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ABSTRACT

This project is invented to decrease the troubles and develop method of bench
test for convenience and easier to use. By compose of hardware is application bench
board and software is user interface (Ul). The operation of board includes 4 products
such as LED driver, voltage translator , GPIO and multiplexer. Application bench board
has the maximum socket’s pins are 56 pins. Bus for supply voltage , eround , signals and
LEDs for outputs. In addition , the board has voltage regulator , active load and ramp
module for facility. Software is programed by using Arduino for test operation of
products. By user can command the operation from WINI2C proeram or user interface.
The important function is invented as read all registers and compare table registers. By

using operation of 12C (Inter-Integrated Circuit)

Keywords : application bench board , user interface , compare table registers ,

read all registers , 12C
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Tnatamzmsimangvesdiuesialendiolasuludandudinmmwi 2.9 Weiluuswiulusanduaui
Aussudues (v2) asinnssudlnachuiiveslaleamniuigaBesesnsanl (knee Point) 9¢il
nsvudluaru@iuesialonwinfiu 1ZK - wasiiueslalenlniuusdugsaaiudnnssuassiaduus
wsasuFueazAa uiiiinsruaiun A InssLARueIIEn (ZM) usstuiiuesaslunei

_—
v vy

s 2k
V» 7

Knee regjon

Lie ]

T,

2t

4

2

I!

MNA 2.9 N5 LEnIdNzaIlRvaINTEnaLAzLsIsUYaITiuad lnlandinlasuludandu

sauumsidesialealulilunisaupuluswiuliassnsilagldrussiuivosiu 3
AedeanuuuNIsAUALliinszualvaiudwesialongiussninaangzud 1IZK §ad1 1ZM dmiu
nNIEud IZT Mnedernnseuanadounussiudiues (Zener Test Current) Fallumnssuaniiie
YDIUTIFTUBUDINAMAMUALIlY Datasheet

R
AV —.

560 st

|J|——|‘

2NN 2.10 19355 w1szaunsinulaeladiaslialon



2.1.2.2 29as55nwseaunssaulaeldled

2asunaselvadislniffeutuiniign Aorsesinwseduusefulagld
loBwswhoeanuuuineshe sagn wuadnuazlinunings lunseenuuuiasinuwissau
ussulneldlodidnunzeineg fiilde 14led 3 Muuuussduemmnasivinuazay uarldled 3
Puvvliviussiueenald wesinwszaulsiulagldledasladynuusiiudunauiain
29sisnAlieesTirunsneasIR UL Tngnsesinuseiunsaduagyimihiufuusiausadu
Ti3eudu wasdnmssfuussiuliasiinaoansldon Tasluiidesndniinmsinussiuuseiy
Tngldled 3 viwuuliuaussiuamwalafe TLA31

2

TL431 \ule@fimlédite sangnuaziivuindn @msoUulssiuoanalaRas Ve i

o & o

36V annsndnenseualdnaus 1mA 9 100mA uasiidyyinsuniufiersyasiahuiseniuy
19955 WSTAULTIIU TRBRas9suUU Shunt Regulator

T O N—— Vout

|

Rl 1

LR
D
O—i»—i—l—o

AW 2,11 Shunt Regulator

"
= 3w

lngA1 R war R2 duunnazlden 1kQ waasnsnmuImmAILs W Lef e laRInaunis

R1
Vout + 1= R_z(vref)

2.1.3 29950a3iunIzwaiY (protection)

nslesfunszuaugnuszgndldondunsesiiiiuesissdifinnseiindsineg wie
Uasriunszuaiiu telaatugunniduiddlituisasiug Uasafouaslioglutsnmayinud
wngan waglnelunistlestunssuaiiuazgnesnuuuliaunsondufunisviaudedesld
Tunsdlfihsasinisvhanfiound TunsdiviliAenshenssuafurensduiululdvaonsd
Wy msvesaweiin Mtisadevnevesgunsaififsadoimsduiids Budu uasnaiAetud
fagvhliAnanuiouiigunsaifuinds masuinidomevesaunaniaug IndlAesmioasisasun
wiunaaunadngie gunsaiffiuihilunisamuaumsivaveanszualiiniiinnusegndliluisesd

[

G191l



2.1.3.1 eunu (Resistor)
v v & PN a & a o oo wa )
amumudugunsaiBidnnsefindvyiianiandanaudilunisaunisiva
gpenszwaliiln Tunturunldluaees 2 Uszan lewn

o v = i i v W aa
1) MeuNIuRen (Fixed Value Resistor) 1usmsumiuniiaAIang

Aunuraansivavasnseualivhag anunsasiuAnnumuiulannLoudnanaguus

AU rdadulaviu Q

— =
: S -
—  gug -
Bl—

=] o = P =

AINN 2,12 IO UNIUASLUY 4 OUdLaE 5 LaUd
1 1 a L4 A
N1TDIUATNIATUNTULUUAIN

Standard EIA Color Code Table 4 Band: +2%, 5%, and +10%

1st 2nd 3rd 4t
Band  Band Band Band

¢ 1st Band 2nd Band 3rd Band 4th Band
ger (1stfigure) | @ndfigure) | (multiplier) | (tolerance)
0 0 0
0
0
Yollow 4 4 10+
o 10
0
0
White 9 9 10°
Gold 107 5%
s ~ 10 $10%

El 1 U -4
AIMNN 2.13 A195719N138TUATNIATUNTULUUAIN

w3 = ' Y N . v v a
2) fduyullAsuanle (Variable Value Resistor) tudduniuiiiie

o 13 1 LY A =Y 1 L
MyuLNuasiImuUIULEIAIANmUIUIzAsuwasly dedldlunismuauaiussiuliiily

wC ’

AN 2.14 Fasunuudsuanle

1ATBENNIaTnd




2.1.3.2 lalam (Diode)

ca a ¢ v v a o
lalonlugunsaiBidnnsetindneeulinssualwihlvaleviasien vian
ansnedd wladu 2 vila el

1) lalemsssuan (Normal Diode) viwihiimuaumsivavesnseualnil
Inamadien yhanansissnhitfetiweluauazualve

Anode ' Cathode
(+) ' (=)

AN 2.15 dyanuaiaznwlalonsssua

2) laloawUasuas (Light Emitting Diode; LED) anunsawauasnananla

v ° v - i @ o v ! |
wolasunszualndn vivthidsundsou il lmdundsuias waaiilaswanuniivaed

£
s

= - ﬂ! U ° 4 =
YUNUVUAVDIATITNIANTUINNA R

AR 2.16 laloawastas
Uselevtvaalalan

1) lalonsssum Vimihitmusinsinavesnssudlwitlvlualuimnades mndoases
Aansvualniinagliannsaluald Jsedesiuaunsaldidansedndlilignyinaiean
nszualnih

2) loloawaauas Tlundoddlwingeg AlduamuazdmddeFoauas iy gy
wihlluning inSesAnay uasvemenians

2.1.3.3 n5udawmas (Transistor)

nsdames dvihilumsveenssualiiuazauaunisinayes
nszualwii Gleygeliinauazufenlsliinaniu) faedreadulalen winsudamesannsav
avlsliunnndy mezuenanazmunuiianinisivalduds Saunsanivaudiunanseualni
Ieshemuannsadnarifndulfinseansisiimeludmswdanes noudanesusasain
aedl 3 91 leun
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1. 9wd (Base: B)
2. v195awas ( Emitter : E )
3. ¥1Aealanas ( Collector : C)

' a & 9 a o 2 | )
PINWUIUTEANVBINTIUTALRaTANNLASIAS19vaas MU s uuale 2 wuu A

1) nudawesedin MEuR ( PNP) Swdnnisvauiiew C avvimihiidu
nsnddlefinsyudluihfisadntosiian B Susziinsudealilinszudlwihlwaruarnu £ U C
16 uadleliifnszualwiindien B wevdonszualnihdiaay sufiezseulinssualiihiunnninlwa
Huanan E ldan C

2) viswdamesuin Buidu (NPN) dudnnisvinnudedlefinszudliy
Weadntosiiun B nowdamesfiazegluaniigvihan sufsenlinssualihiiuannimane
winlwariuwn Cludan B8 usflumsmsafudhailiiinssualitiion Blag nudawmedazey
luanne cut-off Aesiussudenlillinssualniitlnar e C W E 16 Taodivn £ iy

N3N0
Collector
Collector | N ,f,, A8 N [ Emitter s.;@
| Emitter

R TS :Ei: a Collector

Collector P G M P Emitter
Base
Emitter

Base

AW 2.17 nuFawmeseila PNP Lag NPN

v o ¢l o a w
TnglsigunsaifinauaunisivavesnssuaUsegnaldlunisesnwuuisastasiunssuaiiuggy

&

:J L2 -
AN 2.18 2995UBINUNTELANY
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2.1.4 2995manseid (Active load)

29959nsERadunRTnszuans il dsulusuaAnssnuinnAsous ALY ¥
wiilumsvaaeunsianseualunninesdwnaievsegunsalineg Avihwinndulven lag

ViaNNIIaNKULIAsAIYY fuastiesiunseuaiu Asthgunsaiiiauaunsivavainssuasn
Uszgndldlunsesnuuu anansaeenwuuld 2 dnuwaizfe

1) Current sink : nszuaaylvarulvanuwaudwgUnsnl
2) Current source : nsziavzlnanananvIgUnsaltiulvanudIanIun

+5V
Current Sourcing j Current Sinking

Device Device

J, Current flows out of device l Current flows into device

AW 2.19 anuEYa9995 Current source wag Current sink

2.1.5 29954511 (Ramp circuit)

amsusudfasesiidiamunuussfunasnsyuaiinarufufiulssudn awannsa
Usurnatlunuseildduagsuaimumuiasindulssailadily Tnefdemdowsdu
nlifulssaagimihfisndaussglisuyilidygaievmaitusUamuioniamp) us
dovgarglvaivlszgarmelszeesnaumavivdyanaildduduess awnsaseniuy
2aslanagy

Af

L X
RN

MWH 2.20 29956514

ausamuIAIalaIINaNNIs



2.1.6 nM3deasvoyaTEniauesa Arduino Aule@eiey Wire.h

Wire.h Aalausiives Arduino ldlunisdeansdoyaiuszning Arduino Auled
swszuula 12C Taelusunsulal Arduino vhwihibugunsaliidendn 12C Master wazlladvin
wihiilu 12C Slave Fso1allldvanean

Hafduildluiiiae

- begin() - write()

- request.From() - available()
- begin.Transmission() - read()

- end.Transmission()

msdeansiiula 12C ihuinsdeansuuu Synchronous & Serial Aomsdsdieyaiiazin
waglddynyas Clock Tumsimusdamnsmsdidoya %’aﬁ’uaamﬁﬁamﬁagamuuﬁa 12C fin 14
anudtysy e 2 e Ap SCL (enedtysyins Serial Clock) Wz SDA (enedtysynidaya Serial
Data) waziludynauy 2 firvng (Bidirectional) H19asmeludmiu 1/0 wuv Open-Drain /
Open-Collector Lianldauaasdissnuniuiuy pull-up resistors Aeagie Ua 12C anansan
gunsailduaegunaniusazgunsniaziivineiauiiey (Device Address) fisedlaitniu Tneviluss
Tévanetauegiivnn 7 O (7-bit Device Address) daszuldfia 128 gunsal uazluluddananiay
fitnfiGonin Read/Write (R/W) Bit dwidussyisdumadouniosudeyaronntu Taelu
wire library tiflun1sld Device Address a¢ldiiivsua 7 0 Tnsdosmadoudoyany]lidds
wire.write() Tunsdslusiamuau (Control Byte) uagluiveya (Data Byte) mudwiu dnilunis
grudeyaiuazlddds request From() Tunsiamua Device Address wagdrnuludiifasnises
81U MMy wireread() lumseudeya

Serial.begin{9600); Wire.beginTransmission (Addrinc);
] Wire.writel{i):

Wire.begin(}? .“. ) :

5 Wire.endTrénsmission():
Wire.beginTransmissioen (196)%
Wire.write (0x02); Wire.regueatFrom(AddrInc,l)://addr,byte
chl0 = Wire.read(); // read firat channel
Wire.write (0XFF); 4
Wire.endTransmission(); Wire.endTransmission{);

MW 2.21 shagrslanadalaald wire.h library

13



2.1.7 Serial Communication

Port Communication ARUBININISANRDADATITIELWINTZUU System Unit Wag

¢ o . ' & = a ¢ o ¢ - o dI |
gunsaisautne (Peripheral) wWu 9801w Tl ta3esfiust Fegunsalvardezvinisideuselne

1 a v €1 = ° ¥ v ° 9] a 1 d
N']ua']FJLﬂLUaL’UWEJ Port ‘U@QQ'IJT\?EUG]']Q‘.] ‘ENQﬂﬂqﬁum“ﬁu‘lﬁijuu']ﬂ3§7uaq1ﬁ5Uﬂ75ﬁﬂﬂaﬁﬂﬁqi

o

AeLy A T ] a o ' = &
Port 1 wﬂﬂsL‘z}aumamqwawgmmu WAHMAALUUNNLTENI107 Connectors 99 Connectors N

LY s

= 1 1 v o a‘vu < @ 2/ ?: L7 =
iy 2 pyIMeiuAe Male Type Wag Female Type ﬁawﬁ)ﬂﬂuﬂaﬂaﬂmwt.asﬂanmLuEf

U

wualgail

1) Parallel Port

2) Serial Port

mwﬁ 2.23 Serial Port

3) USB (Universal Serial Bus)

AW 2.24 USB (Universal Serial Bus)

