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PATROL ROBOT CONTROL SYSTEM
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Abstract

This project is model of the Patrol Robot control system. It is controlled with RF (Radio
Frequency). By using Microcontroller for car driving motors process. The direction of this Patrol
Robot Control System is controlled by joystick. Motor is controlled a velocity by pulse width

modulation (PWM) and the supplied by a 12 Volts battery.



111

faanssulszmna

,;’ ' 8y = Yo t =) ]
Tassoudiannsogaaahlldaed  wszldsuanumemdeninyananaisnu
a 4 ¢ = = o iq 9o ©
Trommizodieades emsdnamans @aUssaasyensindiny) AldmyuTamuasuuni
S o a o4 d A o A
Moty Inssnuszuuatansznunugussez lna  BnnsjuinaziVeugnaauiisImiely

¥
mslfianuiluedsaun Tavaasn sui W lasseiidnSe Tasauys ol 14

WQUIAYT qUBY IHA 47010574

WILgNENY AIAIN SHE 47010605

@ o

AN

eBe



1500y

UNAALD
Abstract
naanssuilszme
GRESILY
GRERTGIEM
GRPSTI RPN
unii 1 umi
unii 2 nouRuazudnns
2.199u8An Joystick)
2.1.1 Tassadreeooadn
2.2 UBIADINILUARTI (DC MOTOR)
2.3 lulnsaouInsamesd wile PIC
2.3.1 MaAVIAVDQ dsPIC 30F4012
23.1.1 Tn@_a Analog to Digital Converter
2.3.1.2 msﬁiamswﬂin UART
2.3.2 AMauIAv0d PIC16F876
2321 Tu@a Analog to Digital Converter
23.2.2 miﬁamiagﬂm UART
2.4 Pulse Width Modulation (PWM)
2.5 ‘Inwes(TIMER)
2.6 LLUAIADS
2.7 GPS
VAN 3 M3ODNLLY
3.1 MAaadyg I
3.1.1 3DUAAN
3.1.2 2997 W nsnou Insaaes
3.1.3 2asAiosdeniuing
3.2 MAsudynu
3.2.1 2ainTessuing

o
3.2.2 1993 lulnsnou Insomss

i
11

11
14
17
21
26
31
33
38
39
45
45
45
46
47
47
48
48



o I'd
3.2.3 WIVUUOIRDS
UNN 4 HANISNAABY
4.1 Msnaaedd 1 Mstasiussauvedteeaananewaonilufsnon
4.2 MSNAABIN 2 NATOUANTTOULUYBIAITE
4.3 MINAARIN 3IAdyny 1 PWM $11995 Drive Motor
d' = o
Ui 5 Inseruazagilnansnaass
VISUIYNIY

NIARUIA

49
50
50
50
51
63
64
65



&
unn 2

1

€
&
€aht

013

31N 2.1 vovadn

31l#1 2.2 29e3meluvesddn

|)§

51fi 2.3 uansamilaonssuveslulnsneu Tnsained dsPIC30F4012
il
il
31
il
pal
317 2.9 erAadaiauns CPU PIC16F876
1

o o v o
Ui 2.11 uansmsHuwaansannisulasdoya A/D

2.4 LAAININIUDY CPU dsPIC30F4012

=n.

2.5 vaonlaezunsunieluvesluga AD

&ant
=n.

6 uaenlaozunsumsdidoyavosTuga UART

=h.

=n.

2.
o (7] 9}
2.7 vaenlnazunsumisivdeyavesluga UART

et

2.8 uananmilaonsivvadlylasnouInsamas PIC16F876

=1.

=]
2.10 vdenlaezunsunivluvesluga AD

et
=h.

gon

Ui 2.12 venlnesunsumsdsdoyaves Tuga UART
il
31
il

. ) .
17 2.16 m3hravves Inwes lugmauuy A

&N

=n.

< as
2.13 yaonlaezunsunsiudoyavesluga UART

2

Y 4 v =Y dy =
2.14 AnunivesRaduinan e aza1aaf lafa

=h

2.15 FeygIOIANAYDY PWM

ean
=

&ad

317 2.17 meshomves lnwes lugunmawwy B

C; o ﬂ‘
U7 2.18 mashaea lnwes lugwnawwy ¢

a o =
519 2.19 laozunsuvas Tnwes 32 dn

o~ Y = dd o
117 2.20 dlsvouadnaesa it iMuanInTg U

T kg
11H 221 urasguuudiansvesiuda Tan

P Y =i 4
317 2.22 uamsszAvveITaDYA
U7 223 mafmuadinunesuaz adeSiHoy
U4 2.24 wermamsAmuAna azdge apsRgALATA UGS
3191 2.25 AUV ECEF X, Y, Z
5% 3.1 29935 WM aaad iy
111 3.2 293meTuseesadn

& L4 1
119 3.3 2993 luTnsneulnsames PIC16F876 vnannds

519 3.4 RF Module Radiometrix Tx2-433

G
v

319 3.5 29935 mvesmn T D Fyana

4

11
15
15
18
19
23

24

29

29
31
31
34
35
35
37
41
41

42
43
43

45
46
46
47
47



uni 4

3 1lf 3.6 RF Module Radiometrix Rx2-433

517 3.7 1995 TuTnsnou Tnsanos dsPIC30F4012 48971ASY

Qs o
3UM 3.8 1astunDmes

3

;ﬂﬁ 4.1 FORWARD (duty cycle = 50%)
gﬂﬁ 4.2 FORWARD (duty cycle = 100%)
311 4.3 BACKWARD (duty cycle = 50%)
7171 4.4 BACKWARD (duty cycle = 100%)

o

519 4.5 TURN RIGHT (duty cycle = 50%)

a4

519 4.6 TURN RIGHT (duty cycle = 100%)

G

5UM 4.7 TURN LEFT (duty cycle = 50%)

[«

517 4.8 TURN LEFT (duty cycle = 100%)

U4

d‘ P ¥
5UN 4.9 AUHT U 25 DA

£

71U 4.10 nsundARB 25 DIFN

-

317 4.11 AU IR 60 999

U

5UN 4.12 0BBVAURNYL 60 BIF

¥

48
48
49
51
52
53
54
55
56
57
58
59
60
61

62



MIUHYAITN

g

PN 2 2157199 2.1 MSNINUV T dsPIC30F4012

L )

A1519% 2.2 Svamedae q ARedeatuns 191 A/D vee dsPIC30F4012
A19af 2.3 MINNUVoINFYY I PICI6F876

AT 2.4 MIMUUATAIIZMINNTUVDRNTYYIUAI

A1191 2.5 T amnTen q fRedeatuns 1y A/D ¥0aPIC16F876

unfid @15199 4.1 msuasmussuvessesaanvIneuIasniiufinoa

13
20
22
25
50



1.1

1.2

13

Y 1

uni

anmiuinvealnsinu
e oA a o od -3 o oa ¥ [ L] -é o
Hoqiufimninesdiamseiindundszgnd 1Fnuuedannne  esiisanu
nzaan Wszndanamaztiunsiennaned Flnssouiihiuessdidonselindun
o [) A -
szgnaldfuszuuamarziuszes nalasafausoamasznuitans  Faiaduns
4 ) [ ) - =
aaaszus 1w lamaszougatinnulydasase Salims 14sesdidnnsening
J o o o A J o .
i uituitfi@ostuiteaan nudoms TasTassaniil¥menuguiuidugoystick)
é 4 1] o e
Tummugulfsamdoufinmdoims diudsomansznuiiumsdiasvuiavesso
A o 1 J
mansznu medluduu lumaiennde ) FuFourilouminiuqussamasziou
o A' 3 dw 1 'A
vingunugulumiasndufunlanlasuniefenduanoiundosnaa luusaan
MAATZNU
Saquszaen
[ o d’ o
Tagilszaanvea Inssnuilvzdlumsirassssuuaansznuszos Inadaumiadiean
-] é 1 r -
amaTznUSIans Swwauarjli e nmaatznusines hiassmunnuilueds Ta
4’ ¥ o o o Y & W
Tassuiiniuivdanmshinuvessomaasziuuasndnmshaudeannsolssyna it
o - J i =
WifusemaaTznuvenTluiuneTeld
YOUIYAYOIIATIITH
mes 1/2550
»
P
Tumouus nileziimsfinuinm ¢ saddneneuInaes ccs ¢ MFlumstou
2 d ' a o
Tusunsy Mo Tusunsu MPLAB #11€lums Bum Tisunsu dauseva@aniuee
3 a ' e 1 A o 1]
Aminsesvessesadndlusdnals  wriynilAdluesnls e Tenvesa@nudani
I'd 13 S 1 aa
vouomnynidluotinlsudr@ouTsunsunisilasmewasniludtnes  uaresnuun
g3aunT IuIuveRITnaIRATEIUS 1009
MBON 2/2550
b d
o v A«
Tumoey 2 #1 wemndou Tsunsuludruveaninsu-gaveslu Iasnou InTiaed o
» [
dygrauaziilifuseime i 2 M ¥iads uazlémundoadundauudisnainarziu

li li' ke a ' Ad o
MINITATIVVL AN luraunnduasie



1.4 Insaadlavealniaam
dya L e z :
Tassnuilldefnsiuasunaz 35 lumsesniuusamisnesiazsansnaanaieg
. z e
vossnaraaTziudans Taoliieonunisesnifiuimeieg Redl
P a - Fy ' dd o v
uni 2 ngufeznanimanmenugiuangifivafunsesniusiazainszuy
a1AATZIIY
A : 1 : 1t
Unh 3 Mmyeenuuy vznadusoulumssenuuudIuA g dddugdnsel
anguIze 1na vevaan lilvutisssrninfuuudisemansznusions
. : 4
UNAl 4 N1SNARBIBZHANTINABDI 9ZNA1IDINITNARDILAZHANITNAADA LiT0YINTS
nagoy

1 ¥ 4 - ;
unii 5 ergilua sznanBawanisnanes gminiiatuuaznsudly



dy a N o v N =~ = ' 5 . N o N o N
wnansiidwenasianubidmsunislsnuienistnyiniu lweygislmilulydsslosununisan

lunsdlla visdu Bnnanuilvdnudadilon uaznedendidsnivesenalsynaseniinisdiliuly



A o~y oy 1] - i )
dielunvesadn 1 lufemadieg MldiRamanaousnnudummluunueu v
) - e 4 a
uazuwanu X Taomnnuanudaumiuhumueu Y szifamsn/aounlaile Tunsesadn
o ¥ > a o A
Tdwmimiedands  daunnudnmuhunaunu X duszifamsulfounlauieTon
a = a0 '
sova@n limavamiedis ganinaadlugaiisanuduniuveanu X uasunu Y oy

& ] ¥ 1 d
fnanamsalaounlasminnudaiumu

2.2 H0IRBINTZUARTI (DC Motor)
a > | d d w o
finuduq vewwemed Ao quasal It nalaoundamusndundanuna
»
Taverfondnmigauaziinuosmnuuiman mnyuvewemes lavruud S1lidauiman
»
r or ¥ o 1 A 1 J ar
agaratiadeiu Fundt Tra (Pole) daveIimunniminesniniFundt Raandnd(Field
o 1 & da = o v o -~ ' o LA 4
flux)  mAnunaniiandsegiunumyudldmnmsimanesninifonit  e1dlmees Wand
A' ° 1 J - Q' L 4 r " h’l af
(Amature flux) §u5u9d s I deatingwe WlusaTundn unaimanszgniamania
»
or o 0y li ’ L]
mosreandndmpuandinnin ll diounauimdonyulalld 180 ssm midezhineg
o u': [ d o a'a o e v ] d do o 1 4 1 A P
aduiuimanivypniunduiumaimanieegoanan Imyude ldiFosq  vomes Idasan
) A o o & o o & o0 - & o [
iddnduialifevemesnamimnTeswudiuemTentaindundun lagain dnvus
[} »
Tarsef i hiveawesime M aszmiloufuisiusiruamo Wase aztunafnyidnuise

1018 inn

siinveananed Innla
1. e IvnsLEYNIN(D.C.series motor)
o o d e t = ' et o ¢
Fhunemeintivanamuuimaniudoaradulng Funhvadidiadua:
v o o o ad doy 4w & ' d et gl
avoynsuiiiuerfinmes  vatidiaderRusouInaondamuuwiman  uazvadidil
. ‘l 1} LY 1 & L]
Anudumud nszuai Tnanuvanlafadszimfunszuaeisiueesms izaveynsuiuey
»
= Qs L O A o
voines IMasariiaiisr Wnuaniduandeen lilnnuewes asundus  aunlém
ary ' 1 1 Q' ] o g A ]
vompiviiaildm IngideamausamyuiFuusngatia 500% vesruAnnsa Funnniwsanyu

o o
gaganuemosisususm1d

2. uewmed IMavausud

i ]

& 4 o d o o ) ' o o

Fudvemosiuvomosniivantamnunimdniudwaraduida Suniwasud

'l L o A ) -

Wad  vaasafidovuusgfuosimel  vaduaWadlanudwmugs  dezdelifa
] { 1 ‘l o i o ]

muiminadidumoumnimessfiduRadvdndvimihfiesnusandnueriuees1d

) »
nyuy wewes s avusudtinadinns Waumuay dail



- WlumsmvguusamyuIdnafidanudseundon 1 i Taesaumuisimdn
vewvammsuAlined uAnsuI s wuitloniusvamaerfiueed myvuuyiiezh
1 5undasioIMnssils 2 ga ganilsrutifusud Snyanitwwldifuerfiuned

- WlunsmouguInaaiifianudanasmuusayu Tnaaunasia iy Waouuae
ﬁm‘i’ﬁun:ﬁmmﬁqnﬂmnﬂmmnquaﬂm Friafudnuasvesuenoiiih Tnamnniu
souszdmamatiunszueih 3 Tasmsasanudunmueynsufuvaaine suneed

3. yowmes AT uAoIIA (D.C. compound motor)

aoaaduemes Hunemeiftivaaanmouuimdn 2 ya Wusguuiausindn
SuiRvaiuTavyausn A vasuddenziuidntugavesiunimin dnyafinesfouadid

Hasziulidmuendhuduaiaidunguaziswussuivudmisy

gadnyazmozmHiTifauveausinedivfhnizuanas
s a A o o y a o)
1. woweiviiatvaz 185y Tnaaung vomeiswnyud ualuvusivemesiiinaa
¥ o 4 3 18 < o a o
verq  anuinewemeiezge  uad bifi nasnoeziinnudiquouiaduae  mIe
3 »
vzl TnaalounTo hili Inamaonszuaez Inaruvadimlovinn Anfudealini U4
»
Mugamonulag mizveniiewaetanmewiusensemeietiigald
[ ‘i 1 [ [ 4 A - 1] d
2. fudvewediienouswuldih fusemednd seififasuunimanndi
iw A A
Tuvazi it Tnaauomeses 1¥nrzumfivadnmiooaimruzriuila ilouemesiiinoa
N d
nssueluerfueesergaiu  uanudngasaudmies  nszurlunrfvefeniaoua

Tnaafio Silnaaumnnszuaezge Sroalnamissninszuaszanas



J
2.3 lulnsneulnsaaes ¥iia dsPIC
lassadruazamifaenssy
N 14 a 3 ' ° a
dsPIc  HuFevedlulnsnoulnsmes 16 e Tasvesdrudlumamsdmsy
[ yl o o
TuTnsnouTnsimesoynsulmifii Digital Signal Controller ®30 DSC 1ufife dsPIC 1Hiu
TulnsnouTnsmesildsunmsesnuuumiiufieionulszann dyguasaoadmiy
Y as e e et =y 8 or [
adnszuumuguda lwidiiawansegs  luTasnouTnsiaes IdlinmsAaduiannedis
1 P = o ) = J v d‘:? = [
aoities il luTasnouTnsimesasznalvyg Mavunnuie ualunidiseeanuins o
oo . . P Y] =y 1 ]
TuTnsaoulnsmesaszna dsPIC ¥99U5HEM Microchip ¥4'185unmilousdtaumsnainln
¥ - o = 9 ¥ o
thus ffesnindlululnsaeuInsweiiianuanse waz  heunionludeninens
o o v 1
50 WHarAdun1s199man q wnue wu Tuaa Analog to Digital , Timer/Counter , UART ,
4 ‘b ¥ T r lﬂ.’ L} ~4 e =y o
SPI, BC , PWM uazduq dediuai q mariignadiesiwegnisly cpu dissdufer il
I d
CPU gsdufenil musofiam ldvatsedauazaninsoaa luaiuvesasaisuietnng
2.3.1 RITHLIAve dsPIC 30F4012
wa o ] v o dy
ANuIIAA1 9 vaelulasaouTnsians dsPIC 30F4012 agilod13ns129) Tanail
- 83 Base Instructions
- yamdelivuia 24 i snsoszuanadeoyald 16 dn
aa o o o o 0 []
- HawmesSUANAMasT 30 A MUl
- DC to 40 MHz external clock input
- 4 MHz - 10 MHz oscillator input
B e PRFLN Program Memory U119 48K
- MUILAIINUDI Static RAM 2048 Bytes
¢ a ¢ o o .
- INNIDTODUSIUR (POR),Lmnmawvlmnas (PWRT) uag Oscillator Start-
Up Timer
- Extended Watcthdog Timer (WDT)
- awnsaidennistesiudeyald (Code Protection)
- Inuadszndandeaiu (Sleep Mode)
] o = ¥
- sdenlvuavel dganannwm ldvaeInua
v b4
- i Iidea2s viass v

3 s o 4
- ﬂi%&lﬁﬂ#’l"‘ﬂﬂﬂ!lﬁ%"‘ﬂﬂﬁﬁ‘UBQWfJ‘;ﬁ ﬁ'ﬂ 25 mA



- Timer/Counter 16 U9 $117U 5 A2

- Tuga Capture/Compare/PWM $1U7U 6 L¥UUNA

- STugaedudygiu PWM duiuniuguueinss 6 ¥o4

- Analog 1o Digital Converter A710a2(0UA 10 1A 6 L1YULUA

- sanmiguuasitlasdygnu 1000 Alanyudlasodum

- flugansdeas UART

- fimefa 0 5 wedmlsznoudiu B,CD.E uaz F udaznesaiidmiuia

T oo o ') -
1Ulﬂ1ﬂu°ﬁiiﬁﬂllﬁ’l 921l $1u7u 20 1A

ANZSS1CNATEZ

Adaress Laich
m Koyses; ‘ ANLOEANCTICNERSY
e X ANBQESACMCNTRES

PORTE
EMUD 1/S0SCITICKUATICNIRCTS
= D]] EMUC 17308 COMICKUTARXITNINC 14
‘ 1611‘ OSC2CLKORC IS
T e
Ihsruchon l
Decooe ana |- 1]
Control
l Divide
[ Powerp | Engne Lt
., (2] EMUCZOCIACTANT 1ROG
oSt | o st Tmer == m"‘ﬁ EMUDZOC2AC2INTIND 1
ACDS T8 PORTD
I| rormon
=L
& R
Tiner
Vi, Va5
AVDD, Rjas
ok (]
CAN 1080 ADC Capture Compare Be™ —
sy Mirnac
el PoHRES
et Timers (] otor Comral “"‘m T o elX] FUTAINTOSCK 1OCFARES
ape P FORTE

~>:4 PGC/EMUC RS ISDAC 1ROURF2
T 2 PGDEMUDUITICEDO 1 CLC UM

PO

319 2.3 uaasaanilauns sunoluvesluTasnou Tnsained dsPIC 30F4012




28-Pin SPDIP and SOIC
__ 9
MCIR [ 2841 Avoo
EMUDVANOIVREF+HCNRBO [1]2 27[] Avss
EMUCYANIVRER/CNIRB! [13 2617 PWMILRED
AN2ISSIICNA/RB2 4 § = [] PWMIHRE!
ANVINDXACNSRBI []5 B 24[] PWNOLRE2
ANGOEAICTICNERBA (6 ©) 23] PWM2HRE3
ANSKQEBICHONTIRES [17 & 22[7] PWMSLRE4
vss 08 M 21[] PWM3HRES
oscicd s 8 20 vm
OSC2CLKORC1S lém = 19[] vss
EMUDI/SOSCYT2CKAMATRICNIRC13 1t ™ 18] PGUEMUCARUSDINSDAICIRXRF2
EMUC1SOSCOTICKU1ARXICNORC14 [ 12 17 PGOEMUDATX/SDOUSCLICTTIRF3
voo []13 16 (] FLTAANTO/SCK /OCFARES
EMUD2OC2ACINTZRD1 [ 14 15[ EMUC2/OCIACIANTIRDO

317 2.4 ARG IR dSPIC 30F4012 uaz mIsAnsdumisndgyguan q

; = : c; a.l ]
ideya 1Yo dsPIC 30F4012 Hesliianua 28 v1 dsznouldruyindmihng q
Taverusoh iddudunmerdnaldimuanan  muselfouldaunind  wennin
o o : J
wdgygu V0 udr Sulszeouldondygiatu 9 dnfte vilidoe ,n5108 1Tam ues

¥ »
vesrdammes aunseagimihnmaihauveandyg e ludaznlddamaedelilil



AN 2.1 MIMNUYDINTRYgu dsPICIOF4012

. Pin Buffer -
Pin Name Type Type Description

AND-ANS I Analog | Analog input channels. ANQ and AN1 are also used for device programming
data and ciock inputs, respectively.

