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Abstract

This project is an invention of water boiler with temperature controllable, Including a
study of how to control PID to operated boiling machine by tuning parameters in PID controller
for a system without mathematical model or equation. To minimize the oscillation and overshoot
value, we are focusing on how lo adjust Kp, Ki and Kd parameter through the experiment
subject, which is water. Based on developing heat coil to adjust temp value between currently
temp to one-hundred Celsius degree. The trial and study was come to conclusion with

temperature controllable boiling machine and error value at 5 percent.
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aunsoldanldundoduvosns 1¥non lmassAesnumwanin

2.2.6 lulnsneulnsnaednsega AVR [2]

- oo P =Y o

TuinsnenInsaaes AVR wannuFin ATMEL #aluthus neatiominnlda
ar L] 9 A =] s
Fuetan Ty nadeannlsznen vieamilaonssunniduves lulainowInsamesnszqa
:qv o 1 <4 =) ' w 1 o A o Aa g 3
filaowosaguasledziianilasnssundnzduandianuoon 11 Ganedall 1 1¥ams
o 1 o 1o ) at o e 3 sy
F il wse dladvinndidala dmsululasaeu Insamefdniug g uauia
areqvedlylasaou InsamosNs 1925510 51 AUAEIEA THMTINM HeAWE

T 1 1 ) ar 3 ° o = =
Wssnsiendaunmls usadulumsian fnnuweindurauazie e aouausINIBY

[] o
Mossyy lanasa iludu

2.2.7 Insaafasazanlnunssuves ATmega 32 [2]

3y = ar 1 ] & A Yt or

TulaseeuInsames laimsansuiasiaimnedsaiionialAildnonmluns
-] J e 4
faugai TuTnsnou Insamaiaszga AVR veanfiin ATMEL v lyTaseouInsamoid
tafFums Iamanequnuie iu 1uga Analog to Digital, Timer/Counter, USART, SPI Lia
[ o 1A
JadululasneuInsamedinssgalmindaoilaonssuuny RISC (Advanced RISC

. A ' v ¥ ' A A w A e q ¥ o
architecture) a1 warilvzgnad s anegneludngRved iR inansadieu
3 v | o '3 1 v 4 g A
Tdvaeqednanazaunsoaaludivvesgisauri neesnasdiulusesvesnnui 2wy
4 qw o o @ 1 p At e & 1 & oaya 4

aszqativeldnanlumsnsiiidaseg ifoe 1 lnfadeddaminiu mldiarmiluns

aminnndAgita Il Gaawtideany) uasioarilasnisuneludaguii 2.6 guaudd

»
aanuesluTasnouInsames AVR annsoaplednsng Tddsi

- frmi]mﬂnssnmﬂaluﬁluuw Advanced RISC (Reduced Instruction Set Computer)
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- fighdsnaugumarinanannndi 100 dda Teedanudlunsdszanana 1 dida
@0 1 FynNuint (I MIP/IMHzZ)

- f53amandldania ldvina 8 G $1uau 32 1 (M lvasalnaemsWann
Tsunsu fren1m1 C iihusdian)

[~} ° ] - & 3! =
-3 2lun1sR9u 1 MIPS ¢ 1 MHz uazu1ndd 16 MIPS iieldnwdh 16
9/ a w = é’ 1 s o A )

MHz (amannsalumsiFnuanuddyaanimyvegiuuesidenldau)

- HU28R77§1 ROM LYY Flash G Inuaiteadunionmdy) vuia 32 flalud

1

(Wowav 14 10,000 A5Y)

- wireadWioyau EEPROM (3 Inuafleafumyasanudi) vuia 1,024 T

1

@ovsan) 19 100,000 A59)

- mirsarwiWoyauuy SRAM | Alalud

& ¢ dds o - w ¢

~Inwesannimainau 8 liauag 16 ia wiondiananod

-firsuuasrngeunuianaialinisiieuueswedind (Watchdog Timer with
On-Chip Oscillator)

- Tugaasadayene PWM (Pulse Width Modulator) 3811424 4 904

= o e (=1 = []
- Huganasdyanaezinasniifu@iaes (ADC) vun 10 T 1nDa 8 Faq
- TuganfSsuiiouns wueziiasn (Analog Comparator)
[ ¥

-pisdaemsde gaﬂqﬂiuﬁ'ﬁ'umu UART (Universal Asynchronous Receiver

Transmitters) HIonu RS232, SPI {Serial Peripheral Interface) Uastil/y I'C L‘i’]uﬁ’u
o o o ; f o o o 4 g} =8 u’: 1 ]

- WoindURAIMHATUBEIVIBS AVR Atdonldau fidaus 8 ¥1 9uwINA1 100

YVINDTA (ATmega 32 TNINDSABURAIDTNHA 32 V1)
1 »
- fhaud iAo 4.5 85,5 Tad
~ o o 9 1 o Aa o v ow

- {iWD3e VO 4 wosailszneuale A, B, C, D unaznasintsliduaudaminu

- PORT A = PAO-PA7 $ 117U 8 di

- PORT B = PBO-PB7 $119 8 41

- PORT C = PCO-PC7 $117U 8 1in

- PORT D = PD0O-PD7 910494 8 U
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PAD: PA7 FC0 . PCT
vca l' . .
\\\\\\\\l Ili][l
r FORTA DRVERR-BUFFERR FORTC DRVERSBUFFERS
anz PORTA D'GITAL INTERFACE PORTC DIGITAL INTEAFACE

—

avee
MUX & ADC:
'< ADC M nTERFACE T
AREF ———-—'l_,, ~
- TIWEARS
FROGAAM stac | o commens (¥ osciuses
COUNTER POINTER
] !
! FROGRAM 9 INTERNAL
11 Fsau ARAM OBCILLATOA
1—-- i l XTALY y
INBTRICTION GENERAL WATCHIOG T ——r :'I
REG STER d  cuRfoRE =" TmER
1 REG ETERS | I i
1 XTALZ
- x
INSTAUGTION MCU CTAL — e
OECOJER Al i A RESET
ad F4 |

! INTERNAL
C?:‘LT::L NTERRUET CALEAATED
OSCILLATDR

.

AVR CPU i e e e

| PRIGEANINT r_’

e has 8F —w  p—  USaAT
BN caws
(-‘/" IHTERFACE

(‘l I I ‘>

POATE D'GITAL INTERFACE POATD DIRITAL INTERFACE
POATE DR VERSBUFFEAB POARTD DRIVERBBUFFERS
4 L ;

PBJ - PET PO3 - PO?

51l 2.6 anrilaonssunioluvealulasneuTnsawes ATmega 32 [1]

2.2.8 ff eI Tya Ve ATmega 32 [2]

= ¢ S o
v mosnduaeinaves lulnsaouIniames ATmega 32 IS U 40 1 Tao

wiisiuvmesadunaeninadasy $1uu 32 11 1lsznenliidae PA, PB, PC, PD vina 8 din



(XCK/TO) PBO
(T1) PB4
(INT2/AING) PB2
{OCO/AINT) PB3
(58) PB4
(MOSI) PB5
(MISO) PB8
(SCK) PB7
RESET

vee

GND

XTAL2

XTAL1

(RXD) PDO
(TXD) PDA
{INTO) PD2
(INT1) PD3
(0C1B) PD4
(OC1A) PD5
(ICP1) PD8

CE NN W N -

0000000 N000NNNO0Nn0n
5

|

18

¢ o 4 o e ¢
uﬁsmwamﬁnﬁmi’fﬂqnuﬁagtmmﬂxmaanmmu 2 ﬂ?Wﬂi‘{ﬂ ﬁﬂ AREF uag AVCC

b ]
TeazBoavinesananuandaInazUil 2.7 Mfwes ATmega 32 uagdwmisndyanudie

40 O PAO (ADCO)
39 [ PA1 (ADCHY)
38 O PA2 (ADC2)
37 O PA3 (ADC3)
36 [0 PA4 (ADC4)
35 O PAS (ADCS)
34 O PA6 (ADCS)
33 [ PA7 (ADCT)
32 ) AREF

31 O 6ND

a0 p avee

29 O PC7 (TOSC2)
28 3 PC6 (TOSC1)
27 O PC6 (TDI)
26 [ PC4 (TDO)
25 0 PC3 (TMS)
24 [ PC2 (TCK)
23 O PC1 (SDA)
22 [ PCO (SCL)
21 P PD7 (OC2)

3UN 2.7 9UD3 ATmega 32 nazdumisvidygineas 1]

! A ] 1 =y § -]
M3197 2.1 o) Autilvwiavazmhiinsinuveslulainen Insomes ATmega 32

Fou CRTGIR Wiin IR TEETer ATRY
, vee 10 dunn TRTERCIM I ERR
GND 11 Buwa | vn3nd
Port A (PAQ.0-PAO.7) | 33-40 | Suwmneniiva | wmesailudunaeinafonoa

° w d ¥ .
iuamsyadwntoluywesa 14 (intemal
pull-up register) tazausan mualdam
iluneindunadyanmozuiaon (A/D

Converler) 14
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A =
YO S]]

¥

9 A ]
HUMMLAZMTANITU

Port B (PB0.0-PB0.7) 1-7

BuNANDTRYA

d H = o ao
vinesalusumeiaATnea
© s o L APR
Avuanisyadwnoluvimeiald (internal

. o 3 Y Ao

pull-up regisier) uagiiuvmasanu ey
=S 9 L] o Y] oy
BNA9 1wy E MU T sunTuan

tleudyganininiouen

Port C (PC0.0-PC0.7) | 22-29

BUNAAD YA

d g & s Py
PosAuDURAIIIARTADA
fvuamsyasnmeluvwesa 14 (internal

. o 7 Y A
pull-up register) uazhv MBI AT
=N ' & v ow &\ e
Bnane @ vudeudanuanuag Ilsunsu

RrunisdeunaLLY JTAG

Port D (PD0.0-PD0.7) | 14-21

DUNAADIHA

¢ df a o =y
PIMas AN HAATADR
© ot o ¥ o,
smuansyasnoluumesn 14 (nternal

L o 3 s

pull-up register) Azl UMD I ALY
= L] A v o
DAY 1Y VUFBUADHOIADYATY

yiowmed Aldilasnndyananiouen

RESET 9

=
YIFIEHAIIV7

XTAL1 13

[
I

ABAS AADADDTTAINDS YOI 1

XTAL2 i2

VIRPNSANDADOATIANDS ¥OIN 2

AVCC 30

vusadudmiunesn A uaz Tugauas

fuaezinasniluAtana

AREF 32

YuTsALBzUIAnda i My Tugailag

ar df A
doyguezuasniluasnen

2.3 e Yngaungdl 7]

s ~ T T =
wunmmqmﬂqu (Temperarure Sensor) Lﬂuqﬂnsmﬂmﬁmmﬂaﬂui:ﬂ‘uqmﬂgn

P~ L) or & = =Y [ [] [l
iluseduns el Fadlnninevatoyiinondlonausu

meilane] (Thermister) tuginseiin/asugamginmoihssduarmdmu

A a0 M d AaA ot e e, o o as ¥ Haw o o
%'mﬂg 2 LU A0 UNY LIDE WAY INOUTIADY lﬂuq‘ﬂﬂ'imﬂﬂﬂ']'lﬂﬁﬂuﬂisﬂﬁ'lﬂﬁ‘u‘ﬂﬂ#‘lﬂu

aa = v 1 A4 oo W o o o U ar o
PUUKUNGUNUN AN mﬂuﬂ‘l']‘l’lﬂ’umuﬁlmi VWV NWHTIUADIIGY
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at

a ) o o . . ) o o 7]
lunmonain w5e mas Tuadn ( Bimetallic / Thermostat) 1iluginsaidtuanusou

ci 3 e or Qi ad oy V1 Ao y:iu o - o A
alddwsulloduguupifiguiunhmiidimual3iduanises Tummeaan vanunilou
s o ~ = 3 g ¥d = ¢ A =4 1 9 v
M3 IuadnuouMIAIZYNARAY I3fvaarsusnalawaesdiilesniniivuianoudinng

mizdiuensiimhdudaoguds msldnuszihlidedfuganou Insnlasass

andiia (RTD) fivawilszinm Uszinniiiley Ae PT100 Taeh PTL00 Ha21uned

=

fgugi 0 ssrusaiFve i PT100 9ziidnamAmm v 100 Teviy RTD doaldmiuSiad

q

Vw 4 WY o w ~ A g Yw Ay v o o o
wusurmsadalfiduisaosiugungigs vieldiadgungildins dodefelistm

ADUTIUNWA

< = o i
MBS0 IS 1A (Temperature Sensor Module) tilugunssifiimihin

= ar oy ) A = ] = =) 4 ‘f
nlasuszdugmngiidiudynna dihntinn momsage gy ledgamgil wuweiiiie
Wanufiveaswesafisnnanmeiiames ledaszga 335 Wy LMI135/LM235/1.M335 &
avwlandnaeninaily 10 mvek, ledaszga 34 @ wod LM34 910UTEN National

Semiconductor

A o ~ 1 sy [ ar 1 L] -~
105 Ds1820 FailuRunlasgumgd Wiuadiaea dimfumsdwaiguugl 14
¥ ¥
ey es 1 duminiu drsau vee, onp dh hldof ezilvidaudios 3 vy

