate
information from third parties. TAOS has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and
chemicals. TAOS and TAOS suppliers consider certain information to be proprietary, and thus CAS numbers and other
limited information may not be available for release. _ .. .

NOTICE

Texas Advanced Optoelectronic Solutions, Inc. (TAOS) reserves the right to make changes to the products contained in this
document to improve performance or for any other purpose, or to discontinue them without notice. Customers are advised
to contact TAOS to obtain the latest product information before placing orders or designing TAOS products into systems.

TAOS assumes no responsibility for the use of any products or circuits described in this document or customer product
design, conveys no license, either expressed or implied, under any patent or other right, and makes no representation that
the circuits are free of patent infringement. TAOS further makes no claim as to the suitability of its products for any particular
purpose, nor does TAOS assume any liability arising out of the use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages.

TEXAS ADVANCED OPTOELECTRONIC SOLUTIONS, INC. PRODUCTS ARE NOT DESIGNED OR INTENDED FOR
USE IN CRITICAL APPLICATIONS IN WHICH THE FAILURE OR MALFUNCTION OF THE TAOS PRODUCT MAY
RESULT IN PERSONAL INJURY OR DEATH. USE OF TAOS PRODUCTS IN LIFE SUPPORT SYSTEMS IS EXPRESSLY
UNAUTHORIZED AND ANY SUCH USE BY A CUSTOMER 1S COMPLETELY AT THE CUSTOMER’S RISK.

LUMENOLOGY, TAOS, the TAOS logo, and Texas Advanced Optoelectronic Solutions are registered trademarks of Texas Advanced
Optoelectronic Solutions Incorporated.

Copyright ® 2009, TAOS Inc.
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