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ABSTRACT

A simple“device for controiling -traffic light has been developed. The device was
buiit using 8051 microcontroller: Timing was calculated with Donald's approximation. input
data was gathered from Deparek Intersection for a number of period. The result-timing

'
table based on Donald’s methad calculation was used for the MCU to control the traffic
light. In additicn we have added the car density sensor to provide more precise timing. The
sensor was based on iR reflective sensors.  The sensor can detect three levels of car

density, i.e. heavy, moderate and light. The demonstration board was built to test the basic

function and sensor circuit!
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=, -»| 188 SBUF(finue)  fg— TxD
] ' ]
Tadanameluy
y
’
RB3 SBUF(sNu5L)
112
XTAL : 1/16
* l 4— o et (9.9 - -
- Y || FrTRAmBIANINGY lg— RxD
12 i | A
N i
Timer] —— '
Fruroanfinisuiy

7R 2.4 LENNINUAAINITNNUTENNATEIUNITTLLATNTTE TR AR YN TN 8051



11

2.5 wasnaynsy
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L e ' b o i v 'Y a e i
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A 2.7 Tiesi q naeluEaawes 1P (Interrupt Priority)

2.7 N15AULARSSUATRI29RSUL/ALLIRN

n9astiLvTaAunan lu 8051 Usenaumatisaawmafauin 16 Tim a1uu 2 Aa Aa TO (Timer
0) uar T1 (Timer 1) %qmmmﬁﬂﬂ'ﬁmu@nlﬁﬁwﬁﬂﬁﬂuﬁoﬁumm (Timer) RariLs U
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< « . - o ~
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Falim : TMOD AU 89h ANNIMUAGISY © 0000 0000
GATE1 C/m M1 MO GATEO C/T0 M1 MO
il |
Fain AUULY AINNLNE
GATE1 TMOD.7 UnnYuAN GATE dm3u Timer 1
C/T1 TMOD.6 ﬁmﬁmumm7ﬁfmuuuuﬁqﬁuuﬂz@‘vmfmwm Timer 1 laadn
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R399 2.9 TIRFN T n1ei3gmas TCON (Timer/Counter Control)

Tnalulaseunlaldausumanlulvun 2 Tnailsoazidansesaliil

N193uLa NN 2 Timer asnatiulusaiuiuim 8 Taviadu namaassiingans Iy
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n3aaLAas THO (v3a TH1) naumnldWilnadntid Taasstindsslomiannmunitunldaulunis

nMunansINIsdadayaznInesnaunsy
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P89CS51RB2/P89C51RC2/P83C51RD2

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM
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BOCST 8-bit Flash microcontroiler family
TEREE2KBEARKE ISPAAP Flash with 5128051 2001 KB RAM

PEBOCOHIREB2/PBICSIRC
PEICHIRD2

CRDERING INFCRMATION

x_sxcifru:&m FHLIES WMEMCRY , , FREQUENTY M1Hz)
ASERICA) NORTH TEMPERATURE |, oo 7 , :
PART CROER AMERICA PR asH | RAM FANGE {'C} RANGE | BCOLOCK | 12CLOCK | UWG#
WUMEER ¥ AF{T CRDER AND PACHAGE MODE KODE
PART SIARKING NUMBER
1| PERCEIREZHEP | PROCHIRERP | 15k 5128 | 070 PO | 4555V 10020 Mz | 010 33 MK | 50T 1591
2 | PRUCSIREDHFP | FOOCSIREIFP | 16KE | 8170 | 401 +05 POIP | 45589 {Bomon st 10 0e 53 e SOT
T | PESCEIRBIMEA | PIOCSIREZAA | 16KE |[SIZB | OmoeTD PLOC | 4555V 16020 Mz [0t 33 e | SOT1E7S
4| PEOCBIRSIHFS | PYDCSIREZFA | 16WB | 5128 | 3010 185 PLOG | 3.5-65v 16000 wide 10m 2 bire 1ooTier s
5 | PEACSIREINDG | FOSCSIRBIOG | 1663 |S120 | Ola+70 POFE | 2555V 161090 Sl | 010 33 1Al ST
B | PESCBIREZHFD | FEOCSTREZRE | 16 hE | S12 B | A0 eES POFP | $5-55Y 5020 MHE [0 33 MHe § 3013072
7| PEICSIRC2IER | POSCSIRCIBP | Z2kB [5120f D +TO POIP. | 4.5.55Y | 01020 Mele [0 1o 03 Wit ] SOT199.1
& | PRACSIRCZHFP | PEOCHIRCIFP | 22kB [ 3128 | 010 #85 FOIP | 4.5-55% 101020 3z 10 to 33 Mz | S0T120-1
8 | PRACSIRCOHAA | PROCSIRGIRA § 32kB [ 512D | Q7D FCE | 45559 | fin 2D Mz [0 lo 23 bk § 0T 4879
t0 | PROCSIRCZHFA | PEOCSIACIFA | 3246 [5128 | 40 485 PLOC | 4.5-55Y% | 01020 Mz |00 53 MHz | SOTIETZ
| PEICBIRCZEER | POSCHIRCIBAE | 20k [ 5128 | 0m«70 POFR | 4568 {01020 MHz |0 1o 29 ke | SOTI07.2 -
12 | PEOCEARCZHFE | PROCSIACIFE | ZzkB | 5128 | 40 0 165, POFP | 45558y 101020 Witz | 016 53 ke 5073072 |
13 | FEaCHIRUZHER | FBIUSIRDIBR | GRS | 798| 00 B0 | s5asy [smmmelom e lsoTies
1 | PESCEARDZMIF | PROCSIRDZFR | 62kE | 1hB | ~40 10«05, POIP | 45.55Y |Gio20arle | U Lo 33 M | SOTTE9.1
15 | PESCRIRNZHEA  § PUOUSIRDIEA | 69KB | 1sE | Dm0 7D FLED | 45 55Y 101020 Mtz [0 to 33 Mz § 50T 1870
HE | PEOCEIRD2HEA | POOCSIANFA | GakB | 4B | -aflo +BS PLOC | 4.5-65% {01020z |0 lo 33 Ml § S0T 1673 |
17| PEACBIRDZHGRE | PEOCSIFDIES | 84kE L 1kE | 0lo e70, POFP | 45.55% §01020 MNz |00 53 MaHe | SOT3072
18 | PEGCRIROZHFE | PASCEIRNIFG | BOKE | 1B | 4085 POFP | 35 58 101026 Welr | 0 1a 94 Wby § SOT367.9
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BOCS1T 8B-bit Flash microcontrolier Family PBUCSTRB2/PBICSIRC/
1EKEBE2KBIBIKE ISPAAR Flash with 512R/51 7B KS RAM PESCS1RD?2
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s

