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ABSTRACT

In-System Programming is the development that use for program microcontroller which
has Flash Memory by send program from computer through Serial Port to microcontroller. This
project presents tools that support for In-System Programming consist of Board which operate
like microcontroller for control Target Board and software that can operate in Windows for send
program to microcontroller. Besides , there is scftware that support for write program and test
program consist of Editor , Compiler and Simulator . All of software are included in package for
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Suiien  Taomsimuamiiedunnuddn addvyialava lu Satmesdanduiiey  1PH

f1 Seame s Had Fu e TP Aemsaaiod

[ \
"/ /PRIORITY BITS JT |

IPH.x IPix INTERRUPT PROIRITY - LEVEL x
0 0 Level O ( lowest priority ) :
0 [ | Lovel | :
t 0 Lével 2
1 1 Level 3 (“Highest priority )

a51ah 2. idag i msees szAund d e s guindssUa

2.2.4 3 engnowines (DPTR) 2 ¢

T3 PROCSIRD2 5 @ meuiiiaes 2 ¢7 Tauiseninsadeniiz e la’ldlan iden
Eafia DPS 13 Taia0 SadFuiiery AUXRI ( fumis A2H ) Tag

oA DPTRO ; DPS=0

i@9n DPTRI ; DPS=1

dgj 1d d‘ Y o U ¥ dl = 1 gj 1 Y o ¥ ¢ Y ¥
nansiiluenasianulidwiunisidanunenisfinyintu leygelihlldusylevsiaunism

1 = L a &y agve ¥ v Y a = v & A ° ]
ldnsdllag vivdu snnemudlvdaudasilon wazhesosdstadnvesonasnnassninisualuly



2.2.5 uvla® dwson wlu3 (FLASH EPROM MEMORY )

1u'lyTasnouTnsamed PSICSIRD2 Fvraonand uamw s 64 Ala'lud Fwis
i s vaen Tavaeudenusnaziiving 8 Alalud TuiioAIATaIaaLs 0000F f14 3FFFH Las
30 3 uSenfumdeiivun 16 ATa'lud TaoTuonnsaad 4000H s FEFFH

{fasou ( Boot ROM i iawuTu3 fiflvue 1 Ala'lud otifioAiAse FCOOH B9

FFFFH &1 fjasou annsode ( hianldan ) 18 dafudeshildldou faseuuany

tﬂy I { Y o % ¥ § = 1 gj 1 Y o ¥ ¢ Y ¥
wnanstluenasnanulidmiunisldnuienisfinewingu eugrelnhluldusslevimunisin

L S A Y v angve = Y Y a = v J & ° o
Lidnsdllag vedu Bnnsudlidnuuacilon uasfeadndadadvesonalsynasaniinisuiluly



___________________

@
3
o
[e2]
2

. (1 Ala'lud)
uaen 4 (FCOOH — FFFFH)
a d
16 plalue

(CO000H - FFFFH)

Uaon 0
8 nlaluel

(0000H — 2000H)

onansiifuenansia i asuRRaEM s G R RRF Ul seTamdsiunsdn

Lidnsalla vy Bnnnudlidnuaaileon uazfesdndadsdvesenalsynaseniinisuiluly
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2.3 duFaiau 1sunsuiis : lewati (IN - SYSTEM PROGRAMMING : ISP )
1 a 1 Jo W
Humsdedoyaunveunsy 1511% lewait lunsdade lulasaeuInsameiiud,
AeNRAARS UM INesAoUnsY Tasd luTnsaeulnsames sxsumdaunzdoyad1e 9 1n

Aeuitmes 1y msussyldsunsy | msauTusunsy JundsswTaSvesluTasaeulnsa

mesifudy Aumendyya awudledldne Taslideunzdlediiansanmueia
udnussyTsunsulm

Tuled luTasneu Tnsamesvesiladd. szil son s1uau 1 Ala'lud Fsegduuge
yaan1en i1 ogludumyeEce0 te FFFF ved 1 TAsAdulnsaimes P8ICSIRD2 ( 3
s 64 AT ludy5em 1 ATalunndoninAksen BOOT RoM)” Faifasoutiozidiu
FufumdalunsusSelsunsuiazan dsunsulaabanTis | veahdasaeuInsames

HIUMIHBS AD YN

P89CSIRD2
q 31
ﬁ RST Vpp ——T S5V
9. Io.lm

e
( BRIy
+5V

33 pF 19 T<D
__l 'T_— XY T i 7
O 22 V- i
33 pF
& 18 X2

Vss
Vss
20

51/ 2.4 Msdiev1ena 9 vea P8ICSIRD2 lunis Iy loeai

" 9 . v o ) Y v o

lumsisiezdnlanisyiaves  leeait  Tuusasidesiminnudileny  unsw

aa JAa . . v A 1 £ A (44 I'd
5@ WIAY ( special Flash register) 2 AIAoAY Fanfe YanARes (BOOT VECTOR Jiaz
o A a o d o & 7
ludaaiug ( STATUS BYTE ) ijaifian1ssida lulasneuInsamesaziinnisasivaen lud

W o s A A 4

anuz f1ludaoiue aadmuadugud lumsisuihnuaseae lihiless1d (power — up) 92
A g A, ' < o Ay a vy 4 a oA A
Guduidums 0000H Fufudumvssudulad uadludaniuy gadmuaiiudidud

Qq ' (44 o o o
ilgeud arvewdian mgﬁ'ﬂ;ﬂﬂuLmﬂ‘i’f'giluuaamsrT"lu@m[luﬂ1sm uad i wauly
wnasLuona1sENULEnsUNSs wuen1sAnw el leyaalmi lUlsslevuamunisd

Lidnsdllag vy Bnnsudlidaudadllen uagdesindisdiveenarsynasandnsluly
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mamaunisell  Taoeaasaluddmeniugadmuaiiy oo TasdaAmalssnuse
o 3 cy 4 9 & = 3 ] =1
Smuam fanamed iy ofcH Faeziluueansd OFCOOH Fuilugumiisves Torodi
(53 4 =) o o 24 4 Y5 °
T Tnaaaes (ISP boot loader) 30 fasou 11@NsaAMUA {alHannD) 18 Tausmun
o 7 o o
Jannmes 1o
v s & o P sy a
Foarsnsw : ausay ludamuz nie fanmaes e 2 luddosgnaulunansod
o A Y o 9 [ (24 4 P A a [ o 3
s iasfeanudausiuiudestdrmmesdannned uazldminltoulnivesludaeius dw
wenndi {jn Tnasiaed Seannsaanldlae T PSEN i LOw , P27 uaz
| {a 3 ’ o S 6
ALE i HIGH (3e1ldevans |} sezlinems-aan gt linamilousumadamlu lud

oz 13l Hurud Ielsrfausaanisiinuvey lowei laainggili 2.5

PROGRAM MEMORY-

0000
> ENBOOTr="0 [lg—
2000
Reset
4000
V Status Byte
8000
ENBOOT =1 [§ ¢
C000 ¢ .
Boot Vector

\ .
\ BOQt Rom L ENBOOT

310 2.5 nams T famahauves lowai
dﬁl 1d dl Y o % ¥ dl = 1 5 1 Y o ¥ 6 v ¥
nansiiluenasnanulidwiunisidanunenisfinyiintu eyl lldusylevsiaunism

' = A A Py ag vo = Y Y A s v $ A ° D
Lidnsdllag Medu BnnsnudlidnuUadilon uasieadndadadvesonalsynasaniinisuiluly
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¥ ~t ° Yo d A a =4 s a .
msld lowadt gavhdSelay @Sva jalnamans dugiin (seral boot loader
s ) (24 IS o ;’f o o @ a
subroutines) ¥30g1u fasou lumshauiueld siamiduaugudumn (Intel hex records)
Tumssuidauazdoyasinda newiune’
- o k4 o o z a dw
Tumsussylsunsuuny lowadt 1s1annsai ldauddudunsudsi
° Y v = gy aa A a y o s
1. fmuamsld loweai o195 1035 nilsmunisesuioteduy (iu dmua lud
Aoz Whithdugud, 19 PSEN Fu Low iiludu )
2 dasaws “U” 91 Aeudane hgd luTasnou Insame Sief mundasing
a'q‘ﬁ’aya (autobaud)
1 A Yo 1 a \ a S, ! [4
3. demfies 19gMudmAanud (oseillater) A1n AouRIAeS gl lnsnou Tnsames
4 damduiudlsiidemisizaupaon Vi peiwmes ¢ lu Insdeu Insanns

AR

v 9 Ay = -{ - o
5. ﬁﬁﬂlﬂlﬁvﬁﬂﬂ@Qﬂ]iﬂSTﬂil!ﬂiu N ADHWIAFDI ¢ lll lnsaou Insawmes

9

4

[ 1A b4 = c:’
6. adannlalunay ludanie has Tnidmees tiadssuaunts lolpei dugans
7. gemiidesswldsnss Gannnas adulddwm i eECH §36doymalFauuy
losaiingld
8. | dearoon lugs dudan iz ifelillshn suiS uiinuiusalas 00008 nan
a
VRS T
[ ) ~ 3 ] o ° n;: ~ é
lumseafeyauuy Jemail Wi-tzdglugiressvamdenyiugung Alsznoy
i ¥
Rausasauean( ASCI ) Ssagu ladaR
:NNAAAARRDD..DDCC<erlf>
<2 o g9y L4 S o o
- NN ueRgBe S THANYEY TUATOA IsARB 3R, ( reeerd) 1WA PRICSIRD2 9251
1884 16 (100) luAdoya
= ) v £ 4 ¥ 4 ~ oV o
. “AAAA” ngRItIALIBAIAsANR L RISl nosa d1lusnaeda Hgudlud
oA 2
Artiazgaidmilu 0000
=3 a 4 1 ' = 3 ' 2
“RR” (ERaaiinvas sAnesa s <00” nunvbuiludeya A1<01” Winod
i]‘UVMé' ( end-of-file mark)
- “DD...DD” ndni doya

- “CC” LARIDY A1 1¥ASY (checksum)

dﬁl 1d d‘ Y o U ¥ dl = 1 gj 1 Y o ¥ ¢ Y ¥
nansiiluenasanulidwiunisldanunenisfinyiintu eyl lldusylevsiaunism

' = A A Py ag vo = Y Y A s v $ A ° D
Lidnsallag vedu BnnsnudlidnuUanilon uasieadndadadvesonalsynasaniinisuiluly
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2.4 IATFIUNDIABHNINIUD RS-232

INATIIUNSITOUADIUDYATY RS-232 uihinasgugasmnssufioonuiie
1$umsdsdeyaoynsunuvesdalasiia 2 Hirma lavinasgiu RS-232 ‘luaﬁmfuqnaan
wmnitemsaashuteyannaouiiuaed luf Tuauiiviediusius iiefiazihdeyaan
TuduiidemnsruanoTnsinitll fmouianoidnyaieegialnadu Tnonaizns UM
Buni sanavgaennssy Sdamseding (E1A) Y& 110na5 19 RTITeINTIEIA RS-232
wasg §lugrasneylFneutinaefiffuuuy DB-25 TasdmusnnuuIgIEATIANY
Fagned13i sowa ﬁizﬁnﬁ@ayw%md BRIV ueadMidoya uaz +3 H4 +12 V uan
flugeein masgIyRSI32 Rwinagihibinadglnssisondedeya(Data Terminal

A

Equipment : DTE) i/ 2405 d01nt}aiuyie(Data Cirégit Terminating : DCE) ¢ gilnsel ATD

o

(DTE) vzdpuilugnsaininisdszudaralis iy Ilasaeulngamos wiovulnas

A s 2la yiland Fra— Py
ADUNIUNDI ‘]Nll‘ﬂ'ﬂllf,‘nlnSi\&luﬂﬁﬁi']\j‘ﬂﬂ‘ﬂay)ﬁ!!ﬂﬁﬂuﬂinqﬂ ﬁ?uﬁ}ﬂﬂﬁm AKD (DCE) L1 b~

° Y A Bl o o 9 RN - B a0 BN ' e
Amhiidudisadasudasaidanmnam s ana wiiu TasMs sudatayas snasgalnseing
ABIWIUNMIVINTFIV RS 232

) ' S Aaa ZAaa . | 2143 Yo 2 a3 P
founnsnivosgilnsetand uazginsel Aaw DI A AL A AdUUNIABS
Aaa .y o ¢ e ol A = ) A s
Y93 AND %zﬂum@ AN e s Uee AF0IHAI Y FIND TABYN T LYBIABINAADS
a8 Yo ia ﬂ A1 =1 s | A ~1 ﬂ A
#lduagin lleithiuuy 898 Funeuinmes negn Ay age
8 o 3 a P . o 3 A y & 3 A
Smsunts [fuuuuReli wmDs WO iR oyn s WRS232 fingalizpudenyluaunse
und Taveminsa Surstoya 1dinamiiavo e uduanaiginaiy 20 was
d v (3 A
541 ARMTINNBSTINELNDIA RS-232 A2 1513930
A Y] = 2 & v A o 9 &
15§ UM SITeINA RS:23 v Faauminp@snUy DB257 A 130 DB-9 AR 99
< P a ' 9 P 2 " oa & [ P A
ApT A1 DB-25 921168 | TR0 L0 THIL AN UADWILNAB LY DB-9 1183

e finoldnuluean Jegiuiinis 1o linnin fugnonidnll Taouanagalss

uazdwmienlugi 2.6

L (f) Aowdinmeiaynsy 9 v1 3B DB-9 (ummﬂmuwmﬂaummas)
nansiduenasianuligmsunsiieauitensAny it Lloyyslmhlulguselevdaunise

VL@J']’]ﬂﬁi]ﬂ,@’] ‘Vmau @ﬂWQMWQJQJFLM@@LL‘UaQLUE]M’] LLag(ﬂ@ﬂ@NENﬂflL"U'T’U’ENL@ﬂﬁ?iﬁﬂﬂﬁﬂ%ﬂﬂ’]iuﬂﬂi‘ﬂ
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T

14 15 16 17 18 19 20 21 22 23 24 25

=] o a L
() ARUTININDSDYNT I 25 11 3oLV DB-25 (HOIDINAIUNSINBUNUADT)
~ o =
1% 2.6 MmsiavivenowlinnoINeIABYN U

MUNINIFIWRS:232NNNY-DB- [t DB-25

Amsumadeiidoneuiuas igilnsalnigianianinagi 2.9, goas Tuguaasn

frmaveadoyn Wigilh 2 (n) Wuesioldiua LAl Nuli-Modem ) nIonIi¥0 Y 1AoA5Y
' ' 8 5 A g\ ' i

Tae'liide i Tk Taufiarsasasaeunsoeudndmlin daudyglil 2) fhins
A ' 3 [ ~q ¥ o = Y Y £ o o 19 P
wousouny yalyay Wanyaenligudan auivs 8 G Tnumuy td v Sudieya on
3 o v ol Y EY £% ﬁ o o o =, EY =1 o 1
Fudmiusudeys vagdigamodunsd dwsusigesoerimmsiniuluaazy

W

YDIND S ADINTURS-232 RS

IxD TxD
¥ R e
RTS DC R7S
CTS CTS
DTR DIR
SR  lose
GND'}= > GND
Ney/ ™=
ADNANNDS nsalnaush

(n) Massinmunsaindtuan LA WalRas
WHYNull modem

TxD TxD
Rl et
RTS RTS
CTS cis
DTR DTR
DSR DSR
GND > GND
paNAdADT guUnsalnauen

(1) msseaUnsaimauanidiuAanfaes
Wiy RS-232 Tnﬂ'hsmaﬂmmﬁmmm 318U

i‘lJ‘YI 2.9 mmaﬁﬂsmmﬂuaﬂﬂuwasmuﬂsmmﬂanmmas‘luaﬂymwmm
Laﬂmaummaﬂa’ﬁmamuhmmumﬂmmmamiﬂﬂm wihiiu TdeysalvihlUldusylewiaunism

