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ABSTRACT

This thesis presents a circuit robot design and a control system design is
applied load cell sensor and PID control for cleaning pipe. The robot is controlled by
control box then DC motors can pull legs of robot which can hold in pipe. Moving
motor design for controlling by joystick and speed control will work by command of
control box for direction. All of control systems were processed by 2
microcontrollers. One microcontroller on main circuit sends value to control motors
and the other microcontroller which controls DC motors. The control circuit have 3
circuits 1. Voltage conversion circuit 2. Main control circuit 3. DC motor control
dircuit. Because solving the clogged paper in pipe by robot is a way to help

entrepreneur reduce cost and time.
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- & P & v = 1 o v o o w o oA
wiwdnandunileluialalinsuaees waedndiudszaoudug Wudwswidhomdnuaonde
& 1 2/ =) & 1 =3 v ! = ) ' [}
WanuNuMIIIUTUFUNsInsyuan Tuuman (Pole) Useneume 2 diunaunudaudinin

LAEUAAIN



d o/ 1 3 ]
JUM 2.10 waaniuagsaudaudvan

| q’:r o v 1 =3 & v [ [ -
d2UlINNuL? (Pole Core) VMAIYLNUNANUNE) nuMgauILUIEnaUAUIllULYeER

a W | d o v & oo ) o ¢ Y '
Anfumisy duumemindugulAviuielfsugunanresialsmesiSenditawiman (Pole

as

o v & i va o < A4 9 va v o d
Shoes) finqussavAlidaudmbnuaslaneslndlafuiniign ieliiiadesonatesiian

q
3 [l

=l L 1 =3 n.: ' @ '3 - ¥ o ¥ o = = o W
‘ﬂSﬂJNﬁIMLﬁULL’NLLMLMaﬂ"iﬂﬂ‘l}'JLLNmﬁﬂNWu‘lﬂENI?LF]B’iJJ’]ﬂVIE!ﬂ LLﬁ?VI'I.LMLﬂﬂLL‘NUﬂWiaﬂ’IaQ

= o at

o L3 I o L J o
Unvadlawesndunsiliuewes didweu (Torque)

-d ot 5 ]
JUN 2.11 Snvaeresdiuivin

a !

] = " a . 5 & 1 a g o
drundssvnalnguilivan (Field Coil) 9sWusysaus wnutLuman ananilyin

v o

al d v E74 1 (=3 ¥ 1 -4 =
MUINTUNSZUATINATBUBNINOAS 1A ULTIUIWA AlMARYY wasidulswdvani WLNANT

s

naNdwasEsuAUAvauLwanuesauesviiAaLsendy
2. Auyu (Rotor)

o/ = =l ! £ : Q ¥ a L. = [ s =1
mmyunssiiendilameidmyuilinliiaaidenuiiunuaseglundugnlu (Ball

Bearing) #sUssnauagluwsiulniivig (End Plate) vauaines



R

> -:h »‘H‘!,!!]'

ot

3‘Uﬁ 2.12 mviyu Rotor

Aalsmasusenaunie 4 dausqedy fe

1. wnuLwan (Shaft) Wusadmsutinnaufiunines wazdaunuinanensuiges

a ﬂf ] QI d o et ¥
(Armature Core) 1J'izna‘uLf)um‘[sLcﬂa%smmwmuwmaaqummﬂ iedaAulvivyuegluuwa
dalaifinnsduasiiouls
< 4 4 o [ I =
2. LAULWEAND15HL985 (Armature Core) A8 LHULKANUIIDIURUIU
. A o o s & é L =
(Laminated Sheet Steel) WuidmsuRurnaIne1sHILRD BI85 19Us9Tn (Torque)
= o 1 9 A 1
3. AaudAAna3 (Commutator) ysigvealaseeniuuiuduiasdilauiului

L3

(Mica) fusenirsduspauiinames drumdvesnouduames axiisesdmiulduaany
Ya3UnaINe1TUNTeY faneuimmesisauuRnfuwAuIwan Wugunaunsenszuen finthi
Furiafunusaau (Carbon Brushes) iiesunszuaannaredoudludiunaineriainees e
aTadunsiudmdndndunidliiian1swnane waziasuiuiudunsasivansndiu daia
PnuaIntaivin finarinudasandnufisenewmes (Motor Action)

4. ¥AA2NB1INNIRT (Armature Winding) 1luwnainiualusesaasy (Slot) vaq
wnuenfuaes 1unvesalnandnuielngdzsuausevazananietesiuiuag funis

Y

panLUUTasiIlsine sutlnuue

2.2.2 M3aavaNAIENawmasinAnssuansslasld Pulse Width Modulation

4 1 € =t o v é !

insnnduremaamaamesilumanansnismuguanuiiFaild aswdsu
' ¢ o 4 st 0 1 o o (% [

ANUAANY NunaIne TR itAIANAAnglazulsAunssiuAIgs Tunsmyuees
fada o ) ) v < e P> d
uamaiItnIzasusEAUAILA A gl as'[“ﬁ'gﬂﬂauﬁ'maawmmimﬂﬁEJuLLUaa
i a_a I v d ] < ) Py v ¢
Frnalunsnalauvdsingld lngasidsuudasdindeveuseiu Sendn dygrutad

Amviweguady (Pulse Width Modulation) fagui 2.13
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Lo

4 o o L3 ar
JUM 2.13 Fyaraiadinviuoguadu

2.3 19959UNaLmas (Driver Motor)

@ 3 -J o 2 -J =3
295unames iludauinaniinnlunisussuaanan1efiunisAILANANITILAE

AAne

2.3.1 2astunawmaiiagld IC L298N [20]

H-Bridge ({ulugaldlunismunuauiuasiinnewenes wasdensa
ilussandldtulsandulddndae Wy Uiumanuainwemasali 2esiuueimesingld
IC L298N Aeiluszavsniwgs wieuszuulosiusneg L298N ansatunawmesld 2 ga
wazannandunszualigean oA (favind 20 ddeiu) nmeluveinlaie Diode ety
Witagidhansumuuasiiuvastngll 5 v Tush (78M05) Tunsdifinziiludesuuuennstad Ll

foslumuvad ey

Uit 2.14 29stunewnesiagld IC L298N
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Terminal Con (1ni3u)
MOTORA : Output U uainas A
MOTORB : Output U uaises B

vms - Input W +5-35VDC iledelsifunewnes
GND : Input NS16
5V . Input v +5vDC Waidea Logic Gate lu 1298 Un@iaeasleld Regulate 5V 1

Tuvadaudlidesdavnd udninuszasdasldarui aasie Jumper
5V EN aan

Connector SV1 (#udeq)

ENA : Enable A

ENB : Enable B

INT uaz IN2  : AIuAuuBLAEs A

IN3 uaz ING  : AIURNLBIABT B
2.4 uasdnglu

3 L 4 1 vV as & 0 a al 2
imhsglwldtugunsaisingg lagasinisulasnseualvinszuaadu 220 ad
aldruautiuGeuliduliiinssuaasevuinity 3.3, 5 way 12 hadied el
« & S v a = o w w -
gUnsais199 usnvnlidnesiirarsiinrvausyduresnssiuliiilian (Voltage

Regulators) weliliiinaundenieresaunsal

2.4.1 #InTuneidunany (Switching Power Supply) [12]

#ndameidnany Faduundalwihainssuulnnssuaadu 220 Taavi Tiulw
nsvuanseidielfnulunudidnvseindiduiefuunasglinssuansauuuiadunie
Allosiniaidnmany (Linear Power Supply) Suniesdnwaneviaesuuusadldniondas
wionsuanesives (Transformen) Tunisanseiunseiulwnseuaadu 220 Thavi asundulv
nsvuaaduAeing wilousu uiasiideunnsdieg Tudaswesiwin wazvuinvemdioudas
Tneiinfeutamedindumneidnmansasiivuadniwinuiuaiussansamgs daumo
waweumnaidmansuuviiilesasivunalvgiiwdnunnuseaviniwe Falutlaguud

P va a 1 v W val s o 8 va v
wisdlddiannsednduszianeng Idgnwmuibifauindnas Fedwwavinlviinnudesnis

(] 0 v 0 o W 1 < ) @ o
unaadrInAlifdsuds wasdivuindnmiloudu wu wiesiuinsimid inseddnsans
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ol a o a & W Y oa a ¢ o - v & a ¢
wIsdPaNRIwasuay wiauded Wudu nsldaindaniestnnatsluasasltoidnnseiing
Usztanfsldiuanuiaugean mssdnaauifinssmiuauaeanisvagly

) o & ) a _a ¢ o
2.4.1.1 BaNNISNIUIUBIAUYBIEINTUNWILIDITINWANY
a a ¢ v -l ¢ & ) @ ' ¢ |
ainFawineidnwaruazliosrusznaunugiuiadieiu uiasrusenaud
o w o a ¢ a s e a v o w ")
dAyresEinTuniiiesdnnaisie NMARUBsAeS owinazyuinanssauLsIAuLaY

' v o ¢ ) o ¢ | & -
ﬂ\!ﬂ']l.ﬁ@ﬂﬁﬂl@'lﬂﬂﬂﬂ']ﬂ ﬂQLLﬂﬂQENﬂU'igﬂE]Uﬁ']\‘]‘] WWNUﬁaﬂlﬂagLLﬂiu‘Luzuw 2.15

1AsHamed . = 5
M3 nuauwlas WAL

v
.
)

Uas = < - o
NIMUTALRDT AIRTI nIzud

Snilviead

nan —»{  2IIAIUAY

= a a @ o
JUM 2.15 vdenlnazunsuuanws@atuneidnnaieving 1

wsaAulnaay 220 Thav 9ge1ulg18IM197997 RFI (Radio Frequency

= < Y 1 r o 1Y)
Interference) Waimosianseadngyrusuniu (Noise Signal) LLazwg_]nLUaﬂuLfJuLL'ﬁmuIWﬁ'l
ArgRIgassndlig aerrsuniedwesiaamemIulaweisdananssrusenduyieg

v = agy o & i o o w a a 4
AeAmdigaszanal 20-200 Alalgsnd (KHZ) anntuazdudnludmdoudasaindaiiean

'
o

o va | '3 v al al ) v oal '
wssAulifiAsas Aerdwsveamiiowdaesihnsuansewauavnsosuswiuliauideneu
= ' ) ' W o w1 o a « )
Tannsadranszualilvnaald nsmsAusaiuazyilalasnsdaunduausaiuneinaugy

< ° 4 vl | o -
NITATUAN INDATUANMIVIILTBUNIND INTIuBdne TIllgaa1dn ssuaNnu VED)

v = o o ¢ = - o q v ) ¢ A»Lvu
uaﬂﬁ\iﬁﬂﬂﬂ?'ﬂuaUULL'\JﬁQTJE]\?LL'NﬂUWLEﬂWwW ‘ﬁﬂf\]:";llﬂaﬂqlﬂLL?QWUL@WG}WWFNVI ﬂﬂﬂ'Nf\]{Lu

U7 2.16

Lo
rﬁli [] [ﬁ-r——v—() o
N o - ==
o i i g0 &
AWaimpiunziinhlfpod 2I9TNTDIUTIAU
raunained

*—i|—o A

AT

AUAN

A

o a ¢ w i o
JUR 2.16 2asaindaniiesdwwareildauieg W
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2.5 aaulnsataas (Controller)

AoulvnIalaed Ao AIAIUANNITVININYEIBUNTAINTEYIUIUNITANY Fenavinfiumn

masiniinaln

2.5.1 lulasraulnsaiaas (Microcontroller) (8]
¢ o w 2 W
lulasreulnsalaes fe gunsalmuauauIadn FaUsseauamIsaiad1eadiaiu
a ¢ w o e ' ° ¢ S &
szuupsufiumes laglululasnaulnsameslasine @iy, viteaudiuaswein daly

drulsznaundndfguetssuunsuiamesiinlimeiy Iaevinisussadnbiludidufendu

sUii 2.17 lulpsmevlnsaiaes

v
al

Taseasralaenaly vaddulasroulnsaiaesuu diursaudssanunldilu 5 dau
1 ar 1 A‘
Twaje Assalui
1 o A o £ -:1]

1. wijaeUszanananalan3adily (CPU : Central Processing Unit) vimthidu
AudnaImIvANNITINIULBITTULUARNRIRasIvIA Inetihteyaaingunsalfuteyan
i1y Ussiaanadeyanudideveddusunsy uasdadnsaeniumiisuanua

] o | [ ] <4 1 o oayw

2. ni28A21431 (Memory) awrsawdseanilu 2 41u Ao witgarudnild
9w & 9 a s ¢ a ¢ o a ¢ o
dmiuiiulusunsuman (Program Memory) Wigulatiauaninfianveiniesnouiameing
Wiz Aeteyalaq Ngninulilullasligymeliwiliflmbes SndrunilsAonisnaudndeya

L4 o al A L I.Il
(Data Memory) ldidumilounszarenalunmsmuinvesdiy wavluivindeyatansivuy
v wivnlddiEes deyafaznieluadiedumireannudiusy (RAM) luinias
a ¢ @ 1 ) ¢ a 1 1 o W A od g
poufianeinag 1 widwmivlulaspeulvsawmesalslnl miremnudveyasvivienidu
1 o ¢ L4 A 1 é’
wileaudnsy Gdeyassmeluliahifilwides uazlud8wieu (EEPROM : Erasable

Electrically Read-Only Mempry) dsannsaifudeyaldudlifiinides
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3. daufindedugunsalniguanwianadna (Port) i 2 dnwayfe wesndunm (Input
] ar 1 Y 4 1 )
Port) uagwasnasdy g IunIanaialo1dnm (Output Port) dautiazldlunisiweusafiu
'3 = 1 I 1 5 o/ v al 1 & a A at
gunsalniguen felnludinddguin ldswiusenimedndunaiefudyyiu 8199z
1Y a ¢ o -] ] 4 (3 <l 1 a 4
aan1snaaing et luussuanauazdsluneineanaiauanina WU N13Rnadnees
vaenlw Wudy
1 - at 3/ A v
4. d9an1aiAuvasdyIumnIavd (BUS) Aslduvenisianiasudygiudeya
sEninediy migarudazwedn [Wudnvazvotaedygyin d1uiuuinegnieluda
lulasneulnsaaas lnsuvaluvateya (Data Bus), Uaueansa (Address Bus) uayda
AuAN (Control Bus)
o = s a [ 1 o e = ] = P
5. 29asnfindgygrauniint duidudiudsenaundiAguindndiunile Weewn
o 4 - ﬂ” at ﬁ” [} a s a/
mshunfeatulusililasreulnsaiass sxlusgiunmsimundamig windgygranniinii
o as o a ° vl & ] €l [
AMudEs Samzmainufszaunsavilid udmalililasaoulvnsamediiauilunis

Uszaanagnu ey

2.5.2 aliasuidlealasi (Differential Drive)
- f . . A ) dy v aw v e
Avinlatsuidealasi (Differential Drive) 1ugUuuumsindeuiivaedeiide 2 do e

1 4 } 4 v v 1/

v oo d L v o L
a9918 Larasvln ﬂ?ﬁﬂdﬂ?ilﬂﬁﬁumﬂﬂ’idﬁu'}ﬂﬂ‘] ﬁmguaa‘ma waganlumafiaiusie

v
v

ANESIIAY neendanseq Avyudedrenavartosandwiag drasindeadieinyudesn
TWdhamihliSinidedhe ssrndervnimudedeludrmibiidinidennn wisaemush
ta o 1% 9/ v =t o 2/ Y o v [ o a2 1w <
agiiudnla Nlmyuasthmialydram wasdedndramyundundamnerriFivintu asmiu

v ) o a = i k " 1 < dy a
Iinnstuirdeunuuanineisuidisalasi (Differential Drive) Liawnsownasuiiluiiela 9
LY v -3 =.|' o 1 al :.’r a A Ly 2 §
Teimudonisludiuil dewviinisdeImyudaned delu AdiMesuilialasi (Differential

i = [ o .
Drive) FJaudunisimdauiiuuu Non Holonomic

q K I Y - i @ ] § H
(a) waaunludramin (b) waeuiiaeevas (o) wasuinede  (d) irdaunvneen

= 4 4 v
JUN 2.18 NMLARDUTITDIRD
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2.6 miﬁamﬁ'ﬁ'as&a (Protocol) [2]

Tslnaea Ao Tervuavitatennadunisdeaisseninpeuianes vienwdeds
4-1 ] - ' a ¢ v ar d - ¢ =l e
Addunwnanslunsdeanssznineeufinneimedu nsiniesmeuianaingniveles

v a 1.4 wyyd o v oal o a '
sillusyuvavanunsafasedeasiulaty suiuardesiinmsdearsidendt Welnaea

2.6.1 NuuaTnannis CAN
v & v
2.6.1.1 NANNSHUBIAUVBITZUY

d1uUssnauredssuuUTENauMY Laulrua(Can Node) uay waudd (Can

o
a/

Bus) ¢ 2 eg1aidudrudszneulu Controller Area Network lussuuasusznaudae
dqudasq Y9IN1IAIVANTENIINLA Usznauselnuadausaesivuatuly d1szuveuie
T:wQjﬁa5ﬂisﬂauﬁqaﬁhu’su‘lwummﬂﬁu TneRasanaInnsEUaumslunsiuwessEuud
28NUUY fz?e%uaaﬂiﬁ’mmﬁnﬂmz’uaamiﬂwmawauasmﬁmmsﬁuwmLmﬁwmaﬁzuu
Sussrervinsesduudeniifasnisauay fedndy lussuumuawssuunilafeanns
m"uﬂmzwﬁﬁ5uv!mawﬁwmatjﬁwaﬁ’uﬁﬂL"'fJuﬁauﬁumaﬁwﬁm&umﬁﬁmmmm'hmé’aﬁuvgm
@MNA FeorvasiAnnissuniudeaediiintuld LazAnnsieuianatatu faiunises
sonuuulililulaspeulnsaiaesmuaneguinaduFendt uaulnun uddentosiu
Vatoyadaiundn uruda dildmedyaradonduiar finsnsandeutofianainvesdoya
finssudeuudail
2.6.1.2 unsguluslnpea
TusTanoatos CAN (Controller Area Network) 1asdu 2.0A dsfivisudeya

dpeUsziamAe miniisuuasilmisuudazmsnsynoudaenduuesdaine uanifaguil
2.19 fiswasiBondoyadi

- Start of Frame (SOF) WWuiinuduvesadsimieslumnsy iluunazdeda
Busudevregluaniiyin wasililmnduq Gusumdeuriy

- Identifier Usznausiedoya 11 Un

- Control Field fivun 6 On dwidutmuaruinvedeyafiagauun uazlnd1ses
GONIY

- Data Field {ufoyafifesnisdadiouna 0 fa 8 luvi Tasdsdndudfnygegn (MSB)
ganiu

- CRC (udwildlumsnsrsaeummianain

- Ack Field udayaruin 2 On
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- End of Frame dmiudugansdstoya

5U#t 2.19 uuuvesteya CAN (Controller Area Network) 11eidu 2.0

2.6.1.3 99AUTINDUYDITTUY

- Application udausuiidesnisauay

- Host Controller 1u lulasaeulnsaiaafimiiiivssinana wazaaugy
NIV

- Can Controller dawiidansusianealiiduluauderimundseorasiuey
Tuslulasaeulnsalaesuda wu lulasreulvsawmes wes C515C

- Can Transceiver ¥an1suUasdayqiaisening CAN Bus Nu CAN
Transceiver

o as A A 1 1
- Can Bus anihdygaiidoulesevinlnimeiigeg

Application

Host-Controller

CAN-Controller

CAN-Transceiver

CAN-Bus

UM 2.20 BeAUsENDUYDITEUY

2.6.2 UART (Universal Asynchronous Receiver Transmitter) [11]
c‘a{ o U Au [ a o 4' ] =
qﬂﬂimwmwmmuLLasﬂwaQaLmuasmIﬂiua (Asynchronous) Fadudrunisluy

! < " ooa <
ﬂ’?‘iﬁ@ﬂﬁﬂuﬂiuLLU‘U Synchronous ﬂ'ﬁﬁﬂﬂ'ﬁLLUUSHHS&J%SLLUQLUU 2 WUU AB
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Clock
NESpSpupupipEpEpEy

Da' 0101010101010101010101111010101010101010104010)

GND

sU#l 2.21 Data UART

Vaa | t 3

{ < 2 o
1. n1580a159UNsUUUY Synchronous \uglwuuildigddoya Tnelddyyo

U
Y g P

Clock undusiafmuadinie n1siudedoya nisdetoyawuuil BunasSudsiiroudiad
) W owa o v ! | v o ' |
AN wazdlinanuiage flemandeyaszgamaseninnsdaley fegrnisdsdoya
o 4}’ [ 2 2 L =l I 4 3 A A o r as '
anwagtl 1 I°C, I°S, SPI Yaiduveenisdstayanuuil Ae desldanvdyaamin iwsigdn
Aoddd Clock Tudae
2. madaansaynsuluy Asynchronous Wumsddayaitlidedddyain Clock an
[ o 0 a/ s 1y 19 Yad o L [l ) qv
Wusmvuadamgmsivdsioya udld3simuaguuuy Format n3dudetoyaduanuny
o v P od o v v Yo 1 UW v
wazoren1sAvuanLI10In155Y wazdsminduisileiunasilads dodvenisld
Asynchronous ABd@ u150d8a15kuy Full Duplex YU wazdsliluandeadu wa
A 2/ o 1 ¥ ot 1 a 1 4 I
Asynchronous fllamanidayaszgymevusiudideya niefudioyalianainlauinnin
WUy Synchronous aqﬂna’wﬁa UART (Universal Asynchronous Receiver Transmitter)
<2 [ o ° :‘l" < Vo [N =
NHEDY E\JLL‘UUﬂ’liawaHa wgﬂmwuﬂ‘uuuWLWE]I‘U‘SU?N‘UEJH&!LLUU Asynchronous Tagd

sULUUAITUR 2.22

_LﬂART

DATA | sTOP

sUl 2.22 uuudadeya UART

a 2/ % " 3 g rJ [l . oy }7
\Susuan Start Bit 1Tu Logic 0 91nUUIzAINAIY Data L3188 UaI9zgnUaemeY

STOP Bit Wu Logic 1
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2.6.3 USART (Universal Synchronous and Asynchronous serial Receiver
and Transmitter)

USART tluifinguuuudslanndnd ldaseiusudsdgygranishigaiuailugunsel

£AUgea1n uTEM National Semiconductor uazatursaldliianizain IPextreme 1y

Synthesizable laf USART a@tfuayuaiumnainnalgvesteniuiidnsivenlusinsuuas
sUnvufeyauazdniususisly Synchronous 3e Asynchronous (UART) Tnun 1t
sudunisadianuminisuiulasSalulifuasuaunistianaiavay USART dauatuise
Tumsasisaeugluuunmsugaidiendtazfuuazandunisnssnenisaugumsivadmiunig
Juileriuveaninuai

dumesiglaadvos USART daanaodfiu AMBA 2.0 APB lUslnaaa ansilou
mavAunely USART Win1saauay CPU vesdnsinisdstayalujuiuunsouningiadey
suwuuan, manmsinuuasdn Jamsldeunistadane ameldeuanuslidadomny
Lazanuzdeiavan uenanisinsamudoufideds Fudeya lu Asynchronous (UART)
Tnun USART dearsiugunsnidug ildansdyyrmds (T0X) wardu (RDX) Tulnun
Synchronous, USART ﬁamsﬁ’uqﬂnscﬁ%‘uq Aldaudyarads (TDX) 15U (ROX) waz
u1in1 (CKX) Sndeyaasgnlaunieuiudynin Ckx nismuaunisinadiflegluisasslsl
n3affu wazlun Synchronous WU RTS, CTS dyayias ieanseduduiudyaadunes

iy USART annsaldanusamiuilsddudug vuduseunuszasd 1/0 (GPIO) Auay

DMA | |HostCPU
Cantrollor

Wakeup .4 [ ‘[ AMBA AHB
Multi-input | Interrupt ) . cy
Wakeup . t

lmmml

e AMBA APB
THID grssssiciond i USART
CXX 4 » Pads 'i*"—’ %
cTS y { Freeze
RTS :_____A iy *
interrupt | Inderrupt
Conlroller

sU#l 2.23 N15¥i1uvae USART
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¢
2.7 aunsaloue
qﬂnidéuq 1#unl USB, LCD, v0uafin wavuoain

2.7.1 USB [21]

USB ¢81137n Universal Serial Bus uwasn uiedemislunisdeans uieideude
izijaﬂauﬁ'sma{ﬁ’uqﬂﬂiaﬁu*} Taid19u Printer, Modem, Mouse, Keyboard, Digital
Camera uazduq 8nunune fodndu Port id1Ayuastaumniaalutiagiiu USB Sudud
msldauesiisu USB 1.1 deuldlimsiauliiamiagety lnewdsuwdunesdu Uss
2.0 wag USB 3.0

>

5Uil 2.24 USB

2.7.2 LCD (Liquid Crystal Display) [1]

gUnInllARINALUUNENYIEN Y30 “TaudnINALUY LCD” wansssguii 2.25 duidly
FDUARIHALUY Dot-matrix YUIA 2 X 16 AIBNYT 2 UTTNA UTTViIRaz 16 A18nYT A
azldyaludidnuaviniy 5 x 8 99 9auaninawuy LCD Usynauday 2 dundnde dau
wanswavine uazduaiugn lumadeaulusunsuuanswans LCD autunisidnils IC LCD
Controller Tneslulaspeulnsataesazifiudnuaudsmenisviuiomn Tassaieily

%99 LCD Module uanasaguil 2.25 uazguit 2.26
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1]} maEn 1 1 1] L | B |
= | I ] » | ] » m
| ] L ] L] L] » - .
B " EEEm | ] ] | B ]
EERERE B ] n » | B ]
» =R n " B B0
» " ERER = m a=s
A, B
o
3UN 2.25 vaudminauuy LCD
p vss "~ -
. CONTROL EEDh«Fanei
Ty VP > % € P e By
3 VEE
A xS tmaﬁymux
3 P DRIVER
& e 2
~ CONTROL
o4 | pEaob? -

31Jﬁ 2.26 Tnsediauasudnyamune vee LCD Module

21 1 V., 15134 (GND)

