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ABSTRACT

This thesis examines the semi-automatic limes color and size sorting machine
and discusses the operation of a semi-automatic machine. The study is divided into
three significant parts, which include the first part of image processing, the second part
of color sorting, and lastly, size sorting operation. Image Processing in the first part uses
OpenCV, a color detection function library, to compare color differences by using a
color scheme comparable to human vision, the HSV color system, and color sorting,
where lemons are divided into two types: Green lime is the first type, while yellow-
green lime and yellow lemon are the second. The second part, the color sorting of
lemons, relies upon and utilizes the results of the first part's image processing to
resulate the degree of the flow of the lemon fruit to distinguish between type 1 and
type 2 lemons. In addition, size sorting in the third part, to sort out the sizes into three
categories: namely, No. 1, No. 2, and No. 3. According to the results of the experiment,
image processing of type 1 and type 2 lemons were able to differentiate the two types
of lemons, while the lime size sorting experiment found that lime No. 1 had an error
of 7.33 percent, Lime No. 2 had an error of 7.3 percent, and Lime No. 3 had an error
of 2.66 percent. The duration for sorting 40 lemons by size and color was 53.2 seconds,

with a sorting error less than 10 percent.
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3. swildnvessinn Tunsdifiduwnadondusesunadianuuds 1wy seudn
U SoBUNARY LwarTasseunIsvatsveLLal Insuunvessviiinlnesudes Ty 5%
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2.1.1.3 Yuaas (Class 1) uzunlutuisiuusunndannnwliwitunasnin
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¥

| Y o Y o Ao 1 & Y Ao a a a4 o av v
LLWNﬂﬂJﬂTWGn@JSU@ﬂ']ﬁu@%u@']%ﬂ']ﬁu@ @EJ']\ﬂﬁﬂG]”I@J Nguqﬁiusﬁuumﬂjqumﬂﬂﬂ@]ﬁi@fﬂqﬁu‘lﬂ

wingans anwaeidAgyluFesnunn aunmsenitmsiiuing uwagn1sdnussyluituve
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Y au A

witlrufinunAviesvdsnaniieesliiile s
1. ANURAUARATUTUNTY
2. pAnUnAs LAY Finadadesanniduduilllesunaan
3. gndliian lunsaifidusnadeadusosunaiiguiuwds Wy seeTavu 5o

[ '
& 1 aada

WHARY LAEIITRUNISYINA18Y8 LAY lagauInvesiniliiilnesiunodliiiu 10% vos

1%
a

NUNRIVDINE
2.1.2 \naeivuavausuINA s uiuidusuaugnans

NN VUINYBINANZUIINIITUNAGUAULFUHIUAUGNA UARIRIAIT199

v
v

2.1 nau

M19197 2.1 NIRRT B U UEUH uALE Nang

SWAUUIA WURTUAUEINAN (WuFLLIRT)
1 > 4.2
2 4.0-4.2
3 2.7-4.0
q <27

e : [Wlayalun1sai 2.1 lun1sensdaiiefnuenuuinveszun?



2.1.3 INUIINISANEVDINZ U
LNATINNSAALYNANLUIITID19D991N ANUABINITVDINAN LAAIAIAITIIN
2.2 fiail

A9 2.2 LNAUINNISPAKYNALZUND

NANSUTT TEYLNANLU ANWULHANZUN

HAdendy
HABEU ‘Waenildnuagsuse

1 lunanaudNeoe

SAvgUuaeg

HALIHEN ‘Whenildnwaeiseu

JaAuany

HAEN ‘Whenildnuwaisey indes

U UNAARYTI9LIN

e : Tideyalunisnd 2.2 Tun1senduiefnuenvesizun

2.2 UafaTaUaiTHIe

s18uUas3 W1e(3] (Raspberry Pi) fis vofafiiU3suiaiiounoufiainasvuiaidn &
AaantAlunisdeudeduAduedn wnd uazaeuedines s1awesiwe aunsatiun
Uszgnaldaulavassu wu lunisideulusunsuaiuausng 4 wiaihanldanuniseiu
Bidnnsednduasdianansalfiduneufinnesifivuiadn

vssnaefImeausaltuszuUUfuRmsaund (Linuw) Tnesesduldivarsssuy
wu sadeu Raspbian) Wudu Inevhnshnsaueannisa (SD Card) vasaaiuassmeay
ﬁéﬁﬁg (Central Processing Unit : CPU), ﬁ?ﬁg (Graphics Processing Unit : GPU) bag L5y
(Random Access Memory : RAM) a1eluduifigaiu 99013 oureiuiilele (General
Purpose Input/Output : GPIO) dwiuihluldsmiugunsaididnnsedinddus 16 vesnsa

ol gy Y] .:4'
LUBDIINIYUANYUS LLGWQWQE‘U‘W 2.2



JUT 2.2 vesaTaLuesINg

2.2.1 auanUAnamalinvasuain
vasaTavesIne Jagudd 2 Tuea Ao Tuwa A uasluina B evis 2
Tuasinuadinavmadaiiadendeiu Sifleewnsdruiiunneieiu
2.2.2 YALTBNADUUUDIATIALUBTNY
sawesiweamsadeudedugunsaldidnnsedndlduiflele 4
Usgnaun 8 808137 (Universal Asynchronous Receiver Transmitter : UART), LoaN Lo
(Serial Peripheral Interface : SPI), euuaLou (Pulse Width Modulation : PWM), leaua?

= L4

% (Inter-Integrated Circuit : 120) #azd U9 W aldlunisaival wazdeansnugunsol
Sidnnselind Janesnilele iWunesndunmardnaaiuisadrluldanula 40 wesn 3a

= N fa © a ¥ a = s ° [ ! & Y
ansalensieiugunsaiBidnnselindlavainuateviln uazlinesadmsuanelnidesliiu

aunsaididnysefindiiusesdu 3V, 5V waensnad delduansdisgud 2.3

3V3 power 1 2 5V power
GPIO2(SDA) 3 4 5V power
GPIO3(SCL) 5 6 GND

7/ 8 GPIO14(TXD)
GND 9 10 GPIO15(RXD)
11 g7
13 14 GND
15 16
3V3 power 17 18
GPIO10(MOSI) 19 20 GND
GPIO9(MISO) 21 22
GPIO11(SCLK) 23 24 GPIO8(CEO0)
GND 25 26 GPIO7(CE1)
27 28
29 30 GND
31 32
33 34 GND
35 36
37 38
GND 39 40

5UN 2.3 9LdauAaUUUBIATIAUBTIHNY



2.3 nwlnsou

awlwseuld] (Python) iunwndeulusunsuszdugaiildiuegisniisvansunns
Foulsunsudmiuinguszasdialy nrwlwseutuatslag Guido van Rossum waggn
wounsasausnlud 1991 awilwseutuduntwuuudumeiniines (nterpreter) fign
sonuuulaef Ui oz i lAns wld1edu warlaseadrevesnividuazyinly
TWaunsuwesannsnitilaunAnmadouldalagldussinitesaniinwegsindanda
wazn1191 Seneiugnimualiilasainedddaliniadeuldadladedlulusuns
dnluaunalusunsuvunnlug

awlnsaudgaautmiunvideulisunsunuulaudnduasdszuunisdnnis
mipnusaluiuaratuayunmadeulusunsamaisguuuy Avsznoulude madou
Tusunsudetng nmadeulusunsuuuuiled®u uaznadeulusunsunuudunou suiflavs’
finseupqumsvhaegmainvany dulsdumeindines vesniwilnsoutduillilfluvans
seuuUuRn1s ilnlAnvaanwlnsauaiusasulussuunie tnegraninewang fdydnual

vodlusunsulnseu uandsaguit 2.4

@ python’

[ (% L3

sUN 2.4 dyanuwalvedusunsulngeu

o

(Fisn: http://marcuscode.com/lang/python )

2.4 laus3lawiud3

Towiudi[5] (Open source Computer Vision : OpencV) tlulausisilaidunsidou
Tsunsu Tngdwlngazsjailuiinsuananadionsufiunesuuuiioalni (Real-Time
Computer Vision) Laufikalgniauilagduina (Intel) uinrendslasunisatvayulag

Willow Garage Tawu@iidulavsisuvutnuunanesy wagldonulansnelaaudndves BSD

[ [ a

wuulowusasa (Open-Source BSD License) lnavifidgydnualvaslomudl wanslanazy

Y

25


http://marcuscode.com/lang/python

O

OpenCV

[ (% L3

5UN 2.5 dydnualvaslowiud?

o

(‘ﬁm: vvwvv.medium.com/@nut.ch40/opencv—ﬁaazvl§—8771e2a4c414)

Touad QnileuTumen w@naanda 1n1550s5un1wlnseu 919 uaskuniay
Amsudumasamaitiaruisanulatuenaisesulad dein1ssinliviainuaienie lasu

nsmuedsasunsihunltnulaegldniuay

2.5 'i"lﬂLUE]%;W']EJLLF’]LSJE]‘EIqIQJ@aL'JE]%u 2

saweImeuawesluganedu 2(6) Wulugandesdmsusieldnusmivuesnia
WesInie awnnuasdon 8 dufinea (pixel) aunsagieile fienuaziSen 1080p,
720p way 640x480 AY8ENTILANING 30 (1080p), 60 (720p WAy 640x480)uaz 90

(640x480) WisuseiuT avesseLAmeIlunanety 2 Lanifasui 2.6
UY Y

JUT 2.6 nawesTnnguaeTlunalIaty 2

GRIGHGI

1. pngneilianuazidenged 8 auiinea

2. MwWIAlalinnnInsEAy HD AuANtn 1080p, 720p waw 640x480 AILTAIINTT
WAAINA 30 (1080p), 60 (720p way 640x480) haz 90 (640x480) LlsuAaIUIY


http://www.medium.com/@nut.ch40/opencv-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3-8771e2a4c414
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3. vunvslugandes 25 x 20 x 9 w4l uaziutdn 3 n3u

4. ns\deuretuusinalusIemetadiedale (Common System Interface : CSI)
5. amdiauedagadomelufifiuaunzauuarszey 1.5 wmstul

6. lnszudlulivimne fugunsaindesiidesnisanedeyadiuiuannegnesnia

7. @gun 15 9099

2.6 NMsUsTUIANANIN
msUszanananIn(7] Wunsideyasiagunmunviinisuszananavsefnmuin
muAaumes Wislrlnaansvesdeyanuiisdeanmansludnunimiassum g

WARIRIFUN 2.7

v

v

Image Processing Output

5UN 2.7 MsUszatananIw

o

Tnefitunousineg fidrdey Ae mavihldnmadmueudnuiniy msfdndyaasuniueen
AW Msutsduesingiisaulassniainamw iethawingildluinsevimndeya
\B9UTIn WU 1e U8 wazfirmisnsiadeunesinglunm mﬂﬁ?ummmsaﬁﬁaaga
BetBnavaniludeset wavasaduszuu Weldusdleniunugusingeg
2.6.1 szuUd
s9uUA[8] (Color Model) vasnmazfiasdussnouvesdniomndfiuansieiu
wlseaniu 3 wuusisil

2.6.1.1 STUUFWM

N (% o

= ! o o Aa = = = &
YILANFNINAUAINYI-ATNULNYS 2 & ABVIINUAN ?111458UU?1L‘1/|’114

1%
= 1

wanetaAdNYesd (Intensity) Tusgaunng q sruiussruvesdiuegiuruinvestnldinu

Y
A

A IneTluuiasiiuteyadusznniiedoyaruin 8 On vise 1 lud Fewaslianuaziden

aa = o0 & ! Aa 1% a v a = v a
VAN 256 Land Imﬂa@nLUUﬁUUWQJﬂUWNLﬂNSU@\Tau@EJ LAZHEUVNICUAIULVNVDITNTIN LLEIN

[ d‘

Pe3UN 2.8
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2'=2 =4 2*=16 | 2°=256

1 bit has 2 possible 2 bit has 4 possible 4 bit has 16 possible 8 bit has 255 possible
shades of luminance vaiues | shades of luminance values | shades of uminance values | shades of minance values

UM 2.8 szUUdA

(Fisn : http://dozzdiy.blogspot.com/2014/11/photoshop-cc-photoshop-cc-8-16.html)

2.6.1.2 52UUR193U (RGB) 1JuszuvanusznaumeLl@nananud fs wag
(Red), W87 (Green) waz1iu (Blue) o NaNNEUAUYINIAAAAR 199 ULIDADURILADS
1IN0 16.7 aud Felnapeetuanansueaiulng anldainnisnavdrusgiuaiuiuve

Y

3 Tngdafinnuduunn WethinaauduasiibiAndudun waneaguin 2.9

BLUE RED

K
GREEN

Ul 2.9 szUvdedT
(Fian - https://www.lalapixthailand.com/2018/12/28/whats-rgb-and-cmyk-color)

2.6.1.3 szuudieviedd (HSV) 1Juszuuduuunisuesiuredaenuy v
Fauvaoonilu 3 dau fie Hue Ao Adineq azviouseninaninquéaingaisnivesisn g
fnagiSendnuded wu A7u2 Amdes Auns 1iudu Saturation Ao Auanvesd Lage
ANuAnvesdazNT 0 F4 100 §1rimun Saturation 71 0 Fazdiamaniios usdiivuad

100 #azdlmuanuin Brightness A S¥AUAIINAINNVBIE LAEAIANNEINIVDIEILITUN O D9
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100 fiwuadl 0 AuaIvazdosdazdudn uadiimuedl 100 dezdlaauadnsunndan

WaRaRagun 2.10

HSL HSV

_‘Sg_tg ration Saturation

[=F)

Lightness
—

& L=% d. H=0°/180" g V=% h. H=0°"/180°

’ 2
s\ﬁ .\
s S ! & ' S

5U# 2.10 szuvdievieH

(ﬁm . https://medium.com/@kongruksiamza)

2.6.2 N1SNINSaLaan

nsvimsalaan (Thresholding) Ae n1sAeIRgiuntitesnaniunds 1Ju

q

nszuIumItidlunsiening videwonesdusznousing q senannwiidedns Insiumsa
leanidunisueningainesnainndslaeganAnuduiasvesiineadundn watianisvi
nawsaleas 1unisiiansaniigalaluniwasidugavivioduged daildlagnis
Wisuisussninsganmisaduiudinafidmils Bendedauds dadusmnanduuasen
nilaildusnuorussinnvosganin medadldtunnlunsdiideyaniniinuusunndisiu
serheinguasiunds Tuduneuivhmsdaiundsoananiiundilaeliismsalaadidsesu
auduogsevinanguiiaaesyes Balnsunsu (Histogram) Sernimsalaadilldazegszuding
0-255 Wiy AnsalsadazgninluifleSeudisudvosusiaziinega winen f (x, y) oy
-

nirmsalaas afinwatuasgnusuliluddmsediunesing uasvine f (x, y) 11nn3n

wsenihurwsalaand yeaiinwatiuazgnusulmdudunivsediuvesiumduansdsgui 2.11


https://medium.com/@kongruksiamza
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sUN 2.11 Msvinsalean

(fisn : https://nextsoftwares.wordpress.com)

2.7 vasaduigasliuainas

vasamuaugeilnewmeio] uedaiiawisamuauimeslwemesldfiar waneq
wiauiu \Julugadunewesiwely 16 9o 12 bit wuuinuUFNAY Fasauuudumesina led
ued 14 loTiues PCA9685 lunismuau Jsanunsamunueelaueines I# 16 & Taenns
Anuasunie vadleauwni@lvisieiy dseldmnulugadeismivauls 16 61 vasatuiwes

LeWes Wanragun 2.12

5UN 2.12 vesatuiaslwewmes

nseldau

1. GND Ae namudsndudowielinusuansmudedilasaeulnsaaeinnnss

2. VCC #o wnesifeusotuundsineifioidulidssvfuvesatuiseslasedu
usuLasTIBazegfivszana 3-5 ek uennidoldauiurieadiio (Serial Data
SDA) uagieaduaa(Serial Clock : SCL) lngdfafuniu 10 Alaleviussldauuwuuyadneg
e
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3. V+ Ap adigeldaudunrasanaiisidunnassnsasulviuwesiineinosunaaney

v A

fvnzan e 5-6 Tad annsofuussgegaldunnnii 12 Tad Temsseisie dseldam
AAnaIAuazaoldaLY) VCC fuv V+ sauiuenavilivesadevials

4. 1waduos As dyIuuIRnesltuA v IeadLeavetlulasAsulsalaes i
TarduRefoayadniuu VCC

5. Wafie Ao vnTeudedoasdoyadereldiuiurneaniovesiilasaeulnsiaes

TarduRefeayadniuu VCC

2.8 1wasliuanas
woslwewes10] Wugunsaiuimanlviuuunieildlunismuiady (actuator)

Lugasinunuedngg meanuwiugl lnglddyaranadieinuadiumidunisngu dniley

v o

Ilusadafuing n3esluleduing vieldmuauuvuuveiueud diulvgaeianiuniele

'
v ;4 a A

3971 8150 w05IUBLBS INEA131915% (Radio Control : RCO) #3an15UdAUMEINY 18991

9

v v [ L

lugawsng vesmsiwuweshuewmes awgnihaunldlunuingdidudundn Unfuduwesls

)

wawesndililasunisusuunsla tuagldlunismunusuniswesgunsal wu n1sUsAu

v a

HeaveesndeRuIng nielddmsuusunuderadsonse n3090u Gaumrantinean1suss
Unvouaineinameannds felugashwenesdwasldnsmanuinne wWelvaiuise
U v 1 4 6" s a ] 1 =
seesunufendle waslwemesunsguasiiyulunisvyuegsening 90 89 180 a4
1% Y a 1A a a - N | DIIPN
LAue {ndn winideuuiniigade 0 fe 180 03A1 warluu1a3 UV NANITaINTIA

Anudas Timyulansu 360 e weshweinesuanafgun 2.13

JUN 2.13 wailwenes
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2.8.1 Taseaievaawasilinaines
melugeiluawmeivsznouniy uainaslinsavuiainyaiilomn, wa
1995AIUAY kagiarunulTuaile (Potentiometer : POT) IAgUHIII9IAIVANILIIITT
doundy ileliweslwemesiuumisesiuedld Inodlinuiesddyaaiadesnly
ANty Fuandlnernsunsinuressesluewmesluzuil 1 unuveswawoslnase
ety gaileafieanauisevasdmaliussdafunumuuanny feuevinnusiuiy
aelel anuduiug Tnefludenlaezunsunsyiuresnsasmuadlugeshuanasians

Aagun 2.14

- v
e
& M

diusnla

-
WHTHT -

ATLAM

medunnn ([fivdsavdsr)
L— &g (+vm - Aum)
ns19R (@)

5UN 2.14 lpesunsumaviinuresgeslivewes

(#11: www.inventor.in.th/home/@a31iusLa3)

2.8.2 anandamanadaiididnuovasluomes

i1 2 ArAe AMU57 (speed) wagusalnnionasa (torque) AINILSINET
szeznahlruaumuvesielnofindeuiigiwmisaiiivun e weoslweined fnils
finm157 0.15 Jurdidmiu 60 s munefawesTawamesfdausaduliunumyu
indeudilusasiumiayy 60 ssrmneluiian 0.15 Jundl dauusednsinazusnglumiieves
9oUS-17 (ounce-inches : oz-in) 3o Alanfu-lwuRiung (ke-cm) WuanautRTiazuanse
A uweslweweiimilfusdunsivinaniiiiminlumisooudlausandouily
16 1 67 wiedmidnlumbeAlansuliadoud WUIF 1 wufiwas hvidn 1 ooudvindu
0.028 AlansulagUszana vise 1 Alansu wiriu 35.274 oaud)

Avpsauiuazussin Fosduius fuussdulidsiidneliunieosls
ueimaifie Feinazuseiu 4.8 vie 6V usnantudaitaduideaduuss deevnulussuy
Weaneluwesliuewes msndedunadenlosseninuilosieiilosluyaiilomn fidenals

AN ILarLsIDneY washuowosiuasuuwdaslla


http://www.inventor.in.th/home/%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%82%E0%B8%A7%E0%B8%A1%E0%B8%AD%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C
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2.8.3 N3NUTRIKNIRTAIUAN T sTNawmalinawrfen
manyureageshuawe ity lildvuiudassmilounamaivialy Tasras
JeUENINYUUNAILOYTENING 90 D19 180 B4A1 AWNUINITUYUVBIUNULDINDT LU 19351
sawesiannsnnivauldosiauiug iesmnmelureslueweiihasbidnnsedndii
wihiinseaeusiumisvesseslmeimesognasninat dnwarnsnaaevazlinsdeundy
Afutsandiumuuiuald udhanily Wisuidisutuastadddeudmsnnauey
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299570 Aeuynaudtunuslaundu

Heugyrasnasnie Ty

a 3 ° s a 3
5UN 2.15 vhanlpezunsunisvinauveweissmuaulugasiwawmesyineuiaen

INFUTN 2.15 wanen1sinauvenasmIvgumsviailugeshuemesyie

v ¢ o/ (¥

awndon dyauiadaiuauiidndiuimdunn sggnasludnasiuiladygyraiadnielu
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[ 1 [ o 1 Y o

e lnefieunieiilu dadrududmundsusawnunyuluagiu Misdyarauiadniudagu

[

aeluivdygyrunadriuauasgndslidnsasiuieuiisuiineinisind1edyy i Ine

v
! ! o v 6

enevesdyInIziuegiuln senindyaaiadauaunedunaiudygyiuiadaigly

A

=

gratadladiauniiwnnnin Insedneiladudygiaasin “0” wio “1”7 udadsly
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[
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§939957UNBIROTUUY  H-UTAT LNEMNUATIANIINITVIY NIFUAIALLANANTILARTY

[
{ [ v o ] Ly o

seninaiadnsaesdyguvzgndsludnaasiiuanuniisiad ieadedyaruiaddiniy

delUduuaLnes HIUNTTUNOMBSUUY H-USAd lagauuana1suesanunieiad 1% vin
IMAndyyrunadd nsutunoLnes luszAy 50% LLasmwm%’;ﬁ%amaﬂLﬁ'amegmaa
mama%m?{auﬁuﬂ’ﬂéﬁﬂmeﬁﬁmum sudunaunanauLAnA19eIRNNN iy uiad
Suanaq LLawq@aqLﬁaé’zgzgwmﬂ’aﬁﬁﬁ’]mLﬂ%‘auLﬁauﬁﬁhﬂ’mmfww{wﬁ’u SNUZVDY
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P
—P-'i i-ﬂ— fiaAna1e 1 9 2 ARFIUIA

H H (n) AnBuzaaIdUUIUTAAN LS

TumsAruAugasliuainas

%ﬂ—mmmzﬂﬁaﬁ‘mﬁ—.‘j

P
— i jiasnana 1 Aaasun

| |

(m) Ayryreudiadndne 1 daalui

liuairasduunuuyullds

Auunisgagn

—  —3iadnina 1.5 GaRauan

| h

(A) Anycyrcuiadndne 1.5 Haaauli

= W & o =4
vinlduaimasduunuuyulilnanans

i |
L™ L4 » - o
—h-i i-ﬂ—war.n'na 2 ARRIUIN

5

(1) Auunuadndna 2 Aaadulin

lvuarrasduununyulilds

FAiunlaan

5UN 2.16 dnwugvesdygaiadililunsaivauweihiuames

(#11: www.inventor.in.th/home/ta31u19a35 )

2.8.4 sUwuudyaraunldriuguivasluainas

n1smIvALesnawmeslalasassdyguiadniiniuaal 20 Jadiuni

U ¥ v

Joulvifiurnasmuauneluweshinewmesnegui 5 udilsuanuniwesiaddisuin fa

Y

Do

¥ 1 v 6 v

N9 1 fad3uni vawessnyuluiunisieliogn dideiadning 1.5 Tadiui wnunyu

Y8INBLND3ALAG auNlUS s unafanans uazdndanadning 2 §ad3u1N ununyuves

Ly

wamaizndounludunisnilogn nsleudyaauiadnianiuaItisuIndus 1.5 i

a )

