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Abstract

The guidelines in conducting the current production in the world where there’s
several steps, methods in composing various piece of work, each employee has to use
excessive parts to compose one product which is inefficient way. Furthermore it cause
malfunctioning, disorder and slower the rate of production er composition. Moreover
it causes the difficulty in scrutinization of authenticity and correctness. In order to
reduce or control the occurred problems, the developed system has been
implemented to assist the sequence of picking piece according to the raised LED signal.
This project use the lighting of LED to represent the sequence of piece picking, when
the LED is lighted we have to pick that piece and after finished picking the LED will be
off automatically. The next LED will be lighted up according to the sequence of
composition. It is conducted by using microcontroller (PIC18F45K20) in circuit designing
as a unit to process the stored value which is received by software to protect the
functioning of LED. It has system to detect the picking process by using LED infrared
and phototransistor. The system has software program which can perform the
sequencing of picking directly by computer. In addition unit 1 and unit 2 can be

connected to work together as a single system.
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2. vitefnwuazyszyndldulalaseoulnsiaesifansasud vinisuszinana
uazuanaa sgnadulumusiuduneu
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2.1 Microcontroller

lulaspaulnsatass (Microcontroller) fio gunsalaiuauauaEn Fsusigaiy

aunsofindendeiusruuneufanes Inglululasmeulnsaaeslidsine@iy whoaud
wazwasn Jududiudssneundndiyuasszuuresiumefidilify Tnsvmsussad
Wluddudentu nssabelaeimly veslilesaoulnsamestu awisautsesnunldidu 5
dlugyq dedeludl

1. ieUsgulananatamsediy (CPU : Central Processing Unit) ¥ty
AUENEN1IATUANNISYINILYBITTUURBUT LMD SHansa Ingindeyaaingunsnifudoyasn
vhau Usssnanadoyanumdswaslusunsy wazdsnadwsoanlumiouaniia

2. vihgauga (Memory) asnsautieanidy @ As mireaudiiilidwduiu
TWsunsuwdn (Program Memory) W3sulaiousiinnanves iniesnauiiatnosalie Ao
foyala figniiuliludazltigymeldudlifndes Sndumilsfonthomusideya (Data
Memory) Wfidumileunnszaiumalunmsavaawe @iy wazduiwndoystins e
vihan wimnaiflwidss deyafasmsluadiefumiseanuuss (RAM) Tuindesreuiiamed
v W widmivlulasraulnsamedadylml wihgenusdayaszivadunmiaiud
wsu Jedeymasmaliiialuidlvifos wozillugsnses (EEPROM : Erasable Electrically
Read-Only Memory) %ammmﬁuﬁagalﬁuﬁlﬁﬁlwLﬁym

3. daufinderuguninimeuen wienosn (Port) § 2 Snvasfo nosnduwm (nput
Port) uazwainddyqaimsenainle1dwa (Qutput Port) dauiiagldlunsifeuresy
gunsalneuen fohiludiuiiddygunn liswdussuirmesaduwn esudyaa a1e
femsnaaind iethluussnenauazdslunasnionsin inouamamaity nsinainees
viaaalw tuau

4. Yaamnaiuresdyna wieva (BUS) Aaidunienisuaniudsudygadeya
wwin iy wheanudwesnedn udnvusvesaedyyia Stuuninagaielush
lulasaeulnsaiaed lnsuvnludadeys (Data Bus) , Uauannsa (Address Bus) uazifa
AuAN (Control Bus)

5. wasmiiladyarauniing duiludiuusznevitdrdyuindndiunis esannis
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lulasnaulvsaiaes(Microcontrollen Wudevesaunsaldidnnsefinduuunilsiiuss
muanansaunughidiezsiunheyssinana wisdmuuneatanansiazasinieas
Judggausunn 2asTudygiabune swnstudygivesnmaueidnn miheauinaems
Aladyyiuuridninlilulasreulnsiassainisadrludszgndldauunuieas
Sidnnseiindidudeuldiduetned Tnstisanduiuvesgunaiuasauinvesszuuasluvned
ffneuannsagaiuneliulssinaiuanzeay Wasniadenldlulasneulnsiaeiiues

18F45K20 Balluvesalilasreulnsameslunsna PIC

mM31ei 2.1 puandRvedalilasaeulnsames PIC18FA5K20

Parameter Name Value
Program Memory Type Flash
Program Memory (KB) 32
CPU Speed (MIPS) 16
RAM Bytes 1,536
Data EEPROM (bytes) 256

Digital Communication Peripherals

1-UART, 1-A/E/USART, 1-5PI, 1-12C1-

MSSP(SPI/12C)
Capture/Compare/PWM Peripherals RSORAL ROCOE
Timers 1 8-bit, 3 x/16-bit
ADC 13 ch, 10-bit
Comparators 2
Temperature Range (C) -40 to 125
Operating Voltage Range (V) 1.8 to3.6
Pin Count 40
XLP Yes
Cap Touch Channels 14




2.2 lalaaUasuds (Light Emitting Diode)

waen LED w3alalanuawas lassasreusznaulumeansnsdiiaaswiin (81509

fudwila N waranshsiiede P) Usznudidetu Sidhamilsiouadionszandiedne
IWnszuansinuda LED Tngdralvuinldviwelun (A) srglaulieiualve (K) viald
didnasouitansiisdithvia N fwdanugatu swannsoisdusessennansein N U
fulsaluansviin P nnsiididnasewndouiiinusessea PN ldAanszualva [unaliszsu

wisnuredidinaseuuFeulluarmendinuosnunlugUniues

SEMI CONDUCTOR o VLIRS

o ol WHISKER
T2

115N | MIGHEMPACTPLASTIC
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{-) NEGATIVE |
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UM 2.1 unun muansdnyaiEuaviaen LED

fvpwuaiiiinansessevziusgivadnuesianiuldlunisasre LED savilnd
Juveamaitesiing 1wy 1dunaifeavlaalug (GALLIUM PHOSPHIDE, GaP) filviAnuad
uwne 1dunaidene@lus Wedlwa (GALLIUM ARSENIDE PHOSPHIDE, GaAsP) \Rnuasdinies
uastignnmImuuUsinaaEiymugunssuailadumagn LED minnsyuadiluag
wnlvagvilivaenaiaauadnann wivndeunszieagannliszyibiusnusosdevesens
AstiAnmudouSimamnnauiiidlaseiweondemeliansaldolesn

MNLUaueadRmuSnYUzuaY Packet wusl 2 uwUUAe

LU Lamp Type uusadfvdiniinuiuaginlufivndusaninaind Epoxy 2 21
iainnnin Tnefuuadusiugudnatsiaus 3 mm. Tuly

2.WUU Surface Mount Type (SMT) fidnwauz packet 1ufau199 1Ia1UsEnoUAes
lHipsosdlovinfimuiiouinnisfunseuanaus 20 mAunndt 1 A dwSuueadiuua SMT

frdunszualddond 300 ma FulU auiSenin power LED nsbteuaulng a1y
meluilesnansedeunimasauoadidiulngaviudslau Jsazesiwmionnudy
ausoTurule



Uagtulafimsvmaen LED wldusslevdiueaunsvanounniu wu Tuniesdn
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visdvualig) (Bill - Board ,Score-board) Tas Down lisht wagnaaslwusziunnussniely

& =

UanuBinaan [ FD

fisg@ninmnisiuasadnegs uasfiamneuaadnawes LED axdesliamzdnumii

Wil anannsgaylaveaseing

- Towdsudse

- NUFDNTEUALL D ULAZWIINTEWNA Danzaudmsuingslumsosduniosnaus
- anunsallalaldveensa wasdlaWaayliiasainslaeyiud
- 91gM3ldue LU 100,000 Tl

- @wsanuANANATNYRLaTIVdageanI e Tsansadaluld i asadnaluung
gaudild 1y nslilasadisiun il Wosainaunsamvauuasadnaan LED lalid

dunmvaswaiiudunmesonmidey wu wasdunise wasiaganiilalomn
- Udegmmfeusanmniosinn viliaangadendsnuluiluduniesusueine

- MIAUATNEIEN

v
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- UMHALA, YUeLan

& o

1aINNAYBINABR LFD

o

- lunmsdveen LED mnldnudesiinisvaaaudil uasfieanundunasdiandomdely

U

- 1A maen LED dsunandmasnvgeasawunogiuin

2.3 laleawaauasdunsnsa (LED Infrared)
laloadsuasdunsnsn (LED Infrared) Wugunsafiilvnasiurasndudunsusa (iog
Liviushendan) wazldenuduuasgsaaiiamgeaanuiividy  LED Ussuandifignwae

willau LED U 2 91 @9 waludm Au ualne



2.4 Wgns1udsmas (Photo Transistor)
TlEnsudanes (Photo Transistor) Wunsudamesivinaulasldiuas Tneazsu

wildlalanu i nelurasiderdu dadwldlalanasinuindusilukeansywaldunviua
YINIUTANDS Aetudladinasnnnsznunivlalalon gy bmAnnsuINTERaNYIUEYDS

NILTanes
Light
N,
Current T i
Emitter
JUN 2.2 ununTnLansanynizuas Photo Transistor

= b Q. i
- @SRRI BNAUIAAYUIALEN I LAERTS

o ¥
- v uleinss

=

- uladudady

- lidegumngd

2.5 OP-AMP
199598 8dygy1aealuond (Operational Amplifier, OP — AMP) 1u1995%818
fouiluseynaldnuagraunsnanglumudmunisussuiana

guiuguduiagy I
QNNMANNY LU SEUUHADANS TEUUMSIALAEIZUUAIUANNTEUIUNSHES
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nsusznanadygraeuaeniliidududuaslinisdensasliinisteunduuuy
vinvieazlinmsdenasuuulifinsdoundu «'ﬁaLﬂuwaiﬁaaULLamﬂﬁmsﬁmuag"Luﬁzm531;51";
(saturation) evsfifigauandAliiududulaverdendnnissinanieiivu 1wswisudou
L336iU (voltage comparator) 29asimasluamn(thermostat) waznsasviinyidnines (Schmitt
trigger) (Hudu