ﬂ!‘ A 5 1 =f .
Felufilagnani Serial Port

Serial Port Aewadnoynsy lunsdomsdeyatunesneynsuariiauilunmsdeansii
vy mnenaedeuihedeyauuvsynsuiudunisdieyansiay 1 O uiwasn
vuutiuasnsadideyaiasane g Siwdeuq fuld widefivesnisdeasiayauuveynsufie
annsodeeyaldluszozmsilnanduvauu uasldmodygruitesnimsiomstoyauuy
YUY
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Usginnueansdeansiuveaunsukusmuanuazdyaalunsdauudls 2 wuu Ao

@

: d' 4 3/ as )
umseasteyalaelddyayromuniinilunis

a

1. MsAeasuuudlasia (Synchronous)
muANimnzreIsudsiyan Ssdmiunsindedeansuuutia 12 arlinsfudedayauuy
Synchronous

2. msfeansuuuezdalasiia (Asynchronous) 1umsdeansiflianedeyaifissiauieras
T5Uuuvreamsdsdeya (Bit Pattern) 1usimusidnlvududususudoya dwlmudum
doya dlwuaviludnmegeumugniewssiayawazdnlnuludndainevesdoys lae

AaaMuAuA R IMURNIWII U AdsLaENASY

2.1.8 User Interface (U

User Interface mngfsdnifnsassninglifuszuuiasesiumsiideyavie
Aduinlgssuy mrensuinauemsaumandundagld aunsandseenlidu 3 suuuundng
fa Nslanaumenwiuyed Mslaneumemduaznstanausiensn. Jelulassnuilludiy

2849 Ul ¥uuumslanaumeaidalagdiddaninnauinmas iU Arduino

nsléneudisdds (Cormmand Language Interaction: CLI) %38 Command 10ums
Wneulneglinuasdodd maddusidnes (String iufduesadmiuidy input lihgszuu
AT IYUUITLAAY output Wuminge iidedfeUszinanaiy Tieudhewaslidudou wildedy
fesddidnamsuarnmdnuallifgeadldn

Stave Address{DEC) a regieler LEDOUTx (DEQ)

| register address dota

| PWMALLDEG)

{ register address deta

| IREFALLDEC) pvefond < |

: Yor bl oriy register address data

i GRPFREQ(DEC) (s) [l Ve

bt 76 b 5.4 bt 32 be 1:0

i) OFF OFF OFF () OFF

ON ON ON ON
biinking biinking " Binking } birking

AN 2.25 segnavad Ul

15



aw =
2.2 uiseiiieades

luiitlagnaniengundnsiasindnf Application bench board s8eumslday wus

sonilu 4 ngumany leun
2.2.1 LED driver

LED driver \{ule@finiunuanuzaamasalwinilulddmivgunsalindivaenl
\Wudwlsznoudy tsuanma el Tdlugunsaliiefowuduna wluud wieldluninia
sagud dnuantivane laun

o Tsunsudadlvivaselufin-siy
®  AmUALANUAINYEMABALWAIY PWM (Pulse Width Modulation) uagnszua (IREF)

o TUsunsumdslviviaanlrudazaianssnsulameninud

o e

¢ ' & f o a D
® nszuAMINNLAZAMNTUBERUFFIUUTIsEaINATBUBN (REXT input)

o 4va 12C Tunishinmadodns

AT 2.26 o eaUnIAIALY LED driver

2.2.2 Voltage translator

Voltage translator viwtindilun1sulassesuussiurmislmdusndmidailelis
KAQI s s o dl 1 s - 1 4 af 2
gunsaindszauusaiulunisyiauiisnsiy ansofnsedeansiula

5V

— 3.3V
translator

Voltage ﬁ
-~

master slave

AN 2.27 LHUATNNNTYINIUYY Voltage translator

16



lnauantindne laun

o Juiivas 2 fieng
® aunsninsadeansianieva 12C wazUa SM
o Tuifa 12C awnsavihaulavislulvug stand mode wag fast mode

® Aunsamasn master WuatadIntelula

2.2.3 GPIO (General Purpose Input/Output)

GPIO Aenasmeunusvasaiistanunsanumusazyiliiu <07 vio 17 ldnud
dosmadenliiduwesadmilsililudontugunsaivhlinudeduldaien amnsathluse
gonldldfugUnsamaneetnaaiu aunsaimsmsumg Tnsdwideie 13esduny gunsalns
Yo wiolddmivanamnssy usiu

mast | == | GPIO *Papo

A o
AN 2.28 ILHUNTINNITNINIUYBY GPIO

2.2.4 Multiplexer

=

’ < aa o v o a a ¢4 aa o al | 4
Multlplexer L’LJUIE)‘U‘VW]1WU7WLUUﬂ?W%ﬂﬂNauWVIL’U"ISJ"IVI'NL("IEJ'JLLWﬁ'lll'ﬁﬂLaE]ﬂ

Al
=

yaseniomildviatems Ansiedaasiushela 12¢ lodvintlilddmiuilesosddladii
address wiloutulutaiienty vielddmivgunsalifsziuussiumatuludadiorty lodvin
il lunouiamed Bvned nslvsauwiay undsinelil vieaslsfimuiidesnisliva 12
wonuy

input / Chi
/ Ch2
/ Ch3
/ Cha

AT 2.29 ANWEN1SYINIUYEY Multiplexer
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UNA 3

ASanTun15IY

Application Bench Board wusn1sviteiuseniiu 2 daufiediu Hardware wazdau Software

3.1 &2U Hardware

2NV laun vasavedn TagadensinuseAuLTIAl 1ITAINTEUALAL IR

usud d5waziduansolul

3.1.1 Anwinsviuvedle® 4 nguwdng laun LED driver , voltage translator ,

GPIO wag multiplexer AMUATZELIATIUNSYIIATINIUKALATMUATEUIATDIIATIU

A157197 3.1 FEELLIa huNISIIlATIaU

U

d9nA

ALY

AaA

WEAIN U

1. MAUAYBURIAYDILATIIY

A 4

2 Anmsvihuredledias
\3UINTIDNUUUIDIA

A 4

3. ATUIUA RN UAZBINKUY
1993lugakAzUDIAVAN

d.mnmﬂmma:é’ﬁamm

A

Y

5. AN¥ISN1SARRREDA15UD
Arduino wazniw C#

A 4

6.1Usunsurmaslnladvinanu
WaEaaNwUY User Interface

Y

7 NOADUANSV UV IEIY
software Vi9uU®

8.NAFDUNTYINITUVDIUDSA
Aulusunsumdey

4

=
9 LNUNANITNARBY

A

Y

10.Mpresentationitaz 518971

Y
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3.1.2 ANHINTEDNLUUNITINHISEAULTIAY  uazAwInAIAeg wiseanliu 3 2903

oA 21955 ETEAULTIRUAI 3.3 Thad | 5 Thad wazwssuusuals 0 89 7 Tas Teeldtiues

Talaauayla® TLA31 Tun1ssnwnsesunsesu enfiegnagu

INNIN AWIAATLIUAIAN9 LARIT]

Nwsaiuasn 3.3 1iad legldduesinlamlunssnyseAuLsInu

R4
—AAN—
285
i

c17 4C2

AN 3.1 WAIThWITEIULTITUAIN 3.3 Tad

o

w8

AmiuUszandunmuasieminniililivensesanuiwasdynmsuniu

o '

el Ra Wetewduwn 9V uasli@iues 3.3V leeiinssuainlvaiudiueilalen ()

2

s =l TAY ) ' =
fifwiiiu 20 mA (gan datasheet) Tnefign X AeAussiunnasauasdiveslalen (v,)

: . 14
Aulnlainaunts R = =
3 9-3.3
20mA

= 285Q

leauuwentiuy rail-to-rail AnTsua 100mA

linsudaneiiues MIE3055 Mmuinlumsvenanssua annsanunseualagean 10A
wazfiiaadditaganszuaitvivavesiausnlilifisnunniuly

fuaamnan RS Tngfussduiivilimsudame sviaiuegil 0.7v uasdioinisnszua

1@1%WN 200 mA kel
0.7
B =pee—————
200mA
Talaswuad 1N4001 saliwadasnuludlrnszualvadaundululunes Jestuaudsvine

= 35Q

NALNAVUN V9T
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Ausenuaei 5 Taas teeldlaTiuas TLA31 Tun1sShunserunsasu

]
K

R¢
400 Wves

1k

R6

x
o o

 —
3
13
D

3

c3

| H = lt'\

@SN “/Cg, =

@Tom v : <
T <

AT 3.2 2993NWITEAULTIAUAA 5 1as

c2e

PINNN ANUIALDUNING 3.1 WARINUNEIUSNBITEA VLTI

'
=

® fwinumA1 R6 uay RS laglinannisued voltage divider 1nevian X AD Vi 109

TLA31 HAWVNAU 2.5V wagli R6 = 1KQ w1A1 R8
RS

S ———x ViV = ussudianasen TLA31 = 5V
R6+R8

q 5‘15 V,

R8
2.5V = ———x 5V RS = 1KQ
R o m) RS-

®  AuIUMIAT R TaeRnsywan imanu TLA31 dawindu 10mA

= 9-5
wle R= = 400 Q
10mA

3.1.3 ANWIN1SOBAKUUNATAINTEUA WazAIUIMAA199 wusoandu 2 2995 Taun

’Nﬁ]iﬁ\‘iﬂ‘ismmmu current source Wag current sink ﬁx‘lﬁ

A G % i iy
w5
ne— ¥ 2F%
. iz A
| gl
. il L = H ~
e - | e
257 ' )2:. pe DS {T‘\
> L/ | L3
;, —
A '_i7
g\/ L
3 -
i J '153

AW 3.3 1995A9NTELELUY current source wag current sink
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[

NN @NTOAUINAE bAsadl

® R10 uaz R11 Wusimumuuiuald Hauauausaiuiinn V+uasy- veseeuuau

® R2 uay R4 Lidmiumununssuaaninn Tuvesavililu connector pin a@snsalds
funmumusnssuaiifioinsls daalunsdl worst case ApUSuddvUuenldls
wiriu OV agvilinssuaievivwinalagegn

. & V  Vin—Viusudild
AMundlaanauns R=— = —————

I loutput
oUaudunm 9V UasABINIINTEUALEYINN 200mA
v 9-0
2ld R 5
200mA

o lalasuas 1N4001 seliatasiulilvnszualuadoundululunas Jesduanudswie

PALARTUNUWAS

3.1.4 Anwimseanuwuunasusud LasAunaeige

b3

AN 3.4 199505310

e R12 ghenunulivals TTusurnatvesdyginiiusuday
e R3 lidmiumuaunszua luvesavlilu connector pin anunsalassumuny
ANTEUANABINTTL
o LY ' 2 v d s ¢
e R13 dhsummuuiuala Tiusumussdueviny

® SW5 @inglidmiu reset dyamusud
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3.1.5 panuuuvesavanlngn1sdasgunsaineg wiseandu 3 dwundne leun da
vodluga dIuNsHenT uavdIunanIta A1nUuIA schematic Aglusunsy designspark

e duvedluga i 4 luga Usznaumeluga Arduino Tugadssinuiseduuseiu Tuga
29sAenszuauazaesuand uasiiidmivlugadug Aaunssimnldlluvesndeagi
VShaduuuveese miniinisvheusieiu deil
- Tuga Arduino : 3udanasuimasudadslulifinuinunuideims
- lugeesinnsEiuus iy eusduszAua1eg idnulazgunsainiegluvese
- Tugansasinszua : limaaeuiias I0L , IOH ,VOL uag VOH
- Tuganeasusud : MmeaeuiFes POR
- frisdmiulugadug - dmulugadiadduinlustaniitetunldmiuuesa

22

|_!yw!!‘|‘|'\'
1'\":J'E'!i".'i'l‘H

gt | b ||

o '
AW 3.5 druvadluga

o dunsHeIses Tinsananwwewesmiudoninalidmiuldinuiiseintsnaasssesiui
suiiiumnitanld 56 01 Ssluudaznasiivadiieg warhiuesdentielilunisie
2995 fadl
- V& VDD : Bdwmiudoudorauiideinisindes annsadensysuussiuld 5 sesu
fio useruanaeuenld 2 sTRufenIIIasIwWNaTY wsIRuAT 3.3V, 5V uay
wsauUFuAld 0-7v Idannlunasnwseduussiu Fsluda voD Havderdafiu
UszqliTeiiiansesnuiuarandnyninsuniu

~ U4 GND : Wdwiduidensavauiliu GND

- 12C : wisoenidu 2 aldun Ja SDA wazda SCL Sdluusasaanunsadensesiu
TSN 19 5 syauiuRBInU

_ 4 active load : PdmsuidensdavinuiifesnisnadeuSeanisienszua

- U free bus : awnsaindyginaeganaausnidundsnuld
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s % [ s - o 2 1 ] 2
- Ud pull-up resistors : W wisvrnunindudesse Rpull-up AIAINUATUNIU
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AINN 3.6 FIUNITADMAT

FFlunissesasensiesadu davriveesauilunlwidedvldimiuas i 1vedr

o o ) ¢ A a o o o v o 1 o
Junud VDD LLagiﬂﬂ'JQNLUQ?LW@Lﬁ@ﬂ?%ﬂULL?Q@HWG\B\?H"I?UUU& VDD a8 FNEU
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l anather bus
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Rvary 0 T
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Y A v o . v o o o W a o
uennAeilvawmaliuad §ailan test point Lidwiuindygramudazivesiinnunay