=

Jenhmitesadwiumsudaaeiiaia 1092 s5equdaiulilsusumesqumgd
ki uadail iaeds ey (LASERED ROM) u1a 64 1in Tay DS1820 luudazdvedinn
e dsonlaid sy tldannsode Ds1820 vanead ludedyaaduRedu 1 dums

Saquuiniivzoglurag -5s osrmaaiBow 0 +125 earmuvaidon iaz §aii Alarm Triger TH,

TL vl 'Emmaummm1 qmﬂgmﬂu 5$ﬂU1’lli1¢IﬂQﬂﬁﬂ’]ﬂf}ﬂ

2.3.1 MINNUvBUIWY3 Tagam il DS1820

1
S A A

08 Ds1s20 i leFATiszuunsAemadoyaoynsuuuy 1 #1u Fadeldiuily
szupiinnungnaataz 1 nnumedyanoniion dumimiy Tavhidealicodynm
AfenIALUMITENeatoa miloufuszuudems deyaeynsulunuuduq mwdoya
simhiaiiowiludyanuaionluda dausrvesdoyaszvsannndnyuzvosg

tydnuel Mlnnguuawdyanu Tunsazsosveam H59091 “Time-Slot” TagannIa

AgALAZITATBINDIUEA1NY Glumﬁfamwanaimmaz “Time-Slot” BNMIAMUAVDULYA

‘l’JfJEJ”Is‘I%ﬂ!‘i)u ﬂ15mt1‘nﬂﬂmay‘ni}smmu‘luuﬂa: “Time-Slot” uugﬂuunmimummauﬂmz
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o o o [N L] ® as :
ez lanialusssuia hifimssmuannusnveddeyadiusedulud ssuudoms

iy P : 1 1 a 2w
llﬂnulﬁu'}z'ﬂﬂziﬁUﬂ'l'iﬁﬂﬁ'ﬁﬂﬂy)aizﬂ‘l]qvlﬂmﬂ HURNIIIVTIAYINY

2.3.2 nignadvmiudemsdeyauea DS1280 [7]

vCC
DS1820
R10k()
5g &
1 |2 |3
Juu
0
885
vCC —

51471 2.8 71519904 DS1280 Lz 13 1F

1) Y0519 (GND)
2) MFudedoyn (DQ)

3) Viumad9e I (VDD)

2.3.3 guaniidauvesled DS1820

a = aa ar { o
ps1820 setidyanaueiynesnuuifunuudiaes uazfimmisonaziin
Y as 1 o oo apgd 4 e
Tsunsudh ldamieanuiwazaruguileddunioluled 18 delimicsnnusiieunuiu
¥ ] ] ]
V9 64 Tianuumwessou fniuTsrisaiginssnuezdoudeyaden Merdumhi
° ar = 1 o
mshalumsaseiaguugiildedunnuemunisyssuranavesulas T sismees
¥ 14
LY hod o ar A ar = ot
wenntiuudafieinsodiada DS1820 tHemsasI9Saguugil T lunaisdnyazuasvias

4 e ' a & da v ' o o & v g - o
gomAdumtansaadaiinmandedianatuglnsaiiag T luiesilunsdads
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¢ A W1 N A /o w
molumas, gunsaiiniealden uie nolumiedng uasewinaiuilueynsudnvves
1 d as = Y A L) ) & o
DS1820 annsoasmyaundedyyaisuduior ldnae galavhiduaudeyadaiu

ar é = L o qy
uaziu Falnnaulingue Al
= 4 @ 1 4 = d a ¥ .
1) Bumeiiadya YD MANINIINBIARDINUY | MBYoYa (1 - WireTM)
o ISL B4 3 = ¥
2) Yo109en3 195 UgU I IAvoe yauumedeyafins 1 dedeya
] U4 | L]
3) hidealdgilnsniniousningesu
° o '
4) gunsandunuMstiaum e’ oo lad UM etoye
o o &
5) e yazauaumnuiiugud

J 2

6) 6TUMS IAQRINYNAIA -55 BIrNiFaEyand +125 sarnaaiFedh 0.5 pamae
¥ ]
el visadiauad -67 osrviiaule f9+257 sarusn'ls 71 0.9 ssrnvusu’le Aeendal

7) gampilizgnemsanuudiunmeasaea 9 i

o = o 1 o ey [
8) dn51n2ui5 2 lumsudasvingunglivuiusidamumedTneamiady 200

iaaud
a o A ] aly Y .
9) flFuaunsofruan SRR IABUE DN HAI 1A WU non — volatile

¥ '
10) MSHOUIIUIUUY TN UA NN IHUATHAHITUNITTINITUISUBAUATHVD

d .-_-? = o oy 1
ginsal ldannwouenivuiinsaedaguuugidnmun Tsunsunmouen

o Jdq ¥ ar oy o u‘: 1 o 4
1) wanziumslszgnd [$aiasreTagumgiivazaans 1 Tugdnsainauguinesd-

Tuauadn, szuulsanugaainnssy, kaadua, mes luiimos wieszuvdua fidiu

N3299URUMRIIINNIIWBY
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2.3.4 juuunisenvdoyngumgiived DS1280
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bit7  bit6  bit5  bit4  bit3  bit2  bitl  bit0
LS Byte 2° 7’ 9" 2’ 2’ 2' 2 7
bit15  bit{4 bit13  bit12  bitll  bit10  bit9  bit8
MS Byte S S S S S S S S
TEMPERATURE DIGITAL QUTPUT DIGITAL OUTPUT
(Binary) (Hex)
+85.0°C 0000 0000 1010 1010 00AAh
+25.0°C 0000 0000 0011 0010 0032h
+5.0°C 0000 0000 0000 0001 0001h
0°C 0000 0000 0000 0000 0000h
-0.5°C 1018 L1RD I111 1101 FFFFh
-25.0°C 1111 1111 1100 1110 FFCEh
-55.0°C 1111 1111 1001 0010 FF92h

31 2.9 maruaasgdunylumssnigaviglives DS1280

9/ Al s 3/ o 1 e 4 = R A o
doyaguu)inialdezgninyegluitamesgungll (Register Temperature) 9]

o e 1 ~ ' =~ clf
vuA 16 19 sanaaslugili 2.9 Mdeyagurigiiiunan s vzith 1 usideyaguvg ity

au s vy “0” Tunsdif Ds1820 MamluInuaniwazdon 12 i dayniinluitamed

gauHRil (Register Temperature) 9290 19w udlunsdifiviomlulnus 9-11 iin dnaa (dn

- ' 4 0 2 o
0 — iim 2) 9z lignlda Fa lumsdmuaTvuaniwaziBeanisinanuye DS18B20 u

° TN e ' . £ oA
amnsnimua l8nI vamos i MuAnA T (Register Configuration) ¥4 lavlnAs ndu DS1820 vz

HramluTvua 12 Oa

4
2.4 1l

o o @ ] s =y | P
3iad (Relay) ingUnsal 1 mivTlanaz@arnssudoiuaiadudmsfhaives

o 1 o o oo 1T g
Sadiaudons Wnssua i luadnudr i TuweaiavesSwddivfed nnanimanga-



24

g S oo ) w8 9 1w A o re |

¥2 lanzvessindannSovinnannnnusitlisesdatunioviavenniniumiieunisiladle
3 A d
295AWAINY

ol = #a 4 1 1

SinddeniFrude ladnmaniiad Sluginseinld¥oude (nterface) 33131909

£ o 1 o = o o o o 3

ALY (Control) Fuiludrursesdiannseding dureesnialdiidida (Power) Tavaiai

= $ o o L ar A o

apa9iszuUns e Ausaesnnafuih ivmwisattaadunisdadees uaznmssun gy

ar = ' - = o A o 4

uazinld Tedamasdiad orete lalnttudalssaviRoonuuvyuie Idemumy e150nve3

=Y o =0 = 1 A A o 1 A o 1A ) 1
lay ANV oAN 1A DNAIUIRLIONTIT umm'lﬂumiwmuqan'n umqmﬂﬂmumunm 164

UM 2.11 msaoeyide ladinmansad

2.5 M3MUNUIULA 106 (PID Control)

AIARNULUA 188 (PID Control) (Huszininruguuuuileunduildivedie
9 A 1 a't 8 3/ o o 1 = ci 1 7]
e i 115 lunsdnmantluairudana1an 11319 INA NULANA NV BIAD

ulslunszinumitagaideans Aaniunuznernuaasidanatnlfimtedesiigaday

=1

ar 1o 3/ 1 o = =) b1
msdSumdyanaunuivednszuIums adudsvesmsndunuuuuiiled #ldes

USulasumusssusIAaveIszUL
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pe(t)
t
Error —p 1 Kp J-O E(T) dt % Output —*
g de®) l

511 2.12 JlugRwEUNMURRNVRIMSAURUIULT oA [4]
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4
-
=

h 4
o

2.5.1 NQUENAIVUUULA 108 [4]

o gy o o o
nguimsaiuguuuufled Tdveamnissiufiuusuneuvesdnalifmuniy

aums
u(t) = K,e(t) + K, fo‘ e(Ddr +K, %e(t) (2.1)
dudivwaglugtliwumantsuasantans 0z1a
G(s) = K, + L+ Kys (2.2)

2.5.2 mimuqmmuﬁ’mfm (Proportion Contrael) [4]

¥
asauguszuuntloundulaglddmuguuundadinniu fyamaiug @) o2
Sludadoulasassiumdyannnnudawaa ) iianneanszrimdyaad ety

] ¥ 14
Fyapoueigaveassuiinsnugiudaaluukunmufendsil

E(s) u(s)
—[ K, |—

171 2.13 ilueaasinwuienveanisaauguundaday [4]

1]

@ o o T ar r's as w o '
arduiui s indaanueiianndmuguedygnedenaraidadi ) Iy

= Yo :
szIAnNIaRiow 1aaeil
u(t) = K e(t) (2.3)

Hudousgluginuuwamsuw/asaa 9218
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v _

o = K 2.4)

i 4
=i

erunu K, sxiilumidasvesvesfanuguimisszGoniunudad

2.5.3 N3MIVGUUUVBUNINTG (Integral Control)

3
S n o a & ] Y
MIRILAUUVUBUTNST (Integral Control) WMBABIMIARAIAIAANDIATY
1 ar o 1 o 3 [
aomzogin TuvaRoitudanuiafesnmveszuunizantisens NIAILANIUAT

g o oa
llﬁﬂﬁiullNUﬂTWUﬂﬂﬂﬂ\iu

B K 6]
= ?" f e(t) dt =
I

g o a a o
51 2.14 QilteRauEuN U ABNYDINITAURUUUUDUTINTD [4]

u(t) = K?’:fe(t)dt (2.5)

wiptuglmnmesasmsfaiduniolon 9218

E(s) Kp vis)
—| = | - (2.6)
Tys
dudouagluguuunamsualasanlars ezl
uls) K
—==r 2.7)
E(s) Tys

Tagh T, = $NIDUNNIA

1 o 3 1
; = 'ﬂﬁi"lﬂ'l'iﬂﬂ;l’usl'ﬂll (resel rate}
H

3
MSAIURUULLIBUANTA (Integral control) Tlaziiud1dgyaINANIRY u(t) D109l

[l
o

1 [ gy oF ] 3 = ar = = o' A A

aoutanng 18 1as linaasie Adyyafanan e TauiugudlunondwmSaiiena
| 4

] o Ad 1oar =oa w

i lludafmu Aafiams i ihdyganiuguiunsdivesnisnluguuuuduiinda (ntegral

9
1 ar 1 =S 1 o ¥ - ar 1 A ras ' o
control) Yuagiunlupfia (past value) Tumiloududinuguiradadiu aegiuarilegiu
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2.5.4 MSAINUBUVBYITUS (Derivative Control) [4]

w & . 's [ a 1
AITAIVAUULUBYWUT (Derivative Controt) HlozaaulunziRuA NN
. Yo = 9 o dM o g ¥ o A 4 |
(damping) 1¥AuszUDAABIMTIZAILRY HuARe s sDullaBosmuiuL I ua
] t 4
Tatr lludarmuguiSeeyiusiies i ldimuAanme luaonzegidiadugudld
ar 3 T o { [ 3 s ci“ as { o
TusaRofuziuhdyguemigaioennndnuguideyiui idedygufiiann
d(e(®)) Y g ¢
2o il
dt

AIveyWuTBIdyauianan nsanmniudwaaaluusun WU AeNA

ﬂ KT d(s (1)) U_(t_))
PRR gt

31l 2.15 JUuARMHLN HUOAYEINAIUANL DY (4]

L]

_ d(e (D)
u(t) = K,Tp T (2.8)
wialugiuuuvesaunisfaddudlon ozld
B(s) u(s)
il = I B~ 29
Sudoegluzduunamsuasanlaim wlan
u(s)
= =K,T, S 2.10
G PP @10

Taefien T, = $r9a10YWuf

¥
=1

w o 1
MIAMAUULVBYWUT (Derivative control) Havuannud

292 195 wAudInRue

o =

Jr g a a o . ar S
gy windanaianaatildy g 0T UnIUIN FygIneMyaoanARIA LT
14 .
F]

sy WU TvznIzINeY (luctiate) ABUAININ (11BIINAIANIINTU (slope) VBT I

{ ' -4 °
nlasmlasaeudiann) Feei ifszuunugueeasiimdosnma
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2.5.5 fnugu A leRuuuadnes [3]
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A19197 4.1 wansnaaeuitelsua Kp=1 tHouiy Kp=2 edmuald Ki=0, Kd=0