299315 BuULiBULI AU (Voltage Comparators)

paduond a1 luldanuluadraduianuisuiovusssuld da nns
Wibuilgudyauassdyniu Sunanilsdmiuiudusdiugiads (Reference voltage,
Vref) aiwﬁnmwﬁaﬁm%’u%’ué’zymgmﬁu‘vgm(Input voltage, Vin). mnussiudunataudnen
() Genineesguisuussiunuubinduig uavdussdudunedendhan() Boninas
WisuiWisunssiuuuunduia

wihfirenssiliouifiouusaiy fo inndieuiieutssiusunniiteuli sty
usefuBeinals vilifaussdfuaninnverasisuiawyaessanioy fo an1was

(high) uazdanzsn (low) MesiUSeuiipuussiunasnsrlaaaiRveasasuandlidsgud

2
& ey

23 Bamshurenasinudiniusaslideize
Vout = Vou Wie Vi < Vrer (2.1)

Voue = Vo o Vi > Vagp (2.2)

LR AN Vo, AOLTIAY Laﬂﬁwmﬁmﬁwaqaamwuﬂ (OP — AMP saturation

voltages) luanagasuazantazm mudny

Vout

+V
VoH
Vin{©——1% Vref
Vout Vin
Vref O——+
VoL
-V
Vout=VOH : Vin < Vref
Vout
+V
VOH
Vi, Vref
Vout Vin
Vref O——— +
VoL
-V

Vout =VoL : Vin> Vref

U7 2.3 neminauandfivesisasiuSeuiisuusedu



2.6 Serial Peripheral Interface (SPI)

SPI (Serial Peripheral Interface) \umsiteusefeansuuusunsulasadodyyia

a

wiinuduiimuadinznsiudadeya (Synchronous) fianunsadsdayaludaanamauag
Fuleyaanuaemendumnluasufediu (Full Duplex) uisgunsalaani@u 2 fls fie Master
Wummugumssudideyalagluiidfelulasroulnsaeas fu Slave Midugunsaisofurds

2710 Master 1n® Slave aunsadldunnnin 1 @9

Slave

JUT 2.4 msBeuseaedtygudeasuwuy SPI sewiteguUnsal Master — Slave

SPI &y 4 1&u ([fi3enda a-Wire SPI) Ieun
1. SCK (Serial Clock) \Judaygas CLK fignasidlagaunsaiiiu SPI Master
2. MOSI (Master-Out Slave-In) \udyapinidnsudidayaineanain SPI Master TUs
SPI Slave
3. MISO (Master-In Slave-Out) 1udyaiaudrnsudsdeyadnasnan Spl Slave lUss
SPI Master

4. SS (Slave Select, Active-Low) Lﬂuazgzynmﬁa%’wﬂﬂﬂ SPI' Master L‘ﬁaﬁ’ﬁzuiﬂ FBIN3

doansiv SPI Slave wiold Tunsdlndaunsal SPI Slave ananduisyn Izfesiidyaio

q

o s

Slave Select snniwiludu uazusndmsuudazatngnl

Lﬁawda-%’uﬁaaﬂamuﬂ’a SPI'(SPI Data Transfer) dqygyau Slave Select (/SS) azFa9
Wiswan HiGH Hu Low aindudeyanisludizgnideuiintagdsoonlufiazdnan Sp
Master mudanIz983 SCK warausadontainagliin MSB (Most-Significant Bit) 38
LSB (Least-Significant Bit) gnaseanluneu lnslurmzideiiufaziudayaiiazinain SpI
Slave auldnsundslud (W3endnléin Data Frame = 8 On) dsthudle SPI Master detoya
Snnunilsludluds spr slave Aezlddoyandsludain SPI Slave wuiu Tugasaniidaaal
Slave Select 1lu LOW p1afinsde-Sudoyaldinnnimidlug (Multi-byte SPI transfer)

Jofwosn1sdeasuuu SPI fie anansadeansuuu Full Duplex nan@saunsady
wazdsdoyalinionq fu mzlaedygauiuardidoyalasiames JUuuunsAoasves
SPI laifearfmua Address Wiessygunsaiiifiesmsfoansmilou 12¢ essnldanedyann
s usmuau Fsidnsinisfudsdoyagendn 12C uavmunsdmsunisiudedoya

WUURBLIDY 138 Streaming
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2.7 Universal Asynchronous Receiver Transmitter (UART)

nsdeansIEMIne Microcontroller Augunsainteusnsey ansnsandsldassuiinde

1. M3deansuuuruiu (Parallel Communication) vhldlasnsdstoyaningds
(Transmitter) lUE3u (Receiver) sanuniiaz 1 Byte 3o 8 Bits 9819d Bit LiisANd w3y
uAunsdeans Yofife dasmstudideyags Megremsldnumsiessuuusun wu
msdousioveuanika LCD nmydourendas uaznisifeusiofuniaemiusies (External
RAM Memory) fananssewiregunsnivsaesaiasioddnduasdadusiunumnn Sdldmane
dmfunuiidesldgunsaineuanifusuaumin

2. msBeansuuuaynsu (Serial Communication) {unnsudeeanuniiay Bit 343
anuaintinsdeansuuuauy edsilsnu Mnandiniunisdeanserveeliasdaiies
e Tadlerlddredesndiasivliiounsalifaurndn uonaini nsdeansuuueaynsy
aunsadeansuuuinietngld Suduiifiewnnnia

Transmitter Receiver
T B RX
RX | TX

5UT1 2.5 Miousasadynndoansuuy UART

Universal Asynchronous Receiver Transmitter (UART) tJunasideusowazdoans
Tayasynsuiugunsalnie Wy asuimes, RFID, GPS, GSM Module, Wifi Module 1udu
miL?famfaéf’mwmﬂm?iammuuaqﬂimw'mqﬂmfﬁ 41 Transmit Data (Tx) ¥89 Transmitter
z1aurefuYn Receive Data (Rx) 189 Receiver [fiodsdoyalufs Receiver dau u1 Rx

94 Transmitter 91 8ouADAUYY Tx 499 Recelver LAXAAYY U1 GND vasgUnsalnsdes
SRNERISTa R,

fofvaen3ld Asynchronous Asaninsadeasuuy Full duplex ngmasansadu
uwazdadoyasening Receiver uag Transmitter Iiluiianfieatu uonainiliideald
aedynn Clock Lﬁaﬁmum{famxﬂﬁ%’ua’qﬁaga wAdn13AMuAgULUY Format %3a

Protocol ms§udsdeyatusnuny warendumsimuneanuiweimssuastayaliiviniu



UNN 3

NANN1TIDNULUULLAZANTYINGIUVDI9RT

3.1 NANN159DNLUUINTT

nseenwuvaaslulasudidenldlulnsneulnsiasd PICL8FA5K20 Wumiae
Uszananaudniiuaiildainnislusunsuidietluamuaumsvhauges LED fssuunsiady
AswBuRnteIsig LED Infrared wazlnldnsudawmes  diowaslnaineiulimduiudiuiy
wazudan1suduaialnaziuas malwaradaunazainslumuddunisuseneu Ingaiunsa
TsunsudiumsvBuriunspauiLnes ﬁmhxﬁm%w%%uumumuﬁﬂﬁwqﬂﬁ 1 uagyadl 2
annsafnsiedaansseninsiuasiule

3.2 Flowchart S£UUN1SY1N9U

/ Select switch 1 /

Back to

main

Master mode?

Program mode?

Go to program

mode

/ Select switch 2

Manual mode? Run mode?

Go to manual Go to run

mode mode

gﬂ'ﬁ 3.1 Flowchart 15919148458 Pick to light system 9713w 1 unit
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( Start )

A 4

Select switch 1
main unit

Back to

main

Main unit Main unit

master mode?

Select switch 1
secondary unit

Secondary unit
off mode?

Select switch 2
maiﬁn» unit

Main unit

program mode?

Go to program

mode

Main unit

manual mode? run mode?

Go to manual Go to run

mode mode

5U# 3.2 Flowchart nMadlenraszuy Pick to light system §1u3U 2 unit



Go to manual

mode

Waiting hand
checking

Set LED channel = Red

Note: Normal open circuit

Program switch

Push && 3 sec

Save all

y

Confirm Buzzer
& OFF all LED

Back to main

Set LED chanel = Green

i++

Save stationli] =
Current Channal

31J1Ti 3.3 Flowchart n15¥1911 Manual mode 9845¥UU Pick to light

13
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Go to run

mode

Load test profile finish =
Number of station

!

Set LED station (il =
Green

Waiting hand
checking

Station[i] = Current.
channel

Buzzer ON

Detect hand ?

Back to main

5UT 3.4 Flowchart M3191u Run mode %8433UU Pick to light
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GO to program

mode

Buzzer

Y

Input data from

visual basic

!

Save all

Y

Confirm Buzzer
& OFF all LED

Back to main

3‘1]'1?; 3.5 Flowchart N13%797U Program mode 984330 Pick to light
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3.3 9935udn9na LED

Tassruiiionld mcP23s17 Wugunsaluene 1/O port Tasldnisindedoans
£ INAULUY Serial Peripheral Interface (SPI) iy lulasmoulnsaiand PIC18F45K20
Fafmunlsl port GPB(0-7) mauAs LED viavisa 16 A1 irafuludnumy MATRX Tag
aanuuUl LED ma9fi 1-8 uansln@uns uay LED mseil 9-16 uwandlwdiden

<GPBO |
@ae el wah
1 2 3 4
WO e T
g 2
A N

< _GPB1

.
oc

GPBO GPBO GPA7
GPB1 GPAB
GPB2 GPAS
GPB32 GPA4

27
26
25
24

sy

5
GPB4 ~ GPA3
by b ) bt
Y R’ GPBS b apaz -2
m |22
[T | GPB6 ol GPAl a1
B GPB7 55 GPAD 5
1200 1200 1200 1200 8 VDD s INTA =
—10° V5SS INTB
9 10, 11 12 (o> 11 RESET 18
N % Can > sex AT
'y v i N Coo>—13s AL |18
14 a0 |15
P 0