2 fadwndesilieeshuamesnyumuduuiiin lnediaianunitsiaddavineein 1.5


http://www.inventor.in.th/home/%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%82%E0%B8%A7%E0%B8%A1%E0%B8%AD%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C
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fiad3undl wnwinle ausalunisyufszaInTuwingy Tufe ANSIEIEAT0INTTTYY
mudnuiniazintudodyayraiadaivauiinnuniing 2 fadiund nsteudyyuiad
Pflaunarrasuinaus 1 luauia 1.5 fadiunil viliweslwewesnyuniuduuniing

frmnnunieiadidnlng 1 Jadiuniimnusilunisuyuvesgesinewmesiazunn dufe

dll o v 6

ANILEIEIEATBINTIVUATNLIRNT Asifndudllodyaaiadaivauiaiiuniie 1 fiad

U7

2.9 uamaMALAYS

uewmeinaiei[11] Ae inTesilegunsalingluiiwdandefifnasldiumalssnunie
fnldfununguisnsgnainnssu adesffontsldaumard asvhmiihfudsuanndsay
ol dundsnunaunu gunsaiuewevafesiu fuwanarnvatesuuuy S wun
n vunnlng Tuudazaunazisey Mdsfuansmetuuduinuanudosnislunsldnuves
uiazyaaa dnsudnuazauresmslivamesuuunaiioiu Arnazldludnuazasanis
Sudedlindouiluegnstn sgraumniulaiden avd lnsuemeinaiAesliiinszuanss

anansagla Aagun 2.17

5UN 2.17 wawoinaiesluiinssuanss

2.9.1 Msuusriinvasuainasiniinszuanse

(%
Y

wawmashiinssuansatuioanlanall

1. UBMATLUUBLNITUVTBISENITIdNRIMaT (Series Motor)

2. 1DIMBSHUVBYILIUNTBITENITUYILBWES (Shunt Motor)

3. uawnes il uuNaNsaisanireNUNALeImes (Compound Motor)

vawasliinszuansaduiundeduindeuiiddyosmidulsenu
gramnssedauasAiRlufunsUiumusldfudurnnusaeauigean deald

Aunnnlulsanugaaivngsy wulssunedilsiudulelndeanosiswungs lanevsoln
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usuidslunmstuiedeusalwindusy lunisfnwiAsadusemesininssuansedenns
$3ngUnsaleingg vewwawmesninssuansaazidladamannismiuveuames b
NILHANTIUUANE
2.9.2 wannsinunamasininssuanse

ndnn1svesueinedliiinszuanse ifledussiunszualuiinasadaluly
wowes dunilneruuussuaeuiawesidlulurnmeefunesadsauuulmviniy
waznszudlaiindndrunianyvadnluluweanauuusingn (Field coil) as1stanietald
Turuziferiununuauifvesdussudivanazludady fAannssduazdndisiuuas
fimmadeasasunssiuiliAausdalufofunaosfmaunumauasunuinaniauog
fumdugniiuveseie Hilrer funee fmulduaziidensuneesmmihiveulisenit 1s
w93 (Rotor) Gevaneauindmyunisfionnaduusiuindniisaesdiufizededushls
anmnoriunaesuielame fnuulutudulumungiedrsveanauis (Fleming left hand

rule)

< 4 v

2.10 LGULYDINTIAIUIAG
< s v v [d < s Y o a a v

Wulge3nTIauing[12] Juduwesilivdnnistawadunisaeenlunindinguing
riinsavvisunduliovenIvasilidsinvwmsedngeg vt augesviall Jellszesyih
Mg 3-80 wuiwng neldlvides 5 Tiad delisenundudyaiu on-off Ing off Aedl
#9invn9 on AvlaifideinuINe YUIAVES Sensor 17X45 HadkInT aaungiitunisingu -25-
55 paAngaded yulun1sin 15 o3a1 A2usalun157n Response time < 2 fiad3unil
HURRIATINTUIRG wanIaguil 2.18

N/

, W

-

[y

JUN 2.18 WugesnsIaduing

q
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N1393NLUU

Tuuntagnanie NNS0aNLUULAS DIAALYNFRAZVUIAVBINANLUIINID A LU AN

Tnvilneanuuudausynaulusieg vdenlnorunsnaedn1sVNaIU LNUAILEAINITYIN9IUY

ee e

[

INUA NIFOBALUUNAT NITANRUAAITTUVELDYLDET LaZN1I98NLUULATEY

=

3.1 vaanlaazunsy

3.1.1 UADN1ADZLNTULATDIAALENFLAZVUIAVDINAUZ LI

Infrared > Relay 1 *  Motor
Sensor
> Relay 2 . LED
y
| Servo
Rasberry Pi Lol
Power -
supply y Camera
A

Y

Touch Screen

Display

JUN 3.1 UARNlATLNTLVBAATOIRALENAUAZ VU INVDINAUZUN?

N3UN 3.1 @1115005U18UARNADLUNTUVBILATDIAALENALALVUINVDINANL U
LoRail
1. unasaglaiinszuanss (Power supply) i udasluinszuaaduidu
Tihnszuanss deduwmasdnelnliiugunselsing o aansavinula
d' N @ a s 3 P o
2. 518W83MY (Raspberry Pi) Wuasuiivnesvuiaanidniuaun1siaues
gUNsaInTaNIEUIUNTINUEN 9 Tneaiunsasudunavsadianondnalaunesniilele

(General Purpose Input/Output : GPIO) Lﬁaﬂ’m@uqﬂﬂiaj&ms]
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3. 99duia (Touch Screen Display) fvtiiidewazsuteyasie q angldaudiy
vednaeimeiludunavideiedng wanadunuunsiiin suniw aidusiay viedu 4
UUNI90

4. Bususaiduies (nfrared Sensor) Aegunsalvinuiiitfuuunanzuusaz
yunpitethluuansravunthaedua

5. 5ueLnos (Motor) AegUnsal 1Ua sundsaulifndundasunaldlunig
Fuipdeuaemy

6. ueadd (LED) Aogunsailvimnuainsdudndouiielindesannsansiaduiu
HALZUTILA

7. nde9 (Camera) vt futeyanin uazdsluliuesasaiued neviinisg
Uszanananmiiensndveimanzun

8. 1waslaweimes (Servo Motor) Aogunsaliildlunsausndnauzuniannnadng

PINISUTLUIBNANIN

3.1.2 VAN lABZLASUNITYINITUVBILATDIANLENFLAZ YUINVBINANZUT?

Servol = 90 degree
Conveyor | Image processing [—®| Lime type 2 ) » Container
angle
Servol = 120 degree
» Lime type 1 > —»{Size sorting
angle
A 4
Size 1 [« Size 2 |« Size 3
A 4 A 4 A 4
Container Container Container

JUN 3.2 UdanlaBTuNIUNITIILVDLATRIAALENARAZYUIATDINALZUT)

d' a < o = LY =
31n3UN 3.2 anansneiuigudenlaezunsumsvinnulaesiuveasssfnLendag
YUIAYDINANLUTY LARad]
1. yaanLdes (Conveyor) fio YaanasnanzuluddiunsussuiananInionn
=
hend
2. N13UszaIaNanIn (Image Processing) Ao TundUNITUINAUZUIINIAALENE

A a A
bR BNLLEEEANYIDDNIINNU

3. dUARKENE fio TUABUNNIAIUANNIINABINaN WIS AeiAmualy
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4. @rufnlenauin (Size sorting) v NSUINANZUNUTZANT 1 NEUATUTZUIONE
AnandaLenvuialagleneandu 3 Uselan Ao uzunUes 1 UgU1UBS 2 WasUUN?
o3 3

5. MU (Container) D NYULNITUTTINANLUN

3.1.3 UdanlaazunsunN1sUsTUIANANN

Convert BGR
Video Capture [ Gaussian Blur — — — Calculate
o

Output

Calculate
Detection [ <— Find Contour < Binary Image
Contour Space

Color

JUN 3.3 vdenlaeunsunisussaianann

d' a @ o 1

31N3UN 3.3 a1unsnesuiteudantnesunsunsyinnuludureINITUTENIRRNAN N
YDILATDIAALYNFLAZYUIAVDINANLUD bO9T

1. JunmaIniale (Video Capture) A NITIUAMRTIAINAININNADILAZUIAINT
loludnssurunisandayanaisuniu

2. NINTONAYYIUTUNIU (Gaussian Blur) AD N158AAIILRANAIATILAAIINLEINTE
W1 Tnenisvinisiwasnndntesis liluswnsulianuisansiadusasvsornvuadnle

3. NsagukUassyuua (Convert BGR to HSV) Aa nswasuwladsssuudain BGR
d' [ [ = d' Ya A 1 [~ = dl’ [ [ o 1
NondenannsuausenIdieliindnie 9 1Wussuudnuu HSV Jsorfenannisivungu
vosduaziiuanudunazauaaielilasgivivnsedunuiinivun

4. NMsAUIIAA NN (Calculate) A NNSANNUATIAITUNINIUDITLUUANELDY

Ay ~

WAINABINTG LNBUTEUIANANIN

Ay =

5. Teyanmguaed (Binary Image) fia nwiiildeyadiiedesdnodnuazdu

6. M3AA (Find Contour) Ao nsmituidvnimeludeyanmgiuaes

7. Msfuinfiuiid (Calculate Contour Space) fie nmstus uafiuiiduslunmn
Yoyagiuass uaziUIuifisuiuditmuely

8. N13UARNINATDIUT1Y (Output Detection Color) Ao tUuNTEUIUNTHAAIFUINS

YorIngNINNMINTINTUESAUSBUSREUAD
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3.2.1 N159BNLUUINT MU IUNUTIELUDINIY
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—o
.

Servo Drive

T

Power

+

Input

Raspberry Pi
Adapter

Touch Screen

Display

—| Servo Motor

Power supply
12V 5A

+| -

=(m)

N

b

OOOOOROOOOOOOOOOOOOO
oloololelolololelolelollolelelololold)

Camera port |

| RELAY 5V | | RELAY 5V |

{ infrared sensor
I infrared sensor

Camera
Module | infrared sensor

LED

sUN 3.4 nssenesnIfilelevessiauasmeatniuaunsal

103UN 3.4 mssienesniflelevessiavaimetiiugunsaildnulasldausy

dunmlazdmnsLiAIUANgUNTAIANAY

FIN3LYUsDBUNNIL LA

_GPIO2(SDA) Weurearuussalasiigesln

[y

-GPIO6 WipusianuLduasnIIduTRg

9
YY)

-GPIO13 Weusariudumesnsiaiuing

[

-GPIO19 Weurauduwesnsaduing

A ! I3 S &
LLagﬂ'ﬁL%@NW@L@W@WW‘US@J@QU

_GPIO2(SDA) eusiafuuainlasizests
“GPIO3 Weusefuuasalasiizesly
“GPIO10(MOSI) Wiousafuredura
_GPIO9(MISO) 1¥eusefiuveduia
“GPIO11(SCLK) \ieusiefuaodusa

_GPIO25(IRQ) \Heureiuaeduia



“GPIO7(CS) \Hourafuaadua

-GPIO20 LausiafiuIeasAIuANLEADR

-GPIO9 WausaiuINRTAIUANLBLADT

-GPIO5 WWausanuUasaLkUaITEAULSIAUABAN

3.2.2 N1599NKUUINTIAIUANNDLADSLAZLDADA
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n1seenuuuIaTdmsuldlumiuaunmsianuveoadatasuanes tng

nannsn1sviuliessuldaliuaesinsunssduduna 3.3 1ad anneasviilelavessia

Wassn1e nsudawesniglusslldsuivassazininseualvaluludansiudamas BD139

Wans1udanas BD139 yauasiansewa ansulaasyiniinsswa lan 1 uunainuesssas

Aandsnuwimdngaiemihduiavesiagiuasuanaaiuz NC 10u NO wanwiaguil 3.5

Input GPIO20
—

Input GPIO21
—

AAAY

R1
150R

pPC817

RB1 :

5Vdc 12 Vdc
Q ONO  NC
1N4007, é
Relay
o
= R3 COoM
100R
600
BD139
D6
1k . &
5Vdc 12 Vdc

9

QNO p NC

AAA s

R4
150R

sUN
LT

pPC817

N

1N4oo§
LED %
X

R5
100R

RB2 I:

1k

I
Relay
COM

BD139

3.5 N5PONLUVINATAIUALLBLNDTUATLDA DA
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PLTINUANATRNS AT LARINANNIST 3.1

VCC = vcoil+ VCE (3~1)
V. = 5-05
V = 45V

coil

e V., fe usssulnii 5 Thad
Ve A9 h39AUnNAToumayauadsiag
Ve Pie wssnunanaseuvImaaaninesuasdlinmes

WINTLNA | ausavilvisiadnianula 91naunisn 3.2

\Y

coil

|coit d a (3.2)
4.5V

|coi[ — 70_Q

oot = 64.29 MA

o = Ao @ ° 1%
Wie I, Ao Nszuansadaunsavinmule
Vo, PR h3ssunnaseunosduadiad

Rt A® ARUAIUMIUSLAE

PAIAUAUNIUY R2 e lieadftnsyualuaniu 20 mA 3NaUN1SA 3.3

(4

VoV

R, = =—— (3.3)
Itep

R = 2

27 20mA

R, = 100 Q

oV, A ussnulni 5 Taad
Vi AD WSIRUANATEULEADRA

oo e nIzualvaniuLeadh

MANTEaTIUIU9A5AaNY Q1 1NEUNIST 3.4

les = leoittep (3.9)



lcs = 20 mA + 64.29 mA

Wi I Ao nszuaninauvsuBawesuazegluluug Saturation
o A0 NIzuanlvakuneesad
| ep P NIzualraNIuLeadh

PIANNTLLE g YOIMIIUTANDS INFUNITN 3.5

ODF = —
Igs
R\ BX|BS
Ic
=
| 84.29mA
R/ 7/ Lo
ls = ODF x g
lg = 2x2.11 mA
g = 4.22mA

dlo B #e dasinisvenevemiudanes
g Ao nsvuaivuavemLianes
s Ao nsuavIUavemMIILEANDsvuzaglulnun Saturation
ODF #8 #n Overdrive factor fldnsswing 2 8¢ 5 Tufitidenlden 2

PIAIAINUATUNIY Rg YOIMTIUTAADS INFUNITN 3.6

VeV,
RB i3 B™VBE
Is
- 5.1
B 620mA
.= 947.86 Q
Ry ~ 1000 Q

[ a

We Ry AB AIANUAUINUNINAANTERAYDINITUTALRDS
Vy  AB WSIRUAInNAToUAIAIUNILY AT LTINS

Ve AD W39AUNnNATaNY I UaNuazu18linmosuemuanes

WIAIAMUAIUNIY R, vesesuld Litalinssuadunaluaniu 20 mA 91naun1si 3.7

26

(3.5)

(3.6)
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Vepin-V

R, = % (3.7)
3312

R, =
20 mA

= 105 Q

R, = 150 Q

We R, fie AAuduvuiidnianssuaveseslldauiaes
Vepio PR wsarunlasuaingiaweinig

Ve A usaduninnaseuueadiniglussuladuiuaes

3.3 nmseanuuulusunsy
3.3.1 n13UsTU@|HANN
3.3.1.1 msidanldlausialomiud’ (OpecCV)
TUNTENRUUNTUSZUIARANTNVDHAT BIRALENT LAZIUINVDINE
wzumlidenldlavsslewmingd Jadulausailasdunindeuluswnsy Tnevsdidnglud
MsuansrassneuinnesuuuBualng Saasismddeslidnnisfeatunisussuianann
Thdonld wu nisiwasnin nsideulnund M13nsi9sud wasmsfuainga a7
3.3.1.2 nstaanlgdaundas
asdenldaundedunissunmdenldidusaves meuaiuesn
Tuganedu 2 aunsaseldnudsnivusinnauesdmeldlaense fnnuazidon 8 d1u
finga 4111508183 7le52RU HD finruaziSen 1080p, 720p wag 640x480 28805
LARSHA 30 (1080p), 60 (720p waz 640x480) LAz 90 (640x480) Wlsusaiuit Inesraiuess

nguAeIUNaNeYY 2 uaniagUN 3.6

U 3.6 MaeiTnnguaaIlunalIety 2
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3.3.1.3 nstmuaasudulussuuduuuievion’
1. pmsiviuassudulussuudemeaivasuzunauszani 1
nauzuIUTEANT 1 wafldiden nstvunaandluszuudien
loatazdosimuaAdlilndiAssiudvosruniussiani 1 unigaifiolvldnadndnng
Uszanananmiigndesauysal lnsfmuamdsianluszuudievieaiviniu (38, 90, 90) waz

MuuamdgeEanluszuu dleveaiviniu (62, 255, 255) uanewiaguil 3.7

highH
low S

high S

highV

]
=

3UN 3.7 MmsfmuadnsuauluszuvdieveaiveayuUsznand 1

2. msivuaaBudulusruudeseaivesuzunaUsEand 2
nanzuUsEani 2 nadidudes nistvusedlusyuud
lovieaiasosimuaddlilndifssiudvesuzundseiand 2 infigaielilanadndnnsg
Uizmawamwﬁgﬂﬁmamyjﬁﬁ ImEJﬁmumm?ﬁwqcﬂui:ﬁwﬁLasm,aa"?whﬁ’u (22, 90, 90) way

Mruamdgeaaluszuy dleveaiwiiu (34, 255, 255) uandwiaguil 3.8

5UN 3.8 mMsfmuadnsusuluszuudievieaiveasuilseiani 2
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3.3.2 N1592NWUUNLNIUSHNSH TGN URHUEE

3UN 3.9 nihlusunsadgle

v

9n3UR 3.9 senuutlaeldlausdiiadumes (Tkinter) Sadulausiidmsvosnuuy
niuwananadgle (Graphical User Interface : GUI) anunsnesuiemsvinaulussainyami
uansuadglovouedosinuonduazuinvanauzun Tawsd

1. START e Wileduifadl START Wun1sBumsianuvesadssfauenduazuuinua
WU

2. STOP fio Weduiadl STOP iunsmganisiaurealssfnuenduazvuinsa
UU

3. RESET Ao \iledurfai RESET agyimsdnsmsasiuduiunaszunynuin

4. Grade1 fie \ilodurfai Gradel aghmsdAmaTInduuiunaNzuvAT 1

5. Grade2 o ileduilaf Gradel apvimisddnaTsnuiunauzuIvLAT 2

6. Grade3 o \fledurafl Gradel azvhnsdeAmasand uuTuNaNzUYLAT 3

7. MUUAAINANTUTEUIANAN INUEUNILALLAAIHARNTN1TUTEUIANANINTENIN
MUY AT DIRALENALALILATEINANZLT

8. LAPINATININUIULUNANZUNUTEANT 1 Tulmazuuin

3.4 msaammmﬂ%mﬁ'ﬂLLﬂnﬁLLazmmmmwamm’a
11599nLUUTATIAS19709LAS B9LAS DIAALENE LAZYUINVOINANZUI)

Aednludf 5uﬁmmﬁ'1ﬁigmﬂwhﬁ’UmiaamwmwmazmsaaﬂLLU‘UT“LJiLmiaJ Fadmn

Tnssadreldfivszans amazdswalinisvineuianuianaininiu Inoulsnisesnwuy

lnssasradu 5 diu Jalimsesnwuulasainalnesanuanidisgui 3.10 uway 3.11
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. MseanwuUYedldnauzu

. NM30BNWUULATIAS YA Y INUEURBIT URIINALL U
. M3oenuuulATIEIEIUNITARLNE

. MTBNHULYALATIET A IUNTUTEINANAN N

. NM30BNWUUYAARLENYUIAYVBIULUTINAFITE?

5U# 3.10 n1seenuuulaATIasIeiaLe
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UM 3.11 laseasnavianun

3.4.1 N159ankUUlASIaS19RldNaNzuI9
Mseanuuulasiasiwesresldnauzu Inslasiasisvinanmannasnan

Aalud vuin 20X20 daduns waslaiieuruegiivlon vun 2 daduns lassadisludiud

a

FYUIAANNIE 30 LWURLIAT AU 60 WURANT UATAIINEY 20 LYURINT LaAIRITY

3.12

JUT 3.12 nseenuuulasiaiadedldnauzun
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3.4.2 N1509NLUULATIETNYATUTLINANZUN?
nseenuuulasaisyadtiemanzu wldlassasnivinnegiideulus
Induune 20X40 faduns tAssdILdidvuInmuning 12 Wwumins ANNE17 82 lURLUAS

wamagagul 3.13

UM 3.13 Mseenuuulasiasnyna i matzu

3.4.2.1 MsAuIUiasduYAdIAe
szuutuindeuarliueimesliinnszuanss 12 Tad Suthuinld 30
Alansuisnsnsvaud 110 seusie 1 unit Tunisoonuuuazdisnmsmasouiniu 2 e
anmuiEIseuvesaenudnaeslideusanal 55 50U s 1 W7l wansfaguil 3.14

NIINITNATOUVBINDLABSANEUNITN 3.8

I'== (3.8)

=y v [

e | A9 dNIINIMATOUTDIWBLIABS
A 174 1 LS | % a a
Z, A9 LEURIUAUENANVDUNDITY (UaaLNAT)

Z, A9 duruAugnavesilewny ({afiuns)
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5UM 3.14 Wlasduynanies

3.4.3 N1592NLUUIASIES198UNTAALYNENANZ U
nseenkuulastaiafaLendnanzu wannaesiailud vuia 20X20
12895 wazUnAUWRUBEASAA NUT 3 Hadtuns tassas19lududdvuinal1uning 8

LYUALINT AN 80 LUURLAT UATAINGS 8 LYURLINT UARIAITUN 3.15

3UN 3.15 N1590NLUULATIATYAARLENERANEUN?

3.4.4 M3vanuuulasaiienisuszuIanan v
n1seankuulATIasINIsUTEIIaRan IwInvienatainT ugUlaeld
a4 a ¢ aa a o v o % Y = % ] =g 1%
wiasiud 3 17 lagfnaadiulassasinisAanend lassaddludiuiivuinaiuniae 3

WURIAT AN 10 LURLIAT LavANEN 8.4 LWURLIAT Landaguil 3.16
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5UN 3.16 NM1380NLUULATIATIINTUTEUIANAN TN

3.4.5 N159NUUULATIETNYAAALENVUIANANLUID
n3enuuUlASIES YA RAKENTLIAKANFUIIYNINTE PVC 2uIn 12 17 719
gunuulaeszegrneseniedsuuuardrsadllduindud elddmsuutssuananzuna
Tassadrsludaudfouinenunite 45 wuRluns A298817 100 WURLAT LAZAINGY 28

\TURLIAT UAAIAIFUN 3.17

5UM 3.17 N1590nLUULATIAS N YAARLENYUIANALE U
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A5N1ISUATHANISNAAD

Tuunilagnany NMInNeaelartUNNNaNIINAADILATBIANLYNTUIALALEVNBINE

€

ZLIS‘U'TJI@EJLLﬂ\‘lﬂ'ﬁVl@ﬁ@\‘i@@ﬂL‘ﬁu 2 @1 Ml NINAADINITUIZUIANANN WAZNITNARBINTT

AMLENFVDINANLUT?

