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ABSTRACT

This project is to study the working principles of the AVR micrecontroller which is

developed from MCS-51 and also to develop programs with C language in order to measure water

depth for an instant. Furthermore, the project can be applied to flood warning as weil.

The results of the project are knowledge of working with the AVR microcontroller

developed by ATMEL, which has ports for receiving analog signal up to 8 ports, and moreover,

the abilities to apply it to obtaining any analog signals such as those from pressure sensors.
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o P fio sy (miseslusiamymaauns)
F #o usansgifiganinfuiiud (miaeiluiingu)
A Ao Auifsuuse (eduansaweg)
Tunuae st anududniiedly thaata (Pa) vwie Hadudeasuuas(N/m’) 150

= i T o biss ko.s?
Alanfudpasae i idaans (22

) dauanuaulunioe Tafiunsdsen (mmig)
m

“ﬁﬂ 760 mmHg = 101325 Pascal ¥58 1 atm = 101325 Pa = 101,325 kPa uinga lsAnuanu
fulunyiay mmHg 1309 wiioe s1udfey Tawl#ldamnuduiumiio mmHg H3o Ay
U5 v e RN 1Y
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b o o & o pgAh A a
INTIZRNZUU ANUAUNANDIVUNUN A A1 1UAT P=T: Pgh UIAUADAT AT

P = anudu (Hdu/mis1auas Jyse @aaia Pa)

p = arurLduseaval (@ lansuwgnuianmag)
1 = = =47

g = ANIIINNIRIga lan (Was AU )

7= ANANUDIVBUHAD (1UAT)
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substant ANUHU LU Substant AWUUILLY

(kg/m”) (kg/m')
Ice 917 Water 1000
Aluminum 2700 Glycerin 1260
Iron 7860 Ethyl alcohol 806
Copper 8920 Benzene 879

Silver 10500 Mercury 13600
Lead 11300 Air 1.29
Gold 19300 Oxygen 1.43

platinum 21400 Hydrogen 0.0899
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o/ ‘g 1 =2 ot ~
4. anmduapsvaurainieldus sdegaueelan szvuedszaunauanianni

voumm lag ludufuglsveanirug
2.2 AVR Microcontroller

. <3 s a o ar £ 8 o
AVR Microcontroller tilu luTasasuInsamos nuan Tasus v Atmel 59 I8wWan1n
910 MCS-51 Tagh AVR lulnsnsuInsaaosaeis=u RISC (Reduce Instruction Set
Computer) core running ®3adannilaenssuu RISC #1¥1d 1 Mdelddygraumnuiies

1 gn M5 ms 19 Mcs-51 uagi IwTdszaninmunnndidndae

avritulyTnaneuTnsames (Mcv) fldsusamgdnsalaiuayunisiaures
cPU TAunune o1t Analog to Digital , SPI (Serfal Peripheral Interface) , UART (Universal
Asynchronous Receiver Transmitters) , Timer , Counter , PWM (Pulse Width Modulator) %Q
gilnselmumun iy Mousmnseran én ey e Unsaldesuen
neuentionnn uazamnsoszraiidaldnelu 1 clock luumii sxiauedeyauaday
fuflun1siiemnieluues AVR — MCU (AVR Microcontroller Unit) tiugyiigasarauazan
solFimwadluTasaouInsaaod aowlasnssumelunazsmans1dauily dumds 10
$9maniaouzuazns1Han EEPROM msiidataznsduani fni n1sfamionnsy ms
nSsuieudygnaouasnuazasulasdyaaewmasniliuataea M1SMNUIINETA

o o 0 R 1 e a1
DUNA/LDINHANT1ININTUYDN Timer / Counter & Watch dog llﬁ$ﬂ151%ﬂq1lﬂ1ﬁ\3ﬂ1q 9



221 pamuiitazviaelinuvedlulasneulnsaae’
AUANIA
1. aonilaenssumelugneanuunlildaorilaenssuuuu RISE (Reduce Instruction
Set Computer) Tlfins1lszunanainmuda 1 f1de/ 1 Clock
2. idrdalumsmagunisinuvesluTnsnen Insames§1uan 118 fids
3. miteanudiiunn PROGRAM MEMORY 911@ 32 Kbyte
4. vieanui Ul EEPROMAmTUiuiin DATA MEMORY 119 1024 Byte
5. HU28AUS MU RAM 411 2K Byte
6. szuuN15tAeudug i ANALOG TO DIGITAL Y119 10 fia §1191 8 CHANNEL
7. nau3iainns 19auiia ldvina 8 Gin $1uu 32 69
8. NOTADUWALAZIDIANATUIA 8 117 11U 4 WOTA
9. szunn I Hoasd0ynATADaULUDE S InsWa(UART) 1 CHANEL
10. sunn s Aes doyaATaeaULF: Ins1ia(SPT) | CHANEL
11. A D TR 10T 0 - 16 MHz (ATMEGA 32)
12. s2uun155 Eauuuda TuiRidesusenszua lddud Ty Tasneu Insained
(Power on reset)
13. 'szuumiﬁnﬁﬂmm%ﬁ'q;ﬂpmuuu PWM 31149 4 CHANNEL (ATMEGA 32)
14. TEULUNIATIVVUTEAUF YA BUIR DA (Analog Comparator)
15. 6 SLEEP MOD:IDEL ,POWER SAVE , POWER DOWN ,ADC Noise , Reduction ,
Standby, and Extended standby
16. szuun1stlesiunis copy deyantelumitenawdr (LOCK FOR SOLFWARE
SECURITY)
17. s2UUATINILN T AN IURANG19UDY CPU ( WATCHDOG TIMER WITH ON-
CHIP OSCILATOR )
18. SLULN1TBUADT SN INNBUDA (EXTERNAL INTERRUPT)
19. TIMER/COUNTER 941A 16 1} 1 CHANNEL
20. TIMER/COUNTER ¥11@ 8 1% 2 CHANNEL
21. Vec: 4.5 - 5.5 for ATMEGA 32



2.2.2 Tnssrhamauenuazsiuniiaun
o Ao o W o F= o v & 1 [ [
meludsznoudesmanad 1auia ldvine 8 ia § 191 32 dFanazdazee
$MSUALU Taease $r ¥ mdszuiana e 1 Adadinnudinidt cpu Allamilagnssuniuy
RISC

PDIP
Ay ,
(XCK/TO) PBO 1 40 1 PAO (ADCO}Y
(T1y PB1 { 2 39 11 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 O PA2 (ADC2)
(OCO/AINTY PB3 ] 4 37 [ PA3 (ADC3)
(5S) PB4 ] 5 36 [0 PA4 (ADC4)
(MOSI) PB5 ] & 35 [ PAS (ADCS)
(MISO) PB6 ] 7 34 3 PA6 (ADCH)
(SCK) PB7 ] 8 33 1O PAT7 (ADCT)
RESET ] 9 32 O AREF
VCC O 10 31 1 GND
GND 1 11 30 |1 AVCC
XTALZ ] 12 29 [ PCT7 (TOSC2)
XTAL1 ] 13 28 1 PCB (TOSCH1)
(RXD) PDO ] 14 27 O PC5h (TDI)
(TXD} PD1 ] 15 26 [0 PC4 (TDO)
(INTO) PD2 ] 18 25 O PC3 (TMS)
(INT1}) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
(OC14A) PD5 1 19 22 [0 PCO (SCL)
(ICP) PD6 O 20 21 3 PD7 (OC2)