H
=
o
=
X
L L
8
E:o
(I
K [
B
o D
[ X ')
E =
o
HO
V-
Ve
1°4
Eé
|
lh

[GPBA_>
GPBS >—
[GpBE
[GpE7 >

gﬂﬁ 3.6 293UAAINE LED

Wleg91n MCP23517 A1 Maximum output current sunk by any 170 pin 25 mA
Wa¥ Maximum output current sourced by any 1/0 pin 25 mA  vilinszuaiilnanau LED

upiazaNAaiA LAY 25 mA (i = 25 mA)



thilnvedyanant nszaauIAIANsEN

17
R1
N
sU#l 3.7 mssasdunudiianszualst LED
A WA Ry
5 7 VLED
N\ \ L LD (3.1)
LLED R,
W maf ZEA
mAr= R
R/=120°G

Wanltrn Ry Tunsasadefe 120 @

3.4 749395 Sensor

\@enld LED Infrared uaglWldnsiudanesilu Sensor lumsasiaduniswdu enfe
nannsidsudyanalwinludyyrauasazdoundunnuaadulai  delnszualva
AW LED  uaaszgndasludalulagmsudamas vialalnlinsudamesdinssuanazvinli

WSIAULDMINATIEBNAINIATAIATLTIA UG

\Vice = 5.\
R2 g R3

Ny

5U# 3.8 2435 LED Infrareduasllimsnuiaines

143960
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5UN 3.9 nssemsumuindanseudli LED Infrared

AU A R,

5—-V
ligp = RLED (3.2)
2
s L T
mA = 7
R2=IOOQ

\Fonlde R, Twie9saseda 100 @

3.5 2995 W38 UB UL IAU

Jorsesiumeidsviuuasiewinneanin iestheimailingrssiviouiioy

) = o o A "N B a X N g o
wsanuBndunils elinaauwdugilunisussinanaunddu Tnalulaseudidenld
LM324 Faifuladfiusenausivesnwauimun 4 @ Weanaildd1elunnseenuuuLazan

WuNas Microcontroller board

Vee=5V

100 Q 5k§

/

>——GPAD >
10k g —

5UN 3.10 29asUTeuiieunssiu



—Lareo cpa7|-28 < GFAT]
—2ape1 apas| 2 < GPRE)
3 1 pp2 GPAS
4 fops GPAd < TFAT]
2 {Grpa ~ GPAB
Vec=5V Vee=5V Vee=5V Vee=5V L PPN 2 erazl-2 < oPAz]
L P o cpan -2 AT
o \J N, —: GPB7 a GPNJTM
100 100 Q 100 0 VDD s INTA =
101 ygs e |22
[GrBT> [GPRE > LEELD o neser -2
o> scx 2
@ ¥ @ e M
(‘ (‘ <o 1 s0 Ao 15
—3 — — Vec =5V
Vee=5V Vee=5V Mec=5V Vec=5V
GPA GPBO Gra7i4d |
100 0 2k 0 $h GPEL' 2 Gpa1 cpasi-L2 i
3 lepp2 < cpasilL2
[GPB > (GPEaT> —foms & eeasd
5 Gpea = epasl
G; G; GPB2' ¢ lorps  —  epazl-2<GPB3] =
(‘ (‘ GPA 7 1 sres epa1 -2 GPAZ >
= = GPA4 GPBO cpa7HA GrAT >
GPB. GPB1 cra6 -3 GPBAY]
3lgpe2 o GPAs{d2
—ilorm @ ceasf L
5 gpps = Grasiil
ares  —  GrA2[—< GPB3?
GPes ara1 L GPAE >

g‘dﬁ 3.11 29959 7793un wmBuluTEUU Pick to light



3.6 NM3KADUADANBHYYINITNINNATAY Pick to light

2

0

ihnquiinis@oudedoansuuuaunsuiiiionii SPI (Serial Peripheral Interface) @

sfedyaauninuduiivusdanglunsiudedos  neldmedyyrandouseiomn
51U lauwa MOSI (Master Out Slave In), MISO (Master In Slave Out), SCLK (Clock), CS

(Chip Select) uaz GND ~ §m3u controller Visaasia3as windalagnrmvualiviianuiy

Master gvilvisfimdagnivualu slave

Vece=5V

— 1 IMCIR/Vpp/RE3 RE7/KBI3/PGD [ 40
—2 |RAO/AND/C12IND- RBE/KBIZ/PGC |38
3 IRA1/AN1/C12IN1- RBS/KBI1/PGM |38 J; — 1 lepro GPa7|2E
8 |RA2/AN2/VREF-/CVREF/C2INL+ RB4/KBIO/ANLY |37 ~ — 2 {gpa1 Gras 2L
5 | RA3/ANZ/VREF/CLING RB3/ANI/C12INZ-/CCP2" |36 Voo =S 3l 6pa2 Gras|2E
—8 lnaa/TockI/c10UT RB2/INT2/ANS | 35 4 Gpa3 GPAL L2
BUZZER 7 lras/anassynvoiniczout O Re1ANTI/ANTGMCI2ING. |34 —5 e S araskt
b 8 |REO/RD/ANS o~ RBO/INTO/FLTO/AN12 135 i —5 {opes "/"1 apAzlEE—
—2 IRE1/WR/ANG u¥') VDD i 11 epee m Gpa1l2i—
__10IRe2/CS/ANT < vss 31 8 | epe7 o Geap}-2L
—lypp L RO7/PSP7/PID |30 l 9o § A 120
12}yss 0 RDE/PSPE/PIC |29 [¥ss _>—2% yss e 22
—13losc1/cLrINRAT — RDS/PSPS/P1B |28 i [ >+ s RESET -8
— 4l osc2/CLKOUT/RAG O RD4/PSPA |27 = Sl o121 a2 2
= __15laco/T1050/T13CKI ar RC7/AX/DT |26 131g a1 |16
__18lpcaymosi/cceat RCE/TX/CK |25 al s ag |15
__17lpca/ccra/Pia RCs/spo |24 spo | M bl |
< S LBiRea/scx/scl RC4/sDI/sDA |23 snl .
<o 1-L2|Rbo/psPo RD3/PsP3 |22
20/Rp1/PsP1 RD2/PSP2 |21 15k
Vee=5V
15k 15K
—Lmci B/ Vpp/RES RE7/KEI3/PGD [40 i 1
—2 |RAO/ANO/C12INO- RBG/KBIZ/PGC |39
3 IRa1/AN1/C12IN1- RBS/KBI1/PGM 38 .l. —1 {erag Gpa7-28
4 |RA2/AN2/VREF-JCVREF/C2INT+ RB4/KBIO/ANLL [37 N — 2| epa GrasAL
3 |RA3/AN3/VREF+/CLIN+ RB3JAN9fC12IN2-fCCP2! |36 Vee =5V — 3 lepp2 Geas|-28
—6 Jrag/Tocki/c10UT RB2/INT2/ANg |35 L1 S GPadFRE—
BUZZER — 7 lrasjanasssmvomsczour - ) Ra1/NTI/ANLO/CI2NS. [34 51 Grea ™~ pazl
= B REO/RD/ANS ™ RBO/INTO/FLTO/ANL2 (23 =2 15 — 6 lapps o cpaz 22—
— 3 RE1/WA/ANS u¥a vop |32 l —2d apae o GPaL2—
—10iRE2/C5/AN7 = vss 31 JR 5 pv o apao -l —
11lvpp L RD7/PSP7/P1D |20 l —3 {ypp % NTA 22
12)yes 00 ROS/PSPE/PIC |29 s> 104 yes InTe 2
13l osca/cLringrAT M RDS/PSPS/P1B [28 i = 1 apser| 28
— 14 05C2/CLKOUT/RAG L_) RD4/PSP4 |27 = [sa 12 o i}
= —L3Rco/T10s0/T13CKI o RCT/RX/OT 26 13] g AL| 16
16RC1/T105I/CCP2" RCB/TX/CK |23 | 14] o Aofls
—1Tpcajccri/pia RCS/sDO |24 sDO F
18|Rc3/sCK/SCL RC4/SDI/SDA |23 snl Nie =5
19| pospseo AD3/PSP3 [22
20{rp1/PSP1 RD2/PSP2 |21 15k

JUN 3.12 mMaeuraanedyamseninaeiad Pick to light
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3.7 nMsansaseuinglulasaaulvsalaasnuasuiImos

midenresshtlulasreulnsameiiureuiumes IWdanldnisdoansuuveynsy
(Serial Communication) {usinatslunisi¥eusaldnoufinnesawisaddoyaluds

lulasroulnsaaes Tneldanedyan 3 1§u Ao Transmit Data, Receive Data wag GND

Vec =5V
15k 15k
—LIMCIR/Vep/RES RB7/KBI/PGD |40 1 l
—2 IRAD/AND/C12INO- RBE/KBI2/PGC |32
—3 Jrar/an1fcizma- RBS/KEI/PGM |32 _;L — 1 a0 cpa7fE
— 2 IRA2/AN2/VREF-{CVRER/CINT+ RBa/KBIO/AN11 |37 = —2 lerma cpagl2L
2 RA3/AN3 [VREF+ [CTING RB3/ANS/C12INZ-/CCPY’ [36 Mec=5V 3 lore2 crasp2E—
—LRaggTocky/C1OUT RBZ/INT2/ANS [35 R P craa)-2s
BUZZER —Lras/ana/sspivomyczour O ratyinTi/anio/ciama. |34 . - i . I~ cpazl2d
8 Incosan/ans O meomorominz |33 1 A — 6 cous 7] opaz| 22
— L IRE1/WR/ANG fr voo |32 - . - GPA1[2E—
— 196 o/cs/ANT < vss |31 JE P o Graol2L
—1lvop (N RD7/PSPT/PID (30 l —2 voo % wra |22
12ly55 co ROG/PSPE/PIC |25 [vEs >0 s g 2
1H05C1/CLRIN/RAT — RDS/PSPS/P1E |28 _T_ O >y ey |2
14| 9507 /CLKOUT/RAG E RDA/PSPA [27 s @JL sk P 17
F 154Rc0/T1050/T13CKI o RC/RX/DT 26 RX 13] g AL|18
—18lgcymiosycer?’ RCG/TH/CK |25 TX l 12 o a0 15
— WRcajccrifpaa RCS/sp0 [24_spp i Sl
@J RC3/SCKISCL RC4/501/50A (23 sn e
@J RDO/PSPD RD3/PsP3 (22
nm,'-usn Ro2/psez |21 15k
UsB-PC
° —
© usg-uarT ™
o]
o GND| =
Vec =5
15k 15k
<
— LB/ vpp/RE3 RBI/KBI3/PGD [0 l i
— 2 |RAD/AND/C12IND. RBG/KBIZ/PGC |38 l
— 3 RA1/ANL/CIZING RBS/KBIL/RGM |38 A —1dGren arazf2E
—LIRR2[AN2/VAFT-/CVALF/C2IN T4 RBA/KBIO/AN11 137 & —2 {6ep1 cpas|2L
5 RA3ANZ[WAEF + /CLIN RA3/ANIfCI2ING fecpy |36 yeor SV —3doppa Gras|2E
—5 lraagmockicrour RB2/INT2/ANS |35 L — 8 opps GraalE—
BUZZER. — T masanasspvomyceour Q| rey/inTi/Anzo/c1 .| 34 L3 g Ho apasl 2 —
— 8 lngo/an/ans g\é RBO/INTO/FLTO/AN1Z [33 b= ¥ — 8 {6pps. = GpazlRE—
——2 IRE1/WE/ANG N vop |22 [ 2| cres 0 GparFE—
100Re 2 /C5/ANT = vss |31 JE N pre o Gpaol—
—Wvop Wis RD7/PSP7/P1D (30 1 S H g WA F2—
12fyss es)] RDB/PSPE/PLC (29 Vs > 10 s e 2
— 13 0sCi/CLKINRAT > RADS/PSPS/P1E |28 _L Cop > 1l mrser |12
14| 55C2/CLKQUT/RAG 2 RD4/PsPa (27 = (o> 12] oy a2 1T
= A5lpco/T1080/T 136K [« RC7/RX/DT |26 13] A1 16
16/pc1 /11081 CCP2 ACH/Te/CK [25 | 1l o nol1s
FRca/ccp1/P1a RCs/Spo (24 spo {
181RC3/SCK/SCL RC4/SDI/SDA |23 __spl sV
19/ ppojPseo RD3/PSP3 |22 L
200RD1/PSP1 RD2/PSP2 '?l_ 15 =
1