- Kp=1 Kp=2 Set point
Laun) . .
‘o) (C) (c)
0 31 3] 50
] 32 EY) 50
2 34 36 50
3 36 40 50




- Kp=1 Kp= Set point
NA(UM)
¢c) (C) - (0)
4 38.5 44 50
5 40 45.5 50
6 41.5 47 50
7 43 47.5 50
8 44 48.5 50
9 45 49 50
10 45.5 49.5 50
11 46 49.5 50
i2 47 49.5 50
13 47 49.5 50
14 47.5 49.5 50
15 48 49.5 50
16 48.5 49.5 50
17 48.5 49.5 50
18 49 49.5 50
19 49 49.5 50
20 49 49.5 50
21 49 49.5 50
22 49 49.5 50
23 49 49.5 50
24 49 49.5 50
25 49 49.5 50
26 49 49.5 50
27 49 49.5 50
28 49.5 49.5 50
29 49.5 49.5 50
30 49.5 49.5 50
31 49.5 49.5 50
32 49.5 49.5 50

43



o Kp=1 Kp=2 Set point
LIA(UIN)
(C) (C) (C)
33 49.5 49.5 50
34 49.5 49.5 50
35 49.5 49.5 50
36 49.5 49.5 50
37 49.5 49.5 50
38 49.5 49.5 50
39 49.5 50 50
40 49.5 30 50
41 49.5 50 50
42 49.5 49.5 50
43 49.5 49.5 50
44 49 49.5 50
45 49.5 49.5 50
46 49.5 495 50
47 49.5 49.5 50
48 49.5 49.5 50
49 49 49.5 50
50 49.5 49.5 50
51 49.5 49.5 50
52 49.5 49.5 50
53 49.5 49.5 50
54 49.5 49.5 50
55 49.5 49.5 50
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Ui (C)
60 -

-

P
40 .o.” e -
, U
30 ke S o - ===-Kp=t
; asssany Kp:2
20 [ R
Set point

A15199 4.2 wan1snaasaSouifion Kp=5, Kp=8, Kp=10, Kp=20, Kp=100, Kp=200 1iip

a1 (i)

§UN 4.1 nsvluaasnans S suisunadas weeves Kp

Ki=0, Kd=0
g Kp= Kp=8 Kp=10 Kp=20 | Kp=100 | Kp=200 | Set point

(i) | (o) (C) (c) C) (C) (c) (C)
0 31 31 31 3l 31 31 50
1 35.5 36 37 38 40 39.5 50
2 47 48 49 51 53 52.5 50
3 50.5 52.5 53.5 56 58 58 50
4 51.5 53.5 54.5 56.5 59 59 50
5 51.5 53.5 54.5 56.5 58.5 59 50
6 51.5 53.5 54 56 58 58.5 50
7 51 53 53.5 55.5 57.5 58 50
8 50.5 52.5 53 55 57 57 50
9 50 52 52.5 54 56 56.5 50
10 495 51.5 52 53.5 55.5 56 50
11 495 51 51 53 55 55.5 50
12 495 50.5 50.5 52.5 54 54.5 50
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man Kp= Kp=8 | Kp=10 | Kp=20 | Kp=100 | Kp=200 [ Set point

aiy | o | (o (C) () ey | Co (c)
13 49.5 50 50 52 53.5 54 50
14 50 49.5 49.5 51.5 - 53 53.5 50
15 50 49.5 49.5 51 52 53 50
16 49.5 49.5 49.5 50.5 51.5 52 50
17 49.5 50 50 50 51 51.5 50
18 49.5 50 50 49.5 50 51 50
19 50 49.5 49.5 50 49.5 50.5 50
20 50 49.5 49.5 50 49.5 50 50
21 50 49.5 49.5 50 50 50 50
22 49.5 49.5 50 49.5 50.5 49.5 50
23 49.5 50 50 49.5 51 50 50
24 49.5 50 49.5 50 50.5 50.5 50
25 50 49.5 49.5 50 50 50 50
26 50 49.5 49.5 50 49.5 50 50
27 50 49.5 50 49.5 50 50 50
28 49.5 49.5 50 49 50.5 50 50
29 49.5 50 49.5 49 49.5 49.5 50
30 49.5 50 49.5 49.5 49.5 50 50
31 50 49.5 49.5 49.5 50 50.5 50
32 50 49.5 50 49.5 50 50 50
33 50 49.5 50 49.5 50.5 50 50
34 49.5 49.5 49.5 49.5 49.5 49.5 50
35 49.5 50 49.5 49.5 49.5 49.5 50
36 49.5 50 49.5 49 49.5 49.5 50
37 50 49.5 50 49 49.5 49.5 50
38 50 49.5 50 49.5 49.5 50 50
39 50 49.5 49.5 49.5 50 50 50
40 49.5 49.5 49.5 49.5 50 50 50
41 49.5 50 49.5 49.5 50 49.5 50
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1T Kp=5 Kp=8 Kp=10 Kp=20 | Kp=100 | Kp=200 | Set point

on) | (o | (0 ('C) ('C) oy | (0O (‘c)
42 49.5 50 50 49.5 49.5 49.5 50
43 50 50 50 49.5 49.5 49.5 30
44 50 49.5 49.5 49.5 49.5 50 50
45 50 49.5 49.5 49.5 49.5 50 50
46 49.5 49.5 49.5 49.5 49.5 50 50
47 49.5 49.5 50 49.5 30 50 50
48 49.5 50 50 49.5 50 49.5 50
49 50 50 49.5 49.5 49.5 49.5 50
50 50 50 49.5 49.5 49.5 49.5 50
51 50 49.5 49.5 49.5 49.5 49.5 50
52 49.5 49.5 50 50 49.5 50 50
53 49.5 49.5 50 50 50 50 50
54 49.5 49.5 49.5 49.5 49.5 50 50
55 50 50 49.5 49.5 49.5 49.5 50

i QUURI(C)

| 70 —

° — Kp=5

| 50 ——mKp=

E “ =——Kp=10

0 F =s==aKp=20

| 20 — — . Kp=100

w1l - - = Kp=200
0 ! - J ' L — nnoni) Set point

311 4.2 nsmuamananisnliounounndns o108 Kp



15197 4.3 HansnAapINsaSoueua Ki=0.1, Ki=0.01, Ki=0.001, Ki=0.0008 1o

fvuald Kp=8, Kd=0

1301 Ki=0.1 Ki=0.01 Ki=0.001 Ki=0.0008 Set point

(u1h) (c) (C) (C) (C) (C)
0 3! 3] 31 31 50
1 4]1.5 36 38 38 50
2 53.5 49 49 50 50
3 66 56.5 55 54.5 50
4 73.5 58 56 56 50
5 74.5 58 56 55.5 50
6 74 57.5 SR 55 50
7 73 57 55 54.5 50
8 72 56 54.5 54 50
9 71 55.5 54 53.3 50
10 69.5 55 53 53 50
11 69 54.5 52.5 52.5 50
12 68 53.5 52 52 50
13 67 53 51.5 51 50
14 66 52 51 50.5 50
15 65 51.5 50.5 50 50
16 64.5 51 50 49.5 50
i7 63.5 50.5 49.5 50 50
18 62.5 50 49.5 50 50
19 61 49.5 50 50 50
20 60 495 50 50.5 50
21 59.5 50 50 50 50
22 59 50 49.5 50 50
23 58.5 50 49.5 50 50
24 58 49 5 50 50 50
25 57.5 49.5 50 50 50
26 56.5 495 50 50 50
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110 Ki=0.1 Ki=0.01 Ki=0.001 Ki=0.0008 Set point
(1) ¢c) (C) C) (c) (C)
27 56 50 49.5 50 50
28 55.5 50 49.5 50.5 50
29 55 50 50 50 50
30 54.5 49.5 50 50 50
31 54 49.5 50 50 50
32 53.5 50 49.5 50 50
33 53 50 49.5 50 50
34 52.5 50 50 50 50
35 52 49.5 50 50 50
36 51.5 49.5 50 50 50
37 51 50 49.5 50 50
38 50.5 50 49,5 50 50
39 50 49.5 50 50 50
40 49.5 49.5 50 50 50
41 49 49.5 50 50 50
42 49 50 49.5 49,5 50
43 48.5 50 49.5 49.5 50
44 48 49.5 50 50 50
45 47.5 49.5 50 50 50
46 47 495 50 50 50
47 46.5 50 49.5 50 50
48 46 50 49.5 50 50
49 45.5 49,5 50 50 50
50 45 495 50 50 50
51 44,5 49,5 50 50 50
52 44 50 49.5 50 50
53 435 50 49.5 50 50
54 43 49.5 50 50 50
55 43 49.5 50 50 50
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oMl (O

80

o |0
0 %

o e

I = oy = = Kp=8,Ki=01
» T i = e o Kp= .
a0 |§-.... _ ) s swsena p=8,Ki=0.01
30 S , = === Kp=8,Ki=0.001
20 - s K =8, Ki=0.0008
nw +——— Set point

0 L e .

1387 (WH)

30 4.3 nsmduaawmanislSsuieunadas wewues Ki

31971 4.4 Han1Inaaoam s LMot Kd-0.001, Kd-0.0001, Kd=0.00001 tiofmuaa

Kp=8, Ki=0.0008

L’Jfﬁ kd=0.001 Kd=0.0001 Kd=0.00001 Set point

(uh) C) ‘C) ('C) (‘C)
0 31 31 31 50
1 35.5 34.5 39.5 50
2 48.5 44.5 52 50
3 54.5 52.5 56 50
4 56 54.5 56.5 50
5 56 54.5 56.5 50
6 555 54.5 56.5 50
7 54.5 54 56 50
8 54 53.5 55.5 50
9 53.5 53 55 50
10 54.5 52 54 50
11 54 51.5 53.5 50
12 53.5 51 53 50




1an kd=0.001 Kd=0.0001 Kd=0.00001 Set point
(M) ‘c) (C) (C) (C)
13 53 505 52 50
14 52 50 51.5 50
15 51.5 50 51 50
16 51 50 50.5 50
17 50.5 50 50 50
18 50 50 50 S50
19 50 50 50.5 50
20 50 50 50 50
21 50 50 50 50
22 50 50 50 50
23 50 50 50.5 50
24 50 50 50 50
25 50 50 50 50
26 50 50 50 50
27 50 50 49.5 50
28 50 50 50 50
29 50 50 50 50
30 50 50 50 50
31 50 50 50 50
32 50 50 50 50
33 50 50 50 50
34 49.5 50 50 50
35 495 50 50 50
36 50 50 50 50
37 50 50 50 50
38 50 49.5 50 50
39 50 50 50 50
40 50 50 50 50
41 50 50 50 50
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i kd=0.001 Kd=0.0001 Kd=0.00001 Set point
(i) ‘o) (0 ) (C)
42 50 50 50 50
43 50 - 50 50 50
44 50 50 50 50
45 50 50 50 50
46 50 50 50 50
47 50 50 50 50
48 50 50 50 50
49 50 50 50 50
50 50 50 50 50
51 50 50 50 50
52 50 50 50 50
53 50 50 49.5 50
54 50 50 50 50
55 50 50 50 50
QuHRii ('C)
60
50 -f-%ﬁ-“i - .
ol NS
" = = kd=0.001
oL Kd=0.0001
2 - - e = = = = Kd=0.00001
10 e Sel point
0 a L (181 (i)
] 10 20 30 40 50 60

517 4.4 nsuermanan S sufounadas weoved Kd




M51ah 4.5 Hansneas AT ooy Kd=1, Kd=10, Kd=100, Kd=1000 tiofriuan

Kp=8, Ki=0.0008

1701 Kd=1 Kd=10 Kd=100 Kd=1000 Set point

(1) (‘C) (C) (C) (C) (c)
0 31 31 31 31 50
1 37 34.5 35 35.5 50
2 48.5 46.5 46 46.5 50
3 51 53.5 52.5 52 50
4 53 55.5 54.5 53 50
5 53.5 55.5 54.5 53 50
6 53.5 55.5 54.5 52.5 50
7 53.5 55.5 54.5 52 50
8 53 55 54 51.5 50
9 52.5 54.5 53.5 51 50
10 52 54 53 51 50
11 51.5 53 53 51 50
12 51 52.5 52.5 51 50
13 50.5 52 51.5 50.5 50
14 50 51.5 51 50.5 50
15 49.5 51 50.5 50.5 50
16 49.5 50.5 50 51 50
17 50 50 50 51 50
18 50 50 50 51 50
19 50 50 50 50.5 50
20 50 495 50 50.5 50
21 50 50 50.5 50.5 50
22 49.5 495 50.5 51 50
23 50 49.5 50 51 50
24 50 50 50 50.5 50
25 50 50.5 50 50.5 50
26 50 50 50 50.5 50




a1 Kd=1 Kd=10 Kd=100 Kd=1000  |Set point

() ) (c) (C) (C) (C)
27 50 50 50.5 51 50
28 49.5 49.5 50.5 51 50
29 49.5 49.5 50.5 51 50
30 50 50 50 50.5 50
31 50 50 50 50.5 50
32 50 50.5 50 51 50
33 50 50.5 50 51 50
34 50 50 50 51 50
35 495 50 50.5 51 50
36 49.5 50 50 50.5 50
37 50 49.5 50.5 50.5 50
38 50 49.5 50.5 50.5 50
39 50 50 50 51 50
40 50 50 50 51 50
41 49.5 50.5 50 51 50
42 49.5 50 50 51 50
43 49.5 50 50.5 50.5 50
44 50 50.5 50.5 50.5 50
45 50 50.5 50 51 50
46 50 50 50 51 50
47 50 50 50 51 50
48 49.5 50 50 50.5 50
49 495 50 50 50.5 50
50 49.5 50 49.5 50.5 50
51 50 50 49.5 50 50
52 50 50 50 50 50
53 50 50.5 50 50 50
54 50 50.5 50 50.5 50
55 50 50 50 50.5 50
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|
t a0 o o - veeraee Kel=10
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L S R R S ¢ M (i)
0 10 20 30 40 50 60
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Features

