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ABSTRACT

This research aims to design and build automated pump control system.
The village Ban NongHuaWua Amphoe Muang Khonkaen Provice. Such control can be
used for the purposes of research. The research was setup with the locals. The
village Ban NongHuaWua Amphoe Muang Khonkaen Provice. The report is for the
setup automatic water pump control system. Working conditions, water levels are
defined. To maintain a constant water next to the number one machine installed at
a water pump in the village of Ban NongHuaWua Amphoe Muang KhonKaen Provice.
The function of the automatic water pump controller. Uses a microcontroller AVR
ATTINY2313 processors. The principle is as follows: Starting from the 12 volt power
supply can supply 5 volts Party. Microcontroller AVR ATTINY2313 integrated
ultrasonic level measurement (Ultrasonic Level Water Sensor) and 12-volt power
feed relay 1 is controlled by commands from the microcontroller. When the water
level is low. It will instruct the relay to first, and then cut - 220-volt AC power supply
to the relay 2,3 acts like a magnetic. But on a smaller scale Work to connect power
to the water pump. A power functionality of the pump. If the pump runs the red
light is on. If the pump is not running to be light is off. The sample only locals
cultivation statistics, the average number of 30 people. The results showed that the
water pump automatic control system. The village Ban Nong Hua Wua Amphoe

Muang Khonkaen Provice. Objective research the machine can - off Water has set
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- WUy EEPROM w11 512 ludl awnsaidsw/audeyalé 100,000

- WUU SRAM 2w 1 Alalun (Kbytes)
Buwmasing Joint Test Action Grope: JTAG

- Tglumsnsasaeuieaswuu Boundary scan

- Tlun1slusunsud@v flash was EEPROM
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L/
(XCK/TD) PBO ] 1 40 3 PAO (ADCO)
1) PB1 ] 2 39 {3 PA1 (ADC1)
{INT2/AIND) PB2 ] 3 38 [ PA2 {(ADC2)
(CCU/AINTY PB3 ] 4 37 [0 PA3 {ADC3)
EE)pPB4]5 36 [ PA4 (ADC4)
(MOSI) PB5 ] & 35 3 PAS (ADCS5)
(MISO) PB6 (] 7 34 {1 PAE [ADCSE)
(SCK) PB7 ] 8 33 1 PA7 {ADCT)
RESET ] 9 32 3 AREF
vce O 10 31 3 GND
GND ] 11 30 3 AVCC
XTAL2 ] 12 29 11 PCT (TOSC2)
XTAL1 ] 13 28 O PC6 (TOSC1)
(RXD) PDO ] 14 27 1 PC5 (TDH)
(TXD) PD1 ] 15 26 1 PC4 (TDO)
(NTO) PD2 B 16 25 (3 PC3 (TMS)
{INT1) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 ] 18 23 [ PC1 (SDA)Y
(OC1A) PD5 ] 19 22 [ PCO (SCL)
(ICP) PD6 ] 20 21 O PD7 (OC2)
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wasnnaiu pull-up resistor Aeludausnainiu eRwusidiuvesasin 1 iy 5 Taad
ausasunszud sink 20 Dadueuuus (mA)
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- Wuwedn 2 firnsruna 8 On lasanunsaivusliusazanves
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Peripheral Interface pin group)
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MOS! 1 Hudyanauesinaves SPI

ss T4@endygyreuves SPI ‘lunscﬁﬁﬁqdns:ﬁﬁﬁiaﬁqwma Slave
nguv Bty JTAG W3 IEEE 1149.1) vumaiilédmiunsavdeudses
(Debug) wazannsaldlunslusunsudnla
' 4 o oo oo o "
NRUYNABINUAAVLIAT wasAUY (Timer / Counter pin group)
- TO (Timer/Counter0 External Counter Input)
- T1 (Timer/Counterl External Counter Input)



uanmﬂﬁmnlaiﬁmnﬂi'h’fé’ﬁycmmmﬁnﬂmnﬁ"ﬂﬂﬁsﬂauimaLaa'§
idsannsateudygauiinaeueniunisss luile
- TOSC1 (Timer Oscillator Pin 1)
- TOSC2 (Timer Oscillator Pin 2)
nfuvIEmIUTUdYymdadizanaisuen
- INTO (External Interrupt 0 Input)
- INT1 (External Interrupt 1 Input)
- INT2 (External Interrupt 2 Input)
mMsasuulasssiuusiuiiviveniesinavililusunsunselanly
aniludiuvesgamdsliuinsmssadne (nterrupt service routine)
nguudmIvAnAaiunainaynsu (USART pin group)
- TXD (USART Output Pin) wdadayasen
- RXD (USART Input Pin) 13uteyaidn
- XCK (USART External Clock Input / Output) adgyeyiauuinn

T9dwsulvun synchronous

2. la¥guuniinn DS1307

ssuuguna WudsdhdgiannsailuiflugdnsoBidninsindlévarnuates anelu

& = ar o a ¥ o ar '
aulnsiaasesnillmus i unan wearhluldidusiu Jalouiy  ue
lulpsaaul andll aldlun1sd Mldduguaanaialde

WesanlulasaeulnsiassaruisavinnulaseleilWiasavity  daunisidlnueives

lulasmaulnsawaes aingunaniedli vnvauluunweundindu DS1307 Wu IC gunan

vesadalriinousinimes (Dallas Semiconductor) Hasudsteyauuy 12C Fuduuuu 2 wire

o Y P e i & v ol
a'm']‘iﬂﬁ-'l’e)a’lilﬂ 2 AN (bl—directlon bUS) gqUan'rﬂaQ DS1307 uuﬂ’mﬁmﬁu“ﬂm&a THIN,

wid, 9k, Ty, Fuh, Weu wasl 16 szuunanansavheulnunguuuy 24 4alus ude 12

Falus AMPM - Als aefiszuunsiaduundedngln Tasfumdssiginudngninly Ds1307

o = o ' o e @ v v
annsoadnglulslnanuuness uazvineusiely Insidsannsadnmdoyalild Tassadredivn

Wava 8 1
2.2.1 udsdeyauuvy 12C 5uﬁiaﬁwmma§} 2 Yszmsmpiupe
mssudsdeyarsdutuldidevaiianiuginaviniy lughaivimsiudedeyay
anedryeos SDA  fedlaiiuAsuanuzlugaed SCL Tanundueedn “17 &1 SDA fims

wasuanuelutem SCL Wuasdn “17 svhodudnuanaeurunisivdatoua
q U
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2.2.1.1 aonurvesmsudstayauuu 12C
anurvesnsSudetayauuu 12C annsautwenlailiu 4 aaussmeaiusiuansly
31}*7{ 2-3 uaviiswasiBensel
n) @01z (Bus not busy): Ayl SDA waz SCL fisehudayenn

Ju High

) f’éuﬁd%’az‘ga (Start data transfer): fimMsasussAudyanuves SDA
910 High 10y Low Tuwais?t SCL Tsvsudyanandu High fald

A) vuadsdoya (Stop data transfer): dnsiAsuszdudauves
SDA 910 Low Wu High Tuwauedl SCL fisvsiudaugantiu High el

9) Sudedieya (Data valid): dimsiudsdoyaruaedaygyiu SDA Tae
foyausiayUnazgnastutaed scL fszduiliu High Taglusaaii SCL fanuzdiu High agiu
SDA 9zsiesliiinnsiuAsussiudaa

]
Start condition ! Data Vakd Acky?

1

1

1

IR 1
1 4 1
SD.-\:l "“’B’ l l I I l ILSB :
1

1
]
L]
L]
Ll

A ar I W ] s
jun 2.3 MITUATBYANIUUE 12C

2.2.2 Ipsaasnuneuenias seasdunvendy

X131 80 Ve
X212 7 |3 saw/out
Varl]3 6 [dscL
GNDO4  s[dsbpa

gﬂﬁ 2.4 1As9as19NIeUBNLasAIUMLIYT IC DS1307

1n3URl 24 Hulassadenigusnuaziumien IC DS1307 Tneifiswaziden
fweluil
- vec: Mwelwmiass +5v
- GND: lgsiansman
- VBAT: ldslarfuuumised 3v ilesnenisvihnu lunsdiliflmdessne
- SDA: m3udetayarmesyuula 12C

- SCL: ndrysyrauunidnidmiunisiudsdesameszuua 12C
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- SQW/OUT: wiaanadiyqyios Square Wave @nunsaidenaiudls