(7] : 1 1 5
U1 2 Vgqy Fulw +5v Lﬁat.ammumaq navualu LCD Module
1 3 Vee yussiudmuliuasuamudimes LCD Panel

. o a d o a | w aa
97 4 RS (Register Select) fudyamasdn Wevinsidenmsfnseiuidames

2.7.3 988dAN (Joystick)

= o

= & ¢ o w 3 = a ¢ & w
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2. SOURCE udurdhvesdmyaya
3. DRAN iludiuvioanuasdya e

2.7.4.2 Uszinnvasuasdinm

1. nMOS (Negative MOSFET) 1unsiudaimesuszian NPN iilefiaaimsing
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fndsvideidiuau (aunilwihdew) dyaalvindnglnaan Source T Drain 16

Ul 2.29 Tnssadrauoaiy

2.7.4.3 dyanvalunuuasium

dydnvallumsidneaveaminlumsiineagnuesinduaind lag nMOS
duaindiiledygradni 1" adedfesln dliaindfdulinag (Normal Opened
Switch) g pMOS auluaindiilodygrandniu "1 Mndfonln dlidindfazUneg
(Normal Closed Switch) uazdgdnwaivialuasiiau vinaradu Gate dudnaesife
Sorce wa Drain Tagldlu nMos Wundniededydnuaiiferfunnuiawmesialude Tran

Base ma 91 Collector 9zmaiy Emittor dau pMOS Avgld Bubble fle Gate

| L
Sy WU

BMOS pMOS
PR
nexmnally spened nermnally clesed
swatdh switely

JU#l 2.30 dnydnualuoamin



23
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3.2.2.2 CAN BUS
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Module PIN No. | Connect to Function
PCO HX711_CLK CLOCK INPUT
17O
Bl HX711 DT DATA INPUT
PB6 SCL_GY-88 CLOCK INPUT
12C
PBT SDA_GY-88 DATA INPUT
PA9 Camera_Tx UART _Tx
UAST
PA10 Camera_Rx UAST_Rx
170 PB8 MOSFET LAMP
PA2 Usart2 Tx
Usart2
PA3 Usart2_Rx
PB10 Usart_Rx (m2) Usart3 Tx
Usart3
PB11 Usart_Tx(m2) Usart3_Rx
PA13 SWDIO_2
1/0
PAl4 USB interface SWDCLK 2
RST RST RST_2
1/0 PB83 LED1 Output
GND GND GND GND
3v3 VDD Power 3v3 Power supply
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3.2.3 N1598NKUUINTITATUALNBIABINTEUAATY
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gaNLULIRTTUNBIABIAe L298N TneidandnAmauifves IC

1. aunsaldussiunemesiagegn 50V

2. dyyeuaedngedn 7V

3. annsoduneimeigega 2 i de 1 1od

4. amnsaldnsmuauwuuiadiniveniadu

5. @nsonuAuiamiavetamasiamenisinedyaya Logic

ludruvedlulasroulvsatass 151d1u15001MUA Input kay Output VB
lulaspaulnsaiaesilagaide 41 Input/Output fiflsdudeuiu Module TIM ileliitede
nsmIuANLAasItedy o Pulse Tiduled L298N ludruvesnisdearsiv
Llasnovlnsamesinunuisuies a¢ld Module USART

31AM15799 3.2 Input/Output Interface vaslulasnaulnsiaainiuguueines
nszianTe FruuTEIsa AL dunes Y ResleFgUR 3.9 udnwuuIsiie
limuneinainssuanssiana 4 i
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2. IWiAes Rotary Encoder uag L298N 5VDC
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Module PIN No. | Connect to Function
PA8 L298N U7 EN A
PA9 L298N_U7 ENB
TM 1 Forced-Output
PA10 298N U8 EN A
PAL1 L298N U8 EN B
PCO L298N U7 IN1
PC1 L298N U7 IN2
PC2 L298N U7 IN3
I/O ' Output
PC3 L298N U7 IN4
PC4d L298N_U8 IN1
Ve PC5 L298N UB IN2 Output
PCé L298N_ U8 IN3
PC7 L298N_U8 IN4
PA15
TIM 2 Encoder 1
PB3
PB4
TIM 3 Encoder 2
PB5
Encoder Interface
PB6
TIM 4 Encoder 3
PB7
PAO
TIM 5 Encoder 4
PA1
PA2 Usart2_Tx
Usart2
PA3 Usart2_Rx
PB10 Usart_Rx (m1) Usart3_Tx
Usart3
PB11 Usart_Tx(m1) Usart3_Rx
PAL3 SWDIO 2
/0
PAl4 USB interface SWDCLK_2
RST RST RST 2
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3.2.4 9TUEARINR
wadudruuanadu 2 wihae fe
1. UNABULARINATINGDY
2 mihesuanmaInnsUsvanasadnilasreulnsiaes
3.2.4.1 WiN12OUAAINADINNGDY
dmfundesiliidundesiifinaauiffe
1. Subordinate Classification: Serial Ports Output Digital Camera
Module
2. Sensor : 30w CMOS
3. Len : Optional
4. Perspective: 90 degrees
5 Communication Mode: RS232 TTL/COMS Level
6. Working Vottage 5 vDC
mﬂﬂmauummamu ﬂaaaavawauawmwLﬂaau"l.w'smuwwawl,mua
Lt.amwa‘uumwuwa LCD Tmuwmﬂﬁ@ﬂﬂﬂﬂiﬂﬁ'\ﬂiﬂﬂl@ﬂﬁ 5VDC LwaLatmwsma'Lu
3.2.4.2 *.nmaauamuamnmsﬂizmaNamu‘luiﬂ'snauimataas
dmsuntheeilduanwmasintulasrevlnsaiasi Ao vii1ae LED 111n 20 x
4 Tndeusesulalasnaulnsaiaes Arduino Mega 2560 aelu Control Box wandman SP

(Set Point) kag PV (Process Variable) dsdau197n Main Microcontroller #u CAN BUS

3.3 SEUUNTHINTUBULUA

d
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e(t) = PV —SP (3.1)
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A15797 4.3 uananan Ty, T, T, uas P le Ko=92,K=0,K=0

Al I K; Ky Ty T Ts To
1 9.2 0 0 2.4 lifign | lufien | 2,59
2 9.2 0 0 2.3 ladfien [ ldflen |28
3 9.2 0 0 2.13 2.52 4 2.98
4 9.2 0 0 2.04 24 4.2 2.4
5 9.2 0 0 2.28 2.59 4.6 2.32
AVG | 223 | 2.503333 | 6.266667 | 2.618
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15797 4.4 Uananae Ty, T, T, waw T, 1o K, = 9.3, K = 0 wae Ky= 0

pfeit | K, K; Kq T T, T T,

1 9.3 0 0 2.07 lafign | ladslen | 2.59
2 9.3 0 0 212 | ldfidr | Liflen | 281
3 9.3 0 0 2.16 laifian | Liflen | 2.59
4 9.3 0 0 2.37 laifden | laifien | 2.8

5 9.3 0 0 2.09 ludan | lifien | 2.4
AVG 2.162 2.558
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A13197 4.5 uansHan Ty, T, T, uae T, o K, = 9.25, K = 0 way Ky = 0

Asalt | K, K, Ky T T T T

1 9.25 0 0 2.18 lifien | lufien | 2.81
2 9.25 0 0 2.05 laifian | ldflean | 2.59
5 9.25 0 0 215 LA | 5.2 2.82
4 9.25 0 0 2.3 2.95 5.8 3

5 9.25 0 0 201 TaitiAin A | 2.58
AVG 2.138 | 295 5.5 2.76
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A15197 4.6 UARIHAAD Ty, T, T, wae T il Kp=9.15, Ki= 0 Uag Ky= 0

| aseit | Kp Ki kd Td Tr Ts Tp Mp
1 9.15 0 0 92 2.61 502  |281 15
2 9.15 0 0 2.2 Tifler | Liflan | 2.82 laiflen
3 9.15 0 0 2.28 2.57 6.82 2.8 8
4 9.15 0 0 2.15 laiflen |l | 2.39 Taiiein
5 9.15 0 0 213 | lfler | Liflen |26 Taifien
AVG 2192 | 259 592 | 2684 |115
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A5197 4.7 wanswar Ty, T, T, uaw T, o K= 9.27, K= 0 uaz Ky = 0

asell | K, K, Ky T T, T, T,

1 9.27 0 0 2.18 3.41 3.59 3.41

2 9.27 0 0 1.94 laifien | laifidn | 2.62

3 9.27 0 0 2.46 lafldn | luflan | 2.82

4 9.27 0 0 2.33 laifien | lafidn | 2.79

5 9.27 0 0 2.32 lafidn | laiflen | 2.801
AVG 2246 | 3.41 3.59 2.8882
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A157199 4.8 uanawar Ty, T, T, way i le Ko=9.35, K= 0 Uz Kg=0

asall | K, K, Ky Ts T 7 T

i 9.35 0 0 2.19 lafidr | laflen | 2.99
g 9.35 0 0 1.89 lifldr | ldfien | 259
3 9.35 0 0 1.91 Lifiar | ldflen | 2.21
4 9.35 0 0 2.08 laifien | lLiflen |24

5 9.35 0 0 1.89 laflAn | Liflen | 2.39
AVG 1.992 2.516
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A15797 4.9 uansHa Ty, T, T, wae T, le Ky = 9.25, K = 5.00 uae Ky=0
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| ASsit K K, Kg T T % T
1 9.25 50 0 2.06 2.55 3.8 26
2 9.25 5.0 0 23 2.74 5.4 28
3 9.25 5.0 0 1.93 laifiAn 6.2 2.6
4 9.25 5.0 0 2.02 Taidlen 5 2.7
5 9.25 5.0 0 2.4 28 6.4 3.4
AVG 2.142 2.69 5.36 2.82




Load Output

Load Output

Time in seconds

PID Testing

- ; e

gﬂﬁ 4.14 nymlpuduiussening SP uay PV i Ko = 9.25, Ki= 4.50 uaw Kg= 0

12

Set Point 1.5 kg
Ky = 9.25

K, = 4.50

Ke=0
Ty=2.198s

T, =2802s
Te==5 3195
T.=656s

59



A1574971 4.10 wanaaen T, T, T uwas T, e Ko = 9.25, K;= 4.50 way Ky= 0
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AsIN Ko K; K 7 T, T T,
1 9.25 4.50 0 2.25 Liflen | 8.2 2.59
2 9.25 4.50 0 2.41 Tailen 6.2 3

3 9.25 4.50 0 2.33 3.31 6 3.4

q 9.25 4.50 0 1.96 Taidlein 5.8 2.61
5 9.25 4.50 0 2.04 lufldn |66 2.41
AVG 2.198 3.31 6.56 2.802
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m'swﬁ' 4.11 uaaaNann Ty, T, T, Uay Tp Lﬁa Kp=9.25, K= 550 uaw Ky=0
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AN Ks Ki Kg T4 T: Ts Ty
1 9.25 5.50 0 2.27 2.58 7.6 2.61
2 9.25 5.50 0 2.24 lafimn | 5.6 2.81
3 9.25 5.50 0 2.37 Tadfiein 5.8 2.8

4 9.25 5.50 0 2.33 2.93 6.4 5.6

5 9.25 5.50 0 2.37 2.8 5.6 3
AVG 2316 2.77 6.2 3.364
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A15797 4.12 UARINaA Tes T Ts UBE T, e Ko = 9.25, K= 425.00 Uag Ky= 0

64

242

A9 Ko K, Kq T T, T, Ty
1 9.25 4.25 0 2.45 Taifiein 78 28

2 9.25 4.25 0 2.32 3.55 8.2 76

3 9.25 4.25 0 2.45 Tudien i 2.81
4 9.25 4.25 0 2.44 Taigien 8.6 3

5 9.25 4.25 0 2.53 2.8 5.6 2.81
AVG 3,175 7.44 3.804
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An519fl 4.13 Wansuaen Ty, T, T, uay T, tla K, = 9.25, K = 5.10 uag Ky = 0
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ATIN K, K, Kg & T 5 T,
1 9.25 5.10 0 2.04 2.55 4.41 26
2 9.25 5.10 0 2.18 hi 4.6 2.8
3 9.25 5.10 0 2.16 lifldn | 5.2 2.6
4 9.25 5.10 0 22 Taifiein 5.2 3

5 9.25 5.10 0 1.99 lufian | 8.8 2.6
AVG 2.128 2.55 5.64 2.72
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A15797 4.14 uanNaAn Ty, T, T, Uae Ts la Ko =9.25 K= 5.12 uag Ky= 0

68

Azl | K, K; Kg % T, T, T,

1 9.25 5.12 0 2.15 256 8.78 2.97
2 9.25 5.12 0 2.03 Liflen | 84 2.42
3 9.25 5.12 0 2.35 2.79 6.2 3

4 9.25 5.12 0 233 2.78 5.2 2.82
5 9.25 5.12 0 213 Taifien 6 2.64
AVG 2.198 2.198 6.916 2.77
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A1571991 4.15 wananaen Ty, T, T, uay T ila Ko= 9.25, K;= 512 uag Ky= 0.03

asel | K, K, Ky T T, T, T

1 9.25 512 |0.03 2.28 2.47 3 2.6

2 9.25 5.12 0.03 257 | 296 4.81 3.41
3 9.25 5.12 0.03 2.31 laifien | ladfien | 2.8

4 9.25 512 0.03 2.62 lifian | Liflan | 3.01
5 9.25 5.12 0.03 2.52 Lifimn | lflAn | 2.95
AVG 2.46 2715 | 3905 |20954
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An9197 4.16 Uansad Ty, T, T, Way 1s il Ky=9.25, K= 5.12 wag Ky = 0.05

asell | K, K, Ky ', T, T, T,
1 925 |512 |005 222 [299 |338 |299
2 925 |512 |005 |248 277 |56 3.2
3 925 |512 |005 |257 |3 4 3.2
4 925 |512 005 |25  |304 |48 3.2
5 925 - |512. - |00s | |263 |289 |as8 3,01
AVG 2496 |2938 | 4516 |3.12

12



Load Output

10
PID Testing
160 " ! . i
140 .:--—--'-__._-.-:,. sl e NN, 4
L

120} ) - E
3 w0t 2 B
3 3
2 w| F 4

B0} 4 _

w0l Z . 4

2)0 é é ‘I:J 12 10

Tima in secoads Time in seconds
4 : . PBT::ting . ?
I ¢ b IR Set Point 1.5 kg

ol Ky = 9.25
g K = 5.12
o | : Ka = 0.07

B0 =

Ik A\ Ty=2612

2 i & 0e2mg

o 10 12
Time in seconds
T,=3.2
T, = 6.4975

31]1‘?'1 4.21 nsmauduiugsewing SP uas PV 9 Kp= 9.25, K; = 5.12 Uay Ky = 0.07

73



A13197 4.17 uanawar Ty, T, T, uag T, iile K, = 9.25, K = 5.12 wag Ky = 0.07

aseil | K, K, Ky Ty T T. T,

1 9.25 512 | 0.07 2.69 3.18 4.8 3.19
2 9.25 512 |0.07 2.62 355 8.4 q

3 9.25 512 |0.07 2,65 3.12 58 3.18
i 9.25 5.12 0.07 2.55 lifien [ lifidn | 3.02
5 925|512 007 255 2.95 6.99 3
AVG 2612 | 3.2 6.4975 | 3.278
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A13797 4.18 uanemar Ty, T, T, way To e Ko = 9.25, K= 5.12 uag Ky = 0.14

psall | K, K, Kq T T. T, Ty

i 9.25 5.12 0.14 2.64 2.99 3.6 3

2 9.25 5.12 0.14 2.62 3.01 8.19 3.2

3 9.25 512 0.14 2.63 2.96 4.81 3,03
4 9.25 5.12 0.14 2.2 2.93 5] 3

5 9.25 512 0.14 2.36 laifian | ladflen | 2.78
AVG 2.49 2.9725 | 5.95 3.002
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Favnensianun s K, = 9.25 uae K = 5.12 Auanwan1snaesasei 6.14 ieitey
A1 T, 1aay SAvinAy 2.198 3undt Faganin T, 1dslum1s197 4.4 WU 2.95 3unil saud
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STM32F103xC, STM32F103xD,

STM32F103xE

High-density performance line ARM®-based 32-bit MCU with 256 to 512KB
Fiash, USB, CAN, 11 timers, 3 ADCs, 13 communication interfaces

Features

-

February 2015

Core: ARM® 32-bit Cortex®-M3 CPU

— 72 MHz maximum frequency, 1,25 DMIPS/MHz

(Dhrystone 2.1) perfermance at 0 wait state
memory access

— Single-cycle mulliplication and hardware
division

Memories

— 256 1o 512 Kbytes of Flash memory

— up lo 64 Kbytes of SRAM

— Flexible static memory conlrolier with 4 Chip
Selecl. Supports Compact Flash, SRAM,
PSRAM, NOR and NAND memories

— LCD parallel interface, 8080/6800 modes

Clock, reset and supply management
— 2.0to 3.6 V applicalion supply and 1/Os

Datasheet —production data

®
WLCSPG4

LQFPE4 10 x £0 mm.
LOFP100 14 x 14 mm.
LOFP144 20 x 20 mm

S

LFBGATD0 10 x 10 mm
LFBGA144 10 x 10 mm

— POR, PDR, and progra bie vollage detect
FVD)

= 4-t0-16 MHz crystal oscillator

— Intemal 8 MHz factory-timmed RC

— Intemal 40 kHz RC with calibration

= 32 kHz oscillator for RTC with calibration

Low power

— Sleep, Stop and Standby modes

—  Vgar supply for RTC and backup registers

3 x 12-bil, 1 ps A/D converters (up to 21

channels)

— Conversion range: 0o 36 V

= Upto 11 timers

Up to four 16-bil timers, each with up to 4
IC/OC/PVW or pulse counter and quadrature
(incremental) encoder input

2 x 16-bit motor control PVWM timers with dead-
lime generabon and emergency stop

2 x watchdog timers (Independent and Window)
SysTick timer: a 24-bil downcounter

2 x 16-bit basic timers 1o drive the DAC

= Up te 13 communication interfaces

Upto 2 x 12C interfaces (SMBus/PMBus)

Up 1o 5 USARTs (ISO 7816 interface, LIN, DA
capability, modem control)

Up to 3 SPis (18 Mbit/s), 2 with I2S interface
multiplexed

CAN interface (2.0B Active)

USB 2.0 full speed interface

SDIO interface

e CRC calculation unit, 96-bit unique 1D
« ECOPACK® packages

Table 1.Device summary

—  Triple-sample and hold capability Reference Part pumber
— Temperature sensor STM32F103RC STM32F103VC
2 x 12-bit D/A converters STM32F103xC | craaoF10aze
DMA: 12-channel DMA controlier STM32F103xD | STM32F103RD STM32F103VD
- Supported peripherals: fimers, ADCs, DAC, STM32F103ZD

00, Fom TG N U Ty STMI2F 103 | STMIZF103RE STM32F1032E
Debug mode STM32F103VE
— Serial wire debug (SWD) & JTAG interfaces
— Cortex®-M3 Embedded Trace Macroceli ™
Up to 112 fast I/O porls
—~ 51/80/112 VOs, all mappable on 16 extemal

mnlerrupt veclors and almosl all 5 V-toieranlt

DociD14611 Rev 10 1136

This is nlonation on o product in full production
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STM32F103xC, STM32F103xD, STM32F103xE

Description

2

J

Device overview

The STM32F103xx high-density performance line family offers devices in six different

package types: from 64 pins to 144 pins. Depending on the device chosen, different sets of
peripherals are included, the description below gives an overview of the complete range of
peripherals proposed in this family.

Figure 1 shows the general block diagram of the device family.

Table 2.5TM32F103xC, STM32F103xD and STM32F103xE features

and peripheral counts
Peripherais STM32F103Rx STM32F103Vx STM32F103Zx

Flash memory in Kbytes 256 384 512 | 256 | 384 | 512 | 256 | 384 | 512
SRAM in Kbytes 48 641 48 64 48 64
FSMC No Yes®® Yes

General-purpose
Timers | Advanced-control

Basic

SPI(iPs) 3(2)

¥c 2
- USART 5

usse 1

CAN 1

SDIO 1
GPIOs 51 80 112
12-bit ADC 3 3 3
Number of channels 16 16 21
12-bit DAC 2
Number of channels 2
CPU frequency 72 MHz
Operating voltage 201036V
Opaniog emparrss | AP eTpSSIes 0 85 GOt 108 ot Tl 9
Package LQFP&4, WLCSP64 [ LQFP100, BGA100 | LQFP144, BGA144

1. 64 KB RAM for 256 KB Flash are available on devices delivered in CSP packages only.
2. For the LQFP100 and BGA100 packages, only FSMC Bank1 and Bank2 are available. Bank1 can only

support a multiplexed NOR/PSRAM memo
8-bit NAND Flash memo
not available in tis package

using the NE1 Chip Select. Bank2 can only support a 16- or
ry using the NCE2 Chip Select. The interrupt line cannol be used since Port G is

3. EoeSPI?mSPBinlerlmgivememymmm an exclusive way in either the SPl mode or the
S audio mode.

DociD14611 Rev 10
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Description

STM32F103xC, STM32F103xD, STM32F103xE

Figure 1.STM32F103xC, STM32F103xD and STM32F103xE performance line block diagram
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¥op Y

i NAST
POR lsm]_ v
et [ Por #on —[vum

'ssA
e+ D
Lol osC ™
£
Fi 0sC_ouT
WG
Stondby
imeriace: —Vpar-18 V03IV
SVpaT
2 Joscze N
AR T oscae_out
arc Beden TAMPER-HIC
anG ™ A aasseconD ouT
e
T2 4 chormeks, ETH as AF
<ﬁﬂ T 4 charmaks, ETH ax AF
e 4 chamels, ETH as AF
TIMES 4 chanools s AF
HX TXCTS, HTS
USAAT2 CKaxAF
R TXCTSRTS
= USART R
<:2'> UARTS RX TX s AF
LARTS X, TX asAF
MOSUSD. MSO
<> sreese m?hcxnssm;-u—
S— NOSUSD WIS
S0/ e SCIICK, MCK, HSSWS a5 AF
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USBOPCAN_TX
USHDMWCAN RX

SVppa

e 0L 1 | 1> DIAC_OUT1 25 AF
®
.a..;.c;l' DAC_OUTZ as AF

16661

1. T, =—40°C 1o +85 °C (suffix 6. see Table 74) or 40 °C fo +105 °C (suffix 7, see Table 74), junclion temperature up 1o

105 *C or 125 °C, respectively.
2. AF = alternate funclion on VO port pin 9

12136
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STM32F103xC, STM32F103xD, STM32F103xE Description
Figure 2.Clock tree
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14753

84 MHz.

DoclD14611 Rev 10

When the HS! is used as a PLL clock input, the maximum system clock frequency that can be achieved is

For the USB function to be available, both HSE and PLL must be enabled, with the USBCLK at 48 MHz.
To have an ADC conversion time of 1 s, APB2 must be at 14 MHz, 28 MHz or 56 MHz.

131136
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Description

STM32F103xC, STM32F103xD, STM32F103xE

2:2

14/136

Full compatibility throughout the family

The STM32F103xx is a complete family whose members are fully pin-to-pin, software and
feature compatible. In the reference manual, the STM32F103x4 and STM32F103x6 are
identified as low-density devices, the STM32F 103x8 and STM32F103xB are referred 1o as
medium-density devices and the STM32F103xC, STM32F103xD and STM32F103xE are
referred to as high-density devices.

Low-density and high-density devices are an extension of the STM32F103x8/B medium-
density devices, they are specified in the STM32F103x4/6 and STM32F103xC/D/E
datasheets, respectively. Low-density devices feature lower Flash memory and RAM
capacilies, less timers and peripherals. High-density devices have higher Flash memory
and RAM capacities, and additional peripherals like SDIO, FSMC, I12S and DAC while
remaining fully compatible with the other members of the family.

The STM32F103x4, STM32F103x6, STM32F103xC, STM32F103xD and STM32F103xE
are a drop-in replacement for the STM32F103x8/B devices, allowing the user to try different
memory densities and providing a greater degree of freedom during the development cycle.

Moreover, the STM32F103xx performance line family is fully compatible with all existing
STM32F101xx access line and STM32F102xx USB access line devices.

Table 3.5TM32F103xx tamily
Low-density devices |Medium-density devices High-density devices
{Pinout| 18 KB 32KB 64 KB 128 KB 256 KB 384 KB 512 KB
Flash Flashf® Flash Flash Flash Flash Flash

6 KB RAM| 10 KB RAM |20 KB RAM |20 KB RAM| 48 RAM |64 KB RAM |64 KB RAM)|

144 5 x USARTs
100 4 x 16-bit timers, 2 x basic timers.
3 x USARTs 3 x SPls, 2% 1%8s, 2 x 12Cs
L) CA .
5 « USABTS 3 x 16-bit timers USB, CAN, 2 x PWM timers

64 2 x SPls, 2 x 1°Cs, USB, |3 x ADCs, 2 x DACs, 1 x SDIO

2% T6-bit timers CAN, 1x PWMtimer  |FSMC (100- and 144-pin packages'?)
1x SPI, 1 x °C, USB, 2 ADCS

48 |CAN., 1 x PWM timer

% 2x ADCs

-

- For orderable pari numbers that do not show the A inlemal code afler the lemperature range code (6 or 7).
the reference datasheet for electrical characteristics is that of the STM32F 103x8/B medium-tdensity
devices.

