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1 Utdrattur

Fiskraektun hefur aukist vida um heim 4 sidustu arum. Samkvemt FAO (food and
agriculture Organiztion) hefur verid stoougur voxtur i fiskreekt fra arinu 1970, par sem
3,9 % af heildarframleidslu fisks { heiminum var fiskraektun. Arid 2000 var fiskraektun
ordin 27% af heildarframleidslu fisks { heiminum. Laxeldi er stor hluti af fiskreektun og i
Noregi a seinasta ari var framleidd rumlega ein milljon tonn af eldislaxi og var
utflutningsverdmeeti framleidslunnar um 500 milljardar. Framleidslu laxeldis er haegt ad
skipta upp 1 prja stig, hrognaframleioslu, seidaeldi { ferskvatni og svo matfiskeldi {

sjokvium.

Kviar fyrir laxaeldi { sj6 eru miklar um sig eda um 160 metrar { pvermal og allt ad
50 metrar ad dypt og er hitamunur fra yfirbordi sjavar og til botns mjog breytilegur.
Hitastig hefur mikil ahrif 4 voxt fiskanna og er pvi naudsynlegt ad fylgjast vel med
hitastigi { sjokvium. [ pessu verkefni var hannad hitamzelakerfi til ad fylgjast med
hitastigi sjavar fra yfirbordi og nidur a botn. Vid hénnun nemans var haft til hlidsjonar
ad meelirinn pyrfti ad vera med nakvaemni upp 4 0,1°C. Til ad na pessu fram var fario {
mikla leit ad hitamé6tstodu sem bydi upp 4 mikla ndkvemni. A endanum var PR222j2
hitamoétstadan fra U.S Sensors fyrir valinu med nakveemni upp 4 0,05 °C. Svo ad haegt sé
ad lesa gogn fra meelunum parf ad notast vid radsamskipti og voru skodadir nokkrir
mismunandi stadlar svo sem I12C, SPI og RS-232 en ad lokum var pad I2C stadallinn sem
vard fyrir valinu vegna eiginleika hans til ad notast adeins vid tvo vira til samskipta.
Finna purfti PIC 6rstyringu sem var med [2C radsamskipta stadlinum og einnig med 12

bita hlidraenan til stafraena breytu fyrir valinu var dsPIC30f.

Til ad stjérna radsamskiptum purfti ad finna 6rtélvu sem gat leyst pau verkefni
sem fyrir hendi voru. Akvedid var ad notast vid értélvu sem heitir Arduino, sem er peim
kosti geedd ad geta geymt upplysingar sem og sent og nad i gogn fra meelunum og eining

sent gogn { PC t6lvu sem notud yrdi til ad birta meelinidurstodurnar a skja.

II
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2 Formali

Fiskraektun hefur aukist vida um heim & sidustu arum. Samkvemt FAO (food and
agriculture Organiztion) hefur verid stédugur voxtur i fiskraekt fra arinu 1970 par sem
3,9 % af heildarframleidslu fisks i heiminum var fiskraektun. Arid 2000 var fiskraektun
ordin 27% af heildarframleidslu fisks { heiminum. Laxeldi er stor hluti af fiskreektun og i
Noregi a seinasta ari var framleidd rumlega ein milljon tonn af eldislaxi og var
utflutningsverdmeeti framleidslunnar um 500 milljardar. Framleidslu laxeldis er haegt ad
skipta upp 1 prja stig, hrognaframleidslu, seidaeldi { ferskvatni og svo matfiskeldi {

sjokvium. [ verkefninu verdur farid yfir hénnunarferli 4 hitamaeli { sj6kvi.

Pessi skyrsla lysir lokaverkefni sem snérist um hoénnun a hitameelakerfi fyrir sjokvi.
Verkefnid var unnid { samvinnu vid Vaka. Vaki er fyrirteeki sem stofnad var i kringum
nemendaverkefni vid Verkfraedideild HI. Félagid hefur 95% tekna sinna af atflutningi og
hefur hlotid nyskopunarverdlauna Rannis og Utflutningsrads, nysképunarverdlaun

forseta fslands og Utflutningsverdlaun Forseta {slands.

Verkefnid er unnid { Hask6lanum { Reykjavik og er pad lokapattur i pvi ad klara B.Sc i
Rafmagnstaeknifraedi vio Haskolann i Reykjavik. Vido honnun & hitamaelinum reyndi a
marga peaetti ndmsins og ma pvi segja ad hofundur hafi nad ad kafa dypra i pa pekkingu

sem namid hefur bodid uppa.

Leidbeinendur i verkefninu voru: Agust Sturla Jénsson og Hélmgeir Gudmundsson

Marteinn Gudjoénsson
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3 Inngangur

Fiskraektun hefur aukist vida um heim 4 sidustu arum. Samkveemt FAO (food and
agriculture Organiztion) hefur verid stodugur voxtur i fiskraekt fra arinu 1970 par sem
3,9 % af heildar framleidslu fisks i heiminum var fiskraektun. Arid 2000 var hlutur
fiskreektunar ordin 27,3 % (Kourous, 2007). A sidasta ari voru framleidd rumlega ein
miljon tonn af eldislaxi { Noregi og var utflutningsverdmeeti framleidslunnar par { landi
um 500 miljardar islenskra kréna. Um pad bil 98 % af allri framleidslu 4 Atlandshafslaxi
kemur fra fiskeldi (AquaSol, 2003). Skipta ma framleidslu laxeldis upp i prju stig,
hrognaframleidslu i ferskvatni, seidaeldi i ferskvatni og svo matfiskeldi i sj6kvium. A
sidustu premur aratugum hafa ordid miklar framfarir { idnvaedingu framleidslunnar til
ad laekka framleidslukostnad. Fédurkostnadur er riflega helmingur af rekstrakostnadi
og pvi er mikilveegt ad finna leid til minnka pann kostnad an pess ad pad komi nidur &
vexti fiskanna. Til pess a0 fiskurinn sé jafnt f6dradur og f6dur sé hamarks nytt er mjog

mikilveegt ad fylgjast med stadsetningu fisksins med hlidsjon af hitastigi sjavar.

Kviar fyrir laxaeldi i sj6 eru miklar um sig eda um 160 metrar i pvermal og allt ad
50 metrar ad dypt og er hitamunur fra yfirbordi sjavar og til botns mjog breytilegur.
Hitastig hefur mikil ahrif 4 voxt fiskanna og er pvi naudsynlegt ad fylgjast vel med
hitastigi i sjokvium. [ rannsékn sem gerd var 4 sunddypt Atlantshafslax i sjokvium var
leitt { 1j6s ad fiskurinn heldur sig 4 peim stad { kvinni sem er naest 13°C (David
Johansson, 2009). Markmid verkefnisins er ad hanna hitanemakerfi sem meelir hitastig
sjavar fra yfirbordi og nidur & botn og sendir upplysingarnar med reglulegu millibili {

midleegan gagnagrunn.

A mynd (1) ma sja meelingar sem gerdar voru af Vaka arid 2010 { sjékvi { Noregi.
Hitinn { kvinni var 4 bilinu 11,7 °C til 16,7 °C. Malingarnar voru teknar & 55 minttna
timabili og syna paer ad mesti fjoldinn af fiskum var & 30 til 40 metra dypi eda par sem

sjérinn var um 13°C (Jonsson, 2010).
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Vio gero pessa verkefnis var mikilvaegt ad skoda hitastig sjavar til ad vita a4 hvada
hitasvidi neminn pyrfti ad vinna. Samkveemt meelingu fra Global Marine Argo Atlas (sja
mynd 3), pa meelist hitastig sjavar fra -2 °C til 34 °C . Laegsta hitastig sem hefur verid
meelt er -2,6 °C og haesta 36 °C og er medalhiti sjdvar um 17 °C. Argo Atlas er med 3239
hitabaujur (sja mynd 4) sem eru buid ad stadsetja kringum heiminn sidan ario 2000 og

gefa peer mikla yfirsyn 4 hitabreytingu heimshafanna (Argo, 2010).

Argo Temperoture (°C) June Average(2004-2010)
Averaged 0- 100 dhar

40°N

20°N

20°%

40°5

I
B

50°E 150° 110%W 10°W

Mynd 3. Myndin synir medalhitastig sjavar fra Juni 2004 og til Jiini 2010 med nakvaemni upp a nokkrar

milligradur
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Mynd 4. Stadsetning a hita baujunum
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4 [hlutir

I pessum Kkafla verdur farid { virkni og notkunarméguleika helstu ihluta sem

notadir voru til ad hanna maelirasina.

4.1 Hitaneminn

Hitamotstadan (Thermistor) er mjog naem og breytist vidnam hennar mida vid
hitastig. Hitamo6tst6du ma skipta { tvo flokka NTC (Negative Temperature Coefficient) og
PTC (Positive Temperature Coefficient). NTC hitamdtstada hefur neikveedan hitastudul
pannig ad viondam motstodunnar fellur med haekkandi hita. PTC hefur hinsvegar
jakvaedan hitastudul pannig ad vionam motstodunnar haekkar vid haekkandi hita. Vio val
a hitamoétstoou purfti ad hafa nokkra hluti til hlidsjonar, i fyrsta lagi nakveemni, { 6rou
lagi endingartima og i pridja lagi parf hitamo6tstadan ad vera innan gefins hitasvids
sjavar sem adur hefur verio nefnt. Hitamotstadan sem var fyrir valinu er PR222]2 NTC
hitamoétstada. Med nakvaemni upp a +0,05°C vid 0-50°C, langlifur og med hradann
svartima sem gerir hann kjorinn fyrir verkefnid. Vinnusvid hitamo6tstodunnar er fra -55
°C til 50 °C. I linuriti 1 ma sja R/T kdrfu hitamétstddunnar sem fengid er dr gagnariti
(data sheet) (sja vidauka 1 bls 36) og gefur ndkveemt vionams gildi mida vio hitastig
(U.S.Sensor, 2010).

Linurit 1. Synir breytingu a vidnami hitamoétstodunnar i ohm mida vid hitastig i gradum a selsius

R/T kurfa gefin gildi

9.000,00
8.000,00
7.000,00
6.000,00
5.000,00
4.000,00
3.000,00 o—PR222J2
2.000,00
1.000,00

0,00

Vionamsgildii ohm

Hitii °C
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Til ad reikna at vionam hitamétstodunnar sem fall af hita T { °K (Kelvin) vid
akvedio hitastig er notud jafna (1). Ro er vidonam hitamétstodunnar vid hitastigio To. To
er gefid upp 25 °C eda 298,15 °K ur gagnariti fra framleidanda (sja vidauka 1 bls 35) og
vi0 pad hitastig er Ro 2252 ohm (). Beta () er fasti sem fengid er ur gagnariti fra
framleidanda ( sja vidauka 1 bls 35) fyrir PR222]2 pa er =3890. I linuriti 2 er fundin
R/T kurfa fyrir reiknad gildi midad vid gefin vionamsgildi Rr (sja vidauka 1 bls 36). Med
jofnu 2 er reiknad ut nakveemari gildi 4 hitastigi en framleidandi gefur upp eda ad

medaltali 0,931475°C mismunur.

1
Ry = R, » ! (/17T0) (1)
= °C= ° 1 1
T=13 °C=286,15 °K Ry = 2252 + %% ('/206,157255.15) = 3892,16 0 (1)
T,
T = g* 2
Ln*(R—D*To*'ﬁ (2)

Linurit 2. Breytingar a vidnami mida vio reiknad gildi a hitastigi

Reiknud R/T kurfa

9.000,00
8.000,00
7.000,00
6.000,00
5.000,00
4.000,00
3.000,00
2.000,00
1.000,00

0,00

9—R/T karfa

Vidnamsgildii ohm

-4 6 16 26 36

Hitastigi °C
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Fyrir meiri verklega notkun og meiri nakvaeemni a R/T kurfunni er notast vid
Steinhart-Hart jofnuna (sja jofnu 3). Rr eru uppgefin vionamsgildi og T er hitastig {
kelvin gradum. Fastarnir A,B,C og D er gefnir upp af framleidanda hitamoétstédunnar og

eru: (sja gangablad vidauka 1 bls 37)

e A=1,47530413409933 E-04
e B=2,36552076866679 E-04
e (=1,18857119853526 E-07
e D=-7,4635312369958 E-11

% = A+ B+ (LN(Ry)) + C * (LN(R1))? + D * (LN(Ry))® (3

[ linuriti 3 ma sja Gtreiknada R/T kiirfu med notkun Steinhart-Hart jofnunnar og
gefin vionamsgildi. Linurit 4 synir samanburd & gefinni R/T kuarfu fra framleidanda,

reiknudu R/T kurfunar midad vio jofnu 2 og R/T kurfu Steinhart-Hart jéfnunar.

Linurit 3. Breytingar a vionami midad vid reiknad gildi a hitastigi med Steinhart-Hart jofnunni

R/T kurfa Steinhart-Hart jofnu

10.000,00
9.000,00
8.000,00
7.000,00
6.000,00
5.000,00
4.000,00
3.000,00 == Steinhart
2.000,00
1.000,00

0,00

Vionamsgildii ohm

-5 5 15 25 35

Hitii °C




Haskolinn i Reykjavik Rafmagnsteeknifraedi

Linurit 4 mismunur 4 reiknudu gildi og gefnu gildi fra framleidanda

Chart Title

9.000,00

8.000,00

7.000,00

6.000,00

5.000,00
; e Gefinn gildi
4.000,00 F

e Reikand gildi
3.000,00

Vionamsgildii ohm

== Steinhart
2.000,00

1.000,00

0,00
-5 0 5 10 15 20 25 30 35

Hitastigi gradum

Eins og sja ma & linuriti 4 pa er ekki mikill munur 4 pessum télum, en pzer geta skipt

miklu mali pegar kemur ad pvi ad na fram hamarksnakveemni i maelinum.
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4.2 Adgerdarmagnarar

Adgerdarmagnarar eda operational amplifier voru { fyrstu eetladir til ad fram-
kveema ymsa staerdfraediutreikninga en sidar kom { 1j6s ad peir h6fou mikid meira upp a
bjoda. Med neikvaedri afturverkun og vali & steerdum var haegt ad gera ras sem gat fram-
kveemt hina ymsu sterdfraedilegu utreikninga eins og samlagningu, fradratt, medaltal,
diffrun og heildun. Almenn notkun & Adgerdarmégnurum er DC (Direct Current)
magnari, AC (Alternating Current) magnari og samanburdavirkja svo eitthvad maetti
telja upp. A mynd 5 ma sja hefdbundinn adgerdarmagnara. Magnarinn hefur tvo

innganga, vendi-inngang (inverting input) og beinan inngang (noninverting input).

. vV
Vendi i s
Inngangur
Utgagnur
Beinn _{
Inngangur
-Vss

Mynd 5 Einlinu mynd af deemigerdum adgerdar magnara

Inngangsviondm adgerdamagnara er mjog hatt eda nanast 6endanlega hatt. Medal
inngangsvidnam er p6 naer 1012 Q. Utgangsvidnam magnarans er hins vegar mjog lagt
eda 1-10 Q. Mdégnun er mikil, oftast 10-100 sinnum mognun & inngangsmerkinu en
henni er stjornad med vionamum { afturverkuninni. Til pess ad magnarinn virki pa parf
hann ad fa faedisspennu par sem hann getur tekid pa orku sem parf til ad framkveema
mognun. Aflgjafinn parf oftast neer ad vera tvofaldur, pad er ad segja ad hann parf ad fa
inn & sig baedi jakveeda spennu sem og neikvaeda. Tvofoldunin veldur pvi ad hann getur
magnad upp baedi jdkveed og neikveed merki. Magnarinn getur ekki skilad Ut atmerki

sem er heerri en faedisspennan (Carter & Brown, 2001).
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4.3 PIC

PIC orstyringar (microcontrolers) eru litlir tolvukubbar med innbyggdu vinnslu-
minni RAM (Random access memory) og minni ROM(Read-only memory) sem hagt er
ao forrita til pess ad keyra akvednar skipanir og geta peir att samskipti vid innganga og

titganga. A mynd (6) ma sja blokk mynd af deemigerdum PIC.

Oscillator T0 T1 T2
0 - 20MHz
Internal

Oscillator

Program

C P U Memory 8K

A/D G, (el (35 instructions)

Converter PWM

EEPROM (256)
Vref Interrupts WDT

CCP/PWM
modules

-'-‘

RESET

1/0 Ports (25mA) 9P°wer Supplve
PortA | PortB ! PortC [ PortD I PortE | 2-55V

Mynd 6. Blokk mynd af deemigerdri PIC drstyringu

Vinnuspenna fyrir PIC drstyringuna er fra 2 til 5,5 V. Minnio { érstyringunni er
tviskipt, ROM og EEPROM (Electrically Erasable Programmable Read-Only Memory ).
Gogn sem geymd eru { ROM minni er ekki haegt ad breyta og bpar er oftast geymdur
fastbuinadur (firmware) sem notadur er fyrir keyrslu. EEPROM getur verid forritadur
og endurforritadur og par er forritid sem keyrir rasina geymt. Til pessa ad forrita PIC
parf oftast ad fjarleegja kubbinn og tengja hann vid sérstakan forritunarbinad en einnig
er moguleiki & ad notast vid svokallad { rdsa forritun(in circuit programming).
Bunadurinn er pa forritadur { gegnum radtengimoguleika i PICnum en sd moguleiki er
ekki alltaf til stadar { PIC Orstyringum. RAM er vinnsluminnid svo kallad les-og skrif-
minni (read and write memory) og geymir adeins pau gogn sem er verid ad vinna vid
hverju sinni. Gognin sem er verid ad vinna med geymast ekki ef rafmagn er tekio af
rasinni.

CPU midvinnslueining (central processing unit) er sa hluti { 6rstyringunni sem
framkveemir alla vinnslu forritsins. Pad getur ekki unnid eitt og sér, heldur parf alltaf ad
hafa minni, inngagns- og utgangsbunad til ad fa upplysingar inn, vista peer og senda peaer

svo aftur ut.


http://en.wikipedia.org/wiki/Firmware
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Inngangs- og utgangseiningar (I/O Ports) eru til ad eiga samskipti vid merki eda
gogn fra utanadkomandi bunadi vid CPU, pa baedi ad taka vid og senda. Hlidreeni til
stafreeni inngangurinn (Analog to Digital converter) er notadur til ad taka inn hlidraent
merki pa oftast spennugildi og breyta pvi yfir i stafreent merki til urvinnslu. Flestar
orstyringar sem bjéda upp a A/D breytu hafa 10 bita upplausn a innganginum. Petta
pydir ad inngangspennunni er breyt i 10 bita nimer sem gefur ndkveemni uppa 1 til
1024 eda 0,1% nakveemni. Margar orstyringar hafa innbyggdan sveiflugjafa (Oscillator)
sem hefur fast gildi sem er breytilegt milli rdsa. Gallinn vid petta er ad innbyggdi sveiflu-
gjafinn er ekki mjog ndkveemur svo ad utanadkomandi sveiflugjafi er oft settur til ad fa
nakveema klukkuras. Radsamskipti (Serial communication) eru notud til ad haegt sé ad

tala vid adrar orstyringar eda skiptast a gognum.

