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ABSTRACT

This project proposes a density-meter using a comumercial digital weight-meter.

Correcting factors are derived based on law of physics in the form of mathematical equation. The

equations will be programmed into a Microcontroller which is connected to a computer and a

mobile phone for data acquisition and information exchanges via R5232 and SMS, respectively.
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TCON (Timer/Counter Control Register)
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TRI (Timer 1 run control bit) : 1§ unmallanmhavyeswes 1 (Bweilia

A = ° o g o o 9 9 o
HIDAMDILA) 'ﬂ'lﬂﬁl,‘lfﬁ!.m:i!.ﬁﬁﬂiﬂ’lﬂﬂit'ﬂ]‘uﬂ'l‘:"n'lx‘l‘-]fﬂﬂm!ili mﬁmmﬂﬁ'"l‘mimi 1

o 9 ] ; yﬁ »e
‘i’l'lﬁlm‘ili!‘h’ﬂﬂﬁlﬂ‘m U=l

TFO (Timer 0 overflow flag) : [¥a$ A5z UIUATIMNE AT oA 1amAnS Timer

-~ @ oo E) o o A o .dyn b b d o g 1 ar
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TRO (Timer 0 run controt bit) : 1§ lunsflafansshauvesnwed o (Bueidia

Ao = o a o9 o o 3 ¥ 4
wieAmeda)  MIMITALASIATITAIINTZU UM NTBNALIT frdeanis I lnwes o

2 ¥ S F;’ 3/
‘Y]N’luﬂﬂﬁi‘ﬁﬁuﬁui'ﬂlﬂu < 12

F
IEI (External Interrupt 1 edge flag) : Datioz 1 unssuiumssumessd annao
4 o o/ = o o
w88 onTLuunINET A deannsaaivsureny ey neuAeiTlavn
~ oy o o 2 i o = o p o
nMueninBunasumesild 1 ONTDH lRunzezhimmedefilelintuindumeiiia

a 4
AU

n o c? - Sor o
IT (Interrupt 1 type control bit) ; Hatiez1$lunszinunisdumessuld Taoldlums
a v = oo [ o 4 o a =)
Bendnvuzvesdamsumeifildvnmeouenidesnisliihmissuaussd minviounn
o dar | o o & 9 @ o o
Sumpi A 1 INTY) N1svAuRZInRBIN IAmsvIIunIENereNanI3
“0 IBNUBUVIAIVBITYAY (falling edge)
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F=3 H - o | d
IE0 (External Interrupt 0 edge flag) : Daiivz1dlunszununmsdumeiila awse
4 o ar = dar g o
e lddenssuIuA N RIHAING demuisoasetuveunvesdy g ndumeiiddnn
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a 4
1InAYU
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IT (Interrupt 0 type control bit) : Satiez W lunsanunssumeild Tao1luns
xﬁanﬁnvmzmaaﬁmmm§um'§§'ﬂﬁmnmauanﬁé’mmﬂﬁ'ﬁmnmnﬁumﬁm%mﬁmgﬂ
SumeTld 0 INTO) matrauazedesdh I eviumsmegenang

“0” 1ADAYILYINIYDIT YT (falling edge)

“1” {ApnsLAYan N1 (low level triggered)

243 TawendenTmam shinuvednuediainesuse

TMOD (Timer/Counter Mode Control Register)

dhidsmasduina 8 In lnemesaedil 0x89 lufiufivesitmaed sFr Timmnsa
indaluserudauisamyiawnshi 2 dau fe sbameldifen Tnumnshanes lnwes o

2 =1 a -4
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1A 7 18 6 19 5 a4 1A 3 U@ 2 1 1 19 0
GATE C/T M1 MO GATE T M1 MD
Inwef 1 niues o

& ala o o o o o
E‘lj'ﬂ 2.4 iﬂﬁ&ﬂ‘ﬂﬁﬂ?ﬂﬂﬂﬂ15’11131“1!83Nlﬂluﬂ5/!ﬂ1ulﬂﬂi TMOD

GATE : Hifansnuaznsaugumsianuyes inmeiniaes

& o 3 A o As 4
o lnweiraunesseinmnileda TRx 1u3Sames TeoN it <17
a1 Inmedinuaes ziuiiota TRx 1u5amaes TCON fly “1”uag
goTuzaBINTIMBUNND AR TUK INTO Ay INT1 Hiu 17

LY 2 o
C/T (Timer or Counter selector) : 1tRondnymensinuvedlnwes nunes
A o o U a - a
¢ ey lnwes Tasl¥dygmsunanndygrumaely

«p deamrhanuiuanined Tasfudgygudunanien To nie T1
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M1, M (Mode selector bit) : 1918en Tnuamsihawves lnweiianined
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«o07 Aenliieuluinua nwedmnimes 13 da
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“107 enliiannluTnua Inuesimnined s SanvudesnTuia

‘1 dmivimwed o dealihanluTvua Inwesanlinesuendiu Tay
usneanithu Imuedimmimed s fin 2 @ F3maes TLO =z lfunsmuaunsEailannda
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Anuenia TR1 Tusdmaes TcoN lunsivesimued 1 SlumsdalFnueiranieed 1
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Ay dat 4 o A
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9
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25.1 Raweimugumsinmsiweineynuvia
SCON(Serial port Control Register)

a7 das Uas  dn4 a3 18 2 a1l a0

SMO/FE SM1 SM2 REN TBS RBR TI RI

o s o s o
31011 2.5 S9mARIAILANNIINNIUYEINETABYASH SCON
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wosaeynsululuTnsasyTnsames PICSIRx2 A wazBeansda il
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a9 2.3 TnwamsianwesmesaeynsulyluinsaeuTnsanes PROCsIRx2
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2.6 M5TRAISHVLBYNTH (Serial Port)
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wihinsdsdeyanuueynsuiulidenanmieniimadedeyanuuvuude  uu
t g .cilil ' AP @ Ag Yo A W +
synsuernnsodedoya fluszman lnondwuunny - Sntsmedueanailydainiesnn
1 ¥
msdadayauuuuusadas msfemsuuueynsyannsauseeniiu 3 gilnuAl
. LA ¥ = 4 =
1 Simplex  mwsodeteyn Idetrudn iumsiemsuuumaRe
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2.6.1 MsABMIIUVUFIATIE (Synchronous)
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2.6.2 Msie m‘suuuasﬁﬂmﬁa {Asynchronous)
1 ¥
dmiuandemsnuusaiasimiuer medeyndiosdnfes a1yt
nsdedeyn nie Bit Parem iummmuaidau nududsusududeyn daulnutud
Joyn dauhnunnilugiesnneuaimgndesdoyn vazdaumududnidlavhovesdoyn
¥ » & o 2 v & ' o & =1 7 Aad
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2.7 1MAS§IH RS-232C

AT RS-232C ni‘lmxmgmﬁ”!ﬁ'%’un13m)mmnmnf';a?"lnzv‘h‘lﬁ’qﬂnstﬁﬁiaﬁna
vingrnamsiuas i la mﬁsgmﬂamfﬁﬁ"le’{%‘nmsaanlmm‘fuu'l A
mﬁsgmﬁ'lﬁ's“ummﬁﬂmmzﬁamﬁua;in%’mmﬁqﬁﬁ'a WWIEI RS-232C Fagn
szawlFluil 1969 TaoanaugaamassuBiannsolind (Blectronic Industries Association :
E1A) lugausngmisnsduwmesiianuy RS-232C gnaﬂnuuunwﬁm%’nﬁauﬁamas"'ﬁuaﬁ
{DTE : Data Terminal Equipment) fu T (DCE : Data Communication Equipment) %ﬂﬁﬁ!ﬁﬁ]
flasfu hildinansdedeyouumaduineiv

¥
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: 24 o
asgy rs-232¢ Tutisqlnsaloanidiu 2 dsyinn dvgunisivisrestszinniiife
1. gUn3f (DTE : Data Terminal Equipment) iiiuglnsaidm3udadeyn (o 1wmm)
o W a
2. Q‘ﬂﬂiﬂ! (DCE : Data Communication Equipment) !ﬂﬂ@ﬂﬂifﬁﬁ?ﬂiﬁi Uﬂﬂgﬁ
{BUNR)
-] o Y 1 -] o
ANBNATEY RS-232C idanoudinweives DTE suiudig diussudinmeives
ol é .ﬁ ar 1 -
DCE viudaile Fsneulinmesniionldiuegoziugiia D- Type uvw 9 91 uaziwy 25
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¥1 TnovrAndsegniunsasnoufiames szaunssiuesiimsenin-3 vie-15v
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717 2.8 Aouinmesuee RS-232C
#mivanin High uay a8in Low 93ieAsemuserin +3 V 54 +15 V emunsn
fudeloya ldfinrmenvesdynpagege 50 WA nio 150 wes udd i dsanadeasiy

A A v w I3 A * H =
gunralbufiegvheiuuing sisuiludeslSpunsaitugdheon wu a9 i Hudu

2.7.1 AnBarM ¥ INeMIINAB SLUY D-Type

o ’ d‘ 5 A -y z Fa | L]

vrauuy D-Type Aldlumsdeauiuuoynsuvsuniosrauiiumaiiiu esiing 2
L 3 r= L] A L 13 3
anuaSAD LUY 9 V1 UAZULY 25 11 UATUs9BeNT DBY uar DB2S #9iidevs aog

ylinwfidnumuynsiauvesdygumiloudiu udams sades lumdoufiu

1 w o 4
719 2.9 uwudsnovilinre uBe RS-232C
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1919 2.4 lm’ﬂ@ﬂ'ﬁl‘)_ﬁﬂ‘i.lmﬂﬂ‘ll'lﬂﬂﬂiuﬂlﬁﬂﬁ 3¢90 DBO uag DBR25

D-Type 25 Pin D-Type 9 Pin Foydnwel  Sedgenu
P2 Pin 3 ™D Transmit Data
Pin 3 Pin 2 RD Receive Data
Pin4 Pin7 RTS | Request To Send
Pin 5 Pin§ CTS Clear To Send
Pin 6 Pin 6 DSR Data Set Ready
Pin 7 Pin 3 SG Signal Ground
Pin 8 Pin 1 Ch Carrier Detect
Pin 20 Pin4 bTR Data Terminal Ready
Pin 22 Pin9 RI Ring Indicator

2.7.2 RO BAYE STAT RN 10

dmiurwasBonvosmudygraiulszaey g

® Transmit Data : TD  1¥dwivdsdoynoyniusensinaouiuaed

® Receive Data :RD e miviudeyaoynsudnndmsufinees

® Request To Send : RTS Wamiudsdoynluigunsailmemadedos
voldguinsaitlaenadadeyondinn

% Clear To Send : CTS Wam3ussasgehgtinsaifidousedondoufiezin
Yoy wiol Tnuwznosiudgapa R1S onnetimfeudesihimsdefoyanenma
YT ID- |

® Data Set Ready : DSR ¥dmiuaemeumsdoudeiuszning
nouRmoifugUnssitatens sxldgfuvr DTR

® Signal Ground : 8G  Withunsvlussszuu

® Carrier Detect : CD %1198 Active (005 cefryaunee Carrier NNl

® Data Terminal Ready : DTR Mdmuvengilnsalilmeonwivihdoinsfade
Taov1 DTR fHdoudonsofuyi DSR vosgUnisitiarenie

® Ring Indicator : RI V792 Active deTudn185udye miSonidran

oo Tnsdwyd
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ol o oy [ 9l 1 ) n'; 1§
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Parity Bit H3eam134 1¥lunsasisasunimgndesvasdeyniids siezldla
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wisad il uansdrsunazmidsesdesiiunidmsanuulvulunsdudoya Fawdnnislu
mafmuadam3aivaisuuuaail
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] @ »
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2.8.1 dasudrlumsfudetoyanvueynsu
4 o 1 a A o yé’: 9 o s w o v &

msnadnsel 2 ednAsdedemsiuldiu sxdeahaudiesandusiniu i
w A = wo oA g A s A 1 a A 4
saruia lunsfieasuunesdslnsinAe Aiweaua (Baud Rate) HmiradudadeTuri &
o d 4 o ug EYTIV {
gasuilumsdemsnuveynsudmivunasge RS-232C vuli 14@all 110, 150, 300, 600,
1200, 24600, 4800, 9600, 19200 finaadu