4.1 N15NAaIN1TUIZUIANAN TN
Wunisnegeunisiauludiuaeinisussuiananini odanengveauauz L7
Useuandl 1 Aewanzundifen wasussuanil 2 fenausundmdes
4.1.1 gunsafitlilunismaaas
1) 1P30IFnLENAveINaNZUT)
2) wanzuUsEANT 1 9717 10 Wa
3) nauzuIUTEANT 2 $717U 10 Wa
4.1.2 YunBUNISNAADS
1) tmauzuUszand 1 999U 10 wa ¥In159naesUssaiananIngg
Wru 10 Ma wastufinnanisveasadunised 4.1 TnewndunauzuniUseani 1 oy

anansauszanananlaRagui 4.1

M TN S B R AT R /1]

aananlilunsa

START STOP

e [

5UN 4.1 MINARINTUTEINANANMHANEUIUTZANT 1

2) YINaN151Aa9INA15199 4.1 lUnlasidudaininuianain taeAiuIu

NAUNSN 4.1

NATVDINAUZUNNNAGDI — NATINVDINALZUNINNAGDINIU

WasidusanuRanain = ( ) x100 (4.1)

NATILTDINANEUTITINAADS
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3) UHANTUNUTLLANT 2 T7UU 10 HE INISNAABIUSEUIANANINNE
12U 10 WA tazvufinuanisveastadlunised 4.1 Tesvnidunauzuniusesnnd 2 9

anasausERIaNan NARIFUN 4.2

|3 'G}'} ELimeGrade ‘ ‘ ’%‘ 2117 heian

Lime Grade

aananTuiunsn

START STOP

E=x
E=n
Em

5UN 4.2 N1519809N5UTEUIANANTNHALEUIUTZANT 2

4) ¥nan1510a9Ina5199 4.2 luniasidudaininuianain lasaiuu
NAUNSN 4.1

A1519% 4.1 NANITNAABINNTUSLUIANANINULUNIUTLLANN 1

ﬂ%\‘lﬁ NadTUI N15UsTUANANIN
1 v
2 v
3 v
4 v




A15199 4.1 HANTSNAABINITUTTLIANANNUEUIUTEANT 1 (5i)

vanovn : ¥ vsneis d9innsUszinanan meseiuNaNzuiismaaes

X ynefe dannsuszanananinlidnssiuratzunfiiuinnass

ﬂ%\‘l‘ﬁ NANSUID n1sUsTU@NANIN
5 v
6 v
7 v
8 v
9 v
10 v
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NANTSNARBIINNATTIN 4.1 HAFNFNISUTTUIANANINYBINANLTUIUTEANT 1 11

N5NAABIINLA 10 Na JANRLRANAIARASVINAU O Wasidus

A1519% 4.2 NANISNAABINNTUTLUIANANNUZUNUTLLAN 2

A9

WNaNTUT

N15UsTUIaNaN N

v




A15199 4.2 HANISNAFBINTISUTTUIBNAN NN UIIUTELANN 2 (5D)

ﬂ%\‘lﬁ NAUSUID n1sUsTUaNaNIN
2 v
3 v
a v
5 v
6 v
7 v
8 v
9 v
10 v

NHIULNG ‘/‘1/111'185(1 FNNTUTEINANANINATINUNANZUINUILAA S

X ynefa d91nnsuszulanan1nlinsanuRatsuNinuIneass
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NANTSNARBIINNANTIT 4.2 HANSNISUTTUINANINYBINANLTUNIUTELANT 1 1

AMINAADWIINLA 10 WA AAIPNURANAARAYINAU 0 Wasidus

4.2 ﬂ']'i'i/lﬂaﬁ]\'iﬂ']'if’q{ﬂLLEJﬂ‘U‘Lﬂﬂ?I'eNNﬁSJSU']'J
Wumsneaesnisvieuludiuvesnisfnuentuinnanzunilanewus 1u 3 vuin fe
NTUNILUDST 1 2 uag 3
4.2.1 gunsafitldlunismaaas
1) 15 0F RN ARAZULIATBINANZUT
2) UTUNMIAALIUIN 120 WA
3) penszapudmsuldusumn
4.2.2 FuUABUNTNAADS
1) Yimauzufasun 90 na wasludesddrauzuruiiovinisdawenawin

HANEUT IABLARIRagUT 4.3

JUN 4.3 nauzuInazuLe

2) TUTININUIUNANL U UNTAALE NLFARLIUIA
3) YUTNIUIUNANZUNMIVUINT 1 2 hae 3
4) 1UgUNIVUINT 1 YIIN1INAEBIRAKENDNATINENIAIURANAIAVDIYA

ARLENYUIA UARIAITUN 4.4



40

5UN 4.4 neasalenizuvuni 1

5) UTINKANISNAABIAILUANSIN 4.3

6) UINaN151Aa9INA15199 4.3 lunlasidudaininuianain laeAuu

FuNzuIUIaT X Havian — $1iunatzuiluginsydeuinai X

) x 100 @2)

mﬂqm( 3 AR
IUIUULUNVUIAN X YIUUA

A15197 4.3 HAN1TNARDIAALYNTUINUDINANLUNIVUIAT 1

UZUINAALTYY uzuniiaglugs , ¢ : ;

A J L} AIANEANAIN | AIAURANAIA

ATIN YA 1 nIzaoUIUINT 1 A
(@) (Wesigun)
(&) (&)

1 30 27 3 10

2 30 26 4 13.3

3 30 30 0 0

4 30 29 1 3.33

5 30 27 3 10

[ '
v A 1l

HANINARBIIINANTNN 4.3 IIN1INARBIMNMUA 5 A3 TA1ANUEANAIAZIARET
NINARBIRSIT 2 fie 13.3 Wesidud uaslianuiinnaianiesyi 7.33 wWesidud
7) h11gu1vu1adl 2 IN1SNAaeIAnRENBNATINMIAIUAANAIAYDIYN

ANLENTUIA WARAITUN 4.5




41

5UN 4.5 nAaeLenuzuITINT 2

8) UUTINKaN15VMAaIaIlumIs1e9n 4.4
9) YINAN1TNAARIRAINATNT 4.4 Tundasidudarmnuianain lneaun
NAUNITN 4.2

A15197 4.4 HANITVIAADIAALYNTUIAVDINANEUNIVUIAT 2

UWIHAFLTE? uzufieglugs . ) ( |
: ) s AIAUEANATR | AIAINHANAIA
ATaN YA 2 NIEARUIUINT 2 |
(Wa) (Wosltun)
(Wa) (Wa)
3 30 26 q 13.3
2 30 30 0 0
3 30 27 3 10
4 30 28 2 6.6
5 30 28 2 6.6

T T
v A a (=

HANISNARDIINAITNT 4.4 YIA1TNAABIVIINLA 5 AT HANAITUNANAIAEGIANDYN

Y

NMIMAReIRSIT 1 Ao 13.3 Wesidud uaslinnuiinnainaiosgi 7.3 lWesidud

10) ¥11gu1IVUIAT 3 YIIN1TNARBIAALENENATINDMIAURANAINVBIYA

ARLENTUIN WARIRIgUT 4.6




42

5UN 4.6 NAaBLeNIzUIYUIAT 3

11) JUANNANISNAaDIAI LA 4.5
12) ¥1Han1519a9991n915199 4.5 Turnasidudeininuianais 1ag
ANUIRANNANNST 4.2

A15199 4.5 HANISYARBIARLYNVUIAVBINANTUNIVUIAN 3

USUNINAETE uzuieglugs , = : )
- ¢ S AIANEANAR | AIAUEANATR
A3 wuan 3 NIZADUTUIATN 3 L.
(&) (Wasigus)
(@) (@)
1 30 29 1 3.33
2 30 30 0 0
3 30 28 2 6.66
4 30 30 0 0
5 30 29 1 3.33

(%
I

HANINARBIIINAITNN 4.5 FIININARBWIMNA 5 ASI TAIAINURANAINEIGADYT

Y

NMINARBIRSIT 3 fie 6.6 lWesiiud wazlinuinnainaiuodi 2.66 lWasiiud

4.3 ﬂﬂi%ﬂa'ﬂ\‘lﬂ'ﬁﬁq\‘l']uﬂlﬂﬂLﬂ‘%aﬂﬁlﬂLLEJﬂ‘UU'IﬂLLﬁS?i‘UENNﬁ%J%U'I"J
L“L‘JumsmaaamsﬁwmwmLﬂ%qﬁ’mLLEJﬂﬁLLazﬁummﬁuaqwamunuwmunﬂdamﬁ@

Tuitnsveznalunsdauenuuauazdvesranzunsway 2 Alandudensineu 1 ads
4.3.1 gunseiilélunismaaas

1) LATDIANLENFLAZVUIAVDINANLUT




a3

2) NaNzUMLUUAAEELATAaEIUNN 2 Alansy (Usedna 40 wa)
3) UIRNIIULIAT
4) St
5) pgnirdmsuldnansu?
4.3.2 %”umaumiwmaaa

1) {UANIYINNUATRIRALENFUA UL ARANEUINSRLWTR Lansisguil 4.7

5UN 4.7 WanrsldnunTesdnuenduasuuianaizund

2) YINANZUNMAALELALAALIUIA 40 NA MAIUTBIENANTUILALLENIR

5UN 4.8 dnauzunaazdlarruin 40 mawmasludadldnauzu



a4

2) YINNSNAABINISANLYNELATVYUIAVDINANL U LALYIINITIULIAINIT

MUVBUATRIRIFUN 4.9

3UN 4.9 AnngnduasuuianadzunIniauinn1sdum

3) UUTANIAALG LA AALENVUIN AL EVBINANL LI UAITITN 4.6
4) YHANISNAABIINAITNT 4.6 WA LRAsNa ALY UNNSAALENYUIA

LA AUDINLUILALAIUIN

NaTINvRIsTETAIluNSIRAaRY 5 ASe )

mﬂam( SRS
by FIUIVASINITNAABS

A15197 4.6 HANITVAADINITNNIUVDILATOIAALYNVUINLAYAVDINANLUT

ASadi a1 (3uan)
1 53
2 54
3 50
4 55
5 54

NANINAABIINATTIN 4.6 1IN1SNAaBY 5 AT SEuglIatadef lglunisAnLen

YUNLALEVDINANLUD 40 NA AD 53.2 JUT)



uni 5

unagunazUaLEuBLUE

luuniaznanids unagdlunismeasinund 4 Tuive nsveasinsussaiana

AN AINAADINITAALYNEVDINALLZ U ﬁzgmuazqﬂaisﬂ waguuINeLAlY

5.1d5Unan1innaas
5.1.1 NNSNAABYEIUVBINISUTZUIANANIN
IINNITNARDAAS DIAALENE LAY ANANZ LA AuTAlUAIUNTUSTIaNan N
NABIAINTANTINIVNTUNIHAA T Az UINad R lA
5.1.2 N1SNAABINISAALYNVUIAVDINANZUID
INNIINAADULAS B9AALENFUAZIUIINANE YA IS MLTRludun1sALenUIAKE
WYL azAUIAd 1, 2 UaY3 TUINAE 30 WA IABYNISNAABITN 5 ASS WUIINISAALENTLIA
NANEUNIVUIAT 1 Tanuiiemanniadeodd 7.33 Wesidud vunad 2 fanuiewaiiadeet
7l 7.3 Wosidud wazaued 3 TmuAananiedseti 2.66 Wedldus
5.1.3 N1SVIAABINSIIIUVDIAIDIAAKENTHAZ VLAV INANZU?
IINNINABBINITTINUIAYTINVBUAS DI ALENE aZIUIANAN YA IS AU ALY

naadgluNSARLENFLAZIUIAVBINANE U 40 WA AB 53.2 U9

5.2 Ugynuazauassa
mnmnasosfinufanainiatuiivinuaenudidesdnsfouturestauzum
yilvinanzundoulinunsussanananin
NnMInAassdauendnauruILUUAasEIAndgmiinuAsmninauzuades
vuyadndeseionnniauly dwavilfnisuszinananimAansiades ilesnnasady
HadvisuarnadilenTouiy JuilikauzwI@deIgNAR UGN 1YL UTTIVRIHANEUE
WABIgY
31NN1TNABBIAITUTURAAIINGIVDITE UL AN WA A8 ITUYAUTEIIANANWIAE

ANUGIANANLTBIINKANLUIANNTENURUYAUTELIANAN I NADUT IS

5.3 WuINLALY
WingAkK uganuUTuagnuielasiunstouiuiuvesgnusuIIuLaI g NI

o a
BRIGEN



a6

Wingeanenuanfedluerussaansuidn 1 ga Weldlviinnisiiadanusianges
[GUGHEIRY
ANTEUEYINNTENT AN LA VT LILATYAAALENE I AAAUTN DAAKTINTEUNNVDING

UTUNNUYAAAUEN



LONE1591994

[1] usInd, gllougnuzunn atvanysel, nsunw, aun. duloied, 2558

[2] swAsyunwatusmALaz Ty, 1211 134, ngamm, atinaunsgIudum
INUATLAZDIMITUIIIANTENTINNYATUAZANNTA], 2560

[3] un wiiwuw, msAnaawazlder Raspberry Pi NFANN, AU, AesTlaridy, 2560.

a v I

[4] w05, 7R Auwzdl, Basic Python Coding Bewdreiduda, njunm, aun. lofd
WaLlles, 2562.
[5] Ysyss3 fM5191308, msﬂizmawamwﬁ%mamﬁméfu, NN, FUN. %Lﬁmgmﬂ?"u,
2556.
[6] “Imaaﬂﬁad”, URL: https://www.arduitronics.com/product/1169/raspberry-pi-
camera-v2, L"ﬁ?ﬁx‘iﬂ%’jdﬁjﬂﬁ’m uii 18 WOAINIBU 2563
[7] “n1sUszunananIn”, URL http://krusuwatcomputer.blogspot.com/p/20 5.html,
dindsadegatheudl 23 waeRneu 2563
[8] “5¥UUA”, URL: https://sites.google.com/site/pongnuntipisek/3-rabb-si, danse
anvneiui 23 wAineu 2563
[9] “Servo Driver”, URL: https://www.th.cytron.io/p-servo-driver-hat-for-raspberry-pi-
16 channel-12-bit-i2c2search, Wisnssanvie Juil 18 waaineu 2563
[10] “wedlanewmes”, URL: https.//www.inventor.in.th/home/wadlataines, ihinse
aavine Juil 18 woAdniegu 2563
[11] “NewmesiAus”, URL: https://sancarlosantioquia.com/dalnasiies, L%’]ﬁﬂﬂ%ﬂ’sﬁﬂﬁ’m
Fuil 18 woAdnieu 2563
[12] “wwuosiuing”, URL: http://www.ett.co.th/productSensor/E18-D8ONK/E 18-

DBONK html, 1isnsagaving Yufl 18 waadniou 2563


https://www.inventor.in.th/home/%E0%B9%80%E0%B8%8B%E0%B8%AD%E0%B8%A3%E0%B9%8C%E0%B9%82%E0%B8%A7%E0%B8%A1%E0%B8%AD%E0%B9%80%E0%B8%95%E0%B8%AD%E0%B8%A3%E0%B9%8C

AMARNUIN N

1UsHNSUNITNI9TU



49

# Import lausn3nsmuailday
import threading # Import laus13 threading
from tkinter import * # Import * 91nlaus13 tkinter iooonuuuniisinsigle
from tkinter import messagebox # Import messagebox 21nlaus13 tkinter
import time # Import lausT3 time ielddmsuniiaaa
import RPi.GPIO as gpio # Import laus13 GPIO LLazﬁgﬂ%@eLmjLid]u gpio
import cv2 # Import laus13 OpenCV
import numpy as np # Import lauss numpy(IﬂJ@aLﬂ%mﬁmﬁuaﬂmmamg) Wy
fedelaidn np
from PIL import Image, ImageTk # Import Image Wway ImageTk 21nlauss PIL \iouans
wihInlemsusganananmuuntiianmaigle
import Adafruit PCA9685  # Import laus13 Adafruit PCA9685 iieldnuuesatuites
Twewes

# nuuaAn13lgeIuYT GPIO
PIN. 3V3 =5 # 91 GPIO 5 Weudefiunnswlasseiunssdudyanoniieldiluusy
91984 3.3 1oan
PIN._GRADEL = 13 # 1 GPIO 13 iWewsiefudurisaduedifiotiusuiuusunouind 1
PIN_ GRADE2 = 19 # 21 GPIO 19 WJensafudurhisaiuwesifletusuiuugunivnnd 2
PIN_GRADE3 = 26 # 1 GPIO 26 Wewsierudurisaduedifiotusuiuizunauiad 3
PIN._RELAY MOTOR = 20 # 91 GPIO 20 L%am'aﬁ’u’%Laéﬁ'muaumsﬁmmmuama%
PIN_RELAY LED = 21 # %1 GPIO 26 i@eudefiuiiadiiaaueunisiauuesuaads

# nuualuualdaruen GPIO
gpio.setmode(gpio.BCM) # ﬁgdﬁi’m’liéj’mﬁﬂwaifmwu BCM
gpio.setwarnings(False) # UpnsuaaLiou Warning
gpio.setup(PIN_GRADEL, gpio.IN, pull_up down=gpio.PUD_UP)  # saarlvinesn
PIN_GRADE1 ¥u Input wuu pull up
gpio.setup(PIN_GRADEZ2, gpio.IN, pull_up down=gpio.PUD_UP) # farnlwedn
PIN_GRADE2 U1 Input wuu pull up
gpio.setup(PIN_GRADE3, gpio.IN, pull_up_down=gpio.PUD UP)  # Ferlrinasn
PIN_GRADE3 U1 Input wuu pull up
epio.setup(PIN_3V3, gpio.OUT)  # seanlsinesn PIN_3v3 (Ju Output
gpio.setup(PIN_RELAY MOTOR, gpio.OUT# serlsinesn PIN_ RELAY MOTOR 1fuOutput
gpio.setup(PIN_RELAY LED, gpio.OUT)  # saeliinesn PIN_RELAY LED vfu Output
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gpio.add_event_detect(PIN_GRADEL, gpio.RISING)  # faeinlinesa PIN_ GRADEL $u
a”zgapmaum%u

gpio.add_event detect(PIN_GRADE2, gpio.RISING)  # saeiliinesn PIN_ GRADE2 $u
a”zgapmaum%u

gpio.add_event_detect(PIN_GRADE3, gpio.RISING)  # seinlinesa PIN_ GRADE3 $u
é’mmmmaumﬁu

# Fauusvila Global \udauusnarsdusuldlulusunsunavan

Stopl, Stop2 =0, 0

Lime cntl, Lime _cnt2, Lime cnt3 =0, 0, 0

tv_Limel = IntVar() # ¢auds tv Limel Mdwiuuanssiuiumausunauiad 1
vunihuananadgle
tv_Lime2 = IntVar() # §uUs tv_Lime2 [dmsuuansdrununaszunawad 2
vunihuananadgle
tv_Lime3 = IntVar() # fauds tv_Lime3 Mdmsuuanssiuausaugumawai 3
vuntuanuadgle

# Wedtun1siauvesuaimas
def motor():
print('Motor ON..")
global Stop1, PIN_RELAY MOTOR, PIN_RELAY LED # enlgsuusniousnilandu
while True: # JUTAUNITYINU
gpio.output(PIN_RELAY LED, 1) # Wosn PIN_RELAY LED fitondwsidu 1
gpio.output(PIN_RELAY MOTOR, 1) # Wasm PIN_RELAY MOTOR i@
W1
time.sleep(0.2) # 91981 0.2 Ui
if Stopl == 1:  # fsuUs Stop 1 1uassinganisiauresamesiasLoadh
print("Stop Motor..")
gpio.output(PIN_RELAY MOTOR, 0)
gpio.output(PIN_RELAY LED, 0)
time.sleep(0.2) # nsan 0.2 Ui
Stopl = 0 # s Stopl AN 0

return Stop1 # deAn Stopl AAwyinAu 0 nauludiuysuanileiau
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# Waddunmainuvsadumeinsraduingietuduunauzun
def cnt_lime():
print('Counter ON..")
global Stop1, PIN_GRADE1, PIN_GRADEZ2, PIN_GRADE3, Lime_cntl, Lime_cnt2,
Lime_cnt3 # Sunldiuusneuenilendu
while True:  # U58UNITVINU

if gpio.event detected(PIN_GRADE1): # fnwasn PIN_ GRADE1 lasudtygravoutn

4

2,
=

Lime cntl += 1 # #uUs Lime_cntl Sanfintunssay 1
tv_Limel.set(Lime_cntl)  # AsAlidanys tv_Limel 8awvindu Lime cntl
time.sleep(0.2) # Nsan 0.2 U

Yo

if gpio.event detected(PIN_GRADE2): # a1was$s PIN_ GRADE2 lasudnyaynauaun

4

2,
=

Lime cnt2 += 1 # sfuds Lime_cnt2 Seiiatundias 1
tv Lime2.set(Lime cnt2)  # Sarlrisauys tv_Lime2 fAiiu Lime cnt2
time.sleep(0.2) # nu9en 0.2 Ui

if gpio.event detected(PIN. GRADE3): # fwasn PIN_ GRADE3 lasudtyqavout)

Lime_cnt3 += 1 # fuds Lime_cnt3 Seniiutundeay 1
tv_Lime3.set(Lime cnt3)  # Sarnlauds tv_Lime3 fiAnfiu Lime_cnt3
time.sleep(0.2)  # WA 0.2 JU9
else: # mnlaluade
time.sleep(0.2) # wsaen 0.2 i
if Stopl == 1:  # dsuUs Stop 1 1Wuasdlvimeganisiudnuiunauzu
print("Stop cnt..")
# Hafdunsfauendvamauzung
def detect():
print(Camera ON..)
global Stop1  # Benldiulsneuanilsidu
pwm = Adafruit PCA9685.PCA9685() # mmuals pwm tusudsdmnsunisldau
voIntuwaslIueLmes
servo_min = 275 # AMAUABIAINISALUVIIAY 120 D97 (ﬁﬂmmﬁwﬁwqmaq Heyayod

v

AANNANUNININUA 4096)
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servo_max = 375 # AMUUABIAINITAYUYINU 90 99en (mmmﬂﬁw@?wqmm [ faliglat!
ﬁaémﬂmwm%qﬁgwm 4096)
servo_mid = 375 # fmuABIAMIUIYINAL 90 B9 (ArAuneranvesdnaal
ﬁaémﬂmﬂm%qﬁwm 4096)
# Haftunisvinuvesaduwesliuanes
def set_servo_pulse(channel, pulse):
pulse length = 1000000 # 1,000,000 us per second
pulse length //= 60 # 60 Hz
print ({0}us per period'.format(pulse length))
pulse length //= 4096 # 12 bits of resolution
print (‘{0}us per bit'.format(pulse length))
pulse *= 1000
pulse //= pulse length
pwm.set_pwm(channel, 0, pulse)
# Budunsvinauvedlusunsy
owm.set_pwm freq(60) # fernanuiimsvhauweagedlanemesviniu 60 Hz

pwm.set_pwm(0, 0, servo_mid)  # AIANBIASNAUTDULDTIIN 90 DA

cap = cv2.VideoCapture(0) # @519 Camera Object
pTime = 0 # MruaAkUs pTime = 0
cTime = 0 # AnuesUs cTime = 0

while (True):  # UIBUNITVINY

_, frame = cap.read) # 2usaUIUNIN Capture frame by frame (640X480)

frame = cv2flip(frame, -1) # Mirror guﬂﬁaﬁ -180 2971 Tuwnu X

frame2 = cv2.resize(frame, None, fx=0.47, fy=0.4, interpolation =
cv2.INTER _CUBIC) # AYUAAIINNI LA AIINGIYBINIF AR KA

frame_blur = cv2.GaussianBlur(frame2, (5, 5), -1)  # ANALYEYIUTUNIUYD
ToyaNN

hsv = cv2.cvtColor(frame2, cv2.COLOR _BGR2HSV) # \WAsLsEUUE BGR 1Huszuy
d HSV

rgb = cv2.cvtColor(frame2, cv2.COLOR BGR2RGB) # LU?U‘U?SUU% BGR wJuszuu
d RGB

# Weftunisnsrnduiuazdauendnansuninadiden

green = cv2.inRange(hsv, lowerl, upperl)



res_green = cv2.bitwise and(frame_blur, frame_blur, mask=green)
contours, hierarchy = cv2.findContours(green, cv2.RETR TREE,
cv2.CHAIN_APPROX_SIMPLE)
for pic, contour in enumerate(contours):
area_green = cv2.contourArea(contour)
if area_green > 1100:
X, ¥, w, h = cv2.boundingRect(contour)
img = cv2.rectangle(rgb, (x, y), (x + w, y + h), (0, 0, 255), 2)
cv2.putText(rgb, "green”, (x, y + h),
cv2.FONT HERSHEY SIMPLEX, 0.7, (0, 255, 0))
print(‘'ereen ="' + str(area_green))
pwm.set_pwm(0, 0, servo_max)
# Wedtunisnsrduiuazdauendnanzunonadindes
yellow = cv2.inRange(hsv, lower2, upper2)
res_yellow = cv2.bitwise_and(frame_blur, frame_blur, mask=yellow)
contours, hierarchy = cv2.findContours(yellow, cv2.RETR TREE,
cv2.CHAIN_APPROX_SIMPLE)
for pic, contour in enumerate(contours):
area_yellow = cv2.contourArea(contour)
if area_yellow > 800:
X, ¥, w, h = cv2.boundingRect(contour)
img = cv2.rectangle(rgb, (x, y), (x + w, y + h), (0, 0, 255), 2)
cv2.putText(rgb, "yellow", (x, y + h),
cv2.FONT HERSHEY SIMPLEX, 0.7, (0, 255, 0))
print('yellow = ' + str(area_yellow))
pwm.set_ pwm(0, 0, servo_min)
# MIVYULAAINANTULINVDINULEAINANADY
cTime = time.time()
fps = 1/(cTime-pTime)
plime = cTime
cv2.putText(rgb, str(int(fps)), (10,20), cv2.FONT HERSHEY SIMPLEX, 0.7,
(0, 255, 0), 2)

