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ABSTRACT

This Programmable Temperature Controller Project using the MCS-51 family
Microprocessor to control the electric equipment such as air-conditioner or heater. The control
range of temperature is 0 °c to 120 °c. The circuits in this control system is used a highest
efficiency integrated circuit to decrease number of the parts. This project enhances the program

writing skill for more complicated and efficient control system.
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ATSUCUBISUTAUALIY IQ 200-350 w1 Tuusudl
AISUTUBIZIINY IDD 1-1.5 fladueudl
nszua Tnaan1sduna IL 5 TuTnsusudl
A Imsulasgangll TCONV 200-500 fladum
fnalniaden TSLOT 60-120 Tulnsduii
ANy VO C IN/OUT 25 W inhsa
naimsgmudeya TRDV 15 Tulas3uid
gmgaingiau To -55 93 +125 | seruxaidua

A15 WA 2.3 uernenmauiianis iWives DS1820

1 o 6" A ' L3 Ul U
daunruguilisumsdsmsnilsdiussgnimuaguauiaves Ds1820 Ivteglugy

g 1 QA g Y M v
vesmsianvesgunglisawavesnisiatiesgnussiinilu Ds1820 ludauvesmiog

o 1 A 0’: . L4 * o
AMUIINIUNUY (scratchpad) Lmz‘UNﬂTQﬁQZST‘NSBﬂUT"lﬁ’ﬁ]'lﬂﬂ'ﬁ'N’d'ﬁ"]Jiy‘UENWN'JUF]'J'IUil'l

o 0" A & o H LS 1] o
HasdunsdamsadiunsFinsemzideigniuiin Blumissanud

scratchpad
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ﬁfy,iymﬂszé’utﬁauﬁmmﬂqﬁquﬁuuazﬁiuﬁu (TH ung TL) wwiszaeudaw 1 lud
EEPROM dhdfgygnaufeunisdumligniiediluds Ds1820 Smaefmaiivnts o
enifldedaiin  Tlnamissaauiididousmualdiozasdiond i ludnvesns
fow TH uor TL vz ildmizennuinilddudemunsmss i i@ iames s

' ] (-3 & 4 A o )
HIUNUY AU scratchpad uazi’fauﬂaauq ﬁﬁ’mmsmmmz@ﬂuﬂznizm'lﬁ'lummn

Y94 LSB
MEMORY AND
CONTROL LOGIC
[
pQ 64-8IT ROM ¢
AND !
1-WIRE PORT -
1 TEMPERATURE SENSOR
INTERNAL Vpp SCRATCHPAD
HIGH TEMPERATURE
TRIGGER, TH
T ‘
LOW TEMPERATURE
TRIGGER, TL
POWER
Voo SUPPLY - 8 BITCRC
SENSE GENERATOR

q1l#1 2.5 viienlaezunsunelu Ds1820

222 msfanlumsiagungd
° YR a Qs a o a &
DSI820  ezsinmisiasgmnail lasenfumaiiamsSauuueeuvesaiin Fuiu
a [y a ¢ A ::’ a o [
maiiamsiagangli Tnemmzvesginselaiiatl Tugui 2.6 uaawbenlaosunsunsdam
~ & Q7 4 o L] o oy 1
gungiives DSIS20 Fszerdemsinguugiilasmsiadnaurseuvesdyguuini
a a J ' ' o a H a J
sondalameTNARTUYT  FaeAaunAvesdygranimiissadamatumeziums

° v R o ae o a o a P '
fmualdnngrnaiamdulseantgunglian  Tlsufdulsz@nsquugiqe Faeeilan

- o [ An v 1 o e o o A o oA ad tg o
anuidggnanimilisiiu  TesfismadudainvseGuivngamgiidigaiiug fe

_s5 paumaldue  Mmmiudygnaninandemnguiteuiifaunaifivn Jimaes

a 3] 1) aa J
gunpiifeuaavafian 55 esruwaler  dAmndwgungiliiuiu  MIudaIkaves

L 4
gangivaziiufeggendt -55 esrnimaidoa
1 4 L 4 [}
Tuhuesafiontul  msseivoemsiuseimualdnnmsiiyaua1naIundess

o & ::’sl o e 1] ~ Sl
Uil UINMR ﬂiuﬁﬂﬁﬂ‘]iﬂ'ﬁﬁfﬂﬁfﬂﬁ"lﬂi'ﬂf’l"lill.ﬂ'ﬂQﬂﬂlﬁﬂUﬁﬂﬂQﬂﬁuIﬁiﬂﬂﬂﬂﬂﬁ%ﬁm WoIN
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4
gumgiiiminun  aeniufwudyanuunfmdanisoundifuse W@eutugud  dan

[ A et Y - a e s &
l.’Jﬁ‘ll.ﬂﬁBQﬁl‘uﬂﬂ‘l’lzt"N‘iIJ‘Hﬁililﬂ‘li'lJi‘lJl.l.ﬂQﬂ1]3 Lﬂﬂmiﬂizil’.lﬁ Nﬁlﬂnaﬂﬂ‘iﬂﬁuﬂ

PRESET

SLOPE ACCUMULATOR

B

COMPARE

LOW TEMPERATURE
COEFFICIENT OSCILLATOR

=

COUNTER

=

PRESET

SET/CLEAR
LSB

INC

HIGH TEMPERATURE
COEFFICIENT OSCILLATOR

COUNTER

STOP

TEMPERATURE REGISTER

3

1% 2.6 vdenlaozunsums dasgungi

° [ ' * d
ﬂ']'iﬂ'luqmﬂ'lﬂ'wlu DS1820 ﬁgiﬁﬂ'lﬂ'l'lilﬂglgﬂﬂ 0.5 ﬂ\iﬂ'll‘}fﬁl‘?fﬂﬂﬁﬂﬂlﬂﬂﬂﬂ\!ﬂ'ﬁ

wasuuasgaungll myswswesgungiiszgndmualinelu 16 ia  Taviifudfgues

Favaesduyszreuniset lumsei 2 urasgudnunzswazBoanmduiusvesde

yamaeinatunssaqungll deyaszgadisenniiueynsuuumsumeiafumede

A (-] o L o~y =) \ : t
ya 1-Wire @1 DS1820 gunsathmsTariqangil Idfudmdug -55 1 +125 oM

[] ] 14
wadeadi 0.5 esmdeady Agamgiingmihmsdiuaslilu Ds1s20 lumenves 05

2 o
serwaifon LsB aeviulilmuuuuvesdeya 9 da

i MsB dadugnSoudoudunnialy MsB gegavesimneigungiivuin 2

v [ A L 1 = " oy o o 1]
Tud Tumbsardidimsswsgangiiuuy 16 a ludnvuzdifgaieg furaslFlum

519% 2 uda
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fgungil AYADAIDIANA (Binary) Avaoai1AYA (Hex)
+125C 00000000 11111010 00FAh
+25C 00000000 00110010 0032h
+1/2C 00000000 00000001 0001h
+C 00000000 00000000 0000h
-12C 11111111 11111111 FFFFh
-25C 11111111 11001110 FFCEh
-55C 11111111 10010010 FF92h

M3 2.4 inuduiufvessgungifudoyaftaonedne -

223 msﬁwmﬂmﬁ'tgtmfmﬁau

ndnnii  DS1820 nmsmamaqmﬂgmﬂﬂwuﬁ'ﬂﬂwaaqmﬁq Aezvhmsnlioy
Lﬁamwaﬁuﬂuﬁtytymﬂizau mmﬁ‘aumanthmnquﬂxtﬂ?uumanﬁnmﬂqﬂﬁuﬁﬂn%
fmunB3vesigamgiiqege (TH) uazdgamglidige (TL) ansatmgangifisald Tae
fezldiuisimae 8 Sadmiunsvinend i MSB ves TH vio TL fasefuftozgnealy
§a SB vesimansgamgivig 16 Ia fwavesnsingungifdquiund TH wied
At TL dwudygrarounslufegnaa %aﬁwﬁmaﬁfmmxﬁam‘fﬂxQns‘)"wmﬂnnﬂ%aﬁ
finsSargumngll Wedwuvesdyg aifeugniim DS1820 winsaouaueni ligms
Sumdyananieuntsdemsuazezsenlivinsae Ds1820 ludnumzviufunawda’ld

A o o g 1 = L] d‘ N g g z Q‘I‘ &
BNINTNADINIT ’JﬂﬂTQﬂlHﬂMULLg’JunﬂmﬁUﬂ'\ﬂﬂﬂﬂ'\‘i')ﬂiuﬂﬂﬂug AYUADUNUI

224 64 limniwaisoy

Tu DsIs20 tuezlszneudeduesiamissnanineniifiaiuenis 64 ia
Tolu 8 Sausnewdiusiaseynsenal family code) 1-Wire 484 DS1820 (DS1820 Hs¥er
fhu 10n) uazdn 48 Sadeuuiiuduszyeynsudiay (serial mumber) uozdn 8 fa ga
Mhefiodutiuiin CRC woe sedausn fauansnsutidan$luglfl 27 mienamdison
nnn 64 Danazdumuguiteidusentitzvenl  Ds1820 awsadhifuginsalduined
mouuy 1-Wire 1 uaglinwoziBoanuils Taneavesszuutia 1-wire Feiladduungdau
Auquang e Ds1820 szdshimnsohumTodhisldoundezimsiasnlys lanea

Aendulumizssanuiseundsiou  Taslumsdumesmaludiundnvosfansunmsdens

>
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9
Tumitsanusiseuszdoddimsdnuienduaciifne 1.01uson 2.uuadson 3.4unisey 4.
3/ A 9/ o et o a I o 9 9/ =1
nszlandwser  SiEBUMITAUNT  waannnumsadnuedsuseunededuadauda

Handud19q ves DS1820 Avzaunsadriield

8-BIT CRC CODE 48-BIT SERIAL 8-BIT FAMILY CODE (10h)
NUMBER

U7 2.7 uermamsuisdulumiasanudisen 64 Ua

225 matanumaeiy :
$ s A a d
Wg1ff 2.8 Wumsde Ds1820 saudululasTlswawed Womsnauguanszes
[] i 4 b d i d
lna sxdunaifiuniyinides vDD vese DS1820 1ussgnde 1ifunsnd udeelésulvidos
. o 3 aad
191011 1o deyaluuuy 1-wire 1nszuuniuguudntulas Tuswamesunu #3571
dmSunsaruguensses Inouas lidesdanumdatieiinouenify Ds1s20 Wgeenn
a o . dy o '3 o o
mzlumstumesmouuy 1-Wire Hszausayhinsfmuanistiau (power on) vosled
3 y

Tanndidsveslulns Tswmaes T lidunldesmdwas sxifuludnyzasnsequundase

] 1 d
Idsseidiudaufulszgnioluled e IniGosesneludaledunu

+5V
T
s GND$ % VDD
pP

Vo

DS$1820

[] i 4
3UM 2.8 ueraanisSamumastie IWides iy DS1820 Tudia 1-Wire

] 1 4 v L4
dmlugi 29 dunslaundssieiifesmouenlify Ds1s20 w. yafiRaseld

M wazmsdansnn lulns Tsmass s IRmilsuRutaz awisofivzde DS1820
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vwutulasldmsdumesaruta 1-wire @eaiuldvatsdiaeiifer  Samunzdudiu

msasviagungiivaroyafinrugu ldnnsves Inarmszuylulas T swa

TO OTHER 1-WIRE

+5V

\ 47K

uP e vo

DEVICES
DS1820

Vi
- O EXTERNAL +5V SUPPLY

117 2.9 urasms Saundatis limousnuazmsdumesiveasan DS1820 AU

1-Wire
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23 Wguf DOT MATRIX LCD MODULE
qﬂns'ﬁﬁuﬂﬂqﬁuﬁ’lud'zuuﬁmwaﬁuﬂzh’f Lep @edudanlng liheeidhunios
@y VEDIO. (5 petIenas, Lﬂémﬁa‘?ﬂquﬁwf], in3eenBNfiuADY 15MBULe DOT
MATRIX LCD MODULE 1{aen1ﬁtﬂumnqﬁ'~n{
1. CHARACTER LCD MODULE
2. GRAPHIC LCD MODULE
3. SEGMENT DISPLAY TYPE LCD MODULE
Tavluusazuuiifesidaszneunguas 14y
1. DOT MATRIX LcD ududawmaldisweariuludnuuemsiauay
Aadaesfuucsidedmvesiidiufnszenussyadn
2. DRIVER dusdudyanuendniuguundundn LCD Sniinils Tav
fiwesfifenidl LCD MODULE 15w HD44100H, MSM5259
3. CONTROLLER tussudoyaninginssimeusnuiuasianisniy
fu LCD MODULE T uLTAIHaARTY  N1TAU8NTIN, NN
Ssousiudy  Taofwed 1 fifenldfufle HDa478 Seazlfuu
CHARACTER LCD MODULE (Judaulvguas wes IC HD61830 9%
19Uy GRAPHIC L.CP MODULE

JumsAnimstenaas19ems Leb MODULE 1 hildBesennimedustaninse
audhleluguues CONTROLLER tfifisanoudauaz Tasuin LCD MODULE 1u
uAazsnudae1ddn CONTROLLER fimdnmsvumienafudiudminguaslu
LCD MODULE usazvuiasiusasnusniednuusstafiivdnnisiamuuudisniu
domun  1c Ailewldidu  CONTROLLER LCD fewes HD470 ez lduuy
CHARACTER LCD MODULE iffudailvg uoziwed I1c HD6is30 exldhuuuy
GRAPHIC LCD MODULE

4 o A L.
up44730  Suled L1 danflsldasugu LD Teoueasnalugddadnusnie
foydnwel dreq  Fauies gunsadeldanuivn 4 BIT vfe 8 BIT AlR  Tasdusde
] ¥ ¥ ] | 4
WUU 4 BIT seéeldeud DB7-DB4 winiulasdayanfusniidaiu HD44780 szdeiiiu

[l [ 4
Yoy 4 BIT U unzfoyafidedenniuiludeoya 4 BIT d
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2.3.1 5190L108AVBIAIT HD44780

1. CLEAR DISPLAY

17 2.10 ttaAIA1Ts CLEAR DISPLAY

[ 1 4 14
fdfsfiszdiunmsidioudositnie SPACE (ascil 208) €h'llu DD RAM i
nuAuagng SET DD RAM ADDRESSER iugud #2 CURSUR szndulieg dumisuu

qadneilevesseniw SET /D =1uaz S liflmsnlaou

2.  RETURN HOME

* No effect

717 2.11 uasids RETURN HOME

fdailesyinms SET DD RAM ADDRESSER iflugud #2 CURSOR wzndu

Tegdmmisuugadnelovessenmdoyalusen linldeu

3.  ENTRY MODE SET

U7 2.12 uaasfrds ENTRY HOME

e o \ A =) \J o
BIT D : Tassziludadmualiiuie@ouniesmdoyaudreinld pp RAM
R 4 2 4
ADDRESS (HudiunilsnIoannvilelas 1= uaz  0=aaamile
BIT S : dlunisfmuauanswa laof

s=1 szdiumslddeyaudain CURSOR egfufdeyaszgasulniedhy &

“
[}

s=0 doyae ogfiufidas CURSOR szgasulinieyniie

36843
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4. DISPLAY ON/OFF CONTROL

3191 2.13 uetaAIde DISPLAY ON/OFF CONTROL

BIT D: ilu BIT 1idlatlameenmiasd

D=1 9% ON

D=0 9 OFF
BIT C: wliudas CURSOR W BITC=1 wuazdlidesmsuans CURSOR BIT C=0
Tao#2 CURSOR zogii LINE8 luuuy 5X7 DOT uazesef LINE 11 lutwy 5X10
DOT
BIT B: U BIT SET m3Nsewsuved CURSOR e B=1 wasewSu B=0 i

ATINSY laeliszoznainmsnsewsulssune 3792 ms

5. CURSOR OR DISPLAY SHIFT

010 0 0 10 (1 | Sk R/L ]

* No effect

717 2.14 uaasR1¥e CURSOR OR DISPLAY SHIFT

Fusrdesmualddumis cURSOR  wiedoyaldifamednonsovnlaglides

¥ dudounsonulagy

S/C R/L

0 0 msto cusor Tnndumiaudulimaednedie 1 dumds
0 1 st cusor Junindumdudufuniseniie 1 dwmvda
1 0 Sumsaudasnusiiialimedw

1 1 dunssuddaysiialdmam

{ A A . o .
A15790 2.5 uaasn1n1siaod CURSOR Tduragdunis




6. FUNCTION SET

RS R/W DBT....coiiiiiiiiiiiiiiieiinni e, DBO0

010 |0 |0 1 | DL

* No effect

7U% 2.15 uaasfds FUNCTION SET

19

BITDL: flums SET msarasdee¥ifuuuy 8 BIT uSe 4BIT lasddeents 4 BIT

DL=1
N : Hums SET ussviamsuanewa N=0 uaad 1 Ussne
N =1 uaas 2 ussia  lunsdiunnnd 2 ussvia AlY SET N=1 )
F : (Hums SET vu1@ DOT msudadma 5X7 n3e 5X10 lag
F =0 whuuuy 5%7 uag F=1 Wuuuy 5X10
N F No. of display Character Duty Remarks
line Front factor
0 0 1 5x7 dots 178
0 1 1 5x10 dots | 1/11
1 * 2 5x7 dots 1716 Cannot display 2 line
With 5x10 dot character font
* No effect

AN 2.6 LAAITIWALIDIAIDYVDIAIAY FUNCTION SET

7. SET CG RAM ADDRESS

RS R/W DB7 ..o DBO
0 10 |0 |1 (A JA A |A]|A [A
< Higher Order Bit Lower Order Bit ->

319 2.16 Liaraedds SET CG RAM ADDRESS

4
Tt HD44780 Wusziimiseazwsieg 2 gafAe DISPLAY DATA RAM (DD RAM)

$719U 80X8 BIT a2 CHARACTER GENERATOR ROM CG RAM §12U 512 BIT

[3 i 4
wag 7200 BIT sadetiezidums SET ADDRESS 1w ¢G RaM  lasdesvhans SET

ADDRESS fisuidsuniogudoynin CG RAM Aay
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8. SET DD RAM ADDRESS
RS R/W DB7 .ottt DBO0

0 |0 |1 |AIlAJA[A A ]A A

< Higher Order Bit Lower Order Bit —>
711 2.17 warasdida  SET DD RAM ADDRESS

9. READ BUSY FLAG AND ADDRESS

€<~ Higher Order Bit Lower Order Bit 2>
71171 2.18 ueradda READ BUSY FLAG AND ADDRESS

[-] Q'l \J . é o/ . @ y 1
Slusdigud1 BUSY FLAG dsesdludiueniida HD44780 Hegluvuiums
(3 ) A 3 o 9
wmnelueg visegluanmmieusziudeyn lau
. P 1 0 1 .u ¥ A o @
BE=1 wnioagluvuumsinunelu lindeusiudeyansomds
BF=0 wiousziudoyansomasld
¥ )
wezueneiniideilumdssudoyn ADDRESS ¥os CG RAM #3® DD RAM #28

10. WRITE DATA TO CG Y39 DD RAM

< Higher Order Bit Lower Order Bit =
711 2.19 urAsAds WRITE DATA TO CG %39 DD RAM

o & A o
dudrdadoudoyadililu cc wie Db rRAM Tauied@sudoyauns ADDRESS
suituvie onlnosaludaaudmidedt SET W ENTRY MODE  fofmuaieefiuilu
msiWoudeyaves CG RAM v3e DD RAM #1ldlasms SET ADDRESS 89 CG

4 '
RAM ¥ip DD RAM Jumireuszioudeyn
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11. READ DATA FROM CG OR DD RAM

<« Higher Order Bit Lower Order Bit =
319 2.20 ua@eA1FI READ DATA FROM CG OR DD RAM

L?Juf‘iﬁadmfhﬂauoamn CG RAM 138 DD RAM lasgus191n DD RAM #3®
CG RAM fin1sezldide SET ADDRESS reuite W3 oyafiem Idfudhu DD o
CG RAM 91n151en1svhaueiininidam LCD MODULE tudw dissusisnds
fadaSuusnuay SET ANuAIMI Iuu1ARI8nYs, CURSOR S TN, et v

@Woudonusidn 1yl DD rRAM 14

232 a9 lumsdeldau HD44780

1. RS (REGISTER SELECTION) wiifusniden REGISTER mwludhiied 2 faile
INSTRUCTION REGISTOR (IR) ita% DATA REGISTOR (DR) Tastuilu 1 szidumsiden
DATA wagduiiu 0 szifiunsiden INSTRUCTION

