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ABSTRACT

This thesis presents the mode! of The Wireless Temperature Sensor and
Controller for controlling Air condition using a microcontroller. The model is divided
into two main parts, transmitter and receiver. The temperature sensor is located in
the portable transmitter part to improve an efficiency of temperature sensing and
provides a precise temperature of controled area. The signal data is sent to the

receiver for future processing by using a radio frequency modulation technique.
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0 oh PO 80h
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AuRFALINMUEAATE 80H - FFH WS nnuresmtingausnanisldanu
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1.2.3 Wsunsuaniimas (Program Counter)

ThiBaamesi 1 luniss it ansaseamingaudntlsunsdeasiecly
Fnawdludnaudaly lunsaitlilfaufansaiifousudaamisaame iUl

1.2.4 @LLﬁnw'aéﬁLm@S‘ (Stack Pointer)

dhiRawmesnn 8 On FuiRLAwIkIaiTsaweslinas (Pointer 189
UTlnuausin  (Stack) A wiufudeyauanAagamed FRameinioe muv?ﬁmgamn
sunsu Tosinfudaiievnnisugussunlminneudeainnisusgnin wiefinishan
(Resetl  RasuAeluauinneminesasiidn o7H Fafludwniuesasanieluition
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1.2.6 WsUNINARARALITH (PSW)
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LABNULNA 1B9TARIARN 1TINUA7E

1.2.7 FRawmefNnaadesiunesm (Port Register)
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1.2.9 Faamas PCON
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Wunisnuualasniae Wi ieanalWinudiuesslssamesnealuas  Inataned
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F00m: PCON  sumis: 97h ANTIAENA: 0xxx 0000
SMOD - - - GF1 GFO PD IDL
Fniin FUMUY e pNMINE - e R T
SMOD PCON.7 Danmuanisvdguasedasusang
PCON6
PCON.5
, PCON.4 :
GF1 PCON.3 urdnd Ul d 15 mrialy - Flag 1
GFO PCON.2 urdndwmiu 15 ol Flag 0
PD PCON.1 |  {mdmFunisniwum Power down
IDL PCON.0 ndmFun1InIvum Ide mode

U 2.6 Gimsie nehuiAaimes PCON (Power Control Register)

. 1.2.10 FAawef IP,IE, TMOD,SCON
\unguiedasmeiivnmiinvuanisaouay  uazn1minaueeInisiune s
A7) 999 8051
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2.2.5 szuvauiaassUAnag 8051
anmouznissume FFUMmiun1sdadanzniminuet e et 9anileganidas iy
] 4; ¥ o <N - ar « v 2/ ] -3
ag e nnsndanIneuivisaLAnsiugUnsalingg Wilul/deswmnfs  anw
arurnlunisaniiunisdanisdyayradueedflianuseaiuiindoyoiuvatedssnm
289 8051 Do lAdududnwnizisulsenimile  Sanndnldinnniun 1 lunnsesnuuLuds

-3 1) i - X A‘ A’
fazdanalisruugunsoneuauassiewmsmMenimauaniifiadulimntaau

Ca [ 4 (g
o

Tulnsraulnsanes 8051 amnsaiansdumesis Tasduunmuumasiinnged
dtyeynou (Signal Source) yeadtyeynsBume sl T

1. deyqrouprmesiilsiainnienien (External Interrupt)

nsmsaseudyuidBuse Rl azannsiualiiinisnsageyly
é’nmmmﬁ@‘lé’ﬁmﬂﬂﬁﬂuuﬂm?zﬁuﬁrynvnm’lﬂu.ﬁfz (Level-sensitive)  W3aludaananaue
ﬁ'uﬁmﬂﬂﬁ'ﬂuuﬂmﬁtytqu@ﬂnaaﬁnzgq1ﬂtﬂuaﬂ3n. dtyryInusn (Edge-sensitive)

2. frmasslsinaeu (internal Interrupt)

Lma'qﬁﬁLﬁmmz(rynvnmﬁ@ztﬂmmTn'm'lumm‘lu‘imﬂfau‘fmam@:ﬂm CATREEINT
/AU qqqsf%@mﬁaﬁmnpruwnm Wlusiu

e SANP 2SN

3

dyeyrauiidnainmstuee S 8051 Ratulsl 5 dnwoue Ae (qUR 2.7)

ﬁngty’lt‘.&%"{“-‘ SR ﬁg"“ ALTHMNAY gy

S d L E .t :
INTO FyurnuBunefsannisue MR P3.2

Tag 8051 axinsdusethaiieduaannuuriulnia

INT1 AuyndumefAlfanniauennendnyyin P33

' Tne 8051 amvhmsduiethadieduganuusilnia
Timer0 Fynyrunisiialamefiadyas Timer 0 )
Timer1 Fyurumsifinlanefiiadues Timer 1 )
NBTREYNTH mﬂﬁmﬁmmﬁﬂﬁﬁ'tﬁm‘%umnmﬁ’u/ﬁeﬁaqawnm

miinasiaunindumesfs RI uaz T susnAy

U7 2.7 uassunsasdtyryniduime Fs
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i - 1] - or
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UM 2.8 wsunmuasslaseaszuunistume e 8051
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Tnresdayaninandes Geinacegnialuaames TCON uar SCON wnlgfinstmuasn
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sunsugipenfnistumasilfvesdynyunfissiunanuddysieg  farmavgnindavas
WlhlszuansvesdygndusefFustssiuanudmdygand usmndndudyoyn
= (8% r‘ﬂld o o [ °| ] <l o v @ b % 2 3 : d’
Bumes TN szAuA A Ay ANt wRa T UL NasAesse I aFadunsUssunanan

AHuNsagnau



16

2.2.5.3 MIAUANBLARTTM

ANlANATI9AUNNIAANITRLIARTIUMAYEY 8051  AINNTanR MUALRBNIe LAY
vise lifiugan(Enable/Disable) Iiin1sdumaiFlfnurazdtycunadld Tneldasnassavun
0 a aa I's -J d:’/ dl =X a oo :’/ o d.
Aadiangliidawes B Swsiivauuunssytedumedildlaasmuiomn @an7) uaz
sumediUdussvtszinld unsalnnmueddayaiie 1 Wiudnasiinouvunatanig
susenlilinsdumeliieauld  wazazdunsdassduiudwiumstmundrdeysd
i 0 winaesdipundvluiatsn ununwluglil 2.8 Snass azdiudnassieainnisiimue
Titugannisdumeifliiaunaliiinuiey  Aeazinan linisimusdnietfiveenaes

' = as ol s’; b 4

uAnzAumasTUsNnatule

2.2.5.4 3ALANAATYIRINTRUAD TTUST

nsnmuassiuANAIA U uBwRe FFUMuAsT sz @amnsovn
Iilaenisrinuadayandandu 1 wie o Witudaneliaawes IP (nterrupt Priority) 1ae)
windidaniu 1 AasinWideygrndueesilmiug fsvauanuddyge wazlunsdng
drunuduiunisiuusAudu o .

Aelcll c; % a [ e o=l o o o =l o a 3 v o =3

nssundry ey nundnunaumesiUissAup A AR i aTunfanty  fiana

aziinatlyvauld  usatlsfinu 8051 AfllasadFiameduansauaflunisianson

AINAIALIB9A3N Tugiin 2.9 Al

1 IEO Sumaifldnieuen 0

2 TFO NAMIL/AUAT 0

3 IE1 aumefilsniuuen 1

4 TR WATHL/AUAT 1

5 RIWia I nasidadiayaaynsy

7UM 2.9 asneuansssALANAATY 189N IBMAR TS

2.2.5.5 N133AN13D WA TG
d; - - o & A’ g 's ° o 3 a; o o © a 19 ¥
WaNn1auRessURN AL "lu‘[mﬂ'auimaLa@a‘@zmmﬁwmmm’uuummq’lm
¥ (-3 ’:/ =S o =3 1 o ] o ; d' o ' Y o -
LALATA  AINUUAIRZNINITALAIAIWULNLEARTAIBAFINazneuee I 1A 5o

rasnteanagninvualilvidususin (Stack uaznsvlanluemumisueninsa il
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nsn e lutueumuianihlpednlul® sumitifandt wesasaresdumeslean
187 (Interrupt Vector Address) 4&fFaziaainnsidisulsunsueian (Subroutine) flamumia

) : ¥ sﬁ' e 1 ' a = [ 3 . v
waasawatld JaFundn Tsunsutasinisswnesils (Interrupt Service Routine)

2.2.6 2995UL/AULIAN

8051 UsznaumieFAameiawn 16 DAsuuaesa An TOTimer0) waz T1 (Timerl)
Fegnsotir U Wenldednedasy Tngaunsnauanliviauihfidusasunen (Timen e
BusuauwaddnyurnsunRniniglu M?‘ﬂﬂ'?i.lﬂu'lﬁﬁ’mﬁ’]ﬁLﬂuﬁ')ﬁU(Counter) ey
uadaasszuuls

nehiFdamesusiazsadauisouwsneenliifiddamesiun 8 i Aa THO Au
TLO A wmiiFaamesd T0 uaz THT AU TL1 dwiidaames T1 lnanisvneueediaamein
'Amﬁf;ﬁﬁuz«mw*mmiﬁmumﬂ'maﬁmﬁﬂgjma'lu?ﬁmm'? TMOD(Timer  mode  control

register) WAYIAALAT TCON (Timer/Counter control register)

2.2.6.1 N19DULHATTUFTRIMNATHL/ALIIAN

NITUIUNITVINTULEINATUL/ALIIAITBY 8051 ATTUFeNNINISAMUAAT B E L
o mia - - 7 g pra v \L& ORI . i
AUTAAmaT TO viea T1 mmmeﬂlusqame@zmmam'mumuﬂﬂnmmwmmmmqnm

: 5 d‘ o aa '8 A' 1 d‘ o AI = ) e
A1 mmu@qmnmimwmmm?%Lm@?@:mum@’mmmuuﬂ‘lﬂwﬂﬂq AUINAIPNAATDITIA

wef usendulliuAguiiladwadgainainalutiaduniil nstenesiad Hstu

imv“\g

( Timer)

| \O——r—O/O—b
' Cn=1 : '

A I Tx O ?

Tfaneesiu/Aua

U7 2.10 daumruANNTINUTEMARTTLAUNST Tnlsznaudadiusesnisiuaiunaesdeyyio

(Timer %38 Counter ) uardavsadtyyindmiunismgavianiminausedeastiy
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2.2.6.2 NN INIWTIUAITULIAN
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Aaimes THO vive TH1 Wuiniuawie 8 On wadiaames TL0 vda TL1 Hawia 5 damw
dnmouraesuanmlugi 2.11

dounm‘nmﬁ'zymwmuu

l
CNn=0
(Tun:r)

FAMADIUDINERTUL UWAN

TFx E P

Aumasss

UM 211 Meinauwes Timer/Counter 0 %38 1 Tuluum 0

2. mgauan lulvus 1
N139197u L IMNe 1 HANARILARITUTMNA 0 NN INENUANFANTUANISAT UL

danaiuvinidu FRawmefresnanivAunatasgnldifuninludneuzassnisiuuuy

16 Unaau lneAngluzadmas THO (1M3e TH1) astfuad lusue a9 MmN LEUNINANg

vinamlugin 2.12
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| . \O. o/ y TLx TH TFx I—}
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" AR Tx Counte B w
ury x5 Bulrassls

X
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| Ry Ind INTX\
#IUAIWANNITYINY

s P A 5 e N e T '

7N 2.12 MviauLes Timer/Counter 0 via 1 luluua 1

3. ngaua luluum 2

mManululuus 2 2999293tiu/AuRataslinaiFssAeantd  nanAaasi
Weennsl43aames TLO e TUI) udaiuauna 8 Dawinthi dndaawmes THO (Ve TH1)
Wdmsuimif A Gususaansiuld Wesaames TLo oa TLY) danistewnefings
{7A1 OFFH i 00H sxuvasyNMsIAIAINGadmes THO ide THY)  ndunnldlilae

8m TR (Automatic reload) flanansluuaun wlugiin 2.13

- o < el <
FARLABDSTDINNATUY  UNAN

l Oscillator A

v v

| T[..x I TFx }—}
: (8 bits)

- -~ ¢
fuimasila

(8 bits)

7U7 2.13 M3¥naues Timer/Counter 0 vi3a 1 Tuluua 2
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AT 3.1 FNTNUARIAIATINATUNIUYDY THERMISTER 111‘1!’1\1‘@041«\1;]“ 10-45 29 TAIEaA

TEMP. 100 ohm 1K ohm

(célcius) 1 2 1 2 3 4
10 | 180.0 | 180.5 | 2060.0 | 18950 | 18820 | 1956

15 144.1 1442 | 14900 | 14910 | 15140 | 1519
20 129.3 1252 | 12600 | 12920 | 12460 | 1224
25 1124 | 1075 | 10630 | 10440 | 10160 1026
30 96.8 89.8 8300 | 8390 | 8240 842
35 83.1 75.1 6620 | 6920 | 657.0 675
40 70.8 65.0 5400 | 5550 | 546.0 561
45 59.9 542 4280 | 4460 | 4350 448
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RESET PULSE
EVERY 30 SEC

LED ON
2 SEC

CPU

MAIN TRANSMITTER
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Yes—p

RESET OSCILLATOR
IMMEDIATELY

A

SET SWITCH

y

DECODER
&
DRIVER 7-SEGMENT
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DISPLAY

7-SEGMENT
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FM
TRANSMITTER
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4.1.1 19353ULIAN

Clock 11
QL( {>‘ 9 Our2
12

RESET 10 Outl
Ric PIN ASSIGNMENT
365K

Rs 12 1 7 9 VDD

2M Q12 .