JUN 3.13 29a¥eusinlulasreulnsaaas fu reuitumes

1 Transmit Data 98467d9 9g1¥auABU U1 Receive Data vaslulaspoulnsaaas
Aainaueglu Master Mode iieiludamiinisdidoyasinnouiioinesluds
llaspaulnsawmes  drulunisfudoyatiuszse 1 Receive Data vpefidadoudian

Transmit Data vaslulasraulnsaiaas
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3.8 NANNISN9IUVDINTS

ileuaslvlainatulimduiuauiutasndinsviviadalnazivas aslmedinunas
aialumuaisunisusenay dszuussiadunmsuiuindassae LED Infrared wazlnla
nswdames  Wonadliaiedulindutudiutuiasndinsbuadoliasiuas aadlng
fnunazaindluauaiaunisuseneu laeaunsalusunsua1AuAITE UK UNI9ADNNILADS
ﬁﬂﬁ’j&Lﬂéaawﬁuﬁumumuﬁﬂﬁwmﬁ 1 uazandl 2 annsodndedoanssywiafunasiuld



15k 15k
Vec=5V Vee=5V :
—_LIMeRpvpp/re3 RE7/KE3/PGD [40 ,! l
1000 1000 2] E;::.f,?cfmm. Rasixmzj:r’m: EX
3 |RAL/ANI/CL2IND. ABS/KBIL/PGM |3 l < GPBO }—
A | RA2/AN2 IV REF-OVREF[C2INL RBA/KBIOJANLY | 37 —
5 |RA3/ANI/VREF+ [CTIN+ RBIJANS/C12INZ.fCCPR' | 36 Vee=5v
8 lRaa/Tockicrout RE2/INT2/ANS | 35
BUZIER 7 rasianassspvoinsczour . O RB1ANTI/ANLO/CIZING
8 |REQ/RD/ANS o~ RBO/NTO/FLTO/ANL 2
2 IRE1/WR/ANG Lt¥'1 VoD
——10Rea/cs/any = VsSs
= 1llypp L AD7/PSPT/PID
12} yss 0 RD6/PSFB/P1C
Vee=5V Vee=5V 13 05C1/CLKIN/RAT — RDS/PSPS/P18
14 osca/cLkOUT/RAG 19 RO4/PSP4
—15pco/T1050/T130K) o RCZ/RX/DT
1000 RC1/T108I/CCP’ RCG/TH/CK
RC2/CEP1/PLA RCS/SDO
RC3/SCK/SCL RC4/SDI/SDA
RDO/PSPO RD3/PSP3 [22
c? RD1/PSPL RD2/PsP2 [21
N
Vee=5V Vee=5V
Ve
1000 100Q
= L 1200
(GPBIT> GPa0 cPA7 41-3 [GPaz > [l
GPB GPB1 GRAB, 9
G? 3lopa2 = Geasi
(‘ P 1= N
Slooma = cpaail Va
GPBR2' 5 lopas T Gpaz =
GPAT}— apas GPAL K-%
sy e 2t GPAG B0 cearHATGPAT > 8
B GPBL GPAG
GPB2 T GPAS
2 lopey. & ceaa]L
- Graa = Geasl
wes = e
L 6o Gpa1 B

Ve =5V

gﬂﬁ 3.14 199FNWVIUAVBITLUY Pick to light

GPBO
GPB1
GPB2
GPB3
GPga
GPasS
GPB6
GPB?

MCP23517

GPAT

9
i

Hvﬁ
2)|Z([3]

1200 i

1200
h




U 4

NaN13INNADY

4.1 HANTNABDILTIAUDINAVIUTUYDS

A5197 4.1 NANIINARBITEAULSIIULVINATDUTUTDS NaBsdl 1 waznassdi 2

Fouwuies usafueWiwmshan (mv) | usafule vinsgean (mv)
uasYesi 1 167 203
\wuesYaH 2 151 197
\wwadvasT 3 155 188

L L | wuwesvasd a 161 191
naosh 1 —
\wuastoa 5 154 187
e Yesi 6 159 191
\wuLasTa T 7 152 182
U307 8 160 194
wgesTea 1 153 195
ugasoud 2 163 193
eTe 3 163 219
oL | ameddesdi a 168 202
NEN 2 S :
\wulgeitoafi 5 163 217
LYl 6 165 198
TSR IT 7 159 195
TR vaIN 8 168 203
ayunan1snaad

mnmsveassuitluanzunidlelifiuasazviouludaaued wsaduuioonves
wuwasndesit 1 drgeanussuins 203 fadliad uazussiuresnvessugaindesii 2 i
AgeanUszanm 219 fadlad lulasraulvsamesonumannsueessiadusein 0

wminluanzisueeslifunaasiouusifureonvausuwesndesd 1 feiga
Uszinm 151 fadliad wasussiurnesnvasruwadnassii 2 Sadigauseun 153 fiad

an lulaseaulnsadaseruamainwuwesimduasin 1



4.2 pan1snaanenseuainiivaaaanin LED

A15199 4.2 wan1sneassnseualiinveweanln LED ndesdl 1 wag nasdi 2

25

4 . nszuafidm | nszuadiltale | mnumaiandeu
Faviaealil dnaanln
(mA) (mA) (%)
o ey 19.17 18.00 6.09
vaanlngadm 1 -
Rildp! 19.17 20.33 6.09
. g LA 19.17 18.00 6.09
vinoalvad 2 -
L8 1517 20.92 9.13
. LA 19.17 18.08 5.65
naanalnyen 3 -
bUE7 19.17 21.00 9.57
¢ LhE1g 19.17 WS 7.39
naanlutash 4 ~
o LuE 19.17 20.42 6.52
N 1
e Lo 19.17 18.08 5.65
Naan e 5 —
LU 19.17 21.00 9.57
2% ok 15416 18.00 6.09
naealWve 6 -
Sil3p $ AN 21.00 9.57
y b1 a7 17.83 6.96
waen e 7 —
Kildp| 19.17 21.00 9.57
g U 1917 17.92 6.52
neanlWyei 8 -
LUE 19.17 21.00 9.57
N A3 19.17 19,50 1.74
waon o 1 —
L8 | W 17.50 8.70
D (ON, 1S e 19.50 1.74
viaanlWtai 2 ~
Sil3lp) 19.17 18.17 5:22
" o A 19.17 19.58 217
naesi 2 | naealvvoi 3 ~
U8 19.17 17.67 7.83
o U 19.17 19.42 1.30
vaon Wt 4 —
g 19.17 17.92 6.52
o LA 19.17 19.50 1.74
naonlntan 5 =
R3] 1917 17:05 7.39
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A349% 4.2 (fv) Nansneaasnsualinussaanl LED naesii 1 uay naasdi 2

y . nszuadidun | nssuaildess | aunaiawedeu
Hovaonlw dvaanlv
(mA) (mA) (%)
. A 19.17 19.50 1.74
naanlWye 6 ~
L8 19.17 175 7.39
- D4 L1 19.17 19.50 174
Naoin 2 | vaaalvdosd 7 ~
L7 19.17 17.67 7.83
o 1N, 19.17 19.50 1.74
vinonlwyaan 8 —
Kkl 19.17 1775 7.39

INATNABDINUIY LED dumdumazaisldnssualwidaiuseuna 18.73 mA way

nszualiing LED &ldenusazansldianvssuna 19.30 mA feilaiuraimaioulneady
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MicrocHip MCP23017/MCP23S17

16-Bit I/O Expander with Serial Interface

Features

* 16-bit remote bidirectional I/0 port
- I/O pins default to input
- High-speed 12C™ interface (MCP23017)
- 100 kHz
- 400 kHz
- 1.7 MHz
+ High-speed SPI interface (MCP23817)
- 10 MHz (max.)

« Three hardware address pins to allow up to eight

devices on the bus
+ Configurable interrupt output pins
- Configurable as active-high, active-low or
open-drain
* INTA and INTB can be configured to operate
independently or together
= Configurable interrupt source

- Interrupt-on-change from configured register
defaults or pin changes

+ Polarity Inversion register to configure the polarity

of the input port data
+ External Reset input
« Low standby current: 1 pA (max.)
« Operating voltage:
- 1.8V to 5.5V @ -40°C to +85°C
- 2.7V to 5.5V @ -40°C to +85°C
- 45V t0 5.5V @ -40°C to +125°C

Packages

= 28-pin PDIP (300 mil)
» 28-pin SOIC (300 mil)
+ 28-pin SSOP

+ 28-pin QFN

© 2007 Microchip Technology Inc.