2. R'W (READ/WRITE) fludafeninzidsunisezsmdoyannsa 1c Tay 61
foya = 1 uaz@oudoya =0

3. (ENABLE SIGNAL) flusidmuaaamasiuidousudeyn

RS R/W E
0 0 ——\____ IR write as internal operation (Display clear, etc.)
0 1 . _/_\_ Read busy flag (DB7) and address counter (DB0-DB6)

1 0 —_\_ DR write as internal operation (DR to DD or CG RAM)

1 1 / \ DR read as internal operation (DD or CG RAM to DR)

A13519% 2.7 1erAea1 REGISTER SECTION

4.pB0-DB7 WuwndeFudideyannd Ic

5.vDD Widseiaees +sv

6.vss i GND

7.v0 {uusy vOLTAGE lumsdu Lep Wardavseiia
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PIN CONNECTION
Pin No. Symbol Level Function
1 Vss - ov
2 VDD - +5V
3 Vo - -
4 RS H/L L : Instruction code input
H : Data input
5 R/W H/L H: Data read (LCD module MPU)
L : Data write (LCD module MPU)
6 E HHL Enable signal
7 DB0 H/L
8 DBI H/L
9 DB2 H/L
10 DB3 H/L Data bus line
11 DB4 H/L
12 DBS5 HL
13 DB6 HL
14 DB7 H/L

#1319 2.8 A9 PIN CONNECTION

110000000000000000
[1ODOOOO000000Co00; i

1o _AAAAAARAAAEAMALAEA o
14 1

719 2.21 ueAeALMiaNIYe LCD MODULE




] ’ 4
A159N 29 uaaIAs AT ITIRUg IUAILRUMISt e UYeIneu Insame s nelu

HYuka

LcDluga
IHaRILRY
.
A9 Atefe 423081
Tums
Yszia
Ha
mBoSveunmarn 0 olo Jo Jo infioiuivounasinunzramod 82 s - 1.64 ms
woillfsdumisduy
Houindivo i 0 olo o Jo Swmnofvof Wogiigaiudy 4ps-1.6ms
fumisdufy unAdamdadoudoynfivou "
wkaInofdoynlu DD RAM
hifinlfounyne
AvunTmmdoude 0 olo Jo |1t fmuafmnamsdouvounod 40ps
3 wofunyiadnus: fadefitnn
shefinssnmiadoutoyat
GaLCD Tugn
AIURUNIIHAAINN 0 oo 1 D nuqulisounaindanioia 40 s
O muguldisodiseiila
#ioida
© unimediwoinseniy
' #aomsohi ()
munumsdouns? 0 ol1 |sc|rL muRuAAouvouReiwe] wops
moiunrdatnyiy unz@adnyszTaoideyatu DD
RraM hiimsfoudag
0 1|{DL {N |F fianua Tvuaduimesmn(oL), 40ps
rneFy inuvosussiafiunaaraN)
' taznINNBoAF)
wausamslu 0 ACG fnusdnmiaansalu CG- 40 s
CG-RAM RAM
wausawmsalu 1 ADD fMnuadmnisusanselu DD- 40 us
DD-RAM RAM
gy BF AC surmuzvounianindun: 1ys
fAurionmn fias]
doudeynTuis Aoudoyalids oG #30 DD- 40ps
CG 470 DD-RAM Goqa"r';vfommiuu RAM fif muadumiisionmase
Buka
sdoynnin dwdoynen OG nie DD- 40ps
CG 30 DD-RAM foyniildenmiss RAM fifimusdumiauoansey
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D =1: tuidu UD =0: af1ay

s =1: Mdnvszezgnidou

SC=1: fdnuszgnidon  S/C=0: mosiwaignidou
RL=1: Bowlmuem

RL=0: foulunwde

DL =1:8 1in DL=0:4 in
N =1:2 usine N =0:1 yssna
F =1:5x10 9 F =0:5x7 {9

BF =1: myinmumweludahineiu

BF =0: musnsudidelmild

DD-RAM : Display data RAM

CG-RAM : Character generator
RAM

ACG : CG RAM address

ADD : DD RAM address

AC : Address counter

$ o & & o
@159 2.9 ufrmmsNﬁ;ﬂmmwugmmm]um'a'vrmu'vmﬂauT'n'a'maai"mﬂ‘lu

LCDuga (¢iB)
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UNN 3

N1I8BNUBY

TumsesauuyInsesnndiozuiaii 2 daude
3.1 MsepnLUUaSALIT

Tumsesnuuueiaufozutiaiiudiudieg fail

3.1.1 MIDBALVUNITAIUAIVAUNAD

- dwtsznana ludimilee 19l Tasrouinsamodiued  ATEOCSI  vosuiim
ATMEL Tmita71u81 FLASH MEMORY $17u 4 Kbytes 39 Tudpedonmitganusiniy
ueniiuidy uasinesaldnu 4 wedn fle Po, P1 P2 uaz P3 TavsiwaziBoansdenasnld
Lt

wosa 0 (Port 0) Miflumesauansna (LCD) Tnofitiivesiues 74HCS41 Apetiiie
Wusnszuaiiiunesa

woia 1 (Port 1) Hiuewiyanesn TasfisWiesiuey 74HCs41 deegiteriunn
nszualiiunedn uazfumslosiu Beudmnesa donsssfideswinamsdon uaglu
Taseendl oz 4ifins woda 1.0 (PL0) W lmauguiind daumedafimiossdoneummaed
Pioszi ¥ b luswnn

woin 2 (Port 2) HiTuBunanesn lnsdesaufuled 74c922 uaz DS1820 Held
wosn 2.0 e wosa 2.3 Hudafusiinadun uayld nesa 2.6 Sudasreaoumsnads uas
ldweosa 2.7 JufAndeny DS1820

woin 3 (Port 3) Mifhunesanrugqumsianu Tasldwesa 3.2 (NTo) Hunesaiild
asanaeumsduansAme Imusodloudoynld 19wesn 3.6 desaufuu RS (Register
Selection) ¥89 LCD odiudamansynamumsieainiolu Led 14mesa 3.7 dosaufua
E (Enable) 494 LCD eifiugatmundaizmsiufeusudoya dauneda 3.0 (RXD) wag
#o¥# 3.1 (TXD) waouuawmed I 3fefiszdofncssandefunouiiume fao 1

- dasusmad Tudfier 19108 74c922 Fushuledivimihilumsaunusiden
Aduna 4 qa 4 Tnotieniaeenuuiiuluus 4 5a (1 14-15) Fensdernesidunaszuans
ogfaguit 3 vosmamanTavafdaen uanalumse 3.1 uasldan 12 Suddsdyaraly

MIATIVADUMINARG
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fumiaRd Output
DCBA

RO,CO 0000
RO,C1 0001
RO,C2 0010
RO,C3 0011
R1,CO 0100
R1,C1 0101
R1,C2 0110
R1,C3 0111
R2,CO 1000
R2,C1 1001
R2.C2 1010
R2,C3 1011
R3,CO 1100
R3,C1 1101
R3,C2 1110
R3,C3 1111

A131971 3.1 UerALA I MINAYDY 74C922

- druneraera denld LCD wwa 16 @dnus 2 vstaudaimn (16x2) 1§
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48

8051 Cross-Assembler (1.3) (C) 1987, 1989 Binary Technology
P6.ASM
1 e ittt bt b ket
2 :Define Port&Pin Name
3 jemm e
00A6= 4 P_KEY BIT P2.6 ; Check push Key
00A7= 5 ONEWIRE BIT P2.7 ; 1l-Wire Interface (DS1820
Temp Sensor)
00B6= 6 LCD_RS BIT P3.6 ; LCD Register Select
00B7= 7 LCD_EN BIT P3.7 ; LCD Enable (Active High
: Level)
0090= 8 RELAY BIT P1.0 ; Output Control
9 Jomm e mm—es e — e m oo
10 ;:Define Flag
11 ettt bttt
002F= 12 FLAG EQU 02FH ; User Flag
0078= 13 BUSY BIT FLAG.O
14 e it
15 :Define Register Control
16 P ittt btott e
0030= 17 LCD_ADDR EQU 030H ; For Keep LCD Address
0031= 18 LCD_DATA EQU 031H : For Keep LCD Data
0032= 19 ONEWIRE_DATA EQU 032H ; For Keep Onewire Data
0033= 20 TEMP EQU 033H ; For Keep Temp Data (Temp
L Only)
0034= 21 KEY_DATA EQU 034H ; For Keep Key Data
0035= 22 SEC EQU 035H ; For Keep Seconds
0036= 23 MIN EQU 036H ; For Keep Minutes
0037= 24 S_TEMP EQU 037H ; For Keep Set Temp.
0038= 25 S_TEMP_X 2 EQU 038H ; For Keep Set Temp. x2
26 ittt tted
27 ;Define Buffer
28 P il bl bttt
0040= 29 S_TEMP1 EQU 040H ; For Keep Set Temp. x100
0041= 30 S_TEMP2  EQU 041H ; For Keep Set Temp. x10
0042= 31 S_TEMP3 EQU 042H ; For Keep Set Temp. x1
0043= 32 S_TIME1l EQU 043H ; For Keep Set Timer x100
0044= 33 S _TIME2 EQU 044H ; For Keep Set Timer x10
0045= 34 S_TIME3 EQU 045H : For Keep Set Timer x1
0046= 35 TEMP_TEMP EQU 046H ; Temp for Set Temp.
0047= 36 TEMP_MIN EQU 047H : Temp for Set MIN
37 e e
38 ;s START PROGRAM
39 jemmm— e
0000 40 ORG 0000H ; Reset Vector
0000 0106 41 AJMP INITIAL ; Jump Pass Interrupt
Service
42 e -
43 ; EXTERNAL INTERUPT O
44 e
0003 45 ORG 0003H ; IEO0 Vector
0003 020256 46 LJMP INT O ; Jump To Interrupt
Service Program
47 ;- - -
48 ;Initialize Port Register
49 it ittt
0006 758000 50 INITIAL: MOV PO,#00000000B ; Clear Data Bus
0009 7590EF 51 MOV P1,#11101111B ; Clear Status All Device
000C 75A0FF 52 MOV P2,$#11111111B ; Clear Status Address Bus
000F 75BO1F 53 MOV P3,#00011111B ; Clear Status Port3
54 R bttt bttt
55 ;Show Title
56 i --
0012 B1OE 57 START: ACALL INIT_ LCD ; Initialize LCD
0014 753000 58 MOV  LCD_ADDR, #00H ; Show Title Project
0017 B15A 59 ACALL SET_ADDR LCD
0019 90060C 60 MOV DPTR, #TITLEl
001C Bl6F 61 ACALL WRLINE_LCD
001E B1CS8 62 "ACARLL DELAY_1ls
63

0020753000 64 MOV_- LCD_ADDR,#00H
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0023
0025
0028
002a

0o2c
002F
0031
0034
0036

0038

003A
003D
003F
0042
0044
0047
0049
004cC
004E

0050

0052
0055
0058
005B

005E
0061
0063
0066

0068
006B
006D
0070

0072
0074
0077
0079
007¢C
007F
0081
0084

0086
0089
008B
008E

0090
0092

0094
0096
0099

009B

009D
00AO
00A2
00A4
00A6
OOAS8

B15A
90061C
Bl6F
B1C8

753000
B15A
90062C
B16F
B1C8

B129

753000
B15A
90063C
B16F
753040
B15A
90064C
Bl6F
B1C8

B129

753600
753500
753700
753800

753000
B15A
9005D0
B16F

753040
B15A
9005E0
B16F

E535
B40026
E537
B5461F
753040
B15A
9005E0
Bl6F

753040
B15A
853731
9191

915C
71E8

B1C8
75A881
0172

212¢

757800
E532
AB838
5153
4042
753040

ACALL
MoV

ACALL
ACALL

MOV
ACALL
MOV
ACALL
ACALL

ACALL

MOV
MoV
MOV

MoV
ACALL
MOV
ACALL

MoV
ACALL
MOV
ACALL

LOOP: MOV
CJNE
MOV
CJNE
MOV
ACALL
MOV
ACALL

MOV
ACALL
MOV
ACALL

ACALL
ACALL
ACALL

MOV
AJMP

SET_ADDR_LCD
DPTR, #TITLE2
WRLINE_LCD
DELAY Is

LCD_ADDR, #00H
SET_ADDR_LCD
DPTR, #TITLE3
WRLINE_ LCD
DELAY_1s

ICD_CLR

LCD_ADDR, #00H
SET_ADDR_LCD
DPTR, #TITLE4
WRLINE_LCD
LCD_ADDR, #40H
SET_ADDR_LCD
DPTR, #TITLES
WRLINE_LCD
DELAY 1s

LCD_CLR

MIN, #00H ; Clear Register
SEC, #00H

S_TEMP, #00H

S_TEMP_X_2,#00H

LCD_ADDR, #00H ; Show Title Temp.
SET_ADDR_LCD

DPTR, #TITLE_1

WRLINE LCD

LCD_ADDR, #040H ; Show Title Set Data
SET_ADDR_LCD

DPTR, #TITLE_2

WRLINE_LCD

A, SEC

A, #00H, CONTINUE ; Check Set Time?
A,S_TEMP

A,TEMP TEMP,CONTROL1

LCD_ADDR, #040H

SET_ADDR_LCD

DPTR, #TITLE_2

WRLINE_LCD

LCD_ADDR, #040H
SET_ADDR_LCD
LCD_DATA, S_TEMP
HEX2LCD3

TIME_SHOW
DS1820
DELAY_1s

IE,#10000001B ; Enable INTO
LOOP

CONTROL1: AJMP TEMP_CON_1

R CONTINUE LOOP-===m=====m
CONTINUE: MOV IE,#00000000B ; Disable INTO

MOV
MOV
ACALL
Jc
Mov

A,ONEWIRE DATA

RO,S_TEMP X 2

SUB_A_RO

CONTI_HOT ; Check Hot<>Cool
LCD_ADDR, #040H
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00AB B15A 138 ACALL SET_ADDR_LCD
00AD 853731 139 MOV LCD_ DATA S_TEMP
00BO 9191 140 ACALL HEX2LCD3
141
00B2 753048 142 MOV LCD_ADDR,#048H
00B5 B15Aa 143 ACALL SET_ADDR_LCD
00B7 9005F0 144 MOV DPTR, #KEY_CON
00BA B1l6F 145 ACALL WRLINE_LCD
146
00BC 71ES8 147 ACALL DS1820
148
00BE C290 149 CONTI_COOL: CLR RELAY ; Relay On
00CO 75300B 150 MOV LCD_ADDR, #00BH
00C3 B15A 151 ACALL SET_ADDR_LCD
00C5 S005F8 152 MOV DPTR, #RELAY_ON
00C8 B1l6F 153 ACALL WRLINE_LCD
ooca 71E8 154 ACALL DS1820
00CC E538 155 MOV  A,S_TEMP X 2
00CE A832 156 MoV RO ONEWIRE_ _DATA
00DO 5153 157 ACALL SUB_A_RO
00D2 40EA 158 Jc CONTI_COOL ; ONEWIRE_DATA > S_TEMP
00D4 79D2 159 MOV  R1,#210
160
00D6 D290 161 CONTI_COOLl: SETB RELAY ; Relay Off
00D8 75300B 162 MOV LCD_ADDR, #00BH
00DB B15A 163 ACALL SET_ADDR_LCD
00DD S005FD 164 MOV DPTR, #RELAY_OFF
00EO Bl6F 165 ACALL WRLINE_LCD
00E2 71ES8 166 ACALL DS1820
00E4 B1C8 167 ACALL DELAY 1ls
00E6 DYEE 168 DJNZ R1,CONTI_COOLl ; Rl = 0?
00E8 O1BE 169 AJMP CONTI_COOL
170
00EA 753040 171 CONTI_HOT: MOV LCD_ADDR, #040H ; Show Set Temp.
O00OED B15A 172 ACALL SET_ADDR_LCD
O0OEF 853731 173 MOV LCD_DATA, S_TEMP
00F2 9191 174 ACALL HEX2LCD3
175
00F4 753048 176 MOV LCD_ADDR, #048H ; Show Continue
00F7 B15A 177 ACALL SET_ADDR_LCD
00F9 S005F0 178 MOV DPTR, #KEY_CON
00FC Bl6F 179 ACALL WRLINE_LCD
180
OOFE 71E8 181 ACALL DS1820 ; Show Temp.
182
0100 C290 183 CONTI_HOT1l: CLR RELAY ; Relay On
0102 75300B 184 MOV LCD_ADDR, #00BH
0105 B15A 185 ACALL SET ADDR LCD
0107 9005E8 186 MOV DPTR #RELAX ON
010A B1l6F 187 ACALL WRLINE LCD
010C 71ES8 188 ACALL DS1820
010E E532 189 MOV  A,ONEWIRE_DATA
0110 A838 190 MOV RO,S_TEMP X 2
0112 5153 191 ACALL SUB_A RO
0114 40EA ’ 192 Jc CONTI_HOT1 ; S_TEMP > ONEWIRE_DATA
0116 79D2 193 MOV R1,#210
194
0118 D290 195 CONTI_HOT2: SETB RELAY ; Relay Off
011A 75300B 196 MOV LCD_ADDR, #00BH
011D B15A 197 ACALL SET ADDR LCD
011F S005FD 198 MOV DPTR, #RELAY OFF
0122 B1l6F 199 ACALL WRLINE_LCD
0124 71ES8 200 ACALL DsS1820
0126 B1C8 201 ACALL DELAY_ls
0128 DSEE 202 DJNZ R1,CONTI_HOT2
012A 2100 203 AJMP CONTI_HOT1
204
205 @ jemeeee- SET TIME = 000:00----==w—-=; ;Time 000:00
012C 75A800 206 TEMP CON_1: MOV IE,#00000000B ; Dlsable INTO
012F A936 207 MOV R1,MIN
0131 B90072 208 CJINE Rl,#OOH,TEMP_pON_Z ; Check Set Time?
0134 E532 209 MOV  A,ONEWIRE_DATA

0136 A838 210 MOV _RO,S_TEMP_X 2
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01B1
01B4
01B6
01B9
01BB
01BE
01co
01cC3

5153
4035

753040
B15A
853731
9191
753500

915C
71E8

Cc290
75300B
B15A
9005F8
B16F
71E8
E538
A832
5153
40EA
D290
75300B
B15A
9005FD
B16F
0152

753040
B1l5A
853731
9191
753500

915C
71E8

C290
75300B
B15A
9005F8
B1l6F
71E8
E532
A838
5153
40EA
D290
75300B
B15A
9005FD
Bl6F
0152

75A800
E532
A838
5153
4051

75300B
B15A
900602
B16F
753040
B15SA
853731
9191

ACALL SUB_A | RO
Jc LOOP1 HOT ; Check Hot<>Cool

MOV  LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  LCD_DATA,S_TEMP
ACALL HEX2LCD3

MOV  SEC, #00H

ACALL TIME_SHOW
ACALL DS1820

LOOPl COOL: CLR RELAY ; Relay On
Mov LCD_ADDR, #00BH ; Show Status On
ACALL SET ADDR LCD
MOV DPTR #RELAY ON
ACALL WRLINE LCD
ACALL DS1820
MOV A,S_ TEMP_X_ 2
MOV RO, ONEWIRE DATA
ACALL SUB_A_RO
Jc LOOP1_COOL
SETB RELAY
MOV LCD_ADDR,#OOBH
ACALL SET_ADDR_LCD
MOV DPTR, #RELAY_OFF
ACALL WRLINE LCD
AJMP MAIN

ONEWIRE DATA > S_TEMP
Relay Off
Show Status Off

Ne Na N

LOOP1_HOT: MOV LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV LCD_|  DATA, S_TEMP
ACALL HEXZ2LCD3
MOV SEC, #00H

ACALL TIME_ SHOW
ACALL DsS1820

LOOP1_HOT1: CLR RELAY ; Relay On
MOV ~ LCD_ADDR, #00BH ; Show Status On
ACALL SET_ADDR_LCD
MOV  DPTR, #RELAY ON
ACALL WRLINE LCD
ACALL DsS1820
MOV  A,ONEWIRE DATA
MOV RO,S_TEMP X 2
ACALL SUB_A RO
Jac LOOP1_HOT1
SETB RELAY
MOV  LCD_ADDR, #00BH
ACALL SET ADDR_LCD
MOV  DPTR, #RELAY_ OFF
ACALL WRLINE LCD
AJMP MAIN

S_TEMP > ONEWIRE_DATA
Relay Off
Show Status Off

Ne Ne e

P ———— TIMER-=—=w=——————————? :Time <> 000:00
TEMP CON_2: MOV IE,#00000000B ; Disable INTO
MOV A,ONEWIRE_DATA
MoV Ro,s_TEMP_x_z
ACALL SUB_A_RO
Jc LOOP2_HOT ; Check Hot<>Cool