AN |— “QI3 2 10 Q10
Cte Q14 (3 g Q8
0.01uF Q6 |4 MC14060Bi2jy Q9

Q5 s 13 RESET
f=1/23 Rtc Ctc o e b cLock
if 1kHz <= f <= 100 kHz Q4 7 155 OUTI
and 2Rtc <Rs < 10Rtc VSS 8 165 OUT2

(fin Hz, R in ohm , C in farads)

UM 4. 3 uamanasesadainimasadsiadua (lefiiuef 4060)

MIMNNY

prAuainIInuludnusIeIMasienassassnaynsniy - vinlfaaunso
[ - ai 1 1 o e ° } TN sll ad - rlil ¥ o Y
mdianmdlivatedn  fdunatasinulddeiieinnmeeadaamefiieldiningu

2 2 o =3 4‘ : d' ' 2
a1 Ineldrmuiumunasifiudszy Gsgnaaaifisnunsaufsuulasmuainniusiu
munazsafitlseald ldazaanseanisldan
U 2 4 ] )

N9NUIEs CPU aziFuauialffudtyoyins RESET Juifinann 2 nedinadtyaynu

RESET AMN99a74L12a7 (1N 30 3u¥)  wasdtycy nd RESET aannnsne ENTER SWITCH 1ile
v v ] . '

flszasdarmaAguugll ynATIT CPU BavineunasdunaiassiaesnaulBusiunisdy

wanlud AaiuResiaatioeraiNaldlunis RESET a9asduaanuay CPU

RESET CPU
vCcC

DIODE Sw-pB

{ TO PIN 12

I
H l RESET MC14060B
0.01uF DIODEZR 100K 100K

FROMPIN 1

GND GND

717 4.4 UBAINAT RESET
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4.1.2 AIRTIRAURUUN

L

PIN ASSIGNMENT

DALLAS
DS1870

BOTTOM VIEW \
PIN DESCRIPTION
GND - Ground
DQ — Data In/fOut
Vpp — Optional Vpp N =7 o= N
NC - No Connect NC = 2 15 NC
NC= 3 14— NC
NC = 4 13 NC
NC=]s5 12 NC
NC ] 6 1= NC
e ke vop =] 7 0= NC
28 8 pa=ls g = GND
DS1820 DS1820S
PR35 PACKAGE 16-PIN SSOP
See Mach, Drawings See Mech, Drawings
Section Section

gﬂ*?'; 45 Ltaﬁqﬁqm'wi’uqruuqﬁ DS1820

1aFujuSalt

DS1820 u‘f]uﬁqmm«r-?uqmuqﬁ*?i’lﬁn’ﬁﬁ%’mmumnmci'mmqmaﬁ:yty'}mtﬁm
wAen uaﬁwﬁ‘?’iﬂ@nmLﬂuqumuqmugﬂmmLamgﬁu 2 A 9 In awnsndn
gomnilffous 55 svAngadug fa +125 avenmades  TaafimnaesiBon 05 e
CRIGHE

nsansaseudnlulasaaulnsaaedit DS1820 aznsvviiunnansdeys (DQ)
htmnafreuasiinimmadeiufiasiang INITIAL DEVICE revdle Tulasperinsaiedda
RESET PULSE 311614 DS1820 UAYALT8A1NG1 DS1820 Azl PRESENT PULSE néLnnaqaziy
nsansia e Tmmqm'lun'n‘dwmd@zm”mLﬂumﬁﬂgi'lumﬂumm?iﬁmumwh&u TIMING
DIAGRAM 284 RESET/PRESENT PULSE uanasagyl 4.6

Master Tx “reset pulse” N Master Ry

480 us minimum - 480 ps minimum
960 us maximum

DS1820

DS1820 Tx
waits -
. “presence pulse’
—=15 GO”SI"‘ 60 - 240 s "l

Vee .
1-WIRE
BUS
anp |

LINE TYPE LEGEND:

aTmne— Bus master active low A T—— DS1820 active low

Both bus master and
TR DS1820 active low

Resistor puli-up

gﬂﬁ 4.6 ULAAY TIMING DIAGRAM 183 RESET/PRESENT PULSE 98¢ DS1820
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v ’ +
nmiuArdssineazgndsanlulasnaulnsasesuazdeyaiifenisazgnaundumann
DS1820  malunatiinwualagluwsasinfivinnsdsnananniulnsreulnsaiansandasd

doyoynns WRITE deaanunnieuiinisgnudieyaann DS1820 sauanalugilii 4.7

MASTER WRITE “0" SLOT MASTER WRITE “1" SLOT
e 60 ps<Tx “0"<120 ps R— <l£f.< 1REC <
Vee v
1-WIRE
BUS
GND ;
1 us<tpeg <o
MASTER READ “0" SLOT MASTER READ “t* SLOT
| D —— lt——
Vee g o ~
1-WIRE
BUS
t
GND e B o Sl £ "
— >1us
— MASTER SAMPLES MASTER SAMPLES
let— 15 us 15MS—>L— N ps pt— 15 s

UM 4.7 usAI WRITE/READ TIME SLOT

dialdfuAgrumuniiain DS1820 lugtlraaesgiu 2 4ruau 8 dnudaasivendililuiuly

REGISTER et U unsudlsadupnandealufannasudoyoousiely

4.1.3 daurlsznaana
Maiauees CPU gninmualagnsasduina Tunsvinanan@ CPU azgn RESET
NN 30 'f?mﬁLﬁﬂv‘hm?ﬁmﬁi@dmﬁﬁqmnqﬁmn DS1820 wazdedayaidupnaiioannig
Lﬂ‘%‘ﬂqmﬁwq”lﬂﬁqmﬂ%’uﬁrgmﬁm iavnanuada cru qzndudng POWER DOWN MODE
\iANWsAMINANINA ENTER SWITCH Lﬁaﬁ?\zmqmuqﬁ CPU azgQn RESET Wiuhiuazazin
MaguigmgiiuasfuA1aINN1aNA SWITCH Feanadiunisna SELECT SWITCH vida SET
SWITCH lunsddififinian SET SWITCH CPU™azsi SET POINT i Bunusnidiunden
ﬁqdqmqmuqﬁmmzﬁuﬁmﬁh SET POINT Tailulelanasudeyeyncy
114%?«’11&&15!.5?]ﬂ'l‘ﬂuTﬂi‘ﬂ'ﬂuT‘/l?ﬂLﬂ‘ﬂ‘ﬁfl?b’ﬂﬂ MCS-51 linf AT8920C51 S 8
BIT CMOS MICROCONTROLLER ldw@asusin tszneusian
1. 2 KBYTES OF REPROGRAMMABLE FLASH MEMORY
2. 128 BYTES OF RAM
3. 15 1/O LINES
4. 2 16-BIT TIMER/COUNTERS
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5. A FIVE VECTOR TWO-LEVEL INTERRUPT ARCHITECTURE
6. A FULL DUPLEX SERIAL PORT
7. A PRECISION ANALOG COMPARATOR
8. ON-CHIP OSCILLATOR AND CLOCK CIRCUITRY
AT89C2051 gnasnuuLa il STATIC LOGIC iflefiazanansarinenddusinonias

anauilugueuaeglifaamnsnidan POWER SAVING MODE & 2 uiuie IDLE MODE ugs
POWER DOWN MODE

IDLE MODE
L4 H ]
Tulansineuil CPU aswgainalurnisfidaulsenauduinninauning
naimaliGunsilulmeiinssinldlaoseiund  Tngazasdrsinlu  ONCHIP

RAM uazAlu SPECIAL FUNCTION REGISTERS WisaAn n1saanann IDLE MODE @990

neein lilnsandusaswinfdanisanansauasily

POWER DOWN MODE

lultuansinenitl OSCILLATOR azwgminmlazazaaimnalu ON-CHIP RAM
wae SPECIAL FUNCTIONS REGISTERS aunia14zeanatnPOWER DOWN MODE n13a8n |10
uansvinauiinneinlélaanns RESET HARDWARE fienatinaifian n12 RESET hasiina

1A lu SPECIAL FUNTION REGISTER waaulilusanly RAM fapaiiiu

4.1.4 \ATRRIARUINY FM

DITNNIU

ﬁmﬂﬂﬁﬁmmmm@nmu R2 'lﬂn”rm?*'amuﬁuﬁn;nvnmmmﬁ'ﬁwqehu UHF ﬁqn
ﬂfaa%mam%ummwi‘gu L1,C5VC1 uay C4 éqLﬂmwifgwaﬂa?mmmm’w?ﬂuﬁu‘luuﬂa'lﬁ
Q1 inwlddan  Tneasimsuenguandtynyusiafaneaunsnsyanaeanlyfmieesy
Tnsenduansainaungl  Seluiideenuuuiuarevecuns LW?’]:’luzi'mmmﬁiqmm
mmﬁ’a'qz%uua:'hi'lmy?mmnﬂfnﬁmfanuuu'lﬁfagj'lugﬂmmmﬂwmu.m‘la’i tunriingnd
ﬂﬂn'lﬂu?ﬂﬁﬂ'am%mm‘lﬁ@zﬂﬂ'luﬁfmﬂfnuﬁ' 300-375 wnuidsad  sasuniu R3 ilusi

nanszuanazan linuM v ewmsLiames
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4.1.5 A3USUANUASUAAINA

1. SEVEN SEGMENT

Wudunansdgouugll o ausiuwssAguuninlandilnaszuannasaidion
n1en@ ENTER SWITCH

TUABUNITURANLIAYDY SEVEN SEGMENT

i M :’/ - ] + o’
1. 1ianA ENTER SWITCH 1 afsaziaiawiunisindaltivinessunanawsseausy

ArgnungiiTaselel

2. \fienm SELECT SWITCH pfausn SEVEN SEGMENT ATUANIAIRMNR o Tz
Dulvinewiu mnfuasiasengomnRnselim

3. wIndinena SELECT SWITCH Lﬁmﬂgﬂuqmuqﬁ SEVEN SEGMENT AzuamiAn

UUMNNIANTUTIA 1 aaasenimng 1 ANTadasguunliagrsnin 2029 svraaidaa
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armuasnTelu 2 3um

wnlaifinisnawfulone SEVEN SEGMENT avliuanana

LED

T

LED AzRaynAs aN197119ue89 CPU Tuifimann 2 nacl

1.M3eulnGEnn 30 Jui

v
)

2.\dlailinnana ENTER SWITCHIRamAgumni

4.2 mMASUFYQIMasITENIANA

v

v

-

RECEIVER

ne

[

an"7 SEVEN SEGMENT azn=wiu

WANWAY SEVEN SEGMENT

FM RECEIVER ——~———P—
12K 72
ATBIC2051 e 12K 23
1 [&sT Ve 2 12K e
2] p30 PLY 19 , 12K s
el 3| P 6| 18 = 12K 7z
: ALY = r -
4| XTAL2 P3| 12 vo—rd 12K 22
! e D—
oNr——{ 4
1103950 3 | XTALY Pral 16 oo
1 l 6! pr2aNT0 Praf 18 12K 2
TS ’ 3 o P
o 71 P33(INTI) Pr2} 12 < | I -
2| P34(TO) Pt 13 veedf 12K ‘s
CTESE —
s| msany Pio| 12 oo e 12K s
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MAIN TRANSMITTER SOFTWARE

LCALL
SEND_FM

Com

4
INITIAL CONDITION

A

LCALL
READ TEMP

SELECT

PRESSED
in 2 sec

Yes

v

DISPLAY
ROOM TEMP.
&

SET POINT

SET
or
SELECT

—Unpress— NEW SELECT=SP+1

Y

in 2 sec

Select

v

DISPLAY
NEW SELECTED

TEMP.

y
POWER DOWN

n-1

STROE
NEW
SET POINT

4

LCALL SEND_FM
for sending
room temp

&
new set point

MODE

y

Cw
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Tmeam =

o gy s o e mn Rrwees e X

( sTaRT >

SUBROUTINE "READ TEMP."

al

MASTER SEND
RESET PULSE

PRESENCE

Yes

v

Skiprom Command

A 4
Convert Temperature
Command

4

Reset & Presence
Pulse

4

Skiprom Command

4

READ TEMP. (2bytes)
from
Scrachpad

y
STORE TEMP.
in 49H

A

Reset & Presence
Pulse

< RETURN )




P

T |

™ oo Gy w—— -

oy

SUBROUTINE "SEND_FM"

( staRT >

y

SIGNAL DATA
10101010

CALL
"SEND_RADIO"

GET TEMP.
from 49H

4

CALL
"SEND_RADIO"

4

SIGNAL DATA
11001100

4

CALL
"SEND_RADIO"

4

GET SET POINT
from 72H

y

CALL
"SEND_RADIO"

4

< RETURN >
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e

L

SUBROUTINE "SEND_RADIO"

C sTaRT )

No

h 4

n-4

WRITE SIGNAL
BIT="1" or "Q" LR 5 kHz
5mS
" o "
‘ y
WngEkiISNAL SEND 2 kHz
P 100 PULSE
y
SEND 2 kHz
10 PULSE
R3=R3-1
Yes
v

< RETURN >
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MAIN RECEIVER SOFTWARE

o )

Y

>

INITIAL CONDITION |« N

[«

y

LCALL BEGIN

y

STORE SIGNAL
SET_TEMP

oL cer e

Yes

v

LCALL BEGIN

4
< STORE SET_TEM%

4

LCALL BEGIN

STORE SIGNAL
REAL_TEMP

SIGNAL
REAL_TEMP

Yes

}

LCALL BEGIN

y
STORE
REAL_TEMP

A 4

LCALL
CONTROLLER

r

T

n-5
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SUBROUTINE "BEGIN"

( sTaRT >

70H=0FFH

R5=8

LCALL RECEIVE

R5=R5-1

No

Yes

v

< RETURN >

n-6



-

O PRITTOR, | IR SRS AT | PR,

T T TS T N WT TWOTEam TR e R

- mn emef N e mm

o e e me——

e e

—

e

SUBROUTINE "RECEIVE"

( sTaRT >

A

INITIAL CONDITION

Yes

QUALIFIED
5KHZ

Yes

Yes

QUALIFIED
2 KHZ

STORE DATAO
IN 70H

—»Q RETURN

STORE DATA1
IN 70H

A

n-7
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SUBROUNTINE "CONTROLLER"

< stagT )

‘0" Set> Real

y

REAL_TEMP-SET_TEMP

SET_TEMP-REAL_TEMP

i

=

BIT 7 OF ACC=0

"1" Real >= Set

FAN=LOW
COM=0OFF

FAN LOW
COM=0ON

FAN=MED
COM=0ON

FAN=HI
COM=0ON

Yes
No

OLD FAN=MED Yes—|

i

FAN=LOW
COM=ON

No————p

FAN=LOW
COM=0OFF

A 4

Yes—F

i

FAN=LOW
COM=0ON

h 4

No———»,

FAN=LOW
COM=0OFF

STORE
OLD STATE

No

<-Yes @

RETURN >




ANANUIN 1.