# madeunanananiinuliludaudsieluuansuuntitela
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image = Image.fromarray(rgb)
iago = ImageTk.Photolmage(image)
labell.configure(image=iago)
labell.image = iago
if Stopl == 1:  # dduUs Stop 1 1Huasiinganisuszananann
print("Stop process..")
Stopl =0  # Muualisus Stopl Wu 0
gpio.cleanup() # 1AaESE1eNsRIANYRII GPIO
cap.release() # AUNSNEINT
cv2.destroyAllWindows()  # AuUNINEIAS
return Stopl # @sAiauUs Stopl senuenileiti
# HerdunsBenldauiledtunvuiafmsaanefefdundouiu)
def run():
stl = threading. Thread(target=detect)
st2 = threading.Thread(target=motor)
st3 = threading.Thread(target=cnt_lime)
st1.start()
st2.start()
st3.start()
# fleftunganisvirauvesiusunsa
def stop():
global Stop1, Stop2
status = messagebox.askyesno(title="Lime Grade", message:"é’f@\im'ﬁwqﬁm'ﬁv‘f']\ﬂu
Tain3ald")
if status > 0O:
Stopl, Stop2 =1, 1
time.sleep(2)
if Stopl == 1 or Stop2 == 1:
Stopl, Stop2=0,0
return Stop1, Stop2
# fleftuTidnsuauiunauzunavaviie
def reset():

global Lime_cntl, Lime_cnt2, Lime_cnt3
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status = messagebox.askyesno(title="Lime Grade", message="§f€lﬂﬂ’1'§§lﬁ§‘mﬁg&1ﬁmiﬁti
Woli")
if status > O:
print(‘reset’)
Lime cntl, Lime_cnt2, Lime _cnt3 =0, 0,0
tv_Limel.set(Lime_cnt1)
tv_Lime2.set(Lime _cnt2)
tv_Lime3.set(Lime cnt3)
return Lime_cntl, Lime cnt2, Lime_cnt3
# HedtuSidnsuutiunavzunivund 1
def reset g¢1():
global Lime_cntl
status = messagebox.askyesno(title="Lime Grade", message="fasn55:0v w5 olal")
if status > 0:
print(reset g1')
Lime _cntl = 0
tv_Limel.set(Lime cntl)
return Lime cntl
# HeftuSidnsuuiunausunivuind 2
def reset ¢2():
global Lime_cnt2
status = messagebox.askyesno(title="Lime Grade", message="faen155:0v w5 oll")
if status > O:
print(reset g2')
Lime cnt2 =0
tv_Lime2.set(Lime_cnt2)
return Lime_cnt2
# HeftuSidnsuutiunavzunnvund 3
def reset g3():
global Lime_cnt3
status = messagebox.askyesno(title="Lime Grade", message="faen55:Gv w5 olal")
if status > O:

print(reset_g¢3')



Lime cnt3 =0
tv_Lime3.set(Lime cnt3)
return Lime_cnt3
# Hertuldenusanainlusunsu
def btn_exit():
global Stop1, Stop2
status = messagebox.askyesno(title="Lime Grade", message="@m§fmﬂ’1'§aam]’m
TUsunsulovselal”)
if status > 0O:
Stopl, Stop2 =1, 1
time.sleep(1)
sys.exit()
# fvuaAEngaLazgIEavaINEUIINGRLTY)
lowerl = np.array([35, 100, 100], np.uint8)
upperl = np.array([67, 255, 255], np.uint8)
# fvuaAEAgALazgIAYBINTUNIHARIMAD
lower2 = np.array([21, 65, 65], np.uint8)
upper2 = np.array([31, 255, 255], np.uint8)
# 1AAN13aanuuuniingnlgle
root = Tk()
width value = root.winfo_screenwidth()
height value = root.winfo_screenheight()
root.geometry("%dx%d+0+0" % (width value, height value))
root.title("Lime Grade")
root.configure(background="gray80")
root.resizable(width=False, height=False)
frame = Frame(root, bg="gray80', bd=5)
frame.place(relx=0.5, rely=0.1, relwidth=0.75, relheight=0.1, anchor='n")
button = Button(frame, text='START', font=(consolas', 20, 'bold'), command=run,
fo='white', bg='dark green’)
button.place(relx=0.02, relwidth=0.3, relheight=1)
button1 = Button(frame, text='STOP', font=('consolas', 20, 'bold'), command=stop,

fo='white', bg="red’)
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button1.place(relx=0.35, relwidth=0.3, relheight=1)

button2 = Button(frame, text='RESET', font=('consolas', 20, 'bold’), command=reset,
fe='white', bg="tan1’)

button2.place(relx=0.675, relwidth=0.3, relheight=1)

bl = Button(text="09n31nlUsuNTY', font=18, command=btn_exit, bg='gray77"
b1.pack(anchor='e")

lower frame = Frame(root, bg='gray10', bd=5)

lower frame.place(relx=0.5, rely=0.28, relwidth=0.40, relheight=0.45)

labell = Label(lower_frame)

labell.place(x=2.5, y=2.5)

#FrameGradelLime

G1 = Frame(root, bg='gray90', bd=5)

G1l.place(relx=0.2, rely=0.28, relwidth=0.25, relheight=0.11)

gl = Label(G1, textvariable=tv_Lime1, font=('consolas', 20), bg='gray90', fg= 'lime
green’)

lel.place(relx=0, relwidth=0.7, relheight=1)

G2 = Frame(root, bg='gray90', bd=5)

G2.place(relx=0.2, rely=0.45, relwidth=0.25, relheight=0.11)

(g2 = Label(G2, textvariable=tv_Lime2, font=('consolas, 20), bg='gray90', fg= 'lime
green’)

lg2.place(relx=0, relwidth=0.7, relheight=1)

G3 = Frame(root, bg='gray90', bd=5)

G3.place(relx=0.2, rely=0.62, relwidth=0.25, relheight=0.11)

(g3 = Label(G3, textvariable=tv_Lime3, font=(consolas', 20), bg='gray90', fg= 'lime
green’)

lg3.place(relx=0, relwidth=0.7, relheight=1)

btn_resetl = Button(root, text='Grade 1', font=('consolas', 16, 'bold’),
command=reset g1, fe='white', bg='gray10)

btn resetl.place(relx=0.076, rely=0.28, relwidth=0.15, relheight=0.11)

btn_reset2 = Button(root, text='Grade 2', font=('consolas', 16, 'bold’),
command=reset g2, fe='white', bg='gray10’)

btn_reset2.place(relx=0.076, rely=0.45, relwidth=0.15, relheight=0.11)



btn reset3 = Button(root, text='Grade 3', font=('consolas', 16, 'bold),
command=reset g3, fe='white', bg='gray10)
btn_reset3.place(relx=0.076, rely=0.62, relwidth=0.15, relheight=0.11)

root.mainloop()
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Table 1: Release History

Release Date Description
1 21/06/2019 First release

The latest release of this document can be found at https://www.raspberrypi.org
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1 Introduction

The Raspberry Pi 4 Model B (Pi4B) is the first of a new generation of Raspberry Pi computers supporting
more RAM and with siginficantly enhanced CPU, GPU and I/O performance; all within a similar form
factor, power envelope and cost as the previous generation Raspberry Pi 3B+.

The Pi4B is avaiable with either 1, 2 and 4 Gigabytes of LPDDR4 SDRAM.

5 Release 1
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2 Features

2.1 Hardware

e Quad core 64-bit ARM-Cortex A72 running at 1.5GHz
e 1,2 and 4 Gigabyte LPDDR4 RAM options

e H.265 (HEVC) hardware decode (up to 4Kp60)

e H.264 hardware decode (up to 1080p60)

e VideoCore VI 3D Graphics

e Supports dual HDMI display output up to 4Kp60

2.2 Interfaces

e 802.11 b/g/n/ac Wireless LAN

e Bluetooth 5.0 with BLE

e Ix SD Card

e 2x micro-HDMI ports supporting dual displays up to 4Kp60 resolution
e 2x USB2 ports

e 2x USB3 ports

e 1x Gigabit Ethernet port (supports PoE with add-on PoE HAT)

e 1x Raspberry Pi camera port (2-lane MIPI CSI)

e 1x Raspberry Pi display port (2-lane MIPI DSI)

e 28x user GPIO supporting various interface options:

Up to 6x UART

Up to 6x 12C

Up to 5x SPI

1x SDIO interface
1x DPI (Parallel RGB Display)
1x PCM

Up to 2x PWM channels
Up to 3x GPCLK outputs
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2.3 Software

e ARMVS Instruction Set
e Mature Linux software stack

e Actively developed and maintained

Recent Linux kernel support

Many drivers upstreamed

Stable and well supported userland

Availability of GPU functions using standard APIs

3 Mechanical Specification
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Figure 1: Mechanical Dimensions

4 Electrical Specification

Caution! Stresses above those listed in Table [2] may cause permanent damage to the device. This is
a stress rating only; functional operation of the device under these or any other conditions above those
listed in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device reliability.
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Symbol Parameter Minimum Maximum Unit

VIN 5V Input Voltage -0.5 6.0 \"

Table 2: Absolute Maximum Ratings

Please note that VDD _IO is the GPIO bank voltage which is tied to the on-board 3.3V supply rail.

Symbol Parameter Conditions Minimum Typical Maximum Unit
Vir Input low voltage® VDD_IO = 3.3V - - TBD v
Via Input high voltage® VDD_10 = 3.3V TBD - - v
Irp, Input leakage current TA =+85°C - - TBD LA
Cin Input capacitance - - TBD - pF
Vor Output low voltage? ~ VDD_IO = 3.3V, IOL = -2mA - - TBD v
Vou Output high voltage® VDD_IO =3.3V,IOH=2mA TBD . - \Y%
Iog, Output low current®  VDD_IO =3.3V, VO = 0.4V TBD - - mA
Ion Output high current® VDD_I0 =3.3V,VO=23V  TBD - - mA
Rpy Pullup resistor - TBD - TBD kQ2
Rpp Pulldown resistor - TBD - TBD kQ

@ Hysteresis enabled
b Default drive strength (8mA)
¢ Maximum drive strength (16mA)

Table 3: DC Characteristics

Pin Name Symbol Parameter Minimum Typical Maximum Unit
Digital outputs  Z,se 10-90% rise time® - TBD - ns
Digital outputs ¢y 90-10% fall time®* - TBD - ns

@ Default drive strength, CL = 5pF, VDD_I1O = 3.3V

Table 4: Digital I/O Pin AC Characteristics

DIGITAL
OUTPUT

Figure 2: Digital IO Characteristics
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4.1 Power Requirements

The Pi4B requires a good quality USB-C power supply capable of delivering 5V at 3A. If attached
downstream USB devices consume less than 500mA, a 5V, 2.5A supply may be used.

S Peripherals

5.1 GPIO Interface

The Pi4B makes 28 BCM2711 GPIOs available via a standard Raspberry Pi 40-pin header. This header
is backwards compatible with all previous Raspberry Pi boards with a 40-way header.

5.1.1 GPIO Pin Assignments

Vs 5V,
J8
1 2
GPIO2 3 EE 4
GPIO3 5 oo 6
GP104 7 oo 8 GPIO14
9 10
GPIO17 711 80 73 Eriod
GPI027 13 Eg 14
GP1022 15 ao 16 GPI023
7 oo He GPI024 ID SD and ID SC PINS:
GPIO10 19 oo 20 7l =
GPIO9 21 oo 22 GPI025 These pins are reserved for HAT ID EEPROM.
GPIO11 23 24 GPIO8
25 oo 26 GPIO7 At boot time this I2C interface will be
ID_SD oo D SC interrogated to look for an EEPROM
_ 27 28 o
GPIO5 29 oo 30 — that identifes the attached board and
GPIO6 31 oo 32 GPIO12 allows automagic setup of the GPIOs
GPIO13 33 gg 32 (and optionally, Linux drivers).
GPIO19 35 36 GPIO16
GP1026 37 BE 38 GPI020 DO NOT USE these pins for anything other
39 40 GP1021 than attaching an I2C ID EEPROM. Leave
oo unconnected if ID EEPROM not regquired.

Figure 3: GPIO Connector Pinout

As well as being able to be used as straightforward software controlled input and output (with pro-
grammable pulls), GPIO pins can be switched (multiplexed) into various other modes backed by dedi-
cated peripheral blocks such as 12C, UART and SPI.

In addition to the standard peripheral options found on legacy Pis, extra I2C, UART and SPI peripherals
have been added to the BCM2711 chip and are available as further mux options on the Pi4. This gives
users much more flexibility when attaching add-on hardware as compared to older models.
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5.1.2 GPIO Alternate Functions

Default
GPIO Pull ALTO ALT1  ALT2 ALT3 ALT4 ALTS
0 High SDAO SAS PCLK SPI3_CEON TXD2 SDA6
1 High SCLO SA4 DE SPI3_ MISO RXD2 SCL6
2 High SDA1 SA3 LCD_VSYNC SPI3.MOSI  CTS2 SDA3
3 High SCL1 SA2 LCD_HSYNC SPI3.SCLK RTS2 SCL3
4 High GPCLKO SA1 DPI_DO SPI4_CEON TXD3 SDA3
5 High GPCLK1 SAO0 DPIDI SPI4 MISO RXD3 SCL3
6 High GPCLK2 SOE.N DPI.D2 SPI4 MOSI  CTS3 SDA4
7 High SPIO.CE1.N SWEN DPI.D3 SPI4_SCLK  RTS3 SCL4
8 High SPIO_CEO_N SDO DPI_D4 - TXD4 SDA4
9 Low SPI0O_MISO  SD1 DPI_D5 - RXD4 SCL4
10 Low SPIO_MOSI  SD2 DPI_D6 - CTS4 SDAS5S
11 Low SPIO_SCLK  SD3 DPI D7 - RTS4 SCLS
12 Low PWMO SD4 DPI_D8 SPI5S_.CEON TXD5 SDAS
13 Low PWMI1 SD5 DPI_D9 SPIS_ MISO RXDS5 SCL5
14 Low TXDO SD6 DPI.D10 SPIS_. MOSI  CTS5 TXD1
15 Low RXDO SD7 DPI.D11 SPI5_.SCLK  RTS5 RXDl1
16 Low FLO SD8 DPI.D12 CTSO SPI1_CE2 N CTSI
17 Low FL1 SD9 DPI D13 RTSO SPI1_CE1I.N RTSI1
18 Low PCM_CLK  SDI0 DPI. D14 SPI6_.CEON SPI1_.CEON PWMO
19 Low PCM_FS SD11 DPI_D15 SPI6 MISO  SPI1_.MISO PWMI1
20 Low PCM_DIN SD12 DPI.D16 SPI6_. MOSI  SPI1_ MOSI  GPCLKO
21 Low PCM_DOUT SDI3 DPI.D17 SPI6_.SCLK  SPI1.SCLK GPCLKI
22 Low SD0_CLK SD14 DPI.D18 SD1_CLK ARM_TRST SDA6
23 Low SDO_CMD SD15 DPI.D19 SD1.CMD  ARM RTCK SCL6
24 Low SDO_DATO  SD16 DPI_D20 SD1 DAT0O ARM.TDO  SPI3_CEl1.N
25 Low SDO_DAT1 SD17 DPI_D21 SDI_DAT1  ARM.TCK  SPI4.CEI.N
26 Low SDO_DAT2  TEO DPI_D22 SD1.DAT2  ARM_TDI SPI5S_CE1 N
27 Low SDO_DAT3  TEl DPI_D23 SD1.DAT3 ARM.TMS  SPI6_.CE1 N

Table 5: Raspberry Pi 4 GPIO Alternate Functions

Table [5] details the default pin pull state and available alternate GPIO functions. Most of these alternate
peripheral functions are described in detail in the BCM2711 Peripherals Specification document which
can be downloaded from the hardware documentation section of the website.
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5.1.3 Display Parallel Interface (DPI)

A standard parallel RGB (DPI) interface is available the GPIOs. This up-to-24-bit parallel interface can
support a secondary display.

5.1.4 SD/SDIO Interface

The Pi4B has a dedicated SD card socket which suports 1.8V, DDR50 mode (at a peak bandwidth of 50
Megabytes / sec). In addition, a legacy SDIO interface is available on the GPIO pins.

5.2 Camera and Display Interfaces

The Pi4B has 1x Raspberry Pi 2-lane MIPI CSI Camera and 1x Raspberry Pi 2-lane MIPI DSI Display
connector. These connectors are backwards compatible with legacy Raspberry Pi boards, and support
all of the available Raspberry Pi camera and display peripherals.

5.3 USB

The Pi4B has 2x USB2 and 2x USB3 type-A sockets. Downstream USB current is limited to approxi-
mately 1.1A in aggregate over the four sockets.

5.4 HDMI

The Pi4B has 2x micro-HDMI ports, both of which support CEC and HDMI 2.0 with resolutions up to
4Kp60.

5.5 Audio and Composite (TV Out)
The Pi4B supports near-CD-quality analogue audio output and composite TV-output via a 4-ring TRS
"A/V’ jack.

The analog audio output can drive 32 Ohm headphones directly.

5.6 Temperature Range and Thermals

The recommended ambient operating temperature range is 0 to 50 degrees Celcius.

To reduce thermal output when idling or under light load, the Pi4B reduces the CPU clock speed and
voltage. During heavier load the speed and voltage (and hence thermal output) are increased. The
internal governor will throttle back both the CPU speed and voltage to make sure the CPU temperature
never exceeds 85 degrees C.

The Pi4B will operate perfectly well without any extra cooling and is designed for sprint performance -
expecting a light use case on average and ramping up the CPU speed when needed (e.g. when loading
a webpage). If a user wishes to load the system continually or operate it at a high termperature at full
performance, further cooling may be needed.
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6 Availability

Raspberry Pi guarantee availability Pi4B until at least January 2026.

7 Support

For support please see the hardware documentation section of the Raspberry Pi website and post ques-
tions to the Raspberry Pi forum.,
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16-channel, 12-bit PWM Fm+ 12C-bus LED controller
Rev. 3 — 2 September 2010 Product data sheet

E | PCA9685

1. General description

The PCA9685 is an 12C-bus controlled 16-channel LED controller optimized for LCD
Red/Green/Blue/Amber (RGBA) color backlighting applications. Each LED output has its
own 12-bit resolution (4096 steps) fixed frequency individual PWM controller that operates
at a programmable frequency from a typical of 40 Hz to 1000 Hz with a duty cycle that is
adjustable from 0 % to 100 % to allow the LED to be set to a specific brightness value.
All outputs are set to the same PWM frequency.

Each LED output can be off or on (no PWM control), or set at its individual PWM controller
value. The LED output driver is programmed to be either open-drain with a 25 mA current
sink capability at 5 V or totem pole with a 25 mA sink, 10 mA source capability at 5 V. The
PCA9685 operates with a supply voltage range of 2.3 V to 5.5 V and the inputs and
outputs are 5.5 V tolerant. LEDs can be directly connected to the LED output (up to

25 mA, 5.5 V) or controlled with external drivers and a minimum amount of discrete
components for larger current or higher voltage LEDs.

The PCA9685 is in the new Fast-mode Plus (Fm+) family. Fm+ devices offer higher
frequency (up to 1 MHz) and more densely populated bus operation (up to 4000 pF).

Although the PCA9635 and PCA9685 have many similar features, the PCA9685 has
some unique features that make it more suitable for applications such as LCD
backlighting and Ambilight:

* The PCA9685 allows staggered LED output on and off times to minimize current
surges. The on and off time delay is independently programmable for each of the
16 channels. This feature is not available in PCA9635.

¢ The PCA9685 has 4096 steps (12-bit PWM) of individual LED brightness control. The
PCA9635 has only 256 steps (8-bit PWM).

¢ When multiple LED controllers are incorporated in a system, the PWM pulse widths
between multiple devices may differ if PCA9635s are used. The PCA9685 has a
programmable prescaler to adjust the PWM pulse widths of multiple devices.

* The PCA9685 has an external clock input pin that will accept user-supplied clock
(50 MHz max.) in place of the internal 25 MHz oscillator. This feature allows
synchronization of multiple devices. The PCA9635 does not have external clock input
feature.

¢ Like the PCA9635, PCA9685 also has a built-in oscillator for the PWM control.
However, the frequency used for PWM control in the PCA9685 is adjustable from
about 40 Hz to 1000 Hz as compared to the typical 97.6 kHz frequency of the
PCA9635. This allows the use of PCA9685 with external power supply controllers. All
bits are set at the same frequency.

* The Power-On Reset (POR) default state of LEDn output pins is LOW in the case of
PCA9685. It is HIGH for PCA9635.
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The active LOW Output Enable input pin (ﬁ) allows asynchronous control of the LED
outputs and can be used to set all the outputs to a defined I2C-bus programmable logic
state. The OE can also be used to externally ‘pulse width modulate’ the outputs, which is
useful when multiple devices need to be dimmed or blinked together using software
control.

Software programmable LED All Call and three Sub Call 12C-bus addresses allow all or
defined groups of PCA9685 devices to respond to a common |12C-bus address, allowing
for example, all red LEDs to be turned on or off at the same time or marquee chasing
effect, thus minimizing I2C-bus commands. Six hardware address pins allow up to

62 devices on the same bus.

The Software Reset (SWRST) General Call allows the master to perform a reset of the
PCA9685 through the 12C-bus, identical to the Power-On Reset (POR) that initializes the
registers to their default state causing the outputs to be set LOW. This allows an easy and
quick way to reconfigure all device registers to the same condition via software.

2. Features and benefits

PCA9685

B 16 LED drivers. Each output programmable at:
& Off
4 On
@ Programmable LED brightness
€ Programmable LED turn-on time to help reduce EMI

B 1 MHz Fast-mode Plus compatible 12C-bus interface with 30 mA high drive capability
on SDA output for driving high capacitive buses

B 4096-step (12-bit) linear programmable brightness per LED output varying from fully
off (default) to maximum brightness

B | ED output frequency (all LEDs) typically varies from 40 Hz to 1000 Hz (Default of 1Eh
in PRE_SCALE register results in a 200 Hz refresh rate with oscillator clock of
25 MHz.)

B Sixteen totem pole outputs (sink 25 mA and source 10 mA at 5 V) with software
programmable open-drain LED outputs selection (default at totem pole). No input
function.

B Output state change programmable on the Acknowledge or the STOP Command to
update outputs byte-by-byte or all at the same time (default to ‘Change on STOP”).

B Active LOW Output Enable (E) input pin. LEDn outputs programmable to logic 1,
logic O (default at power-up) or ‘high-impedance’ when OE is HIGH.