VL@J'J’]ﬂﬁﬁﬂ,@s] mau aﬂmwmﬂwmtﬂmmam LLaBGI’eNE)’NENOQLﬁﬂ"U’eNL@ﬂﬁ’]inﬂﬂiﬂmmﬂ’]i‘lﬂlﬂi"d
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1) a1 uni30 ANA (Data Carrier Detect : DCD) 30812138071 11AITY ANA
. aw = A A " @ 4 o A 9/ T ]
(CarrierDetect :CD) V1iivzueniviilolnsaedyanamvininginsaideansvoya 1y luay
¥
dmsumsaulnd viliee hildgnldaummin
o Y . A A3y A o o Y e
2) 15udeyn (Receive Data : RD) M50 RxD Wil 1fifios sy oy suu g
A o P 3 a o
aoufines Taohdeyaiie w1y 131y Simaoivives
vy . - Sqy A 1w P ?
3) wdedoyn ( Transmitted Data : TD ) #30 TxD Wi lHiiiadstayaannAouHIADS
° aad ' @ < o @ [ '
Tashdeyaiifiueglhuilivesdmsudedoyadsoend
3 < o {
4) aéh meiiiuea 15aR (DataTeiminal-Ready-DIR) WU Fyaaiiidioonan
P s A q Y s o Y Y Al Y sy oA i, .5
apufiamesifie IHaUnsalldieasuiidanishnsoday Tavy THIR HizAD U0 UABN U
s s Yy A W
DSR voagUnsaiasnad ez DIR vegqilnTaifatyneiznpuspAdR NI DSR Y01
a s ¥ qY A ] 2 K 39 E 2 oA v £y !
asufiueei t113Ms Fouaaiimwy e lilay $ ldaiulunisiyounoios 3 fqu 15100
41 DTR LAz DSR 1esaiid g uithiszaasnonin DED A0 uns din llsunsude
s lFTinsasniy el Tomad
5) Fnuld nTA(Signal Ground FOND) IR IAYEITSUY
s & e = Yo A A '
6) Al 1Ea5eR (Data-SetReady IDSRIUITNT 198U DR IADASIVADUMN T ¥01UAD
2 % 1
fuszninouiine SAua A se Mot 4w DSR Hvs il dms Tt doyannawuen
Fagne1NINY DFR

o @ [ 9y

7) e i ReqiestTo Send SRTS Tl uyidhwidsdaapadafuolims
s by o o - ? Aol e S A
aunsallmenmadadeydnguiTiseesRames Jauln NS UAR AT RTS NAD AVCTS Tunsdin
WmsiFousiouny il 30 ssdousesaowt RTS Ting CTSH0 whifueadhdauiu
A EY o % a ‘;' 1} ¥
ey M3 suuazdadoyaalmaninainl ldnnaqag
8) 1AAUS N IFUA ( Clear To Seid+CIS Y MiZATTswea 194910v1 RTS 1o iy
o Wy v = . o o e 3 Y A 21
wanald doyaiin TxD wgndsenn fafuniitegnlifensivdeuginsainona
Y ~ o 9 = '
wioufnziuteyanse i
a Aa A 5 3 < @ 4
9.) 5S4 BuMAIMDS (Ring Indicator : RD) usmsanuzdyanauionainao Insing
a 4 o g ' By EY S A A A 1 o v 3
Undlumsdems Taoia lumoiieghignldau alvnunaaiisimsisouaeny luau

k4 E4

Tusunsuiimsasvaoudyyadimiiu

&z = Y o [y ¥ P =2 & 1 ¥ o v L%
nansiiluenasnanulidwiunisidnunenisfinyintu Tdeygalihluldusylesiaunism

1 = L a &y agve ¥ v Y a = v & A
ldnsallag vivdu dnnamudlvdnuasiont uaghesodstaudvetenasnnassndinisulluly
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2.4.2 UART
UART 80311910/191 Universal Asynchronous Receiver Transmitter Faninufivgilnaal
fhmhnsuuazaadoyauuvesdlasiaiues dmsumsdomsuuvoynsuu
ApuRuAesId UART fonuthnilvddaesmsdodiseynsy
wihiindnues UART fevimihiudastoyaiieglugluuuvuunnnouiaunes b
oglupuureyns MILVezE Tastiy udadoon |y sazimthiutlasdyanaeynsuiuyes
= Y] x:i 9/ o 3/ 1 ‘:' ] 9 L] =Y o tS!
Falasiafidowdnngs UART Wiuuuvmuneunzdudigranivaunes Fauenan
19 o a d 9 9y A q Y ~ Py 9 1 ar 3
UART 1zasdoyali/fmeuinnps dliseoynduinagunauno s Sunsunie 15U 0ass)
lumssudsteyaeiagalgluuumsdadia | pamAanmaiinpaiuszvinsimonen
EY a Qdy £y o & = 3)
Foya(anmnnnwase; iMsudeya, Torae3an) 1Tau
ol UART veiidasfvoniusaisuonsaniarldsuastla Taonigfinuanidn
Yo o ~a Jt:ly ~ o 7o o o [ o 1A o
mis I Audaangnnfinives TART ue itz i tvlivbsdus usinasaue yodut uaunuiny

o

o [ o la < o al ) ¥ o 3 <3
l¥mssunzdsfoyaghitian i dodi 57.6 Nlalaaohiiiviiius UART eidin
P=1 1 9/ n=; _ e = 4 ] 3/ o
Ao duduluuve - UART Al luaalimiines Taunenialnosnn uasAd e VA uN13

¥
Maumuziugey GART iwasil
P P B - 200\ o 9 = a
UART Shtundwitana 16450 NANSEAINIS A0 IANAWI5115;200 ineo
a A A aa 7o o | Vy o Y e \NY D% Al aa o
S0 LazANS S aiRe S MFINNDoYadIHE D UART Hann1numduwud 1uye i1n STtaes
o 5 Y 7 \3) ° Y, o =1 o '
WUUFIFO (FirstIh Fifse Out) uwia to huadiiaih ey naaiuanun)iaiis Jumsivds
Foyai 256 Aladang il Iavnowkdiaslullugii 1 UART e fansaliting
[wed TL16CT50 S4iRamns sy FIFO w6 tia i 180 sehumiefy +5 Taad uaz
+3 Toad HTnundsevdandain aisas pdsdeunldfinituia e lindeiuniiiield
'”agf,gmmﬁm 16 1WANZIEN
' g3 g Y A P UL o
athalsa anudalumsdedeyaiunneves UART wes lniian hilddaslvins
o Y] a 7D 43' A ' a P £ P @ a
SudstoyaveInsuRuADIS U diesnnTineuianeitaldnnudvesdygamim lu

EY =3 ad ' 3

msutasdouaiiod 1.8432 AZIBIA 1MUY
[ 3 é
2.43 S oAU IMBUNALAZID INVAYDINDIA RS-232
ﬁagapmzmﬁwﬂmé’fmuau (RTS unz DTR) Lmzﬁmumumuﬁmﬁmuzﬁuwﬂ (CTS,
4 o @ [ Y

DSR 11z DCD)Uamainounsy RS-232 1zgandvaniuzniuludd UART daudyanadoya
k4
ﬁamﬂmuazi“m~”lmﬂﬂﬁuﬁmuz UART vz s savdaanasedyaesnmilunnuiiiuea

mmu muumaaﬂjmmaﬂmaaﬂmmﬂ
enanstduenansiianulidmsunsiauiionsanurindy Lloywlmhlulguselevdaunise

VL@J']’]ﬂﬁi]ﬂ,@’] ‘VN&‘U ammwmﬂmmﬂmmam LLGBG]@QE)’NENOQL"UT’U’ENL@ﬂﬁ’]iﬂﬂﬂiﬂ%ﬂﬂ’ﬁ‘lﬂiﬂhﬁ
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%4

%Hr mnsz N

UART Fedosdudigrestoiiolsusedunssulwldssdudaananih luamnas

[ [ a o o ' 4 I~ ~ o
§1U RS-232 floudsoan llnnrouiune fdm fugunsaidedendatonsfvedoaiinsasdu

(2 d’, t I o P k4 v v oA o ' o A w;’,’
TudnvaiisuRorduie 19 18 ssauduanalussdufoad udrsesdunldianely

A P S A = o o P
AoununpsuazgnsevoorlmumaiuezgandudnIue Aaeraalugilii 2.8

z : > 2979y RS-232 .
Fesammed | uamass | suwmida / | smendye | T RS-232
FRawefiies base+00H | 0% _4TXD —‘DO—_"S‘ 0 {>C TxD
TSI MCR | base+04H” L 0 e 7R [>ot++rrs
Faawmef MCR § base+04H ; 0 ~—-{>o———~ DIR {>C DTR
: - #TBUNR
FRamafiiiaf : base+00H ‘ 0-7 fL R0 0<}-— RxD
FRan0f MSR/ | base0sH 1\l 0o »2 cTS o] cTs
FRamaf MSR base+06H Q : Dk 0<]—— DSR
Faaumns MSR base+06H 0 e 0<}——L—— DCD
8250/16450UART Waril RS-232
fevsiiRS2s2  MORENIY
DB-9
AaufaAas aunsaimayan

517 2.8 leezmnswigal Ins deian 187 5ama Suaene Sagin sil

HoANTAUBINDIADYRI U 4 Ay ad]

COM1 : 3F8H
COM2 : 2F8H
COM3 : 3E8H
COM4 : 2E8H

A A A A4 qy a s a P °
malﬁmﬁﬂlﬂiﬂ\ilﬂ@i‘]fﬂﬂﬂ'ﬂﬂﬂ?!ﬂﬁ]i hlﬂﬂaﬁﬂ'lﬂiuﬂﬂuﬂ')!ﬂﬂ5?]37]1ﬂ13ﬂ53i]ﬁ'ﬂ1]

9
usARTTYBINEIABYN SR §1lusednsNINLIBAIRT AYBINB SRR YNsY luBDaaz i

{ < [ ° o @ =1
seamsaiasInge iy Hlumiwanudivina 2 lud dwmsunedaeynsu comi aufiy

13% uoaiAse 0000:0400H 1Az 0000;040H daudumiaduedisvazdondail

wnansthluenasianulidwiunisldnuienisfnwwitu leygrsalihl ldussTevdsunisdn

Lidnsdilag vsdu BnvianudilvdauUasilom 3@3@&%@5@5&Liﬁﬁua@Laﬂmmﬂﬂ%’ﬂﬁﬁmiﬁﬂﬂ%
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COM2 = 0000:0402H - 0000:0403H
COM3 = 0000:0404H - 0000:0405H
COM4 = 0000:0406H - 0000:0407H
Len INT AN oA LI LB AT A 0000:041 1H §alFdm Sunaaeiuiuveweia

Aag Y A sy v A
auﬂswnhagiuﬂaummaiaﬂmﬂ ANAIT NN 2.2

in 34 0a2| dm 1 NPIUNDIA
¢ | _0 10 Liidisasaavnsn
0 [ AT_L LA, Snasnawnse T Wodn
0, A1 LT OFF-imaihanian2 Yas
g o ¢ 1 AgaseynTH 3 wa
W [0 0/ iiteshanTsH 4w iR

315190112, T riee 1B R pAIRSE 0000:04 L IEEWITUS Wm0 ARUN Y

Y. iy d ) a a
2.4.4 MsadvBY AR WETRRNRS- Bl IR N ISR
fc?m “um3 134T0 S niA AR RN INTaE M UM A M safs uR I Woda
punsufiTizo T MSCOMM32QLX TnofanaudnillagAobniuudIf Fauduszuul §iR
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P89C51RB2/P89C51RC2/PB8ICS1RD2

80C51 8-bit Flashimicrocontroller family
16KB/32KB/64KBISPAAR Flash with 512B/5128/1KB RAM

Preliminary specification

Supersedes data of 2000 Nov 28

IC28 Data Handbook

Philips
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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

P89C51RB2/P89C51RC2/
P89C51RD2

DESCRIPTION

The P89C51RB2/RC2/RD2 device contains a non-volatile
16kB/32kB/64kB Flash program memory that is both parallel
programmable and serial In-System and In-Application
Programmable. In-System Programming (ISP) allows the user to
download new code while the microcontroller sits in the application.
In-Application Programming (IAP) means that the microcontroller
fetches new program code and reprograms itself while inthe
system. This allows for remote programming over a modem link.

A default serial loader (boot loader) program in ROM allows serial
In-System 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 one machine cycle in 6 clock'cycles, hence
providing twice the speed of a conventional 80C51. An OTP
configuration bit lets the user select conventional 12 cloek timing
if desired.

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

The device also has four 8-bitl/Q ports; three 16-bit timer/event
counters, a multi-source, four-priority-level, nested interrupt structure,
an enhanced UART and on-chip osgillator and timing circuits!

The added features of the PB3C51RB2/RC2/RD2 makes it a
powerful microcontroller for applications that require pulse width
modulation, high-speed /O and up/down counting capabilities such
as motor control.

FEATURES
® 80C51 Central Processing Unit

® On-chip Flash Program Memory 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 by the end-user application (IAP)
® 6 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 equivalent performance); up to 33 MHz with 12 clocks
per machine cycle

® Fully static operation

© RAM expandable externally to 64 kB
® 4 |evel priority interrupt

® 7 interrupt sources.

@ Four 8-bit I/O ports

@ Full-duplex enhanced UART
— Framing error detection
~ Automatic address recognition

@ Power controlmodes
—_Clock can be stopped and resumed
— Ildle mode
—~_Power down mode

@ Programmable clock out
® Second'DPTR register
® Asynchronous port reset
® | ow EMI (inhibit ALE)

® Programmable:Counter Array (PCA)
—PWM
==Capture/comparge
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Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
ORDERING INFORMATION
PHILIPS
(EXCEPT NORTH | PHILIPS NORTH |  MEMORY FREQUENCY (MHz)
TEMPERATURE
AMERICA) AMERICA RANGE (°C) VOLTAGE DWG #
PART ORDER PART ORDER | FLASH | RAM AND PACKAGE RANGE 6 CLOCK | 12CLOCK
NUMBER NUMBER MODE MODE
PART MARKING
1 P89C51RB2HBA P89C51RB2BA 16kB |512B | 0to+70, PLCC 4.5-55V 0to 20 MHz | 0to 33 MHz | SOT187-2
2 | P89C51RB2HBBD | P83C51RB2BBD | 16kB | 512B | 0to+70, LQFP 4555V 0to 20 MHz | 0 to 33 MHz | SOT389-1
3 | P89C51RC2HBP P89C51RC2BN 32kB |5128B 0to +70, PDIP 4555V 0to 20 MHz | 0 to 33 MHz | SOT129-1
4 | P89C51RC2HBA P8IC51RC2BA 32kB | 512B | 0to+70, PLCC 4.5-55V 0to 20 MHz | 0to 33 MHz | SOT187-2
5 | P89C51RC2HFA P89C51RC2FA 32kB | 512 B-}=40to+85PLCC. | 4.75-5.25V | 0to 20 MHz | 0 to 33 MHz | SOT187-2
6 | P89C51RC2HBBD | P89C51RC2BBD | 32kB" | 512B | 0to +70, LQFP 45-6,5V 0 to 20 MHz | 0 to 33 MHz | SOT389-1
7 | P89C51RC2HEBD | P8IC51RC2FBD.| 32kB | 512 B | —40to +85,LQFP | 4.75-5.25 V4.0 to 20 MHz | 0 to 33 MHz | SOT389-1
8 | P89C51RD2HBP P89C51RD2BN 64 kB 1.kB Q'to +70, PDIP 45-55V 0 t0,20 MHz | 0to 33 MHz | SOT128-1
9 | P89C51RD2HBA P89C51RD2BA 64.kB 1TkB. 010 +70/PLCC 4555V 0t0200MHz | 0to 33 MHz | SOT187-2
10 | P89C51RD2HBBD | P83C51RD2BBD{~64kB 1. kB O-to +70, LQFP 4.5-5.5.V. 0to 20MHz | 0 to 33 MHz | SOT389-1
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Preliminary specification

P89C51RB2/P89C51RC2/
P89C51RD2

Philips Semiconductors

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

BLOCK DIAGRAM
P0.0-PO.7 P2.0-P2.7
e il :
l PORT 0 'PORT 2 |
| DRIVERS DRIVERS |
! I fi |
|
Vss | A4 |
| RAM ADDR PORT 0 PORT 2 FLASH |
= REGISTER LATCH LATCH |
0 H i |
| — i I
! I & |
|
| B STACK |
| REGISTER POINTER
| I§: '
|
PROGRAM
| aobRess K— 1 |
[ T™MR2 TMPI REGISTER |
: |
| :L/U BUFFER K> :
{ SFRs ||
| TIMERS 2C |
PSW inore- K
| BCA MENTER |
: i
PROGRAM
‘ COUNTER K |
I
PSEN— z\ I |
e TvinG g e DRIRS | an] |
erve—o oo | £ & |
RST 2 U
1 PD PORT 1 PORT 3 |
| LATCH LATCH |
| |
| OSCILLATOR |
| PORT PORTS
[ SRIERS =) DRIVERS ;
] - :
0 P1.0-P17 P3.0-P3.7
T SU01065
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Preliminary specitication