%1

---------------------------------------------

E PROGRAM FOR THE TRANSMITTER OF

oo WIRELESS TEMPERATURE SENSQR AND CONTROLLER ;
' FOR CONTROLLING AIR CONDITION " ;

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ORG 0000H
N LJMP  100H

@@@@b@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
@ START MAIN PROGRAM @
a@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

| ORG 100H

f MOV R7, #15D
! DELAY START: DINZ  R7,DELAY_ START

: MOV 71H, #00H ;STORE SELECT TEMP
: MOV P1, #00H ; STORE SET TEMP
, SETB  P3.0 ;LED TURN ON
\ CLR P3.1 ;SET SWITCH
I CLR P3.7 ; SELECT SWITCH
i CLR P3.3 ; TEMP VARIA
CLR P3.4 :BI

Fowrore 3 0 -

MOV R5, #10D

MOV R7,#250D ;WAIT FOR SELECT

MOV R6, #200D ;SWITCH 2 SEC
REC_SELECT1: DINZ  R6,REC_SELECT

DINZ R7,REC_SELECT

DJNZ  RS5,REC_SELECT

LCALL DS1820

- e e ]

' LJMP SET1

' REC_SELECT: JB P3.7,SE1l ;CHECK PRESS SW
' LJMP REC_SELECT1

SET1: MOV A, #72H ; LED TURN OFF
CIJNE A,#10101010B,USUAL1
| MOV 72H, #50D

USUALL: SETB P3.3
LJMP PDOWN

]



k***i******************************************************

4

****}*****************************

;

;*******************************

L{

SEl:

SEND_7F2:

SEL_START:

USUAL:

SOS_LOOP:

* SELECT PRESSED *

LCALL SELECT
LCALL DS1820
MOV 70H, 49H

MOV R4, #2D
LCALL CON_DEC
SETB  P3.4
LCALL S_2DIGIT
LCALL DELAY_7

CLR P3.4

LCALL DELAY_7
DJINZ R4, SEND_7F2

MOV 71H,72H
MOV A,71H

CJINE A,#10101010B,USUAL

MOV A, #50D
MOV 71H,A
MOV 72H,A

MOV 70H, 72H
SETB P3.4
LCALL CON_DEC
LCALL S_2DIGIT

LCALL SETORSEL
JB P3.3, PDOWN
LCALL CAL_SEND1
LJMP  SOS_LOOP

* SEND RADIO WAVE *

1-2

kkkkkhikkhk

***********************************

;DS TEMP

; BLINK

;DELAY 0.5 SEC

; STORE OLD SP.
¢SET INITIAL
;EQUAL 25 DEGREE

;GET OLD SET POINT

**************************************

;
;*********************************************************************

E

PDOWN :

CLR P3.0
CLR P3.4

MOV 74H,#11001100B
LCALL SEND_FREQ

MOV 74H,72H
LCALL SEND_FREQ

MOV 74H,#11110000B
LCALL SEND_FREQ

MOV 74H,49H
LCALL SEND_FREQ

;:LED TURN OFF

; SIGNAL SET_TEMP

; ADDRESS FOR SET_TEMP

;SIGNAL REAL_TEMP

; ADDRESS FOR REAL_TEMP



E 1-3

H

E CLR P3.2
MOV RS, #50D

' DELA: DJNZ R5,DELA

! SETB P3.2
i PCON1: MOV PCON, #00000010B

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
) @ END OF MAIN PROGRAM @
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
@ SUB ROUTINE @
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

CAL_SEND1:
MOV A,71H ;GET OLD SET POINT
; ADD A,#2D ; BINARY
' CIJNE A, #60D,NORMAL :RANGE 20-29
MOV A, #40D
’ NORMAL: MOV 71H,A :NEW DATA
. MOV 70H,71H
LCALL CON_DEC
; LCALL S_2DIGIT
“ RET
' IF (€ (a0 0r R oo SN (F- 0k B T
!
; DELAY:
g MOV R1,#200D
' DELAY1: MOV R2,#100D
DELAY2: DJNZ  R2,DELAY2
; DJNZ  R1,DELAY1
1 RET
f
I ees s s s e seseseee e eseeeo s
1 IIIIIIIIIIIIIIIIIIIIllllllllllllllllll
i DISPLAY:
| LCALL DELAY ;LAST SELECT TO BE
' REC_SET: JB P3.1,REC_SET :NEW SET POINT
1 MOV 72H,71H ; ADDRESS OF SP
! RET
| Jiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
SELECT:
LCALL DELAY
REC_SL: JB P3.7,REC_SL

RET

ooooooooooooooooooooooooooooooooooooooo

»

e



e 2 s o

SETORSEL:

SOS:

MOV
MOV
MOV
JB
JB
DJNZ
DJNZ
DJINZ

MOV
LCALL
LCALL

SETB
LJMP

SET: SETB

SELEC

LCALL

MOV
LCALL
LCALL

CLR
LCALL
SETB
LCALL

CLR
LCALL
SETB
LCALL

: LCALL

R7,#250D
R6,#200D
R5,#10D

P3.7,SELEC -

P3.1,SET
R7,S0S
R6,50S
R5,S0S

A,71H
CON_DEC

S_2DIGIT -

P3.3
RE

P3.3
DISPLAY

70H,72H
CON_DEC

S_2DIGIT

P3.4
DELAY_7
P3.4
DELAY_7

P3.4
DELAY_7
P3.4
DELAY_7

P3.4
RE

SELECT
P3.3

14

;DELAY 2 SEC

;s SEND OLD SP

;GO TO TEMP

;GO TO TEMP

ooooooooooooooooooooooooo

— S T TR e

? um wamme g

T e R T A e e me @

MOV
: MOV
: MOV
: DJINZ
DJINZ
DJINZ
RET

ooooooooooo

R7,#9
R6,#100
R5,#225
RS5,DL3
R6,DL2
R7,DL1

oooooooooooooooooooooooooooo

TN AN A A A A A A A A AV AN A A AN B AN B N BN A AN A AN AR AN B &
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SEND_7F:

e« 8 6 0 0 0 4 s s a0 e
serrrr e rrrr el

SEND_7S:

CON_DEC:

S_2DIGIT:

RRC A
MOV p1.0,C
RRC A

. MOV pP1.1,C

RRC A
MOV p1.2,C
RRC A

MOV p1.3,C
RET

-e
-a
-~
~e
“e
L1}
-

RRC A
MOV P1.4,C
RRC A
MOV P1.5,C
RRC A
MOV P1.6,C
RRC A

MOV 51H,A
MOV B, #20D
MUL AB

MOV 52H,A
MOV A, 70H
SUBB A,52H
MOV B, #2D
DIV AB
MOV S3H,A
RET

MOV A,53H
LCALL SEND_T7F

MOV A,51H
LCALL SEND_78
RET

-----

oooooo

1-5

;SEND FIRST DIGIT

s B

-e

.
4

-

X

-e

RE VALUE TO
T TO DEC

1 -3
s R e)

STORE SECOND DIGIT

STORE FIRST DIGIT

-
~e
~ s
~e
~e
~

SEND SECOND DIGIT
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SEND_FREQ:

SEND_FREQ1 ;

DD11:
DDOOQ:

RE1l:

DATAl:

D1:

D2:

D3:

ooooooo

D44:

D11:

D22:

D33:

I1:

ooooooooooo

-------------------------

MoV
MOV
RRC
MOV
JNC
JC
LCALL
LJMP
LCALL

DJINZ

-----------

ananan

-6

RS, #08D

A,74H

A ; C KEEPS THE LSB
74H,A

DDOO ; CHECK DATA EQUAL 0 ?
DD11 ; CHECK DATA EQUAL 1 ?
DATA1 : GO TO SEND FREQ

RE1 ; END OF LOOP

DATAO ; GO TO SEND ZERO

R5, SEND_FREQ1

oooooooooooo

ooooooooooo

cccccc

RET

MOV R3,#25D
SETB  P3.2
MOV R1, #47D
DIJNZ R1,D2
CLR P3.2
MOV R2,#47D
DJNZ  R2,D3
DJNZ R3,D1

........

oooooooo

MOV R3,#100D
SETB P3.2

MOV R1,#124D
DJNZ  R1,D1l1
CLR P3.2

MOV R2,#124D
DJNZ  R2,D22
DIJNZ R3,D44
SETB P3.2

MOV R4, #250D
DJNZ R4,D33
CLR P3.2

MOV R4,#100D
DJNZ R4,I1

RET

#EARHHEHREH R B H B R SR H
SUBROUTINE SEND DATAl

;O6MC  w1n
;96MC O
; 2MC

-----------

HEH SRR RS RS R R S S 09
R R R S B R S S B S BB E R B R S B 48

----------

..........

; 100 PULSES

;250 MC

;250 MC

;502 MC



1

;R B B BHSHHS BB REH

93-7

HHBH S EHHHHEEH RS R B R R

SUBROUTINE SEND DATAO

;#####################################################################

£
#

. oo

ooooooooooooooooooooooooooooooooooooooooooooooooo

o e T

T E e AT s T

DATAO:
DE1l:

DE2:

DE3:

MOV

R3, #25D

P3.2
R1,#47D
R1,DE2

P3.2
R2,#47D
R2,DE3

R3,DE1l

;96MC "1

;96MC  M"O"

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

DE44:

DE11l:

DE22:

DE33:

I2:

MOV

SETB
MOV
DJINZ

CLR
MOV
DJNZ

DJNZ
SETB
MOV
DJNZ
CLR
MOV
DJINZ

RET

R3,#10D

P3.2
R1, #124D
R1,DE11

P3.2
R2,#124D
R2,DE22

R3,DE44

P3.2
R4, #250D
R4 ,DE33

P3.2
R4,#100D
R4,I2

Y2 2N 2 N 2N N A B A A AN BN BN AN BE BN AN N AN AN 4

;10 PULSES

;250 MC

;250 mc

;502 MC

s HERHHEHHHHH SRR ER R R
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i
LR R el e AR R R e T T I R T T R I T I P R R T R T T T R R

* READ TEMP *
R L L T o T L L T L T L L L]

T GATORRR, RER STOETRN COpST T A TR WeSR NER GRS TSRS MmOVR: ARR Smm

DS1820: LCALL

aNe
MEMBUF  EQU
MOV
LCALL

MoV
LCALL

LCALL

LCALL
MOV
LCALL
MoV
LCALL

RET

TOUCHRESET
DS1820

49H
A, #0CCH
SEND

A, #44H
SEND

MSEC

TOUCHRESET
A, #0CCH
SEND

B, #2D
READ_1820

.
r

~e %o

we W

W™e WMy wme W Na

~r ™o

INITIAL DEVICE

SKIPROM COMMAND
SEND COMMAND

START CONVERSION
SEND COMMAND

INITIAL DEVICE
SKIPROM COMMAND

SEND COMMAND

READ 2 BYTES

READ SCRACHPAD MEMORY

RETURN MAIN
END DALLAS

k***?***************************************************************

* READ SCRATCHPAD MEMORY *

k***k***************************************************************

P e

s

o v mmas m mmmes Mo

W owees g, mmwans s e

. wm e e e

MoV
LCALL

READ_1820:

RD_SCRAT: MOV
MOV
MOV

CLR

RDSCT2:

RDSCT1: CLR
MOV
DJNZ
SETB
NOP
NOP
MOV

RRC

MOV
MOV
Jc
DJNZ

RDSCT4:

RDSCT3: DJINZ

MOV

INC
DJNZ
LCALL
RET

A, #0BEH
SEND

R2,B

RO, #MEMBUF
R1,#08D

A

P3.5
B, #8
B,$

P3.5

C,P3.5
A

B,#100D
C,P3.5
RDSCT3
B,RDSCT4

R1,RDSCT1
@RO,A

RO
R2,RDSCT2
TOUCHRESET

e W

~e ~e W s W we wa s

e Ne Ne mE W

READ SCRACHPAD COMMAND
SEND COMMAND

NUMBER OF BYTE
1st TEMP. DATA ADDRESS
BIT/BYTE

READ SIGNAL
LATCH 0

END OF READ SIGNAL

READ DATA
STORE IN ACC

WHERE'S LO COME FROM

NEXT BIT

STORE A BYTE IN BUFFER
AT 49H,50H

ADVANCE POINTER

NEXT ADDRESS
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***?*****************************************************************

* DS1820 RESET & PRESENCE PULSE *
*********************************************************************

i
E
§
t
|
z

*kk

G AT W CORSETE U TRRESITIST ERORRTWIROMS

T TN A R YR TR R RORITRETERT

. R M TR W

e L A

TOUCHRESET :

WAITLOW:

SEND:

LOOP:

PUSH

CLR
MOV
DJINZ

SETB
CLR

JB
MOV
SETB
DJINZ

POP
RET

B

P3.5

R7,#200D

R7,$

P3.5
C

P3.5,WAITLOW

R7,#110D

C
R7,$

B

;SEND RESET PULSE
;DELAY 800 uS

;WAIT FOR PRE-PULSE

;DELAY 440 uS

EEEIAREAARAARARRIARRREZAREA R AR EIRR AR AR A RS AR IR AR R A TR AR AT R hd Rk hkds

* WRITE BYTE IN ACC To DS1820 *
***?*****************************************************************

PUSH
MOV

RRC

CLR
MOV
DJINZ

MOV
MOV
DJINZ
MOV

MOV
DJNZ

SETB
DJINZ
POP
RET

B
B, #08D

A

P3.5
R7,#04D
R7,$

P3.5,C
R7,#05D
R7,$
C,P3.5

R7,#05D
R7,$

P3.5
B, LOOP
B

;8 BIT

;WRITE SIGNAL
;DELAY 16 uS

;SEND A BIT TO DS
; LATCH FOR DS 20 uS
;SUBSTITUTE 7th BIT

;FINISH 1 WRITE CYCLE

;CHECK A BYTE

;*****************************************



-10

MSEC:
MOV R3, #8D
i DEC30: MOV R4,#250D
. DEC40: MOV R5, #250D

' DEC50: DJIJNZ R5,DEC50
DIJNZ R4,DEC40
DJNZ  R3,DEC30
{ RET
, END

*****************************************************************

| * END READ TEMP *
***3*************************************************************

Jeld @@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
* END OF THE PROGRAM *

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

e e wm mwe v e e mm e ovew
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PROGRAM FOR TH

o-.
7

RECEI

-
r

VE

:
R

.
’

oooooooooooo

.
llllllllllllllllllllll

OF

" WIRELESS TEMPERATURE SENSOR AND CONTROLLER
FOR CONTROLLING AIR CONDITION"

~-e

----------

~e
-

INT_TO:

TT1:

START:

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV

MOV

DJNZ

MOV
DJINZ

MOV
CLR

POP
POP
POP
POP
POP
POP
RETI

ORG

MoV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

-----------

0000H
0100H

START

OBH
INT_TO

ACC

68H

71H

72H

73H

74H

TLO, #00H
THO, #00H
R4,TT1

R4, #250D
R3,TT1

68H, #00H
TRO

74H
73H
72H
71H
68H
ACC

100H

70H, #0000H
71H,#0000H
72H, #0000H
73H, #0000H
74H,#0000H
75H, #0000H
76H, #0000H
77H,#0000H
78H, #0000H
79H, #0000H
68H, #0000H
64H, #0000H
62H, #0000H

;IF R4=0

; FOR SURE

;IF R1<>0

----------

-------

:256



412

L e ]