AVDD P P Positive supply for analog module.

Avss P P Ground reference for analog module.

CLKI | STICMOS |Extemal clock source input. Always associated with OSC1 pin function.

CLKO 0 - Gscilator crystal output Connects i crysial or resonator in Crystal
Oacilator mode. Optionally functions as CLXO in RC and EC modes.
Always associated with 0SC2 pin function.

CNO-CN7 | ST {input change notification inputs. Can be software programmed for intemal
weak pull-ups on all inputs.

CIRX | ST |CAN1 bus receive pin.

C1TX 0 —  |CAN1 bus fransmit pin.

EMUD o ST |ICD Primary Communication Channel data inputioutput pin.

EMUC 4] §T  [iCD Primary Communication Channel clock mput/output pin.

EMUD1 o ST  }ICD Secondary Communication Channel data input/output pin.

EMUCH 0] ST  |ICD Secondary Communication Channel clock input/output pin.

EMUD2 114] ST  |ICD Tertiary Communication Channel data inputfoutput pin.

EMUC2 o ST  |ICD Tertiary Communication Channel clock inputioutput pin.

EMUD3 1o ST |ICD Quatemary Communication Channel data inputioutput pin.

EMUC3 1o ST {ICD Quaternaty Communication Channel clock inputioutput pin.

IC1,1C2, K0T, ! ST |Capture inputs 1,2, 7 and 8.

IC8

INDX | ST |Quadrature Encoder Index Pulse input

QEA { ST |Quadrature Encoder Phase A input in QE! mode.
Auxiliary Timer External Clock/Gate input in Timer mode.

QEB | ST |Quadrature Encoder Phase A input in QE! mode.
Auxiliary Timer Extema! Clock/Gate input in Timer mode.

INTD | ST jExtemal interrupt 0.

INTA I ST Extemal interrupt 1.

INT2 | ST |Exiernal interrupt 2.

FLTA | ST |PWM Fauit A input.

PWMIL 0 —  |PWM1 low output.

PWM1H 0 — | PWM1 high output.

AWML Q - |PWM2Z iow output.

PWM2H 0 —  IPWM2 high output.

PWMAL 0 —~  |PWMI low output.

PWM3H 0 ~  |PWM3 high output.

MCLR P ST |Master Clear {Reset) input or programming voitage input. This pin is an
active-low Reset fo the device.

OCFA ] ST  |Compare Fault A input (for Compare channels 1, 2, 3 and 4).

0C1, 0C2 0 — Compare outputs 1 and 2.

Legend: CMOS= CMOS compatible input of cutput Analog = Analog input

ST = Schmitt Trigger input with CMOS lavels O = QOuiput
I = input P = Power
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A3 2.1 MIMAYsINTYyg e dsPICIOF4012 (AB)

Pin Name T‘;'I')'e BT";;: Description
0sC1 I |STICMOS |Oscilator crystal input. ST buffer when configured in RC mode; CMOS
052 — | Oscitstor crystal output. Connects 1o crysial or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC mades.
PGD o ST {In-Circui Seriai Programming™ dats inputioutput pin.
PGC b ST  |In-Circuit Serial Programming clock input pin.
RBO-RB5 Vo ST  |PORTB is a bidirectional 0 port.
RC13RC15 | 8YO | 8ST |PORTC is a bidirectional IO port
RDO-RD1 1o ST  |PORTD is a bidirectional O port
REO-RES, o ST | PORTE is a bidiectional VO port.
REB
RF2-RF3 o ST | PORTF is a bidicectional VO port.
SCK1 1o §T  |Synchronous sesial clock input/output for SPI1.
DIt I ST  |SPi1 Data in.
SDO1 0 —  |SPI1 Data Out
SS1 o ST  {SPI1 Siave Synchronization
SCL Vo ST | Synchronous serial clock nputioutput for EC™.
SDA o ST | Synchronous serial data inputfoutput for 1C.
S0SCO 0 ~— |32 kHz low-power oscillstor crystal output.
S0SCI | | ST/ICMOS | 32 kHz low-power oscilator erystal input. ST buffer when configured in RC
mode; CMOS otherwise.
TICK I ST | Timer! extemal clock input.
T20K I ST | Timer2 extemal clock input.
U1RX I ST |UART1 receive.
UaTX 0 — | UARTH transmit
U1ARX I ST  |UARTY aftemate receive.
UATX 0 ~ | UART1 aftemate transmit
K'j00] P - Positive supply for logic and U0 pins.
vss P — | Ground reference for logic and /O pins.
VREF+ I Analog | Analog voltage reference (high) input.
VREF- I Analog | Analog voitage reference (low) input.
Legend: CMOS= CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger inputwith CMOS levels O = Output
| » Input P = Power
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23.1.1 iuqn Analog to Digital Converter
mamms o Tugaulasdygpaounondudtass  FufuTugadieglud
TuTnsnouTnsames dsPIC 30F4012 el 10 wunua dwmivtulnsaeuInsmes dspic
30F4012 7 28 ¥1 usva 10 ivuniadl 2 lrmnsohaundoudu idfamus Taumsiinu
wiludnuuzvesmaioaAmdng daidoswasnimazdoaTuga AD dinaziBen 10 ia
Tz 19aululuga AD e iiSmaeFaumen 1 5 fafe
ADPCFG : ihi3tanaes Port Configuration Register
ADCSSL : 1thiS8maed Input Scan Selection Register

ADCHS :1ihSimmed Input Select Register

h.

ADCONI : ThiSSmaninugumaiinuyes AD &7 1

| 9

ADCON2 : Thi3imaeimunumsmatuves A/D i 2

AVbe AVes

az g

CH1.CH2,
CH3.CHo Sample/Sequence

L4

—a
Bt Inteface

el
ANS [

*ANT E
AN E

* Not availabls on dsPIC30F4012.

P
1¥ 2.5 vienlaszunumoluvesluga A
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" K/
TavtumouTums HauTuganlasdyanu AD wiffudsi
1. Amuasimahauagveiluga AD
- fmuamhamahianvendygiameg immes ADCONx
o A o day - aa o
- fAmuausunuanTovidgyena it lddunbunaninaenluitmeed
ADCONx
- fmuasmatlumsudasdyga AD TuSmass ADCONX
- g
- ilamsireuyesluga A/D TuFRmaeTADCONX fila ADON
v ) a do o cady s a fo  d
2. dmuaminehauluduveinsdweeiiwi iawznstinlsnuduaeiinm
- ndofiinoouzveamsdumes i ADIF i ‘0’
L4 d

Y A - o
- ®AlA ADIE maaqtymmsaumanwnmn]nan A/D
o

- A - [
1waila PEIE WD 1AM IBUADT TN Peripheral Interrupt

)

Y A 3 o :
maiia GIE iNpoygansSumes Sniianua
3. senm v Tuga A/D wowhau
4. Gun13uilasdayn)10i(Start conversion) A20MIT1HALIA GO/DONE Tu ADCONX
4 o i ) & &
5. sensuvasdyge wesnmsudasdygu A/D udeslfnaimilsgaun
» »
aunsoeavaey ldnnsudasdygafindeiundmieds A2038mInsremeu
»
Ao lUi
o 1 Ja o a o Y d' < 1 &
- nu¥nmfla GO/DONE Wi3imaes ADCONx Taviiatloziinuiiu o0 dioms
uiknsdayg) e A/D @iedu
¥a a Jo S A& a d & a
- asvenlavso Minaduaeiiw Fuilelimudasdyaa AD 1n5edu da
ADIF sziwaidu 17 dhldiRamsdumesn (mniin13Enablem3tuined wm
K
1%
A Y o { ' -
6. ienszumumsmlasdygnaiaTeiunadnii iderogluTtaino s ADRESH was
- A 1] =) o
ADRESL unzszdeshmumieiin ADIF #aewe lildtin1ssumesinideou
o d
iiavy
d ' o < 2 d
7. windesntnalasdygyta lunfade 1A Licunsan 18 Taondu 15 udud

1 v50 2 I
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23.1.2 M38emI0YNIY UART
m3deeI0YNINUART (Universal Asynchronous Receiver Transmitter) iluTuganis
domsifiogniolumlulnsaouTnsaned deziTnuamaihauey 2 Tiua Ao Tnuams
domsoynsuuuudalanio  (Synchronous  Mode) uaz Tnuan1sfemsoynsuuuue:
Falasrler (Asynchronous Mode) a3 ¥nuer M WWiiiva Tnuala Tnuandavindu
anseldamumdeniuld 2 Tnua 14 Taseusmith 1¥avdsrefugilnsaldisg wu Aade
fululasnouTnsameidaufunioinies PC uazqunseififigtuumadomamilousu Tay
aunsaugamahiauvesTugamadems UART senidiuTnuasag dail
- Tnuanms éﬂﬂ"li Asynchronous (1111 Full - Duplex
- Tnum miﬁami Synchronous- Master 111 Half - Duplex

- Tnuamasiloms Synchronous- Slave 11U Half - Duplex

M3 dsPIC 30F4012 f§ UART Module Overview #3i]
1. M@oY Full - Duplex dmiumsdomsuuy 8 w3o 9 iin
2.1 Stop bit $1M7 1 130 2 1in
3. 571 Baud Rates 0111424 38 bps 9 1.875 Mbps 7 30 MHz
4. Interrupts auFuunzdsdgyg udoynuunesnniniu

5. 1 Address MTUATIVAOV interrupts (9” bit = 1)

maftemiluTnunez#sinsiia (Asyachronous Mode)

mydons uTnuatiszdiudnuauzveamsdontsuuy NRZ (norremm-to-zero) 1u
mathdeyalu 1 Mruezdsznouhlére dastart $1uou 1 Jauaziindoya 8 dante 9 i Ta
Srulinsiop Bamilada Fuaudamniudoyauy 8 fia madedoyalu 1 sy exlidoyn
10 fin daumsdeoyauuy 9 Tamsuselivuia 11 Ha Taolumsdadoyauwy 9 fnfidou
g e l¥iail o iuda W3R (Pasity bit) uaziloogluTnumlseuiandaatu(siesp Mode)

»
misfemsileznyans Ao limunsoiioutuInua sieep 14
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mafemsnuudalnsify (synchronous Mode)

msfters uInundsTnndaiifumsdomsuuy sxdrgumind (Hal-duplex) Ml
Nirunsohmsdamieiudoyalunminiuld Siitfedesladamilaimadedoya 8n
Fmitanzdoahini fudeya TavlumsfemanuudaIaniafieslizooudn vy
doya(DT:date) nazNAYGIUUIRNCK clock) mﬁ'm‘.‘l'ﬂymzﬁuﬁu{ﬁuﬁmmmmﬁmv{a
arsunnedady MmsRersmniiilizdniaunnninsdemuuesddlnnta ud
‘lm?awmmm:%'q‘lum:ﬁqi’;’agmmu?:szﬁmmﬁ'oé1n’i1uwa:-§ﬂmﬁﬂ Falumsdemns
wupdalanied szudamaiameendiu 2 T fle

1. Tnuamnmand(Master Mode)

i feensuTnuananeddl qunsalfvimdhfiduinemefozdhuiidadmun
ﬂtyq;wmﬁm“lumiﬁnmiﬂﬂqm{njmiﬁmu"lulnunﬁ'ﬂ:#mwnﬁn SYNC (TXSTA<4>)
unz¥ims  Enable msdemsdoyalavmsiada SPEN fu <17 eshlfndygw
RC6/TX/CX ttaz RC7T/RX/CK ﬁmﬁﬁxﬁumﬁmmmmﬁm (CK:clock) unznidganudoya
(DT:data) mm’i”uﬁmuﬂmsﬁmu'lﬁ’ag"lu'luuﬂmﬂmas"[ﬂums1=mﬁaCSRC(TXSTA<7>)
gnmaiihmhitidunamesidzdugmsnfiimidiinougumsiudsdoyauazmsduila
FoygnunRm(Clock) M¥uszuy

2. Tnuaman(Slave Mode)

msdeensuuuda lasifoty Tnuamaniiosarennntsdosns u Tnuamnainedtu
Fosweundsdiiiadgygruutiim lumafomadoya Tntﬂu'{nunmaﬂf:v:mﬁuﬁmqnm
wiimlumsiudedoyannnoueniividygnu  RC6TXICK  FaluTnumnmaedez1d
dyanann@mmelu Tasdygunfmitdaldn Rosmx/ck nvinglaseifdhunemes
YFurea m3sudedoyaluTmmmanionsofedu i cPU  szeglulnumiszvin
WA (Sleep Mode) mstmuanisvhaulyInuamanvir 1§ lasmsndesta csre
(TXSTA<7>) Fnzilumsideniudygruuiimnaniouemiues



gulmomanai wizeoundinansie

fanAves PIC 16F876

¥
guaiade q velulnsnouInsimed PIC 16F876 annsoaqilognni1ng 1aasil

35 Instruction M1da

Anudgagaiianuiie 20 HMz (16F877-20/P)
miaunnud1T1sunsy FLASH Program Memory %114 8k (14-Bit
Words)

wiwnNuddioya (RAM) 368 Bytes

wiuauifioya (EEPROM) 256 Bytes
MLIT0RBUNUDINIDWADT SHIATA 14 naa

STACK 8 52RY

W3 0oUT ¥R (POR),M 107 0N Intues (PWRT) 1ag Oscillator Start-
Up Timer

Watcthdog Timer

onsaidennidlesiudoya’ld (Code Protection)
Tnualsznianasau (Steep Mode)

iifon Tnuaves dygnanninm léuarwTnua

e TdsunsuTaolfisedu +5v I8

Haddums Tlsunsantuy ICSP (In-Circuit Serial Programming)
Yo In@os 2.0v 82 5.5v

msumRaFefunz soavemesafi 25ma

Timer/Counter $TUU 3 #72 AB Timer0, Timer1 A Timer2

Tugn Capture/Compare/PWM $1147U 2 Y

Analog to Digital Converter A1W02IBUA 10 1A 8 u¥utua
fiTugamsifoms USART

ilugaas eduszAuIf TiR6q Brown — out reset (BOR)
finofa V0 5 neimlsznoudiu AB,C.D uaz E udnzneiaszundmou

o= 1 L J =1 )
talihAudsauuds seil $1uu 33 Ta

82997



PORTA = RAS5 — RA0 $1UU
PORTB =RA7 - RAO $117U
PORTC = RA7 —RA0 ¥11U
PORTD = RA7 — RA0 $1U7U

PORTE = RA2 - RAO 14U

8 1A

31n

18

Device Program | Data Memory Data
FLASH EEPROM
PIC15FB73 4K 192 Bytes 128 Bytes
PIC16F876 BK 363 Bytes 256 Bytes

W W W W Y

) W — S W Y

W - Y

IRRRER!

mer
OSCHCLKN Browm-cut
OSCAUCLKOUT Resat
In-Circut
Debugger
Low-Vol
MME
HTIN Vo, Ves
Timard Timart Timer2 10-bit AD
b i it it
[ < v U
Data EEPROM CoP12 Sm; USART

Note 1: Higher order bits are from the STATUS register.

RAVARD
RA1/AN1
RAZAN2Vrgr-
RAVANINREF+
RAHTOCK)
RASANA/SS

RBOINT
REY

RB2
RBYPGM
RB4

RBS
RBAPGC
RBIPGD

RCOTIOSOTICK
RCATIOSUCCP2

RC2ACCP

RCUSCK/SCL
RCA/SDIrSDA

RC&SDO
RCAITXICK
RC7TRXDT

119 2.8 namsaoifaunssunwluveslulnsnouInsames PIC 16876
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DIP, SOIC
WCIRVerTHY— []°1 A 28] =— RB7PGD
RAOVAND +—= [ 2 27[] = RB&PGC
RATAN1=—L] 3 26/ ] = RB5
RA2AN2/VREF-=+—=[] 4 -y 257 - RB4
RAVANWVRer+=+—[] 5 3 24[] = RBAPGM
RAATOCKI =[] 6 o 23[] = RB2
RAS/IANA/SS <[] 7 rd 22[] =* RB1
vss—=[] 8 ] 21[] = RBOINT
OSCACLKN—=L] 9 O 20[] =— Voo
0sc2ACLKOUT «—L] 10 o 19[] =— Vvss
RCIT10SOTICK] <+— [ 11 18] ] == RC7RXMDT
RC1T10SKCCP2<— [ 12 17[] <= RC6TXCK
RC2/CCP1 < []13 16[] =+—= RC5/SDO
RCVSCK/SCL «—= []14 15[ ] =—= RCA/SDI/SDA

110 2.9 1armad B 1ves CPU PIC 16F876 tny MITAMIAMHNINTYgIna1e 9

» 4 v
iy uves PLC 1wei PIC 16F876 Hscianua 28 visztaznonludovi
] ¥

wihida q Taveslividgyea VO Ports anuadwau 22 11 Tavewnsath l14Suduys/

2 4 w2
i ldnamuanovt enduvt Ra4 Falassadimoludiuiuy Open Drain daviumin
3 ] o L d 1 4‘
doamnhlflddundygreuednm szdomeddiumuyadn eul-Up) Vidan daunin

- o A
mie mmsalduldmulnd wennnundygia vo ud Sulssneudondygmdu q

o A " ¢ o d - ¢ v d o

oafie nldidse I1d T unzveendnames cunsaapmhinmaniauves

ndggutuusazsu ddsmsane i
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. DiP $0IC vop Bulfey
Pin Name Pint Ping Type Type Description

OSCICLKIN 9 [ 1 STICMOS | Oscitator crystal inputiextemal clock source input.

GSCCLKOUT 10 10 o} — Oscistor crystal output. Connects to crystal or resonator in crystal
oatiitator mode. in RC mode, the OSC2 pin autputs CLKOUT
which has 1/4 the frequency of OSC1, and denotes the insiruction
cycie rate,

WEIRvPPITHY 1 1 w st Master clear (reset) input or programming voltage input o high
voitage test made conirol. This pin is an active low reset io the
device.

PORTA in a bi-directiona! O port.

RAVANG 2 2 o T RAD can aiso be anaiog input)

RA1/ANY 3 3 o L RA1 can alsa be anaiog input1

RAJAN2/VREF- 4 4 vo T RA2 ¢an also be ansiog input? of negative analog reference

voitage

RAYANYVREF+ 5 5 Vo m RA3 can also be analog input3 or positive ansiog reference

voltage

RAATOCK 6 6 o ST RA4 can aiao be the clock input to the TimerD module. Output

s opan drain type.
RASETIAN4 7 7 vo T RAS can aiso be antiog nputd of the slave select for the
synchronous sesial port.
PORTB s a bi-directionat 1O port. PORTE can be software
programmed for intermnal weak pull-up on b mputa.

RBMWNT 3] 2 o TILUSTN RB0 can aiso be the external interrupt pin.

RBI1 z 2 [¢] m

RB2 £} 23 w T

RBYPGM 24 24 Vo TTL RB3 can siso be the jow voitage programming input

RB4 p] 25 w L Interrupt on change pin.

RB5 2% 2% W L Intemupt on change pin.

RB&/PGC i 27 o TTLST interrupt on change pin or In-Circuit Debugger pin. Serial

programming clock.

RETPGD b 28 wo TTUST® Interrupt on change pin or in-Circuit Debugger pin. Serial

programming data.
PORTC is a bl-directional U'C port.

RCOT10SOITICK) 11 1 vo ST RCO can aiso be the Timer! oscitiator output or Timer? ciock

nput

RC1T10SUCCP2 12 12 o 8T RC1 can also be the Tener1 osciiator input ar Caplure? input!

Compare2 output/PWM2 output.

RC21CCP 13 13 w ST RC2 can also be the Capture input/Compare! output/PWil1

output

RCUSCK/SCL " 14 "o} ST RC3 ¢an siso be the synchronous serial clock input/output for

both SPI and FC modes.
RCA/SDYSDA 15 15 o ST RC4 can aiso be the SP Data In {SP! made) or
data VO (EC mode).

RCYSDO 16 16 o ST RCS can aiso be the SP! Data Out (SP1 made).

RCEITXICK 17 17 8] ST RCE can als; be the USART Asynchronous Tranamit or
Synchronous Clock.

RCTRXDT 16 13 1w ST RC7 can also be the USART Asynchronous Receive or
Synchronous. Data.

Vss B, 18 8,19 P - Ground reference for logic and IO ping.

VDD 2 20 P - Poaltive supply for logic and 1O pina.