MOV LCD_ADDR, #00BH
ACALL SET_ADDR_LCD
MOV DPTR, #TIMER_ON
ACALL WRLINE_LCD

MOV LCD_ADDR, #040H
ACALL SET ADDR LCD
MOV LCD DATR, S __TEMP
ACALL HEXZLCD3
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01cs
01c7

01co
oicc

01CE,
01D0
01D2
01D4
01D6
01D9
01DB
01DE
01E0
01E3
01ES
01E8
O1EA
01EC
01EE
01F0
01F2
01F4
01F6
01F9
01FB
O1FE
0200

0202
0205
0207
020A
020C
020F
0211
0214

0216
0218

021A
021D

021F
0221
0223
0225
0227
0222
022C
022F
0231
0234
0236
0239
023B
023D
023F
0241
0243
0245
0247
024A
024C
024F
0251

915¢C
71E8

75353C
1536

913C
71E8
915C
A936
B90OF5
A935
B900OF0
C290
75300B
B15a
9005F8
B16F
71E8
E538
A832
5153
40EA
D230
75300B
B15A
9005FD
B16F
0152

753040
B15A
853731
9191
75300B
B15A
900602
B16F

915C
71E8

75353C
1536

913C
71E8
915C
A936
BY90OFS
A935
B900OFO0
C290
75300B
B15A
9005F8
B16F
71E8
E532
A838
5153
40EA
D290
75300B
B15A
9005FD
Bl6F
0152

ACALL TIME SHOW
ACALL DS1820

MOV
DEC

SEC, #60
MIN

LOOP4: ACALL TIME COUNT
ACALL DS1820
ACALL TIME_SHOW

MOV R1,MIN
CJNE R1,#00H,LOOP4
MOV R1, SEC

CJNE R1,#00H, LOOP4
LOOP2_COOL: CLR RELAY

MOV  LCD_ADDR, #00BH

ACALL SET_ADDR_LCD

MOV  DPTR, #RELAY_ ON

ACALL WRLINE_LCD

ACALL DS1820

MOV  A,S_TEMP X 2

MOV  RO,ONEWIRE_DATA

ACALL SUB_A_RO

JC  LOOP2_COOL

SETB RELAY

MOV  LCD_ADDR, #00BH

ACALL SET_ADDR_LCD

MOV  DPTR, #RELAY_OFF

ACALL WRLINE_LCD

AJMP MAIN

. N

~e e o

Relay On
Show Status On

ONEWIRE_DATA > S_TEMP
Relay Off
Show Status Off

LOOP2_HOT :MOV LCD_ADDR, #040H

ACALL SET_ADDR_LCD
MOV  LCD_DATA,S_TEMP
ACALL HEX2LCD3

MOV  LCD_ADDR, #00BH
ACALL SET_ADDR_LCD
MOV  DPTR, #TIMER_ON
ACALL WRLINE_LCD

ACALL TIME_SHOW

ACALL DsS1820 i
MOV SEC, #60 ;
DEC MIN

LOOP4_1: ACALL TIME _COUNT :
ACALL DS1820
ACALL TIME_SHOW

MOV  R1,MIN
CJINE- R1,#00H,LOOP4_1
MOV  R1,SEC

CJNE R1,#00H,LOOP4_1
LOOP2_HOT1l: CLR RELAY

MOv  LCD_ADDR, #00BH

ACALL SET_ADDR_LCD

MOV  DPTR, #RELAY ON

ACALL WRLINE_LCD

ACALL DS1820

MOV  A,ONEWIRE_DATA

MOV  RO,S_TEMP X_2

ACALL SUB_A_RO

JC  LOOP2_HOT1
RELAY
LCD_ADDR, #00BH
ACALL SET_ADDR_LCD
DPTR, #RELAY OFF
ACALL WRLINE_LCD

Ne e

e Ne N

~

~e

Show TEMP.

Start SEC = 60

Timer

[}

MIN 0?

SEC = 0?
Relay On
Show Status On

S_TEMP > ONEWIRE DATA
Relay Off
Show Status Off
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0253
0254
0255

0256
0258
025B
025E
0261
0264
0266
0269

026B
026E
0270
0273

0275
0278
027a
027D

027F

0281
0283
0286
0289
028C
028F
0292
0294
0297

0299
029C
029E
02A1

02A3
02A5

0277
02An
02AD
02B0O
02B3

02B6
02B9
02BB
02BE

02Co0
02C3
02C5
02Cs8
oz2Cca
o2cc

02CE
02D1
02D3

02D5
02D8
02DA
02DD

02DF

C3

22

COEO
75A800
853647
853746
75300B
B15A
900607
B16F

753040
B15A
9005E0
B16F

753040
B15A
853731
9191

915C

51F9
B40321
854736
854637
753500
753040
B15A
9005E0
Blé6F

753040
B15A
853731
9191

915C
41F6

B40E24
753600
753700
753500
753800

753040
B15A
9005E0
Blé6F

753040
B15A
853731
9191
915C
4181

B40704
7158
4181

B40BOC
71A3
753500
4181

B40COF

SUB_A_RO: CLR C
SUBB A,RO
RET

>~ e

INT 0: PUSH ACC
MOV  IE,#00000000B ;
MOV  TEMP MIN,MIN ;
MOV  TEMP_TEMP,S_TEMP
MOV  LCD_ADDR, #00BH ;
ACALL SET_ADDR_LCD
MOV  DPTR, #INPUT_KEY
ACALL WRLINE_LCD

MOV  LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  DPTR, #TITLE_2
ACALL WRLINE_LCD

MOV  LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  LCD_DATA,S_TEMP
ACALL HEXZ2LCD3

ACALL TIME_ SHOW

READ KEY: ACALL GET_KEY
CJNE A, #03H,GET_KEY_1
MOV  MIN,TEMP_MIN
MOV  S_TEMP,TEMP_TEMP
MOV  SEC, #00H
MOV  LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  DPTR, #TITLE_2
ACALL WRLINE_LCD

MOV LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  LCD_DATA,S_TEMP
ACALL HEXZLCD3

ACALL TIME_SHOW
AJMP WR_KEY ;

GET_KEY 1: CJNE A,#0OEH,GET
MOV  MIN, #00H
MOV  S_TEMP,#00H
MOV  SEC, #00H
MOV  S_TEMP X 2,#00H

~a %o N

MOV  LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV  DPTR, #TITLE_2
ACALL WRLINE_LCD

MOV LCD_ADDR, #040H
ACALL SET_ADDR_LCD
MOV LCD_DATA, S_TEMP
ACALL HEX2LCD3

ACALL TIME_SHOW

AJMP READ_KEY

Clear Carry Flag
A - RO No Carry Flag

Disable INTO

Save MIN to temp

; Save Set Temp. to temp
Show Title Input Key

Check Push KEY DATA
; ESC KEY

Exit Input KEY DATA

KEY 2 ; CLR KEY

Clear Minute

Clear Set Temperature
Clear Second

;: Clear Set Temp.x2

GET _KEY 2: CJINE A,#07H,GET_KEY_3 ; SET TEMP KEY

ACALL SET_TEMP
AJMP READ_KEY

GET KEY 3: CJNE A, #00BH,GET_KEY_4 ; SET TIME KEY

ACALL SET_TIME
MOV  SEC, #00
AJMP READ_KEY

GET, KEY_5: CJNE A, #00CH, READ KEY| ; ENTER KEY
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02E2
02E4
02E7
02EA
02EC
02EF
02F1
02F4
02F6
02F8

0358
035B
035D
035F
0361
0363
0366
0368
0362
036C
036F
0370
0372
0374
0376
0378
037B

41F6
B40FF8
753048
B15A
9005F0
B16F
7535FF
4181
DOEO
32

B1BB
20A6FD
30A6FD
85FFA0Q
E5A0
540F
22

B40005

753040
B15A
B152
51F9
7109
853440
E534
9171
E540
75F064
A4
F540
B152
51F9
7109
853441
E534

GET_KEY 4:

WR_KEY:

KEY_NX3: CJNE A

KEY NX5: CJNE A

KEY NX7: CJINE A

KEY NX9: CJINE A

AJMP WR KEY

MOV  LCD ADDR,#048H
ACALL SET_ADDR_LCD
MOV  DPTR, #KEY_ CON
ACALL WRLINE_LCD

MOV  SEC, #0FFH

AJMP READ KEY

POP ACC

RETI

GET KEY: ACALL DELAY_100ms
GET KEYl JB P_KEY, GET _KEY1 ; Check Push KEY
GET KEY_NX: JNB P_KEY, GET KEY_ NX

MOV P2, 0FFH
MOV A, D2
ANL A,#00001111B

GET KEY 0 _9: CJNE A,#00H,KEY NX1 ; Key Number 9

MOV KEY_DATA, #09H
SJMP END_. _KEY

MOV  KEY_ DATA,#O08H
SJMP END KEY
SJMP END_KEY

MOV  KEY DATA #06H
SJMP END_KEY

MoV KEY_DATA, #05H
SJMP END_| _KEY

MOV KEY_| DATA #04H
SJMP END_| _ KEY

MOV KEY_DATA, #034
SJMP END_KEY

MOV KEY DATA,#OZH
SJMP END KEY

MOV  KEY_DATA,#01H
SJMP END_KEY

MOV  KEY DATA,#OOH

END_KEY :RET

SET TEMP: MOV LCD_ADDR,#040H ; Set address

ACALL SET ADDR LCD
ACALL LCD_ _BLINK
ACALL GET_] " KEY
ACALL GET KEY 0_9

MOV S TEMP1,. KEY DAT

MOV A, KEY_DATA
ACALL HEX2LCD1
MOV A, S_TEMP1
MOV B, #100

MUL AB

MOV  S_TEMP1,A
ACALL LCD_BLINK
ACALL GET_KEY
ACALL GET_KEY 0_9

.
’

.
’

~e S \.

KEY NX1: CJNE A, #01H,KEY_NX2
KEY NX2: CJNE A, #02H,KEY_NX3

MOV  KEY_DATA, #07H
A, #04H, KEY_NX4
KEY_NX4: CJNE A, #05H,KEY_NX5
A, #06H, KEY_NX6

KEY NX6: CJINE 3, #08H, KEY_NX7

A, #09H, KEY_NX8

.
‘
.
‘
o
’

A

e “o

MOV S TEMPZ KEY DATA

MoV A, KEY DATA

Exit Input KEY DATA

CJNE A,#00FH,GET_KEY 5 ; TIME Continue

Exit Input KEY DATA

Delay

PZ = Input Port
Keep Data
Lower Byte

; Key Number 8

Key Number 7

~

Ne

Key Number 6

Key Number 5

Key Number 4

~

Key Number 3

~

; Key Number 2

KEY_NX8: CJNE A, #00AH,KEY NX9 ; Key Number 1

A, #00DH,END_KEY ; Key Number 0

Cursor On
Get Key
Check key 0-9

Write to LCD

Keep the hundreds
Cursor On
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037D 9171 503 ACALL HEX2LCD1
037F E541 504 MOV A,S_TEMP2
0381 75F00A 505 MoV B, #10
0384 A4 506 MUL AB
0385 F541 507 MOV s _TEMP2,A ; Keep the tens
0387 B152 508 ACALL LCD BLINK ; Cursor On
0389 51F9 509 ACALL GET_KEY
038B 7109 510 ACALL GET_KEY_0_9
038D 853442 511 MOV  S_TEMP3,KEY_DATA
0390 E534 512 MOV  A,KEY_DATA
0392 9171 513 ACALL HEX2LCD1l
0394 ES542 514 MOV  A,S_TEMP3
0396 2540 515 ADD A,S_TEMP1
0398 2541 516 ADD A,S_TEMP2
039A F537 517 MOV  S_TEMP,A ; Keep Set TEMP. to S_TEMP
518
039C 75F002 519 MOV B, #2
039F A4 520 MUL AB ; Set TEMP. x2
03A0 F538 521 MOV  S_TEMP X 2,A
03a2 22 522 RET
523 e ittty
524 ;Set Time
525 jmmmm e
03A3 75304A 526 SET_TIME: MOV LCD_ADDR,#04AH ; MIN
03A6 B15A 527 ACALL SET_ADDR_LCD
03A8 B152 528 ACALL LCD_BLINK ; Cursor On
03AA 51F9 529 ACALL GET_KEY ; Get Key
03AC 7109 530 ACALL GET_KEY_0_9 ; Check key 0-9
O3AE 853443 531 MoV S_TIME1l,KEY_DATA
03B1 E534 532 MOV A,KEY_DATA
03B3 9171 533 ACALL HEX2LCD1 ; Write to LCD
03B5 E543 534 MoV A,S_TIMEl
03B7 75F064 535 MOV B, #100
03BA A4 536 MUL AB ; x100
03BB F543 537 MOV  S_TIMELl,A ; Keep the hundreds
03BD B152 538 ACALL LCD_BLINK ¢ Cursor On
03BF 51F9 539 ACALL GET_KEY
03C1 7109 540 ACALL GET_KEY_0_9
03C3 853444 541 MOV S_TIME2,KEY_ DATA
03C6 E534 542 MOV  A,KEY_DATA
03Cc8 9171 543 ACALL HEX2LCD1l
03CA E544 544 MOV A,S_TIME2
03CC 75F00A 545 MOV B, #10
03CF A4 546 MUL AB ; x10
03D0 F544 547 MOV S_TIMEZ2,A ; Keep the tens
03D2 B152 548 ACALL LCD_BLINK ; Cursor On
03D4 51F9 549 ACALL GET_KEY
03Dp6 7109 550 ACALL GET_KEY 0_9
03D8 853445 551 MOV S_TIME3,KEY_DATA
03DB E534 552 MOV A,KEY_DATA
03DD 9171 553 ACALL HEX2LCD1
03DF E545 554 MOV  A,S_TIME3
03E1l 2543 555 ADD A,S_TIMEl ; Add A for The hundreds
03E3 2544 556 ADD A,S_TIME2 ; Add A For The tens
03E5 F536 557 MOV  MIN,A ; Keep Set Time to MIN
03E7 22 558 RET
559 ittt bt
560 ;DS1820 Show Temperture
561 e
03E8 91ED 562 DS1820: ACALL DS1820_RST ; DS1820 Reset
03EA 91F8 563 ACALL DS1820_PRES ; DS1820 Presence
03EC 7532CC 564 MOV ONEWIRE_DATA, #0CCH ; Write Skip ROM
03EF 91CD 565 ACALL DS1820_WR
03F1 753244 566 MOV  ONEWIRE_DATA,#044H ; Write Convert
Command
03F4 91CD 567 ACALL DS1820_WR
568
03F6 D278 569 SETB BUSY ; Set bit Busy
03F8 91ED 570 PRES_CHK_LOOP: ACALL DS1820_RST ; DS1820 Reset
O3FA 91F8 571 ACALL DS1820_PRES ; DS1820 Presence
03FC 2078F9 572 JB BUSY, PRES_CHK_LOOP ; Wait for Busy
O3FF 00 573 NOP : Delay

0400 .00 574 NOP
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0401
0402
0403
0405
0407
040A
040C

040F

0411
0413

0416
0418

041A
041D
041F
0421
0422
0423
0425

0427
042A
042C
042E
0431
0434
0436
0439
043B

043C
043E

0440
0442
0443
0445
0448
044A
044cC

044F
0451
0453
0454
0456
0459
045B

045C
045F
0461
0464

0466
0469
046B
046E
0470

0471
0473

00

00
91ED
91F8
7532CC
91CD
7532BE

91CD

91B6
853233

91ED
91F8

753000
B15A
E533

753004
B15A
E533
30E005
753135
8139
753130
B165
22

COEO
B1C8

E535

F535
B40011
E536
600A
75353B

E536
6003

F536
B40000
DOEO

75304A
B15A
853631
9191

75304E
B15A
853531
9178
22

2430
F531

575
576
577
578
579
580
581

582

585

NOP
NOP
ACALL
ACALL
MOV
ACALL
MOV

ACALL

ACALL
MOV

ACALL
ACALL

MOV
ACALL
MOV
CLR
RRC
MOV
ACALL

MOV
ACALL
MOV
JNB
MOV
AJMP

DS1820_RST ; DS1
DS1820 PRES ; DS1
ONEWIRE_DATA, #OCCH ;
DS1820 WR

ONEWIRE_DATA, #0BEH ;

DS1820_WR

DS1820_RD ; Rea
TEMP,ONEWIRE_ DATA ;
DS1820_RST ; DSl
DsS1820_PRES ; Ds1

LCD_ADDR, #000H ; Set
SET_ADDR_LCD

A, TEMP ; Get
c ; Cle
A ; Rot
LCD_DATA,A ; Wri
HEX2LCD3

LCD_ADDR, #004H
SET_ADDR_LCD

A, TEMP
ACC.O,WRITE_OC ; Che
LCD_DATA,#'5' ; set
WRITE_NEXT

WRITE 0C: MOV LCD DATA,#'0' ; N

WRITE_NEXT:

RET

ACALL WRCHAR LCD

TIME _COUNT: PUSH ACC
ACALL DELAY_ls ; Del
jo——————— SEC--——w=rmmom————
MOV  A,SEC
DEC A
MOV  SEC,A
CJNE A,#00,FINISH ; SEC
MOV  A,MIN
Jz MIN_ 1 ; MIN
MOV  SEC,#59
§om MIN-==———————————
MOV  A,MIN
Jz MIN 1 ¢ MIN
DEC A
MOV  MIN,A
MIN 1: CJNE A,#00,FINISH ; MIN
FINISH: POP ACC ; Exi

RET

TIME_SHOW:
ACALL
MOV
ACALL

MoV
ACALL
MOV
ACALL
RET

MOV LCD ADDR,#04AH ;
SET_ADDR_LCD
LCD_DATA, MIN
HEX2LCD3

LCD_ADDR, #04EH ; Set
SET_ADDR_1CD
LCD_DATA, SEC
HEX2LCD2

14

;HEX Code to Show LCD 1 Digi

HEX2LCD1: ADD A,#030H

MoV

LCD,_.DATA, A

820 Reset
820 Presence
Write Skip ROM

Write Read
Scratchpad Command

d DS1820
Get First Byte AS
TEMP (L)

820 Reset
820 Presence

Address ILCD
Temp. Data
ar Carry Flag

ate ACC
te in 3 Digi

ck LSB was set
=> write '5°'

o set => write '0°

ay 1s

]

0?2

= 0?
t

Set Address MIN

Address SEC

; Convert to ASCII
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0475
0477

0478
047a
047cC
047F
0480
0482
0484
0486
0488
048A
048C
048E
0490

0491
0493
0495
0498
0499
049B
049D
049F
04Al
04n4
04AS
04A7
04A9
04AB
04AD
04AF
04B1
04B3
04B5

04B6
04B8
04B9
04BB
04BC
04BD
04BF
04C0
04C1
04c2
04c3

04C5
.04c7

04cCs
04ca
04cc

04CD
04CF
04D1

04D2
04D4
04D6
04D7
04D8

B165
22

COEO
E531
75F00A

2430
F531
B165
ESF0
2430
F531
B165
DOEO
22

COEO
E531
75F064

2430
F531
B165
ESFO
75F00A

2430
F531
B165
E5FO0
2430
F531
B165
DOEO
22

702
703
704
705
706
707
708
709
710

711
712
713
714
715

ACALL WRCHAR LCD

RET
;HEX Code to Show LCD
HEX2LCD2: PUSH ACC
MOV A,LCD_DATA
MOV B, #10
DIV AB
ADD A, #030H
MoV LCD_DATA,A
ACALL WRCHAR_LCD
MOV A,B

ADD A, #030H
MOV ~ LCD_DATA,A
ACALL WRCHAR_LCD
POP  ACC

RET

HEX2LCD3: PUSH ACC

MOV  A,LCD_DATA
MOV B, #100

DIV  AB

ADD A, #030H
MOV  LCD_DATA,A
ACALL WRCHAR_LCD
MOV  A,B

MOV B, #10

DIV  AB

ADD A, #030H
MOV  LCD_DATA,A
ACALL WRCHAR_LCD
MOV  A,B

ADD A, #030H
MOV  LCD_DATA,A
ACALL WRCHAR_LCD
POP  ACC

RET

DS1820_RD: MOV R4,#8
CIR A
DS1820_RD_LOOP: CLR ON
NOP
NOP
SETB ONEWIRE
NoP
NOP
NOP
NoP
MOV  C,ONEWIRE

ACALL ONEWIRE_DELAY

RRC A

DJNZ R4,DS1820_RD_LOOP
ONEWIRE_DATA,A ; Move ACC To ONEWIRE_DATA

MOV
RET

’

~e Ne N

~

~

~

e we

~e Yo N s N

~ Ne

EWIRE

.
’

.
’
.
s

DS1820_WR: MOV R4, #8
MOV
DS1820_WR_LOOP: RRC A

JNC  DS1820_WR L
CLR  ONEWIRE
NOP

NOP

NOP

A,ONEWIRE_DATA

LTI T Y

Ne N

Wirte Charecter

Push ACC.