= o ) 4 o 1% o
test point &1M3U GND Liegusanuazamnlumsldnudneie

= 5 ) v W e
NN 3.8 test point @MTUIAGINNM s GND

e dunania wuteanilu 2 dwldun drunaniuad sy LED driver havdiunanina
o @ | o & | - o = 1Y) = =
#1m35u GPIO Tudwtlaviunissevasn e lins uiean usyenIfnu Isuasdun

e

&
JUu

- LED driver : azsaviaanlwlpunssdnnuansmauias tngsadiaudnvifnieny

| W ar i =l I A 'Y
GPIO : agsavniwasanunsmaunaunezidvasn e vslunistunseua &

a a o =
waanln 2 yade Yausnuasalwaziadoninuiidarusiiu “HIGH” wazyaiiaas
a
yaanlazAndlaunuiaouzidu “Low”

el Ll A

R16S e
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=
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= . | o ) .
AN 3.9 schematic d@rullandtagd Iy LED driver Wag GPIO

" Arey A1e2
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ju
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P
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T . fhen Mol

Libit
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T

® LnuuaInsU LED driver

® 2 uoadmsu GPIO Fedvsheulaniuzsilu “LOW” vasalndunnsiia wed116
nuilanuzdu “HIGH” vaealWAldeiashin

AW 3.10 PCB dduuanesad wiu LED driver uag GPIO
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3.2 g1 Software

Tuddlaznaninmadeuléalu Arduino ilemuaunaiheuredledngundn i
vdn 3 nguitiinisAnsedeaaeda 12C léun LED driver , GPIO way multiplexer wagopnuuy
vihinagldau (User Interface) Tneldinwn C# selusunsu visual basic ivelildTusunsudds
As¥esauiy Application bench board fiseasdenssoluil

3.2.1 Anwuagyianudilaufginuiugiunsdeulusunsulemy n15aives
12C wazisN1sAnRedaaI1s5EwIng Arduino fuledaie wire library

3.2.2 WeulAnauaumsvinvedledlneuvieenitu 2 diufe Weusdamesivedaln

lTadve wazeusdawesnialudilednsmn

3.2.2.1 madeusdawes edilnledvihusmsnsfndedeansuula 12C 9z
FusumenslduannaTauesinnumeade Wire.beginTransmission() ldddsniuauuasad
doyameds Wire.write() fagu

Wire.begin();
Wire.beginTransmission(Addrint);//slave addr
Wire.write(Cntrlint); //register addr
Wire.write (DataInt); //data
fiire.endTransmission(};

AWA 3.14 fegnalannsleusIanes

3.2.2.2 MIaUSAN0T  ALTUAUAILNISLALOALATAVDIAUAIUAIEIUIUIURA
ARDINTBUMIBAIEY WirerequestFrom() kagAdaou3dainasaiad1ds Wireread() Asgu

Wire.requestFrom(Addrint,1);//addr, byte
ch0 = Wire.read(); // read first channel
Serial.println(cho,rii),

fire.endTransmission();

AN 3.15 fgnlannisausdanas
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3.2.3 AnwkazyinanuiitaneInuisnsAnfedaasseninanauRimashas Arduino
e serial port wagisnseenuuumiaeldau (U) menw C#

3.2.4 sonuuuntangldnu Tngnslisulanniw C# Tulusunsy visual basic fagy

if (polarity.Checked == true) if (polarity.Checked =« falie) //uhen charge radi
{
- m. © chackBovl.Chacked » false; chackBos.Chacked
;’:;::?::;I'ﬂ.:,_”t Smemts checkbox2.Chacked = falsa; checkbonb Checksd
3 = & chackBoad.Checked = false; checkBon?.Chacked
if (checkBox2.Checked == True) ' creckboxd.Checked = false; chackBoxt.Checked
{ }
checkBox2.Text = “invert”; lxtm:-:m = Tinpur®;
mymy chackboxl.Te
labelZ.Text = "1"; chackBor). Te
chackiord. T
} checkioxs. Te
if (config.Checked == true) checksars. Te
N ehecksoer. Te
{ checkBax2.Text = “input™; Fackinel. e
i label2.Text = "17; chechBoxd. Text = “L0W";
H if (checkBox2.Checked == True) cnecksasil.Test
H checkioxid. Text
H checkBox2.Text = “output™; :::::::::ﬂ
H 1ipEIFText ooiths checkaoxta. Taxt
I checkBaxi2. Text = “10M%)
p3

tor reag onky
Save AbreswDED)
& -y
ot g ton addren
Fegeter A3esDEC)
O pilety (%) comfguraton
| -
100 (Jrea  LED4 £ e LED0 [TLow  LEDd A H
LED) (D oumr  LEDS [Jirput D BB oS [Jow
102 Blosns  LED6 CJrpu 02 W 08 [ oW
L2 [Tl el LED7 Btk LED) [ 1ow LE07 B3

Rl R2 R} A4 RS R§ A7 R3 A3 RE RN RR RD RM RE

O a7

AN 3.16 Fregralaanislisy Ul waseiaens Ul

Tngludutignadreauninesuddmingldnuudidaluds Arduino Wevinnislusunsy

s

Aaslyishameien 8 3 suuuuad
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O

1) LED driver in15¥inaiunedl

GPIO | LED driver | muliplexer.

Save Address(DED) moser LEDOUTeEG) 2|
address data 4]
PWMALLDEC)  [68 D ]
er address data _ -
IREFALLDED)  [69 20 ] ool ]
ghisgie Lo pster address data T
GRPFREQDEC) |7 3 Jts) Wite S04
bt 76 bt 54 bit 3:2 bt 1:0
@ OFF QO oFF O oFF O orFF
Qon @ oN Oon Oon
©) dmming O dmming ® dmming O dering
O binking O binking © blnking (®) blinking

mwﬁ 3.17 Ul 984 LED driver

o Tduonasaussiiauil slave address
o Fenidamesvasiominiidasniiveandil register LEDOUTx Taeluusiay
Winnaziviaealn 4 A
® dmamsmunlaNEIwemasaliansadenidawesld 2 wuuldud
- BenFiamesimunusziuaNNat e masaliitassERUAYETT
PWMALL szsuainstiasanlufvainanngs (0-255) ludautesld Pulse
Width Modulation (PWM) Tunisaiuauam@d e duanniialdanand
am‘?ﬁﬂiLLnimﬁwﬁaﬂzLﬂugﬂﬁmmﬂmﬁ’aé
- donSiamesiiniuguatdummainwe maonaliuagsys U LA
IREFALL sedfuarinatiasgnlufisadnanngn (0-255) usludruilaslinszudly
msmuguarmaig Tnernssuaitldasiuegiumanusunudise
Mouanias REXT) dyanaiiialdainuidnuiiusunsumdesdunsm
BIVZER
o desmsmugumsnsEnsuvemasn WlfidonIdamesi GRPFREQ uazdiaan
Tunisnsgniusne laganniadmindnatlaaingasiu datasheet
o FugmmeliFenanusvamasnliuiaraiasanusadenta 4 aotue lown
- viaenalWdiy
viaanlwin (arinasfud)

vReAMNgNAIUANANNEIN (MaanTNa)
vaoAlvnIEnIy

1

® daFndananisnaly “Write” uieenusdameivianuanisnisnals “Read”
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2) GPIO #N1S¥NeUse

GPIO  LEDdrver mukiplexer

for read only
Stave Address(DEC)

[ Read]
for register address
Register Address(DEC)
O polaty (@ configuration

[ —

LEDO [ nput LED4 F output
LED1 ) ovtpt  LEDS []input
LED2 £ ot LEDE [Jinput
LED3 [(Jmpt  LED7 £ cutput

for LED output

Output pot(DEC)

L]

LEDO [] tow LEDS EJ HI
LED! [ HI LEDs [] Low
LEDZ A HI Leos [J Low
LED2 [J oW LED7 A HI

AW 3.18 Ul 184 GPIO

e lduLanmsaveslaun slave address

o Fonsdameslvunnisyheiu wusosndu 2 Tvua laun
- Tvun polarity : Amupgda uzvesnunidu “inverted” v3a “not
inverted” fanamugaimualiidy inverted A3dawasiiswldazassiuiy
Ardunmitlduinly sndegnau deudunmiivnenudu 100101107 s1ud

Tondlu “01101001”

- Tmun configuration : fvusaauzvasrIbniueiynseduwm &1
PugnimualFUueninm vaoslvlseiignlvsunsumdmesinny
o lunsiifiidanivun polarity Widananusvesmaudilidy “inverted” %3e
“not inverted” uadilunsdifidentuue confieuration Iidenanusuesunan

lidu “input” w3 “output”

o lupsdidesnisvadaumsvinavee invluidenidana s iuni
Output port lngynufignimualiidueminmazuanmasuignlusinsumd

' o o ¥ 2 a |
LLW“U']@’]Urﬂgﬂﬂqﬁuﬂiwtﬂuauwmﬁ] 311] Lbeld e

e Gonadouzunavasnliumazaid lagdeanla 2 @nnuy lawn

- LOW Aaviasnnu

- HI Aeviaanda

® darndwnenisnalu “Write” wiogiTameiviavaamenisnalu “Read”
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3) multiplexer #in1svineudsil

GPIO  LED driver multiplexer

Slave Address(DEC)
2 ]
no intemupt interrupt
PCA9S4EAPW PCAS54BAPW/ABS PCAS545APW PCAS544A
QO channel 0
O channel 0 O channel 1 O channel 0 O channel 0
(O channel 2
O channei 1 O chamnel 3 O channel 1 (® channel 1
O chenel 2 sl O channel 2 © channel 2
Q) channel 5
O channel 3 O channel 6 O channel 3 O channel 3
) channel 7

read wrte

AWl 3.19 Ul 983 multiplexer

| o o
Tdwaninsauaaiaauf slave address

- o o v o Y & oA W a‘\l 1a

denfnuiidesnisveans aglundazuusiaueeniiy 2 NN ADANIUNLUL
g Y = ;

Tvun interrupt WAz N interrupt

o w o A L v I3
ﬁ?ﬂUQﬂWﬂEJLg’t‘lﬂLL'U‘LlL'ua'VJC‘\BQﬂ’]ﬂ‘lﬁLE)’lW‘/!V]LLﬂﬂ\&Na

dadadenisnau “Write” WipauilawmeTusuiangnidanmenisnaty
i Read ”

3.2.5 aonwuuais1assuiisuIdamesnalusiladianie

‘ Clear
IR0 __R1 __R2 A3 R4 A5 R6 R7 RS RS _RI0_AI_RI12_R1I_R4_RI5
mm““_m-_m reference

AN 3.20 mslSeudieusiamas

o A e n v o el (6 o ol
‘U'ﬁi‘VlﬂLL?ﬂﬂaﬁ?QWUﬂwLﬂum'gaqq?N')']Lﬂumﬁ\ﬂu“ﬁﬂ

v W & w = o o T da a o o -
ussindnluAnmauaug Athumeasvindudnunivisdslasnisilseuiieu
aa ¢ Ao & A aa ¢ v a 4 _ala cada A
F9ALNDT I@]EJV]aL“UEJ'Jﬂ'ﬂiﬁ]amaiwQﬂm@\'1LtﬁﬁaktﬂqﬂﬂiﬂﬁLm@?WNﬂLWquLﬂ

wenavs “Clear” 3awmaslumisnaszmaluvianun

3.2.6 adouNsARsAa1sYadlUsSUNTNSENI PN umesAUled

i oA & = ;J o c.;
3.2.7 vedeulusunsudeuiufuesnase iNuTwasBuatazunlaligmiiifadu

3.2.8 neaadlduasaazantuiinnan1snnasd
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uni 4

NANTSIY

4.1 TuQa29as i TZAULTIAY

s

= a o ) ¢ I &
Lua{j@u@uwm 9V ‘lﬂLLﬁﬂﬂuLaqu'ﬂﬂqﬁqﬁ‘] MU

AW 4.1 WIIFWDMNM 3.3V, 5V Uay 0-7V

4.2 \1gavsANNTZUE

®  17995ANNSYLALUU current source

@ s

o a o 1 a Y | o &
Lu@ﬂau@uwm oV 'Jﬂﬂ'miﬁLLﬁﬂﬂ']ﬂ'J'nJﬂ']Uﬂ']Ufﬂ']‘ﬂ‘]ﬂu1ﬂ A0}

o P P
M19191 4.1 HANTTNAABIVINNATANNTEUALUU current source

resistors (Q) Isource (mA) Vadj (V)
680 0.48 8.660
7.62 0.703
920 0.62 7 8.420
5.67 0.687

o o ;
®  Y17399IANNTTUALUY current sink

= = ot :
A19199 4.2 HAN1INAADINNATANNTZUALUY current sink

resistors (Q) Isource (mA) Vadj (V)
680 0 0.001
9.19 8.280
1K 0 0.002
6.23 8.300
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4.3 Tugad9asusud

o

Wedndygrausuduazaunainaianuaunuasgfulananimaass fell

® i power supply vy - T=89ms

Al 4.2 Syanausudil power supply Ly

® ramp adjust (R=25Q) ” T=65ms
® ramp adjust (R=100%) - ¥\ 220 B s
® ramp adjust (R=294Q) - T=944ms

il 4.3 dyaausudile R=250 was R=100Q

At 4.4 dyanamsudile R=2940
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4.4 wan1svinassvadladviia LED driver

WeTnAnsriatazdyuIuNvITRUNTEAUANET AN ULARAN ARG

AT 4.3 AINSELATIVITDIRIIUNTEAUAIUAINFE U

FYAUAINAT ANIEUE (MA) FTAUAILATIN AINIZUE (MA)
10 0.08 70 1,32
15 0.19 80 1.52
20 @35 90 1.71
30 6.55 100 1.90
40 g 150 2.86
50 0.94 200 3.81
60 N3 240 4.58