Legend. | =input O = output VO = inputroutput P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Nots 1: This buffer is a Schmitt Trigger input when configured s the external inferrupt.
Z: This buffer is a Schmitt Trigger input when used in serial programming mode.
3 mma.mmmmmnmmmmacmmm»
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23.2 fﬂﬂtl Analog to Digital Converter
nsfnnmslfemTugaulasdygne swnenidiudtasa  FulluTugatieglud
TyTnsnowTnsames PIC wed PIC 16F876 9= 8 (3ui1a (ANO-AnT) UARS 8 (yUIuAT 92
Timnsohaumdeuduldtimus Taumshauszdudovasvoimaiaamdnd diudes
voannuazidvaluga AD flanuazden 10 fa uardirmnsadenussiudiedalums
wlaadoyonald Fannussiuidsamely cPu wie ussiusinundstiolWmouenlag
AumwIdyene RA2 iz RA3 Tuga AD Hdsfnyaziifmine mumamaulduds
oy TuTnuatlizndandasiu (Sleep Mode) Tasmsldaululugn AD flo:MiSmani o
Nan 9 4 Ao
ADRESH: fhifmaesiiunadnininmsialasdgygnm AD uludyga
ADRESL: fhifSmaosifunadndoinmsuinedogna an Wludi
ADCONO: (fhifSmmesmugumsmauves AD il 1
ADCONI: (thifSmaeiaruguaavhauves A/D #afi 2

ADCONO REGISTER
RWO RWO RWO RWO RWO  RW-0 U0 RIW-0
 ADCS1 | ADCS0 | cHS2 | cHS1 | cHso | GODONE| — [ ADON |
bit? bit

Bit7-6 ADCS1:ADCSO: finfonsasidiuvesdgyaaunim Wilasdogu AD
00 = Fosc/2
01 =Fosc/8
10 = Fosc/32
11 = FRC dgygenniimi Iu191ne9s RC motuluga AD

Bit5-3 CHS2:CHso: Hhuiiafil§iammin edonndygnadunadygueutaen
000 = channel 0: 1RondeygIUBUNRAINUYUILA 0 ﬁmﬂmtym RAO/ANO
001 = channel 1: endgg udunaninusuiia | Hnidyg e RAVANI
010 = channel 2: RondyguBuyanAuIIa 2 Fividogia RAZAN2
011 = channel 3: FondaygnaBunaninuyuma 3 fvidygiu RAYAN3
100 = channel 4: (RonfggudunaInuYLILA 4 ﬁmﬁ’ﬂmm RAS5/AN4
101 = channel 5: i@ondgyg udunAvIAUYUMA 5 ﬂmﬁ'tymm REO/ANS
110 = chanael 6: (RN iyg TBuNANINUYUINA 6 T 1Fgy8 10 RE/ANG

o - 4
111 = channel 7: (AondgygiudunAINLYUMA 7 NVIFYY U REZANT
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nszuumsinaggnnvesiugo AD
A 1 . o &
dierunszumms lumsndasdoygiaiuTuga A/D (Analog to Digital) tdHadng
o = o Ly 4 ar o
fi'ldwura 10 TaszgniiuTuTmaei ADRESH: ADRESL tazndwinmimlasdygnonaie
» 4 [
fluiin GO/DONE (ADCON0<2>) sxgnindudiiu «0” Taeda luidniummnsofiezns 1y
» 13 F 4
Hmsudasdygnaedesfuudimie i Tasmaazisaeunidail nie ex143imiBumed ing
A 4 = a ™ a &
iieannifeiimauasdoyaiads fin ADIF szgamilu «1” nazeziinadumesiwiiaiu

S - do o A’
miniimyoyanamadwaed inhlszianilly

CHS2:.CHSO

UL ¥ Y S

RAS/AN4

VAN

r
[
]
[
[
.
v
.
'
]
1
1
1
1
)
1
1
1
'
1
1
3
'
.
[l
.
[
'
'

(Inpurt voltage) o1l »—-E RAVANIVREr +
AD \3 229 i g RAJAN2N\/mEF-
\c ool | g
X RA1/AN1

....... w§ Lol U vame
VReEF+ E O'EJ
S 1
PCFG3-PCFGD
VRer- E--“!:.E
{Reference :
e
PCFG3-PCFGD

Note 1: Not avaiable on 28-pin devices.

7 2.10 vaenlaezunsuniwluvesluga AD

. . z

manusradninnmaulasdyauvesitmae; ADRESH: ADRESL 1ua 1130
114 2 phuvufe unadeyauuudaun (Right justified) uaz wuuiiuwadnidoyauuuda
910 (Left justified) Az 1dRagUAmas
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Bit4

Bit3
Bit2

Bit 1

Bit 0
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SYNC: iimfAonn59191uved USART
1 = Amuamadhandlu Tnus Falaswle (Synchronous Mode)
0 = fmuamamautiuInua eedaTanin (Asynchronous Mode)
Unimplemented: il msus1 iy «o»
BRGH: inidonITnuan1ui32404 Baud Rate
- Tvua 0251105178 (Asynchronous Mode)
1 = Thumau5 253 (High Speed)
0 = Tuaa w3281 (Low Speed)
- Tnua Falnnrin (Synchronous Mode)
hifina(Don't Care)
TRMT: fiAUaAIa Uz U8 Shift Registerfi 190 1d0ya (TSR)
1=$0maed TSR Naliifidoya (Empty)
0 =F9mans TSR Hdeyasy (Full)
TX9D: dhufiafi 9 dmivl§lumsdedoyauuy o fin

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)

RW-0 RWO0 RW0O RWO RW-O R-0 R-0 R-x
SPEN | RX9 | SREN | CREN |[ADDEN| FERR | OERR | RX9D |
bit7 bit0
Bit7 SPEN: fia Enable nesamsdemsayny
1 = Enable wofansdoar1seynsy (1) RCVRX/DT itaz RCS/TX/CX 92qn
dmualdhimdidundygailflumsdemoynn)
0 = Dissble WefamsAomseynsy
Bit6 Rx9: (fudafiléimuamsiudoya
1 = fimuansiudeyauuy 9 fin
0= fhnuamsfudoyauvy s da
Bit5 SREN: 'ﬁnlﬁannn’:'uﬁ’agauumi"mﬁm (Single receiver) Y0am3foers Tnun

Falasia
- Tnua sz¥1TAnld (Asynchronous Mode)

Nitina {(Don’t care)
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- Tnua $alastia- mﬂmaé’ (Synchronous Mode - master)
1 = Enable n13fudoyauuundadin
0 = Disable mysudoyaununisdvs
- Tnua Falania-man (Synchronous Mode-slave)
‘lliflﬂﬁ(Don’t care)
Bit4 CREN: Uinfionns¥ uﬂagmmua’ an'fm (Continuous Receiver Enable bit)
- Inua oz%a1ande (Asynchronous Mode)
1 = Enable M35 udoynuvudeiiles
0 = Disable M33udoyauvudoiios
- Tvun Fa1n91ie (Synchronous Mode)
1 = Enable mssudayauuvdeiiles
0 = Disable Msfudoyanvusoiiios
Bit3 ADDEN: limfiennisasaviuneansalulvya szdelanio uny 9 ia
- Enable MIAT9TULUOAIATA, Enable M3duA0s Invl uaziinis Tnaa
doyaluFaiiodidloiarsR<s>m
- Disable mraraniuueami mezfudeyaunianuauas udait o
aunsolddhu Parity bit 14
Bit2 FERR: imiamsnniuzanuianaiavoansudoyn (Framing error bit)
1 = sudioyaiRaRaNaIA (Framing error)
0 = hifiadoianaia
Bit1 OERR: flauamineiunizeivusuvosdoyavesdoyaluimed
1 = Aamasuiuvesdoyn (runsande18RTacREN)
0 = hifimssunuvesdoya

= A o =
Bito RX9D: iihuiah 9 dmudoyaluTnua o i
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msdeonstulnua ez3alnsile (Asynchronous Mode)
nrsfemsTuTnuntleziudmiuzveinssfemsuuy NRZ (on-retum-to-zero) u
msasfoyalu 1 suezilsznoulidae dastart $1uau 1 daunsiiadoya 8 dande 9 din Ia
&rwiiastop Bonilsiia deruudamindhudoyauuy 8 fin madedoyalu 1 sy axidoyn
10 fia doumsdadoyauuy 9 dasuezliving 11 e Tavlumydedoyauu 9 fnildau
g se i 9 dudn wisa(Parity bio uaziioegluTnuntlssndandanu(Sieep Mode)
nrdematiezngans AelicuninhanluTnuasies 1 daumadmuamaianidiy

»
TnuaszdaInnia ui 18 Taumyndusia SYNC

RCEMUCK pin

SPEN

TX8D

Prmnamamamam——-. OERR FERR
[ e | I VO U A .
1 r & " Msh RoRTregister (86 !
" “Baud Rate Generator 8] sl @) 7] eao |10 ot |
RCTRXDY E-_.,,_ R _-_--.__-.:
Pin Bufter
1 andControl [ R:?dmy RXS
SPEN RX9D) RCREG Register
FIFO
A8
imerrupt RCI T DataBus

UM 2.13 vdenlaszunsumssudoyavesTuga UART
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mademsuvudalasia (Synchrouous Mode)

madems luTnuadsTantatifumsAomsuuy erdngmand (Halr-duplex) ¥l
Nirnnsehmsdmieiudeyalunmiinniuld Faidedesladmilahmsdsfeya on
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’lul‘éawmm1u1‘1"ﬂ.um'sﬁqi’agalmuffﬂzﬂnnm’hﬁ:1m'1uuuaziﬂﬂiﬁﬁ Falumsiems
wuudalanied szuimaieuseniiu 2 Thua Ao

3. Tnuauaaos(Master Mode)

nrdeenrtuInumnaaedil gunselfimmihfidhonmeederduiidrsmua

dygnuniimlumsdeasdeyndrgmaihandu Tnuatiszdearniia SYNC (TXSTA<4>)
oMy Enable  misfemsdoyalavnsivaiia SPEN du «1» sediuidggu
RC6/TX/CX ung RCTRX/CK imiidundygianuifim Ckeclock) unzvidgygudoya
(DT:data) 1)1m‘i"uﬁmuﬂmimnu'lﬁad'lu'Immu1ﬂmaﬂnumswnﬁnCSRC(TXSTA<7>)
ginsalftmibitithunmesiissdudananinmiiinuquasivddeyauazmsduia
FoygennfniClock) A ¥ uszuy

4. Tnuadinw(Siave Mode)

msfoanuuudaTantalu Inuaaarezaannmsdomslu Tnuanmasdu

ﬁawmtmﬁqﬁuﬁaf’(ﬂgﬂpmmﬁﬂﬂumiénmsﬁﬂgn Iau“lu'[nuﬂmnﬂﬁﬂ:mﬁuﬁmmm
uimlumsiudsdoyoninnoueniividgygu  RCOTRCK ¥l Tnuamnamedez1d
dygrennfmmolu Taodgygaunitmitdafu RosTxCK 1nngUnreiidhunmaed
ey maudidoyaluTmuemanimsafedilddh  ceu woglulnualsznda
WAWM  (Sleep Mode) mMafmuamsvhauluinuamanildTaonisindosiin  CSRC

4 v o o 4
(TXSTA<7>) dszilumsidenfudygraunimainaiousmivies
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131 2.9 nszraumsadie PWM selinszuaumiuazduneuaian Aail
A a ' ar & 4 4 v dad s a
1. dieduhaumves TMR2 selinuiuiudovq lussuhesiuiuiifes imsnlSoy
1 - A A 1 -! J L - Q9 1
mfiu3imans PR2 420 Fuilon1ves TMR2 miulusuohifu PR2 udaezifinnisinau 3 dau
- S9mans TMR2 szgnindusiilugud
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1 A L1 0 - 1
- fi1 Duty Cycle 1o lu38mans CCPRIL:CCP1CON<5:4> ¥1a 10 1in 9619
Toulyds38emans CCPRIH $aufudn 2 ia Tumizsanud e
2. annzividygaueing CCPx Sz 1' efluvazfif hiiimnes TMR2
' o - - P { 'y - v o4 a X
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P T d s L v ¥ a o ' o o
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' 4 2 - o o e
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4 L - v A
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o 1 J r g G‘
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» 1
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[ - 1 1 1] A A
WMiT3mAns CCPRIL:CCP1CON<S:4> 69ufi Period n3nfnnuBoznIinanaiauen
umneziinisllammauvesInuaiiudadmuan Period ImilifisSmans pr2
o v o o cha 3
MSANUMIAT Period azmualinuiiomed PR2 WuaunsomIdnnaums
»
Aail

PWM period = [(PR2) +1] *4*Tosc*(TMR2 prescaler value)
PR2 = [(PWM period)/ (4*Tosc* (TMR2 prescaler)] - 1

A ) i 1 L] ¥
Tauit  PR2 fip S3oumes A lddmuamunamvesdygu PWM fifiegiznin 00b-FFh
PWM period fio ATuInwedgana PWM Adesmstininiiy 1/Fpwm
i P
Fpwm Ao ANTvead g8 PWM Nidoams
Tosc AiD AUNAWBAFYGIUWRNMMANTIA WAL 1/Fosc
a o o o o o IR
Fosc fio Aansmeasendatames mimde Wiy CPU

TMR2 prescaler A6 A18A3162U Prescaler ¥o4Inwos 2
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2.5 lmixe3 (TIMER)
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- AmuabihaousuumadsdutiadggrannimMmasnud 32 kHz 910

aousnld

- fmuahauluTnuauvvezdalanialasiudyuuinieinne

uenld

aatu Tnwed 1 Samingedntslumniun gadagunanniinnds (RTC)

»
o

Equal

TCKPS<1 0>
TON 2
TICK & r}\ ) h %

VT_Gam Prescaler | |

sy [0 1,8, 64, 25

Tey R

=]

' & d
11 2.16 nemalaezupsumshauiug e Inwed 1 ivhowdegunauuy A

2. §nauy B
InwefAmunsahan udeuusiilat 2 @ fie nwred 2 uns s 4 (Tasme
Inwes 4 ifiu asPIC30F2010) AuanARMuAS und S ug Ny B e
- gunsededylnwedyunauwy ¢ deldimudiuinweiviia 32 a
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nauwy B Wiiluaetn <1
- thasdmuaimzvesdgygnauninm Ifduiuitu@sTns Tug)
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4

Gate

Tey

] J 1) °
11 2.17 Taezunsumsmauiuguvealnwes 2 uazs Mhnudog oy B

3. AU C
Tnwefensarianludavaizi8T 2 & Ao Tnwed 3 Tnwed 5 aawiz Inued
5 TaifiTu dsPIC30F2010) queniafu@ud undmiugmnaunn ¢ fo
- munrededu Inwesgunauuy B e ldmudulnwes 32 a4 Tae
msfmuaroniziifia T32 hiddmany TxCON idohanudrogunm
wuy B Willuassn «1”
- mwseedaiygranssduntsiiouvesTugaapcld Foihlilnwed

< o

uaz TugauasADCiamuduiusau

Note: The dsPIC30F202X doas not have an extermal pin input 10 TIMERS. The following modes shouid not be used:
1.TCS=1

2. TC3 = 0 and TGATE = 1 (gated time accumulation)
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T3CON #38 T5CON
sndaetmsfimuald Inweslu dsPIC30F2020 inamuuud 32 fia fio 1 nuwey
2 un 3 TasmsmugulndvznisiiitiSmaed T2CON daumsSamssumesaldnszhri
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6. iia T3IF (a 7 Witmaed IFS0) gnldumasaaumssiduneifldvesInued
32 1n
7. fimuasaluiia T3P2 §4 P3P0 (B 14 4 12 vositmme? PCL) waiden
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masnnnzioudeyelulnmes 32 a

msgmuazdoudoyalulnwed 32 da szhesdmualiduiutiussnindoyaly
a a a ! o ca { w 1 = a o &
Giagaunziiadiumiiamesi 1inmvedimaeifiinudiogunamuy ¢ alu
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dumsioudoymiuszdeaiudumsSoudoyaisagalisidames TMRIHLD

» T
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»
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Data Bus<150> 7
164
Wite TMR2 i ten N
s\ |
1
Reset _ - o]
—— TMRS: T™R2 lSyn-:I
Ms8 U LSB
ADC Event Trigger
4—-m| Comparator x 32
PRI | PR
0
TIHF
EventFlag| 1 gPTGATEﬂ?CON&)
TGATE
(T2CON<S>)
w
23
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TON 2
T2CK v
X g SR
Cete Preacaler | |
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Tex,
Note:  Timer Configuration bit T32, (T2CON<3>) must be set 1 ‘1’ for a 32-bit timen'counter cperation. Al control
bils are respective o the TXCON register.
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2.7 GPS
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Tilsunsumnas
#include <16F876A.h>
#fuses HS, NOWDT NOPROTECT
#use delay(clock=20000000)
#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8)
#include <string.h>

#include "led-vart.c"

int valuel=0,value2=0;

int x=0,y=0;

int var1=0,var2=0;

char data=0x00;
e Y R S s
void direction (void)

{

setup_port_a( ALL_ANALOG );
setup_adc( ADC_CLOCK_INTERNAL );
set_adc _channel( 0);

delay ms(10);

valuel =read_adc();

set_adc_channel( 1 );
delay ms(10);

value2 = read adc();

setup_port_a{ NO_ANALOGS );
setup_adc( ADC_OFF );
}

#INT TBE
void isr_tx(void)

{



putc(0xb00110011);// ID byte
putc(datal); // WHI
putc(data2); // WH2
putc(data3); // OPTION

}
e e
void main(void)

{

set_tris_C(0b00000000);
set_tris_A(0b00000011);
set_tris_B(0x00);

enable_interrupts(GLOBAL);

enable interrupts(INT_TBE);

while(TRUE)

{
set_tris_ A{Ob0O0000011);
delay ms(10);
direction();

data_confirm();
set_tris_A(0b00000000);
delay ms(10);

led_init ();

printf (Icd putc,"\f %u %u",valuel,value2);

output_high(PIN_C2);



Tisunsumnaidu
#include <p30f4012 h> // Header file for dsPIC30F2010
#inciude <pwm.h> // Module function for PWM
#include<uart.h>  // Module function for uart
#define PERIOD OxFFFF  // Define Period

#define POW 50 // Fix power 60%

H /!
7 Function delay 1/
i 1
void delay(unsigned int ms)
{

unsigned int x,a;  // Keep for counter loop

for(x=0;x<ms;x++)

{

for(a=0;a<816;a++); // Loop for delay 1 millisec per unit

}
}
I 1
/" Interrupt service routine for PWM /!
/! i

void ISR _PWMInterrupt(void)

{
IFS2bits. PWMIF = 0; // Clear PWM interrupt flag

void ISR U1TXInterrupt(void)

{
IFSObits.UITXIF = 0; // Clear TX inte-pt flag



/! //

/ Interrupt service routine RX UART1 /

i 1/

void ISR _U1RXInterrupt(void)

{

IFSObits. UIRXIF = 0; // Clear RX interrupt flag
}
i i/
I Function initial PWM /!
I 1/

void pwm_init()

{
unsigned int config; // Holds the PWM interrupt configuration value
unsigned int period; // Holds the value to be loaded into dutycycle register
unsigned int sptime; // Holds the value to be loaded into special event compare register
unsigned int configl; // Holds PWM configuration value
unsigned int config2; // Holds the value be loaded into PWMCONI1 register
unsigned int config3; // Holds the value to configure the special event trigger

/! postscale and dutycycle

unsigned int dutycyclereg; // The value of ‘dutycyclereg’ determines the duty cycle
unsigned int dutycycle;  // register(PDCx) to be written

unsigned char updatedisable; // Configure pwm interrupt enable/disable and set interrupt

/l priorties
_TRISDO = 0
_TRISDI1 =0
_TRISB4 =0;
_TRISB5 =0;

// Configuration for bit control direction DC Motor

i Configuration for FLTA control 1



ConfigiIntMCPWM(PWM INT EN &  // Enable interrupt for PWM
PWM FLTA DIS INT &  //Enable interrupt for FLTA

PWM_INT_PR7); // FLTA interrupt priority level 7

SetMCPWMFaultA(PWM_OVAIH_ACTIVE & // FLTA override 1H active
PWM_OVA2H_ACTIVE & // FLTA override 2H active

PWM FLTA MODE LATCH& // FLTA latch mode

PWM _FLTAl DIS& /f Enable FLTA CHI1
PWM_FLTA2 DIS), // Enable FLTA CH!1
sptime = 0x0;
configil = (PWM EN& // Enable PWM module

PWM OP SCALE1l &  // Qutput post scaler select 1:1
PWM IPCLK SCALEl & //Input prescaler select 1:1

