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ABSTRACT

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

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

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

mobile phone for data acquisition and information exchanges via R§232 and SMS, respectively.
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C/T (Timer or Counter selector) : 191ApnAnMUIZN VR TNMes AR 1AeT
-~ ° o o o - o
« ansiraiiy inmes Taelddyapadunanndygrumely

° L4 o @ a
«p deamshnuiuanines Tavsudgygudunanian T0 ¥ie T1

© d '3 o
M1, M (Mode selector bit) : 1idanTuuamsiuves Inweiianiines
«o0” AenlhihauluTvua lnwesianimes 13 da

a a4 =
o1 denlienlulnua e dimiiines 16 On




14

, A [ o o ' d =Y g ' oo Qe
“10* @oalvdinuluTvua inweisaniaes 8 Tanuusimsa Tulia
“117 @i Inwes 0 Benlivhandulvnua lnwesmnisesnendiy Tae
o o - ar  Aey a _
uoneamitu Tnnsesiemimes 8 fin 2 &1 Tomaes TLO w18 umsaivgunsdalannda
TRO luT3aiaes TCON uaz3smmed THO 3eilu Tnweiiamimes s Tasnanitees 185uns
P A o A o ar o s o
AU Inla TR1 TW3vmaes TCON Tunsdivesnwes 1 Wlumsdalilmueiratines 1
HyA U (Aneidin)

da dd v A
25 ﬁﬂﬁ!ﬂﬂﬁ‘mﬂf]'J‘Ilﬂwﬂﬂﬂﬁﬂﬂﬁﬁmgﬂﬁil

¥
¥ o o

TuTnsnou Tnsames MCS-51 annsafemsteyn Iéieiunazdslunaior wieh
ﬁnn’mmuﬂnamnnqx (Full duplex) Tagldan P30 mﬂuﬁimi’fayﬂ(RxD) nazv) P31 M
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Pin7 Pin 5 SG Signal Ground
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P o 1 PO o 93 5 a o [ o [ P

mingUnsal 2 edwszAndedaas iyl sdevhammedas iy
o a ;& - o ] ] - L) &
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s o q o ; § W Y
gasuilumsdeasnuneynsudmivimasgiu RS-232¢ Huiildaeil 110, 150, 300, 600,
1200, 2400, 4800, 9600, 19200 TAAOIU

2.9 GSM AT COMMAND #iusiadle

ﬂﬁﬁ'amsﬁuqﬂﬂm‘fﬁ"ﬂmsdwq niu'lfmﬁuﬂ?aqﬂﬂitﬂ DTE (Data Terminal
Equipment) ﬁyum:u15n‘l%agﬁﬁﬁqﬁ;ﬂumﬂsgmﬁﬁﬂn’h AT command Jun1sdnseiifeln
ﬁauﬁgafim?aﬁwmqﬂnﬁﬁmtiufu 11?111&114mm'?'m’ﬂaﬂ13Tﬂﬂﬂ;ﬁﬁﬁ'«ﬁugmn:gnﬁmuﬁ
131U Hayes AT command FaU55M Hayes 1ﬂu§ﬁﬁﬁue§ﬁﬁ1r"}'«ﬁ’aﬁacl%'ﬁu‘[mﬁmamuuaz
aou Ignmaunasgud minduialuduaitug Taserneslyadidaves (Extended AT
command) (e [giflumsmw dmivduRasethia i

nsAsdefuefenmuiumImmsniyadidsiisidmualily GSM AT command

L

A L
%aflmﬂqmumnﬂmuu soudmiums clwnumwmimuﬁunaaa

P q 1
naieudeneniumesfuflofoliussiiiume Dan Link Sudumsifeudaiy
=Y 1 T U d
aunsy TaolfTilsunsumeiiuend19q 19U Hyper Terminal Y89 Windows ausiammnialy

mifoasiinez ¥ 9600 bps

2.10 HanMITuaI SMS

o L' - i
83N ETSI (European Telecommunication Standards Institute) iuesdnssasen Tl
neremim i didmuanasg i Tnsannen 1S musuasgunisds sms 3
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ludile GSM 03.40 a2 GSM 03.38 annsoas 1Rgeds 160 A1enws Taoudnedadnus 191Hia
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2.11 ‘H‘Nﬂ‘llﬁﬂﬂ]ﬁﬁ‘ﬂﬁﬂ‘“ﬁiq{ﬂ
w Y LY o
mssudadeyn sMS Tegdaaiu 2 Tuun Ao MndTnum (Text Mode) naz fingTvua
¥
(PDU : Protocol Description Unit Mode) misaadeaym hudnd Inyaiusziiumsidenin
-3 ar ¥ [ T N od [}
Yudnd Tnuaudrvanou  udrdevasdoyalufidgTuuadnfiedalstanludefotnay
T W é ) . & ar a o
o1 Wimivayun idanludndlnun - Fanmdhaia@ouazneasiaFuydmivluding
Tvualiva iy iy “PCCP43T "PCDN” "8859-1" "IRA” (182”GSM” RIS uFOUAD
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nuifefomosrerudeniu amnsoassnadsiauazneasiaialasldmas AT+CSCS
] r é ar a ﬂi ot Qlay
uat IR NUNINTBYBITeNedladesfennsnaasaimunzanldinisa Tulla
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Imsazoeasia Faliies Biiuvuandndiudedy dluinsden liazainiin
uainidenaginuasymusadeanisadenmndrimunsoeasialénnzluuuawany

doams Taoluiidasia

2.12 ms3udennu SMS lunng 1num

S udeudefudiefoudmimsdismdenm sMs floglu mmbox Taslddda
AT+CMGR  eynil 185 uezeglugilvesaasiisznoy Tudaedoyavosddadoyn  sMs
Service Center(SMSC),Time Stamp Mazduq ﬁﬁnﬁmmmmﬁ"mzhmlmi’fﬂmmcéﬁwmg'
NONAUDINATS

#retnsane UiTu T30 Ericsson $u T9m Fedomamiidunie “hellohells”
amﬁﬂﬁaﬁnm?emﬁqﬂ’fﬂgaﬁﬁ?qf:azﬂgj‘lugﬂmmﬁ’umjgm 16 tazgm 10 (upadaw) Tae
riinnuAazgi1 Octet FelimonzBondemseh 2.5

06916681118088040A9166295026800000403021219434820AE8329BFD4697DYEC37

15190 2.5 dtlsznevussaasamssudenime SMS

nguuns 8 O Oetat) 1oeden

06 | AYE1284 SMSC Information 6 Octeta(byte)

91 guuyusanuHIY BMEC 91 wareila inuminenuuRIng
(information format)
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66 81 11 RO K8

BUHUTY SMSC (1UY dacimal semi-ocist) faezfiuinugu
10 1y nibble JunsdSinymurosteuss Service Center flo
“456181 10B8A"

04 Firss octet of this SMS-DELIVER messuge
0A AU UOVHLIOH (0A hex=10 #2)
91 jluwvvesmeinudde 81 HETEAYHLIBILUNING

(international format)

66 29 30 26 &0

(MU0 (1uY decimal semi-octet) flumug i 10 vy
nibble Haninugelsflusedefle +6692056208"

00

TP-PID. (Protocol identifler) Sunafiiiae 0o

00

TP-DCS (Dath coding sheme) 00 Raiadadeninnnm 2
bit Default Alphabet

40 30 21 21 94 34 K2

TP-8CTS Joyn Timo stemp (WY dovimal semi-octoty)
#1U nibble

0A TP-UDL. User dsta longth $17ud38nusunedonanufin
e 1043
E8)29BFD4697DIECH? TP-UD. Sommy “heiohell” Fdmmutroindrnus

iy 7 biw (§0doyn byie v b bit

¥
foyaiommluasraihuevgu 16 v 8 deendumneay Serviee Center,

WY, Time Stamp vziilumygu 10 yut 8 fia adumdniugy (@du nibble) Tud

3 &ﬂ o 2 ﬂ A Tand a ¥ o B

VAVIYPANVUVBRANUUUNIUDYGIU 16 ¥UIR 8 DATUNY .ﬂﬂﬂﬂuﬂuﬂ$1¥iiﬂﬂﬂﬂﬂﬂ11u“ﬂ
1 & W a & o & o ~

UsznenliloRasnusang 7 faswimnisutlasedingm deyasindasnysvin 7 als

Hhuavgu 16 v 8 Sanwda drunsuaezndnnionds

Tudwvesdeyomumvg 10 wunwmueddsdiavluusozd  bytezgn

Aaufusu munaeesa “+66 092056208 veqnadutuumazeitiu <66 29 50 26 807 (66 A

sWadszmsdnnvnnavesmanvilefessgndaay 0 semsu 09 szmisun o Hudu

]
i nhdnavtinmumnaeiundadug)
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2.13 Madavennu SMS lufidgTvua
Ao luiidudneiemsdadonan SMS “heliohello” Te14iToffe Siemens €35 Tnold
Tnusfifg 1S unueas “+66 092056208
AT+CMGF=0 /adenTnunfiay
AT+CSMS=0 /Admiriofiomiueyunisds SMS nie'lu
AT+CMGS=22 /psmsdsianum 22 byte (s auiaiay 00 fegdhanthaa)
>0011000A9166295026800000AA0AER329BFD4697D9EC37  /dautlszneuves

Joyondweiielumseh 2.6

MW 2.6 Aulsenouvesdoyands

ngusiuay 8 Tn(Octet) enidYA

00 AIETIYBY SMSC  information “00” wwiada 1A%
. i = v 4 o A A
SMSC information Niduogneluniosinawiesids

= A 1]
sMs Tadidoyn sMsc muluiniesoguda)

11 First octet of the SMS-SUMIT message.
4 2

00 TP-Message-Reference.  “00” Ao IinTnefenunuay
¥ a ¥ 4
DHNOIVOANVIULDY

0A Address-Length A2 18199841 10ATU(1087)

9N Type-of-Address. (91 indicates international format of the
phone number).