2.9 GSM AT COMMAND ifuiiede

msfomsfugtnsafdeasdng  wuluduniegunss DTE (Data  Terminal
Equipment) fummin']%'fgﬁﬂ’1t§’aﬁzﬂuu1ﬁsgmﬁﬁanﬁw AT command TunrsAnderiela
ﬂané':’afi"m%’aﬁwuqﬂnstﬁmdn‘fn Wﬁmuﬂ13J'?';¢’1'mﬂ15‘1ﬂtmgﬂﬁﬁaﬁugmnzgﬂﬁmuﬁ
T Hayes AT command S350 Hayes iffuandusasdstie 1950 Tusmomumas
aenTnarofhunasgwdmiudnaluduiatug Tasernesigadideveny (Extended AT
command) te 1¥ifummane dmsudraanothug i

nsAnseduilefenmuium s ldyadideiiodmun3lu GSM AT command
%‘aﬁﬁﬁwﬁmﬁnﬁmuwauﬁm%’unﬁ‘l‘i'mum:mmmquﬁaﬁa

ndeudsreniuneitulleferussimiumo Daw Link Suflumsdeudenuy

aunsk Taol¥Tisunsume iiuend 1 15 Hyper Terminal Y89 Windaws aausmialy

msemsnnez1F 9600 bps

2.10 Hann155uas SMS

89AN3 ETSI (European Telecommunication Standards Institute) tiussfnsaaseii i
nassmid T idmumnasgusd i Insannan 1 mimnessunsds sms 13
lugile GsM 03.40 naz GsM 0338 awnsads 1égets 160 ddaws Taonaasd18ns 1aia
yum 7 edfidmual luased uaﬂmmfuE}'@ﬁﬂ“ﬁ‘]é’f’ﬁaﬁnmmﬁﬂé‘uq IFuvua 8 Uanse
16 ﬁﬁéqﬁ’iﬁqﬂszmﬁﬁ‘]#@munfm'wﬁ'uaan'lﬂf*ﬁqLi"ﬁ]:mﬁamwmmu 7 iy
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& 1 Y
2.11 Tnuavaamsiudaveya
w =S 1 Y ] - I ]
mssudadayn SMS agRioiu 2 Tus Ae MG Inum (Text Mode) 1oz HagTvua
3
(PDU : Protoco} Description Unit Mode) nisaateaymlumng Inyatiuszifiumsiihden
o a ¥ [ 1 ] [
tudind Tnumnidsvanou  udaneodefoyalufidgTnuadniions lsfanuifedornegu
v w 4 d o ] W a i W oy a2
o1 mivaguasidouludedTnee  Janwdhsia@ouazoeasiaydmivlumng
Tuuaiiveuuudiefiiugy “PCCPA37°"PCDN” "8859-1""IRA” 11a2"GSM” inty ufouds
1 3 ]
fAuilstemepszaudenin seuaaamssTmazoeain 14 1aol4a1de AT+CSCS
3 ' P P w o
uadusiendenimintsunilieiedimilafieszienmneasianmuizan Idisssalula
4 + ow § o ot 3 1 o 3
nmYeudenuilefamesuaslen e misnden ¥ 1A 2 Tuuanaseiyldms
1 +
idonlSind Inuasziivesnavsninmisiflefensguoi himfvayunazdsgndiade
s o @ & red 4 9y & a ' o
Tmsdumazneasia Feifies hifuuuawindnudedy dluuinsaen higgainiin
uatudsniag Ivuasrausadenuseaimsdmincosanialénogiuuuamany

#oams Taa lilidesia

2.12 ms5uvennu SMS luniag Tnua

Simnsudordesudeioudmimsdesudenim sms feglu rmbox Tasldda
AT+CMGR  Foynd 185 uazeglugtlunsanisiidszneu idredoyavesfdadoyn  sMs
Service Center(SMSC),Time Stamp I1Az81¢) ﬁﬁuﬂuamzﬂmﬁ'mzfmﬂm%ﬂaméwzmg'
MOFAYDITATS

#otwnetine iz Ericsson U T30m Fedomaniidunfe “beliohello”
inﬂﬁﬂi‘\'ﬂﬁﬂm?mﬂffqi’l'ﬂgaﬁﬁ?&f‘:ﬁ:ﬂgi’lugﬂajmﬁ'fuammu 16 iz 10 (luinedan) Tng
sei3onudasg i Octet FeilmunzBuadants 1o 2.5

06916681118088040A9166295026800000403021219434820AE8329BFD4697DIEC37

A15199 2.5 AulsneuveIEasInIsTuYen 1l SMS

ngsstauny 8 fin (Oete) noavidos

06 - AIETIVEY SMSC Information 6 Octets(byte)

01 LUYDIANHAIY SMEC 91 HNETa UMIBLUNA AN
(information format)
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66 Bl 11 BO &R

DM SMSC (I8 decimal semi-octon) Bavzifuinugry
10 w8Y nibbie Iunsdl inumiiseTevsd Service Center flo
“48618110AN8"

04 First octet of this SMS-DELIVER meusuge
0A ATINETIHIOYOUDYHIOHNY (OA hex=10 &)
01 puvuvesmumadde o1 wrelanumnsuuumng

(intorational format)

66 29 50 26 &0

munedes (Y decimal semi-octet) iiumugn 10 péy
nibble Wanonudstefludo3eflo +6692056208"

00

TP-PID, (Protocol identifier) Junafiiiite 00

00

TPDCN (Duwk sading seheme) 00 Aondraiadonimnyy 7
bit Default Alphabet

40 30 21 21 94 34 W2

TP-SCTS doyn Time semp (U devimul semi-octets)
afiu nibble

0A TP-UDL. User data length 81893% 183 voedona1ufins
Tufiilffe 1042
E83298FD4697DYECYT TP-UD, Yomam “haliohetl” Sidmimudaonddnus

N 7 bits 18 Seiyn byte vy bt

o o v
doyaamaluaisailunvg 16 wuiw 8 daonduninemy Service Center,

MBIV, Time Stamp sziluavgns 10 v 8 Ta adumdniugy @8y sibble) Tud

4 ¥ ¥ +

veadaynniuderiuniufunvgw 16 vine 8 Sasudulasdeyaiies1furasdenin
¥ ow ow P o Y o

tszne lidsedasnusna 7 Saswinmislasidinte) Seyaomndasnusvimm 7 Gald

g 16 1A § Sanwds daunsulasszagnmond

Tudvesdoyaiilumugy 10 wunvmneddsiiavlundezg(  byeezgn
aaufus myvinesia “+66 092056208 axgnaduTunrazgiiiu “66 20 50 26 80 (66 Ao

alsemadamsvenanviiedeszgadany 0 sanmu 09 szmisus 9 Hudu

A& o w 3 oo @t
!l'cniN‘u'lWJlﬂ‘llTN‘H?Jﬁll"lﬁﬂﬂ‘u!iﬁ"]ﬁﬂ‘uﬂ)




25

2.13 migaden 1 SMS luiaglvun

Aol lilifhumretemidederaiy SMS “hellohello” Tael4iiee Siemens 35 Tatld
Tnundiag 1A uvunene “+66 092056208

ATHCMGF=0 /ifen Inuaidy

AT+CSMS=0 /Fainileteminayumads SMs nie 'y

ATHCMGS=22 /psmdaianun 22 byte (hisaudaiay 00 fleddenthegm)

>0011000A9166295026800000AA0AES329BFD4697DIECIT felszneuves
doyofidseiuwlumseii 2.6

#195°99 2.6 Az novvoadoyniids

nQuAAaY 8 Tin(Octet) SeaziBoa

00 ATUEMYBY SMSC information 00”7 wyiedsldld
! : = ' & -
SMSC  information  WifuogarwluniesinAinioaiiny

A T
sMs Iadideya SMSC mwlunTasoguda)

i1 First octet of the SMS-SUMIT message.
A4 @

00 TP-Message-Reference.  “00” AolMnToedenunuay
¥ oo &
NIV TUYULDI

0A Address-Length 171087700300 Y 45 D(1087)

91 Type-of-Address. {91 indicates international format of the
phone number).

66 29 50 26 80 vy Insfwivesdiy  (iusemi  octe) MBI

LN IR “+66 092056208

00 TP-PID. (Protocol identifier) 14 00

TP-DCS. (Data coding scheme) i 00

S

AA TP-Validity-Period “AA” MUWHIFILIATHUABIGUDS
¥
fonny 4 Sudmelugranat dedelutedaranms

¥ a oo ey
Joynsrgnuniandn lula

[]
o]

0A TP-User-Data-Length.  $1UIUAISNYSUDITOANILNH

(10 49)




26

ES329BFD4697D9EC37 TP-User-Data iiutoyaludruvssdoanudasnusun
1A “hellohello” Armumsutas(svey Budoyouun

o 9/ s Qt @ s o
8 DaudlasdTEnsauindonisiiasdidnysyie

= =Y o ar =Y Y
i dudoya 8 i Ardnuseiin 7 da qldnmaranuan

2.14 mswlasdidnussiia 7 Benilu deyya 8 Ta(Octer)

911913199 2.6 Tudmves TP-User-Data sxiudnfisaunselasiavssdonu
doamsds udlesnnm lannsmhsfavesisousuun 7 Saldl18Taons e ndiudes
wnumaafadhBusiadoyouny 8 TnreuTneietse Isihunmuasdera
“heflohello” 817 10 fanusdamnzAuiiudnusyiia 7 0 Wiihidoyo s Sadmiuldiuns
a9 SMS

mamlassueminda 7 Savesiadnusdausn (b visudemiidas 1 Sadhwge
¥pI3He 7 SnvesdIsnyssaf 2 (o) v 1awadws 8 I (1 byte) Fiu “E8”

fusousomnivion 6 DaimAsvowasnyidad 2 ndudathide 2 fatves
3 7 Savossawsdaft 3 () o2 dwadnd 8 Smiu 327 uagiusuiidoshl Teeinouiiag
dnnszheziniudiy 3 S Gy 2 Secunseiiie 7 Saudadunszuiuntsinieunse
ﬁwnmjﬂﬁ'ﬁnmﬁaﬁ"aadnmmﬂaaﬁ‘:é’ﬂui

niennmsialasdona “hellohello” oz ddayadiumugin 16 1w o lud i B8
32 9B FD 46 97 D9 EC 37

A58 2.7 FI0019N5I 0 9R I8 NI

Char h e 1 1 0 h €

7bhits(D) | 104 101 108 108 111 104 101

7 bits(B) 1101900 11091/01 110;@}{;&111\1?@0\11?21
r'd ¥ 4

8 bits(B) lﬁ)l 0&1/1‘0010 100 11011 lll‘lﬁl‘lOl 01000 1 100101 11

8 bits(H) | E8 32 9B FD 46 97
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Char € 1 1 Q

7 bits(D) | 101 108 108 1

7 bits(B) JL{OOIOI 11041’1,00 110}100 1101111

ST

y —a 4 A |
Bbits(B) | 11011001 11101160 110111

8 bits(¥) | D9 EC 37

2.15 maivaulilsunsufiarie uazmIugu Serial Port A8 Visual Basic
TumsiWeulilsunsudmiunsuny  Seral Port v aouTnsafid o lumsyiy

Visudl Basic cnsedomsumesneynsuldiuiie aeulnsa Mscomm  #elild

Aou TnsanIAIgId SadudusBeansI$en MSComm 31dpshnisiuaouTnsaiihly

>
1 Tool Box 184 39s&annso Fuasuinsail ld

2.15.1 niewme sANmARY 1uN 131U MSComm
o ‘i £ ) o
® CommPort 1§ muanuimanosaoynsuilisdenissvanse Tasligduuy
b d
3 1ol

Object.CommPort [ = value ]

o L] 1 Q ¥ = - L") o -
INAIDUNIITU Li'lﬂ‘m‘l.lﬂlﬂﬂ'lil‘llﬂulﬂiLlﬂiﬁﬁﬂﬁﬂﬂﬂ“ﬂ'ﬂiﬁ Com 1 wwﬂmﬂu

MSComm.CommPort = 1

® Settings 1 lumsfimuadaswenisa (Baud Rate) ¥3annuialunsdedeya &

£
mizuiiuiindeduii |, wi3a, Srumvesdiadoys, Swouliallade Taelzduounsidaom

e

=W

q

Object.Settings [ = Value ]

onfemasy 518mualinseuTusunsu i Baud Rate = 9,600 a1

&
apnit Taifini3a Snnudeyanifu 8 a uazlidatae 1 Ua



28

MSComm].Settings = “9600, N, 8, 17

" Port Open 1@ mivilauazdamsifnunssaeynsy Taafiptuyunis g

v d
1l
Object.PortOpen [ = Value |
sndase gy seilaldruneiasynsy dmua i1 Value 1 True Soudids
Ihaail