PWM MOD DBL), /{ PWM double update mode

config2 = (PWM_MODI COMP &  // 1th channel in complimentary mode
PWM_MOD2 COMP &  // 2th channel in complimentary mode
PWM_PENZ2H & // H of channel 2 works as PWM
PWM_PENIH & /f H of channel 1 works as PWM
PWM PEN2L & // L of channel 2 works as PWM

PWM_PENIL); /f L of channel 1 works as PWM

configd = (PWM SEVOPSI & /1 Special event post scaler 1:1
PWM _OSYNC PWM& // over ride syncronised with PWM clk

PWM UEN); /f Update of PDCs and PTPER enabled

OpenMCPWM(PERIOD,sptime,configl,config2.config3); // Setup parameter for PWM

module



I /Il

I/ Function drive DC motor Forward 1/

/ //

void forward(char chanel,char pow)

{
unsigned int dutycycle,updatedisable;

dutycycle = 100 - (pow*(PERIOD/100)) ; // Keep dutycycle

updatedisable =0; // Disable update

if{chanel==1)
{
LATDbits. LATDO = 1; // Bitl control direction drive motor forward for module 1
LATDbits. LATD1 = 0; // Bit2 control direction drive motor forward for module 1
}
else ifichanel==2)
{
LATBbits. LATB4 = 1; // Bitl control direction drive motor forward for module 2

LATBbits. LATB5 = 0; // Bit2 control direction drive motor forward for module 2

SetDCMCPWM(chanel,dutycycle,updatedisable);

¥

I 1/
It Function drive DC motor Backward /1
I 1/

void backward(char chanel,char pow)
{
unsigned int dutycycle,updatedisable;
dutycycle = 100 - (pow*(PERIOD/100)) ; // Keep dutycycle

updatedisable = 0; // Disable update



if(chanel==1)
{
LATDbits.LATDO =0; // Bitl control direction drive motor backward for module 1
LATDbits. LATD1 = 1; // Bit2 contro: direction drive motor backward for module 1
b
else if(chanel==2)

{
LATBbits. LATB4 = 0; //Bitl control direction drive motor backward for module 2

LATBbits.LATBS = 1; // Bit2 control direction drive motor backward for module 2

SetDCMCPWM(chanel,dutycycle,updatedisable);

}

It //
!/ Function stop motor !
/I /

void stop_motor(char chanel)

{

if(chanel==1)

{
LATDbits. LATDO =0; // Bitl control stop motor for module 1
LATDbits.LATD1 = 0; // Bit2 control stop motor for module 1

}

else if{chanel==2)

{

LATBbits.LATB4 = 0; // Bitl control stop motor for module 2

LATBbits. LATBS = 0; // Bit2 control stop motor for module 2



i

1/
/!

i Function for configuration UART1

I
void uart]_init()
d
unsigned int baudvalue;  // Keep baud rate value for Load into UIBRG
unsigned int UIMODEvalue; // Keep value for Load into UIMODE

unsigned int U1STAvalue;  // Keep value for Load into UISTA

CloseUARTI(); // Disable UART1

ConfigIintUART1(UART RX INT EN & /! Enable RX interrupt UART1
UART RX INT PR6 & // Set RX interrupt Priority ==>6
UART _TX_INT EN&  //Enable TX interrupt UART1

UART _TX_INT PR2); //Set RX interrupt Priority ==>2

baudvalue = 47; // Baud rate 9600 bps

UIMODEvalue= UART EN & // Enable UART]1
UART _ IDLE CON &  //UART]1 working in idle mode
UART RX TX& // UART . normal pin{TX==>RF3 pin,RX==>RF2 pin)
UART_DIS WAKE &  // Disable wake-up on start UART
UART_DIS LOOPBACK & // Disable loop back mode
UART _DIS_ABAUD &  // Disable autobaud mode
UART_NO_PAR 8BIT &  // Set data 8 bit ,no parity bit
UART _1STOPBIT; / Set 1 stop bit

UlSTAvalue = UART_INT_TX BUF_EMPTY & // Interrupt on buffer empty mode
UART_TX_PIN_NORMAL & // TX Break bit normal
UART TX ENABLE & // Enable TX for UART
UART_INT RX 3 4 FUL& // UART interrupt receive mode
UART_ADR_DETECT DIS &  // Disable detect address mode

UART_RX OVERRUN_CLEAR; //Reset buffer over run

1/



OpenUART1(UIMODEvalue, U1STAvalue, baudvalue); // Execute configuration for UART1

}

/ 1/
I Main Program /I
7 /!
int main{)

{

TRISBbits. TRISB1 = 0;

TRISBbits. TRISB2 = 0;

char Txdata[] = "\r\nUart test input key...\r\n"; // Table character
char datdata rx; // Buffer for receive character

int buffer_count=0;

int direct=0;

uartl_init();  // Initial UART1

pwm_init();

while(1) // Infinite loop
{

ifl DataRdyUART1()) // Check data receive

{
dat = ReadUARTI(); // Load data into buffer variable

if{(dat != (0xF0)) || (dat != (0x0F)) )
{

s & e O

if(dat == (0b00111111))

{
forward{1,1);



forward(2,1);
_LATB1=1;
LATB2 = 0;
}

else if{dat == (0b00110110))
{
forward(1,40);
forward(2,40);
_LATBI = I;
LATB2 =0;
4

else if(dat == (0b00101101))
{
forward(1,80);
forward(2,80);
LATBI = 1;
_LATB2=0;
}
e e

i feackeward/ TV 11
else if{dat == (0b00011011))
{
backward(1,1);
backward(2,1);
LATB2-1;
_LATBL = 0;
}
else if{dat == (0b00010010))



backward(1,40);
backward(2,40);
LATB2-=1;
_LATBI =0;

else if(dat == (0b00001001))
{
backward(1,80);
backward(2,80);
LATB2=1;

_LATBI1 =0;

s

i S
else if(dat == (0b00111011))
{
forward(1,1);
backward(2,1);
LATB2-=1;
_LATBI = 0;

else if{dat == (0b00110010))

{
forward(1,40);
backward(2,40);
_LATB2=1;



_LATB1=0;

else if{dat == (0b00101001))
{
forward(1,80);
backward(2,80);
_LATB2 =1,
_LATBI =0;
}
e

e o Vo LT
else if{dat == (0b00011111))
¢
backward(1,1);
forward(2,1);
_LATB2 =0;
_LATBI = 1;

else if{dat == (0b00010110))
{
backward(1,40);
forward(2,40);
LATB2=0;

_LATBI = 1;

else if{dat == (0b00001101))

{
backward(1,80);



forward(2,80);
_LATB2=0;
_LATBI1 = 1;
¥

T T

S s i

else

{
stop_motor(1);
stop_motor(2);
_LATBLl =0
_LATB2=0;
¥

L

T TENDH T
}

else

_LATB1 =0;

return 0;
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dsPI1C30F4011/4012 Enhanced Flash
16-Bit Digital Signal Controller

Mote: This data sheet summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
refsrence source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the “dsPIC30F Family Reference
Manusl” (DST0046). For more information on the device
instruction set and programming, refer to the “dsPIC30F/
33F Progremmer's Reference Mariual” (DS70157).

High-Performance, Modified RISC CPU:

+ Modified Harvard architecture

C compiler optimized instruction set architecture
with flexible addressing modes

83 base instructions

24-bit wide instructions, 16-bit wide data path

48 Kbytes on-chip Flash program space

(16K instruction words)

2 Kbytes of on-chip data RAM

1 Kbyte of nonvolatile data EEPROM

Up to 30 MIPS operation:

- DC to 40 MHz external clock input

- 4 MHz-10 MHz oscillator input with
PLL active (4x, 8x, 16x)

30 interrupt sources:

- 3 extemal interrupt sources

- 8 user-selectable priority levels for each
interrupt source

- 4 processor frap sources
16 x 16-bit working register array

DSP Engine Features:

+ Dual data feich

+ Accumulator write-back for DSP operations

» Modulo and Bit-Reversed Addressing modes
» Two, 40-bit wide accumulators with optional
saturation logic

17-bit x 17-bit sing'e-cycle hardware
fractionalfinteger muitiplier

« All DSP instructions are single cycle

+ 116-bit, single-cycle shift

Peripheral Features:

= High-current sink/source /O pins: 25 mA/25 mA
« Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions
+ 186-bit Compare/PWM output functions
+ 3-wire SP! modules (supporis 4 Frame modes)

» 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

» 2 UART madules with FIFO Buffers
» 1 CAN module, 2.0B compliant

Motor Control PWM Module Features:

« 6 PWM output channels:
- Complementary or Independent Output
modes
- Edge and Center-Aligned modes
« 3 duty cycle generators
» Dedicated time base
* Programmable output polarity
= Dead-time control for Complementary mode
* Manual output control
+ Trigger for A/D conversions

Quadrature Encoder Interface Module
Features:

+ Phase A, Phase B and Index Pulse input

+ 16-bit up/down position counter

» Count direction status

« Position Measurement (x2 and x4) mode

« Programmable digital noise filters on inputs

« Aiternate 18-Bit Timer/Counter mode

+ Interrupt on position counter rollover/underflow

® 2007 Microchip Technolegy Inc.
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Analog Features: Special Digital Signal Controller
- 10-Bit Analog-to-Digital Converter (A/D) with Features (Cont.):
4 S/H inputs: » Flexible Watchdog Timer (WDT) with on-chip,
- 1 Msps conversion rate iow-power RC oscillator for reliable operation
- 9input channels + Fail-Safe Clock Monitor operation detects clock
- Conversion available during Sleep and Idle failure and switches to on-chip, low-power
« Programmable Brown-out Reset RC oscillator
* Programmable code protection
Special Digital Signal Controller * In-Circuit Serial Programming™ (ICSP™)
Features: « Selectable Power Management modes:

- Sleep, ldie and Alternate Clock modes
* Enhanced Flash program memory:

- 10,000 erasefwrite cycle (min.) for .
industrial tempelamcr&i; rarsge, 1)00K (typical) CMOS Technology:
« Data EEPROM memory: » Low-power, high-speed Flash technology
- 100,000 erase/write cycle (min.) for = Wide operating voltage range (2.5V to 5.5V)
industriai temperature range, 1M (typical) » Industrial and Extended temperature ranges
+ Self-reprogrammable under software control + Low-power consumption

« Power-on Reset (POR}, Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

dsPIC30F Motor Control and Power Conversion Family*

Program Output | Motor
Device | Pins | Mem ¢ Bytes/ sam Eg';:':" PG"_:; '2::‘ COm:IStd Control “:':'::D ‘:‘:‘:" E E 5_, g
Instructions PWM | PWM S

dsPIC30F2010 | 28 | 12KA4K | 512 | 1024 | 3 | 4 2 8ch | 6ch | Yes | 1|11 ]-
GsPIC30F3010| 28 | 24K/8K | 1024 ] 1024 | 5 | 4 2 8ch | Gch | Yes |11 1]-
dsPIC30F4012 | 28 | 4BK/16K | 2048 | 1024 | 5 | 4 2 Goh | Bch | Yes |1 |11 1
dsPIC30F3011 |40/44| 24K/8K | 1024 | 1024 | 65 | 4 4 8ch | 9ch |Yes [2[1]1]-
dsPIC30F4011 |40/44| 4BK/16K | 2043 | 1024 | 6 | 4 4 Gch | 9ch |Yes {2 |1]1]1
GePICIOFS015 | 64 | G6K/2ZK | 2048 | 1024 | 5 | 4 a Bch | 18ch | Yes | 102|119
dSPIC30FGO10 | 80 | 144K/48K | 8192 | 4096 | 5 | 8 B Boh | 16ch |Yes |22 1]2

* This table provides a summary of the dsPIC30F60410 peripheral features. Other available devices in the dsPIC30F Motor Control
and Power Conversion Family are shown for feature comparison.

DS70135E-page 2 ® 2007 Microchip Technology Inc.
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Pin Diagrams (Continued)
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90 TIMER1 MODULE

Note: This data sheat summarizes features of this group
of dsPIC30F devices and is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Meanual (DS70046). For more information on the device
instruction sst and , refor to the dsPIC30F/

33F Programmer’s Refersnce Manual” (DST0157).

This section describes the 16-bit general purpose
Timer1 module and associated operational modes.
Figure 9-1 depicts the simplified block diagram of the
16-bit Timer1 module.

Note: Timer! is a Type A timer. Please refer to

the specifications for a Type A timer in
Section 24.0 “Electrical Characteristics”

of this document.

The following sections provide a detailed description,
including setup and control registers, along with asso-
ciated block diagrams for the operationat modes of the
timers.

The Timer1 module is a 16-bit timer which can serve as
the time counter for the Real-Time Clock, or operate as
a free-running, interval timer/counter. The 16-bt timer
has the following modes:
* 16-bit Timer
* 16-bit Synchronous Counter
+ 16-bit Asynchronous Counter
Further, the following operational characteristics are
supported:
+ Timer gate operation
« Selectable prescaler settings
+ Timer operation during CPU Idle and Sleep
modes
* Interrupt on 16-bit Period register match or falling
edge of external gate signal

These operating modes are determined by setting the
appropriate bit(s) in the 16-bit SFR, T1CON. Figure 9-1
presents a block diagram of the 16-bit timer module.

16-bit Timer Mode: in the 16-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the Period register, PR1, then
resets to 0 and continues to count.

When the CPU goes into the Idie mode, the timer wil
stop incrementing uniess the TSIDL (T1CON<13>)
bit = 0. If TSIDL = 1, the timer module logic will resume
the incrementing sequence upon termination of the
CPU Idle mode,

16-bit Synchronous Counter Mode: In the 16-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the intemal phase clocks.
The timer counts up to a match value preloaded in PR1,
then resets to 0 and continues.

When the CPU goes into the Idle mode, the timer will
stop incrementing unless the respective TSIDL bit = 0.
if TSIDL = 1, the timer module logic will resume the
incrementing sequence upon termination of the CPU
Idle mode.

16-bit Asynchronous Counter Moda: In the 16-bit
Asynchraonous Counter mode, the timer increments on
every rising edge of the applied external clock signal.
The timer counts up to a match vaiue preloaded in PR1,
then resets to 0 and continues.

When the timer is configured for the Asynchronous mode
of operation, and the CPU goes into the Idle mode, the
timer will stop incrementing if TSIDL =1.

e ———e e ————_—— e T
m

© 2007 Microchip Technology Inc.
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FIGURE 9-1: 16-BIT TIMERY1 MODULE BLOCK DIAGRAM (TYPE A TIMER)
PR1
X
e Comparator x 16 TSYNG
” 1
TMR1
Reset LI
0
[+]
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EantFm 1 Q *Dj—— TGATE
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TGATE ’ E
________________________ FE TCKPS<1:0>
. ! TON 2
E s(?fc?( % : rl>_T— 1x
EN % 1,6, 84, 256

}:01
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9.1 Timer Gate Operation

The 16-bit timer can be placed in the Gated Time Accu-
mulation mede. This mede allows the infermal Toy to
increment the respective timer when the gate input
signal (T1CK pin} is asserted high. Control bit, TGATE
(T1ICON<6>), must be set to enable this mode. The
timer must be enabled (TON = 1) and the timer clock
source set to internal (TCS = 0).

When the CPU goes into the Idle mode, the timer will
stop incrementing unless TSIDL = 0. If TSIDL = 1, the
timer will resume the incrementing sequence upon
termination of the CPU Idle mode.

9.2

The input clock (Fosc/4 or external clock) to the 16-bit
Timer has a prescale option of 1:1, 1:8, 1:64 and 1:256
selected by control bits, TCKPS<1;0> (T1CON<5:4>),
The prescaler counter is cleared when any of the
following occurs:

+ a write to the TMR1 register

+ clearing of the TON bit (TICON<15>)

* device Reset, such as POR and BOR

However, if the timer is disabled (TON = 0), then the
fimer prescaler cannot be reset since the prescaler
clock is halted.

TMR1 is not cleared when T1CON is written. It is
cleared by writing to the TMR1 register.

Timer Prescaler

9.3  Timer Operation During Sleep

Mode

During CPU Sleep mode, the timer will operate if:

* The timer module is enabled (TON = 1) and

+ The timer clock source is selected as external
(TCS=1)and

» The TSYNC bit (T1CON<2>) is asserted to a logic
‘0’, which defines the extemnal clock source as
asynchronous

When all three conditions are true, the timer will
continue to count up to the Period register and be reset
to 0x0000.

When a match between the timer and the Period regis-
ter occurs, an interrupt can be generated if the
respective timer interrupt enable bit is asserted.

DS70135E-page 64
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9.4 Timer Interrupt

The 16-bit timer has the ability to generate an interrupt
on pericd match. When the timer count matches the
Period register, the T1IF bit is asserted and an interrupt
will be generated, if enabled. The T1{F bit must be
cleared in scftware. The Timer Interrupt Flag, T1IF, is
located in the IFSO control register in the interrupt
controller.

When the Gated Time Accumulation mode is enabied,
an interrupt will also be generated on the falling edge of
the gate signal (at the end of the accumulation cycle).

Enabling an interrupt is accomplished via the respec-
tive Timer Interrupt Enable bit, T1IE. The tirer interrupt
enable bit is located in the IECO Control register in the
interrupt controller.

9.5 Real-Time Clock

Timer1, when operating in Real-Time Clock (RTC)
mode, provides time-of-day and event time-stamping
capabilities. Key operational features of the RTC are:

« Cperation from 32 kHz LP oscillator

« 8-bit prescaler

+ Low power

« Real-Time Clock interrupts

These operating modes are determined by setting the
appropriate bit(s) in the T1CON Control register

9.5.1 RTC OSCILLATOR OPERATION

When TON = 1, TCS = 1 and TGATE = 0, the timer
increments on the rising edge of the 32 kHz LP oscilla-
tor output signal, up to the value specified in the Period
register, and is then reset to ‘0",

The TSYNC bit must be asserted to a logic '0’
(Asynchronous mode) far carrect operation.

Enabling LPOSCEN (OSCCON<1>) will disable the
normat Timer and Counter modes and enable a timer
camry-out wake-up event.

When the CPU enters Sleep mode, the RTC will con-
tinue to operate, provided the 32 kHz extemal crystal
oscillator is active and the control bits have not been
changed. The TSIDL bit should be cleared to ‘0’ in
order for RTC to continue operation in Idle mode.

952 RTC INTERRUPTS

Whaen an interrupt event occurs, the respective Timer
Interrupt Flag, T1IF, is asserted and an interrupt will be
generated, if enabled. The T1IF bit must be cleared in
software. The respective Timer Interrupt Flag, T1IF, is
located in the IFSO Status register in the interrupt
controller.

Enabling an interrupt Is accomplished via the
respective Timer interrupt Enable bit, T1IE. The Timer
Interrupt Enable bit is located in the {ECO control
register in the interrupt controller.

FIGURE 9-2: RECOMMENDED
COMPONENTS FOR
TIMER1 LP OSCILLATOR
REAL-TIME CLOCK (RTC)
c1
|»—l--———-@- SOSCI
32.768 kHz dsPIC30F000;
[ XTAL
livvv——m— SOSCO
c2 R
C1=C2 = 18 pF; R = 100K
Ut L |
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10.0 TIMER2/3 MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and Is not intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device

, refer to the dsPIC30F Family Reference
Manual (DST0048). For more information on the device
instruction eat and programming, refer to the “dsPIC30F/
33F Programmer’s Reference Manual® (OST0157).

This section describes the 32-bit general purpose timer
module (Timer2/3) and associated operational modes.
Figure 10-1 depicts the simplified block diagram of the
32-bit Timer2/3 module. Figure 10-2 and Figure 10-3
show Timer2/3 configured as two independent 16-bit
timers, Timer2 and Timer3, respectively.

Nots: TimerZis a Type B’ timer and Timer3is a
‘Type C' timer. Please refer to the
appropriate timer type in Section 24.0
“Electrical Characteristics” of this
document.

The Timer2/3 module is a 32-bit timer, which can be
configured as two 16-bit timers, with selectable operat-
ing modes. These timers are utiized by other
peripheral modules, such as:

* Input Capture

* Output Compare/Simple PWM

The following sections provide a detailed description,
including setup and control registers, along with assc-
ciated block diagrams for the operational modes of the
timers.

The 32-bit timer has the following modes:

+ Two independent 16-bit timers (Timer2 and

Timer3} with all 16-bit operating modes (except
Asynchronous Counter mode)

« Single 32-bit timer operation

« Single 32-bit synchronous counter

Further, the following operational characteristics are
supportad:

* ADC Event Trigger

» Timer Gate Operation

+ Selectable Prescaler Settings

* Timer Operation During idle and Sleep Modes

+ Interrupt on a 32-bit Period Register Match

These operating modes are determined by setting the

appropriate bit(s) in the 16-bit T2ZCON and T3CON
SFRs.

For 32-bit timer/counter operation, Timer2 is the least
significant word and Timer3 is the most significant word
of the 32-bit timer.