66 29 50 26 80 vy nsfnyiuesdiy  (susemi  octevantmuil

URITIAD “+66 092056208

00 TP-PID. (Protocol identifier) 1y 00

00 TP-DCS. (Data coding scheme) i 00

AA TP-Validity-Period “AA” MU INATNUADIGUO
Jormw 4 Sutimulusnmi fadehigalaemns
Joynezgnun@andalul@d

0A TP-User-Data-Length,  $muausasnusvasdonanuiids

(10 4)
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E8329BFD4697D9EC37 | TP-User-Data fludioyaludvssdonnudasausuuy
1@ “hellohello” Hrumsutlasdhsdm dudoyauun

= ¥ QA oed Y ar ar =
8 ‘lJﬁLlﬁ?TFIUlI’Jﬁﬂ'IS‘FI'IﬂJH’J{E]ﬂﬁl.L‘IJENWJEJﬂH':'Wﬂ

fin Wudoya 8 ia Aadnyiviia 7 Ga a ldnamaruan

2.14 Mauasddnyssiia 7 Imilu doya 8 Tn(Octet)

vINA13797 2.6 luduves TP-User-Data sxfiudniisimuisalasiavesdonnud
Foamyds udiiieannlimwsmhsirvestasousuuy 7 daldl18Tauasduiiudes
mumsidaddiflusdadeyouuy 8 Saseulaedaedere luissdumalaadenny
“hellohello” 017 10 FasnusFaudazdulusousaiia 7 ia Willudoyn s Sadminldlums
9 SMS

msmlaasunmieie 7 Davosiasnussusn ) vududhemidae 1 Bavhoge
¥0939%el 7 Tavnsd I8y IfIf 2 (o) 92 18kadnE 8 Tim (1 byte) Hlu “E3”

Fusousoinien 6 Dafimdovosiasnusng 2 wiRudanthde 2 Tatoes
svfer 7 Sinvesdnusdad 3 () e 18nadng 8 Hafhy «32” unesusuiiseo Tass e
dunnssusiuiuiy 3 O S 4 Dasunseiads 7 dmdaBunsziounsTnisunss
%@Huﬂﬂﬂﬁaﬁ'nysﬁqﬁ'aathqmmﬂmﬁ'aé‘nm

wiannmsutasdonan “hellohetlo” 92 IAdoyadiumagi 16 1o 9 Tud dhu B8

32 9B FD 46 97 D9 EC 37

d.. o 1 o o
ATNN 2.7 ABE1MIUUDIABNYT

Char h € 1 I 0 h €

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

N ~ 7 .

7 bits(B) 1101900 1160101 110},1_00 1101100 | 1301111 1101(/}00 11001/01

8 bits(B} 1‘%1’)00 06.1(1‘0010 106(11011 111’;\1‘101 01050?&) 1051011

8 bits(H) | E8 32 9B FD 46 97
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Char ¢ 1 1 0

7 bits(D) | 101 108 108 113

7 bits(B) L{OOlOl IIOI/IJOO 110}100 1101111

N )

&Y Y
8bits(B) | 11011001 11101106 110111

B bits(H) | D9 EC 37

2.15 mavenldsunsufiasio 1aznIUAY Serial Port A8 Visual Basic
Tums@isuTdsunsudmivaiugu Serial Port Yu meulnsafidfelumeiid

visual Basic emnsedemishuneimeynvldiuife seulnsa MsComm  &elily

aou InsauAIgIU RedudusBeansldens MSComm rdpahnssiunoyTnsaiiihld

»
U Tool Box 104 SeszaminlFuasuInsailld

24,
2.15.1 niovmesanmAg lumslfiy MSComm
a8 o a % = ] -,
= CommPort 1¥MuusminunsnedaoynsuiisiResmsszdane Taefiziluuy
Ld
ms1daudadi

Object.CommPort [ = value ]

o 1 L] ] W ol < o o =
INAIBDE NI Li1ﬂ1ﬂuﬂ1ﬁﬂ15lﬂﬂu1ﬂiLtﬂiﬂﬂﬂﬂﬂﬂﬂ‘ﬂﬂ‘iﬁ Com 1 ﬁlzﬁlﬂukﬂu

MSComm]1.CommPort = 1

B Settings 1§ lumsfimuasasuonisa (Baud Rate) wioanud lumsdsdoya §

»
miwdiuiisdeiuh , wiTa, Suuesdadeya, Swudeilade Teeligduuumsidam

Vv
=4

o4
U

Object.Settings | = Value ]

sndmenasu i mualims@enTusunsuldnun Baud Rate = 9,600 Ua

LY =l T ndw ] [ =y = o L3 =)
Ao Tilimi3a Srurudeyaniiiy 8 da uaztidinilane | ia
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MSComm!1 Settings = “9600, N, §, 17

® Port Open. J¥dmiulanaztan1s Ioumeiasynsy Taalipthiwums o
fal
Object.PortOpen [ = Value |

padretraEy 13 wilaldaumesasynsy Wi mua /1 Value 134 True Soudids
18Ail

MSComm1.PortOpen = True

uatusdesmsaneiaoynsu I muan Value (U False Woudda 1@l
MSCommi.PortOpen = False

" InBuffersize iiuntsimuavuaves Butfer lunsfudeyadiun Tasl
Fd
silmsimuamasi
Object.lnBuffersize [ = Value |

® (mputlen un1sdmuanvesdoyafisnvin Boffer masy Taniiztuvuns
fimuasiaal
Object.Inputlen | = Value |
® OuBuffersize HMsAMUANIAYEY Buffer Tumisdadoynaenil Taodl
sumuMEH muas Rl

Object.OutBuffersize [ = Value ]

r ¥
® InpuiMode 1undmussriiatoyaniudmn Tasizthimymsdmuasdedl

Object.InputMode | = Value }

Tasfisannsafenstiavesfoyandvdnn e 2 dsznmde
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vy ¥

1 4
- comlnputMode Text Yoyaniurinndudenimynd mannsodsmiveg

¥
TuTwuat 181aoms imua value Iy <o

o

T [ W
- comInputMode Binary foyaniusdmuiuteyaluing mannsodearld

1 4
og luTnuaii 18 Tasmsdmua vatue Ty <1

] 1“1 y ¥ 4 ~ o " w oA
tnput 1 lunmemdayaninnesasunsy Taaligtiurmns fnuadde

Object.Input

ety memsntivmsivemeiaeynsu ndunbuuivlududsiyeh

3
Data 151001500 muA laaei

Data = MScomm].Input

¥
® Output 19 lumsdsdoynean lalannwesweynsy Taoliguuunsiimuamasil

Object.Output [ = Value |

® EOFEnable 1fumsvenitiugaves s End of File [EOF) Tasdigthiuuns
Amuanide
Object. EOFEnable | = Value }

2.16 HANMSUBITZUVGHUBYR

pudeya  mneds  nquuesdeyauazawduNUT (A collection of data and
relationships) ATWFTUTvesgUdoyn ounsouaaslugives Tumavesdeyn Tamad
Tesumudioude  Sioduuealuan  (Relational moded 1HuTwmafi$TumseFune
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The 7 bit default alphabet

This is the 7 bit default alphabet as specified by GSM 03.38. The corresponding 1S0O-8859-1
decimal codes are shown in the rightmost column, Note that the euro sign (€) is a member of the ISO-

8859-15 character set.

Hex - Dec Character name ‘Character ISO-8859-1 DEC

000 0 COMMERCALAT @ &
001 | POUNDSIGN R
0x02 2  DOLLARSIGN | s 36
003 3 YENSIGN ¥ 165
0x04 4  LATIN SMALL LETTER E WITH GRAVE @ 232
005 5 .LATIN SMALL LETTER E WITH ACUTE e 23
0x06 6  LATINSMALLLETTER UWITHGRAVE u 249
017 7 LATINSMALL LETTER [ WITH GRAVE i 236
08 8  LATINSMALLLETTER O WITHGRAVE & 242
009 9  LATINCAPITALLETTERC WITHCEDILLA ¢ 109
0x0A 10  LINE FEED T
0x0B 11 LATIN CAPITAL LETTER O WITHSTROKE @ 216
0x0C 12 LATINSMALLLETTER O WITHSTROKE o 248
-OXOIj 13 o CARRIAGE RETURN | R .]3
 LATINCAPITALLETTER A WITHRING |
OXOE 14 A 197

: ABOVE

OxF 15 LATIN SMALL LETTER A WITH RING ABOVE a a9

0x10 16  GREEK CAPITAL LETTER DELTA A

Ox11 17 LOW LINE 95



0xi2
dxlSI
0x14
0x15
Oglﬁ
Oxi?
0x18
0x19
OxlA
_O%IB
i0x1130A
.O.xl B14
0x1B28
0x1B2§
0x1B2F
0¥1B3C
0x1B3D
0x1B3E
ox1B40 2
O0x1B65
O%iC

0x1D

Ox1E

Ox1F

18

19

20
21
22
23
24
25

26

:27
2710

2720

2740

2741

2747
27 60
27 61

27 62

27 64

27

101
28

25

GREEK CAPITAL LETTER PHI

GREEK CAPITAL LETTER GAMMA

GREEK CAPITAL LETTER LAMBDA

GREEK CAPITAL LETTER OMEGA
GREEK CAPITAL LETTER P1

GREEK CAPITAL LETTER PSI

‘GREEK CAPITAL LETTER SIGMA

GREEK CAPITAL LETTER THETA

:GREEK CAPITAL LETTER XI

ESCAPE TO EXTENSION TABLE

FORM FEED

'CIRCUMFLEX ACCENT

LEFT CURLY BRACKET

RIGHT CURLY BRACKET

REVERSE SOLIDUS (BACKSLASH)

LEFT SQUARE BRACKET

TILDE

RIGHT SQUARE BRACKET

VERTICAL BAR
EURO SIGN

LATIN CAPITAL LETTER AE

LATIN SMALL LETTER AE
LATIN SMALL LETTER SHARP S (German)

LATIN CAPITAL LETTER E WITH ACUTE

@ ™M £ :1%b’@>ﬁfe\

-

o]

12

94

123

125
92
91

126

93

124

164 (I1S0-8859-

15)

193

230
223

201



0x20
o1
:0x22
0x23

0x24

0x25

0x26
0x27

0x28

0x29

-OXZIAI
'0};213
0x2C
0x2D
Ox2E
e
.0;(30

0x31

0x32

0x33

0x34

0x35

0x36

0x37

0x38

32
33

34

35
36
37

38

39

40

41

42

43

45

46
a
48
49
o
5

52

53

54

55

56

‘SPACE

EXCLAMATION MARK

QUt)TATiON MARK
NUMBE.Ii SIGN |
CURREﬁCY SIGN
PERCEN'II‘. SIG&

AMPERSAND

.APOSTROPHE
LEFT PARENTHESIS

RIGHT PARENTHESIS

ASTERISK
PLUS SIGN
COMMA

HYPHEN-MINUS

FULL STOP
SOLIDUS (SLASH)
DIGIT ZERO

DIGIT ONE

DIGIT TWO

‘DIGIT THREE

DIGIT FOUR

DIGIT FIVE

DIGIT SIX
DIGIT SEVEN

DIGIT EIGHT

32

33

34
35

164 {ISO-8859-1)