2. Pons F and G are nol available in devices delivered in 100-pin packages.

DoclD14611 Rev 10 ‘Yl
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Figure 4.STM32F103xC and STM32F103xE performance line BGA100 ballout
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STM32F103xC, STM32F103xD, STM32F103xE Pinouts and pin descriptions

Figure 5.5TM32F103xC and STM32F103xE performance line LQFP144 pinout
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STM32F103xC, STM32F103xD, STM32F103xE

Pinouts and pin descriptions

Figure 6.STM32F103xC and STM32F103xE performance line LQFP100 pinout
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STM32F103xC, STM32F103xD, STM32F103xE

Pinouts and pin descriptions

Table 5.High-density STM32F103xx pin definitions

Pins s Alternate functions(®
g g g E § g Pin name rg i fun“c:t:lm
g g S ;c;_ l('i 3 g (after reset) Defauit Remap
ol e el el =
alas|-|-]1]1 PE2 vo|FT]  PE2 TRACECK/ FSMC_A23
a3l -|-|2]2 PE3 VO[FT| PE3 TRACEDO/FSMC_A19
B2fca|-|-|3]3 PE4 VO|FT{  PE4 TRACED1/FSMC_A20
B3fpa|-|-|4]4 PES VO|FT! PEs TRACED2/FSMC_A21
B4|E3|-|-|5]5 PEB VO|FT|  PES TRACEDI/FSMC_A22
cz2le2{ce|1|6 |86 Vaar s Vaar
At |azics| 2|7 |7 [FOSTRMPER o PC13® TAMPER-ATC
B1|ai|es|3|s e}  FC* _ o PC14 0SG32_IN

0SG32_IN®

cilei(erfa ool B w0 PCI5® 08Ca2_oUT
cadyt | L1 PTG PFO rolFr|  PFo FSMC_AD
cal - [-]-1]-In PF1 vo|Frf  Pprt FSMC_A1
oal - | -]-]-]w2 PF2 vo[FT| PF2 FSMC_A2
el-{-1-]-]m3 PF3 Vo{FT}  PF3 FSMC_A3
e -|-]-1-114 PF4 volFr|  Pr4 FSMGC_Ad4
eafl - |-1-1- |15 PF5 VO|FT| PFs FSMC_AS
D2|Cc2|-|-|10|16 Vss s 5 Vss s
D3| D2 11 {17 Voo s s Voo s
F3 - - |18 PF6 Vo PF6  |ADC3_IN4/FSMC_NIORD
F2(-|-]-]-]we PF7 Vo PF7 ADC3_INS/FSMC_NREG
Gal-|-]-]-]=0 PFa o PF8  |ADC3_ING/FSMC_NIOWR
G2l - {-]-1-]2 PF3 Vo PF9 ADG3_IN7/FSMC_CD
G| =] “F- ]2 PF10 Vo PF10 | ADC3_INS/FSMC_INTR
Di|ci|ps| 5 |12f23] oOscN ] OSC_IN
E1{D1(D7| 6 [13]24] oscout |o OSC_OUT |
F1|E1|c7| 7 |1a]25 NRST Vo NRST
H1|Fi|Es| 8 |15]26 PCO o PCO ADC123_IN10
H2|F2 |Fa| o |16]27 PC1 Vo PC1 ADC123_IN11
H3|E2 D610 17 |28 PC2 Vo PC2 ADC123_IN12
Ha|F3| - |11]18 |29 pc3f? 1o PC3 ADC123_IN13
M [G1|E7|12] 19|30 Vssa S Vama

9

DoclD14611 Rev 10

31136

92



Pinouts and pin descriptions

STM32F103xC, STM32F103xD, STM32F103xE

Table 5.High-density STM32F103xx pin definitions (continued)

Pins & Alternate functions®)
-
= Main
83 g 8|3| pinname |38 § function!®
é § HHAR 2| o (after reset) Defauit Remap
HHHEIHE =
KijH1| - 2013 VREF- ] VREF—
o gl -l21|s2}  veer. | Vier,
M1 | Ki |G8|13]|22 |33 Vooa s VAL
WKUP/USART2_CTS®!
ADC123_IND
J2 1G2|F6 14|23 |34] PAaD-WKUP VO PAD TIM2. CHI_ETH
TIM5_CH1/TIM8_ETR
USART2Z_RTS®
K2 | H2 [E6 | 15] 24 |35 PA1 o PA1 ADC123_IN1/
TIM5_CH2/TIM2_CH2!
USARTZ_TXIMIMs_CH3|
L2 |J2 [HB {1625 |36 PA2 vo PA2 ADC123_IN2/
TIM2_CH3 @
USART2_RX®/TIM5_CH4
M2 | K2 |G7|17| 26 |37 PA3 o] PA3  [ADC129 INITIM2. GHa®)
G4 |E4 |F5/|18|27 |38 Vss 4 5 Vss 4
F4 | F4 |G6| 19|28 Voo 4 5 Voo 4
SPI1_NSS!®
J3 | G3|H7|20] 29 PA4 o PA4 USART2_CKI®
DAC_OUT1/ADC12_IN4
SPI1_SCK®!
K3 |H3 [E5|21 30 |41 PAS Vo PAS DAC_OUT2 ADG12 INS
SPH_MISO™
L3|J3 Gs|22|31 |42 PAB o PAS TIMB_BKIN/ADC12 IN6 | TIM1_BKIN
TIM3_CH1!9
SPI1_MOSI);
M3| K3 |Ga|23|32 |43 PA7 Vo PA7 TIM8_CHIN/ADC12_IN7 |  TIM1_CHIN
TIM3_CH2!9)
J4 (G4 |H6|24]33 |44 PC4 7o) PC4 ADC12_IN14
K4 | H4 |H5| 25| 34 |45 PC5 Vo PCS ADC12_IN15
ADC12_IN&/TIM3_CH3
L4 | J4 |H4|26| 35|46 PBO o PBO M8 CHEN TIMi_CH2N
ADC12_IN9/TIM3_CH4'®
M4 | Ks | Fa|27| 36|47 PB1 1o PB1 TVB CHaN TIM1_CH3N
Js | G5 {H3| 28| a7 |48 PB2 VO |FT| PB2/BOOT1
Ms| - | -|-]- |40 PF11 vo|rr| pF1 FSMC_NIOS16
Ls|-(-f-{-]s0 PF12 VO|FT] PF12 FSMC_AG
32136 DociD14611 Rev 10 ‘Yl
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STM32F103xC, STM32F103xD, STM32F103xE

Pinouts and pin descriptions

Table 5.High-density STM32F103xx pin definitions (continued)

Pins & Alternate functions®
g g g E § g Pin name :g ; ﬁm?l:nm
g g S| 3 3 E (after reset) Default Remap
LiLiz|Zala -
s - [-]- 51 Visig s Vss s
G5 -1 -]s2 Voo e s Vob.s
= i | o Foe Lol PF13 voler] P13 FSMC_A7
M6 B I R PF14 volFr] PFi4 FSMC_AB
6] - | # - 55 PF15 ro|Fr] PF15 FSMC_A9
K6 | - |[-1-1]-]s6 PGO vo|Fr{  PGO FSMGC_A10
sl -1-1-1-1Is7 PG1 vol|rr] P&t FSMC_A11
M7{Bs| - | - | 3858 PE7 vo|Fr]  PE7 FSMC_D4 TIM1_ETR
7|5 -] - [a9]59 PEB vo|Fr|  Ppes FSMC_D5 TIMI_CH1N
K7{Kks| - | - [40]60 PEQ vo|Fr| PEg FSMC_D6 TIM1_CH1
HE | - - {81 NI s Vg
G| - | -|-|-le2] pps ) Vool
Jsrice| - | - |41]e3 PE10 vo|FT| PE10 FSMC_D7 TIM1_CH2N
HB [ H6 | - a2leal  PEM vo|Fr|  PEN FSMC_D8 TIM1_CH2
J8|Js| -] -43]ss PE12 vO|FT] PE12 FSMC_D8 TIM1_CH3N
ke |ke| - | - [44]66 PE13 volFT| PE13 FSMC_D10 TIM1_CH3
8|ar| - |- |as|er PE14 volFT|  PE14 FSMC_D11 TIMI_CH4
me|HT| - | - 4868 PE15 Vo|FT|  PE15 FSMC_D12 TIM1_BKIN
™o | J7 |Ga|20] 47 |69 PB10 VO|FT{  PB10  |I2C2 SCL/USART3 TX®|{ TiM2_CH3
M10| K7 |F3|30| 48 |70 PB11 VO [FT PB11 12C2_SDA/USART3_RX?|  TIM2_CH4
H7 | €7 |H2 |31 49 |71 Vs 1 s Vs 4
a7 | F7 |H1|32] 50 |72 Voo 1t s Voo s
] SPI2_NSS/252_ WS/
Mi1| ks |G2[a3]s51 (73] eeiz  luofer] esi2 U‘gfé;g}%‘,
TIM1_BKIN®
SPI2_SCK/2S2_CK
M12| JB [G1|34 |52 |74 PB13 VO|FT| PB13 USART3_CTS®/
TIM1_CHIN
Lit|us|F2|as|salrs|  eBia  |vO|FT| PBIa Sp%mm‘s—,gjm
L12|GB|F1|36{54 |76 PB15 VO|FT PB15 SP%&':??:;?%ESD
ke -|-|ss]77 PD8 ro|FT}  PD8 FSMC_D13 USART3_TX
kKa|Jo|-|-|s6]78 PD9 VOlFT|  PD9 FSMC_D14 USART3_RX
&7 DoclD14611 Rev 10 33136
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Table 5.High-density STM32F103xx pin definitions (continued)

Pins s Alternate functions(®)
£ |8 Main
§§§g§§ Pin name l§§fum:ﬁmm
oo |8 e o/ (after reset) Default Remap
2121£|3|9|S =
5(51= ~j
Jo|He | - 57|79 PD1D o|Frf  PDIO FSMC_D15 USART3_CK
Ho | Go - | 58|80 PD11 volFri PDmM FSMC_A16 USART3_CTS
TIM4_CH1/
Lto|kio| - | - | 50|81 PD12 ro|Fr]  PDI2 FSMG_A17 EARTS. HIS
KiolJwo| - | - [eos2 PD13 vol|Fr|  PD13 FSMC_A18 TiM4_CH2
GB| - | -|-|-|8 Vss g S Vss &
F8 -1 - [ee Voo.s s Vo A
K11fHo| - | - [e1]es PD14 vo|Fr{ PD14 FSMC_DO TIM4_CH3
Kizleo| - | - |82 ]8s PD15 vo|rFr]  PD15 FSMC_D1 TIM4_CH4
Ji2| - [-|-1-]s7 PG2 volFr| PG2 FSMC_A12
gl - [-|-1]-|ss PG3 voler]  pPG3 FSMC_A13
Jiof - | -1-1-]s89 PG4 ol|Fr] P4 FSMC_A14
izl - |- |-]- Jeo PGS volrrl  Pos ESMC_A15
Wi - [ -1 -1- o PGB vo|Fr| PGB FSMC_INT2
Hiol - [-[-1- e PG7 vo|Fr] PG7 FSMC_INT3
ci] L s PGS volrr|  PGs
G| - |- |- |- [os Vs o S Vel
Fro - | -|-1-1es W@ s Vo
1252_MCK/
G12[F10{E1|37 |63 |96 PCE o|FT]  PCe TV Caihig. TIM3_CH1
1253_MCK/
F12|E1D|E2| 38| 64 |97 PC7 VO|FT PC7 TIMB_CH2/SDIO_D7 TIM3_CH2
F11| Fo |E3 |30 |65 |98 PCB vo|Fr] pcs TIMB_CH3/SDIO_DO TIM3_CH3
E11| E9 [D1]40] 66 |99 PC9 vo|FT]  PCe TIMB_CH4/SDIO_D1 TIM3_CH4
USART1_CHK/
E12| Do | E4 |41 | 67 {100 PAB VO|FT|  Pas | Mgt i
USART1_TX!%
Di2| o [ D2 |42 68 101 PA9 vo|FT|  PAg TRN. Ciio™®
. USART1_RX®)/
p11|D10{ D3| 43 | B9 [102 PA10 FT{ PA10 TN, CHa®
USART1_CTS/USBDM
cizlcioct|44]| 70103 Patd VOIFT]  PATL | o e @M1, CHA®
iz|gtofcz |45 71 [ piz  (wolrT]  parz | A

9
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STM32F103xC, STM32F103xD, STM32F103xE

Pinouts and pin descriptions

Table 5.High-density STM32F103xx pin definitions (continued)

Pins s Alternate functions(¥)
g g g g § g Pin name =|§ § funtt?o':\m
g g 3 = 3 !6 E (after reset) Default Remap
= el -
A12[a10|{D4 |46 | 72 [105]  PA13 VO [FT sJ\T-.'Nr;%o PA13
Ci1| F8 - 173N Not connected
Go |6 |B1|a7]74f107]  Vego S Vigs
Fo |Fe [A1]48]75f08] Voo s Vénlz
A1) A9 (B2|49| 76 J10o]  PA14  |vOlFT s‘r\nrrcctx PA14
atolas |calso| 77110l pas  |voler] sroi Sig,’sag_“\fg" g;\%gﬁ;—j?s
B11| B9 |az|51| 78 [111]  ecio vol[rFr| Pci0 UART4_TX/SDIO_D2 | USART3 TX
B10| B8 [B3|52 79 112' PC11 ro|Fr| PC1 UART4_RX/SDIO_D3 USART3_RX
cio{cs |ca|s3|sof11s  pci2 w|er]  Pci2 UARTS TX/SDIO_CK | USART3 CK
E10| D8 [D8| 5 | 81 [114) PDO VO [FT| OSC_IN'O) FsMmc_p2i' CAN_RX
D10l E8 (D7 | 6 | 82 [115 PD1 o | Frjosc_ouT!® FSMC_Daf!h CAN_TX
€9 |67 |A3|sale3fing P2 uofFTf po2 dll crac el
pelcz|-|-]safn PD3 wl|Fr| PD3 FSMC_CLK USART2_CTS
col|o7| - | - [es | PDa FT| PD4 FSMC_NOE USART2_RTS
B6|-|-|es|i1s]l  pDs Vo{FT] PD5 FSMC_NWE USART2_TX
E7| - -] - 129 Vssqp S Vss_ 10
|- |- 1=1]- |2y | Veoto s Vodls
aslcs|-|-|srh PD6 vo|Fr|  PD6 FSMC_NWAIT USART2_AX
A9 D6 | - 86 [123 PO7 VO[FT] PD7  |FSMG_NE1/FSMG_NCE2] USART2_CK
Eeh - A 124 PGY volFr]  Pe9  |FSMC_NE2/FSMC_NCE3
D8 - f - - jesl  pee lwojFrl  Paito Fﬁ%‘fgg”
] 126 PGI1 volFr|  PG11 FSMG_NGE4_2
Baf - {-|-|- |27l PGz o|Fr] PGI2 FSMC_NE4
D7| - - |128]  Pa13 voler|  Pei3 FSMC_A24
cr|-[-]-1- 2ol PGia vo[rr| PG4 FSMC_A25
E6| - |- |-} - [130 Vsg 11 S Vss 11
F6| - | - - 131 Voo 11 S Voo 11
7| - [-[-1- heel Peis vo[rrf  PGi5
Is73 DoclD14611 Rev 10 351136
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Table 5.High-density STM32F103xx pin definitions (continued)

Pins s Alternate functions'®)
=|e Main
gg §E§§ Pin name éimncﬂm"’
glo |8 - o/ (after reset) Default Remap
218/d3|5|8 E:
Li%Si= ) [
PBXTRACESWO
A7 | A7 [A4 |55 89 {133 PB3 VOIFT JTDO SPI3_SCK/1283_CK/ TIM2_CH2}
SPI1_SCK
’ PB4/ TIM3_CH1
A6 | AG |B4 |56 90 |134] PB4 VOIFT| NJTRST SPI3_MISO SPI1_MISO
12C1_SMBA/ SPI3_MOSI TIM3_CH2/
B6 | C5 | A5 |57 | 91 {135 PB5 Vo PB5 1283_SD SPI_MOSI
C6 | B5 [B5| 58| 92 |136] PBB o PB&  [i2C1_SCL'® TIM4a_CH1'®  USART1_TX
12C1_SDA!?/
D6 | A5 |C5| 59| 93 [137| PB7 /o PB7 FSMC_NADV / USART1_RX
TiM4_CH2!%
D5 D5 |AB | B0 | 94 1138 BOOTO 1 BOOTO
© 12C1_SCU
C5| B4 |D5| 61| 95 [129) PB8 FT PB8 TIM4_CH29/SDIO_D4 CAN. RX
B5| A4 86|62 o6 j1a0f  PBO vo|Fr| peo TiM4_CHa®yspio_ps | '2C1_SDA/
CAN_TX
A5 D4} - | - |97 141 PEO VO (FT PEO TIM4_ETR / FSMC_NBLO
A4 |Ca| - | - |98 142 PE1 VO IFT PE1 FSMC_NBL1
E5 |E5 |A7|63 |99 Vss 3 s Vss 3
Fs | Fs |aB|6af100f144]  vpp 4 s Voia
1. I=input, © = oulput, S = supply.
2. FT=5Violerant.
3. Funclion availability depends on the chosen device.
4. |fseveral peripherals share the same 1/O pin. to avoid conflict between these allernate functions only one peripheral shouid

be enabled al a time through the peripheral clock enable bit (in the corresponding RCC peripheral clock enable register).

. PC13, PC14 and PC15 are supphied through the power swilch. Since the switch only sinks a limited amount of current (3
mA). the use of GPIOs PC13 1o PC15 in cutput mode is imiled: 1he speed should nol exceed 2 MHz with a maximum load
of 30 pF and these 10s must not be used as a current source (e.g. 1o drive an LED).

& Main function after the first backup domain power-up. Later on, # depends on the contents of the Backup registers even
after reset (because these registers are not resel by the main reset). For details on how 1o manage these I0s, refer 1o the
Batiery backup domain and BKP regisier descnphion seclions in the STM32F 10xxx reference manual, available from the
STMicroelectronics website: www.st.com.

7. Inthe WCLSP64 package, the PC3 1O pin is nol bonded and it must be configured by software to output mede (Push-pull)
and writing 0 to the dala regisler in order 10 avoid an exira consumption during low power modes.

8. Uniike in the LQFPG4 package. there is no PC3 in the WLCSP package. The Vgeg, funclionality is provided instead.

9. This akt jon can be remapped by to some other port pins {if available on the used package). For more
details, refer 1o the Altemate funchion /0 and debug configuration section in the STM32F 100 reference manual,
available from the STMicroelectronics website: www.sl.com.

10. For the WCLSP64/LQFP64 package. the pins number 5 and 6 are configured as OSC_IN/OSC_OUT after reset. however
the functionality of PDO and PD1 can be remapped by software on these pins. For the LQFP100/BGA 100 and
LQFP144/BGA144 packages, PD0 and PD1 are available by detaull, so there is no need for remapping. For more detais,
refer to Allemale funclion /O and debug configuration section in ihe STM32F10xxx reference manual.

11. For devices defivered in LQFP64 packages. the FSMC function is not available.

w
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STM32F103xC, STM32F103xD, STM32F103xE Pinouts and pin descriptions
Table 6.FSMC pin definition
FSMC
p— i
CF CFNDE SRAM | NOR/PSRAM Mux | NAND 16 bit
PE2 A23 AZ3 Yes
PE3 A19 A19 Yes
PE4 A20 A20 Yos
PE5 A21 A21 Yes
PES A22 A22 Yes
PFO AD AQ AD -
PF1 Al A1 A1 -
PF2 A2 A2 A2 "
PF3 A3 A3
PF4 A4 A4 3
PF5 A5 A5 -
PF6 | NIORD | NIORD X
PF7 | NREG | NREG %
PFE | NIOWR | NIOWR =
PFg cD cD -
PF10 | INTR INTR
PF11 | NIOS16 | NIOS16 -
PF12 AB AB
PF13 AT A7
PF14 A8 A8 -
PF15 A9 A9 -
PGO A10 A0 -
PG1 All o
PE7 D4 D4 D4 DA4 D4 Yes
PES D5 D5 D5 DAS D5 Yes
PE9 D6 D6 D6 DAG D6 Yes
PE10 D7 D7 D7 DA7 D7 Yes
PE11 D8 D8 D8 DAB D8 Yes
PE12 D9 D9 D9 DAY D9 Yes
PE13 D10 D10 D10 DA10 D10 Yes
PE14 D11 D11 D1 DA11 D1 Yes
PE15 D12 D12 D12 DA12 D12 Yes
PD8 D13 D13 D13 DA13 D13 Yes
‘?I- DociD14611 Rev 10 37136
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Pinouts and pin descriptions STM32F103xC, STM32F103xD, STM32F103xE

Table 6.FSMC pin definition (continued)

FSMC
Fins NOR/PSRAM/ Bator
cr | crpe | NOTESRAW NOR/PSRAM Mux | NAND 16 bit
PD9 D14 D14 D14 DA14 D14 Yes
PD10 D15 Dis D15 DA15 D15 Yes
PD11 A16 A6 CLE Yes
PD12 A7 A17 ALE Yes
PD13 A18 A18 Yes
PD14 Do Do Do DAD DO Yes
PD15 D1 D1 D1 DA1 D1 Yes
PG2 Al2 -
PG3 A13
PG4 Al4 3
PG5 AlS !
PGB INT2 ]
PG7 INT3
PDO D2 D2 D2 DA2 D2 Yes
PD1 D3 D3 ) DA3 D3 Yes
PD3 CLK CLK Yes
PD4 | NOE | NOE NOE NOE NOE Yes
PD5 | NWE | NWE NWE NWE NWE Yes
PDE | NWAIT | NWAIT |  NWAIT NWAIT NWAIT Yes
PD7 NE1 NE1 NCE2 Yes
PGSO NE2 NE2 NCE3 y
PGI0 | NCE4_1 | NCE4_1 NE3 NE3 F
PG11 | NCE4.2 | NCE4_2 -
PG12 NE4 NE4 ;
PG13 A24 A24 :
PG4 A5 A25 :
PB7 NADV NADV Yes
PEO NBLO NBLO Yes
PE1 NBLT NBL1 Yes
1. Porls F and G are not available in devices delivered in 100-pin packages.
38/136 DociD14611 Rev 10 (<73




STM32F103xC, STM32F103xD, STM32F103xE

Memory mapping

4

Memory mapping

The memory map is shown in Figure 9.

Figure 9.Memory map
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Product Overview

The Arduinc Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

Technical
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Technical Specification

EAGLE files: arduino-mega2560-reference-design.zip Schematic: i

Summar

Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12v
Input Voltage (limits) 6-20V
Digital /O Pins 54 (of which 14 provide PWM output}
Analog Input Pins 16
DC Current per /0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
the board

Power
Led

S
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-
a ) sw sz e
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Power

The Arduino Mega2560 can be powered via the USB connection or with an exdemal power supply. The power source is
selected aulomatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-posilive piug inlo the board's power jack. Leads from a battery
can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an extemal supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable. i using more than 12V, the voltage regulator may overheat
and damage the board. The recornmended range is 7 to 12 volis.

The Mega2560 ditfers from all preceding boards in that # does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmega8U2 programmed as a USB-lo-serial converler.

The power pins are as follows:

* VIN. The inpul voltage 1o the Arduino board when it's using an extemnal power source (as opposed to 5 volts
from the USB conneclion or other regulated power source). You can supply vollage through this pin, or, if
supplying voltage via the power jack, access it through this pin.

* 5V. The regulaled power supply used to power the microcontrolier and other components on lhe board. This
can come either from VIN via an on-board reguiator, or be supplied by USB or another regulated 5V supply.

= 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum curen! draw is 50 mA.

= GND. Ground pins.

Memor

The ATmega2560 has 258 KB of flash memory for storing code (of which 8 KB i is. used for the bootioader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and writien with the

Input and Oufput

Each of the 54 digital pins on the Mega can be used as an input or outpul, using pinMode(, digitalWrite(), and
digitalRead() functions. They operate al 5 volts. Each pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

* Serial: 0 (RX) and 1 (TX); Serial 1: 19 {RX) and 18 {TX); Serial 2: 17 {RX) and 16 (TX}); Serial 3: 15 (RX) and
14 (TX). Used to receive (RX) and transmit (TX) TTL senal data. Pins 0 and 1 are also connecied to the
comesponding pins of the ATmega8U2 USB-to-TTL Serial chip .

* Extemal interrupts: 2 {interrupt 0), 3 {interrupt 1), 18 {interrupt §), 19 (interrupt 4), 20 {interrupt 3), and 21
(interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a
change in value. See the attachinterrupt() function for details.

PWM: 0 to 13. Provide 8-bit PWM output with the analogWirite() function.

SPL 50 (MISO), 51 (MOSI), 52 {SCK), 53 {SS). These pins support SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SP1 pins are also
broken out on the ICSP header, which is physically compalible with the Duemilanove and Diecimila.

s LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off.

* PC: 20 (SDA) and 21 {SCL). Support I*C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the 1°C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (iLe. 1024 different values). By default
they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
analogRelference() function.

There are a couple of other pins on the board:

= AREF. Reference voitage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW 1o reset the microcontroller. Typically used to add a resel button to shields which
block the one on the board.
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTS for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com pori to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the beard
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data 1o be sent 1o and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmegaB8U2 chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial cormmunication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI)} and SPI communication. The Arduino software includes a Wire

library to simplify use of the 12C bus; see the documentation on the Wiring website for details. To use the SPI
communication, please see the ATmega2560 datasheet.

% Programming

The Arduino Mega2560 can be programmed with the Arduino software (download). For details, see the
reference and {utorials.

The Almega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

RS radiospares rabioNics 4
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Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmegaBU2 is connected 1o ihe reset line of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (laken low), the reset line drops long enough 1o reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorier timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This selup has olher implications. When the Mega2560 is connected to either a computer running Mac OS X
or Linux, it resels each time a conneclion is made 1o it from software {via USB}). For the following half-second
or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of daia sent fo the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

A USB Overcurrent Protection

The Arduinoc Mega has a reseltable polyfuse that prolecis your computer's USB ports from shorts and
overcurent. Although most computers provide their own intemal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the shert or overload is removed.