- X1, X2: lisiefiunianeaninuduinsgiu 32.768 kHz iiveadegiunaaidiiu IC

2.3 la¥ingaungii DS1820
DS1820 sxliidrygranedwnesnunilunuuiinea uasfanansafissynnsiusunsy
dilugamheaudwasmuguiteidunieluledld Fadimhemiusiseunsluruin 64 Oa
LUULALED3 503 ﬁaﬁ‘;ﬁammmﬁﬂsv‘i'msd’muasL“i'rtlm‘fagawhas] WRenfunthiinmsyenilu
nsavningamgiilderanninemumsyssnanavedlulasiuawawes uenaniuudids
aunsadna DS 1820 ilen1snsreingamgildlumanesnuauasmansaoufisumionts
Andefifrnuuansegrnniugunsaiaflulsidnesdunisiadenteluenans gunsel
wdadldoineg vis neluedasing uasieimaiidiueynsufiatues DS 1820 annsadie
wismpuamsdyanaiivadudlivang yalaghidfuaudeyadetuuasiu Tugud 2.5
wamezUsNanwasmMtuazn1sinvleauyes DS 1820
2.3.1 AnaNURALAUYes DS 1820
2.3.1.1 umeivadygaruviednaiismesmdsuuy 1 aedeys (1 -
Wire TM)

2.3.1.2 vwwwinaraiugumgilivansq yauuaeteyaifies 1 anedoya

2.3.1.3 lismsldgunsalneuenunsiayiu

2.3.1.4 @nsomuumsiimuniiesesulatihusaedeya

2.3.1.5 wneivaraunusuedugud

23.1.6 gumsingamaiinaus 55 sarwaiduafa +125 ssiaidyad
0.5 samsealdiy uFesausu -67 ssausule s +257 ssmmisuled 0.9 senviusy
lesnoaay

2.3.1.7 gungilazgneuesnunulurmidnes 9 In

2.3.1.8 ganmuiilunudasngamgliundusdiammnaneawiniu
200 fiadauil

2.3.1.9 gldvuanniofvuansieadifeutugamailaluuuu non -
volatile

2.3.1.10 msLﬁauéﬂuqamqﬁ'ifua1uﬁ'§nﬁqwumﬁamumi§am'§LLasu-aﬂ
uasavesgunsalldanmeuenituiingiaingamgdsumslusunsunisuen

23.1.11 sangfunsussgnilfnunaiasamgleasiandilugunsal
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muRuesluawadn szuulsiugraminasy nandue weslulines iaszuudun Aldn

nTI9dURMAIvILTINeY

PIN ASSIGNMENT

BUTTOM ViEW

Mo =] 1 =
wC =] 2 15 NC
NC= 3 HE we
NC ] 4 132 ke
NG 5 12— NG
HC = 8 HE2 NC
Zgn voo ] 7 o[ e
zhe oo 4 9 cHD
Csian De1E0E
1
Sm Sae Mech. Draedngs
Seutivi -
PIN DESCRIPTION
GND — Grewwed
pQ Dota ndOut
Vop — Optonal Vpp
NC — No Connect

U 2.5 le¥ingamaii DS1820
2.3.2 dgnausae
2.3.2.1 dyaueu RESET
Tunsi3udnsieriu DS1820 ewdealsumedaayies RESET rounnAss ngULEeN
Aedyan RESET 1061 MCU dawivnde il DS1820 9% RESPONSE nduun A
nievesdyguideaiudfidefeniunamhe waeasunsizatn C Shaviitam

P 1 ] 1 o o 1 & al P
139IRNURNUTITBIIA WU IIUUYSE IR Fs5UN 2-6

Master Ty “reset pulse™ Master R;
e— 480 us mirimum =i (s T S |
960 s maximum
oS0 DS1820 T
% “presence pulse™
Voo s it L— B0-240ps

1-WIRE
BUS
GND !

LINE TYPE LEGEND:

ey, Bus master active low DS1820 achive jow
- Both bua master and 7
L DS1820 active low —_— Resistor pull-up

gﬂﬁ 2.6 daysyred RESET



2.3.2.2 dqyeynad READ/WRITE

15

JUUUU Pattern esdayay1eu READ/WRITE %Lﬁuﬁagﬂﬁ 2.7 dunm MIN, MAX time

83 DS1820 SAMPLES thufisnanit 051620 dadlilunmssrudeyadniidsly wiouduse s

1584 timing Tviung

Veo

Fm— — e

KASTER WRITE “D” SLOT

60 pa<Ty "0™<120ps —_—

4 MASTER WRITE “1° SLOT
na< <
rec

T-WIRE

ba— 15 s

15m—+— Ius

F Pl o™

— 15 ps 15p+ Jus —

gﬂ-ﬁ 2.7 deyeyeu READ/WRITE

O, =2 obn kR < ar P v ' 1l ) o
Adaisanly DS1820 AllRens1N 2.2 919819 uanarldfufine A1ds adh

fu BEh Fafuddalif Convert T wag Read Scratchpad €43 command Snviane

command Tussuu 1 wire



A5197 2.1 Adsly DS1820

14

INSTRUCTION

Convert T

DESCRIPTION

Inftiates temperature

conversion.

MEMOCRY COMMA
Reads bytes from

PRO

TOC
oL

~ TEMPERATURE CONVERSION COMMN

44h

1-WIRE BUS
AFTER ISSUING
PROTOCOL
AANDS
<read
temperature

busy status>

<read data up

NOTE

master.

Read Scratchpad | scratchpad and reads CRC | BEh
o to 9 bytes>
Writes bytes into <write data into
scratchpad at 2
Write Scratchpad | addresses 2 and 3 (TH and | 4Eh | bytes at addr. 2
TL and
temperature triggers). addr. 3>
Copies scratchpad into
nonvolatile <read copy
Copy Scratchpad 48h 2
memory (addresses 2 and status>
3 only).
Recalls values stored in
nonvolatile <read
Recall E2 memory into scratchpad | B8h temperature
(temperature busy status>
triggers).
Signals the mode of
Read Power DS1820 Bdh <read supply
Supply power supply to the status>
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sULUY Pattern Adsiazddluds DS1820
R L & P ¥ ' o A a
FULUUMIIUARSLTUMMTNMTNN 2.3 INaN %L{‘Jugﬁuuumwwqﬂ ?5U"E
Wiandulu 1 wire component ndagiisa lumsinreynassesdsavesgunsal i
1 Faaslisialimileuiuluusiazia usiesainitluneuiisesgifiewudies liduusies

asvteniy Alddnds CCh ietaiunaunsisiavesunsaifivsfndeluls

A1319% 2.2 UL (pattern) Anda

MASTER DATA (LSB
MODE FiRST) COMMENT>
TX Reset Reset pulse (480-960 ms).
RX Presence Presence pulse.
IR 55h Issue “Match ROM” command.
X <64-bit ROM | Issue address for DS1820.
code>
IR 44h Issue “Convert T” command.
I/O line is held high for at least 500 ms by bus
X <I/O LINE HIGH> | master to
allow conversion to complete.
TX Reset Reset pulse.
RX Presence Presence pulse.
Issue “Match ROM” command. Issue address
TX 55h
for DS1820.
<64-bit ROM | Issue address for DS1820.
fia code>
Read entire scratchpad plus CRC; the master
RX <9 data bytes> | now recalculates
the CRC of the eight data bytes received
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2.4 a@wulsuawnas (Stepping Motor)
o ¢ & ol @ = 2 o & ar o i
anuewmes [unewmesiduiniownsnad dnvasnstuiedeu asvyusauunuld 360
o o 1 dl 1 ot i Qs A 2/

9971 anwvuglinedie uwalldnwausiduaiu Inoudasamussdundauls 1, 1.5, 1.8 w3a 2
249A7 UAIRaElASIFTI9TRILBLIeRsANBIEY 1uaeeslulY zillusrufidasnisaiumis
i 8 ¥ @ A ] 1A ] E] A & ool e W e
WAUEN 1Y STUUTULARUILURUWLLASBIRUN (PRINTER) szuudulaaaumianuluiasas

grutuiinman ssuuiueasuswiaasinnite X-Y PLOTER Susu

2.4.1 Tassadrwesaiutaawmes

SR
3

sUN 2.8 lassasrvasaiutaaines

Y

i google , 2557

2.4.2 aivUwewesinuluilagiuil 3 dnvassdsll
2.4.2.1 WUUWIVANaT1I3(PERMANENT MAGNET PM)
& e ¢ = ¢ o a v I3
apulaamasuuu PM  asliawmines (STATOR)  #imusaalalivatsq lwa lasillsines
4 o ) A

(ROTOR) 1Jugunss nsvueniluides uazlsimesvihmewivdnans ieteulvnszuansa
Tiureaames sevibifausimaninindnsalsees vliuswesvyuuemesuuu PM
wfausgedalnlsweivyragiun uhshiladeulWiwaain

2.4.2.2 uuuulsAsanuaid (VARIABLE RELUCTANCE- VR) aufivluaines
wuu VR asdinamulawesliegwdasy whasliladelWlnlaeeivinnasweilsuuniudn
o a1 =l as < - = @ w ¢ @ o §
aveeu fidnuaziluiiuibes junsanszuenlagaviimuduius Tnsaseiudundwalua
wines wselanmifetuazlunyulanes Wudumednnmawivaniifissanunuvisiiign
aunisiaziinuiueunaziiiadesamuisniiniulivane g eadauliedeulwidvnain
a9 lunewmesunnnsuaiuly Aviliuewmes wyuludumisineg Aulswesves VR axdl