Note:  For 32-bit timer operation, TACON control
bits are ignored. Only T2CON control bits
are used for setup and control. Timer2
clock and gate Inputs are utilized for the
32-bit timer module, but an intsrupt Is
generated with the Timer3 Interrupt Flag
(T3IF) and the interrupt is enabled with the
Timer3 Interrupt Enable bit (T3IE).

16-bit Mode: In the 16-bit mode, Timer2 and Timer3
can be configured as two independent 16-bit timers.
Each timer can be set up in either 16-bit Timer mode or
16-bit Synchronous Counter mode. See Section 8.0
“Timer1 Module”, Timert Module, for details on these
two operating modes.

The only functional difference between Timer2 and
Timer3 is that Timer2 provides synchronization of the
clock prescaler output. This is useful for high-frequency
external clock inputs.

32-blt Timer Mode: In the 32-bit Timer mode, the timer
increments on every instruction cycle up to a match
value, preloaded into the combined 32-bit Period
register, PR3/PR2, then resets to 0 and continues to
count.

For synchronous 32-bit reads of the Timer2/Timer3
pair, reading the least significant word (TMR2 register)
will cause the msw to be read and latched into & 16-bit
holding register, termed TMR3HLD.

For synchronous 32-bit writes, the holding register
(TMR3HLD) must first be written to. When followed by
a write to the TMR2 register, the contents of TMR3HLD
will be transferred and latched into the MSB of the
32-bit timer (TMR3).

32-bit Synchronous Counter Mode: In the 32-bit
Synchronous Counter mode, the timer increments on
the rising edge of the applied external clock signal,
which is synchronized with the intemnal phase clocks.
The timer counts up to a match vaiue prelcaded in the
combined 32-bit period register, PR3/PR2, then resets
to 0 and continues.

When the timer is configured for the Synchronous
Counter mode of operation and the CPU goes into the
Idle mode, the timer will stop incrementing unless the
TSIDL (T2CON<13>) bit = 0. i TSIDL = 1, the timer
module logic will resume the incrementing sequence
upon termination of the CPU Idie mode.

© 2007 Microchip Technology Inc.
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FIGURE 10-1: 32-BIT TIMER2/3 BLOCK DIAGRAM
Data Bus<15:0> {\
TMR3HLD
1 16\\\
Writa TMR2 o1
Read TMR2
16
, AV 4
Resell TMR3 ! TMR2 {syn |
MSB {} LSB
ADC Event Trigger
-— Equal Comparator x 32
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T3IF £ l
EventFlagj 1 Q _ De-TGATE(T2CON<6>)
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(T2CON<6>)
.-
QO
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T2CK +
C & IJ/I- 1x
Prescaler
Gate
Sync 01 1, 8, 64, 256
Ty, o
Note: Timer configuration bit, T32 (T2CON<3>), must be set to ‘1’ for a 32-bit imer/counter operation. All control
bits are respective to the T2CON register.
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FIGURE 10-2: 16-BIT TIMER2 BLOCK DIAGRAM
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Equal
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FIGURE 10-3: 16-BIT TIMER3 BLOCK DIAGRAM
PR3
ADCE Tri LV
C Event Trigger Equal
Comparator x 16
i}
TMR3
Reset
T3IF 0 £ |
Event Flag 1 Q D TGATE
ol
TGATE =
83
Yy TCKPS<1:0>
TON 2
= Prescaler
01 1, 8, 64, 256
Tey 0o
Note:  The dsPIC30F4011/4012 devices do not have external pin inputs to Timer3, In these devices, the following
modes should not be used:
1.TCS =1.
2. TCS = ¢ and TGATE = 1 (gated time accumulation).

IR
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10.1 Timer Gate Operation

The 32-bit timer can be placed in the Gated Time Accu-
mulation mode. This mode allows the intemal Tcy to
increment the respective timer when the gate input sig-
nal (T2CK pin) is asserted high. Control bit, TGATE
(T2CON<6>), must be set to enable this mode. When
in this mode, Timer2 is the originating clock source.
The TGATE setting is ignored for Timer3. The timer
must be enabled (TON = 1) and the timer clock source
set to intemal (TCS = 0).

The falling edge of the external signal terminates the
count cperation but does not reset the timer. The user
must reset the timer in order to start counting from zero.

10.2 ADC Event Trigger

When a match occurs between the 32-bit timer (TMR3/
TMR2) and the 32-bit combined Period register (PR3/
PR2), a special ADC trigger event signal is generated
by Timer3.

10.3 Timer Prescaler

The input clock (Fosc/4 or external clock) to the timer
has a prescale option of 1:1, 1:8, 1:64 and 1:256,
selected by control bits, TCKPS<1:0> (T2CON<5:4>
and T3ICON<5:4>}. For the 32-bit timer operation, the
originating clock source is Timer2. The prescaler oper-
ation for Timer3 is not applicable in this mode. The
prescaler counter is cleared when any of the foliowing
OCCUrs:

* a write to the TMR2/TMR3 register

+ clearing either of the TON (T2CON<15> or
TICON<15>) bits to ‘0’

« device Reset, such as POR and BOR

However, if the timer is disabled (TON = o), then the

Timer 2 prescaler cannot be reset, since the prescaler
clock is halted.

TMR2/TMR3 is not cleared when TZCON/T3CON Is
written.

10.4 Timer Operation During Sleep
Mode

During CPU Sleep mode, the timer will not operate
because the intemnal clocks are disabled.

10.5 Timer Interrupt

The 32-bit timer module can generate an interrupt on
period match, or on the falling edge of the external gate
signal. When the 32-bit timer count matches the
respective 32-bit Period register, or the falling edge of
the extemnal “gate” signal is detected, the T3IF bit
(IFS0<7>) is asserted and an interrupt will be gener-
ated, if enabled. In this mode, the T3IF interrupt flag is
used as the source of the interrupt. The T3IF bit must
be cleared in software.

Enabling an interrupt is accomplished via the
respective Timer interrupt Enable bit, T3IE (IEC0<7>).

DS70135E-page 70

® 2007 Microchip Technology Inc.



dsPIC30F4011/4012

"sp1ey Uq se1sBe Jo suondasep 10} (9900 SQ) BN SIRIG0Y AYuR HOEDILSP, O Of a8y ooN
Hq poZepuun = 0 :pusbe

G000 G000 0000 0000 - SOL - -_ 0SdMOL | 1SIMOL | F1vDL - - - - - -— qisL - NOL ZHO NOOEL
000C 0000 0000 0000 - SOl - ZEL 0SdMIL | 1SdMOL | A1vOL - - - - -_ - qisL - NOL oL0 NOJZL
TITT TITT ITIT TITT ﬂuﬂ«w_mﬂﬁ_z.-@& 3010 £4d
TITT TITT TTIIT TTITT N._Ouw._uomB.-O& 2010 cud
TNOM ANTN Annn noon JosiBey clewn) voLO CHNL
TANN nNUN Nnnn nnnn (Muo suonesedo sewn 3G-Z< 104) JessiBey Bulpioy Siewil 80LD { CrIHEHW.L.
TNANM nNnn nnon nonnn segiBey Ziewy| 2010 ZHNL

g esy oug _ g _ Tue _ twg _ vug _ sHe _ s ug _ Lng _u._n _ 6 ug _o:.m_ 8T _«_.._n_ a_.snT:.n_ siug T!! swuN g

dVN Y3LSIOFY E/THINIL  °1-0) 38VL

DS70135E-page 71

© 2007 Microchip Technalogy Inc.



dsPIC30F4011/4012

18.0 UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER
(UART) MODULE

Note: This data sheet summarizes festures of this group
of dsPIC30F devices and is not intended to bs a complete
reference source. For more information on the CPU,
peripherais, register descriptions and general device
functionality, refer to the dsPIC30F Family Reference
Manusal (DS70048). For more Information on the device
instruction set and programming, refer to the “dsPIC30F/

33F Programmer’s Reference Manual” (DST0157).

This section describes the Universal Asynchronous
Receiver/Transmitter communications module.

18.1 UART Module Overview

The key features of the UART module are:

* Full-Duplex, 8 or 9-bit Data Communication
» Even, Odd or No Parity Options (for 8-bit data)
+ One or Two Stop bits

» Fully Integrated Baud Rate Generator with
16-bit Prescaler

* Baud Rates ranging from 38 bps to 1.875 Mbps at
a 30 MHz iInstruction Rate

* 4-Word Deep Transmit Data Buffer
*+ 4-Word Deep Receive Data Buffer
* Parity, Framing and Buffer Overrun Error Detection
+ Suppert for Interrupt Cnly on Address Detect
(9th bit = 1)
+ Separate Transmit and Receive Interrupts
+ Loopback mode for Diagnostic Support

FIGURE 18-1: UART TRANSMITTER BLOCK DIAGRAM
L ]
Intemal Data Bus Control and S bits
Write Write
UTX8| UxTXREG Low Byte Transmit Gontrot
- Control TSR
- Control Buffer
- Generate Flags
- Generate Interrupt
Load TSR
UxTXIF
UTXBRK
| Transmit Shift Register (UXTSR)
UxTX 4\
——-——af—{ pa - 16x Baud Clock
Parity Gonorlztor + 16 Divider o Baud Ao
Generator
T t Control
- ~ Signals

Note: x = 1 or 2. dsPIC30F4012 only has UARTY.
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FIGURE 18-2: UART RECEIVER BLOCK DIAGRAM

Iinternal Data Bus .16
4 y4 ]
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X~ Read Write Read Read Write
UxMODE ' i UxSTA ]
URX8] UxRXREG Low Byte
Receive Buffer Control
_____________ - Generate Flags
- Generate Interrupt
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16x Baud Clock from
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UxRXIF
'

e ————r———————
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18.2 Enabling and Setting Up UART

18.2.1 ENABLING THE UART

The UART moduile is enabled by setting the UARTEN
bit in the UxMODE register (where x = 1 or 2). Once
enabled, the UxTX and UxRX pins are configured as an
output and an input, respectively, overriding the TRIS
and LATCH register bit settings for the corresponding
HO port pins. The UxTX pin is at logic ‘1’ when no
transmission is taking place.

18.22  DISABLING THE UART

The UART module is disabled by clearing the UARTEN
bit in the UxMODE register. This is the default state
after any Reset. if the UART is disabled, all 1/O pins
operate as port pins under the control of the LATCH and
TRIS bits of the cormesponding port pins.

Disabling the UART module resets the buffers to
empty states. Any data characters in the buffers are
lost and the baud rate counter is reset.

All error and status flags associated with the UART
module are reset when the module is disabled. The
URXDA, OERR, FERR, PERR, UTXEN, UTXBRK and
UTXBF bits are cleared, whereas RIDLE and TRMT
are set. Other control bits, including ADDEN,
URXISEL<1:0>, UTXISEL, as well as the UxMODE
and UxBRG registers, are not affected.

Clearing the UARTEN bit while the UART is active will
abort all pending transmissions and receptions and
reset the module as defined above. Re-enabling the
UART will restart the UART in the same configuration.

18.23 ALTERNATE I/O

The alternate /O function is enabled by setting the
ALTIO bit (UxMODE<10>). If ALTIO = 1, the UxATX
and UxARX pins (altemate transmit and aiternate
receive pins, respectively) are used by the UART mod-
ule instead of the UxTX and UxRX pins. If ALTIO = o,
the UxTX and UxRX pins are used by the UART
modufe.

18.24  SETTING UP DATA, PARITY AND
STOP BIT SELECTIONS

Control bits, PDSEL<1:0> in the UXMODE register, are
used to select the data length and parity used in the
transmission. The data length may either be 8 bits with
even, odd or no parity, or 9-bits with no parity.

The STSEL bit determines whether one or two Stop bits
will be used during data transmission.

The default (power-on) setting of the UART is 8 bits, no
parity and 1 Stop bit (typicaily represented as 8, N, 1).

18.3 Transmitting Data

18.3.1 TRANSMITTING IN 8-BIT DATA
MODE

The following steps must be performed in order to
transmit 8-bit data:

1. Set up the UART:
First, the data length, parity and number of Stop
bits must be selected. Then, the transmit and
receive interrupt enable and priority bits are set
up in the UxMODE and UxSTA registers. Also,
the appropriate baud rate value must be written
to the UxBRG register.

2. Enable the UART by setting the UARTEN bit
(UxMODE<15>).

3. Set the UTXEN bit (UxSTA<10>), thereby
enabling a transmission.

4. Write the byte to be transmitted to the lower byte
of UxTXREG. The value will be transferred to the
Transmit Shift register (UxTSR) immediately
and the serial bit stream will start shifting out
during the next rising edge of the baud clock.
Aiternatively, the data byte may be written while
UTXEN = o, following which, the user may set
UTXEN. This will cause the serial bit stream to
begin immediately because the baud ciock wili
start from a cleared state.

5. A transmit interrupt will be generated depending
on the value of the interrupt control bit UTXISEL
{UxSTA<15>).

18.3.2  TRANSMITTING IN 9-BIT DATA
MODE

The sequence of steps involved in the transmission of
9-bit data is similar to 8-bit transmission, except that a
16-bit data word {of which the upper 7 bits are always
clear) must be written to the UXTXREG register.

18.3.3  TRANSMIT BUFFER (UXTXB)

The transmit buffer is 9 bits wide and 4 characters
deep. Including the Transmit Shift register (UxTSR),
the user effectively has a 5-deep FIFO (First In First
Out) buffer. The UTXBF Status bit (UxSTA<9>)
indicates whether the transmit buffer is full.

If a user attempts to write to a full buffer, the new data
will not be accepted into the FIFO, and no data shift
will occur within the buffer. This enables recovery from
a buffer overrun condition.

The FIFO is reset during any device Reset, but is not
affected when the device enters or wakes up from a
power-saving mode.

m
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18.34  TRANSMIT INTERRUPT

The Transmit Interrupt Flag (U1TXIF or U2TXIF) is
located in the comresponding interrupt flag register.

The transmitter generates an edge to set the UxTXIF
bit. The condition for generating the interrupt depends
on UTXISEL control bit;

a) W UTXISEL = o, an interrupt is generated when a
word is transferred from the transmit buffer to the
Transmit Shift register (UXTSR). This implies that
the transmit buffer has at least one empty word.

b) K UTXISEL = 1, an interrupt is generated when
a word is transferred from the transmit buffer to
the Transmit Shift register (UxTSR) and the
transmit buffer is empty.

Switching between the two interrupt modes during
operation is possible and sometimes offers more
flexibility.

18.3.56 TRANSMIT BREAK

Setting the UTXBRK bit (UxSTA<11>) wili cause the
UxTX line to be driven to logic ‘0'. The UTXBRK bit
overrides all transmission activity. Therefore, the user
should generally wait for the transmitter to be idie
before setting UTXBRK.

To send a Break character, the UTXBRK bit must be
set by software and must remain set for a minimum of
13 baud clock cycles. The UTXBRK bit is then clearsed
by software to generate Stop bits. The user must wait
for a duration of at least one or two baud clock cycles
in order to ensure a valid Stop bit(s) before reloading
the UxTXB or starting other fransmitler activity.
Transmission of a Break character does not generate
a transmit interrupt,

18.4 Receiving Data

18.4.1 RECEIVING IN 8-BiT OR 9-BIT DATA
MODE

The following steps must be performed while receiving
8-bit or 9-bit data:

1. Set up the UART (see Section 18.3.1
“Transmitting in 8-bit Data Mode™).

2. Enable the UART (see Section 18.3.1
“Tranamitting In 8-bit Data Mode").

3. A receive interrupt will be generated when one
or more data words have been received,
depending on the receive interrupt settings
specified by the URXISEL bits (UxSTA<7:6>).

4. Read the OERR bit to determine if an overrun
error has occurred. The OERR bit must be reset
in software.

5. Read the received data from UxRXREG. The act
of reading UxRXREG wili move the next word to
the top of the receive FIFO and the PERR and
FERR values will be updated.

18.4.2 RECEIVE BUFFER (UxRXB)

The receive buffer is 4 words deep. Including the
Receive Shift register (UxRSR), the user effectively
has a 5-word deep FIFQ buffer.

URXDA (UxSTA<Q>») = 1 indicates that the receive
buffer has data available. URXDA = 0 implies that the
buffer is empty. if a user attempts to read an empty
buffer, the old values in the buffer will be read and no
data shift will occur within the FIFQ.

The FIFQ is reset during any device Reset. It is not
affected when the device enters or wakes up from a
power-saving mode.

1843  RECEIVE INTERRUPT

The Receive Interrupt Flag (U1RXIF or U2RXIF) can
be read from the corresponding interrupt flag register.
The interrupt flag is set by an edge generated by the
recaiver. The condition for setting the receive interrupt
flag depends on the sefings specified by the
URXISEL <1:0> (UxSTA<7:6>) control bits.

a) If URXISEL<1:0> = 00 or 01, an interrupt is
generated every time a data word is transferred
from the Receive Shift register (UxRSR) to the
receive buffer. There may be one or more
characters in the receive buffer.

b) IfURXISEL<1:0>= 10, an interrupt is generated
when a word is transferred from the Receive
Shift register (UxRSR) to the recsive buffer
which, as a result of the transfer, contains
3 characters.

c) IfURXISEL<1:0> = 11, an interrupt is set when
a word is transferred from the Receive Shift
register (UxRSR) to the receive buffer which, as
a result of the transfer, contains 4 characters
(i.e., becomes full).

Switching between the interrupt modes during opera-
tion is possible, though generally not advisable during
normal operation.

18.5 Reception Error Handling

18.5.1  RECEIVE BUFFER OVERRUN
ERROR (OERR BIT)

The QERR bit (UxSTA<1>) is set if al! of the foliowing
conditions occur:

a) The receive buffer is full.

b) The Receive Shift register is full, but unable to
transfer the character to the raceive buffer.

c) The Stop bit of the character in the UxRSR is
detected, indicating that the UxRSR needs to
tranisfer the character to the buffer.

Once OERR is set, no further data is shifted in UxRSR
{until the OERR +hit is cleared in software or a Reset
occurs). The data held in UxRSR and UxRXREG
remains vatid.

P
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18.5.2 FRAMING ERROR (FERR)

The FERR bit (UxSTA<2>) is set if a ‘0’ is detected
instead of a Stop bit. If two Stop bits are selected, both
Stop bits must be "1', otherwise FERR will be set. The
read-only FERR bit is buffered along with the received
data; it is cleared on any Reset.

18.5.3 PARITY ERROR (PERR)

The PERR bit (UxSTA<3>) is set if the parity of the
received word is incorrect. This error bit is applicable
only if a Parity mode (odd or even) is selected. The
read-only PERR bit is buffered along with the recelved
data byles; it is cleared on any Reset.

18.54  IDLE STATUS

When the receiver is active (i.e., between the initial
detection of the Start bit and the completion of the Stop
bit), the RIDLE bit (UxSTA<4>) is ‘0’. Between the
completion of the Stop bit and detection of the next
Start bit, the RIDLE bit is ‘1, indicating that the UART
is Idle.

1855 RECEIVE BREAK

The receiver wilt count and expect a certain number
of bit times basad on the values programmed in
the PDSEL<1:0> (UxMODE<2:1>) and STSEL
(UxMODE<0>) bits.

if the Break is longer than 13 bit times, the reception is
considered complete after the number of bit times
specified by PDSEL and STSEL. The URXDA bit is
sel, FERR is set, zeros are loaded into the receive
FIFO, interrupts are generated, if appropriate and the
RIDLE bit is set.

When the module recsives a long Break signal and the
receiver has detected the Start bit, the data bits and
the invalid Stop bit (which sets the FERR), the receiver
must wait for a valid Stop bit before looking for the next
Start bit. It cannot assume that the Break condition on
the line is the next Start bit.

Break is regarded as a character containing all ‘0’s,
with the FERR bit set. The Break character is loaded
into the buffer. No further reception can occur until a
Stop bit is received. Note that RIDLE goes high when
the Stop bit has not been received yet.

18.6 Address Detect Mode

Setting the ADDEN bit (UxSTA<5>) enables this
special mode in which a 9th bit (URX8) value of ‘1’
identifies the received word as an address, rather than
data. This mode is only applicable for 9-bit data
communication. The URXISELx control bit does not
have any impact on interrupt generation in this mode,
since an interrupt (if enabled) wilt be generated every
time the received word has the 9th bit set.

18.7 Loopback Mode

Setting the LPBACK blt enables this special mode in
which the UxTX pin is internally connected to the UxRX
pin. When configured for the Loopback mode, the
UxRX pin is disconnected from the intemal UART
receive logic. However, the UxTX pin still functions as
in a normal operation.

To select this mode:
a) Configure UART for desired mode of operation.
b) SetLPBACK = 1 to enable Loopback mode.

c) Enable transmission as defined in Section 18.3
“Transmitting Data”.