Physical Characteristics and Shield Compatibilit

The maximum lenglh and width of the Mega PCB are 4 and 2.1 inches respeclively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be afiached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1}, as are exiernal interrupts O and 1 {pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that FC is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila {analog inputs 4 and 5).
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your persanal
OS. Check on the Arduino site for the latest instructions. http:/arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to "burn” your
first program on the arduino board. To
select “blink led”, the physical translation
of the well known programming “hello
world”, select

* lmuFin = 133

File>Sketchbook>
Arduino-0017>Examples> cru (3| o
Digital>Blink i (Ledpin, cUTHOTY:

Once you have your skecth you'll
see something very close to the
screenshot on the right. «

on (]
fletlan, HiuM)s

{tooo)

In Tools>Board select MEGA °7 [deabing L)

(Lo00} >

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

° Done compiling

Press Compile bufton
{to check for errors]
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INSTRUMENTS LM1117-N, LM11171
W.ﬁ.enm SNOS412M —FEERUARY 2000-REVISED MARCH 2013
LM1117-N/LM11171 800mA Low-Dropout Linear Regulator
Check for Samples: LM1117-N, LM11171
FEATURES DESCRIPTION

= Available in 1.8V, 2.5V, 2.85V, 3.3V, 5V, and
Adjustable Versions
+ Space Saving SOT-223 and WSON Packages
+ Current Limiting and Thermal Protection
» Output Current 800mA
= Line Regulation 0.2% (Max)
» Load Regulation 0.4% (Max)
+ Temperature Range
- LM1117-N: 0°C 1o 125°C
— LM11171: -40°C to 125°C

APPLICATIONS

« 2.B5V Model for SCSI-2 Active Termination

« Post Regulator for Switching DC/DC Converter
+ High Efficiency Linear Regulators

+ Battery Charger

= Battery Powered Instrumentation

TYPICAL APPLICATION

Active Terminator for SCSI-2 Bus

The LM1117-N is a series of low dropout voltage
regulators with a dropout of 1.2V at 800mA of load
current. It has the same pin-out as Texas
Instruments’ industry standard LM317.

The LM1117-N is available in an adjustable version,
which can set the output voltage from 1.25V 1o 13.8V
with only two external resistors. In addition, it is also
available in five fixed voltages, 1.8V, 2.5V, 2.85V,
3.3V, and 5V.

The LM1117-N offers current limiting and thermal
shutdown. lts circuit includes a zener trimmed
bandgap reference to assure output voltage accuracy
to within +1%.

The LM1117-N series is available in WSON, PFM,
SOT-223, TO-220, and TO-263 DDPAK packages. A
minimum of 10uF lantalum capacitor is required al
the output to improve the transienl response and
stability.
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Figure 1. Fixed Output Regulator

A Please be aware that an important notice concerning availability, standard waranty, and use in aritical applications of
Texas Insiruments semiconductor products and disclaimers therelo appears at the end of this data sheet.

All trademarks are the property of their respective owners.
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Block Diagram
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Figure 2. SOT-223 Top View
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Figure 3. TO-220 Top View
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Figure 4. PFM Top View
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Figure 5. DDPAK/TO-263 Top View
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Figure 6. DDPAK/TO-263 Side View
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LM1117-N ELECTRICAL CHARACTERISTICS
Typicals and limits appearing in normal type apply for T, = 25°C. Limils appearing in Boldface type apply over ihe enlire

junction femp range for operation, 0°C to 125°C.
Symbol Parameter Conditions Min" Typ® Max(? Units
Veer Reference Voltage LM1117-N-ADJ
lgur = 10MA, Viy-Vouy = 2V. T, = 25°C 1.238 1.250 1.262 v
10mA < loyr < BOOMA, 1.4V £ VirVoun 1.225 1.250 1.270 v
10V
Vour Ouiput Voltage LM1117-N-1.8
lgur = 10MA. Viy =38V, T, = 25C 1.782 1.800 1818 v
0 = lgyr S BOOMA, 3.2V £ Viy S 10V 1.746 1.800 1.854 3
LM1117-N-2.5
four = 10MA, Viy = 45V. T, = 25°C 2.475 2500 2525 v
0 2 lgyr < BOOMA, 3.9V £V S 10V 2.450 2500 2550 v
LM1117-N-2.85
lgur = 10MA, Viy = 485V, T; = 25°C 2.820 2.850 2.880 v
0% lgyr < B00mA, 4.25V < Vi, < 10V 2.790 2.850 2910 v
0 < lgyr S 500mA, Vi = 4.10V 2.790 2.850 2910 v
LMI117-N-3.3
lour = 10mA, Vgy = 5V T = 25°C 3.267 3,300 3333 v
0 % Iyt < 800mA, 4.75V< Viy S 10V 3.235 3.300 3.365 v
LM1117-N-5.0
lout = 10MA, Viy= 7V, T, = 25°C 4.950 5.000 5.050 v
0 < loyr < 800mA, .5V < Vins 12V 4.900 5,000 5100 v
AVour | Line Regulation'™ LN1117-N-ADJ
lgut = 10MA, 1.5V < Vg Vour < 13.75V 0.035 0.2 %
LM1117-N-1.8 1 6 mY
loyr = OmMA, 3.2V < Vig s 10V
LM1117-N-25 1 ] mv
lgur = OmA, 3.9V S Vi £ 10V
LM1117-N-2.85
lour=0mA, 4.25V < Vg £ 10V 1 [ my
LM1117-N-3.3
lour = OMA, 475V S Vy £ 15V 1 [ mv
LM1117-N-5.0
lout = OMA, 6.5Y < Viy 5 15V 1 10 my
AVour | Load Regutation!™ LM1117-N-ADJ
Ve Voyr = 3V, 105 Iy < B00MA 02 0.4 %
LM1117-N-1.8 1 10 mv
Vi = 32V, 0 < loyy S B00mMA
LM1117-N-2.5 1 10 mv
Vi = 3.9V, 0 < loyy S BOOMA
LM1117-N-2.85
Vi = 4.25V, 0 S gy < B00MA 1 10 mv
LM1117-N-3.3
Vi = 4.75V, 05 loyr < BOOmA 1 10 my
LM1117-N-5.0
Vi = 6.5V, 0 % gyt < B00MA 1 15 my
ViV our | Dropout Voitage? lour = 100mA 1.10 1.20 v
lgyr = 500mA 115 1.25 v
loyr = 800mA 1.20 1.30 v

(1) Al limits are ensured by tesfing or stafistical analysis.
{2} Typical Values represent the most likely parametric normal.

{3) Load and line regulation are measured at constant j
14) ThedapwlvoﬂngeisMMWMNMMciMWWIMMMWHWhmnvnnaue.h:s

measured when the output voltage has dropped 100mV from the nominal value oblained at Vi = Vour +1.5V.

unclion room temperature.
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LM1117-N ELECTRICAL CHARACTERISTICS (continued)

LMI117-N, LM11171

SNOS4120 —FEBRUARY 2000-REVISED MARCH 2013

Typicals and kmits appearing in normal type apply for T, = 25°C. Limils appearing in Boldface type apply over the entire

junction temperature range for operation, 0°C to 125°C.

Symbol Pa Conditions Min( Typ® Max(® Units
W | Current Limit Vix-Vour = 5V. Ty = 25°C 800 1200 1500 mA
Minimum Load LM1117-N-ADJ
Current™ Vin = 15V 1.7 5 mA
Quiescent Current LM1117-N-1.8 10 mA
Vi € 15V
LM1117-N-25 5 10 mA
Vi S 15V
LM1117-N-2.85
Vi < 10V 5 10 mA
LM1117-N-3.3
Vi £ 15V 5 10 mA
LM1117-N-5.0
Vi <15V 5 10 mA
Thermal Regulation Tp = 25°C, 30ms Pulse 001 a1 %W
Ripple Regulation :H‘TPlE =1 20Hz, Var-Vour = 3V Vaipae = 60 75 d8
PP
Adjust Pin Current 60 120 HA
Adjust Pin Current 10 2 loyr€ 800MA,
Change 1.4V < V- Vur S 10V 02 5 pA
Temperature Stabilty 05 %
Long Term Stability Ta = 125°C. 1000Hrs 03 %
RMS Output Noise {% of Vgyr). 10Hz < 1 S10kHz 0.003 %
Thermal Resistance | 3-Lead SOT-223 150 <w
dunclion:lo-Case 34ead TO-220 30 <W
3-Lead TO-263 10 TW
Thermal Resistance | 3-Lead SOT-223 (No heal sink) 136 “CW
mﬁm«‘ 3-Lead TO-220 {No heal sink) 79 <
3-Lead TO-263® {No heat sink) 92 CW
3-Lead PFM 55 TW
8-Lead WSON” 40 TW

{5) The minamum

{6} Mimmum

oulput
pad size of 0.038in®

current required 1o maintain regulation.

(7} Thermal Perormance for the WSON was obtained using JESD51-7 board with six vias and an ambient lemperature ol 22°C, For

information about improved tharmal perdormance and power dissipation for the WSON, refer to Application Note AN-1187 (SNOA401).

LM11171 ELECTRICAL CHARACTERISTICS
Typicals and limits appearing in normal type apply for T, = 25°C. Limits appearing in Boldface type apply over the entire

junction temperature range for operation, -40°C to 125°C.

y ¥ Conditions Min" Typ® Max‘™ Units

Veer Relerence Voltage LM11171-ADJ
taur = 10mA, Yy Vour =2V, T, = 25C 1.238 1.250 1.262 v
10mA € lgyr S BOOMA, 1.4V < VarVour S 1.200 1.250 1.200 v
1V

Vour | Output Voltage LM1117133
laur = 10mA, Vi = 5V, T, = 25°C 3.267 3.300 3.333 v
0 < lgyy S BOOMA, 4.75V S Vi < 10V 3.168 3.300 3.432 v
LM11171-5.0
lgur = 10MA, Vg = 7V, T, = 25°C 4.950 5.000 5.050 v
0 < lgyy < BOOMA, 6.5V S Viy$ 12V 4.800 5.000 5.200 v

(1) Al imits are ensured by lesting or statistical analysis.
{2} Typical Values represent the most likely parametric normal.

Caopyright & 2000-2013, Texas Instruments Incosporated
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LM11171 ELECTRICAL CHARACTERISTICS (continued)
Typicals and limits appearing in normal type apply for T, = 25°C. Limils appearing in Boldface type apply over the entire

junction temperalure range for operation, -40°C lo 125°C.

y Pa Conditions Min'" Typ® Max!? Units
AVoyr | Line Regulation™ LM11171-ADJ
loyr = 10mA, 1.5V < Vy,-Voyr < 13.75V 0.035 0.3 %
LM11171-3.3
lour = OmA, 4.75V < Vg < 15V 1 10 my
LM11171-5.0
Lyt = OmA, 6.5V < Vs 15V 1 15 my
AVoyr | Load Regulation™ LM11171-ADY
Vin-Vour = 3V, 10 < lgyy < 600mA 0.2 0.5 %
LM11171-3.3
Vix = 4.75V, 0 < logyr < B0OmA 1 15 my
LM11171-5.0
Viy = 6.5V, 0 S lggy < B00mA 1 20 my
Vin-V our | Dropout Voltage'™ loyr = 100mA 1.10 1.30 v
loyr = 500mA 115 1.35 v
loyr = 800mA 1.20 1.40 v
T Current Limit Vin-Vour = SV, T, = 25°C 800 1200 1500 mA
Minimum LM11171-ADS
Current™ Vi = 15V 1.7 5 mA
Quiescent Cument LM11171-3.3
Vi < 15V 5 15 mA
LM1117)-5.0
Vi S 15V 5 15 mA
Thermal Regulation Ty = 25°C, 30ms Pulse 0.01 0.1 FlW
Ripple Regulaton fawpLe =1 20Hz, Viy-Vour = 3V Vpippe = 60 75 dB
1Vpp
Adjust Pin Current 60 120 uA
Adjus!t Pin Current 10 2 lpyrs 800mA,
Change 1.4V S Ve Viour S 10V 0.2 10 pA
Temperalure Stability 0.5 %
Long Term Stability Ta = 125°C, 1000Hrs 0.3 Y
RMS Output Noise {% of Viuny). 10Hz < f <10kHz 0,003 %
Thermal Resistance 3-Lead SOT-223 15.0 “CIW
Jupetion i Casy 3-Lead TO-263 10 cw
Thermnal Resistance | 3-Lead SOT-223 (No heat sink) 138 TW
Junction-to-Ambient &
No ai flow) 3-Lead TO-263 (No heat sink) 92 “CW
8-Lead WSON™ 40 CW

{3} Load and line regulation are measured at constant juncion room temperature.

(4) The dropout voltage is the inputioulpul diffesential at whach the circuil ceases to regulate agains! further reduction in input vollage. It is

measured when the output voltage has dropped 100mV from the nominal value obtained at V= Vour +1.5V.

(5) The minimum output current required 1o maintain regulation.

(6) Minimum pad size of 0,038in°

(7} Thermal Performance for the WSON was obtained using JESD51-7 board with six vias and an ambient temperature of 22°C. For
nformation aboul improved thermal performance and power dissipation for the WSON, refer to Application Note AN-1187 {SNOA401).
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TYPICAL PERFORMANCE CHARACTERISTICS
Dropout Voltage (VarV our) Short-Circuit Current
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Figure 8. Figure 9.
Load Regulation - LM1117-N-ADJ Ripple Rejection
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Figure 10. Figure 11.
LM1117-N-ADJ Ripple Rejection vs. Current Temperature Stability
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Figure 12. Figure 13,
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

- Adjust Pin Current LM1117-N-2.85 Load Transient Response
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Figure 14. Figure 15.
LM1117-N-5.0 Load Transient Response !’.I“1T7~N-2.85 Line Transient Response
03 25
Gx = 1O uF Tl 3 gu=1xr | 1]
® . 02§ Gyr = 10 oF Tantakun > B.25 Soy- = 10 pF Tantalun
== ¥y = 6.5Y 3 . logr = €12
5 £ 017 prataad = 0.8 — 3 5.2% =
o = S ”
iz o y - & aasp 1
2 3-@_; R w-,a pi.-
g%
-0.2 == 20
d o E s
- -+ - c
P o L
| 22 -0
B
5 b5 . -40
0 10 20 30 40 50 60 70 B0 90 100 0 20 40 §0 80 00 120 140 160 180 200
TIME (us) TINE {as)
Figure 16, Figure 17.
LHD1117-N-5.0 Line Transient Response
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APPLICATION INFORMATION
EXTERNAL CAPACITORS/STABILITY

Input Bypass Capacitor

An input capacitor is recommended. A 10pF tantalum on the input is a suitable input bypassing for aimost all
applications.

Adjust Terminal Bypass Capacitor

The adjust terminal can be bypassed to ground with a bypass capacitor (Cag,) to improve ripple rejection. This
bypass capacitor prevents ripple from being amplified as the output voltage is increased. At any ripple frequency,
the impedance of the Cap,; should be less than R1 to prevent the ripple from being amplified:

1/(2n*"lgepie*Cany) < R1 (1

The R1 is the resisior between the output and the adjust pin. lts value is normally in the range of 100-2000. For
example, with R1 = 1240 and fgipp e = 120Hz, the Cup; should be > 11pF.

Output Capacitor

The output capacitor is critical in maintaining regulator stability, and must meet the required conditions for both
minimum amount of capacilance and ESR (Equivalent Series Resislance). The minimum oulput capacilance
required by the LM1117-N is 10pF, if a lantalum capacitor is used. Any increase of the outpul capacitance will
merely improve the loop stability and transient response. The ESR of the output capacilor should range between
0.30 - 22Q. In the case of the adjustable regulator. when the Cpp, is used, a larger output capacitance (22uf
tantalum) is required.

OUTPUT VOLTAGE

The LM1117-N adjustable version develops a 1.25V reference voltage, Vzer, between the output and the adjust
terminal. As shown in Figure 19, this vollage is applied across resistor R1 1o generale a constant current 1. The
current lag; from the adjust terminal could introduce error to the outpul. But since il is very small (B0pA)
compared with the |1 and very constant with line and load changes, the error can be ignored. The constant
current 11 then flows through the output sel resistor R2 and sets the output voltage to the desired level.

For fixed voltage devices, R1 and R2 are integrated inside the devices.

LU Fr TRl

s, | Yon I T Your
37 Ju
Vs E 51 l
Vo af L. ] 108 uf

AAA

|

)

®I,
Yo = Yar (1 + !_‘,‘ She 2

Figure 19. Basic Adjustable Regulator

LOAD REGULATION

The LM1117-N regulates the vollage that appears between ils output and ground pins, or between its outpul and
adjust pins. In some cases, line resistances can introduce emors 1o the voltage across the load. To obtain the
besl load regulation, a few precaulions are needed.

Figure 20, shows a lypical application using a fixed output regulator. The Rt1 and RI2 are the line resistances. It
is obvious that the Vi oap is less than the Voyr by the sum of the voltage drops along 1he line resistances. In this
case, the load regulation seen at the R;oap would be degraded from the data sheel specification. To improve
this, the load should be tied directly to the output terminal on the positive side and directly tied to the ground
terminal on the negative side.

Copynght © 20002013, Texas Insituments Incosporated Submil Documentation Feedback 9
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Figure 20. Typical Application using Fixed Output Regulator

When the adjustable regulator is used (Figure 21), the best performance is obiained with the positive side of the
resistor R1 tied directly to the output terminal of the regulator rather than near the load. This eliminates line drops
from appearing effectively in series with the reference and degrading regulation. For example, a 5V regulator with
0.050 resistance between the regulator and load will have a load regulation due 1o line resistance of 0.050 x .
If R1 {=125Q) is connected near the load, the effeclive line resistance will be 0.050 (1+R2/R1) or in this case, it
is 4 times worse. In addition, the ground side of the resistor R2 can be returned near the ground of the load 1o
provide remote ground sensing and improve load regulation.

TG
e A Yoy

®2

Fgse = Yy IR14RENR - | BT

Figure 21. Best Load Regulation using Adjustable Output Regulator

PROTECTION DIODES

Under normal operation, the LM1117-N regulators do not need any protection diode. With 1he adjustable device,
the internal resistance between the adjust and output terminals limits the current. No diode is needed to divert
the current around the regulator even with capacitor on the adjust terminal. The adjust pin can lake a transient
signal of ¥25V with respect 1o the output voltage without damaging the device.

When a output capacitor is connected to a regulalor and the input is shorted to ground, the output capacitor will
discharge into the output of the regulator. The discharge current depends on the value of the capacitor, the
output voltage of the regulator, and rate of decrease of Vjy. In the LM1117-N regulators, the internal diode
between the ouiput and input pins can withstand microsecond surge currents of 10A 1o 20A. With an extremely
large output capacitor (21000 pF), and with input instantaneously shorted 1o ground, the regulator could be
damaged.

In this case, an external diode is recommended between the output and input pins to protect the regulator, as
shown in Figure 22.
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Figure 22. Regulator with Protection Diode
HEATSINK REQUIREMENTS

When an integrated circuit operates with an appreciable current, its junction temperature is elevated. It is
important to quantify its thermal limits in order to achieve acceptable performance and reliability. This limit is
determined by summing the individual parts consisting of a series of lemperature rises from the semiconductor
junction 1o the operating environment. A one-dimensional steady-siate model of conduction heat transfer is
demonstraied in Figure 23. The heat generated at the device junction flows through the die to the die attach pad,
through the lead frame fo the surrounding case material, to the printed circuit board, and eventually to the
ambient environmenl. Below is a list of variables that may affect the thermal resistance and in tum the need for a
healsink.

RO (Comy Variables) Roc, (Application Variables)
Leadirame Size & Material Mounting Pad Size, Malerial, & Location
No. of Conduction Pins Placement of Mounting Pad
Die Size PCB Size & Material
Die Attach Material Traces Length & Width
Moiding Compound Size and Malenial Adjacent Heat Sources
Volume of Arr
Ambient Temperatue
Shape of Mounting Pad

e
Die

Wim bih
Inlerdec Copoer Fizre ’

T <
e — veusting Pad

The case temperalure is measured al the point where the leads contact with the mounting pad surlace
Figure 23. Cross-Sectional View of Integrated Circuit Mounted on a Printed Circuit Board

The LM1117-N regulators have internal thermal shutdown 1o protect the device from over-heating. Under all
possible operaling conditions, the junction temperature of the LM1117-N must be within the range of 0°C to
125°C. A heatsink may be required depending on the maximum power dissipation and maximum ambient
temperature of the application. To determine if a heatsink is needed, the power dissipated by the regulator, Py ,
must be calculated:

=L+l (2
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Figure 24 shows the vollages and currents which are present in the circuil.

— Yan

“ & a1 I_
!
=
| T
I

Figure 24. Power Dissipation Diagram

The nexi parameter which must be calculated is the maximum allowable temperature rise, Ta{max):

Ta(max) = T{max)-Ta{max)

where
= T,{max) is the maximum allowable junction temperature (125°C) which will be encountered in the application
= Talmax) is the maximurn ambient temperature which will be encounlered in the application {4)

Using the calculated values for Tr(max) and Pp, the maximum allowable value for the junction-to-ambient
thermal resistance (8,,) can be calculated:

8,4 = Ta{max)/Pp (5}
If the maximum allowable value for 8,4 is found to be 2136°C/W for PFM package or 279°C/W for TO-220
package or 292°C/W for TO-263 package, no healsink is needed since the package alone will dissipate enough
heat to satisfy these requirements. If the calculated value for 8, falls below these limits, a heatsink is required.
As a design aid, Table 1 shows the value of the 8, of SOT-223 and PFM for different heatsink area. The copper
palierns that we used to measure these B,s are shown at the end of APPLICATION INFORMATION. Figure 25
and Figure 26 reflects the same lest results as what are in the Table 1
Figure 27 and Figure 28 shows the maximum allowable power dissipation vs. ambienl temperature for the SOT-
223 and PFM device. Figure 29 and Figure 30 shows the maximum allowable power dissipation vs. copper area
(in®) for the SOT-223 and PFM devices. Please see AN1028 for power enhancement techniques fo be used wilh
S0OT-223 and PFM packages.
Application Note AN-1187 (SNOA401) discusses improved thermal performance and power dissipalion for the
WSON.

Table 1. 8, Different Heatsink Area

Layout Copper Arga Thermal Resistance
Top Side (in%)!" Bottom Side {in) [8,a. C/W) SOT-223 {838, "C'W) PFM
1 0.0123 0 136 103
2 0.066 0 123 87
3 03 0 B4 60
4 0.53 0 75 54
5 0.76 0 69 52
[ 1 0 66 47
7 0 02 115 84
8 0 04 98 70
9 0 0.6 89 63
10 0 08 82 57
11 0 1 79 57
12 0.066 0.066 125 89
13 0.175 0.175 a3 72

{13 Tab of device attached lo lopside copper
12 Submit Documentation Feedback Copyright © 2000-2012. Texas Instrusents Incorporated
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Table 1. B, Different Heatsink Area (continued)
I.lywi Copper Area Th
14 0.284 0.284 83 61
15 0.392 0392 75 58
16 05 0.5 70 53
160 :
% e T, = 25°C
1
5 SHill A
¥ iz X 5 |r
= \\_ - Bottem Cu |
_E 0 o
® B0} 1/7 Top + 1/2 Botiom —
_D_‘ Top Cu
z 40
2 »
0
g 02 04 05 08 1
Tor Copper Araa {m?}
Figure 25. 8;, vs. 10z Copper Area for SOT-223

Figure 26. 8, vs. 20z Copper Area for PFM
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Figure 27. Maximum Allowable Power Dissipation vs. Ambient Temperature for SOT-223
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Maxinum Allowable Pawer Dissipation (W)

a2 23 50 75 100 1%
hmbisnt Temperature {°C), T0252

Figure 28. Maximum Allowable Power Dissipation vs. Ambient Temperature for PFM
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Figure 29. Maximum Allowable Power Dissipation vs. 1oz Copper Area for SOT-223
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Figure 30. Maximum Allowable Power Dissipation vs. 20z Copper Area for PFM
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|

Figure 31. Top View of the Thermal Test Pattern in Actual Scale

Figure 32. Bottom View of the Thermal Test Pattern in Actual Scale
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TYPICAL APPLICATION CIRCUITS

MINTT-50
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Figure 33. Adjusting Output of Fixed Regulators
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Figure 34. Regulator with Reference

M3 17-45
OT' % Voun —0
e Rt = i ! J_

| £

N e el

“Cay i oplizmal Fowsser i wil rvos Fpps eeestinn

Figure 35. 1.25V to 10V Adjustable Regulator with Improved Ripple Rejection
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Figure 36. 5V Logic Regulator with Electronic Shutdown*
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Figure 37. Battery Backed-Up Regulated Supply
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Figure 38. Low Dropout Negative Supply
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LM2576/LM2576HV Series SIMPLE SWITCHER® 3A Step-Down Voltage Regulator

Check for Samples: LM2576, LM2576HV

FEATURES

= 3.3V, 5V, 12V, 15V, and Adjustable Output
Versions

- Adjustable Version Output Voltage
Range,1.23V to 37V (57V for HV Version) £4%
Max Over Line and Load Conditions

» Specified 3A Ouiput Current

» Wide Input Voltage Range, 40V Up to 60V for
HV Version

» Requires Only 4 External Components
» 52 kHz Fixed Frequency Internal Oscillator

+ TTL Shutdown Capability, Low Power Standby
Mode

- High Efficiency

+ Uses Readily Available Standard Inductors

+ Thermal Shutdown and Current Limit
Protection

= P+ Product Enhancement Tested

APPLICATIONS

- Simple High-Efficiency Step-Down (Buck)
Regulator

» Efficient Pre-Regulator for Linear Regulators

» On-Card Switching Regulators

+ Positive to Negative Converter (Buck-Boost)

DESCRIPTION

The LM2576 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down {buck) switching regulator, capable of
driving 3A load with excellent line and load regulation.
These devices are available in fixed oulput voltages
of 3.3V, 5V, 12V, 15V, and an adjusiable outpul
version.

Requiring a minimum npumber of exlernal
components, these regulators are simple 1o use and
include internal frequency compensation and a fixed-
frequency oscillator.

The LM2576 series olfers a high-efficiency
replacement for popular three-terminal linear
regulators. It substantially reduces the size of the
heat sink, and in some cases no heal sink is
required.

A standard series of inductors optimized for use with
the LM2576 are available from several different
manufacturers. This fealure greatly simplifies the
design of swilch-mode power supplies.

Other features include a specified +43 tolerance on
output voltage within specilied input voltages and
outputl load conditions, and £10% on the oscillator
frequency. Extemal shutdown is included, featuring
50 pA (typical) slandby currenl. The outpul swilch
includes cycle-by-cycle current limiting, as well as
thermal shuldown for full protection under fault
conditions.