P89C51RB2/P89C51RC2/
P89C51RD2

Philips Semiconductors

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

LOGIC SYMBOL Plastic Leaded Chip Carrier
6 1 40
V;i Vss
XTAL1 <5 o
Railec M Tl &5 7 [ Ja39
> >
-«
_]__ °q ADDRESS AND
= <«—>-Z<—>[ DATABUS Lee
T <4+——>»| LE—>
)} » ||
47 xrae > <> . Mo
- <—>] T2
> T2EX
RST —»f > - 18 28
EANpp Pl
PSEN @¢— le=p| & Pinuy, Function Pin  Function Pin  Function
ALEPROG le—> Y NIC 16 P3.4/T0 31 P27A1S
2 | 2 Piom2 17 P35M 32 PSEN
R > 3 P1LAMT2EX 18 P3.6MR 33 ALEPROG
Q TxD&— —> <> i 4 / P1.2/ECI 19%, P3.7/RD 34 NiC
2 NTO— ., | —» 4> D= 5/ /P13ICEX0 20, XTAL2 35 EANVpp
NTi—>  |—> <
> Té £ —&—*L_ ADDRESSBUS 67 P14ICEX1 21 XTAL1 36 PO.7/AD7
I e Milld 47 gie 77 JPASICEX2 2 Ves 37 PO6/ADS
g — 8 ) P16ICEX3 23 NICY 38 PO.5/ADS
Z| WRe— —> [—> ——
3l Roe— |=—> ez 9 | .P17ICEXE 24~ P2.0/AB 39 PO.4/AD4
o um— 7 105, W RST 25  P2.1/A9 40 PO.3/AD3
SUI302 1.~ ‘P3ORxD 26™=P2.2/A10 41 P02/AD2
12 NiC* 27 P23/AN 42 PO.VADY
13 . "P31/TxD 28 ) P2.4/A12 43 PO.O/ADC
141 P3.2/INTQ 29 |P2.5/A13 4 Vce
15 .~ P3.3/INTT 30, (P2.6/A14
PINNING *NO INTERNAL CONNECT [ON SU00023
Plastic Dual In-Line Package
T2 Plastic Quad Flat Pack
T?./mo[_T_ @vcc
TzEX/P1_1|Z E P0.0/ADO
EciP1.2[3] (28] Po.1/AD1
cExoP1.3[4] (37) Po.2AD2
cexP1.4[5] [36] Po.31AD3
CEX2/P15[ 6| @ P0.4/AD4
CEX3/P1.6[7 ] (33 Pa.s/ADS
CcExa/P1.7 8] 53] Po.g/ADS
RsT [9] [32] Po.7/AD7
RxDIPS.OE DUAL _3—'_1I EANpE Pin  Function Pins" Function Pin  Function
IN-LINE 1771 P15ICEX2 16 Vss 31 P0.6/AD6
TxD/P3.1[11] PACKAGE [30] ALEPROG 2 P1.6/CEX3 17 NIC” 32 PO5/ADS
- - 3 =P17ICEX4 18 P20/A8 33 PO4/AD4
WToP3.2[12 l2g] PSEN 4__RST 19 P2.1/A9 34 PO.3AD3
o 5  P3.0/RXD 20 P2.2/A10 35  PO.2AD2
INT/P3.3[13] (28] P2.71A15 . W 5% CEARE ol e
T0/P3.4[14] [27] P26/A14 7 P3O 22 P24/A12 37 PO.0JADO
8  P3.2/NTO 23 P25/A13 38 Vee
T1/P3.5[15] [26] P2.51A13 9 P3.3NTT 24 P26/A14 39 NIC
" 10 P3.4/T0 25 P27/A15 40 P10M72
WRiP3 518 28] P21 1 P3sT 26 PSEN 41 P1.1/T2EX
12 P3.6WR 27  ALE/PROG 42 P12ECI
EPZ‘W\“ 13 P3.7/RD 28 NIC* 43 P13/CEX0
23] P2.27A10 14 XTAL2 29 EAVpp 44 P14/CEX1
15 XTAL1 30 P0.7/AD7
[22] P2.1/A9
* NO INTERNAL CONNECTION SU01400
[21] P2.0/A8
SU00021
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

PIN DESCRIPTIONS
PIN NUMBER

MNEMONIC TYPE NAME AND FUNCTION
PDIP PLCC LQFP
Vss 20 22 16 | Ground: 0 V reference.
Vee 40 44 38 | Power Supply: This is the power supply voltage for normal, idle, and power-down
operation.
P0.0-0.7 39-32 43-36 37-30 110 | Port 0: Port 0 is an open-drain, bidirectional I/O port. Port O pins that have 1s
" written to them float and can be used as high-impedance inputs. Port 0 is also the
multiplexed low-order address and data bus during accesses to external program
and data memory. In this application, it uses strong internal pull-ups when emitting 1s.
P1.0-P1.7 1-8 2-9 40-44, 110 | Port 1: Port 1.is.an.8-bit bidirectional I/O port with internal pull-ups on all pins
1-3 except P1.6.and-P1.Z.which are:open drain. Port 1 pins that have 1s written to them
are'pulled high by the internal'pull-ups:and can be used as inputs. As inputs, port 1
pins that are externally pulled low wilF'souree current because of the internal
pull-ups. (See\DC Electrical.Characteristics:. ).
Alternate functions for 89C51RB2/RC2/RD2 Port tinclude:
1 2 40 110 T2(P1:0): Timer/Counter2 external-count input/Clackout (see Programmable
Clock<Out)
2 3 41 | T2EX(P1:1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 1 ECI.(P1:2); External Clock-Inputto.the PCA
4 b 43 /o] CEX0 (P1.3): Capture/€ompare-External 1/Q for PCA module 0
5 6 44 110 CEXA'(P1.4): Capture/Compare.External |/O for PCA:module 1
6 y 1 jie} CEX2 (P1.5):/Capture/Compare Externali/O,for,PCA module 2
7 8 2 1O CEX3)(P1:8): Capture/Compare External-l/O for PCA module 3
8 9 A 1O CEX4 (P1.7): Capture/Compare.Ekternal 1/0 for PEA module 4

P2.0-P2.7 21-28 24-31 18-25 /O | | Port.2: Port/2 is an:8-bit bidirectional I/O port'with.internal pull-ups. Port 2 pins that
have 1s writtento them are pulled high by the internal pull-ups and can be used as
inputs. Asiinputs, port 2 pins thatare externally being pulled low will source current
because of the internal pull-ups. (See DC Electrical Characteristics: I ). Port 2
emits the high-order address byte during fetches from extemal program memory
and.during accesses to external data memory that use 16-bit addresses (MOVX
@DPRTRY): In'this-application, it uses strongrinternal pull-ups when emitting 1s.
During-accesses to-external-data memory that use 8-bit addresses (MOV @RI),

port 2 emits the-contents of the P2 special function register.

P2.7)must be a “I"to program and’erase the device.

P3.0-P3.7 10-17 11, 5, 7=13 1/0._}Port 3: Port 3.is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that
13-19 have-ts written to'them-are‘pulted high by the internal pull-ups and can be used as
inputs:As inputs; port 3/pins'that are externally being pulled low will source current
because of the pull-ups. (See DC Electrical Characteristics: I ). Port 3 also serves
the.special features of the 88C51RB2/RC2/RD2as listed below:

10 1 5 ! RxD (P3.0): Serial input port
11 13 7 (o) TxD (P3.1): Serial output port
12 14 8 | INT0.(P3.2): External.interrupt
13 15 9 | INTT (P3.3): External interrupt
14 16 10 | TO (P3.4): Timer 0 external input
15 17 1 | T1 (P3.5): Timer 1 external input
16 18 12 0 WR (P3.6): External data memory write strobe
17 19 13 o} RD (P3.7): External data memory read strobe
RST 9 10 4 | Reset: A high on this pin for two machine cycles while the oscillator is running,
resets the device. An internal resistor to Vgg permits a power-on reset using only
an external capacitor to Vc.
ALE 30 33 27 0] Address Latch Enable: Output pulse for latching the low byte of the address

during an access to external memory. In normal operation, ALE is emitted twice
every machine cycle, and can be used for external timing or clocking. Note that one
ALE pulse is skipped during each access to external data memory. ALE can be
disabled by setting SFR auxiliary.0. With this bit set, ALE will be active only during a
MOVX instruction.

dﬁl 1d dl Y o % ¥ dl = 1 5 1 Y o ¥ 6 v ¥
2001 b st uenansnanulidmsumsldanuiessfnwiviniu ldeygislvhlulguselevdaunise

[y % v
o Y

Lidnsdllag vy Bnnsudlidaudadilen uagsesdndisdveenarsynasandnsluly



Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
PDIP PLCC LQFP
PSEN 29 32 26 o] Program Store Enable: The read strobe to external program memory. When

executing code from the external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are skipped during each access
to external data memory. PSEN is not activated during fetches from internal
program memory.

EA/Vpp 31 35 29 | External Access Enable/Programming Supply Voltage: EA must be externally
held low to enable the device to fetch code from external program memory
locations. If EA is held high, the device executes from internal program memory.
The value on the EA pin is latched when RST is released and any subsequent
changes have no effect. This pin also receives the programming supply voltage
(Vpp) duringFlash programming.

XTAL1 19 21 15 | Crystal 1: Input to the inverting-escillator amplifier and input to the internal clock
generator circuits.

XTAL2 18 20 14 0 Crystal 2: Qutput from the‘inverting oscillator amplifier.

NOTE:
To avoid “latch-up” effect at power-on, the'voltage on any pin (other than-Vpp) must not be higherthan Ve +0.5V or less than Vgg— 0.5 V.
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Philips Semiconductors

Preliminary speacification

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
SYMBOL GESeRIPEIGN DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
ADDRESS | psp LsB | VALUE
ACC* Accumulator EOH E7 E6 E5 E4 E3 E2 E1 EO | OOH
AUXR# Auxiliary 8EH - - - - - - EXTRAM AO xxxxxx00B
AUXR1# | Auxiliary 1 A2H - £ ENBOOT - GF2 0 - DPS Xxxxxxx0B
B* B register FOH F7 F6 F5 F4 F3 F2 F1 FO | 00H
CCAPOH# | Module 0 Capture High FAH XXXXXXXXB
CCAP1H# | Module 1 Capture High FBH XXXXXXXXB
CCAP2H# | Module 2 Capture High FCH XXXXXXXXB
CCAP3H# | Module 3 Capture High FDH XXXXXXXXB
CCAP4H# | Module 4 Capture High FEH XXXXXXXXB
CCAPOL# | Module 0 Capture Low EAH XXXXXXXXB
CCAP1L# | Module 1 Capture Low EBH XXXXXXXXB
CCAP2L# | Module 2 Capture Low ECH XXXXXXXXB
CCAP3L# | Module 3 Capture Low EDH XXXXXXKXXB
CCAP4L# | Module 4 Capture Low EEH XXXXXXXXB
S
CCAPMO# | Module 0 Mode DAH —— | ecom [ capp fcapn | MAT. | TOG | PWM. | ECCF | x00000008
CCAPM1# | Module 1 Mode DBH = | .Ecom |/ CAPP.\| CAPN" |- MAT | TOG | PWM ‘| ECCF | x00000008
CCAPM2# | Module 2 Mode DCH = | .ECOM | CAPP \['CAPN:| MAT| || TOG={. PWM"|[\ECCF | x00000008
CCAPM3# | Module 3 Mode DDH 7} Ecom |/caPP | CARN |-MAT|-TOG | PWM | ECCF | x0000000B
CCAPM4# | Module 4 Mode DEH ~ || ECOM | CAPP.| CAPN |'sMAT. -} TOG~ |, PWM | ECCF | x00000008
DF DE DD DC DB DA D9 D8
CCON*# | PCA Counter Contrel || D8H OF || LOR/ [, ],cCFa | CCR3 [ CCF2 | |ICCF1” | ECFO | 00x000008
CH# PCA Counter High FOH 00H
CL# PCA Counter Low ESH 00H
CMOD# | PCA Counter Mode oo ([ TCioL JIworEfit B — (71]'ePsa.] cpsa | ECF | 00xxx0008
DPTR: Data Pointer (2 bytes)
DPH Data Pointer High 83H 00H
DPL Data Pointer Low 82H 00H
AF AE AD AC AB AA A9 A8
IE* Interrupt Enable 0 ABH eA. | (Ecy/| €2 Y \ES ET1,-| Exio] Efo/ | Exo |ooH
BF BE BD BC BB BA B9 B8
P Interrupt Priority B8H — [ prc P2 ps | PTi. foPxi/]/PTo | Pxo | x00000008
B7 B6 B5 B4 B8 B2 B1 BO
IPH# Interrupt Priority High |  B7H ~. | PROH]| B72H [IPSH° | PLaH [ PX1H | PTOH | PXOH | x00000008
87 86 85 84 83 82 81 80
PO* Port 0 80H AD7 | AD6 | AD5 | AD4 | AD3 | AD2 [ ap1 | ADo |FFH
97 96 95 94 93 92 91 90
P1* Port 1 ooH | CEx4 | CExa | CExz [ CEx1 | CEXo | ECI | T2EX | T2 |FFH
A7 AB A5 A4 A3 A2 A1 A0
p2* Port 2 AoH [ AD® | AD14 | AD13 | AD12 | AD11 [ AD10 | ADS | AD8 | FFH
B7 B6 B5 B4 B3 B2 B1 BO
P3* Port 3 BOH | RD | WR | 71 | 70 | INTA [INTO | TxD | RxD |FFH
PCON#! | Power Control 87H |swoo |smobo | - | POF | GF1 | GFo | PD | IDL | 00xxx0008
* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
— Reserved bits.
1. Reset value depends on reset source.

aﬁ" I a 2 o [y v ~ = 1 5 1 Y o v Y v
soot@Ransiiluenansnanulidmsunisldanuiemsfnwintu ey mlihlUldusslonisunism

Linnsdila

[y % v
o Y

Whalilidawlasion uavdesdsdadadnvetenarsynasaminisinluly

a a
NEU BN




Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
Table 1. Special Function Registers (Continued)
DIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | M Lss | VALUE
D7 D6 D5 D4 D3 D2 D1 DO
pPSW* Program Status Word DOH cy [ ac [ Fo [Rrst | RS0 | ov [ 71 | P |oooooooos
RCAP2H# | Timer 2 Capture High CBH 00H
RCAP2L# | Timer 2 Capture Low CAH O0H
SADDR# | Slave Address ASH 00H
SADEN# | Slave Address Mask B9H O0H
SBUF Serial Data Buffer 99H XXXXXXXXB
9F 9E oD 9c 98 9A 99 98
SCON* | Serial Control 98H,” | smore [ st~ U sma | |//REN }-88 [ rE8 f. T | R |o0H
SP Stack Pointer 81H 07H
BF 8E 8D 8C 8B 8A 89 88
TCON* | Timer Control 88H..- TFT |, AR} 7F0 | JNTRo [ UET— Plaz1_| 10, Y 110 | ooH
CF. CE ¢D o cB CA c9 c8
T2CON* | Timer 2 Control C8H TF2~| ExF2 -} RGLK 3| \TCLK JEXEN2 | TR2/ | C/T2" | CP/RLZ | OOH
T2MOD#% | Timer 2 Mode Control C9H - - < - - - T20E'| DCEN | xxxxxx00B
THO Timer High 0 8CH: 00H
TH1 Timer High 1 8DH 00H
TH2# Timer High 2 CDH O0H
TLO Timer Low 0 8AH 00H
T Timer Low 1 8BH 0O0H
TL2# Timer Low 2 CCH O0H
TMOD Timer Mode 89H GATE | CA M1 MO GATE. | CIT M1 MO | OOH
WDTRST | Watchdog Timer Reset ABH

* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
- Reserved bits.

OSCILLATOR CHARACTERISTICS RESET

XTAL1 and XTAL2 are the input and output, respectively, of an
inverting amplifier. The pins can be configured for use asan
on-chip oscillator.

To drive the device from an external clock source, XTAld should be
driven 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 cycle, referred to in this datasheet as “6 clock
mode”. (This yields performance equivalent to twice that of standard
80C51 family devices). It may be optionally configured on
commercially-available EPROM programming equipment to operate
at 12 clocks per machine cycle, referred to in this datasheet as

“12 clock mode”. Once 12 clock mode has been configured, it
cannot be changed back to 6 clock mode.

A reset is accomplished by'holdingthe RST pin high for at least two
machine cycles-{12 oscillatorperiods in 6 clock mode, or 24 oscillator
periods, im 12\ ¢lock mode), while the oscillator is running. To ensure a
good power-on reset, the RST pin must be high long enough to allow
the oscillator timeto start up (normally a few milliseconds) plus two
machine cycles. At power-on, the voltage on V¢ and RST must
come up at the same time for a proper start-up. Ports 1, 2, and 3 will
asynchronously be driven to their reset condition when a voltage
above V4 (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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Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontroller family

P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
LOW POWER MODES
Stop Clock Mode Design Consideration

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

0 MHz (stopped). When the oscillator is stopped, the RAM and
Special Function Registers retain their values. This mode 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 Table 2), the CPU puts itself to sleep while all
of the on-chip peripherals stay active. The instruction to invoke the
idle mode is the last instruction executed in the normal operating
mode before the idle mode is activated. The CPU contents, the
on-chip RAM, and all of the special function registers remain intact
during this mode. The idle mode can be terminated.eitherby 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-reset.

Power-Down Mode

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

Either a hardware reset or external interrupt can be used to exit from
Power Down. Reset redefines all the SERs butdoes not change.the
on-chip RAM. An external interrupt allows both the SFRs and the
on-chip RAM to retain their values.

To properly terminate Power Down, the reset orextermnal interrupt
should not be executed before V¢ isrestored-to its normal
operating level and must be held active long enough for the
oscillator to restart and stabilize (normally Jess than 10 msj;

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 RET1 will'be the
one following 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 Ve
level on the PBIC51RB2/RC2/RD2 rises from 0 to 5 V. The'POF bit
can be set or cleared by software allowing a user to determine if the
reset is the result of a power-on or a warm start after powerdown.
The V¢ level must remain above 3 V for the POF to remain
unaffected by the V¢ level.