B 6 hardware address pins allow 62 PCA9685 devices to be connected to the same
12C-bus

B Toggling OE allows for hardware LED blinking

B 4 software programmable 12C-bus addresses (one LED All Call address and three LED
Sub Call addresses) allow groups of devices to be addressed at the same time in any
combination (for example, one register used for ‘All Call’ so that all the PCA9685s on
the 12C-bus can be addressed at the same time and the second register used for three
different addresses so that 14 of all devices on the bus can be addressed at the same
time in a group). Software enable and disable for these 12C-bus address.

B Software Reset feature (SWRST General Call) allows the device to be reset through
the 12C-bus

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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25 MHz typical internal oscillator requires no external components
External 50 MHz (max.) clock input

Internal power-on reset

Noise filter on SDA/SCL inputs

Edge rate control on outputs

No output glitches on power-up

Supports hot insertion

Low standby current

Operating power supply voltage range of 2.3 Vto 5.5V
5.5 V tolerant inputs

—40 °C to +85 °C operation

ESD protection exceeds 2000 V HBM per JESD22-A114, 200 V MM per
JESD22-A115 and 1000 V CDM per JESD22-C101

Latch-up testing is done to JEDEC Standard JESD78 which exceeds 100 mA
Packages offered: TSSOP28, HVQFN28

3. Applications

RGB or RGBA LED drivers

LED status information

LED displays

LCD backlights

Keypad backlights for cellular phones or handheld devices

4. Ordering information

Table 1.  Ordering information

Type number 'i'i);{side mark 7!Pé€keilgrem i
:Name |Description Version
PCA9685PW PCA9685PW TSSOP28 plastic thin shrink small outline package; SOT361-1
28 leads; body width 4.4 mm
PCA9685PW/Q900Ll  PCA9685PW TSSOP28 plastic thin shrink small outline package; SOT361-1
28 leads; body width 4.4 mm
PCA9685BS P9685 HVQFN28 plastic thermal enhanced very thin quad flat SOT788-1

package; no leads; 28 terminals;
body 6 x 6 x 0.85 mm

[1] PCA9685PW/Q900 is AEC-Q100 compliant. Contact i2c.support@nxp.com for PPAP.
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PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

5. Block diagram
A0 A1 A2 A3 A4 A5
PCA9685
SCL > >
DA . INPUT FILTER .
I 12C-BUS
I CONTROL
Y POWER-ON
b RESET Vpp —1—
Vss —
K [
STATE T
SELECT
REGISTER
PWM
REGISTER X
PRESCALE BRIGHTNESS LEDn
CONTROL
25 MHz
OSCILLATOR CLOCK MUX/
SWITCH CONTROL
EXTCLK
'0' — permanently OFF ——
1" — permanently ON ——
OE
002aac824
Remark: Only one LED output shown for clarity.
Fig 1. Block diagram of PCA9685

PCA9685

All information provided in this document is subject to legal di

© NXP B.V. 2010. All rights reserved.

Product data sheet

Rev. 3 — 2 September 2010

4 of 51



NXP Semiconductors

PCA9685

6. Pinning information

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

PCA9685

6.1 Pinning
Ao [1] 28] Vpp x
-
A1 [2] Q 27] SDA 6« 49
terminal 1 oA -~ o 60 0 X
A2 [3] 26] SCL index area R T 250 60
A3 [4] 25] EXTCLK @g@@@@g
A4 [5] 24] s D) @] s
LEDO [6 | 23] OE B (o] ot
S oW BB e Gal e
Lep2 8 | Q 1l (50 LED1 | 4) PCA9685BS (18] LED14
LED3 [9 | 20| LED13 LED2 [ 5) (17| LeD13
LED4 [10 9] LED12 LED3 [ 6) (16| LED12
LED5 % % LED11 Leps [ D) (15] LED11
LED6 [12 17] LED10
o| (o] [2] (=] (N} {2][Z
LED7 [13] [16] LED9 mmmmmmm
Vss [14] 15] LEDS S8 88 8 8  oozaadse
— ad 4 - 4 H
002aac825 Transparent top view
Fig 2. Pin configuration for TSSOP28 Fig 3.  Pin configuration for HYQFN28

6.2 Pin description

Table 2.  Pin description
Symbol Pin Type Description
TSSOP28 {H\_/c_g'F'st_
AO 1 26 | address input O
Al 2 27 I address input 1
A2 3 28 I address input 2
A3 4 1 I address input 3
A4 5 2 | address input 4
LEDO 6 3 (0] LED driver O
LED1 7 4 (0] LED driver 1
LED2 8 5 (0] LED driver 2
LED3 9 6 ¢} LED driver 3
LED4 10 7 (0] LED driver 4
LED5 11 8 e} LED driver 5
LED6 12 9 (0] LED driver 6
LED7 13 10 o] LED driver 7
Vss 14 1104 power supply  supply ground
LED8 15 12 (0] LED driver 8
LED9 16 13 (@) LED driver 9
LED10 17 14 (0] LED driver 10
LED11 18 15 (0] LED driver 11
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Table 2. Pin description ...continued

Symbol Pin Type Description
TSSOP28 'HVQFN28

LED12 19 16 o] LED driver 12

LED13 20 17 O LED driver 13

LED14 21 18 o] LED driver 14

LED15 22 19 O LED driver 15

OE 23 20 | active LOW output enable

A5 24 21 | address input 5

EXTCLK 25 22 [ external clock inputl2l

SCL 26 23 I serial clock line

SDA 27 24 I/10 serial data line

Vpp 28 25 power supply  supply voltage

[1] HVQFN28 package die supply ground is connected to both Vss pin and exposed center pad. Vss pin must
be connected to supply ground for proper device operation. For enhanced thermal, electrical, and board
level performance, the exposed pad needs to be soldered to the board using a corresponding thermal pad
on the board and for proper heat conduction through the board, thermal vias need to be incorporated in the
PCB in the thermal pad region.

[2] This pin must be grounded when this feature is not used.

7. Functional description

Refer to Figure 1 “Block diagram of PCA9685".

7.1 Device addresses

Following a START condition, the bus master must output the address of the slave it is
accessing.

There are a maximum of 64 possible programmable addresses using the 6 hardware
address pins. Two of these addresses, Software Reset and LED All Call, cannot be used
because their default power-up state is ON, leaving a maximum of 62 addresses. Using
other reserved addresses, as well as any other subcall address, will reduce the total
number of possible addresses even further.

7.1.1 Regular I2C-bus slave address

The I12C-bus slave address of the PCA9685 is shown in Figure 4. To conserve power, no
internal pull-up resistors are incorporated on the hardware selectable address pins and
they must be pulled HIGH or LOW.

Remark: Using reserved 12C-bus addresses will interfere with other devices, but only if
the devices are on the bus and/or the bus will be open to other I2C-bus systems at some
later date. In a closed system where the designer controls the address assignment these
addresses can be used since the PCA9685 treats them like any other address. The

LED All Call, Software Reset and PCA9564 or PCA9665 slave address (if on the bus) can
never be used for individual device addresses.

¢ PCA9685 LED All Call address (1110 000) and Software Reset (0000 0110) which are
active on start-up

PCA9685 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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7.1.2

7.1.3

PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

¢ PCA9564 (0000 000) or PCA9665 (1110 000) slave address which is active on
start-up

* ‘reserved for future use’ I12C-bus addresses (0000 011, 1111 1XX)
* slave devices that use the 10-bit addressing scheme (1111 0XX)

* slave devices that are designed to respond to the General Call address (0000 000)
which is used as the software reset address

¢ High-speed mode (Hs-mode) master code (0000 1XX)

slave address

1 | A5 A4 | A3 | A2 ]| A1 | A0 |[RW

fixed hardware selectable
002aad168

Fig 4. Slave address

The last bit of the address byte defines the operation to be performed. When set to logic 1
a read is selected, while a logic 0 selects a write operation.

LED All Call 12C-bus address

* Default power-up value (ALLCALLADR register): EOh or 1110 000X

* Programmable through I2C-bus (volatile programming)

* Atpower-up, LED All Calll_ZC-bus address is enabled. PCA9685 sends an ACK when
EOh (R/W = 0) or E1h (R/W = 1) is sent by the master.

See Section 7.3.7 “ALLCALLADR, LED All Call 12C-bus address” for more detail.

Remark: The default LED All Call 12C-bus address (EOh or 1110 000X) must not be used
as a regular 12C-bus slave address since this address is enabled at power-up. All the
PCA9685s on the 12C-bus will acknowledge the address if sent by the 12C-bus master.

LED Sub Call 12C-bus addresses

* 3 different 12C-bus addresses can be used
* Default power-up values:
— SUBADRU1 register: E2h or 1110 001X
— SUBADR?2 register: E4h or 1110 010X
— SUBADRS register: E8h or 1110 100X
* Programmable through I2C-bus (volatile programming)

* At power-up, Sub Call I1°C-bus addresses are disabled. PCA9685 does not send an
ACK when E2h (R/W = 0) or E3h (R/W = 1), E4h (R/W = 0) or E5h (R/W = 1), or
E8h (R/W = 0) or E9h (R/W = 1) is sent by the master.

See Section 7.3.6 “SUBADR1 to SUBADRS, 12C-bus subaddress 1 to 3” for more detail.

Remark: The default LED Sub Call 12C-bus addresses may be used as regular 12C-bus
slave addresses as long as they are disabled.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.
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7.1.4

7.2

PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Software Reset 12C-bus address

The address shown in Figure 5 is used when a reset of the PCA9685 needs to be
performed by the master. The Software Reset address (SWRST Call) must be used with
R/W = logic 0. If R/W = logic 1, the PCA9685 does not acknowledge the SWRST. See
Section 7.6 “Software reset” for more detalil.

R/W
v

0OJo0jJoO0}|JO0O]O 1 1 0

002aab416

Fig 5. Software Reset address

Remark: The Software Reset I2C-bus address is a reserved address and cannot be used
as a regular 12C-bus slave address or as an LED All Call or LED Sub Call address.

Control register

Following the successful acknowledgement of the slave address, LED All Call address or
LED Sub Call address, the bus master will send a byte to the PCA9685, which will be
stored in the Control register.

This register is used as a pointer to determine which register will be accessed.

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

002aac826

reset state = 00h
Remark: The Control register does not apply to the Software Reset 12C-bus address.

Fig 6. Control register
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

7.3 Register definitions

Table 3. Register summary

Register# Register# D7 D6 D5 D4 D3 D2 D1 DO Name Type Function

(decimal) (hex)

0 00 0O 0 0 0 0O 0O 0O O MODE1l read/write  Mode register 1

1 01 0O 0 0 0O O O O 1 MODE2 read/write  Mode register 2

2 02 0O 0 0 0O O O 1 O SUBADR1 read/write  12C-bus subaddress 1

3 03 0 0 0O O O O 1 1 SUBADR2 read/write  12C-bus subaddress 2

4 04 0O 0 0 0O O 1 0 O SUBADR3 read/write  12C-bus subaddress 3

5 05 0O 0 0O O O 1 0 1 ALLCALLADR read/write  LED All Call I2C-bus
address

6 06 0O 0 O O O 1 1 0 LEDO ON_L read/write  LEDO output and
brightness control byte 0

7 07 0O 0 0O O O 1 1 1 LEDO ONMH read/write  LEDO output and
brightness control byte 1

8 08 0O 0 0O O 1 0O 0O O LEDO OFF_L read/write  LEDO output and
brightness control byte 2

9 09 0O 0 0O O 1 0O O 1 LEDOOFFH read/write  LEDO output and
brightness control byte 3

10 0A 0O 0 0O O 1 0 1 0 LED1ONL read/write LED1 output and
brightness control byte 0

11 0B 0 0 0O O 1 0 1 1 LED1.ON_H read/write LED1 output and
brightness control byte 1

12 oC 0O 0 0O O 1 1 0 O LED1OFFL read/write LED1 output and
brightness control byte 2

13 0D 0O 0 0O O 1 1 0 1 LED1 OFFH read/write  LED1 output and
brightness control byte 3

14 OE 0O 0 O O 1 1 1 0 LED2_ON_L read/write  LED2 output and
brightness control byte 0

15 OF 0O 0 0O O 1 1 1 1 LED2ONH read/write  LED2 output and
brightness control byte 1

16 10 0O 0 0O 1 0O 0O O 0 LED2OFF L read/write  LED2 output and
brightness control byte 2

17 11 0O 0 0 1 0O 0O O 1 LED2 OFFH read/write  LED2 output and
brightness control byte 3

18 12 0O 0 O 1 0 0O 1 0 LED3 ONL read/write LEDS3 output and
brightness control byte 0

19 13 0O 0 0O 1 0 O 1 1 LED3 ONH read/write  LED3 output and
brightness control byte 1

20 14 0O 0 0 1 0 1 0 O LED3OFF.L read/write  LED3 output and
brightness control byte 2

21 15 0O 0 0 1 0O 1 O 1 LED3OFFH read/write  LED3 output and

brightness control byte 3
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Table 3.  Register summary ...continued

Register# Register# D7 D6 D5 D4 D3 D2 D1 DO Name Type Function
(decimal) (hex)
22 16 0O 0 O 1 0 1 1 0 LED4 ON_L read/write LED4 output and
brightness control byte 0
23 17 0O 0 0O 1 0 1 1 1 LED4ONH read/write  LED4 output and
brightness control byte 1
24 18 0O 0 0O 1 1 0 0 O LED4OFF.L read/write  LED4 output and
brightness control byte 2
25 19 0O 0 0o 1 1 O O 1 LED4 OFFH read/write  LED4 output and
brightness control byte 3
26 1A 0O 0 O 1 1 0 1 0 LED5 ON_L read/write  LED5 output and
brightness control byte 0
27 1B 0O 0 0O 1 1 0 1 1 LED5ONH read/write  LED5 output and
brightness control byte 1
28 1C 0O 0 O 1 1 1 O 0 LED5OFF L read/write  LEDS5 output and
brightness control byte 2
29 1D 0O 0 0 1 1 1 O 1 LED5 OFFH read/write  LEDS5 output and
brightness control byte 3
30 1E 0 0 O 1 1 1 1 0 LED6 ON_L read/write  LEDG6 output and
brightness control byte 0
31 1F 0O 0 O 1 1 1 1 1 LED6 ONH read/write LEDG6 output and
brightness control byte 1
32 20 0O 0 1 0 0O 0O O O LED6 OFF_ L read/write LEDG6 output and
brightness control byte 2
33 21 0O 0 1 0 0O O O 1 LED6 OFFH read/write  LEDG6 output and
brightness control byte 3
34 22 0O 0 1 0 O O 1 0 LED7.ON_L read/write LED7 output and
brightness control byte 0
35 23 0O 0 1 0 O O 1 1 LED7.ON_H read/write  LED7 output and
brightness control byte 1
36 24 0O 0 1 0O 0O 1 0 0 LED7 OFF L read/write LED7 output and
brightness control byte 2
37 25 0 0 1 0 O 1 0 1 LED7 OFF_H read/write LED7 output and
brightness control byte 3
38 26 0O 0 1 0 0 1 1 0 LED8ON_L read/write  LED8 output and
brightness control byte 0
39 27 0O 0 1 0 O 1 1 1 LED8 ONH read/write  LEDS8 output and
brightness control byte 1
40 28 0O 0 1 0 1 0O 0 O LED8 OFF L read/write  LED8 output and
brightness control byte 2
41 29 0O 0 1 0 1 0O O 1 LED8 OFFH read/write  LED8 output and

brightness control byte 3
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Table 3.  Register summary ...continued

Register# Register# D7 D6 D5 D4 D3 D2 D1 DO Name Type Function
(decimal) (hex)
42 2A 0O 0 1 0 1 0 1 0 LED9 ON L read/write LED9 output and
brightness control byte 0
43 2B 0O 0 1 0 1 0 1 1 LED9 ONH read/write  LED9 output and
brightness control byte 1
44 2C 0O 0 1 0 1 1 0 O LED9OFF.L read/write  LED9 output and
brightness control byte 2
45 2D 0O 0 1 O 1 1 O 1 LED9 OFFH read/write  LED9 output and
brightness control byte 3
46 2E 0 0 1 0 1 1 1 0 LED10_ON_L read/write  LED10 output and
brightness control byte 0
47 2F 0O 0 1 0o 1 1 1 1 LED1I0 ON_H read/write  LED10 output and
brightness control byte 1
48 30 0O 0 1 1 0 0 O 0 LED10 OFF L read/write  LED10 output and
brightness control byte 2
49 31 0 0 1 1 0 O O 1 LED10_OFF_H read/write  LED10 output and
brightness control byte 3
50 32 0O 0 1 1 0 0 1 0 LED11 ON_L read/write LED11 output and
brightness control byte 0
51 33 0O 0 1 1 0 0 1 1 LED11 ONH read/write LED11 output and
brightness control byte 1
52 34 0 0 1 1 0 1 0 0 LEDI1_OFF_L read/write LED11 output and
brightness control byte 2
53 35 0 04 14|0x O NGEOEFR NEERHHCORFT H read/write  LED11 output and
brightness control byte 3
54 36 0O 0 1 1 0 1 1 0 LED12 ON L read/write  LED12 output and
brightness control byte 0
55 37 0 0 1 1 0 1 1 1 LED12.ON_H read/write  LED12 output and
brightness control byte 1
56 38 0O 0 1 1 1 0 0 0 LED12 OFF L read/write LED12 output and
brightness control byte 2
57 39 0O 0 1 1 1 0O 0 1 LED12 OFF_H read/write  LED12 output and
brightness control byte 3
58 3A 0O 0 1 1 1 0 1 0 LED13_ON_L read/write  LED13 output and
brightness control byte 0
59 3B 0O 0 1 1 1 0 1 1 LED13 ONMH read/write  LED13 output and
brightness control byte 1
60 3C 0O 0 1 1 1 1 0 0 LED13 OFF_L read/write  LED13 output and
brightness control byte 2
61 3D 0O 0 1 1 1 1 0 1 LED13_OFF_H read/write LED13 output and

brightness control byte 3
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Table 3.

Register summary ...

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

continued

Register# Register# D7 D6

(decimal) (hex)

62

63

64

65

66

67

68

69

250

251

252

253

254

255

3E 0 0 1
3F 0 0 1
40 0 1 O
41 0 1 O
42 0O 1 O
43 0 1 O
44 0 1 O
45 0 1 O

reserved for future use

FA 1 &l 1
FB 1 1 1
FC 1y =€ I
FD 1 WJA¥(,1
FE 1 1 1
FF 1 Sl vl

D5 D4 D3 D2 D1 DO Name

1 1 1 0 LED14 ON L
1 1 1 1 LED14 ON_H

0 0 0O O LED14 OFF L

0O 0 O 1 LED14 OFF H

0 0 1 0 LEDI5 ON L

0 0 1 1 LED15 ON_H

0O 1 0 0 LED15 OFF L

0 1 0 1 LED15 OFF H

1 0 1 0 ALLLED ON_L
1 0 1 1 ALLLED ON_H
1 1 0 0 ALLLED OFF L
g DO ot BB OF R
1 1 1 0 PRE SCALEW

1 1 1 1 TestMode&

Type

read/write

read/write

read/write

read/write

read/write

read/write

read/write

read/write

write/read
Zero

write/read
zero

write/read
Zero

write/read
Zero

read/write

read/write

Function

LED14 output and
brightness control byte 0

LED14 output and
brightness control byte 1

LED14 output and
brightness control byte 2

LED14 output and
brightness control byte 3

LED15 output and
brightness control byte 0

LED15 output and
brightness control byte 1

LED15 output and
brightness control byte 2

LED15 output and
brightness control byte 3

load all the LEDn_ON
registers, byte 0

load all the LEDn_ON
registers, byte 1

load all the LEDn_OFF
registers, byte 0

load all the LEDn_OFF
registers, byte 1
prescaler for output
frequency

defines the test mode to
be entered

All further addresses are reserved for future use; reserved addresses will not be acknowledged.

[1] Writes to PRE_SCALE register are blocked when SLEEP bit is logic 0 (MODE 1).

[2] Reserved. Writes to this register may cause unpredictable results.

PCA9685

Remark: Auto Increment past register 69 will point to MODEL register (register 0).
Auto Increment also works from register 250 to register 254, then rolls over to register 0.

All information provided in this document is subject to legal disclaimers.

© NXP B.V. 2010. All rights reserved.

Product data sheet

Rev. 3 — 2 September 2010

12 of 51



NXP Semiconductors PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

7.3.1 Mode register 1, MODEL1

Table 4. MODEL - Mode register 1 (address 00h) bit description
Legend: * default value.

Bit  Symbol Access Value Description
7 RESTART R Shows state of RESTART logic. See Section 7.3.1.1 for detail.
W User writes logic 1 to this bit to clear it to logic 0. A user write of logic O will have no
effect. See Section 7.3.1.1 for detail.
0* Restart disabled.
1 Restart enabled.
6 EXTCLK R/W To use the EXTCLK pin, this bit must be set by the following sequence:

1. Set the SLEEP bit in MODEL. This turns off the internal oscillator.

2. Write logic 1s to both the SLEEP and EXTCLK bits in MODEL. The switch is
now made. The external clock can be active during the switch because the
SLEEP bit is set.

This bit is a ‘sticky bit’, that is, it cannot be cleared by writing a logic 0 to it. The
EXTCLK bit can only be cleared by a power cycle or software reset.

EXTCLK range is DC to 50 MHz.

EXTCLK
4096 x (prescale +1)

refresh_rate =

0* Use internal clock.
1 Use EXTCLK pin clock.
5 Al R/W o* Register Auto-Increment disabled[tl.
Register Auto-Increment enabled.
4 SLEEP R/IW 0 Normal model2l,
1* Low power mode. Oscillator offl3l4],
3 SuUB1 R/W (0 PCA9685 does not respond to I2C-bus subaddress 1.
1 PCA9685 responds to 12C-bus subaddress 1.
2 SuB2 R/W (0 PCA9685 does not respond to I2C-bus subaddress 2.
1 PCA9685 responds to 12C-bus subaddress 2.
1 SUB3 R/W 0* PCA9685 does not respond to I2C-bus subaddress 3.
PCA9685 responds to 12C-bus subaddress 3.
0 ALLCALL R/W 0 PCA9685 does not respond to LED All Call 12C-bus address.
1* PCA9685 responds to LED All Call I2C-bus address.

[1] When the Auto Increment flag is set, Al = 1, the Control register is automatically incremented after a read or write. This allows the user
to program the registers sequentially.

[2] It takes 500 ps max. for the oscillator to be up and running once SLEEP bit has been set to logic 0. Timings on LEDn outputs are not
guaranteed if PWM control registers are accessed within the 500 us window. There is no start-up delay required when using the
EXTCLK pin as the PWM clock.

[3] No PWM control is possible when the oscillator is off.

[4] When the oscillator is off (Sleep mode) the LEDn outputs cannot be turned on, off or dimmed/blinked.
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

7.3.1.1 Restart mode

If the PCA9685 is operating and the user decides to put the chip to sleep (setting MODE1
bit 4) without stopping any of the PWM channels, the RESTART bit (MODEZ1 bit 7) will be
set to logic 1 at the end of the PWM refresh cycle. The contents of each PWM register are
held valid when the clock is off.

To restart all of the previously active PWM channels with a few 12C-bus cycles do the
following steps:

1. Read MODEUZ1 register.

2. Check that bit 7 (RESTART) is a logic 1. If it is, clear bit 4 (SLEEP). Allow time for
oscillator to stabilize (500 us).

3. Write logic 1 to bit 7 of MODEL1 register. All PWM channels will restart and the
RESTART bit will clear.

Remark: The SLEEP bit must be logic O for at least 500 us, before a logic 1 is written into
the RESTART bit.

Other actions that will clear the RESTART bit are:

1. Power cycle.
2. I12C Software Reset command.

3. If the MODE2 OCH bit is logic 0, write to any PWM register then issue an 12C-bus
STOP.

4. If the MODE2 OCH bit is logic 1, write to all four PWM registers in any PWM channel.

Likewise, if the user does an orderly shutdown? of all the PWM channels before setting
the SLEEP bit, the RESTART bit will be cleared. If this is done the contents of all PWM
registers are invalidated and must be reloaded before reuse.

