n"?

T SRR "”""""‘ﬁi% Ya& Ly 9713 !ﬂJZ’Jir. "f LTI I

‘.4 -

iﬁk’lﬁ%i i gal H‘ Pt ?ﬂ s @Hﬂ LAY ¢
Study and ]3@:!::—:?s‘im'i;r..e-:etaft af. Battery Mogitorkig Sysieny
by Desaciiog Deed Baitery Cell

-

[

u o

an o
WHEDBH Vo
4G PRI Y

G m'm g Y

L ¢ e o : s
Uil m e snfow e A

Sl L e St
VR R OO WL I TP J‘i.?:?‘ﬁ”ﬂ (1) B A‘i FIFEL

LN imf.‘ﬂl‘ %‘1 .‘Eﬁa:?'%-.'i}'.ﬁ ol ,'é,ﬂnm ﬁwﬁu, POV RAR I U
M% 3



o o =

NSANHILATHAILITZUUATIVTAAUNINLUALADS
Pl o al

Tngdusans9daUwasuUANE S dauan WS

Study and Development of Battery Monitoring System
by Detecting Dead Battery Cell

Tne
YRNUA WoUNNAY
YU WONTTENIA
Yyva AN

U'%mumuﬂﬁwus'ﬁl,fludquwﬁwaqn'liﬁnmmwﬁﬂqmﬂ‘%mumvﬁmnﬁumamﬁmﬁm
d113y3anssulnin  AuzIAInsTuAEns
dortunalulagwszasundiinaumimsainnssds
Unsfinen 2556



Study and Development of Battery Monitoring System
by Detecting Dead Battery Cell

CHANIKARN ~ HOMMALAI
CHAWIN HARUEHANSAPONG
CHATCHON  KRATAITHONG

THIS PROJECT REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2013



UnmsAne 2556

NMIANYILAEARILITEUUATIVINAMUNNLUALADT

TRgE1ILSONSIADULARLUALRN DSV EDUANINLA

Study and Development of Battery Monitoring System
by Detecting Dead Battery Cell

g

UNEANTUNIUA  ROULAE

U NONTTYNIA
Yreduua ASEAYNDI
9191599UTNW

= L3 o

599AANS15E A3, g3UNS Anlee

509FNEAN1158 USen1e IWsaassan

q



Usgygriinustnisfinm 2556
anndgndmanssulni
AuIAINTTUAanT aontumalulagnszasunaidinummsaiansz

1509 MIfnwuasianszuunIinAuANLUAWeT lngaansanTIvdeuwad

LUALMDINLADUANINLS

1. UNEMBUAIUA NN
2. ey NONTTUNIA

3. YTvvA ASELANUNDY

L 3 &
........................................................... 215ENUTNWN

( 99981915y A5. Eﬁ‘U‘VI{ Anlos )

el ot
............................................................. 2197158NUINW

( 599mans19158 Usen1y Inwsaassan )



o ar A

NIANYIUATWRAINITEUUATIVINALAINLUALADS
oy

TaganunsansIvsaUasLUAReITdauan Wl

W9E vlinus oSy

Wy 1y WOV TUNIA

Wy Fua NITANDY

M. 5. g3uns  Aelen TP oty
s Ussmy Insessan enmnsdiuinm
Unsfinw 2556

UNAnEe

Ustyeyriinusil 1iauen 1 sAnvILasiAILNSTUUATIVIARUAINLUALADS
Tngannsonsvaeuwaduunmesidenanmls luuSyyrinvuds Idihnisneaaaunisse
UszalWihuasmeyseliihveanunmediainssuasingg wazthAwisimesildainns
nageu Taudrnszud useiy gamagll Avwmuuveshdalwih uiesigiionsivaoy
WwadveuuAmeITdaNanTH WA iimesvaunneIvaNSIAREY 113
fudeyaveanunineiagldnisdearsuuu CAN Hrululasaoulnsamedifioldlunis
Uszana uazthdeyaildluuansiunimiivensuiinnes Tnsdeyaduansuumi
Jpneufinmes laln Aussduselsad nszuavazdnuszalniuazaeusegluin qunall
melununaed Arumuiunsdlni uaraumiummde lunisuanwadl
annsavenldfwaduesuunmeinlndideuanin warUseAnsamasauuninednviinis

nmgau



Study and Development of Battery Monitoring System
by Detecting Dead Battery Cell

Chanikarn  Hommalai

Chawin Haruehansapong

Chatchon  Krataithong

Assoc.Prof. Dr. Surin Khomfoi Supervisor
Assoc.Prof. Prapart Praisuwanna  Supervisor

Year 2013

ABSTRACT
The development of battery monitoring system by detecting dead

battery cell is proposed in this paper. The experiment of charging and discharging has
been tested in different values of the current. Then, the parameters of battery,
which are current, voltage, and temperature are analyzed in order to detect the
dead battery cell. The monitoring also shows the parameter of battery during testing.
The CAN (Controlled Area Network) Communication is used to transfer all data
between the microcontroller and the proposed PLC together with a computer. The
outputs showing on the screen are voltage per cell, current of charging or
discharging, temperature within battery, power density, and also energy density. The
dead battery cells and the efficient of battery can also be indicated by this monitor

device.
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INTERNAL RESISTANCE

Temperature 25 C
Measured with 1000 Hz AC Bridge
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JUN 2.12 1WTAUYAVDILUALADS

O

2.4.2 Uszinnvaan1sdauszglni

mIgauszuuawmeIAsituiiegnateds wann1sveInisenUseyifents
1 2/ 1 -, 4 e v a a o
Jrenszualiiindrguuamesluiianainssfuduiunisaeuszq n1ssnusequseiului

oa Yo as e @ W Y 1 a aw ° a
Asflenldiumily uwifddinmsdauszquuunseualwiaeildey dsidesimnfinsanlunis

YU
&
= o

\deniTednusyaNfAen1sgnA1eysey nanlun1sdnuszy saumifgilulaydunueaiues

U U

<
LURALADS

2/ at

Y =
1. msonusrameksssulnian

q
¥ s

n138aUsEassusaRelniiasivinefanissauseqluinTagddeds
wseslviihegades lidiliansvualihunussausealaih Vinavesnszudlwiilise
Uszglnihaztusgfuanudisdndseninusadulniiedosdausyafuseiulninidy
wusaed dofuidedududauszqlai nssualifirezaesq iugeiuuazazanasie
wunimesiianuglunsdaussquesuunine (State of charge : SOCQ) hlnd 100 %
dlownussdulriiiidauunnedgedu indesdnuszaililaeialuiiey 2 wuu fife wuu fast
charge 9u8aUsERuTwiuge nazualwihignuszadegenu nalddaussgasiusianu
desremnudemeveauunine’d vinlangnisléauanas Snuuunilsienisdauszquuy
float charge Aomssausyafiussdiulnihgsndussiulihiitiuunneiintos nssualui
dnusygeliige uifegldnanlunisdauszqreudauulunisdausequuu float charge e
THlunsdnuszquuussidesmnzdmivgunsaiilédsasineneg 1y ups Irgnidu aswiu
nfderdedeiisnatu fuudadimussgndlinssaussquuuussdulnipdiliduu
Dual step charging ﬁaﬁuusn%é’mﬂizﬁuw fast charge Aoy Lﬁaufﬂmﬂéau‘luﬁmnm
Tumsdauszqilenainululeanuslun1sdaussguasuunnes (State of charge : SOC)
Bugaufliivasussduussiulniiduuuy float ievhlsinssualwihiianiug overcharge
ligunnifteBnongnisldaliigedu n198aUsyquuu Dual step Charging aviiuszAnanTm
gan

2. MIsaUsEquUUNTEUAHhAT

msdauszquuunszualiiinsiituiuissauszqiimsiiosinantdauun
fgamsnzfuasirundsnuliuduunneilaiilaslidwadoaignsldsuveaunines
msdnuszguuunssualnihasiagiauldffunsiesynsuiureLeaduunmeITliauga
Msdnussquuunsudlihasidulunisdaussaiivhnisinnseduvaanssualnidileia
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[
a

nszualwihgaAufifn (overcharge) uiogaumpifiiindu Aussiulineziutude g
Tuuunmeigeunazazgiiusgemnduiouvnnedidrgannenssualnihgaiuidn fufy
Tunsdnuszqguuuunseudliihasiidsiosinismununisdauseansdifanssualnihgaiu
it mstdenseduvesnszudlnindaussyiudunsindulafiddguininezardmaluss
o1gmsldaulaioll Fauvmmeiusazvinfazindrinveanszualifigeandldlunisdn
Uszgey Tnemlunsfndnazdosuennseudlnillunssaussageaalideldlumsoonuuy
viedennszudlningauszy msldmusiaiufesiuuunsauadausyyseduieuasiuy
nszualiindnuszgmatsssdu Tuuvumatsssduduiduusnfiessnussaiiseduga (high
s

= at s - ' P akL ¥ o
charge) #i00AUTEYIEAUNANN (Medium charge) NBU LHBLUAABILNATLLAN NILVIINIT
wWagunszudlwihdauszalunuudausyyszaus (low charge)

2.5 msléanuuunmailimangay

1. nsanenseualwi (Discharge) mwamamnﬁmaﬂsvu,a“l,wﬁmqt,nu
i 9nmslduiuiidavesuunnesios aawam’twmwmmemasaum st%avuums
Tuunmedenseudlniiniszann 70-80% vesmnuquuamed Loy wummed 24 Taadt Ang
finnsaanisdnonszualniiuseiulwiissana 20.4 ThasvIeusvan 85% v83A213
wuane3 Tnspauannsalunisienssudluiifuegfuanwueauunne? 1wy wunnodi
wiiwazagen adianuansatunisdrenseualwiales

2. MsAeUsEaveIUnABS3 (Normal Charge) msszitlilvigamaiives
dudninsladguiu 50  °C vieiiufinavasfuumned dmngamgigaduly  msan
nszualwilunsdausspitetlesiuliligamgiivesvesdidninsladgstu uazfemsivaey
Tiuilahlumssefudauunmeifesuiunsedy dedagnies vnzdnuselniiiwneavie
viuudnmnzerviliAnyszmelniandusunsededase

3. nsgnUseglwuuunsedu (Equalizing Charge) umsdausyasne
nszualwihgaiuiiin dwsuiunmeiuuunsinsatordanisazauseasansdama (SO,)
UuWusINUsEY Fuinanufizendamdu (Sulfation) wieduinanuiizeaiiluauysal
vowuumae3 msiimstausyyliuuunsesu (Equalizing Charge) n 6 Weuviavdeann 20
n$svesnsdhuszqiiteiunssilwiliiuiadmelununmeduszann 10 %

4. worwwmanassnslduunmeiaumunudirassauselviiedoaiulail
Andnsmsmeuszlusnaigedaasiliuummesidens

5. lunsifiusnwaniwuummediiy limsifuluil gumgiiguiuld sy
guvpfifigstuasissfisenedinelulilossusaedeuitluniu fanulweufisenun
Juuardsnaliorvesuumaetauas

6. dwiuuuameIuuvaiion (Lithium) ddndussdeafiuuunmesliidu
nawulaglildldnu Wisauszlifuszinn 40% vesmuguouunmeiudniuliluiidy
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] = LY v
A5197 2.1 PWIAANNYVBIUAADT (Ampere hour) fiuAANAUMUA1ETY

A o a = =la
WIAAVBIMUANDT | ARudnUAUT | Buuaud Ieuau
(AH) @) V4] (R)
4 o
WUAMRIHIvLIAAILYTIDY Ll bA OA
oo o s
wuAWEHvLIAATINGINN oN i i

2.6 NIATFIUNTINATOUANTNLUALADT

Tuinasgudmiumsnsinaeuuunwe? (Std IEEE1188-2005) uanannisin
wsadulud nszualwiuazgumngiuaideiualinimegesuaiaudiuniunigly
(Internal ohmic measurement) ‘UENLi,‘UGlWl@%%\1L‘?JU‘E{J:‘IME]NQJ’}ﬁ‘iﬂﬂuﬁﬁaﬂﬁ’lmiﬁﬁ’ﬁﬁﬂ
Vathmsginemudumumeluresuunnesiduiinansdsannneluresuunngd wu
anmyesudusy authinihwesdidnlnsladuazanmniaidensenisluveuunne’
Judy Fafunswdsuutamesdrauiununsluresuunnedaiufiindenis
Wasuuas (msideuaswesiunne?) I8 nsvaaeuaudumuaeluveuunweTy
ANUITINATBUANNINGGIY (Std  IEEEL1188-2005) 1A 11unIsNIsAaaumInIuaIuniu
ety wseenitu 3 35 Ao

1. MyinABLRuAUS (Impedance ; Z ; fivaedu Ohms, Q)

2. meinrreuinuaug (Conductance ; G ; Evieidiu Siemens, S)

3. MyInABRTaLALT (Resistance ; R ; inaeiu Ohms, Q)
MnmsnageUArALiuYUAeTy asnsafuiuliuriianugueunnes st 2.1
MNMATFIUNTATIIEOULUAMBITTAREINTA NUTUUAWDITLAAMSIFDLAA M 2xiivunn
1Y (Ampere hour : Ah) anasAeiimAeufinuALg (G) i uilimBufiuaud (2) wazAn3da

2/

waud (R) g4 Fadlafnlgmsanarisndndudosinisnssduiuyaninvetiunneilagnis

q

e

'
-

anUsEYENaaAINA IeYViA1ANveLUAmE ALY Lagndugani1izAuqund
. & y & - g dd
Feduntsduannszurunisnssiuilulaninesauunnes a1u1sadlLualAeINNIY
nszvumsindululdauldediiusedvsam

2.7 STUUIANISUUALADS (Battery Management System : BMS)

’lu{}%ﬁgﬂ’mzw%’ﬂnmmmmaé (Battery Management System: BMS) #43U
7l 2.13 aunsamuaumsiaUszaldlnsluntsmuani 1919sfesfveuivanazdnnmysad
wumme3 Faduq FauunmeTusazaiinsUuuuuardnuuznmssaussaiunnaaiuly ety
nshlfiedesdnuszganusaiinysessudnunrnssnusyguasuummedldnnviatiuiy
Beowddy Faarursarildlaenisiivuadennaddunisdearsviefiduniilusianea
(Protocol) sewinaiieasauszgiuuuamesiduluammnasgrudeiu

TnelsTnnoa szifudiufiniunuadessaussqitelvianunsadnysyqluds
wummeIusazinlfesnamngay fussAnsamuaziinnanindete insziuunmesusas
silafinuandaRiaussiuliuasftngumgdiuandaiuly mnfauseiuliinfuvse
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gamgiifigaivluluvazyihmssauszgazdmaliszansnmussuunnoianas wazazyils
nMstendinuvessunnesiulnananawm iy dufusdimsesnsudmnmiiees
P99 LTU ﬂ'wLmﬁulwﬁﬂu,a"am‘wnﬁ'*umLLumma%"maamiuEJvL’Ja"mﬁé'ﬂUsvﬂiﬂaLsﬁmmiﬂ
ASINEBULAZ LARINARBNLALSZ U (Battery Monltorlng System: BMS) m”tu{jmwummsm
Aniieeseneldnnung fgui 2.13 \Ws1waziu SvUU (Battery Monitoring System:
BMS) Fuduiedesileflilumsnsinaeunmnmusiuunined lnsagnsisaeusmsiines
#1799 vosmummesluvariu udhAIwsAwesilaIMuIN LaTLARIHIURARILNIY
wih9e LCD annsalvdeyauuy Bealnsl (szuuna1aie) fevsilnuandilunsuanmauas
wadeuluss ssuudnnsuunme’ (Battery Management System : BMS) &apnfiisnvinnns
Souavuansuandnadseluil
- ANIATIVEAY FEUU BMS %ﬁqmimfmaaumamusmqq‘uaauumma%‘lwmsﬁu LN

- AsaulnAn (Voltage) : useaulniasau, ussrulninluusazivad

- Figaumnfl (Temperature) : gaugiliads, gaumgiluusazived

. amuz‘[umsé’wﬂsxwmLLUﬂLm'eﬁ (State of charge: SOC)

- rudnuesnsneUssguesunmeslunssausyauuaeilvily

uiazAsa (depth of discharge : DOD)

- nszualwiln (Current): wsan'szLtalwﬁflﬁl,%’wejul,umma‘%‘uasnizuﬂlwﬁﬂﬁaaﬂmmwmma%‘
- nsAnwes Awsiiimesiiszuu BMS Ieuaa fivedelui

- Anseualnigeanlun1senusey (charge current  limit_: CCL)

- nszudlvhgegalunisaneyseq (discharge current limit : DCL)

~ r 2 \
ll'ﬂ.ll'l nm.ul current sensor \-d.‘:.r” ; q - In | Thermal Cooling control
main circuit voltaget scnsor System supply module odele Heating control
- o o L J
& Battery box outside temperature 1
. Battery box coolant inkt temperatu I ] Balanced cell select
f tery box m iperature 1. .
cmperature Balancing
; Battery box coolant outet temperature srray : control medule Active/pasive balancing
Battery ccll temperatul
)::::::t;!::::::_:::::::(, N/ Rattery v conr stae sitch
| e | (Soenaryior oot ] Main circuit positive contactor
! Battery ellvoltages | 1 ol vokage ! Diital core High voktage | | Battcry module contactor
| Bty sadils voliagh measurement " safety control ‘ll'I! nfn.lﬂ negative contactor
W i e e S e N’ Main " t five
Acoclerating pedals sensor | e !-p..-m-.g o [nsudation.megorrement, w. \
Accelerating pedals sensor 2 General 1] Communication Calibration channcl :
Brake pedal sensor | analogue inputs 1 module The controller CAN channel |
Brake pedalsemsor 2 J ) ° i I‘~=:..—..=‘.. = The controller CAN channct 2/
Start key ONOFF signaks r Y ( ) ( Balancing working indicator
Fconomy/sport switch General digital Man-machine Global dlock General digital SOH indicator
Charging allow/banned switch inputs interface module moduke outputs Charging indicator
Balancing allow/hanncd switch L J & + J (Oherdoad overvoltage alarm
Faihure alarm

A a s
Ul 2.13 szuudanisuummeslutlagiiy
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- MsAeasTEUL BMS %ﬁnm‘smamm’fazgagmqmuﬁﬁmiﬁamsﬁwialﬂﬁ
- A5ABENIWUL CAN (Controller area network)
- msAeasuuuiaul¥any (Wireless LAN)
- matlesifuszuy BMS viestununmeslnsamadaneluil
- nszualniiAunIUng (Over-current)
- guniiliuniuni (Over-temperature)
- wsesulnAAunIUAR (Over-voltage)
- gaumnfimnitunA (Under-temperature)
- wssulnisndnun® (Under-voltage)