37

38

39
40
41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56



O¥39
0x3A
0x3B
ox3C
.0x3b
0
0x3F
0x40
Ox41
0x42
0x43
0x44
-Ox45
0x46
0x47
0x48
0x49
0x4A
0x4B8

Ox4C

0Ox4D

Ox4E

Ox4F
0x50

0x51

57
58

59

60

61

62

63

64

65

66

67
68

69

70
71

72

_73

74

75
76

77

78

79

&0

81

DIGIT NINE

COLON

SEMICOLON

LESS-THAN SIGN

EQUALS SIGN

GREATER-THAN SIGN

QUESTION MARK

INVERTED EXCLAMATION MARK

LATIN CAPITAL LETTER A

LATIN CAPITAL LETTER B

LATI'N CAPITAL LETTER C .
LATI'N CAPITAL LETTER D |
| LATIN CAPITAL LETTER E
| ;LATIN CAPITAL LETTER F
| LATIN CAPITAL LETTER G
LATIN CAPITAL LETTER H” |
| LATIN CAPITAL LETTER 1 :
| LATIN CAPITAL LETTERJ |

LATIN CAPITAL LETTER K

LATIN CAPITAL LETTER L

LATIN CAPITAL LETTER M

LATIN CAPITAL LETTER N

LATIN CAPITAL LETTER O
LATIN CAPITAL LETTER P

LATIN CAPITAL LETTER Q

—

o 'z =

57
58
59
60

61

62

63

161
65
66

67

68

69

70

71

72

73

74
75

76

77

78
79
30

81



0x52

0x53

0x54

0x55

0x56

0Ox57

0x58

0x59

0xX5A
‘0x5B

0x5C

0x5D

0x5E

0x3F

0x60
0x61
0x62
0x63
'0x64
50x65
.Oxééﬂ
0x67
0x68
0x69

Ox6A

22

23

84

35

86
27

88

89

90
91
92

93

94
55 s

06
97

98

59

100
0
102 1
.-103

104

105

106

LATIN CAPITAL LETTER R

LATIN CAPITAL LETTER S

;LATIN CAPITAL LETTER T

LATIN CAPITAL LETTER U

LATIN CAPITAL LETTER V
:LATIN CAPITAL LETTER W

LATIN CAPITAL LETTER X

LATIN CAPITAL LETTERY

LATIN CAPITAL LETTER Z

LATIN CAPITAL LETTER A WITH DIAERESIS

LATIN CAPITAL LETTER O WITH DIAERESIS

LATIN CAPITAL LETTER N WITH TILDE

LATIN CAPITAL LETTER U WITH DIAERESIS

SECTION SIGN

INVERTED QUESTION MARK
LATIN SMALL LETTER A
LATIN SMALL LETTER B

LATIN SMALL LETTER C

'LATIN SMALL LETTER D

LATIN SMALL LETTER E

LATIN SMALL LETTER F .
LATIN SMALL LETTER G |
LATIN SMALL LETTER H.
LATIN SMALL LETTER I

LATIN SMALL LETTERJ

A

o

U

82
2
84
85 |
36
87
88

89

90

196

214

209

220

167

191

97
98

99

100

101

102

103

104

105

106



0x6B
0x6C
0x6D

‘0x6E

0x6F

0x70

0x71

Ox72

073

0x74

0x75

0x76

Ox77
0x78

Ox79

OxTA

0x7B

0x7C

0x7D

Ox7E

x7F

107
108
109

110

11

112

113

114

115
e
117
11}737

119

120

121

122

123

124

125

126

127

LATIN SMALL LETTER K

LATIN SMALL LETTERL

LATIN SMALL LETTER M
LATIN SMALL LETTER N
LATIN SMALL LETTER O
LATIN .éMALL LE’ffER P

LATIN SMALL LETTER Q

ELATI'N SMALL LETTERR

LATIN SMALL LETTER S

;LATIN SMALL LETTER T
TATIN SMALL LETTER U

LATIN SMALL LETTER V

LATIN SMALL LETTER W
LATIN SMALL LETTER X
LATIN SMALL LETTER Y

LATIN SMALL LETTER Z

LATIN SMALL LETTER A WITH DLAERESIS
LATIN SMALL LETTER O WITH DIAERESIS

LATIN SMALL LETTER N WITH TILDE

LATIN SMALL LETTER U WITH DIAERESIS :

LATIN SMALL LETTER A WITH GRAVE

e oD o e

e

107

108

10§
110
111
112

113

114
115

116

117

118

119

120

121

122
228

246

241

252

224



AT Command Set Reference Manual

1. Software Interface

1.1. Overview of the Supported AT Command Set

Page | Commands Function
07.07
7 JAT-CGMI Issue manufacturer ID code
7 {AT+CGMM Issue model iD code
7 ATHCGMR QOutput the GEM telephone version
8 [AT+CGSN Quiput the serial number (IMEY
8 AT+GSN Qutput the serial number (IMEI)
8 |AT+CHUP Terminate call
8 | AT+CEER Query the reason for disconnection of last call
9 | ATHCREG Network registration
9 JAT+COPS Commands concerning selection of network operator
10 | AT+CLCK Switch locks on and off
10 |AT+CPWD Change password to & lack
11 [AT+CLIP Dispiay telephone number of calling party
11 | AT+CCFC Call forwarding
12 | AT+CHLD Cail hold and muttiparty
12 | AT+CPAS Query the telephone status
13 | AT+CPIN Enter PIN and query lock
13 |AT+CBC Battery charge
14 | AT+CSQ Qutput signal quality
14 | AT+CPBS Select a telephone book
15 |Fehler! Kein | Read a telephone-book entry
giltiges
Resultat fiir
Tahelle.
15 [ AT+CPBW Write a telephone-book entry
16 | AT+CMEE Expanded error messages according to GSM 07.07
17 | AT+VTS Send a DTMF tone
18 |[AT+VTD Set duration of a DTMF tone
18 | AT+WS46 Select wireless network
18 | AT+CSCS Select TE character set
19 | AT+CAQCC Advice of charge
19 { AT+CSSN Supplementary service notifications
20 | AT+CRSM Resfricted SIM access
20 | AT+CIMI QCutput of IMS!
21 AT+CACM Accumulated call meter
21 jAT+CAMM Accumulated cail meter maximum
22 | AT+CLCC List Current Calls
23 [ AT+CCLK Clock
23 | AT+COPN Read operator names
23 jAT+CPUC Price per upit and currency table
24 | AT+CALM Alert sound mode
24 | ATHCRSL Ringer sound level
24 {AT+CLVL Loudspeaker volume level
24 | AT+CMUT Mute control
25 |[AT+CVIB Vibrator mode

paga dof B2



SIEMENS AT Command Set Reference Manual

Page | Commands Function
07.05

26 | AT+CSMS Selection of message service

27 | AT+CPMS Selection of SMS memary

27 | AT+CMGF SMS format

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

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

31 |AT+CMGR Read in an SMS

31 | AT+CMGS Send an SMS

31 [AT+CMSS Send an SMS from the SMS memory
32 | AT+CMGW | Write an SMS to the SMS memaory
32 [AT+CMGD Delete an SMS in the SMS memory
32 JATHISCB Select ceil brogdcast messages

32 |AT+CMGC Send an SMS command

Page | Siemens- Function
specific
commands

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

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

34 ATASPBC Seek the first entry in the sorled telephone book which begins with the
selected {or next available) letter

34 ATASPBG Read entry from the sorted telephone book via the sorted index

35 ATASLCK Switch locks {including user-defined locks) on and off

35 ATASPWD Change password 1o a lock (including user-defined locks)

36 ATASACM Output ACM (accumulated call meter} and ACMmax

36 ATASPLM Read the PLMN

36 ATASPLR Read an entry from the preferred-operator list
36 ATASPLW Write an entry to the prefarred-operator list

37 ATASCNL Qutput call number information

37 ATMSNFV Set the volume

37 AT*SNFS Select NF hardware

38 AT"SRTC Set the ringing tone

38 | ATASCID Output card ID

38 ATASCKS Qutput SIM card status

39 ATASPIC Output PIN counter

39 ATASMGD SMS overflow indicator

40 ATASMGL List SMS (without status change from unread to read)

40 AT*SMGR Read SMS record witheut Changing unread->read

40 ATASMSO Switch device off
41 ATASLNG Language settings

41 ATASSTK SIM Tookil

41 ATASBNW Binary Write
43 ATASBNR Binary Read

page 4of 52



Phifips Semiconductors

Preiiminary specification

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

P89C51RB2/P89C51RC2/
P89C51RD2

DESCRIPTION

The PBACS1RB2/RC2/RD2 device cantains a non-volatilte
16kBi32%xB/64%B Flash program memoary that is both parailel
programmatle and serial In-System and In-Application
Pragrammable. In-System Programming (I1SP) allows the userto
download new cade while the micracontrciler sits in the application.
in-Appilication Programming (|AP) means that the microcontrolier
fetches new program code and reprograms itself while in the
system. This allows for remote pregramming over a modem link.

A default serial loader (boot loader) program in ROM allows seriat
in-System programming of the Flash memory via the UART without
the need for a loader in the Flash code, For In-Appiication
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 QTP
configutation bit Jets the user select conventional 12 clock 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-bit I/C poris, three 16-bit timerfevent
counters, a multi-source. four-priority-level, nested interrupt structure,
an enhanced UART and on-chip osciliator and timing dreuits.,

The added features of lhe PBSC51RB2Z/RC2/RD2 makes it a
powerful microcontrotier for applications that require pulse width
meodulation, high-speed 170 and up/down counting capabilities such
as motor controi.