18.8 Baud Rate Generator

The UART has a 16-bit Baud Rate Generator to allow
maximum flexibliity in baud rate generation. The Baud
Rate Generator register (UxBRG) is readable and
writable. The baud rate is computed as follows:

BRG = 16-bit value held in UxBRG register
(0 through 65535)

Fcy = Instruction Clock Rate (1/Tcy)
The baud rate is given by Equation 18-1.

EQUATION 18-1: BAUD RATE

Baud Rate = FcY/(16 * (BRG + 1))

Therefore, maximum baud rate possible is:
Fcy/16 (if BRG = 0),

and the minimum baud rate possible is:
Fcy/{16 * 65536).

With a full, 16-bit Baud Rate Generator, at 30 MIPS
operation, the minimum baud rate achievable is
28.5 bps.

M
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18.9 Auto-Baud Support

To aliow the system to determine baud rates of
received characters, the input can be optionally linked
to a selected capture input (IC1 for UART1, IC2 for
UART2). To enabie this mode, the user must program
the input capture module to detect the faliing and rising
edges of the Start bit.

18.10 UART Operation During CPU
Sleep and Idle Modes

18.10.1 UART OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shut down and stay at logic ‘o', If
entry into Sleep mode occurs while a transmission is
in progress, then the transmission is aborted. The
UxTX pin is driven to logic ‘1'. Similarly, if entry into
Sleep mode occurs while a reception is in progress,
then the reception is aborted. The UxSTA, UXMODE,
UxBRG, transmit and receive registers and buffers, are
not affected by Sleep mode.

If the WAKE bit (UxMODE<T7>) is set before the device
enters Sleep mode, then a failling edge on the UxRX
pin will generate a recelve interrupt. The Receive
interrupt Select Mode bit (URXISEL) has no effect for
this function. If the receive interrupt is enabled, then
this will wake-up the device from Sleep. The UARTEN
bit must be set in order to generate a wake-up
interrupt.

18.10.2 UART OPERATION DURING CPU
IDLE MODE

For the UART, the USIDL bit selects if the module will
stop operaticn when the device enters Idle mode, or
whether the medule will continue on Idle. If USIDL = o,
the module will continue operation during Idie mode. if
USIDL = 1, the module will stop on Idie.

m
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20.0 10-BIT, HIGH-SPEED
ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

Note: This data sheet summarizes features of this group
of dsPIC30F devices and Is not intended to be a compiste
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer to the dsPIC30F Femily Reference
Meniral (DST0046). For more information on the device
instruction set and , refer to the “UsPIC30F/

33F Programmer’s Reference Manual™ (DS70157).

The 10-bit, high-speed Analog-to-Digital Converter
(ADC) allows conversion of an analog input signal to a
10-bit digital number. This module is based on a
Successive Approximation Register (SAR) architecture
and provides a maximum sampling rate of 1 Msps. The
ADC module has 16 analog inputs which are multi-
plexed into four sample and hold amplifiers. The output
of the sample and hold is the input into the converter
which generates the resutt. The analog reference
voltages are software selectable to either the device
supply voltage (AVDD/AVSS) or the voltage level on the
(VREF+/VREF-) pins. The ADC module has a unique
feature of being able to operate while the device is in
Sleep mode.

The ADC maodule has six, 16-bit registers:

+ A/D Control Register 1 (ADCON1)

« A/D Control Register 2 (ADCON2)

* A/D Control Register 3 (ADCON3)

+ A/D Input Select Register (ADCHS)

« AJ/D Port Configuration Register (ADPCFG)

» A/D Input Scan Selection Register (ADCSSL)

The ADCON1, ADCON2 and ADCON3 registers
control the operation of the ADC module. The ADCHS
register selects the input channels to be converted. The
ADPCFG register configures the port pins as analog

inputs or as digital /O. The ADCSSL register selects
inputs for scanning.

Note: The SSRC<2:0», ASAM, SIMSAM,
SMPI<3.0>, BUFM and ALTS bits, as well
as the ADCON3 and ADCSSL registers,
must not be written to while ADON = 1.
This would lead to indeterminate resuits.

The biock diagram of the ADC module is shown in
Figure 20-1.

H
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10-BIT, HIGH-SPEED ADC FUNCTIONAL BLOCK DIAGRAM

FIGURE 20-1:
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20.1 A/D Result Buffer

The module contains a 16-word, dual port, read-only
buffer, called ADCBUF0.. ADCBUFF, to buffer the A/D
resuits. The RAM is 10 bits wide, but is read into different
format 168-bit words. The contents of the sixteen A/D
Conversion Result Buffer registers, ADCBUFO through
ADCBUFF, cannot be written by user software.

20.2 Conversion Operation

After the ADC module has been configured, the sampie
acquisition is started by setting the SAMP bit. Various
sources, such as a programmabile bit, timer time-outs
and external events, terminate acquisition and start a
conversion. When the A/D conversion is complete, the
result is loaded into ADCBUFQ...ADCBUFF, and the AD
Interrupt Flag, ADIF, and the DONE bit are set after the
number of samples specified by the SMPI<3:0> bits.

The following steps should be followed for doing an
AJ/D converslon:
1. Configure the ADC module;

- Configure analog pins, voltage reference
and digital VO

- Select A/D input channels
~ Select A/D conversion clock
- Select A/D conversion trigger
- Turn on ADC module
2. Configure the A/D interrupt (if required):
- Clear ADIF bit
- Select A/D interrupt priority
Start sampling.
Wait the required acquisition time.
Trigger acquisition end, start conversion.
Wait for A/D conversion to complete by either:
- Waiting for the A/D interrupt
- Waiting for the DONE bit to get set
7. Read A/D result buffer, clear ADIF if required.

S

20.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the A/D connects inputs to the sampie/hold
channels, converts channels, writes the buffer memory
and generates interrupts. The sequence is controlled
by the sampling clocks.

The SIMSAM bit controls the acquire/convert
sequence for multiple channsls. if the SIMSAM bit is
‘0’, the two or four selected channels are acquired and
converted sequentialiy with two or four sample clocks.
if the SIMSAM bit is ‘1', two or four selected channels
are acquired simultaneously with one sample clock.
The channels are then converted sequentially.
Obviously, if there is only 1 channel selected, the
SIMSAM bit is not applicable.

The CHPS<1:0> bits select how many channels are
sampled. This selection can vary from 1, 2 or 4 channeis.
if the CHPS bits select 1 channel, the CHO channel is
sampled at the sample clock and converted. The resultis
stored in the buffer. If the CHPS bits select 2 channeis,
the CHO and CH1 channels are sampied and converted.
if the CHPS bits salect 4 channels, the CHO, CH1, CH2
and CH3 channels are sampled and converted.

The SMPI<3:0> bits select the number of acquisitior/
conversion sequences that would be performed before
an interrupt occurs. This can vary from 1 sample per
interrupt to 16 samples per interrupt.

The user cannot program a combination of CHPS and
SMP1 bits that specifies more than 16 conversions per
interrupt, or 8 conversions per interrupt, depending
on the BUFM bit. The BUFM bit, when set, splits the
16-word resuits buffer (ADCBUF0...ADCBUFF) into
two, 8-word groups. Writing to the 8-word buffers is
alternated on each interrupt event. Use of the BUFM bit
depends on how much time is avaiiable for moving data
out of the buffers after the interrupt, as determined by
the application,

If the processor can quickly unload a full buffer within
the time it takes to acquire and convert one channei,
the BUFM bit can be ‘0" and up to 16 conversions
may be done per interrupt. The processor has one
sample-and-conversion time to move the sixteen
conversions.

It the processor cannot unload the buffer within the
acquisition and conversion time, the BUFM bit should be
‘1'. For example, if SMPI<3:0> (ADCON2<5:2>)= 0111,
then eight conversions are loaded into half of the buffer,
following which an interrupt occurs. The next eight
conversions are ioaded into the other half of the buffer.
The processor has the entire time between interrupts to
move the eight conversions.

The ALTS bit can be used to altemate the inputs
selected during the sampling sequence. The input
multiplexer has two sets of sample inputs: MUX A and
MUX B. [f the ALTS bit is ‘0’, only the MUX A inputs are
selected for sampling.  the ALTS bit is ‘1’ and
SMPI<3:0> = 0000, on the first sample/convert
sequence, the MUX A inputs are selected, and on the
next acquire/convert saquence, the MUX B inputs are
selected.

The CSCNA bit (ADCON2<10>) aliows the CHO
channel inputs to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the corre-
sponding input is selected. The inpuls are always
scanned from jower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.

m
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204 Programming the Start of the
Conversion Trigger

The conversion trigger terminates acquisition and starts
the requested conversions.

The SSRC<2:0> bits select the source of the
conversion trigger.

The SSRC bits provide for up to 5 alternate sources of
conversion trigger.

When SSRC<2:0> = oo00, the conversion trigger is
under software control. Clearing the SAMP bit causes
the conversion trigger.

When SSRC<2:0> = 111 (Auto-Start mode), the con-
version trigger is under A/D clock control. The SAMC
bits select the number of A/D clocks between the start
of acquisition and the start of conversion. This provides
the fastest conversion rates on multiple channels.
SAMC must always be at least 1 clock cycle.

Other trigger sources can come from fimer modules,
motor control PWM module or external interrupts.

Note: To operate the ADC at the maximum
specified conversion speed, the auto-
convert trigger option should be selected
(SSRC = 111) and the auto-sample
time bits shoukl be set to '1' TAD
(SAMC = 00001). This configuration gives
a fotal conversion period (sample + convert)
of 13 TaD.

The use of any other conversion frigger
results in additional TAD cycles to
synchronize the external event to the
ADC.

20.5 Aborting a Conversion

Clearing the ADON bit during a conversion aborts the
current conversion and stops the sampling sequencing.
The ADCBUFx is not updated with the partially com-
pleted A/D conversion sample. That is, the ADCBUFx
will continue to contain the value of the last completed
conversion (or the last value written to the ADCBUFx
register).

if the clearing of the ADON bit coincides with an
auto-start, the clearing has a higher priority.

After the A/D conversion is aborted, a 2 TAD wait is
required before the next sampling may be started by
setting the SAMP bit.

If sequential sampling Is specified, the A/D continues at
the next sample pulse, which corresponds with the next
channel converted. If simultaneous sampling is speci-
fied, the A/D continues with the next multichannel
group conversion sequence.

20.6 Selecting the A/D Conversion
Clock

The A/D conversion requires 12 TAD. The source of the
A/D conversion clock is software selected using a 6-bit
counter. There are 64 possible options for TAD.

EQUATION 20-1: A/D CONVERSION CLOCK

TAD = Tcy * (0.5 * (ADCS<5:0> + 1))

. Tap
ADCS<5:0>=2 Toy -1

The intemal RC oscillator is selected by seiting the
ADRC bit.

For correct A/D conversions, the A/D conversion clock
(Tap) must be selectad to ensure a minimum Tab time
of 83.33 nsec (for VDD = 5V). Refer to Section 24.0
“Electrical Characteristics” for minimum TaD under
other operating conditions.

Exampie 20-1 shows a sample calculation for the
ADCS<5:0> bits, assuming a device operating speed
of 30 MIPS.
EXAMPLE 20-1: A/D CONVERSION CLOCK
CALCULATION

TAD = 154 nsec
TCY = 33 nsec (30 MIPS)

TaD
ADCS<5:0>=2 Ty -1

154 nsec
33 nsec
=833

=2

Therefore,
Set ADCS<5:0>=9

Actual TAD = TTCY (ADCS<5:0> + 1)

33 nsec
2

165 nsec

©+1)

[}
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20.7 A/D Conversion Speeds

The dsPiC30F 10-bit ADC specifications permit
a maximum 1 Msps sampling rate. Table 20-1
summarizes the conversion speeds for the dsPIC30F
10-bit ADC and the required operating conditions.

TABLE 20-1: 10-BIT A/D CONVERSION RATE PARAMETERS

dsPIC30F 10-bit A/D Converter Conversion Rates
TaD Sampling
AJID Speed Minimum | Time Min. Rs Max. Vbb Temperature A/D Channels Configuration
p 83.33 ns 12 TaD 5000 4.5V {0 5.5V | 40°C 1o +85°C N—

1 Mspsi" X X
T

Upto 895.24 ns 2 Tap 500Q 4.5V 10 5.5V | 40°C to +85°C

750 ksps("

Upto 13889ns| 12 Tap 50002 3.0Vto 55V [40°Cto +125°C

600 ksps(?

Up to 1563.85ns| 1TAD 50kQ | 45Vto5.5v {-40°Cto +125°C

500 ksps

Upto 256.41 ns 1 TaD 50k | 3.0Vio5.5V |-40°C to+125°C

300 ksps =
v 5] G

%JEﬁ

AN of e

Note 1: External VREF- and VREF+ pins must be used for correct operation. See Figure 20-2 for recommended circuit.

m
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10.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
/O modules. (USART is also known as a Serial Com-
munications Interface or SCI). The USART can be con-
figured as a fuli duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured
as a half duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, serial EEPROMSs efc.

The USART can be configured in the following modes:
« Asynchronous (full duplex)

* Synchronous - Master (half duplex)

* Synchronous - Siave (half duplex)

Bit SPEN (RCSTA<7>) and bits TRISC<7:6> have 1o
be set in order to configure pins RC6/TX/CK and

RC7/RX/DT as tha Universal Synchronous Asynchro-
nous Receiver Transmitter.

The USART module also has a multi-procassor com-
munication capability using 9-bit address detection.

REGISTER 10-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 98h)

1 = Transmit enabled
0 = Transmit disabled
bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
Unimplemented: Read as '0'
BRGH: High Baud Rate Select bit
Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode
TRMT: Transmit Shift Register Status bit

1 =TSR empty
0 = TSR fult

bit 3:
bit 2:

bit 1:

bit 0:

RWO RW-O RW.0 RWO u-o R/W-0 R-1 RW-0
L CSRC | ™9 | TXEN [ SYNC [ — [ BRGH | TRMT | Tx9D | [R = Readable bt
bit7? bitd W = Writable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit 7: CSRC: Clock Source Select bit
Asynchronous mode
Don't care
Synchronous mode
1 = Master mode (Clock generated internally from BRG)
0 = Stave mode (Clock from external source)
bit 6: TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5: TXEN: Transmit Enable bit

Note: SREN/CREN overrides TXEN in SYNC mode.

TX9D: Sth bit of transmit data. Can be parity bit.

L P —
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REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RWO RWO PRWO RWO RWO R0 R-0 R-x

| SPEN | Rx9 [ SREN | CREN [ADDEN| FERR | OERR | RX9D | [R = Readable bit
bit7 bit0 W = Wiritable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset

bit7:  SPEN: Serial Port Enable bit
1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

bit6é:  RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception

bit 50 SREN: Single Recsive Enable bit
Asynchronous mode
Don't care
Synchronous mode - master
1 = Enables single receive
0 = Disables single recsive
This bit is cleared after reception is complete.
Synchronous mode - slave
Unused in this mode

bit 4: CREN: Continuous Receive Enable bit
Asynchronous mode
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3: ADDEN: Addregs Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1)
1 = Enables address detection, enable interrupt and load of the receive burffer when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
bit 2: FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1. OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

bit 0: RX9D: 8th bit of received data (Can be parity bit)

M
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10.1  USART Baud Rate Generator (BRG)

The BRG supports both the asynchronous and syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running B-bit timer. In asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In synchronous mode, bit BRGH is ignored.
Table 10-1 shows the formula for computation of the
baud rate for different USART modes which only apply
in master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 10-1. From this, the error in
baud rate can be determined.

it may be advantageous to use the high baud rate
{(BRGH = 1) even for slower baud clocks. This Is
because the FOSC/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

10.1.1  SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

TABLE 10-1: BAUD RATE FORMULA
SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 {Asynchronous) Baud Rate = FOSC/(64(X+1)} Baud Rate= FoOsSC/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/{4(X+1)) NA

X = value in SPBRG (0 to 255)

TABLE 10-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on: | Value on all
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 Bit3 Bit2 | Bit1 | Bit0 POR, other
BOR resets
98h TXSTA [CSRC; TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | ooco -010 [0000 -010
18h RCSTA | SPEN | RX9 | SREN | CREN | ADDEN | FERR { OERR | RX9D | 0000 000x 0000 000x
99h SPBRG |Baud Rate Generator Register 0000 0000 [0000 0000

Legend: x =unknown, - = unimplemented read as '0’. Shaded cells are not used by the BRG.

e S ——
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TABLE 10-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD FosC = 20 MHx FosC = 16 MHz Fosc = 10 MHz
RATE S:BIRG “ s::ne % s:?:.G
(K) | ke@aup ERROR (m&&n KBAUD ERROR m.“m'.q KBAUD ERROR (d‘:m)
03 - - - - - - - . -
12 | 1221 1.75 255 1202 047 207 1202 017 129
24 | 2404 047 129 2404 0.7 103 2404 047 64
86 | 9766 173 Y 9615  0.18 25 8766  1.73 15
192 | 19.551 172 15 19231 0.16 12 19531 172 7
288 | 31250 851 9 27778 355 8 31250  8.51 4
336 | 34722 334 8 35714 629 6 3250 699 4
576 { 82500  6.51 4 $2500  B.51 3 52083  9.58 2
HIGH | 1.221 - 255 0977 - 255 0610 . 255
Low | 312500 - 0 250.000 - 0 156.250 - 0
Fosc = 4 MHz Fosc = 3.8864 MHz
BAUD
RATE % s:.a':’e " s:‘slae
® | vaaup ERROR (decimal) | kBAUD ERROR  ncimaly
03 | 0.300 0 207 0301 033 185
12 | 1202 047 51 1216 133 4
24 | 2404 097 25 2432 133 22
94 | B2 699 8 8322 290 5
122 | 20833 851 2 18.643 280 2
288 | 31250 851 1 - . -
38 - - - - - -
576 | 62500 851 0 55030  2.80 0
HIGH | 0.244 . 255 0.218 . 255
Low | 62,500 - 0 55,930 - 0

TABLE 10-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)

Fosc = 20 MHz Fosc a 16 MHz Fosc = 10 MHz
"&’2 " s:::e * s:-i:G “ s:ﬂp‘:!.e
() | kpaUD ERROR (deciman | KBAUD ERROR 0/, | KBAUD ERROR (o,
03 - . R N N N N - -
12 . . - . - - . . ;
24 . . - ; - . 2.441 1.71 255
86 | 9815 0.18 128 8615  0.16 103 9.615 0.16 64
192 | 19231 0.8 84 19231 0.18 51 1953 172 31
288 | 29070 084 a2 29412 213 a3 20408 136 21
336 | 33784 085 36 33333 079 29 32.885 210 18
576 | 59524  3.34 20 58824  2.13 18 58.818 138 10
HIGH | 4883 - 265 3.508 - 255 2.441 . 255
Low | 1250000 - 0 1000,009 0 625.000 - 0
Foac = 4 Mix Foag = 3.5884 MH2
BAUD
RATE “ s::&e “ s:?:e
® | waagp ERROR (U0 | waaup ERROR it
03 - - : - ; -
1.2 1.202 0.17 207 1203 025 185
24 2,404 0.17 103 2406 025 92
98 | 9815 016 25 9.727 132
02 | 19201 o016 12 18643 280 11
288 | 2778 355 ) 27.965 280
336 | 35714 629 6 31960 488 6
576 | 62500 @51 3 55930 290 3
HIGH | 0977 . 255 0.874 N 255
Low | 250.000 . 0 273.722 - 0
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0.2  USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one start bit, eight or nine data bits,
and one stop bit). The most common data format is 8
bits. An on-chip, dedicated, 8-bit baud rate generator
can be used to derive standard baud rate frequencies
from the oscillator. The USART transmits and receives
the LSb first. The USART's transmitter and receiver are
functionally independent, but use the same data format
and baud rate. The baud rate generator produces a
clock either x16 or x64 of the bit shift rate, depending
on bit BRGH (TXSTA<2>). Parity is not supported by
the hardware, but can be implemented in software (and
siored as the ninth data bit). Asynchronous mode is
stopped during SLEEP,

Asynchronous mode is selected by clearing bit SYNC
(TXASTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

» Baud Rate Generator

« Sampling Circuit

* Asynchronous Transmitter
+ Agynchronous Receiver

10.2.1 USART ASYNCHRONOUS TRANSMITTER

The USART transmitter block diagram is shown in
Figure 10-1. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the readiwrite transmit buffer, TXREG, The
TXREG register is loaded with daia in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one TCY), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE

( PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will resat only when new data is loaded into the
TXREG register. Whife flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. Status bit TRMT
is a read only bit, which is set when the TSR register is
empty. No interrupt logic is tied 1o this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty.

Note 1: The TSR register Is not mapped in data
memory, sa it is not avallable to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set, TXIF is cleared by loading TXREG.