2.8 M3A8E1SWUY CAN (Control Area Network : CAN Bus)

sAeasIUY CAN (Control Area Network) gnifmunlagussm Bosch uaw
Iiunnsgau 1SO 11898 Tul 1994 szuu Control Area Network (CAN) gnvininldlunis
mumazdsayaszwingUnsaimuRuBlAnvseindlu infessus usnainil CAN (Control
Area Network) @snsadnndssyndlddmsu lulasreulnsaiaeivdisnivaussuuiaiadng
Tulsseugnanyngsy LWy MsnIuANsEUUTaA (System Bus) flagluiiesdnsuazenatinis
AIUANNTSIIUYEY 1uwes (Sensor) Wiagunsalanee lasgnedivssansain lussuu CAN
(Control Area Network) usiazdianau (Message) fidseaninaziinudmanlunisdedoya
lusnsgIT89 CAN (Control Area Network) adinisdsdianani (Message) eoninafsay 11
TndeazvhlviAndonny (Message) Wiordsiiuansnaduldds 2048 doau (Message) uae
uennilldiinsveneasgIues CAN (Control Area Network) sensndnlasiinisimun
fomu (Message) aay 29 Dnfsazviuindonu (Message) viordiiunndnaiuligege
214 536 d1udenIu (Message)

nsAeansuuy CAN anunsadidamunuman (Master) Idunnndmilei Tu

s = t%4

A Q) U q! at 1 s _ - 1 a’ A o
nINNFIAIUANVANUINAT NI wiagdslidnsvinveuiuwayaziimitinisvingnu
=] s 2 | o s

wilouty deffiddyvenisldnisdearsuuu CAN  wuumunuvdnvanafi(Mult-
Master) Ae famuAuvdnusaziazanusainuuazamuallafmefmvasiues uavaunse
dedoruniesunsiesve (Request) I n1silén1sdeansuuy CAN WUU Multi-Master &
fofresruuiniethedslunsdiifinadeviofndeiionatn (Erron) daunumdnaslidema
nsEnURRIEUUASaTEuayar livinlviseuula (System Bus) aumaivievinaulaile

gRAINTIUTOEUALY CAN (Control Area Network) faeifinarmanusaly
nsUssgnildarunasiilessnn CAN  (Control Area  Network) awnsauanslifiudia
UssAndamuazanuaiuse lutagiu CAN  (Control  Area  Network) gnianlélu
gramnIsmasUstamiitelinunuuaziilesningaiuves CAN (Control Area Network)
Aemnunsy YssdnSamuavanuuaendy
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2.8.1 %aNN1591191UYa9 CAN
?’J’aagaﬁ;zeiaaaﬂmmmﬂiwum (node) UuN"SAeAITWUY  CAN  uAZaY
laifishusmis (address) Tislvundauaginuniyu seazidenvesionuszgnimualnedssy
(Identifier) Aldnwazianzdluaiotns g usuuaietisaziudeniunazddanis
M91ulaggaindlsey wazudaslnuaszdaduladneziudeninunielilaegaindisey
drdannuiunsafudsilnundug Fesnsiuasfudoauiuiussinana dldleiufies
wandedlasnislifudennuiuan wazdriivarsgfdaduindon fufuasdadulaly
mssudormidunlnemsginnnouvionds lunsaaunisalfislinununniiasdnundi
wenewazddoyalunandeiiu msdeansuuy CAN fasfimadalunisdnnistoya Tned
nslidduneu-wdegadaaudeuuseiuldinlifideyalagymevus idmiauiuly
LANALIAY
2.8.2 fafvassruunsiossuuu CAN
- ﬁm’mL%fﬂum'sﬁ'amiiagav‘t"ﬂﬁﬂ'lmauauawaqLLﬁﬁquQaﬁﬂizﬁw‘ﬁ‘mw a1509ANT5
fudnsinsvumedeyalaaai 1 wngludsedund
- @nnsamIvANgUnsaliNeuuUiuiiule (Real Time)
- 5995UiRlean3uiie (Video Streaming)
- gnsalalugasigg waldlaun
- fimuanansolunisnsrsdudeiananalaegniuszansnm
- fanglntaundt meeldssuvaneindamiatie (Network Cable)
2.8.3 faidvvasszuun1sdoasuuu CAN
- Yarevasluadeg enavady vie Wuady vilinnsdndedeansiiiym
- mnlvusvidelugaiinadasasasnsmidfienaviliszuuiomadumanls
- nsdlseAuusulwihdnshnedoansenaduivals
- ndluunmesiliismeneiinsnonsenaravhliesarlugalmiiielifndery
inFetneld viaiseninnisindsl (Re-establish)
- nsnenaeliiviogunsniunsialaivihaeny oravildssuutudumanlizu
szuudfuemaaylaivha mnuelnedauaumsHatsmmutuAios
viaueu (Heaten) lavhanu wivuzdutuferldszuuusuennialiilfias s
2.8.4 AEngsAWluNI5INeU
CAN (Control Area Network) aﬂmsnﬁ%ﬁ’ﬂﬂﬁﬁ'uﬁmgaﬁdw?a%’uluaﬂﬂs
flanzwindenliunfuaziinsvensnsnsadutefianarn teliuledn msearsteya
tfun w@Seduauysal deuRanan (Error) QARTIANY MRS ISO 11898 lénan)
afuayuin Control Area Network (CAN) Ssawhauagldidefinmmmsainaniidio ae
feanssewinfuilgmidanisdens  aedeansiinisfentulnavanudeansdoansi
nstentutulndrau
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Noise in straight and twisted pair cables

fetetfete
4 >
-] =>] =>] => [
Straight cahble

Isdsdsds

"I "‘I "I "I
Twisted pair cable

—p Magnetic field
-—=p |Induced noise current

A s 1 a 1 L2 = 1
JUN 2.14 mssuaaafymmwm@maﬁ'lﬂii’wulﬂumimLLaanmﬁuma

2.9 nnsAessaYNIU RS-485

Rs-485 (unildlusmsgunisdeansuuueynsy (Serial Communication)
ﬁnnﬁmum%umiﬂEJﬂfﬁ'uﬁ’uﬁﬁrﬂsama’mnssuﬁLé‘ﬂwsaﬁﬂﬁ'lwi.,mmw%’ﬁam%m (Electronic
Industries Alliance (EIA)) Lwaﬂauauawammmmmi’[.ﬂmmwmmmmamaaﬂnmwmaf]
muumaawmmnu T.ﬂﬂuiusymsma‘aamiﬂnaw u,av;ummLiaiuawauawawu
defieufuinsgiunisdoans Rs232  fignimuatuanlaenguiiusinsgpamnssu
diannseiindiduiiientiu

\wmAin1sdedns RS-485 mm‘m%’ueieﬁ’cym'\mﬁazgalﬁﬂﬂa%"'uuaxL%‘TﬁlJﬁiJ
Huiwse Rs-485  meiladyiasudauuiniesuideoa (Differential Mode) vnugil
Rs-232 ldinafindaygnausudsnuunosusiou (Common Mode) dayginisudsuuunasmoniiy
alddyaansnad Ground  Signal)  usvisuiiisulymasiintudlosedudyyn
nsMAvesiuLasiadeliwiniy Bassdudgygauandiafiuannwinls Adnareainu
Aawanslunisieansinnduwindy waznsimudeyaiisudhuidugudvieniazgan
sedumnuuanAsEninedyyIunsdtudygadeyaiiudiun uarduiledidyyn
sunau aeaunsnidanlumednyanuenniils Adailinsieudygrailenaianaings
1nde videmnedsssiuanuiananlunisiudideyassgeiuauliannsodearsiuld vie
dosansziummiilunisdeansasn

susiidyaraivduvuanimeasudoatiu awwlilddyaransnddusedu
9199am30LUTsuLfigU wiwaﬁmm&hwmé’mmmwaq@:mmﬂuﬁwﬁ’m ilsdgmides
AULANANNTBIF YR INNT IR sENINaUNTalS kA UnSaldaualy inseldgnilianly
§1989 wazdmngaeildfuddygraiuiuunisfesdsdmalidygnsuniuan
mouenfigeaunsnidunlugameiasgnirdneenty 1dlaeie iWunalinisdeans Rs-485
ey IMIUNIUAEUENLAGY mmsn%’uaiaﬁ’tymmlﬁlﬂaﬁuuazL%’J‘?'Juu dlewdeuiieui
wialindyrusudnuunauLay
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Characteristics of R§232, RS422, RS423 and RS485

RS232 RS422 RS5485
Differential no yes yes
Max number of drivers 1 1 32
Max number of receivers 1 10 32
Modes of operation half duplex half duplex half duplex

full duplex

Network topology point-to-point multidrop multipoint
Max distance (acc. standard) 15 m 1200 m 1200 m
Max speed at 12 m 20 kbs 10 Mbs 35 Mbs
Max speed at 1200 m (1 kbs) 100 kbs 100 kbs
Max slew rate 30 V/ps nfa n/a
Receiver input resistance 3.7 kG Z 4 kQ Z 12kQ
Driver load impedance 3.7kQ 100 Q 54 Q
Receiver input sensitivity 3V +200 mV +200 mV
Receiver input range 15V 10V -1.12V
Max driver output voltage 25V 6V -7.12V
Min driver output voltage (with load) 5V 20V 1.5V

ﬂl Ly o =l =l s = dﬂ.
gﬂ‘n 2.15 ANANUANIIADANT RS-485 L'U'SEJUL?}EJ'UﬂUS.I'Wﬁﬂ']Uﬂ’ﬁﬂE)ﬁ'l'ﬁ@‘l{ﬂ'ﬁﬂlﬂu"']

=l =l e < @ d‘ o

naseuisuanandAn1sdeats RS-485 AuNInTgIuNITdRasaYNINRY

s A 1 | 1 I
AI3UN 2.15 9gnUd RS-422 way RS-485 fanusalunisdeansganin RS-232 Wuspgreunn
=l & - a oAl a v w W
vauedl RS-232 1 Uuansgiu msdeanseunsuiediianusadeansuuvasimianiauiula

A d ai o b | 1 2 o
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U 3.5 2995 chipkIT Max 32

3.4 N15RNUUUNITAIUAN
d1v992993mUANLYTI9T chipkIT Max 32 lunismuauuasyszudans
Yayaildarnuunineifidseanulugiuuuvesnisdearsuvu cAN Tnsdoyadandtn
Uszneude uswurelsad uazgainiinnglununined lun1sesnuuusasaivguazly
Tulasmeulnsataesmuneiay PIC32MXT795F512L  Tunsuszananan1sinauvesuniae’
Tnelilnsnaulnsatresiifivuin 32 99 100 11 fugasag Feroluil

- Program Memory 512 kB
- Data Memory 128 kB
- USB 1 %84

- FEthanet 1 %84

- Timer 5 %84

- DMA channels 8 %84
- CAN 2 %04

- UART 6 94

- SPI 4 993

- 1°C 5 %oq

- ADC 10 Un 16 %99

- Comparator 2 %84

- PMP/PSP

- JTAG

- Portl/O7
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332 332 n'ﬂ-} .
PORTD| 4|
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e
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Note 1: Some features are not available on all device vaniants.

2. BOR functionality is provided when the on-board voltage regulator is enabled.
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U7 3.9 2msudasnsdeansuuy CAN Wudygnm TTL

3.6.2 299suUasdyan TTL Wun1sdeaisuuu RS232
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- ) P v fu o Y a < 7 o
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o ﬁ v Y a ¢
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c1 c3
| IR——— 2 L c1- }=3
L
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-
RXD1 13— R1I R10 p—=12— RX1
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31]17’1 3.10 Tnssadransasudasdyeyros TTL Wunisdeansuuu RS232



25

T
Y

VO

S )

S (e

Aok A5 g

i
o —
p—

+
-

= B 8
. D A Bl knty
Ve Eanegs

oND

- ond Y

31[‘71 3.11 29sudasdeyg TTL unnsdeansuuu RS232

3.6.3 2svsulasdyunisaeastitunesn USB
[y a I s [ Ao w o @ av w
WAsuUasdyeIunsEeaTIuNedn  USB 1uisasnsudyguaideile
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3 P o0 o @ w ' o v av v
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wummeInlUTUNTUITEULY Tassaiessulasdygranisdeansiiunesn USB fsguil
3.12

MCUS5
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JUN 3.13 2035udasdyayrunisdeansiiunesn USB

3.7 Wsunsuilélunsuanstoyavasuumnes
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Fast Switching 125A Avg.

SCR (200 RMS)

Up to 1200 Volt
T607__13 Toto.

Fa— Inches Millimeters
ympa Min. Max. Min. Max.
A 7.750 8.100 196.85 205.74
A, 7.750 8100 196.85 205.74
B .063 172 1.60 4.37
¢D 980 1.090 2489 2769
E 1.212 1.250 30.78 31.75
F .250 .630 6.35 16.00

oJ 3.25 82.55
M .530 .755 1346 19.18
N 1.040 1.077 2642 27.36
Q 2.250 57.15
oT .260 290 6.60 7.37
Z .340 8.64

oW %-16 UNF-2A
Creep Distance—.75 in. min. (19.056 mm).
Strike Distance—.69 in. min. (17.53 mm).
(In accordance with NEMA standards.)
Finish—Nickel Plate.
Approx. Weight—8 oz. (227 g).
1. Complete threads to extend to within
2% threads of seating plane.
2. Angular orientation of terminals is

undefined.
1 3. Pitch diameter of %-16 UNF-2A

nforms to TO-93 Outline (coated) threads (ASA B1.1—1960).

4. Dimension "J" denotes seated height
atures: with leads bent at right angles.
Center fire, di/namic gate
High di/dt with soft gate control .
High frequency operation Applications:
Sinusoidal waveform operation to 20 KHz e Inverters for
Rectangular waveform operation to 20 KHz UPS
Low dynamic forward voltage drop AC motor control
Low switching losses at high frequency Induction heating
Westinghouse Lifetime Guarantee ¢ Cycloconverters

e Choppers

'dering Information

Current Turn oft Gate Current Leads

17 (av] let
A (ma) Lane

xample

btain optimum device performance for your app.ication by

tlecting proper Order Code.

- 'Tmn Gate -
Vaoltage I(.nlr.—-nt | off cur”_n'l Leads

ype TBO7 rated at 125A average with Vgpy = 1000V,
iT = 150 ma, tq = 30 xsec and standard flex lead — arder as

or 10 psec turn-off,
onsult factory

267



(122050ARAMV %-) Fast Switching

Up to 1200 Volts SCR

Voltage
Blocking State Maximums & Ty - 125°C Symbol
Repetitive peak forward blocking voltage , Vv . . Vorm [ 100 | 200 | 300 [ 400 | 500 600 | 700 [ 800 | 900 |1000|1100 {1200
Repetitive peak reverse voltage . v @ ... . | VRRM 100 | 200 | 300 | 400 | 500 | 60O 700 | 800 | 900 (1000|1100 {1200
Non-repetitive transient peak reverse voltage,
t <60msec, V...l VRsm | 200 | 300 | 400 500 | 600 | 700 | 800 | 900 {1000 [1100 1200 [1300
Forward leakage current, mA peak .. ... . . IprRM  <€— 25 —
Reverse leakage current, mA peak . .uooo oo, 3 IRRM < 25 5
Current
Conducting State Maximums
(T) = 125°C) Symbol T607— . 13
RMS forward current, A . ... .. 'T(rms) 200
Ave. forward current, A ., . ... . 'T{av) 125
One-half cycle surge current DAL 'TSM 3500
12t for fusing (for times - 8 3 ms),
A sec. - 12t , 50,000
Forward voltage drop at ITp = 625A
and Ty = 25°C, v ..., ... : Vim 2.35
Min. repetitive di/dt 7 & . Afusec ... di/dt 200
Switching Maximum Forward Voltage VS. Forward Current
(Ty - 25°C) Symbol a 7
o
Max. turn-off time, IT _- 150 A. >
Ty == 125°C, diR/dt = 12§ s © 5
A7usec, reapplied dv/dt — S /
20V/y sec linear to 8V DRM, ysec G 3. tq 10 10 50 : Tg=125°C y
Typ. turn-on-time, IT == 100A g b5 /
Vp= 100V, usec . : a0 . ton 3.5 a
Min. critical dv/dt, exponential to V, . @
Ty = 125°C, V/usecdq,. ... .DAM- o 300 > 4
Min. di/dt  non-repetitive, 5 T607.-13 |
PE@LAfusec DL gisdt 800 > 4 | ]
°
B L
s g
2 LA
Gate § 2 —
Maximum Parameters s
(T, = 25°C) Symbol E
1
Gate current to trigger at Vp — 12V, mA lgT 150 E
Gate voltage to trigger at Vp =12v.v . .. VT 3 §
Non-triggering gate voltage. Ty = 125°C, 10 100 1000 10,00
and rated Vpgpe, V.. 0L Veom 0.15
Peak forward gate current, A ., .. . I GTM 4 Forward Current, TM, Peak Amperes
Peak reverse gate voltage, V ... . . . . VGRM 5 Transient Thermal Impedance VS. Time
B EED T S 112 B B S SR r
Peak gate power, Watts . .. ... . . Pam 16 ZOF*TFT'IT“ T i 1 JTT i ] 'Y}TYT‘ ! iplif ]7—.
Average gate power, Watts . . ... . . PGlav) 3 { : iy I ‘F‘ A ..’ !
bl i 1 ) ! |‘
Thermal and Mechanical 5
Symbol 8
Min., Max. oper. junction temp., °C ...... T —40 10 4-125 5
Min., Max. storage MWD o caimeaps Tstg —40 to 4150 g
Max. mounting torque, in Ib. ® . .. ... ... 300 oL
Max. Thermal resistance T §
Junction to case, °C/Watt . ... . Rguc 13
Case to sink, lubricated. °C/wWatt . . . . . Racs .08 E -
£
) 3%
(> Consult recommended mounting procedures. b
& Applies for zero or negative gate bias. 2.
@ Per JEDEC RS-397, 5.2.2.1. 4]
© With recommended gate drive. 23 - L

@ Higher dv/dt ratings available, consult factory. 0001 o 001 Dl o 1 ' 1 10 100
© Per JEDEC standard RS-397, 5.2.2.86. Time:x, Seconds
@ For operation with antiparallel diode, consult factory. v



Fast Switching

SCR

T607-.13

125A Avg.
(200 RMS)

Up to 1200 Volts
10-50 us

Sinusoidal Current Data

100 S
Sine Wave
g
2 i
4000 Amps, b
1.0 L ] //
d . —
u——zom'.
a | | A
8 - -
S - .
8 1 >
2 10}——000 Amse poeet"] 1
—
?l [——400 Amps
[; T T
2 04 l } i
P e
= 02100 Ames T, ¢ 1259C
? 'fo l_ Vp = 800V 20(}. 25 uf
B V@ <50V
= 01 i ALY
’ 10 ¢ - 8 100 2 3 & 1K 2K

Pulse Width — Microseconds
NERGY PER PULSE FOR SINUSOIDAL PULSES

10K T =
Sine Wave
6K
-

4K

K -

2x P

funseet e "'-...L_

. 1K 3 . —
¢ =
p 800 T - Ni 1 100 Hz
} 400 2600 Hz 1000 Hz |
i 5000 Hr 400 Hr

30Q
| i 10.000 Hz
3
%
bl
» 60
L
H
}o2 To-65C
i Vg - 600V 201 25 uf
i VR E50V
: ‘IO s e

10 23 4 8 100 2 3 4 s 1K 2K

Pulse Width — Microseconds
AAXIMUM ALLOWABLE PEAK ON-STATE CURRENT
's. PULSE WIDTH (T¢c = 65°C)

10K e
Sina Wave

BK

4K

x

2K

P ™~

1K
L]
)
: 800 ~g

400 == -‘"!--‘ 100 Hz

M|
U 300 B 1000 Hz o~
I 200 5000 Hz
5 10,000 Hz
: 100
)
> 60
E 40
5 30
> T 0C
C

% 0 Vp 600V 2000 25 uf
§ VRL50V
F) P L

10
- 10 2 3 4 6 1m 2 3 4 6 1K ZK

Pulse Width — Microseconds
VIAXIMUM ALLOWABLE PEAK ON-STATE CURRENT
vs. PULSE WIDTH (T¢ = 90°C)

Trapezoidal Wave Current Data
100 T —

Square Wave > -
6] dizch = 50A/usec o ra

> P . “

B
1

=1
06 {7760 Amps 1m|

|_100 Amps
02 Ty 125°C -

Vi = 800V, 20}, 25 uf J
vaskv

Energy Loss — Joules/Pulse

10 2 ¥4 6 100 2?2 3+ 6 K 2 3 4 & 10K

Pulse Width — Microseconds
ENERGY PER PULSE FOR TRAPEZOIDAL PULSES

(di/dt = 50A /usec)

100 ) s e
Square Wave
6 i/t = 10047
] Z
314000 Amps
| 7
2000 Amps - %

o0

1000 Amps
4o}

w

L
) 600 Amps — b’
—t 2
L—m Amps’
10—}

3
06 [f- 200 Amp:
L1

L
| 100 Amp

Ty = 125°C 4
Vp = 60OV, 204} 25 uf

01— Hir R
10 2 3 4 L] 100 4 6 1K 2 3 a [} ‘OK
Pulse Width — Microseconds

ENERGY PER PULSE FOR TRAPEZOIDAL PULSES

(di/dt = 100A /usec)

Energy Loss — Joules/Pulse

Il Square Wave =
dizd = 200A/usec

[ 2000 Amps g

02 Ty=125°C
Vp = 600V, 2042, 25 uf

01 b
TS 2 34 6 100 2 36 1K 23 ¢ 6 0K

Pulse Width — Microseconds
ENERGY PER PULSE FOR TRAPEZOIDAL PULSES
(di/dt = 200A /usec) 269