4.3.1 Radsamskipta stadlar

Nokkrir radsamskipta stadlar eru mogulegir i PIC 6rstyringum

e [2C (inter intergrated circuit)

e SPI ( serial peripheral interface)

e CAN ( controller area network)

e RS-232/ USART (universal synchronous/asynchronus

receiver/transmiter) (Bates, 2006).

4.3.1.1 IC
[2C kerfid notast adeins vid tvo pinna & orstyringunni radgogn(serial data) (SDA)

og radklukku (serial clock) (SCL). Kerfid byggist upp a4 pvi ad pad er ein adaltdlva
(Master) og svo margir preelar (slave). SCL klukkulinan er notud til ad samstilla 611 gogn
sem verid a0 senda 4 brautinni. Hverjum bpreel er gefid vistfang sem er eins og hans
heimilisfang sem gerir pad ad verkum ad adaltélvan getur sent gégn i gegnum einn
streng (SDA) sem inniheldur einnig vistfang preelsins. Vistfangid getur verid 7 eda 10
bitar, vid 7 bita vistfang er haegt a0 tengja allt ad 128 praela. Til ad adaltélvan geti byrjad
ao tala vio preel pa parf ad senda byrjunar runu a I2Cbrautina. Byrjunar runan er ein af
tveimur k6dum sem eru sér tilgreindir fyrir [2C brautina, hin er stopp runan. begar
byrjunar runan hefur verid send pa purfa allir preelar & brautinni ad hlusta eftir
vistfangi. Adaltolvan sendir pa ut 8 bita runu 7 af peim eru vistfangs bitar og einn biti

sem segir til hvort kerfid sé ad lesa eda skrifa (R/W) tr preelnum. Ef aukabitinn er har

10
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(1) ba er adaltdlvan ad lesa fra praelnum ef hann er lar (0) pa er hann ad skrifa {
preelinn. R/W bitinn er LSB (least significant bit) bitinn og 7 bita vistfangio er sett { efri
7 bitanna & rununni, sem pydir ad ef tolvan zetlar ad eiga samband vid vistfang 14 pa
parf adaltélvan { raun ad senda vistfang 28 sem er 14 faerdur upp um einn bita (Bates,

2006).

4.3.1.2 SPI
SPI notast vid fjéra pinna a 6rstyringunni, radgogn (seral data) ut (SDO), radgégn

inn (SDI), radklukku (serail clock) (SCK) og prala veljara (SS Slave select). Eins og i I2C
kerfinu pa byggist SPI upp a svipadan hatt med eini adaltolvu og preelum. Adaltélvan
stjornar 6llum samskiptum og velur hvada preel hun vill tala vid med pvi ad setja hatt
gildi inn 4 SS innganginn a érstyringunni. Pegar hun er bliinn ad velja sér przel getur hun
sent gogn um pad hvad hann vill fa fra orstyringunni. Pegar adaltaekio hefur lokid sér af
med preaelinn setur han SS { lagt gildi til ad geta valid annan przel til ad lesa af. Haegt er

ao lesa og skrifa gogn 4 sama tima med pessari adferd (Bates, 2006).

4.3.1.3 CAN
CAN Kkerfid er sérstaklega hannad til ad senda gogn i umhverfi par sem mikid er

um rafsegultruflanir eins og { stérum motorstyringum. CAN radsamskipti eru einungis
til { mjog faum og 6flugum PIC Orstyringum (Bates, 2006). Pannig ad ekki verdur fario

ytarlegra i pann stadal.

4.3.1.4 USART
RS-232 einnig pekkt sem USART (universalsynchronous/asynchronus

receiver/transmiter) er 6samstilltur radtengis (serial) samskipta stadal sem er mikid
notadur stadall { samskiptum PC tolvu og jadarteekja. Hann notast vid COM radtengio a
PC t6lvunni, en er ekki med samstillt klukkumerki eins og { SPI og I2C
radtengissamskiptastodlum. [ RS-232 eru tveer samskipta linur RX (Receive data) og TX
(Transmit data). A TX linunni eru send 1t gogn til annar taekja en linan RX er notud til
ad lesa gogn sem koma fra 60rum teekjum. TX tatgangurinn fra t6lvu er pannig tengdur
vid RX innganginn 4 mo6toku bunadi. RX inngangur a tolvu er tengdur vio TX utgang a
mo&toku bunadi (sja mynd 7). Par sem pad er ekki klukkulina pa notast radsamskiptinn
vio fastann samskipta hrada a milli teekja. Samskiptahradinn er maldur sem biti a

sekindu eda sem bita hlutfall (baud rate). (Bates, 2006)

11
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MotEku bdnadur

Mynd 7 Samskipti med RS-232 stadlinum

5 Honnun

Heildar kerfid sem hannad var byggist upp a 14 hitameelum og adaltélvu sem
sendir gogn { PC télvu sem heldur utanum meelingar. Vio samskipti 4 milli przela (slave)
og adaltélvu (master) er notast vid radsamskiptamata. Adaltélvan tekur vid gognum og
sendir pau svo med RS-232 stadlinum pradlaust til PC télvu sem er stadsett i stjérnhusi,
PC t6lvan vinnur svo ur gognunum. Par sem sjokviar eru ekki alltaf landtengdar er
adeins rafmagn a adaltélvunni 8 tima 4 dag annars parf hun og allt kerfid ad stydjast vid
rafmagn fra 12 V og 7 Ah ( Amper stunda) rafhlédu . A pessum 8 timum er framkvaemd
meeling & 10 mindtna fresti en pegar rafmagn fer af télvunni er adeins verid ad taka
meelingar 4 halftima fresti. Til pess ad kerfid geti studst vio rafhloo { 16 tima ma heildar
kerfio ekki draga meira en 437,5 mA straum. Gera parf rao fyrir pvi ad adaltélvan geti
geymt pessar melingar og sent paer pegar rafmagn kemst 4 télvuna. A mynd 8 ma sja

einlinu mynd af kerfis uppbyggingunni.

96 Kkhit 96 Kkbit

»Rrs 232 | (| RS 232 e - Master
v \

Mynd 8 Kerfis uppbygging

12
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5.1 Hitameaelir

Vid honnun a hitamelinum purfti ad skoda malisvid nemans midad vid hitastig
sjavar og er pad a bilinu -3°C til 37°C sem gerir 40°C hitabrettingu (sja jofnu 5).
Nakveemni { melingum er lika naudsynleg og er gert rad fyrir pvi ad meelirinn skynji

hitabreytingu upp a 0.1°C sem gera 400 meeligildi sem neminn parf ad lesa (sja jofnu 6).

—3°C —37°C = 40°C breiting (5)
40°C . (6)
01 400 gidli

Vegna pess hversu breytilegt hitastig sjavar er var ljést ad skoda pyrfti margar
meelingar fra yfirbordi og nidur a botn kviarinnar. Skodadur var sa moguleiki ad hafa
einn meeli sem latinn yrdi siga nidur a kjorhitastig. Yrdi hann pd med mezelibinad a
tromlunni sem segdi til um 4 hversu miklu dypi hann veeri. P6 ad sa moguleiki hafi haft
sina kosti pa var frekar dkvedio ad hafa marga maela med 3,5 metra millibili nidur kvina.
Meo peirri adferd er haegt ad fa fleiri ndkveemar meelingar og ekki parf mikinn vélbtinad
sem teeki pa straum af kerfinu. Med pessari lausn pa eru 14 meelar fra yfirbordi
kviarinnar og nidur 4 botn. P4 var ljést ad hanna pyrfti malinn midad vid dypt. Vegna
taps { leidara pyrfti ad vera mismunandi mégnun a spennu merki meelisins fra yfirboroi
og nidur 4 botn. Leidarinn pyrfti pa ad vera med 14 strengi sem eingéngu myndu meela
spennu. Petta yroi til pess ad leidarinn yroi mjog pykkur og téluvert dyrari. Adaltélvan
yroi pa eining ad geta lesid inn 14 hlidreen gildi med 12 bita upplausn. Pvi var tekinn st
akvoroun ad hanna meelinn pannig, ad ekki pyrfti ad gera breytingar 4 honum eftir pvi &
hvada dypt hann veeri. Skodud var su lausn ad breyta spennumerkinu fra meaelinum yfir
i stafreent gildi 40ur en gognin veeru send til adalt6lvunnar. Med pessari adferd er

komist hja pvi ad purfa ad magna upp merkid mida vio dypt 4 nema.

13
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5.2 Melirasin
[ pessum kafla verdur farid yfir honnunar ferlid 4 maelirasinni allt fra spennu sem
tekin er inn og hvernig a4 ad senda lesinn gildi ur meelinum. Einnig verdur fario yfir

eiginleika adaltélvunnar sem 4 samskipti vid meelana og PC télvu i landi.

5.2.1 Spennureglir

Kerfid vinnur 4 12 V spennu sem er annarsvegar er fengin fra rafhl6ou 16 tima a
dag og hinsvegar rafmagni 8 tima & dag. Til pess ad halda fastri spennu inn a rasina eru
12 V tekinn inn & uA7810 spennuregli (sja gagnablad vidauka 1). Spennureglirinn
heldur fastri 10 V spennu med 0,05 V skekkju inna rasina sem gerir hann kjorinn fyrir
meelirasina. Péttar voru notadir 4 inngang og Utgang eins og sést a mynd(8). Péttirinn &
itganginum er notadur sem linusia (filter) til ad baeta svartimann. A innganginum var
péttirinn settur til ad sia burt sveiflutioni sem getur myndast { leidurum. Med bessari
adferd er utgangsspennan stodug vio 10 V (Floyd, 2008). Eining er notadur 5 V

spennureglir af somu gerd til ad spennu faeda PIC 6rstyringuna.

+V —T—l WATBxx I—T— +Vo
0.33 pF —— ‘ —— 0.1 uF

Mynd 9. Spennureglir 6ftustu tvar téolurnar seigja til hvad spennureglirinn skilar ut

5.2.2 Wheatstone bru

Wheatstone brd er mjog ndkveemt meelitaeki og hentar einkar vel til viondms-

meelinga p6 ekki sé beint verido ad meela vionamsgildio sjalft
heldur spennumismun a milli tveggja spennudeilinga. Pad
sem gerir brina ad godu meelitaeki er ad med henni er haegt

ad nema hitastigsbreytingar upp a brot ur gradu. Einnig hafa

ytri ahrif, til deemis skekkja i spennugjafa, litil ahrif 4 bruna.

Mynd 10. Wheatstone bri
14
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Tekin var 10V spenna fra spennuregli inn a brinna og var vidonam R2 og R4 sett sem 1K
Q til a0 f4 5 V vidmidunarspennu utur spennudeilingunni, sja jéfnu (7), par sem Va er
spennan ut og Vi spennan inn. Vio val 4 vionami R1 pa purfti ad hafa { huga hvada sterd
er 4 vidnami R4 sem er NTC vidnamid i rasinni. Utfra vidnamsgildum { linurit 1 ma sja ad
haesta gildi vionamsins er um 9000 (2 og leegsta { kringum 1000 (). Einnig purfti ad hafa {
huga ad spennu mismunurinn fra badum spennudeilingum fzeri ekki yfir 5 V vegna
takmarkana & inngangi PIC orstyringarinnar. Spennan ur spennudeilingunni matti pa
ekki vera heerri en 10 V. Midad var vid ad spenna feeri ekki yfir 9 V og var R1 pa reiknad
utfar jofnu (8)

R2
Va= (R1+R2) | Vi

(7)

1K O
A_(1Kn+1ka)*10V_5V (7)
9000 0 7

9V = 10V
(R1L+9000 Q)

10 V 9000 2 (8)
Ry = ——5—— 90002 = 1000 0

Midad vid utreikninga pa er steerd vionamsins R1 1000 Q sem mundi gefa
spennudeilingu fra 9 V til 5 V. Vid proéfanir kom { 1jés ad hitamdtstadan hitnadi verulega
vid pessa uppstillingu og pvi purfti ad skoda vio hvad straum hitamdétstadan byrjar ad
hitna verulega. [ jofnu 9 ma sja formulu til ad reikna afl yfir NTC hitamétstdduna.

Dreifingar fastinn § er gefinn upp af framleidanda hitamdtstodunnar. (sja vidauka 1)

Ta er hitastigio vio 25°C utreikningar 4 T er { jofnu 10. Hamarks straumurinn yfir

hitamoétstoduna er reiknadur it med jofnu 11 (EPCOS, 2009).

P=46«(T—-Ty (9)
1 1
2252 — 5 = 2252 % 3890 798,15) (10)
T=298201 °K (10)
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P =0,1mV * (298,201 — 298,15) = 0,0051  (9)

P 0,0051 (11)
I = v = 10 =0,000514 =0,51mA4

Ut fra straumnum sem fenginn er Ur jéfnu 10 var reiknad ut hversu stort heildar

vidnamio yrodi ad vera til ad fara ekki yfir reiknadan straum. Sja (jofnu 12).

% 10V
= 19607 12 (12)

=77 0,00051

Heildarvionam spennudeilingarinnar parf pa ad vera jafnt eda steerra en 19,6 K ). Valid

var ad setja 20 k Q) vionam { radtengingu vido NTC hitamo6tstoduna.

5.2.3 Adgerdarmagnarinn

Vio val 4 adgerdarmagnar purfti sérstaklega ad skoda inngangs strauminn fyrir
rasinna. Til ad byrja med var unnid med LM-741 adgerdamagnara sem reyndist ekki
vera hentugur fyrir rasina vegna lags straums { rasinni. Adgerdamagnarinn sem vard
sidar fyrir valinu er LMC6001 ofur -ofur lastraum magnari (Ultra Ultra-Low Input

Current Amplifier) med inngangs straum upp a 25 fA (femto). Sja gagna blad { vidauka 1.

5.2.3.1 Spennueltir

Voltage follower eda spennueltir er einfold lokud Iapa (closed loop)
adgerdamagnararas med mognun upp a 1, pannig ad Vinn=Vy. Pessi adferd er mjog gott
hjalpartaeki vegna pess hve inngagnsvionam magnarans er hatt, og gefur pa ahrifamikla
einangrun a utgangsspenunni fra inngangsspennunni. Med pessari adferd er hegt ad
koma i veg fyrir spennufall 4 rasinni pegar hun er tengd vido neesta skerf par sem litid
sem ekkert afl er dregio fra inngagnsmerkinu. Tveir spennueltamagnarar eru notadir til
a0 taka spennu fra Wheaestone brunni, einn fyrir viomiounargildid og annar fyrir

breytilegagildio.

T . Vat

Mynd 11. Spennueltir
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5.2.3.2 Mismunarmagnari

Mismunarmagnari (differential amplifier) er notadur til ad taka utgangsspennur
frd spennuelti og leggur peer saman. A mynd 12 m4 sja einfalda mynd af mismunar-
magnara. Onnur spennan verdur fyrir 180° fasviki inni magnaranum og melist pa
mismunur spennumerkjanna & utgangi. Vegna takmarkana & inngangi PIC or-
styringarinnar er ekki aeskilegt ad utgangsspenna fari yfir 5 V. Fundin var steerd
vidnama midad vid ad mognun adgerdarmagnarans sé jafnt og 1. Til ad reikna
mognunina { rasinni er notud jafna 13. Ef 61l vionamin eru jafn stoér pa er mégnunin
jafnt og 1 og pa er mismunaspennan inn st sama og it spennan sja jofnu 14. {jofnu 15

er reiknud Ut spennan ut midad vid steerd vionama og spennu inn.

Z&*(RﬁRz)*& (13)
R, \R;+R,) R,
1K) (11«2 + 11(12) 1K (13)
= %k ES =
1K \1KN+ 1KN/ 1KN
Vie =AWV, —Vy) (14)
Vi=1(5-19) =326V (14)
R, R, Ry (15)
e (108 ()
w =g M )R TR,
I R2
iy R1
Vio =
L rRa Vinn A Vut
Vo O——AAN, +
R4
Qv

o + o

Mynd 12. Mismunarmagnari 61l vionam jafn stor Vu=V1-V2
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5.2.4 PIC

Vid val a PIC orstyringu fyrir hitanemann purfti helst ad hafa { huga hlidrana
innganginn og radsamskiptin. Par sem spennumerkid sem verid er ad mala verdur
aldrei linulegt utaf 6linuleika { NTC viondminu purfti ad finna PIC sem gat lesid
spennubreytingu upp a milli volt. Vid val a radsamskiptum purfti ad taka tillit til pess ad
verio er ad vinna med um 14 meela og pvi er pad kostur ef haegt er ad takmarka pa
strengi sem parf { binadinn. Orstyringin sem vard fyrir valinu er dsPIC30F3012 (sja
gagnablad vidauka 1) 18 pinna med 12 bita hlidreenum inngangi sem eru 4096 bitar (sja

jofnu 16)sem gefur moéguleika 4 ad maela spennu nidur { alltad 1,22 mV (Sja jofnu 17).

212 = 4096 bitar (16)

Spennan frd mismunamagnaranum er tekinn inn 4 Hlidreenan til stafreenan (A/D)
inngang. A mynd 13 ma sja heildarrasamynd kerfisins. Spenna inn, jord og radsamskipti
eru tengd innd |3 sem er 7 pinna tengi. Q1 er spennureglir fyrir malirasina og gefur ut
fasta 10V spennu inn & Wheatstone bruna. Q2 er einnig spennureglir en gefur at 5V
spennu til ad spennufaeda PIC orstyringuna. X1 er sveiflugjafi og SDA og SCL eru

tengingarnar fyrri [2C radsamskiptin.