Package Types

PDIP, GPBO =[]+ 1 = 28 [] =— GPAT
soIC GPB1 =—=[]2 27 [] =— GPAB
k GPB2 =—[]|3 26 [] =— GPAS5
SSOP GPB3 =—=[]4 25[] == GPA4
GPB4=—[]5 K 24 ] =—s GPA3
GPB5 =—=[]6 S 23 []=— GPA2
GPB6 =+—[]7 =] 22 []=— GPA1
GPe7 =08 O 21[]=—GPAD
Voo —=[]9 O 200— INTA
Vss —-[J10 S 19— INTB
NC ——-[] 11 18 [J— RESET
sSCL —=[]12 17 [ --— A2
SDA—=—=[]13 16 []=+— a1
1 NC —[ 14 15[1=—AQ
o
(2]
o™
o
&) QFN
=
<> GPA4
-=» GPA3
= GPA2
== GPA1
= GPAO
— INTA
— INTB
PDIP, GPBO~—=0+1 ~ 28[=—=GPA7
solc, GPB1 =—=[]2 27 []=— GPA6
SSOP GPB2 =—=[]3 26[]=— GPAS
GPB3 =—+[]4 25 [] =— GPA4
GPB4=—=[]5 M~ 24 []=— GPA3
GPB5 =—=[]6 5 23[] =—= GPA2
GPB6 =—=[]7 be 22 ] =— GPA1
GPBR7=—=[]8 ™~ 21 [0 =—= GPAO
Voo —=Co & 20— INTA
vss —=[10 S 190— INTB
CS —=[] 11 18[0— RESET
SCK —=[]12 17 0-— A2
gl —=[]13 16[]=— A1
t SO =-+—[]14 15[]=— a0
(/2]
[xd
o™
o
= QFN
GPB4 == <= GPA4
GPB5 == <> GPA3
GPB6 <™ - GPA2
GPB7 == = GPA1
Vpp—»- <= GPAD
Vg — — INTA
cs— —= INTB
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MCP23017/MCP23S17

Functional Block Diagram
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MCP23017/MCP23S17

1.0 DEVICE OVERVIEW

The MCP23017/MCP23S17 (MCP23X17) device
family provides 16-bit, general purpose parallel 1/O
expansion for 1°C bus or SPI applications. The two
devices differ only in the serial interface.

+ MCP23017 — I°C interface
» MCP23S17 — SPI interface

The MCP23X17 consists of multiple 8-bit configuration
registers for input, output and polarity selection. The
system master can enable the I/Os as either inputs or
outputs by writing the 1/0 configuration bits (IODIRA/B).
The data for each input or output is kept in the
corresponding input or output register. The polarity of
the Input Port register can be inverted with the Polarity
Inversion register. All registers can be read by the
system master.

The 16-bit I/O port functionally consists of two 8-bit
ports (PORTA and PORTB). The MCP23X17 can be
configured to operate in the 8-bit or 16-bit modes via
IOCON.BANK.

There are two interrupt pins, INTA and INTB, that can
be associated with their respective ports, or can be
logically OR'ed together so that both pins will activate if
either port causes an interrupt.

The interrupt output can be configured to activate
under two conditions (mutually exclusive):

1. When any input state differs from its
corresponding Input Port register state. This is
used to indicate to the system master that an
input state has changed.

2. When an input state differs from a preconfigured
register value (DEFVAL register).

The Interrupt Capture register captures port values at

the time of the interrupt, thereby saving the condition

that caused the interrupt.

The Power-on Reset (POR) sets the registers to their

default values and initializes the device state machine.

The hardware address pins are used to determine the
device address.

© 2007 Microchip Technology Inc.
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MCP23017/MCP23S17

1.1 Pin Descriptions
TABLE 1-1: PINOUT DESCRIPTION
. PDIP/ :
NZ::e SOIC/ | QFN TP'" Function
SSoP P2
GPBO 1 25 I/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB1 2 26 I/O | Bidirectional I/0 pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB2 3 27 I/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/for internal weak pull-up
resistor.
GPB3 4 28 /O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB4 5 1 /0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB5 6 2 IO | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB6 i 3 I/O | Bidirectional 1/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPB7 8 4 /0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
Vop 9 5 Power
Vss 10 6 P | Ground
NC/CS 11 7 | NC (MCP23017), Chip Select (MCP23517)
SCL/SCK 12 8 | Serial clock input
SDA/SI 13 9 11O | Serial data I/O (MCP23017), Serial data input (MCP23517)
NC/SO 14 10 O | NC (MCP23017), Serial data out (MCP23S17)
AD 15 " | Hardware address pin. Must be externally biased.
Al 16 12 | Hardware address pin. Must be externally biased.
A2 17 13 | Hardware address pin. Must be externally biased.
RESET 18 14 | Hardware reset. Must be externally biased.
INTB 19 15 O | Interrupt output for PORTB. Can be configured as active-high, active-low or open-drain.
INTA 20 16 O | Interrupt output for PORTA. Can be configured as active-high, active-low or open-drain.
GPAD 21 17 1/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA1 22 18 IO | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA2 23 19 1/0 | Bidirectional I/0 pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA3 24 20 /O | Bidirectional I/0 pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA4 25 21 IfO | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA5 26 22 IO | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPAB 27 23 I/O | Bidirectional IfO pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
GPA7 28 24 I/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

DS21952B-page 4
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MCP23017/MCP23S17

1.2 Power-on Reset (POR)

The on-chip POR circuit holds the device in reset until
VDD has reached a high enough voltage to deactivate
the POR circuit (i.e., release the device from reset).
The maximum VDD rise time is specified in Section 2.0
“Electrical Characteristics”.

When the device exits the POR condition (releases
reset), device operating parameters (i.e., voltage,
temperature, serial bus frequency, etc.) must be met to
ensure proper operation.

1.3 Serial Interface

This block handles the functionality of the I2C
(MCP23017) or SPI (MCP23S17) interface protocol.
The MCP23X17 contains 22 individual registers (11
register pairs) that can be addressed through the Serial
Interface block, as shown in Table 1-2.

TABLE 1-2: REGISTER ADDRESSES
Address Address ity 16/
IOCON.BANK =1 | IOCON.BANK =0

00h 00h IODIRA
10h 01h 10ODIRB
01h 02h IPOLA
11h i 03h IPOLB
02h 04h GPINTENA
12h 05h GPINTENB
03h 06h DEFVALA
13h 07h DEFVALB
04h 08h INTCONA
14h 0%h INTCONB
05h 0Ah IOCON
15h 0Bh IOCON
08h 0Ch GPPUA
16h 0Dh GPPUB
07h 0OEh INTFA
17h OFh INTFB
08h 10h INTCAPA
18h 11h INTCAPB
09h 12h GPIOA
19h 13h GPIOB
0Ah 14h OLATA
1Ah 15h OLATB

1.3.1 BYTE MODE AND SEQUENTIAL
MODE

The MCP23X17 family has the ability to operate in Byte
mode or Sequential mode (IOCON.SEQOP).

Byte Mode disables automatic Address Pointer
incrementing. When operating in Byte mode, the
MCP23X17 family does not increment its internal
address counter after each byte during the data
transfer. This gives the ability to continually access the
same address by providing extra clocks (without
additional control bytes). This is useful for polling the
GPIO register for data changes or for continually
writing to the output latches.

A special mode (Byte mode with IDCON.BANK = 0)
causes the address pointer to toggle between
associated A/B register pairs. For example, if the BANK
bit is cleared and the Address Pointer is initially set to
address 12h (GPIOA) or 13h (GPIOB), the pointer will
toggle between GPIOA and GPIOB. Note that the
Address Pointer can initially point to either address in
the register pair.

Sequential mode enables automatic address pointer
incrementing. When operating in Sequential mode, the
MCP23X17 family increments its address counter after
each byte during the data transfer. The Address Pointer
automatically rolls over to address 00h after accessing
the last register.

These two modes are not to be confused with single
writes/reads and continuous writes/reads that are
serial protocol sequences. For example, the device
may be configured for Byte mode and the master may
perform a continuous read. In this case, the
MCP23X17 would not increment the Address Pointer
and would repeatedly drive data from the same
location.

132 12C INTERFACE

1.3.24 I2C Write Operation

The 12C write operation includes the control byte and
register address sequence, as shown in the bottom of
Figure 1-1. This sequence is followed by eight bits of
data from the master and an Acknowledge (ACK) from
the MCP23017. The operation is ended with a Stop (P)
or Restart (SR) condition being generated by the
master.

Data is written to the MCP23017 after every byte
transfer. If a Stop or Restart condition is generated
during a data transfer, the data will not be written to the
MCP23017.

Both ‘“byte writes” and “sequential writes” are
supported by the MCP23017. If Sequential mode is
enabled (IOCON, SEQOP = 0) (default), the
MCP23017 increments its address counter after each
ACK during the data transfer.

® 2007 Microchip Technology Inc.
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MCP23017/MCP23S17

1.3.2.2  12C Read Operation

[°C Read operations include the control byte sequence,
as shown in the bottom of Figure 1-1. This sequence is
followed by another control byte (including the Start
condition and ACK) with the R/W bit set (R/W = 1). The
MCP23017 then transmits the data contained in the
addressed register. The sequence is ended with the
master generating a Stop or Restart condition.

1.3.2.3 12c Sequential Write/Read

For sequential operations (Write or Read), instead of
transmitting a Stop or Restart condition after the data
transfer, the master clocks the next byte pointed to by
the address pointer (see Section 1.3.1 “Byte Mode
and Sequential Mode” for details regarding sequential
operation control).

The sequence ends with the master sending a Stop or
Restart condition.

The MCP23017 Address Pointer will roll over to
address zero after reaching the last register address.

Refer to Figure 1-1.

1.3.3 SPI INTERFACE

1:3:3.4 SPI Write Operation

The SPI write operation is started by lowering CS. The
Write command (slave address with R/W bit cleared) is
then clocked into the device. The opcode is followed by
an address and at least one data byte.

1.3.32 SPI Read Operation

The SPI read operation is started by lowering CS. The
SPI read command (slave address with RW bit set) is
then clocked into the device. The opcode is followed by
an address, with at least one data byte being clocked
out of the device.

1.3:5:9 SPI Sequential Write/Read

For sequential operations, instead of deselecting the
device by raising CS, the master clocks the next byte
pointed to by the Address Pointer. (see Section 1.3.1
“Byte Mode and Sequential Mode” for details
regarding sequential operation control).