An example of the use of the RESTART bit would be the restoring of a customer’s laptop
LCD backlight intensity coming out of Standby to the level it was before going into
Standby.

1. Two methods can be used to do an orderly shutdown. The fastest is to write a logic 1 to bit 4 in register ALL_LED_OFF_H. The
other method is to write logic 1 to bit 4 in each active PWM channel LEDn_OFF_H register.

PCA9685
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7.3.2

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Mode register 2, MODE2

Table 5. MODE?2 - Mode register 2 (address 01h) bit description

Legend: * default value.

Bit Symbol

7t05 -

4 INVRTL

3 OCH

2 OUTDRVL

1t00 OUTNE[1:0]4l

Access Value Description
read only 000* reserved

R/W o* Output logic state not inverted. Value to use when external driver used.
Applicable when OE = 0.
1 Output logic state inverted. Value to use when no external driver used.
Applicable when OE = 0.
R/W 0* Outputs change on STOP command!2l,
Outputs change on ACKEL
R/W 0 The 16 LEDn outputs are configured with an open-drain structure.
1% The 16 LEDn outputs are configured with a totem pole structure.
R/W 00* When OE = 1 (output drivers not enabled), LEDn = 0.
01 When OE = 1 (output drivers not enabled):

LEDn =1 when OUTDRV =1
LEDnN = high-impedance when OUTDRYV = 0 (same as OUTNE[1:0] = 10)
1X When OE = 1 (output drivers not enabled), LEDn = high-impedance.

[1] See Section 7.7 “Using the PCA9685 with and without external drivers” for more details. Normal LEDs can be driven directly in either

mode. Some newer LEDs include integrated Zener diodes to limit voltage transients, reduce EMI, protect the LEDs and these must be
driven only in the open-drain mode to prevent overheating the IC.

[2] Change of the outputs at the STOP command allows synchronizing outputs of more than one PCA9685. Applicable to registers from
06h (LEDO_ON_L) to 45h (LED15_OFF_H) only. 1 or more registers can be written, in any order, before STOP.

[3] Update on ACK requires all 4 PWM channel registers to be loaded before outputs will change on the last ACK.

[4] See Section 7.4 “Active LOW output enable input” for more details.

7.3.3

PCA9685

LED output and PWM control

The turn-on time of each LED driver output and the duty cycle of PWM can be controlled
independently using the LEDn_ON and LEDn_OFF registers.

There will be two 12-bit registers per LED output. These registers will be programmed by
the user. Both registers will hold a value from 0 to 4095. One 12-bit register will hold a
value for the ON time and the other 12-bit register will hold the value for the OFF time. The
ON and OFF times are compared with the value of a 12-bit counter that will be running
continuously from 0000h to OFFFh (0 to 4095 decimal).

Update on ACK requires all 4 PWM channel registers to be loaded before outputs will
change on the last ACK.

The ON time, which is programmable, will be the time the LED output will be asserted and
the OFF time, which is also programmable, will be the time when the LED output will be
negated. In this way, the phase shift becomes completely programmable. The resolution
for the phase shift is ¥/4096 Of the target frequency. Table 6 lists these registers.

The following two examples illustrate how to calculate values to be loaded into these
registers.
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Example 1: (assumes that the LEDO output is used and

(delay time) + (PWM duty cycle) < 100 %)
Delay time = 10 %; PWM duty cycle = 20 % (LED on time = 20 %; LED off time = 80 %).
Delay time = 10 % = 409.6 ~ 410 counts = 19Ah.

Since the counter starts at 0 and ends at 4095, we will subtract 1, so delay time = 199h
counts.

LEDO_ON_H = 1h; LEDO_ON_L =99h

LED on time =20 % = 819.2 ~ 819 counts.

Off time = 4CCh (decimal 410 + 819 — 1 = 1228)
LEDO OFF _H = 4h; LEDO_OFF_L = CCh

STOP
0 4095 |0 4095 |0 4095 |0
example 1 | | | | | |
LEDNn_ON l819 =l 819 ‘ = 819 =l 819
LEDn_OFF 1228 11228 1228 1228
| | | | | | | | | | | | | | | | | |

002aad812

Fig 7. LED output, example 1

Example 2: (assumes that the LED4 output is used and
(delay time) + (PWM duty cycle > 100 %)
Delay time = 90 %; PWM duty cycle = 90 % (LED on time = 90 %; LED off time = 10 %).
Delay time = 90 % = 3686.4 ~ 3686 counts — 1 = 3685 = E65h.
LED4_ON_H = Eh; LED4_ON_L = 65h
LED on time = 90 % = 3686 counts.

Since the delay time and LED on period of the duty cycle is greater than 4096 counts,
the LEDn_OFF count will occur in the next frame. Therefore, 4096 is subtracted from
the LEDn_OFF count to get the correct LEDn_OFF count. See Figure 9, Figure 10 and
Figure 11.

Off time = 4CBh (decimal 3685 + 3686 = 7372 — 4096 = 3275)

LED4_OFF_H = 4h; LED4_OFF_L = CBh

STOP
0 4095 |0 4095 |0 4095 |0
example 2
LEDn_ON
3686 3686 3686
LEDn_OFF 3275 3275
| | | | | | |

002aad813

Fig 8. LED output, example 2
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STOP

4095 |0 4095

example 1

LEDn_ON [—{511

‘ {511 ‘

LEDn_OFF

13071 13071

{511

4095 |0

example 2

LEDn_ON —— 2047
LEDn_OFF

:'—>\ 2047
767

3071

:'—>\ 2047
767

example 3

LEDn_ON 1023

example 4 off

LEDn_ON 1023
LEDn_OFF 1023

Example 1: LEDn_ON < LEDn_OFF
Example 2: LEDn_ON > LEDn_OFF
Example 3: LEDn_ON[12] = 1; LEDn_ONJ[11:0] = 1022; LEDn_OFF[12] = 0; LEDn_OFF[11:0] = don't care
Example 4: LEDn_ONJ[12] = 0; LEDn_OFF[12] = 0; LEDn_ONJ[11:0] = LEDn_OFF[11:0]

Fig 9. Output example

002aad193
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STOP
0 4095 |0 4095 |0 4095 |0
+— register(s) updated in this cycle —+—— output(s) updated in this cycle —

example 1 | |
LEDn_ON —»{511 ‘ /511 ‘ /511
LEDn_OFF 13071 11023 1023
example 2 |— |—
LEDn_ON [—+/511 ‘ 767 | 767
LEDn_OFF 3071 | ——11023 1023
example 3

LEDn_ON —/511

‘ 13071
LEDn_OFF 13071 1023

example 4 off

LEDn_ON [—+I511 ‘
LEDn_OFF 13071

002aad194

Example 1: LEDn_ON unchanged and LEDn_OFF decreased.
Example 2: LEDn_ON increased and LEDn_OFF decreased.
Example 3: LEDn_ON made > LEDn_OFF.

Example 4: LEDn_OFF[12] setto 1.

Fig 10. Update examples when LEDn_ON < LEDn_OFF
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STOP
0 4095 |0 4095 |0 4095 |0 4095 |0
r«—— register(s) updated in this cycle — r+<—— output(s) updated in this cycle —
example 1
LEDn_ON 13071 ‘ 3071
LEDn_OFF —11023 —=i511
example 2
LEDn_ON 13071 ‘ | 3413 3413 ‘
LEDn_OFF 11023 511 —511
example 3 |_ |_
LEDn_ON 13071 ‘ 3071 3071
LEDn_OFF —————11023 ~ 3413 | 3413
on
example 4 off
LEDn_ON
LEDn_OFF

Example 1: LEDn_ON unchanged and LEDn_OFF decreased, but delay still > LEDn_OFF
Example 2: LEDn_ON changed and LEDn_OFF changed, but delay still > LEDn_OFF
Example 3: LEDn_ON unchanged and LEDn_OFF increased where LEDn_ON < LEDn_OFF

Fig 11.

Example 4: LEDn_ON[12] = 1 and LEDn_OFF[12] changed from O to 1
Update examples when LEDn_ON > LEDn_OFF

002aad195
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16-channel, 12-bit PWM Fm+ I2C-bus LED controller

Table 6. LED_ON, LED_OFF control registers (address 06h to 45h) bit description
Legend: * default value.

Address Register Bit  Symbol Access Value Description
06h LEDO_ON_L 7:0 LEDO_ON_LJ[7:0] R/IW 0000 0000% LEDN_ON count for LEDO, 8 LSBs
07h LEDO_ON_H 7:5 reserved R 000* non-writable

4 LEDO_ON_H[4] R/W 0+ LEDO full ON

3:0 LEDO_ON_H[3:0] R/W 0000* LEDN_ON count for LEDO, 4 MSBs
08h LEDO_OFF_L 7.0 LEDO_OFF_L[7:0] R/ 0000 0000* LEDN_OFF count for LEDO, 8 LSBs
09h LEDO_OFF_H 7:5 reserved R 000 non-writable

4 LEDO_OFF_H[4] RIW 1% LEDO full OFF

3.0 LEDO OFF H[3:0] R/ 0000*
0Ah LED1_ON_L 7.0 LED1_ON_L[7:0] R/ 0000 0000* LEDn_ON count for LED1, 8 LSBs
0OBh LED1_ON_H 7:5 reserved R 000* non-writable

4 LED1_ON_H[4] R/W 0% LED1 full ON

3:.0 LED1_ON_H[3:0] R/W 0000* LEDN_ON count for LED1, 4 MSBs
0Ch LED1_OFF L 7.0 LED1_OFF L[7:0] R/W 0000 0000* LEDn_OFF count for LED1, 8 LSBs
0Dh LED1_OFF_H 75 reserved R 000* non-writable

4 LED1_OFF_H[4] R/W 1+ LED1 full OFF

3:0 LED1_OFF H[3:.0] R/W 0000* LEDn_OFF count for LED1, 4 MSBs
OEh LED2_ON_L 7.0 LED2 ON_L[7:0] R/MW 0000 0000* LEDN_ON count for LED2, 8 LSBs
OFh LED2_ON_H 7:5 reserved R 000* non-writable

4 LED2_ON_HI[4] RIW 0% LED2 full ON

3:0 LED2_ON_H[3:0] R/W 0000* LEDN_ON count for LED2, 4 MSBs
10h LED2_OFF L 7.0 LED2_OFF_L[7:0] R/MW 0000 0000* LEDn_OFF count for LED2, 8 LSBs
11h LED2_OFF_H 7:5 reserved R 000* non-writable

4 LED2_OFF_H[4] R/W 1% LED2 full OFF

3:.0 LED2_OFF_H[3:0] R/W 0000* LEDn_OFF count for LED2, 4 MSBs
12h LED3_ON_L 7.0 LED3_ON_L[7:0] R/W 0000 0000* LEDnN_ON count for LED3, 8 LSBs
13h LED3_ON_H 75 reserved R 000% non-writable

4 LED3_ON_H[4] R/W 0% LED3 full ON

3:0 LED3_ON_H[3:0] R/W 0000* LEDN_ON count for LED3, 4 MSBs
14h LED3_OFF_L 7.0 LED3_OFF_L[7:.0] R/MW 0000 0000* LEDN_OFF count for LED3, 8 LSBs
15h LED3_OFF_H 7:5 reserved R 000 non-writable

4 LED3_OFF_H[4] RIW 1¥ LED3 full OFF

3:0 LED3_OFF_H[3:0] R/W 0000* LEDNn_OFF count for LED3, 4 MSBs
16h LED4 ON_L 7.0 LED4_ON_L[7:0] R/MW 0000 0000+ LEDN_ON count for LED4, 8 LSBs
17h LED4_ON_H 7:5 reserved R 000* non-writable

4 LED4_ON_HI[4] R/W 0% LED4 full ON

3:0 LED4_ON_H[3:0] R/W 0000* LEDN_ON count for LED4, 4 MSBs
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Table 6. LED ON, LED_OFF control registers (address 06h to 45h) bit description ...continued
Legend: * default value.

Address Register Bit  Symbol Access Value Description
18h LED4 OFF L 7.0 LED4_OFF_L[7:0] R/MW 0000 0000%* LEDN_OFF count for LED4, 8 LSBs
19h LED4_OFF_H 75 reserved R 000* non-writable

4 LED4 OFF_H[4] R/W 1% LED4 full OFF

3:0 LED4_OFF_H[3:0] R/W 0000* LEDn_OFF count for LED4, 4 MSBs
1Ah LED5_ON_L 7.0 LED5_ON_L[7:0] R/W 0000 0000 LEDN_ON count for LED5, 8 LSBs
1Bh LED5 ON_H 7:5 reserved R 000* non-writable

4 LED5_ON_H[4] R/W 0+ LEDS full ON

3:0 LED5_ON_H[3:0] R/W 0000* LEDN_ON count for LED5, 4 MSBs
1Ch LED5 OFF_L 7.0 LED5 _OFF _L[7:0] R/ 0000 0000+ LEDnN_OFF count for LED5, 8 LSBs
1Dh LED5 OFF_H 7:5 reserved R 000* non-writable

4 LED5_OFF_H[4] R/W 1% LEDS5 full OFF

3.0 LED5 OFF H[3:0] R/W 0000* LEDn_OFF count for LED5, 4 MSBs
1Eh LED6_ON_L 7.0 LED6 _ON_L[7:0] R/ 0000 0000* LEDN_ON count for LED6, 8 LSBs
1Fh LED6_ON_H 75 reserved R 000* non-writable

4 LED6_ON_H[4] R/W 0% LEDG full ON

3:.0 LED6_ON_H[3:0] R/W 0000* LEDN_ON count for LED6, 4 MSBs
20h LED6_OFF_L 7.0 LED6_OFF_L[7:0] R/MW 0000 0000* LEDn_OFF count for LED6, 8 LSBs
21h LED6_OFF_H 7:5 reserved R 000* non-writable

4 LED6_OFF_H[4] R/W 1% LEDG full OFF

3:0 LED6_OFF_H[3:0] R/W 0000* LEDN_OFF count for LED6, 4 MSBs
22h LED7_ON_L 7.0 LED7_ON_L[7:0] R/MW 0000 0000* LEDnN_ON count for LED7, 8 LSBs
23h LED7 _ON_H 7:5 reserved R 000 non-writable

4 LED7_ON_HI[4] RIW 0 LED7 full ON

3:0 LED7_ON_H[3:0] R/W 0000* LEDN_ON count for LED7, 4 MSBs
24h LED7_OFF L 7.0 LED7_OFF L[7:0] R/MW 0000 0000* LEDN_OFF count for LED7, 8 LSBs
25h LED7_OFF_H 7:5 reserved R 000* non-writable

4 LED7_OFF_H[4] R/W 1* LED7 full OFF

3:0 LED7_OFF_H[3:0] R/W 0000* LEDn_OFF count for LED7, 4 MSBs
26h LED8_ON_L 7:0 LED8_ON_L[7:0] RIW 0000 0000% LEDN_ON count for LEDS8, 8 LSBs
27h LED8_ON_H 7:5 reserved R 000* non-writable

4 LED8_ON_H[4] R/W 0+ LEDS full ON

3:0 LED8_ON_H[3:0] R/W 0000* LEDN_ON count for LED8, 4 MSBs
28h LED8_OFF_L 7.0 LED8_OFF_L[7:0] R/W 0000 0000+ LEDnN_OFF count for LED8, 8 LSBs
29h LED8 OFF _H 7.5 reserved R 000 non-writable

4 LED8_OFF_H[4] RIW 1¥ LEDS full OFF

3.0 LED8_OFF H[3:0] R/W 0000* LEDN_OFF count for LED8, 4 MSBs
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Table 6. LED ON, LED_OFF control registers (address 06h to 45h) bit description ...continued
Legend: * default value.

Address Register Bit  Symbol Access Value Description
2Ah LED9 ON_L 7.0 LED9 ON_L[7:0] R/ 0000 0000* LEDN_ON count for LED9, 8 LSBs
2Bh LED9_ON_H 75 reserved R 000* non-writable

4 LED9_ON_H[4] R/W 0 LED9 full ON

3:0 LED9_ON_H[3:0] R/W 0000* LEDN_ON count for LED9, 4 MSBs
2Ch LED9_OFF_L 7.0 LED9 _OFF_L[7:0] R/W 0000 0000* LEDN_OFF count for LED9, 8 LSBs
2Dh LED9 _OFF_H 7:5 reserved R 000* non-writable

4 LED9 OFF_H[4] R/W 1+ LED?9 full OFF

3:0 LED9 _OFF_H[3:0] R/W 0000* LEDn_OFF count for LED9, 4 MSBs
2Eh LED10_ON_L 7.0 LED10 ON_L[7:0] R/MW 0000 0000* LEDN_ON count for LED10, 8 LSBs
2Fh LED10 ON_H 7:5 reserved R 000* non-writable

4 LED10_ON_H[4] R/W 0% LED10 full ON

3.0 LED10 ON_H[3:0] R/W 0000* LEDnN_ON count for LED10, 4 MSBs
30h LED10 OFF L 7.0 LED10 _OFF L[7:0] R/W 0000 0000* LEDn_OFF count for LED10, 8 LSBs
31h LED10_OFF_ H 7:5 reserved R 000* non-writable

4 LED10_OFF H[4] R/MW 1% LED10 full OFF

3:0 LED10_OFF_H[3:0] R/W 0000* LEDn_OFF count for LED10, 4 MSBs
32h LED11_ON_L 7.0 LED11_ON_L[7:0] R/MW 0000 0000* LEDN_ON count for LED11, 8 LSBs
33h LED11_ON_H 75 reserved R 000* non-writable

4 LED11_ON_HI[4] R/W 0* LED11 full ON

3:0 LED11_ON_H[3:0] R/W 0000* LEDn_ON count for LED11, 4 MSBs
34h LED11 OFF_L 7.0 LED11 OFF L[7:0] R/W 0000 0000%* LEDN_OFF count for LED11, 8 LSBs
35h LED11 OFF H 7:5 reserved R 000 non-writable

4 LED11_OFF_H[4] R/W 1% LED11 full OFF

3.0 LED11_OFF H[3:0] R/W 0000* LEDnN_OFF count for LED11, 4 MSBs
36h LED12 ON L 7.0 LED12 ON_L[7:0] R/MW 0000 0000+ LEDN_ON count for LED12, 8 LSBs
37h LED12_ON_H 7:5 reserved R 000* non-writable

4 LED12_ON_HI[4] R/W 0 LED12 full ON

3:0 LED12_ON_H[3:0] R/W 0000* LEDN_ON count for LED12, 4 MSBs
38h LED12 OFF L  7:0 LED12 OFF_L[7:0] R/W 0000 0000+ LEDnN_OFF count for LED12, 8 LSBs
39h LED12_OFF_H 7:5 reserved R 000* non-writable

4 LED12_OFF_H[4] R/W 1% LED12 full OFF

3:0 LED12_OFF _H[3:.0] R/W 0000* LEDn_OFF count for LED12, 4 MSBs
3Ah LED13 ON_L 7.0 LED13_ON_L[7:0] R/MW 0000 0000* LEDN_ON count for LED13, 8 LSBs
3Bh LED13 ON_H 7.5 reserved R 000 non-writable

4 LED13_ON_HI[4] RIW 0 LED13 full ON

3.0 LED13_ON_H[3:0] R/W 0000* LEDN_ON count for LED13, 4 MSBs
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LED ON, LED_OFF control registers (address 06h to 45h) bit description ...continued

Table 6.
Legend: * default value.
Address Register Bit
3Ch LED13_OFF_L 7:0
3Dh LED13_OFF_H 75
4
3:0
3Eh LED14_ON_L 7:0
3Fh LED14 ON.H 75
4
3:0
40h LED14_OFF_L 7:0
41h LED14_OFF_H 75
4
3:0
42h LED15 ON L 7:0
43h LED15 ON.H 75
4
3.0
44h LED15_OFF_L 7:0
45h LED15_OFF_H 75

4
3.0

Symbol Access
LED13_OFF_L[7:0] R/W
reserved R

LED13 OFF H[4] R/W
LED13_OFF_H[3:0] R/W
LED14_ON_L[7:0] R/W
reserved R

LED14 ON_H[4] RIW
LED14_ON_H[3:0] R/W
LED14 OFF L[7:0] R/W
reserved R

LED14 OFF_H[4] R/W
LED14_OFF_H[3:0] R/W
LED15 ON_L[7:0] R/W
reserved R

LED15_ON_HI[4] R/W
LED15 ON_H[3:0] R/W
LED15_OFF_L[7:0] R/W
reserved R

LED15 OFF H[4] R/W
LED15_OFF_H[3:0] R/W

Value
0000 0000%
000
1%
0000%
0000 0000*
000
0*
0000
0000 0000%
000
1*
0000%
0000 0000%
000
0%
0000%
0000 0000*
000*
1%
0000%

Description

LEDn_OFF count for LED13, 8 LSBs
non-writable

LED13 full OFF

LEDn_OFF count for LED13, 4 MSBs
LEDnN_ON count for LED14, 8 LSBs
non-writable

LED14 full ON

LEDn_ON count for LED14, 4 MSBs
LEDn_OFF count for LED14, 8 LSBs
non-writable

LED14 full OFF

LEDn_OFF count for LED14, 4 MSBs
LEDn_ON count for LED15, 8 LSBs
non-writable

LED15 full ON

LEDn_ON count for LED15, 4 MSBs
LEDn_OFF count for LED15, 8 LSBs
non-writable

LED15 full OFF

LEDn_OFF count for LED15, 4 MSBs

PCA9685

The LEDn_ON_H output control bit 4, when set to logic 1, causes the output to be always
ON. The turning ON of the LED is delayed by the amount in the LEDn_ON registers.
LEDn_OFF[11:0] are ignored. When this bit = 0, then the LEDn_ON and LEDn_OFF

registers are used according to their normal definition.

The LEDn_OFF_H output control bit 4, when set to logic 1, causes the output to be
always OFF. In this case the values in the LEDn_ON registers are ignored.

Remark: When all LED outputs are configured as ‘always OFF’, the prescale counter and
all associated PWM cycle timing logic are disabled. If LEDn_ON_H[4] and
LEDn_OFF_H[4] are set at the same time, the LEDn_OFF_HJ[4] function takes
precedence.
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Table 7.

7.3.4

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

ALL_LED_ON and ALL_LED_OFF control

The ALL_LED_ON and ALL_LED_OFF registers allow just four [2C-bus write sequences
to fill all the ON and OFF registers with the same patterns.

ALL_LED_ON and ALL_LED_OFF control registers (address FAh to FEh) bit description
Legend: * default value.

Address Register

FAh
FBh

FCh

FDh

FEh

Bit Symbol Access Value Description

ALL_LED_ON_L 7:0 ALL_LED_ON_L[7:0] Wonly 0000 0000* LEDn_ON countfor ALL_LED, 8 MSBs

ALL_LED ON_H 7:5 reserved R 000%* non-writable
4 ALL_LED_ON_H[4] W only 1% ALL_LED full ON
3:0 ALL_LED_ON_HJ[3:0] W only 0000* LEDN_ON count for ALL_LED, 4 MSBs
ALL_LED OFF_L 7:0 ALL_LED OFF_L[7:0] Wonly 0000 0000* LEDn_OFF countfor ALL_LED,
8 MSBs
ALL_LED OFF_H 7:5 reserved R 000* non-writable
4 ALL_LED_OFF_H[4] W only 1% ALL_LED full OFF
3:0 ALL_LED_OFF_H[3:0] W only 0000* LEDN_OFF count for ALL_LED,
4 MSBs
PRE_SCALE 7:0 PRE_SCALE[7:0] R/W 0001 1110* prescalerto program the output
frequency

PCA9685

7.3.5

The LEDn_ON and LEDn_OFF counts can vary from 0 to 4095. The LEDn_ON and
LEDn_OFF count registers should never be programmed with the same values.

Because the loading of the LEDn_ON and LEDn_OFF registers is via the I2C-bus, and
asynchronous to the internal oscillator, we want to ensure that we do not see any visual
artifacts of changing the ON and OFF values. This is achieved by updating the changes at
the end of the LOW cycle.