Hz 7979 7 EHoriur
1
|

5

LMEE00
. 15 c2

13, 10V o oz
— " ik Az A
.::I.: 2 " I I & J_Cd
o i 10nF F30nF |_ R
H are
- 4 —r LMCEno
- Re

:1_.|_10n|=
uz % _—
1 470PF —]

.
1 C5 OSPIC30F
LMEE001 30pF

-]

Mynd 13 Heildarmynd af maelirasinni
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5.2.5 RadsamsKipti
Til a0 eiga samskipti vid maelana eru nokkrir moéguleikar { stodunni. PIC

orstyringin sem valinn var bydur upp a 3 moguleika:

e [2C
e USART
e SPI

Adeins var haegt ad nota einn af pessum moéguleikum. Strax var haegt ad tutiloka
USART samskiptinn par sem hann bydur ekki upp 4 samskipti vid nema einn bunad vid
hvert tengi. SPI stadalinn bydur upp & ad pad sé haegt ad lesa og skrifa inn a
orstyringuna { melinum og ekki parf ad gefa hverjum meeli vistfang sem adaltélvan
kallar 4. En par sem SPI kerfid byggist upp & ad hver meelir tengist inn & 4 inngagna a
PIC Orstyringunni pa purfti ad hafa { huga ad eeskilegt er ad takmarka fjolda vira {
strengnum sem tengir alla mzelana saman. [?C hefur pann kost ad notast adeins vid 2
vira, 1 vir fyrir sendingu og méttoku og 1 fyrir klukkumerki. I 12C kerfinu parf ad gefa
hverjum og einum meeli sitt eigid vistfang og kallar adaltélvan eftir pvi vistfangi sem hin
vil tala vio. Med pessari adferd pyrfti ad forrita hvern meeli fyrir sig 4 brautinni sem
myndi gera pad audveldara ad greina & hvad dypi meelirinn veeri. Eitt vistafang yrdi pa
sett fyrir 4kvedna dypt. Akvedid var ad notast vid 12C adferdina vid aflestur 4 gognum

fra PIC orstyringunni vegna moguleika hans 4 ad notast adeins vid 2 vira til samskipta.

Einnig er moguleiki ad leekka klukkuhradan til ad na fram meiri lengd & sendingu.
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5.2.6 I2C brautar framlenging

Til a0 na fram samskiptum vid meela allt nidur i 50 m parf ad beeta vid I2C
framlengingu a brautina. Almennar [2C brautir eru med rymd upp a 400pf (Pico farad )
sem gefur samskipta vegalengd upp & nokkra metra. Med pvi ad setja a bada enda
brautarinnar framlengingu ma na fram rymd upp a 3000pf og allt ad 50 m lengd &
braut. Framlengingin er tengd er vid brautina eins og mynd 14 synir. SDA tengist vid SX
innganginn 4 framlengingunni og SCL inn 4 SY. Utgangur framlengingarinnar Lx og Ly
parf svo a0 tengjast vio samsvarandi utganga a enda brautarinnar (Instruments, 2010) .
Skodad var P82B715 I2C brautar framlenging fra Texas Instruments (sja gagna blad {
vidauka 1) .

SpA SX [ Lx

Adaltolva Framlenging Framlenging
scL sY Ly Ly

SDA SCL SDA  SCL
preel preel

Mynd 14 Einlinu mynd af I2C braut med framlengingu

5.2.7 ICSP (In-Circuit Serial Programming)
PIC Orstyringin bydur uppa i rasar radsamskipta forritun (ICSP) sem gerir pad ad

verkum aod ekki purfi ad fjarleegja 6rstyringuna dr rasinni til ad forrita hana. Samkvaemt
gagnabladi fra framleidanda pa notast ICSP vid somu pinna & Orstyringunni og 12C

radsamskiptinn pess vegna er ekki gert rao fyrir ad pessi adferd sé notud.
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5.3 Adaltolvan

Adaltolvan parf ad sja um samskiptinn a milli praela og eining ad eiga samskipti vid
PC t6lvu sem sér um ad vinna Ur melingunum. Toélvan parf ad vera med [2C samskipta
moguleika til ad geta sent gogn og tekid a moti peim fra preelunum. Einnig parf ad gera
rad fyrir ad adaltolvan geti att samskiti vid PC tolvuna { gegnum RS-232 a 96 Kbit a
sekindu. Par sem rafmagn er ekki a PC t6lvunni allan sélaringin parf adaltélvan ad
geyma pau gégn sem meeld eru { minni. Pvi purfti ad skoda hversu stért minni purfti til
verksins. Rafmagn er a télvunni 8 tima a dag og pa parf adaltélvan ad geyma gogn sem
tekinn eru yfir 16 tima. Hver meelir sendir Ut gogn upp 4 12 bita sem gerir 512 beeti
fyrir hvern meeli. Midad er vid ad pad séu 14 maelar sem skila inn malingum a halftima

fresti { 16 klukkutima sem gerir:

14 + 512 baet = 7168 baet = 7 Kbaet (18)
16 * 2 = 32 maelingar (19)
32 %7168 baet = 229376 baet=224 Kbaet (20)

Gert var rad fyrir pvi ad adaltolvan pyrfti ad geta geymt 224 Kbeet af maelingum.
Skodadar voru nokkra lausnir sem budu upp a 61l pau skilyrdi sem gefinn eru upp {
textanum ad ofann. Sa moguleiki er fyrir hendi ad notast vid 6rtélvur eins og Arduino

eda Gumstix sem adaltolvur i kerfinu.

5.3.1 Arduino

Arduino er ortélva sem byggist & svokoélludum opnum vél- og hugbuinadi, sem
pydir ad allar upplysingar um ortélvuna svo sem rasamyndir, fhlutalisti og keyrsluforrit
eru til stadar. Ortolvan stydst vio forritunar mal sem heitir ,Wiring“ hannad til ad
einfalda alla forritunnar vinnu en einnig er haegt ad forrita { C eda C++ forritunar mali.
Arduino notast vid lagspennu 8-bita Amtel AVR orstyringu. Margar tegundir af Arduino
ortélvum er til boda en st sem hér verdur skodud er Arduino Mega 2560 Ortolva sem
bydur upp a 54 stafreena inngangs og utgangs tengingar par sem 14 ad peim er notadar
til ad styra PWM (Pulse-width modulation), 16 hlidreena innganga, 4 USART radtengi,
[2C og SPI radsamskipti. 256 KB af flash minni, 4 KB EEPROM, 8 KB SRAM vinnslu minni
og med klukkuhrada upp a 16 MHZ. Mikilr méguleikar eru a vidbsetum vid orstyringuna

eins og til deemis auka minni (Arduino, 2010).

21



Haskolinn i Reykjavik Rafmagnstaeknifraedi

5.3.2 Gumstix

Gumstix eins og Arduino er eining med opinn vél-og hugbtinad en er mun minni i
smidum. Nafn tolvunar er komid fra steerd fyrstu Gumstix télvunar sem var a steerd vid
tyggjoplotu ( gumstick ). Hugbunadur vélarinnar byggist upp & Linux styrikerfinu sem
gefur moguleiki & ad notast vio fleiri forritunar mal en Arduino. Notast vid 720 MHz
ARM Cortex-A8 orgjorva og er med innra minni uppa 256 Mbeet og vinnslu minni uppa
256Mbeet. Moguleiki er ad baeta vid toélvuna auka geymslu minni med SD (Secure Digital)
minnis korti. Moguleiki er 4 ad tengja vid tolvuna auka inngangs/dtgangs kort sem

bydur upp a I2C, SPI og USART radsamskipti (Gumstix, 2010)

5.4 Samanburdur

Badar lausnirnar hafa pad sem parf til ad geta att samskipti vio moéourtolvu, {
gegnum RS-232 tengi (USART) og einnig lesid inn gogn fra meelunum { gegnum I2C
radtengis samskiptastadalinn og geymt pau { minni. Sa moguleiki er til stadar { bAdum
télvunum ao geta baett vio sig auka minni til ad geyma gogn. Vio Gumstix er ad eins haegt
ad baeta vio SD korti sem er med geymsluplass fra 512M-til 2G-baet sem er midad vio
utreiknad geymsluplass 6parfi og illa nytt. Arduino bydur upp 4 ad baeta vid auka
geymslu minni sem er upp a4 256 Kbaet sem atti ad vera nég til ad geyma pau gégn sem
er verid0 ad meela. Forritunar umhverfi télvanna er mjég mismunandi par sem er
Arduino forritunar umhverfid er meira notendaveena par sem haegt er ad nota eina
skipun til ad stjéorna inngéngum en ekki l6ngum C++ kédum eins og fyrir Gumstix. Ef
allt er tekid saman pa er raunhefari kostur ad notast vio Arduino ortélvu til ad vera

adaltolvan i kerfinu.
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6 Profanir

Rafmagnstaeknifraedi

I pessum kafla verdur fjallad um préfanir & NTC hitamétstddunni og meelirasinni.

Notast verdur vid AVO meeli og LabView

6.1 PR222J2

Vio proéfanir 4 PR222J2 vionaminu voru teknar nidur meelingar af vionamsgildinu

med AVO mezeli vid mismunandi hitastig. 1 téflu 1 ma sja maeld vidnamsgildi og hitastig

midad viod jofnu (1), baedi i kelvinn gradum og celsius gradum. Malingarnar er settar

innf linurit 4 og bornar saman vid gefin gildi fra framleidanda.

4325
4254
4210
4190
4150
3582
3461
3337
3334
3249
3245
3128
2945
2555
2546
2532
2454
2437
2429
2424
2341
2246
2036
1709
1693
1620

Tafla 1 meeld gildi

283,9475
284,291

284,5071
284,6063
284,8061
287,9087
288,6428
289,4264
289,4458
290,003

290,0297
290,8259
292,1426
295,293

295,3721
295,4958
296,1999
296,3567
296,431

296,4775
297,2669
298,211

300,4721
304,5913
304,8158
305,8722

23

9,797464
10,14095
10,35713
10,45626
10,65614
13,75872
14,49284
15,2764

15,29577
15,85304
15,87968
16,67592
17,99262
21,14298
21,2221

21,34582
22,04986
22,20672
22,28098
22,32754
23,1169

24,06098
26,32213
30,44126
30,66576
31,72216
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Linurit 5. Maeld gildi mida vid gefinn gildi fra framleidanda

Rafmagnstaeknifraedi
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6.2 Straumtaka kerfisins

Par sem Kkerfio er ekki tengt vid rafmang allan sélahringinn parf ad skoda

straumtoku kerfisins. Maeld var straumtaka meelisins sem gaf um 19 mA (milli Amper).

Heildar straumur sem meelarnir 14 eru ad draga er pa um pad bil 266 mA. I2C linan er

ad draga um 2 mA vid 2,2 K ohm vidnam og 5 V spennu til ad draga upp I2C brautina.

Arduino ortlvan er ad draga 50 mA samkveaemt gégnum fra framleidanda (Arduino,

2010). Heildar straumtaka rasarinnar er pa 318 mA og mida vid 12 V og 7Ah er haegt ad

reikna ut liftima rafthlédunnar (sja jofnu 21).

24

7000mAh/318mA = 22,7 klukustundir

(21)




Haskolinn i Reykjavik Rafmagnstaeknifraedi

6.3 Melirasin

Til a0 profa meelirdsina var hin sett upp a braudbretti. Tvaer rasir voru settar upp
til ad sja hvort greina meetti mikinn mun a milli meela (sja vidauka 2). Til samanburdar
var notadur hitameelir fra Wavetek, meelir sem er med nakveemni uppa 0,1°C. Sett var
upp Labview forrit (sja mynd 15) sem les inn spennugildi fra USB inngangseiningu sem
er med 12 bita hlidreenan { stafreenan breyti (Analog to Digitla converter A/D) sem er

pad sama og A/D breytan a 6rstyringunni.

Xy 3

Hitamaslic 1 Reiknad gildi

o= 0.B07EMHHE - 5 SEE2%HHE 4 45, 030 HE - 137,07 A2 4 200,41%y - 126,27; e
S{EE]

=
7]

w=0L50% 4G - 8, 33504404 4 47, 520043 - 134,02% %47 + 105,15%y - 122,05,
i3 " " S
Hitamaelir 1 Gefia gildi

£= 05862y A58, 2766y HHA7, 1625y P4 3-132, 914y 24193 514125 . iz
513
- slement 2 Hitamaslir 1 Steinhart
o}-H=x o YL |
fEoL]|
o,
[

T p—{ EDBL]
R

Al Yoltage ~ finalog 10 DEL ,JI

Mihan 15amp

¢ Devl/ai0:1 [*]

Hitameelir 2 Reiknad gildi

b3
e

% = 0.B07E*E - 8,5865% 5 1 48,9339 - 137,07 F42 + 200 41%y - 126,27,

=0 SO*FHE - 533500 4 47 SIOFRG - 154, 02% 2 4 195,15%y - 122,95,
Hitamaelir 2 Gefia gildi

= 0,5862%**0-8, 2768y FR4447, 162%yF3-132, 91 %424+ 193,51 %y-123;
e

Hitameelir 2 Steinhart
stop

Mynd 15 labView forritid

LabView er myndraent forritunarmal sem oft er notad til ad profa, meaela eda fyrir
sjalfvirkni. Notast er vid tdkn eda svokalladar viur i stadinn fyrir linur af texta til ad bia
til forrit. Forritunarmalid sem er notad kallast dataflow. Til ad geta lesid fra
inngdngunum inn { labView parf ad notast vid DAQ max undirviur. Fyrsta undirvian byr
til rds sem getur meelt tvé spennugildi { einu, via tvo setur forritid i keyrsluham til ad
byrja ad lesa meelingar. Pridja undirvian les sidan meelingarnar sem koma fra AIO og
All og skila peim upplysingum ut sem fylki. Merkio frd innganginum er tekid inn a
fylkjaskra adgerdina (Index Arry), fastarnir ndll og einn segja til um hvada inngang er

verio a0 lesa af.
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Beaeta purfti vid spennumerkid 1,3958 til ad fa rétt spennugildi midad vid aflestur
frd spennumeeli (AVO meelir). Merkio er sidan tekid inn { formula node, sem er undirvia
sem gerir pad kleift ad skrifa C forritunarkéda inn i LabView. Til ad finna ut jéfnu til ad
breyta spennu yfir { hitastig var sett upp reiknilikan { excel (sja vidauka 3). Reiknud var
spennudeiling yfir gefin vionadmsgildi fra linriti 2 samkvemt jofnu 22. ARr eru
vionamsgildin 4 PR22]J2 NTC hitavidnamsins sem fenginn eru ar linurit 2. Vi er inngang
spennan (10 V), R1 er 20 K vionam sem er tengt { seriu vid NTC vionamid. Vo er
utgagnsspenna spennudeilingarinnar. Gildid er svo dregid fra viomidunarspennunni
sem er 5 V til ad f4 mismunarspennuna (it sem er sett inn 4 innganginn. A linuriti 6 ma
sja hitastigid midad vid spenunna Ut fra voltum baedi ut frd gefnum hitagildum og
reiknudum. Ut fra linuritinu er fundinn jafna linanna sem eru settar inn { formila node
i Labview og er pa utreikada gildinu skilad ut i gradum & selsfus. Skodadur var munur a
meelingum mida vid reiknud, gefinn og Steinhart-Hart gildi. I jofnu 23 ma sja jofnu
reiknudu linunnar, jafna (24) synir jofnu linu fyrir gefinn gildi og jafna 25 synir jofnu
fyrir Utreiknad hitastig mida vid Steinhart-Harte j6fnuna.

AR
v, = e v, (22)
(R1 +AR7)
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Linurit 6 Hiti i gradum midad vid spennu i voltum. Reiknud og gefid gildi borinn saman

Reiknad vs Gefio

A= NINININININININININ W LW LW W UWUWWWW

FRORNWAUININOOORNWAUININROORNWAUININOWOORNW A UIINI0

= Gefid gildi
== Reiknad gildi

Hitastig 'C

=== Steinhart

U
HwnN

18 2 22 24 26 28 3 32 34 36 38 4 42 44 46

Spenna ut

V4 = 0,6078 * T5 — 8,5862 « T* + 48,939 « T® — 137,97 x T? + 200,41 x —126,27 (23)

Vi = 0,59 xT> — 83359 « T* + 47,529 « T3 — 134,02 * T? + 195,15 « T — 122,95  (24)

Vi = 0,5862 « T> —8,2768 * T* + 47,162 * T® — 132,91 « T? + 193,51 « T — 123 (25)
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A mynd 16 ma sja vidmét LabVeiw forritsins. Mzalinidurstédurnar er settar upp
a4 myndreena hatt pannig audveldlega megi lesa hitagildin fra hverjum meli. Myndin
synir hitastig { gradum 4 selsius midad vio spennuna Gt Ur rasinni. Litill munur er a milli
meela en 0rlitid meiri munur er & milli gildanna hvort sem pau eru reiknud eda gefinn.
Mynd 17 synir meelt hita stig med Wavetek meelinum a sama tima og meaelingar voru

framkvemdar i LabVeiw. Fleiri maelingar a hita stigi ma sja i vidauka 4.

1 Reiknad gildi

Mynd 16 Vidmot i LabView hitastig i gradum a celsius
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Mynd 17 Hitamzeling 4 sama tima og LabVeiw forritid

7 Prentplata

Teiknud var upp grunnmynd ad prentplotu fyrir rasina. Notast var vid forrit sem
heitir Ultibord sem gefid er ut af National Instrument. Platan er 80*45mm og med
linubreidd upp 4 0,5m. Hugmyndin var ad hafa hitam6tstoduna sem fjaerst 60rum
fhlutum & plétunni svo koma meetti { veg fyrir villu { aflestri ef hitamyndun 4 sér stad {
rasinni. A mynd 18 ma sja hvernig rasin litur Gt pegar buid er ad setja hana upp i
Ultibord. Myndir 19 og 20 syna hvernig rasin geeti litio ut eftir smidi. Gert er rao fyrir ao
allir ihlutir nema NTC viondmio séu ,surfis mounted“ pannig ad ihlutir er 160adir ofana
koparinn. Til ad bua til prentplétuna er prentud ut linumynd rasarinnar a glaerublad
( Sja mynd 21). Myndin er sett 4 koparplotu og utfjélublau ljosi er lyst 4 rasina { um pad
bil 4 minttur. Utlinur myndarinnar eru pa komnar 4 koparplétuna sem er sidan sett
syrubad sem eydir upp koparnum sem myndin neer ekki yfir. Eftir stendur prentplata

rasarinnar. Ekki gafst timi til ad framkvaema pessa adferd.