2000 Aug 21

FEATURES
® B0C51 Cenfral Processing Unit

® Qn-chip Flash Program Memary with n-System Programming
{ISP) and In-Application Programming {IAP) capability

* Boot ROM conlains low level Flash pregramming routines for
downlpading via the UART

#® Can be programmed by lhe end-user appiication (JAP)
® § 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 extemally to 64 kB
® 4 {pvel priofty interrupt

* 7 intermupt sourges

® Four 8-bit /O ports

® Fyjl-duplex enhanced UART
— Framing error detectian
- Automatic address recognition
® Power cantrol modes
— Clock can be stopped and resumed
-~ Idie mode
— Power down mode

® Programmable clock out
® Second DPTR register
® Asynchironous port resel
® Low EMI (inhibit ALE)

® Programmable Counter Array (PCA)
- PWM
- Capture/compare



Philips Semicanductors

Preliminary specification

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

P89C51RB2/P8IC51RC2/

P89C51RD2

Table 1. Special Function Registers
DIRECT BIT ADDRESS, SYMBOL, CR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION
ADDRESS | s LSB VALUE
AccT Accumuiator EOH E7 E6 E5 E4 E3 E2 E1 E0 | OcH
AUXRZ Auxiliary BEH - - - - - - EXTRAM AC xxxxxx (108
AUXR1# | Auxiliary 1 A2H - - EMBOOT - GF2 0 - DPS | xoooxxx0B
B B register FOH F7 F6 F5 F4 F3 F2 F1 F¢ | ooH
CCAPCH# | Module 0 Capture High FAH X B
CCAP1H# | Maduie 1 Capture High FBH XHNRAXXAB
CCAP2H# | Module 2 Capture High FCH xxxxxxxxB
CCAP3H# | Module 3 Capture High FDH KExxxxxxB
CCAP4H# | Module 4 Capture High FEH xxxxxxxxB
CCAPDL# | Module 0 Capture Low EAH 0O0oaB
CCAP1iL# | Module 1 Capture Low EBH X000 e
CCAPZL# | Module 2 Capture Low ECH KxEXXKHXE
CCAP3L# | Module 3 Capture Low EDH XooxxxB
CCAP4L# | Module 4 Capture Law EEH xaxxxxxxB
CCAPMO# | Module 0 Mode DAH — | ECOM | CAPP ] CAPN [ MAT | TOG | PWM | ECCF | x0000C00B
CCAPM1# | Modute t Made DEH — | EcoM | cAPP | CAPN | MAT | Tos | Pwm | ECCF | xC000000B
CCAPM2# | Module 2 Mode DCH — JECOM | CAPP [ cAPN | MAT | ToG | PWM [ ECCF | x0000000B
CCAPM3# | Module 3 Mode DDH — | ECOM [ cAPP | CAPN | MAT | TOG | PWM | ECCF | x00000008
CCAPM4# | Madule 4 Mode DEH — |EcoM | CAPP | CAPN | MAT | TOG | PWM | ECCF | x0000000B
DF DE DD DC DB DA Dg DB
CCON*# | PCA Counter Control | D8H CF | CR | - [ cCF4 | CCF3 [ CCF2 | CCF1 | CCFO ) 001000008
CH# PCA Counter High FaH 00H
CL# PCA, Counter Low ESH 00H
CMOD# | PCA Counter Mode psH | ciot fwotE | ~ | - — | CPst1 | CPS0 | ECF | 00xxx000B
DPTR: Cata Painter {2 bytes)
DPH Data Pointer High 83H 0CoH
DPL Data Potnter Low 82H 00H
AF AE AD AC AB AA A9 A8
IE” Interrupt Enable 0 ABH EA | EC | €Tz | ESs | ET1 | Exi | ETo | EXo jooM
BF BE BD BC BB BA B9 B8
IP* Interrupt Priority BBH — | eec [ P12 | Ps | PT1 [ Px1 | PTO | PX0 | x00000008
87 B6 BS B4 83 B2 B1 BO
IPH# Interrupt Priarity High |  B7H — | PPCH | PT2H | PSH | PT1H | PX1H [ PTOH | PXDH | 00000008
87 86 85 84 83 82 81 80
PO” Port 0 BOH | AD7 | ADG | AD5 | AD4 | AD3 | AD2 | AD1_[ ADO |FFH
97 96 95 94 93 92 91 90
P1* Port 1 ooH | CEX4 | CEx3 | cEx2 | CEx1 | CEX0 | ECl | TeEX | T2 |FFH
AT AB A5 A4 A3 A2 A1 AD
p2’ Port 2 AOH | AD15 | AD14 | AD13 | AD12 | AD11 [ AD1D | AD9 | AD8 |FFH
B7 BE BS B4 B3 B2 B1 BO
pa* Port 3 BOH RD | WR | Tt | To | INTi_[IRTO | TxD_| RxD | FFH
pcong! | Power Control 74 | swob1 {swooo | - | POF | GF1 | GFo | PD | DL | 0Dxxx0008
* SFRs are bit addressable.
# SFRs are modified from or added to the 80C51 SFRs.
— Reserved bits.
1. Reset value depends cn reset source.
2000 Aug 21 8




Philips Semiconductors

Preliminary specification

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

P8SC51RB2/P8ICH1RCZ/
P8SC51RD2

Tabie 1. Special Function Registers {Continued)
OIRECT BIT ADDRESS, SYMBOL, OR ALTERNATIVE PORT FUNCTION RESET
SYMBOL DESCRIPTION ADDRESS | msE LS8 VALUE
D7 D6 D5 D4 D3 bz D1 Do
PSW* Program Status Word DOH cy [ ac [ Fo [Rsi [ Rso | ov | F1 | P [oooooooos
RCAPZH# | Timer 2 Capture High CBH 00H
RCAP2L# | Timer 2 Capture Low CAH 0oH
SADDR# | Slave Address AgH 00H
SADEN# | Slave Address Mask B9H 00H
SBUF Serial Data Buffer 9g9H XXXXXNKHE
oF SE oD ac 9B 9A =13 a8
SCON* | Serial Control geH fsmore| sv1 [ sv2 [ REN | T8 [ RBE [ T | Ri |ooH
3P Stack Pointer 81H 07H
aF 8E 8D ac 8B BA &9 88
TCON® | Timer Cantrol gsH [ TF1 | TRe { Tro | TRO | E1 | im1 | 0 | 1To fooH
CF CE CD CcC CcB CA co ca
T2CQON* | Timer 2 Control C8H TF2 EXF2 RCLK | TCLK | EXEN2 | TR2 CM2 | CPIREZ | 00H
T2MQOD#¥ | Timer 2 Mode Cantroi CaH - - - - - - T2CQE | DCEN | xxxxxxD0OB
THO Timer High 0 B8CH 00H
TH1 Timer High 1 8DH 00H
TH2# Timer High 2 CCH 00H
TLO Timer Low 0 BAH 00H
TL1 Timer Law 1 8BH 0aH
TL2# Timer Law 2 CCH DOH
TMQD Timer Mode BSH GATE CcIT M1 M0 GATE cr M1 MO 00H
WOTRST | Watchdog Timer Reset AEH
* SFRs are bit addressable.
# SFRs are modified from or added to the B0C51 SFRs.
- Reaserved bits.
QOSCILLATOR CHARACTERISTICS RESET

XTAL1 and XTALZ are the input and output, respectively, af an
inverting ampilifier. The pins can be configured for use as an
on-chip ascillator.

Ta drive the device from an external clock source, XTAL1 shauld be
driven while XTAL2 is left unconnected, Minimum and maximum
high and iow times specified in the data sheet must be abserved.

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 equivaient to twice that of standard
B0C51 famiy devices). it may be aptionally configured on
commercially-available EPROM programming equipment to operate
at 12 ciocks per machine cycle, referred to in this datashest as

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

2000 Aug 21

A reset is accomplished by holding the RST pin high for at least two
machine cyctes (12 oscillator periods in 6 clock mode, or 24 oscillator
periods in 12 dock mode), while the oscillatar is running. To ensure a
good power-on reset, the RST pin must be bigh long enough to aliow
the oscillator time to start up {normally a few milliseconds) plus two
machine cycles. At power-an, the voltage on Vg 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 voitage
ahove Viyq {min.} is applied toc RESET.

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



Philips Semiconductors

Preliminary specification

80C51 8-bit Flash microcontrolier family P83C51RB2/PBIC51RC2/
16KB/32KB/BAKB ISP/AAP Flash with 512B/512B/1KB RAM P8AC51RD2

LOW POWER MODES
Stop Clock Mode

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

0 MMz {stopped). When 1he oscillator is stopped, the RAM and
Special Function Registers retain their values. This mode aflows
step-by-step utitization 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 white all
of the on-chip peripherals stay active. The instruction 1o invoke the
idle moda is the last instruction executed in the normal operating
mode before the idle mode is activated. The CPU contents, the
an-chip RAM, and alf of the special function registers remain intact
during this mode. The idle mode can be {erminaied either by any
enabled interrupt {at which time the process is picked up at the
interrupt service routine and cantinued), or by a hardware reset
which starts the processor in the same manner as 3 power-on resel.

Power-Down Mode

To save even more power, a Power Down mode (see Table 2) can
be invoked by saftware. In this made, the oscillator is stopped and
the instruction that invoked Power Down is the last instruction
executed. The on-chip RAM and Speciai Function Registers retain
their values down 1o 2.0 V and care must be taken to reflum Vg to
the minimum specified operating voitages before the Power Jown
Mode is terminated.

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

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

With an external interrupt, INTO and iNT1 must be enabled and
configured as level-sensitive. Holding the pin low restarts the oscillator
but bringing the pin back high completes the exit. Once the interrupt
is serviced, the next instruction to be executed after RET! wiil be the
one fallowing 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
ievel on the PRSCSTIRBARC2/RD2 rises from 0to 5 V. The POF bit
can be set or cleared by software allowing a user to determine if the
rggset is the result of a pawer-on of a warm start aftor powerdowt.
The Ve level must remain above 3 V for the POF to remain
unaffected by the Vg levet.

Design Consideration

® When the idle made is tlerminated by a hardware reset, the device
normally resumes program execution, from where it left off, up ta
twa machine cycles befare the intemal reset algorithm fakes
control. On-chip hardware inhibils access to internat RAM in this
event, but access to the port pins is not inhibited. To eliminate the

possibifity of an unexpected write when [die is terminated by reset,
the instructian foflowing the one that invokes idie should not be
one that writes to a port pin ¢r to external memory.