. CLR P3.2

l CLR P3.3
CLR P3.4

' CLR P3.5

] CLR P3.7

¥ MAIN: LCALL BEGIN

1 MOV 71H, 70H ;STORE SIGNAL SET_TEMP
MOV A,71H ; CHECK SIGNAL SET_TEMP

CJINE A,#11001100B,MAIN

e

LCALL BEGIN

g MOV 72H, 70H ; STORE SET_ TEMP

¥

| LCALL BEGIN

; MOV 73H, 70H ;STORE SIGNAL REAL_TEMP
MOV  A,73H :CHECK SIGNAL REAL_TEMP

E CJINE A,#11110000B,MAIN

LCALL BEGIN
MOV 74H,70H ; STORE REAL_TEMP

M e wm T W o

LCALL SHOWTEMP

LCALL CONTROLLER
E MOV  P1,70H
; LIMP  MAIN
]

R g Y Y I L L X R AT T TR T T T T ST A s XLt
***[************************************'k*************‘k**************

] COUNT: MOV A,68H
z CINE A, #00000000B, SEC
‘ MOV 68H,#11110000B  ;DANGER
E MOV R3, #14D 14
| MOV R4, #250D :256
: MOV TMOD , #00000001B
SETB  EA
? SETB ETO
, MOV TLO, #00H
MOV THO , #00H
SETB  TRO

SEC: RET

o e as

I ]
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- o

CONTROLLER: MOV A,74H
MOV B, #2D
DIV AB
MOV 64H,A ;74H/2
) MOV A,72H
] MOV B, #2D
i DIV AB
; MOV 62H,A ;72H/2
]
; MOV A, 64H
l SUBB A,62H
MOV 75H,A
¢ RLC A
JINC HOT
Jc COLD
i HOT: MOV A,75H
) CJINE A,#0000H, HOT1
' SETB P3.2 ; **FAN_LOW
| CLR P3.3 ; FAN_MED
CLR P3.4 ; FAN_HI
. CLR P3.5 ; COM

| LCALL  COUNT
; LIJMP  TEMP

HOT1: MOV A, 75H
CJINE A,#0001H, HOT2
! CLR P3.2
I SETB P3.3 ; **FAN _MED
‘ CLR P3.4
: MOV A,68H
i CINE A, #00H, TEMP2
SETB P3.5 ; COM
! TEMP2: LJMP TEMP
]
n HOT2: CLR P3.2
. CLR P3.3
SETB P3.4 ; **FAN_HI
| MOV A,68H
| CJINE A, #00H, TEMP3
, SETB P3.5 ; COM
TEMP3: LJIMP TEMP
]
| COLD: SETB P3.2
I CLR P3.3
' CLR P3.4
' CLR P3.5

] LCALL  COUNT
I LJMP TEMP

TEMP: MOV 76H,P3
i RET

|
HEHAR BB B R S R RS R SR R RS SR B R B B B R R R BB R BB B B8 84
|
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§
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!
i
¥
I
!

BEGIN:

SET SIG1:

MOV
MOV
LCALL
DJINZ
RET

1-14

70H, #0FFH
RS, #08D
RECEIVE
R5,SET_SIG1l

 BHEERSHS S HSHH SRS B R R R R R RS R R R R R R R R

E

— e v,

- e e

& - — \r
- L - wmox wx e

- e N oo

¥

RECEIVE:

REL:

ONE:

ZERO:

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV
JNC
JC

MOV
INC
JC

MOV

MOV
MOV
SUBB
ANL
CJINE
INC

MOV
INC
JNC
MOV

MOV
MOV
SUBB
ANL
CJINE
INC

50H, #0000H ;1_5 KHZ

51H, #0000H ;0_5 KHZ

52H, #0000H ;0_5 MS |

53H, #0000H ;1 2 KHZ

54H, #0000H : 0_2KHZ

55H, #0000H. ;0_5 MS

56H, #0000H

57H, #0000H ; 1_5KHZ

58H, #0000H ;0. 5KHZ

59H, #0000H ; SEPERATE 1

60H, #0000H ;QUALIFIED 1_5KHZ
61H, #0000H ;QUALIFIED O_5KHZ
63H, #0000H ;QUALIFIED 1_2KHZ
64H, #0000H ;QUALIFIED O_2KHZ
65H, #0000H ;1 _2KHZ

66H, #0000H ;0_2KHZ

R1, #24D

C,P3.0

REL

ONE

Cc,P3.0 ;4 MC

50H

ONE

A,50H

57H,50H ;Rkk Kk kkkkkk 2MC
SOH, #0000H

A,#2D ;%% 20D
A,#11100000B ;%% #11111000B
A,#00000000B,ONE

60H

C,P3.0 ;4 MC

51H

ZERO

A,51H

58H, 51H skkkkxREER2MC
51h, #0000H

A,#2D ;%% 20D
A,#11100000B ;%% #11111000B
A,#00000000B, ZERO

61H

;************************************************************************

-



TR T m e w——— T . Pe T

hhkhhhhkhhhhhhkhhk

-~ e

—— e Y W e emgn e w - E————————— o mm e we em il

C——

BEFORE :

DECRE:

ooooooooooo

ON1:

RELLL:

MOV
ADD
SUBB
ANL
CJINE
LJMP

DEC
DEC
LJMP

DJNZ

MOV
SUBB
ANL
CJINE

MOV
SUBB
ANL
CJINE

MOV
JNC

MOV
INC
JC
MOV
mov
MOV
MOV
SUBB

ANL
CJINE
INC
JMP

MOV
SUBB
ANL
CJINE

JMP

92-15

A,57H

A,58H

A, #35D
A,#11110000B
A,#00000000B, BEFORE
DECRE

60H
61H
ONE

******************************************************

R1,O0NE

A, 60H ;QUALIFIED PULSE
A, #20D .
A,#11111000B

A, #00000000B, REL

A,61H

A, #20D
A,#11111000B
A,#00000000B, REL

kHz riiii;

C,P3.0
REL1

C,P3.0 ;4 MC

53H

ONE1

65H,53H Jhhhkkrkk kR R 2MC
59h,53H

53H, #0000H

A,59H

A,#6D k% 50

A,#11000000B ;¥% #11111000B
A,#00000000B,ON1 ;WHETHER LONG 1
63H

ZERO1

A,59H

A,#80D ;COUNT LONG 1
A,#11000000B

A,#00000000B,RELL

Co11



ZERO1:

MOV
INC
JNC
MOV
MOV
MOV
SUBB
ANL
CJNE
INC

1-16

C,P3.0 ;4 MC

54H

ZERO1 ;=60

A, 54H ;10 MC

66H, 54H s kkkkdkkkkkhdx2MC
54H, #0000H

A, #6D ;%% 50D
A,#11000000B ;%% #0000H
A,#00000000B, ZERO1

64H

b**ﬁ%****************************************************************

CHECK:

MOV
ADD
SUBB
ANL
CJINE
LJMP

DEC
DEC
LJMP

A, 65H

A,66H

A,#100D
A,#11100000B
A, #0000H,CHECK
ONE1

63H

64H
ONE1l ; OLD TARGET

k**f*****************************************************************

e o R X T

E
:
!

e R

e —— v— W TITE T % S PR

CO11:
QUA:

STOREO:

CDATAl:

STORE1l:

RETURN:

Mov
SUBB
ANL
CJINE

MOV
CLR
RRC
MOV
JMP

MOV
SUBB
ANL
CJINE

MOV
SETB
RRC
MOV

RET

RRC
MOV
RRC
MOV
RRC
MOV
RRC
MOV
RET

A,63H ;QUALIFIED 10 OR 100
A,#7D

A,#11111100B

A,#00000000B, CDATAL

A,70H ; STORE DATA
C

A

70H,A

RETURN

A,63H

A, #95D
A,#11111000B
A,#00000000B, RELLL

A,70H ; STORE DATA
Cc

A

70H,A

;send "0" 102mc

P1.0,C ;SEND FIRST DIGIT
p1.1,C
p1.2,C

p1.3,C
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SEND_7S: RRC

........

© 6 6 06 9 06 % 6 0% 8 e G e a s e e oo e
IR R R RN EE N AN A A A A A A A A% AR AN A A AN A AN 4

S_2DIGIT: MOV
LCALL

MOV
LCALL
RET

DELAY_7: MOV
D1: MOV

D2: MOV

D3: DJINZ

DJINZ

DJINZ

RET

A
P1.4,C
A

P1.5,C

:\

A

P1L.7,C

70 STORE VALUE TO
CONVERT DEC

?
~
O
o}

STORE SECOND DIGIT

Ul
=
=
>

STORE FIRST DIGIT

%)
w
=
0

--------

~e
~e
~s
e
~e
e
e

A,53H
SEND_7F

A,51H ; SEND SECOND DIGIT
SEND_7S

R7,#9D
R6,#100D
R5, #225D
R5,D3
R6,D2
R7,D1



[ ———

SHOWTEMP:

MOV
LCALL

SETB
LCALL
LCALL

CLR
LCALL

SETB
LCALL
LCALL

CLR
LCALL

MOV
LCALL

SETB
LCALL
LCALL
LCALL
LCALL
CLR

RET

END

79H, 74H
CON_DEC

P3.7
S_2DIGIT
DELAY_7

P3.7
DELAY_7

P3.7
S_2DIGIT
DELAY_7

P3.7
DELAY_7

79H, 72H
CON_DEC

P3.7
S_2DIGIT
DELAY_7
DELAY_7
DELAY_7
P3.7

2-18
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DSs1820

DALLAS

SEMICONDUCTOR

DS1820
1-Wire ™ Digital Thermometer

FEATURES

 Unique 1-Wire™ interface requires only one port pin
for communication

« Muitidrop capability simplifies distributed temperature
sensing applications

* Requires no external components
e Can be powered from data line
® 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

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

* User—definable, nonvolatile temperature alarm set-
tings

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

* 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, so that only one wire (and ground) needs to be
connected from a centraf 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 extemal power source.

PIN ASSIGNMENT

l
i
!
i
i
H
i
i
i
i

1
|
!
i
i
!

|
|
|
|
|

NC == 1 16 NC
NC 2 15 NC
NC 3 14 NC
NC 4 13 NC
NC = 5 12FE= NC
& NC == § 1 NC
o VDD = 7 mE NC
é o g oQ 8 9 GND
DS1820 0S1820S
PR35 PACKAGE 16-PIN SSOP
See Mech. Drawings See Mech. Drawings
Section Secticn

PIN DESCRIPTION

GND - Ground

DQ - Data In/Out
VDD — Optionat VDD
NC ~ No Connect

Because each DS1820 contains a unique silicon serial
number, multiple DS1820s can exist on the same
i~-Wire bus. This ailows 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.

TCoovright 1995 bv Dallas Semiconductor Cororanon.

All Rights Reserved. For smoorant niomaton regarting
atents and olher welectual prooeny nghts, p«ase relfer 1o
Dattas Semiconaucior 6ata books.

072596 1/27
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DS1820

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.

DS1820S (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 extermal 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 protocol has
been established. The 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. 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 if many are present on the 1-Wire line
as well as indicate to the Bus Master how many and
whattypes of devices are present. Aftera 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 == 4 64-BIT ROM
| AND
1-WIRE PORT
INTERNAL Vpp
v

POWER

Voo SUPPLY
SENSE

MEMORY AND
CONTROL LOGIC
y
TEMPERATURE SENSOR
SCRATCHPAD
HIGH TEMPERATURE
TRIGGER, TH
3
LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR X

072596 2/27
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PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
I/0 or Vpp pins arae high. I/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 over the /O line when a temperature conversionis
taking piace. Since the operating current of the DS1820
is up to 1 mA, the 1/O line will not have sufficient drive

- due to the 5K puli—up resistor. This problem is particu-

larly acute if several DS1820's are on the same I/0 and
attempting to convert simultaneously.

There are two ways to assure that the DS 1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the I/O line
whenever temperature conversions or copies to the E2
memory are taking place. This may be accomplished by
using a MOSFET to pull the I/0 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 us 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 notrequired onthe I/O line, and
the bus master need not be tied up holding thatfine high
during temperature conversions. This allows other data
traffic on the 1-Wire bus during the conversion time. In
addition, any numberof DS1820's may bé placed onthe
1-Wire bus, and if they alf use extemal 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, itis 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 extemal Vpp, a provision is made in the
DS 1820 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, thenissuing 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"ifitis powered from the Vpg 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

+5V

47K
uP

40

GND% ‘17 Voo

o

072596 3/27
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

+5V

TO OTHER 1-WIRE
DEVICES
DS1820

‘g v
o R0 exTERNAL 45V SUPPLY

uP ——@— —O—

OPERATION — MEASURING TEMPERATURE
The DS1820 measures temperature through the use of
an orn—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 osciltator 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,

Atthe same time, the counteris then presetwith 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
noninear 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
degree in temperature. 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 DS 1 820 in
terms of a 1/,°C LSB, yielding the following 9-bit format:

I W K S KN KRR KN N

= -25°C

The most significant (sign) bitis duplicated into ali 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 valueis
TEMP_READ. The value leftin the counter maythenbe
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 caiculated by the
user using the following:

N (COUNT_PER_C - COUNT_REMAIN)
TEMPERATURE = TEMP_READ - 0.25 + COUNT FER.C

072596 4/27
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DS1620
TEMPERATURE MEASURING CIRCUITRY Figure 4
SLOPE ACCUMULATOR
PRESET COMPARE
Y 4
SET/CLEAR
OW TEMPERATURE PRESET
COEPMICIENT SO AGoR A— ts8
= ] ,
INC
¥0 TEMPERATURE REGISTER
HIGH TEMPERATURE
COEFFICIENT OSCILLATOR Cotfrer
]
sTop
=0
TEMPERATURE/DATA RELATIONSHIPS Table 1
DIGITAL OUTPUT DIGITAL QUTPUT
TEMPERATURE (Binary) (Hex)
+125°C 00000000 11111010 O0FA
+25°C 00000000 00110010 0032h
+1/2°C 00000000 00000001 0001h
+0°C 00000000 00000000 0000h
—1/2°C 1111111 11111111 FFFFh
-25°C 11111111 11001110 FFCEh
~55°C 11111111 10010010 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 bitis ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. If 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 DS1820 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)
can beidentified and read immediately without havingto
read non—alarming devices.

072596 5/27
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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 “I-Wire Bus System”. The
functions required to control sections of the DS 1820 are
notaccessible 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 specific to the DS1820 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=X84+X5+X44+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. In each case where a CRCis used fordata
transter 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
DS1820 (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 calcy-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomiat
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 entitied “Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

The shift register bits are initialized to zero. Then start-
ing with the least significant bit of the family code, one bit
ata 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 retumn the shift register to all
zeros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LsB MsB

LSB MSB LSB

072596 6/27
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ROM FUNCTIONS FLLOW CHART Figure 6

33h
READ ROM
COMMAND

*Z

MASTER Ty

RESET PULSE

!