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

possibility of an unexpected write when Idle 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 facilitates testing and
debugging-of systems without the device having to be removed from
the circuit*The ONCE Mode is invoked by:

1. Pull ALE low whilesthe'device is in reset and PSEN is high;
2. | Hold’ALE low as RST isideactivated.

Wihile the device-isin ONCE Mode, the Port O pins go into a float
state;-and the-otherport pins and ALE'and PSEN are weakly pulled
high. The oscillator-circuitremains active. While the device isin this
mode, an-emulator-ortest CPU can be'used to drive the circuit.
Normaloperation is-restored when a normalreset is applied.

Programmable-Clock-Qut

A 50% duty cycle cleck can be programmed to come out on P1.0.

This pin, besides being a regular /O pin,-has two alternate

functions: it can be programmed:

1.7.lo input the external ‘clock for-Timer/Counter 2, or

2. to output'a50% duty cycle clock ranging from 122 Hz to 8 MHz at
a16'MHz operating frequency (61 Hz to 4 MHz in 12 clock mode).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (in
T2CON) must be cleared and bit.T20E incT2MOD must be set. Bit
TR2 (T2CON.2) also must-be set to start-the timer.

The Clock-Out frequency depends on the oscillator frequency and
the reload value of Timer.2 capture registers (RCAP2H, RCAP2L)
as shown in this equation:

Qscillator Frequency,
n=x(65536/="RCAP2H,RCAP2L)

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

Where(RCAP2H,RCAPR2L).="the content of RCAP2H and RCAP2L
taken'as a 16-bit.unsigned integer.

In the Clock-Out mode Timer 2 roll-overs will not generate an
interrupt. This is similar to when it is used as a baud-rate generator.
Itis possible to use Timer 2 as a baud-rate generator and a clock
generator simultaneously. Note, however, that the baud-rate and the
Clock-Out frequency will be the same.

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

MODE PROGRAM MEMORY ALE PSEN PORT 0 PORT 1 PORT 2 PORT 3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data
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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

P89C51RB2/P89C51RC2/
P89C51RD2

TIMER 2 OPERATION

Timer 2

Timer 2 is a 16-bit Timer/Counter which can operate as either an
event timer or an event counter, as selected by C/T2* in the special
function register T2CON (see Figure 1). Timer 2 has three operating
modes: Capture, Auto-reload (up or down counting), and Baud Rate
Generator, which are selected by bits in the T2CON as shown in
Table 3.

Capture Mode

In the capture mode there are two options which are selected by bit
EXEN2 in T2CON. If EXEN2=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 overflow bit. This bit can be used to
generate an interrupt (by enabling the Timer 2 interrupt bitinthe

IE register). If EXEN2= 1, Timer 2 operates as described above, but
with the added feature that a 1- to -0 transition at.external input
T2EX causes the current value in the Timer 2 registers, Tk2.and
TH2, to be captured into registers RCAP2liand RCAP2H;
respectively. In addition, the transition at T2EX causes.bitEXF2.in
T2CON to be set, and EXF2 like TF2 can generate an interupt
(which vectors to the same location as Timer2 overflow interrupt.
The Timer 2 interrupt service routine can interrogate TF2 and EXF2
to determine which event caused the interrupt). The capture mode.is
illustrated in Figure 2 (There is no reload value for TL2.and THZ in
this mode. Even when a capture event occurs from T2EX, the
counter keeps on counting T2EX pin-transitions or.osc/6 pulses
(0osc/12 in 12 clock mode).).

Auto-Reload Mode (Up orDown Counter)

In the 16-bit auto-reload made, Timer2 can be configured (as either
a timer or counter [C/T2* in T2CONJ) 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 DCEN=0 which means Timer 2
will default to counting up. If DCEN bit is set, Timer 2 can count up
or down depending on the value of the T2EX pin.

Figure 4 shows Timer 2 which will count up automatically since
DCEN=0. In this mode there are two options selected by bit EXEN2
in T2CON register. If EXEN2=0, then Timer 2 counts up to OFFFFH
and sets the TF2 (Overflow Flag) bit upon overflow. This causes the
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L
and RCAP2H. The values in RCAP2L and RCAP2H are preset by
software means.

If EXEN2=1, then a 16-bit reload can be triggered either by an
overflow'orby.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 5DCEN=1 which'enables Timer 2 to count up or down.
This/mode allews pin-T2EX to control the direction of count. When a
logict-is applied at pin-F2EX Timer 2\will count up. Timer 2 will
overflow at OFFFFH.andset.the TF2flag, which can then generate
an interrupt, if the interrupt is enabled. This timer overflow also
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 underflow-when TL2 and TH2 become equal to
the value stored in RCAP2L and RCAP2H. Timer 2 underflow sets
the TF2 flag and causes OFFFEH to beireloaded into the timer
registers\TL2.and, TH2.

The external flag EXF2 toggles when Timér 2 underflows or overflows.
This EXF2 bit'can be used as a 17th bit of resolution if needed. The
EXF2 flag does not generate anrinterrupt in this mode of operation.

on Timer 2 overflow.

(MSB) (LSB)
[ TF2 EXF2 RCLK TCLK EXEN2 TR2 C12 CP/RL2

Symbol Position Name;and Significance

TF2 T2CON.7  Timer 2 overflow flag set by a Timer 2.ovérflow 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 wheneither a capture o reload s caused by a.negative transition on T2EX and
EXEN2 = 1. When. Timer 2 interrupt s enabled, EXF2 =41 will catsethe CPU to vector to the Timer 2
interrupt routine. EXF2.mustbe cleared by software. EXF2'does ot cause an interrupt in up/down
counter mode (DCEN =1).

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

TCLK T2CON.4  Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock
in modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock.

EXEN2 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 to clock the serial port. EXEN2 = 0 causes Timer 2 to
ignore events at T2EX.

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

CIT2 T2CON.1  Timer or counter select. (Timer 2)

0 = Internal timer (OSC/6 in 6 clock mode or OSC/12 in 12 clock mode)
1 = Extemal event counter (falling edge triggered).
CP/RL2 T2CON.0  Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 =1. When

cleared, auto-reloads will occur either with Timer 2 overflows or negative transitions at T2EX when
EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced to auto-reload

SuU01251

Figure 1. Timer/Counter 2 (T2CON) Control Register
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Philips Semiconductors Preiiminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

Table 3. Timer 2 Operating Modes

RCLK + TCLK CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 i 1 16-bit Capture
1 X 1 Baud rate generator
X X 0 (off)

TL2 TH2
(8-bits) (8-bitsy

N

Control

Cr2=1
T2 Pin
TR2 Caplure

Transition Timer 2
Detector Interrupt

l RCAP2L. RCAP2H

T2EX Pin  ——3{ /\— oo EXF2

Contro!

EXEN2 SU01252

*n =6 in 6 clock mode, or 12 in"12 clock-mode.

Figure 2. Timer 2 in Capture Mode

T2MOD Address = 0C9H Reset/Value = XXXX XX00B
Not Bit Addressable
( — l — l — l — — — T20E DCEN
Bit 7 B =2 4 3 2 1 0
Symbol Function

— Not implemented, reserved for future use:*
T20E Timer 2 Output Enable bit.
DCEN Down Count Enable bit. When set, this allows Timer 2 to be configured as an up/down counter.
*+  User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 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 bit is
indeterminate.

SuU00729

Figure 3. Timer 2 Mode (T2MOD) Control Register
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Preliminary specification

P89C51RB2/P89C51RC2/
P89C51RD2

Philips Semiconductors

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

]
Cif2=0
TL2 TH2
OJ/‘F (8-BITS) (8-BITS)
cr2=1 X
T2PIN CONTROL
—>
TR2  geLoAD I
TRANSITION
DETECTOR RCAP2L RCAP2H
q TF2
l . TIMER 2
INTERRUPT
T2EXPIN  —3» ’\_ o7 o EXF2
4
CONTROL
EXEN2 SU01253
*n=6in 6 clock mode, or 121in/12 clock mode
Figure 4.-Timer 2.in Auto-Reload Mode (DCEN =.0)
(DOWN COUNTING RELOAD)VALUE)
FFH FFH ol E
5( | ExF2
a1, A
OVERFLOW
—o—7 0 Lo TH2 62 INTERRUPT
\
T2 PIN —f CIr2=1
CONTROL
TRZ COUNT
A /D'RECTION
1£UP
0 = DOWN
RCARZL RCAP2H
(UP'GOUNTING RELOADVALUE) T2EX PIN
*n=6in 6 clock mode, or 12 in 12 clock mode. SU01254

Figure 5. Timer 2 Auto Reload Mode (DCEN = 1)
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Preliminary specification

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

P89C51RB2/P89C51RC2/
P89C51RD2

Timer 1
Overflow

C/T2=0

(8-bits) (8-bits) ? I RCLK

TH2

r
!

l Cm2=1
T2 Pin

Control M
“1
TR2 Reload
Transition
Deledof RCAP2L RCAP2H

'

l Control

EXEN2

Fimer 2
Interrupt

T2EX Pin — /\ Y g o EXF2

Z— Note availability of ‘additional externalinterrupt.

SU01213

Figure 6. Timer 2/in Baud Rate Generator Mode

Table 4. Timer 2 Generated Commonly Used

Baud Rates
Baud Rate Timer 2
Osc Fre
12 clock 6 clock 9 RCAPZH. | REAPZL
mode mode
375k 750 k 12 MHz FF FF
9.6k 19.2 k 12 MHz FF D9:
2.8k 5.6 k 12 MHz FF B2
2.4k 4.8k 12 MHz FF 64
1.2k 2.4k 12 MHz EFE C8
300 600 12 MHz EB 1E
110 220 12 MHz F2 AF
300 600 6 MHz FD 8F
110 220 6 MHz F9 57

Baud Rate Generator Mode

Bits TCLK and/or RCLK in T2CON (Table 4) allow the serial port
transmit and receive baud rates to be derived from either Timer 1 or
Timer 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 two 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 mode is like the auto-reload mode,in that a rollover in
TH2 causes the Timer 2 registers to be reloaded with the 16-bit value
in registers RCAP2H and RCAP2L, which are preset by software.

The'baud ratés inmodes 1'and 3 are determined by Timer 2's
overflow rate given below:
_ Timer 2/ Overflow Rate

16
The timer.can be/configured for either “timer” or “counter” operation.
In many.applications'it isconfigured for /timer” operation (C/T2*=0).
Timer/operation/is different for Timer 2 when it is being used as a
baud rate generator.

Modes 1/ and 3 Baud.Rates

Usually,.as a timer it would,increment'every machine cycle (i.e.,

Vg the oscillator frequency'in 6.€lock mode, 1/42 the oscillator
frequency in2 clock mode):’As'a baud rate generator, it increments
at the oscillator frequency in-6 clock mode (PSC/; in 12 clock mode).
Thus the baud rateformula is as follows:

Modes 1 and '3 Baud Rates =
Oscillator Frequency
[ n* x [65536 = (RCAP2H,RCAP2L)]]

“n= 16 in 6 clock mode
32in 12 clock rnode
Where: (RCAP2H, RCAP2L)= The content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

The Timer 2 as a baud rate generator mode shown in Figure 6, is
valid only if RCLK and/or TCLK = 1 in T2CON register. Note that a
rollover in TH2 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. Also if the EXEN2

(T2 external enable flag) is set, a 1-to-0 transition in T2EX
(Timer/counter 2 trigger input) will set EXF2 (T2 external flag) but
will not cause a reload from (RCAP2H, RCAP2L) 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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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

When Timer 2 is in the baud rate generator mode, one should not try
to read or write TH2 and TL2. As a baud rate generator, Timer 2 is
incremented every state time (osc/2) or asynchronously from pin T2;
under these conditions, a read or write of TH2 or TL2 may not be
accurate. The RCAP2 registers may be read, but should not be
written to, because a write might overlap a reload and cause write
and/or reload errors. The timer should be turned off (clear TR2)
before accessing the Timer 2 or RCAP2 registers.

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

Summary of Baud Rate Equations
Timer 2 is in baud rate generating mode. If Timer 2 is being clocked
through pin T2(P1.0) the baud rate is:

_ Timer 2 Overflow Rate

Baud Rate

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

fOSC
Baud Rate = 5165536 = (RCAP2H, RCAP2L)]]
“n= 16 in 6 clock mode

32in 12 clock mode

Where fogc= Oscillator Frequency

To obtain the reload value for RCAP2H and RCAP2L, the above
equation can be rewritten as:

fOSC
RCAP2H, RCAP2L = 65536 = <n-—xm

Timer/Counter 2 Set-up
Except for the bauid:rate'generator mode, the values given for T2CON

16 do hot include the setting.of the TR2 bit. Therefore, bit TR2 must be
set, séparately, to-turn the timer on. see Table 5 for set-up of Timer 2
as a'timer. Also see Table 6 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 Auto-Reload 00H 08H
16-bit Capture 01H 0SH
Baud rate generator receive and transmit same baud rate 34H 36H
Receive only 24H 26H
Transmit only 14H 16H
Table 6. Timer 2 as a Counter
TMOD
MODE INTERNAL CONTROL EXTERNAL CONTROL
(Note 1) (Note 2)
16-bit 02H O0AH
Auto-Reload 03H 0BH
NOTES:

1. Capture/reload occurs only on timer/counteroverflow.

2. Capture/reload occurs on timer/counter overflow.and-a.1-to-0 transition.on T2EX (P1.1) pin.exceptwhen Timer 2 is used in the baud rate

generator mode.
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P89C51RB2/P89C51RC2/
P89C51RD2

Enhanced UART

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

When used for framing emor detect the UART looks for missing stop
bits in the communication. A missing bit will set the FE bitin the
SCON register. The FE bit shares the SCON.7 bit with SMO and the
function of SCON.7 is determined by PCON.6 (SMODO) (see
Figure 7). If SMODO is set then SCON.7 functions as FE. SCON.7
functions as SM0O when SMODO is cleared. When used as FE
SCON.7 can only be cleared by software. Refer to Figure'8.

Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UART.
to recognize certain addresses in the serial bit stream by-using
hardware to make the comparisons. This feature saves-a-great deal
of software overhead by eliminating the need forthe software to
examine every serial address which/passes by the serial-port. This
feature is enabled by setting the SM2 bit it SCON:'In the- bit UART.
modes, mode 2 and mode 3, the Receive Interruptflag (RI) will be
automatically set when the received byte contains either the “Given”
address or the “Broadcast” address. The 9-bitmode requires that
the 9th information bit is a 1 to indicate that-the received information
is an address and not data. Automatic address recagnition is‘'shown
in Figure 9.

The 8 bit mode is called Mode 1. 1n this mede the R! flagwill be set
if SM2 is enabled and the information received has avalid stop bit
following the 8 address bits and the informatien‘is. eithera Given ot
Broadcast address.

Mode 0 is the Shift Register mode and SM2 is'ignored.

Using the Automatic Address Recognition feature allows @ master to
selectively communicate with one or'more slaves by invokingthe
Given slave address or addresses. All of the slaves may.be
contacted by using the Broadcastaddress. Two special Function
Registers are used to 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.“den't care’; .The SADEN
mask can be logically ANDed with the SADDRtto createthe “Given”
address which the master will use for addressing each of the‘slayves.
Use of the Given address allows multiple slaves to'be recegnized
while excluding others. The following examples will helpto.show'the
versatility of this scheme:

Slave 0 SADDR = 1100 0000
SADEN = 1111 1101
Given = 1100 00X0

Slave 1 SADDR = 1100 0000
SADEN = 1111_111Q
Given = 1100 000X

In the above example SADDR is the same and the SADEN datais
used to differentiate between the two slaves. Slave 0 requires a 0 in
bit 0 and it ignores bit 1. Slave 1 requires a 0 in bit 1 and bit0 is
ignored. A unique address for Slave 0 would be 1100 0010 since
slave 1 requires a 0 in bit 1. A unique address for slave 1 would be
1100 0001 since a 1 in bit 0 will exclude slave 0. Both slaves can be
selected at the same time by an address which has bit 0 = 0 (for
slave 0) and bit 1 = 0 (for slave 1). Thus, both could be addressed
with 1100 0000.

In.a more complex system the following could be used to select
slaves 1 and*2.whilesexcluding slave 0:

Slave'0 SADDRu,. = 1100 0000
SADEN = 1111001
Given = 1100 0XXO0
Slave SADDR/.= 11410, 0000
SADEN | = 1114, 1010
Given = 1110°.0X0X
Slave 2 SADDR- = 1110 0000
SADEN- = 111121100
Given = 1110 _00XX

1n the above example the differentiation.among the 3 slaves s inthe
lower 3 address/bits.'Slave'0 requires that bit 0 = 0 and it can be
uniquely addressed by 1110'0110. Slave ¥ requires that bit 1 = 0 and
it.can be uniquely 'addressed by 1110 and 0101. Slave 2 requires
that'bit2 = 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 slave is created by taking the
logicalOR.of SADDR and'SADEN. Zeéros in this result are trended
as don't-cares:In most'cases, interpreting the don't-cares as ones,
the broadcastiaddresswill be FF hexadecimal.