80CD1 8-bit Flash microcontroller family
BAKE RAM

1EKEBBZKBBAKE (SPAAR Flash with 51200617

PBUCHTRB2/PBICSTIRCY

PESCSIRDZ
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BOCST B-bit Flash microcontroller family PBOCS1RB2/PBACST1RC2Z/
TEKEI2KBBIKE ISPIAP Flash with S12R/61 2BAKS RAM PBOCHIRD2
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BOLST 8-bit Flash microcontroller family PBICSTIRB2/PBICSIRC2/
1BKIE2KBGIKE ISPHAR Flash with 512RS12RMAKSE RAM PROCSIRDZ

Pi¥ DESCRIPTIONS
FiN NURBER
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mcreravan

80C5H1 B8-bit Flash microcontrolier family PBACSIRBZ/PBOCSTRC2!
vnk:amgﬁm; JKEISPOAR Flash with 51261 2RMAKS RAM PEACHEIRD?Z
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8BTS B-bit Flash microcontroller family PBOCHTRB2/PEICSHT RCE.‘
TEKBBR2KRBIKE ISPAAP Flash with § 1£F 71 PRATKE RAM PRACS51RD?

Table 1. Special Function Registers

) DRECT | RIT ADDRESS, SYMBOL, OR ALTERNATIVE FORT FUNE 130N RESET
SYMBOL DESCRIPTION 1 aopess |, 0 Len | vaLuE
AT Arssurigshor B E? LA ES [ £ B £t LU Bt
AUERE | ssibary BEH - - - - - i A R s
SUMRE 7 fuxifary 1 AYH = e ENGOT N (2o {1 = s e % u
=i B raglater FoH FY i3 Fo 4 £3 F2 F1 FDo e
CONMEHE § Rbeduds B Cagshae High FaH | wexnsnasls
COAPTER § Mlodu’s 1 Uaphas High FEH RERRERNRS
CCASZ IR | taooue B Coglure High FoH nxRxaERus
COREIER | Foduie 3 Caphue High FOH xxxnzrxx
COARSHE § Riochile 4 Comlisn High | FEM B3 # PR
COAPSLY 4 Module O Caplise Low EaE nxxrexe
CLARNE § Module 1 Cophore Low | EBH | RREER YRS A
COARZLE § Module 2 Coptire Low ECH uRexxsi
COAPIA | Mayle 3 Ceptise Low | ELH rrxexes
SRSl | Modole 4 Cephire Low EE#! Axexnxxld
CCAFTTY | Mosdle O Reds oaH - JECOM | carR § zarn f o war | Tos | opvn | EooF | sooecoms
DOAPMAE | Moduls 1 Modae pBH |~ | BGOM | CAPP F Garn | siad AR | OEDCE | xDIRIDONR
RAFMIZE | Module 2 Mok pcH b - [ Ecom [ cape | CaeN | gar B | ECCF | D00OORE
COAPME# | Miodule 3 Mods OhH - L ECOM | paRR learn oAl [ aos | PwW | ECOR | anomons
COARKME | Module £ Moo AE P PPN L LARP | AN § Mt | oo | Pun | BCOF | amionons
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This dervine is soefigared Al he Biclary io speraie issing 6
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sl i the sl O 3 [orae 00 OF G ws & AT [radist,

; st 3 for the POF 1o pensin

d =

External Pin Status During Wis and Powsr-Do

Cesign Consideration
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The Cleede Ol Requancy depends o De ascifaior Feguascy
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cavees e 8-pi wEbae B ROARZL and IRTAPEH to ba raogded
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igrire werils ol T2EK,

THZ TR0 Sdarbsopcordnl Fr Timer 2.4 doais 1 slais Whe tiner

] TRewt Timar or eounter seinct (Timer 25

0= (rdammg fnar :,ﬂ‘-i:, 2 m 6 clonk amode or OE0HE 012 clonsomoeds)
1 = Extamsl evark couelar PaBng sk rigoersdy

[T = TROAN & CanlumiRelond flag, Whan sab napdires wsl) 'ta‘.:‘uf on g Iranstians al T2EY 8 EXENZ = 1 When
cleared, .Mn-r:-lmris witl oecur aithar with Tumes 2 ownrfows o r\:'*t}nﬂw transitions & 128X when
EXENZ = 1, When eibar BOUK = Tor TELK = 1, !h& Bl i lpnered sl tha Trssr & e 1o agn-rlond
o TiTesr 2 Uweithay.