Energy Loss — Joules/Pulse




125A Avg.
(200 R n};%) Fast Switching

Up to 1200 Volts SCR
10-50 us T607__13

Trapezoidal Wav

c:():urrent Data Trapezoidal Wa\sg Furrent Data

TC = 65°
10Ky { i 1OKF=I rrc “90°e
% (o M il e,
3x x
2] 2K
" 1K — W 1K
i T g 600
E 400
< 4 T = < = P~
| 209 -
= P 000 1 2500 Hz 1000 He | ' 70 | T00 Ar g %
Q
.5_ 1 10,000 Mz i g 1 ,I: 2600 Hz | 111000 He .om\__ n
2 p- = ]
60 60| 10.000 H N
£ . -4 ; ooy
i = £
Qo 2 Te - 65°C g - il
x vf,:eow 2041 28 ot 2 - :g:m.mu 25
ch’ 10 V?S-mnv Ak L1 § 10 "FSW
- Ll .1 | 1l
Tp?nse \:wm: : M:crotseogond; ST e Lol \f\rch3 ‘ Ma i ds T
" ulse Width — Microsecon
MA)F(':::U;A ALLOWA.BLE PEAK ON-STATE CURRENT MAXIMUM ALLOWABLE PEAK ON-STATE CURRENT
Vs, SE WIDTH (di/dt = 50A /usec) vs. PULSE WIDTH (di/dt = 50A /usec)
10K Squ-r-‘w;vl 1 ]Qxi e
6k | ciet = 100A ussc ] Fauers Wave
Il K} di/dt = 100A/usec
;: 4K
3K
< 2x
1K
?' 600 - o ? =
é 400 2 g ™
"I 300 e, - dE_, ‘g » = TH
. 200 400 1z |
g Copn s L 100 Hz E " S |
3 100 10,000 Mz s 100 — 2500 Wa Hp.000 Ha R
g o i : T J]5000 He 100 Hz
'g 40 g 10.000 H;
§_ 30 e
o 20 Te = 85°C i a z
3 . x:sgg‘?v 2000 25 ut g . Eg(%& S
o T L W @ e’ bbb,
L?sta\:Vidth‘—M:crosecon1oo ds; o L LT & 1Om Z 34 8 100 2 R T T
Pulse Width — Microseconds
MAXIMUM ALLOWABLE PEAK ON-STATE CURRENT MAXIMUM ALLOWABLE PEAK ON-STATE CURRENT
vs. PULSE WIDTH (di/dt = 100A /usec) vs. PULSE WIDTH (di/dt = 100A /usec)
1 ;I: ™7
o Square Wave 1 OK SQ.:M:;NI.M‘ t
BK|l disdt = 200A/usec - 6K | di/dt = 200A/usec
;: ax
3
2! x
g ' g 1%
E it - == %’ 800
E 400 ] g 400
*‘II 300 HT™ -~ E 300
= 1000 he | 1100 M N .'. 200 ™
£ 100 5000 Hz | “ 0 | "I 8 ] - 1000mz | 140 H: [
3 10,000 1 5 190 - 2600 He
g e ® ® o0 7 s
‘g ;g é « 10,000 H
o 2 Te - 65°C g - Te=90°C
® Vp = 600V 2040 25 ut 9w vc=sow 2012.25 ut
& 10 R | vassov o
10 2 s ° 100 4 1K 2 34 e 10K o 1010 N e ;.;:.;..1.0'(
Pulse Width — Microseconds Pulse Width — Microseconds
MAXIMUM ALLOWABLE PEAK ON-STATE CURRENT MAXIMUM ALLOWABLE PEAK ON-STATE CURRENT

vs. PULSE WIDTH (di/dt = 200A /usec) vs. PULSE WIDTH (di/dt = 200A / usec)



K DIA. HOLE

H DIA. HOLE\ :
| g
. NTIAL
T T RED
e/ W ——GATE
WHITE
7 J
Food
E DIA, —= I I.._
: H
7. ' | l 1
D ] —— MARKING
C
B
P '
, — ————
| 1.245 / 31.62 MM
A ! ACROSS FLATS
]
]
. ]
j if=— .750-16 UNF - 2A THD.
ﬁ?—‘“;;
CASE NUMBER T60 STRIKE DISTANCE = .65 INCH / 16.5 MM MIN.
NOMINAL DIMENSIONS CREEPAGE DISTANCE = .65 INCH / 16.5 MM MIN.
4 A 8 C D E F G H J K

CHES || 1.06 - 1.50 2.25 1.07 7.9 .63 281 7.91 146

| 26.9 14.0 38.1 57.2 | 27.2 12009 | 16.0 7.14 ] 200.9 | 3.71

ALL DIMENSIONS ARE REFERENCE
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Document Reference No.: FT_000055
UB232R USB Mini-B FT232R Evaluation Module Datasheet Version 1.12
Clearance No.: FTDI# 43

1 Introduction

The UB232R is the smallest USB - serial development module in the FTDI product range. To minimise
the size of the module, the UB232R uses a standard USB mini-B connector. It is ideal for new
development purposes as well as a platform for adding a USB interface to existing product designs.

The UB232R is based on the FTDI FT232RQ USB to Serial UART IC which handles all the USB signalling
and protocols. The FT232R datasheet, DS_FT232R, is available at http://www.ftdichip.com, The
UB232R supports RTS/CTS hardware handshaking and is USB powered. The module supports data
transfer rates from 300 baud to 3 Mbaud (RS422, RS485, RS232 and at TTL levels). In addition, two of
the configurable CBUS pins of the FT232R are made available on the UB232R connector, allowing the
UB232R to provide clock signals to external logic or they can be used to drive signal traffic indicator
LEDs.

The UB232R is supplied with two 1x4 turned pin board headers with a standard 0.1” pitch. This aids rapid
prototyping and development. All components used, including the FT232R are Pb-free (RoHS compliant).

The UB232R requires USB drivers, available free from http:/ /www.ftdichip.com, which are used to
make the FT232R on the UB232R appear as a virtual COM port (VCP). This then allows the user to
communicate with the USB interface via a standard PC serial emulation port (TTY). Another FTDI USB
driver, the D2XX driver, can also be used with application software to directly access the FT232R on the
UB232R though a DLL. This is illustrated in the Figure 1.1

]

< RXDI
®) s )
' Serial UART
- UB2:2R | T o)
usB USB Mini-B \  signals
Virtual COM Port TXD"
RXD
— RX
o|o i Serial UART
E ';‘2’- | UB232R | | et
USB USB Mini-B : signals
e
TXD

Software application access to USB via D2XX
Figure 1.1 Using the UB232R

Drivers for the UB232R are available free from http:/ /www.ftdichip.com.

Copyright © 2010 Future Technology Devices International Limited



Document Reference No.: FT_000055
UB232R USB Mini-B FT232R Evaluation Module Datasheet Version 1,12

Clearance No.: FTDI# 43

1.1 USB Compliant

The UB232R is fully compliant with USB 2.0 specification

CERTIFIED

Copyright © 2010 Future Technology Devices International Limited
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2 Typical Applications

Rapid USB integration into existing electronic systems.

Prototyping platform for USB interface on new systems.

USB Instrumentation integration.

PCB real estate sensitive designs integrating smallest FTDI USB module available.

2.1 Driver Support

Royalty-Free VIRTUAL COM PORT (VvCP)
DRIVERS for:

Windows 7 32, 64-bit
Windows Vista
Windows XP 64-bit
Windows XP Embedded

Windows 98, 98SE, ME, 2000, Server 2003,
XP and Server 2008

Windows CE.NET 4.2 , 5.0 and 6.0
MAC 0OS 8 /9, 0S-X
Linux 2.4 and greater

Royalty-Free D2XX Direct Drivers (USB Drivers +
DLL S/W Interface):

¢  Windows 7 32, 64-bit

e  Windows Vista

*  Windows XP 64-bit

e Windows XP Embedded.

* Windows 98, 98SE, ME, 2000, Server 2003
XP and Server 2008

= Windows CE.NET 4.2, 5.0 and 6.0
e Linux 2.4 and greater

The drivers listed above are all available to download for free from www.ftdichip.com. Various 3™ Party
Drivers are also available for various other operating systems - see www.ftdichip.com for details.

2.2 Features
The UB232R has the following feature:

Reduced development time.

Rapid integration into existing systems.

USB powered - no external power supply
needed.

Based on FT232RQ device.
Entire USB protocol handled by USB module.

Small USB Type B connector to minimise PCB
real estate usage.

Data transfer rates from 300 baud to 3 Mbaud
at TTL levels

Lower Operating (15mA) and USB suspend
mode current (70pA).

Supports FT232R FTDIChip-ID™ with a unique
USB serial number,

Support for USB suspend and resume.

UHCI / OHCI / EHCI host controller compatible.
USB 2.0 Full Speed compatible.

-40°C to +85°C operating temperature range.

Copyright © 2010 Future Technology Devices International Limited
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3 Electrical Details

The electrical details and connections to the UB232R module are shown in Figure 3.1, Table 3.1 and Table
3.2.

J21 J22 J23 J24

Ji1 J12 J13 Ji4
Figure 3.1 UB232R Electrical Connections (Top View)

Silkscreen Pin Connector Pin Name Description
1 Ji-1 GND OV Power pin
2 J1-2 VCC +5V Power from USB Interface
3 J1-3 CTS# FT232R CTS pin
& J1-4 RTS# FT232R RTS pin
5 J2-4 CBUS1 FT232R CBUS1 pin
6 J2-3 CBUSO FT232R CBUSO pin
7 J2-2 RXD FT232R RXD pin
8 J2-1 TXD FT232R TXD pin

Table 3.1 UB232R Module Connection

The signal output level on connectors J1 and 12 are controlled by the voltage supplied to the VCCIO pin 4
on the FT232R. The VCCIO is selected between the +5V (VCC from USB) or the output of the FT232R Low
Drop Out (LDQ) +3.3V regulator. The VCCIO selection is done by fitting a link on connector J3. The
selection is shown in Table 3.2.

Connector 13 Function
Link 1-2
VCCIO and RESET# driven connected to VCC (+5V)
connected
Link 2-3
VCCIO and RESET# driven connected to +3.3V output of FT232R LDO regulator
connected

Table 3.2 UB232R Module VCCIO selection

Copyright ® 2010 Future Technology Devices International Limited
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4 Mechanical details

The mechanical details of the UB232R are shown in Figure 4.1:

U

L S |
DI, _iIE i

iy e i B s

Dimensions (mm) Dimensions (mm) Dimensions (mm) Dimensions (mm)
A 7.0 +/-0.1 F 2.0 +/- 0.005 M 8.0+4/-0.1 R 0.5 +/- 0.005
B 12.7 +/-0.1 G 15.24 +/- 0.2 N 5.0+/-0.1 S 6.35 +/-0.005
c 7.0+/-0.1 J 17.0+/-0.2 (o] 10.0 +/- 0.1 T 18.90 +/-0.005
D 2.0 +/- 0.005 K 17.78 +/- 0.2 P 12.7 +/- 0.1 U 15.24 +/-0.005
E 2.54 +/- 0.005 L 1.60 +/- 0.005 Q 4.0+4/-0.1 Vv 12.70 +/-0.005

Figure 4.1 UB232R Module Dimensions

Figure 4.1 UB232R Module Dimensions
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5 Schematic Diagram

L 1
PRSP, . . < 1%
Il fdadd =
— 2 = ey | FT2:RQ
Egg=2ED
2 pono veeio (L L2
3 (. RO L2 RO BPINDIPHEADER
CBuSo 2 e EDe R —— - JZ
VCCIOSELECT cBUS1 21 4 S . » EERCE g S - RN poy |
= RMLED# GND G ; ‘ R ’I‘
“T’ oo e Fo— i m— | 1
12 voes Dsre B T4 ot
18 Resemw pcox H—
2 oo croy L CTS#
x o g & E
J3 o o
1 | G88o0774 |
—wvooo | L :
\_5 o ..2:.":!$ :|9!°| e
ﬂ
YCCI0
| [~
0.16F ~
FB1
—— 2 jvee
FERRITEBEAD G .
s | T e o i
1 GND l'{ vee
| a—] J«: 4.TUF 6.3 CERAMIC
o] B
o ) =< a2
aTpF ATpF
I UB232RMODULESCHEMATIC
&b @D &No

Figure 5.1 UB232R Module Schematic
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6 Contact Information
Head Office - Glasgow, UK

Future Technology Devices International Limited
Unit 1, 2 Seaward Place, Centurion Business Park
Glasgow G41 1HH

United Kingdom

Tel: +44 (0) 141 429 2777

Fax: +44 (0) 141 429 2758

E-mail (Sales) sales1@ftdichip.com
E-mail (Support) supportl@ftdichip.com
E-mail (General Enquiries) adminl@ftdichip.com
Web Site URL http://www.ftdichip.com
Web Shop URL http://www.ftdichip.com

Branch Office - Taipei, Taiwan

Future Technology Devices International Limited
(Taiwan)

2F, No. 516, Sec. 1, NeiHu Road

Taipei 114

Taiwan , R.O.C.

Tel: +886 (0) 2 8791 3570

Fax: +886 (0) 2 8791 3576

E-mail (Sales) tw.sales1@ftdichip.com
E-mail (Support) tw.supportl@ftdichip.com
E-mail (General Enquiries) tw.admin1@ftdichip.com
Web Site URL http://www.ftdichip.com

Branch Office — Hillsboro, Oregon, USA

Future Technology Devices International Limited
(USA)

7235 NW Evergreen Parkway, Suite 600
Hillsboro, OR 97123-5803

USA

Tel: +1 (503) 547 0988

Fax: +1 (503) 547 0987

E-Mail (Sales) us.sales@ftdichip.com
E-Mail (Support) us.support@ftdichip.com
E-Mail (General Enquiries) us.admin@ftdichip.com
Web Site URL http://www.ftdichip.com

Branch Office — Shanghai, China

Future Technology Devices International Limited
(China)

Room 408, 317 Xianxia Road,

Shanghai, 200051

China

Tel: +86 21 62351596

Fax: +86 21 62351595

E-mail (Sales) cn.sales@ftdichip.com
E-mail (Support) cn.support@ftdichip.com
E-mail (General Enquiries) cn.admin@ftdichip.com
Web Site URL http://www.ftdichip.com

Distributor and Sales Representatives

Please visit the Sales Network page of the FTDI Web site for the contact details of our distributor(s) and sales
representative(s) in your country.
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System and equipment manufacturers and designers are responsible to ensure that their systems, and any Future
Technology Devices International Ltd (FTDI) devices incorporated in their systems, meet all applicable safety,
regulatory and system-level performance requirements. All application-related information in this document (including
application descriptions, suggested FTDI devices and other materials) is provided for reference only. While FTDI has
taken care to assure it is accurate, this information is subject to customer confirmation, and FTDI disclaims all liability
for system designs and for any applications assistance provided by FTDI. Use of FTDI devices in life support and/or
safety applications is entirely at the user's risk, and the user agrees to defend, indemnify and hold harmless FTDI from
any and all damages, claims, suits or expense resulting from such use. This document is subject to change without
notice. No freedom to use patents or other intellectual property rights is implied by the publication of this document.
Neither the whole nor any part of the information contained in, or the product described in this document, may be
adapted or reproduced in any material or electronic form without the prior written consent of the copyright holder.
Future Technology Devices International Ltd, Unit 1, 2 Seaward Place, Centurion Business Park, Glasgow G41 1HH,
United Kingdom. Scotland Registered Company Number: SC136640
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Appendix A - FT232R EEPROM Configuration

This FT232R device within the UB232R module contains an EEPROM which contains the USB configuration
descriptors for that device. When the UB232R is plugged into a PC or a USB reset is performed, the PC
will read these descriptors. The default values stored into the internal EEPROM are defined in Table 6.1

Parameter Value Notes
USB Vendor ID (VID) 0403h FTDI default VID (hex)
USB Product UD (PID) 6001h FTDI default PID (hex)
Serial Number Enabled? Yes
) A unique serial number is generated and programmed into
Serial Number See Note
the EEPROM during device final test.
o Enabling this option will make the device pull down on the
Pull down I/O Pins in USB
g q Disabled UART interface lines when the power is shut off (PWREN#
uspen
P is high).
Manufacturer Name FTDI
Product Description UB232R
Max Bus Power Current 90mA
Power Source Bus Powered
Device Type FT232R
Returns USB 2.0 device description to the host.
USB Version 0200 Note: The device is be a USB 2.0 Full Speed device
(12Mb/s) as opposed to a USB 2.0 High Speed device
(480Mb/s).
Taking RI# low will wake up the USB host controller from
Remote Wake Up Enabled
suspend.
Enables the high drive level on the UART and CBUS 1/0
High Current I/0s Enabled .
pins.
Makes the device load the VCP driver interface for the
Load VCP Driver Disabled .
device.
Invert TXD Disabled Signal on this pin becomes TXD# if enable.
Invert RXD Disabled Signal on this pin becomes RXD# if enable.
Invert RTS# Disabled Signal on this pin becomes RTS if enable.
Invert CTS# Disabled Signal on this pin becomes CTS if enable.

Table 6.1 Default Internal EEPROM Configuration

The internal EEPROM in the FT232R can be re-programmed over USB using the utility program FT_PROG.
FT_PROG can be downloaded from the www.ftdichip.com. Users who do not have their own USB
Vendor ID but who would like to use a unique Product ID in their design can apply to FTDI for a free
block of unique PIDs. Contact FTDI support for this service.

10
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Appendix B - Revision History

Version 1.00 Full datasheet released July 2008
Version 1.01 Table 3.1 (CTS# and RTS#) Corrected the pin out

Contact information Update

Added Windows 7 32,64 bit driver support .

Added FT_PROG reference. November 2009
Version 1.02 Edited mechanical dimensions figure 4.1 January 2010

Released February 2010
Version 1.1 Updated contact information April 2010
Version 1.11 Added RoHs compliant statement July 2010

in section 1

Added section 1.1 USB compliant Logo
Version 1.12 Edited mechanical dimensions figure 4.1
Added dimension S, T, U and V
Updated the disclaimer Dec 2010
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chipKIT™ Max32™ Board
Reference Manual

Revision: July 25, 2011

1300 NE Henley Court, Suite 3
Pullman, WA 99163
(509) 334 6306 Voice | (509) 334 6300 Fax

Overview

The chipKIT Max32 is a microcontroller board
based on the Microchip PIC32MX795F512L, a
member of the 32-bit PIC32 microcontroller
family. The chipKIT boards are compatible with
the popular Arduino™ microcontroller board
shields.

The Max32 is designed to be easy to use and
suitable for use by anyone from beginners to
advanced users for experimenting with
electronics and embedded control systems.
The Max32 is intended to be used with the
Multi-Platform IDE, (modified Arduino IDE),
MPIDE, and contains everything needed to
start developing embedded applications.

The Max32 provides 83 I/O pins that support a
number of peripheral functions, such as UART,
SPI and I°C™ ports and pulse width modulated
outputs. Sixteen of the I/O pins can be used as
analog inputs or as digital inputs and outputs.
The PIC32 microcontroller on the Max32 also
provides a 10/100 Ethernet MAC, USB 2.0 Full
Speed OTG controller, and two CAN
controllers. Use of these advanced peripherals
requires an add-on board (for example the
Digilent Network Shield) to provide the
additional hardware required.

The Max32 can be powered via USB, an
external AC-DC power adapter, or batteries.

Specifications:

Microcontroller: PIC32MX795F512L
Flash Memory: 512K

RAM Memaory: 128K

Operating Voltage: 3.3V

Operating Frequency: 80Mhz

Typical operating current: 90mA

Input Voltage (recommended): 7V to 15V
Input Voltage (maximum): 20V

I/O Pins: 83 total

Analog Inputs: 16

Analog input voltage range: 0V to 3.3V
DC Current per pin: +/-18mA

Advanced peripherals:
10/100 Ethernet MAC
USB 2.0 Full Speed OTG controller
2 CAN controllers.

Doc: 502-202
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chipKIT Max32 Hardware Overview

The Max32 board provides the following hardware features:

3
E
7
S
1

1) USB Connector for USB Serial Converter

This connects to a USB port on the PC to provide the communications port used by the
MPIDE to talk to the Max32 board. This can also be used to power the Max32 board when
connected to the PC.

2) J11 — Microchip Debug Tool Connector

This connector is used to connect Microchip programmer/debugger tools, such as the
PICkit™3. This allows the Max32 board to be used as a traditional microcontroller
development board using the Microchip MPLAB® IDE.

3) J2 - External Power Connector

This is used to power the Max32 board from an external power supply. This is a 5.5mm x
2.1mm barrel connector. It is wired with the center terminal as the positive supply voltage.
The power supply voltage must be in the range 7V to 15V.