ONCE™ Mode

The ONCE {"On-Circuit Emutation”} Mode facilitates testing and
debugging of systems withaut the device having o be removed from
the circuit. The ONCE Mode is invoked by:

1. Pull ALE low while the device is in reset and PSEN is high:

2. Hald ALE low as RST is deaclivated.

While the device is in ONCE Mode, the Port 0 pins go info 2 float
state, and the other part pins and ALE and PSEN are weakly pulled
high. The oscillator circuit remains active. While the device is in this
mode, an emulatar or test CPU can be used to drive the circuit.
Normal operalion is restored when a normal reset is applied.

Programmable Clock-Out

A 50% duty cycle clock 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. toinput the external clock for Timer/Counter 2, or

2. tooutput a 50% duty cycle dock ranging from 122 Hz to 8 MHz at
a 16 MHz operating frequency (61 Hz to 4 MHz in 12 dack mode).

To canfigure the Timer/Counter 2 as a clock generator, bit CfT2 (in
T2CON) must be cleared and bit T20E in T2MOD must be set. Bit
TR2 {T2CON.2) also must be set to start the timer.

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

Oscillator Frequency
n % (65536 — RCAP2ZH, RCAPZL)

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

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

In the Clock-Qut mode Timer 2 roll-overs will not generate an
interrupt. This is similar to when it is used as a haud-rate generator.
It is possible to use Timer 2 as a baud-rate generator and a clock
generator simultaneously. Note, however, that the baud-rate and the
Clock-OQut 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 intemal 1 1 Data Data Data Data
dle External 1 1 Float Data Address Data
Power-down internal a 0 Data Data Data Data
Power-down Extemnai Q 0 Float Data Data Data

2000 Aug 21
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Philips Semiconductors

Preliminary spetification

80C51 8-bit Flash microcontroller family

16KB/32KB/64KB ISP/AP Flash with 5128/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RDZ

TIMER 2 OPERATION

Timer 2

Timer 2 is a 16-bit Timer/Counter which can aperate 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: Capiure, 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 selecied by bit
EXENZ2 in T2CON. if EXEN2=0, then timer 2 is a 16-bit timer or
counter {as selected by C/T2* in T2CON) which, upan overflowing
sets bit TF2, the timer 2 overflaw bit. This bit can be used to
generate an interrupt {by enabling the Timer 2 inlerrupt bit in the

IE register). if EXEN2= 1, Timer 2 operates as described above, but
with the added feature that a 1- to -0 transition at extemai input
T2EX causes the current value in the Timer 2 registers, TL2 and
TH2, tc be captiured into registers RCAP2L and RCAP2H,
respectively. In addition, the transition at T2EX causes bit EXF2 in
T2CON to be set, and EXF2 like TF2 can generate an interrupt
(which vectors to the same Ipcation as Timer 2 overtlow interrupt,
The Timer 2 interrupt service routine can interragate TF2 and EXF2
to determine which event caused the interrupt). The capture mode is
itustrated in Figure Z (There is no reload value far TL2 and THZ2 in
this mode. Even when a capture event occurs from T2EX, the
counter keeps on counting T2EX pin transitions or osc/6 pulses
{osci12 in 12 clock mode).).

Auto-Releoad Mode {Up or Down Counter)

In the 16-bit auto-relcad mode, Timer 2 can be configured {as either
a timer or counter [C/T2* in T2CON]) then programmed ta count up
of down. The counting direction is determined by bit DCEN (Down

Counter Enablej 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 bil 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 automaticaily since
DCEN=C. In this mode there are two options selected by bit EXENZ
in T2CON register. {f EXEN2=0, then Timer 2 counts up to OFFFFH
and sets the TF2 {Qverflow Fiag} bit upon overflow. This causes the
Timer 2 registers to be reloaded with the 16-bit value in RCAP2L
and RCAP2H. The values in RCAPZL and RCAP2H are preset by
software means.

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

tn Figure 5 DCEN=1 which enables Timer 2 to count up or down.
This mode atiows pin T2EX fo controi the direction of count. When a
logic 1 is applied at pin T2EX Timer 2 will count up. Timer 2 will
qverflow at 0FFFFH and set the TF2 flag, which can then generate
an interrupt, if the interrupt is enabled. This timer overflow aiso
causes the 16-bit value in RCAP2L and RCAP2H to be reloaded
into the timer registers TL2 and TH2.

When a lagic 0 is applied at pin T2EX this causes Timer 2 to count
dawn. The timer will underfiow when TL2 and TH2 become eqgual to
the vatue stored in RCAP2L and RCAPZH. Timer 2 underflow sets
the TFZ flag and causes OFFFFH to be reloaded into the timer
registers TL2 and TH2,

The extemal flag EXF2 foggles when Timer 2 underflows or overflows.
This EXF2 bit can be used as a 171h bit of resolution if needed. The
EXF2 flag does not generate an interrupt in this mode of operation.

{MSB) (LS8}
TF2 EXF2 RCLK TCLK EXEN2 TR2 CiT2 CPIRL2

Symbol Position Name and Significance

TF2 T2CON.7  Timer Z averflow flag set by a Timer 2 overflow and must be cleared hy software, TF2 will not be set
when either RCLK ar TCLK = 1.

EXF2 T2CONG6  Timer 2 externat flag set when either a capiure or reload is caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector te the Timer 2
interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down
counter mode {DCEN = 1},

RCLK T2CON.5  Receive clock flag. When set, causes the serial porl 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 clack.

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 = C causes Timer 1 averflows to be used for the iransmit 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 T2ZEX if Timer 2 is not being used to clock the serial port, EXENZ = 0 causes Timer 2 to
ignore events at T2EX.

TR2 T2CON.2  Start/stop controi for Titner 2. A fogic 1 starts the timer.

crrz T2CON.i  Timer or counter seledt. {Timer 2)

0 = Internal timer {OSC/6 in 6 clock mode or OSC/12 in 12 clock mode)
1 = External event counter (falling edge triggered).

CP/R[Z T2CON.D  Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = 1. When
cleared, autg-reloads will occur either with Timer 2 overflows ar negative transitions at T2EX when
EXENZ = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is forced ta auto-reload
on Timer 2 overflow.

sUD1251

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

80C51 8-bit Flash microcontroller family P8IC51RB2/P89CS51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

Tahle 3. Timer 2 Operating Modes

RCLK + TCLK CPRL2 TR2 MODE
0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud rate generator
X X 1] {off)
TLz THz
T {B-bits} {Bbils] | TF2
CTE =14 .
T2 Fin | conta
i
i N
TR2 Capre
Transition Timer 2
Datacior intarmupt
l RCAPIL RCAP2H
TIEX Pin  ——unf /\ o5 EXF2
Cohtred
EXENZ SUL01252
*n = 6in 6 clock mode, or 12in 12 clock mode.

Figure 2. Timer 2 in Capture Made

TZMOD Address = 0C9H Reset Value = XXXX XX00B

Not Bit Addressabtie

— — — T20E DCEN

Bit 7 6 5 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 B051 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.
5U00729

Figure 3. Timer 2 Mode (T2MOD) Control Register
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P TL2 TH2

. (8-BITS) (B-BITS)
CAZ=1 X
T2 PIN CONTROL
— -_i——

TR pELoAD

TRANSITICN
DETECTOR RCAP2L RGAPZH
l 1 TF2
! . TIMER 2
: INTERRUPT
T2EX PIN ——w] /\ —— . EXF2
CONTROL
EXENZ 507253

*n=gin 6 clock mode, or 12 in 12 dlock mode.

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

({DOWN COUNTING RELOAD VALUE)

FFH FFH TOGOLE
Y | exr2
0SC +n* cTi=q 1
OVERFLOW
o175 T2 TH2 ‘ TE2 INTERRUPT
:
T2 PIN _f CTI=1 X
CONTROL
TRz COUNT
| DIRECTION
1=Up
0 =DOWN
RCARP2L RCAP2H
{UF COUNTING RELOAD VALUE} T2EX PIN

*n =6in 6 clock mode, or 12 in 12 clack made.

501254

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

+

l Control

EXENZ

o5C
oMz=n
TL2 TH2
o=7o @-hits) (B-bits)
ord=1 ' T
T2 2in Controi
TR2 Rleload
Transition
Detector ACAPIL RCAPZH .
| + 15 = TX Claock
¥
s T B ] —-———Esz .

Z‘— Note availabiity of additional external interrupt.

stio1213

Figure 6. Timer 2 in Baud Rate Generator Mode

Table4. Timer 2 Generated Commonly Used

Baud Rates
Baud Rate Timer 2
12 clock 6 clack Osc Freg
mode mode RCAP2H RCAP2L
75k 750 k 12 MHz FF FF
9.6k 19.2k 12 MHz FF D9
2.8k 5.6k 12 MHz FF B2
24k 4.8k 12 MHz FF 64
1.2k 24k 12 MHz EE cB
300 600 12 MHz FB 1€
$10 220 12 MHz £2 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
senal port receive baud rate. With thase twe 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 roflover in
THZ causes the Timer 2 registers to be relpaded with the 16-bit value
in registers RCAP2H and RCAP2L, which are preset by software.
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The baud rates in modes 1 and 3 are determined by Timer 2's
overflow rate given below:
Timer 2 Qverflow Rate

16
The timer can be configured for either *imer” or “counier” operation.
in many applications, it is configured far “timer” cperation (C/T2*=0}.
Timer operation is different for Timer 2 when it is being used as a
vaud rate gerierator.

Modes 1 and 3 Baud Rates =

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

!/ the oscillator frequency in 6 clock mode, /45 the oscillator
frequency in 12 clock mode). As a baud rate generator, it increments
at the oscillator frequency in 6 clock mode (95C/; in 12 clock mode).
Thus the baud rate formula is as follows:

Modes 1 and 3 Baud Rates =
Oscillator Frequency
1 n* % [65536 —~ (RCAP2H, RCAP2L}]]

16 in 6 clock mada

32 in 12 clock mode

Where: {RCAP2H, RCAPZL)= The content of RCAP2H and
RCAP2L taken as a 16-bit unsigned integer.

The Timer 2 as a baud rate generator made shown in Figure &, is
valid only if RCLK andfor TCLK = 1 in T2CON register. Note thata
rollover in THZ does not set TF2, and will not generate an interrupt.
Thus, the Timer 2 interrupt does not have to be disabled when
Timer 2 is in the baud rate generator mode. Also if the EXEN2

(T2 external enable flag) is set, a 1-to-0 transition in T2EX
(Timericgunter 2 trigger input) will set EXF2 (T2 external fag) but
will not cause a reload from {RCAP2H, RCAPZL} to (TH2, TLZ)
Therefore when Timer 2 is in use as a baud rate generator, T2EX
can be used as an additional external interrupt, if needed.