MSComm|.PortOpen = True

uadusdesns daneinoynsu Idmunm Value il False Aouide 14l
MSComml.PortOpen = False

® InBuffersize dunisdmusninaves Buffer lumsSudeyardnn Tasil
3
sibmmsdmuan1Asil
Object.InBuffersize | = Value |

® fupuden Hunsfimuaniwesieyaiisusin Baffer masu Taoiizuuuns
fnuan 1Rl

Object.Inputlen [ = Value }

" OutBuffersizg (iunsimMuAvIIAYes Buffer Tumsdedoyneentil Tasd
jinuun i muama

Object.OutBuftersize [ = Value |

14 ¥
* InputMode Huntsimusaiiatoyaniudun Tasiyuunmssmuanaedl
Object.InputMode | = Value |

)

Taofisannsadenyiiavesdayaniudnn e 2 dsznmde
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[ ¥

1 ¥
- comlnputMode Text Soyafismimiludanimilnd smmnsadsm ey
¥
TuTvunii 18 Tasn1sdmua value 1y <o
@ o

1 ] 4
- cominputMode Binary floyaniuwduniudeyalini mamisode i
| 4
ogtu Tnuail 13 Taon1sdmun value Wi <17

1 i 4 =4 a v as g
® Input 1§ Tunmemdeyaninnesasynsy Tastigilumums fmuaddail
Object.Input
#efugu mewammndineiveameiaeunsy wdninndu iludmlsnged
5
Data 1910039 Mua 14asll
Data = MScomm1.input
Fd
" Output 1¥lumsdsveyneen llnnwesaeynsy Tasliguuunisimuantasil

Object.Qutput [ = Value |

® LOFEnable 1ilumsuenitiuaaues id End of File [EOF) Taofiginuuns
Amuasdal
Object. EOFEnable | = Value }

s - 4
2.16 HANMIVBIITUVG1UVAD
gudoya vl nguuesayanazamANNUE (A collection of data and
relationships) fmdIRUivesgudoyn annsonaasluzives Tueavesteyn Tuaad
Y n w A a
Rsumwiiondie  So¥uuenTuen  (Relational model)  iluTmeadildlumsesune
o o o 3 -] a o
amdiutvesdayafigniiudisszuuiamsgudeyauuySo¥uuea (Relational Database
& q o H o 3 1
Management System : RDBMS) damstildidon amnsmi i i$numesesszdudsud
=2 A ot o o
nusiad lldusTeeszdu luTasneufiames

Ed v
o A N

nIsenuugLdaya innudagsenisfansszuugndeya fatlilesnndoyan

¥

stmolugudeynszdesdinumwduiusvesioya Tnssadidoyn nadhdedeyanay
2 , | |
pszuaumsi Isunsulszandezidenldgnideyadaiunannsaniinsadiegudeyn 4

¥

Aadl
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» ¥ o o :‘ & W o W :‘ sy g k4
jlupvvesdeyanunddudy wie lasaahawudduiy Tanairdeys
»
nuudwudugniawnlag viim le I By I8sumndovednatunavanndeyauy
=y d 1
peunImesvIA TG tazmnanalagTassadedeyaszadgthumiioudulsy Taoh
o o é ¥ " 0 @ 3 o ] 4
AFuRLEIYY wila @9 MAY (one-to-many ) Tinsdatvudwuduiuniiangudeyah
a o o ar a ot
fanmduriusy sazdmualiithurnand egment) Tasiimsuontlsznnveurnsndi
ﬂ J 2 ﬂ o ar Aﬂ o &
Wumrnnuan vsetlusnsuad il udng
=5 ¥ b 245 ¥ = - w
* sndeyanuueiene  srudeysuuuaievsinuaneaisiugudeya
o o o v o oA ) Ay = v P &
suURRLIL antuiTnssauumiets 91erlimsAenyy NiliAeuils (one-to-one)
&
n3onilaRONaNY (one-to-many) 7
donaveidsvasinsesainumniovsie  1sARBsARecord) uAazszAnm 0 lE
ﬂ 'y A t]w = ' Y o Y A @ & o
Hluseeeimin1d Tasnandenen dauniddenvesdeynsziifeninn nlesonnneia
andnanselduduld
® sy duiuideya dlufnyazaresnuugnteyn Taesdadeyaldeglu
PG N GRCRPAN:
4 y . ) .
geluTassnuiisy Muuuinedumssenuuugudoyn Taauuusnesdayailéfe
HUV$IA09 5-815 (Entity Relationship (E-R) model ) 4U81a098-1515unTasiensolunis
! o r ay o o o \ { 1 3
senuuuieetinedeyasie lugliuuveseuiauazanuduiuisenirusunamaniy

2.16.1 daudsznouveauuus1nesd-a14
o < ol o a ¥ gl I / P~} At: o &
nuusnesp-iNswilszneundnegdioiu 3 szatife wuna, ueaniing uaz
HaTutn iaﬂﬂunﬂﬁaamﬁ’
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1mmmmmﬂ-ﬂ1‘s Y004 (OURAR (entity set) Fe il HoniAReesuiRe: uaiTuyaves
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» 1
veusuniamivegnolu Asgia 2.11

Wnini a9l Sudou

d' e i QJ
5114 2.10 A0 nvRuBUNA
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The 7 bit default alphabet

This is the 7 bit default alphabet as specified by GSM 03.38, The corresponding ISO-8859-1
decimal codes are shown in the rightmost column. Note that the euro sign (€} is 2 member of the ISO-

8859-15 character set.

Hex Dec  Charactername  Character ISO-3859-1 DEC
- 0 COMMERCIAL o @ 54
ool 1 .POUND SIGN | — £ o 163
0x02 2 DOLLARSIGN 2 | $ N\
003 3 YEN SIGN | | ¥ 165
:og04 4 LATIN SMALL LETTER E WITH GRA\}E E o
0x05 5 LATIN SMALL LETTER E WITH ACUTE c 233
006 6 [ATIN SMALL LETTER U WITHGRAVE & 249
0x07 g ;LATIN SMALL LETTER I WITH GRAVE 111011 1 bssr
0x08 8 ” LATIN SMALL LETTER O WITH GRAVE Z Al 242
ox09 9 ;LATIN CAPITAL LETTER C WITH CEDILLA c [ 199 |
0x0A 10 LINEFEED S 69,
0x0B 11  LATIN CAPITAL LETTER O WITHSTROKE @ 216
0X0C 12 LATIN SMALLLETTER O WITH STROKE o 208
00D 13 CARRIAGE RETURN . 13
- .M.LATIN CAPITAL LETTER A WITHRING o
Ox0E 14 A 197

ABOVE _

OX0F 15  LATIN SMALL LETTER A WITH RING ABOVE a - 29
0x10 16  GREEK CAPITAL LETTER DELTA A |

Ox11 17 LOW LINE 95



0x12
x13
_0#14
0x15
Ox16.
0x17
0x18
0x19
Ox1A
(1B
EOQIBbA
Oxlﬁi;.
O%lBZS
'dx13297
0x1B2F
0x1B3C
Oxlij.
dxiB3E
:0¥iB40.

0x1B65

‘18

19
20
21
2

23

24

25
26
277 |
2710

2720

2740

27 4.1
2747
27 60
27’. 61
2762
27 64

27

101

ox1C
0xiD
Ox1E

OxiF

29

30

FORM FEED

GREEK CAPITAL LETTER PHI

GREEK CAPITAL LETTER GAMMA

GREEK CAPITAL LETTER LAMBDA
GREEK CAPITAL LETTER OMEGA

GREEK CAPITAL LETTER P1

GREEK CAPITAL LETTER PSI

GREEK CAPITAL LETTER SIGMA

GREEK CAPITAL LETTER THETA
GREEK CAPITAL LETTER XI

ESCAPE TO EXTENSION TABLE

‘CIRCUMFLEX ACCENT

RIGHT CURLY BRACKET

REVERSE SOLIDUS (BACKSLASH)

LEFT SQUARE BRACKET

TILDE

RIGHT SQUARE BRACKET
VERTICAL BAR

EURO SIGN

LATIN CAPITAL LETTER AE

LATIN SMALL LETTER AE

LATIN SMALL LETTER SHARP S (German)

LATIN CAPITAL LETTER E WITH ACUTE

® M & H D> e

y

12

94

123

125

0.

9

126

93

124

164 (150-8859-
i5)

198

230

223

201



0x20
Ox21
dx22
0x23

0x24

0x25

0x26

0x27

0x28
0x29
ZOXZA

0x2B

0x2C

0x2D

0x2E

ZOxZF
'0%30
0x31
0x32
0%33
0x34
0x35
0¥36
0x37

0x38

32

33

34

35

36

37

38

39
40

11

42

43

45

46

47

‘48

49

50

51

52

53

54

55

56

SPACE

EXCLAMATION MARK

QUOTATION MARK
NUMBER SIGN

CURRENCY SIGN

PERCENT SIGN

AMPERSAND

APOSTROPHE

LEFT PARENTHESIS

RIGHT PARENTHESIS

ASTERISK

PLUS SIGN

COMMA

HYPHEN-MINUS

FULL STOP

SOLIDUS (SLASH)

DIGIT ZERO

DIGIT ONE

DIGIT TWO

DIGIT THREE

DIGIT FOUR

DIGIT FIVE

DIGIT SIX
DIGIT SEVEN

DIGIT EIGHT

32

33

34
35

164 .(ISO-8859—1 )
o

38

39
40

41

42
43
44

45

46

47

48

49

50

51
52
53

54

55

56



0x39
Ox3A
0x3B
3C
0x3D
0x5E
Ox3F
oxdo
0¥41

dx42
0x43

_0x44

0x45

0x46

0x47

0x48

0x49

Ox4A

0x4B

Ox4C

:0x4D

0x4E

Ox4F

0x50

0x51

57

58

59

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

75

76

77

78

79

30

g1

DIGIT NINE
COLON

SEMICOLON

LESS-THAN SIGN

'EQUALS SIGN

GREATER-THAN SIGN

QUESTION MARK

INVERTED EXCLAMATION MARK

LATIN CAPITAL LETTER A

LATIN CAPITAL LETTER B

LATIN CAPITAL LETTER C

LATIN CAPITAL LETTER D
LATIN CAPITAL LETTER E
LATIN CAPITAL LETTER F

LATIN CAPITAL LETTER G

LATIN CAPITAL LETTER H

LATIN CAPITAL LETTER 1

LATIN CAPITAL LETTER J

LATIN CAPITAL LETTER K

LATIN CAPITAL LETTER L

LATIN CAPITAL LETTER M
'LATIN CAPITAL LETTER N

LATIN CAPITAL LETTER O

LATIN CAPITAL LETTER P

LATIN CAPITAL LETTER Q

57
58
59
60 ”

61

62

63

161

65
66
67
68

69

70

¥a!