DS1820 Tx
PRESENCE .
PULSE :

y

MASTER Ty ROM
FUNCTION COMMAND

FOh
SEARCH ROM
COMMAND

55h
MATCH ROM
COMMAND

0851820 Tx FAMILY

MASTER Ty BIT 0

ALARM SEARCH

ECh

COMMAND

CONDITION
?

1BYTE 2
DS1820 Ty BIT 0
DS1820 Ty BIT 0
MASTER Ty BIT 0
'
DS1820 Ty Bro N N~ airo
SERIAL NUMBER MATCH? MATCH?
§ BYTES
Y Y
y DS1820 Ty BIT 1
DS1820 Ty DS1820 Ty BIT 1
DSta20Tx MASTER Ty BIT 1 X
MASTER Ty BIT 1
N N
Y
Y
~ ~
S S !
» DS1820 Ty BIT 63
MASTER Ty BIT 63 DS1820 Tx BIT 63
MASTER Ty BIT 63
8IT 63 N N BIT 63
MATCH? MATCH?
Y Y

v

MASTER Ty MEMORY OR CONTROL
FUNCTION COMMAND

Q072596 7/27
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1-WIRE CRC CODE Figure 7

INPUT

XOR }- > ~{ XOR

B ~ ()

(MSB)

(LsB)

MEMORY ‘

The DS1820's memory is organized as shown in
Figure 8. The memory consists of a scratchpad RAM
and anonvolatile, electrically erasable (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 can be 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
THUSER BYTE { 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
reading 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 whichis the CRC overall
of the eight previous bytes. This CRGC is implemented in
the fashion described in the section titted “CRC Genera-
tion™,

E2 RAM

THUSER BYTE

TUUSER BYTE 2

072596 8/27
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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 fine by definition: it is
important that each device on the bus be able to drive it

HARDWARE CONFIGURATION Figure 9

v
BUS MASTER é

4.7

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 (/0
pin} is open drain with an internal circuit equivalent to
that shown in Figure 9. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1=Wire
bus requires a pullup resistor of approximately SKQ.

DS1820 1~-WIRE PORT

noc]

—

Rx = RECEIVE
Ty = TRANSMIT

Theidle state forthe 1-Wire bus is high. I for anyreason
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 left
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
portis as follows:

e |nitialization
® ROM Function Command
* Memory Function Command

® Transaction/Data

DO—R"
SpA
Typ. T.
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 operates. 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. All ROM
function commands are 8-bits long. Alist of these com-
mands follows (refer to flowchart in Figure 6):

072596 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 result).

Match ROM [55h]

The match ROM command, followed by a 64—bit ROM
sequence, allows the bus master to address a specific
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
thatdo not match the 64—bit ROM sequence will wait for
areset pulse. This command can be used with a single
or muiltiple 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 muitipie slaves
transmit simultaneously (open drain pulldowns will pro-
duce a wired AND resuit).

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 toidentify 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
TH orlower than 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 alamming, 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 repstition 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 additionai 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 master begins theinitialization 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 ptacing the value of the
firstbit 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-Wire, 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 for the complement of 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.

072596 10/27



et g eI (3

T R T T Fim e Wy Tt v o e |

——EEEE - ¥

i s T T, [ ——

-

R i ]

e

em ety

WTT Ty e ST ——c—T T

A-11

Ds1820

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 Thereare nodevices attached to the 1~Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROMS3 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 masterthen 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 0-bits
exist as the third bit of the ROM data of the attached
devices.

8. The bus masterwrites a 0—bit. This deselects ROM1
leaving ROM4 as the only device still connected.

9. The bus masterreads 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 siots and
receives two zeros.

16.The bus master writes a 0-bit. This decouples
ROMS, 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 anew ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit. . This decouples
ROM2, leaving only ROMS3.

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:

The bus masterieams the unique ID 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 ps + (8 + 3x 64) 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 fine: reset pulse, presence pulse, write
0, write 1, read 0, and read 1. All of these signals, with
the exception of the presence puilse, 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
DS1820is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master transmits (TX) a reset pulse (alow 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

072596 11/27
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1/0 pin, the DS1820 waits 15—60 s and then transmits
the presence pulse (a low signal for 60240 us).

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

Write Scratchpad [4ER]

This command writes to the scratchpad of the DS 1820,
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. ’ .

072596 12/27
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MEMORY FUNCTIONS FLOW CHART Figure 10

MASTER Tx MEMORY
OR CONTROL COMMAND

4Eh
WRITE

BEh
READ

SCRATCHPAD
?

051820 SETS ADDRESS
COUNTER TO 2

4

MASTER Tyx DATA BYTE
TO SCRATCHPAD

ADDRESS
=3
?

DS$1820 INCREMENTS
ADDRESS

L\

MASTER
Tx RESET
?

SCRATCHPAD
?

'Y

COUNTER TO 0

DS1820 SETS ADDRESS

MASTER Ry DATA
FROM SCRATCHPAD

ADDRESS
=7
?

DS1820 INCREMENTS

L —

MASTER Ry 8~BIT
CRC OF DATA

MASTER Ry “1s”

]

!

051820 Ty
PRESENCE PULSE

072596 13/27




- e - e s

[Epe———

o  E——

- ey e

]

-

» o s e

DS1820

p-14

MEMORY FUNCTIONS FLOW CHART Figure 10 (cont'd)

48h N 44h
CONVERT N

JEMPERATUR
?

COPY
SCRATCHPAD
?

Y

PARASITE

PARASITE

POWER
?

POWER
?

4
MASTER ENABLES

—

MASTER ENABLES

STRONG PULLUP FOR STRONG PULL-UP
10ms i
‘ DS1820 CONVERTS
MASTER DISABLES TEMPERATURE
STRONG PULLUP i
y
DS1820 BEGINS MASTER DISABLES
CONVERSION STRONG PULL-UP
MASTER Tx Y
RESET
?
N
N_~" NONVOLATILE v DEVICE BUSY
MEMORY CONVERTING
BUSY TEMPERATURE
? ?
MASTER MASTER MASTER MASTER
Ry “1°s Ry "0's Ry “1"s Ry "0"s
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MEMORY FUNCTIONS FLOW CHART Figure 10 {cont'd)
Bgh Bdh
RECALL N READ N
E? POWER SUPPLY
? 7
Y Y
DS1820 RECALLS
FROM E2 PROM
4
MASTER
Tx RESET
?
PARASITE MASTER N
POWERED Tx RESET
? ?
MASTER MASTER Y
Rx"1"s Rx “0"s
MASTER MASTER
Rx “1"s Ry “0s
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES" Figure 11

Master Tx “reset puise”

Master Ry

-—— 480 ps minimum 480 us minimym
260 us maximum
DSiazo DS1820 Ty ‘
15 “presence pulse” .
Voo — 18- 80ps 60 - 240 s “J
1-WIRE /
BUS
GND /
LINE TYPE LEGEND:
ev——— Bus master aciive low DS1820 active fow
y Both bus master and
FTe=T= DS1820 active low Resistor pull-up

DS1820 COMMAND SET Table 2

1-WIRE BUS
AFTER ISSUING
INSTRUCTION DESCRIPTION PROTOCOL PROTOCOL NOTES
o sl Bl QA - TEMPERATURE CONVERSION COMMANDS: :
Convert T Initiates temperature conversion. 44h <read temperature 1
busy status>
P ottt o MEMORY COMMANDS: . - . :
Read Scratchpad Reads bytes from scratchpad and BEh <read dataup to 9
reads CRC byte. bytes>
Wirite 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).
Recafl E2 Recalls values stored in nonvolatile Bgh <read temperature
memoty 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 YO line for the DS1820 must be heid high for at least 50C 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 protocal, if the part does not receive power from the Vg pin, the I/O line

for the DS 1820 must be held high for at feast 10 ms to provide
other activity may take place on the 1-Wire bus for at least

been issued.

power during the copy process. As such, no
ihis period after a Copy Scratchpad command has

072596 16127
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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) byts
is read. Ifnotall locations are to be read, the master may
issue a reset 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 wiil
output “0” on the bus as fong as it is busy copying the
scratchpad to E€2; it will retumn a “1” when the copy pro-
cess is complete. if parasite powered, the bus master
hasto enable a strong pull-up for atleast 10.ms immedi-
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 masterissues read time siots following this com-
mand, the DS1820 will output “0” on the bus as long as it
is busy making a temperature conversion; it will return a
“1"when the temperature conversion is complete. lf 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. This recall operation hap-
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

DS 1820 data is read and written through the use of time
slots to manipulate bits and a command 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
Write Zero time slots. Ali write time slots must be a mini-
mum of 60 us in duration with & minimum of a one ps
recovery time between individual write cycles.

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

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

For the host to generate a Write Zero time slot, the data
line mustbe pulled to alogic low leve!l and remain low for
60 ps.

Read Time Slots

The host generates read time slots when data is to be
read from the DS1820. A read time slotis 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 level
for aminimum of one ps; output data from the DS 1820 is
valid for 15 ps afterthe falling edge of the read time siot.
The host therefore must stop driving the I/O pin low in
ordertoreadits state 15 ps from the start of the read sfot
(see Figure 12). By the end of the read time siot, the /0
pinwill pull back high via the extema! pull-up resistor. All
read time slots must be a minimum of 60 ps in duration
with a minimum of a one ps recovery time between indi-
vidual read slots.

Figure 13 shows that the sum of Ty Tre, and
TsampLE must be less than 15 ps. Figure 14 shows that
system timing margin is maximized by keeping Tyt
and Tpg as small as possible and by locating the master
sample time towards the end of the 15 us period.

072596 17/27
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READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE *0" SLOT MASTER WRITE 1" SLOT !
1 oo
f—— 60 us<Ty “0"<120 us — ] <_.xs< tREC <
Vee -
1-WIRE
8uUs
GND
i
DS51820 SAMPLES —] 0S1820 SAMPLES
MIN TYP MAX MIN TYP MAX
ra— 15 s I 15us ], us —ay la— 5 us , 5 us I 30us —
' 1
1 Us<tpec <oe
MASTER READ “0" SLOT , MASTER READ “1" SLOT
bt ———y r——
vcc ————— e e —— e et e e i
1-WIRE
sus &
GND o= GANANNNNNNNNANNN LAY -
— [ | 1.lsI
—_ ~L_ MASTER SAMPLES ! ’ MASTER SAMPLES
|
le— 15 s . 1S us te— 30ps —»{ re— 15 us ——1
LINE TYPE LEGEND:

———— Bus master active iow

Both bus master and
0S1820 active low

051820 active low

Resistor pull-up

072536 18/27
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DETAILED MASTER READ “1” TIMING Figure 13
Vee U P
1-WIRE S =TT Vg OF MASTER
BUS
GND e
e Twm>1uS “i‘— The — —— MASTER SAMPLES
1S us —
RECOMMENDED MASTER READ “1” TIMING Figure 14
Vee — B N e . T R E——
1-WIRE Viy OF MASTER
BUS
GND - —
J
Tt | Tac MASTER
|N = =
SMALL  SMALL CAMOES
1Sus —~
LINE TYPE LEGEND:
~—rET Bus master active low RIE N DS 1820 active low
. Both bus master and /
Qe DS1820 active low Resistor pull-up
072596 19/27
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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
D81820. These notes can be obtained from the Dallas service at (214) 4500441,

Application Note 27: *Understanding and Using Cyclic Redundancy Checks with Dalias 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”
Apptication Note 104: “Minimalist Temperature Control Demo”

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

Appfication Note 106: “Complex MicroLANs”
Application Note 108: “MicrolLAN — 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.

072596 20/27
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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

TX Reset Reset pulse (480960 ps). -

RX Presence Presence pulse.

X 55h Issue “Match ROM"” command.

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

TX 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 puise.

RX Presence Presence pulse.

TX 55h Issue “Match ROM" command.

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

TX 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.

LD, Reset Reset Pulse.

RX Presence Presence puise, done.

072596 2127
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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

™ Reset Reset puise.

RX Presence Presence pulse.

X CCh Skip ROM command.

> 4Eh Write Scratchpad command.

X <2 data bytes> Writes two bytes to scratchpad (TH and TL).

1D, Reset Reset pulse.

RX Presence Presence puilse.

X CCh Skip ROM command.

X 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, compares the CRC and the two other bytes
read back from the scratchpad. |f data match, the master
continues; if not, repeat the sequence.

TX Reset Reset pulse.

RX Presence Presence pulse.

TX CCh Skip ROM command.

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

™ Reset Reset pulse.

RX Presence Presence pulse, done.

072596 22/27
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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

TX Reset Reset pulse. '

TR Presence Presence pulse.

X 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 until the data is FFh (all
bits 1).

X Reset Reset pulse.

RX Presence Presence pulse.

X CCh Skip ROM command.

TX 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. !f the CRCs match,
the data is valid. The master saves the temperature vaiue
and stores the contents of the count register and count
per °C register as COUNT_REMAIN and COUNT_PER_C,
respectively.

X 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
Solden'ng. Temperature

* Thisis a stress rating only and functional operation of

-0.5Vto +7.0V
-55°C to +125°C
—55°C to +125°C

260°C for 10 seconds

the device atthese or any other conditions above those

indicated in the operation sections of this specificationis notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.
RECOMMENDED DC OPERATING CONDITIONS
PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS | NOTES
Supply Voltage Voo I/0 Functions 2.8 5.0 5.5 1,2
+1/,°C Accurate | 4.3 5.5 v

Temperature

Conversions
Data Pin o -0.5 +5.5 2
Logic 1 Vin 2.0 Veet0.3 2,3
Logic 0 Vie -0.3 +0.8 2,4

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

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Thermometer Error teRR -0°C to +70°C e °C

-55°C to 0°C

and +70°C to See Typical Curve 1,9,10

+125°C

Input Logic High Vin 2.2 5.5 2,3
Input Logic Low ViL -0.3 +0.8 2,4
Sink Current It Viyo=0.4V —4.0 mA 2
Standby Current fa 200 350 nA 8
Active Current Ipp 1 1.5 mA 5,6
Input Load Current I 5 pA 7

072596 24/27
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AC ELECTRICAL CHARACTERISTICS:

(=55°C to +125°C; Vpp=8.6V to 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time tcony 200 500 ms
Time Slot tstor 60 120 us .
Recovery Time taec 1 ' us
Write 0 Low Time rLowo 60 120 us
Write 1 Low Time tLowt 1 15 us
Read Data Valid trov 15 us
Reset Time High tRSTH 480 us
Reset Time Low tasTL 480 4800 us
Presence Detect High tPoHIGH 15 60 us
Presence Detect Low teoLOW 60 240 us
Capacitance Cinvout 25 pF

NOTES:

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

2. All voltages are referenced to ground.

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

4. Logic zero voltages are specified at a sink current of 4 mA.

5. lpp specified with Vg 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 uA for up to 10 ms.