"nz
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When Timer 2 is in the baud rate generator mede, ane should not try
to read or write TH2 and TL2. As a baud rate generator, Timer 2 is
ineremented every state time {0s86/2) ar asynchronously from pin T2;
under these conditions, a read or write of TH2 or TL2 may not be
accurate. The RCAPZ2 registers may be read, but should not be
written to, because a write might overlap a reload and cause write
andfar reioad errors. Thie timer should be turmed off (clear TR2)
bafore accessing the Timer 2 or RCAPZ registers.

Table 4 shows commonly used baud rates and haw they can be
obfained from Timer 2.

Summary of Baud Rate Equations
Timer 2 is in baud rate generating mede. if Timer 2 is being cdlocked
through pin T2(P1.0}) tha baud rate is:

Baud Rate = Timer 2 Overflow Rate

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

Tosc
Tw* < 155536 = (RCAPZH, RCAP2LY]

16 in 6 clock mode
32 tn 12 clock mode

Baud Rate =

tas=

Where fog= Oscillator Frequency

To obtain the relead value for RCAP2H and RCAPRZL, the abave
equation can be rewritten as:

f
= 08
RCAP2H,RCAPZL = 65536 (n' < Baud Rate)
Timer/Counter 2 Set-up
Excapt for the baud rate generator mode, the values given far T2CON

16 do not inciude the setting of the TR2 bit. Therefore, bit TR2 must be
set, separately, to tum the timer on. see Table 5 for set-up of Timer 2
as a timer. Alse 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 Auta-Reload 00H 08H
16-bit Capture 01H 0gH
Baud rate generator receive and transmit same baud rate 34H 36H
Receive only 244 26H
Transmit anly 14H 16H
Table 6. Timer 2 as a Counter
TMOD
MODE INTERNAL CONTROL EXTERNAL CONTROL
{Note 1) {Note 2)
16-bit 02H 0AH
Auto-Reload 03H CBH
NOTES:

1. Capturefreload occurs only on imerfcounter averflaw.

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

generator rmaode.

2000 Aug 21
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Enhanced UART

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

When used for framing emor detect the UART lacks for missing stop
bits in the communication. A missing bit will set the FE bit in the
SCON register. The FE bit shares the SCON,7 bif with SMQ and the
function of SCON.7 is determined by PCON.6 {(SMODAQ) (see
Figure 7). If SMODQ is set then SCON.7 functions as FE. SCON.7
functions as SMO when SMODD is dleared. When used as FE
SCON.7 can only be cleared by software. Refer to Figure 8.

Automatic Address Recognition

Automatic Address Recognition is a fealure which atiows the UART
to recognize certain addresses in the serial bit stream by using
hardware to make the comparisons. This feature saves a greal deal
af software overhead by efiminating the need for the software to
examine every serial address which passes by the serial poni. This
feaiure is enabled by setting the SM2 it in SCON. In the 8 bit UART
mades, mode 2 and mode 3, the Receive Interrupt flag (R1}) will be
automatically set when the received byie contains either the “Given"
address or the "Broadcast” address. The 8-bit mode requires that
the gth inforrnation bit is a 1 to indicate that the received information
is an address and hot data. Automatic address recognilion is shown
in Figure 9.

The 8 hit mode is called Mode 1, In this mode the Rl flag will be set
if SMZ is enabled and the information received has a valid stop bit
following the 8 address bits and the informalion is either a Given or
Broadcast address.

fiode 0 is the Shift Register made and SM2 is ignored.

Using the Autormatic Address Recagnition feature allows a master to
selectively communicate with one or more slaves by invoking the
Given slave address or addresses. All of the slaves may be
contacted by using the Broadcast address. Two special Function
Registers are used {o define the slave’s address, SADDR, and the
address mask, SADEN. SADEN is used to define which bits in the
SADDR are to b used and which bits are “don't care”. The SADEN
mask can be fagically ANCed with the SADDR to create the "Given”
address which the master will use for addressing each of the slaves.
Use of the Given address allows multiple slaves to be recognized
while excluding others. The following examples will help to show the
versatllity of this scheme:

Siave 0 SADDR = 4100 0000
SARDEN = 111 1101
Given = 1100 00X0

2060 Aug 21
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Slave 1 SADDR = 1100 0000
SADEN = i ]
Given = 1100 000X

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

In a more camplex system the following could be used to select
slaves 1 and 2 while excluding slave 0:

Slave 0 SADDR = 1100 Q000
SADEN = 1111040t
Given = 1100 0XX0
Slave 1 SADDR = 1110 0000
SADEN = 1111010
Given = 1110 OX0X
Slave 2 SADDR = 1110 0000
SADEN = 1441 1100
Given = 31110 00XX

In the above example the diffarentiation among the 3 slaves is in the
lower 3 address bits. Slave 0 requires that bit 0 = 0 and it can be
uniquely addressed by 1110 0110. Slave 1 requires thai bit 1 =0 and
it can be uniquely addressed by 1110 and 0101. Slave 2 requires
that bit 2 = 0 and its unique address is 1110 0011. To select Slaves 0
and 1 and exclude Slave 2 use address 1110 0100, since it is
necessary ta make bit 2 = 1 to exclude slave 2.

The Breadcast Address for each slave is treated by taking the
logical OR of SADDR and SADEN. Zeros in this result are trended
as don't-cares. in most cases, interpreting the don’l-cares as ones.
the broadcast address will be FF hexadecimai.

Upon reset SADDR (SFR address 0A9H) and SADEN {SFR
address 0B9H) are laaded with Os. This produces a given address
of alf “dan’t cares” as well as a Broadcast address of all "don't
cares”, This effectively disables the Automatic Addressing mode and
altows the microcantroiler to use standard 80C51 type UART drivers
which do not make use of this feature.
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SCON Address = 98H Reset Vajlue = 0000 00008
Bit Addressable
! SMO/FE ; SM1 } SM2 ! REN , TBS , RB8 } Tt E R l
Bit: 7 B 5 4 3 2 1 0
{SMQDQ = 0/1)*
Symbol Function
FE Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected, The FE bit is not cleared by vaiid
frames but should be cleared by software. The SMODO bit must be set to enable access to the FE bit,
SMo Serial Part Mode Bit 0, (SMQDQ must = 0 to access bit SMO)
SM1 Serial Part Mode Bit 1
SMO SM1 Mode Description Baud Rate™
0 0 0 shift register fasc/B (B clack mode) or fage/12 {12 clock mode}
0 1 1 B-bit UART variable
1 0 2 9-bit UART fosc/32 or foge/16 (B clock mode) ar
fagc/64 or fogcfaz {12 clock mode)
1 1 3 g-bit UART vanable
SM2 Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl will not be set unless the

received 9th data bit {RB8) is 1, indicating an address, and the received byle is a Given ar Broadcast Addrass.
tn Made 1, if 5M2 = 1 then Rl will not be activated uniess a valid stop bit was received, and the received byle is a
Given or Broadcast Address. in Mode 0, SM2 shouid be 0.

REN Enables serial reception. Seat by software ta enable reception. Clear by software to disable reception.
TB8 The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as desired.
RBS§ in modes 2 and 3, the Sth data bit that was received. In Made 1, if SM2 = 0, RB8 is the stop bit that was received,
In Mode 0, RBS is not used.
m Transmif interrupt flag. Set by hardware at the end of the 8th bit time in Made 0, or at the beginning of the stop bit in the
other modes, in any sefial transmission. Must be cleared by saftware.
RI Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or hatfway through the stop bit fme in
the other modes, in any senal reception (except see SM2). Must be cleared by software.
HOTE:
*SMODN is Ipcated at PCAONG.
*“fpsc = osdiflator frequency SUD1255

Figure 7, SCON: Serial Port Control Register

2000 Aug 21 17



Philips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/P8IC51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P83C51RD2
!* T L) St 4-—_‘\)
START DATA BYTE ONLYIN  3TOP
BT MOBE 2,3 BIT
_a)--—wmm—-— SET FE BIT IF 5TOPBIT IS 0 (FRAMING ERKOR)
Cf——----~—#=  SM0 TO UART MCDE CONTROL
smo/FE | smi sM2 REN B8 RES m RI SCON
|38H)
SMOD1 | SMoop - POF LVF GFQ GF1 DL Tff,’_,’:
0: 5CON.T = SM0
1:5C0N7 = FE
SU00044
Figure 8. UART Framing Error Detection
SCON
SMo SM1 SMz2 REN TEa RAB n Ri 196H)
1 1 1 1 X
1 0
REGEIVED ADDRESS D8 T D7 it - (
PROGFAMMED ADORESS ————mn| COMPARATOR
IN UART MODE 2 OR MODE 3 AND SM2 = 1:
INTERRUPT {F REN=1, RB&=1 AND “RECEIVED ADORESS" = "PROGRAMMED ADORESS"
~ WHEN OWN ADDRESS RECEIVED, CLEAR SM2 TO REGEIVE DATA BYTES
~WHEN ALL DATA BYTES HAVE BEEN RECENVED: SEY SM2 TO WAIT FOR NEXT ADDRESS,
SLOB04S

Figure 9. UART Muitiprocessor Communication, Automatic Address Recognition
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Interrupt Priority Structure
The P2CS1RB2/RC2/RD2 has a 7 saurce faur-level interrupt
structure (see Table 7).

There are 3 5FRs associated with the four-level interrupt. They are
the IE, IR and IPH. (See Figures 10, 11, and 12.) The IPH (Interrupt
Pricrity High) register makes the four-level interrupt structure
possibie. The IPH is located at SFR address B7H. The structure of
the !|PH regisler 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;

PRIORITY BITS
INTERRUPT PRIORITY LEVEL
{PH.x IP.x
0 0 Level O {lowest priority)
0 1 Level 1
1 0 Leve] 2
1 1 Level 3 (highest priority)
Table 7.  Interrupt Table

The priority scheme for servicing the interrupts is the same as that
for the BOCS51, except there are four interrupt levels rather than two
as on the B0C51. An interrupt will he serviced as Iong as an interrupt
af equal or higher priority is nat already being serviced. {f an
interrupt of equat or higher teve! priority is being serviced, the new
interrupt will wait until it is finished before being serviced. If a lower
priority !evel interrupt is being serviced, it will be stopped and the
new interrupt serviced. When the new interrupt is finished, the lower
prigrity fevel interrupt that was stopped will be completed.