The sequence ends by the raising of cs.

The MCP23S17 Address Pointer will roll over to
address zero after reaching the last register address.

DS21952B-page 6

© 2007 Microchip Technology Inc.



MCP23017/MCP23S17

FIGURE 1-1: MCP23017 12C™ DEVICE PROTOCOL

[s]-start

- Restart

[s] op |w|[ADDR }—{ Dn | [ DN |—»{P]

El - Stop
@ - Write
@ - Read

- Device opcode

ADDR | - Device register address

Dout |- Data out from MCP23017

- Data in to MCP23017

:>|SR[ oPp |R| Dour | . | Dout }—|—>|E|
——»IsrR[ op [w] DN | [ Dw [P]

]

——— = Dout | | Dour !_>|E|
—————»lsr] op [R] Dour | .| Dour h—»@
_‘ S

—»sR[ o |w[ abbrR | DN |..[ DN |—=[P]
| e

Byte and Sequential Write

sye [s] op [w[ADDR |—#[ Dw |—»-[p]

Sequential [S]| oP |w| ADDR |—{ pn |..[ DN _|—»[P]

Byte and Sequential Read

Byte[S] oP |w|-m[sR] op [R[ Dour |-{P]

Sequential [S| oP | w]—m=SR_oP |[R] Dout ]..[ Dour |—s={P]

© 2007 Microchip Technology Inc.
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MCP23017/MCP23S17

1.4  Hardware Address Decoder FIGURE 1-2: I’C™ CONTROL BYTE
X ; FORMAT

The hardware address pins are used to determine the = -

device address. To address a device, the correspond- ‘«—— Control Byte ——————»"

ing address bits in the control byte must match the pin : .

state. The pins must be biased externally. [sJo[1]o]o [A2][A1]A0[RW | Ack]

J A

1.4.1 ADDRESSING I°C DEVICES T 4 Slave Address ——»
IMEP2301 T Start R/W bit ——

The MCP23017 is a slave I°C interface device that bit ACK bit

supports 7-bit slave addressing, with the read/write bit R = 0 = write

filling out the control byte. The slave address contains RMW =1 = read

four fixed bits and three user-defined hardware

address bits (pins A2, A1 and AQ). Figure 1-2 shows

the control byte format. FIGURE 1-3: SPI CONTROL BYTE
FORMAT
1.42 ADDRESSING SPI DEVICES
(MCP23S17) Cg‘ r

The MCP23S17 is a slave SPI device. The slave
address contains four fixed bits and three user-defined ! i
hardware address bits (if enabled via IOCON.HAEN) [o[1To]o]a]AaiJa0]RW]
(pins A2, A1 and AQ) with the read/write bit filling out :l ': .

the control byte. Figure 1-3 shows the control byte h SIEVE A :

44— Control Byte ————»

format. The address pins should be externally biased RIW bit
even if disabled (IOCON.HAEN = 0). RV = 0 = write

RAW =1 = read
FIGURE 1-4: I’c™ ADDRESSING REGISTERS

[sJoJ1]oJo[a2]at]ao] o Jack [ A7 [ac [As [ A4 [ A3 A2] A1 A0 fack:]

i A i

' RW=0 . . .

<«—— Device Opcode ». Register Address ————————»

A

*The ACKs are provided by the MCP23017.

FIGURE 1-5: SPI ADDRESSING REGISTERS

s | I

0O|1]0|0|[A2|A1T|A0|RW| A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

* * *

4——— Device Opcode B Register Address ————

* Address pins are enabled/disabled via IOCON.HAEN.

DS21952B-page 8 © 2007 Microchip Technology Inc.



MCP23017/MCP23S17

1.5  GPIO Port

The GPIO module is a general purpose, 16-bit wide,
bidirectional port that is functionally split into two 8-bit
wide ports.

The GPIO module contains the data ports (GPIOn),
internal pull-up resistors and the output latches
(OLATn).

Reading the GPIOn register reads the value on the
port. Reading the OLATn register only reads the
latches, not the actual value on the port.

Writing to the GPIOn register actually causes a write to
the latches (OLATnN). Writing to the OLATn register
forces the associated output drivers to drive to the level
in OLATn. Pins configured as inputs turn off the
associated output driver and put it in high-impedance.

SUMMARY OF REGISTERS ASSOCIATED WITH THE GPIO PORTS (BANK = 1)

TABLE 1-3:

R:gﬁf’ A?:;:fs bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 P?;]T:’T
IODIRA 00 107 106 105 104 103 102 101 100 |1111 1111
IPOLA 01 IP7 IP6 25 P4 IP3 P2 IP1 IPO 0000 0000
GPINTENA 02 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
GPPUA 06 PUT PUG PU5 PU4 PU3 PU2 PU1 PUO  |0000 0000
GPIOA 09 GP7 GPB GP5 GP4 GP3 GP2 GP1 GPO {0000 0000
OLATA 0A oL7 oL6 oLs oL4 oL3 oL2 oL1 OL0 |0000 0000
IODIRB 10 107 106 105 104 103 102 101 100 T T
IPOLB 11 IP7 IP6 IP5 P4 1P3 P2 IP1 iPo  |cooo oogo
GPINTENB 12 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
GPPUB 16 PU7 | PUB PU5 PU4 PU3 PUZ PU1 PUO {0000 0000
GPIOB 19 GP7 _GP6 GP5 GP4 GP3 GP2 GP1 GPO  [0000 0000
OLATB 1A oL7 oL6 oL5 o4 | 0oL3 oL? oL1 OL0 {0000 0000
TABLE 1-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE GPIO PORTS (BANK = 0)

Rﬁgﬁfr A?ﬁ:i’s bit 7 bité | bits | bits | bitz | bit2 | bit1 bit 0 P%?:E:T
IODIRA 00 107 106 105 104 103 102 101 100 1111 1111
IODIRB 01 107 106 105 104 103 102 101 100 1111 1111
IPOLA 02 IP7 IP6 P5 | P4 IP3 P2 IP1 PO |0000 0000
IPOLB 03 IP7 P& IP5 IP4 IP3 P2 IP1 PO [0000 0000
GPINTENA 04 | GPINT7 | GPINTG | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO |0000 0000
GPINTENB 05 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
GPPUA 0c PU7 PUG PU5 PU4 PU3 PU2 PU1 PUO  |0000 0000
GPPUB b PU7 PUB PUS PU4 PU3 PU2 PUA PUO  |0000 0000
GPIOA 12 GP7 GPB GP5 GP4 GP3 GP2 GP1 GPO {0000 0000
GPIOB 13 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO  |0000 0000
OLATA 14 oL7 oL6 oL5 oL4 oL3 oL2 oLt o0 [0000 0000
QOLATB 15 oL7 OoL6 OL5 OL4 oL3 oL2 oL1 oLo 0000 0000

® 2007 Microchip Technology Inc.
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MCP23017/MCP23S17

1.6 Configuration and Control

Registers

There are 21 registers associated with the MCP23X17,
as shown in Table 1-5 and Table 1-6. The two tables
show the register mapping with the two BANK bit
values. Ten registers are associated with PortA and ten

are associated with PortB. One register (IOCON) is
shared between the two ports. The PortA registers are
identical to the PortB registers, therefore, they will be
referred to without differentiating between the port
designation (i.e., they will not have the "A" or "B’
designator assigned) in the register tables.

TABLE 1-5: CONTROL REGISTER SUMMARY (IOCON.BANK = 1)

BRyiier CARONEERY s bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 pig: | FRERST
Name (hex) value
IODIRA 00 107 106 105 104 103 102 101 00 |1111 1111
IPOLA 01 P7 IP6 IP5 P4 IP3 P2 IP1 PO |0000 0000
GPINTENA 02 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
DEFVALA 03 DEF7 | DEF6 | DEF5 | DEF4 | DEF3 | DEF2 | DEF1 DEFO 0000 0000
INTCONA 04 loc7 10C6 10G5 10C4 10C3 10C2 10C1 10C0 0000 0000
IOCON 05 BANK |MIRROR | sEQoP | Disstw | HAEN | ODR | INTPOL —  |o000 0000
GPPUA 06 PU7 PUB PU5 PU4 PU3 PU2 PU1 PUD  |0000 0000
INTEA 07 INT?7 INT6 INT5 INT4 INT3 INT2 INT1 INTO [0000 0000
INTCAPA 08 ICP7 ICPB ICP5 ICP4 ICP3 ICP2 ICP1 ICPO  [0000 0000
GPIOA 09 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO  [0000 0000
OLATA 0A oL7 OL6 OL5 oL4 oL3 oLz oL1 OL0  [0000 0000
IODIRB 10 107 106 105 104 103 102 101 100 [1111 1111
IPOLB 1 IP7 1P6 IP5 P4 IP3 P2 IP1 Po  [0000 0000
GPINTENB 12 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
DEFVALB 13 DEF7 | DEF6 | DEF5 | DEF4 | DEF3 | DEF2 | DEF1 DEFO |0000 0000
INTCONB 14 10C7 10C6 l0C5 10C4 10C3 10C?2 I0C1 I0co 0000 0000
IOCON 15 BANK | MIRROR | SEQOP | DISSLW | HAEN | ODR | INTPOL — |oooo oooo
GPPUB 16 PU7 | PUG PU5 PU4 PU3 PU2 PU1 PUO |oo00 0000
INTFB 17 INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO [0000 0000
INTCAPB 18 ICP7 ICP6 ICP5 ICP4 ICP3 ICP2 ICPA ICPO 0000 0000
GPIOB 19 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPo  |0000 0000
OLATB 1A oL7 oL oL5 oL4 oL3 oL2 oL1 OL0  |0000 0000

DS21952B-page 10
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MCP23017/MCP23S17

TABLE 1-6: CONTROL REGISTER SUMMARY (IOCON.BANK = 0)