7. Inputload 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.

1

1

0. Typical accuracy curve valid for 4.3V < Vpp $5.5V.

~WIRE WRITE ONE TIME SLOT

tstor START OF NEXT CYCLE

N

tRec

-
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1-WIRE WRITE ZERO TIME SLOT

tstot

la— {REC

—
252 Lowo

1-WIRE READ ZERO TIME SLOT

START OF NEXT CYCLE

tRec

tstor

START OF NEXT CYCLE

AN

dimmnny

[—— tpOV ———~

1-WIRE RESET PULSE

RESET PULSE FROM HOST

N\

‘f RsTL

1-WIRE PRESENCE DETECT

tRSTH
PRESENCE DETECT
— 1PDHIGH
teoLow >
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TYPICAL PERFORMANCE CURVE
DS1820 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR
5}
g
k=%
@
Q
g UPPER LIMIT
w SPECIFICATION
1 I - I - A—‘,—_—-_'T—_-—--\ I ]
=55 -35 -15 5 25 45 65 85 105 125
LOWER LIMIT TYPICAL
SPECIFICATION Y ERROR
2+
\Q.

TEMPERATURE (deg. C)
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Features

® Compatible with MCS-51™ Products

e 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

27Vtosv Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128'x 8-Bit Internal RAM

15 Programmable /O Lines

Twoé 16-Bit Timer/Counters

Six Interrupt Sources

Pro{;rammable Serial UART Channel

Diréct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

Deséription

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbytes 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.
By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C§2051 is a powerful microcomputer which provides a highly flexible and cost
effectlve solution to many embedded control applications.

The AT8902051 provides the following standard features: 2 Kbytes of Flash, 128
bytes of RAM, 15 1/O lines, two 16-bit timer/counters, a five vector two-level interrupt
archltecture a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor ang clock circuitry. In addition, the AT89C2051 is designed with static logic for
operatlon down to zero frequency and supports two software selectable power sav-
ing ques 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.

- i - -
Pin Configuration
]
PDIP/SOIC

i
AST O ~
(RxD) P3.0 O
(TXD) pP3.1 O
XTAL2 O
XTAL1 O
(INTO) P3.2 ]
(INT1) P3.3 3
(T0) P3.4 }
(1) P3 5 O
GND O

(AIN1)
(AINO)
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with 2 Kbytes
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Pin [}escription

Vee

Supplytvoltage.

GND ]

Ground.

Port 1

Port 1 is an 8-bit bidirectional /O port. Port pins P1.2 to
P1.7 ptovide internal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO):and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers: can sink 20 mA and can drive LED displays di-
rectly. When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2 to P1.7 are used as inputs
and are externally pulled low, they will source current (lIL)
because of the internal pullups.

Port 1'also receives code data during Flash programming
and prE:gram verification.

Port 3 ]

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional 1/O
pins with internal pullups. P3.6 is hard-wired as an input to
the oujput of the on-chip comparator and is not accessible
as a general purpose 1/O pin. The Port 3 output buffers
can sihk 20 mA. When 1s are written to Port 3 pins they
are pulled high by the internal pullups and can be used as
inputst As inputs, Port 3 pins that are externally being
pulled low will source current (i) because of the pullups.

Port SEalso serves the functions of various special features
of the AT89C2051 as listed below:

Porf Pin | Alternate Functions
P3.d RXD (serial input port)
P3.{ TXD (serial output port)
P3.2E l_l\j_T_Q (extemal interrupt 0)
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer 0 external input)
P3.5 T1 (timer 1 external input)

Port :i also receives some control signals for Flash pro-
gramr;ning and programming verification.

RST

Reset input. All I/O pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cy-
cles while the oscillator is running resets the device.

Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

Input’to the inverting oscillator amplifier and input to the
interrdal clock operating circuit.

XTA
Outplit from the inverting oscillator ampilifier.

33
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 extemal clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the external clock signal, since the input to the internal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed. '

Figure 1. Oscillator Connections

c2
——%——I—— XTAL2
[]
C1
*—) XTAL1

_T_ GND

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

"l

Figure 2. External Clock Drive Configuration

NC —— - XTAL2
EXTERNAL

OSCILLATOR XTAL1
SIGNAL

GND

-
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Spegcial Function Registers
A map! of the on-chip memory area called the Special random data, and write accesses will have an indetermi-

Functign Register (SFR) space is shown in the table be- nate effect.

low. : User software should not write 1s to these unlisted loca-
Note tHat not all of the addresses are occupied, and unoc- tions, since they may be used in future products to invoke
cupiedi addresses may not be implemented on the chip. new features. In that case, the reset or inactive values of

Read éccesses to these addresses will in general return the new bits will always be 0.

|

E

¥
Table 1. AT89C2051 SFR Map and Reset Values

OF8H OFFH
oFoH | . B OF7H
00000000
OEBHE OEFH
] Acc
OBOHI! 56000000 OE7H
oD8H ODFH
4
1 psw
ODOH: | (ooW 0D7H
ocer OCEH
ocor{ 0C7H
0BSH IP OBFH
XXX00000
P3
! OBOH | 14111111 0B7H
0ASH IE OAFH
0XX00000
0AOH 0A7H
SCON SBUF
98'1! 00000000 | XXXXXXXX 9FH
: P1
90H | 11111111 97H
sarl| TCON TMOD TLO TL1 THO TH1 -
& 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
50 SP DPL DPH PCON | o
00000111 | 00000000 | 00000000 0XXX0000

AT89C2051 e e s————
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. It
contairls 2 Kbytes of flash program memory. It is fully com-
patible} with the MCS-51 architecture, and can be pro-
gramrrfled using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when t#tilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be resfricted such that the destination address falls within
the physical program memory space of the device, which
is 2K for the AT89C2051. This should be the responsibil-
ity of the software programmer. For example, LUMP 7E0H
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LUMP 900H would not.

1. Branching instructions:
LCALL, LUMP, ACALL, AJMP, SUIMP, JMP @A+DPTR

These: unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that
the ddstination branching address must fall within the
physical boundaries of the program memory size (loca-
tions QOH to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.

CJNE [...], DINZ [...], dB, JNB, JC, JNC, JBC, JZ, JNZ
With these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-

ries may cause erratic execution.
]

i
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For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of internal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memoty access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVXT...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. lt is the responsihility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

AlMEL 3:21
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Prog{ram Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
dmonaf; features listed in the table below:

;
Lock Bit Protection Modes"”

Proéram Lock Bits
; LB1 LB2 | Protection Type
11 U U No program lock features.
2 E P U Further programming of the
I Flash is disabled.
Same as mode 2, also verify
3f P P | disabled.
Note: I1. The Lock Bits can only be erased with the Chip Erase
t operation
4
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.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used, br set to 1’ if external pullups are used.

it should be noted that when idle is terminated by a hard-
ware feset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the m1emal reset algorithm takes control. On-chip hard-
ware inhibits access to internal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idle is
terminated by reset, the instruction following the one that
mvokés Idle should not be one that writes to a port pin or
to extemal memory.

Povfler Down Mode

In thé power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
execyted. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. 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 Vcc
is restored to its normal operating level and must be held
activ? long enough to allow the oscillator to restart and
stabigize.

P1.0 and P1.1 should be set to '0’ if no external pullups are
used! or set to ’1’ if external pullups are used.

e o RS

3-221

|
i

| ATMEL

36

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state(i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
array is programmed, to re-program any non-blank byte,
the entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains
an internal PEROM address counter which is always reset
to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.
Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between Vcc and GND pins
Set RST and XTAL1 to GND"~
With all other pins floating, wait for greater than 10
milliseconds

2. Setpin RST to 'H'
Set pin P3.2to 'H’

3. Apply the appropriate combination of 'H’ or °L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM ar-
ray or the lock bits. The byte-write cycle is self-timed
and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic 'H’ level and set pins P3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to 'L’
setRSTto '’
Float all other 1/O pins
Turn Vce power off

AT89C2051 m——e—————————
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Data ?olling: The AT89C2051 features Data Polling to
indicate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the
complement of the written data on P1.7. Once the write
cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Data Polling may begin any
time gfter a write cycle has been initiated.

Read\l//Busy: The Progress of byte programming can

also be monitored by the RDY/BSY output signal. Pin

P3.1 is pulled low after P3.2 goes High during program-

ming fo indicate BUSY. P3.1 is pulled High again when

programming is done to indicate READY.

Progtjam Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data

lines for verification:

1. Re!set the internal address counter to 000H by bring-
ing RST from 'L’ to 'H'.

2. Agply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the internal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Répeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the

lock Bits is achieved by observing that their features are

enabl;ed.

-

]

]

Flas:,h Programming Modes

-7

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with ail “1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned
are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
self-timed and once initiated, will automatically 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 re-
vision.

F
f P3.2/
Mode RST PROG P3.3 P34 P3.5 P3.7
Wrile Code Data('?) 12v 2 T L H H H
Read Code Data(") H H L L H H
Wri%e Lock Bit - 1 12v N/ H H H H
B
E Bit - 2 12V e H H L L
Chip Erase 12V ~_ @ H L L L
Read Signature Byte H H L L L L
Notesi: 1. The internal PEROM address counter is reset to 000H 2. Chip Erase requires a 10 ms PROG pulse.
" on the rising edge of RST and is advanced by a posi- 3. P3.1is pulled Low during programming to indicate
E tive pulse at XTAL1 pin. RDY/BSY\.
!
¥
ATMEL 323
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Figuré 3. Programming the Flash Memory - Figure 4. Verifying the Flash Memory sV
| AT89C2051 T AT89C2051 —]
I:R DYBSY <«—| Pad Voo ——T Ver
lpROG  ——»| P32 P1 fe— PGM Vin ——> P32 Pt | DM
[ — » P33 — P33
| ——>» P34 SEE FLASH ~—» P3.4
SéE FLASH PROGRAMMING
PROGRAMMING ——» P3.5 MODES TABLE —¥| P3.5
MODES TABLE P37 — | P37
¥
|
!
|
]
|
L XA/ RST e Vi [T —»| xTAL 1 RST [¢——— Vi
TO INCREMENT GND GND
ADDRESS COUNTER f
| T =
|
Flash Programming and Verification Characteristics
Ta=21°C10 27°C, Veo = 5.0 ¢ 10% .
Symbol Parameter Min Max Units
Vee| Programming Enable Voltage 115 ' 12.5 v
lppt Programming Enable Current 250 HA
tpvdL Data Setup to PROG Low 1.0 us
tGHDX Data Hold: After PROG 1.0 us
teHdH P3.4 (ENABLE) High to Vpp 1.0 us
tSHAL Vpp Setup to PROG Low 10 us
taHSL Vep Hold After PROG 10 us
tGLGH PROG Width 1 110 ps
teLGV ENABLE Low to Data Valid 1.0 us
tEHz)Z Data Float After ENABLE 0 1.0 us
taHBL PROG High to BUSY Low 50 s
twd Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHIL , Increment Clock High 200 ' ns

Notei 1. Only used in 12-volt programming mode.

AT89C2051 memes———————————————
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Flash Programming and Verification Waveforms

§
]

PORT 1 DATA IN P ( DATAOUT »>——
E > vl taHpx [¢
, _P3.2
E(PROG)
! —taen—" forst
, RST Ve 1o LOGIC 1
| PR T T IITTTTTToelcd 1
l tensn teqv il *— Yenaz
P3.4 \
ENABLE .
( ) taneL —
| P31
(RDY/BSY) BUSY READY
§ twe < b
XTAL1 taHH [/—\J
(INCREMENT
ADDRESS)
{
§ . -
Absolute Maximum Ratings*
L T 4 *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Ope%ratlng Temperature..........cc..c..... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
. s 3 This is a stress rating only and functional operation of the
Stogr age Temperature.................... A s S device at these or any other conditions beyond those indi-
Vollage on Any Pin cated in the operational sections of this specification is not
) B implied. Exposure to absolute maximum rating conditions
w:tlg Respect to Ground ................... 1.0Vto+7.0V for extended periods may affect device reliabilty.
Makimum Operating Voltage .........c....c.cccuuucee. 6.6V
3
DC.Output Current.........cceceeeeeevrrrvnevennenn 25.0 mA

ATMEL 3.25
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D.C. ECharacterlstlcs
Ta = -40°C to 85°C, Vcc = 2.7 V to 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage -0.5 0.2 Vce-0.1 \Y
ViH | Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 \"
ViH1 + Input High Voltage (XTAL1, RST) 0.7 Vcc © Veeo+0.5 V
(1) = =
VoL Output Low Voltage loL=20mA, Vcc=5V . 0.5 v
(Ports 1, 3) lo,=10mA, Vcc=27V
vl o High Vot lon =-80 uA, Vec =5V +£10% 2.4 \
} utput High Voltage S
VoH | (ports 1, 3) loH = -30 pA 0.75 Vce Vv
loH=-12 pA 0.9 Vcc \Y
Logical 0 Input Current > )
hL | (Potts 1, 2, 3) ViN=0.45V ) 50 HA
Logical 1 to 0 Transition = R
L Current (Ports 1, 2, 3) Vin=2V 750 pA
t Input Leakage Current
It | (Port P1.0, P1.1) 0 8 Min- <Y/ £10 HA
Comparator Input Offset _
Vos Voltage Veec=5V 20 mV
Comparator Input
VCME Common Mode Voltage 0 Vee v
RR8T | Reset Pulidown Resistor 50 300 KQ
Ciot | Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
: Active Mode, 12 MHz, Ve =6 V/3 V 15/5.5 mA
: | Power Supply Current qle Mode, 12 MHz, Voc =6 V/3 V » A
lcc E P1.0&P1.1=0VorVcc
¥
Vec=6V P1.0 & P1.1=0V or V,
: Power Down Mode® ce Pat Y 100 HA
: Vcc =3V P1.0 & P1.1 =0V orVcc 20 HA
Notes? 1. Under steady state (non-transient) conditions, lor If IOL exceeds the test condition, VOL may exceed the
must be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum lov per port pin:20 mA current greater than the listed test conditions.
Maximum total IOL for all output pins:80 mA 2. Minimum Vcc for Power Downis 2 V.,

Ll I o S —
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Extel;nal Clock Drive Waveforms
|
|3
ﬁ e topox —
— Lopyox —* torcn — -~ —> *+— tonce
Vg - 0.5V
—f— 0.7 Vg —\ —f -
0.2 Vg - 0.1V L i N
0.45V — —
— tolox — "
i « toroL
|
|
4
i
4
]
H
o .
=xternal Clock Drive
Symbol Parameter Vecc= 27Vto6.0V Vcc= 40Vto6.0V Units
E Min Max Min Max
1/tCLECL Oscillator Frequency 0 12 0 24 MHz
toLel Clock Period 83.3 41.6 ns
toHdx High Time 30 15 ns
tCLc;( Low Time 30 15 ns
tcLcH Rise Time 20 20 ns
tcrdL | Fall Time 20 20 ns

F
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Seriél Port Timing: Shift Register Mode Test Conditions
(Vec= 5.0 V £ 20%; Load Capacitance = 80 pF)
] 12 MHz Osc Variable Oscillator
SymLol Parameter Min Max Min Max Units
txuxd Serial Port Clock Cycle Time 1.0 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLoL-133 ns
IXHQX Output Data Hold After Clock Rising Edge 50 2tcLe-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
tXHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shiﬂi Register Mode Timing Waveforms
!
INSTRUCTION | 0 I 1 | 2 | 3 | 4 | 5 ] 6 | 7 | 8 l

| cLock el AGigEC AP oo Nt A | I
|

W%’(ITETOSBUF, N 0 X 1 X 2 X 38 X 4 X 5 X8 X 7

OUTPUT DATA
| CLEARRI |
R/

iNPUT DATA
4

]
t

i
AC Tgesting Input/Output Waveforms®  Float Waveforms

Vee- 1‘5\' 0.2 Vg + 0.8V Voo o
: TEST POINTS Vioap TimingP Betference
, oints
: 0.2 Vg - 0.1V Vg + 0V

0.45V

Note: ¢ 1. AC Inputs during testing are driven at Vcc - 0.5 Vfora  Note: 1. For timing purposes, a port pin is no longer floating

; logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs.
ments are made at Vin min. for a logic 1 and V| A port pin begins to float when a 100 mV change
max. for a logic 0. from the loaded Von/VoL level occurs.

