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ABSTRACT

Decoding Automatic Feeding Controller have been presented in thesis by being controlled

by Microcoutrotler CPU series MCSS1 for feeding open-closed time,and time can be changed by

use1. Which assembly language has been used for building prograran in CPU, which can be applied

to build feeding controller for various animals.
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'or ALTERNATE
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IUNCTION
READ
LATCH INTERNAL
PULL-UP*

INTBUS
WRITE

LATCH

PIN ALTERNATE
INPUT
FUNCTION

{n} PORT 2 0IT
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General

Purpose

. PSW
BRR=TYE

slBsinifaala, P3

Dit-address

Location

2 [l

2 lC'IBfM 1918
2 |1 ‘
2 ””,'2 %0{97|96 95|94

21 j 09708
20 D Not Bit Addrass
IF sC Nt But Address
3 Not Bit Addrese
18 £a Now Bit Addres;
17
&9 Not Bt Address TMOD
28 [8F] TCON
10 837
OF
BANK 1 . .
a3 Nt Bi Addrac: Divg
0z —— ] 8 Not Bit Address DPL.
a7 Defauly Repister 21 [ﬁ—*\';! M Address 5
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45 widspauan 1l

AINUT 8 xiiudnlu 8031 asilvinoranidn RAM dmiuldeminlud o so Tus
(ﬁ‘:\:LLlFiF.l“lU.HLiQﬁ 30H T4 7FH o*hLmuf\:Lumﬁmmmﬁwﬁﬁwmuuu Direct Addressing Made
138 incirect Addressing Mode (s’mam%am:nfm'luéaqqmFhﬁq) 6 Fathatu d1faens

drutayaiioglusiwnis e7H iU FhiiRames A arunmodousadudndels iy

MOV A 5FH

4

ndesumisuviiiunsdredoyaandunieF il ulans B 5FH) (3ein
TMIEWEIUMUUIY Direct Addressing Mode uenantevansndudeyaloo 453 mes

RO v¥a A1 ilusdsuuie1d3undt ned s uuteuuy Ingirect Addressing Mode Fnaging

(14

MOV RO, #5FH
MOV A,@R0

NafeuTusunsudTuuL vigANgn fue seH ISl RO /1n1UE 1UAN RO SN
: [ | d' é’ =y . ' =3 uea;dn L4 L7 L ' =3 o
UUBIUAW RO TagjAaas v 5FH i uAuliATaames A drlusumue sFH 3 g0 agjAn 80 A

goinlu A

1 R *EEH g0

$U% 9 fumeusie Tunisdudeys

u

4.2 Bit Addressatle RAM

T4 MCsst fq::ﬁmifmmﬁuﬁwﬁmmméwﬁaHﬂ"tmzﬁuﬁm‘lo?ﬁ?qLLm'ﬂ"nmm
20H D4 2FH 523 16 Tust Taeansnsn SET, CLEAR AND, CR W a83n18 aquiudsif
(CRBIIE T NPy 128 e 8 Om x 16 luel) ddeeniaaailan 67H aunsy

iguauAds 1A satl
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SET B,67H
sangUfi 8 aziudndni 67+ szogludunidlueT 2cH
4.3 Register Banks
miswanusfeyaneuiliiuiaame Sonme 32 suunic Teasd 1AUFRY
PiEEAemes 8 fn Ao RO Dv A7 Taeqausnazegiumiums 00H-07m §rvanasgustann

@ ' o o .« = o L ow a‘i‘
AUV 05H HTLHUiﬂu‘:’QﬂW]’ﬂ? A @.‘5L‘UU‘AL1JTLLHTN1F!®¢H

MOV AR5
MEENAMIAEI UL Register Addressing T41UNAIBITRANG IR ILAR | s
At deuddatiu MoV A05H wafldasmileuiuusnis S aunuus Ouwdanfluriasideas
= - o a . - [ . :
uwa 2 s GeasinWilusunsuenananuunusn Junisiinsie iy Register Bark WU 157
awnsaiaentyl Bank lauerfinlalneduudoyaluil Pragam Status Ward Foagfluduendia

smaiaifufay Wy dllsunsuly Bank 3 uemdiv wdheteyaaniiamas A TR

L

AU 18H et
MGV RO.A

dnliininden Bank amilunsiasa UTiames Bank usmiawug
5 ?aﬂimﬂéﬁaﬁfuﬁLﬁﬁ {Spesial Function Register)

T MCS51 FRamasacldminuaninsn RAM neluaudn lnsdnmdaiidaawes
fuw (SFR) Faiiavium 21 8 Tmﬂ?ﬁmma{ﬁmwﬁm rufiving At udmaus 80H a FFH

FARYeVUA 128 Fauua wia I Rame A uRlasiRes 21 fuvde wsidudiy 8032/8051

Teazld 26 Aaumueviadl SFR 26 5

FINTUA 8 Azuassuiamtiauandnediiames usans e dadayauuy

DaléiEndag vy dudoulsunsady

SET B.OEQH

anithumnaadn 0 289 Accumutator 11093 INFENUMLY FOH Hesanauntiaredsa

f
8 er

araf A UWatliulls Address Dpusnuediaainas A dae: 2189 SETB (set o) R¥iuAFAALIE VA

‘-.: W= 1 L = | - g (4 a ' e . w0 e
URQZLNNN‘SW’E\TUW mmnm"mmwmmnuw'ﬂ?m 1 DENAULMUS SOH LEFRILVUNT B T2 AU B

srogffiaumle 90K D 970 FAmmaflungy Spasi Funcrion Register S8
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SET B,67H
= COR ; . , ral
NN 8 Axiud1Dad 67H axeelusiumialus ocH
4.3 Register Banks
mhtaAdayane il it awes v 30 Auis laearil 4 gausay
Wwiliasmef 8 1 Ae Ro B A7 negausnazeglustuue oor-07m GWMINATEIUARAN

L 05H NS u W amaef A sdutusunsuldsas
MOV A RSB

N9EE MR WLy Register Addressing mwmmm@wuﬂmﬂ\m"ﬁmmm 1 s
usduTauddady Mov A,05H uﬂm“lmfqvmuauﬁuusimniﬂuuuuﬂ duladiusiasndans
fowa 2 o -m:ﬁﬂﬂﬂﬂmmmandqLmuu‘m WnsRasiady Register Bank TR
&saidanty Bank lawgailaloe Fendoya it Program Ststus Word Taaglugrugadia

Maaffardufiey wy S sl Bank 3 e sethedoyanniiames A (y7

-~

AL 18H Tage s

MOV RO,A

07143in191Ren Bank 7y WunisieseiuiRawmas Bank LENANS

5 ‘i'ﬂﬂLﬁ'ﬂSﬁdn‘ﬂuWLﬁE {(Spesial Function Register)

~

T MCs-51 FRamefar it wing A pen RaM neluatdin latiduniiafuiiames
R (sFR) Tediviava 21 57 ne3TaumofRiwsingy AeENIMngAMNARNS 804 e Fry

i
i

TadienLA 128 Aauuse usiqe SR ameiieituiimmmey 21 AL usituly 8032/508
Teazld 26 AumianTes] seR 26 s
NGUA & sruan U LNe AL RRae S uwsa I fedayauuy

talfgnsng 11y fwdaulUsinsufly

SET B,OECH
Anlunneads 0 989 Accumulator K89V A LU EQH ;ﬁ@mnﬁmmuw@ﬁ%
anad A uasifuda Address Dausn 109378525 A A1t Ade SETR (set bitt AxHuaze iy
uum‘luuuﬂma‘lum 0MWANEAINTARRD UNESS ¢ ge 'ﬁ FIUULY 90H BB 99525 T

|3
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5.1 Program Status Word
FRawefialiFundadn PSW azagiisumis 00K Teausadnfedoyassduiln

L

Wilne FRawmefiidantiufmusnaniny swqraslulasaeulvesiasd Aruvniowsusiasin

e n
wanalaeiunneed 2

CY AC FQ RSH RS2 ov . P

AT 3 waasdauazui1fisinely psw

i Seiln CRITRIIN ATINY L
PSW.7 CY D74 Carry Flag
PSW.6 AC D6H Auxilary Carry Flag
PSW.5 FO Flag O
PSW.4 RS1 | Snduiuiden Register Bank 1
PSW.3 RSO TRAMSLIRAN Register Bank 1

00=Bank 0;Address O0H-07H
01=Bank 1;Address 08H-OFH
10=8ank 2;Address 10H-17H

11=8ank 3;Address 18H-1FH

PSW.2 oV Overflow Flag
PSW.1 - Reserved
PSW.0 p Even Parity Flag

1. WARNFMA Carry Flag (CF) DRTLTILIRT 7 909 PSW umuq:ummmﬂmmnu
nsnssinveadisanens laolaiay  SET Sefemsmanaednit 7 Jefianisaia
Fathagu S mnen e Accumulator AL FEH Wda¥nAden

ADD A,#1

Ay Accumuiater mzilFawiily 0oH uaziin CY T Paw A nmmuﬂn@“nu LA CY
arns0ldifiu “Boclear Accumulator ¥HegnaBentdinily MRawmefaus 1 DRl ey
iU SMAnas AND Taft 25H fu oy uﬁmﬁﬂmwn'nulu oY Fedouaudndy i