3U# 2.2 Tagaadramenonuaz@umiian AVR Microcontroller

2.2.3 FEazRaAUR T RNamazM3 Ty
vee fio 11970 AT CPU way GND fie n31id
Port A (PA7..PAO)
I~ o =3 =3 a 3 ] o
Huwosa 2 Armsauia 8 da Tasaursadvualiudazviveanada
Qr ‘é af at
@14150 PULL UP meludenndudsennsnsunszud SINK 20mA Tnowasa Adsldslu
duwamaiUdy neien ludiuueamIulnadam ANALOG TO DIGITAL
Port B (PB7..PB0)
[~ 4 = =3 o kY 1 o
Alunaia 2 Aemuvuia 8 Oa lasdwsadmualiudazaveswosn
= - r @
#11139 PULL UP g Tudes2uen1nfuanus oz ansnsunsud SINK 20 mA Loy

gagniir il damduadn



Port C (PC7..PCO)
) ' = o o 3 ¢
WUNDIA 2 NANINVUIA 8 UR IﬂFJ'E'T’HJ1‘5ﬂﬂ7ﬁuﬂ1ﬁuﬂﬁ3m1%ﬂﬂﬂﬂiﬂ
=y - A T r
@130 PULL UP ﬂ'lflcluﬂﬁﬁ3!.!,Uﬂ‘i]']ﬂﬂu"]ﬁlmﬁ$“u'lﬁ']ln'jﬂﬁﬂﬂ'izuﬁ SINK 20 mAlRE

Qs

Fagoir ) 1damiduan

Port D (PD7..PDO)

fluweda 2 irmsvina 8 dalasaunsafmualiudazyveswesaaunse

PULL UP meludaszuenninfudaudazuimmisadunseia SINK 20 mAuaziagn
1l 1FenBundn

Resct 10 "Uﬁﬁfﬂ

XTAL Liflundunavesnsononsadfiames

XTAL 2 [us o vinavsensanonoodgiames

avee Tae W Id uees Analog to Digital

AREE Hluvussdud9deit1emludiuvesees Analog to Digital

AGND {lu1n3517A9047993 Analog to Digital

dar
2.2.4 Ylan¥u ADC
o g Yl a s & a o o .
nmswasdyanueunen lhiludygraataeaiulianuintuunmazily
dluTasneu Tnsame hiswiselszuianaunneutden lddusylszsuranauynainea
] 3 as g £ o o 3 = ar =1 Y o ar oo
mnludaludsiutludosdinsulaedyauemdon dituduauninen
¥
Un@lu CPU wa3 AVR - ATMEGA32 uaziiflsddu ADC agnieludaled
3 E
dariuliduiludoald lo® Apc domeusn dmivileddu ADC HannsosuFya o
=] as  ar 3t o - 3 o ar ;c
au1a0n 1Aq9ea 8 Channel Tagsudayg1andwme wasa A mansaden lalansuiish
asuasdygaeuieniag Channel sdwdstlos n3vszlimsulasdyg aunme
channelfiis1doens A 1dudu Tnsdyaadineaiiuilasiderlianuazidon 10 Oa Tasas
Sudynuudazviveamosn Alaeezliness SAMPLE AND HOLD o 30lddagu
awmenifudwuiemlauiudyanaufdaoaiifsedudagruniilaslnfinis 14
o ar g o as as as ar
HanFuilissriludosdaussdu AVCC AREF uay AGND I uiladdudan
GRIGEGIT
1. 10 bit resolution
2.0.5 LSB integral non-linearity
3. L2 LSB Absolute Accuracy

4. 8 Multiplexed Single Ended Input Channels
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5. 7 Differential Input Channels

6. 2 Differential Input Channels With Gain of 10x and 200x

7. Optional left adjustment for ADC result readout

8. 0-Vee ADC Input Voltage Range

9. selectable 2.56V ADC Reference Voltage

10. Free Running or Single conversion Complete

11. Sleep mode noise Canceler

9111919

Tudwvsamsulasdgena sunden Wudtaen awsnild 2 mode Ao

1. Single Conversion Mode

2. Free Running Mode

A1391910 Single Conversion Mode fl¥Reaflugfmuanisldnuiuios ud

11849 Free Running Mode 7993 Analog to digital 9z1Husianssiudeyauaziiulu
ADC Data Register 3493 ADFR 11 Register ADCSR vailu finfi1#iion Mode n1s1da1uaes
71495 Analog to digital @15 VP15 MUA 112995 Analog to digital fnanniu mnseinldlae
msdada ADEN 1u3imand ADCHRA Wiy 1 TaeTafeziy 1 lunasasunseia
Conversion vosdayg sz Boudoaudiiwinliadihy o Taesnluid iduiunismdon
Channel mmmmﬂmﬁ'mumgmmmgﬁ Channel tA184 Conversion 'EJ§J: 1497 Analog to digital 92
Conversion 588184 Channel duliaS oAeuud 4 Conversion #5Uey 1M Channel o'l Tao

Toyafldnnnsulacdygmewdoniluiineazin1ilsTamed ADCH uay ADCL

anldnuganSSeumvuusadu (1]

' Ed | Y =3 [~/
TuTnineuTni@es AVR o7 ATmegal6 1 lugauilasdaanmouidondi

AInDa 130 ADC {Analog to digital Converter) AUAZIDIAIUIA 10 U {10-bit Resolution) P

o = = ar exen 3 Y oo ! ) A
w3+ V nenamadeunlasdyapuaiseaudlng IdaWnuegszyine 0-1024 Taedl

ar d g enes o = o o oa .

sduvunmiswlasfygraeuaoniluaiaeantudaadd uaWns onAUTY (Successive
Approximation ADC) fion1sulasnuuilszumai Tasnisquaraiavaududauiuusedin

o A q g = w w o Y a A = = R
awaenmeluluga WeldSsufeudunsadueudenniaduduns wenFendien1da

at 1 at ar 1T S ‘é Qddy dl =
nsadumnu Tuga ADC s Minadnioanuniluadinea a3 1435l uRTeums 123

= g ¥ o

AU sIganazinnu laeggmG

af ar

Tuluga ADC 28891 8 Fesdunadyaaldudnnisdadmindg

q

o

(Multiplexer) (Woidennsfhiauluudazges fvmualifivmesa A Ineflusefudumea
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751324 0 V(GND) 54 vCC (ussdudumafing vee vaeluTasnouInsnod AVR) #iuaees

’cjmmmﬁmh (Sample and Hold)

o da o ¥ o = ar o
SdmmestindesivluganSeumneunsiduemnden
1.5%a1m03 ADMUX (ACD Multiplexer Selection Register)
o4 7o s P =1
FANADI MU UALTIAUD T (Voltage Reference) Jiluvunmistiudeyauaznis
fiua unpouidendisdsduInuazay
= o .
2. 39997 ADCSRA (ADC Control and Status Register)
Famaeiivuagniumsaiiuvesluga ADC
3. 39@M05 ADCL Liag ADCH (The ADC Data Register)
Pty A= 4 Al Y a = EN
Simaefiiudoyaii ldnnnisulasdygaouiendludiaoa
o
4. 39MA03 SFIOR (Special Function IO Register)
STmmesfimuansnszquanumasdaaunieuen 1iuTuga ADC

= = o o 9} w ::(
J1eazBenvadI el ingadesdunty 14 Tugalidall

L. $3a1mp3 ADMUX (ACD Multiplexer Selection Register)

a13197 2.2 YoyavedE Tenos ADMUX

=D

116 7 6 5 4 3 2 1 0

Yol REFS1 | REFS0 | ADLAR | MUX4 | MUX3 | MUX2 | MUX1 | MUX0

Read/Write | R/W R/W R/W RW R/W R/'W R/W R/W

ASuAN |0 0 0 0 0 0 0 0

'
a4

- 1a# 7:6 1id REFS1:0 (Reference Selection Bite)

iafvuausdud1aBaluga ADC Smuasieszdennumei 2.2




v

M31adl 2.3 usedudrededminluga ADC

REFS] | REFSO | 1viagusafud1989

0 0 AREF , Tlans1dansedudadanislu (vied)