4) Power Supply — 3.3V regulator

Voltage regulator for the 3.3V power supply. This power supply can provide up to 500mA
of current.

www.digilentinc.com page 2 of 23
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5) JP1 —Power Select Jumper

This jumper is used to route power from the external power connector through the on-
board 5V voltage regulator or to bypass the 5V regulator. The REG position routes power
through the 5V regulator. The BYP position bypasses the on-board 5V regulator. With this
jumper in the BYP position the maximum input voltage that can be applied at the external
power connector is 6V.

6) Power Supply — 5V regulator

On-Board 5V voltage regulator. This regulates the input voltage applied at the external
power connector to 5V. This is used to power the 3.3V regulator and to provide 5V power
to shields. This regulator can provide up to 800mA of current.

7) J2 — Shield Power Connector
This connector provides power to I/O expansion shields connected to the board.
8) PIC32 Microcontroller
This is the PIC32MX795F512L microcontroller that is the main processor for the board.
9) J5, J7 — Analog Signal Connectors
These connectors provides access to analog/digital 1/O pins on the microcontroller.
10) J6, J8, J9, J15 — Digital Signal and Power Connectors

These are shown as four connectors in the Max32 schematic. There is a single connector
loaded across all four when the board is assembled. These provide 5V power, ground, and
access to digital /0 pins on the microcontroller to shields connected to the board.

11) User LED
An LED connected to digital signal pin 13.
12) JP3/JP4 — SPI Master/Slave Select Jumpers

These jumpers are used to switch the SPI signals for use of the Max32 board as an SPI
master device or as an SPI slave device. Both jumpers should be switched together. Place
the shorting blocks in the MASTER position for master operation and in the SLAVE
position for slave operation. Normally, these jumpers are in the MASTER position.

13) J13 — SPI Signal Connector

This connector provides alternative access to the SPI signals. This is used by some
shields for access to the SPI bus.

14) J3, J4, J14 - Digital Signal Connectors

These connectors provides access to digital I/O pins on the microcontroller.
15) Communications Status LEDs

These LEDs indicate activity on the USB serial interface.
16) Reset Button

This button can be used to reset the microcontroller, restarting operation from the boot
loader.

www.digilentinc.com page 3 of 23
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chipKIT Max32 Jumper Settings

The chipKIT™ Development Platforms use a Microchip PIC32 Microcontroller. These are 32-bit
products that bring unprecedented features to the Arduino™ community. In order to maintain
compatibility with existing hardware/software while maintaining user accessibility to these
advanced features, additional jumpers and row headers are provided. This document describes the
functionality of the jumpers listed in figure 1.

Figure 1: chipKIT™ Max32 Jumpers

I .

JP3 JP4

J13

T &

SELECT

o POWER Max32

SELECT
BYP REG

-
o 0D TSR TSN DT

Jumper Function

JP1 POWER SELECT: Used to connect/bypass on-board 5V regulator when using a
power supply connected to J2

POWER POWER
SELECT SELECT

_BYP_REG _ BYP_REG

e o CEED

J4 supply is regulated (i.e. 5V will be J4 supply bypasses regulator (i.e.
present on 5V pin) Supply voltage will be present on 5V
pin)

Note: A 3.3V on-board regulator will always be enabled regardless of JP1
settings to protect the PIC32 MCU

Not sure what this does? Play it safe and keep JP1 on the two right-most pins.
(i.e. J2 supply is regulated)

JP3/JP4 SPI SELECT: Used to configure the chipKIT™ as either a Master or Slave when
using the SPI (Serial Peripheral Interface). The chipKIT™ board can be
connected to another device or even another chipKIT™ through the SPI
connector (J13).

www.digilentinc.com page 4 of 23
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ém JP4 DataIN J13
= MASTER _>
“m SLAVE SCLK —>» Data OUT
SS GND
chipKIT™ configured as a SPI Master
ém JF4 DataouT J13
=2 MASTER P
" .suwe SCLK <— DatalN
SS GND

chipKIT™ configured as a SPI Slave

For more information on SPI, please visit Wikipedia's SPI page at:
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus#Mode_Numbers

www.digilentinc.com page 5 of 23
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chipKIT Max32 Hardware Description
MPIDE and USB Serial Communications

The Max32 board is designed to be used with
the Multi-Platform IDE (MPIDE). The MPIDE
development platform was produced by
modifying the Arduino™ IDE and is fully
backward compatible with the Arduino IDE.

The MPIDE uses a serial communications port
to communicate with a boot loader running in
the Max32 board. The serial port on the Max32
board is implemented using an FTDI FT232R
USB serial converter. Before attempting to use
the MPIDE to communicate with the Max32,
the appropriate USB device driver must be
installed.

The Max32 board uses a standard mini-USB
connector for connection to a USB port on the
P,

When the MPIDE needs to communicate with
the Max32 board, the board is reset and starts
running the boot loader. The MPIDE then
establishes communications with the boot
loader and downloads the program to the
board.

When the MPIDE opens the serial
communications connection on the PC, the
DTR pin on the FT232R chip is driven low.
This pin is coupled through a capacitor to the
MCLR pin on the PIC32 microcontroller.
Driving the MCLR line low resets the
microcontroller, restarting execution with the
boot loader.

This automatic reset action when the serial
communications connection is opened can be
disabled. To disable this operation, there is a
cut-able trace on the bottom of the board
between the pins of JP5. JP5 is normally not
loaded. If the trace between the pins on JP5
has been cut, the automatic reset operation
can be restored by loading JP5 and inserting a
shorting block across it.

Two red LEDs (LD1 and LD2) will blink when
data is being sent or received between the
Max32 and the PC over the serial connection.

The header connector J12 provides access to
the other serial handshaking signals provided
by the FT232R. Connector J12 is not loaded at
the factory and can be loaded by the user to
access these signals.

Power Supply

The Max32 is designed to be powered either
from USB or from an external power supply.

There is an automatic switchover circuit that

causes the external supply to be used if both
supplies are present.

The power supply section in the Max32 uses
two voltage regulators. The first regulates the
external voltage to 5V to power the VCC5V0
bus. The second regulates the VCC5V0 bus to
3.3V to provide power to the VCC3V3 bus that
powers the PIC32 microcontroller.

The 5V voltage regulator is normally an
NCP1117. The board is designed to be able to
also use an LM1117, but the NCP1117 is the
part normally used. The NCP1117 is rated for
an output current of 1A (the LM1117 is rated
for 800mA). The dropout voltage of the
NCP1117 is a maximum of 1.2V at the rated
output current (1.3V for the LM1117). There is
a reverse polarity protection diode in the
external power supply circuit. Considering the
diode drop plus the forward drop across the
regulator, the minimum input voltage to the
regulator should be 7V to produce a reliable 5V
output. The absolute maximum input voltage of
both the NCP1117 and the LM1117 is 20V.
The recommended maximum operating
voltage is 15V. For input voltages above 9V,
the regulator will get extremely hot when
drawing high currents. Both the NCP1117 and
the LM1117 have output short circuit protection
and internal thermal protection and will shut
down automatically to prevent damage.

www.digilentinc.com
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The 3.3V regulator is a Microchip MCP1725.
This regulator is rated for a maximum output
current of 500mA. The absolute maximum
input voltage for the MCP1725 is 6V. This
regulator has internal short circuit protection
and thermal protection. It will get noticeably
warm when the current consumed by the
VCC3V3 bus is close to the 500mA maximum.

The 5V power bus, VCC5V0 can be powered
from one of three sources: 1) The USB5V0 bus
when the board is operating under USB power;
2) The output of the on-board 5V regulator
when operating from an external 7V — 15V
supply; or 3) Directly from the external supply
when operating from a regulated 5V external
supply and jumper JP1 is in the BYP position.

Switchover from USB power to external power
is done automatically and the external supply
will be used if both are present.

Jumper JP1 is used to route the external
power supply voltage through the on-board 5V
regulator or directly to the VCC5V0 bus,
bypassing the on-board 5V regulator.
Normally, JP1 should be in the REG position.
This routes the external supply through the 5V
regulator. Operation from an externally
regulated 5V supply is provided by placing the
jumper in the BYP position.

The forward drop across the MCP1725 is
typically 210mV (350mV max) at 500mA
output. With JP1 in the BYP position, this will
allow correct operation of the 3.3V power
supply from an input voltage down to 3.5V.
This allows powering the board from batteries
and other lower voltage power sources. In this
case, the VCC5V0 power bus will not be
powered at 5V.

NOTE: It is extremely important to observe the
MCP1725 maximum input voltage rating of 6V
when JP1 is in the BYP position. Applying
more than 6V to the external power input with
the jumper in the BYP position can destroy the
3.3V regulator and possibly the PIC32
microcontroller as well.

I =

The PIC32 microcontroller is rated to use a
maximum of 98mA of current when operating
at 80Mhz. This allows up to ~400mA from the
VCC3V3 bus and up to 700mA from the
VCC5VO0 bus to power external devices.

The POWER connector, J10, is used to
provide power to shields connected to the
Max32 board. The following pins are provided
on this connector:

P32_MCLR (pin 1): This connects to the
MCLR pin on the PIC32 microcontroller and
can be used to reset the PIC32.

VCC3V3 (pin 2): This routes the 3.3V power
bus to shields. This pin can provide ~400mA.

VCC5VO0 (pin 3): This routes the 5V power
bus to shields. This pin can provide up to
~700mA to shields, however the total
provided by pins 2 and 3 shouldn't exceed
800mA.

GND (pin 4, 5): This provides a common
ground connection between the Max32 and
the shields.

‘VIN (pin 6): This connects to the voltage
provided at the external power supply
connector. This can be used to provide
unregulated input power to the shield. It can
also be used to power the Max32 board from
the shield instead of from the external power
connector.

5V Compatibility

The PIC32 microcontroller operates at 3.3V.
The original Arduino boards operate at 5V, and
many Arduino shields are designed to operate
at 5V.

There are two issues to consider when dealing
with 5V compatibility for 3.3V logic. The first is
protection of 3.3V inputs from damage caused
by 5V signals. The second is whether the 3.3V
output is high enough to be recognized as a
logic high value by a 5V input.

The digital I/O pins on the PIC32
microcontroller are 5V tolerant. The analog
capable 1/0 pins are not 5V tolerant. To

www.digilentinc.com
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provide 5V tolerance on those pins, the Max32
contains clamp diodes and current limiting
resistors to protect them from 5V input
voltages.

The fact that all I/O pins are 5V tolerant means
that it is safe to apply 5V logic levels to any
pins on the board without risk of damaging the
PIC32 microcontroller.

The minimum output high voltage of the PIC32
microcontroller is rated at 2.4V when sourcing
12mA of current. When driving a high
impedance input (typical of CMOS logic) the
output high voltage will be close to 3.3V. Some
5V devices will recognize this voltage as a
logic high input, and some won't. Many 5V
logic devices will work reliably with 3.3V inputs.

Input/Output Connections

The Max32 board provides 83 of the I/O pins
from the PIC32 microcontroller to pins on the
input/output connectors, J3, J4, J5, J7, J8, J9,
and J14.

The PIC32 microcontroller can source or sink a
maximum of 18mA on all digital I/O pins.
However, to keep the output voltage within the
specified voltage range (Vo. 0.4V, Vou 2.4V)
the pin current must be restricted to +7/-12mA.
The maximum current that can be sourced or
sunk across all I/O pins simultaneously is +/-
200mA. The maximum voltage that can be
applied to any I/O pin is 5.5V. For more
detailed specifications, refer to the
PIC32MX5XX/6XX/7XX Data Sheet available
from the Microchip web site.

Connectors J3, J8, J9, and J14 are 2x8 female
pin header connectors that provide digital I/O
signals. Connector J4 is a 1x8 female pin
header that provides digital I/O signals.
Connectors J5 and J7 are 1x8 female pin
headers that provide analog inputs as well as
digital I/O signals.

Connectors J6 and J15 are two-pin headers
that provide power and ground to shield
boards. J6 provides two pins connected to the

VCC5VO0 bus and J15 provides two pins
connected to GND.

Note, that although J6, J8, J9 and J15 are
shown as separate connectors on the
schematic, a single connector part is loaded
across all of them when the board is
manufactured.

On connectors J3 and J14, the outer row
(closer to the board edge) of pins corresponds
to the I/O connector pins on an Arduino Mega
or Mega 2560 board. The inner row of pins
provides access to the extra I/O signals
provided by the PIC32 microcontroller.

The chipKIT/Arduino system uses logical pin
numbers to identify digital /O pins on the
connectors. The logical pin numbers for the I/O
pins on the Max32 are 0 — 85. These pin
numbers are labeled in the silk screen on the
board.

The analog inputs on connectors J5 and J7 are
also assigned digital pin numbers. Pins A0 —
A7 on connector J5 are digital pins 54 — 61,
and pins A8 — A15 on connector J5 are digital
pins 62 — 69.

Pin numbers 70 — 85 are on the inner rows of
connectors J14 and J3.

Peripheral I/0 Functions

The PIC32 microcontroller on the Max32 board
provides a number of peripheral functions. The
following peripherals are provided:

UART port 0: Asynchronous serial port. Pin 0
(RX0), Pin 1 (TX0). These pins are connected
to I/0O connector J14 and are also connected to
the FT232R USB serial converter. It is possible
to use these pins to connect to an external
serial device when not using the USB serial
interface. This uses UART1A (U1ARX,
U1ATX) in the PIC32 microcontroller.

UART port 1: Asynchronous serial port. Pin 19
(RX1), Pin 18 (TX1). This uses UART1B
(U1BRX, U1BTX) in the PIC32 microcontroller.
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UART port 2: Asynchronous serial port. Pin 17
(RX2), Pin 16 (TX2). This uses UART3A
(UBARX, U3ATX) in the PIC32 microcontroller.

UART port 3: Asynchronous serial port. Pin 15
(RX3, Pin 14 (TX3). This uses UART3B
(USBRX, U3BTXx) in the PIC32 microcontroller.

SPI: Synchronous serial port. Pin 53 (SS), Pin
51 (MOSI), Pin 50 (MISQO), Pin 52 (SCK).
These signals also appear on connector J13.
Jumpers JP3 and JP4 are used to select
whether the Max32 operates as a Master
(transmit on MOSI, receive on MISO) or a
Slave (transmit on MISO, receive on MOSI)
device. The shorting blocks on JP3 and JP4
are normally placed in the Master position for
the Max32 to function as an SPI master. This
uses SPI2A (SS2A, SDI2A, SDO2A, SCK2A)
in the PIC32 microcontroller.

I?C: Synchronous serial interface. Pin 21
(SCL), Pin 20 (SDA). This uses 12C1 (SDAT,
SCL1) in the PIC32 microcontroller.

Note: The I°C bus uses open collector drivers
to allow multiple devices to drive the bus
signals. This means that pull-up resistors must
be provided to supply the logic high state for
the signals. These pull-up resistors are not on
the Max32 board and must be provided
externally. The resistance of the pull-up
resistor to use depends on the total number of
devices on the bus, the length of wire, and the
clock speed being used. It essentially depends
on distributed capacitance on the bus. The
higher the distributed capacitance and the
faster the clock speed, the smaller the
resistance should be. Values typically used are
in the range of 2K to 10K ohms.

PWM: Pulse width modulated output. Pins 3
(OC1), 5 (0C2), 6 (OC3), 9 (OC4), and 10
(OC5).

External Interrupts: Pin 3 (INTO), Pin 2
(INT1), Pin 7 (INT2), Pin 21 (INT3), Pin 20
(INT4)

User LED: Pin 13 (LD4). Pin 13 is shared
between a connector pin and the LED. Driving
the pin high turns the LED on, driving it low
turns it off.

A/D Converter Reference: Labeled A, the left-
most outer pin on connector J3. This is used to
provide an external voltage reference to
determine the input voltage range of the
analog pins. The maximum voltage that can be
applied to this pin is 3.3V. Note that this signal
is duplicated on connector J8 and corresponds
to digital I/O pin 44, If the A pin is being used
as an analog reference, then pin 44 is not
useable.

RTCC: Real Time Clock Calendar. The PIC32
microcontroller contains an RTCC circuit that
can be used to maintain time and date
information. The operation of the RTCC
requires a 32.768Khz frequency source. Pin 75
(SOSCI) is the clock input for the RTCC. A
32.768Khz oscillator should be connected to
this pin to allow use of the RTCC.

RESET: A reset button is at the upper left
corner of the board. Pressing this button will
reset the PIC32 microcontroller.

Advanced Peripheral Devices

The PIC32MX795F512L microcontroller on the
Max32 board has several peripheral devices
for advanced communications capabilities.
These peripheral devices require additional
hardware that isn’t provided on the Max32
board in order to function. This additional
hardware must be provided by a shield board
(such as the Digilent chipKIT Network Shield)
connected to the Max32.

These advanced peripheral functions make
use of various I/O pins for their operation. Most
of the 1/O pins used by the advanced
peripheral devices are located on connectors
J8 and J9. When these pins are being used by
the advanced peripheral functions they are not
available for other uses.
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USB: The USB OTG controller allows using
the Max32 board to implement a USB device,
USB host or USB OTG host/device. The
following pins are used by the USB interface:
Pin 27 (D+), Pin 26 (D-), Pin 25 (USBID), Pin
24 (VBUS).

Pin 24 (VBUS) can be used by a self powered
USB device to monitor the presence of bus
voltage on the USB bus. This pin on the PIC32
microcontroller is an analog input pin used by
the USB controller, and is not useable as a
user I/O pin even when not using the USB
controller.

10/100 Ethernet MAC: The Ethernet MAC
requires an external PHY to complete the
implementation of an Ethernet network port.
The Ethernet MAC constructs the digital format
of packets being sent and performs the
checking and buffering of packets being
received. The PHY provides the physical
interface and translates the digital signals used
by the MAC into the analog voltages used on
the Ethernet cable.

There are two common interfaces used
between an Ethernet MAC and the PHY: Ml
and RMII. The MAC in the PIC32 supports
either interface, but the Max32 board is
designed to use the RMII interface.

The RMII Ethernet PHY interface uses the
following pins: Pin 53 (EREFCLK), Pin 49
(EMDC), Pin 48 (EMDIO), Pin 47 (ETXEN), Pin
46 (ETXDO0), 45 (ETXD1), Pin 43 (ECRSDV),
Pin 42 (ERXDO0), Pin 41 (ERXD1), Pin 40
(ERXERR), and Pin 7 (NRST).

CAN1, CAN2: The CAN controllers allow the
Max32 to participate in one or two CAN
(Controller Area Network) networks. CAN is a
networking standard that was developed for
use in the automotive industry and is now also
use in building automation and other industrial
applications. The CAN controllers in the PIC32
microcontroller require external CAN
transceivers to connect to the network wiring.

The CANT1 interface uses the following pins:
Pin 15 (AC1RX), Pin 14 (AC1TX). Note that
these pins are also used by UARTS.

The CAN2 interface uses the following pins:
Pin 23 (AC2RX), Pin 21 (AC2TX).

The PIC32 microcontroller is designed to allow
one of two sets of pins to be used by the CAN
controllers to connect to the transceivers. The
Max32 board is designed to use the alternate
sets of pins.

Microchip Development Tool
Compatibility

In addition to being used with the MPIDE, the
Max32 board can be used as a more traditional
microcontroller development board using
Microchip Development Tools.

Unloaded connector J11 on the left side of the
board is used to connect to a Microchip
development tool, such as the PICKit™3. The
holes for JP3 are staggered so that a standard,
100mil spaced, 6-pin header can be press fit to
the board without the need to solder it in place.
Any Microchip development tool that supports
the PIC32 microcontroller family, and can be
connected via the same 6-pin interface as the
PICKit3 can be used.

Typically, a right angle male connector will be
used in J11 so that a PICkit3 can be attached
coplanar with the Max32 board. If the
connector is loaded from the top, the PICkit3
will be upright (button and LEDs visible).
Alternatively, the connector can be loaded from
the bottom. In this case, the PICKit3 will be
upside down.

If J11 is loaded from the top, the PICKkit3 will
interfere with the USB connector and the
external power connector. A short six-wire
cable can be used between the PICkit3 and
the Max32. If J11 is loaded from the bottom,
the PICkit3 won't interfere with the USB and
external power connectors.

www.digilentinc.com

page 10 of 23

Copyright Digilent, Inc. All rights reserved. Other product and company names mentioned may be trademarks of their respective owners.



chipKIT Max32 Reference Manual

Digilent has a kit available (PICkit3
Programming Cable Kit) that includes all
necessary connectors and cable for connecting
a PICKkit3 to the Max32.