AR LR ]

Figure 1. Timsr/Counter 2{T2C0H) Comnirol Registes

1598 Nov 22

11




Sl Searpootipductons

Fraiunria y spescimalion

§0CS1 B-bit Flash microcontrofier family

TEKBA2KEGAKE ISPAAR Flash with H12R061 2R KD RAM

PBOC51RB2/PBICSTIRCZ/

P8OCSIRDY
Table 3. Timer 2 Operating Modes
RCLY » TCLK GPRRLY TR2 MOOE
v D 1 V6Ll Aulc rericand
@ K 1 18-l Caphae
i b3 1 S raade persiator
% X 0 ol

228 el e
P TEeg
L - 2 ™2
ik Eave byt JERTS

Canrgd

AnAERH

1o Bin S onok mods, of 1280 12 clock ande.

VIEY Bt et "—*'\ I 4. L= =78
i >
Seenknt
|
H
ERENT

Teras &
jrierrs

SIS

Figure 2. Tomer 2 in Caplure Made

TAGD Hedddeesy = QUE

Mot B2 scdreasake

e Wl = 200K NADNE

- T3GE

DCEN

He h 4]

Sywndad Funclion

]

Tag

CCEMN

Therwar 2 Culpet Ensble ot

©

inchrhaninaie

Mot nmbemeritedd, reserved tor Tufore wge™

Ny Dol Erabds b When 2o), this sllows Timsr 2 10 be canfispared 38 an uldoan sounles,

Lisor aobaare shousd rel wiss 19 10 reseryesd Bits. These bifg rsay be usad 3 tuee 8051 tamily prodducts &0 irmaohe ruve 2 aiumes
I 1t crse, thi peat of inactiee vakis of e aew b wll D2 0, 2d 23 aclive valisd wik e 1. The vk aad rom 4 ressre ] bt s

Figura 3. Tumer 2 Made (T2ROD} Control Ragistar

1998 PMov 22

12



}51“‘«iixmm ',' sy

TRCZ!
DQ

Fhilges Semeconducions

g0CH1 B-bit Fi, § mmrccmtr
TERAAZKBOAREB ISPAOAR Flash with &

P xﬁ”lRB /PB
FRACSY

i'] Y

s'-..rl.

f

—
AR i‘!"i 4

t::ﬂ"1 KB RAM

]
oo o N -
i
o e
TEFR e D noWTR bl !
‘ \ ;
an ~t
RS ] 4§21 ¢ | i
PRI PR g oA
i |
| e i
ETReTDA \ Riara DRON
{ ’; ’ TER 5
i : l ”
| > Y
: DP HER T
; o ITERSLDT
THAFN ] -"'-\ oy i AE—»
i cowTRo;
£ SRS
o= Gind ..)0:.4 tmd" &0 h:' ¥l 13 r)w:k e,
Figwe 3. Tirner Lin Awlo Ralosd Made {DQE"J 3]
o0 E
sy -
o ,“l ok AR
i S W
i i
| H
o / |
TR 1 oA Een )N !
1 frozspotan | B
N ~e + 4 TER g eTERRLAT
& : ¥
TN ———Jd aTIR -
e !
o2 DA
YA N
0= Bin B elne inada, or 12 a1 17 nlook moeda, FATTI

figura 5. Timer 2 Autn Reload Mode [IZEH = 1}

15999 Noy 22



iz Semponcucion

Frsinmenny sy

e

E
'J’ }
-"'1
5
o
-

"..
LJ
,-4

B0CS31T 8-bit F

18R IRBEK .A-‘;mP F ‘.’-Tlfﬁh wi{iz LAt

%?erfaméiy‘ PEUOCHTREBZ/PBICHIRCE
Bhri s FRO K RARM PBEACSIRD?

EEEMT

-
i
i S0 el
? ] :
e A T2 '
Rt £ ’ -}——»» e ~——T~~—~"1*~u- -l~—«--l
. . |
o 1 ! B
TR0 semmmmmans—d ‘ e 1 '—«-' = l,\ T
i i
i A_} / 1
Thz Fanad
Trarsdion
“T“"’“ L AFRL AR
TREN B ——ad T A A Esfg Timagr P
. Dt il EsF .
\w . N $rerTLg
X
FTRAT

- rte amadaledy 2 SIS e e (N i taTL) Sy
B S

:’F'_ ure 6 Times 2 o Bosdg Rmfﬂ Genwralrw ?Aodc»

Tive Dt 18

e iy meetes 1

o) 2 aee de

tarrpitad Dy Tine s

Table d. Timer 2 Generated Commonly Used
Baud Rates
Bausd Eale Times 2
12cinck | Goieok | GERERQ . s
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Expanded Data RAM Addressing

T PEOCHIRBRCIRIN hie interral data marary thal 15
mapped 0 bur sepasin segmenls: the ke 128 bytos of Rakl,
spger 128 ates of RAKL 128 hetes Spacial Furclicn Registr (SEH)
arel 256 byles sepanded RAM (ERARTY (768 tytos larthe RO

PN I F SRQIMErTs s
1. The Lowar 159 budas of RAM (akiresses BOR 1o FFHL as

The Uppar 123 tn
udreciy siinay

o]