Mynd 18 Prentplatan med linubreidd upp a 0,5mm
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Mynd 21 Utprentud mynd af prentplétunni
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8 Kostnadur
Ef heildarkostnadur kerfisins ad fradregnum kostnadi vid hysingu a alla 14

hitamaelana og framleidslukostnad kerfisins er heildarkostnadur ihluta 286.667,80
islenskar kronur. Tafla tvo synir sundurlidadan thlutakostnad fyrir hvern og einn
hitameeli par sem hver meelir kostar 5605,82 krénur og pvi myndu ihlutir i 14 meela
kosta krénur 78,481,48. Tafla 3 synir svo heildarkostnad ihluta alls kerfisins med 14
meaelum, Arduino ortélvu, rathl6du og 50 metra longum 7 vira kapli. Eins og sja ma i t6flu
3 pa fer mesti kostnadurinn i ad kaupa kapal sem tengdur er vido alla 14 malana nidur a
50 metra dypi { kvinni. Tafla 4 synir heildarvedmaeti i einni kvi { islenskum krénum. I
hverri kvi eru 1000 tonn af laxi. Hvert kil6 af laxi er selt 4 880,52 og pvi er
heildarverdmeeti fisksins i kvinni um milljardur islenskra kréna eda 880.520.000 kr.

Hitamaelakerfio i kvina kostar 286.667,80 kr og er pvi 0,03 % af heildarverdmaetum

kviarinnar eins og tafla 5 synir.

Tafla 2

Bunadur Kostnadur i kronum

PR222j2 12,73
UA78XX 55,88
LMC6001 4.392,24
uA7805 55,00
dsPIC30F 550,64
Vionam 1,60
Tengi 531,65
péttar 6,08
1 meelir 5.605,82
14 maelar 78.481,48
Tafla 3
Bunadur Kostnadur i
krénum
Arduino 7.824,18
14 maelar 78.481,48
Rafhlada 3.362,14
50 m kapal 200.000,00 kr.
Heildarkostnadur 289.667,80
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Tafla 4

Kiléaverd alaxii islenskar kronur  Magn af laxii  Heildarverd isl. Kr.

norskum krénum kvi i Kg
45 kr/kg 880,52 kr/kg 1000000 880.520.000,00 kr.
Tafla 5
Bunadur Verdmeeti i Présenta af
kvinni verdmaeti i kvinni
289667,8 880520000 0,032897356

9 Niodurstada

[dnvaeding fiskreektunar a eftir ad préast mikid a naestu arum einkum til pess ad
leekka framleidslukostnad. Aukin gagnaséfnun og frekari rannsoknir geta opnad fyrir
gridarleg teekifeeri til a0 auka verdmaetaskopun i fiskreektun. Med pvi ad fylgjast med
hitastigi sjavar er haegt ad stjéorna betur nytingu f60urs og annars meelibinadar sem
notadir eru vid framleidslu. Med nakvaemari stjérnun a f6durskdmmtun skapast miklir
moguleikar fyrir hdmarks nytingu fé60urs sem leidir til mikils sparnadar i rekstri og
eykur soknarferi framleidslunnar. [ pessu verkefni var farid i honnun 4 hitamaeli og
hvernig haegt er ad safna gognum fra 14 malum og koma peim i midlaegan gangagrun.
Skodadir voru mismunandi radsamskiptastadlar til pess ad flytja gogn frd& maelum og
kom { ljés ad I2C stadalinn hentadi einkar vel til pess ad flytja gogn fra meelum nidur {
sjokvinni til adaltélvunnar. Par sem meelunum i Kerfinu er atlad ad vera a allt ad 50
metara dypi og I2C kerfid er ekki hannad til ad eiga samskipti vid meelibinad vid pessa
lengd purfti ad bezeta vid framlengingu 4 bada enda I2C brautarinnar. Pegar kom ad pvi
ad velja adaltolvu fyrir kerfid var pad Arduino ortolva sem vard fyrir valinu sem
adaltolva. Hennar hlutverk er ad taka moti gognum fra meelunum, vista pau og seinna
meir ad flytja pau yfir { PC télvu. Var Arduino fyrir valinu vegna radtengismoguleika
hennar og peegilegs forritunarumhverfis. Hitameelirinn var hannadur med pad til
hlidsjénar ad vera sem nakveemastur. bPrir mismunandi moguleikar voru skodadar til
pess ad na fram sem mestri nakveemni i maelinum med pvi ad finna sem nakveemustu
R/T kurfu hitamotstodunnar. Pessir moguleikar voru: gefin gildi fra framleidanda hita-
motstodunnar, utreiknad hitastig midad vid vionamsgildi fra framleidanda og med pvi

ad notast vid Steinhart-Hart jofnuna . Samkvaemt freedunum zetti Steinhart-Hart jafnan
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ad gefa nakveemustu nidurstodurnar. Samkveemt melingum sem framkvamdar voru a
hitameelinum { LabView ma sja ad gefnu gildin fra framleidanda eru ad skila meelingum
sem eru sem nast vidmidunarmeelinum. Pessa skekkju i malingum ma rekja til LabView
forritsins par sem hlidreeni inngangur meelibunadarins var ekki ad meela rétt
spennugildi utur rasinni. Pvi purfti ad finna Ut vidmidunargildi til pess ad baeta vid
meelda gildid. Viomidunargildio var fundid at med pvi ad draga spennuna Gt sem meeld
var med AVO meli fra spennumerkinu sem LabView forritid var ad lesa. Petta
viomidunargildi sem beett var vid meelda gildid var 1,3958. Settar voru upp tveer
meelirasir 4 braudbretti til a0 skoda mismun 4 milli meaela. Med mealingum ma sja ad
mismunur 4 milli maela er ekki mikill. Par sem hitamoétstodurnar eru ekki 4 ndkvaemlega
sama stad vid hverja meelingu ma gera rao fyrir skekkju { malingum og einnig vegna
pess ad LAbView forritid gat ekki lesid inn tvaer spennur 4 sama tima. Forritid getur
pannig adeins skilad einu gildi Ut { einu. Vid gerd meelisins var gert rad fyrir ad PIC

orstyringin geeti lesio rétt spennugildi.

Kostir pess ad hafa hitameeli { sjokvi eru miklir. Med pessu hitamzelakerfi er haegt
aod fylgjast naid med hitastigi sjavar. Samkveemt malingum David Johannson fra arinu
2009 vill fiskurinn halda sig & peim stad { sjonum sem er hve naest kjorhitastigi.
Hitamaelakerfid sem hannad var i pessu verkefni hefur pann kost ad vera med mela a
3,5 metra millibili og skilar reglubundid gégnum til adaltélvunar sem sidan sendir afram
i stjornstdd. Pvi er heaegt ad fylgjast stoougt med breytingum a hitastigi sjavar, hvar
fiskurinn heldur sig og pannig er heegt ad styra betur fodurskommtun { kvinni.
Hitameelirinn er ennpa { préun, eins og fiskionadurinn allur, en hoéfundur sér mikil
soknarfeeri fyrir fiskionadinn ad nota petta hitamaelakerfi par sem meaelarnir eru fastir {
kvinni og senda st6dug gogn til stjornstodvarinnar. Med pessu er haegt ad nad fram
hagraedingu { fodurkostnadi fiskieldisfyrirteekjanna og par med lakka heildar-
framleidslukostnad. Hitamaelakerfi petta getur pvi att stéran patt { préun idnvaedingar

fiskidnadarins.

33



Haskolinn i Reykjavik Rafmagnstaeknifraedi

10 Heimildaskra
AquaSol. (1. Januar 2003). fishfarming. Sétt 10. Desember 2010 fra Aquaculture:
http://www.fishfarming.com/

Arduino. (1. Janutar 2010). Arduino. So6tt 7. Des 2010 fra Arduino vefsl6o:
http://arduino.cc/en/Main/ArduinoBoardMega2560

Argo. (Januar. 1 2010). Argo. Sétt 14. nov 2010 fra Argo vefsida
http://www.argo.ucsd.edu/About_Argo.html

Bates, M. (2006). PIC Microcontrolers . Amsterdam: ELSEVIER.

Carter, B, & Brown, T. R. (2001). Handbook of operational amplifier. Dallas: Texas
Instruments.

David Johansson, K. R.-E. (19. May 2009). sciencedirect. Sé6tt 8. Nov 2010 fra
sciencedirect.com/science:

http://www.sciencedirect.com/science?_ob=ArticleURL& udi=B6T4D-4VPV59W-
2&_user=5915045&_coverDate=05%2F19%2F2009&_rdoc=1&_fmt=high&_orig=search
&_origin=search&_sort=d&_docanchor=&view=c&_searchStrld=1532302349&_rerunOr
igin=google&_acct=C000068843&_version

EPCOS. (1. Februar 2009). Epocos. Sétt 4. Desember 2010 fr& NTC Thermistor:
http://www.epcos.com/web/generator/Web/Sections/ProductCatalog/Sensors/Temp
eratureMeasurement/PDF/PDF__General__technical__information,property=Data__en.p
df;/PDF_General_technical_information.pdf

Floyd, T. L. (2008). Electronic Devices . New Jersey: Pearson Prentice Hall.

Gumstix. (1. Janudar 2010). Gumstix. S6tt 7. Desember 2010 fra Gumstix vefsida:
http://www.gumstix.com/store/catalog/product_info.php?products_id=228

Instruments, T. (1. Jantar 2010). I12C Bus Extende. S6tt 7. Des 2010 fra [2C Bus Extende
vefsida: http://focus.ti.com/docs/prod/folders/print/p82b715.html

Jénsson, A. S. (2010). Echo sounder observation test in Norway. Reykjavik: Vaki.

Kourous, G. (19. November 2007). FAO. S6tt 10. Desember 2010 fra FAOnewsroom:
http://www.fao.org/newsroom/en/news/2007/1000701/index.html

U.S.Sensor. (1. Jan 2010). U.S.Sensor. Sott 16. Nov 2010 fra U.S.Sensor vefsida:
http://www.ussensor.com/pdfs/prod_inter_ultra.pdf

34



Haskolinn i Reykjavik Rafmagnsteeknifraedi

11 Vidaukar

11.1 Vidauki 1. Gagna bl6d

11.1.1.1 PR222j2 Hitamdtstadan

30 AWG (0.010" DIAMETER),
TINNED ALLOY WIRE EPOXY COATING

7 0.095"
00 7y W

’-—7 1750" 4—-‘

+ 0.250"
RESISTANCE # +25€C = 2252 0 NOMNAL
ACCURACY (0 10 450°C) = + 0.05C
RESISTANCE,/ TEMPERATURE. CURVE = "J" T
BETA "6 (0 T0 #50'C) = 3,892° NONAL —— — ——
TEWPERATURE COEFFICENT o +zf;rc = ~4.4%/'C NOMNAL O
DISSPATION CONSTANT = 1 mi/'C NOMNAL SCALE E
THERMAL T CONSTANT = 10 SECONDS. MAYMUM (STIL mn; Us. SENSOR CORP.
THERMAL TIE CONSTANT = 1 SECOND NAYMUM (STIRRED 0L DRAWN BY 1832 W . COLL INS AVE .
TEWPERATURE RATING = -55 10 +80°C OAN DANKERT ORANGE . CA . 90867

STORAGE. AND OPERATION TEMPERATURE FOR BEST DATE 04/30/03 714-633-1000_www.ussensor com

LONG TERN STABLTY = -55 T0 450 NTC THERMISTOR
REY .  NONE
LAYER 0 OF | P/N  PR222J2
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Vionamsgildi hitamoétstédunnar { ohm midad vid hitastig i gradum a selsius. Gefid ut af

Rafmagnstaeknifraedi

framleidanda.
Resistance

Temp Temp Ratio TC (%/°C) Ohm
(°C) (°F) Rt/R@+25°C 2,252 Q
-3 26,6 3,8115 -5,210547029 8583,498
-2 28,4 3,6187 -5,177273607 8149,3124
-1 30,2 3,4368 -5,14577514 7739,6736
0 32 3,265 -5,113323124 7352,78
1 33,8 3,1029 -5,079119533 6987,7308
2 35,6 2,9498 -5,046104821 6642,9496
3 37,4 2,8052 -5,013902752 6317,3104
4 39,2 2,6685 -4,98407345 6009,462
5 41 2,5392 -4,952347196 5718,2784
6 42,8 2,417 -4,921390153 5443,084
7 44,6 2,3013 -4,892886629 5182,5276
8 46,4 2,1918 -4,861301214 4935,9336
9 48,2 2,0882 -4,829518245 4702,6264
10 50 1,9901 -4,801266268 4481,7052
11 51,8 1,8971 -4,773074693 4272,2692
12 53,6 1,809 -4,742951907 4073,868
13 55,4 1,7255 -4,714575485 3885,826
14 57,2 1,6463 -4,686266173 3707,4676
15 59 1,5712 -4,65885947 3538,3424
16 60,8 1,4999 -4,630308687 3377,7748
17 62,6 1,4323 -4,600991412 3225,5396
18 64,4 1,3681 -4,572034208 3080,9612
19 66,2 1,3072 -4,544063647 2943,8144
20 68 1,2493 -4,522532618 2813,4236
21 69,8 1,1942 -4,496734215 2689,3384
22 71,6 1,1419 -4,466240476 2571,5588
23 73,4 1,0922 -4,436000732 2459,6344
24 75,2 1,045 -4,411483254 2353,34
25 77 1 -4,39 2252
26 78,8 0,9572 -4,3616799 2155,6144
27 80,6 0,9165 -4,337152209 2063,958
28 82,4 0,8777 -4,312407429 1976,5804
29 84,2 0,8408 -4,281636537 1893,4816
30 86 0,8057 -4,25716768 1814,4364
31 87,8 0,7722 -4,241129241 1738,9944
32 89,6 0,7402 -4,215077006 1666,9304
33 91,4 0,7098 -4,184277261 1598,4696
34 93,2 0,6808 -4,164218566 1533,1616
35 95 0,6531 -4,141785331 1470,7812
36 96,8 0,6267 -4,116802298 1411,3284
37 98,6 0,6015 -4,089775561 1354,578

36




Haskolinn i Reykjavik Rafmagnstaeknifraedi

Jafna Steinharts og fastarnir A,B,C og D

U.S. SENSOR CORP.

1832 WEST COLLINS AVENUE
ORANGE, CALIFORNIL 92867-5425
714-639-1000 www.ussensor.com

] 3 3
T A+B(LNR )+C(INR.)+D(LNR,)

CONSTANTS FCR A US. SENSOR 2,252 0 CURVE "J" THERMISTOR.
OPTIMIZED FOR THE TEMPERATURE RANGE OF O'C TO +75°C:

TEMPERATURE (')

- A 147530413409933 £-03
BCHE'ST”:‘”%%NZTLEN"}PSERMUHE T B: 2.36552076866679 £-04

C: 118857119853526 E-07
D: -7.4635312369938 E-11

T
R
'ﬁ-n

37



Haskolinn i Reykjavik Rafmagnstaeknifraedi

11.1.2 pA7810 Spennureglir

I3 TEXAS
INSTRUMENTS 1LA7800 SERIES
www.ti.com SLVS056M—MAY 1976—REVISED JANUARY 2003
POSITIVE-VOLTAGE REGULATORS
FEATURES
« 3-Terminal Regulators + High Power-Dissipation Capability
e Qutput Currentup to 1.5 A + Internal Short-Circuit Current Limiting
+ Internal Thermal-Overload Protection o Qutput Transistor Safe-Area Compensation
KC (TO-220) PACKAGE KCS (T0-220) PACKAGE
(TOP VIEW) (TOP VIEW)
=

5 e] —— ouTPUT

2 [ = i Zo|  E= s

3|42 B INPUT 3

(&)

KTE (PowerFLEX™) PACKAGE KTT (TO-263) PACKAGE
(TOP VIEW) (TOP VIEW)

% Q:\. —— OUTPUT % ————— -i [——— OUTPUT

- <O == COMMON * i [Z=—= commON

8| 4° - INPUT ol I I === NPUT

DESCRIPTION/ORDERING INFORMATION

This series of fixed-voltage integrated-circuit voltage regulators is designed for a wide range of applications.
These applications include on-card regulation for elimination of noise and distribution problems associated with
single-point regulation. Each of these regulators can deliver up to 1.5 A of output current. The internal
current-limiting and thermal-shutdown features of these regulators essentially make them immune to overload. In
addition to use as fixed-voltage regulators, these devices can be used with external components to obtain
adjustable output voltages and cumrents, and also can be used as the power-pass element in precision
regulators.
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i3 Texas
uA7800 SERIES b INSTRUMENTS
SLYS056M—MAY 1976—REVISED JANUARY 2009 www.ti.com

ORDERING INFORMATION™

T, Vowom PACKAGE® NUmsER | MARKING
T0-220, short shoulder — KCS Tube of 50 UATB05CKCS UAT805C
5y TO-263 - KTT Reel of 500 UATBO5CKTTR UATB05C
PowerFLEX™ — KTE OBSOLETE OBSOLETE
TO-220 - KC OBSOLETE OBSOLETE
T0-220, short shoulder — KCS Tube of 50 UATB08CKCS UATS0BC
v TO-263 - KTT Reel of 500 UATBOBCKTTR UAT808C
PowerFLEX - KTE OBSOLETE OBSOLETE
TO-220 - KC OBSOLETE OBSOLETE
T0-220, short shoulder — KCS Tube of 50 UATB10CKCS UAT810C
TO-263 - KTT Reel of 500 UATB10CKTTR UAT810C
1oV PowerFLEX — KTE OBSOLETE OBSOLETE
0°C to 175°C TO-220-KC OBSOLETE OBSOLETE
T0-220, short shoulder — KCS Tube of 50 UATB12CKCS UAT812C
12v TO-263 - KTT Reel of 500 UATB12CKTTR UAT812C
PowerFLEX — KTE OBSOLETE OBSOLETE
TO-220 - KC OBSOLETE OBSOLETE
TO-220, short shoulder — KCS Tube of 50 UATB15CKCS UATE15C
TO-263 - KTT Reel of 500 UATB15CKTTR UAT815C
18V PowerFLEX — KTE OBSOLETE OBSOLETE
TO-220 - KC OBSOLETE OBSOLETE
T0-220, short shoulder — KCS Tube of 50 UATB24CKCS UAT824C
2av TO-263 - KTT Reel of 500 UATB24CKTTR UATE24C
PowerFLEX — KTE OBSOLETE OBSOLETE
TO-220 - KC OBSOLETE OBSOLETE

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www ti.com.
(2) Package drawings, thermal data, and symbolization are available at www ti.com/packaging.
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SCHEMATIC
- INPUT
1
z
&
T
— T
T4 ~
V| e
i I T { 1.1 OUTPUT
Y _ |
[ = e :
r >—|
A
T I I COMMON
Absolute Maximum Ratings'"
over virtual junction temperature range {LII'IlESS otherwise noted)
MIN MAX UNIT
WATB24C 40
0 Input voltage v
All others 35
Ty QOperating virtual junction temperature 150 C
Lead temperature 1,6 mm {116 in) from case for 10 s 260 C
Taig Storage temperature range G5 150 C

(1) Stresses beyond those listed under "absolute maximum ratings”™ may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

Package Thermal Data'"

PACKAGE BOARD T Bc 8,p'2
PowerFLEX (KTE) - OBSOLETE High K, JESD 51-5 23°CIW 3°CIW 27°CIW
TO-220 (KCS) ) B - .
(KC — OBSOLETE) High K, JESD 51-5 19°CIW 17°CIW 3Cw
TO-263 (KTT) High K, JESD 51-5 25.3°CIW 18°CIW 1.94°CIW

(1

Maximum power dissipation is a function of T jimax), 84, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T yma — Tal84. Operating at the absolute maximum T of 150°C can affect reliability.
For packages with exposed thermal pads, such as QFN, PowerPAD™, or PowerFLEX, 8 is defined as the thermal resistance between
the die junction and the hottom of the exposed pad.