R:g:tee’ A?:;:fs bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 P%S{EST
IODIRA 00 107 106 105 104 103 102 101 100 1111 1111
IODIRB 01 107 106 105 104 103 102 101 o0 [1111 1111
IPOLA 02 IP7 IP6 IP5 IP4 IP3 P2 IP1 PO |coo0c 0000
IPOLB 03 P7 IP6 IP5 IP4 IP3 P2 IP1 IP0 |oooo 0000
GPINTENA 04 | GPINT7 | GPINTB | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO |0000 0000
GPINTENB 05 | GPINT? | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GRINTO [0000 0000
DEFVALA 06 DEF7 | DEF6 | DEF5 | DEF4 | DEF3 | DEF2 | DEF1 DEFO [0000 0000
DEFVALB 7 DEF7 | DEFs | DEF5 | DEF4 | DEF3 | DEF2 | DEFT DEFO |0000 0000
INTCONA 08 l0c7 10C6 10C5 10C4 10C3 10C2 10C1 I0C0  [0000 0000
INTGONB 09 10c7 locé | Ioes 0G4 10C3 10C2 10C1 oco  |o000 oooo
IOCON 0A BANK | MIRROR | SEQOP | DISSLW | HAEN | ODR | INTPOL — o000 o000
IOCON 0B BANK. | MIRROR | SEQOP | DISStw | HAEN | ODR | INTPOL — o000 o000
GPPUA ac PU7 PUB PUS PU4 PU3 PU2 PU1 PUD  |0000 0000
GPPUB 0D pU7 PUG PUS5 PU4 PU3 PU2 PU1 PUO  [0000 0000
INTFA 0E INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO [co00 o000
INTFB OF INT7 | INT6 | INT5 INT4 INT3 INT2 INT1 INTO o000 0000
INTCAPA 10 ICP7 ICP8 ICP5 ICP4 ICP3 ICP2 ICPA ICPO |0000 0000
INTCAPB 11 IcP7 | ICP6 ICP5 ICP4 ICP3 ICP2 ICPA ICPO  [0000 0000
GPIOA 12 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO [0000 000D
GPIOB 13 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO  [0000 0000
OLATA 14 oL7 oL6 oL5 oL4 oL3 oL2 oL1 oLo  |oooc 0000
OLATB 15 oL7 oL6 oL5 OL4 oL3 oL2 OL1 oLo  foooc 0000

© 2007 Microchip Technology Inc. DS21952B-page 11




LM324, LM324A, LM324E,
LM224, LM2902, LM2902E,
LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The LM324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 30V oras
high as 32 V with quiescent currents about one—fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing compenents in many applications. The
output voltage range also includes the negative power supply voltage.

Features

Short Circuited Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 V 10 32V

Low Input Bias Currents: 100 nA Maximum (LM324A)

Four Amplifiers Per Package

Internally Compensated

Common Mode Range Extends to Negative Supply

Industry Standard Pinouts

ESD Clamps on the Inputs Increase Ruggedness without Affecting

Device Operation

e NCV Prefix for Automotive and Other Applications Requiring
Unique Site and Control Change Requirements; AEC-QI100
Qualified and PPAP Capable

e These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS

Compliant

® Semiconductor Components Industries, LLC, 2016 1
January, 2016 — Rev. 27

ON Semiconductor®

www.onsemi.com

PDIP-14
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PIN CONNECTIONS

out1 [ 1] Out 4
2 13
Inputs 1 {E:@—‘ d l } Inputs 4
(2] 12]
Ve E _1_'_] Veg, GND
EEIE o]
Input: 2{ } Inputs 3
puts o 51 p
out2 (7] 8] Out3

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 11 of this data sheet.

Publication Qrder Number:
LM324/D



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vdc
Single Supply Ve 32
Split Supplies Voo VEE +16
Input Differential Voltage Range (Note 1) Vior +32 Vde
Input Common Mode Voltage Range (Note 2) Vicr -0.3t0 32 vdc
Qutput Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °C
Thermal Resistance, Junction-to-Air (Note 3) Case 646 Roga 118 °CIW
Case 751A 156
Case 948G 190
Storage Temperature Range Tstg -65 10 +150 °C
Operating Ambient Temperature Range Ta °C
LM224 -2510 +85
LM324, LM324A, LM324E 0to+70
LM2902, LM2902E -40to +105
LM2902V, NCV2902 (Note 4) -40t0+125

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

1. Split Power Supplies.

2. For supply voltages less than 32 V, the absolute maximum input voltage is equal to the supply voltage.

3. All Ry a measurements made on evaluation board with 1 0z. copper traces of minimum pad size. All device outputs were active.

4. NCV2902 is qualified for automitive use.

ESD RATINGS
Rating HBM MM Unit

ESD Protection at any Pin (Human Body Madel — HBM, Machine Model - MM)
NCV23902 (Note 4) 2000 200 v
LM324E, LM2902E 2000 200 \
LM324DR2G, LM2902DR2G 200 100 Vv
All Other Devices 2000 200 \

www.onsemi.com



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Voc =5.0 V. Veg = GND, T, = 25°C, unless otherwise noted.)

LM224 LM324A LM324, LM324E LM2902, LM2902E | LM2902V/NCV2902

Characteristics Symbol | Min | Typ | Max | Min Typ | Max | Min [ Typ | Max | Min Typ | Max | Min | Typ | Max | Unit

Input Offset Voltage Vio mV
Vec=5.0Vio30 Vv
Vigr=0Vto
Voo =17V,
Vo=14V,R5=0Q
Ta=25°C = 2.0 5.0 - 2.0 3.0 - 2.0 7.0 - 20 7.0 - 20 7.0
Ta = Thigh {Note 5) - = 7.0 - - 5.0 - = 9.0 - - 10 = - 13
Ta = Tiow (Note 5) - - 7.0 - - 5.0 - - 9.0 - - 10 - - 10

Average Temperalure | AVio/AT | — 7.0 - s 7.0 30 s 7.0 - - 7.0 - e 7.0 - uwvrC
Coefficient of Input
Offset Voltage

Ta= Thigh 10 Tigw
(Notes 5 and 7)

Input Offset Current lio - 3.0 30 - 5.0 30 - 50 50 - 5.0 50 - 5.0 50 nA
T = Thigh 10 Tiow S - - [ s - - fso | = | - oo | - | - | 200
(Note 5)

Average Temperature Alip/AT - 10 = - 10 300 - 10 - - 10 - - 10 - pArC
Coefficient of Input
Offset Current

Ta= Thigh 10 Tiow
(Noles 5 and 7)

Input Bias Current lig - -90 | =150 - 45 | -100 - -90 | -250 - -80 | -250 - -90 | -250 nA
TA = Thigh 10 Tigy - - =300 | - - =200 | - - -500 | - - =500 | - - -500
(Note 5)

Input Common Mode Vicr v
Voltage Range
(Note 6)

Voo =30V
Ta = +25°C 0 - 283 o | - 28.3 0 - 28.3 (0] - 28.3 0 - 28.3
Ta= Thigh 10 Tiow 0 - 28 0 - 28 ¢] - 28 0 - 28 0 - 28

{Note 5)

Differential Input Vior = = Veo - | Vee - = Voo - - Voo - = Voo \
Voltage Range

Large Signal Open AvoL Vimv
Loop Voltage Gain
R =2.0kQ, 50 100 - 25 100 - 25 1100 - 25 | 100 - 25 | 100 -
Vec=15V,
for Large Vg Swing
Ta = Thigh 10 Tigy 25 - - 15 - - 15 - - 15 - - 15 - -
(Note 5)

Channel Separation Ccs - -120 - - -120 - - -120 - - | =120 - - -120 - dB
10 kHz <1< 20 kHz,
Input Referenced

Common Mode CMR 70 85 - 65 70 — 65 70 - 50 70 - 50 70 - dB
Rejection,
Rs <10 kQ

Power Supply PSR 65 | 100 - 65 | 100 - 65 | 100 - 50 | 100 - 50 | 100 - dB
Rejection

5. LM224: Ty, = -25°C, Thigh = +85°C
LM324/LM324A/LM324E: T, = 0°C, Thigh = +70°C
LM2902/LM2902E: T\, = —-40°C, Thigh = +105°C
LM2902V & NCV2902: Ty, = -40°C, Thigh = +125°C
NCV2902 is qualified for automotive use.

6. Theinput common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg -1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude
of Vcc.

7. Guaranteed by design.



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vg = 5.0V, Vg = GND, Ty = 25

°C, unless otherwise noted.)

Characteristics

Symbol

LM224

LM324A

LM324, LM324E

LM2902, LM2902E

LM2902V/NCV2902

Min

Typ

Max

Min

Typ

Max

Min | Typ Max

Min | Typ | Max

Min | Typ Max

Unit

Qutput Voltage —
High Limit

Vec =50V, R =
2.0kQ, Ty = 25°C

Ve =30V
RL=2.0kQ
(TA = Thigh to Tiow)
(Note 8)

Voo =30V
RL=10kQ
(Ta = Thighto Tiow)
(Note 8)

Vo

33

26

27

35

28

3.3

26

27

3.5

28

3.3

27 28 -

3.3

26

27

33

26 = -

27

Output Voltage —
Low Limit,
Vee =50V,
RL=10kQ,
Ta = Thigh 10 Tigw
{Note 8)

VoL

5.0

20

5.0

20

20

100

100

mV

Qutput Source Current
(Vp=+1.0V,
Ve =15V)
Ta =25°C
TA = Thigh to Thw
(Note 8)

20
10

40
20

20
10

40
20

20
10

b Jf i
20 -

[ 20

40 -

10 20 -

20
10

40 -
20 -

mA

Qutput Sink Current
(Vp=-1.0V,
Ve =15V)
TA =25°C
TA = Thigh to wa
(Note 8)
(Vp=-1.0V,
Vo =200mV,
Ta =25°C)

20

8.0

50

10

50

20

8.0

50

20 o

5.0

12

20 =

5.0

10 20 =

5.0

mA

nA

Output Short Circuit
to Ground
(Note 9)

Isc

40

60

40

60

60

60

60

mA

Power Supply Current
(Ta= Thigh 10 Tiow)
(Note 8)
Vee =30V
Vo=0V, R =
Voo =5.0V,
Vo=0V,.R =%

lcc

3.0

14

0.7

3.0

12

3.0

3.0

3.0

1.2

mA

8. LM224: TlOW =-25°C, Thigh = +85°C
LM324/LM324A/LM324E: T,

LM2902/LM2302E: T4, = —40°C, Thigh = +105°C
LM2902V & NCV2902: T, = -40°C, Thigh = +125°C
NCV2902 is qualified for automotive use.