TYPICAL APPLICATION
{Fixed Output Voltage Versions)
7V - 40V FEEDBACK
{60V for KV) w,,, LM2578/ |3
UNREGULATED LMZS?GHV— +5Y
DC WPUT REGULATED
OUTPUT
| Coyr A LOAD
1000 uF

T 1“"’

Figure : [

A

SIMPLE SWITCHER is a registered trademark of Texas Instruments.
Al other trademarks are the property of their respective owners.

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

PRODUCTION DATA information s cument as of peblcation dae.
Progucts corionm 10 spechcations, por he oans of e Toxas
shrwments standord waranly. Fogduckon PrOCESSEg GO0 N0l
nocessariy induoe Wwsting of af paramelers.
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Block Diagram

UNREGULATED 5 I INTERNAL I
DC INPUT REGULATCOR
1]
FEED- R2  FIXED GAIN
= | BAcK ERROR AWP
COMPARATOR
>
b +
1.23¥ I 5
BAND-GAP 52 kHZ RESET THERMAL CURRENT | Caur A
REFERENCE | JOSCILLATOR SHUTDOWN LiMIT %7 — D
33VAR2Z =17k
5V, R2 = 3.1k
12V, R2 = 8.84k
15V, R2 = 11.3k
For ADJ. Version
R1 = Open, R2 = 00
Patent Pending
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‘ These devices have limiled built-m ESD prolection. The leads should be shoried together or the device placed in conductive foam
A2\ dwing storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS (W@

Maximum Supply Voltage LM2578 45V

LM2576HV 83V
ON /OFF Pin Input Voltage -0.3VS V< sV
Oulput Voliage lo Ground [ isteady state) -1y
Power Dissipafion Intemnally Limited
Storage Temperature Range =65°C 10 +150°C
Maximum Juncticn Temp 150°C
Minimum ESD Rating {C = 100 pF. R = 1.5 k) 2KV
Lead Temperature {Soldering. 10 Seconds) 260°C

{1) Absohste Maximum Ratings indicale limils beyond which damage 1o the device may occwr. Operaling Ratings indicate conditions for
which the device is infended to be functicnal, but do not ensured specific performance limits. For ensured specifications and test
conditions, see ELECTRICAL CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

(2) W Military/Aerospace specified devices are required, please contact the T) Sales Office/ Distributors for availability and specifications.

OPERATING RATINGS

Temperature Range LM2576/ 1L M2576HV -40C = T;s+125C
Supply Vollage LM2576 0V
LM2576HV 60V

ELECTRICAL CHARACTERISTICS LM2576-3.3, LM2576HV-3.3
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range.

Units
Symbol Parameter Conditions LM2576HY-3.3 (Limite)
Typ | Limit ™
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 2212
Vour Output Voltage Viy = 12V, Jjoap = 0.5A 33 v
Circuit ol Figure 21 and Figure 22 3234 V{Min)
3,366 V{Max)
Vour Qutput Voltage 6V E Vi =40V, 0.5A < ljnpp = 3A az v
LM2576 Circuit ol Figure 21 and Figure 22 3.168/3.135 V(Min)
3.43273.465 V{Max)
Vour Output Voltage 6V S Vin <60V, 0.5A % hoans 3A 33 v
LM2576HV Circuil of Figure 21 and Figure 22 3.168/3.135 V{Min}
3.450/3.482 V{Max)
n Efficiency V=12V, hoap = 3A 75 %%
{1} Al imits specified at room {standard type face) and at temperature extremes {bold type face). All room lemperature limits
are 100% production fested. Al limils at temperature extremes are spedified via correlation using standard Statistical Quality Control

(SQC) methods.

{2} Extemal components such as the catch diode, inductor, input and output capacitors can alfect switching regulator system perdormance.
When the LM2576/LM2576HV is used as shown in Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.
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ELECTRICAL CHARACTERISTICS LM2576-5.0, LM2576HV-5.0
Specifications with standard type face are for T, = 25°C, and those with Figure 21 and Figure 22 boldface lype apply over
full Operating Temperalure Range.

LM2576-5.0
Symbol Parameter Conditions LM2578HV-8.0 (Lui:"lr;j
Typ | Limit ™
SYSTEM PARAMETERS Figure 21 and Figure 22
Vour Gulput Voltage Vi = 12V, lonp = 0.5A 50 v
Circuit of Figure 21 and Figure 22 4.500 V{Minj
5.100 V{Max)
Vour Cutput Voltage 0.5A 5 hoa $3A, 5.0 v
LM2576 8V =V < 40V 4.800/4.750 V{Min)
Circuit of Figure 21 and Figure 22 5.200°5.250 ViMax)
Vour Output Voltage 0.5A S loan < 3A. 5.0 v
LM2576HY BV <V <60V 4.800/4.750 V{Min)
Circuit of Figure 21 and Figure 22 5.22555275 ViMax)
n Efficiency Vi = 12V, hgan=3A 77 %

(1) A hnnsspeuﬁadat room temperalure {standard type face) and at temperature extremes (bold type face). All room jemperature limits
00°% production lested. All limits at temperalure extremes are specified via correlabion using standard Statistical Quality Control
iSQCa methods.
(2) External components such as the catch diode, inductor, input and cutpul capacilors can affect switching regulalor system perlormance.
‘When the LM2576/LM2576HV s used as shown in Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL QUTPUT VOLTAGE VERSIONS.

ELECTRICAL CHARACTERISTICS LM2576-12, LM2576HV-12
Specifications with standard type face are for T, = 25°C, and those with boldlace type apply over fuli Operating Temperature
Range.

LM2576-12 Ui
Symbol Parameter Conditions LM2576HV-12 u:ﬂt,;
Ty | Lem® il
SYSTEM PARAMETERS Test Circull Figure 27 and Figure 221¢
Vour Culput Voltage Vi = 25V, ligan = 0.5A 12 v
Circuit of Figure 21 and Figure 22 ViMin
176 )
12.24 ViMax)
Vour Output Voltage 0.5A < hoao S 3A, 12 v
LM2576 15V 5 Vg S 40V ViMin)
Circuit of Figure 21 and Figure 22 and 11.5211.40
12.4812.60 ViMax)
Vour Output Vollage 0.5A < lgan S 3A, 12 v
LM2576HV 15V < Vpy < BOV ViMin)
Chwcuit of Figure 21 and Figure 22 11.52/11.40
12.54112.66 V{Max)
n Efficiency Ve = 15V, hipoao = 3A 88 Yo

{1} Al imits specified at reom temperature (standard type face) and at temperature extremes (bold type face). All room lemperature limits
are 100% production lested. All imits at temperature extremes are specilied via correlation using standard Statisticat Quality Gontrol
{SQC) methods.

{2} External components such as the catch diode, inductor, input and output capacitors can alfect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.
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ELECTRICAL CHARACTERISTICS LM2576-15, LM2576HV-15

Specifications with standard type face are for T, = 25°C, and those with boldiace type apply over full Operating Temperature
Range.

LM2576-15 Units
LM2576HV-15
Symbol Parameter Conditions > ; (Limits)
Typ | Limit {7
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 2212
Vour Ouiput Vollage Vi = 25V, hgap = 0.5A 15 v
Circuit of Figure 21 and Figure 22 14.70 V{Min)
15.30 ViMax)
Vour Cutput Voltage 0.5A < hoap S 3A, 15 v
LM2576 18V = Vi, S 40V 14.40114.25 V(Min)
Circuit of Figure 21 and Figure 22 15.6015.75 V{Max)
Vour Oulput Voltage 0.5A £ I opo % 34, 15 v
LM2576HY 18Y = Vypy < 60V 14.40/14.25 V{Min)
Circuit of Figure 21 and Figure 22 15.68/15.83 V{Max)
n Efficiency Vi = 18V, kpao = 3A 88 %

(1) An hmnsspemﬁeﬂ at room tlemperature {standard type face) and at temperature extremes {bold type face). All room lemperature limits
007% production lested. Al fimits at temperaturse extremes are specified via correlation using slandard Stalistical Quality Control
(SQG] methods.
(2) External cosnponents such as the catch diode, inductor, input and outpul itching regulator system pertormance
When the LM2576/LM25T6HV is used as shown in Figure 21 and Figure 22, syseem perlumnce will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

ELECTRICAL CHARACTERISTICS LM2576-ADJ, LM2576HV-ADJ

Spedifications with slandard type face are for T, = 25°C. and those with boldface type apply over full Operating Temperature
Range.

LM2576-ADJ
Symbol Parameter Conditions NS Pl [ [Ll.:::l?a)
> Typ | Limit @
SYSTEM PARAMETERS Test Circult Figure 21 and Figure 222
Vour Feedback Vokage Vin = 12V, loap = B.5A 1.230 v
Vour =5V, 1217 V{Min)
Circuit of Figure 21 and Figure 22 1.243 V(Max)
Vour Feedback Voltage 0.5A <€ hpap S 3A. 1.230 \J
LM2576 8V S V), < 40V 1.1931.180 V{Min}
Veur = 5V, Gircult of Figure 21 and Figure 22 1.267/1.280 V(Max)
Vour Feedback Voltage 0.5A < L oap S 3A. 1.230 v
LM2576HV 8V S V) S 60V 1.183/1.180 V(Min}
Vour = 5V, Circuit of Figure 21 and Figure 22 1.27311.286 V(Max)
n Efficiency Vi = 12V, Jioap = 3A, Vour = 5V 77 %

(1) Al limas specified at room temperature {standard type face) and at temperature extremes {bold type face). All room ternperature limits
are 100% production lested, All limits al lemperature extremes are specilied via correlation using standard Statistical Quality Control
{SQC} methods.

(2) External components such as the catch diode, inducior, input and outpul capacilors can alfect swilching regulator system periormance
When the LM2576/LM2576HV is used as shown in Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.
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TYPICAL PERFORMANCE CHARACTERISTICS
(Circuit of Figure 21 and Figure 22)

o Normalized Output Voltage Line Regulation
-1 — 14 - . ¥
Vg =20v | heag = 500 ma
—~ Ws—p N —- 12 aa
= Loap =500 ma =® T =25%
: #H1.6 1 Norma ized at : { £] /
2 e T,=25%¢ 2 08
z 3 7
3 a2 e 5 08 ]
3 0 = 8 o Vi
2 = 2 ¥ 3.3V, 59 & ADd
3 -z v i 7 12V & 15¢ 7]
.2 =3 — 1
T 04 A )
T -us £ 02
5 5
2 pa e 04 i
-1.0 -0.6
-50 -25 -0 25 50 75 100 125 ¢ 10 20 30 40 0 60
JUNCTION TENPERATURE {°C) INPUT YOLTAGE (¥)
Figure 2. Figure 3.
B 4 Dropout Voltage es Current Limit
7 o | =150 ull [ ;=
= Rowp = 34 L » Vi = 25V
= N 6.0 o
= 15 3 A \
b -
& r ~er & 55
L ATl |loap =14 &
= 10 =)
- o e o
> - 50
1 ~ Fa
2 hoag = 200mA [t (S
it ] i Fa
= -
b Byp = 0.10
4] fmeis 40 :
-75=50-25 D 25 50 75 100125150 -75-58-25 D 25 50 75 100 175150
JUNCTION TEMPERATURE (°C] JUNCTION TEMPERATURE (°C)
Figure 4. Figure 5.
Standby
= Quiescent Current %o Quiescent Current
1 T
Yoyr = 5Y =< =409
18 \re o k! Y =2
- Ground Pin = "1
£5, % —4 T; =25°C E e i
£ ; =
T z
% 12 '5 100 o Wi
= foap = 34 2 [
s u - = 1
= Vi = 12V
£ g LI s - =i
2 hosg =200 mA [P = —
L1
"
4 i
0 10 20 30 40 50 6O -50 -25 0 25 S50 75 W0 125
INPUT VOLTAGE (¥} JUNCTION TEMPERATURL {°C}
Figure 6. Figure 7.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

(Circuit of Figure 21 and Figure 22)
Oscillator Frequency
T

L] T T

Karmalized at 25°C
- 6
®
= ¢
o
=
o 2
o
2
4 o
g -
3 \".n = u.w/
S 1/
2
o
= -5

hy =12V

=75-50=25 0 25 50 75108125150
JUNCTION TEMPERATURE (°C}

Figure 8.
Efficiency
100 T
hoap = 3A IYJ = 259
95 \ .
= 100 mA
Ak \ hoap bl
® 15Y QUT =
~= 35 2
b
o
& BV
=] 5¢ \..‘_ h-""'l'-\
b 75 AL ~]
Rt
70 |—— LOAD = 3A
§5 /
= 200mA
hoan
50 L 1

0 10 220 33 40 50 60
INPUT YOLTAGE (v}

Figure 10.
Qubmmw(:t::m
vs Duty
20.0 T - T
Adjustable Yersion Onl
A e e
< N = ¥y
E 150 P
: o
Z 125 -
&
3 10 Vi = 40V
5 s i
[y r T
E 5 /) Loap =500 mA
=3
o
25
]

o 20 40 80 80 100

DUTY CYCLE (%]
Figure 12.

SATURATION VOLTAGE (v)

£ (V)

INPUT VOLTAG

FEEDBACK VOLTAGE CHANGE (mV)

Switch Saturation
Voliage
16
1.4
/ﬁ
= =
N 7
= -
08 ,4/
25°(]
0.6 7
150°C
0.4
0.2
0
@ 95 18 15 T 25 30
SWITCH CURRENT {A)
Figure 9.
% Minimum Operating Vollage
3]
a5 Adjustable Yersian On y
40
a5 vy
h-.._l
30 —
25
s v, 1.23V
kS
15 hoap = 500 mA
1.0
0.5
o
-50-25 0 2% S0 75 100 135
JUNCTION TEMPERATURE {°C)
Figure 11.
Feedback Voltage
20 "
A Adjustable Yersion Ony
1 H ;
t t
. [ =500 mA
KA Los
{1 N
My — 40V
: \{}‘::
-5 o W \"-.
-10
-15
-20

0 i) 40 ) ] 100

DUTY CYCLE {X%)
Figure 13.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
(Circuit of Figure 21 and Figure 22)

Quiescent Current
Minimum Operating Voltage .. vs Duty Cycle
iE Adjustable Yersicn Onmly Ad jnt.l'abls Ve‘uicm oc:styl,
40 s - Vi = 7V‘v7
< ~ E 158 %
o o = .v/
& 30 ] E 125
o 25 2 109 v slmvf
2
T 20 Z s
2 ¥ou & 1.23¥ ] s "4 e
g I ygp-s00ma £ 5o d i
1.0 2
05 5
o 0
-50-25 0 25 S50 75 100 125 o 20 40 60 & 100
JUNCTION TENPERATURE (°C) DUTY CYCLE (%)
Figure 14. Figure 15.
Feedback Voltage
4 vs Duty Cycle ou Feedback Pin Current
T Ir T
= Adjustable Yersion Only |Adjustable Version Only
g 4 h )
}
o Lo = 500 mA o
o 10 E
z P
B .S \ Ny =407 | é of
§ 0 kﬁ.;: g
= =TV~ =] ]
g s in — g 0
* o
o - x 25
. =3
§ =15 § -50
-20 E’ -75
0 w4 & B0 00
DUTY CYCLE (35} -100 .
-75-50-25 0 25 50 75 100125150
JUNCTION TEMPERATURE (°C)
Figure 16. Figure 17.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

{Circuit of Figure 21 and Figure 22)

Maximum Power Dissipalion
(DDPAK/TO-263) Switching Waveforms
n ; eJAzsz'JcNW ERE
& B
2 3 IS
= 03 =37°CATNN
E NN
b ey
o [ ™~ i
5 ~— am—so%/w“\tt\
g 1 N,
L
Q,, =73°C/W

0 |
0 10 20 30 40 50 60 70 80 90 100

AMBIENT TEMPERATURE (°C)

I the DDPAKITO-263 package is used, the thermal resistance can be Your = 15V )
reduced by increasing the PG board copper area thermally connected A Oulpul P Vollage, SOV/div

to the package. Using 0.5 square inches of coppar area, 8y, is B: Output Pin Current, 2Afdiv
50°C/W, with 1 square inch of copper area, 8, is 37°C/W, and with  C: Inductor Current, 2A/dv
1.6 or more square inches of copper area, 8, is 32°CT/W. D: Output Rippie Voltage, 50 mV/div,
AC-Coupled
Horizontal Time Base: 5 ps/div
Figure 18. Figure 19,

Load Transient Response

Output +100 mV

Voltage 0
Change

—100 mV

3A

Load e

Current 1A

100 pa/div
Figure 20.
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As in any swilching regulator, layout is very importanl. Rapidly swilching currents associated with wiring
induclance generate voltage Iransienls which can cause problems. For minimal inductance and ground loops, the
length of the leads indicaled by heavy lines should be kept as short as possible. Single-point grounding {as
indicated) or ground plane construction should be used for best results. When using the Adjuslable version,

TEST CIRCUIT AND LAYOUT GUIDELINES

physically locate the programming resistors near the regulator, 1o keep the sensitive feedback wiring shorl.

FEEDBACK
+V,
M1 LM2576Hv- |[*
1] FIXED QUTPUT |outeur X Vourh
Yin
100 uF 100 uH
UNREGULATED  + #% onp A K12 Sour ;
DC INPUT 1000 pf
G MBR360 I A
D
Ciy — 100 pF, 75V, Aluminum Electrolytic
Cour — 1000 pF, 25V, Aluminum Electrolylic
D, — Schottky, MBR360
Ly — 100 uH, Pulse Eng. PE-92108
R; — 2k, 0.1%
R, — 6.12k, 0.1%
Figure 21. Fixed Output Voliage Versions
FEEDBACK
+,
My LM2576HV- |* Vour
1 ADJ OUTPUT L 5.00V
7V - 60V onlor
UNREGULATED  © Q R2 l&
DC INPUT
MBRZ60 R1 A
D

V‘uu"'m‘{_' 'Ef)
- (2 )

where

Vrer = 1.23V, BR1 between 1k and 5k
Figure 22. Adjustable Output Voltage Version
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i3 TExas

INSTRUMENTS

LM2576 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Oufput Voliage Versions)

EXAMPLE (Fixed Outpul Vollage Versions)

Given:

Vour = Regulated Output Voltage
{3:3V, 5V, 12V, or 15V)

VindMax) = Maximum Input Voltage
h oan{Max) = Maximum Load Current

Given:

Vour =5V
Vau{Max) = 15V
lLoapiMax} = 3A

1. inductor Selection (L1)

A_ Select the comect Inductor value selection guide fom Figure 23,
Figure 24, Figure 25, or Figure 26. {Outpul voltages of 3.3V, 5V, 12V
or 15V respectively}. For other output voltages, see the design
procedure for the adjustable version.

B. From the inductor value selection guide, identify the inductance
regon intersected by Vy{Max} and hoap(Max), and note the
inductor code for that region.

appropriate inductor from the table shown in Figure 23. Part
numbers are Iisted for three inductor manulacturers. The inductor
chosen must be raled for operation at the LM2576 switching
frequency {52 kHz) and for a current rating ol 1.15 x hoap. For
additional inductar information, see INDUCTOR SELECTION.

C. Identify the inductor value from the induclor code, and select an|

1. Inductor Selection (L1)

A. Use the selection guide shown in Figure 24.

BB. From the seleclion guide, the inductance area intersecled by the
15V line and 3A fine is L100.

C. Inductor value required is 100 pH. From the table in Figure 23.
Choose AIE 415-0930, Pulse Engneering PES2108, or Renco
RL2444.

2. Quiput Capacitor Selection {Coyy)

defines the dominate pole-pair of the switching regulator loop. For
stable operation and an acceptable outpul ripple
appronndelyi%ormewputvﬂage)avduehetwem 100 pF
and 470 pF is recommended,
B.Theapacmrsvutagemmmwmleasu.smasgeam
than the output voltage. For a 5Y reguiator, a rating of af least 8V is
appropriate, and a 10V or 15V raling is recommended.

Higher voltage electrolylic capacitors gencrally have lower ESR
numbers, and lor this reason it may be necessary lo select a
capacilor rated for a higher voltage than would normally be needed.

5

2. Oulput Capacitor Selection {Coyr)
A, Coyr = 680 yF to 2000 pF standard aluminum electrolyfic.
B.Capacitor voliage rating = 20V.

3. Calch Diode Selection {D1)

A.The calch-diode current rating must be at least 1.2 fimes greater
than the maximum load current. Also, il the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum cumrent limit of the LM2576. The
most stressful condition for this diode is an overload or shoned
output condition.

B. The reverse voltage rating of the diode should be at least 1.25
times the maxmum input vollage.

3. Catch Diode Selection (D1)
AFor this example, a 3A current rating is adequate.

B. Use a 20V IN5823 or SR302 Scholtky diode, or any o lhe
suggesied fasl-recovery diodes shown in Table 1.

4. Input Capacitor (Cyy)
An aluminum or tantalum electrolytic bypass capacitor located close
to the regulator is needed for stable operation.

4. Input Capacitor (Cyy)
A 100 pF, 25V aluminum electrolytic capacitor located near the input

and ground pins provides sutlicient bypassing.
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iINDUCTOR VALUE SELECTION GUIDES
(For Continuous Mode Operation)
60 60
40 | A 7 7z ‘_0 3
] il " ﬂ! // V4 ]/ I/ A tooe’| HeB0Y Haz0y [Wasoy W 15
s 15 7{“ / / L/ = 20§
w10 \AL“: # A / § 15 L470
= g /] >/ "22"/ / 5 ‘.7’\ 1330 /
¢ WADRSZ YA 2 A A T
= L10D 5 10
E / /%Jlsﬂ/ g 9 / / //' J"‘E’su /
= &1/ 7 = y y Liogf
=1 P
g // / i % 8 / // VLE&
* VUL N A Y
h A
50_3 0.4 0_5;_5 08 1 15~ A2 28 '3 70.5 04050.6 08 11.215 2 253
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT (A)
Figure 23. LM2576(HV)-3.3 Figure 24. LM2576(HV)-5.0
60 - 80 - ‘
<o RN RRRRERRRRR NN A
35 oneabaN N AN AT ANNAN ONNNURY A BN NN NS A N NN
30 1 5 00t AT ANNNYINNNN NN 35 15000 R N
e R e RN RN 2 £° §;§§"§“§us? R W
= R RN AT O \§§ = 25& NP RSN 3
2 20 RNHRRNDZRNREAN N H22e Y E x%\Q\\ R \%{i{zn AN
7} 2 N Aok .
£l .. AN ANZIANA NS ® ¥ IR N
5 y\ Y, N PYE o AN SANNNNVAN
% . LEBD ) § § % Vg Lﬁm/ 4 9 \\y ‘»\”
=
= /“‘7%530/ /] 32 //Lm’ 1330 /] /V
3:; 15 b P A L0 /] 3 18 / L2204 .
168
\ l s / LGB

-3 .4 S5 6 7.8 10 1.5 2.0 2530 3 A S &T.8 10 15 2.0 2530
MAXIMUM LOAD CURRENT (A) MAXIMUM LOAD CURRENT {A)
Figure 25. LM2576(HV)-12 Figure 26. LM2576(HV)-15
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INSTRUMENTS

{For Continuous Mode Operation)
300
N

-
2
2
=
.
45 / /(
K oA 3so K2z
AN M
35 3

| /
NS

L

//
AN

20
0.3 0.4 05060708 1.0 1.5 2.0 2.5 3.0
MAXIMUN LOAD CURRENT (A)
Figure 27. LM2576(HV)-ADJ
PROCEDURE (Adjustable Oulput Voltage Versions) EXAMPLE (Adj ble Output Voltage Versions)

Given: Given:
Vour = Regulated Output Vollage Vour = 10V
Vin{Mant) = Macamum Input Voltage Vin{Max) = 25V
oan{Max) = Maxmum Load Current loan(Max) = 3A
F = Swilching Frequency {Fixed af 52 kHz} F =52 kHz

1. Programming Ou!w!Volmge {Selecting A1 and R2, as shown
m Figure 21 and Figure 22

mmmmmmmwmwm
Your = V'g:(l —-f) where Vper ~ 1.23V

R; can be between 1k and k. {For best lemperature coefficient and
slabibly with lime, use 1% melal fm resislors]

w-n{ien )

1. Programming Output Volage Selecting A1 and R2)
Vour = szs{u%f) Seloct A1 = 1k
nzan,(%‘iﬂ- 1)—“(%- 1)

Ry = 1k (8.13 = 1) = 7.13k, closest 1% value is 7.15k
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PROCEDURE (Adj le Output Voltage Versions)

EXAMPLE (Adjustable Output Voitage Versions)

2. inductor Selection (L1)
A. Calcuiate the inductor Volt » shictosecond constant, E = T {V = ps),
Irunlheinlon‘nnbfmda'
1000

EsT- vy -.__.

. Vi = Vour) Ve | Flnki
B. Use the E » T value Irom the formula and maich # with
ME-TmberonthemﬂicalaxsofI\eummvme
Selection Guide shown in Figure 27,
C. On the horizontal axis, selecl the maximum load cumrent.
D. identity the inductance region intersecled by the E » T value and
the maximusn load current value, and note the inducior code for thal
region.
E. identily the induclor value from the inducior code, and select an
appropriate inductor from the table shown in Table 2. Part numbers
are hsled for three induclor manufachwers. The inductor chosen
must be rated for operation ai the LM2576 switching frequency {52
kHz} and for a current rating of 1.15 x L papn. For additional inductor
information, see INDUCTOR SELECTION.

Veus)

2. Inductor Selection (L1)
A. Calculale E = T (V = ps)

101000
EeT - - S
. (25 — 10 e —=

= 115V epus

BE*T=115Veps
C. honp{Max) =
D. inductance Region = H150

E. Inductor Value = 150 uH Choose from AlEpar! #415-0936Puise
Englneering parl #PE-531115, or Renco part #RL2445.

3. Output Capacitor Selection {Coyr)

A.Thavahzeollrnompmcapamormo with the inducior
defines the dominate pole-pair of the swilching regulator loop. F
stable operation, the capactor must siy the L

requrement:
c Vipe{Max)
R Vour * LiuH)

®R

The above la yields values between 10 uF and 2200
pF that wil safisfy the loop reqy for stable ion. But lo
achieve @n acceptable outpul ripple wllq;e, (apprmumusly 1% ol
the output voltage) and transient resp the output caf may
need I be several times larger than the above formula yields.