SOURCE POLLING PRIORITY REQUEST BITS HARDWARE CLEAR? VECTOR ADDRESS
X0 1 I£0 ML) Y (T)R a3H
T0 2 TRG Y oBH
X1 3 IE1 N{L) ¥ (T} 13H
T1 4 TF1 Y 1BH
PCA 5 CF, CCFn N 33H
n=04
sp 8 RI, Tl N 23H
T2 TF2, EXF2 M 2BH
NOTES:
1. L = Level activated
2. T = Transition activated
¥ ] 5 4 3 2 1 a
IE (0A8H) EA EC ET2 ES ET1 EX1 ETO EX0
Enable Bit = 1 enahies the interrupt.
Enabie Bit = O disables it.
BIT SYMBOL FUNCTION
IE.7 EA Globat disable bit. if EA = 0, all interrupts are disabled. If EA = 1, each interrupt can be individuatly
enabled or disabled by setting or clearing its enabie bit.
IE.& EC PCA interrupt enable bit
IE.5 ETZ2 Timer 2 interrupt enable hit.
IE.4 ES Serial Port interrupt enable bit.
IE.2 ET1 Timer 1 interrupt enable bit.
IE.2 EX1 External interrupt 1 enable bit.
IE.1 ETO Timer Q interrupt enable bit.
IE.O EX0 Externat interrupt 0 enable bit. SU21280

Figure 10, IE Registers
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7 6 5 4 3 2 1 1]
IP {0B8H) - PPC PT2 PS PT4 PX1 PTO PX0

Priority Bit = 1 assigns high priarity
Priority 8it = 0 assigns iow priority

BIT SYMBOL FUNCTION

IP.7 - -

IP& PPC PCA interrupt priority bit

iP5 PT2 Timer 2 interrupt priority bit.

P4 PS Serial Part interrupt priority bit.

iP.3 PT1 Timer 1 interrupt priority bit.

P2 PX1 External interrupt 1 prierity bit.

IP.1 PTQ Timer 0 interrupt priority bit.

PO PX0 External interrupt O priority bit. [

Figure 11. [P Registers
7 6 5 4 3 2 1 0
IPH (BTH) - PPCH PT2H PSH PT1H PX1H | PTOH | PXCGH

Priarity Bit = 1 assigns higher priority
Pricrity Bit = 0 assigns lower priarity

BIT SYMBOL FUNCTION

(PH.7 - -

IPH.B PPCH PCA interrupt priarity bit

IPH.5 PT2H Timer 2 interrupt priority bit high.

IPH.4 PSH Seriat Port interrupt priority bit high.

IPH.3 PT1H Timer 1 interrupt priority bit high.

IPH.2 PX1H External interrupt 1 priority bit high.

IPH1 PTOH Timer 9 interrupt priority bit high.

iPH.0 PX0H External interrupt 0 priority bit high. SuoT29z

200G Aug 21
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Reduced EM| Mode
The AO bit {AUXR.0) in the AUXR register when sei disables the
ALE output.

Reduced EMI Mode

AUXR (8EH)}

7 6 5 + 3 2 1 0
T T T - T -1 -1 - [exirau { a0 |
AUXRA EXTRAM
AUXR.0 AQ Tusns off ALE output.

Duai DPTR

The dual DPTR structure (see Figure 13} is a way by which the chip
will specify the address of an exiernal data memory location. There
are two 16-bit DPTR registers that address the externat memory,
and a single bit called DPS = AUXR1/bitQ that alfows the program
code to switch between them.

® New Register Nama: AUXR1#
® SFR Address: A2ZH

® Reset Value: xooxxx(B

AUXR1 (AZH)
7 5 5 4 3 2 1 b
[T 7 - Tewsoor | - ez | [ - | ors |

Where:
DPS = AUXR1/bit0 = Switches between DPTRQ and DPTR1.

Select Reg oPs
DPTRO 0
DPTR1 1

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

The GF2 bitis a general purpose user-defined flag. Note that bit 2 is
not writable and is always read as a zero, This allows the DPS bit fo
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be quickly toggled simply by executing an {NC AUXR1 instruction
withaut 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 >V} on the falling edge of reset. Otherwise, this bit will be
cdeared during reset.

. .
t
| oes | !
8IT0 :
AUXRT . DRTRI
! DPTRD
OFH  DPL -
@3H)  {&82H) EXTERNAL
DATA
MEMORY
SLRO7A5A
Figure 13.

DPTR instructions
The instructions that refer to DPTR refer ta the data pointer that is
cumrently selected using the AUXR1/bit O register. The six
instruciions that use the DPTR are as follows:

INC DPTR

MOV DPTR, #datai6

MOV A, @ A+DPTR

MOVX A, @ DPTR

increments the data pointer by 1
Loads the DPTR with a 16-bit conslant
Move code byte relative to DPTR 1o ACC

Move exiermat RAM (16-bit address) to
ACC

Move ACC to externai RAM {16-bil
address)

MOVX @ DPTR | A

JMP @ A + DPTR Jump indirect relative to DPTR

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

The Pragrammable Counter Array available on the
89C51RB2/RCZ/RD2Z is a special 16-bit Timer that has five 16-bit
capture/compare modules associated with it. Each of the mogduies
can be programmed to operate in one of four modes: rising and/or
faliing edge capture, software timer, high-speed output, or pulse
width modulator. Each modute has a pin associated with itin port 1,

Madule 0 is connected to P1.3{CEX0}, module 1 to P1.4(CEX1), elc.

The basic PCA configuratian is shown in Figure {4

The PCA timer is a comman 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
CPS0 nits in the CMOD SFR as follows (see Figure 17):

CPS1 CPS0 PCA Timer Count Source

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

Q % 1/2 oscillater frequency {6 clock mode);
1/4 asciliator frequency {12 clock mode)

1 0 Timer 0 overflow

1 1 External Input at EC! pin

in the CMOD SFR are three addilional bits associated with the PCA.
They are CIDL which allows the PCA to stop during idle mode,
WODTE which enables or disables the watchdog function on

mcdule 4, and ECF which when set causes an interrupt and the
PCA averflow flag CF {in the CCON SFR) ta 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
ftags for the PCA timer {CF} and each medule {refer to Figure 18).
To run the PCA the CR bit (CCON.B) musi be set by software. The
PCA is shut off by clearing this bit. The CF bit (CCON.7) is set when

the PCA counter averflows and an interrupt will be generated if the
ECF bit in the CMOD register is set, The CF bit can only be cleared
by software. Bits O through 4 of the CCON register are the flags for
the madules {bit O for module 0, bit 1 for module 1, etc.} and ara set
by hardware when either a match cr a capture accurs. These flags
also can anly be cleared by software. The PCA interupt system
shown in Figure 16.

Each moduie in the PCA has a special function register associated
with it. These registers are; CCAPMO for module 0, CCAPM? for
module 1, etc. {see Figure 19). The registers contain the bits that
control the mode that each module will aperate in. The ECCF bit
{CCAPMN.0 where n=0, 1, 2, 3, or 4 depending on the modute)
enables the CCF flag in the CCON SFR ta generate an interrupt
when a match or compare oceurs in the associaled module. PWM
(CCAPMn. 1) enables the pulse width madulation moge. The TOG
bit (CCAPMn,2) when set causes the CEX output associated with
the module to toggle when there is a match between the PCA
counter and the module's capture/compare register. The match bit
MAT (CCAPMn.3) when set will cause the CCFn bit in the CCON
register to be set when thare is a match between the PCA counter
and the module’s capture/compare register.

The next two bits CAPN (CCAPMN.4) and CAPP (CCAPMnN.3)
determine the edge that a capture input will be active cn. The CAPN
bit enables the negative edge, and the CAPP bit enables the positive
edge. If both bits are set both edges wili be enabled and a capture will
oceur for either transition. The last bit in the register ECOM
{CCAPMN.6) when set enables the comparator function. Figure 20
shows the CCAPMR setlings for the various PCA functions.

There are 'wo additional registers associated 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 ecour. When a module is used in the PWM moaode
these registars are used to control the duty cycle of the output.

= 16 BITS

MODULE 0 I‘-—-——- —7>D P1.3CEX0

MODULE 1

-1-————>[] P1.4/GEXA

——— 1pBMS ————|

PCA TIMERACOUNTER

MQDULE 2

— "] PraCEX2

TIME BASE FOR PCA MOODLILES ‘
I

MODULE FUNCTIONS:
16-BIT CAPTURE
46-BI1T TIMER i
16-BIT HIGH SPEED QUTPUT
E-BIT PWi
WATCHOOG TIMER (MODULE 4 ONLY)

_r\ LR L [m—— --[‘_'] P1.BICEX3
/ | MODULE 4 F- R—— e B

SUG0032

Figure 14. Programmahbie Counter Array {PCA}

2000 Aug 21



Phitips Semiconductars Preiiminary specificalion

80C51 8-bit Fiash microcontroller family P89C51RB2/P8IC51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2

TOPCA
MODULES

Q5C4 {f CLOCK MODE)

CR
O5Ci12 112 CLOCK MODE!}

0sCi2 {8 CLOCK MO%EFi\ | E“I OVERFLOW

INTERRUPT

CH "
. i
TIMER 0 OVERFLOW "“E 16-BIT UP COUNTER

EXTERNAL INPUT
{P1.21ECH

QSC/H4 (12 CLOCK MODE)

a1

10 DECODE
11

IDLE —
CioL | WDTE - e - CPS1 | CPSQ Ecr | CMOD
iCtH
_I i
F —
¥
CCON
cF cR — COF4 CCFa cCF2 CCF! oI Rl
5U01256
Figure 15. PCA Timer/Counter
CCON
CF cR — CCF4 CCF3 cCFz CGF1 €CFO | com
2 ¥ T Y £y e
PCA TIMERICOUNTER -—-&, . { ‘ ‘L
i i
e i i
i
R |
! :
MODULE [ ‘ [f/;ll !
IE.B IE?
EC EA
s
FODULE 1 < ‘ -
— INTERRUPT
PRIORITY
i DECODER
l MODULE 3 i L @ :
MDDULE 4 H ml B}

CMcD.a| ECF CCAPMn.1 | ECCFn

Sty

Figura 16. PCA Interrupt System
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Phiiips Semiconductors Preliminary specification

80C51 8-bit Flash microcontroller family P89C51RB2/PBIC51RC2/

16KB/32KB/64KB |SP/IAP Fiash with 512B/512B/1KB RAM P83C51RD2
CMOD Address = DSH Reset Value = 00XX X0008B
ciDL WDTE - - - CPs1 CPS0 ECF
Bit: 7 6 5 4 3 2 1 [}
Symbol Function
cibL Counter [dle control: CIDL = Q programs the PCA Counter to continue funclioning during idle Mode. CIDL = 1 programs
it 1o be gated off during idle.
WODTE Watchdog Timer Enable; WOTE = ( disables Watchdoeg Timer function on PCA Medule 4. WDTE = 1 enables it,
- Not implemented, reserved far future use.”
CcPS1 PCA Caunt Pulse Select bit 1.
CPSo PCA Caunt Pulse Select bit Q.
cPs1 CPS0 Selected PCA Input*™
0 0 ] Internal dlock, foge/6 in B clock mode (fogg/12 in 12 clock mode)
0 1 1 Internal clack, fage/2 in B clock mode (fage/d in 12 clock mode)
4 0 2 Timer 0 overflow
1 1 3 Extema! clock at ECI/P1.2 pin

{max. rate = fggc/4 in B clock made, faes/8 in 12 clock mode)

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

NQTE:

" User saflware should not write 1s W reserved bils. Thesa bits may be used in future 8051 family pracucts to invoke new features. In that case, The resel of inacive value of the
new bit will be 0, and its active vajue will be 1. The value read from a reserved bil is indelerminate.