AN 4.5 deyry1od PWM A52AUAINEDNT 10, 30 Uaz 50

AT 4.6 Fyaunas PWM fisesuannuadng 60 , 80 uaz 100
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4.5 wan1inaaasvedledviia voltage translator

o

Waudassgauussiuann 1.2v 1Ju 3.3V usrindynuiveeadalaalay

AN 4.8 SEAULSIAUN 1.2V hay 3.3V

4.6 wAN1ISNNaDIvaaladuiia GPIO

dlanageun1sinuvetevinndenisdadaiuzemasnl

AT 4.9 AL9819N15Y119IUY89 GPIO

4.7 Wan1vnaesvasladviln m ultiplexer

G'l' 1 s d‘ d‘ v 4 L% v = v L3 Ei. A
dlePedynragUamasutnluiva 12C udadoniiiowinvasnfiuyuuuad 1

input signal

Channel 1

Channel 2

AN 4.10 A1981915VNIUYEe multiplexer
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4.8 HAaN15VNAB9YIN1s1USEULREUSRanes

| el [ o

RO R1 R2 R3 R4 BH5 R6E R7 R8 RS RI10 R11 RI12 R13 RH RIS}

reference

T Y Y Y SV N S - -
VXD et i OB AN (o0 SR I (EE (6o (P Pl o PR R

2 .
O T AT S T W D O R e R Ry - relect
VNG 2 S AT RS AP P2 O [Pl e S R (PP Pl R I

[ |l s ! ‘

= v i o .
AN 4.11 MBYNNITNNIUYDY multiplexer

9nnm asiulfinnsasiudouiianesiausoswliynidaneludaay
uazannsneufnulivanedaliite TnsainmmesssiunuiiAriiamesfieuldian
gndeaiutuazilasnlddlumsiviouiouihbisulfheuedddnailumssiudusing
EFTIREDHY
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uni 5

asunan1sIdBuasvalauauue

5.1 d@5Unan1sIe

Taswnuiidarhiuiewauismmaaeunisvhauvesledliiedensldon 1
aruigniautiushrdudlatigmifntudie Tnsmseenuuuueiavagounsvhaumedledi
\38n91 “Application Bench Board” wagniisinegldanu (User Interface) \eguigANaLAIN
Tunsldau Taewdsdaunsvnusemiiu 2 dau Aediusniawisuavdiugenduas Favi 2 dau
favhaumudluiesu luduesensaniasduduiusmaiamudladetumsinues
ToFudazelin MIIEUTEEZRATIUNTYINNY MUUATDUWATDIATIU NTODNLULATEY
weskazasgunial dnluduresmendinassuenmsiemmdiladietuane ¢ e
FBshnsedeasssninnsuRumesiu Arduino mMshndadeatsszning Arduino Ausiay
uazdsnsoanuuuntivhedldauimente ct mndudiis 2 duiimeaeuniaineudh
ety uilslgminietunassufinnanisnaaes

NnuanIsnaamuIluduvedugani duanisneassfignassisil Tugaleasinm

s

seuuseuiusstueminasinfiosnuuylauuunssiue winmauazuuuuFuenl
Tugansasienszuania 2 wouiladiunpnafunutiudnssiaoimisniuiuieg wazaes
mﬂﬁqw%’u‘lwLﬂ‘%f'aaw'nna%ﬁé‘f’wwa1EWT'J”LUmUL’Jmﬁa*’agmmumﬂ%msag}ﬁﬂwmm 9 ms
ﬁww%’u’lmwsﬁﬁ'aLﬁmmm'mﬁwumuiua'qwmmsmuﬂumunawaaé{’mumgm%wuiﬁmumm
nfintudie dumsinussuedavdndeianmedaumsiaiuaiaiuledudamuizans
wwaaugﬂﬁmﬁqﬁ dethumaaosiuleduiia LED driver lnedaanssuauasdnyanndiseduaii
atsisgiunuindleuFussiuauaidliagisesusing asvilvinssuarigndasnsiudiiaos
wnauvildnuiiannisdu “HIGH” i uflunenduiuduiussiuaiuaindliiedi
TLHIUGI) ﬂz'ﬁﬂ,ﬁﬂixLLaﬁgnﬁaaaﬂinuéﬁﬁ'}mmmsm’muﬁamasLflu “LOW” snant ule
humnapsiuledvila voltage translator wudwmmﬂaaizﬁuLmﬁugﬂﬁmmuﬁﬁaami uaz
dlasnlefeiinifiivhillunisuvasssduuswudslisndudod Ul lunsTusunsusdsnsldam
dlothunneaesduleduiin GPIO wuimansnaaeadulunumdsilusunsudily HATWIgNABY
wiuguazdesenstuiinua dlethumeaseiuledeiin multiplexer wuhadyanuiioonsn
psafulLLLAL I TigniFen  uazgavnemsiaUlsuifisuiiamesaninsasiuasianesla
avmamelufinu uanhianesiieuisutussninsfuasdudedadduiud gnies

WaZLIININNIIBNITIRULAENAFDU
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5.2 UDLAUBDLUY

iesnmsinilassnuiludreseniawilalilusunsuesnuuuanensesivet
designspark ﬁ':ﬁ"al,ﬂuiﬂiLLﬂmﬁQ’ﬁﬂﬁﬂmﬂﬂﬁmdau soilildnanlunsdnwnsldlusunsui
Aeuthannuaglidnnglunisldenanndn wldssesnalunmseenwuuaeiasinuls
ardlulszunm 1-2 eviing wandosneudsiaTlulimdssnuiauiuidumeifavidasi
mwmamumaamﬁaﬂmmgﬂéfaaashﬁamamawmaﬂ% dlesaneanldaneludauil
fouthannddlimsudeslifianuiawarnietuld wazemunsinsodemssenwieidariniu

il '
o Ve o a

malssnilireeazainunindwviliianludniiantluse dalunangdavizEuyhlasunu
wiiagATImsAnyIMTayaNIUSanardavimiafnunisldlusunsundnduseddduinou
wenvglranszaznalumsiilaessiy LasmsamuiualvlassuEsanounafimvuaiel)

dmsutlggmsnegndnyinlaauisananisallagasntin e

Y

dnludmnsihaureserdwisiugldauienubidgluegiann ilvsedd
VIAANEILALYINAIUNIR 509984 ™) C LUpaiusauiadanisltauwee Arduino sauiusn
Nume  anyedeiliTesaimsinnednanshayUsunsuindaserinensui s iusy Faduy

1=

BoduiiifdavialiiasAnvuntoutay lifluidemiSeuisilildnmlufudiuidneauns s
yilduilidaiilésuanudifuesrunnuasannsaieriugdvilulesTusisamesun

Usvendldlunsdnvilasanuiild wesyilsianiilinauiludussmerdunsiuiidiud ey
\uethannlumsldfisusssr funarmsiiluvssandldlunisvenduouan fafufaiing

FenshiflgouneluiomfiFouimuauiisnmsasAnemnuiiufnanaeusniesig
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4. UDSAVEN AT LYDIAIULERING

® LOIUUEINSU LED driver
® 2 unaa19aEnsu GPIO

¢ uautandrmdmiuningadunavasnluiifeininass
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AMANUIN U

dauvesrenauls Usznaualelaansinauuasniienegldau

o lAANsANERENIIEMINABNNAMBSIAU Arduino

private SerialPort myport;
public Formi()

{
i InitializeComponent();
myport = new SerialPort();
string portName = *";

foreach (string s in SerialPort.GetPortNames())

}
if (portName 1= "")

myport.PortName = portName;
myport.BaudRate = 9600;

myport.ReadTimeout = 2009;
myport.WriteTimeout = 2009;

i else

{

MessageBox.Show("No Arduino connected.” + Er
Jfapplication. Exit();

o dunsiudeyanneeniamesingds Arduino uarulastayannanssidusiaasy

| Y if (str == "zuz")
if (Serial.available()) {
{ = 3 o
myStr = Serial.readStringUntil('\n'); wrlte_dew.c:e () s
qL1ing str = myStr.substrina(4,1); read registers();
itring addr = myStr.substring(13,10); } -
addr. toCharArray({SerChArr,addr. lenath()+1);
AddrInt = atoi(SerChArr); else if (str == "mux")
String cntrl = myStr.substring(21;18); {
cntrl.toCharArray(SexChArr,entrl.length () +1) %
€ntrlInt = atoi(SerChArr); wrlte_muxu I
it data ring (30,27);

myStr.subs

read mux();
ray(SerChArr,data.length()+1); ]

1tnd (SerChArr) ; }

o lapAndansastamsialSeuiieuslanas

for (int j = 1; j < 108; j++)

{

i 1lvi.SubItems.Add(myport.ReadLine().PadLeft(3, '@'));

}

for (int 1 = 1; i < listViewl.Items.Count; i++)

{

: for (int k = @; k < 16@; k++)

¢

+ ! lvi.UseItemStyleForSubItems = false;

i i if (listviewl.Items[@].SubItems[k].Text == listViewl.Items[i].SubItems[k].Text)
' : : listviewl.Items[i].SubItems[k].BackColor = Celor.Chartreuse;

bon R

H ! else if (listViewl.Items[@].SubItems[k].Text != listViewl.Items{i].SubItems[k].Text)
! o

: ' : listViewl.Items[1i].SubItems{k].BackColor = Color.Tomate;

P s 5

v )

}
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® TanANdIanN15vinauves LED driver way GPIO

(“‘“tmw’””“ void write device()
forfint i=0;i<100;i++) {
t - .
Wire.beginTransmission(Addrint); Wire.begin();
Wire.write(i); A . N A N .
iR e TSR Wire.beginTransmission{AddriInt);

Wire.write(CntrliInt); //registe
Rire.ra froa (Addrint, 1) ;/ faddr, byte
cha = read first channel Wire.write (DataInt); //data

Serial.

inaniisten s Wire.endTransmission();

Wire.endTr

e TAnAEIN1SYaIUTBs multiplexer

void read_mux()

{

Wire.requestFrom(AddrInt,l);//addr, byte
ch0 = Wire.xread(); // read first channel

Serial.println(ch0,HEX);
Wire.endTransmission();

}

void write mux ()

{
Wire.begin();
Wire.beginTransmission (AddrInt);
Wire.write (CntrlInt);
Wire.endTransmission();

}

o wisagldnuges LED driver

GPIO  LED diver multiplexer:

Slave Address(DEC) I165 l register LEDOUTx (DEC) |2
gister add: data

PWMALLDEC)  [68 | [255 |
-: 3 A da&?___ ) A ' - -—

IREFALLOEC) — [69 | [0 77, Bead O
for blink only b T S 9 0N
GRPFREQIDEC) |7 ] 3 (=) P 20
bt 7.5 bt 54 bt 32 5110

® OFF t a.() OFF O oFF (O OFF

O on @ oNn O on Oon

O blinking O blnking () blinking (®) blinking
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o yhshadldauves GPIO

for read only
Slave Address(DEC)
B W
for register address for LED output
Register Address(DEC)
O tarit @ i Output port(DEC)
(CH— ]
LEDO [] input LED4 [4] output LEDO [] LOW LED4 HI
LED1 [4] output  LED5 [] input LED1 (4 HI LED5 [] Low
LED2 [ output  LED6 [] input LED2 [ HI LEDE [] Low
LED3 [] input LED7 ] output LED3 [J oW LED7 [ HI

o yiwhagldanuves multiplexer

GPIO  LED driver multiplexer

Slave Address(DEC)
n2
no intemupt intemupt
PCAS546APW PCA954B8APW/ABS PCASS45APW PCASS44A
(O channel 0
O channel 0 O channel 1 O channel 0 (O channel 0
() channel 2
O channel 1 O 'chamnel 3 O channel 1 (® channel 1
O channel:2 O chiennel 4 O chanpel 2 © channel 2
(O channel 5
O channel 3 () channel 6 O channel 3 O channel 3
() channel 7
v;ad : write
® asulSeuiisuIddmes
| [om ]
RO R1 R2 R3 R4 RS A6 R7 RB RS RI0 RN R12 RI3 RM RIS
reference
l good
025 T 7 A R AT i IO B [ T i e e i e (e -
O A A A AT T P 2 R R R @i e | relec
{0 P T AT A Ao e i el el e




AMANUTIN A

e hpdetayalu datasheet MindusasfnwivasleTuiia LED driver

PCA9955B

16-channel Fm+ I2C-bus 57 mA/20 V constant current LED
driver

Rev. 2.1 — 2 May 2017 Product data sheet

2. Features and benefits

PCADISSE

# 16 LED drivers. Each output programmable at:

& Off

@ On

@ Programmable LED brightness

# Programmable group dimming/blinking mixed with individual LED brightness
% Programmable LED output delay to reduce EMI and surge curmrents

& Gradation control for all channels

# Each channel can assign to one of four gradation control groups

4 Programmable gradation time and rate for ramp-up and/or ramp-down operations
# Programmable step time (6-bit) from 0.5 ms (minimum) to 512 ms (maximum)

% Programmable hold-on time after ramp-up and hold-off time after ramp-down (3-bit)

fromOsto6s
# Programmabie final ramp-up and hold-on current
# Programmable brightness current output adjustment, either linear or exponential
curve

16 constant current output channels can sink up to 57 mA. tolerate up to 20 V when
OFF
Output current adjusted through an external resistor (REXT input)
Output current accuracy

@ 24 % between output channels

¢ %6 % between PCAS955B devices
Open/short load/overtemperature detection mode to detect individual LED errors

1 MHz Fast-mode Plus compatible 12C-bus interface with 30 mA high drive capability
on SDA output for driving high capacitive buses
256-step (8-bit) linear programmable brightness per LED output varying from fuily off
(default) to maximum brightness fully ON using a 31.25 kHz PWM signal
256-step group brightness control allows general dimming (using a 122 Hz PWM
signal) from fully off to maximum brightness (default)
256-step group blinking with frequency programmable from 15 Hz to 16.8 s and duty
cycle from 0 % to 99.6 %
Output state change programmable on the Acknowledge or the STOP condition to
update outputs byte-by-byte or all at the same time (default to ‘Change on STOP").
Active LOW Output Enable (OE) input pin allows for hardware blinking and dimming of
the LEDs

A DOITRLON CICVOERS 1 Tl AOCUM T IS SuZpect 10 kel deciaener. & NP Surmcteadociors MG 2017 Al rgtes fcer el

iuct data sheet

3 Af £9

Rew. 2.1 — 2 May 2017 2ol&2
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NXP Semiconductors PCASQSSB

18-channel Fm+ 12C-bus 57 mA/20 V constant current LED drivar

B Three quinary hardware address pins aliow 125 PCAS955B devices fo be connected
to the same I2C-bus and to be individually programmed

8 4 software programmable I2C-bus addresses {one LED Group 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
PCAS955Bs on the FC-bus can be addressed at the same time and the second
register used for three different addresses so that ¥ of all devices on the bus can be
addressed at the same fime in a group). Software enable and disable for each
programmable 12C-bus address.