72

73

74

75

76
77

78

79

80

81



0x52

0x53

Ox54

0x55

Ox56

Ox57

(0x58

0x59

0xSA
0xSB

0x5C

0x5D

‘O*SE
OxSF
0x60
0x61
:0x62

0x63

Ox64

30x65

0x66

0x67

0x68

0x69

Ox6A

32

83

84

85
86

87

38

89

90

91
92

93

94

95

96

97
98
99

100

101

102

103

104

105

106

LATIN CAPITAL LETTER R

LATIN CAPVI"VIV'ALV LE'ITER 5

LATIN CAPITAL LETTER T

LATIN CAPITAL LETTER U |

LATIN CAPITAL LETTER V

LATIN CAPITAL LETTER W -
LATiN CAPITAL LETTER X

LATIN CAPiTAL LETTER Y |

LATIN CAPITAL LETTER Z

LATIN CAPITAL LETTER N WITH TILDE

SECTION SIGN

INVERTED QUESTION MARK

LLATIN SMALL LETTER A
LATIN SMALL LETTER B
LATIN SMALL LETTER C

LATIN SMALL LETTER D

LATIN SMALL LETTER E

LATIN SMALL LETTER F

LATIN SMALL LETTER G
LATIN SMALL LETTER H
LATIN SMALL LETTER I

LATIN SMALL LETTERJ

LATIN CAPITAL LETTER A WITH DIAERESIS A

ELATI‘N CAPITAL LETTER O WITH DIAERESIS '(")

LATIN CAPITAL LETTER U WITH DIAERESIS U

82
83
84
85
86

87

88

89
90
196

214

209
220

167

151
977
o5
99

100

101

102

103

104

105

106



0x6B

0x6C

Ox6D
-0¥6E
0x6F
0x70

0x71

0x72
0x73

0x74

0x75
0x76
0x77
0x78
0x79

0x7A

0x7B

ox7C
0x7D

Ox7E

Ox7F

107

108

109

110

i

112
113
114

115

116

117

118

119

120

121

122
123

124

125

126

127

LATIN SMALL LETTER K

LATIN SMALL LETTER L

LATIN SMALL LETTER M

LATIN SMALL LETTER N

LATIN SMALL LETTER O

LATIN SMALL LETTER P

LATIN SMALL LETTER Q

LATIN SMALL LETTER R
fLATIN SMALL LETTER §

:LATIN SMALL LETTER T

LATIN SMALL LETTER U

:LATIN SMALL LETTER V

LATIN SMALL LETTER W
LATIN SMALL LETTER X

LATIN SMALL LETTER Y

LATIN SMALL LETTER Z |
LATIN SMALL LETTER A WITH DIAERESIS .
LATIN SMALL LETTER O WITH DIAERESIS

| :LATIN SMALL LETTER N WITH TILDE “
LATIN SMALL LETTER U WITH DIAERESIS

LATIN SMALL LETTER A WITH GRAVE

‘o FYTI

) W

[ TR

107

108

109

110

111

112

113

‘114

115

‘116
117
118

‘119

120
121
122

228

246

241
252

224



AT Command Set Reference Manual

1. Software Interface

1.1. Overview of the Supported AT Command Set

Page | Commands - Function
07.07
7 | AT+CGMI Issue manufacturer (D code
7 | ATCGMM Issue madel ID code
7 JATHCGMR QOutput the GEM teiephone version
8 |AT+CGEN Quiput the serial number (IME!)
8 AT+GSN Qutput the senal number (IMEI)
8 | AT+CHUP Terminate calil
8 | AT+CEER Query the reason for disconnection of last call
9 | AT+HCREG Network registration
g | AT+COPS Commands concerning selection of network operator
10 | AT+CLCK Switch locks on and off
16 [AT+CPAD Change password tq a lack
11 | AT+CLIP Display telephone number of calling party
11 | AT+CCFC Call forwarding
12 | AT+CHLD Call haold and multiparty.
i2 | AT+CPAS Query the felephone status
13 | AT+CPIN Enter PIN and query lock
13 JAT+CBC Battery charge
14 1AT+CSQ Output signal quality
14 | AT+CPBS Select a telephone book
15 | Fehler! Kein | Read a telephone-book entry
giiltiges
Resultat fiir
Tahelle.
15 | AT+CPBW Wirite a telephone-book entry
16 | AT+CMEE Expanded error messages according to GSM 07.07
17 | AT+VTS Send a DTMF tone
18 | AT+VTD Set duration of a BTMF tone
18 | AT+WS46 Select wireless network
18 | ATHCSCS Select TE character set
19 | AT+CACC Advice of charge
19 {AT+CSSN Supplementary service notifications
20 | AT+CRSM Resfricted SIM access
20 | AT+CIMI Ouiput of IMS!
21 | AT+CACM Accumulated call meter
21 j AT+CAMM Accumulated call meter maximum
22 | AT+CLCC List Current Calls
23 | AT+CCLK Clock
23 |AT+COPN Read operator names
23 | AT+CPUC Price per unit and currency table
24 | AT+CALM Alert sound made
24 [ AT+CRSL Ringer sound level
24 [AT+CLVL Loudspeaker volume level
24 | AT+HOMUT Mute contral
25 [ AT+CVIB Vibrator mode

page 3 of 52



SIEMENS AT Command Set Reference Manual

Page | Commands | Function
07.05

26 | AT+CSMS Selection of message service

27 | AT+HCPMS Selection of SMS memory

27 | AT+CMGF SMS farmat

28 | AT+CSCA Address of the SMS service center
28 | AT+CNMI Display new incoming SMS

29 | AT+CNMA Acknowledgment of a short message directly output
30 | ATHCMGL List SMS

31 | AT+CMGR Read inan SMS

31 [AT+CMGS Send an SMS

3t JAT+CMSS Send an SMS from the SMS memory
32 |AT+CMGW | Write an SMS to the SMS memory
32 | AT+CMGD Delete an SMS in the SMS memary
32 |AT+HSCB Select cell broadcast messages

32 | AT+CMGC Send an SMS command

Page | Siemens- | ~ Function
specific
‘commands

33 ATASPBES Select a telephone book (including Siemens-specific books)

33 AT*SDLD Delete the "last number redial” memory”

4 ATASPBC Seek the first entry in the sorted telephone book which begins with the
selected (or next availabie] letter

34 ATASPBG Read eniry from the sorted telephone book via the soried index

35 ATASLCK Switch locks (including user-defined locks) on and off
35 ATASPWD Change password io a lpck (including user-defined locks)
36 ATASACM Cutput ACM (accumulated call meter) and ACMmax

36 ATASPLM Read the PLMN

36 ATASPLR Read an entry from the preferred-gperator list
28 ATASPLW Write an enlry ta the preferred-eperator list
37 ATASCNI Qutput cail number information

37 ATASNFV Set the volume

37 ATASNFS Select NF hardware

38 ATASRTC Set the ringing tone

38 ATASCID Output card ID

38 AT*SCKS QOutput SIM card status

39 ATASPIC Qutput PIN counter

39 ATASMGO SMS overflow indicator

40 ATASMGL List SMS {without status change from unread to read)
40 ATASMGR Read SMS record without Changing unread->read

40 AT"SMSO Switch device off

41 [ATASLNG Language seltings

41 ATASETK SIM Tootkit

41 ATASBNW Binary Write

43 AT*SBNR Binary Read

pagedof 52



Philips Semiconductors

Preliminary specification

80C51 8-hit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

PB9C51RB2/P89C51RC2/
P89C51RD2

DESCRIPTION

The P8ICS1RBZ/RC2/RD2 device cantains & non-volatile
16kBi32kB/64kB Flash program memeary ihat is both parallel
pragrarrmahle and serial [n-System and |n-Application
Programmable. in-System Programming (ISP) allows the user to
downioad new code while the microcontroller sits in the application.
in-Appiication Programming (AP} means that the microcontrolier
fetches new program code and reprograms itself while in the
system. This allows for remote programming over a modem link.

A default serial loader (boot ioader) program in ROM allows serial
in-Systern programming of the Flash memory via the UART without
the need for a loader in the Flash code. For In-Application
Programming, the user program erases and reprograms the Flash
memory by use of standard routines contained in ROM,

This device executes cne machine cycle in § clock cycles, hence
providing twice the speed of a canventicnai 80C51. An QTP
configuration bit lets the user select conventional 12 ciock timing
if desired.

This device is a Single-Chip 8-8it Microcontroller manufactured in
advanced CMOS progess and is a derivative of the 80C51
microcantroller family, The instruction set is 100% compatible with
the 80C51 instruction set.

The device also has four 8-bit IO poris, three 16-bit imer/event
counters, a mult-source, four-priority-ievel, nested interrupt structure,
an enhanced UART and an-chip ascillator and timing circuits.

The added features of the PAGCS1RB2IRC2/RE2 makes 1t a
powerful microcontratler for applications that require pulse width
modulation, high-speed /O and up/down counting capagilities such
as molor control.

2000 Aug 21

FEATURES
* 30C51 Central Processing Unit

® On-chip Flash Program Memary with in-System Programming
{ISP) and In-Application Programming (IAP) capability

* Boot ROM contains low level Flash programming routines for
downloading via the UART

® Can be programmed hy the end-user application (1AP)
® & clocks per machine cycle operation (standard}
® 12 clocks per machine cycle operation {optional)

® Speed up to 20 MHz with 6 clock cycles per machine cycle
{40 MHz equivatent performance); up to 33 MHz with 12 clocks
per machine cycle

& Fully static operation

® RAM expandabie externally to 64 kB
® 4 levei priority intemupt

® 7 interrupt sources

#® Four 8-bit ¥O ports

® Fyli-duplex enhanced UART

— Framing error detection
= Automatic address recognition

& Power control modes
— Clock can be stopped and resumad
- |die mode
— Power down mode

® Programmable clack out

® Second DPTR register

® Asynchronous patt reset

® |ow EMI (inhibit ALE)

® Programmable Counter Amray (PCA)

- PWM
— Capture/compare



Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

Table 1. Special Function Registers
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION
ADDRESS | pacp LSB VALUE

ACCT Accumuiator ECH E7 E6 ES E4 E3 E2 E1 E0 | OCH
AUXR# Auxiliary BEH - - - - - - EXTRAM AD xxxxxxC0B
AUXR1# | Auxiliary 1 AZH - - ENB0OT - GF2 0 - DPS | xxxxxxx(0B
B~ B register FOH F7 Fé& F5 F4 F3 F2 F1 FG 00H
CCAPOH# 1 Module 0 Capture High FAH rxooroxB
CCAP1H# | Module 1 Capiure High FBEH *XxxxxxxB
CCAP2ZH# | Module 2 Capiure High FCH XXxxxxB
CCAP3H# | Module 3 Capture High FOH KxxxxxxB
CCAP4H# | Module 4 Capture High FEH xxxxxxxxB
CCAPOL# | Module 0 Capture Low EAH XX xxxx8
CCAP1iL# | Module 1 Capture Low EBH KEXXXXxxB
CCAFZL# | Module 2 Capturs Low ECH oo
CCAP2L# | Maodule 3 Capture Low EDH xxxxxxxxB
CCAP4LE | Madule 4 Capture Low EEH xxxooooB
CCAPMO# | Module 0 Mode DAH — | ECOM | CAPP | CAPN | MAT | TOG | PWM | ECCF |} x0000000B
CCAPM1# | Module 1 Made DBH ~ | ECOM | CAPP | CaPN | MAT | TOG | PWM | ECCF | xCCO00ODB
CCAPM2# | Module 2 Mode DCH — LECOM | CAPP | CAPN | MAT | TOG | PWM [ ECCF | xDDOOCOOR
CCAPM3# | Module 3 Made DOH — | Ecom [ cape | cAaPN | MAT | TOG | PwWM | ECCF | x0000060B
CCAPM4# | Madule 4 Made DEH — | Ecom | capp [cAaPN | MAT | TOG | PwM | ECCF | x0000000B

DF DE oD DC ba DA o}:} D8
CCON'# | PCA Counter Control | DBH CF | CR | - | CCF4 JcCFs [COFz | CCFt | CCFO | 00xa0000B
CH# PCA Counter High FoH 0OH
CL# 2CA Counter Low ESH 00H
CMOD# | PCA Counter Mode peH [ el [wbtE] - | - | - |cpst] cPso | ECF | 0Oxxx0008B
DPTR: Data Painter {2 bytes)

DPH Data Pointer High 83H 00H
DPL Data Pointer Low g2+ QoH

AF AE AD AC AB AA Ag AB
IE* Interrupt Enable 0 AH EA | EC | E72 | ES | ETi | Ext | Ef0 | EX0 {00H

BF BE BD BC BB BA BY B8
P Interrupt Priority BaH - | Pec | P12 | Ps | PT1 [ Px1 | PTO | PX0 |x00000008

B7 B6 BS B4 B3 B2 B1 BO
(PH interrupt Pricrity High | B7H — | PPCH | PTaH | PSh | PT1H [ PX1H | PTOH | PXOH | x00000008

87 86 85 84 83 82 81 80
Po” Port 0 8oH | AD7 | AD6 | ADS | AD4 | AD3 | AD2 | AD1 | ADO |FFH

97 96 95 g4 93 92 91 90
P1* Port 1 o0H | CEX4 | CEXa ] CEX2 | CEXT | CEX0 | ECI | T2eX | T2 |FFH

AT AB A5 Ad A3 A2 A AQ
P2’ Port 2 AOH | AD15 | AD14 | AD13 | AD12 | AD11_[AD10 | AD9 | AD8 |FFH

B7 B6 BS B4 B3 B2 B1 BC
pa- Port 3 BoH | RO ] WR | T1 | To | INTi | INTG | Tx0 | RD |FFH
poon#! | Power Control 74 | swop1 Jswooo | - | PoF | GF1 | GFo | PO | DL {ocOxxx008
*  SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
— Reserved bits.
1. Reset value depends on resel source.
2000 Aug 21 8




Preliminary specification

P83C51RB2/P8IC51RC2/
P89C51RD2

Philips Semiconductors

80C51 8-bit Flash microcontroller family
16KB/32KB/B4KE ISP/IAP Flash with 512B/512B/1KB RAM

Tabie 1. Special Function Registers (Continued)
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | msB Lss | VALUE
o7 D6 D5 D4 D3 D2 D1 Do
PSW* | ProgramStatusWord | DoH | cv | ac | Fo [ RSt | Rso | ov { F1 [ P |000006008
RCAP2H# | Timer 2 Capture High CBH CoH
RCAPZL# | Timer 2 Capture Low CAH 0OH
SADDR# { Slave Address AgH 00H
SADEN# | Slave Address Mask B&H ooH
SBUF Serial Data Buffer 99H XXXXXHAAB
aF 9E 90 clel 0B oA 99 98
SCON* | Seriai Control 98+ [smoFE | sM1 | sm2 | Ren | vBs | Res | T | R |ooH
8P Stack Pointer 81H 07H
8F 8E 80 8C &8 8A 8y 88
TCON* | Timer Control ggH | TF1 [ TR | TR0 | TRO | E1 J Tt | EO | 1m0 oo
CF CE cD cc cB CA of?] cB
T2CON* | Timer 2 Control C8H TF2 | BXF2 | RCLK | TCLK | EXEN2 | TR2 | CATZ | CPIRLZ | 00H
T2MO0# | Timer 2 Mode Conirol CoH - - - - - - T20E { DCEN | xxxxxxD0B
THO Timer High G 8CH C0H
TH* Timer High 1 8DH O0H
TH2# Timer High 2 CDH 90H
TLo Timer Low © 8AH 0oH
TU Timer Low 1 8BH 00H
TL2# Timer Low 2 CCH 00H
TMGD | Timer Mode goH [ cate { T M1 MO | GATE [ CIT M1 MG | 00H
WDTRST | Watchdog Timer Reset | AGH

* SFRs are hit addressable.
# SFRs are modified from or added o the B0C51 SFRs.
— Reserved bhits.