Transmission is enabled by setting enable bit TXEN
{TXSTA<5>). The actual transmission wiil not occur
untit the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 10-2). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally, when transmission
is first started, the TSR register is empty. At that point,
transfer to the TXREG register will result in an immedi-
ate transfer to TSR, resulting in an empty TXREG. A
back-to-back transfer is thus possible (Figure 10-3).
Clearing enabie bit TXEN during a transmission will
cause the transmission to be aborted and will resst the
transmitter. As a result, the RC6/TX/CK pin will revert
to hi-impedarice.

in order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<Q>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can resuit in an immediate transfer of the data to the
TSR register (if the TSR is empty). in such a case, an
incorrect ninth data bit may be loaded in the TSR
register.

FIGURE 10-1: USART TRANSMIT BLOCK DIAGRAM

f Data Bus

TXREG register |

..........................

L8k _
[0] | BinButer
for ... RC6/TX/CK pin
—
[TRMT| | sPEN|
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Steps to follow when setting up an Asynchronous 4. If 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initislize the SPBRG register for the appropriate 5. Enable the transmission by setling bit TXEN,

baud rate. if a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 10.1) 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D.

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. |f interrupts are desired, then set enabie bit mission).

TXIE.

FIGURE 10-2: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I cc
Word 1 47
('sﬁ% g%tgat 1 L 1 f T [H g { G b B ] | | | —
iy : ] 3 1
REBICK tpin) N Start Bit < BRU X BRA X §§ O BRTE Bwp B
By | - :
NEMIL butter ' |
reg. emply flag) I {5 ;
Word t —> 2
(Tr?a'f,lnt{g shift Tranamit Shift Reg .
reg. empty flag cc |
3J
FIGURE 10-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)
Write to TXREG M. k S){'
Word 1 Word 2
(B:g% gl%?;ku;t — : 1 ] N e B pssy G b N I paces SN ma
RCB/TXICK (pin) N\_Start Bit Stop Bit \StartBit < B~
TXIF bit e e —Word 2
{interrupt rag. flag) ) Word 1 p” y Wol
I | B
T —)J
TRMT bit Word 1 —
i . Word2 ——
(o sy Transmit Shift Reg. Transmit Shift Reg.
] C
2J
Note: This timing diagram shows two consecutive transmissions.
TABLE 10-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on: Value on
Address | Name Bit7 Bité Bit 5 Bit4 | Bit3 Bit 2 Bit1 Bit 0 POR, all other
BOR Resots
0Ch PIR1 PsPIF™ | ADIF | RCIF | TxIF | ssPIF| ccPtiF | TMR2iE | TMRIF (0000 0000 | 0000 0000
48h RCSTA SPEN RX9 | SREN| CREN| — FERR | OERR | RX8D ioooo -0ox |0000 -00x
18h TXREG | USART Transmit Register 0000 0000 (0000 OODOO
8Ch PIE1 PSPIEM | ADIE | RCIE | TXIE [ sSPIE] cCP1IE] TMR2IE | TMRTIE| 0000 0000 | 0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH TRMT TX9D {ooo0 -010 | 0000 -010
99h SPBRG | Baud Rats Generator Register 0000 0000 | G000 0000

Legend: x =unknown, - = unimplemented locations read as '0", Shaded celis are not usad for asynchronous transmission.
Note 1: Bits PSPIE and PSPIF are reserved on the PIC16F873/876; always maintain these bits clear.

%
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10.2.2 USART ASYNCHRONOQOUS RECEIVER

The receiver block diagram is shown in Figure 104,
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc.

Once asynchronous mode is selected, reception is
enabled by setting bit CREN {RCSTA<4>),

The heart of the receiver is the receive (serial) shift reg-
ister (RSR). After sampling the STOP bit, the received
data in the RSR is transferred to the RCREG register (if
it is empty). If the transfer is complsete, flag bit RCIF
{PIR1<5>) is set. The actual interrupt can be enabled/
disabled by setting/clearing enable bit RCIE (PiE1<5>).
Flag bit RCIF is a read only bit which is cleared by the
hardware. It is cleared when the RCREG register has
been read and is empty. The RCREG is a double buff-
ered register {i.e. it is a two deep FIFO). It is possible

FIGURE 10-4: USART RECEVE BLOCK DIAGRAM

for two bytes of data to be received and transferred to
the RCREG FIFO and a third byte to begin shifting to
the RSR raegister. On the detection of the STOP bit of
the third byte, if the RCREG register is still full, the over-
run error bit OERR (RCSTA<1>) will be set. The word
in the RSR will be lost. The RCREG register can be
read twice to retrieve the two bytes in the FIFO. Over-
run bit OERR has to be cleared in software. This is
done by resetting the receive logic (CREN is cleared
and then set). if bit OERR is set, transfers from the
RSR register to the RCREG register are inhibited, so it
is essential to clear error bit OERR if it is set. Framing
error bit FERR (RCSTA<2>) is set if a stop bit is
detected as clear. Bit FERR and the 9th receive bit are
buffered the same way as the receive data. Reading
the RCREG will load bits RX9D and FERR with new
values, therefore it is essential for the user to read the
RCSTA register before reading RCREG register in
order not to lose the old FERR and RX9D information.

, .. X64 Baud Rate CLK OERR | FERR
; : CREN ,
: SPBRG —l J 1
' ~ 64 T T e
or © MSb RSR register LSh
Baud Rate Generator +18 _oiStod(8)] 7] aee [1]0]start| |
RC7/RX/DT
Pin Buffer D
and Control Rg?bvery Rx8
SPEN RX9D|  RCREG Regist
——l %9 | FiFo
A8
Interrupt Ttaaus

FIGURE 10-5: ASYNCHRONOUS RECEPTION

causing the OERR (overrun) bit to be set.

RX {pin, Start Start Start
RNV 0 6N TTENED 698 CYE AN AN e
R :
g, e I J (G
Rcv buffer reg : f ‘g 8-? 361 ggggg ) )
Reed Rov {4 i (< CC Il
buffer T T
RCREG® 27 , R 27 ' )
RCIF cC ; qd {C :
(interrupt fiag) )p; ' ) 27 .
€

OERR bit Y %C) C)CJ B
CREN CC CC CK 3

—)) ) ) <

Note: This timing diagram shows three words appearing on the RX input. The RCREG {recaive buffer} is read after the third word,

W
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Steps to follow when setting up an Asynchronous 6. Flag bit RCIF will be set when reception is com-
Reception: plete and an interrupt wili be generated if enable
1. Initialize the SPBRG register for the appropriate bit RCIE is set.

baud rate. if a high speed baud rate is desired, 7. Read the RCSTA register to get the ninth bit (if

set bit BRGH. (Section 10.1). enabled) and determine if any error occurred
2. Enable the asynchronous serial port by clearing during reception.

bit SYNC and setting bit SPEN. 8. Read the 8-bit received data by reading the
3. If interrupts are desired, then set enable bit RCREG register.

RCIE. 9. If any error occurred, clear the error by clearing
4. 1f 9-bit reception is desired, then set bit RX9. enabie bit CREN.

5. Enable the reception by setting bit CREN.

TABLE 10-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Vaiue on: Value on

Address| Name | Bit7 Bit6 Bit5 | Bit4 | Bita | B2 Bit 1 Bit0 POR, aii other
BOR Resets

och PIR1 PSPIFM| ADIF | RCIF | TXIF | SSPIF | CCP1IF| TMR2IF | TMRIF | 0000 o0ooo | oooo ocoo
18h RCSTA SPEN RX9 SREN | CREN —_ FERR | OERR RX9D | 0000 -00x| 0000 -0O0x
1Ah RCREG | USART Recsive Register 0000 0000 | 0000 0000
8Ch PIE4 PSPIEM| ADIE | RCIE | TXIE | SSPIE| CCPHE] TMRZIE | TMR1IE | 0000 0000 | 0000 o000
98h TXSTA CSRC TX9 TXEN | SYNC - BRGH [ TRMT | TX8D | oocoo0 -010]| o000 -010
98h SPBRG | Baud Rate Generator Register 0000 0000 { 0000 0000

Legend: x = unknown, - = unimplementsd locations read as ‘0'. Shaded cells are not used for asynchronous reception.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

L ___________— IR -
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S ———— —
10.2.3 SETTING UP 9-BIT MODE WITH ADDRESS + Flag bit RCIF will be set when reception is com-
DETECT plete, and an interrupt will be generated if enable
Sb  follow wh " A N bit RCIE was set.
eps 1 LOW when geting up an Asynchronaus * Read the RCSTA register to get the ninth bit and
Reloeptlon with Address Detect Enabled: determine if any error occurred during reception.
« Initialize the SPBRG register for the appropriate + Read the 8-bit received data b ;
. . . y reading the
b:-sud rate. if a high speed baud rate is desired, set RCREG register, to determine if the device is
bit BRGH. being addressed.
« Enable the asynchronous seriat port by clearing « I any ervor occurred, clear the error by clearing
bit SYNC and setting bit SPEN. enable bit CREN. '
* Kinterrupts are desired, then set enabie bit RCIE. « If the device has been addressed. clear the
+ Set bit RX9 to enable 9-bit reception. ADDEN bit to aliow data bytes and address bytes
* Set ADDEN to enable address detect. to be read into the receive buffer, and interrupt the
» Enable the reception by setting enable bit CREN. CPU.

FIGURE 10-6: USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

' CREN

! SPBRG ' .
X ‘ l +64 ' MSh RSR register LSb

or
Baud Rate Generator + 16 X

RC7/RX/DT

Pin Bufler Data
and Confrol Recovery

| SPEN |

RX8
ADDEN

RX9
ADDEN
RER<@>

RX9D RCREG Register
FIFO

A8

Interrupt RCIF Data Bus
RCIE

et 214t trremer——vere——
m
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FIGURE 10-7: ASYNCHRONOUS RECEPTION WITH ADDRESS DETECT

RCTRX/DT (pin) CD( bite / S NV FASY T4 S

CC T (C T C
Load RSR —»- Y b)) 1 ﬂ )C)
Bit8 = 0, Dala Byte Bit3 = 1, Address Byte t ‘AV(?RREJ
X C fl
Read ()C) _()() ' 7 J )
i CC
L (C ¥
RCIF 9 NS ; PR T

Nots:  This timing diagram shows a data byie followed by an address byte. Tha data byte is not read into the RCREG
(receive buffer) because ADDEN = 1.

FIGURE 10-8: ASYNCHRONOUS RECEPTION WITH ADDRESS BYTE FIRST

RC7/RX/DT (pin) Start Start
bit bit8 / Stop \ bit / bitd bits / Stop
VAN CTVEANCYED SNV

C N (C C
Load RSR — B X _ )J ; WORD 1 )7
Bl‘tB-1.Adgrzss Byte Bit§ = g, Da(ha(Byte RS ”
Read )Y ; )7 r); }"
c ! (| @
RCIF ) 1 )] ) I

Note: This timing diagram shows a data byte followed by an address byte. The data byte is not read info the RCREG
(receive buffer) because ADDEN was not updated and still = 0.

TABLE 10-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Value on: Value on

Address | Name Bit7 Bité Bits | Bit4 | Bit3 Bit2 Bit1 Bt POR, ali other
BOR Resots

0Ch PIR1 PSPI ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR4IF | 0000 cooo |[ocooo oooo
18h RCSTA SPEN RX8 | SREN | CREN [ADDEN| FERR | OERR | RX8D |oooo ooox |0000 co0x
1Ah RCREG | USART Receive Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE ADIE | RCIE | TXIE ; SSPIE | CCP1IE { TMR2IE | TMR1IE { 0000 0000 |0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC -— BRGH | TRMT | TX8D |oooo -010 |[0000 -010
99h SPBRG | Baud Rate Generator Register 0000 0000 |000Q 0000

Legend: x = unknown, - = unimplemented locations read as '0". Shaded cells are not used for Asynchronous Reception.
Note 1: Bits PSPIE and PSPIF are reserved on the 28-pin devices; always maintain these bits clear.

L —————— ]
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11.0  ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module has five
inputs for the 28-pin devices and eight for the other
devices.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the
input into the converter. The converter then generates
a digital result of this analog level via successive
approximation. The A/D conversion of the analog input
signal results in a corresponding 10-bit digital number.
The A/D module has high and low voltage reference
input that is software seleciable to some combination
of VDD, Vss, RA2 or RA3.

The A/D converter has a unique feature of being able to
operate while the device is in SLEEP mode. To operate
in sleep, the A/D clock must be derived from the A/D’s
internal RC oscillator.

The A/D module has four registers. These registers
are:

» A/D Result High Register (ADRESH)

+ A/D Result Low Register (ADRESL)

» A/D Control RegisterD (ADCONO)

* A/D Controt Register1! (ADCON1)
The ADCONO register, shown in Register 11-1, con-
trols the operation of the A/D module. The ADCON!1
register, shown In Register 11-2, configures the func-
tions of the port pins. The port pins can be configured
as analog inputs (RA3 can also be the voltage refer-
ence) or as digital 1/O.
Additional information on using the A/D module can be
found in the PiICmicro™ Mid-Range MCU Family Ref-
erence Manual (DS33023).

REGISTER 11-1: ADCONO REGISTER (ADDRESS: 1Fh)

oc = Fosc/2

01 = Fosc/8

10 = Fosc/a2

11 = FRc (clock dertved from an RC oscillation)

bit 5-3: CHS2:CHS0: Analog Channel Select bits
00¢ = channel 0, (RAU/AND)
001 = channel 1, (RA1/AN1)
010 = channel 2, (RA2/AN2)
011 = channel 3, (RA3/AN3)
100 =channel 4, (RA5/AN4)
101 = channel 5, (REQ/ANS)I)
110 = channei 6, (RE1/ANG)()
111 = channel 7, (REZANT)(!

bit 2; GO/DONE: A/D Conversion Status bit
If ADON =1

bit 1: Unimplemented: Read as '0'

bit 0: ADON: A/D On bit
1 = A/D converter module is operating

bit7-8: ADCS1:ADCS0: A/D Conversion Clock Select blis

Note 1: These channels are not available cn the 28-pin devices.

RWO RWO RWO RWO RWO U0 RIW-0
| ADCs1 | ADCS0 | CHS2 | cHS1 | cHSo | GODONE | — | ADON | [R = Readable bi
bit7 bit0 W = Witable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset

1 = A/D convarsion in progress (setting this bit starts the A/D conversion)
0 = A/D conversion not in progress (This bit is automaticalfy cleared by hardware when the A/D conversion is complete)

¢ = A/D converter module is shutoff and consumes no operating current

e —— e e ———— TS
m
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REGISTER 11-2: ADCON1 REGISTER (ADDRESS 9Fh)

u-0 U-0 R/W-0 u-0 RMW-0 R/W-0 R/W-0 R/W-0
| ADFM | — — — | PcFea | PcFe2 | PcFe1 | PcFGe | [R = Readabls bit
U = Unimplemented bit,
read as ‘0’
-n= Value at POR reset

bit 7: ADFM: A/D Result format select
1 = Right Justified. & most significant bits of ADRESH are read as '0'.
0 = Left Justified. 6 least significant bits of ADRESL are read as ‘0",

bit 6-4: Unimplemented: Read as '0"
bit 3-0: PCFGX:PCFGO: A/D Port Configuration Control bits

PCFG3: | AN7™ | AN [ ANS() | AN4 | AN3 | AN2 | AN1 | ANO vaees | veee | CMAN/
PCFGO0 | RE2 RE1 REO RAS RA3 RA2 RA1 RAO Rets®?
00600 A A A A A A A A Vob Vss 8/0
0001 A A A A VREF+ A A A RA3 Vvss 71
0010 D D D A A A A A VoD Vvss 5/0
0011 D D D A VREF+ A A A RA3 Vss 4/1
0100 D D D D A D A A VDD Vss 30
ci01 D D D D VREF+ D A A RA3 Vss N
01l1x D D D D D D D D Vbbb Vss 0/0
1000 A A A A VREF+ | VREF- A A RA3 RA2 6/2
1001 D D A A A A A A Voo Vss 6/0
1010 D D A A VREF+ A A A RA3 Vss 5/1
1011 D D A A VREF+ | VREF- A A RA3 RA2 4/2
1100 D D D A VREF+ | VREF- A A RA3 RA2 32
1101 D D D D VREF+ | VREF- A A RA3 RA2 22
1110 D D D D D D D A Vop Vss 1/0
1111 D D D D VREF+ | VREF- D A RAJ RA2 12
A = Analog input
D = Digital VO

Note 1: These channels are not available on the 28-pin devices.
2: This column indicates the number of analog channels available as A/D inputs and the numer of analog channels
used as voltage reference inputs.

M
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The ADRESH:ADRESL registers contain the 10-bit
result of the A/D conversion. When the A/D conversion
is complete, the result is loaded into this A/D result reg-
ister pair, the GO/DONE bit (ADCON0<2>) is cleared
and the A/D interTupt flag bit ADIF is set. The block dia-
gram of the A/D module is shown in Figure 11-1.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channeis must
have their corresponding TRIS bits selected as inputs.
To determine sample time, see Section 11.1. After this
acquisition time has elapsed, the A/D conversion can
be started. The following steps should be followed for
doing an A/D conversion:

1. Configure the A/D module:

» Configure analog pins / voltage reference /
and digital O (ADCON1)

 Select A/D input channel (ADCONO)
» Select A/D conversion clock (ADCONOQ)
+ Turn on A/D modute (ADCONO)
2. Configure A/D interrupt (if desired):
* Clear ADIF bit
» Set ADIE bit
+ Set GIE bit
3. Walt the required acquisition time.
4, Start conversion:
« Set GO/DONE bit (ADCONQ)
5. Walt for A/D conversion to complete, by either:
+ Poliing for the GO/DONE bit to be cleared
OR

* Waiting for the A/D interrupt

6. Read AD Resuit register pair
(ADRESH:ADRESL), clear bit ADIF if required.

7. For next conversion, go to step 1 or step 2 as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2TaD is
required before next acquisition starts.

e e e———————
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— e
FIGURE 11-1: A/D BLOCK DIAGRAM
CHS2:CHSO0
, 111
; ; RE2/AN7("
. 110 .
: . RE 1/AN6{
X 101
: \——g REQ/ANS()
: \ﬂo—-———[g RAS/AN4
VAIN o '
L] 1 1
{Input voltage) . b————v—o—iu g] RA3/AN3/NREF+
X . 010 .
AD ' —"E RA2/AN2/VREF-
Converter . .
' \} 001
: : RA1/AN1
: 000 |
VDD . \o ; & RAD/AND
VREF+ _:_O/O ',;
(Reference o
voltage) .- ” I
PCFG3:PCFGO
VREF- ! o/: !
{Reference N 0-‘——]
voltage) NP I
NI vss
PCFG3:PCFGO
Note 1: Not available on 28-pin devices.

114 AR Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channsl voltage level. The
analog input model is shown in Figure 11-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(vVop), Figure 11-2. The maximum recommended
impedance for analog sources Is 10 k(L As the
impedance is decreasad, the acquisition time may be
decreased. After the analog input channel is selected
(changed), this acquisition must be done before the
corversion can be started.

To calculate the minimum acquisition time,
Equation 11-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resoiution.

To calculate the minimum acquisition time, TACQ, see
the PiCmicro™ Mid-Range Reference Manual
(DS33023).

DS30292B-page 114
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EQUATION 11-1:  ACQUISITION TIME

Tacq = Amplifier Settling Time +
Hold Capacitor Charging Time +
Temperature Coefficient

TAMP + TC + TCOFF
2uS + Tc + [(Temparature -25°C)(0.05u8/°C)]

Tc = CHoLD (Ric + Rss + Rs) In{1/2047)
= -120pF (1kQ + 7k2 + 10kQ) In{0.0004885)
= 16.47uS

TacQ = 2uS +16.47uS + [(50°C -26%C)0.05u5/%C)
= 19.72uS

Note 1: The reference voltage (VREF) has no effect on the equation, sinca it cancels itself out.
2. The charge holding capacitor {CHOLD) Is not discharged after each conversion.

3: The maximum recommended impedance for analog sources Is 10 kfd. This Is required to meet the pin leak-
age specification.

4: After a conversion has completed, a 2.0TAD delay must complefe before acquisition can begin again.
During this time, the holding capacitor is not connected to the selectsd A/D input channel.

FIGURE 11-2: ANALOG INPUT MODEL

VoD .
Sl
VI =08V , Switch |
Ric < tk+ 83 Rss:
"""" ac ita
= capacitance
vr=0.6v(} )L EAAGE T = T20pF
les
Legend CPIN = input capacitance 6
VT = threshold voltage 5
L LEAKAGE = lpakage current at the pin due to Vop 4
various junctions 3
RIc = intarconnect resistance 2
S8 = sampling switch
ChotD = sample/hold capacitance (from DAC) 567891011
Sampling Switch
(kax)
L R
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1.2 lectin n Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires a minimum 12TAD per 10-bit
conversion. The source of the A/D convarsion clock is
software selected. The four possible options for Tap
are:

« 2Tosc

+ BTosc

« 32Tosc

* Internal RC oscillator

For corract A/D converstons, the A/D conversion clock
(TAD) must be selected to ensure @ minimum TAD time
of 1.6 us.