® Unigue power-up default Sub Call address allows mixing of devices with different

channel widths

Software Reset feature (SWRST Call) allows the device to be reset through the

FC-bus

8 MHz internal oscillator requires no external components

Intemal power-on reset

Noise filter on SDA/SCL inputs

No glitch on LEDn cutputs on power-up

Low standby current

Operating power supply voltage (Vpp) range of 3V io 55V

5.5 V tolerant inputs on non-LED pins

40 °C to +105 °C operation

ESD protection exceeds 4000 V HBM per JESD22-A114

Latch-up testing is done to JEDEC Standard JESD78 which exceeds 100 mA

Packages offered: HTSSOP28

3. Applications

Amusement products

RGB or RGBA LED drivers

LED status information

LED displays

LCD backlights

Keypad backlights for cellular phones or handheld devices
Fade-in and fade-out for breathlight cantrol

Automotive lighting {PCA99558TW/Q900)

PCAgRtEE A o te g 1o Boa SechTes &rar M. 2057 42

Product dats sheet Rew 2.1 — 2 May 2017 Jol&z
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NXP Semiconductors

PCA9955B

16-channe! Fm+ FC-bus 57 mA/20 V constant current LED driver

6.2 Pin description

Table3. Pin description

Symbol  |Pin Type Description

REXT 1 ] current set resistor input; resistor to ground

ADO 2 1 address input 0

AD1 3 1 addrass input 1

AD2 4 i address input 2

0E 5 1 active LOW cutput enable foe LEDs

LEDO 6 (o] LED driver D

LED1 7 o LED driver 1

LED2 8 o LED driver 2

LED3 9 o] LED driver 3

LED4 " o LED driver 4

LEDS 12 (o} LED driver 5

LEDG 13 o LED driver &

LED7 14 o LED driver 7

LEDB 15 Q LED driver 8

LEDS 16 (o] LED driver 9

LED10 17 Q LED driver 10

LED11 18 Q LED driver 11

LED12 20 o LED driver 12

LED13 21 Q LED driver 13

LED14 22 o] LED driver 14

LED15 23 s} LED driver 15

RESET 25 1 active LOW reset input with external 10 k0
pullup resistor

SCL 26 1 serial clock line

SDA 27 1o sarial data line

Vss 10, 19, 24 11 ground supply ground

Vo 28 power supply | supply voltage

[1] HTSSOP28 package supply ground s connected to both Vg pins and expesed canter pad. Vg pins must
be connected to supply ground for proper device operation. For enhanced thermal, edectrical, and boar
level performance, the exposed pad must be soldered %o the board using 2 cormresponaing thermal pad on
the board and for proper heat conduction through the board, thermal vias must ba ncorporated in the
printed-circuit board in the thermal pad region.

& WP Sarsoncaczrs Mod. 20T AL g msarsed.

Rev. 2.1 -~ 2 May 2017
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NXP Semiconductors

PCA9955B

16-channal Fm+ ¥C-bus 57 mA/20 V constant current LED driver

7. Functional description

74

Refer to Figure 1 *Block diagram of PCAS9558".

Device addresses

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

For PCAS955B there are a maximum of 125 possible programmable addresses using the
three quinary hardware address pins.

Regular 12C-bus slave address

The 12C-bus slave address of the PCA9955B is shown in Figure 3. The 7-bit slave
address is determined by the quinary input pads ADO, AD1 and AD2. Each pad can have
one of five states (GND, pull-up, floating, pull-down, and Vgp) based on how the input pad
is connected on the board. At power-up or hardware/software reset. the quinary input
pads are sampled and set the slave address of the device internally. To conserve power,
once the slave address is determined, the quinary input pads are tumned off and will not be
sampied until the next time the device is power cycled. Table 4 lists the five possible
connections for the quinary input pads along with the exiernal resistor values that must be
used.

Tabla 4. Quinary input pad connaction

Pad connection ' Mnemonic External resistor {k(2)
(pins AD2, AD1, ADO)! s Min. Max.
tie to ground |GND 0 178
resistor pull-down to ground lPD 348 270
open (floating) FLT 503 %
resistor pull-up to Voo PU 317 340
tie to Vinp Voo 0 221

[1] These AD[2:0] inputs must be stable bafore e supply Vo to the chip,

Table 5 lists all 125 possible slave addresses of the device based on all combinations of
the five states connected to three address input pins ADQ, AD1 and AD2.

Table 5. FC-bus slave address

Hardware selectable input pins |I2C-bus slave address for PCA9955B

AD2 AD1 AD0  |Decimal Hexadecimal  Binary (A[6:0]) |Address (RW =0)

GND GND GND 1 o1 000000111 0zh

GND GND PD 2 0z 0000010 04h

GND GND FLT 3 03 0000011LY 06h

GND GND PU 4 o4 0000100L 08h

GND GND Voo 5 05 00001011 0Ah

GND PD GND B 05 logoot1oll  och

GND |PD PD 7 o7 gouoomr.l |02 |
Aa Ea) WL D WM INCRIers. ©ANF Sersconsacnn . 2017 A A reserred.

Product

¢t Jatay shaat

2ol &2
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NXP Semiconductors PCA9955B

18-channel Fm+ I?C-bus 57 mA/20 V constant current LED driver

Table 5. 1PC-bus slave address __continusd

Hardware selectable input pins [I2C-bus slave address for PCAS9558

AD2 AD1 ADD Decimal | Hexadecimal |Binary (A[6:0]) | Address (R'W = 0)
GND FD FLT B 08 0001000 10h
GND  PD PU 9 09 0001001 12h
GND PD Vs 10 0A 0001010 1ah
GND FLT GND 1 o8 0001011 16h
GND FLT FD 12 oc 0001100 18h
GND FLT AT 13 oD 0001101 1Ah
GND FLT PU 14 0E 0001110 1ch
GND FLT e 15 OF 0001111 1Eh
GND PU GND 16 10 0010000 200
GND PU PD 17 1 0010001 2%h
GND PU FUT 18 12 0010010 24n
GND PU PU 19 13 0010011 26h
GND PU Voo 20 14 0010100 28n
GND  [Vog GND |21 15 0010101 2Ah
GND Voo PD 22 16 0010110 2Ch
GND  |Voo FLT 23 17 0010111 2Eh
GND  |Voo PU 24 18 0011000 300
GND Voo Nl 25 19 0011001 3zh
PD GND  |GND |28 A 0011010 34h
) GND  |PD 27 18 0011011 36h
PD GND  |FLT 28 1C 0011100 38h
PD GND PU 29 1D 0011101 3Ah
PO GND Voo 30 1E 0011110 3ch
FD FD GND (31 I3 o011l 3=h
FD FD PD 32 20 0100000 40h
FD FD FLT 33 21 0100001 42h
PD PD PU 34 2 0100010 aan
PD PD Voo 35 23 0100011 46h
PD FLT GND |38 24 0100100 48h
PD FLT PD 37 25 0100101 4Ah
PD FLT FLT 38 26 0100110 4Cn
PD FLT PU 39 27 0100111 4ER
PD FLT Voo 40 28 0101000 50h
PO PU GND 41 29 0101001 52h
PD PU FD 42 2A 0101010 54h
PD PU AT 33 2B 0101011 '56h
PD FU PU 34 2C 0101100 [58n
FD PU Veo 45 2D 0101101 '5Ah
PD Voo GND 46 2E 0101110 'sch
FD Vit PD 47 2F 0101111 52h

PAGIEEE A1 crowiced in it B AP Sersconcucrrs MY, J0A7. Al AGHTE reaarac.
"= 5ol 82

‘roduct data sheet

Rev. 2.1 — 2 May 2017
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NXP Semiconductors PCASQSSB

16-channel Fm+ FFC-bus 57 mA/20 V constant current LED driver

Table 5. PC-bus slave address __continued

Hardware selectable input pins |ZC-bus slave address for PCA39558

AD2 AD1 ADD Decimal |Hexadecimal |Binary (A[6:0]) | Address (RW = 0)
PD Van FLT 43 30 0110000 60h
PD Vin PU 49 31 0110001 62h
PD Voo Veo 50 32 0110010 64h
FLT GND GND 51 33 0110011 &8h
FLT GND PD 52 34 0110100 &8h
FLT GND FLT 53 s 0110101 8Ah
FLT GND PU 54 36 o110110 6Ch
FLT  [GND Voo 55 37 0110111 §Eh
FLT FD GND 56 38 0111000 708
FLT PD PD |57 39 0111001 72h
FLT PD FLT 58 3A 0111010 74h
FLT FD PU 59 aB 0111011 76h
FLT FD Ve &0 ac 0111100 78h
FLT FLT GND 61 3D 0111101 7Ah
FLT FLT PD 52 3E 0111110 7Ch
FLT FLT FLT 53 3F 0111111 7Eh
T FLT PU 64 a0 1000000 BOh
FLT FLT Voo 65 41 1000001 82h
FLT PU GND 65 42 1000010 84h
FLT PU PD 67 43 1000011 B&h
FLT PU LT 53 44 1000100 B83h
FLT PU PU 59 45 1000101 8Ah
FLT PU Voo 70 46 1000110 BCh
FLT Von GND 71 47 1000111 8ch
FLT Vo PD 72 48 1001000 30h
FLT Voo FLT 73 49 1001001 azh
FLT Voo Py 74 44 1001010 94h
FLT Voo Voo 75 4B 1001011 96h
AU GND GND 76 4C 1001100 98h
PU GND PD 77 4D 1001101 9Ah
PU GND T 78 4E 1001110 ach
PU GND PU 79 4F 1001111 9ch
PU GND Vo 80 50 1010000 A
PU FD GND 81 51 1010001 Azh
PU FD £D 82 52 1010010 Adh
PU FD FLT B3 53 1010011 | ABh
PU FD PU 84 54 1010100 ABh
PU FD Voo 85 55 1010101 AAh
PU FLT GND 86 56 1010110 |ach
PU FLT PD 87 57 l1010111 |AZh

PLAZRSS Al rormseon prowead B - e A ONT
Product data sheet Rev. 2.1 2 May 2017 10 of 62
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NXP Semiconductors

PCA9955B

16-channel Fm+ I*C-bus 57 mAJ/20 V constant current LED driver

Table 5.  12C-bus slave address ___continued

53

Hardware selectable input pins [FC-bus slave address for PCAS9558
AD2 AD1 ADO Decimal |Hexadecimal |Binary (A[B:0]) | Address (R/W = D)
PU FLT FLT 83 58 1011000 BOh
PU FLT PU 89 59 1011001 Bzh
PU FLT Voo 90 5A 1011010 B4h
PU PU GND 91 58 1011011 Beh
PU PU FD 92 5C 1011100 BEh
PU PU FLT a3 5D 1011101 BAh
PU PU PU 94 5E 1011110 BCh
PU FU Voo 95 5F 1011111 BER
PU Vap GND 95 &0 1100000 Cth
FU Voo PD 97 81 1100001 C2h
PU Voo FLT 08 82 1100010 Céh
PU Voo PU 99 63 1100011 CéEh
PU Voo Voo 100 64 100100 Cgh
Voo GND GND 101 65 1100101 CAh
Voo GND PD 102 |66 1100110 CCh
Voo GND FLT 103 67 100111 CEh
Vpo GND PU 104 68 1101000 DOk
Veo GND Voo 105 59 101001 Dzh
Veo PD GND 106 BA 1101010 D4h
Veo PD FD 107 ) 11010M DEh
Vo FD FLT 108 6C 1101100 D8k
Voo FD PU 109 8D 1101101 DAh
Veo PD Voo 10 B6E 1101110 DCh
Ve ELT GND 111 BF 1101111 DEh
Voo FLT PD 112 70 1110000 Eoh
Voo FLT FLT 113 71 1110001 Ezh
Voo FLT PU 114 72 110010 E4h
Ve FLT Ven 115 73 1Moot Egh
Voo PU GND 116 74 1110100 ESh
Veo PU PD 17 75 110101 EAh
Veo PU FLT 18 76 111010 ECh
Ve PU PU 119 77 110111 EEh
Voo PU Vio 120 78 111000l Foh
Voo Voo GND 121 79 111100111 F2h
Voo Voo PD 122 TA {1111010lL {Fah
Voo Voo FLT 123 7B 11011l [Féh ,
Voo Vo PU 124 7C 1111100l Féh r
Veo Vo Ve 125 7D 11111011 FAh ]
[1] See Remark’ below.