Recommended Operating Conditions

MIN MAX| UNIT
puATa05 T 25
puATa08 10.5 25
puATE10 125 28
Vi Input voltage v
puATE12 145 a0
pnATE15 175 30
pnATa24 27 38
lo Qutput current 15 A
Ty Operating virtual junction temperature 0 125 “C
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UA7810 Electrical Characteristics
at specif i ed virtual junction temperature, Vi = 17 V, | o= 500 mA (unless otherwise noted)
PAR A METER TEST CONDITIONS T A7810C UNIT
MIN TYP MAX
Output voltage lo=5mAtolA Vi=125Vto 25V, 25°C 9.6 10 10.4 v
P ~15 W 0°Ctol 25 °C | 9.5 10.5
Input voltage regulation Vi=12.5Vto28V 25°C 7 200 mv
Vi=14Vto20 V 2 100
Ripple rejec t ion Vi=13Vto23V,f=120Hz 0°C to 125°C | 55 71 dB
_ o=5mAtol .5 A 25°C 12 2000 v
Output voltage regulation 6 =250 mAto75 0 mA ) 100
Output resistance f=1kHz 0°C to 125°C 0.018 ~
Temperature coef f icient of output voltage [o=5mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10Hzto 100 kHz 25°C 70 \%
Dropout voltage lo=1A 25°C 2 \%
Bias current 25°C 4.3 mA
Bias current change Vi=12.5Vto28V 0°Cto 125°C mA
| 0 =5 mAtol A 0.5
Shor t -circuit output current 25°C 400 mA
Peak output current 25°C 2.2 A

(1) Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal ef f ects must be
taken into account separately. All characteristics are measured with a 0.33-F capacitor across the input and a 0.1-F capacitor across the

output.

uA7812 Electrical Characteristics

PARAMETER TEST CONDITIONS T AT7812C UNIT
MIN TYP MAX
lo=5mAtol A, Vi=14.5Vto27V , 25°C 11.5 12 12.5 v
Output voltage 3 3
Po ~15W 0°Ctol25°C |11.4 12.6
Input voltage regulation Vi =14.5Vto30 V 25°C 10 240 mV
Vi=16Vto22V 3 120
Ripple rejection Vi=15Vto25V, f=120Hz 0°C to 125°C | 55 71 dB
' | 0 =5 mAtol .5A 25°C 12 240 mv
Output voltage regulation o =250mAto750mA 2 120
Output resistance f=1kHz 0°C to 125°C 0.018 ~
Temperature coef f icient of output voltage |lo=5 mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 75 \
Dropout voltage lo=1A 25°C 2 \%
Bias current 25°C 4.3 mA
Bias current change Vi=14.5 Vto30 V 0°C to 125°C mA
| 0 =5 mAtol A 0.5
Short-circuit output current 25°C 350 mA
Peak output current 25°C 2.2 A

(1) Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal ef f ects must be
taken into account separately. All characteristics are measured with a 0.33-F capacitor across the input and a 0.1-F capacitor across the

output.
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uUA780 5 Electrical Characteristics
at specif i ed virtual junction temperature, Vi = 10 V, | o = 500 mA (unless otherwise noted)
PAR A METER TEST CONDITIONS T AT780 5C UNIT
MIN TYP MAX
Output voltage | 0o =5 mAtol A, Vi=7Vto20 V , 25°C 4.8 5 5.2 Vv
Po ~ 15W 0°C to 125°C | 4.75 5.25
Input voltage regulation Vi=7Vto2s5 Vv 25°C 3 100 mv
Vi=8Vtol 2V 1 50
Ripplerejection Vi=8Vtol 2V,f=1 20 Hz 0°Ctol 25 °C | 62 78 dB
) | o =5 mAtol .5 A 25°C 15 100 mVv
Output voltage regulation 6 =250 mAto75 0 mA 5 50
Output resistance f=1kHz 0°C to 125°C 0.017 ~
Temperature coef f icient of output voltage [|o=5mA 0°C to 125°C -11 mV/°C
Output noise voltage f=10Hzto 100 kHz 25°C 40 \%
Dropout voltage lo=1A 25°C 2 \%
Bias current 25°C 4.2 8 mA
Bias current change Vi=7Vto25 V 0°C to 125 °C 13 ma
| 0 =5 mAtol A 0.5
Shor t -circuit output current 25°C 750 mA
Peak output current 25°C 2.2 A

(1) Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal ef f ects must be
taken into account separately. All characteristics are measured with a 0.33-F capacitor across the input and a 0.1-F capacitor across the

output.

uA780 8 Electrical Characteristics

PARAMETER TEST CONDITIONS T AT780 8C UNIT
MIN TYP MAX
lo=5mAtolA, Vi=10.5Vto 23V, 25°C 7.7 8 8.3 v
Output voltage s B
Po ~ 15W 0°C to 125°C | 7.6 8.4
Input voltage regulation 1=10.5Vto25V 25°C 6 160 mV
1=11 Vtol 7V 2 80
Ripple rejection Vi=11.5Vto 21.5V,f= 120 Hz 0°Ctol25°C 55 72 dB
' | 0 =5 mAtol .5A 25°C 12 160 mv
Output voltage regulation o =250 mAto750 mA 2 80
Output resistance f=1kHz 0°C to 125°C 0.016 ~
Temperature coef f icient of output voltage [|o=5 mA 0°C to 125°C -0.8 mV/°C
Output noise voltage f=10 Hz to 100 kHz 25°C 52 \
Dropout voltage lo=1A 25°C 2 \%
Bias current 25°C 4.3 mA
Bias current change Vi=10.5 Vto25 V 0°C to 125°C mA
| 0 =5 mAtol A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A

(1) Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal ef f ects must be
taken into account separately. All characteristics are measured with a 0.33-F capacitor across the input and a 0.1-F capacitor across the

output.
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11.1.3 LMC6001 Adgerdamagnari
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National
Semiconductor

General Description

Featuring 100% tested input currents of 25 A max., low op-
arating power, and ESD protection of 2000V, the LMCE001
achigves a new industry benchmark for low input current op-
erational amplifiers. By tightly controlling the molding com-
pound, Mational is able to offer this ultra-low input currant in
a lower cost molded package.

Toavoid leng tum-on setiling times common in cther low input
curment opamps, the LMCG001A is tested 3 timas in the first
minute of cperation. Even units that meet tha 25 fA limit are
rejected if they drift.

Because of the ultra-low input current noise of 0.13 fa~Hz,
the LMICE001 can provide almost noiseless amplification of
high resistance signal scurces. Adding only 1 d2 at 100 ko,
0.1 dB at 1 M2 and 0.01 dB or less irom 10 MO to 2,000
M0, the LMCE001 is an almost noiselass amplifier.

The LMCE001 is ideally suited for elactrometer applications
requiring ulira-low input leakage such as sensitive photode-
tection transimpedance amplifiers and sensor amplifiars.
Since input referred noise is only 22 nVAHz, the LMCa001
can achiewe higher signal io noise ratio than JFET input type

LMC6001
Ultra Ultra-Low Input Current Amplifier

MNowvember 4, 2009

electromater amplifiars. Other applications of the LMCB001
include long interval integrators, ultra-high input impedance
instrumentation amplifiers, and sensitive elactrical-field mea-
surament circuits.

Features

(Max limit, 25°C unless otherwise notad)
Input currant {100% tested). 25 fA
Input current over tamp.: 2 pA

Low power: 750 pA

Low Ve 350 pV

Low noise: 22 nVi~Hz &1 kHz Typ.

Applications

m Electrometer amplifier
m Photodiode preamplifier
a lon detector

m ATE. leakage tasting

Connection Diagrams

8-Pin DIP
1
= - iw:
z T
INVERTING INPUT — —
b MR ET M &
NON=INVERTING 2] 5 AUTEUT
INFUT
- 4
¥ — ° e
T
Top View

Ordering Information

8-Pin Metal Can
CAM

Package Industrial Temperature Range NSC Package
-40°C to +85°C Drawing
2-Fin LMC&E001AIN, LMCE001BIN, MOBE
Moldad DIP LMCEo01CIN
8-Fin LMC&001AIH, LMCa001BIH HoaC
Metal Can

i@ 2002 National Semiconducior Conporation 11687

wanw.national com
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LMCE001

Diffarential Input Voltage
Voltage at Input/Output Pin
Supply Voltage (V+ - V-)
Output Short Circuit to W+
Cuwtput Short Circuit to V-
Lead Temparature
(Soldering, 10 Sec.)
Storage Temperature
Junction Temperature
Curmrent at Input Fin
Current at Quiput Pin
Current at Power Supply Pin
Power Dissipation
ESD Tolerance (Nofa 9)

Absolute Maximum Ratings (v 1)

It Military/Aercspace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

+Supply Voltage

(V) = 0.3V, (V-) - 0.3V

-0.3V to +16V
(Note 2, Nota 10)
(Nt 2)

260°C

-55°C to +150°C
150°C

=10 mA

+30 mA

40 mA

(Nok g)

2KV

DC Electrical Characteristics

Limits in standard typeface guaranteed for T, = 25°C and limits in boldface type apply at the temperature extrames. Unlass
otherwize specified, V+ =8V, V- =0V, V4, = 1.5V, and A = 1M.

Operating Ratings (note 1)

Temperature Range

LMCa001Al LMCE00181, LMCe001CI

-40°C =T, = +85°C
Supply Voltage

Thermal Resistance (Nofe 11)

8, N Package
8, H Package
8., H Package
Power Dissipation

4.5V =Y+ =155V

100°CAW
145°CAW
45°CAW
(Noi 8)

Symbol Paramater Conditions Typical Limits Mot 5) Units
(Nok 4) | LMCs001Al | LMCE001BI1 | LMCS001CI
g Input Currant Either Input, Wiy = OV, 10 25 100 1000
Vg = 25V 2000 4000 4000 A
los Input Offsat Currant 5 1000 2000 2000
Vs Imput Offset Violtage 0.35 1.0 1.0
1.0 1.7 2.0
Vg =25V, Wiy =0V 07 135 1.35 m
1.35 2.0
TCVpe | Input Offset 25 10 10 pVieC
Voltage Drift
Ay, Input Resistance =1 Tera 0
CMRR Commaon Mode oV =V, =75V 83 TS5 T2 GE
Rejection Ratio V= 10V T2 68 63
+PE2RAR | Positive Powar Supply 5V =W+ = q5Y a3 73 66 66 42
Rejection Ratio 70 83 63 min
-PSRAR | Megative Power oV EV-Z 10V 04 80 74 74
Supply Aejection Ratio 7 71 71
By Large Signal Sourcing, R, =2 ko 1400 400 300 300
Voltaga Gain {Nota &) 300 200 200 Wimv
Sinking, By = 2 ki 350 180 90 90 min
{Nota &) 100 [11] 60
View Input Commeon-kode W+ =5\ and 15V -0.4 -0.1 -0.1 -0.1 v
Voltage For CMRR = 60 dB o o ] max
Ve-19 Ve-23 V+-23 V+-23 v
V+-25 V--25 V--25 min
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Symbol Parameter Conditions Typical Limits (Mo 5) Units %
iNote ) | LMCs0oo01Al | LMC6001BI | LMCE001C1 =2
Vg Output Swing Ve =5V 487 480 475 475 v =
Ry =2 k2 to 2.5V 4.73 4.67 4.67 min
010 014 0.20 0.20 v
0a7 0.24 0.24 max
Ve =15V 14.63 14.50 14.37 14.37 W
R =2kDto 7.5V 14.34 14.25 1425 min
0.26 0.35 044 0.44 v
0.45 0.56 0.56 max
lg Cutput Current Sourcing, V+ = 5V, 22 16 13 13
Vg=0V 10 8 8
Sinking, V+ = 5V, 21 16 13 13
Vg=5V 13 10 10 mA
Sourcing, V- = 15V, 30 28 23 23 min
Vo=0V 22 18 18
Sinking, ¥+ =15V, 34 28 23 23
V=13V (Nofe 10) 22 18 18
Iz Supply Currant We=5V, Vy=1.5V 450 750 750 750
o00 00 900 A
Vo= 15V Vg =75V 550 B50 B8RO 850 max
850 S50 850
-
% AC Electrical Characteristics
= Limits in standard typeface guaranteed for T, = 25°C and limits in boldface type apply af the temparature extrames. Unless
= otherwise specified, V+ = 5V, V- =0V, Vo, = 1.5V and Ry = 1M.
Symbaol Parameter Conditions Typical Limits (Nofe 5) Units
(Note £) | LMa0o1Al | LM&001BI | LM&001CI
SR Slew Rata (Nota 7) 15 0.8 oe 0.8 Vius
0.6 0.8 0.6 min
GEW  |Gain-Bandwidth Product 1.3 MHz
of Phasa Margin 50 Deg
Gy Gain Margin 17 dB
a, Input-Refarred Voltage MNoise F=1EkHz 22 nvi~Hz
in Input-Refarred Current Noise F=1EkHz 013 faHz
THD Total Harmonic Distortion F=10kHz, Ay =-10, 0.01
A, =100 ko, %
1\",:, =8 Vpp

Mote 1: Absoiute Maximum Aatings indicate Imis bayond wiich damage 1o the devics may occur. Operating Astings Indicate condtions for which the device |s
Inf2nded to be functianal but do not guarantae spedtic perormance imits. For guaranteed specifications and fest conoiions, see the Blectrical Charactenstics.
The guarantaed specifications apply only for the test conditions listed.

Mote 2: Apolies 10 00T SINgIe SUpElY and Spilt SUPPY CRSFETON. CONMINUOUS Shom CINcult operation &t elevatas amblent ismparaline can rasult In excasding the
meximum alowad Junctien temperature of 150°C. Output Curments In excess of =30 MA over long 8 may edversely aMect rsliability.

Mote 3: The maximum power dissipation s 3 functien of Ty, 85, and T, The maximum allowsibe power dissipation at any emblent temperature 13
Pro= (T may = TalBa: o

Mote 4: Typical values reprasent the most IKely parsmeatnic nom.

Mote 5: All Imits are guaraniesd by tasting or siatistical analysls.

Mote B: W+ = 16V, Vi, = 7.5V and A, connected to 7.6V, For Sourcing tests, 7.6V = Vi, = 11.5V. For Sinking tests, 2.6V S v, S 7.6V,

Mote 7: V+ = 15V, Connectad a5 Voltage Foilowsr with 10V s5ten Input. Limit specified IS the lower of the poskive and nagative slaw rates.

Mote 8: For operating af elevatad temparatures the devica must be dereted besad on the hemal restsiance 9, with Pp = (T - T8 5.

Mobe 8: Human body Mmoo, 1.5 k0 In senes with 100 oF.

Mote 10: Do not connect tha output to W+, when W+ IS graater than 13V or rellaniity will be aoversaly afieciad.

Mobe 11: All nuMbars Bpply for packages soidered recty into & printed circut boaro.
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High-Performance, 16-bit Digital Signal Controllers

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual”
(DS70046). For more information on the
device instruction set and programming,
refer to the “16-bit MCU and DSC
Programmer’s Reference Manual”
(DS70157).