ANL C,25H
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2. WARANGATEMA Auxilary Carry Flag (AC) (HeHNTITUANUULY Binary-code-aecimai
&co) da AC azgniaaEaiinimasinled 3 Wiled 4 viadalu Lower Nibble JA7Tzuing
0AH-OFH (Hlaeangvia BCD UilAwInHgauA 9 dmInfin1suinuuy BCOD AZpiadrIusiagAn
A4 DAA(DedanAdmstAccumumuy}Lﬁ@ﬂfuﬁﬁﬁﬁﬁhlﬁu 9 Tesuaniae 5 @1l seinlvisa
o o Yy
BCC Fumnuiarg1uAuls
3 ulanguel Wuudaniildenlsivialy
4 TiFdenTaamasuuer (Register Bank Sits) FANTAnTLUNILE291 U MCS-E1 /i)
ox o 1 v b L = a =,
qesammaing ¢ 1m aziRenivgaiavanfvissimualsdlullan RS1RS2 8¢ 2SW Uazay
o e A:lI = ¢ 1 < ' ey - i 1
wagfFanilaszuugnnas fwinsanisisseiuiiawed Bank 3 lnedhadagasin A7
e TFH) wiuluteadyaweas sudoulusunsulsisil
SETB RS1
SETE RSO
MOV AR7
Tulisunsu Assembled ausnfuidtyoyanenl ST was RS2 160 19w SETB RS
ardan ey SETR 0D4H WiaAliAFNWWIeR D4H
5 urdanlanefiwad (OV) AEQNIIR UARINMITNIERIMNAURAIBRTUASLAR
-] o ql' -, | ol Y + all a v -1 b ‘
Overflow ABduIUARAAINMsLINvTaavdAniunfdwuludsr wWullisuinnan <128

wietiesndn -128 Maatihady duiAn1suNaTaaIs uILiiasianiseadn oV Iulu psSw

Hex . OF DEC ! 15
+7F <127
8E 142

L '

6 TAWTIR (Parity Bit udnfivanAwiireadiameiianfiysiaed daanaiiiu
i 1 [ T =5 =i .-c‘f o o o 5 a = P
mrAmafauANgnaevadeyals  lngasanutamds SuiLNaTinaT U ULDA Ay IaIRe f

U GrusARAALEas SAuTu101011018 e P azitu

5.2 Aamaf B
FAaimed B aragfiuns FOH rasndinarinddieyanislu ifhERamesiaiun
Wil vl Baamestasliguiomsiuitamofuaning awas 1u n1svnide
MUL 28 Aafunisgausy 8 On Tnoussnifldaciua 16 On 3e3ammed & anifusn 8

Osrn wariRawed 8 avtAvan 8 Jmgs Awiunisuslagnisvindnds DV A8 tapelue A ax
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NUITAAE B tadnsaariiviu JRawmes AB Tag & axiAusn 8 Tada uax A a=iiud 8 fa

1 FRawmaf 8 aursodnietenasesuln A laeF A unUNT e iRAD FAWMLEY FOR-F7H
u

53 FNTALRA (Stack Pointer,SP)

spilusRawmasaus 8 Un agiisiuune 514 madeuandlulusiumnien sp Jag
f3undn “Pushing” AmFuniseuen?i SP Feg3undn “Popping” Aina84 SP AzRuTuvilriay
- =l p dl ‘I 1 L7 [ 7 L] * II/
hazdoudeyaasll uararanamiladosudeyasanuiaude winllsunsuvinAnda cALL sy
RFRawmesanaatiiuaAeniiduesdlsunsutay avalusunsudamaiaudaasmussly

duna iy PC anuan Taudndisn PC sximmualiagtu fam aaludrdaanas il sp Gud

ALY BOH [EAadE s UAFIRILL

MOV SP #5FH

5.4 $3Aa1A9T Data Pointer (DPTR)
ey rﬂ‘i’ 18 a 4::1' ] Il - = 17 ' e ]
SRawafilddmivdsumianialisun suivfateyalumicumanusn Taaflu

e P - v o - v = s - o
TRAAADTUIUIR 16 URA ‘INLJT:H@U@']FJTQ?“WTJT 2 7 AD DPL AWV 82H TﬂHQ‘JLnULﬂu 8

v 1
« ar

76 uAT DPH Aruwtie 83H lanasifusn 8 Iags FRawmeveaasilasmuiunatoiiuia
awmef 16 Da Swnnsesmsiiue ssH Wedeinimiaanudrtayanieuandsumid
1000H asidaulsunsuldaad '

MOV A, #55H

MOV DPTR,#10C00H

MOVX @DPTR.A

Tuussvinusnas funns§ R uuanLy Immediate Address 39RLAUAN §5H aqliZa

awas A Aedtaziues 1000H acliiaaimes 16 On OPTR A2 lUT Fuwisiing s
UsiATt 3 AflnnsEeEWMILR UL Indirect Addressing FeamfuAnlu A Ag 55H melu

FAUMLNTE DPTR T0gjAD AUy 1000H

6.5 JAAIABIWETA (Port Register]
e Mes61 Arsasnefrasuinuiivdresnizemnsandn windiaanisdedeyaean

IWinedn AFowddoudayaldfmboanudnsiunidwedmiveylu MCSS1 wadn 0 Az

agiiiuvia 80H wofm 1 axegi S04 wedm 2 agfisumie A0H uRzwasA 3 eeTisuu
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BOH weafm 02 was3d leevdluudraslulddvininisfssanuviiumaitusniauanudald
Wuwadmitme (41 InteruptSerial Porta) loenausiscldwesm 1 lunsiinmanugunsal

nevan wefavnwesnauisngtedeyaluszauinle

5.6 SRaLFafNan (Timer Register)

lu MCs-61 waf 8081 sxTfamme AETLua LA AR 16 TR 2 7 Ae Timer O
agjlusnuisdl 8aH uaz 8cH Tausnus 8aH waneie TLO G 8 lusfnuss 8cH wung
A 8 lusiga THO FAmmasinsfe Timer 1Trauaiiy TL1 agiisnumis eer dulusdan uas
TH egffisuuds 80H EleTge nasld Timer sxdieadivuanisineulisiames TMOD

{Timer/Couter Moce Control Regrster) ﬁ:-asﬁcﬁ'mmiq 88H \AEnNou

6.7 TaalnaiwafaaynTy Serial Port Register]

MCS-51 ariinafmiearsaynsnegnitludin Twaarunsoacfuviadedeyalslasfinse
. ala P i - PR | [ "] )
HAUFARGI0F SBUF (Serial Data Bufferl dvagisiumis 994 lnedsiasntsdadeyauuuaunsy
Whasudeyalunidawmest fr Serial Port anansalusunsalivinauls 4 Tuus Taelsunsw

LAUTARAET SCON (Serial Port Control Register) AWMLY 98H

5.8 FAsLA0TBWRSFINY linterupt Port Register]
MCS-51 aunsnaumedinile 5 Awnde Tudl 2Prioiy  shBwEeiwYHazgn
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an4

COMMANDS QU 00H
RBD  EQU ¢1000000B
WRD  EQU 001000008
DELAY SCAN LEQU 07FH
RTC_DATA EQU P22
RTC_CLK EQU P20

RTC RST EQU P21

(ORG 0000H

START:

MOV P0z00H
MOV F2,200H
CALL INIT

MM
CALL TIME_TO_SCAN
CALL CHECK FOOD
CALL CHECK_TIME
CALL CKEY
IMP MM

CHECK_TIME:

MOV ASCH
CIMNE AF0AAHHI
JMP MH2

Hi: MOV A 30H

CINE A,50H,H2
MOV A3IH
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H3:

H4:

CINE A51H H2
MOV A J37H
CINE A52H 12

CALL OPEN_CH|

MOV A0
CINE AS3HLH3
MOV AJIH
CINE A SHLH3
MOV A 321
CINE A 55H.H3

CALL OPEN_CHI

MOV A30H
CINE A,56H.H4
MOV A3IH
CINE A5TH,H4
MOV A32H
CINE A,58H,H4
CALL OPEN_CH]I

MOV A3CH
CINE A,59H MH?
MOV A3IH
CINE A,SAH,MH?
MOV A32H
CTNE A,5BH MH2

CALL OPEN_CHI

MH2;

MOV A6CH

CINE AW0AAHHI12

JMP EXCH

and
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and

Hiz:
MOV A30H
CINE AGOH H22
MOV AJIH
CINLE A6IH. 22
MOV A32H
CINLE A62H 1122

CAILL OPEN_CH2

H322: MOV A0
CINE A03H 132
MOV ASIH
CINE A64H 32
MOV AJ2H
CINE A65H H32

CALL OPEN_CH2

H32: MOV A30H
CINE A.66H,H42
MOV A3iH
CINE A.67H,H42
MOV A32H
CINE A.68H,1H42
CALL OPEN_CH?2

Ha2: MOV A30H
CINE A 691, EXCH
MOV A3IH
CINE A.6AH,EXCH
MOV AJ2H
CINE A,6BH.EXCH
CALL OPEN_CH2

EXCH:
RET



and

CHECK_FOOD:
SETB P2.3

SETB 2.4

JR P2ZINELI
SETB PO S
MOV SCHAOAAH NFLI
IMP NFL2
NFL.1:
MOV 5CH.#00

CLR POA

JB P2.4 NFL?
SETB P0.5
MOV 6CHH0AAH LOW SET AA
JMP NFL3
NFL2:
MOV 6CH,#00
CLR P0.5
NFL3:

RET

OPEN_CHI:
MOV DPTR 4CH|_OPEN
CALLIN MEM
CALL SCAN
SETB P0.0
MOV A#2
CALLDELAY_SEC
CLR Po.0
SETB PO.1I
MOV A#2

CALLDELAY SEC
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and

CLR PO.I

RET

OPEN_CH2:
MOV DPTR#CH2 OPEN
CALLIN MM

CALL SCAN

SETR P02

MOV A %2

CALL DELAY SEC
CLR PO.2

SETB P03

MOV AR2

CALL DELAY SEC
CLR P03

RET

SET HMS:
LRX:
MOV 71H#0
MOV DPTR #INHOUR
CALL IN_ MEM
CALL SCAN
MOV R0,#4DH

MOV R4.50

LR3:
CALL TKEY
MOV A, 70H
MOV @RO.A
INCRO

CINE A #2AH.S0

JMP LRX
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50: CINE Aii23H .51

IMP XYY

51 SUBB A 4300
Nl
XCH AT
MOV BY10
MUL AB
MOV R4B

CINE R4F0,LRX

ADD ATIH

MOV 71H,A

MOV B,#24
DIV AB
NZ LRX

MOV @R0,£20H
CALL SCAN

,  INCRO
JMP LR3

XYY:

LRXI:
MOV 72H #0
MOV DPTR#INMIN
CALL IN. MEM
CALL SCAN
MOV RO#4DH
MOV R4,7#0

LR31:
CALL TKEY
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and

MOV A_70H
MOV :R0.A

INC RO

CINE A #2ANH S0t

IMP LRX

SO0 CINE AZ2IH ST

IMP XYY

SIT: SUBB A #30H
X1l:
XCH A72H
MOV B #10
MUL AB
MOV R4.B
CINE R420.LRX1

ADD A T2H
MOV 72H.A

MOV B #60
DIV AB

JNZ LRX!

MOV @R #20H

CALL SCAN
; INCRO
JMP LR31
XYYI:
LRXI12:
MOV 73H.50
MOV DPTR.FINSEC

CALL IN_MEM
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and

CALL SCAN
MOV RO.#4DH

MOV R4.#

ILR312:
CALL TKEY
MOV A 701
MOV @RO.A

INC RO

CINE A#2AH.502

JIMPLRX12

S02: CINE A #23H.S12
IMPXYY12

$12: SUBB A #30H
Xl12:

XCH A 73H

MGV B#i0

MUL AB

MOV R4.B

CJNE R4,£0,LRX12 -

ADD A73H
MOV 73H A

MOV B,#60
DIV AB
JNZ LRX 2

MOV @R0,#20H
CALL SCAN
INC RO

IMP LR312
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and

XYYI2:

RET

DTH:
PUSIT ACC
PUSH B
MOV A 74H
MOV 741 %0
MOV 75H %0

MOV 76H,50

MOV B#10
DIV AB
MOV 75H.B ;LSB

ORL A 200

JZ EX_DTH

MOV B#10
; MOV A75H
DIV AB
MOV 76H,B ;MSB
MOV A,76H

SWAP A

EX_DTH:
ORL 74H,A
MOV A75H
ORL 74H,A
POP B
POP ACC
RET
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and

CKEY: MOV P3FE111001008
PUSH ACC
MOV A 13 .
CINE A#11100100B,USE KEY
POPACC

RET

USE_KEY:
POP ACC
USE_KEYX:
MOV DPTR #SETTIME
CALL IN_MEM
CALL SCAN

DFG: CALL TKEY
MOV RS5,704
CINE RS,#23H,5XM]
IMP EX_UK

SXML:

CINE R5#30H NCHI
; FUNCTION SET TIME
CALL FSTIME

IMP USE KEYX

NCH1!:

CINE RS#31H.X0!
X00: IMP CH1
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and

X01: JMP NCH2

CHI:
MOV DPTRASELECT
CALL IN MEM
CALL SCAN
CALLTKEY
MOV RS.70H

CINE R5.#31H T12
MOV DPTR#CHI_TI
CALL IN_MEM
CALL SCAN

MOV A #1

CALL DELAY SEC

CALL SET_HMS
MOV 74H,71H
CALL DTH

MOV 50H,74H

MOV 74H4,72H
CALL DTH
MOV S1H,74H

MOV 74H,73H
CALL DTH
MOV 52H,74H
IMP CH!
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and

TI2:

CINE R5.#32H.T13

MOV DPTRACHI T2
CALLIN MEM
CALL SCAN

MOV A#

CALL DELAY _SKC

CALL SET 1135
MOV 741 7114
CALL DTH

MOV 53H.74H

MOV 74H,72H
CALL DTH
MOV 54H.74H

MOV 74H,73H
CALL DTH
MOV 55H,74H

IMP CH!

T13:
CINE R5,#33H,T14

MOV DPTR #CH1 T3
CALL IN_MEM
CALL SCAN
MOV A ¢

CALL DELAY _SEC

CALL SET_HMS

MOV 74H,71H
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and

CALL DTH

MOV 56H,74H

MOV 741H.72H
CALL DTN

MOV ST 7411

MOV 74H 73H
CALLDTH
MOV 581,741

JMP CHI

Ti4:
CINE R5,#34H,Ti5

MOV DPTR#CH| T4
CALL IN_MEM
CALL SCAN

MOV A #1

CALL DELAY SEC

CALL SET_HMS
MOV 74H,71H
CALL DTH
MOV 59H,74H

MOV 74H,72H
CALL DTH
MOV 5AH,74H

MOV 74H,73H
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and

CALL DTH
MOV 5BH,74H

JMP CHI1

TIS: CINE RS U2 AOG
IMP AOE

AQD: IMP CHI

Al

IMP USE_KEYX

NCHz:
CINE R5,832H,B00
IMP CH2

B0O: JMP DFG

CH2:
MOV DPTRASELECT
CALL IN_MEM
CALL SCAN

CALL TKEY

MOV R5,70H

CINE RS #31H,T22
MOV DPTR #CH2 Tl
CALL IN_MEM
CALL SCAN

MOV A #1

CALL DELAY SEC

CALL SET_HMS
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and

MOV 74H.7tH
CALL DTH

MOV 60H.74H

MOV 741 7211
CALL DTH

MOV 61117411

MOV 7414 731
CALL DTH
MOV 62H.74H

IMP CH2

T22:

CINE R3,#32H,T23

MOV DPTR #CH2_T2
CALL IN_MEM
CALL SCAN

MOV A #1

CALL DELAY_SEC

CALL SET_HMS
MOV 74H,71H
CALLDTH
MOV 63H,74H

MOV 74H,72H

CALLDTH
MOV 64H.74H
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MOV 74H,73H
CALL DTH
MOV 65H.,74H

JMP CH2

T33:

CINE RSMI3H.T24

MOV DPTR 4CH2_T3
CALL IN MEM
CALL SCAN

MOV A

CALL DELAY _SEC

CALL SET_HMS
MOV 74H,71H
CALL DTH
MOV 66H,74H

MOV 74H,72H
CALL DTH
MOV 67H,74H

MOV 74H,73H
CALL DTH
MOV 68H,74H

IMP CH2

T24:

CINE R5#34H,T25

MOV DPTRAECH2 T4
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and

CALL IN_ MEM
CALL SCAN
MOV A G|

CALL DELAY _SEC

CALL SET HMS
MOV 24117141
CALLDTH

MOV 65H . 74H

MOV 74H.72H
CAaLLDTH

MOV 6AH.74H

MOV 74H,73H
CALLDTH
MOV 6BH,74H

JMP CHI

T25: CINE R5,#23H,4002
IMP 4012

AQ02: IMP CH2

AD]2:

JMP USE KEYX

EX_UK:
RET

FSTIME:
CALL SET_HMS
MOV 74H.71H

CALL DTH
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and

MOV 30H,74H

MOV 74H.72H
CALL DTH

MOV 3111741

MOV 7414.73H
CALL DTH

MOV 32H.74H

CALL WTIME

RET

TKEY:
MOV 70H =0

MOV DPTRATABLE _KLEY

TK1: MOV PIZITLI0]1 1B
CALL CKX
MOV P3#ITHIONNID
CALL CKX
MOV P3#111111018
CALL CKX
MOV P3#117H1110B

CALL CKX

MOV A,70H
ORL A 500
JZ TKEY

RET
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and

SET DATA:
MOV A #00H
MOVC A A tDPTR
MOV 7011A

NO 13 NOP
INB PIGNO D
NOP
INB P3.2.NO D
NOP
INB P3SNO D

RET

CKX:
JNB P3.6,SET_DATA
INCDPFTR
INB P32SET_DATA
INC DPTR
JNB PA55SET_DATA

INCDPTR

RET

TIME_TO_SCAN:
MOV DPTRFTTIME
CALL IN_MEM
CALL TIME_DISPLAY

MOV A 30H
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ANL A JOFI]
ADD AH30H
MOV 46H A
MOV A S0H
SWAP A