B. The capacitor's voltage rating should be al last 1.5 fimes greater
than the oulput voltage. For a 10V regulater, a rating of at least 15V

il

necessary lo select a capacitor rale for a higher vollage than would
normally be needed.

3. Oulput Capacitor Selection {Coyy)

i )“‘““aonso AT RF

However, for acceplable output ripple voltage select
Cour 2 680 uF
Cour = 680 F elecirclytic capacitor

4, Catch Diode Selection {D1)

A. The calch-thode cument rating mus! be at least 1.2 imes greater
than the maximum load current. Also, if the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum current mil of the LM2576. The
most stressful condition for this diode is an overlead or shorted
output. See Table 1.

B. The reverse voltage rating of the diode should be al least 1.25
times the maximum input vollage.

4. Catch Diode Selection (D1)
A. For this example. a 3.3A current raling is adequate.

B. Use a 30V 31DQ03 Schottky diode, or any of the suggested tast-
recovery diogdes in Table 1.

5. Input Capacitor (Cyy)
An aluminum or tantalum electrolytic bypass capacior located dose
to the reguialor is needed for slable operation.

5. Input Capacitor (Cyy)
A 100 pF aluminum electrolytic capacitor located near the input and

ground pins provides sufficient bypassing.

To further simplify the buck requlator design procedure,

T1 is making available computer design software to be

used with the SIMPLE SWITCHER line of swilching regulators. Swiichers Made Simple {Version 3.3) is
available on a (31%") diskeite for IBM compatible computers from a Ti office in your area.
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Table 1. Diode Selection Guide
" Schotiky Fast Recovery
A 4A-6A 3A 4A-6A
20V 1N5820 1N5823
MBR320P
SR302
oV 1NSB21 S0WQD3
MBR230 1N5824
310003
aov m MBR3 ANe Joliowing by
40 o uigpons | diodes are al
MBR340 50WQ04 rated to 100V gl
31DC04 1N5825 b il MUR410
SR304
50V MBR350 50WQ05
310005
SR305
sovV MBR360 SOWRDG
DOO6 5080060
SA306
Table 2. inductor Selection by Manufacturer's Part Number
Ind Code Value Schott M Pulse Eng. @ Renco ¥
a7 a7 1 671 26980 PES53112 RAL2442
Lsa 68 pH 671 26990 PE-92114 AL2442
L100 100 pH 671 27000 PE-92108 AL2443
1150 150 yH 671 27010 PE-53113 RL1954
1220 220 pH 671 27020 PE-52626 AL1953
1330 330 M 87127030 PE.52627 AL1952
L470 470 pH 671 27040 PE-53114 AL1951
L5680 680 yH 671 27050 PE-52629 RL1550
H150 150 pH 671 27060 PES53115 AL2445
Hzzo 220 uH 67127070 PE53116 RL2446
H330 330 pH 67127080 PE53117 RL2447
H470 470 pH 671 27090 PE53118 RL1961
HE80 580 pH 671 27100 PE-53119 AL1960
H1000 1000 pH 671 27110 PE53120 RL1959
H1500 1500 pHl 671 27120 PE-53121 AL1958
Hz200 2200 yH 671 27130 PE 53122 RL2448

(1} Schott Corporalion, {612) 475-1173, 1000 Parkers Lake Road, Wayzata, MN 55391.

(2) Puise Engineeing, (619) 674-8100, P.O. Box 12235, San Diego, CA 52112,

{3} Renco Electronics Incorporated. (516) 586-5566, 60 Jetfryn Bivd. East, Deer Park, NY 11729,
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When using a heat sink, the junction lemperature rise can be determined by the following:

AT, = {Po) (8¢ + Biertace + Brieae s 8)
The operating junclion temperature will be:
T;=Ta+ AT, N

As in Equation 14, if the actual operating junction temperature is greater than the selected safe operating
junction temperature, then a larger heat sink is required {one that has a lower thermal resistance).

Included on the Switcher Made Simple design software is a more precise (non-linear) thermal model that can
be used to determine juncticn femperature with different input-outpul parameters or different component values.
It can also calculate the heal sink thermal resistance required to maintain the regulators junction femperature
below the maximum operating temperature.

Additional Applications

INVERTING REGULATOR

Figure 28 shows a LM2576-12 in a buck-boost configuration to generate a negative 12V output from a positive
input voltage. This circuit bootstraps the regulator's ground pin to the negative oulput vollage, then by grounding
the feedback pin, the regulator senses the inverted output voltage and regulates it to —12V.

For an input voltage of 12V or more, the maximum available output current in this configuration is approximately
700 mA. At lighter loads, the minimum input voltage required drops 1o approximately 4.7V.

The swilch currents in this buck-boost configuration are higher than in the standard buck-mode design, thus
lowering the available outpul cument. Also, the start-up input current of the buck-boost converter is higher than
the standard buck-mode regulator, and this may overload an input power source with a current limit less than 5A.
Using a delayed turn-on or an undervoltage lockout circuil (described in NEGATIVE BOOST REGULATOR)
would allow the input voltage to rise to a high enough level before the swilcher would be allowed to tum on.

Because of the structural differences between the buck and the buck-boost regulator topologies, the buck
regulator design procedure section can not be used 1o select the inductor or the output capacitor. The
recommended range of inductor values for the buck-boost design is between 68 pH and 220 pH, and the output
capacitor values must be larger than what is normally required for buck designs. Low input voltages or high
output currents require a large value output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak switch current. can be calculated from the following
formula:
oo Oin+ Vo) Velo .1
L iy VinHVol Py tose
where
* foe=52kHz (8)

Under normal continuous inductor current operating conditions, the minimum V,y represents the worst case.
Select an inductor that is raled for the peak current anticipated.

+12 TO +45Y
URREGULATED FEEDBACK
0C INEUT +V¥jy i
LM257EHV~12 L1
% l 1 OUTPUT _ W
Qn > a7
100 pF ==t 68 uH -
3 |oND 5 | ON/OFF =
— | +
o1 == Cour
1N5822 I 2200 pf
-12V @0.7A
REGULATED
QUTPUT

Figure 28. Inverting Buck-Boost Develops -12V
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Also, the maximum voltage appearing across the regulator is the absolute sum of the input and oulput vollage.
For a =12V output, the maximum input voltage for the LM2576 is +28V, or +48V for the LM2576HV.

The Switchers Made Simple (version 3.0) design software can be used to determine the feasibility of regulator
designs using different topologies, diflerent inpul-outpul paramelers, different components, and so on.

NEGATIVE BOOST REGULATOR

Another vanation on the buck-boost topology is the negative boost configuration. The circuit in Figure 29 accepts

an input voltage ranging from -5V to —12V and provides a regulated -12V output. Input voltages greater than
=12V will cause the oulput to rise above =12V, but will not damage the regulator.

L = =
g I Fropdpy =ocar T
Vay 0 2200 F
LM2576-12 Cutp
i T LOWESR
5 INSB20
Cn SROFF
-[ W00 F Your - 12V
iy 100 .4
. o 110
SVio 12V

Typical Load Gurrent

400 mA for Vi = 5.2V
750 mA for Vi = -7V
Heat sink may be required.

Figure 29. Negative Boost

Because of the boosting function of this type of regulator, the switch current is relatively high, especially at low
input voltages. Outpul Joad current fimitations are a result of the maximum current rating of the switch. Also,

boost regulators can not provide current limiting load protection in the event of a shorted load, so some ather
means (such as a fuse) may be necessary.

UNDERVOLTAGE LOCKOUT

In some applicalions it is desirable to keep the regulator off until the input vollage reaches a certain threshold. An
undervollage lockoul circuit which accomplishes this lask is shown in Figure 30, while Figure 31 shows the same

circuil applied io a buck-boos! configuration. These circuits keep the regulator off until the input vollage reaches
a predetermined Jevel.

Vm = Vz-l + 2V5§{Q1}

+ M ) M

LM2576 - XX

Gn s|on/oFF jjm

Complele circuit nol shown.

Figure 30. Undervoltage Lockout for Buck Circuit
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LM2576 - XX

L
RI 2 20k 2 20k —
> N S|[ON/OFF 3 |cND

'!.:»F:‘

21

el

RZ 10k
~Your

Complele circuit not shown (see Figure 28).

Figure 31. Undervoltage Lockout
for Buck-Boost Circuit

DELAYED STARTUP

The ON /OFF pin can be used 1o provide a delayed startup feature as shown in Figure 32. With an inpul vollage
of 20V and for the part values shown, the circuit provides approximalely 10 ms of delay time before the circuit
begins switching. Increasing the RC time conslant can provide longer delay times. But excessively large RC time
constants can cause problems with input voltages that are high in 60 Hz or 120 Hz ripple, by coupling the ripple
into the ON /OFF pin.

ADJUSTABLE OUTPUT, LOW-RIPPLE POWER SUPPLY

A 3A power supply thal features an adjustable outpul vollage is shown in Figure 33. An additional L-C filter that
reduces the output ripple by a factor of 10 or more is included in this circuit.

LA™
LM2576— XX

l 5| ON/OFF jiﬁn

G L
|100;.1F LN S a7k e

Gomplete circuil not shown.
Figure 32. Delayed Startup

FEEDBACK
55¢ Wy r
(A N 4
ENREGULATED {LM2576Hv-ADy o i Y ovreur
OUTPUT YOLTAGE
- 2 150 aH R2 20 :H +1.2 to 50¥
+|ow slone s | ongorr s hesis < Sk : - e : 234
4
o il '
e 5822 | 2000 af ' 100 uf y
SR 1
12k 1
= = = = = _ i - 1

epll;nnnl output ripple filter
Figure 33. 1.2V to 55V Adjustable 3A Power Supply with Low Output Ripple
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DEFINITION OF TERMS

BUCK REGULATOR A switching regulator lopology in which a higher voltage is converted o a lower voltage.
Also known as a step-down switching regulator.

BUCK-BOOST REGULATOR A swilching regulator lopology in which a positive voltage is converted to a
negative voltage without a transformer.

DUTY CYCLE (D)Ratio of the oulput swilch's on-lime 1o the oscillator period.

for buck requistor D=‘°T"=VL”

Vin
_ton_ vl
for buck-boost reguistor D= =% Vol ¢ Vm ®

CATCH DIODE OR CURRENT STEERING DIODEThe diode which provides a return path for the load current
when the LM2576 switch is OFF.

EFFICIENCY (n) The proportion of input power actually delivered to the load.
Pour Pour

“Pn  Pour + Pioss {10)
CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR) The purely resistive component of a real capacitor's
impedance {see Figure 34). It causes power loss resulting in capacilor heating, which directly affects the
capacitor's operating lifetime. When used as a switching regulator output filter, higher ESR values result in
higher output ripple voltages.

Figure 34. Simple Model of a Real Capacitor

Most standard aluminum electrolytic capacitors in the 100 pyF—1 000 pF range have 0.5Q to
0.102 ESR. Higher-grade capacitors (“low-ESR", “high-frequency”, or *low-inductance”} in the
100 pF-1000 pF range generally have ESR of less than 0.15Q.

EQUIVALENT SERIES INDUCTANCE (ESL) The pure inductance component of a capacitor {see Figure 34).
The amount of inductance is determined to a large extent on the capacitor's construction. In a buck
regulator, this unwanled inductance causes vollage spikes 1o appear on the oulpul.

OUTPUT RIPPLE VOLTAGE The AC component of the swilching regulator's oulput voltage. It is usually
dominated by the outpul capacitor's ESR multiplied by the induclor's ripple current {Alyp). The peak-to-
peak vaiue of this sawlooth ripple current can be determined by reading the INDUCTOR RIPPLE
CURRENT section.

CAPACITOR RIPPLE CURRENT RMS value of the maximum allowable alternating current at which a capacitor
can be operated continuously at a specified temperature.

STANDBY QUIESCENT CURRENT {lsrgy) Supply current required by the LM2576 when in the standby mode
{ON /OFF pin is driven to TTL-high vollage, thus turning the output switch OFF).

INDUCTOR RIPPLE CURRENT {Aljyp) The peak-to-peak value of the inductor current waveform, typically a
sawlooth waveform when the regulator is operaling in the continuous mode (vs. discontinuous mode).

‘CONTINUOUS/DISCONTINUOUS MODE OPERATIONRelates to the inductor current. In the continuous mode,
the inductor current is always flowing and never drops to zero, vs. the discontinuous mode, where the
inductor current drops to zero for a period of time in the normal switching cycle.

INDUCTOR SATURATION The condition which exisls when an inductor cannol hold any more magnetic flux.
When an inductor saturates, the inductor appears less inductive and the resistive component dominates.
Inductor current is then limited only by the DC resistance of the wire and the available source current.

OPERATING VOLT MICROSECOND CONSTANT (E-T,;,) The product (in Voli=us) of the voliage applied to the
inductor and the time the voltage is applied. This E-T,,, constant is a measure of the energy handling
capability of an inductor and is dependent upon the type of core, the core area, the number of turns, and
the duty cycle.
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Connection Diagrams
(XX indicates output vollage option.)

Top View

Gnd f——————35- ON/OIF
——1 4~ Foodback
O ———13-Ground
————32- Outpul
1=Viy

Figure 35. Straight Leads
5-Lead TO-220 (T) Package
LM2576T-XX or LM2576HVT-XX
See Package Number KCO005A

Top View

I 5- DN/OFF
TAB IS 3934~ Fasdback
GAD 103~ Ground

l_._ 2~ Dutpul
1= vy

Side View

'Lz

Figure 36. DDPAK/TO-263 (S) Package
5-Lead Surface-Mount Package
LM25765-XX or LM2576HVS-XX
See Package Number KTT0005B

LM25765X-XX or LM2576HYSX-XX
See Package Number KTT0005B

Top View

Gnd T —15-ON/OFF
T 4~ Feedback
O — 11— 3- Ground
—T—T—1 2~ Output
OF—r—r1——1-v,

Side View
PINS 1,3, &5

PIKS Z2& 4

Figure 37. Bent, Staggered Leads
5-Lead T0-220 (T) Package
LM2576T-XX Flow LBO3
or LM2576HVT-XX Flow LB0O3
See Package Number NDHO005D
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUP TO 46 V

= TOTAL DCCURRENT UPTO4 A

s LOWSATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0” INPUT VOLTAGE UP TO 15 V
{HIGH NOISE IMMUNITY)

DESCRIPTION

The L2988 is an integrated menolithic circuitin a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high cument dual full-bridge driver de-
signedfo accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
slepping motors. Two enableinputs are providedio
enable ordisable the deviceindependentiyot the in-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the come-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

Power5020

Multiwait15

DRDERING NUMBERS : L298N (Mulliwatl Vert.)
L298HN {Multiwatl Horniz )
L298P {PowerS0O20}

nectionof an externalsensing resistor. An additional
supply inpul is provided so that the logic works at a
lower voltage.

ouTE L

1 2 3 s .
Ty %
o 3 LS —0
E
2 1y ! B
B s !
1 ! ‘o
| OSENSE B
P
Asp

Jenuary 2000
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameler Value Unit
Vs Power Suppy 50 v
Vss Logic Supply Vollage i v
V.Ven  |input and Enable Vollage 0307 v
[ Peak Qutput Current (each Channel
— Non Repetitive (1 = 100us} 3 A
—Repettive (80% on—20% off: 1 = 10ms) 25 A
-DC Operation 2 A
Vies  |Sensing Voltage —1102.3 v
Pet Total Power Dissipation (Tcase = 75°C) 25 w
Too Junction Operaling Temperature -2510 130 *C
Tz Tj | Slorage and Junclion Temperature —40 to 150 “C
PIN CONNECTIONS (top view)
/ i N s /——  cuommen sensmce
e OQUTPUT 4
-$- wf——  ourura
2 T INeuTe
1 ENABLE 8
(L nem— T
LY o) LOGIC SUPPLY VOLTAGE V.
Puitiwarts \\ w -
A IR NPUT 2
(Y m—— T Y
s weuTy
4 3 SUPPLYVOLTAGE Vg
.$. s oumru:
C — T} TR
g I o~ /= cuommen sensnga
Z TAR NECTED T PN G [
) oo
1 SenseB
[ NC
] Ous
] Oouw3
[ Fpusa
] EnableB
[ pu 3
[—J vsS
— ono
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
R jcase | Thermal Resistance Junclion-case Max, - 3 “C/W
R | Thermal Resistance Junclion-ambient Max. 139 35 oW

{"} Mourted on aluminum subsiate

213
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PIN FUNCTIONS (referto the block diagram}

MW.15 PowerSO Name Function
115 219 Sense A:Sense B |Between this pin and ground is connecled the sense resistor o
conirol the current of the load.
23 a5 Out1;0m2 Qutputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored al pin 1.
4 6 Vs Supply Yollage for the Power Oulput Slages.
A noninductive 100nF capacitor must be connected between this
pin and ground.
57 7:9 Input 1; Input 2 TTL Compatble inputs of the Bridge A.
611 B:14 Enable A: EnableB |TTL Compaible Enabie input: the L stale disables the bridge A
{enable A) andior the bridge B {enable B).
8 1,10,11,20 GND Ground.
9 12 VSsS Supply Voltage lor the Logic Blocks. A100nF capacior musi be
connected belween this pin and ground
10; 12 13.15 Inpul 3; Inpul4 TTL Compatible Inputs of the Bridge B.
13;14 1617 Oul 3; O 4 Qutpuls of the Bridge B. The currert thal flows through the load
connecied between these iwo pins is monitored al pin 15,
~ 3118 N.C. |not Connected

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

Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
Ve Supply Voltage (pin 4) Operative Condilion Vin +2.5 46 v
Vss  {Logic Supply Voltage {pin 9) 45 5 7 v
Is |Quiescent Supply Current (pin4) [Ven=H; L =0 Vi=L 13 22 mA
V,=H 50 70 mA
\4'= =L Vi= X 4 mA
Iss  jQuiescent Curent from Vss (pin 9) {Ven=H; 4 =0 V=L 24 35 mA
Vi=H 7 12 mA
Ver =L V. o=X 6 mA
Vi Input Low Voltage -0.3 15 v
(pins 5, 7, 10, 12}
Vin Input High Voltage 28 VSS v
(pins 5,7,10,12)
e Low Voltage Input Current Vi=L -10 nhA
(pins 5, 7, 10, 12) ‘
™ High Voitage Input Current Vi= H< Vgg 0.6V 30 100 HA
{pins 5, 7, 10, 12}
V=L |Enable Low Vollage {pins 6. 11) ~0.3 15 \Y
Ve, = H [Enable High Vollage (pins 6. 11) 2.3 Vss v
len =L jLow Voltage Enable Current Ven=L -10 wA
(pins 6. 11)
L= =H [High Voliage Enable Current Vo, = He Vog ~06V 30 100 RA
(pins 6. 11)
Veesainy [Source Saturation Voltage L=1A 0.95 1.35 1.7 v
h=2A 2 2.7 \4
Veesasny [Sink Saturation Vollage f=1a (5 085 | 12 16 v
L=2A (5 7 23 v
Veesw  [TotalDrop L=1A (5) 1.80 32 v
h=2A (5) 49 \
Vi [Sensing Voltage (pins 1, 15) -1 {1 2 v
&7 13
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L298
ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Condilions Min. | Typ. | Max. | Unil
T: (Wi} |Source Current Turn-off Delay 05V, 10091 (2):(4) 1.5 us
Tz (V) |Source Current Fall Time 09k 01l (24 0.2 us
T3 (V} JSource Current Turn-on Delay 05V 10010 (2);:(4) 2 us
Tz (V) [Source Currert Rise Time 0.1k 10091 (2%:(4) 07 us
Ts {V)) |Sink Currenl Tum-off Delay 05V, 100890 (3):(4) 0.7 us
Ts (V) |Sink Current Fall Time 0.9k o011, (3)%(4) 0.25 us
Tz (Vi) |Sink Current Tum-on Delay 05V 10081, (3):(4) 1.8 us
Ts M3 ISink Current Rise Time 0.1k 1008 (3)14) ) 0.2 us
fc (V) }Commutation Frequency h=2A 25 40 KHz

Tt {Vend [Source Currert Turn-off Delay 0.5V 100.9L  (2);(4) 3 us

T2 {Ven) [Source Current Fali Time 0.9 10011 {2);(4) X ) 1 us

Ta{Ves) }Source Curreni Tum-on Delay 05Vee 10010 (2): (4} 03 us

T: (V. |Source Current Rise Time 011 091 {2);(4) 0.4 s

Ts {Ver) [Sink Current Turn-off Delay 05V 10090 (3k{4) 22 us

Te (V) |Sink Current Fall Time [ 091 0.1l (3)(4) 0.35 us

T7 {Ver) [Sink Current Tum-on Delay 05Vee 100.9h  (3);(4) 0.25 us

Ty (V) [Sink Current Rise Time 011, 0081 (3%4) 0.1 us

13 1)Sensing voltage can be —1 V fort < 50 psec: insteady siale Ve min > -05V
2)Seefig. 2
3jSeefig.4
4) The lcad must be a pure resistor.
Figure 1 : Typical Saluration Voliage vs. OQutput Figure 2 : Swilching Times Test Circuits.
Current.
&~ b4m
¥sar
i Vog=  Ngeh2V
Vghd¥
24 N - e
L e
mr " our
.,
15 // 9 - ENABLE e L
12 B R=200
08
"y 4 s-semn
0 D& OB 12 16 20 24 1o Note: For INPUT Swiiching. setEN=H

413

For ENABLE Swilching, set IN= H
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
Ly
Imax(24)
90% > - a ——3 — e ————— - r
i TR N
A o PO - B
Ven, 4V}
WhART =P t
5-385W2
Figure 4 : Swatching Times Test Circuits.
Vos.sy  Vse2¥
0 0
e
INPUT
O— I
1% L298N
ENABLE
02—} 1415
5.5M8LJ1
Note : For INPUT Switching. se1 EN = H
For ENABLE Swikching seliN =L
I’] 513
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

l‘_‘

Imax{2A)
0% -

ne ik

Imax(2A)

W% -

%)
0%

5-WEET

Figure 6 : Bidirectional DC Motor Control.

Function

H2 LIESN

Forward

Reverse

Fast Motor Stop

Free Running
Motor Slop

-

Ot TO DA : A FAST RECOVERY DICDE (1, ¥300m)

>-3amarz

X = Dontcare
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel2 with channel3.

W/
X114
] = ’E Li]

~\

b

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

ThelL298integratesiwopoweroulpulstages{A; B).
The power oulpul stage is a bridge configuration
and its outputs can drive an inductive load in con-
monor differenzialmode, dependingon thestate of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
external resistor {Rsa ; Rse.) allows todelectthe in-
tensity of this current.

1.2.INPUT STAGE

Eachbridge is driven by means ol four gatesthe in-
putof whichare In1; In2; EnAand In3; Ind4 ; EnB.
Thelninputs set thebndge state when The Eninput
ishigh; a lowstate ofthe Eninputinhibitsthebridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be loreseen belween both Vs and Vss, 1o ground,
as near as possible io GND pin. Whenthe large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednearthe negative pole of Vs that must
be nearthe GND pin of the 1.C.

&7

Each input must be connected to the source of the
driving signals by means of a very shorl path.
Tum-On and Turn-Off : Before to Tum-ONthe Sup-
ply Voltage and beforeto Tumit OFF, the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

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

The sense oulpulvoltage can be usedtocontrolthe
currentamplitude by chopping the inputs, or to pro-
vide overcurrent protectionby switching low theen-
able input.

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

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

An extemal bridge of diodes are required when in-
ductive loads are driven and when the inputsof the
IG are chopped; Shottkydiodeswouldbepreferred.

713
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This solution candrive until3 Amps In DC operalion Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repelitive peak current. motor control circuil where the current is controlled
OnFig8itis shownlhedriving ofa lwophasebipolar DY 1he 1.G. L6506.

slepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example.

from the IC L297.

Fig 9 shows an example of P.C.B. designedfor the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuil drives bipolar stepper molors with winding currents up to 2 A. The diodes are fast 2 A lypes.

W
8
Ma
ot

cwﬂ!u ol [} 8 4im
CibeR e L] 3]
] 1297 N L7mon E e
—_d 7 13
M- ‘ﬁﬁ ;
i L] % LT EE 8

2 3 B o1 3 i W

I” [ _sewser | F O O W Y

SRR - it b

CONTRDy,

Rsi=Rg =050

Ve<i12V@ 1l=2A
D110 D8 = 2 A Fasl diodes trr <200 ns

813

g




153

L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Cument Controller L6506.
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L2398
o o = OUTLINE AND
C N | YR, [max. | min. | Tve. [max.
. 5 0197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E 0.49 0.55 |0.019 0.022
F | oes 0.75 | 0.025 0.030
G 1.02 1.27 152 |0.040 | 0.050 | 0.060
G1 | 17.63 | 17.78 | 18.08 | 0.690 | 0.700 | 0.710
H1 | 196 0772
H2 202 0.795
L 219 | 222 | 225 |0.862 | 0.874 | 0.886
L1 21.7 | 221 225 |0.854 | 0.870 | 0.886
Lz 1765 81 | 0695 0.713
L3 17251 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 10.3 10.7 10.9 | 0.406 | 0.421 | 0.429
7 | 265 29 |0104 0114
M | 425 | 455 | 4.85 |0.167 |0.179 [0.191
M1 463 5.08 553 10.182 | 0.200 J0.218
=3 1.9 2.6 |0.075 0.102
s | 19 26 |0075 0.102 Multiwattis Vv
Dia1 | 3.65 385 |0.144 0.152
Hi
A
B |
c ] w
=1 / /- N ‘E
7 Dia 1 L/
P
=
= @) (P =
o -
L. ——
1
/’# w
" |
B BF = U
E
F G
I‘l ] d G‘l o
1013 1571
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L298
om = o OUTLINE AND
" o [Tve. | MAX. | N, | TYP. | mAx,
F MECHANICAL DATA
5 0.197
B 265 0.104
c 16 0.063
E | 049 0.55 0019 0.022
F |oes 0.75 | 0.026 0.030
G 1.14 1.27 1.4 0.045 | 0.050 | 0.055
G1 | 1757 | 17.78| 17.91 | 0.692 | 0.700 | 0.705
H1 196 0.772
He 202 0.795
L 2057 0810
L1 18.03 0.710
2 2.54 0.100
13 |17.25| 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 103 10.7 10.9 | 0.406 | 0.421 | 0.429
15 528 0.208
16 238 0.094
L7 265 29 0.104 0.114
s | 19 26 |0075 0.102
s1 | 19 26 |0075 0.102 Multiwatti5 H
| Diat | 3.65 3.85 | D.144 0.152
F: Hi
i S
c : —-l—- m
= / r ]
| D1 L/
—
1 |B
I —
(V1)
X
N
Ls
LS

3
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L298
e mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. OUTLINE AND
A 35 0.142 MECHANICAL DATA
at | 01 0.3 | 0.004 0.012
a2 3.3 0130
a3 | o 0.1 | 0.000 0.004
b | o4 0.53 | 0.016 0.021
c |oz3 0.32 | 0.009 0.013
D(1) | 158 16| 0.622 0.630
D1 | 94 98 | 0370 0.386
E | 139 145 | 0.547 0.570
e 127 0.050
e3 11.43 0.450
E1(1)| 108 111 | 0.429 0.437
E2 2.9 0.114
E3 | 58 62 | 0228 0.244
G o 01| 0.000 0.004
H | 155 159 | 0.610 0.626
h 1.1 I 0.043 JEDEC MO-166
L | o8 11| 0.031 0.043
N 10° {max.)
S 8 (max.)
l |0 b 800 PowerS020

{I]'DandF donot include mold fash or pro
Muullasherpolmmsmnrmemedu |5mm cuous %
Crticaldmensions "E”, "G™ and "a3”

\
F
i
i
|

e of

E?