3. The Spscial Funclion Regielers, SFRS, (afibasses 234 g FRHY
are dimelly aodreesabie anvy

4. The 20T E-byles axpanced B
are indireclly seassed Ly move ax
w3t the EXTRAR Bl cagrad, see Figura 27,

Thie Lower 128 Iyfes can be acoessed by efthar direct or ndzec
agdressing, The Uppar 121 des 2an ba scoeszad by insledl
agdressing anite. The Lppor 128 hyles scoury (e sama aidiliess
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phwsinady separate rom SFR s,
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TFH, thee CPLU s whalbar 1k prosss is o ihe upper 324 byles
ol data RAKY o bo SR spoce by Saanddressing made wead i ihe
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RS JROH, etz
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For s

MO SRR AdF
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wstpetions 0 the Same way 3% ndba stendard SICHT, 50 weh O
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With EXTRAM = AR
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Philps Sarecoiductens Fyesmeny v spesoiboaiion

80{351 8-bit Flash micr {mtm hmééw PEOss F:R'”PBQL,JF’CE:
SKRBZK BIRAKR ISPAAPR Flash with B12RG 1 2RGTKE RAM PEOCSIRDZ

c:;u‘

AC ELECTRICAL CHARACTERISTICS {6 CLOCK MODE)
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Fhilips Serrscoedecions Fresurirny 'g spossifaoalion

8005"1 8-bit Flash microcontroiler family PBACSTREZ/PBICHIRCE!
1BKB22KBEARKE 1SPAAP Flash with S12R0G12B0TKE RAM PBAC51RDY

AC ELECTRICAL CHARACTERISTICS {12 CLCCHK MO D‘:j
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Philips Ssmecoenducions Frofimsny y spesaboalion

80CSH1 8-bit Flash microcontroiler family %3‘8‘3{3,;1 RE 'P‘PCJC:"1 RC
IBKBEIKABIKE ISPOAP Flash with 51251 2B KB RAM P39CH1 RDE

EXPLANATION OF THE AC SYMBOLS
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Fretimey specifcalion

80C51 8-bit Flash microcontroller family
16KEA2EIGIKE ISPAAP Flash with S12RG1 JRITKE RANM
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Frafimisis v spenis

80CS1 B8-bit Flash microcontrolier family
TEKIVEZKEVEAKD ISPAAP Flash with 512881 2BV 1KB RAM
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PBOCHTREZ/PEICSTR

Friwiunenay specifaualion
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80C51 8-bit Flash microcontroller family

1BKEEZKBBAKE iSPAAP Flash with 51781 2R KB RAM

PRUCHIRBZ/PEACSIRCZ/
PEICSIRDZ

FLASH EPROM MEMORY

GENERAL DESCRIPTION

Tha FERCETREXIRSIRIT Flash iesnoey sagrants FPROLY

furationabty with necircu eloctical erssere and provamireng, The
Flash man b wad and writien as bytes, The Chin Erase apetion wil
aast e enlim program meary. The Block Srmee hackon can
ems any Flash Dok, Inesysam programming and slandir paralial
srogrneming A bath avakabie, Onchip erass and wrie trirg
Qenssration contphefe (o A ve Slarady programemng needans

The: PADCETRBARCHRO Fiash rplishly Stores mesrory orssrds
auen Bher TR0 aress sad pogram owdes. Tha ool is dasigred sa
QpEEnize the #rasa and progrsmmng mechsisms, 4o adoiar 1S
comliration of advancad furngl oxide preessing snd Sy nhamal
alaciric Bedds oy ernss and [ogramming Ooareions prockices
rakgbia oyding, The PRRESTREZRE2R0Z usss 3 8 W Yo suoply
1 parfe lhe FrogramBrass fgarihims.

FEATURES
® Fiash EPROM mloma) propram mamsry wib Bibck Fraca,

* intamed 1 kB Seed bool RO, scobaming w-leel n-systemn
pregramming rouline: and & delsull senstiosdar sar rogam
can call thass reeines 10 peelern A ppdeatizn Pragrammirg
AR, Tha Boot RO cardse turmed off B proyds ansees 1o s
ll 1 KB Flazh memoy.

® Sincd vestor alows user froviled Flash ader sode io resic
aryahiars in tha Flash resmdry soscs, This confyuralon proyikdss
exibility 10 108 sy

® Dala keader in Bool FOR sioes omoesmiming e he 2ena g
wfthiou he need Wor 3 sl proedtkad saacder,

® Up o &1 4B esernal oorans meanary b e o

rirary 7% disabiad (58 = )
® Piospaniming ard engse sofane +5 W 12 Y joleranh),
# Begdfrgrameoing Frass:
= Bylewige read (100 e access fimed,
- Bybe Frograeerirg (20 ps).
= Typrcal e lires:
Hlork B o8 ¥ or 16 :8) 1 3 weconc,
Fall Erase (53 8800 2 soonnrs,
* Parglel programming aith 37851 corpalible hardware inlerfase
57 pROSIIRITITEL.
P W-SyHIET PrOgTEmEITING,

® Pragraemimabin seonrEy b ihe cacs in ihe Flash,

2 1000 minirenn arasniprngram cyas for ech byts

2 Hyrar smirirmsn dala sotenlicn,
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CAPABILITIES OF THE PHILIPS 85C51
FLASH-BASED MICRO CONTROLLERS

Flash organization

The PAEISIRBARIZRED conlaing WKROZHRSIR bytes af Flash
groERen memocy. This mesmney is omaneed as B ossparaha Books,
Trez frsi twa Bocks are 8 kB o size, Bing the prageam mesnocy
snaen frum sovenss O thre FFF re. The final Sheoe biorks s
1E RS in mire sod aonepy akirmsses rm 4080 themggh FRFF bag,