High-Performance Modified RISC CPU:

» Modified Harvard architecture
» C compiler optimized instruction set architecture
* Flexible addressing modes
« 83 base instructions
» 24-bit wide instructions, 16-bit wide data path
* Up to 24 Kbytes on-chip Flash program space
« Up to 2 Khytes of on-chip data RAM
* Up to 1 Kbytes of nonvolatile data EEPROM
« 16 x 16-bit working register array
* Up to 30 MIPS operation:
- DC to 40 MHz external clock input

- 4 MHz - 10 MHz oscillator input with
PLL active (4x, 8x, 16x)

e Up to 21 interrupt sources:
- 8 user-selectable priority levels
- 3 external interrupt sources
- 4 processor trap sources

DSP Features:

¢ Dual data fetch
* Modulo and Bit-Reversed modes

» Two 40-bit wide accumulators with optional
saturation logic

e 17-bit x 17-bit single-cycle hardware fractional/
integer multiplier

« All DSP instructions are single cycle
- Multiply-Accumulate (MAC) operation
 Single-cycle £16 shift

Peripheral Features:

« High-current sink/source 1/0O pins: 25 mA/25 mA

» Three 16-bit timers/counters; optionally pair up
16-bit timers into 32-bit timer modules

« 16-bit Capture input functions
¢ 16-bit Compare/PWM output functions
» 3-wire SPI modules (supports four Frame modes)

« 12C™ module supports Multi-Master/Slave mode
and 7-bit/10-bit addressing

* Up to two addressable UART modules with FIFO
buffers

Analog Features:

« 12-bit Analog-to-Digital Converter (ADC) with:

- 200 ksps conversion rate

- Upto 10 input channels

- Conversion available during Sleep and Idle
* Programmable Low-Voltage Detection (PLVD)
* Programmable Brown-out Reset

Special Microcontroller Features:

* Enhanced Flash program memory:

- 10,000 erase/write cycle (min.) for
industrial temperature range, 100K (typical)

+ Data EEPROM memory:

- 100,000 erase/write cycle (min.) for
industrial temperature range, 1M (typical)

» Self-reprogrammable under software control

* Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

 Flexible Watchdog Timer (WDT) with on-chip
low-power RC oscillator for reliable operation

« Fail-Safe Clock Monitor operation:

- Detects clock failure and switches to on-chip
low-power RC oscillator

« Programmable code protection
« In-Circuit Serial Programming™ (ICSP™)
» Selectable Power Management modes:

- Sleep, Idle and Alternate Clock modes

CMOS Technology:

» Low-power, high-speed Flash technology

« Wide operating voltage range (2.5V to 5.5V)
« Industrial and Extended temperature ranges
« Low-power consumption

© 2010 Microchip Technology Inc.
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dsPIC30F2011/2012/3012/3013 Sensor Family
Program Memor . .
. . ogram Memory | spam | EEPROM | Timer | nput | OUPU A poit | £ | 5 | 2
Device Pins Byt Byt 16-bit | C Comp/Std 200 K < & | o
Bytes | Instructions | BY'€S ytes Dl ap PWM Sps | 35 oL
dsPIC30F2011 18 12K 4K 1024 - 3 2 2 8ch 1 1|1
dsPIC30F3012 18 24K 8K 2048 1024 3 2 2 8 ch 1 1|1
dsPIC30F2012 28 12K 4K 1024 - 3 2 2 10 ch 1 1|1
dsPIC30F3013 28 24K 8K 2048 1024 3 2 2 10 ch 2 1 1
Pin Diagrams
18-Pin PDIP and SOIC
MCLR 1 - 18] AVDD
EMUD3/ANO/VREF+/CN2/RBO [ 2 17[0 Avss
EMUC3/AN1/VREF-/CN3/RBL 43 N < 16[] AN6/SCKL/INTO/OCFA/RB6
AN2/SSTLVDINICN4/RB2 ({4 © © 15[ EMUD2/AN7/OC2/IC2/INT2/RB7
AN3/CN5/RB3 []5 [ L 140 Vop
OSCILCLKIde 8 & 130 Vss
OSC2/CLKO/RC15 7 O O  12[] PGC/EMUC/ANS/UIRX/SDI1/SDA/CN7/RB5
EMUD1/SOSCIT2CK/UIATX/CNURC13 []8 & & 117 PGD/EMUD/AN4/ULTX/SDOL/SCLICN6/RB4
EMUC1/SOSCO/TICK/UIARX/CNO/RC14 (]9 © © 100 EMUC2/0CI1/IC1/INT1/RDO
28-Pin PDIP and SOIC
MCLIR 01 ~ 28|10 Avoo
EMUD3/ANO/VREF+/CN2/RBO [ 2 270 Avss
EMUC3/AN1/VREF-/ICN3/RB1 []3 26 ] AN6/OCFA/RB6
AN2/SST/LVDIN/CN4/RB2 [ 4 257 EMUD2/AN7/RB7
ANS3/CN5/RB3 5 ~ 247 ANS/OC1/RBS
AN4/CN6/RB4 6 S 23] AN9/OC2/RB9
ANS/CN7/RB5 []7 N 227 CN17/RF4
Vss 8 S 21[] CN18/RF5
OSC1/CLKI [ 9 3 200 voo
OSC2/CLKO/RC15 10 @  19f] Vss
EMUD1/SOSCI/T2CK/UIATX/CNL/RC13 {11 & 18] PGC/EMUC/UIRX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/UIARX/CNO/RC14 [ 12 17 [7 PGD/EMUD/U1TX/SDO1/SCL/RF3
Vop [ 13 16 [ SCK1/INTO/RF6
IC2/INT2/RD9 [] 14 15 [] EMUC2/ICL/INT1/RDS
28-Pin SPDIP and SOIC
MCLR C]1 2801 Avop
EMUD3/ANO/VREF+/CN2/RBO [] 2 27 Avss
EMUC3/AN1/VREF-ICN3/RB1 13 26 ] AN6/OCFA/RB6
AN2/SS1/LVDIN/CN4/RB2 [ 4 25 ] EMUD2/AN7/RB7
ANS3/CN5/RB3 [ 5 @ 24[] AN8/OC1/RB8
AN4/CN6/RB4 [ 6 Q  23[] ANY/OC2/RBY
ANS/CN7/RB5 47 L 22 U2RX/CN17/RF4
Vss 8 & 210 U2TX/CN18/RF5
OSC1/CLKI {9 O 207 VoD
OSC2/CLKO/RC15 ({10 & 197 Vss
EMUD1/SOSCIT2CK/ULIATX/CN1I/RC13 (11 ©  18[] PGC/EMUC/U1RX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/UIARX/CNO/RC14 [ 12 17 ] PGD/EMUD/U1TX/SDO1/SCL/RF3
vop [ 13 16 [] SCK1/INTO/RF6
IC2/INT2/RD9 [ 14 15 ] EMUC2/ICL/INT1/RDS

DS70139G-page 4
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FIGURE 1-1: dsPIC30F2011 BLOCK DIAGRAM
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EMUD3/ANO/VREF+/CN2/RBO
EMUCS3/AN1/VREF-/CN3/RB1
AN2/SS1/LVDIN/CN4/RB2
AN3/CN5/RB3
PGD/EMUD/AN4/ULTX/SDO1/SCL/CN6/RB4
PGC/EMUC/ANS/ULRX/SDI1/SDA/CN7/RB5
ANG6/SCK1/INTO/OCFA/RB6
EMUD2/AN7/0C2/IC2/INT2/RB7
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OSC2/CLKO/RC15

<= EMUC2/0C1/IC1/INT1/RDO
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Table 1-1 provides a brief description of device 1/O
pinouts and the functions that may be multiplexed to a
port pin. Multiple functions may exist on one port pin.
When multiplexing occurs, the peripheral module’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT 1I/O DESCRIPTIONS
. Pin Buffer N
Pin Name Type Type Description
ANO - AN9 | Analog Analog input channels.
AVDD P P Positive supply for analog module. This pin must be connected at all times.
AVss P P Ground reference for analog module. This pin must be connected at all times.
CLKI I ST/CMOS |External clock source input. Always associated with OSC1 pin function.
CLKO (0] — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes. Always associated
with OSC2 pin function.
CNO - CN7 I ST Input change notification inputs.
Can be software programmed for internal weak pull-ups on all inputs.
EMUD I/1O ST ICD Primary Communication Channel data input/output pin.
EMUC I/0 ST ICD Primary Communication Channel clock input/output pin.
EMUD1 I/0 ST ICD Secondary Communication Channel data input/output pin.
EMUC1 I/0 ST ICD Secondary Communication Channel clock input/output pin.
EMUD2 I/O ST ICD Tertiary Communication Channel data input/output pin.
EMUC2 I/1O ST ICD Tertiary Communication Channel clock input/output pin.
EMUD3 I/1O ST ICD Quaternary Communication Channel data input/output pin.
EMUC3 I/0 ST ICD Quaternary Communication Channel clock input/output pin.
IC1-1C2 | ST Capture inputs 1 through 2.
INTO I ST External interrupt O.
INT1 I ST External interrupt 1.
INT2 I ST External interrupt 2.
LVDIN I Analog Low-Voltage Detect Reference Voltage Input pin.
MCLR /P ST Master Clear (Reset) input or programming voltage input. This pin is an
active-low Reset to the device.
OC1-0C2 (0] — Compare outputs 1 through 2.
OCFA I ST Compare Fault A input.
OSC1 I ST/CMOS |Oscillator crystal input. ST buffer when configured in RC mode; CMOS
otherwise.
0OSC2 I/0 — Oscillator crystal output. Connects to crystal or resonator in Crystal Oscillator
mode. Optionally functions as CLKO in RC and EC modes.
PGD I/1O ST In-Circuit Serial Programming™ data input/output pin.
PGC I ST In-Circuit Serial Programming clock input pin.
RBO - RB9 I/O ST PORTB is a bidirectional I/O port.
RC13 - RC15 I/O ST PORTC is a bidirectional 1/O port.
RDO, 1/0 ST PORTD is a bidirectional 1/0O port.
RD8-RD9
RF2 - RF5 I/0 ST PORTF is a bidirectional 1/O port.
SCK1 I/O ST Synchronous serial clock input/output for SPI1.
SDI1 I ST SPI1 Data In.
SDO1 o] — SPI1 Data Out.
SSs1 I ST SPI1 Slave Synchronization.
Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels (0] = Output
| = Input P = Power

DS70139G-page 16
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TABLE 1-1: PINOUT 1/0O DESCRIPTIONS (CONTINUED)
Pin Name Pin Buffer Description
Type Type

SCL I/0 ST Synchronous serial clock input/output for 12C™.

SDA I/O ST Synchronous serial data input/output for 12C.

SOSCO 0] — 32 kHz low-power oscillator crystal output.

SOSCI I ST/CMOS |32 kHz low-power oscillator crystal input. ST buffer when configured in RC

mode; CMOS otherwise.

T1CK I ST Timerl external clock input.

T2CK I ST Timer2 external clock input.

U1RX I ST UART1 Receive.

UlTX @) — UART1 Transmit.

U1ARX I ST UART1 Alternate Receive.

U1ATX @) — UART1 Alternate Transmit.

U2RX I ST UART2 Receive.

u2TX @) — UART2 Transmit.

VDD P — Positive supply for logic and 1/O pins.

Vss P — Ground reference for logic and 1/O pins.

VREF+ I Analog Analog Voltage Reference (High) input.

VREF- I Analog Analog Voltage Reference (Low) input.

Legend: CMOS = CMOS compatible input or output Analog = Analog input
ST = Schmitt Trigger input with CMOS levels (0] = Output
| = Input P = Power

© 2010 Microchip Technology Inc.
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14.0 1’C™ MODULE

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual”
(DS70046).

The Inter-Integrated Circuit (1°C™) module provides

complete hardware support for both Slave and

Multi-Master modes of the 1°C serial communication

standard, with a 16-bit interface.

This module offers the following key features:

« I2C interface supporting both master and slave
operation.

« I2C Slave mode supports 7-bit and 10-bit
addressing.

« I12C Master mode supports 7-bit and 10-bit
addressing.

« 12C port allows bidirectional transfers between
master and slaves.

« Serial clock synchronization for I°C port can be
used as a handshake mechanism to suspend and
resume serial transfer (SCLREL control).

. 1°C supports multi-master operation; detects bus
collision and will arbitrate accordingly.

14.1  Operating Function Description

The hardware fully implements all the master and slave
functions of the 1°C Standard and Fast mode
specifications, as well as 7 and 10-bit addressing.

Thus, the 12C module can operate either as a slave or
a master on an I12C bus.

FIGURE 14-1: PROGRAMMER’S MODEL

1411 VARIOUS I°C MODES
The following types of 12C operation are supported:

« I12C slave operation with 7-bit addressing
. I12C slave operation with 10-bit addressing
« 12C master operation with 7-bit or 10-bit addressing

See the I°C programmer’s model (Figure 14-1).

14.1.2 PIN CONFIGURATION IN 1°C MODE

12C has a 2-pin interface; the SCL pin is clock and the
SDA pin is data.

14.1.3 I°C REGISTERS

I2CCON and I2CSTAT are control and status registers,
respectively. The 12CCON register is readable and
writable. The lower 6 bits of [2CSTAT are read-only.
The remaining bits of the I2CSTAT are read/write.

I2CRSR is the shift register used for shifting data,
whereas 12CRCYV is the buffer register to which data
bytes are written, or from which data bytes are read.
I2CRCV is the receive buffer as shown in Figure 14-1.
I2CTRN is the transmit register to which bytes are
written during a transmit operation, as shown in
Figure 14-2.

The I2CADD register holds the slave address. A Status
bit, ADD10, indicates 10-bit Address mode. The
I2CBRG acts as the Baud Rate Generator reload
value.

In receive operations, I2CRSR and 12CRCV together
form a double-buffered receiver. When [2CRSR
receives a complete byte, it is transferred to I2CRCV
and an interrupt pulse is generated. During
transmission, the I2CTRN is not double-buffered.

Note: Following a Restart condition in 10-bit
mode, the user only needs to match the
first 7-bit address.

| | 12CRCV (8 bits)
Bit 7 Bit 0
| | 12CTRN (8 bits)
Bit 7 Bit 0
| | 12CBRG (9 bits)
Bit 8 Bit 0
| | 12CCON (16 bits)
Bit 15 Bit 0
| | 12CSTAT (16 bits)
Bit 15 Bit 0
| 12CADD (10 bits)
Bit 9 Bit 0

© 2010 Microchip Technology Inc.
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FIGURE 14-2: I2C™ BLOCK DIAGRAM
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14.2  1°C Module Addresses

The I[2CADD register contains the Slave mode
addresses. The register is a 10-bit register.

If the A10M bit (I2CCON<10>) is ‘0, the address is
interpreted by the module as a 7-bit address. When an
address is received, it is compared to the 7 LSb of the
I2CADD register.

If the A10M bit is ‘1’, the address is assumed to be a
10-bit address. When an address is received, it will be
compared with the binary value ‘11110 A9 A8’ (where
A9 and A8 are two Most Significant bits of I2CADD). If
that value matches, the next address will be compared
with the Least Significant 8 bits of I2CADD, as specified
in the 10-bit addressing protocol.

The 7-bit 1°C Slave Addresses supported by the
dsPIC30F are shown in Table 14-1.

TABLE 14-1:  7-BIT I’C™ SLAVE

ADDRESSES
0x00 General call address or start byte
0x01-0x03 Reserved
0x04-0x07 Hs-mode Master codes
0x04-0x77 Valid 7-bit addresses
0x78-0x7b Valid 10-bit addresses (lower 7
bits)
0x7c-0x7f Reserved

14.3  I2C 7-bit Slave Mode Operation

Once enabled (I2CEN = 1), the slave module will wait
for a Start bit to occur (i.e., the I2C module is ‘Idle’).
Following the detection of a Start bit, 8 bits are shifted
into I2CRSR and the address is compared against
I2CADD. In 7-bit mode (A10M = 0), bits I2CADD<6:0>
are compared against I2CRSR<7:1> and 12CRSR<0>
is the R_W bit. All incoming bits are sampled on the ris-
ing edge of SCL.

If an address match occurs, an acknowledgement will
be sent, and the slave event interrupt flag (SI2CIF) is
set on the falling edge of the ninth (ACK) bit. The
address match does not affect the contents of the
I2CRCYV buffer or the RBF bit.

14.3.1 SLAVE TRANSMISSION

If the R_W bit received is a ‘1", then the serial port will
go into Transmit mode. It will send ACK on the ninth bit
and then hold SCL to ‘O’ until the CPU responds by
writing to I2CTRN. SCL is released by setting the
SCLREL bit, and 8 bits of data are shifted out. Data bits
are shifted out on the falling edge of SCL, such that
SDA is valid during SCL high. The interrupt pulse is
sent on the falling edge of the ninth clock pulse,
regardless of the status of the ACK received from the
master.

14.3.2 SLAVE RECEPTION

If the R_W bit received is a ‘O’ during an address
match, then Receive mode is initiated. Incoming bits
are sampled on the rising edge of SCL. After 8 bits are
received, if I2CRCV is not full or I2COV is not set,
I2CRSR is transferred to I2CRCV. ACK is sent on the
ninth clock.

If the RBF flag is set, indicating that I2CRCV is still
holding data from a previous operation (RBF = 1), then
ACK is not sent; however, the interrupt pulse is
generated. In the case of an overflow, the contents of
the 12CRSR are not loaded into the I2CRCV.

Note: The 12CRCV will be loaded if the 12COV
bit = 1 and the RBF flag = 0. In this case,
a read of the I2CRCV was performed but
the user did not clear the state of the
[2COV bit before the next receive
occurred. The acknowledgement is not
sent (ACK = 1) and the I12CRCV s
updated.

14.4  12C 10-bit Slave Mode Operation

In 10-bit mode, the basic receive and transmit
operations are the same as in the 7-bit mode. However,
the criteria for address match is more complex.

The I12C specification dictates that a slave must be
addressed for a write operation with two address bytes
following a Start bit.

The A10M bit is a control bit that signifies that the
address in I2CADD is a 10-bit address rather than a 7-bit
address. The address detection protocol for the first byte
of a message address is identical for 7-bit and 10-bit
messages, but the bits being compared are different.

I2CADD holds the entire 10-bit address. Upon
receiving an address following a Start bit, I22CRSR
<7:3>is compared against a literal ‘11110’ (the default
10-bit address) and [2CRSR<2:1> are compared
against 12CADD<9:8>. If a match occurs and if
R_W = 0, the interrupt pulse is sent. The ADD10 bit will
be cleared to indicate a partial address match. If a
match fails or R_W = 1, the ADD10 bit is cleared and
the module returns to the Idle state.

The low byte of the address is then received and
compared with 12CADD<7:0>. If an address match
occurs, the interrupt pulse is generated and the ADD10
bit is set, indicating a complete 10-bit address match. If
an address match did not occur, the ADD10 bit is
cleared and the module returns to the Idle state.
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1441 10-BIT MODE SLAVE
TRANSMISSION

Once a slave is addressed in this fashion with the full
10-bit address (we will refer to this state as
“PRIOR_ADDR_MATCH"), the master can begin
sending data bytes for a slave reception operation.

14.4.2 10-BIT MODE SLAVE RECEPTION

Once addressed, the master can generate a Repeated
Start, reset the high byte of the address and set the
R_W bit without generating a Stop bit, thus initiating a
slave transmit operation.

14.5 Automatic Clock Stretch

In the Slave modes, the module can synchronize buffer
reads and write to the master device by clock stretching.

1451 TRANSMIT CLOCK STRETCHING

Both 10-bit and 7-bit Transmit modes implement clock
stretching by asserting the SCLREL bit after the falling
edge of the ninth clock, if the TBF bit is cleared,
indicating the buffer is empty.

In Slave Transmit modes, clock stretching is always
performed irrespective of the STREN bit.

Clock synchronization takes place following the ninth
clock of the transmit sequence. If the device samples
an ACK on the falling edge of the ninth clock and if the
TBF bit is still clear, then the SCLREL bit is
automatically cleared. The SCLREL being cleared to
‘0’ will assert the SCL line low. The user’s ISR must set
the SCLREL bit before transmission is allowed to
continue. By holding the SCL line low, the user has time
to service the ISR and load the contents of the I2CTRN
before the master device can initiate another transmit
sequence.