Upon reset' SADDR (SFR address 0A9H) and SADEN (SFR
address 0BOH) are leaded with Os. This produces a given address
of all ‘don‘t.eares” as well'as’a Broadcast address of all “don’t
cares”. This effectively\disables the Automatic Addressing mode and
allows the mieracontroller.to use standard 80C51 type UART drivers
whichido notmake use of.this feature.
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SCON Address = 98H Reset Value = 0000 00008
Bit Addressable
’ SMO/FE l SM1 l SM2 [ REN l TB8 r RB8 l TI I RI !
Bit: 7 6 5 4 3 2 1 0
(SMODO = 0/1)*
Symbol Function
EE Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE bit is not cleared by valid
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit.
SMO Serial Port Mode Bit 0, (SMODO must = 0 to access bit SM0)
SM1 Serial Port Mode Bit 1
SMO0 SM1 Mode Description Baud Rate**
0 0 0 shift register fosc/6 (6/clock mode) or fogel12'(12 clock mode)
0 1 1 8-bit UART variable
1 0 2 9-bit-UART fosc/32 orfosc/1646 clock-mode) or
fosc/64 orfpsc/32(12 clock-mode)
1 1 3 9:bit UART variable
SM2 Enables the Automatic Address Recegnition feature in Modes 2 or 3..If SM2-=-1 then RI will notbe set unless the
received 9th data bit (RB8) is 1, indicating'an.address;/and the received byte.is a Given or Broadcast Address.
In Mode 1, if SM2 = 1 then Rl.wili-not be.activated unless a valid.stop bit was received, and the received byte is a
Given or Broadcast Address. In Mode 0;,SM2-should be 0.
REN Enables serial reception: Setby software to ‘enable reception. Clear by software to-disable reception.
TB8 The 9th data bit'that will be transmitted inModes 2 and(3.-Set or clear by software as desired.
RB8 In modes 2 and;3, the Sth data bit that wasreceived. In‘Mode 1,if'SM2.=0, RB8 is the stop bit that was received.
In Mode 0, RB8'is not used:
TI Transmit interrupt flag. Set by hardware at the end of the: 8th bit time in-Mode 0, or atthe beginningrof the stop bit in the
other modes, in any serial transmission. Must be cleared by software.
RI Receive interrupt-flag. Set-by hardware at the end-of the 8th-bit time in Mode 0, or halfway through the stop bit time in
the other modes; in any serial reception (except see SM2). Must be cleared by software.
NOTE:
*SMODQ is located at PCONG.
“*fosc = oscillator frequency SU01255

Figure 7. SCON:Serial Poit Control Register
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T 0 T o R -
START DATA BYTE ONLY IN STOP
BIT MODE 2,3 BIT

-)-'Q—— SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR)

\°4

Of—® SMO0 TO UART MODE CONTROL

SCON
SMO/FE | sm1 [ SM2 REN 88 RBS T RI )
SMOD1 | SMODO - { POF LvF [ GFO I GF1 IBL ’;Cﬁf)‘

0 SCON.7 = SMO
14SCON.7 =FE

SUCOO44

Figure8.. UART Framing Error Detection

I SCON
1 SMo [ SM1 l SM2 REN B8 RBSJ TL ] RI ] (98H)

1 1 1 1 X
1 o]

S

RECEIVED ADDRESS RO' 70 D7 a
PROGRAMMED ADDRESS SR TSR

IN UART MODE'2 OR MODE 3AND,SM2 = {:

INTERRUPT IF REN=47RB8=1 AND(RECEIVED ADDRESS"3*PROGRAMMEDADDRESS"
— WHEN.OWN ADDRESS RECEIVED, "CLEAR.SM2:T0O RECEIVE DATA'BYTES
— WHEN ALL DATA BYTES HAVE BEEN-RECEIVED: SET, SM2:-70 WAIT FOR NEXT ADDRESS.

SU0OO45

Figure 9. UART Multiprocessor.Communication,Automatic Address:Recognition
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Interrupt Priority Structure
The P89C51RB2/RC2/RD2 has a 7 source four-level interrupt
structure (see Table 7).

There are 3 SFRs associated with the four-level interrupt. They are
the IE, IP, 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 SFR address B7H. The structure of
the IPH register and a description of its bits is shown in Figure 12.

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

The priority scheme for servicing the interrupts is the same as that
for the 80C51, except there are four interrupt levels rather than two
as on the 80C51. An interrupt will be serviced as long as an interrupt
of equal or higher priority is not already being serviced. If an
interrupt of equal or higher level priority is being serviced, the new
interrupt will wait until it 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
priority level interrupt that was stopped will be completed.

PRIORITY BITS
INTERRUPT PRIORITY'LEVEL
IPH.x IP.x
0 0 Level O (lowest priority)
0 1 Level 1
1 0 Level 2
1 1 Level 3 (highest priority)
Table 7.  Interrupt Table
SOURCE POLLING PRIORITY. REQUEST BITS HARDWARE CLEAR? VECTOR ADDRESS
X0 1 IEO N =Y A(T)? 03H
T0 2 TRQ Y 0BH
X1 8 1E1 NLOL Y)Y 13H
e 4 TF4 Y 1BH
PCA 5 CF, CCFn N 33H
n=04
SP 6 RI, Tk N 23H
T2 TF2, EXF2 N 2BH
NOTES:
1. L= Level activated
2. T = Transition activated
7 6 5 4 3 2 1 0
IE (0A8H) EA EC ET2 ES ETA EX1 ETO EXO0
Enable Bit = 1 enables the.interrupt:
Enable Bit = 0 disables it.
BIT SYMBOL 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 setting or clearing its enable bit.
IE.6 EC PCA interrupt enable bit
IE.5 ET2 Timer 2 interrupt enable bit.
IE.4 ES Serial Port interrupt enable bit.
IE.3 ET1 Timer 1 interrupt enable bit.
IE.2 EX1 External interrupt 1 enable bit.
IEA1 ETO Timer 0 interrupt enable bit.
IE.O EXO0 External interrupt 0 enable bit. SiipA5

Figure 10

. IE Registers
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7 6 5 4 3 2 1 0
IP (0B8H) - PPC PT2 PS PT1 PX1 PTO PX0

Priority Bit = 1 assigns high priority
Priority Bit = 0 assigns low priority

BIT SYMBOL FUNCTION
IP7 - -
IP.6 PPC PCA interrupt priority bit
IP5 PT2 Timer 2 interrupt priority bit.
P4 PS Serial Port interrupt priority bit.
IP.3 PT1 Timer 1 interrupt priority bit.
IP.2 PX1 External interrupt 1 priority.bit:
IPA PTO Timer 0 interrupt priority bit:
IP.0 PX0 External interrtpt.0-priority bit. 1101291
Figure 11. IR Registers
i/ 6 5 4 3 2 1 0
IPH (B7H) - PPCHt, PT2H PSH PTIH [ PX1H | PTOH~ PX0H

Priority-Bit = 1 assigns higher-priority
Priority Bit = O assignsower priority

BIT SYMBOL - FUNCTION

IPH.7 - -

IPH.6 PPCH PCA interrupt priority bit

IPH.5 PT2H Timer 2 interrupt priority bit-high.

IPH.4 PSH Serial Port intermupt priority.bit'high,

IPH.3 PT1H Timer 4 interrupt priority bit high:

IPH.2 PX1H External‘interrupt 1) priority'bit high:

IPH.1 PTOH TimerQ interrupt priority bit high.

IPH.0 PX0H External interrupt O priority bit high. 01292

Figure12. IPH Registers
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Philips Semiconductors
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80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

Reduced EMI Mode
The AO bit (AUXR.0) in the AUXR register when set disables the
ALE output.

Reduced EMI Mode

AUXR (8EH)

7 6 5 4 3 2 1 0
LT -T-T-1-1-=- Jemwmw] no |
AUXR.1 EXTRAM
AUXR.0 AO Turns off ALE output.

Dual DPTR

The dual DPTR structure (see Figure 13) is a way bywhich the chip
will specify the address of an external data memery location, There
are two 16-bit DPTR registers that address the external memory,
and a single bit called DPS = AUXR1/bit0 that allows the-program
code to switch between them.

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

® Reset Value: xxxxxxx0B

AUXR1 (A2H)

7 6 5 4 3 2 1 0
[= T - Tewoor [T 1 Tior P lad=iors ||
Where:

DPS = AUXR1/bit0 = Switches between.DPTR0 and DPTR1:

Select Reg DPS
DPTRO 0
DPTR1 1

The DPS bit status should be saved by software when switching
between DPTRO and DPTR1.

The GF2 bit is a general purpose user-defined flag=Note that bit-2-is
not writable and is always read as a zero. This allows the DPS bitto

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
non zero during reset or PSEN is pulled low, ALE floats high, and
EA > Vy on the falling edge of reset. Otherwise, this bit will be
cleared during reset.

L} ’\/
1
DPS ,
1
BITO :
AUXR1 ) DPTR1
! DPTRO
DPH_ DPL -
(83H) %, (82H) EXTERNAL
DATA
MEMORY
SUD0745A
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
instructions that use the DPTR are as follows:

INC DRTR

MOV DPTR;#data16

MOV A, @ A+DPTR

MOVX A, @ DPTR

Increments the data pointer by 1
Loads the DPTRwith a| 16-bit constant
Move code byte relative to DPTR to ACC

Move external RAM (16-bit address) to
ACC

Move ACC to external RAM (16-bit
address)

MOVX/@ DPTR jA

JMP @A + DPTR Jump indirect relative to DPTR

The'data pointer can‘be accessed on'a byte-by-byte basis by
specifying-thelow or high-byte in an instruction which accesses the
SFRs. See ApplicatiomiNote AN458for more details.
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80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

Programmable Counter Array (PCA)

The Programmable Counter Array available on the
89C51RB2/RC2/RD2 is a special 16-bit Timer that has five 16-bit
capture/compare modules associated with it. Each of the modules
can be programmed to operate in one of four modes: rising and/or
falling edge capture, software timer, high-speed output, or pulse
width modulator. Each module has a pin associated with itin port 1.
Module 0 is connected to P1.3(CEX0), module 1to P1.4(CEX1), etc.
The basic PCA configuration is shown in Figure 14.

The PCA timer is a common time base for all five modules and can
be programmed to 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
CPSO0 bits in the CMOD SFR as follows (see Figure 17):

CPS1 CPS0 PCA Timer Count Source

0 0  1/6 oscillator frequency (6 clock'mode);
1/12 oscillator frequency (12 clock mode)

0 1 1/2 oscillator frequency (6 clock mode);
1/4 oscillator frequency (12 clock mode)

1 0  Timer O overflow

1 1 External Input at ECl/pin

In the CMOD SFR are three additional bits associated with-the PCA:
They are CIDL which allows the PCA tostop during idle mode,
WDTE which enables or disables the watchdegfunctionon

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 functions are shown in Figure 15.

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

The CCON SFR contains 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 overflows 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 0 through 4 of the CCON register are the flags for
the modules (bit 0 for module 0, bit 1 for module 1, etc.) and are set
by hardware when either a match or a capture occurs. These flags
also can only 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: CCAPMO for module 0, CCAPM1 for
module 1, etc. (see Figure 19). The registers contain the bits that
control the mode that each module will operate in. The ECCF bit
(CCAPMn.0 where n=0, 1, 2, 3, or 4 depending on the module)
enables the CCF flag in the CCON SFR to generate an intermupt
when.a matéhwor compare occurs in the associated module. PWM
(CCAPMn.1)'enables:the pulse width modulation mode. The TOG
bit (CCAPMn.2) wheniset'eauses the CEX output associated with
the/modulé totoggle whenithere is a match between the PCA
colinter and the module’s capture/compare register. The match bit
MAT(CECAPMN.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 modulg’s capture/compare register.

The, néxt two bits CAPN (CCAPMn.4) and CAPP (CCAPMn.5)
determine the edge that a capture input willbe active on. 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 Iast bit in‘the register ECOM
(CCAPM0.6) when set enables the comparator function. Figure 20
shows the CCAPMn settings-for the various PCA functions.

There are tworadditional registersiassociated with each of the PCA
modules. They are CCAPnH and CCAPnl-and these are the
registers that store the, 16-bit:count when a capture occurs or a
compare should occur. When a'moduleis.used in the PWM mode
these registers are used to control the duty cycle of the output.

I——— 16 BITS —_—]

PCA TIMER/COUNTER

TIME BASE FOR PCA MODULES

MODULE FUNCTIONS:
16-BIT CAPTURE
16-BIT TIMER
16-BIT HIGH SPEED OUTPUT
8-BIT PWM
WATCHDOG TIMER (MODULE 4 ONLY)

|"" 16 BITS —“I

P1.3/CEX0
P1.4/CEX1
P1.5/CEX2
P1.6/CEX3
P1.7/CEX4

SU00032

Figure 14. Programmable Counter Array (PCA)
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
:> TO PCA
0SC/6 (6 CLOCK MODE) [ | MODULES
OR l°/ ]
0SC/12 (12 CLOCK MODE) — :
0SC/2 (6 CLOCK MODE)
P I; I ; OVERFLOW
0SC/4 (12 CLOCK MODE) [—-—'; _________________ : | m I - o ]_ i‘°’—/°‘| INTERRUPT
TIMER 0 OVERFLOW [I\J -:le 16-BIT UP COUNTER :
EXTERNAL INPUT
(P1.2/ECI)
IDLE —
CcMOD
l cIDL lme J -4 l Lt [ 'y l cPst CPSO l N¢F | o
o}
-
[ CF J CR l Z. l CCF4 l ccra] cerzfhccrt | ccoro Ifg&':
1Y
SU01256
Figure 15. PCA Timer/Counter
CCON
CF GR A folel"} CCF3 CCF2 CCF1 CCFO | (Cory
PCA TIMER/COUNTER }——ﬁ L
MODULE 0 Ilo/ﬂll
: : l — 7
MODULE 1 } r"’ﬁq E:c EA T0
* : INTERRUPT
PRIORITY
DECODER
MODULE 2 }
| MODULE 3 }
MODULE 4 [ - g
cmopo | ECF CCAPMn.0 | ECCFn
SU01097

Figure 16. PCA Interrupt System
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Philips Semiconductors Freliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
CMOD Address = DSH Reset Value = 00XX X000B
CIDL WDTE - - - CPS1 CPS0 ECF
Bit: 7 6 5 4 3 2 1 0
Symbol Function
CIDL Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during idle Mode. CIDL = 1 programs
it to be gated off during idle.
WDTE Watchdog Timer Enable: WDTE = 0 disables Watehdog Timer function on PCA Module 4. WDTE = 1 enables it.
- Not implemented, reserved for futuresuse.*
CPS1 PCA Count Pulse Select bit 1.
CPS0 PCA Count Pulse Select bit 0:
CPS1 CPSO Selected PCA Input®*
0 0 0 Internal cloek,-fasc/6:in 6 clockmoade (fgse/12 in 12 clock mode)
0 1 1 Intérhal clock; fosc/2 in 6-clock mode (foscr4 in 12 clock mode)
1 0 2 Timer 0 overflow
1 1 3 Externdl clock'at ECI/P 1.2 pin

{max.Tate = fosc/4 in 6 clock mode, focs/8 in12 clock mode)

ECF PCA Enable Counter Overflow interrupt ECF =1 enables CF bit in.CCON to generate an interrupt. ECFE = 0 disables
that function of CF.

NOTE:
+ User software should not writel 1s to-reserved bits.These bits may be usedin-future 8051 family products to invoke new features. Inithat 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 bit is indeterminate.
** fosc = oscillator frequency’

sU01318
Figure 17. CMOD: PCA Counter Mode Register
CCON  Address = D8H Reset Value = 00X0 0000B
Bit Addressable
CF CR - CCF4 CCF3 CCF2 CCF1 CCFo
Bit: 7 6 g 4 3 2 1 0
Symbol Function
CF PCA Counter Overflow flag. Set by:-hardware whenthejcounteryolls aver. CF flags an interrupt if bit ECF in CMOD is
set. CF may be set by either hardware orsoftware but €an only be cleared:by software.
CR PCA Counter Run control bit. Set by softWare.to turnthe-PCAcotinter.onMust be cleared by software to turn the PCA
counter off.
- Not implemented, reserved for future use*.
CCF4 PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software.
CCF3 PCA Module 3 interrupt flag. Set by 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.
CCFO0 PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be cleared by software.
NOTE:

- User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 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 bit is indeterminate.