OSCILLATOR CHARACTERISTICS

XTALT and XTALZ are the input and output, respectively, of an
inverting ampiifier. The pins can be configured for use as an
on-chip oscillator.

Ta drive the device from an exiernat clock source, XTAL1T should be
drivent while XTAL2 is left unconnected. Minimum and maximum
high and low times specified in the data sheet must be observed.

This device is configured at the factory to operate using 6 clock
periods per machine cycie, referred to in this datasheet as “6 clack
mode”. (This yields performance equivalent to twice that of standard
80C51 family devices). it may be aoptionally configured on
commercialiy-available EPROM pragramming equipment to operate
at 12 clocks per machine cycle, referred to in this datashest as

*12 clock mode”. Once 12 clock mode has been configured, i
cannot be changed back to 8 ciock made.

2000 Aug 21

RESET

A reset is agcomplished by haolding the RST pin high for at least two
machine cycles (12 oscillator perinds in 6 clock made, or 24 oscillator
periods in 12 clock mode), while the ascillator is running. To ensure a
good power-gn reset, the RST pin must be high long enough o aliow
the ascillatar time {o start up {normally a few millisegeonds) plus two
machine cycles. Al power-on, the voltage on Vg and RST musl
come up at the same time for a propar start-up. Poris 1, 2, and 3 will
asynchronously be driven to their reset condition when a voitage
above Yy (min.} is applied to RESET.

The value on the EA pin is latched when RST is deasserted and has
no further effect.
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Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/B4KB ISP/IAP Flash with 512B/512B8/1KB RAM

P89C51RB2/P8IC51RC2/
P89C51RD2

LOW POWER MODES

Stop Clock Mode

The static design enabies the clock speed to be reduced down to

0 MHz (stopped). When the oscillator is stopped, the RAM and
Speciat Function Registers retain their values. This mede allows
step-by-step utilization and permits reduced system power
consumption by lowering the clock frequency down to any value. For
lowest power consumption the Power Down mode Is suggested.

idle Mode

in the idle mode {see Tahble 2}, the CPU puts itself ta sleep while all
of the on-chip peripherals stay active. The instruction to invoke the
idie mode is the last instruction executed in the normal operating
mode before the idle mode is activated. The CPU contents, the
an-chip RAM, and all of the special function registers remain intact
during this mode, The idle mode can be terminated either by any
enabled interrupt (at which time the process is picked up at the
interrupt service routine and continued), or by a hardware reset
which starts the processor in the same manner as a power-on resetl.

Power-Down Mode

To save even more pawer, a Power Down mode (see Table 2) can
be invoked by software. In this made, the oscillator is stopped and
the instruction that invoked Power Down is the last instruction
exgcuted. The on-chip RAM and Special Function Registers retain
their values down to 2.0V and care must be laken to retim Ve o
the minimum specified operating voitages before the Power Down
Mode is terminated.

Either a hardware raset or external interrupt can be used to exit from
Power Down. Reset redefines all the SFRs but does not change the
an-chip RAM. An external interrupt allows bath the SFRs and the
on-chip RAM fo retain their values.

To property terminate Power Down, the reset ar external interrupt
should not be executed before Ve is restored to its normal
operating level and must be held active long enough for the
oscitlator to restart and stabilize (normally less than 10 ms).

With an external interrupt, INTO and INT1 must be enabled and
configured as level-sensitive. Holding the pin low restarts the oscillator
but bringing the pin back high completes the exit. Once the interrupt
is serviced, the next instruction to be executed after RETI will be the
one follawing the instruction that put the device into Power Down.

POWER OFF FLAG

The Power Off Flag (POF)} is set by on-chip circuitry when the Voo
level on the P8BCSTRB2/RCZ/RD2Z rises from 0to 5 V. The POF hit
can be set or cleared by software allowing a user to determine if the
reset is the result of a pawer-on or a warm start after powerdown.
The Vg level must remain above 3 V for the POF to remain
unaffected by the Ve level.

Design Consideration

® When the idle made is terminated by a hardware reset, the device
normally resumes program execution, from where it left off, up ta
twa machine cycles before the intemai reset algorithm fakes
control. On-chip hardware inhibits access to internal RAM in this
event, but access to the port pins is not inhibited. To ekminate the

paossibility af an unexpected write when Idie is terminated by reset,

the instruction following the one that invokes idle should not be
one that writes to a port pin or to external memory.

ONCE™ Mode

The ONCE {“On-Circuit Emulation”) Mode facifitates testing and
debugging of systems without the device having to be removed from
the circuit. The ONCE Mode is invaked by:

1. Pull ALE fow while the device is in reset and PSEN is high;

2. Haold ALE iow as RST is deactivated.

While the device is in ONCE Mods, the Port 0 pins go info a float
state, and the other patt pins and ALE and FSEN are weakly pulled
high. The oscillator circuit remains active. While the device is in this
mode, an emutatar or test CPU can be used to drive the circuit,
Normal operation is restored when a normal reset is applied.

Programmable Clock-Out

A 50% duty cycle clock can be programmed to came out on P1.0.
This pin, besides being a regular O pin, has two alternate
functions. It can be programmed:

1. toinput the extemal clock for Timer/Caunter 2, or

2. to autput @ 50% duty cycle dock ranging from 122 Hz 1o 8 MHz at
a 16 MHz operating frequency (81 Hz ta 4 MHZ in 12 dock mode;j.

Ta configure the TimeriCounter 2 as a clock generator, bit CT2 {in
T2CON) must be cleared and bit T20E in T2MOD must be sel. Bit
TRZ (T2CON.2} also must he set to start the timer.

The Clock-Out frequency depends on the oscillator frequency and
the reload vaiue of Timer 2 capture regisiers (RCAP2H, RCAPZL)
as shown in this equation:

Oscillator Frequency
n = (65536 — RCAP2H, RCAP2L)

n= 2 in 6 clock mode
4 in 12 clack mode

Where (RCAP2H,RCAPZL) = the content of RCAPZH and RCAPZL
taken as a 16-bit unsigned integer.

In the Clack-Out mode Timer 2 roli-overs will not generate an
intetrupt. This is similar to when it is used as a baud-rate generator.
It is possible to use Timer 2 as a baud-raie generator and a clock
generator simultaneausly. Note, however, that the baud-rate and the
Clack-Cut frequency will be the same.

Table 2. External Pin Status Buring Idle and Power-Down Mode

MCDE PROGRAM MEMORY ALE FBEN PORT 0 PORT 1 FORT 2 PORT 3
Idie intemal 1 1 Data Data Data Data
Idie External 1 1 Float Data Address Data
Power-down internal ¢ 0 Data Data Data Data
Power-down External t] 0 Float Data Data Data
2000 Aug 21 10
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TIMER 2 OPERATION

Timer 2

Timer 2 is a 16-bit Timer/Counter which can aperate as sither an
event timer ar an event counter, as selected by CT2* in the special
function register T2CON (see Figure 1). Timer 2 has three operating
medes: Capiure, Auto-relaad (up or down counting), and Baud Rate
Generator, which are selected by bits in the T2CON as shawn in
Table 3.

Capture Mode

In the capture made there are two optians which are selected by bit
EXENZ in T2CON. If EXENZ=0, then timer 2 is a 16-bit timer or
counter {as selected by C/T2* in T2CON) which, upon overflowing
sets bit TF2, the timer 2 overflaw bit. This hit can be used to
generate an interrupt {by enabling the Timer 2 inlerrupt bit in the

IE register). If EXEN2= 1, Timer 2 operates as described abave, but
with the added feature that a 1~ to -Q transition at extemnal input
T2EX causes the current value in the Timer 2 registers, T1.2 and
TH2, to be captured into registers RCAP2L and RCAP2H,
respectively. In addition, the transition at T2EX causes bit EXF2 in
T2CON to be set, and EXF2 like TF2 can generate an interrupt
{which vectors to the same location as Timer 2 overflow interrupt.
The Timer 2 interrupt service roufine can interragate TF2 and EXF2
to determine which event caused the interrupt), The capture mode is
itustrated in Figure 2 (There is no reload value for TL2 and TH2 in
this mode. Even when a capture event accurs fram TZEX, the
counter keeps on counting T2EX pin fransitions or 056/6 pulses
{osc/12in 12 clock mode).),

Auto-Reload Mode (Up or Down Counter)

In the 16-bit auto-reload mode, Timer 2 can be configured {as either
a timer or counter [C/T2* in TZCON]) then programmed to count up
or down. The counting direction is determined by bit DCEN (Down

Counter Enable) which is located in the T2MOD register {see
Figure 3), When reset is applied the DCEMN=( which means Timer 2
will default to counting up. If DCEN bil is set, Timer 2 can count up
or down deperding on the value of the T2EX pin,

Figure 4 shows Timer 2 which will count up autamatically since
DCEN=Q. in this made there are twe options selected by bit EXENZ
in T2CON register. (f EXEN2=0, then Timer 2 counts up to OFFFFH
ang sets the TF2 (Overflow Flag) bit upon overfiow. This causes the
Timet 2 registers fo be reloaded with the 16-bit value in RCAP2L
and RCAPZH. The values in RCAPZL and RCAP2H are preset by
software means.

If EXEN2=1, then a 16-bit reload can be triggered either by an
overflow ar by a 1-to-0 transition at input T2EX. This transition also
sets the EXF2 bit. The Timer 2 interrupt, if enabled. can be
generated when either TF2 or EXF2 are 1.

in Figure 5 DCEN=1 which enables Timer 2 to caunt up or down.
This mode ailows pin T2EX to control the direction of count. When a
logic 1 1s applied at pin TZEX Timer 2 will count up. Timer 2 will
overflow at OFFFFH and set the TF2 Rag, which can then generate
an interrupt, if the interrupt is enabled. This timer overflow aiso
causes the 16-bit value in RCAP2L. and RCAP2H to be reloaded
into the timer registers TL2 and TH2.

When a logic 0 is applied at pin T2EX this causes Timer 2 to count
down. The timer will underfiow when TL2 and TH2 become equal to
the vaiue stored in RCAP2L and RCARPZRH. Timer 2 underflow sets
the TF2 flag and causes OFFFFH to be reloaded into the timer
registers TL2 and TH2.

The externai fiag EXF2 toggles when Timer 2 underflows or cverflows.
This £XF2 bit can be used as a 17th bit of resolution if needed. The
EXFZ flag does not generate an interrupt in this mode of operation,

{MSB) (LSB)
TF2 EXF2 RCLK TCLK EXENZ TR2 CiTZ CPIRLZ

Symbol Pusition Name and Significance

TF2 T2COM.7  Timer 2 overflow flag set by a Timer 2 overftow and must be cleared by software, TF2 will not be set
when either RCLK or TCLK = 1.

EXF2 T2CON.6  Timer 2 external flag set when either a capture or reicad Is caused by a negative transition on T2EX and
EXENZ2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector ta the Timer 2
interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in upfdown
counter made (DCEN = 1},

RCLK T2CON.5  Receive clock fiag. When set, causes the seriat port to use Timer 2 overflow pulses for its receive clock
in modes 1 and 3. RCLK = 0 causes Tuner 1 overflow 10 be used for the receive clock.