0 1 Tdusedu avee fushfifiudszamoueniing AREF

1 0 au'ld

1 1 1Busadudradanelud 2.56 v fufafuilseynisueniin AREF

.
= o=

- 1a# 5: % ADLAR (ADC Left Adjust Result)

12

o g =1 3 = o o ool -~ &g =2 oa
‘]JG'Iﬂ’]WL!G’IEﬂLmﬂﬂ’]‘ilﬂﬂﬂﬂyjﬁiuiﬁ]ﬁlﬁl@ﬁ ADC Data 1119 16 1181 1 2 Eﬂllﬂﬂﬂﬂlﬂ‘ﬂ‘h’ﬂﬂﬂ

q97A (MST bit) gWinT153an05 ADC Data Register (\DCH,ADCL)

A13191 2.4 AagaLazaiia

= o
DUNARAYD

MUX4..0 | AUUANANVOIDUNAR Y | AITULANAIIVIIBUNANIY | Gain
1IN a1l

00000 ADCO

00001 ADCI

00010 ADC?2

00011 ADC3

00100 ADC4 N/A

00101 ADC5

00110 ADC6

00111 ADC7

01000 ADCO ADCO 10x

01001 ADCI1 ADCO 10x

01010 ADCO ADCO 200x

01011 ADCI1 ADCO 200x

01100 ADC2 ADC?2 10x

01101 ADC3 ADC2 10x

01110 N/A ADC2 ADC2 200x




13

M3197 2.4 (WB) FIIUAATTA

MUX4.0 | Bumafed | armaiananuosdunadiu | anvuana19ues8unadiu | Gain
Uan au
01111 ADC3 ADC2 200x
10000 ADCO ADC1 Ix
10001 ADC1 ADCI 1x
10010 ADC2 ADCI Ix
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADCS ADC1 1x
10110 ADC6 ADCI1 1x
10111 ADC7 ADCI1 1x
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1x
11010 ADC2 ADC2 1x
11011 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADCS5 ADC?2 Ix
11110 122 V/|NA
(¥ze)
11111 0V (GND)

{ 1 ar =] G| A o o da ’ y
Taefnontsldsuiilasdynaonifoniluainea surunadwif ldongasao 1l

d.! o Qr 'd‘-
- dieine ]l Inuadynnnfien

ADC _Vpx1024 (2.2)

VREF

Tagh ¥, : us9AUAINIBUNA

Vs : M3 99UE1989
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= o P T = P Y o T ooa
51ﬂﬂgl'ﬂﬂﬂﬂTJ'ﬂflwuﬂlﬁqﬂuﬂuwglllﬁxlﬁQﬂuEI'NEIQ ATURNITINN 2.3 fl'l‘ﬂ'l\i']uﬂlu“]faqv]u

ANUANY DIFYRIUN A WLINUAZAL

ADC = (Vos — Ve ) x GAIN x512 23)
VREF
Tny Vips:  MIGAUBURANWALIN
o S F
Vipe:  $38UBURANWA LAY
. o Y oo
Vigr?  MIIAHDNDY
GAIN : #1990n31988
2. 392123 ADCSRA (ADC Control and Status Register)
a1319fi 2.5 Yoyaundmnns ADCSRA
Tind 7 6 5 4 3 2 1 0
Fode ADEN | ADSC | ADATE | ADIF | ADIE | ADPS2 | ADPSI | ADPS0

Read/Write | R/W R/W R/wW R/W R/W R/W R/W R/W

MmGudy |0 0 0 0 0 0 0 0

- 1ia# 7 : 1in ADEN (ADC Enable)
1waiin ADEN f “1"ifiaidlams 4w Tuga ADC
- 1A 6 : 1A ADSC (ADC Start Conversion)
1@ ADSC iy “17 e muald Tugasudunsiladuanaeuifondluitaea e
=] o o o [P as
inlaues veuysal din ADSC asgrisaiiiy “0” vz liiinalaqduluga
- 1% 5 : 1im ADATE (ADC Auto Trigger Enable)
wada ADATE 1y “1” Worilan13nszdu (Triggen Fygnadalulda Tnouvds
Y ¥ o by = Heya 4
e lunsnszausmua i luiia ADTS #336@035 SFIOR
- 1in¥ 4 : ADIF (ADC Interrupt Flag)
= o 2 o o S o o
iln ADIF sgnisaily <17 1o Tugawtlasdyauemdonitlufdaoasuysal uaz
foyaldgnidoulii3imaes ADCD (ADCH,ADCL) udh viniinsilaldeudumes e
] ¥
iinannTuga ADC uazidlalfaBumeifild Insazdwmalfinadumessalddu

- o

- 1a# 3 : 1% ADIE (ADC Interrupt Enable)
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esadia ADIE (ilu 17 edlans1dudunessildiiesninTuga ADC (Aoadla

~ odar | o 3
aunessla Tnasuaie)

1
=

- U7 2 : UA ADPS2:0 (ADC Prescaler Select Bits)
tatmualSmaames dmsuldlunismsdyapauinidmiuluga ADC

1AL DIAUTAIAIAITI 2.6

m5efi 2.6 Uamamesdmiuluga ADC

ADSP2 | ADSP1 | ADSPO | mnaimesvnisdaanainniinmaind (XTAL) uazdayay o
1WA Tuga ADC

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

3. 59@n93 ADCL 1az ADCH (The ADC Data Register)

a1319h 2.7 YoyavpBiames ADCL 1iag ADCH 1io ADLAR=0

Jof 15 14 13 12 1 10 9 g
Hoin . \ ] 1 ; - ADCY | ADC8
Fofia ADC7 | ADC6 | ADC5 |ADC4 |ADC3 |ADC2 | ADCI | ADCO
finfl 7 6 5 4 3 2 1 0
Read/Write | R R R R R R R R

R R R R R R R R
ANSuAY | 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
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- 1in9:0 s ADC9:0 (ADC Data Register)
w (Y AN ) Y S
nadwivoadoyan ldeinTuga ADC szifiunsvngavesdoya Taenismaila

ADLAR (ADC Lift Adjust Result) 1111 “0” 33aumof ADMUX

5197 2.8 Touai a3 ADCL uaz ADCH 1ija ADLAR = 1

')

fiaf 15 14 13 12 11 10 9 8
Foiin ADC9 | ADCS | ADC7 |ADC6 |ADC5 | ADC4 | ADC3 | ADC2
Fofia ADC1 | ADCO |- - . - - -
T 7 6 5 4 3 2 1 0
Read/Write | R R R R R R R R

R R R R R R R R
Ausudu o 0 0 0 0 0 0 0

0 0 0 0 0 0

- Im¥ 15:6 110 ADC9:0(ADC Data Register)
o & Y Al o o 9 9 a
Wadwivesdoyadildainluga ADC szfundegavesdoya Tnonisisaie
ADLAR (ADC Lift Adjust Result) 1514 “1” 113 3aun05 ADMUX

453mmAn3 SFIOR (Special Function 10 Register)

A3 11 2.9 Taua3 d905 SFIOR

U

v
a A

i 7 6 5 4 3 2 1 0
fodia ADTS2 | ADTS1 | ADTSO | - ACME |PUD |PSR2 |PSRIO
Read/Write | R/'W R/W R/W R R/W R/W R/W R/W
Ausudy | o 0 0 0 0 0 0 0