Firpars 43 dapects the Flash NS SO e siinrs,

Flash Pregramming and Ermsung

There are thrae mcthods of srasing o semgnynmirg of the Fash
fHETIONY that may be used. Fiest, tha Flash may b prograsunad o
srased inthe and-user appicatioe by caing lkew-ovnd mutines
thenugh & enemmnon wntry paint incika Boot RO The aadauser
appEcatian, thauh el e soscuiing £209 oo 2 differant ok
fhan e Bieck thid i3 b arasaed or programimeg. Second, the

furn, call od-desn] IouSnes Irsugh The 550 SRmmon anry peinkin
rhi Bocl RO Ihat can be used by e endhussr spolication. Theed,
tha Fiash gy e programmes] of arasad using (hi persllied mettod
by wsing m oemmercially avslshis EPREON prootmenes, Tha paralisl
programming srexibagd used by thass thpdees iz simibar 49 thet used
Dy EPRORE LN, Rl £ b5 500 Mhsabical, sl e commearncialy

S pl RS COnERIMmsr il raed b havs suppayt o thees davises.

Boof ROH

Whan e mistonlrsiler progsens g e Flssh aramsny, all of the
Yo baresd ebalais ane harshiss by ooeds et is pemmaneally conlaingd
a1 RE Bt BOR that s sepate em tha Flesh msmoeny, & user
progeay: simpdy cEls e oommon eniry poist with sspivgaats
OECRMEEECS 11 T Hod RO b socoppish the dasinsg aperalica,
Bool BOK eparstions inofuda thngs e srase bock, program S,
vanly s, poareT: 2o fock b, ete, Tl Book RO owrlavs
T SO Ry Spacd 5 e I0p of the agdinss space Tiorm
FOM FEFF heo, shen it iz enabled. The Boot RO may be
surmedd o gvetbesd Bre apeer 7 KB OF FLash phogram oionny aie
aesezailie for aseoution.
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Frreiumsis v spesaboation

80C51 8-bit Flash microcontroller family

1BKEBRZKBBAKE iSPAAR Flash with 517R45

TZRTRE RAM

GCOTRBZ/PEBICSTIRCY
PEACHIRDZ

PRo

FLASH EPROM MEMORY

GENERAL DESCRIPTION

Tha FERGEIREIRTRR0I Flash memocy supmarts FPROL
furalicnadty with mecin edstical ersere and progrermiring. The
Flash nan ez mad and writien as byees, The Chin Ersse apasabion wil
arast e el program mmrary. The Block SEmse ncdm cn
amst Ay Flash Bok. Insysom progmmming e slandi parabs
srograreming am bath acakabie, Onaehip amse and e h!r;.‘rz!.j
Qenratin contshedn (0 A vas Ferady programmng inarang

The PERCEIRBARCHEOE Fiash slishly slores mesrory conserds

auen mher 10,0EID srees sog pgram owciess, e oudl i daskgrend 5o
QUEFTIZE the 2rasn stdd PROSBMmmng me e, dnaddinn, s
rombirsticn of advantad turnd oxe prcessing and Dy alamal
aloctis Helds ke e 0} [ACgramming GRereior:s prodices
rakabieosding, The PARUSTRBARE2R0T uses 3 +5 W Vro suoply
e parfo lhe Programibess eigarihms.

FEATURES
* Flesh EPFOM slorna) program mamsry wik Biock s,

* intamist 1 kB Resd boot RO, soabamning w-lewad n-syaten
pregramning routings and & geleull seratiosdar | Lsr wogram
can call thass roatings 1o perform -Appisatien s CORAITETING
AR, They Boot ROM carobe furmad off bo proids angess i :h»a
Rl 6 KB Flash msimigy,

® Sook ventor allows user [voykied Fiash oader node o resids
Fnyahes in ik Fash reamony sopom, This condhyural o ooy ks
Tegibilky 10 1k wear,

® Dala leader in Bool BOR #lews amoesemiming
withiou the need or 9 LEsd procdoked snader

=8 [ g pid

* Upto &1 KB essernal proorans memary 8 ihs ks THOEETY
ety B disalied (54 = 5,

* Piegramning ard erase volang o5 V2 Y et

* RegdPmaramening Erass:
= Byterwiar sead (100 s access frs),
~ Byle Frogrowerreg (20 ps).
—~ Typrical eroes lires:
Block Evorce oB #8 nr 16 k8) i 3
Fall Erase (53 880 2 sanonrks,

% warono,

* Parslled programming aith 87051 comoetible hardware interfass
7 PRI

P WSYHIET PrOgrEEITING.

® Pragramimahbin seorEy b the caoe 0 ihe Fliash,

2 1200 menirenn srasneogram owEes for anch byta

B 1 yrar smirirnism dala setenilicn,
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CAPABIITIES OF THE PHILIPS 89051
FLASH-BASED MICROCONTROLLERS

Flash ocrganization

The PEEISIRPARIZRNG conlaing WKRADKIMEIR bytes of Flash
roFR R memocy. Fhis memory s organeed as o sspersha Books,
Thez frsi twea Bosks are 8 kB o size, Biing the progrsm mesnory
spane frum sidvress O thrs g The: firal thren biocks soe
15 RS In sive and oosepy srkiresses o 4050 themh FRFF by,