TCLK T2CON4  Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clack
in modes 1 and 3. TCLK = G causes Timer 1 overflows to be used for the transmif clock,

EXENZ2 T2CON.3  Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative
transition on T2EX if Timer 2 is not being used ta clock the serial port. EXENZ = Q causes Timer 2 to
ignore events at T2EX.

TR2 T2CON.2  Start/stop controi for Timer 2. A logic 1 starts the timer.

Crez T2CON.1  Timer or courter select. (Timer 2}

0 = Internal timer {OSC/6 in 6 clock mede or OSC/12 in 12 clock maode)
1 = External event counter {faliing edge triggered).

CRRIZ T2CON.O  Caplure/Reload fiag. When sel, captures will occur an negative transitions at T2EX if EXEN2 = 1. When
cleared, auto-reloads will occur either with Timer 2 overflows or negative transitions at T2EX when
EXENZ = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced ta auto-reload
an Timer 2 overflow.

SU01251

Figure 1. Timer/Counter 2 (TZCON) Control Register
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Table 3. Timer 2 Operating Modes

RCLK + TCLK CPIRLZ TR2 MODE
0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud rate generatar
X X 0 {off)
TS (BTIb-i?s} ‘;:35) TF2
CAZ=1
72 Pin E Gantral
1SN
TR2 Capture
Transition Timar 2
Datattor :I}" intarrupt
l RCAP2L. RCAPZM
TZEX Pin  ——m= /\_ ,_,_-/c EXF2
Controd
EXENZ Sua 1252

*n =§in 6 clock mode, or 12in 12 clock mode.

Figure 2. Timer 2 in Capture Mode

T2MOD Address = 0C9H Reset Value = XXXX XX008

Mot Bit Addressable

N T20E DCEN

Bit 7 6 8 4 3 2 1 g

Symboi Function

— Not implemented, reserved for future use.”
T20E Timer 2 Dutput Enable bit.
DCEN Dawn Count Enable bit. When set, this allows Timer 2 to be configured as an up/cown counter.

+  User software shauld not write 1s to reserved bits, These bits may be used in future 8051 family products o invake new features.
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a reserved bitis

indeterminate.
SU00729

Figure 3. Timer 2 Mode (T2MOD) Control Register
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. TLz TH2
T (3-BITS) BBITS)
CTZ=1 X
T2 PIN CONTROL
—-
TRZ  ppoan
TRANSITION
DETECTOR RGAPZL RCAPZH
l 1 TF2
! . TIMER 2
: INTERRUPT
T2EX PN ~—ae] /\_ —— . EXF2
CONTROL
EXENZ SU0?253

*n =6in 6 dlock mode, or 12 in 12 dock mode.

Figure 4. Timer 2 in Auto-Reload Maode (DCEN = 0}

(DOWN COUNTING RELGAD VALUE}

FEH FFH A
] exez
= |
OVERFLOW
oo Tz TH2 : TF2 INTERRUPT
T2 PIN —’ CMT=1 :
CONTROL
TRZ COUNT
| DIRECTION
1=Up
0 = DOWN
RCARZL RCAPZH
{UP COUNTING RELOAD VALUE} T2EX PIN
*n=6in6 clock mode, or 12 In 12 clock mode. ’ SU01254

Figure 5. Timer 2 Auta Reload Mode (DCEN = 1)
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Timar 1
Overflow

1 Control

EXENZ

0sC
C2=0o
Y T2 TH2
\ (8-hits) (B-hitg)
CfZ=1 .
72 ¥in Controf
TR2 Reload
Transition
Detegtor RCAPZL RCAPZH .
| + 16 [ —® TX Clack
¥
raexen —of o B P I, L

Z‘— Note availatifity of additional external interrupt.

SLio1213

Figure €. Timer 2 in Baud Rate Generator Mode

Table 4. Timer 2 Generated Commonly Used

Baud Rates
Baud Rate Timer 2
12 clock | 6clock | OscFrea
mode mode RCAP2H | RcAP2L
375k 750 k 12 MHz FF FF
96k 192 k 12 MHz FF ol
2.8k 56k 12 MHz FF B2
24K 48k 12 MHz FF 64
1.2k 24k 12 MHz FE c8
300 600 12 MHz FB 1E
[+ 220 12 MHz £2 AF
300 800 6 MHz FD 8F
110 220 6 MHz F9 57

Baud Rate Generator Mode

Bits TCLK andfor RCLK in T2CON (Table 4) allow the serial port
fransmit and receive baud rates to be derived fram either Timer 1 or
Tirner 2. When TCLK= 0, Timer 1 is used as the serial port transmit
baud rate generator. When TCLK= 1, Timer 2 is used as the serial
port transmit baud rate generator. RCLK has the same effect for the
serial port receive baud rate. With these twa bits, the serial port can
have different receive and transmit baud rates — one generated by
Timer 1, the other by Timer 2.

Figure 6 shows the Timer 2 in baud rate generation mode. The baud
rate generation made is like the auto-reload mode,in that a roflover in
TH2 causes the Timer 2 registers to be reloaded with the 15-bit value
in registers RCAP2H and RCAP2L, which are preset by software.
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The baud rates in modes 1 and 3 are determined by Timer 2's
overfliow rate given below:

Timer 2 Qverflow Rate

16
The timer can be configured for either “timer™ ar “counter” operation.
in many applications, it is configured far “limer” operation (C/T2*=0}.
Timer operation is different for Timer 2 when it is being used as a
baud rale generator.

Modes 1 and 3 Baud Rates =

Usually, as a timer it would increment every machine cycle {ie.,

1/5 the psdillator frequency in 6 clock mode, 142 the oscillator
fraguency in 12 clock mode). As a baud rate generator, it increments
at the oscillator frequency in 6 clock mode (95C/; in 12 clock mode).
Thus the baud rate formula is as follows:

Medes 1 and 3 Baud Rates =
Oscillator Frequency
[ n* x [65536 — (RCAP2H, RCAP2LI]]
*n= 16 in & clock mada
32 in 12 clock moda
Where: (RCAP2ZH, RCAP2L)= The content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

The Timer 2 as a baud rate generator moade shown in Figure B, is
valid aniy if RCLK andéor TCLK = 1 in T2CON register. Note that a
rotlaver in THZ does not set TF2, and will not generate an interrupt.
Thus, the Timer 2 interrupt does not have to be disabled when
Timer 2 is in the baud rate generator mode. Alse if the EXEN2

(T2 external enable ftag) is set, a 1-to-G transition in T2EX
(Timericaunter 2 rigger input) will set EXF2 (T2 external flag) but
will not cause a reload from (RCAP2H, RCAPZL) to (TH2,TL2).
Therefore when Timer 2 is in use as a baud rate generator, T2EX
can be used as an additional external interrupt, if needed.
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When Timer 2 is in the bgud rate generator mode, ane should not try
to read or write TH2 and TL2. As a baud rate generator, Timer 2 is
incremented every state time (056/2) ar asynchronously from pin T2,
under these conditions, a read or wtite of TH2 or TL2 may not be
accurate. The RCAP2 registers may be read, but should not be
written 1o, because a write might overlap a reload and cause write
and/or reioad errors. The timer should be tumed aff {cfear TR2)
before accessing the Timer 2 or RCAP2 registers.

Table 4 shows commonly used baud rates and how they can be
abtained from Timer 2.

Summary of Baud Rate Equations
Tirer 2 is in baud rate generating mode. If Timer 2 is being clocked
through pin TZ{P1.0} the baud rate is:

Baud Rate = Timer 2 Overflow Rate

If Timer 2 Is being clocked internally, the baud rate is:

fosg
I % (65538 = (RCAPZH, RCAPAL]

16 in 6 clock mods
32in 12 clock mode

Baud Rate =

*a=

Where fngc= Uscillator Frequency

To chtain the reload value for RCAP2ZH and RCAPRZL. the above
equation can be rewiitten as:

f
= . fosc
RCAPZH, RCAP2L = 65536 (n, e Ra‘e)

TimeriCounter 2 Set-up
Excapt for the baud rate generator mode, the values given far T2CON

16 do net include the setting of the TR2 bit. Therefore, bit TR2 must be
set, separately, to tum the timer on. see Table 5 for set-up of Timer 2
as a timer. Also seg Table B for set-up of Timer 2 as a counter,
Table 5. Timer 2 as a Timer
T2CON
MODE INTERNAL CONTROL EXTERNAL CONTROL,
{Note 1) {Note 2)
16-bit Auta-Reload 00H 08H
16-hbit Capture 01H 0%H
Baud rate generator receive and transmit same baud rate 34H 36H
Receive oniy 24H 26H
Transmit anly 14H 1BH
Table 6. Timer 2 as a Counter
TMOD
MODE INTERNAL CONTROL EXTERNAL CONTROL
{Note 1) {Naote 2]
16-hit b2zZH CAH
Auto-Reload 03H 0BH
NOTES:

1, Capturefreload occurs only on timer/counter overflaw.

2. Capturefreload cccurs an timer/counter overflow and a 1-tc-0 transition on T2EX (P1.1} pin except when Timer 2 is used in the baud rate

generatar made.

2000 Aug 21
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Enhanced UART

The UART operates in all of the usual modes that are described in
tha first section of Dafa Handbook 1C20, 80C5 1-Based 8-Bit
Microconiroliers. In addition the UART can perform framing error
detect by looking for missing stop bits, and automatic address
recognition. The UART ailso fully supports multiprecessor
communication as does the standard 80C51 UART.

When used for framing error detect the UART loaks for missing step
bits in the communication. A missing bif wili set the FE bit in the
SCON register. The FE bit shares the SCON.7 bit with SM0 and the
function of SCON.7 is determined by PCON.6 (SMODQ) (see
Figure 7). If SMODD is set then SCON.7 functions as FE. SCON.7
functions as SM0 when SMODO is cleared. When used as FE
SCON.7 can only be cleared by software. Refer to Figure 8.

Automatic Address Recogtition

Automatic Address Recognition is a feature which aflows the UART
to recagnize certain addresses in the serial bit stream by using
hardware to make the comparisans, This fealure saves a great deal
of software overhead by eliminating the need for the software to
exarmine every serial address which passes by the serial pori. This
feature is ensbled by setting the SM2 bit in SCON. In the 8 bit UART
modes, mode 2 and mode 3, the Receive Interrugt flag (R} will ke
automatically set when the received byte contains either the “Given”
address or the "Broadcast” address. The 9-bit mode requires that
the 9th infarmation bit is a 1 to indicate that the received information
is an address and not data. Autcmatic address recegnition is shown
in Figure 9.

The 8 it mode is called Mode 1. In this mode the Rl flag will be set
if SM2 is enabled and the information received has a valid stop bit
fallowing the 8 address bits and the informaticn is either a Given or
Broadcast aadress.

Mode 0 is the Shift Register made and SM2 is ignared.

Using the Automatic Address Recognition feature allows a masterto
selectively communicate with one ar more slaves by invoking the
Given slave address or addresses. All of the slaves may he
contacted by using the Broadcast address. Two special Function
Registers are used {o define the slave’s address, SADDR, and the
address mask, SADEN, SADEN is used to define which bits in the
SADDR are to b used and which bits are “don't care”. The SADEN
mask can be logically ANOed with the SADDR to create the "Given’
address which the master will use for addressing each of the siaves.
Use of the Given address ailows mulfipie slaves to be recognized
white sxcluding athers. The following examples will help to show the
versatility of this scheme:

Slave 0 SADDR = 1106 0000
SADEN = 1114 1101
Given = 1100 00X0

2000 Aug 21
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Slave 1 SADDR = 1100 0OCO
SADEN = 1111 1110
Given = 1100 000X

In the above example SADDR js the same and the SADEN data is
used to differentiate between the two slaves. Slave Qrequires a 0in
bit 0 and it igrores bit 1. Slave 1 requires a 0in bit 1 and bit 0 is
ignarad. A unique address for Slave O would be 1100 0010 since
slave 1 reguires a 0 in bit 1. A unique address for slave 1 wouid be
1100 0001 since & 1 ir bit 0 will exclude slave 0. Both slaves can be
selected at the same time by an address which has bit 0 = G (for
stave 0) and bit 1 = 0 {for slave 1). Thus, both could be addressed
with 1100 0000.

in a more complex system the foliowing could be used to select
slaves 1 and Z while excluding siave 0

Slave 0 SADDR = 1100 0000
SADEN = 141 1601
Given = 1100 GXXO
Siave 1 SADDR = 1110 0000
SADEN = 11111010
Given = 1119 0X0X
Slava 2 SADDR = 1110 0008
SADEN = 11111100
Given = 1110 00XX

In the above example the differentiation among the 3 staves is in the
lower 3 address hits. Slave 0} requires that bit 0 = § and it can be
uniguely addressed by 1110 0110, Slave 1 requires that bit 1 =0 and
it can be uniquely addressed by 1110 and 0101. Slave 2 requires
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0
and 1 and exclude Slave 2 use address 1110 0100, since itis
necessary to make bit 2 = 1 to exclude slave 2.