Su01319

Figure 18. CCON: PCA Counter Control Register
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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

CCAPMn Address CCAPMO  ODAH Reset Value = X000 00008
CCAPM1 0DBH
CCAPM2  0ODCH
CCAPM3  0DDH
CCAPM4  ODEH
Not Bit Addressable
- ECOMn | CAPPn | CAPNn MATn TOGn PWMn | ECCFn
Bit: 7 6 5 4 2 1 0
Symbol Function
- Not implemented, reserved for future use”®.
ECOMn Enable Comparator. ECOMn = 1 enables the.comparator function.
CAPPn Capture Positive, CAPPn = 1 enables positive edge capture.
CAPNn Capture Negative, CAPNn = 1.enables negative edge capture,
MATn Match. When MATn = 1, arnatch of the PCA'counter with this' module’'s-compare/capture.register causes the CCFn bit
in CCON to be set, flagging/an interrupt.
TOGn Toggle. When TOGn= 1;'a matchrof-the PCA counter with this‘medule’s comparefcapture register causes the CEXn
pin to toggle.
PWMn Pulse Width Modulation Mode. PWMn =1 enables'the-CEXn pin.to'be used as a pulse width modulated output.
ECCFn Enable CCF interfupt. Enables compare/capture flag CCEn in'the CCON register to generate an intemrupt.
NOTE:

*User software should not write 18 toreserved bits. These bits may be used in future 8851 family productsito invoke new features. In thatcase, the.reset or inactive value of the new
bit will be 0, and its active value will be 1. The valug readfrom a resefved 5t is,ndeteminate,

SUC1320

Figure 19. CCAPMn: PCA Modules Compare/Capture Registers

TOGn

- ECOMn | CAPPn |"CAPNn- | /MATR PWMn- | ECCFn MODULE FUNCTION
X 0 0 0 0 0 0 0 No operation
X X i 0 0 0 0 X 16-bit capture by a positive-edge trigger on CEXn
X X 0 1 0 0 0 X 16-bit-capture-by.a negative trigger on CEXn
X X 1 ] 0 0 0 X 16-bit capture by a transition on'CEXn
X 1 0 ) 1 0 0 X 16-bit Software Timer,
X 1 0 0 1 1 0 X 16-bit-High.Speed Output
X 1 0 0 0 0 1 (0} 8-bit PWM
X 1 0 0 1 X 0 g X Watehdog Timer
Figure 20. PCA Module Modes (CCAPMn-Register)
PCA Capture Mode counter and thesmodule's capture registers. To activate this mode

To use one of the PCA modules in the capture moede either one or
both of the CCAPM bits CAPN and CAPP for that module must be
set. The external CEX input for the module (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
module’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 be generated. Refer to Figure 21.

16-bit Software Timer Mode

The PCA modules can be used as software timers by setting both
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 occurs an interrupt will occur if the CCFn (CCON SFR) and
the ECCFn (CCAPMn SFR) bits for the module are both set (see
Figure 22).

High Speed Output Mode
In this mode the CEX output (on port 1) associated with the PCA
module will toggle each time a match occurs between the PCA

thre TOG! MAT, and ECOM.bits in the module’s CCAPMn SFR must
be'set (see Figure 23):

Pulse Width Modulator Mode

All of the PCA modules can be used as PWM outputs. Figure 24
shows the PWM function. The frequency of the output depends on
the source for the PCA timer. All of the modules will have the same
frequency of output because they all 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 SFR is
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 will be high. When
CL overflows from FF to 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 set to
enable the PWM mode.
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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
CF CR — CCF4 CCF3 CCF2 CCF1 CCF0 (%gg:‘)
{ [2]\, o $ PCA INTERRUPT
(TO CCFn) PCA TIMER/COUNTER
: CH cL
I e s PO B S
] :'v§ ] N

CCAPnH CCAPnL

PWhin ECCFn l CCAPMn, n=0104

CAPNn, [ MATn I TOGn

l == LECOMnl CAPPn

{C2H= C6H)
0 0 0 0
suo1101
Figure 21.PCA Capture Mode
CCON
CF CR P CCF4 CGF3 CCF2 [ccm CCF0 (COH)

WRITE TO : :
ccapnt RESEW =20 @7 757¢1 Wb, U Y oevidn W LV 4) F2¢201. . CB .. :

PCA INTERRUPT

WRITE TO l CCAPnH CCAPNL (TO CCFny

CCAPnL
0 1 ! !

ENABLE
16-BIT COMPARATOR
[ CH l [N

PCA TIMER/COUNTER

J

il :
CCAPMn, n=0to 4
— ECOMn l CAPPn LCAPNn MATn TOGn PWMn l ECCFn I (C2H — C6H)
[ 0 0 0 0

Su01162

Figure22. PCA Compare Mode
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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
Gk CR — CCF4 | CCF3 | ccF2 | CCF1 CCFO ?g&';
WRITE TO

WRITE TO
CCAPnL

] 1

CCAPnH  RESET

L————@———» PCA INTERRUPT

CCAPnH CCAPNL J

ENABLE X MATCH
——|7 16-BIT COMPARATOR : :
i : : TOGGLE
CH cL ! : Io_/ﬁ DH Cexn

PCA TIMER/COUNTER

i ;
CCAPMn, n:0..4
= l ECOMn CAPPn CAPNn MATR TOGH PWMn ECCFrL] (C2H - C6H)

) o 0 1 0

(TO CCFn)

SUo1103

Flgure23. PCA High Speed\Output Mode

F CCAPnH

CCAPNL

g
ENAB CU=.CEAPNL
NABLE
8-BIT Cexn
1

GOMPARATOR [
chsweAgy
OVERFLOW CL

PCATIMER/CCUNTER

|

MATn | TOGn I PWMn

CCAPMn, n: 0.4
ECCFLI (C2H - CBH)

0 0 0 0 o]

I b l ECOMn[ CAPPnl CAPNn

SU01104

Figure 24. PCA PWM Mode
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N

CMOD

ECF (C1H)

WRITE TO

CCAP4L RESET' e e s r s .
WIS L CCAPAH l CCAPAL I MODULE 4 ‘
CCAP4H 5
- T
ENABLE MATCH :
16-BIT COMPARATOR RESET
L CH et
PCATIMERICOUNTER
]
— [ £COMn_|" .CARR ||| | CAPNA. | _MATn_{=T0Gn PWMn | ECCFn %CG':'F)’M“
T o g 1 x 0 X
' SUo1105

Figure 25..-PCA Watchdog Timer m(Module 4 onily)

PCA Watchdog Timer

An on-board watchdog timer is available with the PCA to improve the
reliability of the system without increasing chip count.'Watchdog
timers are useful for systems that are'susceptible to noise, power
glitches, or electrostatic discharge. Module 4'isthe only PCA module
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 shows a diagram of how: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
value. If a match is allowed to occur, an internalreset will be
generated. This will not cause the RST pin.to be driven’high:

In order to hold off the reset, the user has three options:

1. periodically change the compare valueiso.it will never match the
PCA timer,

periodically change the PCA timer value.so it will never mateh
the compare values, or

disable the watchdog by clearing the WDTE. bit:before’a mateh
occurs and then re-enable it.

The first two options are more reliable because the watchdog
timer is never disabled as in option #3. If the program counter ever
goes,astray, aimatch will eventually oceur and cause aninternal
reset. The.second option.is also not recommended if other PCA
modules are/being used. Remember, the PCA timer is the time
base for all modules; changing the time;base for other modules
wotld not be a goodiidea. Thus, in‘most.applications the first
solution’is the bestoption.

Figure 26 shows the code fordnitializing the watchdog timer.

Module 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,CCAPA4L) to keep a match from
occurring/with-the PCA timer (CH,CL). This code is given in the
WATCHDOG routine in Figure 26¢

Thisroutine should not be partof.an interrupt service routine,
because-if.the program counter goes astray and gets stuck in an
infinite’loop, interrupts will'still be'serviced and the watchdog will
keep getting reset.(Thus,.the.purpose of the watchdog would be
defeated. dnstead, call this'subroutine from the main program within
216 count of the PCA'timer.
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P89C51RD2

INIT WATCHDOG:
MOV CCAPM4, #4CH
MOV CCAP4L, #OFFH
MOV CCAP4H, #OFFH

ORL CMOD, #40H
i
i
i

i

WATCHDOG:
CLR EA
MOV CCAP4L, #00
MOV CCAP4H, CH
SETB EA
RET

; Module 4 in compare mode

; Write to low byte first

; Before PCA timer counts up to

; FFFF Hex, these compare values
; must be changed

; Set the WDTE bit to enable the
; watchdog timer without changing
; the other bits in CMOD

R kAR kR R hF Rk k kR kA kR d kR ok k ok Rk k o ko k ok ok ok ko k ok ok ko ko kk ok ok ok ok ok ok ok ko ok kK

Main program goes here, but CALL WATCHDOG" periodically.

e ke o e ok ok e ok ke e ok ok ok ok ok ke e e ok ok e R g o o ke e ok e o ok o ok Sk e ok ke sk ok ok ok sk ko R

; Hold™eff interrupts

; Next. comparé value-is within
; 255 ¢punts. of the ,Current -RCA
P Eimer.value

Figure 26. PCA Watchdog Timer Initialization Code

2001 sanansiuenansiianulidmsunisldnuiiemsaneirintu lleygslmhluldusglovdsunisa

Lidnsdlla vy Bnnsnudlidaudadilen uagdesdndisdveenarsynasandnsiluly



Philips Semiconductors

Preliminary specification
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Expanded Data RAM Addressing For example:
The P89C51RB2/RC2/RD2 has internal data memory that is MOV @RO,#data

mapped into four separate segments: the lower 128 bytes of RAM,
upper 128 bytes of RAM, 128 bytes Special Function Register (SFR),
and 256 bytes expanded RAM (ERAM) (768 bytes for the RD2).

The four segments are:
1. The Lower 128 bytes of RAM (addresses 00H to 7FH) are
directly and indirectly addressable.

2. The Upper 128 bytes of RAM (addresses 80H to FFH) are
indirectly addressable only.

3. The Special Function Registers, SFRs, (addresses 80H to FFH)
are directly addressable only.

4. The 256/768-bytes expanded RAM (ERAM, 00H — 1FFH/2FFH)
are indirectly accessed by move external instructionsMOVX, and
with the EXTRAM bit cleared, see Figure 27.

The Lower 128 bytes can be accessed by either director indirect
addressing. The Upper 128 bytes can beaccessed by indirect
addressing only. The Upper 128 bytes occupy the same address
space as the SFR. That means they have the.same address; butare
physically separate from SFR space.

When an instruction accesses @n/internal‘location above address
7FH, the CPU knows whether the access isito the upper 128 bytes
of data RAM or to SFR space by the-addressing mode used in the
instruction. Instructions that use direct addressing access SER
space. For example:

MOV 0AQH #data

accesses the SFR at location 0AOH {which'is P2). Instructions that
use indirect addressing access the Upper128 bytes of data-RAM.

where RO contains 0AQH, accesses the data byte at address 0AOH,
rather than P2 (whose address is 0AOH).

The ERAM can be accessed by indirect addressing, with EXTRAM
bit cleared and MOVX instructions. This part of memory is physically
located on-chip, logically occupies the first 7936-bytes of extemal
data memory.

With EXTRAM = 0, the ERAM is indirectly addressed, using the
MOVX instruction in combination with any of the registers RO, R1 of
the selected bank or DPTR. An access to ERAM will not affect ports
P0,.P3.6 (WR#) and P3.7 (RD#). P2 SFR is output during external
addressing. Forexample, with EXTRAM =0,

MOVX @RO,#data
where RO contains 0AOHaccess the ERAM at address OAQH rather
than eéxternal'memory. An accessito external data memory locations
higherthanthe ERAM will be performed with the MOVX DPTR
instructions in-the"same way as in the standard 80C51, so with PO
and P2 as.data/address bus, and P3.6.and P3.7 as write and read
timing; signals. Referto-Figure 28.

With EXTRAM = 1, MOVX @Ri and MOVX @DPTR will be similar
to the standard:80C51. MOV X @ Ri.will provide an 8-bit address
multiplexed.with data on Port.0 and any output port pins can be
Used to/output higher/order address bits-This is to provide the
external paging capability. MOVX.@DPTR will generate a 16-bit
address), Port 2 outputs the high-order, eight address bits (the
contents of DPH) while Port O-multiplexes the low-order eight
address bits (DPL) with data. MOVX @Riand MOVX @DPTR will
generate either read or write signals on P3:6 (WR) and P3.7 (RD).

The stack pointer(SP)may be located anywhere in the 256 bytes
RAM (lower ahd upper RAMYinternal data memory. The stack may
not be located in the ERAM.

AUXR Address = 8EH Reset Value = xxxx xx00B
Not Bit Addressable
— — — - - — EXTRAM AO
Bit: 7 6 5 4 2 1 0
Symbol Function
AO Disable/Enable ALE
AO Operating Mode
0 ALE is emitted at a constant rate of /3 the'oscillator frequency (6 clock mode; Vg fosc in 12 clock mode).
1 ALE is active only during a MOVX or MOVC instruction.
EXTRAM Internal/External RAM access using MOVX @RV@DPTR
EXTRAM Operating Mode
0 Internal ERAM access using MOVX @Ri/@DPTR
1 External data memory access.
— Not implemented, reserved for future use”.
NOTE:
“User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 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 bit is indeterminate.
sU01258

Figure 27. AUXR: Auxiliary Register
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

UPPER SPECIAL EXTERNAL
128 BYTES FUNCTION DATA
INTERNAL RAM REGISTER MEMORY

ERAM 80 80
256 or 768 BYTES

LOWER
128 BYTES
INTERNAL RAM

100 00 00 0000
SU01293

Figure 28. Internal and External Data Memory Address Space with EXTRAM =0

HARDWARE WATCHDOG TIMER (ONE-TIME ENABLED WITH RESET-OUT /FOR P89C51RB2/RC2/RD2)

The WDT is intended as a recovery method in situations where the CPU may be subjected to software.upset. The WDT consists of a 14-bit
counter and the WatchDog Timer reset (WDTRST)/SER: The WDT/is'disabled at resat. To .enabte the WDT, user must write 01EH and OE1Hin
sequence to the WDTRST, SFR location 0A6H. When WDT is enabled; it'will increment every-machine cycle while the oscillator is running and
there is no way to disable the WDT -except through reset (either hardware reset or WDT overflow/reset). When WDT.overflows, it will drive an
output reset HIGH pulse at the RST-pin (see the note below).

Using the WDT

To enable the WDT, user must write 01EH and 0E1H in 'sequence to the WDTRST, SER location 0A6H. When WDT is enabled, the user needs to
service it by writing to 01EH and 0E1H to WDTRST to avoid WDT overflow. The 14-bit counter overflows when jt reaches 16383 (3FFFH) and this
will reset the device. When WDT is enabled, it will increment every machine cycle while the oscillator-is running. This means the user must reset
the WDT at least every 16383 machine cycles. To reset the WDT, the user must write' 01EH and OE1H to WDTRST. WDIRST is a write only
register. The WDT counter cannot be read or written, When WDT overflows, it will generate an-output RESET pulse at the reset pin (see note
below). The RESET pulse duration:is 98 x Tosc (6-clockimode; 196 in12iclock mode), where Tose = 1/foscs To make the best use of the WDT, it
should be serviced in those sections-of code that.will periodically. be executed within|the time required to.prevent a WDT reset.

ABSOLUTE MAXIMUM RATINGS' 2.3

PARAMETER RATING UNIT
Operating temperature under bias Q'to +70 or —40 to +85 °C
Storage temperature range —65 to +150 °C
Voltage on EA/Vpp pin to Vg 0to+13.0 Y
Voltage on any other pin to Vgs -0.5t0 +6.5 \%
Maximum lg_ per 1/O pin 15 mA
Power dissipation (based on package heat transfer limitationsynot device power consumption) 1.5 w

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any conditions other than those described in the AC and DC Electrical Characteristics section
of this specification is not implied.

2. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated maximum.

3. Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to Vss unless otherwise noted.
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

DC ELECTRICAL CHARACTERISTICS
Tamb = 0°C to #70°C; Ve = 5 V £ 10% or -40°C to +85°C; 5 V +5%; Vgg = 0V

TEST LIMITS
SYMBOL PARAMETER ] CONDITIONS ey =y Y, UNIT
Vi Input low voltage 45V <Vgc<b5V -0.5 0.2Vgc0.1 Y
ViH Input high voltage (ports 0, 1, 2, 3, EA) 0.2Vc+0.9 Veet+0.5 Y
ViH1 Input high voltage, XTAL1, RST 0.7Vce Veet+0.5 \%
Vec=4.5V
8 cC s
Vou Output low voltage, ports 1, 2, 3 oL = 1.6 mA2 0.4 \Y
v, Output low voltage, port 0, ALE, PSEN 7. 8 Vec=4.5Y 0.45 v
oL1 P , port U, ) lo, = 3.2 mA2 .
. 3 VCC =45V _
VoH Output high voltage, ports 1, 2, 3 lon = ~30 pA Ve - 0.7 Vv
Output high voltage (port 0 in external bus mode), Vac/=/4.5V B

VoHt | ALES, PSENS lon 3 232k VeORLR v
e Logical 0 input current, ports 1,2, 3 ViN=04 Y -1 -75 HA
I Logical 1-to-0 transition current, ports 1, 2,738 \S/ga:N%ge \i -650 pA
I Input leakage current, port 0 0.45 < VNS Vec—=103 +10 pA
lec Power supply current (see Figure 36): See Note5

Active mode (see Note 5)

Idle mode (see Note 5)

Power-down mode or clock.stopped (see Tamb = 0°C to 70°C <1 40 UA

Figure 42 for conditions) Tamb = =40°C to +85°C 50 pA

Programming and erase mode fose' =20 MHzZ 60 mA
RRrsTt Internal reset pull-down resistor 40 225 kQ
Cio Pin capacitance 0 (except EA) 15 pF

NOTES:

1. Typical ratings are not guaranteed. The values listed are at room temperature, 5V,

2. Capacitive loading on ports 0 and 2 may cause spurious noise to be superimposed.on the Vs of ALE and ports 1 and' 3. The noise is due
to external bus capacitance discharging into'the port Oiand port:2-pins when these: pins make.1-to-0.transitionsiduring bus operations. In the
worst cases (capacitive loading > 100 pF), the neise pulse onthe ALE pin.may exceed 0.8 V. In'such cases, it;may be desirable to qualify
ALE with a Schmitt Trigger, or use an address'latch with.a.Schmift Trigger STROBE input. |, ‘can exceed these conditions provided that no
single output sinks more than § mA and-no more than two'outptts exceed the test'conditions.