+ High-parformance, Low-power Atmel*AVR® 8-bit Microcontroller
+ Advanced RISC Architacture
~ 131 Powerful Instrucilons — Most Single-clock Cycle Executlon
—~ 32 x 8 Qeneral Purpose Working Reglsiers
= Fully Slatic Oparation
= Up to 18 MIPS Throughput at 18MHz
— On-chip 2-cycle Multlplisr
+ High Endurance Non-volatlie Memory segmenis
= 32Kbytas of In-Sysatem Self-programmable Flash program memoery
- 10248ylas EEPROM
— 2Kbylea inlernal SRAM
— Wrlte/Erane Cycias: 10,000 Flash/100,000 EEPROM
— Data relention: 20 yeara at B5°C/100 years at 25°C""
~ Oplional Boot Code Seclion with Indapandent Lock Bits
|n-Sysiam Programming by On-chip Bool Program
True Read-While-Write Cperallon
-~ Programming Lock for Software Security
+ JTAQ (IEEE s1d. 1149.1 Complilant) nferface
~ Boundary-scan Capabliiies According 1o the JTAQ Standard
- Extensive On-chlp Debug Support
= Programming of Flash, EEPROM, Fuses, and Lock Blia through the JTAQ Inlerlace
¢ Pariphaial Feaiures
— Two 8-bit Timer!Countera with Separate Prescalers and Compare Modes
— One 168-blt TImer/Counter with Separate Prescaler, Compare Mods, and Capture
Mode
~ Real Time Counter with Separate Osclilator
~ Four PWM Channsls
- B-channel, 10-bit ADC
8 Single-ended Channels
7 Difterential Channels In TQFP Package Onty
2 Diffsrential Channels with Programmabla Galn at 1x, 10x, or 200x
- Byle-orlantad Two-wire Serlal Inlerface
= Programmable Serlal USART
— Maater/Siava SPI Serlal Interface
= Programmabla Watchdog Timer with Separate On-chip Oeclliator
= On-chip Analog Comparator
= Speclal Mierecontreller Fealures
- Power-on Reset and Programmable Brown-out Detection
= Internal Callbratad RC Oscltiator
— External and Internal Interrupt Sources
- Six Sieep Modes: [dle, ADC Nolse Raduction, Power-save, Power-down, Slandby
and Exiended Standby
+ /O and Packages
- 32 Programmable VO Lines
- 40-pin FDIF, 44-lead TAFF, and 44-pad QFH/MLF
¢ Oparating Yollagsa
- 2.7V - 5.8V for ATmegadzL
— 4.5V - 5.8Y for ATmaega3d2
* Speed Grades
= 0 - 8MHz for ATmagad2l
-+ 16MHz for ATmega3d2
* Power Consumption at 1MHz, 3V, 25°C
= Active: 1.1mA
= Idie Mods: 0.36mA
- Powar-down Mode: < 1pA
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s A TMega32(L)

Pin
Conflgurations

Figura 1. Pinout ATmega3?2

PDIP
(XCK/TD) PBO O] 1 40 P PAD (ADCO)
(T1) PB1 ] 2 35 P PA1 {ADC1)
(INTZ/AIND) PB2 C§ 3 38 P PAZ (ADCZ2)
(OCOVAINY PBI [ 4 37 P PA3 (ADC3)
53y PBa ] s 36 [J PA4 (ADC4)
(MOSH) PBS Y 6 35 1 PAS (ADCS)
(MISO) PB6 ] 7 34 [0 PAG (ADCS)
(3CK) PB7 ] 8 33 D PAT (ADC7)
RESET 1 9 32 ) AREF
vce . 10 31 P ano
GND C} 11 30 2 AVCGC
XTALZ O 12 29 P PC7 {TOSC2)
XTAL1 O 13 28 [ PCE {TOSC1)
(RXD) PDO ] 14 27 b PC5 (TDN
(TXD) PD1 ] 15 ?6 1 PC4 (TDO)
(INTO) P02 ] 18 25 [ PC3 {TMS)
[NT1) PD3 O] 17 24 |1 PC2 (TCK)
(OC18) PD4 O] 18 23 [0 PC1 (SDA)
(OC1A) PDS (] 1% 22 |3 PCO {SCL)
(IcCP1) PO6 O] 20 21 O PO7 (OC2)
TQFP/MLF
8 6 aran
NEL L X Laig g
- R SRR
PedE8508572

apaonaanAonnn

® 44,42, 40, 38,36 34
(MOSI) PBS O] b \oio o iiiinsrianmnnn L33 [ PAs (ADCA)
misoy Fes . 2 132 [0 paB (ADCS)
(seky PRz 3+ 131 O pas (ance)

RESET ] 4 | 30 3 PA7 (ADCT)
vee s ! 128 O AREF
= P ‘28 D GhD

xialz of 7 P27 {3 avee

xTaLs C]e 128 O Pe7 (TOSCR)

{(RXD) PDO O] ¢ i 25 3 Pos (Toscl)
(xo) P01 o 10} 24 P Pes oy
@nTo) P2 o a1 A " 23 {2 Pea (TDO)
12" 3141916 18" %202 22
/ ououoguuouuou
DEBEROOR -

— 535808g8088
om 1 [P R

be soldered to ground. ﬁE,‘SEg 0&5 Y%

£5548 &Bace



A TMega32(L)

Overview The Atme®AVA®ATmega3? is a low-power CMOS 8-bi microconlraller based on the AVR
enhanced RISC architeclure. By execuling powerful inslructions in a singla clock cycls, lhe
ATmegad?2 achievas throughputs appreaching 1 MIPS per MHz allowing the systemn designer to
optimize power consumplion varsus processing spaed.

Block Dlagram Figure 2. Block Diagram
PAD - PAT PCO-PC?
vee
I FOATA DRYERS MINTERS I PORTC DRYEAS BLFFERS '
| I ]
GT‘JJ I POFTA DG TAL (NTERFACE | PORTC OeuTAL INTERFACE |

I ]
G — Y
s L iz b b ]

AvCC

:

i

I

2

2
L

[Ty [
s 3 - _ .’

A

A -

——S 7 I

b
r PORTH DATAL PNTERFACE .I FPOATD CaTAL (NTERFADE

I ]

| FOMTS O YIRS BUFFERS —| POFTO CA vERS BUFFERS |

— -

PG -PAY 00 - POT
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; —————————— AT Mega32(L)

Pln Descriptions
vee
GND

Porl A (PA7..PAO)

The Almei®AVR®AVR core combines a rich inslruction set wilh 32 ganeral purpose working reg-
isters. All the 32 registers are direclly connected to the Arithmelic Lagic Unit (ALU), allowing two
independenl ragislers {o ba accessed in one single instruction executed in one clock cycle. The
rasuiting architecture is more code efficient while achieving throughputs up to len timas taster
than conventional CISC microcontrollers.

The ATmega32 provides the lollowing features: 32Kbytes of In-System Programmable Fiash
Program memary with Read-Whila-Wrile capabilittes, 1024byles EEPROM, 2Kbyle SRAM, 32
general purposa I/O lines, 32 general purposa working registers, a JTAG inlerface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters wilh com-
pare modes, Inlernal and Extemal Inlerruplts, a serial programmable USART, a byle odienled
Two-wire Serial Interlace, an 8-channel, 10-bit ADC with oplional differential input slage with
programmable gain (TQFF package only}, a programmable Watchdog Timer with Internal Oscil-
lalor, an SPI serial pord, and six software selectable power saving modes. The Idie mode stops
the CPU while allowing the USART, Two-wire inlerfaca, A/D Convader, SRAM, Timer/Counters,
SPI poit, and interrupt system lo continue funclioning. The Power-down mode saves lhe register
contenls but freezes Llhe Oscillator, disabling all other chip functiens unlil the next Extarnal Inter-
rupt or Hardware Resel. In Powar-save made, the Asynchronous Timer conlinues 10 run,
allowing the user to mainfain a timer base while the resl of the device is sleaping. The ADC
Noiseé Reduction mode stops the CPU and all /O modules except Asynchronous Timer and
ADC, 1o minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nalor Oscillator is running while the rast of ihe device is sleaping. This allows very fast slart-up
combined with low-power consumplion. In Extended Standby mode, both the main Oscillator
and the Asyrichronous Timer conlinue to un.

The davice is manulactured using Atmel's high density nonvolatife memory technology. The On-
chip ISP Flash allows the program memay Lo be reprogrammed in-system through an SPI serial
intarlace, by a convenlional nenvolatile memary pregrammer, or by an On-chip Boot program
mnning on the AVR cora. The boot program can use any interface to download the application
program in the Application Flash memaory. Software in the Boot Flash seetion will conlinue 1o run
while the Application Flash seclion is updated, providing true Read-While-Write oparation. By
combining an 8-bit RISC CPU with (n-System Sell-Programmable Flash on a monolithic chip,
the Almel ATmegad2 is a powerlul microcontrolier that providos a highly-flexible and cost-alfec-
tive solulion to many embedded conlrol applications,

The Almel AVR ATmegaad2 is supported wilh a full suite of program and syslem development
tools including: C compilers, macio assamblars, program debugger/simulators, in-circuit emula-
tors, and avaluation kits.

Digital supply vollage.
Ground.

Porl A sarves as the analog inputs to the A/D Converter,

Porl A also serves as an 8-bil bi-directional 11O port, if the A/D Converler is not used, Port pins
can provide inlernal pull-up resislors (selected for éach bit). Tha Part A oulpul buffers have sym-
metrical drive charactenslics with both high sink and source capability. Whan pins PAO to PA7
are usad as inpuls and are externally pulled low, Ihey will source currenl if the internal pull-up
resistore are aclivated. The Port A pins are tri-staled when a resel condition bacomes aclive,
even il the clock i not running.
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s A Tega32(L)

Port B {PB7..PBO)

Porl ¢ (PC7..PCO)

Port D (PD7..PDO)

RESET

XTAL1

XTAaL2

AVCC

AREF

Port B is an B-bil bi-direclional 'O porl with inlemal pull-up resistors (selected lor each bit). The
Port 8 output huflers have symmetrical drive characterislies with bolth high sink and sourca
capability. As inpuls, Port B pins that are externally pulled low will source current if the pull-up
resistors are aclivaled. The Port B pins are Iri-slaled when a raset condition becomes active,
even if tha clock is nol running.

Porl B also serves lhe lunclions of various special features of the ATmega32 as listed on page
57.

Porl G is an 8-bil bi-diraclional I/ port with intemal pull-up resistors {selecled lor each bit). The
Port C output bulfars have symmalrical drive characlerislics wilh bolh high sink and source
capability. As inpuls, Port G pins that are exlernally pulled low will source current il the pull-up
rasislors are aclivated. The Porl C pins are tii-staled when a raset condilion becomsas active,
aven it he clock is not running. Il the JTAG interface is enabled, the pull-up resislors on pins
PCS5(TDI), PC3(TMS) and PC2(TCK) will be activaled éven il a resal ocours.

The TDO pin is tri-slaled unless TAP slales that shifl oul dala are entered.

Port C alsa sarves the funclions ol the JTAG interlace and olher special features of lhe
ATmega32 as listed on page 60.

Por D is an 8-bit bi-direclional I/O port with inlemal pull-up resistors (selecled for each bit). The
Parl O output bulfers have symmelrical drive characteristics wilh beth high sink and source
capabilily. As inputs, Porl D pins that are externally pulled fow will source currenl if the pull-up
resislers are activaled. The Port D pins are Iri-slaled when a ressl condition becomes aclive,
aven il the clock is not running.

Porl D also serves Ihe funclions of vanous special feafures of lhe ATmega32 as listed on page
62.

Ressl Inpul. A low leval on |his pin for longer than the minimum pulse lenglh will generale a
resel, even il lhe clock is not running. The minimum puise langlh is given in Table 15 on page
37. Shorter pulses are not guaranleed lo generale a reset.

Inpul lo the inveding Oseillalor amplifier and input lo the internal clock operating circuit.

Oulput lram Ihe inverting Osciltalor amplifier.

AVCC ia the supply vollage pin lor Port A and the A/D Converler, |l should be exiernalty con-
neclad to Ve, even il the ADG is not used. Il the ADC is used, il should ba connecled to Ve
through a low-pass filter.