ARegTaslsme s idim U TTeUgnTNBweTLuY PM
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2.4.23 WWURANHYBRID-H) awiutiweinaduuu H asdugnuaswes VR
PM Tnteziawmnesrdeiuilslu VR Tsinesivunniu Uaeddidnuusvesansuindniil
dage InsnsmussmuingUswwssnnusimaneseivilildyn nsmpuuasafeiosuas
wiugh deffre Wiussdngeuasiivunanziinin uazliusswaialsiwesiaiuimeulsidslv
2.4.3 SP MOTOR wuu PM aziieg 2 vila
2.6.3.1 wiaidu COMMON nouan SP MOTOR uuuﬁﬁmaagj 6 WiusazU
2.9 fie
-aneiiu COMMON 2 du
-anuilidiu GROUND 4 1&u

oLqﬂ ] L

COMMON = —

= 2 ¢ a = v
JUT 2.9 avivanewes sladiane 6 1y

2.0.3.2 vl COMMON nelu SP MOTOR wuviiiianeeg 5 tudagud
2.10 e
ey COMMON 1 i
-aeiidu GROUND 4 1du

-
glE ;o)

o V+
COMMON

= ~ ¢ o o v
UM 2.10 awputmawmesyiiniiane 5



18

2.5 gauaasNa LCD(Liquid Crystal Display: LCD)
2.5.1 MIAMIVANAUAANAUUURENIVIAY
HaguiinsiduanmanuundnmanuliuanmalugUnsaidiannsetind
UNUALEAIKALUY 7 @ sgnTermaileseiiuansrauuunanvasiifenninm
LARIHALUY 7 dumanednu iy awnsauanstenuuarjuy Teidsnulwiniesnds
Hudu fudnmanuurdninarnzlszneufsaiingvansqiadsgadnqmaniesussnoy
fuduisnuseviegunudioanisls melugaidnqazussysendnmardannsodasile
Anauiniluvasteunssiuilwih ndnwenfiiedlsAendnmansiianiadiuin fuan
U mstadvewdnivadviia TN U 90 83 UazLAAIINYTENBUTBIILAAIHALUUNEAN

mmﬁﬂugﬂﬁ" 2:41

L L avemnitninits

-
HUMBIA I Hammad

DIz 1a

YINOw I

JUR 2.11 nsladvemdnuansiia TN (Wuyu 90 eeem

3 0
iasazdorni uaaonduiuiia
(Reflected light) (Source light)
MUANNMHBATIAIUNTN
(Frent polarizer)
PR rm i N m:aF((;hssp
; " ¥
FRNMIEAY I NN Hamtal
(Rear polarizer) & B:ﬁéﬂ(lkﬂecmr) {Liguid crystal : LC)

E‘Uﬁ 2.12 dulsEnauTBILARINALUUNANIGD

i - google , 2557
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1NgUT 2.12 wamdliiiuduysznavresiuansrauuurdnme Welsiingg
Usuussiulwiinudidninsauasainaisusnazamnsaniuiuanmawuundnmadlule
uazazvieunaussnuihanusauesiuduuasaiudidiedouusdulnilifudidnin
ansudnmaniiussyegarslusziinnistadlufirmaislfuaualndndunaliuasein
meuenlianunsansariluldisFwesiulunuiioniedi wuvitveinsuanmaus
sonldidu 2 wuuislvajqde suuuvaudiluzuil 2.13 (1) uas JUwULVINASTUZUT 2.13 (1)

AsPIURUAsUARINATBILannaT uudadldasTduden  Hadumng
UitnEnandslandnfuanaaludnsuriegasenun nanredindmiuaiuaunsiana

N RP!

I o
T & il 2
il i i) a
EEEEE EEEEN
B i i &
i i il |
i i i A
(n) 3Uuvvay (%) gUuuuuan

ad <
E‘U‘ﬂ 2.13 AGUARIHATDIUAAINBUUUNANING]

AINAAIHAND DA NIA)
(Liquid crystal display: LCD)

iﬂ‘i W Fram)

AINRHANT I 1HHAY
e

(B:lcklighti 1 ey o
UHHIDIVUN

(Print circuit board :PCRB)

AN AT 2D U

¥lawqu
(Diffuser)

JUN 2,14 dulsznaunanafuanIHaLUURENIY

fian - google , 2557
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YTIAUDIRILAAINALUUNANUAILUIAUS N YL NISUAAINAdIUNTOLURaN A
Wu 2 vilede wanadufdnuse (Character) uaz uanuiiunstiin (Graphics) lunsdluumy
L) - ] Y @ - s gd
mimmﬂgﬂa'}msau,maaﬂlmﬂu 3 9lin AelAD
a v w & & o oy as v 2
1. vusaznaunay (Reflective) LUUTUANADIDABUAIIINASUBDNFINIULYN
Tuazazviounduesnu) Fansvzavvieunduesnuilavselituiuegiunistadvewin
wan
= 1 1l r 1 a o =S o = 2 r ~
2. wiipdwsing (Transmissive) [usiinfidesiiifindauasiunds Backlight)
AL TURaNU
= ar [ ] . a & @ 2 ]
3. wlisdzyieunauwasdainu (Transflective) vflwumwmmawauumaq
fundalaziifmnudauasniunasdassiiuesnyn anunsaidentmvinaulusvulanuuniia

yvsansaaanuulaluianfelInu

T nAMI A

S

sz NounaL

fMraznouniy
3UN 2.15 douanmanuvunanvantiiaasyieundu

F

G || | |G

lﬂl L 1 W o = £ ar
HEInaHIaanl lI A nAuMINAlTIATHYal

o ar = = ] ¥
Eﬂ‘l’l 2.16 MUAAINALUUNSNIVAITUATINIUY
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Vs a8
HTIIAUDUHA

<)

waanndunianad

naIgENoUN D]

‘H‘ L] ¥
HFINaTIA BNy

wr » -
miazneunay

= s =4 = 2/ ar 1 T
E‘IJVI 2.17 MUSPNALUUNENIVAITUAFSBUNA VLA EINIU

2.6.2 lassasunelunegasuanssauuundnven

WY IUVLIAT I(Common) !

o e
HINAAIHMULHAMHAG)

dOUTUT T (Scanicnt)

—  pfu
w5 s lrbitu g !
—_—f

JUR 2.18 lassaiumelunegamuaninauuunaningd

ar ° [ | =
2621  odggyrad miudsulsza uiNen1IAUANNITHINY
Usznaudisudyanasialuil
= 3 o v o ] 2/
1. DO- D7 Wuvdunn/tewine vimihiiluniwnesdeys
o - A v o s ﬁ') L 4
2. E (Enable) Wundggaduwaueniininssne 1 Tedmiudala
FUmuaNYnau
3. (Register select) \Wuvdnyayrodunn lddwmiudenmsdinge
sHa 3 - v = =2 < = o o ¢ v o
SRawesneludvmuny diilassnailiu 1 mnetis Bendiederuilawmeiveya tinsine

Wu 0 wunedadenfnnenuidamasands RS

243987
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4. WR / (Read/write) \Uuvdryaauduns ldhwmsuaiuauniseu
<4 = o a v o [ = 1 ar = v o [
winlsuiudumuau dlinssnzly 1 wuneds 81udeyadndumuau ddinssnaidu 0
winefadeuteyalud@uaiun
o ar ar d s )
5. Vee \undwiutounseiulifeusuamiuainsueinsudnwa
6. Vee Wuwndmiuseiuussmulidessasuan 5 Tan

] al I ar ot : :’J
7. GND Wurdmiusenuusesiulmdsnestingme

2.6.2.2 nsideusslulasnaulvsanafidniutagadiusninaaiuisni

14 2 350

1. Weudesumeen Auandluguil 219 Fdlileseeulvsaiaesasli
annsasudeyasnmuanalfidessnliniesniuguieuseiundygudeyaves

LLEMIng

FAe- PA?

ra

ria

I'its
MCT

c‘ A J ar ar
JUT 2.19 naeursuegaiuaninaiulilasroulnsaaeilaunse

d‘ ' ar 3 s  a © L4 -4
2. wousslaennsiululasmeulnsamesenduduaiuaunieluyiivming
madieen duwanaslugui 2.20 Fisdlulasreulnsamefazannnsulavidoutoyaiud

wanInale
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DA W 1Ty

fl'm‘immhi%mj s
—‘—"-m""] r 7!

i d 1 s ar o o
JUN 2.20 mageuralugamuanwmaiululasreulnsaaeslesarfedumun

2.6 latUSuuisunsInu
-l = s = mldd ' Gﬂl <l s
TogilSeuiiauuseiu LM311 ssfipuaudananiudlewSeuiisuiunsidesuusud