228 AT89C2051
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AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
Vee=6.0V
15 //
/
Vee=5.0V
/ /
/ Vce=3.0V
5 —_—
FRNNNNO
—
0
0 6 12 18 24
FREQUENCY (MHz)
AT89C2051
TYPICAL ICC - IDLE (85°C)
Vce=6.0V
/
—
— Vce=5.0V —
—
T
—
| Vee=30v
L
0 3 6 9 12
FREQUENCY (MHz)

AIMEL

+13

3-29



ATMEL

I
E q-14
H
E AT89C2051
| TYPICAL ICC vs.VOLTAGE- POWER DOWN (85°C)
; 20
|
' I 15 - /
i c /
- C 10 —
i /
i H /
| A °
i /
E
{ 0
3.0V 4.0V 5.0V 6.0V

L]
11

5 Vcec VOLTAGE

Note: i 1. XTAL1 tied to GND for Icc (power down).
1 2. P.1.0 and P1.1 = Vcc or GND.
E. 3. Lock bits programmed.
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Ordéring Information

1

315

Speed Power _
(MHz) Supply Ordering Code Package Operation Range
1;2 27V1t06.0V AT89C2051-12PC 20P3 Commercial
AT89C2051-12SC 20S (0°C to 70°C)
AT89C2051-12P| 20P3 Industrial
, AT89C2051-12SI 20S (-40°C to 85°C)
2fr1 40V1t06.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
E AT89C2051-24P| 20P3 Industrial
| AT89C2051-24S 20S (-40°C to 85°C)

T e oy e vk R

o re———=CES o S S T S S

~

] Package Type
20P::3 20 Lead, 0.300" Wide, Plastic Dual In-fine Package (PDIP)
208,i 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

AlNEL
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MC14511B

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC145118 BCD-to-seven segment latch/decoder/driver is con-
structed with comptementary -MQS {CMOS) enhancement mode de-
vices and NPN vipolar output drivers in a single monolithic structure,
The circuit provides the functions of a 4-bit storage latch, an 8421
BCD-to-seven segment decoder, and an output drive capability. Lamp
test (L), blanking {B11, and latch enable (LE} inputs are used to test
the display, to turn-off or pulse modulate the brightness of the
display, and to store a BCD code, respectively. - it can be used with
seven-segment lightemitting diodes (LED), incandescent, fluorescent, -
gas discharge, or liquid crystal readouts either directly or indirectly.

Applications include instrument (e.q., counter, DVM, etc.) dis-
play driver, computer/calculator display driver, cockpit display driver,
and various clock, watch, and timer uses. : ’

e Low Logic Circuit Power Dissipation

o High-Current Sourcing Outputs (Up to 25 mA)

e Latch Storage of Code

* Blanking input

e Lamp Test Provision

e Readout Blanking on ail fllegal Input Combinations

¢ Lamp Intensity Modulation Capability

« Time Share (Muttiplexing) Facility

e Supply Voltage Range = 30Vt 18V

e Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTU Load or Two HTL Loads Over the Rated
Temperature Range

@ Chip Complexity: 216 FETs or 54 Equivalent Gates

e Triple Diode Protection on all inputs

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

- DSUFFIX
B @‘ soic
: CASE 7518
OW SUFFIX
® @ soic
> CASE 751G

ORDERING INFORMATION
MC14XXXBCP Plastc
MC14XXXBCL Ceramic
MC14XXXBDOW SOIC
MC14XXXBD SOIC

Ta = —~55°to 125°C for all packages.

MAXIMUM RATINGS* (Voltages referenced to Vgg)

PIN ASSIGNMENT

Rating Symbol Value Unit
OC Supply Voltage Voo -0510 +18 \
input Voltage, All Inputs Vin ~0.5t0Vpp +05| V
DC Current Drain per lnput Pin i 10 mA
Operating Temperature Range TA ~-5510 +125 °C
Power Dissipation per Packaget Pp 500 mw
Storage Temperature Range Tstq -85 10 +150 °C TRuTH TAE
. - NPT QUIPYTS
Maxlmum‘Outpm Orive Current 10Hmax 25 mA LE| 8 [LTIDCB Ala bhconet gjbDsriar,
{Sourca) per Output x | & ol x o k{y vy vyt oai s .
. T <
Maximum Continuous Output Power POHmax 50 mwW R R R R L T
(Source) per Output ¢ sl hilsereiatessy 4 |
1 + T 0 vt 1
tr = lon (Voo - Vord :: |oo‘|-;.|oo- :f
m‘\a K} L) T
“Maximum Ratings are those values beyond which damage 10 the device may ocaur. o v 1 g ' : ? ? a': ? 3 { : :, l
tTemperature Derating: Plastic “P and O/OW™ Packages: — 7.0 mW/C From 65°C To 125°C IR R PR R ‘o
Ceramic "L™ Packages: — 12 mW/"C From 100°C To 125°C : 1 \ :g:o R s !
1 ) 1ML 1T Yy 00 Y0 a
1
This device contans circuitry to protect the inputs against damage due 1o high static ?, , N : : : : ? 2 g : : : : : :::: !
voitages or etectric fields: however, it is advised that normal precautions be taken to 0f vivit 100000000 0f e
avoud application of any voltage higher than maximum rated voitages to this high im- 3 vty “, : : : : : g : b
pedance circuit. A destructive high current mode may occur if Viq and Vg yq are not con- i 1] vt 1+ 1io0o0 a0 0ol s
1 LI | 4 LI N .

strained (o the range Vgg = (Vi of Vour) & VDD-

Due to the sourcing capability of this circuit, damage can occur to the device if Vpp s
3pplied, and the outputs are shorted to Vgg and are at a logical 1 (See Maximum
Ratings).

Unused inputs must always be tied to an appropriate 10gic voltage tevel (e.g., either
Vgs or Vppl.

X s Don’'t Care
*Decenas uoon the BCO code previcusly apphed
when LE 0
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vsg)

Characteristl Symbol | \O2 -55C z 12e untt
aracteristic ymbolt Vde "in | Max | Min | Typ# | Max | Min | Max
Output Voltage “0" Level 5.0 -— 0.05 — 0 0.05 _— 0.05
Vin = Vpp or 0 VoL 10 —_ 0.0 —_ 0 0.05 — 0.05 | Vde
15 -_ 0.05 —_ 0 0.05 — 0.05
“1” Level 5.0 4.1 - 4.1 457 T an -
Vin = O or Vpp Vo 10 9.1 - 9.1 9.58 - 9.1 — | vde
15 14.1 — 14.1 14.59 - 141 - i
input Voltage # “0" Level | _ . .
(Vo = 3.8 0r 0.5 Vdc) | v 5.0 -— 1.5 —_ 225 1.5 —_— -1.5 Vde
(VO = 8.8.0r 1.0 Vdc) 4 10 - 30 - 450 | .30} —..] 30 -
(VO = 138 or 1.5 Vdc) 15 — 40 — 6.75 4.0 — 40 -
“1" Level .
(Vo = 0.5 or 3.8 Vdc) ViH 5.0 35 —_ 35 275 _ 3.5 —_ vde
(Vo = 1.0 or 8.8 Vdc) 10 7.0 —_ 7.0 5.50 - 70 -
(Vo = 1.50r 13.8 Vde) 2 = 15 n _— 11 8.25 - 11 —
Qutput Drive Vcltage VOH Vde
(oM = 0 mA) Source’ 50 4.1 — 43 4.57 - 4.1 =
(IoH = 5.0 mA} .S £ — — 4.24 — — —
{(loH = 10 mA) 39 - 39 412 - 35 -
(loH = 15 mA) - — - 3.94 -1 = - .
(1o = 20 mA) 34 - 34 3.70 =] 30 — n
(10K = 25 mA) — —_ - 3.54 — — —
(lon = 0 mA) 10 9.1 Bad 9.1 9.58 — 8.1 —_ Vde
(loH = 5.0 mA) — - - 9.26 - - —
(toH = 10 mA) 9.0 — 9.0 9.17 - 8.6 _
(lgH = 15 mA) — —_ -— 9.04 —_ - -
(loH = 20 mA) 8.6 —_ 8.6 8.90 - 8.2 -
(1OH = 25 mA) — — — 8.70 - - -
(oK = 0 mA) 15 | 141 —_ 14.1 1459 | —~ | 141 | — | vde
(loy = 5.0 mA) — ad - 14.27 — b -—
{loH = 10 mA) 14 - 14 14,18 & 136 —_
(loH = 15 mA) A - — 14.07 - —_— —_
{oH = 20 mA) 13.6 _ 13.6 13.95 —_ 132 -
(lon = 25 mA) — —_ —_ 13.70 —_ —_ -
Qutput Drive Current log - l mAde
(VoL = 04V) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
(VoL = 0.5 V) 10 16 — 13 2.25 — 0.9 -—
(VoL = 1.5V) 15 42 — 34 8.8 - 2.4 -
input Current q 15 — =0.1 — =0.00001] =0.1 — =1.0 | pAdc
input Capacitance Cin - —_ —_ — 5.0 75 —_ - pF.
Quiescent Current oD 5.0 - 5.0 — 0.005 5.0 — 150 | wAdc
{Per Package) Vin = 0 or Vpp. 10 _ 10 —_ 0.010. 10 - 300
lout = 0 gA 15 — 20 0.015 20 — | e00
Total Supply Current*"t I 5.0 It = (1.9 uAKHZ) 1 + DD uAdc
(Dynamic plus Quiescent, 10 fr = (3.8 uAKH2) [ + Ipp
Per Package) 15 Ir = (5.7 puNKHZ)} ¢ + DD
(CL = 50 pF on all cutputs, all
buffers switching)

#Noise immunity specified for worst-case input combination.

Noise Margin for both “1” and “0" levei =

1.0 Vdc min @ Vpp = 5.0 Vdc'

2.0 Vde min @ Vpp = 10 Vde
2.5 Vdec min @ Vpp = 15 Vde

**The formulas given are !or the typical characteristics only at 25°C.

1To calculate total supply current at loads other than S0 pF:
H{CY = I1{50 pF) + 3.5 x 1073 (Cy - 50) Vpp!

where: IT is in A (per package), C( in pF. Vpg in Vdc, and 1 in kHz is'input frequency.

42
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MC14511B

SWITCHING CHARACTERISTICS® (C_ = 50pF, T4 » 25°C)

-3

: Voo
Characteristic Symbeol Vde Min Typ Max Unit
Output Rise Time tTLH .. . as
trLH = (0.40 ns/pF) Cy_+ 20 ns 5.0 - 40 80
tTLH = {0.25 ns/pF) C + 17.5 ns 10 - 30 60
tTLH * (020 ns/pF) Cp + 15 ns 15 - 25 v 50
Qutput Fall Time ns
ITHL * {1.5 ns/pF) C_ + SO ns THL 5.0 - 125 250
tTHL = (0.75 ns/pF) C_ + 37.5 ns 10 - 75 150
tTHL = (0.55 ns/pFI Cy + 37.5ns - 15 - 85 130
Data Propagation Delay Time WPLH ns
tpLH = 10.40 ns/pF) C_ +620 ns 5.0 - 640 1280
tpLy = (0.25 as/pF) C + 2375 ns 10 - 250 500
L * 10.20 asipf) Cy +165ns d 15 = 175 350 B
tpH = (1.3 ns/pF) C. +655 ns PHL S.0 - 720 1440
P = (0.60 ns/pF) C + 260 ns ot E 10 - ‘290 . 580 H
tpH( = {0.35 ns/pF) C_ + 1825 ns 15 - T 200 ° 400
8iank Propagation Delay Time PLH a L ns
tpLH = (0.30 ns/pF) C +586ns = - N\ 7 g 5.0 . W 600 750.
tpLH = (0.25 ns/pF) C + 187.5ns 10 X 200 300 !
tpLH " {015 ns/oF) Cy_ + 1425 as . - S 15 150 220 - .
tpH = (0.85 ns/pF) CL 4+ 442.5 ng PHL 5.0 - 485 970 H
ey = (0.45ns/pFIC + 1775 ns 10 - 200 400 ;
tor = (0.35 ns/pF) C + 1425 ns 15 - 160 320 X
Lamp Test Propagation Delay Time PLH ns i
Py = 1045 as/pF1t € +290.5 ns 5.0 L 313 625 B . ‘
LK = (0.25 ns/pFl T + 1125 ns 10 R 125 250 o
Py = (0.20 ns/ipF I C +80 ns 15 " 90 130 i
tpHL = (1.3 ns/pF) C + 248 ns PHL 5.0 - 313 625
PpHL * (0,45 ns/pF) C + 102.5 ns 10 - 125 250
P = (0.35 ns/pF) Cy +72.5 ns 15 % 90 180
Setuo Time = - AW tsy 5.0 100 - - ns
10 20 -
15 X - - :
Holg Time - . 5.0 80 - - ns
10 <0 - -
15 30 -~ -
Latch Enable Pulse Width- twi 5.0 520 260 - ns
10 220 10 -
15 130 65 -

“The turnules Qiven are 1or tne Ly Eical Charactenstics only .,
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FIGURE 1 — DYNAMIC POWER DISSIPATION
SIGNAL WAVEFORMS

1nput LE tow, and laputs D, 81 ana LT nign.
tin respect to a system ciock. -
All outuls connected to respective Cy loaas.