ANLAFOIH
ADD AG30H

MOV 45H A

MOV AJIH
ANL A #OFH
ADD A #30H
MOV 49H A
MOV A 31H
SWAP A

ANL A #OFH
ADD A #30H
MOV 48H A

MOV A 32H
ANL A#0FH
ADD A F30H
MOV 4CH,A
MOV A,32H
SWAP A

ANL A &#QFH
ATD A #30H
MOV 4BH.A
CALL SCAN

RET

and
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and
RTC;WRITE_CH:

CLR  RTC_CLK  ow CLK fine
LCALL DELAY

SETB RTC_RST  high RST line
LCALL DELAY

MOV AR2 wwrite COMMAND byte
LCALL RTC_WRITE $BIT
MOV A R3] and DATA byie
LCALL RTC_WRITE &BIT

CLR  RTC_RST  iow RST line
LCALL DELAY

RET

; Transfer 8-bits dara to DS 1202

;IN: A = data

RTC_WRITE_8BIT:

MOV R4 #08H ;8 bits to transfer
WREBIT{:

RRC A

MOV  RTC DATAC

SETB RTC _CLK ;Rising edge clock

LCALL DELAY

CLR RTC CLK

LCALL DELAY

DINZ R4 WRSBITI

RET

; Perferm READ Command and read parameter byte from DS1202 RTC
i IN: RZ = COMMAND
;OUT:R3=DATA
RTC_READ CH:
CLR RTC CLK dow clk line
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LCALL DELAY

SETB RTC RST thigh RST line

LCALL DELAY

MOV AR? awrite COMMAND byie

LCALL RTC WRITE $BJT

MOV R448 dAhen read DATA byte

CLR A
RD_CHI:CLR  RTC CILK
LCALL DELAY
MOV  CRIC DATA
RRC A
SETB RTC CLK
LCALL DELAY
DINZ R4RD CHI

MOV  R3A

CLR RTC RST  low RST line

LCALL DELAY

RET

DELAY:
NOP idelay

RET

TIME_DISPLAY:

MOV R2 #81H
LCALL RTC READ CH
MOV 312H R3

MOV R2 #83H
LCALL RTC READ CH
MOV 31H,R3

:READ SECOQUND




an4

MOV R2 #85H
LCALL RTC_READ CH
MOV 30[1.R3

MOV A30N

WTINI:

MOV R2#NEH
MOV RI #00H

LCALL RTC_ WRITE_CH

MGV R2.#80H
MOV R3,32H

LCALL RTC_WRITE_CH

MOV R2#82K
MOV R3,31H
LCALL RTC_WRITE_CH

MOV R2 #84H
MOV R3,30H
LCALL RTC_WRITE _CH

MOV R2,#86H
MOV R3.33H

LCALL RTC_WRITE_CH
MOV R2 #88H

MOV R3,34H

LCALL RTC_WRITE_CH

MOV R2#8CH

Page 23




an4

MOV R3,35H
LCALL RTC WRITE CH

MOV R2#8EH
MOV R3#80H
LCALL RTC_WRITE Cil

RET

SCANL:

KHE: MOV R4,416
MOV RO#40H
PUSH DPH
PUSH DPL -

IMEM: MOV A #0
MOVC A,@A+DPTR
CINE A #40H, JKL
JMP XFX

JKL: MOV @RO,A
INC RO
INC DPTR

DINZ R4 IMEM
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and

CALL SCAN

PUSH ACC
MOV A#DELAY SCAN
CALL DELAY MS

POP ACC

POP DPL
POP DPH
INC DPTR
MOV A it
MOVC A (2 A+DPTR
JMP KHE

XFX: POP DPL

POP DPH

RET

SCAN:
PLUSH DPH
PUSH DPL
PUSH 00
MOV A, #80H
CALL BLOCK2

MOV B#8

MOV R0,440H
Ll:

MOV A @RO

CALL WRITE
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INC RO

DINZ B,Lt

MOV A #0CON

CALL BLOCK?2

MOV B .48

MGV RO #48H
LX: MOV A #0

MOV A @RO

CALL WRITE

INC RO

DINZ BLX

POP 00

POP DPL

POP DPH

RET

IN_MEM:
;DPTR IS OFFSET DATA TO 4C => 4FH
;  PUSHDPH

; PUSH DPL

MOV R2%16
MOV RO #40H

INI: MOV A#0
MOVC A, @A+DPTR
MOV @R0,A
INC DPTR
INC RO
DINZ R2,IN}
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and

POP DPL
; PO DPH

RET

BLOCK?2:
A SELECT BLOCK
PUSH ACC
MOV P2 #COMMANDS
POP ACC
MOV P1,A
CALL EPLUSE
CALL WAITBF
RET

WRITE:
PUSH ACC
MOV P2 #WRD
POP ACC
MOV P1 A
CALL EPLUSE
CALL WAITBF
RET

EPLUSE: SETE P2.7
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apy

PUSH ACC

MOV A #01

CALL DELAY_MS
CLR P27

POP ACC

RET

WAITBF:
PUSH ACC
MOV A #4
CALL DELAY_MS
POP ACC
RET

INIT:

MOV P2HCOMMANDS

MOV P1,#38H  :DISPLAY 5*7 DOT | LINE
CALL EPLUSE

CALL WAITBF

MOV Pl #0FH
CALL EPLUSE
CALL WAITBF

MOV PLi#6
CALL EPLUSE
CALL WAITBF

MOV PL#

CALL EPLUSE
CALL WAITBF
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MOV P1,#80H
CALL EPLUSE
CALL WAITBF

RET

 TABLE:

b3
DB "Program demo [KEYBGARD and LCD DISPLAY]"
DB "KMITL ENGINEERING "
DB " <==== ] MARCH 1997, ====>"
DB" @

TTIME:
DB "TIME

CLE: DB" "

TABLE KEY:
DB "123456789*0+"

0123456789ABCDEF

SETTIME: DB " SELET MODE -
INSEC: DB "INPUT SEC= "

INMIN: DB "INPUT MINUTE=
INHOUR: DB "INPUT HOUR=

SELECT: DB " SELECT TIME -

CHI_T!: DB INPUT TIMEI CHI
CH!_T2: DB "INPUT TIME2 CH1 °
CHL_T3: DB "INPUT TIME3CH] "
CHI1_T4: DB "INPUT TIME4 CH} *

CH2_T1: DB"INPUT TIMEI CH2
CH2_T2: DB INPUT TIME2CH2 -
CH2_T3: DBTINPUT TIME3 CH2 -
CH2 T4: DB "INPUT TIME4 CH2 -
CHI_OPEN:DB " CHI OPEN "

CH2 OPEN:DB" CH2OPEN "

£




and

TMI: DB'TIME) :::"

TM2: DB"TIMEZ2Z :::"

T™M3: DB"TIME3 ::: "

T™4: DB'"TIME4

$SINCLUDE "DELAY ASM"

END
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DALLAS

SEMICONDUCTOR

.

FEATURES

® 8-bt 8051 compatible uC adapts to task—at—hand:

~ 8 0r 32 Kbyles of nonvolatile RAM for program
and/or data memory storage

= Initial downloading of software in end system
via on—chip serial port

— Capable of modifying its own program and/or
data memory in end use

* Crashproof operation:

— Maintains all nonvolatile resources for 10 years
in the absence of Vg

~ Power{ail reset

— Early warning power—fail interrupt

— Watchdog timer

* Software Security Feature:

— Executes encrypted software to prevent unau-
thorized disclosure

¢ On—chip, full-duplex serial VO ports
* Two on—chip timer/event counters
® 32 paralle! /O lines

¢ Compatible with industry standard 8051 instruction
set and pinout

¢ Optional Permanently Powered Real-Time Clock
(Ds5000T)

DESCRIPTION

The DS5000(T) Soft Microcontrolieris a fully 8051 com-
palble 8-bit CMOS microcontroller that offers *soft-
ness” in all aspects of its application. This is accom-
plished through the comprehensive use of nonvolatile
technology to preserye all information in the absence of
system Vcc. The internal programvdata memaory space

DS5000(7
Soft Microcontrolle

PIN ASSIGNMENT
Po [Br T WH| ve
Pt {82 % E| Pooado
P12 [Aa asf| Po.1aDt
P13 |l 4 a7 f| PozAD2
P14 |Bs 38| Poaam
P15 |8 6 asf]| Po.4ADs
PiLe [} 7 34 [)| Po.sADS
PL7 {0 » 3f[| Po.saDs
RST |f ¢ az | Po.7AD?
AXD P30 |§ 10 nf| &
TXO P31 |1 30 f| aLE
iNToPa.2 (H 12 = f| FSEN
iNT1Pa3 (B 13 28 B[ P27 A5
To P4 |F] 14 27 (] PaeA
TIPIsS |0 s 26| P25aA13
WRP3s [ 1s 25 0] P4 Atz
AD P37 {4y 24 B| pPzaan
XTAL2 |H 1a »n Bl razate
xtALt |19 22f] Paiae
anD (B 20 21 B] p2oas

40-Pin Encapsulated Package

is implemented using sither 8K or 32K bytes of nonw
tile CMOS SRAM. Furthermore, internal data regist
and key corfiguration registers are also nonvolatile.
optional real-time dock gives permanently powe
timekeeping. The clock keeps time to a hundredth «
second using an on—board crystal.