@ =
NITUAAIFUN 2-11

Ul 2.21 2sesmeluves ledwed LM311

18 Comparator wuusidenlaevlnay (Vi) gnuenaineinsmaveeing (u
LM339 sz5auiiueg) uaztaminednniuiuy open collector idlawdu nsnenleduans

Flagui 2-12
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wwfi

mp;E :
w1 3]

Vee E

e
7] oureyr

:B]BM.ANCEISI'H’OBIE

5] maLance

U 2.22 Taseadhonnelu IC LM339

nsldanudasselnuvasaneun v ity 36 V) 91 8 uazlw —v Lisnda -30v)

=] I 4 H - 1 1 1o v 2 1 1
(v3oonasense) i 4 dauvnewinmludassanuvasinelWliswdusodldundsdng

Wwenhuildvsenldunasiadeiuiiiasungnirluldlnasidneaiudsly 5 v

MsYaAGIEiy LM339 nanfeiievinnazse

FIAIUMIULUY pull up Uazsianu

¢ ~ ad < a ' te o o = (TN 3 g
wminnvadled lnenglulednvesevinnaliousesgivadndragui 14 & inverting input

fiAmannda noninverting input iWSsuwWilauadndUavIeWINRRBRERUNTIIRIAABINAUE

:‘ L vV -
gﬂw 2.23 91979937 249n15a8an 0

yueenauiudn Inverting input idti@enin noninverting input Wisulaiiouaing

URMaWNARDNU Vigge WaBINUIle UansIZIINTIALGE Ve UBNBasEIINMUEIBUTUNIS

ar P v = < s ar i
fagun 2-14 aglaemimmasininsaiutudugui 2-13

Viogic
8

o ' ) i
JUN 2.24 71929950BINTIABIN 1
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naMABAI Noninverting input fidsnnnia Inverting input Wisutadouaindile
wwimasiaiunsna lrasdngud wazlumieaseiudia Noninverting input ffimleendn
Inverting input W3sulaiiouaindUaeVinmsaiuVig. Waadngud

Tumsldaniien 2 defiddyfensien Balance offset i 5 wags dmiuisnsion
Iinfiasioand uiflaldliivims short 1 5 fuw 6 dhshefuiisannavesdiyausuniu
flgsumudunm

wazmsienalasu (11 6) ivevhhenimpaindilalaglifisddygraduns e
ienszua 3mA s 5mA Inasenanmalasuleminemsudawesezegluannaindln

fegnslinualasuuanssisgun 2-15

TTL  High — Disable
strobe Low — Enable

Uil 225 msianElasu (1 6)



b.

unn 3
A5nN1ANIUN13 Y
defdmvilassnuldihnsnymguiiiedewd usmmguiiiieadewas

Wemlglunsdavinlassuliluuni 2. awnsadiumsnuiunounaguin 3-1

)
bIAY

| Anvuazsumndeya |

v

?J‘E!ﬂILUULﬂiﬂﬂﬁ?ﬂf]&l‘i:’JUUﬂuu‘mﬁ'{Uuﬂ

UTITE T
it

YAFBUAITINIY

=t °
vipulusunsumauAuNITIT

!

yaasseanLUUIMmBImuANIEUUTID
L

UM 3.1 wnudadunaunsaniliulassanu
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Anvisnlam
WIuNte
F
_ VAFBUNITYINIU
Tl
apnamvaang
TR Iveninig

JUT 3.1 () unudstunaunsaiiulassau
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This program was produced by the

CodeWizardAVR V2.05.0 Professional

Automatic Program Generator

© Copyright 1998-2010 Pavel Haiduc, HP InfoTech s.r.L.
http://www.hpinfotech.com

Project :

Version :

Date :12/4/2012

Author : NeVaDa

Company :

Comments:

Chip type : ATtiny2313V

AVR Core Clock frequency: 8.000000 MHz

Memory model : Tiny

External RAM size 0

Data Stack size : 32

Hmmﬂmmm*m**mmmm**ﬂﬂ*ﬂ*ﬁ**/

#include <tiny2313.h>

#include <delay.h>

// Standard Input/Output functions
#include <stdio.h>

// Declare your global variables here
unsigned int Cx,i,ADC;

// Declare your global variables here
unsigned int value_ADC[30];
unsigned int RxBit1(void)

{

42
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Cx=0;
for(i=0;i<10;i++)
{
while(PINB.0==1{Cx++;//delay_us(1);
I
value ADC[i]=Cx;

}

ADC =
value ADC[0]+value ADC[1]+value ADC[2]+value_ADC[3]+value_ADC[4]+value_ADC[5
J+value ADC[6]+value ADC[7]+value_ADC[8]+value ADC[9];

ADC = ADC/300;

putchar(\r');

putchar(\n');

putchar('A?);
putchar(ADC%100000/10000+'0);
putchar(ADC%10000/1000+'0";
putchar(ADC%1000/100+'0");
putchar(.’);
putchar(ADC%100/10+'0");

putchar(ADC%10+'0";
putchar('m’);
}
void main(void)
{
#pragma optsize-
CLKPR=0x80;
CLKPR=0x00;
#ifdef OPTIMIZE_SIZE_



#pragma optsize+

H#endif

PORTA=0x00;
DDRA=0x00;
PORTB=0x00;
DDRB=0x00;
PORTD=0x00;
DDRD=0xTF;
TCCROA=0x00;
TCCROB=0x00;
TCNTO=0x00;
OCROA=0x00;
OCR0B=0x00;
TCCR1A=0x00;
TCCR1B=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;
GIMSK=0x00;
MCUCR=0x00;
TIMSK=0x00;
USICR=0x00;
UCSRA=0x02;
UCSRB=0x08;
UCSRC=0x06;

a4



UBRRH=0x00;
UBRRL=0x67;
ACSR=0x80;
DIDR=0x00;

while (1)
{
DDRB=0xf1;
PORTB.0=1;
delay _us(10);
PORTB.0=0;
DDRB=0xf0;
delay us(800);
RxBit1();
delay ms(50);
}
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High-performance, Low-power Atmel®AVR® 8-bit Microcontrolier
Advanced RISC Architecture
~ 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16MHz
— On-chip 2-cycle Multiplier
High Endurance Non-volatile Memery segments
- 32Kbytes of In-System Self-programmable Flash program memory
— 1024Bytes EEPROM
— 2Kbytes Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C(")
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
= Extensive On=chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Blts through the JTAG Intertace
Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
— Four PWM Channels
— 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x; 10x, or 200x
— Byte-oriented Two-wire Serial interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
- On-chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
VO and Packages
- 32 Programmable /O Lines
- 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
Operating Voltages
- 2.7V - 5.5V for ATmega32L
- 4.5V - 5.5V for ATmega32
Speed Grades
— 0 - 8MHz for ATmega32L
- 0 - 16MHz for ATmega32
- Power Consumption at 1MHz, 3V, 25°C
— Active: 1.1mA
— Idle Mode: 0.35mA
- Power-down Mode: < 1pA

ATMEL,

AIMEL.

| 8-bit AVR’
Microcontroller
with 32KBytes
In-System
Programmable
Flash

ATmega32
ATmega32L

2503Q-AVR-02/11
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PDIP
: \
(XCK/T0) PBO T 1 40 [J PAO (ADCO)
(T1) PB1 ] 2 39 [ PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [0 PA2 (ADC2)
(OCO/AIN1) PB3 | 4 37 [J PA3 (ADC3)
(SS) PB4 | 5 36 [ PA4 (ADC4)
(MOSI) PB5 ] 6 35 |1 PA5 (ADCS5)
(MISO) PB6 ] 7 34 |1 PA6 (ADCSH)
(SCK) PB7 ] 8 33 [J PA7 (ADCT)
RESET ] 9 32 |1 AREF
vce O] 10 31 |2 GND
GND O] 11 30 |3 AVCC
XTAL2 ] 12 29 [1 PC7 (TOSC2)
XTAL1 ] 13 28 [ PC6 (TOSC1)
(RXD) PDO ] 14 27 [ PC5 (TDI)
(TXD) PD1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 16 25 [ PC3 (TMS)
(INT1) PD3 ] 17 24 |1 PC2 (TCK)
(OC1B) PD4 ] 18 23 [O PC1 (SDA)
(OC1A) PD5 ] 19 22 |1 PCO (SCL)
(IcP1) PD6 ] 20 21 |3 PD7 (OC2)
TQFP/MLF
sa
oy - PO
_sSs_% 8588
BgTE? 2L=L
vourol0o—-am
SRR 2RFRE R
gnooonnnoononn
® 44,42, 40,38, .36, 34
(MOSH PB5 T soceootizecamcpeiaud . 33 [ PA4 (ADC4)
(MISO) PB6 ] 2 132 [T PAS (ADC5)
(SCK) PB7 ] 3 . 131 2 PAS (ADCH)
RESET ] 4 1 30 1 PA7 (ADCT)
vee s 2 \ 29 [ AREF
GND ] 6 | 1 28 {1 GND
XTal'2 17 ! v 27 51 AVEC
XTALT 58§ 1 26 [ PC7 (TOSC2)
(RXD) PDO | 9 ! y 25 {1 PC6 (TOSCH1)
(TXD) PD1 ] 10! 1 24 [ PC5 (TDD)
(NTO)PD2 =it A ras a1 e 23 [3 PC4 (TDO)
121314516 718" %202 %22
/ LT L a3 W LPE L ED
(nr 0 T+ B e B O N
Note: 538858285088
Bottompadshould @ @ ~ ~ — —~ — e e B
besolderedtoground. & & = & O 0502
Q900 (ZRTH o S

-
=
m
i



- T ] 1A e e R T maem s A Tmega32(L)

lock Diagram

503Q-AVR-02/11

The Atmel®AVR®ATmega32 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmega32 achieves throughputs approaching 1 MIPS per MHz allowing the system designer to
optimize power consumption versus processing speed.