Table 11-1shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 11-1:  Tao vs. MAXIMUM DEVICE OPERATING FREQUENCIES (STANDARD DEVICES (C))

AD Clock Source (Tab) Maximum Device Frequency
Operation ADCS1:ADCS0 Max.
2Tosc 00 1.25 MHz
8Tosc o1 5 MHz
32Tosc 10 20 MHz
RCt: 2.3 11 Note 1

Note 1: The RC source has a typical TAD time of 4 s but can vary between 2-6 ps.

2: When the device frequencies are greater than 1 MHz, the RC A/D cenversion clock source is only recommended for sleep

operation.

3: For extended voltage devicas (LC), please refer to the Electrical Specifications section.

11.3  Configuring Analog Port Pins

The ADCON1, and TRIS registers control the operation
of the A/D port pins. The port pins that are desired as
analog inputs must have their corresponding TRIS bits
set {input). If the TRIS bitis cleared (output), the digital
output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Nota 1: When reading the port register, any pin
configured as an analog input channe) will
read as cleared (a low level). Pins config-
ured as digial inputs will convert an ana-
log input. Analog levels on a digitally
configured input wifl not affect the conver-
slon accuracy.

2: Analog levels on any pin that Is defined as
a digital input (including the AN7:ANO
pins), may cause the input buffer to con-
sume current that Is out of the device

spedcifications.

0S3020828-page 116

I

© 1989 Microchip Technology Inc.



_PIC16F87X

114 AD Conversions

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D result register
pair will NOT be updated with the partially completed
A/D  conversion sample. That s, the
ADRESH:ADRESL registers will continue to contain
the value of the last completed conversion (or the last
value written to the ADRESH:ADRESL registers).
After the A/D conversion is aborted, a 2TAD wait is

FIGURE 11-3: A/D CONVERSION Tap CYCLES

required before the next acquisition is started. After
this 2TAD wait, acquisition on the selected channel is
automatically started.

In Figure 11-3, after the GO bit is set, the first time seg-
mant has a minimum of Tcy and a maximum of TAD.

Note: The GO/DONE blt should NOT be set In

the same instruction that tums on the A/D.

Tgv to TAD: TAD1 | Tap2 . TaD3 . TAD4 . TADS . TADG .

Tap7 . TADS | Tap9  Tap10 TaD11

T b9 b8 b7  bb
Conversion Starts

Set GO bit

b4 b3 b2 b1 b0

Hokiing capacitor Is disconnected from analog input (typically 100 ns)

ADRES is loaded,

GO bit is cleared,

ADIF bit is sat,

holding capacitor is connected to analog input.

m
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1141 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits
wide. The A/D maodule gives the flexibility to left or right
justify the 10-bit result in the 16-bit result register. The
A/D Format Select bit (ADFM) controls this justifica-
tion. Figure 11-4 shows the operation of the A/D result
justification. The extra bits are loaded with '0’s’. When
an A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

11.5 A/D Operation During Sleep

The A/D madule can operate during SLEEP mode. This
requires that the A/D clock source be set to RC
(ADCS1:ADCSO0 = 11). When the RC clock source is
selected, the A/D module waits one instruction cycle
before starting the conversion. This allows the SLEEP
instruction to be executed, which eliminates all digital
switching noise from the conversion. When the conver-
sion is completed the GO/DONE bit will be cleared and
the result ioaded Into the ADRES register. If the A/D
interrupt is enabled, the device will wake-up from

FIGURE 11-4: A/D RESULT JUSTIFICATION

SLEEP. If the A/D intertupt is not enabled, the A/D mod-
ule will then be turned off, although the ADON bit wilt
remain set.

When the A/D clock source is another clock option {not
RC), a SLEEP instruction will cause the present conver-
sion to be aborted and the A/D module to be turned off,
though the ADON bit will remain set.

Turning off the A/D places the A/D module in its lowest
current consumption state.

Note: For the A/D module to operate in SLEEP,
the A/D clock source must be set 1o RC
(ADCS1:ADCS0 = 11). To allow the con-
version to occur during SLEEP, ensure the
SLEEP Instruction foflows the

instruction that sets the GO/DONE bit.

11.6  Effects of a Reset

A device reset forcas all registers to their reset state.
This forces the A/D module to be turned off, and any
conversion is aborted.

The value that is in the ADRESH:ADRESL registers is
not modified for a Power-on Reset. The
ADRESH:ADRESL registers will contain unknown data
after a Power-on Reset.

ADFM = 1

~

7 2107 0
go0000 I

— A y}

YT v
ADRESH ADRESL

— s

—
10-bit Result

P

Right Justified

10-Bit Resuit |

ADFM =0

A

0765 0
000000

~ 3

r

]

~" * v~
ADRESH ADRESL

V]

-

v
10-blt Result

Left Justified

e ———————— e et T
m
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AR — — ——
TABLE 11-2: REGISTERS/BITS ASSOCIATED WITH A/D
POR, MCLR,

Addr | Name Bit7 | Bité | Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0 BOR WDT
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000U
0Ch PIR1 PSPIFT | ADIF RCIF TXIF SSPIF CCP1F | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE) | ADIE | RCIE TXIE SSPIE | CCP1E | TMR2IE | TMRYE | ocooc oooo | 0000 0000
1Eh ADRESH [ A/D Result Register High Byte XXXX XXXX | vuun uuuu
BEh ADRESL A/D Result Register Low Byte XXXX Xxxx | uuuu uuuu
1Fh ADCONO ADCS1 | ADCS0 | CHS2 CHS1 CHS0 | GO/DONE —_ ADON | 0000 00-0 | 0000 00-0
9Fh ADCON1 ADFM — —-— — PCFG3 PCFG2 PCFG1 PCFGO --0- 0000 --0- 0000
85h TRISA —_— — PORTA Data Direction Register -=11 1111 --11 1111
05h PORTA — —_ PORTA Data Latch when written: PORTA pins when read ~-0x 0000 | --0u 0000
gont!) | TRISE BF OBF | BOV | PSPMODE — | PORTE Data Direction Bits 0000 -111 | 0000 -111
oen) | PORTE - — - - - RE2 | RE1 | RED | ---- -wox | ~--- -uuu
Legend:  x = unknown, u = unchanged, - = unimplemented read as '0". Shaded celis are not used for A/D conversion.

Note 1: These registers/bits are not avallabie on the 28-pin devices.

© 1989 Microchip Technology Inc.
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Functional description:

The TX2 transmitter module is a two stage, SAW controlled FM transmitter operating between 2V and
6V and is available in 433.92MHz. The TX2 module is type approved to EN 300 220-3 for European use
and delivers nominally +9dBm from a 5V supply at 12mA. The module measures 32 x 12 x 3.8 mm.

The RX2 module is a double conversion FM superhet receiver capable of handling date rates of up to
160kbps. The SIL style RX2 receiver measures 48 x 17.5 x 4.5 mm. It will operate from a supply of 3-6V
and draws 14mA when receiving. A fast-acting carrier detect and a power-up enable time of less than
1ms, This allows effective duty cycle power saving and a -107 dBm sensitivity. This combined with a
SAW front-end filter results in an excellent RF performance and EMC conformance.

TX2 transmitter:

braid, main PCB ground plane etc.)

Vee (3_)
”"‘i’_ﬂ’-’ﬁ""’ L | P ™ (5)
—IHEE A
same
SAW-stebilised 100K
RF gnd (1) 0VOLT (4)
pa -
Fig. I TXZ block diagram
Pin description: 32 mm 3.8 mm
RF GND (pin 1) 12.0 e ‘25 e
RF ground pin, internally connected to the Rodicmetix ’
module screen and pin 4 (0V). This pin should 22 ot Loram trar
PCH level

be connected to the RF return path (e.g. coax H I] gin sgmcing: ]I H u A\

i 20.32 mm

RF out (pin 2) 1= RE gnd
50Q RF output to the antenna, it is DC 12 345 g:'xl_m
isolated internally. (see antenna section for ¢ - —aeae, duoy
suggested antenna/feeds). T — i=Dm

5 hotas af 0.7 mm d.

pin gpacing 2.54 mm

Fig.2: physical dimensions

Vee (pin 3)

+ve supply pin. The module will generate RF when the Vcc supply is present. Maximum ripple content
0.1Vpp. A 100nF de-coupling ceramic capacitor is suggested.

ov (pin 4)
Supply ground connection, connected to pin 1 and screen.

XD {pin 5)
This DC coupled medulation input will accept either serial digital data ( OV to Vcc levels) or high level
linear signale, Input impedance is 100kQ.

Radiomarix Lud., TX2 & RX? Data Sheet page 2



RX2 recelver:

418 MMz BAW- Ves 9)
181 Local osclistor " hocal
~ i T oo

RFhu)I_ﬁw-tm ::::u 7 mixer e ‘l\ AF (6)
-—l —-’b Fampier | AF) 01 bt

L I_D_ . - adapiive data alicar

o ;Ll>w

RF grd {2) T ovour @)
Y
Fig. 3 RX2 block diagram
Pin description 4amm 4.5mm
RF in (pin 1)
5002 RF input from the antenna, it i8 |75 o
DC isolate internally. (see antenna -mn
section for suggested antenna/feeds). ggg IS:?;BQ: celver
RF GND (pin 2) pin apacing: 2.64 men v
RF ground pin, internally connected to -
the module screen and pin 4 (0V). This — 3048 ram
pin should be connected to the RF | ! { «RFIn
return path (e.g. coax braid, main 12 37 4687 2=RF gnd
PCB ground plane etc.) r“ ° 0-0-0-0 "1 im0V
By
/ hales of 0./ mm dla. T =RXD

pin gpacing 2.54 mm

cD (in 3) Fig. 4: physical dimensions

The Carrier Detect may be used to drive an external PNP transistor to obtain a logic level carrier detect
signal, see test circuit. If not required it should be connected to pin 5 (Vcc).

0 Volt {(pin 4)
Supply ground connection, connected to pin 1 and screen.

Vee (pin 5)
+ve supply pin. +3.0V to +6.0V @ <17mA . The supply must be clean < 2mVpp ripple. A 10uF de-
coupling capacitor and 102 series resistor is recommended if a clean supply is not available.

AF {(pin 6)

This is a buffered and fltered analogue output from the FM demodulator. It has a standing DC bias of
1.2V anrd 400mV p.p base band signal It is useful as a test point or to drive linear decoders. Load
impedance should be > 2k{} and < 100pF.

RXD (pin 7)

This digital output from the internal data slicer is a squared version of the gsignal on pin 6 (AF). It may
be used to drive external decoders. The data is true data, i.e. as fed to the transmitter. Load impedance
should be > 1kl and < 1nF :

Radiometrix Ltd, TX2 & RX2 Data Skeet page 3
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A) Helical Wire coil, connected directly to pin 2, open circuit at other end. This antenna is very
efficient given it's small size (20mm x 4mm dia.). The helical is a high Q antenna, trim
the wire length or expand the coil for optimum results. The helical de-tunes badly with
proximity to other conductive objects.

B) Loop A loop of PCB track tuned by a fixed or variable capacitor to ground at the 'hot' end and
fed from pin 2 at a point 20% from the ground end. Loops have high immunity to
proximity de-tuning.

C) Whip This is a wire, rod, PCB track or combination connected directly to pin 2 of the module.
Optimum total length is 15.56cm (1/4 wave @ 433MHz). Keep the open circuit (hot) end
well away from metal components to prevent serious de-tuning. Whips are ground plane
sensitive and will benefit from internal 1/4 wave earthed radial(s) if the product is small
and plastic cased

The antenna choice and position directly controls the system range. Keep it clear of other metal in the
system, particularly the "hot' end. The best position by far, is sticking out the top of the product. This is
often not desirable for practical/ergonomic reasons thus a compromise may need to be reached. If an
internal antenna must be used try to keep 1t away from other metal components, particularly large
ones like transformers, batteries and PCB tracks/earth plane. The space around the antenna is as
important as the antenna itself

Duty Cycle requirements

The duty cycle is defined as the ratio, expressed as a percentage, of the maximum transmitter “on” time
on one or more carrier frequencies, relative to a one hour period. Where an acknowledgement message
is required, the additional transmitter “on” time shall be included.

There is a 10% duty cycle restriction on 433.060-434.790 MHz band in most of the EU member states.

The TX2-433 is a RF module intended to be incorporated into a wide variety of applications and finished
products, Radiometrix has no control over the end use of the TX2-433.The harmonised band 433.050 to
434.790 MHz as detailed in Annex 1 Band E of CEPTVERC Recommendation 70-03 (which can be
downloaded at http://www.ero.dk/scripts/docmanag98/dm.di/QueryDoc?Cat=Recommendation)

has list of countries where Duty Cycle restriction apply.

Module users should, therefore, ensure that they comply with the stated Duty Cycle requirements of
the version of CEPT/ERC Recommendation 70-03 in place at the time of incorporation of the TX2-433
into their product. It should be noted that the stated Duty Cycle must not be exceeded otherwise any
approval granted for the TX2-433 will be invalidated.

Raiemerrix Lid, TX? & RX2 Data Sheet page §



[Sr SGS-THOMSON
” MICROELECTRONICS

L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUP TO 46V

s« TOTALDC CURRENT UP TO 4 A

» LOW SATURATION VOLTAGE

s OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGEUP TO 15 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit ina 15-
lead Multiwatt and PowerSO20 packages. It is a
high vottage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors, Two enableinputs are provided to
enable or disable the device independently ofthe in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

hant

PowerS020

Mulitiwatt15

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L29BHN {(Multiwatt Horiz.)
L298P (PowerS020)

nection of anextemnal sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

ugl ng’n +

-
—{

¢!

oF V,!_'

May 1995
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L298

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Power Supply 50 v
Vss Logic Supply Vollage 7 Vv
Vi,Ven _|Inputand Enable Voliage 03107 \'A
lo Peak Output Current (each Channel}
-~ Non Repetitive (1 = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—-DC Operation 2 A
Vyans Sensing Voltage —1t02.3 \'
Put Totat Power Dissipation (Tcase = 75°C) 25 W
Tug. T | Storage and Junction Temperature ~40to 150 °C
PIN CONNECTIONS (top view)
*
/ Il ~ s T— CURRENT SENSING B
14 o2 OUTPUT4
'$‘ g3 S—— OUTPUT 3
12 0 INPUT 4
(L E—— ENABLE B
10 000 INPUT 3
Multiwatt1s ° ———>  LOGIC SUPPLY VOLTAGE Vgs
e 2 GND
[ T INPUT 1
6 2 ENABLEA
s/ INPUT 1
4 [T SUPPLY VOLTAGE Vg
_$_ K} Sn— OUTPUT 2
2 0 OUTPUTH
\ L ey 1T/  CURRENT SENSINGA
Z TAB CONNECTED TOPIN 8 DRSINZ4G
GND l::r1 20 =] GNDb
Sense A [ 2 19 Sense B
NC. [T 3 18 N.C.
cuts 3 4 17 3 out4
outz [ 5 PowerSO20 15 [ outs
vs =] s 15 £ Input4
nput 1 ) 7 14 =™ Ensble B
Enabis A 8 13 7 input 3
mput2 1 & 12 ] vss
GND [=F 10 11 £ GND
DasIN2S9
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rincass | Thermal Resistance Junction-case Max. — 3 CIW
Rinreme | Thermal Resistance Junction-ambient Max 13 (") 35 ‘C/W
(*) Mounted on stuminum substrate
212 Lyg SES-THOMEON
Y7 mcnosLecTROmS




L298

PIN FUNCTIONS (refer to the block dlagram)

MW.15 Power$0 Name Function
1;15 2,19 Senge A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2.3 45 Out1; Out2 Outputs of the Bridge A; the cument that flows through the load
cannected betwaen thesae two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A nondinductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input2 TTL Compatible inputs of the Bridge A.
6;11 8;14 Enablke A; Enable B |TTL Compatible Enable Input the L state disables the bridge A
(enable A} and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
o 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible inputs of the Bridge B.
13; 14 16;17 Out 3; Out4 Qutputs of the Bridge B. The cument that flows through the load
connected between these two pins is monitored at pin 15.
- 3,18 N.C. Not Connected

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

Symbol Parameter Test Condlitions Min. { Typ. | Max. | Unit
Vg Supply Voltage (pin 4) Operative Condition Vin +2.5 46 \
Vgs [Logic Supply Vollage (pin 9) 45 5 7 V
Is Quiescent Supply Current (pin4) Ven=H;, IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Vgn =L \/I = X 4 mA
Iss Quiescent Current from Vs (pin9) {Ven=H; IL=0 Vi=L 24 35 mA
Vi=H 7 12 mA
Ven =L vi=X 6 mA
Vi |Input Low Voltage 0.3 15 v
ins 5 7, 10,12)
Vi Input High Voltage 23 VSS \
(pns 5,7, 10,12)
" Low Voltage Input Current Vi=L -10 pA
{pins 5, 7, 10, 12)
R High Voltage lnput Curnent Vi= Hg Vgs 0.6V 30 100 BA
(pins 5,7, 10,12)
Ven =L _|Enable Low Vokage (pins 6, 11) 0.3 1.5 \
Vep =H_|Enable High Voltage {pins 6, 11) 2.3 Vss v
lsn =L |Low Voltage Enable Current Ven=L -10 pA
ins 6, 11)
len = H ]High Voltage Enable Current Ven =H £ Vs 0.6V 30 100 HA
{pins 6, 11}
Veesat (1) | Source Saturation Vokage L=1A 1.35 17 v
Iy, =2A 2 2.7 V
Vcesat(L) |Sink Saturation Voltage IL=1A (5) 1.2 1.6 Vv
I, =2A (5) 1.7 2.3 v
Veesat | Total Orop L=1A (5) 3.2 v
IL=2A (5) 4.9 )
Vaers _{Sensing VoRage (pins 1, 16) -1 (1) 2 \i
S$ES-THOMSON 3/12
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
T+ (M) | Source Current Turn-off Delay 0.5Vito0.9h (2);(4) 1.5 us
Tz (Vi) ]Source Current Fall Time 09h to0.15 (2);(4) 0.2 us
Ta (Vi} |Source Current Tum-on Delay 0.5Vib01h (2);(4) 2 ps
T4 (V) |Source Current Rise Time 0.1% 10091 (2);(4) 0.7 s
Ts (M) | Sink Current Turn-off Delay 05Vito 091, (3)(4) 0.7 us
Te (Vi) |Sink Current Fall Time 09k to011L (3);(4) 0.25 us
Tr (Vi) | Sink Current Turn-on Delay 05Vito 0.9 (3);(4) 16 us
Ts (Vi) |Sink Current Rise Time 0.1k to0.94 (3)(4) 0.2 us
fe (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Tum-off Delay 0.5Vento0.9 L (2);(4) 3 us
Tz (Ven) |Source Current Fall Time 090 0011 (2);(4) 1 us
Ta (Ven) |Source Current Tum-on Delay 05Vento0. 1L (2);(4) 03 us

T4 (Ven) |Source Cumrent Rise Time 014k o094 (2);(4) 0.4 ps
Ts (Ven) |Sink Current Tum-oft Delay 05Ven 1009 L (3);(4) 22 us
Te (Van) |Sink Current Fall Time 090 to0.1h  (3):{4) 0.35 us
Tz (Ven) {Sink Current Turn-on Delay 05Ver 10094 (3);(4) 0.25 us
Ta (Ven) |Sink Current Rise Time 01 to09I1L (3);(4) 0.1 Hs
fc (Van) |Commutation Frequency IL=2A 1 KHz

1) 1)Sensing voitage can be—1 V fort < 50 psec; in steady state Veens min2 - 0.5V,

2) Seefig. 2.

J) Seefig. 4.

4) The load must be a pure resistor.
5} PIN 1 and PIN 15 connedted 10 GND.

Figure 1 : Typical Saturation Voltage vs. Qutput
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Figure 2 : Switching Times Test Circuits.
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L298

Figure 3 : Source Curment Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parailel channel 1 with channel4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L2988 integrates two power outputstages(A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
external resistor (Rsa ; Rss.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; In2; EnAand In3 ; ind ; EnB.
The In inputs setthe bridge state when The Eninput
is high ; alow state of the En input inhibits the bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be fareseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
1298,

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

Eachinput must be connectedto the source of the
driving sighals by means of a very short path.

Tum-On and Tum-Off : Before to Tum-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
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 elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load curmrent.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input,

The brake function {Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can he chosen (See Fig.7).

An extemal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped; Shottky diodes would be preferred.

Lyy SEs-THoMsON 2




L298

This solution can drive untit 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the cumrent is controlled

On Fig Bitis shown the driving of a twa phase bipotar  PY the .C. L6508.
steppermotor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

fromthe IC L297.

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

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