46
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DSSO0N(T)

ORDERING INFORMATION

PART NUMBER RAM SIZE MAX CRYSTAL SPEED TIMEKEEPING?
DS5000-8-8 BK bytes 8 MHz No
DS5000-8-12 BK bytes 12 MHz No

| DS5000-6-16 . BK bytes 16 MHz No
DS5000-32-8 32K bytes 8 MHz No
DS5000-32-12 32K bytes 12 MHz No
DS5000-32-16 32K bytes 16 MHz No
DS5000T-8-8 8K bytes 8 MHz Yos
DS5000T-68-12 8K bytes 12 MHz Yes
D35000T-8-16 BK bytes 16 MHz Yes
DS5000T-32-8 32K bytes 8 MHz Yes
DS5000T-32-12 32K bytes 12 MHz Yes
DS5000T-32-16 32K bytes 1€ MHz Yos

Cperating IiMormation is contained in the User's Guide section of the Soft Microcontroller Data Book. This data sheet
providas ordering information, pinout, and electrical spacification.

DS5000(T) BLOCK DIAGRAM Figure 1

BYTE-WIDE

P1.0-1.7 ADORESS BUS
27222 TITTIITIITY R
SAAM

BYTE-WIDE
DATA BUS

paoar | DSS000FP

SSSSSSSSSSNSSN

(DS5000T)

| ////7/}

DS1215
REAL-TIME
CLOCK

042193 2148
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DS5000(M)

PIN DESCRIPTION

PIN NUMBER

DESCRIPTION

1-9

P1.0-P17
Genwral purposa /O Port

RST
Adtive high resat input. A kogic 1 applied to this pin will activate a reset state,
This-pin is pulled down intemaily so this pin can be left unconnacted i not

10

P3.0 RXD
General purpose L/O port pin 3.0. Also serves as the rocaive signal for the on
board UART. This pin should not be connected directly to a PC COM port.

11

P3.1 TXD
General purpose VO port pin 3,1. Also serves as the transmit signal for the on
board UART. This pin should not be connected directly to a PC COM port.

12 -

P3.2INTO
General purposa VO port pin 3.2, Also serves as tha active low Extsrnal Inter-

npt 0.

13

P3.3INTT
General purposs L'O port pin 3.3. Aiso serves as the active jow External Inter-

npt 1.

14

P3.4T0 :
General purpose VO port pin 3.4. Also sarves as the Timer 0 input.

15

P3.5T1
General purpose VO port pin 3.5, Also serves as the Timer 1 input.

16

P3.6 WR
Caneral purposa 'O port pin. Also serves as the write stroba for Expandad bus

cpearation.

17

P3.7 RD
General purpose VO port pin. Also sarves as the read strobe for Expandad bus

oparation.

18,19

XTALZ, XTAL1
Used to connect an external crystal to the iMernal oscillator. XTAL 1 is the input
to an inverting amplifier and XTAL2 is the output.

GND
Logic ground,

p2.0-P2.7
Ganeral purpose LO Port 2. Also serves as the MSB of the Expanded Address
bus.

042163 148
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PIN NUMBER

DESCRIPTION

29

| sheuld be unconnected if not used. FSEN also is used to invoke the Bootstrap

PSEN
Program Store Enabis. This active low signal is used to enable an external
pregram memory when using the Expanded bus. H is normally an output and

Loader. At this time, PSEN will be puiled down externally. This should only be
done once the DS5000 is already in a reset state. The device that pulls down

should be open drain since it must not interfere with PSEN under normal opera-
tion.

ao

ALE :

Address Latch Enable. Used to de—multiplex the multiplaxed Expanded
Address/Data bus on Port 0. This pin is normally connected to the clock input
on a ‘373 type transparent latch. When using a parallel programmer, this pin
also assumes the PROG function for programming pulses.

31

EA

External Access. This pin forces the DS5000 to behave like an 8031. No inter-
nal memory (or clock) wili be available when this pinis at a logic low. Since this
Pin is puiled down internally, it shoukd be connected to +5V to use NVRAM. in a

parallel programmex, this pin also serves as Vpp for super voitage pulsas.

32-39 P0.7-P0.0

General purpose VO Port 0. This port is open—drain and can not drive a logic
1. It requires external pull-ups. Port 0 is also the multiplexed Expanded
Address/Data bus. When usad in this mode, it doas not require pull-ups.

40 Veo
+5 volts,

INSTRUCTION SET

The DS5000 executes an instruction sat which is object
code compatible with the industry standard 8051 micro-
controller. As a resutt, software developmant packages
which have been written for the 8051 are compatible
with the DS5000, including cross~assemblers, high—
level language compilers, and debugging tools.

A complete description for the DS5000 instruction set is
available in the User's Guide section of the Soft Micro-
controller Data Bock.

MEMORY ORGANIZATION

Figure 2 illustrates the address spaces which are ac-
cossed by the DS5000. Asillustratadinthe figure, sop-
arate address spacaes exist for program and data
memory. Sincs the basic addressing capabhility of the

machineis 16bits, amaximum of 64 Kbytes of program
memory and 64 Kbytes of data memory can be ac-
cessed by the DS5000 CPU. The 8K or 32K byte RAM
area inside of the DS5000 can be used to contain both
program and data memory.

The ReaHtime Clock (RTC) in the DS5000T is reached
in the memery map by setting a SFR bit. The MCON.2
bit (ECE2) is used to select an alternate data memory
map. Whila ECE2=1, all MOV Xs will be routed to this
alternate memory map. The realtime clock is a serial
davica that resides in this area. A full description of the
RTC access and example softwareis given in the User's
Guide section of the Soft Microcontrollar Data Book. It
the ECE2 bt is set on a DS5000 without a timekeepeor,
the MOVXs will simply go to a nonexistent memory.
Software execution woukd not be affoded otharwise.

042783 418
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DS5000 LOGICAL ADDRESS SPACES Figure 2

64K

2K

K

255

127

128

SPEGIAL
DATA FUNCTION
REGISTERS REQISTERS
/
\Ve
INTERNAL REQISTERS
LEQEND

« OK-CHIF AEGISTERS

» NVRAM MEMORY

PROGRAM LOADING

The Program Load Modes allow initialization of the
NVRAM Program/Data Memory. This inftialization may
ba performed in one of two ways:

1. Serial Program Loading which is capable of per-
forming Bootstrap Loading of the DS5000(T). This
teature allows the loading of the application program
1o be detayed until the DSS000(T) is instalied in the
end system.

Parallel Program Load cycles which perform the ini-
tial loading from parallel address/data information
presented on the V'O port pins. this mode is timing—
set compatible with the 8751H microcontroller pro-
gramming mode.

&

7

_=C

PROGRAM DATA
MEMORY MEMORY
/

- ACCESSED VIAEXPANDED BUS

The DS5000is placedin its Pregram Load configuration
by simultaneously applying a logic 1 to the RST pin and
forcing the PSEN line to a logic G level. Immaediately fol-
lowing this action, the DS5000 will lock for a parallel
Program Load puise, or a serial ASCI| carriaga raturn
{0DH) character received at 9600, 2400, 1200, or 300
bps over the serial port.

The hardware configurations used to select these
modes of operation are illustrated in Figure 3.
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PROGRAM LOADING CONFIGURATIONS Figure 3

Vec GHD
DS5000
PROGRAM
JoK'D7-D0> DATAINVERIFY N -
- DATA OUT -
P P2.5— PI.7~
A1sAr2 FROARAM P20 Piz
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—+| ALEPROG TP pRve RS232C
PROGARAM < O—— p27 FOXD g RCY
CONTROL — P2y *
i Paa
—] P25 L g A2k % Ac2K
AST RST
[ | xTAua T xTaL il
=3 EN 11,050 MHz = PSEN|
T~ XTAL2 | XTAL2 _‘]’7
PARALLEL SERIAL
LOADING LOADING

Table 1 summarizes the selection of the availcble Paral-
lel Program Load cycles. The timing associated with
thasa cycies is illustrated in the aelectrical specs.

SERIAL BOOTSTRAP LOADER

The Serial Program Load Mods is the easiest, fastest,
most reliable, and most compiete method of inttially
loading application software into the DS5000 nonvola-
tle RAM. Communication can be performed over a
standard asynchronous sevial communications port. A
typical application would use a simple R3232C serial in-
terface to program the DS5000 as a final production pro-
cedure. The hardware configuration which is required
for the Serial Program Load meda is illustrated in Figure
3. Port pins 2.7 and 2.6 must be either open or pulled
highto avoid placingthe DS5000 in a parallel toad cycle.
Alhough an 11.0592 MHz crystalis shown in Figure 3, a
variety of crystal frequencias and loader baud rates are
supported, shown in Table 2. The serial loader is da-
signed lo oparats across a three—wire Interface from a
standard UART. The recsive, transmit, and ground
wires are all that are necessary to astablish commu-
nication with the DSSC00.

Tha Serial Bootstrap Loader implements an easy—to—
usa command line intarface which allows an application

programin an Intel hex representation to be loaded into
and raad back from the device. Intel hex is the typical
format which existing 8051 cross—assemblers output,
The serial loader responds o single character com-
mands which are summarized balow:

COMMAMD
C

EUNCTION
Return CRC-16 checksum of em-
beddad RAM
Dump Intel Hex File
Fill embedded RAM block with
constant
Load 40-bit Encryption Key
Load Intel Hex File
Read MCON register
Traca (Echo) incoming Intal Hex
data
Clear Securtty L.ock
Varty Embedded RAM with in-
coming Intal Hax
Writa MCON registar
Set Security Lock
Put a value t¢ a pori.
Got a valua from a port.