- i 7:5 10 ADTS2:0(ADC Auto Trigger Source)

tatwuanisnszduluga ADC Mnuvasdyisnteuon Tnsitegiuia ADATE Tu

U

33a905 ADCSRA vn ADATE gruseudu 17 misdvuaiianszdumsiiauvesluga
& Tw e =Y o =

ADC =iupgiudyamanniousnauia ADTS2:0 vinia ACSRA grizaily <07 On

ADTS2:0 92 hifinalaqiuTuga ADC mindmusundnszdudyanannniousnimuald

A9913199 2.10
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3197 2.10 unaanszdudyaude Tuia

o ar

ADTS2 | ADTSI | ADTSO | unaanssqudyausaluld

0w

0 0 0 TnuaBraudase
0 0 1 alFeudeunssiuouidon
= dor [ & A ar 1 -

0 1 0 fumef SUdinannFyrmmeuen 109 0

~ a o L3 '
0 1 1 TuganSsufeudynuvos lnwesiamimos o
| 0 0 Tnpsaaniaoso Tores Inad

= Qs ' a o
| 0 | TuganfFoufoudyenavet nuesaniined
1 7”0 Tnwesmnimesl Tanos Iad
| 1 1 Tugaaratudugadunaves Inweimnimes

- a4 ; U Res(Reserved Bit)

dataan 1308 Feu eaua 18l «o»

J
2.2.5 Wan¥u PWM

[l
o =

nsuegannNuAivesiad( PwM ) Wumaiadwaildlunisidfuilys

o

= o g w 3 i a A a o | & g a
AUITDULUDIDULIDILNDT ﬂﬁuun’]iﬁﬂﬂ“ﬁﬂ?ﬂﬂ PWM %Qilﬂ'é’lﬂ%']tﬂu@ﬂ’]\?ﬂaﬁ'lﬁiﬂ

r 3
Al 2

= o o A Aa o ' 9t o oo a
dueimes efisunoiimesee 1dlanssauzuazilszd@ninmlunisirauiaiu
& 1 I~ e o &4 2 S
(8991091 PWM HufendunsiiaunilaluTnus PWM vee Timer/Counter N0gn 18Ty
AVR - ATMEGA32 fasiulusihvede lilazuuziufendunisinaiuved Timer/Counter 484
AVR — ATMEGA32

Timer /Counter

Molu AVR - ATMEGA32 3191 Timer/Counter 3 > Taedaidly Timer/Counter
Y9 8 192 YA Uor Timer/Counter YHIA 16 g 1 ! ﬁﬁ‘ﬁﬁﬂ Timer/Counter2 g%
Timer/Counter0 1482 Timer/Counterl éx‘l Timer/Counter2 @1115a3 &M Clock 910
neuen Fuily Option A9 Timer/Counter2 WUTL RTC Taold XTAL fAiAn21ma
WA 32.768KHz Wi uguiaen uag Timer/Counter0 LAz Timer/Counter] 143493 Prescaling

YA 10 TRs VAU 994 Timer/Counter? 193495 Prescaling L8NDOAAIMIA
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uuz3NS1F9U Timer/Counter usiazilszian
1. Timer/Counter0
9 . = = = 2
1n39a§13909 Timer/Counter0 Y11 8 i uaadlugily 50 Femuiaoden

or

Y Clock 18310 CK (Clock ¥0958U1) wiodaygal Clock ¥oessUufignms
(Prescaling) 130 dygnannaeuen Tasmildnuezeiuiluiianed TCCRO uag TIFR
drudyuaunuannsonswneazden 1dnn Temmeas TCCRO FIN13AIANAIG
Sumeisuararuqulaen S3amos TIMSK 1ile Timer/Countero 185 udynnmInnousn
Fedyamdenarvzdelasly  (Synchronized) fudnaisuininislucey Iag
TIMER/COUNTER 0 aziflunsasiiviuiiannsadousnzsmdeyaldnaoanmlanie
msd@suteyanslu TIMERCOUNTER o luvmsfifidaene  Clock veiild
TIMER/COUNTER 0 ffumiaeiiiesandiignidouas’h)
2. Timer/Counter 1

wfiving 16 O Tavenusoiendanianniinilden ck wieduanadldTy
A15115910 CK (Prescelling) UAﬁQﬂ’IﬁﬁQﬂ Timer/Counter 1 3385178 13153 mmns TCCRI1A
(Timer/Counter 1 Control Register) 1a¥ TCCRIB Iasuw§nfinananiuzeaiag
(Overflow,Compare math,Capture even) daudaanmaiuguizefnelilusimnes TcCrR1A
WagTCCRIB  n1inlunudygiaduasisudczaiuauldeinifanes TIMSK
(TIMER/COUNTER INTERRUPT MASK REGISTER)

ile TIMERI/COUNTERI azil3snoudagaauueantsifsoufiouoning (Output
Compear Funetion) 2 fas ‘]?1.! Taoee1d 33am0s OCRIA (Output Compare Register 1 A) LUag
OCRIB (Output Compare Register 1B) 1iludiuvenisifuaitoyavasnisu/Touiton
TIMER 1/COUNTERT azarnsoidion14asu pwn 1 8.9 uas 10 i
The Timer/Counter Control Register

Bits 7, 6-COM1A1, COMI1AQ: Compare Output Mode 1 A, bit 1 and 0 1in
COMIAL uaz coM1A0 Huiinf ¥ lumsAnmadnuavesdaanafifiasuiin oc1a de
Timer/Counter] 1l Compare Match éﬂlﬁﬂﬁl%ﬂﬂ‘ﬁuomput Compare Match Y99Timer/Counterl
wivwnaugulie ocia faewziuening Tasmsifendnuasvosdyanauansly
A9

Bit 5, 4-COM1B1, COM1B0: Compare Qutput Mode 1 B, bit 1 and 0 TS

’ 1 2 " »
ComlAl tag COMIAO Hludai I lumsfmuadnvuzvesdugrafifiadiuiinocia e
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Timer/Counter1 1) ACompare Match ﬁ?x‘uf}@ 194 \ﬁ‘f HOutput Compare Match U84 Timer/Counterl
wdosnruaull ocia Taowzduenive
Bit 3...2-Res: Reserved bits T IUU03 AT mega32 ﬁ]:m'suﬂmﬁluﬂfjuﬁ“l*’i
Bit 1...0 - PWM11, PWM10: Pulse Width Modulator Select Bit tHufiafildluns
AMHUANITNNIUUDI PWM
The Timer/Counterl Control Register B-TCCRI1B

i ]

Bit 7-ICN1: Input Capture 1 Noise Canceler (4 CKs) Tatifludanifmuald
. o & 1o A o :d o) o ]
Input Capture 1 Noise Canceler #1195 9 T Tasdiadafldlu 1 azidlumsdimuald
9 o P A o dy = 3| o lrl LY
Input Capture 1 Noise Canceler 117911 waedailidlu o sziflumsfinua lulad Input Capture
1 Noise Canceler 11971
% Noise Canceler 9zgnimualihianTaen1s Sampling danaifidmniiyes
e . Eg N & N
Input Capture 1 Intdy@ e Sampling 15 9TUNYDVLITNYDIFYYIVUVIVUNTOUIATUDY
AunrsAmualuila ICES1 Taoya Noise Canceler 92 Sampling #1882 1WA IALT VO
& 3 > oA . | - o ar
XTAL #4992 Sampling Miaviaia 4 A59 Iapanind 1491003 Sampling szAnsfinednideadiuiy
apdnfidmualuiia ICESI
;i g = Aqua )
Bit 6-ICES1: Input Capture 1 Edge Select Lﬂu‘ljﬂﬂalﬂfﬂ'l‘ﬁuﬂﬁlﬁﬂgﬂ Input Capture