Clock stretching takes place following the ninth clock of
the receive sequence. On the falling edge of the ninth
clock at the end of the ACK sequence, if the RBF bit is
set, the SCLREL bit is automatically cleared, forcing
the SCL output to be held low. The user’s ISR must set
the SCLREL bit before reception is allowed to continue.
By holding the SCL line low, the user has time to
service the ISR and read the contents of the I2CRCV
before the master device can initiate another receive
sequence. This will prevent buffer overruns from
occurring.

Note 1. If the user reads the contents of the
I2CRCV, clearing the RBF bit before the
faling edge of the ninth clock, the
SCLREL bit will not be cleared and clock
stretching will not occur.

2: The SCLREL bit can be set in software
regardless of the state of the RBF bit. The
user should be careful to clear the RBF
bit in the ISR before the next receive
sequence in order to prevent an overflow

condition.

Note 1: If the user loads the contents of I2CTRN,
setting the TBF bit before the falling edge
of the ninth clock, the SCLREL bit will not
be cleared and clock stretching will not
occur.

2: The SCLREL bit can be set in software,
regardless of the state of the TBF bit.

14.5.2 RECEIVE CLOCK STRETCHING

The STREN bit in the I2CCON register can be used to
enable clock stretching in Slave Receive mode. When
the STREN bit is set, the SCL pin will be held low at the
end of each data receive sequence.

14.5.3 CLOCK STRETCHING DURING
7-BIT ADDRESSING (STREN = 1)

When the STREN bit is set in Slave Receive mode, the
SCL line is held low when the buffer register is full. The
method for stretching the SCL output is the same for
both 7 and 10-bit addressing modes.

145.4 CLOCK STRETCHING DURING
10-BIT ADDRESSING (STREN = 1)

Clock stretching takes place automatically during the
addressing sequence. Because this module has a
register for the entire address, it is not necessary for
the protocol to wait for the address to be updated.

After the address phase is complete, clock stretching
will occur on each data receive or transmit sequence as
was described earlier.

14.6 Software Controlled Clock
Stretching (STREN = 1)

When the STREN bit is ‘1’, the SCLREL bit may be
cleared by software to allow software to control the
clock stretching. The logic will synchronize writes to the
SCLREL bit with the SCL clock. Clearing the SCLREL
bit will not assert the SCL output until the module
detects a falling edge on the SCL output and SCL is
sampled low. If the SCLREL bit is cleared by the user
while the SCL line has been sampled low, the SCL
output will be asserted (held low). The SCL output will
remain low until the SCLREL bit is set, and all other
devices on the I1°C bus have de-asserted SCL. This
ensures that a write to the SCLREL bit will not violate
the minimum high time requirement for SCL.

If the STREN bit is ‘O’, a software write to the SCLREL
bit will be disregarded and have no effect on the
SCLREL bit.
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14.7 Interrupts

The 1C module generates two interrupt flags, MI2CIF
(I’C Master Interrupt Flag) and SI2CIF (1°C Slave
Interrupt Flag). The MI2CIF interrupt flag is activated
on completion of a master message event. The SI2CIF
interrupt flag is activated on detection of a message
directed to the slave.

14.8 Slope Control

The I12C standard requires slope control on the SDA
and SCL signals for Fast mode (400 kHz). The control
bit, DISSLW, enables the user to disable slew rate
control if desired. It is necessary to disable the slew
rate control for 1 MHz mode.

14.9 IPMI Support

The control bit, IPMIEN, enables the module to support
Intelligent Peripheral Management Interface (IPMI).
When this bit is set, the module accepts and acts upon
all addresses.

14.10 General Call Address Support

The general call address can address all devices.
When this address is used, all devices should, in
theory, respond with an acknowledgement.

The general call address is one of eight addresses
reserved for specific purposes by the 12C protocol. It
consists of all ‘0’s with R_W = 0.

The general call address is recognized when the
General Call Enable (GCEN) bit is set
(I2CCON<7> = 1). Following a Start bit detection, 8 bits
are shifted into I2CRSR and the address is compared
with 12CADD, and is also compared with the general
call address which is fixed in hardware.

If a general call address match occurs, the I2CRSR is
transferredto the I2CRCYV after the eighth clock, the RBF
flag is set and on the falling edge of the ninth bit (ACK
bit), the master event interrupt flag (MI2CIF) is set.

When the interrupt is serviced, the source for the
interrupt can be checked by reading the contents of the
I2CRCV to determine if the address was device
specific or a general call address.

14.11 1?°C Master Support

As a master device, six operations are supported:

» Assert a Start condition on SDA and SCL.
¢ Assert a Restart condition on SDA and SCL.

» Write to the I2CTRN register initiating
transmission of data/address.

* Generate a Stop condition on SDA and SCL.
« Configure the 12c port to receive data.

* Generate an ACK condition at the end of a
received byte of data.

14.12 1°C Master Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the data direction bit. In
this case, the data direction bit (R_W) is logic ‘0’. Serial
data is transmitted 8 bits at a time. After each byte is
transmitted, an ACK bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the data direction bit. In this case, the data
direction bit (R_W) is logic ‘1’. Thus, the first byte
transmitted is a 7-bit slave address, followed by a ‘1’ to
indicate receive bit. Serial data is received via SDA
while SCL outputs the serial clock. Serial data is
received 8 bits at a time. After each byte is received, an
ACK bit is transmitted. Start and Stop conditions
indicate the beginning and end of transmission.

14.12.1  1°C MASTER TRANSMISSION

Transmission of a data byte, a 7-bit address, or the sec-
ond half of a 10-bit address, is accomplished by simply
writing a value to 12CTRN register. The user should
only write to I2CTRN when the module is in a WAIT
state. This action will set the Buffer Full Flag (TBF) and
allow the Baud Rate Generator to begin counting and
start the next transmission. Each bit of address/data
will be shifted out onto the SDA pin after the falling
edge of SCL is asserted. The Transmit Status Flag,
TRSTAT (I12CSTAT<14>), indicates that a master
transmit is in progress.
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14.12.2  1°C MASTER RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (I2CCON<3>). The I2C
module must be Idle before the RCEN bit is set,
otherwise the RCEN bit will be disregarded. The Baud
Rate Generator begins counting and on each rollover,
the state of the SCL pin ACK and data are shifted into
the I2CRSR on the rising edge of each clock.

14.12.3 BAUD RATE GENERATOR

In 12C Master mode, the reload value for the BRG is
located in the I2CBRG register. When the BRG is
loaded with this value, the BRG counts down to ‘O’ and
stops until another reload has taken place. If clock
arbitration is taking place, for instance, the BRG is
reloaded when the SCL pin is sampled high.

As per the I2C standard, FSCK may be 100 kHz or
400 kHz. However, the user can specify any baud rate
up to 1 MHz. 12CBRG values of ‘0’ or ‘1’ are illegal.

EQUATION 14-1: SERIAL CLOCK RATE

— ( Foy _ Fcy _
12CBRG FscL l,lll,lll) !

14.12.4 CLOCK ARBITRATION

Clock arbitration occurs when the master de-asserts
the SCL pin (SCL allowed to float high) during any
receive, transmit, or Restart/Stop condition. When the
SCL pin is allowed to float high, the Baud Rate
Generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is
sampled high, the Baud Rate Generator is reloaded
with the contents of I2CBRG and begins counting. This
ensures that the SCL high time will always be at least
one BRG rollover count in the event that the clock is
held low by an external device.

14,125 MULTI-MASTER COMMUNICATION,
BUS COLLISION, AND BUS
ARBITRATION

Multi-master operation support is achieved by bus
arbitration. When the master outputs address/data bits
onto the SDA pin, arbitration takes place when the
master outputs a ‘1’ on SDA by letting SDA float high
while another master asserts a ‘0. When the SCL pin
floats high, data should be stable. If the expected data
on SDA is a ‘1’ and the data sampled on the SDA
pin =0, then a bus collision has taken place. The
master will set the MI2CIF pulse and reset the master
portion of the 12c port to its Idle state.

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the TBF flag is
cleared, the SDA and SCL lines are de-asserted and a
value can now be written to I2CTRN. When the user
services the 1°C master event Interrupt Service
Routine, if the I2C bus is free (i.e., the P bit is set), the
user can resume communication by asserting a Start
condition.

If a Start, Restart, Stop or Acknowledge condition was
in progress when the bus collision occurred, the
condition is aborted, the SDA and SCL lines are
de-asserted, and the respective control bits in the
I2CCON register are cleared to ‘0’. When the user
services the bus collision Interrupt Service Routine,
and if the I°C bus is free, the user can resume
communication by asserting a Start condition.

The master will continue to monitor the SDA and SCL
pins, and if a Stop condition occurs, the MI2CIF bit will
be set.

A write to the I2CTRN will start the transmission of data
at the first data bit regardless of where the transmitter
left off when bus collision occurred.

In a multi-master environment, the interrupt generation
on the detection of Start and Stop conditions allows the
determination of when the bus is free. Control of the 1°C
bus can be taken when the P bit is set in the I2CSTAT
register, or the bus is Idle and the S and P bits are
cleared.

14.13 1°C Module Operation During CPU
Sleep and Idle Modes

14.13.1 1°C OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shut down and stay at logic ‘0". If
Sleep occurs in the middle of a transmission and the
state machine is partially into a transmission as the
clocks stop, then the transmission is aborted. Similarly,
if Sleep occurs in the middle of a reception, then the
reception is aborted.

14.13.2  1°C OPERATION DURING CPU IDLE
MODE

For the I1°C, the I2CSIDL bit selects if the module will
stop on Idle or continue on Idle. If I2CSIDL = 0, the
module will continue operation on assertion of the Idle
mode. If I2CSIDL = 1, the module will stop on Idle.
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16.0 12-BIT ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

Note:  This data sheet summarizes features of
this group of dsPIC30F devices and is not
intended to be a complete reference
source. For more information on the CPU,
peripherals, register descriptions and
general device functionality, refer to the
“dsPIC30F Family Reference Manual”

(DS70046).

The 12-bit Analog-to-Digital Converter allows
conversion of an analog input signal to a 12-bit digital
number. This module is based on a Successive
Approximation Register (SAR) architecture and
provides a maximum sampling rate of 200 ksps. The
ADC module has up to 10 analog inputs which are
multiplexed into a sample and hold amplifier. The
output of the sample and hold is the input into the
converter which generates the result. The analog
reference voltage is software selectable to either the

The ADC module has six 16-bit registers:

« A/D Control Register 1 (ADCON1)

« A/D Control Register 2 (ADCONZ2)

« A/D Control Register 3 (ADCONB3)

« A/D Input Select Register (ADCHS)

« A/D Port Configuration Register (ADPCFG)

« A/D Input Scan Selection Register (ADCSSL)

The ADCON1, ADCON2 and ADCON3 registers
control the operation of the ADC module. The ADCHS
register selects the input channels to be converted. The
ADPCFG register configures the port pins as analog
inputs or as digital 1/0. The ADCSSL register selects
inputs for scanning.

Note: The SSRC<2:0>, ASAM, SMPI<3:0>,
BUFM and ALTS bits, as well as the
ADCON3 and ADCSSL registers, must
not be written to while ADON = 1. This
would lead to indeterminate results.

The block diagram of the 12-bit ADC module is shown

device supply voltage (AVDD/AVsS) or the voltage level in Figure 16-1.
on the (VREF+/VREF-) pin. The ADC has a unique
feature of being able to operate while the device is in
Sleep mode with RC oscillator selection.
FIGURE 16-1: 12-BIT ADC FUNCTIONAL BLOCK DIAGRAM
AVDD/VREF+
AVSS/VREF-
ANO |E 00000/ ] Y Y Comparator
ANL [ 0001, ~ >
AN2 [ 0010~ -
AN3 & 00110/ Conversion Logic [<—»-
0100
AN4 [ o =
0101 16-word, 12-bit £
AN [ o Dual Port ¢
AN [ 0110 Buffer £ 8
o) &
Q
0111 E
AN7 [X] o - ;
S, I Sample/Sequence o
AN8 [X] 1900, —~ e pContrgl -~
1001
AN9 [X] 0«
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L s/H_>CHO Input Input MUX
P o 0— Switghes<_ gontrol -
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16.1 A/D Result Buffer

The module contains a 16-word dual port read-only
buffer, called ADCBUFO0...ADCBUFF, to buffer the A/D
results. The RAM is 12 bits wide but the data obtained
is represented in one of four different 16-bit data
formats. The contents of the sixteen A/D Conversion
Result Buffer registers, ADCBUFO through ADCBUFF,
cannot be written by user software.

16.2 Conversion Operation

After the ADC module has been configured, the sample
acquisition is started by setting the SAMP bit. Various
sources, such as a programmable bit, timer time-outs
and external events, will terminate acquisition and start
a conversion. When the A/D conversion is complete,
the result is loaded into ADCBUFO0...ADCBUFF, and
the DONE bit and the A/D interrupt flag, ADIF, are set
after the number of samples specified by the SMPI bit.
The ADC module can be configured for different inter-
rupt rates as described in Section 16.3 “ Selecting the
Conversion Sequence”.

The following steps should be followed for doing an
A/D conversion:
1. Configure the ADC module:

« Configure analog pins, voltage reference and
digital /0

 Select A/D input channels
» Select A/D conversion clock
» Select A/D conversion trigger
e Turn on ADC module
2. Configure A/D interrupt (if required):
* Clear ADIF bit
 Select A/D interrupt priority
Start sampling
Wait the required acquisition time
Trigger acquisition end, start conversion
Wait for A/D conversion to complete, by either:
» Waiting for the A/D interrupt, or
« Waiting for the DONE bit to get set
7. Read A/D result buffer; clear ADIF if required

IS I

16.3 Selecting the Conversion
Sequence

Several groups of control bits select the sequence in
which the A/D connects inputs to the sample/hold
channel, converts a channel, writes the buffer memory
and generates interrupts.

The sequence is controlled by the sampling clocks.

The SMPI  bits select the number of
acquisition/conversion sequences that would be per-
formed before an interrupt occurs. This can vary from 1
sample per interrupt to 16 samples per interrupt.

The BUFM bit will split the 16-word results buffer into
two 8-word groups. Writing to the 8-word buffers will be
alternated on each interrupt event.

Use of the BUFM bit will depend on how much time is
available for the moving of the buffers after the
interrupt.

If the processor can quickly unload a full buffer within
the time it takes to acquire and convert one channel,
the BUFM bit can be ‘0’ and up to 16 conversions
(corresponding to the 16 input channels) may be done
per interrupt. The processor will have one acquisition
and conversion time to move the sixteen conversions.

If the processor cannot unload the buffer within the
acquisition and conversion time, the BUFM bit should be
‘1. For example, if SMPI<3:0> (ADCON2<5:2>) = 0111,
then eight conversions will be loaded into 1/2 of the
buffer, following which an interrupt occurs. The next
eight conversions will be loaded into the other 1/2 of the
buffer. The processor will have the entire time between
interrupts to move the eight conversions.

The ALTS bit can be used to alternate the inputs
selected during the sampling sequence. The input
multiplexer has two sets of sample inputs: MUX A and
MUX B. If the ALTS bit is ‘0", only the MUX A inputs are
selected for sampling. If the ALTS bit is ‘1’ and
SMPI<3:0> = 0000 on the first sample/convert
sequence, the MUX A inputs are selected and on the
next acquire/convert sequence, the MUX B inputs are
selected.

The CSCNA bit (ADCON2<10>) will allow the
multiplexer input to be alternately scanned across a
selected number of analog inputs for the MUX A group.
The inputs are selected by the ADCSSL register. If a
particular bit in the ADCSSL register is ‘1’, the
corresponding input is selected. The inputs are always
scanned from lower to higher numbered inputs, starting
after each interrupt. If the number of inputs selected is
greater than the number of samples taken per interrupt,
the higher numbered inputs are unused.
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16.4 Programming the Start of
Conversion Trigger

The conversion trigger will terminate acquisition and
start the requested conversions.

The SSRC<2:0> bits select the source of the
conversion trigger. The SSRC bits provide for up to four
alternate sources of conversion trigger.

When SSRC<2:0> = 000, the conversion trigger is
under software control. Clearing the SAMP bit will
cause the conversion trigger.

When SSRC<2:0> = 111 (Auto-Start mode), the
conversion trigger is under A/D clock control. The
SAMC bits select the number of A/D clocks between
the start of acquisition and the start of conversion. This
provides the fastest conversion rates on multiple
channels. SAMC must always be at least one clock
cycle.

Other trigger sources can come from timer modules or
external interrupts.

16.5 Aborting a Conversion

Clearing the ADON bit during a conversion will abort
the current conversion and stop the sampling
sequencing until the next sampling trigger. The
ADCBUF will not be updated with the partially
completed A/D conversion sample. That is, the
ADCBUF will continue to contain the value of the last
completed conversion (or the last value written to the
ADCBUF register).

If the clearing of the ADON bit coincides with an

auto-start, the clearing has a higher priority and a new
conversion will not start.

After the A/D conversion is aborted, a 2 TAD wait is
required before the next sampling may be started by
setting the SAMP hit.

16.6 Selecting the ADC Conversion
Clock

The ADC conversion requires 14 TaD. The source of
the ADC conversion clock is software selected, using a
6-bit counter. There are 64 possible options for TAD.

EQUATION 16-1: ADC CONVERSION
CLOCK

TAD = Tcy * (0.5*(ADCS<5:0> + 1))

The internal RC oscillator is selected by setting the
ADRC bit.

For correct ADC conversions, the ADC conversion
clock (TAD) must be selected to ensure a minimum TAD
time of 334 nsec (for VDD = 5V). Refer to Section 20.0
“Electrical Characteristics” for minimum TAD under
other operating conditions.

Example 16-1 shows a sample calculation for the

ADCS<5:0> bits, assuming a device operating speed
of 30 MIPS.

EXAMPLE 16-1: ADC CONVERSION
CLOCK AND SAMPLING
RATE CALCULATION

Minimum TAD = 334 nsec
Tcy =33 .33 nsec (30 MIPS)

ADCS<5:05> =2 422 4
Tey
_o,, 334nsec
=2 33.33 nsec !
=19.04
Therefore,

Set ADCS<5:0> =19

Actual TAD = TCTY (ADCS<5:0> + 1)

- 33.3(; nsec (19 + 1)

=334 nsec

If SSRC<2:0> = *111° and SAMC<4:0> = ‘00001’

Since,

Sampling Time = Acquisition Time + Conversion Time
=1TAD + 14 TAD
=15 x 334 nsec

Therefore,
Sampling Rate = -
(15 x 334 nsec)
=~200 kHz
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16.7 ADC Speeds

The dsPIC30F 12-bit ADC specifications permit a
maximum of 200 ksps sampling rate. Table 16-1
summarizes the conversion speeds for the dsPIC30F
12-hit ADC and the required operating conditions.