—xnr x mo

<

OTNE
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PARALLEL PROGRAM LOAD CYCLES Table 1

MODE RST PSEN PROG EA P27 P2.6 P25
Program 1 0 0 Vep 1 0 X
Security Set 1 0 0 Vep 1 1 X
Verify 1 X X 1 o} o} X
Prog Expanded 1 0 0 Vep 0 1 )
Verity Expanded 1 0 1 1 o} 1 0
Prog MCOHN or Key registers 1 0 0 Vep o 1 i
Verify MCON registers 1 0 1 1 0 1 1

The Paraliel Program Cyde is used to load a byte of
data into a register or memory location within the
DS5000, The Verity Cycla is used to raad this byte back
for comperison with the originally loaded value to verify
proper loading. The Security Set Cycle may be usedto
oenable and the Software Security feature of the
DS5000. One may also entar bytas for the MCON regis-
ter or for the five encryplion registers using the Program
MCON cycle. When using this cycle, the absolute regis-
tor ackiress mustbe presented at Ports 1 and 2 as inthe
normal program cycle {Port 2 should be 00H). The
MCON contents can likewise be verified using the Verily
MCON cycdie.

When the DS5000 first detects a Parallel Program
Strebe pulse or a Security Set Strobe pulse while in the
Program Load Mods following a Power On Reset, the
intamal hardware of the DS50046 ks initialized so that an
existing 4 Kbyle orogram can be programmed into a
DS5000 with little or no modification. This initialization
automatically sets the Renga Address for 8 Kbytes and
maps the lowest 4 Kbyte bank of Embeddad RAM as

program memory. The next 4 Kbytes of Embedded
RAM are mapped as Data Memory.

In order to program more than 4 Kbytes of program
coda, tha Program/Verify Expanded cycles can be
used. Upto32Kbytes of program code can be entered
andverified. Note thatthe expanded 32 Kbyte Program/
Verity cyclas take much longer than the normal 4 Kbyte
Program/Verify cycles.

A typical parallel loading session would foilow this pro-
cadure, First, set the contents of the MCON register
with the correct range and partition only ¥ using expand-
ed programming cydes. Naxt, the encryption registers
can be loaded to snabla encryption of the program/data
memary {(not required). Then, program the DS5000 us-
ing either normal cr expanded program cycles and
check the memory contents using Verity cycles. The
last operation would be to turmn on the sacurity lock fea-
ture by either a Security Set cycle or by explicitly writing
to the MCON register and setting MCON.O to a 1.

52
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DSS000(T)

SERIAL LOADER BAUD RATES FOR DIFFERENT CRYSTAL FREQUENCIES Table 2

BAUD RATE
CRYSTAL FREQ (MHz)
300 1200 2400 $600 19200 57600
14.7456 Y Y Y Y
11.0892 Y Y Y Y Y Y
9.21600 Y Y Y Y
7.37280 Y Y Y Y
5.52060 Y Y Y Y
1.84320 Y Y Y Y
ADDITIONAL INFORMATION Kit allows the user to download Intel hex formatted code

A complete description for all operational aspects of the direcily to the DS5000 from a PC—XT/AT or cornpatible
DS5000, Is provided in the Usar’s Guide saction of the computer. The kit consists of a DS5000T—32—1 2,anin-
Soft Microcontroller Data Book. terface pod, demo software, and an RS232 connector

that attaches to the COM1 or COM2 serial portela PC,

Seo the User's Guids tor further details,
DEVELOPMENT SUPPORT

Dallag Semicondudcior offers a kit package for develop-
ing and tasting user code. The DS5000TK Evaluation

042103 B8
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground
Opeorating Temporature

Storage Temperature

Soldering Temperature

0.3V to 7.0V
0°C to +70°C
—40°C to 70°C
260°C for 10 seconds

* This is a strass rating only and functional operation of the devica at thesa or any other conditions above
those indicated in the oparation sactions of this specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended pariods of time may affect reliability.

DC CHARACTERISTICS (ta = 0°C to70°C; Voo = 5V £ 5%
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES |
Input Low Voltage ViL 03 0.8 v 1
Input High Voltage ViHs 2.0 Vee +0.3 v 1
Input High Voltage RST, XTAL2 Vinz 3.5 Vee +0.3 v 1
Output Low Veltage @ g =1.6mA Vot A5 0.45 v
(Ports 1,2, 3)

Output Low Voltage @ I =3.2mA Volz A5 0.45 v 1

{Ports 0, ALE, )

Output High Voitage @ loy=-80puA VoH1 24 48 v 1

(Ports 1, 2, 3)

Output High Ve lot=400 yA Vouz 24 4.8 v 1

(Ports 0, ALE, PSEN)

input Low Current Vyy = 0.45V (Ports hw -50 RA

1,2,3)

Transition Current; 1 to 0 I -600 pA

V= 2.0V (Ports 1, 2, 3)

Input Leakaga Current i +10 pA

0.45 <« Vg <V (Port 0)

RST, EA Pulldown Resistor Rre 40 125 KQ

Stop Mode Current Isas 8o HA 4

Power Faii Warning Voltage Verw 415 46 475 v 1

Minimum Operating Voltage Veemn 4.05 45 4.65 v 1

Programming Supply Voitage Vpp 12,5 13 v 1

{Paralle! Program Mode)

Program Supply Current lpp 15 20 mA

Operating Curent DS5000-8K@8 MHz e 252 43 mA 2

DS5000-32K @ 12 MHz 35.7 48

DS5000T-32-16 @ 16 MHz 456 54

Idle Mode Current @ 12 MHz lee 45 6.2 mA 3
D42103 & 8
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AC CHARACTERISTICS
-EXPANDED BUS MODE TIMING SPECIFICATIONS (ta = 0°C 1070°C; Vi = 5V + 5%)
4 |PARAMETER SYMBOL MIN MAX UNITS
1 ] Osaillater Frequency 1ok 1.0 8{-8 MHz
12(-12)
16 (-16)
2 | ALE Pulse Width taLpw 2elo k ns
3 | Address Valid to ALE Low tavarL tork 40 ns
4 | Address Hold After ALE Low tavaay tok 35 ns
5 | ALE Low to Valid Instr. In tat v 4ok -150 ns
@16 MHz dte i -90 ns
ALE Low to PSEN Low tN.LPSL tCLK -25 ns
PSEN Pulsa Width tesew | Stk -35 ns
FSEN Low to Valid Instr. In tpsty 3te x -150 ns
@16 MHz 3toLk -90 ns
9 | Irput Instr. Hold after PSEN Going High tesv 0 ns
10 | input Instr. Flat after PSEN Going High tpsix touk -20 ns
11 | Address Hold afiar PSEN Going High tpsav taak -8 ns
12 | Address Valid to Valid Insir. In tavvi Slek -150 ns
@16 MHz . Bl 90 ns
13 | PSEN Low to Address Float trsiaz 0 ns
14 { RD Pulse Width tRoPW BloLk -100 ns
15 | WHR Pulse Width WRPW Bl -100 ns
16 | RD Low to Valid Data In tRoLDY Ste i -165 ns
@16 MHz Steix -105 ns
17 | Data Hold after RD High tROHDV o ns
38 Data Float after R-[S ngh tRDHDZ 2tCLK -70 ns
18 { ALE Low to Valid Data In tallvo By -150 ns
@16 MHz Biek -90 ns
20 {Valid Addr. to Valid Data In tavov . Seok -165 ns
@16 MHz ey -105 ns
21 ALE Low to H_D o Wﬁ Low tA.LLRDL StCLK -50 3‘CLK +50 ns
22 | Address Valid to RD or WR Low tAavROL Atk -130 ns
23 | Data Valid to WR Going Low tovWRL Lok -60 ns
24 | Data Valid to WR High ' tDVWHH TloLk 150 ns
@16 MHz Ttoyk -90
ns
25 | Data Valid after WR High twaHov | ok -50 ns
26 | RD Low to Addrass Float tRLAZ . 0 ns
27 WJ- of W—R- Hl‘gh to ALE ngh LRDHALH touk -40 ok +50 ' ns
042183 10418
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DSS000(T)

AC CHARACTERISTICS (cont'd) |
PARALLEL PROGRAM LOAD TIMING (ta = 0°C 1670°C; Vg = 5V + 5%)
# |PARAMETER SYMBOL MIN MAX UNITS
40 | Oscillator Frequency 1tk 1.0 120 MHz
41 | Address Setup to PROG Low tavPRL 0
42 | Address Héid after PROG High toamay 0
43 | Data Setup to PROG Low tovPRL 0
44 | Data Hold after PROG High terHDV 0
45 |P2.7,2.6,2.5 Setup to Vpp tearve o
46 | Vpp Setup to PROG Low tvPHPRAL 0
47 | Vpp Hold after PROG Low toprveL 0
48 | PROG Width Low tpaw 2400 tolk
49 | Data Output from Address Valid tavoy 48 touk
1800"
50 | Data Output from P2.7 Low tovpamL 48 tok
1800*
51 | Data Float after P2.7 High tp27HDZ 0 48 toik
1800°
‘52 | Delay to Resst/PSEN Active after teoRPY 21504 toLx
Power On
53 | Reset/FSEN Active (or Verify Inactive) to tRAVPH 1200 terk
VYpp High _
54 |Vpp Inactive (Batween Program Cydles) tvePPC 1200 tok
55 |Verify Active Time Wt 43 toek
2400 toy
* Sacond set of numbars refers to expanded memory programming up to 32K bytes.
042103 1518