Figure 2. Block Diagram
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The Atmel®AVR®AVR core combines a rich instruction set with 32 general purpose working reg-
isters. All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clock cycle. The
resulting architecture is more code efficient while achieving throughputs up to ten times faster
than conventional CISC microcontrollers.

The ATmega32 provides the following features: 32Kbytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 1024bytes EEPROM, 2Kbyte SRAM, 32
general purpose I/O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with intemal Oscil-
lator, an SPI serial poit, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset. In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all I/O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Seli-Programmable Flash on a monolithic chip,
the Atmel ATmega32 is a powerful microcontroller that provides a highly-flexible and cost-effec-
tive solution to many embedded control applications.

The Atmel AVR ATmega32 is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit emula-
tors, and evaluation kits.

Digital supply voltage-:
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional /O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAO to PA7
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

ATMEL, o
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ort B (PB7..PB0)

ort C (PC7..PCO)

ort D (PD7..PD0)

ESET

TAL1

TAL2

VCC

REF
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Port B is an 8-bit bi-directional I/O port with intemal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega32 as listed on page
B7.

Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are extemally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

The TDO pin is iri-stated uniess TAP states that shifi out data are entered.
Port C also serves the functions of the JTAG interface and other special features of the
ATmega32 as listed on page 60.

Port D is an 8-bit bi-directional IO port with intemal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are extemally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port D also serves the functions of various special features of the ATmega32 as listed on page
62.

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
37. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the interal clock operating circuit.

Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A and the A/D Converter. It should be extenally con-
nected to V¢, even if the ADC is not used. If the ADC is used, it should be connected to V¢c

through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

AIMEL %
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lesources A comprehensive set of development tools, application notes and datasheets are available for
download on hitp://www.atmel.com/avr.

Data Retention  Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

ATMEL. ;
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\bout Code
:xamples
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This documentation contains simple code examples that briefly show how to use various parts of
the device. These code examples assume that the part specific header file is included before
compitation. Be aware that not all C Compiler vendors include bit definitions in the header files
and interrupt handiing in C is compiler dependent. Please confirm with the C Compiler documen-

tation for more details.

ATMEL.
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This section discusses the Atmel®AVR® core architecture in general. The main function of the
CPU core is to ensure correct program execution. The CPU must therefore be able to access
memories, perform calculations, conirol peripherals, and handle interrupts.

Figure 3. Block Diagram of the AVR MCU Architecture
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture — with
separate memories and buses for program and data. Instructions in the program memory are
executed with a single level pipelining. While one instruction is being executed, the next instruc-
tion is pre-fetched from the program memory. This concept enables instructions to be executed
in every clock cycle. The program memory is In-System Reprogrammable Flash memory.

The fast-access Register File contains 32 x 8-bit general purpose working registers with a single
clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. in a typ-
ical ALU operation, two operands are output from the Register File, the operation is executed,
and the result is stored back in the Register File — in one clock cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data
Space addressing — enabling efficient address calculations. One of the these address pointers
can also be used as an address pointer for look up tables in Flash Program memory. These
added function registers are the 16-bit X-, Y-, and Z-register, described later in this section.

The ALU supports arithmetic and logic operations between registers or between a constant and
a register. Single register operations can also be executed in the ALU. After an arithmetic opera-
tion, the Status Register is updated to reflect information about the result of the operation.

Program flow is provided by conditional and unconditional jump and call instructions, able to
directly address the whole address space. Most AVR instructions have a single 16-bit word for-
mat. Every program memory address contains a 16- or 32-bit instruction.

ATMEL, ;
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Program Flash memory space is divided in two sections, the Boot program section and the
Application Program section. Both sections have dedicated Lock bits for write and read/write
protection. The SPM instruction that writes into the Application Flash memory section must
reside in the Boot Program section.

During interrupts and subroutine calls, the retum address Program Counter (PC) is stored on the
Stack. The Stack is effectively allocated in the general data SRAM, and consequently the Staek
size is only limited by the total SRAM size and the usage of the SRAM. All user programs must
initialize the SP in the reset routine (before subroutines or interrupts are executed). The Stack
Pointer SP is read/write accessible in the I/O space. The data SRAM can easily be accessed

through the five different addressing modes supported in the AVR architecture.
The memory spaces in the AVR architecture are all linear and regular memory maps.

A flexible interrupt module has its control registers in the /O space with an additional global
interrupt enable bit in the Status Register. All interrupts have a separate interrupt vector in the
interrupt vector table. The interrupts have priority in accordance with their interrupt vector posi-
tion. The lower the interrupt vector address, the higher the priority.

The I/O memory space contains 64 addresses for CPU peripheral functions as Control Regis-
ters, SPI, and other I/O functions. The I/O Memory can be accessed directly, or as the Data
Space locations following those of the Register File, $20 - $5F.

The high-performance Atmel®AVR® ALU operates in direct connection with all the 32 general
purpose working registers. Within a single clock cycle, arithmetic operations between general
purpose registers or between a register and an immediate are executed. The ALU operations
are divided into three main categories — arithmetic, logical, and bit-functions. Some implementa-
tions of the architecture also provide a powerful multiplier supporting both signed/unsigned
multiplication and fractional format. See the “Instruction Set” section for a detailed description.

AIMEL .
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tatus Register The Status Register contains information about the result of the most recently executed arithme-
tic instruction. This information can be used for altering program flow in order to perform
conditional operations. Note that the Status Register is updated after all ALU operations, as
specified in the Instruction Set Reference. This will in many cases remove the need for using the
dedicated compare instructions, resulting in faster and more compact code.

The Status Regisier is not automatically stored when entering an interrupt routine and restored
when retuming from an interrupt. This must be handied by sofiware.

The AVR Status Register —- SREG — is defined as:

Bit

(=]

¢ Bit 7 - I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate eontrol registers. If the Global Interrupt Enable
Register is cleared, none of the interrupts are enabled independent of the individual interrupt
enable setiings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by
the application with the SEI and CLI instructions, as described in the instruction set reference.

¢ Bit 6 - T: Bit Copy Storage

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or desti-
nation for the operated bit. A bit from a register in the Register File can be copied into T by the
BST instruction, and a bit in T can be copied into a bit in a register in the Register File by the
BLD instruction.

¢ Bit 5 — H: Half Carry Flag

The Half Carry Flag H indicates a half carry in some arithmetic operations. Half Carry is useful in
BCD arithmetic. See the “Instruction Set Description” for detailed information.

e Bit4-S:SignBit, S=N®V

The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement
Overflow Flag V. See the “Instruction Set Description” for detailed information.

¢ Bit 3 - V: Two’s Complement Overflow Flag

The Two's Complement Overflow Flag V supports two’s complement arithmetics. See the
“Instruction Set Description” for detailed information.

¢ Bit 2= N: Negative Flag

The Negative Flag N indicates a negative result in an arithmetic or logic operation. See the
“Instruction Set Description™ for detailed information.

e Bit1-2Z: Zero Flag

The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the “Instruction
Set Description” for detailed information.

ATMEL. 10
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* Bit 0 - C: Carry Flag

The Carry Flag C indicates a carry in an arithmetic or logic operation. See the “Instruction Set
Deseription” for detailed information.

The Register File is optimized for the Atmel®’AVR® Enhanced RISC instruction set. In order to
achieve the required performance and flexibility, the following input/output schemes are sup-
ported by the Register File:

e  One 8-bit output operand and one 8-bit result input

e Two 8-bit output operands and one 8-bit result input

» Two 8-bit output operands and one 16-bit result input

= One 16-bit output operand and one 16-bit result input

Figure 4 shows the structure of the 32 general purpose working registers in the CPU.