Figure 16-2 depicts the recommended circuit for the
conversion rates above 200 ksps. The dsPIC30F2011
is shown as an example.

TABLE 16-1: 12-BIT ADC EXTENDED CONVERSION RATES

dsPIC30F 12-bit ADC Conversion Rates

TAD Sampling . .
Speed Minimum | Time Min Rg Max | VDD Temperature Channel Configuration
Up to 200 334 ns 1 TaD 25kQ | 4.5V | -40°Cto +85°C
ksps®) to VREF- VREF+
5.5V
CHXx
AN 'SIA ADC
Up to 100 668 ns 1 TAaD 25kQ | 3.0V |-40°Cto +125°C
ksps to VREF- VREF+
or or
5.5V A\/‘ss AVDD
ANX —— 2\ CHX
) S/H ADC
ANX or VREF-

Note 1: External VREF- and VREF+ pins must be used for correct operation. See Figure 16-2 for recommended

circuit.
FIGURE 16-2: ADC VOLTAGE REFERENCE SCHEMATIC
VDD
R2 EegNgte_l:_ .
i | cs C C6 |
(():.21 wr 1:8%)1 WF b | L 0.71 pﬂ 0OLWF| |

it A
&
1108
] 2 20
¢ dsPIC30F2011 o VDD
s
: Ves s AVDD  AVDD  AVDD
==

c5 ca c3
1uF 0.1uF| 0.01pF

'IIW 1A

Note 1: Ensure adequate bypass capacitors are provided on each VDD pin.
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The configuration procedures in the next section pro-
vide the required setup values for the conversion
speeds above 100 ksps.

16.7.1 200 KSPS CONFIGURATION
GUIDELINE

The following configuration items are required to

achieve a 200 ksps conversion rate.

« Comply with conditions provided in Table 16-1.

» Connect external VRErF+ and VREF- pins following
the recommended circuit shown in Figure 16-2.

* Set SSRC<2.0> =111 in the ADCON1 register to
enable the auto convert option.

« Enable automatic sampling by setting the ASAM
control bit in the ADCONL1 register.

* Write the SMPI<3.0> control bits in the ADCON2
register for the desired number of conversions
between interrupts.

» Configure the ADC clock period to be:

1

=334 ns
(14 + 1) x 200,000

by writing to the ADCS<5:0> control bits in the
ADCONZ3 register.

« Configure the sampling time to be 1 TAD by
writing: SAMC<4:0> = 00001.

The following figure shows the timing diagram of the
ADC running at 200 ksps. The TaD selection in
conjunction with the guidelines described above allows
a conversion speed of 200 ksps. See Example 16-1 for
code example.

16.8 A/D Acquisition Requirements

The analog input model of the 12-bit ADC is shown in
Figure 16-3. The total sampling time for the A/D is a
function of the internal amplifier settling time and the
holding capacitor charge time.

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHoLD) must be allowed to fully
charge to the voltage level on the analog input pin. The
source impedance (Rs), the interconnect
impedance (Ric) and the internal sampling switch
(Rss) impedance combine to directly affect the time
required to charge the capacitor CHoLD. The combined
impedance of the analog sources must therefore be
small enough to fully charge the holding capacitor
within the chosen sample time. To minimize the effects
of pin leakage currents on the accuracy of the ADC, the
maximum recommended source impedance, RS,
is 2.5 kQ After the analog input channel is selected
(changed), this sampling function must be completed
prior to starting the conversion. The internal holding
capacitor will be in a discharged state prior to each
sample operation.

FIGURE 16-3: 12-BIT A/D CONVERTER ANALOG INPUT MODEL
Voo RC2500  gampling RSBk
Switch
______ VT=0.6V \
' Rs ' ANXx ' Rss
: ; A : ._'W\l:_
\ ) eom | L CHoLD
! ! PIN —L = DAC capacitance
O T vr=06v (| )i5oo A T =18pF
= ¢ ¢ Vss
Legend: CPIN = input capacitance
\%s = threshold voltage

various junctions

| leakage = leakage current at the pin due to

Ric = interconnect resistance
Rss = sampling switch resistance
CHOLD = sample/hold capacitance (from DAC)

Note: CpIN value depends on device package and is not tested. Effect of CPIN negligible if Rs <2.5 kQ
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16.9 Module Power-Down Modes

The module has two internal power modes.

When the ADON bitis ‘1’, the module is in Active mode;
it is fully powered and functional.

When ADON is ‘0’, the module is in Off mode. The
digital and analog portions of the circuit are disabled for
maximum current savings.

In order to return to the Active mode from Off mode, the
user must wait for the ADC circuitry to stabilize.

16.10 A/D Operation During CPU Sleep

and Idle Modes
16.10.1 A/D OPERATION DURING CPU
SLEEP MODE

When the device enters Sleep mode, all clock sources
to the module are shut down and stay at logic ‘0’.

If Sleep occurs in the middle of a conversion, the
conversion is aborted. The converter will not continue
with a partially completed conversion on exit from
Sleep mode.

Register contents are not affected by the device
entering or leaving Sleep mode.

The ADC module can operate during Sleep mode if the
A/D clock source is set to RC (ADRC = 1). When the
RC clock source is selected, the ADC module waits
one instruction cycle before starting the conversion.
This allows the SLEEP instruction to be executed which
eliminates all digital switching noise from the
conversion. When the conversion is complete, the
CONYV bit will be cleared and the result loaded into the
ADCBUF register.

If the A/D interrupt is enabled, the device will wake-up
from Sleep. If the A/D interrupt is not enabled, the ADC
module will then be turned off, although the ADON bhit
will remain set.

16.10.2 A/D OPERATION DURING CPU IDLE
MODE

The ADSIDL bit selects if the module will stop on Idle or
continue on Idle. If ADSIDL = 0, the module will
continue operation on assertion of Idle mode. If
ADSIDL = 1, the module will stop on Idle.

16.11 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the ADC module to be turned off, and any
conversion and sampling sequence is aborted. The
values that are in the ADCBUF registers are not
modified. The A/D Result register will contain unknown
data after a Power-on Reset.

16.12 Output Formats

The A/D result is 12 bits wide. The data buffer RAM is
also 12 bits wide. The 12-bit data can be read in one of
four different formats. The FORM<1:0> bits select the
format. Each of the output formats translates to a 16-bit
result on the data bus.

FIGURE 16-4: A/D OUTPUT DATA FORMATS
RAM Contents: d11 | d10 | d09 | d08 | d07 | d06 | dO5 | d04 | d03 | d02 | dO1 | doo
Read to Bus:
Signed Fractional | d11 |d10 [ d09|d08 | d07 | d06 | d05 | d04 | d03 | d02|do1|doo| 0 | 0 | 0 | O
Fractional | d11|d10|d09 |d08|d07 |d06 |d05 |d04 |do3 |do2|do1|doo| 0 | 0 [ 0 | O
Signed Integer | d11|d11|d1l |d1l |d1l|d10|d09 |do8 |do7 |d06 |d05|do4 |do3 |do2 |do1 |doo
Integer 0| 0| 0| 0 |dil|d10|d09|do8|do7|do6|do5|do4|do3|do2 |dol|doo
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16.13 Configuring Analog Port Pins

The use of the ADPCFG and TRIS registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs must have their
corresponding TRIS bit set (input). If the TRIS bit is
cleared (output), the digital output level (VoH or VoL)
will be converted.

The A/D operation is independent of the state of the
CHOSA<3:0>/CHOSB<3:0> hits and the TRIS bits.

When reading the PORT register, all pins configured as
analog input channels will read as cleared.

Pins configured as digital inputs will not convert an
analog input. Analog levels on any pin that is defined as
a digital input (including the ANx pins) may cause the
input buffer to consume current that exceeds the
device specifications.

16.14 Connection Considerations

The analog inputs have diodes to VbD and Vss as ESD
protection. This requires that the analog input be
between VDD and Vss. If the input voltage exceeds this
range by greater than 0.3V (either direction), one of the
diodes becomes forward biased and it may damage the
device if the input current specification is exceeded.

An external RC filter is sometimes added for
anti-aliasing of the input signal. The R component
should be selected to ensure that the sampling time
requirements are satisfied. Any external components
connected (via high-impedance) to an analog input pin
(capacitor, zener diode, etc.) should have very little
leakage current at the pin.

© 2010 Microchip Technology Inc.
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11.1.5 Framlenging a I2C brautinni

*ﬁ" TEXAS

Rafmagnstaeknifraedi

PB2BT15

INSTRUMENTS I2C BUS EXTENDER

WO BCPI14EA-DECEMBER 2007-REVIZED FEBRUARTY 2008
FEATURES

Operating Power-Supply Voltage Range of
IVio 12V

Supports Bidirectional Data Transfer of FC
Bus Signals

Allows Bus Capacitance of 400 pF on Main I°C
Bus (5x/5y Side) and 3000 pF on Transmission
Side [La/Ly Side)

Dual Bidirectional Unity-Voltage-Gain Buffer
With Mo External Directicnal Contrel Required
Drives 10x Lower-impedance Bus Wiring for
Improved Noise Immunity

P PACKAGE
(TOP VIEW)

GND

N - ho internal connection

DESCRIPTION/ORDERING INFORMATION

The PE2BT15 is a bipolar device intended for I°C bus systems applications and supports bidirectional data
fransfer via the I°C bus. The P82B715 buffers both the serial data (SDA) and serial clock (SCL) signals on the
*C bus and allows for extension of the PC bus, while retaining all the operating modes and features of the PG

+ Multi-Drop Distribution of C Signals Using
Low-Cost Twisted-Pair Cables

+ [*C Bus Operation Over 50 Meters of
Twisted-Pair Wire

+ Latch-up Performance Exceeds 100 mA Per
JESD 78, Class Il

+« ESD Protection Exceeds JESD 22
- 2500-¥ Human-Body Model {A114-A)
- 400-¥ Machine Model (A115-A)
— 1000-¥ Charged-Device Model (C101)

D PACKAGE

(TOP VIEW)

e mm
L2
Sx]a
GHND 4

[

th o =i

nm
Ly
[T Sy
==]ilH

system.
ORDERING INFORMATION
Ta PACKAGE!™ ORDERABLE PART NUMBER | TOP-SIDE MARKING
POIR—P Tuge of 50 PEZET15P PEZETISP
—40°C 10 B5°C Tuge of 75 PEZET15D
S0IC—D PETIS
Fieal of 2500 PEZET150R

1) Package drawings, thermal data, and symboilzation are avallable a1 www.LLcomipackaging.
12) For Me most cument package and ordening Information, ses the Package Option Addendum at the end of this document, or 522 the TI

'WEDSRE a1 www.i.com.
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Pa2BT15 -
EC BUS EXTENDER m—ﬁffm

SCPS148A- DECEMEE T 0T —HEVISED FESHUARY 2008

DESCRIFTION/IORDERING INFORMATION (CONTINUED)

In general, the I*C bus capactance Imit of 400 pF resifets praciical communication distances to a few meters.
One of the advaniages of the PE28715 Is that it can Isolate bus capacitance such that the total loading [devices,
connectors, races and wires) of the new bus or remaote 1°C nodes ans not apparent to other FC buses [or
nodes). This Is achleved by using one PEZB715 device at each end of a long cable. The pin Lx of one PE2BT1S
gayice has to be connecied to Lx of the second PEZB71S (simlary for Ly). This alows the bofal system
capacitance load to be around 3000 pF. The PEZET1S wses unidirectional analog cumment amplfication fo
Increase Me cment sk capablify of I°C chips by 3 factor of ten and 10 change the 400-pF IC bus speckication
Iimit Into 3 £-nF bus winng capacitance lImit. Thal means longer cables or [ower-cost general-purpose winng may
be used o connect two separate I'C-based systems, without worrying about the spedal woltage levels
ass0clated with other FC bus buffers.

Muitiple PEIBT15E can be connected together i a star or muitipoint architesture by their Laly posts, without
limit, 5 long a5 the total capaciance of the system remains less than about 3000 pF (400 pF or l2s5 when
referenced o any SwiSy connection). In that amangement, the masier andior slave devices are aftached to the
SuiSy port of each PE2ET15. The PE2BT15 alone does not support voltage-leved translation, but it simplfies the
application of Iow-c0s? transistors far this purpos2. In nomnal use, the pOWer-SUpplY voitages at each end of the
lw-impedance bufersd bus line should be the same. If thess differ by a significant amound, nolse mangin s
sacrificed.

Two Or mone Sx or Sj' s can b2 Interconnected and are also |'I.I|r!|' WI'HFIE‘UHE with bus buffers that wss
wolage-level ofsets (SLoh 35 e PCASS15A) because | duplicates and transmits the offsat voltage.

TERMINAL FUNCTIONS
FAI:EEREM:I HAME DESCRIPTION
1 B Blo connacion
2 Lx Buftered serlal data bus or LDA
3 Sx Beerial daby bus or S0A. Connedt o Vo HFGmHIEﬂU.ﬂ'IﬂpﬂLprﬂdﬂ'.
& amMD G
5 [, =] Mz connecion
] =7 ‘Beral ciock bus or ECL. Connect 1o Voo of FC master fumagh & pullup resisior.
T Ly Bufter=d seral clock bus or LGL
] W ‘Supply votage

FUNCTIOHAL BLOCK DIAGRAM

‘ru.
PERETHE
T - Baiflar —-— Ll
SWECL i Buiflar ——t LylLCL
I
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11.2 Vidauki 2. Uppstilling a meelitilraunum
Meelirasin uppsett & braudbretti. Tveir AVO meaelar maela spennuna ut dr rasinni. Rasin

feer spennu fra spennugjafa sem sést i bakrunni (smidadur { Ionskélanum { Reykjavik af

ho6fundi) og ofan 4 honum ma sja inngagnseininguna fyrir LabView forritio.
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Moguleg uppstilling vid Arduino 6rtélvu
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Haskolinn { Reykjavik
11.3 Vidauki 3. Utgagnsspennan midad vid hitastig
Gefid
PR222J2 hitastig Reiknadgildi Steinhart-Hart Spennudeiling Spenna ut
iQ i°C i°C i°C i Voltum i Voltum
8.583,00 -3° -3,731090892 | -4,000439193 | 3,002833852 1,997166148
8.149,00 -2° -2,752134881 | -3,000223384 | 2,894951863 | 2,105048137
7.740,00 -1° -1,773593945 | -2,001318887 | 2,790194665 | 2,209805335
7.353,00 0.0° -0,79181762 -1 2,688187767 2,311812233
6.988,00 1.0° 0,189723276 0,000192437 2,589298948 | 2,410701052
6.643,00 2.0° 1,172818159 1,00108322 2,493337837 | 2,506662163
6.317,00 3.0° 2,1568712 2,002065526 2,400349584 | 2,599650416
6.009,00 4,0° 3,141397776 3,002647671 2,310354108 | 2,689645892
5.718,00 5,0° 4,126061339 4,002490018 2,223345517 | 2,776654483
5.443,00 6,0° 5,110715189 5,001446664 2,13929175 2,86070825
5.183,00 7,0° 6,095449428 5,999612166 2,058134456 | 2,941865544
4.936,00 8,0° 7,084762161 7,001543049 1,979467437 | 3,020532563
4.703,00 9,0° 8,071377477 7,999871382 1,90381735 3,09618265
4.482,00 10,0° 9,060332038 8,999697388 1,830732783 | 3,169267217
4.272,00 11,0° 10,05325285 10,00266095 1,760052736 | 3,239947264
4.074,00 12,0° 11,04206817 11,0006122 1,69228213 3,30771787
3.886,00 13,0° 12,03332849 12,00016763 1,626894415 | 3,373105585
3.707,00 14,0° 13,02964766 13,00395652 1,563673177 | 3,436326823
3.538,00 15,0° 14,0223372 14,00322673 1,503101368 | 3,496898632
3.378,00 16,0° 15,0136687 15,00027474 1,444948242 | 3,555051758
3.226,00 17,0° 16,0067161 15,99819509 1,388960648 | 3,611039352
3.081,00 18,0° 17,00547275 17,00099451 1,334864174 | 3,665135826
2.944,00 19,0° 18,00007569 17,99877147 1,283124128 | 3,716875872
2813 20,0° 19,00221851 19,00325595 1,233068864 | 3,766931136
2689 21,0° 20,00157262 20,00409249 1,185155802 | 3,814844198
2.572,00 22,0° 20,99440354 20,99755635 1,139464824 | 3,860535176
2.460,00 23,0° 21,99479083 21,9977381 1,095280499 | 3,904719501
2.353,00 24,0° 23,00079753 23,00268788 1,052655125 | 3,947344875
2.252,00 25,0° 24 24 1,012043861 | 3,987956139
2.156,00 26,0° 24,99885138 24,99612776 0,973099838 | 4,026900162
2.064,00 27,0° 26,00545425 25,99914578 0,935460479 | 4,064539521
1.977,00 28,0° 27,00618198 26,99547694 0,89957683 4,10042317
1.893,00 29,0° 28,02187567 28,00586286 0,864659937 | 4,135340063
1.814,00 30,0° 29,02579595 29,00370331 0,831576052 | 4,168423948
1.739,00 31,0° 30,02679016 29,99781367 0,7999448 4,2000552
1.667,00 32,0° 31,03586514 30,99912209 0,769372779 | 4,230627221
1.598,00 33,0° 32,05137118 32,00597706 0,739883323 | 4,260116677
1.533,00 34,0° 33,05554587 33,00077687 0,711930525 | 4,288069475
1.471,00 35,0° 34,0604166 33,99545298 0,685110149 | 4,314889851
1.411,00 36,0° 35,08072244 35,00457864 0,659007052 | 4,340992948
1.355,00 37,0° 36,07943666 35,99154361 0,634511824 | 4,365488176
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11.4 Vidauki 4. Hitamaelingar

Synir hitagildin i LabVeiw. Vidmidunarmeelirinn synir 32,4 °C 4 sama tima

N

W VAKI 1 Reiknad gildi

31,5294

31,1684
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Vidmidunarmeelirinn synir 40,8°C

X

W VAKI 1 Reiknad gildi

40,3793
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Vidmidunarmeelirinn synir 15,2 °C

A

W VAKI 1 Reiknad gildi

14,8516
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