The Microchip MPLAB® IDE or the MPLAB® X
IDE can be used to program and debug code
running on the Max32 board. These programs
can be downloaded from the Microchip web
site.

Using the Microchip development tools to
program the Max32 board will cause the boot
loader to be erased. To use the board with the
MPIDE again, it is necessary to program the
boot loader back onto the board. The boot
loader source code and compiled image can
be found in the MPIDE software download.
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Pinout Table by Logical Pin Number

chipKIT | Connector | PIC32 -
Piﬁ 4 Pin # Pin PIC32 Signal Notes
0 J14-01 52 SDA1A/SDI1A/ULARX/RF2
1 114-03 53 SCL1A/SDO1A/U1ATX/RF8
2 J14-05 18 AERXDO/INT1/RE8
3 J14-07 72 SDO1/0C1/INTO/RDO
4 J14-09 74 SOSCO/T1CK/CNO/RC14
5 J14-11 76 0C2/RD1
6 114-13 77 0C3/RD2
7 114-15 19 AERXD1/INT2/RE9
8 J3-01 79 ETXD2/1C5/PMD12/RD12
9 J3-03 78 OC4/RD3
10 J3-05 81 OC5/PMWR/CN13/RD4
11 J3-07 9 T5CK/SDI1/RC4
12 J3-09 58 SCL2/RA2
13 J3-11 59 SDA2/RA3
14 14-08 39 AC1TX/SCK3A/U3BTX/U3ARTS/RF13
15 J4-07 40 AC1RX/SS3A/U3BRX/U3ACTS/RF12
16 J4-06 50 SCL3A/SDO3A/U3ATX/PMA8/CN18/RF5
17 J4-05 49 SDA3A/SDI3A/U3ARX/PMAS/CN17/RF4
18 J4-04 48 AETXD1/SCK1A/U1BTX/U1ARTS/CN21/RD15
19 J4-03 47 AETXDO/SS1A/U1BRX/U1ACTS/CN20/RD14
20 J4-02 67 AETXEN/SDA1/INT4/RA15
21 J4-01 66 AETXCLK/SCL1/INT3/RA14
22 J9-16 7 T3CK/AC2TX/RC2
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23 19-15 8 T4CK/AC2RX/RC3

24 J9-14 54 VBUS

25 19-13 51 USBID/RF3

26 19-12 56 D-/RG3

27 J9-11 57 D+/RG2

28 19-10 1 AERXERR/RG15

29 19-09 11 ECRX/SDA2/SDI2A/U2ARX/PMA4/CN9/RG7

30 J9-08 5 PMD7/RE7

31 J9-07 4 PMD6/RE6

32 J9-06 3 PMDS5/RES

33 19-05 100 PMD4/RE4

34 19-04 99 PMD3/RE3

35 J9-03 98 PMD2/RE2

36 19-02 94 PMD1/RE1

37 J9-01 93 PMDO/REO

38 18-16 70 | SCK1/1C3/PMCS2/PMA15/RD10

39 18-15 82 PMRD/CN14/RD5

40 J8-14 35 AN11/EREXERR/AETXERR/PMA12/RB11 Also J7-04(65)

41 J8-13 42 AN13/ERXD1/AECOL/PMA10/RB13 Also 17-06(66)

42 18-12 41 | AN12/ERXDO/AECRS/PMA11/RB12 Also J7-05(67)

43 J8-11 12 ERXDV/AERXDV/ECRSDV/AECRSDV/SCL2A/SDO2A/U2ATX/PMA3/CN10/RGS Also JP3,1P4

44 18-10 29 | VREF+/CVREF+/AERXD3/PMA6G/RA10 also J3-15

45 18-09 87 C1RX/ETXD1/PMD11/RFOQ

46 18-08 88 C1TX/ETXDO/RMD10/RF1

47 18-07 83 ETXEN/PMD14/CN15/RD6

48 18-06 68 RTCC/EMDIO/AEMDIO/IC1/RD8

49 18-05 71 EMDC/AEMDC/IC4/PMCS1/PMA14/RD11

50 18-04 11 ECRX/SDA2/SDI2A/U2ARX/PMA4/CN9/RG7 Also JP3,JP4

51 18-03 12 ERXDV/AERXDV/ECRSDV/AECRSDV/SCL2A/SDO2A/U2ATX/PMA3/CN10/RGS | Also JP3,P4

52 18-02 10 ECOL/SCK2A/U2BTX/U2ARTS/PMAS/CN8/RG6 Also J13-03
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53 J8-01 14 ERXCLK/AERXCLK/EREFCLK/AEREFCLK/SS2A/U2BRX/U2ACTS/PMA2/CN11/RG9 | Also J13-05
54 J5-01 25 PGED1/ANO/CN2/RBO Also A0
55 J5-02 24 PGEC1/AN1/CN3/RB1 Also Al
56 J5-03 23 AN2/C2IN-/CN4/RB2 Also A2
57 15-04 22 AN3/C2IN+/CN5/RB3 Also A3
58 15-05 21 AN4/C1IN-/CN6/RB4 Also A4
59 J5-06 20 AN5/C1IN+/VBUSON/CN7/RB5 Also A5
60 15-7 26 PGEC2/AN6/OCFA/RB6 Also A6
61 15-8 27 PGED2/AN7/RB7 Also A7
62 17-01 32 AN8/C10UT/RB8 Also A8
63 17-02 33 AN9/C20UT/RB9 Also A9
64 17-03 34 AN10/CVREFOUT/PMA13/RB10 Also A10
65 17-04 35 AN11/EREXERR/AETXERR/PMA12/RB11 Also A11,18-14(40)
66 17-06 42 AN13/ERXD1/AECOL/PMA10/RB13 Also A12,18-13(41)
67 17-05 41 AN12/ERXDO/AECRS/PMA11/RB12 Also A13,18-12(42)
68 17-07 43 AN14/ERXD2/AETXD3/PMALH/PMA1/RB14 Also A14
69 J7-08 44 AN15/ERXD3/AETXD2/0OCFB/PMALL/PMAO/CN12/RB15 Also A15
70 114-02 17 TMS/RAO
71 114-04 38 TCK/RA1
72 114-06 60 TDI/RA4
73 114-08 61 TDO/RA5
74 J14-10 69 SS1/IC2/RD9
75 114-12 73 SOSCI/CN1/RC13
76 J14-14 80 ETXD3/PMD13/CN19/RD13
77 J14-16 84 ETXCLK/PMD15/CN16/RD7
78 13-02 89 C2TX/ETXERR/PMD9/RG1
79 13-04 90 C2RX/PMD8/RGO
80 13-06 91 TRCLK/RAB
81 13-08 92 TRD3/RA7
82 13-10 95 TRD2/RG14
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83 J3-12 96 TRD1/RG12
84 13-14 97 TRDO/RG13
85 J3-16 28 VREF-/CVREFO/AERXD2/PMA7/RA9
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Pinout Table by Connector Pin

Connector | chipKIT | PIC32 | PIC32 Signal Notes
Pin # Pin # Pin
J03-01 8 79 ETXD2/1C5/PMD12/RD12
J03-02 78 89 | C2TX/ETXERR/PMD9/RG1
J03-03 9 78 OC4/RD3
J03-04 79 90 | C2RX/PMDS8/RGO
J03-05 10 81 | OC5/PMWR/CN13/RD4
J03-06 80 91 TRCLK/RAG
J03-07 11 9 T5CK/SDI1/RC4
103-08 81 92 TRD3/RA7
103-09 12 58 | SCL2/RA2
103-10 82 95 | TRD2/RG14
J03-11 13 59 | SDA2/RA3
J03-12 83 96 | TRD1/RG12
103-13 GND
J03-14 84 97 TRDO/RG13
J03-15 44 29 | VREF+/CVREF+/AERXD3/PMAG/RA10 AREF
J03-16 85 28 | VREF-/CVREFO/AERXD2/PMA7/RA9
Jo4-01 21 66 | AETXCLK/SCL1/INT3/RA14
J04-02 20 67 AETXEN/SDA1/INT4/RA15
J04-03 19 47 AETXDO/SS1A/U1BRX/U1ACTS/CN20/RD14
J04-04 18 48 | AETXD1/SCK1A/U1BTX/U1ARTS/CN21/RD15
J04-05 17 49 | SDA3A/SDI3A/U3ARX/PMA9/CN17/RF4
J04-06 16 50 SCL3A/SDO3A/U3ATX/PMAS8/CN18/RF5
104-07 15 40 AC1RX/SS3A/U3BRX/U3ACTS/RF12
J04-08 14 39 AC1TX/SCK3A/U3BTX/U3ARTS/RF13
105-01 54 25 | PGED1/ANO/CN2/RBO Also AD
J05-02 55 24 | PGEC1/AN1/CN3/RB1 Also A1
J05-03 56 23 | AN2/C2IN-/CN4/RB2 Also A2
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J05-04 57 22 | AN3/C2IN+/CN5/RB3 Also A3
J05-05 58 21 AN4/C1IN-/CN6/RB4 Also A4
J05-06 59 20 ANS5/C1IN+/VBUSON/CN7/RB5 Also A5
J05-07 60 26 | PGEC2/AN6/OCFA/RB6 Also A6
J05-08 61 27 PGED2/AN7/RB7 Also A7
107-01 62 32 | AN8/C10UT/RBS Also A8
J07-02 63 33 AN9/C20UT/RB9 Also A9
J07-03 64 34 AN10/CVREFOUT/PMA13/RB10 Also A10
107-04 65 35 | AN11/EREXERR/AETXERR/PMA12/RB11 Also Al1, J08-14
J07-05 67 41 | AN12/ERXDO/AECRS/PMA11/RB12 Also A12,42,108-12
107-06 66 42 | AN13/ERXD1/AECOL/PMA10/RB13 Also A13, J08-13
J07-07 68 43 AN14/ERXD2/AETXD3/ PMALH/PMA1/RB14 Also A14
J07-08 69 44 AN15/E RXD3/AETXDZ/0CFB/PMALL/PMAU/CN12/ RB15 Also A15
J08-01 53 14 ERXCLK/AERXCLK/EREFCLK/AERE FCLK/SS2A/U2BRX/ U2ACTS/PMA2/CN11/RG9Y | Also J13-05
J08-02 52 10 | ECOL/SCK2A/U2BTX/U2ARTS/PMAS/CN8/RG6 Also 113-03
J08-03 51 11 | ECRX/SDA2/SDI2A/U2ARX/PMA4/CN9/RG7 Also JP3,JP4
J08-04 50 12 ERXDV/AERXDV/ECRSDV/AECRSDV/SCLZA/SDOZA/UZATX/PMAB/CN 10/RG8 Also JP3, JP4, J08-11
J08-05 49 71 EMDC/AEMDC/IC4/PMCSl/PMA14/RDll
J08-06 48 68 RTCC/EMDIO/AEMDIO/IC1/RD8
108-07 47 83 ETXEN/PMD14/CN15/RD6
J08-08 46 88 | C1TX/ETXDO/RMD10/RF1
J08-09 45 87 | CIRX/ETXD1/PMD11/RFO
Jos-10 44 29 | VREF+/CVREF+/AERXD3/PMAG/RA10
J08-11 43 12 ERXDV/AERXDV/ECRSDV/AECRSDV/SCLZA/SDOZA/ U2ATX/PMA3/CN10/RG8 Also JP3, JP4, J03-15
J08-15 39 82 PMRD/CN14/RD5
JO8-16 38 70 SCK1/IC3/PMCS2/PMA15/RD10
J0S-01 37 93 PMDO/REOQ
109-02 36 94 | PMD1/RE1
J09-03 35 98 | PMD2/RE2
J0S-04 34 99 PMD3/RE3
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J09-05 33 100 PMD4/RE4

J09-06 32 3 PMD5/RE5

J0s-07 31 4 PMD6/REG

J09-08 30 5 PMD7/RE7

J09-09 29 11 ECRX/SDAZ/SDIZA/UZARX/PMA4/CN9/RG7 Also JP3, IP4

J09-10 28 1 AERXERR/RG15

J09-11 27 57 D+/RG2

J09-12 26 56 D-/RG3

J09-13 25 51 USBID/RF3

J09-14 24 54 VBUS (note useable as 1/0)

J09-15 23 8 TACK/AC2RX/RC3

J0S-16 22 7 T3CK/AC2TX/RC2

J10-01 13 MCLR

J10-02 VCC3Vv3

J10-03 VCC5V0

J10-04 GND

J10-05 GND

J10-06 VIN (external supply voltage)

J14-01 0 52 SDA1A/SDI1A/U1ARX/RF2

114-02 70 17 TMS/RAO

J14-03 1 53 SCL1A/SDO1A/U1ATX/RF8

J14-04 71 38 TCK/RA1

J14-05 2 18 AERXDO/INT1/RE8

J14-06 72 60 TDI/RA4

J14-07 3 72 SDO1/0C1/INTO/RDO

J14-08 73 61 TDO/RAS

J14-09 4 74 SOSCO/T1CK/CNO/RC14

J14-10 74 69 S$S1/1C2/RD9

J14-11 5 76 0C2/RD1

J14-12 75 73 SOSCI/CN1/RC13
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J14-13 6 77 OC3/RD2
114-14 76 80 ETXD3/PMD13/CN19/RD13
J14-15 7 19 AERXD1/INT2/RES
J14-16 77 84 ETXCLK/PMD15/CN16/RD7
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Pinout Table by Microcontroller Pin

PIC32 | Connector | chipKIT | PIC32 Signal Notes
Pin Pin # Pin #
1 J9-10 28 AERXERR/RG15
2 VDD
3 19-06 32 PMD5/RE5
4 19-07 31 PMD6/RE6
5 J9-08 30 PMD7/RE7
6 n/c n/c T2CK/RC1
7 19-16 22 T3CK/AC2TX/RC2
8 19-15 23 TACK/AC2RX/RC3
9 J3-07 11 T5CK/SDI1/RC4
10 18-02 52 ECOL/SCK2A/U2BTX/U2ARTS/PMA5/CN8/RG6 Also J13-03
11 19-09 29 ECRS/SDA2/SDI2A/U2ARX/PMA4/CN9/RG7 Also JP3, JP4
12 Jg-11 43 ERXDV/AERXDV/ECRSDV/AECRSDV/SCL2A/SDO2A/U2ATX/PMA3/CN10/RGS Also JP3, IP4
13 J10-01 MCLR
14 18-01 53 ERXCLK/AERXCLK/EREFCLK/AEREFCLK/SSZA/UZBRX/UZACTS/PMAZ/CNI1/RGQ Also J13-05
15 VSS
16 VDD
17 J14-02 70 TMS/RAQ
18 J14-05 2 AERXDO/INT1/RE8
19 J14-15 7 AERXD1/INT2/RE9
20 15-06 59 ANS5/C1IN+/VBUSON/CN7/RB5 Also A5
21 15-05 58 AN4/C1IN-/CN6/RB4 Also A4
22 15-04 57 AN3/C2IN+/CN5/RB3 Also A3
23 J5-03 56 AN2/C2IN-/CN4/RB2 Also A2
24 J5-02 55 PGEC1/AN1/CN3/RB1 Also A1
25 15-01 54 PGED1/ANO/CN2/RBO Also AO
26 15-7 60 PGEC2/ANG/OCFA/RB6 Also A6
www.digilentinc.com page 20 of 23
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27 J5-8 61 PGED2/AN7/RB7 Also A7
28 13-16 85 VREF-/CVREF-/AERXD2/PMA7/RA9
29 18-10 44 VREF+/CVREF+/AERXD3/PMAG/RA10 Also J3-15
30 AVDD
31 AVSS
32 J7-01 62 AN8/C10UT/RBS Also A8
33 J7-02 63 AN9/C20UT/RB9 Also A9
34 J7-03 64 AN10/CVREFOUT/PMA13/RB10 Also A10
35 17-04 65 AN11/EREXERR/AETXERR/PMA12/RB11 Also A11, J8-14(40)
36 VSS
37 VDD
38 J14-04 71 TCK/RA1
39 J4-08 14 AC1TX/SCK3A/U3BTX/U3ARTS/RF13
40 14-07 15 ACI1RX/SS3A/U3BRX/U3ACTS/RF12
41 J7-05 67 AN12/ERXDO/AECRS/PMA11/RB12 Also A12, 18-12(42)
42 17-06 66 AN13/ERXD1/AECOL/PMA10/RB13 Also A13, J8-13(41)
43 17-07 68 AN14/ERXD2/AETXD3/PMALH/PMA1/RB14 Also Al4
44 17-08 69 AN15/ERXD3/AETXD2/OCFB/PMALL/PMAO/CN12/RB15 Also A15
45 VSS
46 VDD
47 J4-03 19 AETXDO/SS1A/U1BRX/U1ACTS/CN20/RD14
48 Ja-04 18 AETXD1/SCK1A/U1BTX/U1ARTS/CN21/RD15
49 J4-05 17 SDA3A/SDI3A/U3ARX/PMA9/CN17/RF4
50 J4-06 16 SCL3A/SDO3A/U3ATX/PMAS/CN18/RF5
51 19-13 25 USBID/RF3
52 J14-01 0 SDA1A/SDI1A/U1ARX/RF2
53 J14-03 1 SCL1A/SDO1A/U1ATX/RF8
54 19-14 24 VBUS
55 VUSB
56 19-12 26 D-/RG3
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57 Jo-11 27 D+/RG2

58 13-09 12 SCL2/RA2

59 J3-11 13 SDA2/RA3

60 114-06 72 TDI/RA4

61 114-08 73 TDO/RAS

62 VDD
X1, system clock

63 0OSC1/CLKI/RC12 oscillator
X1, system clock

64 0SC2/CLKO/RC15 oscillator

65 VSS

66 J4-01 21 AETXCLK/SCL1/INT3/RA14

67 Ja-02 20 AETXEN/SDA1/INT4/RA15

68 18-06 48 RTCC/EMDIO/AEMDIO/IC1/RD8

69 J14-10 74 SS1/1C2/RD9

70 J8-16 38 SCK1/1C3/PMCS2/PMA15/RD10

71 18-05 49 EMDC/AEMDC/IC4/PMCS1/PMA14/RD11

72 J14-07 3 SDO1/0C1/INTO/RDO

73 J14-12 75 SOSCI/CN1/RC13 RTCC clock input

74 114-09 4 SOSCO/T1CK/CNO/RC14

75 VSS

76 J14-11 5 0OC2/RD1

77 J14-13 6 OC3/RD2

78 J3-03 9 0C4/RD3

79 J3-01 8 ETXD2/1C5/PMD12/RD12

80 J14-14 76 ETXD3/PMD13/CN19/RD13

81 J3-05 10 0C5/PMWR/CN13/RD4

82 J8-15 39 PMRD/CN14/RD5

83 18-07 47 ETXEN/PMD14/CN15/RD6

84 J14-16 77 ETXCLK/PMD15/CN16/RD7

85 VCAP/VDDCORE
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86 VDD
87 18-09 45 C1RX/ETXD1/PMD11/RFO
88 J8-08 46 C1TX/ETXDO/RMD10/RF1
89 13-02 78 C2TX/ETXERR/PMD9/RG1
90 J3-04 79 C2RX/PMD8/RGO
91 13-06 80 TRCLK/RAG
92 13-08 81 TRD3/RA7
93 J9-01 37 PMDO/REQ
94 19-02 36 PMD1/RE1
95 13-10 82 TRD2/RG14
96 13-12 83 TRD1/RG12
97 13-14 84 TRDO/RG13
98 19-03 35 PMD2/RE2
99 19-04 34 PMD3/RE3
100 19-05 33 PMD4/RE4
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3.3-V CAN TRANSCEIVERS
Check for Samples: SN65HVD230, SN65HVD231, SN65HVD232
FEATURES APPLICATIONS
» Operates With a 3.3-V Supply « Motor Control
« Low Power Replacement for the PCA82C250 * Industrial Automation
Footprint - Basestation Control and Status
» Bus/Pin ESD Protection Exceeds 16 kV HBM * Robotics
« High Input Impedance Allows for 120 Nodes on * Automotive
a Bus « UPS Control
« Controlled Driver Output Transition Times for SN65HVD230D (Marked as VP230)
Improved Signal Quality on the SN65HVD230 SN65HVD231D (Marked as VP231)
and SN65HVD231 (TOP VIEW)
. Unpowe‘red N?de Does No.t Disturb the Bus b [T 1@ 8[T] Re
« Compatible With the Requirements of the ISO
enp L] 2 71 CANH
11898 Standard Vee 3 6 1] CANL
+ Low-Current SN65HVD230 Standby Mode R [I]4 51 Vies

370 pA Typical
*+ Low-Current SN65HVD231 Sleep Mode 40 nA

SN65HVD232D (Marked as VP232)

Typleal (TOP VIEW)
+ Designed for Signaling Rates" up to 1 =
Megabit/Second (Mbps) D [I] 1 8 T] NC
« Thermal Shutdown Protection GND [T] 2 7 L] cANH
. Open-Circuit Fail-Safe Design Vec LLf3  ofL] cANL
R[] 4 511 NC

» Glitch-Free Power-Up and Power-Down
Protection for Hot-Plugging Applications

NC — No internal connection

() The signaling rate of a line is the number of voltage
transitions that are made per second expressed in the units
bps (bits per second).