The Broadcast Address for each sfave (s created by taking the
logicat OR of SADDR and SADEN. Zeros in this result are trended
as don't-cares. in most cases, interpreting the don't-cares as ones.
the broadcast address will be FF hexadecimal.

Upon reset SADDR (SFR address 0A8H} and SADEN {SFR
address 0B9H} are lsaded with 0s. This produces a given address
of ali “dan’t cares” as well as a Broadcast address of all "don't
cares”. This effectively disables the Automalic Addressing mode and
aliows the microcantrofler to use standard 80C51 type UART drivers
which do not make use of this feature.
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SCON Address = 98H Reset Vaiue = 0000 Q0008
Bit Addressable
[sworE | sw1 | sm2 | mew | 183 | res IR
Bit: 7 3} 5 4 3 2 1 0
(SMQDO = o/ 1)
Symbo! Function
FE Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by vatid
frames bul shauld be cleared by software. The SMCDQ bit must be set to enable access to the FE bit.
SMg Sertal Part Made Bit 0. (SMODO must = 0 to access hit SME)
SMH Serial Part Mode 8it 1
SMo SM1 Mode Description Baud Rate*™
g 0 0 shift register fasc/B (B clock mode) or fogof1 2 (12 clock mode)
9 1 1 8-bit UART variabig
1 i} 2 9-bit UART fosef32 or fage/16 {6 clock mode) ar
fosc/64 or fgscf32 {12 clock mode)
1 1 3 9-bit UART vanabie
SM2 Enables the Automalic Address Recognition festure in Medes 2 or 3. If SM2 = 1 then Rl will not be set unless the

received 9th data bit (RB8) is 1, indicating an address, and the received byie is & Given ar Broadcast Address.
tn Mode 1, if SM2 = 1 then Rl will not be activated unless a valid slop bit was receivad, and the received byte is a
Given: or Broadcast Address. in Mode 0, SM2 should be 0.

REN Enables serial reception. Set by software to enable reception. Clear by software to disable reception.
TBs The 9th data bit that wilt he transmitted in Mades 2 and 3. Set or clear by software as desired.
RB8 in mades 2 and 3, the 8th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop bit that was received.
in Mode 0, RE§ is not used.
T! Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Made @, or at tha beginning of the stop bit in the
ather modes, in any serial transmission, Must be cleared by saoftware.
RI Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode D, or halfway through the stop bit fime in
the aother modes, in any seral reception {except see SM2). Must be cleared by saoftware.
NOTE:
*SMODN is located at PCONG.
““fose = osctiator frequancy SUD1255

Figure 7. SCON: Serial Port Control Register
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;

| ) ) E E) ) & &) & |

a T
ST3A$T DATABYTE ONLY IN STOP
i

MCOE 2.3 BIT

‘o/q--i-m-—-—-—-—-—— SETFE BIT IF 5TOP BIT IS 0 (FRAMNG ERROR)

Q"% 50 TO UART MODE CONTROL

H

SMOJFE | =m1 sM2 REN Tas R&8 T RI SCON
(26H)
PCOI
sMoD1 | sMmopo - POF LvF GFO GF1 IDL fa?HT
0: SCONT = SMO
1:SCON7 = FE
SUO0B0
Figure 8. UART Framing Error Detection
SCON
sMe SM1 sM2 REM 188 RBE n Ri o)
3
1 . i 3 %
1 o
RECEIVED ADDRESS D0 7O D7 ——rarm-sn—ion BEnLE {
PROGRAMMED ADDRESS —— | COMPARAT
IN UART MODE Z OR MODE 3 AND SM2 = 1
INTERRUPT {F REN=+%, RE8=1 AND “RECEIVED ADDRESS" = *PROGRAMMED ADDRESS"
~ WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO RECEIVE DATA BYTES
~WHEN ALL DATA 8YTES HAVE BEEN RECEIVED: SET SM2 TO WAIT FOR NEXT ADDRESS,
SUO0045

Figure 9. UART Multiprocessor Communlication, Automatic Address Recognition
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interrupt Priority Structure
The PBECS1RB2/RC2/RD2 has a 7 saurce faur-tevel interrunt
structure (see Table 7).

There are 3 SFRs associated with the four-level interrupt. They are
the IE, IR, and IPH. (See Figures 10, 11, and 12.} The iPH (Interrupt
Priority High) register makes the four-level interrupt structure
possible. The IPH is located at SR address B7H. The structure aof
the IPH regisier and a description of its bits is shown in Figure 12.

The function of the IPH SFR. when combined with the 1P SFR,
determines the priority of each interrupt. The priority of each
interrupt is determined as shown in the following table:

PRICRITY BITS
INTERRUPT PRIORITY LEVEL
IPH.x IB.x
0 o] Level O {lowest priority)
1] 1 Level 1
1 0 Leve] 2
1 1 Level 3 (highest priarity)
Table 7.  Interrupt Table

The priarity scherne for servicing the interrupts is the same as that
for the BCCS51, except there are four interrupt levels rather than two
as on the 80C51, An interrupt will be sarviced as ieng as an interrupt
of equai or higher priority is nat already being serviced. if an
interrupt of equat or higher fevel priority is being serviced, the new
interrupt will wait until # is finished before being serviced. If a lower
priority level interrupt is being serviced, it will be stopped and the
new interrupt serviced. When the new interrupt is finished, the lower
priarity ievel interrupt that was stopped will be completed.

SOURCE POLLING PRIORITY REQUEST BITS HARDWARE CLEAR? VECTOR ADDRESS
X0 1 IEq N(L)T Y (TR a3H
T0 2 TPD Y aBH
X1 3 1IE1 N{L} Y(T) 13H
T4 4 TFA Y 1BH
PCA 5 CF, CCFn N 334
n=g+4
sp 8 RI, Tl N 23H
T2 TF2, EXF2 N ZBH
NOTES:
1. L = Level activated
2. T = Transition activated
7 6 5 4 3 2 1 [+
IE (0ABH) EA EC ET2 ES ET1 EX1 ETD EX0
Enable Bit = 1 enables the interrupt.
tnable Bif = d disables it.
BIT SYMBCOL FUNCTION
IE.7 EA Global disable bit. If EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individually
enabled or disabled by setling or clearing its enabie bit.
IE.§ EC PCA interrupt enable bit
iE.5 ETZ Timer 2 interrupt enable bit.
IE.4 ES Serial Port interrupt enable bit.
IE.3 ETi Timer 1 interrupt enable bit.
iE.2 EX1 External interrupt 1 enable bit.
IE.1 ETO Timer Q interrupt enable bit.
IE.G EXD Externat interrupt D enable bit. SUo1240

Figure 10, IE Registers
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7 [ 5 4 3 2 1 1]
IF {0B8H) - PPC PT2 PS PT PX1 PTG PX0

Priority Bit = 1 assigns high priority
Priorty Bit = G assigns low priority

BIT SYMBOL FUNCTION

IP7 - -

P& PPC PCA interrupt priority hit

iP5 PT2 Timer 2 interrupt profity bit.

P4 Ps Serial Part interrupt priority bit,

IP.3 PT1 Timer 1 interrupt priority bit.

P2 PX1 Externat interrupt 1 priority bit.

IP1 PTG Timer Q0 interrupt priarity bit.

PO PX0 External interrupt O priority bit. Jp—

Figure 11, IP Registers
7 § 5 4 3 2 1 "]
IPH (BTH) - PPCH | PT2H | PSH PTIH | PX1H | PTOH | PXOH

Priority Bit = 1 assigns higher priority
Priority Bit = 0 assigns lower priority

BIT SYMBOL FUNCTION

IPH.7 - -

IPH.B PPCH PCA interrupt priority bit

IPH.5 PT2H Timer 2 interrupt priority bit high.

1PH.4 PSH Serial Port interrupt priority bit high.

IPH.3 FT1H Timer § interrupt priority bit high.

IPH.2 PX1H Externai interrupt 1 priority bit high.

IPH.1 PTOH Timer { interrupt priotity bit high.

iPH.0 PX0H External interrupt O priority bit high. SUB12%2

Figure 12. |PH Registers
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Reduced EM] Mode
Tne AO bit (AUXR.0}in the AUXR register when set disables the
ALE output.

Reduced EMI Mode

AUXR {SEH)

7 & 5 4 3 2 1 0
1 -7 -1 -1-1 [extram { a0 |
AUXR.1 EXTRAM
AUXR.O AQ Tums off ALE output.

Duai DPTR

Tne dual DPTR structure (see Figure 13} is a way by which the chip
wilt specify the address of an external data memory [pcation. There
are two 18-bit DPTR registers that address the external memory,
and a singls bit called DPS = AUXR1/bitQ that allows the program
code to switch between them.

® New Register Name: AUXR1#
# SFR Address: A2H

# Reset Valus: xoooox0B

AUXR1 {A2ZH)

7 5 5 4 3 2 1 o
] - Teseoor | - Jerz [ o | - | ors |
Where:

DPS = AUXR1/bit0 = Switches hetween DPTRO and DPTR1.

Select Reg BPS
DPTRO 0
DPTRA 1

The DPS bit status should be saved by software when switching
between OPTRO and DPTRA1.

The GF2 bitis a general purpose user-defined flag. Note that bit 2 is
not writable and is always read as a zero, This allows the DPS bit to
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be quickly toggled simply by executing an INC AUXR1 instruction
without affecting the GF2 bit.

The ENBOOT bit determines whether the BOOTROM is enabled
or disabled. This bit will automatically be set if the status byte is
nan zero during reset of PSEN is pulled low, ALE floats high, and
EA > Viy on the falling edge of reset. Otherwise, this bit will be
cleared during reset.

. T~
]
| o5 | :
[}
BITO .
AUXR? : | SPTRT ™
! DPTR?
DPH  DPL e
@3H)  (32H) EXTERNAL
CATA
MERORY
SLO0745A
Figure 13.

DPTR instructions
The instructions that refer to DPTR refer to the data pointer that is
currently selected using the AUXR1/bit O register. The six
instruclicns that use the DPTR are as foilows:
INC DPTR
MOV DPTR, #galal6
MOV A, @ AtDPTR
MOVX A, @ DPTR

Increments the data pointer by 1
Loads the DPTR with a 16-bit canstant
Move code hyte relative to DPTR 1o ACC

Move external RAM (16-bit address) to
ACC

Move ACC to external RAM (16-bil
address)

MOVX @ DPTR , A

JMP @ A + DPTR Jump indirect relative to DPTR

The data pointer can be accessed on a byte-by-byte basis by
specifying the low or high byte in an instruction which accesses the
SFRs. See Application Note AN458 for more details.
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Programmable Counter Array {PCA)

The Programmable Counter Array availakble on the
89C51RB2/RC2/RDZ is a special 16-bit Timer that has five 16-pit
capture/compare moduies associated with it, Each of the modules
can be programmed to operate in cne of four medes: rising and/or
falling edge caplure, software timer, high-speed output, or pulse
width modulator. Each module has a pin assaciated with it in port 1.
Madule 0 is connected fo P1.3(CEXQ}, module 1 1o P1.4(CEX1), elc.
The basic PCA configuration is shown in Figure 14,

The PCA timer is a comman time base far ail five modules and can
be programmed fo run at: 1/6 the oscillator frequency, 1/2 the
oscillator frequency, the Timer 0 overflow, or the input on the ECI pin
(P1.2). The timer count source is determined from the CPS1 and
CPS0 bits in the CMOD SFR as follows (see Figure 17):

CPS1 CPS8 PCA Timer Count Source

a 0 /6 oscillator frequency {6 clock mode);
1112 oscillator frequency {12 cleck made)

s} 1 1/2 osciltator freguency (6 ctock mode);
1/4 oscillater freguency (12 clock mode)

1 0  Timer 0 overflow

1 1 External Input at ECI pin

in the CMQD SFR are three additional bits associated with the PCA.
They are CIDL which allows the PCA to stop during idle mede,
WDTE which enables or disables the watchdag function on

module 4, and ECF which when set causes an interrupt and the
PCA overflow flag CF {in the CCON SFR) to be set when the PCA
timer overflows. These fungtions are shown in Figure 15.