PWM frequency PRE_SCALE

The hardware forces a minimum value that can be loaded into the PRE_SCALE register
at ‘3. The PRE_SCALE register defines the frequency at which the outputs modulate. The
prescale value is determined with the formula shown in Equation 1.:

osc_clock a
4096 x update_rat

)

prescale value = round (

where the update rate is the output modulation frequency required. For example, for an
output frequency of 200 Hz with an oscillator clock frequency of 25 MHz:

25 MHz)_1:3O @)

prescale value = round (m

The PRE_SCALE register can only be set when the SLEEP bit of MODEL1 register is set to
logic 1.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.

Product data sheet

Rev. 3 — 2 September 2010 24 of 51



NXP Semiconductors

PCA9685

7.3.6

7.3.7

PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

SUBADR1 to SUBADRS3, 12C-bus subaddress 1to 3

Table 8. SUBADR1 to SUBADRS3 - I2C-bus subaddress registers 0 to 3 (address 02h to
04h) bit description

Legend: * default value.

Address Register Bit Symbol Access Value Description

02h SUBADR1 7:1 Al1[7:1] R/W 1110 001* I2C-bus subaddress 1
0 A1[0] R only 0* reserved

03h SUBADR2 7:1  A2[7:1] R/W 1110 010*  I12C-bus subaddress 2
0 A2[0] R only 0* reserved

04h SUBADR3 7:1 A3[7:1] R/W 1110 100* I12C-bus subaddress 3
0 A3[0] R only 0+ reserved

Subaddresses are programmable through the 12C-bus. Default power-up values are E2h,
E4h, E8h, and the device(s) will not acknowledge these addresses right after power-up
(the corresponding SUBX bit in MODEL1 register is equal to 0).

Once subaddresses have been programmed to their right values, SUBX bits need to be
set to logic 1 in order to have the device acknowledging these addresses (MODE1
register).

Only the 7 MSBs representing the 12C-bus subaddress are valid. The LSB in SUBADRX
register is a read-only bit (0).

When SUBX is set to logic 1, the corresponding 12C-bus subaddress can be used during
either an 12C-bus read or write sequence.

ALLCALLADR, LED All Call I2C-bus address

Table 9.  ALLCALLADR - LED All Call 12C-bus address register (address 05h) bit
description
Legend: * default value.
Address Register Bit Symbol Access Value Description
05h ALLCALLADR 7:1 AC[7:1] R/W 1110 000* ALLCALL I2C-bus
address register
0 ACIO0] R only 0* reserved

The LED All Call 12C-bus address allows all the PCA9685s in the bus to be programmed
at the same time (ALLCALL bit in register MODE1 must be equal to 1 (power-up default
state)). This address is programmable through the 12C-bus and can be used during either
an 12C-bus read or write sequence. The register address can also be programmed as a
Sub Call.

Only the 7 MSBs representing the All Call 12C-bus address are valid. The LSB in
ALLCALLADR register is a read-only bit (0).

If ALLCALL bit = 0, the device does not acknowledge the address programmed in register
ALLCALLADR.
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7.4 Active LOW output enable input

7.5

The active LOW output enable (ﬁ) pin, allows to enable or disable all the LED outputs at
the same time.

* When a LOW level is applied to OE pin, all the LED outputs are enabled and follow
the output state defined in the LEDn_ON and LEDn_OFF registers with the polarity
defined by INVRT bit (MODEZ2 register).

* When a HIGH level is applied to OE pin, all the LED outputs are programmed to the
value that is defined by OUTNE[1:0] in the MODEZ2 register.

Table 10. LED outputs when OE=1
OUTNE1 OUTNEO LED outputs

0 0 0

0 1 1if OUTDRYV = 1, high-impedance if OUTDRV =0
1 0 high-impedance

1 1 high-impedance

The OE pin can be used as a synchronization signal to switch on/off several PCA9685
devices at the same time. This requires an external clock reference that provides blinking
period and the duty cycle.

The OE pin can also be used as an external dimming control signal. The frequency of the
external clock must be high enough not to be seen by the human eye, and the duty cycle
value determines the brightness of the LEDs.

Power-on reset

When power is applied to Vpp, an internal power-on reset holds the PCA9685 in a reset
condition until Vpp has reached Vpog. At this point, the reset condition is released and the
PCA9685 registers and 12C-bus state machine are initialized to their default states.
Thereafter, Vpp must be lowered below 0.2 V to reset the device.

All information provided in this document is subject to legal disclaimers. © NXP B.V. 2010. All rights reserved.

Product data sheet

Rev. 3 — 2 September 2010 26 of 51



NXP Semiconductors PCA9685

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

7.6 Software reset

The Software Reset Call (SWRST Call) allows all the devices in the I12C-bus to be reset to
the power-up state value through a specific formatted 12C-bus command. To be performed
correctly, it implies that the 12C-bus is functional and that there is no device hanging the
bus.

The SWRST Call function is defined as the following:

1. A START command is sent by the 12C-bus master.

2. The reserved SWRST I2C-bus address ‘0000 000’ with the R/W bit set to ‘0’ (write) is
sent by the 12C-bus master.

3. The PCA9685 device(s) acknowledge(s) after seeing the General Call address
‘0000 0000’ (00h) only. If the R/W hit is set to ‘1’ (read), no acknowledge is returned to
the 12C-bus master.

4. Once the General Call address has been sent and acknowledged, the master sends
1 byte with 1 specific value (SWRST data byte 1):

a. Byte 1 = 06h: the PCA9685 acknowledges this value only. If byte 1 is not equal to
06h, the PCA9685 does not acknowledge it.

If more than 1 byte of data is sent, the PCA9685 does not acknowledge any more.

5. Once the correct byte (SWRST data byte 1) has been sent and correctly
acknowledged, the master sends a STOP command to end the SWRST Call: the
PCA9685 then resets to the default value (power-up value) and is ready to be
addressed again within the specified bus free time (tgyg).

General Call address SWRST data byte 1

LI L]
s|ojojojojojojojojAjJO O O O O 1 1 O]A|P

START condition acknowledge acknowledge
from slave from slave

STOP

condition

002aac900

Fig 12. SWRST Call

The 12C-bus master must interpret a non-acknowledge from the PCA9685 (at any time) as
a ‘SWRST Call Abort’. The PCA9685 does not initiate a reset of its registers. This
happens only when the format of the SWRST Call sequence is not correct.
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7.7 Using the PCA9685 with and without external drivers
The PCA9685 LED output drivers are 5.5 V only tolerant and can sink up to 25 mA at5 V.

If the device needs to drive LEDs to a higher voltage and/or higher current, use of an
external driver is required.

* INVRT bit (MODE2 register) can be used to keep the LED PWM control firmware the
same independently of the type of external driver. This bit allows LED output polarity
inversion/non-inversion only when OE = 0.

* OUTDRYV bit (MODEZ2 register) allows minimizing the amount of external components
required to control the external driver (N-type or P-type device).

Table 11.

Use of INVRT and OUTDRYV based on connection to the LEDn outputs when OE =011

INVRT [ OUTDRV |Direct connection to LEDn

Firmware

formulas and LED
output state values
inverted

formulas and LED
output state values
inverted

formulas and LED
output state values
apply2

formulas and LED
output state values
applyl2

[1] When OE =1, LED output state is controlled only by OUTNE[1:0] bits (MODEZ2 register).

External N-type driver External P-type driver
External Firmware |External Firmware External
pull-up [pull-up pull-up
resistor resistor resistor
LED current formulasandLED required formulas and LED required
limiting R2l  output state output state values

values inverted apply
LED current formulasand LED not formulas and LED not required
limiting RI21  output state requiredl8l  output state values

values applyl3] inverted
LED current formulas and LED required formulas and LED required
limiting R output state output state values

values apply inverted
LED current formulasand LED notrequired formulas and LED not
limiting R output state output state values required“l

values inverted applyl!

[2] Correct configuration when LEDs directly connected to the LEDn outputs (connection to Vpp through current limiting resistor).

[3] Optimum configuration when external N-type (NPN, NMOS) driver used.

[4] Optimum configuration when external P-type (PNP, PMOS) driver used.

LEDO

002aad169

INVRT =0
OUTDRV =1

Fig 13. External N-type driver

PCA9685

+5V
LEDO
e
002aad170
INVRT =1
OUTDRV =1

Fig 14. External P-type driver

All information provided in this document is subject to legal disclaimers.
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8. Characteristics of the I2C-bus

8.

PCA9685

8.1

1.1

8.2

The I2C-bus is for 2-way, 2-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be
connected to a positive supply via a pull-up resistor when connected to the output stages
of a device. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bhit is transferred during each clock pulse. The data on the SDA line must remain
stable during the HIGH period of the clock pulse as changes in the data line at this time
will be interpreted as control signals (see Figure 16).

SDA ps X \
SCL [ Ve A4 MRS ¢ - \

data line change
stable; of data
data valid allowed mba607

Fig 16. Bit transfer

START and STOP conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW
transition of the data line while the clock is HIGH is defined as the START condition (S). A
LOW-to-HIGH transition of the data line while the clock is HIGH is defined as the STOP
condition (P) (see Figure 17).

il L

-z [

SDA } \ }
[ [

| [

[ [

[

X

Ll g [T

START condition STOP condition
mba608

Fig 17. Definition of START and STOP conditions

System configuration

A device generating a message is a ‘transmitter’; a device receiving is the ‘receiver’. The
device that controls the message is the ‘master’ and the devices which are controlled by
the master are the ‘slaves’ (see Figure 18).
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SDA
scL l ] ] ] | |
TRM\IASSI\AE—?ER/ SLAVE TRAsg?/I\I/‘II’ETER/ MASTER THX\%?JIE’?ER/ 12C-BUS
RECEIVER
RECEIVER c REGEIVER TRANSMITTER RECEIVER MULTIPLEXER
SLAVE oo

002aaa966

Fig 18. System configuration

8.3 Acknowledge

PCA9685

The number of data bytes transferred between the START and the STOP conditions from
transmitter to receiver is not limited. Each byte of eight bits is followed by one
acknowledge bit. The acknowledge bit is a HIGH level put on the bus by the transmitter,
whereas the master generates an extra acknowledge related clock pulse.

A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte
that has been clocked out of the slave transmitter. The device that acknowledges has to
pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable
LOW during the HIGH period of the acknowledge related clock pulse; set-up time and hold
time must be taken into account.

A master receiver must signal an end of data to the transmitter by not generating an
acknowledge on the last byte that has been clocked out of the slave. In this event, the
transmitter must leave the data line HIGH to enable the master to generate a STOP
condition.

_|
|
—]

data output
by transmitter

X a2

not acknowledge

S

data output \ /
by receiver
acknowledge
SCL from master R 1 5 M
I.?J clock pulse for —T
START acknowledgement
condition 002aaa987

Fig 19. Acknowledgement on the I12C-bus
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9. Bus transactions

slave address

control register

data for register D[7:0](1)

T T T T
S| 1 |A5|A4|A3|A2|A1|A0| O | A |D7|D6|D5|D4|D3|D2|D1|DO| A AlP
L L L L
+
START condition R/W  acknowledge acknowledge acknowledge
from slave from slave from slave
STOP
condition
002aac829

(1) See Table 3 for register definition.
Fig 20. Write to a specific register

slave address MODE2 register

1 1 1 1 1 1 1 1 1 1 1 1 1 1 t
s | 1 |as|a4|as|az|at|aolo|Alo|ofofofofofofofa 1 A A | (cont)
1 1 1 1 L 1 1 1 1 1 1 1 1 1
1.8 f e I
START condition R/W  acknowledge acknowledge Al bit set acknowledge acknowledge
from slave from slave from slave from slave
LED15_OFF_L register LED15_OFF_H register
1 1 1 1 1 1 1 1 1 1 1 1 1 1
(cont.) A Alp
e 1 1 1 1 1 1 1 1 1 1 1 1 1 1
acknowledge acknowledge
from slave from slave
STOP
condition 002aad187

Fig 21. Write to all registers using the Auto-Increment feature; Al initially clear

PCA9685
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slave address

control register = MODE1 register

MODET1 register

1 1 1 1 1 1 1
s | 1 |as|as|as|az|at|aofo[Aalo]o|ofofofo|o]ofa 1 A | (cont)
1 1 1 1 1 1 1
+ t
START condition R/W  acknowledge acknowledge Al bit set acknowledge
from slave from slave from slave
slave address data from MODEH1 data from MODE2
1 1 1 1 1 1 1 1 1 1 1 1 1 1
(cont) [sr] 1 |a5|A4]|A3|A2]|A1|A0] 1 | A A Afeeses
e N N N R O N | | I N TN S T |
t
ReSTART R/W  acknowledge acknowledge acknowledge
condition from slave from master from master
data from LED15_OFF_H register
1 1 1 1 1 1 1 —
eeecece AlP
1 1 1 1 1 1 1
not acknowledge STOP
from master condition

Fig 22. Read all registers using the Auto-Increment feature; Al initially clear

002aad188

slave address

control register =
ALL_LED_ON_L register

ALL_LED_ON_L register

ALL_LED_ON_H register

IOCCEY TR I T T T T T 11 t
s |1 |as|aa]as|az|atfao] o a1 ]1]1|1]1]o|1]o]A A A | (cont)
(p=aaie. T2 | = ) R & W) A
e
START condition R/W  acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from slave
ALL_LED_OFF_L register ALL_LED_OFF_H register
1 1 1 1 1 ] 1 1 1 1 1 1 1 1
(cont.) A AlP
oo 1 1 1 1 1 1 1 L 1 1 1 1 1 1
acknowledge acknowledge STOP condition
from slave from slave 0022ad189

Fig 23. Writeto ALL_LED_ON and ALL_LED_OFF registers using the Auto-Increment feature; Al initially set

slave address

control register =

ALL_LED_OFF_H register

ALL_LED_OFF_H register

Fig 24. Writeto ALL_LED_ OFF_H to turn OFF all PWMs

S| 1 |A5|A4|A3|A2|ATJAOJ O AT |11t ]1]1]O]1T]A]JOJOJOJT|X]|X|X]|X]|A]P
ot t
START condition R/W  acknowledge acknowledge acknowledge
from slave from slave from slave

STOP

condition

002aad190

PCA9685
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slave address

control register

data for MODE1 register

@

(2) Acknowledge from all the slave devices configured for the new LED All Call I2C-bus address in sequence (B).

Fig 25. LED All Call I2C-bus address programming and LED All Call sequence example

sequence (A)YD | s | 1 |As|A4|A3|A2|A1]a0lo|AfjOo]Oo]Oo]o|o|o]oO Alofo]1 ol1]1]1]|A]P
? - f— MODEH1 T T
START condition R/W register selection Alon enable ALL CALL STOI_:’.
acknowledge acknowledge acknowledge condition
from slave from slave from slave
slave address control register new LEDALLCALL I2C-bus address
sequence (B)(| S | 1 |A5|A4|A3|A2]A1|A0l 0]AjO|O]O]Oo]Oo]|1]o0 Al1]o]1 1]lol1|x|A|P
? f— ALLCALLADR f
START condition R/W " : acknowledge acknowledge STOP
register selection ¢ | ) | it
acknowledge rom slave rom slave  condition
from slave data for control register
LEDALLCALL 12C-bus address control register ALL_LED_ON_L
sequence C)| S| 1]o|1|of1]o)1]ofalt]1]1|1|1|o]1 Alofolofolo]ofo]o|a](cont)
? f— ALL_LED_ON_L !
START condition R/W ROV, T % 5 acknowledge(® acknowledge(®)
reuiginseleGiCh from slave from slave
acknowledge(®) from all the
devices configured for the new
LEDALLCALL 12C-bus address ALL_LED_OFF_H
(cont) fofofofofofofjojojAa]jofjo|ofo]o]o]o Alofo]o 1]olofo]AlP
tRt
ALL LED_ON_H data for ALL_LED_OFF_L
 ———— Sk — A N — 2 2
control register I control register acknowledge(?) acknowledge(®) ~ STOP
from slave from slave  condition
acknowledge(@)
from slave 002aad192

In this example, several PCA9685s are used and the same sequences (A) and (B) above are sent to each of them.

PCA9685

All information provided in this document is subject to legal disclaimers.
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10. Application design-in information

Vop=25V,33Vor50V 51V 12v
12C-BUS/SMBuUS v [I]“) [7]10 ka® V[|)D e P Vo P P o
MASTER . oo _,:;‘7 .,
SDA SDA
SCL »{ scL LED1 4'31;‘7 e
o o LED2 |*-—*;|7
OE * OE ik |*.i;|7
12V
PCA9685
A
LED4 e
LED5 4
LED6 |ﬁ;|7
LED7 |*.:;|7
51\/ 12V
4
LED8 o
LED9 &
LED10 |*.—*;|7
LED11 |*._*;|7
EXTCLK 51V o
A0
Al
A2 e U o
A3 LED12 —"'-—*:—7‘7 % o
Ad LED13 4,"-—*:;7 "
A5 |
LED14 *-—‘/1-7‘7
Vss LED15 |*-—*;|7
. 002aac827

I2C-bus address = 1010 101x.
All 16 of the LEDn outputs configurable as either open-drain or totem pole. Mixing of configuration is not possible.
Remark: Set INVRT = 0, OUTDRYV = 1, OUTNE = 01 (MODEZ2 register bits)
(1) Resistor value should be chosen by referencing section 7 of UM10204, “I2C-bus specification and user manual”.
2) OE requires pull-up resistor if control signal from the master is open-drain.

Fig 26. Typical application
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Question 1: What kind of edge rate control is there on the outputs?

* The typical edge rates depend on the output configuration, supply voltage, and the
applied load. The outputs can be configured as either open-drain NMOS or totem pole
outputs. If the customer is using the part to directly drive LEDs, they should be using it
in an open-drain NMOS, if they are concerned about the maximum lss and ground
bounce. The edge rate control was designed primarily to slow down the turn-on of the
output device; it turns off rather quickly (~1.5 ns). In simulation, the typical turn-on
time for the open-drain NMOS was ~14 ns (Vpp = 3.6 V; C. =50 pF; Rpy = 500 Q).

Question 2: Is ground bounce possible?

* Ground bounce is a possibility, especially if all 16 outputs are changed at full current
(25 mA each). There is a fair amount of decoupling capacitance on chip (~50 pF),
which is intended to suppress some of the ground bounce. The customer will need to
determine if additional decoupling capacitance externally placed as close as
physically possible to the device is required.

Question 3: Can | really sink 400 mA through the single ground pin on the package and
will this cause any ground bounce problem due to the PWM of the LEDS?

* Yes, you can sink 400 mA through a single ground pin on the package. Although the
package only has one ground pin, there are two ground pads on the die itself
connected to this one pin. Although some ground bounce is likely, it will not disrupt the
operation of the part and would be reduced by the external decoupling capacitance.

Question 4: | can’t turn the LEDs on or off, but their registers are set properly. Why?

* Check the MODEL1 register SLEEP (bit 4) setting. The bit needs to be 0 in order to
enable the clocking. If both clock sources (internal osc and EXTCLK) are turned OFF
(bit 4 = 1), the LEDs cannot be dimmed or blinked.

Question 5: I'm using LEDs with integrated Zener diodes and the IC is getting very hot.
Why?

¢ The IC outputs can be set to either open-drain or push-pull and default to push-pull
outputs. In this application with the Zener diodes, they need to be set to open-drain
since in the push-pull architecture there is a low resistance path to GND through the
Zener and this is causing the IC to overheat.
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LED supply CONSTANT B
VIN CURRENT
—7 switcHmope ~ OYT
> REGULATOR l lconstant
% DO
LIGHT v !
SENSOR | !
| // |
Vpp=2.5V,3.3Vor50V | 1
| . LED 1|
|+ string !
() f]m []]10 k@ A
ASIC/MICRO
Vbb -—p-==d
SDA > SDA LEDO 4’
SCL » SCL LED1 I
Rsense
Y. \ | LED2 [~
OE > OE
LEDS3 |~
PCA9685
LED4 |-
LEDS5 |~
LEDG6 [~
LED7 |~
EXTCLK
LEDS8 |~
LED9 |~
LED10 [~
LED11 |~
A0
Al
A2
A3 LED12 [
Ad LED13 |-
A5
LED14 [~
Vss LED15 [~
002aac828
77
12C-bus address = 1010 101x.
Remark: Set INVRT = 0, OUTDRYV = 1, OUTNE = 01 (MODE?2 register bits) for this configuration.
(1) Resistor value should be chosen by referencing Section 7 of UM10204, “I2C-bus specification and
user manual”.
2) OE requires pull-up resistor if control signal from the master is open-drain.
Fig 27. LCD backlighting application
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11. Limiting values

Table 12. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit
Vpp supply voltage -0.5 +6.0 \%
Vio voltage on an input/output pin Vss—-05 55 \Y
lo(LeEDN) output current on pin LEDn - 25 mA
Iss ground supply current - 400 mA
Piot total power dissipation - 400 mw
Tstg storage temperature -65 +150 °C
Tamb ambient temperature operating -40 +85 °C

12. Static characteristics

Table 13. Static characteristics
Vpp =2.3V105.5V;Vss =0V, Tgmp = 40 T to +85 <T; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Supply

Vbp supply voltage 2.3 - 5.5 \%

Ibp supply current operating mode; no load; - 6 10 mA
fsco =1 MHz; Vpp=2.3Vt0 55V

Isth standby current no load; fsc. = 0 Hz; V| = Vpp or Vss; - 2.2 155 uA
Vpp=23Vto55V

Vpor power-on reset voltage no load; V, = Vpp or Vss [ - 1.70 2.0 \%

Input SCL; input/output SDA

ViL LOW:-level input voltage -0.5 - +0.3Vpp V

V4 HIGH-level input voltage 0.7Vpp - 55 \%

loL LOW:-level output current VoL=0.4V;Vpp=23V 20 28 - mA
VoL =0.4V;Vpp=5.0V 30 40 - mA

I leakage current V| =Vpp or Vsg -1 - +1 pA

Ci input capacitance V| =Vsg - 6 10 pF

LED driver outputs

loL LOW:-level output current VoL=05V;Vpp=23V1to45V [2 12 25 - mA

low (tot) total LOW-level output current Vo =0.5V; Vpp =4.5V [ - - 400 mA

lon HIGH-level output current open-drain; Vo = Vpp -10 - +10 pA

VoH HIGH-level output voltage lon =-10 mA; Vpp =2.3V 1.6 - - \%
lon =-10 mA; Vpp = 3.0V 2.3 - - Y,
lon=-10 mA; Vpp =4.5V 4.0 - - \Y,

loz OFF-state output current 3-state; Von = Vpp Or Vsg -10 - +10 pA

Co output capacitance - 5 8 pF
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Table 13. Static characteristics ...continued
Vpp =2.3V1t055V;Vss=0V; Tamp = 40 T to +85 <C; unless otherwise specified.

Symbol  Parameter Conditions Min Typ Max Unit
Address inputs; OE input; EXTCLK

ViL LOW-level input voltage -0.5 - +0.3Vpp V
ViH HIGH-level input voltage 0.7Vpp - 55 \%
ILi input leakage current -1 - +1 pA
Ci input capacitance - 3 5 pF

[1] Vpp must be lowered to 0.2 V in order to reset part.
[2] Each bit must be limited to a maximum of 25 mA and the total package limited to 400 mA due to internal busing limits.