Pougasn o i g dacines o T

Prod iata af Rev. 2.1 — 2 May 2017 1t of B2



NXP ”Sg;_’qiconductors PCAQQSSB

16-channel Fm+ 12C-bus 57 mA/20 V constant current LED driver

slave address(')

- N

A6 | A5 | A4 | A3 | A2 | A1 | AD |[RIW

002aaf132

(1) This slave address must match one of the 125 internal addresses as shown in Table 5

Fig 3. PCASSSSB slave address

e il

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.

7.2 Control register

Following the successful acknowledgement of the slave address, LED All Call address or
LED Sub Call address, the bus master sends a byte to the PCA99558, which is stored in
the Control register.

The lowest 7 bits are used as a pointer to determine which register is accessed (D[6:0]).
The highest bit is used as Auto-Increment Flag (AlF).

This bit along with the MODE1 register bit 5 and bit 6 provide the Auto-Increment feature.

register f\ddfas&

1}
|
|
|
|

IAIFID&'DSIMIDS]DZ]D!IDO'

! !

Auto-Increment Flag 00233C850

reset state = 80h
Remark: The Control register does not apply to the Software Reset 12C-bus address

i

| Fig4. Control register

When the Auto-Increment Flag is set (AIF = logic 1), the seven low-order bits of the
Control register are automatically incremented after a read or write. This allows the user to
program the registers sequentially. Four different types of Auto-Increment are possible,
depending on Al1 and AlO values of MODE1 register.

Table 6.  Auto-Increment options
AIF A1l A0l Function
0 0 0 no Auto-Increment

1 10 0 Auto-Increment for registers (00h to 43h). D[6:0] roll over to 00h after the last
' register 43h is accessed.

K 0 1 Auto-Increment for individual brightness registers only (08h to 17h).
D[6:0] roll over to 08h after the last register (17h) is accessed.
1 {1 0 | Auto-Increment for MODE1 to IREF15 control registers (00h to 27h).

D[6:0] roll over to 00h after the last register (27h) is accessed.

1 - i1 1 Auto-Increment for global control registers and ;nd|V|dual brightness reglsters
(06h to 17h). D[6:0] roll over to 06h after the iast reglster (17h) is accessed

[1]  Al1 and AIO come from MODE1 register.
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NXP Semiconductors P CA99558

16-channel Fm+ I2C-bus 57 mA/20 V constant current LED driver

7.3 Register definitions

Tabie 7.  Register summary

Register D6 D5 D4 D3 D2 D1 DO Name Type Function
number (hex)
00h 0 0 1] 0 0 0 |0 MODE1 read/write |Mode register 1
01h o 0o 0 0 0 0 |1 MODE2 read/write |Mode register 2
02h 0 0 0 0 0 1 0 LEDOUTO read/write |LED outpul state 0
03h 1] 0 0 0 0 1 1 LEDOUT1 read/write |LED output state 1
04h o 0o [0 0 |1 0 |0 LEDOUT2 read/write |LED output state 2
05h e 0 |0 0 |1 0 1 LEDOUT3 read/write |LED output state 3
06h o {0 0 0 |1 1 0 GRPPWM read/write |group duty cycle control
07h o 0o |0 0 1 1 1 |GRPFREQ read/write |group frequency
08h 0 0 0 1 =10 0 PWMO read/write |brightness control LEDO
09h 0 0 0 1 o 0 1 PWM1 readiwrite brightness control LED1
0Ah o [0 0 1 |0 1 0 |PWM2 read/write  brightness control LED2
0Bh 0 0 0 4 0 1 1 PWM3 read/write | brightness control LED3
oCh 0 0 0 1 1 0 0 PWM4 read/write |brightness control LED4
0Dh 0 0 0 1 1 0 1 PWMS5 read/write | brightness control LEDS
OEh 0o (0 |0 1 1 1 0 |[PWM6 read/write |brightness control LEDS
OFh 0 [+] o 1 1 1 1 PWMT readiwrite |brightness conlrol LED7
10h o o [t 0o o [0 [o [Pwma reac/write |brightness control LEDS
11h 0 1] 1 0 o o 1 PWMS diwrite |brig control LED9
12h 0 0 1 1] o 1 o PWM10 Ireadiwrile [brightness control LED10
13h 0 ;D 1 0 o 1 1 PWM11 readiwrite |brightness control LED11
14h o o |t 1 o |o [Pwmiz readiwrite |brightness control LED12
15h 0 o 1 0 1 a 1 PWM13 readfwrite |brightness control LED13
16h o o {1 o 1 [1 Jo [Pwwmis readiwrite |brightness control LED14
17h o o [t Jo hh 1 [ |Ppamis readiwrite control LED1S
18h 0 0 1 1 o (0 (0 |IREFD readiwrite output gain control register 0
1h o o 1 |1 [o lo J1 [REFt readiwrite |output gain control register 1
1Ah 0 |0 1 1 o |1 0 |IREF2 readiwrite joutpul gain control register 2
1Bh 0 o] 1 1 0 1 1 IREF3 readfwrile loutput gain control register 3
1Ch 0 0 1 1 1 a 0 IREF4 readfwrite joutput gain control register 4
10h 0 lowilN P D1 0NN HIRERS readiwrile |output gain control register 5
1Eh 0 [0 (1 {1 |1 |1 |0 |IREF6 readfwrite |output gain control register 6
1Fh 0 0 1 1 1 "} 1 IREF7 [readiwrite [output gain conlral register 7
20h Q 1 o 0 (W o o IREF8 readiwrile |outpul gain control register 8
21h o |1 o o fo [0 |1 [REFe readfwrile |output gain control register 9
22h o [1+ lo [0 o |1 o [IREF1D readiwrite |output gain control register 10
23h 0 1 o 0 o 1 1 IREF11 readfwrite |output gain control register 11
24h {] 1 o 0 1 0 0 IREF12 read/wrile |output gain control register 12
25h 0 1 o 0 1 a 1 IREF13 readiwnile |output gain controi register 13
26h 0 1 o o 1 1 o IREF14 readtwrile joutpul gain control register 14
27h o |1 o jo 1 |1 |1 [|REF15 readiwrite |output gain control register 15|
28h a 1 a 1 Dl 0 0 RAMP_RATE_GRP0 [readfwrite |ramp enable and rate control |
L for group 0 |
‘20h o [+ o 1 0 0 [1 |STEP_TIME_GRPO |readrite |step time contolforgroup 0 |
[2Ah 0 1t 0 |1 0 |1 |0 |HOLD_CNTL_GRPD |readiwrite 'hold ON/OFF time control for
group 0
|2Bh 0 1 0 1 o 1 1 IREF_GRFPO read/write |outpul gain contrci for group 0
jfzch 0 [t 0 |1+ 1 |0 |0 |RAMP_RATE_GRP1 |readiwrite ramp enable and rate control
i for group 1
2Dh 0 1 0 1 g] 0 1 STEP_TIME_GRP1 readiwrite | step time control for group 1
j 2Eh 0 1 0 1 1 1 (1] HOLD_CNTL_GRP1 [readiwrite hold ONOFF time control for
H group 1
(2Fh @ |1 |0 i1 |1 |1 |1 |IREF_GRP1 readfwrite |outoul gain contrl for group 1|
30h 0 |1 |1 o [0 |0 |0 RAMP_RATE_GRP2 readiwrite ramp enable and rate control
| | for group 2 |
131h 0 1 1 o |0 |0 1 STEP_TIME_GRP2 readfwrte step lime cocatrol for group 2
132n a 1 1 0 IlJ 1 0 HOLD_CNTL_GRPZ  readtwrite hold ON/OFF time control for |
| ‘group 2 |
Prazazes 24 remrmmn srovens ¢ e doeirm @ R o moal Saceines. o v gorr
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MNXP Semiconductors PCA995SB

16-channel Fm+ 12C-bus 57 mA/20 V constant current LED driver

Table 7. Ragister summary .._continued

Register D& DS |D4 (D3 D2 D1 DO Name Type Function

number (hex) 4

33h 0o 1 |1 |0 [0 {1 |1 [|IREF_GRPZ readMwrite |output gain control for group 2

34h a {1 |1 |0 (1 |0 [0 |[RAMP_RATE GRP3 |[readiwrite |ramp enable and rate control
for group 3

35h 0 i1 1 |0 |1 |0 |1 STEP_TIME_GRP3 |readMwrite |slep time control for group 3

36h a 1 1 0 1 1 0 HOLD _CNTL_GRP3 |readMwrite |hold ON/OFF time control for
group 3

37h ] 1 1 0 1 1 1 IREF_GRP3 read/write |output gain control for group 3

38h 0 1 1 1 0 |0 [0 |GRAD MODE_SELO |[readiwrile gradabion mode select register
for channel 7 to channel 0

35h o [+ |1 |1 (o |0 |1 |GRAD MODE SEL1 [readwrite |gradation mode select register
for channel 15 to channel 8

3Ah a |1 1 e |1 0 |GRAD GRP_SELO [readMwrite gradation group select for
channel 3 lo channel 0

3Bh o |1 1 1 o 1 1 |GRAD_GRP SEL1 readiwrite |gradation group select for

i channel 7 to channel 4

3Ch LU S 1 1 |0 |0 |(GRAD GRP_SEL2 [readMwrile |gradation group select for
ichannel 11 to channel 8

30Dh o |1 |1 [+ [t [0 [1 |GRAD GRP SEL3 |readiwrite Igradation group select for
channel 15 to channel 12

3Eh 0 |1 1 1 1 11 j0  IGRAD CNTL readiwrite |gradation control register for all

; four groups

3Fh 0 1 1 1 1 1 1 OFFSET readtwrite |Offset/delay on LEDn outputs

40h 1 o |0 0 o |0 0 SUBADR1 readfwrite |I2C-bus subaddress 1

41h 1 Jo o o Jo o |+ [susabrz readwrite |I2C-bus subaddress 2

42h 1o [0 (o jo. {1 [0  [SUBADR3 readiwrite [I*C-bus subaddress 3

43h 1 ]0 |0 {o o {1 {1 (ALLCAIIADR readiwrite |All Call I°C-bus address

44h 1 40 |0 0 1 |0 {0  [PWMALL write only  |brightness control for all LEDn

45h 1 Jo Jo Jo §t fo l1 lmeralL write caly  [output gain control for all
registers IREFD to IREF15

46h 1 o o |0 1 1 o EFLAGO read only output error flag O

47h 1 o Jo o v | |1 [eFlac read only |output error flag 1

48h 1 o o |1 0 {0 |0 |EFLAG2 read only |loutput error flag 2

4%h 1 B \i0 O)d o0 0 P EFLAG3 read only |output error flag 3

4Ahto 7Fh - N Bk - P [reserved read only [not usadl®!

[1] Feserved registers should not be written 1o and will 2lways read back a5 zefos.

PrAGAnE A n B NP Sarsconcucmrs AV, ST AL agia resensed.
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PCA9955B

16-channel Fm+ I2C-bus 57 mAI20 V constant current LED driver

7.3.1 MODE1 — Mode register 1

Tabla 8. MODE1 - Mode register 1 {address 00h) bit description
Legend: * default value.
Bit Symbol Access  |Value |Description
7 AlF readonly |0 Register Auto-Increment disabled.
1* Register Auto-Increment enabled.
8 Al RAW 0 Auto-Increment bit 1 = 0. Auto-increment range as defined in Table 8.
1 Auto-Increment bit 1 = 1. Auto-increment range as defined in Table B.
5 AlD RAW 0" Auto-Increment bit 0 = 0. Auto-increment range as defined in Table 6.
1 Auto-Increment bit 0 = 1. Auto-increment range as defined in Table 8.
4 SLEEP RAW 0* Normal modalt!,
1 Low powernﬁn.ﬂsa‘lﬁnrofm
3 suBt RIW 0 PCA%I55E does not respond to FC-bus subaddress 1.
1* PCADI558 responds o 17C-bus subaddress 1.
2 suBz2 RIW o PCAGU55E does nat respond to EC-bus subaddress 2.
1 PCAQ955B responds lo 1C-bus subaddress 2.
1 suB3 RIW 0 PCAG9558 does not respond to PC-bus subaddress 3.
1 PCAG955B responds 1o 1*C-bus subaddress 3.
0 ALLCALL RN 0 PCAZI558 does not respond to LED All Call °C-bus address.
1* PCAGOS58 responds o LED All Call PC-bus address.

[1] Ittakes 500 ua max for the oscllator io be Lo and running once SLEEP bit has been set to Jogic 0. Timings on LEDn outputs are not

guarantead if PWhix, GRPPWM or GRPFREQ registers are sccessed within the 500 s window.
[2] No blinking, dimming or gradation control is possibie when the oscillater is off.
[3] The device must ba reset if the LED driver output state is set to LDRx=11 after the device Is s2f back 1o Normal mode.

PTASIZZS

7.3.2 MODE2 - Mode register 2

Table 3. MODE2 - Mode register 2 {address 01h) bit description
Legend: * default valua.
Bit |Symbol Access  Value |Description
7 OVERTEMP  [read only (0° OK.
1 ovarlemperature condition
8 ERROR read only (0" no efror at LED outputs
1 any open or short-circuit detectad in
error flag regislers (EFLAGR)
5 DMBLNK RAW vy group conlrol = dimming
1 group control = blinking
4 CLRERR write only  |0° self clear after write *1'
1 \Write “1" to clear all error status bits in EFLAGR
register and ERROR (bit 6). The EFLAGn and
ERROR bit sets o *1" if open or short-circuit is
detecled again.
3 OCH RW o* outputs change on STOP condition
1 outputs change on ACK
2 EXP_EN RAW 0" linear adjustment for gradation control
1 exponential adjustment for gradation control
1 - read only  |0° reserved
0 - read only  |1° reserved

eraF
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NXP Semiconductors PCA9955B

PoAIINIE

16-channel Fm+ {2C-bus 57 mA/20 V constant current LED driver

7.3.3 LEDOUTO to LEDOUTS, LED driver output state

=~y

E.._a

Table 10. LEDOUTO to LEDOUTS - LED driver output state registers (address 0Zh to O5h)
bit description
Legend: * default value.