The watchdog timer function is implemented in module 4 (see
Figure 24}.

The CCON SFR cantains the run control bit for the PCA and the
flags for the PCA timer {CF) and each module (refer to Figure 18).
To run the PCA the CR bit (CCON.B} must be set by software. The
PCA is shut off by clearing this bit. The CF bit {CCON.7) is set when

the PCA counter averflows and an interrupt will be generated if the
ECF bit in the CMOD register is set, The CF bit can only be cleared
by software. Bits O through 4 of the CCON register are the flags for
the modules {bit O for moduie 4, bit * for module 1, etc.) and are set
by hardware when either a match or a capture occurs. These flags
also can anly be cleared by software. The PCA interrupt system
shown in Figure 16,

Each module in the PCA has a special function register associated
with it. These registers are: CCAPMA for medule O, CCAPM? for
modute 1, etc. (see Figure 18). The registers contain the bits that
contrgi the mode that each module will operate in. The ECCF bit
{CCAPMn.0 where n=0, 1, 2, 3, or 4 depending on the modute}
enables the CCF flag in the CCON SFR to generate an interrupt
when a match ar compare occurs in the associated module. PWM
(CCAPMN. 1) enables the pulse width madulalion mede. The TOG
bit (CCAPMN.2) when set causes the CEX output associated with
the module to toggle when there is @ match between the PCA
counter and the module's capture/eompare register, The match bit
MAT (CCAPMR.3) when set will cause the CCFn bit in the CCON
register to be set when there is a match between the PCA counter
and the module's capture/compare register.

The next two bils CAPN (CCAPMN.4) and CAPP (CCAPMN.5)
determing the edge that a capfure input will be active an. The CAPN
bit enables the negative edge, and the CAPP bit enables the positive
edge. If both bits are set both edges will be enabled and a capture will
oceur for either transition. The last bit in the register ECOM
{CCAPMnN.6) when set enables the comparator function. Figure 20
shows the CCAPMn setlings far the various PCA functions.

There are two additional registers associated with each of the PCA
modules, They are GCAPnH and CCAPnL and these are the
registers that store the 16-bit count when a caplure gocurs or &
compare should oscur. When a module is used in the PWM mode
these registers are used to control the duty cycle of the output.

o 18BITS

MODULE 0 I‘—-—f’D P1.3/CEXD

MODULE 1

-1————-—~—DD PY.AICEX]

16 BITS A_i

PCA TIMER/KCOUNTER

MODULE 2

-————— "] P15CER2

TIME BASE FOR PCA MODULES |
1

16-B17 TIMER

16-BIT HIGH SPEED QUTPUT

8-8IT PWiM

WATCROGG TIMER (MODULE 4 ONLY)

16-BIT CAPTURE I

. P} MODULE 3 oot oo
MOCDULE FUNCTIONS: &

-] PLEICEXS
] iricexs

SUG0032

Figure 14. Programmahble Counter Array {PCA}
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Phitips Semiconductors Prefiminary specificalion

80C51 8-bit Flash microcontroller family P89C51RB2/P83C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
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Figure 15. PCA Timer/Counter
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Figure 16. PCA Interrupt System
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Philips Semiconductors Prefiminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P8I9CS51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM PE9C51RD2
CMOR Address = D9H Reset Value = 00XX X0008
cibL WDTE - - - chPsi cPso ECF
Bit: 7 6 5 4 3 2 1 i}
Symbol Function
CIDL Counter Idle cantrol: CIDL = Q programs the PCA Ccunter o continue functioning during idle Mode. CIDL = 1 programs
it to be gated off during idle.
WOTE Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. WOTE = 1 enables it.
- Not implemented, reserved for future use.*
CPS1 PCA Count Pulse Select bit 1.
CPSO PCA Count Pulse Select bit 0.
CPS1 CPS0 Selected PGA Input*™*
o 0 Q Internal clock. foge/6 in 8 clock made (foggf12 in 12 clock mede)
b 1 1 Internal clack, fose/2 in B ciock mode (fage/d in 42 clock mode)
1 0 2 Timer 0 overfiow
1 1 3 External clock at ECI/P1.2 pin
{max. rate = fnge/4 in 6 clock made, foos/8 in 12 clock mode)
ECF PCA Enable Counter Overflow interrupt: ECF = { enables CF bitin CCON to genarate an interrupt. ECF = { disables
that function of CF.
NQTE:

" User software should not write 15 to reserved bils. These bits may be used in future 805% family praducts fo invoke new features, In that case, the resel or inactive value of the
new bit will be 0, and its active value will be 1. The vaiue reac from a resefved bil is indelerminale.
* fosg = osdllator fraquency

SUD1318
Figure 7. CMOD: PCA Counter Mode Register
CCON Address = D8H Reset Value = 00X0 QO00B
Bit Addressable
CF CR - CCF4 CCF3 CCF2 CCF1 CCFO
Bit: 7 6 5 4 3 e 1 0
Symbol Function
CF PCA Counter Overflow flag. Set by hardware when the counter rolis over. CF flags an interrupt if bit ECF in CMOD is
set. CF may be sef by either hardware or software but can only be cleared by software.
CR PCA Counter Run controf hit. Set by saftware 1o turn the PCA counter on. Must be cleared by software to turn the PCA
counter off,
- Neot implemented, reserved for future use®.
CCF4 FCA Module 4 interrupt flag. Set by hardware when a match or capture accurs. Must be cleared by software.
CCF3 PCA Module 3 interrupt flag. Set hy hardware when a match or capture occurs. Must be cleared by software.
CCF2 PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software.
CCF1 PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software.
CCFO PCA Module Q interrupt flag. Sst by hardware when a match or capture occurs. Must be cieared by software.
NOTE:

*  iJsar softwara should not write 1s o resarved bits. These bits may be used in futre 8051 family products to invoke new features. In that case. Ihe reset o inactive value of the
new bit will be O, and iis active value wilf be 1. The vatue read from a reserved bil is indelerminata,

SUQ13i8

Figure 18, GCON: PCA Counter Controi Register
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Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89CS51RB2/P89CH1RC2/
P8AC51RD2Z

CCAPMn Address CCAPMO  ODAH Reset Vaiue = X000 00008
CCAPMt ODBH
CCAPMZ2  ODCH
cCcaPM3  DDDH
CCAPM4  ODEH
Not Bit Addressable
- ECOMn | CAPPn | CAPNn MATh TOGn PWMn | ECCFn
Bit: 7 B 5 4 2 1 g]
Symbol Function
- Not implermented, reserved for future use*.
ECOMn Enable Comparator. ECOMn = 1 enables the comparater function.
CAPPR Capture Positive, CAPPn = 1 enables positive edge capture,
CAPNn Capture Negative, CAPNn = 1 enables negative edge caplure,
MATn Match. When MATn = 1, a match of the PCA counter with this module’s compare/capture register causes the CCFn hit
in CCON to be set, flagging an interrupt.
TQGn Toggle, When TOGn = 1, a match of the PCA counter with this module's compare/capture register causes the CEXn
pir to taggle.
PWMn Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin ta be used as a pulse width modutated output.
ECCFn Enable CCF interrupt. Enables compare/capture fiag CCFn in the CCON register to generate an interrupt.
NOTE: '

*User software should hot wiite 15 16 reserved bits. These bits may be used in future B051 family producls to invoke new featires. In that case. the resel or Inactive value of the new
bit wili be 0. ard its aclive value will be !. The value rezd fram a resarved bil is indeterminate.

SU01320

Figure 19, CCAPMn: PCA Modules Compare/Capture Regijsters

- ECOMn | CAPPn | CAPNn | MATn TOGn PWMn } ECCFn MODULE FUNCTION

X 4] Q 1] 0 0] 8] V] No operation

X X 1 G 0 0 0 X 16-bit capiure by a posilive-edge trigger on CEXn
X X 0 1 0 0 G X 16-bit capture by a negative trigger on CEXn

X X 1 1 a 0 0 X 16-bit caplure by a jransition an CEXn

X i a 0 1 0 G X 16-bit Software Timer

X 1 i D 1 1 ] X 16-bit High Speed Output

X 1 0 0 g 0 1 0 8-bit PWiM

X 1 0 0 1 X *] X Watchdog Timer

Figure 20. PCA Maodule Modes (CCAPMn Register)

PCA Capture Mode

To use one of the PCA modules in the capture mode either one or
bath of the CCAPM bits CAPN and CAPP for that module must be
set, The external CEX input for the moduie (on port 1) is sampled for
a transition. When a valid transition occurs the PCA hardware loads
the value of the PCA counter registers {CH and CL}into the
maodule's capture registers {CCAPnL and CCAPnH). If the CCFn bit
for the module in the CCON SFR and the ECCFn bit in the CCAPMn
SFR are set then an interrupt will he generated. Refer to Figure 21,

16-bit Software Timer Mode

The PCA modules can be used as software timers by setting bath
the ECOM and MAT bits in the modules CCAPMn register. The PCA
timer will be compared to the module’s capture registers and when a
match ccours an interrupt will occur if the CCFn (CCON SFR) and
the ECCFn (CCAPMN SFR) bits for the module are hath set (see
Figure 22).

High Speed Qutput Mode
In this mode the CEX output {on port 1} associated with the PCA
module will teggle each time & match occurs between the PCA

2000 Aug 21
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counter and the module's capture registers. To activate this mode
the TOG, MAT, and ECOM bits in the modula's CCAPMn SFR must
be set {see Figure 23).

Pulse Width Madulator Maode

All of the PCA modules can be used as PWM autputs. Figure 24
shows the PWM function. The frequency of the output depends on
the source for the PCA timer. All of the madules will have the same
frequency of output because they ali share the PCA timer. The duty
cycle of each module is independently variable using the module’s
capture register CCAPLn. When the value of the PCA CL SFRis
less than the value in the module's CCAPLN SFR the output will be
low, when it is equal to or greater than the output wili be high. When
CL overflows from FF {o 00, CCAPLn is reloaded with the value in
CCAPHN. the allows updating the PWM without glitches, The PWM
and ECOM bits in the module's CCAPMn register must be setto
enahie the PWM mode.



Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontrolier family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2
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Figura 21. PCA Capture Mode
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Figure 22. PCA Compare Mode

26
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Philips Semiconductors

80C51 8-bit Flash microcontroller family

P8I9C51RB2/P8SC51RC2/
P83C51RD2

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM
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Figure 23, PCA High Speed Output Mode
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Figure 24. PCA PWM Made
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Phiiips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P8YC51RC2/
P8OC51RD2
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Figure 25. PCA Watchdog Timer m{Module 4 only)

PCA Watchdog Timer

An on-board watchdog timer is avaiiable with the PCA to improve the
reliability of the system without increasing chip count. Watchdog
timers are useful for systems that are susceptible 1o noise, power
glitches, or stecirostatic discharge. Module 4 is the only PCA madule
that can be programmed as a watchdog. However, this module can
still be used for other modes if the watchdog is not needed.

Figure 25 shaws a diagram of haw the watchdog works. The user
pre-loads a 16-bit value in the compare registers. Just like the other
compare modes, this 16-bit value is compared to the PCA timer
vatue. if a match is ailowed to ocour, an internat reset will be
generated. This wili not cause the RST pin to be driven high.

in arder to hold off the reset, the user has three optians:

1. periodically change the compare value sa it will never match the
PCA tmer,

2. periodicaily change the PCA timer value sa it will never match
the compare values, or

3. disable the watchdog by clearing the WDTE bit before a match
occurs and then re-enable it.
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The first two opticns are more reliable because the watchdog
timer is never disabled as in option #3. if the program counter ever
goes astray, @ match will eventually accur and cause an internal
reset. The second option is also not recommended if other PCA
modules are being used. Remember, the PCA timer is the ime
base for all modules; changing the ime base for other modules
wauld not be a good idea. Thus, in most anplications the first
solution is the best option.

Figure 26 shows the code for initializing the watchdog timer.

Madule 4 can be configured in either compare mode, and the WDTE
bit in CMOD must also be set. The user's software then must
periodically change (CCAP4H.CCAP4L) ta keep a match from
acturring with the PCA timer (CH,CL). This code is given in the
WATCHUOG routine in Figure 26.

This routine should not be part of an interrupt service routine,
because if the program counter goes astray and gets stuck in an
infinite loop, intermipts will still be sefviced and the watchdog will
keep getting reset. Thus, the purpose of the watchdog would be
defeated. Instead. call this subroutine fram the main program within
218 count of the PCA timer.
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