3. Capacitive loading on ports 0 and 2 may/Cause the,Voy on/ALE@nd PSEN to momentarily.fall.below the Vigc—0.7/specification when the
address bits are stabilizing.

4. Pins of ports 1, 2 and 3 source a transition cufrent when they are“being externally-driven from 1 to-0., The transition current reaches its
maximum value when Vy is approximately 2'V.

5. See Figures 39 through 42 for I test conditions and:Figure 36 for Icc vs Freq.

Active mode:  Iccmax) = (2.8 x FREQ, +8)mA forall devices, in 6 clock mode; (1:4 x FREQ:+.8)mA in 12 clock mode.
Idle mode: Icomax) = (1.2 x FREQ. #4.0)mA in 6 clock mode; (0.6 xFREQ.*+1.0)mA’in_12 clock mode.

6. This value applies to Tymp = 0°C to +70°C.

7. Load capacitance for port 0, ALE, and PSEN = 100 pF, load.capacitance-for-all other outputs = 80 pF.

8. Under steady state (non-transient) conditions, lo_ must be externallylimited-as follows:

Maximum g, per port pin: 15 mA (*NOTE: This is 85°C specification.)

Maximum lg_ per 8-bit port: 26 mA

Maximum total I for all outputs: 71 mA
If lo exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater than the listed
test conditions.

9. ALE is tested to Vgp1, except when ALE is off then Vgy is the voltage specification.

10. Pin capacitance is characterized but not tested. Pin capacitance is less than 25 pF. Pin capacitance of ceramic package is less than 15 pF
(except EA is 25 pF).
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

AC ELECTRICAL CHARACTERISTICS (6 CLOCK MODE)
Tamp = 0°C to +70°C; Ve = 5V + 10% or —40°C to +85°C, Ve = 5V 5%, Vg = V1 2.3

VARIABLE CLOCK# 20 MHz CLOCK¢
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX UNIT
1ltcLeL 29 Oscillator frequency 0 20 0 20 MHz
tHLL 29 ALE pulse width toLcL—40 10 ns
taviL 29 Address valid to ALE low 0.5tgLc1—20 5 ns
tLLAx 29 Address hold after ALE low 0.5tgLcL—20 5 ns
tLLv 29 ALE low to valid instruction in 2tcLcL—65 35 ns
tLLpL 29 ALE low to PSEN low 0.5tcLcL—20 5 ns
toLPH 29 PSEN pulse width 1:5tgL cL—45 30 ns
tpL v 29 PSEN low to valid instruction’in 1.5tg ¢ -60 15 ns
texix 29 Input instruction hold-afterPSEN 0 0 ns
tpxiz 29 Input instructionfloat after PSEN 0.5t c1—20 5 ns
taviv 29 Address to validinstruction.in 2.5tc c1=80 45 ns
teLAz 29 PSEN low to'address-fleat 10 10 ns
Data Memory
tRLRH 30,31 | RD pulse width 3tcLor—100 50 ns
tWLWH 30,31 | WR pulse width 3terer-100 50 ns
trLDV 30,31 | RD low to valid data’in 2.5t 690 35 ns
tRHDX 30,31 | Data hold afterRD 0 0 ns
trRHDZ 30, 31 Data float after RD teLcr—20 5 ns
t LoV 30, 31 ALE low-to valid data/in 4toLcL—150 50 ns
tavov 30, 31 Address to valid datain 4.5tc o1 165 60 ns
tLwe 30, 31 ALE low'to RD or WR low 1.5tcL =50 /| 1.5tercit50 25 125 ns
tavwiL 30,31 | Addressvalid to WRlow or RD low. 2tcicr-75 25 ns
tavwx 30,31 | Datavalid-to WR transition 0.5 oL —25 0 ns
twHQx 30, 31 Data hold-after WR 0.5tc o120 5 ns
tQvwH 31 Datavalid to WR high 35t Le—130 45 ns
tRLAZ 30,31 | RD low:to.addréss float 0 0 ns
twad - | 30,31 | RD or WR high to/ALE high 0.5tc( ¢, —20 | 0.5tppcy+20 5 45 ns
External Clock
tcHex 33 High time 20 tcLet—téLex ns
toLex 33 Low time 20 tcueL—tcHex ns
tcLcH 33 Rise time 5 ns
tcHeL 33 Fall time 5 ns
Shift Register
txixe 32 Serial port clock cycle time BtcLcL 300 ns
tQuxH 32 Output data setup to clock rising edge StorLcL—133 117 ns
txHQxX 32 Output data hold after clock rising edge tcLcL—30 20 ns
txHDX 32 Input data hold after clock rising edge 0 0 ns
txHDV 32 Clock rising edge to input data valid Stercr—133 117 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100 pF, load capacitance for all other outputs = 80 pF.

3. Interfacing the microcontroller to devices with float times up to 45 ns is permitted. This limited bus contention will not cause damage to
Port O drivers.

4. Parts are tested to 2 MHz, but are guaranteed to operate down to 0 Hz.
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

AC ELECTRICAL CHARACTERISTICS (12 CLOCK MODE)
Tamb = 0°C to +70°C; VCC = 5 V + 10% or —40°C to +85°C, Vec =5V #5%, Vgg =0 V1. 2.3

VARIABLE CLOCK# 33 MHz CLOCK*
SYMBOL | FIGURE PARAMETER MIN MAX MIN MAX | UNIT
1oLl 29 Oscillator frequency 0 33 0 33 MHz
L HLL 29 ALE pulse width 2tcL o140 21 ns
taviLL 29 Address valid to ALE low toLcL—25 5 ns
tLLax 29 Address hold after ALE low toLo—25 5 ns
v 29 ALE low to valid instruction in 4tcLcL—-65 55 ns
tLLpL 29 ALE fow to PSEN low teLel=25 5 ns
tpLPH 29 PSEN pulse width BteLcL—45 45 ns
teLv 29 PSEN low to valid instructionsin 3tcLcL—60 30 ns
texix 29 Input instruction hold after PSEN 0 0 ns
texiz 29 Input instruction float:after PSEN toreL—25 5 ns
taviv 29 Address to valid.instruction.in SteLc—80 70 ns
tpLAZ 29 PSEN low:to addressfloat 10 10 ns
Data Memory
tRLRH 30,31 | RD pulse width Btcy ci=100 82 ns
tWLWH 30,31 | WRpulse width Sterop—100 82 ns
tripv 30,31 | RDlow to valid data«in Stcrer=90 60 ns
tRHDX 30,31 | Data hold-after'RD 0 0 ns
tRHDZ 30,31 | Data float after RD 216 ci=28 32 ns
tLpv 30, 31 ALE low.to valid data'in 8tcycr—150 90 ns
tavov 30,31 | Address tovalid data’in OteLcL—165 105 ns
tLowe 30,31 | ALE low-to RD orWRlow 3tcLa—50 3tcrer+50 40 140 ns
tavwL 30,31 | Address valid to WRilow or RD low 4teicL-75 45 ns
tavwx 30,31 | Data validito WR transition tere—30 0 ns
twHQX 30,31 | Data hold after WR tot cL—25 5 ns
tavwH 31 Data valid toWR high Ttcuc=130 80 ns
tRLAZ 30,31 | RD lowto address float 0 0 ns
tWHLH 30, 31 RD or WRhigh to ALE high terer =25 tcLet2s 5 55 ns
External Clock
tcHex 33 High time 7 toLcitelcx ns
toLex 33 Low time 17 tcLet—tcHex ns
toLcH 33 Rise time S ns
tcHoL 33 Fall time 5 ns
Shift Register
txxe 32 Serial port clock cycle time 12tcLoL 360 ns
tavxH 32 Output data setup to clock rising edge 10tgLc—133 167 ns
txHQxX 32 Output data hold after clock rising edge 2tcLcL—80 50 ns
txHDX 32 Input data hold after clock rising edge 0 0 ns
txHDV 32 Clock rising edge to input data valid 10tgLcL—133 167 ns
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified.

2. Load capacitance for port 0, ALE, and PSEN = 100 pF, load capacitance for all other outputs = 80 pF.

3. Interfacing the microcontroller to devices with float times up to 45 ns is permitted. This limited bus contention will not cause damage to
Port 0 drivers.

4. Parts are tested to 3.5 MHz, but guaranteed to operate down to 0 Hz.
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

EXPLANATION OF THE AC SYMBOLS

Each timing symbol has five characters. The first character is always P - PSEN
‘t' (= time). The other characters, depending on their positions, Q - Output data
indicate the name of a signal or the logical status of that signal. The R - RD signal
designations are: t — Time
A — Address V - Valid
C - Clock W- WR signal
D - Input data X — No longer a valid logic level
H — Logic level high Z — Float
I — Instruction (program memory contents) Examples: tay | = Time for address valid to ALE low.
L — Logic level low, or ALE typ. = Time for ALE low to PSEN low.
ALE
N
taviLe] e | -
i = tPLPH

T

PSEN v \

tRXI

tpLAz
toxix

L
PORT 0 AD=AT F INSTRIN AO=AZ

T FTI AT | =

v
AD-A15 A8-A15

PORT 2

SU00006
Figure 29. External Program Memory Read Cycle
ALE
/ N
fe—twHLH
PSEN J
Yepy >
fwe IRLRH
RD \ -
tLax _| {RHDZ
taviL » [ Ruov > i
'RLAZ tRHDX > "‘
s 2 N
AO-A7
PORT 0 >—< FROM R! OR DPL <  DaTAN >< A0-A7 FROM PCL >—@
N N /
tavwi >
tavov .
PORT 2 d
R P2.0-P2.7 OR AB-A15 FROM DPF AO-A15 FROM PCH
N
SU0025

Figure 30. External Data Memory Read Cycle
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Preliminary specitication

Philips Semiconductors
80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

ALE
/ N
[ twHLH
PSEN _/ N\ /

f— tyw —Pre—— twiwH ——>
WR o

N /]
fLLax J g

A

tavwx
tavwH

PORT 0 " Ao-A7 h
FROM RI OR DPL DATA OUT AC-A7.FROM PCL INSTRIN
N N

tavLL

AN

e—— tavwi——>

PORT 2 P2:0-P2.7-0R A8-A15.FROM DPF, )< AC-A15FROM PCH

SU00026

Figure 31.. External Data Memory Write Cycle

INSTRUCTION | 0 | i | 2 | 3 | a | 5 | 8 | 7 | 8 |

“"tXLXL—’l
cuock | % AT NP VT z Nk I & 4 1L [

OUTPUT DATA tQvxH L__:q r_tXHQX!

T NN S XMEIES RIAX DI X
— HE I ‘_" _>| t“ i SETTI
s TR C RO OO BT

CLEARRI

SETRI

SU00027

Figure 32. Shift Register Mode Timing

vee905 - - - =
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0.45V 0.2vec-01

SuU00009

Figure 33. External Clock Drive
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

Vcge-0.5
ce 0.2Vec+0.9 VLOAD*0.1V *_ TIMING P VOH-0.1V
VLOAD P REFERENCE
. 0.2Voo-0.1 VLOAD-0.1V POINTS ™S VOL*0AV

NOTE: NOTE:
AC inputs during testing are driven at Vcc 0.5 for a logic “1* and 0.45V for a logic ‘0" For timing purposes, a port is no longer floating when a 100mV change from
Timing measurements are made at Vy min for a logic ‘1" and Vy_max for a logic '0". load voltage occurs, and begins to float when a 100mV change from the loaded
Vou/Voy level occurs. lon/lor 2 £20mA.
Suoo717 SU00718
Figure 34. AC Testing Input/Output Figure 35. Float Waveform
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Su01402

Figure 36. Icc vs. FREQ
Valid only within frequency specifications of the device under test
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Preliminary specification

Philips Semiconductors
80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

Vee-05
0.2vcc+0.9
0.2Vgcc-0.1

0.45v

NOTE:
AC inputs during testing are driven at Vo —0.5 for a logic ‘1* and 0.45V for a logic ‘0"

Timing measurements are made at V4 min for a logic ‘1" and V) max for a logic ‘0".

SU00010

Figure 37. AC Testing Input/Output

VLoAD*0-1V . TIMING / VOH0.1V
VLOAD & REFERENCE
VLOAD-0AV PQINS > VOL*0.1V

NOTE:
For timing purpeses. a port.is.no longer floatingwhen 'a*100mV.change from-oad voltage.occurs,

and begins to float when a 100mV change-from the-loaded Vo /Viy-level.oecurs To/lor > $20mA.
SU00011

Eigure 38.. Float Waveform
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Philips Semiconductors . Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
y vee05 - - - -
s 0.5V
Ve
V, V,
t RsT 89C51RB2  pg
89C3IRD? €A
(NC) XTAL2 Figure 41. Clock Signal Waveform for Icc Tests in Active

and Idle Modes.

CLOCK SIGNAL ———3»{ XTAL1 - -
tercL = tohcL =10 ns

I -
—— Voo
SU01294 e
Figure 39. Ic¢ Test Condition; Active Mode. v
All other pins are disconnected RST cc y
EA
= 89c51RB2 1\ R0
Vee A 89C51RC2
89C51RD2
lec (NC) XTAL2
foc XTAL1
RST Vee Ves
EA | 89C51RB2™ fpg 6
£ 89€51RC2 ._J_T
- 89€51RD2 - N 020

(NC) XTAL2

Figure 42.-1c¢ Test Condition, Rower Down Mode.
CLOCK SIGNAL | XTAL1 All other pinsrare disconnected; Veg =2V to 5.5V

-

SU01295

Figure 40. Ic¢ Test Condition, Idie)Mode.
All other pins are disgonnected
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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

P89C51RB2/P89C51RC2/
P89C51RD2

FLASH EPROM MEMORY

GENERAL DESCRIPTION

The P83C51RB2/RC2/RD2 Flash memory augments EPROM
functionality with in-circuit electrical erasure and programming. The
Flash can be read and written as bytes. The Chip Erase operation will
erase the entire program memory. The Block Erase function can
erase any Flash block. In-system programming and standard paralle!
programming are both available. On-chip erase and write timing
generation contribute to a user friendly programming interface.

The P89C51RB2/RC2/RD2 Flash reliably stores memory contents
even after 10,000 erase and program cycles. The cell is designed to
optimize the erase and programming mechanisms. In addition, the
combination of advanced tunnel oxide processing and low internal
electric fields for erase and programming operations prodtices
reliable cycling. The P89C51RB2/RC2/RD2 uses a+5 V'Vpp supply,
to perform the Program/Erase algorithms.

FEATURES

® Flash EPROM internal program memory with Block Erase.

® Internal 1 kB fixed boot ROM, containing low-level in-system
programming routines and a default serialfoader. .User program
can call these routines to perform In-Application'Programming

(IAP). The Boot ROM can be turned off to provide access to the
full 64 kB Flash memory.

® Boot vector allows user provided Flash loader code to reside
anywhere in the Flash memory space. This configuration provides
flexibility to the user.

® Default loader in Boot ROM allows programming yia the serial port
without the need for a user provided:ioader.

@ Up to 64 kB extemal program memory:if the intemal program
memory is disabled (EA = 0).
® Programming and erase voltage +5V (+12)V tolerant).
® Read/Programming/Erase:
— Byte-wise read (100 ns access time).
— Byte Programming (20 us).
— Typical erase times:

Block Erase (8 kB or 16 kB) in 3 seconds.
Full Erase (64 kB) in 3 seconds.

@ Parallel programming with 87C51 compatible hardware interface
to programmer.

® In-system programming.
® Programmable security for the code in the Flash.
® 10,000 minimum erase/program cycles for each byte.

® 10-year minimum data retention.
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CAPABILITIES OF THE PHILIPS 89C51
FLASH-BASED MICROCONTROLLERS

Flash organization

The P89C51RB2/RC2/RD2 contains 16KB/32KB/64K bytes of Flash
program memory. This memory is organized as 5 separate blocks.
The first two blocks are 8 kB in size, filling the program memory
space from address 0 through 3FFF hex. The final three blocks are
16 kB in size and occupy addresses from 4000 through FFFF hex.

Figure 43 depicts the Flash memory configurations.