Address |Register |Bit |Symbol |Access |Value Description

0zh LEDOUTO |7:6 |LDR3 R 10" LED3 output state control
54 |LDR2 RW 10" LEDZ output state control
32 [LDR1 RAW 10 LED1 cutput state control
1.0 |[LDRO RW 10° LEDO output state control

03h LEDOUT1 |76 [LDR7 RAW 10" LEDT7 output state control
54 |LDR& RAY 10" LED6 output state control
32 |[LDR5 RAW 10 LEDS5 output siate control
1:0 [LDR4 R 10* LEDH output state control

04h LEDOUTZ |76 [LDRN RIW 10* LED11 output state control
54 [LDR10O G 10 LED10 output state control
32 [Lbra RN 10" LEDS output state control
1.0 |LDRB W 10* LEDS output state control

05h LEDOUT3 |76 |LDR15 RW 10* LED15 output state control
54 [|LDR14 RAW 10" LED14 output state control
32 [LDR13 R 10 LED13 output state control
1.0 [LDR12 R 10 LED12 output state control

LDRx = 00 — LED driver x is off (x =0 to 15).

LDRx = 01 — LED driver x is fully on (individual brightness and group dimming/blinking
not controlled). The OE pin can ba used as extemal dimming/blinking control in this state.
LDRx = 10 — LED driver x individual brightness can be controlled through its PWMx
register (default power-up state} or PAWMALL register for all LEDn outputs.

LDRx =11 — LED driver x individual brightness and group dimming/blinking can be
controlled through its PYWMx reqgister and the GRPPWM registers.

Remark: Setting the device in low power mode while being on group dimming/blinking
mode may cause the LED output state to be in an unknown state afier the device is set
back to normal mode. The device must be reset and all register values reprogrammed.

GRPPWM, group duty cycle control

Table 11.  GRPPWM - Group biightness control register (addruss 06h) bit description
Legend: * default vaive

Address |Register |Bit |Symbol |Access |Value Description ]

06h GRPPWM 7.0 [GDC[F0] [RAW 11 111" | GRPPWM regsster |

When DMBLNK bit (MODEZ2 register) is programmed with logic 0. a 122 Hz fixed
frequency signal is superimposed with the 31.25 kHz individual brightness control signal.
GRPPWM is then used as a global brightness control allowing the LED outputs o be
dimmed with the same value. The value in GRPFREQ is then a ‘Don’t care’.

A rfoaton prow ke ¥ T itEa e 8 IS € AP Sersconcucmie N 09T A e resarees.
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NXP Semiconductors PCA9955B

16-channel Fm+ I2C-bus 57 mA/20 V constant current LED driver

7.3.5 GRPFREQ, group frequency

Table 12. GRPFREQ - Group frequency register (address 07h) bit descriplion
Legend: * default value.

Address |Register |Bit |Symbol |Access |Value Description
o7h GRPFREQ |70 |GFRO[70] |RMW 0000 0000° |GRPFREQ regster

GRPFREQ is used to program the global biinking period when DMBLNK bit (MODE2
register) is equal to 1. Value in this register is a ‘Don't care’ when DMBLNK = 0.
Applicable to LED outputs programmed with LDRx = 11 (LEDOUTO to LEDOUT3

registers).

Blinking period is controlled through 256 linear steps from 00h (67 ms. frequency 15 Hz)
to FFh (16.8 s).

global blinking peviod = SERQIZO 21, o 2)

1526

7.36 PWMOto PWM15, mdividual brightness control

Table 13. PWHO to PWMN15 - PYWM registers 0 to 15 (address 03h to 17h) bit description
Legend: * default value.

Address |Register |Bit | Symbol |Access |Value Description

08h [PWMO  [7:0 [IDCO[7:0] |RM  |00000000" |PWMO Individual Duty Cycie
0%h [Pwm1 |70 lipcifz:0] |[RW  |00000000° |PWM1 Individual Duty Cycle
0Ah |PWM2 |70 |IDG2[7:-0] |RAWW 0000 0000" |PWM2 Incividual Duty Cycle
0Bh iPwMa  i7.0 iDC37:0] |RW  |00000C00° [PWM3 Individual Duty Cyde
0Ch PWM4 |70 [IDC4[7:0] |RA¥  |00000000" |PWNH Individual Duty Cyde
0Dh PWM5 |70 [IDC5[7:0] |RA¥  [000C D000 |PWMS Individual Duty Cyde
OEh PWME  |7:0 [IDCB[7-0] (R 0000 0C00" | PWME Individual Duty Cyde
OFh PWM7 |70 |IDC7[7:0] |RA¥  |00000000" |PWMT Individual Duty Cyde
10h PWM8 |70 [IDCB[7:0] |RAW  |00000000" |PWMS Individual Duty Cyde
11h PWM3 |70 [IDCO[7-0] [RMW 0000 0000* | PWMA Individual Duty Cycie
12h PWMI0 |70 [IDC107:0] [RW  |00000000" |PWM10 Individual Duty Cycle
13h PWM11 (7:0 |IDC1I[70] RIN 0000 0000* | PWM1H Individual Duty Cycle
14h PWMI2 [7:0  [IDC12{7:0] (RMW 0000 0000* | PWM12 Individual Duty Cycle
15h PWMI3 |70 (IDC13(7:0] |RMW 0000 DCOD* |PWMI3 Individual Duty Cycle
16h PWM14  [7:0  [IDC14{7:0] [RAW 0000 0000* | MWA14 Individual Duty Cycle
17h PWM15 |70 [IDC157.0] |[RW 0000 0000" [PWM15 Individual Duty Cycle

A 31.25 kHz fixed frequency signal is used for each output. Duty cycle is controlled
through 255 linear steps from 00h (0 % duty cycle = LED output off) to FEh

{99.2 % duty cycle = LED output at maximum brightness) and FFh (100 % duty cycle =
LED output completed ON). Applicable to LED outputs programmed with LDRx = 10 or 11
(LEDOUTO to LEDOUTS3 registers).

dity eyele = 1DCx{7:0 (3
" 255

[#)

Remark: The first lower end 8 steps of PWM and the last (higher end) steps of PPAM will
not have effective brightness control of LEDs due to edge rate control of LED cutput pins.

PCagaass a1 ProsERS - NP P4l IO T AN AgrTE resensec.
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NXP Seniiconductors PCA9955B

16-channel Fm+ 12C-bus 57 mA/20 V constant current LED driver

7.3.7 IREFO0 to IREF15, LED output current value registers

7.342

PoADEES

Cd

()

These registers reflect the gain settings for output cumrent for LEDO to LED15.

Tabile 14. IREF0 to IREF15 - LED output gain control registers [address 18h to 2Z7h)
bit description
Legend: * default valve.

Address |Register [Bit |Access |[Value |Description

18h IREFOQ 70 |RW 00h* LEDO output current setting
19h IREF1 70 |RW 00h* LED1 output current setting
1Ah IREF2 70 [RW 00h* LEDZ2 output current satting
1Bh IREF3 70 |[RW 00h* LED3 output current satting
iCh IREF4 70 [RAW 00h* LED4 output current setting
1Dh IREF5 70 |RW 00h* |LEDS outpul current setting
1Eh IREFE 70 [RW 00h*  |LEDG output current satting
1Fh IREFT 70 |RIW 00h" LEDT output current setting
20h IREF8 70 [RW ooR" LEDS output current setting
21h IREFS 70 RW 00h* LEDS output current setting
22h IREF10 70 RIW 00R* LED10 output current setting
23h IREF11 70 [RMW 00h"  |LED11 output current setting
24h IREF12 |70 |RMW 00R* | LED1Z output current setting
25h IREF13 |70 |[RW 00h* | LED13 output current setting
26h IREF14 |70 |RW 0oh™ LED14 cutput current selting
27h IREF15 (7.0 |RW 00h* LED15 output current selting

PWMALL — brightness controf for all LEDn outputs

When pregrammed, the value in this register will be used for PWM duty cydle for all the
LEDn outputs and will be reflected in PWMO through PWM15 registers.

Table 25. PWMALL - brightness contral for all LEDn sutputs register (address 44h)

bit description
Legend: * default value.
Address |Register |Bit |Access Value ~ |Description !
44h PWMALL |7:0 [writeonly 0000 0000*  |duty cycle for all LEDn outputs

Remark: Write to any of the PWMO to PWM15 registers will overwrite the vaive in
corresponding PWMn register programmed by PWMALL.

IREFALL reglister: output current value for all LED outputs

The output current setting for all outputs is held in this register. When this register is
written to or updated, all LED outputs will be set to a current comresponding to this register
value.

Writes to IREFQ to IREF 15 will overwrite the cutput current settings.

Table 26. [REFALL - Cutput gain control for all LED outputs {address 45h) bit dascription
Legend. " default value.

|Address |Register Bit Access Value Description |
|45h IREFALL |70 ;wnte only  [0Oh* Current gain setting for all LED outputs. |

A S EaC 1 Fm Zocirw B ME WS 1D el Sacae NG Sa AN 01T, Al g resareec.
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16-channel Fm+ 1°C-bus 57 mAI20 V constant current LED driver

10. Application design-in information
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{1) OE requires pull-up resistor if control signal from the master is open-drain
{2) PC-bus address = 1101001 when ADO, ADZ ted 1o Vpg and AD1 tied 10 Veg (se= Table 5)
{3) RESET requres a pull-up resistor of <100 K2 not used or connected 1o open-drain cutput

Fig 25. Typical application
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PCA9617A

Level translating Fm+ [2C-bus repeater

Rev. 1 — 20 March 2013 Product data sheet

2. Features and benefits

B 2 channel, bidirectional buffer isolates capacitance and allows 540 pF on either side of

the device at 1 MHz and up to 4000 pF at lower speeds

Voltage level translation from 0.8 Vto 5.5 Vand from2.2Vto 55V
Footprint and functional replacement for PCA9517A at Fast-mode speeds
Port A operating supply voltage range of 0.8 V to 5.5 V with normal levels

Port B operating supply voltage range of 2.2 V to 5.5 V with static offset level
5V tolerant 12C-bus and enable pins

0 Hz to 1000 kHz clock frequency (the maximum system operating frequency may be
less than 1000 kHz because of the delays added by the repeater)

Active HIGH repeater enable input referenced to Vceyg)

Open-drain input/outputs

Latching free operation

Supports arbitration and clock stretching across the repeater

Accommodates Standard-mode, Fast-mode and Fast-mode Plus 12C-bus devices,
SMBus (standard and high power mode), PMBus and multiple masters
Powered-off high-impedance 12C-bus pins

ESD protection exceeds 5500 V HBM per JESD22-A114 and 1000 V CDM per
JESD22-C101

Latch-up testing is done to JEDEC Standard JESD78 which exceeds 100 mA
Packages offered: TSSOP8 and HWSON8S

5.2 Pin description

Table 3.  Pin description
Symbol Pin Description
TSSOP8 HWSONS8
Veoyay 1 7 port A supply voltage (0.8 Vto 5.5V)
SCLA 2 8 serial clock port A bus.
SDAA 3 1 serial data port Abus
GND 4 2l1] supply ground (0 V)
EN 5 3 active HIGH repeater enable input
SDAB 6 4 serial data port B bus
SCLB 7 5 serial clock port B bus
Veosy 8 6 port B supply voltage (2.2 V to 5.5 V)

[1] HWSONS package die supply ground is connected to both GND pin and exposed center pad. GND pin
must be connected to supply ground for proper device operation. For enhanced thermal. eleclrical. and
board level performance, the exposed pad needs to be soldered to the board using a correspanding
thermal pad on the board and for proper head conduction through the board, thermal vias need to be
incorporated in the printed-circuit board in the thermal pad region.

PCAIETIA
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PCA9617A

Level translating Fm+ 12C-bus repeater

7. Application design-in information

A typical application is shown in Fiqure 4. In this example, the system master is running
on a 3.3 V I2C-bus while the slave is connected to a 1.2 V bus. Both buses run at
1000 kHz. Master devices can be placed on either bus.