Flrpars 43 dapects (he Flash measmnars ot siinrs

Flash Pregmmming snd Ermsums

There ars theoe methods of srasing o peogramening of the Flash
enamory that may be used. First, the Flash may be progresuned o
srased in e and-user appicabon by caling low-lovnl routines
theough 2 cormmea aatry poind iniha Boot ROM. The andaser
AppEcaton, b s be i o) roon 2 diffamaal ook
G Ky BiGok et & bt srasedor poogramimed . Seoond, the
Or-ClER | SF o adsr may De dpsoked, e 55P bood Ioesder will, in
turn. Akl Voudeeal roines through the 580 Sormiman anry poirdin
thie Bool ROB hstoar be s by b enchssr spolicaticn, Theed,
tha Fagh may e programmed o arased usireg thir persiied mettiod
kpy wsipdd A pemmeisally ausdebls EPROLS programenes, Tha paralis
programming rresdbod used by thass deviees 2 @imitar 40 that s
by ERROM 3001 Dl £ t5 et Klanbical snd e commarcialy

Sl BE0S CevelramTsn il s b s sushar for thesn dauines,

Boot RGH

2 Ex i) ‘hn F ls;.-.h mmﬁfy ﬂ. ERT
QIGORAT: Simpy Lﬁ'.« the r:,rrmnn Hl.'F" il it epTTgaiet
OECBITESES i T B ROM W sooompdeh e dasing operalicn,
ool RO opstalions indude thingaliks: arase blos, program e,
vty Drls, progren sonerdy ok bE, et The Boot RO onxlavs
Ha HSHTE Nty Spa & the Iop of the addiess space o
FOWD 0 FEEF heo, whan il iz anabied. The Boot RO may b
surned Off s e upgeer 5 KB 0f Flash Dhogram ongry aie
avdesslia o aisclion.
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Power-0n Reset Code Execution
The PROCSIRDZIRCERDZ cartains two special Elssh regislens

BOCT YECTOR and the STATLS BYTE. A lhe faling edige of raeat,

the FEICETRENROHIRDZ exmnines the ounlwepfs of s Siloes
Byl I the Slalus Byle is sel (o 2urs, powver g seacitinn sl ¥
imsalion GIO0H, which &= dhe nomnal starl achiliegs of The weers
Apphoalioo code, Whan dee Slalus Bde s sel toa vadue olber dhas
ers, the sontents of Jhe Goot Vactar & used oz e bigh byte of the
axpzilion addres and the os Bygle B s be D8R The fasdory
cledanll zeltery is DF M, comesponds to S ackivess OFCOME fur
factory sk -BOM ISP baot kzader, A cushom bood Ipade: can
atillen with the Do Yector set o The custon bood feedee.

HOTE: 'When 2msing the Stalus Bybs oe Boot Machor,

both byles are sarssd ol the same Sme, 1D neoessyy

wo resoreen Ih Boot Vector sber soasng ard

apcdativg e Satus Btn
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Figure 43 Flash Femory Configuraticns

Hardware Activation of the 8oot Loader

Thie bt bkeodes can stber be exscuted] by el PSERN LOW

ER arsaler han 3 fouch 58 15 W) amd ALE HICEH Tor a0t aorieadad)
al e dalliengy edne of BESET This it sgeme oo s haviog a

e -eers sl Byl This alioers anappicatioe o be boik hal wil
rirmaily sxmosie e encd user's codie but can be manuaily formed
irfi ASP ppssation,

q

A7 the Saslory destns! setling dor e Bopt Weclos 0FCH) s changed, 4
will 4o dorger paink e e 2R srmasked RO boed foader code, 1 Dy
beprens the ooy way i is possibie ke change the conlenls ol ihe
Boot Vecur 2 throogh ihe parailel prograrering reshiod, provided
thatt Ihee e user appsculicn doss nal ooelain 2 costormeed o
that proitks for erasing and mepragramening of the Bost Yaooe and
Hfur Byl

Aftrr proggmrnminn tha Fiash, tha simes hyle shosld be pogeseramcd
sz zorain oncler Wo sdlow oxeruiion of the izer's appication aode
BegFining At adiress G0N,
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Figure 34, In-Systam Srogramming with.a Binimum of Pins

In-System Programming (ISF)

The feSyslem Pogramming (BB is pedanrped without remoding
the wirroconiroiles froms (e systesn. The insGyslem Progrxmnng
(SR faciily consisls of o series of insemal heedware s omoss
caphsd st inkamd Srovean: lo facliate remots prograomrmg of
the PRACHIRRZRCERRDYZ though tha sedntpoet This Armeare &
prevdnd by Phiips and pmbended wekin onch ~EkEaY/
FEACRIREXRGHROZ drvine.

The Philps in-Systorn Pogramimng Q&8 Tedliy has made incies i
prFamming 0 50 ertneded spplication possibie with & micimim
of pdditiaral sspensa in coinpones and et board wea,

Thie 458 functicn sses fve pins: Tl Rod), Yez, Vo, ang Ve (238
FiQursy A4), Unly g smal conrachin nesids o be seailabiz mlerians
WOLE appimatnn 1o arsxbamial circull inomy D uss 1his Tealee.
The Vep supply should be steialely deopupled &l Vap nge
abowsrd o asceed detashsst §mils,

Using the In-System Progmmming {15F)

Thie :5P deature alines for a wide range of baixd rales lo G ussd in
W appdication, dspandent of the cecliialor equiniy. 1is #so
agaptabia 1o g wiin rarge of osidlsinr squenies. This &=
accompilzhod by maasuring the bit-ima ol & sngle Bitin g reoaisd
chggaegar, This inharmsalien & then Lssd 10 DIsgram the baud rede
Faf s o Evnar conands based oo ihe osdiimer edency, Tha 158
LaEthue requEes th ¢ mend In
the PEACHFTREZROHRDE o aslabish he beud rte, This 15F
iETTavarE paavkdes UEs-achs ol recadsed Cherertsns,

s B rate EdalEalicn has boen peckormesd, the 138 inteseng
will oty sooan] inhe] Boxdvpe regceds . Inds] e mocrds consist of
ABCH charachery oo fo repiesent hesadedingt sakies anl &
N e hedoas:

RAASARRDD, DDOZ it

iy e dntel Hew revond, e "MNT mageesanks the aumder of sola
ylas i he record. The PRICSIRBRFICIROZ wil aovapd up o 18
$10H: data bdes. The "SARAT Siing represents the sdiress of the

1€80 Mov 22
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frst hyde in B eoond 3 there ame 2oeo betas inbhe moord, s fok!
i oflpresed g DODO. The *RR" siring zifoales the peeoed typs. &
renard bpe of T4 s a data moord. & ot hpe of 01 nidcades
thi end-af-Ble musrke dncthis sprlication, asd@ioral sanord fysas sl
be added 1o ndnsie odbor comenands ar data for the ISP Gniky
Thar rosodrmiam raninber of dlula bndex in s recond 15 bmited Ba 36

Ciderimall ISP sommards are summanzed in Takde &

S5 areonrt s renehad by the PEOCSIRGBARCHREOZ tha
informalion inthe secord is storad inlemslly anid a chonksisn
calzmlgtiom iz peroomad. Tha opersion madicatad by the moard ype
i5 not pesformind vntil ther salice recant has been accivad. Shasic
Ar AT DeslE Intha chaeksum, e PHE 4 D2 Wil s
an "X oyt the serial pod indicating 8 chacbeamoarme 3 he
checksum ealeulsdion is i na o resich the charisum d e roor.
thian the command sl b srenidad I inosl cases, sucnessiyl
meption of Wi recond will e Ddeaied by Fansmiting 877
charardsr oo e agnial poct {dsplaving Ihs conientz of Ihe lermal
PN AT MESHOEY |2 AN eNaafEinn],

I the case 2f 3 Rata Recond (pecord tvpa 00, an addibonal check is
muadi, A 77 gharathar wall MOT ba seal unless the nscoed chadksum
rstchad he caleulséed shacksam and s of e Dylas 0 s record
whsTe SLisssTUEly programined, R e deia recand, an A Irsliesles
that the checkaum falbad e migich, and an "1 characher indicsdes
thad crwe of he byles did not propedy program, s necaseary o
sard 3 ype 92 racoad {specily caciliatorn Fequancy] o the
PRACHIRERFCZROZ afore programersrey dala,

The 157 faviliy was designed o Tt apsctlic oryslal frequensics
wad 0 required 1 oaBar 10 genersie bakd rabes oF fme the
SIGERMNING fAfses, Tha wsar ihas reaols 0 provida the
PEOCHIRE2RCZIRDE wilh fonnaion regquired in gensi s he
grper fiving. Rescrd e 02 6 provided for this suipose,

Wint3P, a seftware ulilly o implernent 18F progrmmaming wilh a PC,
i awilabbe from Phifps. Commersial senal 1S9 prograrmmss s
spvaitabile Sorn Dird parties, Flease chsck the Phifps web sige
swewrn serriconciors pheips cors) for acddBeral irfoenalion.,
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Table 8. intebHex Recornds Used by In-System Programming

RECORD TYPE CORMMANDDATS FUNCSTION

Uy Pogram Dala
sanaasatidd L ddos
Whesal
31 2) =

T
3d. . ..38 =

Eazrghe

at

Whera!
MITHICL = ragquirsd f1sld, kot walus Ietmeldon't care”
oo m Thme

a2 Speity O

RN e &
WWhere!
et w oreepaized f1el4. s wolwe e oa “doptt care”
i & And srocemnillakser fresguensy poamlsd dowm Bo nsarest HEz
o = Theahasin
Exarmhe
s Da0GLAIEDR S84 AN b6 [ D] Eoglena- 1608 ANE 2
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PBUCSTRB2PBICSIRCZ

PR PR K RAM FPEGCSIRD2

RECORD TYPE COMMANDDATA FUERGTION
23 Mm‘“ltﬁﬁh‘! w15 WY e Functhons
2Pt mmaddes
[v$ = warher of betss thexi in
ERoR = = l.n el iw’s}d, B walus inoa “dontt veps”
[} o
e =
3 ~ data input
Pt Bt -t ut
%fhhrs wn Code = 03 [Eoass Beks)
34 mrase-hlock -§
Eatdgraton Sode = 04 (Erass Bog eodorand Status Baia)
FE = 0d
w3 o« Hant b oars
Examgibs
7 3 Gtarge | Ddol et ol id SLIRUss Tt e
Sutdurchun Code = 05 {Frogrum Sacurity Bz
£f = OB
S8 = OO pUOgram 3 danhibdr 2
31 progTen o ¢ :
PR preuram o 1 M—*ﬁ: n-’l TADTL M
Eramgts
SFEOALCIIRCEITFS | pregram sacnie iy ey 2
Subduretion nde = 06 Frogram Stalus Byte or Bong Wickar}
PUOEan STardd byLs
1 progran bonk wech ol
LPCFY prosram boogs werbor with GECH
Subbnction Soda =04 dFiEl Chip Brazad
Ermmns al hiocks, socuriy bhs, sodd sols slalus and boot eedion lo defaud viiues
FE = 07
s e Hon'h Sans
G o= S0t Sk
Exargshe
L G1o006330TRefudl oiip oey
04 Ulsplay Davie Deiy or Black Check - Becond Pype 04 cavses Ihe eonlants of the enline Fiash amay 10 De ssal out
e saikal porl = a lormatted displae This dmﬂaﬁ' copsssla ol ar addrens ed the conmenls ol 79 Dntes suaning »ilh that
shdegss, Mo dsplay of the destos comtends wid oncw il zecurty bit 2 has baen prograimmaa. Daka o 3k senidd pad is
irstiggan) by tha recspiich of arw chareliar md warminshad by e recsaphion of aoy charsoler
Gemnarad Fapnal o! Fensticon gy
s Enmmnlhaamagansl fas
‘Bhesa:
=3 =
A = Sdontr carse”
o4 = Cheok™ funssion code
aser =
33 -
il = blank
e « ashsokossin
Exanple
SOEMOOOCSA00EFFRAOEE dlenlxy 4200-AFF7
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&£