A, L8, ana C

Any Qutput 50%

Vor

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

{a) Inputs O and LE low, and Inputs A, B, Bland Fhigh.

20 ns o 20 N3
Voo
tnout C
Vss
LM
— Vo
Qutput ¢

{b} input D fow, Inputs A, B_FI and -L_T hwgh.

20 ns
v
90% eo

LE 1 50%
10%

L th
_— g,
1aput € 7&‘ 50% *
Vss

Vor

Cutput g \
- Vou

{c} Data DCBA strobed into latchaes.

LE
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1l

Vss

INCANDESCENT READOUT

Voo

4

A

Voo
—
-
e
e
-4
—
_ Vss

S — — —

- — —

GAS DISCHARGE READOUT

Approoriate
Voitage

JEIEE] TU_‘
e

= Vss

**A tilament pre warm resistor is recommended to reduce fitament
thermal shock and increase the effectve cold resistance of the

fament.

CONNECTIONS TO VARIOUS DISPLAY READOUTS .
LIGHT EMITTING DIODE {LED) READOUT
Voo Voo

) — ——

ﬁ_‘ Common
Anode LED b Aakadind
1 Common’ =17v
Cathode LED
= -
[ —O—AAN— —aq
e Y--- EARAY ;‘ =
— — .
= Vss

FLUORESCENT READOQUT

Voo

Direct
{Low Brighiness)

{7131 TU7
7~

Filament
Suooly

-

= Vgs or aporopriate
voltage nclow‘ Vgsg.

{CAUTION: Maximum working voitage = 180 V

= Vss

LIQUID CRYSTAL (LCD} READOUT
€xcitation
tSquare Wave,

Vpo Vgg te Vpp!

EL_K_

11T

1/4 Of MC140708

[
!

= Vss

Direct d¢ drive of LCD's not recommended for life ot LCO readouts

45
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LOGIC DIAGRAM

8ia

Il

Vpp = Pin 16
Vgs = Pin8

81 —{>o

S

e et

USSR
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HEX INVERTER

SN54/741.S04

HEX INVERTER
LOW POWER SCHOTTKY

ﬁ, J SUFFIX
1 CERAMIC
NEnREANEORORG i ohsE 85200
GND N\
N SUFFIX
PLASTIC
14 CASE 646-06
1
O SUFFIX
‘ B SoIC
y CASE 751A-02
ORDERING INFORMATION
SNS54L.SXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
Symbot Parameter Min Typ Max Unit
veo Supply Voltage 54 45 5.0 5.5 v
74 4,75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
7 74 0 25 70
loH Output Current — High 54,74 -0.4 mA
loL Qutput Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA

21N
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HARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
nbol Parameter Min Typ Max Unit Test Canditions
“Input HIGH Voltage - 2.0 v f&’fg:ﬂ::ed Input HIGH Voltage for
: 54 0.7 Guaranteed Input LOW Voltage for
input LOW Voltage > o8 v All Inputs
Input Clamp Diode Voltage . . |—065]| ~15 v Voo =MIN, Iy =-18mA
54 25 3.5 - v Vee = MIN, 1oH = MAX, Vin = V|4
t Output HIGH Voltage 74 2.7 3.8 v or Vj(_ per Truth Table
54,74 025 | 04 v oL = 4.0 mA Vee =Vee MIN,
Output LOW Voltage == VIN=VjLorViy
74 0.35 0.5 v oL =8.0mA per Truth Table
20 Voo =MAX, Vin=27V
Input HIGH Current A cc N
0.1 mA Ve = MAX, ViN=T7.0V
input LOW Current ~04 mA Ve = MAX, Viy = 0.4V
Short Circuit Current (Note 1) ] -20 ~100 { mA | veg=MAX
Power Supply Current
Total, Qutput HIGH 2.4 mA | Voo =MAX
Total, Qutput LOW 8.6
Not more than one output should be shorted at a time, nor for more than 1 second.
HARACTERISTICS (T4 = 25°C)
Limits
bol Paramaeter Min Typ Max Unit Test Conditions
Tum-Off Delay, Input to Output 9.0 15 ns Veo=5.0V
Turn-On Delay, Input to Output 10 15 ns CL=15pF
FAST AND LS TTL DATA

5-11
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MC14060B

The MC140608B is a 14-stage binary ripple counter with an on-chip os-
cillator buffer. The oscillator configuration allows design of either RC or
crystal oscillator circuits. Also included on the chip is a reset function
which places all outputs into the zero state and disables the oscillator. A
negative transition on Clock will advance the counter to the next state.
Schmitt trigger action on the input line permits very slow input rise and fall
times. Applications include time delay circuits, counter controls, and fre-

14-BIT BINARY COUNTER AND OSCILLATOR

quency dividing circuits.

® Fuily static operation
@ Diode Protection on All inputs
® Supply Voltage Range = 3.0 Vio 18 V

® Capable of Driving Two Low-power TTL Loads or One Low-power

Schottky TTL Load Over the Rated Temperature Range
@ Buflered Outputs Available from Stages 4 Through 10 and

12 Through 14

® Common Reset Line

Pin-for-Pin Replacement for CD40608

ORDERING INFORMATION

MC14XXXBCP Piastic
MC14XXXBCL Ceramic
MC14XXXBD SOIC

Ta = -55°to 125°C for 2it packages.

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

0 SUFFIX
soIC
CASE 7518

PIN ASSIGNMENT
TRUTH TABLE
Q12 Voo
Clock RESET Output State Q13 Q10
14 Q8
__/— i L No Change Q
R Y I - Qs Qs
——\_ L Advance 10 next state Qs Reset
X H Al Outputs are low Q7 Clock
X = Don't Care Q4 Out 3
Vss Out 2
Out 2 LOGIC DIAGRAM
qun Q4 Qs Q12 a13 Q14
w0 7 5 1 2 3
Ctock
1 r—DO—QC al—-dc a ¢ af+4c aq ¢ aj+dc a
¢ ,0f—--jc_d C qaf—-1C gG——C cO}—C @

. Reset T

g

L]

Q6 = Pin4 Q8 = Pin 14 Q10 = Pin15 Vpp = Pin 16

Q7 = Pin6 Q9 = Pin 13

Vgg = Pin8
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MAXIMUM RATINGS® (Voltages Relerenced to Vgg) This device contains protection cir-
Symbol Parameter Value Unit cuitry to guard against damage due
1to high static voltages or electric
Vpp _ {OC Supply Voltage 05t +18.0 M tields. However, precautions must
Vin. Vout | 'nput or Output Voltage (OC or Transient) ~-0.5to Vgp -0.5 v be taken to avoid applications of any
itage higher than maximum rated
§in. lout |1nput or Output Current (OC or Transient). par Pin =10 mA voltages 10 this high-impedance cir-
P P i . s 500 w cuit. For proper operation, Vi and
o ower Oiasipation. per Packaget - Vout should be constrained to the
AS Storage Tempaerature -851t0 + 150 *‘C range Vgg = {Vjq 0f Vgut) < VDD-
TL Lead Temperatyure {8-Second Soldering) 260 *C Unused inputs must always be tied
to an appropriate logic voltage lavel
*“Maximum Ratings are those values beyond which damage to the device may occur. (s.g.. either Vgg of Vpp). Unused
tTemperature Derating: Plastic P and D/OW™ Packages: ~7.0 mWrC From 65°C To 125°C outputs must be left open.
Ceramic "L Packages: - 12 mW/"C From 100°C To 125°C
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)
Voo ~55'C - 25°C 125°C
Characteristic Symbol v . - Unit
Min Max Min Typ # Max Min Max
Qutput Voltage “0" Level 5.0 - 0.05 [ 0.05 - 0.0
Vin = Vpp or 0 VoL 10 — 0.05 = 0 0.05 — 0.05 v
15 — 0.05 0 0.05 — 0.05
“1" Level 5.0 4.95 4.95 5.0 — 4,95 -
Vin = 0 0or Vpp VOH 10 9.95 - 9.95 10 — 9.95 -— v
15 14.95 14.95 15 - 14.95 -
Input Vottage “0" Level
(Vo = 450r05V) v 5.0 —_ 1.5 - 225 1.5 - 1.5 v
(VO = 8.00r 1.0 V) i 10 M 30 — 450 30 - 30
(Vo = 1350r1.5V) 15 - 4.0 — 6.75 4.0 - 4.0
“1” Level 1
(Vo = 050r4.5V) Vi 5.0 35 — 35 gzs — 35 —_ v
(Vo = 1.00r9.0V) 10 7.0 - 70 5.50 e 7.0 —_
(Vo = 1.500135V) 15 11.0 11.0 8.25 — 11.0
Input Voltage “0" Level
(Vo = 4.5 Vdc) (For Input 11 v 5.0 — 1.0 - 225 1.0 — 1.0 Vde
(VO = 9.0 Vdc) and Output 10) 't 10 - 2.0 — 450 2.0 — | 20
(Vo = 13.5 Vde) 15 o 2.5 — 6.75 2.5 — 2.5
“1" Level
(Vo = 0.5 Vdc) 5.0 4.0 — 4.0 275 4.0 - Vi
(VO = 1.0 Vdc) ViH 10 | 80 | — 8.0 550 — | 80 | — de
(Vo = 1.5 Vdc} 15 125 — 12.5 8.25 125 _
Output Drive Current
(VOH = 25V)  (Except Source 5.0 -3.0 -24 -42 — -1.7 —
(VOR = 4.6 V) Pins 9 and 10) I0H 5.0 -0.64 - ~0.51 -0.88 -036] — mA
(VoH = 95V) 10 ~1.6 -13 -225 —_— -09 -
(VoH = 135V) 15 -42 | — -3.4 -8.8 —_ -24 ] —
(VoL = 04 V) Sink §.0 0.64 - 0.51 0.88 - 0.36
(VoL = 0.5 V) : oL 10 1.6 — 1.3 2.25 - 0.9 — mA
(VoL = 15V) 15 42 - 3.4 8.8 — 2.4
nput Current lin 15 — =0.1 —_ =0.0001| =0.1 —_ =10 { upA
Input Capacitance Cin . —_ —_ —_ - 5.0 75 —_ — pF
Vin = 0)
Quiescent Current oo 5.0 ~ 5.0 = 0.005 5.0 - 150 rA
(Per Package} 10 — 10 — 0.010 10* - 300
15 — 20 — 0.015 20 —_ 600
Total Supply Current™* 4 5.0 IT = (0.25 uAKHZ) | + IDD nA
(Dynamic plus Quiescent, 10 IT = (0.54 pAKH2Z) T + Ipp
Per Package) 15 It = (0.85 pAKH2) { + ipp
{C. = 50 pF on all outputs,
all buffers switching)

#Data labelled “Typ" is not to be used for design purposes but is

intended as an indication of the IC's potential performance.

“"The formulas given are for the typical characteristics only at 25°C.

3-10
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SWITCHING CHARACTERISTICS (Cy =S50 oF. Ta= 25°C)
Charactedistic Symbol | 90 Mia Typ# | Max Unit
50 — 40 200
Output Rise Time {Counter Qutputs) 1TLH 10 - 25 100 ns
15 - 20 ~ 80
50 -— 50 20
Output Fall Time (Counter Outputs) 1THL i0 - k4 100 ns
15 - 20 80
Propagation Delay Twne 5.0 - 415 740
Clock 10 Q4 PLH 10 - 175 X0 as
. PHL 15 - 125 200
Ciock 1o Q14 5.0 -— 1.9 2.7
10 - 0.7 1.3 §s
15 — 0.4 1.0
5.0 100 65 - -
Clock Pulse Width twhH 10 40 20 - ns
15 X0 20 -
5.0 =3 5 35
Clock Pulse Frequency [ 10 - 14 8 MHz
15 - 17 12
“ 5.0
Clock Rise and Fall Time TLH 10 No Limit ns
1THL 15
5.0 120 40 -
Reset Pulse Width tw 10 60 15 - ns
15 10 —_
Propagation Delay Time = g 0 %0
Reset 10 On PHL 10 = 0 160 ns
15 - 60 100
#Data labeiled “Typ™ is not 10 be used for design purposes but is
intended as an indication of the IC’s potential performance.
FIGURE 1 — POWER DISSIPATION TEST CIRCUTT FIGURE 2 — SWITCHING TIME TEST CIRCUIT
AND WAVEFORM AND WAVEFORMS
O VDO %VDD
Puise Clock 04
Generatos
NC —OUT1 QS
NC —OuUT2 Qan H
Pulse o Q4
Generator
NC —touT1 05
NC - OUTZO"

r—ZOns

vss ICL

b 20
-.1 - Voo

£
Clock %
loc 10%

EL____ vss
0% Duty Cycle

r‘;l_ltlr

-1
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FIGURE 3 — OSCILLATOR CIRCUIT USING RC CONFIGURATION

OCY 1 Dc } |
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TYPICAL RC OSCILLATOR CHARACTERISTICS

FIGURE 4 — RC OSCILLATOR STABILITY FIGURE § — RC OSCILLATOR FREQUENCY AS A
FUNCTION OF Ryc AND C
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FIGURE 7 — TYPICAL DATA FOR CRYSTAL OSCILLATOR CIRCUﬂ"

Characteristic 5&3 cﬂ;l 362«2.?: Unit
Crystal Charactensucs
FIGURE 6 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT Refomanyrielinty 500 32 KHz
Qoct Equivalent Resistance, Rg 1.0 6.2 xQ
% External Resistor/ Capacrior Vatues
L 2 2 Ro 47 | 7150 | «
Cr 82 82 of
Cs 20 20 pF
RESET 10 Out 1 9 Out2 Frequency Stabiity
Frequency Changes as a Function
tEY of Vpp (Ta=25°C)
Vpp Change from 50V 10 10 V +60 | +20 | pom
Rg Vpp Change from 10V 10 15 V +20 | +20 | ppm
) ID Frequency Change as a Function
I l of Temperature (Vpp =10 Vi
fr: Cs TCr Ta Change from -55°C 10 +25°C
= = Compiete Osciator” +100 | +120 { opm
- Ta Change from +25°C 10 + 125°C
Complete Osciflator® -160 | ~-560 | ppm

.
“Complete oscilator inctudes crystal, capacitors, and resistors.
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