60



“

Features

¢ Compatible with MCS-51™ products

* 4 Kbytes of In-System Reprogrammable Flash Memcry
Endurance: 1,000 Write/Ernsa Cycles

Data Retentlon: 10 Years :

Fully Static Operation: 0 Hz to 24 MHz

Threes-Level Program Memory Lock

128 x 8-Bit internai RAM

32 Programmable VO Lines

Two 16-BH Timer/Counters

Flve Interrupt Sources

Programmable Serial Channel

Low Power idle and Power Down Modes

Description

The ATESCS| is a low-power, high-performance CMOS 8-bil microcomputer with 4 Kbyles
of Flash Programmable and Erasable Read Only Memory (PERCM). The device is manufac-
tured using Atmel's high density nonvolatile memory technology and is compatible with the
industry standard MCS-51™ instruction set and pinout. The on-chip Flash zllows the program
memory 1o be repragrammed in-system or by a conventional nenvolatite memory program-
mer. By combining a versatile 8-bit CPU with Flash on 2 monolithic chip, the Atmel
AT89CS51 15 a powerful microcomputer which provides a highly Mexible and cost effective
solution to many embedded control applications.

The ATZ9CS1 provides the following standard features: 4 Kbytes of Flash, 128 bytes of
RAM, 32 VO lines. two 16-bil timer/counters, a five source two-tevel interrupt architecture, a
fuli duplex serial port, on-chip oscillalor and clock circuitry. In addition, the ATBSCS| is
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Description (Continued)

degigned with static fogic for operation down to zero frequency

fupports two software selectable power saving modes. The
kle Mode stops the CPU while allowing the RAM, timer/count-
e, serial port and interrupt system to continug functioning. The
Power Down Mode saves the RAM contents but freezes the os-
cillator disabling all other chip functions until the next hardware
resct,

Pin Description

Yoo
Supply voliage.

QND
Qround.

Por 0

Port 0 is an 8-bit open drain bidirectional /O port.-As an output
port each pin can sink eight TTL inputs. When Is are written to
port O pins, the pins can be used as high-impedance inputs.

Poet 0 may also be configured to be the multiple xed low-order
sddress/data bus during accesses Lo external program and data
memory. In this mode PO has internal pullups.

Port 0 also receives the code bytes during Flash programming,
and outputs the code bytes during program venficaiion. Exter-
nal pullups are required during program verification.

Port 1

Port | is an 8-bit bidirectional /O port with internal pullups. The
Port | output buffers can sink/source four TTL inputs. When |3
are writlen to Port | pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port | pins that are
externally being pulled low will source curment (Tq) because of
the internal putlups.

Port 1 also receives the low-urder address bytes during Flash
programming and program venfication.

Port 2

Port 2 is an 8-bit bidirectiona! /O port with internal pullups. The
Pont 2 cutput buffers can sink/source four TTL inputs. When |s
are wrilten 10 Port 2 pins they are pulled high by the interaal
pullups and can be used as inputs. As inputs, Port 2 pins that are
externally being pulled low will source current (f11) because of
the internal pullups.

Port 2 emits the high-order address byte during fetches from ex-
ternal program memary and during accesses to external dala
memory Lhat use 16-bit addresses (MOVX @ DPTR). In this
application il uses strong internal pullups when emitting 1s.
During accesses to external data memory that use B.-bst ad-
dresses (MOY X @ RD), Port 2 ernits the canlents of the P2 Spe-
cial Funclion Register.

Port 2 also receives the high-order address bits and some control
ugnals during Flash programming and venifrcation.

Part 3

Port 31y an B-tut bidirectianal U0 port with internal pullups The
Port 3 output buffers can sink/source four TTL inputs. When Is

AlNEL

are wrilten {0 Port 3 pins they are pulled high by the internal
pullups and can be used as inputs. As inputs, Port 3 pins that are
externally heing pulled low will source current {Iy) because of
the pullups

Port 3 alsn serves the functions of various special features of the
ATESCI as lisied below: '

Port Pin | ARernate Functions |

P30 RXD (senal input poart)

P3.1 TXD {senal output pcr)

P3.2 INTG (extenal interrupt 0)

Pa.3 WNTT {extanal interrupt 1)

P3.4 T (timer 0 extenal input)

P35 T1 {timer 1 external input)

P36 WH (extenal data memary write sirobe)
Pa? RD {extemal data memory raad strobe)

Port 3 alse receives some cantrol signals for Flash programming
and programming verification.

AsT
Reset input. A high on this pin for two machine cycles while the
oscillator is running reseis the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte of
the address during accesses (o external memory. This pin is also
the program pulse input (PROG) during Flash programming.
In normal operation ALE is emittzd at a constant rale of 1/5
the oscillator frequency, and may be used for external timing of
clocking purposes. Note, however, that one ALE pulse is
skipped during cach access to external Data Memory.

If desired, ALE operation can be disabled by setting bit 0 of SFR
location BEH. With the bit set, ALE is active outy during a
MOVX or MOVC instruction. Otherwise, the pin is weakly
pulled high Setting the ALE-disable bit has no effect ii the
micreerontrclier is in external execution mode.

PSEN

Program Stare Enable ts the read strabe 1o external program
memory

When the AT8SCS5! is executing code fram extenal program
mcmory@ is activated twice each machine cycle, except
that two PSEN activations are skipped during each access to ¢x-
ternal data memory.

EANEe

External Access Enable. EA must be strapped to GND in order
ta enable the device ta fetch code from external program mem-
ory locattons starting at 000OH up to FFTTH. Note, however,
that if Tock bit | is programmed. EA will be internally laiched on
rescl.

EA should be strapped Lo Ve for intermnal program executions.
This pin also recerves the §2-volt programming enable voliage
{Vpp) during Flash programming. for parts that require §2-volt
Vip

ft’.‘ﬂ“ﬁ“f(j
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Pin Description (Continued)
XTALY

.
Input to the inverting oscilkator amplifier and inpu? 1o the inter-
nal clo-k operating circuil.

XTALZ
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTALl and XTAL?2 are the inpul and output. respectivety, of an
inverting amplifier which can be configured for use as an on-
chip osciltater, as shown in Figure |. Either a quartz crystal or
ceramic resonator raay be used. To drive the device from an
external clock source, X TAL?2 should be left unconnected while
XTALI is driven as shown in Figure 2. There are no require-
ments on the duty cycle of the external clock signal, since the
inpul to the internal clocking circuitry is through a divide-by-
two {lip-flep, but mirimum and maximum voltage high and low
time specifications must be observed.

idle Mode

In idle mode, the CPU puts itself to slecp while all the on-chip
peripherals remain active. The mode is invoked by software.
The content of the on-chip RAM and all the special functions
registers remain unchanged during this mode. The idle mode
can be terminated by any enabled interrupt or by a hardware
reset.

It should bz noted that when idle is terminated by a hardware
reset, the device normally resumes program execution, from
where il left off, up to two machine cycles before the internal
reset algorithm takes control. On-chip hardware inhibits access

Power Down Mode

In the power dawn mode the oscillator is stopped, and the in-
struction that invokes power dow! 15 the last instructian exe-
cutzd. The on-chip RAM and Special Function Registers retain
their values until the power down mode is terminated. The only
exit from power down is a hardware reset. Keset redefines the
SFRs but does not change the an-chip RAM. The reset should
not be activated before Ve is restored to its normal operating
level and must be held active long enough to allow the oscillator
1o restan and stabilize.

Figure 1. Oscillatar Connections

ce
———e— XTAL2
c1
— XTAL1
GNOD

MNotes: C1, C2 =30 pF + 10 pF for Crystals
= 40 pF * 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Conliguration

to inlernal RAM in this event, but access to the port pins is not NG ————— XTAL2
inhibited. To climinate the possibility of an unexpected write to
a port pin when Idle is terminated by reset, the instruction fol-
lowing the one that invokes Idle should nat be one that writes to
a port pin or 10 exlernal memary. EXTERMNAL
OSCILLATOR XTALA
SIGMAL
[—* GHNOD
Status of External Pins During Idle and Power Down
Mode Program Memory ALE P3EN PORTO PORT1 PORT2 PORAT3
ldle Internal 1 1 Dala Dala Data Dala
fdle External 1 1 Float Dala Address Oata
Power Down | internal o 0 Data Data Dala Dala
Powar Down | Exdernal ¢ 0 _ Float . Data Data. ~~ Dala

4 AT89C51 PR
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Program Memory Lock Bits

On the chip are three lack bits which can be feft unprograinmed
(Ukor can he programmed {P) to obtain the additional fcatures
listed in the table below:

When tock bit [ is programmed, the logic level at the EA pin it
sampled and latched during reset. If the device is powered up

Lock Bit Protection Modes

withaut a reset. the fatch inmaltzes 1o a random value, and holds
that value unnl resel 15 activated. 1t is necessary that the laiched
value of EA be 1n agreement with the current logic level at that
pin tn order for the devize to function properly.