Divide by 10
Convert to ASCII

Write x10
Get Remainder x1
Convert to ASCII

Write Lower HEX Code
POP ACC.

Push ACC.
Get Data

Divide by 100
Convert to ASCII

Write x100

Divide by 10
Convert to ASCII

Write x10 ,
Get Remainder x1
Convert to ASCII

Write Lower HEX Code
POP ACC.

Set Loop 8 Times
Clear ACC
; Clear ONEWIRE

Set ONEWIRE

Get ONEWIRE To Carry
Flag
Delay 75 us
Rotate Right ACC With
Carrxry

; Do Until 8 Times

Set Loop 8 Times

Get ONEWIRE DATA
Rotate Right ACC With
carry

Carry Flag Was Set?
Set => TX High

Delay
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04D9 00 716 NOP
04DA D2A7 717 SETB ONEWIRE ; Set ONEWIRE
04DC B181 718 ACALL ONEWIRE DELAY ; Delay 75 us
04DE 81EA 719 AJMP DS1820 WR NX ; Jump To Next Write
04EQ0 C2A7 720 DS1820_WR L: CLR ONEWIRE ; Clear => TX Low
04E2 B181 721 ACALL ONEWIRE_DELAY ; Delay 75 us
04E4 D2A7 722 SETB ONEWIRE ; Set ONEWIRE
04E6 00 723 NOP ; Delay
04E7 00 724 NOP
04E8 00 725 NOP
04ES 00 726 NOP
04EA DCES 727 DS1820_WR_NX:DJNZ R4,DS1820_WR_LOOP ; Do Until 8
Times

04EC 22 728 RET

729 = jemmemmmmmmmmce e m— e

730 ,081820 Reset

731 = jemmmemmmmmmmmeme———— e
04ED C2A7 732 081820 _RST: CLR ONEWIRE ; Clear ONEWIRE
04EF B1A6 733 ACALL DELAY 1lms ; Delay
04F1 D2A7 734 SETB ONEWIRE ; Set ONEWIRE
04F3 7C08 735 MOV R4, #8 ; Delay
04F5 DCFE 736 DJINZ R4,$
04F7 22 737 RET

738 R e late ot bt Dt

739 ;DS1820 Receive Presence Pulse

740 e ——————— e
04F8 7C08 741 DS1820_PRES: MOV R4,#8 ; Set Loop Wait 1
04FA 7BOO 742 DS1820_PRES_1: MOV R3,#0 ; Set Loop Wait 2
04FC 30A705 743 DSl820 PRES__ " 2: JNB ONEWIRE,DS1820 PRES_3 ; Check

ONEWIRE Was Clear?

04FF DBFB 744 DONZ R3,DS1820_PRES_2 ; Wait Loop Check 2
0501 DCF7 745 DJNZ R4,DS1820 PRES_1 ; Wait Loop Check 1
0503 22 746 RET
0504 30A7FD 747 DS1820_PRES_3: JNB ONEWIRE, $ ; Wait Until ONEWIRE Set
0507 7Cc08 748 MOV  R4,#8 ; Delay
0509 DCFE 749 DJNZ R4,$
050B C278 750 CLR BUSY ; Clear BUSY Flag
050D 22 751 RET

752 R et

753 ;LCD Initialize

754 e —————
050E B1BB 755 INIT_LCD: ACALL DELAY 100ms ;Delay
0510 C2B6 756 CLR LCD_RS ; Clear LCD_RS Pin
0512 758038 757 MOV  PO,#00111000B ; 8 bit Mode
0515 B141 758 ACALL LCD_CLK ; Pulse LCD Clock
0517 B1AE 759 ACALL DELAY_10ms ; Delay
0519 758038 760 MOV  PO,#00111000B ; 8 bit Mode
051C B141 761 ACALL LCD_CLK ; ; Pulse LCD Clock
051E B139 762 ACALL LCD_OFF ; Display Off
0520 B129 763 ACALL LCD_CLR ; Clear Display
0522 758006 . 764 MOV PO, #00000110B ; Entry Mode
0525 B141 765 ACALL LCD_CLK ; Pulse LCD Clock
0527 B131 766 ACALL LCD_HOME ; Return Home Display

767 ;- - -

768 ;LCD Clear Display

769 e e
0529 C2B6 770° LCD_CLR: CLR LCD_RS ; Clear LCD_RS Pin
052B 758001 771 MOV PO, #00000001B ; DDisplay Clear
052E B141 772 ACALL LCD_CLK ; Pulse LCD Clock
0530 22 773 RET

774 fmmm e —————

775 ;LCD Return Home

776 e ————————
0531 C2B6 777 LCD_HOME: CLR LCD_RS ; Clear LCD_RS Pin
0533 758002 778 MOV PO, #00000010B ; Return Home
0536 B141 779 ACALL LCD_CLK ; Pulse LCD Clock
0538 22 780 RET

781 e e

782 ;LCD Display Off

783 = jemmememccem e
0539 C2B6 784 LCD OFF: CLR LCD_RS ; Clear LCD_RS Pin
053B 758008 785 MOV PO, #00001000B ; Display Off

053E BL41 786 ACALL LCD CLK Pulse. LCD-Clock
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0540

0541
0543
0545
0547
0549

054A
054C
054F
0551

0552
0554
0557
0559

055A
055C
055E
0560
0562
0564

0565
0567
056A
056C
056E

056F
0571
0573
0574

0575
0577
0579
057A
057B
057E
0580

0581
0584
0585
0586
0588

0589
058C
058F
0590
0591
0593
05985

0596

22

D2B7
B189
C2B7
B189

C2B6
75800C
B141
22

C2B6
75800F
B141
22

C2B6
E530
D2E7
F580
Bl41
22

750612
00

00
DEFC
22

750702
7506E6
00

00
DEFC
DFFE7
22

75060C

LCD _CLK: SETB LCD_EN ;
ACALL LCD_DELAY
CLR LCD_EN
ACALL LCD_DELAY
RET

LCD_ON: CLR LCD_RS
MOV  PO,#00001100B
ACALL LCD_CLK
RET

;LCD Cursor On
LCD_BLINK: CLR LCD_RS
MOV PO, #00001111B
ACALL LCD_CLK
RET

~ Ne v

. N N

SET ADDR_LCD: CLR LCD_RS
MOV~ A,LCD_ADDR
SETB ACC.7
MOV  PO,A
ACALL LCD_CLK
RET

’

Ne Ne e %N

Pulse Clock to LCD_EN

Clear LCD_RS Pin
Display On
Pulse LCD Clock

Clear LCD_RS Pin
Display Cursor and Blink
Pulse LCD Clock

Clear LCD_RS Pin
Move LCD_ADDR to ACC.
Set Bit ACC.7

Move to DATABUS
Pulse ILCD Clock

;Write Character to show LCD

WRCHAR_LCD: SETB LCD_RS
MOV PO, LCD_DATA
ACALL 1CD_CLK
ACALL LCD_ON
RET

LY SR TR YRR YY

WRLINE_LCD: MOV RO, #0
WRLINE_LCD_l: SETB LCD_RS
CLR A
MOVC A, @A+DPTR

Ne e Se e

Set LCD_RS Pin

Move LCD_DATA to DATABUS
Pulse ILCD Clock

Display On

from ROM

Clear Loop counter
Set LCD_RS Pin
CClesr ACC.

Move data from @DPTR
to ACC.

Move ACC. to DATABUS
Pulse LCD Clock
Increase Pointer
Increase Loop counter

CJINE RO,#16,WRLINE . LCD 1 ; Do until 8 times

MOV PO,A ;
ACALL LCD_CLK ;
INC DPTR ;
INC RO H
ACALL LCD_ON H
RET

;Sub Delay

ONEWIRE DELAY: MOV 6, #012H
ONEWIRE_DELAY_l NOP

NOP
DJNZ R6,ONEWIRE DELAY
RET
LCD_DELAY: MOV 7,#002 ;
LCD_|  DELAY_1: MOV 6,#0E6H :

LCD_DELAY 2: NOP
NOP
DJNZ R6,LCD DELAY 2
DJNZ R7,LCD DELAY 1
RET

DELAY: 50us s MOV/ 6, #00CH 7

Display On

Each Loop = 75 us

1

Do 2 times
Each Loop = 1 ms

Each ‘Loop- = 50 us
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0599
059A
059B
059D

059E
05A1
05A2
05A3
05A5

O05A6
05A9
05AA
05AB
05AD

O0SAE
05B1
05B4
05BS
05B6
05B8
05BA

05BB
O05BE
05C1
05C2
05C3
05C5
05C7

05C8
05CB
05CD
05CF

05D0
05D4
05D8
05DC
05E0
05E4
05SES8
0SEC
05F0
05r4
05F8
05FC
05FD
0601
0602
0606
0607
060B

060C
0610
0614
0618
061C
0620
0624
0628
062C
0630
0634
0638
063C
0640
0644

00
00
DEFC
22

750617

7506E6
00

00
DEFC
22

75070A

7506E6

750564
B1AE
DDFC
22

2020202E
20DF4320
20202020
204F4646
202020DF
43202020
20202020
20322020
436F6E74
696E7565
2020204F
4E

20204F46
46

54494D45
52

494E5055
54

2050524F
4752414D
4D41424C
45202020
2054454D
50455241
54555245
20202020
20434F4E
54524F4C
4C455220
20202020
20204279
20532E4B
41524E54

899

900
901
902
903
904

905
906

907

908

909

DELAY 50us_1: NOP

NOP

DJNZ R6,DELAY 50us_1

RET
DELAY_ 100us: MOV 6,#017H ; Each Loop = 100 us
DELAY 100us_1: NOP

NOP

DJNZ R6,DELAY 100us_1

RET
DELAY 1lms: MOV 6,#0E6H ; Bach Loop = 1 ms

DELAY lms_1: NOP
Nop
DJNZ R6,DELAY_ lms_1
RET

o 10 times
ach Loop = 1 ms

DELAY_ 10ms: MOV 7,#010 ;
DELAY 10ms_l: MOV 6,#0E6H ;
DELAY_ 10ms_2: NOP
NOP
DJNZ R6,DELAY_10ms_2
DJNZ R7,DELAY 10ms_1
RET

D
E

DELAY_100ms: MOV 7,#100 ; Do 100 times
DELAY 100ms_1l: MOV 6,#0E6H ; Each Loop = 1 ms
DELAY_100ms_2: NOP

NOP

DJNZ R6,DELAY_100ms_2

DJNZ R7,DELAY_ 100ms_1

RET

DELAY 1ls: MOV 5,#100 ; Do 100 times
DELAY 1ls_1: ACALL DELAY_10ms
DJNZ RS5,DELAY_1s_1

RET
U

TITLE_1: DB * . ',ODFH,'C OFF'
TITLE 2: DB ' ',0DFH,'C : !

KEY_CON: DB 'Continue'
RELAY ON: DB ' ON'
RELAY OFF: DB ' OFF'
TIMER_ON: DB 'TIMER'
INPUT_KEY: DB 'INPUT'

; 0123456789ABCDEF
TITLEl: DB ' PROGRAMMABLE '

TITLE2: DB ' TEMPERATURE '
TITLE3: DB ' CONTROLLER '

TITLE4: DB ' By S.KARNTIP °'
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0648
064cC
0650
0654
0658

0000=

49502020
20532E47
55534F4E
504F4F4E
4495420

910

911
912

TITLES: DB ' S.GUSONPOONJIT
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Output Status

029.0°C
000°C

OFF
000:00

Set Temp.

Timer (Min)
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DATA SHEET

AT89C51
DS1820
MM74C922
CD74HC541
LCD 16x2

68



Features

* Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammabile Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power idle and Power-down Modes

* & O o o & o

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured 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 allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

; : ; PDIP
Pin Configurations
A~
Prodt sohivee
P12 39 [ PO.O (ADO)
Pt20s 38[1P0.1 (AD1)
P34 A7 [3P02 (AD2)
PLACS 38[3P0.3 (A03)
PisCls a5 Po.4 (AD4)
PLeg7 34[I1P0S (ADS)
PL7de 33[1P0.8 {ADE)
RSTQ9 32[3P07 (ADT)
PQFP/TQFP (RXD) P30 L1 10 31 pEAVPP
mxpyPaId 1 30 [J ALE/PTOG
g cmp e (N7 P32 12 20 IPSER
& 8288 Ry P3sd]13 28[1P27 (A15)
g8 L£g<gL (Toy P34 ] 14 27 [1P2.6(A14)
3‘}3:3082;3§ (T1)P3s(]18 28[1P25 (A13)
ma.a.a.n.z>9._‘9_:n. WRyPas] s 25[JP24 (A12)
nnz':‘”:gh' 0o (D) PaT 17 24[1P23(AV1)
/ 399333358583 xta20 18 23[1P22 (A10)
XTAL1 [ 19 2213P2.1 (A8)
P1.60J1 330 P04 (AD4) anp 20 2101P20(a8)
ngz 22[) PO.5 (AD5)
P1.7033 313 P0.6 (ADS)
RST} 4 301 P0.7 (AD7) pPLCC
(RXD) P3.0L}5 28 [J EAVPP
NcO 6 28[ONC scas
(TxDy Pa.1 7 27 [J ALEPROG 8$2§2
(INTO) P3.2(3 8 2617 FSEN “mMN-O QS —N0
(NTi)P3.3008 251 P2.7(A15) faEagl8esgegg
(Toy P34 L 10 24[1P2.6 (A14) oononnoann
W MmN [v] - Q
Tyrasgn 2311P25(A13) PisC]7 o¥S¥TE, = PO.4 (AD4)
voywercagay PLeC|e 38{5P0.5 (ADS)
[Bjsaspegupsgsysgegagy PL7I(e 37 {1 P06 (AD6)
2 NY5gegDyas RST(]10 36 [1P0.7 (ADT)
%gEEOO&E&iﬁ (RxD) P3.0 ] 11 38 EAWVPP
IEIE g32:-% Ne O 12 3PING
=== (TXD) P3.4 [} 13 335 ALEFROG
(INT0) P32} 14 32{JPSEN
(NTi)P3.3C]16 31[0P2.7 (A15)
(To} P34 L[] 16 30{1P2.6 (A14)
MPBSTT, 0 0 v m e o~ 20 DPR5(ALS)
- = NN N NNNNNN
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AlmEL

Block Diagram

P0.0 - PO.7 P20 - P2.7
A A A AAAAL/ A A A A AAANAAS
Vee y y
PORT 0 DRIVERS | PORT 2 DRIVERS
GND . T ?
_—E '
B RAM ADDR. PORT 0 PORT 2
REGISTER > RaM LATCH LATCH FLASH
Y Y y'y
y y y
7y Y
.-
y y y
PROGRAM
B8 STACK
REGISTER ACC POINTER ALGISTER
y y
< BUFFER
T™P2 TMP1
PC R
ALU INCREMENTER
INTERRUPT, SERIAL PORT,
AND TIMER BLOCKS
v
4 4 PROGRAM .|
PSW | COUNTER
y'y
PSEN <« ;
ALE/PROG < TIMING | INSTRUCTION y y v DPTR
EA / Vep »| conTRoL | REGISTER e
RST >
PORT 1 PORT 3
LATCH LATCH
y
osc A 4
r PORT 1 DRIVERS ] —>{ PORT 3 DRIVERS
W W W \ 2 2
.HUH» YYVYYVYVYYY YYVVYVYYY

—l P10 - P1.7 P30 - P3.7

3

2 AT89C51 mewssss———————
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duptex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also recelves the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulied high by
the internal puliups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal puliups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional 1/0 port with internal puilups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulied high by
the internat pullups and can be used as inputs. As inputs,

Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal putlups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal puliups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RiI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source feur TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externaily being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

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

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is aiso the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

AIMEL 3
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pulse is skipped during each access to externat Data
Memory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in externa! execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EANNPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions. ’

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
interna! clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
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unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the extemnal
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

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

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibllity of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction foliowing the one that invokes ldle

should not be one that writes to a port pin or to external

memory.

Figure 1. Oscillator Connections

Cc2
—)l————I— XTAL2
C1
*—) XTAL1
. GND
-

Note: C1,C2 =30 pF £ 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators

Status of External Pins During ldle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
idle External 1 1 Float Data Address Data
Power-down internal 0 Data Data Data Data
Power-down External 0 Float Data Data Data

4 AT89C51 messsseess————e————
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Figure 2. External Clock Drive Configuration

NC ——— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL
———— GND

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored to its normal operating level and must be held
active long enough to allow the osciliator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed In the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. if the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

2 P U U MOVC instructions executed from extemal program memory are disabled from
fetching code bytes from intemal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

U Same as mode 2, also verify is disabled
P P Same as mode 3, also external execution is disabled
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voitage (12-volt) or a low-voltage
(Vcc) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voitage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp = 12V Vpp=5V
Top-Side Mark | AT89C51 AT89C51
XXX XXxXX-5
yyww yyww
Signature (030H) = 1EH (030H) = 1EH
(031H) = 51H (031H) = 51H
(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
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and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQ.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte 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. P3.4 is pulled high again when programming Is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once Initiated, will automaticatly time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

6 AT89C51 mmssssswsss————————————————————
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Mode RST PSEN ALE/PROG EANp, | P26 | P27 | P36 | P3.7
Write Code Data H L HM12v L H H H
—~
Read Code Data H H H L H H
Write Lock Bit - 1 H L HH2v H H H
—~_
Bit-2 H L HM12v H H L L
~_
Bit-3 H L H/2v H L H L
N .
Chip Erase H L ) H/i12v H L L L
—~_
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T Af8aCs1
apDR. 20T ATyl by Veo aooR. 22 A%l by Veo
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P20 - P23 PO [¢—— pars P20 - P23 PO [—» (USE 10K
A8 - A11 A8 - Al1 PULLUPS)
—» P26 il P2.6
SEE FLASH — P27 ALE le—— PROG SEE FLASH J-» P2.7 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —» P36 MODES TABLE | —®| P3.6 iy
|_—~——> P3.7 —»{ P37 "
. XTAL2 EA |&—— VWV, "I_ XTAL2 EA |«
324 MHz | 1 3-24 MHz |
- Qﬁ
I S—{ XTALT1 AST |e—— V, XTAL1 RST [¢— Vi
f GND PSEN GND PSEN

+

+
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.3 ADDRESS ‘j ADDRESS
— tavav
PORT 0 ( DATA IN ) DATA OUT p——
> tovel  Larox [+
tavaL taHax
ALE/PROG N
tshal —tg gn—> *> tanse
— Vep NLOGIC 1
EA/NV;p LOGIC 0,
[— .
P2.7 fensi terav — ez *
(ENABLE)
taHaL —*
P34 _
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
» - . \
P90 - P23 ADDRESS ADDRESS
*— tavav
PORT 0 4 DATA IN _DATA OUT
“— tova  leHox [
taval > < * taHax
ALE/PROG ™~
s —toen—"
—_— LOGIC 1
EA/NVpp 7 LOGIC 0
i ‘—_t t
p2.7 _’! EreH teLav ——*i - T tenaz
(ENABLE) I \}
tanaL —
P34 il
(RDY/BSY) ' BUSY READY
twe
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Flash Programming and Verification Characteristics
Ta=0°C 0 70°C, Voo =5.0 £ 10%

7

Symbol Parameter Min Max Units
Veal" Programming Enable Voltage 115 12.5 \Y
Iept” Programming Enable Current 1.0 mA
Aol Oscillator Frequency 3 24 MHz
tavaL Address Setup to PROG Low 48l oL

taHax Address Hold After PROG 48t L

tovaL Data Setup to PROG Low 48tc oL

tanox Data Hold After PROG 48tccL

tepnsy P2.7 (ENABLE) High fo Vpp 48t o

tsmaL Vpp Setup to PROG Low 10 s
tans ! Vpp Hold Atter PROG 10 us
toren PROG Width 1 110 ps
tavav Address to Data Valid 48tc1 o

terav ENABLE Low to Data Valid 48te oL

teroz Data Float Atter ENABLE 0 48t oL

tamaL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.