7 i 0
MILEIRIUIRIRRERERY

rsoxec

T = B b
b | -.._I: :em. Ai _{__;5 DETAIL B y: u
e: ey [T DETALA
nnnnmnnnnn
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AMPRWNUIAN 3
Board Hx711

#EASFHE avia

Semiconductor

C

HX711

24-Bit Analog-to-Digital Converter (ADC) for Weigh Scales

DESCRIPTION

Based on  Avia Semiconductor’s  patented
technology, HX711 is a precision 24-bit analog-
to-digital converter (ADC) designed for weigh
scales and industrial comrol  applications 1o
interface directly with a bridge sensor.

The input multiplexer selects either Channel A
or B differential input to the low-noise
programmable gain amplilier (PGA). Channel A
can be programmed with a gain ol 128 or 64,
coresponding to n full-scale differential inpur
voliage of £20mV or +40mV respectively, when
a 5V supply is connected to AVDD analog power
supply pin. Channel B has a fixed gain of 32. On-
chip power supply regulator eliminates the need
lor an external supply regulator o provide analog
power for the ADC and the sensor. Clock mput is
TNexible. 1L can be from an exlernal clock source, a
crystal, or the on-chip oscillator that does mol
require any external compoenent. On-chip power-
on-resel  circuilry  simplilies  digital  interface
initinlization.

There is no programming needed for the

FEATURES

.

.

.

Two selectuble differential input channels
On-chip active low noise PGA with sclectable gain
of 32, 64 and 128

On-chip power supply regulator for load-cell and
ADC analog power supply

On-chip escillator requiring no external
componen! with optional external crystal

On-chip power-on-resct
Simple digital contrel and serial interface:
pin-driven contrels, no programming needed
Selectuble 105PS or 805PS sutput data mite
Simultaneous 50 and 60Hz supply rejection
Curreni consumption inclading on-chip analog
power supply regulator:

normal operation < 1L.SmA, power down < TuA
Operation supply valtige range: 2.6 ~ 5.5V
Operation temperature range: -40 ~ +85T
16 pin SOP-16 package

APPLICATIONS

internal registers. All controls 10 the HX711 are = Weigh Scales
WroRgtighe hs, + Industrial Process Control
Voo $8550 Vsir 2755V
T~ 1uF =
$ [ BASE [ ySUP DYVDD
ety AVDD
i mNAT] 48
1 z :&l'l‘
— TolF
i Digital PD_SCK mf-:m
S ofre e = ’
e
r: HX711
..'IIF@

é,u;mz

é)ﬂ Uxo

Fig. 1 Typical weigh scale application block dingram

TEL:

{592) 252-9530 (P. R. China)
EMAIL: markel@aviaic.com

AVIA SEMICONDUCTOR
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Pin Description
Regeluos Power - VSUP [ 1 * 160 [ DVDD  Digital Power
Regulator Conrol Ouipr - BASE [ 2 15 = RATE  Output Data Rate Control Inpin
Amakog Power AVDD [ 3 /X1 Caysaal PO and External Clock Input
Regubie Comml Inpun VFB [ 4 13 [ X0 Crystal VO
Amalog Ground AGND [ s 12 3 DOUT  Scrist Daia Qutpn
Reference Bypas  VBG [ & i1 ] PD_SCK Pawer Down and Scrial Chack Toput
Ch. A Negative Isput INNA [ 7 10 ] INPB Ch. B Posittive laput
Ch. A Positive Inps~ INPA X 5 ] INNB Ch. B Negative Input

SOP-16L Package

Pin# | Name Function Description
i VSUP |Power Regulator supply: 2.7 ~ 5.5V
2 BASE |Analog Output Regulator control output ( NC when not used )
3 AVDD |[Power Analog supply: 2.6 ~ 5.5V
-l VFB _|Analog Input_Regulator control juput { connect to AGND when not used )
3 AGND |Ground Analog Ground
6 VBG _|Analog Outpul [Reference bypass oulput
7 INA- lAnalog Input _[Channel A negative input
8 INA+ lAnalog Inpul  (Channel A positive inpul
9 INB- _|Analog Input__[Channel B negative input
10 INB+ _[Analog Input_|Channel B positive inpul
11 |PD_SCK Digital Input__[Power down control (high active) and serial clock input
12 DOUT _|Digital Qutput_[Serial data output
13 X0 Digital VO Crystal YO (NC when not used )
14 X1 Digital Input__[Crystal YO or exlernal clock input, 0: use on-chip oscillator
15 RATE Digital Input _[Output data rate control, 0: 10Hz: 1: 80Hz
16 | DVDD [Power Digital supply: 2.6 ~ 5.5V
Table 1 Pin Description
AVIA SEMICONDUCTOR 2
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KEY ELECTRICAL CHARACTERISTICS

Parameter Notes MIN TYP MAX | UNIT
[Full scale differemtial
inpul range Viinp)-V{inn) +OS(AVDDIGAIN)
Common mode input JAGND+1.2 AVDD-1.3
Internal Oscillator, RATE =0 10 Hz
Internal Oscillalor, RATE =
DVDD 80
[Owtpul data rate {Crystal or external clock,
RATE =0 [/1,105.920
(Crystal or external clock.,
RATE=DVDD f.2/138.240
[Output data coding 2"s complement 8DDD00 TFFFFF | HEX
Output seuling time IRATE = 0 400 ms
RATE = DVDD 50
input offset drift (Guin = 128 02 mv
Gain = 64 0.4
ot natE [Gain = 128, RATE=0 50 nVirms)
IGain = 128, RATE=DVDD 90
Temperatare drift Input olfset (Gain = 128} 6 aVIT
IGain (Gain = 128) +5 ppm/'C
Tnput common mode
rejection Gain =128, RATE=0D 100 dB
IPower supply rejection [Gain = 128, RATE=0 100 a8
{Reference bypass
(Vi) 125 ¥
Crystal or external clock
ffrequency 1 11.0592 20 MHz
Power supply veltage DVDD 2.6 5.3 h
IAVDD. VSUP 2.6 5.5
tAnalog supply currcnt
(including regulator) Ragral 1M1 KA
Power down 0.3
5 o INormal 100 nA
Digital supply current
Power down 0.2

(1) Settling time refers to the time from power up, reset, input channel change and gain change
10 valid stable outpul data.

Table 2 Key Electrical Characteristics

AVIA SEMICONDUCTOR
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Semiconductor

HX711

Analog Inputs

Channel A differential input is designed 1o
mterface  directly  with a  bridge  sensor’s
differential output. It can be programmed with a
gain of 128 or 64. The large gains are needed 1o
accommodate the small outpul signal from the
sensor. When 5V supply is used at the AVDD pin,
these gains correspond 10 a full-scale differential
input voltage of #£20mV or 240mV respectively.

Channel B differential input has a fixed gain of
32, The full-scale input voltage range is +80mV.
when 5V supply is used at the AVDD pin.

Power Supply Options

Digital power supply (DVDD) should be the
same power supply as the MCU power supply.

When using internal analog supply regulator,
the dropout voltage of the regulalor depends on
the external transistor used. The output volinge is
equal 10 Vavpo=Vec“(R1+R2Y R1 (Fig. 1). This
voltage should be designed with a minimum of
100mV below VSUP voliage.

If the on-chip analog supply regulator is not
used, the YSUP pin should be connected 1o either
AVDD or DVDD, depending on which voltage is
higher. Pin VFB should be connected o Ground
and pin BASE becomes NC. The exiernal 0.fuF
bypass capacitor shown on Fig. 1 at the VBG
outpul pin is then not needed.

Clock Source Options

By comnecting pin X1 1o Ground, the on-chip
oscillaor is activated. The nominal oulput data
rale when using the internal oscillator is 10
(RATE=0) or 80SPS (RATE=1).

I accurate output data rate is needed, crystal or
external reference clock can be used. A crystal
can be directly connected across X1 and XO pins.
An external clock can be connected 10 X1 pin,
through a 20pF ac coupled capacitor. This
external clock is not required 10 be a square wave.
It can come directly from the crystal output pin of
the MCU chip, with amplitude as fow as 150 mV.

When using a crystal or an external clock, the
nternal oscillator s antomatically powered down.

Output Data Rate and Format

When using the on-chip oscillater, output data
rate is typically 10 (RATE=0) or 80SPS
{RATE=1).

When using external clock or crystal, output
data raile is directly proportional to the clock or
erystal frequency. Using 11.0592MHz clock or
crystal resulls in an accurale 10 (RTE=0) or
B0SPS (RATE=1) output data rate.

The output 24 bits of data is in 2's complement
format. When input differential signal goes out of
the 24 bit range. the outpul data will be sawrated
at BOODOOR (MIN) or 7FFFFFh (MAX), uniil the
input signal comes back to the inpul range.

Serial Interface

Pin PD_SCK and DOUT are used for data
retrieval, mpul selection, gain selection and power
down controls.

When output data is not ready for retrieval.
digital owmput pin DOUT is high. Serial clock
input PD_SCK should be low. When DOUT goes
1o Jow. it indicates data is ready for retrieval. By
applying 25~27 positive clock pualses ai the
PD_SCK pin, data is shifted out from the DOUT
output pin. Each PD_SCK pulse shifts ont one bit,
starting with the MSB bit {irst, uniil all 24 bits are
shifted oul. The 25™ pulse at PD_SCK input will
pull DOUT pin back 1o high (Fig.2).

Inpul and gain selection is conwolled by the
number of the input PD_SCK pulses (Table 3).
PD_SCK clock pulses should not be Jess than 25
or more than 27 within one conversion period, 1o
avoid causing serial communication error.

PD_SCK Pulses c;‘;‘:;; Gain
25 A 128
26 B 32
27 A i)

Table 3 Input Channel and Gain Selection

AVIA SEMICONDUCTOR
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Fig.2 Dala oulpul, input and gain selection timing and control

Symbol Note MIN | TYP | MAX | Unit
Ti  [DOUT falling edge to PD_SCK risingedge | 0.1 s
T.  |PD_SCK nising edge to DOUT data ready 0.1 s
T:  PD_SCK high time 02 1 50 us
T: |PD_SCK low time 0.2 1 s

Reset and Power-Down

When chip is powered up, on-chip power on
rest circuitry will reset the chip.

Pin PD_SCK input is used to power down the

HX711. When PD_SCK Input is low, chip is in
normal working mode.

Fig.3 Pewer down control

When PD_SCK pin chunges [rom low to high
and stays at high for longer than 60ps, HX711
enters power down mode {Fig.3). When internal
regulator is used for HX711 und the extemal
transducer, both HX711 and the transducer will be

powered down. When PD_SCK retums to low,
chip will reset and enter normal operation mode.

After a reset or power-down event. inpul
selection is default to Channel A with a gain of
128.

Application Example

Fig.1 is a typical weigh scale application using
HX711. It uses on-chip oscillator (X1=0), 10Hz
output data rate (RATE=0). A Single power
supply (2.7—~55V) comes directly from MCU
power supply. Channel B can be used for battery
level detection. The related cirenitry is not shown
on Fig, 1.

AVIA SEMICONDUCTOR
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Reference PCB Board (Single Layer)

g5
|ﬂ—|{ - t— (2h850;
1] BIUNDD
u (—‘— e DD J“
i e e I
(26527 £ i
2 AT a ||
£ 4o w2
5
| il Ao peor 4
nF == 3
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52 3
'*"‘ il Dk nap I
P 5| pea nep ——||
”iwE
m ] ~
L HXT11

L e ROEEN

Fig.5 Reference PCB board layout
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Reference Driver (Assembly)

*
Call from ASM: LCALL.  ReadD
Call from C: extern unsigned long ReadAD(void);
unsigned long dalna;
data-ReadD() ;
3/
PLBLIC Read?AD
HX711ROM segmwent  code
rseg HXTI1ROM
sbhit ADDD - PL.5;
shit ADSK  PO.O:
;%
OT: R4, RA, R6, R7T R7->LSB
LY
ReailAD:
R ADSK £/AD Enable (PD SCK set low)
SETE  ADDO //Enable 31CPU 1,0
1B ADDO, § //AD conversion completed?
MOY Ri. =24
Shif10m :
SETE  AbSh “/PB_SUN set high (positive pulse)
NOP
(LR ADSK YPD SCR set low
MO¥ ', AbDO Slread on bit
XCH ART fimove duta
RiLE A
XCl ART
XCH \, R6
RLC A
XCH ARG
XCH AR5
RLC A
XCH A RS
PINZ R4, ShitTiDbm Slmoved 24B172
SETB  ADSK
xop
R ADSK
RET
EXD

AVIA SEMICONDUCTOR 7
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Can Transceiver

i3 TEXAS SNB5SHVD230
INSTRUMENTS SNBSHVD231
SN65HVD232
s ficom SLOS4EK-MARCH 2001 REVISED FEBRUARY 2011
3.3-V CAN TRANSCEIVERS
Check for Samples: SN65HVD230, SN65HVD231, SN6SHVD232
FEATURES APPLICATIONS
» Operates With a 3.3-V Supply * Motor Control

1]

Low Power Replacement for the PCA82C250
Footprint
Bus/Pin ESD Protection Exceeds 16 kV HBM

High Input Impedance Allows for 120 Nodes on

aBus

Controlled Driver Qutput Transition Times for
improved Signal Quality on the SN65HVD230
and SN65HVD231

Unpowered Node Does Not Disturb the Bus
Compatible With the Requirements of the ISO
11898 Standard

Low-Current SN65HVD230 Standby Mode

370 pA Typical

Low-Current SN65HVD231 Sleep Mode 40 nA
Typical

Designed for Signaling Rates™ up 1o 1
Megabit/Second {Mbps)

Thermal Shutdown Protection

Open-Circuit Fail-Safe Design

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

The signaling rate of a line is the number of voltage

transitions that are made per second expressed in the units
bps (bits per secand).

industrial Automation

Basestation Control and Status

Robotics
Automotive
UPS Control
(Marked as VP230)
SNGSHVD231D (Marked as VP231)
(TOP VIEW)

p [ e — (1] Rs
eno [ 2 7[1] cANH
vee L3 6] 1] canL

RO+ 5k Ve

SNG65HVD232D (Marked as VP232)

(TOP VIEW)
p[® s[@MInc
GND [T 2 7|17 canH
vec [T} s s 1] canL
R}« s[Idnc

NG — No intesnal cormection

LOGIC DIAGRAM (POSITIVE LOGIC)

SNESHVD230, SNESHVD231
Logic Diagram (Posifive Logic)

Veat

4 I cann
RJ-()(L_‘ 5
p————— CANL

Pbaseummanmmwnwningmbﬂv.smdaﬁ

SNE5HVD232
Logic Diagram (Positive Logic)

wananty,
Instruments sericonducior products and disclaimers thereto appears at the end of this data sheet.
TMS320Lx240x is a trademark of Texas Instruments.

, and use in crifica) applications of Texas

PRODUCTION DATA wiormakon s curmenl 25 of publcaion dale
Produck coelorst 16 Specications per he oans of e Texas
Profucion precessing 4ocs not

nsroments

swndys

necessaviy ingude testing of al parameks.

© 20012011, Texas Insinunenis incorporated
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Reference Driver (C)

sbit  ABDO  P15:
shit  ADSK PO O

unsigned long ReandCount {void) |

unsigned long Cown;
unsigned char i;
ADDO-1;
ADSK- 0;
Count=0;
while (ADDD) ;
for (i-0;1<2:i+ ){
ADSK 1
Count Count<<l;
ADSK-0:
if(ADDDY Coumts+;
1
ADSK-1;
Count Count 0xBOOCOO
ADSK 0;
return{Coum) ;

AVIA SEMICONDUCTOR
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HX711
Package Dimensions
ot
r nganan
600-522. _T:.u _-} l-— /)
| b AT %
AL Y N
Ty :I: Usit: mm
SOP-16L Packuge
AVIA SEMICONDUCTOR 9
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SNG5HVD230 -
SNG5HVD231 % Texas

SNGSHVD232 NSTRUMENTS
SLOS346K —MARCH 2001 -REVISED FEBRUARY 2011 www.li.com

‘ These devices have limited built-in ESD prolection. The leads should be shorted together or the device placed in conductive foam
‘II\ during storage or handling to prevent elecirostatic damage to the MOS gates.

DESCRIPTION

The SN65HVD230, SN65HVD231, and SNB5HVD232 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 lransceiver is designed 1o provide differential
transmit capabilily fo the bus and differential receive capability to a CAN conlroller at speeds up to 1 Mbps.

Designed for operation in especially-harsh environments, these devices fealure 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 operales over a -2-V to 7-V comman-mode range on the
bus, and il can withstand common-mode transients of 25 V.

On the SN65HVD230 and SNE5HVD231, pin 8 provides three different modes of aperation: high-speed, slope
conirol, and low-power modes. The high-speed mode of operation is selecled by connecting pin 8 1o ground,
allowing the transmilter output transistors 1o 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/ys slew rate, to 100 kQ, to achieve a 2-V/ps slew rate. See the Appiication information
section of this data sheel.

The circuit of the SN65HVD230 enters a low-current standby mode during which the driver is switched off and
the receiver remains aclive 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 unigue difference between the SNE5HVD230 and the SNESHVD231 is that both the driver and the receiver
are switched off in the SNE5HVD231 when a high logic level is applied to pin 8 and remain in this sleep mode
until the circuit is reaclivated by a low logic level on pin 8.

The Vie pin 5 on the SN65HVD230 and SN65HVD231 is available as a Vo/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(™

INTEGRATED SLOPE .

PARTNUMBER | LOW POWER MODE s ey Voo PIN Ta MARKED AS:
SNG5HVD230 Standby mode Yes Yes VPZ30
SNESHVD231 Sleep mode Yes Yes wowesc  |VPE
SNESHVD232 Uy o sioop No No vP232

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

FUNCTION TABLES
DRIVER (SN65HYD230, SN65HVD231)™
QUTPUTS
INPUT D Rs BUS STATE
CANH CANL
L H L Dominant
Vg <12V .
H i 4 Z Recessive
Open X r4 Z BRecessive
X Viry > 0.75 Vo z z Recessive

{1} H=highlevel L = low level; X = imelevant; 7 = indeterminale; Z = high impedance

2 Submit Documentation Feedback © 2001-2011. Texas Insinenenss incorparated
Product Folder Link(s): SN65HVD230 SN65HVD231 SNESHVD232
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www.fi.com SLOSIEK —MARCH 2001—REVISED FEBRUARY 2011
Table 2.
DRIVER (SN65HVD232)""
OUTPUTS
INPUT D T Py BUS STATE
L H L Dominant
H z z Recessive
Open z Z Recessive
{1) H = high level; L = low level: Z = high impedance
Table 3.
RECEIVER (SN65HVD230)'"
DIFFERENTIAL INPUTS Rs OUTPUT R
Vip2 09V X L
05V<Vip<08V X 7
Vio <05V X H
Open X H
{1} H = high level; L = low level; X = imelevant; ? = indeterminate
Table 4.
RECEIVER (SN65HVD231)(
DIFFERENTIAL INPUTS Rs OUTPUT R
Vip209V L
05V<Vp<09V Ving <12V 7
Vip<05V H
X Ving > 075 Ves H
X 1.2 V < Vipg, < 0.75 Ve ?
Open X H
(1) H = high level; L = low level: X = imelevant; ? = indeterminale
Table 5.
RECEIVER (SN65HVD232)!"
DIFFERENTIAL INPUTS OUTPUT R
V209V L
05V<V;p<03V 7
Vig<05V H
Open H
(1} H=highlevel L = low level: X = irelevant; ? = indeterminate
Table 6.
TRANSCEIVER MODES (SN65HVD230, SN65HVD231)
Vins) OPERATING MODE
Ving > 0.75 Vg Standby
10 kQ to 100 kQ 1o ground Slope control
Virg <1V High speed (no slope conirol)

© 2001-2011, Texas Instruments Incorporated

Submil Documentation Feeaback

Product Folder Link(s): SNESHVD230 SN6SHVD231 SNESHVD232
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SNESHVD232

SLOS346K —MARCH 2001 -REVISED FEBRUARY 2011 www li.com
TERMINAL FUNCTIONS

S TEHIINA.I;O DESCRIPTION

SNE5HVD230, SN65HVD231

GANL & Low bus output

CANH 7 High bus output

D 1 Driver input

GND 2 Ground

R 4 Receiver outpul

Rg 8 Standby/slepe conirol

Voo 3 Supply voltage

Vet 5 Reference output

SNG65HVD232

CANL 6 Low bus output

CANH 7 High bus output

D 1 Driver input

GND 2 Ground

NC 5.8 No connection

R 4 Recsiver cutput

Vee 3 Supply voltage

4 Submil Documentation Feedback
Product Folder Link{s): SN65HVD230 SN65HVD231 SN65SHVD232

© 2001-2011, Texas Instnenents incorporated
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INSTRUMENTS SN65HVD231
SN65HVD232

EQUIVALENT INPUT AND OUTPUT SCHEMATIC DIAGRAMS

CANH and CANL Inputs D Input
»> ® Vee
— Ve
1®BYV
_ 100 k&2
Input 1kQ
Input -
av ﬁ
CANH and CANL Outputs A Output
Vee
50
Oulput

SLOSIEK —MARCH 2001-REVISED FEBRUARY 2011

© 2001-2011, Texas knsiruments Incorporated Submil Documentation Feedback

Product Folder Link{s): SN65HVD230 SN65HVD231 SNE5HVD232
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ABSOLUTE MAXIMUM RATINGS

over operaling free-air temperalure range {unless otherwise noted)’ @

UNIT

Supply voltage range, Vec -03ViI6Y
Vd!agemmsa!anybc.stami\al(CAHHotGANL} -4Vwo16V

Voltage inpul range, transient pulse, CANH and GANL, through 100 Q (see Figure 7) 25Vi025V

Input voltage range, Vi (D of R)
Receiver output current, lo

05VioVec + 05V

Electrostatic discharge

All pins.

211 mA

CANH, CANL and GND 16 kV
| All Pins 4 kV
1kV

Continuous total power dissipalion
m listed under "absolute maximum ralings’

&

—
See the Thermal Information Table

 may cause penmanent damage to the device. These are siress ratings

orly.ammrdiondupeaﬁmnlmema{thaeuawuhumrdiﬁonsbeyuﬂm

ted under ™ op .

condilions” is not implied. Exposure o absokste-maximum-rated conditions Jor extended periods amy atiect device reliability.

(2) Al voltage values, except difierential YO bus vollages. arewihmmectmnammgmwdm

nal.

{3) Tested i accordance with JEDEC Standard 22, Test Method At14-A
{4} Tested in accordance with JEDEG Standard 22, Test Method C107.
THERMAL INFORMATION
r o SNESHVD230 | SNeSHYD231 SNE5SHVD232
THERMAL METRIC! UNITS
D {8 Pins) D (8 Pins) D (8 Pins)
LT Junclion-to-ambient thermal resstance 768 101.5 1015
Bacwep Junction-to-case {top) thermal 334 433 433
Bya Junction-to-board thermal resistance 153 422 42.4 oM
Yar Junction-to-lop characterization parameler 14 48 48
Wi Junction-to-board characlerizalion parameter 149 418 418
B30t Junction-o-case (poltom) thermal resistance na n'‘a wa

(4}] Fummfumatbnammuﬁmiwmmwmhs,mmeﬂkdrage Thermal Metrics application report. SPRAS53.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX|UNIT
Supply voltage. Voo 3 36| V
Voitage at any bus terminal {common mode) Vic 2 7l v
Voltage al any bus 1erminal {separately) V, 25 75| V
High-level input voltage, Vin D,R 2 v
Low-devel input voltage, Vi D.R 08| V
Diflerential input valtage, Vip (see Figure 5) -6 6f V
Input vohtage, Vips 9 Veco| V
Jnput votage for standby or sieep. Ving 0.75 Voo Vea| V
‘Wave-shaping resk Rs 0 100} kD
Driver -40
High-level output current, lo = mA
Receiver -8
iLim 48
Low-level output current. lo, A mA
Receiver 8
Operating iree-air temperature, Ta -40 85| °C

(1) The algebraic convention, in which the least positive {most negative) limil isd&ﬁgnatedasrﬁnnmm‘smedh this data sheel.