¥ Yo 2 2 o ¥ ° w_A
1 924949 Detect 0119 ICES1 16 111 1 az1lunianmua1viye Input Capturel i Detect

1
al ~

13 Y a g o o 3 o
TR IUNVDUVIVU D 1UA ICES 1 Qﬂlﬂﬁﬂlﬂu 0 ﬁ]zLﬂuﬂ'ﬁﬂ'quﬂﬁlwaléﬂ Input Capture 1 911

P _a

W7 Deteet dyanufiveuuing
¥
Bit 5, 4-RES: Reserved bits Uﬂﬁgﬂﬁﬂuw
S . ) n:fd a3

Bit 3. CTC1: Clear Timerl/Counterl on Compare Match fiatidlus 15 lunis

Avuaduiiema Output Compare L9z 1HIAanTTUAe l1HT 092 17iTinnss a1 195
Fd
00000 udReimMTTae 1Y Taedududaiidu 1 sz unssimualdinsdidad i o
A a 1yl o .«:’w A g = 3 st as [ A =
{ioifian13 Output Compare uatdniafosiu 0 azfunisdmualifinistiuamadiona
Output Compare Bit 2, 1,0-CS12, CS11, CS10: Clock Selectl, bit 2, 1 and 0 1Jufinfi 14 1un1s
AN Feyay 1o Clock
The Timer/Counter In Capture Register — 1ICR1H AND ICRIL

Wusiemasivuin 16 AlHAVAT Timer/Couner1 fiogluFVmans TCNTI iis
Input Capture 1150 Detect 19 18 Input Capture e11158 Detect dayana ldaufinmualuy
TaICES1 9211 cPU Tnaamluidawmed TonT1 aslu3imens wozlunandorsuia
1cF1azdaiu 1 Tagnisorusinnismaes ICR1 199 CPU 2195 9amm0f TEMP 15153

ar A ) ' 4 A g As
maesndoyn Fans1dimned TEMP dsluniserudoyariteliafiogluiimand
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ICR1H uaz ICRIL laflougndueanumiouiu msemmein Fimaed ICR1 9zdpe8 1A
15 3mans ICRIL Aay Tagiile CPU 81uaA1n ICRIL v lda1 S maed ICR1H gn
Tranaslu3immes TEMP dio CPU 811910 ICRIH 2z lde 1153 aians TEMP gadald
CPU

71517914 Timer/Counter] TH1#3n PWM
a9 luTviua PWM 404 Timer/Counterl veamnsaidonlyan’la 8, 9
wio 10 fa Tasowiwafildezeoniiun PDSOCIA) wazy1 PDOCIB) lunisiiau
Timer/Counter] 24U nazfyas F991701910 0000 femrgaga@uiidmualumaed
13) uazazafU N AIHAARINT 0000 udriniududnade
Wor111 Timer/Counterl MfUA 1133 mans OCR1A w80 OCRIB szl
PD5 (OCIA) /D1 (0CIB) uldsunilasaufidivualufin  COMIAICOMIAG Wia
CoM1B/COMIBO tiln OCR1 fifusiniy 0000 niamgagazril¥ieninau 0C1A/0CAIB
aa%‘m‘ﬂu LOW %30 HIGH muﬁﬁmm“luﬁﬁ COMIA1/COMI1AO 150 COMIB1/COMIBO
uagiilo Timer/Counterl 1R Overflow wazAMiLEIY 0000 9z 1# 5 TOVL Wi 1
3. Timer2& Counter
/% Timer / Counter ¥410 8 Ta sin llvznd e wasBoavnsTamos 19
U Timer/Counter 2
The Timer/Counter 2 Control Register - TCCR2
Bit 7 - Res:Reserved Bit 11 AT9084434/8535 infiaraamt 13
Bit 6 - PWM2: Pulse Width Modulator Enable tfuifinfil4 Enable 18 1nua PwM
T Timer/Counter2 1¥nams Tnedadatidade 1 axifunsimuale Tiun PwM gn Enable
1ﬁﬁ1ﬂ1ullﬁiaWﬁﬂﬁQﬂLﬂﬁﬂLﬂu 0 9z1iun1s Disable 11% Ivum PWM U Timer/Counter2
119714 Bit 5,4 - Com21, Com20: Compare Qutput Mode, bit 1 and 0 Lﬂuﬁﬂﬁi"ﬁﬁ'lﬂuﬂﬁﬂﬂmz
o ﬂ(}ﬂlﬂﬂiﬁ‘lﬂ PD7(0OC2) \ilo Timer/Counter2 fnamlu True Compare Taeiile Compare Output
Match 9511801 PD7 (0C2) Sy T awfigmualusinCom21 nag Com20
Bit 3-CTC2: Clear Timer/Counter on Compare Match L‘]djuﬁﬂ‘ﬁcl%ﬂu wiuali
Timer2/Counter2 ¥1A75 RESET fufiu 00 videnn feli3Taand TONT2 Sewihdusiiiga )
T153ma05 OCR ¥30 Compare Qutput Match 5113&511{&%611%14 1 9291119 Timer/Counter2 5150

Bits 2, 1, 0-CS22, CS21, CS20: Clock Select bit 2, 1 and 0 Wuiialdlunis
fvua Al Prescaling
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A & 4 1!-1 L ]

&
[ 4]

el fted

B el

20kTe CRIVEREEUFFESS

i

POATA DU 1AL (NTERFRCE

I

FORTC DRIVERMEGEFERS

I

PoATE CITAL IRTERFASE

LREF T

MUX & Ace }._j\

PAROGRAM ]
FLASH j Shaw ==

i

ETRALETEHN BENERAL
RESIEYER || FLUSEOSE
REQISTERS
I 1 N
IHETALIGTICN | -
CECOQER l

l 1 B

ADC HITERELCE
- TIMERD
PREHER AN FTAGR, — % l—* OSCELATOR
COUNTER
M counr=r [F1| eowmern MY :
1 1

TFFTERRAL
GSTILLATOR
| iRl ”_a‘
WATCHDOO . —'I-
L OSCILLATOR s

ATALY

MG CTRL
& TONIKG

RESET

I

SORTA CAN ERSBUFEERS

CONTROL ' HTEARUPT (T RY#S
M NAL/ | ] [
STATUS
AVR CPU reciarn MY [P EEPROM
L Mo._zgéim.'; R Sp et USSRT
.
‘:"'\_ COMR
’-/.-f 7| sHYEREACE
<: 5 A
l !
POATS DIAIML INTERRALE SANTE BGITAL INTERFASE

PORTD DRIERT/BIFFERS

il

' * 9 l!l‘

FDl .- PDT

31l112.3 Taseasameluves AVR
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6 Y M ¥ 4 s 1 & o
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ANF18H 4.1 HEVINMITNARDUIRS BSATEU
AWM | ANWANAng | mafudas | awenved | anueedng | Wafides
a7 #i3ala (1n3) el #5014 (1R3)
Ui (Thag) Vgaua (Tad)
(s 3) (lua )