** fasp = esdilfatar frequency

SUD1318
Figure 17. CMOD: PCA Counter Mode Register
CCON Address = DEH Reset Value = 00X0 Q000B
Bit Addressable
CF CR - CCF4 CCF3 CCF2 CCF1 CCFO
Bit: 7 6 5 4 3 2 1 0
Symbol Function
CF PCA Counter Overfiow flag. Set by hardware when the counter rolis over. CF flags an interrupt if bit ECF in CMOD is
set. CF may be sef by either hardware or saftware but can onty be cleared by software.
CR PCA Counter Run cantref hit. Set by saftware to tum the PCA counter on. Must be cleared by software to turn the PCA
counter off.

- Not implemented, reserved for future use®.

CCF4 FCA Module 4 interrupt flag. Set by hardware when a maich or capture oceurs. 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 hardwara when a match or capture occurs. Must be cleared by software.
CCF1 PCA Medule 1 interrupt fag. Set by hardware when a match or capture occurs. Must be cleared by software.
CCFaO PCA Module O interrupt flag. Set by hardware when a mateh or capture occurs. Must be cleared by software.
NQTE:

* User soltwara should not write 1s o reserved bits. These bits may be used in future B051 family products 1o invoke new fealutes. In that case, the reset of inactive value of the
new bit will be 0, and ils active value will be 1. The vaiue read from a reserved bil is indelerminate.

suUQ13is

Figure 18. CCON: PCA Counter Control Register
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Philips Semicanductors

Preliminary specificaticn

80C51 8-bit Flash microcontrolier family

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

P89CE1RB2/P8ICE1RC2/
P89C51RD2

CCAPMn Address CCAPMO  0ODAH Reset Value = X000 00008
CCAPM1 O0DBH
CCAPM2 0DCH
CCAPM3  0DDH
CCAPM4  ODEH
Mot Bit Addressable
- ECOMn | CAPPn { CAPNn MATNn TOGn PWMn | ECCFn
Bit: 7 B 5 4 2 1 0
Symbol Function
- Not impiemented, reserved for future use*.
ECOMnN Erable Comparater. ECOMn = 1 enables the comparatar function.
CAPPR Capture Positive, CAPPn = 1 enables positive edge capture.
CAPNn Capture Negative, CAPNn = 1 enables negative edge capture.
MATNh Match. When MATR = 1, a match of the PCA counter with this medule’s compare/capture register causes the CCFn bit
in CCON 1o be set, flagging an interrupt.
TGN Toggle. When TOGn = 1, a match of the PCA counter with this module’s compare/capture register causes tha CEXn
pin to taggie.
PWMn Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pin ta be used as a pulse width madulated output.
ECCFn Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate an interrupt.
NOTE:

*User software should not write 1s to reserved bits. These bits may be used in future 8051 famiiy products to invoke new features. bn that case. the resel or Inactive vaive of the new
bit will be 0, and s aclive value will be 1. The valua read fram a reservad bl is indeterminate.

SU01320

Figure 19, CCAPMn: PCA Modules Compare/Capture Registers

- ECOMn | CAPPn | CAPNnN MATR TOGn PWMn { ECCFn MODBULE FUNCTION

X 1] 0] 0 0 0 0 0 No operation

X X 1 0 0] 0] 1] X 16-bit capture by a posiiive-edge trigger on CEXn
X x 0 1 0 0 0 X 16-bit capture by a negative trigger on CEXn

X X 1 1 0 0 0 X 16-bit caplure by a transition on CEXn

X 1 0 0 1 0 g X 16-bit Saftware Timer

X 1 0 0 1 1 0 X 16-bit High Speed Cutput

X 1 D 0 0 0 1 0 8-bit PWM

X 1 0 1] 1 X 0 X Watchdeg Timer

Figure 20, PCA Module Modes (CCAPMn Registar)

PCA Capture Mode

To use one of the PCA modules in the capture mode either one or
both of the CCAPM bits CAPN and CAPP for that module must be
set, The exiernal CEX input for the modutie (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} inta the
madule's capture registers (CCAPnL and CCAPnH). If the CCFn bit
far the maodule in the CCON SFR and the ECCFn bit in the CCAPMn
SFR are set then an interrupt will be generated. Refer ta Figure 21.

16-bit Software Timer Mode

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

High Speed Qutput Mode
In this made the CEX output {(on port 1} associated with the PCA
modute wili taggle each time a match occurs between the PCA
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counter and the module's capture registers. To activate this mode
the TOG, MAT, and ECOM bits in the module's CCAPMn SFR must
be set (see Figure 23).

Pulse Width Maodulator Mode

All of the PCA moduies can be used as PWM autpuls. Figure 24
shows the PWM function. The frequency of the output depends on
lhe source for the PCA timer. All of the modules will have the same
frequency of output because they ali share the PCA limer. 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 medule'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 relgaded with the value in
CCAPHn. the altows updating the PWM without glitches. The PWM
and ECOM bits in the module’s CCAPMn register must be set to
enable the PWM mode.



Phitips Semiconductars Preliminary specification

80C51 8-bit Flash microcontrolier family P83C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B8/512B/1KB RAM P89C51RD2
CF CR — CCF4 CCF3 CCF2 CCF¢ CCFO é’ggg‘!
+ [ /..i » PCA TNTERRUPT
{TO CCFn) PCA TIMER/COUNTER
CH CL
] [o—] 1T [,
cExn _ S | CAPTURE i >
~ | * ’
~) (o] 1 I
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[ n n 0
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Figure 21. PCA Capture Mode
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Figure 22. PCA Compare Mode
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Preliminary specification

Philips Semiconducters

P89CS51RB2/P89CS51RC2/
P83C51RD2

80C51 8-bit Flash microcontroller family

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

cF CR — CCF4 £CF3 CCF2 CCFt cCFa ?gg?_";‘
WRITE TO
ccAPrd  RESET
| { =
! T oo PCA INTERRURT
WRITE TO i CCAPHH cecaPnL (0 CCFh | Rl
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i
oo 1 @ ]
ENABLE MATCH
16-BIT COMPARATOR o
7? TT TOGGLE
o~
o o ] [ F—00 cex
PCA TIMER/COUNTER
|
CCAPMN, n: 0.4
— v [=] .
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SUsNMa3
Figure 23, PCA High Speed Output Mode
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™
0 i
ENABLE U CL < CCAPAL ' f
8-BIT
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PGA TIMER/COUNTER
GGAPMN. n: 0.4
ECOMn CAPPn CAPNN MATN TOGn PWhin | ECCFn (CaH - CéHY
0 ] [y 0 0
SUD 1104
Figure 24. PCA PWM Mode
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80C51 8-bit Fiash microcontrolier family

16KB/32KB/64KB ISP/IAP Flash with 512B/5128/1KB RAM

P89C51RB2/P8IC51RC2/
PB8OC51RD2

CMOD
I T — — —
N cIDL WDTE CPs1 cPso I Pt
RITE TC -
CCAPAL RESET
WRITE TD CCAP4H CCAPAL MODULE d
CCAP4H
[ 1 0
l l ; ENABLE MATGH
JUP VPR s 16-8IT COMPARATOR RESET
L5 y i fT TT
[ CH cL
PCA TIMER/COUNTER
|
— gcoMn | cAPPn | CAPNa | MATn | TaGn | PwMn | ECCFn ?c%‘:"; s
T 1 o 1 X bl X
SLOMD0S
Figure 25. PCA Watchdog Timer m(Module 4 anly)
PCA Watchdog Timer The first twe options are more reliabie because the watchdog

An on-board watchdog timer is available with the PCA to improve the
reliability of the system without increasing chip count. Watchdeg
timers are useful for systems that are susceptible o noise, power
giitches, or electrostalic discharge. Module 4 is the only PCA module
that can be programmed as a watchdog. However, this module can
stifl be used far other modes if the watchdog is not needed.

Figure 25 shaws a diagram of how the watchdag works. The user
pre-loads a 16-hit value in the compare registers. Just like the other
compare modes, this t8-bit value is compared to the PCA timer
value. f a match is allowed to occur, an internat reset 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 oplians:
1. periodically change the compare value so it will never match the
PCA timer,

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

3. disable the watchdog by clearing the WDTE bit before a malch
occurs and then re-enable it.
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timer is never disabled as in option #3. {f the program counter ever
goes astray, a match will eventually accur and cause an internal
reset. The second option is also not recommended if other PCA
modules are being used. Remember, the PCA timer is the time
hase for all modules; changing the time base for other modules
wouid not be a good idea. Thus, in most applicaticns the first
solytion is the hest option.

Figure 26 shows the code for initiafizing the watchdog timer.

Module 4 can be configured in either campare 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 Figura 26.

This routine should not be part of an interrupt service routine,
hecause if the program counter goes asiray anc gets stuck in an
infinite laop, intemspts will stifl be serviced and the watchdog will
keep getting reset. Thus, the purpose of the watchdog would be
defeated. Instead, cail this subroutine from the main program within
278 count of the PCA timer.
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