ANDEY
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L4
Absolute Maximum Ratings*
Operating Temperature..............cceecemveeseneen. -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature............ccoueececvererccrnesens. -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground .......c..ccccvcceveeccccrnecnenn. -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voitage 6.6V conditions for extended periods may affect device
reliability.
DC Output CUITENL ..o cnseseeraeenns 15.0 mA
DC Characteristics
T, = -40°C to 85°C, V¢ = 5.0V +20% (unless otherwise noted)
Symbol Parameter Condition Min Max « Units
Vy Input Low-voltage (Except EA) 0.5 0.2 V- 0.1 v
Vit Input Low-voltage (EA) 0.5 0.2V-0.3 v
Vi Input High-voltage {Except XTAL1, RST) 0.2V +0.9 Ve +0.5 Vv
Vi Input High-voltage (XTAL1, RST) 0.7 Ve Vo + 0.5 v
Vou Output Low-voltage!" (Ports 1,2,3) lo,=1.6mA 0.45 v
Output Low-voltage!” _
Vour (Port 0, ALE, PSEN) lo,=3.2mA 0.45 Y
lon = -60 A, Voo =5V £ 10% 24 v
Qutput High-voltage .
Vow (Ports 1,2,3, ALE, PSEN) o= 25 pA 0.75 Veo v
lon=-10 pA 0.9 Ve v
fos = -800 PA, Ve =5V £ 10% 24 v
Output High-voltage .
Vo (Port 0 in External Bus Mode) lon = -300 A 0.75 Voo v
fon = -80 KA 0.9 Ve v
ly Logical 0 Input Current (Ports 1,2,3) Vin =0.45V -50 HA
Logical 1 to 0 Transition Current _ _ o .
(. (Ports 1.2.3) Vi =2V, VCC = 5V + 10% 650 HA
by Input Leakage Current (Port 0, EA) 0.45 < Vyp < Ve £10 pA
RRST Reset Pull-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
Idle Mode, 12 MHz 5 mA
I0(:
: Vee =6V 100 uA
Power-down Mode® =
Vgg =3V 40 nA
Notes: 1. Under steady state (non-transient) conditions, o, must be externally limited as follows:

10

Maximum Iy, per port pin: 10 mA

Maximum Iy, per 8-bit port: Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total I, for ail output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is-2V.

AT89C51 mssssessesswres e ——




AC Characteristics
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Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
MNereL Oscillator Frequency 0 24 MHz
fe ALE Pulse Width 127 2tey o140 ns
tae Address Valid to ALE Low 43 tere-13 ns
tax Address Hold After ALE Low 48 toc20 ns
v ALE Low to Valid Instruction In 233 4t 065" ns
tupL ALE Low to PSEN Low 43 torc-13 ns
toLp PSEN Pulse Width 205 Bte e 20 ns
toLw PSEN Low to Valid Instruction In 145 Bte 45 ns
toxix input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float After PSEN 59 te o -10 ns
toxav PSEN to Address Valid 75  toe8 ns
taviv Address to Valid Instruction In 312 ) Ste o 55 ns
toiaz PSEN Low to Address Float 10 10 ns
taam RD Pulse Width 400 Bt ~100 ns
twiwn WR Pulse Width 400 1 6teue-100 ns
taiov RD Low to Valid Data In 252 St -90 ns
tarox Data Hold After RD 0 0 ns
tanpz Data Fioat After RD 97 2to 28 ns
tuoy ALE Low to Valid Data In 517 Bto . -150 ns
tavov Address to Valid Data In 585 StorcL-165 ns
tuwe ALE Low to RD or WR Low 200 300 3t ¢ -50 3te o +50 ns
tavwe Address to RD or WR Low 203 4t 075 ns
tavwx Data Valid to WR Transition 23 tercL-20 ns
tovwi Data Valid to WR High 433 Ttore-120 ns
twHox Data Hold After WR 33 " toreL-20 ns
taiaz RD Low to Address Float 0 0 ns
twhin RD or WR High to ALE High 43 123 torc-20 toroL+25 ns
AIMEL "
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External Program Memory Read Cycle -
t, —*
ALE
t « : * teLpn
AVLL 3t le— v
PSEN N teLv
—> ety 0y texav
tLLAX > tPXIZ
toxix—  —
PORT 0 > A0-A7 L INSTRIN D> a0-Aa7 ><
taviv >
PORT 2 P A8 - A15 Y AB-Al5 :

External Data Memory Read Cycle

by —
ALE

—* twin
PSEN
o oy —¥
le— triRH —
r—— tu_w(_ fa——
RD le——ty Ay — | N B

t t
— ta RLOV RHDZ

trLaz -+ t
— RHDX
PORT 0 __ > A0 - A7 FROM Rl OR DPLX DATA IN }>4(A0 - A7 FROM PCL>—< INSTR IN

tavwe >
———— tyoy ————
PORT 2 y P2.0 - P2.7 OR A8 - A15 FROM DPH >X_A8 - A15 FROM PCH
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External Data Memory Write Cycle

Y —
ALE

AT89C51

l ~—
btk

PSEN

PORT 0

PORT 2

e by ——»

— b —

/

ety ax et
—— tAVLL_—"' tQVW)( i —> tWHQ)(
— tovwr —»
>-K A0 - A7 FROM Rl OR DPL DATA OUT X XA0 - A7 FROM PCL>—<INSTR IN

tawe >

_X

P2.0 - P2.7 OR A8 - A15 FROM DPH

X

A8 - A15 FROM PCH

External Clock Drive Waveforms

‘::" toHex

81

Vg - 05V teon — “— ool
| \ d
a5y 0.2 Vge- 0.1V >
— tolex —*
tereL
External Clock Drive
Symbol ‘Parameter Min Max Units
fteer *Oscillator Frequency 0 24 MHz
towat Clock Period 41.6 ns
tonex High Time 15 ns
tolex Low Time 15 ns
toon Rise Time 20 ns
tencL Fall Time 20 ns

AIMEL

13



ATMEL

82

Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Osciliator Units
Symbol Parameter Min Max Min Max
tyx Serial Port Clock Cycle Time 1.0 12te o us
tovxH Output Data Setup to Clock Rising Edge 700 10tg ¢ -133 ns
txHax Output Data Hold After Clock Rising Edge 50 o117 ns
txrox Input Data Hold After Clock Rising Edge 0 0 ns
txrov Clock Rising Edge to Input Data Valid 700 10te o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ 0 i 1 | 2 i I 4 i 5 i 6 { 7 l |
ALE l [ T T 1 O A S I O M R I O
I"—‘—"qu
CLOCK N 1 I | O R A e Y
ol p— fe— tleox
WRITE TO SBUF 0 | X 1 X 2 X 3 X a4 X 5 X &6 X 7 7
L.__.___;___I
OUTPUT DATA txHov ‘—_'{—.1 = beox serm
L CLEARRI |
lNPU#‘ DATA

AC Testing Input/Output Waveforms'"

Ve 0.68V——,

0.2 Vgg + 0.9V

TEST POINTS
0.2 Vg - 0.1V

&
0.46V ——

AC Inputs during testing are driven at V¢ - 0.5V for a
logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,, min. for a logic 1 and V, max. for a
logic 0.

Note: 1.

14

Float Waveforms("

Vioan* u.17—’*\ LoV
Y / Timing Reference —_—

LOAD < h
Points

Vo
VLOAD:k( VoL

For timing purposes, a port pin is no longer floating
when a 100 mV change from load voitage occurs. A
port pin begins to float when 100 mV change from
the loaded Vgu/Vo, level occurs.

+ 0.1V

Note: 1.

AT89C51 messssssssssssss———
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Ordering Information
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Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 444 (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44) (-40°C to 85°C)
AT89C51-12Pi 40P6
AT89C51-12Ql 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) (0°C to 70¢C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A industrial
AT89C51-16J! 44) (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Q 44Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44) (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J1 44) (-40°C to 85°C)
AT89C51-20P! 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
ATB9C51-24J! 44) (-40°C to 85°C)
AT89C51-24P! 40P§
AT89C51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-4eaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-jead, Plastic Gull Wing Quad Flatpack (PQFP)

AlmEL
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Packaging information
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44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 AGB

12.21(0.478) sa

PIN1ID 11.75(0.458)

0.45(0.018)
0.80{0.031) BSC —} = ~ 0.30(0.012)
10.10(0.904) <o
£.50(0.356)
o 4—- 1.20{0.047) MAX
0200008 7 [ }

NI e s

0.45(0.018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

[045(1.14) X 30° - 45°

.045(1.14) X45°  PINNO.1 .012(,:305)
i IDENTIFY 56 70)
T 858(16.7) i .630{16.0)
65(16.5) " | 5eq(15.0)
032(813) _4 cas17) 021(.533)
e :021(.533)
-026(.660) _’_ 685(17 4)50 .013(.330)
043(1.09)
12 L043(1.
0500127 TYP e ] 500(12.7) REF SQ REFSQ 1020(.508)
o] .120(3.05)

090(2.29) 29)
Zﬂﬂi% § -180(4.57)
1165(4.19)
%ﬂﬁﬁ@ﬂﬁ% s

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2.07(52.6) n
2.04(51.8) Pwl
i
N, nnoonn, ,
} /} .566(14.4)
( 530(135)
|
( |
Tgoooom
}.._ .090(2.28)
1.500(48.26) AEF —-; MAX
220(5.50) 005(.1
bax_ TR
i
SEATING 1 A
PLANE ‘ L‘ 065(1.65)
’5‘(“ Gieasn)
V255,18 1.]’ 1. —”. 022(.559)
:085(1.65) 014(.356)
.110(2.78) 0A(.04)
080(2.29) 630{16.0)
580(15.0)
8 ReF
012(.305) 13
J 203
008(203) [ gos) |
F10(155)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEG STANDARD MS-022 AB

13.45 (0.525) sa
12.85 (0.506)

0.50 (0,020}

=' 0.35 (0.014)
E

0.80 (0.031) BSC |

I

10.10 (0394 o o
5.90(0.386)

r 2.45 (0.096) MAX

0.17 (0.007)
0.13 (0.005)

i~ o

L 0.25 (0.010) MAX

P L oo

0.78 (0.030)
Controlling dimension: millimeters

16
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DS1820

DALLAS

SEMICONDUCTOR

FEATURES

© Unique 1-WireTMintertace requires only one port pin
for communication

o Multidrop capability simplifies distributed temperature
sensing applications

® Requires no external components
® Can be powered from data line
e Zero standby power required

® Measures temperatures from —55°C to +125°C in
0.5°C increments. Fahrenheit equivalent is -67°F to
+257°F in 0.9°F increments

e Tomperature is read as a 9-bit digital value.
e Converts temperature to digital word in 200 ms (typ.)

e User-definable, nonvolatile temperature alarm set-
tings

® Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

e Applications include thermostatic controls, industrial
systems, consumer products, thermometers, or any
thermally sensitive system

DESCRIPTION

The DS1820 Digital Thermometer provides 9-bit tem-
perature readings which indicate the temperature of the
device.

Information is sent to/from the DS1820 over a 1-Wire
interface, sothat only one wire (and ground) needs to be
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

DS1820
1-Wire™ Digital Thermometer

PIN ASSIGNMENT

DALLA

[

BOTTOM VIEW
NC = 1 16— NC
NC = 2 151 NC
NC T 3 14 = NC
NCE= 4 13— NC
NCt— 5 12— NC
NC&=S 6 11— NC
80B VDD = 7 10— NC
% [al¥=] pQ— 8 9 — GND
DS1820 DS1820S
PR35 PACKAGE 16-PIN SSOP
See Mech. Drawings See Mech, Drawings
M Section . Section
PIN DESCRIPTION
GND - Ground
DQ - Data In/Out
Vop ~ Optiona!l Vpp
NC - No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing temperature sen-
sors in many different places. Applications where this
feature is useful include HVAC environmental controls,
sensing temperatures inside buildings, equipment or
machinery, and in process monitoring and control.

030598 1/27
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DETAILED PIN DESCRIPTION

PIN PIN
16-PIN SSOP PR35 | SYMBOL DESCRIPTION
9 1 GND Ground.
8 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain. (See
“Parasite Power” section.)
7 3 Voo Optional Vpp pin. See "Parasite Power” section for details of
connection.

DS18208 (16-pin SSOP): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major compo-
nents of the DS1820. The DS1820 has three main data
components: 1) 64-bit lasered ROM, 2) temperature
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication line by storing energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communicationto the DS1820is viaa 1-Wire port. With
the 1-Wire port, the memory and control functions will
not be available before the ROM function protoco! has
been established. The master must first provide one of
five ROM function commands: 1) Read ROM, 2) Match
ROM, 3) Séarch ROM, 4) Skip ROM, or 5) Alarm
Search. These commands operate on the 64-bit
lasered ROM portion of each device and can single out

DS1820 BLOCK DIAGRAM Figure 1

a specific device it many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
what types of devices are present. After a ROM function
sequence has been successfully executed, the memory
and control functions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a temperature measurement. The result of this
measurement will be placed in the DS1820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scratchpad memory. The temperature alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
these registers may be used as general purpose user
memory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through the scratchpad. All data is read and written
least significant bit first.

DQ 64-BIT ROM
AND
1-WIRE PORT

INTERNAL Vpp

POWER

Voo SUPPLY >
SENSE

MEMORY AND
CONTROL LOGIC
A
> TEMPERATURE SENSOR
SCRATCHPAD
- HIGH TEMPERATURE
TRIGGER. TH
y 1
LOW TEMPERATURE
TRIGGER, TL
8-BITCRC
GENERATOR
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
/0 or Vpp pins are high. /O will provide sufficient power
as long as the specified timing and voltage require-
ments are met (see the section titled “1-Wire Bus Sys-
tem"). The advantages of parasite power are two—fold:
1) by parasiting off this pin, no local power source is
needed for remote sensing of temperature, and 2) the
ROM may be read in absence of normal power.

In order for the DS1820 to be able to perform accurate
temperature conversions, sufficient power must be pro-
vided overthe VO line when atemperature conversionis
taking place. Since the operating current of the DS1820
is up to 1 mA, the I/O line will not have sufficient drive
duse to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820's are on the same /O and
attempting to convert simultaneously.

There are twoways to assure that the DS1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the VO line
whenever temperature conversions or copies to the E2
memory are taking place. This may be accomplished by
using a MOSFET to puli the /O line directly to the power
supply as shown in Figure 2. The /O line must be
switched over to the strong pull-up within 10 ps maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power mode, the Vpp pin must
be tied to ground.

Another method of supplying current to the DS1820 is
through the use of an external power supply tied to the

Vpp pin, as shown in Figure 3. The advantage to this is
thatthe strong pull-up is not required onthe /Q line, and
the bus master need not be tied up holding that line high
during temperature conversions. This allows other data
traffic on the 1—Wire bus during the conversion time. in
addition, any number of DS1820's may be placed on the
1~Wire bus, and if they ali use external power, they may
all simultaneously perform temperature conversions by
issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external
power supply is active, the GND pin may not be floating.

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures. For applications in

which such temperatures are likely, it is strongly recom-

mended that Vpp be applied to the DS1820.

For situations where the bus master does not know
whether the DS1820's on the bus are parasite powered
or supplied with external Vpp, a provision is made in the
DS1820 to signal the power supply scheme used. The
bus master can determine if any DS1820's are on the
bus which require the strong pull-up by sending a Skip
ROM protocol, then issuing the read power supply com-
mand. After this command is issued, the master then
issues read time slots. The DS1820 will send back “0"
on the 1-Wire bus if it is parasite powered; it will send
back a “1"if it is powered from the Vpp pin. If the master
receives a “0”, it knows that it must supply the strong
pull~up on the I/O line during temperature conversions.
See “Memory Command Functions” section for more
detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING DS1820 DURING TEMPERATURE CONVERSION Figure 2

+5V

DS1820

47K
uP

4L

GND ! ! Voo

Vo
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE
DEVICES

4.7K

uP o—

DS1820

é v
Vo 80O EXTERNAL +5V SUPPLY

OPERATION - MEASURING TEMPERATURE
The DS 1820 measures temperature through the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to ~55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the ~55°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

At the same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degrse intemperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

Internally, this calculation is done inside the DS1820 to
provide 0.5°C resolution. The temperature reading is

provided in a 16-bit, sign—extended two’s complement «_

reading. Table 1 describes the exact relationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire interface. The DS1820
can measure temperature over the range of ~55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms ot a 1/,°C LSB, yielding the following 9-bit format:

J

MSB LsB
L) Lo feJofofefefefo

= —26°C

The most significant (sign) bit is duplicated into all of the
bits in the upper MSB of the two—-byte temperature reg-
ister in memory. This “sign—extension” yields the 16-bit
temperature readings as shown in Table 1.

Higher resolutions may be obtained by the following
procedure. First, read the temperature, and truncate
the 0.5°C bit (the LSB) from the read value. This value is
TEMP_READ. The value left in the counter may then be
read. This value is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that temperature. The
actual temperature may be then be calculated by the
user using the following:

{COUNT_PER_C ~ COUNT_REMAIN)

TEMPERATURE = TEMP_READ -0.25 + GOUNT PER.C

030598 4/27
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081820
TEMPERATURE MEASURING CIRCUITRY Figure 4
SLOPE ACCUMULATOR
PRESET - COMPARE
y
COE%CT:EM‘? Eoggtj&?ron COUNTER PRESET ESEg/aEAR
~ JUL i |

INC
=0 - TEMPERATURE REQISTER
Y .
UL
COEFFIIENT GSCILLATOR COUNTER
jo sTOP
TEMPERATURE/DATA RELATIONSHIPS Table 1
DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (Binary) (Hex) .
+125°C 00000000 11111010 00FA
+25°C 00000000 00110010 0032h
+1,2°C 00000000 00000001 0001h
+0°C 00000000 00000000 0000h

=1/°C 11111111 11111111 FFFFh
~25°C 11111111 11001110 FFCEh
-55°C 11111111 100106810 FF92h

OPERATION ~ ALARM SIGNALING

After the DS1820 has performed a temperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. It the
result of a temperature measurement is higher than TH
or lower than TL, an alarm flag inside the device is set.

This flag is updated with every temperature measure-
ment. As long as the alarm flag is set, the DS 1820 will
respond to the alarm search command. This allows
many DS1820s to be connected in parallel doing simul-
taneous temperature measurements. If somewhere the
temperature exceeds the limits, the alarming device(s)
canbe identitied and read immediately without having to
read non-alarming devices.
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64-BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64-bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial number. The last eight bits are a CRC of

the first 56 bits. (See Figure 5.) The 64-bit ROM and.

ROM Function Control section allow the DS1820 to
operate as a 1-Wire device and follow the 1-~Wire proto-
col detailed in the section “1-Wire Bus System". The
functions required to control sections of the DS1820 are
not accessible until the ROM function protocol has been
satisfied. This protocol is described in the ROM function
protocol flowchart (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip
ROM, or 5) Alarm Search. After a ROM functions
sequence has been successfully executed, the func-
tions spacific to the DS 1820 are accessible and the bus
master may then provide and one of the six memory and
control function commands.

CRC GENERATION

The DS1820 has an 8-bit CRC stored in the most signif-
icant byte of the 64~bit ROM. The bus master can com-
pute a CRC value from the first 56-bits of the 64-bit
ROM and compare it to the value stored within the
DS1820 to determine if the ROM data has been
received error—free by the bus master. The equivalent
polynomial function of this CRC is:

CRC=X8+X5+X4+1

The DS1820 also generates an 8-bit CRC value using
the same polynomial function shown above and pro-

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of data bytes. Ineach case where a CRCis usedfor data
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64—bit ROM portion of the
DS 1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
when the scratchpad is read). The comparison of CRC
values and decision to continue with an operation are
determined entirely by the bus master. There is no cir-
cuitry inside the DS1820 that prevents a command
sequence from proceeding if the CRC stored in or calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomial

generator consisting of a shift register and XOR gates -

as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is available in
Application Note 27 entitled “Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

The shitt register bits are initialized to zero. Then start-
ing with the least significant bit of the family code, one bit
at a time is shifted in. After the 8th bit of the family code
has been entered, then the serial number is entered.
After the 48th bit of the serial number has been entered,
the shift register contains the CRC value. Shifting in the
eight bits of CRC should return the shift register to all
2eros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LSB MSB

LSB MSB LSB

030598 6/27
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER Tx |

RESET PULSE

'

DS1820 Tx
PRESENCE
PULSE

!