0.0 0.17 0.0 2.1 1.107 2.1
0.1 0.231 0.1 2.2 1.164 2.2
0.2 0.259 0.2 2.3 1.199 2.3
0.3 0.303 0.3 24 1.241 24
0.4 0.349 04 2.5 1.285 2.5
0.5 0.392 0.5 2.6 1.325 2.6
0.6 0.435 0.6 2.7 1.373 2.7
0.7 0.485 0.7 2.8 1436 2.8
0.8 0.529 0.8 2.9 1.459 2.9
0.9 0.574 0.9 3.0 1.500 3.0
1.0 0.620 1.0 3.1 1.546 3.1
1.1 0.659 1.1 3.2 1.589 3.2
12 0.702 1.2 33 1.631 33
1.3 0.748 1.3 3.4 1.675 3.4
14 0.794 14 35 1.720 3.5
1.5 0.835 1.5 3.6 1.765 3.6
1.6 0.882 1.6 3.7 1.806 3.7
17 0.924 1.7 3.8 1.850 3.8
1.8 0.969 1.8 3.9 1.894 3.9
1.9 1.013 1.9 4.0 1.930 4.0
2.0 1.065 2.0
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11

A7INET) anudiedng | wafuaes | amenves | anudedng | wafudang

el #4014 (1n5) el #5014 (tHAT)

sigavuani (T1ad) T (Tag)

(1813) (1us15)
4.1 1.956 41 6.1 2.830 6.1
4.2 1.998 42 6.2 2.875 6.2
43 2.038 4.3 6.3 2918 6.3
4.4 2.083 44 6.4 2.964 6.4
4.5 2.123 4.5 6.5 3.007 6.5
4.6 2.174 4.6 6.6 3.052 6.6
4.7 2.213 47 6.7 3.094 6.7
4.8 2,256 4.8 6.8 3.143 6.8
4.9 2.301 4.9 6.9 3.182 6.9
5.0 2.345 5.0 7.0 3.228 7.0
5.1 2,388 5.1 Tt 3,275 7.1
52 2430 5.2 7.2 3318 7.2
53 2.479 5.3 7.3 3.364 7.3
54 2.521 54 74 3.402 74
39 2.568 5.5 7.5 3.449 7.5
5.6 2,611 56 7.6 3.493 7.6
Sk 2.654 5.7 T 3.537 7.7
5.8 2.698 5.8 78 3,580 7.8
5.9 2.742 5.9 7.9 3.626 7.9
6.0 2,783 6.0 8.0 3.674 8.0
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Relation of Water Level and Output Voltage
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. A g s
#include <mega32.h> mlyznae Preprocessor  directive woldluTasnouinsalans

ATmegal2

#include <delay.h> Alsener Preprocessor directive Lﬁﬂi%ﬂ&ﬁ % delay

#include <stdio.h> /AJSENA Preprocessor  directive ieiFonl9iad$u ﬁu PREISTIOR
compiler

Hdefine strobe PORTC.0  /alsznialfiweia Co i1y strobe

fidefine clk  PORTC.2 mlszmeliwosn c2 i clk

#define dat

PORTC.1 msemaldmesa C1 sy dat

/f Place your code here

i
I
#
i
I
I
i
"
H
i
"

2

abed efgh

11111100  fec
01100000 60
11011010 da
11110010 f2
01100110 66
10110110 b6
10111110 be
11100000 0
11111110 fe

11110110 f6

int number=0,i=0 ;

unsigned char ADC patt[ |={0xfc,0x60,0xda,0xf2,0x66,

char count;

unsigned int

0xb6,0xbe,0xe0 Oxfe 0x6,0x00,0x01}:  /a13tsddaa 0-9ATHuanana

patt2[]={9,11,13,16,18,20,23,25,27,29,

32,34,36,38,41,43,45,48,50,52,
55,57,60,64,66,69,68,71,73,76,
78,80,82,85,87,89,91,94,96,97,
99,101,104,106,108,110,112,115,



117,119,121,124.126,129,131,133, //ond1séieriatii Anc 1 euidion
136,138,140,143,145,147,150,152,

154,156,159,161,163,166,168,170,172,
175,177,179,181,184,186,189,191,193,
195,198,201,203,205,208,210,212,214,

217,219,222,224 226,228,231,233};

unsigned char ade_data;
#define ADC_VREF_TYPE 0x20 panmnlsznaldaniSmnes ADc

unsigned char read_adc(unsigned char adc_input)
{

ADMUX=adc_inputl ADC_VREF TYPE;

/1 Start the AD conversion

ADCSRA|=0x40;

// Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);
ADCSRA|=0x10;

return ADCH;

}

// Declare your global variables here
void strob(void)

{

strobe=1; delay ms(1);

strobe=0; delay ms(1); /R g strobe e I eraana
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void pulse(void)

{

clk=1; delay ms(1), //Wﬂﬁf‘}?u pulse o %mgaﬁmﬁﬂ

¢lk=0; delay ms(1);

void display(char dp)
{
unsigned char tm,tm2;
‘ char ¢h=8;
tm = dp;

tm2 = (dp&0x01);

- ) - :
while(ch) /AN display oLl asdoyaiuinneynsy

{

void main{void)

{

PORTA=0x00;
DDRA=0x00;

PORTB=0x00;
DDRB=0x00;

dat=tm?2; delay ms(1);
pulse();

tm = tm>>1;

tm2 = (tm & 0x01);

ch--; delay ms(1);

mlszmelvinesa A Sluduwa

mlsgmedinesn B Wuduns
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PORTC=0x00; mlsgmalinesa C dhueing
DDRC=0xff;

PORTD=0x00; mlszaaldnesa D duduna
DDRD=0x00;

TCCRO=0x00;
TCNT0=0x00; /ftimer/counter 0 initialization

OCRO=0x00;

TCCR1A=0x00;

TCCR 1B=0x00;

TCNT 1H=0x00;

TCNT IL=0x00;

ICRIH=0x00; /timer/count 1 initialization
ICRIL=0x00;

OCRI1AH=0x00;

OCRIAL=0x00;

OCR1BH=0x00;

OCR1BL=0x00;

ASSR=0x00;

TCCR2=0x00; /ftimer/connt 2 initialization
TCNT2=0x00;

OCR2=0x00;

MCUCR=0x00; //External Interrupt(s) initialization

MCUCSR=0x00;



TIMSK=0x00; /timer(s)/count(s) interrupt(8) initialization
ACSR=0x80; //Analog Comparator initialization
SFIOR=0x00;
ADMUX=ADC VREF_TYPE, //ADC initialization
ADCSRA=0x86;
#asm("sei") // Global enable interrupts
number=0;
while (1)
{
o 1 o [ I
ADC=read adc(0); #5umunanwesa Ac vudu 13l ADC
if ( ADC>=9) /mnsadeuly
{
count=1;
i=0;

while (count)

{
if (patt2[i]>=ADC) i anc luBsuiensuensisd pate2
{
number=i+1;
count=0;
h
i+
if(i>=130) {count=0;} /m3smaeu i B leau 130
}
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else number=0;

display(patt[number%10]);  #UAAY T-segment HANT 2 TaBrE a1 N015158 patt

display(patt[number/10]/0x01); /161A9 7-segment HaNH 1 Tagdnauninetsisd patt
strob();

delay ms(1000);
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'T CodeVisionAVR

HP InfaTech

C Compiler, Integrated Development Environment,
Automatic Program Generator and In-System Programmer
for the Atmel AVR Family of Microcontrollers

Yersion 1.24.8b Professianal
» Copyright 1998-2006 Pavel Haiduc, HP InfoTech s.r.l.
http:/ fwww hpinfotech.com

Licensed to: F4CG
FACG
2809-1FG7-47AE-CAD4
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2. 13807 Project utndnH OK