Flash Programming and Erasure

There are three methods of erasing or programming of the Flash
memory that may.be used. First, the Flash may be programmed or
erased in the end=user-application by calling low-level routines
through a common entry.point.in the Boot ROM. The end-user
application, though, must be'executing code from a different block
than'the/block that'is being erased or.programmed. Second, the
on-chip{SP boot1oader may be invoked. This ISP boot loader will, in

~ turn, call-low-levelroutines, through the;same common entry point in

the Boot ROM-that can be used by the end-user application. Third,
the Flash may be programmed-or-erased using the parallel method
by using a commercially available EPROM programmer. The parallel
programming method used by these-devices is similar to that used
by EPROM87C51, but itis not.identical, and the commercially
available programmer will neegd to.have support for these devices.

Boot ROM

When the microcontrolier programs its own Fiash memory, all of the
iow level details.are handied by code that is permanently contained
in-a 1:kB Boot ROM thatis|separate from the.Flash memory. A user
program simply callsthe common.entry point'with appropriate
parameters in the Boot ROM to accomplish the desired operation.
Boot'ROM operations.include'things like: erase block, program byte,
verify byte, program security lock bit, etc..The Boot ROM overlays
the.pregram memory space af the top of the address space from
FC00'to FFEF hex;'whenyitis ‘enabled. The Boot ROM may be
turned off so-that the-upper-1kB of Flash program memory are
accessible for execution.
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80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
FFFF _B:oTR;«— ] FFFF
S i J
BLOCK 4 (1kB) Feeo
16 kB
89C51RD2
C000
BLOCK 3
PROGRAM 16 kB
ADDRESS
8000
BLOCK 2
16 kB,
89C51RC2
4000
BLOCK 1
8 kB
89C51RB2 2000
BLOCK Q
RN J iR _l— Y Wi
SU01298

Figure 43. \Flash Memory.Configurations

Power-On Reset Code Execution

The P83C51RB2/RC2/RD2 contains two'special Flashregisters: the
BOOT VECTOR and the STATUS BYTE. At the falling edge of reset,
the P83C51RB2/RC2/RD2 examines the contents of the Status
Byte. If the Status Byte is set to zero,-power-up execution starts at
location 0000H, which is the normal start.address of the user's
application code. When the Status Byteis set to a value otherthan
zero, the contents of the Boot Vector is used as the high byte of:the
execution address and the low byte is set to/00OH. The factory
default setting is OFCH, corresponds to the address OF COOH for the
factory masked-ROM ISP boot loader. A custom beotloader can be
written with the Boot Vector set to the custem bootioader.

NOTE: When erasing the Status Byte or Boot Vector; both
bytes are erased at the same time. It is necessary to.reprogram
the Boot Vector after erasing and updating the Status Byte.

Hardware Activation of the Boot Loader
The boot loader can also be executed by holding PSEN LOW, P2.7
high, EA greater than V (such as +5 V), and ALE HIGH (or not

connected) at the falling edge of RESET. This is the same effect as
having a non-zero.status byte. This-allows.an application to be buiit
thatwill nomally execute the end user’s code but can be manually
forced into ISP operation.

If.the factory default settingfor the BootVector (OF CH) is changed, it
will'no longer.point to the ISP masked-ROM boot loader code. If this
happens, the only way it is possible to'change the contents of the
Boot Vector.is through the parallel programming method, provided
that the end user application does'not contain a customized loader
that-providesfor erasing and reprogramming of the Boot Vector and
Status Byte.

After programming the'Flash, the status byte should be programmed
to zero'in arder to allow execution of the user’s application code
beginning at'address.0000H:
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80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

Vee
ﬁ Vpp +5V (+12 V tolerant)
_[— RST
Vee +5V
TxD TxD
XTAL2 RxD RxD
—T— 89C51RB2 Vss
83C51RC2
83C51RD2 =
T T
g XTAL1 P27 -4
Vss
b SU01299

Figure 44. In-System Programming with-a Minimum_of Pins

In-System Programming (ISP)

The In-System Programming (ISP) is performed without removing
the microcontroller from the system. The In-System Programming
(ISP) facility consists of a series of internal hardware rasources
coupled with internal firmware to facilitate remote programming of
the P83C51RB2/RC2/RD2 through the'serial port. This firmware is
provided by Philips and embedded within each
P89C51RB2/RC2/RD2 device.

The Philips In-System Programming (ISP) facility-has made in-circuit
programming in an embedded application possible with a minimumt
of additional expense in components @nd circuit board area;

The ISP function uses five pins: TxD, RxD, Vss, Vg, and Vpp (see
Figure 44). Only a small connector needs to be available'to interface
your application to an external circuit in order to use this feature.
The Vpp supply should be adequately decoupled.and Vpp not
allowed to exceed datasheet limits.

Using the In-System Programming (ISP)

The ISP feature allows for a wide range of baud rates to be used in
your application, independent of the oscillator frequency. Itis also
adaptable to a wide range of oscillator frequencies. This's
accomplished by measuring the bit-time of a single bit in‘a.received
character. This information is then used to program the baud rate-in
terms of timer counts based on the oscillator frequency. The ISP
feature requires that an initial character (an uppercase U) be sent to
the P89C51RB2/RC2/RD2 to establish the baud rate. The ISP
firmware provides auto-echo of received characters.

Once baud rate initialization has been performed, the ISP firmware
will only accept Intel Hex-type records. Intel Hex records consist of
ASCII characters used to represent hexadecimal values and are
summarized below:

:NNAAAARRDD..DDCC<crlf>

In the Intel Hex record, the “NN” represents the number of data
bytes in the record. The P83C51RB2/RC2/RD2 will acceptupto 16
(10H) data bytes. The “AAAA” string represents the address of the

first byte'in.the record. If there.are zero bytes in the record, this field
is often set t0/0000! The “RR" string indicates the record type. A
record type-of ‘007 is a datarecord..A record type of “01” indicates
the end-of-file mark. In this:application, additional record types will
be added to indicate either commands or data for the ISP facility.
The'maximum number of data bytes'in‘a récord is limited to 16
(decimal). ISP’commands are summarized-in' Table 8.

As arecord is received by the P89C51RB2/RC2/RD2, the
information. in the record is stored.intérnally'and a checksum
calculation is performed: The operation indicated by the record type
is'not performed until the entire record'has-been received. Should
an error occur in the checksum; the P8BSC51RB2/RC2/RD2 will send
an.“X’ outthe serial-port'indicating a checksum error. If the
checksum calculation is found to match'the checksum in the record,
then the command will be executed. In most cases, successful
reception of the record will be indicated by transmitting a “.”
character.out the serial.port (displaying the contents of the internal
program meimory.is an exception).

In the case of a Data Record (recorditype 00), an additional check is
made. A" character will NOT be‘sent unless the record checksum
matched the caleulated.ehecksum and all of the bytes in the record
were successfully.programmed. For a data record, an “X” indicates
thatthe'checksumfailed to match, and an “R” character indicates
that'one of the bytes did not properly program. It is necessary to
send a type 02 record (specify oscillator frequency) to the
P89C51RB2/RC2/RD2 before programming data.

The ISP facility was designed to that specific crystal frequencies
were not required in order to generate baud rates or time the
programming pulses. The user thus needs to provide the
P8IC51RB2/RC2/RD2 with information required to generate the
proper timing. Record type 02 is provided for this purpose.

WinISP, a software utility to implement ISP programming with a PC,
is available on Philips Semiconductors’ website. In addition, at the
website is a listing of third party commercially available serial and
parallel programmers.
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80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

Table 8. Intel-Hex Records Used by In-System Programming

RECORD TYPE COMMAND/DATA FUNCTION
00 Program Data
:nnaaaa0dd. . . .ddcc
Where:
Nn = number of bytes (hex) in record
RAaaa = memory address of first byte in record
dd....dd = data bytes
cc = checksum
Example:
:10008000AF5F67F0602703E0322CFAS2007780C3FD
01 End of File (EOF), no operation
1 xxxxxx01lce
Where:
XXXHXK = reguired fie¥d, but™alue 1S a™tden’twgare”
ecc = checksum
Example:
:00000001FF
02 Specify Oscillator. Frequency
: 01xxxx02ddec
Where:
XXXX = required fdield, but/walue|ista pdon’t-eare’
dd = dmteger~oscillator | fréeguency, roundeds down to nearest MHz
ce = checksbm
Example:
:0100000210ED (dd| =+10h ="1%, fusedpnfor "16.0+16w 9 PMHZ)
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80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
RECORD TYPE COMMAND/DATA FUNCTION
03 Miscellaneous Write Functions
:nnxxxx03f fssddcc
Where:
nn = number of bytes (hex) in record
XXXX = required field, but value is a “don’t care”
03 = Write Function
ff = subfunction code
ss = selection code
dd = data input (as needed)
ee = checksum
Subfunction Code = 01 (Erase Blocks)
£f = 01

3s = block code as shown below:
block 0, 0k to _8k7" 00H
block 1, 8k 6 1lek; 20H
block 2, 16k to 32k, 40H
block 3,32k to 48k,« 80H
blocky4,#48k to_64ky. COH
Example:
:0200000802C03A erase block 4

Subfunction Code = 04 (Erase Boot Vector and Status Byte)

ff = 04
ss = don’t care
Example;

:020000030400F7 gerase boot .wector jand \status byte

Subfunction Code = 05(Program Security. Bits)
ff & b5
ss = N00mprogram SESWEPss hig 9% A4 nhRBdi " wr TRy 4Fo [Fraay)
0I*programssecurity-big,2 | (inhibit\Flash werify)
02.program security bit” 3| | /(disable external memory)
Example:
:020000030501F5 Wprogramisecurity, bik 2

Subfunction Code = 06 (Program Status Byte or Boot Vector)
ff & Y6
ss = 00 program ' status byte
01 program oot wector
Example:
:030000039601FCF7 program boaot, vector with-OFCH

Subfunction'€Code =07 (Full Chip Erase)
Erases all' blocks, security bits; and sets status and boot vegtor-to/defatlt yalues

f£f = 07
ss = don’t'caxe
dd = don’t care
Example:

:0100000307F5 fullychiplexase

04 Display Device Data or Blank Check =Record type 04 causes the contents ofithe entire Flash array to be sent out

the serial port in a formatted display. This display-consists.of-an-address-and the contents of 16 bytes starting with that
address. No display of the device contents willoceur.if security-bit 2 has been programmed. Data to the serial port is
initiated by the reception of any character and terminated by the reception of any character.

General Format of Function 04
:05xxxx04sssseeeeffcc

Where:
05 = number of bytes (hex) in record
XXX = required field, but value is a “don’t care”
04 = “Display Device Data or Blank Check” function code
ssss = starting address
eeee = ending address
ff = subfunction
00 = display data
01 = blank check
[s]o; = checksum
Example:

:0500000440004FFF0069 display 4000-4FFF
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Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
RECORD TYPE COMMAND/DATA FUNCTION
05 Miscellaneous Read Functions
General Format of Function 05
: 02xxxx05ffsscc
Where:
02 = number of bytes (hex) in record
XXXX = required field, but value is a “don’t care”
05 = "“Miscellaneous Read” function code
ffss = subfunction and selection code
0000 = read signature byte - manufacturer id (15H)
0001 = read signature byte - device id # 1 (C2H)
0002 = read signature byte - device id # 2
0700 = read securitywbits
0701 = read status. byte
0702 = read boét vector
ec = checksum
Example:
:020000050001F8 #read signature.byte\ - deyice id~# 1
086 Direct Load of Baud Rate
General Format of Function 06
:02xxxx06hhllcc
Where:
02 number 0f bytes (hex)*in{record

RKXXX = wrequiredl ifelq oue, Valtiellis\ 3, Ndondt fcare’
06 = "Direck, doad’6f \Bayd ‘Rafefif unction/Ccide
hh = high byte of [Timer 2
11 = Llow byte ioff Timer| 2
ce = _checksum

Example:
:02000006F500F3
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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

In Application Programming Method Using the Watchdog Timer (WDT)

Several In Application Programming (IAP) calls are available for use by The 89C51Rx2 devices support the use of the WDT in IAP. The user
an application program to permit selective erasing and programming of specifies that the WDT is to be fed by setting the most significant bit
Flash sectors. All calls are made through a common interface, of the function parameter passed in R1 prior to calling PGM_MTP.
PGM_MTP. The programming functions are selected by setting up The WDT function is only supported for Block Erase when using

the microcontroller’s registers before making a call to PGM_MTP at Quick Block Erase. The Quick Block Erase is specified by

FFFOH. The oscillator frequency is an integer number rounded down performing a Block Erase with register RO = 0. Requesting a WDT

to the nearest megahertz. For example, set RO to 11 for 11.0592 MHz. feed during IAP should only be performed in applications that use
Results are returned in the registers. The IAP calls are shown in the WDT since the process of feeding the WDT will start the WDT if
Table S. the WDT was not running.

Table 9. IAP calls

IAP CALL PARAMETER
PROGRAM DATA BYTE Input Parameters:
RO = osc _freq (integér)
R1 =§02h

R1lf=482h (WDT feed)
DPTR = addresS™of byte, Lo program
ACC = byte |to-program
Return Parameter
ACC==0T" L pagshe P QOM-L Fa]ll

ERASE BLOCK Input Parameters:
RO"=)Oscgfreg (integemn)
RO =) 0 (Quick Erase)
Rl £ 01h
R1 "%/8 1= WDTf 88q)

DPH /=sblock code, as shown below:
DLOCKmty A0k EO BH,LE0H

broakl Il BkUbo daoaini)
bliocky2, 16k to32k, '40H
block.3, 32k ,to 48k, 80H
black 4% 48k,Eo6hdk , COH
DPLw'= (00h
Return Parameter
none
ERASE BOOT VECTOR InputParameters:
ROL= @sc freq [{integes)
R1 5404h
Rl = 84h (WDT"feed)

DPHy= 00k
DPh, 3 don’ Plygare
Return Parameter

none
PROGRAM SECURITY BIT Input Parameters:

RO = osc freq (iRtegem)

R1 = 05h

R1 = 85h (WDT feed)

DPH = 00h

DPL = 00h - security bit 1 {inhibit writing to Flash)

(inhibit Flash verify)
3 (disable external memory)

01h - security bit
02h - security bit
Return Parameter

I W A
N

none
PROGRAM STATUS BYTE Input Parameters:

RO = osc freg (integer)

R1 = 06h

R1 = 86h (WDT feed)

DPH = 00h

DPL = 00h - program status byte

ACC = status byte

Return Parameter
ACC = status byte
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16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2

IAP CALL

PARAMETER

PROGRAM BOOT VECTOR

Input Parameters:
RO = osc freq (integer)

R1 = 06h

R1 = 86h (WDT feed)

DPH = 00h

DPL = 0l1h - program boot vector

ACC = boot vector
Return Parameter
ACC = boot vector

READ DEVICE DATA

Input Parameters:

R1 = 03h

R1 = 83h (WDT feed)

DPTR = address of byte"to read
Return Parameter

ACC = value of'byte read

READ MANUFACTURER ID

Input Parameters:
RO # osc freqg (Ihteder)
R1 ="00h
R1/= 80h (WDT feed)
DPH = -00h
DPL = 00h (manufacturer| ID)

Return-Parameter
ACC = valme|of byte.read

READ DEVICE ID # 1

InputParameters:
RO z Jost Treq” (integet)
R1 /=400
R1 = 8Qh: (WDTfeed)
DRH 00h

DBL = 0lh (device ID # 1)
Return Parameter
ACC ="value| of “byte’'read

READ DEVICE ID # 2

Input Parameters:

RO =<osc fireq
RI,_={00h
R1 = 80h=(WDT, feed)

DPH = 00h

DPLiy= O2h“{device. ID>4|2)
Return Parameter

AGC=qvalue of.byta read

(integer)

READ SECURITY BITS

Input.Parameters:

ROW= osapnfreq (integern)
RT, =3,07h

R1 "y, 8%h (WDTaxfeed)

DPH =1:00h

DPL = 00h,_(security bit's)

Return Parameter
ACC = value of byte read

READ STATUS BYTE

Input Parameters:

RO = osc freq
Rl = 07h
R1 = 87h (WDT feed)

DPH 00h

DPL 01lh (status byte)
Return Parameter

ACC = value of byte read

(integer)

won

READ BOOT VECTOR

Input Parameters:

RO = osc freq (integer)
Rl = 07h

Rl = 87h (WDT feed)

DPH 00h

DPL = 02h (boot vector)
Return Parameter
ACC = value of byte read
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80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2
Security

The security feature protects against software piracy and prevents the contents of the Flash from being read. The Security Lock bits are located
in Flash. The PBIC51RB2/RC2/RD2 has three programmable security lock bits that will provide different levels of protection for the on-chip
code and data (see Table 10).

Table 10.
SECURITY LOCK BITS!
PROTECTION DESCRIPTION
LEVEL LB1 LB2 LB3
1 0 0 0 MOVC instructions executed from external program memory are disabied from fetching code
bytes from internal memory.
2 1 0 0 Block erase is disabled-Erase.or. programming of the status byte or boot vector is disabled.
3 1 1 0 Verify-of codesmemory is disabled.
4 1 1 1 External execution is disabled.
NOTE:

1. Security bits are independent of each other Full-chip erase. may.be. performed regardless of the state of the security bits.
2. Any other combination of lock bits is undefined.
3. Setting LBx doesn't prevent programming of unprogrammed bits.
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