Program Lock Bits
LBt LB2 LB3 Prolection Type

1 U U U No program lock features.

MOVC instructions executed from exteral program memory are disabled from
2 P U U fetching code bytes from internal memory, EA is sampled and latched on reset, and
lurther programming of the Flash is disabled.

3 P P U Same as mode 2, also venity is disabled.

4 P P P Same as mode 3, also exernal execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash mem-
ory array 1n the erased state (that is, conients = FFH) and ready
1o be programmed. The programming interface accepls cither a
high-voltage (12-volt) or a low-vollage (V) program enahle
signal. The low voltage programming mode provides a conve-
nient wav to program the AT89CS1 inside the user’s system,
while the high-voltage programming mode is compatible with
convenisonal third panty Flash or EPROM programmers.

The ATBSCS! 15 shipped with etther the high-valtaze or low-
voltage programming mode enabied. The respective top-side
marking and device signaiure codes are listed in the faliowing
tahle.

Vpp =12V Ypp=5VY
AT89C51 ATH9CS1
Tep-Side Mark XAXX xXxx-5
Yyww Yyww
(030H)=1EH (O30H)=1EH
Signature {031H}=51H (031H)}=51H
(D32H)=FFH (032H)=05H

The ATESCS code memuory array 1s proprammed hyte -by-byte
inerther programming nuste To progrim any non-blank byte in
the pr-chep Flash Memorv the entice miemory must be erased
ureag tie Chip Erase Mode

Programming  Algorithm:  Belore programimng  ihe
ATAYC S, the address, data and contred signals should be selup
according to the Flash prograinoung mode tahle and Frgures §
and 4 To program the ATEHC51, take the following steps
Input the desired memory Iocanon on the address lines

!
I Anput the appropriate data hyte on the data hnes
T Acivate the correct combinaton of contzaol signals

4. Raise EA/Vppto 12 V for the high-vollage programming
mode.

Pulse ALE/PROG once to program a byte in the Flash

array or the lock bits, The byte-write cycle is seif-limed and
typically takes no more than 1.5 ms. Repeat steps |

through 5, changing the address and cata for the entire array
or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indicats
the end of a write cycle. During 2 write cycle. 2n attempted read
of the last byle writlen will resuft in the complement of the writ-
ten datum on PO.7. Once the wiite cycle has been completed,
vue data are valid on all outputs, and the next cycle may begin.
Data Polling may begin any time after a write cycle has been
ioitiated.

L

Ready/Busy: The progress of byle programming can also be
monitored by the RDY/BSY output signal. P3.4 is pulled low
after ALE goes high during programming to indicate BUSY.
P14 s pulled high again when programming is done to indicate
READY. .

Program Verify: If lock bis LB and LB2 have not been pro-
grammed, the programmed code data can be read back via the
address and data lines for verification. The lock bits cannot be
verified directly. Verificavon of the lock hits is achieved by
vheerving thai their features are enahled.

Chip Erase:  The cniire Flash amay 15 erased elecincally by
using the proper combination of contro! signals and by helding
ALEAROG 'ow for (6 ms The code array is wrilten with al}
"1"s The chip erase operation must be executed before the erxde
meinory can be re-programmed.

Reading the Signature Bytes: The signalute bytes are read hy
the same procedure as a normal venficauen of locations 030H,

ATMEL 5
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031H, and 03ZH. except that P3.6 and P3.7 must be pulled to a Programming Interface

logic low. The values returned are as lolfows . ] .
Every code byle in the Flash amay can be written and the entise

aray can be erased by using Lbe appropriate combination of
contrel signals. The write operation cycle is self-timed and once
intiated. wilt avtomaticaily time itself to compietion.

(030H) = TEH indicates manufaciured by Alimel
{031H) = 51H indicates 85|
{032H) = FFH indicates 12 V programming

(032H) = 05H indicates § V programming . ) )
All major programming vendors offer worldwide support for

the Atmel microcontroiler series, Please contact your local pro-
gramming vendor for the appropriate software revision.

Flash Programming Modes

ALE/ EA/
Mode RST PSEN PROG Yep P26 P2.7 P16 P17
Write Code Cata H L S Wyt L H H H
Read Code Data H L H H L H H
Wrile Lock Bit - § H L p—a HA2V H H H H
Bit - 2 H L A2 Hi2v H H L L
Bit - 3 H L p—a HH2V H L H L
. 2)
Chip Erase H L AT gy H L L L
Read Signaiure Byte H L H H L - L L L
Notes: |. The signaiure byte at location 032H designates whether 2. Chig Erase rzquirzs a 10 ms PROG pulse.
Vpp =12V or Vep = § V should be used 10 enable pro-
gramming.
Figure 3. Programming the Flash Figure 4, Verifying the Fiash
+5v +5Y
ATBSCS1 T ATRSCS T
apon, 29-A7 I, Vee | aopR. A0-AT oy Ve |
OOOOH/COFFFH PGM OOOOHOFFFH PGM DATA
a3 AT F20-P23 PO pe—— 0 ag APl P20-P23 PO |- (UsSE 10K
— P26 —--p P26 PULLUPS)
SEE FLASH ~—~—» P2.7 ALE M—— PROG SEE FLASH ——{ P2.7 ALE i«
PROGRAMMING PROGRAMMING
MODES TABLE —* P2.6 MODES TapLe —# P16 Ly
M P17 e P3Y "
—e——— XTAL2 EA [4+—— Vo/Vew . XTAL 2 EA e
‘[ E
s2amHz| L a2atanz L
- T =T
L1e | =t
o l
%i __k_ XTAL 1 AST le—— V,, — ATAL RST j— V,,
4 GND PSEMN f——— —1 GND PSEMN
| ! |
= = = kS

] AT89C51
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Flash Programming and Verification Characteristics
Ta=21'Clo27'C.Vcc = 5.0 + 10%

Symbeol Parameter- Min Max Units
vee!!l Programming Enable Voltage 11.5 12.5 v
ipp!!! Programming Enable Cument ! 1.0 mA
MeicL Oscillator Frequency 4 24 MHz
tAVGL Address Setup to PROG Low 48lci oL

IGHAX Address Hold AHer PROG __ 4BicLeL

lovaL Data Setup to PROG Low 48l oL

{GHDX Data Hold Atter PROG Bloee

tersH P2.7 (ENABLE) High to Vep 4BICLCL T
isHoL Vpp Setup to PROG Low 10 us
tomsL!) Vpp Held After PRDG 10 s
tGLGH PROG width 1 110 us
lavav Address o Data Valid 481CLCL

lELay ENABLE Low to Dala Valid 4BteL ot

teHaov Dala Float Afler ENABLE 0 48leLeL

tGHaL PROG High to BUSY Low 1.0 us
we Byte Write Cycle Time 2.0 ms

Note: 1+ Only used in 12-voli programming mode.

i



DALLAS

SEMICONDUCTOR

DS1202, DS1202S
Serial Timekeeping Chip

FEATURES

* Realtime clock counts seconds, minutes, hours, date
of the month, month, day of the week, and year with
ieap year compensation

* 24 x 8 RAM for scratchpad data storage
* Serial I/O for minimum pin count

* 2.0-5.5 volt full operation

* Uses less than 300 nA at 2 volts

* Singla-byte or multiple-byte (burst mode} data trans-
ftar for 1ead or write of clock or RAM dala

* 8-pin DIP or optional 16-pin SOIC for surface mount
* Simple 3-wire interface
* TTL-compatible (Vo = 5V)

* Optionalindustrial temperature rangs -40°C to +85°C

ORDERING INFORMATION

DS1202 6—pin DIP
DS1202S  18-pin SOIC
DS120288  6—pin SOIC

DESCRIPTION

The DS1202 Serial Timekseping Chip contains a real
time clock/calendar and 24 bytes of static FAM. It com-
municates with a microprocessor via a simpla serial in-
tarface. The real time clock/calendar provides seconds,
minutes, hours, day, date, month, and year information.
Tha end of the month date is automatically adjusted for
months with less than 31 days, including corrections for

PIN ASSIGNMENT
Nc(d 8] vee
x1 2 7 ;l SCLK
x2[] a 6 1’0
cnp (] 4 55 RST
|
8 PIN DIP
NC mm 1\./ 83 Vco
Xta 2 7hD SCWK
X200 3 s{o Vo
GNDOIJ 4 5 RST
8-PIN S501C
{208 mit)
NC 1 U_ 18 1 vee
NeO 2 15 T3 NC
xt{] 3 14 {1] SCLK
NCOOd 4 13 O] NC
X[l s 12 [ [1] Vo
NC[IT] & 11 [ NC
NC (O] 7 10 O NS
GNO {1 B8 g OO RST
16-PIN S0IC
PIN DESCRIPTION
NC - Mo Connection
X1, X2 —~ 32,768 KHz Crystal Input
GND — Ground
RST - Reset
/0 — Data Input/Qutput
SCLK — Serial Clock
Vee — Power Supply Pin

leap year. The clock operates in either the 24-hour or
12-hour format with an AM/PM indicator. Interfacing the
DS1202 with a microprocessor is simplified by using
synchronous serial communication. Only thres wires
are required 1o communicate with the clock/RAM: (1)
AST (Reset), (2) VO (Data line), and {3) SCLK (Seriat
clock). Data can be transferred to and from the clock/

022254 1711
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