[ Codeizinnenm

File  Edit Yiew  Profect  Tools  Ssthogs  Windows Hels

| bled & o

| 8

b mle] sln] B3RO0 sk e8|

Navigator | 4 | 3
= m CodeVisic

No Pn
[l Other

{3 Creats New Fie

File Typuavﬁi

o _E‘_:uwce§= « 0K

G T | % Cancsl

1 = s
W-2 vitheradonriaved Wg

[ ¥ 101 []
3. 1890 Chip s 15 muazdernnudnlfau uazdmlsznouaisg e 14w



49

&% CodeWizardAVR - untitled.cwp
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__1 bl sl
Navigator ] __|__
= %% CodeVisic
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pr
3 Other

F|Ie Edit View Prcuect Tuds Settings Windows Help

| :]sle) ais) elwel

Project :

Version :

Date : 18/5/2008
dathor : F4CG
Company : F4CE

Comments:
o a #a, =
Chip type : ATmega3z  ArUfGOnURTIRWEAING
Program type : Application
Clock frequency » 11.055200 MHz
Hemory model : Small
HExternal SRAM size : 0
Data Stack size -

‘k‘k**********1“#ii**************************fff‘ttt*****!

finclude <megali.h>

o -
#d=fine ADC_VREF_TYPE 0x00 smAdanmatdan apc

// Read the AD conwersion result
unsigned int read adc{unsigned char asdc_input)
{

ADMUIX=gde_input |ADC_VREF_TYPE;

// Start the AD conwversion

ADCSRA|=0x40;

// Wait for the AD conwversion to complete
while {(ADCSRA & Ox1lD)==0);

ADCSRAI=Dx10;

return ADCW;

]
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File Edt wiew Project Took Settngs Windows Help
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_ﬁ;wgmm] ol 3 ' = =

— " 48| // Declare your global variahles here
= §E CodeVisic 41|
= [P Proiec| 42 void nein(void)
NI

pr
{5 Other

Declare your local wariables here

588

/7 Input/Output Ports initialization

// Port A indtializarion

/f Pune?=In Puncé=In FuncS=In Punc4=In Punec3d=In Func2=In Funcl=In FuncQ=|
// State?=T1 Stares=T Stacre5=T Stated=T Svate3=T StateZ=T Stacel=T Statel
PORTA=0x00;

| - i y 1
DDRA-0x00; e fidenn s loam Port g

// Port B dndrtimlizarion

Jf Func?=In Funct=In Func5=In Funcd4=In Fumc?=In Func?=Tn Funcl=In FuncD=
/7 Svace?=T Staces=T Staved=T Scaced=T Stat=3d=T StateZ=T Stacel=T Stat=l
PORTB=0x00;

TDRB=0x00 ;

J// Port C initialization

7/ Punc?=In Funct=In FuncS=In Func4=In Func3=In Funcz=0ut Funcl=0ut Funmc|
ff Stace7=T 3tacef=T S5tateS=T Scacred=T S5tate3=T Statel=0 Sctatel=0 Staced
PORTC=0x00;

DLDRC=0x07;

/f Port D dnitiaelization

/7 Fune?7=In Funci=In Fuanc5=In Puncd=In Func3d=In FuncZ=In Fucl=In PuncOs
ff State7=T Stateb=T Stateb=T Statei=T State3=T Statel=T Statel=T Statal
PORTD=Qx00;

DDRD=0x00 ;

HERCRRENIT RS ALANIAIEELSE

Y d' o 3
H-6 A7 115unsuf muaiiu
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6. 15310Mn 1@ eu Tdsunsulugndi 1lsunsudvua v

// Analog Comparator initialization

// Analog Comparator: Qff

ff Analog Comparstor Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/7 ADC initiaslization

// ADC Clock freguency: 6591.200 kHz
J/ ADC Wolrage Reference: AREF pin
ADMUX=ADE VREF_TYPE;

ADCSRA=0x84;

while (1)

{

// Place your code here

}:

T
= 3 =t
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. JTAGEN=0
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8. AANT 1 R oo Compile uag Iviaa Jlsunsuas 1l Tagndni

* Execute User's Program
’ and Program the chip

e dbiate

@ Information
Compiler |.&ssembler Programrer

Chip: ATmega32

Pragram type: Application
kdemary madel Small

Cptimize for: Size

(s)printf features; int, width
[z)scanf featuras: int, width
Promate char to int: Mo

char is unsighed: YY'es

8 bit enurns: YYes

Enhanced core instruetions: On
Automatic register allocation: On

247 linels) compiled

Mo errors

1 warning(s]

Bit variables size: 0 bytefs)

|Data Stack area: 60h to 25Fh
Data Stack size: 512 bytefs)
Estimated Data Stack usage: 0 byte(s)

Global vanables size: 0 byte[s) ‘

Hatdware Stack area: 260h to 85Fh
Harmdware Stack size; 1536 byte(s)

Heap size: 0 byte(s)

EEPROM usage: 0 bytels) {0.0% of EEPROM])
Program size: 131 words [0.8% of FLASH]

Execute User's Progeam

X Cancel

¥ 8 = .
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Features

* High-performance, Low-power AVR® 8-bit Microcontrolter
* Advanced RISC Architecture
- 131 Powerful Instructions — Most Single-clock Cyele Execution
- 32 x 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
~ On-chip 2-cycle Multiplier
+ MNonvolatile Program and Data Memories
— 32K Bytes of In-System Self-Programmable Flash
Endurance: 10,000 Write/Erase Cycles
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— 1024 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 2K Byte Internal SRAM
— 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 Flashk, EEPROM, Fuses, and Lock Bits through the JTAG Interface
+ Peripheral Features
~ Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/C ounter 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 Channelg in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x%
— Byte-oriented Two-wire Serial Interface
- Programmable Serial USART
- Magter/Slave SPI Serial Intetface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On—<hip Analog Comparator
¢+ Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Intemal Interrupt Sources
- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
+ /O and Packages
— 32 Programmable I/O Lines
— 40-pin PDIR, 44-lead TQFP, and 44-pad MLF
* Operating Voltages
- 2.7 - 5,5V for ATmega32L
- 4,5 - 5.5V for ATmega3d2
* Speed Grades
— 0 -8 MHz for ATmega32L
— {1 - 16 MHz for ATmegad2
* Power Consumption at 1 MHz, 3V, 25°C for ATmega32L
— Active: 1.1 mA
— idie Mode: 3,35 mA
— Power-down Mode: < 1 gA

I &
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Freescale Semlconductor MPx5100

Technical Data Rev 10, 05/2005
Integ rqted _Slllcon Pre:s_s ure Sensor MPX5100/MPXV5100
On-Chip Signal Conditioned, SERIES
Ten:l perature Compensa ted ? a nd INTEGRATED PRESSURE SENSOR
Calibrated 0o 100 kpa (0 to 14.5 psi)
15to 115 kPa
The MPXE100 sciirs piezoresistive tranaducer is a state-ofthe-art monolithic {22 1o 16.7 psi}
gilicon pressure sansar designed for a vide range of applications, but particulary 0.2to 4.7 V Output
those employing a micracontmllar or microprocessor with AD inputs. This
paterted, singlo alamant transducer combines advanced micromachining SMALL OUTUNE PACKAGES

techniguea, thin-film metalization, and bipdar prscassing to provide an accurate,

Lt
high level analog output signal that is proportional to the applied pressura. = 0
Features
2.5% Maximum Error over 07 to 85°C i i

.