9. The input common mode voltage or either input signal volta
the common mode voltage range is Voo -1.7 V, but either

of Ve

low = 0°C, Thigh =+70°C

ge should not be allowed to go negative by more than 0.3 V. The upper end of
or both inputs can go to +32 V without damage, independent of the magnitude




LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

Bias Circuitry
Common to Four
Output Amplifiers
= 2 o ‘ -
? Vi
S | e

Qe ey e |
Q13 [ |
' 40k [ |
Q19 | |
[ P | [

S.UpF Q12 9
I~ ' ‘
25§ [ i
|

"
[
Q20 |
|
{z;m I
Q21 |
r/—< Q6 | Q7 |
Qs LL \
08 Q10 [
|1 1 |
& *—o * & I—OVEE,’GND

Figure 1. Representative Circuit Diagram
(One-Fourth of Circuit Shown)



LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, (wo—stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
QI8 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Ve =15 Vde
RL=2.0kQ
Ta=25°C

[EERIAERNAN NN

L AN NN - R R R

P bty trearlegy
LS L L B

Ll frrey
L £ e

/
)

1.0V/DIV

L —1

5.0 us/DIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.

3.0Vio VCC{max) . Vee
l o o ? ~ = 1-5\"'l(’\"CvZJ(max)
o—
% o2
o]
=38, Sani ? aY -3
0_ —
=) A b =0 ¥= 1.5Vio VEE(max)
Vee ;_‘I
Single Supply = Vge/GND Split Supplies
Figure 3.
70 70
60 e 60
™~_ Phase Margin
b '\g | 1
@ 50 4 50 I
2, N >
n
£ 40 AN 4 m
5] N =
& =
= % 0 3
=z =
% 20 Gain Margin 0 3
10 e AR 10
0 0
1.0 10 100 1000 10000

LOAD CAPACITANCE (pF)

Figure 4. Gain and Phase Margin



VOR, OUTPUT VOLTAGE RANGE (Vpp) £y, INPUT VOLTAGE (V)

Icc» POWER SUPPLY CURRENT (mA)

LM324, LM324A, LM324E, LM224, LM2902, LM2902E, LM2902V, NCV2902

20 120
. ~ LN
;2] 100 Vog=15V
16 2= T~ Vg = GND
1 £ z 3 ™ Ta=25°C
7 o 80
// W ow N
12 /’ v w2 " ™
10 it g 8 : ™
. Negative |, "~ 3 = 0 N
' /‘// Positive 4 8 \-\
40 St g 5
ol S
0 -20
0 20 40 60 80 10 12 14 16 18 20 1.0 10 100 1.0k 10k 100 k 10M
+Vee/Vee, POWER SUPPLY VOLTAGES (V) f, FREQUENCY (Hz)
Figure 5. Input Voltage Range Figure 6. Open Loop Frequency
14
0, TT1 3¢
= \ 15 ade N\
N\ Gl = = Input
. Vee = GND = 450
N Gain = -100 1G] /
= < Output AN
\ R =1.0kQ g 400
8.0 R = 100 k2 o e /
\ S 350 /
6l E \ A
o) 300 \ 1~
N
0 N 5 250 U/ Vg =30V
2.0 A Vee = GND
y \\ 200 Ta=25°C
I~ 3 & CL =50 pF
1.0 10 100 1000 0 10 20 30 40 50 60 70 80
f, FREQUENGY (kHz) t, TIME (us)
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Figure 11. Voltage Reference Figure 12. Wien Bridge Oscillator
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Figure 13. High Impedance Differential Amplifier Figure 14. Comparator with Hysteresis
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Figure 15. Bi-Quad Filter
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Figure 16. Function Generator Figure 17. Multiple Feedback Bandpass Filter
Given: 1, = center frequency
Alfo) = gain at center frequency
Choose value fy, C
: . N
Then; R3= 71,C
R3
A= =
Affo)
___RiR3
" 40%R1-R3
. o Qoo
For less than 10% error from operational amplifier, B © 0.1
where f, and BW are expressed in Hz.
If source impedance varies, filter may be preceded with
voltage follower buffer to stabilize filter parameters.
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Q CHINA YOUNG SUN LED TECHNOLOGY CO., LTD. '

TEL: (86) 755-28079401 28079402 28079403 28079404 28079405
FAX: (86) 755-28079407 E-mail: info@100LED.com Web: www.100LED.com

Model No.: YSL-R542G5C-A14

Applications: ol
ElDecorations Ellluminations o
EJAdvertising Sign ETraffic Lights

ElIndicators ElFlashlights

Absolute Maximum Ratings: (Ta=25°C) .

ITEMS Symbol Absolute Maximum Rating Unit
Forward Current Ir 7 20 mA
Peak Forward Current Ies 30 mA
Suggestion Using Current o, 16-18 mA
Reverse Current  (Vr=5V) Ir 10 : uA
Power Dissipation Po 105 mw
Operation Temperature Toig -40 ~ 85 7 T
Storage Temperature Tste 40 ~ 100 T
Lead Soldering Temperature Tsol Max. 260°C for 3 Sec. Max.  (3mm from the base of the expoxy bulb)

Absolute Maximum Ratings: (Ta=25C)

ITEMS Symbol Test condition Min. | Typ. | Max. Unit
Forward Voltage Vr [r=20mA 39 |———=| 3.4 v
Wavelength _ L
(nm) or TC(K) AA Ir=20mA 520 525 nm
*Luminous intensity Te fesSBmA 10000| ——— 113000 med
50% Viewing Angle 201/2 IF=20mA ——|———] 10 disg

Address: 5/F, Building B, Anzhilong Indl., Qinghua East Road., Longhua Town, Shenzhen CHINA. 518109
- ONE HUNDRED LED
www.100LED.com PERFECT LED
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O CHINA YOUNG SUN LED TECHNOLOGY CO., LTD.

TEL: (86) 755-28079401 28079402 28079403 28079404 28079405
FAX: (86) 755-28079407 E-mail: info@100LED.com Web: www.100LED.com

Light Degradation in mcd: (Ir=20mA)

Hours Light Degradation in mcd after Different Hours

Colors 216 Hrs 360 Hrs 792 Hrs 1104 Hrs 1992 Hrs 2328 Hrs
Red 1.52% -1.22% -3.10% -4.68% -5.72% -8.27%
Yellow -1.71% -2.97% -5.93% -8.13% -8.90% -11.10%
Blue 3.13% -0.33% -3.84% -8.23% -21.32% -24.92%
Green -8.02% -9.78% -14.25% -17.37% -20.79% -22.30%
Hours 48 Hrs 168 Hrs 336 Hrs 360Hrs 720 Hrs 1008 Hrs
Cool White 10.56% 6.72% -2.29% -7.68% -17.32% -22.48%
Pure White 13.66% 8.22% -1.45% -8.50% -19.52% -25.26%
Warm White 3.02% -4.38% -15.18% -21.15% -27.19% -29.97%

Mechanical Dimensions:

gAIll dimension are in mm, tolerance is +0.2mm unless otherwise noted
gANn epoxy meniscus may extend about 1.5mm down the leads.
&Burr around bottom of epoxy may be 0.5mm Maximum

Unit: mm
7N
/ \
(]
A4
Viewing Angle Drawing

/ ‘\x‘\

o ';‘

| | | w (|

I S I i ;%

I |

Address: 5/F, Building B, Anzhilong Indl., Qinghua East Road., Longhua Town, Shenzhen CHINA. 518109
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TEL: (86) 755-28079401 28079402 28079403 28079404 28079405
FAX: (86) 755-28079407 E-mail: info@100LED.com Web: www.100LED.com

Packing Information:

1. Anti-static bag

5200 - 500pcs per bag

| 230 i
SN |
@ gWith 1 little bag of drier inside

Unit: mm
S
o2
= &30 - 40 bags per box
od
- 215-20K pcs per box

320
Middle Box

Anti-static Tube Packaging Information:

Unit: mm
I K ¢
| ‘/' I h | I \ 1
[ N @ O ( O A
) /
! i N 7 e S
b
S
o2
& =Taping dimension can be adjusted
- to customer's requirements.
£8-10 Layers per box
@16K-20K pcs per box
320
Middle Box

Address: 5/F, Building B, Anzhilong Indl., Qinghua East Road., Longhua Town, Shenzhen CHINA. 518109
ONE HUNDRED LED
www.,100LED.com PERFECT LED
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TEL: (86) 755-28079401 28079402 28079403 28079404 28079405 .
FAX: (86) 755-28079407 E-mail: info@100LED.com Web: www.100LED.com .F

Code System:

F

ESL-RA2GSC-ALe g1. Company Code, short for Young Sun j

TT T—H—[TT TT 2. Code for LED series. ;
3456 7 8 910

3. Code for LED Type. ‘

\

\

R: Round B: Bullet C: Columnar : Ovai
H: Helmet Q: Square V: Concave P Pagoda
S: Strawhat D: Special

55. Code for Lead Frame of LED @4. Code for LED Lens Type.

g6. Code for Lead Frame Code of LED
g7. Code for Wavelength Color
8. Code for Lens color

C: Water Clear W: White Diffused D: Color Diffused T: Color Transparent
9. Code for Viewing Angle
A:1-10 B: 10-20 C:20-30 D: 30-40 E: 40-60 F:60-90 G:90-120 H: >120

g10. Luminous Intensity Grade:

1: 1-50mcd 4: 200-300mcd 7: 800-1000mcd 10: 2000-3000mcd 14: 10000-13000mcd
2: 50-100mcd 5: 300-500mcd 8: 1000-1500mcd 11: 3000-5000mcd 15: 13000-15000mcd
3: 100-200mcd  6: 500-800mcd 9: 1500-2000mcd 12: 5000-8000mcd 16: 15000-20000mcd

13: 8000-10000mcd 17: 20000~mcd
Warrantee:

g In order to make the LEDs lifespan longer, please set the input current below 20maA.

g Electrical & Optical Characteristics consistency of same items all shippments.

Notes:

Please use LEDs based on our datasheet.

g LED is senstive to statics, be sure your equipments are anti-static when you use our
LEDs.

Pay more attention to your heat dissipation system when you use it, the better heat
dissipation, the longer LED lifespan.

Address: 5/F, Building B, Anzhilong Indl., Qinghua East Road., Longhua Town, Shenzhen CHINA. 518109
ONE HUNDRED LED
www.100LED.com PERFECT LED