LOGIC DIAGRAM (POSITIVE LOGIC)

SN65HVD230, SN65HVD231 SN65HVD232
Logic Diagram (Positive Logic) Logic Diagram (Positive Logic)

me
R % z CANH
»— 6 canL
R —40@_‘ 7 CANH
& canL

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

TMS320Lx240x is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date. © 2001-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘z '\ during storage or handling to prevent electrostatic damage to the MOS gates.

DESCRIPTION

The SN65HVD230, SN65HVD231, and SN65HVD232 controller area network (CAN) transceivers are designed
for use with the Texas Instruments TMS320Lx240x™ ; 3.3-V DSPs with CAN controllers, or with
equivalent devices. They are intended for use in applications employing the CAN serial communication physical
layer in accordance with the ISO 11898 standard. Each CAN transceiver is designed to provide differential
transmit capability to the bus and differential receive capability to a CAN controller at speeds up to 1 Mbps.

Designed for operation in especially-harsh environments, these devices feature cross-wire protection,
loss-of-ground and overvoltage protection, overtemperature protection, as well as wide common-mode range.

The transceiver interfaces the single-ended CAN controller with the differential CAN bus found in industrial,
building automation, and automotive applications. It operates over a -2-V to 7-V common-mode range on the
bus, and it can withstand common-mode transients of £25 V.

On the SN65HVD230 and SN65HVD231, pin 8 provides three different modes of operation: high-speed, slope
control, and low-power modes. The high-speed mode of operation is selected by connecting pin 8 to ground,
allowing the transmitter output transistors to switch on and off as fast as possible with no limitation on the rise
and fall slopes. The rise and fall slopes can be adjusted by connecting a resistor to ground at pin 8, since the
slope is proportional to the pin's output current. This slope control is implemented with external resistor values of
10 kQ, to achieve a 15-V/us slew rate, to 100 kQ, to achieve a 2-V/us slew rate. See the Application Information
section of this data sheet.

The circuit of the SN65HVD230 enters a low-current standby mode during which the driver is switched off and
the receiver remains active if a high logic level is applied to pin 8. The DSP controller reverses this low-current
standby mode when a dominant state (bus differential voltage > 900 mV typical) occurs on the bus.

The unique difference between the SN65HVD230 and the SN65HVD231 is that both the driver and the receiver
are switched off in the SN65HVD231 when a high logic level is applied to pin 8 and remain in this sleep mode
until the circuit is reactivated by a low logic level on pin 8.

The V¢ pin 5 on the SN65HVD230 and SN65HVD231 is available as a V¢¢/2 voltage reference.
The SN65HVD232 is a basic CAN transceiver with no added options; pins 5 and 8 are NC, no connection.

Table 1. AVAILABLE OPTIONS ()

PART NUMBER LOW POWER MODE | INTEGRATED SLOPE |, = o\ o MARKED AS:
CONTROL
SNB65HVD230 Standby mode Yes Yes VP230
SNE65HVD231 Sleep mode Yes Yes 40°C to B5°C VP231
SNB5HVD232 :‘;j;a”dby or sleep No No VP232

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.

FUNCTION TABLES

DRIVER (SN65HVD230, SN65HVD231)(")
OUTPUTS
INPUT D Rs BUS STATE
CANH CANL
L H L Dominant
V(RS) <42V =
H Z Z Recessive
Open X Z 74 Recessive
X V(Rs) > 0.75 Vee Z Z Recessive

(1) H = high level; L = low level; X = irelevant; ? = indeterminate; Z = high impedance

2 Submit Documentation Feedback © 2001=2011, Texas Instruments Incorporated
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Table 2.
DRIVER (SN65HVD232)(")
OUTPUTS
INPUT D BUS STATE
CANH CANL
L H L Dominant
H Z z Recessive
Open z 74 Recessive
(1) H = high level; L = low level; Z = high impedance
Table 3.
RECEIVER (SN65HVD230)(")
DIFFERENTIAL INPUTS Rs OUTPUT R
Vip209V X L
0.5V<Vp<09V X ?
Vips05V X H
Open X H
(1) H = high level; L = low level; X = irrelevant; ? = indeterminate
Table 4.
RECEIVER (SN65HVD231)(")
DIFFERENTIAL INPUTS Rs OUTPUT R
Vip209V L
05V<Vp<09V Vigs) < 1.2V ?
Vps05V H
X V(Rs) >0.75 Vge H
X 12V< V(Rs) <0.75 Ve ?
Open X H
(1) H =high level; L = low level; X = irrelevant; ? = indeterminate
Table 5.

RECEIVER (SN65HVD232)"

DIFFERENTIAL INPUTS OUTPUTR
Vp209V L
05V<Vp<09V ?
Vps05V H
Open H
(1) H =high level; L = low level, X = irrelevant; ? = indeterminate
Table 6.
TRANSCEIVER MODES (SN65HVD230, SN65HVD231)
Virs) OPERATING MODE
Virs) > 0.75 Ve Standby

10 kQ to 100 kQ to ground

Slope control

V(Rs} <1V

High speed (no slope control)

© 2001-2011, Texas Instruments Incorporated
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TERMINAL FUNCTIONS
TERMINAL
NAME NO. DESCRIPTION
SN65HVD230, SN65HVD231
CANL 6 Low bus output
CANH i High bus output
D 1 Driver input
GND 2 Ground
R 4 Receiver output
Rg 8 Standby/slope control
Vee 3 Supply voltage
Vref 5 Reference output
SN65HVD232
CANL 6 Low bus output
CANH 7 High bus output
D 1 Driver input
GND 2 Ground
NC 5,8 No connection
R 4 Receiver output
Vee 3 Supply voltage
4 Submit Documentation Feedback © 2001-2011, Texas Instruments Incorporated
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EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS

CANH and CANL Inputs D Input

— Vee

100 kQ

Input

T

9V

R Output

CANH and CANL Outputs

Vee

Qutput Output

9V

© 2001-2011, Texas Instruments Incorporated Submit Documentation Feedback
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ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)("! @

UNIT
Supply voltage range, Ve -0.3VtobV
Voltage range at any bus terminal (CANH or CANL) 4Vto16V
Voltage input range, transient pulse, CANH and CANL, through 100 Q (see Figure 7) -25Vto 25V

Input voltage range, V; (D or R)

-0.5Vto Vcc +05V

Receiver output current, lg +11 mA
CANH, CANL and GND 16 kV
o Human body model® :
Electrostatic discharge All Pins 4 kV
Charged-device model® All pins 1kV

Continuous total power dissipation

See the Thermal Information Table

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating

conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods amy affect device reliability.

(2) All voltage values, except differential I/O bus voltages, are with respect to network ground terminal.
(3) Tested in accordance with JEDEC Standard 22, Test Method A114-A.
(4) Tested in accordance with JEDEC Standard 22, Test Method C101.

THERMAL INFORMATION

v SN65HVD230 | SN65HVD231 | SN65HVD232
THERMAL METRIC(" - . : UNITS
D (8 Pins) D (8 Pins) D (8 Pins)
A Junction-to-ambient thermal resistance 76.8 101.5 101.5
B.ctop Junction-to-case (top) thermal resistance 334 43.3 433
0, Junction-to-board thermal resistance 15.3 42.2 42.4
°CIW
wyr Junction-to-top characterization parameter 1.4 4.8 4.8
W Junction-to-board characterization parameter 14.9 41.8 41.8
8,cbot Junction-to-case (bottom) thermal resistance n/a n/a n/a

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRAS53.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT
Supply voltage, Veg 3 36| V
Voltage at any bus terminal (common made) Vg -2M 71V
Voltage at any bus terminal (separately) V, -2.5 75| V
High-level input voltage, V|y DR 2 \
Low-level input voltage, V. D,R 08| V
Differential input voltage, V|p (see Figure 5) -6 6| V
Input voltage, Vigrs) 0 Vee| V
Input voltage for standby or sleep, V(rs) 0.75 Vee Vee| V
Wave-shaping resistance, Rs 0 100| kQ

i Driver -40
High-level output current, loy Recaimms 5 mA
Driver 48

Low-level output current, lo_ Fecaiiot 3 mA
Operating free-air temperature, Tx -40 85| °C

(1) The algebraic convention, in which the least positive (most negative) limit is designated as minimum is used in this data sheet.

6 Submit Documentation Feedback
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DRIVER ELECTRICAL CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP" MAX| UNIT
= CANH 2.45 V
Von BusiApH Rominant \E;Iee gi;ﬁre 1and Figure 3 [ cANL 0.5 1;;
. voltage B ) V=3V, CANH 2.3 v
oL GEOSSIVE See Figure 1 and Figure 3 | CANL 23
. V=0V, See Figure 1 1.5 2 3
Vob(p) Dominant < \
Differential Vi=0V, See Figure 2 1.2 2 3
output voltage . V=3V, See Figure 1 -120 0 12 mV
Vob(r) Recessive
V=3V, No load -0.5 0.2 0.05 v
™ High-level input current vi=2V -30 HA
I Low-level input current V=08V -30 PA
. VeaNH = 2V -250 250
los Short-circuit output current mA
Vean =7V -250 250
G, Output capacitance See receiver
Standby SNB5HVD230 | V(rs) = Ve 370 600 ik
s Supply Sleep SNB5HVD231 | V(gs) = Ve, D at Ve 0.04 1
current . Dominant Vi=0V,  Noload Dominant 10 17
All devices - : mA
Recessive Vi = Vee, No load Recessive 10 17
(1) Al typical values are at 25°C and with a 3.3-V supply.
DRIVER SWITCHING CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)
PARAMETER CONDTIONS | MIN  TYP MAX| UNIT
SN65HVD230 AND SN65HVD231
. ) ) V(Rs) =0V 35 85
ot OPL?gigatlon delay time, low-to-high-level Rs with 10 kQ to ground 70 125 5
Rs with 100 kQ to ground 500 870
i i . V{Rs) =0V 70 120
i s;ct);ligatlon delay time, high-to-low-level R with 10 kQ to ground 130 180 s
Rg with 100 kQ to ground 870 1200
Virg =0V 35
tp  Pulse skew ([t - toul) R with 10 kQ to ground Q= gguﬂz " 60 ns
Rg with 100 kQ to ground 370
t Differential output signal rise time —— 25 50 100 ns
tf Differential output signal fall time (Rs) 40 55 80 ns
t Differential output signal rise time . 80 120 160 ns
- - - : Rg with 10 kQ to ground
t Differential output signal fall time 80 125 150 ns
t Differential output signal rise time ) 600 800 1200 ns
t Differential output signal fall time Rs with 100 k2 to ground 600 825 1000 ns
SN65HVD232
triy  Propagation delay time, low-to-high-level output 35 85
tey.  Propagation delay time, high-to-low-level output 70 120
tep)  Pulse skew (ltpy - toul) g= :’igupr';’ ; 35 ns
t Differential output signal rise time 25 50 100
t Differential output signal fall time 40 55 80

© 2001-2011, Texas Instruments Incorporated
Product Folder Link(s): SN65HVD230 SN65HVD231 SN65HVD232
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RECEIVER ELECTRICAL CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP( MAX| UNIT
Vir+ Positive-going input threshold voltage 750 900 mV
. A See Table 7
Vit.  Negative-going input threshold voltage 500 650 v
Vhys  Hysteresis voltage (Vir+ - Vir.) 100
Von  High-level output voltage -6 V = V|p =500 mV, Ig =-8 mA, See Figure 5 24 v
VoL Low-level output voltage 900 mVsVps6V, lg=8mA, See Figure 5 0.4
V=7V 100 250 -
Viu=7V, Vec=0V i 100 350
1 Bus input current H cc Ot'rzer input at 0 V,
Viu=-2V D=3V -200 -30 5
V|H =2V, Vcc =0V -100 -20 ¥
: i . Pin-to-ground, -
Ci CANH, CANL input capacitance V, = 0.4 sin(4E6Tt) + 0.5 V Vioy=3V, 32 pF
) r % L : Pin-to-pin, -
Cgg Differential input capacitance V, = 0.4 Sin(4E6Tt) + 0.5 V Vi;y=3V, 16 pF
Rgir  Differential input resistance Pin-to-pin, Vpy=3V 40 70 100 kQ
Ry CANH, CANL input resistance 20 35 50| kQ
lcc  Supply current See driver
(1) Al typical values are at 25°C and with a 3.3-V supply.
RECEIVER SWITCHING CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
teLn Propagation delay time, low-to-high-level output 35 50 ns
tenL Propagation delay time, high-to-low-level output See Figure 6 35 50 ns
tsk(p) Pulse skew (|tpy - ternl) 10 ns
t Output signal rise time . 1.5 ns

- : See Figure 6
t Output signal fall time 15 ns
DEVICE SWITCHING CHARACTERISTICS
over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V(Rs) =0V, See Figure 9 70 115
Total loop delay, driver input to receiver ¥ !
tLoopr1) output, recessive to dominant Rg with 10 k() to ground, See Figure 9 105 175 ns
Rs with 100 kQ to ground,  See Figure 9 535 920
Vrg =0V, See Figure 9 100 135
Total loop delay, driver input to receiver : :
YLoorz) output, dominant to recessive Rg with 10 kQ to ground, See Figure 9 155 185 ns
Rg with 100 kQ to ground,  See Figure 9 830 990
8 Submit Documentation Feedback © 2001-2011, Texas Instruments Incorporated
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DEVICE CONTROL-PIN CHARACTERISTICS

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPO MAX| UNIT
\‘Svgll?%:VDZQ.O wake-up time from standby mode 0.55 15 us
See Figure 8
ownie) SNB5HVD231 wake-up time from sleep mode . 3 5 &
with Rg H
SpA <l <5 045V, 0.55 V,
Vies Reference output voltage UR" ngn=odh L s v
-50 pA < ](Vref) < 50 pA 0.4 Vee 0.6 Vee
IiRs) Input current for high-speed VR <1V -450 0 HA

(1) All typical values are at 25°C and with a 3.3-V supply.

PARAMETER MEASUREMENT INFORMATION

0Vor3v 60 Q

CANH
CANL
Figure 1. Driver Voltage and Current Definitions
| 167 Q
5 ¢ AV
ov Vop 60 Q
[ 167 Q
o MW -2V<VrgsT<TV
Figure 2. Driver Vgp
Dominant
CANH i Y Vou  CANH
Recessive
=23V VoL
CANL ——— =1V Von CANL
Figure 3. Driver Output Voltage Definitions
© 2001=2011, Texas Instruments Incorporated Submit Documentation Feedback 9
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PARAMETER MEASUREMENT INFORMATION (continued)

|
gl 5
R =600 C_.=50pF Vo
Signal T (see Note B) |
Generator 50 Q
(see Note A) Rg =0 Q to 100 k2 for SN65HVD230 and SN65HVD231
N/A for SN65SHVD232

Input

Output

=M = — ey

A. The input pulse is supplied by a generator having the following characteristics: PRR < 500 kHz, 50% duty cycle, t, < 6
ns, <6 ns, Z, =50 Q.

B. C_ includes probe and jig capacitance.

Figure 4. Driver Test Circuit and Voltage Waveforms

¥ 2
Vip _D_
[
v... = YcANH * VeanL Vean o
c=— 3 o
Vean
Figure 5. Receiver Voltage and Current Definitions
10 Submit Documentation Feedback © 2001-2011, Texas Instruments Incorporated
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PARAMETER MEASUREMENT INFORMATION (continued)

- I Output

igna

Generator S0Q 15V

(see Note A) . C_=15pF
J; (see Note B)

Output 4 ————— e WIEN

| VoL
¥ e =8
A. The input pulse is supplied by a generator having the following characteristics: PRR s 500 kHz, 50% duty cycle, t. < 6
ns, <6 ns, Z,=50 Q.
B. C_ includes probe and jig capacitance.
Figure 6. Receiver Test Circuit and Voltage Waveforms

—O0—

100 Q §

Pulse Generator,
15 us Duration,
1% Duty Cycle

h

Figure 7. Overvoltage Protection

© 2001-2011, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Link(s): SN65HVD230 SN65HVD231 SN65HVD232



SN65HVD230 ,

SNE5HVD231 -l b N
SN65HVD232
SLOS346K ~MARCH 2001-REVISED FEBRUARY 2011 www.ti.com

PARAMETER MEASUREMENT INFORMATION (continued)
Table 7. Receiver Characteristics Over Common Mode With Vg, = 1.2V

Vic Vip Vean Vean, R OUTPUT
2V 900 mV -1.55V 245V L
7V 900 mV 845V 655V L v
1V 6V 4v 2V L *
4V 6V 7V 1V L
2V 500 mV -1.75V -2.25V H

TV 500 mV 725V 6.75V H

1V 6V 2V 4V H Von
4V -6V 1V N H

X X Open Open H

Generator
PRR =150 kHz
50% Duty Cycle

tht;<6ns

Z,=50Q

Signal
Generator

V(rs)

R Output

Figure 8. twake) Test Circuit and Voltage Waveforms
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0Q 10kQ or
‘°°«R‘i 5% Rg :' g ';
/47 ; | CANH
i ! | S 60Qx1%
| O—f
| | CANL
| |
. R
I < =

Al |
V 15 pF +20%
[¢] ; : P o A i}

Vi 50% 50%

| |
t(Loop2) w‘(‘w——-b{ H——-"—b{— tiLoor1)

— Vou
Vo 50%; 50% k /
——— Vo

A. Al V, input pulses are supplied by a generator having the following characteristics: t, or t; < 6 ns, Pulse Repetition
Rate (PRR) = 125 kHz, 50% duty cycle.

Figure 9. t; oop) Test Circuit and Voltage Waveforms

TYPICAL CHARACTERISTICS

SUPPLY CURRENT (RMS) LOGIC INPUT CURRENT (PIN D)
vs vs
FREQUENCY INPUT VOLTAGE
22 0
Vcc = 3.4 \')

21 — 60-0 Load -2
E_ Rgat0V < /
1 20 = s
& * /

€
i 19 E /
et -
§ 18 <
g 2 -8
(5] E
= 17 2
=
& g -10 b
@ 16 - /
1 —_
2 -12
§ 15 =
-14 S
14 L~
-—.____._d/
13 -16
0 250 500 750 1000 0 06 11 16 21 26 31 36
f - Frequency - kbps Vi = Input Voltage - V
Figure 10. Figure 11.
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TYPICAL CHARACTERISTICS (continued)
BUS INPUT CURRENT DRIVER LOW-LEVEL OUTPUT CURRENT
vSs vs
BUS INPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
400 160
-4
300 ,/ E 140
< / L
ES 1
L 200 o E 120
5 Vee=0V Q /
§ 100 2] 2 100 /
2 P ol 5 /
= (o]
2 A - — s 80
£ 0 AV Vee=3.6V [
g d vd 3 /
- - A A 2 60
e ; Vi
-200 E 40 7
/ =) /
1
-300 / 61 20 /
-400 0
~-T-6-4-3-10 1 3 4 6 7 8 1011 12 0 1 2 3 4
V; - Bus Input Voltage - V Vo(canL)~ Low-Level Output Voltage - V
Figure 12. Figure 13.
DRIVER HIGH-LEVEL OUTPUT CURRENT DOMINANT VOLTAGE (Vop)
VS Vs
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURE
120 3
E VCIC = 3.6|V
'IE 100 = 25— Vclc =33V
( > | |
S \ 1 VCC =3V
[&] @
= 80 g 2
L ]
3 \ T 15
g 60 N £ )
3 ;
< a
T 40 = 1
2 \ 2
[=]
T 20 0.5
ju
o
R 5 g
0 05 1 15 2 25 3 35 -55 -40 0 25 70 85 125

Vo(canH) ~ High-Level Output Voltage - V Ta = Free-Air Temperature = °C

Figure 14. Figure 15.
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RECEIVER LOW-TO-HIGH PROPAGATION DELAY TIME

TYPICAL CHARACTERISTICS (continued)

Vs

Ta = Free-Air Temperature - °C

Figure 16.