« |daally suited for Microprecessor or Micrecontrollor-Based Systoms MPXV5100GCEU MPXVE100GE70
+  Patonted Silicon Shear Stress Strain Gauge CASE 4824-01 CASE 482C-03
*  Available in Absolute, Difterantial and Gauge Configurations

+  Durabla Epoxy Unibody Elament

Easy-to-Use Chip Camer Option
Typical Applications

* Patient Monitoring g:sxg 2%'_]&
+  Process Conmtrol
+  Pump/Motor Contrd
+ Prassura vatching
ORDERING INFORMATION
sze Options c;:." uex ::';?:Q?'der Dovice Marking
TRNIBECDY PACKAGE 100 SERIES) ;
Basic | Absollta 867 | MPXS100A MPXS100A
Elemens Sifarantal 867 |MPX5100D NPX51000 D
ofted | Differential Dual Ports | 867G | WPX51000F HPX5100DP
Elements | 2beslie, Singio Port | 8678 | MPX5100AP MPX5100AP
auge, Single Port 8678 |MPXG100GP WPFET0GP MPX5100DP
- CASE 867C-05
Gauge, Axal PC Mount | a67F | MPX5100G5X MPX5100D
Gauge, Axal Port, SMT | #62A | MPRV51005GE0 |MPXY5100G
Gauge, Axial Port, DIP | 482C |MPX5V100GCTU [ MPXV5100G
3augs, Dual Por, SMT | 1351 |WMPXVST100DP WPXV5100
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PIN NUMBER("
1 NG 5 NG 5
Vo = Vg {0.006" P40.04) § —_—
z Vs B NI = f}rgﬁm'TargeraMaFamr‘uom'Va //;3"’ r
T GHD i NG 4 _&:scvsazs\m‘: o
=25 o
3 Vout 8 i = ™=1 %/’
TEWP =0t B5°C e gl
1. Pins 1,5, 6, 7, and & are intarnal device % 3 ik Elz
connecticns, Do nat connect to extsmal L Vﬁ ( B =
circuitry or ground. Pin1 is noted by the E_ ol M ,/,u//f d é =
notch in the lead. 3 "\ ff;? P g £
Fl
PIN NUMBER() D z
1 Vour 3 NG Za "'"? !
2 —GHD 5 NG o
3 VS B N 02839883332:*_
- - - Pressure (kPa) Typ}
1. Pins 4,5, and & are internal devica
connections. Do not connect to extemal . B : Offsat
cireuitry or ground. Pin 1 is noted by the Figure Z. Output Vs. Pressure Differential
noteh in the lead,
Vs
rF— b — 3 "Twaeese - A
| |
I Thin Him Gain Staga # 2 | |
| Sensing Temperatire and Ground ||
| Bement Gormpensation Referans T—Vour
r o andGan L] spip Creuitry
| Stage £1 |
L o G g | o W A AT A

P 1 and 5 through 3 are MO CONNECTS for small cutline packagss
Pins 4, 5, and & are NO COMMNECTS for unbody packages

Figure 1. Fully Integrated Pressure Sensor Schematic

TABLE 1. Maximum Ratings!!

Figure 1. Fully Integrated Pressure Sensor Schematic

Rating Symbol Yalua Unit
Maximum Pragsure {P1 = P2} Praax 400 kPa
Storags Tamparaturs Tats -40° to +125°C G
Operating Temparature Tl -40° fo +125°C °C

1. Exposure bayond the specified imits may cause permanent damags ordegradation o the devica.
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TABLE 2. Operating Characteristics (Vg = 5.0 Vp, T =25°C unlese stherwise noted, P1 > P2. Decoupling circuit shown in
Figure 4 required to meet electrical specifications.)

Characteriatic Symbol Min Typ Max Unit
Pressure Range!" Pap KPa
Gauge, Difforantial: MPX51000MPX5100GMPX VS 100G 0 - 10
Absoluta: MPXS100A 15 — 115
Supply Voltage!® Vs 475 50 525 Ve
Supply Current o —_ 7.0 10 mAdc
Minimum Pressurs Offsatt® {0 10 85°C) Vorr 0.088 0.20 0313 Voo
@ Vs=50V
Full Scale Ouiputt? Ditforervial and Abeolus (01085°C) | Vrso 4.587 4.700 4.813 Vi
@ V=50V
Full Scale Span®) Ditferentlal and Abeolute (0 to 85°C) VEas - 4.500 — Voo
@ V=50V
Accurecy® — = — 25 %Vegs
Sansaifivity Ve - 45 — mV/kPa
Response Time} g — 1.0 — ms
Outout Sourea Current at Full Scala Ouiput o, - 5] —_ madc
Warm-Up Timet®! - % 20 — s
Offsat Stabiliy'® — — 05 — %Vras

1. 0.1 kPa {kiloPascal) equals 0.145 psi.

2. Dewvice is ratiometric within this spscified excitation rangs.

3. Offest (Yore) is defined es the output voltage at the minimum rated prosaure.

4. Full Seals Quiput (Ve is dofined as the owput veltags at the maximum or full rted prassure.
54

Full Scale 8pan (Vrs) is defined 23 the algabraic differanca batweasn the outpit vollags at fufl mated pressure and the ouput veltage at the
minimum ratad pressira.

8. Accuracy (emor budget) consists of tha following:

« Linearity: Quiput dewiation from a straight lina relationship with prossurs over the spactfied pressune rangs.

» Temporature Hystaresie: Quiput daviation at any temperatra within the operating temparaturs range, after tho tomperature is cycled to
and from the minimum or maximum opeérsating tampsrature polnts, with zero differ entlel pressure applied.

» Pressure Hysterasis:  Qutput daviation at ary pressure within the specified ranga, whan this prossurs is cyclad to and from minimum
or maximum rated pressuro at 25°C.

= TeSpan: Quiput deviation cver the temperature range of 0° 1o 85°C, relative to 25°C.

« TeCrizat: Quiput deviation with minimum pressurs applied over the temperature rangs of 0° to 85°C, relative to 25°C.

* Variation from Nominal:  Thevarlaton from nominal values, for Offset or Full Scalo Span, as a porcant of Vg at 25°C.

Flurosileons sﬂﬁ' Fucrasiicens Gal Stalless oo
G Dla Oom mg Die Coal Metal Cover
E;my Plastic Epoxy Plastic
% =
Dig Bond Die Bord
DifferonéalGaugs Elemant "“’ Frame
Figure 3. Croas Sectional Diagrams (Not to Scale)
Figure 4 shows tha recommanded decoupling circuit for of a micropracessor or microcontrollar. Proper decoupling of
interfacing the cutput of the integrated sensor to the A/D input the powsr supply is recommended.
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3 Texas CD4094B Types

INSTRUMENTS

Data sheet acquired from Harmis Semiconductor
SCHSOE3

CMOS

8-Stage Shift-and-Store
Bus Register

High-Voltage Types (20-Volt Rating)
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Fig. 3 = Timing disgram.

TRUTH TABLE
Penaliad Satiad
A Ccigaat Bk COnstpin Chiptpagitn
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47 1 Y 1 1 |Gy | ©7 | B
N 1 1 |melwe | we | az
& Lavel Chaage Logic ) £ High
A = Dan't Cwe Logic 0 2 Low
ML = Ho Change
QC = Qe Gircuit
LIMITS
\'/ ,
CHARACTERISTIC ‘3:: UNITS
MIN. MAX,
Supply-Voltage Range (For Ta=Full 3 18 ¥
Package-Temperature Aanges)
5 126 -
Data Setup Time, tg 10 b5 - ns
15 35 - .
B 200 i
Clock Pulse Width, tw 10 100 - ns
16 83 -
9 1.2%
Clock I nput Frequengy, TCL 10 dc 25 MHz
16 3
*Clock Input Rise ar Fall time, 13 1g
1, CL, yoL:* 15 = 5 HE
[ * 200 -
Strobe Pulse Width, ty 16 B0 - m
15 70 -
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