AREF is Ihe analog relerence pin for the A/D Converter.
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VISHAY LCD-016M002B
Vishay
16 x 2 Character LCD
<N NI BIRENLI B T _\-\ £ FEATURES
@%L e @ » 5 x 8 dols with cursor
B M M + Buill-in controller (KS 0066 or Equivalent)

= + 5V power supply (Also available lor + 3V)

* 1/16 duly cycle

o » BIL [0 be driven by n 1, pin 2 of pin 15, pin 16 or AK (LED)
» N.V. oplional for + 3V power supply

e 4w

MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL | STANDARD VALUE | UHIT
Moduka Dimension B80.0x 380 mm MIN. | TYP. | MAX.
Viewing Area 660x16.0 mm Powsr Supply [ vOD-vss | -03 | - 70
Dot Size 0.58 x.0.65 1 input Vohage Vi 03| - | voo
Character Size 2.96x 556 mm

HOTE: VSS = 0 Voli, VDD = 5.0 Vol

ELECTRICAL SPECIFICATIONS

ITEM SYMBOL CONDITION STANDARD YALUE UNIT
MIN, VP, MAK,

Inpul Voltage vbD VDD = + BY 47 5.0 53

| _. _¥DD=+3V 2.7 | 30 53
Supply Current 1DD ¥DD = 5V - 12 3.0 mA

R i - - -
Recommanded LG Driving VoD - V0 0:C 4.2 48 5.1 v
Vollage for Normal Temp. 25°C 3.8 42 46
Version Modute 50°C 36 4.0 4.4
70°C - - -
LED Forward Vollage VF 25°C - 42 48 v
LED Forward Curreni IF 25°C | Array - 130 260 mA
Edge - 20 40

EL Power Supply Current IEL Vel o 110VAC:400Hz & - 5.0 mA

DISBPLAY CHARACTER ADDRESS CODE:

Disotay Posil
ispiay Posilion 1 2 3 4 5 & 7 B 9 10 1 12 13 14 15 16
DORAMAess oo o [ [ T 1 1 [ [ [ L [ T [ [ o]

oDRAMAcdess | 40| 4 | | [ | [ [ [ [ [ [ | [ ]| [4]
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LCD-016M002B

Vishay

16 x 2 Character LCD

A A
VISHAY

PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd R . +3Vor-5V_____ ]
3 Yo Contrasl Adjuslment
4 RS H/L Register Salecl Signal
5 RW_ H/L Read/Wrtte Signal
6 R I E H =L Enabis Signal
7 0BO H/L Dala Bus Line
8 N DB1 Hil. Dala Bus Ling
9 D82 H/L Dala Bus Lina
§0 > o s DB3 H:l Dala Bus Line
i1 DB4 H:L Dala Bus Line
12 S add | g DBS H/L Dala Bus Ling
13 bBé H:L (ala Bus Line
14 o | . DB7 H/L Dala Bus Ling
15 Afee + 4.2V lor LED/Megalive Vollage Oulpul
16 K Powar Supply lod 8L (OV)
DIMENSIONS in milimeters
355
; [205 | 0.8
55T
DOT SIZE
&9
e
80.0105
495 712 ;
7.55 88,0 (VA)
- _12.45 56.2 [AA)
o e ~——
: ) o ; & 8.0 P2.54" 15 = 38.1 :‘J r H1 MAX .7 MAX
al © T 30| |18 16 @ §.0 PTH a H2
[
LN Ly LB NP R) LRI g
wy
= = L
o K
PP, 8-_; |
27| g8 8 g !
Fa 1
LY -
42 ] R
w10/ | #0.56 0 J 4§53 25 PTH i, 18 1 18
25 750 350 PAD EL OR NO B/iL
LED - HAL B/L
HIGH LOW
Hi 13.2 12,1
H2 8.6 75
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Semiconductor

LM1575/LM2575/LM2575HV
SIMPLE SWITCHER® 1A Step-Down Voltage Regulator

General Description Features

The LM2575 series ol regulalors are monolithic inlegraled & 3.3V, 5Y, 12V, 15V, and adjustable output versions
circuils thal provide all the aclive funclions for a slep-down  w  Adjuslabla version output vollage range,

(buck) switchlng regulalor, capable of diiving a 1A load with 1.23V 1o 37V {57V for HY varslon) £4% max over
excellenl line and load regulation. These devices are avail- line and load conditions

able in fixed outpul vohages of 3.3V, BY, 12V, 15V, and an Guaranlesd 1A output current

adjuslable output version, ) .
Requinng a minkmum number of exiernal components, hese ‘:m .Inpul volt:g;rarrgle. 40V up 1otSGDV for HY version
regulators are simple 1o use and include inlernal frequency equires only 4 external componen
compensalion and a fixed-frequency oscillator. 52 kHz fixed Irequency inlernal oscillalor
The LM2575 senes offers a high-efficiency replacement lor TTL shutdown capabilily, low powar slandoy mode
popular three-terminal knear regulalors. It substantially re- High elliciency
duces the size of the heal sink, and in many cases no heal Uses readity avaitable standard Inductors
:ﬂ :mj‘::r‘ies ol induclors oplimized for use with The Ty ricvm end current limil prolection
LM2575 ara avaiiablo from seve?:: diflerent manufaciurers. P* Product Enhancement tesled
::llssul:;::r; greally simpliies Lhe dasign of swilch-mode pow Appllcations
Other lealures include a guaranteed £4% lolerancs onouipul = Simple high-elliciency step-down (buck) regulalor
::!'399 a\f:';z‘il"‘g&eﬂﬁﬂlﬂ imllﬂ'ﬂ?ﬁs and OU:?-:‘ ’03"1 s;'om" m Efficiani pra-regulalor lor inear regulalors

ions, +10%% on the escillator requency, Extemal J .
down is included, fealuring 50 A (Iypical) slandby current, " 1 Cad switching regulalors
The oulpul switch includes cycle-by-Cyoke current limiting, as @ Posiive to negalive converer (Buck-Boosl)
well as thermal shuldown for full prolection under fault con-
ditions.

Typical Application
{Fixed Ouiput Vollage Versions)

FEEDBACK

7V - 40¥(60V) we| LM2575/

URREGULATED 7| LM2575HY L i
be INPYT 250 CALCUP o REGULATED
, ) 3 QUIPUT
?;o ] ETIE T, Nuo ] o 1A Lomd
| “ 1HSE1S § gt

-

1] ]

1T

Helte: Pin numbers are for tha TO-220 pachage.

SASPLE SHITCHER" & & negisiared Mradermas, of Habora! Ser-eoonductr Copomaxon

loje|nBay sbejjoA umoa-dals VI HIHOLIMS 3 1dNIS SUIS AHSZSZWV/SLSZINT/SLS LN



LM1575/LM2575/LM2575HV
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Block Diagram and Typlcal Application

UNREGULATED

o2 IePat L

-

I‘w

L4

—

BAMD-GAP LA UT] THLRAL
RITGRENCT | | OSCALLATCR SHUI YK

CuREEST
LT

3, R2a (7K

SV, R2=J.1k

12V, A2 = .84k

15¥, A2 = 1.3k

For ADJ. Version

A = Open, P2 = DY

Hole: Pr numbers are for the TO-220 package.

FIGURE 1.
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Connection Diagrams
(XX indicates oulpul voltage oplion. See Ordering Inlormalion lable for complete part number.)

suahghl Leads Bent, Staggoered Leads Plon 1,3 &5
6-Lead TO-220 (T) &-Lead TO-220 (T) o 2 4 4
Gnd ———5-on/orr Gnd =5 TH/CIT "
—— 4~ fesdback F——14- Foadback
O ———3- Ground O =
——1 7- Cuipsl T 2- Culpat 4724
9 -y OF—r—T—t-v, Side View
e o b
! ' 2675HVT-XX Flow
Top View Top View
LM2575T-XX or LM2575HVT-X% See NS Package Number TOSD

See NS Package Numbor TOSA

16~Lead DIP (N or J) 24-Lead Surface Mounl (M)
Ll . 7 iy" proso—1 ® :—:'
.2 i ol 23 ,
3 Sar 23 22 ,
nuwur-—"' Lt o i |,
A :—3mo 2 |29
14
5"])—51 —3—“0 ‘-L I .
o 8 L rs—: L currul
7 10 e LAY
“'—u T. s-:r.-«:_‘I l(.:mﬂ.r
o —OHJ0FF c-iorr:—':' %‘.
s v/ [0 ™
“No Indemal Connedion
Top View ers

LM2575H-XX or LM2575HVH-XX
Seo NS Package Number N16A
LM1675J-XX-QML
See NS Package Number J16A

*No Imemal Cormecton

Top View
LM2575M-XX or LM2676HVM-XX
See NS Package Number M24B

TO-263(S)
5-Lead Surface-Mount Package

10 5- CH/UTF

TAR IS
GHD

»

104~ Teedtaic
13- Ground
1 2- dutput

[101- vy

ITarsg

Top View

N O T i

Sida View
LM25755-XX or LM2575HVS-XX
See NS Package Number TS58
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Solid-State Relays

Fowm G SS-111101

Solid-5tate Relays

AC Power Series Specifications

Opte 22 prasides a fult range of Pover Serias relays with avide variety of vo'tage {1 20-$75) and currert options (3-45 amps), Al
Poser Series re'ays feature 4,000 vo'ts of eptica’ isc'ation ard ha e a Fgh PRY rating Operatirg tempesstureis -0 °C 10 160°C

120/240’330 Volt KOTE: Mod#t 1 To8 0 #700g 11«17 878 ragacamast pa 1 07y, TR asscfeatorn ata eantea!
W0 UE RETE Mrioce! (e withd.4 (e -17. For gxampe. 240010-17 @ ldentca' to 245010
Model | ominal | Mominsd | 1 ¢yoie | Mol Lgral | Pk [iadmea ] thsone [Operming| 4 | molmion P [p—
bharber | AL Linm Conryal | furgy | Fagnal gt & Orop= | Rapetiiva | Owigna. Liakags | Yolage |puing| Volage H;Thﬂ (M
Voitage | Ruting | tAmps) | Rasimtarce | Voltage ol Volags | Voge iy Aangs | pugd A
{hmps) | Pk | phems) Volage | Macrmen | Orop | i | (Volte AC) | jama)
1H0) 12 ] ] 10 ADC 1WDE =] 18 284 12-18) B e V) 1 17
N pimd)
(k1] 12 ” " 1200 hoC DG &0 18van TrA L) B2 | 60T N ogm 13 "
1YY atcwed,
1RO | 0 ® o 19 Ly 1y &0 18y TrA ) | W | 40N 12 th
A2V sicemd,
o[ 120 o | ) noe | ive| e [ihaa | tea | ozead [ om [aoivma] o 1]
T womds
e 5] 3 L] 139 DG 1V0C [ =2} 14 &ra =) B |40 L] L
1IN wiowad;
1@0i| 20 13 LE] 1599 hOT Voo [+ 18yt A Haik) LN L =am YN 13 X}
(A2 slcamd;
T | M) L] " n NG 1vDC 851 18y 12ra g B) [ 4030y 13 14
{32V alcreg
DR | 22) o] Ei 1308 hOC 1vDe 3 V& vom A S | PR [ 407V 11 1%
AN st
atad| 203 -] » ™ hoC 100 o 1éom | tima 12=1% | 10 |d08vea] 2 11
AN slomsd:
s | 23 L. =) VR WOG 1VOC an 18 Theh 2=1E) | ITE] | 4T | QLT as
I somed,s
bl | MO a8 Lo beal DG 10 1) 1dwom Hrd imh | 1M 4RV | 0T %
I nend:
INDH] A0 -] E-S 199 NDC oG B3 T | 3rd | M) | D J4CKVey| 17 13
I3 sipend;
Jubad| ) a3 L] 18 DL Voo =] Vhaam | rA | Ay | 1762 | 40y ] 0DE? [.1]
{4 ahomad:
E— ="
[ET pEe] F] 3 L [ 10VAC o] 18t Tra 12-°4] B 500y 13 [X]
(AN sy,
T 2 -] ™ ™ BB 1AL =] 180 tra 12=143 M5 [ 405V, 12 "y
2K aioman
TebAM | 240 13 nd L3 | cind 1)val ] Thoe | A M- | B [doXvag| vr L)
(AR it
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Connection Diagram, DC Power Series
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Solid-State Relays

480/575 Volt
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N DS18520
H- DALLAS High Precision

P SEMICONDUCTOR
1-Wire® Digital Thermometer

www.dalsami.com

FEATURES PIN ASSIGNMENT
¢ Unique l-wire interface requires only one

port pin for communication DALLAS NEC
051820

¢ Each device has a unique 64-bit serial code
stored in an on-board ROM

¢ Multi-drop capability simplifies distributed
lemperature sensing applications

¢ Requires no external components

¢ Can be powered from data line. Pawer supply 8-pin 150-mil SOIC
range is 3.0V to 5.5V (DS18S20Z)

¢  Measures temperatures  from -S5°C 1o
+125°C (-67°F to +257°F)

NC

Voo

0Q

¢ +0.5°C accuracy fram —10°C 1o +85°C LU U
¢ S-bit thermometer resolution gg }8
¢ Converts temperature in 750 ms (max.}
» User-definable nonvolatile alarm settings
s Alarm search command identifies and @
addresses devices whose temperature is
outside of programmed limits (temperature (HOTTOM VIEW)
alarm condition)
¢ Applications include thermostatic controls, (D—g?éggm
industrial  systems, consumer products,
thermometers, or any thermally sensitive
Y Em PIN DESCRIPTION
GND - Ground
DQ - Data In‘Qut
Vo - Power Supply Volage
NC - NoConnect
DESCRIPTION

The DSI8S20 Digital Thermometer provides 9-bit centigrade temperature measuraments and hae an
alarm function with nonvolatile user-programmable upper and lower trigger points. The DS18S20
communicatés over a l-wire bug that by definition requires only one data line (and ground) for
communication with a central microprocessor, It has an eperating temperature range of -55°C 10 +125°C
and is accurate to £0.5°C over the range of —109C to +85°C. In addition, the DS18520 can derive power
directly from the data line (“parasite power™), eliminating the need for an external power supply.