FREE-AIR TEMPERATURE
(2]
c
1 38
2 Rs=0
Loz °
g /
[1]
o /
s " \ /
- NS (Vee=3v ]
: TN
o 34 i \ Vcc - 33V ) P
£
5 ~N
T N Vec=36V
S 33
z
S
= 32
2
Q
e 31
V4
I
T 30
g -55 -40 0 25 70 85 125

DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME

FREE-AIR TEMPERATURE

vs

Ta = Free-Air Temperature — °C

Figure 18.

w
i Rg =0 l
© s =
Vee=3V
E 50 cC e
o>
=
s 45
5
E: 40 Vec=33V
© - -
2 35 —
o
Vec=3.6V
5 30
%
‘E 25
(=]
-
P 20
>
=
a 15
b=
= qp
& -55 -40 0 25 70 85 125

tpHL- Receiver High-to-Low Propagation Delay Time - ns

tpHL~ Driver High-to-Low Propagation Delay Time - ns

RECEIVER HIGH-TO-LOW PROPAGATION DELAY TIME

Vs
FREE-AIR TEMPERATURE

40

A
w
1]

o

39

38

A/

\\’CC =3V /
S ~—— /
P

N

37

N, Vee =33V :1/

36

Vee=3.6V

35

34

DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME

=55

=40 0 25 70 85 125

Ta — Free-Air Temperature - °C
Figure 17.

Vs
FREE-AIR TEMPERATURE

90
Rg=0
85 N\ Vec=3.6V
80 g ~
\l\ gl /4
751 Vec =33V S~ —
\-
70 ——
Vec=3V
65
60
55
50
-55 =40 0 25 70 85 125

Ta — Free-Air Temperature — °C
Figure 19.
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tpLH - Driver Low-to-High Propagation Delay Time - ns

tpLH — Driver Low-to-High Propagation Delay Time - ns

TYPICAL CHARACTERISTICS (continued)

DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME
vs
FREE-AIR TEMPERATURE

20

! I
Rs = 10 kQ
80 i i —"1/
/
VCC =3V __'-///
70 _.._"‘_‘:__';:4—/
Y —— Vee=3.3V
-
Vec=3.6V
50 CC
40
30
20
10
0

=55 -40 0 25 70 85 125
Ta — Free-Air Temperature = °C
Figure 20,

DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME
Vs
FREE-AIR TEMPERATURE

800 T

700 Vec=3

600 ~]

o
(3]
I
w
w
<

500

400—— Vec=36V

300

200

100

-55 -40 0 25 70 85 125
Ta = Free-Air Temperature = °C

Figure 22.

tpHL - Driver High-to-Low Propagation Delay Time - ns

tpHL~ Driver High-to-Low Propagation Delay Time - ns

DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME

vs
FREE-AIR TEMPERATURE
150 L ] I T
Rs =10 kQ
Vec=3.6V e
e |
140 ———
Vo =33V e
130
Vee = e =
_—_
120 [ 3
10
100
90
80

-55 -40 0 25 70 85 125
Ta = Free-Air Temperature - °C
Figure 21.

DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME

Vs
FREE-AIR TEMPERATURE
1000 Rs =|100 kﬂl
950 . Vec=3.6V
\M
900 —Yoc =33V —
[
]
850 —
VCC =3V //
-ﬂ"-'-
_’/
800
750
700

=55 =40 0 25 70 85 125

Ta = Free-Air Temperature - °C
Figure 23.
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TYPICAL CHARACTERISTICS (continued)
DRIVER OUTPUT CURRENT DIFFERENTIAL DRIVER OUTPUT FALL TIME
vs vs
SUPPLY VOLTAGE SOURCE RESISTANCE (R)
50 o5 1.50
1.40
1
/ g 1.30 Vec =33V
< 40 i £ 120
IIE s 110 Vec=36V —
"5 5 1.00
'5' 30 wg‘ 0.90 y
o
o =~ 0.80
2 Z 070 %
3 / s \
° 2 g 080 / Vec =3V
g “E 0.50 cc”
a @ 0.40
o 10 / S 0.30
° il /
- 0.20 /
0.10 =
0 0
1 1.5 2 25 3 3.5 4 0 50 100 150 200
Ve = Supply Voltage -V Rg - Source Resistance - kQ
Figure 24. Figure 25.
REFERENCE VOLTAGE
VS
REFERENCE CURRENT
3
25
>
]
&
% 2 Ve =3.6V
>
@
§ 1.5
@ Vec=3V
‘G
x
! 1
3
>
0.5
0
=50 -5 5 50
Iref = Reference Current - pA
Figure 26.
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APPLICATION INFORMATION

This application provides information concerning the implementation of the physical medium attachment layer in
a CAN network according to the ISO 11898 standard. It presents a typical application circuit and test results, as
well as discussions on slope control, total loop delay, and interoperability in 5-V systems.

INTRODUCTION

ISO 11898 is the international standard for high-speed serial communication using the controller area network
(CAN) bus protocol. It supports multimaster operation, real-time control, programmable data rates up to 1 Mbps,
and powerful redundant error checking procedures that provide reliable data transmission. It is suited for
networking intelligent devices as well as sensors and actuators within the rugged electrical environment of a
machine chassis or factory floor. The SN65HVD230 family of 3.3-V CAN transceivers implement the lowest
layers of the ISO/OSI reference model. This is the interface with the physical signaling output of the CAN
controller of the Texas Instruments TMS320Lx240x 3.3-V DSPs, as illustrated in Figure 27.

ISO 11898 Specification Implementation
TMS320Lx2403/6/7
Application Specific Layer 3.3V
DSP
Logic Link Control
Data-Link
i, Embedded
ayer
Medium Access Control CAN
Controller
Physical Signaling
Physical Physical Medium Attachment
Layer SN65HVD230
Medium Dependent Interface + +
CAN Bus-Line

Figure 27. The Layered ISO 11898 Standard Architecture

The SN65HVD230 family of CAN transceivers are compatible with the 1ISO 11898 standard; this ensures
interoperability with other standard-compliant products.

APPLICATION OF THE SN65HVD230

Figure 28 illustrates a typical application of the SN65HVD230 family. The output of a DSP's CAN controller is
connected to the serial driver input, pin D, and receiver serial output, pin R, of the transceiver. The transceiver is
then attached to the differential bus lines at pins CANH and CANL. Typically, the bus is a twisted pair of wires
with a characteristic impedance of 120 Q, in the standard half-duplex multipoint topology of Figure 29. Each end
of the bus is terminated with 120-Q resistors in compliance with the standard to minimize signal reflections on the
bus.
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Electronic Control Unit (ECU)

TMS320Lx2403/6/7

CAN-Controller

CANTX/IOPC6 CANRX/OPC7

Y v

D R
SN65HVD230
A A
e i st Mt s il v e e e e
CANH CANL
4 ' -
CAN Bus Line
Figure 28. Details of a Typical CAN Node
ECU ECU ECU
1 2 n
CANH l
120 Q CAN Bus Line 120 Q
CANL

Figure 29. Typical CAN Network

The SN65HVD230/231/232 3.3-V CAN transceivers provide the interface between the 3.3-V TMS320Lx2403/6/7
CAN DSPs and the differential bus line, and are designed to transmit data at signaling rates up to 1 Mbps as
defined by the ISO 11898 standard.

FEATURES of the SN65HVD230, SN65HVD231, and SN65HVD232

The SN65HVD230/231/232 are pin-compatible (but not functionally identical) with one another and, depending
upon the application, may be used with identical circuit boards.

These transceivers feature 3.3-V operation and standard compatibility with signaling rates up to 1 Mbps, and also
offer 16-kV HBM ESD protection on the bus pins, thermal shutdown protection, bus fault protection, and
open-circuit receiver failsafe. The fail-safe design of the receiver assures a logic high at the receiver output if the
bus wires become open circuited. If a high ambient operating environment temperature or excessive output
current result in thermal shutdown, the bus pins become high impedance, while the D and R pins default to a
logic high.

The bus pins are also maintained in a high-impedance state during low Vs conditions to ensure glitch-free
power-up and power-down bus protection for hot-plugging applications. This high-impedance condition also
means that an unpowered node does not disturb the bus. Transceivers without this feature usually have a very
low output impedance. This results in a high current demand when the transceiver is unpowered, a condition that
could affect the entire bus.
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OPERATING MODES

Rs (pin 8) of the SN65HVD230 and SN65HVD231 provides for three different modes of operation: high-speed
mode, slope-control mode, and low-power mode.

High-Speed

The high-speed mode can be selected by applying a logic low to Rg (pin 8). The high-speed mode of operation is
commonly employed in industrial applications. High-speed allows the output to switch as fast as possible with no
internal limitation on the output rise and fall slopes. The only limitations of the high-speed operation are cable
length and radiated emission concerns, each of which is addressed by the slope control mode of operation.

If the low-power standby mode is to be employed in the circuit, direct connection to a DSP output pin can be
used to switch between a logic-low level (< 1 V) for high speed operation, and the logic-high level (> 0.75 Vcc)
for standby. Figure 30 shows a typical DSP connection, and Figure 31 shows the HVD230 driver output signal in
high-speed mode on the CAN bus.

® R
D[]+ ] IOPF6
GND [] 2 7 [] CANH TMS32::.F2406
VCC [ ° 6 ]CANL TMS320LF2407
R E 4 5 ]Vref

Figure 30. Rg (Pin 8) Connection to a TMS320LF2406/07 for High Speed/Standby Operation

Tek Kun: 30095ss Sample

1 Miaps

j--i~i-i Driver Output ---.

il s0omb’ T W Zooris Chd T -soom

Figure 31. Typical High Speed SN65HVD230 Output Waveform Into a 60-Q Load

Slope Control

Electromagnetic compatibility is essential in many applications using unshielded bus cable to reduce system
cost. To reduce the electromagnetic interference generated by fast rise times and resulting harmonics, the rise
and fall slopes of the SN65HVD230 and SN65HVD231 driver outputs can be adjusted by connecting a resistor
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from Rsg (pin 8) to ground or to a logic low voltage, as shown in Figure 32. The slope of the driver output signal is
proportional to the pin's output current. This slope control is implemented with an external resistor value of 10 kQ
to achieve a # 15 V/us slew rate, and up to 100 kQ to achieve a # 2.0 V/us slew rate as displayed in Figure 33.
Typical driver output waveforms from a pulse input signal with and without slope control are displayed in
Figure 34. A pulse input is used rather than NRZ data to clearly display the actual slew rate.

10kQ
to
- R 100 kQ
ol She fon IOPF6
oo [l 2 o1 ki msaz:rl_r:zms
Vee [ 3 6 [] CANL TMS320LF2407
RL4 S ] Vref

Figure 32. Slope Control/Standby Connection to a DSP

DRIVER OUTPUT SIGNAL SLOPE
vs
SLOPE CONTROL RESISTANCE

25

20

15 \\

10 \

N

Driver Outout Signal Slop — V/us

0

0 47 68 10 15 22 33 47 68 100
Slope Control Resistance — kQ

Figure 33. HVD230 Driver Output Signal Slope vs Slope Control Resistance Value
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Tek Run: 250MS/s Sample
I. T

=

A T IRTIE: (S T U PR O A R R TR S e R R R RN

Figure 34. Typical SN65HVD230 250-kbps Output Pulse Waveforms With Slope Control

Standby Mode (Listen Only Mode) of the HVD230

If a logic high (> 0.75 V() is applied to Rg (pin 8) in Figure 30 and Figure 32, the circuit of the SN65HVD230
enters a low-current, fisten only standby mode, during which the driver is switched off and the receiver remains
active. In this listen only state, the transceiver is completely passive to the bus. It makes no difference if a slope
control resistor is in place as shown in Figure 32. The DSP can reverse this low-power standby mode when the
rising edge of a dominant state (bus differential voltage > 900 mV typical) occurs on the bus. The DSP, sensing
bus activity, reactivates the driver circuit by placing a logic low (< 1.2 V) on Rg (pin 8).

The Babbling Idiot Protection of the HVD230

Occasionally, a runaway CAN controller unintentionally sends messages that completely tie up the bus (what is
referred to in CAN jargon as a babbling idiot). When this occurs, the DSP can engage the listen-only standby
mode to disengage the driver and release the bus, even when access to the CAN controller has been lost. When
the driver circuit is deactivated, its outputs default to a high-impedance state.

Sleep Mode of the HVD231

The unique difference between the SN65HVD230 and the SN65HVD231 is that both driver and receiver are
switched off in the SN65HVD231 when a logic high is applied to Rg (pin 8). The device remains in a very low
power-sleep mode until the circuit is reactivated with a logic low applied to Rg (pin 8). While in this sleep mode,
the bus-pins are in a high-impedance state, while the D and R pins default to a logic high.

LOOP PROPAGATION DELAY

Transceiver loop delay is a measure of the overall device propagation delay, consisting of the delay from the
driver input to the differential outputs, plus the delay from the receiver inputs to its output.

The loop delay of the transceiver displayed in Figure 35 increases accordingly when slope control is being used.
This increased loop delay means that the total bus length must be reduced to meet the CAN bit-timing
requirements of the overall system. The loop delay becomes # 100 ns when employing slope control with a
10-kQ resistor, and # 500 ns with a 100-kQ resistor. Therefore, considering that the rule-of-thumb propagation
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delay of typical bus cable is 5 ns/m, slope control with the 100-kQ resistor decreases the allowable bus length by
the difference between the 500-ns max loop delay and the loop delay with no slope control, 70.7 ns. This
equates to (500-70.7 ns)/5 ns, or approximately 86 m less bus length. This slew-rate/bus length trade-off to
reduce electromagnetic interference to adjoining circuits from the bus can also be solved with a quality shielded
bus cable.

Tek Itun: 2.00G5/s L1 Sample{ |

+
!
i
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&
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ST Rahersupa

.|..:..¢..| .|..;..:..|..|..|,.1..;..|..|..4..|__E..|,.¢.. sobmden el sbade s funl e
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ool sbods el cbedes e b |- i
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I
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i
I
I

Ml 700V Che T00V WM 250ns A F =115V

Figure 35. 70.7-ns Loop Delay Through the HVD230 With Rg = 0

ISO 11898 COMPLIANCE OF SN65HVD230 FAMILY OF 3.3-V CAN TRANSCEIVERS

Introduction

Many users value the low power consumption of operating their CAN transceivers from a 3.3 V supply. However,
some are concerned about the interoperability with 5-V supplied transceivers on the same bus. This report
analyzes this situation to address those concerns.

Differential Signal

CAN is a differential bus where complementary signals are sent over two wires and the voltage difference
between the two wires defines the logical state of the bus. The differential CAN receiver monitors this voltage
difference and outputs the bus state with a single-ended output signal.
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" ] NOISE MARGIN

" - 1 900 mV Threshold
' ECEWER DETECTION WINDOW <—_'H>75%' SAMPLE POINT
. . " 500 mV Threshold

’ ]\ .. ....]|NOISE MARGIN

oo S ot
L |

Figure 36. Typical SN65HVD230 Differential Output Voltage Waveform

The CAN driver creates the difference voltage between CANH and CANL in the dominant state. The dominant
differential output of the SN65HVD230 is greater than 1.5 V and less than 3 V across a 60-ohm load. The
minimum required by ISO 11898 is 1.5 V and maximum is 3 V. These are the same limiting values for 5 V
supplied CAN transceivers. The bus termination resistors drive the recessive bus state and not the CAN driver.

A CAN receiver is required to output a recessive state with less than 500 mV and a dominant state with more
than 900 mV difference voltage on its bus inputs. The CAN receiver must do this with common-mode input
voltages from -2 V to 7 volts. The SN65HVD230 family receivers meet these same input specifications as 5-V
supplied receivers.

Common-Mode Signal

A common-mode signal is an average voltage of the two signal wires that the differential receiver rejects. The
common-mode signal comes from the CAN driver, ground noise, and coupled bus noise. Obviously, the supply
voltage of the CAN transceiver has nothing to do with noise. The SN65HVD230 family driver lowers the
common-mode output in a dominant bit by a couple hundred millivolts from that of most 5-V drivers. While this
does not fully comply with ISO 11898, this small variation in the driver common-mode output is rejected by
differential receivers and does not effect data, signal noise margins or error rates.

Interoperability of 3.3-V CAN in 5-V CAN Systems

The 3.3-V supplied SN65HVD23x family of CAN transceivers are electrically interchangeable with 5-V CAN
transceivers. The differential output is the same. The recessive common-mode output is the same. The dominant
common-mode output voltage is a couple hundred millivolts lower than 5-V supplied drivers, while the receivers
exhibit identical specifications as 5-V devices.

Electrical interoperability does not assure interchangeability however. Most implementers of CAN buses
recognize that 1ISO 11898 does not sufficiently specify the electrical layer and that strict standard compliance
alone does not ensure interchangeability. This comes only with thorough equipment testing.
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Figure 37. 3.3-V and 5-V CAN Transceiver System
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Figure 38. 3.3-V and 5-V CAN Transceiver System Testing
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PACKAGING INFORMATION
Orderable Device Status (I Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3} Samples
Drawing Ball Finish (Requires Login)
SN65HVD230D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)
SN65HVD230DG4 ACTIVE SoIc D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)
SN65HVD230DR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SN65HVD230DRG4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SN65HVD231D ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU  Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SN65HVD231DG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SNB5HVD231DR ACTIVE Soic D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)
SN65HVD231DRG4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)
SN65HVD232D ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SN65HVD232DG4 ACTIVE SolC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sb/Br)
SN65HVD232DR ACTIVE SoIc D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)
SNB5HVD232DRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sb/Br)

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.

Addendum-Page 1
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Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

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

3 MSL, Peak Temp. — The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Ti part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 2
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
r Y fd— KO |'4~P1—>1
G KR P Y T
Reel e A e l
Diameter
Cavity —/ +I AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
\ W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| |
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
OO0 00O0O0OO0OO 07— Sprocket Holes
| I
T
Q1 : Q2
A-=4--1
Q3 1 Q4 User Direction of Feed
W
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) [ (mm) |Quadrant
(mm) |W1 (mm)
SN65HVD230DR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
SNB5HVD231DR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
SN65HVD232DR SOoIC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

S
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN65HVD230DR SOIC D 8 2500 340.5 338.1 20.6
SN65HVD231DR SOIC D 8 2500 340.5 338.1 20.6
SNB65HVD232DR SoIC D 8 2500 340.5 338.1 20.6

Pack Materials-Page 2



MECHANICAL DATA

D (R-PDS0O-G8) PLASTIC SMALL OUTLINE

1BAA

SNNSRN v
|

Gauge Plane

4040047-3/M 06/11

All linear dimensions are in inches (millimeters).
This drowing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS-012 variation AA.

NOTES:

B o

*3 Texas
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

D (R—PDSO-G8)

PLASTIC SMALL OUTLINE

Exompl(Elett):lrg)Luyout Sten(ﬁiotoep%r}ings
ﬂ—] r» 6x1,27 = 80
; — 61,27
HH‘H{W 6,20 —"‘H‘H{FT
5,40 f 5,40
0.0
oo

’Tﬂ uﬂﬂ

j
j
/
/
|

Example
Non Soldermask Defined Pad Example
‘ P ot W Pad Geometry
1 e (See Note C)
/ —= =—0,60
f/ A
sy \
¢ 1,55 \ Example
!' * ‘_"’/’T” Solder Mask Opening
! | (See Note E)
\ —=ll=—0,07 /
\ All Around /
LY d/
N o
B i
= —
4211283-2/E 08/12
NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for dlternate designs.
D. Laser cutting apertures with trapezoidal walls and alse rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC=7525 for other stencil recommendations
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

3 TEXAS
INSTRUMENTS
www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
applications using Tl components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class IIl (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and T1 will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright @ 2012, Texas Instruments Incorporated
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ANALOG
DEVICES

High-Speed, 5 V, 0.1 wF
CMOS RS-232 Drivers/Receivers

ADM222/ADM232A/ADM242

FEATURES

200 kB/s Transmission Rate

Small (0.1 wF) Charge Pump Capacitors

Single 5 V Power Supply

Meets All EIA-232-E and V.28 Specifications

Two Drivers and Two Receivers

On-Board DC-DC Converters

+9 V Output Swing with 5 V Supply

+30 V Receiver Input Levels

Pin Compatible with MAX222/MAX232A/MAX242

APPLICATIONS
Computers
Peripherals
Modems
Printers
Instruments

GENERAL DESCRIPTION

The ADM222, ADM232A, ADM242 are a family of high-speed
RS-232 line drivers/receivers offering transmission rates up to
200 kB/s. Operating from a single 5 V power supply, a highly
efficient on-chip charge pump using small (0.1 pF) external
capacitors allows RS-232 bipolar levels to be developed. Two
RS-232 drivers and two RS-232 receivers are provided on
each device.