MASTER Ty ROM
FUNCTION COMMAND

55h
MATCH ROM
COMMAND

Foh
SEARCH ROM
COMMAND

ECh
ALARM SEARCH

CCh
SKIP ROM
COMMAND

CONDITION
DS1820 Ty FAMILY MASTER Ty BIT 0 ?
CODE ,
1BYTE -
]
DS1820 Tx BIT 0
DS1820 Ty BIT 0
MASTER Ty BIT 0
DS1820 Ty BITO N N~ Bmo
SERIAL NUMBER MATCH? MATCH?
6 BYTES
Y Y
DS1820 Ty BIT 1
DS1820 Ty DS1820 Ty BIT 1
DS1820 Tx MASTER Ty BIT 1
MASTER Ty BIT 1
N N
Y
Y ,.,_?
T DS1820 Ty BIT 63
MASTER Tx BIT 63 DS1820 Ty BIT 63
MASTER Tx BIT 63
N
BIT 63 N BIT 63
MATCH? MATCH?
v Y

MASTER Tx MEMORY OR CONTROL
FUNCTION COMMAND
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1-WIRE CRC CODE Figure 7

(MSB)

g B B (ror)

INPUT

Col_ L e

Lse)

MEMORY

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and a nonvolatile, electrically srasable (E2) RAM, which
stores the high and low temperature triggers THand TL.
The scratchpad helps insure data integrity when com-
municating over the 1-Wire bus. Data is first written to
the scratchpad where it canbe read back. After the data
has been verified, a copy scratchpad command will
transfer the data to the nonvolatile (E2) RAM. This pro-
cess insures data integrity when modifying the memory.

The scratchpad Is organized as eight bytes of memory.
The first two bytes contain the measured temperature

DS1820 MEMORY MAP Figure 8

SCRATCHPAD
BYTE

TEMPERATURE LSB 0
TEMPERATURE MSB 1
THAJSER BYTE 1 2
TLUSER BYTE 2 3
RESERVED 4
RESERVED 5
COUNT REMAIN 6
COUNT PER °C 7
CRC 8

information. The third and fourth bytes are volatile
copies of TH and TL and are refreshed with every pow-
er-on reset. The next two bytes are not used; upon
roading back, however, they will appear as all logic 1's.
The seventh and eighth bytes are count registers, which
may be used in obtaining higher temperature resolution
(see “Operation—-measuring Temperature” section).

There is a ninth byte which may be read with a Read

Scratchpad command. This byte contains a cyclic «

redundancy check (CRC) byte which is the CRC over all
of the eight previous bytes. This CRC is implemented in
the fashion described in the section titled “CRC Genera-
tion".

E2 RAM

THAUSERBYTE 1

TUWUSERBYTE 2

030598 &/27
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1-WIRE BUS SYSTEM

The 1~Wire bus is a system which has a single bus mas-
ter and one or more slaves. The DS1820 behaves as a
slave, The discussion of this bus system is broken down
into three topics: hardware configuration, transaction
sequence, and 1~Wire signaling (signal types and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wire bus has only a single line by definition; it is
important that each device on the bus be able to drive it

HARDWARE CONFIGURATION Figure 9

v

BUS MASTER
47K

at the appropriate time. To facilitate this, each device
attached to the 1-Wire bus must have open drain or
3-state outputs. The 1-Wire port of the DS1820 (/O
pin) is open drain with an internal circuit equivalent to
that shown in Figure 8. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1—-Wire
bus requires a pullup resistor of approximately 5KQ

DS51820 1-WIRE PORT

R_xoq

~

Ry = RECEIVE
Tx = TRANSMIT

Theidle state for the 1-Wire bus is high. If for any reason
atransaction needs to be suspended, the bus MUST be
leftin the idle state if the transaction is to resume. Infinite
recovery time can occur between bits so long as the
1-Wire bus is in the inactive (high) state during the re-
covery period. If this does not occur and the bus is ieft
low for more than 480 s, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocol for accessing the DS1820 via the 1-Wire
port is as follows:

® |nitialization
¢ ROM Function Command
* Memory Function Command

¢ Transaction/Data

Do—“*
_?_ PA
VP I Tx
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus begin with an initial-
ization sequence. The initialization sequence consists
of a reset pulse transmitted by the bus master followed
by presence pulse(s) transmitted by the slave(s).

The presence pulse lets the bus master know that the
DS1820is on the bus and is ready to operate. For more
details, see the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can
issue one of the five ROM function commands. At ROM
function commands are 8-bits long. Alist of these com-
mands follows (refer to flowchart in Figure 6):

030598 9/27
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Read ROM [33h]

This command allows the bus master to read the
DS1820's 8-bit family code, unique 48-bit serial num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1820 on the bus. If more than one
slave is present on the bus, a data collision will occur
when all slaves try to transmit at the same time (open
drain will produce a wired AND resut).

Match ROM [55h]

The match ROM command, followed by a 64-bit ROM
sequence, allows the bus master to address a specitic
DS1820 on a multidrop bus. Only the DS1820 that
exactly matches the 64~bit ROM sequence will respond
to the following memory function command. All slaves
that do not match the 64-bit ROM sequence will wait for
a resel pulse. This command can be used with a single
or multiple devices on the bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
tem by allowing the bus master to access the memory
functions without providing the 64-bit ROM code. If
more than one slave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus as multiple slaves
transmit simuitaneously {(open drain pulidowns will pro-
duce a wired AND result).

Search ROM [FOh]

When a system is initially brought up, the bus master
might not know the number of devices on the 1-Wire
bus or their 64-bit ROM codes. The search ROM com-
mand allows the bus master to use a process of elimina-
tion to identify the 64—bit ROM codes of all slave devices
on the bus.

Alarm Search [ECh]

The flowchart of this command is identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition has been
encountered at the last temperature measurement. An
alarm condition is defined as a temperature higher than
THorlowerthan TL. The alarm condition remains setas
long as the DS1820 is powered up, or until another tem-
perature measurement reveals a non—-alarming value.
For alarming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion should be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repetition of a simple
3-step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus mas-
ter performs this simple, 3-step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additional passes.

The following example of the ROM search process
assumes four different devices are connected to the
same 1-Wire bus. The ROM data of the four devices is
as shown:

ROM1  00110101...
ROM2  10101010...
ROM3  11110101...
ROM4  00010001...

The search process is as follows:

1. Thebus masterbeginstheinitialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presence pulses.

2. The bus master will then issue the Search ROM
command on the 1-Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each device will respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus. ROM1 and ROM4 will place a 0 onto the
1—-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1~Wire bus by allowing the line to
stay high. The resultis the logical AND of all devices
on the line, therefore the bus master sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being executed, all of the
devices on the 1-Wire bus respond to this second
read by placing the complement of the first bit of their
respective ROM data onto the 1—Wire bus. ROM1
and ROM4 will place a 1 onto the 1-Wirs, allowing
the line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled low. The bus
master again observes a 0 forthe complementof the
first ROM data bit. The bus master has determined
that there are some devices on the 1-Wire bus that
have a 0 in the first position and others that have a 1.

030598 10/27
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The data obtained from the two reads of the 3—step
routine have the following interpretations:

00 There are still devices attached which have
conflicting bits in this position.

01  All devices still coupled have a 0-bit in this
bit position.

10 All devices still coupled have a 1-bit in this
bit position.

11 There are nodevices attached to the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROMS for the remainder of this search pass,
leaving only ROM1 and ROM4 connected to the
1-Wire bus.

5. The bus master performs two more reads and
receives a 0-bit followed by a 1-bit. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

6. The bus master then writes a 0 to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two O-bits. This indicates that both 1-bits and O-bits
exist as the third bit of the ROM data of the attached
devices.

8. Thebus master writes a 0-bit. This deselects ROM1
teaving ROM4 as the only device still connected.

9. Thebus master reads the remainder of the ROM bits
for ROM4 and continues to access the part if
desired. This completes the first pass and uniquely
identifies one part on the 1-Wire bus.

10. The bus master starts a new ROM search sequence
by repeating steps 1 through 7.

11.The bus master writes a 1-bit. This decouples
ROM4, leaving only ROM1 still coupled.

12. The bus master reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which another of the ROMs was found.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselects
ROM1 and ROM4 for the remainder of this search
"pass, leaving only ROM2 and ROM3 coupled to the
system.

15. The bus master executes two read time slots and
receives two zeros.

16.The bus master writes a 0-bit. This decouples
ROMS3, and leaving only ROM2.

17. The bus master reads the remainder of the ROM bits
for ROM2 and communicates to the underlying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit. This decouples
ROM2, leaving only ROM3.

20. The bus master reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desired. This completes the fourth ROM search
pass, in which another of the ROMs was found. .

Note the following:

Thebus masterlearns the unique {D number (ROM data
pattern) of one 1-Wire device on each ROM Search
operation. The time required to derive the part’s unique
ROM code is:

960 us + (B+3x64) 61 us=13.16 ms

The bus masteris therefore capable of identifying 75 dif-
ferent 1—-Wire devices per second.

/O SIGNALING

The DS1820 requires strict protocols to insure data
integrity. The protocol consists of several types of
signaling on one line: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence pulse, are initiated by the
bus master.

The initialization sequence required to begin any com-
munication with the DS1820 is shown in Figure 11. A
reset pulse followed by a presence pulse indicates the
DS 1820 is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master transmits (TX) a reset pulse (a low sig-
nal for a minimum of 480 ps). The bus master then
releases the line and goes into a receive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . After detecting the rising edge on the
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1O pin, the DS1820 waits 15-60 us and then transmits
the presence pulse (a low signal for 60-240 us).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the flowchart of Figure 10.

Write Scratchpad [4Eh]

This command writes to the scratchpad of the DS1820,
starting at address 2. The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated at any point by issuing
areset.

030598 12/27
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MEMORY FUNCTIONS FLOW CHART Figure 10

MASTER Ty MEMORY
OR CONTROL COMMAND

4Eh
WRITE

BEh

SCRATCHPAD
?

DS1820 SETS ADDRESS
COUNTERTO 2

4

MASTER Tyx DATA BYTE
TO SCRATCHPAD

DS1820 INCREMENTS
ADDRESS

L]

MASTER
Tx RESET
?

READ
SCRATCHPAD
?

Y

DS1820 SETS ADDRESS
COUNTERTO 0

\

MASTER Ry DATA
FROM SCRATCHPAD

MASTER
Tx RESET
?

ADDRESS
=7

?

DS1820 INCREMENTS
ADDRESS

B p——

MASTER Ry 8-8IT
CRC OF DATA

MASTER
Tx RESET
?

MASTER Ry “1s"

]

!

DS1820 Ty

PRESENCE PULSE
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MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)

PARASITE
POWER
?

44h
CONVERT N

PARASITE

POWER
?

!

MASTER ENABLES
MASTER ENABLES
STRONG PULLUP FOR STRONG PULL-UP
10ms ‘
} DS1820 CONVERTS
MASTER DISABLES TEMPERATURE
STRONG PULLUP ‘
DS1820 BEGINS MASTER DISABLES
CONVERSION STRONG PULL-UP
=l<
MASTER Ty Y MASTER Tx
RESET RESET
? ?
N
N NONVOLATILE v DEVICE BUSY
MEMORY CONVERTING
BUSY TEMPERATURE
? ?
MASTER MASTER MASTER MASTER
Ry “1"s Rx “0"s Ry “1"s Rx “0"s
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MEMORY FUNCTIONS FLOW CHART Figure 10 (contd)

B4h
- READ

DS1820 RECALLS
FROM E2 PROM

DEVICE

MASTER
Rx “1"s

MASTER
Rx "0"s

POWER SUPPLY
?

Y

PARASITE
POWERED
?

MASTER
Rx “1"s

MASTER
Rx "0"s

i

MASTER

N

Tx RESET
?

Y
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 11

Master Tx “reset pulsa” Master Rx
480 us minimum 480 ps minimum
960 us maximum
Df,‘;f’ DS1820 3(
“presence pulse”
Voo B it i
1-WIRE L
BUS | / 3 /
GND A H -
LINE TYPE LEGEND: ‘
PN Bus master active low PR— 081820 active low
. Both bus master and
WEreaad  DS1620 active low —————  Resistor pull-up
DS1820 COMMAND SET Table 2 ’
1-WIRE BUS
AFTER ISSUING
INSTRUCTION DESCRIPTION PROTOCOL PROTOCOL NOTES
_ o TE_MP_EBA‘!"URE CONVERSION COMMANDS
Convert T Initiates temperature conversion. 44h <read temperature 1
busy status>
MEMORY COMMANDS 5 _ .
Read Scratchpad Reads bytes from scratchpad and BEh <read data up to 9
reads CRC byte. bytes>
Write Scratchpad Wirites bytes into scratchpad at 4Eh <write data into 2
addresses 2 and 3 (TH and TL bytes at addr. 2 and
temperature triggers). addr. 3>
Copy Scratchpad Copies scratchpad into nonvolatile 48h <read copy status> 2
memory (addresses 2 and 3 only).
Recall E2 Recalls values stored in nonvolatile Bsh <read temperature
memory into scratchpad (tempera- busy status>
ture triggers).
Read Power Supply Signals the mode of DS1820 B4h <read supply status>
power supply to the master.
NOTES:

1. Temperature conversion takes up to 500 ms. After receiving the Convert T protocol, if the part does not
receive power from the Vpp pin, the VO line for the DS1820 must be held high for at least 500 ms to provide
power during the conversion process. As such, no other activity may take place on the 1-Wire bus for at least
this period after a Convert T command has been issued.

2. After receiving the Copy Scratchpad protocol, if the part does not receive power from the Vpp pin, the I/0 line
for the DS1820 must be held high for at least 10 ms to provide power during the copy process. As such, no
other activity may take place on the 1-Wire bus for at least this period after a Copy Scratchpad command has
been issued.
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Read Scratchpad [BEh]

This command reads the contents of the scratchpad.
Reading will commence at byte 0, and will continue
through the scratchpad until the 9th (byte—8, CRC) byte
isread. If not all locations are to be read, the master may
issue a resst to terminate reading at any time.

Copy Scratchpad [48h]

This command copies the scratchpad into the E2
memory of the DS1820, storing the temperature trigger
bytes in nonvolatile memory. If the bus master issues
read time slots following this command, the DS 1820 will
output *0” on the bus as long as it is busy copying the
scratchpad to E2; it will retum a “1” when the copy pro-
cess is complete. I parasite powered, the bus master
has to enable a strong pull-upfor atleast 10 msimmedi-
ately after issuing this command.

Convert T [44h}

This command begins a temperature conversion. No
further datais required. The temperature conversion will
be performed and then the DS1820 will remain idle. If
the bus master issues read time slots following this com-
mand, the DS 1820 will output “0" on the bus as long as it
is busy making a temperature conversion; it will retum a
“1”when the temperature conversion is complete. If par-
asite powered, the bus master has to enable a strong
pullup for 500 ms immediately after issuing this com-
mand. -

Recall E2 [B8h]

This command recalls the temperature trigger values
storedin E2to the scratchpad. Thisrecall operationhap-
pens automatically upon power-up to the DS1820 as
well, so valid data is available in the scratchpad as soon
as the device has power applied. With every read data
time slot issued after this command has been sent, the
device will output its temperature converter busy flag
“0"=busy, “1"=ready.

Read Power Supply [B4h]

With every read data time slot issued after this com-
mand has been sent to the DS1820, the device will sig-
nal its power mode: “0"=parasite power, “1"=external
power supply provided.

READ/WRITE TIME SLOTS

DS1820 data is read and written through the use of time
slots to manipulate bits and acommand word to specify
the transaction.

Write Time Slots

A write time slot is initiated when the host pulls the data
line from a high logic level to a low logic level. There are
two types of write time slots: Write One time slots and
Wirite Zero time slots. All write time slots must be a mini-
mum of 60 us in duration with a minimum of a one pus
recovery time between individual write cycles.

The DS1820 samples the I/0 line in a window of 15 s to
60 us after the I/O line falls. If the line is high, a Write One
occurs. If the line is low, a Write Zero occurs (see
Figure 12).

For the host to generate a Write One time slot, the data
linemustbe pulled to alogic low level and then released,
allowing the data line to pull up to a high level within
15 us after the start of the write time slot.

For the host to generate a Write Zero time slot, the data
line mustbe pulled to a logic low level and remain low for
60 ps.

Read Time Slots

The host generates read time slots when data is to be
read from the DS 1820. A read time slot is initiated when
the host pulls the data line from a logic high level to logic
low level. The data line must remain at a low logic leve!
for a minimum of one ps; output data from the DS1820 is
validfor 15 ps after the falling edge of the read time slot.
The host therefore must stop driving the /O pin low in
ordertoreadits state 15 pusfrom the start of the read slot
(see Figure 12). By the end of the read time siot, the VO
pinwill pull back high via the external pull-up resistor. All
read time slots must be a minimum of 60 s in duration
with a minimum of a one ps recovery time between indi-
vidual read slots.

Figure 13 shows that the sum of Tym Tge, and
TsampLe must be less than 15 ps. Figure 14 shows that
system timing margin is maximized by keeping TinT
and Trc as small as possible and by locating the master
sample time towards the end of the 15 ps period.
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READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE “0” SLOT MASTER WRITE “1* SLOT
60 ps<Ty “0"<120 pus 1 #8<tpgC <
Vee . e e e e e e P o
1-WIRE
BUS
GND — - i
>1us
DS1820 SAMPLES DS1820 SAMPLES
MIN TYP MAX MIN TYP MAX
15us 15p34+—- 30 ps 15pus 15ps——|<— 30us —
1 us<inec <o
MASTER READ "0" SLOT MASTER READ “1" SLOT .
|——— |——
V P
1-WIRE
BUS
GND e - e s
—— >1ps
— MASTER SAMPLES MASTER SAMPLES
lt— 15 s 15;3—»‘4-‘ 30 us lat— 15 us
LINE TYPE LEGEND:
anm——— Bus master active low AR B4 DS1820 active low
Both bus master and .
Mg DS1820 active low ———— Resistor pull-up
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DETAILED MASTER READ “1” TIMING Figure 13

VEC e e e - -
1-WIRE e == Vi OF MASTER
BUS
GND = - - - -
—  Tm1ps Thc MASTER SAMPLES
15pus =~
RECOMMENDED MASTER READ “1” TIMING Figure 14
Vee —
1-WIRE T T Vi OF MASTER
BUS
GND
T T MASTER
INIT = AC = MPLE
SMALL SMALL SA s
, 15us |
LINE TYPE LEGEND:
o— Bus master active low PUSS " DS 1820 active low

Both bus master and
WAV DS1820 active low

Reslstor pull-up
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Related Application Notes Semiconductor “Application Note Book”, via our web-
The following Application Notes can be applied to the site at http//www.dalsemi.com/, or through our faxback
DS1820. These notes can be obtained from the Dallas service at (214) 450-0441.

Application Note 27: “Understanding and Using Cyclic Redundancy Checks with Dallas Semiconductor Touch
Memory Product”

Application Note 55: “Extending the Contact Range of Touch Memories”
Application Note 74: “Reading and Writing Touch Memories via Serial Interfaces”
Application Note 104: “Minimalist Temperature Control Demo”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct-to—Direct Temperature Sen-
sors”

Application Note 106: “Complex MicroLANs"
Application Note 108: “MicroLAN — In the Long Run"

Sample 1-Wire subroutines that can be used in conjunction with AN74 can be downloaded from the website or our
Anonymous FTP Site.
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MEMORY FUNCTION EXAMPLE Table 3

Example: Bus Master initiates temperature conversion, then reads temperature (parasite power assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS

AP, ¢ Reset Reset pulse (480-960 us).

RX Presence Presence pulse.

X 55h Issue “Match ROM" command.

1P <64-bit ROM code> Issue address for DS1820.

1P 44h Issue “Convert T" command.

X <l/O LINE HIGH> I/0 line is held high for at least 500 ms by bus master to
allow conversion to complete.

X Reset Reset pulse.

RX Presence Presence pulse.

X 55h Issue “Match ROM" command.

X <64~bit ROM code> Issue address for DS1820.

AP, ¢ BEh Issue “Read Scratchpad” command.

RX <9 data bytes> Read entire scratchpad plus CRC; the master now recal-
culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC calculated and the CRC
read. If they match, the master continues; if not, this read
operation is repeated.

X Reset Reset Pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 4
Example: Bus Master writes memory (parasite power and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) COMMENTS
X Reset Resst pulse.
RX Presence Presence pulse.
X CCh Skip ROM command.
X 4Eh Write Scratchpad command.
TX <2 data bytes> Wirites two bytes to scratchpad (TH and TL).
X Reset Reset pulse.
RX Presence Presence pulse.
X CCh Skip ROM command.
X BEh Read Scratchpad command. -
RX <9 data bytes> Read entire scratchpad plus CRC. The master now rscal-

culates the CRC of the eight data bytes received from the
scratchpad, compares the CRC and the two other bytes
read back from the scratchpad. If data match, the master
continues; if not, repeat the sequence.

™ Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

X 48h Copy Scratchpad command; after issuing this command,
the master must wait 6 ms for copy operation to complete.

X Reset Reset pulse.

RX Presence Presence pulse, done.
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MEMORY FUNCTION EXAMPLE Table 5

Example: Temperature conversion and interpolation (external power supply and only one DS1820 assumed).