Each DS18S20 has a unique 64-bit serial code, which allows multiple DS18520s to function on the same
1—wire bus; thus, it is simple to use one microprocessor ta control many DSIBS20s distributed aver a
large area. Applications that can benefit from this feature include 1IVAC environmental controls,
temperature monitoring systems inside buildings, equipment er machinery, and process monitoring and
control systems.
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DETAILED PIN DESCRIPTIONS Table 1
8-PIN SOIC* | TO-92 | SYMBOL | BESCRIPTION
5 I GND | Ground.
4 2 DQ Data Input/Qutput pin. Qpen-drain |-wire interface pin. Also

provides power to the device when used in parasite power mode
{see “Parasile Power” section}

3 3 Y Optional Yy, pin. Vg must be grounded for operation in

parasile power mode.

*All pins not specifted in this table are “No Connecl” pins.

OVERVIEW

Figure 1 shows a block diagram of the DS18520, and pin descriptions are given in Table 1. The 64-bit
ROM stores the device’s unique serial code. The seratchpad memory conlains the 2-byte temperature
register that stores the digital output from the temperature sensor. In addition, the seratchpad provides
access 1o the |-byte upper and lower alarm trigger registers (Tw and To). The Ty and T, registers are
nonvolatile (EEPROM), so they will retin data when the device is powered down.

The D518520 uees Dallas’ exclusive |-wire bus proloco) that implements bus communication using one
control signal. The cantrol line requires a weak pullup resistor since all devices are linked to the bus viaa
3-state or open-drain porl {the DQ pin in the case of the D518520). In this bus system, the
microprocessor (the master device) identifies and sddresses devices on the bus using each device's unique
64-bit code. Becauss each device has a unique code, the number of devices that can be addressed on one
bus is virtually unlimited.  The [-wire bus protocal, in¢luding detailed explanations of the commands and
“Uime slots,” is covered in the 1-WIRE BUS SYSTEM section of this datasheet.

Another feature of the DS18520 is the ability 1o operate without an extemal power supply. Power is
instead supplied through the L-wire pullup resistor via the DQ pin when the bus is high. The high bus
signal also charges an intemal capacitor (Cre), which then supplies power to the device when the bus is
low. This method of deriving power from the |-wire bus is referred to as “parasite power.” As an

aliernative, the DS18S20 may also be powered by an extemal supply on Voo,

DS18520 BLOCK DIAGRAM Figure 1

Veu
47K pm:a-rg‘mnﬁn @ MEMORY CONTROL DS18520
— 4+ L.
T %7 L 4
H TEMPERATURE SENSOR I
T""'E'““"- Vs SA-BIT ROM
L Sk PORT ALAAM HIOH TRIGGER (T}
GND _5 Co BCRATCHPAD e} "l REGETER (EEPRON)
‘_.l ALARM LOW TRIGGER (T,)
REGHBYER [EEPROM)
Voo Il 4—] BUPPLY |1
BENBE 4—)' S8iT CRC OENERATOR I
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OPERATION - MEASURING TEMPERATURE

The core functionality of the DS 18520 is its direct-to-digital temperature sensor. The temperature sensor
oulput has 9-bit resalution, which corresponds to 0.5°C steps. The DS18520 powers-up in a low-power
idle state; to initiale a lemperature measurement and A-to-D conversion, the master must issue a Converl
T [44h] command. Following the conversion, the resulling thermal dafa is stored in the 2-byte
lemperalure régister in the scratchpad memory and the DS18520 returna to it8 idle state. 17 the DS18520
is powered by an external zupply, the master can issue “read time slote” (see the |-WIRE BUS SYSTEM
saction) afler the Convert T command and the DSEBS20 will respond by transmitting O while the
temperature conversion is in progress and | when the conversion is done. 1T the DSI8S20 is powered
with parasite power, this notification technique cannot be used since the bus must be pulled high by a
strong pullup during the entire temperature conversion. The bus requirements for parasite power are
explained in detail in the POWERING THE DS18520 section of this datasheet

The DS18520 oulput data is calibrated in degrees centignde; for Fahrenheit applications, a lookup table
or conversion routine must be used. The lemperature data is stored ae a 16-bil sign-extended Iwo's
complement number in the temperature register (se¢ Figure 2). The sign bits (S) indicate if the
temperature is positive or negative: for positive numbers S = 0 and for negative numbers S = |. Table 2
gives examples of digital output data end the corresponding temperature reading.

Resolutions greater than 9 bits can be calculated using the data from the temperature, COUNT REMAIN
and COUNT PER °C regisiers in the scratchpad. Note that the COUNT PER °C register is hard-wired to
16 {10h). Afer reading the scratchpad, the TEMP_READ value is obtained by truncating the 0.5°C bit
{(bit 0) fom the temperature data (see Figure 2). The extended resolution temperalure can then be
caleulated using the following equation:

COUNT _PER _C=COUNT _REMAIN
COUNT _PER _C

TEMPERATURE sTEMP _READ =025+

Additional information about high-resolution temperature calculations can be found in Application Note
105: “High Resolution Temperature Measurement with Dallas Direcl-to-Digital Temperature Sensors™.

TEMPERATURE REGISTER FORMAT Figure 2

i1 7 bil & bi1 § bil 4 bit 3 hit 2 bit | biL O
eseyee [ 2° [ 2 [ ¢ T 2 1 2 ] 2 [ »# [ 2
bit 1§ bit 14 bu i3 bit 12 Ba 11 bit 10 bit 9 bii &
mMspyee] 8 | s [ s [ s [ s [ s | s | s
TEMPERATURE/DATA RELATIONSHIP Table 2
TEMPERATURE | DIGITAL OUTPUT | DIGITAL OUTPUT
(Binary) (Hex)
185.0°C* 0000 0000 1010 1010 D0AAK
+25.0°C 0000 0000 0011 0010 0032h
+0.5°C 0000 0000 0000 0001 0001h
0°C 0000 0000 0000 0000 0000h
0.5°C TITETITRTITRINT FFEFh
25.0°C LI 1100 1110 FECEh
-55.0°C LI 1111 1001 0010 FF92h

*The power-on reset value of the 1amperaiure register is +R$°C
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OPERATION - ALARM SIGNALING

After the DSIRS20 performs a temperature conversion, the temperature value is compared 10 the user-
defined two's complement alarm trigger values stored in the |-byle Ty and T, registers (see Figure 3).
The sign bit (S) indicates if the value is positive or negative: for positive numbers S = 0 and for negalive
numbers S = 1. The T, and T, registers are nonvolatile (EEPROM) so they will retain data when the
device is powered down. Tuand Tu can be accessed through bytes 2 and 3 of the seratchpad es explained
in the MCMORY section of this datasheet.

Ty AND T, REGISTER FORMAT Figure 3
bit 7 bil 6 bit § hi1 4 bit 3 bi1 2 bit | bi1 0

s T » 1 2 » [ ]2 ]2 |2 |

Only bits & through 1 of the temperature register are used in the Ty and Ty comparison since Ty and T,
are 8-hil registers. If the resull of a temperature measurement is higher than Tu or lower than Ty, an
alarm condilion exists and an alarm flag is set ingide the DS18S20. This Mag is updated afler every
temperature measurement; therefore, if the alarm condition goes away, the flag will be turned off after the
next temperature conversion.

The master device can check the alarm flag status of all DSI18520s on the bus by issuing an Alarm Search
(ECh) command. Any DSIRS20s with a set alacm flag will respond Lo the command, so the master can
determine exactly which DS18520¢ have experienced an alarm condition. [f an alarm condition exisls
and the Ty or T, setlings have changed, another temperature conversion should be done to validate the
alarm condition.

POWERING THE D518520

The DS18520 can be powered by an extemal supply on the Viy pin, or it can operate in “parasite power”
mode, which allows the DS18520 to function withoul a local external supply. Paragite power is very
usefitl for applicalions thal requiré remote temperature sensing or that are very space consteained. Figure
I shows the DSI8S20's parasite-power control circuitry, which “steals” power from the |-wire bus via
the D pin when the bus is high. The stolen charge powers the D518520 while the bus is high, and some
of the charge is stored on the pansite power capacitor (Cyp) to provide power when the bug is low.
When the DS 8520 is used in parasite power mode, the Vi pin must be connecled to ground.

In parasite power mode, the 1-wire bus and Cyp can provide sufficient current lo the DS18820 for most
operations as long as the specified timing and voliage requirements are mel (refer to the DC
ELECTRICAL CHARACTERISTICS and the AC ELECTRICAL CHARACTERISTICS sections of this
data sheet). [owever, when the DS18520 is performing temperature conversions or copying deta from
the seratchpad memory to EEPROM, the operating currént can be as high as 1.5 mA. This current can
cause an unacceplable voltage drop across the weak |-wire pullup resistor and is more current than ¢an be
supplied by Cpp. To assure that the DS18520 has sufficient supply current, it is necessary to provide a
strong pullup on the I-wire bus whenever temperature conversions are laking place or data is being
copied from the seratchpad 1o EEPROM. This can be accomplished by using a MOSFET 1o pull the bus
directly to the rail as shown in Figure 4. The l-wire bus must be switched to the strong pullup within 10
ns (max) afler a Convent T [44h] or Copy Scratchpad [48h] command i8 issued, and the bus must be held
high by the pullup for the duration of the conversion (leay) Or data transfer (tur = 10 ms). No other
aclivity can take place on the 1-wire bus while the pullup is enabled.

The DS18S20 can also be powered by the conventional method of connecting an external power supply (o
the Vo pin, a¢ shown in Figure 5. The advantage of this method is that the MOSFET pullup is not
required, and the |—wire bus is free to cary other trafTic dunng the lemperature conversion Hime.

80
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The uge of parasite power is not recommended for temperatures above 100°C since the DS 18520 may not
be able to sustain communications due to the higher leakage currents thal can exist at these temperatures.
For applicationg in which such temperatures are likely, it is strongly recommended Lhal the DSI8320 be
powered by an external power supply.

In soine situations the bus master may nal know whether the DS18520s en the bus are parasite powered
or powerad by external supplies. The master needs this information to determine if the sirong bus pullup
should be used during temperature conversions. To gel this informalion, the master can issue a Skip
ROM [CCh} command followed by a Read Power Supply [B4h] command followed by a “read time
slot”. During the read time slot, parasite powered DS18520s will pull the bus low, and extemelly
powered DSI8520s will let the bus remain high. If the bus is pulled low, the master knows that il must
supply the strong pullup on the |-wire bus during temperature conversions.

SUPPLYING THE PARASITE-POWERED DS18520 DURING TEMPERATURE
CONVERSIONS Figure 4

Vi

DS18520
v ‘": GND DQ V,,,
L
Micro-

processor 47K

To Other

1-\Vire Bus 1-\¥ire Devices

POWERING THE DS18520 WITH AN EXTERNAL SUPPLY Figure 5

Vo DS18S20 Vo (External Supply)
Ll

Miero- GND 0} Vi |
processor L1K 6
% 1-\¥ire Bus Ta Other

1-V¥ire Devices

64-BIT LASERED ROM CODE

Each DS18520 conlains a unique 64-hit code (see Figure 6) stored in ROM. The least significant 8 bits
of the ROM code contain the DS18820°s |—wire family code: 10h. The next 48 bils contain & unique
gserial number. The most significant & bits contein a cyelic redundancy check (CRC) byte that ig
ealeulated from the first 56 bits of the ROM code. A detaited explanation of the CRC bits iz provided in
the CRC GENERATION sgection. The 64-bit ROM code and associgted ROM funetion control logic
allow the DSI8S20 1o operate as 2 l-wire device using the protoco) detailed in the I-WIRE BUS
SYSTEM section of this datasheet.

64.BIT LASERED ROM CODE Figure 6

[ 8-BIT CRC [ 48-DIT SERIAL NUMBER | 8-BIT FAMILY CODE (10h} |
M5B LSE MSH LSH  MSH LSE
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MEMORY

The DSI8520’s memory i8 organized as shown in Figure 7. The memory consisis of an SRAM
seratchpad with nonvolatile EEPROM siorage for the high and low alarm trigger registers (T, and T, ).
Note that if the DS RS20 alarm function is not used, the Tw and Ty registers can serve ag general-purpose
memory. All memory commands are deseribed in detail in the D518520 FUNCTION COMMANDS

section.

Byle 0 and byte | of the scratchpad contain the LSB and the MSB of the lemperature register,
respectively. These bytes are read-only. DBytes 2 and 3 provide access to Ty and Ty registers. Dytes 4
and 5 are reserved for internal use by the device and cannot be overwrilten; these bytes will relurn all 13
when read. Bytes 6 and 7 conlain the COUNT REMAIN and COUNT PER °C registers, which can be
used 1o caleulate extended resolution resubts as explained in the OPERATION — MLCASURING
TEMPLRATURE section.

Byle R of the scratchpad ig read-only and contains the ¢yelic redundancy check (CRC) code for bytes 0
through 7 of the seratchpad. The DS18820 generates this CRC using the methad described in the CRC
GENERATION section.