RECORD IYPE CD?&A?&B;‘[}‘AT‘A FUNITION

nE Meoalar=oas Resd Functions

seal Foraat of Purtion 45
et fmeon

Gz

& Loctazae”
= and maleon

Bignalrs

21

[CH 1 Dinond Loagd of Bopd Rata
| Genaral Format of Furetion 46

O nhy Lo

WWhivn:

53 =orenliar ol bytes ihent Sn \beoard
AL = reopdred field, baar value dwoa Cdon’ tosayed

po'Divect Lioad of Bauwd Rabet furctign oods

= high byte of Ti

ioor hyks ol Timer 2
Az
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In Application Programming Method
Saesral In Aopdvaion Programmeg (18F) cslt ans sepilabl v ose by
AR ARPACEHON [OERm 1 parme sekeciee arErg aol prrgmrening of
Fhash samors, AF calls ars mgds this b comrenon Inbaran,

UMY

Table 8. AP calls

B The programimig bnsiioes am sokacted by semng up

e rniceonalrine's registers talury mMeking 3 o b FOM_BTE o
FEROH, The gecilalor Panuensy 5 a0 08emer numder rewnisd dosn
0 g rasrssl megahidz . Foe selameia, set B0 11 for 41 QR Mk
Resulls arg ralumisd it e ragladors. Tha 18P oaks sne shewn @
Tabds

AR CALL

7 PARAMETER

PROGIRAR 0ATA BYTE

» A

A2 = 00 lOFpagayTtel 12

Inp g Farsaraloss.

s SRS Erag
ﬁ[ =

& ad b e

DEL - B0

Bxns

EHOOT VECTOR

2 {inb ey}

1
o =

DEL = demr e
FRehan Paramats
s

PROGRAM SECURITY 8IT

gt Parnmeines:
e p) -

Ry =

17

rd =

G o

GRL = HBLUTLEY BIL
- SoEivg B il

3
SE - seclmity ik

Bstum Paraneter
DoTe

=
[y ™

PROCEAR STATUS BYTE

Ingg HFaramades:
Erecg Tdmbegeri

D o= wmbatus
Rt Pammster

AT w status oune

w mhabue byle

g Preamaters:

RE =

El = &

O - 00h

DL » T1lh -~ program ook
LRIOUIIEPEE T wa b ST

Rstim Paramstar

T e bosb wechor

HEAD BEVICE DATA

Ak P oramsess,
Bl ~ {3k

ETE = addrems of byte to read

Redtum Paramahar

A 2 walus of BYle pasd
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e

PARAMETER

READ MANMUFALTURER I

Inpu s Paramsipss:

Er=g fintegerl

- Prana facbarsy LD
Fatum Parameler

ATT = walue of kyte paad

REAR BEVICEID 01

InpLk Pavameaters:

EF -
wl o=

el =

ADT o

READ DEWVCE ID T2

Inpug Parameiers,
Ff = cso Ereg (integexi

DESE w50
PRh = 03h [PGexice T g 20
Redurm Paramesler

ADD mokalas ol Bypte read

READ SECURITY BIiTS

Inpck Pasametery:
Ere: finteqger)

Retum Fasimeler

AN FEEleme ol e Bl

HEAD BIATUS BYPE

o

OPL = 2% (wbetus Tetal
Redunm Fugamelsr
AT walie of bvte pozad

REALD HODT VECTOR

Inp g Pacarraless:

Bty = freg linteger
Rl = ¢

DESi x
OhE = 02
Reduur Pasan

&O0 e ovalus of byte read

R ibast Fectoyl
hat

FULL CHIP ERASE

Inpi g Prramsiess;
Rl

Rabym Pamnsier

Gona
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Security

Phe sastely Saahurs patenss Snainst selans pirecy and provents
s auniests of the Slash o baing rosdd, Tha Senxity Lok bis
arg lgeaind in Figah The PERCSINMEIRIZARDN: has thrse
propraminath se Sty ok his 1hal vaill sirdode i ueds o
pretesiion e thie ar-chEn ooz and Byle {ses Takls 145,

Tabhke 10.
SECURITY LOCK BITS!
PROTECTION DESCREIPTION
181 LB2 LB3
Z R b BRIV Irstn etlons siaculed Fom aelemnal program mamms a0y e disabiad o tetoiing oodks bytes.
froem intarmsd mesmory,
1 X ] X Pleck awase is dinabled. Erass or p'm]rmnwz nl’ the sialus hm. ar :1’)"' warine is dsabiod,
x I 4 S "Ullvﬁ! rr\dﬁmmnr,r*  cfEmabied -
X Ko 1 Extarnal axecution & disabead
NGTE:

1. Secusly bits s indeparkent of sash glher, Pull-chip saes may b perfonmed wpmgless ol the stule ol e securiy bits
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