MASTER MODE DATA (LSB FIRST) ) COMMENTS

X Reset Reset pulse.

TR Presence Presence pulse.

T cch Skip ROM command.

X 44h Convert T command.

RX <1 data byte> Read busy flag eight times. The master continues reading
one byte (or bit) after another unti! the data is FFh (all
bits 1).

™ Reset Reset pulse.

RX Presence Presence pulse.

™ CCh Skip ROM command.

™ BEh Read Scratchpad command.

RX <9 data bytes> Read entire scratchpad plus CRC. The master now recal-
culates the CRC of the eight data bytes received from the
scratchpad and compares both CRCs. If the CRCs match,
the data is valid. The master saves the temperature value
and stores the contents of the count register and count

“ per °C register as COUNT_REMAIN and COUNT_PER_C,
respectively.

™ Reset Reset pulse.

RX Presence Presence pulse, done.

- - CPU calculates temperature as described in the data sheet
for higher resolution.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

* Thisis a stressrating only and functional operation of the device atthese or any other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absoiute maximum rating

~0.5V to +7.0V
—55°C to +125°C
—55°C to +125°C
260°C for 10 seconds

conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Supply Voltage Vbp- I/0 Functions 28 5.0 5.5 1,2
11/,°C Accurate 4.3 5.5 Vv

Temperature

Conversions
Data Pin o -0.5 +5.5 2
Logic 1 Vi 2.0 Vect0.3 2,3
Logic 0 ViL -0.3 +0.8 Vv 2,4

DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=3.6V to 5.5V)

PARAMETER SYMBOL | CONDITION MiIN TYP MAX | UNITS | NOTES
Thermometer Error teRR -0°C to +70°C £/, °C

~55°C to 0°C

and +70°C to See Typical Curve 1,9, 10

+125°C

Input Logic High ViH 22 55 \ 2,3
input Logic Low Vi ~0.3 +0.8 \ 2,4
Sink Current I Vyo=0.4V -4.0 mA 2
Standby Current la 200 350 nA 8
Active Current oo 1 1.5 mA 56
input Load Current e 5 pA 7
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AC ELECTRICAL CHARACTERISTICS:

(-55°C to +125°C; Vpp=3.6V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time tconv 200 500 ms
Time Slot tsiLoT 60 120 us
Recovery Time trec 1 us
Write 0 Low Time rLowo 60 120 us
Write 1 Low Time fLow1 1 15 us
Read Data Valid trov 15 us
Reset Time High trRsTH 480 us
Reset Time Low trsTL 480 4800 ps
Presence Detect High trOHIGH 15 60 us
Presence Detect Low troLOW 60 240 us
Capacitance Cinvout 25 pF
NOTES:

1. Temperature conversion will work with +2°C accuracy down to Vpg = 3.4 volts.

. All voltages are referenced to ground.

. Logic one voltages are specified at a source current of 1 mA.

2
3
4. Logic zero voltages are specified at a sink current of 4 mA.
5. Ipp specified with V¢ at 5.0 volts.

6

. Active current refers to either temperature conversion or writing to the E2 memory. Writing to E2 memory con-
sumes approximately 200 pA for up to 10 ms.

N

Input load is to ground.

8. Standby current specified up to 70°C. Standby current typically is 5 pA at 125°C.

9. See Typical Curve for specification limits outside the 0°C to 70°C range. Thermometer error reflects sensor accu-

racy as tested during calibration.

10. Typical accuracy curve valid for 4.3V < Vpp < 5.5V.

1~-WIRE WRITE ONE TIME SLOT

-———» l— 1REC

|
—»‘ tLowt

tsLor

l START OF NEXT CYCLE

N
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1-WIRE WRITE ZERO TIME SLOT

tstor -~

—p! tt—— REC

Lowo >

V4

1-WIRE READ ZERO TIME SLOT

tsLor

[— taec

tRoy ~———
1-WIRE RESET PULSE
RESET PULSE FROM HOST
e tasTL tASTH >

START OF NEXT CYCLE

START OF NEXT CYCLE

1-WIRE PRESENCE DETECT

—— 1PDHIGH [w——

PRESENCE DETECT

| tppLOW
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TYPICAL PERFORMANCE CURVE
DS1820 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR
oo -
z

G e v*f "
& ; L »
g P )
[e}
& UPPER LIMIT
x SPECIFICATION

-55

=35 -15

LOWER LIMIT
SPECIFICATION

125

TYPICAL
ERROR

TEMPERATURE (deg. C)
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MM74C922 « MM74C923

16-Key Encoder  20-Key Encoder

General Description

The MM74C922 and MM74C923 CMOS key encoders pro-
vide all the necessary logic to fully encode an array of
SPST switches. The keyboard scan can be implemented
by either an external clock or external capacitor. These
encoders also have on-chip pull-up devices which permit
switches with up to 50 kQ on resistance to be used. No
diodes in the switch array are needed to eliminate ghost
switches. The intemal debounce circuit needs only a single
external capacitor and can be defeated by omitting the
capacitor. A Data Available output goes to a high level
when a valid keyboard entry has been made. The Data
Available output retums to a low level when the entered
key is released, even if another key is depressed. The Data
Available will return high to indicate acceptance of the new
key after a normal debounce period; this two-key roll-over
is provided between any two switches.

October 1987
Revised January 1999

An internal register remembers the last key pressed even
after the key is released. The 3-STATE outputs provide for
easy expansion and bus operation and are LPTTL compat-
ible.

Features

B 50 kQQ maximum switch on resistance

W On or off chip clock

W On-chip row pull-up devices

N 2 key roll-over

® Keybounce elimination with single capacitor
B Last key register at outputs

W 3-STATE output LPTTL compatible

W Wide supply range: 3V to 15V

R Low power consumption

Ordering Code:

Order Number | Package Number Package Description
MM74C922N N18A 18-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MM74C922WM M208 20-Lead Small Outline integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74C923WM M208 20-Lead Small Outfine Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74C923N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Device also available in Tae and Reel. Specify by appending sutfix letter “X” io the ordering code,

Connection Diagrams

Pin Asstgnment for DiP

U e

ROW Y1 U

— Vec

Rowv2 -4 'L pavaouta

ROWY) = % pavaouts

Aow e 115 paraoure

DSCILLATOR = L pataguto
KEYBOUNCE MASK A -E“imm
coLumi x4 - U2, 0ata AvAILASLE

coLums x3 -4 'Y covuum xa

640 = F2 covum x2

Top View
MM94C922

Pin Assignment for SOIC

ROW Y1 11 ~ 26 b Ve
Row vz —{ 2 19 |— oATa OUT &
ROW Y33 18 | DATA OUT B
ROW Y4 = 4 17 | DATA OUT ¢
Ne =4S 16 |= DATA OUT D
OSCILLATOR ~4 & 13 = NC
KEYBOUNCE MASK —} 7 14 |~ GUTPUT INABLE
COLUKN X4 —] 8 13 | DATA AVAILABLL
COLUMX X3 — 9 12 b~ COLUMN X1
GND = 10 14 = COLUNN X2
Top View
MM74C922

© 1999 Fairchild Semiconductor Corporation DS006037.pcf

www.fairchildsemi.com
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Connection Diagrams (Continued)

Pin Assignment for

DIP and SOIC Package
now 1 = U 8,
now vz -2 119 pataoura
nowva - HL oataouts
Row va —4] 1Y garaoute
aow vs 5 L% paraouto

OSCILLATOR ~

rﬁ DATAOGUTE

KEYBOUNCE MASK L 4 SUTPUTERARLE
cotumm xe - 2 para avanasce
cotumn x2 L 2 coLumn x1
ono & 13 coLumn x2
Top View
MM74C923
Truth Tables
(Pins 0 through 11)
Switch 0 1 2 3 4 5 6 7 ] 8 10 11
Position Y1,X1 Y1,X2 Y1,X3 Y1,X4 Y2X1 Y2,X2 Y2)X3 Y2,X4 Y3X1 Y3X2 Y3,X3 Y3X4
D
A A 0 1 0 1 0 1 0 1 0 1 0 1
T B 0 0 1 1 0 0 1 1 0 0 1 1
A C 0 0 0 0 1 1 1 1 0 0 0 0
O D 0 0 0 0 0 0 0 0 1 1 1 1
U E(Note1) 0 0 0 0 0 0 0 0 0 0 0 0
T
(Pins 12 through 19)
Swhch 12 13 14 15 16 17 18 19
Position Y4X1 Y4X2 Y4X3 Y4X4 Y5(Note1), Y5(Note1), Y5(Note1), Y5(Note1),
X1 X2 X3 X4
D
A A 0 1 0 1 0 1 0 1
T B 0 0 1 1 0 0 1 1
A C 1 1 1 1 0 0 0 0
O D 1 1 1 1 0 0 0 0
U  E(Note 1) 0 0 0 0 1 1 1 1
T

Note 1: Omit for MM74C522

www.fairchildsemi.com
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Block Diagram

AT AL,
DATA
l DC ——0 svauasie

0GCEXT C
0A CLOCK
3 STATE
2817 L KEY BOUNCE xR o SoNTRL
COUNTEAR i ELIMINATIDN i @
ExTe ENAGLE

¥ —_!: {>c
I | L— ’ —| ﬁb—::ﬂ

2704 BECDDER
ALTIVE LOW DUTPUTS

b
o
KEY
* J’" ‘L" DETECT —(j'—o ’

EC6DVLININ » 226DV ZININ

([’m Vee
; N I ' INTERRAL 7 1
\o b_ O 4
sl sl s 8 0 )
S Ty Xt g ]
’ —0¢ }outrurs
SN RN I . —ex
st L U N [ . ENCODING
swTCH \o-\e \O_\ ’\o-' b5 _1 f ‘o J i
5 '\3— \g— \g— e l—lvw—o nn{f:ﬂn p-~—O21
~ ~ ~ N qcx
U IR AR N
N MV RPN e 5
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Absolute Maximum Ratingsot 2) Operating Vg Range 3V to 15V
Vee 18V
Voltage at Any Pin Ve - 0.3Vio Ve + 0.3V
g' v e ce Lead Temperature
Operating Temperalure Range (Soldering, 10 seconds) 260°C
[} R °
MM74C922, MM74C923 —40°C to +85°C g
O 0,
Storage Temperature Ranga ~£5°C10+150°C Note 2: “Absolute Maximum Ratings™ are those values beyond which the
Power Dissipation (P p) safety of the device cannot be g Except for “Op g Temp
. ture Range” they are not meant to imply that the devices should be oper-
Dual-In-Line TOOMW 1o at these fimits. The table of Electrical Characteristics® provides
Small Qutline 500 mw conditions for actual device operation.

DC Electrical Characteristics
MirvMax fimfts apply across temperature range unless otherwise specified

Symbol ] Parameter Condltions l Min ] Typ l Max l Units
CMOS TO CMOS
Vi, Positive-Going Threshold Voltage Voo =5V iy 20.7 mA 3.0 36 43 v
at Osc and KBM Inputs Vee =10V, Iy 2 1.4 mA 6.0 6.8 86 v
Ve =15V, iy 22.1 mA 9.0 10 129 v
A\ Negative-Going Threshold Voltage Veo=5V. iy 20.7 mA 0.7 14 20 v
at Osc and KBM inputs Vee =10V, [iy2 1.4 mA 14 32 4.0 v
Voo =15V, Iy 2 2.1 mA 2.1 5 6.0 v
Vine) Logical “1” Input Vohtage, Vee =6V 35 45 v
Except Osc and KBM Inputs Veg= 10V 8.0 9 A
Veg= 15V 125 13.5 v
Ving Logical “0" Input Voitage. Voc =5V 0.5 15 v
Except Osc and KBM inputs Veg= 10V 1 2 A
Vee = 15V . 15 25 v
bep Row Pull-Up Currert at Y1, Y2, Vee =5V, Vin=0.1 .Voc ~2 -5 HA
Y3, Y4 and Y5 inputs Ve =10V -10 -20 pA
Vee=18V - ~22 -45 uA
Vouty) Logical “1” Output Voltage Veg=5V, lo=-10 yA 45 v
Voo =10V, lg=~10 pA 9 v
Vee =15V, g =-10 pA 135 v
Vout | Logical 0" Output Voltage Vee=5V. lg= 10 pA 05 v
Vee= 10V, g = 10 pA 1 v
Vee=15V. lp =10 pA 1.5 v
Ron Column “ON" Resistance at Vee =5V, Vg =0.5V 500 1400 Q
X1, X2, X3 and X4 Outputs Vee= 10V, Vo =1V 300 700 o)
Vee= 15V, Vq=15v  ° 200 500 o)
lec Supply Current Vec =5V 0.55 14 mA
Oscat 0V, {one Y low) Vee = 10V 1.1 1.9 mA
V=15V 17 26 mA
gty Logical “1” Input Current Veg = 16V, Vi = 15V 0.005 10 RA
at Output Enable
lingo) Logical “0” input Current Vee= 16V, Vi =0V -1.0 -0.005 kA
at Output Enable
CMOS/ALPTTL INTERFACE
Vingn Except Osc and KBM Inputs Voo =4.75V V- 15 v
Vingo) Except Osc and KBM Inputs Ve = 4.75V 0.8 v
Voutp) Logical "1" Output Voltage lo =-360 uA
Vee = 4.75V 24 v
lo=-360 A
Vour(g) Logical “0" Output Voltage lo =360 uA
Voo =4.75V 04 v
o =-360 pA
www.fairchildsemi.com 4
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DC Electrical Characteristics (Continueq)
Symbol l Parameter ] Conditions l Min I Typ l Max I Units
OUTPUT DRIVE (See Family Characteristics Data Shest) (Short Circuit Current)
Isouprce | Output Source Current Vec =5V, Vour=0V, -1.75 -3.3 mA
{P-Channel) Ta=25°C
Isounce | Output Source Current Ve = 10V, Vour =0V, ~8 ~15 mA
{P-Channel) Ta=25°C
[ Output Sink Current Veoe =5V, Vour = Vee, 1.75 36 mA
{N-Channel) Ta=25°C
Ising Output Sink Current Vee = 10V, Vour = Vee, 8 16 mA
(N-Channel) Ta=25°C
AC Electrical Characteristics (ote3)
Ta=25°C, C_= 50 pF, unless otherwise noted
Symbol Parameter Conditions Min Typ Max Units
toao, a1 | Propagation Delay Time to C =50 pF (Figure 1) v
Logical “0” or Logical “1* Vee =5V 60 150 ns
from D.A. Vee =10V 35 80 ns
Ve = 15V 25 60 ns
ton: tin Propagation Delay Time from Ry = 10k, C_ = 10 pF (Figure 2)
Logical “0" or Logical “1” Ve =5V, R = 10k 80 200 ns
into High Impedance State Vee=10V,C =10pF 65 150 ns
Vee = 15V 50 110 ns
tho. tHt Propagation Delay Time from R =10k, C =50 pF (Figure 2)
High Impedance State to a Vee =5V, R =10k 100 250 ns
Logical “0" or Logical “1” Ve = 10V, C =50 pF 85 125 ns
Vee =15V 40 90 ns
Cin Input Capacitance Any Input (Note 4) 5 7.5 pF
Cour 3-STATE Output Capacitance Any Output (Note 4) 10 pF

Note 3: AC Parameters are guaranteed by DC correlated testing.

Note 4: Capachance is guaranteed by periodic testing.

www.fairchildsemi.com
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Switching Time Waveforms

Vee
ANY KEY
n ————
7 p—
ANY OTHER
KEY
[
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—t T t‘ n !
Vee F
DATA \
AVAILABLE ] 05 Vee , a5 vge
!
a0 ~ -t
Ve
OATA 0.5V, 0.5 Vi
ouTPUT ce ce
Tt =« T2 =RC, T3~ 0.7 RC, where R = 10k and C is extemal capacitor at KBM input.
FIGURE 1.
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FIGURE 2.
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Typical Performance Characteristics

Typical l;; vs Viy at Any Y Input
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Typical Applications

Synchronous Handshake (MM74C922)

L,
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740922
x4 KBM
x3
[}
| x2 ¢
| 1 s TO BATA BUS
Jjzjt)e Y1
A
7fefs]¢ v2 oA
BlAjvje ¢ :IMHCM
fFleEjogcC Y4
asc a
SYSTEM
CLOCK p— K g

OATA AVAILABLE
{INITATION)

¢ i < ENABLE OUTPUT
j__ {RESPONSE)

The keyboard may be synchronously scanned by omitting the capacitor at
osc. and driving osc. directly Hf the system clock rate Is lower than 10 kHz

Synchronous Data Entry Onto Bus (MM74C922)

Typical Ry, v8 Vour at Any X Output
4
IVcc =3v Ta=25°C
35 l
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Typical Debounce Perlod vs Cyxgy
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Outputs are enabled when valid entry is made and go into 3-STATE when
key is released.

Y

may be

LY DATA AVALLABLE

Y y by omitting the capacitor at
os¢, and driving osc. directly if the system clock rate is lower than 10 kHz
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Asynchronous Data Entry Onto Bus (MM74C922)

r__—l— 19c
£l

mMMIaCe22
x4 K8M
X3
AP
l x B
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—
HHERL ¥t
D p—————p
7]6]s]e Y2
DA DATA AVAILABLE
siafale Y3
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I

Y4
asc I 113
c

1/6 74004

Outputs are in 3-STATE until key is pressad, then data is placed on bus. When key is released, outputs return to 3-STATE.

Expansion to 32 Key Encoder (MM74C922)

Theory of Operation

The MM74C922/MM74C923 Keyboard Encoders imple-
ment all the logic necessary to interface a 16 or 20 SPST
key switch matrix to a digital system. The encoder will con-
vert a key switch closer to a 4(MM74C922) or
5(MM74C923) bit nibble. The designer can control both the
keyboard scan rate and the key debounce period by alter-
ing the oscillator capacitor, Cogg, and the key bounce
mask capacitor, Cygk. Thus, the MM74C922/MM74C923's
performance can be optimized for many keyboards.

The keyboard encoders connect to a switch matrix thatis 4
rows by 4 columns (MM74C922) or 5 rows by 4 columns
(MM74C923). When no keys are depressed, the row inputs
are pulied high by intemal pull-ups and the column outputs
sequentially output a logic "0". These outputs are open
drain and are therefore low for 25% of the time and other-
wise off. The column scan rate is controlled by the oscilla-
tor input, which consists of a Schmitt trigger oscillator, a 2-
bit counter, and a 2—4-bit decoder.

When a key is depressed, key 0, for example, nothing will
happen when the X1 input is off, since Y1 will remain high.
When the X1 column is scanned, X1 goes low and Y1 will
go low. This disables the counter and keeps X1 low. Y1

+5v
| wairacez2
v,
n % ke
X2 osc o |
¢ =100
xs ‘T
I I X4 DA | DATA AVARLABLE
ofj1]2]3 12 A 0
S E 2 gl D1
8 ] win Y3 —>
2 {1 pana
12153014115 Y4 . of—> 08 { gus
ND
Y Y Y Yinne
16§17 |8 |19 . y J
20 [ 21 [22 |25 =
24 |25 |26 {27 o4
28 [ 23 |30 | 51 . uM74C20
$ 2 % 3o
Yee

going low also initiates the key bounce circuit timing and
locks out the other Y inputs. The key code to be output is a
combination of the frozen counter value and the decoded Y
inputs. Once the key bounce circuit times out, the data is
tatched, and the Data Available (DAV) output goes high.

If, during the key closure the switch bounces, Y1 input will
go high again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
soon as the switch stays low for a debounce period, the
closure is assumed valid and the data is latched.

A key may also bounce when it is released. To ensure that
the encoder does not recognize this bounce as another key
closure, the debounce circuit must time out before another
closure is recognized.

The two-key roll-over feature can be illustrated by assum-
ing a key is depressed, and then a second key is
depressed. Since all scanning has stopped, and alt other Y
inputs are disabled, the second key is not recognized until
the first key is lifted and the key bounce circuitry has reset.