Data is written o byles 2 and 3 of the seratchpad using the Write Scratchped [4Eh] command; the data
musl be transmitied to the DS18S20 starting with the least significant bit of byte 2. To verify data
integrity, the scratchpad cen be read (using the Read Scratchpsd [BEh] command) after the data is
written.  When reading the scratchped, dala is transferred over the l-wire bus starting with the least
significant bit of byte 0. To transfer the Ty, and Ty deta from the scraichpad to EEPROM, the master
musl issue the Copy Scraichpad [48h] command.

Dala in the ECPROM registers is retained when the device is powered down; al power-up the EEPROM
data is reloaded into the corresponding scm{chpad locatione. Data can also be reloaded from EEPROM
to the semichpad al any time using the Recall E’ [BRh] comrmand. The masier can issue “read time slots”
(see the 1-WIREC BUS SYSTEM saction) following the Recall E? cammand and the DSIBS20 will
indicate the slatus of the recall by transmitling 0 while the recall is in progress and @ when the recall is
done.

DS18520 MEMORY MAP cdl &F

SCRATCHPAD (Power-up Stafe)
byte 0 | Temperature LSD (AAh} o

byte | | Temperature MSD (00h) EEPROM
byte 2 | Ty, Register or User Byte 1* 4 Ty Register or User Byte |
byte 3 | T Register or User Dyte 2* 4—| T, Register or User Byte 2

byte 4 | Reserved (FFh)

byte 5 | Reserved (FFh)

byle 6 | COUNT REMAIN (0Ch)
byte 7 | COUNT PER °C  {ilh)

byte 8 | CRC*

*Power-up wate depends on valua(s) siored
in EEPROM
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CRC GENERATION

CRC bytes are provided as part of the DS18520"s &4-bit ROM code and in the 9% byte of the scratchpad
memory. The ROM code CRC is caleulated frorn the first 56 hits of the ROM code and is contained in
the most significant byte of the ROM. The scratchpad CRC is calculated from the data stored in the
scratchpad, and therefore it changes when the data in the seratchpad changes. The CRCs provide the bus
master with a method of data validation when data is read from the DSI8820. To verify that data has
been read correctly, the bus master must re-calculate the CRC from the received data and then compare
this value to either the ROM cade CRC (for ROM reads) or to the seratehped CRC (for scratchpad reads).
If the caleulated CRC matches the read CRC, the data has been received error free. The comparison of
CRC values and the decision 1o continue with an operation are detenmined entirely by the bus master,
There is no circuitry inside the DS18520 thal prevents a command sequence from proceeding if the
DS518520 CRC (ROM or scratchpad) does not match the value generated by the bus master.

The equivalent polynomial function of the CRC (ROM or scratchpad) is:
CRC =X+ X%+ X"+ 1

The bus master can re-caleulate the CRC and compare it 1o the CRC values from the DS 18520 uging the
polynomial generator shown in Figure 8. This circuit consists of a shift register and XOR gates, and the
shifl register bits are inifialized to 0. Starling with the least significant bit of the ROM code or the least
significant bit of hyte @ in the seratchpad, one bit at a time should shifled into the shift register. Afler
shifling in the 56” bil from the ROM or the most gignificant bit of byte 7 from the scratchpad, the
polynomial generator will contain the re-calculated CRC. Nexi, the §-bit ROM cade or seratchpad CRC
from the DS18520 must be ghifted into the circuil. At this point, if the re-caleulated CRC was correct, the
ghifl register will contain all 0s. Additional information aboul the Dallas |-wire cyclie redundancy check
is available in Application Note 27 entitted “Understanding and Using Cyclic Redundancy Checks with
Dallag Semiconductor Touch Memory Products™

CRC GENERATOR Figure 8 mst
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1-WIRE BUS SYSTEM :

The 1-wire bus syslem uses a single bus master 1o control one or more slave devices. The DSIBS20 is
always a slave. When there is anly one slave on the bus, the system is referred 1o as a “single-drop”
system; Lthe system ig “multi-deop™ if there are multiple slaves on the bus.

All data and commands are transmilted least significant bit first over the 1-wire bus.

The following discussion of the l-wire bus system is broken down into three topics: hardware
confliguration, transaction sequence, and |-wire signaling (signal types and timing).

HARDWARE CONFIGURATION

The 1-wire bug has by definition only a single data line. Each device (masler or slave) interfaces to the
data line via an open drain ar 3-siale port  This allows each device 1o “release™ the data line when the
device is nol transmilting data go the bus is available for use by another device. The l-wire port of the
DS18S20 (the DQ pin) is open drain with an intérnal circuit equivalent to that shown in Figure 9.

The 1-wire bus requires an external pullup resistor of appraximalely 5 k€2, thus, the idle state for the 1-
wire bus is high. [f for any reason a transaction needs to be suspended, the bus MUST be left in the idle
state if the (ransaction is to resume. Infinite recovery lime can occur between bits so Jong as the l-wire
bus is in the inactive (high? state during the recovery period. I the bus is held low for more than 480 ps,
all components on the bus will be reset

HARDWARE CONFIGURATION Figured/=

Vi
D518520 1-WIRE PORT
4K DQ
I-wlre Bus [H—n\ R,
Rx_m — ? D}—
ERTRY
Typ. + | Tx
T 100 0
MOSFET
Rx=HECEIVE
Ta = TRANSMIT

TRANSACTION SEQUENCE

The transaction sequence for accessing the DS18820 is as follows:

Step 1. Initialization

Step 2. ROM Command (followed by any required data exchange)

Step 3. DS18520 Function Commeand (followed by any required data exchange)

Itis very important 1o follow this sequence every lime the DS18520 is accessed, as the DS18520 will not
respond if any steps in the sequence are missing or out of onder. Exceptions 1o this rule are the Search
ROM [FOh] and Alam Search [ECh] commends, Afler issuing either of these ROM commands, the
master must retum (o Step | in the sequence.
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INITIALIZATION

All transaclions on the |-wire bus begin with an initialization sequence. The initialization sequence
consists of a reset pulse ransmitted by the bus master followed by presence pulse(s) transmitted by the
slave(s). The presence pulse lets the bus master know that slave devices (such as the DS18520) are on
the bus and are ready 1o operate. Timing for the reset and presence pulses s detailed in the
1-WIRE SIGNALING section.

ROM COMMANDS

After the bus master has delected a presence pulse, it can issue 8 ROM command. These commands
operate on the unique &4-bit ROM codes of each slave device and allow the master to single oul a
specific device if many are presenl on the l-wire bus. These commands alto allow the master to
determine how many and what types of devices are present on the bus or if any device has experienced an
alarm condition. There are five ROM commands, and each command is 8 bits long.  The master device
musl issue an appropriate ROM command before issuing a DS1ES20 lunction command. A ltowchar for
operation of the ROM commands is shown in Figure 14,

SEARCH ROM [FOh)

When a system i initially powered up, the master must identily the ROM codes of all slave devices on
the bug, which allows the master to determine the nurnber of slaves and their device types. The mesler
learns the ROM codes through g process of elimination that requires (he master 1o parform a Search ROM
cycle (i.e., Search ROM command foHowed by data exchange) as many times as necessary to identify all
of the slave devices, [fthere is only ane slave on the bus, the simpler Read ROM command (see below)
can be used in place of the Search ROM process. For a detailed explanation of the Search ROM
procedure, refer (o the iBulton Book of Standands at www.ibulton.comvibullons/standard.pdl.  After every
Search ROM cycle, the bus magier must réturn to Step | (Initiglization) in the transaction sequence.

READ ROM (33h]

This command can cnly be used when there is one slave on the bus. [t allows the bus master to read the
slave’s 64-bit ROM code without using the Search ROM procedure.  If this command i8 used when there
is more than one slave present on the bus, a dala collisien will oceur when all the slaves altempt to
respond at the same Lime.

MATCH ROM [55h])

The match ROM command followed by a 64-bit ROM code sequence allows the bus master to address a
specific slave device on a multi-drop or single-drop bus. Only the slave that exactly matches the 64-bit
ROM code sequence will respond Lo the function commiand issued by the master; all other slaves on the
bus will wail for a reset pulse.

SKIP ROM [CCHh)

The master can use this command to address all devices on the bus simultaneously without sending oul
any ROM code information. For example, the anaester can make all DS18S20s on the bus perform
simultaneous ternperature conversions by issuing a Skip ROM command followed by a Convert T [44h]
command. Note, however, that the Skip ROM command ean only be followed by the Read Scratchpad
[BEh} command when there is one slave on the bus. This sequence saves time by allowing the master 1o
read [rom the device withoul sending its 64-hit RON code. This sequence will cause a data collision on
the bus if there is more than one slave since multiple devices will attempt 1o transmit data simultaneously.

ALARM SEARCH [ECh]

The operation of this command is identical 1o the operation of the Search ROM cammand except that
only slaves with a set alarm flag will respond.  This command allows the master device to determine if
any DS18520s experienced an alarm condiion during the most recent lemperature conversion. After
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every Alarm Search cycle (i.e., Alarm Search command followed by data exchange), the bus master must
return to Step | (Initialization) in the transaction sequence. Refer to the OPERATION — ALARM
SIGNALING section for an explanation of alarm flag operation,

DS18520 FUNCTION COMMANDS

Afer the bus master has used a ROM command to address the DSI8520 with which it wishes ta
communicate, the master can issue one of the DSI8520 function commands. These commands allow the
master to wrile (o and read from the DS18520%s seratchpad memory, initiate temperature conversions and
determine the power supply mode. The DS18820 function commands, which are described below, are
summarized in Table 4 and illustrated by the flawchant in Figure 15,

CONVERT T {44h)

This command initiates a single témpeérature conversion. Following the conversion, the resulting thermal
data is stored in the 2-byte temperature register in the scratchpad memory and the DSI18520 retums Lo ils
low-power idle state. If the device is being used in parasite power mode, within 10 ps (max) afer this
command ia issued the master must enable a strong pullup on the I-wire bus for the duration of the
conversion (Lo 85 described in the POWERING TIHE DS18S20 section. 17 the DS18820 is powered
by an external supply, the master can issue read lime slots after the Convert T command and the
DS18520 will respond by transmitting 0 while the temperature conversion is in progrees and | when the
conversion is done. In parasite power mode this notification technigue cannot be uged gince the bus is
puHed high by the strong pullup during the conversion.

WRITE SCRATCHPAD [4Eh]

This command allows the master Lo write 2 byles of data to the DS1BS20'¢ scratchpad.  The first byte is
wrillen inlo the Ty register (byte 2 of the scratchpad), and the second byle is wriltén info the T register
(byle 3 of the scratchpad). Data must be transmitted least significant bil first. Doth byles MUST be
wrilten before the master issues a reset, or the data may be corrupled.

READ SCRATCHPAD [BEh]

This command allows the master to read the contents of the scratchpad. The data transfer staris with the
least significant bit of hyte 0 and continues thraugh the scratchpad until the 9" byte (byte & — CRC) is
read. The master may issue a reset to lemninate reading et any time if only part of the scratchpad data is
needed.

COPY SCRATCHPAD [48h]

This cormmand copies the contents of the scratchpad Tu and Ty registers (bytes 2 and 3) to CEFROM. T
the device is being used in parasite power mode, within 10 ps (max) after this command is issued the
master must enable a strong pullup on the |-wire bus for al least 10 ms as described in the POWERING
THE DS18520 section.

RECALL E? (BBh]

This command recalls the alarm trigger values {Ty and Ty) from ECPROM and places the data in bytes 2
and 3, respeclively, in the scratchpad memory. The master device ean issue read time slots following the
Recall E? command and the DS18520 will indicate the status of the recall by transmitting 0 while the
recall is in progress and | when the recall is done. The recall operation happens automatically at power-
up, so valid data is available in the scratchpad as soon as power is applied (o the device.

READ POWER SUPPLY [B4h]

The master device issues this command followed by a read time slot to determine if any DS 185205 on the
bus are using parasite power. During the read time slot, parasite powered DS18520s will pull the bus
low, and externally powered DS18520s will let the bus remain high. Refer 1o the POWERING THE
DS18520 seclion for usage information for this command.
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Cammand

Convert T

Description

Protocol

1-Wire Bus Activily
Aflter Command Is lssued

TEMPERATURE CONVERSION COMMANDS
Initiates lemperature
conversion.

" COMMANDS

DS18520 tmansmils conversion
status 1o master (not applicable
for parasite-

nwered DS | 8S20s).

Notes

Read Seratchpad | Reads the entire seratchpad BEChH DSI8S20 transmits up 1o 9 data 2
including the CRC byte. bytes to master.

Write Scralchpad | Wriles data into scratchpad 4Ch Master transmits 2 data bytes to i
bytes 2 and 3 (Twand To). DSI8S20,

Copy Scratchpad | Copies T and Ty data from dgh Nopne 1
the scralchpad to EEPROM.

Recall B Recalls Ty, and T, data from BRh DSI18520 tranzmits recall status
CEPROM to the scratchpad. to master.

Read Power Signals DSI8520 power B4h DSI8520 ransmits supply status

Supply supply mode to the master. to master.

NOTES:

1. For parasite-powered DS18520s, the master must enable a steong pullup on the l-wire bus during
temperature conversions and copies from the seratchpad to EEPROM. No cther bus activity may take
place during this time.