Figure 4. AVR CPU General Purpose Working Registers

7 0 Addr.
RO $00
R1 $01
R2 $02
R13 $0D
General R14 $0E
Purpose R15 $OF
Working R16 $10
Registers R17 $1
R26 $1A X-register Low Byte
R27 $1B X-register High Byte
R28 $1C Y-register Low Byte
R29 $1D Y-register High Byte
R30 $1E Z-register Low Byte
R31 $1F Z-register High Byte

Most of the instructions operating on the Register File have direct access to all registers, and
most of them are single cycle instructions.

As shown in Figure 4, each register is also assigned a data memory address, mapping them
directly into the first 32 locations of the user Data Space. Although not being physically imple-
mented as SRAM locations, this memory organization provides great flexibility in access of the
registers, as the X-, Y-, and Z-pointer Registers can be set to index any register in the file.

ATMEL 2
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he X-register, Y- The registers R26..R31 have some added functions to their general purpose usage. These reg-
gister and Z-register isters are 16-bit address pointers for indirect addressing of the Data Space. The three indirect
address registers X, Y, and Z are defined as described in Figure 5.

Figure 5. The X-, Y-, and Z-registers

15 XH XL 0
X - register I7 o7 o
R27 (31B) R26 ($1A)
15 YH YL
Y - register i17 of7 of
R29 ($1D) R28 ($1C)
15 ZH ZL 0
Z - register |7 0 |7 0 |
R31 ($1F) R30 ($1E)

In the different addressing modes these address registers have functions as fixed displacement,
automatic increment, and automatic decrement (see the Instruction Set Reference for details).

tack Pointer The Stack is mainly used for storing temporary data, for storing local variables and for storing
return addresses after interrupts and subroutine calls. The Stack Pointer Register always points
to the top of the Stack. Note that the Stack is implemented as growing from higher memory loca-
tions to lower memory locations. This implies that a Stack PUSH command decreases the Stack
Pointer.

The Stack Pointer points to the data SRAM Stack area where the Subroutine and Interrupt
Stacks are located. This Stack space in the data SRAM must be defined by the program before
any subroutine calls are executed or interrupts are enabled. The Stack Pointer must be set to
point above $60. The Stack Pointer is decremented by one when data is pushed onto the Stack
with the PUSH instruction, and it is decremented by two when the return address is pushed onto
the Stack with subroutine call or interrupt. The Stack Pointer is incremented by one when data is
popped from the Stack with the POP instruction, and it is incremented by two when data is
popped from the Stack with retum from subroutine RET or retum from interrupt RETI.

The AVR Stack Pointer is implemented as two 8-bit registers in the I/O space. The number of
bits actually used is implementation dependent. Note that the data space in some implementa-
tions of the AVR architecture is so small that only SPL is needed. In this case, the SPH Register
will not be present. '

Bit 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SPT SP6 SP5 SP4 SP3 SpP2 SP1 SPO SPL
7 6 5 4 3 2 1 0
Read/Write RW RwW RW RW RW RW RW RW
RW RW RW RW RW RW RW AW
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

ATMEL 12
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B DALLAS DS1307

I SEMICONDUCTOR 64 x 8 Serial Real-Time Clock
Sviaximac cont A TSRS AT R SRR G R ]
FEATURES PIN ASSIGNMENT
' Real-time clock (RTC) counts seconds, e T v
minutes, hours, date of the month, month, day S P TTe——
of the week, and year with leap-year Vercl3 6 PscL
compensation valid up to 2100 enoCl4  5P1spa

' 56-byte, battery-backed, nonvolatile : ?
RAMYt;or T e (NV) DS1307 8-Pin DIP (300-mil)

' Two-wire serial interface sl 5 hm Vs

' Programmable squarewave output signal ez 7 sowour

' Automatic power-fail detect and switch Vewrm|3 6 fmscL
circuitry GND |4 5 [MspA

+ Consumes less than 500nA in battery backup DS1307 8-Pin SOIC (150-mil)

mode with oscillator running
' Optional industrial temperature range:

-40°C to +85°C PIN DESCRIPTION

» Available in 8-pin DIP or SOIC . - - Primary Power Supply

* Underwriters Laboratory (UL) recognized b i ) -32.768kHz Crystal Connection
VBAT - +3V Battery Input
GND - Ground

ORDERING INFORMATION Siyx " Serial Tiils

DS1307 8-Pin DIP (300-mil) SCL - Serial Clock

JS1307Z 8-Pin SOIC (150-mil) SQW/OUT - Square Wave/Output Driver

)S1307N 8-Pin DIP (Industrial)

JS1307ZN 8-Pin SOIC (Industrial)

DESCRIPTION

'he DS1307 Serial Real-Time Clock is a low-power, full binary-coded decimal (BCD) clock/calendar
lus 56 bytes of NV SRAM. Address and data are transferred serially via a 2-wire, bi-directional bus.
[he clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of
he month date is automatically adjusted for months with fewer than 31 days, including corrections for
eap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The
)S1307 has a built-in power sense circuit that detects power failures and automatically switches to the

attery supply.

10f12 100101
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TYPICAL OPERATING CIRCUIT
= 1 LG
reu [rPU [R1 5| DA Wil
i 6| s 3
7| sqwamut _—|__—
RAPU = ;/Ch i
. GND‘
OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When Vcc falls below 1.25 X Vpar the
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Vcc falls below Vgar the device switches into a low-current battery backup
mode. Upon power-up, the device switches from battery to Vcc when Ve is greater than Vpar + 0.2V
and recognizes inputs when Vcc is greater than 1.25 x Vpar. The block diagram in Figure 1 shows the

main elements of the serial RTC.

DS1307 BLOCK DIAGRAM Figure 1

ih..

OSCILLATOR
AND DIVIDER

Voo
Voar ————
GND ——————o

BERIAL BUS

INTERFACE

REGISTER
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IGNAL DESCRIPTIONS

'cc; GND — DC power is provided to the device on these pins. Vcc is the +5V input. When 5V is
pplied within normal limits, the device is fully accessible and data can be written and read. When a 3V
attery is connected to the device and Vcis below 1.25 x Vpar, reads and writes are inhibited. However,
1e timekeeping function continues unaffected by the lower input voltage. As Vcc falls below Vparthe
'AM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at Vgar.

paT — Battery input for any standard 3V lithium cell or other energy source. Battery voltage must be
eld between 2.0V and 3.5V for proper operation. The nominal write protect trip point voltage at which
ccess to the RTC and user RAM is denied is set by the internal circuitry as 1.25 X Vpar nominal. A
thium battery with 48mAhr or greater will back up the DS1307 for more than 10 years in the absence of
ower at 25°C. UL recognized to ensure against reverse charging current when used in conjunction with a

thium battery.

ee “Conditions of Acceptability” at http:/www.maxim-ic.com/TechSupport/QA/ntrl.htm.

CL (Serial Clock Input) — SCL is used to synchronize data movement on the serial interface.

DA (Serial Data Input/Output) — SDA is the input/output pin for the 2-wire serial interface. The SDA
in is open drain which requires an external pullup resistor.

QW/OUT (Square Wave/Output Driver) — When enabled, the SQWE bit set to 1, the SQW/OUT pin
utputs one of four square wave frequencies (1Hz, 4kHz, 8kHz, 32kHz). The SQW/OUT pin is open
rain and requires an external pull-up resistor. SQW/OUT will operate with either Vcc or Vbat applied.

{1, X2 — Connections for a standard 32.768kHz quartz crystal. The internal oscillator circuitry is
esigned for operation with a crystal having a specified load capacitance (CL) of 12.5pF.

or more information on crystal selection and crystal layout considerations, please consult Application
lote 58, “Crystal Considerations with Dallas Real-Time Clocks.” The DS1307 can also be driven by an
xternal 32.768kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
ignal and the X2 pin is floated.

RECOMMENDED LAYOUT FOR CRYSTAL

.......... RTC
Crystal
Local Ground Plane
Layer 2
Guard Ring
{connect to ground)

Jofl2
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CLOCK ACCURACY

"he accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
etween the capacitive load of the oscillator circuit and the capacitive load for which the crystal was
rimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
ircuit noise coupled into the oscillator circuit may result in the clock running fast. See Application Note
8, “Crystal Considerations with Dallas Real-Time Clocks” for detailed information.

lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
or additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The RTC registers
re located in address locations 00h to 07h. The RAM registers are located in address locations 08h to
Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps
round to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
56x8
3FH

CLOCK AND CALENDAR

[he time and calendar information is obtained by reading the appropriate register bytes. The RTC
egisters are illustrated in Figure 3. The time and calendar are set or initialized by writing the appropriate
egister bytes. The contents of the time and calendar registers are in the BCD format. Bit 7 of register 0
s the clock halt (CH) bit. When this bit is set to a 1, the oscillator is disabled. When cleared to a 0, the

yscillator is enabled.

Please note that the initial power-on state of all registers is not defined. Therefore, it is important
o enable the oscillator (CH bit = 0) during initial configuration.

The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the
12- or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is
he AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10 hour bit (20-
23 hours).