The devices are fabricated on BICMOS, an advanced mixed
technology process that combines low power CMOS with high-
speed bipolar circuitry. This allows for transmission rates up to
200 kB/s, yet minimizes the quiescent power supply current to
under 5 mA.

The ADM232A is a pin-compatible, high-speed upgrade for the
AD232 and for the ADM232L. It is available in 16-lead DIP
and in both narrow and wide surface-mount (SOIC) packages.

The ADM222 contains an additional shutdown (SHDN) func-
tion that may be used to disable the device, thereby reducing the
supply current to 0.1 pA. During shutdown, all transmit/receive

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

4 5VINPUT
r—(i
0.1|.1FI )
C1+ Vee 10.1.;F
s O R
DOUBLER
T e
[]C%  +svTo-t0v "
0.1pF VOLTAGE INVERTER V-
L c2- _—LO 1pF
TN —> >¢ o T
jii RS-232
PR QUTPUTS
2N —> T2 > T20u7
R1ou1*"—---o— Ri
TTLCMOS o
OUTPUTS » INPUTS**
ouT * R2 < "
ADM2xx EN |— (ADM242)
GND SHON |— (ADM222, ADM242)

J:-' * INTERNAL 400k{2 PULL-UP RESISTOR
ON EACH TTL/CMOS INPUT

*¥* INTERNAL 5k{2 PULL-DOWN RESISTOR
ON EACH RS-232 INPUT

functions are disabled. The ADM222 is available in 18-lead
DIP and in a wide surface-mount (SOIC) package.

The ADM242 combines both shutdown (SHDN) and enable
(EN) functions. The shutdown function reduces the supply
current to 0.1 mA. During shutdown, the transmitters are dis-
abled but the receivers continue to operate normally. The
enable function allows the receiver outputs to be disabled
thereby facilitating sharing a common bus. The ADM242 is
available in 18-lead DIP and in a wide surface-mount (SOIC)
package.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax:781/461-3113 © Analog Devices, Inc.,2010



ADM222/ADM232A/ADM24

(Vee =5V £ 10%. C1-C4 = 0.1 wF; all spec-
ifications Ty to Ty unless otherwise noted.)

2-SPECIFICATION

Parameter Min Uni Test Conditions/Comments
RS-232 TRANSMITTERS
Output Voltage Swing *5 +9 A% All Transmitter Outputs Loaded with
3 kQ to Ground
Input Logic Threshold Low, Vi 1.7 0.8 A\ Ty
Input Logic Threshold High, Vg 2.4 1.7 Vv T
Logic Pull-Up Current 12 40 UA Twy=0V
Data Rate 200 kB/s
Output Resistance 300 Q Vee=V+=V-=0V,Voyr=£2V
Output Short Circuit Current (Instantaneous) +10 mA
RS-232 RECEIVERS
RS-232 Input Voltage Range -30 +30 \Y%
RS-232 Input Threshold Low 0.8 1.2 A%
RS-232 Input Threshold High 1.6 2.4 \'%
RS-232 Input Hysteresis 0.2 0.4 1.0 v Vee=5V
RS-232 Input Resistance 3 5 7 kQ Ta=0°Cto 85°C
TTL/CMOS Output Voltage Low, Vo 0.05 04 A% Iour = 3.2 mA
TTL/CMOS Output Voltage High, Voy 35 \% Iouyr =-1.0 mA
TTL/CMOS Output Short-Circuit Current -2 -85 mA Source Current (Voyr = GND)*
TTL/CMOS Ourtput Short-Circuit Current 10 35 mA Sink Current (Vour = Veo)*
TTL/CMOS Qurput Leakage Current +0.05 %10 HA SHDN = GND/EN = V¢
0V <=VoursVee
EN Input Threshold Low, Vi, 1.4 0.8 %
EN Input Threshold High, Ving 2.0 1.4 \Y%
POWER SUPPLY
Power Supply Current 4 8 mA No Load
13 mA 3 kQ Load on Both Qutputs
Shutdown Power Supply Current 0.1 10 HA
SHDN Input Leakage Current +1 LA
SHDN Input Threshold Low, Vpq, 1.4 0.8 \%
SHDN Input Threshold High, Ving 2.0 1.4 \Y%
AC CHARACTERISTICS
Transition Region Slew Rate 3 8 30 Vips Cr, =50 pF to 1000 pF, Ry = 3 kQ to 7 kQ
Measured from +3 Vto-3Vor-3Vto +3V
Transmitter Propagation Delay TTL to RS-232 0.85 3.5 s tPHLT
1.0 3.5 us tpLHT
Receiver Propagation Delay RS-232 to TTL 0.1 0.5 s tPHLR
0.3 0.5 Hs tPLHR
Receiver Qutput Enable Time 125 500 ns tER
Receiver Output Disable Time 160 500 ns tpr
Transmitter Qutput Enable Time 250 s SHDN Goes High
Transmitter Output Disable Time 35 us SHDN Goes Low
Transmitter + to — Propagation Delay Difference 150 ns
Receiver + to — Propagation Delay Difference 200 ns

*Guaranteed by design, not production tested.
Specifications subject to change without notice.

REV.B



ADM222/ADM232A/ADM242

ABSOLUTE MAXIMUM RATINGS*

(T4 = 25°C unless otherwise noted)

VCC .......................................... 6V
T Vec-03V) o +13V
Voo 0 5ms 9005 000 G000 € W50 B0 Le woinms sumss o +0.3Vto-13V
Input Voltages

1 S ~0.3Vto (Vec+0.3V)

RIS 5.5 5000 5 5050 506 sl ¥ viins muesn mame sosmmes sops s s 30V
Output Voltages

TouT «vviiiiiii i (V+, +0.3 V) to (V-,-0.3V)

RouT v -03Vito (Vec+03V)
Short Circuit Duration

LG « o wommen con e sers o @R s e @i Continuous
Power Dissipation N-16 ...................... 400 mW

(Derate 7.5 mW/°C above 70°C)

By Fhermial IMPEdance . vuo v aws was pes oo 80°C/W
Power Dissipation R-16N .. ................... 400 mW

(Derate 7 mW/°C above 70°C)

6ja, Thermal Impedance .................... 80°C/W
Power Dissipation R-16W .. ................... 400 mW

(Derate 7 mW/°C above 70°C)

07, Thermal Impedance .................... 80°CW
Power Dissipation: N=18 ... o vus von s voi vvi v 400 mW

(Derate 7 mW/°C above 70°C)

6ja, Thermal Impedance .................... 80°C/W

Test Circuits

3V

Vin

tenr teuir

Vour ov

Figure 1. Transmitter Propagation Delay Timing

3V
EN
INPUT ov
—»| g |w—
v
RECEIVER
OUTPUT

Figure 2. Receiver Enable Timing

REV.B

Power Dissipation R-18W . .................... 400 mW
(Derate 7 mW/°C above 70°C)
Oay Thermal Impedanee’ « ses s v vins s w5 80°C/W
Operating Temperature Range
Indugeridl (A Version)’ o v vaws ouw ve —40°C to +85°C
Storage Temperature Range ............ -65°C to +150°C
Lead Temperature (Soldering, 10sec) ............ 300°C
Vapor'Phase (60 886) & sou san v s vms vy o vai s 215°¢
INFrated (€15 S8EY s i v o vares wany dos s S s & 220°G

*This is a stress rating only and functional operation of the device at these or any
other conditions above those indicated in the operation sections of this specifica-
tion is not implied. Exposure to absolute maximum rating conditions for extended
periods of time may affect reliability.

3V

Vin —f N

tenir teLur
Vee
/[ 50%
GND

Vout I\

Figure 3. Receiver Propagation Delay Timing

v
EN
INPUT
ov
—» lpgp =
Vou
| N Vou-05V
RECEIVER
OUTPUT
Vo + 0.5V

Voo —‘

Figure 4. Receiver Disable Timing



ADM222/ADM232A/ADM242

Vin ©

Figure 5. Shutdown Test Circuit

3v

INPUT

ov

TRANSMITTER
OUTPUT

—»= tpr
Va4 _x
+ 5V

-5V

—

Figure 6. Transmitter Shutdown Disable Timing

4 svINPUT
cs ¢
0.1nF T
63V = [}
21 e Vee gi F
+ LTl
4 1C|1= L] +5V TO +10V ve B
pl 4 VOLTAGE DOUBLER
] P
c C2+
+5V TO 10V 7
cz. L] VOLTAGE INVERTER V- 1
St 5
2= TouF
12 15
Ty —> >: > Tlour
TTL/ICMOS RS-232
INPUTS 1 OUTPUTS
IN — % 8, T20ut
13 14
Rlgyt < O a— Ry
TTL/CMOS RS-232
OUTPUTS 10 9 INPUTS**
oUT R2 < R2)y
ADM222 18
— SHDN
GND

1"_].. * INTERNAL 400kQ PULL-UP RESISTOR

= ONEACH TTL/CMOS INPUT

** INTERNAL 5k2 PULL-DOWN RESISTOR

ON EACH RS-232 INPUT

Figure 7. ADM222 Typical Operating Circuit

PIN FUNCTION DESCRIPTION

Mnemonic | Function

Vee Power Supply Input, 5 V£ 10%.

V+ Internally generated positive supply (+10 V
nominal).

V- Internally generated negative supply (-10 V
nominal).

GND Ground Pin. Must be connected to 0 V.

Cl+ External capacitor 1, (+ terminal) is connected
to this pin.

Cl- External capacitor 1, (- terminal) is connected
to this pin.

C2+ External capacitor 2, (+ terminal) is connected
to this pin.

C2- External capacitor 2, (— terminal) is connected
to this pin.

TN Transmitter (Driver) Inputs. These inputs accept
TTL/CMOS levels. An internal 400 kQ pull-up
resistor to Vg is connected on each input.

Tour Transmitter (Driver) Outputs. These are RS-232
levels (typically £9 V).

Ry Receiver Inputs. These inputs accept RS-232
signal levels. An internal 5 kQ pull-down resistor
to GND is connected on each of these inputs.

Rour Receiver Outputs. These are TTL/CMOS levels.

NC No Connect. No connections are required to
this pin.

EN (ADM242 Only) Active Low Digital Input. May
be used to enable or disable (three-state) both
receiver outputs.

SHDN (ADM222 and ADM242) Active Low Digital

Input. May be used to disable the device so that
the power consumption is minimized. On the
ADMZ222 all drivers and receivers are disabled.
On the ADM242 the drivers are disabled but the
receivers remain enabled.

v
T2our E
R2yy E

NC = NO CONNECT

Figure 8. ADM222 DIP and SOIC Pin Configurations
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ADM222/ADM232A/ADM242

T2oyr E

__\J_-_
cie[i]e [16] Vee
Vi E: E GND
c1-[3] [14] Tour
c2+ [4] ADM232A [i3]R1jy
TOP VIEW
€2~ [5](Not to Scale) [12] R1aur

v
Ry [g]

] T
[10] T2
E‘ R2gyt

Figure 9. ADM232A DIP/SOIC Pin Configuration

T2our [8]

e

EN[T]e E] SHON
c1+[2] 7] Vee
v+ [3] 6] GND
&[4 ADM242 5] T1our
c2+[5| TopviEw [] Ry

{Not to Scale)

c2-[¢]
[

R2y E‘

3] Riour
ET1IN
EITZW

[10] R20ur

Figure 11. ADM242 DIP/SOIC Pin Configuration

A 5V INPUT A sVINPUT
cs ¢ cs [t
01pF T 4 0.1pF T
6.3V = 6.3V =
- 116 = |17
e Vee S 1uF 2lc Vee Sar
+ 1 1+ L
oS svTo sV |2 l c1 L | BVTOst0v |3 I
pl VOLTAGE DOUBLER 0.1pF
T e RFT 4 1 VOLTAGE DOUBLER
Al cas Sfca
5V TO ~10V 6 * 4BV TO-10V 7
c2L | 2 V- ca L | -
VOLTAGE INVERTER VOLTAGE INVERTER V- 1
owF T sl 1 ca 01uF T 6] g,
= ToapF C2- ToawF
11 14 12 15
Thin —p——bo_-—-—ﬂom Typy = T —T1ouT
TTLICMOS RS-232 TTLICMOS RS-232
INPUTS 10 OUTPUTS INPUTS 11 QUTPUTS
T2y «—b——@)——?—b T20ut T2y~ T2 L = T20uT
12 13 13
Rigyt <+ O — Ry R1guT <+— R1 <— Ry
TTLICMOS RS-232 TTL/ICMOS RS-232
QUTPUTS 9 8 INPUTS OUTPUTS 10 INPUTS
R2out -4—-4— R2)y R2pyt = R2 <— R2jy
ADM232A 1 18
EN ADM242 |—— SHDN
GND GND

16J_ * INTERNAL 400k PULL-UP RESISTOR
ON EACH TTL/CMOS INPUT

** INTERNAL 5k PULL-DOWN RESISTOR
ON EACH RS-232 INPUT

1’4. * INTERNAL 400k PULL-UP RESISTOR

=  ONEACH TTL/CMOS INPUT =

*% INTERNAL 5k{2 PULL-DOWN RESISTOR
ON EACH RS-232 INPUT

Figure 10. ADMZ232A Typical Operating Circuit Figure 12. ADM242 Typical Operating Circuit
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ADM222/ADM232A/ADM242

GENERAL INFORMATION

The ADM222/ADM232A/ADM?242 are high-speed RS-232
drivers/receivers requiring a single digital 5 V supply. The RS-232
standard requires transmitters that will deliver +5 V minimum
on the transmission channel and receivers that can accept signal
levels down to £3 V., The parts achieve this by integrating step-
up voltage converters and level-shifting transmitters and receivers
onto the same chip. CMOS technology is used to keep the
power dissipation to an absolute minimum. All devices con-
tain an internal charge pump voltage doubler and a voltage
inverter that generates +10 V from the 5 V input. Four exter-
nal 0.1 uF capacitors are required for the internal charge pump
voltage converter.

The ADM222/ADM232A/ADM242 is a modification, enhance-
ment and improvement to the AD230-AD241 family and
derivatives thereof. It is essentially plug-in-compatible and does
not have materially different applications.

CIRCUIT DESCRIPTION
The internal circuitry consists of four main sections. These are:

Charge Pump Voltage Converter
TTL/CMOS to RS-232 Transmitters
RS-232 to TTL/CMOS Receivers
Enable and Shutdown Functions.

Charge Pump DC-DC Voltage Converter

The Charge Pump Voltage converter consists of an oscillator
and a switching matrix. The converter generates a £10 V supply
from the input 5 V level. This is done in two stages using a
switched capacitor technique. The 5 V input supply is doubled
to 10 V using capacitor C1 as the charge storage element. The
—10 V level is also generated from the input 5 V supply using C1
and C2 as the storage elements.

Capacitors C3 and C4 are used to reduce the output ripple.
Their values are not critical and can be reduced if higher levels
of ripple are acceptable. The charge pump capacitors C1 and
C2 may also be reduced at the expense of higher output imped-
ance on the V+ and V- supplies.

The V+ and V- supplies may also be used to power external
circuitry if the current requirements are small. Please refer to
the typical performance characteristics which shows the V+, V—
output voltage vs. current.

In the shutdown mode the charge pump is disabled and V+
decays to Vgc while V- decays to 0 V.

Transmitter (Driver) Section

The Drivers convert TTL/CMOS input levels into RS-232
output levels. With Vo = 5 V and driving a typical RS-232
load, the output voltage swing is £9 V. Even under worst-case
conditions the drivers are guaranteed to meet the +5 V RS-232
minimum requirement,

REV.B

The input threshold levels are both TTL- and CMOS-compat-
ible with the switching threshold set at Vc/4. With a nominal
Vee =5V, the switching threshold is 1.25 V typical. Unused
inputs may be left unconnected, as an internal 400 kQ pull-up
resistor pulls them high forcing the outputs into a low state.

As required by the RS-232 standard, the slew rate is limited to
less than 30 V/us without the need for an external slew limiting
capacitor, and the output impedance in the power-off state is
greater than 300 Q.

Receiver Section

The receivers are inverting level-shifters that accept RS-232
input levels (+3 V to £15 V) and translate them into 5 V TTL/
CMOS levels. The inputs have internal 5 kQ pull-down resistors
to ground and are also protected against overvoltages of up to
30 V. The guaranteed switching thresholds are 0.8 V mini-
mum and 2.4 V maximum, which are well within the £3 V
RS-232 requirement. The low level threshold is deliberately
positive as it ensures that an unconnected input will be inter-
preted as a low level.

The receivers have Schmitt trigger input with a hysteresis level
of 0.5 V. This ensures error-free reception for both noisy inputs
and for inputs with slow transition times

Enable and Shutdown Functions
On the ADM222, both receivers are fully disabled during
shutdown.

On the ADM242, both receivers continue to operate normally.
This function is useful for monitoring activity so that when it
occurs, the device can be taken out of the shutdown mode.

The ADM242 also contains a receiver enable function (EN)
which can be used to fully disable the receivers, independent
of SHDN.

APPLICATIONS INFORMATION
A selection of typical operating circuits is shown in TPCs 1-6
and Figure 13,

Figure 13. Transmitter Qutput Disable Timing
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Figure 18. 18-Lead Plastic Dual In-Line Package [PDIP]
Narrow Body

(N-18)

Dimensions shown in inches and (millimeters)

0T0T06-A

ORDERING GUIDE

Model’ Temperature Range Package Description Package Option
ADM222AN -40°C to +85°C 18-Lead PDIP N-18
ADM222ANZ —-40°C to +85°C 18-Lead PDIP N-18
ADM222AR -40°C to +85°C 18-Lead SOIC_W RW-18
ADM222ARZ -40°C to +85°C 18-Lead SOIC_W RW-18
ADM222ARZ-REEL —40°C to +85°C 18-Lead SOIC_W RW-18
ADM232AAN —40°C to +85°C 16-Lead PDIP N-16
ADM232AANZ —40°C to +85°C 16-Lead PDIP N-16
ADM232AARN —40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARN-REEL —40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARN-REEL7 -40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARNZ —40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARNZ-REEL -40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARNZ-REEL7 —40°C to +85°C 16-Lead SOIC_N R-16
ADM232AARW -40°C to +85°C 16-Lead SOIC_W RW-16
ADM232AARW-REEL —-40°C to +85°C 16-Lead SOIC_W RW-16
ADM232AARWZ —40°C to +85°C 16-Lead SOIC_W RW-16
ADM232AARWZ-REEL —-40°C to +85°C 16-Lead SOIC_W RW-16
ADM242AN -40°C to +85°C 18-Lead PDIP N-18
ADM242ANZ —40°C to +85°C 18-Lead PDIP N-18
ADM242AR -40°C to +85°C 18-Lead SOIC_W RW-18
ADM242AR-REEL -40°C to +85°C 18-Lead SOIC_W RW-18
ADM242ARZ —-40°C to +85°C 18-Lead SOIC_W RW-18
ADM242ARZ-REEL -40°C to +85°C 18-Lead SOIC_W RW-18

' Z =RoHS Compliant Part.
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Battery Monitoring System by Detecting Dead Battery Cell
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Abstract

The development of battery monitoring system by detecting
dead battery cell is proposed in this paper. The experiment of charging
and discharging has been tested in different values of the current. Then,
the parameters of battery, which are current, voltage, and temperature
are analyzed in order to detect the dead battery cell. The monitoring
also shows the parameter of battery during testing. The CAN
(Controlled Area Network) Communication is used to transfer all data
between the microcontroller and the proposed PLC together with a
computer. The outputs showing on the screen are voltage per cell,
current of charging or discharging, temperature within battery, power
density, and also energy density. The dead battery cells and the efficient

of battery can also be indicated by this monitor device.

Keyword: Battery, Dead Cell Detection, Battery Test
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