W

The master can interrupl the transmission of data at any time by i3suing a regel.
Both bytes must be writlen before a resel is issued.
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1-WIRE SIGNALING

The DS18520 uses a strict |-wire communication protocol to insure data integrity. Several signal types
are defined by this protocol: reset pulse, presence pulse, write 0, write 1, read 0, and read 1. All of these
aignals, with the exceplion of the presence pulse, are iniliated by the bus master.

INITIALIZATION PROCEDURE: RESET AND PRESENCE PULSES

All communication with the DS18S20 begins with an initialization sequence that consists of a reset pulse
from the mester followed by a presence pulse from the DS18520. This is illustrated in Figure 10. When
the DS18520 sends the presence pulse in response to the resel, it is indicating to the master that it is on
the bus and ready (o operate.

During the initialization sequence the bus master transmits {Tx) the reset pulse by pulling the 1-wire bus
low for @ minimum of 480 ps. The bus master then releases the bus and goes into receive mode (Rx).
When the bus is released, the 5k pullup resistor pulls the |-wire bus high. When the DS18S20 detects
this rising edge, it wails 15-60 ps and then transmits a presence pulse by pulling the |-wire bus low for
60-240 ys.

INITIALIZATION TIMING Figure 10

MASTER Ty RESET PULSE MASTER Ry
480 p3 minimum  —]+ ALD s mminl +
DE (8520 T2
DR1EEZO 4—— Presenca pulss
waits 1880 ps . — 80240 ps —']
N i ittt e W= Sk, ——— .\
{AVIRE BUS I ﬂ /
R U] T O M e u Aol ) N T/ | N, W ERUTURSURU
LINE TYPE LEGEND

e Bum master putheg low
wnn DS 18520 puling bow
Rasmbor putlup

READ/WRITE TIME SLOTS

The bus master wriles data to the DSIBS20 during write lime slols and reads data from the DSI8520
during read time slots. One bit of data is transmitted over the 1 -wire bus per time slot.

WRITE TIME SLOTS

There are lwo Lypes of write lime shots: *Write 1” time slots and “Write (" time slots. The bus master
uses a Write 1 lime elot to wrile a logic | 10 the DS18520 and a Write 0 time slot to write a logi¢ 0 1o the
DS18520. All write time slots must be a minimum of 60 ps in duration with & minimum of & | pe
recovery lime between individual write slots.  Doth types of write lime slots are initiated by the master
pulling the 1-wire bus low (see Figure 11).

To generate a Write | time stot, after pulling the 1-wire bus low, the bus master must release the I-wire
bus within 15 gs. When the bus is releaged, the 5k pullup resistor will pull the bus high. To generate a
Write 0 time slot, alter pulling the Y-wire bus [ow, the bus master must continug (o hold the bus tow for
the duration of the time slol (8t least 60 ps). The DS18520 sarnples the I-wire bus during a window that
lasts from |5 ps to 60 s after the master initiates the wrile time slot. 1T the bus is high during the
sampling window, a | is written to the DSI1ES20. If the line is low, a 0 is written lo the DS18520.
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READ TiME SLOTS

The DS18520 can only transmit data (o the master when the mastes issues read time slots. Therefore, the
master must generate read time slots immediately afler issuing a Read Scratehpad [BEh] or Read Power
Supply [B4h) cotnmand, so that the DS18520 can provide the reqzue.sled data. In addition, the master can
generate read time slots after issuing Convert T [44h] or Recall E* [BRh] commands to find out the status
of the operation as explained in the DS18520 FUNCTION COMMAND section.

Al read lime slots must be a minimum of 60 us in duration with a minimum of a 1 ps recovery time
between slots. A read time slot is initiated by the master device pulling the l-wire bus low for a
minimum of | us and then releasing the bus (see Figure 11).  Afier the master initiates the read time slot,
the DS 18520 will bagin transmitting a 1 or 0 on bus. The DSIBS20 transmits @ | by leaving the bus high
and transmits a 0 by puiling the bus low. When wansmitting 0, the DS1B520 will release the bus by the
end of the time slot, and the bus will be pulled back to ils high idle state by the pullup resister. Quiput
data from the DS18S20 ig valid for | § ps afier the falling edge that initiated the read time slot. Therefore,
the imaster must release the bus and then sample the bus state within 15 ps from the start of the slot.

Figure 12.illustrates that the sum of Tynr, Tue, and Teavpe must be lazs than 15 pe for a read time sloL
Figure 13 shows that system timing margin is maximized by keeping Tinn and Tic as short as possibte
and by locating the master sample time during read time slois towards the end of the 15 ps period.

READ/WRITE TIME SLOT TIMING DIAGRAM Figure 11

BTART BYART
or BLoT or mot

MAETER WRITE “0™ SLOT MASTER WRITE “1" ELOT
[ =< Yz o 0>
————— S0pr e T, 0" € 120

— +— > {pn
Vel L RN ... o~ R ) e e s L
1-VIRE BUS /_@vf
- 18 -lvli- 18us -b'-l— N ps —-DI + g -b{‘- 18ps -btq.— Vps —p
MABTER READ 4" 8107 MASTER READ “1" SLOT
—l‘l j— e Tigc € 0@
Vo -

o M—

GND - ﬁ f
Mastsr eamples Al 7 = I“_ Mastar samplas

¥ i pn = I't—

1-1l|n-..|1—l-5|u—.| ._w,u..i

LIKE TYPE LEGEND
— s mEsie puling low — 0518520 Fulting low
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DETAILED MASTER READ 1 TIMING Figure 12

ViR of Master

——— Twrr i ——»Iq—-— T ——0-“ Mugtar sanplay
- ™
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RECOMMENDED MASTER READ 1 TIMING Figure 13

Voo e e
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small” small
+ 18 p= —|
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e Bus mastr pulbng low

Rasintor putiup
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ROM COMMANDS FILLOW CHART Figure 14
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DS18S20 FUNCTION COMMANDS FLOW CHART Figure 15
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DE[18520 OPERATION EXAMPLE 1

In this example there are multiple DS18520s on the bus and they are using parasite power. The bus
master iniliates a temperature conversion in a specific DS 18520 and then reads its seralchpad and
recalculates the CRC to verify the daia.

MASTER MODE

DATA (LSH FIRST)

COMMENTS

X Reset Master issucs resct pulse.

RX Presence D5 18520s respond with presence pulse.

X 55h Master issues Match ROM command.

™ 64-bit ROM code Master sends DS 18820 ROM code.

TX 44h Master issues Convert T command.

TX DQ line held high by | Master applies strong pullup to DQ for the duration of the
strong pullup canversion (i)

TX Reset Master issues reset pulse.

RX Presence D5 18520s respond with presence pulse.

X 55h Master issues Match ROM command.

X 64-bit ROM code Master sends DS 18520 ROM code.

X BEh Master issues Read Scratchpad command.

RX 9 data bytes Masier reads ensire scratchpad including CRC. The master

then recaleulates the CRC of the first cight data bytes from the
scratchpad and compares the caleulated CRC with the read
CRC (byte 9). If they match, the master continucs; if not, the
read operation is repeated.

DS18520 OPERATION EXAMPLE 2

In this example there is only one DS 18520 on the bus and il is using pamsite power. The master wriles (o
the Ty, and T, regisiers in the DSIRS20 scratchpad and then reads the seratchpad and recalculates the
CRC 10 verify the date. The master then copies the scratchpad contents to EEPROM.

MASTER MODE | DATA (LSB FIRST) COMMENTS

TX Rescl Master issues reset pulse.

RX Presence D5 18520 respands with presence pulse.

X {Ch Master issucs Skip ROM command.

TX 4Eh Master issues Write Scratchpad command.

TX 2 data bytes Master sends two data bytes to scratchpad (Tuand To)

™ Reset Master issues reset pulsc.

RX Presence DS 18520 responds with presence pulse.

TX CCh Master issues Skip ROM command.

X BEh Master issues Read Scratchpad command.

RX 9 data bytes Masler reads entire scratchpad including CRC. The master then
recalculates the CRC of the first cight data bytes from the
scratchpad and compares the calculated CRC with the read CRC
(byte 9). If they match, the master continucs; if not, the read
operation is repeated.

> Resel Master issues reset pulse.

RX Presence DS 18520 responds with presence pulse.

X CCh Master issues Skip ROM command.

X 48h Masier issues Copy Scratchpad command.

TX DQ line held high by | Master applics strong pullup to DQ for at lcast 10 ms while copy

strong pullup aperation is in propress.
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DS18520 OPERATION EXAMPLE 3

In this example there is only one DS 18520 on the bus amd it is using pamsite power. The bus master
initiates a temperature conversion then reads the DS18520 scratchpad and caleulates a higher resolution
result using the data from the temperature, COUNT REMAIN and COUNT PER °C registers.

MASTER MODE DATA (LSB FIRST) COMMENTS
X Resct Master issues reset pulse.
TR Presence DS 18520 responds with presence pulse.
TX CCh Master issucs Skip ROM command.
TX 44h Master issucs Convert T command.
TX D) tinc held high by | Master applies strong pullup to DK) for the duration of the
strong pullup CONVersion (lam k-
TX Reset Master issues reset polse.
RX Presence DS 18520 responds with presence pulse.
TX CCh Master issues Skip ROM command.
TX BEh Master issues Read Serstchpad command.
RX 9 data bytes Master reads entirc seratchpad including CRC, The master

then recalcutates the CRC of the first cight data bytes from the
scraichpad and compares the calculated CRC with the read
CRC (byte 9). If they match, the masier continues; if not, the
read operation is repeated. The master alsa caleulates the
TEMP_READ value and stores the contents of the COUNT
REMAIN and COUNT PER °C registers.
TX Resct Master issues reset pulse.
RX Presence DS 18520 responds with presence pulse.

- - CPU calculates extended resolution temperature using the
cquation in the OPERATION - MEASURING
TEMPERATURE scction ol this datasheet.

RELATED APPLICATION NOTES

The following Application Notes can be applied to the DS18520. These notes can be obtained from the
Dallas Semiconductor “Application Note Book,” via the Dellas website al ftp://www.dalsemi.com!| or
through our faxback service at {214) 4500441

Application Note 27: "Understanding and Using Cyclic Redundaney Checks with Dallas Semiconductor
Touch Memory Produet”

Application Note 55: “Exiending the Conlact Range of Touch Memories”

Application Note 74: “Reading and Writing Touch Memories via Seral Interfaces”

Application Note 104 “Mimimalist Temperature Control Demo”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct-to-Digital
Temperature Sensors”

Apphication Note 106: “Complex Microl ANs”

Application Note 108: “NMicroL AN - In the Long Run”

Sample |-wire subroutines that can be used in conjunction with AN7T4 can be downloaded from the
Dallas wehsite or anonymous FTP Site.
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AC ELECTRICAL CHARACTERISTICS: NV MEMORY
{(-55°C to +100°C,; V5p=3.0V to 5.5V)

PARAMETER SYMBQOL | CONDITION MIN TYP | MAX UNITS
NV Write Cycle Time Lor 2 10 ms
EEPROM Writes Niewr -55°C 1o +55°C S0% wriles
ECPROM Data Retention teEnk -55°C to +55°C 10 years
AC ELECTRICAL CHARACTERISTICS (-55°C ta +125°C; Vpp=3.0V to 5.5V)
PARAMETER SYMOOL | CONDITION | MIN | TYP | MAX | UNITS | NOTES
Temperature Conversion Leony 750 ms 1
Time :
Time Lo Strong Pullup On LspoN Start Convert T 10 JTH
Command Igsued
Tine Slot Loy 60 120 T4 1
Recovery Time frec | WS 1
Write 0 Low Time TLOWL 60 120 us 1
Wrile | Low Time fLowe 1 15 us ]
Read Data Valid trpy 15 ns I
Resetl Time High tRSTH 480 us |
Resel Time Low lusTL 480 ps 1,2
Presence Detect High lepHIGH 15 60 ps ]
Presence Delect Low Ly ow 60 240 'f3 ]
Capacifance Civout 25 pF
NOTES:

1. Refer w iming diagrams in Figure 17
2. Under parasile power, if x> 960 18, 2 power on resef may accur.

TYPICAL PERFORMANCE CURVE Figure 16
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TIMING DIAGRAMS Figure 17
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+5V-Powered, Multichannel RS-232
Drivers/Receivers
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Figura 5. MAXZ20/MAXZ232/MAX232A Pin Configuration and Typical Operating Clraull

TOP VEW
- weym[e] * 2] S
- L] pu— 'y
o) @ [1] Em o 2] 19] Yoo
e 2] mk ¥ 3] 1] &
¥ 3] e o [4] Amam i) Ton
o-[1] mmasa it cafs| M2 Jie]ue
MAX242
cafs] MAZ2  fulmy -6 15] Rim
MAXH2
cz-[g] [13] Riour v 7] [14] it
v-[7] 2] iy~ T [a] 13] Ho.
T2eu1 3 1] Towr fox [o] 12] Ty
ren o] 10 Rzgur  Reaun [1g] 1] Tow
DIP/SO S50P o
1jpuc)er @
{ ) ARE FOR MAX22Z OHLY. S sonfd
P HULBERS M TYPICAL OPERATING CIRCUIY ARE FOR DRP/S0 PACKAGES OMLY. Qo =

Figure 6. MAX222/MAX242 Pin Configurations and Typical Operaling Circult



	title
	abstract
	content
	chapter 1
	chapter 2
	chapter 3
	chapter 4
	chapter 5
	references
	appendix
	bibliography