10 002aad877 60 002aad878
Ipp .
(mA) loL
8 (mA) Vpp=45V
Vpp=55V —
B | 40 30V
6 | \ B \
| I T
4 o=t | . WY
3.3V m ¥
20
2 23V
0 ’ 0
-50 0 50 100 | -50 0 50 100
Tamb (OC) ' Tamb (oc)
Fig 28. Ipp typical values with OSC on and | Fig 29. Ig, typical drive (LEDn outputs) versus
fscL = 1 MHz versus temperature | temperature
5 002aad879
Istb
(uA)
4
3 Vpp=5.5V
—
, \\
1 3.3V
2.3V
0
-50 0 100
Tamb (°C)
Fig 30. Standby supply current versus temperature
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13. Dynamic characteristics

Table 14. Dynamic characteristics
Symbol  Parameter Conditions Standard-mode Fast-mode 12C-bus | Fast-mode Plus |Unit
12C-bus 12C-bus
Min Max Min Max Min Max
fscL SCL clock frequency [ 0 100 0 400 0 1000 kHz
fexTeLk frequency on pin EXTCLK DC 50 DC 50 DC 50 MHz
teuE bus free time between a STOP 4.7 - 1.3 - 0.5 - us
and START condition
tHD:sTA hold time (repeated) START 4.0 - 0.6 - 0.26 - us
condition
tsu:sTA set-up time for a repeated 4.7 - 0.6 - 0.26 - us
START condition
tsu:sTo set-up time for STOP condition 4.0 - 0.6 - 0.26 - us
tHD:DAT data hold time 0 - 0 - 0 - ns
tvp:ack data valid acknowledge time 2 0.3 3.45 0.1 0.9 0.05 045 s
tvp:DAT data valid time Bl 0.3 3.45 0.1 0.9 0.05 0.45 s
tsu:pAT data set-up time 250 - 100 - 50 - ns
tLow LOW period of the SCL clock 4.7 - 1.3 - 0.5 - us
tHIGH HIGH period of the SCL clock 4.0 - 0.6 - 0.26 - us
tf fall time of both SDA and SCL [41[5] - 300 20 + 0.1Cpl1 300 - 120 ns
signals
tr rise time of both SDA and SCL - 1000 20 +0.1Cp¢l 300 - 120 ns
signals
tsp pulse width of spikes that must m - 50 - 50 - 50 ns
be suppressed by the input filter
tpLz LOW to OFF-state propagation OE to LEDN; - 40 - 40 - 40 ns
delay OUTNE[1:0]=10o0r 11
in MODE?2 register
tpzL OFF-state to LOW propagation OE to LEDN; - 60 - 60 - 60 ns
delay OUTNE[1:0]=10o0or 11
in MODE2 register
tpHz HIGH to OFF-state propagation OE to LEDN; - 60 - 60 - 60 ns
delay OUTNE[1:0]=100r 11
in MODE?2 register
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Table 14. Dynamic characteristics ...continued

Symbol  Parameter Conditions Standard-mode Fast-mode I2C-bus | Fast-modePlus |Unit
I2C-bus I2C-bus
Min Max Min Max Min Max
tpzH OFF-state to HIGH propagation OE to LEDN; - 40 - 40 - 40 ns
delay OUTNE[1:0]=100r 11
in MODE?2 register
tpLy LOW to HIGH propagation delay OE to LEDR; - 40 - 40 - 40 ns

OUTNEJ1:0] = 01
in MODEZ2 register

tpHL HIGH to LOW propagation delay OE to LEDn; - 60 - 60 - 60 ns
OUTNE[L:0] = 00
in MODE2 register

[1] Minimum SCL clock frequency is limited by the bus time-out feature, which resets the serial bus interface if either SDA or SCL is held LOW for a minimum of 25 ms.
Disable bus time-out feature for DC operation.

[2] typ:ack = time for Acknowledgement signal from SCL LOW to SDA (out) LOW.
[3] typ:par = minimum time for SDA data out to be valid following SCL LOW.

[4] A master device must internally provide a hold time of at least 300 ns for the SDA signal (refer to the V,_ of the SCL signal) in order to bridge the undefined region of
SCL’s falling edge.

[5] The maximum t; for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time (t;) for the SDA output stage is specified at 250 ns. This allows series
protection resistors to be connected between the SDA and the SCL pins and the SDA/SCL bus lines without exceeding the maximum specified t;.

[6] Cy = total capacitance of one bus line in pF.

[7] Input filters on the SDA and SCL inputs suppress noise spikes less than 50 ns.
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r—1 r—1 r—1 r—1
I | - m\ | - I
soA | /i T\ I | L/
|1 - | -- |
| tgur | | =t =t | tHD;sTA | [+ tsP | |
I I || = tow _ I [
sctl |1 |1 [ [
Lo - Ll
o1 . | ] N
| | |~ | tHD;STA t* > t* = <™ [ tsu;sTA tsu;sTO |
LP LS, HD;DAT HIGH SU;DAT LS, LP
002aaa986
Fig 31. Definition of timing
START bit 7 ; J . STOP
protocol condition MSB ?:6? :)EI; 11) :)lljto(; ackn(()xl)ledge condition
(S) (A7) P
tsu;sTA ttow tHiGH
] 1/fscL—*
scL , /
Wy i " X
tBUF > et
tr —
Y \ /
SDA \
u i \ 1
tHD;STA tsu;DAT  tHD;DAT tvD;DAT tvD;ack  tsu;sTO
002aab285

PCA9685

Rise and fall times refer to V|_and V.

I2C-bus timing diagram

\Y]
OE input ZZVM \ Vm
Vss
tprLz tpzL

V
LEDn output b
LOW-to-OFF Vi
OFF-to-LOW

VOL 7 VX

tpzH
t— tpHZ —>|

VoH —

LEDn output

HIGH-to-OFF
OFF-to-HIGH ]
Vss
outputs outputs outputs
enabled disabled enabled
002aad810

—

Flg 33. tpLz tpzL and tpHz, tPzH times
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14. Test information

16-channel, 12-bit PWM Fm+ 12C-bus LED controller

— VbD
— open
—V
Vbp RL ss
500 @

PULSE

V) I_I_I Vo
A ~ .
GENERATOR DuT l
CL
RT I 50 pF
002aab880

R_ = Load resistor for LEDn.

C_ = Load capacitance includes jig and probe capacitance.
Rt = Termination resistance should be equal to the output impedance Z, of the pulse generators.

Fig 34. Test circuitry for switching times
— Vpp x 2
— open
— Vss
PULSE
GENERATOR
002aad811
R. = Load resistor for LEDn.
C. = Load capacitance includes jig and probe capacitance.
Rt = Termination resistance should be equal to the output impedance Z, of the pulse generators.
Test data are given in Table 15.
Fig 35. Test circuitry for switching times for enable/disable
Table 15. Test data for enable/disable switching times
Test Load Switch
C|_ RL
tpp 50 pF 500 Q open
tpLz, tPzL 50 pF 500 Q Vpp % 2
tpHz, tpzH 50 pF 500 Vss
PCA9685 All information provided in this document is subject to legal disclai © NXP B.V. 2010. All rights reserved.
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15. Package outline

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

TSSOP28: plastic thin shrink small outline package; 28 leads; body width 4.4 mm SOT361-1
L D | [ S—=aE ——
‘ | ‘ . B \}
[ ‘ \ ! : A \
CHHAAAAAE. e
~
Oy ] : He =[v@lA]
4>‘ Z
”’ﬁHHHHHHHHHHHHH”’
|
=7 1 o
Nl e _ & ¥ TEUAOaIS Ay a8 ¥ e A2 (A3) A
pin 1 index i A1 g !
Civs == *
| f e
F *Lp* f
iEEEEERERERELLE :
1 ‘ 14
R Ln
5 A
0 2.5 5 mm
L R |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | | AL | Az | Ag bp c DO | E@ | e He L Lp Q v w y zM | o
0.15 | 0.95 030 | 02 | 98 | 45 6.6 0.75 | 0.4 0.8 8°
Mmoo 005 [ 080 [ %25 [ 019 | 01 | 96 | 43 | %% | 62 | ' |oso| 03 | %2 [O13 ] 01T | g5 | o
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT361-1 MO-153 = @ 03-02-19

Fig 36. Package outline SOT361-1 (TSSOP28)
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HVQFN28: plastic thermal enhanced very thin quad flat package; no leads;

28 terminals; body 6 x 6 x 0.85 mm SOT788-1
D 8] 4]
|
|
terminal 1 4+ ‘
index area s T
| .
| E Aq
— 1 !
‘ ' 1
\
|
|
| 4
T
C
| =
@»‘ r b*‘ dlva@[c[a[B] [#/M][cl= (O[]
Y 8 ‘ 14 ©|w M) C
: VUl
=
A | |15
|
=) ; Ej
En 73———~-L‘ ! I -
— ‘ &
WD) ‘ — s N
‘ / \
) € [ \
1 ! 21 \ J
100N NNAC \ /
terminal 1 ‘ N 7
index area 28 22 F — /i
Dy,
0 2.5 5 mm
L | I | I |
. ) ; scale
DIMENSIONS (mm are the original dimensions)
A
UNIT| x| A1 | b | ¢ |DD Dy |EW| Eq | e |ex e | L | v |w/ |y |y
0.05 | 0.35 6.1 | 425| 6.1 | 425 0.75
mm 1 0.00 | 0.25 0.2 59 | 395 | 59 | 3.05 065 | 3.9 | 3.9 0.50 0.1 | 0.05 | 0.05| 0.1
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT788-1 --- MO-220 --- = @ 02-10-22

Fig 37. Package outline SOT788-1 (HVQFN28)
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16. Handling information

All input and output pins are protected against ElectroStatic Discharge (ESD) under
normal handling. When handling ensure that the appropriate precautions are taken as
described in JESD625-A or equivalent standards.

17. Soldering of SMD packages

17.1

17.2

This text provides a very brief insight into a complex technology. A more in-depth account
of soldering ICs can be found in Application Note AN10365 “Surface mount reflow
soldering description”.

Introduction to soldering

Soldering is one of the most common methods through which packages are attached to
Printed Circuit Boards (PCBs), to form electrical circuits. The soldered joint provides both
the mechanical and the electrical connection. There is no single soldering method that is
ideal for all IC packages. Wave soldering is often preferred when through-hole and
Surface Mount Devices (SMDs) are mixed on one printed wiring board; however, it is not
suitable for fine pitch SMDs. Reflow soldering is ideal for the small pitches and high
densities that come with increased miniaturization.

Wave and reflow soldering
Wave soldering is a joining technology in which the joints are made by solder coming from
a standing wave of liquid solder. The wave soldering process is suitable for the following:
* Through-hole components
¢ |eaded or leadless SMDs, which are glued to the surface of the printed circuit board
Not all SMDs can be wave soldered. Packages with solder balls, and some leadless
packages which have solder lands underneath the body, cannot be wave soldered. Also,

leaded SMDs with leads having a pitch smaller than ~0.6 mm cannot be wave soldered,
due to an increased probability of bridging.

The reflow soldering process involves applying solder paste to a board, followed by
component placement and exposure to a temperature profile. Leaded packages,
packages with solder balls, and leadless packages are all reflow solderable.

Key characteristics in both wave and reflow soldering are:

¢ Board specifications, including the board finish, solder masks and vias
* Package footprints, including solder thieves and orientation

* The moisture sensitivity level of the packages

* Package placement

* Inspection and repair

* Lead-free soldering versus SnPb soldering

17.3 Wave soldering

PCA9685

Key characteristics in wave soldering are:
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* Process issues, such as application of adhesive and flux, clinching of leads, board
transport, the solder wave parameters, and the time during which components are

exposed to the wave

¢ Solder bath specifications, including temperature and impurities

17.4 Reflow soldering

PCA9685

Key characteristics in reflow soldering are:

¢ |ead-free versus SnPb soldering; note that a lead-free reflow process usually leads to
higher minimum peak temperatures (see Figure 38) than a SnPb process, thus

reducing the process window

¢ Solder paste printing issues including smearing, release, and adjusting the process

window for a mix of large and small components on one board

¢ Reflow temperature profile; this profile includes preheat, reflow (in which the board is
heated to the peak temperature) and cooling down. It is imperative that the peak
temperature is high enough for the solder to make reliable solder joints (a solder paste
characteristic). In addition, the peak temperature must be low enough that the
packages and/or boards are not damaged. The peak temperature of the package
depends on package thickness and volume and is classified in accordance with

Table 16 and 17

Table 16. SnPb eutectic process (from J-STD-020C)

Package thickness (mm) | Package reflow temperature (°C)

Volume (mm3)

< 350
<25 235
>25 220

Table 17. Lead-free process (from J-STD-020C)

Package thickness (mm) | Package reflow temperature (°C)

Volume (mm3)

< 350 350 to 2000
<16 260 260
16t025 260 250
>25 250 245

> 2000
260
245
245

Moisture sensitivity precautions, as indicated on the packing, must be respected at all

times.

Studies have shown that small packages reach higher temperatures during reflow

soldering, see Figure 38.
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maximum peak temperature

temperature = MSL limit, damage level

minimum peak temperature
= minimum soldering temperature

peak
temperature

MSL: Moisture Sensitivity Level

Fig 38. Temperature profiles for large and small components

time
00laac844

For further information on temperature profiles, refer to Application Note AN10365

“Surface mount reflow soldering description”.

18. Abbreviations

Table 18. Abbreviations

Acronym Description

CDM Charged-Device Model

DUT Device Under Test

EMI ElectroMagnetic Interference

ESD ElectroStatic Discharge

HBM Human Body Model

12C-bus Inter-Integrated Circuit bus

LCD Liquid Crystal Display

LED Light Emitting Diode

LSB Least Significant Bit

MM Machine Model

MSB Most Significant Bit

NMOS Negative-channel Metal-Oxide Semiconductor
PCB Printed-Circuit Board

PMOS Positive-channel Metal-Oxide Semiconductor
POR Power-On Reset

PWM Pulse Width Modulation; Pulse Width Modulator
RGB Red/Green/Blue

RGBA Red/Green/Blue/Amber

SMBus System Management Bus
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19. Revision history

Table 19. Revision history

Document ID
PCA9685 v.3
Modifications:

Release date Data sheet status Change notice Supersedes
20100902 Product data sheet - PCA9685 v.2

® Table 1 “Ordering information”: Topside mark for PCA9685BS changed from “PCA9685BS”
to “P9685”

PCA9685 v.2 20090716 Product data sheet - PCA9685 v.1
PCA9685 v.1 20080724 Product data sheet & -
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20. Legal information

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

20.1 Data sheet status

Document status[[2] Product status[3! Definition

Objective [short] data sheet Development
Preliminary [short] data sheet  Qualification

Product [short] data sheet Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

[1]  Please consult the most recently issued document before initiating or completing a design.

[2] The term ‘short data sheet’ is explained in section “Definitions”.

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status

information is available on the Internet at URL http://www.nxp.com.

20.2 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet
with the same product type number(s) and title. A short data sheet is intended
for quick reference only and should not be relied upon to contain detailed and
full information. For detailed and full information see the relevant full data
sheet, which is available on request via the local NXP Semiconductors sales
office. In case of any inconsistency or conflict with the short data sheet, the
full data sheet shall prevail.

Product specification — The information and data provided in a Product
data sheet shall define the specification of the product as agreed between
NXP Semiconductors and its customer, unless NXP Semiconductors and
customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the NXP Semiconductors product is
deemed to offer functions and qualities beyond those described in the
Product data sheet.

20.3 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or

PCA9685

All information provided in this document is subject to legal disclaimers.

malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Limiting values — Stress above one or more limiting values (as defined in
the Absolute Maximum Ratings System of IEC 60134) will cause permanent
damage to the device. Limiting values are stress ratings only and (proper)
operation of the device at these or any other conditions above those given in
the Recommended operating conditions section (if present) or the
Characteristics sections of this document is not warranted. Constant or
repeated exposure to limiting values will permanently and irreversibly affect
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at http://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or
construed as an offer to sell products that is open for acceptance or the grant,
conveyance or implication of any license under any copyrights, patents or
other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.
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Non-automotive qualified products — Unless this data sheet expressly
states that this specific NXP Semiconductors product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested
in accordance with automotive testing or application requirements. NXP
Semiconductors accepts no liability for inclusion and/or use of
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards, customer
(a) shall use the product without NXP Semiconductors’ warranty of the
product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s

21. Contact information

16-channel, 12-bit PWM Fm+ I2C-bus LED controller

own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

20.4 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.

12C-bus — logo is a trademark of NXP B.V.

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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SONGLE RELAY

— ] 2E RELAY 1509002 SRD

) SONGLE RELAY

1. MAIN FEATURES

e Switching capacity available by 10A in spite of
small size design for highdensity P.C. board
mounting technique.

e UL,CUL,TUV recognized.

e Selection of plastic material for high temperature and
better chemical solution performance.

e Sealed types available.

e Simple relay magnetic circuit to meet low cost of

mass production.

2. APPLICATIONS
e Domestic appliance, office machine, audio, equipment, automobile, etc.
( Remote control TV receiver, monitor display, audio equipment high rushing current use application.)

3. ORDERING INFORMATION

SRD XX VDC S L C
Model of relay Nominal coil voltage Structure Coil sensitivity | Contact form
S:Sealed type L:0.36W Al fhrm A
SRD 03+ 05. 06+ 09+ 12, 24, 48VDC | > i \ B:1 form B
F:Flux free type D:0.45W C:1 form C
4. RATING
CCC FILE NUMBER:CH0052885-2000 7A/240VDC
CCC FILE NUMBER:CH0036746-99 10A/250VDC
UL /CUL FILE NUMBER: E167996 10A/125VAC 28VDC
TUV FILE NUMBER: R9933789 10A/240VAC 28VDC
5. DIMENSION ynit:mm) DRILLING ynit:mm) WIRING DIAGRAM
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6. COIL DATA CHART (AT20°C)

12

Coil Coil  |Nominal| Nominal Coil Power Pull-In | Drop-Out [Max-Allowable
Sensitivity Voltage | Voltage | Current [Resistance|Consumption| Voltage | Voltage Voltage
Code | (VDC) | (mA) | (Q)+10% (W) (VDC) (VDC) (VDC)
SRD 03 03 120 25 abt. 0.36W |75%Max. {10% Min. 120%
(High 05 05 71.4 70
Sensitivity) | 06 06 60 100
09 09 40 225
12 12 30 400
24 24 15 1600
48 48 7.5 6400
SRD 03 03 150 20 abt. 0.45W |75% Max.|10% Min. 110%
(Standard) | 05 05 89.3 55
06 06 75 80
09 09 50 180
12 12 37.5 320
24 24 18.7 1280
48 48 10 4500 abt. 0.51W
7. CONTACT RATING 9.REFERENCE DATA
Type SRD Coil Temperature Rise
ltem FORM C FORM A 3
Contact Capacity 8- BIVRY 10A 28VDC o L
Resistive Load (cos®=1) 104125545 10A 240VAC ¥
7A 240VAC .
Inductive Load 3A 120VAC 5A 120VAC E o=
(cos®=0.4 L/R=7msec) 3A 28VDC 5A 28VDC ot
Max. Allowable Voltage 250VAC/110VDC  |250VAC/110VDC E' 5
Max. Allowable Power Force 800VAC/240W 1200VA/300W & %0 01 02 03 04 05 06 07 08
Contact Material AgCdO AgCdO Operation Time
8. PERFORMANCE (at initial value) =
Type 10
Item SRD - perjition timp
Contact Resistance 100mQ Max. >
Operation Time 10msec Max. Ny N
Release Time 5msec Max. i | Rdleast dinfe |
Dielectric Strength HE a =
Between coil & contact 1500VAC 50/60HZ (1 minute) F |95 55 54 05 05 oo 55
Between contacts 1000VAC 50/60HZ (1 minute) Coil Power (W)
Insulation Resistance 100 MQ Min. (500VDC) ,\CL['Q‘?,VE/ﬁE;CJiQf;V:]
Max. ON/OFF Switching 100
Mechanically 300 operation/min 5
Electrically 30 operation/min £ ;
Ambient Temperature -25°C to +70°C s . N
Operating Humidity 45 to 85% RH %
Vibration PR
Endurance 10 to 55Hz Double Amplitude 1.5mm E 2
Error Operation 10 to 55Hz Double Amplitude 1.5mm g 1 L L1
Shock Current of Load (A)
Endurance 100G Min. Life Expectancy
Error Operation 10G Min. e
Life Expectancy °
Mechanically 10 operations. Min. (no load) T
Electrically 10° operations. Min. (at rated coil voltage) EE' N Ac: 2oV V-
Weight abt. 10grs. s "
E

1
o 1 2 3 4 5 6

Current of Load (A)

8



MGI96R High Torque

Metal Gear Dual Ball Bearing Servo

36.6

This High-Torque MG996R Digital Servo features metal gearing resulting in extra high 10kg
stalling torque in a tiny package. The MG996R is essentially an upgraded version of the
famous MG995 servo, and features upgraded shock-proofing and a redesigned PCB and IC
control system that make it much more accurate than its predecessor. The gearing and motor
have also been upgraded to improve dead bandwith and centering. The unit comes complete
with 30cm wire and 3 pin 'S' type female header connector that fits most receivers, including
Futaba, JR, GWS, Cirrus, Blue Bird, Blue Arrow, Corona, Berg, Spektrum and Hitec.

This high-torque standard servo can rotate approximately 120 degrees (60 in each direction).
You can use any servo code, hardware or library to control these servos, so it's great for
beginners who want to make stuff move without building a motor controller with feedback &
gear box, especially since it will fit in small places. The MG996R Metal Gear Servo also
comes with a selection of arms and hardware to get you set up nice and fast!

Specifications

Weight: 55 g

Dimension: 40.7 x 19.7 x 42.9 mm approx.

Stall torque: 9.4 kgf-cm (4.8 V), 11 kgf-:cm (6 V)
Operating speed: 0.17 s/60° (4.8 V), 0.14 s/60° (6 V)



Operating voltage: 4.8 Va7.2V

Running Current 500 mA — 900 mA (6V)

Stall Current 2.5 A (6V)

Dead band width: 5 ps

Stable and shock proof double ball bearing design
Temperature range: 0 °C — 55 °C

Vcc=Red (+) | ©/
Ground=Brown (=)

Duty Cycle

-------------------
. "
. -

48Vt072V i |
Power ! |

and Signal

H
---------------------------------------------------------------------------------------

20 ms (50 Hz)
PWM Period



st Group Company Series GMPD

NidEC —All for dreams
Motors & Actuators Motor type 405 061

Design Data Performance data
Commutation Brushed Rated voltage [V] Un 12
Direction of rotation Bi-directional Nominal torque [Nm] My 2.00
Bearing type A:Sleeve - B:Sleeve No-load speed [min'1] no 21.0
Nominal power [W] PN 3.95
0320 BR Nominal current [A] In 4.0
Nominal force [kN] Fn 0.00
Duty cycle s3
Sensor data
Pulses 210
Jz Output channels 2
. Other data
# Gear ratio 210/1
Gear wheel material plastic
nin Suppression components 5,5uH, 47nF
Eﬁ Enclosure class IP 40
e Weight [kg] 0.000
Remarks:
Motor picture Characteristic curves
n/min”! 1A 405 061 /%
30 20 50
27 18 45
24 16 40
21 14 35
18 12 30
15 10 n 25
/
12 L) | N PN ol B L | .| 20
9 6 >< 15
6 4 /T\ 10
3 2. o L, 1| 5
0 0 \ 0

0 2 4 6 8 10 12 14 16 18 20 M/Nm
0 18 35 53 71 89 106 124 142 159 177 in-lbs

Output shaft drawing (W), Wiring diagrams (S) and Connector layout (K)

W 224

- e PO, T
12,7 10,3

out
out

s1 s2

cl— 2| c2—= 2

gj/ﬂ
i
9

I through Profile KRC 316928 AEIZ 01 I Terminal 1
Il Terminal 5

NIDEC MOTORS & ACTUATORS www.nidec-ma.com
Europe: +49 7142 5083369 | North America: +52 656 629 3800 sales@nidec-ma.com



st Group Company Series GMPD

NidEC —All for dreams
Motors & Actuators Motor type 405 061

Output shaft drawing (W), Wiring diagrams (S) and Connector layout (K)

K 220

|
% |
187
8.7
10
%ﬁ?
§
%

~]
®
9,3
20,5 23

Connector TYCO C-208-15621 (Z) mating with:
Connector housing 1379217-3 & cover
1379218-2

www.tycoelectronics.com

Notes

NIDEC MOTORS & ACTUATORS www.nidec-ma.com
Europe: +49 7142 5083369 | North America: +52 656 629 3800 sales@nidec-ma.com
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