On a 2-wire START, the current time is transferred to a second set of registers. The time information is
ead from these secondary registers, while the clock may continue to run. This eliminates the need to re-
ead the registers in case of an update of the main registers during a read.
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DS1307 TIMEKEEPER REGISTERS Figure 3

L I | | |em]
00H | CH 10 SECONDS SECONDS 00-59
0 10 MINUTES MINUTES 00-59
0 12 10 HR D1-12
e an] R HOURS e
0 0 4 ¢ 4 , DAY 7
01-28/29
o 0 10 DATE DATE ey
0 0 0 t 10 MONTH 01-12
10 YEAR YEAR 00-99
o7H | OUT 0 0 |sowe| © 0 RS1 | RSO

CONTROL REGISTER

I'he DS1307 control register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OuUT 0 0 SQWE 0 0 RS1 RS0

DUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
output is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is 1 if OUT =1 and is 0 if

T =0,

SQWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
frequency of the square wave output depends upon the value of the RS0 and RS1 bits. With the square
wave output set to 1Hz, the clock registers update on the falling edge of the square wave.

RS (Rate Select): These bits control the frequency of the square wave output when the square wave
output has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT FREQUENCY
0 0 1Hz
0 1 4.096kHz
1 0 8.192kHz
1 1 32.768kHz
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-WIRE SERIAL DATA BUS

he DS1307 supports a bi-directional, 2-wire bus and data transmission protocol. A device that sends
ata onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
ontrols the message is called a master. The devices that are controlled by the master are referred to as
laves. The bus must be controlled by a master device that generates the serial clock (SCL), controls the
us access, and generates the START and STOP conditions. The DS1307 operates as a slave on the 2-
vire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

'YPICAL 2-WIRE BUS CONFIGURATION Figure 4

Veo
| !
< <
> >
< <
< Fe < "
SDA
2-WIRE
SERIAL DATA
BUS
{
051307 OTHER
MICRO- REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

'igures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

' Data transfer may be initiated only when the bus is not busy.
' During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in

the data line while the clock line is high will be interpreted as control signals.
\ccordingly, the following bus conditions have been defined:

Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
lefines a START condition.

Stop data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
1IGH, defines the STOP condition.

Data valid: The state of the data line represents valid data when, after a START condition, the data line
s stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
furing the LOW period of the clock signal. There is one clock pulse per bit of data.

cach data transfer is initiated with a START condition and terminated with a STOP condition. The
wumber of data bytes transferred between START and STOP conditions is not limited, and is determined
by the master device. The information is transferred byte-wise and each receiver acknowledges with a
\inth bit. Within the 2-wire bus specifications a regular mode (100kHz clock rate) and a fast mode
400kHz clock rate) are defined. The DS1307 operates in the regular mode (100kHz) only.
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Acknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
eception of each byte. The master device must generate an extra clock pulse which is associated with
his acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
vay that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
-ourse, setup and hold times must be taken into account. A master must signal an end of data to the slave
y not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
he slave must leave the data line HIGH to enable the master to generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

r-n
' ' N 1
' =y S~ -4
=\ YOO (OO N OCX . Nk
' 1 MSB ' '
T F=——""" aDDRESS e = )
e RAN &
DIRECTION ACKNOWLEDGEMENT
BIT SIGNAL FROM
_I - RECEIVER
o ACKNOWLEDGEMENT '
v SIGNAL FROM g
= =
sa , | 1 2 5 7\ (8 9 1 2 8 9 i3
et ACK ACK i
START STOP CONDITION
CONDITION S REPEATEDIF | OR REPEATED
MORE BYTES ARE START CONDITION
TRANSFERRED

Depending upon the state of the R/ W bit, two types of data transfer are possible:

1. Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

> Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a “not acknowledge” is returned.

The master device generates all of the serial clock pulses and the START and STOP conditions. A
transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
with the most significant bit (MSB) first.
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"he DS1307 may operate in the following two modes:

. Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware afier reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains

the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W ) which, for a write,
isa 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

)ATA WRITE - SLAVE RECEIVER MODE Figure 6

<Sava Address> I% <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>
[s]no-mw]o [A]mn]a}mmh])oom];\ [xxnxxn]aipl

S~ STAAT {L
A - ACKNOWLEDGE M

DATA TRANSFERRED
P:STW (X+1 BYTES + ACKNOWLEDGE}
“RAW —~ REAIVWRITE OR DIRECTION BIT. ADDRESS = Doh

. Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/ W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a “not acknowledge” to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

<Slave Address> é <Data{n)> <Deta{n+1)> <Data (2> <Data (X
[s | 1101000 [ 1 [ A ]:ooooocxx[p. [:oo:xxxxx[a |xx)oooocx|p. [mxxxxxx[im

| p ]
I

DATA TRANSFERRED

- START

— ACKNOWLEDGE [X+1 BYTES + ACKNOWAE! NOTE: LAST DATABYTE 1S
- STOP FOLLOWED BY ANOT { A) SIGNAL)
~  NOT ACKNOWLEDGE

§| >orw®

~ READ/WRITE OR DIRECTION BIT ADDRESS = D1h
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DS1307

ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

storage Temperature
soldering Temperature

-0.5V to +7.0V
-55°C to +125°C
260°C for 10 seconds DIP

See JPC/JEDEC Standard J-STD-020A for

Surface Mount Devices

 This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

Range Temperature Ve
Commercial 0°C to +70°C 4.5V to 5.5V Ve
Industrial -40°C to +85°C 4.5V to 5.5V Vi

RECOMMENDED DC OPERATING CONDITIONS

(Over the operating range®)

PARAMETER SYMBOL MIN TYP MAX | UNITS | NOTES
Supply Voltage Ve 4.5 5.0 5.5 \Y

Logic 1 Vmn 2.2 Vee +0.3 \'

Logic 0 Vi -0.5 +0.8 \

Vpar Battery Voltage VBAT 2.0 3.5 V
*Unless otherwise specified.
DC ELECTRICAL CHARACTERISTICS

(Over the operating range*)

PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Input Leakagc (SCL) Iix 1 I,LA

I/O Leakage (SDA & Lo 1 HA

SQW/OUT)

Logic 0 Output (Io,. = SmA) Vor 0.4 \Y%

Active Supply Current Icca 15 mA 7
Standby Current ICCS 200 ],LA 1
Battery Current (OSC ON); IsaTi 300 500 nA 2
SQW/OUT OFF

Battery Current (OSC ON); Ipa2 480 800 nA

SQW/OUT ON (32kHz)

Power-Fail Voltage Ver 1.216 x Vpar | 1.25x Vpar | 1.284 X Vpar V 8

¥Unless otherwise specified.

90f 12




DS1307

A\C ELECTRICAL CHARACTERISTICS

(Over the operating range™)

>ARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES

)CL Clock Frequency fscL 0 100 kHz

3us Free Time Between a STOP and tpur 4.7 us

 TART Condition

Jold Time (Repeated) START Condition tHDSTA 4.0 us 3

LOW Period of SCL Clock tLow 4.7 us

JIGH Period of SCL Clock tHIGH 4.0 s

et-up Time for a Repeated START tSU-STA 4.7 us

~ondition

data Hold Time tHD:DAT 0 us 4,5

Data Set-up Time tSUDAT 250 ns

ise Time of Both SDA and SCL Signals tr 1000 ns

‘all Time of Both SDA and SCL Signals tF 300 ns

et-up Time for STOP Condition tsu-sTO 4.7 us

“apacitive Load for each Bus Line Cs 400 pF 6
Cy() 10 pF

/O Capacitance (Ta = 25°C)

“rystal Specified Load Capacitance 12.5 pF

Ta =25°C)

‘Unless otherwise specified.

NOTES:

Tecs speciﬁed with Vce = 5.0V and SDA, SCL =5.0V.

. Vo =0V, Vpar=3V.

. After this period, the first clock pulse is generated.

. A device must internally provide a hold time of at least 300ns for the SDA signal (referred to the
Vv of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

. The maximum typ.pat has only to be met if the device does not stretch the LOW period (tLow) of the

SCL signal.

Cp — Total capacitance of one bus line in pF.
Icca — SCL clocking at max frequency = 100kHz.