6 Submit Documentation Feedback

© 2001-2011. Texas Insiruments Incarporated
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DRIVER ELECTRICAL CHARACT ERISTICS
over recommended operating conditions {unless otherwise noted)

PARAMETER TEST CONDITIONS MmN TYP  MAX| UNIT
. V=0V, CANH 2.45 Voo
Vou Bus output " See Figure 1 and Figure 3 CANL 05 125 "
v voRage ) V=3V, CANH 23
oL Aocessi See Figure 1 and Figure 3
v, a‘?: S :“ i 15 2.2 3
=0V, ee Figure 1
v, Dominant v
00 | Ditterential V,-0V, SeeFigure2 12 2
N output voltage . v,=3V.  SeeFigure 1 120 12| mv
o o V,=3V.  Noload 05 02 o005| V
M High-level inpul current V=2V -30 pA
by Low-level inpul curent V=08V -30 PA
Veann=-2Y -250 250
Shon-ccuit 1 current —— mA
ks o Veru =7V 250 250
Co Output capacitance See receiver
Standby | SNSSHVD230 | View = Veo 370 600 A
Supply Sleep SNESHVD23!  [Vigy = Veeo. Dat Voo 0.04 1 1
e current - Dominant v,-0V. Nolad Dominant 0 17|\ \
Recessive V= Ve, No load Recessive 10 17 l
{1} Al typical values are al 25°C and with 2 3.3-V supply.
DRIVER SWITCHING CHARACTERISTICS
over recommended operaling conditions {unless olherwise noted)
TEST
PARAMETER jimm l MIN  TYP MAX| UNT
SNE5HVD230 AND SNESHVD231
\ ) | Vi =0V 35 ' BS
v LA O delay time, low-to-highdevel g uuith 10 k0 to ground 70 125 ns
Ry with 100 k@ 1o ground 500 870
) ) Vi =0V 70 120
i 2?;‘;’““"“ delay time, high-to-low-level g ity 10 KO to ground 130 180 ns
Rs with 100 ki to ground 870 1200
Vigg =0V 35
¢ Cy =50 pF, —Mm
tygp  Pulse skew ([tew - tocnl) Rg with 10 k0 to ground She Figure 4 ns
Rg with 100 kQ 1o ground 370
t, Ditferential outpul signal nse tne v o 25 50 100 ns
W Diflerental oulpul signal iall ime w 40 5 80| ns
t Differential output signal rise time 2 80 120 160 ns
Ag with 10 k0 nd
W Dilerential outpul signal Ial fime > o 80 125 150 s
t Ditferential output signal rise fime ’ 600 800 1200 ns
Rs with 100 kQ to ground
\« Differential outpul signal fall fime ¢ orod s00 825 1000 s
SNESHYD232
tmy Propagation delay time. ow-10-high-level output 35 85
tpw  Propapation delay time. high-to-low-leve! output - 70 120
Loy PUlSe skew (o tovl) el 35 s
t, Differential output signal rise time 25 50 100
13 Differential outpul signal fall fime 40 55 80
& 2001-2011, Texas Instrumerds Incorpoeated Submit Documentation Feedback 7§
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RECEIVER ELECTRICAL CHARACTERISTICS
over recommended operating conditions {unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYPED  MAX| UNIT
Vir. Positive-going inpul threshold vollage 750 800| mV
= — See Table 7

Vir. Negative-going input threshold voltage 500 650 o

Vpyz Hysteresis voltage {Vir, - VirJ) 100

Vou  High-evel output voltage BV S Vi £500mV, I = -8 mA, See Figure 5 2.4 v

Voo Low-evel oulput voltage 900 mV < Vip < 6 V, lo= 8mA, See Figure 5 0.4
V=7V 100 250 i

~ V=7V, V=0V Other input a1 0 V. 100 350

| Vg #N, Voc=UF |

h  Busiopulcurent Vai= 2V D=3V 200 I
V=2V, V=0V -100 20|

& 4 Pin-1o-ground. 5
G CANH, CANL inpul capacitance Vi = 0.4 S{4EG) « D5V V=3V, 32 pF
. ‘ e

sy Diflerential input capacitance v]‘l'g_?:“'wmm] Losy Vm=3V. 16 pF

Rsy Dilerential input resistance Pindo-pin.  Vim=3V 40 70 100 kO

By CANH, CANL input resistance 20 35 50 kO

o Supply cument 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 ciherwise noted)

PARAMETER TEST CONDITIONS : MIN TYP MAX| UNIT
trLH Propagation delay time, low-to-high-level oulpul 35 50 ns
tppL Prw!iundeiaythae.tigh—mbw—lws!wm See Figure 6 35 50| ms
tygp  Pulse skew (tpin - teud) 0] ns

i ise 1 1
t Output signal rise m See Figire 6 5 ns
] Output signal fall lime iS5 ns
DEVICE SWITCHING CHARACTERISTICS
over recommended operating conditions {unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
\ e v&mv. See Figure 9 70 115
T delay, driver i 1o receiv s
|y e - p iy Y20 T T L ws 75| ns
Ag with 100 kQ 1o ground, See Figure 9 535 /9520
VEE =0V, See Figure 9 100 135
Tolal delay, driver & 1 q ® 5
taocen mwmmfu e IR 10 rROEIEY s with 10 kQ 1o ground, __ See Figure 9 155 185| ns
Rg with 100 kQ to ground. See Figure 8 830 990
8 Submil Documentation Feedback © 2001-2011, Texas Insinznents incorporated
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DEVICE CONTROL-PIN CHARACTERISTICS
over recommended operaling condilions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN - TYPV MAX| UNIT
SNESHVD230 wake-up time from standby mode
with R < T—— 0.55 15 ps
lwne e vD231 wake-up time from sleep mode - 2 i
with Rg s
-5 PA < Lyt < 5 A 0.45 Vec 0.55 Voo
Vit Heiprencs Uil voRnge |50 pA< by <50 WA 0.4 Voo 0.6 Ve v
Las) Input current for high-speed Vipg <1V -450 0 A
3] Al typical values are at 25°C and with a 3.3-V supply.
PARAMETER MEASUREMENT INFORMATION
Vec
.
4 D
—N Voo oVorav
1 e CANH
v
Figure 1. Driver Voltage and Current Definitions
2VeVEsT<?V
Figure 2. Driver Voo
Dominant
CANH
CANL - CANL
Figure 3. Driver Output Voliage Definitions
© 2001-2011, Texas Insduments Incorporaied Submit Documentation Feedback 9
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PARAMETER MEASUREMENT INFORMATION (continued)
|

1 A
%n._:sne =< CL=50pF Vo

s (seeNoteB) !
Generator
(see Note A) Rs = 0 £ to 100 ki2 for SN6SHVD230 and SNESHVD231

N/A for SN6SHVD232

g |

t— e — ey
A The inpul pulse is supped by a generator having the following characlenstics: PRR < 500 kHz, 50% duly cycle. . <6
ns.4y<6ns. Z,=50 0.

B. C, includes probe and jig capacitance.
Figure 4. Driver Test Circuit and Voltage Waveforms

Vip

v - Yoann * Veant Voann
Ic z

Figure 5. Receiver Voltage and Current Definitions

10 Submil Documentation Feedback © 2001-2011, Texas Insirurnenis incorporated
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PARAMETER MEASUREMENT INFORMATION (continued)

Signal
Generator 50 15‘,,%
{see Note A) C,=15pF

| I
t,—» e — ey
A.  Theinput puise is supphied by a generator having the lollowing characteristics: PRR < 500 kHz, 50% duty cycle, L. €6
ns, 4 <6ns, Z, =50 Q.
B. C, includes probe and jig capacitance.
Figure 6. Receiver Test Circuit and Voltage Waveforms

100 &2

Pulse Generator,
15 us Duration,
19 Duty Cycle

h

Figure 7. Overvoltage Protection

© 2001-2011. Texas nstrumenis Incorporated Submil Documentation Feedback m
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PARAMETER MEASUREMENT INFORMATION (continued)
Table 7. Receiver Characteristics Over Common Mode With Vipgy = 1.2V

Vic Vio Veann Veant R OUTPUT
2V 900 mV 155V -245V L

7V 900 mV 845V 655V L Ve
1V 6V 4v 2V L

4V 6V 7V 1V L

2V 500 mV -1.75V 225V H

v 500 mV 725V B75Y H

1V BV 2Y 4V H Vou
4V SV 1V 7V H

X X Open Open H

Veo

10 k2

Generator
PRR = 150 kHz
50% Duty Cycle

I, 4<6ns

=500

Figure 8. twaxg Test Circuit and Voltage Waveforms

12 Submil Documentation Feedback © 2001-2011. Texas Insinurnents Incarporated
Product Folder Link(s): SN65HVD230 SN65HVD231 SN65HVD232



INSTRUMENTS

www.l.com

SN65HVD230
SNB5HVD231
SN65HVD232

SLOSHEK ~MARCH 2001-REVISED FEBRUARY 2011

19

18

17

16

15

lge = Supply Current (RMS) = mA

14

13

CANH

% 600 +1%

CANL

Rz Z

Yoorn —H h—"'—“—-’L‘ fiLoory

Vou
Vo sm'.} m‘g /
——— Vou
A ANV, input pulses are supplied by a generator having the foflowing characteristics: t. or 4 < 6 ns, Pulse Repetition

Rate (PRR) = 125 kHz, 50% duty cycle,
Figure 8. toop) Test Circuit and Voltage Waveforms

TYPICAL CHARACTERISTICS
SUPPLY CURRENT (RMS) LOGIC INPUT CURRENT (PIN D}
vs vs
FREQUENCY INPUT VOLTAGE
o
Vec= SJ v
I 60-0) Load -2
RgatdVv < /
N 7
§ i3 /
5
Q
a -s
&
]
g -1
)
2 -2
-14 7
-16
250 500 750 1000 06 11 16 21 26 31 36
t - Frequency - kbps V; = Input Voltage - V
Figure 10. Figure 11.
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TYPICAL CHARACTERISTICS (continued)

BUS INPUT CURRENT

vs
BUS INPUT VOLTAGE
400
300 ,/
< /
=
» 200 /’
£ -
s Vec=0V >
g 1® /
z v
g o0 P V=386V —
2 e
@ 21 A
T 100 vV
-200 //
-300 P
-7-6-4-3-10 1 3 4 6 7 8101 12
V) - Bus Input Voltage - V
Figure 12
DRIVER HIGH-LEVEL OUTPUT CURRENT
vs
HIGH-LEVEL OUTPUT VOLTAGE
120
b9
E
2 100
=
£
o
=
=3
2
S \
g 80 X
: ]
-t
2 A\
=
T 40
H
S
T 20}
x
o

0 05 1 1.5 2 25 3 35
Vorcans — High-Level Output Vollage -V
Figure 14.

gL - Driver Low-Level Output Current -~ mA

Vop~ Dominant Voltage - V

DRIVER LOW-LEVEL OUTPUT CURRENT

vs
LOW-LEVEL OUTPUT VOLTAGE
160]
140
120 /
100 /
80 /
60 /
= y
= //
o 1 2 3 4
Votcaniy- Low-Level Output Voltage - V
Figure 13.
DOMINANT YOLTAGE (Vop)
vs
FREE-AIR TEMPERATURE
3 I 'L
Voo =36
25 “"T'cc ~a3v
Vep=3V
2
15
1
0.5

=55 -490 ] 25 7o 85 125
Ta - Free-Air Temperature - °C
Figure 15.
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IPLH - Receiver Low-to-High Propagation Delay Time - ns

1pLH = Driver Low-to-High Propagation Delay Time - ns

TYPICAL CHARACTERISTICS (continued)

RECEIVER LOW-TO-HIGH PROPAGATION DELAY TIME

vs
FREE-AIR TEMPERATURE

s =y

Rs=0
7 /

Wa

36

N rd
- & Vee=3V
- N | Vec=33v 4

N T
33 \\:m:uv
a2t
31
30

-55 -40 0 25 70 85 125
Ta ~ Free-Air Tomperature - °C

Figure 16.
DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME

s
FREE-AIR TEMPERATURE

1
Bg=1 vl =:nlr

B B 8 &8 8 & 8 @

-55 -40 o 25 70 8 125

Ta - Free-Air Temperature - °C
Figure 18,

tpHL~ Recelver High-lo-Low Propagation Delay Time - ns

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

RECEIVER HIGH-TO-LOW PROPAGATION DELAY TIME

FREE-AIR T;:IPERATURE
= I
Rg=0
39
38 Q\\’mﬂ\' //I/
37 \\\ Ve =33V ﬁ/
S
36 Voo =36
35
34

-55 -40 0 25 70 8 125
Ta - Free-Air Temperature - °C
Figure 17.

DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME
s

FREE-AIR TEMPERATURE
"3 |
| Rg=0
85 Vec =36V
80 |-
~J
PN Td_c,
51 Ver=33V
70 k —
Vec=3
65
60
55
50

=55 40 0 25 70 85 125
Ta - Free-Air Temperature - 'C
Figure 19,
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TYPICAL CHARACTERISTICS (continued)
DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

g 2

i W Rs='wm1_ X 1 | Lj | 45:101:11

;E 80 ! i i e g -n-ﬁvE= 1 v

=

i' VcL:SV /’-/ by W0 V[ '3:lv s

& L ...——'—_'_,-l ’%/ i _E EE

c "] c 130 I

2 60 mm Vec=33V =2 v av

e =

g Vec=36V i i

3 gl—Ee= 12

H &

& Z 1o

b = -

2 3

i & 100

5 i x

§ ¥

= =

=] 10 o

1 1]

x -

3 0 I

= 55 40 O 2% 70 8 125 = =55 -40 D 25 70 85 125

Ta - Free-Air Temperature - “C Ta — Free-Air Temperature - °C
Figure 20. Figure 21.
DRIVER LOW-TO-HIGH PROPAGATION DELAY TIME DRIVER HIGH-TO-LOW PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE

- L]
c = 10
é Rg= 100k | . P Rs=100%a
= g
= N cc=3Y S Voo =36V
'% s i [—
At ~ e
k] Vec =33V ™ 8 gaplc Voo =38V
s ®
g 500 E
o

o -
& aool—Vec=38V e — —~
) § Veo= -:‘_____,.z-*
¥

]

& N 2 aoo]—=
g s
S 200 T
£ £ 70
4 100 3
L] 1

-l
I o = 700
2 55 40 ©0 25 7 8 125 - 55 40 0 25 70 85 125

Tp ~ Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 22. Figure 23.
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TYPICAL CHARACTERISTICS (continued)

DRIVER OUTPUT CURRENT DIFFERENTIAL DRIVER OUTPUT FALL TIME
vs vs
SUPPLY VOLTAGE SOURCE RESISTANCE (R,)
1.50
1.40
130 Vec=33V
cC

1.20 =,
110 Veo=36V

ne

0.90
0.80
0.70
0.60 gl

. 2 V=3V
0.40

10
0.20
/ 0.10 ,/

i = Driver Output Current « mA
—

1y = Ditferential Driver Output Fall Time -

\

1 1.5 2 25 3 35 4 L] 50 100 150 200
Vg - Supply Voltage - V R; - Source Resistance - ki
Figure 24. Figure 25.
REFERENCE VOLTAGE
vs
REFERENCE CURRENT
3
25
-
]
-i-' 2 Voc =36V
oc =
2
15
Vec=3V
-+
: 1
E
>
05
L]
-50 -5 5 50
k¢t — Relerence Current - uA
Figure 26.
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AMANUIN A
Can Bus Shield Adrino

MIcRoOCHIP

MCP2515

Stand-Alone CAN Controller With SPI™ Interface

Features

- Implements CAN V2.0B al 1 Mb's:

- 0- 8 byle length in the data field

- Standard and extended data and remole
frames

Receive butlers, masks and fillers:

- Two receive bullers with prioritized message
slorage

- Six 29-bit fiters

- Two 29-bit masks

Data byte filtering on the first two data byles

{applies to standard data frames)

Three Iransmil butlers with prontizalon and abort

lealures

High-speed SPI™ Interface {10 MHz):

- SPlmodes 0,0 and 1,1

One-shol mode ensures message Iransmission is

atiempled only one me

Clock out pin with programmable prescaler:

- Can be used as a clock source for other
device(s)

Start-of-Frame {SOF) signal is available for

moniloring the SOF signal:

- Can be used for ime-sioi-based prolocols
and/or bus diagnostics 1o delect early bus
degredation

Imenupt culput pin with seleclable enables

Butier Full oulput pins configurable as:

- Interrupl output for each receive bufler

- General purpose output

Requesi-lo-Send {RTSj input pins individually

configurable as:

- Control pins 10 request ransmission 1or each
transmil butler

- General purpose inputs

Low-power CMOS technology:

- Operales from 2.7V - 5.5V

- 5 mA active curent {typical}

- 1 pA standby curreni (lypical) (Sleep mode)

+ Temperature ranges supporied:

- Industral (1): -40°C 1o +85°C
- Extended (E): -40°C to +125°C

0

Description

Mcrochip Technology's MCP2515 is a sland-alone
Controller Area Network (CAN) controlter thal imple-
ments the CAN specification, version 2,0B. ltis capable
ol Iransmiting and receiving both standard and
exiended data and remole frames. The MCP2515 has
two acceplance masks and six acceplance filters 1hal
are used 1o filter oul unwanied messages, thereby
reducing the host MCUs overhead. The MCP2515
interlaces with microcontrollers (MCUs) via an industry
standard Serial Peripheral Imesiace (SPI).

Package Types
18-Lead PDIP/SOIC
TXCAN [ - 18] voo
AXCAN []2 171 RESET
CLKOUTSOF [3 16[1TS
P g wy
TXORTSCJ4 = 15 so
naRtsCls &  14fds
Q
Tenrss = 13[0sck
oscz2[]7 127w
osci[]s 11 ] RX0BF
Vss[19 10 RXIBF
20-LEAD TSSOP
TXCANCH 1 20favon
RXCANCH2 198O RESET
CLKOUT/SOFeR 3 1BaES
TXOATS CH 4 17Raso
wn
™iRTSd & '5pasi
o ISfINC
TGRTSHY7 5 tefasck
oscecHE = 13 INT
oscich 9 12R AXDBF
vss R0 My BF

© 2005 Microchip Technology Inc.
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MCP2515

1.0 DEVICE OVERVIEW .

The MCP2515 is a sland-alone CAN coniroller

developed 10 simplily applications that require

interlacing with a CAN bus. A simple block diagram ol

the MCP2515 is shown in Figure 1-1. The device

consists of three main blocks:

1. The CAN modue, which indudes the CAN
prolocol engine, masks, fillers, transmit and
receive bulfers.

2. The control logic and regisiers that are used to
configure the device and its operation.

3. The SPI protocol block.

An example sysiem implementation using the device is

shown in Figure 1-2.

1.1 CAN Module

The CAN module handies all functions for receiving
and ransmitling messages on the CAN bus. Messages
are wansmitied by first loading the appropriate
message buller and control registers. Transmission is
mifialed by using control register bits va the SPI
mlerface or by using the transmit enable pins. Slalus
and ewors can be checked by reading the appropriale
regisiers. Any message detected on the CAN bus is
checked lor errors and then matched against the user-
defined filters 1o see i it shoud be moved into one of
the two receive buflers.

1.2 Control Logic

The control logic block controls the setup and operation
ol the MCP2515 by interfacing 1o the other blocks in
order o pass information and control.

Imerrupl pins are provided 1o allow grealer system
flexitility. There is one muhi-purpose intemupt pin {as
well as speciic imerupt pins) for each of 1he receive
regislers thal can be used 1o indicale a valid message
has been received and loaded imlo one of the receive
butfers. Use ol the specific interrupt pins is optional.
The general purpose interrupl pin. as well as status
regrsters {accessed via the SPlinlerface}, can also be
used 1o determine when a valid message has been
received.

Additionally, there are three pins available lo initiate
immediate ransmission of a message thal has been
Ioaded into one of the three transmit registers. Use of
these pins is oplional, as inilialing message
transmissions can also be accomplished by uiilizing
control registers, accessed via the SP1interface.

1.3 SPI Protocol Block

The MCU inlerfaces 10 the device via the SPlinterlace.
Wnling 1o, and readmg from, all regislers is
accomplished using siandard SPl read and wiile
commands, in addition 1o specialized SP| commands,

FAGURE 1-1: BLOCK DIAGRAM
O Chitamias 3T =) AOXQAACOTOM 3
| I
| Rxcan |
I b TX and RX Buffers /L—LJ\ spe [ Cs
l Protocol Interface  |e— SCK | SPI
Engine Masks and Fitters \[—'—V‘ Logic l— 51 Bus
I Txcan I SO
| 7 |
L2 2 b o i A N e ] e NS g Ci
Cortrol Logic -
o5C1 —] Ty
OSC2 . 4 —
CLKOUT Generation I Tid
» RXDBF
FXIBF
TXORTS
Cortrol T T
o TXIRTS
Intesrupt TXZRTS
Reg RESET
AL O IS Y T A T T S O R T T T L ITTT
© 2005 Microchip Technolagy Inc. Preliminary DS21801D-page 3
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MCP2515

FIGURE 1-2: EXAMPLE SYSTEM IMPLEMENTATION
Node Node
Controller Controller
SP™ SPI
[mcp2s1s] wCP2TS
o] T o] Tx
XCVR XCVR
CANH « »
CANL < g
TABLE 1-1: PINOUT DESCRIPTION
PDIP/SOIC | TSSOP | VO/P h .
l_Name Pin # Pin# | Type Description Allemnate Pin Function
TXCAN 1 1 O | Transmit output pin to CAN bus —
RXCAN 2 2 I Receive inpul pin from CAN bus —
CLKOUT 3 3 O | Clock output pin wath programmable | Start-ol- Frame signal
prescaler
TXORTS 4 4 | Transmit butler TXBO request-io-send. | General purpose digital inpul.
100 kQ2 interna pull-up 10 Voo 100 kil inlemal pull-up 1o Voo
TX1RTS <l 3 I Transmit buller TXB1 request-lo-send. |General purpose digital input.
100 k2 intemnal pull-up 1o Voo 100 kQ intemal pull-up 10 Voo
TX2RTS 6 " 1 Transmit bufler TXB2 request-1o-send. | General purpose digital input.
100 kQ2 intemal pull-up 1o Voo 100 kQQ intemal pull-up 1o Voo
0sc2 7 8 O |Osallaior oulput —
0osC1 8 9 1 Osaill ator input Extemal clock input
Vss 9 10 P Ground reference for logic and O pins {—
RX1BF 10 7 O [Receive butler RXB1 interrupt pin or | General purpose digital outpat
peneral purpose digital outpul
RX0BF " 12 o] Receive buffer RXBO intemupt pin or | General purpose digital output
general purpose digital oulpul
INT 12 13 O |imemupt oulput pin —
SCK 13 14 I Clock input pin for SPI™ interface —
Sl 14 16 | Data input pin lor SPI interface —
S0 15 17 O  |Data output pin lor SPlinterface —_
CS 16 18 I |Cnip select input pin for SPl interlace | —
RESET 17 18 1 Active low device resel inpul -
Voo 18 20 P Positive supply for logic and ¥Opins  |—
NC —_ 6,15 —  |Noinlernal conneclion

Note:  Type ldentification: | = Input; O = Oulput; P = Power

e e T T S I ey YR DT T T ATLTTRLZAAITE]
DS21801D 4 Preliminary © 2005 Microchip Tachnology Inc.
-page y



14  Transmit/Receive
Buffers/Masks/Filters

The MCP2515 has three transmi and Iwo receive
butiers, two acceplance masks {one for each receive
bulfer) and a total of six acceptance filters. Figure 1-3
shows a block diagram ol these buflers and their
conneclion to the protocol engine.

MCP2515

AGURE 1-3; CAN BUFFERS AND PROTOCOL ENGINE BLOCK DIAGRAM
BUFFERS
A
TXB0 X8t TXB2 g
w w w
D <& g O <k % i % :
gEon gl [EE3E @ [gkoE ¢ 1
E2EE = EREE = FIEF =
t I
¥
s 2\ g ¥
proe o Transmit Byte Sequencer Data Field

PROTOCOL
ENGINE

———|  Tansmit<70> | Recewe<70>

Shift<140>
{Transmit<5:0>, Receive<d:0>)

Comparator

Raceive REC
Error
Counter TEGC

Transmi - ErrPas
Emor | o musON

L]

! CRC<14:0>

Transmit

Logic

Tming

Protocol
Finite le-SOF
Machine

Clock

Logic

BX

Generator

Configuration
Registers

© 2005 Microchip Technology Inc. Preliminary
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MCP2515

1.5  CAN Protocol Engine

The CAN protocol engine combines several functional
blocks, shown in Figure 1-4 and described below.

15.1 PROTOCOL FINITE STATE
MACHINE

The hearl of the engine is the Finile Slale Machine
(FSM}. The FSM is a sequencer thal controls the
sequential data stream between the TX/RX shilt
register, the CRC register and the bus line. The FSM
also conirals the Enor Management Logic {EML} and
the paralel data stream between the TX/RX shilt
regisiers and the butlers. The FSM ensures that the
processes ol reception, arbitralion, ransmission and
eror-signaling are perlormed according o the CAN
protocol. The aulomalic retransmission of messages
on the bus line is al'so handied by the FSM.

152 CYCLIC REDUNDANCY CHECK

The Cydic Redundancy Check register generates the
Cyclic Redundancy Check (CRC) code, which is
ftransmitled aller either the Control Field (lor messages
with 0 data byles) or the Dala Feld and is used 10
check the CRC field of incoming messages.

FIGURE 1-4:

153 ERROR MANAGEMENT LOGIC

The Enor Management Logic (EML]) is responsible for
the fault confinement of the CAN device. lls two
counlers, the Receive Emor Counter (REC} and the
Transmit Emor Counter (TEC), are incremented and
decremenied by commands from the bil siream
processor. Based on the values of the emor counlers,
the CAN controller is set into the slates emor-aclive,
emor-passive or bus- off.

154 BIT TIMING LOGIC

The Bit Timing Logic {BTL) monitors the bus line input
and handes the bus-relaled bit timing according 10 the
CAN protocol, The BTL synchronizes on a recessive-
1o-dominant bus transition at Start-of-Frame (hard syn-
chronization] and on any lurther recessive 1o-dominant
bus line transition il the CAN controller itsell does nol
transmit a dominant bit {resynchronization). The BTL
also provides programmable %me segments 1o
compensalte for the propagation defay time, phase
shifts and 1o define the position of the sample point
within the bit ime. The programming of the BTL
depends on the baud rate and extemnal physical delay
times.

CAN PROTOCOL ENGINE BLOCK DIAGRAM
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