33v 12v
| |
400 | f]\,lhﬂ 1480 nbthﬂ
Veem)  Vecw
SDA SDAB SDAA SDA
SCL SCLB SCLA SCL
8us
MASTER NGNS SLAVE
1000 kHz 1000 kHz
EN
bus B bus A
002339853
Fig4. Typical application

8. Limiting values

Table 4.  Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit
Veem) supply voltage port B -0.5 +7 v
Veoa) supply voltage port A adjustable -0.5 +7 \"
Vo voltage on an input/output pin port A and port B; enable pin (EN) -0.5 +7 v
o input/output current port A; port B - 50 mA
h input current EN, Vegia) Voo, GND - 50 mA
Piat total power dissipation - 100 mwW
Tag storage temperature -55 +125 C
Tomb ambient temperature operating in free air —40 +85 °C
Tj junction temperature - +125 i 0
PCAGETIA Al nformancn Sreviced I TS JoCUMment B subject o leca © NP By 2011 A nohs resenied.
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PCA9535; PCA9535C

16-bit I2C-bus and SMBus, low power /O port with interrupt
Rev. 6 — 7 November 2017 Product data sheet

2. Features and benefits

Operating power supply voltage range of 23 Vto 5.5V
5 V tolerant I/Os

Polarity Inversion register

Active LOW interrupt output

Low standby current

Noise filter on SCL/SDA inputs

No glitch on power-up

Internal power-on reset

16 1/O pins which default to 16 inputs

0 Hz to 400 kHz clock frequency

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
® Offered in four different packages: 5024, TSSOP24, HVQFN24 and HWQFN24

4. Block diagram

PCA9535
PCA9535C 1010
101_1

1012

Al INPUTY 101 3
OUTPUT o f_ 4
A2 > PORTS -
wrile pulse 101_5
101_6
101_7

read pulse

FC-BUS/SMBus |
CONTROL

SCL INPUT 100_0

FILTER 100_1
100_2
INPUT/ 100_3

EI QUTPUT 100_4

SDA

PORTS
Wikis puiias 100_5

100_6

) read pulse
Voo POWER-ON 100_7
RESET

ves——{1 Voo

Remark: All I/Os are sel to inputs at reset.

| Fig1. Block diagram of PCAS535; PCAS535C

PCAS51S PCASZISC ummwﬁunmmnwbmm £ MNP Sermyconascionrs V. 2017 Al nohis fesenied
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NXP Semiconductors PCAS535; PCA9535C

16-bit ’C-bus and SMBus, low power /O port with interrupt

5.2 Pin description

Table3. Pin description

Symbol  |Pin Description
SO24, TSSOP24 | HVQFN24,
HWQFN24
NT 1 2 interrupt output (open-dran)
Al 2 23 address input 1
A2 3 24 address input 2
100_0 4 1 iport 0 inputioutputit
100_1 5 2
002 |6 3
003 |7 3
100_4 8 5
005 |9 5
100_6 10 X
100_7 1 8
Vss 12 ol supply ground
101_0 13 10 port 1 nput/eutputi’]
101_1 14 1
101_2 15 12
101_3 16 13
101_4 17 14
101_5 18 15
1016 19 16
101_7 20 17
AD 21 18 address input 0
sCL 22 19 serial dock ine
SDA 23 20 [serial data line
Vo 24 21 | supply valtage

[1] PCAS535 IIOs are totem pole, whereas the ¥Os on PCASS35C are open-drain.

[2] HVQOFMN24 and HWOQFN24 package e supply ground s connected o both the Vss pin and the exposed
center pad. The Vss pin must be connsctad 10 supply ground for proper device oparation. For enhanced
mermal, slectrical, and board-evet perfarmance, the exposed pad needs o be soldered %0 the board using
acorresponding thermal pad en the board, and for proper heat conduction throuch e board thermal vies
need 10 be incorporatad n the PCB in the thermal pad region.

A8 FTDITI SN SrOWCH F TIS DLW B RIS D MM JeCROen B NAT Seracoodecon M. J0YT. AL ighm ressreed.
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NXP Semiconductors PCA9535; PCA9535C

16-bit 12C-bus and SMBus, low power /O port with interrupt

6. Functional description

Refer to Figure 1 "Block diagram of PCA9535; PCA9535C".

6.1 Device address

slave address

DODDENDD

Fig 6. PCA98535; PCAS515C device address

6.2 Registers

6.2.1 Command byte

The command byte is the first byte to follow the address byte during a write transmission.
Itis used as a pointer to determine which of the following registers will be written or read.
Table 4.  Command byte

Command  |Register

Input port 0

Input port 1

Output port O

Output port 1

Polarity Inversicn port 0

Polarity Inversicn port 1

Configuration port 0

Configuration port 1

|l LN = O

PLASEIS PCAZOAC A1 Ifomison Sroeced I T Jocine 3 atjec 1o begal & NUP Samaconeuczrs MV, 1017, 38 norm rsarsec.
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PCAS8535; PCA9535C

6.2.2

15-bit ¥C-bus and SMBus, low power VO port with interrupt

Registers 0 and 1: Input port registers

This register is an input-only port. It reflects the incoming logic levels of the pins,
regardiess of whether the pin is defined as an input or an output by Register 3. Writes to
this register have no effect.

The default value X" is determined by the externally applied logic level.

Table 5. Input port O Register
Bit ook R R R B ST S BT
Symbol 0.7 10.6 10.5 0.4 03 | 102 101 0.0
Default X X X X X X X X
Table 8.  Input port 1 register
Bit : it LY OB E R G s o Y. Ty
Symbol HE N HE ns M4 | N3 | n2 1.1 11.0
[Default | X X X X 1 % X . X
6.2.3 Registers 2 and 3: Output port registers
This register is an output-only port. it reflects the outgoing logic leve!s of the pins defined
as outputs by Registers 6 and 7. Bit values in this register have no effect on pins defined
as inputs. In turn, reads from this register reflect the value that is in the flip-flop controlling
the output selection, not the actual pin value.
Tabla7. OQutput port 0 register
Bit s b W G R P A - e W
Symbol | 007 ' ©008 005 | 004 | 003 | 002 Q01 00.0
Default " Y/ B VA W o Ll al L ALy 1 1
Table 8.  Output port 1 register
Bit SN T Tiee, aner_iann v A CIE SRR Y B
Symbol | O1.7 016 015 014 o013 | 012 o011 010
Default 1 1 1 T AT 1 1 1
6.2.4 Registers 4 and 5: Polarity Inversion registers

This register allows the user to invert the polarity of the Input port register data. If a bitin
this register is set (written with '1’). the Input port data polanty is inverted. If a bit in this
register is cleared (written with a *0"), the Input port data polarity is retained.

Table5. Polarity Inversion port O register
Bit 7 eIl R\ LA 2 | 1 | 0
% Symbol NO.T NO.B NO.5 NO.4 NO3 NO2 NO.1 NO.O
| Default 0 0 ) 0 0 0 a 0
Table 10. Polarity Inversion port 1 register
'Bit 7 6 | 5 4 3 2 1 % | @
Symbol N1.7 N1.6 N15 Ni4 N13 N12 N1.1 N1.0
Default 0 0 0 0 0 0 a o
PO PCAZEYEC AR rm fosrem e SechrTes O8N F Sarardaucmr Mo 2077 AR g reeareed
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18-bit 12C-bus and SMBus, low power /O port with interrupt

6.2.5 Registers 6 and 7: Configuration registers

This register configures the directions of the I/O pins. If a bit in this register is set (written
with *1°), the corresponding port pin is enabled as an input with high-impedance output
driver. If a bit in this register is cleared (written with ‘0"), the corresponding port pin is

enabled as an output. At reset, the device’s ports are inputs.

Table 11. Configuration port 0 register
Bit L1 & | & jieshsmsae by ]
Symbol Cco.7 C0.6 Co.5 Cco4 C0.3 Co0.2 Co.1 Co.0
Default 1 1 1 1 1 1 1 1
Table 12. Configuration port 1 register
Bit 7 6 . J\\5 4 a2 1 0
Symbol C1.7 C16 C1.5 C1.4 C13 C1.2 C1.1 ci0
Default 1 1 1 1 1 1 | 1 1
8. Application design-in information
Voo
5V) SUB-SYSTEM 1
10 ke [‘]10“} []j1ﬂkﬂ 2k n l]][tg;m (Q.Q.,WSGW)
Voo Voo o’ e
MASTER A
CONTROLLER JCARE
scL scL 100_0 A Y
M 2
SDA SDA 100_1 (0. ciifer)
__ i 1002 RESET
INT INT
K- 100_3 AT
100_4 controlled
= enasLe |/ ewiich
100_5 {e.g.. CBT device)
B
100_6 [+ —
100_7 1+ SUB-SYSTEM 3
Ig1_0 —] (e.g., alarm system)
0151 1o0DiGIT
1012 NUMERIC ALARM
101_3}— KEYPAD
101_4 f— 17
[~ A2 101 5|1 - i m SRRV
| Al 101_6 f+—
| AD 101_7 1
| Vg
nll 0023ac225
i
Device address configured as 1110 100Xb for this example.
100_0. 100_2. 100_3 configured as outputs.
100_1, 100_4. 100_5 configured as inputs.
100_6. 100_7, and 101_0 to 101_7 configured as inputs.
Fig 17. Typical application
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PCA9544A

4-channel I2C-bus multiplexer with interrupt logic

Rev. 5 — 23 April 2014

2. Features and benefits

Product data sheet

PCAISEL

5.2

1-of-4 bidirectional translating multiplexer
12C-bus interface logic; compatible with SMBus

4 active LOW interrupt inputs

Active LOW interrupt output

3 address pins allowing up to 8 devices on the [°C-bus

Channel selection via I?C-bus

Power-up with all multiplexer channels deselected

Low R, switches

Allows voltage level translation between 1.8 V, 25V, 3.3 V and 5 V buses

No glitch on power-up
Supports hot insertion
Low standby current

Operating power supply voltage range of 23 Vto 5.5 V

5 V tolerant Inputs

0 Hz to 400 kHz clock frequency
ESD protection exceeds 2000 V HBM per JESD22-A114 and 1000 V CDM per

JESD22-C101

Latch-up testing is done to JEDEC Standard JESD78 which exceeds 100 mA

Three packages offered: SO20, TSSOP20 and HVQFN20

Pin description

Table 3. Pin description
Symbol Pin Description
S020, TSSOP20 HVQFN20
AD 1 19 address input 0
Al 2 20 address input 1
A2 3 1 address input 2
iNTO 4 2 active LOW interrupt input 0
SDOo 5 3 serial data 0
SCo & 4 serial clock 0
[INTT 7 5 active LOW interrupt input 1
|sD1 8 6 serial data 1
Isc1 9 17 serial clock 1
Vss 10 et supply ground
INTZ 11 9 active LOW interrupt input 2
SD2 12 10 serial data 2
SC2 13 1 serial clock 2
INT3 14 12 active LOW interrupt input 3
S03 15 13 serial data 3
SC3 16 14 serial clock 3
INT 17 15 active LOW interrupt output
scL 18 16 | serial clock line
SDA 19 17 serial data line
Voo 20 |18 supply voltage

Al fCIMEDOn Seovited 1 Tite SO0 N % WO 18 easl Chscha s,
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4-channel I2C-bus multiplexer with interrupt logic

6. Functional description

6.1

6.2

Table 4.

Refer to Figure 1 “Block diagram”.

Device addressing

Following a START condition the bus master must output the address of the slave itis
accessing. The address of the PCA9544A is shown in Figure 5. To conserve power, no
internal pull-up resistors are incorporated on the hardware selectable address pins and
they must be pulled HIGH or LOW.

onnnoDns

Fig 5. Slave address

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

Control register

Following the successful acknowledgement of the slave address, the bus master sends a
byte to the PCA9544A which is stored in the Control register. If the PCAS544A receives
multiple bytes, it saves the last byte received. This register can be written and read via the
I2C-bus.

interrupt bits channel selecion bits
{read only) {read/write)

bit 7 8 5 4 3 2 1 0
IINT‘.‘!INTE'lNTiIMUl X I B2 I B1 | B0 !

enable bit
002392297

Fig®. Control register

Control register: Write — channel! selection; Read — channel status

INT3

INT2 |INT1 |INTO (D3 B2 B1 BO Command

X

X X no channel selected

channel 0 enabled

channel 1 enabled

channel 2 enabled

channel 3 enabled

S| XX X[ X

o= lololx
o|l—~|ol=]o|x

no channel selected;
power-up default state

>
QX | X| x| X
O X | X X X[ X
ola|alajalo

PCADSALA
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4-channel 12C-bus multiplexer with interrupt logic

6.3 Interrupt handling

Table 5. Control register read — interrupt
INT3 | INT2 | INT1 | INTO | D3 B2 B1 B0 |Command

0 no interrupt on channe! 0
X X X : X X X X
1 interrupt on channel 0
0 no interrupt on channel 1
X X X X X X X
1 interrupt on channel 1
X 0] % < % X % % no interrupt on channel 2
1 | interrupt on channel 2
0 no interrupt on channel 3
X X X X X X X

interrupt on channel 3

Remark: Several interrupts can be active at the same time. For example: INT3 = 0,
INT2 = 1, INT1 =1, INTO = 0, means that there is no interrupt on channel 0 and
channel 3, and there is an interrupt on channel 1 and on channel 2.

7.5 Bus transactions

slamaddress control register
SDAISI I |1IG|A2IA1lA0|O| l xxxxazmae f ]
1 1
START condition RNV acknowledge acknowiedge
from slave from slave
STOP condition
D02ase299
Fig 12. Write control register
last byte
slave address conbnlrag'ster
smislzl: 1] 0 |az|ar]ao s]A "‘_.‘,T"NT’NT’*“;T X az a1 Bﬂ NA PI
START condticn RAW  acknawledge no acknowkedge
from slave from mastar
STOP condibon
002320300

Fig 13. Read control register

PCAZSaLA Al AT (O it ) Ted COCUTNNT & WDt 1 sl Cracie s, © NP Semconcucins N7 2014 A ighS resetved
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4-channel FC-bus multiplexer with interrupt logic

8. Application design-in information

Vg =27 ViDSSY
Wop =33

V=27V sy
oA = sco }mn
seL scL sco
(754 N0
FCbunSMBus master

}m.

N=27VD LSV

[TTER

|
V=27Vis5Y
PCASS440
|
(1}
|

so2 | }mmaz

sc2

w2

V=27VossY
D, (U
2! Y i 1 }m:
A0 bl
Vag NT3
[ —

(1) If the device generaling the ntarrupl has an cpen-drain outpul strichire of can be 3-atited,
& pullbup ression & required.
I tha device generaling the nterrupt has a lolern pole output struciure and carnot be J-staled,
& pulbup resiston & nol regquined.
The interrupt inputs shoulkd rot e lell foating.

Fig 14, Typical application
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