). Vpr measured at Vpat = 3.0V.
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'IMING DIAGRAM Figure 8

)S1307 64 X 8 SERIAL REAL-TIME CLOCK
-PIN DIP MECHANICAL DIMENSIONS

e et I 13 135 PKG 8-PIN
DIM MIN | MAX
> _1' AIN. | 0360 | 0400
MM 9.14 10.16
_l_ BIN. | 0240 | 0260
R MM 6.10 6.60
ik il CIN. | 0120 | 0.140
MM 3.05 3.56
DIN. | 0300 | 0325
MM 7.62 826
EC E IN. | 0015 0.040
L MM 0.38 1.02
E FIN. [ 0120 0.140
K == wl L 4 MM 3.04 3.56
G IN. | 009 | o110
MM 229 2.79
WIN. | 0320 | 0370
l'* P —“ MM 3.13 9.40
JIN. | 0008 | 0012
MM 0.20 0.30
J K IN. | 0015 | 0.021
MM 0.38 0.53

i
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DS1307

)S1307Z 64 X 8 SERIAL REAL-TIME CLOCK

-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

G K

AAE

1
|

H

12 0f 12

8PIN

PKG asominy |
DIM | MIN | MAX
AIN. | 0188 | 0.19%
MM | 478 | 498
BIN. | 0150 | 0158
MM | 3381 401
CIN. | 0048 | 0062
MM 122 1.57
E IN. | 0004 | 0010
mMm | o010 | 025
FIN. | 0053 | 0069
MM 1.35 1.75
G IN. 0.050 BSC
MM 1.27 BSC
HIN. | 0230 | 0244
MM | ss4 | 620
TIN. | 0007 | oonl
MM | 018 | o028
KIN. | 0012 | 0020
MM | 030 | o051
L IN. | 0016 | 0050
MM | 041 127
phi 0° 8°
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Ds1820

DALLAS

DS$1820
1-Wire™ Digital Thermometer

SEMICONDUCTOR
FEATURES PIN ASSIGNMENT
 Unique 1-Wire™ interface requires only one port pin
for communication
e Multidrop capability simplifies distributed temperature
sensing applications
BOTTOM VIEW
e Requires no extemnal components
® Can be powered from data line
® Zero standby power required ne=]7 pry S,
. NG 2 15F= NC
® Measures temperatures from —-55°C to +125°C in NCE 3 14 F= NC
0.5°C increments. Fahrenheit equivalent is —-67°F to NC=—1 4 13 NG
+257°F in 0.9°F increments N =] 8 =g
o VDD 5 7 10 = NC
© Temperature is read as a 9-bit digital value. 28 g Da=8 9 = GND
s : DS1820 DS1820S
& Converts temperature to digital word in 200 ms (typ.) E A PACKACE PPtk
See Mech. Drawings See Mech.
e User—definable, nonvolatile temperature alarm set- Section 4
tings
® Alarm search command identifies and addresses PIN DESCRIPTION
devices whose temperature is outside of pro- GND — Ground
grammed limits (temperature alarm condition) DQ — Data In/Out
e : . . Vop — Optional Vpp
e Applications include thermostatic controls, industrial NC =) i GoiEet

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 thatonly one wire (and ground) needs tobe
connected from a central microprocessor to a DS1820.
Power for reading, writing, and performing temperature
conversions can be derived from the data line itself with
no need for an external power source.

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

W1mﬁzmh_smm
Al Rghts For information regarding
patents and other ¥ property rights, please refer o
Datlas Semiconducior data books.
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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.)

T 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
4-Wire communication line by sloring energy on an
internal capacitor during periods of time when the signal
line is high and continues to operate off this power
source during the low times of the 1-Wire line until it
returns high to replenish the parasite (capacitor) supply.
As an alternative, the DS1820 may also be powered
from an external 5 volts supply.

Communication tothe DS1820 is 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
what types 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.

MEMORY AND

DQ 64-BIT ROM
AND
1-WIRE PORT

INTERNAL V(

POWER

Voo SUPPLY
SENSE

CONTROL LOGIC

o TEMPERATURE SENSOR

SCRATCHPAD
HIGH TEMPERATURE
TRIGGER, TH
- LOW TEMPERATURE
TRIGGER, TL
8-BIT CRC
GENERATOR
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Ds1820

PARASITE POWER

The block diagram (Figure 1) shows the parasite pow-
ered circuitry. This circuitry “steals” power whenever the
1/0 or Vpp pins are high. /O will provide sufficient power
as long as the specified timing and voltage require-
ments are met (see the section titied “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 place. Since the operating current of the DS1820
is up to 1 mA, the /O line will not have sufficient drive
due to the 5K pull-up resistor. This problem is particu-
larly acute if several DS1820's are on the same 1/0 and
attempting to convert simultaneousty.

There are two ways to assure that the DS1820 has suffi-
cient supply current during its active conversion cycle.
The first is to provide a strong pull-up on the VO line
whenever temperature conversions or coples to the E2
memory are taking place. This may be accomplished by
using aMOSFET to pull the /0 line directly to the power
supply as shown in Figure 2. The 1/O line must be
switched over to the strong pull-up within 10 ps maxi-
mum after issuing any protocol that involves copying to
the E2 memory or initiates temperature conversions.
When using the parasite power mode, the Vpp pin must
be tied to ground.

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

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

The use of parasite power is not recommended above
100°C, since it may not be able to sustain communica-
tions given the higher leakage currents the DS1820
exhibits at these temperatures. For applications in
which such temperatures are likely, it is strongly recom-
mended that Vpp be applied to the DS1620.

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

STRONG PULL-UP FOR SUPPLYING DS1620 DURING TEMPERATURE CONVERSION Figure 2

47K
P

+5V

Ds1820

emé %Vm
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USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

+5V

47K

DEVICES
DS1820

£ Vi
05 LR () EXTERNAL +5V SUPPLY

nP

OPERATION — MEASURING TEMPERATURE
The DS1820 measures temperature through the use of
an on-board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 4.

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that core-
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 counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
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.

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

provided in a 16-bit, sign—extended two's complement
reading. Table 1 describes the exact relationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire interface. The DS1820
can measure temperature over the range of -55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that temperature is represented in the DS1820 in
terms of a 1/2°C LSB, yielding the following 9-bit format:

e T o

= -25°C

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

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

(COUNT_PER_C— COUNT_REMAIN)
COUNT_PER_C

TEMPERATURE = TEMP_READ - 0.25 +
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TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR

COMPARE

SETICLEAR
TEMPERA PRESET
COEPPIGIENT DSGILATOR COUNTER ke
INC
=0 TEMPERATURE REGISTER
HIGH RE
COEFFICIENT GSCILLATOR COUKTER
STOP
=0
TEMPERATURE/DATA RELATIONSHIPS Table 1
DIGITAL OUTPUT DIGITAL OUTPUT
TEMPERATURE (Binary) (Hex)
+125°C 00000000 11111010 00FA
+25°C 00000000 00110010 0032h
+1°C 00000000 00000001 0001h
+0°C 00000000 00000000 0000h
=1°c 111111 111111 FFFFh
-25°C 11111111 11001110 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION — ALARM SIGNALING

Aifier the DS1820 has performed a lemperature conver-
sion, the temperature value is compared to the trigger
values stored in TH and TL. Since these registers are
8-bit only, the 0.5°C bit is ignored for comparison. The
most significant bit of TH or TL directly corresponds to
the sign bit of the 16-bit temperature register. 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 be identified and read immediately without having to
read non—alarming devices.
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64-BIT LASERED ROM

Each DS1820 contains a unique ROM code that is
64-bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial number. The last eight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64—bit ROM and
ROM Function Control section allow the DS1820 to
operate as a 1-Wire device and follow the 1-Wire proto-
col detailed in the section “1-Wire Bus System”. The
functions required to control sections of the DS1820 are
not accessible until the ROM function protocol has been
satisfied. This protocol is described in the ROM function
protocol flowchart (Figure 6). The 1-Wire bus masier
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 DS 1820 are accessible and the bus
master may then provide and one of the six memory and
control function commands.

CRC GENERATION

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

CRC=X8+ X5+ X4+ 1

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

64-BIT LASERED ROM Figure 5

vides this value to the bus master to validate the transfer
of databytes. Ineach case wherea CRCis used fordata
transfer validation, the bus master must calculate a
CRC value using the polynomial function given above
and compare the calculated value to either the 8-bit
CRC value stored in the 64-bit ROM portion of the
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 calcu-
lated by the DS1820 does not match the value gener-
ated by the bus master.

The 1-Wire CRC can be generated using a polynomial
generator consisting of a shift register and XOR gates
as shown in Figure 7. Additional information about the
Dallas 1-Wire Cyclic Redundancy Check is available in
Application Note 27 entitled “Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products”.

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

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MSB LSB MSB

LSB MSB LSB
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ROM FUNCTIONS FLOW CHART Figure 6

MASTER Tx
RESET PULSE

DS1820 Ty
PRESENCE

55h
MATCH ROM
COMMAND

DS1820 Ty FAMILY MASTER Ty BIT 0
CODE

1BYTE

DS1820 Ty BIT 0
DS1820 Tx BIT 0
MASTER Tx BIT 0

BITO
MATCH?

L
DS1820 Tx BIT 1

e A l [ MASTER Ty BIT 1 D31820 Tx BIT 1
MASTER Ty BIT 1

Y

q}

DS1820 Ty BIT 63
MASTER Tx BIT DS1820 Ty BIT

a

MASTER Ty BIT 63

N
BIT 63 BIT 63
MATCH? MATCH?

¥

MASTER Tx MEMORY OR CONTROL
FUNCTION COMMAND
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