The output latches 1e_ed 3-STATE, which is enabled when
the Output Enable (OE) input is taken low.

www.fairchildsemi.com
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Physical

0.092
9[2.34)

I 0.030 MAX

Dimensions inches (millimeters) unless otherwise noted

0.845-0.870
[21.46-22.10]

——]

0.090
[2.20] TYF-

ﬁﬁﬁﬁﬁﬁﬁr’]

{0.76]
PIN NO. 1

IDENT —\

T

0.245-0.255
{6.22-6.48]

ke l

LT‘UL.)UL...JUK.J'\)LJ

0.060 0.300-0.320
=1 sy ™® [7.62-8.13)
0.040 0.125-0.135 _ 0.145-0.200,.,
0.065 el e PR TRA {3.18-3.¢3) T [3.68-5.08]
[1.65]
v [ B .
t I - 0.008-0.014
; {0.20-0.36] 1"
900 £4° TYP
o100 rve 0.125-0.140
[2.54] 0.015-0.021 -125-0.
{0.38-0.53] "7 {3.18-3.56]
N I‘_ 0.010-0.040
{0.25-1.02) L 0.020, . .0 0.310-0.365 N182 (REY F)
[0.51]) [7.87-9.27)
18-Lead Plastic Dual-In-Line Package (PD!P), JEDEC MS-001, 0.300” Wide
Package Number N18A
1 0 496-0.512
, 112,330 - 12.005) e
_Zﬂ ﬁ 18 17 8 1 12 u
8.304-~0.419
{16008 - 10843}
LEAD MO, Y} : o
N UEEUEE0T
N 'lllﬁi'lll‘n‘f
D010 yay
{0.258)
oWI~025
(1.281-1.595)
0.010-0.025 0.093--0.104
@ r—aTn <™ r— RM!;Z.W)
B MAX TYP | 8.004-0.012
A.LLLEADS I L | ©0z-0315
i _J Aok X seannc

—

8.0 -0.013
{#.209-0.3%)
TYP ALL LEADS

ALL LEAD TIPS @8 12m) {1218}

TYP ALL LEADS e

20-Lead Piastic Small Outline I.C. Package (M)
Package Number M20B

8.004 / T n?u
_ pin¥ 0.058 0,814 -0.020
0w 0.016-00%0 s > o058 o} e 08140020 ryp

’ PLANE

8.356 -0.504)

[T T =]
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MM74C922 « MM74C923 16-Key Encoder » 20-Key Encoder

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

1.013-1.040
0052 X 0030 (25.13-26.82)
QJ':IA: :.;sz) o) [is} (] [i7] (] f3e] [} [35) [e] [ ﬁ,‘:
3 .
PN NG 8 IOENT—\ @ @ 0260 :0.00% PIN NO. 1 IDENT
6.604 <0, -
- 8§ { 0.127) —
X OFTION 1 ¢
L IR NI RO RDEONCIRITE
0.980
3000320 B o DPTION 2
{1620-8.128) KoM 0.04
0060 0 DPTION 2
el k-— 0.1
005 064 | ) 60 Tt w:c:
i) 2 o 3362 0127
' | D.145-0200
1 ] i {3.682-5.080)
0.003-0.015 90°£0.004° i }'
10229-0381) ——— 02
TYP mno:umn_] 1__ 0.125-0.140  (0.508) .
0.060£0.005 {754010.25) 0.018:0.803 {(375-3556)  MIN ’
2 325 *0840 (1524:0027) {0.457£0.076)
-0815

0015
(1258 2} 15)

N20A A8V Gy

20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N2CA

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (¢) whose failure
to perform when propery used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or eflectiveness.

www.falrchildsemi.com
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CD74HC540, CD74HCT540,
CD74HC541, CD74HCT541

High Speed CMOS Logic

HARRIS

SEMICONDUCTOR

January 1998 Octal Buffer and Line Drivers, Three-State
Features Description
e CD74HC540,CD74HCTS40 ............... Inverting The Harris CD74HC540 and CD74HCT540 are Inverting

o CD74HC541, CD74HCT541
e Buffered Iinputs

» Three-State Outputs

« Bus Line Driving Capability

¢ Typlcal Propagation Delay = 9ns at V¢ = 5V,
CL = 15pF, T = 25°C

.............. Non-inverting

Octal Buffers and Line Drivers with Three-State Outputs and
the capability to drive 15 LSTTL loads. The Harris
CD74HC541 and CD74HCT541 are Non-Inverting Octal Buff-
ers and Line Drivers with Three-State Outputs that can drive
15 LSTTL loads. The Output Enables (OET) and (OE2) con-
trol the Three-State Outputs. If either OET or OE2 is HIGH the
outputs will be in the high impedance state. For data output
OET and OE2 both must be LOW.

Ordering Information K
* Fanout (Over Temperature Range)
TEMP. PKG.
StandardOQutputs............... 10 LSTTL Loads PART NUMBER | RANGE (°C) PACKAGE NO.
- Bus Driver Outputs ..... Ceeseans 15 LSTTL Loads
CD74HCS40E -55t0 125 {20 Ld PDIP E20.3
0, O,
* Wide Operating Temperature Range . . . -55°C to 125°C  [Ch720CTs40E | 5510 125 |20 Ld PDIP £20.3
+ Balanced Propagation Delay and Transition Times CD74HCS41E -55t0 125 {20 Ld PDIP E20.3
« Significant Power Reduction Compared to LSTTL CD74HCTS41E -55t0 125 |20 Ld PDIP E20.3
LogiciCs CD74HC540M -5510 125 20 Ld SOIC M20.3
* HC Types CD74HCT540M -551t0 125 20Ld SOIC M20.3
- 2V to 6V Operation CD74HCS541M 5510 125 {20Ld SOIC M20.3
- High Nolse Immunity: Ny_ = 30%, Njy = 30% of V¢o¢ CD74HCT541M -55t0 125 |20 Ld SOIC M20.3
* HCT Types 1. When ordering, use the entire part number. Add the suffix 96 to
- 4.5V to 5.5V Operation obtain the variant in the tape and reel.

- Direct LSTTL Input Logic Compatibility,
Vi = 0.8V (Max), Viy = 2V (Min)
- CMOS Input Compatibllity, |; < 1uA at Vo, VoH

2. Watfer and die for this part number is available which mests all
electrical specifications. Please contact your local sales office or
Harris customer service for ordering information.

Pinouts
CD74HC540, CD74HCT540

CD74HC541, CD74HCT541

(PDIP, SOIC) (PDIP, SOIC)
TOP VIEW TOP VIEW

oE [T ~ 20] Ve 20] Ve

A0 [Z] 19] 02 [19] OE2

A1[3] 18] Yo 18] Yo

A2[3] 7 V1 [77] 1

A3 [5] [16] V2 16] v2

a4 73] V3 73] 3

As [7] 4] V& [14] v4

As [ 33} V5 [13] Y5

a7 [3] 12} V6 [12] ve
GND m 1] V7 [11] v7

Copyright © Harrig Corporation 1938

CAUTION: These devices are sensttive to electrostatic discharge. Users should follow proper IC Handling Procedures.

1

File Number

1659.2
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Functionai Diagram
oA OEs

i j 540 541

Do } Z Yo Yo

Dy I 5 Yy Y4

p
[»)3 = f Y2 Y2
]

D3 D‘ 73 Yy

D4 i t Ys VYs

O N, Y Ye

Dg I r 75 Ye

D7 I z Y, Yz

TRUTH TABLE
INPUTS OUTPUTS
[13) OE2 An 540 541
L L H L H
H X X 4 z
X H X 4 z
L L L H L
NOTE:

H = HIGH Voltage Level
L =LOW Voitage Level
X =Don't Care

Z = High Impedance
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Absolute Maximum Ratings

DC Supply Voltage, Vo -+ v v v v vvveiiiiiieiiin -0.5Vto 7V
DC Input Diode Current, ljk
ForVi<-0.5VorVi>Voc+0.5V.......oooviiiinn +20mA
DC Output Diode Current, Iok
ForVg<-0.5VorVo>Veo+05V...cooii it $20mA
DC Drain Current, per Qutput, g
For-0.5V<Vo<Vgc+05V............. eaaaaaneens +35mA
DC Output Source or Sink Current per Output Pin, 1o
ForVo>-0.5VorVo<Veo+05V. ... +26mA
DCVggorGroundCurrent, dcg ..o iiiiiinn 150mA
Operating Conditions
Temperature RANGE, T4 -« ovvvvenrernrnennans -55°C 10 125°C
Supply Voltage Range, Voo
L L 7 =T 2V to 6V
HOT TYPeS .« it ive i iiiieiiiieiiiieeeincaannns 4.5V to 5.5V
DC input or Output Voltage, Vi, Vo .......ovevnnn.n, 0VtoVge
Input Rise and Fall Time
2 1000ns (Max)
45V...... F et ta et aa et i 500ns (Max)
BV i e e e e 400ns (Max)

Thermal Information

Thermal Resistance (Typical, Note 3)

PDIP Package
SOIC Package
Maximum Junction Temperature

Maximum Storage Temperature Range

Maximum Lead Temperature (Soldering 10s)

(SOIC - Lead Tips Only)

844 (°CW)

....................... 150°C

125

..300°C

CALITION: Stresses abova those listed in "Absolute Maximum Ratings” may cause permanent damage 1o the device. This Is a stress only rating and operation of
the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

3. 9,4 is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications

CONTlfrsnTons Vee 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER  |SYMBOL{ Vi(V) [lo(mA)| ) | MIN | TvP [ Max | MmN | max | miIN | mAX | uNms
HC TYPES
High Level input ViH - - 2 1.5 - - 1.5 - 1.5 - \
Voltage 4.5 3.15 - - 3.15 - 3.15 . \
4.2 . . 4.2 . 4.2 . v
Low Level Input ViL - - - - 0.5 - 0.5 - 0.5 v
Voltage 45 ; - [ 135 | - 135 : 135 | V
. . 1.8 - 1.8 - 1.8 v
High Level Output VouH |VigorVy!l -0.02 1.9 - - 1.9 - 1.9 - v
\g;/'!tggeLoa " 002 | 45 | a4 - - 4.4 . 44 - v
-0.02 6 5.9 - - 5.9 - 5.9 . v
High Level Output - - - - - - - - - \"
ﬁtaf:ads 6 45 | 398 | - - | 384 . 37 - v
7.8 5.48 - - 5.34 . 5.2 - v
Low Level Output VoL [|VinorVy| 0.02 - - 0.1 - 0.1 - 0.1 v
\éﬂ?%ioa " 002 | 45 - | 01 - 0.1 - 0.1 v
0.02 6 - - 0.1 . 0.1 - 0.1 v
Low Level Output - - - - - - - . - \
ﬁ:faf:a ds 6 45 - - 0.26 - 0.33 . 0.4 v
78 6 - - 0.26 - 0.33 - 0.4 v
Input Leakage I Veeor - - - 10.1 - *1 - +1 HA
Current GND
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DC Electrical Specifications (Continued)

TEST
CONDITIONS Vee 25°C -40°C TO 85°C |-55°C TO 125°C
PARAMETER SYMBOL | Vi(V) [lg(mA) V) MIN | TYP | MAX | MIN | MAX | MIN MAX | UNITS
Quisscent Device lcc Vg or 0 6 - - 8 - 80 - 160 nA
Current GND
Three- State Leakage loz VicorViyl Vo= 6 - - 0.5 - 5.0 - 10 HA
Current Vggor
GND
HCT TYPES
High Level Input Viy - - 4.5to0 2 - - 2 - 2 - \
Voitage 5.5
Low Level Input Vi - - 4.51t0 - - 0.8 - 0.8 - 0.8 \
Voltage 5.5
High Level Output Von [vinorvy| -0.02 45 44 . - 44 - 44 - v
Voltage '
CMOS Loads .
High Level Output -6 45 3.98 - - 3.84 - 37 - \
Voltage
TTL Loads
Low Level Qutput VoL [Vigorvy| 0.02 4.5 - . 0.1 - 0.1 - 0.1 \
Voitage
CMOS Loads
Low Level Output 6 45 - - 0.26 - 0.33 - 0.4 v
Voltage
TTL Loads
Input Leakage i Ve and 0 55 - 10.1 . +1 - 1 A
Current GND
Quiescent Device Icc Vg or 0 55 - - 8 - 80 - 160 HA
Current GND
Three- State Leakage loz VicorVig| Vo= 5.5 - - 10.5 - 5.0 - +10 HA
Current Vegor
GND
Additionat Quiescent Alcc Vee - 451t - 100 360 - 450 - 430 HA
Device Current Per -2.1 5.5
input Pin: 1 Unit Load

HCT Input Loading Table

UNIT LOADS
INPUT HCT540 HCT541
A0 - A7 1 0.4
OE2 0.75 0.75
OET 1.15 1.15

NOTE: Unitload is Aic limit specific in DC Electrical Specifications

Table, e.g., 360pA max. at 25°C.

NOTE: For dual-supply systems theoretical worst case (Vy = 2.4V, V¢ = 5.5V) specification is 1.8mA.
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Switching Specifications C( = 50pF, Input t,, t;= 6ns

-40°C TO -55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Ve (V)| MIN l TYP J MAX | MIN [ MAX | MIN MAX { UNITS
HC TYPES
Propagation Delay tpH tpHL]  C =50pF
Data to Qutputs (540) 2 - - 110 - 140 - 165 ns
4.5 - - 22 - 28 - 33 ns
Cp = 15pF 5 - 9 - - - - - ns
C_ =50pF 6 - . 19 - 24 - 28 ns
Data to Outputs (541) tpyz.tpHz | Ci =50pF 2 - - 115 - 145 - 175 ns
4.5 . - 23 - 29 . 35 ns
CL = 15pF 5 - 9 - - - - - ns
CL = 50pF 6 . . 20 - 25 . 30 | ns
Qutput Enable and Disable |tpiz,tpyz| C=50pF 2 - - 160 - 200 - ,240 | ns
to Outputs (540)
4.5 - - 32 - 40 - 48 ns
CL=15pF 5 - 13 - - - - - ns
C =50pF 6 - - 27 - 34 - 41 ns
Qutput Enable and Disable |tpy 7, tpHz| CL=50pF 2 - - 160 - 200 - 240 ns
to Qutputs (541)
4.5 - - 32 . 40 - 48 ns
CL=15pF 5 - 14 - - - - - ns
C = 50pF 6 - - 23 - 29 - 35 ns
Output Transition Time tyHL tyeH | Cp=50pF 2 - - 60 - 75 - 90 ns
4.5 - - 12 - 15 - 18 ns
6 - - 10 - 13 - 15 ns
Input Capacitance C Cy = 50pF - 10 - 10 - 10 - 10 pF
Three-State Output Co - - 20 - 20 - 20 - 20 pF
Capacitance
Power Dissipation Capacitance Cpp Cy = 15pF 5 - 50 - - - - - pF
(Notes 4, 5} (540)
Power Dissipation Capacitance Cpp C_ = 15pF 5 - 48 - - - - - pF
(Notes 4, 5) (541)
HCT TYPES
Propagation Delay tpHL, tPLH
Data to Outputs {540} Cy =50pF 4.5 - - 24 - 30 - 36 ns
Cy = 15pF 5 - 9 - - - - ns
Data to Qutputs (541) tPHL, tPLH| CL = 50pF 4.5 . - 28 - 35 - 42 ns
CL=15pF 5 - 1 - - - - - ns
Qutput Enable and Disable |tp 7, tpyz| CL=50pF 4.5 . - 35 - 44 - 53 ns
to Outputs (540, 541)
CL = 15pF 5 - 14 - - - - . ns
Qutput Transition Time e tyHL |  CL=50pF 4.5 - - 12 - 15 - 18 ns
input Capacitance C CL = 50pF - 10 - 10 - 10 - 10 pF
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Switching Specifications C_ = 50pF, Input t,, ;= 6ns (Continued)

-40°C TO -55°C TO
25°C 85°C 125°C
TEST
PARAMETER SYMBOL | CONDITIONS | Voo (V)| MIN | TYP | MAX | MIN | MAX | MIN MAX 1 UNITS
Three-State Output Co - 20 - 20 - 20 - 20 pF
Capacitance
Power Dissipation Capacitance Cpp C_ = 15pF - 55 - - - - - pF
(Notes 4, 5) (540, 541)
NOTES:

4. Cpp Is used to determine the dynamic power consumption, per channel.

5 Pp= V002 fi (Cpp + C) where f; = Input Frequency, C|_ = Output Load Capacitance, Vg = Supply Voltage.

Test Circuits and Waveforms

te=6ns l-— -—1 I-— ty=6ns ’

90% ce
INPUT 50%
T 10% GND
trHL
INVERTING
OUTPUT

- tpHL -l

FIGURE 1. HC TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC

Ve, Gt = 50pF.

6ns '-— ——' [— 6ns t ld— 6ns ] —->| -— 6ns
OUTPUT o0% Vee OUTPUT 27 T 3v
DISABLE 50% N 10% DISABLE 1.;Fsr 03
Re——— GND ] GND
tprz > e tpzL e tpZL
OUTPUT LOW OUTPUT LOW
TO OFF TO OFF 13V
OUTPUT HIGH OUTPUT HIGH
TO OFF TO OFF 13V
OUTPUTS _putg— OUTPUTS OUTPUTS OUTPUTS OUTPUTS OUTPUTS
ENABLED DISABLED ENABLED ENABLED DISABLED ENABLED
FIGURE 3. HC THREE-STATE PROPAGATION DELAY FIGURE 4. HCT THREE-STATE PROPAGATION DELAY
WAVEFORM WAVEFORM
OTHER [ © OUTPUT
INPUTS ) o] 1cWITH R = 1kQ
TIEDHIGH ] o] THREE- Vcc FOR tprz AND tp.
ORLOW | o STATE I cL GND FOR tpyz AND tpzy
outeur | UV T soer
DISABLE =

NOTE: Open drain waveforms tp 7 and tpz|_are the same as those for three-state shown on the left. The test circuit is Output Ry = TkQ to

FIGURE 5. HC AND HCT THREE-STATE PROPAGATION DELAY TEST CIRCUIT

ty=6ns

INPUT

3421

INVERTING
OUTPUT
= tpHL —-!

FIGURE 2. HCT TRANSITION TIMES AND PROPAGATION
DELAY TIMES, COMBINATION LOGIC
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The Concise LCD Data Sheet. hitp:/ /www.senet.com.au/ ~qpeacodk
Instruction RS|IRW|D7|D6|D5|D4|DB{D2 DL | DO Desaiption Qocks
NOP 0/o0jO0|0j0[0}0] 0} 0] O |NoOperation 0
Clear Display o/o0jo{o0jO0|0]O0|O0]| 0]} 1 |Cearsdisplay&setsaddress counter to zero. 165
Cursor Home ololojolojo|lo|O]| 1] 0 |Setsaddresscountertozero, retums shifted 3
display to original position.
DDRAM contents remains unchanged.
Entry Mode Set ololo|lofjo{olo]| 1{yD|S |Setsausormovedirection, and specifies 3
automatic shift.
Display Control ololoto|lolo]|1]|D]|C| B |Tumsdisplay (D), cursoron/off (C) or cursor 3
blinking(B).
Cursor/displayshift] 0| 0{ 0| 0| 0| 1 |S/C|R/L| O | O |Movescursorand shift display. DDRAM contents 3
remains unchanged.
Function Set ofo]lo[0]1]|DLIN[M]| G| 0 |Sesinterfacedata width(DL), number of display 3
lines (N,M) and voltage generator control (G).
Set CGRAMAddr | 0| 0 | 0 | 1 | Character Generator RAM | Sets CGRAM Address 3
SetDDRAMAddr | 0 0{ 1 Display Data RAM Address | Sets DDRAM Address 3
Busy Flag &Addr | 0 | 1 |BF Address Counter Reads Busy Flag & Address Counter 0
Read Data 1]/0 Read Data Reads data from CGRAM or DDRAM = 3
Write Data 1]1 Write Data Writes data from CGRAM or DDRAM 3
Write Cyde
4
RS ><
N
- tas * “tan
R/W
tw e—
/ [
Enable N /
) N
e ™kt
Data Valid Data
t
Parameter Symbol [ Min®@ | Typ® | Max® | unit
Enable Cyde Time te 500 - - ns
e T 1= [1{0000000000000000)0
(High) ) 11000000000000000040
Enable Rise/Fall Time tote - - 20 s o ARAARARARAAAAR o
Address Setup Time tas 40 - - ns 14 1
Address Hold Time tah 10 - - ns PnNo | Name 10 Description
Data Setup Time tas 80 - s ; \‘/’jz Power G;‘VD
Power +
Data Hold Time th 10 . N s 3 Vo Analog | Contrast Control
4 RS Input Register Select
Note ! The above specifications are a indication only. Timing will vary from manufacturer 5 R/W Input Read/Write
to manufacturer. 6 E Input Enable (Strobe)
7 DO /0 Data LSB
8 D1 10 Data
Note? A 2 line by 16 Character LCD Module is Pictured. Data will work on most 1 line x 9 D2 IO Data
16 character, I line x 20 character, 2 line x 16 character, 2 line x 20 character, 4 lines x 10 D3 1/0 Data
20 character, 2 lines x 40 character etc. modules compatible with the HD44780 LCD 11 D4 10 Deta
Module. 12 D5 10 Data
3 D6 0 Data
14 D7 IO Data MSB






